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As the first step for the clarification of mechanism of thermoacoustic heat pump driven by aerodynamic noise, direct
aeroacoustic simulation is performed for the standing-wave thermoacoustic heat pump. The air in a rectangular
resonance duct with the installation of parallel plates as stack is acoustically excited. It is clarified that the appropriate
evaluation of heat exchange and viscous loss around the wall is necessary for the accurate prediction of the acoustic
work flow in the duct. The predicted results show the steep spatial gradient of the amplitude and phase of the pressure
fluctuations around the stack, where the acoustic work flow was also steeply decreased. These results are validated by
the comparison with the measured results. Also, the heat pump phenomena are confirmed by the predicted temperature
distribution and the behaviors of fluid particles around the stack.
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Fig. 1 Computational domain and boundary conditions.
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Fig. 3 Computational grid.
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Fig. 4 Distributions of amplitude of inlet flow velocity fluctuations
(W=7.5mm).
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Fig. 5 Predicted amplitude of pressure fluctuations with original and finer
grids (W = 7.5 mm, adiabatic wall condition).

[ 7y MAX
coamp ¢, amp

e
=

e
S

=
=

H © Orignal grid 0,

Flow velocity amplitude «

(Ar=0.5-2mm) %o
0.2 [| & Finer grid 1
(Ax=0.25-1 mm) ¥,
0 B S S S T B S &
0 0.2 0.4 0.6 0.8 1

Position x/L
a

Fig. 6 Predicted amplitude of cross-sectional average velocity fluctuations
with original and finer grids (W = 7.5 mm, adiabatic wall condition).
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Fig. 7 Predicted acoustic work flow with original and finer grids (W =
7.5 mm, adiabatic wall condition).
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Fig. 8 Predicted phase difference of pressure and velocity fluctuations with
adiabatic and isothermal boundary conditions in the y direction (W =
7.5 mm).
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Fig. 9 Predicted acoustic work flow with adiabatic and isothermal
boundary conditions in the y direction (W =7.5 mm).
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Fig. 10 Predicted phase difference distribution of pressure and velocity
fluctuations with W = 7.5 mm (periodic boundary condition in the z
direction) and W = 40 mm (non-slip and isothermal boundary conditions
in the z direction).
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Fig. 11 Predicted acoustic work flow with W = 7.5 mm (periodic
boundary condition in the z direction) and W = 40 mm (non-slip and
isothermal boundary conditions in the z direction).
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Fig. 12 Predicted and measured pressure amplitude distributions with
stack compared with the predicted those without stack.
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Fig. 13 Predicted and measured phase difference distributions of pressure
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Fig. 14 Predicted and measured acoustic work flow distributions with
stack compared with the predicted those without stack.
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Fig. 15 Predicted and measured acoustic power distributions with stack
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those of temperature (bottom) in the observation area shown in Fig. 16.
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