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Abstract

Key Words : Thermoacoustic refrigerator(d 23 Y 57]), Heat Pump(g 3 ), Resonator(Z™
#), Heat Flux(4d /<), Acoustic Driver(-& & &4} 7])
Basic refrigeration effect and efficiency of a thermoacoustic refrigerator is studied. The

refrigerator model for numerical simulation is composed of half wavelength resonator and

appropriate stack of plate. Theroretical model for thermoacoustic refrigeration suggested by

Swift et. al is adapted for numerical caluculation. The model contains arbirary viscosity effect

of the gas filled in the resonator. The wave equation is integrated by using 4 - th order
Runge - Kutta algorithm to give pressure distribution along the stack of plate. Heat flux and
COP are also calculated based on the energy flux equation. By analyzing the numerical simu-

lation results, optimum values of design parameters for thermoacoustic refrigerator are

obtained.
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tude of T(y).
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a) Stack of plate in the resonator
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b) Detailed drawing of the stack.
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Fig. 2 Geometrical dimensions of stack - plates.

w=(1+ —l-) (P—A)cos (—2£) (15)
Yo' pma A
stack & BWolAe &5+ ztz dwr) e
2% T, TcE 3t vjdo &5 Fuf dTm/dx
€ (Tu-To)/AxZ 7} ¥t w3 mjde Ax e
5o Hoolnz FaHoz xo) YrE B 4
21‘3} °oJES EF n3dty o A4S HE)
‘Q’QTE 2 RS, FFYFTE TS F A
°|€ ol &3t FFAN E AER AT
—% T3 drt.

4. FxISA Zobo| hEt 24 U =

F AAAN =T LA E AR L HeRe
o] Runge - Kutta 32& 33t g, &
45, AT S TNt A5 S S A
stedd e A(EFA7EA)e] A4, 2P
oA 9] stacke] 91X, A<, A LE E F
AT 2 2188 =1 o] 5 Zho] Ui
&9 7 =5 & A Bt} Fig. 3& 33 &
A S5 YErE T ade g g
V2Zolg FH A Hol2 7 Aojth. =84
4] 200Hz, 500Hz 2@ 1KHz 5 A {9 7%
FH5FE 742 DA 1 FAYY, stack9 A,
A4, 52 & 58 H3lAA AN 58
< A

T 50l

HOT HEAT EXCHANGER
COLD HEAT EXCHANGER

\ b /

qAs

f$~ \

SOUND SOURCE

RESONATOR

STACK OF
PLATE PRESSURE NODE

Fig. 83 Schematic drawing of the thermoacoustic
refrigerator used in this calculation.
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Table 1. Properties used in short - stack approxi-

mation
Gas(He) Plate(Kapton)

ry=1.67 ps=1,400kg/m’
a=940m/s f cs=1,100 J/kg - k
pm=1.9kg/m* ; Ks=0.16W/m - k
cp=5,200 J/kg - k |
K=0.13W/m - k |
Pr=0.7 ,
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Fig. 4 Heat flux change with mean pressure of
Helium gas for cold part temperatures of
210K, 250K and 270K. Acoustic pressure is
0.3bar an the frequency is 500Hz.
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Fig.5 change with mean pressure of Helium gas
for cold part temperatures of 210K, 250K,
and 270L. acoustic pressure is 0.3bar and
the frequency is 500Hz.
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Fig. 6 COP change with mean pressure of Helium
gas for cold part temperatures of 210K.
Acoustic pressure is 0.3bar and the fre-

quency is 500Hz.
PA=O.3bar
& PA=0.2bar
o
03
Q
Q
(o]
U{
a
Q
O PA=0.1bar
©
® a.2sb
N
©
£
5
z
=035, freqmS00Hz, Tcw250K, Tha00K
0.2 :
s 1 15 2 25 3
Mean Pressure,(Pascal ) x10'

Fig. 7 Normalized COP change with mean pres-
sure of Helium gas for acoustic pressures of
0.1bar, 0.2bar and 0.3bar. Cole part temper-
ature is 250K and the frequency is 500Hz.
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Fig. 8 COP change with mean pressure of Helium
gas for cold part temperatures of 210K,

250K and 270K. acustic pressure is 0.3bar

and the frequency is 1IKHz.
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9
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Fig. 9 Normlized COP change with mean pressure
of Helium gas for acoustic pressures of
0.1bar, 0.2bar and 0.3bar. cold part tempera-
ture is 250K and frequency is 200Hz.
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Fig. 10 Normalized COP change with mean pres-
sure of Helium gas for cold part tempera-
tures of 210K, 250K and 270K. Acoustic pres-
sure is 0.3bar and the frequency is 200Hz.
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Fig. 11 Normalized COP change with location of
stack center for accoustic pressures of
0.1bar, 0.2bar and 0.3bar. Cold part temper-
ature is 250K and the frequency is 500Hz.
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Fig. 12 Normalized COP change with location of
stack center for cold part tmeperatures of
210K, 250K and 270K. acoustic pressure is
0.3bar and the frequency is 500Hz.
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Fig. 13 Normalized COP change withe location of
stack center for cold part temperature of
250K and 270K. Acoustic pressure is 0.3bar
and the frequency is 200Hz.
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Fig. 14 Normalized COP change with location of
stack center for cold part temperatures of
210K, 250K and 270K. Acoustic pressure is
0.3bar and the frequency is 1IKHz.

488 T+ U
4. 3 stacke| Zojof| 23t FE

stack2 3 A 3} & (acoustic field)u o] A
dHY w7t F9 78] e GAAS L A
o FE ol FE A¥o|th. & B LY UF
oA ARl dHPEHRE S I
T AEAAT @A 1 B} HolA o
Me €8y ARt a9 29 dHA g 96
£ S A1717] A8lA & stack gt Alo )
A& FAH F= Aol WP o]of wtete u}
Z &4o] F/13ln 2. B4 ytiAlolo] 7tH e @
AT F =2 stn Yt vpFo] o
oA o] F4 & stackd] o7} dojA4=
7tated 4449 Avle ¥ Yo ik
stack®] o7t #EFE F8L ZUEA T 2 e
o AR AV F AfdE dALET
HEc AAo 2=Fulsl o AN g¥Po] d
Uz & ¥t A& F U U ANE F4
of HEN7|HW AP stacke] Yo MFo] W
FA ot ¢ A9} AN Z TEFHSS
200Hz, 1IKHz 2 3}« Ztz}o] 73 Lo ) &) stackZd
o] WSAIAVIHA AL WA E JFg B
3Tt Fig. 159} Fig. 162 334 200Hz, % &
§ 2% 250K, 2% 0.3bar¥ of stacke] Zo]E
8cm, 12cm, 16cmZ M 3A1A 7PB A FH2 1 A}o]
Sy 2 &S 73 Aol

Fig. 15014 stacke] dol7} dolA4=E 582
Polx] 11 A stacke] X% ¢ nodeZ oz
olFde AT & 4 U} Fig. 16 Ayyw
stacke] Zo]7t Ao A42 A 2AY o] Wol
A Zol7t 8emQ 3% FHAH L 16bar 29
gt dol7t 16cm2 FolUd - & oF 10bar
7t ¥t} Fig. 17 9 182 %394 1KHzd o)
T Ao 2 200Hz] 7 $-9} FAIE AL B F
o5 A 2% &L stacke] ALt &0 o
ET ol 3F Zo| stacke] ol I¥F AT}

€ 2% 7 JolAMEdE #SFE Ao FX
T a-A g 2232171 4FE o stacke] 2

| e 27y F718 AA 985
a2 Ho] dAL= T =2 d &4

AN ofN dlo



Dong - Hyuk, Kim

C.ar

0.3

y

o.1r /

088 29 092 034 098 098 1 102 104
Location of Stack Center,(m)

Normalized COP,(COP/COPc)

Py i MPa,freqa200Hz. PA®0, 3bar, Tha300K Tc2250K

Fig. 15 Normalized COP change with location of
stack center for stack length of 8cm, 12cm
and 16cm. Acoustic pressure is 0.3bar and
the frequency is 200Hz.

0.48

Normelized COP,(COP/COPc)

aebe=0, 16m

0.34f N

x30.95m. freqe200Hz, PA=0. Jbar, Tha300K, Tcx250K
Q.5 1 15 2 25 3
Mean Pressure, (Pascal) <10

Fig. 16 Normalized COP change with mean pres-
sure of Helium gas for stack length of 8cm,
12cm and 16cm. Acoustic pressure is 0.3bar
and the frequency is 200Hz.

o] A& EA3HA %A Bt WA olAF HE
& 383t A o) stackZ o] & M A 3 of 3t}

5. Z8 « M

E AFde IBE 45T WE71e 4A
Az &) A& 3P 3t7] A8t Swiftgol
AT Gl &€ =43 A E FeAT F
ol A Az AAZXY J23 AEF AA

Normalized COP,(COP/COPc)

Prrm1MPa, froqe 1kHz, PA=Q, bar, The300K, Tcu250K

a2 0.14 0.18 0.18 oz 02
Location of Stack Center,(m)

Fig. 17 Normalized COP change with locatio of

stack center for stack length of 4cm, 6cm

and 8cm. Acoustic pressure is 0.3bar and

the frequency is 200Hz.
032
debr=(.04m
o3 \
Q
o]
O 0
S~
o
Q
O o8 .
a debxx0,08m
Q //"—\
QO 0.24f 4
o
[
]
® o0z
&
=
o
Z a2t Jetx=0.08m 4
x=0,16m, freq=1kHz.PA=0.3bar, Th=300K, Tcw250K

Q.18
05 1 1.5 2 25 3

Mean Pressure,(Pascal) x10*
Fig. 18 Normalized COP change with mean pres-
sure of Helium gas for stack length of 4cm,
6cm and 8cm. Acoustic pressure is 0.3bar
and the frequency is 1IKHz.

Z2A0 59 dia sFLH o the 42 Runge -
Kutta 252 PgFozn A dag AAW
FE9 E4E vhotd YA Ao EEE 2
a7 A HPHARES S =2 F UAUAT 2
QA AR AuEF Aol e AEdt vkt
Zo| d7tA 7tF Eol AHEHAL °) 2 U B
FHoz e AHE Aty 2 F glonvt
AYHozE & L77t fleddel AtesY ¥
o 3% 2d S Yo FFPez Ho o

-100-



Numerical Simulation and Analysis for Optimum Design of a Thermoacoustic Refrigerator

AT A7E =2 5 e Q77 FYHojof
& Bolt}.
2 AP de& dE 293 25 2ot
DHANELE S IS FJeTHE Y A2
4 FEBU 4 2V 4FgE Lo
3 4ol F7MEFE FAFALH L F7t
Lig=®
2) ANEES dS F U= FH9 stack
t AR 227t RolAS4E F stack
o] 277t A2 45 ¢ nodez ¥
HolA W o] gL FEFoFI AL
Alsle .
& 3 stack 2 FFAW ¢ 27l
B dgS wx gev.
stacke] A7l #EFE &2 FIIEIA W
old & Lx=Tuje F7tE A3 /%
< 4.

o &

BT U )

3

~

4

~

AAnEH

1) Higgins, B., 1802, Nicholson’s J., Vol. 1, p. 130.

2) Rijke, P. L., 1859, “Notiz tiber eine neue Art, die
in einer an beiden Eden offecen Rohre enthal-
tene Luft in Schwingungen zu versetzen®, Ann.
Phys.(Leipzig). Vol. 107, p. 339.

3) Sondhauss, C., 1850, “Uber die Schallschwingun-
gen der Luft in erhitzten Glasr6hrenund in
gedeckten Pfeifen von ungleicher Weite”, Ann.
Phys.(Leipzig), Vol. 79, p. 1.

4) Taconis, K. W,, 1949 “Vapor - liquid equilibrium
of solutions of *He in *He", Physica, Vol. 15, p.
738.

5) Gifford, W. E. and Longsworth. R. C., 1966,
“Surface heat pumping”, Adv. Cryog. eng., Vol.
11, p. 171.

6) Wheatley, J. C., Hofler, T., Swift, G. W. and
Migliori, A., 1983, “An intrinsically irreversible
thermoacoustic heat engine”, J. Acoust. soc. am.,
Vol. 74, p. 153.

7) Wheatley, J. C., Hofler, T., Swift, G. W. and
Migliori, A., 1985,‘“Understanding some simple
phenomena in thermoacoustics with applications
to acoustical heat engines”, Am. J. Phys., Vol.
53, p. 147.

8) Swift, G. W., 1988, “Thermoacoustic engines”, J.
Acoust. Soc. Am., Vol. 84, p. 1145.

9) Swift, G. W., 1992, “Analysis and performance of
a large thermoacoustic engine”, J. Acoust. Soc.
Am., Vol. 92, p. 1551.

10) Hofler, T., 1986, “Thermoacoustic refrigerator
design and performance”, Ph. D. dissertation,
Physics Department, University of California at
San diego.

11) Landau, L. D. and Lifshitz, E. M., 1982, Fluid
Mechanics, Pergamom, Oxfor.

12) Kinsler, L. E., Frey, A. R., coppens, A. B. and
Sanders, J. V., 1982, Fundamentals of Acoustics,
Wiley, New York, 3rd ed.

-101-






