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Abstract: In this paper, core engine components of a 10 kW free piston Stirling generator with a
linear heat pipe coupled is taken as an example to illustrate the basic heat transfer and resistance
characteristics of the oscillating flow heat exchanger of a thermoacoustic engine. By equating a 3D
model, the Sage 1D model and CFD 2D model are adopted respectively to characterize the distri-
bution of basic state parameters and time-averaged energy of the alternating flow heat transfer
unit under rated operating conditions. The results show that the Sage 1D model is similar to the
CFD 2D model in terms of the heat transfer distribution characteristics and the total amount of
heat transfer calculated. The Sage 1D model can better capture the transient and time-averaged

characteristics in the heat exchanger. However, the sudden cross-sectional losses at the heat ex-
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changer interface calculated with the Sage 1D model deviate greatly from those calculated by the

CFD 2D model. As a result, a local drag correction coefficient is proposed based on the resistance

values calculated with the CFD 2D model, and according to the effective pressure drop and effec-

tive velocity at the abrupt cross-section. After the correction coefficient is used in the Sage mod-

el, the drag characteristics obtained using this model basically match those acquired using the

CFD 2D model. The resultant heat exchanger characteristics and analysis method can be used to

guide the research and engineering design of other thermoacoustic heat exchangers, exhibiting

their general applicability.

Keywords: thermoacoustic heat engine; oscillating flow heat exchanger; heat transfer character-

istics; resistance characteristics; local resistance correction
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Fig. 1 Schematic diagram of the core components of the

thermoacoustic engine
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Fig. 2 Schematic diagram of typical structure of heat pipe

() T A

R &

coupled with free piston Stirling engine

BEXT LA b TR] R, AR SCB T H — T i R0l ) A
B TG ZE TR AR R B BIL T A R A AR AL B R
5 R AR 2R GE AR I, B o I BAE PA) TJ5T {0  R E
I S50 A IR L B R VI R B B
A SCHT R TE 1 A g HLES A AL A 3T 2 T Sage BMF
SERC AN 3 B, O T HR - v G LT o8 IR B
PLIEEAL R B, ERERHR AR 3 R
BN ARG B i HE 8 7% 48 v AT 1 52 0 Sl
A (] I g S AR A g 55 e e HL Y e A 5 L B
FAWHLEE W 3 Ca) B SR TN & ALY B
2 S B A 2 ri AL RS 5 1) ] N 0/ R GE IR 8

http: // zkxb. xjtu. edu. cn

(a) R F LR A 254
LR IS 52—l o) A AN AR 5 3— [ A 54— A %
5 X E A AL 6T 7Bl I 28— A
9— AT LR ; 10— M S AR 11— SRR IE ; 12— HER 4%,
B3 EREG F G ZE R OR S LA S5
Fig. 3 Schematic diagram of heat pipe coupled free

() B el Ja 740

piston Stirling engine arrangement

LB AL G B e AR S5 S50 8 s i
JNFAER KB R 250 mm, W E 58N 1. 3 mm, Fii# &
JE9 10 mm, 3 Fr~F- 2 FE Ry 7. 986 mm . Ji B ALK
108, fLERFN 0. 046 5 [HIFAFA BE hy 52 mm, >R JH 22 45
7w FLBR RN 0. 897 % L A28 A 7o 5L KB Ry
70 mm. 12K 2 mm. FLEER K 0. 08, LIBEEH 768.
1.2 EHEESH

PEHREA Z B ALY & T RES
gk 1 iR, BlE it KB IIE R 10. 77 kW, )
JO7 ARSI PR S 30 KW, YA 1 B HEREE 29 19 kW,

A1 REABE BT RN AR AU A A
Table 1 Performance parameters of heat pipe coupled free

piston Stirling generator

EROE 21 Hfe

#il 4/ Ha 50. 00
FI4JE J1/ MPa 9.00
HEBR 2847 % / mm 11.99

3 7115 20 5 /mm 12.00
TS BE TR /K 823. 00
fn#aE kW 30. 00
B EER /K 333.00
PR/ % 40. 64
PRE AR X R RR/ Y 68.25
M T kW 10. 77
FHLR/ Y 88. 04

P BOE/ % 35.78

P A X R/ Y 60.09
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BT LB PR S R RBLAS H 5 R S LA LA
PERUE T 00 A SCRLVE B0 | (0] P 55 R 20 A 14
Rt BRIT O W ST X G o W 45 B P e e, 0 AT A A
o 55V H AR A I Bl 5 e PR

2 AT AR

2.1 BRBHINEH

SRy S B e R AR AU Bl 5 R ACRR AR 1Y R 580
T o TR s 7 AL 1800 AR 0 = 2 A Xl i 4
FNAFERLTE A S T S . AR SR HI AR R
78 HE LS L L RE AT B BB A [l AR 5 5 s COm AR i i
FERE I I ¥ 20 2% O 32 42 R 40 ), [l A 2% o 2 LA
Frgiy B W E NSRS . Rt [l
55V AN 0 Fh D F 07 P B AT A R L RIEE i AR 5
e 7E BE iAo 4 S5 kg i), 5 ] A 2% 1Y 25 4 DT i

http: // zkxb. xjtu. edu. cn

U 220 2 T b LR S iy B AT, pl T AR
FL B 3 AH X LB R 5 2 s R A5 /N TR O 22 % A AR
i 7 B = ARy A O [ S N SR S 4R i
M 22 5. LIRS 4% — 2 6 350 R LAl L DL LB R e
AN N B — 2R 5 B R B Ol BN T, DR B
Vi BE R HEE . Y H AR R A R, 4k S Rl it
K T3 AR A P TR K AL I S5 AH 3 0 AT A A, A
R 9 7 B R0 JRORE X fin R 248 400 30 3 40, 35 XY R
K 3 EAR LA VE BE AR 6F L Bt 38, o] B g o B 5 2 s 5
JE DA R $ 225 AL B SR A 2, I AR s | T AR e A
A A B AR R RN A, 28 A B T DA A X 25 BB A
DTG = HE S5 S50 — 4e- TS5 . 46 s 5 1
Jik e 22 B 4l CFD 2l i 2835 sh 2R AT Y e,
DU 45 5 598 20 i LT L 2 K 5 5 i B g A
JE T3 AR 26 5 R AL 58 4ok (] A JE 0] kit 30 B
HNIE

(&l 5 Sk e B F IS 55 20 S D) R A5 1 B P O 28 4R
MR Rl YERIY , S5 S8 3R 2 . T
AR, AT [R] Bf SR sage 5 CFD #EAT{ Hit &,
sage —AEA Y T 55 45 B A0 AT DL 5 R AL T AR
SERHEAT XS ORI, AR 5040 0 87 Ak i 72 1 & B
LA Sy CFD Ja & 0 B 42 i i 7 5 fF. T
CFD 5 F X 46 $4 v 6] 718 J8i PRORRAIE 34 17 16 48 43 A, OF
5 sage — YR BRI 8 28 R IEAT X L, % 48 sage —
AT B A RE
e

4N Ve 51 2% B3R s EKEET AKIE2

K5 A BIHUZ L BT b S B

Fig. 5 Equivalent model of engine core unit topology
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Table 2 Equivalent heat transfer core unit structure parameters

B R e 3
FE 45 15 KJ¥ 60 mm, 5 ¥ 27. 93 mm
vt 28 KJE 70 mm, B FEE 1. 117 2 mm, i il
N B2, LB 0. 08, K F F 72 2. 3 mm
i KB 52 mm, % 27. 93 mm,

FN A

FLBE 0. 897

. KB 250 mm, JiiE Y 1. 3 mm, FLETR

N

0.046 5, /K F| H4£ 2. 6 mm
J K s 1
&1k 2

KB 5.06 mm, 75 5.0 mm

KJZ 50 mm, 5% 27. 93 mm
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Fig. 6 Sage 1D model after topological equivalence of

engine core unit
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Table 3 Physical properties of helium

%5 S8 K
WA/ (kg KDY 5198
IR/ —5.76X10 *T*+
He #ytk (pPa +s) 4.4393X10 *T+7.5665
SRR/ —4.74X107° T+
(mW =+ (m+K) ')  0.35044T+60. 848
[ B 2 K '/m* 1.342X10"
BH 3 45 1 C;/m™! 1.875 76X 10"
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Fig. 7 Pressure fluctuation amplitude delay range distri-

bution with the number of grid

800

-&- I [A] 25K 9500
—o— I [A] 2K 41 000
700 - —— WK N2 000
KHN5

- Iif[a] 25K 45 000

600
=
N
# 500 \—//'_‘\‘
15
& 400 |
300 | \\/—\‘

200

I 45 6

v ¥ v v v—v

100 . . . . L | )
3.06 3.09 312 3.15 3.18 321 324 327
tls

8 AN [m] i J) A5 4T B 44 8 A5~ 1 1 B B e T 1 2 A
Fig. 8 Variation of time-averaged energy conservation

with calculation time for different time steps

http: // zkxb. xjtu. edu. cn

R Ta) 2 X i3 3 2 B0 B 1) 52 e 50 B X
W REE R A K. BT X O B R 4
15 ZE 0 S I 375 1) 25 S 32 A T AT I 4 B g
0 I 4 P 25 5 (H CFD 4 6 50 14 i 1 B8 2 31
R B AE B B0 R N T L AR R T
B SRR R EM G, mE 8 R BaLREN TR
W3 500 A, REEA 600 W ZE A 1A - £ 5
B TSR ] 5 000 A SO, R S8 RE & A F i %
R3] 170 W 2245, RSl [a) 20 K 2 S BUTHE
IR T 10 kW B 9000 R Go i RUE B 6837 . 11
AR ZE A7 AR SR B — A JF W5 5 000 25, Xt
NS ] 254K 8 2 R T IR IS R 48 b I ) Y v
B R i A Sy PRI, i3 32 22 02 X Dl i o 1) 2 AR AR Sl U1
Bl M RN 2 28005 11, A T B sh & 0 s
By /N, L5 2 80008 00 4R 7 56 2R B AR oG, B T3
KX i ] RUBE 2SR A8
2.5 EETIR Sage tRE 5 CFD =& it & Xttt

FAHHTIHTE 5 1) Sage BiAlY CFD Al
TFRGERIT . Hof P, RN EHREA B K S —
i s P 22 78 B BK B 1 A TR J7 — B MR 1
PV o 2812 E1 25 10 B0 B 39 75 215 PV, 28
INFAEE A A TE B 38 75 ) 5 Qo 3R 78 V2 A 4% BE T B
P A0 5 Qu 8 718 T AR R BE T O 3 e AR
TR TG 35 2R FH A ()30 26 301 7, DR U 44 45 0 B
i 3% FE FLIAL (R AR R e AR TE] . A TR R
PIRE A Y, 22 5 AE 1020 BT () 22 S A X 3
K, BB R ) Rk 22 R K

o4 WA AEA AR R AR & A A 208 2k
Table 4 Comparison of calculated parameters for the same

section of both models

S8 Sage — Y5 1

CFD . #fif5i #)

Py /Pa 884 607. 2@0° 908 421@0°
Py /Pa 844 263.3@ —3.74° 762 732@—7.84°
PVoou /W 12 677 13 805
PVisan /W 23 622. 67 22106

Qe /W —12700 —12 140
Qu/W 23 650 20 293

T - @ )5 T ECE AR A

3 AR REE T B

R VR AR o3 Bt A Sl AL B A e PR T L T I
SE SRS BUE TOL, IR S O 2 T A
I7) (52 8% 1 2 45 AN ) 7 S A 1 e 2 9 T 3 5 46
PREE 73T o HE R S A W 4 72 A 2l 4 EE




o505

EEUE A IAGE R S R Y 327 U ) e AR R AT 5 103

7R FE R FE R SE I, INE ALY 0. 1 A 72 Ak 3
2 A% S WOAE A B i E B, T DX P 1) 7 3 A AL A
AR /N P A 1 AR Ak 3 1 PR T A
B R B R A o7 VA T 2 22 [B) () A AV 2% (FE 0~ 2x
T8 [N AR A 2
3.1 BMBRBRBSHEIEHE

WEL9 BT 7R 1Y & T 00T #4443 A3 % be ml 1,
CFD 4P R 5 Sage — 4 AR R {1 1154 % B 44 38 22
L B E S o W T i S N R (VO - ¢
AT U Sage — 4R AT LA P 4 K AT RS Y s
Bria th oA 54 P RRE . (HUZ . 5 CFD 4 A3}
RERVRAAEN R 2R 25 5 RES W R
TR OG0 5 T BEL A R 7 AR 1 S R A 25
SAEX., AT A R ST I —
480 AR Ay b 2, Flg T Oy A RE TR AR A o DRI F N ) s
Bl 2ok,

Bl 10 R [ A5 B R B2 T A B 349 A0 08 %% o A
A A2 B, B A N T IR T A T 4

40

[z e fnae
;@ ——CFDHA!

— Sagef# 7l

W
(=}
T

]
(=}
T

—_
(=]
T

iR 2 /K

(=]
T

0 75 150 225 300 375
1)K FE /mm

Ca) BUE T LT A% A I 347308 22 20 A

120
100
80
601
40

Tm##E ___ crom
— Sagef !

-2

q/(kW *m )

75 150 225 300 375
1)K B/ mm

(o) U B0 T 45 i DY I 28 PRAE 8 B2 53 A
9 PARMEEL U T 00T Hefom N R B P A
I3 AT F X H

Fig. 9 Comparison of calculations of the time-averaged tem-

=

perature and heat flow density distribution in the heat

exchanger at rated operating conditions
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