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Abstract — As the importance of transmission efficiency to reducing fuel consumption and conserving the envi-
ronment rapidly increases, reducing the drag torque in an automotive wet clutch is emerging as an important issue
in the automotive industry. The drag torque in a clutch occurs from viscous drag generated by automatic trans-
mission fluid in the narrow gap between separate friction plates. In this study, the drag torques in an automotive
wet clutch are investigated with respect to the angle and density of the grooves between separate friction plates
by three-dimensional finite element simulation of a single set of wet clutch disks considering the two-phase flow
of air and oil. The simulation results shows that the drag torque generally increases with the rotational speed to
a critical point and then decreases at the high-speed regime. The grooves between the plates plays an important
role in reducing the drag peak, and the inclined angle of the grooves affects the oil flow. The grooves with an
angle of 50° shows the lowest drag torques at both low and high speeds. The flow vectors inside the 50° grooves
shows clear evidence that the fluid flows out more easily from the grooves compared with the flow vectors inside
grooves with lower angles. The simulation results shows that increasing the number of grooves (density of

grooves) decreases the drag torque.

Key words: computational fluid dynamics (%1 4H3-A < &), drag torque (=8l =2 &), two-phase flow (©]7
&), volume of fluid method (A A& ), wet clutch (F2 2 A)

Nomenclature
R, : Inner radius (m) (H73)
R, : Outer radius (m) (273)
h : Clearance (mm) #+4)
6 : Angle of grooves (deg.) (ZFEZL)

o : Rotational speed (rpm) @EHE=

+C0rresp0nding author : isung@hnu.ac.kr
Tel: +82-42-639-8316, Fax: +82-42-629-8293

71

LM B

Eo], FAF o= 37 BT 9 HE gg &
Aol ARl we} At FANE 2HF Xl s
I Hi7I7Es BES Eol7] 99 B A s
A=

itz o g “oa Bl AEHET] 2] 44
Z2x] WHo|A friction plate?} separate plate A}o]ol]
A AFeHE7] QY (automatic transmission fluid, ATF)
o] f5el s AT A o, ol FEiX|

Az



72

Separate Plate
r\ Friction Plate
2

=t

Stationary —

Rotating

-
el

Fig. 1. Schematic of clutch engagement and disenga-
gement.
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Fig. 2. Typical drag torque curve with respect to rotational
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Fig. 3. Schematic of a disengaged wet clutch and the
clutch model used for finite element simulation.
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Fig. 4. Definition of angle of grooves.
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Table 1. Properties of various parameters.

Parameters Value
ATF Viscosity (Pas) 7.04 x 107
(at 20°C) Density (kg/m’) 857
Air Viscosity (Pas) 1.85x 107
(at 20°C) Density (kg/m’) 1.177
ATF Flow Rate (liter/min.) 0.1
Rotational Speed (rpm) 0~5000
Angle of Grooves (0) 0~50
Clearance (mm) 0.1, 0.2, 0.3
Number of Grooves 0.1 23
(per 1/24 of whole model) T
Size of the Model 124
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Fig. 5. Drag torque variation of non-groove model.
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Fig. 6. Drag torque variation with respect to the angle
of grooves between friction plate segments.

34, J2E2 2tzo| ot

3-1-1. 12E7 8l 49

Fig. 5& 2527} §l= Zd(non-groove model)©ll
Ae] BlH&wd me =g B wistolnt. Ao
A I 4 el ALFFM = ATFZE AL W
5 A9 = BEavt A A er F43]
Z7FHAl HlaL, &P AN E ATF7} plate?t 7<)
FrA Aol wAurrax F717F FYEaL oo o
2} ATFO o3k =2 Ea7F 54504 dashks &
I+ Ark.

Flg, 62 ooka@ FH 7k 0, 20, 5050 thal
3 Smo] we Sda 230 WMEEe HeiFy 9
o}, Fig. 5ol AAE 2787} Qe mde) itz
FYS 0= sjxE 7Ur°lv}
4 a2FE8 4wt 009 A, A &
o] we} Se)o B2t 9= Loﬂ g Follw o
F7kle %S Jeiddh. olfd siY d3E
s, ZFH o] z}eo o8] ATF/} F-E 2 viE5A

witke AL oA = ok

OR8] 7kt 2009 A, -G ik o
HEAQl sef . B=e %%E m2ed, 1FE7E
= wdox HolF Fig. 59 AT} Hlwd w v
gAoA = E-ELC'] dawke] 24 &2 As =
Aot

N&FANA 7Hg R Egja B3 aFH| v
F A7} 50090 ZolA debgttt. ATFZF ARl
ugl =gl B3r) Ao AgAoz Zrsitrt Ao



Friction Plate

(b)
Fig. 7. ATF flow vectors inside the grooves with the
angle of (a) 0° and (b) 50°.
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