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Fig.1 Flow test for cooling water jacket

2.2 HIE. FIHEEMR
2.2.1 48K

T A IR 32 o o P e A L T,
2 NHEINFETH R 1 SLELES AR EE. #E
TEFEUAHE I 7 W A 0, TRAS Y T W)k 90°,
FHESJICA 1800, BeAifeTs ik 2700, XMV 4 ANJ7
), LESTEAMUEL R A E 5 NI, o0 A A aE 2E L
1A T I RS 35 ZE L 1k R VIR
PIALE . WIE 2 —ATRRER 1 R N AL E . W
FEVU Iy 2 ZATRESS 1 AR N A B 15 %€ R 1k s T
ORI B . LTS 20E 28 ik A e, %
W AL BE T A e T ) R A F R A %
AN, I AT I 5 d5e e A 55 B s TR UL B AH 22 2%
/N, P ZE 28°C

i Temperature/'C

160
oo 590
@180 270
o N
g -
5 120 | RN
g B ks
g SN | BN (BN res
& SN | B X 59
5 SN K &
p> KX £5} (X
2 80} SN K 5
£ % 5 5 b
5 54 5 K 6]
= 03¢ XS %93 oy
& BN PEA | BN | &
=40 w,\ & 5% %
g 40f SONEN: & &
K K 5 ok
5 K & 5
RIN | o &
K K & &3
0 P2 1 KX 9 X2 J

1 2 4
A 1] 0 2547 Axial measuring point
B2 AFZAFIAT | drdr S 2052
Fig2 st cylinder liner temperature of measuring point under
calibration power conditions

%)
W

2.2.2 4ALE BN

YERAE P ZE IS, Ao AR Th a3 T T

R0 N e S5 = o W T A BTETE YA
B -

1) BRI R A 22 AR, SEik )
DX IR, W HEISCR 2, IRERE, s
JE ok 320°C, AR E AN 157.5C.

2) HEAT AR B0 R BB A R R
FE P4 14.5°C, e ok 295°C.

3 REMEERFHIEE

3.1 HREMRERREEEL
N UG AT 188 b v S ML T 2

L& SARFIAHUK BT = 4Esc i, KM
65 SEARE N PESRIY SimLab X LS . AL

SRR AT WAl s RO AR TR B % ) 7 A
TP 320 XV HKERAL T L, XHEAKEIE
IKIRMIREM, RN 1Rl B A . B, XL
it K S G X AR ) OB DA AR A R A o V20
IKEMIK A AVL FAME MRS MRy, 5t



36 Al TR 2A 3R

2014 4F

FKE BRI ST BT T AR I, KE
H%ﬁi@@%ﬁﬁn

it #sGasket

a. HUARJLATRERY

a. Engine block geometric model

b. A HIKE B BT

b. Cooling water jacket mesh model

B3 Ak aAREA
Fig.3 Cooling water jacket model

3.2 MEIEM

B35 A G AR RHE O HT250, SELEMESY
R, BLSAERE AR A 40Cr, AL RIE R
1Cr17Ni7, FFR s v S AR T S A H & PR TE X
W, B AR R S BRI A R H

3.3 fEHInREKH

iz Bl A T B FR T N SR A Bl B 4
i, b HEREAL D IS AT, LIRS A
fEv A BRI AT

1) STEAL G T4 AT

TEFEATRE N GG Bt DUR 3 38 4Lk
PRI S RS 7 AL BRE VG ZE R
e NI TR SRR AR GE . TTEN
PN FEEAR I RS A L (R B8 =28
RS, ARG BT 2 RINERGH A4 E 2,

HARs X ILIE 4.
ICA
H

G
1K Cooling side SRS MGas side

o —
5 —_ 1B

T AT RBELENIX
Note: A-I represent the partitions of cylinder liner.
B4 AArEa AR
Fig.4 Cylinder liner boundary model

@ AB BUAS AT CGRE SRS EMED

NI A, 53 ERLE RS R AL
52 BRI P B T v 1 (A q 10201 s e
B )T W EIE R AB BT X, Wi iE
(R SR ) AR, 5 e A3 B REAN 43 X (1) T 3448
PRI PR AE LK 1,

x1 ABERBSMBAFRFMH
Table 1 Thermal boundary conditions of gas side at AB section
Dtﬁﬁliz]ﬁﬁxrﬁ ) BRI N AR 5 T I HeES ST
istance to liner top Transfer cpefﬁ01ent/ Medium temp/K Distance to liner top Transfer cpefﬂc1ent/ Medium temp/K
surface /mm (Wm?K? P surface/mm (Wm?>K"h P
0~10 605.8 905 50~60 438.8 576
10~20 520.1 782 60~70 424.4 550
20~30 4753 650 70~80 417.2 462
30~40 452.5 613 80~90 406.9 440
40~50 440.1 596 90~105 397.3 435

@ HAhBLL A
BC Gif%E FIERBLFB) « DE. FG (5%H1IK
Pl D B R BN A 215, 1524
4500 W/(m™>K), XFNAJRILIE 55k 473 358, 368 K.
2)ﬂi%% Pl R R e 2 2R 1H
K FH A B e O HERE 18 5 V200 e AR G K
TR I, ke = R Ko A 7 AN XL,
Wk 5 FrRl, MR I L SRS g S
ML a5 P A s, I G 145 DRSS 28 i 0] ot 46
ARSI, R B K IR~

DI KA i PR ORI S, L3R 2.

TE: 17 ARG X
Note: 1-7 represent the partitions of cylinder head

B/5 XK@ REaHm

Fig.5 Fire surface area distribution



H7H HE R AR TR A S LR E SR TR ST 37

x2 BREMARNSIREERE

Table 2 Regional heat transfer coefficient and ambient

temperature
X35k 1 2 3 4 5 6 7
Transfer coefficient/ 501 545 522 474 582 537 955
(W-m™>K")

Wi )% Temperature/K 920 928 927 925 930 1044 1078

3) #HE. HERE AL AL S A

WA 2 2% SCRRHEREAE Y, TSI U < B R
MR ERECH 250 W/(m*K), BEEIRERE A
334 K; HARIERMRMALEA 350 W/(m™K),
RIEIERE A 773 Ko

4) LIRS A T A A

FR PR E R, B i 58 T E A 393 K,
MUY S84 5 A 373 Ko

5) H Rl 4

SE RN Z IR, &Rl 5 4%
P BCAE R B R 5 OML AR e R S
50 W/(m™K), PEiiEE h 298 K.

6) VAR BNIL T4

bR TOUTHEL, BUE VR 2K E N E)
AT AR R P ) o

MRAEAR T T TS, GLAKEN DA
1.86 kg/s, N 353 K. #ENEhEEN 1 m¥s’,
TSIAE R ES 1 mm. KIS DT B (B
WA 0,

4 HELERRSH

4.1 AREKERIBSER

Kl 6 Jy 5 GLETARYA HIK T . R SR
Bofinl, . BT REAHKES W E T,
WA AN S 5A A S, N1 HLE] 4 GLIFYA
HIKE PR PG, BRI BT, T
AR R TSRS s AEA HRR st F
R ) EARIUAE . LA Z1 2R A4 K FL IS
TR Sy, MUARKEE . EKFLR B 56 A i3
Bl BH I3 B H 1) £ G 1) 9 00 308 20 I e 1 e 50 % Al
FERH 7, o 1 GLEEAHIEN DR DR, sl
B AR, 2 L5 4 GLAOAEIKEH 1 §LHIK
Dy, FshF A LERS S, B TS E R sh ki
AL, PR I VRM ZEAN K s GLAROKE 1) T 344
PARBH 4 480 W/(m*K), SELAFAEHART ST
B AT AT S, T 3 G TR IROR K
[T, PH AN I 5 H DT, $ui fr ok,
T BA RSN, 4 TR BURZ, 1 R
REUw -

EFlow rate/(m-s™)
L e—
0 03 06 09 1.2 15 18 21 24 27 3.0

HES W Air intake side
a. Pk
a. Flow rate
i/ Temperature/K
1 L e—
344 346 348 350 352 354 356

YR

JES M Air intake side

b. ifE
b. Temperature

e R Transfer coefficient/(W-m>K)

0 4000 8000 12000 16000 20000

A Air intake side

c. Transfer coefficient

B 6 #iRkRERZ S AAFT
Fig.6 Flow and heat transfer characteristics of cylinder water
jacket

ZE LRTR, SEITE . R DL IR R B A
YIS, ERCT SRR A AT O T 8K
A HLBN LA EI38 51, 75 B FERE MR HI7K
AN EERNE, A IR shisgk 12 574 5K
E écl% 1;@ [25,27] o
4.2 FIERED

SLERE AR 7 s, SIS ERE )
T 1) R AR LI 8. W Ly RLAES T BT
IR, WEARL RT3 N XEFE. FIE
THERE] 20 mm A 1 X, BT SO G 1
DX [P AL ARG R K, T A ] TG V4 B R 674
HI, RIUCEEEL R S, RS, ) B
S5 K 48°C s B4 20~120 mm AAE 2 X, FEEE
P FIRFEATREN, RS GTE S h LB N e, ¥



38 Al TRE 24 2014 4F

HIR A A I A MR S Y, LR i R e
XIS 2 X AL, (HRE RS, FULE & AR
V2%, TFERRBEAR/N, WRERARE T30 28°C; HiT
£ 120~190 mm 2 3 [X, WHFELE R 1B AR 1 3R
DUN I RE [ 7E BN W IR A iR 26 7 5, AN S50
AR, BT T A A A L TR R,
RIS 3 XBA R EHEAH, K e 2
WA LT, B S BT S A R,
far MR, WLFERSAT R RE, SRR AR A I A AR [ 5
X LG AN A REAE LR IR BE , bl T 4y 1S e
JI R (R4 HIZK VA EE BN BH T8N, Wi
i, PRS2 HE D) 1 5 R AE D T (3 AR L
90°55 270°4F i £ 1IK

¥R.J% Temperature/°C
200
189
=i
168
157
146
135
124
113
i
81
70 .
14T 26T 3T 44T
Liner 1 Liner 2 Liner 3 Liner 4

|7 SEREGERSA

Fig.7 Liner overall distribution of temperature field

200 -

80 |- 11 Liner1

= = =2{i[Liner2
40 - == = 3{i[Liner3

= = = =4fi[Liner4
0 1 1 I )
45 90 135 180

(L4540 74 & Cylinder axis length/mm

B8 AEiRZ G Ehe A A
Fig.8 Cylinder axial temperature distribution

(T 535 E£ Cylinder linertemperature/'C

4.3 FIEATESH

FEMETE LA IR Ciliin B 51210 R &
I WEE 9 B, algn: SZELARRIEE A AN LK
R HIKER SR EA ST P, S HLE LR A
ARTEAEAIY AT 1 RLELE 90°47 & A 4 T 1 E 270°
PE R RS, WS, AR AR,
BT T BT L AR R, TRt IR R i i 4 A
W, e RABAL T 1 BLELE 90067 &, 4—0.131 mm( 71
SARKIWLEATE) 1 B 270°467 E AT 4 §L 90°47 B
ETAR g, G, RS2 N, BTART
T EDTLLA RN, Rk RS IR T,
I KAEAL T 4 GLELE 90°A7 &, 4 0.216 mm.

2i4 A2 K Cylinder overall deformation/mm

0.26 .
loy
0.22
0.20
0.18 b
0.16
0.14
0.12
0.09
0.07
883 K 24T kfiid 44T
001 Liner 1 Liner 2 Liner 3 Liner 4

B9 #imsdil
Fig.9 Cylinder overall deformation

— [ =0 —8— 50 mm —%— 115 mm
0.20 -

A T Ak
Cylimder radial deformation/mm
(=)
3

a. 1 {il Linerl

R AR
Cylimder radial deformation/mm

180
b. 2 §il Liner2

(ARSI
Cylimder radial deformation/mm

180
c. 3 {il Liner3

Tl A T ik
Cylimder radial deformation/mm

d. 4 {il Liner4
B 10 #ize L
Fig.10 Cylinder radial deformation



57 W B A M v S L S RS AR BT ST 39

23 B B G TR 04 504 115 mm #RH 3 Mk
T, RIS GLRLE AR [m) A2 T UL G AR AR o 1 28
K10, W 0~ 180°FELL (YRHE S - L4 i) $2
1 LA [l ) 57 2 R A28 ) AR T, S0 i 2k LT 11
Af WL 4 ANELELEAS R34 A S 1 “ i
B 2, Hrh 2o 3 BIAER, 1. 4 GINFR
BT AN [R) AR 1 42 1) AR T S L 22 5 AR T AN [A] 1) AR
e, S0 S HE AL, TR RO,
JERKAR TR R R, s L3 R sz G AR E B AL
NIFET BRI, 02 W RERE AR /N, IR AR TR/
P T 0 2 S 4 ) 105 RHE ) 1V E R B R AR
P, O IV [ T A R T AR A, DRI T AR )
AT AN N, SRR 22 A AN
&5 HIK B R B R L e LB TE 16 32 2 A
o LA TG AL I 1 s e B A S

Ui 4542 [ 42 ¥ 4 Cylimder radial deformation/mm
0.06 0.04 0.02 00 0.02 0.04 0.06 0.0%
T T T T

g
£ o

Q
gt L i
EE 20 20
Ea 40 440
=S
€s 60 f 460
2=
e 80 f 480
E=]

£ 100 4100
2120t 4120

0-Jk2k

B 11 1 s dhe EA (0~180°)
Fig.11 Axial deformation of 1st cylinder (0~ 180°)

LELPTIE, R R AR A A K A K IR )
A, R TR R TN, DUV JR S
THRAUKEL T, NsEe iR A2,

5 4 i

D HF&EAHKELS W ZER, ERRshA
PS5 IANY ST, 1 GLE] 4 LA HKE T
PRI AR, IR ERR LT, S EAALEIRE SR
AT A ), 3 Gk, SEE iR
g, 4 THAREIRZ, 1 GRS =

2) VA HIKEALL SRR s AN 5] 5 A g 1)
SO, AR AN AR G2 1) AL e T At R A
el s HEAE 3. 4 GLZ A0, GLE ks
H195C s G R Al R AT IR “3 X7
SIS, LR R, BRRER, il IR AR
PRI 48T B 2 KR AR 2, AR HIMIASE
AN, RSN, Bl R RR T O 28°C
TEEE N IR A LUR S 3 IR AR TR/, i HLA& T
U S AR SRR ] o

3) HHLHIELSE A PARTE AL 1 REE
90°N. B A 4 GLHELEE 270°07 B N W ELIERAL,

FE i, ASZ AT K, GLARKH B2 A AR,
DRI HH BRI 4 A T 5 B RABLAE T 1 LS 90°
i, H—-0.131 mm (F-5REBRSGALIE) 5 1 6L
270°K7 B A 4 §T 90°K7 B M ELAR 1 v, AL,
HREZ ST, GRS BB LA w AN, ik
HILRKEE A KA Y, o NEAL T 4 GLELE 90°
&, 40216 mm.

4) FARNIEE 59 K ER SR L e il &
AT R 25, FLrP iR S R I BE AR s o O (8
o R EREAR AR R 0 8, T B
BRI GERINIEE , AL IR 5 kA0 5 A HIKE
ghby, MIMSGEERIEAHIA S .

(& % x WK

(11 HKRT Wk, ShEBE NRHLIA AT AR E M.
Jents UM HRSAL, 1988,

[2] Flibsid, Sotat, FLIETESE. RAERSIPLETM]. b
e RS, 1992,

[3] TIto A, Shirakawa H, Nakamura M, et al. A study on the
mechanism of lubricating oil consumption of diesel
engines -1st report: the effect of the design of piston skirt
on lubricating oil consumption[C]//SAE  Paper
2005-01-2169.

[4] Nakamura M, Hayashi H, Ito A. A study on the
mechanism of lubricating oil consumption of diesel
engines -2nd report: mechanism of oil film generation on
piston skirt[C]//SAE Paper 2005-01-2167.

[5] Nakamura M, Hayashi H, Ito A. A study on the
mechanism of lubricating oil consumption of diesel
engines -3rd report: effect of piston motion on piston
skirt oil film behavior[C]/SAE Paper 2006-01-3349.

(6] JFJe, ABN, S4KA, & MRS HTEI AR

B 28 PR — UL A% A 1 BE R )L (0], A IR L2
R, 2008, 26(1): 69—75.
Zhou Long, Bai Minli, Lii Jizu, et al. Study of heat
transfer, lubrication and friction of piston ring-l iner in
internal combustion engines u sing the coupled
methods[J]. Transactions of CSICE, 2008, 26(1): 69—75.
(in Chinese with English abstract)

[71 Usui M, Murayama K, Oogake K, et al. Study of oil flow
surrounding piston rings and visualization observation[C]//
SAE Paper 2008-01-0795.

[8] Ahi&4, M, F RIWLSAT LIS HLMFEE
W FIRBE U [T]. PIRAPL AR, 2004, 25(5): 69—71.
Zhong Zhiquan, Li Huayu, Yin Qi. Experimental study Of
the effects of engine operating conditions on oii
consumption[J]. Chinese Internal Combustion Engine
Engineering, 2004, 25(5): 69 —71. (in Chinese with
English abstract)

[9] RN, EX*, MB, S5 SOMBLIAERI R
SYRT[I. BURZERHBh S, 2008(2): 31—35.

Wu Dongxing, Xia Xinglan, Bu Anzhen, et al. Simulation



40

Alh TREEAR

2014 4F

[10]

[15]

(18]

[19]

of lubrication oil consumption in diesel engine[J].
Modern Vehicle Power, 2008(2): 31—35. (in Chinese
with English abstract)

Ito A, Tsuchihashi K, Nakamura M. A Study on the
mechanism of lubricating oil consumption of diesel
engines -4th report: the measurement of oil pressure
under the piston oil ring[C]//SAE Paper 2006-01-3440.
Kurbet S N, Malagi R R. Review On effects of piston and
piston ring dynamics emphasis with oil consumption and
frictional losses in internal combustion engines[C]//SAE
Paper 2007-24-0059.

WRAPHE, R, R AR IM]. JEaL:
R, 2001.

Franz Maassen, Franz Koch, Markus Schwaderlapp.

JentB T

Analytical and empirical methods for optimization of
cylinder liner bore distortion[C]//SAE Paper, 2001-01-0569.
FIRIC. EAEG S ALEL 5 A HIK R B 4B K
AR FED]. B AP RECRY, 2008.

Wang Zhaowen. Research on the coolant flow and heat
transfer enhancement in cylinder head of heavy-duty
vehicle diesel engine[D]. Wuhan: Journal of Huazhong
University of Science and Technology, 2008. (in Chinese
with English abstract)

WRKE, NHEE. AN vV vy 7 e 7 [Cy
=Yy 77/ y—, 200002): 82—87.

Takashi Yanagisawa, Satoshi Murata. Cylinder block for
internal combustion engines[C]//Engine Technology,
2000(2): 82—87. (in Chinese with English abstract)
Franz Koch, Paul Decker, Malte Loeprecht. Cylinder
liner deformation  analysis
calculations[C]// SAE paper 980567: 1—10.

R, IR, BREEES. FAA T SEMbLES 1 B B B
WA ). WK TR, 2010,
44(4): 756—1760.

Yang Chen, Hao Zhiyong, Chen Xinrui. Thermal load
influence on stress intensity and sealing performance of
diesel engine[J]. Journal of Zhejiang Univer sity: Eng
ineering Science, 2010, 44(4): 756 —760. (in Chinese
with English abstract)

XEE, APEE, RER, & GLEARIEX SRR
PIFERGE W R 58 S AT]. R 2= 4R, 2008,
39(2): 6—10.

Liu Jie, Fu Guangqi, Xu Yuliang. Studies and simulation
on influence of cylinder liner distortion on particulate m

measurements  and

atter emission in diesel engine[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2008, 39(2):
—10. (in Chinese with English abstract)

%\“75 R, SR, FET U RS A R ) S b L
BE RG], RELHRE, 2012, 34(8): 675—
678.

Gu Fang, Cui Guoqi, Wu Huajie. Thermal load influence
on stress intensity and sealing performance of diesel
engine[J]. Automotive Engineering, 2012, 34(8): 675—
678. (in Chinese with English abstract)

[20]

[21]

[23]

[24]

[25]

[26]

A0, HI/NH, A, A BT MRICIEINE ZE- UL E-
UK ARG R A A BT FE[T]. WIRHL AR, 2006,
27(5): 41—45.

Li Ting, Yu Xiaoli, Li Ying et al. FEA based
piston-liner-coolant system fluid-solid coupling heat
transfer[J]. Chinese Internal Combustion Engine
Engineering, 2006, 27(5): 41 —45. (in Chinese with
English abstract)

WA, AL, BERAE, AE IR iR SRl LG 8
U5 FE SR BRI 7 [T). V\]W‘MLE, 2007, 28(5):41—44.
Lei Jilin, Shen Lizhong, Bi Yuhua et al. Experimental
research on piston temperature field of a turbocharged
intercooled  diesel  engine[J]. Chinese Internal
Combustion Engine Engineering, 2007, 28(5): 41—44.
(in Chinese with English abstract)

ERL, PR, B, SEHLGLE AT AN 2
T RSB VE ] WIPLERR, 2001, 22(4): 62
—65.

Wang Xizhen, Yan Zhaoda, Zhou Jun. Analytical and
experimental method of thermal load estim ation for
diesel engine cylinder liner[J]. Chinese Internal
Combustion Engine Engineering, 2001, 22(4): 62—65.
(in Chinese with English abstract)

ERR, RERKAR, BT H B EIR I G K B A
FOHTI]. AU R, 2008, 39(4): 24—29.
Wang Hu, Gui Changlin, Zhao Xiaoyong. Numerical
simulation of cylinder non-circular thermal deformation
considering flow of cooling water[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2008, 39(4):
24—29. (in Chinese with English abstract)

WRELA, 200, Rt SEahmLi [ R 75 4 24 0 5Lt
53] PETHEERAAR, 2006, 17(4): 284—288.
Chen Hongyan, Li Ying, Li Xiaolu. Simulation study on
the fluid-solid coupled heat transfer of diesel engines[J].
Journal of China Jiliang University, 2006, 17(4): 284—
288. (in Chinese with English abstract)

BT HL, VFEL SRR, . RBINLEL GRS G N ) 4
r[I]. WBAHLTRE, 2007, 28(2): 47—50.

Yang Wangli, Xu Ming, Xin Jun et al. Coupling thermal
stress analysis of engine cylinder head[J].
Internal Combustion Engine Engineering, 2007, 28(2): 47
—50. (in Chinese with English abstract)

Chinese

RERKS, Bete, WSrrh, SE B RARASEIMHLAHIKE
ARSI, YRETLRE, 2010, 32(11): 956—961.

Xu Jinsong, Bi Yuhua, Shen Lizhong, et al. A study on
the flow characteristics in cooling water jacket of
turbocharged inter-cooled diesel engine[J]. Automotive
Engineering, 2010, 32(11): 956—961. (in Chinese with

English abstract)
TEIRR. PRI A : BT AR[M]. WL WK
PR, 1993
Shohei Mikami, Koichi Ogino, Mitsumasa Sorazawa.

Development of evaluation method for low-cycle fatigue



57 W B A M v S L S RS AR BT ST 41

breakdown on HSDI diesel cylinder head[J]. SAE International, 2010-01-0695.

Study on cylinder liner hot deformation of turbocharged inter-cooled
diesel engine

Bi Yuhua!, Xiang Rong?, Lei Jilin!, Shen Lizhong!, Zhang Peiyi!, Song Guofu?
(1. Yunnan Province Key Laboratory of Engines, Kunming University of Science and Technology, Kunming 650500, China;
2. Kunming Yunnei Power Co., Ltd, Kunming 650500, China)

Abstract: Deformation of the cylinder liners, which was caused by inhomogeneous mechanical and thermal loads,
mainly affects the performances of sealing, lubrication and wearing between piston assembly, and the cylinder
liners and emission performance. It is significantly important for reducing oil consumption, oil emissions, and
improving friction properties to control cylinder liner deformation and out-of-roundness. The characteristics of
deformation caused by mechanical load was researched in the author’s previous work. Therefore, there is a need
to find out the distortion of liner caused by thermal load. In the present study, a coupled heat transfer model of the
cylinder heads, the cooling water jacket, the cylinder liners, and the engine body of four cylinders, in-line, water
cooling, turbocharged inter-cooled diesel engine was established by using the fluid-solid coupling heat transfer
method. In this model, the external boundary conditions, which are difficult to determine on the fluid and solid
contact faces, were translated into internal boundary conditions. The heat transfer in the solid and fluid was
coupled by coupling the surfaces of the solid and fluid. Thus, the expected results of temperature distribution and
coolant flow can be computed. The flow characteristics of coolant and the key point temperatures of the cylinder
liners and cylinder heads were tested to correct the boundary conditions of flow and heat transfer. On the basis of
correctional boundary conditions of heat transfer, the flow characteristics in the water jacket and heat transfer in
the cylinder liners and cylinder heads were analyzed. Then, the steady-state heat transfer temperature distribution
and the characteristics of thermal deformation of the cylinder liners were obtained.

The results indicate that the coolant flow and cooling are uneven due to the difference of water jackets for
each cylinder. The flow velocity is gradually reduced from the first to the fourth cylinder, and the temperature is
gradually increased. The temperature of the exhaust side is higher than that of the intake side. The temperature
distribution of each cylinder liner is uneven because of inhomogeneous coolant flow and thermal load. The
temperature of the top of the cylinder liners, which is located between two adjacent cylinders, is higher than the
other parts of cylinder liner (the highest temperature is 195°C, which is located at the top of the third and fourth
cylinder liners). Temperature gradually decreases from the top to the bottom of the cylinder liners. The
temperature at the top of the liners, which has contact with the bodies, is high, and the temperature gradient is
large. The temperature gradient decreases in the middle area of the liners surrounded by coolant. The temperature
and gradient at the bottom area of the liners for each cylinder liner, which is located under the bottom dead center
of the pistons, are similar. The synthetic thermal deformation of each cylinder liner is not uniform; deformations
of the first and the fourth cylinder liner are larger. The maximum expansion of hot deformation is 0.216mm and
located at 90° of the fourth cylinder on the flywheel end. The largest shrinkage deformation is -0.131mm and
located in between the first and second cylinder. The trend of deformation at the radial section of the liners is
different from the trend of synthetic deformation. The middle area of the liners, surrounded by coolant, mainly
presents expansion deformation. Expansion deformation of the top and bottom of each liner, constrained by the
body, is smaller. Each cylinder shows inhomogeneous radial deformation, which is just like the shape of a pea,
and there is a symmetry between the second and the third cylinders, and between the first and the fourth cylinders
respectively. Deformation of main and minor thrust face for each cylinder liner is relatively less, and the
difference of deformation of each liner is also smaller.

Key words: diesel engines; cylinders; deformations; fluid-solid coupling; temperature distribution
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