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ABSTRACT  

         The objective of this thesis is to design and simulate Intermittent so-

lar adsorption    refrigeration machine. A solar heated charcoal / metha-

nol of refrigeration machines as small unit of solar freezer on adsorption 

principle is used. The unit has a product capacity of about 5kg of ice dai-

ly. A flat-plate solar collector of (1ά2) area, and a water-cooled conden-

ser of natural convection type is used. The evaporator was a flooded type 

evaporator, attached to the ice box to form a fully insulated unit. The ma-

chine was designed to work as intermittently; the night period is the pro-

ductive period; while day period is the generative period. This type of ma-

chines has a great need in the society, especially in the rural areas, for 

general cooling purposes and in health centers for vaccines saving and 

others. The research satisfied its objectives and that it shall continue to 

the stage of constructing this machine in commercial amounts for the ben-

efit or need of our society. Further development and optimization of the 

system design is still required to improve coefficient of performance 

(COP).  
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ЈЯ϶ϦЂвЮϜ 

 

 пЃгІ ϹтϽϡϦ ϢϹϲм бугЋϧЮ ϣуЯгЛЮϜ ϢϽϡϷЮϜм ϣТϽЛгЮϜ ϽтнГϦ нк ϩϳϡЮϜ ϜϻлЮ пЂϝЂъϜ РϹлЮϜ

 ЭгЛϦ ЙГЧϧваϹϷϧЃϦм ϾϜϿϧвъϜ ϒϹϡв пЯК АнЯϷв  ϣзуЪϝгЮϜ Ϣϻк ϭϧзϦ  . бϳУЮϜм ЬнжϝϫугЮϜ ев

 сЮϜнϲ  ϢϽПЋгЮϜ5 ϝ̯увнт ϭЯϫЮϜ ев бϯЪ. ϤϝϲнЯЮϜ Й̵гϯв аϜϹϷϧЂϝϠ бϧт ЩЮϺм ϣуЃгЇЮϜ  ̪ϣϳГЃгЮϜ

 ИнзЮϜ ев ϽϷϡв еК ϢϼϝϡК ϽϷϡгЮϜ ϩуϲ рϼϜϽϳЮϜ ИнзЮϜ ев ̭ϝгЮϝϠ ϸϽϡв СϫЫв аϜϹϷϧЂϜ бϧтм

 .ЭвϝЫЮϝϠ ϣЮмϿЛв ϢϹϲм ЭуЫЇϧЮ ϭЯϫЮϜ ФмϹзЋϠ ЬнЊнв ̪ иϝугЮϝϠ ϼнгПгЮϜ ЭгЛЯЮ ϾϝлϯЮϜ бугЋϦ бϦ

ϢϽϧТ дϒ ϩуϲ ЙГЧϧв ЭЫЇϠ  скϼϝлзЮϜ ануЮϜ ϢϽϧТ дϒ еуϲ сТ ̫ ϣϯϧзгЮϜ ϢϽϧУЮϜ ск ЭуЯЮϜ ϢϽϧТ

 ϣуУтϽЮϜ ХАϝзгЮϜ сТ ϣЊϝ϶м ̪ ЙгϧϯгЮϜ сТ ϢϽуϡЪ ϣϮϝϲ йтϹЮ ϢϿлϮцϜ ев ИнзЮϜ Ϝϻк .ϹуЮнϧЮϜ

ϤϝϮϝуϧϲϖ  пТ йзв иϸϝУϧЂщЮ  ϣвϝЛЮϜ ϹтϽϡϧЮϜ ϤϝϲϝЧЯЮϜ ЕУϮ м ϽуТнϧЮ ϣуϳЋЮϜ ϿЪϜϽгЮϜ сТм

ϝЋЮ ϣтϼϝϯϦ ϤϝугЫϠ ϾϝлϯЮϜ Ϝϻк ̭ϝзϠ пЯК ЭгЛЮϝϠ ЩЮϺ м йТϜϹкϒ ϩϳϡЮϜ Ϝϻк  ХЧϲ ϹЧЮ .ϝкϽуОм ϱЮ

̭ϜϸцϜ ЭвϝЛв еуЃϳϦ РϹлϠ иϽтнГϦ бϧтм ЙгϧϯгЮϜ ϣϮϝϲ м (COP) )  
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CHAPTER   I  

INTRODUCTION  

1.1 Introduction  

Solar refrigeration is a useful application of solar energy in different areas of the world 

where there is a demand for cooling high insulation levels and no firm electricity to 

supply conventional power systems. Although different adsorption pairs had been     

studied to build adapted solar ice maker, the activated carbonïmethanol pair was found 

to be the most suitable for solar-powered refrigeration since it could be driven by heat 

engine, near ambient temperatures and it is less expensive than other pairs. The adsorp-

tion solar refrigerator in its simplest form is a closed system composed of the container 

of adsorbents and adsorb ate (sorption bed), which serves as a solar collector, a        

condenser and an evaporator.  

 

The system is divided into two periods: First, the adsorbent is heated by solar during the 

day and the desorbed adsorb ate is condensed. The adsorbent energy during is cooled 

after sunset, thereby re-adsorbing the adsorb ate, the evaporation of which produces the 

refrigeration effect. As desorption is highly endothermic, the heat input to the adsorbed 

be large enough to allow for sufficient refrigerant to be desorbed. On the other hand, 

adsorption is highly exothermal; cooling down of the adsorbed is also a   major concern. 

The heating and cooling during the cycle perfectly suits the intermittent nature of solar 

energy, yet efficient operation of the system requires high rates of heat transfer in and 

out of the adsorbent. In addition, all solar systems usually suffer from the large         

variations in ambient conditions between winter and summer, which makes these      

systems inefficient for part of the year. 

 

 In solar adsorption systems, while good heating is attained during day time in summer, 

cooling during night by ambient air will be limited. On the other hand, in winter, the 

system will attain good cooling during the night, but heating will be insufficient. In the 

last two decades, different approaches have been developed to  improve heat transfer 

rates and enhance heating and cooling of the adsorbent bed. The use of composite     

adsorbent blocks and monolithic carbon are useful methods to increase both thermal 
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conductivity and density of the bed. To enhance heating of the beds, flat plate solar   

collectors with selective coating surface, evacuated tubular collectors and simple     

concentration non-tracking collectors as compound parabolic concentrator collector 

have been used.  

 

As cooling of the adsorbent, heat loss from the collector to the ambient could be         

enhanced by means of removable insulation, flaps, or dampers. Some designs combine 

the collector and finned condenser in one unit since outside fins have been located on 

the rear surface of the collector.. Recently, simple tubular modules are investigated to 

be used in the adsorption system. The adsorption generator is at one end of the tube and 

a combined evaporator and condenser are at the other end. In a stainless steel tube with 

a new monolithic carbon bed was used while in a glass tube with a composite block bed 

made of silica gel and coated with a thin layer of active carbon was suggested. Using of 

the refrigeration tube is a promising method to overcome some of the problems of the 

adsorption system. The work presents a novel module composed of a modified glass 

tube and simple system of plane reflectors. Investigations are focused to improve heat 

transfer in the adsorbent bed, thereby increasing Coefficient Of Performance (COP), and to 

improve external heating and cooling of the bed all year round, thereby realizing good           

performance of the system for most times of the year. 

 

The sun is defined as a sphere of intensely hot gaseous matter with a diameter of 

1.39×109m and distance from the earth is about 1.5×1011m. At the center of this sphere, 

the temperature is estimated at 8×106 to 40×106K and the density about 105 kg/m3 and it 

considered as a continuous fusion reactor. The energy produced in the central zone, is 

transferred to the outer surface, and radiated into space. At the   outer surface, the     

temperature is estimated to be about5000 K. The intensity of energy  radiated from the 

sun, is considered to be    constant. The value of the solar constant adopted by the 

World Radiation Center, is 1367W/m2, the earth rotates about its axis, which leads to 

variation in the distance between the earth and the sun, and,  consequently, in the       

intensity of solar radiation. 

 

When radiation passes through atmosphere, it is partly absorbed and scattered by the 

atmosphere. The radiation reaches the earth: is beam radiation and diffuse radiation. 

Beam radiation is the solar radiation received on the earth surface without being      
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scattered by the atmosphere while diffuse radiation is the solar radiation received on the 

earth surface after it is scattered by the atmosphere. 

 

 Solar energy can be converted to heat energy by using solar collectors, which collect 

heat, and transfer it to a fluid. The heat is used, for heating, cooling, generating         

electricity and drying crops. Solar collectors are divided into two main categories: Flat-

plate collectors and concentrating collectors. A flat-plate collector is, basically, an      

insulated box with a single or double glass cover. Flat plate collectors are used to     

provide heat energy at moderate temperatures, up to about 100°C. In a concentrating 

collector, an optical device is used to concentrate the incident radiation on a small area.          

Concentrating collectors are used to provide heat energy at a higher temperature      

compared with flat-plate collectors. Two main types of concentrating collectors are 

used: Parabolic dish collectors and parabolic trough collectors. Parabolic trough         

collectors, use parabolic reflectors in a trough configuration, to focus solar radiation on 

a tube running along the length of the trough. As the natural flow of heat is always from 

a high temperature region to lower temperature one, this means that, in the refrigeration 

process, an  external energy is to be supplied, so as to force heat to flow in the opposite 

sense of its natural flow. The general applications of refrigeration are in food            

preservation and air conditioning. There are two common methods of refrigeration in 

general: vapor compression refrigeration, and absorption refrigeration. 

 

Cooling process can take place naturally or artificially. It will be   natural when it takes 

place due to the nature of heat of flowing from higher to lower temperature by         

conduction, convection or radiation. There are currently much stronger economic and 

political drives to promote solar cooling technology in the market. However, making a           

competitive solar cooling machine for the market still remains a challenge to the      ac-

ademic and industrial communities. The common goals of present day research      ac-

tivities on solar assisted cooling are to find, for each different application of cooling, an 

optimum combination of collector and cooling system that matches the special    cool-

ing demands and also the constraints of the available solar radiation in the best way, 

with only marginal need for fossil fuels 
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1.2 Problem Statement 

Solar adsorption refrigeration on the bases of solar energy effect is one of an important 

application of solar energy usage its only major problem is how to reach a reasonable 

and simple design with good selection of materials and solution applicable successfully 

in Sudan where solar energy is abundant and the need for cooling is great. 

 

1.3 Objectives 

The aim of this study is to develop a commercially viable heat driven charcoal-methanol 

for making ice by use of energy from solar collectors. An adsorption system used      

because of their low operational cost and maintenance, higher reliability, simple and 

continuous operations and no crystallization, corrosion or chemical disposal issues. The 

main objectives are: 

1) To improve heat, transfer in the adsorb ate there by reducing size and cost. 

2) To improve regeneration heat, transfer between beds thereby increasing (COP). 

3) To carry out a mathematical analysis of the intermittent adsorption refrigeration 

system, and then write a computer simulation program, which can be utilized in 

predicting the performance of the system. 

4) To design an intermittent methanol adsorption refrigeration system. 

5) The research can offer a good contribution in the field of solar refrigeration in 

Sudan and enrich this type application especially for the use in rural areas for 

diverse kinds of need. 

1.4 Research Methodology: 

Design and Simulation methods are both will be used for the purpose of the    research 

to see to what extent the results are accepted. Designed and simulation are necessary       

sensors for data acquisition readings together with computer program for simulation so 

that both results analytical and simulation can be compared.  

 

1.6 Significance of the study 

The research can offer a good contribution in the field of solar refrigeration in Sudan 

and enrich this type application especially for the use in rural areas for diverse kinds of 

need. 
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CHAPTER    II  

LITERATURE REVIEW &  THEORETICAL BACKGROUND  

2.1 Literature Review 

Asian Institute of Technology (AIT ) Designed the first solar powered refrigeration     

experiments in 1974. A small prototype intermittent ammonia-water unit was developed 

with flat-plate collectors each of 1.44 ά  in area. By 1977 the modified unit was        

capable of producing 9 kg of ice in one day. [Hu 3mg and R. H. B. Exell2015] 

. 

 Williams D. A. designed a solar refrigerator to be used in rural areas. He used a        

parabolic concentrator type of collector of total   collecting area of 0.77 ά , with pair of 

working fluid of ammonia/water. COP of this machine was 0.36. [University of Wales, 

1989]. 

 

Swartman conducted a research on the use of a solution of ammonia and sodium       

cyanide for an intermittent absorption machine. From the results of his research, better 

COP (0.11 - 0.27) compared to (0.05 - 0.14) for ammonia/water pair and better         

economic factors were achieved. [University of Wales, 1989] 

 

Swartman et al made a survey of the progress from 1936 to 1972 and show that early 

work in this field used designs with concentrating collectors but later more attention 

was given to flat- plate collectors, beginning with the pioneering work of Sri Lanka 

[susdesign.com] where the unit was constructed of welded steel pipe. It was concluded 

that about 1.4 kg of ice could be produced per square meter of collector area on a clear 

day, and this performance could be considerably improved by a selective radiation   

coating on the collector surface.  

 

Swartmanand Swarminathan [R. H. B. Excel, Solar 2012] studied another solar powered 

intermittent ammonia-water absorption refrigerator similar to that tested by Chinnappa 

Their unit differed from that of Chinnappa in two respects. First, instead of using a   

boiler and a solution reservoir outside the collector, they used a large header of diameter 

152 mm, which provided the required capacity for the solution and a large surface for 

the evaporation of ammonia. Second, for the refrigeration process they introduced the 
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ammonia vapor from the evaporator into a tube connecting the lower and upper headers 

of the collector, and the glass cover of the collector was opened to facilitate cooling. 

Tests showed that, the rate of refrigeration was too slow because of slower                  

re- absorption of ammonia vapor into the solution. They proposed using the collector to 

dissipate the heat of absorption to   overcome this problem. [R. H. B. Excel, Solar 2012] 

 

. Marrdov et al designed and developed solar absorption refrigerator using a solution of 

ammonia/sodium chloride as working pair. Flat-plate collector was used for heat       

generation, the collector total area was 2 ά  and a double sheet of glass for glazing 

purpose was also used. [University of Wales, 1989] 

 

Florida Machine: (University of Florida), an absorption solar refrigerator was also     

designed, the unit uses a flat-plate collector with an electric pump, it was stated that the 

COP was 0.1and the productivity of the machine was 12.5 Kg of ice daily. 

 

 University of Wales, 1989. During the period 1978 to 1980 a larger unit was designed 

and tested consist two flat-plate collectors mirrors attached to the eastern and western 

edges to enhance the solar heating. On a bright day 14 kg of ammonia could be distilled, 

and refrigeration the following night give over 25 kg of ice from water initially at 28 C. 

A preliminary economic evaluation showed that the cost of ice produced by the system 

would be 2 to 3 times the city price, which was  acceptable in remote areas. 

 

 Aggarwal Research [University of Wales, 1989]: presented the possibility of using   

solid absorbing material of calcium chloride and ammonia or the pair of lithium nitrate 

for their suitability to use in absorption solar refrigerators. He concluded that both two 

pairs have good absorptivity suitable for application in tropical regions. [University of 

Wales, 1989] 

 

Staicovici Research: [University of Wales, 1989] In a research conducted on a solar 

powered  intermittent adsorption refrigerator, receiving 46 MJ in one complete cycle 

gives a COP of (O.09-0.152) during the period from May to September. [University of 

Wales, 1989]  
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Moore and Farber 2012 made a theoretical analysis of the heat transfer and flow        

characteristics of tube-in-sheet flat-plate collector used as generators in solar powered 

ammonia-water refrigerators. The work culminated in a collector 1.49 ά  in area     

consisting of 25 mm diameter steel pipes running from a 32 mm diameter feeder to a 63 

mm diameter header. The centers of the 25 mm pipes were spaced 102 mm apart and 

were soldered to the galvanized iron sheet of thickness 1.0 mm. A single glass cover 

was used. [R. H. B. Excel, Solar Air2012] 

 

Farberôs Research: Farberôs refrigerator, using a continuous Ammonia-Water cycle with 

electrically operated circulation pumps, was able to produce 12.5 kg of ice per square 

meter of collector area per day. This yield is twice what can be obtained    using the  

intermittent cycle, but more components are needed in the construction of the system, 

and it would not work in locations where electricity is not available. 

 

 Village size ammonia/water solar refrigerator: The latest type of this system was con-

structed and tested in MT, it has a collector area of 25 ά  and is designed to provide 0.5 

ά  of food storage space or 100 kg of ice per day under favorable conditions. The  

principle of operation is shown schematically in the figure (2.4 and 2.5).  

 

2.2 Adsorption Solar 

       a): Ammonia ╘ water Continuous absorption solar refrigerators 

 

If the intermittent ammonia-water absorption cycle was replaced by a continues cycle, 

the yield of the system for a given solar input can be increased ,smaller amounts of    

refrigerant and absorbent are circulated and solar energy is not wasted in heating the 

larger quantities of liquid required in the intermittent systems. A mechanical circulation 

pump, driven electrically by means of a small heat engine   incorporated in the system, 

could be used to maintain the necessary pressure difference between the evaporator and 

the generator. Another  possibility is to use solar heat to operate an absorption            

refrigerator of the Platen-Minterôs type, with hydrogen in the evaporator to maintain a 

constant pressure in the whole system However, using the compact non-tracking      

evacuated-tube solar collectors now in the market, and a commercial Platen-Munoz    

absorption  refrigerator,  
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Pal et al. 2012   recently devised and tested a system that has no moving parts and is 

made up entirely of ready-made components. The only modification required is a 

change in concentration of the ammonia-water solution to match the temperatures of the 

output of the evacuated-tube collectors; This development seems extremely promising. 

[R. H. B. Excel, Solar Air2012]  

 

b) Adsorption Solar Powered Refrigerators: 

 Adsorption is the process of absorbing material into another material without any 

chemical reaction-taking place like absorbing water in zeolite or ammonia in charcoal. 

Although the ammonia-water system is efficient, it has certain practical disadvantages 

as: 

a. The problem of rectification (removing water from the ammonia during genera-

tion).  

b. The corrosiveness of the fluid 

c. The high pressure and consequent heaviness of the equipment 

 

The problem of rectification can be avoided by using a solid absorber for ammonia   

instead of water. For many years Worse-Schmidt has been developing intermittent solar 

adsorption refrigerators using calcium chloride as the absorber. In one of his papers he 

concludes that such systems can now be built, which is so simple and reliable that, they 

can be operated for years without maintenance. It is unlikely that they will be          

competitive with conventionally powered plant, but in many cases a solar driven plant 

will do a much-needed job which in many countries could not be accomplished with a 

conventional system. 

 

c) Zeolite Solar Adsorption Refrigerators:   

The Zeolite solar adsorption Refrigerators is chemically similar to sand, however it is 

not made of compact molecules, but rather possesses a crystal structure with large      

interior surface nature, there are about 40 different types of Zeolite. These   mostly 

come from volcanic activity and contain large amounts of impurities, and are therefore 

for technical cooling purposes. The chemical industry develops different types of     Ze-

olite artificially. The synthetic zeolite is mostly used as phosphate substitute in   wash-

ing detergent or for example, as dry substance in some special types of glass    windows. 
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The application of large amounts of zeolite in washing detergents has led to countless      

studies concerning its environmental compatibility. Through this it has been proven that 

zeolite has no environmental damaging properties and has no toxic of facts [solar.com].  

 

The problem of high pressures can be avoided by using other refrigerants than          

ammonia. One combination is the zeolite-water system; the concept for using it is 

shown in figure 2.1.The quantity of water absorbed by the zeolite is strongly dependent 

on temperature and only weakly dependent on vapor pressure. Therefore, during the   

refrigeration process at night, when the collector containing zeolite is near ambient   

temperature, the water is readily absorbed keeping the pressure below 0.55 kPa and 

making the refrigerant water freeze. During the day the generation process is only 

slightly affected by the condensation pressure. 

 

 Intermittent solid adsorption refrigeration cycles provide promising systems for solar 

cooling. The charcoal/methanol pair has proved to be the best pair among those studied 

so far because it is reasonably stable chemically, it has a higher coefficient of            

performance and it is less expensive than the other pairs.  

 

Fig. 2.1 ZEOLITE REFRIGERATOR  

 

This type was developed by EG Solar in association with the firm ZEO-TECH of      

Munich, the project was promoted by the Bavarian Ministry of Economic Affairs. The 

solar-powered refrigerator consists of a cooler box with a built-in evaporator and uses 

water as the cooling agent. In addition to this, all that is needed is a manually operated 

vacuum pump and one or more canisters containing the non-toxic mineral Zeolite      

(naturally occurring mineral) and an SK 14 parabolic dish. To produce the desired    
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cooling effect, one of the Zeolite containers is connected up to the evaporator. Air is         

extracted from the system with the aid of the vacuum pump. The vacuum created by the 

pump causes the boiling point of the water to drop so rapidly that the water boils at 

room temperature.  

The advantages of the solar-powered refrigerator of this type are: 

¶ Cordless refrigeration (which means that the cooler box can also be used to      

transport medicines). 

¶ The use of simple and non-toxic materials 

¶ The possibility to produce a refrigerator locally and extremely easily and for far 

less expenses than the conventional type [solar.com] 

 

Bernig et al 1989 conducted a scientific research to establish thermodynamic functions 

that govern adsorption phenomena to be used as general models for thermodynamic           

equations for considerable number of usable absorbers in various applications. [Journal 

of Solar Energy, Vol.42, 1989] 

Grenier Team Research: conducted another research for developing a solar powered cold 

store on adsorption principle using zeolite 13X/water pair intermittently. The unit uses a 

solar collector of total area 20 ά  with 300 kg of zeolite material. The evaporator has a 

capacity of 190 kg of ice (fig 2.2) [Grenier and M. Pos, Experimental1992] 

Meunier et al Research: Another important research in this field was conducted for   

comparing the COP of the two adsorption systems, zeolite/water and charcoal ethanol for 

their use in solar adsorption for ice-making. Their final result was that, COP for the pair 

of charcoal/methanol was higher (0.1 - 0.13) compared to(0.086 - 0.10) for zeolite/water 

pair. [ñRevue Physicsò Feb. 1986] 

Pons et al 2011: designed and developed solar adsorption ice maker using activated    

carbon/methanol pair. The machine consists of four flat-plate collectors with area of 1.5 

). each, and two air-cooled condensers of 24ά each, the unit has evaporator with a 

capacity of 35 kg ofice gave a COP of 0.12 and evaporator temperature of -3 °C . [M. 

Pos and Grenier, Experimental 2011].The collaborated teams of both Grenier and Pons 

(fig .2.2) have compared the thermodynamic performance of Zeolite-water and activated 

 



12 

 

 

Fig 2.2 Experimental Unit for A Desorption Cycle [Grenier M. Pos, Experimental] 

charcoal-methanol for application as solar ice maker. The results for condenser         

temperature T = 40 °C, evaporator temperature T = 0°C, adsorption temperature Ta = 25 

°C and 35 °C, and a range of desorption temperatures Td. At a desorption temperature of 

100 °C, the charcoal-methanol combination has a collecting ratio in the range 0.4 - 0.5 as 

compared with 0.3 for zeolite-water. It is interesting to note that both activated charcoal 

and methanol are manufactured in developing countries, and that these substances are the 

most promising for solar cool storage systems. 

Merghni Research 1989, in his research about the applicability of   solar refrigeration 

systems, emphasized the suitability of charcoal/methanol pair. He stated that charcoal 

can  absorb up to 30% of its weight under room temperature   conditions, and is capable 

of desorbing up to 30% of the adsorbed amount under  obtainable heating temperature on 

a flat-plate  collector( fig 2.3) [University of Wales, 1989] 
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fig 2.3 Experimental Ice Maker (seen from the rear) [University of Wales, 1989] 

 

¶ Critoph and Vogel : Another promising absorbent is activated charcoal. Critoph 

and Vogel have made measurements of the adsorbent properties of zeolite 5A, 1 

3X and activated charcoal for the organic refrigerantsR11, R12, R22 and R 114 

as possible pairs for solar cooling. Charcoal-R114 is interesting in that it        

operates at pressures near atmospheric pressure and units using it would be less 

prone to leakage. Critoph  conducted a research on absorptive solar refrigerators, 

he focused on the hatchability of activated carbon with some available                
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refrigerants like, ammonia and methanol  solutions. Methanol has given better 

results, and with his studies about the thermodynamic cycles, he investigated 

their stability. He concluded that, activated carbon has good absorptive, and 

when it is used with methanol gave better COP but its only problem was that, it 

works under low pressures. (Sayigh., 2015). 
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CHAPTER III  

System & Simulation  

3.1 Introduction  

Systems for utilization of solar energy may be classified into five categories 

1 - Low temperature systems for space heating and cooling. 

2- Concentrating collection systems, which produce temperature high enough for the 

generation of electric power. 

3-   Photovoltaic systems for direct conversion to electrical energy. 

4- Photosynthesis systems based on the production of organic material, including,  

cropping systems and the organic waste material. 

5-   Systems that are direct drive from solar energy, including systems based on the 

wind, waves and temperature differences in the ocean. Each of these major systems are 

characterized by several different technical approaches. 

 

3.2 Solar Energy 

The sunôs rays are the ultimate source of life on this planet and it is an obvious source 

of commercial energy. Certainly solar energy is plentiful enough. of course, the sun 

doesnôt shine with the same intensity all the time moreover the suns availability differs 

widely among geographic areas. Nevertheless, solar energy has integrated individual 

scientists over the years, more practical applications involve the use of mirrors and     

absorbent materials that collect and concentrate solar energy on a small scale to heat or 

evaporate water. Solar energy sustains all the living organisms on earth in a sense  

 

3.3- Economics of Solar Systems 

The basic pieces of hardware needed to build a solar house are readily available.          

The private builders have little incentive for putting them into practice. The solar home 

is initially more expensive to build than conventional one, and consumers are largely    

ignorant of the potential savings on their energy bill. There is no incentive for the   

builders to innovate. The potential market for rapid solar energy development is the   

residential sector. The technology is simple, and enough solar energy reaches the roof of  
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an average house to meet heating and cooling needs. It would, of course, be difficult to 

fix existing homes with the system economically, but in many cases it could be done. 

New homes being built could well be solar heated and cooled and the savings be   

measured in millions of barrels of oil each year. [Energy 2000 ñk global strategy]  

 

a. Solar Heating 

Solar energy can be harvested economically to supply much of the space heating and 

cooling for new building. The opportunities of solar energy applications are well 

known, solar energy can no longer be laughed off. It is a source for immediate help in 

solving the problem of energy shortage. The technology is available to use solar energy 

to supply fraction of the hot water, space heating and air conditioning requirements of 

homes in many parts of the world indeed. Experimental solar-heated homes are already 

in existence in Boston, Massachusetts, Washington D.C. Denver, Colorado and      

elsewhere, and they have a satisfactory record of performance. These techniques must 

be perfected for mass production, but no new inventions are needed. [J. A. Duffie and 

W. A. Bekmaflfl,]  

 

b. Electric Solar Cells : 

These solar energy cells have been hand craft to meet stringent space requirements and 

are assembled much. There has been no concentrated effort to supply mass production 

techniques to reduce the cost. Solar enthusiasts believe that a research and development 

effort to improve efficiencies and develop. Fuel costs are much higher than solar energy 

equipment which is now being developed at a decreasing cost. if cells would be        

produced for $ 0.26 per watt the  supplemental power can be economical for many uses. 

[Energy 2000 ñk global strategy]  

 

c. Solar Cooling  

Solar heat can also be used to cool a building and experiments show that the concept is 

etiologically promising. The economics also seem attractive because there is a high    

degree of correlation between the availability of solar energy and the need for            

air-conditioning. The same basic collector system installed for solar heating can provide 
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air-conditioning as well. In fact, the cost of heating and cooling a house with solar  en-

ergy as compared with conventional sources may be extremely competitive  

              

 A comprehensive economic analysis with electrically heated homes even before the 

latest escalation in fuel prices shows that the fuel savings from solar energy more than 

pay for the extra investment. [Energy 2000 ñk global strategy]  

 

3.4- Solar Thermal Conversion 

When a black body is exposed to solar radiation, it heats up, and as its temperature    

increases, the surface of that body loses heat to its surrounding at an increasing rate. At 

certain temperature, equilibrium condition will be reached where heat gain is equal to  

 

 

FIG3.1 Schematic Diagram of solar Energy  Conversion 
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heat lost unless certain technologies are used to prevent heat loss or minimize its rate to 

allow continuity of heat gain, hence temperature increase. Solar energy utilization can 

take place through either passive or active systems. Passive systems are where solar en-

ergy are used directly; where active systems are those where solar energy is extracted 

using energy collecting means. There are two types of solar radiation, direct radiation 

and diffused radiation. Direct radiation is the one intercepted by a collector surface      

diffused radiation is portion scattered by dust particles or water vapor in the outer space 

and does not have a specified angle. Total global radiation is the summation of diffused 

and direct radiation.  

 

3.5- Solar Energy I ncident upon Horizontal Surface 

The solar energy flux on a horizontal surface is given by the equation: 

Ὃ= ὋȟT ÃÏÓɗ éé                   (3.1) 

= Ὃȟ (Sin • sin  + cos • cos  cos é.                                       (3.2) (  

Where Ὃȟ Solar heat flux incident on the surface direct facing the sun 

ɗ = solar zenith angle 

 solar declination =   

•  Latitude 

hour angle =   

The total solar energy incident on an extra-terrestrial horizontal surface during the entire 

day is given by: 

Ὄ  = ᷿ Ὃ dt éééééé     (3.3) 

Ὄ= Ὃ [ 1+0.033ÃÏÓ  Ĭ [cos •  cos  cos [ÓÉÎ•ÓÉÎ  +   

         (3.4) 

Where: 

ÔÓÒ= Sunrise time 

ÔÓÓ = Sunset time 

'  = Solar constant = 1357 W/m2 

s = Angle of tilt of the plate 

n = day number of the year 
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3.6- Solar Refrigerators: 

The concept of a solar home is really quite simple. A portion of the roof of the house is 

used as a ñcollectorò made of a black surface to help absorb the heat and filled with   

water or air covered by sheets of glass to provide a ñgreenhouseò effect. The heats is 

transferred from storage into a large water tank or gravelôs bin and circulate throughout 

the house in the same way as a conventional hot water or air system. A supplemental 

heating system may be required for cold days but the solar energy system supplies the 

greatest portion of the fuel supply, the portion varying, of course, with the region of the 

country.  

 

 In developing countries, there is an acute need for refrigerating food stuffs and          

medicines. However, normal refrigerators in order to work, they need electrical energy, 

often only available in large city centers, which are either difficult to access or simply 

impossible. However, the sun is shining everywhere and offers warmth in excess,      

especially in southern countries. With the assistance of a cooling aggregate and a       

parabolic solar collector, the warmth of the sun can be transformed into cold. 

¶ Choice of Solar Cooling Technology  

Solar cooling methods are reviewed by the World Health Organization(WHO) as part of 

its Expanded Programmer of Immunization in 1980. 

Five alternative approaches were identified: 

(1) Photovoltaic/vapor compression 

(2) Photovoltaic/thermoelectric 

(3) Solar thermodynamic - solid adsorption (zeolite /water) 

(4) Solar thermodynamic - solid adsorption 

(calcium chloride /ammonia) 

(5) Solar thermodynamic - liquid absorption (water! ammonia) 

¶ Solar Absorption Refrigerator unit :  

The photovoltaic/ thermoelectric system which uses a solid state for cooling is of      

interest because no moving parts are involved although a fan is usually required to assist 

heat transfer from the hot side. Small thermoelectric refrigerators are available        

commercially for use in cars, and three examples were tested by WHO in 1979. These 

could not maintain sufficiently low internal temperatures or make ice.  
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3.7 Simulation Analysis: 

The various studies of charcoal/methanol system were focused on prototype testing and 

the performance analysis of the ideal cycles. The numerical simulation is to describe the 

behavior of a solar powered charcoal/methanol refrigerator and, with the help of         

simulation model, the sensitivity of the performance to certain component parameters is 

also to be determined. The system modeled is based on the prototype charcoal/methanol 

adsorption refrigerator developed in [Solar Energy, Vol.42, 1989] where an intermittent 

adsorption cooling system composed of a container of adsorbent(charcoal), which 

serves as a solar heat collector, a condenser and a receiver/evaporator. The critical    

component of the system is the collector, the pressure modeling work focused on       

simulating the performance of the collector, which serves both as generator and         

absorber, in order to optimize its design. The model was validated by comparing the   

observed temperature and pressure histories of the solar powered charcoal methanol  

refrigerator  

¶ - Physical and Mathematical Model: 

The system modeled is shown in the fig. (3.2) shows with a the collector contains 14 

stainless steel tubes of diameter 60 mm and length 1.2m arranged side by side oriented 

north south inside a casing. The casing has a single glass cover, well-insulated sides and 

back, and shutters at the top and bottom ends that can be opened to allow the tubes to be 

cooled by the natural convection of the ambient air. This configuration provided an   

effective collector area of 1.01 m2.Within each collector tube there is anotherô          

concentric stainless steel tube of diameter 10 mm and perforated with small holes along 

its entire length. The annular space between the two tubes was filled with activated 

charcoal grains. The function of the small central tube is to ensure good distribution of 

the methanol on the charcoal, and eliminate pressure drops and temperature differences 

along the collector tube. The small tubes are connected to the rest of the system via a 

common header. The upper half of each collector tube receives heat from solar radiation 

and transfers it to the charcoal. The methanol adsorbed in the charcoal is then desorbed 

by the heat, and condensed in the condenser. Finally, the condensed methanol is        

collected in the receiver/evaporator. The collector tubes exchange heat with the glass    

cover, the casing, and the ambient air (when the shutters are opened). 
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FIG 3.2 Sectional View of A. I. T. Refrigerator 

 

¶ Component  Design 

Assumption 

The model developed is based on the following assumptions: 

1) There is no temperature gradient along the axis of the tube. 

2) The charcoal and methanol are in local thermodynamic equilibrium. 

3) The specific heat of adsorbed methanol is equal to that of the bulk liquid methanol. 

4) Convective heat transfer and mass transfer resistance in the vapor-phase is neglected. 

5) Side effects in the collector casing are neglected, and every collector tube is assumed 

to be in the same state. 

a- Energy Balance: 

Under the above assumptions, the energy balance equation is: 

k
 

+ (k/r) (
ŭ

ŭ
) + (k/Ò) (Ћ4/ŭɗ) +ή = ” C ( )                    (3.5) 
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T = Temperature (K) 

r = radius  (m) 

k = thermal conductivity (W/mK) 

ɗ = angle coordinate (radians) 

q = heat source /unit volume (W/m3) 

” = mass per unit volume (kg/rn3) 

C = specific heat capacity (J/kgK) 

t = time (second, hour) 

For the adsorption heat source term per unit volume: 

ή  = Ὤ ɟ2 (dX/dt) éééé..[Hu 3mg and R. H. B. Exell2015]            (3.6) 

Subscript (2) = metal 

For the metal tube; ” C = ɟ2C2 + X ɟ3C3é..                                      (3.7) 

Subscript (3) = methanol        

   X = concentration (mass of methanol adsorbed on unit mass of charcoal) kg/kg % 

Numerical solution of (eq. 3.5) is accomplished through the subdivision of the        

cross-section of the collector tube inside  area into  (M +2) concentric layers (with script 

i) along the radial coordinate, and N sectors (with script j) along the cylindrical       co-

ordinate. The first layer (i = 1) is the outside tube itself, and the layer (M + 2) is the in-

ner tube itself. The layers of charcoal (from layer 1 to   M+ 1) along the radius have the 

same volume except that the outmost layer i= 2 and the innermost layer i = M + 1 have 

half the volume of the outer layers. 

 

b- Dubinin-Astakhov (D-A) equation [Solar Energy, Vol.42, 1989.]: 

The equation states saturation of methanol in charcoal is written as: 

X = ” ὡ  exp [-D (T ÌÎ”Ⱦ” ] ...                                                       (3.8) 

ὡ  = maximum volume available for adsorb ate in adsorbent (L/kg) 

D ( parameter) = ὑ , K absorption coefficient   & Subscript (s) = saturation 

Chaperon equation and pressure conditions:   (ŭlnP/Ὕ     Ὤ  /(RὝ )            (3.9) 

When x remains constant, i.e. before macro desorption starts, and after adsorption     

finishes, the system pressure P can be determined by the Chaperon equation: 

  (ŭlnP/Ὕ     Ὤ  /(RὝ ) ..                                                                              . (3.10) 

h = heat transfer coefficient (W/ά K)  &  subscript (ad) = adsorption 
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When the desorption starts, the system pressure is assumed to be equal to the saturation 

pressure of methanol at the condensing temperature   Tcond:  

P = Ps (Tcond) ...                                                     . (3.11) 

The condensing temperature Tcond used in the model calculations as computed from the 

observed temperatures Tcw  (subscript (cw) is for condenser water temperature) of the 

static water tank surrounds the  condenser, with the help of an empirical coefficient 

(CCE): [Hu 3mg and R. H. B. Excel 2015] 

Tcond= Tcw (H) + CCE [Tcw (H) - Tcw (l)] ..                                                    .. (3.12) 

H = Time interval 

ECC= empirical condenser coefficient 

Tcw (H) and Tcw (1) refer to the hour H and the initial hour (7:00 a.m.) respectively. 

During the adsorption period when the receiver/evaporator is the coldest part, the      

receiver/evaporator temperature Trec controls the system pressure: 

P = Ps (Trec) ...                                            (3.13) 

c- Initial condition : 

Initially, the temperature and concentration of methanol in the charcoal is assumed to be 

uniform. Thus we have; 

i=2, ..., M+1; j = 1 ... ,N;t = 0 

Tij = T0 and X ij = X0 

And Po can be obtained from equation (3.8)  

d- Glass collector 

Equations for the Collector Casing and Receiver/Evaporator: 

The glass cover is assumed to be at the same temperature Tg, whose change ЎTg 

in the small time interval ЎÔ is given by the equation: 

(Ta - Ts) hga + (Tg - Tsky) hgsky + (Tg - Tmp) hgmp) + ŭɟ CЎ Tg /ЎÔ+ Qa = 0             (3.14) 

Where, Ta , Tsky are ambient temperature and sky temperature respectively. 

Tmp is the mean temperature of the upper half of the collector tube. 

hga, hgsky, hgmp are for air, sky and the upper-half of the collector tube respectively, and 

Qa is the rate of absorption of solar radiation by the glass. 

e- Casing: 

The initial casing temperature assumed to be Tb, which satisfies: 

(Tb - Tg) hba + (Tb - Tmd) hbmd = 0.0 ....                  (3.15) 

Where; Tmd is the mean temperature of the low half of the collector 
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tubes. Because the insulation foam is a light material, its heat capacity is neglected. 

f- Receiver/Evaporator: 

During the evaporation /adsorption, it is assumed that receiver and the 

liquid methanol inside are at the same temperature Tev, whose change ЎTrc in the small 

time interval At is given by: 

(mi Ci+ mrc Crc) ЎTrc + hrea (Trc - Tg) Ўt+ hrew (Trc - Tw) Ўt = Lev Ўm1                   (3.16) 

Where, m1, mrc = mass of liquid methanol in receiver and mass of receiver/evaporator, 

Ci, Crc = specific heat capacity of the liquid methanol and the receiver/evaporator, 

Tw      = water temperature in ice tray, 

Lev     = latent heat of evaporation of methanol at temperature Trc. 

g- Determination Parameters Values in the model Equation: 

The solar heat absorbed per unit area per unit time (Qhgij) by the element (ij) on the   

upper-part of the collector tube is given by: 

Qhgij = Id cos(—) †(—)  +Ὅ †                       (3.17) 

Where — = solar ray incidence angle to element (ij), 

—= solar ray incidence angle to glass cover, 

†(—) = ((1-†)/ (l+†)) exp (-Kὒ))   (l-†)/ (l+†)            (3.18) 

†= 0.5 (ίὭὲ (— —ôô)/ ίὭὲ(— —ôô)/ὸὥὲ(— —ôô))     (3.19) 

—ò = ίὭὲ(ÓÉÎ—)/ὲ .... . ...     .    (3.20) 

ὲ = index of refraction of glass, 

† = mean transmittance and absorption  product for diffuse radiation. 

The solar heat absorbed by the glass cover per unit area per unit time is: 

ὗ  = Ὅ cos—  (—) + Ὅ                                   (3.21) 

Where the absorbance is given by: 

(—g) = (1-ŭ) (1-exp(-KLg))/(l - ŭexp(-KLg)                  (3.22) 

In the day time when the dampers are closed, the top heat loss coefficient hat(including 

convective and radiative loss), is calculated within empirical formula     developed by 

Klein and discussed by Duffie [Thermal Process, John Wiley (1980)]. 

È    

ȟ   

ȟ       

ȟ    ȟ    

Ðɴ πȢππυωρÈÁ  
Ȣ ᶰ

ᶰ
 

        

(3.23) 

Where: 
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    4ȟ    = tube temperature, 

f = (1 + 0.089È -0.1l6 Èᶰ ) (1 + 0.07866N) ......................            (3.24) 

e = 0.043(1 - 100 / 4ȟ   )  ..........................................................   (3.25) 

C= 520(1 - 0.000051ɓ)        ...........................................................              (3.26) 

ɓ =horizontal tilt angle,  

▬ɴ, ▌ɴ = emittance of collector tube and glass cover, 

È = wind heat transfer coefficient = 2.8 + W * WCC                                   (3.27) 

W = wind speed (m /s) 

WCC = Wind correction Coefficient 

The determination of the parameter WCC is discussed below: 

The back convective heat loss coefficient È ȟfrom the warmer lower half of the       

collector tubes to the cooler back casing a distance, is calculated by the formula given 

by Bejan: [Ken-ichiKiniura, Solar Adsorption] 

Nu ( ) = [I + [Nu ( ) -1 ]Ἳἱἶ( )                                                    (3.28) 

               Where = 180 collector tilt angle, and  È ȡ= Nu (Ű) È /L 

 

The convective heat loss coefficient plus the radiative heat loss coefficient from the 

lower half of the tube to the casing (at temperature Tb) equals the total back loss        

coefficient. When the shutters are opened, wind correction factor (WCF) should be    

introduced to account for the total convective heat transfer coefficient 

È In the evening, which is defined as 

È = Natural convective coefficient + W * AI + WCE ééé         .(3.29) 

AI  = cross-section area of shutter channel in the collector (Í ) 

 

Following Guilleminot and Meunier [Heat and Mass Transfer in a non-isothermal], a 

heat transfer coefficient Hl between charcoal and the metal tube, and an equivalent   

conductivity of charcoal k, were introduced in the model to account for heat diffusion 

inside the collector tube. for the charcoal pair used, is determined experimentally The 

parameters. 7 , D and n (in  eq 3.8)  charcoal used in this refrigerator according to  

AlTôs design are 0.365 I/kg, 14.96 x ρπ  and 1.34 respectively [University of Wales, 

1989.],  
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The parameters such as WCE, WCED, ὌὍ  , k, CCE, (see appendix D) etc. are difficult 

to estimate the  theoretically, they were determined from experimental data by the         

tentative identification method of Grenier et al .in which actual temperature histories of 

the system under the sun are compared with temperature histories calculated by the 

model. The criterion of error chose in the method is the root mean square difference 

F( ,θ ♫) between the measured temperatures  

F( ,θ ♫) = (В  ╣░ ╣╬▐╗╣╬▐╗ ╣░ ╣◊▬╗╣◊▬╗ ╣░ ╣■▫╗╣■▫╗ Ⱦ
╝
╗ ░ Ἒ ȢȢ

           (3.30) 

Where the subscripts have the following meanings: 

ch = charcoal average 

up = upper half part of the collector tube [Hu 3mg and R. H. B. Excel, Simulation] 

lo = lower half part of the collector tube,      

H = at the time step, and N = the number of time steps, which in this case is 48 per day 

for half-hour steps. The parameters are taken in pairs and are adjusted interactively until 

the values of F(θ , ♫) are minimized. The values of most parameters were steady except 

for the WCE and WCED. 

The value of ὌὍ  is found to be (15 W/m2K) this value depends on the exact packing of 

the charcoal container and different size of charcoal particles in the collector. The value 

of k was (0.19 W/mK).The parameters WCE and WCED are directly linked to the heat 

loss coefficient UT of the collector. For the three daysô data, the hourly value of UT, 

which depends on wind speed and the temperature of the collector, was also   calculat-

ed. In the day time when the shutters were closed, the hourly value of UT    (upwards) 

was in the range 2.5 to 3.5W/m2K and at night when the shutters were opened, UT 

(upwards) was in the range 5.5 to 15 W/m2K [3mg and R. H. B. Excel,  Simulation 

1992] 

¶  Experimental Validation of the Model: 

 Two other typical daysô test data were selected to check the model and programmer. In 

the calculations, the values of AIT [3mg and R. H. B. Excel,  Simulation 1992]used 

were those measured at the end of each half-hour time step, while the values of solar 

radiation, ambient temperature and wind speed were the mean values during the       

previous half-hour. The cross-section of the collector tube was divided into eight     

concentric layers (M = 6) and eight sectors (L = 8) in these calculations. The agreement 
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was quite good between the observed and calculated values. [Simulation of an            

Intermittent Adsorptive Solar Cooling System, 1989] 

¶ - Sensitivity Analysis: 

To represent the system performance and to indicate the influence of different factors, 

four solar #/0 were introduced, they are  defined below: 

#/0 = (1  (-  ï- ) - 1 ) / S                                                (3.31) 

  This is the theoretical maximum net solar COP. 

#/0 = ((- ,  + #- (30°- 4 ))/S                                               (3.32) 

This is the maximum useful solar COP. 

       #/0 =  (- ,  + #- (30°- 4 ))/S é                        (3.33) 

#/0 =  (- ,   + # (30°- 4 ))/S                      (3.34) 

The symbols in these equations are as follows: 

1   = heat of evaporation of methanol at design temperature, 

-  = Maximum mass of liquid methanol collected during the day 

-   = liquid methanol left in the receiver/evaporator next morning. 

1              = heat necessary to cool the liquid methanol and the receiver/ 

evaporator from final condensing temperature to evaporating temperature 

S   = total solar radiation incident on the collector during the day 

-     = maximum mass of ice produced at night 

,  = latent heat of fusion of ice 

- #        = mass and heat capacity of water in ice tray, 

4  = minimum water temperature in ice tray, 

- = mass of ice left the following morning 

4     = Temperature in ice-tray the following morning. 

¶ Dependence of Cycle Performance  

For the actual system without valves, the main daily operation is to ñcloseò and ñopenò 

the shutters in the morning and afternoon. The time at which the shutters are opened and 

closed affect the daily cycle, especially the adsorption part of the cycle. Besides           

operating the shutters, putting water in the ice trays for producing ice at night is also 

daily task. If too much water is put in the ice tray, no ice will be produced; with too    

little water the evaporator temperature will be too low and the heat leak to the           

evaporator will be high. From the above results, the influence loose is to produce ice, 
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operating the shutters at about sunset and putting the proper amount of water in the   

ice-tray is important. 

¶ Sensitivity Observed: 

a) - Collector Tube: 

With one square meter collector area, the performances of the system with the same   

inner gauge tube, the same thickness of tube wall, and the outside diameter (OD) of the 

tube ranging, the charcoal in the collector is less than 19.9 kg. As OD increases, the 

mass of charcoal contained inside the collector tube increases and the #/0 go up. As a 

peak value of #/0  occurs, at OD of about 0.1 m the total charcoal inside the collector 

was 35.4 kg while. in these calculations the thickness of the wall of the tube was       

assumed to be the same. However, in fact, the bigger OD normally has a bigger     

thickness for stainless steel pipe in the market. As the wall thickness increased the 

#/0decrease,   especially for the smaller OD tube. 

b) - Casings: 

For the icebox casing, COP decrease when HCRE (Heat Loss Coefficient Receiver/ 

Evaporator) increases. For chilling water only, a bigger HCRE is  acceptable; for ice 

making, the HCRE has to be less than 0.25 W/K in this particular case [3mg and R. H. 

B. Excel, Simulation 1992] . A small HCRE requires the use of costly insulation but the 

system performance will not improve much. 

c) - Heat Transfer between Tube and Charcoal: 

The values of the heat transfer coefficient between the metal and  charcoal(H1), are not 

sensitive with the COPs in the range of  (20 - 80 W/m2K). The   sensitivity of k     

(charcoal conductivity) the bigger k seems better especially for the big OD tube. Both 

Ὄ  and k depend on the charcoal particle size, the packing of the charcoal grains and the 

shape of the container these two parameters in  general, do not greatly affect the        

performance. 

d) - Condenser Heat Transfer Coefficient: 

The efficiency of the condenser is represented by the condenser correction coefficient 

(CCE). For fixed temperature of the static water surrounding the condenser, a large  

value of CCE means a poor heat transfers between the condenser and the water. COP1 
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decreases but not much. In general, the lower the  condensing efficiency (bigger CCE), 

the worse the performance of the system. 

e) - Emittance of the Collector Tube Surface: 

The long wave emittance of the collector tube surface depends on the nature of the    

surface used, which may be selective coating or non-selective black paint. Selective 

coating is recommended especially for ice making. 

f) - Solar Radiation: 

It has been proved that a threshold value of solar radiation is necessary to make ice or to 

cool water. Over this threshold value, the COPs increase sharply with increasing       

insulation. In fact, the only useful solar radiations that falling on the collector before the 

adsorption starts. For this reason, it is better to have the azimuth of the collector slightly 

towards the east (10 to 30 degrees) instead of due south for the best COPI [3mg and R. 

H. B. Excel,  Simulation 1992] 

g) - Selection of Activated Charcoal: 

The initial charge of methanol is important for the system performance. The COPs     

increase as the initial concentration X (1) increases up to an optimum point. When X (1) 

is greater than the optimum point, the COPs decrease with the X (1) increasing. This is 

because there is some un evaporated liquid methanol remaining the following morning 

and the minimum evaporating temperature at night increases gradually with (l)            

increasing. For the different types of charcoal, values of optimum points are different. 

Among the property data (ὡ , D, n) of the different types of charcoal, ὡ  has the 

greatest effect. Charcoal with bigger ὡ  can give a bigger maximum COP but need 

higher initial X(l). Beyond any optimum point, the decrease in COPI with increase in 

X(l)is not large. Therefore, slight 0verebargîflg of methanol would be guarantee for a 

good performance when the position of the optimum is not known exactly. 

¶  Summary: 

a. The daily operating conditions (the time the shutters are opened and how much water 

is put in the ice tray) will influence the performance of the system, especially for the ice 

making purposes. Generally, the suitable time to open the dampers is one to two hours 

after the collector reached its daily peak temperature, though there is still solar radiation 

at that time.  
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b. There is an optimum outside diameter for the collector tube (in other words an       

optimum rate per square meter of collector area). The actual value of the optimum OD 

depends on the meteorological condition in a particular area and on the material used. 

c. The thickness of the wall of the tube would influence the COPs; the thicker the wall, 

the worse the COPs, but not significantly. 

d. A selective absorbing surface is strongly recommended, otherwise the. COP will be 

insufficient for ice making. 

e. The heat transfer coefficient Hl between the tube and the charcoal, and the equivalent 

conductivity k of charcoal do not influence the systemôs  performance significantly. 

f. The initial concentration of methanol charge into the system strongly influences the 

system COP. For different charcoals, the initial is quite different and it depends on 

whether the purpose is to chill water or to make ice. Slightly overcharging of methanol 

is recommended to ensure near-optimum performance. 

g. The collector for such a solar refrigerator should face slightly towards the east  

(10 - σπ) instead of due south for a Northern Hemisphere location. 

¶ Comment 

The major difference between the model and the developed machine is in the design of 

the collector, when AITôs design selected is a tubular collector, for this project, the     

selected design is a  flat-plate type with attached charcoal housing box. Also the shutter 

in Allôs design was at the top of the collector on the glass side; whereas for this project 

they were designed to be at the bottom of the collector.  

 

3.8- Refrigeration Process 

Refrigeration is a process of removing heat from a cold space to relatively hotter one. 

Cycles that are receiving heat at low temperature and rejecting it at high temperature is 

called Refrigeration cycles. 

a. Thermal Solar Refrigerators  

 

These are thermal driven refrigerators, which are described in figures (3.3 that shows 

the principle of operation of the intermittent -water absorption refrigeration cycle.     

Initially the left-hand vessel contains ammonia-water   solution, having with about 45% 

of ammonia by weight, at ambient temperature of 30ᴈ.  
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Fig.(3.3 a)   Thermal Driven Refrigerator (Initial Stage) 

 

Generation 

 

fig (3.3-b) Thermal Driven Refrigerator  (Generation Stage )  

During the generation process, heat is supplied at high temperature to the left-hand    

vessel, and the heat of condensation of ammonia is rejected to the surrounding at       

ambient temperature from the right-hand vessel. During refrigeration, the right-hand 

vessel absorbs heat from its refrigeration load at a low temperature, and the heat of     

absorption of the ammonia into the solution in the left-hand vessel is rejected to the  

surrounding at ambient temperature. The other way is to convert solar radiation into 

heat in a thermal solar collector and use the heat to drive an absorption/adsorption     

refrigerator. 
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.  

Refrigerator 

 

fig (3.3-c) Thermal Driven Refrigerator  (Refrigerator Stage) 

Efforts are being made to improve the efficiencies and to bring down costs, but there is 

little to choose between the various types, and it is still difficult to see which, if any, 

will ultimately secure appreciable market. This research is a humble trial in the line of      

finding out one simple technology using available resources in refrigeration field with 

utilization of solar energy. In view of the relatively large outlay required initially, the 

installation of a solar refrigerator and of the better technical efficiency obtainable with 

larger units, it is likely that village-size refrigeration systems would be more            

practicable and more economic than small domestic units. The Asian Institute of   

Technology has investigated the possibility of developing a village-size refrigerator 

with a solar collecting area of (20 - 25 Í ȟ. that provide 0.5 Í  of food storage cooled     

below 10ᴈ, or make about l00 kg of ice per day. An arrangement designed to overcome 

or use solar energy from a flat-plate collector to supply the heat of generation is 

sketched schematically in the figure (3.4). The vessels, pipes and valves are all made of 

steel; copper and brass are attacked by the ammonia-water solution and cannot be used. 

[Intermittent Adsorptive Solar Cooling System, , 1989.]  
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Fig (3.4) Ammonia Solar Refrigerator [Ken-ichiKiniura, Solar Adsorption] 

The ammonia-water solution contained in the solar collector, and tall air-cooled        

rectifier pipe serves to remove water from the generated vapor. The vapor is            

condensed in a condenser cooled by a tank of water, and the liquid ammonia is        

collected in the receiver. An evaporator coil provides a heat transfer surface between 

the liquid ammonia and the refrigeration load, which may be a quantity of water for 

making ice. There is a drain, closed by a valve C, from the evaporator to the solar     

collectors that if unwanted water accumulates inside the evaporator it can be returned 

to the solar collector from time to time. During the refrigeration process the ammonia 

vapor is directed to the bottom of the solar collector to ensure good mixing and uni-
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form re-absorption throughout the solution. The intermittent ammonia-water             

absorption cycle has been used because the thermodynamic properties of this          

combination are well-known, and the technology is reliable. The type of solar collector 

employed was determined by the fact that, in the tropics the proportion of diffuse solar 

radiation in the total insulation is usually high. A flat plate collector was therefore used 

in preference to a concentrator, which would require accurate orientation and        

tracking. It seems, however, that the use of flat auxiliary mirrors to enhance the heating 

by direct solar radiation might be worthwhile. A diagram of Chinanaôs unit is shown in 

fig. (3.5), it was constructed of welded steel pipe. The generating system consists of a 

tube-in-sheet collector 1.52 m by 1.07 m painted black with three glass covers and  

containing 9 kg of ammonia-water solution of concentration 0.46 ammonia by weight. 

Ammonia could be distilled from the solution. For the refrigeration process, water-

cooled absorber was used, and a minimum temperature of -12ᴈ was obtainable. It was 

concluded that about 1.4 kg of ice could be produced per square meter of   collector 

area on a clear day, and this performance could be considerably improved by a         

selective radiation coating on the collector surface. [M. Sayigh., 2015, PP (203 -223)] 

Swartman and Swarminathan [(paper,ò Revue Physicsò Feb. 1986).] .Another solar   

powered intermittent ammonia-water absorption refrigerator similar to that tested by 

Chinnapa. fig.(3.6) and differed from that of Chirmapa in two respects Firstly , instead 

of using a boiler and a solution reservoir outside the collector , they used a large header 

of diameter 152 mm, which provided the required capacity for the solution a large   

surface for the evaporation process was introduced and the ammonia vapor from the 

evaporator into a tube connecting the lower and upper headers of the collector and the 

glass cover of the collector was a solution reservoir outside the collector, they used a 

large header of diameter 152 mm, which provided the required capacity for the solution 

a large surface for the evaporation process was introduced and the ammonia vapor 

from the evaporator into a tube connecting the lower and upper headers of the collector 

and the glass cover of the collector was opened to facilitate cooling. Although 1.9 kg of 

ammonia could be distilled per square meter of the collector area, and   refrigeration 

temperatures as low as -12ᴈ, could be reached, the rate of refrigeration was too slow 

because of slow re-absorption of ammonia vapor into the solution  They proposed    

using the collector to dissipate the heat of absorption to overcome this problem. A the-

oretical analysis of the heat transfers and flow characteristics of tube in-sheet       
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 Fig 

(3.5) Ammonia Solar Refrigerator [Hu 3mg and R. H. B. Excel] 

 

Fig (3.6) Ammonia Solar Refrigerator [Hu 3mg and R. H. B. Excel] 
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flat-plate collectors used generators in solar powered ammonia-water refrigerators was 

made by Moore and Farber [(paper, ñRevue Physicsò Feb. 1986).].   

The work culminated in a collector 1.49 Í  in area consisting of 25mm diameter steel 

pipes running from a 32 mm diameter feeder to a 63.5 mm diameter header. The centers 

of the 25 mm pipes were spaced 102 mm apart and were soldered to the galvanized iron 

sheet of thickness 1.0 mm. A single cover was used. [Web Sites] 

                

 

Fig (3.7) Ammonia/ water Solar Refrigerator [Hu 3mg and R. H. B. Excel] 

 

3.9- Solar Adsorption Refrigerator :  

 

Solar refrigeration on the bases of the solar thermal energy is the simplest among other 

refrigeration techniques The only problem is how to obtain a reasonable, simple design 

with good selection of materials and well-calculated amount of both; working fluid and 
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absorbing material. Solid adsorption cycles are well adapted for solar cooling, but some 

more important precautions to be taken are: 

- Absolute tightness: This is an important technological difficulty for those systems. 

- Good Sizing of the Components: (Heat Exchanger Area, Pipes Diameter, mass of     

Adsorbent...). 

- Development of valves. Check valve is needed between the condenser and evaporator 

(except in the case of icemaker), thermal valve to open and close ventilation shutters. 

Some important points concerning adsorption solar refrigeration attained through       

various researches can be summarized as: 

- Adsorption solar refrigerators can work without auxiliary energy. 

- Active carbon-methanol pair yields higher efficiencies when night temperature is low               

- With Zeolite-water pair, the refrigeration storage is performed through ice production 

inside the evaporator. 

- With the active carbon-methanol pair, the ice is produced outside the evaporator. 

- Active carbon-methanol pair can be used in competition with Zeolite-water pair for 

cold stores and can be used moreover force making. It is adapted for small units, up to 

middle size units (up to 1000 kg of ice per day). It seems particularly well suited for hot 

and arid climates where the Nocturnal temperature is low due to nocturnal radiation. 

 

¶  The Pair Selection: 

A pair consists of a solid adsorbent and a refrigerant fluid. Amongst the solid             

adsorbents only micro-porous adsorbents are considered, since the macro-porous       

adsorbents cannot provide the high temperature lifts necessary for cooling. A lot of    

micro-porous adsorbents ,some of them are Zeolite, activated carbon, silica gels and ac-

tivated alumnae. The refrigerant fluids, which can be associated in priority, are those, 

which have small polar molecules since they have high latent heat, some of these, are: 

water, alcohol, and ammonia. The possible combinations lead to a large      variety of 

possible pairs but two more conditions to be considered are: 

- Chemical stability. 

- Large adsorptive capacity for cycling. 

The main pairs, which have been proposed by various authors, are Zeolite- water,      

Zeolite-methanol, active carbon-methanol; silica gel-water, active carbon-R12.The pair 

Zeolite 13X-CὌOH has been tested, but is not chemically stable. It would probably be 
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possible to find another Zeolite, which would not have a catalytic reaction with          

methanol. It seems that silicalite which is a zeolite like structure adsorbs alcohol      

without catalytic reaction. But the adsorptive capacity of those silicates is much less 

than that of the Zeolite so that their use for thermodynamic applications is not obvious. 

The other pairs are claimed to be chemically stable. These pairs are equally suited for 

all purposes since they differ by their temperature rise. is the temperature difference  

between temperature of condensation/adsorption and the evaporating temperature.  

To illustrate this point ,the pairs efficiencies are compared using second law .Defined as 

the ratio between the thermal COP and the ideal Carnot COP for the same operating 

temperature. The results are in table (3.1) & Fig(3.8) 

 

Table( 3.1)  Temperature and efficiencies for 

Various Refrigeration pairs [Grenier and M. Pos, Experimental] 

 

Adsorbent Fluid temperature 2nd law 

thermodynamics 

Thermal COP  Regeneration 

AC-DEG CH3OH 15 ºC 0.48 0.54 34 ºC 

AC-35 CH3OH 15-30 ºC 0.36 0.49-0.43 38-76 ºC 

AC-PKST CH3OH 25 ºC 0.29 0.38 66 ºC 

Z-13X H2O 65 ºC 0.26 0.33 210 ºC 

Z 4A H2O 75-90 ºC 0.22 0.26-0.28 265-325 ºC 

 

 

 
 

Fig(3.8) Water Solar Adsorption  Refrigerator 
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The advantage of activated carbon-methanol pairs for solar powered cycles are their  

optimum corresponds at low generating temperature compatible with flat plate           

collectors. On the opposite, the optimum for the Zeolite-water pair corresponds to high 

temperature and high regenerating temperatures. The development of that technology 

lies upon the control of two components the collector and the evaporator 

 

¶ The Domestic Refrigerator: 

The basic unit consists of a 0.8Í  solar collector (with selective surface) filled with    

23 kg Zeolite. This unit has been tested with various operating conditions (water cooled 

or air-cooled; with and without mirror boosters). Some results of the overall solar COP 

presented in the following table (3.2) 

Table( 3.2) The effect of cooling form of the Condenser on Cop 

[Grenier and M. Pos, Experimental] 

Cop Tmin ºC Tmax ºC Tev ºC Tconed C Solar flux 

KJ/m2 

Conditions 

0.10 29 104 0.0 31 27310 W/cooled condenser 

0.14 24 81 0.0 25 17980 W/cooled condenser 

0.10 29 109 0.0 31- 39 26040 Air - cooled condenser 

0.14 20 134 0.0 31 288880 E-w Booster 

0.17 30 97 0.0 25 18020 N-S Booster 

 

¶ The 12Í  Cold Store (Zeolite-Water)    

The unit is tested with water-cooled condenser. In spite of the number of elementary 

adsorbent solar reactor (24 units; 0.83Í  each, total area 19.92Í ) and a length of the 

pipes (the pipes between the evaporator and some reactors reach 8-m long), the outcome 

results are summarized in table (3.3): 

Table (3-3) The Effect of solar flux on COP [Grenier and M. Pos, Experimental] 

 

COP T min ºC T max ºC Tev   ºC T cond. ºC S .F( KJ/ m2) 

0.096 15 137 1.0 32 23100 

0.086 25 132-144 -2.5 35 24800 

0.105 13 93-103 -0.6 26 17800 

0.095 28 124-145 -1.0 33 25300 
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¶   Charcoal/Activated Carbon:  

The machine consists of three main parts: Flat plate collector, condenser & evaporator 

.Flat plate thermal collector is to collect the thermal solar power energy to heat up some 

amount of charcoal particles  in a lower box. The charcoal is to act as an adsorption  

material for the working fluid (methanol alcohol). This unit works with an air-cooled 

condenser, with no valve between the evaporator. The condensation starts in the        

evaporator, and generates heat, which facilitates the removal of the ice from the           

evaporator box. When the temperature of the evaporator reaches ambient temperature, 

the condensation occurs normally at the condenser. The result of the test is summarized 

in table (3.4): 

Table (3.4) The Effect test of solar Flux on the Machine's productivity  

[Grenieand M. Pos, Experimental] 

Ice Prod. 

(kg-m²) 

 

COP 

 

T min ºC 

 

T max ºC 

 

Tev  ºC 

 

T cond.ºC 

 

S. F 

( KJ/ m²) 

6.0 0.13 19-26 79-92 -3.0 20-20 19500 

4.7 0.10 24-30 77-91 -3.0 25-35 18500 

 

Among many criteria studied, most important are: 

a- Optimal thickness of the Zeolite for best COP 

b- The orientation: Performance is not sensitive to the azimuth orientation. 

c- Solar irradiation: 

Es > 5000 kJ/Í  OCOPs = (0.625 Es/2500 + 0.375) COPo  

Es < 5000kJ/Í   COPs =0   Where; 

 Es     is the input solar energy (kJ/Í ) on the plane solar collector. CoÐ   is the COP 

corresponding to 25000 kJ/Í  irradiation. 

d- The active carbon pair: It is well adapted for ice making application but the problem 

of nocturnal ventilation is much critical in using A/C pair than it when using Zeolite-

water pair. 

¶ - Various Components  

The main components of the solar adsorption refrigerator can generally be described as 

follows: 

a) ï Collecting Plate  

The originality of the solar collector process these are: 
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¶ During the day, it collects solar energy and serves as the heat exchanger        

between the absorber and the collector. 

¶ During the night, radiator serves as a heat exchanger between the absorber and 

the radiator. The fact that the solar collector is a multi-functions component   

requires a careful sizing of the mass of absorber as well as of the area of heat 

exchanger. If the sizing is not carefully performed, one of the  functions may be 

miss-fitted. 

b)- The Evaporator  

It provides the cooling effect, the evaporator together with the ice moulds form an      

insulated box to ensure efficient heat exchange between the working fluid and the water 

in the moulds. In the intermittent cycle, the cold production occurs  during the night  

only. It is important to limit the heat transfer between the evaporator and the store so as 

to limit the cooling effect of the evaporator. Refrigeration storage between the          

evaporator and cold space is needed. For good sizing of heat exchange surface, the     

volume of the refrigeration storage must be enough to maintain the store at the required 

temperature during several sunny days.. 

c) ï The Condenser   

It is an opened box containing water and a coil of tube carrying the working fluid      

(vapor). It condenses the vapor of the working fluid back to liquid The problem of     

sizing the condenser is a well-known problem of natural convection condenser. If the 

condenser is an air-cooled built-in on the back of the collector plate, the solar collector 

serves in an additional capacity and the sizing of that component becomes much more 

difficult since, thermal losses due to heat transfer between solar collector and the con-

denser is to be considered. 

 

Fig 3.9 Schematic Drawing of Zeolite Solar Freezer 
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¶ - Operating Charcoal Machine 

Charcoal Machine (A/C) the operation process is taking place intermittently in the day 

period and the heating process of the alcohol will evaporate and hence the pressure in 

the whole system will increase to the condensation pressure and starts to condense back 

to liquid collected in the evaporator box which will act now in reverse manner as a   

condenser. The ice moulds are full with water attached to the evaporator lower surface 

and the whole combined unit (evaporator and the ice moulds) is well insulated from the 

outside environment. The working fluid will start evaporating according to the heat re-

ceives from the water in the moulds. The cold charcoal now has high adsorptive and 

will soon absorb the generated vapor from the evaporating effect and keeps the lower 

pressure of the system and hence the continuity of the evaporating process which in turn 

generates the cooling effect on the water in the moulds throughout this period. (Zeolite,      

charcoal). [paper, ñRevue Physicsò Feb. 1986).] 

 

 The main advantages of solid adsorption over solid absorption cycles or liquid absorp-

tion cycles are: 

1. The solid adsorption, suffer no volume alteration during the cycles (which is not the 

case with liquid absorption cycles). 

2. There is no need for vapor rectification (to prevent the gradual accumulation of     

water) as in the case of liquid absorption in the ammonia-water cycle. The two points 

mentioned above strengthen the idea of using solid adsorbent in solar cooling             

application, the option adopted in this project. 

3.10 System Description: 

The proposed unit consists of three main parts described as follows: 

¶ Generator/absorber: 

This part is in a form of a flat-plate collector, its purpose is to absorb the solar thermal 

power from the sun to heat up charcoal particles packed in a box attached to the lower 

part of the collector-plate, the heat will generate refrigerant vapor (methanol) which will 

then be condensed to liquid in the condenser and collected for use in the productive time 

later. 

¶ Condenser: 

It condenses the generated methanol vapor coming from the collector using immerged 

coil in an open container having water. 
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¶ Receiver/evaporator unit: 

This part works as a storage tank for the condensed methanol liquid during the day and 

as an evaporator during the night (productive time) where the flow of the refrigerant 

will reverse. There will be an ice mould box attached to this unit at the bottom, water 

filled in will act as the load, ice produced there is the product. 

 

fig ( 3.10 a)  Schematic Drawing of Solar Refrigerator(Day Period) 

 [Excel, Simulation and Analysis of an intermittent Solar] 

 

 

 

fig (3.10 b)  Schematic Drawing of Solar Refrigerator (Night Period) 

 [Excel, Simulation and Analysis of an intermittent Solar] 
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CHAPTER IV  

DESIGN, RESULTS & DISCUSSION 

4.1- Introduction  

Generally, two design approaches can be considered for the design of namely: 

a- Bottom-up Approach: Where the starting point would be of the  required amount of 

the product, i.e. to say for example, (10 Kg) of ice is required daily as the target amount 

of product. 

b- Top-down approach: 

Where the starting point would be the area of the collector, to say for example, the area 

of the collector is (5Í ).To start with a reasonable area of the collector is much better 

especially if the cost factor is considered, top-down approach method would be fol-

lowed for the purpose of this design. total useful area of  (1 Í ) for the collector is to be 

taken. 

¶ 4.1 - Design: 

The following factors are to be considered for the design 

¶ Simplicity of operation and manufacturing technology. 

¶ Availability of materials locally. 

¶ Low manufacturing cost. 

¶ Safe use. 

4.2 - Material selection: 

a. - Collector plate:  

A steel plate (4mm thick), (Net useful area of 1 Í ), with black paint on the outer face. 

The lower side is to be prepared with fins on it to accelerate the heat transfer rate to the 

charcoal. 

b. Plain glass to act as the upper cover for the plate. (4 mm). 

 

c. - Wire net (fine mesh): 

To hold the charcoal particles against the collector plate and allows diffusion of the    

methanol vapor into the charcoal. This has another importance of  constraining the 

charcoal particles coming out during the evacuating process. 
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d. - Thin steel sheet (1 mm): 

is to be used for the lower case of the collector (insulator casing). 

e - Charcoal particles  

This is the adsorbing material for the methanol vapor. Charcoal was packed in a sealed 

welded box at the back surface of the collector plate. The type of charcoal used is the 

available are in the local market, it is a mixture of various types of carbonized hard 

woods. The total mass required is about 19.25 kg.(Calculated) 

f - Galvanized pipe (1/4 in dia):  

for the entire piping system joining the three main parts, the collector, the condenser 

and the evaporator. 

g - Insulation layer:  

Cotton is used as thermal insulator on the lower part of the collector and also the       

evaporator box. The insulator of the collector was packed in shutters form cases and can 

be opened and closed at required times. 

h - Methanol:  

For best results, laboratory grade of methanol is used. The required charging amount is 

about 7.5 litters, as for our design below. 

4.2 - Assumptions and design: 

¶ Maximum temperature of the plate =90ᴈ. 

¶ Mean ambient temperature = 30ᴈ. 

¶ Stability of state for both condensation and evaporation processes. 

¶ Steady State Conditions for each process. 

¶ Average Temperatures are calculated to specify each point. 

¶ Heating Process is divided into two stages (ab) and (be), the intermediate point 

is just approximated in thermodynamics Cycle 

¶ Also for the cooling processes is divided into (cd) and (da), point(d) is the        

intermediate point chosen in thermodynamics Cycle  

¶ Properties of methanol are taken from thermodynamic tables 

¶ Empirical Equations are used in finding out heat-transfer 

¶ Radiation and some minor heat losses are ignored as a first approximation. 

¶ Let the mass of steel in the welded fins Í = (33.0 kg) 
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¶ Let the mass specific heat capacity of steel     # = 0.46 kJ/Kg K 

¶ Let the mass of charcoal in the finsô       Í  = 19.25 kg 

¶ Let the specific heat capacity of charcoal #  = 0.709 

¶  Loads Calculations 

a. Heating Loads (Collector Day Period) 

¶ Sensible heating load to raise the temperature of the plate from the 

¶ Ambient temperature to the designed temperature. 

¶ Sensible heat required to heat up the absorbed methanol to the evaporation    

temperature corresponds to the designed pressure. 

¶ Latent Heat: Required to evaporate the methanol at the given pressure. 

¶ Sensible Heat required to heat up the mass of the charcoal under 

¶ The collector plate to the desorption temperature. 

b. Cooling Load (Col1ector Night: 

Heat dissipated from the collector to the surrounding to increase the absorptive of the 

charcoal particles to methanol vapor (For time modeling, this is to be checked against 

the available time). 

4.5 Thermodynamics Cycle: 

Although the thermodynamic states in the various processes are not stable, but for the 

purpose of the design work some assumptions are taken to simplify the work as follows: 

¶ a - b: (pressurizing Process) Heating of the methanol in the collector (charcoal) 

the concentration remain constant 8  only pressurize methanol is released and 

the pressure increase. 

¶ b - c: Heating of the methanol in the collector (charcoal). During this process, 

which takes place at constant pressure, methanol evaporates from the charcoal 

reducing its concentration, condenses at ambient temperature (point e), and ac-

cumulates in the receiver (evaporator). 

¶ c - d: Cooling of the charcoal (the collector), during which the concentration of 

methanol in the charcoal X remains constant and the pressure P decreases. Only 

small amount of methanol vapor is absorbed to reduce the pressure of the      

system. 

¶ d - a: Evaporation of methanol from the evaporator (point f). During this pro-

cess, which takes place at constant pressure, the methanol vapor is re-adsorbed 
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into the charcoal increasing its concentration. This is the productive process of 

the system. (Fig. 4.1) 

 

Fig( 4.1) thermodynamics Cycle the solar adsorption 

on #(ὅὌ/ CharcoalT- 8 Diagram 

The heating process (I) and (2) are carried out during the day under the sun. The      

cooling process (3) and (4) are carried out at night with the back insulation on the     

collector   removed to accelerate the cooling of the system. Taking ambient             

temperature = 30 ᴈ and the required refrigeration temperature 5.0ᴈ. Point (f)          

corresponds to saturation (evaporator) pressure of 0.03bar and the concentration 

      8 = 1. Point (a) is the intersection of the 0.03bar pressure (evaporation pressure) 

line and the 30 ᴈ  isotherm. Point (e) is fixed by condensing pressure line (0.844 bar) 

at a Temperature = 30 ᴈ(aassumed ambient temperature) and the concentration(X = 


