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Abstract The fin-tube heat exchanger is common in the refrigeration industry. The expansion forming mechanism of
the heat tube is of significant importance for refrigeration equipment, which determines its mechanical property and heat
transfer performance. In this paper, a three-dimensional fluid-solid coupling model of the tube-fin heat exchanger is
proposed. By using a unidirectional fluid-solid coupling transient method, the flow behaviors and deformation
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characteristics of the fluid and solid domains are numerically studied. Results show that the reasonable range of
pneumatic expansion pressure is verified to be P = 12.5 MPa, which is consistent with the value derived from the
theoretical equations. According to the variations of tube and fin stresses with time, the tube stresses at different fin-tube
joints are greater than their yield limit of 66 MPa, and the fin stresses at different fin-tube joints are slightly greater than
their yield limit of 132 MPa, which agree with the requirements of expansion forming process. After expansion, the
average tube diameter increases with the pressure increases. The radial displacement of the heat exchanger tube is smaller
in the horizontal direction and larger in the vertical direction, and the difference between maximum and minimum
displacement is about 0.03 mm. The variation of the residual contact pressure with different expansion pressures was
investigated, which exhibits three stages. When P < 11 MPa, the residual contact pressure increases with the expansion
pressure. If 11 <P < 12.5, the residual contact pressure decreases with the increase of expansion pressure. While P> 12.5
MPa, the residual contact pressure stabilizes at 0.7 MPa. The numerical results indicate that when the expansion pressure
makes the inner hole of the fin yield, increasing the expansion pressure will lead to incomplete expansion. Finally, the
effect of holding time is studied, which show that changing the holding time has little effect on the expansion quality. The
relevant results provide theoretical guidance for the actual engineering of the small fin-tube heat exchanger in the

pneumatic expansion process.
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Fig.2 Numerical model of fin-tube heat exchanger
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Table I Mechanical properties of heat exchangers

Density Elastic modulus ~ Poisson's ratio  Yield strength
pl(kg-m™) E/GPa u o/MPa
fin 2780 68 0.33 132
tube 8916 127 0.33 66

22 EHIGREMAR L

FES R B 1 R bR T 4 S TR AR B/, B o
S [ A AR T R ALAAAZ B 1 R M 1331, SR FH B )
[ 4 W A T SRR S S 4 R rh A Sk
BN, PEEAT B F A A BEIG D), o s AR
I AR .

FESASR S B AR AN ] S 4 AR, 4%
iy N

Vv =0 (4

0
Pl(% +v sz) = -Vpi+w Vv +F Q)

A, v MRS BN L, p, J AR L, p, T
T3,y AEFARBN 12 R R, Fy AR

it AR Y Sk PR k- BEAL. [V A4 1) 425 ) g
FEH

o5 dy= Vo + f; (6)
K1, py T RS, d, A hiE R, oy S 7
VIEIS o WSKENAPIES 8
DT B i Rl T TT N 7 SO e T A 1
iR
T M =Tg - Ry
d=d, } M

X, o, 7y AT ERTIN T, ny, ng R RS 44
() ERLASE T 10 ) B, ), R AR S LR IR AV A

TG GAT TR AR A A B T A TG RS A
PRI U R 1 E O R 8 0 24 : 0 ~ 0.1 s ik $%
FEJI 0 MPa ETF & #0E MK ) P, PRk 15 s,
1M 0 s, B2 0AE 0.1 s 9 R BE S 0. [ 44k o 4
A 5 (a1 4 fik 7 304 Frictional, BEEER 20
0.2, 4 58 R £l i BRI X, Y, Z J5 W A 3)).
IR I A IAE N R T2 0, T AR LBk 0.
[ RSG5 Y A5 0, HILRAEAS A 0.

FIH Solidworks XA HEAT = 4E g B, A
ANSYS Workbench [#] Design Modeler 5 1k il i
PAEFFRARIR. SR ICEM 2261l 1 A 45 Fa 4k /9 4%, 3T
BEXIE 404k (B 3), 2L 162000 4~ 5173, 166701
AN L BRI ANSYS Fluent #7770
Br. [ AR R ] ANSYS Mesh 2246 /5 THRIAR 45 4L
PR, 2L 26826 NI, 125148 A1 i FIH



558 i 2

Eitd 2023 4E 5 55 %5

P 3 VA L el o 42 ) 4
Fig.3 Meshing of fluid and solid domains

Transient Structural X [l 443817 H A8 R 7% 1) 1
5. 1 System Couple X #5574 147 5. ) Yt ] 15 2%
AU = BE RS 5 5 R (1) K R F SIMPLE 4
. PR R IR — B B SR A, R
TR FH Bt )k =8, 7 0K Least Squares Cell
Based #% 3\, [k /72 HUCK H Standard 592, dits i ik 5
RE 52 F1 3y BEFEHOR Yk FH — Bl )t =X )28 K
A 0.001 s, TR h 15.2 s, Fr AT Tk 22 Sl
1.0 x 1072,

3 HREGNE

31 Mg xM

e GRS L O I e A ) AR A T
(RFEAR. DA T S0 AE A% TG OGPk, 2 F e A (1R 4% 1) 47
B AT /30T, 3 2 Bon T IREk A1 b A v 4% bl
A% 50 P AR A R ARG 22 B 85 . AR b mT LA
B, B PR ECERBGOR, H A AR 10 A B8 R AR A
WS, R TSI 2 Mk S n 21 18.88 Ji L L,
Sk 2458 in 19X % O T B 4 RS AN K, JUAR R 2=
INT 1%, 5526 18T RO B, 7R )G 82 5
R /NG RS IE Ry 3.45 x 1075 m, MRS £00E
h 188826 AT HUEARSL.

*k2 MBS
Table 2 Grid independent analysis

32 XIGFTEM

AR T A BT A 3 AN
IRERARIY SRR TREN F R 40K T 100 . 24
T I UEASE I AL I A B, T RS 1 A
3 TS R R AR b e A () TR AR R BUOR [R) S
JELWE, &3k 41, B1 F1 C1 A E AR R
P VRN RZE, 3k 3 R, AR R, 1
FRE RS PR 2 AR /D, DR A S e Sk A B IR S ELAR
oK, e AR B IS R AR, LI 5 B 1R 1R
K3 AL 5 30 BRI U458 AT L, HoAH
XPRZENT 1%, LR6 25 I8 THE R FIRS BE, ik 3 4
IR hy e AT SRR .

*®3 XXM

Table 3 Regional independent analysis

Number of fins 41 Bl  C1 Average diameter/mm Relative error/%
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