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Abstract - It is of great importance to study the lubricating oil flow field within the friction pairs of wet multi-disc clutches.
Consideration of the oil inlet flow rate will be important for the cooling of friction pairs. In this study, a numerical model is developed
with radial oil grooves taken into account, and the effect of the oil inlet flow rate and relative rotational speed between the friction pairs
are analyzed. The results show that the lubricating oil flow velocity gradually increases with the increase of the inlet flow rate. However,
when the relative rotational speed is low, the flow velocity gradually decreases in the radial direction, while it increases gradually under
high rotational speed. Moreover, When the friction disc has radial oil grooves, the flow rate of lubricating oil in the oil groove is obviously
greater than that of the oil film. The oil film flow velocity is smaller than that without the oil groove. This paper has an important reference
value for improving the heat dissipation performance of wet clutch friction elements.
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1. Introduction

Wet multi-disc clutches are commonly used in high-power transmission systems. During the clutch engagement process,
a large amount of frictional heat is generated on the interfaces of the friction components, which usually leads to a thermal
failure of the friction surface and causes the friction coefficient change sharply [1-2]. In order to dissipate this friction heat,
the lubricating oil is continuously pumped to flow through this friction pairs in radial direction [3]. It is of great importance
to study the oil flow field within the friction pairs.

Regarding the research on the thermal effect of the flow field between the wet friction plates, Payvar developed a heat
transfer model of the friction plate with radial grooves and solved the heat transfer coefficient in the groove [4]. Jang and
Khonsari [5-6] found that thermal effects have an important impact on the transmission torque and clutch engagement time
taking the friction surface permeability and roughness into consideration. Some scholars have also studied the flow field of
the wet friction pair under different working operations. Based on fluid dynamics, Razzaque and Kato [7] studied the effect
of different inclination angles of radial grooves on drag torque in idling wet clutch, as well as the number of oil grooves and
flow rate of ATF. In view of the pressing process of the friction pair [8], the transient meshing characteristics of the wet
clutch were studied by using the narrow groove theory, and the influence of the oil groove orientation, depth and area ratio
on the pressing time of the friction pair of the clutch. Marklund and Larsson [9-10] simulated the friction characteristics of
wet clutches under boundary lubrication conditions, using the technique of measuring boundary lubrication friction
coefficients to predict wet clutches under limited slip conditions operating temperature and torque transfer. For the flow field
between wet friction pairs, domestic and foreign scholars [11-12] also carried out theoretical numerical simulation and
experimental research on the oil-gas mixed two-phase flow.

Based on simplification of the actual flow field in friction pairs, this paper focuses on the numerical solution of the flow
situation of lubricating oil. The flow velocity distribution is complicated with and without radial oil grooves. The effect of
relative rotational speed between the friction pairs and the amount of oil inlet flow rate is analysed. This study is extremely
significant for improving the cooling performance of the friction pair in wet multi-disc clutches.
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2. Modelling Method

2.1. Geometric model

In order to study the lubricating oil flow situation between the friction pairs, it is assumed that the lubricating oil is
filled the plates gap during the sliding process, and a numerical calculation model is established theoretically. Figure 1
shows the schematic diagram of the friction pair and the force analysis of the oil unit between the friction pairs.
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Fig. 1: Wet friction pair model.

In this Figure, r, 6, z are the respective coordinates of the cylindrical coordinate system; rl and r2 are the inner and
outer diameters of friction pair, respectively; @1 and @2 are the rotational angular velocities of friction disc and separate
plate, respectively. Based on an assumption of the lubricating oil, a simplified Wiener-Stokes equation can be obtained
as:
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The simplified continuity equation is:
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In the formula, p is the oil film pressure; ur, ue, and u., are the radial, circumferential and axial velocity components
of the lubricating oil, respectively; w(t) is the dynamic viscosity of the lubricating oil.

2.2. Model solution
The boundary conditions are assumed as:

u, (r,0)=u,(r,h)=0
{UH(F,O) = a)lr,Ug(r, h) =w,r 3)
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The oil inlet pressure is the largest, which is mainly determined by the relief valve, and the oil outlet is connected to the
atmosphere. Therefore, the boundary conditions of the oil inlet and outlet pressure are as follow:

Prnex
Y

r=n = pO

=0

r=r,

“)

Simultaneously simplify the Wiener-Stokes equation and the continuity equation, solve them and bring in the boundary
conditions. Finally, the velocity components of the lubricating oil fluid along the radial and circumferential directions can
be obtained as:
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Therefore, the flow rate of lubricating oil between the wet friction pairs is:

u=Ju? +u? 7

3. Simulation

A friction pair is simplified, as shown in Figure 2(a). The friction disc is made with radial oil grooves, whose depth is
0.75mm. The lubricating oil flow field is shown in Figure 2(b), where h is the oil film thickness, take as 0.3mm. The
lubricating oil model without oil grooves is like this, and its thickness is the same, 0.3mm.
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(a) Friction disc with radial grooves (b) Lubricating oil model
Fig.2: Friction pair with radial grooves

In order to compare the flow field distribution of the lubricating oil under different operating conditions, four lubricating

oil inlet flow rates are set: 1, 5, 10, and 20 L/min, and four relative rotational speeds between the friction pairs are set: 20,
100, 500, and 1000 rpm. Taking the lubricating oil at 40°C for calculation, its material properties are shown in Table 1.
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Table 1: Calculation parameters of lubricant.

Density p Thermal Kinematic Specific heat ¢ Pr

(kg-m~3) | conductivity k viscosity p J-(kg-°C) !
(W-(m-°0)"YH | (10°m? s

850 0.1~0.4 28.8~35.2 2231 1797

4. Result and Discussion
4.1. Calculation results without oil grooves

Figures 3(a) and (b) show the flow field distribution when the relative rotational speed are 20 and 100 rpm,
respectively. The flow velocity of the lubricating oil gradually increases with the increase of inlet flow rate. The flow
velocity at the inner diameter is the largest, and it gradually decreases along the radial direction. Notably, when the
relative rotational speed is 20 rpm and the inlet flow rate is 1L/min, the flow velocity distribution is relatively uniform.
When the relative speed is 100rpm and the inlet flow rate is 5 L/min, the lubricating oil velocity distribution has no

obvious change. But under other conditions, the lubricating oil velocity has obvious gradient changes.
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Fig.3: Lubricating oil flow field rate distribution

Figure 4 (a) and (b) show the flow field distribution as the relative rotational speed are 500 and 1000 rpm,
respectively. The flow velocity at the inner diameter is the lowest, and it gradually increases along the radial direction.
At the 500rpm condition, the lubricating oil flow velocity changes little until oil inlet increase to 20 L/min, where the
lubricating flow velocity is almost equal in the inner and outer edges. While at the 1000rpm condition, the lubricating
flow velocity has no obvious change even the inlet flow rate increases to 20 L/min.
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Fig.4: Lubricating oil flow field rate distribution
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4.2. Calculation results with radial oil grooves

Figure 5 (a) and (b) show the flow field distribution when the relative rotational speed is 20 and 100 rpm, respectively.
It can be seen that the flow velocity of lubricating oil in the oil groove is significantly greater than that of oil film. At a lower
speed of 20 rpm, when the inlet flow rate is 1 L/min, the oil film velocity distribution is relatively uniform; when the inlet
flow rate is 10 and 20 L/min, the velocity distribution is gradually smaller along the radial direction. At a higher speed of
100rpm, when the inlet flow rate is 5 L/min, the oil film velocity distribution is relatively uniform, and the increase in flow
rate has a greater impact on the lubricating oil velocity distribution. Moreover, when the inlet flow rate is large, it has a weak
effect on the distribution of the lubricating oil flow rate, mainly on the size of the flow rate.
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Fig.5: Lubricating oil flow field rate distribution
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Figure 6 (a) and (b) show the flow field distribution when the relative rotational speed is 500 and 1000 rpm. The
lubricating oil flow rate gradually increases in the radial direction. At inlet flow rates of 1 and 5 L/min, the flow rate did not
change significantly with increasing oil inlet flow rate. When the relative rotational speed is 500rpm and the inlet flow rate
is increased from 10 to 20 L/min, the flow velocity distribution changes greatly. However, when the relative rotational speed
is 1000rpm, when the inlet flow rate increases from 10 to 20 L/min, the change of lubricating oil flow velocity distribution

is small.
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Fig.6: Lubricating oil flow field rate distribution
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5. Conclusion

Numerical modelling of the lubricating oil flow field between the friction pairs in a wet multi-disc clutch is carried
out, and the flow velocity distribution of the lubricating oil is calculated with the radial oil grooves. Different inlet flow
rates and relative rotational speed conditions are taken into consideration. The main conclusions are as follow:

As the inlet flow rate increases, the lubricating oil flow velocity gradually increases. When the relative rotational
speed is low, the flow velocity gradually decreases in the radial direction, and the flow velocity is greatly affected by
the inlet flow. When the relative rotational speed is high, the flow velocity increases gradually along the radial direction,
and the increasing gradient becomes larger and larger. As the rotational speed increases, the flow velocity distribution
is gradually reduced by the influence of the lubricating oil inlet flow, which is mainly affected by the flow velocity.

When the friction plate has radial oil grooves, the flow rate of lubricating oil in the oil groove is obviously greater
than that of the oil film. The oil film flow velocity is smaller than that without the oil groove, while the flow velocity in
the oil groove is greater than the oil film flow velocity without the oil groove. This paper has important reference value
for improving the heat dissipation performance of wet clutch friction elements.
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