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Nonlinear characteristics of periodically fully developed flow
and heat transfer in cross-flow tube bundle channel
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Abstract: The model of cross-flow tube bundle channel look like column body of surrounding flow in wa-
ter conservancy project or tubes of surrounding flow in heat exchange. The paper introduced periodic
boundary condition to simplify model ,and investigated flow field and temperature field in different values
of Re by numerical simulation. It is discovered that with the increase of Re number,flow changes from sta-
ble to the appearance of bigger vortex,then becomes smaller and then grow bigger,which is a circulation
process. The reason is that with the increase of Re number ,the inertial force, viscous force and micro vor-
tex of continuous generation combine action. The process of heat transfer are closely related to flow. In
addition, the change trend of the speed at monitoring point with time is investigated, it is found that the
flow exhibits nonlinear properties. With the increase of Re number, the numerical solution from steady
state to periodic oscillation and finally develop into a state of chaos.

Key words: bundle corss-flow tube; flow field; temperature field; periodic boundary condition; nonlin-

ear characteristics

1 W5t

TR SRRk A T AR Brrp A9 St 15
RERIRR . SEPR TR b 2 il 2R 22 58 i 19 A 1),
KGR G RIS Az A e AT Sk SE RO MR L X

s BHA:2013-12-24; {&[E HEA.2014- 05- 06

UKL T35 e A 2 LB AR AT, DL Bt it
ISR AR, AR A PRI, il TR
AR, S AR VAR BT RS RRS T J2 A 2325 5 T el T [
R, 2 A B K 7= A2 K B () A
T R 32 F7 , AT SRR A AR AT 2%

ST 5 [ ARREIE I H (S1306121) 5 %5 [ ARHEIL G H (S1276118) 5 5 [ ARIE I 40 4 1 2 400

F (51129602)

EEEIIT A5 77 (1984~ ) 4, T RAP DAL TR, TR AR S E AR B
BIEE 4 R (1958-) 50, MR S AR, 8%, b A i, S B AR B RO A5



30 7S QT IS S I

2014 4¢

H ATA IR T 283 IBR: (7 s HLEE
IKEN AT, B R A
S5 T RIIRTD S R s 1144 Fh A 540 22 1 F9 AR 30
WIS, 3B R BT T B oY, iR i,
DAL S B 7 BT T8 X PR, A TR Pk S 1 A At
SR IR R E X PN O S R T T AR R, B
SR, Ball ") K7 1) SRR T I A
S BERER T HAVE PR, K R BEL A A R A, B3
1213 A \ i FH 2 TR B R Y T B R R R T
HEB 73 10 28 3 SUBR AL 9 3 SR A& . 3R A %)
AR EE A (Re <3 x 10%) B I S7 151 4 K X8 1 7k
B R T T U R IR B, R AT T A FBE S
ZHHE Re (07 ( LA, 2R 0T RIS X e
SRS T AR PR S, T A BRI 2 (7] B
AL T A SRR S % . Sparrow £ FIBL
(R AR LR AMHT T 458 RIS B (A oA
A5

3 o8 X6t SCHR I 40T SA55 °T LA Y, X 2897 IR A
K R 28 S IR (R BF S 3 BEAE TR PE I A W 4 T
PP B SUBERE 83 L, X AL BE L2 00 (O 5 K £
U QIk L ENiOpReS 31| G A A Tz ae/ NIk B
B1) 85 1 HEB B B R A1 e, A D T 7K 3 45 4
SN 2 Ak, S R IR 4 B IR A R
NG, VERIRIETIIE 0 — 305 , IR 4 2 e
AEG AR — EAE T TR S,
PN A A L T B S Al A P ) (L
YK 2 RO 5 45 v T 2 M B B AL
Ozoe % VRFSE T Prfil Ra 1E5E 587541 6 F A 1) Be-
nard X FLRE 25 FI R B 22 40O T 5T
TR I 7 18 A 2 AL 5 e B3 T 4 43 A
VRG] BB ; Wang 250 BIFSY T 4548 IR & % I B4 43
%, Mitsuyuki 261" BFSE T IR 89 A R X, Desh-
pande %14 5T DK 25 5 7 PO TR A X e B
FRIGIR S R 2

X T L83 5 A B, Y TR 2 I, S
B R B D A TR SR A AR L
BRI, 17 LA 26 3% K R f] . Patankar 251
Wt TR EFE 53 % A 25 ) A, T X A5 S RS 251 i
T P I ) S04 A 5 TR 750 T Sy Al
ORI T S . W TR R
JE B 743 % 37 0 A A L M I T (B 5
FAXTEL AN o 38 Pl TR 53 2 JE U 2l By A
HEJLAE A % S , AR LR IR S 9 5 | AR R gt
SR T TR R TAE A s

X A TR S U e A R X B AR R G A A
R TGRSR S TR JE G, (H A R 25K
& W AR S B B S iR 1Y, BEAAS 2
PR RS BLARREPEI R B 4 X A X
SRV ARSI 70 A o T i 4 A 2R G B BRI B
AR R AR 2

ARSI AR SR R R U e
GTK , FE T AMRA R DI T AL
b PHARRS AR fi 450 AR S 0 4 e e i it 2
I UEAT R AU, WA ] Re 20T HishBr i 2LAY
Y Aoy 245
2 AR SO
2.1 ERIRE

F T X B i EL A B O UMK 45
AU ARSI A RS SIE SR AN 1 () T
NSRS e TP S R X R R R SRz
g — S JLA] AR, fn el 1 (b) froR . B BE IR JE
Tow 300 THT AT R )0 MR JEE Ry T, o AR A
PR U Pr = 0.7, B2 o 38 T8 1Y L AT 45 R AH L 1
TS EAERN T Rt T EARBOCE 4T D,
B USRS O JC B4 R XL, 9 o R YL,
A D =0.48,XL =2.6,YL = 1.5,

—~0—0—0
— OO D
= oo P

— XL
— 0—0—0 (b)
@
B LSRR

2.2 HFHd

B S sl Ao H e — 4E 5 e A TR
TR A I T A, G AR 494k A T o0 O e
L RAANLI T AT

NI

ST
%+U%+V%:—%+é%+%) (2)
%+U%+V%:—%+é%+%) (3)



553 FETET O R ORI 5 40 e o 3 3 P it B S i R A R MRk 31
e AHARRI
00 00 00 1 90 90
UtV TR e T 3 GRS Pr
o WAL 3.1 RBSEREGEES
F = fug xX=>yvy=XYX p=L y=-21 ARSCE S A Re $E4T T 8, 75 1
b D D U uR 2 R BAT R T 1 P, AR 30 1) R A
A
o7 f puc, TdS 2, R KETHHE A, Re 785 2] 95 Z Wi
Pe m®=g g T=0 RSEBURASE WS, 24 Re HKH) 100 [R5, 16 74>
b S
‘ [ puc,ds R T H B X BRB0 , EB— 8 H B Ik X
po _ D 1 2(b) K Re =100 X3 B TR, B9k Re B,
‘T I BRSNS Y LIS B 2(¢) g Re =

VG RV S s Y (51 A ) A -

PRt AR A T RO B e A AR
PRI DI, W) 22 0 9% Rtk i) A 2R3
LA BOSBCE, RAREA S EAY, JF H WA RES 2E 1l
3 SRR L) O 3 A o ARl SR A T 0 A
AL, 1A DX I 52 O i 3l 5 e 2 Rt A TE
R JEMFARIT, G 1(b) PR 47 i 45
I 2

U(X,Y) = U(X + XL,Y) (4)
V(X,Y) = V(X + XL,Y) (5)
O(X,Y) = O(X + XL,Y) (6)

LR A A TC I R I AR
Y=0,V=0,U=0,0=0.5
Y=YL,V=0,U=0,0 =0.5
THREERH T RRBOES IR BSR4, 15 U,
VB R TES5 /0y, He BRI T LAE 454

U=1x10",V=1x10",0 =1x10"

A BRI G 55

U=1,V=0,0=0.5
2.3 HEFAE

BE R R T I hh 78 B 1 A FR 22 43 1%,
QUICK Z=43#8 2, I H] SIMPLE J5 £ 4b B+ 71 5 4
FER G o R AR B FH B B0 8 3 0 L, AR A
T IR, 994 IX 3ok 3 SR FH R R Bk b 1™ 3
SR DI A Sy 357 53 A%, AR R S AR AL, I TR] 2P K
AF =0.001,

2 R B 1 ST A5 T N AR A 9
B TR S, A A R B S DR K, AR
WSO Y Nu ZRT 38 8 T T SR A 2
Nu, = 0.52Ré;’ P (Pr/Pr,)"* | Re = 10° ~ 10°

o I A g = T I T i O = i R
TREE LSR5 L e A A5 RAEXT L, R AR
RIAS IR 244 x 162 HY I, P E R ZEAE 2. 8% , W)

195 [ IE Y o Re FRIG KT, 48 545 22 (8] (1 10 1
WHEK K 2(d) K Re =275 (91TE , 24 Re =300, 411
2(e) , TATHEOLA Re 00 275 5, BB K
Re ¥, — BN AT BRI G & A IRk J2: Re =400,
K2 () TR I F Re = 195 1337 1%, 26
LA B R Re , RIY Re =500 B (4326 &1 (& 2g)
F1 Re %0 300 B A B4 . 38 3 20 T Al 1, 24 Re 3
KERBER R, B T ekt RIRZ , TR T
TLERLE BB T 8RR o Re QREEIG A, o i —
K, SR Z 50 INFERTE B, B3R T 2Z AT WL
A, TR AR X A7 1 B, BT BT 8/ N T
UERFEE K Re 50, IR HTHIE K, 24 Re 36 K5 —&
FEBE B BB Bl /N i S — U TR 17 IR i 1Y
VL, B0/ IN R A B B R A i, T ) A
B BB T A s BRI S E R R
HIAKIRR AR T TR AT RS 7% o IS DK AE
L TAEPRETT

Kl 3.4 7R Re Ry 275 Bbr FBUE M 5
EEATE . WE 3 LR LUE 1, EJreE
S o B A OB 3l ey, T 4 S R s R 90 IR
M 4 RS L B AT A, A2 48 WS e I
0p=A I S A e BB S Y S SR N N R L
SEEFRL LA,
3.2 ELMEHEST

XA Re AT KB BUETT G, KLY Re
WU R JC AR U B B ) F 728 A A (0 T
BEFRE, AR TR . B S ia B AR
FANER) Re 43518 95 (175,500 Bf W i) st b G #2400 3
J U BERTE AR ka3, B 5 (a) T E H, 24 Re
k95 i {280 — BT ) e #a TR e , s (AN
FERER B R AR , X B A TR A . K Re , HUEE(H
T UG LIRS . S (b) ] LU H
I TF 4R R RS 1Y, 283 — B () 8 (8 T 43+ PR



32 K BE IR 5ok LR R 2014 4¢

(AP AEX R IR 5 , i A LAY, SR R RER ] AOHERE B T BRI IR, BAR G BEA
Pz A, AL S (c) il & i, 25 Re 0 500 I, 3 BUAE,

(e) Re=300 (f) Re=400

(g) Re=500
B2 F[E Re #XF AT E

A, 153708 —— ‘5 1.53708 ——
|_—1.57542 . ..-—"l-57542: !
_E—") - 1 537(% Ch—’_)_,,-; 1 534)’6 p——
_,_,_;—'-‘"f B )6 ———| K ——
_'_'_—__h\‘k _—_—h\
i_?_lm: T ——

0.3 03 0.3

—

0.1 ——F————70 0.1

05
0.1
Y, T - J—
% ) v
-0.08167493 _ &) OQISTT2R g 0816740 —f -0.0816740) &7 -0.0152724 0 0816740_|
& 1. No——— &/ 'L N
N S

B3 Re}275 WG ER

4  Re 3215 RHIBEZELZE



453 1 FEVT T, 5 B AR 5800 R St ) sl AR e T 33

0.9 0.765 0.3050
gk 0.760
' 0.755 “ 0.3040
R 0.7t D 0.750 I R
0.745 i 0.3030
0.6 \
0.740
0.5 . . ' 0.735 ! ! ! 0.3020
20000 40000 60000 80000 100000 60000 65000 70000 75000 80000 10000 20000 30000 40000 50000
1,' F [(v
(a) Re=95 (b) Re=175 (¢) Re=500

B 5 AR[E Re #bt M S4bEEE U(180,80) BERTIE F L ia
sk E An International Journal of Computation and Methodology ,
4 ¢ T 1994, 26(3) . 363 - 374.
IS BT R A T I R B e B L L [9] FLEF 4% B ZFLA T i iy R P i SR G T ]
Bt IR LR R i LR 4536 S e
()RR AR T b5 g 10 S
. T N N B - .
Re HUSK, 03 h A2y h BB K E I, B 2% L Nl s i
[11] Wang L. Q, Yang T L. Numerical simulation of multiplici-
RSN e NS TG FE I — MG PR 4 dhad

ty and stability of mixed convection in rotating curved

FE5 s YA C ducts[ J]. International Journal of Rotating Machinery,
(2) Bl o R O, BUE i AR S 5 A2 o A 2005(2) :168 - 178.

EH‘@%JE?% ,%Eﬁ%ﬁ\]{%@o [12] Hatanaka M, Tagawa T, Ozoe H. Numerical computation

of oscillatory rayleigh-benard natural convection of gallium

S 230k, in a rectangular region with aspect ratios equal to five

[1] B35, 25 g BERERE J7 520 T 00 30 7 S (0 b L BF 5% [C]//. Proc. of Symposium on Energy Engineering in
[J]. o e s 2% 2001 (5) :25 - 29. the 21st century (SEE 2000), 2000.

[2] Ball D J. Simulation of piers in hydraulic models[ J]. Jour- [13] Deshpande M D, Srinidhi B G. Mixed convection in a lid
nal of the Waterways, Harbors and Coastal Engineering Di- — driven cavity: Appearance of bifurcation, periodicity
vision, 1974, 100(1) ; 23 —34. and hysteresis[ J ]. Current Science,2005,89 (10) ;1720

[3] B fi, SR, 05 W BT MU RE S U 1 62 40 ~1728.

[1]. KB 2058 5 E R (A ) ,2001,16(1) ;101 - [14] Patankar S V, Liu C H, Sparrow E M. Fully developed
110. flow and heat transfer in ducts having streamwise — period-

(47 #EZ4:. 90T B AE B 8 50 SR KE 7K 2 ) B0 Se e B 5% ic variations of cross sectional area[ J]. Heat Transfer,
[D. R AR I TR, 2004, 1997,95(2) :180 - 186.

[5] ik RO MRS R A (M. Shgse, % LIS] B0 A B DL OIS, S ARRE B BRI R ST 0
P LEn Bl R, 1986. R JEXTRAARMEE A ] . AR R 24,2003,

[6] Sparrow E M, Kang S S. Longitudinally finned cross-flow 24(6) :988 -991.
tube banks and their heat transfer and pressure drop char- (16 ] 88 B, b 2,2 18 B9 SR 30k 70 03 e JRe R Ui 4

acteristics [ J]. International Journal of Heat Mass Trans- PARGIRTE A ()] TR 441, 2004, 25(2) 2278
fer, 1985, 28(2) : 339 - 350. - 280.
[7] MM, AL s —RI s g ie( M. kg, 1 (7] 9 R BRI, G 0r- BRRBUT BRI S 0y AR
MR R AR, 1993, BRBUEAAU L] ARJE R 5 BeF i, 1994,14(3) 38
[8] Ozoe H, Ukeba H, Churchill S W. Numerical analysis of -43.
natural convection of low Prandtl number fluids heated from (18] P S, BB A M. VG2 P22 5800 R BAL:

below[ J]. Numerical Heat Transfer, Part A ; Applications: 2001.



