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Abstract l 8 9 8 7 O

In the recent years extensive research efforts have been made to develop alternative
refrigeration technologies that are environmentally safe. Among of these is thermoacoustic
refrigeration which uses acoustic power to pump heat. However, the efficient of performance of
the thermoacoustic refrigerators currently is not competitive the traditional refrigerators. This
dissertation constructs a demonstrator of the therrhoacoustic refrigeration and presents an
alternative optimization design approach based on the multi-population genetic algorithms to
maximize the coefficient of performance of refrigeration.

In the first part of the dissertation, the constructed demonstrator is simple and low-cost. Its
main components are a glass tube filled with normal air, a regular loudspeaker, and a hand-made
spiral stack. The results show that the demonstrator is capable to create the temperature difference
between the cold-end and the hot-end up to 5 °c.

In the second part of the dissertation, a set of MATLAB-based computer programs is
developed to simulate a process of the thermoacoustic refrigeration and to solve the optimization
problem using the multi-population genetic algorithm approach. The mathematical model of the
process is written in the form of a series of differential equations with two-point boundary-value
conditions. A shooting method with a numerical ODE solver is used to solve the two-point
boundary-value problem. In solving the optimization problem, to separately execute the genetic
algorithm and solve the two-point boundary-value problem is computational-time expensive. In

order to reduce the computational time, this dissertation fuses the two-point boundary-value

problem solver into the genetic algorithm such that the algorithm can solve the two-point
boundary-value differential equations and carry out optimization in the same time.

The results show that the modified genetic niulti—population algorithm is able to obtain the
design variables that maximize the efficient of performance of the thermoacoustic refrigeration as

desired.





