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ABSTRACT 
In This paper an attempt has been made to 

thermodynamic study solar heating vapour absorption 

system for a single stage two pressure cycle. last few 

years, solar energy is the most abundant source of energy 

available in our country and it is  the backbone of 

technology and economic development. In addition to 

men, machines and money, ‘energy’ is now the fourth 

factor of production. This research paper describes work 

on the development of a solar powered refrigeration system 

which will eventually lead to the production of a village size 

ice maker or to a cold storage unit for food preservation. 

Based on this study, a computer simulation program to 

analyze the system performance under various operation 

conditions is developed 
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I. INTRODUCTION 
A refrigeration system utilizes work supplied by an electric 

motor to transfer heat from a space to be cooled to a high 

temperature sink (place to be heated). Low temperature 

boiling fluids called refrigerants absorb thermal energy to get 

vaporized in the evaporator causing a cooling effect in the 

region being cooled. While comparing the advantages and 

disadvantages of various cooling systems, two most important 

parameters i.e the operating temperature and the coefficient of 

performance are of vital importance in these systems. These 

systems can be evaluated using energy and energy analyses 

which are based on first and second law of thermodynamics, 

respectively and have been described in the previous chapter 

in detail. There are several important reasons for considering 

solar energy as an energy resource to meet the needs of 

developing countries. First, most the countries called 

developing are in or adjacent to the tropics and have good 

solar radiation available. Secondly, energy is a critical need of 

these countries but they do not have widely distributed, readily 

available supplies of conventional energy resources. Thirdly, 

most of the developing countries are characterized by arid 

climates, dispersed and inaccessible populations and a lack of 

investment capital and are thus faced with practically 

insuperable obstacles to the provision of energy by 

conventional means, for example, by electrification. In 

contrast to this solar energy is readily available and is already 

distributed to the potential users. Fourthly, because of the 

diffuse nature of solar energy the developments all over the 

world have been in smaller a unit which fits well into the 

pattern of rural economics. Solar energy is a very large, 

inexhaustible source of energy. The power from the sun 

intercepted by the earth is approximately 1.8 ×1011 MW 

which is much larger than the present consumption rate on 

the earth of all commercial energy sources. Thus, in 

principle, solar energy could supply all the present and future 

energy needs of the world on the continuing basis. This 

makes it one of the most promising of the unconventional 

energy sources. In addition to its size, solar energy has two 

other factors in its favour. First unlike fossil fuels and 

nuclear power, it is an environmental clean source of 

energy. Second, it is free and available in adequate 

quantities in almost all parts of the world where people 

live. However, there are many problems associated with its 

use. The main problem is that it is a dilute source of energy. 

The present study is part of a project in solar energy utilization 

in AIT, aimed at the development of one or more prototype 

units demonstrating the usefulness and economic viability of 

solar energy for the designed purposes. 

The specific objective of the argument in this chapter is to 

identify an area of solar energy utilization useful to the 

developing countries of Asia, and further, to select a suitable 

device for development and for a preliminary investigation. 

The panel observes that solar evaporation has been a 

historical, traditional method of obtaining salt from sea water 

or brines; it remains important today on both a small and large 

scale in many countries. There appears to be little research that 

cannot as well be done by the industries using this process. 

Water heating technology is well established and the needed 

development is largely to adapt the technology to use 

materials and manufacturing capabilities of the country in 

question. Hot water for hospitals, schools and other such 

institutions and families could become much more widely 

available with these developments. The nature of the 

equipment is such that it can be manufactured in developing 

countries, and adapting it to their conditions seems 

straightforward. 

Solar distillation must still be regarded as experimental but 

small scale community stills are near to extensive commercial 

applications. Designs are now available for solar stills that are 

serviceable and can be used with a reasonable degree of 

confidence. Further research in this application would involve 

adaptation of existing technology to the specific needs of 

developing countries through design modifications to allow 

the use of locally available materials and locally manufactured 

components. 

http://www.appropedia.org/Food_preservation
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A traditional and widespread use of solar energy is for drying, 

particularly, of agricultural products. The design and control 

of these for particular crops or other materials to be dried are 

areas of research that could lead to more practical applications 

in developing countries which could result in improved 

utilization of food supplies. 

Research and development in solar heating have been aimed 

almost entirely at applications in the temperate climates of 

industrialized countries. The panel knows little of the real 

extent of needs for space heating in developing countries, or of 

the possible role of solar energy in meeting these needs. 

Studies in air conditioning aimed primarily at United States 

and Australian applications are still in early stages. 

Technological feasibility appears to be assured; economic 

feasibility is now under study. The best methods of obtaining 

cooling with solar energy in developing countries are far from 

clear at this time and the immediacy and extent of needs for 

air conditioning are not known. 

There are many refrigeration cycles and systems that can be 

considered for solar refrigeration. It has yet to be established 

what may be the best scale on which to operate solar 

refrigerators in developing countries. There are a substantial 

number of open questions regarding refrigeration, and the 

application has the attractive possibility of better utilization of 

available foodstuffs if refrigeration could be successfully 

provided. 

The possible applications of the successful development of 

economic solar energy conversion to meet needs for 

mechanical or electrical energy are wide. This conversion 

remains an elusive yet intriguing problem. Solar cooking 

appears to be simple in its technology and significant in its 

advantages if it can be successfully applied, solar cookers 

have been developed to a degree of satisfactory technical 

performance for providing at least part of the cooking needs of 

families. However, extensive field trials in India, Mexico and 

Morocco have so far not resulted in social acceptance of these 

devices. The conclusions at the Panel are summarized thus: 

the solar processes that are now useful or that could be 

brought to a stage of development in which they could 

produce useful results in the shortest time are evaporation, 

drying, distillation and water heating. More extensive 

development in refrigeration, solar heating, cooling and 

thermal design of buildings should make some of these uses 

practical within the decade. Applications of solar power will 

require the substantial development of new technology. 

 
 Vapour Compression System In vapor compression system 

there are four major components: evaporator, compressor, 

condenser and expansion device. Power is supplied to the 

compressor and heat is added to the system in the evaporator, 

whereas in the condenser heat rejection occurs. Heat rejection 

and heat addition are dissimilar to different refrigerants. A 

standard vapor compression cycle consists of four processes 

viz. a reversible adiabatic compression from the saturated 

vapor to the compressor pressure followed by a reversible heat 

rejection at constant pressure causing de-superheating and 

condensation. This is further extended to an irreversible 

expansion at constant enthalpy from saturated liquid to 

evaporator pressure and there after a reversible heat addition at 

constant pressure causing evaporation to saturated vapor.   

System description 
The solar-powered absorption cycle consists of four major 

parts, i.e., a generator, a condenser, an evaporator and an 

absorber. These major components are divided into three parts 

by one heat exchanger, two expansion valves and a pump 

 

II. LITERATURE AND SURVEY 
 
The Oniga reported in 1937 that researchers in Brazil tried to 

adapt a parabolic reflector to an absorption refrigerator but the 

system never got beyond the experimental stage.  

Kirpichev and Baum of Russia reported the successful 

operation of an assembly of solar refrigerators producing 250 

kilograms of ice per day in 1954. The first major project on an 

all solar absorption refrigeration system was undertaken by 

TROMBE and FOEX (1964). The general set-up of the 

system, which has these main features: ammonia-water 

solution is allowed to flow from a cold reservoir through a 

pipe placed at the focal line of a cylindro-parabolic reflector. 

Heated ammonia-water vapourized in the boiler is 

subsequently condensed in a cooling coil. The evaporator is a 

coil surrounding the container used as an ice box. The 

cylindro-parabolic reflector measured 1.5m2. 

Solar energy research seems to have gathered momentum 

during the last two decades. Over this period there have been 

many publications, seminars and conferences dealing with 

solar energy. One of the most up to date and comprehensive 

surveys of solar energy applications is a report by an ad-hoc 

advisory panel of the Board on Science and Technology for 

International Development entitled 'Solar Energy for 

Developing Countries: Perspectives and Prospects', 

NATIONAL ACADEMY OF SCIENCES (1972).  

According to the Survey of Solar-Powered Refrigeration 

carried out by SWARTMAN, HA, and NEWTON (1973), the 

first study undertaken to explore the use of solar energy for 

refrigeration was probably in 1936 at the University of Florida 

by Green. The steam to power a steam jet refrigerator was 

produced by heating water flowing in a pipe placed at the 

focal line of a cylinder-parabolic reflector. 

The refrigerators were of the conventional vapour – 

compression type driven by a heat engine operating on the 

steam produced by a boiler placed at the focus of a large 

mirror. However, it has been generally conceded that the low 

efficiency of solar energy in producing power, the very high 

cost of equipment, and the complexity of this type of system 

are unfavourable factors in the future development. Since this 

system was build, there has been little interest shown in this 

direction of solar refrigeration.  

The panel observes that solar evaporation has been a 

historical, traditional method of obtaining salt from sea water 

or brines; it remains important today on both a small and large 
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scale in many countries. There appears to be little research that 

cannot as well be done by the industries using this process. 

Water heating technology is well established and the needed 

development is largely to adapt the technology to use 

materials and manufacturing capabilities of the country in 

question. Hot water for hospitals, schools and other such 

institutions and families could become much more widely 

available with these developments. The nature of the 

equipment is such that it can be manufactured in developing 

countries, and adapting it to their conditions seems 

straightforward. 

Solar distillation must still be regarded as experimental but 

small scale community stills are near to extensive commercial 

applications. Designs are now available for solar stills that are 

serviceable and can be used with a reasonable degree of 

confidence. Further research in this application would involve 

adaptation of existing technology to the specific needs of 

developing countries through design modifications to allow 

the use of locally available materials and locally manufactured 

components. 

 

 

III. PERFORMANCE FORMULAS OF 

SOLAR ENERGY 
 
Any solar cooling device essentially consists of two parts: a 

cooling unit employing a thermodynamic cycle no different 

from that employed in conventional refrigerators, and a solar 

heat source with a flat-plate or a focusing collector to operate 

it. The usual index by which the performance of a refrigerator 

is measured is the coefficient of performance which is defined 

as the ratio of cooling produced to heat supplied. This same 

concept may be applied to the refrigerator component and a 

cooling ratio may be defined as 

 

 

The performance of the solar collector can be defined by a 

heating ratio given by 

 

 

 

The overall performance ratio can now be defined as the 

product of the two above defined ratios, or explicitly as 

 

 

 

Absorption Refrigerator  

An absorption refrigerator is a refrigerator that uses a heat 

source (e.g., solar energy, a fossil-fueled flame, waste heat 

from factories, or district heating systems) which provides the 

energy needed to drive the cooling process. 

Absorption refrigerators are often used for food storage 

in recreational vehicles. The principle can also be used 

to condition buildings using the waste heat from a gas 

turbine or water heater. Using waste heat from a gas turbine 

makes the turbine very efficient because it first 

produces electricity, then hot water, and finally, air-

conditioning (called cogeneration/trigeneration). 

The standard for the absorption refrigerator is given by the 

ANSI/AHRI standard 560-2000. 

 

IV. CONCLUSIONS 

 
The capability of AIT in the design, construction, and 

operation of solar powered refrigeration has been 

demonstrated. Furthermore, the operating conditions were 

found to be almost exactly in accordance with the design 

specifications. The theory of the system is therefore well 

understoof. The new feature by whuch ammonia vapour from 

the evaporator is taken to the bottom header of the generator 

so that the heat of absorption during the refrigeration process 

is dissipated from the flat plate has been shown to remove the 

difficulty encountered by previous workers of obtaining 

sufficiently rapid absorption for satisfactory operation. 
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