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Abstract:

Applications of adsorption chiller as heat-operated refrigeration systems, working at large
range of heat source temperatures, have received significant attention in recent years.

An adsorption chiller mainly consists of an adsorbent chamber, a condenser, an evaporator
and an expansion valve, however, the most important part of this system is the adsorbent
bed, filled with porous particles, such as silica gel. The working principle of this system is
based on adsorption and desorption of refrigerant in the adsorbent bed. Therefore, the main
purpose of this thesis is modeling the adsorbent bed, while condenser and evaporator are
modeled according to simple physical considerations.

In practice, a fine tube heat exchanger is used as the adsorbent bed with the adsorbent filled
around the metal tube and between the fins. To model the performance of the adsorption
bed, one dimensional heat transfer equation is solved for thermal fluid and three
dimensional conduction equation in cylindrical coordinate is used for metal tube.
Employing extended surfaces can improve the cooling power of the system and compensate
for the low conductivity of the bed. In this study, the continuous plate fins are utilized and
the two dimensional heat transfer equation in a general coordinate system is used for its
modeling. For the adsorbent bed, the continuity, momentum and heat transfer equations are
solved in three dimensional body fitted coordinate system. The governing equations are
solved using a control volume technique in a time accurate fashion in all four domains of
thermal fluid, metal tube, fins and adsorbent bed.

The results show that the specific cooling power (SCP) of the system decreases with an
increase in fin spacing and fins height, while the coefficient of performance (COP) and the
cycle time increases. It was also found that there exists an optimum value for particle
diameter that maximizes the SCP of the system. However, COP of the system is basically
not influenced by the particle diameter. Moreover, it was observed that using high
temperature heat sources can improve the SCP and COP of the cooling system noticeably.

Signature of Supervisor: Key Words:

1. Adsorption chiller

2. Numerical modeling

3. Silica gel

4. Coefficient of performance
Date: 5. Continuous plate fins
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