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Temperature Distribution along Stack in an Acoustic-Reconance Tube
(2nd Report, Systematic Experiments and Derivation of Dominant Parameters)

Akira KAWAMOTO, Mamoru OZAWA and Fuki ARIKAWA

Systematic experiments were conducted on the temperature distribution along the stack in a
simulated acoustic-resonance tube refrigerator under various system parameters, as a step of
research works to construct fundamental basis for the reliable theory of thermoacoustic refrigera-
tors. The measured temperature distributions were classified into five patterns for reference and
were compared with the existing linearized theory. Both measured distribution pattern and discrep-
ancy between the theory and experiments were closely related to Strouhal and Peclet numbers, which
have close relationship to forced convection heat transfer. In particular, Strouhal number had a
dominant influence on the temperature distribution, and small Strouhal number gave good agreement
between the theory and experiments. Thus these dimentionless numbers had a high potential for the
improvement of the existing theory.
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Fig.1 Experimental setup
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Table 1 Specification of stacks

(a) Type A
plate  |length | total |number of|position*/width of target channel
No spacing height | channels middle upper
2yomm|Lsmm| Hmm| pcs. no./ Wm mm | no/ Wu mm
la| 059 50 232 36 18th /22 3rd/9
1b| 0.62 50 244 36 18th / 22 3rd/9
2 0.89 50 23.6 25 12th / 22 3rd/ 10
3a! 1.08 50 227 20 10th / 22 2nd /8
3b| 108 50 228 20 10th / 22 3rd /13
4 1.68 50 22.6 13 8th / 20 2nd/9
5 1.09 100 229 20 10th /22 3d/ 11
6 | 113 | 150 | 2481 21 Uth/22 | 3rd/11
(b) Type B
plate  |length | total |number of|position*/width of target channel
No spacing height | channels middle upper
2yomm|Lsmm| Hmm| pes. no./ Wm mm | no/ Wm mm
1 0.63 50 17.2 25 13th / 17 3d /17
2 0.84 50 14.3 16 9th/ 16 3rd/ 16
3 1.08 50 14.8 13 7th / 16 2nd/ 16
4 1.62 50 15.1 9 5th/12 2nd /12
Wn W
Ws
tube wall (copper)
spacer
12
S H
1
= S e stack plate o
| {(Polyimide; 2/=0.055) |
X : thermocouple on the plate
(a) Type A (b) TypeB

Fig.2 Cross section of stack region
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TRV 3, BENZETI - REZER & T 2HBO
fE% EhsDBETEL, 2 DHKIE (W, Wa) b
w7z,
RN VAL BR PR, Y AT 4%
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Fig.3 Comparison between stack types
and channel positions
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Fig.4 Typical patterns of temperature distribution
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Fig.5 Effect of drive ration Pa/Pn
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L,mm(No.). T, °C T, C | P, kPa
o 50 (3a)} 19.2/20.830.4/30.9] 1.7/1.7

2 100 (5) [18.2/19.6131.3/34.0 1.7/1.7 | (a)/(b)
v 150 (6) |19.8/19.8]30.8/30.8] 1.7/1.7

2228 BEHBERNICEINICAY v 72 DBESR B 2H)
x; mm 7. C T, C | P, kPa
o 50 22.0/22.1]31.0/28.2| 4.0/3.4
a 100 22.3/22.5]30.0/27.6| 4.0/3.4 | (a)/(b)
v 150 22.3/22.9] 29.9/28.3 4 0/3.4
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N EPA/P =1.7% S
iNo.1b, P,=199kPa

......................

(x —xp) /L 1o
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Fig. 6 Effect of stack position xx
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Fig. 7 Effect of stack length Ls
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f Hz 7. C T, C | Py kPa
o 355/135 1 21.5/20.8| 28.2/33.4| 2.0/6.8
a 425/150 | 21.2/20.5 28.7/33.3] 2.0/7.0_| (a)/(b)
v 495/170 21.5/20.0 28 6/32.0] 1.9/6.8
,’ " | ‘1— expa 1l _ :ex'p.;'
': -e- cal' + - =~ :cal ]

FEEERNCBEINEAY v 7 DBESH (528 2229
Pp kPa | T. C T, 'C | P, kPa
o 101 19.2/22.0] 30.4/28.9| 1.7/1.7
a 199 18.1/22.1]33.0/28.2| 3.4/3.4 (a)/(b)
v 395 18.3/22.1|33.6/27.3| 6.7/6.9
! -——72pr . )
Poaesy el
Ll /27 N3N 101kPa

[ Y 355
L 425HzY X

x;,-SOmm
PA/P =1%
No 3a, P,=199kPa

(T=T) I (Ty-Tc)

No Ba P =199kPa

1 0 1

(x —xy) /L (x- -"h)/L
(a) He gas (b) N:gas

Fig.8 Effect of acoustic freluency f

2ypmm(Nop T, °C T, C | P, kPa

) 0.6 (1b)| 20.4/22.0]33.8/28.9{ 6.7/1.7

a | 1.1 (3a)]18.3/21.3|33.6/28.9] 6.7/1.7_| (a)/(b)

v 1.7 (4) 120.2/21.8(31.7/28.4| 6.7/1.7
v e f e

(T-Tc)/(Th-T.)

10

(x x,.)/L !

(x -x3)/Ls
(a) He gas (b) N:gas

Fig.9 Effect of stack-plate spacing 2y

FKRERIBIE sn=sakoxn E72D, A b T —2VEIZ
Stm=aoLs/(ttazn) 7% %, FUCIEBITAE A VIRE
EHIZIZRIUTHBE I 55 a i3 I1ZIE—E, Pa/Pa
Exn(xn) DEIELTOWADT uatn b—E LS,
Thbb, A bo—rVEBERKCEREL—EL
%%, AEBELOBREER 8 wRT, M8 DRMHT
12 kox 120.2 THBDTIHMLBAIC A b T — N VEH
BEIE—EEAaBENS, M3(a)~NY T AHKE(D)
ERLEAWRBIEL-> THER, SFEEHFEREL
BESHEZELTED, A bu— 1 WHINBRESH/S
7 —UREBRLHBOERCEERSZ 2T 2
— I D—DTHDBIENINDLS bbb

3:2:5 X% v 7 RHER ZZETRRBEERM
AFy 7REDETT S BOBWRZOEK(H AT —F
P A 7 NVOBE) CEETENRNTA=FIZDWBTHEN
TEH, CILOBTBEBERLERAY v 7IREDHOD
GEWEET B LEZONE/8T7 XA —F DWW THRET
T2, MIRA M= NWEREFFZ—EDDETRAY
v 7 IREIRE 200 2 L3R T- L S DFER T, (a) 5
VoA (D)BRBEOLEDL D THS, EBIC LS
BESAIIEI(a), (b) &b RERESET I L
oty —> [C] »5 [D] ~N&ZEfLT 2, 5E
I & BEESFRDIT D FXRRBO € — 7 BRI

199° \\ 395

(T-T.)/(Th-T.)

(x - Ih)/L 10

(x x4) /L
(a) He gas (b) N;gas

Fig. 10 Effect of mean pressure Pn

MBLEEL LD, BEBREDEZEENDL T AN ST
DEMIZH S, W, GBEERL RS v 7IRE DR
DESGFAEECBE T 2HR LD T X =5 TH BIRE
BREEREE S CESL U 2K ER y/d. % 2y0=
06, 1.1, 1.7mm DJHRT L BB LR 9(a) D~
VY ADEXIIX1.7,2.9, 4.5 HI(b)DEFEDL
X1X1.4, 2.5 3.9 L&D, BIcWENZKERZ T
TR, ZOE»5HE9(a) LK I(b) T B
WEREEH B EVZR S, 22T 6=02x/w)"? ZIRE
BEBERBES »RALEERE2ET. M9(a),
(b) DZZEFAEOERLRER D S5 MAoSE > I EBR
HEELEENCD IL—HL TS Z L sIERML
A8y 7R /0 AN — 2 B L UERR L
BrOERIEELSE L ZBETA—-F0O—D2TH
32 EDERIIC DRER S L,

3:2:6 WHIEH I OEHCHEE vo/d. 13 F
BES Pric k> THE LT %, K10(a), (b)ik®
NZNE(a)D 2y=11mm, 9I(b)®D 2y,=0.6
mm DAYy 7 E2FH, MRECSEEE UTFEYESN
RS L TR T K10(a)D Pr=395
kPa X 10(b) D P,=101kPa E9 tEL 7 —%
ThHbH, TITHA bu— " EIEE 10(a), (b)T
FIZRETH 5. EFRBERIX P.=101, 199, 395
kPa DB 10(a)~V 7 AD L XiX 1.5, 2.1, 2.9,
BI10(b)EFED L X131.4,2.0,2.8THY, 20D
Bz B9 O 2y0=0.6~1.1 mm O&iFHIZHHY
T2, L2LEI0ORHIEBEH2ZE Y 3. X
10(a) DBE, M9(a) LiE-> TEHENHEL
THERICL Z2BEMMII T bTLOELL HEE
ENT, Pn=39%5kPa D& &,% —> [D] OEAD
TR THAB T TIEEAE Y —> [C] @
FFEEWZ S, HEY Pp=19kPa L XA L&~
55 Pp,=101kPa £ 395kPa D & i3 % 5724 —&
T35, fiiF, K10(b) DERDBEERIC L 3501
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2230 BELEENICEINIZ RS v 7 OBRESf E2H)

EHERIBEML T NY—> [C] DEETEDLS
T, RV I(b) LFESEILOEFERS T
%, FHEOIZ 1 yo/Se DEHEHIRNIC b b 53
FI(b) LD bRELEINLT S, Swift EFT VB
THFEHEN E RS v 7 KERIE vo/0c DEARTL »
FEERS 2T, B L2RCEREMEE L THbi
%, L LEBIIEENC X 2RENEEEREE
8 DEALE RS v 7 IR 2y0 DEAL & IXEET
%<, yo/Se M ORIOBBRTHWMS LB H B Z &
Bbhirb,

4. & =

ZZETEREHE L OBERICOWTIZERIC
NBRFIEDTERDT, REBETRAR(2)2HVT
EFEBMULIEE AT E BN BEECE S WIFE
NI X =7 L OBFRIZ O WTHR~RS, FFHILIEE
1(a)Type ADEARAFT v 7B HEREFTELD
EEPEETA LAY v 7RI THELTA b —n
WL St ODBBE L TRLAZBDTH S, 22T, R
PE—AVEBLUBBOR VEBORERICHE R
un DFIIE Swift ETVOHEDEE» B>
ZRY vy 7R OEEIRIE ue, un DEMFIE, un=
(et un)/2, BRI, (EBTRAERRAS v 7RSI L
STERDA PO A LVEICHTT 2HESNEL L T

3 +
o0 : He gas, L;= 50mm
& : He gas, L;=100mm +
4r + : He gas, L;=150mm + ]
o : Npgas, L;= 50mm
v : Npgas, L;=100mm
3 x : Nj gas, L;=150mm +
-;f
“ R SN
<1 x
2 x a
Vo4
X+
v 8 A
v & &
1 x v
a” x9 x a
2 N & &
AT ML T

Stm

Fig. 11 Discrepancy vs. Strouhal number

1.5

: He, L;= 50mm

: He, L;=100mm

:Np L;= 50mm x x

: Ny, L,=100mm Fx

: Ny, L,=150mm x O o
St,,=45~65

XxXQ0P O

x v

ATt

0.5 9 v
oo Déo g O
8 §U,§ dn;ﬁbg%ooou °

0 .
100 10t 102
Ry Pr

0 PP

Fig.12 Discrepancy vs. oscillation Reynolds

&, R IA—OEETE, Ay 7RE, X ba—n
METHDLRDIELDL I EMNEDLNEY, A b0
— VDK E 2 B I RE W IE BRI =R A
T 2 {ERABERE BTN S, Swift 7 VBEKRH
R ORAEBRROBER 2 BANEE» SFEAL T
2ZrE, APO— A EDUNE DL SICEBREEHE
NEL—HT 2L VIR OFERE S, Swift €
FIVAZAERYIZ short stack model THY, R¥ v 7
W2 U7z B2 I L O, 37 b bR EVERE,
PO EHEATE W EE L LGNS,
RIZFA—DA b2 =\ WEIZBIT 5 A8 v 7 RKER
REHIE ST L EBIRARC & 2 Wi E (BRI 2 BE
BER ) DB L2 EROELICER L TRE T 5.
B 12 1k Stn=45~65 D7 — ¥ R REFERECOLE
fRBVCBET 25 ST X — % RoPr=2(yo/0:)? THHE
LibDTHB, 2T Ro=wydlv iZIREHV 4 /v
R, v IZEEIERE, Pr i3 7S > bR ERT, FH
U7 —4 2ENEEROBEIC DO TORFE T A —
I THDBT VI Pen=unyolx TEHETZELEEI3D
FIOs, MR2EFIBEZBWTEREREDE
RoPr %\ Pen SRS 2ICHVHEKRT 5, 2
RPEREE T —Y0FEEED I RLr X12) XD
Pen (M 13) DIE > BMENTH D, KR L U GEERIE
Un ~NDIKEEDLES>TWE I EDbhr s, Thd X
Mo — VB E R VB E DI Swift BT VI I

: He, Ly= 50mm

: He, L;=100mm 4
:Np, Lg= 50mm x x

+ Ny, L;=100mm P

1 Ny, L,=150mm a O

St,, =45~65

xXqQOoOPO

AT
x
4

0.5} o v

10! 102
Pe,,

Fig. 13 Discrepancy vs. Peclet number
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FEHRBEANCEBI LAY v 7 OREME E21H) 2231

B wBH S5 A= Th D, MEIEHE 2 EE0
MERRELTWS, BHZA b — U EERA
L, B ETVORBICY o T I DS EEY
BZEDBLETHS,

Bl 1412~ v 5 L SROERICH T 2RSS
F—BFEDTAPI—I\IWEENRIVEICEST
BHLIDDERT, B2 OOy — v RIELE
LA THBICER S TE R W, X bo—nn
BhH D07 VENKE WEBRICIZ Y —> [C]
(), [D] (OBHAL, NS OEBIZIE Y — >
[C]l oi#a [E] (&), [D] o#op [B] (V)
Z L THRME TR (Y — > [A] (X) BT 2 ERA
DBHY, BESMNNS - L INOEDNRNTA—F LI
AP EEL TV I LR D L. 12K
M4 TONRE - DSHDERE2RS &, RER/ Y
—>& LT [B] &£ [D] #3732 8T, o
N —VEEBObDEFLONE, LIAT, &
BERH Y —IE R v 7 ROGEBRE S EENICK
BLZDBDTHE06, ZOE»SH DA ba— v
ERTVEDAY v 7 NDERADRERZRT /S5 A —
FThbHrZedbhd, $EZELTHI4RCHE
BTRUIzNY—> [A] BHET3EBOE» 558
BESTNE — DETH L TH A b a— DI
IDVEEHTH D I L ¥bhd,

ULOBEROEAG E LT, FB1IHEMO ITBWTHIE
METFTVHRBDT AT LD—D2ELTED BT 78N
REFETIC & BEEDTREROMBEEBE L L &0
HELEREOZAEPNIS KRT, KRBT — 7 1iK
IHERLDDTHZ, ZITEERDTHE us TR
()BT 2= (RF v 7 HRAEE)D & & DHE
W,

usz—-(3/4)w“1udu/dx ........................ (6)

ZOR(6)IR(5)TEZ o2 EHEWEERE
DO H % & & DIREBEREINGOFER O %
522RTHYD, ZOWHE us 1 IRERIE « LD b
B2 TR/ %E, ZOMNEETRORR
WEo TR OEEBNK IS D & 5 KEECRS T
3, RODPSL»D LD IZTHE us 1IHEIRE o 12
HKELTBY, K15 ORI CBRIEZROEE
RIE~OERERHOES 2 EM T2 0THY, 72F
EREERLUIBRETVOBESMEER LTS, 72
PEEERIEZA MO =PRI VBICEEh 3 HE
REZVECEH LD DT, M5 hoHHllsns &
S0, SV ERCHABTERSFEFHET /021385
WHORFORELEET LI ESLETH S, B
W2, Ab8— " NVEOREZBEHICENE Y —

O : He gas, L,= 50mm
& : He gas, L,=100mm
+ : He gas, L,=150mm
r o:Njgas, L= 50mm + 1
v : Np gas, L;=100mm
x 1 Njgas, L;=150mm + 7
(with steady stream)
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Fig.15 Improvement by means of acoustic
streaming effect
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