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and French. Summaries will not include diagrams and
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as the summary.
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able for distribution to other than participants. and contri­
butors to the Conference until after the Conference, under
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ment,



SUMMARY

COOLING WITH SOLAR ENERGY
by

R. Chung and J. A. Duffie
University of Wisconsin

Madison 6~ Wisconsin
U. S. A.

1. The application of solar energy to refrigeration or air cooling is an
appropriate combination of energy source and energy utilization, as there
is frequently a direct relationship of high ambient temperatures to high
incident solar r adiations. Absorption type cooling or refrigerating units
appear ~ at the present state of development, to be more suited to solar
operation than other types of machines. The Solar Energy Laboratory of
the University of Wisconsin has carried on studies pertaining to solar
operation of small capacity intermittent absorption refrigerators and
continuous absorption air cooler.

2. Performance of solar coolers is conveniently described in terms of
an overall performance ratio, E~ the ratio of cooling obtained to solar
radiation incident on the collector. E is the product of a solar heating
r-atio, ~ ~ the ratio of solar exchanger output <Cooler input) to incident
r-adiation, and a cooling r-atio, IJ ~ the ratio of cooling obtained to heat
input to the cooler.

3. Intermittent absorption coolers of the simplest type have the functions
of generator and absorber combined in one vessel, and condenser and
evaporator combined in another; they are of simple design, with no moving
parts. They require manual manipulation and can be readily adapted to
solar regeneration with typical experimental performance r-at io s, for
ammonia-water systems, of E = O. 16~ f = O. 4~ and 'I = 0.4.
Used for small food cooler-s, these units are regenerated with a solar
reflector; a 48" reflector with a 2 hour regeneration period can provide
1000 BTU of cooling.

4. The selection of refrigerant-absorbent systems for intermittent ab-
sorption coolers can be based on physical and thermodynamic properties;
system evaluations have been made for a number of systems and are sum­
marized in the paper. The ammonia-water system appears to be the best
of those considered, and can yield cooling ratios of O. 4 under realistic
conditions for food preservation.
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5. Experimental regeneration and refrigeration studies have been carried
out with two refrigerant-absorbent systems and in units of two different
designs. A typical solar regeneration performance of an ammonia-water
unit showed t~e incident beam radiati~n on the. reflector di.atr-ibuted as fol­
lows: 33% opttca.l Io ss , 3% heat capacrty loss m the generator. 40% to
generator contents. and 24% to thermal losses from the generator.

6. For larger capacities. changes in the simple food-cooler designs are
indicated. to obtain better use factors on the reflector and improve the per­
formance of the coolers by recovery of sensible heat. Improved reflector
use-factor (I. e •• longer regeneration times) can be achieved by use of dual
units. by cycle modifications which permit refrigeration to proceed during
regeneration. or by provision of addition storage of "cooling tI to carry
through longer regeneration times. Improved cooler performance coeffi­
cients. particularly important for ice manufacture which requires lower
evaporator temperatures. can be obtained by precooling water which is to
be frozen in the later stages of the refrigeration cycle. and freeze the water
in the earlier part of the cycle when the evaporator temperature is lowest.
Another method to obtain better coefficients is to cool the absorber during
the later part of the cooling cycle with an auxiliary cooler.

7. A study of an ice-producing machine based on an intermittent ammonia-
water cycle. using a solar exchanger consisting of a cylindrical reflector
of 72 square feet area and a receiver-pipe serving as the generator of the
cooler. indicates that its production of ice from water at 90 0F should be
about 145 pounds on a day when the beam radiation is 2000 BTU per square
foot of the oriented receiver. In this cycle. nearly complete rectification
is used. as is some sensible heat recovery. and evaporation (refrigeration)
proceeds through all but a few minutes of the 24 hour day.

8. Continuous absorption air-conditioners are of interest. as there is
frequently good correlation of solar energy supply and cooling requirements;
in temperate climates the process is more attractive if the solar exchanger
for supplying energy to the cooler can also be used for wintertime heating.
Design and experimental studies of continuous air conditioners operating
with flat-plate solar exchangers indicate that such systems are feasible if.
adequate performance of the absorber can be achieved.

9. While cost estimates of the equipment used in solar cooling are only
tentative. with the cooling processes still for the most part in develop­
mental stages. preliminary estimates put the cost of owning a minimum
size manually manipulated food cooler at about $8.00 per year. The cost
of ice from the larger ice-making machine. considering only the cost and
lifetime of the equipment. is estimated at about $4.00 per ton.
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EMPLOI DE L' ENERGlE 80LAIRE POUR LA
REFRIGERATION

par R. Chung et J.A. Duffie

Universite du Wisconsin- Kaiison 6, Wisconsin
Etats-Unis

1- L'application de l'energie solaire a la refrigeration ou a la clima­
tisation represente une heureuse combinaison de la source de force motrice
et de l'utilisation de cette energie, pour autant qU'il eJciste souvent un
rapport direct entre des temperatures ambiantes elevees et l'incidence,
elevee elle aussi, du rayonnement solaire. Lesgroupes de climatisation ou
de refrigeration a absorption semblent se preter mieux,(dans l'etat actuel
de nos connaissances) que d'autres types de machines a l'utilisation de la
force motrice fournie par le soleil. Le laboratoire d'energie solaire de
l'Universite du Wisconsin a mene des etudes sur la question de l'utilisation
de cette energie dans des refrigerateurs a absorption intermittente et des
climatiseurs a absorption continue.

2- Le rendement des refrigerateurs solaires peut commcdement s'exprimer
par un coefficient global de fonctionnement E, rapport entre le nombre de
frigories prcduites et le rayonnement solaire requ par le collecteur.
E E; 'obtient en faisant le prcduit du coefficient de chauffage solaire :~
par le rapport entre le debit de l'echangeur solaire (a l'entree du refri­
gerateur) au rayonnement incident et par un 'cJefficient de refroidissement

-;7 , rapport entre le degre de refrigeration obtenu et la chaleur r ecue par
le' refrigerateur.
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3- Les refregirateurs a absorption a fonctionnement intermittent du
type le plus simple combinent les fonctions de generateur et d'absorbeur
en une seule et meme enceinte, tandis que le condenseur et l'evaporateur
sont reunis dans une autre enveloppe. Leur conception est simple et ils
n'ont pas de pieces mobiles. 11s e2cigent des operations manuelles et peu­
vent facilement· s'adapter a la regeneration solaire avec des coefficients
d'utilisation experimentaU2C-type, pour les systemes a~oniac-eau de E = 0,16,
E = 0,4 et 'f 0,4. 11 en est fait usage pour de petits refrigerateurs
destines a conserver les denrees alimentaires. La regeneration y est assuree
par un reflecteur solaire. Un reflecteur de 48" (1,22 m) ayant une periode
de regeneration de deux heures peut produire 251 frigories ( 1.000 BTU ).

4- Le choix des systemes refrigerant-absorbant pour les refrigerateurs
a absorption intermittente peut reposer sur des considerations physiques et
thermodynamiques. Des evaluations des divers systemes ont ete faites pour
nombre de combinaisons et sont resumees dans le memoire. L'association
ammoniac-eau semble etre la meilleure de celles qui ont ete prises en consi­
deration et elle peut donner des rapports de refrigeration de 0,4 dans des
conditions realistes de conservation des denrees alimentaires.

5- On a procede a des recherches experimentales sur la regeneration et
la refrigeration, avec deU2C systemes refrigerant-absorbant et des groupes
de conceptions differentes. 11 ressort du comportement-type, vis-a-vis de
la regeneration solaire, d'un groupe ammoniac-eau, que le rayonnement
contenu dans le faisceau incident qui porte sur le reflecteur se repartit
comme suit: pertes optiques, 33% ; perte de capacite thermique dans le
generateur, 3% ; perte dans le contenu du generateur, 40% et pertes
thermiques du generateur, 24%.

6- 11 est indique, aux plus grosses capacites, de proceder a des modifi-
cations de la conception des refrigerateurs simples, de maniere a obtenir
de meilleurs facteurs dfutilisation au reflecteur et a relever leur rendement
par la recuperation de la chaleur sensible. On peut realiser de meilleurs
facteurs d'utilisation du reflecteur (c.a.d. des temps de regeneration plus
longs) en se servant de groupes jumeaU2C, en modifiant le cycle de refrigera­
tion de telle sorte que la refrigeration se poursuive pendant la regeneration
ou en augmentant la capacite de mise en reserve du "r efroidissement" de
maniere a pouvoir faire appel a de plus longs cycles de regeneration. On peut
ameliorer le coefficient du rendement du refrigerateur, particulierement
important pour la production de glace, qui exige de plus basses temperatures
d'evaporateur, en refroidissant tout d'abord 1 'eau qUi doit etre congelee au
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