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Analysis of oil pressure distribution influenced by
channel flow structure of wet friction clutch

LIN Teng-jiao, ZHANG Shi-jun, LV He-sheng
(State Key Laboratory of Mechanical Transmission , Chongqing University, Chongqging 400044, P. R. China)

Abstract: When multi-disk clutch is in disengaged operation, friction plates and mating plates may not
To avoid the slipping friction caused by this and reduce the clutch’s overheating, the
With the use of ANSYS/

FLOTRAN software, 3-D finite element models of six different channel flow structures are established.

separate absolutely.

lubricant pressure between the plates should be well-distributed in design.

Using finite element method and the fluid dynamic theory, the flow field is analyzed, and then the law of
the influence of different channel flow structures on oil pressure distribution between the plates is
summarized. The result of the study shows that the four squirt holes at right side with perforated structure
are better than those without, and squirt holes with the cone or stepped shape are better than those with
column shape, which means that with the two improvements of the channel flow structure, the lubricant
pressure distribution can be uniformed.

Key words: gearbox; clutch; channel flow; pressure distribution

W 2 B B A T A A S A 12 B R 4
PO LR 18 S R o T S 5 A R BRI A A K
A e HE I AR s e I EE 5 R 5 X A 00 S AN 1)
AT E W B E AR R . 2R R E

B2 B8 5 S I T Y A T 5 R )RR A U6 A R R R
AR BRI, RN BT, R )R A
[F] B A AN 15 5 S SSORE 488 7 9 JBE AN B BT 1) R
AN = N v N A A g L4 i R i TR = e

A5 B #7:2009-10-15

A4 B EE A RR 4 RS H (50735008) ; 8 K T 8 KR % 5 (CSTC, 2007AB3030)

B B A B (1968, B R R HUR L WL R EE NS AU B LA BT AU S ) A
(Tel)023-65102420; (E-mail) tjlin@ cqu. edu. cn.

http://gks.cqu.edu.cn



14 TR K FFER

HIE R N R B B R F TR .

A % TRt 2 8 8 B 4 28 ok A ) g
5% A P JEE 4 M U B L 4 M R 45 A
RIS T . 6 TR B MWL B B AT 43 07 7
(IS . 36 T FRIC G , F 0 T 8 4 28 45 4 1 A s
15 P TR T A0 A BURR D FE R R IS I 1R B
7T S BFGE T RE 4 R (5 SR 5 4 X B 5 R T
T B 26 5 1 B L B e 2% T AR 7 40 A i
(il AT, B2 T M Bh 12 (CFD) # R
(9 R BB 2 4 LA ADL  PE G % T L
AL 7 i ) B E AT 40 BT L REGE N AW R
SO A A R0 T K i e R
7 THT + FL X 9 2 P 458 80 4 2% 0 Vi O 3 1 9 B B
W

5 ST ST FE 45 9 Uk 4 ) 7 B R RNG ke — e
IR L Sy o A SR B A B ) 2
Tk AT U VT O T A T OE ST 4R A ik
e T 3 3 £ 2 T 040 K 7 RT3 R O 3 A T IR
DL /N 25 B B TR 458 P 43 B 1 101 56 LA R B
1 SRR A FHEAR

{15 5% 3 9 36 Ay R T FE 4 08 0 L 72 46 R L AR AR B
T 3 2 OIS P 7 R T R K

Y cu=0, @)

du __1lap .

7<7t+v Guu) = " fgl‘Jr#V grad(uw)+S, , (2
v e ) =—L2L4 s« grad(0) £S5, )
dt pay

Jw . __1dp . ,
at+V (wn) p3z+’uv grad(w)+S,, (&)

A u MR u v w A AR T ) T
AV cu=du/dx+dv/dy+dw/dz;p R iE NI
W s MBI RS s p AW J15S,.S, .S A
AR AR A ORI, (D Ry g R, R
(2).(3) () FEh g .

b 18 2R 4 S B i 3 A S L3 3
TR R AU B R T) B R R A o R Y B AR
R M5 A RNG b —e i i 1558 79 7 B R AE  80CR F
RNG & —¢ W7 B m AL BN . 76 RNG k —e Jif i
B v i 3l RE R G B RERE HICR R 4 ok

K =25« gradkuo + % —e, ()
dit 1Y o

de

% ~ 2~
SV =ty grad(ep, )+ e € Co

ok k
Kk i S 6 e MBI REFEIR s e = p b peo e M
{ﬁ”ﬁ{nﬁ*ﬁﬁ 9,“(:Pcpkz/e;cﬂ\CZE\ak\ae %7 RNG £ —¢
it AR 8280 G O - 3 B R P JRE 5 | RS 1 i Bl E A

. (6)

% 33 %
14 7= A T
2 2 2
6=z (55) +(55) +(55) |+
[+ (e
(%+3I;)7} H 7
Ci. A% RNG kb —e Jif i 158 50 40 C B IE R AL
Cl. = cw (8

B Civyy N RNG k — e i 0 B 3 (. 5 =
(ZSUSU )1/2?95{] :(aul/alj +auj/a1‘i)/2o ]ﬁuﬁ‘zﬁijj

RE J7 T2 RN 3l BEFE HLE 7 72 b B AR S K iy BB G
Fraw =a = 1.39,C, =0. 085, C,, = 1. 42, C,, =
1.68,8=0.012,p, =4. 38,

2 BABREEMARARTAER
2.1 BARAALEH

K1 IR 2 R R B A e i 45 A0 &1 o e
R 10 o bR 11 . 3 Al LY 50 o fi 7E
FESE ) 90°,210°, 3307 5] J&] o7 i b, AR 4L 10 4,
B e s B I syt £L S 0 1 9 3ih G EE 4 R 1)
Bl (HEE 48 AV T PO VE R R A B . BALIRAETE
B i S B I p EE AR R RORHE R S 20 A BROR
[N NN

)

TV RG Al s 2. R Jr 88 s 3. XE A s 4. R A 55,3
B1 ZXShEHEBEELEMN

i

D W < T a2 M A 2 ¢ o
K 1 AN B 2Ca) FToR o SEBRTE B 12 45 40 25 e B JE 452
RO BECRA KRB, B kAT, B J7
AT 3 H R DR it — 2 SO Y O AR, R R
fLER. EHILTLEW 14 W 55 —Fhah i 5% 2 m
TiA 2 M AL R B 2 Sy 2 Bl O g AR R 3 Fif
WAL R 25 T G 6 Fhis & S8 B 450 . Horh
SERE 3 F S JEAESERY 1 FERH E 4 50 A TR L ek
FHETE AL R L, 451 2.4.6 JEFELS5 ) 1.3.5
) S A R PR 8 R JRE A g 4 AW AL S P B A

http://gks.cqu.edu.cn



%3

M, R X R A

2R Lk M 2t il R A G # R 15

FURY o AR AT T B RSO ZE AL T B e . B
A5 P RN A R T HY) 20 A FRAR ) B R /IR 45 L 38
0.4 mm, 20 >EEHE R ] BA 10 A~ WE 3l £L 25 5 4n
2F7R o WL BAE FLBE AR 3 mm. HE£L A B
B ALY Ko AR 5 mm,

| fiin| I

| i}

1[2(3[4|5|6[7[8[910[11[12]13]14] [16]17]18]19]20

[ fiz 3 fa fs fs r\Jis flo [0

r
—=

BEMAL & 1 V PEHE IR A

PN
(a)Z5#1

et o

1/2(3]4|5]6]7[8[910[11[1213]14] [16]17]18]19]20

IPN=
(b)&5H92

! m

il

P

-

(c)&5H3

PR

(d)454

il

FRARRA RN

FARAREEREN
(14546

B2 BEBRALLHNE
2.2 AHTRARWAA

£ ANSYS/FLOTRAN CFD &t ~7 11 ¥ i 7%
() SRR T, I >R A Fluid 142 550 #1479 4% X
o APRIE A R 53 A BE L XA 4 A5 Al AT oK A
» SR T AR AU By 7 T /N B A S T K 2R T 7 )
3 TE 25 1 5 7058 b 338 fin Do 4 235 B AR 20 PR e g 6

~

I

Sy

I R R i R S E R RIR . B 3 O NIRIE S
F 1.2.3 F1 6 A B 0 PR 3 30 A R A B KT s
BRI ICEA )2h 373 951 F1 544 274,

(d)Z5H 61 JR TR

A3 BeBRERMRLRAE

2.3 S REMHAARX ALK

B A A TE T ok Ry CDAO I W . R
Jy 880 kg/m’ , B i LA I g R B Ol 58 °C
B E R 43,4 mm® /s, EHE X EE R 5 X H
R ERET &G AR LS 58 Rk il
BE TH] T A 0T B Kb SR D RE T o R0 L 45 BE 101 R
TouE R B [ RE 25 B G A aE L AL 120 L/ min,
A R — A KRR s FREE 3 0 % 0 B G A
23 WOE R 520 r/min I ) RE 4K e Bl R B EE R
54. 45 rad/s,

3 AGGELERESHER

KB 9 B R TR G O B A ny ok R Rk
(SIMPLEN) 3K {if 37 A5 750 A2 25 At 38 2o 305 244 0 8 5t
PR~ R /N R s B RS 8, SR A i R 2% AR VR B ik
Jg 200 Y. BT 75 20 S 25
3.1 A AESWER

& 4 fy 6 B i B 2549 R 5 R R = K
B AT R0 AR A 5 A A AR UL R A A S
W%y FL A2 Ak 1 T B BE R R AR R T R R
6 ol 45 k) 14 B A g 2 11 9 P L M AL 7 3 R
FEESE R B B35 Ean e 1 fToR . He g i
4 AT L B 5 AN BEIE 2 Rl IR 8 AR 0T A [ A
My FLIE AR T A s 4 A W8y L 53 B X Rz 1 88
HE I T 8 /0N S RT3 45 1 B g A L 2R B
SEFP Y I B AR BE A R8N T I R )k

http://gks.cqu.edu.cn



16 TR KXKFFR # 33 A&

0 0
0ss) 13384
41.375 27.769
62.063 41.653
882.751 55.537
103.438 69.421
124.126 83.306
144.814 97.190
165.501 111.074
189.144 & 126.942 &
(a)55H91
0 0
17035' 10209'
34.071 20.419
51.106 30.628
68.141 40.837
85.177 51.046
102.212 61.256
119.248 71.465
L 81.674
155.752 4 933424
(b)&5#2
0
11995' 0
31.990 9_283|
47.984 18.565
63.979 27.848
79.974 37.130
95.969 46.413
111.963 55.695
127.958 64.978
146.238 4 74.260
84.869M
(c)45H493
0
14J52| N
29.504 Lot '
oo 16.107
e 24.160
32214
73.760
- 40.267
. 48321
. 56.374
118.015 ot
134.875 4 736314
(d)&it44
B 0
16.281' 9565'
32.562 Non30
48.843 28,604
CEHP 38.259
81.406 47.824
97.687 57.389
113.968 66.654
130.249 76.519
148.856 4 87.450 4
(e)45th5
0
14.818 I 0
29.637 8.115
44.455 16.230
59.274 24.344
74.092 i 32.459
88.910 \]/ 40.574
103.729 48.689
118.547 / pose
135.482 8 2l
74.192 4

()&5t46

B4 ARHEHNZHE

Shy 10— T 55 T8k 3L S A T 4 Y TR FE ) 4 A Y
SEMA A LA BT 6 Tl 2 g 1 S 3 AL Ak R R 4
B B A AR (4 43 A5, Gl 5.6 FIfs . 2549 1 FE
JEE A8 5 1] B 10 A TS 9 L s AL 1Y FE T U B B
H L E KU BN AR 0. 776.0. 820 kPa; 544 2 1y
FESI AR 4 40 1 A5 B I o o JRE 488 () ot Ak A g

AL E AR Y Je K B 53 1A 0. 365.,0. 429 kPa,
Iy NERSE R 1 /Ny A8%0 A 53505 4k 3 AE Bk
2 A1 e K BB 43 1A 0. 161,0. 110 kPas ffif 24
#4443 7]k 0. 086.0. 039 kPa, 23 B3 4544 3 I /)
2y 65% F1 ATV s Z5 4 5 X R A e K B 1 4 B A
0.117.0.075 kPa; 454 6 4354 0. 053.0. 051 kPa,
Iy SRR 5 /N 54 33%0, i bk g ]
AV A i 4 A YL B A S O I AR B A% fof i il L
HE TR JEE 8 R T R ) A R A S A AT

A1 6FLEMGRARMIED kPa

ity EaE N WE AL B A A

G5 W 23 S
1 189. 144 39. 306 40. 237
2 155. 752 39.872 40. 218
3 146. 238 40. 368 40. 494
4 134. 875 40. 360 40. 432
5 148. 856 40. 280 40. 462
6 135. 482 40, 349 40. 407

41.0
40.5
g 400
2 395
39.0
38.5
L4 5
(a )BT BEHIFL
40.7 - - A- - LEH3
40.6 —a— k4
£ 405
=
404
40.3
40.2 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10
WS FL G 5
(b )HEIEmE AL
40.6 - - A- -GS
40.5 —— 456
£ 404
X 203
40.2
WL —"374 5 6 7 8 9 10
B LG 5
(c)BNEEIE B L

B 5 i 9045 F E 10 ANvk b 3L 4G ob R 5 A

http://gks.cqu.edu.cn



%3

93 A L5 M) X R R 8 a 17

9l 1‘1 ll3 1‘5 1l7 119
B
(a)RETE WAL
S as - g3

—a— 45H4

1 3 5 7

A A A A
L Y,

Ay v A

SI) 1‘1 1I3 1I5 1I7 1‘9
b

(b YHETE e AL
- a- - GilS

—8— %56

1 3 5 7

Aa

ahaaa A

1 3 5 7 9 11 13 15 17 19

Ef5Era=s
(c)BBETE BE T fL
B 6 i 90°4x F b B K 16 Md E 5 A

B 7 2 3 RS FLI AR T W3k £L 10 MRS 38 A
RO Rk R THE S o (i = AT S L WS
FLIRF o W3 L H 11 A iy s g e 3 85 O T fE AL s B A
FLIS A AR 1) Hs 7 5 S AR S B/ S D 2 B L AR
RESE 2 Abf9 e T 70 A S 2]

4147
41.0 —— 4ifij4
40.6 | —*— 446
o — A e o o—O—o
g 402 F M R
S 308 /\-__./-\./I\/
394 ¥
39.0 .
1 2 3 4 5 6 7 8 9 10
LG5
(a)BEHfL
410 —a— 2542
—e— 4hti4
40.7 Zw
. —a— Z5H6
& 404 9
3
40.1 |
39.8 A S
1 3 5 7 9 11 13 15 17 19
[RI B4 5
(b )EEHE J[m] B
A7 7% 90°2E b LA BBE RN M ek ESH

o TR AT i FL M EE 45 R TR Y He A O B R

FIANBEHUREC.=S/A I S Ry REAS I o pr i 22
A RFEAS R BIME . F C. ke i St T s 40 A 1Y
B FE L B HUR OB/ 2 B0 R A A B AT
ZAME B SRR

S LL 6 B 20 A EE 45 F ] (4l s (E 1 A
GETTARRAS  TF 5 3 i 25 4 XoF IO 1 2 458 5 [ 9l R 4 A
S B R WA 8 TR ,90°.210°,330° 2 7% 3 41 W
T FLIE X JEE 482 () R A Y ol R e .l 1R AT
H U S5 4.6 (0B HUR BN U B EE R T 1Y
A3 A B3 50 5 B TR b i TE 45 0 3 A7 B B
R B0 A TE L B 8 L 45 ) X g 1) BB (Ll 3 00
& BV Y S A [ R 5 1 b oy A A A AT

5
S
S 3
E
W 2
®
e 1

0

il Ay TR
8 REFEZMET B F AR b ESH B K EH

3.2 BeERvHmERXE

B dw it U AR AE R A L e tE R I B
AT R B ol AL G A e A L 1 A K
JrM s nl. KB WA 9 Fros, iR 2
FEEE R A R A P . TR S AR
A LA R i T BE A il 24, W3k L 10 Ak KR 45 A T
F8 90 91 o0 T g AR M T 8 T vk BRI AR . R, i
50 P 3 s i A e Sk Ak B R D L O 5 R E R
I M AE R AT X L

B9 HaHmonitiREs

EH SR 1 S E5H 2 50T B R X E
. RIS I G I 45 v A A BE KR R R Y
T 42 1t O 58 C s AR 5 AR 2 il A AL 2R
ST AR Ty 3 RN NI T R A AT U
120 L/min, FFE§a 82 S ¥R e 5 IR Ty %

http://gks.cqu.edu.cn



18 TR KFFER

33 %

R .

R2HM T A1 540 2 K ES P
fE. HEATAT, 2 Fh 454G i il ot A 5 R fE
BNV

A2 BAHBHBFBREILBERE

il HWHAE/kPa R {E/kPa MIXHIR2E/ %

ZEH) 1 189. 144 200 5.4

ZEHy 2 155. 752 170 8.4
45

FH RNG k —e i i 155 59 XoF JBE 488 25 45 v Ui 1 U
Yt AT BT B e AT T 2 ol I B AR R 3 el il
FLIE AR X JEE 488 1 (0] W0 3o 9ok R 7 4 A B4 R W) I X6 35
Ay EER AT HE R S A R 259 .

DA vy 4 A~ W7 FL 5T 3 B ol 28 48 7 () Vi 9 9 R
S AR5

2) W% 3 LI AR Sk S T2 R B 0 T I B 4 - ) i
HER(iNAS i T SR ke P

3) X Fe I FLIE IR AR LAY 2 F 25 4 g 2 11 3k
R B4 R 451, —# WA R,

B bk

[ 1] MARKLUND P, LARSSON R. Wet clutch friction
characteristics obtained from simplified pin on disc
test[J]. Tribology International, 2008, 41 (9/10):
824-830.

[2]JLI J Y, BARBER ] R.

thermoelastic

Solution of transient
by the fast speed

2008, 265 (3/4):

problems
Wear,

contact
expansion method [ ] J.
402-410.

[3]ZHAO S M, HILMAS G E, DHARANI L R.
Behavior of a composite multi-disk clutch subjected to
mechanical and frictionally excited thermal load [J].
Wear, 2008, 264(11/12);: 1059-1068.

[4]ZHAO S M, HILMAS G E, DHARANI L R.
Numerical simulation of wear in a C/C composite multi-
disk clutch [J]. Carbon, 2009, 47(9). 2219-2225.

U5 ] BBl ok el i e 42 B 5 45 PR 488 ) 35 1 VR 7 R
Ry AE T ST ], o E A B2 4R . 2007,20(5) . 112-116.
JIA YUN-HAI, ZHANG WEN-MING. Research on
friction disk surface lubricant groove configuration and

China
Journal of Highway and Transport, 2007, 20 (5):
112-116.

[ 6] S, skt U, 45, By R A8 0 & & 2% 3l
AR ESZ W 5T [T ] AL 34 A ,2001(3) :10-13.

GAO XTIAO-MIN, ZHANG XIE-PING, WU FAN,

temperature raise in wet friction clutch [J].

et al. Research of the friction disk surface groove for
influence on the clutch dynamic characteristic[ J]. Drive
System Technique, 2001(3); 10-13.

7] %A 80 RSO 18 =B 4 8 45 4% il A2 08 oF

FELT ] LR TR 2222 4. 2000, 20(4) :449-451.
CAI DAN, WEI CHEN-GUAN, SONG WEN-YUE.
Friction discs distortion phenomena in wet clutch [J].
Journal of Beijing Institute of Technology, 2000, 20
(4): 449-451.

C8] MM ARE . BEE . . B8 admheisl X
o PR 2 4y B L) . Wi VLR 24 2 4. T 2% ik, 2009,
43(3):535-5309.

HU HONG-WEI, ZHOU XIAO-JUN, YANG XIAN-
YONG, et al.

and its influence factor [ ] .

Analysis of clutch engagement judder

Journal of Zhejiang

University: Engineering Science, 2009, 43 (3):
535-539.

[ 9] MARKLUND P, MA KI R, LARSSON R, et al.
Thermal influence on torque transfer of wet clutches in
limited slip differential applications [J]. Tribology
International, 2007, 40(5) . 876-884.

[10] SELEZNEV V. Numerical simulation of a gas pipeline

fluid
simulators[ J]. Journal of Zhejiang University Science
A, 2007, 8(5): 755-765.

[11] KULKARNI A V, ROY S S, JOSHI J B. Pressure and

flow distribution in

network  using  computational dynamics

pipe and ring spargers:
experimental measurements and CFD simulation [ ] ].
Chemical 2007, 133 (1/3):
173-186.

[12] WU G Q, YAN P. System for torque converter design

CAD/CFD

Journal of

Engineering Journal,

and analysis based on integrated
platform[J].
Engineering, 2008, 21(4): 35-39.

[13] =H L B0A E , BRI, Hl RNG k—e Z 5 B X 1k

W = 4t 25 VA i Bl Y B B AU LT . U 4R BB, 2006,
34(2) :34-38.
YUAN XIN-MING, HE ZHI-GUO, MAO GENG-
HAI Numerical simulation of a turbulence flow in the
cut-off valve by RNG % —¢ turbulence model [J]. Fluid
Machinery, 2006, 34(2); 34-38.

[14] WANG L H, CUI J J, YAO K J.
simulation and analysis of gas flow field in serrated

column[J].  Chinese
Engineering, 2008, 16(4): 541-546.

[15] GERTZOS K P, NIKOLAKOPOULOS P G,
PAPADOPOULOS C A. CFD analysis of journal

Chinese Mechanical

Numerical

valve Journal of Chemical

bearing  hydrodynamic  lubrication by  Bingham
lubricant[J]. Tribology International, 2008, 41(12):
1190-1204.

[16] F 4. 3+ 5 0 1 3 J1 2% 20 #r . CFD Bff: Jol 51 45 B
FHEML JE R 5 A K2 A, 2004,

(% % P

http://gks.cqu.edu.cn



