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A two-dimension thermohydrodynamic nodal analysis of a wet clutch is performed, that covers the entire cycle 
of engagement from slip to lock (synchronization). The parametric analysis shows that the performance of a 
wet clutch is greatly influenced by the number and dimensions of the friction lining’s groove. This grooves’ 
parametric analysis provide a new methodology to enhance the radial groove pattern (pads and grooves’ length 
and number) for a given set of objectives (specific engagement time, temperature reduction, etc …). 
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1. Introduction 

One of the key components of a wet clutch is the friction 
material bounded on the core disks, which is often a 
porous paper-based material. The engagement simulation 
has always been an important research topic where 
hydrodynamic, elastohydrodynamic, mixed and 
boundary lubrication modes are all present. Modelling 
and simulation have been investigated by many 
researchers [1-3], through 3D thermohydrodynamic 
analysis and mainly finite element simulation. However, 
finite element simulation is not the best way to study how 
to enhance the grooves pattern. This is why we will 
develop a nodal model, which is more convenient for the 
grooves’ parametric analysis and improvement. 

2. Industrial Clutch and 2D approximation for radial 
circulation 

The thermal power generated by the friction between 
discs needs to be dissipated using a convenient fluid 
circulation to cool the clutch. Therefore, a conventional 
industrial clutch uses a complex network including 
primary radial grooves and a secondary network with the 
waffle (Figure 1). This study will only be focused on 
improving the radial grooves (width and number) at a 
constant depth, set by the paper’s thickness (Figure 2). 

3. Methods 

In order to construct the nodal model, we assume a 2D 
behavior for each pad and that each pad is independent 
regarding contact mechanics and interacts only by fluid 
thermal exchange. Finally, the inlet of the radial grooves 
is bathed by an isothermal flow of oil coming from the 
internal part of the clutch and flowing radially outward 
due to centrifugal force. At the starting point of 
engagement, a pressure is imposed between the discs 
rotating at different speeds. It remains constant until the 
discs rotation speeds are synchronised (Figure 3). Oil 
temperature in the radial grooves, film thickness and 
transmitted torque are calculated during engagement time 
(Figure 3). 

3.1. Basic Equation and Numerical Scheme 

For friction evaluation, we use the classic Reynolds and 
Beavers equations to solve the first part of the 
engagement and a GW-based model to solve the second 
part. For thermal evaluation, we assume that all thermal 
production in the contact is transported by the oil flow 
through the contact. Thanks to the periodic 2D 
description of the problem, analytical resolution is 
applied when possible, otherwise temporal discretization 
methods are applied. 

3.2. Example of results  
Figure 3 shows an 
example of engagement 
resulting from different 
combination of grooves 
(width and number with 
the same total area).  
Fig.3a) shows the 
decreasing film thickness 
between the discs, 
graphic fig.3b) shows the 
decreasing sliding speed 
and graphic fig.3c) the 
increasing temperature 
of the oil in the clutch. 
One can identify both 
functional parameters of 
the clutch: duration of 
the engagement and 
maximal oil temperature. 

The optimization of these parameters will be discussed 
using a parametric study involving variation of the 
number and width of the radial grooves.  
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Figure 1: Picture of paper 
based friction lining 

Figure 2: 2D circumferential 
cut diagram 

Figure 3: Evolution of  
engagement through time  
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