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I other countnes are to attain vth;s sj{anda of /living /
enjoyed by the industrialised nat|ons then aval ability of - |

energy is an essential requurement to enable them to do

G |ndustn d countnes are to en]oy the same per
caprta wih ¥ ‘.*hesame increase iin the standard of
*living as hitherto achreved the supply- of energy must
continue to grow.

Now -that signs of shortages in the -supply of fossil
“fuels are apparent there is an accelerated and WIdespread
move towards exploring dther possible spurces-of supply,
not.only of fossil fuels but also 6f renewable and natural
sources. These range from wind and water to 'solar and
biotnass, as well as towards recycling the waste: from our-
cities which could be converted to useful ergy '

While research investigation will obviougly take-time,
an examination of the state of the art in regard to all the
“various small scale sources of power available at ‘the. present

time is a vital first step in the development of alternatlves '
In thid" respect this volume could not be more tlmely,

providing as it does an account of both conventional and’
unconventional small scale energy converters and a cata-
{ogue . of commercrally available equipment in this range.

It is important to. appreciate that in the developlngi ‘

countries the problem is* not one of substitutirrg one
s_ource of energy for another but of inéreasing the total
‘per capita energy availability. Currently biomass, mainly
in the form of wood and dung, constittites the major
source of energy in many developing céuntries and even
in world terms is' of great |mportance amounting” to
- ;around 10-15% of the total world energy use. The iriternal
_combustion engine, both diesel and, petrol, is widely used
in, the developing world and will continue to be required
= for some time to’ come. Solar energy, either in the form

of direct ra,dlatlon or indirectly in the foffn"of wmd"water 1
power“or b|o;nass has.a nimber, of attractive features..It -

is contlnuously renewable, free “universally” avallable"‘ an‘d*
does not have harmfut ecologlcal effects. Although con- -

vertors usmg renewable energy ‘are not cheap, fuel is free,

and there are already a (number of applications where™ .

renewable ‘energy ‘sources’ are economically competltlve-
) _vwrth conventronal plant "These include windmills. fori
water pumping, small hydrogenerators for electrrmty
upply, methane generation using dung or Vegetatlon to
“ provide gds for cooking, and solar crop driers. » ‘

This book lists manufacturers .of such equip”r_nent,
" provides a brief summary of tHe characteristics of the
equipment and the criteria which should be borne in mind
in its selectlon There is no doubt that this well-researched
and “wide-ranging catalogue of small scale. power edtip®
ment will provnde a powerhouse of information for any-
one vyshmg to find a source -of energy to suit his purpose.

g The Povf/er Gu/de is an lmportant and timely contrlbutlon"_

1 -tothe- Ilterature 'of approprlate technology
i v Professar P D. Dunn

Un/vers/ty of Read/ng

Department of. Eng/neer/ng i
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SGOPE OF THISGUIDE
ENERGY, POWER PRODUETION
AND DEVELOPMENT . - |

"NOTE ON UNITS.AND TABLES..
" OF-CONVERSION'FACTORS : .

MR

ECONOMICSOF ENERGY CONVERTERS

Scope of qunde o
’ T. j +

This guide is intended to help those seekmg to buy small-
scale\ power equment partlcularly ‘for:use in rdmote
and underdeveloped parts of the world, by indicating a
selectlon of appropriate commercially-available power
sources. It gives basic information on the pros and cons
and the criteria for choosing a variety of different energy
conversion systems, together with a-selection of inter- "
nationally available items of equipment, and the names
“and addresses of their manufacturers and agents. Additional
material on related consultancy and vinformation,serviceq, -
-plus’ a listing of organisations congerned with research and
deyelopment in small-scale power productlon is also

" The product mformatron is based' entng&ly""on@that
supplied by manufactuters. The lntermedlate"rechnotogy
'Development Group, {ITDG), has no facilities for -testing’
machinery and therefore c¢annot take respomsibility: fora,|
manufacturers’ claims — the object of thli'Gwde is fori
to be used as a means to lden“hfy sources of supﬁ)lvfL
Therefore the inclusion of any particular ite of equips -4
ment or manufacturer does not signify any specmcv.
recommendation by ITDG. . We should of course be
interested” to” have from readers gither endorsements
or criticisms of companies or equipment in this edition
and would value information on, usefu| products that are
- missing for possible |nc|u5|on in future edltlons .

It should be explalned that ITDG has no commercnal ,
interest in any of the eqmpment listed, since we are a non-
profit research organisation, reglstered as a charity in- the

- UK. The preparation of this Guide was financéd. by 3
grant from the UK Mlmstry of, Overseas Development. Aol
the entries were provided at no charge to the manufacturers

discretion, The .Group, exists td' help people, particularly -
- in_underdeveloped ‘parts ‘of ‘the world, 16 ‘advance and
improve their Ievel of self-sufficiency through the use of
technically and economl,cally appropriate equ:pment We
do this by seeklng to dlffuse mforrﬁatlon on equipment_
that has proved useful in.the-field in many parts of the.
world, and in_some. cases where approprlate devnces

manufacture new devices. Further-details of.our activities
in* the field of energy ‘and power productlon are- glven
-in Section 10}. : - -

- ““‘Thls “béok represents-an‘attempt to- satlsf-y the flood of-
enquiries we {and. similar, organisations) contrndously .
receive on where one can obtam small- scale power pro--
ducing equipment., Some of the entnes pa%ﬁrw for-

. the.engine manufacturers, refer to world fa ltn-‘
national  corporations, others are qunte “small and Iittle-
“known specnallsed compames in many parts of the world
In particular we have lncluded ‘wide- selectlon-oi -manu-
facturers of renewable -énergy con.vergxon es Tthat
use -energy. from the" sun wind, rlverﬁm"&o i snhce

. the i increasing cost -of - fossil fuels parncularly ?n remote-

2 underdeveloped areas, has caused a great deal of |nterest

. world-wide in such _devices. Manafacturers of_ renewable ‘
energy systems are often small, and the merits and weak-

° nesses, of their products and often not as, weII understood

'

¢

section“on  conventional d|ese| -and petrol (gasohne)
englhes as- these- will remaifi-the most effettive - oowe
B source -for many apgllcatlons for. the" “fiearer’ future: ]
have Ilmlted the 'descnptlve deta|ls:..ori these to i

wnte for premse and up-to-date mformatlon R:
manufacturers PP .

|ncluded o

concerned and the choice of the ‘entries was at ITDG's ;

are lacking, we develop, test, arid encourage others to .

as they might be. -We-have, ‘of. course lncluded a. larges/).)




A Eﬁergy, Power: Production
~ . and Development

What is energy ?

Energy is required, by definition, to do any kind of work;
the rate at which it is used is measured as power, {see page
12 for units and their relationships). We can do a certain
amount of work slowly, using little power or quickly
using-more power, involving the use of a similar total
amount of energy in either case.

Virtually all human activity requires work to be done;
ploughing fields, lifting water, transporting ourselves,
mining for ,minerals, manufacturing, cooking food, and

so- on. Even. lazing around and doing nothing involves
in the technical sense, as our bodies consume a

“work”’
minimum amount of energy to keep our heart, lungs
and other vital organs functioning at a rate thermally
equivalént to burning about a pound (500gm) . of coal
a day. So there is an obvious minimum energy requirement
for human survival, represented by a min[rﬁum food need
to prevent malnutrition and starvation.

Qur own .muscles, or the muscles of domestlcated
animals, were for centuries the primary source of power
behind human industry, and this remains true to this day
for the majority of the human race (of the order of
2,000,000,000 people). However, man or woman power
alone is hopeleésly unproductive as a primemover — ‘our
brains are far more |mpressrve than our muscles — for
example one man-year “of hard labour represents a mere
150kWh, which is the energy in about 15 litres of kerosene
(3% gallons). You can buy 150kWh as electricity, one of
the most expensive forms of power, for under £5 ($9.00) in
most countries, and who would offer a year of hard
labour, even in the poorest df countries, for that? Muscle
power alone is therefore unproductive and very expensive
compared wiEh even the costlier sources of artificial power.

) Energy in under-developed regions

It is guite clear that all human productive activity can
benefit. from a certain amount of -power-assistance, so
much so that“energy conversion -or power production is
an almost essent! | prerequisite for progress. Unfortunately
this belief has stretched so far that in certain quarters it is

accepted that energy consumption and wealth are tied -

together by a rigid correlation as binding as a law of
nature, a belief that has led certain industrialised countries
to extrapolate historical energy “‘growth’’ curves and then
plan enormous nuclear power programmes, while less
developed countries, fearful of being left even further
behind in a world of unbalanced wealth dnd unbalanced
energy consumption often seek to dg the same thing on.a
smaller scale. However, energy consumption per capita in
the industrialised countries and to some extent in the
urban, developed sectors of less developed countries
too, has jn most cases passed the level at which further
additions are important to improve the quality of life —
diminishing..';:gtums have 'set in to such an extent that in

some places’ more energy consumption even speils a -

decline through the effects of added pollution. Today, the
United States uses more powerjust to run the nation's.air
conditioners for a-fiinority of its population, than is

" consumed by all 800 million Chinese for aM .essential,

. and non-essential purposes put together. Air conditioning
s of course desirable (although the human race evolved
. succassfully without it until quite recently) but the
~“industrial nations le"obvuoust cease to air-condition

rooms ‘which, are: “simultanebusly solar heated through

engrmous  picture wmdows once the price of energy
re ches a level witere alternative less energy-intensive
“dolutions”  become more economically attractive.
Sjmilarly, much of the energy consumption in poor
tropical countries is to air-condition government offices
— increasing that kind of consumption increases energy
per capita as well as GNP per capita, but does nothing
for the underQeVeloped predgminantly rural areas.

It is often thought that rural electrification might be
the solution, since the most efficient form of electricity
production {and most easily manageable from a centralised

administration) is to use large power stationg ‘generatmg'

hundreds of megawatts. However it is not economical to
distribute eluctricity to small distant consumers. Large
thermal stations and the ‘huge dams in Africa and Asia,
such as Kariba, Cabora Bassa, Aswan, Volta, Mangla and
so on, are only capable of feeding power to a few urban
and industrial areas —-in most cases the rutal areas in the
vicinity of such schemes. aré still without electricity
because the potential market is too diffuse to allow
economic distribution. Rural electrification has proved
expensive and of limited success in most less developed
+countries. For example, only 2% of the electricity generated
in Latin America goes to the rural areas, while India, with
ane of the most extensive rural electrification programmes,

which has been in hand for thirty years, today supplies -

only 10% of its electricity to the rural areas inhabited by
80% of the population.” In the end, such schemes, useful
as” they may be to the general economies of their host
countries, serve to boost the already-developed séctor
of the economy rather than the under-developed parts.
As a result, centralised electrification schemes almost

. inevitably “lead to. a further incrqase in the differentia!

between the developed and under-developed ateas, with
further polarisation between rich and poor, more migration
from the countryside to the cities and all the usual con-
sequences of continued rural lack of productivity leading
o chronic poverty in rura! areas and urban wealth and
squalor in CIOSEJUXt&pOSIt'IOFl S g oo .

. sMost teChnologyr h@ ‘heen: develo;?mesponse to
‘market forces, in other words to be economic and market-
able at a price level which suits the already wealthy,
{and it is apparent that this observation applies eqlially
in socialist as well as in capitalist economies — since
technology has followed similar patterns 'and trends
throughout the world). As a result, power-production

~ machinery, incommon with most other types of machinery, .| - .

is generally. not |deql for use in under-developed areas.
Jt is usuaHy too- expeénsive in capital requirements, tao
expensive in fuel costs {fuel is n=arly always priced higher
in under-developed areas due to transport costs) and

above all, often requires skills that have to be imparted"

at a higher than normal cost in order to provide main-
tenance and 'continuity of operation. Also, due to the
small initial market for power in such regions, it must be
generated on a small s generally from systems of
under T00kW, which’ as a result often involves the use of
less efficient or less long-lasting equipment.- Therefore it
would be wrong to pretend that decentralised, small-
scale power production can be easily and ecc:nomu:ally
arranged — but without it any significant improvement
in the productivity and standard of life in the least deve-
Ioped parts of the world wul%e no more than a vain hope.

This Guide glves_ an indication of the variety of energy
converting ma¢hines that can be considered for small-
scale decentralised applications. At'the present time, half

-

*Energy Policy for the" Rural Third World by Ar]un‘ Makﬁﬁam
Internatjonal Instntute for Envnronmentand Development London,
1976. -
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+ that can burn wood or coal and, of course, devices such as

" devices tend to be largér and more expédsive in terms of

,competitive with internal combustion engines at

. the economic factor further away from the i.cl,

. guarantee sufficient power for the required -end-plrpose.

_/

a century of declining petroleum costs followed by less
than half a decade of reversal has placed the internal
combustion engine in such a dominant position for most
applications that it is likely to remain the most commor;,ly'
used small-scale mechanical prime-mover for the im-
mediately forseeable future. The i.c. engine is unlikely to
improve significa’htly in future as such tremendous. efforts -
have already been devoted to it in ;:onnection_with its
development for motor vehicles. As a result, many diesel
and petrol engines for use as stationary power plants are
thinly disguised adaptations of car or lorry engines. In
some respects such engines are not ideal (a motor vehiale
spends much “less 'of its life with its engine running than
the average power plant) but on the othgr hand, the
mechanics of such engines aré well-understood e‘verywhere
that motor vehicles arg to be fourid and the infrastructure
to provide spares and maintenance tends to accompany
that for motor vehicles. First costs €an also be quute ‘low
due to high volumes of productlon Other power plam‘.s
have been specially developed to run for the much Iarger ~,
number of hours normally expected of a stationary plant
— such machines are invariably heavier, slower and more
expensive in first cost (as s discussed mare fully in the
introduction to the section,on i.c. engines).
»Increasiné“petroleum costs {(which have hit hardest at
many of the least developed countries lacking sufficient
hard currency to pay the higher prices), have caused
a revival of interest-in machines that can utilise nen-
petroleum-based energy sources; steam and hot air engines

windmills, small ‘hydro-turbines and solar heaters that
use freely available natural energy. Since these energy
resources are more diffuse than qil-or petrol, and in some
cases are only intermittentty available, the conversion

first cost per kilowatt. They have also had more limited
development {especially in recent years), théivolume of
production is smaller andethey are generally not so well
understood by prospective purchasers and users. However,
even with all these handicaps, many are economically

prices and increased usage and development combined |
with further escalations in the price of oil will move
engine.
towards the windmill and the solar heater or the steam
engine and the photocell. It is hoped that this Guide will
indicate something of the variety of equipment|that is
available on the world market and that the introgluctory
sections will provide some guidance,on their pros and cons
and how the different devices cz';n most approrriately
be applied. .

In the end. the ultimate crltenon for any energy con-
verting machlne is not its power outRut its life or even its
efficiency — but its economics. How'much does it cost to

Whether it is intended to make decentralised rural gnergy
production a “paying proposition’’ {an aim which historical
trends even in developed industrial countries, let alone in
the less developed ones, indicated as being unlikely to be
successful) .or whether rural energy is subsidised ol‘r even
given away. for nothing in the interests of rural deivelop
ment or aid, it is obwously desirable to minimise energy

N,
costs and to maximise its effectiveness.

To maximise the effectiveness with which \energy is
applied, it is important to assess energy end-yses carefully
It is likely that power used for pumping |rr|gat|on\ water
or driving workshop machines 4s going to be moare useful
for the local economy than power used for lighting or for
television sets, (although the latter two applications are

current =

not ummportant in *terms of redressing the balance of

/
- g

3 . /

-

\
i

/

/
attractions between the rural and urban areas) /

Vanatrq/n of demand and variability of load are é)ther
important, con5|derat|ons for example, a large genprator.
is inherently more efficient at full load than a small one,
but a number of small generators may be cheaper‘f“to run.
than one big one that is on part-load for most of the time, -
Also, a number of small generators would be unlikely to
fail simultanedusly whereas a single large one may need a
standby unit. Small generatoss are also likely fo need a
smaller and simpler power distribution systém/and they -
are also often more readily repaired and malntalned by
locat people But smaller generators are, of course more
expensive per unit of output at a given load factor. :

Sometimes power must be available at any “time orall |
the time, for example to drive a lathe or mifling machine
or to run a refrigeration plant, but sometimes the need,is
not very time-dependent — for example to pump water
into a reservoir or storage tank or for heatmg water in an
insulated tank. The latter yses can easily make use of

\\tntermrttent and less predictable energy sources such as

he wind or the sun, but the former. will generally need a
mor\e controllable prime-mover.

Ahqther important consnderatuon is energy grade Just
like currencies, energy can be exchanged ‘or converted and
in this case natural constraints, defined' ‘Under the laws of
thermodynamics, dictate that every trangaction causes a
percentage of the energy converted to be lost as waste -|
heat. Some transactions are inhereritly more efficient than
others_— it is more efficient to convert from a higher*
grade of energy to a lower, while considerable losses are
involved in going from a low grade to a high. ‘As a result,
electricity or 'mechanical shaft power are said to be of
high grade, because they..can be efficiently converted to
lower grade heat, ‘but heat is a variable but lower grade_
of energy — the lower the temperature of the end-use the
lower the grade. Therefore, raising steam from a boiler -
demands a higher grade of heat than is needed for domestic
water heating. As a result, low grade solar heat can be used
quite efficiently and cheaply for domestic water heatifig
but it is more difficult and less efficiently utilised to run a
steam engine. The diagrarg below shows typical energy
exchange rates and it can be seen how high-grade electricity
conygrts, For example 1050W of electricity yields 1000W
of heat;.but in reverse it takes 20,000W of heat to produce
1000W of electricity directly, or if heat is converted first
to mechanigal,and then to electrical power — 3,600
watts of heat to produce 1000 watts of electricity. This
shows why motor-generator sets are more popular than,
thermo-electric converters, desplte tHelr greater complexity
and maintenance requirements;

THERMAL -
ENERGY

P

36% ° 95%
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. ! ? o, .
MECHANICAL -~ 80% ELECTRICAL
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80%

Fig’uyé 1. Some typi}:al energy exchange rates
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It follows from consideration of energy exchange rates
that it would be wasteful to use, say, a diesel generator to
produce electricity for heaging water, and quite ridiculous
to use a thermo-electric ¢onvertor for such a purpose!
Although convenient, electricity is hard-won energy and
should not normally be used for low-grade applications
(except perhaps in conjunction with hydro-electric plants
when it can sometimes be very cheaply generated). Indeed,
since a lot of normally wasted heat is associated with any
type of heat engine, including diesel generators (iff the
cooling water or cooling air) it may be worth considering
ways that the heat could be used as a by-product (par-

ticularly in the case of Iafger fixed installations). This is -

very rarely done, although waste heat could readily be
used forcrop or hay drying, water heating, desalination or
space heating. It may become possible to utilise waste
heat for cooling purposes in hot countries once suitable
refrigeration and air-conditioning equipment is-developed
to make use of low grade heat inputs (it is currently

technically feasible to"do this but suitable equipment is.

not readily available).

Economics of Energy
- Converters

Before considering the factors that affect the cost of
energy conversion using different types of machine, or
what might be called the micro-economics of energy
conversion, itis worth keeping in mind the macro-economic

effects of any larger-scale rural energy policy. An individual/

device has an operating cost determined by the‘de facto
first cost, fuel price and other variables. However, in
situations where the choice is not for ane or a few but for
a larger number of energy converters, it would be a
mistake to ignore how existing costs might bg deliberat/ély
changed sufficiently to favour adifferent energy conversion
- process. For gxample, local manufacture might become
feasible and greatly reduce both first costs and foreign
currency requirements, — so suitability for local manu-
facture may be a valid criterion_when considering w:de-
spread usage. {And of course, “small scale local manu
facture offers other benefits to ‘an under-developed] area)
Just. as with centralised power productlon,,centPahsed
: machrnery production gives low unit costs (at the power
station bus-bar or the factory| gate respectmely) but
distribution costs can lead to diseconomies compared with
small-scale local manufacture just as much as W|th de-
centralised power production. Increasing energy prices
will lead to increased. distribution costs both for mass-
produced engines and for centralised, grid dis‘tributed
electricity, . so. this effect should become |ncrea5|ngly
important in future

However, most readers of thls Guide will not be in a
position to mfluence the criteria:that effect the economics
of energy conversign.“They will have to weigh up the
relative merits of whatever happens to be available to
deliver the required power to their envisaged end-use, and
hopefully, future éditions of this Guide will help to keep
themn aware of any newly available devices that may be
worthy of consideration. . )

Assessing the annual costs of d/'fferenl: devices
The main elements in costing any energy.converter are:-
1. Cost of purchasing and replacement finance
2. Cost of fuel i ;
- 3. Cost of malntenance and repajrs

‘

a

{ e

i In order to evaluate these costs, it WlII be necessary to
obtam quite a number of figures from manufacturers’
Ilterature or from local manufacturers agents, as follows

1. Cost of purchas/ng and replacement finance : -

. A number of formul‘ae are cohventionally used to assess
the annual charges relatlng to a fixed capital investment,
most of which require knowledge of the capital sum or
first-purchase cost, C; the expected, life of the machlne
(amortisation perlod') in“years, n; and at least a notional
interest rate based on the value of the interest to be

" gained if the same sum were invested or the actual interest

to be paidif it is borrowed; r. If r is expressed as a decimal
percentage {ile. 0.10 represents ten per cent, 0.08 is eight

Jer cent, etc.), then:-

. ‘ r &1 4"
A . —ctur
nnualvchalge R=C 1+n" =1

2. Fuel cosfs
These depend ons

i. the type of machine (obviously fuel costs will be zero
with a windmill and will vary dependlng on fuel type
with steam; petrol or diesel engines); {/ ’

ii. the rated power output, P — ideally chosen so ag

' operate at as high a power rating as possible without
unduly overloading it and shortening its life — (a
heavily loaded machine runs efficiently but wears out
fast and vice-versa);

.

iii. efficiency of conversion which governs the fuel
consumption per unit of power output {specific fuel
consumption), ¢; here it is important to assume a fuel
consumption in line with typical load factors and not
the manufacturer’s proudly quoted optimum fuel
consumption. A typical figure for a small diesel
gngine will be around 0.3 litres/hp.h or .07 gall/hp.h
{which is 250 gm/hp.h or 0.6 Ib/hp h) under fairly
well controlled conditions;

.

iv. the number of hours of operation per year, h;

v. and finally, the unit price (per litre or gallon or kg)
of fuel including delivery and storage, f; (here the
trade-off is between size of storage and frequency
of delivery). ' '

Therefore P.c.h litres or ‘gallons (depending W/
are needed per year so, fuel costs F = (P.c.h) f. _

3. Maintenance and repairs

This depends very much® on the type of machine. In
general, the frequency of maintenance-and repairs tends
to increase in relation to the ‘operational speed. of the
machine; small fast machines need more maintenance than
big slow ones; while non-moving devices like thermo-
electric generators and photo-voltaic cells need practically
no maintenance and rarely: go wrong:. However, while
small, high-speed engines need rather a lot of ‘maintenance,
the skills requlred are often locally available and spares
are mass-produced and relatively . inexpensive, while” a
larger, more specialised engine, a gas turbine or any
unconventional machine or device may need Jess attention,
but the maintenance and repair skills. may be. rare and
spares may also be harder to obtain and more ex'pensive ®
A rough rule of thumb with small engines is that the

* lubricant consumptlon rate is 2% of the fuel consumptlon

rate and that servicing and routine replacements will cost
an additional 2% or more of the capltal cost of the machme
per annum, -




¢

fypica/ worked examples ’ . e

a. 5 hp diesel engine and pump set {for irrigation). Léi
, the first cost be £700, the annual utilisation 1000

hours, and on the basis of an assumed 10 OOd hour .

useful life, the amortisation period will be a maxamum
.of 10 years. Lastly let us assume a notional interest
.rate of 10%, which gives:- . L

0.3 (1+0.1)10

Annual charge R = £700(———+T]TT0'—‘ £114 p a.

Let us assume that the engine is dérated bv 60% and
delivers an average of 3bhp (i.8. 3000hp-hfy). The.
specific fuel censumption is likely to be around 0.3
lltre/hp h, or 900 I/y. Suppose the delivered fuel cost

i€ £0.21/1 (£0.90/tmp." gallon} — Ti. e. around doublé

a typical refined product produétion cost), then: .

Fuel costs F = 3000 x 0. 3 x EO 20 =£180
in the first year
5
If we assume lubticant consumpflon at 2% of fuel,

.or 18 I/y and lubricant cost {typically) to be around
" three times fuel cost (£0.60/1) and mainteffance and

repairs cost an additional 2% of the cost of the engine

(£14), we must add:-

Maintenance "and. repairs M= (18 x £0.60) + £14 =
£24 80 in the first year
However, it would generally be unreasonable to
suppose that fuel and maintenance €osts will remain
constant throughout the life of the engine. If for
example inflation is taken as being 10% per annum, ;
then these costs will increase over the ten year life of |
the unit to such an extent that the average annual cost
for the period will be the first"year's cost multiplied;
by a factor of 1.59, (see Table 1 for multiplying factors
for other inflation rates and periods).
As a result, combined fuel and maintenance costs of
£205. in the first year would average £326 over ten
years at 10% inflation. (At 5% inflation the average
annual fuel and maintenance cost would be £258,
while at 15% inflation the annual average would be
£416.) Obviously inflation is neither constant nor
predictable, and due to inflation the inflated values are
not worth the same by the time they occur as present
day currency — however it is worth noting the effect
as it is a factor when comparing with devices that do
* not require fuel and which .in real terms become
cheaper after inflation. <«
Therefore, for the diesel engine, the following costs”

-~

apply:- . . -~
75}‘ average 10th
< year ™ year
annual running costs: £320\« £440 £560 10%
CT : inflation)

average cost per bhp-h:  10.7p 14.7p 18.7p *

b. 16ft diameter (5m) water: \bu?r}bﬁwg“ windmill__for

irrigation). Let the first cost be £3000 including tower,” |

storage tank and all ‘accessories. Assuming a life of 30

years, then the annual charge for the investment .
will be:- = ,
0.1 {1 +0.1)30
= 0 =
R h‘\£300 (1 7 0.9 1 £318 per annum

s L
Fuel costs are zero

Malntenance ‘involves one oil change per annum, say
£10.

|

Therefore total average annual cost = £328.

Average cost per hp-h depends on the wind regimé"%e?

of the location. Calculations based on an average wind
speed of 8 mph (12 kmph) suggest that such a windmill

would pump 500 million ft. gallons per annum, which -

is roughly equivalent to 2500 hp-h.

* Hence, avérage cost per hp-h is approximately 13p
in the first year, ~ | '
" On the same basis as before, at a 10% inflation rate
for maintenance.

i 1st year avefagé 10th year
annual running costs: £328  £334 £341
' average cost per hp-h: 13.1p 13.7p

13.4p

T n
.On the face of it, there is little to choose between these
two power sources, at present day prices with the chosen

wind reg|me In a windier location the windmill would be

cheaper-and vice-versa.

What.is illustrated is that certain energy,converters are

predominently influenced by day-to-day- running costs,
which are subject to infiation, while athers involve one
large capital investment, 50 that the annual charges are
substantially fixed. : . -

In practice, hlgh capital-cost devices with low or
zero running costs tend to be less economical where high
interest rates apply, while low capital cost devices (such
‘as engines) with relatively high running costs become
progressively less competitive in times: of high fuel and
maintenance cost inflation.

a
a °
" . Table1 ,
Variation  of annual average,fuel and maintenance costs
o¥er various periods at various inflation rates

-Multipliers to apply to current annual average price to
obtain mean annual average over the periods shown

5 years 10 years 20 years 30 year$
inflation @ . - L
1% - 1.02 105 11 117
5% . 1.0 1.26 1.66 2.22
- 10% 1.22 “1.59 - 2.86 5.47
15% .~ 1.35 2.03 5.12 14.49
20% o 1.49 2.60 9.33

s

-

B, g. average annual cost over ‘a ten year period w1th'
~will be 1.59 times. present annual cost.

formula:

average annual cost Fapy
present annual cost F4q
interest rate i%

- period + N years N

Fay=100.Fq (4 +./100)—1)
n.i.
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Notes on Units and Tables

af, Conversion Factors

Unfortunately a,wide variety of different measuring
systems arg in current usage internationally {and the UK
is almost ‘like the world in microcosm ,n this respect,
since we /are in the midst of a slow conversion process
from our own traditional system which is stiil generally

used in modified form in the USA, to the Sl (Systéme ’

Internationale) metric system). As aresult the information
supplied by manufacturfers can be in all_kinds of units. o
We have generally sought to show Si units (ar some-

times other non-S! metric units), in conjunction with
British units where possible. However it proves very

difficult to akandon some non-S! units such as the ubi-
quitous horsepower, which usually’ means more to people
in terms of mechanical shaft, power than kW. Although

* Sl prefers either mm or m, we have given engine capacities

in cc, which should of course be written.as cc3! Again,
we would plead that this is what people are generally
familiar*with and it is certainly the most common engine
capacity unit used b\/ manufacturers. )

The following tables of tnits and conversion factors
may help in sorting out any confusion which may arise
from the selection of different-units quoted in this Guide.

) A. Methods used for indicating multiples of ten and?heir standard prefixes . 3
name § numeric exponent prefix standard symbolv
mitlionth 1,0—0(1)—(% 10-8 micro- u
thousandth 1’0% 103 milfi- g m
hundredth %) ' ?0*2 » centi- ' c
times thousand | x 1,000 103 kilo- kL
times million x 1,000,000 108 ° mega- M
times billion x 1,000,000,000 108 : giga- G

. .
B. Principal units in common usage; nagmes and syfmbo{gi(‘z}lternatives in brackets),

- Metric

- British/US

length *millimetre mm inch . in ()
. centimetre . cm ° foot S 1 ]
*metre .om - yard vd
kilometre - km mile m.
area: square metres m? sq.ft. ‘ 2 o
’ hectare ha . acre acre
volume ’ "cubic cm em3 (cc) Cubic inch- in3 (cu in)
o - litre’ | gallon gal
_ cubic metre m3 cubic feet 13 (cu i)
mass © ' gramme.. g ounce - oz .
- *kilogramme kg ,pound Ib
tonne t ton 'ton
velocity *metre$/second ms~! {m/s) feet/second ‘ ft/s
: kilometres/hour - kmh="1 {km/h) miles/hour - mph (m/h)
knots ) ket
rotation/frequency *herz Hz cycles/second cfs
revolution/min. “rev/min (rpm) revolution/min. rev/mins{rpm)
radoam/sec. - . £l ‘radian/sec o Q- :
flow rate litre/minute I/min gallon/minute ‘ g:al/min (gpm)
cu.metre/second m3s=1 (m3/s) - cu.ft/second ft3/s (cusec)-
cu.ft/minute #3/min (cfm) - o ’
force *newton N pound force: - ibf
*kilonewton . kN ton Co ton
kilogrammeforce "kgf
tonne t - ’
torque ~newton-metre Nm pound-feet- Ibf ft
) kilonewtonmetre ... kNm ‘




’

Metric . British/US _ ‘
work /heat/energy calorie cal * British Thermal Unit BTU {B.Th.U.)
kilocalorie kcal Therm therm
*joule J ? footpoundforce ft Ibf
*megajoule MJ horsepower-hour hp h
~ gigajoule GJ ) )
watthour _Wh ’
*kilowatthour - kWh .
. ,// .
power “watt //" W foot-pouhd/_second ft.Ibf/s
"kilowatt kw horsepower . hp
. *megawatt MW brakehorsepower = bhp
" metric horsepower  CV-(PS) :
electrical *amps A (current) . volt-amps VA
milliampére mA kiloVolt-amps « kVA
ampéres/hour Ah 3 ‘ e
*volts @ \Y (potential difference)
ohms Q  (resistance) o
B i
pressure *pascal - » Pa N KR 'pounds/squa?e inch ‘
' megapascal " MPa : gauge [ ' psig
@ *bar - bar pounds/square inch v
kilogram per kgem?2 atmospheric psia
square centimetre (kg/crm%.v-) atmosphere - atm .
i ' foot water ftH, O .
*Preferred units are'indicated by an asterisk. o
' : ‘ C. Conversion factor tables . ) .
length mm <.m km in ft mile
o .
. .001 10-6 0394 0033 - . . 54x1077
1000 1 .001 39.4 3.28 o :?', 5.4x10~4
108 1000 1 39360 3280 ' % 539 .
25.4 025 © 2.5x107° 1 .083 1.4x107°
305 305 3.0x104 12 "1 o 1.9x1074
16x108 1609 1.609 63360 5280 1 L
. G 3
area - m? - ha e km? . © 2 acre sq. mile
1 : 10-4 10-6 - 10.76 25x1034  3.9%10~7
10000 1 01 1.1x10° 2.471 § _. '3.9x10~3
106 100 \ 1 - 1.1x107, 241 L o7 0386
-.0929 19.3x10-6" 9.3x10-8 1 2.3x10=5 3.6x1078
4047 4047 4x10-3 43560 1 1.6x19ﬁ"3
. 2.6x108 259 2.590 2.8x107 640 1 i
volure / m3 in3 gal (US) gal (Imp} - ft3
1 10—3 61.02 264 220 .0353
’ 1000 T 6102 264 220 35.31
F 0164 1.6x10°5 1 4.3x1073 3.6x1073 5.8x10~4
‘ © 3785 3.8x10~3 " 2311 1 833 134
4.546 4.5x10—3 277.4 1.201 1 160" E
28.32 .0283- 1728 7.47 6.23 1
mass ‘ g kg ot I “ton ERE
1- 001 10-8 2.2x1073 9.8x10~7 ‘
1000 1 ,.001 2.205 9.8x10~4
108 1000 L= 2205 .984
453.6 4536 45x1074 1 4.5x1074
108 - 1016 11.016 7 ~2240 1
i EN
velocity m/s km/h Y ftfs mphf kt
R 3.60 3.28 2.237 1.768 .
* 278 . A .:‘.912 621 | .639
P ) .305 1.097 1 682 592
. 447 1.609 1.467 : 1. ..868
- .b66 1.853 '1.689 1.152 1




rotation Hz for c/s) rom rad/s -
1 60 6.283
0167 1 1047
.169 9.549 1
flow rate //min m3/s (Iimp) gal/min 3/
: 1 1.7x10~5 - 220 5.9x10—4 '
‘ 60000 1 13206 ° 35.315
) 4546 7.6x1075 J N 2.7x10~3
1699 0283 373.7 1.
force - N kN kgf i IbF ton |
1 001 102 1x10—4 225 - 1x10~4-
1000 1 102 102 225 .100
9.807 010 1. .001 2.205 9.8x10—4
9807 9.807 1000 1 2205 984
4.448 . .004 5436 4.5x10—4 1 ' 45x1074
9964 9.964 1016 1.Q16 2240 1
torque Nm kNm Ibf.ft
1 - .001 738 -
1000 1 738 -
1.356 1.4x10-3 1
work /heat/energy cal J Wh BTU ft.ibf hph 4
‘(smaller units) « 1 4.184 1.2x10—3 13.9x1073 3.088 1.6x10-6
£239 1 2.8x10~4 9.4x10~4 7376 3.7x10~7
860.4 3600 1 ' 3414 2655 1.3x10-3 ]
252 1055 293 £ 778 3.9x1074]
.324 1.356 3.8%10—4 1.3x10-3 1 5.0x10~7
6.4x105 2.6x108 7457 2546 2.0x105 1
(targer units) kcal MJ kWH BTU hp.h .
1 42x108 12x10—3  3.968 « 16x10-3
239 1 ’ 2778 ©947.8 3725
) '860.4 3.600" 1 3414 1.341
©.252 1.1x10-3 2.9x10—% 1 ) 3.9x1074 -
641.6 2.685 - 7457 2546 = 1
power W (or Jfs) kw cv ft.Ibt/s hp BTU/min
1 001 1.4x1073 7376 1.3x1073 .0569
1000 1 1.360 737.6 1.341 56.9
735 735 1 558 1.014 418
1.356 - 1.4%10-3 1.8x10~3 T 1.8x10~3 077
746 748 - 9860 550 1 " 4244/
17.57 0176 0239 12.96 0236 1
power flux W/m? kW/m? * hp/ft2 / =
1 001 1.2x10—4 -
1000. 1 1246
.’ 8023 8.023 a1 -
calorific values cal fgm MJ/kg BTU/Ib o
1 T 4.2x1073 1.80 ) ) .
239 1 430
556 2.3x10~3 1 -




Sollar Energy

LY

SOLAR ELECTRICITY
SOLAR ENGINES -
- SOLAR HEATING

.

“The sun is indirectly responsible for most of our exnstlng
energy production, smiilions of ¢years of solar fadiation
havmg produced. the fossil fuels which we are 50 rapidly

~consuming. It is al§o the heat of the sun which evaporates

enough sea water to produce the streams and rivers from ..

" which we tap hydro-electric power and of course it |,s°th.e .

radiation from the sun that ds essential, to the photo-
synthesis process which is the basis for plant growth on
which all life on earth ultimately depends.

Despite the obvious importance of the sun, recognised
by mankind from earligst times, the direct use of solar

gy (other than for naturally occurring processes such
as' crop-growing), has proved difficult. This is partly
because of the intermittent nature of sunlight and also
partly due to its diffuseness as an energy source compared
with the concentrated energy in fossil fuels. )

The sun emits about 3.8 x 1023 kW and is expected to" -
continue doing this for 4 billion years or so to come
(according to current scientific thinking). A minute -
proportion of this strikes the Earth, averaging around
1.7 x 1014kW of which nearly a third gets reflected back
into space, giving an average daily energy supply from the
sun.of about 2.9 x -1015kWh reaching the earth’s surface.
Total world daily energy consumption during 1974
averaged around 1.8 x 101kWh — so our current energy
needs are only around one sixteenthousandth (1/16000)
of what the earth receives every day; put differently — the
earth receives every six seconds more energy from the Sun
than the entiré human race consumes in 24 hours. Clearly
there is no shortage of solar energy if we can find effective

‘ways of harnessing it.

However the problems of using low-grade heat
efficiently and of storing energy during the nlght or
cloudy periods, economically, have made it difficult to
tap much of this enormous energy supply. Hopefully,’
the.combination of increasing technical skill and the fact
that fossil fuels are being depleted will lead to ‘a great
increase in the use of this benign ancj pollu’ion-free energy

- source, Certainly, if the equipment listed in the following

section provides any indication, we are at the beginning of
a mushrooming international solar energy industry, as
very many of the devices, listed' (and their manufacturers)
have only appeared within tHe last few years. Even the
oldest established manufacturers of solar water heaters

have only been g;busmess for 25 years or so, (solar
I

water heaters weré in fact used in California and Florida
during the early part of this century but these “prehistoric’’

- designs disappeared when. cheap natural gas killed the

industry off until the recent revival of the 1970s). "

" This is not the place to go into any great detail on'the
technjcalities of using solar energy, but a number of basic
principles apply and are worth bearing in mind when
revnewmg the equment listed.

Same character/st/cs of solar energy

o
Obviously the egonomlcs of any solar energy utilisation..
system will depend on the available solar energy at the

. proposed location. Just under 1kW/m2 is the maximum

solar energy received at ground level of a surface perpen-
dicular to the sun's rays. If the atmosphere is clear, the
humidity low, the energy flow per unit area of a surface .
perpendicular to the sun's rays receiv_e’d near the North
Pole can be similar to those near the equator. The main
Teason why the tropics are so hot is that the ground is
more nearly perpendicular to the sun’s rays, so the average
energy intensity. as it hits the groundols considerably
greater. Also, of course, the -number of hours of un-
obstructed sunlight available at any location will greatly
influence the viability of any solar-powered device. As
with ‘wind-power, the availability may vary considerably

|
. !
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from day to day and with the seasons, but the total
annual .energy received at any particular place will not
vary greatly from year to year. Therefore the outputs
from solar-powered devices over a period of time such as
a season are reasonably predictable. ‘
For example, the UK, not one of the sunniest parts of
the world, receives a maximum of about 900 W/m?2 on a
horizontal surface at midday in mid-summer in _Clear
weather, while at midday in mid-winter in clear sunny
weather this f|gure falls to 200 W/m2. Hence the best that
can be expected from a wholly clear summer day in the
UK is around 8.5kWh, while the worst possible result on
an overcast, short winter day might be around 0.8kWh.
Britain in fact receives a total of around 900kWh/m? per
,year, which averages a power supply of 100W per square
metre if calculated over gvery hour of an §760 hour year.
By cantrast, one of the more favourable areas for collecting
solar energy, such as the desert regions straddling the
Tropics of Cancer and Capricorn, receive some 2000kWh
per vyear, giving an _all-the-year-round hourly average:
of 230 W/m2. These figures of course apply only to a
horizontal surface — if a surface is inclined-to track the
sun and remain perpendicular to its rays, greatly increased
amounts-of energy may be received. Since tracking the
sun continuously involves compllcated and expensive

mechanisation, a good compromise ¥ to site salar collector *

surfaces at an angle close to that of the latitude of the

" location, facing south in the northern hemisphere and -

vice-versa in the southern. This gives the optimal direction
from which to receive the sun’s rays as’ near to perpen-
dicular as possible for the maximum possible time. In
practice it is usual to set fixed collectors at an angle more
like the latitude plus 10 or® more degrees to make the
optimisation relatively better in winter when greater
efficiency of collection is more important. In some cases
it is worth adjusting the angle seasonally in order to
gain a slight increase in received energy per unit area of
collector.

Utilisation .of solar energy.

The main problems of using the sun’s energy are its rather
low concentration and intermittent nature. {We have
processes to convert solar radiation directly into heat or
into electrlcrty, or we can use the heat to power a heat
engine to produce mechanical power. This section there- ¢
fore considers the available solar energy conversion

devices in three subdivisions — solar electricity, solar
- engimes-andsglar heaters.

It is p’ossrble'to [ me the problem of the diffuse
:nature ,0f sunlight by concentra “it with systems of
lenses”or, more often, with mtrrors which are cheaper
for !larger applications. Just as with the weli-known
example of a magnifying glass, this creates a more intense
- energy flux which can achieve the temperatures commonly
reached with fossil fuels. However, there are major dis-
advantages inherent in solaf® concentrators — firstly they
can only focus direct sunlight and they therefore cease to
function effectively under cloudy conditions-and secondly,
they need to track the sun in order to be kept in the
correct alignment with the rays of sunlight, which in-
evitably introduces mechanical problems that can greatly.
add to the cost of such a system compared with a passive
non—concentratlng solar collector. As a result, most solar
energy conversion systems are setup to use unconcentrated

~ solar” energy. . at _the’ optlmum angle for the location.

Many ese canfbeneflt from diffuse- sunllght received
>through clouds For example if a clear sky y|elds 800
W/m?Z :slrght hazeﬂcan reduce this to. 600 W/m?2, tight
overcast | condltrons 10- 300 W/m and heavy overcast
would tprcaIly be 150 W/m S N RN

e [

The intermittent nature of sunlight -raises different
problems. Obviously it can readily be applied for end-
uses which are not very time-dependent — for_example
solar distillation — but a solar cooker may be ineonvenient
if 'its owner wants a hot lunch on a cloudy day and it is
useless for cooking supper. It is technically feasible to
provide energy storage’ to permit energy derived from
sunlight to be available on cloudy days or at night, but in
many cases it is difficult' to do this at an. economic price .
compared with the energy stored in fossil fuels. This is

why solar cookers have been generally unsubcessful, evenin- |. .

hot sunny climates, but simple solar distillation systems
where the, product cin be cheao.ly stored, have beenc.
economically applied for many years in ‘a number” qf K
countries. Similarly, solar water heating is readily economig
even in quite cold gountries, as hot water can bestored at
low cost in an insulated tank, but solar sp'a‘ce h'eating in a
cold country is more difficult (as is solar air conditioning
in hot countries}) as much larger quantltles of energy .
require. storage to cover nights and extended cloudy
periods. One of the most common applications for solar-.
mechanical outputs is "for pumping water for irrigation,
since the need is ‘greatest under s conditions, and
water'tan be stored at low cost. Solar gegerated electricity,
on the other hand, can only convenigntly be stored in
batteries, which is only economic for fow autput appli-

‘cations where limited quantities of-stored electrical energy

are sufficient. These problems will be discussed in more
detail in the intraductory passage to each of the categories
of solar energy in which this section is sub-divided. .

5y

So/ar energy economics .

. Obvrously the energy that can be converted from solar
“radiation at a particular locatibn by a part|cular device

will "be proportional to _the ‘area of collector" surface
(or of concentrator s,urface) (assuming the collectoar s at
the optimum alignment to maximise the received solar
radiation). The. efficiency of conversion and of storage
will _then govern what is usefully available from the
system. The collector tends to, be the most critical. part
of a system in terms of achlevmg réasonable effic effrcrency

“‘and it is also generally thé largest’ and _most expensive

component. Almost all solar energy ‘convefsion devices
involve compromises aimed at minimising the cost per
square metre of collector area whilg rnair)taining acceptable
efficiencies. The most, efficient ‘epergy converters are
generally less cost-effective in maost applicaﬁons due to a
d|sproport|onately h|gT1 cost, per unit area, while very
inefficient devices are also not gost-effective as they require
excessive artas of collector to produce a given output.-
Some of the most economic solar energy systems-are ones
where the collector serves a dual purpose — for,example
where it forms the actual roofing for a building (rather,
than being placed on top of the/ropf to convert an existing.

-building). ' .

Another important aspect of any solar- powered devrce '
is its hkely life expectancy. Since’ the running costs “are
very low, conslstlng of nothing more than whatever minor
maintenance mlght be needed, (the sun being free) the

‘main .cost elements are’ whatever notional interest charge .

is payable on the capital investment invelved in the
installation and of course a depreciation allowance to
permit eventual replacement. Hence the life-expectancy,

.capital cost and the consequent interest:charges are the

primary elerfents of the cost of- converting solar energy.
Therefore a low cost system may not be economic if it has
too short,a life, while on*the*other hand a system with an

-almost indef‘ihi‘te,‘nfe might be feasible, but it may not be._

economical as its high cost would never -be compensated
e - : R
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. by its value in the distant future (and it-may outlive its
i usefainess and-be. overtaken by 'improved lower-cost

of whether to replace prematurely}. Therefore, much of
the design decision-making in solar energy technolpgy
consists of finding appropriate® compromises between
cost and_efficiency and cost and life exbectancy to suit
the tec¢hnical requ:rements as well as the economics of
the'end use. B -

- These elements will be Briefly describedin conjunction
with® some of .the technicalities of the different solar
¥“energy conversion processes ,
" dealing with solar- electrlc solar-mechanical and solar-
thermal conversion. . )

S o/a} Electricity {photo-voltait‘:s}

~ A physical phenomenon knewn as 'the “photo-voltaic
effect’”” allows light energy to interact with electrons
present |n suitably arranged semi-conductor combinations,

load is 'co,nnepted across the terminals, a d.c. electricity
flows and light energy is converted into electrical energy.
Devices th%t produce this effect aré called photocells, and
a variety of different*materials have been found to be
active in this respect. N

based on silicon (one of the most abundant-elements,

extremely refined form for photocells). Others commonly
available are based on cadmium sulphide, gallnum arsenide,
and a number of other materlals&robably one of the best
known applications of photocells is in the exposure meters
of photographic cameras — - since most photocells generate
a voltage proportional to the intensity of the light falling

sity in conjunction with a voltmeter. )
Unlike mpst other electrical generators, solar cells are

circuited — they simply develop a voltage to suit the load
and the availability-of electrons motivated by the amount
of incident light energy. Their output is roughly propor-
tional to the received light energy intensity and the active
area of the cell. Typical conversion efficiencies are of the
order of 5 to 10% of received solar energy, depending on
cell type and conitruction and assuming that'the load and
photocell array are suitably matched to permit output at
the optlmum voltage to maximise the electrical power.

As there. are no moving parts and it is p055|b|e to
encapsulate the delicate cell surfaces and contacts in a
robust sYnthetﬁc resin, very g.e.qd reliability coupled with
- a long active life, of the order of 20 years or so,’is normal.
Also, if one solar cell fails it does not normally affect the
functioning of its neighbours, and the output can be easily
adjustéd by adding or removing cell modules.

- The main problem with photocells is their high price.
This results largely from the high cost of teveloping and
manufacturing them rather than from the intrinsic value
- of their materials (particularly in the case of silicen solar
cells). Originally the only “‘power’’ applications were for
milli-watt sized loads such as the vojtmeter part of a light-
meter — but the development of space satellites gave a

to quite large power applications to run electronic systems
in space. Some of the large space satellite installations
involved 100 watt plus outputs, and of course the high
cost ‘of the solar arrays in relation to their output was
unimportant in that application as there were no/‘/'con-
ventional” alternatives tHat could be appl_:ged/./l"n the
e‘§1r1y 1960s, photocells cost hundreds of pour},déy per peak

watt.
manufacturmg techmques had- brought the price to large:
® technology within its long lifetime, raising the qgdestion ’

in the three subsections

and produce a voltage across two terminals. I an electrical.

The most commonly produced type of photocell is. i

being a primary constituent of sand — but used in an-

on them théy are very suitable fot.measuring light mten~§

normally not damaged by being short-circuited or open-’

great boost to sélar cell development as they were applied -

[ -
-

Increased productlon and the improvement of

- buyers down to around £15/peak watt in 1977 {i.e. peak
watt means the output-in” bright sunlight with a solar
- radiation’of around 1kW/m?) and £10/peak watt by 1978.
" Just as the price of electronic pocket calctlators and
trgnsistor, radios dropped enormously - once large-scale
production began, so it is anticipated that photo-voltaics
will come down to around E1/peak watt during the early
, 1980s anetit is thought they may be down to prices of the
-order of £0.25/peak watt within 20 years. As their price

~, falls, the range of economic applications increases, which -

allows ,a higher production rate with accompanying
further economies, and so-on. < *

A few years ago photocells were only_viable for uitra-
low power applications {such.as cameras)-or for “‘expense
no object’
are available in modules offering outputs in the 1 to 100
awatt rangé, where their-reliability, Iong life and freedom
from ‘any maintenance requirements make them economic
for a variety of specialised remote applications such as
keeping. batteries charged in inaccessible places, (e.g- for
microwave * repeaters, navigational
aircraft, remote emergency ‘e

‘equipment, telephones,

railway' signals, etc.). A typical module rated at 10 watts’

peak (in full sunlight), will on average produce 270 watt
hours per week under a Mediterranean type of. climate
— #is 'would be down’to .an average of only 160 watt
hours per week in the UK, but might be as high as 400
watt hours per week in a favourable Middle East location.
Its 1979 price would be under £100, and it could be
expected to last up to 20 years and involve virtually no
running costs or maintenance.

Once the price falls by another factor of ten; as is”

possible during the next decade, it will become economic
to use much larger arrays of solar cells to produce power
outputs of several kilowatts peak in ordepﬁtﬁarmp wate;,
power remote dwellings,
generally replace small‘petrol and diesel englnas in remote
areas. .
A price drop of another magnitude to a probable
" minimum of the order of £0.20 (1977 values), possibly
by the late 1980s or 19905 may allow larger scale elec-
tricity -generation from solar energy — perhaps using
decentralised local electrical systems in preference to
centralised systems.,

Energy storage with -solar cells would normally be
through the use of bétteries; {this subject s discussed in
more detail under the section dealing with electrical
equipment) Sealed lead-acid batteries or nickel-cadmium

cells tend to be better suited for most solar- electnc‘

applications, as their low (or zero) maintenance require-
ments match the similar characteLFs'fncs of photo-voltalc
cells, and so long as solar cells are so expensive and
they are only used for tather low powered applications,
the battery cost element is quite small compared with the
photocell costs. °

Optimisation of solar-cell and battery comb}natlons
in order to ensure sufficient storage capacity combined

i with §uﬁ‘|C|ent charging..capability is' a specialised skill
" for which most of the manufacturers have dev,eloped
computer programmes. Accurate records of- sunshine
hours and intensity are an’impertaat input requirement
if system costs are to be minimised. Several manufacturers
market monitoring devices, often based on a single solar
cell, which can be set up in Srder to measure the radiation
received over predetermined periods of say one month,
~which aid , the correct spemﬁcanon of photo-voltaic

(
powervsystems . i\ L.

“.applications like gpack satellites. Today they

K

aids for ships and % |

hospitals or. schoals’. and 1o - f




oy

gt

Solar engines

B

In the nineteenth century some of'the first attempts to

utitise solar energy actively .involved the use of small
steam engines,”with boilers heated by solar concentrators
One of these successfully ran a printing presi; at the
great Paris exhibition of 1878. A solar* steam ergine
producing 50hp (37kW) ran successfully in Egypt as long
ago as 1913. Yet, ironically, foday little is commerdially
available (as ‘can be seen from the following section)
although a number of interesting devicés are under develop-
ment (one or two of which are rndlcated in section 10
on R&D). : : ‘
The main problem whep using solar energy to drive a
heat engine is to achieve optimum ecompmics for the
system. Heat engines work most efficiently’Xrom a high
temperature” source, while solar collectors are most
efficient supplying heat at low temperatures. Early solar
engines tended to run gt high temperatures so as to use
reasonably conventional engines and consequently needed
large areas of solar concentrator which had in turn to be

constantly oriented to track the sun. Modern develop- .
ments, such as that by Sofretes, involve the use of special -

loer temperature engines running on heavy organic vapours

. rather, thar on steam which can operate at lower tem-

peratures that permit the use of non-trackrng, more:

" efficient, flat-plate coliectors.

" conditioning or refrigeration) systems,

One of the primary appllcatlons for solar- powered
engines is for pumping irrigation water, where the needs
are closely matched to the availability of solar energy.
Other applications might be to drive solar cooling (air

“-needs are closely matched to the energy availability. [t

* heaters may be used in conjunction with-thermostatically

seems likely that there will be considerable development
in this field during the coming years, although in the long
run it may be difficult for solar heat engines to compete
with photo-voltaics driving electric motors once the price
of solar cells comes down for small-scale applications.
Various targe-scale solar paower stations are being investi-
gated, including one based on a space satellite in stationary

where again the .

orbit which could beam " its power to earth as micro-’

~waves and which would operate 24 haurs/day. Other

systems using indirect solar heat, such as is present in ocean |

‘thermal gradients (the difference in temperature between
the surface and the depths of the oeeans) are under
evaluation — obviously such developments are” well
outside the scope of this guide, but they do indicate
how important solar energy is likely to be as a primary
source of energy in the future.

Solar Heating

It can be seen from the large number of solar heating
designs- in the following section that this is one of the
most common applications for solar energy.

Solar water heating is quite widely in use in some
of the sunnikr parts of industrial countries, such as the

southern USA, northern Australia and Japan and it is "

becoming a growth industry even in less sunny regrons
such as northern Europe. <

Solar space heating is more difficult to arrange as the
needs tend not to coincide with the times when solar
energy is most available, -hence heat storage becomes a
major element of solar spacg heating-systems and these
are best designed into the“structure of a building rather
than added to a conventional building.

As-a result, it is solar water heating that offers the best
prospects for being economic. In many cases solar water

controlled electric water heatingin arder ta save electricity

and reduce the running costs. In any case it is normal to

4
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evaluate solar water heating economics.in tefms of what it
would cost to heat the same amounts of water using fossil
fuels or electricity or whale\fer is bemg substituted for by
Gsing solar energy. iy = ,

Solar water heaters are- passrve dewces, the o‘nIy
mechanical component needed, and then only in some
cases, is a small electric_pump needing very little power.
As this is not an essential, solar Water heating can be.used ~
in locations awa¥ from an electricity supply” Unlike photo-
cells or solar endines, solar water heaters can readily be
manufactured on a small-scale with low cost conventional -
workshbp equipment, and as a result, many small manu-
facRurers all over the world are now maklng them. There

. are probably many more manufacturers, partrcutarly in

the “USA, than have been inciuded in this edition. It is
also encouraging that a number of engineering companies
in Third World countries are also beginning to manufacture
solar water heaters. It is hoped particularly- to include
other Third World manufacturers in future editions and
any who are not included are invited to get in touch with

. us, It is well worth seeking a nearby manufacturer, because

solar water heaters* are relatively bulky and it is not very
econormijes t@;——rmg)o‘rt them i quantltles from distant
industrtal. CS‘U rres due to high transport costs. Hence it
is likely that a focal ménufacturer, even producing quite a
small output, can compete with an overseas supplief quite
successfully, In view ‘of this a number of established
manufacturers in industrial- countries expressed interest

in negotiating licenses “to-permit overseas manufacture

.of their products. Also a number of ssmall engineering

companies.in non-industhial tropical countries have found
it worthwhile to carry out some research and development
to develop their own designs. Both these trends can be
expected to continue. S , Se

m
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Technical aspects:of solar water heaters

As with ‘most solar ehergy systems, the ‘solar collector
is generally the largest and. mo? expensive element of a
water heatmg system In general it consists of a blackened’
absorber plate which is heated by the sun’s rays. Fhe
absorber- carries water pipes or ‘channels which are either
integral with lt or attached in:such a manner as to obtain -

“good the‘rm_al contact to allow heat to flow from the

absorber into the water.

A blackened absorber with water flowing through it, ar,
containing water is the' simplest form -of solar water
heater. If it is interided to heat the water to temperatures
significantly above ambient, and to keep.it warm once it
has' been heated, even after dark;.then various steps

" must be taken to prevent hedt “loss. Thls is ‘because the

temperature attained by the absorber will cease fo'increase
once the rate of heat loss: equals the rate of Heat input.

Obviously, the more the heat losses can be cut down the

hotter and more efficient the absorberwill get. Therefore

"it is normal to insulate the back and sidee of the absorber

to minimise heat losses, and.to”have a glass or plastic
transparent cover over the side facing the sun. The latter.
serves two “purposes — it traps solar’ enerdy. by the so-
chiled “green-house ' effect’” under Awhich glass “readily
passes short visible-light wave lengths but is opague to

longer "heat wave Ieng&é. As a result, a glass cover is

like a one-way valve —'it lets in. light-energy easily, but
obsiructs the departure of heat- energy The other function
of the glass is to trap aJlayer of air near the absorber: to
prevent the cooling effects that wauld be present if wind
or convection could cool the surface. Multiple layers of

N glass allow higher._ temperatures to be attalned So-alled

selectlve surfaces’’ ¢onsisting of various metalllc oxides
can be applied to metallic absorber surfaces which have a
similar function. to/a glass cover in that they absorb Ilght

~




energy readily but do not readily allow heat to radiate —
certain solar absorbers bave thli feature which improves
the overall efficiency: gt&é system. .

. The solar collector ormally connected by twopipe
to an insulated storagh” fagk - dn% pipe leads hot water..
‘to the top of the tank whnle the other running from the..
"bottom of the tank,lets coo!ed water-return for reheatmg
in the absorber. Sometimes the hot water from’ the- .
absorber does not mix with the water in the tank, but
is circulated through a copper (or.’other metal) heat
exchanger in the tank. Then the hot water-to be drawn
from the tank does not actually pass through the solar
heater but is indirectly heated, and the liquid in the solar
heater remains unchanged — which is an advantage as it
allows anti freeze and anti-corrosive additives.to be added
to 'the water in the solar heater. In some cases liquids
other than water may be-used in certain types of solar
water heater offering indirect heating of the water in the
storage tank.

If the storage tank can be sited at a pomt higher than
the: top of the solar water heater, it is possible to take
.advantage of the fact that hot water is less dense than cold
water to allow the hot water to “'thermo-syphon’' up to
the tank and displace colder water down to the solar
water heater via the second return pipe. Systems such as
»this do netrequire any pumps or mechanical moving parts,
as when there is no sun, thermosyphoning stops and the
hot water remains at the highest part of the system inside
the insulated tamk. However, in some cases it is not easy
to arrange for the tank to be above the solar water heater,
in which case small electric circulating pumps of the kind
used for central heating systems are generally used — these
have to be controlled by an electronic temperature sensing
system which switches ¢he pump on .éutomatically ‘when-
ever the temperature at the absorber. exceeds the tem-
perature at the top of the storage tank, and vice versa.
Most of the smallef low cost systems try and use the
thermasyphon effect to keep the costs down.

".A few types of solar water heater consist of a complete’
combined solar collector and tank. The capacities of such §
systems are usuaIIy quite small,
course by intet-connected in many cases to mcrease the ~
avallabmty of hot water.. ——— -

A few systems heat airrather than water at the absorber.
Systems using air do not suffer from the sa corrosion
and freezing problems thatcan affect water-jafled absorbers,

but for water heatlng an air to water t exchanger is
needed and fans are also usually needed td drive the air.

Mahy of the solar water heaters'marketed in industfial-
ised countries are intended for heating swimming pools,
as the fuel bills for heating even quite a small swimming
pool with electricity or oil are very high due to the large
volumes of water involved. Swimming pool heaters
ustally need to' heat a lot of water with only a small
temperature rise, so they are designed to be of low cost
per square metre and less efficient than the heaters
designed Tor! domestic hot water supplies. Some of these
jmight be useful for domestic water heating.in hot countriés
.where the temperature increase required is not as great as
in the colder parts of the world and a lower efficiency
{ would therefore be acceptable. They would' also be
! applicable to preheat witer for other systems.

Many different types of' absorber are offered by
different manufacturers, some being aluminium, some
copper, some steel and some plastic. Tech'ﬁically«tcopper
has a ot of advantages, being both a very géod conductor
of heat and also resistant to corrosion; unfortunately it is
by far the most expensive absorber material generally used -
and may in some cases be ‘‘too good’’ to be econqmic.
Aluminium “roll-bonded”” absorber pa‘nels have been

although they can of

marketed' by a number of firms, but they cannot operdte
_with"ordinary water inside as they corrode too quickly —
‘instead inhibitors have to be used ih the water or else
pecial, oils are used as heat carrying fluids instead of -
water. Steel does not conduct heat as well as copper or
aluminium, but is much cheaper than either. It is less
corrosion prone than aluminium, -particularly if it-is-
used in an indirect system with a corrosion inhibitor.
Alternatwely thick steel p{ms or. stalnless steel panels -
may be used. Composn“gy'ste‘ms in'which copper pipes are
mounted into an aluminium absorber are also sometimes
used. Plastic absorbers have been qui'te widely introduced,
"particularly for lower temperature applications — care
‘must” be taken with ‘most of these that they cannot
accidentally be drained of water while exposed to sunny °
conditions as this" can lead to overheatmg which may
distort the plastic. Obviously plastic is completely cor-
rosion resistant, but it may eventually degrade under
strong sunlight.

Other uses for sBlar heters are solar distillation, crop
drying, timber seasoning, etc. As most of these applicatiens
require installations that are constructed gn site, complete
systems are not normally available ready-built,. but advice
ar plans far their construction may possibly be obtqmed
from some of thle organisations who offer consultancy-
services {listed-in section 10).

\
Solar heater economics

o . .
In common with most detices using renewable energy
resources and consequently not having any significant
“running costs’’, the economics of solar water heaters
depend on dchieving the optimum compromise between
-the conflicting reguirements of achieving good efficiency,
low cost per unit area of energy absorbing surface:and an
. adequate life expectancy ,for the -system.-The other
important element in the ecorniomic calculations is the
value of the energy produced, which generally depends on
the cost of the energy.being substituted for, such as fuel
ail or electricity. L
The following table |nd|cates approximate  payback *

periods when sola_r_hggﬁggj,lalued,agamstﬂ ifferent Tuel |

—-gosts The calculations: assume unchanging fuel costs

during that period (which is most unlikely) so they
are rather pessimistic. Typical UK. solar energy figures
amounting to 900kWh/m per year are cd'mpared with a
hotter country receiving 1400kWh/m per year. The
payback per;gcjs are referred to a 4m? collector having
three possible initial costs for the system, namely £200,
£300 and £400* the lower value would relate to a thermo-
syphoning simple system installed on a do-it-yourself basis,
while the higher level relates to an electrically pumped
systém with electronic . temperature “sensing, that is
professionally- installed. For convenience, £5 per anndm is
deducted in -all “cases to cover pumping-costs, whether
or not a pump is used, making the figures for a1hermo- -
syphon system even more pessimistic.
This table shows how 'the unit-cost of the heatmg
source, being replaced greatly affects the pay-back period. .
Obviously if inflation of fuel costs is taken into account,
shorter pay-back tlmes waould bé achieved.
Although solar ‘water heaters can pay for themselves in
a reasonable period with eIec:mcuty "prices at the levels
that they are in many countties, and they can also save
valuable fossil. fuels “in" many . countries where malns
-electricity is produced by diesel or thermal power &tations,
it has -often needed polmcal action to help establish
_them in the few countries where they are-widely used.
“This is because the capital cost of an electric immersion
heater is much lower than that of a solar heating system

and the decision as to which’ system to install is usually
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in the hands of the building coptractors, rather than of

the future residents who would need to ~pay for the -

electnmty that will be used. A solar heated house tenids

to be sllghtly more expensrve 1o bunld butis a. Iot cheaper- -

significant_lpcal job creatlng possubllmes since the equnp

2

Fuel costs . ‘
p/kWh al. . Received energy 900kWh/m</yr b} Reca/ved energy 7400kWh/m2/yr
1p = £0.01 - o £200 £300 £400 £200 _F300 .
0.5 65 © 97 129 26 39 . 53
1.0 18 °c 27 36 10 . 15 20
15 .10 16 21 6 9’ 412 ;
2.0 7 11 15 4 .7 =9
2.5 6 8 11 3 5 7
3.0 5 7 9 3 4 .- 6.
3.5 . 4 B 8 22 4 5.t
e

ment lends itself to small scale manufacture

Payback perlods in years for systems WIth dlfferenvflrst costs

=

S

£400 - .|




r Solarv Electrlmty

. Pl . ° ’ ; i ' .
BRIAU S.A: "1jm ) Telex: 750729 F SOLAPAK PRODUCTS . Telex: c/o 53374
B.P.43 - B Phone: (47)613817 | 14 Brooksfield Rd. . /o Victor,
37009 Tours Cedex o " London W4 IDQ C S o Wallsend "
[France - R ' " o] UK. - . ' Phone: 01-994 8173
Suppliers of solar pumplng- installations driven by "SchOQ' Hqu_se T Telex:: _537631 :
photo-voltaic odular array. The number of solancollector | Covent Usworth T ALWRED
modules, inclined to the optimum positiot for the Tatitude | Washington ' - ~ Phone: (0632)
where the unit is installéd, can be varied ‘ta suit the Tyne & Wear ) : 464645
7 required power output. Units can raise water from'50m or NEK?y'N.‘U‘ . :
. more-and can discharge to any- required height, Automatic |’ U.K< k .
start/stop units are incorporated to guard agalnst no load 'Large' selection of modular arfbys (Solarex USP)
» pumping and water loss through over filled tanks The producing up to 300 watts/module. The constltuent
inclusion of a battery bank allows continuous running - Solapak panels come in a variety of sizes from 1 to 9 watts

L E 17— e

even during periods of zero insolation. . . . of 1.5to 14V." .

: Solar Pangls

A

O O O B: Accumulator battery ’
O O O C: Motor
A .D: Pump adapted to needs of
O O O installation. . :

~ E: Electric control cablnet )
. F: Limit switch for charge

Briau Photopile Generator for Pumping A . - - .

LUCAS SERVICE Telex: 83615

OVERSEASLTD ’ . Phone: Haddenham 291681

“Thame House > ‘*\

Windmill Road , i

Haddenham 2 !

Avylesbury .

Bucks HP17 8JB.

Supply silicon solar cells encapsulated in silicone rubber. Various
medular arrays are available to suit different demands from 1 to 30W
and 2 to 12V. The basic modules available are:

o,

- Model C‘harging poiritd:\ata - Pgak output data No. of cells

-

D0o206 © — - — "O6A 22V 1.3W 5 of 55mm@®
E12156 1.53A 13.5V 20.7W -1.45A 175V 254W 36 of 830mmQ@ & ; v e SRR
1206  061A 135V 82W 056A 17.0V .9.5W 36 of 56mm@ ; / + ° Series "E" Solar Array
FERRANTI LTD Telex: 668038 Ferem G
Gem Mill Y Phone:s (061 624) 0515
Fields New Road :
Chadderton R
) Oldham OL9 8NP -.
Lancs )
. b b
=~ Manufacturers of silicon %olar cell modules suitable for charging 12V

batteries, The cells are eneapsulated in silicon resin with an optional
polycarbonate'cover for harsh environments. Two models are avaifable:

Model No. Maximqm power point  No. ofcells  Shipping weight
Volits: Amps*  Watts '

MST 102 ~ 130 054 7.0 32 kg
MST103 - - - 36 1.1kg

A new range based on larger cells is under development. *

Solar Power Module MST 102

] R -

-
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SOLAR ENBRGY COMPANY
World Wide E
P.0. Box 649 \
Gloucestér-Point
Virginia 23062

U.S.A. - .

a

Cables: Salenco

This company offers a range of individual silicon solar
- .cells ranging from 2mA at 0.45V up to 2000mA at 0.45V

(optimum) for the customer to assemble and in addition
there is a wide range of modular cell assemblies as follows:

e—- ELOCKING DIODE

«—— LOAD

. < STORAGE BATTERY °
- Suncharger 236 1.5V~ 260mA 0.375W :
R 296 14V '650mA  9.1W N ,
” 346 14V 250mA  3.5W oo ;
" - 348 fq2v 160mA - 1.8W +Solar Enérgy Co. Array
372, 12V 250mA  3.0W T
L 4217 12V 580mA  6.96W T
S 704 14V 250mA  3.5W hS
" 1626 2.5V 250mA  0.625W .
- 1270 6.5V 1.2A 7.8W
2938 14V 650mA  9.1W ) {
: " 2700 28V 750mA 21W . '
Super-. " 3348 12V 18A  21.6W -

o ” 6348 12V*  35BA 42w 3 .

oo 8348  12V*  47A  56.4W « -
Solar power pack S6348PP " {200Wh/day)* ] \\
*These are available with optional voltage aute,uts'\of 12, 24 or 36V o - . 5
to order. ’ . . . 4

\
\\
Ay J - L

SE)LAREX CORPORATION Telex: 710828 9709
W 1335 Piccard Drive Cables: Solarex .
. Roékville ~  Phone: 301948 0202 s
Maryland 20850 S R
USA. -

,\U.K. Digt?ibutor: SOLAPAK ‘PRQDUCTS, -14 Brooksfield " Road,
" L_gndbn w4 1DQ (Phone: 01-994 8173).

This company manufactures a wide selection of indiV\duaI silicon
solar “cells as\_i{ound, rectangular and quadrant shapes fO( customer
assembly, plus \a\rahge of modular siljcon cell panels with the cells
encapsula\te\d in s.‘iljxc_on rubber, - the trade- name for the a semblies

- being “§p|afe\x Unipanels”. p .
: ~ TN W .
Model  Nominal =~ Qutput at  Watt hr/week watt/ft2 weight
. No. Voltage \\100mW/cm2 (US average] (min) b g
. . A{nps Watts v ) -
4 215 12 0125 Y5 45 40 07 03\
» “230 12 025 . g.o L1000, 40 T3 059
260 12 05 60 200 40 23 1.06 \
. 1260 12 0.5 6.0 200™ 50 20 0.905
; T 1270 12 058 7.0 220 5.8 2.0 0.905
— ‘ - 280 12 062 80 , 240 52 23 1.06
615 6 0256 15 ' 45 3.7 .07 03
950 .9 0.5 50 160 53 18 08
435 14 0.25 3.5 105 42 14 064 Y}
470 - 14 05 7.0 220 44 . 25 115
. 480 " 14 062 80 270 50 25 1.15 .
1470. .14 05 .70 220 50 - 21 097
1480 .. 14 0.58 8.0 260 58 ' 2.1 0.97
6700 7 1.0 7.0 220 44. 25 1.15
770 710 70 220 49° 23 1.06
--.-785 7 12 85 280 60 - 23 1.06

. Also.a "Solar Electric Monitor’ type 203. o




SOLAR POWER Telex: 7103476792
CORPORATION p Phone: 617 667 8376
5 Executive Park Dnve o

North Billerica et
Massachusetts 01862 - * :

US.A_ o

110-111 Strand Phone: 01-386 8918
London WC2E ODA » 4
U.K. :

produces .a series of siﬁ'\;on solar cell modules encapsulated in UV
stabilised silicon rubber and availabfe.'with various types of carrying
frame. or legs incorporating different.combinations of the basic modules
t{o give various output voltabes Some examples of basic modules
available are:

\
Solar Power C}vurp. Array Model No. Charging point  * Peak power point

N Volts -~ Amps ' Volts Amps Watts

1002 - — ‘ 2.3 1.4

E4-125-0.6 4.5 0.64 49 29

E6-185-0.6 6.8 0.64 77 46

E6-365-1.2 - 6.8 1.29 7.7 9.2

- E6-369-3.0 " 6.8 3.22. 7.9 240

. E12-365-0.6 136 ° 0.65 16.0 9.6

E12-369-1.5 13.6 162 © 185 145 25.0

.G12-361 : ,13.6 + 200 . 16.5 1.90 31.3

& -

The last model, grefixed G, has a teipered élass cover -which is
claimed to be of lower cost, good ‘weathering re5|stance and durability
and to keep the cells cooler. ~ °

This company offers eomputerised system design to match cells and
batteries optimally and a single cell solar insolation monitoring unit is
also available. P

SOLAR SYSTEMS INC. . Phone: (608) 935 2707
Division of Silicon Sensors, Ing. ‘

Highway. 18 East

Dodgeville

Wisconsin 53533

U.S.A
" This company produces a wide selection of individual tilicon,
cadmium sulphide and selenium photo-voltaic ‘cells| suitable for the g
customer to assemble, and.in addition offers the following purpose-
built modular arrays of silicon photo cells for power production:
(data applies with 1OOmW/crn2 al’\d 25°C standard).

3

1

_ \ .
Mode/ designation ™ Nominal output data”  Alternative voltage at

Volts Amps  Watts same power
. SPM-75-2 . 2 32% 64 2,4,8and 16 '
o SPM-1’OO-2 2 48 .96 2,4,8and 24
. SPM-150-2° 2 72 1.44 2 6,12, 18 and 36
S {& 3.6 economy) ‘
SPM-200-6 - 6 18  1.08 6and18{also - ; v
o : derated at 2V) :
PCM-510 Power-Mod 2 .044 .09. « -

PCM-540 Power-Mod 2 .10 .20

*the final suffix number gives the voltage; for example the 6V versnon of SPM-75
is SPM-756.
Tthe output data for the Iowest voltage version is given as an examp]e

" This company is a subsidiary of the giant Exxon Qil Group and

S
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SPECTROLAB INC. .
(Subsidiary of Hughes
Aircraft Corp.)

12500 Gladstone Avenue
Sylmar

California 91342

U.S.A.

910496 1488
(213) 365 4611

Telex:
Phone:

Spectrolab produce the “Solectric'’

backmg

* Five  basic modules which can readxly be lmked by bus bars are avail-
able. Their nomlnal outputs with TOOmW/cmz"llght intensity at 28°C

are as follows:

/Le’ngth *
in cm

series of modular silicon solar
cell arrays. The silicon cells are embedded in clear silicon rubber_and
covered with a glass faceplate with an extruded alummlum o beam -

Nominal valtage Minimum test performance - Weight
current  voltage power 1b kg
4v 1.0A 5.4W 5.4V. 39 73 36 163 /
BV 1.0A 8.1V  8.1W =42 407 5.2 236 o
BV 0.5A 8.1V 4.05w. 22 57 28 127 - N\
12V 0.5A 16.2V 8.1W " 42 107 " 52 236 -\ .
14V 0.5A 18.9V - 9.4wW 49 124 6.0 272 L PR
*the lengths are to nearest whole inch or ecm. ’
. 185 — S Philips Nederland BV ~ -Phone: (040) 79 3333
ol ! Afd. Elonco .
(1(_ i RN Boschdijk 525, R
VRN Vi St N il 4 :, Eindhoven -
Loe=oon Z°2 853 Netherlands §
\-/\\ /)N/ :/( o N v:\ : D
4 - ~- also: L \ /'/’ Cijﬁ\l
ELCOMA Philips: Electronics - Components and
Materials, P.O. Box 50 Lane Cove/2066 “New' South
£58 - Wales, Australia. Lo // ¢
| . MULLARD LTD., Mullard ’Hpuse Torrmgton Place,
' . London WETE 7HD U.K. Phone/ {01) 580 6633.
NORTHAMERICAN PHIKIPS, 230 Duffy Avenue, ¢
N L~ Hicksville, NY.11802, U.S,A, Phone (516) 931 6200
R /)v . and numerous other-Philips subsidiaries, worldwide.
t\-) NPT ‘The Phitips solar »9é/ll module consists ‘of 34 series
1 :

Salar Cell Module BPX47A -

)

connected 57mm@ sjlicon solar cells, moulded in trans-
parent resii"and-laminated between two glass sheets, -

Performancq data at 100mW/cm2 insolation .and
25 C ambient: ~Opt|mUm power 10 W with voltage
15, 5V and current 0.69A.

Solar Engine's"'

]

ORMAT TURBINES LTD

Phone: 05_5 954_61
. Szydlowski Road Telex: 31902 L
Yavne Cables; ORMATURSB -

' P.O.B. 68
Israel

generation, etc.

Turbine runs on organic heavy va
and has only one major movmg part

these have been in production for some ten years.

»Solar powered systems can: be supplied with the .
possibility of an optional fuel burner to’ guarantee Ppower ,
at mght or durmg cloudy penods

)

N

TELAVIV .

Manufacturerof a range of solar-poyered turbiries-for a
variety of applications including water pumpffg, electricity -

\

P Ormat Turb#nes Installation -
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SOLAR PHYSICS - b Phone: (714} 440 1625 YAZAK! CORPORATION Telex:  J24437, 246

CORPORATION : - International Division 8395

1350 Hill Street T 6th Floor Tokyo Ryutsu Center  Cables: Yazaki Tokys”

Ef Cajon ) k ' ' 1-1 6 chome Phone: Tokyo (03)

California. 92020 ~ | Heiwa Jima ? , 767 3960

U.S.A. } Ota-Ku ; ’
Manufacturers of a solar power unit utilising the sun Tokyo

via tracking mirrors to heat a working fluid in a receiving Japan

tower. This working fluid is used to power an engine ’ This group manufactures a newly developed solar

Wh'ych drives a generator. Electnpal oumqt,Of up to 5kW heated absorption refrigeration unit producing chilled
. currently offered, but Iarg.er models offermg outpgts up water for building cooling by the absorption cycle. .

to 100kW are at'the planning stage. This company is well -

known for its pioneering work in the field of “pow‘e‘r\
" towers, which have been postulated as a likely con-

figuration for future large scale power production. Con-

sultancy services in this field are also offered. )

f Yazaki Solar Heated
Abscrption Refrigeration
Unit

‘Solar Power-Tower
with 5kW Electrical
-_Generating Plant

RENAULT MOTEURS Telex: Reno 200288 F .
DEVELOPPEMENT . Phone: 6302103

R.N. 186" . S o

La Boursididre -

92350 Le Plessis- Hobmson '

France ’

B

) Renault Motors are now marketing -a novel typeﬂof solar heat engine
developed by Sofretes in France. Quite a large number 6f these machines
are now in use in countries 'such as Senegal, Mexico, Upper Volta,
Mautitania, Niger, Mali, Cameroon, Chad, Abu Dhabi and Sudan. Since
they are relatively expensive machines, they depend on intense sunlight
Jfor the best return. o
: Two versions in various sizes are available, these and solar pumping .
ptatlons designated by the prefix MS and solar power stations prefixed
TS, which can also be used as pumping stations. ] S o
(’ The following performance data assumes average ambient tem-' Sofretes Panel Collectors for Solar Pump
* peratures over 25°C, average solar radiation of 700W/m?2, pumped '

Yvater temperature 28°C. )

Mode/ Water ourput: Nominal power Da/'/y/-\verag;’ Nominal power

No. at 26m head (pumpl’ng} " running time .[shaft)
Ms8° “ 3.5m3/hr zgow /- 48 hr/day -
' MS5  575m3/hr  392W / 46 hr/day - .
"MS7  8.9m3/hr BABWL 46 hr/day - ' ' : :
TS25 1200m3/day ~ 17.2kW 56 hr/day . 25kW . ' '
TS50 2400m3/day’  34.8kW  _ 56 hr/day 50kW- : y
. / '
D =
: : solar . )
SPILLING CONSULTAG  / Telex: 57 939 -&9diali colector — =, )
Sonnenweg 4 / Cables; Spill Ch drum
CH-5610 Wohlen, / - Phone: 0576 73 57"

Switzerand - ) // -

SPILLING

steam motor| allernalor

: Spilling solar energy.plantconsisting of a solar collector
and a geam motor generator ‘set-with outputs from 2kW
upwards
-~ This was all the information avallable to us at the tlme i . { . . o
of going to press. y ; . _ . PUmP®  Spilling Solar Energy Plant

s

L}

£}
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. )
AlR DISTRIBUTION Phone: 0222 ’
EQUIPMENT (M & W) LTD 754677

64 Whitebarn Road
Llanishen
Cardiff CF4 5HB
U.K.

Manufacturers of solar water heating 'systems for
home water heating. Systems incorporate solar panels
plus a differential tempgrature controller to control the
flow of water through the panels.

. Solar panel module of 2ft x 2ft (0.37m?2).

G RP/aluminium case to glass cover.

A

ARC SOLAR CENTRE LTD  _ Phone: 01:370 4804
176 Ifield Road
London SW10 9AF : e
U.K.

Manufacturers of a range of solar panels under the tnadename
“Sunstor’’:

a. Sunstor domestic collector

Size: 1524mm x 610mm x 76mm, weight 28Ib {12kg) empty, area
of collector 0.92m?2. E

Absorber: Copper pipes soldered to copper absorber plate.

Casing: Aluminium sheet (18 swg) with ﬂbreglass wool and pon-
arethane insulation. -

. Glazing: 4mm single sheet of glass to be supplied by customer.

“Installation: Elthel’ thermosyphon for 5|mpI|CIty or electric pumped.
b. Sunstor industrial collector

Size: 2000mm x 1000mm x 76mm, absorber area 1.9m?, weight
17.5kg empty. ‘

Absorber: Copper plate with copper pipes bonded by patented heat
fusion process.

Surface coatxng 3M Nextel with reducpd infra-fed emission.
“Casing: Aluminium sheet with fibreglass wool and polyurethane

_ foam. , -

Glazing: 4mm glass. : T Ay
Installation: lntended for large |nsta|lat|0n for mdustr:al/commercual
premises.

_ ¢. Sunstor “Waterfall 2” /ow cost, low temperature co//ector

Size: 1830mm x 1220mm {2.16m?2), \~ Lo

Construction: All metal unglazed collector with copper wateLways
clamped to an alumlmum absorber plate. v

Applications: Preheating cold water for other solar of non-solar
water heating systems or for heating swimming pools.

d. Sunstor.-miniature demonstration panel

This is a novel miniature complete thermosyphoning solar coIIector‘
~ and storage tank to demonstrate solar watkr heating or for heating small

_quantities of water, It is intended mainly for educational purposes or
for studies. RTE
- Effective absorber area: 0.1m?2 (426mm x 335mmj ;
Constructlon Similar to domestic c6llector descnbed in paragraph a.
Sto e tank capacity apprommately 2 Iltres Itis Ialmed that itwill*
heat two Ji resJwaater t0'65° C in strong sunhght qunqe rapldly

1-524m

l———— — -610m. '———l

— glass.4mm
air gap tin. -

~—— absorber

ﬁbré-glass _
insulation .

ali. box 18g.




ASAHI TRADING CO LTD Phone: (062 483) BURKE RUBBER COMPANY  Phone: (408) 297

.- Asahi House 3347/ 2250 South: Tenth Street 3500

Church Road ) . 3758 San José

Port Erin ' = " California 95112

Isle of Man . U.S.A.

UK. : ; A simple unglazed trickle flow solar panel for low
Manufactuiers of a glazed solal panel using glass tubes temperature gain water heating, (i.e. used in the U.S.A.

as the collector pipes in which theiheating water runs. mainly for swimming pool applications). ‘
This is a Japanese system and it is claimed that 2% Module aréas are: 8ft x 8ft, 12ft or 16t (2.44m x

million units are in use in Japan. 2.44m, 3.66m or 4.88m). .
The unit is quite heavy when filled with water and does Construction material; Du Pont “Hypalon” (Chloro

not require-a separate storage tank as it is for direct rather sulphonated polyethylene) with a copper sparge pipe.*

than indirect systems. Having glass water channels there |; Surface temperature limits: 40°F to 250°F (—40°C to

is no corrosion problem. The channels are claimed to be |- 121°C).

efficient as collectors, particularly at absorbing solar
energy when the sun-is not due south or conditions are

cloudy. 1. Water Qut . 6. Black Hy;alon Panel
, The case is of steel and the unit lxglazed with plastic. 2. Installation Grommets 8 ft. Wide x 8 ft. Long,
3. Water in at top 8 ft. Wide x 12 ft. Long
Size: 1460mm x 1670mm x 190mﬁQ 4. Copper Distribution Pipe’ 8 1. Wide x 16 ft. Long
Weight: Empty 75kg; full 265kg. 1\ 5., Water Distribution Material 7. Overflow Relief Valve
Capacity: 180 litres. : Inside Panel ’ i

¢ Water Flows Down by Gravity Inside Panel

NEEN

Burke Solar Panel - |

Asahi Solar Panel

. -
CALORSOLLTD" ™ Phone: (0743) 51578
Lancaster Road
Shrewsbury SY1 3NG
U.K;

L
This company offers avariety of water and air heating solar collectors.
The following are all in glass reinforced plastic casing with polyurethane
insulation and glass reinforced plastic glazing.

Mark 1: Cascade water heating corrigated metal plate — stove- . - 5 T T
enamelled matt black, 15mm copper sparge pipe and 25mm UPVC Calorsol Solar Heat Callector Plate
outlet collector. For low temperature appllcatxons 292m x 0.97m = . .
2.83m?2 effective area. ) ) e

Mark 2: Warm air ventilation corrugated metal plate stove-enamelled ) '
matt black size as above.

Mark 3: For indirect . water supply W|th aluminium roIl bonded
absorber, size as mark 1.

Mark 4: Similar size to above units, but with pressed steel radiator )
absorbers interconnected with copper pipes. ™~

_ Some further low cost models are also offered, which have 20g
‘galvamsed steel cases and thinner GRP glazing and the lnsulatmn is . ;
‘expanded polystyrene. . ! ' @

Mark 5: Roll bonded aluminium absorber of 2.05m2.

Mark 6: Corrugated galvanised cascade collector of.2. 3m effective
area.

"Mark 7: Slmllar to Mark 6, but destgned for air- heatmg rather than p ) s
water heating and having suitable inlet and outlet duc@ , . ; 127
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CSI SOLAR SYSTEMS - Phone: (813) 577

— T
DIVISION - 4228/4489 — Bl e ==
12400 49th Street - = = et
Clearwater ' . e s
Florida 33520 T
US.A. , = =) B
I 1.
Manufacturers of a range of solar heater. modules with lntegrated = [
controls and an electric circulating pump. . == = ‘;‘” .
Model No.  Size Weight Water Absorber Frame Insulation ) CSI Solar Panel
: ; Channels Material . : ]
250 2ft x 8ft ' 80lb Stamed Polyethy- ’
. 500 2ft x 11ft T00lb Copper Aluminium red- lene
1000 4ft x 11ft 220lb tube wood
CHAMPION HOME " Phone: 313 796
BUILPERSCO ~ VA AR —
5573 North Street : ' C
Dryden
Michigan 48428
U.S.A.

- Manufacturers of a solar heater for hot air domestlc heating. The
unit is a free standing unit using a rock fill-heat store. The system is

. Champion “Solar Furnace” o easily installed in conjunction with any conventxonal warm air heatmg
o - N system.
’ Sizes: Three’ models of 108, 144 and_ 180ft2 collector area (101
13. 4,16.7m).

Absorber: Alumlmum with double glass cover and urethane |nsulat|on
Heat store: 9, 12 or 15 cu.yds of gravel.
Fitted with mrculatlng fans and electronlc controller

<4

DIY-SOL INC © k Phone: 617 877 6018 claimed to be a low cost method of lnstalllng solar heatmg ;
P.0O. Box 614 . ' . . o Hot water can be provided through the use of a heat .
Marlboro . o ) - - exchanger between the solar heafed air and the water
Massachusetts 01752 - : supply. )
US.A. ) L : The collector is glazed W|th Dupont's ”Tedlar and

\ ' |ncorporates a special type of “efficient absorber called -

hi / iés a kit and i tion b
This company supplies a xit and instruction book to “Xsoletherm"’ — both are included in the kits. - L

allow a sophisticated and effective ‘hot air solar heating This system mi ht be useful for cro drying owtimber
system to be built. The kit includes only the special V! mig pdry g
dring processes, etc.

equipment necessary and ordinary construction materials ) ,
are supplied from local sources by the customer. This is . o ’

- BT ' BLOWER

SOLAR®

{HOUSE
coL LECTORW “TREGISTER
{2 PANELS OF

3 ABSORBERS)

SOLAR WATER
PREHEATER

HOT

P N N emoame
: 4/1//#040 " - ‘ : ST
o : . _ , o ‘ DIYSOL"Hot v cL e
! . ) L s - Water Plus" System A O E AT
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E.l. DU PONT DE NEMOURS

& CO INC

Film Department

Speciality Markets Division

‘Wilmington .o ;
Delaware 19898 o

U.S.A. B

Manufacturer of a wide range of plastic materials

including “‘Tedlar’”” PVF film which is particularly suited
for thg glazing of solar flat plate col]ectors. “Tedlar’ is
available in various grades; 100BG30TR passes UV wave-

"lengths. and sqme infra red. “'Tedlar” is partially selective -

in that it blocks infrared in the 7 to 12 micron wavelength
range partially. '

E.A. HYDRAULICS & Phone: Nairobi

METAL INDUSTRIES LTD 1569273

P.O. Box 30730 28918
NaIOBi— e i ~5ga07

Kenya_

This is a solar water heating pane! made in-Kenys with-

» a glazed cover and combined galvanised tank of 120 litres

capacity. It is claimed to heat the contents of the tank to

70°C.after two hours of Kenyan sun.
Overall dimension$ of the installation are Bft x 4ft x
" 3ft and.net weight (empty of water) is 240lb. A 1.5kW
electrical immersion heater can be included as an optional

extra to guarantee hot water during periods of limited.

sunshine.

Solar Panel

EDWARDS ENGINEERING Telex: 130131
"CORP.’ Cables: Edengco
101 Alexander Avenue Phone: -(201) 835

Pompton Plains 2808

New Jersey 07444
- US.A.

The Edwards Completely Packaged Solar System
provides a.complete assembly of related—heat -transfer
units to accomplish the heating and cooling of residential/
commercial spaces. )

Solar Collectors: The solar collector panels are 2ft or

3ft in width and of any specified length to fit the building
design. The panels are so designed that they will take the

placg of the normal roofing material such as the shingles.

The panels consist of 1 inch of aluminium covered fibre-

glass insulation, heat absorbing aluminium plates, copper |

or alumjnium tubes, one or two Tadyers of transparent
plastic shéeting, and an aluminium frame for fastening and
holding the parts to the roofdeck. ! ;

f5 gy s
——

E & K SERVICE COMPANY Phone: 206486

16824 — 74th Avenue N.E. 6660
“Bothel

Washington 98011

U.S.A.

Manufacturers and licencees of an unusual wooden
framed solar collector claimed to minimise heat loss by

cased collectors.

Panel Sizes: 2ft x 4ft, 4ft x 4ft, 4t x 8ft, 4ft x 12ft. -
Absorber: Aluminium sheet with copper tubes. -
Glazing: GRP plastic or 3/16” gtass or can be supplied
unglazed.
Weight:

Approx 6.51b/ft2 (glazed) ~or 4.251b/ft2
(unglazed). - )

A miniature version of the above panels, size 1t x 2ft

Py

E & K Service Company

SOL-R panel

GRUMMAN CORPORATION Tefex: (518) 575

Energy Systems Division . 6555 ‘
‘4175 Veterans Memorial Highway - Phone: (516) 575

Ronkonkoma : 6205

New York 11779 . '
~U.S.A.

Manufacturers of direct and indirect solar heating
systems which _nclude solar panels and all ancillary
equipment- for ‘domestic water heating, for use. in con-
junction with other heating systems or on their own.

Typical unit size:‘.“2‘4.58ft2 (2.28m?2) of absorber area.

Weight: 87 or 122lbs depending on absorber.

Absorbers: AIurﬁinium Rollbond  for closed circuit

.passages for direct or-indirect systems.
Glazing: Arche,él acrylic covers or singie/double tem-
* pered glass. - - Lo
~ Insulation: Foil enclosed fibreglass. -
- CasingsT"Aluminium alloy with baked enamel finish. -

N.B. Finplank absorbers are available sebarately for
building ‘into *home made’’ cases.,WeightVZSG.Slb for
24._951‘12 absorber. B [P -

— P — 4

B g LI ,.4 \
: Y 4
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i

conduction which can be a problem with some metal-

. is available for educational purposes or as a sample.

» indirect systems. Aluminium-Finplank-with copper water |

Grumman Solar Panel - :
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|, CORPORATION

ENERGY DYNAMICS ‘ Phone: 303 321 3314

36062 East 49th Avenue
Commerce City
Colorado 80022
U.S.A. ‘ ‘

Designers and/suppliers of solar systems using the ‘‘Soldris"’ solar

heating module. Systems include designs for domestic water heating

- and gpace heating as well as the incorporation of a heat pump connected
system. - ‘ 4 ,
"'Solaris’’ collectors are’ to the following specifications:

Model Width Nominal Height Depth

Manufacturers of an unglazed, low temperature solar Watekr heating
system using polyolefin (plastic) tubular extrusion absorbers between -
header pipes. ' T i o

Standard panel! sizes are 4’ x 10’ and 4 x 8. Electronjc controllers
and associated equipmeht‘are available. )

+

T soLar Ty m T L
- SENSOH / ‘\‘/

SCARNA . P

;
AUTO-CONTROL . . Ty R

Dimensions. 308 ° 4'—0 8’ 4
312 4'— 0, 12° 4 g,
¢ 316 4-—0 16’ 4 o ;
Additional space is required at top and bottom for plumbing ! @l};@ .
connections. . ‘ ) . ’
Weight: 2.5Ib/sq.ft dry: 3.25Ib/sq.ft wet. ’ e T T
Absorber: Aluminium. - . B o
-Absorptive coating: Flat black epoxy coating.
Cover: "' tempered glass — single layer — transiittance — 88% = B A e
Transfer fluid: Water. ’ .
Plumbing connections: Top: ¥5 OD copper tubing. Bottom: 1 °
CPVCpipe. . ) ‘ 4 e
\
AN - L
- FAECO SOLAR HEAT Phone: 4153216311
! EXCHANGERS R
138 Jefferson Drive o |
Menlo Par i
California 94025 ‘ C
U.S.A.

i __—COooL WATE,R
TO HEATER

- | | | i N | | Qm R o ‘;
S h

HEATER S
(EXISTING} -

-~ N
HEATED WATER -7 7" ; .
TO POOL ) T

’ Fafcu\SoIar‘ Heating System




HADLEY SOLAR ENERGY Phone: ’215 444 3618 -
Box 1456 ;

" Wilmington = ‘
Delaware 19899 ’
U.S.A. .

Publlsh}rs of a booklet and plans ‘for construction of do-jt-yourself
solar heatmg\an\els for both alr heatlng and water heating.

Specifications: Water heater..- ° Air heater - __.
Size 4 x Bft = 32ft2 (2. 97m2) 4 x Bft=32ft2.(2, 97m2)
. Absorber galvanised steel galvamsed steel
Water channels  copper pipe — )
o Glazing acrylic-or glass ’ acr;ylic br glass —d
: c B - Insulation fibreglass .- fibreglass
Hadley Home Built Salar Panel T
12
| L HELION - 20 "~ Phone: 2133678291 FILON DIVISION, VISTRON °  Phone: (213) 2,5‘7 .
N | P.O. Box 4301 : ’ ~-| CORPORATION R ¢ 1
! Sylmar R I 12333-Van Ness Avenue ' ‘
California 91342 S , _ Hawthorne )
1. US.A. : California 90250 ° ’
] o ' ' | usa.
/ Helion solar panels are offered as kits and are claimed |-~ - G B )
-+ as an easily fitted fow-cost system. Manufaeturers of fibreglass reinforced (GRP) paneis
Overall di-mensions: 45 x 96in = 30ft2 (2.29m2). for use in solar collectors and passive glazing installation.
Weigﬁt: 55lb. j ‘ Units are guaranteed to retain 90% light transmission for
Absorber: Aluminium sheet with copper tube water 15 years. Licenses for manufacture apparently granted in
channels, : Africa, Asia and South America. .
Glazing: Tedlarcoated ﬂbreglass . l = L.
Insulation: Polyurethane foam/fibreglass. - :
Casing: Aluminium. . . L ‘ s : e

A
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Helion Solar Panels . - : s \{{'/’ Sy S
|- IMI RANGE LTD Phone: 0613383353 — — —
P.O. Box-1—— ) i )
Bridge Street : ) ; P -"-ﬁtw,.,,«»f"-”/
- Stalybridge™ -~ -
Cheéshire SK15 1PQ ? R EAT N
U.K - A o

A Iarge"combany whichr offers maijnly. compdnen‘ts ffo'rfit'rade ”use”q;
export in‘quantity. Manufacturers of "Solch“ absorber panels.

Sizes: 3 widths and 3 lengths avaxlable giving 9 areas rangmg from,
0.21 to 2.82m2. Favoured size is 1.75 x 0.86m =1 Bm2e L e =
_Absorber: All cogpgr.nanm{rﬁg—o opper waier tubes fitted W|th
;Jpeubsorblng fins treated with biack selective coati '

Casing: The absorbers are recommended to be buﬂt into the roof °
structure of a2 building and glazed over, but plastic cases for the 1.6m?
: : - . size are available if independent "detachable" units are needed.

IM1 Solar Collector Unit Plus L . L Other items:; Copper heat exchanger. tanks,-with- opticnal spray'é'd"
" Hot Water Cylinder ' . on insulated surface.are also available,




Phone: 0621
. 772477

“McKEE SOLARONICSLTD
12 Queenborough Road
Southminster
Essex CMO 7AB
Uk, 7

Manufacturers of a range of plastic solar collectors for
water heating:

Industrial/Domestic heat exchanger collector 205Q0mm
% 1230mm (2. 4m?). The absorber is a polypropylene
extrusion in transiucent plastic with a metalised reflecting
sheet behind it and this system is novel in that it uses a
dark fluid to transfer heat from the collector which is
claimed to give good efficiency. The unit is single glazed
with a tough polycarbonate plastic window. It is claimed -
that these units will withstahd temperatures in the.range..
from —40°C - up- to-+120°C without damage - {and--can
tolerate the effect of water freezing within.the channels).
-Maximum water pressure is 0.6MPa-{90 psi). Insulation is
by transparent cellular plastic either side of the absorbet
panet. In situatio
required, the pa
polycarbonate ab:
need forusingad

an be obtained with the internal
. er painted matt black to avoid the
liquid.:

at exchanger: collecior 1886mm x
s is to a similar specification to the
> slimmer as it does not include the
d with cellular plastic smce it is not
such a high temperature increase
cations such as pre-heating or low
processes such as crop or wood
oprlate in addition to the intended
ming pool heatlng . ¢

Swimming po
1240mm (2.4m?2

“insulating voids f
intended to ach
. above ambient.
temperature incr
drying may be .
application of swi

here direct solar heating of-water-is-...|.

METALCO (HEATERS) LTD Telex: 2776 .
P.0. Box 1307 Metalc-Cy -
Nicosia ‘ /‘bables: Metalco-
Cyprus .~ - -Nicosia
Phone: 32101/2

Manufacturers of a complete water filled solar domestic

2 hot water system. System is free standing and relies on the

thermosyphon principal . for its operation. An electric
heating element may%be incorporated to prowde hot
water during sunless periods.

Absorber area: approximately 131 x 92cm (2x)=2 Am?2,

Construction material: not specified. . -

Metalco Solar Hot Water System:

DISTRIMEX LIMITED

Cables: Imexhouse
88 The Avenue * London NW6
London NW6 7NN > Phone: 01459 1391

UK. *
Distrimex produces the Miromit solar energy collector,
which was developed in lIsrael over 20 years ago and

incorporates a unique selective surfacing known as “Tabor’
~ Selective Black’’ after its inventor, the well.known solar
energy researcher, Dr H. Tabor.

Collector module surface area: 1,428m?2. z,

Collector absorber material: Mild steel efgctroplated
with."'Tabor Selective Black"". "

Insulation: Rockwool 40mm thick.

Outer casing: 0,6mm galvanised steels 1850mm x
960mm x 95mm. ’ ’

Glazing (not supplled)
glass.

--Weight: 60kg A

Claimed life expectancy: “Well in excess of 15 years'’.

G

Re\cdmmend 3mm or 4mm

Other ﬁroducts fram Distrimex include the “‘Sunsource

~ Solar Conitroller™which operates at-240V. (or 110V by

request) to swntch on a pump for a pumped solar heatlng
system.
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” Open Flow Solar Collector

Phone: 714 440
T 6411

N&TURA‘L ENERGY
SYSTEMS INC *

1654 Pioneer Way |
El Cajon ‘
California 92020 L
U.S.A. ) , 5

Manufacturers of solar panel heating .systems for.
domestic space heating or water heating installations.
The company also produce a solar dxs’nllatlon system
(iltustrated) for purifying water.” -

Precise technical specifications were ngf known at the
time of going to press.

.

1. Solar Puritication Unit
2. Storage Tank

3. Timer Switch

4. Solenoid Valve

Natural Energy Systems

Solar Water Purification System / - "

»

THE PEOPLE/SPACE Phone: 617 261
COMPANY 2064

Division PAC

49 Garden Street - .
Boston ' . '

Massachusetts 02114

“U.S.A.

Manufacturers of an open flow collector in which the
water flows over the fibreglass collector surface beneath
a,trenslucent fibreglass cover. Due to its simplicity, this
system is claimed to be of low cost and the construction
materials are certainly long-lasting and durable.

One module size is available 4t x 8ft x 4ft (2.97m?)
which can be obtained either” double glazed or single
glazed.

 cldims the onds largest -salar-heating/air conditioning"

¢ .energy collEctlon per unit area compared with flat plate

- integral thermosyphon watér heater and storage {which
> has no moving parts at all). This has a 21 78f‘£2 absorber

- with 3M Nextel selectivé surface and with a Tedlar plastic

RAYOSOL - = .- Phone: -
Apartado 21 o )

' Torremolinos . "o °
Malaga
Spain

NORTHRUP INC. ~Phone: (214) 225
302 Nichols Drive o . 4291
‘Hutchins \ NP

Texas 76141,

US.A .

‘tracks the sun using electric drive motors and concentrates .
" the sunlight through an acrylic Imear fresnel collector.lens

2

< This company is a major solar energy developer and -

installation of T‘6 OOOft2 (1487m?) at. Trmlty University
in Texas. \
‘Main product lS a concentrating. solar.collector which

onto a copper selectlvely coated absorption tube; this
system'qre ‘g,l@lmed t§ be of high efficiency in terms of

collectors, It is cta|med that it can supply. water at 200°F
{93°C} under 80°F ambient conditions with an efficiency-
of 65%. Effective collecting area per- module |s 9.7t
(0.901m2).

Other systems available include a |ow cost (claxmed)

of extruded aluminium with copper water ‘tubes coated

cover. It has a 40 gallon (150 I|tre) storage tank with
anodic coregsion protection ‘and |nsulat(0n is a fibreglass
blanket. ' »
This collector is also available without the storage tank
as a normal flat-plate collector module and glass can be
used (customer supplied) for glazing as.an option. Storage
tanks, pumps and other components are also avallable

Northrup Solar Concentratar Array

-~

320432

Manufacturers of a glazed solar water”heater using a
copper absorber with copper water tubes. The case is.of
fibreglass/polyester with unspecified |nsulat|on material
behind the absorber Standard absorber area is approx-
imately 1 5m

, ‘Ray'usol'Sular Panel

.

"33
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PIPER HYDRO INC Phone:::(714) 630
2895 East La Palma 4040
Anaheim ‘ : . :

Calffornia 92806

U.S.A.

Désigners and manufacturers of complete solar water
heating systems for individual dwellings: or industrial
estates. Units are solar/gas heated for constant hot water

and space heating. o . |
. This company ‘is one of 36 U.S. manufacturers whose

products were approved by ERDA in 1976 for use in
thé Federal - Solar Heating and Cooling Demonstration

Programme.
i

f

Piper Sal

ar Heating System .,

U.S.A.

and:® 7

INSULATING
EA TAPE

(Agents)

Croydon

U.K.

e =
f OPITIONAL BAUK INSULATION

AND PEOTECTIVE BOX . .
] Manufacturers of solar collectors for water and space heating. These
systems ,gan include heat storage units for periods of little sunshine. "

PPG Soflar Collector

PPG INDUSTRIES INC
One Gateway Center
Pittsburgh

Pennsylvania 15222

BOMERT, TEVES &
BLANKLEY LTD

* Pembroke House
44 Wellesley Road

Surrey CR9 9PD

Telex:
« Cables:
Phone:

Ed

Standard collectors are as follows:

Size

343/ x 76%16" x 154"

Abs;rber
Copper alloy
bonded to
copper water
tupes with sem
selective PPG

Duracron black

866570
Glaspit
412434

Casing Glazing
Painted Single or
galvanised double
steel with  pieces

i-  fibre-

glass
insulation.  glass

2045

of 18" -
“"“tempered

Virginia 23261
U.S.A:

2

e L. . -
.~ Manufacturers of an all aluminium water heating solar

panel ' using’ one piece extruded water tubes and fins
enclosed in an aluminium frame. A double layer. of Tedlar

. glazing is shrunk ontg the glazing frame over the unit. ..

Standard panel is 4ft x 8ft= 322 =297m2. -

3

_FASTENER =,

SIDE
INSULATION "
FASTEMNER ﬂ\bl S Y

THEAMAL —

BREAK

. coating. \
REYNOLDS ALUMINUM Telex: 827-358 CROSS SECTION THROUGH FRAME
EXPORT CORPN. Cables: Reyfor Rch T /’G“S"" o
6603 West Broad Street Phone: *281 2000 eraming | ASSEwaL ]| [ PASTENER = o0s Teouan
* Richmond ‘ v

i~ FINNED TUBE

N/
L

COLLECTOR

5. N SUPPORT

gl

o

. A !
=X V] \
MAIN FRAME D y " \syppoRT

ALUMINUM
FoiL

BRACKET

WHI
STU

. 5
Reynolds Solar Callector

U
- BACK INSULATION

TE '
CCO EMBOSSED ALUMINUM




-

Raypak Solar Panel

U w2

- T GALVE - CLOSED
WHEN TANR REACHES
SESRED TEMP

RAYPAK INC

Telex: 67 3308
. 31111 Agoura Road Phone: 213 889 1500
’ Westlake Village : o
California 91359 . . .

U.S.A.

Manufacturers of a range of solar panels for high, medium and low
temperature increase applications as follows

Mode/ Size Area Absorber Glazing - ‘Case
Yo acuEr e SG18P 950 x 2095mm 1.99m2 Copper tubes Siéngle Enamelled
) ) in aluminium glass steel
sromce mioweo DG18P 950 x 2095mm 1.99m2 - *  double "
- glass
SK800 1090 x 2440mm 2.66m2 * * “  unglazed \nocdse

I 1 1

. SK1000 1090 x 3050mm 3.33m2 ** "

SOUAR JOLLECTORS

WATER
SINLET,

FRAME —— 7
REMOVABLE

STEEL JACKET, ~~
GALVANIZED B PANTED

a UPPER GLASS TEMPERED
(WATER WHITE-LOW IRON)

5N
GLASS SPACER~
8 INSULATOR

Also supply controllers, pumps and associated equipment,

i AUX WATER WEATER . - . - 3

T RITY wATER .

Tl e SILICONE SEALANT

HEATED
WATER OUTLET

ATTACHMENT TO
ROOF- FRAME

SEE WOTE-AA

ACCESS COVER

AR SPACE-INSULATION’ / = s - N DESICCANT REPLACEMENT
o / ¥ “ - B A -
. LOWER GLASS Y = - "SIDE INSULATION )
WATERWAYS-COPPER ¢ —DESICCANT MOISTURE N

ABSORBTION—REPLACEABLE

ABSORBER PLATE’ ~BOTTOM INSULATION

BLACK-ALUMINUM

SATA Sor Collector and Tank ,

. SATA/BALAJU YANTRA Cables:
SHALA (P)LTD

(Swiss Association for Technical
Assistance)

P.0O. Box 113

_Kathmandu

Nepal

SATA
K&thmandu

‘Phone: 21205

!

This group produces solar water heating systems and provides
detailed plans for home construction of units. Designed for conditions
existing in Nepal using low: cost materials; similar con itions probably
prevail in a number of other developmg countries whefe solar heaters
might be useful. V o

Size of typical module: 180 x 89cm (1.6m2). .
Absorber: Aluminium sheet or galvanised mild steel sheet with steel
water pipes. . . '
. Cover: Glass.,
Insulation: Fibreglass. ‘
Case: Mild steel sheet 1.2mm thick. ! “

35
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REDPOINT ASSOCIATESLTD  Telex: 449543 ‘
Lynton Road Phone: .0793 28440

Swindon SN2 2QN
Wil’(shire
U.K. . :

Manufacturers of a 1.75m?2 sélar collector module.
"The unit is designed for fast response to variations in
insolation.

Absorber: Selectively surfaced with refrigerent- filled
heat pipes to copper heat exchanger to water !

Frame: Light alloy. - . '

Glazing: 1 glass sheet. oo

Insulation: Fibreglass back.

This is an unconventional system in that the absorber
uses heat pipes to transfer heat to the water. It is available
as an absorber and heat exchanger alone for overseas

“manufacturers who would like to fabricate the case! .and
glazing locally. : .

$115 Solar Panel

FRED RICE PRODUCTIONS
INC.
P.O. Box 643
48-780 Eisenhower Drlve
La Quinta
. California 92253
"U.S.A.

714 b64
4823

Phone:

Publishes .quarterly Sunergy newsletter. Offers con-
sultaney services on a variety of solar energy applications
and markets Sav Cylindrical Solar Hot Water System.

Telex:

ROBINSON OF WINCHESTER 477149

LTD i ’ Cables: Robinsons

Robinson House . " Winchester

Winnall Industrial Estate Phone: (0962) 61777
" Winchester SO23 8LH *

Hants.. °

U.K.

Manufacturers of polypropylene plastiﬁ)ﬁl\ panels
under the trade name “‘Suncell”. These units are ur'lglazed
and work at temperatures up to 70°C. Other versioris thh

ngle glazing are also ava|lable s s S

wo sizes of absorber: are availgble; 1.2 x 2m;

1.2m x 3m.

These units are for Iow temperature rise applicatians
e low cost and of light weight.

and a

Suncell Swmming Pool Solar Heater
| o

i

SENIOR PLATECOIL LTD Telex: 935574 Séﬂ

Otterspool Way Cables: Sentherm

Watford o . Watford 7

Herts WD2 8HX . Phone: Watford T

U.K. ' , 26091 |
, 4 356571

Manufacturers of a wide range of plate type heat .
z‘exchangers for protess industries and including *"‘Solar-
miser’’ solar collector absorber plates avallable in carbon -
steel and in stainless steel from 20swg thickness upwards
in various dimensions and arrangements.

\
N R % N

' Salarmiser
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Hartmet

SOLAHARTPTY.LTD Cables:
‘112 Piibara Street N Phone: 686211
Welshpool

Western Australia 6106

Some: 10,000 of these systems are claimed to be in use
in Australia. The main system offered is the ‘‘Solahart’’
model 240L (iliustrated). This consists of a complete solar
hot water system of two collectors and an insulated
storage tank. The collectors have copper water tubes in an
aluminium absorber panel. Thé effective area is 1.9m?2
each {3.8m?2 for the complete system). The cover is
aluminium with single glass giazing and a combination of
polystyrene foam and glassfibre insulation. Tank capacity
is 240 litres {54 gallons) with 75mm of polyurethane
insulation. An 1800 watt electric booster element can be
fitted to guarantee hot water even under. adverse solar
conditions. Total weight of this system is approximately
160kg. A booster system with only eight gallons of
storage (36 litres) and a single 1.74m? absorber is also

available, colstruction being similar to that described
above.

“Solahart 240L Unit _

SOLA'R EQUIPMENT DIVISION Tefex: NZ 313é8
Monorail Chairlift Ltd Phone: ‘“‘Opinion”
P.0O. Box 10368 720 366

Wellington
New Zealand

Manufacturers of an unusual cylindrical solar ‘water
heater with internal water storage.
double clear plastic outer skin with the Jubular ‘inner
water heater using a double pass system. Units can be
connected in series or parallel. It is claimed that the
cylindrical collector offers advantages over flat plate
collectors by being able to accept solar energy from all
directions equally well, including heat reflected from the
roof and that léss light is reflected back by the glazing.
As a result it is claimed to be particularly efficient.

Agents in the U.S.A. for this»s‘yste’m‘ are:

Fred Rice Productions Inc., P.O. Box 643, La Quinta,
California 92253 U.S.A. (see previous page)

Cylindrical Solar Water Heater

Unit .consists of a.

~

603 668
8186

2
KALWALL CORPORATION®
Solar Components Division
Kalwall Corporation-

Phone:

88 Pine Street - %3
. P.O. Box 237
Manchester - .
New Hampshire 03105 ) .
U.S.A. \ :

A vgriety of solar collectors is off\gred:

"’Fes Delta Focussing Collector’” — Model 54A. 542
{5m?) collector .area with two dimensional focussing
reflecting surface.and aluminium ““Roll- Bond” “absorbets <

“*Aquarius I“ - all, copper: ~absdtber: W|th copper oxide
selective” E‘oatlng and double glazed with “‘Sunlite’” GRP.
Syste‘fp will raise 42 gallons of water (160 litres) approx.
60-70%F per day above ambient. |

“'Sojar-Kal Airheater” is.a very simple but effective
flat pl%‘te air heater with aluminium (flat or 'V’) absorber
panel and ‘Sun-lite’’ glazing in GRP.

Size‘is of standard module:

473k x 95%" (1.2m x 2.42m). &

593" x 107%" {1.5m x 2.73m).

This company manufactures a selection of materials
that can be bought inh bulk for constructing solar panels
as jntegral parts of buildings or in other” purpese- built:
applications. Products include: .

“Sun-lite”” collector glazing material. This “is thin
translucent fibreglass *plastic sheet, whigh is strong, light
in weight, easily cut and of low cost and transmits 85-90%
of incident solar energy. Available ‘i Folls #ft x 10ft,
20 or 50ft and 5ft x 50ft. Thicknesses .025"" and 040"
{0.635mm and 1.02mm).

Various absorber panels — e.g. black coated aIuTﬁ"nlum
sheet, flat and 'V’ corrugated. Copper ”Holl band" panels

_for solar water heaters and’ aluminium - “Roli- -bond"’
preferably used wit}] non-corrosive liquids as heat exchange,
media. :

Insulation matérlals ‘equipment,”

i

sealants, control
absorber paints, air blowers, water pumps, insulated
storage tanks, etc. also avan’ﬁble ;|
- .
\\
. ‘ \\
R
4
L d
\
4
o
F
! R
- "~
s

I
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SOLAR CORPORATION OF  -Phone: (703) 347 0550 _ o
AMERICA « R £ :

. P‘ O' BOX 399 * N ) .~ TEMPERED 316" GLASS _: N )
Warrent(’)n M . : SLACK CHROME SELECTIVE COATING 0% ALUMINUM ABSORBER PLATE .
Virginia.22186 ) AT . COPER PPE — mmomre e,

UsA . CE 5 B NS ﬂ,‘j) il

Main product is a high efficiency solar collector module, as follows:

Absorber area: 32.16t2 (2. 99m?2). 1 ‘ L
Absorber Spec: Eleven aluminium extrusions enclosing copper water e e i
tubes and coated with black chromium selective surface. { ( WG FIBENGLAYS EDGE INSULAFION o
B A G!ﬂ'z‘ﬁg Single 3[15"\tempered gLass A A A A A A A 4 A n e, M‘M'H “‘ “\ . FIBERGLASS BATT UNDERLAYMENT

A A AR I £ 4% 47 % 2a e e D

Insulation: F|breglass blanket plus unspecified plastwc foém
Outer casing: Galvamsed steel plate. .

o GARVANIZED mr‘nux . .

' Solar Collector
Another model to a similar specification has optional double glazing :

and is about half the area of the above unit in size.’

SOLARIS INDUSTRIES LTD Cables: Solaris

. Bruce McLaren Road Phone: HSN 68 408
Henderson HSN 68.470
Auckland o ¢

New Zealand

] “'“‘PLPQ S other Manufacturers of two sizes of solar panel of 40f't.2 apd 2112 (3_.72m2_

sterage Sylinders : and 1.95m?2). The absorber is of copper sheet coated with “thermal

= INFIEETE e black'" and has copper water ;ube arranged in a serpentine embossed

into it. The outer case is of fibreglass with fibreglass wool insulation

and the unit is glazed with a single pane of 5.5mm¥ oat glass {supplied

by customer}. The systern—fellows the Australasian popular and effectlve

pattern of ysing a horizontal water- cylinder which cqllects the hot

~ water by thermosyphon effect. Cylmders insulated with urethane and

|nc|udmg facility for electric standby heating are ava|lable in a choice of |
sizes from 136 te 546 _|itres. A single panel with a 60 gallon (270 litre) - |

het water

SUPP[/V ‘ = tank faimed to ylel erage of 8.69kWh ~per day in Sidney,
i ) frfe_stanqu \\% Austr ia (highest monthly average was 12.43kWh ahd Iowest

‘ : i
\y ' T ] frame. LY was 4.32kWh). -

pressure /Pf—.}.:/ Al
rElfaaC valve

Solaris Panel




“channels.
‘W|de|y used Tn-the. U.S.A. malnly ag, swimming pool

Thé absorbers are available unglazed for fow tem- -

Solar Panels .

ot

%

SOLAR WATER Telex: 51170
HEATEI}s/fTD ' Phone: (0274)
153 Sunbridge Road 24664 ‘_
Bradfdrd e

Yorkshire BD12PA - .

UK. ;

This system is based on the Solarex polypropylene
plastic - absorber panel consisting of plastic mgulded
sandwich structure containing a host of integral water
Each absorber unit is 10ft x 4ft. {3.05m x - -
1. me) giving-a‘total of40ft2 {3.72m2). These have been

heaters. 5

perature -applications * or pre-heating “water “for other

systems. They are also available in-an alummlum frame
with polyurethane insulation and double glazmg Pumps
supplemenfary tanks,
also available.

automatic contro} units, etc., are

SUNDU COMPANY Phone: 714 828
3319 Keys Lane 2873
Anaheum

Fﬂla\

solat panel. The basic modules are assembled from 611
(150mm) wide plastic rectangular sections containing
integral water tubes and made from ABS material, similar’
to that used for many types of plastic water pipe. Twe
sizes are available-of 4ft x 10ft and 4ft X 8ft (3. 72m and
'2.97m2). et
This system is for low temperature applications such as
.preheating for other systems of swimming pools.

USA \S\ '
. Manufacturers of low temperat re Hngﬁz-ed\@’lc\

Sundu Swimming Pool Panél Assembly
. ’

SONNENENERGIE HEIZUNGS Phone: (0734
.GENERATOREN PRODUKTIONS
UND VERTRIEBS GMBH f
7919 Buck Ny
German Federal Republic —
also: . =
Intermarketing Paris Phone: 9705295
25bis Avenue Brezin A N
92380 Garches ‘
“Francde =
‘Designers and. manufacturers of a complete -solar
water, heatlng system for domestic and swimming pool *
apphcatlons It is a fairly, sophisticated modular system
involving heat exchangers and - temperature- sensing
switches, and is normally installed by heating engineers.
The manufacturers’ information is available in German
or French, but not™gnglish. ’
. =
8
a
SUNEARTH INC. Phone: 215699
Progress Drive . 7892
Box 515
Montgomeryville o
nnsylvania 18936 .
U.S.A. 1 5,
This companyweffers two alfer LV@LO”E\CtO; modules
for water healing. Both have absorber areas of approx: |- |
imately 19sq.ft. (1.77m?). T
Absorber for both in aluminium with copper water ‘
passages and selective black surface, B .
One is single glazed with tempered glass, the other is
double 'glazed with an acryhc outer cover and Teflon | y
(PTFE) inner. " :
Aluminium frame for both models with fibreglass
insulation. e e . .
Ay
Sunearth Solar Panel 39
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LARON CORPORATION Phone: 303 289 5971 TYPIGAL COLLECTOR INSTALLATION
4850 Olive Street ‘ : sy
Commerce City
Colorado 80022
UsA 4 5

«

This company offers sokar heaters using air as the circulating medlum
with the ability te heat water as well as applications involving space
heating. This avoids the problems with liquid filled systems of freezing
and Cor, OSion' DIRECTION OF

LonmMECTIONS. //

Typical size per unit: 3 x 6.5ft = 19.5%2 (1.81m?2). X e owecrons
Weight: 1531b (69kg). : PR R e

ARROWS wiiCATE

. Absorber: . 28swg steel with ceramic enamel surface. / ! om0 'an 4

. 4 # ME COLLECTORS..__

‘ Glazing: Double glazed, hermetically sealed tempered glass. ) } A 10 T cowecton ‘_J
. . Casing: 24swg steel. ST

Insulation* Fibreglass.

Solaron Air Type Solar Collector Series 2000

Numerous accessories are offered, |nc]ud|ng a pebble—bed heat store, J ) , ! :
air to water heat exchangers, etc. ’ '

3GUAR PAMEL N FEAROUS  GLASE COVER

i R ST SUNDWELL ENERGY . Telex: 53674

- ~ SYSTEMS Cables: Trafo Washington
e - Hawker Siddeley — Phone: 0632 463Q01
[t Washington Engineering Ltd
Solar Heating Division
Industrial Road: . ‘ :
Washington . : A p ¢
Tyne and Wear NE37 ZSB ) s e
U.K. '

i Cowntcnons ‘ s | v .
- i Collector module surface area: 2m? (apprax.). - | 3 ¢
. Collector absorber material: Mild or stainless steel|

- Back and edge insulation: Polyurethane foam ‘Qu%hﬂam

-] L N “Glazing: 4mm float glass. %

. 1St

; Watér content: 8.22 litres. .
e — } . Weight ot panel (drained): 56kg (approx.).

T = -Pressure: Téstedt6°0.7kg/m2. . '

Sundwell Solar Panel k B . Frame: 0.9mmemild steel, powder coated and stove enamelled.

i - ,

SUNPOWER DISTRIBUTORS Phone: 446570 SUNMASTER ' Phone: (052 785) -
LTD ‘ . . Foster House .-~ - 3833

P.0.Box 172 ~ ' C Redditch Road .. 2454
vTaradale i ' ’ Studley ~ ‘ .

Napier - - - L ok — |- Warwickshire B807AX A ’ .
New Zealahd ‘ U.K. o ‘
Manufacturers of a glazed chlorinated PVC plastic solar™ Manufacturers of flat plate solar’,collectors :ch‘zit can be ;

collector for domestic water heating applications. Units delivered to the purchaser in a knocked down form for 4
have asurface area of 1.28m? and are éncased in galvanised home assembly.. The group\also m Fnufactures‘a controller’ ’
cases. Approximately 1050kWh per year per panel can be for electric gdntrol of eirculation pumps in a solar heating
collected in New Zealand. Typical installations are indirect system by sensing the temperature differential between

by thermasyphon to a special-holding tank, the collector and storage

— ' C Panels are 4ft x 4ft (1.48m2) or 5ft x 3ft (1 4m
3 g : The’ absorber is galvanised steel W|th a copper water tube
serpentme soldered to it.

Sunmaster Solar Collector




SUNRAY SOLAR HEAT INC
202 Classon Avenue

Brooklyn

New York 11205

U.S.A.

{212).857 0193

Phone:
i 638 6540

An 18sq.ft. (1.67m?2) flat plate, single glazed, solar
collector.

Absorber:
selective coating.

Glazmg 'Shatter resistant” glass

Casing: Aluminium.
_Insulation: Fibreglass blanket plus polyurethane foam.

Sunray Solar Panel Array

SUNSENSE LTD . Phone: 0733

1 Church Street 252672
Northbeérough

Peterborough

U.K. )

A manufacturer with a range of solar products as well
as an agency for Elektro wind generaters.

Main type of solar panel is supplied unglazed {customer ,

adds own 4mm glass).

Size: 0.675 x 1.46m = 0.98m2 with a copper absorber,
copper water tubes,
insulatipn, aluminium sheet casing, weight emptyl and
unglazed = 12kg per panel.

Manufacturer claims 0.018 to 0.024m? of panel is

required per litre of hot water storage - under British -~

conditions.

Also offer electronic solar panel pump controller.

All copper with “‘Solar Seieétive Black’’ ~

USA..

at 150mm centres, fibreglass wool

Sunworks L|qu|d Collector

i

€

J.M. SOLAR HEATERS w Pheone: Gaberone *
P.O. Bag 004 A 4389
Gaberone
, Botswana

A range of low cost solaX water heaters from this
manufacturer has recently been jhtroduced. These generally,
have galvanised water pipe water tubes attached to a
galvanised steel absorber panel. A galvanlsed steel case has
fibreglass insulation and single“glass covering. The system
can be supplied complete with storage tank, as illustrated

and is normally installed to thermosyphon to avoid the -

‘need for an electric pump,
(R g

SUNWORKS

Division of Enthone Inc.

P.O. Box 1004 .

New Haven . '

Connecticut 06508 o

Manufacturers of botH .quuid andair heatingsolar panels
with mainly copper absorbers. Typical specifications:

Absorber area; 18.68t2 (1.74m?2).

Absorber construction: Cepper sheet with selective
black™ (Enthone) surface and copper tubes for liquid
versions, -

" Casing: Aluminium with fibreglass blanket insulation.

Glazing: Tempered glass, 3/1g"".

y — O e ypekiupy
~ T « o § to collecior(J o 1)
e i
=1 5 - *conti
1 ) ! " le
‘ o ‘ mounting ang|
N S N
|
| tube
: p--— frame
°
~
¢ - ] selective surface
~ el ] Ny - goss !
WT\ “ SSNUNPN | RIS W ()
I R
: i [ e I - vdia typeKroturny
it s v h lo storage (1%70.d)
i e  conti ‘
I'd - H mounting angle
: N a i TP
. <= il N e .
! l g '
LU = —y
] % - - Ehe
T IS N - BOTTOM - insulation |

27y ., 2-11% octual

B o
i

3-0"row spacing

END SECTION

SUNWORKS LIOUID COLLELTOH
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SUNSHINE MANUFACTURING Phone: 503 643 6172
COMPANY :

Beaverton - . e .
Oregon 97005 S .
U.S.A. B ) .

Madnufacturers of a tracking solar concentrator for water heatlng, ar

- for producing steam at up to a temperature of 550°F. Tracklng is

automatic by differential solar heating of gas WhICh works a servo
/! © system.

The company also produces a heat store that stores up to 100,000

I y "BTU (29. 3kWh) at 400°F (205 C) for use in conjunction W|th the

collector. - . . s
~Specifications: * : éi
§

Physical dlmensmns 48" x. 96" ~ ) o

Collection area: 25 sq.ft. L. . o
Concentration ratio: 6. . ) _ ;
‘ ) Operating temperature: 550°F, . - ‘ ‘]

Operating pressure: 25 psig.

- “Power output: 6kWh/day. L ’
Shipping weight: 180ibs (82kg). )
Features: J

Automatic sun trackrng Electronic temperature control: Weather-
proof constructlon 15 year minimum- useful Irfe
Ty ke
' (‘hermal).
'Also manufacturers of a solar power. ceII for storage of solar heat for ER
use in periods of low insolation and %o smooth out the var|at|ons in

solar output due to weather Gendmons s " A

Physical dlmensmns 60" x 60" x 60" (1.5m x 1 bmx 1 5m)

Thermal storage capacity: 550kWh.

Charge rate:-360kWh/day {input at 500°F = 260° C)

Maximum discharge: 260kWh/hour {output at 400°F = 204° C)‘ s
+ Leakage rate: 25kWh/day. . ‘

Shipping weight: 1200lb (544kg). ' o

I 4870 SW Maih Highway : & .

Efficiency =

807

‘Sunshine
Goncentrator

407 |
Flat P]ate f
" Collectors m{%}j’m i
. Ty 0
20 | - AL
L7 e
1001 2En-r 400°F 550°F

‘= Domestic Space. . Electric
E‘I’ot H,0 Heatinn @Power

s

This company has been manufacturing a Iow cost type-
of solar water heater for a number of years, "based on a -
corrugated steel absorber panel treated with suitable
internal coatings to prevent corrosion. The glazing consists
of a uv-resistant polyester envelope which surrounds both
sides of the absorber; this needs replacing at mtervals,
from 1% to 4 vyears, but is of relatively lTow cost. Water -
temperatures of B5°C are claimed —for-sunny days in
Kenya, while 40°C can be obtained on overcast days. The
standard absorber ‘module. is 10ft x 2ft 3in. (3.05m x
-0.69m) giving an area of 22.5f2 (2. 09m?2).

P Complete ‘systems. including hot water storage tanks,
with optional electric, cylinder rgas or. charcoal booster
heating capability are-available tb prorvrde/hot water for
5 or 10 showers per day or for 1, ﬁ 3 or 4 Yaths per day.
A larger absorber element 20ft\x 2f 31n is also offered

for institutional or industrial use. |
' \

2

»

Minimum life (claimed): 15 years. Lo o )
TUNNEL COMPANY LTD. . Phone: FortTernan :
P.O. Fort Ternan RAZ2 N
Kenya P . )
East Africa - T IR

— ! A v

Hutchinson Solar Shower




WIND-ELECTRIC SYSTEMS
WIND-PUMPING SYSTEMS

‘incorporating recent ‘technical

“tied to the cost of fuel,

" The energy in “the wind has been used throughout man’s

history in-niany parts of the world and was develbped 1Q .
such an extent that up to the time of the mdustrlaf
revolution it was the most powerfdl and widely usedv
energy source under human control. The fossil-fuel-t

burning heat engines that came with the industrial revo- |,
lution led to the decline of windpower due to a better .-
pqwer/weight ratio and more predictable availability -of ;|
_power from first, the steam engine and later, the internal

combustion engine, ~

However, even during the huge growth of fossil fuel
based "energy consumption—in—the industrialised areas,
wind has continued to be used — primarily for pumping

 water ,— in remote regions where fuel supplies or main-

tenance facilities are difficult to arrange for internal
combustion engines,. The cattle and sheep raising indus-
tries of the arid-central USA and even more so in central

Australia still rely today. on water-pumping windmills. -

As many as a million of these .windmills are still in use
in the world, predominantly in Australia and the USA.
Indeed, itis trde that the windmill, rather than the six-gun,
was more important, if less dramatic, in “opening up the
Wild West"™ for ranehing. Windmills were also quite wid
used in large nurbers for generatipg.small outputs of
electricity in the 1920s and 1930s inthe more remote parts
of the” mdustrlallsed countrles unti sub51dlsed rural elec=
trification allowed their replacement by mains electricity.
Today, with greatly increasing oil prices, there is a
con5|derable revival -in interest in wind power, both for
water” pumpmg and for electricity. Mdjor reésearch pro-»

‘grammes are also in hand to develop large windmills with’*

__megawatt-sized d outputs for feedmg electrical grid systems

[~

and saving fossil fuels. The few § survnvmg manufacturers of
traditional small wind pumps and génerators are enjoying
a revival of sifés and have been joined by -a number of
new competlmrs offering in some cases novel de5|gns
innovations. it can Nbe
expected that both the quality and the variety of wind
machines appearing on the market will continue to grow
during the next few years, as we hope will be indicated by
future editions of this publication.

The wind

It is not intended to go into a great deal of detail on the
complex subject of wind behaviour and wind. _energy
extraction; however there are a number of important
factors which can greatly affect the output of a particular

wind machine and which gonsequently have an important

bearing on whether the use of a windmill for a particular
application in a chosen location will be economic or not.
Just as the economics of running an engine will be closely
so the économics of windmills
depend. closely,_on.the availability of ‘wind energy at a
particular site. '

The energy. available in the ‘wind is not at all propor-
tional to its speed — in fact the output of a windmill will
vary with the cube of the windspeed. In other words,
doubling the wind speed has the effect of increasing the
available energy by a factor of eight (23 = 8), while a
halving of the wmdspegd reduces ypthe energy to one
eighth. So the energy aﬁzallabm*(y is very ‘much more
variable than the windspeed. The result ofithis is that it is
generally not practicable to make use of winds with speeds

lower than about 5 to 7 mph (8 to 1.1 km/h) while winds ~

higher than about 30 mph (or, 60 km/h) tend to be too-
powerful to be convenlently used, Therefore, most

-windmills are designed to make use of winds in the range

mentioned; they do not function in lower windspeeds and
intariably either furl themselves or deliberately shed a lot
of the available power in higher windspeeds with the aid

.77'
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T —mass T sumimer and “winter.

. .
of an automatic governing or furling system to prevent
any-damage. Hence it is obviously important that there

are reasonably frequent winds available” at a proposed.

windmill site. in the range preferably above 10 mph or
16 km/h and certainly above 5. mph (8 km/h).

Although the wind is-variable in an unpredlctable
manner from day to day (not even the most well-equipped
'forecastbr could predict the exact windspeed at a certain

. time in a particular location on a particular day), the total
-wind energy passing over a particular site remains sur-
prisingly constant if measured over the years. [t may vary
considerably sé}‘_asonally in many places, but the total for
any particular year generally only varies by a moderate
amount. Obviously some sites are very much better than
others and of tourse there are many places ‘where wind
speeds are so low on average that it would be quite
unrealistic to try and use windmills.-On the other hand,
some only moderately windy locations offer the prospect
of wind energy for certain applications at a lower cost
than any other alternative.

Wind behaviour is governed by a rnmhmafmn of global,
regional, seasqnal and diurnal weather patterns. Globally
there are a series of wind belts of varying intensity and
prevailing direction; that used to be of great importance
in the days of sailing ships, and which are described in
detail in most school geography books and world atlases.
There are mobile regional-effects caused by atmospheric
depressions {cyclones and anti-cyclones), and more
constant regional effects caused by hills or mountain
ranges -and the effect of lakes or sea shores. Seasonal
changes such as Monsoon or Harmatan winds are caused
by the heating and cooling of a large continental land

Lastly there is commonly
a diurnal wind pattern caused by temperature differences
between night and day. All these factors combine to
produce varying winds which particdlarﬁ/ on land. are
modified furthei by surface irregutarities and "’hot spots”
which give the wind its irregular gusty character with
which we are all familiar.

In general the latitudes within 10 either 5|de of the
equator tend to have lower average wind speeds than

= most other regions. On the other hand, the coastal regions

of hot countries or areas argund large Iakgs in hot sunny
regions tend to have marked diurnal winds caused by the
temperature differences between theair over the land and
that over the water. So, very approximately, coastal
regions (by the sea or.a large lake) and islands in a marine
- trade-wind belt often offer the best wind conditions for
windmill operation, while inland regions near the equator
tend to be poorer.
Choice of site in a given area is also important. Wind
speed increases with height above the ground according‘

H 0.17 Y, -
to the formula{_l) =(\—/J where V, is the wind speed
2 S

Hy

at height Hy and V,, at height H,. The exponent 0.17 is-

an approximate figure for “average” ground surfaces —
over.a smooth surface like water the variation of wind
speed with height is less marked and a lower exponent
applies, while any obstructed surface covered with trees
or buildings creates vertical €ddies which have the effect
of interfering with the wind“mofion higher up. Because
the power in the wind is related to the cube of the wind
speed, putting a windmill on a higher tower can have a
more impr‘é‘ssive effect on .its output than might be
-expected — for example. thé wind speed. is generally
recorded 'by weather stations at a standard height of
10m above the ground {33 ft) — therefore if'a windmill

is placed 20m (66 ft) above the ground it will feel'a wind
“speed (2)917 = 1,125 times that at 10m, an increase of
‘;1 2%% Bearlng |h mmd ‘tivat the power avallable is related :

to wind-speed cubed, th4ore will be (1:125)3 =1.424 -
othef words 42%:-more power available than at a wind

further, but this has to be pa|d for in terms of a more
expensive tower. In the end a compromlse is qenerallv
sought in which the minimum tower height which will
give the rotor unobstructed access to the wind-is used
— most manufacturers specify that the lower part of thé
rotor disc should be at least 6m (20 ft} above the highest
level of any obstructions such as trees or buildings within
200m:- (600 ft).of the- wnndmlll if possnbrle If there are any
to allow an even greater clearance than 6m. ln practice,; -
this ideal cannot always be achieved and some obstructions
may be tolpratpd

Sizing 'of windm/'//s ‘ .

There are of course two main applications for windmills;
pumping water and generating electricity. This section of
the Guide has been divided into two parts dealing with the
two main windmill types. A glance at each p#trt will show
that, in general, water pumping windmills have multi-
bladed rotors, while most electricity generating machines
have two or three bladed rotors, more like an aircraft
propellor in appearance. ﬁfhe reason fofthis is that a high |
starting torque (turning force) is needed to ggt a water
pump started, and the provision of many blades eases
starting against a heavy load in light winds, Unfortunately
a multi-bladed rotor is less efficient at converting wind
energy once it gets going, so that many of! the multi:
bladed water pumpers are actually only about half as
powerful in a given wind as an “airscrew’’ type electricity
generating windmill of the same diameter. Also, it is of
course generally more expensive to build a multi-bladed

rotor due to its greater material content. The other main |
characteristic of the two main types of rotor is that multi- |

bladed rotors run slowly in a given wind while propellor-/
like ones run fast — a gpod analogy is to think of water"
pumpers as “low geared’ in their interaction with the
wind, while electricity generators are “‘high geared’’ — this
is another reason for the choice of rotor, as reciprocating -

* well pumps need to be driven at quite low speeds (up to

around 60 strokes per mmute) while electricity generators
need ‘to run at 1600 rpm or so, so that the faster the rotor .
speed the less gearing is required to drive the generator at
the optimum’speed.

The principles involved in using the wind are generally
very similar for both major types of windmill. The output
of electricity generators would be proportional to wind
speed cubéd, but the output of pufping units would

“correspond to windspeed itself:‘Thg’rel,ativ'e power of

different sized windmills in a given wind, s proportional
to the area of their rotors, or the square of their dlametersj
{since the area of a djsc is nd2/4 = 0.785d2 — where dis
the diameter). An efficiency factor will also apply which

-is asure of the effectiveness'of the rotor at using wind

power — with most water. pumpers the overall efficiency -
or power coéfficient (C_) is around the 0.10 to 0.25 level -

~.{10 to 25% of the energy in the wind |ntercepted by the

rotor usefully appliéd) while many electricity generators
can,achieve Cp values of between 0.3 and:0.4. A further

compllcatlon is_that the Co varies considerably with any,,f"""'

windmill at different wind speeds, usually being bestin
Iow windspeeds where it is. most important to. use the’
wind as efficiently as p055|ble and talllng off to g low
level in higher windspeeds. -

Manufacturers generally gwe the outputs of thelr,
. windmills at various wind speeds in their sales literature.

Electrlcnty generators are often quoted as glvmg a‘!:ertaln .

"speed recorded at 10m. Obviously placifig the windmitt +—
higher.still .will improve .the wind power avallablllty still -~ ’
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rated output at a certain rated Speed — this is usually pump can be obtained by studying the figures given by |- =
-quite a high windspeed above which the windmilll is _|manufacturers-in-several-of the entries that follow. J ‘
governed to give no-increase i output but below which Table 2 shows typical figures for'a 16 ft diamater i

[ the output is related to windspeed- cubed. Wind-pumps | wind-purip. Because Cp declxnes as wind speed increases, |
on the other hand are sensitive to the sizg of pump the output only goes up in proportnon to V rather than |
fitted — fitting a smaller pump will allow the windmill V3. The wind-pump starts at 5 mph. B

I :
to start in a lower windspeed, but it will produce fess, I o :

water in a high windspeed than with a bigger puip. Windm/'//specif/cat/on
‘Good judgement is required to fit a pump whlch ¥
maximise the output from the windmill in a given v
- régime.
Care must be taken when reading
brochures not to be fooled by ‘‘Rated Power Ch tputs”’.
" If a windmill is rated by the manufacturer for a hijh wind
“speed, say 25 mph or 40 km/h, then it may apper to be
much more powerfu! than a rival rated at a more "‘~

In order to arrive at reasonably accurate predictions of;
. likely windmill performance in a given Iocatlon regular ) w
. .wind records are neededy ideally for several 'years, from
as close a meteorological station as possible. There are
usually three main levels of wind data recorded by dif-
ferent categories of weather station. The most elaborate
{and useful} consist of continuous or hourly- records of =~
wind speed; such detailed information as this is only
:usually recorded at major weather stations such as those I
attached to.international airports. The next level consists \
of “run of wind" figures (that is the number of miles or &
kilometres of W|nd that have gone past a cup anemometer), ’

the two rated speeds. In other words, a wmd ggherator
rated at 25 mph, all other things being equal should be

expected to be 4.6 times more powerful at its rated speed
. .| recorded twice or three times each twenty-four hours;this—
than one rated -at 15»mph. What matters more is the
information-allows the average wmdspeed to be estimated ,

output at average speeds prevailing in the proposed ’ i . - ) L A
r - 3as Fthe |- o
wind generator location and the most important thing for each day and each night, or in some cases for the

is the total’amount of energy at all windspeeds that can be r;c;rnmg, 'aiternfoovn a’,‘? VrailgI;t.vaastly,f thfdzrifeszr\;v'gd B
converted — ie. the number of kWh per year that a ata consists of run of wind Tigures for ger periods,

“+ system can produce. It is to be hoped that manufacturers ZUChals d?lItY or .mg)ft};ly; th;ste) il\ée n,s |::29;:jti1§arli:f ’
will stop the misleading practice of publishing “rated |~ GMrnalvariations in wind speed, but do give n n

output’” figures for unrealistically high wmdspeeds but of the relative windiness of a place compared with other

wiff pubhsh actual amounts of energy converted in typical places, which can allow at least a vague-assessment of the

wind reglmes — in the meantlme the reader is cautioned suitability of the wind regime. .
If run of wind figures taken regularly, three times per

= 4.6 times as much power in the wind at the ;Wgher of

n
S ot a1 G sl o | G a1 e, o, bt S oy T ek |
necessary allowances, possible to produce a velocity/duration chart from which "]
Generally, to obtam optimum matching of a wmd the annual output of a windmill mayzbe predicted. What is
rotor and generator, the correct rated wind speed shall requrred s the frequency with which a part!cular wind-
be not much more than twice the mean windspeed of the speed aceurs. |f records are taken-only three tlme§ aday,
chosen location. say at 0800, 1200 and 1800 — suppose -the wind run
To allow the reader to arrive at an approximate estimate ' .
of the size of windmill likely to be needed for any appli- I : .
cation, the following table has been compiled to illustrate . Co e B I e
the relative outputs frem various sizes of -electricity The formulae used-tp calc:tulate Taple 1are:-
generating windmill. The electrical outputs are estimaled P = 0.00000125d2V3 (Pin kW, d in ft, V in mph)
at a Cp fixed at 0.3 and given purely in kW for,differen:c P=0. 00000323d2V3 (Pin kW, d‘mjn Vin Kmph) |
windspeeds. A certain amount of rounding of numbers | Where: P = Power .
has been done; for clarity, as these tables are of course .d = DJame:ter
only intended as an approximate guide. . V. = Velocity e N S
An indication of the output of various sizes of wind- | . A — % S 1T
Table 1~ ’s'
Electncnty generating Wmdmllls with C =0.3. Output table ‘ N @
rotor diameter ’ 6 8 12 14 16 .20 24 30 ft
. - 1.8 24 3.7 - 43 4.9 6.1 7.3 ' 92 m
wind speed: . : ’ ) . L : ! P 5
‘6 8 : .005 .010 0.22 .029 ©.038 .060 - . 086 135 kW N
10 16 " .043 .077 73, 235 .307 +.480 .691 1.08 kW
15 . 24 - .. .146 .259 .683 794 1.04 . 162 2.33 3.64 kw
20 32, T.346 614 1.38 1.88 2.46 384 - 5.53 8.64 kW -
25 40 - 675 . 1.20 2.70 3.67 “480 - 750 ° 10.8 ,18.9 kW
mph . kmph s o T ) . S - . -
‘ . . ' R : »
. Table 2 ‘ R
. : Typical 16 ft (4.9 m) dia. water pumping windmill e
Wind speed ’ P : " - " Output x head
5 . 8 i G-l - 45000 ‘ 61
10 ' 16 R o ' 90000 o 122
18 24 - 135000 ‘ 183
20 . ‘ 32 . N ‘ 180000 . 244 -
25 T 40 o ' 225000 = - 305

9

mph . kmh A ' o frgalih  mm¥n | 45
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" hetween 0800 and 1200 was 30km, then the average wind
speed fam those four hours was 3074 = 7. 5 km/h-and we
would say that a frequency of 7.6 km/h had occurred
four times; between 1200 and 1800 suppose the run was
36km, giving an average of 6km/h occurring 6 times, and
so on. Then to make use of the windmill data given in
Table 2 we would record all wind .averages below Skm/h,

i

could be used for wind powered pumping or generation.
In general, places with average annual wind runs less than
about 44000 miles or 70000 kilometres, (i.e. average
. speeds below 5 mph or 8 mph) are unlikely to be very

as being of no use to the windmill, all between 5 and™| satisfactory, while over 90000  miles or 144000 km

11 are taken as producing the output corresponding to
8km/h, all between 12 and 20 are taken as producing an
output similar to 16km/h and so on. Obviously if Hourly

‘figures are available they need not be averaged over‘a -

whole morning, afternoon or night, but they woud be
grouped within the speed bands given for the wmd@-ﬁg
just, described,

Therefore by knowing from “Table 1 oF 2 what the—
windmill Wlll.prc)duce in a Certain windspeed in 1 hour,
and by knowing how many hours in the year that wind-
speed tends to occur, we can cajculate the annual output
due to winds of that speed. This can be repeated for each
speed range and the results can be added to give the total
for the year as indicated in Table 3. )

_Obviously this calculation can be caonsiderably refined

by taking more averages over narrower wind-speed-ranges

and by averaging figures for several different years

(assuming suitable windmill and meteorological data are-.

available). This calculatiori will tend to under-estimate the
windmill outputifitis set up under GQ[nparable conditions
to the anemometer used for recording-the wind data,

. especially if the windmill rotor is conside\r\ably\higher
than the anemometer. The fjgures used apply to Leicester
in the UK, which has quite a low average wind speed

(by UK standards) of 6.2 mph (99 kmph) but which
corresponds quite well to typical annual averages for
many tropical locations.

suggests a promising location. Anything in between will
probably be adequate especially if experience suggests
considerable diurnal variability (e.g. sea or lake breezes)
and if a good exposed location can be used or the wind-
‘il is raised on a high tower.

Where limited meteorological data is, avarlable another
useful indicator might be the performance of any wind-

—1~ mills -already -in.your area, or, if planning to introduce a -
* number of units for the first time, it may be justifiable to™"

set up one small unit initially and use it over a year or so
to provide a measure in itself of the possible _output.

more-than }ust ant anemometer
In cases were-the wind reglme was mmjudged providing
L the error was not too/ great it is possible to improve

# .. Table3’
) S ) Velomty/duratlon chart example for a 16 ft diameter water pumgding wmdmlll
Wind speed No. of times Windmill output at this Cumulative total outputs
ranges speed within speed range for head of ! Y
range recorded 100 ft.(30m) from Table 2
thours p:a.)- - (Imp.gal/h) (m3/m) . (Imp.gal) (m3)
under'3 mph i _ ' . 2765 7 = _ . =
under 5 km/h ) _ ;
3to7mph 2644 . 450 2 1189800 . 5288
510 11km/h . V
8 to 12 mph - 44800 908
1210 19 km/h _ 2272 QOO / 4 ‘ 2044800 9088
1310 17:mph l 882 1350 - 6 © 1190700 © 5202
20 to 27 km/h ’ . :
18 to 22 mph ) ) .
137 1800 - 8 ..+ 246600 1096 :
28 10 35 km/h : R
over 22 mph , : ’ . o
8 22 10 135000 600
over 35 km/h o 60 . 50
Total for year . ' 4806900 21364

*and vice-versa.

Stoerage . “

_ or water must be guaranteed, it becomes necessary either
~.to provide a storage capable of cobvering the, longest
l|kely wrndless periods, ar to provide a standby capablllty
using somé-gther energy source such .as a pmal! engine.
Obviously, {he windier the location thej smaller the

It is interesting that if we take the output per hour storage needs to be. Waterstorage is of course considerably
corresponding to the annual average wind speed and 1 cheaper than electrical storage inbatteries, andlt becomes
then multiply it by the number of hours in the year féasxble to. provide for windless periods’ maweek or more
(8760) we obtain a much lower 3pparent ot}tput. This is l,n some cases. [he capital cost of electnmty -storage

becausga steady low wind (implied by taking an_annual
average) has much less total power than a f|u4ctuating wind

of the same average (the average of the cubes of a serles of .

numbers is greater than the cube of their average)

"Obviously the same process can be applred using

Table 1 in order to estimate the likely output from an
electricity- generatmg windmill in the same wind regime. \
If detailed meteorological data is not available from

' supplied, and it s often cheaper to;use a-small standby
diesel or petrol engined generator in such ‘situations:
“.\The combination’ of windmill and generator can be
considerably more economical in the long term than

either system considered alone, since the windmill greatly
/ extends thelife- of the engme reduces the costs of main-

tenance 'and savesta large\proportion of the fuel ‘tha't

any weather station that is near enough to the prpposed/ would otherW|se be heeded ) : - o

There is nothing better than a windmill for measuring the .
‘smtablhty of the wind reglme — althOLfgh they cost much -

the low wind per‘formance with ‘pumping windmills by-
reducing. the_stroke “or’ fl‘gtlng a smalier diameter .pump; -

Due to the variability of the wind, if a supply of electricity i

{)ecomes rather hrgh if kilowatt sized loads are i6” “be.._|

location to. be representatlve .of its wmtﬁ@ﬁf?‘fﬁ‘n“‘ﬁ
—.annual average wind- -run figures of the crudeést Kind can~]
be used as a very rough guide to whethéi a Jocatiom

4




'Wind-Electric Systems < _
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AERO-POWER

Phone: (415) 848
2398 — 4th Street 2710
Berkeley )
California 94710 - ) -
U.S.A. - :

Model "A’: wind generator is rated at 10Q0W.and
delivers 12V for battery charging. Rated output is reached
at 25 m.p.h. (40km/h) and the machine starts at approm
mately 6 %.p.h. (10km/h).

The rotor is of 8.5/ (2.6m) diameter with three spruce
blades with governi yy pitch change. A 145V 75A
maximum alternator is fitted (3-phase rectified to d.c.).

- Various ' towers from 30 to 80ft (9m to 24m) are
available and so are voltage regulators, inverters and
batteries. This manufacturer also offers a Supef-8 film
_about their wind plant. -

Aero-Power Madel A Wind Genera\ltnr .

'BOSMAN: Telex:

¥ 24475
Waterbeheersing En Phone: (01869)
Milieverbetering B.V. 1316 )

Steegjesdijk 4
Postbus 3518

3364 Piershil (2.-H.) ~
Netherlands

Manufacturers of a small wind generator set for battery
charging operations at 350 to 400W at outputs of 12 or
24V. The twin bladed rotor if rﬁade of fibreglass and
automatically’ feathered. Storm protection is effected

normally by turning the unit olit of the wind. Unit can °
be supplied on a 7 metre tower,

ALSTHOM-NEYRPIC- Tele‘&: 320750

TECHNIQUES DES FLUIDES Cabﬁes: Neyrpic Grenoble
B.P. 75 Phone: (76) 96-48-30
38041 Grenoble Cedex ' :

France

Manufacturers of twa electricity generating windmills rated at 15
and 40hp which can be fitted with different.rotors to suit different

. P
wind regimes:

Wind speed 15hp Mechanism
Rotor of Rotor of Rotor of

, 8m (26ft)  10m (33ft) 13m (43ft)
m/is  mip.h, " T hp
6 13 - -
7 15.- 5.2 e 16T
8 - otg 8.7 245
9 20 125 - 34.9
9.5 2 14.7 = 41.1 7

Orleqtatlon and speed ‘control are by an auxiliary fan tail rotorand :
centrifugal pitch change of the rotor blades: respectively. Various out- :
puts are possible, typically 110V-and this machineis normally supplied

o

with either a 12 or a 15m (40 or 50ft) tower.

Ty

40hp Mechanism

¥

Rator of
{16m (52ft)
hp
16.3 -
~25.8
38.4

;
i

- Alsthom-Neyrpic Windmill
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Wind Generator24 FPT E

Moade/ Starting Rated
‘ wind speed wind speed
(m/f) {mph) (m/s) (mph)

24 FP7 4 g 7 16
“100FP5 2 4.5 5 11

150FP7D 3 6.7 7 16
300FP7B 3 6.7 7 16
*1100FP5S . 2 4.5 5 11
*1100FP7B 3 6.7 v 7 16
4100FP7 3 6.7 7 16

AEROWATT COMPANY

Telex: Sysna
37 rue Chanzy . .. 680160F
75011 Paris : Phone:- 3713578
France 37136 21

This is a well established manufacturer in this field
with a range of- generatars offering rated outputs from
24 to 4100W. These machines are conservatively rated and
designed to be of high quality and the manufacturer offers
special rotors for extreme cenditions such as freezing or
wind-blown sand. '

The principal characteristics of their wind generators -

are given below,

All these machines run up-stream sof the tower with
centrifugal governing via blade pitch variation, giving
protection automanc“lly in wind speeds up to 125 m.p.h.
ar 200km/h.

Larger machines ‘are avallable to special order up to a
maximufe of 100kW.

&

*These maodels can be used to dnve a 380V 3phase, 50Hz sub-
mersible pump directly

.Rator * Nominal voltage

Rated power r
output ~ dia. yof battery bank
w- fm) {ft) SV
.24 1.2 3.9 S 24
100 - 3.2 1105 - 24
130 - 2.0 6.5 ° 24
350 32 10.5. 24 7
i 1125 9.2 30 24
£ 1126, 5O - 165 ., 24
{‘ 4100 9.2 30 T 48

CHLORIDE TRANSIPACK LTD Telex: 896071 code

Stanley Road Transipack
Bromley BR2 9JF London
-Kent Cables: Trahsipack
U.K. , Bromley

) Phone: 01460 9861

Standard model of wind 'generator the; Transwind
1.1kW machine starts generating at wind speeds of 7.6kt

-and reaches its rated output at 10kt. Rotor diameter is

approximately 2m with variable pitch control to maintain

- a constant 50Hz 240/110V output.

A similar 3.6m rotor machine rated at. 4kW is also
available to special order.
See also this company’ s wide range of statlc inverter

systems.

Transwind 1.1kW Wind Generator

1200 and 2500W Wind Generator Units .
COULSON WIND ELECTRIC Phone: 515984
RFD 1Box 225 - 6038
_PolkCity . L
lowa 50226 i B N L A
U S.A. B . - ;’vr“

Retailer of recondltloned second hand and new wmd
P .2

KR gmaillog . -

=y

well known Jacobs generators

Stocks recondltloned and second hand Jacobs -Wm-

: chargers New: Wmco 200W umts




DAVEY DUNLITE Telex: 32542
(Division of PYE Industries - Cables: Daylite
Sales Pty Ltd) " Melbourne
P.O. Box 120 Phome: 544 6666
Oakleigh

Meibourne

Australia 3166

The main model is a 2kW rated wind generator {in .

25 m.p.h. ar 40km/h windspeed, starting speed 10 m.p.h.
16km/h), which has been.in production for many years.

. It has a 13ft (4m) three-bladed rotor with galvanised steel

aerofoils. Governing by centrifugally actuated pitch-
change and a brake is fitted to stop the rotor manually.
A version with a 10ft 6 in (3.2m) rotor is available capable
of withstanding 120 m.p.h. winds in very windy locations
(some have been used in the Antarctic).

The generator is a brushless machine with’an integral
gearbox, claimed to be able to run without any main-
tenance attention for intervals of five years Outputs of
24V or 110V optional.

A new 5kW model is also available. Specification
details were not available at the time of going to press.

U.K. Agents are Pye Telecommunications, Newmarket

Road, Cambridge.
U.S. Agents are Independent Power Developers Inc.,
Box 1467 Noxon, Montana 59853.

2000 Watt Wind Generator -

’ \FORCES MOTRICES

Forces Motnces Neuchatelmses Wmd Generator

. Telex:
‘NEUCHATELOISES S.A. Phone:
‘Rue Pourtales 13

CH-2000

Neuchatel

Swi'gzerlénd

038 25 77 51

a

This wind generatar is supplied as a complete system .

consisting of the windmill, tower, servicing console and

storage batteries designed to, produce an output of 220V,

50Hz, via an inverter. ) .
The wind generator is nominally rated at 5kW and

- apparently achieves its rated output at 10m/s {22 m.p. h. ).

It cuts in at 2.5m/s (6 m.p.h.) and governs by turning out
of wind above 15m/s (34 m.p.h.). It has a fixed pitch
fibreglass two-bladed rotor of 5m diameter and has an

overspeed device to prevent speeds in excess of 500 r.p.m. "

The alternator ‘is brushless with permanent magnets
offering high efficiency through the speed range used,
producing 3-phase alternating current at 380V. Its output
is rectified to 60V d.c. and a static inverter then produces
220V +5% or —10% at 50Hz 5% sinusoidal. The normal
installation ‘comes with a battery storage of ‘T60Ah
consisting of b batteries in series.

oL

k]
I

DOMINION ALUMINUM. >~  Telex:

06-961482
FABRICATING LTD. Cables: Dafcol
3570 Hawkestone Road Phone: 416 275 5300
Mississauga
Ontario W‘ .
Canada

This is an uhusual turbine, being of vertical-axis configuration
known as a "“Darrieus* rotor. Two models are available with a chonce of

voltage for the smaller one:

Rotor Output Rated output

dia. voltage  Power windspeed 9 '~ 11. 13 15 m.p.h. .

(f1) a (av. wind o
15 24y 4kW 23 m.p.h. 110 190 290 420kWh/month

15 1iav 4kW 23 miplh. 1195246+360 560kWh/month

20 110V BkW

I

o

Average monthly output

23 m.p.h. 210 400 680 1070kWh/month

i

“ central shaf———-;

0

L L R S—

Vertical Axis Wind Turbine

Ensa 35 140 ~
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EDMUND SCIENTIFIC * Telex:

831-564
COMPANY > Phone: 608 547
101 East Gloucester Pike 3488
Barrington

- New Jersey 08007

U.S.A.

Manufacturers of a 12V d.c. portable wind generator
producing 196W at 14 m.p.h. and 600W at 25 m.p.h.
3-blade, 9ft diameter rotor on tubular pipe tower driving
12V generator via timing belt. Wind load governing with
rotor pivoting against spring-foaded tail. Shipping weight
5% Ib'(23kag). .

Also can supply “Wincharger’’ generators (9V), (200W
@12V d.c.). « @

Edmug’d Portable Wind Generator

GRUMMAN CORPORATION  Telex:

(516) 575-
Energy Systems Division 6555
4175 Veterans Memorial Highway Phone: 516 575
Ronkonkoma - 6205
New York 11779
U.S.A.

~The Windstream 25 Unit is rated at 15kW in winds of
26 m.p.h. Voltage outputs avaitable at 110V, 220V, and
440V a.c.andat 110 or 220'V d.c. Cut-in speed is 8 m.p.h.
Annual energy output from this system estimated by

‘manufacturers as:

Average wind speed for site: 10” 12.5
Yearly energy production‘

15mph

Rotor diameter 25ft (7. 6m) with centrifugal overspeed
brakes and automatlcally controlled pitch angle. Rotor
weight 340kg naceile’ weight -575kg and centrifugally
cast concrete tower, weighing 4080kg. ,

Fo

14,000 22,000 37,500kWh

ENAG SA 95 44 25

Route de Pont—l'Abbé
F 29000 Quimper
Finistére

France

" Phone:

Model 1. *“Super-Enag’’: two-bladed governed rotor
generating up to 260 watt 12V or 24V output.

Model 2 “Super-Enag’’: three-bladed governed rotor
generating rated output up to 1000 watt at 24V or tos
200 watt at 30V. T .

Model 3 "Super-Enag’’ special: similar to Model 1
in output, but fully automatic for remote operation
without any kind of supervision.

Model 4 “Super-Enag’: three bladed rotor with rated
output of 2000 wattat 110V.

Batteries and control equipment can also be supplied,
plus towers or stub-towers to suit the various models of
1.Tm, ?2m and 1.5m.

Enag_)Nigd Generator
EOLIENNES HUMBLOT Phone:
8 Rue d’Alger

Coussey . i

88300 Neufchateau
France

(29) 94.0909

|
z N -
This firm mainly manufactures windpumps but produces -

one wind generator called Aerogenerateur Ideolec, to the
follow:ng specifications. ‘

Rotor diameter: 4.20m (138ft) two bladed in boly-

ester

Starting speed: 3m/s {7 m.p.h.) g|V|ng 60W output.
Middle range: 6m/s (14 m.p.h.} giving 8(_)OW output.
Rated speed: 10m/s (22'~m.p.h.) gi\i“lng rated’output

- of 1100W.

Tower: 9,12 or 15m (29,40 0r 50ft) angle steel frame.
Generator: 24V 1100W maximum.
Extras Regulator, inverter, batterybank, etc




ELEKTRO GMBH
St. Gallerstrasse 27
8400 Winterthur
Switzerland

Manufacturers of a range of windmill generators (for
well over 30 years) with outputs from 50 watts tg 10kW,
using aerofoil section blades onalattice-frame towers,

Telex:

. Phone:

£
L i
Model Rotor
diameter
blades
fm) (no.)
W50 vertical axis .45m
w250 vertical axis .66m
WV05 25 "% 2
*WV15G 3 P 2
*WV25G 36 2
*WV35G 4.4 3
*WVG50G 5 3
"WVG120G 6 3

Rated
output

50
50
750
1200
2200
4000
5500
9000

76-299
* Elektro
052223434

Elektro Wind Generator [nstallation

Rated windspeed . Available voltages -~ Net
. . weight
(m.p.h.)  (km/h) T tkg)
40 60 . 6 , .12 24 - 35
20, 30 127 24 36 - 70
20 30 12 24 36 48 65
23 37 12 24 36 48 135
22 36 24 36 48 110 180
23 37 48 60 110 — 2356
26 42 60 110 — — 265
— - 110 — — — 3156

*These models also available with 3-phase a.c. generators for heating applications.

NORTH WIND POWER Phone:
COMPANY INC
P.0. Box 315

" Warren f
Vermont 05674
U.S.A.

This company reconditions and rebuilds Jacobs V\Cind'generators, a

802 496 2955

very successful and innovative design in its time {production started-in--

1931)_and still known as one of the most reliable syste}ns available.
North Wind-have  introduced a number of improvements,
electronic control. All the Jacobs/North Wind generators have three-
bladed wooden rotors with aerofdil blades and centrifugal»p‘itéh change.
Special direct drive generators have been deve!o,ped"Which are claitmed
to match the rotor characteristic partieularly well. ‘
The following Jacobs machines are offered: +
apc J47 3000W @ 120V <apc J46 2800W @ 32V

_apc J45 2500W @ 120V . apc J49 2500W @ 32V
apc J90 2000W @ 32V apc J51 1800W @ 32v

Full rated power |s obtained at the relatlvely low wmd speed of
20 m.p.h. (Om/s). .
North Wind also offer the following Aeropower generator:

Rotor: 6ft diameter spruce, twin aerofoil with pitch change
feathering.. ‘ . . ) i
Generator: 1000W @ 14V maximum direct drive {max. output in

32'm.p.h. 14.3m/s wind). ) ]
The following complete systems are offered: g

Jacobs 1.8-30kW 32{]20V d.c. or 120V a.c.

Average wind speed for site: 8 10 16 ‘m.p.'h.
Monthly output in kWh 150-250 200-450 500-850 -
Aeropower TkKW 12V d.c. or 120V a.c.

.Average wind speed for site: 10 12.5 15  m.p.h.
Monthly output in kWh 33 70 110

“Note:' 1 m.p.h. = 1.6km/h

Also avaﬂable is a wide selection of dn‘ferem towers m aluminium or
galvamsed steel,, both free-standing and guyed with heights from 20ﬂ
{(6m) to 100ft {30m). Batteries, inverters, wind measuring equ1pment
woodstoves and windpumps are also available. '

such as”

*

¥*

b1



RALPH-HOWE Telex: 41495

MARKETING LTD - ) Cables: Ralphowe Poole: ; )
“New Orchard and High Street - Phone: Poole (02013) 77377/8
Poole — e )
Rorset s

U.K. -

Small units for triékle charging electric storage batteries. Intended
mainly for marine applications on sailing ships or for remote buoys
and harbour beacons, but ideal for any similar application needing
small power levels delivered with minimum superwsnon and maxnnum
reliability. :
Model Rotor diameter Rated output Cut-in  Net

speed weight
-~ m.p.h. m.p.h. kg
Selectromarine : )

BW12 432mm (17") 5W@12v, 25 10 10
bw?24 432mm (17") bW @24V 25 10 10 i
10W12 - 432mm {(177)  1OW@12V. 26 10 15 .
(2 rotors) Al -
10W24 -432mm (17") 10W @ 24V 25 10 15
(2 rotors) )
Ampair 50MK3 670mm (26.4"). 50W @ 12V 35 12 8.2 -
Aerocharge 3  432mm (17") ~ 5W@ 12V 25 ° 10 4
or 24V ’

Complete v;ind-powered marine buoys and navigation aids intended *
for reliable unattended operation &lso available. .

SENCEBAUGH WIND Phone: 415964 15693 : .

ELECTRIC . . ‘
P.0.Box 11174 o - T ,
Palo Alto ‘ ' N
California 94306 ~

“ U.S.A. \ ‘

" This cbmpany offers. icwo designs by the well known Americamwind = 8
energy expert Jim Séncenbaugh, as follows: é-:‘ .,
Model Rotor Rated Maximum Cut-in  Weight - 7~ 1

* diameter ouwtput output  speed
. 1000-14 12ft (3.7m) 100W at 23 m.p.h. 1200W at 7-8 m.p.h. 300lb
. 30 m.p.h.- . shipping
24-14 20in (51cm) 24W at 21 m.p.h. 30Wat  8-9 m.p.h. 18Ib net. L : . - ¥
30 m.p.h.’l : ) '———-—‘(2‘::?]"- [ o

Also available are Dunlite windmills, towers, storage batteries,
wind recording equipment, inverters, etc.
Catalogue $5 — |nclud|ng postage to overseas enquirers,

Sencenbaugh Model 1000-14

1

KEDCO INC ~ ‘ : //Phohe: 213 776 8636

9016 Aviation Boulevard ‘ ) K
Inglewood ‘
California 90301

U.S.AT | : i ,

Kedco offer a ragge of four aerogenerators based on thedack Parks -
design offered by Helion as drawings or by Topanga Power as a kit.
These ‘machines have three-bladed light alloy rotors with variable :
“pitch centrifugally activated governing. The models 1200 and 1600
have 14V (28V optional) d.c. outputs for battery charging, while the
1210 and 1610 have a variable (180V max) \Loltage permanent magnet
alternator rated at up ‘to 2000W. Further details are summarlsed as

" follows. \ e
Model Rotor dia. Rated power  Rated speed ‘Cut-in speed o
120 . © 12ft 3.7m 1200W 22m.ph. 7 m.p.h.
: i i : 1600 16ft 4.9m 1200W 17 m.p.h. 8 m.p.h. -
Kedcu 120(] Umt o 1210 12ft 3.7m 2000w ', 26 m.p:h. 11 m.p.h.
. 1610 - 16ft 4.9m - 2000w’ 22 m.p.h, " - 10 m.p.h.

T ; Note ‘that the model 1600 in pamcular is-very conservatlvely rated
e S -~ compared.with most machines on the market. ”Troplcallsmg is offered
fas """" an. optlonal *extra ‘and -towers and as suutable synchronous mverter’

are avallable :




LUBING MASCHINENFABRIK Phone: 05442 625/7,
D-2847 Barnstorf
Postfach 110

German Federal Republlc

The single Lublng 400W wind generator design results’from 25 years
experience and is an expensive machine but said to be of good quality,
it has six blades made from fibregtlass, three smaller ones of fixed pitch
to aid starting and threq longer variable*pitch, centrlfugally governed
ones which produce most of the power.

The generator is brushless with an output of 24V: ac. which'is
rectified to 24V (nominal) d.c. via silicon diodes and an electronic
regulator. Drive is via an integral gearbox and the windmill comes on a

hinged aluminium pole tower which can be winched down horlzontal }

to facilitate servicing.
Performance claimed is as follows:

Wind velocity m/s 4 5 6 7 8 9 10
< mph 911 13 16 18 20 22
Watts 24 72 136 220 325 375 400 '400 400

Output

11 12 ’ :
25 27 Lubing 400W Wind

R Generator

PINSON ENERGY CORPORATION
P.O. Box 7

Marstons Mills

Massachusetts 02648

U.S.A.

Cyclaturbine Model C2E is supplied to the followmg
specn‘lcatlons

Rotor diameter: 12ft (3 Bm).

Blade length: 8ft (2.5m).

Swept area of rotor: 96t2 (8.9m2).
Overspeed control: Centrifugal.

Starting windspeed: 5 m.p.h. (13.5m/s).
Governing windspeed: 30 m.p.h. {13.5m/s).
Govering r.p.m.: 200

Electrical output: 2kW @ 24 m.p.h. (11m/s) 4w @

30 m.p.h. {13.5m/s).

This machine-is a verygrecgnt development having a
vertical-axis configuration {(Darrieus) with cyclic pitch
variation to achieve self-starting and to limit the speed.

Cycloturhine C2€ p
Atop 33ft Octahedron Tower

" NOAH ENERGIE SYSTEME  Telex:

889445 d
Gmbh } : ‘ Glahn-. _
Miihlenstr 11 ° Phone: 02242 2543
D-53 Bonn |

. W. Germany
!
© &

Wippenhohnerstrasse 31

D5202 Hennef 1

W. Germany ) . .
Single and double rotor units with power outputs from

15kW to 130kW dependlng on size and wind speed, as

follows:

Type 30/90kW: 12m diameter, & bladed rotor, rated
output 30kW and maximum output 90kW. :
Type 15/45kW: 12m diameter, 3 bladed rotor with
rated and maximum outputs of 15 and 45kW respectively.
Type 45/130kW: 16m diameter, 3 bladed rptdr of 45

‘and 130kW rated and maximum outputs.

Larger double “rotor machines with outputs from’
200kW up to one with a maximum output of 1800kW are
ofﬁ:red as spemal pmjects oni feduest. .




P.l. SPECIALIST ENGINEERS Telex: 447152

O LTD - PICORG
The Dean Phone: 096 273
Alresford ) 3242
Hants Tele-
UK.~ grams. PICOR

This windmill embodies another version of the vertical
axis principal often attributed to Darrieus, but has a novel
feature of ‘‘variable geometry’’ developed by Dr Peter

* Musgrove of Reading University. This allows the blades to.
fold outwards if the turbine overspeeds and thereby
effectively governs it.

The manufacturer has just begun production, with a

-primary application -intended as cathodic protection of
pipelines. and other steel structures. However, the system
could equally be employed for any low voltage d.c.
application such as battery charging.

In common with other Darrieug-type windmills, it is .

not self-starting. This machine incorporates an electric
starter which is activated by an electronic wind-sensing
system whenever adequate wind conditions for operation
are felt. '

Rotor diameter: 9.5m (14ft Qin).

Biade length: 3m (20ft) )

Swept area of rotor: 13.6m? (148ft2)

Overspeed control: Centrifugal. -

Starting windspeed: 4m/s (3 m.p.h.} {adjustable).

Governing windspeed: 10m/s (22 m.p.h.) (adjustable).

Operational speed range: §0to 160 r.p.m. |

Electrical output: 50-100W @ 5m/s (11 m.p.h.).
500W- @ 7m/s (16 m.p.h.). 100W @ 10m/s {22 m.p.h.).

Electrical output via CAV-alternator and diode rectifier
to 12, 24 or other voltages. Performance figures given
depend on choice of output and alternator.

Work on a 6 (19ft Gins) diameter gelf-starting version
of the windmill is now well advanced. Igis hoped it will be
available shortly after publication of this Guide.

i

m.p.h. (20m/s). Weight on tower = 600lb (272kg).{

‘ Zephyr Wind7Dyna;np

Quirklite

QUIRK’'S VICTORY LIGHT. Cables:
CO.PTYLTD ~ Sydney
33 Fairweather Street Phone: 36 8630
Béllevue Hill b
New South Wales 2023 -

Adstralia

A 12V or 110V unit supplying 3kW in a 26 m.p.h.
wind. Generation starts in a 6-8 m.p.h. wind and plants
are designed to withstand wind speeds of 140 m.p.h.
Brushless generator. with integral gearbox. Centrifugal
governpr with variable pitch galvanised steel rotor blades.
Designed for 5'year operation without maintenance.

Manufacturer also offers batteries, inverters, various
towers, etc. '

Quick’s Windlite Generator

ZEPHYR WIND DYNAMO _

‘Phone: 207725
COMPANY ! L 6534
P.0.Box241 & - !
BrunsWiq& .' o e ‘\\‘_,, .
Maine 0407H1Y ° ST~ N
US.A. e 0! “

N

The Zephyr Wind Dypamo is a sophisticated: desngn‘.\‘\ :

with a low speed, high ‘h’.gquency, permanent gmagnet
alternator direct coupled to a‘three bladed 20ft diameter
{6m) downwind rotor. The reinforced plastic rotof blades
are of light weight with tip spoilers for overspaied“pro-
tection. A servo turns the rotor at right angleil to the
wind if overspeed or, vibrations occur beyond thez:cont'rol
of the spoilers. ‘ i H '

Rated -outpui of 15kW is achieved in a 30/ m.p.h.
(13.4m/s) 'wind.j Cut-in is at 8 m.p.h. (3.5m/s) and 500W

is produced at 10 m.p.h. Shut down takes (placfe at 45

i

R
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TRIMBLE WINDMILLS Phone: 0423 56006 ‘ ’ . . . e
Crimple Grange o :

Beckwithshaw

.Harrogate

North Yorkshire HG3 1QU i
UK. a

Manufacturers of the *Trimblemill’ wind generator, a new windmill
Bue to come onto the market at,about'the date of publication. Specn‘|<
_cation is given as: b

| Rotor diameter: 16ft (5m) 8 bladed (3 front, 5 rear)
\ Tower: 30ft (9.3m) Ductile lron pipe.
Control: Electrical overload cut out, automatic furling in 53 m.p.h.
winds, limited stress sail lashings, emergency mechanical brake.

Output: 22 m.p.h. {10m/sec) 5 kW 240V. 53 m.p.h. (23, 6m/sec)
12.5kw 565V. -

" Generator: Designed specifically for wg{ndmlll use by N.E.l. Clark,
Chapman Engineering Ltd., (see generatorisection), it is integral in the -
hub and carries the blades. Power col{ectlon is via slip rings.

Extras: Optional control system for battery storage to give constant

240V 50Hz. B , . , . b
o7 ) : : Tri\mblemill
TOPANGA POWER Phone: 213 455 2458 \
Box 712 o .
Topanga ' : )
California 90290 :
U.S.A. , o

’ This company manufactures” a kit ‘of Ea/ﬁs to build the Helion

windmill. The kit is to a high level of completeness and it is claxmed

that a competent builder.can complete it in two days or less.
Alternatively, plans alone can be obtained from Helion, P.O. Box

4301, Sylmar, Californja 91342, U.S.A. {Phone 213 367 8291)
Spemflcatlon as follows:

Rotor diameter: 12ft or 16ft (to choice) (3.6 or 4.9m).
Rated wind speed: 25 m.p.h. {11m/s}.
) Rated output: 1300W (12V system) or 1600W (24V system) at
: - 18 m.p.h. (16ft) or at 25 m.p.h. {with smaller 12ft rotor). B
L ) Rotor type: Three aerqfoils fr aluminium sheet with centrifugal™.
R - pitch change governing system. Rotor operates downwind of tower.- -
] ‘ . Transmission: Oil bath gears generator to 8.6 times rotor r. p.m.
L ' . Overall weight: 200ib (91kg). '

Lo o ' Note that the illustration shows a prototype Helion windmill,
i similar in arrangement but d|ffer|ng in detail from the productlon

Helion Windmill model. : » .

«’gé . . ) . -
WINCO Telex: 487110 : oy
Division of Dyna Technology, Phone: 712 252 1821 3
Inc. :
East Seventh at Division Street .- '
P.O. Box 3263 |

Sioux City ) ) .
lowa 51102 e b
USA ‘ ‘ ARt

This small 12% volt unit has been in production for some time and
produces a maximum of 200 watts in a wind velocity of 23 m.p.h-
Charging starts 'in a breeze of 7 m.p.h. When wind speeds exceed .|
23 mph the governor flaps deploy to safeguard the unlt Rotor
diameter 6ft. Comes complete with 10ft stub tower

N P . ,
AVerage usable energy per month ‘
10 m.p.h.'dverage — 20kWh
.12 m.p.h. average — 26kWh
14 m.p,h. dverage — 30kWh'

+ *24, 28,32 or 36V available at extra cost. , e ; . : 12ft Wincharger Unit

3
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. . THE WIND ENERGY SUPPLY Telex:
' | - CO.LTD(WESCO) 7/ ContecG
Iroko House - Phone: /Peacehaven '
Bolney Avenue; - {07914) 5051
- Peacehaven S
Sussex BN9 8HO : B '
UK. ‘ : ¢

Have so far mainly been involved in sophisticated*windpower research
and development, particularly in the field of combined heat and
mechanical outputs frorr?’wmdpower Have built an 18m_(60ft) proto
type (see photo) with a maximum output of around 190kW in a wind-
speed of 13.5m/s (30 m.p.h.} and are bringing the foHowmg series of
machines anto the market: '

— 5m (16ft) rotor suitable for a variety of applications.

- 5.5m (18ft) system for battery charging; designed for Iow wmd
operation and beacon/repeater station duty. B

— 7m (23ft) system similar to the 5m one above but offering Improved
cost/performance (see detailed specification below).

— 18m (60ft} development of prototype menptioned above, with
thermal/electric output via hydraullc transmissi ] ’

,[u follows:

A more detailed specmcatlgn of the 7m wn

i
{
Rotor diameter: 7m? Number, of blades — 3 (downwind of towel) ‘
Furling method: pitch change by torsion flexure/centrifugal - werghts :
‘Rated wind speed>13.4m/s (30 m.p.h. ) )
Rated rotor speed: 311 r.p. m,
Output at rated wind speed: 15kW (415V 5OHz a.c. three-phase).
Tower: Square section, tubular steel lattice, 7.2m (24ft) high.
Optional extras include priority load controller, 380V three-phase
alternator, economy and professional battery chargers, and low tem-
perature spec. (—-20°C).

~ Wesco 18m Pratatype

Wind;ﬁPumpingOSystems ]

56149 /54475 e

" AGRO-AIDS ) “Phone: : BOSMAN . Telex:
27 Shrungar Shopping Centre Cables: INDEX Waterbeheersing En Phone.‘/ (01869) 13 16
Mahatma Gandhi Road - BANGALORE Milieverbetering B.V. H

Barngalore — 560001
India

Agro-Aids are manufacturing  the  WP-2.. windmill
~originally deveiOped by the Indian National Aeronaut|ca|
Laboratory. ts specification is as follows

Rotor: 12 bladed, 16ft (4.88m) diameter.

Steggjesdijk 4
Postbus 3518

.3364 Piershil (Z.-H.)
Nethgrlands

‘Manufacturers of a small water pd/mping system to

" control water levels. The system, suitable for small pump
Transmission: Direct acting; self-lubricating with 5in, d'rainage schemes, moniFors,fche wz.zterl’bvel.in the drainage
{(125mm) ‘stroke. ‘ ditch and, when the wind is availablé, will pump water
) from the ditch until it reaches the ﬁesnred level, where

Governing: By moving tail vane. ‘ - ” “ tout, i
Tower: Four post all-steel, 32t {10m) hlgh the unit-wi automatlca V cutou /

Output: ,21m lift with 100mm pump in 20km/h
(12 m.p.h.) winds = 2000 I/h. 4.6m lift with 200mm'
pump in 20km/h wind = 7600 I/h:

et

. WP 2 Wmdmlll

G i : Sy e : L ] . . e P
Jr o P S 5 ety 3 ; B i : ; / ) S e 1




S.A. BRUNO Phone: (43).53 6590
"Route du Mans

Bonchamps-{fes-Laval

53210 Argentre

France

also available from:

BRIAUS.A. - Telex: 750729F
B.P. 43 ) Phone: - (47) 6138 17
37009 Tours Cedex .

France :

“LLe Mistral’” is a relatively simple wind pump intended for small
water supplies. 1t requires virtually no maintenance. It is availablé with
a choice of rotor sizés to cater for different applications as follows:

Rotor diameter: 2.00, 2.24, 2.50 metre.
Output in 24 hours: 3100, 4900, 8800 litre.-

- Maximum head: 30 to 40m. i
Tower sizes: 4.5m, 6.0m, 8.0m, 10.0m.

. ’/.‘ ‘
Mistral Wind pumping unit

AERMOTOR ., Phone: : {501) 329 9811 ;
(Division of Braden Industries — R
Inc.) ) , ) 2
P.O, Box,v‘l,_3'64

Conway %, .
Arkansas 72032

* -

U.S.A. -
Also: . r

W.D. Moore & Co Cables: Clipglaze ',/-"/‘
3 Keegan Street Phone: 374766 , S
_O’Connor . ’ /T \ c
West Australia 6163 B l -

Aermotor have been in the "{jer:ﬁfting bus¥ness since 1888 and

apart from windmills, mar/lyfﬁgture, electric borehole pumps. The 5

current windmill range, model 702, was first introduced in 1933. - '

t Versions are licence mapufactured in Australia and Argentina as well
as in the U.S. It is ‘available with 6, 8, 10, 12, 14, and 16ft diameter
rotors with towers in five heights from 21 through to 47ft. All models’
have qil filled gearboxeés, automatic furling plus manual furling with a
brake. Manufacturers figures for output are given below in U.S. gallons.
(1 U.S. gallon = 3.8 litre = 0.84 Imp.gall.).

AERMOTOR PUMPING CAPACITY

Cylinder Capacity . SIZE OF AERMO TOR
; _ dia: (g.n.h.) Total elevation in feet
Aermotor Wind Pumping Unit ‘ finches) 61t 8-16ft | 67t 8ft 10ft 12ft 14ft 16ft
' 1% . 105 150 | 130 185 280 420 ‘600, 1,000
7. . 125 180 | 120 175 260 1390 ', 5BO- . 920
2 |- 130 190 | 95 140 215 320 460 750 -
2% 180. 260 | 77" 112 170, 250 360 590
2% ... 225 325 | 65 94 140} 210 300 490
2% , 265 385 | 56 80, 1204 180 260 425
3 »| 320 ' 470 | 47, 68 100 155 220 360
- 3% ‘— © BBO | = — :88 130 185 - 305
. 3% 440 1640 |-35+. 50 76 1157 160 ° 265
: 3% - . 730 | =, . = 65 . 198 143 ~ 230
‘ - : 4 - 570 830 | 27 39 B3 8 1256 200
4% . - 940 | — — 51 . 76 410 189
4% 726 1,080 | 21 30 46 68 98 160
: a4y - 1,170 | - - 61 88, 140
. 5 900 - 1,300 | 17 25 37 55 80 130"
' 5% - 1,700 | - - - 40 60 100
6 - 1875 | — 17 25 38 55 85
7 - 2550 "= - 19 28 41 65 -
8 — 3,300 | — - 14 22 31 50 |F

- Manufacturers note: Cépacities shown in the above table are approxi-

mate, based on the mill set on the long stroke, opérating in"a 15 to 20
d mile-an-hour wind. The short stroke increases elevatibn' by one-third .
: and reduces pumping capacity one-fourth. . s ’ 57




DEMPSTER INDUSTRIES INC. + Phone:

" P.O.Box 848
Beatrice
Nebraska 68310

U.S.A.

(402) 223 4026

K
<
R

A
3 1

diameter of 6ft to 10ft on towers of 22ft to 60ft:

Performance cIalmed is md|cated as follows, in U.S. Gallons/hr~
These capacmes are based ori-a 15-mile per hour wing. Capacities are
based on' longest stroke of Dempster mills. |f shorter stroke-is used

6ft 8ft “A”
Cylinder . 57 Stroke 7% Stroke 7% Stroke,
size Elev.  g.p.h. Elev.. g.p.h. " Elev.. g.p.h.’
1y 120 115 , 172 173 256,140
2% 95 130 135 195 210 . 159
W 75 165 107 248 7165  202°
’ 2% 62 ~206.° -89 304 137 248 -
2% . < 54 248 .. 77 370 119 300
. 3 45 294 65 440 102 357 .
3% - 39 346 55 565 86 © .418 -
. 3% ‘ - 34 400 48 600 75 487
: 3% - 29 457 42 688+ - -65 568
4 . 26 522 « 37 780 57 635

capacmes will be reduced in proportion to Iength of stroke used N
' 10ft - o f

If the wind velocity be increased or decreased, the pumping capamty
of the windmill- will also be increased or decreased. Capacffles will be
reduced approximately as follows, if wind velocity pHessThan 15 miles

P . per hour: 12 mile per hour wind, capacity reduced approximately
'20%; 10 mile per hour wind, capacity reduced apprommately 38%*\

’ ) . ‘ : ¥ R ! - - <

THE HELLER ALLER Cables: Helaler

COMPANY Phone: (419) 592 - . . . "

P.0. Box 29 * . 1856 o oo a

Corner Perry & g . " f ]

Oakwood Streets ) . : . ) '/‘

Napoleon . - ‘j\/‘ L

Ohio 43545 - :

U.S.A. ) e
Heller-Aller have manufactured Baker - Windmills, g T

pumps, water systems, tanks and allied goods since 1886.
Performance of the current range of models of windmill is
indicated in the following table, (note that 1 U.S..gallon =
3.8 litre).

Pumping Capacmes of Back-Geared “Baker Windmills . ‘ " ,
. {in 15 mile-per-hour wind) ‘

6 FOOT BAKER

8 FOdT BAKER 10 FOOT BAKER 12;F'00T BAKER

Manufacture a range of wmdmllls for water pumping wnth rotor ’

.

Baker Windmill

Total Cylinder Capacity Cylinder Capacity Cy/lna’er * Capacity = Cylinder Capacity
elevation diameter " (US diameter (U.Ss. diameter - (U.S. diameter (U.;J.
(f.t} () g.p.h.) () g.p.55.) () g.p.h.) i\) . g.p.h)
25 3 350 3% 900 - 4 1250 6 2400
35 2% 240 3 720 3% 925 - 5 . 1625
- 50 2% 1200 , 2% 450 3 700 , 4% " 1425
75 2 ° . 160 2% 350 2% 475 4 " 1125
100 2 “ 150 2 250 21/\ 460 3 , 660
125 . 19, “120 17/g 240 2 N 280 2% . 625
10, T - — 1% 220 2 - 280 2% . 525 .
200 ’ - - - . - /g 260 2 * .35 .
250 . - - - . - 1% " 215 2 - < 325
300 = - = — — - 1% . 200
£ K - °
Manufacturer’s note: Thé.above capacities are approximate. . e

By the total elevation in feet we do not méah the depth_
of the well, but the distance to the‘cylinder.

"~

r
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" M.B.P. (S.A.) PTY LTD

s s

éab_les: Modmaid =~

P.O. Box 2047 Phone: 436241 Y
Adelaide ‘ ’

South Australia 5001 . e

7-25 Manchester Street
Mile End South = ©

Cauth Australia 5031 . o 3
5031 :

SOUL AUsStiania

M.B.P. manufacture windmills, syphgn and ‘borehole
pumps, plus various tanks and other agricultural wa_lte’if‘
supply equipment, unti! recently under the trade name
of ‘Metters’”. . . . -

The windmills are. conventional farm windmills with
all normal facilities such as automafic and mandat furling

in wheel sizes from 6 to 14ft as indicated below.

a

. PUMP SIZE
Inches 2 23 2% 2% 3 3%
Millimetres 508 . 603 635 . - 698 :76.2 88.9
6 feet wheel PR -
1.828 m :
Maximum B ’ . ‘ -'
head: Feet 77 61 =49 40 34 28
' Metres 21.64 - 18.59 14.94 12.19 10.37 . 8.53
Average ' : : . -
daily Galls 1,410 © 1,530 1.750 2,110 . 2,475 . 3,410
output: Litres 5,001 - 6,955 7,956 19,592 11,2561, .. 15,502
8 feet wheel ’ ' o / . )
2.438m : ' !
Maximum ‘ c |
head: - Feet 127 102 - 86 72 62 44
=  Metres  38.71 31.09 26.2 21.95 18.90 13.41°
Average - . Ll : T,
daily Galls < 1,320 -1,860 2,090 2,540 2,970 4,125
output: Litres 6,001 8,456 9,501 11,547 - 13,502 18,752
10 feet wheel . :
3.048 m
Maximum } U — .
head: Feet 265" 233; ' 206, 181 7 139 . 909
) Metres - 80.77 71.02 62.79 49.07 42.37 30.18
Average . . ) - — P B sttt - vt s I
daily Galls 1,540 2,145 - 2,420 2,970 3,465 4,785
output:  Litres 7,001 9,751 - 11,001 13,502 15,752 21,753
12 feet wheel' ' _ “
3658m S S ' o
Maximum - ; T, ‘ y
" head: " Feet 292~ 255 33, - . 199s 169 139
Metres 89.00 77.72 71.02 60.65 51.51 42.37
Average ' . ’ . , T
daily Galis 1,650 2,287 2,585 3,180 . 3,700 5,115
output: - Litres 7,501 10,397 11,751 14,456 16,820 23,253 ..
14 feet wheel * , &
4,267 m
© Maximum ; . e B o
head: ' Feet 385 ;314 282 1245, - 201 169
‘ Metres  117.35 *°/ 95.71 85.95 74.68 - 61.26 51.51
Average\ . Foo PR o -
daily - Galls 1,705 2,385 2,668 3,285 - 3,828 5,280
output: Litres 7,751 10,842 12,189 14,934 24,00

B

+ 17,379

N
~O
o
o
N

35
10.67

5,280
- 24,003

73

.22.25 |

6,160
28,003

112
34.14

16,500
29,549

134
40.84

6,820

O

. 31,004

59
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EOLIENNES HUMBLOT Phone:  {29).94 09,09 |*
8 rue d'Alger e ’
) Coussey
T — 88300 Neufchateau
. ‘ France :

£

) - Manufacturers of direct drive wind pumping units

y ' . ~intended for animal drinking trough supply and con-; |
) . .

/ * . sequently rather smaller and less ‘expensive than some of

T thg American and Australian farm windmills. There are, ‘
L=\ . twdmain types and various permutations of rotors, head
. AR i 3 mechariisms and towers can Be combined for differgnt
L’ldéale Wlnd pumplpg unit ~ purposés. Thére is one large model listed last.
Model name ’ Rotor s1295' Tragsmissions Pumping head Maximl}m'bbtpl)t Tower;aeightS» .
Cadeteol ’ 1.75m 7 . 0to6m 500 I/h 4.4m
for b :
Supercadeteol 1.75m same farboth . 4 15 19m 600 I/h 4.4m
E3
Junioreol 1.75m £ 0to16m = “r4.4m
2.0m ) Id;ée* 15 to 20m 600 5.25m
2.25m Idzale 20 to 30m { } I/h 6.55m [choice
2.5m Ideala | choice® 30 to 40m 2000 8.85m.-
2.75m Idgese 40 to 55m . N
Geanteol 3.50m ‘ 80m.well 9.30m
. d ‘
~ C40m o samelgeared) o o0 otal) 8000 I/h - L3 30m)

*These transmissions are f},rst two o? fixed output, second two variable and numbers one and three are grease lubricated, vhe others ojl bath.
> Spring shock absorbers are an opnonal extra to protect agamst iced up pumps damaging the drive train.

ETS PONCELET & CIE

B.P. No. 1

10380 Plancy L'Abbaye )
France -

-~ Manufacturers of a range of small, relatively inexpenéive “water-
pumping windmills intended for fllllng cattle troughs, under the trade

name “‘Oasis’’. ¥ . e
Model - Rotor diameter  Tower height ~ Head range  Output . ‘
1 1.60m 5 40m ) ‘ o
1 "bis”" 1.75m ‘ 40m ) 0to 30 200 to ~
1 "“ter"” 1.75m 6:0m ) (0 to 1001t) 1000
2 2.00m 6.0m ) == I/h
2 “bis" 2.25m © 6.0m ) (44 to
3 N 2.25m 7.5m ) 220 ‘
4 : 2.50m 7.5m ) gall/hr) Ve
5 2.50m 100m ) Dams Windmill
il T
SOUTHERN STEEL . Phone: 056 28633~
WORKS LTD. :
Ballyhale i . L
Co. Kilkenny
Ireland J‘A"*

The Ballyhale range of wmdpumps is available as follows

Model " Maximum hourly Rotor d/ameter
output™ ‘
. (Galls) " (Litres) ' {ft) {m)
SS 1 300 1350 9 2.74
SS2 800 3600 V) 3.66
SS3 -~ 1600 7200 ) 15 457
’ : . sS4 : 3000 13500 ‘ 18 5.49°

*The head at which this output occurs was not stated in the anufacturer's )
- hterature . 4

A water ‘storage tank of 1.100.gallons (4950 litres) can be suppliked

Bl if required. These. wmqulls fUrI automatlcally in.a wmdspeed of‘ :
25mph (40km/h) ;

iy




REYMILLSTEEL PRODUCTS Phone: 641
Sta. Rosa

Neuva Ecija

Philippines

Manufacturers of locally designed and developed steel wind-p-"mper
with built-in governing and braking system. Three sizes available as
follows: .

Regular size: tower heigiht 40-50ft windwheel diameter 14ft (3.05m)
Mediyrh size: tower height 40-50ft windwheel diameter 121t (3.6m)
Large size: tower height 40-560ft windwheel diameterrj‘ﬂ{ft (4.3m)

Pump stroke in all cases is 6 to 8 ins (150 to 225mm).
\

1930 Veteeniging Phone: {016) 45133
South Africa R )

This manufacturer offers a range of six sizes of windpump incor-
_porating modern, PTFE bearing, bushes. The largest machine, which is
“direct drive, requires no maintenance as it has sealed for life ball-
bearings and PTFE selflubricating bushes.. The smaller machines
~~require occasional oil changes for their gearboxes. Automatic furling in
storms plus manual furling from ground level is provided. The following
models are available: ‘ '

)

Model Rotor ~~ Pump  Pump Head Flow range !
diameter”  stroke size range (max.)
(/t) (m) . (in) (n) — (fy*  (lmpgall/hr)
6 6 1.83 5 1% —6 11—176 89 — 1430
8 8 244" 5% 1% —6 13 — 209 83 — 1331
10 10 328 ' 7 1% —8 12 — 396 : 75—21571
12 12 366 9% 1%—12 . 10-522. , 1185549
14 14 4.27 9% 2%,— 12 18 —554 © 161'— 4582
18 18 5.49 6 . 2 -6 92 — 882 138 — 1828

*Note that the head range is for total head; the maximum dJepth of bagehole.is.
around two-thirds of the maximum total head given. ) &

. ~ :
SR TN : Basic 6m towers (20ft) can be extended to 9, 12 or 15m'(30, 40or
S & L No.18 Windpump 50ft). ‘ ‘ Fom
THAI U Sa INDUSTRIAL Phone: 585 2560 k '
FACTORY . 5854815 -
No. 5g/15 M007 -

2 Pracharaj 2 Road-

Dusit .

Bangkok

Thailand

Manufacturers of a range of direct drive, locally designed, multi-
bladed water pumpers of relatively low cost. :

Rotor Tower Pump dia. Output.per hour™

dia. height o /
fft) (m) (ft) {m) (in)  (mm) (Imp. galls)  (litres)
6 182 40 12 2.5 63 267 1200

8 244 40 12 275 70 356 1600
10 3:05 40 12 3.0 76 444 ° 2000
12 3.66 40 12 45 114 667 . 3000 :
14 4.27 40 12 50 127 888 4000

W B Sl | ) ) B . | ‘ L
‘ o Reymill Wu@imlll‘ :
STEWARTS & LLOYDS - Telex: 8-0480

P.O. Box 74 Cables: Tubes Vereeniging

*Qutputin windspeed 1 okm/h 6 m.p.h.} for unspecified lift: ) Thai Windpump Installation
) . ! ! ’ . ( ?

‘

61




’

"TOOWOOMBA FOUNDRY ~  Telex: 40046 = : | .

: PTY Ltd L. Cables: Foundfact v
) 259 Ruthven Street Phone:” 32 3122
. ‘Toowoomba ' '

) Australia,4350

Toowoomba Foundry products under the ““Southern
Cross” tradename are widely known in, Australia; other
than windmills they include a very wide product range
covering diesel engines, turbine ahd other pumps, itrigation
‘machines,-sprinklers, storage tanks, towers and aerial
masts, etc. There ‘dre two ranges of windmills, the smaller,
geared “IZ Pattern” and the-larger, direct-drive “Sene-

schal”. The following tables illustrate their_performance
according to the manufacturer: in” winds of “t8-m.p.h. |
Y (29km/h). In winds of 12-16 m.p.h. (approx. 21km/k}-}

the outputs would be reduced by 25% and in light winds
of 8-10 m.p.h. {approx. 14km/h) the outputs would be -
reduced by about 50%. g

RE
Southern Cross Wind Pump .
_E Choice of pumi) cylinder diameter for various lifts and resulting flows .
Size  Mill 1%in. 2in. 2%in. 2%in. 2%in. 3in. 3%in.3%in. 4in. 4%in. 4%in. 5in. 6in. 8in.
6ft. 12 Total lift in feet 73 60 51 43 . 37 32 27 24 - 19 17 15 12
Gatlons per hour -.90 120 155 180" 230 275 320 370 485 545 610 755 .
8ft. 12" Total lift in feet. 132 * 109 92 77 66 K7 50 44 34 31 28 23. 16
C Gallons per hour 100,120 170 210 250 300 350 405 530 600 670 830 1200
10ft. “1Z% Total lift in feet 236 197 166 141 121 105 92 81 64 57 51 42 30
Gallons per hour 100 125 160 200 240 290 340 390 510 580 650 800 1150
12ft. “IZ” Total liftinfeet 315 263 222 189 162 140 123 108 85 76 - 68 56 40 23
Gallons per hour 105 140 475 215 260 310 365 420 550 620 695 860 1240 2200
T4ft. “IZ" Total lift'in feet 443 '370 312 265 228 197 172 151 119 107 96 79 56 32
Gallons perhour - 90 120 150 185 -~ 225 260 305 360 460 520 590 720 1040 1880

Size Mill  “Seneschar” %7 27 24" 25" 2% 37 3%” 3uT A< 4u” 4u” 5 60 8% 107 127 14"
“17ft. “R" Total liftin feet - 480 415 360 315 275 240 205 175 135 120 105 .85 60 _34 — — =
7in. Stroke  Galls. perhour 170 220 280350 420 500 590 685 895 1010 1130 1400 2000 3600 — —  —

17ft. “R" Total liftin feet 420 360 310 270 240 210 180 155 120 105 95 75 53 di0 - - =
8in. Stroke Galls. per hour 195,255 320 400 480 575 675 780 1020 ™50 1290 1600 2300 4080 — - -

21ft. "R Totallift'in feet | — — 575 500-440 390 345 310 240 210 190 155 105 60 38 27 -
8Y%in. Stroke Galls. per hour ° . — ~— 270°330 400 480 560 650 850 960 1080 1330 1920 3400 5320 7660 —
21ft. "R Totalliftin feet = - 470 410 360 320 285 250 200 175 156 126 .88 50 . 32 22 -
10in. Stroke Galls. per hour =~ <— 325 405 490 580 680 790 1030 1165 1310 1615 2320 4120 6440 9300 —
25t “R"  Total Iift in feet — ~— 7'~ 710 635 575 515 460 350 310 280 225 155 88 55 39 28
9%in. Stroke Galls. per hour - L= — 320 390 465 545 630 825 930 1045 1290 1860 3300 5160 7440 10200 .
28ft, “R" Total liftin feet = — — — 530 475 425 385 350 280 245 220 180 125 0 45 31 23

12in. Stroke Galls. per hour .~ — — 410 490°590 690 800 1045 1180 1320 1630 2350 4180 6520 9400 12900

-

WINDPUMPEN-ZENTRALE Phone: (04351)
Luetthoern 51 s 42024
D 2330 Eckernfoerde ‘ )
West Germany )
“Pumpomat Windpumpen’’ isga series of unconventional paddle-
bladed windpumps with an unusual governming system for water pumping
windmills of variable pitch blades on smaller-models and a vertical
windvane which applies a brake on the large ones. .
Model No. Rotor diameter  No. of blades Water .  Nominal
- : head” output

' ’ T e

i

1,2 : nla+

2 4m 200 1/hr
3 n/a , 2 10m 1801/hr :
11,22 nfa 4 4m 500 I/hr .
33 ’ n/a 4 10m ' 2801/hr -
44 n/a .4 “16m 200 i/hr
55 - h/a- 4. 22m 200 I/fhr
111, 222, . .n/a 6 4m . 7501/hr
333 . 7 nfa 6 10m 300 l/hr .
444 _ o nfa. 6 16m 300 l/hr '
P360 2.5m 4 3.5m 10000 I/hr
P500 . nja : nfa 3.5m 30000 I/hr

Il ! u.-«wk,:‘w.; FUCEIE)

Most of these pumps are intended for low lifts and there is a choice * e

621 of diaphragm or piston pump with most models. - : . - Pumpomat P360 Windmill _|
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. WYATT BROTHERS Phone: {0948)
(WHITCHURCH) LTD - : 2526-7
Wayland Works' :
¢ Whitchurch
. { Salop ST13 1RS :
: LUK T
Wyatt Bros. manufacture the “Climax’’ range of

: windmills, pumps and well-heads. The windmills are

; conventional geared farm machines with automatic and

——— ¢ manual furling and wheel siz"es available from 6ft to 18ft
‘\'7——41.&3\ to 5.49m). The following table outlines their -
' perfdrmance in a “good wind of 20-22 m.p.h.” and in a .

12 r?l\ﬁ\h._wmd the manufacturer states that these figures

will be reduced to. about 65% of those indicated. A rule
of thumb recommenrded for assessing daity output is to

assume 65% of the figures indicated for 10 hours per day.

Climax Wind Pump The output is given in Imperial gallons = 4.5 litres or
! 1.2 U.S. gallons.
Size Strokes  Cylinder dia. {inches) o . Total head in feet
of per ’ and - _
mill  minute Actual gallons per hour 10 50 75 100 125 150 7175 200 250 300 350 400 !
6ft 45 Cylinder 3% .2‘/2 2 1% — “'_, - = - — — B
g.p.h. @ 5% stroke 420 250. 165 120 — — - — — — - L=
Cylinder 3% 3% 2% 2% 2 — — — - = - =
8ft" 42 p.h. @ 5%" stroke 500 380 275 182 145 - - - - - - .=
7% 680 510 370 245 195 - — — — - - =
.. ylinder YA 3% 2% 2% 2% 2 1% 1% — - - -
1_L0ft 37 g.p.h. @\8" stroke 800 530 337 275 228 177 138 138 — - - -
" nor 950 630J 400 325 270 210 165 165 — - - —
: Cylinder = 7 5 4 3% 3% 3 %% 2% 2% 2 1% —
12t 31 g.p.h. @ 10" stroke 2260 1150 750 625 ©'555 412 360 285 240 187 144 —
B “ 11%" “ - 2600 1325 860 720 , 640 475 415 330 275 215 165 — - ‘
Cylinder : 8 6% 5 4% 4 3% 3% 3 2% 2% 2 -
14ft 29 g.p.h. @ 11%" stroke 3115 1980 1210 980 '{‘780 600 510 410 372 250 200.. — . .-
137 " 3600 2300 1400 1130 900 690 ‘590 475 430 290 \230 — \\
. Cylinder 12 8 7% 6 \1‘:,3 b% 5 4%. 4 3% .S%tv 3 2% T
16ft 21 g.p.h. @ 12" stroke 5400 2400 2125 1330 1120 930 855 600 525 392 336 284
v S 15" " 6750 3000 2650 1660 1400 1160 1070 750 655 490 420’355
: Cylinder . 15 12 .10 8 . . 5% "6% 4% 4% 3% 3% 3%
18ft 17« g.p.h. @ 12" stroke 6800 4360 3000° 1920 1480 1000 920 665 544 425 368 320
" 15" 8500 5450 3750 2400 1875 \‘1250 1150 830 680 530 460. 400
. : . Loy M
Galvanized steel towers to carry "'Climax’* windmills are supplied n heights from 15 feet 0 60 feet in ‘muit_iples of 5 feet. 4

WAKES & LAMBLTD * Phone: (0636) 4464
Miligate Works | . ’
Newark-on-Trent * h . o

Notts NG24 4XB v ",
U.K. ;
’ . o

Manufacture the Newark series of conventional farm
water pumping windmills with rotor sizes from 8ft (2.44m) .
up to 16ft (4.88m). Output range for tHe series is quoted ’
! as 475 gall/hr (2137 I/h) up to 2720 gall/hr{12,240.1/hr) —{—
L o : ~atanunspecified wind, » .




., SIDNEY WILLIAMS & CO. Phone: 562491 %
"7 (PTY)LTD . ’ ' ,
P.0.Box 22" , ; -

Dulwich Hiil
New South nges . ®
Australia 2203

[
- Rl .

Manufacturers of the “‘Comet’’ range of Windmills from
8ft to 35ft diameter mounted on towers of 20ft to 60ft
height. .The manufacturers say these units are of a well .
tried design and will pump water with a .minimum of
maintenad® for many years.

The larger “Comet” sizes are believed to be the largest
water-pumping wif_’\dmills currently available anywhere.

i
f

-

Comet Windmilt o . S . .

MAQUINAS AGRICOLAS Phone: 36-5160/
FORTUNA LTDA o © 4497
Divisdao International . Telex: QU 21724 o
'Rua Jodo Adolfo, 118 = Cables: BR-Fortuna
conj. 710/711

C.E.P. 01050 .

Sao Paulo

Brasil

o

Manufacturers of the ‘Aerogerador’ wind generator.
-This machine is rated at 20_ amps, 40 volts. No further
details were available at press date.
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Background

\

Historically, water power was one of the first energy
\\sourceé to* be- exploited by mankind. Water wheels and !
B ‘srude, wooden, vertical-axis Norse or bucket turbines |°

have been in use in many parts of Europe and Asia since

long kefore the Industrial* Revolution, (and 2000 years or
more m_some places). By the time of the Industrial
" Revolution, water-wheel technology had been developed
to a fine-art and efficiencies approaching 70% were being
achieved from the best machines.
Improved metallurgical skills, the need for higher-
speed devices in order to generate electricity and a better
" undefstanding of fluid flow led to the development of
. . . turbines during the nineteenth century, which gradually
supplanted the water wheel. Up until the 1930s, small
water turbines were quite extensively used both in the i
developed and in the developing wotld to provide electrical
power for places remote from a majn electricity grid.
However, the more developed industrial countries extended
their electricity grids during the subsequent period and set
an impossible example for larger, poorer and less densely
. populated countries to follow. As a result, low-cost mains
electricity (usually heavily subsidised in‘the remoter
extremities of the§rid) pushed hydro-electric technology
- development towards large multi-megawatt systems
designed to feed the new national grids. Most of the
rhanufacturers of small turbines, faced_with a contracting
" market for their wares, either went out of business or
{' turned ta pump manufacturing instead. So small turbine
design remained substantially frozen at the 1930s level of
advance until quite recently, when rapidly increasing !
fossil fuel costs created a new interest in such renewable

Wi @ g I:FJ ; energy sources as"ﬁ'Water power.

Current developments - -

e Dﬁ] : ‘ Within the last few years, the few surviving manufacturers *
o of small turbines have in many cases taken a new interest
. in what had generally become a minor, sideline, while a

number of new small turbine bundmg enterprlses are

j
appearing, often utilising electronlc controllersfo obtain

i

/ i a-great saving in cost comblned with an improvement in
e HYDRO'!ELECTR|C SYSTEMS rel|ab|||ty compared with the traditional hydro-mechanical
= HYDRO-MECHANICAL AND governing of the 1930s and before - . .
’ * PUMPING SYSTENS T - The great attractions of hydro-power are:-

i.itis generally continuously available
- ii. given a reasonable head, it is a concentrated erergy
source
iii. the available energy is readily predictable
Iv. water-powered machines can be extremely cost-
effective in the sense that they:-
< a. have a high power/weightratio (i.e. power/cost ratio)
b. have long working lives
c. require little -maintenance and have low runmng
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Against this are the dlsadvantages'z-

i. suitable sites where a useful head-of water can be
: ' engineered fconomically are not very. commdn
' ) S {although very many--suitable sites are’ not belng
' ) used). d

. there is always a maximum power output available .
. , from a given site which limits further\expansmn of
; energy-consuming activities in the aréa.

Iy The one.example of a country which has set BUI to
= exploit as many .as possible of its potential small-scale
* hydro-power sites in recent years-is the People’s-Republic
of China. Not only have the conventional large-scale grid-
feeding hydro-projects common in other countries been 65

&2 e
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implémented, but a very extepsive §mall-scale hydro-
electric programme has been set up. [n 1949 there were
only 50 small hydro-stations in China with a combined
capacity of 5.6MW. Extensive river surveying was initiated
in the mid 1950s, and the first major power station
building programme began during the Great Leap Forward
which fell. short of its target but resulted in about 4500
small plants with a total capacity of the order of 200MW"
by 1959. This may seem a remarkable incredse in ten
years.- but the period since is even more spectacular,
as according to the New China News Agency therg were
some 60,000 small- hydro-electric stations completed in
China by 1975 {20,000 in the Yangtse basin alone). The
average output of these stationsis 36kW and total capacity -
of the -small hydro-stanons by 1973 was of the order. of
1800MW. Small Chinese power plants are based on-1930s
European Hesigns, but have been refined to syit Chinese
conditions. Chinese turbines do pot as yet appear to be
generally available on the |nternat,|onal market (mainly
because there has been little deémand}, but details will
be given in future editions if this situation changes.
According to V. Smil writing in the journal Water Power

and Dam Construction in March 1976 . . . “the well estab-

++ lished guidelines for China's water power development —
build large, medium and small .plants simultaneously and
most of them should be small and medium sized ones — will
certainly continue to be implemented in-the future. Small
stations requiring limited investments operatmg at a low

~costandyielding quick returns seem to be, when developed
with a modicum of planning and -staffed with trained
personnel, a very sensible acquisition for a vast, over-
whelmingly rural and relatively poor developing country.”

Recognising the utility of small scale hydro-electric

power in“many of the hillier regions of the world {(which

- are so often less developed than the more populated low
lands), ITDG is working on a small turbine development
programme in conjunction with Evans Engineering Land
and Lgisuré Services Ltd., (see the following section), as
-described in more detail in Section 8.

Farmers and others in the more remote parts of the UK,
SA rd=other industrial countries are coming to similar
c usions as a result of a great increase in diesel gene-

ration costs combined with the reduction or withdrawal
of subsidies for mains connections coupled with greatly
incredsed, costs per KWh of electricity. As a result thereis a
great revival of interest in” small-scale water power and
many formerly disused water mill sites in the UK and
‘other industrial countries are being investigated by their
owners far possible small-turbine installations. Naturally,
planners and others concerned with providing energy in
the developing world are also interested in this possibility
and it is hoped that the manufacturers listed in this
section may be able to help satisfy this dem@nd.
Water power sites and equipment - ’ o8
\ﬁ'r?’ually all water power applications depend on a head
of water falling to alower level. Figure 1 is a chart showing
" the power available (assuming a conversion efficiency of
70%) for a range of heads and flow rates. The greater the
head the less the flow required for a given output, and
vice-versa. The chart can be used to indicate the potential
of a given site, although different efficiencies will-effec-
tively raise or lower the output proportionately (60%
~ would yield 6/7 of the power indicated). g
For various reasons, different types of equipment are
needed to cope with different heads and end-uses of the
mechanical power. Watér wheels are’ obviously restricted
6 “heads~of ~half-the: diameter-for-undershet;-or-equal-to_

Low head turbines are generally of the propellor type

and high 'head devices are usually impulse turbines such as .

the Pelton or similar Turgo wheel. The traditional medium

head tur@gbe, (still used on large-scale applications) is the =
Francis turbine, but its complex shape is very expensive -

_to reproduce under modern conditions as a casting, so the
Mitchell alias Crossflow alias Banki turbine (see the
Ossberger-Turbinenfabrik turbine entry, which is sllgHtly
less efficient, is becoming p&Pular for medlum,‘heads as

it lends itself to fabrication from standard steel stock. "

However, propeller turbines and Pelton wheels can also

be used for medium heads, although the former tend

to run faster than is convenient while the lattéer can
need multiple nozzles to make use of the full- flow.

Water wheels turn relatlvely slowly and are therefore
unsuitable for use “with standard electricity ‘generators
requiring rotational speeds of 1500 r.p.m. or ‘more.
Ge'a'ring can be used (or belts or chains) to step the
speed' up, but the very high torque in the low speed end

of the train requires large and expensive transmission |

components unless a rim drive is used. The water wheel
is also extremely heavy and material-intensive in terms of
its output, and requires a large and expensive shaft and
bearings to cope with its high weight and torque. However
it is still valuable for applications such as milling or driving
low speed machinery via a belt and pulleys. Hydraulic
transmission {(using oil or water) may be another modern

" option in conjunction with a water wheel to achleve e

higher speed step-up.

One of the main_advantages of small-scale electnmty
generatlon is that it cap involve the minimum of trans-
mlsswn and control_equipment, by generating electricity
at"the voltage it is to be used at near toy the point of use.
Control may be by manual adjustment in response to the

reading of a voltmeter or autbmatic control’'can be achieved .

by a mechanical/hydraulit governor or by an electronic
“black box". The latter is a very cost-effective and reliable
modern development that has only recently been possrble
with the advent of thyrlstors {see Evans Engineering's
entry). -

Another use for water power 1s to pump a small amount
of water to a higher level, so that a hillside ' may be culti-
vated, or a village at a high leve I might have an on-the-spot
piped water supply or a wateting point might be provided
for grazing animals. The traditional and simplest solution
to this problem is to use g ram pump or hydram, several

of which are intluded Iater in this section; a device such as-

; this induces a water hamfmer effect caused by the sudden
closure of an automati¢ clack valve and the sudden rise
in pressure so caused/forces a small proportion.of the
water flowing througr) it to a considerable height, {typically
up to 40 times the/?upply head). However the greater the
ratio of sifpply head to delivery head, the smaller the

~ volume of waterﬁellvered Hydrams need little attention

land have extremeély long useful lives, having only asingle -

moving can’Tporént the clack valve. Turbines-can also be
used to pump/ water and the Plata Pump-(included) is a
unique dewcé specially developed for this purpose, which
can operate,ﬁt a very low head.

There dre many places with fast flowmg rivers but
where /ﬁ head can conveniently be engingered (since
dammi § the river would be too®great an expense: or the
hydral,:%c gradient is inadequate to allow a head to be
contp/ured). As a result -the Infermediate , Technology
Devélopment Group i§ developing a turbine thatis mounted
on a floating pontoon and operates submerged in a stream
at zero- head This i5 a kinetic energy converter analagous

to_a_submarine windmill (see also Section B) for further,

ad

details of thé iTDG prOJect) We expect our device and

the diameter for overshot while dlfferent types of turbme
are best smted to different head ranges. :

others will become available for widespread use W|th|n the
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next five years dnd that this will permit rlver energy to be and tidal currents. At the moment the only commercial
tapped at very many more -points than are possible at | system of this kind is the ~Aquadyn (see the Natural
present. It may also become economlc to apply this Energy Centre entry).

principle to tap the energy of marlne coastal currents' '

\ .
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-~ . Figure 1 Flow and head reqbuirements for various power

'

outputs ?t a conversion efficiency of 70%
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Hydro-electric Syste”/ms :

" ALLIS-CHALMERS A _,Phone: 717 792 3511
‘Hydro-Turbine Division :
Box 712
York
= :Pennsylvania 17405
U.S.A,

Manufacture a range of standardised hydroelectric generating units,
all intended for use-with heads of up to 15m {50ft). All units are ,
horizontal shaft propeller turbines and outputs of.from 50 to'S0,000k\_N
can be catered for. Obviously all but the smaller systems in this range . N e Lo
are outside the general power range considered by this Guide, so only Allis-Chalmers Gererating Unit
the smallest models in this range of ten sizes are included (the remaining '
sizes go up to 3000mm D). s

For'these models the following parameters apply (approx. flgures)

Runner diameter Head range Flow range Power range ”
"750mm -~ 25m . 235m3/s  30- 400kW | ; .
1000mm . 2-15m . 36 m3fs 50- 700kwW C vt g .
1250mm 2-15m° . 59 m3/s 80-1000kW g
A ~ - am e

[ - A
AB BOFORS-NOHAB . , Telex: 42084 ‘ BRIAU S.A.. ‘ - ¥ Talex: 750729 F
$-46101 Trollhdttan Cables: Nohab - . B.P.43 . - Phone: (47) 6138 17
Sweden . Phone: 0520 18000 37009 Tours Cedex , ‘ //‘/

A range of horizontal and vertical turbines with power France . . R
outputs rahging from 100kW, to 2000kW. Runner dia- Manufacture a packaged- low head turbine/generator
méters vary between 7000mm and 2000mm for heads . system with outputs in the rahge 4 to 50kVA. Either
from 5m to 2bm. Unrts are supplied complete wuh Francis or Propeller type runners are used, dependlng

alternator and switch gear. “onhead. . *
Performance envelope as foIIows e
Heads: from 2.to 20m (6 tg.60f{) K
Flows: from 200 to 4006[/5 (7 to 140ft3/s)‘
They quote a “Fule of thumb for estlmatmg the power
of their system’as follows;

/55 2
P(kvﬁ 1000 Q (I/s). H{m) /

A self-regulating brushless “alternator is used, three-
‘phase with output at 500V at a choice of 50 or 60Hz.

|- Bofors Vertical Shaft Turhine
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CANYON INDUSTRIES
5346 Mosquito Lake Road
Deming

Washington 98244

U.S.A.

Manufacture a miniature low head package turbine

systern called '‘Hydromite”. The turbine. and genérator
are integrated and designed for easy connection to a 4in
(100mm) PVCH#ABS standard plastic pipeline.

The output is at low voltage and can be used in con-
junction with a storage battery bank. The performance

envelape lies within.the following limits: : A
Head:  8to34ft{2.41t0104m) . o/
Flow: 22to 34ft3/min (0.6 to 1m3/min) ~  /
Power: 50 1o 750 watts 4

The system is so small that its shlppmg weight is only
48lb (22l<g)

y.mmlte W/55Ampyl'trnar
é N

H
DREES & CD. GmbH Telex: 8421404
4760 We(l estf. dres d
Postfach 43 Cables: Dreesco
Gerffiany T Werl
i Phone: 02922
5071/72 .

Manu"\facturers of a_range of hydro-electric systems
from small micro plants to full size hydro-electric stations.
The range includeg Kaplan turbines, Francis Spiral w rblnes
and Pelton turhines.

!

{

' i . ; S R
GILBERT GILKES & GORDON  Telex: 65125

LTD Cables: Gilkes

Kendal ) . Kendal

Cumbria LA9 7BZ 1 Phone: 0539-20028
. UK. o

&)

wide range of different types of turbine.
) o

‘Hydec’ Range
Small relatively low-cost, one or two Jet Turgo |mpu|se
wheel with belt driven governor:

Net head: 30 to 300ft (10 to 100m)

Output (shaft): 10 to 200 b.h.p.

Nofminal electrlcal outputs: 10, 25 and 50kW

I I

Spiral cased Franr:/s turbines-fossmall outputs ]

This series a‘fe usually fitted with oil pressure governors to
adjust the rl.pg of gates built into the turbine casing. l
Power range: 10010 150 b.hp. o
Heads: 25 to 200ft (7.5 to 60m) .
|

J

Open type
|__This-series_is usually fitted with oil pressure governors to

vanes surrounding the runner. Runner sizes vary from
6|n (150mm) up to 60in (1500mm) .

Fl{ancis turbines

- Pelton Wheels and water motors

A wide selection of Pelton) wheels is available, the smaller
sizes being generally intended for use in watétmotors for
use from ship's pressure mains (Butterworth line).

-Water motors based on Pelton, Tprgo Francis and

water pressures from 30Ib/m2 (2 bar) up to 150Ib/in?
{10 bar). The Axial Flow (propeller) motars operate at
low pressures of 11b/in2 (0.1 bar) up to 13Ib/m2 (0.9 bar)
all these pressures being ““gauge’ pressures.

The power range covered by the various water motors
over their permissible pressure .range is from 0.1 up to
42 b.h.p. (0.1 to 29kW). Obviously water motors cduld

“3' .. be applied for electricity generation.

Larger turbines

A comprehensive selection of large turbines-with muiti-
megawatt capability Is also available from this manu-
facturer. ' )

,

Long established manufacturers (over 100 years) of a '

Propeller runners are availeble designed to operate at_

e



- INDEPENDENT POWER . - * Phone: 406 847 2315
DEVELOPERS INC. ) o N
- Box 1467 : ’
Naxon
Montana 59853 . - : ‘
U.Ss. A . . + 7

Manufacturers of a range -of smal} turbines. and d|str|butors of a
variety of other small-scale power equ:pment including Dunlite’ wind
generators storage batteries and inverters.

Two types of turbine are offered, a high head 3hp maximum Pelton
wheel (min. head 60ft or 20m) and a low head Shp maxlmum propeller? !
turbine for heads from 5ft-to' 60ft {2m to 20m). Both®are quite small
units with dlrect couptgd 32V generators. The system is intended for
use in cdnjunctlon with a battery bank &nd invertet to provide con-

-siflerably higher peak power ‘surges than ‘the generator can provide |
onh its own; for example ‘a peak oufput ‘of 3kW, 6kW: 9kW, o“r‘TZkW
can be provided by units rated for contmuous outputs of 300w, 700w,
1700W and 8500W respectively. Monthly outputs from these systems
would be 200kWh, 500kWh 1200kWh, and 6000kWh respectwely )
The output is converted from, 32V d.c. to 115V; 60Hz a.c. by an

ra
)
r
>

) inverter. P -
B The system is made to hlgh specrflcatlons and comes wjth a two year
warranty. # . ‘ - A
~ _L.P.D. also offer custom de5|gned Iarger systems using Pelton wheels S X
with outputs up to as much as 1000 b.h.p. ; R o . : » PR
) ‘Performance details
i (Selected heads showing min. and max. flow) o
Head Flow Cont/nuous Monthly  Model
ft . m  gall/min m3/hr " power power
sb ) w- kWh/
t . o month ]
46 . 14 15. 41 102 - 74 4P MA
80 24 10 2.7 119 86 ..
80 24 25 7 =68 - 301 216 .
103 31 11 3.0 168 . 120
i 103 , 31 27 ‘1.4 417 300
VTQEEJT' ] 161 49 34 1 100 72
| 161 49 -4 93 - 826 594 . ..
j 184 56° 4 1.1 109 19 4P SA
- 184 56 - 37 101 1015 B30 .
: L 230 70 5 1.4 172 123
@ saine 230 70 43, 117 1484 1168
@ PIPELINE - - 288 " 88 6 1.6 -..2b8 185
(€) svsTem encLosure 288 88 46 12.5 1981 1426 .
@ INVERTER  _° : v

©®) mam BREAKERBOX
(F) satrery Bank
@ GENERATOR o Lo TN . ) - o . N
o [ r: e . .

- @ TURBINE SR . EEE IR A . .
N hd y ' ' I o | - . . . 5
(@) eLecraicity o owELLING | : ‘
(@) outLET miPE TO DRANAGE : ' . P j -

" K HD) / ‘
‘ () warenToowELLiNG , bR i ‘ J . . -

@ WATER SHUT-OFF VALVES

I.P.D. Hydroelectric Installation

L4 -
ELEKTRO GMBH . Telex: 76-299 Elektro
St Gallerstrasse 27 o . _ , e e ..
8400 Winterthur : e B ,
Swiitzerland, = . - S _ o - -
‘ Model Type of Turb/ne Head Flow ' Generator ' D N . . )
©222  Pelton turbine ~ 20-70m - 0.5-2 /sec W50 50 to 400 W _ : R ' /

222 Pelton turbine  40-120m 1-3 /sec  W250'200.to 1500 W
Bu 242 Francis turblng,a 8-20m- -.10-30 I/sec U286 500 to 2000 W S

70 | 542,548 Pelton turbme ~100-200m-15-30 I/sec 258 10 to 26W

[ T, -
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j . 'EVANS ENGINEERING Phane: 0566 3982

Land & Leisure (Services) Ltd

Priory Lane )

St. Thomas

Launceston PL15 8DQ : ) .
Cornwall ' > '
U.K. @ o

This company acts as building contractors for micro- -hydro stations
in the U.K. and as consultants to the lntermedlate Technology Develop-
ment Group (see Section 9). e

Products offered are: ' o e

1. Slmple bare shaft turbmes ofupto 5 b.h.p.
2. Packaged reaction and impulse turbines with brushless alternators
and completely -electronic controllers of up'to 100kW

"3, Electr@mc control units applicable to any other turbine using the
load control concept {involving a ballast circuit).

. Instrument and ctntrol panels made to order. -

. Simple and duplex hydraulic rams (Hydrams) for pumping water

. Plywood/GRP tanks, sluice units; etc.

. Reconditioned set:ond-hand turbines of various sizes.

~NoO s

JYOTI LIMITED Telex: 0175-214
Industrial Area Cables: Jyotipumps
P.O. Chemical Industries Phdne: 8352/8641
Baroda 390 003 ’
India

ating power from 25kW to
he group also produces

A range of turbines suitable for genbs
100kW where medium heads are available:
larger units for higher head installations.

a - : . ¥
bkW Micro-Hydel Units (Francis turbing vertical shaft)

Head Flow
- 3m (10ft) 205 1/s (7.25ft3/s)
6m (20f¢) ' 150 I/s (5.28ft3/s)
9m (30ft) T 93 1/s (3.28ft3 /s)
12m’ (40ft) 731/s (2.6f}3/s)
10kW Micro-Hydel Units (Francis turbine vertical shaft) »
6m (20ft)’ . 2561/s (9.05ft3/s)
9m (30ft) . 1701/s (6.0ft3/s) L .

12m (40ft) 1331/s (4.69Ft3/s) B :

25kWM/cro -Hydel Units (Turgo type |mpulse wheel horlzontal shaft)
60m (187f1). 701/s {2.5¢3/s) : , —
130m {425ft) . 3114 (1.1483/s) T Micro-hydel Units

-

KARLSTADS MEKANISKA  _Telex: 66050 Kmwksh S

* WERKSTAD " Cables: Verkstaden®
Fack. $-681 01 S Kristinehamn
Kristinehamn ‘ _Phone: 0550 15200
Sweden ‘ . . ‘

Manufacturers of a range of turbines from micta to. large multi-
megawatt units. The small sysgems consist of propeller turbines available
for either vertical or hor:lzontal‘\shaft installiation as follows:

Runner diameters = 0.7, 0.9, 1.15 and 1.5m

i3landarg unit

o

Type SH Water Turhine ) : Heads = 410 25m
o Flow rates = 1to 15m3/s
Qutputs = 50 o 1800kwW
- o . - These units generally are supplredgto feed a larger” grld 5ystem
kK - . " through ana:.c. asynchronous generator ahd therefore arenon: adjustablef/-,'v

but a version with “adjustable blades: controlled by the upstream water )
Ievel is also available. .

LR

e




V

JAMES LEFFEL & Cables: Leffel Springfield Ohio
COMPANY ‘ ".Phonk: 513 3236431
Springfield ‘ ~ o

Ohio 45501 . .

USA. oo w

Long-established manufacturers of watér turbines (gince 1862). Current
production ranges from units having outputs of 5000hp down to quite small
machines.coming within the scope of this guide. The main small machines are

the Hoppes hydro-electric system, the Samson turbiné and a very small unit -
intended for laboratory use with éither a miniature Franms or a propeller - *

runner. . -

Hoppes Hydro-electric Units (integral turbine and generator sets)

Nominal elect. . Minimum " Maximum Penstock |
power output head & head & diameter for
- corres. flow corres. flow flow range
0.5kW (d.c. only)  8ft 104cfm 12ft  68cfm 12in  to 6in
1.0kW 8 .. 190 25 68 : -12 6
- 2.0kw : - 8 330 25 110 18, 6
3.0kw . -8 470 - 256 158 18 .10
5.0kW 8 760 - 25 260 200 12
7.5kW 11 800 25 | 380 20 16
10.0kW - 12 980 25 480 20 16 ¥

Standard electrical ‘rating is 3-phase 60Hz at 120, 240 -or 480V but also -

.available at 50Hz.
" Improved Vertical Sampsor Turbine (turbine supplied with vertlcal shaft)

Model Min. head & corres. power ' Max. head & corres. power Pen-
flow-rate & speed - flow-rate & speed " stock
ft hp  cfm mom.  ft - hp cfm rom * dia.
176 . 3 1.1 . »262 161 26 . 295 741 474 " 24in
170 3 1.5 328 161 26 - 385 967 474 26
17C  3- 2.0 _'433 161 26 50.7 - 1273 474" 28
17B 3, 24 ‘533 161 26 626 1571 474 30
17A 3 3.2 697 . 161 26 , 818. 2053 474 36
20 - 3 4.2 914 140 26 107.0 2691 415 42
23 3 55 | 1209 127 26 141.0 - 3559 361 48
26 3 7.1 156456 108 26 180.0 4549 319 54
30 3 P4 2067 94 26 ' 241.0 6056 276 60
3% '3 12.8 2789 81- 26 327.0 . 8210 '237 72
40 3 -16.8 3657 ,:70 . 26 ,428.0 - 10767 207 84
45 3 21.2 4629 63 26 542 ‘13626 184 96 .
50 3 26.2 5714 56 26 .. 669 16822 166 108
56 3 32.9° . 7168---50" " 26 839 21102 148 120
623 " 40:3 8787 45 26 1030 - 25868 134
68 3 48.5 10570 41. 26 1238 31116 - 122
© 74 ® 3 . 575 12517 38 26 1466 ~.3€§84'8 112

Laboratory Model Hydraulic Turbmes 4 . -
Turbme Model No 4W supplied with a 4in Francis and 4in propeller runner,

a9

.

L

11

Head (ft) hp spm  <Discharge cu. ft. sec.

5 ’ .29 990 685
7 . .50 - 1170 810 -
210 .83 1390 . 972 :

12 1.10 1530 1.050 v

15 1.50 1712 - 1.160

17 *1.81 1822 . +1.230 .

20 2.34 1977 1.325 .

" Leffel Turbine

oo T
|Discharge Pit D
< 1]

=




MASCHINENFABRIK \\ Telex: 015652
KOSSLER GmbH . “C\ébles: Turbinekossler
A3151 St. Polten PhQne: (02746)8272°
St. Georgen )
Austria ' . \\

.Manufacturers' of two types of small scale hydro-
electric sets, one with a horizontal shaft and the other
with a:vertical shaft configuration. Both systems are fully
integrated generating systems. Outputs vary from 12KVA
at 20m head and 70 I/s flow up to 1250kV4A at 100m
head and 1270 I/s flow. Outputs of 400/23IV- 50Hz are
normally supplied, but can be varied.to order.

The company also designs/manufactures/installs larger
Impulse Francis and®Kaplan turbines of up to SOIVIW

'

Turbogenerator Set

e

Phone: 206 366

SMALL HYDROELECTRIC
- ~ 7203

SYSTEMS.

P.0. Box 124 v,
Custer e
Washington 98240
U.S.A.

Supply small impulse (Peltoh)”hydroelectric systems '

producing 5kW to 25kW from heads of 50ft to 350ft.
The turbines are fitted with a Lima brushless alternator
mounted on top of the turbme casmg

“Peltex Unit

4

15 Amp/12V Aquadyn

N
. THE NATURAL ENERGY.. Telex: .21887
CENTRE - .+ MONCOG
161 Clarence Street Phone: 01 549
Kingston upgn Thames

' 5888/9
Surrey KT1 1QT :
U.K. : -

Distributors of a variety of power producing equipment’
from numerous.sources. A unidque item is the Aquadyn.
12V charger. This is a small electric generator desrgned for
charging the batteries and running electrical systems on
yachts and small. boats,, it is capable of contlnuoqsly
running a small refrigerator, an automatic pilot and ‘for

_trickle charging batteries, running general lighting, etc. )
Power -is produce by a praggu.e;:mkueh-*m frrersea |

under- the bpat and whlch drives a generator using the
kinetic energy of the passing water. If could equally be |

immersed .in the current of a river or stream as a free- -

stream turbine.
The only maintenance reqmred is one orl change

annually. Weight is 20kg and output is 15 amp at 12 vo!t X

W|th a bkt current

OSSBERGER- Telex: 06 24672
TURBINENFABRIK Phone: 09141 . .

- D-8832 Weissenberg AN 4091/2 -
Postfach 425 "’
Bayern

German Federal Republlc

: LU
Manufacturers of a range of Mitchell (Banki) gross- -flow

turbines. Units are self-contained, automatic, hydroelectrlcl
generating sets which only need be shut down once a year"
foran oil change and a grease. The units have automatically

controlled output to cope with varying loads.

Power.range = 1kW to 1000kW
Head range = 10ft (3m) to 800ft (240m)
Flow range = 1ft3/5 (0.03m3/s to 250t3/5 {7m3/s)

A guestionnaire is available for prosgective customers.

. Casing-

. Guide vanes

. Rotor .,

. Main bearing
Corner casing
Air inlet valve .
. Draft tube
Reducer

R—

WNO O AW

e
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"NORTHERN WATERPOWER Telex: 710 366

* Ontario L3B 3Y4

i

INC 6762

P.O. Box 49 Phone: 603 827

Harrisville 3367

New Hampshire 03450

U.S.A. . o
NIAGARA WATERWHEELS Phone: 416 734

LTD 7418

706 East Main Street ' ¢

Welland . :

Canada

These two related companies supply six models of horizontal-
axis axial flow propeller turbine package, with outputs in the 20 to
300kW range. : L )

The turbines incorporate a high specific speed runner with an infet— )
butterfly valve which is normally hand operated (motor operation
optional). Flow control is by radial guide vanes actuated by servo
mator controlled either by electro-hydraulic speed sensing or by

Northern Waterpower Turbine

_ tachometer relay governing, (the latter being fp} use when paralleled , and Generator Set

with larger systems). .
Typical performance envelope for these models is:-

Head range: 10 to 60ft 3 to 20m
Flow range: 10to 100ft3/s 0.3 to 3m3/s

Larger versions with outputs of up to 500kW at heads up to 30m are
also available.
\

3

+ s WESTWARD MOULDINGS Phone: Gunnislake (0822) 832120
. LTD Y

Greenhill Works .

Delaware Roa

Gunnislake \d\ -

Cornwall

U.K."

overshot or breast wheels with diameters of 8ft, 16ft, and 20ft. Wheels
can be built to any width and ¢ap be shipped in sections and erected
on site. ! 8 '

Typical power outputs as follows:
K

Manufacturers of fibreglass water wheels to order. Units can be-

el - Diameter ' Width Nominal Pom[‘t(ma)g)g

16ft Wheel Producing 20 b.h.p. : 8ft (2.4m) 2.5ft (0.76m) ¥ . Ebhpre
16ft (4.8m) : 3.0t (0.91m) : 25 b.hp.
20ft (6.0m) 45ft (1.4m) 35™.h.p.

' n o, : . * o =
Hydro-Mechanical and Pumping Systems...__

CECOCO CHUO BOEKI Cables:. Cecoco Ibaraki

GOSHI KAISHA .+ Phone: (0726) (22) 2442-3

P.O. Box 8

Ibaraki

Osakafu

Japan 567

The Ce-Co-Co Hydro-Hi-Lift series of hydraulic ram pumps can lift
water up to fifty times the head available from the driving water source.
Minimum driving head of 0.5m is necessary.

Pump Type No. No.1 No.2 No.3 No.4 No.6 No. 8

Outputs at: ;

4X drive head 10 22 38 85 200 400 I1/min
8X drive head 5 - 11 20 43 100 200 !/min -
16X dri\]e heaﬂd . 2 5 9 . 23 55 100 {/min
Driving flow 25 60 150 300 600 12001{/min

Supply pipe dia. 40 50 . 75 100 . 150 . 200 mm

>
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JOHN BLAKE LTD
Royal Works

P.0. Box 43
Claytonde-Moors
Accrington

Lancs. BB5 5LP
U.K.

as follows

Size of Hydram

Driving flow “from
required {I/min) to
Max delivery

height poss. m

Telex: 63242

Cables:
Phone:

1 2

7 12 27 45 68 136 180 136 180
16: 25 55 96 137 270 410 270 410

150, 150 120 120 120 105\1‘05‘&105 105

A long established manufacturer of a range of hydraulic ram pumps,

3 3% 4

N}

Quantlty ‘of water raised in htres per 24 hours for each htre per
minute of driving flow, for different delivery heads and dr(vmg water

Rams Accrington
(0254) 35441

5X 6X BY 6Y |

heads: |
Delivery head (m) 10 30 60 100 125
- Driving head (m) w-. i
Blake's Hydram ) 1 65 19.5 "
2 156 53 1956 v
4 ’ 1156 53 23 16
~ 8 125 69 55
16 250 150 110
BRIAU S.A. Telex: 750729 F
B.P. 43 ’ Phone: (47) 613817
37009 Tours Cedex
France

This company manufactures a range of 8 models of hydraulic ram
in addition to small turbines, windmills, etc.

Output in % for water-fall height> 1,60 m
For lower height: consult BRIAU SA.

Type . Absorbed Ratio of delivery head

flow in . to fall height " Pipe sizes
I/min 4 6 8 1012 15 20 Drive Delivery
Al 4 to 7 50 54 54 48 40 30 12 20/27 15/21
B2 " 8to 15 52 56 56 50 44 33 16 26/34 20/27
C3 . 15t0 " 25 55 59 59 54 48 37 20 33/42 20/27
Do3A 25to 45 55 60 60 55 49 38 22 40/49 26/34
- D4 45t0 80 58 63 63 60 55 47 30 50/60 33/42
.E6__ _ B80to 160 60 65 65 64 60 55 42 66/76 33/42

G10 "250to 450 63 68 68 66 64 53 46 100 50/60
J12 750101200 65 70 70 69 68 60 50 150 80

Calculation of Ram-flow
q: delivered flow in l/min

Q: absorbed flow by the ram in I/min
fh: fall heightinm

- @ - DH: delivery height in m
n:  outputin % according to the above table |
Example .
Q: 50 !/min
fh: 4m
DH: 32 m

Ratioﬂi = 3_2 = 8 output = 63%
“th 4

Effective flow: g = 50 x 545 x 63% =4 l/min .

Briau Hydram

\v@.
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GREEN & CARTER LTD . Phone: (0962) 880846
" Vuican lron \Works

Kingsv"vorth‘y

Nr. Winchester

Hants:$023 7QF

U.K.

Manufactu rers of the Vulcan series of hydraulic ram pumps. {Hydrams)
for over 56 yeérs Capable of pumping water driven by as small a fall of
water as 2%ft:{0.75m) and of delivering water to heights of 400ft
(122m). Special rams delivering up to’ 1000ft (300m) to special order.

Model No. Driving Flow Diameter of . Delivery flow

{Drive pipe {Imp. gall/min) delivery pipe in 24 hours
diam. (in.) ‘ ~ (in) fmm) {imp. gall})-
1% 1to 4 % 22 - 100t0 600
1% . 2t0 6 Ya 22 400to 1000
2 5to 10 1 25 600 tc 2000
2% 8to 25 1, 25 750 to 3000
3 12t0 30 1,7 25  1000to 5000
4 20to 45 1% 30 2000 to 10000 L= 2 :
6,7 50 to 100 2 50 6000 to 30000 - Vulcan Hydraulic Ram
. ) p‘; s
. N 3 .y . PLATAPOWER LTD -Cables: Nespat °
make pump unt optonal Lorl’2 © p o oy 221 Phone: 78 694

Dunedin - '
‘New Zealand

This new water-powered pumping system, developeq in New Zealand,
consists of a plastic tube with a series of propellers mounted on a shaft -
inside it. It can operate on very low heads of water from 8in (0.23m)
up to 2ft (0.6m) and operates best when the tube is running only half

6 impellas each with 8 blades full with water. The shaft drives a choice of %in or 1’/z|n pumps (20mm
The Plata Pum : o ’ or 40mm pumps), . o . ‘ .
b 380 Performance e}trve/ope

Driving flow required: 0.5¢t3/s (0. O14m3/s) up to 3ft¥/s (0 085m3/s).

Head range for delivery: up to 125t (38m) with 1%in pump; up to ]

300ft (90m) with 3in pump.

Qutputs (typical): 68 gall/hr at 10ft head or 16 gall/hr -at 300ft
head, with 2ft3/s driving flow and 15in driving fall {% pump). 316 gall/.
hr at 10ft head and 53 gall/hr at 100ft head with It3/s driving flow
and 15in driving head (1% pump)

Although the Plata Pump performs a SImllar function to a Hydram,
it can operate with a much greater driving to delivery head ratio and it.

N can also usefully Handle much larger drwmg volumes of water than
most ram pumps ’
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STOVES AND WATER HEATERS
HEAT PUMPS AND REGENERATORS
METHANE DIGESTERS |
BURNERS & STEAM RAISING PLANT
GASIFICATION PLANT .

v

“Bio-mass’’ is modern jargon for the oldest human energy
resource. It means biologicaily derived material of any
kind, all of which is potentially useful as: a source of
hearenérgy, since life on Earth is based on combustible
compounds of carbon. The chain of life begins with
photosynthesis, or the use of solar energy by plant life to -

synthesise organic matter from atmospheric carbon dioxide _

and water, and other life-forms in turn depend on this
starting point in their food chain.

Dried organic matter is invariably capable of being
burnt and the heat produced in this process represents
released solar energy stored chemically. One of the main ,

end-products of this combustion or, oxidation-is-carbon—|—

dioxide; whieh is returned to the atmosphere. Fuels such
as petroleum and coal consist of fossilised rerhaihs of
ancient bio-mass. They are a more concentrated energy
source, since the fossilisation process effectively com-

presses the combustible components of the orxgmal wood e

or marine grganisms into a denser-form.

The main forms of bio- -mass in general use are of course
wood, (and its derivatives such as charcoal) and dried
animal dung. It is not generally realised by the minority |
of the human race within the world’s moneyed economy
{whether they are in so-called ‘'developed' or "'developing”’
countries) how important non-commercial or semi-
commercial fuels are to the world’s rural poor. Between

.50 and 60 per cent of all people in the world spend, a

significant 'proportion of their time gathering twigs and
firewood or drying the dung of their animals to provide
for their basic energy needs such as cooking their food.

,Although the energy consumption of individual families

in this way is small compared with the energy consumption
of families in |ndustr|ahsed societies, the total firewood, ‘
charcoal and dung energy consumptlon for more than
2,000,000,000 people is of course substantial. It is hard-
for energy statisticians to obtain reliable figures, since

gathered firewood is not reglstered by governments in the
 same Wway as commercial fuels, but a number of studies

have been made. ‘For example, using FAQ figures; Ear!’
has shown that world energy consumption in 1970, given
in millions of tonnes of coal equnvalent {MTCE) was as

follows: H . -

World Energy Consumption in 1970 in MTCE

Coal - 2419 Geothermal 1

Oil 2850 Wood - 487

Gas . 1418 Dung 90

Uranium 10 Agricultural

Hydro © 180 wastes 10
TOTAL * 7435

In other words, wood and dung combustion accounted

for an energy consumption equivalent to more than one " |

fifth of the world’s total oil consumption in that year and
nearly four times the world’s total hydro-electric output.
Nuclear power, the greatest absorber of energy R&D
expenditure in the industrialised world, is not in the
running by comparison. Al

Earl also shows in the same reference that the popu-
lations of certain countnes are heavily dependent on
wood and dung for their fuel requirements. The table
on the following page illustrates this by contrasting
selected non-industrialised and industrialised countries.

As far as dung consumption is concerned, India is
almost certainly the primary consumer. Serious studies?

. have shown that dung consumpt|on in India in 1972 was

approximately 100,000, DOO tonnes whlch is the equivalent
of 58MTCE in heating value. ‘
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Energy consumption
per capita from
all sources (1973)

(kg coal eqyivalent)
Malawi 376
Nepal 259
Tanzania 1042
India \ 274
Kenya : 447
Nigeria - : ‘ 480
|—Zambia_...~ 900
 Brazil . 1176 o
Libya . . . 569
Algeria - 479
USSR 4356
UK 3 5143-._
France 3870
USA 10817

Unfortunately, the main usérs of these energy resources
are in the poorest section of the human community,
precisely the section with the highest rate of population
growth. Hence there is asevere crisis developing as demand
for subsistence fuels exceeds supply in very many parts
of the world. There is often a narrow gap between a
sustainable -rate of firewood collection and. the catas-
trophic removal of vegetation followed by desértification
which occurs when excessive demands are made. Dung is
of course far better if used as a fertiliser rather tham as a
fuel, so that the continued use of dung as a fuel is causing

severe deterioration of the quality of the soil for agri-
culture or replanting of trees and is therefore contributing

to the problem. The so<alled “oil crisis’” which atflicts
the wealthy is nothing by comparison with the “firewood
crisis” that is beginning to afflict the poor.

Fortunately in the longer term there are good pos-
sibilities for alleviating the subsistence fuel crisis by a
two-pronged attack; firstly the existing methods .of
combustion are invariably highly inefficient and low-cost
more efficient burners could greatly reduce demand;
secondly, the managed cultivation of fuel crops couid add
to the available supply, but this approach would only be
economically viable given more efficient usage. In 'the
short term there is little hope because of the magnitude
of the problem and the severe neglect of the necessary
technology. Here we have the world's fourth largest
existing energy resource absorbing a negligible proportion
of development effort compared with other much less
significant energy conversion processes of value to the
wealthier sections of the humah race (whether they are in
rich or poor countries). What R&D effort there is at
present is mainly aimed at re-introducing wood fuel {or
other solid fuels} into the wealthier sections of the com-
munity as a petroleum substitute, and is therefore moti-
vated by the oil crisis of the “rich’’ rather than the wood
crisis of the “"poor”’. R

Inevitably, most of the devices listed in this section,
being commercial products, have been developed with
other markets than the poorer half of humanity in mind,
but nevertheless some may well’fin!d application in areas
where they are not to be found at present. Other sections
of this Guide, including Section 10 on information
sources, consultants and R&D institutions wijll point to
lower cost “‘non-commercial’’ devices (such as-mud stoves)
that could usefully be applied under various development
and extension schemes in areas where subsistence fuels are
provingto be in short supply. There are also other methods
than direct burning by which bio-mass may be utilised,
involving a variety of processes, and there are of course

numerous. alternative bio-mass. fuels which can compete’

1

Consumption of Fuel Wood Energy in Selected Countries

Percenfage of *
: fl{e/ wood based

Fuel wood energy
consumption per

capita (1973) energy
kg coal equivalent) (%)
3356 89
248 96
999 : 96
83 . 30
299 67
435 N
391 ‘ : 43
e 695 ) - 59
- 87 . - : 15
9 o g
157 ) 4
4. 0
52 1
43 0

with the main fossil fuels of oil and coal.

As far as heat production is concerned, the relative

merits of various fuels are perhaps best summarised in
terms of the/calorific values or total heat released when
they are bur<37t. These can be expressed in terms of theid
weight or The[r volume, or for that matter, when sufficient
data are available, in terms of their cost. The commonly
used S! unit of heat is the MJ {(Mega-joule} which is equal
to . 0.278kWh~ (kilowatt-hours), or 950 BTU (British
Thermal Unit), or 0.0095 therms, or for that matter
0.373 hp-h (horsepower-hour}, and the Yelative energy
density of various fossil and bio-mass fuels is given in the
table on the following page.
Also of ipterest is the productivity of various bio-mass
fuels. Obviously this depends considerably on factors
such as location, soil quality; etc. The most productive
areas;for photosynthetic material are the forested regions;
agricultural land.is generally less than half as prodS?Nve,
in terms of bio-mass production. Earl (ibid) quotes
the following perannum rates:

Photosynthetic Carbon 'Produétion Rates

Type of land Net primary Total world annual *
production natural production
{tonne/ha) (giga-tonnes)

A. Forest )

temperate deciduous 10 8.0 .

conifer and mixed . 6 9.0 |

temperate rain forest 12 1.2 N

tropical rain forest 15 15.0 .

dry woodlands 2 2.8=36.0GT

B. Non-forest

agricultural 4 6.0 {man-made) -

grasslands 3 7.8 ' )

tundra . 1 1.2 ]

deserts 1 3.2=182GT

Total: 54.2 x 10° tonnes

*total fixed carbon, including leaves, grass, roots, barks, etc.

Also given is the small proportion of this natural
resource that is utilised (1970 figures); 6,700 million
tonnes of coal equivalent just rots each year!

Clearly the firewood energy crisis is a crisis,of geo-
graphy; there is a considerable surplus of firewood available
in regions other than where it is currently needed. Indeed
the heat vllue of the unused fraction of the annual

_increment, at some 6,700 MTCE represen‘fs an. energy

sdfplus, of around 90% of the world’s total energy con-
sumption in 1970. Which is not to say it could all be
used, much of this wood would need more energy in its

i
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Relative Heat Value of Various Fuels (Approxlmate Values)

;
{

v v
‘L Calorific value/unit wt. - Calorific value/unit vol.
-t fkg) (BTU/Ib) (MJ/m3) (BTUAt3)
A: Fossil fuels ' -
petrol/gasoline 44 19,000 32,000 860,000
fuel oil 44 19,000 39,000 1,050,000
paraffin/kerosine 45 19,500, 36,000 976,000
diesel/qgas oil 46 20,000 38,000 1,020,000 .
coal tar/asphalt ' 40 17,000 ¢ 40,800 1,100,000
_anthracite coal 35 15,000 56,000 1,600,000
bituminous coal 33 14,000° 42,900 _ 1,150,000 _
lignite (brown) coal.... e 13,0000 — *37.500 1,070,000
peat ' 20 - . 9,000 i 18,200 490,000
- speecORET 28 12,000 22,400 600,000
iy natural gas (methane) - 56 22,000 40* 1,020
. coal gas {methane) E 9 4,000 20*: 490
propane {cylinder gas) 48 21,000 90* 2,400
butane {cylinder gas) 47 20,000 120* 3,100
B Bio-Mass fuels - - T § % - .
wood {oak) 18 8,000 14,400 390,000
wood (pine) 20 9,000 10,000- 270,000
wood (acacia) 16 - 7,000 11,000 300,000
charcoal 28 13,000 11,000 300,000
sunflower stafks .20 9,000 10,000 - 270,000
wheat straw 18 8,000 - -
beef cattle manure 14 6,000 -~ - -
methanol {methyl| alcohol) 20 8,600 : 19,000 500,000
ethanol {(ethy! alcohol) 28 12,000 28,000 + 700,000
~in-gas (65% methane) 20- 8,600 23* 600
wood gas (typical) - - 11* 280
‘*Since these fuels are normally gaseous, the calorific value per unlt volume is relatively low compareg_mmb_liquid andeoHt frolpasse e
) TP TTTT""{%e of Fuel Wood Stocks : ' .
Area Gro wing* Annual Used by Used as . Total Unused Heat valuée of ~
stock increment industry fuel used increment unused
(m3x169) {(m3x10%) (m3x189) (m3x109) (m3x109) (m3 x 109) (TCE x 109)
developed countries 242 8.8 1.1 14 7.4 3.2
developing countries 382 9.0 * 0.2 1.0 . 8.0 . 3.5
total 642 17.8. 1.3 24 16.4 6.7
*above ground wood in areas classified by the FAO as '“forest’’. ‘ ) ‘
’ Potential Bio-mass Values of Selected Crops
Species .. ‘ Location Anndal Heat value - Tonne oil -
dry matter yield (106BTU/ k _equiv. per
(ton/acre) (tonne/ha) acre/yr) (GJhakr]  ha.tyr.
sunflower USSR 13.5 30 200 | 530 12
forage sorghum Puerto Rico 30.6 69 460 1210 28 L
hybrid corn USA (Miss) 6 13 90 250 6
water hyacinth USA (Fla) 16 36 240 630 , 14
sugaricane (average) - USA (Fla) 17 39 260 680- 16..
sugar cane (experiment) USA (Cal) 32 72 480 - 1250 © 29
sudangrass USA (Cal) 16 36 . 240 630 15
bamboo S E Asia 5 iR 70 210 + b
eucalyptus {USA (Cal) 20 45 300 .+ 790 19
eucalyptus India 17 39 260 678 v 16 ,
eucalyptus Ethiopia 21 48 320 834  ~ 19
american sycamore USA{Ga) 3.7 8 60 160 4
algae {pond) USA (Ca) 39 88 580 1520 36
tropical rainforest (typical) 18 41 270 710 17
subtropical deciduous forest (typical) 11 24 160 420 10
collection than it would be worth, but obviously there is a tial value-of a selection of crops that might be used as
lot of potential that is,not being applied because fuel on account of their hlgh growth rates appear above. 3 -
shortage of technology.- of the kind described in thus There are two pnmary “mechanisms for oxidising bio-
» section, to exploit it. ’ mass and releasifg it$ energy.content The easiest and
Since much -of the non-exploited bio-mass.is incon- . most widely used method.is to bun it, or in some cases to
veniently located, the question arises of growing . fuel apply heat, often by partial combustion, and. thereby
79

~ crops where they are needed. Some figures for the poten-

°

drive off gases (which might be burnt separately but

.
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: fuel that gives-.more consistent and controllable heat

“pracesses, although relatlvely slow, can yleld a “dlgested"

- ploiting bio-mass is reflected by the make up of the
" following section of this Guide — clearly there is much

. world for cooking and heating are notoriousty-inefficient

—— < ;>

N

_\‘ . \ N i . .
usually are wasted) so as“to leave charcoal which is a

production. Ano\thar ‘method is t"o\use bacteria to carry
out a process to yteld ‘tembustible p{oducts The various
methods are summarised beldw: ~

3

Bacterial procéss "
methane (bjo-gas) fermentatlon
alcohol by fermentation )

Direct heat process
complete combustion
pyrolisis (gasification)
carbonisatién {charcoal)
destructive distillation

Burning processes are generally Wwasteful, in the sense
that the only product is heat which is often used in-
efficiently, or even in the case of charcoal production, the
wood volatiles are deliberately driven off and lost as
the objective is to produce a more, concentrated and -
smokeless fuel. Also, wet wood absorbs a Iarge propomon

ra o

sludge of value.as a fertiliser for reapplication to the land
in addition to a fuel olitput.as gas or alcohol.

It is perhaps of interest to note the products presentin .
a typical sample of tropical hardwood;? all of Which. have
potentlal uses:

In 7000kg of dry wood:
charcoal
gas (calorific value 10.5MJ/m3)

200kg (= 8400MJ)
14Qm3 (= 1470MJ)

methyl alcohol 141 (= 260MJ)
acetic acid 531

esters {methyl acetate, etc.) 81

acetone . 31 /F\:\
wood oil and light tar : 761 T\
créosote oil T R 121 - \

Ditch ' " 30k

p \ \\ g

N
. The general lack of commercial t;}hnology for ex-

potential for new products and it is’known that there has
been some increase in R&D in this area, although mainly
orientated towards finding petroleum substitutes for
industrialised societies. The most readily “available tech-
nology consists of wood and other solid fuel burning
stoves- and heaters and a number of methane digesters
(bio-gas) plantsand wood gasification plahts have appeared
‘within recent years. Also, a few steam raising plants for
use with steam engines are included. Some further com-
ments on the type of equipment included follows.

Stoves and Water Heaters T e

All the stoves included are Completely “enclosed sys%ems

with full control of the air supply In order to achieve T

efficient,and controlled combustion. ‘
Open fires, traditionally used:in” many parts of the

— often needmg ten times or more fuel than a good
enclosed stove to perform the same function.

-_Benjamin Franklin is often credited with having N
developed the first efficient stove. In fact he reinvented
what was already widely used in the Orient for many !
centuries. In 1740. he developed his so-called ‘Pennyl-
vanian Fire-Place’ to try and combat a serious firewood
shortage by improving the, efflmency of combustion — in
his own Words® by the help of this savmg invention our

)

wood may.grow as fast as we.consume it .. ."” Today the ¢

needed to drive the compressor,

so-called Franklin Stove, widely used in the USA, bears
little resemblance to the original invention it developed
from, but at least Franklin stated the important objective
that led Americans to give up the wasteful open fireplace
they and their ancestors had brought with them from
Europe .

A number of heat reclaimers are also included, which '
-allow surplus heat in the flue gases to be used for heating
‘either convected air or water, and thereby improve the

‘efficiency ot-fuel combustion still further. .

As.,explalned inSgction 9, th ermediate Tech
nology\ Development Group is in gating—improve
cooking stove designs as part of its Power Project activities.

.

Heat pumps and regenerators -

These devices are generally used to move heat around,
and since ‘the energy: required to move heat is often

-

rdppedring Lo aeliver more neat tnan '[ney use.

This is not the place to describe the principle of the
heat pump in detail (almost any textbook on thermo-
dynamics will do this). The principle of the heat pump is
the same as that &f a refrigerator, although the object
is to take heat at'low temperature from the outside air,

.the-ground or a river and to raise the same-heat to a higher

temperature “via-.a_compression-heat exchange-expansion
process; a refrig"erator\uses the same process to take heat
out of food at a low temperaturé*a'ﬁd'toa,tr,agsfer it to the
outside air at-slightly above ambient temperatiire {thence
the heat that is emitted from the back-of a fridge).
i The attractive feature of a heat pump is that the only
power required is to drive a éompressor which pumps the.
refrigerant fluid used for the heat transfer. Commonly the
actual heat transferred can be over twice the energy
S0 fthat a heat pump
delivering say 6kW of heat can often require less than

* BKW to drive it. Another feature of heat pumps is that

sometimes they are reversible so that they can be used as
air-conditiopers in summer and heaters in winter. : .
Although the. principle of the Heat pump has been
known for many vyears, it is enly in recent years that they
have begun-to gain ground as viable heating equipment as
a result of climbing electricity prices. While electricity
was cheap in most countries it was always much simpler
to heat using normal electrical resistance heaters.
Regenerators are systems that recover heat that would
otherwise be wasted, through the use of a small energy
input. Typical sources of waste heat are the flue gases of a
stove or boiler or even the heat emitted in the stale air
expelled by a ventilation system. Although some heat
must usually be lost with flue gases (it is this heat which is
needed to create a draught), many, systems lose more
heat than necessary, so the provVision of a heat exchanger

“for space heatmg Ort@ provide "hot water; examples of -

= suth, devites are included in this section and they are

generally extremely cost effective. Also included is a heat
regenerator which extracts heat from stale air being
expelled from a building and transfers it to the fresh
incoming air. An interesting application of this may be to
transfer “‘cold” in the case of air conditioned buildings,
where warm |ncom|ng air could be cooled from the stale,
outgaing flow. !

This section includes only a limited selection of equip-
ment in this category since heat reclamation is not strictly
power generation. However it is generally cheaper to save
energy than to generdte power and it is hoped to expand
this section in future edmons of thls Guide.

<
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- Methane digesters C,
Many organic materials can be fermented in a sealed
container (with air excluded). Under these conditions
an3erobic bacteria can break down the bio-mass and yield
in the process a fuel gas (similar to naturally occurring
““Marsh gas'’} consisting of about®0% methane and’ the
rest mainly carbon dioxide. This gas, often called “Bio-gas"
or in IndiaGobar gas''* .has reasonably good qualities
for cooking or for running internal combustign engines.
Other merits of this process are that the digested sludge

totally burnt, it is possible to return much of the original
material to the land apd preserve the soil’ quahty In fact,
the digestion process makes the mtrogen and various other
chemicals present in the original bio-mass more accessible
for plant growth than the normal aerobic (in air} rotting
process. Also, unlike artificial l\_l_,_m_‘r_msers the_ sludge
contains humus which ¢an greatTy improve soil structure.
In addition to its use for fertmser proguction, this pro-
cess can be used for treating sewage and other potentlally

pathogens harmful to people. Hence it can be applied as a
small scale sewage processing system. It also has the
advantage of producing an effluent without a seriously

~ offensive smell’ .
At present the anaerobic process finds its main appli-

ment. Often, the considerable volumes of gas produced by

S -

concerned and surplus.gas is simply !‘flared’’ off.

subsequent “‘cheap petro| era’ caused the process to be
abandoned - in. industrialised societies (except for large-

hand, considerable efforts to popularise the use of small-

ticularly in India and Chma since the 1960s and‘onwards.
It was realised in those countries that the anaerobic
process had considerable merits in the rural economy if all
its three uses for fuel production, fertiliser production and
waste treatment could be combined on a small-scale at
sufficiently low cost. The main difference between
typical “Indian and Chinese methane pIants is that the

fills, while the Chinese system traps the gas under a fixed
masonry or concrete dome. The Chinese use the system to
process human sewage as well as any other suitable wastes,
/bu(the Indians generally use cow dung (or Gobar) as the
main input. it is claimed® that over a million houses in the
Chinese province of Szechuan alone use bio-gas and that
in one year the county of Yunghsing in the same province
saved the use of 1,100 tons of coal, 156 tgns of kerosene
and over 800,000 work days fermerly spent getting wood
and coal. Experience in India has shown that the larger
Gobar plants, generally attached to institutions such, as
Ashrams,
units and there have been difficulties in popularising the
smaller plants. i
Thereis a technical reason for the difficulty in obtaining
such good results with smali plants, as the process depends

optimum rate of gas production ‘occurs as a temperature
of around 35°C. Larger plants have a greater thermal
inertia, giving steadier temperatures in the digester and
they also have a smaller surface area relative to their
volume (since area goes up with L2 and volume:with L3)

means cow dung.

!

*"Gobar'’

makwsefuLtemhser so~that-unkike-when-biermesee=t

dangerous wastes, because the anaerobic process kills most

cation in largé process plants for municipal sewage treat- .
this process are not effectively used by the municipalities |,

Small’ scale methane production was practised by K
French farmers and others during the Second World War
when they were totally without petroleum fuel, but the -

scale sewage treatment)-until. quite recently. On fhe other”

scale anaerobic digesters have been made in Asia," par—,

Indian system requires a steel gas holder which rises as its’

are more successful than small ““family-size’’

on steady temperatures for good gas production and the -

. ——
L4

so that heat losses are lower and a higher teinperature is

more easily maintained in a large plant. To be effectivé™]

smaller plants need to be insulated, except where they are
used in hot tropical regions having night temperatures not
. much lower than day ones. Obviously the same constraints
“apply to the commercially manufactured plants described
in the following section.
This is not the place to give a detailed accgunt of this
complex biological process but it is worth d}vmg a brief
outline of the characteristics of the proce,ts F|gure 1

_sbnms:a.mhemie—wew-of-ﬂﬂlgeite'f system-tuus'ﬁ?iﬂﬂg—

15¢
The followmg table7 |nd|cates typlcal gas yields. from
various input materials, (the gas being in aII cases—from‘B
60 to 70 per cent methane)

Material + Gas y’ie/d per unit -+
. a dry-matter
, m3/kg) - (/)
T~ cow dung 1-.3 v 1-=5
chicken droppings o+ 3 b
pig dung 4 -5 6—8
farm wastes 3-4 5—-7
elephant grass 4—8 7-9
chicken droppings and ’ . v
paper pulp , 4-5 # - 8
_chicken droppings and
"~ grass clippings . 4 6
sewage sfudge 6. 30 -1

In most cases the process requires from 20 to 30 days
for completion (depending on temperature and other
factors). — hence the digester capacity ‘will require to be
such that it can hold the requisite number:of day's input.

. The .input generally requires to be around 5-10% solids,
the - rest water; since many inputs are already wet, this
does not necessarily mean that nine parts o# water per
part of input are added, just that in many cases some

" water must be -added to achieve the optimum solids
to. water ratio. A critical factor is the ratio of carbon to
n|trogen “ini the—feed _material, which ideally should be in
the range 10 to 30 for good- operation. lo.many cases
with excessiyely carbon-rich inputs Tlegr- ~vegetation or
paper pulp),
(this can be in the form of ammonia, urea, urine, étc).
Similarly, nitrogen-rich inputs {like chicken droppings or
urine-rich stable or pig-sty wastes) can benefit from extra
carbon in the form of grass clippings or paper (this being
evident from the above table). ‘ :

Burners and steam-raising plant .

Unfortunately the limited number of entries in this

section reflects the decline of steam power during-the last

few ‘decades of increasing internal combustion engine

Usage, to the extent that small steam engines and steam-

raising plants are today very rare. Also, many of the more

recently developed types tend to be fuelled: with oil

rather than solid wastes, for convenience. There is 4

marked revival of interest in steam power, particularly to
exploit non-petroleum fuels, and it is hoped that future

editions of this Guide will include a wider choice of

equipment in this section as work appears to lgé in hand

in a number of countries, New technotogy 5Gch as fluidised -
bed combustors and heat.pipes promise improved sté_am

raising plant in future, with potentially high efficiency at

relatively low cost.

An impaortant element in the use of steam raising plant
is safety. Virtually-all countries have regulations governing
the use and inspection, of boilers and pressure vessels and
it is as well to ensure that any equipment that you plan to
use will comply -(although most commercially available

~

the process benefits if \nitrogen is added |

.
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products aré almost bound to comply since the countries
of manufacture impose their own regulations on the
manufacturers). Obviously no attempt should be made to
modify commercially bought equipment by tampering
with the ‘design as such actions could make a boiler
dangerous. Modern mono-tube boilers are particularly
- safe, however, as the steam is raised In a single coil of tube
and any accident, (and designs are such that they are
usually fail-safe), will merely cause minor internal damage
=Poiter;“Mono--tube boilers have the additional
advantage of being quick to reach ‘working pressure-since.
the water capacnty of the heated volume is small.

Another factor to bear in mind with steam raising plant
is the need for water softening in many locations to
prevent excessive “‘furring’” of the boiler tubes, although
in installations. involving the condensifig and recycling of
exhaust steam (essential for reasonable efficiency), this
problem only arises fog small quantities of make-up water
that may occasionally bé needed.

Wood Gasification

This is another old technology, popular at the beginning
of this century, and then later in times of emeggency in
some industrialised countries (e g. during the Second
World War) when petroleum was not available, but sub-
sequently forgotten.:The few commercial systems included \
in _this. ,issue stem. from war-time experience in their
respective countries of . manufacture, but have been
brought up-to-date-in the face of thg “oil crisis”’.

The attraction of these devices is that they ‘enable
interﬂcombustion engines, particularly spark ignition
{petral) engines, fo be run on wood and even on saw mill "
wastes, coconut shells or agricultural wastes. ¢ :

The main problems are the accumulation of tars from
certain wastes, and the need to scrub-the.gases to remove

corrosive cémponents. However these problems havebeetk;

tackled in commerciaily available equipment, and again
it is to be hoped and expected that wider variety of
gasification plants will appear on the market as petroleum
prices increase. - ’

WATER

r
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Stoves & Water Heaters

AGAHEAT APPLIANCES 1 Phone: (0952) 3973
Glynwed Domestic & Heating
Appliances Ltd
. Aga Works._—~
P.O. Box No.30 :
Ketley ~ . : ) @
+—TFelford-—{ - el
Salop TF11BR '
U K.

W

heatlng boilers using solid fuel. Some of these nicorporate
| heat storage to give consistent cooking conditigns. The

slow and two ovens, one for roastlng and baklng and the
—-gther for slow cooking or warming.
This :group also offers the -well known {”Rayburn
. series of solld fuel cookers and boilers. T

Aga Kitchen Range

BIRMINGHAM STOVE Phone: 205 322-_%3,71
& RANGE COMPANY A EREREN
Box 2647 o T

. Birmingham ’ i
Akﬁ%ma :
U.S. A/

Manufactuxers of aselection of stoves and ranges, and
fires for burhlng coal and wood for home héating and

available for wood’ and coal burning. A number of designs
is also available for room heating.

e

Bonanza — Model 8316 Wood Range

‘model CB illustrated, has two hot plates, oné: fast and one3 =

cooking. Cooking stoves are in cast iron"and models are - |

a |
)

L
" Telex:
Phone:

014 2288

THE ENTERPRISE | ¢
506 536 1160

FOUNDRY CO LTD
Lorna Street
Sackville

New Brunswick
Canada EEan

of, wood orcoal burnmg and orl fired stoves and" cookmg
ranges e

i ‘ e

3 D
Enterprise BH-25 Wood Heater
FATSCO Phone: 616 926 7795
251-3 N Fair Avenue :
Benton Harbor ,‘ B
Michigan'49022 / : r

MS.A. ) ‘,-’
i N
Long- estabhshed manufacturers of a range of small

solid fuel stoves fq/r heating and cooking purposes.

These stoves [:an burn almos‘; any solid fuel and are
quite 'small and relatrvely inexpensive. The smaller ores -
can-be despatched from'the manufacturers by ordinary
postal dellvery/ All stove parts are individually replaceable
and’some stgves are available with a choice of black or
stainless stegf bodies. Most stoves have heat shields and are
suitable for use in small boats as well as for land- based
appllcatlons §

*

Fats(;(; Small Solid Fuel Stoves

’ * . : L)
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 JOTUL WOODSTOVES Phone: 0239~
Simon Thorpe . = : i 710100
New Road _ .

Newcastle Emlyn’
Dyfed SA38 9BA ..
U.K. .

- N

: P ,

) Agents and supf'pliers of a range of Nc;rwegian built

‘-wood burning stoves. for space heatmg and cooking

purposes. Some models can be provided with a water _

heating kit for limited supplies of hot water. High
efficiency is claimed for this range. ' - :

Jotul 602 °

414 887
8131

MALLEABLE IRON Phone:
RANGE.COMPANY

715 North Spring Street ]
Beaver Dam ‘ ’ : c
Wisconsin 53916 :

U.S.A.

o

Manufacturers of ‘a range of cookmg stoves for burning
wood coal or oil. : ) .

; Monarch ‘Wood- Coal -Kitc e

~and due to simplicity is relatively cheépﬂ

Range Mudel RQCW

T / [
ETS LARROQUE e Phone: 4/0 22 47
401 Route de Seysses - o/ '
31300.Toulouse
France .

Manufacturers -of wood burning s ves in a range of
sizes. Unit is suitable for.workshop se situation
e used

for space heating or water heating..

g
ERY N

'SCANDINAVIAN-STOVES ‘* Phone:
INCORPORATED A
Box 72 .
Route 12-A A

- Alstead - o
New Hampshlre 03602
U S:A. © e

Suppliers of a range of solid fuel (wood or, coal) stoves,
some of traditional Scandinavian cast iron design and
some of modern desngn

’

@

503 835 6029

?
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! RITEWAY MANUFACTURING  Phone: (703} 4347090 >
© COMPANY ) . ‘ , ' 1o
P.O. Box 6 ‘ o o .
Harrisonburg , .
Virginia 22801 _ " .
U.S.A. 0 '

Manufacturers of a range of efficient wood burning and dual fuel
stoves and furnaces for space and water héating.

A

Model Fuel Capacity * Rating Shipping Comments -
- L ” , Weight .
2000 . 4cuft. 50000BTU/hr 200lb Burnslogs up to 24" long

37 7% cu.ft. 73000 BTU/hr 400lb Burns 24" |ogs or coal - -

Plus a range of furnaces and bmlers from 160 000 to 350 000.
BTU/hr ratlngs @ . .

° M ! [ORR—— e o e e

<

‘

T .~ TORRID MANUFACTURING Phorie: 206 324 2754 T
. CO.INC . -
~ 1248 Poplar Place South - .

Seattle ; : ‘
. Washingtan 98144 . e
. .. USA. : R .

- ) Manufacturers of a.wood burning stdve‘fo'rgcooking
and water heating. Unit. is &, tradlmﬁ/l style and can be. .
mcorporated with -a ﬂue oven/fgr bakmg or flue space
heater for room heatlng - s

7

SHENANDOAH Phone: 703 434 3979
_MANUFACTURING CO INC.

Box 386 ' <

‘Harrisonburg .. i .

Virginia 22801 . : . : .

US.A. ' :

Manufacwrers of various sohd fuel stoves. and heaters
with thermostatic control to mfnimise fuel consumption.
Models for mixtures of fuels or for wood and for coal/
coke are available. .

Model R75 (illustrated} has a fire-brick lining and ‘will .
burn for 12 hours on a single‘charge (when damped down).
Shipping weight is 1781k (81kg).

’




UNITED STATES
" STOVE COMPANY
P.0O. Box 151
South Pittsburg
" Tennessee 37380
US.A.

: ) - [ {
Manufacturers of a large selection of stoves for heating

and, cookmg purposes

Models can be run‘on wood, coal, charcoal 0|I kerosene.

Wonderwood Stove

e,

Phone:

(615
8631

‘WATER MASTER *° Phone:
SYSTEMS LTD .7
Coroglen Via Thames - ’
New Zealand

) 837
858

'

*Manufacturers of a water heater using any fuel, be they
. waste’ oil, wood or any “combustible waste. Claimed to

.

- heating systems'

Whenuakite . |-

heat 40-160 dallons per hourand.a half Also supply solar |+~

2

: VALLEY COMFORT_

-

llllllllllll,lHIlIJIHli' Iy
e

WAVERLY HEATING ~ ° ' Phone: 617 922 0581

SUPPLY COMPANY . .
‘_;117ElliottStrt-ietr, "‘_» : ’ ;

Beverly S I o

s Massachusetts()1915 T ; o ‘.,'

Phone: ‘604 226 7221 °*
Winlaw B.C. N
‘Caniada VOG 2JO Y “
LW i
Manufacturers of casgd wood byrning stoves for-home heatlng by ’
radiation, natural convection or forced convection. ' .
Qa . o ; - 1
Model  Fuet Log Sjze ~ Chamber  “* Max heat = Weight

No. (re~ Lining * output {Ib)

. - . BTU -
C26 Waod 1.6 | Stainless v { 170
. ’ steel —
c31 " °2 " " s 195
- F51 " 2V . Fire brick 80100000 . - 850.-
F71 " 3 " " 100-130 000 1050+ |
RB3D g 2% " " 90 000 475
FB4D i 2% o % 120000 - 550 -

| : Valley Comfort Wood Stuve

US.A: |
Manufacturers of a wood burnmg, totally enc[osed stoVe of a

modern .design. Units" will accept 20'”Iogs The#'steel combustion

charriber is encased in cabmet ‘to provide convectional movemqnt of I

heatmgalr R c s : T ;.",'"‘)

o

R (2%
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Heat Pumps.and Regenerators K

BLAZING SHOWERS
P.0 Box 327 "

. Point Arena
California 95468
U.S.A.

Phon%: -J07 882 9956

Manufacturers of a water heater utilising the waste heat
in the flue of a. stove

Flue Pipe Water Heater

DOLIN METAL Phone:
PRODUCTSINC.
475 President Street _

- Brooklyn .
New York 112115

U.S.A. s

Manufacturers of a flue heat reclaimer for recovery of
heat that otherwise is lost:tfp the chimney. Fan blowh air

requ1red N - : .
The fan requires a 110V, 6QHz electricit
_{a. transformer can_allow use on 240V systems of motor
can be changed to °pne suitable. for local condltions).
% Power consumption for the fan is 80W. Heat output is
211 000 to-16 000 BTU/hr (3.2-to 4.7kW).

' 212 596 1400

" to reduce the heat lost from buildings due to forced

is blown out of the unit and can be ducted to{where -

qn' from air condmoned bmldlngs . o

CHIMNEY HEAT RECLAIMER  Phone: - 203 628 4738
CORPORATION . ) -
53 Railroad Avenue .
Southington
Connecticut 06489
U.S.A.

?

Manufacturers of a flue heat reclalmer to utlllse heat
normally lost up the chimney and also a wood flred boiler '
that incorporates the same ‘system. The heat reclaimer
incorporates an 80W electric motor to drlve its fan for air {.

circulation. ,

Chimney Heat Reclaimer

(0373) ’

CURWEN& NEWBURY LTD Phone:
Westcroft Works . 823646 .
Alfred Street - - ¢ -

! Westbury ' ’ ‘ :

Wiltshire BA13 3DZ
UK. O

Manufacturerssof an air.to air heat recovery system
ventilation, The unit extracts the-heat from the outgomg

air and-warins the incoming fresh air. The unit can also be
used in the reverse, direction to m|n|m|se the loss-of codl

(Models 5vailable for
high temperatures)
i .

¥ e
/ Toooutsid‘e .
B39 F. S
(3 89 C) M . =
c: Fresf‘al? withe Lo e

regenerated heat -
at 66 F {18, 9Y -

- D. Cootammated

-ont U

. axhaust air; gt
76 FE(23:95C).




ISOTHERMICS INC Telex: 710988

P.O. Box 86 . 2292 -
Augusta Phone: 201 383 ol
New Jersey 07822 - 3500

U.S.A" "

[

Air to air heat recovery system for exhaust flows up to
600°F and ventllathn rates.of. 750 eém-io—LZSG&efm
*"'/condmonmg units and stove flue pipe heat recovery
systems are also produced. ~

184° to 240°
exhaust air -

—5° 10 95°
make-up air
—5° t0 95°
make-up air
168° 10 228
heated air

N N

Intake Blower

Dam‘per

200 Combusnon air
for another processing
unit

1$0-Vent

b

LENNOX INDUSTRIES LTD- Telex: 858675
P.0O. Box 437 i Phone: 0256 61261
Lister Road Z

Basingstoke *
Hants. RG22 4AR
U.K.

§

(Wlth Tadditional branches in Germany, the Netherlands i
France, the U.S.A. and Canada).

Heat pumps transfer heat from one temperature to.
another and therefore can be used either for heating or fori
cooling. The heating and cooling effect in terms of energy :
transfer is invariably considerably greater than the drivings
power needed since the heat source/sink is normally the!
atmosphere. Systems are available for the efficient heating’
and/or cooling of a variety of spaces ranging from private
homes and small offices to large commercial/industrial
premises. This is a much more efficient method of heatlng
than the direct conversion of energy into heat. N

Eleven heat pump models are available with nominal
cooling capacities ranging from 7 to 39kW and nominal
heating capacities from 6 to 32kW. The actual performance
depends on a wide variety of factors, not least being the
ambient conditions. The power requirement is genexally
between 0.25 and 0.5 of the actual output, again
depending on specification and ambient conditions.

Lennox Unit

.

Methane Digesters

i

303 422

l;hone:
’ 4354

BIO GAS OF COLORADO INC.
" 5620 Kendall Court,

Unit G

Arvada

Colorado 80002

U.S.A. ‘

Designers of bio-gas systems for a range of |nstal|at|ons
This orgaﬁrsatlon offers consultancy and design services in
the field of bio-gas systems. These are developed for the

‘merican farmer and they include larger systems — for
example a set of workshop plans are available for four
digestion units sized from 2,250 to 18,000ft3 capacity.

(S < < 3 < < c




FARM GAS LTD Phone: (05883) SANAMATIC TANKS Cables: Sanamatic
Heath Workshop 348 PTY LTD Bendigo
Lydh‘am ] P.0O. Box 119 - Phone: 267 1464
Bishops Castle ) * Bendigo (Melbourne)

Salop SY9 5HB
U.K.

~Manufacturer of two main types of methane digester, a
25600 gallon (11.25m3) capagity-system. for_farms and
a small 400 gallon (1.8m3) system for domestic wastes,
garden wastes or for experimentation.

Specification: Modej FG25, capacity 2500 gallons. Can
handle slurry from 125 pigs, 16 cows or 2000 laying hens
{slurry contains, washing water as well as wastes). Gas
production from 600f3 (16.8m3) down to 400ft3
(11.2m3) per day depending on input and conditions.
400ft3 output represents a 3kW gas heater running
24 hours/day, running a generator producing 1kW of
‘electricity 24 hours/day or producing 200 galions (300
litres) of hot water per day.

Australia 35650

Manufacturers of a range of bio-gas plants developed
over a thirty year period by J'ohn Coulthard, for utilizing
500ib to 120 tons of effluent per day. The sthaller unit
comes complete with all necessary fittings and instructions
for use for domestic purposes. -This manufacturer is

prepared to negotiate license manufacturing arrangements
_overseas. '

'\~_~The Sanamatic Tank is claimed to be of sufficiently
low cost to pay for itself in one to two years when used in

Australia: It consists of a specially developed butyl rubber |

liner suspended in a metal supporting frame, and is
relatively portable and easily erected.

i
4

Sanamatic tank

Gramodaya'
¢ 3 Irla Road

JIndia

KHADI & VILLAGE
INDUSTRIES COMMISSION

Vile Parle (West)
! Bombay 400 056

Khadigram
5713239

Cables:
Phone:

Designers of bio-gas plants for construction by approved makers.

These plants consist. generally of a brick-lined pit with a fabricated steel
gas holder syspended over it. Detailed drawings are also provided for”
people, or groups who wish to construct their own units. Technical

g

P .
Bt
The following SIZeS of plant are avallable

o
o

Capacity m3) 2 3. 4 6 . 8 10 15 20
' : RN :
Approx. No. ' ’ N
- of cows A : . — QN
Y required 23 .34 46 6-10 1215 - 16-20 25-30 3540 Y
Pl A ey
5 é P < 4= O ’ Q,‘
Capacity (m3) 25 35  -45 60 80 140 3
: ~ Approx. No. o — .
Sectional, View of Khadi and Village - - ¥ of cows Poet : S
Industries Commission Model Gas Plant required 60-70 85-100 100-140 400-450 1 89

40145 4555

Yo A
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TUNNELCOLTD

Tunnel Estate

P.O. Fort Ternan .
Kenya

Phone:  Fort Ternan 7Y7 '

° ’ ‘4.

Manufacturers of the ‘Hutchinson’ methane ‘plant which has been

develaped over a period of twenty years. This manufacturer is interested
in licensing arrangements to allow its products to be manufactured in

other countries, since local manufacture is geperally likely to be most
economic for large and bulky systéms such as methane digesters.
The following systems are available:

a

A. Continuously fed systerns

. ¥ s Biogas  Size of gas )
Livestock output per  holder -
requirements Plant .~ day (ft3) (ft3) Comments

5 cows MK III NoJ T 25 " 50 . Supplied complete
R N plus gas light.
10277 Mk I No.2 50 - 50 Complete plus
- ' cooker and light.
15 . "L Mk 11l No.3 75 100  Complete plus
. . cooker and light.
20 " Mk 111 No.4 100 100 Complete plus
s ) X cooker and light.
40 " 2x Mk Il No.4 200 ' 200 = Complete plus
.~ . : cooker and light.
5'0 Mk 11 Domestic 450 300 Kit and plans
- . supplied.
~ 80 " Mk 11 Large 750 . 400 Kit and plans -
. - . supplied.
180 Mk.I1 2 Lid 1500 ‘400  Kitand plans’
_ supplied.
200 " Mk 11 3 Lid 2000 400 Kit and plans
: ; supplied.

1tis stressed that gas is a by-product and that the sIudge from
5 cows will, in addition to producing the equivalent of 2 x 30Ib propane
=

tylinders per year, fertilise one acre (= 0.4 ha). : 7

)

"B. Batch fed plants

%

. ¥
Each -plant consnsts of a number of compartmerits tach of*which
hélds 300ft3 of organic wastes and yields on average 75- 100t3 of bio- |

- gas-per day. Each compartment is recharged every elght weeks. The

residues from each compartment will treat 5 acres per year (=2 ha). It
is suggested that batch plants be used in conjunction with one of the
continuous ones listed above in order to provide a supply of the active
innoculum (active bacteria) to start the batch when a fresh loadpis
introduced.

Mk 1 Plant 3 compartment 300\‘t3 gas holder supplred as kit plus,
plans. 2

"Mk | Plant 4 compartment 300ft5 gas holder supplled as kit plus
plans P

Mk IV Plant is a small batch plant, su
output of 30ft3 gas per day.

This company also produces solar-water he T
sectlon) '

I3

'Hutchinsﬂn’n' M'ethane Plant




Burners & Steam Raising Plants

»

DUNLOP LTD Telex: 31677
Energy Equipment Division Phone: 0203 88733
14
—neer—«— Holbrook Lane
Foleshill
- Coventry CV6 4AA"
i O U.K.
m} [ Manufacturers of a range of steam generators to proddce dry satu-
1l ‘,1 rated steam at up. 0 atmospheric pressure. Units are gas, oil or d‘l@&z;r
’l J# fuel fired. Al recirements are less than 0.6m3/hr and the unit runs at _
15 I 80% thermal efficiency. '
N e o [N — 3 i .
5y S0 [ =213
L:,:%j 1‘ ‘ !SL ; | é‘g & v(- 1. Steam Generator Q.ﬁling Coil
; i: f | . ; ,4f* i 2. Fged Water Tank 10. Steam Traps
; LPL[ e { B0 3. Water;['_rea.tment Plant 11. Byrner
Ian S —— T 4. Flow Distributor 12, Filter
Dunlop Rapid Steant Generator R i N - |
: 7. Feed Water Pump. 15. Water Supply '
8. Steam Lanceé” 16. Control Box
STONE-PLATT CRAWLEY Telex: 877481
LIMITED . . Cables: Stonelec crly
Boiler Products Phone: 02%,38%71 1
Gatwick Road =
P.O. Box 5
Crawley S
West Sussex RH10 2RN ]
U.K. .

A series of modern gas or oil-fired: coil tube steam
raising boilers giving 5 minute start up and quick response
to load variations, complete with automatic control
system. The manufacturers say the modular construction
allows easy replacement pf boiler tubes amd other com-/

- ponents,. and that the various units are compact in
arrangement.

Stane Vapqr Boiler .

Fluid . 'Dimensions *, “Weight
" (kg)

- 952

Steam production

nominal hp, at 100°C (212°F) capacity . surface LW&H '

SIEER 545 Kg/hr 3681 " 8.0m2 1686mm -
. » ... 110mm

-8 . 1550mm * .
948 Kg/hr 2100mm

' 1356mm -

- 1940mm-

Model Output Heating

Il

~

. 7211

7217 60 4321 9:.7m2 " 1520 -

7227 100

7245 150

7260 200 .

1490 Kg/hr

7501

2440 Kg/hr

< - (&

3130 Kg/hr

1261

‘(- ¢ o-e a L

207 1.

Design préssures in the range 13t0 79 bars (188 to 1 150!b/in2).‘ :

'

2266mm
“1220mm
I, 2010mrh
- 7 - 2860mm
I 1415mm’

: 2120mm

1650mm: *
© 2330mm

.. 2910mm i

N
i

P
} " 1950
|
|
I}

v

/3100 -

91-




SEMPLE ENGINE CO. INC
Box 6805

St. Louis

Missouri 63144

U.S.A.

Phone: 314 9616244

" steam engines. -

F

Model FT40 FT-80 FT-160 FT-240

Horsepower 5 10 20 30

Height {cm) 107 127 152 163,

] Shelldiam.{cm) 46 63 81 . 99
“I”"Heating surface (m?) 3.7 7.9 159 228

Operating {psig) 200 185 185 185

, Pressure (bar) 13.82=13 13 13
Weight (kg) 304 ‘508 980 1501

It : %

Vertical tubular boilers burning coal or wood intended for use with

FT-480

60
183
120

456

185

13

2485

Semple Boiler

v

FREEHEET BURNERS
c/o Steam Power

106a Derby Road
Loughborough LE11 OAG

Manufacturers of an oil burner suitable for any oil
“from waste oil, such as old engine oil, to light fuel oils.
Unit uses compressed air atomisation of the fuel (or steam:
atomisation if neither electricity or compressed air are
available). There are five sizes of burner providing 7 000
Yo’1 925 000 BTU per hour. The company also produces
warm air convectors for space heating and grain drying.

i

Freeheet Qil Burner;

©« e <

e
.-

"LABORATORIES INC Phone: 714 979"
100 Kalmus Brive ~ 3993
Costa Mesa
California 92627, -

U.S.A.

‘of 80%. Units are suitable for marine or industrial use.

O'CONNOR ENGINEERING -~ Telex: 685641 | .

‘Water{ube boilers with _‘O'L‘ltpUtS’ of 300-1 0,000 pounds
of steam per hour’ The 1,000 pound per hour unit operates -
at 350 psig and 55/O°F with an overall thermal efficiency

—E




- (aasification PI/ant
CECOCO AGRICULTURAL & Cables: CECOCO l|baraki
SMALL INDUSTRIAL CENTER . . -
Chuo Boeki Goshi Kalsha i P
P.Q. Box 8 )
Ibaraki City
Osaka Pref
Japari’567
i i . oG

Suppliers of two gas producer plants developéd in the early 1950's. [k

These units can be used to power a specially adapted car engir‘xe.
Stationary units have an output of up to' 100hp while the smaller
units have an output of about 10hp and are suitable for motor transport.

These systems may be fuelled with wood chips, charcoal, coconut :
shells or other similar materials. ) @B

Dimension of Gas Producer {mm) . " Cecoco Gas Producer

Avail.

Type N 0] P o) R S T Engine . 1

1 3500 900 150¢ 350 2000 40A 150  18-20HP

2 3000 900 1500 300 2000 40A. 150 12-15HP *

3 3000 700 1208 300 180@ 32A 100 10-12HP

4 2508 650 1200 250 180@ 32A 100  4- S8HP
THALOPAT A.G. + - Cables: Thalopat
51 Feldstrasse : “Phone? 052 22 32 22

£ CH — 8400 Winterthur
Switzerland

Manufactirers of @ .range of wood gas producing
systems with outputs®* of 50,000 to 1,500,000 kcai/h
using waste wood or gther volatile wastes as fuel. Furnaces
using oil firing can be changed:to wood gas fired opkration
simply by changing the burner.

1kg of fuel oil is approximately 10000 kcal which is
equivalent to 3kg of waste wood. The largek systems have
L automatic or semi-automatic fuel feed.

Applications of systems include electricity generation
using specially adapted engines, saw mill operation (using

wastes as fuel), ploughing {(with special cable-drawn
plough}, etc.
' ®
®
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DIESéL (GOMPRESSIOI\HGNITION) :
. ENGINES

SPARK IGNITION ENGINES
(PETROL AND GAS FUELLED)

JGAS TURBINES

.

By far the most common power source in th’e 5%0 500 hp
range is the internal combustion (i.c.) piston engine in
either of its two main forms, the diesel {compression
ignition) (c.i.) engine or the petrol (spark ignition) (s.i.)
machine. Various rotary interral, combustion engines
(without pistons) and gas turbines have appeared in recent

* years, but remain relatively rare in this power range. And

only one — a gas turbine — is included in this‘edition.

The main reasons for the success of the i.c. engine are
its relatively high power/weight ratio, compact size and
its “instant’” stArtup capability, which led to its universal
adoption for powering road vehicles, smaller ships and
boats and small .and mobile agricultural and industrial
machinery. Mass production for these purposes made i.c.
“engines cheap, so they also” became the primary power
source for stationary appllcatlons such as electricity
generating or pumping, where compactness and Ilght
weight are less important;” ‘

‘The internal combustion process, in® which the fuel
is burned inside the engine’s -power cylinder(s) was
responsible for allowing compactness and light weight, as
it eliminated the large boiler, with extensive heat transfer
surface built into it, that is needed for the i.c. engine’s
primary predecessor, the external combustion (e.c.) steam
engine. The other main external combustion engine,
known as the Stirling engine after .its inventor, uses air
rather than steam as its working medium, but also requires
sizeable - heat transfer surfaces. However the internal
combustion engine's=main virtue is also its weakness, as’
in order to arrange easy combustion within the working
«cylmder it lsdecessary to,use a clean and readily ignited
fuel such as oil or gas; therefore i.c. engines are invariably
dependent on petroleum-based fuels which are becoming
increasingly expensive and scarce in many parts of ‘the *
world. Therefote, hitherfo almost extmct external com-
bustion rivals described in the next chapter may be-at the -
beginning of a perrod of revival for certain applrcatrons
due to their ability 10 run on anything which burns such
as wood, coal or agricultural wastes.

Some general characteristiés of i.c. engines

This is not the book to describe the technicalities of
engihés in any detail. However, when comparing different
commercially-available engines- it soon becomes apparent
that there is ‘a lot’ of variation in types avallable even of
one particular power output,

~ The two main categories which are differentiated in
separate parts of the following section are diesels and
petrol/gds engines. The former rely on the temperature .
increase caused by the sudden compression of air in the -.
eylinder(s) to ignite a jet of fuel droplets sprayed into the
cylinder at the appropriate: instant {compression ignition)
while the latter generally have the fuel7mixed with the air
prior to entering the cylinder and the mixture is ignited
in the cylinder by an electrical discharge at a spark plug
{spark ignition). Diesel engines therefore tend to be
‘relatively heavier and more robust in construction in

.order to allow the h|gh pressures required for compression

" ignition to be sustained and they also require a high:-

precision injection pump capable of meterlng and injecting
the fuel into the cylinder at.high pressure..Petrol engines
tend to be lighter and more compact for théir power
output and they are also somewhat chedper to manu<
facture. However the dlesel is-inherently re efficient .
and oftefi hds a Ionger L|fe aridt- bétter relﬁabrhty than
.a spark ignition englne of comparable power. Their

)

“greater- efflcrency is because the ignition methad allows -
‘the engine to 'operate -reliably wrth a weaker mixture!
(1 spark lgnmoh system requires a mlnlmum copcentratlon

£ of fuel to allow the ﬂame to spread rom the spar? p|ug)




., of compression, so it cannot breathe so “deeply”’,

, output =

and in addition, the higher compression ratio of the diesel
effectively allows it to ’“‘breathe more deeply”. The
compression ratio for a petrol or s.i. engine must be
Jimited to prevent premature ignition caused by the heat
touse a
valid human analogy.

Therefore, the petrol engine tends to .be cheaper
lighter, more compact but thirstier for fuel than a diesel

of the same power, As a result, private cars have petrol -

engines which allow a sportier performance and lower first
cost, while commercial vehicles usually are diesel powered
to give them better fuel economy, a longer working life
and higher reliability. For stationary applications, the
main virtug of petrol engines is where light weight is
important to allow easy portability, or low initial cost
and simplicity are important.

A general characteristic fotlowing from this- for both
types of piston i.c. engine is that the smaller and lighter it
is for a given power output the cheaper will be its first
cost dand the shorter will be its life, Obviously long-life
equipment  generalily
and manufacturing, which invariably cost more, but the
simplest way to get more pbwer from a smaller engine is
to design it to run at a higher speed. The faster a given size
of engine runs, the more air it can breathe and the more

fuel it can bur/— consequently as the power is closely ’

related to fuel consumption, the more power it will
produce. However, the life of an engine both between
major overhauls and /n toto is related to the total number
of revolutions — so a fast revving engine will obviously
wear: itself out faster than a larger, slower revving one of
the same power... __

The. consequence of this.is_ that it is best touse a Iarge
heavy, slow-running engine for a any- appllcatlons requiring
continuaus reliable operation for long pefiods, while a
cheap, compact high speed machine may be appropriate
for intermittent applications. or where portability is
important. ‘It will be shown later that it is a mistake to
consider first or caprtal cost as a primary choice criterioh
in many cases, as the actual running costs depend equally
or even more on such aspects as total engine life (ammort-
ization period), maintenance costs and fuel costs.

It follows from this that it is also better to run an

engine at a lower power than-its “maximum rated power’’
to prolong its life — indeed in many cases such as high
altitude or hot locations, it is essential to ‘‘de-rate’” the
engine to a.lower power by using an engine of greater
maximum rated power than the load requires. A typical
rating factor’ might be 0.8, implying- that to obtain a
horsepower of P we must use an engine of
1.125P. - Another reason to derate the engine
is that the maximum efficiéncy (that is the minimum
fuel consumption relative to the power output) is‘usually
obtained at a power output and speed two thirds approxi-
ma¥ely of that corresponding with the peak power output
— so as well as extending the life of the engine, qmuch

requires Detter-guaiity materiais

0 o .
55 P rated

-

better fuel economigs may he obtained. Manufacturers -

will generally advise on optimum rating factors & suit
your requirements, but if in doubt it is wiser to' derate
too much rather thap too little. :

Other factors that become apparent when studylng
the vanous engine options available are as follows:- .

T

. -

a. Four- stmke or two-stroke , -

Both si. end c.i, engines tan be designed to rﬁn ‘r”‘sucﬁ a

way that ignition takes place either every “other revolution
(four-strokeor four-cytle) oF. once per revolutlon (two-
stroke cycle). Four stroke engines tend to be more efficient

‘and- slower fevving whrleutyvo -strokes are simpler to build .

and have a hrgh power/welght ratio that makes them

<

L

__engines. There is little to choose between air and liquid -

““is™escribed in Section 7. In such cases @ cheice of\qene- A

suitable for small-scale low cost applications. Many s.i.
two-strokes are Iubricatec;l‘ by mixing oil with the petrol
supply — this removes the need for oil changes but is
rather wasteful, tends to cause a smoky exhaust and there
is .a risk of an inexperienced operator trying to run it:on
neat petrol and thereby damaging it.

b. Air cooled or liquid cooled

*
All types of internal combustion_ engines require some
form of cylindet cooling to prevent overheating. This can
be arranged either via a water jacket and radiator (as used

for most-cars) or by blowmg air past a series of coollng/,,,

Each methad hae tts nrm

fins (a: on maost mator- cvvleq\

and cons. Water cooling is more compact in m cases
for higher powered engines and the water ;av:(etmt':nds to

deaden the engine noise and allow sIlghtﬁ( quieter running
— also the running temperature is readlly controllable by a
thermostat which can regulate the water flow. However
water can leak out or freeze (the latter can be prevented

by using anti-freeze in winter) and it is obviously an:

|mportant regular maintenance function to check coolant
levels with a liquid cooled engine. As loss of coolant
generally causés severe engine damage if the machine is
allowed to continue running, various safety devices can be
fitted to warn of ovérhéeating far that or any otiier reason;
obviously they are worth fitting to unattended engines
and are often supplied as standard. Air cooled engines
cannot-lose. their coolant, but it is gmportant to ensure
that the cooling fins do not get clogged with dust or dirt’
and they generally require -a large and powerful fan to
drive sufficient cooling air. This fan is often-belt-driven —
“so the.belt needs to be kept correctly tensioned and in
good condition. Smallglight-weight portable engines tend
“to be air cooled as this allows a simpler more compact
design. Therefore air cooling is more common with small

cooling for medium engmes and most large machmes are

liquid cooled. o ’ ) e
. . -t‘feﬁﬁs‘*m )

¢., Cylinder arrangement

Most engines have vertical cylinders with the crankshaft
, below. For various reasons, generally dictated by the need
for compactness when englnes were developed for auto-
motive use, certain multi-cylinder’ engines have horizontal.
cylinders opposing each other in pairs, or a vee arrange-
ment. Multi-cylindér engines tend to run more smoothly
and quietly than ones of the“-same power with fewer’
cylinders, but théy also tend to be more ‘expensive (having
more components), to be harder tormaintain but to be
rather more-compact.. :

o

v

d. Sper:/a/ features ' ) :

‘Many of the-engines described ‘can be supplied just as a
basic engine lacking essential accessories (which can- tbe .
be chosen from. other sources). More often they are>
supplied 6orhplete with a starter motor: electrical system» ‘
for chargmg a starter battery {or’this car), be done_ a
mains voltage battery charger where theengine dri ves
amains voltage generator) coollng radlator {with hqund
cooled machlnes)‘? etc. They are’ ofteLoffered motinted
on skids and in many cases as.a complete generating .
or, pumplniset A number; oLgeﬂjaEng sets of.this Kinde

rator, electrical output,-instrumentation “and pther antil-
liaries is commonly offered and' described in detajl in the
manufacturers’ brochures. A common optional extra with
larger diesels in the range considered is superchargln&ﬂs

art|f|c1ally forces a greater volume of air and fuel t’hrough




.the englne to boost the power output of a glven size of
engine and it can be useful at hrgh altitude locations:

e. QOther important criteria to consider

Probably the .most important point when choosing ah
engine is the availability of spare parts and servicing skills
— the most efficient machine to an ideal specification
is useless when you cannot get spares for it and very
expensive if an enormous spares mventory is requrred due
to its rarity Iocally Hence the presence of ar' efficient
and helpful local agent should usually be a: vital .first
consideration. The section at the end of this book on
agé'ncies, while not totally comprehensive, will, it is
hoped, give some guidance in this direction. If no agent
-1is listed for a certaln engine in your country, it may well
still be worth ‘enquiring of the manufacturer in case one
exists that we were not aware of. It is worth seeking the
opinion of other engine usess in your country as agents
have a’ vested interest in praising their wares — and many
have agenmes for several rival/ engmes and may for good
‘or bad reasons favour one of other type.

BN

The economics of internal combustion engines

The i.c. engine has two major disadvantages in most non-,

industrial countries, namely (a) it and its spares usually
have to be imported and (b) it uses petroleum-based-:
fuel, so obviously it'is a heavy consurher of hard currency
which is often scarce. Consequently. its widespread use
does more for the economies of the industrial-and the
OPEC. countries than for the economies of the poorer’
nations. This book indicates that in certain circum-

stances other alternatives which are less well-known might
be worthy of consideration. However, for many years to

come, in most parts. of the world;
flnd other power some&fn_t e-under consideration

n_the rang
tRatdre—quUite—as - COMVERIEAT OF weff understood- as LC
engines. In the long run further depletion of oil reserves
and increasing oil prices will -make the alternatives in-
creasingly attractive. Meanwhile, the-majn components of
engine running costs are:- )

— Fuel consumption (related primarily to power’
output) and fuel purchase, delivery and storage costs.

- Capital. cast which is related to size and power output
and interest rates- governing the annual charge on the
investment. /

Lubricant consumptlon {generally from 1 to 5% of fuel -
consumptlon) and lubricant purchase -delivery and“
storage costs -

Operational life of engme — thls varies from a$ llttle as
1000 hours for .very small, high- speed, light .weight
two-stroke engines, to perhaps 2000 to 3000 hours for
medium spark’ ignition and small diesels, to five or ten
A
years for the heavier /duty metdium- sized petrol and
dieséls,, to- decades for some of the larger, ;Iow-speed
“ diesels if ;&ﬁ@y ate._carefully malntaj,ned Calculations
$8dn be badiy t"lf bad mamlenance causes/prematffre
\destructlon' of an engine. . °

— Repair and ma;ntenance charges
LY

-« Vinod Mubayi and Tien Le h%ve shown in a detalled

comparatlve analysrs of* thw5ts of varlous alternative -

energy, sources ‘when applied to pum‘nrng lrrlgatlon water,

\
%

*Irrigation in Less Deve/oped Countries, Vinod Muba}'l & Tien Le, .
Policy -Analysis Division, Brookhaven Natlonal Laboratory,‘Upton
5, NY 11973 USA, March 1977, .

e, s M : »

0 L ‘ "

V.

.

that an equation can be der[vedtoestlmatetheappromma‘te
costs of operating small dlesel‘ engines in earLy 1977 "as

foliows:-' i
, Y] -
164275 (@ + 110) +O322Cf+—US cents hp-h
where
h = hours operation per year -
P = maximum rated power output in hp

Cs = total delivered cost of fuel in. US cents per litre
Obviously “this is a gross ,appro;rimation ‘based on
numerous assumptions described in the paper concerned,
but it does allow certain interesting points about the
relative effects of various cost elements to be seen. Notably,
that even at low fugl briées, fuel costs become dominant”
compared with capital costs when engines are utilised for
periods in excess of about 1500:to 2000 hours per year
(there is a total of 8760 hours in a year); obviously this
applies even more so with higher fuel costs more common
outside the USA. Hence an apparently ‘cheap” engine in®
capltal termns is often fnore expensive to run than a higher
first cost dlternative, if fairly hea,vy utilisation is envisaged,
while a low cost machine may be best for rare operatlon

such as for stand-by duty. ;
R order to give an initial indication of the character of ’

the various engine. models, offered by each manufacturer
fisted in this guide, in addition to the major sub-divisioq
of engines into compression (diesel) and spark {petrol/
gas engine) ignition categories, the reader will find a note ~
of special” features such as which are' two-siroke {to .

- distihguish them from the majority which are four-stroke).

it-will be-difficultto |

lAiso, the range of models from each manufacturer_,ié
tabulated-to-show the model. number or name, cylindet
arrangement, type of caoling, cylinder capacity. in cubic
cm (a measure of engine size), maximum power output,
typical rated outpyt at a speed appropriate for con-
tinuous operation, and lastly thﬁ/eight of the engine
which may give an indication both of tRﬁe first cost and
the -life of the engine (both being genetally related to:--
weight, first cost being, roughly proportional to werght
and life being proportional to 2=t ).

Lastly, mention should ‘be made of the sole mternal
combustion engine in this edition which is in the rotary
clags. Th|s is a small gas turbine, having xts prlmary value
in its extremely high power to welght ratio, a_ factor
common to engines of this kind {which makes them so
suitable for aircraft propulsion). Small gas tdrbines have
not been very successful-in thé past duea'to dlfflcultles

- in scaling down larger units and the high cost of rather”

However new materlals and
“larger » manufacturing

sophisticated -components.
manufacturing technigues <and
volumes as more arge produced for aircraft auxiliary power
units and ground starters, fnay lead to further units ‘of <
the kind descnbed becoming available for small-scale

'power. productlon The. unit described is in use in a

_Pro:

numbert of places for ordinary electricity generatron
Pros and cons of sfnall turbines are:- ‘ RN

high power, little vibration, Irght weight small size,
good reliability given correct malntenarma

Con: expenswe first_cost, poor’ fue-« conOmy compared
W|th diesel, rather: unusual malntenance <kills and ~
< spaces,needed o o vt e

- < “ JSTE TN <

. ; P
Other otary‘ i.c;-engines-include the-Wankel prdduced
by NSU and Mazda. These are not in widespread use and

© like the turb|n° are not as economical as plston engmes D

byt are llghter |n relation to the|r power output

i \ @

.
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CHRYSLER CORPORATION Cables: Chrymarine

s . .
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- » s - . = .. fhow -
_ Diesel (compression ignition) Engines
ALLIS GHALMERS - Telex: 9102572185 *° ., o
P.O. Box 563 4 Cables: Founders-— Milwaukee e . >
Harvey | R . Wisconsin B :

Hlinois 60426 Phone: -+(312) 339 3300
U.S'A. . o ‘

Water-cooled, turbocharged engines with power output from 60
b.h.p. +t0:-450 b.h.B DeSIgned for industrial heavy. plant irrigation -

pumping, glectricity generatlon and maring® use. Can be supplied as
‘complete generating sets |nclu‘dmg 75 and-100kW contmuous rating. °

‘ .. ; with power outputs ‘of 10 b.h.p. to 70 b.h.p. Un|ts can be supplied as
W44 Air-cooled V4 Diesel Engine -. | . complete pumping sey. T N

- e - :
4 . - \ : P

v A - RTINS » -

¥ o EAG
T - K . .

€ - ~ ¢

P.0.Box 1" . )
Marysvnlle : '_ \ . e ' .
Mlchlgan 48040 ) : . o #

USA.. "' . ™ BN

«

Water-cooled " diese! engines suitable for industrial and automativer:
installations. Some units are specn‘lcally demgned for marine power use-
or electricity generation. . '

Model"” Cy//nder Coolmg Cap. Gréss Power {b.h.p.) Nett Weight )

. . L fcc) Max. Cont. @ r.pim, (kg)
_IN433 4. water 2180 61 “36  ©2600 © 2f% k.
IN-633 " -6 . water 32709253 2600 ~ 300 - ~
Ci641:100 6~ water- 4030 _110,\ 83 2800 360
© CI655-100 6. Wwater ‘5460 130" 95 2500 427 .-

; Model C1641 100 avallable W|th brushless generator 60kW @ 3000 . p m

@,

Smaller sizes of engine mclude Ton e _
Model ,_Cy//,nde,r'«« Coo/lng * Gross Power (b.h.p.) Nert Weight
: | ) 'Max. Cont. @r.p.m. - (kg)
D-262 S 4> water 77 60 2000 363 :
- 2800 Mk1 . | ‘water 85 7% 2200 -~ 476"
"1 2800 Mk2 | ~water . 135 100 2400 499
3500 MKk2: I« - water 175 136 . ,3200 _646
Plus five further 5|zes up to 450 b.hp. ;,.\
VBFIOUS three: phase gerLeratmg sets avaulable 94kVA/60Hz 77kVA/ )
50Hz up 1o 340kVA A . 5
B 1 ® =
g BERMOTOR LIMITED ~ Telex: 95446 — | N A
21 London Road : Phpne;y¢vj{0892‘)“37588 \ ‘
Tunbridge Wells : - | )
N KentTNT 1PA . L . ; SR, S
S~ This is a Renault Company offering the followmg ranga of air and * [/“
water- cooled |ndustnal engines. - ) .
Model Cy//nder Cooling Cj‘anf, @rpm. - Nett Weight' :
S ) . ‘ . " tkg) . i
Lo 21 I Car - 4 3000 51 =~ ff
61 -, " 1 . . aic- - B 3000 . 68 1 "//‘
.7 Ty air 11 '3000 00 _ g
‘42 s © 2V . Cair 20 3000 1427~ \
44 . o2y air .20 3000 - - 197" : S
Water-cooled equivalent industrial power units are. also available | . :
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BRITISH LEYLANELJJ K.. <. Telex: 67655 = | ‘ e
. Cables: Leymotors Leyland ’ o
Phone: (07744) 21400 - &. = .

L = o e

,’englnss de5|gned for automotwe marlne
-uctno‘n —mach%nery Use: Cdn be supphed as. pomplete engine '»
and axle units:.A variety of gearboxes and transm»smons also

L *
'

Model- Cy//nder C‘oo//ng Gap. Gross Power (b. h»p ] Nett Welyht
. ‘ fec) Max. Cont. @r.p.m. (kg)
100 - -

4, - ‘water .1480 37 27 2750 ° . 186
120 .. 4 water 2520 60 41 2250 268
- 4/98 - 4 “‘water” 3770 75, 62 2200 - 391
6/98. " 6 water * 5655 115 .94 2200 ~ 490 . .-
401*.‘- Y S 6. water 65404188 122 2600 567 -
AVESTEN 6 water 81807 1110 2000 760
a16° T 6 ¢ waskgy /6540 1% 136.  2600° 580 :
* 500 6 water - §200 150 2600 © 753 ¢ H
8807 6, wate”(.,,:lHOO 178 2200 953 . ' - 100 Series
| AV780T. .6 water™-iugo fi2 170 2000 1156 .
510* 6 watsr 8200 @20 %464 2200 835 . R DR
690" 6 . _ water 11100 240 210 220~ 968 ST .
turbccharged e o
N %{ﬂab}e in horizontal configuration {all the rest are. vertncal) . - v
e e 2 e — —— T T
’ - DAIMLER-BENZ A.G. Telex: 07-23901 ™
7000 Stuttgart 60 . Phone: 07-23901

West Germany.

., o g\ \
.- ; Water-cooled units with power outputs ranging from 28 b.h.p. to
430 b.h.p. Umts are designed for automotlve industrial and marlne ‘use.

Model « Cy/tndeg Coo//ng Cap. Gross Power (b. leU Nett We/ght
(cc) Max. Cont. @r.p. m. tkg)

. 'OMB15, 4 water 2200 60 38 2600 184,

“OM616 4 water 2400 656 43 2600 189

OM314 . 4. water 3780 85 56 2200 . 302 -
. .OM352 6 water 5680 130 68 ~ 1800 - 400
‘OM352A* 6 water 5680 168 83 1800 = 410
OM360 6  water® 8720 192 119 1800 - 640

OM346 6 water 10810 210 93 1500 778 -

\ OM355 6  water 11580 240 147 1500 857
OM401 6V water 9570 192 81 ]500 616
. OM402 8V water 12760 256 148 1500 756

OM403 10V water 15950 320 180 . 1500 915
OM404 12V water 20910 430 230 1500 1064

v

*turbocharged

Diese} Engine OM314

. L e o
- CATERPILLAR OVERSEAS SA * Telex: - 22706

118 Rue du Rhone Cables: Catoversea-Geneva
P.0. Box 408 - Phone: (022) 206222 g
1211 Geneva B . . :

Switzerland

Range of water-cooled engines 64kW to 970kW. Units c‘aﬁ be supplied
suitable for truck, marine, agricultural and pumping applications Most
of the range have hlgher outputs than covered by the $cope of this
guide..

Model

Cy//nder Cooling Cap. Gross Power (b.h.p.) Nett Weight
fcc) Max. Cont @r.p.m. (kg)

3304NA .4 "water - 7000 100 85 2000 '~ 718 °

'3304T L4 water - 7000- 165125 2000 736

“*Turbocharged

Propalsion Engine -

R




DETROITDIESEL ALLISON Telex: 31329 L - -
INTERNATIONAL EUROPE Cables: ngmopower Welllng- s
P.0. Box 6 T borough “ "»,‘.\”_. =
*London-Road Ph ne:’ (0§33) 71 122"

Wellingborough* 4 . . s ..
Northants NN8 2DL DR ’

b.hip.- Units “designed for automotive industrial or marine use and can,

and 71kW, 650 or GOHZ

' DetrOIt Dlese/ A///son fan to’ flywheel twostroke diesels w1th integral
’ /n/ector/pump units

-,

Model Cy/mder Cooling Cap. Gross Power (b.h.p.) Nett Weight
s (cc) Max. Cont.'@ r.p.m. tkg)
271, -2 water 2300 68 . 40 1500 436
3-53 3 water - 2610 78 64 2200 438
3-53* 3 water 2610 ®97 64 2200 438
L3710 3 water 3496 106 - 75 1800 693
371" 3 ‘water 3496 113 82 1800 693
4-53 4 water 3480 108 87 . 2200 623
4.53* 4 water 3480 123 87 2200 1623 -
4.71 4 water, 4660 160 117 1800 - .. 954

[y

R
A T
T - _g"".’t;'f
1
CE g, i
(A

\
e Y
*Denotes 4-valve version. Numerous larger models” available, plus version§®

with

ater’cooled engines with power outputs from '40 b.h. p. to 1600 '

be subplled as complete (brushless) generatmg sets rated at 30,35, 44 -

tarque converter and 35, 50, 55, 75 105k VA and.larger generator sets..
: GM Bedford-Dresels (four-stroke)

220F/F 4 < water 3614 65 56 2500 356
330F/F 6 water 5420 100 82 2500 460
. BOOF/F 6 water 8200 164 95 1600

:bower unit (P) and marine (M).

a

600
These models available as fan to flywheel suffix (r/F) [ mplete

MOTORBilFABRIK HATZ KG Telex: 057260

+« P.O. Box 20 ' Cables: Hatzmotor
D-8399 Ruhstort/Rott Phone: 08531-3022
‘W. Germany

Manufacturers of a range of four-stroke air-cooled diesel engines
with power outputs of 1.5 hp to 80 hp. Units are suitable for automotlve

ar statlonary mstallatlons

]

5

N

'DORMAN DIESELS LIMITED

DA Series Air Cooled Engine

v

Telex: 36156

Tixall Road Cablex Dorman Stafford
Stafford ST16 3UB Phone: (0785) 3141
U.K. ’

A serles of robust, medium speed, four-stroke diesel” engines as
follows:™
Model Cylinder Cooling Cap. Gfoss Power (b.h.p.] Nett Weight

fcc) Max. Cont. @ r.p.m. fkg)

4DA 4 air 4150 75 46 1500 470
B6DA 6 dir 6230. 112 69 - 1500 572,
8DA 8V air 8310 144 -86° 1500 711
8F* 8V water 9120 177 107 1500 685
6LD" 6 water -9882 145 124 1500. 859
BLE" 6 water 11340 170 1500 859

147

“*TurbocRarged variants available.

“~
4.

?aer models up to approximately, 950 b.h.p. are availablé.

i

99
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Fe g Cel
ELVE CORPORATON -

Texe?( Ere o;;rxasse

. Water-cooled 'slow speed diezpsel engines with power outputs of
‘7.8 b.h’p: and 11 b. h.p. Units can be supplied as complete pumpmg’

units.
Made/ Cylinder Cooling Cap.
: ' fec)
6/1 - 1 radiator 553

_o_r,tank .

8/ 1 " radidtor 622
£ ; ]
. or tank <

e S e

Manufacturers clalm 5 year operatlonal I|fe

L

Gross Power (b.h.p.)

Max. Cont. @r.p.m.,
7.4 5 ' 600
14 8 850

Elve Chambers Cables: Elbuscon_ ‘ a ]
Green Street (off Bank Street) Phone: " 263981/2/3 8 -
Fort - - . ’

( _Bomba¥ 400023 S . t _ ,
Iridia " - oy e .

Brand'Dies__el Eii_rjih@a Tvype>97’1"”'“

3 -

K Series Single Cylinder Alr Coaled
Diesel Engine

@

FARYMANN DIESEL

 Telex: 465710
, P.O. Box 100 ~Cables: Farymanndlesel
684 Lampertheim Phone:

West Germany

el

(6206) 2001

i

Air-cooled and Water cooled diesel “engines with - outputs ranging

'—frun'r thp-to26hp: “The TRits are @immed at the small industrial and the-

marine auxiliary engine market and those at the lower end of the range
are very small ahd compact. Mode! KSO is ‘claimed to be the smallest
mdustna! diesel in the world. ;

Model Cy//ndela Cooling Ca,a Gross Power (b h.p. ) Nett We/ght
o , fcc) Max Cont. @ r.p.m. (kg)
K50 |- air - 200 ;"3.5 3 2500 33
K54 P air 242 /45 38 2500 33
K14 B air 2984 6.0 5.2 2500 51
L14 2 air 41f2 8.0 6.8 2500 60
A10 | air 582 11.0- 9,5- 2500. 68
A12 | “air 618 ,12.0 100, 2500 69
L20 IH air “412 80 %8 2500 62
A20 IH air ~ 682 .11.0-"95 2500 ~ 70
A22 IH air’ - 618* 12.0 10.0 2500 71,
G20 dTH™ T Tair 1625 14.0 14.0 2000 - 180
“R10 2V sair 1160 18.0 145 2000 130 .
R12 L2V - air 1236 21.0, 155 2000 . 132 v
P10 2V air 1276 220 17.0 - 2000 180 - /
S10 2V air - 1558 *26.0 21.0 2000 160 7
A40 . IH water 682 12.0 10.0 2500 75 ot
A30 | water ~ 582 12.0 10.0 - 2500 737
30 2V 7 water 1160 24.0 180 2500  13¢°
/'s30 2V water 25.0 2500 170

1560 32.0

ENFIELD INDUSTRIAL
ENGINES LIMITED
Somerton Works

Cowes
“Isle of Wight

U.K.

Cables: -
Phone:

Diesels Cowes
Cowes 4711

Hand started units suitable for uée in statienary, automotive and.

marine installations.

Centrifugal governor speed control for factory

setting between 1200 r.p.m. and 2000 r.p.m. An over-riding control

- can be fitted varying the speed from maximum to 800.r.p.m.

Model Cylinder Cooling Cap. Gross Power (b.h.p.) Net WE‘Ight
. ‘ JAec)  Max. Cont. @ r.p.m. tkg) /

85 single 1 air ,/ 568 7.5: 55 1500 121/

85 twin 2 air / 1135 14.9 11 1250 147 ./

optlons
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“available for marine use with or without intercooler,

KLOCKNER- HUMBOLDT-» .+ Telex: 08873201

DE TZAG Cables: Deutzmotor Kdln
) Lhoner (0221) 8221
TN =

Deu*Mth ‘u‘rh‘egﬁﬁé%l I
5000 Cologne
W. Germany

Wide range of air cooled engmes as indicated. Two stage combustion
version offers low exhaust em|55|ons to California 1977 standard,

Model Cy//nder Coo//ng Cap. Gross Power {b.h.p.) Nett We/ght

fcc) Max. Cont. @rp m. (kg} N
Air cooled direct injection‘engines. :
F1L208 T L air 410, - 8 7*% 3000 . 65 
F1L210 -1 air 6700 14 125. 3000°' _ 80 )
© F1L411D™ 1 air 690 .14 875 25000 110
F2L411D* 2 air 1390 - 28 23 2500 146
FaL912* 2 air, 1880 32+ 200 2300 235
F3Lor2* 3 air 2830 58 47 - 2300 270 Ty . F2LA11W
FaL912* 4 air 3770 80 » 63 2300 . 300 T - :
F5L912* & air 47107 100 79 2300 ... 380 -
F6L912* 6 air 5660 120 - .95 - 2300 410 N
BFL6L913 6 air 6128 <160 123 2000 485" _
F5L413R*" 5 air 7350 136 113 2300 623 : ,
*F6L413R™ 6 air 8820 163 13, 2300 740 ‘ T
F6L413:_), 6V air 8480 163 136 2300 595 ' ‘ ) v
|
Plus larger units up to 455 b.h.p. i : “ - N
: ‘ f [
*Denotes variants with two-stage combustion, offering reduced .exhaust emissions. |
Water cooled series from 200 to 9000 b.h.p. also available. = |
. e
L. GARDNER & SONS s Telex: 668023
LIMITED ‘ Chbles: Gardworks Eccles °
Barton Hall Engine Works  ~ Manchester .
- Patricroft - ; Phone: 061 789 2201 ’
Eccles o
Manchester M30 7WA

UK l

‘industrial purpgses.

Model Cylinder Coo//:‘})g Cap. Gross Power (b.h.p.)
. o ‘ {cc) Max. - Cont. @r.p.m.
ST R 6LXB 6 water 10450 180 120 1500
6LXB 10.45 Litre Diesel Engine ., - BLXB 8 water 13938 ‘240 160 1500
~T ' R 8L3B 8

water 24138 260 % 214 1150

*

N ) ‘ . ’,v i L e . -
. FORD_MOTOR COMRA4NY Telex: 311552
"LIMITED . ‘ Phidne: {032 72) 71111
“Royal Oak Way South ‘- Cables; Fordpér’cs,"Daventvr‘y 2T
Daventry, ~ - Fordparts, Daventry‘
uo@ams NN11 5NT o oy "
- UK. i
Model Cy//nder Cool/n_g Cap. Gross Power (b /7 p } Nett We/ght
et fcc)- *Max.. Cont. @ r.p. m {kg)®
2504E 3 . water ‘2868 3is 30., 1500' 311
_ 2512E 3 water 3294 _ 57 39 | 1500. - 324
2514E 4  “water 4196 69.5 53 1600, . 407
2711E 4 water  4150° 71 58 2000 340
2712E - 4 water 4150 80 63 2000, 340,
2713E 6 water 5950 100 ° 78 2000 442
2714E 6 water 6220 108 85 20600 442
2715E 6  .water 6220 920 93 2000 .442
2704ET* ) water 5945 150 116 2000 455
High speed Fange . ‘
2401E- 4 water 2360 658 42 2750 215
2402E 6 water 3540 87 63 . 2750 }92

Water cooled four-stroke \dlesel engines for automotlve marine and

E

101
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R A. LISTER & COMPANY Telex:” 43261 " - «f7 . e .
LIMITED -, ‘" Cables:” Machinery Dursley - . A _ ‘
{Member of Hawker Slddeley , ~ Phone: Dursley 41417, - - P ) . 4 g
Group) . L ' i o 12 i
Dursley |, s M a ] j’
. Gloucester GL114HS : ) o
UK. : : ‘ - AR

Air and water cooled diesel engines with a power range from 2.5
b.h.p. to 250 b.h.p. Small units havé hand starting, larger units are
started electrically. Numérous accessories are available for most models
for.-.a wide variety of applicﬁtiongbplus a very comprehensive inter-
national distribution network. A wide selection of marine engings and
auxilliary engines based on these power units is also available.

- Mode/ Cyhnder Cooling Cap. Gross Power(b.h.p.) Nett We;ght ‘
* . (cc) Max Cont. @ r.p.m. {kg)

8/1 1 water - 8 -6 - 650 - ‘ .
"16/2 2 water. — 16 12~ . 650 - — .-
LT1 1 ., air 408 525 4 18007 CBOTT
ST1. 1 air 633 125 7.3 1800 . .107..
ST2 2 air 1266 25.0 14,6 1800 170
ST3 3 air 1900 37.5°21.9 1800 215 -
HR2 2 air 2090 . 37 * 21.5 - 1500 280 - - - .
HR3 3 air 3135 65 32 - 1500 . .370 A _ . )
HR4. ~ 4 air 4180 73 43 1800 432 Lister Diesel Engines: .
"l _HRB 6 a@ir . 6270 111 _64 1500° . 660 Co ' -
HRS6 6 .air - 6270 — 80 * 1500 626 e
JAE ' B air, 10620 173, 109 1500° .950° - .
JASE & © air~ 10620 — 122 1500 975 ‘ : t 0
HRW2" 2 water’ 2090 37 21  .1500° 306 e
HRW3 3 . water 3135 56 32 1500 419 : o
HRW4 4 water ¢ 4180 .73 43 1500 . 507 = . e
HRWB, 6 water ‘6270 111 “64: 1500 652 T '
HRWS6 6 water . 6270 80 1500 684
JWe 6 water . 10620 173 109 . 1500 1180
JWS6 6 water 10620 — 140 1500 1200 . ,
. B B » \
PETTERS LIMITED Telex: 47626 7
Power Generation Division ' Cables: Petter Hamble

Hamble Lane Phone:-{042) 722 2061 -
Hamble

Southampton S03 5NJ
U.K.

" This manufacturer is part of the HawkernSiddeIey'Gro'up ari‘d ‘offers
.air-and, water cooled diesel-engines with power outputs ranging from
2 ‘b.h.p. to 50 b.h.p. Power off-take Via a “clutch at the' machined®
fIywheeI housing end on thé larger units, or_by pulley. attached to
an ‘extension of the crankshaft on the small units. Various unlts are
available as a generating and refrlgeratlon or pumping set.

* Model * Cylinder ~ Cooling . Gross Power (b.h.p.) Nett Weight
Compact range . © Max. -Cont. @rpm . (kg)
AA1 1 ‘air 38 28° 2500 . 426
AB1 1 air  © 55 3.8 2500 ., 445 |
; AB1W 1 water 55 38 25600 468 | -
AC1 1 air 72 b0 _ 7500 47 -
ACTW- 1 water . 7.2 5.0 2500 .. . 46
AC1Z . 1 air 6.0 5.0 2500, - 49 .
BA1 1 air 11.0. 75 2000.. - 105
BA2 2 air 220 150 2000 |, 147 .
N AC2 T . air 132 110 3000 ' ,78' .
Standard range % .
: ‘ : . PAZ1 ‘1 aif . -33 .25 150 108
AC1Z Single Cylinder » ~BH1* 1 Lair 90 63" 1500 . 185
‘ ~ PH2* 2 air 180 125 . 1500 252
. . PJ1*, 1 air 124 85 1500 - 210
. . . PJ2* -2 “air . 247 17:0. 71500 276 .
‘ : S TPJ3t 3°° . ar. 371 285 7, 1800 © " 362
. Paat 4 * air 495 340 .0 1500 435

PR

102 L ) - ' . “‘rl_'.‘Wﬂater cooled variants availdble with suffix Wito model fiumber.
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* PRAG&N.VEST - # Telex: - 122 379 =
- Foreign Trade Corporatlon Cables: Prqgoinv’eszPraha ) o
P.0. Box 890 " R . - T '
Praha 9 ) : N
Czechoslovakia . . s . s .‘.‘ se
A range of air cooled medium speed four-stroke diesel engines with |,
one, two; three.or four cylinders, Units afe suitable for various:light,
|ndustr|al uses, generatlng electrlcnty etc.
\ - ¢
~ b
@ .
S ¥
- : o \ ' f 3,
(' -~ &
l Do " " . -
e ' : « + Slavia § 95 Type Diesel Engine * s
MECCANICA S.p.A _ Telex:: 51492 T !
CP 313 Phone: (051),405049 - .
Via A.C. Ducati3 - ’ ' :
Borgo Parigale :
40100'Bologna = R
ltaly o .
A rdnge of Italian built Ducatl four- stroke diesel engines with forced “‘:-‘s
air- cooling-via a flywheel blower. Startmg normally by a rope but units By
can be eupplled for hand crank starting or glectric dynastart. -
- & \ L L ' .
Model Cy//nder Coo//ng Cap. Gross Power (b.h.p.} Nett Weight
.. . (cc): -~ Max..Cont.” @ r.p.m. tkg)
157 [ air 345, 7 5.5 2500 . 48 , .
189 | air 345 9 6.2 . 2500 48 *
1511 | -air 432 11~ -7.8. 2500 50
1516 hl air 673 18 13 . 2500 86
1520 | air 746 © 20 142  2500° .88 ) i k
21522 2 air 864 22 152 2500 " 86 .. .. IS16 Fourstroke Diesel Unit’
H.T. C DIESEL ENGINES Telex:, 011-3242 ?
" PRIVATE LIMITED Cables: Hotraco .
Beaumpn Chambers Phone: 2721@8
27/33 Nagindas Master Road : .
. ' . Bombay 400 023 e ) ) e D ORI N
. lg~d13 N . ’ ; -
' Slngle cyllnder.x open- flywheeled hand cranked englnes whlch can )
be supplled W|th clock -wise or anti-cleckwise rotatlon
s : : “ Py ‘h . : 1
- 4 ' R Cap Gross Power (b.h.p.) Nett Werg/m.ﬁ
Model Cy//nder Coo//ng (cc): WMax. Cont. @ r.p-my tkg)
AAVRS:5 | " air  7B53 — 5. 1500 155
RVRS-5 - % water ~553 = 5~ 1500 —
VRSS Ty | water 583 = 65. 1500 - N
Engines offered as pumplng set on base plate trolley or skids. ‘
:‘\.; .
v &
I Model VRSE . B e " 103




INDIAN NATIONAL DIESEL" ~  Telex: 7211,3283
< ENGINE CO. LIMITED Cables: Innatdec
" 6 Little Russel Street , Phone: 43-1938
" Calcutta 700071 ” -

1." Hall & Anderson’
<Buildings . o
JPark Street T

pumping of generating sets.

R ~
Cl .
hel . . .

Registered/ Office:

w . -

Calcutta 700016
India .

Manufactmers of four- sfroke dles‘T‘engJ\nes which can be supplied as

Gross Power {b.h.p.) Nett Weight

Model  Cylinder Cooling Cap.
: fcc) Max. Cont. @r.p.m. (kg)
PH1 | air 659 82 8.25 1500 188
_PHIW | water 689 8.2 6.25 1500 178
‘_pHQ 2 air 1318 164 125, 1500 285
" PH2W 2 water 1318 1614 125 1500 250

. B j ) . '
Air Cooled Diesel Engine PH1
.

.. RUGGERINI MOTORI S.p.A,

 Ruggerini P101/2 (40 h.p.)

" NISSAN DIESEL MOTOR

Model

'RDS80
RD850
RDOOT - !
RD920

y P101

.+RDY901/2

P101/2

P105/2
RDBOV
RD850V
RDO20V.

star% .gnd N electn

42040 Villa Bagno .
Reggio Emilia
Italy

@

Cy/inder Cooling Cap.

- - fec)
1 . air 375
1 va,‘j Cair 482
1 " ain ‘540
1 ai’r’“f’é 565
1. air' 746
2 air 1080
2 - air 1492
2°  air 1750
1H- air 375
1H air 485
1H air 565

~

Telex: 51137 - .
Cables: Ruggenm Motori Rubiera
Phone: (0522) 55221

All models can be equped with cables and ¢ontrol panel for “
start and fuel cut-off switch for remote control
gsrand vertical shaft models are available. :

Gross Power {b.h.p.) Nett Weight

Max. Cont. @r.p.m. (kg) .
8.0 6.3 3000 42
10.3 9.0 3000 49
142 126 3000 60
16.0 1356 3000 65
206 17.7 3000 95
26.0 23.0 3000 88
40.0 36.0 30,00’ 143
450 40.0 - 3000 150
80 63 3000 42
103 9.0 3000 49
16.0,.-13.5 3000 65

Various clutches, ré’ductionygears, starters, etc., are available.

‘Telex:
COMPANY LIMITED Cables
Kowa Building.

3-7-1 Kanda Nishiki-cho

Chiyoda-ku =,

Tokyo

Japan 101

24905 Nideko - -
lesandlesel Tokyo

Madel

fcc)  Max. Cont. @r.p.m. lkg)

SD226 - ‘
marine 4 - water 2164 46 * 40 2600 375
-S5D22 =« 4 water 2164 66 36 2600 190
SD33 6 .© water 3246 99 53 2600 300
ED30 4 water 2956 91 39 2000 295
ED6 6 - water 6654 152 85 2200 470
ND6 6 water 6842 140 87 2000 600
6 " water 10308 190 122 1800 822

. PDEO

Cy//nder Coo//ng Cap. Gross Power (b.h.p.) Nett Weight

Various other models up 10 350 b.h.p. are also available, and spme.x - :
|- units.are §1Qpl|ed as an enclosed power pack as an optlonal extra

QoL Fetra 80O-2R

$D22 Diesel Unit ‘
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RUSTON & HORNSBY .. Telex: 303 Greaves (PN) . .
(INDIA) LIMITED Cabjgs: Rustonind . :
Chinchwad . Phone: 82601/2/3/4/5. e
Poona — 411019 )
" India’ R . o
Medium speed engines of Jhltary construction to‘allow easy méln o
« dgenance and repair of individual cylinders and pistons. Industrlal and
. marine versions with>the facility of power off-take bemg from elther
end of the crankshaft RTINS o o T FER
Mode/ Cy//nder Coo//ng Cap Gross Power (b h -P. } Nett Weight ',’ *:\fk :
B . ~ fcc) . Max:-Cont. @r.p.m. tkg)
© 2YDA 2+ air 2463 42 22 1500 480 @
" 3YDA 3 air. 3695 .68 46 1800 . B57
. 4YDA 4 air 4828 92 63 660’ 620
BYDA 6 air 73917 135 92 _ 1600 ~ 793
TYWA 1 air - 16.,5 9.8 1500 245
2YWA' 2 cair . — 31.519.6‘ + 1500 308
3YWA' 3 air . 51,294 1500 = 372 .
C- 2D '@,« whatsr 2463 42 275 1500 524 -
P ~o3YD water 36,95{, 656 42 1500 584 - |
: o : 4YD- - 4 wdter . 4878 Q0B 1800 . 673 | .«
v R 6YD 6 ' watery 73914‘,@5 84 . 1500, . 876 A
! 6YDX ° 6 water 7391 18Y — L -
e ) o . Slow speed horizontal engines with exgpsgd fIywheeHﬁ I D
J THR 1H ~ “water 19000 6 55 ..560; 367 F| o
| 1XHR, IH water 1900 9 B . BO0* 367 '
: 1YHR =~ 1H water 4300 11 10 450 . 635 )
1ZHR TH "+ water 4300 12 11 476 ' 635 1
2XHR TH . water 6000 15844 475 839 ’
. ) 3HRO 1H water 9300 20 18 400 1270
‘ o . i “HRY ™ water . 9300 28.626 430 1283

. MEDALIST UNIVERSAL Telex: 262-717 .
MOTORS | Cables: Unimot :
1552 Harrison Street Phone: (414) 231 4100 T )

b P.0. Box 2508 : i

Oshkosh '

Wisconsin 54901

U.S.A.

Manufacturers of a range of three water cooled, four-stroke diesel
engines with rated power outputs of 12, 17 and 25 b.h.p. at 2800
r.p.m. Specifically designed for.marine applications, but can'be supplied,
with or without a final drive reduction. Closed system fresh water
cooling can be supplied on some models for sea water use.

17050 n',/e’r'sqlﬁlVla‘rme Diesel" :

PERKINS ENGINES LIMITED Telex: 32501 i
Eastfield - Y - Cables: Perkoil Peterbor%ugh
Peterborough PE1 GNA Phone: (0733) 67474
U.K. ’ :
Model Cylinder Cooling -Cap. Gross Power (b.h.p.) Nett Weigh:
. fcc) Max:Gont.,@r.p.m. (kg)
D3.1562 3 water 2500 49 3§ 1800 ° 210
4.108 4 - water 1760 45 26 1800 . 150"
- 4.203 4 water 3300 - 61 52 1800 236
4.236 4 _water 3860 B1 64 - 1800 249
4.248 4 ,water. 4070 84 65 1800° 249
6.354 - 6 “water 5800 114~ 87 "1800 390
T6.354* 6 water 5800 137 117 1800 417
V8.540 8V water 8830180 135 1800 623
*Turbocharged:* !
Two further V8 sup to 250 b.h’ .p.are’ also available. ‘
These engines”are widely used in industrial,’ “earth rnovmg and agri- .
cultural machinery, and for powenng generator sets, s o - 105
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KIRLOSKAR oiL ENGINES Telex: 7’014-24‘5'-K0e| Pa

LIMITED Cables: Kael Pune (India) -
13 Laxmanrao Klrloskar Road Phorie: 553486/7/8

Kirkee - ‘ . h .
Pune =411 003 LT ° .
India | oo SR

Air and water cooledh-%nes ‘with a power rangé of 5 to 370 b’h.B.

Manufactured for-automotive, marine, agricu!tu;él ard industrial use. ’E'\

 Canbe supplied as complete generating or pumping sets.

. . Mode/

fcc) © Max. Cont @rpm ¢ {kg)
“TAT 1 air 660 9.38 6.0 1500 164 .
TA2 2 air 1320 1875 120 1500 250 -
TV1 1 water 660 10.88 7.0 = 1500 166
TV2 2 water 1320 2176 14.0  1500" 247 -
KA27 1 *air 276 45 2.7 2000 91
CA1 i air 580 6 5 . 1500 * 172 ..
, CAZM 2 air -~ 1160 12 10 1500 248 -
AV1 1 water © 553 8.1 5 1500 166
AV2 2 "water 1106 16.2 10 1500 247
RA2+: .2 ~@ir  -1728 21 - 165 1500 323
RAZ 3 air 2592 (315 247 -1500 433,
. RA4 4 air 3456 42 33 1500 , 475
 RAB | 6 .air 5184 63 485 1500 , 595
RDAZ _~ 2 air 1830 265 19 1500 . 325
RPA3 3 air , 2900 36 , 285 1500 435
RDA4 - 4 air 3870 47 37 1500 475
RDAB 6 -air 5800 70 55 1500 595
RV2 2 water . 1728° 275 16.8\\]50& . 328
RV3 3 water, 2592 41.25 252 ' 1500 438
- RV4 4 _water 3456 55  33.6 - 1500 - 480
RV6 - ~6 .  water 5184 825 50.4 1500 600
' RBV2 2 7 water 2090 308, 258 1650 338
'RBV3 3 water . 3135: 46.2 -38.7 1650 448 -
RBV4 4 water - 4180 “61:5 516 1650 490
‘RBV6 6 water 6270 .925 .77.4 © 1650 . 610
RE4 4 . iwater 2700 55 31, 25" 2000 235

o,

K:rloskar alsd manufacture a;stlection of 1 to 45kVA generating sets e T

“and'16, to\61 b. h P. pumpmg sets iAIso manne vanants and Iarger units.

»

Cy//nder Cooling Cap Gross Power (b.h.p.} Nett WEIght

VOLVO PENTA - Telex:

- 20755
1-<P.0. Box 392 Lo ‘Cables: Penta
401 26 Goteborg 1. ©  _ - Phone: 23'54 60 N
Sweden ) ’ S

Range of unitd thh power, ou‘tputs r%mglng from 44kW to 201kW
designed, for industrial maghmery, marine auxiliary use, as ‘power
packs, and can be supplled cemplete with a Iarge range o of anmllary
equipment. -

.
1\_

Model Cy//nder Coo//ng Cap. Gross Power (b.h'p.) Nett We/ght
. * .lfee), Max. Cont. @rp.m. " {kgl -

D70B 6  water 6730 165 100 1800 ‘670

TD70B* 6 water 6730‘ 715 139- 1800 680

*Denotes turbocharged version — a range of lal:ger umts up to 329 b.hp. is also "

avallable

.

440

Inboard marine engines:

MDBA water 75,

MD7A 2 watr 740 13 - .~ 175
MD11C 2 ‘water 11200 -~ 20 2300 230
MD17C 3 water -~ 1680~ — . 30 ..2300 - 290
MD70B . .. 6 6730 139 106 2000

. water 800




‘"VOLKSWAGENWERK AG  Telex: 09586-0 vwwd

" HeinricR"Nordoff Strasse - Cab'les:( Volkswagenwerk/Wolfsburg
D-3180 Wolfsburg 1 * ~ Phvne: 22-3535

‘Germany ’

) "Switzerlaqd T

. combination from 1 to 8 units in lire.

Coventry CV3 1JL. -~
’ U K..

A range of air a-nd water cooled general purpose engmes as follows:

Mode'/ Cy//nder Coo//ng Cap. Gross Power (b.h.p. . )- Nett Weight

fcc) Max. Cont. @ r.p.m. fkg)
WD3 " water 636 11" 7.3 - 1500 - 125 .|
) SR : AD3 1 air - 836 9 B 1500, 154
. a ‘ ‘ HDA 2H air 1448 23 154 1500 207 °
Model HDA ' , HDW 2H water 1448 30 17.8 1500 197

‘ Some of these units are available adapted for- marine and ather
* speCIallseduses . v - R

-

L]

1500.cc water cooled diesel engihe producing 33 kW at 4000 r.p.m.
Unit based on englne used for VolksWagen Golf car, and is intended for
‘industrial applications. ~

Model” 068.2, 1471cc, water-cooled, 4 gylinder in-line. Maximum
powar 50 b.h.p. Maximum continuous ratmg {typical) 25 b.h.p. @ 2000
r p.m. Welght (dry) 129 kg 12V electrical system complete with

“starter; e
4§ ‘ ,:' ‘
SPILLING CONSULT AG ' Telex: 57939
Sonnenweg4 v e - Cables: Spjll Ch.
CH-5610 Wohlen Phone: -057-6 73 57

: Manufacturers of modular dlesel engine with multi-fuel capablhty
con5|st|ng of a single cyllnder module which can be assembled-in any

Gross Power (b.h.p.
“Cy//'nder C‘oo/in’g Capacity  Cont. @r.p.m.

“éach module [ . water  13200cc 100 1000
supercharged ‘ .180 1000 i : P
Spilling Sx-cylinder Diesel Engine
¢ 7 N )
TOOWOOMBA FOUNDRY Telex: Socross 40046
PTY LTD. ) ~.. Cables: Foundfact Toowoomba
P.0. Box 109 Phone: 076323122 '
Toowoomba . '
Queensiand 4350
.. Australia

t,> -

Manufacturers of "Southem Cross” slow* to medium speed diesel
engines. A series 5% air cooled, four-stroke cycle engines as follows:

Model Cylinder Cooling . Cap. Gross Power (b.h.p.] Nett Weight

(cc) Max. Cont, @ r,p.m. (kg)

EF-D 1 air . 7376 35 25 1500 85

* EF-E 1 air . 591 60 5 1500 139

EF-H 2 air - '1182 12 10 1500° 236

ED-C 1 ait 1104 12 11 . 1500 326

EDE- 2 air . 2092 24 20 1500 388
ED-G 4

_air- 4184 50 44 1500 572‘

’

. : " . ‘ N \ ..
— LI . s \“ :
e

A 5 . \

A.N. WEAVER (COVENTRY Cables: Precision Coventry \F
VICTOR) LIMITED * Phone: 0203452625 \
Smiths Industrial Estate o
Humber Avenue’ - . . D \

,1 07~ T




GrRAHAME PUTTICK Telex’ 96336°

. LIMITED "Cables: Puma Sandwich
Sandwich ~  Phone: (03046) 2801 -. o
© Kent .« . - o e :
U.K. ) s

"A-range of exposed flywheel water cooled singl“"e cylinder eh;iine
designed for slow speed operation and simplicity of rﬁaintenance

Maodel C‘y//nder Cooling Capac:ty Gross Power (b.h. p. )Nett Weight

fcc) Cont. @r.p.m. (kg)
pz3? -, 1 water._ - 1950 7% 600  420°
PZ4 1 water 1950 .. 8  700. .- 420
PZ10 1 water ©+ 1950 10 800 425

These engines are available as complete pumoing and generating sets.

»

4’\"*&» g ¢ -
& . « : - r" . % My n . -
. Lo - i JOHN ROBSON (SHIPLEY) Té( ex: 517386 L C > L

LIMITED- Caﬁ&es. Robson Shipley ° N

. P.0.Box31~+ ' ; . Phone: Shipley 52041 . ‘ ’
5 - lves Street ° . o } : : .
” - Shipley . | : ) . "

- Yorkshire ’ ‘ ’

. ' UK. ‘ LT

Y

Single cyilnder water cooled, low speed, totally enclosed horizontal
diesel engmes Starting is- by hand- for which purpose an automatlc
. ‘decompressor is fitted and a startlng handle is provided. Drive may be
taken from either side from a puliey that bolts to tﬁe ﬂywheel and the
unlts can be supplied as-complete pumping sets g .

o

.

Mode/ Cylinder Cooling. Cap. Grass Power (b h. p) Net We/ght

fcc) Max. Cont. @.r.p.m. ‘fkg)
» RB TH water 1800 14 13 1100 457 -
. "RC 1§ water 3850 24 /22 880 1016
. . T R16 : 1H ., water 2150 18, % 1100 - 476
I T, R26 - 1H 7 water 4600 29 26 880 “* 1057
AP @ ) P . \ ' . /f ) ‘
' + Total 'opfrational life"of up to 20 ygérs claimed. .

b 3

,ROLLS ROYGE NIOTORS Telex: 3b171/2 .

LIMKFED « - . ‘ . Cahles: Roycaf Shrewsbury -
~ Diesel Division " Phone: (0743) 52262

Shrewsbqry o ) :

Salop SYT4DP ~ o

UK. : .

A range of Water cooled dlesel engines Wllh oulputs from 100kW
to 690kW Units are supplled on skids or mountmg feet and as gene:
rallng Sg1Ls. N

Mod_e/ Cylinder Cooling Cap. Gross Power (b.h.p.) 'Nell Weight

“ X “'fec)  Max. Cont. @ r.p.m, (ky)
C6N' . 8 water 12170 180 150 1500 1133
c8T "8 water, 16200, 340,294 5. < 1500 1470

oL

PIus a vanety of other models up to 730 b. h p nett.

N
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SAAB-SCANIA " Telex: 10200 Scania s fi
§-151 87 Stdertilje © Cables: Scania Sodertdlje Ir
Sweden Lo Phone: 0755-34140 ° /’

i
/

/
.

Prime Mover Enging's

Model t‘y/inder Cooling Cap. Gross;Po‘wer (b.h'p.) Nett We/:g//ﬁ

" . fcc) Max. Cont. @r.p.m. . (kg). )

D8 ~ - water  — 167 99 1500 . .= | .

S8 6l water  — 210130 #7500 R L
DH GI water  — , 215 144 ..1500, -

} D8 engine available as 73kW -generating set, 131 hp marine engme

or 99 hp (contlnuous) at 1500 r.p.m. prime mover.
Other engines also available up to 400 hp.

S

N

Saab-Scania DSB L Sl .

Rl

“YANMAR DIESEL ENGINE "Relex 02’22-2310‘, 02224733

COMPANY LIMITED “Cables: Yanmar Tokyo
1-11-1 Marunouchi . Phone: 03-213-8111
Chiyoda-ku o S

Tokyo 7 -
Japan-100

Water cooled engines designed Yor use in marine, industrial and
. agricultu ral ap.plications.

‘J;Moae/ : Cy//nder Cpo//ng Cap. Gross Power (b.h.p.) Nett Weight

b ) fcc)' Max. Cont. @r.p.m. fkg)
IR LN TSS,OC Y IH 7 water 270 5 4 2000, 52
- .| -¥TS60C: ' 1H 7. water . 335 6 5 2000 70
“olcTs70€c MW swater .t 380 7 6 2200 82
TS130C5 ", TH | waler <% 835 13 1. 2200 130
TS105C ™ JH  * water, | p15- 105 9 2200 96
TS116C"  “1H . water,; . 750 °155 13, 2200 150
‘TS180C . 1H water | - 870 18, 15 2200 . 170 -
Tsgoc - TH - water 435 8"\“ 7 2200 j - 88 2 -
Thls series available -in génera’tlng sets of 1 6 2 3,5,75, 10 and ot
- 12kVA (various VOItages) and as marine auxﬂlary engines.
v . v T . i ) .

v <1,

Marine engines (fltted with clutch and various reduction‘ gear arrange

ments). ! - .
YSBB 1H water %30 8 5 2200 - 107
YSB12» 1H water 12 8 9200 - '135°
SB8 1 - water 330 8" 5 2200 . 114 . K ..
SB12 1 . water 510 12 8 2200 137 . ¢ 2 - .
SKE 1 water 664 13 12 2400 170 =* ! .
2S5E 2 ‘water 1134 18 16 2200 250 i
2QM 2 water 1100 22 20 2600 ° 225
3aMm 3 water 1650 33 30 2600 280
2TE 2 water. 1650 25 22 2000 380
3TE 3 " water 2475 37 33 2000 490
1SME 1 " watér 1050 15.56 14 1800 240
2SME 2 water 2100 33 30 2200 430
3SME 3 water 3160 50 45 2200 530 -
3ESDE 3 water 4600.-63 566 1800 680 o
4ESDE 4 water 6130 84 74 1800 800
3BNE 3 water 10200 132 “115 1600 1480
4BNE 4 water 14960 175 150 1600 .. 1730
GBNE [§] water 20400 260 240 1600 2560 °

i 3KDE 3 water 8500 90 82 1450 1240 .

‘ 4KDE 4. wale 11350 121 110 1450 1701

Plus a range of Iarger engmes up-to. 1980 b h p C , i 109
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SOCIETE'COMMERCIALE DE. Telex: 620162 - ~ .
MOTEURS — C.L..M. - . Cables: Cogemot-Nanterre T
B.P. 420 s#3 °7 . Phone: 7807211, , -4
49 rue Noél Pgns T o ‘
92000 Nanterre >

France

—

"This manufacturer is a subsiciléry of the PSA Peugeot-Citroén group
.«,producing a range of water cooled four;stroke diesel engines (as used ﬁ'l :
e Peugeot and Citroén vehicles), wnth outputs from68 b.h. p.to 106 b.h.p. b

T

Model " Cylinder Cooling- Cap. Gross Power (b.h.p.) Nett We/ght
fcc) Max. Cont. @r.p.m. tkg)

XDP 4.88 4 water 1946 -55 40 3000 153 -
* XDPB.90° 6 water <3168 90 - 61 2500 © | 246
XDP4.90 4 water 2112 615 40 2500 172
CRD90B 4 water 2175 "61.5 41 2600 205
XDP 4.88 Diesel . ' - . )
WITTE ENGINE Telex: 04276262 ‘
CORPORATION Phone: (913) 764 3512 .
(A Hawker Siddeley Company) . S
P.O. Box 386 . @ '
555 East 56th Highway }
Olathe . \ :@ﬂ‘\\\ﬁ
Kansas 66061 . 3 = '
/US.A. ) v\

A range of diesel engines, the 120/HS beingahand cranked, slow
speed unit, with an output of 26 b.h.p. Speed regulation is to X 5% no
foad to full load and it is designed for continuous 24 hour running

conditions. Units are also available for manne applications for boats up
" to 45ft. ° - ot

°,

Model .C‘y/inder Cob/ing Cap. Gross Power (b.h.p.] Nett Weight

(cc) Max. Cont, @r.p.m. (kg) ' : H ’ 120/HS U.nit‘
120M ° 2H water 1966 30 22 - 1500 398"

120 2H - water 1966 33 26 1800 ' 545 . B

. ) .

This heavy duty four-stroke diesel engine is available as a complete

generating set and there is also the Model G-260 natural gas spark
ignition engines with many common components,

MOTORENFABRIK ANTON Telex: 0526515

SCHLUTER A Cables: Schltterwerke Freising
Miinchner Strasse 32 / " Phone: (08161) 13051/656
D-8050 Freising . wT
Germany ' .

Water cooled diesel engines with power outputs from 30 hp to 200 hp,
suitable for vehicle power, construction machines and stationary
installations. Units can be supplied with a varlely af power take-off
assemblies on the flywheel casing.

Model Cy/m(/er Coo//n g Cap. Gross Power (h.h.p.) Net( Weight
(cc)  Max, Cont. @r.p.m. {kg)
water 2376 38 34 1800 227
water 3564 57 &0 1800 325
water 4752 76 68 1800 420
water . 7128 114 100 ~-~-1800 595
water:- 9504 152 : 136 1800 7758

SDMW?2
SDMW3
SDMW4
SDMW6
SDMWS

SDMTW 6, 7 Litre Unit

MW




WHITE ENGINES - Telex: 98-3439 . ,
INCORPQS TED ’ CabSles:” Hercano -
[ : : Phone: 74 979 3993 CC

<" preather cag
- 2 holes water-
" connection

.

Water cooled engines desngned for automotive and industrial use. I t_

Can be supplled as enclosed generators or apen power units, connection

Model Cyl/nder Cooling Cap. " Gross Power (b.h] p.) Nett We/ghr water drain {1

. N fcc) Max. Cont: @r.p.m.” tkg) &
D-2000 4 water 3250 68 53.5, 1800 435
D-2300 4 water 3710 72 61€, .880 500 oil pressare
D-3000 6 . water 4880 11;;@80 1800 '~ 500 R
..D-3000T*, 6  * water,, 4880197 105 1800 510 ¢ .. G e e
50:3000T* 6 - wated) 488] 1 96 1800 510 " oil drain
D-3400 6 % 556 5 92 1800 438 , Te L8 -
D-4800 6 7850 150 127 = 1800 870 . " Madel D-2000/D-2300-
D-4800T* 77850 180 180 1800 870 - o
*T denotes turbocharged version. ) : ‘ St
-, ! . N ¢ A’. “ +

Spark Ignition Enginesi(péirolyand gas fuelled)

A COOPER ENERGY SERVICES Telex: 91-4554
18 North Center Street Phone: (814) 665 8281
Corry
Pennsylvania 16407 .,
-U.S.A.

A range of heavy duty, low-speed, horizontal, twe-stroke engines,
developed for pumpirig oil in oilfields but well-suited for driving re-
ciprocating water pumps. Very little maf&énance required — engines
have pamcularly long operational life. :

Model Cylinder Cooling Cap. Gross Power (b.h.p.) Nett Weight

. fcc)  Max. Cont. @r.p.m, tkg)

T EA-22 TH water - 4340. 22 17 450 1317
EA-30 1H ° water 5410 30 22 . 450 1340

E:42 1H, water 9290 42 35 400 1961 -

DP-60 1H water 43930 60 40 3350 2813

.DP-BOA 1H water 21800 80 - 60 300 3691
DP-126 -~ 1H water 36150 125 100 - 280 6143
N N DP-165 T water 46330 165 125 260 6347

S : DP-250  2M  water 72300250 175 250 8111
SN DP-325  2H  water 92660.3256 230 . 250. 8467
N~ , .

JLO MOTORENWERK GMBH _Telex. 02 189 113

P.0. Box 1620 ) Cables: llo Pinneberg
D-2080 Pinnebery Phone: (04101) 2141
W. Germany .

* Two stroke engines. . i
Model Cylinder Cooling Cap. Gross Power (b.h.p.) Nett Weight

fcc) Max. Cont. @r.p.m. {kg)
L35 1 air 35 1.7 1.1 3600 45
L77 1 air 73 26 23 3600 7.5
L97 1 air 98 40 3.0 3600 © 8.1
L101 1 air 98 43 38 3600 118
L1562 1 air 148 6.0 5.4 3600 14.2
L197 1 e air 198 7.3 6.7 3600 16.6
1262 1 air 247 80 79 3600 27.2
L2563 1 air 247 95 9,1 3600 24 1
L.372 1 air 372 143 13.5 3600 32.6

There is also a series of specialised models specifically designed for
various applications mcludmg spraying and lawnmawers.

G Waterecuon T

1111
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BRIGGS AND STRATTON

Model Cylinder
fcc) Max. Cont. @r.p.m. fkg)
036.1 4 water. 1093 ~ 49 50 3600 . 107
049.6 4 water, 1588~ 61 46 3000 11 .
o122 4H air 1192 34 28 30000 94 ' «»"
Lo126A 4H air 2800 100 7

Telex:

e

Switzerland
Teed Model  Cylinder Cooling Cap,
0. 5 ' (cc)
MAG1014'SRL MASC;IIEH4 1 air 141
© MAG1026 -
) ) 4 . SRL 1 air 258

026776 ~ Vertical Shaft
CORPORATION Cables: Basco . " Series 170700,
P.O. Box 702 Phone: (414) 4611212 - .. .
Miiwaukee , ‘ S
Wisconsin 53201 ’
US.A. _
Range. of four-stroke air cooled engines avallable ‘with wide choice of
accessories, mountings and shaft sizes.
Model Cy//nder _Cooling Cap. Gross Power (b.h.p.) Netr Weight ,
' fec)  Max: Cont.”@r.p.m. tkg)
92500 TH - gir 148 3 23 3000 8.8
" 92900 1H air 148 3 24 3000 &9
110900 1H - air 187" 4 3.0 3000 110
100900 1H air 170 4 29 3000 13.8
- 130900 H air 205 5 737 3000 13.9
170700 1H air 274 &7 53 . 3000 19.7
191700 ™ air 318 "8 6.0 3000 222
251700 - 1H air 399 10 7.9 -3000 26.9
60100 1 air 109 2 15 3000 10.1
80100 1 air 127~ 25 20 3000 10.1
80200 1 air 127 3 23 - 3000 10.9
80300 1 air, "127 . 3 23 3000 1.5 ’
100200 1 . air 177 4 2.9, 3000 13.4 - o
130200 1 ° air 205 5 37 3000 139 Series 170700
170400 1 air 274 7 5.3 3000 20.0
190400 1 " air 318 8 6.0 3000 20.4 ‘
251400 1 air 399 10 7.9 3000 28.7 P
233400 1 air 376 ~ 9 7.3 3000 41.4 </
243430 1 air 392 0. 7.9 3000 43.5 /
302430 1 air” 494 .13 10.2 3000 48.1 .
326430 1 air 531 16 12.2 3000 48.3
. s » 4
VILLIERS MAG ENGINES LTD Telex: 338558 . - -7
- Factory 47 Cables: Vilniag
Pensnet Trading Estate Phane: (038 44) 6553
Brierley Hill DY6 7NA { '
U.K. .
, MOTOSACOCHE S.A. . ‘Telex: 23139 e
g‘ CH-1211 Geneva 26 . Phone: (022) 42'01 60

Gross Power (b.h.p.) Nett Weight -

\Max. Cont. @r.p.m. fkg)
35 28 3000 V-
70 55 2600 28

036.1 Water-cooled 1100cc Industrial Engine

VOLKSWAGENWERK AG

Telex: - 09586-0 vww d
Heinrich Nordhoff Strasse Cables: Volkswagenwerk/
D-3180 Wolfsbugg
Wolfsburg 1 Phone: 223535 ™
Germany.

Four-stroke industrial engines '
. 4

Cooling Cap. Gross Power (b.h.p.] Nett Weight

1584 46 .36

Y




K181 {8hp) Unit

1

KOHLER INTERNATIONAL
LIMITED. '
High Street .

Kohler ~

Wisconsin 53044 '

U.S.A.

..engines with power take-off.

Telex: 2688
Cables: Kohlerint
Phone: ¢ (414} 457 4441

\

Range of four-stroke, single and twin cylinder, air cooled petrol

Gross Power (b.h.p.) Nett Weight

Model  Cylinder Cooling Cap.

’ - fec)

K91 1 air 145
K141 1 air 278
K161 1 air 278
K181 1 air 3056
K241 1 air 391
K301 1 air 476
K321 1 air 512
K341 1 dir 588
. K532 2 air 880,
" K582 2 air 948

Max. Cont. @ r.p.m. {kg)
40 3.6 3400 1%.5
6.25 5.6 3000 295
7.0 6:2 3000 295 T

.80- 74 3000 295
10.0 8.6 2800 53.5
120 11.2 2800 63.6
14.0712.3 2800‘_‘:“v 53.5.
16.0 T49 2800 .  55.3
20.0 185 2600 85.0
23.0 19.8 2600 ©  85.0

Purpose-built generating sets are also available.

KIRLOSKAR OIL ENGINES
LIMITED

Laxmanrao Kirloskar Road
Poona 411 003

India )

Small air cooled two-strake engines.

Model  Cylinder Cooling Cap,
(cc)

KP70 1 air 72

KP75 1 air 35

Engines available with optional recoil starter.
s N '

Telex~ 014-245
D

Cab¥es: Koel-Poona

Phone: 55341

Gross Power (b.h.p.) Nett Weight |

Max. Cont. @ r.p.m. (kg)
3.0 3.0 5000 4.4
1.7 15 4800 3.75

KP75/1 Petrol Unit

“

Ford 1599¢c Natural Gas Engine

FORD MOTOR COMPANY
LIMITED

Royal Oak Way South
Daventry

Northants NN11'5NT

U.K.

below.

Model

2261E
2262E
2263E
2264E
2265E
BDA

2503E
2511E
2513E
2606E
2613E
2614E
2652E
.2653E
2655E
2656E

Cylinder Cooling .Cap.

W2 DDA

oobhbaa DD
L N e

water

water

watey
water
water
water
water
water
water
water
water
water
water
water
water
water

{cc)

1093
1208
1208
1599
1599
1600
2590
3294
4196

1996

2495
2994
1498
1699
2293
2551

-~ Telex:

Phone:
Cabl\gs:

Gross Power (b.h.p.) WNett Weight

311552
{032 72) 71111

Fordparts, Daventry

Max. Cont. @ r.p.m.
47 30 3000
55.5 38 3000
68 37 3000
65.5 47 3000
84.5 51 3000
114 03 4500’
46 31 1500
57 41 . 1500
74 53/ 1500
80 63 3000

117 77 3000

136 99 3000
60 45 3000
.74 BB 3000

108 76 3000

124 85

3000

Range of water cooled petrol engines with power outputs as indicated

(kg).
110
115
115
120
120
114

310

323
402
150
181
181
128
130
160
163

113.




R g )
- Modef Cylinder ~Cooling Cap.” Gross Power (B:A.p.) Nett Weight

KF24* 1 air 98 23 1.6 1800 9.6)
KF34* 1 air 132 34 23 1800 13 (-
KF53* 1 air 18), 50 35 1800 18
KFS4* 1 air 244 65 5.0 1800 205
KF81* 1 airr 324 . 82 6.0. 1700 32
KF100* 1 air 397 100 7.5 1600 40
KF140* 1 air , 552 14.0.105- 1600 60

KAWASAKI HEAVY Telex:” J22672/)26888

INDUSTRIES LIMITED Cables: Kawasakiheavy Tokyo

World Trade Centre Building Phone: Tokyo (03) 4352516

4-1 Hamamatsu-cho

2-chome N ) ]

Minato Ku . ; S
TkaO o - /al>l<'f

Japan S , .

Air cooled folr-stroke and two-stroke engines with power out- -
puts ranging from 12 b.h.p. to 28 b.h.p. Typical applications include
stationary power units and vehicle motor units.

Four-stroke cycle models

cc) Max. Cont. @rp.m. - fkg)

¥
KF160* 2H air 680 16.0 12.0 1600 85

KF200* . 2H air 794 200 15.0 1600 - 85/

*two versions available — low speed, rated output quoted

* Magneto ignition industrial engines. 2 stroke cYcIe.

75 1 air 75 3 2,54 <4500
95 a1 air 95 475 4.25 4500
\ 125 1 air 125 . 45 33 3000
150 1 air 150 . 58742 3000
1 151 1 ait - 151 7.4 6.2 4000
*\ 161 1 air 165 76 .45 8000
\ 185 1 air © 185 92" 52 3000
\ 200 1 air’ 199 75 6.0 3000 .
\ 250 - T air* 247 9.7 7.2 3000
. ' 250AS 1 air 247 143 11.0 . 4000 -
| 300 B air 299" 12.0 9.0 3000
o - 500 2 air -~ 494  16.2 14.2 3000
G 635 2 air 635 385 38  .5000
_ ol : 640 - 2 ,air 635 - 385 38 5000
; BN LR 373, 50002 ‘air. 368 24, 235. 5250
Rotax 125ce é‘fr{gine— oty 2’ air 635 40 39 5250
s L i : Wi . AT ’ = 1

o

KF24
Two-stréke cycle models
KT12 1 ar’ 23 12 08 7000 2.2 : :
KT15 L air 27 15 1.0 7000 - 2.5 o
KT18 1 air 356 1.5 1.0 . 5000 3.7 : o
KT30° 1 air 50 24 17 6000 6.5 '
KT33 - 1 air 80 33 22 1750 12 :
- KT43 1t air 110 43 3.0 1600 13
KT80 1 air 169 6.0 45 1750 27
KT300 vl air bb4 28,0 28.0 4500 48 Lo . “ !
. ° '
. Tthis model is available in a vertical shaft option, intended for grass cutting . ,
machines. p .
Main uses for these engines are. for.small pumps and generators. See -
also the range of Kawasaki purpose-built generating set‘s in Section 7. :
. BOMBARDIER-ROTAX GMBH  Telex: 25546 bomrot a v i
P.0. Box 5 ‘ Cables: Bombrotax Gunskiréhen
A-4623 Gunskirchen n Phone: (07246) 271 ;
Austria , i

1
'
1
i
i
¢
i
!
i
i
h
{
i

Model . Cylinder Cooling- Cap.  Gross Power (b.h.p.) Nett Weight
- ~ fee) Max. Cont. @r.p.m.

flﬁg)
B .
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' L : T BERMOTOR LlMITED Telex: 95446 }
B @ 21 wndon Road - - Cables: Bermotor Tunbridge Wells
Turbridge Wells " Phone: (0892) 37588
Kent TN11SY s .
WK, ' Co.

Multi-fuel ‘spark ignition- englnes four-stroke, fuelled with petrol
"{gasoline), paraffin. (keroserre) or propane {l.p.g.). Power figures g(ven.’
for petrol-fuelled ver5|ons ‘ ~

Model! Cylinder Coo//ng Cap. Gross Power (b.h.p.) Nett Weight
fecc)] Max. Cont. @r.p.m. {kg)

*vertical shaft variants available in these sizes

. 40045 - 4 water 845 24.0 150 2500 98
'588:45 4 water - 1108 37.0 22.0 2500 108
: 810-45 4 ~water 1289 425 27.0 2500 108
. 821-45 -4 " water, 1565 70.0 60.0 4200 —
K ~ Various engmes avallable as generatmg sets battery chargers S|te
’ welders self-priming drrigation and drainage pumps, etc.
S -
. WITTE ENGINE : Telex: 042-6262
P * CORPORATION . Phone: {913) 764 3512
' ' : {A Hawker Siddeley Company) ‘ ‘ ,
—P:0. Box-386 ;
5b5 East b6th nghway ’
Olathe
Kansas 66061 E
U.S.A. ‘

Model G-260 natural gas or propane engicne

Gross Power (b.h.p.)

Model Cylinder Coo//ng Cap. Max. Cont. @r.p.m. Nett Weight
o ] fec) . i (kg)
G-260 2H water 1966 17 8 600 545

&7

G-260 Engine {Qilfield) Unit

This engine is available asa single or three-phase generating set and
there is also the Model 120 diesel, engine (see page 26) with many .

common components, “3
WHITE ENGINES Telex: 98-3439 , : Coilfillercap & 0 o
INCORPORATED “ Cables: Hercano . ‘ - v b '
101 Eleventh Street S.E. . Phone: 216 454 5631 STECERRE .
Canton ’
_Ohio 44707 : ) - ] . breather cap
‘U.S.A. ! - . o

Water cooled engines with power outputs 35 b.h.p. to 140 b. h p. oil pressure {__|
Can be supplied as closed generator power ugits, with housing; instru-  cornection
ment panel, governor, etc. : { ’

Model  Cylinder Cooling Cap. Gross Power (b.h" Nett Weight | fuel inlet

) fcc) * Max. Cont. @r.p.m. {kg) , ’ _* gauge oil level
G1600 . 4 [ water 2670 "77. 55 2000 190 '
G2000 ' 4 water 3240 84 69 2000 270 : ~ Maodel D-2000
G2300 4 water 3700 89 76 2000 270 L.
G3000 6 . water 4880 130+100  2000. 360 S .
G3400 6¢ ° water 5650 144 115" 2000 ~ 350 -,

18A 1 air | — 15 10 2500 11.3
318A .. 1% . air . — 20 13 2500 1.3~
1178 1" ar ¢~ 33 22 2500 14
217 N ar -~ 40 28 2500 - 14
239A 1* ait  — 45 33 . 2500 20
610A 1 st — 60 40 . 2000 36

810 - 1 ar  — 80 5.0+ 2000 36
112 1 ar -~ 100 80 1600 . 70

115
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" {Subsidiary of International

L]

‘Gas Tu'rbineé‘ '

RADICAL ENGINE.GROUP Telex: 695045

Phone: (714) 238 5551
Harvester) ' k

Solar Division

2200 Pacific Highway

San Diego

California 92138

U.S.A.

A series of small gas turbines designed for aircraft auxiliary power
unit and ground starter applications, but suitable for other generating
app[fcations, ‘mechanical applications and for the production of pneu-
matic power simyltaneously if required. All with single-stage centrifugal
compressor and radial inflow turbine mounted back-to-back. All fuelled
with aviation turbine fuels. ‘ T

Model Max. Mak. fuel Output- Environmental
Power consumption speeds limits ’ o
Rating  (Ib/hr)  (rp.m.)  Temp. Altitude Weight
tho) . (°F) (ft) (kg)
T-62T-16B1 75 82 8000 - 65 to 125 15000 ,1?4
T-62T-11. 75 92  (8000/ E '
' 77788) —65to 130 6000 32
T-64T-40 90 . 140__ {11760/
- : —'65 to 13030000 41
T-62T-16A1 ' 95 108 8000 4§ to 12515000 32
T-62T-2A1 95 114+ 6000 ~.=B5-15 15000 32
T-62T-12 105 116 (8216 &
B 8000) — 65 to-13020000, 34
T-82T-27 150 140 {8216 &
1 8000) — 65 to 13020000 38

All of these operate for 2000 hrs between overhauls and have an
expected service life of 10000 hrs. Typical start-up time to full power

s 16 seconds.

J

73 e N -

Exhaust
1N o

; Solar Titan Gas Turbine Engine T-64T-40




o

Etermnal] .

‘Combustion

Engines

STEAM ENGINES
’ STIRLING ENGINES
THERMO- ELECTRIC CONVERTERS

- liquid/vapapr combination

" the technological ady
. Revolution, while th

. bulk were les

v

-

In common with the internal combustion engines described «

in the previous section, external combustion lec) engines’
convert heat into mechanical {or electrical) energy. The
primary difference which characterises e.c. engines is that
the heat is applied externally “(afid” contiritiously) and
transferred viasuitable heat exchange surfaces to a working
fluid W|th|n the engine.

There' are three primary. types sof workmg ﬂund a
(the ‘steam engine), gas/
hot air (Stirling engines)Zand electrons (thermoelectric
generators). The first two systems formed the basis of
ces which led to the Industrial
/ latter is a relatively new develop™
ment based on principles known for some time but not
well understood until recently.

it is relevant to consider briefly the advantages and
diSadvantagés of this. category- of heat engines, as they
may in future come into increasing use -again -for small
power applications. .

The primary disadvantage of e.c. engines in general is
that due to the fuel being burnt externally, cqnsiderable
heat exchange area is required to transmit the heat into.

LIIU WUII\IIIH J}Jdbl;'\h’ dllu LU Il'a'jb'b\. L”h' VthLU lll‘.'dl d'. Llll:
end of the cycle. This normally implies numerous boiler

“tu bes to transmit the heat from the flue gases to the'water.

in a steamsgengine boiler, and a similar arfingement in the
condenser which cools the exhaust steam. The same
problem applies ta the Stirling (or Eriksan} engine which
uses expansion and contraction of alternatély heated
and cooled air {or some other gas in somecases) to drive
a piston. Thermoefectric generatofs, -which utilise tem-
perature differences to move ffee electrons across junctions
between dissimilar metals (thermocouples) also require a
large heat exchange area in order to admit sufficient heat
flux from the burner or other sources of heat to the hot
end and to keep the cold end cool. o

The result is that e.c. engines are generally bulky and
consequently expensive to construct compared with
i.c. engines of the same power output. They also have
considerable ‘thermal inertia so that they cannot be
switched on or off quite as quickly as ani.c. engine. Asa
result, i.c. engines rapidly became the primary autonomous
power source early this century, largely replacing steam
engines in' medium pgQwer applications while . Stirling
engines which tended to be used in the nineteenth century
for fractional. horsepower applications,” were rapidly ,
replaced by electric motors once widespread electrification
became the ~norm in industrialised countries. Steam
engines succeeded in aining dominant for railway and
marine use un e of this century, as weight and
in those applications. However,
‘less labour inte’@e and more convenient installations
became .economically desirable and ‘petroleum prices fell
in reél _terms, 50 steam engines were superseded by the
diesel\ |n those roles too."The only area where steam engines
are st|II \favoured is for-large-scale centralised electric power
production and for propelling large ships requiring 10,000's
of ho_rsepéwer‘. Here stegm turbines are used, as they can
achieve better efficiencies than any pther type of heat
engine. In the lower power ranges, diesel engines have
tended to reign supreme as a result of their effjciency and
lower first cost lesultmg from mass-production.

However, the mam disadvantage of diese! and other
i.c. engines is that they are usually fed with petroleum-
based fuels, which for the first time since the start of the
industrial revolution are becoming more expensive in real
térms. Since fuel costs are a primary expense with any
heat engine used for anything other than very intermittent
or stand-by applications, this development is likely to
offer a- better future to external combustion engines

17
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which have the characteristic of requiring heat rather than
fuel — in other words, they can be run on anything that
burns providing suitable combustion and heat exchange
facilities are designed in. Coal and other solid fuels are
becoming relatively cheaper than oil, and thisi trendis
likely to continue due to depletion of oil reserves at a far
faster rate than the world's far larger coal reserves. In the
very long run, e.c. engines are the only heat engines that
can readily make direct use of solar energy once all}zfossil
fuels become scarce — Section 1 includes examples of
solar heat engine systems of this kind developed for
pumping water in desert areas.

Having listed the major shortcomings of steam and

other e.c. engines, it is worth noting that they offer a
number of advantages in addition to their multi-fuel
capability. The main ones are that they tend to be longer-
lasting than equivalent i.c. engines {which goes a long way
to make up for their intrinsically higher capital costs); they
are’possibly better suited to small-scale manufacture — so
that a suitable design could more likely be manufactured
economically in small numbers within less developed
countries; they are much quieter and more vibration-free
than diesels in particular; and their exhaust emissions
are much cleaner in terms of poisonous carbon monoxide
and oxides of nitrogen than.c. engine exhaust. Technical
maintenance requirements and spare part inventories
tend to be reduced with e.c. engines compared with i.c.
machmes but {depending on the fuel), a considerable

amount of routine ash removal and other low Ievel main-

tenance may be required.
The general demise of e.c. engines throughout the first
half of this century has meant that relatively little effort

Aor._funding) .has_been invested-in -improving the tech-

nology. However, various new developments offer some
prospect that much improved e.c. engines will emerge
within the next few years — for example, heat pipes may
be used to transfer heat much more cheaply and rap|d|y,
small “fluidised bed burners may improve the ease®and
efficiency with whicH fuels may be burnt, solid-state
electronics offer the possibility of refiable, low-cost
control, and so on. Work is in hand in many research’
centres on this kind of development, and in the meantime,

a number of well-tried traditional steam engines have*

enjoyed a bit of a comeback, particularly for use in small
boats, because of their quietness and rellablhty
It remains to give a brief description of the principles
and features of the three main categories of e.c. engines.
. NN
Steam engines

,The steam engine’s initial developmentin the 18th century, *

mawﬂy for pumping water out of coal mines, led directly
to the Industrial Revolution. In the efigine water is bailed
to produ‘t;e steam under pressure, which is then allowed to
expand either in a cylinder or through the rotor of a
turbine, to do work, In traditional railway and traction
engines the steamn was then exhausted to the atmosphere
doing nothmg more ‘useful on the way than to create a
good draught for the fire by inducing the flue gases to
flow' more effectively out of the chimney. This is very
wasteful, as a lot of heat is lost in the exhaust system; as a
result the overall efficiency of steam engines of this kind
tends to be less than ten per cent, which with present day
fuel prices (even for coal) is generally unacceptable. The
other disadvantage is that the lost steam has to be replaced
with' fresh water, which ideally needs to be softened and
filtered to prevent boiler corrosion or- scallng Therefore
it is preferable to recycle the exhaust system through a
condenser (the latter of course adds to the weight, size
and cost of the system). This.allows a limited puré water
supply to be used (which reduces boiler maintenance)

L.

‘This engine,

and, more important, the efficiency is greatly improved
as the condensate can be readmitted to the boiler at closer
to boiling temperature. Engines of this kindcan be from
15 to 30% efficient, cémparing favourably with i.c.'engines
in this respect. However, fans or high smoke stacks are
required to create a good draught.

Most of the units in this section are conventional
reciprocating engines of traditional design, but there are
also. some steam turbines. The latter are particularly
appropriate¥'for direct electricity generation as they can
couple directly to ‘a standard alternator, whereas the
reciprocating piston engines tend to be slow speed devices
which would need a lot of gearlng up to achieve, syn-

“ chronous speeds.

Small steam turbines are quite widely used to generate
electricity from the waste products of such tropical
industries as sugar refining and palm oil production, while
reciprocating steam engines are best used for applications
demanding high torque and slow speeds, such as for
driving small boats, slow-speed ’machinery, etc. It is
believed that a number of new products may be appearing
in this field within the next year or two, and it is hoped
to include details in future editions of this publication.

The prlncuples of the steam engine can be applied using
working fluids other than. water. A number of engines
have been -developed Wthh rimn. on organic heavy vapours
of the kind often used in refrlgerators in order t& operate
efflcné”ily at lower temperatutgs than s possible with a
water boiling engine. Engmeec;émxvs kind arejof\course
always of the condensing type so that there is no Ioss_of
working fluid. Low temperature vapour. engines using ™
organic fluids or ammonia are of particular interest for

solar powered applications as they- can- use the“ﬂow-
grade heat from flat-plate solar collectors or low cénit:en-
tration factor solar collectors. Although low temperature
heat engines are inherently inefficient, low temperature
solar collectors are the most efficient. As a result, the best '
system efficiency'is often obtained with a low temperature

.vapour engine, rather than by trying to concentrate solar.

energy sufficiently to run a'normal water-based steam
engine. Renault/SOFRETES offer systems: of” this kind

*. — see Section 1

Stirling eng/nes

originally developed by the Hev Robert
Stirling, in 1818, uses the pressure changes caused by
alternatively heating and cooling air {or some other gas)
to do work. A variety of different configurations have
been developed. The primary- advantage over the stearmn
engine is that no boiler with its dangerous contents of
high pressure steam is involved, but nevertheless, early .
Stirling engines tended to be bulky and heavy:in terms
of their power outputs and they were ‘readily superseded
by electric motors once electricity became mare w;dely
available. '

In recent years a number of sophisticated.new devices
utilising-the Stirling hot air {or more often anather gas) ‘
cycle have been under development. Only one of these, .
the Aga Harwell Thermo Mechanical Generator, has
appeared on the market, but as can. be seen from the
section on equipment under development, United Stirling
in Sweden and Sunpower Inc. in the USA are in. the _

.process of developing Stirling engines which will eventually

also be commercially available.

The main attractions of the Stirling engine are that
belng an e.c. engine it can operate on almost any heat
source (the-Sunpower version can be run on solar heat) and,
if worked with a pressurised working gas, high efflc:|enc1es
and a compact and reasonably light weight design can be
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achieved that appears competitive or even superior in
some respects to diesel engines: To achieve this however,
the working gas needs to be at quite high préssures and
until -recently it was echnlcally impossible’ to achieve
effective sealing under ithe temperatures and conditions
prevailing. Modern technological advances have made
these problems soluble, The other major attractlons are
relatively qunet operatlron less vibration and. a cleaner

exhaust (depending on fuel used) than comparable i.c. o

engines. It is difficult for Stlrhng engines to compete
economically with i.c. engines initially, except in appli-
cations where their unique advantages, such as multi<fuel

-capability, give them an edge. This is because the englne

Has in many cases a more complex mechanism; the sealing
problems already mentioned; and antil now its develop-
ment has been limited. Obviously, a coal or wood fuelled
Stirling engine of comparable thermal efficiency to-an
i.c. engine would seem to be potentially very useful
in areas where petroleum based fuels are particularly
expensive and it is expected that machines of this kmd
will be developed within the next few years.

Thermoe/ectr/c generators e

These are not external combustion engines in the strictest
sense. of the word, although they do convert heat energy
directly into electricity, which is a more desirable and
versatile energy form compared with a mechanical output.
Obviously a mechanical output can be arranged simply by
using an electric motor or servo.

The thermoelectrlc generator depends on a prmc1p|e
known since about time when the steam and Stirling
engines’ were ented, ndmely the thermocouple or
Seebeckeffect.” is, a voltage develops when the
junctions of an electrical circuit consisting of dissimilar
metals are maintained at different temperatures. The
reasons for this phenomenon were only understood quite
‘recently with the development®of solid-state physics, and

this knowledge: has allowed the process to be optimised:
_ to some extent. {

. Two ranges of devices of this kind that are com:
mercially available are listed in this section (from Teledyné
Energy Systems in the USA and Global Thermoelectric
Power Systems of Canada. These are designed for similar

.

unatténded remote low power applications as the pre- "~

vnously mentioned Aga Harwell TMG and produce outputs
in'the range up to 90 watts while running on-gaseous
hydrocarbon fuels such-as propane, butane or natural gas.
The units can of course be combined to satisfy larger
power requirements. As the power output is proportional
to the tempeérature difference between the hot and cold
end, these devices tend to give greater power outpufs in
cold ambient conditions. .

The main advantages of the thermo-electric generator
are that it. has no moying parts at all (being a solidstate
electronic device). So it is completely silent and vibration-
less and the only maintenance needed is in connection
with the burner or heat sources. Hence one example
{from Teledyne Energy Systems) is claimed to have been
operated without maintenance for 6 years and the claimed
operational life is of the order of 75 years. Obviously like
the other external combustion devices it potentially has a
multi-fuel capability or coufd be solar heated, although
currently available models generally run on propane or
natural gas {methane).

Its disadvantages are that it has a high capital cost for
its power output and the thermal efficiency is rather poor,

so the fuel consumption. tends to be high. Obwously,’

where Iong life, freedom from attendance or maintenance
and great rellabullty are essential the high first and running
costs become worthwhile.

.

It -is claimed that thermo- -

» electric 'generators. become economic in competition

with other devices in remote applications where-a con-
tinuous, reliable power source is needed in.the range from
1 to 300 watts.

There is some hope that if- thermo-electrlc devices
‘become more widely used so that théy can be manu-
factured in larger quantities, the first cost may come
down ‘and furthér technidal improve ent may well lead
to better thermal efficiencies. But evﬁ now there is little
doubt that the existing commercially-available devices can
be applued more economically than any othgr alternative
ina number of specialised remote small-power apphcatlons.
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Steam Engines
APE-ALLEN LTD . " Telex: 824686
P.O. Box 43 Cables: Apeng Bedford Telex
Queens Engineerinig Works Phone: (0234) 67400
Bedford MK40 4JB o
UK.
A major steém turbine manufacturer with a wide range of multi-
megawatt steam plant, the followmg represent the very smallest end of
the range and many units are in use generatmg -power from the heat of
waste products of various tropical mdustnes such as the palm oil
& industry, or from sugar cane bagasse. &
Mode/ Max. Temp.  Max. inlet ~ Max. exhaust Drive
Output » limit steam pressure  steam.pressure
(bhp) (kW) (C) (psi) (ke/em?) (psi) (kg/em?)
BF2.5 60 45 500 1800 125 70 5 di‘rect'
BF3.5 60 45 420 570 40 70 \ 5 . . _
BF4 . 270 200 500 640 45 70 5 . i A typical 500kW ALLEN-KKK
AF3.5D 410 300 500 1425 100 230 16 . i TurbinF Generator
AF3.5G 7410 300 500 1425 100 230 16 . geared 1
AF4D 820 600 500 1425 100 140 10 direct | \
AF4G " is a geared version of AF4D and AF4GYV is a vertical shaft » | :
. " géared version. : “' >
All the above machines have overhung, single-stage rotors and all are !
fitted as standard with hydrauhc ‘overspeed and control governors.
Some systems can be supphed as purpose built alternator sets. . -
. 1
PETER BROTHERHOOD LTD Telex: 32154 “~M.B. ENGINE COMPANY Phone: (055) 381
Lincoln Road Cables: Brotherhood Watlington 282
Peterborough PE4 6AB Peterborough King’'s Lynn
U.K. v ) Phone: (0733) 71321 Norfolk ’
3 Manufacture a range of small to medium steam turbines UK. -

A and turbo-alternators "intended for waste process heat, Smgle«:yllnder double -acting engine weighing 26kg
marine waste heat and similar waste heat utlllsatmn as (K/wth flywheel). Uses steam at. 85psi to produce 2 b.hip.
well as for dlrect power production. /at 500 r.p.m. from a monotube boiler.

Smatiest ra range of single-stage turbines are type SS MD. g Suggested for .combined domestic heating/lighting
These are intended for any industrial mechanical drive {tq 1%2kV A}, small boats, pumping water, etc. d
application. Available complete with monotube boiler as portable
Power range: 200 1o 3000 b.h.p. at speeds from 800 to power unit weighing approximately 100k9
" .200r.p.m. - , N
. Rotor: Impulse type, overhung. AP =y Y
Gearing: Built-in reduction gearing. g -
N Q) D
4
3
2 4
1
e 1. Centrifugal governor
and oil pump drive
2. Electnc tachometer | .
3. Overspeed tnp e
4. Gear thrust collar . . .
5. Hardened and ground Overhu"g Turbine W!th . ' a ) SR
. " reduction gearing " y Integral Geared Drive w o - . . . '
120 6. Labydnth gland seal , : PSR Y , -~ Single Cylinder Steam Engine

{
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O’CONNOR ENGINEERING Télex: 685641 - PONTIS STEAM PLANT Phone: (083) 26 277
LABORATORIES INC. Phone: 714979 The Gate - .
100 Kalmus Drive . 3993 Cotterstock
Costa Mesa =~ Oundle
California 92627 Peterborough PE8 5HD
U.S.A. - - U.K.

‘ Two and three cylinder steam engines. Power range - Manufacturers of small steam boilers and steam engines,
from 5 to 2bhp. Suitable for marine or industrial use. most suitable for marine applications. Also adaptable,
(See also for boilers). . . with suitable modifications, for stationary situations.

vy

Uniflow Steam Engine ‘ - Vertical Coal Fired Boiler
HAYWARD TYLER & Telex: 82158 )
CO. LTD ‘Phone: (0582) 31144
P.O. Box 2 i
Luton Py '
Bedfordshire ‘ v
U.K.

» A range of simple, single-wheel steam turbines of well proven design.
All units are fitted with a governor {various types available) and a hand
synchroniser allowing 20% manual variation in the constant speed
setting. .

The makers claim that poor condition steam can be used for some
models and a wide range of operating pressures and speeds are possible.
As power depends on both steam pressyre and speed of rotatign, the
use of a reduction gearbox to permit higher wheel speed often resutts
Sectional Arrangement: T100 Turbine in both a higher powér output and improved efficiency.

Typical applicaf)cions include pumps, mixers, alternators, compressors,
blowers, etc. Immediate start up is possible.

Model Inlet  Temp. Exhaust Bower  Max. Max Net.
. psi. .+ Limit Press ~ Range Output  rpm°~ Weight

°c- psi hp. -  hp. kg
T100 ~ 200 274 50 5-160 250 4500 318,
TS200 450 400 90 5-200 250 4500 354

50 75-450 750 4500 795
90 75650 750 4500 886

T400 250, . 274
TS600 450 400

TC18 480 260 90 . 5-160 , 250 - 3600 375

TC18H 640 400 90 5-200 250 3600 450

TC24 450 - 260 90 75-450 750 3600 886
TC24H 640 400 - 90 75650 750 3600 977 121




SEMPLE ENGINE COMPANY Phone: (314) 9616244
INC.

P.0. Box 6805 - N
St. Louis

Missouri 63144

U.S.A.

Range of small steam engines ranging from 5 to 20hp. Suitable for steam
boats of 18 to 35ft. Units are either single or compound, operating atAGOO .
r.p.m.

Units can also be used in statlonary applications but the boiler may need
an additional firebox if used with low grade fuels. The enginie may also
redguire a governor.

34-DW  Double-acting, single-cylinder S5hp at 600 r.p.m. Weight 39kg
34-DL Double-acting, singlecylinder 5hp at 600 r.p.m. Weight 42kg
354-DL  Two-cylinder vee compound 10hp at 600 r.p.m. Weight 84kg _
FT-40 Vertical gubular boiler, operates at 150psi, steams in 14 minutes .
from cold; produ::es 245lbs/steam hr. weight 3(?4 kg {suitable for above 354DL (10hp) Compound Unit
engines). Complete marine power units available comprising above engines/-
boiler complete with pump, heater and condenser. Other boilers available to
suit engines of 10, 20, 30, 60 and 120hp. The 354-DL engine can be twinned
" to produced a four-cylinder 20hp power unit.

@

SPILLING CONSULT AG Telex: 57939 “STEAM POWER"’ .

Sonnenweg 4 w.Cables: Spill Ch 106a Dérby Road .

CH-5610 Wohlen ' ' Loughborough LE11 OAG

Switzerland ’ o U.K. ' !
Manufacture two different singlecylinder steam ~This organisatién publishes a quarterly magazine on

engine modules which can be assembled into. multi- steam,power, plus numerous plans of different types of

cylinder compound units, allowing a large number of steam engine and associated equipment. They also offer

power outputs from 10 through fo 1200hp. These modules
are designed to run at 760, 1000 and 1500 r.p.m. The units . ” o . . .
may be used for multi-fuel or waste-burning installations. ePafnthJer Steam (9:0 Vezn;":‘:p;;ﬁ'::i;g?ﬁ?ble-acnng
A consultancy service is ilable t th - ng r‘re. ompour .
efficient‘use of‘b\;sic resourceasval e to er‘xsure & most Maximum power: 35 b.h.p. at 2000 r.p.m. with steam at
: : 100 psig (approx. 70 bar)
Minimum’ steam pressure 40 psig
(approx. 3.5 bar) for continued
- operation.

Overall weight: 76 2kg (168Ib)

the “‘Panther” Steam Engine to the following specification:

i

It is Understood that a comprehenstve brochure is
available for.£1.70 or US §$5.007
R K . 3 e




- Stirling Engines

Harwell TMG Telex: 935956

AGA Navigation Aids Cables: Agafaros -
77 High Street ~ Hounslow

Brentford Phone: 01-950

Middlesex 6465

U.K.

The Aga Harwell Thermo Mechanical .Generator is an
unconventional device invented at the Harwell nuclear
research centre. It works on the Stirling engine principle,
but has no rotating parts. The output is via a linear,
" oscillating electric generator that produces a 25 watt,
. 100Hz AC electrical primary output which is then rectified
to majptain 10 12V nickel cadmium: cells capable of
sustaining a 36 watt electrical load for a mean duty
of 14 hours in each 24. ) T

Its function Is-to produce a reliable electrical output
from a propane (or other heat) energy input Source,
consumption being 200kg of propane per year. The dovice
is intended to run for ten years without maintenance
other than cleaning the propane burner annually then
the fuel supply is replenished. Typical applications are
remote unattended low power electrical devices such as
marine buoy.f., microwave repeaters. .

It is likely that further, higher powered models of this
device will become available later. '

‘Aga Ha

Altarnator coils

v

=
Parmanant magnat

Cooling coils
Biapheagm
'

Body

rwell Thermo Mechanical Generator

Thermo-Electric Converters

Alberta Canada TOJ 0B0O

@

operation. <

Y
GLOBAL THERMOELECTRIC Telex: 63 848141
POWER SYSTEMS LTD Phone: 403472 3512 /
P.0. Box 459 ’ o
Bassano

s

Manufacturers of thermoelectric generators fdr use in remote and un-
attended locations — recommended preventive maintenance operations -
for these. systems average % man-hour per year. With no moving parts,
these systems are claimed to last for over 20 years of continuous

The following models are available:

" Model- Voltage™ Power™  Fuel consumption Weight
Current ™ propane . natural gas of unit
(volt) (amp) (watt] (kg/day) (m3/hr) kgl .
5020 1.8 1.1 . 20 . e
5020-12 12 .~ 1.3 15} 0.90 0.05 19.5
5020-24 24 65 15
5030 1.8 16.7- 307 A
5030-12 12 2.0 24 - 1.50 0.087 19.5
| 5030-24 24 1.0 24
5060 65 9.2 607 :
® i 5060-12 12 4.2 50
‘ 5060-24 24 2.1 so [ 29 | 0.8 41
‘ 5060-48 48 1.0 50|
‘ " 5120 7 17.2 1207
§120-12 12 9.0 108 o
5120-24 " 24 45 108 [~ 58 .36 64
5120-48 48 2.25 108
*Matched load.@ 24°C, ‘ v
% < Voltage adjustments 12-18, 24-30 or 4860V DC;: regulation * 0.25%

no load to full load. -~

) “’i . ; ) A .

Voltage ripple peak to peak under 250mV; r\i.pple frequency 400Hz, .
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TELEDYNE ENERGY Telex: 87780
SYSTEMS Cables: Telises -
110 W.Timonium Road Phone: 301 252 8220
Timonium ) *
Maryland 21093

U.S.A. ’

l.~.. Manufacturers of thermoelectric generators for use in remote and
unattended locations. The manufacturers claim that installation is very
easy, the system is ultra reliable and has a very long life of up to 75
years. As with all devices of this kind, performance improves undercold
ambient conditions — the rated performance is given for ambient

70°F (21°C):
Madel  Voltage* Power™  Fuel consumption Weight
. Current” propane  natural gas  of unjt’ BN
(volt) (amp) (watt) (kg/day) (m®/week}. — (kg)
Telan 12 67 8 :
2T1 24 .33 8 :}‘ 5.1 M52 15
48 17 8 :
Telan 122 1.68 19° .
2T ;3 . 1:31 :Z - 102 13.00, 24
48 .35 17"
Felan 12 2.50 30
273 24 1.06 25 } 15.3 19.65 33
48 - 52 26 J
Telan 12 3.0 36"
2T4 24 1.6 36J> 20.4 26.1 42
e e G Ry S 34_|__
Telan 12 4.16 50 -
275 24 2.08 50 25.4 326 51
48 87 42
Telan 12 5.0 60
2T6 24 2.5 60:}» 30.5 39.1 59
. 48 1.06 51
Telan 12 5.67 68"|
2T7 24 2.83 68 ~ 35.6 456 68
48 123 59|
Telan 12 6.58 79
278 24 3.08 74} 40.7 52.2 77
48 152 73 ‘
. Telan 12 7.50 90
279 24 3.71 89]‘ 45.8 58.7 86
: 48 1.85 89

*Matched load @ 21°C.

i

Telan Thermoelectric Generator

8




Electrichty
Generation

ALTERNATORS & GENERATORS
« GENERATING SETS
OTHER ELECTRICAL EQUIPMENT

This, of course, is not the only section in this Guide to
deal with electricity generation, since many of the devices
in-the specialised sections on energy conversion produce
electricity as an end product. Also, as the main prime-
mover for small-scale electricity generation is the diese!
engine, {and likely will remain so for the next decade or
two at least}, it is inevitable that a lot of diesel engine
manufacturers offer their pfoducts with an alternator

" attached, while a lot of alternator manufacturers offer

theirs with a diesel engine attached. As a result, quite a
number of the entries in this sectior)_consist of alternators
with diesel engines, while quite a number of the dieskls
in Section 5 are listed as being-available with alternators.
In fact there are so many different diesel generating sets

. available on the international market, from such a wide

variety of manufacturers, representing an enormous

number of permutations and combinations of different. -

makes of engine and electrical equipment, that it would
be quite impossible in a book of this scope to attempt to
be comprehensive. It is hoped that the selection included
provides a good cross-section of typical products and
shows maost of the more widely used machines; we will of
course welcome suggestions from readers and manufac-
turers who would like to recommend further generating
sets and associated equipment for inclusion in future
editions.

Also, it is-beyond the scope of this book to go into
detail on internationally-available electrical transmission
and control equipment. Agents, and suppliers of this

kind of equipment are well established and well known -

in_ most parts of the world and the best practice will
generally be to use equipment that is locally avaitable
and which will, no doubt, conform to local electrical
standards.

Electricity

This is not the place to discuss the technicalities of
electricity generation —_but a number of fundamental
points are worth a brief mention as they affect the choice
of equipment that might be used. |

Electricity is primarily of course an energy transmission
medium possessing the virtue of being readily convertible,
with high efficiency and at low cost, into mechanical,
light or heat energy. It can be easily transmitted some
distance, but the greater the distance of transmission the
higher are the voltages required to prevent undue losses in
the transmission lines. High voltage lines need well-spaced
conductors on large -insulators carried by high towers —
so long distance electricity lines are expensive and néed to
carry a heavy load to be economic. As a result it is not
economic to send electricity to distant sghall communities
— it is usually cheaper to send diesel fuel in drums and
generate it locally, — which is what is hormally done in
such situations. '

Most electricity generation for anything other than
battery charging involves the production of alternating

current (a.c.}), mainly because a.c. generators (alternators)
are simpler, cheaper and more reliable than direct current"

(d.c.) generators (sometimes known as dynamos).
recent years, even cars have generally been fitted wnth
alternators to save cost’and improve reliability — the a.c.
current then belng rectified to d.c. to charge the battery.
Direct ctrrent (d.c.)' consists of a steady flow of
electric current at a fixed voltage, analogous to a steady
stream of water flowing down.a pipe, while a.c. fluctuates
in voltage, chdnging polarity i either 50 times a second
{under most European standards) or 60 times a second
(U.S. standards). The-frequency- aof a.c. current |s.gontrolled
hy the speed of the generator — most generatofs produce

50 cycles/second (or 60 Herz) at a driven speed of 1500 -

v
P}
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- lot of electric motors in the load .are inductive — the two

rpm, while American machines are often driven at 1800
rpm to produce the US normal output of 60 Herz. Most
Europgan elettrical appliances are designed for voltages
in the fange 210 to 240, (50hz) while American equipment
tends to be 110V. A lot of equipment on the international
market tends to be dual standard and can be adjusted
before being put into operation to use either type of
supply, or it can be ordered in the first pIace to suit
ither fype. .

Therefore the most basic decision in choosing a genera-
iting set is the voltage and frequency that will be required.
‘Here itis probably best to use whatever is normal for the
’areas of your country with mains electricity for wo
.reasons; firstly appliances and electrical equipment, cables,
‘etc., will be readily available to suit and secondly, if mains
power is ever extended to wherever the local generating
set is located, then the local wiring and apghances will all
be immediately usable. . \

With . direct current, the current. {electfon flow) and
voltage (motive force that moves the ilectrons) are
constant and in the same direction, and the power being
transmitted is simply calculated by the product of the
voltage and the current; i.e. volts x amps = watts, (for
example, a current of 6 amps (A) at a voltage of 240 volts
(V) = b x%.240 = 1200 watts (W) or 1.2 kW). With a.c., this -
is only true if the voltage and current fluctuate simul-
taneously, or in phase with geach othf.—.in. ac"tice, for
reasons that need not be detailed here, any electrical -
appliances with electro-magnetic components (i.e. electric
moters, transformers relays) will have the effect of
making the current tend to lag behind the voltage, whereas
any components with capacitance (i.e. electrical circuitry
that can store an electrical charge) will have the reverse
effect and tend to make the current variations lead the
voltage ones. Long transmissiori lines are capacitive and a

could cancel each dther out and. make the voltage and
current vary in phase, buf in practice they are usually

-little out of phase. The effect of this is to reduce
the transmitted power by a certain amount which is
measured the Power. Factor. For example, if the phase
differen®® such that the transmitted power is 90% of
the product of"amps times volts, we say that the power '
factor is 0.9 and the actual power available will be the
volts ‘times the amps times the power factor. As a result,
it is normal to specify the output of a generator in kilo-
volt-amps written as kVA and the actual power in kW
dellvered will be the kVA times the power factor of the
circuit; often perhaps 0.8 or 0.9 times the kVA,

Obviously it is desirable to get the power factor as near
to unity as possible. The economics of the equipment
necessary usually dictate that this is only done.with
reasonably large, continuously running generating sets & it
is -hardly worth bothering with a small intermittently
used portable set or stand-by unit. The manufacturers of
larger, more sophisticated generating equipment (i.e.
generators of 5 to 10kVA and upwards, rated for con-
tinuous operation) will usually specify in some detail
what kind of circuitry should be used in conjunction with
their equipment for different purposes and will often
supply any.special items as a package deal. -

"Anather feature of a.c. electrical power_generation is .
that it is common practice to generate three electrical
pulses of voltage and current on the same machine, but
equally-spaced, out-of-phase with each other — these
voltages and currents are sent down-three* separate live-
conductors,” but the return {neutral} lines are combined
into one conductor. This is known as three-phase trans-
mission (and it is almost universally used for all electrical

The reason is gconomic —. three-phase generators and
motors are smaller and cheaper than sihgle-phase ones of
the same output. On the other hand, it is far simpler to
connect ordinary, small domestic appliances, fractional-
horsepower motors and lights to a single-phase, two-wire..
circuit —so most three- phase generating systems su pplylng
a large number of small loads tend to have as evenly
balanced a collection of small single-phase loads as posmble
on separate circuits connected to each of the three phases.
. Large motor loads, on the other hand, are usually three- . |
phase as well and have four terminals to allow connection
direct to four-conductor, three-phase systems. X
The connecting up of three-phase equipment can be
quite complicated, <as there are several different methods
L. for linking the terminals on a three-phase generator or
‘motor. It should be noted that the voltages between the
three lines are considerably higher than between each
line and the neutral return. It is of coufse essential that
installations of this kind are:completed, or at least super-
vised, by a qualified electrician or electrical engineer, so
no attempt will be made here to instruct in the details of
.connecting up electrical circuits.

It must of course be stressed that eIectrlcnty is extremely
dangerous if mishandled, and the smallest low-powered
generating sets with tiny 49cc two-stroke power units can
administer a fatal electric shock if of 240V-output, while
everr a 110V output can be dangerous for someone with a
weak heart, if touched with wet hands or in some other
careless way that ensured a good electrical connection.
Therefore, always switch off the generator or at least J-
isolate all circuits before undertaking any maintenance,
repairs or modifications. : 7

=

Alternators and generators h g

@ i . 1

© As already explained, almost all electricity generation is
in a.c. usmg alternators. There are two primary types of
alternator /so-called rotating armature slip-ring machines
and fixed armature, rotating field, brushless machines.
Slip-ring machines have a lower first cost but they-need
more maintenance as they have carbon brushes running
on brass slip rings which’ eventually wear out and need
replacerﬁent Brushless machines are really two alternators
in one {which explains their greater cost} as they have a
small rotating armature which activates a rotating d.c.
- field coil (via built in rectlflers) on the same shaft, which
in turn generates the output within the stator armature._
As a result no electrical connections are needed between
rotating ang_static components and brushes can be’elimi-
nated from the design. This makes brushless machines .
-almost maintenance - free, the bearlngs being the onIy
wearing components. “ -

Dynamos for d.c. generation are relatlvely unusual

" éxcept for low-power battery charging applications such
as in motor vehicle electrical systems, and a few of the

“smaller windmills intended f_o(' low voltage, low power
outputs. These have brushes and hbrass ‘commutators
(which resemble segmented sllp rings) which tend to wear
faster than slip rings and generally need slightly more
maintenance.

Most modern’ electrical ma‘chines are enclosed suf-
ficiently to be “‘drip proof'’ — {early machines tended to
be .exposed and vulnerable to damage from any water
splash or drips). Control equipment is sometimes buift in,
but can usualiy be supplied when it is not, for regulating
the voltage and frequency within close enough Iirﬁits to

be sensitive to voltage or frequency excursuons Th|s i
_applies.-partictilarly. to electronic devices, but excessive *

transmnssmn_sy.siemuf_any_ﬂgmﬁgam_pgwemnd_SJEL__ ;

évoltage can burn out almost all electrical appllances llght

ulbs in partncular




_ Géne}'ating sets ,
An enormous variety of different types of generating set is
available. They range from very small portable units with

a pull-start and outputs of only a few hundred watts, for

use with portable electrical equipment that is used inter-

mittently, such assmall power tools or temporary lighting,
to large permanent installations that are in effect miniature
power stations, complete with automatic control equip-
ment and designed for continuous operatlon

Many of the larger diesel generating sets are avallable
either as standby units to provide power during periods of
mains supply failure, or as continuous power units. Stand-
by rhachines -have automatic start-up facilities which
activate them if the mains voltage falls below some
preset limit.

A lot of the remarks in the |ntroductory passages to
Section 5 on internal combustion engines apply to the

choice of power units for generating sets. It is particularly .

important to make-sure that the chosen unit is sufficiently
derated for the operation envisaged. It is ifhvariably
cheaper in the long run to use a machine which is slightly
too powerful for the job than to use one that has a
struggle to deliver sufficient power to satisfy the demand.
A vital factor, of course, is the availability of spare parts
and service, particularly for the engine, so before looking
too closely at.technical features, it is often -as well to
--investigate whether-a reliable agency is close at hand.
When choosing a power unit it is particularly important
to consider the likely load demandsgand their nature.
A generator used to driveMmotors capable of
absorbing a significant proportion of the generator output
must be capable of sustaining a quite heavy over-load for a
-few seconds when starting an electric: métor, as motors
. draw a much increased current whfle running up to speed
Even refngerators and other domestic appliances: with
electric motors can cause an appreciable extra” load 'when
their motors start up. Obwously it would be very wasteful
to use electricity from a generating set for heating purposes
(either for space heating, water heating or cooklng) as the
same or similar fuel that is used to run the engine could be
used much more efficienly and cheaply t?y burning it in
suitable appliances directly, and renewable resources such
as solar heating or wood fuels {where available) will often
ke still miore economical. |f heat is required for space or

water heating and a water cooled generating set is in use, '

itis possible to use engine waste heat, via a heat exchanger,
to heat water or to space-heat using equipment similar to
a car’'s heater. Indeed, an interesting challenge for 2 who
use regularly dperated generating sets is to find use for the
waste heat,

A number of generators intended for “continuous
‘operation can be supplied with exira silencing and sound-
‘proofing. This can be worthwhile specifying in many cases
asjn addition to the environmental improvement, it may
" permit the generator to be locate"d nearer to its load and
save on the costs of transmission lines and save transmission
losses: . M

L

Other electrical equipment

This section includes a 'number of items connected in-
directly with electricity’ generatlon such as batteries and
inverters.

Batteries are at present only generally available as lead- .

acid or nickel-cadmium for most practlcal and economic
purposes. Other types exist, and some’ quite promising
new types are under development, but rone of these are

yet economically competitive. Lead-amd batteriés, as used |
for most motor vehicle electrical systems, tend to cost :

than their - /only “real nval nickel-cadmium at around
£100/kWh/ Nickel cadmium b;{ttenes are worth the

-deep discharge and overcharging much better than lead-
- acid batteries, and they can be short-circuited or deliver

damage occurring. N

Batteries in their more common form require regular
replenishment of the electrolyte with distilled water.
However, nickel cadmium batteries have been available
for{some time in a maintenance-free sealed version and
new lead-acid batteries ‘of a similar kind, with a jellied

mafket. It is quite important to ensure that the capacity
of\,a lead-acid battery or batteries allows them to avoid
excessively deep dlscharge between recharging intervals,
which may necessitate a greater storage capacity having
to. be provided in certain circumstances when. lead-acid
are chosen than if nickel cadmium had been used, which
could partially offset some of the cost differential.

For heaviér power applications, lead-acid batteries
would normally be used for cost reasofls, while forspecial-
‘ised small power applications (such as in conjunction with
solar cells) the lower.maintenante requirement of sealed
lead acid or of nickel cadmium batterles can justify their

" extra expénse,

For power. applications mvolvnng-—energy—storage in
excess of a few kWh, it generally becomes uneconomic to
use-batteries, and a standby diesel or petrol engine with a
fuel supply is likely to be cheaper. The running costs for
the-standby eriging in such situations will be higher, but
its lower capital cost could more than outweigh this.

"contemplated, it would be well to write to the manu-
facturers’ technical advisory services to seek advice on
correct sizing tp suit the need. This is particularly im-
portant with lead-acigh batteries to avoid excessive dlS-
charging which could greatly shorten their life.
Where batteries are required for storage, but a conven-
,.tional a.c. output is needed to run mains voltage equip-
ment such as domestic electrical appliances, the modern
methodd -fdr performing the conversion from d.c. to “a.c.
is via a solidstate electronic inverter, some examples
., being included in ‘this section. A number of suppliers -of
electncntygeneratlng windmills also supplylmverters since

windmills as an energy stare for use in windless periods.
Once an a.c. output is obtained, different voltages can

"be produced usmg a suitable transformer “atthough

inverters- are- designed to_convert .to._narmal domestic.

modern practice being to use solid-state diodes to perform
this function. It is beyond the scope-of this book to detail
suppliers of ‘transformers and' rectifiers; they are fairly

equipment.

Note on code letters in the following section:

brushless

slipring

4-stroke engine .

2stroke engine

diesel engine
-petrol engine (spark ignition}
gas engine  *

Waté¥ (liquid) cooled engine
-air cooled engine -
turbocharged engine

power take off drive

THAPSOTONDOD

-
o
I
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around £25 to £30/kWh, which makes-them much-cheaper

fextra. cosl;’ for some applications, as they can wuthstand :

electrolyte that needs no topplng up, are coming onto the-

a.c. voltages. To go from a.c. to d.c. requires a rectifier;”

very heavy currents for a brief time with less likelihood of -

In any case, where energy storage by battery is being ‘

batteries are commonly used with-small-and-mediumssized —

ost -

readily available from most wholesalers of general electrical -




Alternators & Generators -

AEG-TELEFUNKEN - Telex: 22795

(U.K.) LTD , Phone: 01 229 9244 R o
202 Kensington Church Street ’
London W8 4DP

UK. *

Mounting: Flanged feet )

Range: 64 models in 2 ranges from 30 to 2520k VA.

Connections: Keyways are standard, conical and optional.

Control Options: Automatic voltage control, with overload and over-
speed protection. Parallel running facility is optional.

Voltage options: 400V 50Hz and 450V 6Q0Hz three-phase are standard,
others on request. ¢

N Power factor: 0.8

A o Protection: Drip proof and screen protécted.

Type 4221-4230/04 Agencies: Subsidiaries world wide. :

bearing plate (driving end — AS) -

1. :

1.1 louvré plate (driving end — AS) Type . - kVA V. Gen. Weight
J-2air batfie o Single-phase 3-phase - Spec.  (kg)

2. bearing (dr'v'r('s-AS) ) : 50Hz '60Hz 50Hz 60Hz -

3. bearing plate (non-driving end — NAS .
<%, bearing (non-driving end — NAS) DKBH4221/04 £ Not 30 36 40,0/ ‘B
‘5. studbolts .. 4222/04 applicable 35 42 450 B . 300

6. ‘cover plate . . . . 4223/04 40 48 e, B 320

8. feather . .. 4224/04 - 45 b4 B 330

3-1 rotor, complete ... 4225/04 51 61.2 B 350
8.2 spacer ring : ..« . 4226/G4 ) 60 72 ‘B 380

9.3 diode assembly .. . 4227/04 o 70 ng B 420

9.4 exciter rotpr : .. 4228/04 - : ' 80 96" . 'B 450

9.5 rotating diode (+) ' . 4229/04 90 108 "B 460

9.6 rotating diode () : :

9.7 varistor, complete ” 4230/0&5 97 115 B 510
10. stator complete . ..~ 4254/04 ' 120 144 . B 575
10.1 eyebolt , T ‘ .. 4255/04 140 168 B 655
13. exciter stator .. 4256/04 150 180 B 735
13.1 exciter support . o
15. pilot exciter stator 19. terminal strip L1 .

16. regulator, complete 20. main terminal board
16.1 terminal strip L2 21. condenser !
16.2 terminal strip L3 26. series resistor
17. reference voltage adjuster  27. cdver plate
. 18. lockingscrew 28. terminal box cover
/.
CAV LTD : Telex: 27881
P.O. Box 36 L Cables: Vanteria London
Warple Way - - : Phone 01 743 31 11
London. W3 788 LT : ’ "’;\ S

Mounting: Cradle mount or wing mount {as per vehicle generég-r.)
. Range: 7 models in 3-ranges from 0.78kVA to 1.2kVA
Connections: Keyed output shaft
Alternator make: CAV ,
Control options: Automatic full wave regulation to give d.c. output
Solid state requlator for voltage options
Voltage options: 12. 24 or 32V d.c.
. Power factor: 1
Protection: Corrosion resistant
.-'| Special features: Small range of electrical “control and protectlon ,
o .devices. Different models in the same range have varying cutln

200 |

AC5-24 Alternator : speeds. ' - )
' J Type . Enginé S/'ng/e.-phasg 3-phase. V  Gen. Weight
: ’ power absorbed =~ * (kVVA) -d.c. Spec.” kgl
; - (k) o "
‘ | AC512 1.8 65-100amps  0.78-1.2 12 'S - 5.9
’ AC524 1.8 13350 .. 0.79-1.2 24 S 5.9
S . /)  ACB32 ¥ 18 o230 074 - 32 S —587
128 , o YIRS .~ ©@3500 r.p:m. ; - ’ A
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BRUSH ELECTRICAL
MACHINES LTD
Light Machines Division
P.O. Box 18
Loughborough
" Lelcgstershlre LE1 1HJ
“ . K-' :

xp rt address
' er Siddeley Electrical
Expolt Ltd. -
P.O.Box 18 - )
Loughborough
Leicestershire LE11 1HJ

UK.

341091
Brush Loughborough
Loughborough 63131

Telex:
Cables:
Phone:

Mounting: Flanged feet ;
Range: 6 models in 2 ranges from 1.2kVA to 14.4kVA
Connections: Keyed shaft output suitable for V belt drive

leads optional
Voltage options:
420/440, 3-phase. 2 to 4 outputs avallable from each frame.
Power factor: 0. 8
Protection: Drip proof,and screen protected
Special features: Regulation and radio suppression may be omitted.
Agencies: Throtigh Hawker Siddeley and Lister agents

°

Control options: Self regulating, top mounted terminal box. Loose’

Type . " kVA V . Gen. Weight
Single-phase 3-phase Spec. (kg
50HZ 60Hz 50Hz 60Hz
SCA 117 1.2— 12— 24— . 24-115 S 59
. o 32 36 40 48 up
» SCA 225 32— 4- 48— 56— to :
8 7.2 8 9.6 - 440 S 105
SCA 320 6.4— 8- 8.8— 11.2— in
’ 88 104 12 14.4  steps S 181
) SEA 1A w120 a8 e 2 24—
4 E 24 29 3.2 3.8 S 56
' ~SEA.1B . 32— 36— 4- 4.8— g
- 48 6 6.4 7.7 S 59
= SEA2 6.8— 8- 8— 10— ‘
hed 8 96 104 124 S 105 .
4 .
g ‘
ELMOT ENGINEERING CO. " Telex: 011-3389
PRIVATE LTD. Cables: Alternator
2 Udyog Nagar — e Bombay- -
Swami Vivekanand Road . 400 023 ;,.,‘,;_‘;
Goregaon (West) Phone: 696351,2

Portable;Gen}ets Petrol and Diesel Engihem

e

" No détailed specifications available.

‘ Bombay 62 NB
India [

1

© Range: From 0.5kVA to 250kVA
Engine make: ~Made in. [ndia,..diésel-and--petrol- ~types |~
“available

Mounting: Smaller-units are frame mounted Iarger ones
are skid .mounted.- Trolley and trailer optLons are
available

—

5 v

Engine features: Hand or electrlc start available.

Connections: -Keyed output shaft on genérators supplied
separately . L

Control options: Machine mounted as standard Mains
failure and parallel running facilities are available:

Voltage options: 230V single-phase, 415V three-phase,
or to order, 50Hz y .

Protection: Drip proof Class™A |nsu|at|on Canopies are

optional N
Special features: All spare parts manufactured in India.
Agencies: Branches through India

3w Y P@

" Specify from 115/230/240 single-phase, 210/380/ °

-
H
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ELECTRIC CONSTRUCTION Telex: 339618
(W'TON) LTD ,* Cables: Electric Wolverhampton

{Hawker Siddeley Group) " Phone: 0902 21455,
Bushbury Engineering Works ' 27831
Wolverhampton W10 9LE :

‘U.K.

Mount/'ng: Flange mounted

Range: 12 models from 15k VA to 1200k VA .

Connections: As specified or with SAE or Ford flanged end bracket

Alternator make: Electric Construction

Control options: Built in voltage regulator machine mounted termlnal
box.

Voltage options: 415/240 opt|on is standard. Specify phase and other
voltages.

Power factor: 0. g8

Protect/on Tropical msulatlon Drip proof or screen protected as
specified. . u!% N

Special features: Machine orlwall mounted-centrol panel optional

Agen_(:i;es;\Concessionaires in 36 countries. .

P

Type Single-phase | kVA 1% Gen. = Weight

50Hz G6OHz | 3-phase Spec. . (kg)
, " 50Hz. 60H:z v

200 15 18 7 1256 31 415/ B 225

200L 21 25 137 44 240 B 310

225 24 29 ii4o 50 B - 310"

2501 30 35 |50, 60 B 360

250 . 425 51, 172 86 B 450

250L 58 68 100 120 B 535

280 70 84 120 150 " B 600 .

280L 100 120 170 204 B 715"

355 120 144 210 250 . B 1090

up to - | .,

500L - 1000 1200 ! 3390

FIDELITY ELECTRIC - Phone: 717 397-8231

. COMPANY '

332 N. Arch Street 5

Lancaster

Pennsylvania 17603

U:S.A.

“-Mounting: Flange feet 2,

Range: 7 models-from 5kVA to 50kVA s
Connections: SAE 2,3,4,and5b are;)standard; others available.

Control-aptions: Inherent voltage regulation. Machine mounted terminal |

box as standard. Variety of control options available. =~ *~ - \
Voltage option: 120 to 480 in steps by connecting terminal box
Power factor: 0.8 . :
‘Protection: Drip proof. Tropical insulatioh-ahd sustai_ned short circuit
protection awailable.
Special featurés: Limited range of control and instrumentation options
“available. The-generator is lightweight™and- {it is claimed) has.good.
electric. motor starting characteristics. -
Agencies: US.A. =~

Frame - . S/'ng/e-phasek VA 3phase TV Gen. - Weight
size ~-50Hz 60Hz 50Hz 60H:z ' ec. kgl
284 5 -75 625 94 120° s‘é\ not
284 - 7510 94 125 "wup B. avail
284 10 12 125 1875 to B '\ able
284T 12 15 1875 25 480 B ¢
| 286T. 15 20" 25 3125 .. B
286T ..°.20 25 31.25 '37.5 Bl
286T:° . .25 .30 . 375 50, B .




- D" Range D8 Alternator

GEC Industrial A.C. Generators

UK.

NEWAGE ENGINEERS Telex: 32268 .

LIMITED Cables: Leopower : -
- P.O. Box 17 Phone: 0780-2552

Barriack Road

Stamford .

Lincolnshire PE9 2NB

4

Mounting: Flange mounted ’

Range: 20 models in 2 ranges from 2kVA up to 630kVA

Connections:. Standard range of flange adaptors available

Alternator make: Newage .

Control optigns: Automatic voltage regulation, output is loose wires or
terminal box . ,

Voltage options: Most standard voltages avallable by connection

Power factor: 0.8

Protectjon: Drip proof on larger range. Optional onsmall range Tropical-
insulation

Special features: Short circuit protection and paralile! running units are

" available :
Agencies: Comprehensive world wide ag%ncy list

Mounting} Flanged feet

Range: 22 models in 6 frames from 6.25KVA t6 162.5kVA
Conne{gtions: Variety of splined output shafts to order
Alternator make: GEC (as used on Dorman Diesels)

Control options: Self-regulating, machine or wall mounted switchboards -

Type  Engine kVA v Gen. Weight
Input  single-phase 3-phase “ Spec.  (kg)
h.p. 80Hz 60Hz 50Hz 60Hz ‘
D8A 5 3.5 4 5 6. 220 S 59
D8B 6.5 4 b 6 8 up 8§ 81
D8c 12-17 75 9 11 135 to S 102
D11A 1527 10 12 . 15 . 18 440 S . 145
D11B 2037 135 16 20 24 . S 159 +
C20A 12.5 16 20 25 100 B 216
C208 20 « 25 31 375 up B 254
C30A 30° 44 50 625 to B 381
C30B 50 . 625 80 94 600 - B 457
C40A - 65 81 100 125 . B - 622
. c408B 85 106 1375 1625 346 B’ 686
' C434A . 150 180 wup B 775
up to . ) to o
C634B .+ 630 750 600 B 2123
GEC MACHINES LTD Telex: 31671
Diesel Generator.and Machine Cables: Assocelect Rugby
Sales Phone: (0788) 2121
Mill Road
Rugby
WarW|cksh|re cuU211BD
U.K. -

can be supplied. Rarallel running, short circuit protectlon and voltage

build up accessories are available.

Voltage options: Any standard voltage up to 480V by reconnection

Power factor: 0.8
Protection: Tropically insulated

Special features: A variety of control units are ava|lable
suited to a more industrial use
Agencies: Through Dorman agents ]
Type  Engine k VA V.. Gen. Weight
single-phase 3-phase “Spec. (kg) .
e 50Hz60Hz ~50Hz60Hz
C20A + 16 756  ©B.25 125 125 up B 216
c20B 35 175 22 25 31 to B 254
C30A: 50 275 37.5 45 . 56 480 B 381
C30B 80 45 50 70 181" B 457
C40A 100 60 81 “100 125 B -622
C40B- 175 106 B

1375 1625

specially

- 686




B Range Series 2 Alternator

Brushless A.C. Generator

REECT IR

< o

MARKON ENGINEERING CO.  Telex: 34472

LIMITED ) Cables: Markon Oakham

Long Row C © Phone: (0572) 3811/5

Oakham ' ‘
Leicestershire LE15 6LW , : il
U.K.

Maunting: Flanged base
Range: Various ranges 0.5kVA to 1125kVA. 1 range listed

: Connections" %' or 7/8" standard SAE taperbore shafts. Turning @

3000 r.p.m.
Alternator make: Markon
Control options: In-built automatic voltage control
Voltage options: Specify 220-240 or 110- 220V -
Power Factor: 0.8
Protection: Drip proof -
Agencies: World wide manufacturers, subsidiaries and agencies

Type  Engine kVA v Gen. Weight
_Input  single-phase 3-phase Spec.  (kg)
h.p. 50Hz 60Hz 50Hz 60Hz

L.

SC21a 4-5 2 #25  Not applicable 110 S 205
SC21b 4.5-7 3 3.76 -~ up S 23
8C21¢ 685 4 5 to S 27
sc2id 70 5 6 F 240 S 30

NEWTON DEREY LIMITED Telex: 37580

Alfreton Road Cabfes: Dynamo Derby

Derby DE2 4AG Phone: 033247676

U.K. -

Mounting: Skid mounted (gen‘erators have flanged feet).

Range: 24 models in 2 ranges from 7.5kVA to 400kVA. 3 ranges
{generator onIy) 1.5kVA to 330kVA. Full range not shown. b

Engine make: Smaller range uses Lister, arger uses Cummins -

Engine features: Crank start for smallest engines, remainder are self
starting. C *

Connections: Smallest generators have a'female taper output shaft.
Larger ones are spiggotted to accept a range of SAE adaptors.

Alternator make: Newton Derby

Control options: Machine mounted control box for complete sets.
- Generators have automatic voltage control.

Voltage options: 380/440 ; Volts for complete sets. Generators offer
115/230, 220/440 or 380/440 or others as specified. *

Power factor: 0.8 |

Protection: Drjp proof and tropically insulated o .

Special features: Limited accessory range of basic items (e g. fuel tank)

Agencies: Agenctes in the Middle East, North Africa and Far East Asia.

VvV  Gen. Weight

Type Engine - kVA

§ Single-phase  3-phase Spec. (kg)

‘ 50Hz 60Hz 50Hz 60Hz
RC3LASG . 4DA 5 6 75 9 380/° S Not
RC3LA7.5 4DA 75 9 10 12 440 S  avail-
RC3LA11.5 4DA 10 12 15 18 .. S  bleat
RC3LA15 . 4PA 125 15 1875 225 . - S time
RC3LA20 4DA 175 21 25 30 S -of
RC3LA28.8 4DA - |, 36 S print-
- RC3LA32 - 4DA 40 48 S ing.
RC3LA40  4DA © B0 60 S
RC3LA48 4DA 60, 72 g
SER3CW56 4DW 36 = 40 70 80 B
SER3CW64 ‘4DW 40 " 47 80 . 90 B
SER3CW80  4DW 50 60 100 110 B
SER3CW104.5 4DW 70 80 135 156 B
SER3CW124.8 4DW 80 - 90 156 175 B
SER3CW140 ADW 90 100" 175 200
Lupto ;oo R
SER3CW320 4DW S .400 Y . e




Generating Sets |

-7

3304 Generator Set

3

ALLAM GENERATORS Telex: 995127

Arterial Road ) Cables: Epaltrlcal Southend
Eastwood - Phone: 0702 526551
Leigh-on- Sea

Essex

U.K.

Mounting: Petrol engines are frame mouhted dIESE| engine is tkid
mounted. A Barrow mount is available for the diesel.

~Range: 5 models in 2 ranges, from 1.5kVA to 7.5kVA

Engine make: Petrol englnes are Briggs and Stratten, diesel engine is
Petter.

‘Engine features: Allengines are hand started and run at Higher rp.m.

Control options: Self regulating with machine mounted panels. Short
circuit protection’is standard, ° -

Voltage options: Each unit. offers 1 or 2 voltdges from a range of
standard voitages. .

Power factor: 0.8 ’

Protection: Drip proof ‘

Special features: Long run fuel tank available for dlesel set

Agencies: Middle Ea)st Africa and Indian sub-continent.

Type  Engine . kVA ) 4 Gen. Weight

: . Single-phase  3-phase ; Spec. (/c;g)
? 50Hz 60Hz 50Hz 60Hz :

PBD1.5 4DA 15 15 _ 115/230 . B 35

PBE3 “4DA 3 3 .. /415 B 70

PBF5 4DA 5 . b5 B 124

PBF7 ~ 4DA 7 7 B 128

DPF7.5 "4DA 7.5 75 B 176

CATERPILLAR OVERSEAS Telex: 22706, 22833

S.A, Cables: - Catoversea Geneva

118 Rue du Rhone D !

P.O. Box 408 ! '

1211 Geneva

SW|tzerland

Mount/ng Skid mounteci .

Range: 20 types, 63kVA to 1125kVA

Engine make: Caterpillar

Engine features: Variety of cooling optrons self-start, all sets are test
run.

Control options: Machine . mounted, variety of control board con-
“figurations, automatic start and remote monitoring available. Parallel

" running facility ’\

Voltage options: Short steps from 115 to 600

Powetfactor: 0.8

-Protection: Drip proof
Special features: Small accessory range (|nc|udes parts of starting -

equipment) _ \
Agencies: World wide, plus printed guides to aid generator selection.
_ kVA V' Gen. Weight
'S/'ng/e-phase ) 3-phase Spec. . (kg)
50Hz 60Hz 50Hz 60Hz :

Type  Engine

3304 - 4DW 63 ;j 63 115 B 1200
3304 - 4DWT : 75 75 to B -~.1204"
3304 4DWT 100 - 106 600 B 1259 °
3306 4DW - , 125 "~ 131 B 1805 *
3306 4DWT 163 163 B -2000
up to ’ ’ o

0399 4DWTk 875 1063 . B 10297
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44728 — 28k VA Diesel Generator

c

“Méunting: Frame and skid mounted, larger units on trailer or trolley as

>

BERMOTOR LIMITED 95446

Telex:
21 London Road Cables: Bermotor ; .
Tunbridge Wells Tunbridge Wells
Kent Phone: 0892 37588
U.K. '

option.

Range: 30 models in 6-ranges from 0.5kVA d.c. to 28kVA a. c. Specm
cations are given for a part of the range only.

Engine make: Barnard (a Renault Company)

Engine features: Recoil starting on smaller engines, Iarger ones are self
starting. All engines turn at 3000 r.p.m.

Control options: Smaller engines have integral control kpanels larger
ones use wall mounting. Remote start and stop. Automatic start and
majns failure facilities are available.

Vo/tage options: Voltage to be specified on larger sets from 400/230,
380/220 or 220/127.

Power factor: Given as 1 for smaller alternators; 0.8 for Iarger

Protection: Most models are drip proof

Special features: Propane may be used as fuel on some models

Agencies: Through Renault agents.

kVA

Type Engine V . Gen. Weight
‘ Single-phase  3-phase Spec. fkg)
50Hz 60Hz 50Hz 60Hz
18ACB66 4DA 03d.c. 6/12 C 16
117CBD68 4DA 0.75d.c. 12/24 C 37
21CB305 4DA 15d.c. 12/24 C - a7
318AMAP502 4DA .0.75d.c. 1100 -~ B 32
318AMAPG03 4DA . 1. _upto B 32
117-6M16 4DA 1.6 220 S 48
217M2, 4DA 2.4 220 S 8b
217M24 4DA 2 220 S 50
810M4 “4DA 4+ . 220 S 100
71M5 4DA b 220 S 165
112TM553 4DA 5 220 B 160
71M491 4DA 6 upto B ' 1656
110
239AMB06- 4DA 1.8 220 S . 70
6.10AMG0OG 4DA 2.5 220 S b1
810M606T 4DA 3.3 220 S 53
610AT » -4DA. 3.76 400/ 120
112¢T 4DA 625 ° 230 205
71T495 4DA’ 7.5 380/ 230
: 220
427497 4DA 12.5 220/ 290
44728 4DA . 28 © 127 230
DAWSON-KEITH ELECTRIC Telex: 86491
LTD Cables: Autogen Havant
Deekay House -Phone: (07012) 74122

North Street
Havant
Hants PO9 1QH
UK.
Manufacturers of a wide range of generating ptant as follows:

Base-load plant Transportab/e Plant Auto-standby plant

Power range: 12.5 to 20 to 1125kVA 12.6 to 1125kVA
1125kVA, - )
No. of . o
models: 37 34 377 7 y
Engine Lister, Perkins, Perkins, Ford, Lister, Perkins,
types: Ford, Dorman, Dorman, Rolls, Ford, Dorma'n, |
. Rolls, Cummins,Cummins and G™M Rolls, Cummins
and GM ,  andGM
Alternators: Brushless self-exciting, se!f- regulatlng — all to BS2613
Spec‘/a/ A wide range of extras available for cont.rol silencing
: featur\g.s;, mounting, enclosing, .etc. A 24-hour. round -the .clock

advice service is offered to customers,




Madel ADV100

Kawasaki KG7OOB Genegrator

ADP20 4DW Not available 20 24 - 380 B 726
ADF30 4DW - 30 40, up B 907
ADP37 4Dw 137 45" to B 1930 ...
ADF50 4DW 50 60 440 B 1021
"ADF69 4DW 69 85 B 1265
ADP80 4DwW . 80 B 1261
AS/F85 4DW - ) 85 B 1265
. ADV100 4DW oo . 100 B 2000
AS/V12C 4DW ) 120 B 2000
ADL107 4DW 107 B 1987
AS/L130 4DW 130 B 1987
ADS160 4DW 160 167 . B 2404
ADC130 4DW - 130 220 B 2650
ADC165 4DWT 165 up B 2800
ADC700 4DWT 700 to B . 7706
ADC280 4DWT 280 650 B 4536,
ADC700 4DWT 700 B 9304
KAWASAKI HEAVY Telex: J-22672)26888
INDUSTRIES LIMITED ~ Cables: Kawasakiheavy: Tokyo
World Trade Centre Building :

Hamamatsu-cho .

Minatoku

Tokyo

Japan

AUTO DIESELS BRABY LTD Telex: 263835

Cowley Mill Road Cables: Audodiesels Uxbridge
Uxbridge Phone: 0895 38262 1
Middlesex UB8 2QG ‘

U.K.

Mounting: Skid mounted. Trailer mounting optional”

Range: 40 models in_3 ranges from 20 to 700kVA Full range not
shown.

Engine make: Volvo, Cummins, and-Dorman, in ascendlng size order.

‘Engine features: Self starting industrial engines.

sControl options: Machine or wall mounted controls. Self regulating.

Comprehensive range .of starting, control and protection controls

“are available.

Voltage options: Any standard voltage in the limits specified can be
obtained.

Power Factor: 0.8 -

Protection: Drip proof, screen ‘protected ’ 4

Special features:- Standard spemﬁcatpn includes many ‘options’.
Comprehensive list of control and methanical extras

Agencies: Distributors irknearly 50 countries.

Yokva -V Gen. Weight

Single-phase 3-phase Spec.  (kyg)
50Hz 60Hz 50Hz 60Hz

Type Engihe

Mounting: Smaller units on feet, larger units in tube frames
Range: 4 types from 0.5 to 2.3kVA

Engine make: Kawasaki ' ~
Engine features: Recoil start, engine runs at high r.p. m.
Alternator make: Kawasaki

Control options: None, comes as complete unit

Volitage options: Either 110 or 220 volts available

Power factor: 1.0

Protection: Unit totally enclosed, no external movmg parts. Small d.c.

output for battery charging.
Special features: Smaller units may be carrled by one man
Agencies: As for motorcycles ;

_Type Engine - e "kVA Y Gen. Weight
Ssl'ng/e-phase 3-phase Spec. (kg)
50Hz 60Hz 50Hz 60Hz

KG600 ,4PA 05° 08 . 10 B 25
KG900* 4PA 0.8 0.9 to B 30
KG1300 4PA 1.1 1.3 220 B 42
KG2300 4PA 2 2.3 ’ B"

53
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R ﬂ CGE INTERNATIONALE Telex: 928735
N : U.K. LIMITED Cables: Electexpel Hampton
_ = Castle Works Phone: 01 941 2525
. Station Road -
= Hampton
M — " Middlesex TW12 2BY
U.K.
V—f_:"LF Mounting: Skid base standard. Road and handling trailers optional
[o ° A | Range: 10 models from 14kVA to 210kVA ‘
9 o Engine make: Alsthom-Tarbes (division of CGE)
Model 22 ‘ - Engine features: Selfstarting
Alternator make: Unelec (Alsthom subsidiary)
" Control options: Machine mounted with built in safety cut-out. Auto-
i matic voltage control ' '
Voltage options: 380 or 220V
Power factor: 0.7 )
Protection: Drip proof. Tropical insulation. All weather cover optional
Special features: Optional starter-motor and cold start equipment.
. Silent running cover availabile '
- Agencies: World wide
Type  Engine kVA ) v Gen. Weight
‘ Singls;phase 3-phase Spec.  (kg)
50Hz 60Hz 50Hz 60Hz ‘
22J 4DA 14 B 1065
4DA 23 220/ B 1125
C4DA 32 380 B 1155
4DA - 50 B’ 1350
. 4DA . 70 B 1730
4DA ° 85 B 2250
4DA 110 B 2850
4DA 140 B 3250
« T 4DA 170 B 3700
& 4DA 210 B 39800
DIPL. -ING. HITZINGER & Telex: 021769 i
COMPANY Cables: Tebehi Linzdonau
Helmholtzstrasse 56 Phone: 07222/81681
4020 Linz . ¢ .
Austria " -

Mounting: Skid mouﬁ\ted covered and trailer versnons available.

Range: Large range up tb 500kVA

Engine make: Haty, UW\ Llster MWM Jenbacher, MAN and Deutz

engines all used
Engine features: Electric start \
Alternator make: Hltzmger

Control options: Machine or wall mounted, manual or automatic start
synchronising equipment for parallel operation available.

~ Power factor: 0.8 '

Protection: Qrip proof — complete cover optlonal

Range of accessories and equipment for emergency

power plant erection. Continuous supply models available. .

Agencies: Africa, N. Africa, Mid-East Asia, Far East, Pacific, Centtal 12

Special features:

_ America and Caribbean.

No specifications available at time of printing.
N ST L [

Ventilated and Sound-proofed
" Hitzinger Installation

1. grille
2. outgoing airsound absorber
3. tank

4. flap for outgoing air

5. beliows

6. generatingset

7
8
=]

. switch-panel
. silencing door
. flap for ingoing air
10. ingoing air-sound absorber
11. exhaustsilencer
. rain protectiorfcap
13. exhaust-pit

)
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DORMAN DIESELS LTD Telex: ~ 36156 .

Tixall Road * Cables: Dorman Stafford
Stafford ST16 3uB Phone: 0875 3141
J.K. :

v

Mounting: Skid mounted. Trailer mount available on some models
Range. 27 types in 4 ranges from 185 to 573kVA. Full range not
shown .
Engine make: Dorman
Engine features: Seif start, sets may be run slow
Control options: Cantrol panel mounted on or off machine. Machine
mounted single/parallel running, auto start/stop, alarm shutdown
available.
* Voltage options: Any single standard voltage upto 480V 4-wire
DA Serias Generating Set Power factor: 0.8
. Protection: Drip proof, overall cover available
Special features: Refer to manufacturer for spemal requirements
Agenc‘/es World W|de

-
'

Type Engine kvA eV Gen., Weight

Single-phase 3-phase » Spec. ® (kg)
: ) 50Hz 60Hz 50Hz, 60Hz

4DA ° | 4DA 37 44 120 B 934
4DA ' 4DA 55 . 66 upto B 1161
6DAT . 4DA 66 77 480 B 1184

. 8DA 4DA 70 82 .. B 1447
41D 4DL 61 71 . B 1691
" BLD 4DL 76 89 .. ‘B 2011
6LD 4DL ’ 89 100 - B 2385

k 6LE 4DL ) 110 124 B 2385 s
2 4.DT apLT 88 100 B 1863
: 6LDT . ADLT 137 156 B 2476
up to . . ;

6LETCA 4DLT - 188 211 .. B 2958

6QK 4DL 184 204 . .B 4355

.80 " 4DL .237 264 ... , B 609

up to ) o
12QBTCW 4DLT 658 . 515 .. B '~ 8709

~
Alternators are available on their own. {See xxxx)

PETBOW LTD . Telex: 96329
Ramsgate Road . Phone: (030 46) 3311
Sandwich

Kent

U.K.

o optxonalﬂw
Range: 4 models from 25 to 93. 75kVA

Engine ‘make: Deutz - C, P

Engine features: Self-starting .

Control options: -Automatic voltage” regulatlon with set -mounted
controls are standard, mains failure and other start options available. '
Also various safety stopping options. Parallel running control panel

available. N

Mgde| ZA9 ’ T Voltage options: From"1 10V t& 550V in steps, as specmed

- Power factor: 0.8

' h _ Protection: Tropical insulation. Weatherproof canopies are optional.
Drip proof.
Special features:*Small accessory range Heavy motor starting option.
Agencies: In Middle East, Africa, West, Central and East A5|a
Type ' Eng/ne CLTRVA V Gen W=/ght :
. B Single-phase 3-phase Spec: (kg)
& 50Hz = 60Hz 50Hz 60Hz-
| ) ZA5 4DA . 25 5 31 120 B 704
ZAB 4DA . 35 .1.425 up B 795
ZA8 4DA ; 54 “65°  to B 950

ZA9 " 4ADAT 79 ' 94 | B50 sB' 1090 137




DUNLITE T Telex: 82893 Aust

(Div. of PYE Industries Sales Cables: Daylite
PTY Ltd) . Phone: 46 3832
28 Orsmond Street

P.O. Box 100

Hindmarsh .

South Australia 5007

f .
' Mounting: Small range in tube frame, larger ranges on skids with
canopy and trailer options
Range: 3 ranges, 12 models, 2.8kVA to 185kVA {with engmes) plus.
range of alternator only.
Engine make. Briggs & Stratton, Ford and Volvo {range each)
Engine features: Small range: recoil start and high r.p.m.: larger ranges:
i s self-start ’
Ruston/Dunlite Generating Set " Alternator make: Dunlite .
Control options: Machine mounted, local/remote contral; mains: fallure
auto start (on larger ranges)
, Voltage options: Either 240 or 415 volts *
Power factor: 0.8
Protection: Drip proof, weatherproof canopy available
Spec/a/ features: Various voltage options on _request, short circuit
* protection, tropicalised insulation - :
’ Agencies: Covering Australia
Type - Engine kVA V. Gen? We/ght -
Single-phase 3-phase Spec (/S,q}
. 50Hz 60Hz 50Hz 60Hz
31311 ¢ 4PA 25 240 - C 65
} 31335 >~ 5 240 C 88 "~
020B3FDE  4DW 20 B, 824 .
030B3FDE 4DW 30 415 B - 830
035B3FDE 4DW i 35 upto B 335
055B3FDE 4DW 55 240 B 1207
070B3FDE® 4DW 70 B, 1243
075B3UP—E 4DW : 75 B 1794 |
090B3UP—E  4DW a0 B 1931
4 130B3UP—E  4DW 130 - B 1950
] 150B3UP-E 4DW 150 ) ‘B, 2083
¢ . 186B3UP—E 4DW 185 . B 2767
BLF10 7.5 110 B
BLF13 g 10 upto B N
B3F13 . 20 . . 440 B
B3F11 30 in B
B1F11 40 . small ", B
B3F12 ‘ 90 - steps B
B3F14 200 9 B
RUSTON & HORNSBY .. Telex: 303-Greaves-(PN).___ |
{INDIA} LIMITED - " Cables: Rustonind - °
Chinchwad . .
o Poona-411 019
p . India R ,
0 S Mounting:, Skid mounted . N
N . Range: 3 machines in 1 range 5 to 16 kVA
t % Engine make: Ruston & Hornsby (India) Ltd.
‘ IE Engine features: Crank starting, self starting optional.
LT : /L _Contro/ options: Cubicle mounted separately, mains fallure control and
:P . [T -parallel running are optional
; = Voltage options: 240 volts smgle -phase, 415 volts 3- phase
Power factor: 0.8
.Pratection: Drip proof '
Ruston YWAK Alternator Set Special features: Basic accessories available )
Agencies: Dealers across India.
Type Engine Tokva V. Gen. Weight
Single-phase = 3-phase . Spec. (kg
. ) 50Hz 60Hz 50Hz 60Hz .
T1YWAK B2 5.3 240 570 =
: 2YWAK 106 113 or cooTno |
138 £ L~ 3YWAK 16 o 17.2 415 - 900
3 . ; Y ‘




Buffala ‘E’ Range

|

DALE ELECTRICOF . Telex:

52163
GREAT BRITAIN LTD Cables: Dalectric
Filey Phone: 0723 514141
Yorkshire YO14 9PJ '
U.K.

" Mounting: Smaller units are frame mounted. Larger units are skid

mounted with trailer options. .

Range: Over 100 models in 15 ranges, from 0.6kVA to 2585kVA.
Neither all models nor all ranges shown. .

Engine make: Engines include, in ascending order of power, Villiers,
Briggs and Stratton, Petter, Dorman, Ford, Volvo and Deutz

Engine features: Smallar engines are recoil or rope start and run tast!
Larger ones are self starting

Connections: 1 range is specifically designed for tractor p.t.o. operation

Control options: Automatic voltage regulation is standard. Contrals are
machine mounted an smaller units; and wall mounted on larger ones.
Larger models -have safety shut down switches as standard mains
failure and other control options gre available. -

Vo/tage options: Avvariety  of standard voltages is avallable spemf\
phase and voltage when ordering.

Power factor: 0.8 ‘

Protection: Drip proof, all weather protection is optional

Special featurés: Small standard accessory range, refer to factory for”

comprehensive options range.
Agencies: Distributors world wide.

Type Engine _ kvA V. Gen. Weight,
T Single-bhase ~ 3-phase “ Spec. (kg)
50Hz |60Hz 50Hz 60Hz P
T15/7/SR . For 7 ‘ T . 200up - -
T16/8.56/SR . tractor - . 85 t0o480 — —
T35/12.5/SR p.t.o. - 125 220up — -
T36/15/SR Cuse 15 to440 — _ —
T16/12/SR o 12 200up —: —
T15/20/SR . 20 to 480 — -
T35/30/SR 30 . 220up - -
T36/40/SR . 40 t0480 - -
DM/0.5/PUB 4DA Q5 12/24 - — . —
\ dc. C 41
DM/0.8/PUH 4DA 1 1 230/ . S 41
R . 115
DM/1.5/PUF 4DA 19 19 S 43

DM/3.5/PUF 4DA 35 35
DM/S/PBSF 4DA 5 L’L_Erftoﬂ’]S’S‘ 120

DM/2.25/DPT——4DA ™ 725 225 115/ S 115
o 230

DM/3/DPF 4DA 3 3 - S 117
DM/4/DPT 4DA 4 4 4 4 115up S 116

. : tod15 ’ _

EM/DDZX 4DA 14 175 220dp B 594
EM/25.5/DDZX 4DA 25.5 305 to440 .B 699
EM/44.5/BDZX 4DA 445 53 .. . B 965
EM/80/DDZX  4DA - 80 93 .. . B 1420
EM/157.6/DDZX 157.5191 ., B 2071
EM/35/DFE 4DW 35 B ¢ 827
EM/50/DFE 4DW 50 B 1018
EM768/DFE 4DW 68 .. B 1127
EM/37/DDX 4DA 375 445 .. B . 981
EM/65/DDX 4DA 65 775 .. B 1190
EM/72/DDX 4DA S 72 85 B 1325
EM/62/DD 4DW 62 70 B 1542

35 35 115up S R
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GEORGE COHEN oo .. Telex: 21288

BM Type Portable Diesel
Generating Set"

Model 6S110

7

[

» Engine features: Small engines are rip

- Special features: Small accessory range

. Type Engine kVA v

MACHINERY LTD - Cables: Omniplant London _

600 Wood Lane “Phone: . 01 743 2070 i :
~ London W12 7RL - . 1 DO

UK. - A T |

3

Mounting: Smaller sets mounted in a frame, larger sets ar,gbtrolley
mounted.

Range: 21 models in 3 ranges from 1kVA t6 15kVA

Engine make: Petrol engines are Norton Villiers and smaller dlesels are
Petter. Larger.diesel are Lister or Ruston. !

).'starting and run at h|gh r.p.m.
Larger engines are rip start or hand ranked Self starting is opnonal

Alternator make: Newton Derby, Brush or Stamford -,

Control options: Self regulating with machine mounted control panel
standard. Safety shutdown and mains failure start are o Ilonal

Voltage options: 110V or 240V or both . f

Power factor: 0.8 1t i
Protection® Drip proof, tropically insulated. Weatherproofkanomes are i
_.optional y

Agencies: Agents in Middle East and North Africa .

. . Single-phase 3-phase
" 50Hz 60Hz 50H=z 60Hz 3,

* AMF1503  4DA 1 110/
AMF 1506 4DA 15 . ' 240
AMC3009 4DA 2 o :
AMC3012 4DA 2.5
AMC3015 4DA 3 :

BM/AA1/02 4DA 1.5 i A
BM/AB1/06 4DA 2. ’
BM/AB1/09 4DA 2.5 ¢
BM/AC/12 - 4DA 3 %

CM/ST1 4DA . 4.38 ‘ ~ .
CM/ST2 4DA 7, 8.75° . 120/
CM/ST3 4DA  13.13 o 240
CM/SR1 . 4DA , 3
CM/SR3 4DA 125 .

" CM/HR2 4DA : 16.25
CM/HR3 4DA 25
CM/HR4 4DA 34.4
CM/HR6 4DA 52.2" .
CM/HRS6 4DA 655 - .
CM/1AB 4DA 1790 .
CM/IAS6 4DA Coon7 S’
PRAGOINVEST \ Telex: 122379
Foreign Trade Corporation Cables: Pragoinvest Praha
Ceskomoravska 23 " Phone: 8227416

180 56 Praha 9 . . T
Czechoslovakia ' ‘

Mounting: Skid mounted
" Range: 1 model shown, refer to manufacturers for details of others
Engine features: Self starting from contmuously running flywheel ‘
Control options: The machine is built to glve automatlcally an un-
interrupted power supply in the case of a malns failure.
Voltage opt/ons 231 ot 400 f
Power factor: 0.8 '
Special features: Generator drlven as a motor by the mains under
normal conditions Lo
'Agencies: Refer to manufacturer.

Type ~  Engine kVA

V' Gen. Weight
Single-phase 3-phase ~ Spec. (kg)
" 50Hz-. 60Hz 50Hz 60Hz , ‘
65110 . . 4DW 50 231 S




AR

o

98216 '

" G& MPOWERPLANT LTD "Telex:
Magnet Works Cables: Green Acre Ipswich
Whitehouse Road Phone: 0473 41795
Ipswich
Suffolk
U.K.

Mounting: Smaller one: frame mounted; larger one skid mounted.
Trailer-options available.

Range: Over 50 models in 4 ranges. from 0.3kVA to 231kVA. Full
range not shown. Also similar choice in m|||tary generators and
marine generators — not shown here.

Engine -make: Briggs & Stratton,-Onon, Pettet, Llster Perkins, Brmsh
. Leyland, Volvo.

Eng/ne features: Smaller engines are recoxl started and high revving.
Larger ones are self starting. -

Control O,Dt/OnS%,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .ﬁﬁ,k

120/240 on small ma‘é’ﬂmes 120/440 in steps on

[

Voltage opt/ons
larger ones.
Power factor: 0.9

|Ier machines machine mounted larger models

Protection: Small models drip. proof, Iarger are screen protected only, ‘

weatherproof canopies are optional. Tropical insulation..
Special features: Limited range of protection equipment available:
Agencies: World wide (except S. America), especially in Europe,

Middle East,"and Australia. '

200

127/440

Type Eng/ne‘ KvA- . V  Gen. Weigh
.o Single-phase  3phase Spec.
. 50Hz 60Hz 50Hz 60Hz )
03B80—2QE 4DA 03dc. - 12/18 C 27
06B80—224E 4DA- 0.6 . 24/30 C 34
105B10—224E 4DA 1’5 £ 24/30 C 55
015AA1-232E 7 ™ s '
. <4DA 1.5 . 32/40 C 74
2B17-53P 4DA 2. 120/240° S 59
3B17-53P.  4DA 3 ) 120/240 S 65
305B17—-63P 4DA 35 120/240 S 106
2AB1-53P  4DA 2 120/240 S, 90
3AC1-63P  4DA 3 120/240 S 106
305AC1—63P 4DA 35 - 120/240 S 106
ST1 4DA 35 4 4 4.8 220/415 S. 244
ST2 4DA 7 8 '8 9.5 S 290
ST3 4DA 105 125 125 15  220/415 S . 405
MR2 4DA 15 175 16 19 220/415'S 549
MR3 4DA . .25 295 220/415 S - 648
MR4 4DA 345 -40 220/415 S 843
MRE . . 4DA 525 61  220/415 S 1103
JAB 4DA 90 1035 220/416 B 1615
. JAS6 4DA 1175 125 B 1710
- 10RDP 4DW 10 , 120/440 B 483
12RDP - _ 4DW 12 12 12 - 120/440 B . 488
" 15RDP 4DW 15 15 15 7 120/440 B~ 493
24/42RDP4  4DW 24/3529/42 25/38 31/42 110/440 B 766
45/62RDPE  4DW 45/94 52/62 110/440 B 920
70/82RDPET  4DW ~ 70 82 110/440 B ' 1125
RDL4 4DW 335 39 35¥ 405 120/480 B 1000
RDL ADWT 277786 120/480 B 1474
RDV100B 4DW ,100 115 127/340 B . "2N7
RDVT100A  4DWT 150 166 127/440 B[- 2390
RDVT120A  4DWT 231 Bl 3043

t

tkg) |

wo

“l1a1°
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P KATOLIGHT CORPORATION  Telex: 290787 ~, i =
- 3201 Third Avenue Cables: Interkato —-NY '
P.O. Box 3229 - ) Phone: « 507-625 7973
Mankato
Minnesota 56001 h [ -
U.S.A. ' =

+.Mounting: Basic machines are skid mounted’ sm*aw units are frame
mounted and P.T.O. drive generators have flanged feet with a |-
trailer option.

Range: Over 30 models in 5 ranges from 2kVA to 1250kVA full range
notshown. /" T T e i .

'—Tfy/n?_mﬁke—“WmUnsm ~Hercules, Internatlonal Moline, Cummms—-—\_”

- Wausessa, General Motors, Allis Chalmers, Bnggs&Stratton Lister

’ Engine features Small units are rip start and faster running. Larger

) |
| T.rajler-muu'nted Tractor Drive Unit“ \;;g(smzrlef::ll: starting. Diesel,”petrol~and- liquid petro gum.gas.are

B e - . . S Connect/ons 1 range is deS|gned for operatlon by a tractor P.T.O.

N

Wall mountlng, mains failure remote and automatlc start are optlonal
Voltage Options: Order from 120/208, 277/480 or 115/230, or connect i
— e . * output to suit. -
Power factor: 0.8
Protection: Screen protected, weatherproofed canopies are optional.
Special features: Fuel conversion and improved silencing are available.

| Agencies: Middle East; N. Africa, and Far East.

[a 3

Type Engine kVA V. Gen. Weight
o B Single-phase 3-phase Spec. | (kg)
P ; 50Hz 60Hz 50Hz 60Hz
. 10FW4CEP  4GA | 12.6 115/230 S | 590
15FW4CEP  4GA 18.8 S ' 658
25FW4CEP  4GA ; 315 . S | 794
» 35FH4CEP  4GW T, 43.7120/240 S 1067
. . BBFH4CEP  4GW ' 68.6 U8 1112
T — 140FM4CEP 4GW 175 S 2860
T : * . | 10Fwa 4PA 12,5 - 125120up S 431 "
, v 15FW4 -  4PA . 18.75 18.75 10480 7S 522
) 23FH4 . 4PW T 29 ¢ 29 S 522
- 65FH4 . 4pw . 686 68.6 'S 1089
| - 8sF14 - 4PW’ 106 106 'S 1633.
NT40FM4 ' 4Pw 175 175 ¢ . S 2359
<] .D15FL4 4DA - 188 S 522
, ¥ D35FH4 . apw 43.7 43.7 S 817
DBOFH4 . 4DW - 75 76 S 1270 B
N D110FH4  4DW .- 137~ 137" . S . 1860
D OFXﬁ ADW . | 1250 1250~ S 9271
oi |
2 ) - g , - ‘ 1
g =
GRAHAME PUTTICK LIMITED ‘\Telex: - 96366 Puma UK G
Sandwich, - Cables:  Puma Sandwich
‘Kent s, ; - Phone: 03046 2901
U.K. . , -
Mounti '\k‘S i mounted -as standard. Traller mountmg is optlonal‘ -
o a '_,xkept'thesmalleﬁrange D -
X Hang ', Dve 100. models in 10 ranges. From 3 5kVA to 1430kVA Fdlf
rang;e not shown. . ~

Engine. make: Rolls Royce, Cummlns Perkins, Klrloskar Ford, Deutz, -
Bedford, Darman, G.M. (Detroit) ‘ -

~ Engine features: Smallest range by crank..All others are self startln@
] Alfternator make: Grahame Puttick

Control Optians: Set mounted as standard. Wall mounting optional.
. Also-ayailable are parallel running, auto startlng, short break mains
- ‘ o B . standby and mains failure control optigns. ' :
' L Voltage options:. €hoice from 346/440V or 190/240V b ‘ !
: »iPawer factor O 8 : s ’

LA
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Kohler Fast Response Generator -

i

7T

b

Protection: Drip ,pr.()of.“ Tropical insulation. Weatherproof canopy
optional o

Special features: Comprehensive accessory range,
Agencies: World wide.

Type " Engine kVA- vV Gen. We/ght
. Single-phase  3-phase. Spec.  (kg)
) 50Hz 60Hz 50Hz 60Hz
M3.551 4DA 35 220/ S 230
M7.552 4DA 75 R . 240~ B 37
20U1 4DA 20 208/ B 783
2501/ _ 4DA .25 25 240 B 780
30U " 4DA R 30 B 960
30U2 MDA L 30 B
40U2J 4DA. .~ ieem 4073367 B 1010
50U3 4DA g 50 440. - B . 1160
55U3J 4DA | 55 = 55 - B- 1160
65U4 . 4DA i 65 B 1385
80U4) - 4DA ‘1 80 "B 1385 .
80U8 ~  4DA 80 B 1516
200U11 4DA" E 200 B 3680
225U10G/J - 4DA- e 25 2250 B 2815 .
20F1 - 4DW 20 B 8707
25F1/L2~"  “4DW Tk 25 25 - "B _ 870
40F1 4DW I 40 B :1040
45F1J 4DW i 45, ¥ B 1040
60F3 CT4DW 80, - “B 1320
83F4. " 4DW ‘ .~ 83 208k - B-_1325
80F3G/J ~ 4DW - 1 80 83 240. B 1360
30G1 . 4ADW 430 B~ 736
55G2J 4DW (" 55 B 1059
- 70GS . 4DW 70 - B 1100
100GBG/)  4DW 100 100 346/° B 1281
100N3 ADW \ ﬁ 100 440° B 2170
137N3J 4DW , 137 B 2300
145N4 . 4DW I 145 ‘B 2130 -
160N4J . .4DW % 160 4B 2130
UW‘{O ) S i ) | <2 Shegr . -~
1550P22 4DW ‘ 1550 . B

KOHLER INTERNATIONAL - Telex: 26888 |

"LTD | - Cables: Kohlerint
High Street c | Phone: 414 457 4441
Kohler , ; ~ o
Wisconsin 53044 ‘

U.S.A. “

Mounting: Skid mounted as. standard Trailer optlons available.

Range: Over 60 models in 8 ranges, from 1.6kVA to 1000kVA FuII
‘range notkshown

Engine fea;‘ures Hand starting on smallest models, which are higher
revving. Most models arg self starting.

Control options:  Machine mounted controls as standard. Vanety of
remote controls available.

Voltage options: 120/240 on small machmes 120 up to 500 on Iarger
ones. : .

Power factor: 0.8

Protection: Weatherproof and soundproof covers are available - .

Special features: Larger models feature rapid response to load change

Agem:/es Dealers through N. Arnerlca

) -
[

Type £Engine-. i kva * V. Gen. Weight
. Single-phase - 3-phase ~ . Spec. (kg)
‘ , B90Hz | 160Hz 50Hz 60Hz ' o
" 1.6MM25 .4DA° 156 ’ 120 B 44
© 3MMV55  4DA .3 1200 B 72
4CM021 4DA ! 4 - = -240- B 136
- 6.5CM021 4DA ] 65 - B . 197
10CM021 4DA - . 10 B 316"
' |

N N . -
- B}

960 , [ -
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-Single Sentry in Vibration Isolated -
and Noise Suppressed Cahinet -

4

ke

, S p

Type . Engine kVA V. Gen. Weight

: Single-phase  3-phase Spec, - (kg)

: 50Hz 60Hz 50Hz 60Hz ’
"15CM021  4DA | 15

B 457
8.6CM021 4DA | 85 B 364
12CM021° 4DA 12 .. - B 451
~.  4DW 715 , 120 B 245
- 4DW = 12.5 ap B~ 341
- 4DW _ 20 ~to  -B 457
- 4DW 30 ‘600 B 709
- 4DW 45"~ B~ 926
- 4DW 55 , B 926
- ‘4DW 70 ’ - B 907
- 4DW 85 B B 1205
— " Td4DW 115 , B 2290
- ADW . 170 j B 3050
—~ . 4DW . 125 / B 421
- 4DW .20 B 515
- . 4DW 30 B . 841"
- 4DW . 45 B 897
— 4DW 60 B 1025
.- -4DW . 100° B 1357
- 4DW 125 ‘B 1936
- 4DW. 150 B 2341
- 4DW " 170 .B 2611
) up to )
1000 B 10832
KING ENGINEERING'LTD Telex: King Bradonavon

-Greenland Mills ) Phone: (02216) 2709
Bradford-on-Avon - ' ’
Wiltshire BA15 1BZ
U.K.

¢

Mounting: C'c’)‘mE)Iete units are skid mounted with a trailer option,
tractor driven units have fIanged feet wuth a tractor mounting frame
optional.

Range: 30 models in 2 ranges from SkVA to 70kVA. Full range not
shown. :

' Eng/ne make: 1 range is powered by British m’dustrlal Diesels

Engine features: Self starting

Connections: 1 range is driven by a tractor P.T. 0. through special shaft

Control options: Controls arg machine mounted as standard, complete
units feature automatic voltage regulatlon Speed drift warning
safety shut down, mains failu re, aum“start remote start are optional.

Voltage options: 110/220 on P.T.O. units. 240/480 single phase,
240/416 three phase on complete units. 60Hz on request.

Power factor: 0.8

Protection: Drlp proof, anti-condensation and troprcal insulation as
standard. Various stages of protection up to noise-proof, weather-
proof, vibration-proof and dust-proof.-

Special features: Control and environment options available also P.T.O.
autput. Any particular requirement considered by the factory.

Agencies: Order from factory.

Type- Engine ) kVA . 14 Gen. Weight
Single-phase  3-phase ° Spec.
50Hz 60Hz 50Hz 60Hz
6S PT.0. b5 55 110/22 B —
. 108 " 10 i : 240 S -
1568 . 15 . ’ o S —
19S T o190 " 240/416 - S _
258 L, - 25 . S _
1 25SBP - 25 : 240/480- S. .
| < 40SBP .. 40 1 . S -
38SBT i . 375 240/415 s ° 7
6558T . ;65 . S -
- N6BS/T/P 4DA 65 5.6 . S -
“10SS/T ~ "4DA 107 10 L S -
18 i -8 -

16SS/T ~ 4DA 15




¥

Type 7,I:'ng/'ms' kva 7 14 ! Gen. Weight
S Single-phase- 3-phase Spec. (kg)

- 50Hz 60Hz 50Hz 60Hz L

T AA1 4DA 15 18 230/110 3 78
AB1 ‘4DA 25 275 : 78
AC1 4DA 32 35 . L s 78
PH1 4DAW 35 4 45 55 ‘110up S 356
PH2 _ 4DAMW 7. 2W‘87 9 11 t0400"° S 483
PJ1 4DAMW 49°] 58 6.25 7.25 S 368
PJ2 4DA/W 10 3;116 125 15 . .. s 630
- PJ3 4DA* : 20 2375127 up s 703
PJ4 - 4DA’ 27 32  to400 5 976
P4.236 .  4DW '35 1425 127/220 s 821
P6.354 4DW . 525 60 . or .S 1043
PT6.354, CADWT 725 85  230/400 S 1139
6LD - aDwWw - 90, 1025 127/200 S 2563
6LE 4DW 110 1225  or - S 2586
6LDT ADWT - " 1475 160  230/400 s 2812
8JT ~4DWT . 1875 210 127/2200r S 3107 |
BJTCA ADWT . 250 287.5 ' 230/400 S 3155
N855—G apw 1275 1525 240/415 B .2550
NT855—G1 4DWT. ‘ 166 1875 .. . B 2700
up to e . Or220/127
KTA2300-G 4DWT .. 720 860  240/415 B 6100

' ' . or220/127
p%/

Type . Engine kVA . .V Gen. Weight

Single-phase  3phase . "Spec. f(kg)
h % 50Hz 60Hz 50Hz 60Hz
19ST . 4DW . 19 o S -
26S/BT  4DW 25 - 25 Bor —
. s -
33BS 4DW 33 . B -
38BT 4DW 38 B -
50BT 4DW 50 - B -
70BT aDw R 70 . B. —
D25ST 4DW 25 240/480 S —
D30BS 4DW 30 - 30 - d Sor —
o B —
D38ST 4DW 38 s -
D40BT - 4DW 40 B —=
DSOST  4DW " 50 Sor —
, -t B _
PETTERS LTD S Telex: 47626
Hamble Cables: Petter Hamble
Southamptgn S03 5NJ . Phone: 042 122 2061

U.K.

Mounting: Smaller "units have flanged bases as standard with skid bases
and frames as-optional. Larger units have skid mounting as standard. |

Range: 32 models in 8 ranges'from 1.5kVA up to 860k VA. Full range not
shown. .

Engine make: In size order. Petters, Perkins, Dorman and Cummins

Engine features: Smallest engines are higher revving and rope started as
standard. Larger units are seif starting. Most air cooled units have a water
cooling option. .

““Control options: Smaller unitsghave machine mounted control boxes. :Larger
ones are wall mounted. Memators are self regulating. Automatic

start, mains failure and remwetetart/stop are optional. Larger units have
safety shutdown devices.

Voltage options: 110 or 220 single phase, 127/220 or 230/400 3-phase
specify frequency and phase where ordering. ’ .

Power factor: 0;8

Protection: Screen protected, tropical insulation . -

Special features: Refer to factory for’ ‘optional extras. High- Ievel of parts‘

standardisation in the range. -
Agencies: Through associated agents. o
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Model DE12P4 Generating Set

12h;£) Air-cooled [j])ikesel Engine

- Type

PRCERE PRIV

TWX 910 520 1557

WINPOWER CORPORATION Telex:

P.O. Box 99 ' Cables: Winpower
Newton Phone: 515 792 1301
lowa 50208 S '

U.S.A.

S

Mounting: Skid mounted, carrying frames and'carts optional.

‘Range. 28 models in 3 ranges from 1.5. to 26kVA. Full range not

shown. v
Engine make: lncludes Petter, Briggs & Stratton, and Wisconsin
Engine features: Smaller units are hlgher revving. Most units-are hand
started, others self start. :
Connections: 1 range is designed to be driven by a tractor P.T.O.
Control options: Machine mounted, remote start is opt|ona| i
Voltage options: 120 or 120/240
Power factor: 0.8
Protection: Drip proof, high quality insulation.
Special features: Starting battery and equipment is optional. Automatlc
idling facility available.
Agencies: North, Central and South America.

Type Engine kVA V- Gen. Wejght
W Single-phase  3-phase Spec. (kg)
> b0Hz 60Hz 50Hz 60H:z
GM105B2  4PA 1.9 ‘ 120 8 39
GM2B2 4PA 2.5 »120/ S 43
) 240 ; .
GM205B2 4PA 349, .+ S 49
GM4W?2 4PA 4.7 47 .. s 91
GM5B2 4PA 6.25 T S 101
GMEW?2 4PA 6.9 » L. S8 M
GM205B4 - 4PA 3.2 . 120 S: . 97
GM308W4  4PA 4.7 120/ 'S 134
s 240 o
GEBW4 4PA 75 S 261
GR1OW4  4PA 126 . S. 285
GR15W4 4PA 18.75 . S 427
GR20W4 4PA 25 . S 536
DE12P4 4DA 15 . 715 S 481
R.A. LISTER POWER PLANT Telex: 43559
LIMITED ’ Cables: Machinery Dursley
Thrupp Phone: 045-388 5166
Stroud : *
_Gloucestershire GL5 2BW e
U.K. ‘ :

B Mounting Skid mounted with trolley option.on smaller models.

Range: 32 models in 3 ranges from 2. 5kVA to 118kVA. Full range not

--shown.
Engine make: Llster (Hawker Slddeley sub5|d|ary)

" Engine features: Crank’ start on smaller models. Self start is aptional on

smaller, and standard on larger models.*

Alternator make: Brush (Hawker Siddeley subsidiary)

Control optiolis: Machine or wall mounted. Comprehensive range of
remote automatic and mains failure control available.

Voltagé options: Voltage chdice to be specified on larger sets from
220/380, or 400/230, or 415/240 or 220/127 or 230/133

Power factor: 0.9

Protection: Drip proof, trop|ca| insulation. Canopy ava||able on smaller
models., . .

Special features: Sllencers mountmgs fuel pumps and control acces-, -

" - sories. Large selection. Advice available in booklet. -

Agencies: World wide. i

V . Gen. Weight

Engine kVA
; Single-phase ~ 3-phase Spec. (Kg)
50Hz - -60Hz 50Hz - 60Hz : .
ST1 "4DA .35 4 4 5 133.° S 244
'ST2 : 290

4DA 7 -8 18 10 [up S




e

Series PTQ'C Generator

A

" Voltage options: 115/230

%,4?’:,7- &
Type Engine kVvA V. Gen. Weight
* S/'ng/e-ph‘ase {3phase Spec. (kg)
50Hz 60H:z x50/';lz 60Hz

ST3 < 4DA 106 12.5 125 15 to S 405
- HR2 4DA 15 17.5 16 19 415 S 49

HR3 4DA : ) - 25 29 S 648

HR4 4DA 34 40 S 843

HR6 4DA s 525 62 S 110

HRS6 4DA o .. 66 78 S 1196

1A6 4DA 4 90 104 S 1815

IAS6 4DA 117 125 S 1710

HRW?2 4DW 14 17 15 18 S 450

HRW3 dipw 24 28 S 620

HRwWA4 4DW o~ 33 38 S 784

HRW86 4DW 50 58 S 1082

HRWS6 4DW - 625 75 S 1167

IW6 4DW 86 99 S 1684

IWS6 4ADW 111 119 ‘ 5 1734

WINCO Telex: 487110

Division of Dyna Technology Phone: (712) 2562-1821

Incorporated

East 7th and Division Streets

P.0. Box 3263

Sioux.City ; ;

lowa 51102 v

U.S.A. ’

£
- 0

Mounting: Frame and skid mgunted as standard. Trailer mounting is
optional.

Range: Over 70 models in 20 ranges from 1.9kVA to 100kVA. Full
range not shown.

Engine make: In size order for complete units, Briggs and Stratton,
Wisconsin, Lister, Petter. . )

Engine features: Smaller engines are recoil or-rope ptart with self
starting options and run athigher speeds. Larger ones gre self starting
and run at normal speeds.

Connections: 1 range of generators specifically designed for operatlon
from a tractor P.T.0. 1 range has a keyed shaft connection.

Control options: Machine mounted as standard. All units have builtin .

" overload protection. Malns failure is avallable on some larger models.
§

Power factor: 0.8

Protection: Drip proof ' : 1 .
Special features: Automatic idling when off load, optional use of 2

voltages simultaneously and exceptional ability for heavy motor
starting load. 180 cycle generators and fire fighter generators are

available.

Agenc:es Agents in Afnca Maddle East, Central-and South Amenca )

BWS—3E

Type Engine kVA VvV Gen. Weight

single-phase 3-phase - Spec. (kg)
'50Hz 60Hz b50Hz 60Hz

15PTOF from 15 &0/ B 124 -

' 20PTOF . tragtor "20 20 240 .B 138
. 30PTOC P.T.O. 30 | B 224~
35PTOC ~ B 234
50PTOC 50 B 307
65PTOC . B 311
P1TH-—-1M 4DA 1 B 27,
P205BH~1M , 4DA 25 B 39
C109BH—1M 4DA - 19 B 41
C202WRH—1M 4DA . 2.25 B 48
305BH- ng . 4DA, 35 B 64
P307BH—3E", 4DA 3.7 B ‘65
AQ03WH—FM ' 4DA 43, B .122
P5038H--3M 4DA 5.3 B 88
P703WH-3E 4DA 73 ¢ B 133
10WH-3E * 4DA 10 ! B 221
4DA 6 ! B 188
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“Model 120/RDP

-

Type Engine kVA V  Gen. Weight
Single-phase . 3-phase Spec. (kg)
50Hz 60Hz -50Hz 60Hz
1205WS—4R 4DA _ 12,56 120/ :

- . 208 B 290
305LDS—1E 4DA 35 116 B 195
7LDS--3E 4DA 7 115/

, 230 B 316
1005LDS—4E  4DA © . 105 120/
< : 208 B 365
6PDS—3E 4DA 6 115/
230 B 324
1205PDS—17E  4DA 125 B 427
WITTE ENGINE Telex: 0426262
- CORPORATION Phone: 913 764 2512
P.0. Box 386 2 ‘
555 East 56th Highway
Olathe 9 )
Kansas 66061 -
U.S.A. )

Mounting: Skid mounted. Trailer mounting is optional.

Range: 6 models in 2 ranges

Engine make: Witte (Hawker Siddeley subSIdlary)

Engine features: \Self starting. Engines available without generator.
260 mode! available with propane gas fuel conversion (2nd range.
belt driven). -

Alternator make: Hawker Siddeley subsidiary . :

Control options: External voltage regulator in machine mounted
control box. Automatic and mains failure starting optional.

Voltage options: 120/240V single-phase or 120/208V 3-phase

Power factor: 0.8

Protection: Drip proof

" Special features: Close voltage regulating requirements can be met.

" Tropical cooling and cold weather starting equipment optional.
ﬁgencies:. A Hawker Siddeley Company, U.S.A. subsidiary.

Type Engine . kVA ) vV ' Gen. Weight
Single-phase  3phase Spec. (kg)
50Hz 60Hz 50Hz 60Hz

100 . 4DW - 125 120/ B -

120 - " ‘ . 16.5 208 B - —

G260 . ’ 15° 9, . B -

100 . . 10 10 120 B 590

120 .- 15 - - .15 upto B. 590

G260 e 15 15 240 B 590

YANMAR DIESEL ENGINE. Telex:  0222-2310

CO. LIMITED ¢ . Cables: Yanmar Tokyo

1-11-1 Marunouchi AR ] ’ “

Chiyoda-ku ‘ ! :

Tokyo . i

Japan

Mounting: Skid mounted

Range: Over 100 models jn 9 ranges from 12, 5kVA to 1600kVA. Full
range not shown.

Engine make: ‘

Engine features: Self- startlng Englnes ongmally de51gned as marine
diesels. Laryer models are slower running. i

Cantro/ options: Machine or-wall mounted control. Parallel runnmg,
auto start, load: sheddmg, remote control and protectlon deVIces
available. :

Voltage opt/ons Specm/ on ordermg

Powerfactor: 0.8 b

)

‘ Pméct/an Drip proof

'Spec;a/ features: Coollpg and fuel supoly optlons avallable o b
Agencves Servnce depots in 130 countrles . .




’ ”Unigen Model 420

) Type Eng/nga Ckva : 1%

Type Engine kVA V*  Gen. Wei
’ Single-phase . 3-phase Spec. (kg
50Hz 60Hz 50Hz 60Hz :

2TLE 4DW 125 15 not

" 3TLE 4DW 20 20 yet
3ESDL 4DW 30 40 - known
4ESDL - 4DW 50 56 . at
3KDL 4DW 65 56~ time

4KDL 4DW 920 75 of 1150 |
5KDL 4DW 100 90 print- 1345}
6KDL . 4DW 140 120 ing 1500
6KDL-T 4DW 187.5 150 1610
6KFL 4DW 140 120 1780
6KFL—HT 4DW 225 185 1930
6RL" 4DW 140 130 3360
BRL-T 4DW 160 3340
6RAL 4DW . 200 1875 3510
up to - )
12GLET "4DW ] 1600 1600 18650
*As specified by purchaser ’
UNIGEN INCORPORATED % Telex: , 810-235-1100 ¢
194 West Stone Street "~ Phone: " (313) 798 3150 -

- Almont '
Michigan 48003 \ . -
U.S.A. ' ~

Mounting: Smallerunlts are free standlng, larger units are skid mounted.'
. All feature. carrymg handies.

Range: 15 models in 3 ranges from 0.8kVA to 4kVA

Engine fea{ures Rip start with electric or remote options on.larger
models. {AII models are higher revvmg Small units only* have a
vertical axis of rotation with engine over alternator.

Control options: Machine mounted controls - '

Voltage options: ‘12 or 24 d.c.iw battery chargers. 115 or 230 on
a.c. models. 60Hz frequency shown, 50Hz available on request

Pawer factor: 1

Protection: Drip proof tropicalised insulation

Special features: Instrumentation,. battery charglng facility and auto-
matic voltage regulating are optmnal -

Agencies: Write to factory. : '

/‘

L

Gen. Weight

u Single-phase 3-phase Spec. (kg)

, 50Hz 60Hz 50Hz 60Hz L
712 "4DA 0.85d.c. o 12 B 19
720 , 4DA 0.85d.c. 12/24 B 34
1412 4DA 1.7 dec. 12 B 32
724 4DA 1.7 dc. 24 8 32
1224 4DA: 1.7dec. 12/24 B 34
410  4DA 1 a.c.400Hz 110 B 19

. ord.c.
420 4DA 2ac.400Hz 110 B 34
' ' ord.c. ' ‘
LA12 : 1.2 115/230 B —
'LA20 - g .2 115/230 B —
LA30 3 115/230 'B -
LA40 4 115/230 B = —
\
I EY . N
V.
{ . ‘l .
. {/
R

A ’ "// ‘
/
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Other Electrical Equipment

Phone:

C & D BATTERIES (215)828
DIVISION _ 9000
3043 Walton Road .

Plymouth Meeting
Pennsylvania 19462
U.S.A.

This company claims to be the largest manufacturer of
lead-acid batteriesin the U.S.A. and has a very comprehen-
sive product range covering almost every type of lead-acid
battery, plus an assortment of industrial battery chargers.
Applications include ba