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An Experimental Study on the Frequency and
Temperature Variation of a Cosed-type

Thermoacoustic Refrigerator

Sang-Hoon Oh

Department of Mchanical Engineering

Graduate School, Korea Maritime Universtiy

Abstract

In general, the thermoacoustic refrigeration technique employs either the
pulse-tube type refrigeration or the resonator type refrigeration. In the resonator
type refrigeration technique, it can be classified into the heat-driven type and
the speaker-driven type. The purpose of this study is to develope a resonator

type thermoacoustic refrigerator driven by a loudspeaker.



In this study, a resonator type thermoacoustic refrigerator is designed and
fabricated according to the method suggested by Hofler. The resonator type
thermoacoustic refrigerator is composed of a resonator of 4 cm diameter, stack
of plates, heat exchangers and cooling part. The fundamental operation
frequency of this thermoacoustic refrigerator is 250Hz. Lengthes of the hot heat
exchanger the stack of plates and the cold exchanger heat exchanger are 15
mm, 7 cm and 9 mm respectively. Heat exchnger are constructed by the wire
cutting method. Stack of plates is of spiral type having a finite spaces of 0.7
mm and i1s made of Kapton. The total length of the resonator type
thermocaoustic refrigerator can be different according to the kind of filling gas
and the driving frequency.

Maximum temperature drop of the thermocaoustic refrigerator is observed to be
15, C when it is operated at 250Hz of driving frequency and 161.319dB of
sound pressure level. Calculated efficiency( 5) of this theramoacoustic refrigerator
1s 6.778%. It is concluded that the thermoacoustic refrigerator has optimum

operation frequency according to the length of resonator and the stack.
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Fig.2 The heat-flux density along x near the surface of the plate
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B580mm

Fig. 5 Thermoacoustic Refrigerator(f=250Hz, Air)
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Component

Length(mm)

Radius(mm)

2y (mm)

21(mm)

Resonator

630

40

Hot Heat

Exchanger

15

40

0.65

0.25

Cold Heat

Exchanger

40

0.3

0.15

Stack of
plates

70

40

0.65

0.25

Internal Gas

Air

Driven

frequency

250Hz

b

1bar

Table 1. Dimensions of thermoacoustic refrigerator
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Fig.9 Expermental apparatus
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Fig. 10 Temerature profiles according to time at each operation Friquency
(1.3Voltage)
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Fig. 11 Temperature profiles according to time (250Hz, 1.4 Voltage)
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Fig.12 Temperature profiles according to time at each points
(250Hz, 1.4Voltage)
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Fig.13 Temperature profiles of the cold exchanger according to time
(250Hz, 1.5Voltage)
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Fig.14 Temperature profiles according to time at each points
(250Hz, 1.5Votage)
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Fig.15 Temperature profiles of the cold exchanger according to time
(250Hz, 1.6Voltage)
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Fig.16 Temperature prfiles according to time at each points
(250Hz, 1.6Votage)
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Fig.18 Temperature profiles of the cold exchanger according to time
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Fig.20 Temperature profiles according to time at each point
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Fig.21 Temperature profiles according to time at each point
(260Hz, 1.6Voltage)
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Fig.22 Temperature profiles of the cold exchanger according to time
(260Hz, 1.6Voltage)
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Fig.23 Temperature profiles according to time at each points
(260Hz, 1.6Voltage)
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Fig. 25 AT profiles according to measurement voltage
(operation friquency = 250Hz)
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Fig. 26 AT profiles according to measurement voltage
(operation friquency = 260Hz)
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Fig. 27 AT profiles according to sound pressure
(operation friquency : 250, 260Hz)
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