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ABSTRACT  
Solar energy is one of the most well known green sources of energy. Solar absorption refrigeration systems Increasingly 

attract research interests. 

S.A. Kalogirou and G.A. Florides, 2002 have simulated a Li-Br absorption solar cooling system using TRNSYS simulation 

package over a typical meteorological year for a hot climate. The system considered employees a compound parabolic 

collector 15m² in area sloped at 30° and a storage tank of 600 lit. They concluded that the annual load of a typical house can 

be met to replace about 9000 kWh with solar energy collected. In order to economically viable by mass producing absorption 

system. 

Present work in paper is to design a solar water cooler of 200 lit capacity. To cater the needs of cool water requirements in 

an educational institution, office, hotel or guest houses. 

In aqua ammonia absorption systems we use ammonia as the refrigerant and water as the absorbent. In such systems, 

ammonia is boiled out of the water then condensed in an outdoor coil. The refrigerant is then expanded and evaporates in the 

evaporator at low pressure, producing the cooling effect. The ammonia is then reabsorbed into the water. 

KEYWORDS Design; Solar Water Cooler; Aqua-Ammonia Absorption Refrigeration System 

1.0 INTRODUCTION 

The function of compressor in the vapor compression 

system is to continuously withdraw the refrigerant 

vapor from the evaporator and to raise its pressure 

and hence temperature, so that the heat absorbed in 

the evaporator, along with the work of compression, 

may be rejected in the condenser to the surroundings. 

In vapor – absorption system, the function of the 

compressor is accomplished in a three – step process 

by the use of the absorber, pump and generator or re 

boiler as follows: 

• Absorber: Absorption of the refrigerant vapor 

by its weak or poor solution in a suitable 

absorbent or adsorbent, forming a strong or rich 

solution in the absorbent/adsorbent. 

• Pump: Pumping of the rich solution raising its 

pressure to the condenser pressure. 

• Generator Or Desorber: Distillation of the 

vapor from the rich solution leaving the poor 

solution for recycling. 

• Analyser: When ammonia is vaporized in the 

generator, some water is also vaporized and will 

flow into the condenser along with the 

ammonia vapors in the simple system.  If these 

unwanted water particles are not removed 

before entering into the condenser, they will 

enter into the expansion valve where they 

freeze and choke the pipeline.  In order to 

remove these unwanted particles flowing to the 

condenser, an analyzer is used. 

• The analyzer may be built as an integral part of 

the generator or made as a separate piece of 

equipment.  It consists of a series of trays 

mounted above the generator.  The strong 

solution from the absorber and the aqua from 

the rectifier are introduced at the top of the 

analyzer and flow down ward over the trays and 

into the generator. 

• Rectifier: In case water vapors are not 

completely removed in the analyzer, closed 

type vapor cooler rectifier (also known as 

dehydrator) is used.  It is generally water – 

cooled and may be of the double pipe, shell and 

coil or shell and tube type.  Its function is to 

cool further the ammonia vapors only dry or 

anhydrous ammonia vapors flow to the 

condenser.  The condenser from the rectifier is 

returned to the top of analyzer by a drip return 

pipe. 

• Heat Exchangers:  The heat exchanger 

provided between the pump and the generator is 

used to cool the weak hot solution returning 

from the generator to the absorber.  The heat 

removed from the weak solution raises them 

temperature of the strong solution leaving the 

pump and going to analyzer and generator.  

This operation reduces the heat supplied to the 

generator and the amount of cooling required 

for the absorber.  Thus the economy of the plant 

increases. 

The heat exchanger provided between the condenser 

and the evaporator may also be called liquid sub – 

cooler.  In the heat exchanger, the liquid refrigerant 

leaving the condenser is sub – cooled by the low 

temperature ammonia vapor from the evaporator. 

1.1 Ammonia Absorption System  

The absorption cycle is a process by which 

refrigeration effect is produced through the use of 

two fluids and some quantity of heat input, rather 

than electrical input as in the more familiar vapor 

compression cycle.  Both vapor compression and 

absorption refrigeration cycle accomplish the 

removal of heat through the evaporation of 

refrigerant at a low pressure and the rejection of heat 

through the condensation of the refrigerant at a 

higher pressure.  The method of creating the pressure 

difference and circulating the refrigerant is the 

primary difference between the two cycles.  The 

vapor compression cycle employs a mechanical 

compressor to create the pressure differences 

necessary to circulate the refrigerant.  In the 

absorption system, a secondary fluid or absorbent is 

used to circulate the refrigerant.  Because the 

temperature requirements for the cycle fall into the 

low – to – moderate temperature range, and there is 

significant potential for electrical energy savings, 
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absorption would seem to be a good prospect for 

geothermal application. 

Absorption machines are commercially available 

today in two basic configurations.  For applications 

above 32
0
F (Primarily air conditioning), the cycle 

uses lithium bromide as the absorbent and water as 

the refrigerant.  For applications below 32
0
F, an 

ammonia/water cycle is employed with ammonia as 

the refrigerant and water as the absorbent. 

  
Figure.1: Aqua – Ammonia Absorption System Cycle 

1.0 DESIGN OF COMPONENTS  

2.1 Design of Generator 

Original mass of the solutions are taken 15% more. 

Mass flow rate of weak solution entering into the 

generator from heat exchanger  

= 0.03594 * 1.15 

=  0.041331   kg/min. 

Mass flow rate of strong solution going into the heat 

generator  

= 0.0422*1.15 

= 0.04853 kg/min 

Mass flow rate of water vapor leaving the generator   

= 0.04853-0.041331 

= 0.007199  kg/min. 

Total volume of vapor 

 = m*specific volume 

Specific volume of vapor at 90
0
C & 14 bar  

= 5.63 m
3
/kg. 

Total volume of vapor = 0.007199 *5.63 

= 0.04053 m
3
/min. 

Total volume of strong solution = 0.04853 * 0.0019  

= 9.3348 * 10
-5
 m

3
/min. 

Total volume of generator  

= [volume of water vapor] +[volume of strong Solution] 

= 0.04053+9.3348 * 10
-5 

= 4.0602*10
-2
 m

3
/min. 

Assuming 10% clearance and 1/d =1.5. 

Volume generator = 4.4668*10
-2
 m

3
/min. 

But value  = π/4*d
2
1 

π/4*d
2
1 = 4.4668 *10

-2
 

Therefore d= 33.594 cm 

                  l =33.594*1.5  

                    = 50.39232 cm 

  
Figure.2: Generator 

2.2 Design of Heat Exchanger -1 

Temperature of hot solution at inlet, Th1=95
0
C 

Temperature of hot solution at outlet, 

Th2=70
0
CTemperature of cold solution at inlet, 

Tc1=50
0
C 

Temperature of cold solution at outlet, Tc2=65
0
C 

Assuming counter flow type heat exchanger, 

     ∆T1 – ∆ T2 

LMTD  =  -------------- 

    Ln (∆T1/∆ T2) 

∆T1= ∆Th2 – ∆Tc2 

∆T2 = ∆Th1 – ∆Tc1 

LMTD = [70 - 65] – [95-50]/ln[(70-65)/(95-50)] 

            = 18.204
0
C 

        Q =  [U*A*LMTD] 

Overall heat transfer coefficient: 

l/U = {l/ho + (do/k)* [(do-di)/(do+di)]+(l/hi)*do/di} 

To find ho: 
Average temperature of cold solution 

= 50 + 65/2  

=58
0
C 

Properties of water at 58 C: 

  ρ = 989 kg/ m
3
 

  κ  = 0.648 w/m
2
.k 

  υ  = 0.498* [10]
-6
 

  Pr  = 3.58 

To find hi: 

Average temperature of hot solution  

= 95+70/2  

= 825
0
C 

Properties at 82.5
0
C: 

 ρ = 970 kg/ m
3
 

 κ  = 0.670 w/m
2
.k 

 υ  = 0.355* [10]
-6
 

 Pr  = 2.16 

[Above values are obtained from the H.M.T. data 

book]. 

Equating mass flow rate 

1/970*0.04853/60 = π/4*[0.012]
2
*V 

v=0.007 m/sec 

Re= v*do/ ν 

     =  0.007*12*10
-3
/0.355*10

-6
 

     =  249.19 

Nu= 0.023*[Re]
0.8

*[Pr]
0.333

 

     = 0.023*[249.19]
0.8

*[2.16]
0.333

 

     = 2.45 

Therefore   hi= Nu*k/di  = 2.45658 * 0.670/12*10
-3
 

        = 137.159 w/m
2
.k 

From hi, ho vales, U, overall Heat Transfer 

Coefficient is calculated. 

l/U ={l/ho+(do/k)*[(do-di)/(do+di)]+(l/hi)*do/di} 

=[l/265.0136]+[0.01/53.3]*[(1412)/(14+12)]+[1/137.

15]*[0.014/0.012] 

Therefore U = 81.4 w/m
2
.k 

      Q= m*S*DT 

         = 0.04853/60*4.8*10
3
*25 

         = 97.06 W 

      Q = U*A*LMTD 

             97.06  = 81.4*A*18.20 

 But  A= 0.065 m
2
 = π*do*l 

Therefore L=1.48 Vt =π/4*d0
2
*l     

                                  = 2.29*10
-4 

m
3 

Volume of cold solution, Vc = 0.041331*0.0019/60 

                                              =1.30*10
-6  

m
3 

Therefore, Total volume required = [Vc + Vt] 

Total volume required, V= (1.3*10
-6  

+ 2.29*10
-4
) 

                                        = 2.304*10
-4  

m
3 

Taking clearance of 10%, 

V = 2.535*10
-4   

(i.e. V*1.1) 

But , V =  π/4*d0
2
*1    

1.5* π/4*d0
3 
= 2.535* 10

-4 
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Therefore d0 = 6 cm 

Therefore l =  9 cm 

  
Figure.3: Heat Exchanger -1 

2.3 Design of Absorber 

Heat to be removed, Q = 11.23Kj/min 

           = 187.295 W 

                        = 2.688444 k.cal/min 

Volume of absorber =  
[Volume of  NH3 vapour] + [volume of weak NH3 solution]   

Temperature of  NH3  leaving, Tho = 28°C 

Density of  NH3 vapor = ρv =  0.701 kg/ m
3
 

Volume =  
{[1/ρv (vapor)]*mass flow rate +[1/ρ1(liquid)]*mass flowrate]} 

     = [1/0.702]*0.0063 + [1/596]*0.0422 

     = 0.009045 m
3
 

Taking water cooling, 

Inlet temperature of water, Tci = 23°C 

Outlet temperature of  water, Tco  = 25°C 

Temperature of  NH3 entering, Thi  =  34°C 

Temperature of  NH3 leaving, Tho  = 28°C      

Assume cross flow heat exchanger type arrangement, 

      ∆T1 – ∆T2 

LMTD  =     ------------------ 

      Ln[ ∆T1 –/∆T2] 

         (34-28) – (28-23) 

     = ------------------------ 

          ln[(34-28) / (28-23)] 

     = 5.48°C 

Let U=1440 k.cal/hr-m² °C 

Heat to be removed from absorber = 2.68 k.cal/min 

Q =  [ U*A*LMTD] 

2.68*60 = 1440*A*5.48 

Therefore A = 0.02 m² 

         But  A = π*d0*l 

Therefore l = 0.02044/ π*0.012  

                   = 0.54219 m 

                 l = 54.219 cm 

Volume occupied by the tube, vt = π/4*d0²*l 

 = π/4*[0.012]²*0.54219 

 = 6.132*10
-5
 m

3
 

Total volume = Vf  + Vt 

Therefore,  

Total volume=9.04516*10
-3
 m

3
+ 6.132*10

-5
  

                      = 9.064*10
-3
 m

3
 

Assuming 10% excess volume, & l/d = 4 

V = 1.1*9.1064*10
-3  

m
3 

But V = π/4*d²*l  
 
          = 0.010017 

Therefore, d = 0.14718 m= 14.718 cm 

Therefore, Length of Absorber shell , l  = 4*d= 

4*14.718 = 58.57 cm 

2.4 Design of Pump 

Quantity to be supplied = Discharge 

 = mass flow rate * specific volume 

 = [0.04133/60]*[1/689.01] 

 = 9.9976*10
-7
 m³/sec 

Therefore, required work output = 

[discharge*pressure rise] 

       = 1.19972*10
-6
*12*10

5
 

        = 1.439 W 

Let efficiency of the pump = 0.65 

Required motor power = 1.439/0.65=  2.214 W 

2.5 Design of Heat Exchanger-2 
Temperature of hot solution at inlet, Th1=34

0
C 

Temperature of hot solution at outlet, Th2=30
0
C 

Temperature of cold solution at inlet, Tc1=5
0
C 

Temperature of cold solution at outlet, Tc2=15
0
C 

Assuming counter flow type heat exchanger, 

  ∆T1 – ∆ T2 

LMTD  =  ------------------- 

    Ln (∆T1/∆ T2) 

∆T1= ∆Th2 – ∆Tc2 ∆T2 = ∆Th1 – ∆Tc1 

LMTD = [34 - 15] – [30-5]/ln[(34-15)/(30-5)] 

            = 21.8629
0
C 

        Q =  [U*A*LMTD] 

Overall heat transfer coefficient: 

l/U = {l/ho + (do/k)* [(do-di)/(do+di)]+(l/hi)*do/di} 

To find ho: 
Average temperature of cold solution =15 + 5/2   

                                                             =10
0
C 

Properties of water at 10
0
 C: 

 ρ = 0.625 kg/ m
3
 

 κ  = 21.05*10
-3
 w/m

2
.k 

 υ  = 13.1* [10]
-6
 

 Pr  = 0.898 

To find hi: 

Average temperature of hot solution=34+30/2   

                                                           = 32
0
C 

Properties at 32
0
C: 

 ρ = 592 kg/ m
3
 

 κ  = 507.1*10
-3
 w/m

2
.k 

 υ  = 0.355* [10]
-6
 

 Pr  = 2.16 

[Above values are obtained from the H.M.T. data 

book]. 

Equating mass flow rate 

1/592*0.04853/60 = π/4*[0.012]
2
*V 

  v=0.012 m/sec 

Re= v* do/ν = 0.012 * 0.012/0.355*[10]
-6
 = 432.734 

For external flow of constant wall temperature 

   Nu= 0.193*(Re)
0.618

*(Pr)
0.333 

        = 0.193*(7710.91)
0.618

*(0.898)
0.333 

        = 47.014 

Therefore ho = Nu*k/do 

         = 70.68 w/m
2
.k 

Nu = 0.023*[Re]
0.8

*[Pr]
0.333

 

      = 0.023*[432.73]
0.8

*[2.16]
0.333

 

      = 3.72 

Therefore   hi = Nu*k/di   

                       = 3.72 * 505.1*10
-3
/0.012 

         = 157.34 w/m
2
.k 

From hi, ho vales, U, overall Heat Transfer 

Coefficient is calculated. 

l/U ={l/ho+(do/k)*[(do-di)/(do+di)]+(l/hi)*do/di} 

       =[l/77.69]+[0.014/53.3]*[(14-12)/(14+12)]+  

          [1/157.34]*[0.014/0.012] 

There fore U = 46.33 w/m
2
.k 

 Q= m*S*DT 

    = 0.04853/60*4.8*10
3
*10 

    = 38.848 W 

 Q = U*A*LMTD 

 38.848  = 46.33*A*21.86 
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 But  A= 0.065 m
2
 = π*do*l 

Therefore 0.87m Vc =π/4*d0
2
*l     

                                  =   1.3515*10
-4 

m
3 

Volume of strong solution, Vs  = 0.04853*0.0019/60 

       =1.5367683*10
-6  

m
3 

Therefore, Total volume required = [ Vc  +  Vs ] 

Total volume required,  

V= (1.536783*10
-6   

+  1.3515*10
-4
) = 1.36*10

-4  
m

3 

Taking clearance of 10%, l/d=1.5 

V = 1.1*1.3669*10
-4   

(i.e. V*1.1) 

    = 1.5036316 *10
-4
m

3
 

     But , V =  π/4*d0
2
*1    

1.5* π/4*d0
3 
= 1.50363* 10

-4 

Therefore d0 = 5.034 cm 

Therefore l =  7.55 cm 

  
Figure.4: Heat Exchanger -2 

2.6 Design of Evaporators 

An evaporator should transfer enough heat from as 

small size as possible.  It should be light, compact, 

safe and durable.  The pressure loss should be as low 

as possible. 

DESIGN FACTORS: 

• Evaporator temperature. 

• Refrigerant properties 

• Refrigeration effect. 

• Tube selection. 

Heat absorbed by NH3 vapor = 7.014 kj/min 

        = 116.9 W 

        = 1.6779 k.cal/min. 

Temp. of air surrounding evaporator, Thi = 2
0
C 

Temp. of air after 1 min, Tco = 3
0
C. 

Temp. of NH3 liquid entering evaporator, Tci = -18
0
C 

Temp. of NH3 liquid leaving evaporator, Tco = -18
0
C 

Assuming counter flow type heat exchanger, 

  ∆T1 – ∆ T2 

LMTD  =  ------------------- 

    Ln (∆T1/∆ T2) 

 

∆T1= Thi – Tco  ∆T2 = Tco – Tci 

Q =  [U*A*LMTD] 

To find U: 

Let outer diameter = 12mm 

Inner diameter  = 10mm 

Inside the tube is NH3 liquid. 

There fore hi=220* (∆T) 

[For boiling inside tubes by R &AC –L.N.MISRA] 

where ∆T = 2-(-18) 

   =  20
0
C 

There fore hi=220* (20) 

       = 4400 k.cal/m²hr.k 

To find h0: 

 Outside fluid is air; 

               Let v = 2 m/sec 

Properties of air at film temperature 2.5
0
C 

ρ = 1.284 kg/ m
3
 

 κ  = 21.3*10
-3
 k.cal/m-hr

0
C 

 υ  = 13.34* [10]
-6
 m²/sec, 

 Pr  = 0.706 

[Above values are obtained from heat &mass transfer 

data book] 

Formulae used: 

RE = v*d0/ υ 

Nu = c*[Re]
m
 * [pr]

0.333
=  20 

Therefore h0 = Nu*k/d0 

          = 20*21.3*10
-3
/0.012 

          = 35.5 k.cal /m²-hr 
0
C 

overall heat transfer coefficient: 

 l/U={l/ho+(do/k)*[(do-

di)/(do+di)]+(l/hi)*do/di} 

There fore, U = 35.13 k.cal/m²-hr 
0
C 

                   Q = U*A*LMTD 

[where Q = 1.6779*60 = 100.674k.cal/hr] 

Therefore A = 0.143 m² 

But A =  π*do*l 

       L = 0.1432/[ π*0.012] 

       L = 4m 

Let the length of one tube be 0.5 m  

Therefore, No. of tubes required = 4/0.5 = 8 tubes 

  
Figure.5: Evaporators 

3.0 DESIGN OF SOLAR COLLECTOR 
Heat energy required by the generator through the 

solar collector = 215.64 Watts 

Generally the total radiation [specula + diffused] on 

any surface on earth = 955 W/ m² 

Taking the inclination of flat plate collector at 40° 

placed N – S. 
    Energy received by the solar collector 

= ------------------------------------------------------- 
   The emission received outside the earth’s atmosphere 
=3.816*10

26
/4π*[15*10

10
]² 

= 1349.6 W /m² 

Total energy received by the earth: 

Assuming the earth a spherical body, the energy 

received by it will be proportional to the 

perpendicular projected area, i.e., that of a circle 

=[π*re² ] 

Energy received by the earth = 1349.6*π*[6.4*10
6
]² 

        = 1.736*10
17

 W 
Energy received by the solar collector 

------------------------------------------=  

The direct energy reaching the earth  

=[1-0.42]*1349.6 

= 782.77 W/m² 

The diffusion radiation= 0.22*782.77  

                                      = 172.21 W/m² 

Total radiation reaching the solar collector  

                                       =782.77+172.21 = 955 W/m² 

Solar collector area = 0.7*0.7 m² 

The projected area = A * cosθ 

                                = 0.7*0.7* cos40° 

     = 0.37536 m² 
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There fore, Energy received by the solar collector  

                               = 955 * 0.375= 350 watts 

[Since solar energy is not constant through out the 

day, an excess capacity of the solar collector is taken] 

4.0 DESIGN OF CONDENSER 

Important design factors: 

• Heat transfer and pressure drop characteristics 

• Working pressure 

• Type of fluid 

• Manufacturing ease and service 

An air cooled condenser is used for domestic 

refrigerators. 

Assuming counter flow type heat exchanger for heat 

transfer; 

Temperature of NH3 vapor at inlet, Thi = 50
0
C 

Temperature of NH3 liquid at outlet, Tho = 34
0
C 

Inlet temperature of air, Tci = 30
0
C 

outlet temperature of air, Tco = 32
0
C 

∆T1 =50-32 = 18
0
C ∆ T2 = 50-30 = 20

0
C 

    ∆T1 – ∆ T2 

LMTD  =  ------------------- 

     Ln (∆T1/∆ T2) 

LMTD = {[50-32]-[50-30]}/ln{[50-32]/[50-30]} 

   = 19
0
C 

overall heat transfer coefficient: 

 l/U={l/ho+(do/k)*[(do-

di)/(do+di)]+(l/hi)*do/di} 

Finding of h0: 

 Let d0 = 0.012 m 

        di = 0.01 m 

Properties of air at 28
0
C: 

  ρ = 989 kg/ m
3
 

 κ  = 0.648 w/m²-k 

 υ  = 0.498* [10]
-6
 m²/sec, 

 Pr  = 3.58 

[Above values are obtained from H.M.T data book] 

Ah0 value of 18 w/ m²-k is assumed for natural 

convection heat transfer coefficient. 

Finding of hi: 

Heat transfer coefficient of a vapor flowing inside the 

tube with decrease in temperature is given by, 

hi = 0.555*[{k³*ρ*(ρl- ρv)*g*hfg}/{µ*(ts-t)*di}]
1/4

 

[Heat transfer by P.K.Nag, for film condensation 

inside horizontal tubes]. 

Where g= acceleration due to gravity = 9.81 m/sec 

 ρ 1= density of liquid = 990 kg/m
3
 

 ρv = density of vapor = 0.384 kg/m
3
 

 k = thermal conductivity = 0.6375 W/m.k 

 hfg = enthalpy of superheated vapor 

                    = hfg + 3/8 *cp*(tsat-ts) 

                    = 2392.8+3/8*4.18*(34-28) 

                    = 2402.205 

µ= coefficient of dynamic viscosity  

   = 0.5975*10
-3
 N-sec/m 

hi=0.555*[{[0.6375]
3
*990*(990-0.384)  

      *9.81*2402.205}/{0.5975*10
-3
*(34- 

      28)*0.010}]
1/4

 

    = 1994.693651 w/m
2
.k 

Therefore, 

l/U={l/ho+(do/k)*[(do-di)/(do+di)]+(l/hi)*do/di} 

      =[1/16]+[0.012/53.3]*[(12-10)/(12+10)]+  

         [1/1833.76]*[12/10] 

There fore, 

U=17.832 w/m
2
.k 

Heat removed from the condenser = 7.32888 kj/min 

                                                         = 122.14 watts 

There fore, 

Q= [U*A*LMTD] 

122.14 = 17.8326*2*π*[12*10
-3
/2]*19*L 

There fore, 

L=9.5622 m 

5.0 CONCLUSION 

Vapor absorption refrigeration systems are usually 

designed for high capacity plants. 

Through this project, an experimental study of 

designing absorption refrigeration for domestic 

purposes is carried out by calculating the basic 

components of the cycle and its analysis through the 

H – C chart. 

The system finds the application in a variety of fields 

for providing the most economical and efficient 

cooling as it uses the waste heat energy as its 

operating energy.(solar energy) 

It can be widely used for water coolers of 

Educational institutions, Hospitals, Restaurants, 

Laboratories, office, etc. 
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