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ABSTRACT 

 

 

With urbanization, need of air conditioning in buildings is growing very rapidly and huge 

amount of energy is required for meeting heating and cooling loads of building. Any 

means of reducing load saves the existing fossil fuels. Air conditioning not only involves 

control of temperature but also humidity. Humidity control is an expensive proposition 

and more severe in hot and humid climates. In conventional air-conditioning, the air is 

overcooled to extract moisture and then reheated (by an auxiliary source of heating) to a 

comfortable supply temperature. This method is inherently costly since it requires energy 

to first over cool the air   and then more energy for reheating, which is achieved by high 

grade energy  predominantly electricity or gas. Any arrangement or device which 

eliminates electric reheating offers huge potential for savings. Heat pipe heat exchanger 

(HPHE) is one such device.  

Heat pipe is a high thermal conductance device which transfers heat from one location to 

another in a passive manner. It is a sealed container, the inside of which is lined with 

porous structure called wick. The wick is saturated with working fluid charged at 

saturation pressure corresponding to operating temperature. On application of heat at one 

end (evaporator), working fluid vaporizes and travels to the condenser end due to pressure 

difference. It condenses there by rejecting heat to the surrounding fluid. The liquid 

condensate returns to the evaporator end by means of capillary action of the wick, thus 

completing the cycle. 

In the present work, a heat pipe heat exchanger (HPHE) was integrated with a vapor 

compression refrigeration (VCR) system, so that the high grade energy required for over-

cooling and then reheating of air (for humidity control) could be eliminated. A U-shaped 

HPHE was designed for wrapping around the cooling coil of the air-conditioning system. 

In this HPHE, upstream leg or evaporator section of HPHE takes the sensible heat from 
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the incoming air and cools it before it goes to the cooling coil. The cooling coil further 

cools and dehumidifies the air. The heat taken up by heat pipes of heat exchanger is 

rejected to the downstream end (i.e. condenser section) to the cooled and dehumidified air 

coming from cooling coil section.  

Psychrometric analysis was carried out at different loads to evolve the design parameters 

for the design of U-shaped HPHE system. In this work, the system was designed and 

developed for Delhi climate conditions.  

U-shaped HPHE was designed using design software developed in this work, which 

involved modeling of bent heat pipes (BHP). Various combinations of fins and wick 

structures, and wick thicknesses in heat pipes were used to evolve different designs of 

HPHE. After several iterations and trials based on manufacturing constraints, a prototype 

of U-HPHE was built.  

An experimental facility was created in the Refrigeration and Air-conditioning laboratory 

at IIT Delhi, to carry out detailed experimentation on HPHE based air-conditioning 

system.  Experiments were performed at different mass flow rates and inlet conditions of 

air. Performance in terms of degree of pre-cool and reheat, effectiveness were obtained 

for the U-shaped HPHE. The results were compared with the simulated performance 

obtained using the software developed for predicting the off design performance of the 

prototype at different operating conditions. COP for the system was also obtained.  

The effectiveness of the U-shaped HPHE prototype obtained between 0.2 to 0.4. The 

effectiveness decreases as the mass flow rates increases. At air mass flow rate of 0.223 

kg/sec, experimental effectiveness obtained as 0.23. The temperature difference over the 

pre-cool and reheat section of HPHE varied between 9
o
C to 2.1

o
C. COP for the system 

varied from 1.53 to 2.70 at different operating conditions.  

The above study is useful for further design and development of heat pipe technology for 

air- conditioning applications.  
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