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Abstract A novel direct-coupling thermoacoustic refrigerator for low-grade thermal energy ap-
plication is proposed in this paper. The direct-coupling thermoacoustic refrigerator contains two
identical core units, which consists of a thermoacoustic engine, a thermoacoustic refrigerator, res-
onance tubes and a capacitive cavity connected in sequence. The resonance tube and capacitive
cavity can realize phase adjustment between the units. This paper focuses on the influence of the
phase modulation capability of the resonance tube and capacitive cavity on the inlet and outlet phase
angles, the acoustic work generation and consumption of the engine and refrigerator regenerators
and coeflicient of refrigeration, respectively. It is expected this work will guide the design of the
experimental setup in the future. According to the simulation results, a total cooling capacity of 5.8
kW and a coefficient of performance of 0.48 can be obtained with an ambient temperature of 50°C,
a heating temperature of 300°C and a cooling temperature of 10°C.
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Fig. 1 Schematic of the two-unit direct-coupling heat-driven

thermoacoustic refrigerator
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Fig. 2 Schematic of the core of the system
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Table 1 Main dimensions of the system

A D/mm L/mm
FEiRIRIAAE 1 110 35
REHL s 1 110 45
e PR 110 50
R miE 1 110 100
HRHGE 2 110 35
HIAHL [Fl#A S 2 110 35
VUi B R 110 35
MgE 2 110 50
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Fig. 3 Axial distributions of the dimensionless acoustic
impedance, phase angle betweenp and U and acoustic
power in the core
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Fig. 4 Axial distributions of the acoustic impedance, phase

angle between p and U and acoustic power of the system
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Fig. 5 The influence of diameter of the resonance tube 1
and 2 on working frequency
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Fig. 6 The influence diameter of the resonance tube 1 on
inlet and outlet phase angle of regenerators of engine
and refrigerator
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Fig. 7 The influence of diameter of the resonance tube 2 on
inlet and outlet phase angle of regenerators of engine
and refrigerator
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Fig. 8 The influence of resonant tube 1 diameter on acoustic
power generation of engine regenerator and acoustic power
consumption of refrigerator regenerator
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Fig. 9 The influence of resonant tube 2 diameter on acoustic
power generation of engine regenerator and acoustic power
consumption of refrigerator regenerator
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Fig. 12 The influence of volume of capacitive cavity on inlet
and outlet phase angles of regenerators in the engine
and the refrigerator

1600 - — R A FLRH B B 591
LI 7
1400 |
1200 |
= 1000}
& gool 776
600 |
400 i
200 [ 1 1 1 0'036I 1
0.020 0.025 0.030 0.035 0.040 0.045
Vim?
B 13 2 A R R AL S T R B ]
745 T O S

Fig. 13 The influence of volume of capacitive cavity on
acoustic power generation of engine regenerator and acoustic
power consumption of refrigerator regenerator
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