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SYlfOPSIS 

Thia report describes work undertaken for UHIDO Project No. 
US/COl/79/256, "Pilot Plant: Solar Energy Ylang Ylang 
Plower, Essential Oil Distillation Developaent". pursuant to 
the provisions of Contract Ro. TBll•l between tnfIDO and 
~teven Winter Associates, Inc. (the Contractor). 

In accordance with the substantive Teras of Reference for the 
~roject, the Contractor's Project Teaa (D~ane Evans, Richard 
Gebel, Thoaas Bartaan and Nilhela Leibig) successfully com­
pleted the following tasks: 

- Investigate the techno-econoaic aspects of the present 
system of essential oil distillation in small-scale s~etors. 

- Establish design parameters for a solar energy operated 
di&tillation unit. 

- Design, fabricate, test, evaluate and produce 5 improved 
prototypes and conduct techno-econoaic anal7sis. 

- Recommend ways and aeans of local fabrication and 
popularization. 

Pive pilot plants have b~en installed in the Federal Isl,~ic 
Republic of Coaoras in the tol!owing locations: 

1. Riviere Site - Mitsamiouli, Grande Comore 

2. Riviere Site - Mitsamiouli, Grande Comore 

3. Patsy SJ~e - Patsy, Anjouan 

4. CADER Site - Serehini, Grande Comore 

5. ~ikidache Site - Kafouni, Grande Comore 

The ~roject Tea~ reco~mends that the following steps be 
taken to expand on the lessons learned from this pilot plant 
project: 

1. Field test the demister provided with the three pilot plant 
stills on existing direct-fi~ed stills to see if it has any 
effect on oil quality and/or energy conauraption. 

2. Deteraine the precise number, disposition and working 
~ondition of all srti•inal stills in the cowitry. Based 
on thi• inforaation conduct feasibility studies 
to deteraine the aost cost-effective aethods for 
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organizing these still• into coopera:ives utilizing 
centralized boilers and/or other aore innovative methods 
of heat veneration and transfer. Cooperation is 
recommended as the aost important component in any 
atteapt to iaprove efficiency and reduce energy consuaption 
in the Ylang Ylang sector. 

3. Determine the actual deaand within the country for solar 
heated hot water. Based on this inforaatiou conduct a 
techno-economic feasibility study on establishing a 
small scale industry to locally fabrlcate "breadbox" 
solar water heaters. 

'· In order to reduce wood consumption throughout the 
country, develop technical iaproveaents in domestic 
cookstoves. Concentrate on components that can be 
locally aanufactared in the Comoros and that could fora 
the nucleus of a small scale industry. 
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1. IMTRODOCTION ANO BACKGROUND 

This report describes work undertaken for ONIDO Project No. 
OS/COl/79/256. "Pilot Plant: Solar Energy Ylang Ylang 
Plower. Essential Oil Distillation Development". pursuant to 
the prQvisiona of Contract No. T81/'1 between ONIDO and 
Steven Winter Associates, Inc. (the Contractor). 

Per the Substantive Teras of Reference. dated 19 January 
1981 and attached to Contract T81/'1 as Annex D. the aain 
purposes of the project are: 

"To help Comoros conserve wood. establish l w cost simple 
solar distillation unit requirements. provide healthy 
environmental conditions, and provide an opportunity for 
industrialization and entrepreneurship development." 

In pursuit of these general goals the Contractor's Project 
Tea:a (Deane Evans, Richa?'d Gebel. Thomas Hartman and Wilhelm 
Leibig) developed and successfully completed a Work Plan 
based on the "Specific Requireaents of Contractorn section 
of the Substantive Teras of Reference. The remainder of 
this report is organized to follow these Specific Require­
ments and is divided into five chapters. each of which 
discusses one of the five basic contractor activities 
required by the Terns of Reference. 

In completing these activities and fulfilling the contract 
requirements the Project Team consistently endeavored to satisfy 
the general objectives outlined in the quotation above. It 
should be noted that these general goals coincide well with those 
recoaaended in a recent report by Louis Berreur entitled "Etude 
sur la Promotion des Exportations des Comores (Ylang-Ylang. 
vanille et girof le)". This report (hereafter referred to as the 
"Berreur report") was financed by the EEC through the Pond 
Europeen de Developpement (P.E.D.) and was published in April 
1982. In its recommendations it gives highest priority to: 

" •.• la realisation d'economies dans la consoamation 
d'energie pour la distillation de l'ylang-ylang." 

The appropriateness of this report's recommended approaches 
to saving energy will be discussed further in the 
Recommendations chapter of this report. Por the present it 
is sufficient to note the high priority given to energy 
consumption in the Ylang sector and the degree to which the 
goals of this ONIDO project conform to the recommendations 
of the Berreur report. 
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2. VISIT TO COMOROS 

After careful review of UNIDO's •Rapport de Mission aur 
L'Installation Pilote, 16-21 Pevrier 1981" the Team Leader 
(Deane Evans) was briefed by UHIDO personnel in Hew York 
during the week of 29 August 1981. Concurrently the Project 
Teaa had asseabled relevant background data on essential oil 
distillation, solar equipaent. aeteorological conditions, 
etc •• and the Team aeabers aet in Hew York 011 15 Sept. 1981 
to prepare a work plan for the Coaoros visit. 

Mr. Evans arrived in Moroni for his fact-finding mission on 
28 September 1981 and stayed for two weeks. During this 
tiae the distillation processes at both the artisinal and 
the industrial levels were observed and analysed. 
In consultation with government officials four potential 
pilot plant sites were chosen: one in Grande Comore at the 
Riviere distillery in Mitsamiouli ~d three in Anjouan in 
the Hiouaakele CADER {"Centre d'Appui au Developpement 
Rural"). It was assumed that one of these four sites would 
accomodate two pilot plants for the total of five required 
by the contract. Having selected the sites and studied ~he 
distillation process first hand Mr. Evans returned via 
Vienna to Hew York. 

{It should be noted here that Mr. Evans' field investi-
ga~ions revealed far fewer existing artisinal stills than 
indicated by government statistics. These statistics, based on 
t~e last census, estimate that there are 250-300 stills on the 
three islands. Bas£d on first hand experience this estimate 
seems very high, but Mr. Evans' mission was admittedly short and 
far from exhaustive. Nonetheless, the results of the new census 
and of an independent survey of artisinal stills by CEPADER 
("Cer..tre Pederal d'Appui au Developpement Rural"), both currently 
being completed, should be carefully consulted before any fur­
ther, large scale planning is undertaken in the Ylang-Ylang 
sector. This idea is discussed in aore detail in the 
"Recommendations" Chapter. 
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3. DESIGN DE~LOPMENT 

ESTABLISH DESIGN PARAMETERS 

Based on the generalized goals or the Governaent of 
CoaorosiUHIDO to directly aid the small-scale producer and 
not the large-scale, se•i-industrialized concerns, the 
Project T~am concentrated or design strategies for artisinal 
~ distilleries. These lnstallations are of the direct-
f ire type, usually Nith a 5ingle 1000 liter-capacity aleabic 
for distilling 80-120 kg. flowers in 160-240 liters of 
water. ~\Ch artisinal still is extremely simple in concept 
and configuration an~ the Projec~ Tea• fixed simplicity of 
design and ease of operation as two basic paramete~s for the 
pilot plant designs. 

In its initial approaches the Team tried ~o maintain the 
commonly used direct-fire approach, inefficient though it 
was from an energy standpoint, and to provide solar input 
directly to the existing configurations. Such direct solar 
heating of the stills proved exceedingl7 impractical, how­
ever, and the Team. was forced to consid~r some form. of heat 
transfer aechanism for the solar input. The Team fUrther 
recognized that, even utilizing some fora of heat transfer, 
solar could not be effectively utilized to provide 100~ of 
the energy contribution to a small-scale agro-industrial opera­
tion such as this. Due to the overall amount of energy required 
the array sizes, no matter what fora ot collector was used, would 
be enormous, difficult to maintain and, considering the budgetary 
restraints of the project, far too costly. The Team chose, 
theretore, a two level approach with solar ~:ioviding a portion of 
the energy required and conventional sourc~~ providing the 
rema!nder. Based on preliminary cost estimates a solar contribu­
tion of 5kw was fixed, with conventional fuel providing 20-45kw 
depending on the still size. 

Given this basic decision it became evident that methods for 
improving the efficiency of conventional sources of er.ergy 
also had to 'be considered and the Team. looked first at 
improving the fireboxes of the existing stills. In 
principle an improved firebox could have a dl'aaatic effect 
on energy use. In tact, ho\ofever, the existi1;.q fireboxes, 
~lthough in a state of disrepair, were of basically sound 
de~ign. It was determined that the openings could be better 
sealed and the fire doors insulated and aadt! to fit better, 
but such repairs were judged to be of little benefit to 
overall energy consumption. The real problem was the small 
amount of heat transfer surface which the bottom~ of the 
existing stills provide. Because this surface is small, it 
mu•t be constantly heated to aaintain boiling temperatures 
throughout the inside <lf the still. Thi• means t!ie fire is 
constantly being fed and that the fir~ door is al~ost always 
open anyway. Therefore any iaprovement in this door was 
determined to be of limited value. Schemes for circuiating 
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hot flue gases to maxiaize the use of the energy released 
from the fire were also investigated. but these involved 
radical changes in still design and were rejected as inap­
propriate models for wide scale applic ~tion ti ·oughout the 
country~ 

The Team determined that the main mechanism for conserving 
energy and reducing wood consuaption was an increase in heat 
transfer area which would, in turn. allow more effective 
control of the fire. As noted above, such control is vir­
tually impossible in the direct-fire stills currently in 
use. The Team therefo~e began ~c i~vestigate some fora of 
alternatlve heat traa,ster system for the conventional fuel 
section of pilot plant, an approach which coincided well 
with that already taken for the solar portion of the pla.,t. 
Specifically, it was decided that - builer/s~eam coil syst~m 
would be aost appropriate for aoaptation to existing stills. 
Such a system would be strai~htforward in design and easily 
unde!stood by the small scale p~oducers. In fact models for 
this type of configuration already exist in the larger scale 
operations in the country (Societe Anonyme de Gr?~de Comore, 
Griaalci et al.). The only difference, a crucial one from 
the standpoint of cost-effectivevess as will be noted in the 
Recoamendations chapter, is that these large operations use 
one boiler to fire several stills. Because the _,iroject 
focuses on the artisinal leve~ distilleries, a on~ boiler­
one still relationship would need to be :aintained. 

To summarize, then, the initial pilot plant design parameters 
established by the Project Team were as follows: 

The pilot plants would ~losely resemble existing 
installations in size and configuration. 

- The ability of the pilot plant equipment to adapt to 
ex:isti:ig stills and to be applicable on a larger scale was 
of pr!•e importance. 

- There wo~ld be mix of solar and conventional fuel energy 
input into each pilot plant. 

- Both the solar and the conver.~ional fuel input would be 
through some form of heat transf !r nechari~~. 

- Each pilot plant would consist of only one still, with 
associated solar and conventional fuel inputs. 

Havi~g established these base parameters the Team proceeded 
to Pr~li~inary Design Oevelopgent. 
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PRELIMINARY DESIGN DEVELOPMENT 

Following establishment of the basic design parameters, the Team 
began to concurrently investigate different still configurations 
and various solar collector systems. The main criteria for 
P.Valuating these systems were their compatibility with existing 
equipment, their adaptability to industrialization within the 
Comoros, and their energy eificlency. 

In still design, the Team investigated pr~ssuri~ed systems 
that would allow lower temperat~res and therefore a poten­
tially greater efficiency for the solar con~~ibutio~. Such 
systems were judged inappropriate, however, b·~cause existing 
stills c:uinot be adapt~d to pressurization ar.d completely new 
equipment would be required. Because the Team assum~d that any 
large scale project following the installation of these pilot 
plants would necessarily require adaptation and not replacement 
of existing stills, pressurized systems were rejected because 
they would not provide useful models for a large scale project. 
(As will be seen later the Team did, in the end, provide three 
new stills for the project, but these are of a design directly 
compatible with existing equipment and can serve as models for a 
larger scale expansion of the project.) 

The Team also inv-~tigated using chemicals and/or solve1ts 
in the distillati process. Hcwever, ~hese substances 
impart an odor to T.11e essentlal oil which is unacceptable to 
the producer and are only used in tl'H' production of "con­
crete". Because the artisinal distilleries only produce 
essential oil and not "concrete", the use of chemicals or 
solvents was also rejected. 

In the preliminary design stage the ream concentrated on 
standard still designs made of copper, with serpentine coils 
tor heat exchanga and copper tubing used throughout. Two 
capacities, one for 100 kg of flowers and one for 200 kg 
flowers, were studied. A fracticnation column was also 
included on an experimental basis under the assumption that 
it could help improve the ~apidity with which high quality 
oil was extracted, thereby reducing ov·~rall operating time 
and conserving energy. 

Preliminary designs for the solar portion of the proposed 
pilot plants also went through a long evolution. The Team 
began by investigating five generic solar collector types: 
two axis concentrators, single axis concentrators, aon­
tracki~g concentrators, flat plate collectors, and evacuated 
tube collectors. A computer program was developed, 
utilizing meteorological data from the Comoros, to analyze 
the potential performance of each of these collector types. 
The code tor this program is included as Annex A. 

Analysis ot the program results determined that all the 
proposed systems, with the exception of flat plates, would 
perform well under the meteorc1logical conditions prevalent 
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in the Comoros. The remaining systems were then subjected 
to a Zurther set of evaluative criteria including system 
availability, ease of aaintenance and operation, and 
potential risks. The results o: this analysis, detailed in 
Annrx A, are summarized below. 

- Single Axis Concentrator 
(Parabolic Trough, Fresnel 
Lens, Fixed Focus Mirror) 

- Non-tracking Concentrators 
(Compound Parabolic, 
Reflector Augmented) 

- Flat Plate Collector 

- Two Axis Concentrator 
(Paratolic Dish or 
Power Tower) 

- Evacuated Tube Non­
Concentrating Collector 

Rejected - Very sensitive to 
loss of coolant tlow with 
possible degradation or 
destruction of system as a 
result. 

Rejected - Low current 
availability. 

Rejected - Required 
temperatures at outer limit~ 
of system capability: could 
actually cause ne~ative heat 
flow in distillat!~n unit. 

Rejected - Complex mer~~~ical 
systems required: improper 
operation can destroy system. 

Accepted - Readily available, 
easy to operate and maintain, 
high efficiency. 

The evacuated tube system, although the clear choice based 
on the foregoing evaluation, had one disadvantage that the 
Team was now forced to resolve: stagnation (no flow) tem­
peratures in such a system can be very high, in excess of 
'00 degrees c, and can actually damage the system. In order 
to avoid such star. ·.ation the Team investigated a number of 
distribution subsystems for transferring heat gained by the 
solar collector to the point of use. A number of potential 
working fluids were investigated (see Annex A) and the 
special heat transfer fluid "Dowtherm" was selected. This 
fluid, which is very energy efficient and cost-effective, 
has the drawback that it requires a pump to ensure effective 
circulation through the distribution subsystem. The Team 
looked at a num~er of pump options, including heat engines 
and wind, and concluded that a photovoltaic system was the 
most practical. This system would be designed to operate 
only when the sun was shining, whJ.ch ls precisely the time 
when the Dowtherm would be heating u~1 and need to be 
circulate<! 

Having reached these design decisions for the sol&r input to 
one pilot plant prototype the Team investigated solar ~p­
tions tor a second prototype in accordance with the Terms of 
Reference. The possibility of providing a very siaple, 
..:.~soph11ticated syotem which would have relatively low 
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energy input but potentially high applicability throughout 
the country was discussed with UNIDO personnel ~t a meeting 
in Hew York on April 22, 1982. The suggestion met with 
ge~eral appr~val and the Team proceeded to investigate the 
P'>Ssibil!ties in this area, eventally determining that a 
simple "breadbox" solar collector should be used to preheat 
the still water. This would reduce distillation start-up 
time and thereby reduce energy consumption. Such collectors 
are extremely simple in concept an~ opera~ion ar..~ lend 
themselves readily to fabrication in the Comoros. 

DESIGN ELABORATION 

During the aonths following completion of the preliminary 
designs described above the Tea* worked to prepare these 
designs for initjal fabrication and testing. Th~ step-by­
step evolution of this developm~nt is described ir. detail in 
Progress Reports sent by the Te2m to UNIOO and only major 
decisions and changes are recorded here. During this 
period the Team was in contact x1th ~otential fabricators 
and suppliers so that cost and availability factors, to­
gether with purely technical consideration~ entered into 
the decision-making process. 

The stills went through a n~mber of design elaborations, 
representative examples of which are presented in Figures 
3.1, 3.'Z, and 3.3. The major changes to the preliminary design 
are outline below. 

1. The still material was changed from copper to stainlees 
steel, primarily fo~ cost reasons. 

2. The fractioning column changed first from a bell cup to a 
Raschig Ring system and then was replaced altogether with 
a simple demister. It was determined that this demister 
would perform the same function as the column, be easier 
t~ maintain, and be more adaptable to fabrication in the 
Comoros. 

3. The still size was standardized at a 200 kg. flower,'.&00 
liter water capacity, the larger of the two sizes under 
consideratjon. It was determined that this size could 
more easily be adapted to large or small batch loads by 
varying the number ot heat exchange coils installed. 

4. The opening(s) tor charging the still with floweru and for 
cleaning it out were fir~t changed from two manholes, one 
side-mounted and one top-mounted, to on-." manhole 0~1 the side. 
Upon ~urther consicieration of the configurations of existing 
artisinal stills, the manhole was then eliminated altogether 
and the entire top was made removable. The new configuration 
now closely resembles those currently in use at all artisinal 
installations. 
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5. The condenser was chanq~d froa a flat to a round design 
and was aoved from a top to a side mounting af~er the 
atill to~ was aad~ re&ovable. 

E. The heat exchange mechanism was chanued from serpentine 
coils to u-tube bundles because of the far larger heat 
transfer area provided by the latter. 

A nmnber of boiler aanufacturers •tere ~ontacted to provide 
information on units that could p~ovide heat in the ~0-45 kw 
range required by the still in its current configuration. 
Based on simplicity of design, easP. of installation and 
availability, cast irun boilers form the Slant/Pin 
corporatior. were chosen. 

It was assumed that the brea~box weater heaters would be 
operated in a "bat~h" fashion bacau~e effective on-site 
storage facilities for hot water would probably nJt be 
available. The collector would simply by filled each day 
and completely emptied into the still on the following 
morning. As a consequence, configurations were investigated 
that would 11ro,rJ de hot t!ater in the 200-400 liter range 
required by the distillation process. The Team also decided 
that greater economies could be achieved by buying these 
heaters "off-the-shelf" rather than by fabricating them. 
Ccnsequently. a number of manufacturers were contacted and, 
due to a combination of cost, transportability and ease of 
installation fac·cors, the "PT-40" heater from Gulf/Thermal 
Corporation was chosen. This unit has a capacity of 150 
liters which was determined to be sufficient input to the 
100 kg. flower still. Two such units could, if necessary, 
be used for a 20C kg. flower still. 

It was understood from the beginning that, due to cost and 
quality control considerations, the evacuated tube collectors 
would be bought "off-the-shelf" rather than fabricated by the 
Proj~~t Team. Several manufacturers were contacted (Owens­
Illino1!= "Sunpak", Energy Design Corporation, American Solar King 
Corporation, et al.). Based on size, modularity and ease of 
handling considerations General Electric's "Solartron" TC-120 
series collectors were selected. 

A number of photovoltaic cell manufucturers were also contacted. 
Based on the specifications provided by the Team, the Solarex 
Corp. of Rockville, Maryland offered to provide a previously 
designed and tested package solar cell/ pump system which was 
available "off-the-shelr". This sytem was tentatively accepted 
by the Project Team. 

To lnlll•arize, at the end of the Design Elaboration phase the 
Project Team had developed the following product and 
equipment specifications l1•t: 

o Stainless steel, 200 kg. flower capacity still with 0-tube 
heat exchange coils, r~movable top and demister; 
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o Slant/Pin Corporation Series 21 boiler; 

o Gulf /Tberaal Corporation PT-40 series breadbox solar water 
heater; 

o General Electric •solartron" TC-120 series evacuated tube 
collector; 

o Solarex Corporation photovoltaic powered system (using an 
A.Y. MacDonald Mfg. Co. pump). 

Technical li~erature on the "off-the-shelf" equipment 
described above is included as Annex B. 

Pollow1ng this Design Elaboration phase the Prcject Team 
proceeded to obtain accurate cost estimates and to commence 
the Pabricatio~ and Testing phase of the project. 
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'· FABPICATION Ah'l> TESTING 

As d~tailed in the Progress Reports the Team had some 
difficulty in finding manufacturers willing to fabricate 
th~ stills as designed. C~sentially the stills were too 
eaall to warrant interrupting or redirecting standard 
production--1rne proc-esses n>r- tl'ie1r- t~br!cat.ton-~ -- .As a 
consequence. delays were encountered before a suitable 
fabricator was found: Baeuerle and Morris, Inc. in King of 
Prussia, Pennsylvania. 

Consultations with Baeuerle and Morris resulted in a series 
of minor adjustments to the still design resulting in 
the final configuration illustrated in figures •.1 and •.2. 

Concurrent with this design development the Tea~ was also 
obtaining price and availability information or. the remaining 
pilot plant eq-~ipment. Baseo on this information and on the 
estimated-costs of the stills. some of the original design deci­
sions were reconsidered and a new combination of 
solar/conventional fuel input was developed. Specifically. the 
use of evacuated tub~ collectors was reevaluated with reference 
to the overall goals of the project. While this collector type 
remains the most technically effective for providing heat to the 
stills, the Team questioned whether its relatively high cost was 
justified. Even if the collectors contriLuted the full 5kw for 
which they were.designed, the major source of energy savings 
in the pilot plants would still be the boiler/heat exchange 
system. In !act this boiler could provide all the energy 
required by the still with only a moderate increase in the 
amount of fuel consumed. This minor increase in consumption 
becomes justifiable when the high cost of the evacuated tube 
system is taken into account. The Team also looked critically 
at the potential for local fabrication of these collectors and 
judged this potential, like that for all the high heat col­
lectors investigated, to be low. Finally, and perhaps most 
importantly, the Team questioned the adaptability of these or 
any high heat collectors to other uses when the stills weren't 
actually in operation. Due to the sophistication and relative 
fragility of these units, their heat distribution system, and 
their connections it was deemed highly unlikely that they could 
be easily adapted to other uses during the intermittent periods 
when the stills w~re not functioning. As a consequence they 
would not be able to serve as effective models for expanding 
the use of solar to other sectors of the Comorian economy. 

As a result of these considerations the Project Team decided 
to modify the mix of solar/conventional fuel pilot plants to 
be su~plied, and to concentrate on providing greater photovoltaic 
input. Specifically, the Project Team determined that a 
aoderately sized (0.5kw) photovoltaic array, in combination with 
batteries and a small pump, could be used to provide heat to the 
stills as well as to circulate the condenser water. Purthermore, 
during periods when the stills were not in operation, the power 
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generated by the photovoltaics <and stored in the batte~ies could 
also be used to provide light 1ng or to operate the pump for other 
purposes. Weighing these positive qains against possible long 
term problems asso~iated with the evacuated tube collectors. th~ 

Project T~a~ decided to subsititute a photovoltaic powered heat/-­
pua:pin~ s7ste~ for the ~·vacuated tubes. -rhis cnange only mar­
ginally a~fe~~ad the deoign of the stills. requirin~ ~h~ e!1mina-

·-=----TI ::Ii or- t:1"i - ·~f,°"i.t!•c--~r.:_;-~ ;::-61 .!~ ::.E.-~t~E:x.:;iia119e;·::.· a:1cr·-e:iP--E-uu!:Ti""ru fion-of 
a small. res1stance-~ype heating elemen~ for use with the photo­
voltaic arrays. A schematic illustration of a typical 
installation is presented in Figure ,.3. 

T~• use of this photovoltaic system was discussed with 
-UNIDO by telephone on J'une 14, 1983. UNIOO gave the 
approval to this modification and to the following pro~osed 
coabination of pilot·plants: 

One complete. do1lble size distillation unit with a 200kg. 
flower capacity (still. demister, condenser. florentine 
and all associated hardware and piping). One boiler. One 
photovoltaic solar system (0.5 kw array. battery. pump). 

- Two distillation units with 100 kg. flower capacity to 
be a~apted to existin; condenser/florentine arrangements 
in field. Two boilers. Two photovoltaic solar systems. 
Piping and hardware. 

- One U-tube heat exchanger designed for use with existing 
etill. One boiler. One breadbox solar water heater. 
Piping and hardware. 

One breadbox solar water heater for use with existing still. 

Based on this approval the Project Team placed final orders 
for all outstanc!i.1~ c:~uipment and material and completed 
fabrication of the stills. 

Preliminary testing of the stills took place in King of 
Prussia on J'une 3, 1983. The tests were tt•tccessful and 
fabric<.tion continued without modif !cation. Pinal testing 
occurred on July 7, 1983 and, once again. all equipment 
performed successfully. Protocols for these test& are 
includerl as Annex C. 

It should be noted that Ylang Ylang flowers were not imported for 
the tests due to their extremely short "shelf" life <-•-a hours 
unless very carefully tended) once they are picked. Instead. 
tests were made with water to establish that the units were fully 
operational and functioned efficiently. The only aspect not 
adequately tested was the effect, if any. of the demister on the 
quality of the oil. This element was to be field tested in the 
Comoros and was designed in such a way that. if it proveu 
ineffective it could be easily removed. 

I 
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Following successful coapletion Qf the tests an instruction 
aanual was i;:repared for use in the Comoros. This aannal for "Le 
Ponctionnement et le Maintien d'Une Installation Prototype pour 
la Distillation de 1 1 B'J.ile Essentielle des Pleurs Ylang Ylang" is 
·1ncluc!ed in this repc-1rt as Annex £. 
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5...__SHIPMEHT ----~~~~~~------------------------

All the equipment listed above was consolidated into 22 
parcels and was shipped from New York July 17, 1983 Oil the 

·ss MOR~A~DRACO. ~ce to a variety of p~oblems, transshipment 
from D~rtan to Mcroni was tleleyed several ~onth~ an1 the Team 
was for::~r·-:o c;~_n·=~~ "VJ. c p.>seC--miss::on-~o--u~~-~""~!'&s-r---- -- -
originally scheduled for October 08, 1963. _.. ' 

Pinal confirmation that the shipme~t had arrived in Moroni 
reached Steven Winter AssociatP.s, Inc. in ~ctober 27, 1983. 
=ustoms clearance and arrangements for int~r-island transpor­
t:at ion took place over the next three month& a~~ SWA was kept 
informed of developments by telex. During this ti~e a con­
signment of mi$cellaneous space parts and tools was ~seMbled and 
air shipped to Moroni on January 15. 1984. 

Based on reports from UHDP, Moroni, stating that: all equipment 
had arrived in the island and was ready for installation, the 
~reject Team rescheduled their mission for mid-February 1984. 



6. INSTAL:ATION AND COM~ISSIONING 
- ---------- ·----- ·- ·--. -- - - -- --··-·· --- ----- -------·-·- - -

The Pr·oject Team (Deane Evans and Rick Gebel) arrived in 
. ·.• . Moronl O!l Satu!"day. February 16, 1984. On Sunday. February 

,, .. · ,19, they vislt~d the Mitsamiouli site of Adrien Riviere. 
_______ All_~;.,,_~ -~g~.ir !!:er)_~ {PY_ ~~~~~_ jloiler_, __ ?I".:..ci_~_t_i._1.ll_h~~-~-;:r iv!?~----·----· 

· bu~ was s~!ll c~ated. Lu~ing th~ next days the photovGltaic 
array was assembled end a crane was ordere6 to move the 
heavy equipment to its tinal location on the site. On 
Wednesday. Feb. 22. Deane Evans went to Anjouan to search 
for a new site on this island. The 3 Nioumakele distil­
leries originally chosen during the investigation mission 
had shut down and the government desired to have a new site 
close to Mutsamudu. A number of locations were preoposed 
and one in Patsy, just outside Mutsamudu. was chosen for 
technical and logistical reasons. 

Upon return to Grande Comore the crane was procured and the 
first Riviere installation was put in place. A~ the 
suggestion of the government, it was decided at ~his time 
that a second Grande Comore installation, using an existing 
still and condenser, would also be installed at th·e Riviere 
site. Piping and connections for the first set of equipment 
(still with 2 U-tubes, boiler and PV array) were put in 
place. 

In the meanwhile, a site for a third installation was chosen 
at Serehini, in a new CADER ("Centre d'Appui au Developpement 
Rural") being formed there. The site has adequate water and, 
aost important, adequate supervision as it will be the 
headquarters of this new CADER. Some masonry work was 
required to make \..1e site usable and work,rs and materials 
were procured. 

Having set-up the Riviere equipment. the team left for 
Anjouan on Thursday, 10 March. A chimney connection was 
still lacking at Rivi ere and the team felt 1 twas better to 
work in Anjouan while this connection was procured and to 
delay firing the system .intil UNIDO Representative 

who visited the country from March 3 to 
March 10, 1984, could be at site. 

In Anjouan, there.were a variety of problems, including some 
miss~ng material, connected with the way the equipment had been 
shipped and off-loaded. The team managed to overcome these 
with the help of Travaux Publiques and the installation was 
complete by Monday March 5. Mr. Evans returned to Grande 
Comore on this day. Mr. Gebel stayed in Anjouan until Wednesday 
to test tire the installation. This firing started at 1:30 pm 
on Tuesday March 6 and finished at 5: 30 am on Wednesday, March 
7. Approximately 2.75 cubic meters of wood we~2 used. Mr. 
Gebel monitore:i the test and the result was OD1'! liter of 
"premiere" grade oil. The workers were extemely pleased with 
the result, which is especially gratifying consi~er~ng that this 
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inatallation had ~ chimney, we~. burning very wet 
wood, and had an uninsl!lated still. The worker& involved 
understand t:nat a chiiuney and roof are needed and are in the 
process of procuring the necessary aaterials. They also 
typically burn dry wood but such wood was not available on 
the day of the test. In the future, it will be. Based on the 
foregoing the team judged the Anjouan site an unql!alified 
success and Mr. Gebel returned to Grande Comore. 

It should be noted that a photovoltaic pump for circulating 
condenser water was not installed in Anjouan. The water 
situation in Anjouan is such that conservation is not a 
pro~lem. In fact, in existing stills condenser wat~r. after 
cocling the distillate, is simply allowed to run o~t con­
tinuously onto the ground. 

Based on these observations, providing a pump for c_rcu­
lating condenser water was considered to be unnecessary on 
Anjouan. The situation is quite different on Grande Como1·e 
where wa~er is rigorously conserved in cisterns. Because of 
this difference, the Team decided that the PV pump would be 
auch more valuable on Grande Comore and shipped it back. 

Back in Mitsamiouli the final preparations were made at 
the Riviere site and the system was fired at noon on Friday 
09 March. Based on experience of the test in Anjouan a 
large initial fire was built. HowevEr, because thP.re was 
gcod wood and a chimney at Riviere's this proved to be too 
auch fire and the system had to be damped down. Once smooth 
operation was achieved (at 2:30) the boiler/still unit per­
formed extremely well from an energy standpoint. There were 
problems, however, with vapor flow through the new "swan's 
neck", resulting in a very slow distillate flow. At 4:15 pm 
the top of the still was taken of and the demister was 
removed. By 6:30 pm a very strong flow through the con­
denser was achieved, but even distilling until midnight 
yielded very little oil. This may have been due to the fact 
that some oil was lost during the period of shutdown and 
when the top was tali:en off to remov ... the demister. It is 
also likely that tht.t fire was allowed to burn too low in th~ 
boiler during periods when the Project Team W;tS not 
actually at the site. The importance of maintaining the 
fire at a constant level was subsequently explained to the 
operators. Howe:~r. as this was the very first firing at 
this site certain mistakes and omissions were to be 
expected. 

Testing continued at the Riviere site. On March 13 and 
March 16 tests were conducted ~o monitor temperature flows 
through the system u_~der various operating conditions and to 
determine the optimum modes nf start-up and operation. 
Copies of field notes fur these tests are reproduced as 
Pigures 6.1 and 6.2. 
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EQUIPMENT PERFORMANCE TEST: MARCH 13, 1984 RIVIERE SITE 

TIME PRESSURE TEMP STILL TEMP "SWAN" TEMP 0-TUBE 
~!J_ {DEG. C) {DEG. C) {DEG. CJ 

LEFT RIGH'."' 
1:20 FIRE BOILER 

1:30 0 35 34.90 34.90 

l: .f ' 4 35 3~ 35 

2:00 5 35 35 313 
(OPEN U-TUBES) 

2:15 2 40 38 76 

2:30 0 46 38 84 
(CLOSE 0-TUBES) 

2:45 5 44 42.5 92 
(OPEN U-TUBES) 

2:50 8 58.7 35.2 42 94 
(DRAINED LEFT U-TUBE) 

3:05 0 62.6 51.4 67 95 

3:20 4.2 70 58.2 89 100 

3:30 5 79 61 101 101 
(STEAM RISING FROM STILL) 

3:45 4.5 84 63 100 103 
\MOVE TOP INTO PLACE) 

3:50 5 90 63.5 101 104 

3:55 4 91 69.5 101 103 
(MODERATE DISTILLATE FLOW) 

4:15 TEST TERMINATED 

FIGURE 6.1: FIELD TEST NOTES 
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EQUIPMENT PERFORMANCE TEST: MARCH 16, 1984 RIVIERE SITE 

TIME PRESSURE TEMP STILL TEMP "SWAN" TEMP 0-TOBE 
{PSil {DEG. Cl (DEG. Cl {DEG. CJ 

LEFT RIGHT 11: 15 -o- 35 36.5 39 39 

11: 30 -o- 5 36.5 39 39 

11 :45 1 1 36.5 39 39 

12:00 4 35 36.5 39 39 

12:05 7 35.5 36.5 39 39 (OPEN U-TOBE VALVES) 

12:15 4 37 36.5 78 97.6 

12:30 4 40 36 79 99.8 

12:45 4 44.2 38 81 98. (ADD WATER) 

1:00 4 53.1 40.5 80 100.7 

1:15 4 53.l 43.2 8, 100 

1:30 5 68.9 43.5 86 99 

1:45 5 77 46.8 79 99 

1:55 MODERATE DISTILLATE FLOW - TURN ON CONDENSER WATER 

2:00 5 81 51 79 101 

2:15 5 77 57.5 76 99 

2:30 4.5 70 54 71 97 

2:45 4.5 70 52 79 97 

3:00 5 74 57 98 100 

3:15 4 60 54 75 98 

3:30 2 63 49.5 67 93 

3:45 TEST TERMINATED 

FIGURE 6.2: FIELD TF~T NOTES 
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The results of these tests indicated that a fairly large 
fire is necessary until the water in the still is brought to 
a boil. At this point, the fire can be allowed to diainish, 
but a ainiam pressure of ' to 5 psi should be maintained. 
Maintaining this pressure will automatically control the 
amount of wood consumed. 

The firing process can be started with the top of the still 
on or off. Both methods were tried and both performed 
equally well. 

Vapor locking problems in the steaJn supply hose for the left 
0-tube were discovered and the supports for this hose were 
changed to make the steam path more direGt and thereby allow 
continuous, even flow. 

Rain was also observed to have a significant detrimental 
impact on heat flow. Because the still is currently unin­
sulated and unprotected from the weather even a moderate 
rainfall causes substantial dissipation of heat over the 
entire surface area of the still. As a result of this heat 
loss a larger fire, and therefore more energy consumption, 
is required to maintain the distillation process. 

The importance of insulating and covering the stills and 
boilers is clearly understood by the personnel at all the 
sites, and plans have been made to provide roofs and effective 
insulation in the near future. The Team itself d!d not install 
the insulation it had brought because the sites had not been ade­
quately prepared to protect the insulation from the elements. 
Without such protection the insulation would quickly degrade and 
require replacement. Once conditions improve and adequate insu­
lation is provided the performance of these units, while 
encouraging now, is expected to be substantially better. 

Fallowing theae two interim tests, the Team performed a final 
test (again with water because no flowers were available) on 
March 17, 198' at the Riviere site. The purpose was to verify 
that the principles of operation developed in the previous tests 
were easily implemented and effective. Pield notes for this test 
are presented in Figure 6.3. Of interest in these notes is the 
extremely rapid rise in the temperature of the "swan's neck" from 
11:05 A.M., when it was covered with a cardboard box, to 11:11 
A.M. when strong distillate flow was observed. If a simple box 
can effect performcmce this substantially, it is clear that 
proper insulation of the equipment will dramatically improve 
I>.!l'formance . 

In this test rou~hly 1 1/4 cubic meters of wood were 
consumed. The major portion (more than 1 cubic meter), 
being used during the l 1/2 hour start-up period. In one 
hour of actual distillation the unit yielded 18 liters of 
distillate, a result Adrien Riviere considered to be 
extremely good. During this one hour period, only two or 
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!QUIPMENT PF.RFORMANCE TEST: MARCH 17, 1984 

TIME PRESSURE 
PSI 

TEMP STILl. 
(DEG. Cl 

8:45 FIRE BOILER 

9:00 5 32.7 

TEMP "SWAN" 
(DEG. C) 

{ADD H20 TO STILL TO l" ABOVE GRILL) 

9:10 OPEN LEFT U-TOBE AND BOILER VALVE 

9:11 OPEN RIGHT U-TUBE 

9:15 6 32.2 

9:16 5 32.2 
(SHUT DOWN RIGHT U-TUBE) 

9:18 e 32.2 

9:30 2.5 41 

9:45 6 52.6 
{SOME STEAM FROM STILL) 

9:55 9 66 
{REOPEN RIGHT U-TUBE) 

RIVIERE SITE 

TEMP 0-TUBE 
(DEG. C) 

LEF'l RIGHT 

27.7 27.9 

27.7 27.8 

27.7 99 

98 95 

92 96 

90 100 

105 100 

9:59 DAMP DOWN FIRE - MG~ STEAM VISIBLE AT STILL 

10:00 MOVE TOP INTO PLACE 

10:15 9 82 92 101 

10:21 11 85.5 92 99 

10:25 MODERATE BOIL 

10:30 12.5 86 3!1.4 100 108 

10:45 13 88.5 53.5 107 l!l 

10:50 LIGHT RAIN 

11:02 11. 5 90(89) 35 100 106 

11:05 "SWANS NECK" COVERED 

11:07 MODERATE DISTILLATE PLOW 

FIGURE 6.3: FIELD TEST NOTES 
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TIME PRESSURE TEMP STILL TEMP "SWAN" TEMP 0-TUBE 
PSI fDEG. C} fDEG. C} fDEG. C} 

LEFT RIGHT 

11:11 12 82.5 101 105 
(STRONG DISTILLATE !'i.OW - TURN ON CORD. WATER) 

11:30 11 90.5(86) 81.6 102 105 

11:36 STEAM OUT OF FLORENTINE - INCREASE CONDENSER H20 FLOW 

12:00 10 88.5(92) 79 105 1 ")5 

12:11 9.5 90(91) 83 99 96 
(DISCHARGE FLORENTINE - 18 LITERS OF DISTI~LATE; OPEN BOILER 
FIRE DOORS TO LET FIRE BURN OUT) 

12:32 ' 88(88) 8,.6 92 97.5 

12:55 0 89(88) 78 86 87 
(TORN DOWN CONDENSER WATER) 

1: 14 0 

1:,0 0 

1:,5 TEST 

86.2(84.3) 74 85 77.5 

81.5(81.5) 71.5 6,.5 66.5 

TERMINATED 

PI~ 6.3: FIELD TEST NOTES 
.J,J:ontinued) 



,_ 

- 27 -

three saall pieces of wood were added to the fire, just 
enough to aaintain the rate of distillate tlow. At this 
rate over a projected 12-14 hour diatillatio1' periad the 
extrapolated wood use will be another 1 1/4-1 1/2 cubic 
aeters tor a total of 2 1/2 - 2 3/• cubic aeters of wood. A 
siailar overall rate (2 3/4 - 3 cubic meters) was recorded 
for the performance test on Anjouan. Compared to a current 
rate of consumption of between 5 ands 8 cubic meters this 
contitutes a substantial savings. As noted above this 
savings can only improve once the stills are insulated and 
protected by adequate roofs. A consumption rate of 1 1/4- 1 
3/4 cubic aeters can be anticipated. 

During this testing period the Team also asseabled the 
boiler for the second Riviere installation. This boiler is 
intended to be connected to an existing still titted with a 
new U-tube heat exchanger. A still was procured and a hole 
for the connection was aade. Unfortunately the bottom of 
this still was damaged and needed repair. Further, avail­
able soldering equipment could not produce enough heat to 
braise the connecting flange to the existing still wall 
effectively. Such equipment does exist on Grande Comore but 
was not available during the period of the Mission. Given 
these two obstacles to actual installatlon, the Team simply 
sized and prepared all the necessary piping and connections 
and attached them to the boiler. All that remains, after 
the still bottom is repaired and the flange braised, is to 
set the still in its prearranged location, insert the U-tube 
and connect the hoses. The on-site personnel understand how 
to do this and already have a working model to use for 
reference. 

Concurrent with the commissioning of the stills and boilers 
at the Riviere site the Team also installe~ one photovoltaic 
pump system and one breadbox hot water heater. The pump 
system performed extremely well and the PV panels were able 
to provide sufficient power to lift water over 6 meters 
(from one cistern to another) even on cloudy days. During 
periods when the pump was not used, the PV array successfully 
charged the two batteries provided by the Project Team and 
was being used to charge other batteries belonging to the 
personnel at the site. 

The breadbox heater arrived in the Comoros with its top 
plate of glass broken beyond repaj~. The Project team had 
brought some "Tedlar" plastic film with them and used this 
to make a new cover. The unit was filled at 1:45 pm March 
17 with 28 degrees c water. On March 18 at 2:15 PM the 
water temperature at the breadbox outlet was measured to be 
51 degrees c. This temperature rise, while sufficient for 
preheating the still water, is not the highest attainable. 
It is anticipated that during the dry season, when there is 
little or no cloud cover, temperatures in excess of 60 
degrees C will be achieved. 
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Proa March 14 to 19, the Team also complf"ted the 
installation at Serehini. As noted earller this site is 
brand new and not currently staffed. In consultation with 
the Governaent, it was decided to set up the equipaent, and 
aake the necessary co":lllections, but not to operate the unit 
\Ultil this new CADER is occupied and functioning. To this 
end the Team had masons prepare the site so that the still 
could be placed at a sufficient elevation abQve the boiler. 
Once this work was finished the Team asseabled the boiler, 
installed the still, and made the necessary connections. 
Before the unit: becomes fully operational the Governaent 
will procure and install a !!ltandard artisinal condenser and 
connect it to the cistern. 

The photovoltaic array was ~lso assembled but was not placed 
on the site due to security considerations. Instead, it was 
stored at: CEFADER ("Centre Federale d'Appui au Developpement 
Rural") the headquarters for all CADER activity. Members of 
the CEPADER staff are familiar with the equipment and will 
install it once the CADER is operational. 

It is anticipated that the Riviere site will serve as a 
aodel for commissioning the Serehini site and that Adrien 
Riviere will be personally involved. This will ensure that 
the most effective mode of operation will be taught to the 
Serehini distillers. 

The fifth and final pilot plant, at the Mikidache site at 
Kafouni, Grande Comore, was installed and made operational 
on March 20, 1984. This installation consists of one 14-
panel photovoltaic array, 2 storage batteries and one pump 
for circulating condenser water. In consultation with the 
Government it was decided that the PV/pump system shipped 
back from Anjouan should be usP.d for the fifth plant, rather 
than the breadbox heater originally envisioned. This bread­
box heater will, in turn, be shipped to Anjouan for instal­
lation at the Patsy site. At the time the team left the 
Comoros, this breadbox was in Government storage awaiting 
shipment. 

An operational test of the PV/pump system was made on the 
day of installation and the system was determined to func­
tion exactly as designed. 

In summary, the disposition of the equipment shipped to the 
Comoros in support of this proj•ct is as follows (see Map, 
Figure 6.4, for locations): 
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A. RIVIERE SITE - MITSAMIOULI. GRANDE COMORE. 
(Pilot Plants 1 and 2) 

(1) Baeuerle & Morris Distillation Unit with 2 U-Tube 
bundles and integral condenser. having a capacity of 
200 kg. flowers; 

(1) Slant-Fin 21-9H Boiler; 
(1) 14 panel photovoltaic array; 
(1) A.Y. Macdonald Water pump; 
(1) Gulf-Thermal solar hot water heater; 
(1) Slant-Fin 21-5H Boiler (to be connected to existing 

local still when latter has been repaired); 
(1) U-Tube bundle (to be installed in existing still above 

aentioned); 
(3) Bags insulating cement 

Assorted spare parts. 

B. PATSY SITE - PATSY. ANJOUAN 
(Pilot Plant 3) 

(1) Baeuerle & Morris Distillation Unit with 1 0-Tube 
bundle. having 100 kg. flower capacity 

(1) Slant-Fin 21-SH Boiler 
(3) Bags insulating cement 

C. CADER SITE - SEREHINI. GRANDE COMORE 
(Pilot Plant 4) 

(1) Bauerle & Morris Distillation Unit with i U-Tube 
bundle, having 100 kg. flower capacity 

(1) Slant-Fin 21-SH Boiler 
(1) 14 Panel photovoltaic array 
(1) A.Y. Macdonald Water pump 

Assorted spare parts 

D. MIKIDACHE SITE - KAFOUNI, GRANDE COMORE 
(Pilot Plant 5) 

( 1) 14 Panel photovc:•l taic array 
(1) Water pump 

E. STORAGE (MINISTRY OF PRODUCTION) - MORONI, GRANDE COMORE 

(1) Gulf-Thermal solar hot-water heater 

SPARE PARTS 

(3) Bags insulating cement 
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Bottaan steam trap and air vent (Riviere) 
Miscellaneous short lengths rubber hose 

• • " copper pipe 
" " n electrical cable 
n 

n 

n 

n 

n 

n 

spare valves 
electrical con.~ectors and switches 
tubes of Dow RTV 732 Sealant 
gaskets (many) and rut~er bushes 
nuts and bolts 
hose clamps 

Operating Manuals have been distributed as follows: 

Riviere - 1 
Patsy - 1 
CEPADER (Serehini) - 1 
Inspector General of Rural Development - 2 
UHDP Moroni - 1 
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7. CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the perfo~mance tests conducted at 
the Patsy site in Anjouan and the Riviere site in Grande 
Comore, the pilot plants performed extremely well from an 
energy savings standpoint. As described in the preceding 
chapter, wood consumption was reduced from the 5 to 8 cubic 
aeters used in a typical artisinal still to 2 1I4 - to 2 3/ 4 
cubic meters. These amounts will diminish even further (to 
1 1/4 - 1 3/4 cubic meters) once the units are properly 
pro~~cted and insulated. It is therefore clear that substantial 
en1:1!·gy savjngs and reductions in wood consumption are 
possible in the Ylang Ylang sector of the Comorian ec~nomy. 
This chapter discusses ways in which lessons learned from 
this pilot plant project can be further utilized in the 
Comoros. It is divided into four topic areas. 

The first explains the recommendation that the demister 
introduced in the pilot plant stills be field tested on 
existing direct-fire stills. The second discusses the ways 
the pilot plant~ themselves might be exp~nded to a larger 
scale project. As noted in the preceding chapters, the 
chief contributor to the ene1·gy savings obtained by the 
p!lot plants was the boiler/U-tube system of heat transfer. 
As a consequence, recommendations for establishing a large­
scale demonstration project concentrate on the conventional 
fuel aspects of the pilot plants. The use of solar energy 
is discussed separately. While not a major source of 
energy savings in this typ~ of small scale agro-industrial 
process, solar energy does have potential application in the 
country and recommendations for expanding the solar tech­
niques used in the pilot plants to other uses in the Comoros 
will be discussed as the third topic of this chapter. The 
fourth and final topic area will discuss an alt~rnative 
approach to conserving wood in the Comoros. 

FIELD TESTING THE DEMISTER WITH EXISTING STILLS 

Each of the three stills provided for the project was 
equipped with a simple wire mesh demister at the entrance to 
the "swan's neck" (see Chapters 3 and 4). This component 
was included on an experimental basis to determine if it 
could increase the speed with which the higher grades of oil 
were obtained and thereby save energy by reducing 
overall distillation time. This demister functioned well in 
Patsy, was removed at the Riviere site in Mitsamiouli and 
bas yet to be tested in Serehini (see Chaper 6). 

A series of comparative tests, over perhaps several months, 
are necessary to determine the actual efficacy ot the9e 
denisters in the new stills and such tests will be 
undertaken by personnel trained by the Project Team. It is 
further recommended, moreover, that the Government undertake 
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similar tests on existing, direct-tired artisinal stills. 
The demisters provided by the Project Team can be used or a 
simila~ form ot inexpensive wire aesh can be obtained. In 
either case the mesh should be secured to the still top at 
the opening tor the swan's neck, exactly as in the stills 
provided by the Project Team. A series of comparative tests 
should then be run to determine if the demister affects 
either the quality of the oil produced, the time of 
distillation, or both. 

Such long-term testing was not possible for the Project Team 
but is highly recommended for the Government. If using the 
demister has no results, the stills can return to normal opera­
tion. If, however, the results are positive the Government 
will have a simple technique for improving quality that ls 
inexpensive, easy to fabricate in tl~e Comoros and adaptable to 
all existing stills. 

ESTABLISHING A LARGE-SCALE DEMONSTRATION PROJECT 

There are two basic methods for building upon the lessons 
learned from the pilot plants and establishing a large scale 
demonstration project. The first is to keep the pilot 
plants as presently designed and simply expand the number of 
them. New stills would not be required; existing stills 
would be adapted to the boiler/0-tube system as in Pilot 
Plant 2 at the Rivi~re site. 

This approach is aided by the fact that working uni ts now 
exist on the islands and could be used as models. There are 
certain difficulties, however. In the first place, at 
nearly every site the existing stills will need to be ele­
vated in o~der to provide sufficient height to ensure goo~ 
condensate flow from the U-tubes back to the boiler. Ele­
vating the stills will require digging them 0 11t of their 
foundations and developing new suppots for them. The 
existing condenser will also need to be elevated 
sufficiently to function properly with the still. These are 
not major problems, but they must be taken into account if 
such a project is to be implemented. 

With regar:i to the costs involved it is likely that small 
boilers such as the Slant/Fin 21-5H provided tor the pilot 
plants cou.ld be purchased in bulk for $2000-2500 apiece, CIF 
Moroni. This is a good price for such boilers, but is still 
a substantial sum by Comorian stand~rds. The 0-tube bundles 
will cost approximately the same amount making the total 
cost to upgrade one still roughly $4000-5000. Assuming a 
Government estimated price for wood of 250-350 CPA ($0.63 - 0.88) 
per ct•.~1c "'eter and an average wood use reduction of 3 1/2 
cubic meter6 per distillation, savings of between $2.20 
(3.5x0.63) <U.d $3.08 (3.5x 0.88) are possible each time the 
new system is used. Although there are no reliable 
statistics on the number of times an average artisinal 
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installation actually distills in a given year, a minimum 
rate to aake the new equipment c~ :-effective can be de­
rived. Conservatively assuming ; .eful life for the 
boilers and U-tubes of 20 years, c.. -:imple payback requires 
$250 per year (5000/20•250). At a savings in wood con­
sumption of $2.20-3.08 per use, the unit will need to be 
operational somewhere between 82(250/3.08) and 11•(250/220) 
times per year. This does nc~ seem an unreasonable number 
to expect but more research needs to be done into act\lal 
prices and numbers of distillations before this t:rpe of 
large scale expansion is undertaken. For example, if the 
money to buy these units is borrowed, the rate per year will 
certainly be higher in order to finance the debt. On the 
other hand bulk equipment prices may be lower or the price 
of wood higher than quoted which may offset the interest 
charges. 

A second and more promising approach to expanding the Pilot 
Plants is to apply the basic principles involved but not to 
copy the existing models exactly. That is, rather than 
trying to obtain performance improvements in each individual 
artisinal still, performance improvements for groups of 
stills should be attempted. This will entail o~ganizing 
the distillers into some form of cooperative and the degree 
to which this is possible within the current economic 
structure of the country must be investigated. If it is 
possible, substantially greater savings than are available 
to the individual artisinal stills are feasible. 

There are two primary reasons that cooperation is more cost­
effective. First, only one large boiler is used, producing 
economics of scale in both initial cost and operating 
expense. Second, the system can be designed to operate 
under pre~sure which allows a much simpler form of heat 
transfer mechanism, serpentine coils, to be used. An 
attempt was made in the original designs for the pilot 
plants to use such coils, but they were abandoned because of 
potential condensate return problems in a system operating 
at atmospheric pressure. Such problem~ ~c no~ exist in a 
pressurized system, however, and serr-.~..-:~'t" coils could be 

.r ' 
used in a larger scale operation. T~1~·' ~ .... _,. tage of these 
coils is that they are inexpensive .. nli ~ ~t;;sble to local 
fabrication in the ~omoros. Altho~;~ 1 •~r~te costs must be 
determined, even if the coils cost ;, '~~- J-f.!'' unit this would 
still constitute a savings of 80% ov~; ~~~ cost of the U­
tubes ($2500). It .:..:. this type of sav.1.ng combined with 
potentially great,: efficencies in a larger boiler that make 
large, centraliZd~ operations so advantageous. 

A certain amount of study is required before any 
demonstration project can be undertaken. In the first place 
an accurate determination of the number of stills available 
for centralization must be made. The size and location of 
each large scale plant will be determined by the number of 
stills in a given area, and their locations relative to e•ch 
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other and to the Ylang Ylang field~. The number of stills 
will probably vary from 5 to 10 pt::r plant, and the size of 
the boiler will vary accordingly. Accurat~ cost-benefit 
analyses will depend on the total number of stills involved, 
the costs of removing them from their current locations to 
cen~ral sites, the sizes of the boilers r~quired, the 
distances the flowers must be transported, and the costs of 
piping and connections. The importance of an in-depth 
feasibility study before any work is undertaken cannot be 
overemphasized. 

During any such study new techniques for improving 
performance should also be investigated. Some of the 
techniques mentioned in the Berreur report (see Chapter 1) 
such as steam recycling, accelerated distillation, 
hyc-.rodiffusion or heat pumps could be explored. The 
Pr~ject Team did not examine these and other sophisticated 
tehcniques becau;e it concentrated on im~rovin~ the 
individual artisinal units. At the larger scale of the 
cooperative, however, such techniques may be effective and 
should be investigated. 

In summary, the main conclusions and recommendations for 
expanding the pilot plants to a demonstration project are as 
follow: 

1. Determine the precise number, disposition and working 
condition of all the artisinal stills in the country. 

2. Determine to what extent these stills can be organized 
into cooperative installations and develop an· 
organizational plan for cooperation. 

3. Basec! on this plan and on the total number of uni ts 
involved develop accurate cost estimates for 
transprJrting the e-~si :ng stills to the selected central 
locations and for adapting them for use with large 
boilers (or any other techniques under consideration). 

'· Conduct a techno-economic feasibility study to determine 
if such installations can be operated cost-effectively 
and, if so, how many are required and where they should 
be located. 

This study is straightforward and can be easily accomplished 
if the data for the first two crucial areas is available. 
It is anticipated that the new Census together with an 
independent study by CEPADER will provide precisly this 
information in the near future. 

Thi• data could also be used for a feasibility study on 
iaproving individual artisinal stills by pro,·1ding boilers 
and 0-tube• tor them. The exact costs of such an expansion 
cannot be adequately determined until the number of stills 
in question is known so that the number of boilers and u-
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tubes to b~ ordered can be determined. There is certainly 
the possiblitiy t~at this type of direct extension of the 
pilot plant project could be cost-effective, but the Team 
feels that the potential is far greater through some form of 
co~peration and recommends that this approach be 
investigated first. 

EXPANDtHG THE USE OF PILOT PLANT SOLAR TECHNIQUES 

Although the net contribution of the solar components to 
overall performance in the pilot plants was relatively 
minor, the photovoltaic pump system and the "breadbox" water 
heater both functioned extremely well and are worthy of 
further consideration. Because the current high costs of 
photovoltaics limit their use in a country like the Comoros 
to very remote applications where there is no other source 
of power available (e.g. radio signal towers), their 
potential for wide scale application is rel:1tively low. 
They also have limited potential for local manufacture. The 
breadbox water heater, on the other hand, has both 
widespread applicability and the potential for local 
fabrication. 

Because of their simplicity of design and operation the 
breadbox heaters suppli~d in the pilot plant project can 
serve as models for the manufacture of similar units in the 
Comoros. Galvanized metal can be weld~d into any of a wide 
range or shapes and sizes, simple wooden frames can be used 
and glass or pl~atic can serve as the cover. It was clear 
t1.) the Project Team that several facilities that could 
un~ertake such work already exist in the country, a• . that 
the fabrication of such uni ts could easily develop i .. co a 
small-scale industry. The key to such development, however, 
is an accurate analysis of demand. A study must be under­
taken, prior to any development in this area, to determine 
precisely who will use solar hot water, how much they will 
use and how often. Only once such information has been 
gathered can informed decisions be made as to the extent of 
the market, the ~ost appropriate size or sizes for the water 
heaters, the number of heaters to be produced in a given 
period of time, and the size and capacity of the factory to 
factories to be built. The technlcal capability to fabri­
cate this type of solar heater exists within the country. 
Before production can commence, however, an accur~te market 
analysis must be undertaken to determine the demand. 

AN ALTERNATIVE APPROACH TO WOOD CONSERVATION IN THE COUNTRY 

Based on its field experiences the Project Team recommends 
that the Government invePti~ate technical improvements in 
domestic cookstoves as a method for reducing wood 
cons11mption in the country. Al though current wood 
consumption in the Ylang Ylang sector is clearly wasteful 
and can be improved, the relative impact of this particular 
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sector of the Comorian economy on totei wood consumption 
reaains unclear. A wide variet .. of techniques for improving 
cookstove efficiency exist throughout the world. Many con­
tain components suitable for local manufacture in the 
Coaoros and a project in this sector could readily form the 
nucleus of oue or more small-scale industries. To set this 
process in motion, however, information is required on the 
types of stoves currently in use on the islands, their 
levels of wood consumption and their costs, if any. 
Against this base information a number of improvement 
techniques can be measured and those found most cost-
ef f ect i ve can be implemented. Although no accurate wood 
consumption data is currently available for the Comoros the 
potential for energy savings in domestic cooking is often 
quite high and merits further study, espe=ially relative to 
the seri~1J,s deforeio::tation problem which currently exists in 
the country. 
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COLLECTOR SUBSYSTEM 

The collector subsystem is used to intercept the sunlight. 
and convert it to useful energy at the required temperature. 
Available devices for this application fall into three major 
classifications: tracking concentrators, non-tracking con­
centrators, and non-concentrating collectors. 

Tracking concentrators fall into the major areas of single 
and two axis tracking. The two axis tracking concentrators 
may be of the parabolic dish or the power tower type. In 
either case the sun is tracked in two axes in its path 
across the sky. In most cases. the reflector is moved to 
track the sun. These collectors are useful to extremely 
high ~emperatures, the theoretical limit being 10,000 K. 
The primary reason for the application of this type of 
collector is the high temperature achievable, the penalty 
paid for this capability is the mechanical complexity intro­
duced by the tracking mechanism. Practical difficulties 
preclude the use of this system in the Comoros. Imprope:.· 
operation of the system (tracking the sun with no coolant 
flow, for example) would immediately destroy the absorber 
surf ace. The safety problems incurred by the high energy 
flux density at the focal plane is another obvious restric­
tion. Single axis tracking concentrators are most commonly 
of the line focussing type, this category includes trough 
type parabolic, some Fresnel lens collectors, and the fixed 
focussed mirrored concentrators, for example. A great deal 
of development is currently underway in the United States on 
th1s category of collectors since they are ideally suited 
for many process heat supply systems. These system are 
either oriented with their axis north-south (following the 
sun as it moves from east to west) or east- west (tracking 
the altitude changes of the sun). Upon initial investiga­
tion these appeared to be the ideal choice for the solar 
collector subsystem. The single axis tracker with the east­
west axis must be dropped, however, due to the potential 
damage associated with a loss of coolant flow. The north­
south axis tracker, however, is much less restricted since a 
loss of coolant will have only minimal eff.ect if the sun is 
not followed. If, however, tracking is continued even after 
loss of coolant, the collector will probably be destroyed, 
or at least its performance will be severely degraded. 
Since these systems have significant durability and safety 
concerns associated with them, especially for this applica­
tion, they are not recomm~nded. 

Hon tracking concentrators are most commonly of the compound 
parabolic collector (CPC) type, or reflectur augmented array 
type. CPC collectors use a line focussing collector concept 
but the concentration ratio is low enough, and consequently 
the acceptance half angle large enough, that tracking of the 
sun is not needed for adequate performance. When these 
units become widely available on the mass market they will 
be an ideal choice for this application. Unfortunately, 
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they are not yet widely available and aust therefore be 
considered unacceptable for this application. Reflector 
augmented •~rays use one or two sheets of planar reflectors 
to increase the effective insolation on the conv~ntional 
flat plate collector aperture. These are a particularly 
appropria~e solution when the demand for high quality heat 
is seasonal. They are not the most suitable when the need 
for the high temperature is year round, as it is in this 
application. 

The most common of the non-concentrating collectors is the 
conventional flat plate collector. This consists of a metal 
absorber panel with a~tached fluid flow passages. This is 
enclosed in a frame, insulated on the edges and back, and 
covered with one or two layers of transparent glazing 
material. The required operating temperatures for this 
application dictate that the flat plate collectors must be 
double glazed with low or no iron content glass (so called 
water white crystal). In addition, in order to limit the 
radiation losses from the plate the absorbing surface must 
be selectively coated. The appropriate coating for this 
application would be black chrome over bright nickel on a 
copper absorber. This is typical stata of the art high 
performance flat plate collector, and is widely available. 
Even for this collector, the temperature limits on operation 
are stretching the performance limits, however. Under con­
ditions of low insulation the performance of the collector 
will be negative; that is, the collector wil! represent a 
heat loss for t~e system. Due to the climate of the Comoros 
these conditions will be quite common and a system that is 
designed to provide 5kW thermal peak will often provide no 
useful energy, and if improperly operated will be a net 
loser. For this reason, use of a flat plate collector is 
not recommended. 

The other type of non-concentrating collector that is com­
monly available is the evacuated tubular collector. These 
come in many configurations, the common theme is that the 
absorber surface is surrounded by a vacuum. The advantage 
of this concept is that convection and conduction losses 
from the absorber are cut to a munimum. There are manufac­
turers of these devices in the United Sta~es, Germany, 
3apan, and the Netherlands. The back losses of these 
devices are so low that adequate performance is available 
even on ove~cast days. Improper operation of the system 
will lead to only very small heat losses from the system, 
and a 5 KW system will operate between 3 and 5 KW most of 
the time. The primary disadvantage of this collector type 
is that stagnation (no flow) temperatures can be very high, 
in excess of '00 c .. Proper design of the distribution 
•Y•t:em can be used to ameliorate the effects of this on the 
system performance and reliability. With care, the system 
can be made to tail sate. Por these reasons, the recom­
mended collector choice for the YlanQ-Ylang flower essential 
oil distillation system is the evacuated tubular type. 
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DISTRIBUTION SUBSYSTEM 

The distribution subsystea is responsible for transferring 
the energy gained in the solar collector subsystem to the 
point of use. This subsystem includes the required piping, 
pumps, controls, and the fluid along with the numerous 
details that are required to ensure proper operation such as 
insulation, air vents, pressure and temperature relief 
valves, expansion tanks. etc. 

A critical inital choice is that of the working fluid to be 
used. This fluid should ideally posess properties of high 
volumetric and s~ecific heat capacity, low viscosity, low 
vapor pressure at the temperatures expected in the system, 
and in addition be environmentally safe, readily available 
worldwide, and low in cost. The choices to be considered 
are water, steam, mineral oils, ethylene glycol solutions, 
and special heat transfer oils. 

Water is an obvious first choice and with one exception it 
meets all the criteria established for selection. Water's 
one drawback is serious however, a water system must be 
pressurized. Since it is impractical in a solar system to 
turn off the collection of heat and stagnation conditions 
may be expected, the system should be designed to remain 
intact at saturation pressures corresponding to 400 C. Not 
only would this require process piping that would be 
difficult to fabricate in the field, the pressures are not 
acceptable to any of the currently available collectors. 

Given that high pressure piping and collectors are not 
available, low to moderate pressures would allow the use of 
steam as the heat transfer media. Unfortunately, the design 
of evacuated tubular collectors does not allow their use as 
boilers. Formation of steam would lead to vapor locking of 
the collector array, and to unacceptably large gas veloci­
ties in much of t:he collector piping. 

Any of the aqueous glycol solutions may be used to elevate 
the boiling point of water, with the boiling point being a 
function of the concentration. Ethylene glycol is available 
world wide at moderate costs. Its only drawbacks are its 
production of acid solutions at elevated temperatures and 
some of its viscous properties. This is an acceptable 
choice from a technical viewpoint and may be used. 

Mineral oils are widely available and have good properties 
for this application. The only drawbacks are the low heat 
capacities and the safety problems of continuous operation 
above the flash point. Mineral oil is a generic term, and 
the properties are not defined enough to be used in design 
calculations. Prom a practical viewpoint they are 
considered to be equivalent to the sp~cial heat transfer 
oils. 
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Special heat transfer fluids are readily available for many 
heat transfer applications. They are marketed under names 
like "Dowtherm" and "Therminol" and are available with just 
about any desired boiling point at moderate cost. The 
design considered here will use the widely available 
Dowtherm J heat transfer fluid. This material has a boiling 
point of 343 C at 1 bar pressure and hence the piping need 
not be pressurized. Its primary disadvantage in this 
application is the relatively large volumetric expansion 
with temperature. While this would be an advantage in a 
thermosyphon system, the collector design prohibits this 
option. 

The design of the system, collector type and fluid choice, 
requires the use of a pump to provide coolant flow through 
the collectors. In addition the high efficiency collector 
design and the limited heat transfer area for the fluid 
require a relatively large pressure drop (approximately .5 
Bar minimum ) in the collector in order to enhance the heat 
transfer coefficient. While the pumping requirements would 
not generally be considered a design constraint, the 
situation in the Comoros means that a method must be provided 
to power the pump. The choices available for this power 
source are a conventionally driven generator, a small heat 
engine driven by the collectors, a photovoltaic array to 
generate power for the pump, or a small wind generator to 
provide power. Each of these choices must be considered in 
turn. 

A small conventionally driven generator for the system has 
the advantage of lowe$t first cost, least technical risk, 
and simplicity. The only disadvantage is that we are now 
using expensive petroleum to help offset the burning of 
wood. For many nontechnical reasons this solution is 
considered unacceptable. 

A small heat engine to power the pump drh·en by solar 
collectors is ar appealing alternative. Many such engines 
have been const· icted, either as Rankine cycles (Barber­
Nichols) or as ~tirling cycles (Farber et. al.). At the 
present time there is no such engine available on the market 
in the desired size range, at an acceptable cost. Design of 
such an engine would be straightforward, but beyond the 
current scope of work. 

Photovoltaics have much to recommend them for this 
application. PV powered pumps have been used in flat plate 
collector arrays with quite good results. While none of 
these applications were quite as large as the one envisioned 
here, PV powered compressors have been constructed that are 
at least as largr.. In addition, with judicious design the 
output of the photovoltaic array, when matched with the 
proper motor characteristics, will eliminate any need for 
additional controls. In most cases, when there is enough 
•unlight available to power the pump there will be enough 
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s1mlight to collect useful heat for the distillation 
process. A small storage battery can be used to provide the 
initial starting pulse and to reduce transient effects. 
For siaplicity, ease of application, and reliability, this is 
the preferred choice. 

Small wind systems may also be used to provide the 
necessary pumping energy. These systems have the advantage 
that special pumps would not be needed. In addition, they 
are relatively compact and with proper selection may 
represent a technology that could be locally implemented in 
the Comoros after the completion of this project. Primary 
di~~avantage of this approach lies in the potential poor 
coupling between the availability of wind and solar 
resources. One of the advantages, ho~ever, is that since 
wind energy may well be available when sunshine is not, the 
islanders may use the available energy for other uses. 

At the time this is being written, both wind and 
photovoltaic sources are under investigation for the 
required energy source. The final choice will dictate which 
of the available off the shelf pumps should be chosen. 

The piping itself is to be constructed of standard type k 
copper pipe, with a nominal diameter of 254 mm. All 
fittings are to be cast or forged copper or brass. All 
joints fashioned by soldering or brazing with 95/5 solder, 
with phosphorous (so called Sil-Phos). All major 
components are to be fitted with isolation valves and 
unions on all piping connections. Automatic air vents are 
to be fitted at all potential high points in the piping, and 
all runs of pipe that may be isolated wi 11 be fitted with 
vacuum breakers and pressure relief valves. All relief 
valves are to be plumbed to a storage tank, in order to 
avoid any release of the heat transfer oil to t~e 
environment. The pump i~ to be equipped with vi~ration 
isolators on both suction and discharge lines. The 
expansion tank shall be connected to the suction side of the 
pump with a not smaller than 100 mm line, and the expansion 
tank w i 11 be situated in such a way that the pressure on the 
suction side of the pump will not impair normal operation. 

All distribution piping will be insulated with not less than 
380 mm of fiberglass insulation. All insulation that is 
exposed to the elements will be jacketted with 1.25 mm or 
thicker aluminum flashing. Fittings and elbows, however, 
aay use PVC jackets if such covers are protected with a 
suitable UV resistant paint. 
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1979. IT HAS IEEN UPDATED TO INCLUD£ THE 
RECENT WOKK · llF D. L. EVANS ET. Al.. AT AR I ZONA 
STATE UNIVERSITY AS OF 12/11. 

COPYRIGHT STEVEN WINTER• ASSOCIAT£S INC. 1982 
A~L RI&Hrs RESERVED. 

10 RElt 
20 RElt 
30 RElt 
40 RElt 
50 RElt 
60 RElt 
70 RE" 
80 RElt 
90 ~~" 
100 REft 
110 REft 
120 RE" 
130 RE" 

- UERS ! {!~ !-. 0 - iLn - 3-15-82-
STATllS i D~VELOPftENTAL• NllT F~R RELEASE 

140 RElt 
150 REft -- - · - -- ----
160 RElt--------------------------------------------
170 REft BEGIN PkOGRAft 
180 REft---------------~----------------------------
190 RDr.ONV•<2S3.14159)/365 
200 DI" TAft8<12>•KHA<12>•LCED<12>•HH<12> 
210 REft 
220 RElt DETERltINE COLLECTOR TTPE 
230 PRINT • SELECT COLLECTOR TYPE:• 
240 PRINT ----- ----
:50 PRINT • [1] FLAT PLAT£ COLLECTOR" 
260 PRINT • t2l NON TRACKING CONCENTRATOR" 
~70 PRINT • [J] NORTH-SOUTH TRACKING" 
280 PRINT • [4] EAST-WEST TRACKING" 
290 PRINT • [5] TWO AXIS TRACKING" 
300 PRINT 
31C INPUT • TOUR CHOICE"J JFLAG 
320 tF IFLAG<1 THEN 230; IF IFLAG>5 THEN 230 
330 INPUT • WHAT IS THE SITE LATITUDE";LAT 
340 LAT•LATSROCONU 
350 IF IFLAG?2 THEN 410 
360 IF IFLAG>l THEN 390 
370 INPUT • WHAT IS THE All"UTH ANGLE"IAZ 
380 A2•AZSRDCONV 
390 INPUT • WHAT IS THE TILT ANGLE";8ETA 
400 BETA•BETASRDCONU 
410 INPUT "WHAT IS THE COLLECOR UA";UA 
420 PRINT "WHAT IS THE COLLECi~R HASS FLOW• 
430 INPUT ' IN KG/HR";"DOT 
440 PRINT 'WHAT IS THE SPECIFIC HF.AT OF THE • 
450 INPUT • WORKING FLUio•;cp 
460 PRINT 'WH~T IS THE COLLECTOR NORltALIZED" 
470 INPUT • EFFICIENCT"JNETA 
480 INPUT "WHAT IS THE COLLECTOR AREA"IAREA 
490 F•<ftDOTSCP/UAlS<l-EXP<-UAl<ltDOTSCP>>> 
500 PRINT "WHAT TS THE COLLECTOR INL~T· 
510 INPUT • TEHPERATURE'JTCOL 
520 PRINT 'WH~T IS !HE PARASITIC HEAT" 
~30 INPUT 'LOSs•;QLINE 
540 INPUT 'INPUTSOLAR CONSTANT •;sc 
~50 RE"--------------------------------------------
560 RE" 
570 RE" INPUT CLiftATIC VARIABLES . 
580 REh 

590 A~H--------------------------------------------
600 PRTNT • INPUT CLI"ATI~ VARIABLES • 
610 FOR ICK•l TO 12 
':o PRINT "F~R "ONTH '•KKJ 
630 INPUT ' A"IIENT TE"P, "ITAftBCKK> 
640 INPUT ' ICH 'fKHACKK> 
650 NEXT KK 
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670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
&40 
8~0 

860 
870 
880 
890 
900 
910 
920 

-930 
940 
950 

--960 
970 
980 
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Atn--------------------------------------------
RE!t 
RE!t START "ONTH LOOP 
RE" 
RE"--------------------------------------------
FOR IC•l TO 12 
NDAY • lS+<K-1>130- --­
DECL•23.451RDCONVSSIN<t2S3.14159>1<284+NDAY>l365> 
TAIP.•TA"B<IO 
ICH•ICHA(IC) 
ZZ•-TAN<LAT>ITAN<DECL> 
WS•ATN<ZZ/SOR<-ZZ•ZZ+l>> 
A•.409+.5016SSIN<WS-1.047> 
B•.6609-.4767tSIN<WS-1.047) 
D•StN<WS>-WS•COS<WS> 
ZZ•-TAN<LAT-BETAltTAN<DF.CL> 
WSP•-ATN<ZZISDR<-ZZtZZ+l>>+l.5708 
WC•WS 
QUSE•O ---- --
HRAT•. 775+. 347t <WS-3.14J 5912 l 
HRAT•HRAT-<.505+.26t•<WS-3.1415912>>sr.ns<2•<KH-.9>> 
ON IFLAG GOSUB 1050•1330•1'510•1670•1960 
TC•Wr.t24/C2t3.14l59> 
GOSUB 2390 
HCO•-• < RH-IW'SHRAT l'tlCHtHO 
OLOSS•21TCS<UA•<TCOL-TAIR>+OLINE> 
XBAR•CQLOSS/AREAl/CNETAtHCOL> 
GOSUB 2200 - - - - --- - -­
QNEW•AREAtFtUT ILtNETAaHO 
IF QNEW>OUSE THEN 960 ELSE 990 
WC•<TC-.5ltt2a3.14159J/24- -
IF TC<.25 THEN ?··o 
GOTO 870 

- ':'90 GOSUB 2'510 ___ -- -- - - -
1000 MEX! K 
1010 PRINT 'CO!tPLETE" 

---,-020-aOTo---t"O - -- --- - --- -----
1030 RElt--------------------------------------------
1040 RElt 
1050 RE" CHOICE IS FLAT-PLATE COLLECTOR -
1060 PRINT "IN FLAT PLATE" 
1070 RE" ESTABLISH RADIATION PARAltETERS 

- 1080 RE" ---- ---- - - -

1090 RL"--------------------------------------------
1100 WCltINS•-WC 
1110 X•COS<BETA>tSIN<LAT>-SIH<BETA>aCOSCLAT>aCOSCAZ> 
1120 BETAO•ATN<XISORC-XaX+l>i 
1130 AZO•ATN<SIN<BETA>tSIN<AZ>l<COS<BETA>aCOS<LAT>+SIN<BETA>tSIN<LAT>•r.C 
1140 RH•<<COS<8F.TAO>aCOS<AZOl/COS<LAT>+<RH0/2lt(1-COS<BETA>>>> 
1150 RH•RHt<Aa<SINtWCPLUS>-S?NC~CHINS>>> 
llAO RH•RH+<812lt<~tN<WCPLIJS>ICOS<Wr.PLU~>-StNCWCHINSlaCOS<WCltINS>tWCPLU! 

_ 1170 RH•RH-<COS<BETAO>aSIN<AZOl/COS<LATl>S<Al<CO$<WCPlUS>-COSCWC"INS>>> 
1180 KH•RH-<r.1>5<~€TAO>•SIN<AZO>ICOS<LAT>>a<<812>•<COS!WCPLUS>-2-coscwcHJ 
1190 ZS•<Aa<WCPLUS-WC"INS>+Pl<SIN<WCPLUS>-SIN<WCHINS>>> 
1200 7-0•TAM<DEr.L>s<<SINC&ETAOl/CllS<LAT>>+RH0/21<1-COS<BETA>>•TAN<LAfllli 
1210 RH•<RH+ZO>l<112SD> 
1:?20 
1Z30 
1:?40 
1250 
1260 
1270 
1280 
12•0 
1300 ,, .. " 

ZA•COS<BETAO>aCOS<AZOltCOS<LAT>-.5a<l+COS<8ETA>> 
Z~•SIN<WCPLUS>-S!N(WC~!NSl 
ZC•<COS<BETAO>ISIN<A701/COS<LATl>l<COSCWCPLUS>-COS!WC"INS>> 
Z~•SIN<BETAO>ltn~<LAT>-.~ICl+COS<BETA>>ITAH<LAT> 
ZE•TAN<DECL>SCWCPLUS-WCltINSlSZD 
R0•<11<2•D>>•<ZAIZB-ZC+ZE' 
RETURH 
~£"-------------------------------------------
RE" 
O&"tlf C"Mf\ ,.. • .,. ............ ,... .... ,...- ____ ,.. --- -• • - •. • --
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•_..,•a• •. ,,....,. • - • • '-"•• • '"'"'"-.,....,,~V•' I "''' ••••••-
1340 PRINT • tN N•IN TRACKING" 
1350 ~E" TRACKING ~ONCENTRATOR 
1360 REtl 
1370 RE"-------------------------------------------
1380 lA•COS<LAT-IETA>l<DaCOS<LAT>> 
1390 Zl•<A-l•COS<WSP>>•SIN<WC>-AsCOS<WSP>sWC 
1400 ZC•<l12>•<SIN<WC>SCOS<WC>+WC> 
1410 RH•ZA•<Z»+ZC> 
1420 ZD•<COS<LAT-IETA>ICOS<LAT>-<JIC>>sSIN<WC> 
1430 ZE•<COS<WS>IC-COS<LAT-IETA>SCOS<WSP>/COS<LAT>>SWC 
1440 RD•< llD>s<ZD+ZE>-- -·- -
1450 RETURN 
1460 REtl-------------------------------------------
1470 REtl - - · -- ----· 
1480 REtl END RADIATION PROCESSOR FOR NbN-TRACKING 
1490 RE" CONCENTRATOR 
1500 REtl - - -
1510 REtl 
1520 PRINT 
1530 RE" 
1540 REtl 
1550 REtl 

"IN NORTH SOUTH" 
BEGIN RADIATION PROCESSOR FOR NORTH­
SOUTH TRACKING COLLECTOR 

1560 REtl---•------------ ·-------------------------
1570 D(F FNG<W>•<A+B~~~S<W>>sSQR<COS<w>-2+TAN<DECL>-2> 
1580 GOSUB 2020 
1590 RH•Slt!SNl<D•COS<LAT>> 
1600 DEF FNG<W>•<SOR<COS<W>-2+TAN<DECL>-2>-<COS<LAT>IC>s<COS<W>-COS<WS>> 
1610 GOSUI 2020 
1611 RD•SitlSINl<D•COS<LAT>> 
1620 RETURN 
1630 REtl--------------------------------------------
1&40 REtl 
1650 litEtl 
1660 REtl 
1670 REtl 
1680 PRINT 
1690 REii 
1700 REtl 
1710 REtl 

END RADIATION PROC£SSOR FOR NORTH­
SOUTH TRACKING COLLECTOR 

•IN EAST WEST" 
BEGIN RADUTillN PROCESS<JR FOR EAST­
WEST TRACKING COLLECTOR 

1720 REtl-------------------------------------------
1730 DEF FNA<W>•SORl~INCW>-2+<COSCLAT-8ETA>SCOS<W>+TANCDECLlSSIHCLAT-BET 
1740 DEF FNGCW>•<A+BsCOS<W>>sFNA<Wl 
1750 GOSUB ZOZO 
1760 RH•Slt!SN/!DsCOS<LAT>> 
1770 DF.F FNG<Wl•lSFHACWl 
1780 GOSUB 2020 
1790 RD•Slt!SNl<D•COS<LAT>>-<<SIN<WC>-WCSCOS!WS>>l<CSO>> 
1900 RETURN 
1810 REh-------------------------------------------
lE:?O REr\ 
1830 REii 
1840 REtl 
1850 REtl 
18&0 kEtl 

END RADIATION PROCESSOR FOR E~ST­
WEST TRACKING COLLECTOR 

1870 PRINT "IN TWO AXIS" 
1880 RF:tl BEGIN RADIATION PROCESSOR FllR TWO AXIS 
1890 REii TRACKING CONCENTRATOR. 
1900 REt1 
1910 R[tl--------------------------------------------
19~0 RH•IASWC+8sStNCWCl>l<DsCOS<LAT>SCOS<DECL>> 
1930 ZA•WCl<DsCOS<LAT>SCOS<DECL>> 
lq4~ !)•CSIN<WC>-WCSCOSCWS>>l<CSD> 
19~0 RD•ZA-ZB 
1960 RnURN 
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1980 i.:1:.n 
1990 RE" END RADIATION PROCESSOR FQR TWO A•IS 
2000 RF." Tl'<ACKING CQNCENTRATOR 
2010 RE" 
2020 RE11 
2030 PRINT "IN SI"PSON• - -- -
2040 RE11 THIS SUBROUTIHE SOL~E THE INTCGRAL 
2050 RE" IN THE RADIATION PROCESSORS. THE 
2060 RE" INTEGRAND IS THE FUNCTION GCW)r EXPRESSED 
2C70 RE" IN FNGCW>• THE LI"ITS ARE 0 AND we. 
2080 RE" Sl"PSON'S RUl.E IS USED WITH 6 STEPS. 
2090 RE" 
2100 RE"-------------------------------------------
2110 ZZ•WC/6 
2120 ZY•4SCFNG<ZZl+FNGC3SZZl+FNG<5S7Zl> 
2130 zx·~•<FNG<2•ZZ>+FNGC4SZZ>> 
2140 SI"SN•<ZZ13>S<FNG<O>+ZX+ZY+FNGCWC>> 
2150 RETUl'<N 
2160 RE11-------------------------------------------
2170 RE" 
2180 RE" 
2190 REH 

END OF SI"PSON'S RULE ROUTINE 

2::?00 RE" 
2210 RE" THIS ROUTINE CALCULATES THE 
2220 RE" UTILIZABILITY. 
2::?30 RE" 

-2240 REH-------~-------·~-=-------------------------
2250 R•RD/RH 
2260 IF KH>.3 AND KH<.5 THEN 2320 

-~270 IF"KH>.49 AND"KH<.75 THEN 2340 
2280 IF KH>.74 THEN 2360 
2290 RE11 KH<.3 TO U'IW ro USE EFFECTIVELY 
2300 UTIL•O 
2310 RETURN 
2l20 UTIL•EXPC-XBAR+<.337-1.7bSKH+.55SRlSXBAR-2> 
-~330 RETURN - -- - - -- - · 

2340 UTIL•l-XBAR+c.5-.67SKH+.25•R>-2 
2350 RETURN 

- 2360 UTIL•l-XBAR 
2370 li:ETURN 
::?380 REH-------------------------------------------
~390 REM -
2400 REM THIS ROUTINE CALCULATES THE 
24!0 
24:0 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
::?500 
::?510 
2520 
::?530 
::?540 
2550 
2560 
2570 
::?580 
2590 
2600 
::?610 
2620 
?A'\ft 

~EM EXTERESTRIAL INSOLATION ON AN 
REM HORIZONTAL SURFACE. 
RE11 

ZZ•COS<OECL>•COS<LATlsSIN<WSl+WS•SIM<LAT>•SIN<DErLl 
ZY•t+.03~sr.OSINDAYS2s3.141~9/365> 
H0•24/3,141591SCIZZIZY 

RF.H-------------------------------------------
REH 
REH END EXTERESTRIAL CALCULATION 
l'<EH 
REii 
REH THIS IS THE OUTPUT REPORTER 
RE" 
RE"-------------------------------------------
PR I NT 'TE11POl'<ARY OUTPUT' 
PRINT 
PRINT •fQR "ONTH •,K 
PRtHT 'OLOSS 'J OLOSS 
PRINT •ousEFULL ., OHEW 
P~INT •nH TIHE •s2sTC 
Rf.TURN 
~iEH 
11(1 RETURN 
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DIMENSIONS llOR HANO FIRINC M00E.S -----------------------

II 

!:L 

n ,,. 

f!lllI 

.:)IUllN() 

21-
)' 21·SH ,, Zt-ltl 

1, 

~ 
r.-­-
-·--- n1~--------"'"'~: 

IM!.JIS 

o-ENSICINS .. INCHES 
I c 0 ( 

21'M> "~ •• 21'M> 
25'h •• ·~ 25'1, 
.i'h D ;i.'M> .O'h 

.. qcw.vaa· 

OUTU'IS. WlE1S. ....,.,..,. ~ 
& SIZI & SIZE ,_,. ,_,. ,_,. , .. _,. ,.,, .. 'h~·- .( ,_,. T-3· /s-;J ~'..,··. /. 

DIMENSION.> FOR AUTOMATIC STOKER FIRING MOOE.$ ---11:111-m:c::=sm::1:1::11:1111c:z.:=::z:;;::::iiz:::::!::I 

~ UMTM'' MmM IK& QKMMQS) 

OUTUTS. INl.ETS. 
OIMEH$IONS IN 9ilOE5 NUV..&11 NUWIEA 

eoll.!A NO " I c & SIZE & SIZl 

21- 2H• "' .. ,, ,_,. ,_,. 
2"6A a .... 11 ·~ 

,_,. T-J· 
21-M .a .... :a ,.,.,, r-2· ,_,. 
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~Ill a.at acnoll/AU.llODG.S -------------------. ~- :-· .. 

-- - :~---""'-~;...;;--.:_;_· :_--_= _--_Stt.W __ .,._LBl_MPCISE ___ OF_TAPP!fG ____ ;!IJl __ aouJt~-----_---
A S'. 

·a .. J• -; - -----&.MTp-
C" . ··,.a· ··: 'SS-.T•W- -

• ; r···.·· s···-· isr....T·-- "'-"-- &.llllTp 
twa.He.--~T­
isiar..TypeW-- • . 

..... -a. :-2"~:·. 'SE•••tTP•-­•··:o--_· P -:;.--m~-_., ~T,._w __ 

JtF-~t~~3:.· 
;,- .::::=:L . ·: .•• ---:-:~tar,.,_.U-
·~ --..:· :--· - ... . ~ ·- .c~ c...d-· - 't. • ~ 
- .• -·.·.- Mt .. •• ' - ._T __ Ca9d 
····:·.,-• • . . • •. ·• (la&~HalW..., 

·1$1ar11QSTpW..-

·~w-­-i-..i·--... ~ 
W- - - &.1111 T­
~ "'-Gii.-• n.w-·- "-' -,.....,,_ 

:...~tarT_.._. 
-·ea... ---· w..r_.nec.-- . "°'~Hal._, 

NarLT...-."tr' it...Star...-,al 1 v." ,..,119' pop..iety-cw ....,_ -
P:,~~---""'!I=~~· lcwpopllM!y_Ol....,_CllllWI06'.S-. T-.s-C-«""l""_ .. __ _ .: .:.- ,., ____ .,.. __ an ___ r_...,,- •• ,..._,._ 

.. ;._ -·--------.-.......-.------.-. 
_-..j --~ . ---;~;.:~-.;::.:.. ... ..:.-~. - -

L.. ________ ..;... ______ ~,~· . • . 
-_._.,. ·•· >-· .. t T_..'V" ·--iilocllcw _al _ar _ _.._ __ __ 
. ~--.,::::.-·-· . .-·----- . . 

. --· -·. :--

'-UllNGS POR HAND FIRINC MODELS ----------:sm-:m-~-------
- ~\\000,~ :·: :·:~ r.1'111_~,..., 1(/1.1-

GRO&ll NET a.muT a.e. - · NET SQ. FT. GllllATt 
CUTl'UT-69C -TElt I STEAM ,- ·"'WIUEJI Sl'EAM MY. Sl. FT. 

,.. · M.1 · \ au : __ ;.. m ... . . • z.1• 
2M 1Cll.7 . . .. · 1Cll.7_ . •: 725 ·• Cl5 2..9 
- 2'1.1 ""2!1:1 - - ,_ . - •.12 

••••• •20' 
...... 25-
•• a 12· • ..,.. 

. to-.-••-• ..... s•- ·· ,J1.)Jr. :- f 1JI./::-: tf.~11 

.. .Q>Nll• ..... --~---"'--.;.._.-.Far-• ... 119""'9-l)CI0'9-­
··' ----.. ---.--... --.;- .. 

- . 

ORCm -.~ - NET OUTPUT .... NET92. PT. IUANUI o.-EY 
lll:IDE1. NO.. OUTPUT.-4 - -181 . srtMI WUfA S'IEMil ~llCITY UISJHA. ~ 

2MA , .. 127.0 '!GU .. .. 16. ••• • •• 1$' 

It-IA 112 ,., . 1-.S 1Cll5 5111 2D ••• 1• I 17• 

lt-M SIZ 271.l Dt-1 
.. ,_ 

m ,. I" I 12' • 25" 

..,,_.,..w1ew_ar.,.s•--CD--..------...,.._,.--......... ,_ _ _,. _ _,. __ ,-·":'-----------.--a1-.--. . -- .. 



50 



( 

- 51 -

Eled:d::al CbCJZllrtedstk:I 

,; 
ax-1• a.no ax-1• IX-111 a-n• 

...... _IP!lt 32 31 ., ,....,..na18tV..._u.M , ..... 11elV.....T1; .... 
•All' 1111wi.I) 

von.o- .. ii.- - 11 11.25 11.5 ............ T•21"C 

1'111111 u I I 
u 

I 
C:U.-•P.-- 1.1 2.1 u .. u ~ ---·- Z.• 

~--1*1 22 :us 2.5 :t2 r\. 
:t2 

()pwM:ilallt ---
zz Z2.ZI ZZ.5 \' .. 

IYoca u 

' 
l.11 

\ l \ -... 
~ 

... 
' ' - i'• - \ i ... 

' 1. ____ .. __ ,_,, •• ..: 
i ,, ~ .. 

.re ... ---. ...... _...._ .. ,_ ... _ !·2 I I ......L \ z ... ,.. .............. -. ..... -..... 
U-'.-~~ 

! 12 _____ ... ._,...._,......._ ..... 
'-- ~ IJI 10 &.----- : T•19C_. 

u I'\. 
... ---- -· ~ - re T•SPC - ~ - -· - u ... --- T•JllC- .._ - -· __, -- -· - - u O.• --- T• VC - -· M..-C - - u u - -· - a I 12 •• :Ill :lo • 0 I 12 •• :Ill 2" • 

lG.T-M 10.TMilEM 
llON:,... ...... ___ .... _.._._., ....... _____ ...... 

Mec:banfcal Sped11cat1om 

WaiQlll: 
11.5 .. (1.11191 

~ 
11.s·-~·-z.1· 

., ............... - • .-_.-... ... n..._,_,_ ....... ....._ ..... a.- ............ _________ _._.. 

TlleM panelll arw 1ubjeeted to int-Ive quality control 
during mmnuf..::tu.-. and rigoroua t•ting Delo.-. shipment. 
TlleJ are dftlgned to m.t « uc:eecs ti. follOWing t•ts 
wltfl no pertonn.nc:e degradation: 

• R.pettttve c:yc11ng 11etween - .o·c anc! 1oo·c. 
• ProlonQ9d apoau.-. to Q0.95% numtdlty at 1'0"C. 
• Wind loedlng of - 180 m.p.h. .. (U!ocrnl x (108.7cml x (5.4Cm1 
All SX Sertea pmMla .,. c:ov.-:t by Ille atandmn:I Sol-. 
5 ,.,. limited wmrqnty • 

I 
I 

\ -.. 
-
-....... ...... 

a.c:kplatea - AnodlDd aluminum bacllplato protoc:u nio 
ponol In IWwll -'"""'*'1a. a.c:kplat• .,. ....i1at11o 
olttw mounted lnlido trio .,.,,.i ,_ at trio l8Clorf or • 
c:ompooonta to lie mounted on1o IM pmMla durtng flOlcl 
moomtlly. 

DIOcln - ln-llno bloc:lllng diode ~·-c:umnt 
11- from Ille .,.,,.i to trio llottery during dolllnoa. Bypua 
dlodO 11 ..,..laOle tor 111gn VOll8Qe aystoma to prO¥ldO 
altomate c:un.nt petn protac:llon. 

For mulllplo ponol .,,..,. ~ &atge ~ '9Qula1lon, con­
tact Sol.- ....Ullng. 

···----..... ·-...--

0 

c 

I 1 
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Systems and Applications 

A. 'f. McDonald has been active in water 1M1Ping for over a ceatury. 
Engineering activity in sohr-powred water pwaping began in 1977 and 
llGllf a nuaber of installations are i!1 d.aily service. 

Photovoltaic Po.er - The tey to dinct solar generated electricity is the 
solar cell. SOlar cells are uae of a wafer of s11 icon or other •terial 
specially treated to Change its polarity. When sunlight strikes the cell. 
D.C. el.ctricity is generated. &roups of these cells are then c:onNcted 
and .,unted in a wather-proof f.-.. to ute a solar panel. A group of 
panels are wired in series or pari.llel (an array) and provide an electrical 
source that will operate indefinitely at no furtller :ost. 

The panels' ability to praduce direct current electricity is ltllfted only 
b~· the uaunt of direct or diffused light frm tlle sun. The electrical 
CU1"1"911t obtained frm the panel is directly proportional to the area 
rK•iv1ng light. A ohotovo1t.aic panel can produce 100 IA\.ts or mre of 
electricity per square 11:ter of area covered. 

SY$tems Design - A. Y. ~ld offers tw different system configurations 
to optimize the m&tcil betwen sunlight availability and the delland for water: 

.... 

0000 .... ______ _ 

0000 L~ 0000 

gggg .:_~i::. 
0000 
0000 0000 ... _______ ___, I -. 

The system above is b&sed on the fact th.t water storage is .,,.. desirable 
then electrical storage. The D.C. PllllP mtor takes its powr directly frm 
the solar panels. Water is P\lllPld during the day and all or partially 
stored - for availability during cloudy periods or nightti•. This e1111fr.ates 
bltteries and their control circuitry - reducing system cost and •intenance 
and illllP"OVi ng re 11 ab11 i ty. 

The second systea uses rechargeable batteries to store electricity. At 
sunrise, the solar panels start charging the batteries aid continues 

I 
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-·-t·-~~. 
0000 .. 

-· 
1§§88 
1~881 0000 .,._ ____ '--___ ........ ____ __, 

charging during sunlight hours. When the battery voltage reaches a preset 
lnel , the PUllP system tums an. (See f1gura Z). The batteries Mintafn 
a stable voltage to the mtor, irregardless of sun intensity, untfl a 
111ni- dhcharge point h reached. Then the process repeats itself. 

Both systas utilize a centrifugal .,..,. Tllh ti•-proven ~. with or 
without Jet ejector, will provide the IOSt reliable pu11ping syst. available. 

The pump with it's low stlrting torque requ1,...nt and direct current mtor, 
represents the •best •tell- ::.ot.n connected directly to thl photovoltaic 
arny. Moderate water production begfM in early day, increases to lltd-day 
and tapers off toward day-end for maxi- production. Centrifugals also 
perfon1 wll with batteries. These systellS fnsta!l euny, with a llinf­
of equfpmnt, fn shallow .ells as small as 11i• pfpe sfze and deep wlls 
2• dh•t.er 111ni-. 

Applications - A. Y. McDonald photovoltaic water pmpfng systellS are 
particularly wll-suited to sites where •ter is needed, electricity ts 
not avaflable (or too costly) and po11111r needs are relativ.ly modest: 

• Furrow or Border Surface Irrigation • Aemte Industrial water Supply 

• Dr1p or Tnc:tle Irrigation • Circulation 1'111111 App11c:atians 

• Low Pressure Sor1nltler Irrigation • Relmte Indfridual Ito. 'later Supply 

• Lfvestoclt Wltar1ng l An1•1 Husblndry • Rillllate Village Potable W.tar Supply 

• F1sh Hatdlery Pwl!>ing l Aeration • lireenhouse Cirailation l iao..r 

Service - A. Y. McDonald offers total •ter IU'Pfng systa capability, 
liiCTiiilfng consultation and system design, systell testing and doamntatfon, 
CC111Pl•ta hardware (pho:ovoltaic: po11111r, controls, JUlllS, mtors, tanks and 
irrigation and c1rculatfon equipment), user training and detail field service. 

water pu111ping systas using photovoltaic (P/Y) solar panels require careful 
engineering to obtain the most practical and efficient installation possible. 
McDonald's staff will assist you with precise sizing of ffdl installation 
if you will CC111Plete the enclosed Engineering Data Slleet and forwnl it to us. 
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Specification Data 
·~ 

8200 SERIES ··ecm. 
~'~-~-IGH-CAP~I-FUGAL_~_In_""'_SHAU.OW __ · __ WEU ________ ~--------------------~ 

.. 

Model 
BZmi>S 

McDonald single-stage Solar PUllPS are available tn mclels 500 ..att 
Ind 1300 watt {equivalent approdmt.ely to Is HP through lit HP). 
°'1lths to 25 feet at su level. See performnce charts to select 
correct model. 

Motor: The brvsh-type D.C. motor uses specially designed permnent 
•gnets providin, high coercive force and high residual induction. 
Field cons and the consequent possibility of their bum-out are 
COlllP 1ete1 y e li Iii na ted. 

llolrinal speed ts 3.500 RPM at design voltage. The O.C • .,tor can 
be operated at 1C111er voltages with resulting speed reductions. with 
no harm to mtor. Built to flEK\ specifications by intemationally 
kncMt mnufacturers to assUJ'e local service avatlabflity. 

!»mp: Centrifugal-type with low starting torque. Self-prilring 
i1iii=' initial Pri•. Designed for high capacity with mderate 
heads. Intended for use with cisterns. drilled. driven or dug 11iells 
and drive points as small u 11a• dia. Simplicity •tes these pmps 
ideal for hard-to-reach geographfccl locations. 

Available with either dynalrically balanced bronze or engineered 
thermplastic i11s>eller. Multi-YOlute acetal diffuser provides 
m.xi- capacity and pressure. Tf• pl"'v.ltl {carbon-ceramtc) seal 
provided as standard. 

Backed by over 120 .re•" of PUllP •nufacturi'tg experience. each and 
ewry McDonald PllllP ts subjected to l"fgid fnspectfon and testing 
at the factory to assure the highes·: stan~rds of quality. depend­
abflfty and perfonnance. 

lllpeller Sc:ctfon Pressure Discharge Watts Volts Material Pf~ Size -w- -y- Pf~ Size• ~tze-iNPTl Plastic 1% liPT NPT 3/4* 1* 820305DS8 500 36 Brass l11•11PT i•NPT 3/4• • 1· 82030705 700 l& Plastic l\•NPT i•NPT 3/4• • 1' 820307DSB 700 36 Brass 11i•11PT 1•NPT 3/4• I l' 8203090S 900 36 Plastic lJi•NPT 1•MPT 3/4• I 1 8203090SB 900 l& Brass lJa•NPT 1•NPT 3/4• • 1· 0

82081JDS 1300 84 Plastic VJ•NPT 1•11PT 3/4• I 1• 820813DS8 1300 84 Brass lla•NPT 1•11py 3/4• I 1• 

" 

Ship 
Wt.~LBSl 

7 
38 
41 
42 
48 
49 
54 
55 

• i- prwssure pipe opening fs plugged for single pt~e operation. 
- Centrifugal PlllPS use 1• priming opening for hfgnest capacity discharge. 
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DC(Z) Suet ton 
lilode 1 llo. 

Ltft(l) Yolts 

10' 
82030SDS 36Y zo• 
Ito.. Witts 

!tao (1) 
10' 

30Y 
ZO' 

10' 
820307DS 36Y zo• 
Nam. Witts 

700 (l) 
10' 

JOY zo• 

10' 

82030905 36Y 
ZO' 

Nam. Watts 
10' 

900 (1) 30Y ZO' 

10' 

82081305 84Y 
ZO' 

Hom. Witts 
10' 

1300 Ul JOY zo• 

NOTE: Perfon1111ce shcM\ ts for a\-erage conditions subject to voltage input and 
variable speed of the permnent •gnet DC .,tor. PerfoNlftce •y vary 
slightly due to wire size and pipe sfze selected in your installation. 

1. Continuoui operation abow rated nominal (Mom.) wtts ts not rec111111tnded 
as ft •Y shorten the 11 fe of the r.rtor. 

2. Suction lift equals distance to •t.er from centerline of the puiip. 

F•t • 3.21 • •ten PSili x 2.31 • feet U.S. liPH x 3.78 • 1 iters 

3. 36 Volt performnce anticipates use of 3-lZ Volt batteries recharged by photo­
voltaic panels or wind generator etc. 30 Volt perforwance anticipates use of 
2-15 Volt nominal photowaltafc panels wired fn series with the balance of the 
amy wir"'ld fn parallel for proper ..,.rage. 
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i'ragresstvTv.be· SPECIRCATIONS-PT -40 

~ T-* · Fow. alx Inell~ type 
3G& stainleA stMI tubH. ti GA. (.05251 welded 
to '". 1lllCk type 3G& stainlfta st ... l'IUders. 

....., Surf.m Coetlng. s.IKtlve 8IKk PUii 

•= .115 
•=.521.5ol 

Allld Cola I~-• T-, 'J, • Khadula 40 .Wm.a 
Slaal llllMded connacttona. w9IOed to heaelar. 

C.. . Upper Frwna: extruded aluminum gtaztng Qll9 
ancs rrw-a11 with contlnuoua gyway tor connc· 
11C1n ot _,,,ung avusionL Enc:I09Ut9 aox: .cwo· 
alumi- c:onnac:tacl to ,,_.., W1111 miniau 
.... rMta. llronZll KrYlic ttni8IL 

........... Rigid~ l!Omd. loll l.-S llOCll 
llClee and untlOnded bOnlalllc:ata. ~12 mlnlmulll 
llacll and 8kla&. 

..... • T"- gr.md far lnc:r9Ued llMI IWIMltlOn. 
0uW ~I' IOw llan ~ gl-. T­
....... tl'llo.lrwW~1---dTallanfV 
1GQI. llllllWlllla "lo"_,..,_. T~•"°· 

(.. ....... a.-. . OuW glaZlng guMt: cont"-­
...... IEPDM. ..... glaZlng gaallaCa: ClllW, 
IPDM; .... ...._._ . .., __ _ 

.... - ---~-I - .. 

.. - ·- --

__ ._ - FRONT VIEW 
SIDE VIEW 

I . EN~Vl-EW _ __.,, 

-r TT"' 
·· 1 1 .. 1...u'· -.. I ........ ~t-- : __ .,: ......i: 



- 57 -

PT-40 i'ragressivi'uha· 
MOUNTING SYSTEM 

END VIEW 

1. "". Aluminum ... Mount 
t------->------· --------->------i 

Z. ,,. II n• Ha loft Md Lodi Nut 

3. Ct8dle 

'- Front Mount lue. 1" Dauble T 

5. Strut 1 To• Sc1u1r9 TUC. J," Wall 

I. ~ Mount Bu., : '.!. • tlo>uble T 

TOP VIEW 

1, 
I 1 

1 ~ 
11 
I I 
I I 

.: 
I I 

u 

• -t I ·. 
I 

- ·-.. 

u 
a 

...... SW-· 0... .. n..i. wllll T111:1'S'11T11.1l7'" 
llumlnum dlannll ll081·Tll welded logd!P, -
Meted IO UPI*' framewall U81ng H1rueled 
81umlnum qyway c:annectora. w-n11ng bue: es­
UUd9cl 8fuminum allelr 8081·1"1, "Ooutlle T" drllled 
IO 8CC9Pt e 4' • ~- llWMded rocL SW!dofl9: 
~aluminum IQuetl lllOe, ,. ll'llCL All~ 
- wlttl lllOnD IC'YllC flnlall. All llofta •ami­...... ""°" in.t IOcll nut&. 
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INSPECTION PROTOCOL: PROTOTYPE YLANG YLANG ESSENTIAL 
OIL DISTILLATION EQUIPMENT 

Introduction 

This inspection protocol reviews performance tests 
conducted on the prototype solar Ylang Ylang dis­
til lat ion plants developed for the Federal Islamic 
Republic of Comoros under UNIDO contract No. 
TSl/41. 

Test data for each of the three main components of 
the distillation plants are providead separately: 

o distillation unit (still and boiler) 

o photovaltaic panels 

o solar water heater 

Distillation Unit 

The complete distillation unit was set up for 
testing 3uly 7, 1983 on the premises of Baeuerle & 
Morris, King of Prussia, Pennsylvania. 

The test arrangement was made in accordance with 
B&M drawing no. G-3675 and using a slant/fin 
boiler, model 21-9H. Since it was impossible to 
use flowers for a test simulation, only an 
evaporation test with water was made to prove 
the capacity of related components and to check 
the basic function of the system. 

Data found during the test run is shown on sheet 
no. 1. The data obtained show that evaporation 
rates could be sustained over a reasonable time 
period. The maximum heat transfer to the 
distillate was 61 KW. This data checks well with 
the heat value measured at the same time period in 
the condenser cooling water. 

Since the components were tested without any 
insulation it can be expected that the evaporation 
rate under practical conditions would be 
appr,ximately 10 ~o 20 percent higher. 

The condensate system worked well althouJh the 
vertical dista.~ce in between the centerlir. of the 
beating co1l and steam water level in the boiler 

A.'t"NEX C 
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was only 450 aillimeters. This should be 1800 
aillimeters for the final operation. 

All parts of the system were tight and, therefore, 
no adjustments w~re necessary. 

Photovoltaic Panels 
Solarex SX 110 

Peak power (Pp) 
Voltage at peak power 

(Vpp) 
Current at peak power 

(lpp) 
Short-circuit current (lsc) 
Open-circuit voltage (Voe) 

36 
17.25 

2.1 

2.35 
22.25 

~anels are measured under full sun illumination 
(lkW/m 2 ) at 25 degree C ~ 3•c cell temperature. 
Minimum performance is 2 watts less than peak. The 
ruling specification is peak watts. For a more 
detailed expanation, see our Electrical Performance 
Measurements bulletin. 

Electrical characteristics vary with temperature. 

Voltage increases by 2 .4w.V/ below 2s•c 
(Voe) decreases by 0 c/cell above 

Current: increases by 25uA/ above 2s•c 
(Isc} decreases by •c1cm" below 

Power increases by 0.4~/ below 2s•c 
(peak) decreases by •c above 

These panels are designed to meet or exceed the 
following conditions with no performance 
degradation: 

o Repetitive cycling between - 40°C and 1oo•c 

o Prolonged exposure to 90-95~ humidity at 1o•c. 

o Wind loading of over 160 m.p.h. 

Solar ~ater Beater Gulf Thermal PT 40 

This solar collector was tested by the Florida 
Solar Energy Center (PSEC) in accordance with 
prescribed methods and was found to meet the 
minimum standards established by PSEC. The purpose 
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of the tests is to verify initial performance 
conditions and quality of construction only. 

The solar collector incorpo~ates energy collection 
and storage in one unit. A special test was 
conducted because the collector could not be tested 
in accordance with ASHRAE 93-97. The solar 
collector was filled with water and placed in its 
optimum orientation. Water was drawn from the 
storage tank three times during the day for three 
days. The ~esults obtained from this test are 
valid o&ly for the conditions under which the test 
was conducted. 

Average air temperature: 
Average inlet temperature: 
Average outlet temperature: 
Average daily collection: 
Average daily insolation: 
Average daily efficiency: 

26.e•c 
21.6•c 
4s.s·c 
16366 kilojoules 
21406 kilojoules 

(80.3.P) 
(81.7.P) 

(113.9°P) 
15522 Btu 
1886 Btu/ft2 

47.3 based on transparent 
area of front face 
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SHEET l King of Pru••ia 

Cooling Water Dhtil late 

Ti•e P• Tvi Two 

10: 35 FIRING UP BOILER 
WARMING UP PERIOD 

11:45 

11:55 

12:07 

12: 16 

12:32 

12:47 

13:20 

13:42 

14:25 

14:30 

P• bar 
Tvi c 
Two C 
~Tv c 

1.3 24.8 45.5 

l. 3 24.9 55.J 

1. 5 24.8 50.0 

1.5 24.8 55.0 

1.5 25.0 57 .2 

1.6 25.1 48.0 

1.5 25.1 45.9 

1. 5 25.0 46.0 

1.4 25.J 56. l 

!ND OF TEST 

Qw l/h 
Tc C 
Po bar 

6Tv Qw Qw 1/h Kcal/hr KW Tc Po 111 Ar Qd 

20.7 32" 1125 23287 27.1 100 l. 0 638 538 816 

30.4 37" 973 29579 34.5 100 1.0 638 5'.\8 630 

25.2 32 11 1100 27972 32.5 100 1 .o 638 n8 661 

29.9 JO" 1180 35260 41.0 II II II " 566 

32.2 35 11 1020 32852 38.2 II II II II 536 

22.9 16 11 2180 49966 58 .1 II lt II II 351 

20.8 lfi 11 2250 46784 54.4 II II II II 368 

20.9 18" 1980 41452 48.2 II " " II 501 

J l .o 26 11 1378 42742 49.7 100 1 .o 638 538 411 

H!AT REMOVED WITH COOLING WATER (~Tw ~ Qw) • kcal/hi KW 
LATENT HEAT IN DISTILLATE (Ar x Qd) • kcal/h i KW 

Qd ";./h Kcal/hr 

44 .1 23948 

57. l 30775 

54.5 29326 

63.6 34228 

69. l 36120 

102.5 H2l2 

97.7 52632 

71.9 38700 

86.4 46526 

KW 

27.6 

35.8 
I 

34. 1 °' t-"" 

39.8 

42.0 

64.2 

61.2 

45.0 

54. l 
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ANNEX D 

Sub!::t&rr.iw Terms cf ?.efen:nce 

COUN'IR!: .Federal Islamic Rep"t;blic o~ Ccrr.::>ros 

P.iOJECT: Pi:1.ot Plar.t: Sola.:- Energy Ylang-Yla.ng Flowe:::- .Essential 
Oil Distillation Development 

Uf/C0!/79/256 

~CKGROUND DiPORJO_TlON: 

~) -1'he UiilDO P.rogranmiDg Mission to Cor.ioros (30 Ma,y - 8 June 1979) 
has highlighted 'the initia.tio!l cf the fi:-st phase cf inC:striz.liz~ticn 
through c..,ncentr&tion on i.Dd.ustia.l.ization of the processing of lol-.a.l.ly 
&va.il&ble materials anc products rnai.:nly of agricu.1 tu:-al origir.. Y-.!..a.::g­
Yla.ng essential oil is identified a.s cne of the backbones of the ~xpo:-t 
oriented agricul1;ur2.l/ind.ustrial production. ID this conDectic:.., the 
mission report also stresses the ~ec - prior to any 1112.jo:- international 
assistance - for clarilica.tion of the .factors :which are -related ~o the 
~ious vested "interests of selected concerDed g:-oups :such .as ::iJ.ar:ters, ·· 
collectors, ~ntrepre:oeurs 2.llci tra.ciers. However, iD the 111eantime -a:':· :·. 

-modest ~e 'l'ilot project f'or -technological imp:rnvement of -=he-rl~-.:-::-. 
Ylang essential oil distillation sys-;em through al"terDa.tive som"ces of 
eDe-:"f;.Y sti"teC. ""'tc i;he -nee~ c'f s~a!l uni.~s is highly desirable • 

.h) Yl ·~Y.l.2.ng flower essential cil is used in YcXfumes anC. in high 
quali"ty soap inC.ustry. 1'b.e prese?It Comoros -te chnclogy o:f ~xtractioD is 
TUdimental a:od artis2.Il based. on wood he a.tea steam. ·There are arcUDd 
500 such small UJ:its ir. Comoros. 

c) There is a lack cf wood/forest i~ Como:-os. IL recent years, use cf 
hign qual.~;ty wood es source of eDergy 'for ~:~ ertre.ction o:f -essential.~ - . 
oil from the Ylang-Yla.."lg flower has leci to the almost comple'l:e 
deforestation of ~he two main islands - Gra:id Comoros and Aujouan. 

ci) The stead~· cieteriorc.tion of tbe q-.ia.lity of essential oil :p:rociuced 
through obsolete techniques bas resuheci in 2. sb.2.rp decline in expor:s. 

e) Therefore, the Governmen~ is interestec in the production o~ c;uality 
essential oil in small scale s~c~c::-s ~~:cugt ~pg:-a.J.eci tec!:iniqu~s ?..ll: 
with utilization of no~ccnventic!l2.1 sources of energy. 

f) In this con~c~icn, ciurir.g the ~isc~ssicns i~ mid 1979 between the 
Minister cf Production and ASTo-i~t~s~ries of Coc=ros and the Directer 
or t'olicy Co-orcii:r.aticn of Ul·i!DC, .t!.~ !·:im.su::- suggested that .ON!DC 
_provide some as~i5':2.llce to Q.eve lop a. sole energy device on a 
demonstr2..tion ·oasis· to replace ":c-:::::. e:.nc ~uel a.s a source of eMrgy. 
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""""l'c · promo"te · develcpme:rrt an:i utilization of appropriate non-­
conventional sources of enerr::1 ir. _CcClCros, at a technologically 
and ecoDOmically ~e.ble level 1'."ith;the reach of small-scale 
entrepreneurshi!> of Co:ioros. 

To help Comoros co::serve woo~, establish lo~ cost simple solar 
distilla.'tion unit requirements, provide healthy e ... 'iro.nmental 
conditions, 2.Ild provide an opportunity for ind:ustrializatio~ z.nd 
entrepreDeurshi:p development. 

b) Sff!CIFlCJ.LLY 

(i) ~ investigate the tech.DO-economic aspects of the present 
system of essential oil distillation i.D small-scale sectors. 

(ii) i'o establish desig:4 pa!"ameters for 2. solar energy operated 
di.stilla:tion unit. 

(iii) !ft> .desi~ :f'a.bricate -prototype, test, evaluate a?ld produce 
5 _-imp:r aved prototypes aM conduct "techno-ecoDOm.iC .analysis. 

{iv) ~ reeommene W-c:JPS Glld ·me2.DS of local £.a.brica:t~o:ns .and 
-'popu1ariza.tion ( ... -ith il:ported critical components). 

SH:CIFIC !fEOUlREMENTS OF CON'ffi.ACTOR: 

1'.bezru.bcc>l:rtractor~ s activi:ties will co:c.sist of "the 1"ollowing -tasks: 

a) .A visit of an eij,ert to Comoros for 2 weeks to establish desig..:i 
parame"ters and a. JJ?"OCed'Cl'e to :fab:riC2.te the experimental prototypes .... 

b) 'l'he subcontract institutio:i in their B and D la.bora.tiory/workshop 
in their comrtry wi · .. 1 establish :iesign pe:rzmeters for .a so1a:r f,!Jsel:tial 
oil distillation J>:ant. Tbe;y- may e::r:zmim various high "tempera.ti:re 
solar collectors \sel! A.Jme.x I) aDd distillation 1.cchniques (see .Al:mex 
Il). They 1o"ill import sU:ficier' (!Uantity ~f Yla.ng-Ylang ~lowers t'?'om 
Como:os under p:-oject -f-:mds for ~xperimenta.tion. They shall dewlop 
two types of small solu colle~ors - esse?Itial oil distillation plants. 
They ~ be based on the principles detailed in .An."'Jt!x "Ill. 

c) !rbe Gb-co?Itr2Ctin& imtitutic:i G-1."'ter ccnciucti:ng eXJ>erimems shc.l:.L 
fa.brica.te one model o! ez.ch .a."ld fu:-ther e:xpe:-i:nent in :thei:r labora.tory/ 
W>rksnop. 

.-

d) They shall desJ>2.tc:L the experi:::enta.l r.-.cdele to Comoros, insti.ll them, 
oper&te in fie!d conditions, conciuct techno-ecc?X>m~c analysis and 
improw furtber. 
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e) T'.oe sub-contracting consulting institute shall recommend to 
the Government ways e.nd means of este.bliabi.ng a large-see.le pilot 
demonstra:t~.on project ( eround 50-100 solar energy - essential oil 

. -n:tT&Ction pl211ts) with so~ local components and det&il the 
project propc.sal. 

f) !Jr.t>ortant Note: The institution/sub-corr:ractcr's work is :not 
_only to develop a solar energy scurce but also develop an essentic.l oil 
extraction system as e.n in·l;egrated unit which will produce high-quelity 
oil with the most efficient/eccnomic wa.y suiteC. tc the small-scale 

.. -1'armers/entrepreneurs. T'nerefore, the Sl:b-cont:-a.ctor should engage 
DCt only solar/mecha.nical er!&ineers, but also chemical engineers and 
testiJJg/evaluation should include -p}JJrsics/chemical/mechanical local 
mamifacture ill small-scale sectors and utilization. Some .critical desi&D 
p;aameters on actual distillation sistems can be fo-ancl .in ~'Ppendix IV •. 

RES FONS IBILITIES 

The contractor is expected to can·y out the above "tasks with home 
.office support, their worksncp/research :facilities and by ]l?'OViding 
"the -required -spe ci&li.zed expertise in order "to 27"ri 'i1e at -the 
specifications and design pa:ameters, production processes, rural·· .. · 

~titmS/po:pul~a-tio"Il --techniques ~or "'the inost :a.PJJI"Oprla"te -
:Yl~D.ang :flower esse!!tia.l oil solar distilla:tion system. 

T'.oe-contra.ctor is ::-equirec! to p1=!"chase the necessa:?"y equipments and 
components for development tests and pilot plant instc:..llatiom; in the 
Comoros. 

· The.lk>vernment of the Federal Isla..':'lic Republic of Co1J10ros ~ill provi.ae: 

:The re~d -ph3sica.l ~a.cilities inclucti.ngutilities ~or -the 
-establishme:rrt of' ·the J>ilot plan"ts • 

""1'be ~quired local personnel ill "terms of organizational .and 
administrative support. 

J=ROFOSED J=ROJECT W<i"tlX:PL!H: 

1. tIN'.lDO initial missioD tc Con:o!'o~ to z.nzlyze existing distillation 
stills i"rom a techr..ica.1 point of ,,..ie\.: and sec-.ire critical data., 
figures, tempera.tures znd qua.lit:: "])Tocess tech::.i.ques. :Ba.sec on z.'bow 
~is, the det~led terms c! reference fer project implementation 
on a sub-co:rtract basis will be .:(ormula.ted. . . PebruL7 1981 
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· ··"2. Contractual agreeme'Dt vi"th sub-contractor 

-- ---3. --Sub-contract work 

( i) sub-eontra.ctor~ short mssion to 
Comoros 

- (ii) lmport of 500 kt; Ylz.ng-Ila.ng 

(iii) Design pa.rzmeters 

----4(-7v} l"ro~VJ>e fabrication 

,,{v) Prototype ~esti.Jlg 

{vi) Prototype despatch and inrltlla.tion 
ill Comoros 

(vii) ~es"ti?lg znd local evaluation/ 
.J.m.pr-ovement 

{-v±ii) :pj,lot 4'monstra:tion ~oject 
.elaboration z.IJd Tecommendatit>ll 

.lpril 1981 

II Q 1981, IV 1982 

m Q 1981 

IV Q ·1981 

1Q1982 

III Q 1982 

m Q 1982 

IV Q 1982 

-· "IV 9 1982 .· . 

.' 

4. -~ta:f'f' i.Dtermedia.te e."lc final inission: -:rn q 1982 2.!ld I 19 

liote: 

c 
ltems .i, 'Vi, v.ii, "Viii 111 Comoros; items .ii, iii, "iv; -v ~--cuuun 
of liUb-co?rtra.cti.llg inst i -tut ion. 

~be .fol~ ~ports nrolSt be produced by 'the contractor .in Bllgllah. _ 
language: 

• Monthly progress Teport in 10 copies • 

• "1>r2f"t co1:1:Sol'ida."ted report" 2 1D0nths before ~he elld of the -project 'With 
fature recomme.nC.a.tio::s ~ 15 copies. 

Pi.n&l report upon c.,mpletion of }:roject ilJ 20 copies. 
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Possible "Drinci"Dl.es and conf'icnr,.:ti-:>n!"'. 
Pilot Pl~~: Solzr Ener'r' YlanYi-Ylan~ ?l~~er !.";~~ntial Oil Distill~tion TJnit 

Possicilitv Jlo.1 

Small Parabolic Collector 
- continious iJ:lproved 
traditional distiller 

Possibili"tr lfo.2 
Smz.11 Parabolic Collector 
colm:r:i distiller 

- --

Possibilitv No 3 

Steam 

Small Dis~ Ccllecto~: colUiiln 
distiller 

-

DISC 
_.,.JIM.TOR 

Possibili-ty No 4 
Small Dish Collector: iJE?j)rove= 

~tional distiller 

{~: The •b~v~ ~ ~~~~ibili~iP.~ ar~ t~ b~ co~sicere~ ~~ -.%=im~le~·rinly. 
Ho~~ver, it ;~ th~ ~e~~~~~ib~li~~ c~ tn~ s~~e~~tr~cto- ~o ncs~r.-n nnd n~vcl~~ 
an :"!'D:r."l"":""-i-.te :;m.'l~l snl2,.- e::s~:-:~i~l oil C.~'.=.ti1h.4::io!'l u:i'it/un'it:-: S\!it~ii to ~r 
loc~i· cc!'ld:ti"~~ "f ~o~~rc~). 
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Critical data on actual distillation szstem 

Some e1.emenh about L"l industrial installation (unit); 

Still ca.pa.city , '800 l; 

Beating b;y electric immersion heater 48 XW (hydro power source), 
ambient pressure; system not well insulateci; 400 l water mi%ed. 
vi.th 180 - 200 kg flowers; now rate conciensed water/essential 
oil f'l'om hea:t ercbange 1 l/minute; separation by liif'f'erence in 
d.ensi't1:;. _ co:adens!S- liater reeyc~eci into still; cooling f'low rate 
4.5 l/W., t. • 20 C, 't _.. • 35 C ( a1l data based on estimates). 
. 1n Ou." 

5ome elements about a...-..tisa.!lal small-scale ins:allation; 

Still capa.ci ty 1 , 000 1; 

Bea:ting by wood !'ll-e, .ambietrt pres&UI"e; 200 l water mixed with 
100 .kg flowers; wood 1:01'2SWDptio:i 5 linear meters {5 m length, 
1 111 .hupt; 0.,5 m vid.th) :Ior complete distillation; condensed 
vat.er rec;rcl«l into -still. 

c 
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INTN.ODUCTION 

Ce Manuel decrit le fonctionnement et le maintien d 1 une 
installation prototype pour la distillation de 1 1 huile 
essentielle des fleurs Ylang Ylang. Un diagramme 
schematique de cette installation est represente dans 
!'illustration No. 1. 

Dans sa m'thode de distillation, !'installation est non­
differente des autres cornues, petites et typiques. Un 
melange de 100 a 200 kilogrammes de fleurs Ylang Ylang 
avec 200 a 400 litres d'eau est fait bouillir dans la . ,, ' ..... ' cornue. La vapeur qui resulte de ce proces est passee a 
travers !e condenseur ou elle se refroidit et se condense 
en h•iile et en eau essentielle. Dans sa methode de 
chauffage, par contre, cette installation est differente 
des cornues petites et usuelles. La plupart des cornues de 
cette grandeur sont chauffees directement par un feu ouvert, 
le pot soyant d'signe pour que le fond soit dans le foyer, 
directement au dessus de la flamme. Dans cette installation 
protot;_Ype nouvelle, la chaleur est fournie par de la vapeur 
generee dans une petite chaudiere, et le mechanisme du 
deplacement de la chaleur est un paquet de tubes en •u• 
qui sont installes a un cote de la cornue. 

Cette representation fourni un syst~me ~ cycle ferm~. La 
vapeur a basse pression (max 2.0 BAR) est gen,ree dans 
la chaudi~re a bois et fournie aux tubes en u echangeurs 
de chaleur dans la cornue. La condensation form6e dans 
l'echangeur de chaleur est remise a la chaudiere par un 
systeme de condensation qui consiste de purgeurs automa­
tiques, de soupapes d'event automatiques et d'un •eartford 
LOop• pour empecher un ecoulement d'eau de la chaudiere 
s'il y avait une fuite dans la ligne de condensation. Une 
pompe a main est fournie pour donner de l'eau d'alimentation 
de la chaudiere au systeme quand il est sous pression. 

Le chaudiere qui chauffe la vapeur est designee a bruler du 
bois, les ~cales des noix de coco, des feuilles, ou n'importe 
quels autres materiaux combustibles. Elle est rugueuse et 
tr~s simple a operer et a maintenir. 

En plus du pot de la cornue et de la chaudiere, un troisieme 
'l~ment majeur de cette installation prototype est le 
chauffage solaire et le systeme de pompage. Ce systeme 
utilise des P.aneaux photovoltalques c•pv•) pour generer 
l'electricite du soleil directement. Cette electricite est 
done utilisee pour fournir de la chaleur a la cornue OU pour 
fair marcher une pompe qui fera circuler l'eau de condensation. 



- 2 -

Chacun des trois elements de cette installation prototype 
(la cornue, la chaudiere, et le chauffage solaire/systeme a pompage) seront 1iscutes separement et en detail dans 
les sections du manuel qui suivront. L'installation 
complete est designee a augmenter la qualite de l'huile 
essentielle Ylang Ylang produite ~ un niveau non-eleve et 
~ reduire la quantite de bois brule dans le proces. 

LA CORNUE 

LE FONCTIONNEMENT 

L'element de distillation est divise en trois parties 
principales: le pot de la cornue, le condenseur, et les 
tubes en U echangeurs de chaleur. Chacun de ces trois , , . / , / 
elements seront d1scutes separement. 

Le pot de la cornue est fait en acier inoxydable et est 
designe en accordance aves les illustrations G-3675 et G-3703 
in~lus a la fin de ce manuel dans !'ANNEXE I. Cornme dans la 
plupart des representations des cornues, le haut du pot de la 
cornue est detachable et est scelle aux bords par de simples 
fermetures a eau. Pendant le fonctionnement normal, l'eau OU 

la vapeur peuvent occasionellement deborder a ces fermet~res 
A eau. Ceci n'est point un probleme serieux mais pourrait 
indiquer que le feu est trop chaud et devrait etre diminue 
quelque ~eu, ou que l'eau de condenseur est trop chaude et 
devrait etre circulee. Le haut du pot de la cornue devrait 
peser fermement sur la cornue et ne doit pas ~tre laisse a 
flotter sur la fermeture a eau. 

Dans l'interieur du pot de la cornue un grillage en acier 
separe les tubes en u des fleurs pendant le fonctionnement. 
Le grillage a ete fabrique en trois sections pour qu'il 
puisse ~tre enleve pour verification et/ou pour maintien 
des paquets de ~ubes en u. Il est aussi assez fort pour 
supporter le poitl d'une personne pendant l'enlevement des 
fleurs apres que le cycle de distillation a ~te termine. 
L'eau est enlevee en ouvrant la soupape de drainage ou 
d'ecoulement au fond du pot. Dans l'int~rieur du haut du pot 
de la cornue des mailles d 'acier •demister" ont ~te installe'e 
pour ameliorer l'effet fractionnant et la qualite de 
l'huile distillee. Ceci est deta~hable pour le nettoyage. 

Le pot de la cornue devrait ~tre soutenu par une fondation 
solide et nivelee, et, une fois install~ et relie a la 
chaudiere, ne doit pas ctre bouge. Les lignes de centre 
des tubes en u echangeur de chaleur doivent etre etablies 
a un minimum de 1800 millimetres, (6 pieds) plus haut que 
le niveau d'eau de la chaudiere a vapeur. 
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Cet ~lement de distillation est designe avec son pro?re 
condenseur attache directment au pct de la cornue. L'eau 
dans le condenseur devrait ~tre continuellement circulee 
~ur eviter le surchauffement qui reduirait l'eficacite du 
developpement du condenseur, resultant en energie gaspillee 
et en huile essentielle de mauvaise qualit~. 

Le haut du condenseur, comme le haut du pot de la cornue, 
utilise des liasions de fermetures a eau. De l'eau refro­
idissante est fournie par la gravite OU elle peut etre 
pompee (voir la discussion ci-dessous - •pompe•). Dans 
ce projet, l'eau refroidissante doit circuler continuel­
lement a travers le condenseur. L'eau condensee est 
retournee au pot de la cornue par des tuyaux reli's direc­
tement du florentin ~ la cornue. L'huile essentielle 
peut ~tre ecoulee du florentin a la main, ce qui se fait 
couramment. 

oeux ensembles de paquets de tubes en U d'acier inoxydable 
sont utilis's pour transmettre l~ chaleur de la vapeur de la 
chaudiere a de l'eau dans le pot. Chaque paquet de tubes en 
u est attache au pot par une bride et peut ~tre facilement 
enleve. Les lignes de vapeur partant de la chaudiere 
jusqu'aux pa~uets de tubes en U sont 2-1/2" (63.Smm) en 
diametre interieur et sont relies par un simple collier de 
boyau. Les lignes de retour de condensation sont 1-1/4" 
{3.18cm) en diametre en-dedans du tuyau de cuivre et sont 
reli's directe·~ent avec la chaudi~re ~ vapeur. Chaque 
ligne de retour de condensation est ~quipJe avec un Hoffman 
Series 50 (F&T) purgeur automatique (voir Annexe B) place' 
un peu au dessous du point auquel chaque ligne de condensa­
tion depart de chaque paquet de tubes en u. Ce modele 
fonctionne en flotteur et purgeur therrnostatique. Le niveau 
de condensation est ru~~mallement controlle par un flotteur 
qui donne un coulernent co~tinu jusqu'a la chaudiere. L'air 
OU d'autres gaz non-conden~ables passent a travers le 
P.Urgeur par une veilleuse c0ntrolee par un Thermostat qui 
elirnine des gaz en vites~e et insure la chaleur des 
instruments froids instamment. 

Pour l',lirnination de gaz non-condensable une soupape 
d'event se trouve ~ans le systeme de condensation en aval 
des purgeurs aut~rnatiques (Hoffman Soupape d'Air 71-C. 
voir Annexe B.1 La propre fonction de la soupape d'event 
est tr~s irnpor·tante pour le retour de la condensation ~ la 
chaudiere. 

LE MAINTIEN 

La verification occasionnelle et le nettoyage avec eau 
chaude de tout equipernent cornue et condenseur et des 
liasions est recommande. Pour le nettoyage des paquets 
de tubes en U, voir la section •Maintien de la chaudiere" 
suivante. 
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Toutes les parties des purgeurs Hoffman sont accessibles sans 
avoir a casser les liasions entre les tuyaux. La soupape 
d'~vent est supposee de fonctionner sans maintien. 

' LA CHAUDIERE 

La chaudiere dans ce systeme de distillation est un modele 
designe a bruler du bois et des sous-produits de bois a la 
main. Manufacture par la Compagnie Slant/Fin, la chaudi~re 
est vendue non-assemblee et est mise ensemble dans cet 
emplacement. Des instructions d'assemblage pour cette 
chaudiere sont inclues dans !'Annex~ A. 

LE FONCTIONNEMENT 

Les Instructions generales suivantes devront ~tre suivies 
pour le propre fonctionnernent et maintien de la chaudiere. 

Gardez la chaudiere a vapeur remplie d'eau j'usqua la marque 
fournie sur la sect~on pres du tube de niveau d'eau. Si une 
marque n'est pas donnee, le tube de niveau d'eau devrait 
etre rempli a demi. Si jarnais l'eau n'est pas visible sur 
le tube de niveau d'eau, laissez la ctaudiere refroidir 
jusqu'a ce que l'interieur est comfortable au touche avant 
d'adrnettre de l'eau. L'EAV FROIDE DEVRAIT ETRE ADMISE 
CAUT1EUSEMENT A UNE CHAUDIERE QUI A ETE ALLUMEE RECEMMENT. 

Avant d'allumer le feu, voyez que le systeme est rernpli 
d'eau. Le regulateur de pression (le contrSleur ~ttoufoir 
de courants d'airi devrait etre installe et ajust~ en 
accordance avec les i~structions de montage de la chaudiere 
dans !'Annexe A. Pour obtenir plus de chaleur, le cendrier 
~ttoufoir de courants d'air devrait ~tre ouvert et l'ettoufoir 
"check" de courants d'air ferme. (voir !'illustration no. 
2). Pour produire mains de chaleur, le cendrier ~ttoufoir 
de courants d'air devrait ~tre ferm' et l'~ttoufoir "check" 
de chaleur ouvert. (voir illustration no.3) 

Enlevez les cendres tous les jours. Une accumulation de 
cendres dans le cendrier causera le surchauffement, la 
deformation et la rouillure des grilles. 

Gardez le foyer remplit de combustible. Un feu profond est 
plus ~conomique. Un feu maigre developera des trous, ce qui 
donnerait un exces d'air. Avant de secouer les grilles OU 

d'allumer, ouvrez l'~ttoufoir boucheur et voyez que la porte 
du cendrier, le cendrier ~ttoufoir de courants d'air, 
l'ettoufoir ~check" de courants d'air, et l'entr~e secondaire 
d'air sont ferm~s. Ceci concentre le courant d'air vers la 
porte a feu, pour emp~cher la fuite de gaz, de f1.1m~e et de 
poussiere. (voir !'illustration no. 4) 
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Apr~s avoir secou~ les grilles, faites certain de les 
retour.1er a leur positions normales. 

Le brulement des ordures semble promouvoir le machefer (la 
fusion de cendres chaudes). Quand cette m~thode de destruction 

A '·' 1 'l f-ne peut etre P~1tee, en evez tout meta , verre et a1ence, 
et etendez !es ordures mincement sur un feu chaud pour 
qu'ils sechent et se consument rapidement. 

Maintenez le niveau d'eau dans la jauge de verre a la 
hauteur indiquee dans l'illustration no. 5, ~ moins que ~a 
soit autrement indique sur la chaudiere. · Ouvrez les 
robinets de jauge occasionellement, quand il y a pression 
sur la chaudiere, pour v~rifier la hauteur de la ligne d'eau 
- (la vapeur devrait couler du robinet du haut et l'eau du 
robinet du bas). Pour enlever la crasse ee la jauge de 
verre, le robinet de sGrete peut ~tre ouvert. Les robinets 
de jauge devrait normalement ~tre completement ouverts. 

Le levier de la soupape de suret~ de coulement devrait ~tre 
opere occasionellement pour la verification (voir l'il­
lustration no. 6). La soupape de surete de coulement 
devrait s'ouvrir avant que la pression indiquee sur la jauge 
excede quinze livres; autrement, elle devrait ~tre repar~e 
ou remplacee. 

LE MAINTIEN 

Gardez les c3rneaux propres. Le nettoyage fr~quent des 
carneaux de la chaudiere sauvera le combustible et pro­
longera la vie de la chaudiere. 

Quand la chaudiere est hors de service, nettoyez le tuyau de 
fumee completement. 

Avant de reutiliser, assurez-vous de bien sceller et serrer 
tous ler joints avec du mastic de chaudi~re ou du ciment. 
Nettoyer soigneusement et minutieusement le foyer et n'importe 
quelles autres parties qui auraient pu entrer en contact 
avec des gaz chauds. Enlevez tout combustible et cendres 
des grilles et du cendrier. Ceci est extremernent important 
puisque la rouillure et la corrosion se forment quand la 
chaudiere ne marche pas. Huilez toutes les charnieres des 
p0rtes, les instruments d'orientation ettoufoir et regulateur 
et appliquez une fine couche de graisse aux surf aces basses 
de chaques portes, ettoufoirs, et leurs cadres. Pour eviter 
le r~ssuag~ et la rouillure de la chaudiere, laissez les 
portes de la chaudi~re ouvertes. 
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Pour la plupart des installat~ons c'est recommendable, quand 
la chaudi~re est hors de service, d'ecouler assez d'eau de 
la chaudiere jusqu'a ce qu'elle s'ecoule entierement pour 
enlever la boJe et la corrosion accumulee. Les chaudieres a 
vapeur devraient ~tre remplies d'eau jusqu'au haut de la 
jauge de verre -- laissez ecouler au niveau d'eau normal 
quand la chaudiere est mise en servi~~. Si la chaudiere est 
install~e en place humide, c'est recorru~~ndable, pendant que 
la chaudiere se remet hors de service, d'~couler toute eau 
du systeme pour ~viter le ressuage, qui induit la rouillure 
et la corrosion. 

Pour nettoyer le syst~me d'ea~ de la chaudiere, preparez une 
solution bouillante de sodium hydroxique (soude caustique) 
en proportion de 24 grammes de soude caustique par 10 litres 
d'eau. Debranchez completement la chaudiere de l'alambic, 
et remplissez avec le melange d'eau et soud~ caustique, 
ensuite laissez marcner pour deux heures sur un feu bas et 
laissez ecouler. 

Avant de refaire marcher la chaudiere, voyez que tous les 
joints entre les sections et autour de la base, des cadres 
des portes, et des cheminees sont scelles; que la base est 
scell~e au plancher avec du ciment Portland; et que les 
portes et les ettoufoirs sont securement scelles. L'air 
devrait entrer la chcudi~re par le cendrier ettoufoir de 
courants d'air seulement ou par l'entree secondaire d'air 
dans la porte a feu. 

La cheminee devrait et~e verifiee et nettoyee completement 
tous les deux ans au moins. Toutes les liaisons entre les 
tuyaux de fum'e doi~ent itres scell,es av~c du mastic ou du 
ciment de chaudiere. Si il y a des joints douteux et si la 
flame est attir~e, alors il y a fuite. Les fuites dans la 
cheminee peut ~tLe decouverte en fermant le haut et en 
brGlant au papier mouille, pou~ creer un feu a fum~e 
/ . epa1sse. 

La cheminee devrait se conformer au recommandations du 
manuf acturier de la chaudi~re en ce qui concerne la hauteur 
et la ~randi·ur et devrait ~tre de construction serr~e sans 
tournants brusques ou decalements. Le tuyau de fum~e 
devrait @tre aussi court qui possible.Assurez-vous que le 
tuyau ne projP.tte pas dans la cheminee au dela de la 
surface int~rieure cu carneau. 
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Il est recornmande·que vous verifiez votre systeme occasionelle­
ment en donnant ur.e att.~ntion particuliere aux points suh•.:.ats. 

Si L'eau dans une chaudiere a vapeur semble graisseuse ou 
sale, l'interieur de la chaudiere devrait etre nettoye 
completement en utilisant un compose de nettoyage de chaudi~re 
convenable ov d'autces moyens. 

La soupape de rentree d'air et la soupa?e de surete de 
coulement devrait et~e examinee et verifiee eour juste 
fonctionnement avan~ de reutiliser la chaudiere. 

Pour controler la desincrustation de la chaudi~re a cause 
des depots de calcium causes par une trempe a l'eau, une 
dose de deux cuillerees de sodium hydroxique (soude caustique) 
r\!:a.,.. Cam::ti;"C CC~ ,..r'\"Co;11:ah1c 'D,,..£~:.,,...O~-"Pl""\1 .. 5 ~~Or"' e',.. ........ e,_ ,_.: .t" ..... .._ --•••--••- --- --••_..__.,,...,.._, ... - • ... .._ ...... J:'-..._ _.._. Y ....,,~ """ UlliO;.,a 'li..U..l.ll W t;;:JA,. 

il y a dose trop forte. Le PH de l'eau de la chaudiere 
devrait ~tre maintenu plus haut que 8.0. 

' LE CHAUFFAGE SOLAIRE ET LE SYSTEME DE POMPAGE. 

Ce systeme est compose de deux composants principaux: 
un appareil de paneaux solaires electriques photovoltaiques 
(fabrique par Solarex Corporation, U.S.A.)1 une pompe 
centrifuge (fabrique par A.Y. MacDonald, Inc. U.S.A.), un 
regulateur et deux batteries. Les paneaux photovoltaiques 
sont utilises a generer de l'electricite qui peut ~tre 
utilise a fournir la chaleur directement a l'alambic par 
un echangeur a chaleur OU pour faire marcher la pompe. 
L'~lectricite peut aussi ~tre reserv~e dans les batteries 
pour usage futur. Chaque cornposant sera discute separernent. 

LE FONCTIONNEMENT 

Les Photovoltaiques 
I' 

Chaque Paneau Solaire Electrique Solarex est une combinaison 
de s~ries de cellules solaires branch~s et paralleles. Les 
cellules solaires Solarex sont des mechanismes semi-conducteurs 
de silicium qui convertissent la lumiere directement en 
electricite. Quand elles sont expose'es a la lumi~re, chaque 
cellule produit a peu pres le m~me photovoltage entre ses 

/ 
hornes. Quand une charge est branchee entre les bornes; 
le courant marche. 

Le montant de courant depend sur le montant de J.umiere 
absorbee: done, pendant des jours nuageux ou brumeux, la 
production de courant de 1 1 61~ment est proportionnellement 
reduite. Le soir, il n'y pas de production du tout. 
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Le courant est aussi proportionnel ~ la superf icie des 
cellules solaires branches et paralleles dans l'appareil. 
Le systeme utilise des series et des cellules branchees et 
paralleles pour fournir son taux de production de voltage. 

Le plus petit el~menc dans un systeme est le module solaire, 
ou le paneau solair. Les modules sont branch€es en s~ries 
et en configurations paralleles pour produire le voltage ~t 
le courant d~sire. Dans ce syst~me, trois sous-appareils 
sont branches ensembles. Le premier (sous-appareil A) 
consiste de 4 paneaux solaires, pendant que les deux prochains 
(sous-appareils B & C) consistent de 5 paneaux chaque. 

Les configurations mechaniques et ~lectriques de ce systeme 
sont illustrees dans l'Annexe c. Les instructions d'assem­
blages sont dans l'Annexe o. 

Dans cette installation prototype les paneaux phctovoltaique 
peuvent ~tre utilises en trois modes distinctes. Premiere­
ment, !ls peuvent fournir de la chaleur directe a l'alambic 
par la bobine de r~sistance. Les trois sous-appareils peuvent 
~'tre arrang~s entre eux pour Se brancher directement a la 
bobine (voir !'illustration 7), ou le sous-appareil A peut 
;tre arrange pour qu'il puisse charger la batterie pendant 
que les sous-appareils B et C restent branches a la bobine. 
(voir !'illustration no. 8). En general, la deuxieme con­
figuration est recomrnendee. 

Dans la deuxieme mode de fonctionnernent, l~s paneaux photo­
voltaiques peuvent ~tres utilis~s pour faire marcher la 
pompe. Encore cette fois-ci, deux configurations sont 
possibles. Les trois sous-appareils peuvent ~tre arrang~s 
entre eux pour faire marcher la pompe directernent. (voir 
!'illustration no.9), ou le sous-appareil A peut ~tre 
arrange pour charger la batterie pendant que les sous-appareils 
Bet C restent branches a la pornpe (voir !'illustration no. 
10). Dans la deuxierne configuration la batterie devrait 
itre arrang~e pour que sa production soit aussi branchee a 
la pornpe. De cette facon, la batterie pourra fournir de 
l'energie a la pompe pour compenser le manque de production 
des paneaux photovoltaiques pendant des jours nuageux ou 
pluvieux. Pour eviter le surchauffernent possible de la 
batterie pas les sous-appareils B et C, un isolateur est 
installe entre la batterie et sa prise du courant. Le 
surchargement par le sous-appareil A est evite par le 
regulateur. 

Quand la batterie est proprement chargee, elle peut faire 
marcher la pompe seule. (voir !'illustration 11). Ce doit 
~tre dit, cependant, que les sous-appareil~ B et C ne 
generent pas assez d'ener~ie pour faire operer la pompe 
effectivement et doivent etre aid6s par la batterie ou le 
sous-appareil A. 
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Pour r~sumer, il y a trois configurations de base pour le 
fonctionnement de la pompe: 

1 • 

2. 

3. 

Les trois sous-appareils photovoltaiques sont branch~es 
a la pompe (!'illustration no. 9) 

Le sous-ap?areil A est reli~ a la batterie. Les sous­
appareils B et C et la batterie sont reli~s ~ la pompe 
(!'illustration 10) 

Les paneaux photovoltaiques sont debranches et la 
batterie seule est branch~e a la pompe. ( !'illustration 
no. 11). 

L'information pour !'usage de la pompe parait ci-dessous. 

Le 
/ F.eg1.1lateur 

Le contr~le de charge pour ce systeme est fourni par un 
regulateur de series de voltage, qui protege les batteries 
du surchargement. Le r~gulateur est calibrl pour les 
batteries pour etre utilise dans le systeme et devrait 
fonctionner proprement quand il_est branch~ dans le systeme.

1 LE SOUS-APPAREIL •A" PHOTOVOLTAIQUE SEUL DEVRAIT ETRE BRANCH~ 
AU REGULATEUR. En f aisant des branchements de f ils du 
sous-appareil A au regulateur, faites certain que les 
polarit's sont pareilles (+a+, - a-), et que les branchements 
sont bien serres. Notez: en activant le systeme, faites que 
les branchements a la batterie durent; en debranchant le 
systeme, debrancher les avances des fils de la batterie 
d'abord. 

' ' · a 1 d" · ' ' Ce regulateur de series e vo tage est es1gne a un systeme 
de 24 volts. Le voltage de production peut ~tre ajust~ a 
25-31 volts en utilisant un potentiometre a vis d'entailles. 

'1 .... ,,, . ' d. d 1 d Le regu ateur a ete mis a une pro uct1on e vo tage e 
28.8 volts. Ceci. est le voltage o~timun pour les batteries 
du systeme. Le regulateur peut fac1lernent etre ajusti en 
utilisant une petite vis a entailles dans le potentiometre a 
10,000 ohm placee au haut du tableau ~ circuit electronique. 
Pour ajuster le point de reglement utilisez ce proc~de 
suivant: 

A} 

B) 

Faites fonctionne2 le systeme aux conditions "plein 
soleil" (lOOmW/cm ) avec l'appareil debranch,, la 
batterie branch~e, mais avec la charge debranchee. 

Branchez un r~sisteur a fausse charge (250 ohm, 25 watt 
minimum) parallele a la batterie. (Suggestion: branchez le 
r~sisteur aux bornes dans la boite au regulateur). 
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C) D~branchez les avances de la batterie ~ la batterie. 

D) Ajuste~ le potentiometre j'usqu'~ ce que le voltage 
desir~ est obtenu en mesurant !'indication de voltage sur le 
resisteur a fausse charge avec un voltmetre portatif. 

La Batterie 

Deux batteries de 12 volt, 68 amperes a cycle profond sont 
fournies pour chaque systeme photovoltai~ue. Comme au 
resume ci-dessus, ses batteries peuvent etre utilisees, 
seule ou en combinaison avec les sous-appareils photovoltaiques 
B et c, ~ faire fonctionner la pompe. Elles sont special~mP.nt 
utiles pendant des periodes nuageuseuses ou le soir quand 
la production gen~ratrice des paneaux photovoltaiques est 
basse. Quand le syst~me de distillation ne marche pas, le 
courant des batteries peut ~tre utilis~ pour d'autres 
objets, comme l'eclair. 

, 
Le dessin de la b~tterie permet le dechargement compl~t de 
l'appareil sans degas et le chargement de la batterie est 
control~ automatiquement par le regulateur. Seul le sous-

,.. I \ f appareil A devrait ettc branche a travers le regulateur 
jusqu'au batteries. 

La Pompe 

1 '- I I I I • d l "f Comme ce a a ete resume c1- essus, a pompe centr1 uge peut 
etre chargee directement des trois sous-appareils photo-
vol talques, ou par de l''lectricite r~servee dans les 
batteries a cycle profond, OU par une COmbinaison de batterie 
et de sous-appareils photovoltaiques B et c. 

La pompe est utilisee premierement pour faire circuler l'eau 
refroidissante a travers le condenseur de l'alambic. L'eau 
peut soit etre pompee du condenseur a une citerne puis ~tre 
rejetee par la gravit~e jusqu'au condenseur {!'illustration 
no. 12); OU Un reservoir peut etre utilise pour reserver 
l'eau chauffee (rejetee par la gravite) sortant du condenseur. 
L'eau de remplacement coule dans le condenseur, (aussi par 
la gravite) d'une citerne ci-dessus (!'illustration no. 13). 
Dans cette seconde configuration, la pompe est utilisee pour 
pomper l'eau du reservoir j'usqu'a la citerne quand le 
r~servoir est plein. Le pompage n'a pas besoin d'~tre 
~ontinu. Dans la premiere configuration, parce qu'il n'y a 
pas de r'servoir, l'eau doit ~tre pompee continuellement 
pour assurer la propre circulation. 



- 11 -

La pompe peut aussi ~tre utilis~e a remplir l'alambic et la 
chaudiere quand cela est n~cessaire. Elle se prime et 
peut-etre utilisee dans des installations de puits ~eu 
profonds. Des donnees descriptives sont fournies dans 
!'Annexe E et dans les instructions sur les puits peu 
profonds dans !'Annexe F. 

LE MAINTIEN 

Les Photovoltaiques 

1 . 1 d' . , ' Les paneaux so aires So arex sont esignes a usage et 
fonctionnemer.t seul et sans troubles. Les cellules solaires 
sont totalement encapsulees en cthyline-vinylacetate (EVA), 
qui est ~ l'~preuve des intemperies, stabilise par l'UV, et a 
des qualit~s excellentes sous des temp6ratures de toutes 
etendues. Le probleme de !'absorption de l'eau est circonvenu 
par i=usage des contactes debranch~s sur les cellules 
solaires, faisant un ~lement tres stable et durabl~. 

Dans la pluart des surfaces et des applications, la pluie 
~avera les surfaces des paneaux, pour ~viter la degradation 
de la production. La crasse accumul~e, qui peut ~tre trouv~e 
dans des places tres pollu~es peut ~tre corrige en nettoyant 
occasionellement avec un produit l~ger ou de l'alcool. 

Tous les ans, comme proc~d~ de maintien preventif, tous les 
boulons qui f ixent les paneaux et la structure de montage de 
l'appareil devraient etre serr's pour assurer l'int~grit~ 
continue de ce systeme. Tous les branchements electriques 
dans les bottes de jonctions et des r~gulateurs devraient 
etre examines pour la fermete et le manque de corrosion. 

Le parametre le plus utile et facilement mesur~ pour le 
d'gagement ~lectrique d'un paneau solaire est le courant ~ 
court circuit. S'il y a faillite ou degradation d'une 
module (un paneau) individuelle dans le systeme, cela sera 
imm~diatement indique. Le courant court circuit est en 
proportion avec le niveau de radiation solaire, alors une 
cellule typique ou un paneau typif il devraient ~tre utilisls 
a determiner les conditions de radiation solaire au temps de 
1 1 ,preuve. Le procede utilis{ a degager le systeme est le 
suivant: 

1. oebranchez le systeme a partir du r~gulateur et de la charge. 

2. Faites un court-circuit de la production du systeme avec 
un arnperemetre qui a assez de capacite pour suporter un 
courant d'a peu pres 20% plus hau~ ~ue le courant court­
circuit du systcme. 

~. Les mesures initielles devraient ~tre faites a travers 
les points de proauction du systeme complet. Si c'est 

' I sous-normal, mettez a l'epreuve chaque paneau dans ce 
' d' 1 'a 1 · · systeme comme ce sera ec are ans e no 4 qui suit. 
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4. Pour identifier un pan~au imparfait dans un systeme, 
abritez chaque paneau en sequence en suivant la produc­
tion de courant totale dans le systeme. Quand un paneau 
qui fonctionne proprement est abrit~, la chute en 
production totale de courant devrait ~tre a peu pres 
egale au courant court circuit d'un paneau. Quand un 
paneau imparfait est abrite, le courant tombera un petit 
peu, ou pas du tout. 

s. L'epreuve devrait avoir lieu une journee claire ~ cause 
des grandes variations qui pourraient se passer en 
passant l'~preuve une journ~e nuageuse. Notez que le 
courant de chargement de la batterie n'indique pas la 
production de l'appareil, ~ cause des variations dans 
l'etat_de la charge du systeme de la batterie. 

6. Si un paneau solaire se t~ouve imparfait, enlevez-le de 
l'appareil. Dependant du mode d'~usucces, il peut ~tre 
repar~ sur le champ, or retourn~ ~ la manufacture. 

7. En cas de dommage a la surface, d~ petites r~par~tions 
peuvent ~tre faites en utilisant du RTV 732 (Dow 
Chemical) OU un equivalent de caoutchouc siliciurn clair. 
La surface doit ~tre completement nettoy~e en utilisant 
de l'alcool. One petite goutte de RTV 732 devrait ~tre 
ajoutee pour mariner pour a peu pr~s 6 heures a temp~ra­
ture normale avant de traiter. 

, 
Le Regulateur 

A) 
B) 

C) 

D) 

E) 

Si la batterie est branch~e, d~branchez-la du r~gulateur. 
Branchez les avances de l'appareil au r~gulateur au bloc 
de la borne 'tiquet~e APPAREIL. 
Branchez une charge r'sistive au bloc de la borne ~tiquet~e 
BATTERIE (voyez la section ant~rieure pour des details). 
Mesurez un voltage au point de la production du r~gulateur. 
Au bloc de la borne ~tiquet6e BATTERIE, le voltage 
devrait ~tre 28.8 volts a 2s•c. Si la production de 
voltage est trop base OU pres de zero, verif iez la 
polarit~ correcte et la contin~1itl des avances de 
l'appareil. Si le voltage est trop haut, ajustez le 
potentiometre a 10,000 ohms j'u~qu'a ce que le voltage . , . 
ex1ge est atte1nt. 
Mesurez la chute du voltage a travers la diode SD51 
(voyer le dessein sch~matique sur les instructions de 
canalisation dans l'Annexe C). Ca doit ~tre a peu pres 
.5 volts. Aussi verifiez la chute de voltage sur le 
Emitter-Collector du transisteur de charge 2N4048 en 
plafant les charges du voltmetre,au bloc de la borne 
positive de l'appareil, et de l'etui de charge du 
transisteur. Le voltage devrait ~tre a peu pres 5 
volts. 
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La Batterie 

Toutes les cellules doivent ~tre r~mplies d'~lectrolyte (de 
l'acide de batterie), pour toujours couvrir les plaques. Le 
niveau d',lectrolxte doit ~tre surmont~ avec de l'eau 
distillee quand il en est besoin. 

Notez: L',lectrolyte est extremement nociv~ aux yeux et ~ 
la peau. Utilisez avec pr~caution. 

Le branchement et le d~branchement devraient etre faits 
seulement quand les prises de courants ne ma~chent pas pour 
'viter de$ explosions de gaz d'hydrog~ne. 

La Pompe 

Pour eviter le dommage du puit m~canique, ~Vitez l'op~ration a scellement sec. La contamination du liquide qui sera 
porn~ avec des solides peut causer !'obstruction et du 
dommage d'impulsion. 

Pour ~viter la corrosion quand on ne !'utilise pas pendant 
de longues periods de temps, l'eau dans la pompe devrait ~tre 
ecoulee. La section ~lectrique ne devrait pas ~tre expos' a 
l'humidit~, done, !'installation au-dessus de la terre et la 
protection contre la pluie est recommend~e. 

NOTEZ~ AUX CONFIGURATI~NS ALTERNATIVES, UN CONDENSEUR EN 
EXISTENCE PEUT ETRE UTILISE AVEC,UN NOUVEAU POT 
D'ALAMBIC ET UNE NOUVELLE CHAUDIERE; OU, UN POT 
D'ALAMBIC ET UN CONDENSEUR PEUVENT fTRE UTILISES 
AVEC UNE NOUVELLE CHAUDIERE ET UN NOUVEAU PAQUET DE 
TUBE~ EN U. DANS TOUTES LES CONFIGURATIONS, LE 
PROCE§ 9E,FONCTIONNEMENT ET DE MAINTIEN SONT COMME 
CELA A ETE ESQUIS DANS CE MANUEL. 

' UN SYSTEME SOLAIRE ALTERN,ATIF QUI CHAUFFE EN AVANCE 
L'EAU DE L'ALAMBIC EST DECRIT DANS I..'ANNEXE G. 
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Tirez La Poigr.ee 
Pour OUvrir 

Illustration - Soupape de Surete (Vapeur) 
du Soupape de Soulageinent (Eau Chaude) 

ILLUSTRATION 6 
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Annexe A 

Directions d'~ssemblement 
Slant/Fin •21• ppur allumage a main 

de Chaudi~re en S~ries 

" DIRECTIONS D'ASSEMBLEMENT POUR LA CHAUDIERE. 

1 • 

2. 

3. 

oeballez toutes les boites ~t les cartons excepter ceux 
contenant l'enveloppe de la chaudiere et v~rifiez toutes 
les parties re~ues contre les bouts de papier d'emballage. 

Il est extremement important que les sections soient 
assemblees dans l'ordre indiqul sur la carte d'as~emble­
ment des sections de la chaudicre (!'illustration no 2). 
Cela insureta que les ouvertures de l'enveloppe ~gali­
seront les tapotements corre~ondants dans la chaudi~re, 
et permettra la meilleure operation de la chaudi~re. 

Fournissez une fondation solide et nivell~e pour la 
chaudi~re pr~s de la chemin~e, pour qu~-la chaudiere 
soit reliee a la chemin~e avec un tuyau de fum~e d'une 
grandeur elev'e (9•, 229 mm, de diam~tre) avec aussi peu 
de tournants que possible. Fournissez des environs non-

b A ., ' • 'd• • encom res aux cotes p:>ur acces i~me int, et aussi au 
devant pour l'allumage et le nettoyage de la chaudiere. 

4. Assemblez les quattres paneaJx de la base en utilisant 
des boulons a tete carree de 3/8" x 7-1/4• (10 mm x 184 mm) 
avec des ecrous ~ l'int~rieur. Les paneaux des cotes 
devraient etre attach~s librements aux paneaux de base 
devant et de derriere. Voyez que les coins de la base 
sont carr~s, ensuite, serrez tous les boulons. 

5. Pr6'parez les Sect i_ons d 'Assemblement comme ceci. 
Nettoyez completement et appliquez une couche de lubrifiant 
de mamelon a l'extlrieur de tous les mamelons a poussoir. 
Nettoyez toutes les ouvertures des mamelons. Ne pas 
utiliser de plomb rouge ou de compos~ de joint de 
tuyau sur les mamelons a poussoir, et garde~ l'huile 
loin de l'interieur des sections. 

6. Pla~ez la ~ection de devant Eur la base, ensuite installez 
les mamelons a poussoir et montez les carrement ~t 
fermement en place en portant une ~lanche plate sur 
leurs bords et en frappant la planche avec un marte3u 
{!'illustration no 3). Faites attention que les mamelons 
sont droits, et que leurs bords projettent en distance 
/ ~ 
egale au-dessus de la tete des ouvertures des mamelons 
tout autour. Ceci evitera le retro~ssement des mamelons, 
qui fera un travail du~ pour ras~cmblEr les sections et 
pourrai~ causer des fuites aans les joints et des 
sections cass,es. 
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7. A propos de la carte qui d~montre le Pro~re Ordre 
d'Assemblement des sections de la chaudiere, selection-
nez la section qui sera plucee pr~s de la section de 
devant, placez-la sur la base, et engagez les ourvertures 
des mamelons sur les mamelons a poussoir. Pour l'assemble­
ment facile, placez d'abord la grande ouverture de mamelon 
scr le mamelon ~ poussoir de haut, ensuite, engagez les 
mamelons a poussoir de bas. 

8. 

9. 

10. 

11 • 

Surles chaudi~res nos 5 - 21, 7 - 21, et 9-21, commencez 
l'assemble~ent en mettant ensemble une Section Immeaiate 
de 3-3/4• (95 mm) a une Section Imm~diate de 7-1/2• (191 mm) a lla Section de Devant. 

, ...... 
Inserez les perches a rassemblement dans les trous de chaque 
cotes de l'ouverture de mamelon, et piacez un lcrou et 
une rondelle plate sur chaque bout des deux perches. 
Inserez une des per:hes a rassemblement qui Teste a 
trave~s chaque ouvertures de mamelon de bas, et utilisez 
une des grandes rondelles de fonte, une ronde!le plate, 
et un ecrou sur chaque bout des deux perche~. (voir 
!'illustration no 4). La section de devant devrait ~tre 
deplac'e du paneau de base de devant pour fournir de la 
place pour les rondelles de fonte de devant. 

Comrnencez a rassembler les ~ections, en les ~levants 
"1 • h ,,, ....... ega ~~ent et en ~ournant c aque ecrou un pet1t peu a la 
fois, jusqu'a ce que les sections se touchent tout 
autour de leu=s surfaces du sol. Des fils lubrifiants 
de perches a LaSSemblement avec de la graisse et une 
huile forte aideront le rassemblement et ~vitera les 
fils de se d~pouiller. Cela aiderait considerablement si 
un homme tenait un bloc de bois contre le bord de la 
section pres du mamelon et le frappe avec un marteau 
pendant qu'un autre attire l'ecrou (voir !'illustration 
no 4). 

Placez la se~tion de dos en position, engageant le 
mamelon a poussoir de haut d'abord, ensuite les rramelons 
a poussoir de bas. Inse'rez deux perches de rassemblement 
dans les trous de haut et deux perches dans ceux de 
bas, manquant les rond~lles de fonte. Placez une 
roundelle plate et un ecrou sur les bouts de chaques 
perches de rassemblement, et ~levez la section de dos 
jusqu'a la chaudi~re en tourr.ant chaque ecrou un petit 
peu a la fois jusqu'a ce que la surface de sol rencontre 
c~lle de la section contigue. 

• ,, I I I 
Quand toutes les sP.ct1ons ont ete elevees fer 
d ,, 1 I • 1' I ·1 • esserrez es ecrous Jusqu a ce qu l s so1ent 

' a fer, 
serr~s qu'au 

doigt. 
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12. En utilisant une pince a talon, centrez les sections 
sur la base, et voyez que les surfaces de sol sur la 
face de Ia section de devant s'alignent avec celles 
devant la base. Verrouillez le paneau de base de devant a la section de devant en utilisant un boulon de 3/a• x 
1· et une rondelle pl~te inser6e a travers le trou 
au-dessus de l'ouverture de la poignee a secousses. 

13. Si une espece de botte de feu, chauffeuse d'eau chaude 
va ~tre installee, enlevez les tissus fins jetes sur les 
ouvertures de la section de dos en frappant de coups secs 
autour des bords des tissus avec un ciseau. 

h d 
·' , , . / ~ / . . , 

14. La c au iere a ete so1gneusement eprouvee et ver1f1ee 
avant le chargement de la manufacture, mais c'est 
conseillabe d'eprouver la chaudi~rc assemblee pour des 
fuites ou des dommages qui auraient pu se produire 
pendant le chargement. Bouchez tous les taraudages 
necessaires et ~prouver ave~ 12 pression de l'eau pas 
plus haute que psi (3164 gm/cm ) carre. Si une 
examination soigneuse ne revele pas de fuites, laissez 
ecouler la chaudi~re et enlevez les bou~hons des 
taraudages qui seront utilises. 

15. Assembl~z les barreaux de grille et l'appareil de secousses a la chaudiere comme ceci: laissez tornber les barreaux 
des grilles (avec les bras des grilles a la gauche) sur 
les tourillons des sections et tournez-les jusqu'~ ce 
qu'ils tombent en place. Quand tous les sections ont 
~t' install,es, tournez-les ~ la position norrnale 
(horizontale) et mettez le barreau de branchement de la 
grille sur les crochets des bras de la grille. Inclinez 
les barreaux de la grille a la position extreme •bascu1e•. 

,,,. 1 . ,, d 1 b . Inserez a po1gnee a secou~tieS ans a ase, ensu1te 
basculez le bout de devant du barreau de branchement de 
la grille vers le milieu de la chaudiere et passez le 
trou sur le tourillon sur la poign~e de secousse. (voir 
!'illustration no 5). Attachez le barreau de branchement 
de la grille a la poignee de secousse avec une rondelle 
plate et large et la goupille de laiton. Mettez la 
porte de machefer en place derri~re le paneau de base de 
devant. 

16. En utilisant le mastic de chaudiere fourni, scellez 
completement toutes les ouvertures et les joi~ts entre 
les sections de la chaudiere et les toleries. Scellez 
soigneusereent les joints entre les sections de la 
chaudiere, entre la section de devant et le paneau de 
base de devant, et entre le bas des sections et le 
d~rriere et les cotes des paneaux de base. (voir 
!'illustration no 5 et no 17). Si le plancher est 
inegal, remplissez les fentes entre la base et le 
plancher avec du ciment Portland. Un bon travail a ces 
points 'vitera la fuite de gaz et de poussiere dans la 
salle et am~liorera le controle du feu par le mat,riel 
de r'gulation de l'~touffoir ~uto~atiquc. 
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17. Attachez le loqueteau de porte et la plaque de la 
charniere pour la porte du cendrier au paneau de base de 
devant avec des boulons de 3/8• x 1• (10mm x 25mm}, en 
utilisant une rondelle plate sous la tete du boulon qui 
porte en place le loqueteau de la porte (voir !'illustra­
tion no 14). Attachez la porte du cendrier au loquete3u 
a~ la porte en utilisant des broches de charnieres de 
1/4• x 1-112• (6mm x 38mm}. Ajustez la porte du cendrier 
pour qu'elle pende droite en enfonsant la plaque de 
charni~re de dedans ou de dehors avec un marteau, si 
nec~ssaire. Ajustez le loqueteau de la porte pour 
pe-,nettre que la porte s'ouvre lii:n-ement et fermez-la 
fermement en la tapotant du haut on du bas, selon la 
nec~ssit~, avec un marteau. Attachez la plaque du 
milieu de devant a la section de devant avec des boulons 
de 3/8• x 2• (10mm x 51mm}, en l'alignant scigneusement 
avec la porte du cendrier et l'ouv~rture de la porte a 
feu. Installez et ajustez la porte a feu, avec ses 
plaques de charnie~e et ses loqueteau de porte, dans la 

" ·' 1 ..... ,, , d' . 1 d meme maniere que ce a a ete ecr1t pour a porte u 
cendrier. Suivez le m~me proc~de en installant et en 
ajustant la porte de nettoyage. 

Attachez la poign~e de la serrur.? de secous~•e a la 
section de devant, en utilisant un boulon de· 3/8• x 1• 
(10mrn x 25mm} et une rondelle a serrure. (v~ir l'illus­
tration no S}. Si la chaudiere va ~tre four~ie avec une 
enveloppe, n'attachez pas la poignee de la serrure de 
secousse avant que !'envelope aie ete installee. 

La cheminee devrait ~tre attachee a la section de dos avec 
quattre boulons de 3/8• x 2• (10mm x Slmm). • 

Attachez le cadre de la port~ a courant d'air au pareau 
de base de dos, en utilisant des boulons et des 'crous 
retoul~s de 1;4• x 3/4• (omm x 19mm). 

18. Si la chaudi~re est four~ie avec une enveloppe, voyez les 
instructions ci-dessous. 

19. L'~barbeuse dervait etre install~e en ce temps dans la 
faton suivante: 

Installez la jauge de pression de vapeur dans le tapote-
' d , ment a la gauche u tapotement d'ecoulement dans la 

section du dos. Installez le rooinet de jauge de verre 
et la jauge de verre dans les tapotements du c&t~ 1roit 
de la section de devant. Installez la soupape de surete 
dans le tapotement de 2• (Slmm) sur 1~ face arrie~e du 
dos de la section et installez comme dans !'illustration 
no 15. Branchez tous les autres tapotements qui ne 
seront pas utilis,s. 

20. Installez et ajustez 1•:quipement d',touf.foir r~gulate~r 
montr~ dans les illustrations no 8,9 et 10 et explique 
dans les directions ci-dessous. 



- 26 -

21. Si le rechauffeur a eau va ~tre install~, voyez 
!'illustration no 19 et 21 

22. Attachez la plaque a 'talonnage (dans l·enveloppe de 
la boite de branchement) A la pla<Jue de milieu du 
devant en utilisant les quattres epingles escucheon 
fournies. Voyez !'illustration no 7 pour ~valuer 
!'emplacement de la plaque. 

23. Les vues de devant et de nos des chaudieres completement 
assemblees·sans enveloppe pour l'allumage a main sont 
demontrees dans les illustrations no 7 (chaudiere a 
vapeur) et no 8 (chaudiere a eau). 

24. Bran~hez la chaudiere au sys~eme de chauffage et la 
chaudiere a eau au reservoir d'emmagasinage en utilisant 
des methods approuvees (voir !'illustration no 21;. 

/ 
DIRECTIONS POUR L'INSTALLATION ET L'AJUSTEMENT DE L'EQUIFEMENT 

D'ETOUFFOIR REGULATEUR. 

A. Installez l'~toutfoir r~gulateur dans un :apotement de 1• 
a la droite du tapotement d'ecoulement dan= la section 

B. 

c. 

D. 

E. 

du dos (un tuyau a mamelon de 1• x 2• (25mm x Slmm} est 
fourni pour ceci avec une espece d'~touffoir r~gulateur 
de vapeur). Le pivot devrait ~tre ptes de l'arriere de 
la chaudiere (voir !'illustration no lC). 

, / 
Inserez le barreau regulateur pour que ~·encoche dans le 
~arreau est au c~rd de la piece d'appui, ensuite serrez 
la vis pour gard~r en place le barreau .. 

Installez le c-ont·:~'1eur a courant d 'air Barochek sur le tuyau , 
de fume~ (en coupant un trou dans le tuyau de fumee, en 
attachant un col sur le tr0~, en pla£ant un Barochek 
dans le col, et en liant des chainesT en accordance avec 
les directions comprises avec ce contrSleur. Barocheck 
p.eut etre installe OU SU~ un tuyau de fum~e vertical 
(voir l' illustration no 9) '>U un tuyau de fum~e horizontal 
(v~ir !'illustration no 8 et 10), c~~· ~ d'si~'-

Placez du poids sur le barreau rlg~lateur. Ceci causera 
le bout de derriere du carreau a s•61ever, entrainant le 
balancier, causant que la porte de courant d'air ne s'ouvre 
pas a au moins 3• (76mm) racourciez la chaine •A• assez pour 
obtenir ce total d'ouverture (W=J•)(W=76mm). 

Ajustez la positi0n du poids sur le barreau du r6gulateur 
pour maintenir la tem~rature d'eau d~sir'e ou la 
pression de la vapeur dans la chaudi£ce. Pour obtenir 
plus de chaleur, placez le poids au lnin de l',touffoir 
r~gulateur -- pour produire moins de chaleur, placez le 
P')ids vers ~·,touffoir r~gulateur. 



- 27 -

L'INSTALLATION DE L'EPVELOPPE ET L'ISOLEHENT. 

Si la chaudiere est fournie avec une enveloppe, n'installez 
pas 1'6barb~use de la chaudiere, 1 1 6quipment d'~touffoir 
r~~ulateur OU le rechauffeur d'eau avant que l'enveloppe aie 
'te installff. 

Notez: Attachez l'eM>l~me .3e ren?~loppe (emplacee dans 
l'enveloppe dans :a boite a branchement) au paneau 
du haut de devant. 

r.•enveloppe a ~t~ designee pour q:u'elle n'ait pas besoin 
d'~tre insta116e qu'apr~s les tuyaux d'ecoul~men~ et de / 
renvoi a:u systeme de chauffage, et aussi le tuyau de fur11ee a 
la chemin~e, ont ete branches ~ la chaudiere. Le dommage 
fait a l'~mail c~it et fini ~e l'enveloppe (a cause de la 
chute des outils, ou le renversement de l'hu\le, le platre, 

"' / . , rob 11 etc.) peut etre evite en ne pas e a ant et ne p7.s 
installant l'enveloppe avant que les branchements pr,cites , , , 
ont ete completes. 
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ILLUSTAA'nON .I-~ ll.LUST.AATlONS ET DD!ENSl-0~~ .DE 1-" ~UD~ ASSEMBLEE DE IA SEPIE 21 
SLANT/YtN ~ L\}U..L~GE A Jg\l.K -lESPECE Ill-. 

Section D'Assemblement 

. 
Boiler No. ~11 lF llP lB 

Boilu No • .5·21 lF l4P llP lB 

Boiler No. ~21 • lF llP llP lB 
-

Boller No. 7-11 lF l4P llP llU lB 

Bealer No. 1-11 lF llP llP llU lB 

Boiler No. 9-11 lF l4.P :llP 11r llU lB 

Exp~ication des symboles pour identifier 
les.sections 

2F - Section du Devant-Taraude 
24P- Section IntermediaiJ::e-Simple 
28P- Section liiteJ:111ediaire-Simple 
280- Sectiun du Poit de Sortie-Simple 
28 - Section du Dos-Taraude 

Illustration 2 - Table I>-Assemblement 
Des Sections De La 
Chaudiere 
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Illustrati~n 3 - Pour Inetaller Lea 
Mamel~ns A Pousaoir 

... 

Illustration 4 - Continuation De La 
Section D'Assem!:>lement, 
Montrant L'Uaage Des 
Rondelles De Fonte 

•', 

N 

'° 

Illustration S - Inatallation Du earrea 
De 6ranchement De La 
G:ille Et Le Sceau Des 
Joints Avec Du Hastie 
Chaudiere. 
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Illustration 7 - Vue De Devant 
De La Chaudiere 
Vapeur San2 Enveloppe. 
(.Espece H), 

Illustration 8 • Vue ~e Derriere 
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0 

I 

De La Chaudiere A 
Eau Sans Enveloppe. 
(~bpece "' 
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Illustration 9 - Controle De Courant 
D'Air Barocher Installee 
Sur Un Tuyau De Fumee 
,!ertica1. 

Po ids 
Requlate 

arreau Requlateur 

"A" 

aine "B" 

rte A Courant D'Air 

Illustration 10 - As•e:mbleme.nt Des Pa-ties De 
L'Equipement D'Eto~~foir 
Requlateur llnstallement 
Earccher Sur Le ' ... "Uyau De 
Fumee Horizontal.) 
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SECTION DE 
LONGITUDE 

De Forictionnem~nt 

DOS 

Tarauda9e Pour 
£spece De Rechauff eur 
D'•au Emma9asineurs 
II.es Deux Cotes De La 
Chaud ·ere.) 

COTE 

Taraudages Pour Espec 
Intecp:al De Rechauffe 
SC!llS Reserv6ir 

Illustration ll- Illustrations Et Dimensions De La ChaµliJ.iere Assemblee De La Series 21 
Slant/Fin Pour Allumage Automatique (E£pece A). 

Section D'Assemblement 

Boiler No. ~ll 2F 21P 2B 

. No.~21 2F lCP 21P 2B 

Bailer No. 6-21 2F 21P 21P 2B 

Bailer J(o. 7-21 2F lCP 21P 210 :JB 

Jlaila' No. 1-21 2F 21P 21P 21U 2B 

-· 
No. 9-ll 2F JCP 21P :zip llU D 

Explication Des Symboles Pour Identifier 
Les Section 

2F - Section Du Deva.nt-Taraude 
24P - Section Iiftermediaire-Simple 
28P - Section Inte:rmediaire-Simple 
28U - Section Intermediaire-Silllple 
2B - Section Du 00.-Taraude 

Illustration 12 - Table D'Assemblement 
Des Sections De La Chaudiere 
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Ec:rou De La 
D•Attela9e 
Plate 

Illustration 13 - Methode D'Installation 
D'Eilu D'E:xpansion 

la chaudiere 
vapeur 

Illustration No.15 - Metho~e de l •installation 
de la soupape d~ surete ou de ta s6upape de 
soulagement. '5ur toutes les C:haudieres Allumees 
a main, indtallez une soupape de surete au une 
soupape de soulagement dans le taraudaqe H.) 

~oqueteau de li port~ 

Boulon 
'l• Hex • 
• 

Rondelle plate 

Illustration no. 14 - Methcde D'Attache 
De I.oqueteau, J?e La Barte. 

Illustration 16 
Taraudages Dans La Sections Au Dos 
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Illuatration No. 17 - vue De derriere De La Chaudiere 
a Vapeur Sans Enveloppe Avec Rechautteur D'Eau Integral' 

Illustration No. 18 - Vue Du 
"~ ......... n .. T • t"h"'n,.iPrP A F.ftU 

Alli9nez Lea Troua Dea Boulona 
''ertic.allement, 

Alli4nez lea Facades 
081 1lri'1H 

Alliqnement Dea Brides Avec un+ Re9l•• 

Lii):ci 
Vue Du Hau-I~ Du Rechautteur Et f.ea Parties 
D'Attachementa·Avant L'As1emblbment 
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VUe De Cote D1Un Rechautteur Sana Reservoir 
Attache A La Chaudiere 

Illustration No, 19 - Hethode D'Inatall~tion 
Des Rechauffeura D'Eau ~ans ~eaervoir Et 

w 
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Illuatration 20 - Methode ~'Inatallttion Des 
D• Chal•ur - (boite1 d• feu et - de carreaux 
Chaudierea Pour Allura&qe D'Huile Ou o, Gaz 
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Annexe B 
Les Purgeurs a Flatteurs Hoffman 

Les purgeurs ~ flotteurs thermostatique de la s~rie Bof fman 50 
sont utilises avec l''quipement ~ vapeur pour relicher la 
condensation et l'air librement mais ils se ferment-pour 
~viter de rel~cher la vapeur. 

La condensatio~ re.,,lit le corps du purgeur premi~rement ~ un 
niveau pr"3et£;rmine qui est suffisant. pour sceller l'ouverture 
de ld soupape, qui est gard6 fermee par la tige de la soupape. 
Pendant que le niveau de condensation s'~l~ve, le flotteur 
s•61~vera causant l'entr'e de la soupape ~ s'ouvrir. La 

. d' h , ' J . d condensation sera ec argee a travers a sortie u purgeur. 
La mont~e et la tomb~e du niveau de condensation cause un 
dichargement continu de condensation, ce qui est typique aux 
purgeurs R+T. L'air qui entre par le purgeur est defcharg'e ~ 
travers la SOUP-ape thermostatique. L'ouverture et la ferme-7 , , 
ture de l'entree du thermostat depend sur la termperature 
autour de l'el6ment thermostatique. 

La soupape d'air 71-C. One es~ce de trou d 1 lv~nt flotteur 
avec port non-r~glable. Cela d~charge l'air, scelle contre 
la fuite d'eau et de vapeur. Le type siphonal t~lescopigue. 
Une jambe droite NPT de ~;4• (19mm). La pression ope'rative 
jusqu'a 11 isi(773 gm/cm ). La pression maximume 15 psi 
( 1055 gm/CJ'~ ) • 

DIMENSIONS: 

I I 
LOW. lllF.DIUM .... HIGH ""£SSUllE 

l'YPU ...i NUlllaEll.S 

FIMI& 

DIMENSIONS 
D- le w..ieu.. "' castmg. t••• .. .,icll-. Cle••-··--·-_, ffty ee - es •to• 

,,_ 1111Uc FINI A a C D E F G H 

53FT-54FT-s.ofl 53-5'-540 
541FT~ 541-542 4~ 5 5~ 3~ 2~ 2% 4~ 2Y, "'-

"" :(1osX1z.1)(1~~x1tt)(10)(1iio) os )ll4) 
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ANNEXE C 

, , 
DESSEINS MECANIQUES ET ELECTRIQUES POUR 
LE SYSTEME PHOTOVOLTAiQUE 

Notez: Tous les mesures peuvent etre converties 
en millimetres en multipliar.t par 25.40. 
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Annexe D 
\ Systeme d'assemblage photovoltaique. 

Enlevez les paneaux et la quincaillerie de leur rlcipient 
d'~mbarquation. Maniez les paneaux solaires soigneusement 
pendant l'assemblement et le montage. Des coups au devant 
et a~ ~os des surfaces des paneaux pourraient faire dommage 
aux elements. 

Avec le text suivant, rapportez-vous pr~cisement aux 
desseins et aux esquisses pour assurer le bon assemblage 
et cablage du systeme. 

Les proc~d~s d'assembl~ment m~caniques et leur suite 
d'crits ci-dessous sont pour le sous-appareils a 4 paneaux 
A, et sont. identiques pour les sous-appareils a S paneaux 
B et C aussi. 

Premierement, serrez tous les boulons a main seulement; 
2uand l'a~semblement est complet, les boulons devraient 
etre serres par une clef. 

Une seule grandeur de boulon est ~xig~e pour l'assemblement 
L'assemblement de ~ulon comylet compre~d 2 rondelles 
plates, 1 rondelle a clef fondue, et 1 ecrou. Les seules 
exceptions sont les assemblements de boulon qui assurent 
les paneaux aux poutres appuy,es verticales; ceux-ci 
comprennent qu'une rondelle plate. 

Commencez l'assemblement en ~lasant quattre paneaux, le 
cSte de verre et les longs cot~s contigus a une surface 
propre et rembourr6e. Placez deux poutres appuyees 
verticales (B-2492)(8-2491 pour 5 paneaux) contre les dos 
des paneaux, les angles ouverts vers l'extlrieur des 
paneaux. Allignez les trous dans les poutres avec 
les trous dans les cadres des paneaux. 

En utilisant quattre assemblements de boulons, assurez 
chaqua paneaux aux poutres. Les boulons devraient ~tre 
ins~res d'abord dans les troU£ dans les cadres (du dedans) 
et ensuite dans les poutres. 

Avec deux assemblements de boulons, attachez la barre 
d'espace aux poutres au haut de la structure - les angles 
ouverts vers les devants des paneaux. 

Attachez un vilebrequin a pieds au bas de 7haqu~ poutres 
verticales - les angles ouverts vers l'exterieur. 

10. En utilisant deuY. assemblemen~s de boulons pour chaque, 
verrouillez les sections du pied ~ deux pieces (A-2402) 
(A2495 pour 5 paneaux) ensembles. 
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/ Attachez les pieds assembles avec un assemblement 
boulons chaque aux poutres appuyees verticales au 
la struct~re. Utilisez le trou de boulon emplac' 
pres un tiers du chemin sur la poutre. 

de 
dos de 
' a peu 

12. Attachez un vilebrequin ~ pieds au dessous de chaque 
pieds. 

13. 

14. 

15. 

Enlevez les tampons ~ vis (excepte celui de haut) de 
chaque bout de chaque boite de jonction de paneau (j-box) 
emplac~e sur l'arriere des paneaux. Vissez les branchements 
Efcor dans les trous vides. Ins,rez des especes de 
sections de cable 12-2 our 12-3 (comme indique sur les 
desseins} a travers les brancheurs et dans les bottes de 
jonction. Rapportez-vous pr,cisement au(x) diagramme(s) 
de c~bla e ur ro re utilisation des cables et le 
propre c b age des . tes es series e ectriques e 4 et 
10 paneaux. Un espece de cable de production 12-2 de 
15 1 (460 cm) a 't' fourni. Les deux unit's de cinq 
paneaux seront branch~s electriquement et auront aussi 
un cable de production de 15' (460 cm). Serrez les 
Efcors et remplacez les couvercles. 

Quand vous assemblez l'appareil dans l 1 hlmisphere sud, il 
devrait faire face au nord. ~ne'ralement, il derrait ~tre 
mont~ a un angle qui est de 10· a 15• plus haut que la 
latitude locale. La structure de montage devrait ~tre 
fermement attach'e a une estrade Sur~ OU 'a_ une autre 
surface par des trous de boulons dans les pieds. 

/ 
A cause du cadre de metal, la grandeur, et l'emplacement 
expose des appareils so~aires, de propres pr,cautions 
devraient ~tre prises par l'installeur quand les appareils 
sont mont~s aux places ou fl ~ a des lclairs. Ces pr.{cautions 
devraient suivres les proc'd~s typiques de protection 
contre l',clair. Tous les r~aulateurs de voltage Solarex 
sont '~uip~s avec des aresteurs de surtension qui protegent 
leur·> circuits Contre des voltages causes par l'e'clair, OU 

d'autres sources, mais pas contre un coup d 1 e'clair direct. 
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Annexe E 
/ / 

DONNEES DE SPECIFICATION 

S~rie 8200 
Puits peu profond ~ grande capacit~ 

Pompe centrifuge 

Le Moteur: 

Une espece de balai ~ moteur D.C. utilise des aiments 
permanents sp~cialement dlsign~s fournissent une hcute force 
coercitive et une induction r~siduelle haute. Des bobines 
de c~'!Dlp et la possibilite conslquente de leurs fusions sont 

1.... '1 · . , comp eL~ment e 1m1nees. 

La vitesse nominale est 3,500 RPM au voltage voulu. Le 
moteur D.C. P.eut ~tre utilisl a de voltages plus bas, ce qui 
r'sulte en rlductions de vitesse, sans mal au moteur. 
Construit aux s~cifications NEMA par des manufacturiers 
internationaux et connus pour assurer la disponibilite 
de service local. 

La Pompe: 

Une es~ce centrifuge avec un couple bas. Elle se prime 
apr~s la prime initieile. ~signee,pour grande capacite 
avec des hauteurs moderles. Projetee j>OUr usage avec des 
citernes, des puits -perces, instantanes ou creuse's et les 
points instantan's aussi petits que 1-1/4• (32mm) de diametre. 
La simplicit' fait que les pompes sont id~ales pour des 
emplacements g'ographiques diff iciles a atteindre. 

Oisponible avec le bronze balanc' et dynamiq~e ou avec une 
roue mobile thermoplastique de l'inglnieur. Un diffuseur 
ac~tal plusieurs volutes fournit la capacitl et la pression 
maximum. Un sceau standard 'prouve par le temps (carbone­
c~ramique) est fourni. 

Support~ par plus de 120 ans d'ex~rience en manufactures de 
pompes, chaque pompe McDonald est sownise a une 'xamination 
et une e'preuve rigide a la manufacture pour assurer les plus 
hauts niveaux de qualit,, de sGrete et d'accomplis-
sement. 

8200 SERIES 
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Modele watts Volts Mat~riel de la roue mobile 

820309058 900 36 laiton 

Grandeur du tuyau de pression* 

1• NPT 
(25mm) 

Grandeur du tu au de suc~ion 
1 1 4• NPT 

(32mm) 

Grandeur du dechangement** 

3/4• + 1• 
( 19mm + 25mm) 

Poids de char ement 
49 livres 
(22.2 kg) 

* L'ouverture du tuyau depression est 1• 25mm) et est 
bouchee pour le fonctionneme.nt d' un seul tuyau. 

** Les pompes centrifuges utilisent une ouverture de 1• 
{25mm) de prime pour le plus gran_d d'chargement. 
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, Annexe F 
DONNEES DE L'INGENIEUR 

Installaticn d'un puit non-profond 
Instructions 

Un systeme a puit peu profcnd ne devrait pas ~tre install' OU 
il y plus de 25 pieds du niveau de la mer de succiCJ'l totale. 
L',levation de la succion doit ~tre reduite ~ la vitesse 
d'a peu pr~s 1 pieds (30cm) par 1000 pieds (300 m) a l'eleva­
tion. L1 61,vation de la succion totale se compose de la 
distance Verticale du niV~·'lU d 1 eau quand le pompage passe a 
la pompe et les pertes cal· sees par le frottement dans la 
ligne du tuyau. Le volume d'eau d'livre diminue avec une 
~l~vation augment~e de succion. 

Les puits creus6s, perc~s et sond~s peuvent employer un 
arrangement comme dans !'illustration no. t. Les puits 
instantan~s et les points d'ensablement emploient la con­
figuration dans !'illustration no. 2. 

1 (a) 

(b) 

2 

3 

4 

5 

Installez une soupape de pied sous la ligne de succion 
et placez la 5 a 10 pieds ( 150-300 cm) sous le niveau 
bas, ce qui est le niveau d'eau guand l'unit' pompe sa 
capacit' mesur~e. Elle devrait etre assez loin du fond 
du puit pour eviter de pomper du sable et de la boue. 
(ill. no.1) 
Dans !'installation de puits intantan~s, installez une 
soupape a retenue avec detente sur le tuyau vertical au 
moins cinq pieds plus haut que le point du puit, ou 
installez une soupape ~ retenue horizontale cans la 
ligne de succion pres de la pompe. (ill. no.2) 

V~rifiez la soupape de pied, voyez qu'elle est proprement 
mise et qu'il n'y ait pas d'obstacle qui l'~viterait 
d'ouvrir ou de se refermer. Une soupape de pied avec 
une fuite causerait le cyclage excessif {le moteur qui 

" co111J11ence et s'arrete). 

Premi~rement, baissez la longueur du tuyau de succion, 
avec la soupape de pieds attach'e dans le puit, ensuite 
remplissez le tuyau avec de l'eau propre. Si l'eau se 
retire, c'est qu'il ya une fuite. Si il n'y a pas de 
fuite, rassemblez les section(s) du tuyau qui restent 
et v'rifiez contre !ts tuites. 

Install~z le sceau du puit au haut du puit et serrez 
bien les boulons du sceau (ill. no. 1). 

Installez un de au haut du tuyau de succion, avec un 
bouchon • 



6. 

7. 

8. 

9. 
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dans l'ouverture du haut, et branchez par une union du 
fil femelle dans la pompe m~me. 

, ' ' Branchez le dechargement de la po .... pe a l' usage a eau. 
'- , , ._ L 

Apres que les tl!Yautages ont ete completes et le moteur 
est bien branch~, enlevez le bouchon primeur sur la pompe 
et remplissez la avec de l'eac. Laissez assez de temps 
pour que l'air dans le systeme s',chappe, and remplissez 
la pompe avant de remplacer le bouchon primeur si nlcessaire. 
Commencez le moteur et l'unitl devrait marcher. Si non, 
il peut ~tre n'cessaire_de re-primer (le moteur devrait 
tourner dans le sens des aiguilles d'une montre regardant 
le c8te oppose de la roue mobile.) 

Quand l'unit~ a atteint le plus haut point de pression, 
et s'est arr~t~ automatiquement, v~rifiez tous les 
tuyautages de succion et de d~chargement pour des fuites, 
parce qu'ils seront sous pression. 

Quand la pompe sera utilis~e comme syste~e simplement 
centrifuge (a grande capacite), le taraudage NPT de l• 
(25mm) sous le taraudage de succion NPT de 1 1/4• 
(32mm) doit ~tre bouch~. Il est aussi recommende que 
le haut de l'ouverture du bouchon primeur de 1• (25mm) 
soit utilisl en sortie de dlchargement (l'ouverture du 

A , , h • " cote de dee argement NPT de 3/4• (19mm) dQ1t done etre 
bouch6e.). 

Notez: 11 est recommendable de placer la pompe aussi pres de 
la tete du puit (source d'eau) que possible. Le 
tuyautage de succion et de d~chargement devrait ~tre 
garde aussi large que cela serait pratique pour diminuer 
les pertes de frottement, surtout sur les installations 
centrifuges simples, ex. un tuyau de succion de 2• 
(Slmm), 1 112• (32mm) ou plus de d~chargement d~pendant 
sur la longueur du tuyautage. 

SOUP.APE 

Fipre 1 

SCEAU OE 
.PUIT 

SOUP1'PE "CHECK" 

/ VERTICALE 

OE 

SOUPAPE "CHECK" 
BORIZONI'ALE 

---·POINT DU 
PUIT 

Fi1ure 2 
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Annexe G 

Cet annexe decrit l'usage de r~chauffeur solaire d'eau 
(Modele PT 40, fabriqu~ par Gulf Thermal Corporation, 
Sarasota, Florida, USA). pour chauffer a l'avance l'eau 
utilis~e dans le pot de l'alambic. Ur. diagramme sch~matique 
d'une installation typique se trouve dans l'illustration­
no.1. 

Les r~chauf-eurs solaires absorbent 1 1 ,nergie du soleil et 
!'utilise pour chauffer de l'eau. Ils marchent mieux quand 
leur surface de verre est expos~e au soleil directement pour 
autant de temps que possible. Ils ne fonctionnent pas 
pendant des periodes longues de pluie ou de nuage ou le 
soir. 

Le r~chauffeur d'eau solaire PT - 40 de Gulf Thermal fonctionne 
au principe simple •batch•. Le r~cha~ffeur est compl~tement 
rempli par l'ouverture A (voyez l'ill. no.2) avec de l'eau 
d'une citerne ou d'une autre source. Ceci est accompli en 
ouvrant la soupape AA dans la ligne du boyau de provision et 
en fermant la soupape BB dans la ligne de d~chargement. 
Aussit&t que le rechauffeur est rempli d'eau, la soupape AA 
devrait ~tre ferm~e pour ~viter que l'eau, une fois qu'elle 
a et~ chauffee, s•icoule vers le boyau de provision d'eau. 

Pendant la journ6e, le soleil, passant a travers le devant 
de verre du r~chauffeur, chauffe les quattre tubes d'acier 
inoxydable qui contiennent l'eau et qui forment le r~chauffeur 
lui-meme. A la fin d'une journ4'e normale ensoleill~e, cette 
eau sera chaude (40 a 70 •c). Pour prJserver cette chaleur 
jusqu'au prochain matin quand l'eau est utilis'e a remplir 
l'alambic, l'unit~ est designJ avec deux couches de film 
sous la fafade de verre pour augmenter la capacit~ isolatrice. 
Si cette isolation est insuffisante, la fa£ade de verre 
peut ~tre couverte la nuit avec un tissu q,_ui retient la 
sortie de la chaleur. Ce tissu doit ~tre a l'epreJve du 
temps, surtout contre la pluie et le vent. 

Le matin, avant de refaire marcher le proces de distillation, 
la soupape BB devrait ~tre ouverte pour que l'eau chaude 
dans le r6chauffeur solaire puisse couler dans l'alambic. 
Si l'eau du r6chauffeur ne remplit pas l'alambic completement, 
plus d'eau fraiche peut ~tre admise a l'alambic avant que 
les fleurs sont placees dedans. Le rechauffement d'eau de 
l'alambic a l'avance dans cete maniere r'duit la quantite 
d'energie ~xigee pour faire bouillir le melange de fleur et 
d'eau, et cela peut aboutir ~ un pro~s total de distillerie 
plus 6fficace, et ~ la qualit' d'huile Jssentielle plus 
haute. 

Apres que le r'chauffer solaire a 'tJ vid' dans l'alambic, 
la soupape BB devrait ~tre ferm,e, la soupape AA ouverte et 
la r'chauffeur remplit d'eau fratche pour que le pro~s de 
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Liqne A de provision 

oupape AA 

Liqne B de dechargement 

ILLUSTRATION 1 - DIAGRAMME SCHEMATIQUE 

Ligne A de provision 

...,,.... ... Soupape BB 
Cfermee) 

Liqne B de dechargement 

ILLUSTRATION 2 - LE REMPLISSAGE DU RECHAUFFEUR 
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chauffage ~uisse recommencer. Si une es?;ce de couverture ~ 
isolement a '~ plac~e sur la fa;ade de verre pendant la nuit, 
elle devrait etre enlev~e pour que la lumi~re du soleil passe 
librement a travers le verre et r~chauffe l'eau dans les 
tubes d'acier inoxydable. 

Pour r'sumer, les points suivants devraient ~tre suivis pour 
des especes de fonctionnement •batch•: 

1 • 

2. 

3. 

4. 

s. 

Ouvrez la soupape AA, gardant ferme la soupape BB, et 
Lemplissez d'eau le rechauffeur, ~ peu pres 150 litres. 

Fermez ia soupape AA et laissez le r~chauffeur da~1s le 
soleil to~te la journee. 

1 f . d 1 . / . d" . / 1 A a in e a Journee, si esire, couvrez e verre avec 
une espece de tissu isolateur pour ~viter la perte de chaleur. 

La prochain':! journee, enlevez la couvert9re d •isolation, 
ouvrez la soupape BB et videz l'eau du rechauffeur dans 
l'alambic, 

Fermez la soupape BB, oi.vrez la s9u~ape AA, remelissez 
le rechauffeur d'cau fraiche et repeter le proces. 

Point l Point 2 Point 3 

Point 4 Point 5 

ILLUSTRATION 3 
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Le r'chauffeur solaire devrait ~tre install~ pour qu'il 
re~ive la quantite maximum de soleil direct tous les jours. 
Il devrait done @tre inclin~ au nord de 10-1s•. 

Pendant les ~riodes quand l'unit~ de distillation ne 
fonctionne pas, le r'chauffeur solaire peut ~tre utiliser 
dans d'autres fa~ons, comme le chauffage d'eau pour de 
raisons domesti~ues. Dans ces situations, un systeme 
•batch•, modifie d'un ~coulement continu ~demi peut ~tre 
utilis~. Dans cette fa~on le r'chauffeur solaire est rempli 
en ouvrant la soupape AA pendant que la soupape BB rest 
fermee. Aussitot que le rechauffeur est plein d'eau, la 
soupape AA est aussi ferm'e et le r'chauffeur reste au soleil 
jusqu;a ce que l'eau en dedans a atteint la temp~rature 
d~siree. (Le temps que cela prend a atteindre la temp~rature 
correcte sera determin' par la chance.). Aussit'St que la 
temperature est assez haute, la soupape BB est ouverte et 
l'eau chaude peut s'~couler et peut 'etre utilis~e directement 
ou emmagasin~e. Aussirc>t que le r'chauffeur est vice, la 

/ ' soupa~e BB est fermee, la soupaEe AA ouverte et le ~roces 
est re~t~ autant que desire, d~pendant des conditions et 
des n~~ssit's locales. 

Le Maintien 

Le r~chauffeur d'eau solaire PT 40 est presque sans besoin de 
le maintenir. Les boyaux et les branchements devraient ~re 
v~rifies quelqueiois pour l'usure et le verre devrait etre 
nettoyer s'il devient trea sale, quoique la pluie normale 
devrait 'viter ceci. Le soin devrait etre prit pour que le 
r'chauffeur ne soit ~ar laisser tomb~ ou heurte par un 
objet lourd. Il est design~ pour une longue vie en dehors, 
mais il est aussi 3usceptible au dommage s'il n'est pas 
soigneusement appc1rt~ pendant !'installation et le 
fonctionnement. 
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ANNEXE H 
ADDRESSES DES MANUf . .. JRIERS 

DE L 1 EQUIPEME..-

o La Chaudiere 
Slant/Fin Corporation 
100 Forest Drive 
Greenvale, New York 11548 
U.S.A. 

o L'Alambic 
Baeuerle ' Morris, Inc. 
282 s. Gulph Road 
King of Prussia, Pennsylvania 19406 
U.S.A. 

o La Pompe 
A.Y. McDonald Mfg: Co. 
P.O. Box 508 
Dubuque, Iowa 52001 
U.S.A. 

o Le Systeme Photovoltaique 
Solarex Corporation 
1335 Piccard Drive 
Rockville, Maryland 20850 
U.S.A. 

o Le ~echauffeur Sol~ire D'Eau 
Gulf Thermal Corporation 
P.O. Box 1273 
Sar~sota, Florida 
U.S.A. 

o Purgeur Automatique 
Hoffman Speciality ITT 
1700 West 10th Street 
Indianapolis, Indiana 46222 
t:.S.A. 
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