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The Construction and Performance Evaluation of a Speak-driver

Thermoacoustic Refrigerator with Helium Refrigerant
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The Construction and Performance Evaluation of
a Speak-driver Thermoacoustic Refrigerator

with Helium Refrigerant

Doo—-Won Choi

Department of Refrigeration & Air—-Conditioning
Engineering

Graduate School, Korea Maritime University

Abstract

The thermoacoustic refrigerator has not only considerable
possibility but also commercial wusability, because it has high
reliability, lower vibration, no moving part, and can be easily
constructed. In this study, a thermoacoustic refrigerator using a
resonant standing acoustic wave has been built. It employs a
loudspeaker to sustain a standing wave in a resonance tube. The
resonator type 1/2 wavelength thermoacoustic refrigerator is
designed and fabricated according to the method suggested by Hofler.
The apparatus is capable of driving closed systems containing helium
at mean pressures ranging from 1-6 bar. The resonance tube is 1040mm

in length, theoretical resonance frequency of which is about 465Hz.



But the actual resonance frequency 1is observed to be 476Hz. The
resonator type 1/2 wavelength thermoacoustic refrigerator is
composed of a resonator of 40mm diameter, stack of plates, heat
exchangers and speaker driver. The thickness of the hot heat
exchanger and the cold heat exchanger 1s 10mm, 6mm respectively.
The stack of plates made of Kapton(Mylar) is of spiral type having
finite spaces of 0.6mm. The length of the stack of plates is 80mm.
The maximum temperature drop obtained in the experiment is observed
to be 39.3°C when it is driven at 476Hz and 120W of speaker power.
The cold-part temperature of the exchanger falls to -18.3°C. The COP
relative to Carnot's cycle has its maximum of 2.47% when the speaker

1s driven at 50W.
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Fig.1 The heat-flux density along x near the surface of the
plate

Fig.2 Heat Transfer Mechanism

Fig.3. Normalized distance from the plate surface

Fig.4 Thermoacoustic refrigerator(f=476Hz, Helium)

Fig.5 Dimensions and picture of cold heat exchanger
Fig.6 Dimensions and picture of hot heat exchanger
Fig.7 Dimensions and picture of Stack of plate

Fig.8 Schematic diagram of experimental apparatus

Fig.9 Photograph of 1/2 wave Thermoacoustic refrigerator

Fig.10 Temperature histories of cold side with

stack location and frequency sweeping
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Fig.11

Fig.12

Fig.13

Fig.14

Fig.15

Fig.16

Fig.17

Fig.18

Temperature histories of the hot side and cold side

heat exchangers according to time with speaker power (10W)

Temperature histories of the hot side and cold side

heat exchangers according to time with speaker power (30W)

Temperature histories of the hot side and cold side

heat exchangers according to time with speaker power (50W)

Temperature histories of the hot side and cold side

heat exchangers according to time with speaker power (80W)

Temperature histories of the hot side and cold side

heat exchangers according to time with speaker power (100W)

Temperature ratio and operating frequency versus

mean pressure of refrigerator at speaker power 50W

Temperature ratio according to the electric heater power

Coefficient of performance according to

the electric heater power
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Fig.19 Coefficient of performance relative to Carnot's

coefficient of performance according to the electric

heater power

Fi1g.20  Temperature histories of the hot side and cold side

heat exchangers according to time with speaker power (120W)

E Ex

Table 1 Dimensions of thermoacoustic refrigerator and

operation conditions

Table 2 Thermophysical properties of working fluid in a

thermoacoustic refrigerator

Table 3 Calculation of experiment data at the speaker power (50W)

Table 4 Data of performance measurements
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Fig. 1 The heat—flux density along x near the

surface of the plate
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Fig. 2 Heat Transfer Mechanism
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Fig. 7 Dimensions and picture of Stack of plate
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and operation conditions

Table 1. Dimensions of thermoacoustic refrigerator

Component Length(mm) Radius(mm) 2y (mm) 21 (mm)
Resonator 1040 40
Hot heat

10 39 0.6 0.2
exchanger
Cold heat

6 39 0.6 0.2
exchanger
Stack of

80 39 0.5 0.15

plates

Table 2. Thermophysical properties of working fluid in a

thermoacoustic refrigerator

P 4bar = 270K

P, 0.703kg,/m* a 960m /s

G 5193(J/kg - K) r 20 mm

k 0.145( W/m - K) f 465 Hz

0y, 0.2086mm v 1.667
W?Eﬁigg Helium
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Table. 3 Calculation of experiment data at the speaker power (50W)

Qeee W) 10W 20W 30W 40W

]1/]% 0.935 0.948 0961 0.970
COP 0.22 0.42 0.60 0.80
CX)}% 14.388 18.248 24.641 32.333
COP/ COPC 0.0531 0.0230 0.0243 0.0247
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Table 4. Data of performance measurements
Speaker p .
v AT (7 ; 14
Working (W) | (J/kg - K) w (C) m (I/min) Qn (W)
10 4180 0.10 0.5 3.48
30 4180 0.21 0.5 7.32
50 4180 0.28 0.5 9.75
Speaker Total Input
w..(W tec (V.
Wbrkmg(VV) ac( ) Ql ( ) (W)
10 1.98 0.4 2.38
30 4.31 1.3 5.43
50 5.22 >3 8.32
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