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Abstract

Fluid-solid coupling numerical simulation on the flow and heat transfer of cooling water-jacket in
cylinder head for 226B diesel engine was performed using the commercial CFD software STAR-CD and
the FEA software ABAQUS. In order to consider the influence of boiling heat transfer, a boiling heat
transfer model was developed based on FORTRAN and built into STAR-CD. Comparison between
simulation and experiment showed that the two results are in good agreement with each other. Comparing
with the results of simulation without the boiling heat transfer model, maximum deviation drops from 18%

to 7% . So the simulation provides a more dependable theoretical evidence for diesel water-jacket

optimization.
Key words Cylinder head, Cooling water-jacket, Boiling heat transfer, Fluid-solid coupling,
Numerical simulation
B|= Sy AL PR DL IEAT VF 40 23 A , SR FH AL 18518 5 07 125 %
a

HAEAT BRI 2 — R RO .

S L RL 3 1 45 0 RO AR AR # S %, 45 58
AL BE I A AR AN &) HAF AR R 2, R Z /R K
(BN 7, 2 S AL P B B e AR R YRR A 2
TR DR X S WLV D R G A M i SR AT RS T
FA oy TR R SIS AT IRV E K N Y IR

Wk H . 2009 —05-20 &R H # . 2009 —07 — 06

TE KV R S HLACHL 36 L ¥ 2K N 1 A A
T AR A AR i I £ B A X O L I
HEETE B A R AR R H T R AT
{EJE 3 H ATy Ak, 3 CFD BpF ik B $2 3t 1
T RN E AR GETH T 1 15 1 A Y 36 451

w7 E FRE SR BE B 5 H (2006BAF01A45 —01) AL AR 48 AR 24 k4 BE B 5T H (Y2007F26)
EE B A A0, B2, E2 NGRS G B TR T Y, E-mail: fsfsfs606 @ sdu. edu. cn
BWAESE: ¥ EF, B2, BRI NRHL TAEL BEBFST , E-mail; huyp@ sdu. edu. cn



5 4 3]

Ry A% SEUNHLET 35 K 0 3l 15 3 I 7 24 B0 U 18 R 5 (A5 41 27

TR T G 35 7K PRI 3 R AR R BT R A
H BRI M AR TR L S5 K P 9 )
AL PR S a1

A SCHEET FORTRAN i 5 T % 3 1 T L o 7K i
b 5 AL PR S OB T K LA Oy 1 Y A PR 4 B
CFD B e, i 45 00 (i 35 /K J A e PR 7 14 il 3k o
JIIE e 73

i xf 2268 B B S G S M HLYE A R G kAT
WU THR 25 v JOK (9 0 31 0 | BT 8 7K i BE T
IR B A LA S 5 AN A1 K i 2% T 1 IR B A 15
OL, I 5 I AT I E

1 REBEIHTEEARFRE

X L S 2K AU A5 R i 2 TR 1 A ) A
HT T O T A TR 2 ) R A LA 2 YOG R Rl
PN TCIE B o i, 21 5 B A0 T EE A AR
W RN R ORI RS R B — R AN Z B R
o fifp R 3 28 ) LA g 119 O 3k O R v A OK I 1Y
CFD S50 i) FEA AZE &, 2EAT i A 5 1 H 3.

U T 5 A% BT B30 1 G B e 52 B I AR 5 [ A B
AT 22 18] A8 A A 3 oy RE ST 1 AT, A IAT T S T
A, [ A A R R 25 T I A e B R TSR A
IR

K(S5) =ner -1 (1)
R K, ——SHREHL W/ (m-K)

h——H R, W/ (m* - K)
T,—EEmRE K

T—i A K
P07 R A A T 3 S AR AR AZ 3 1 Fourier A 4%

07 R R 3R AR IR Bl B A K 1 4 o O e L R
*.

44 STAR-CD 1 ABAQUS B A & 4§ i, 4%
17 14 3 A 58 BI04 4 7 55 Ff STAR-CD
THR T AT 0 I A RS T 5 % e JA R B R WSS
FIAH BROG Y MM L i 5 python 1 5, 4% MR R T
TR s U A B = R R R R 4G
ABAQUS; #1:K¢ ABAQUS 153 Jr 45 Y [ A< BE a7 Jid &
T, WSS U A A% b, A D 3L sl T B A BE T i B A
7, B P TR N E] STAR-CD Hr

| smar-cp | musmass s mEsxanser |

BT B R AR
Fig. 1 Calculating flowchart of fluid-solid coupling
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in cylinder head

FR AT i 1 52 B RSF a7 A FRTE R, 1 RS
THBR 0 [ AT I, B 4 R . AR R A% DL DY
TR 3, IS B2 20 J7 ., 5 AT 5 7K I BE T
FEA A1 R A% B0k 15 885,

2.2 HEEASHFREH

FHE PB4 H K NV EK B S = 4k b
PEAS AT He 45 U0 4K 1 i 3t 3k 20, R AR SR =X
FH PRk ) SIMPLE 5035 K i o SR ik 1) J 726 45 3% 21
PE R hRspE R CBE R SF TR k- e i



28 o ML M ¥ iR

2010 4

B 4 s BROCHER
Fig.4 FEA model of cylinder head
BT T3 R o kg S W il s 40 A 5 ), 51 A BRLAH i b
il 8 ALY
Chen J C 58 N\ b il & Az ) R 3R ¢, 5%
T I AL A5 B R R AL S A
G =0 (T, =T)) +q, (2)
A g, —— BRI, W/m®
h,——HAR X AL AR HL, W/ (m? - K)
Rohsenow #il Incropera 3Ll #E#E ¢, >R HI3& F
IER T v o R

R N B

Xrp R B TR

r— U AR
g H I
Pr——H 438 B 5
e, 1A EE A

C.,— INRFH-WIRA & L5 5 5

y— IR —ZE VR S H R 5K )

AT—RE i i 43

p— WK% JiE

p,— M

WA A ADY R R e, BHK

AR 8.5 m/hy I TEA 1, WO KN
160 kPa; BE T 5% FH G ¥ 3% BE T 10 5 4604 36 % 3t
R A =2 R BV 58 e AR B R L it
SOEMIE R R 315 K(MEREM S KE#HEE
TG R AT BT TR B R BN 380 W/ (m? - K) 5
HEACE M3 B2 o 693 K, Bk ZEH 490 W/ (m” - K) 5
K7 T A RS- IR EE 1061 K LN I R 5 46
ERBCH 778 W/ (m’ - K) s B 34736 % O 305 K, F
B R HOh 60 W/ (m*-K) .

3 HEERSW

STAR-CD 5 ABAQUS #4358 13 k5 W sk,
H S LA S s .

1 5 s 7 9 1 B
AW
Bl5 i b A sl
Fig.5 Convergence of fluid-solid coupling

3.1 RHKFIFS

6 (T 35 k1 H b
HA) Sk T 35 9% H K I
R i3S i BN S Ll
DLYE 5 b A 2% A K A
3 A4 bk ALk A BT 3508 0
KBS, FE R IK ) 45 A
(A S R DA OREE SIS e
JEICAHKE . 34 oK
LB T By ok Jy A R L e
TV H K T LK,
Ui A i ey, DR 43 X
T ITE 2.5 ~3.2 m/s; b G2 DR AT A v A1 7K 2
WA R 1.9 m/s, 78 & 32 XA R o ¥ &)
TR A TR B B R 2 0. 95 m/s 5 A HERGE 9 4
Bl DX 3, R T V2 207K 0L S DRI EL 37 380 18 T A/ 0N, ¥ 2
JK B it 3 A O DX PN A B A K Y 4 T 7 B /DN Vi
AL , ¥ J A 3 AT 3K 1.8 m/s W yily 4 J&] [l i) v
HEE N, KR K AE 1.2 m/s 2245 5 1E
T 5 2K T i T 7 JHE At DX 3 T AE X A T 2 RN, KR
SYHEETE 0.6 ~ 1 m/s Z Al ZRG % IRE R AIK
e R MY AE 0.5 m/s DL b, W] DL 2 % B E
R
3.2 BMRESW

7 (L 5 K AL D) 25 8 7 A5 IR s 5
7 V& 1 A% P T 55 K P R A B AR T LR
P E AR AR B A RERE LA ERK
2590 o

TEAS 5 [0 1 A% AR T I, K Al R 4 X
(1 48 AR BUAE 3 500 W/ (m” - K) 247 5 /38 SN X
R 3800 W/ (m”-K) A Ay s 8 R X F#M = IX,
FH T K It B e () R A R, LA AR B 8%
K BAEAE 5000 W/ (m® - K) 2647 5 ZEBEH #-5 K TR i)
SETAL AR F I BB AE3 800 ~ 4 800 W/ (m”-K) Z
(] 5 A0 A T DX S el T R R R, e IR BT
900 ~2 800 W/ (m’-K) Z[d].

xR B AL I S KRR R 43 X AL ) 4

DD b B SIN IO 23D oo
SUAICITIEX CSETNEY S0 XTSI IS
BT LRI IVLY ek MR LSETND S

SR it D ST ASI S

STRDER
g
P
by

&6 L HK AN
R A
Fig. 6 Velocity vector

distribution in water-jacket
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Fig.7 Heat transfer coefficient on water jacket surface
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heat transfer model
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Tab.1 Comparison between simulation and test

temperature of fire-deck

xR fE -t AN I

e T HREM/C BE/% O HHEME/C RE/P
1 181 182.6 0. 88 194.7 7.57
2 204 206. 8 1.37 211.7 3.77
3 213 207.5 -2.58 199. 4 -6.38
4 245 228.5 -6.73 233.1 -4.86
5 220 220.2 0.09 224. 1 1.86
6 298 294.3 -1.24 304. 1 2.05
7 292 292.9 0.31 298. 4 2.19
8 246 256.6 4.31 280. 4 13.98
9 270 265.2 -1.78 278.8 3.26
10 179 192.3 7.43 207.7 16.03
11 223 226.9 1.75 240.2 7.71
12 235 242.1 3.02 251.5 7.02
13 236 225.5 -4.45 243.6 3.22
14 181 193.2 6.74 211.5 16. 85
15 178 191.3 7.47 210. 1 18.03
16 209 216.2 3.44 227.2 8.71
17 205 200. 8 -2.05 216.0 5.37
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