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SOLAR POWERED AIR CONDITIONER 
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ABSTRACT 

This paper presents the design of 0.5 tonnes solar air conditoner. The design of energy systems 

becomes more important due to limitations of fossil fuels and the environmental impact during 

their use. Energy systems are complex as they involve in economic, technical and environmental 

factors. The continuous increase in the cost and demand for energy has led to more research and 

development to utilize available energy resources efficiently by minimizing waste energy. 

Absorption refrigeration systems increasingly attract research interests.Absorption cooling 

offers the possibility of using heat  to provide cooling.  The objective of this paper is to design 

and study an environment friendly vapour absorption refrigeration system of half unit capacity 

using R 717 (NH3) and water as the working fluids. The system is designed and tested for 

various operating conditions using hot water as heat source. The basic idea of this paper is 

derived from the solar water heating panel installed on the hostel roofs of the institute. 

Keywords-soar air conditioner,energy,working fluids. 
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 INTRODUCTION  

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 more 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 favor. 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 Refrigeration is the process 

of removing heat from an enclosed space, or from a substance, and moving it to a place where it 

is unobjectionable. The primary purpose of refrigeration is lowering the temperature of the 

enclosed space or substance and then maintaining that lower temperature. The term cooling 

refers generally to any natural or artificial process by which heat is dissipated. Cold is the 

absence of heat, hence in order to decrease a temperature, one "removes heat", rather than 

"adding cold.". In view of shortage of energy production and fast increasing energy 

consumption, there is a need to minimize the use of energy and conserve it in all possible ways. 

Energy conservation (i.e., energy saved is more desirable than energy produced) is becoming a 

slogan of the present decade and new methods to save energy, otherwise being wasted, are being 

explored. Recovering energy from waste heat and/or utilizing it for system efficiency 

improvement is fast becoming a com-mon scientific temper and industrial practice now days. 

The present energy crisis has forced the scientists and engineers all over the world to adopt 

energy conservation measures in various industries. Reduction of the electric power and thermal 

energy consumption are not only desirable but unavoidable inview of fast and competitive 

industrial growth throughout the world. 

REFRIGERATION 

Refrigeration systems form a vital component for the industrial growth and affect the energy 

problems of the country at large. Therefore, it is desirable to provide a base for energy 

conservation and energy recovery from Vapour Absorption System. Although, the investigations 

undertaken in this work are of applied research nature but certainly can create a base for further 

R & D activities in the direction of energy conservation and heat recovery options for refrigera-
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tion systems and the analysis can be extended further to other refrigeration and Air Conditioning 

Systems. In recent years,research has been devoted to improvement of Absorption Refrigeration 

Systems (ARSs). Refrigeration requires high grade energy for their operation. 

Apart from this, recent studies have shown that the conven-tional working fluids of vapour 

compression system are causing ozone layer depletion and green house effect. 

 MATHEMATICAL MODELLING 

 

 

The operating pressures at which the system is working needs to be determined to carry on 

further calculations, using an enthalpy concentration chart. Once the pressure of the condenser 

(Pc) and the pressure of the evaporator (Pe) are determined the corresponding points can be fixed 
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on the chart as shown in fig. The various other points and condition lines for components like 

absorber, generator, heat exchangers etc can be subsequently fixed. 

A. Condenser Pressure (Pc) The pressure to be maintained in the condenser for changing the 

phase of ammonia vapours into ammonia liquid depends on type of condensing medium used 

and its temperature.  In this system, water is used as a condensing medium. Water is available at 

a temperature of 25 0C. i.e. condensing temperature is Tc= 25 0C.  For condensing ammonia 

vapours at 250C, the corresponding pressure required can be noted from the refrigeration table of 

ammonia (R-717).  In this way, the condenser pressure is fixed at Pc=10 bar. B. Evaporator 

pressure (Pe)  The evaporator pressure can be fixed according to the minimum temperature 

required to be maintained in the evaporator chamber. The pressure maintained in the evaporator 

should be as close to the atmospheric pressure as possible, because maintaining a higher pressure 

is a difficult and costly affair. Moreover it also has leakage problems and the unit needs to be 

hermetically sealed. The evaporator pressure is kept equal to the atmospheric pressure(1 bar) , to 

ensure design economy .The corresponding saturation temperature in the evaporator (ammonia 

vapours) becomes -33 0C. Now the points of condenser pressure and evaporator 

pressure can be plotted on the pressure enthalpy chart as points 1, 2, 3 and 4. Point 1 represents 

pure NH3 saturated vapour at condenser pressure Pc and concentration C=1. 

Point 2 represents pure NH3 saturated liq id at Pc and C=1. This point is marked in liquid region. 

Point 3 represents the condition of pure NH3 (wet) but at pressure Pe and C=1. Point 2 coincides 

with point 3 as 2-3 is a throttling process in which enthalpy remains contant. 

Point 4 represents the condition of pure NH3 at pressure Pe these are saturated vapours which 

absorbs heat in evaporator and converts from wet vapour to saturated 

vapour. This point is marked in vapour region. The enthalpies at points 1, 2, 3 and 4 can be noted 

from the chart. 

h1= 1630 KJ/Kg,h2= h3= 460 KJ/Kg, h4= 1530 KJ/Kg 

Now, let as assume the refrigeration capacity of the unit 

to be 0.5TR. 

1. The refrigerating effect produced or the heat absorbed by 

ammonia refrigerant in the evaporator is Qe= h4 – h3 

KJ/Kg of ammonia 

Say the mass flow rate of ammonia in the evaporator be Mr. 
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Therefore, 

   Mr × (h4 – h3) = 1 TR 

    Mr × (h4 – h3) = 105 KJ/min 

   Therefore,Mr × (1630 - 460) = 210 

   It givesMr = 0.09 Kg/min 

Thus the mass flow rate of the ammonia through the 

evaporator ie 

Mr = 0.09 Kg/min 

 

2. Now, the temp. of the water going inside the generator 

is more than 800C (about 84 0C) . That is, taking the temp. 

in the generator Tg = 80 0C (assuming losses) 

Thus the point 8 can be marked on the pressure enthalpy 

chart where the constant temp line of 80 0C intersects the 

pressure line of 10 bar. 

Point 8 represents the hot weak liquid having concentration 

Cw inside the generator. 

Thus the corresponding concentration of the weak solution 

can be directly noted down from the chart as Cw = 0.418 

After fixing the point 8, the point 5 can also fixed, 

Point 5 represents the strong aqua coming out of the 

absorber after absorbing the vapours coming out of the 

evaporator. The concentration of the strong solution, say 

C5, can be determined by knowing the degasifying factor. 

   The degasifying factor is the amount of NH3 vapours 

removed from the strong solution in the generator. Higher 

value of this factor is desirable because its higher value 

prevents water from being evaporated, which creates 

trouble, and is necessary to be removed before entering into 

condenser. 

   Here in this system, a mass of 0.09 Kg/min is required to 
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be flown across the evaporator for steady state. Thus the 

degasifying factor becomes 0..09 

   Thus the concentration of strong aqua solution becomes 

   C5= Cw + 0.18 

   i.e., C5= .418 + .09 = 0.508 

   Thus taking the concentration of strong solution to be 

Cs= C5= 0.6 

Hence now we know the concentration and pressure at 

point 5, thus point 5 can be located on the chart at C5= 0.6 

and pressure Pc = 10 bar. 

Point 6: This is the condition of the aqua solution whose 

concentration C5 = 0.6, but the pressure is increased from 

Pe to Pc as it passes through the pump. Point 6 coincides 

with point 5 on the C-h chart as enthalpy does not change 

when the aqua pressure increase passing through the pump. 

Point 7: As the strong low temperature aqua solution passes 

through heat exchanger it gains the heat and its enthalpy 

increases, but its concentration Cs remains same as well as pressure remains same as Pc. Now 

the point 7 can be 

marked on the C-h diagram as pressure at 7 and C7 are 

known. 

   Now join points 8 and 7 and extend till it cuts the Y axis 

(enthalpy) at „a‟ as shown in figure, then join point „a‟ and 5 

and extend till it cuts the vertical line passing through 8. 

This also decides the position of point 9 and 10. 

Point 9: This shows the condition of weak liquid coming out of the heat exchanger after giving 

heat to the strong 

solution. So enthalpy is reduced. Subtracting the heat lost 

by the weak solution in heat exchanger, point 9 can be 

marked as the concentration does not change. 

Point 10: The point 10 represents the same enthalpy as 9 but 



IJREAS   VOLUME 4, ISSUE 6 (JUNE 2014)             (ISSN 2249-3905) 

IMPACT  FACTOR – 5.088 

International Journal of Research in Engineering & Applied Sciences 

 http://www.euroasiapub.org 27 

 

at reduced pressure Pe as it passes through the pressure 

reducing valve. 

Absorber 

   In absorber, the pure NH3 gas enters at condition 4 and 

weak aqua solution enters at condition 10 and after mixing, 

strong aqua comes out at condition 5. The mixing occurring 

inside is underlined but aqua condition coming out is 

definitely known. Join the points 10 and 4 and extend the 

vertical line passing through point 7 till it cuts at point 7". 

Now we can say that mixing taking place along the line 4- 

10 and at pressure Pe and resulting aqua is coming out at 5 

after losing heat in the absorber. Joining the points 4 and 10 

and marking point 7" is not necessary for solving problems or designing the system components. 

 

Generator(solar collector tubes) 

 

   In generator, strong aqua is heated by supplying heat Qg,. 
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The strong aqua enters into the generator at condition 7 and 

pure NH3 vapour comes out at condition 1 and weak aqua at 

condition 8. Now join the points 8 and 1 and extend the 

vertical line through point 7 to mark the point 7" which cuts 

the line 1-8. Now, we can say that the separation is taking 

place along the line 1-8 and at pressure pc. Joining the 

points 1 and 8 marking the point 7" is not necessary for 

solving the problems or designing the system components. 

 

IV.  CALCULATIONS: 

a)Mass flow rate of ammonia as refrigerant 

                                                  

Mr = 0.09 Kg/min 

b) removed in the evaporator 

        = refrigeration effect 

        = Mr. × (h4 – h3) 

        = 0.5 TR = 105 KJ/min 

If cold water flow rate is Mw then 

Mw Cp ΔT= 105 Kj/min, if ΔT=17 0C 

then Mw= 3.0 Kg/min 

 c)Heat removed in condenser 

 Heat removed in the condenser by the circulated 

 cooling water is given by the equation: 

 Qc = (h4-h3) per kg of ammonia 

 i.e. Qc = Mr × (h2 – h1) 

                                                 T 

        = 0.09 × (1630 - 460) 

 Therefore, heat removed 

  Qc = 105.8 KJ/min 

d)Heat removed from absorber. 

When the NH3 vapour at point 4 and aqua at 10 are 
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mixed, the resulting condition of the mixture in the 

absorber is represented by 7” and after losing the heat 

in the absorber (as it is cooled), the aqua comes out at 

condition 5. Therefore, the heat removed in the 

absorber is given by 

Qa = (h7” – h5) per Kg of aqua. 

Extend the triangle 10-7”-5 towards right till 10-7” 

cutsat 4 and 10-5 cuts at point „a‟ on x axis. 

Therefore, heat removed per kg of NH3 is given by 

Qa = (h4 - ha) per kg of ammonia 

    Qa = Mr × (h4 - ha) 

      = 0.09 × (1550 - 70) 

      = 133.2 KJ/ min 

Thus Qa = 133.2 KJ/min 

c cuts at 1 and 8-7 cuts at a on y axis, then the heat 

removed per kg of NH3 is given by 

g - Qd = (h1 – ha) per kg of ammonia 

Now for finding out Qd separately, extend the vertical 

line 7-7‟ till it cuts the auxiliary line Pc and mark point 

„b‟ as shown. Then draw a horizontal line through b 

which cuts Pc line in vapour region at point 11. Then 

join the points 7 and 11 and extend the line till it cuts y 

axis at 12. 

Then Qd is given by Qd = (h12 – h1) per kg of ammonia 

  Qd = 0.09 × (1760 - 630) 

  Qd = 101.7 KJ/min 

now using equation Qg – Qd = (h1 - ha) we have 

Qg - 23.4 = .09 × (1630 - 70) 

therefore, Qg = 140.4 KJ/min 

Thus the amount of heat required in the generator for 

running this unit is 
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Qg = 152.1 KJ/min. The temp of 

hot water coming out of evacuated solar tube collector is about 84 

0C. We can reasonably assume that the heating in 

generator is produced at about 80 0C, considering losses 

of heat. 

e). Heat given in the generator 

   Say Qg is the heat supplied in the generator and Qd is the 

   heat removed from water vapour then the net heat 

   removed per kg of aqua is given by 

   qg – qd = (h7‟ – h7) per kg of aqua 

as the aqua goes out in at condition 7 and comes out at 

   condition 8 and 1, which can be considered as a 

   combined condition 7‟.By extending the triangle 8-7-7‟ towards right till 8-7‟ Let rate of water 

flowing through the tubes , 

 m = 1.2 kg/min = 0.02 kg/s, (typical example) 

Specific heat of water, Cp=4200 J/kg/k 

To=Outlet temp. of water in the collector plate 

Ti=Inlet temp. of water in evacuated solar tube collector=25 0C 

 

Therefore, Qu = 0.02 × 4200 × (To-25) 

i.e. 0.02 × 4200 × (To - 25) = 5070 

 

It gives, To = 84 0C 

The temperature (To ) should be the inlet temp. of 

generator, but assuming water loses heat while flowing 

through the tubes. Also there is certain effectiveness of 

the generator as a heat exchanger, less that 100 %. Hence 

net heating in the generator can be assumed to be taking 

place at 80 0C 

Temperature at generator=80 0C 

This is the net heat input to the system, which is running 
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as a refrigeration unit of 0 .5 TR capacity. 

The work done by the pump for raising the pressure is 

negligible and hence neglected. 

g. COP of the system 

The cop of the refrigerating unit can be calculated by 

using the equation: 

 

 

Neglecting pump work 

 

Therefore, COP = 105 / 152.1 

           = 0.69 

 

 

 

 

 

 

 

performance is also calculated. The results can be 

summarized as: 

  • Mass flow rate of cold water=3 Kg/min 

     Designed operating conditions: 

  • Condenser pressure: 10 bar 

  • Evaporator pressure: 1 bar 

  • Heat input required (at generator) = 152.1 KJ/min 

  • Output temp of water from evacuated tube solar collector  = 84 0C 

  • COP of refrigerating unit = 0.69 
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   In light of the above results, the feasibility of the solar 

powered vapour refrigeration system has been reasonably 

proved. The COP values as calculated by us are on a little 

higher side than the actual COP‟s, but , because we have 

assumed ideal processes in heat exchanges etc, this obliquity can be understood. 

   Hence, an air conditioning  unit can be usefully 

employed  during summer conditions. 

 

 

 V. RESULTS AND CONCLUSIONS 

  We have used 3 evacuated solar  tube collector for the refrigeration unit,the calculations are as 

shown below 

 

Vol. of 3 tube =0.0087m
3
 

  

Heat gained Q = 0.404 kJ/sec 

η = 81% 

Required Q in generation for .5 TR = 2.53kj/sec                    

Required area = 2.53/.465=5.44m² 

Number of tube ≈ 56 tubes 

Mass flow rate of ammonia (Mr)=.09kg/min 

Heat removed in the condenser= 105.3kj/min 

Heat removed in absorber = 133.2 kw/min 

Mw=.5788kg/min 

Heat supplied in generator (Qg)=152.1kj/min 

COP of refrigeration unit .69 

So we would require about 56 solar collector tubes (as shown in figure) for  refrigeration 

capacity of 0.5 tonnes. 
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