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ABSTRACT 

Heat rejection from an absorber by the vapor absorption 
refrigirator, is one of the most affecting processes on the 
system performance, specially for an autonomous operating 
system. A proposed absorber heat extracting technique is 
experimentally investigated to define the effect of the 
operating parameters upon the system performance. The proposed 
technique makes use of the gravity assisted heat pipe of a 
special form.It was observed that the evaporator filling ratio, 
for the heat pipe has an optimum value which depends mainly 
upon the difference between the operating temperatures for the 
evaporator and condenser. 

1. INTRODUCTION 

,Solar cooling has its attraction specially for isolated 
regions, where the need for cooling comes in the same time with 
the solar energy exposure. Many investigations have been done 
in the subject of solar powered absorption refrigeration system 
as a field for solar energy utilization [ll. This system is the 
most convenient one for the developing countries due to its the 
simplicity in manufacturing, the independence of energy 
converting systems, and less need to maintenance. 

There are many difficulties that need to be overcome to 
achieve . the proper operation of an autonomous continuous 
operating solar-powered absorption refrigerator. Heat rejection 

• from the system components, which must be cooled, could be 
taken as the most serious one . This problem arises from the 
difficulty to connect the system to any other energy or water 
recourses except solar radiation. This means that, the only 
available mechanism of heat transfer from the system components 
is the natural convection to air. This problem is more 
complicated by the absorber than that by the other system 
components such as dephiegmator and condenser. The complexity 
arises from both the interdependence of heat and mass transport 
mechanisms by the absorption process. 
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Thus, this paper deals with the cooling of the absorber by 
suggesting a new method to transport heat from it to the 
ambient air through heat pipes of special form to fulfill the 

.,•requirements of both heat and mass transfer processes. The 
proposed heat pipe is experimentally investigated regarding the 
above mentioned transport mechanisms. The experiments were 
carried out to determine the effect of the considered para-
meters upon the absorption process. These considered parameters 
are, the condenser temperature, evaporator temperature and the 
evaporator filling ratio (f). Moreover, the effect of the flow. 
rate of the liquid to be cooled on the heat pipe capability has 
been investigated. The evaporator filling ratio is the ratio of 
the refrigerant volume within the evaporator to that volume 
required for the complete filling of the evaporator. 

In addition, the obtained results are used to determine the 
optimum operating conditions of the absorption refrigeration 
cycle for the prescribed boundary conditions.That leads to the 
determination of the required number of heat pipes for the 
absorber of a specified absorption cycle. 

2. THE PROPOSED SYSTEM 

2.1 Requirements of the system 

This study was undertaken to develop a cooling system for 
the absorber of an autonomous solar powered absorption refrige-
rator and to investigate experimentally its behavior. Moreover, 
the study is extended to determine the capability of the 
proposed system. This technique should be able to transmit the 
heat' generated by either falling film or arising bubble 
absorption concepts. For the falling film absorption the weak 
solution should be distributed uniformly upon the heat 
transport. surface within the absorber in the form of a liquid 
film with certain thickness. That creates enough surface area 
of contact between the absorbing solution and the absorbed 
vapor to insure proper absorption process. For the second 
absorption concept the cooling surface should be distributed 
uniformly within the absorber which would be filled with the 
absorbing solution. This insures, uniform heat rejection from 
the entire absorber core, which leads to efficient' absorber 
characteristics. In addition, the heat transfer process should 
be carried out with the minimum temperature difference between 
the solution which must be cooled and the heat sink which is 
the ambient air in the present application to attain higher 
refrigerant concentration in the strong solution. 

2.2 Description of the proposed system 

In order to meet the above mentioned requirements for the 
absorber of an autonomous solar driven refrigerator, a proposed 
scheme for the cooling system to transmit heat naturally from 
the absorber core to the atmospheric air, is constructed, 
manufactured and tested in the present work 
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The function of this system.  depends upon heat pipe as a 
heat conducting medium. Heat pipes are used as an efficient 
heat transport medium in many applications such as solar 
collectors, space heating, desalination, refrigeration power 
generation, cooling of electronic components and in the waste 
heat utilization, (2, 31. Heat pipes. are selected in this 
application because it has many advantages such as ,its ability 
to transmit heat with zero temperature gradient inside it, 
simplicity in construction, robustability, reliability and 
independence of any moving parts. 

The heat pipe consists essentially, as it is shown in 
figure(1), of an evacuated container within which an amount of 
working fluid is supplied. When the heat is applied on the 
evaporator, part of the liquid vaporizes, saturating the 
interior of the container with the pure vapor. As the wall of 
the condenser is cooled due to heat extraction, some of the 
vapor condenses there, releasing thereby the latent heat of 
condensation. The condensate returns back to the evaporator 
completing the fluid cycle. 

A gravity assisted heat pipe of special form ,shown in 
figure(2), is constructed as a unit of the proposed system. The 
heat pipe is made from commercial steel tubing of 1-inch 
nominal diameter. 'It is assembled of two parts. The first of 
them is the evaporator section while the second is the 
condenser section. The main special features of the heat pipe 
which make it able to fulfill the above requirements could be 
summarized as follows: 

1- 	The evaporator is formed as half ring with a mean diameter 
of 300 mm.. This form is chosen so that every pair of heat pips 
makes a ring and all the rings are vertically located above 
each other within the absorber core. The outlets of each two 
successive rings make 900  to one another. 

The circular form of the evaporator enables minimizing the 
absorber volume. The evaporator-pairs with its vertical 
arrangement makes it possible (by using only one distributing 
equipment) to spread the weak solution in a film form on the 
outer surface of the successive rings. The absorbing liquid 
falls from one ring to the next and creates the required liquid 
film for the mass transfer mechanism. 

2. 	The condenser section, shown in figure-2 is made from the 
same tube with helical fins with an outer diameter of 60.0 mm. 
and thickness of 0.7 mm., to increase the overall coefficient 
of heat transfer from the outer tube surface to the 	air. The condenser has an inclination of 100  to return the condensate by 
gravity back to the evaporator. The proposed form of the 
condenser and the location of the heat pipes above each other 
is chosen to increase the natural draft which inturn improves 
the heat transfer characteristics. Moreover this form makes the 
absorber more compact. 

I 
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The ends of both evaporator and condenser are closed by i 
welding end cups.The condenser end is provided with a 1/8 " 
diameter filling copper tube. The filling of the heat pipe is 
carried out on a rig specially developed for this purpose. 
Figure (3) shows a layout of the heat pipe filling rig. 

F-11 is chosen as the working medium. The vapor pressure 
of F-11 lies within the atmospheric pressure for the system 
operating temperatures. That has two advantages. The first is 
that the tightness could be guaranteed for a long time while 
the second the thickness of the commercial tubes can safely 
withstand the pressure difference. 

3. 	HEAT PIPE TESTING RIG 

In order to determine the heat transport capability of the 
proposed gravity assisted heat pipe, a special test rig as 
shown in figure-4 is developed. The test procedure aims to 
investigate the dependence of the transported heat flux upon 
the operating boundary conditions. The considered parameters 
are, temperatures of the both hot and the cold mediums, 	(THM) 

and (TcM) respectively, the evaporator filling ratio (f), which 

represents the ratio of the refrigerant-volume to that volume 
of the refrigerant required for the complete filling of the 
evaporator, and the hot medium mass flow rate (MAIM) 	which 

influences the falling film characteristics. 

As it is above-mentioned, the atmospheric air cools the heat 
pipe condenser by natural convection, meanwhile hot water is 
used in the experiments to simulate the hot ammonia-water 
solution. Simulating the absorbing solution by hot water has no 
significant error in the experimental results, since the main 
resistance for the heat transfer mechanism is that of the free 
convection on the condenser outer surface. 

The test rig has the following features and facilities as 
shown in .figure (4): 

1. A thermally isolated chamber (10), within which the 
evaporator section installed. The thermal insulation is used to 
minimize the heat transmission from the chamber walls. That can 
guarantee the assumption that the heat flow takes place only 
through the heat pipe to the air. 

2. In order to investigate the performance under different 
condenser temperatures, a thermally insulated room is made to 
contain the condenser section (13).An air heater (12) with 
thermostat (14) is installed in this room to maintain the air 
temperature (TH) at the required level. 

3. The hot fluid is distributed uniformly along the 
evaporator section by using a special arrangement (6), which 
layed over the evaporator within the insulated chamber (10). 
While under the evaporator a ihot fluid collecting dish (7) is 
used. to gather the hot fluid which falls from the evaporator. 
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4. The temperatures of the hot fluid at its inlet of the : 
distributing equipment and at the outlet from the 	collecting 

dish (7) are measured (Ti) and (T2) respectively. The 

difference between these two temperatures gives the temperature 
drop due to the heat loss through the heat pipe. 

5. The hot fluid is collected, within a graduated glass 
cylinder (9), 'during the time of the experiment in order to 
evaluate the mean mass flow rate of the hot fluid. 

6. In order to insure constant flow rate of the hot fluid , a 
constant level tank (1) is used as supply for the hot fluid. 
The tank level is controlled by using float valve (2). 

7. The hot fluid flow rate changed to the desired value using 
the valve (3) . The test rig is supplied with a flow-meter (4) 
in order to adjust the hot fluid mass flow rate. 

8. The temperature of the hot fluid is maintained constant by 
using the thermostatic heater (5). The control unit has 
sensitivity of 0.1. C. The hot fluid temperature has been 
changed to study its effect on the operating performance. 

4. RESULTS 

It was aimed to investigate the performance of the heat 
pipe, which is specially constructed to transmit heat from the 
absorber core, by an absorption refrigerator, naturally 
convective to the air. This process should be guaranteed for 
both falling film and arising bubble absorption concepts. The 
investigation were carried out under the actual operating 
conditions. The operating parameters which were considered 
during this investigation are; heat-pipe capability, evaporator 
filling ratio, condenser temperature, (which is the ambient air 
temperature) and the evaporator temperature (which is the hot 
fluid temperature). The experimental investigation was carried 
out with the aid of the above mentioned test-rig, to clarify the 
dependence of the heat pipe capability upon the other operating 
parameters. Many sets of experiments are carried out. During 
each of the experiment-sets one of the independent parameters 
nas been changed within the range expected for the actual 
operation. The evaporator filling ratio has been varied form 5% 
to 30% with 5% step wise. The experiments were carried out only 
within this range since it is recommended by references Lll and 
(31. 

Figure (5) shows the dependence of the heat-pipe capability 
on the evaporator filling-ratio under two different values of 
the condenser temperatures. . From this figure it could be seen 
that in the range from 10 to 30%for the filling ratio the heat 
pipe capability is nearly constant for air temperature of 30 C. 
For filling ratios under 10% the heat flux decreases severely 
with the decrease of the filling ratio. in this range the burn 
out phenomena appears. Increasing the air temperature, which 
leads to the decrease of the difference between the condenser 
and the evaporator temperatures, delays the appearance. of this 
phenomena and perhaps diminishes it totally. 
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Figures (6, 7, 8) show the results of the test runs during 
which the hot fluid and the air temperatures are varied. From 
these figures, it could be seen that the heat pipe capability 
depends strongly upon the temperature difference between the 
hot fluid and the air. This effect is more significant by 
higher refrigerant evaporator filling ratio than that by lower 
values for it. 

It could be seen from figures (6, 	7, 8) 	Ltiat, the hot 
fluid flow rate has a slight effect on the heat pipe,  
capability. It is found that increasing the flow rate of the 
hot fluid three times increases the heat pipe capability only 
about 20% by low temperature difference between hot and cold 
media and about 24% by high temperature difference. This is • 
because of the consideration of heat transport mechanism 
(neglecting the mass transport, absorption, one). 

CONCLUSIONS 

- Natural, convection cooling of the absorber of an autonomous 
solar refrigerator could be achieved by using the.  above 
described heat pipe concept. 

- The heat transferred by the heat pipe depends essentially 
upon the temperature difference between the condenser and the 
evaporator. 

- The evaporator filling degree for the heat pipe .must be 
higher than 20% to avoid the burn out phenomenon. 
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