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Study on fluid torque by shear stress of double arc oil groove friction
pairs in hydro-viscous drive
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Abstract: The double arc oil groove friction pairs are widely used in hydro-viscous drive (HVD). In order to
study the influence of oil groove parameters on fluid torque by shear stress, the flow characteristics of oil
film was carried out by using the software CFX. The shear torque of film was obtained. An analysis
platform, which was built to discover the influence of oil groove parameters on shear torque, was designed
based on the flow field parametric modeling, numerical stimulation, design of experimental (DOE) and
response surface methodology (RSM). The effects of the depth, the width and the number of the oil groove

on shear torque were analyzed and an approximate response surface methodology model was then set
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up. And a test rig of torque performance was set up. The results indicate that the shear torque decreases
with the depth, the width and the number of oil grooves increasing. Meanwhile, the influence of width is
the most, and that of the number is the smallest. Through both theoretical and experimental study, the
effect of oil groove parameters on fluid torque by shear stress could be much more precisely achieve by CFX
numerical simulation and the platform which combine the CAD, CFX, DOE and RSM technology.

Keywords: hydro-viscous clutch; friction pairs; double arc oil grooves; fluid torque by shear stress

TR A% B M) P 3 RS BT V) % 3 D) 3, LA JC SR A% Bl BGR 3 i AR 9 R
AT SE A SR ERTT V2 T RAIL K R A 2 6 AL R R 26 B S LA 35
FEf A T B — BRI A A BT Pt

VBT A 2y PR A2 R PR 48 e ARG A T R 2L S A o R e R A 1) B S B R S A PG B . Oy Tk
G 5 R AT BRI BRI 2 3 B0 B0 T A R TATIN T — R AT AR 1 v A o [] Bsf il e S 3 e A
VR 58 ) VR 5 P MR RN o A4 P BRG0P g — i 4 R 5 el ol B O 5 S
] JC G A ZE A FE B A O

R[5 31k EE 45 ) 1) 25 00 6 A o R B Tk R A R R R Ik R Y S A TR XL AT 2 Ok B
Fil) 3] SAE S P 30 7 A R 5 D) B 2 7 AR R R . el T S M B R L LR O T U % R T BE L B
PR ME e T aed e — My 2R B (A o M o A I A ) 3 A R A 45 R 2 O il BT U0 e Y
55 W) B R P TN 9 A A R 2 R S BB Y

Razzaque %10 & 7 06 T BE 52 Al RS Bk B9 5 A SR HE AR PE RS IR A SCEE . Miyagawa S8 R 7R S5 &
o o 2 5 i EE 8 ) S T [ s A 5% 1) ol R g el R 45 R ) 3 T I BB RO AR B AIR . Aphale
AR S TR A5 R 2 T IR LA TSI Y B AR /N I 2 B R A R SC I AR . Meng™ A Xiel ! 4§
X VR 28 2 0 2 e O R A S A R A R R T P A A AT TR AY . Yuan® R Hut AR T 1 B AR
BIF 5008 17 R 3 28 5 0 1 i IS B V) % R AT TR ST Tabal S5 e 7 7 2B 4 f i HE R A T R A
L GRMF R ST T VRN VR S S A T B 1) A% ) Yy BACRE R R A B . L 3R SCHRAR 2D L SUIE I A
JEE B ) DA T S0 0 G 255 5 T I AT IR 45 F 2 MO0 e A% 0 JEE 48 o 5 B D7) 1) S R R AT F 5 I X JEE
B S B BT R R AR T,

DALt o7 FH TR AAR 3l g 2 B CFXC 0 JEE J52 ) 8 9 A 1) 0 8l A 1 A7 (A SOLAE 5 S 7 B8 458 il 9 1
SRR U B R B R BT Dk A0 L a3 D — R B R S R A 2 BOE R R A F & L B ST
B CAD,CFX.DOE RSM 5 £ A 14 i B Rl 5 » 70 A i B % 1 ol R 3 138 R0 ol R 50 18 Ox ol J5E B 1) 5 2 119 52
W+ Sy B 001 25 000l XS B8 I ot A i 2 57 D7) ke R 1940 52 o R ik Rl 2 B0 B 3 B S il

1 EZEBRBBERU

VR % 0y VB 452 B A Al 55 5 L) I BE B 3L 32 R P B A5 N R P R AR R L N RR PR R AR TE — 5 9 0L N AR
TR ) 3L 2l 3 3 R T ) 25 AT R 5 SRR P 2 4 o 5 5 ) B R e R A S L R R T Y A A
KA. WRRMER SR L B P TE SRR AR PE IS R PR R S TE AR I . TRLIG L TR A0 B P L A e i R 2 T g 06
FROhS 6 75 1 A 3t TN A ) 1) B D)L A AT R A AR

CFX {4y A JEUAEL 2 48 J5Oke 78 I (1) 3 K% 2 [a) 461 i 2 19 49 B0 T — 3R 900 A FRAS 88 B b i 722 o fEDR AR
Bl i — R B 07 VR S O T X S By O AR 2 ) O R AR R AL AR 5 SR AR AR A A B AR A
LB . VR 4% Bl T 25 B A5 R RO A B9 R 80 R X3 Bl 5 | Bt A A T B 1T R A% 36t B 4, CT XA Y vl JB 452 i i)
Wit £ D A Sy R A AR 5 A JBE BT N ) P S A R OC R A AR W AR, T DUTE ik CFX H B AR A O 12
oK TR 2l i I BT U7 [ B B 48 R IV AR 1 3L Sl AR 2 B R A B R

FEHERI M ANAE Dy =86 mm, SME D, =123 mm , BEHE R Y 5 3 1 RIS 488 3% 180 A5 018 oI il A i A 2%
I SHC MR FERE 0= 1.5 mm  JAEIREE h, = 0.4 mm A H 7 =20, 4 25018 AR R K00 R b A 1 AR AR
Z I ¢=0.68,

IR TNV & S I SN
o SE BUHLBRSE A5 19 RERE



%58 B b F R AR S AU I i AR R & BT o 45 SR AT R 3

5 5 ) B 5 ) 45 R 0 P X R B R AL S /N TR R B R L S SRR A R 1] B PN A AR 7 1 1/20
S SRR 3 e 2 SR i B AR PR R U EE SRR AR B S O . I 1 O Pro/E H Sz R J LA LAY

(a) Fitp L TR (b)) B AR R

1 JLfiesy
Fig. 1 Geometry model

1E ICEM CFX o R T W1 85 0 19 1 25 04 19 s 00 A7 30 377 5 B0 1) 0 A ] 3o e 7 U 3 A B A% 1) A4 ] )
9 RUST 32 R T RS JEE 7 1] o DR M BB /DN P D) 6 235 g 0.8 i L vl RV 32 7 ) 22 )2 I A 114 0K I A S B K 2 7
1 115 000 £ 47 .

JRE 6% R AR N PR 4 I A s v o EL VIR ) 25 R PO A SR 2% L T 3 PN PR A B A i D B0 S R OB BB 3 v
S FCIA T AN R G DL ST SRS B ) T2 IR 2 R ) iz SST (Shear Stress Transport) & —w i it
R PE AR B R R IEAT o0 A . SST It MR ZE 5 1 k —e BERILE SN AR XSRS £ — o 450780 75 T BE 45241
AL BT T A Sl BE T pR R BEORG A AU SR )2 IR A IR AE T It 60 BE A 1 B ob 2 08 B i Ik 5 U0
IR IZ L A H RE 8% X 25 B Ui A4 L 2l 20 AT Al Y I L 8 BE AE A& Hs g B BE T ORS A A UL 20 S B4 DR R
DL T A0 G0 T AR P S A R A VS R S ol TR R A% Sl P A e i I BT U0 A% 3ok B AR L B A Y K
PR AL AR B B # Thermal Energy AR SK A B8 1 )7 2  (H 2 2 6 it A4 % B2 A2 AL 52 ), % HL 2% 1B ZG
PRI

JRE $8% 1) 1) T A S VR Ry AN T e 5 R R AR TR EE SRR IR T 40 CL S IR 4 N
0.093 Pa « s, BEAZ @I BE [ R PR R 2 A 200 o BE 80 R A0 i AR A 1SR PO B 3 5L 2% 0 B0 J] 0T B 4 R O B Qo
0.1 L/ min, A5 25 58T RIS J32 R0 8 452 A1) 2 3 17%) 726 A Eof TR 42 A 0k o AN R e B0 48 ) o 30 et S 4 T it
STUIREFE R . 8 TR R S A AR TS R ARE TR )RR RAE pr. =0 MPa, BE#E 7 F
Xof S 5 114 3% T8 ST R A R B2 37 T B R T R TG M R 00 R A A TR R I ) PR A oR T e BE I AR AF . PEARE
By AT ) =4 200 v/min, by TORE AN R 10 B R e 5 D) L T 28 A T2 BRI 9 Tl R 45 4 2 B0 35 V) e AR
R 52 5 DR Ot 3 SR8 R o 5 X B R o g 1 5 . =0 r/min,

CFX R F A BRAA B 32 06 42 il 7 R A 8 BAk AL 28, 107 F CFX A 19 2 1F 42 e sk 22 RS A 5 80 0k o 11 3 A
BUHAT REE T DR s i35

B BEEEE A =0.1 mm il i CFX f 15 . 78 CFX AL B rb SR I X EE SRR 1/n (0 =20) & 43 (4710
I B ) A R ) R i B B ) A S Dy

T =T, «n, @b

2 SHTFERERIT

H T AL Isight SCHU BEA LT AL A% S 23 CEX i 3 R A B 36 38 3 R 0 o o 45 254
Mg F BB AR R A 2 PR

T T M 70 0 R R A 24 2 B A Y R B A O AR 3 R e e R 2 A 7 0 A A B
AZ RN iy 11 2 50— — X A B 2 ph I BT U7 TR A P O AR B A 4 A Sl AT Ll 0
G AT IR 1 0 R A58 R A 2 O ik 5 5 U1 e A 4 R T

e AT IR B BT R A IR AEAS AT 15 2 VLB BT S8 SRR L S A LT R
it WA A 7y o AR CEX H PR3 5548 B X 45 il 41 45 458 50 BEA T30 37 T 55 8 0o Mo bl $18 WP A 9003 1 3l 1y e o 1



4 TRKEFFIR % 39 %

RE KA 2 %) 2 Bk A 1 B0 SO 23 AT B 32 000 2 A« 1) R 1m0 01 80 0 4 {268 D kA e 1 78 g P o
{1 30 AL WD 7 A A

|§§mm@§ﬁmﬁﬁﬁ|

e rES 2

2 SWFEEITRER

Fig. 2 Process of simulation
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Table 1 Test table of parameters of friction pairs
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Fig. 4 Main effect of groove parameters
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Table 2 RSM curved error analysis of groove parameters

e PHIRZE RRIRE REHHTR R

1 0.13 0.28 0.14 0.81
2 0.10 0.23 0.11 0.84
3 0.08 0.15 0.09 0.93
4 0.09 0.19 0.10 0.88
¥ A <0.2 <0.3 <0.2 >0.9
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Fig. 7 Friction pairs of different groove parameters
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