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Construction and performance evaluation of

a speak—driven Thermoacoustic Refrigerator

Chang-Youl Jin

Department of Refrigeration & Air-Conditioning
Engineering

Graduate School, Korea Maritime Universtiy

Abstract

In this study, a resonator type 1/2 wavelength thermoacoustic
refrigerator is designed and fabricated according to the method
suggested by Hofler. The resonance tube is 620mm in length
and then theoretical resonance frequency is about 276Hz. But It
was found that driving frequency was 268Hz, when
thermoacoustic refrigerator was actually operated. It was a
difference of 8Hz. The resonator type 1/2 Wavelength
thermoacoustic refrigerator is composed of a resonator of 3.6 cm
diameter, stack of plates, heat exchangers and cooling part.
Length of the hot heat exchanger the stack of plates and the

cold exchanger heat exchanger are 9 mm, 8 cm and 6 mm



respectively. Heat exchanger are constructed by the wire cutting
method. Stack of plates is of spiral type having a finite spaces
of 0.6 mm and is 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 23.7 °C when it is operated at 268Hz of driving
frequency and 100w of speaker power. The cold-part
temperature of the exchanger fell to -3.1°C. When speaker
power was also operated at 50W, coefficient of performance
relative to carnot’'s coefficient of performance is 0.26% of

maximum, and then cooling power was 4W.
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Fig.l. The heat-flux density along x near the surface of the plat
Fig.2. Heat Transfer Mechanism
Fig.3. Normalized distance from the plate surface

Fig.4 Thermoacoustic refrigerator(f=267.855Hz, Air)

Fig.5 Heat exchanger

Fig.6 Stack of plates

Fig.7 Schematic diagram of experimental apparatus

Fig.8 Expermental apparatus

Fig.9 Temperature profiles with time and frequency sweeping.

(Stack location = 10mm)

Fig.10 Temperature profiles with time and frequency sweeping.

(Stack location = 20mm)
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Fig.11

Fig.12

Fig.13

Fig.14

Fig.15

Fig.16

Fig.17

Fig.18

Temperature profiles with

(Stack location = 30mm)

Temperature profiles with

(Stack location = 40mm)

Temperature profiles with

(Stack location = 50mm)

Temperature profiles with

(Stack location = 60mm)

Temperature profiles with

(Stack location = 70mm)

Temperature profiles with

(Stack location = 80mm)

Temperature profiles with

(Stack location = 90mm)

Temperature profiles with

(Stack location = 100mm)
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Fig.19

Fig.20

Fig.21

Fig.22

Fig.23

Fig.24

Fig.25

Temperature profiles of cold part with start location

and frequency sweeping

Temperature profiles of cold exchanger

time and speaker power (10W)

Temperature profiles of cold exchanger

time and speaker power (30W)

Temperature profiles of cold exchanger

time and speaker power (50W)

Temperature profiles of cold exchanger

time and speaker power (80W)

Temperature profiles of cold exchanger

time and speaker power (100W)
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Fig.26  Coefficient of performance according to the electric

heater power

Fig.27 Coefficient of performance relative to Carnot's coefficient

of performance according to the electric heater power

Fig.28 The cold side temperature profiles according to speaker

power
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Table 1 Thermophysical properties of working fluid in a

thermoacoustic refrigerator

Table 2 Dimensions of thermoacoustic refrigerator and

operation conditions

Table 3 Data of performance measurements

- Xl -



I. A&

1.1 A7 2 7€ §%F

ZE BE7ed ALEH Jde ZHL7M2(CFOAIE Y Y 37
2HYeE AJEAZ HI o ole dHF dA=RFA 3 A=
dE71esSel M= ok vlxd 2 L Ve2A F7 @
2 YE7)e) vl& 2 9 & ZAE A 4= FAL EFWUEINF
striel Aol A3 WE7)eld).

2978 2L 5% TAAR7 71E BF579 gF7E dAEH 9
o CFCE WYHE Agste diale 2F, o2 5 74 T
ZNAE A&, +E7F Bl2q st §2 BEyE Ja3 7|AF A
=7 =

17773 9 A = (Higgins)[117F 7 FEA €& 7Hl< o 72 g
HojlA S¥o] AAE AL H=x=2 AT ol oA (Rijke)[2], &
=32 (Sondhauss)[3], 32 2 (Taconis)[4] T°] 25FaHE
A9 et. Sondhauss tubew HA AF ALAEA Taconis X F
712 & 28 ded SAL WFEAA A A7 FU"E o] A&
A AL HIZ W wl$ Z AFS 2= TaconistF LA o
3o AAQAY BPer I ST AWHIFAL, °F
(Clement), 7/l ZY (Gaffney) 5°l &3] o7} o] Fo .

19803 ol Eo] 8} okA}7)(Yazaki)sol & 2 AHq AFPo] }s3
A AZFAHA  s|Ae]  shEEA HAd.  #BEwH(Feldmann)
Sondhauss % &7]° A (stack)= A3t d5F S AF - &
A oen 600We d=REE 27We SI¥FHE JdS F£ doddh

_1_



19661 Gifford[5]= #5e] 7hzd wj$ 2 Fays 22 AZFS
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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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<

620 mm




P, 1bar 7, 290K

Pm 1.21kg/m? a 342m,/s

G, 1006.8 (J/kg - K) r 1.4

K 0.0255 ( W/m - K) f 268 Hz

0, 0.158mm x 0.1974 (m /rad)
Wk

Table 1. Thermophysical properties of working fluid in a

thermoacoustic refrigerator

Compone'nt | Length(mm) | Radius(mm) 2y (mm) 21(mm)
Resonator 620 36
Hot Heat
9 36 0.6 0.3
Exchanger
Cold Heat
6 36 0.6 0.3
Exchanger
Stack of
8 36 0.5 0.15
plates

Table 2. Dimensions of thermoacoustic refrigerator

and operation conditions
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Fig. 5 Heat Exchanger

Fig. 6 Stack of plate
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Fig. 9 Temperature profiles with 10W and
frequency sweeping. (Stack location = 10mm)
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Fig. 10 Temperature profiles with 10W and
frequency sweeping. (Stack location = 20mm)
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Fig.11 Temperature profiles with 10W and

frequency sweeping. (Stack location = 30mm)
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Fig.12 Temperature profiles with 10W and

frequency sweeping. (Stack location = 40mm)
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Fig.13 Temperature profiles with 10W and

frequency sweeping. (Stack location = 50mm)
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Fig.14 Temperature profiles with 10W and

frequency sweeping. (Stack location = 60mm)
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Fig.15 Temperature profiles with 10W and

frequency sweeping. (Stack location = 70mm)
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Fig.16 Temperature profiles with 10W and

frequency sweeping. (Stack location = 80mm)
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Fig.17 Temperature profiles with 10W and

frequency sweeping. (Stack location = 90mm)
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Fig.18 Temperature profiles with 10W and

frequency sweeping. (Stack location = 100mm)
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Fig.20 Temperature profiles of the Hot side and Cold side

according to time with speaker power (10W)
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Fig.21 Temperature profiles of the Hot side and Cold side

according to time with speaker power (30W)
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Fig.22 Temperature profiles of the Hot side and Cold side

according to time with speaker power (50W)
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Fig.24 Temperature profiles of the Hot side and Cold side

according to time with speaker power (100W)
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Fig.25 Temperature ratio according to the electric heater power
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Fig. 26 Coefficient of performance according to the electric
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Fig.28 The cold side temperature profiles according to

speaker power
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Cp . :
Pe (W) (MCQTVK) ATy (C) | m (Lmin) | Qu(W)
10 4180 0.05 0.5 1.74
30 4180 0.2 0.5 6.97
50 4180 0.3 0.5 10.45
Total Input | First Law
P W, (W etee (W . .
e(VV) ac( ) Ql ( ) (W) Def1c1t( W)
10 1.34 0.3 1.64 0.1
30 3.22 1.2 4.42 2.55
50 4.07 4 8.07 2.38

Table3. Data of performance measurements
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“If one advances confidently in the direction of his dreams, and
endeavors to live the life which he has imagined, he will meet with
success unexpected in common hours.”

- Henry David Thoreau -
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