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ABSTRACT – This paper deals with the combined 

effects of elastic deformation and permeability on the 

hydrodynamic performance of a squeeze film between 

parallel plates. The upper plate consists of an elastic 

porous matrix saturated by a Newtonian fluid. The 

poroelastic effects of this plate are taken into account by 

means of the homogenization method for periodic 

structures. The squeeze film analysis uses the Beavers-

Joseph slip velocity at the film/porous-plate interface. 

The fluid film and poroelastic plate equations are 

discretized by the finite difference method and are solved 

iteratively using the Gauss-Seidel method. The coupling 

of the fluid film and the poroelastic plate is accomplished 

by iterative fixed point. The numerical results show that 

the poroelasticity effects are significant. 

 

1. INTRODUCTION 

The squeeze film phenomenon plays an important 

role in engineering practice and has many applications in 

industry and also in biomechanics. The squeeze film 

phenomenon occurs when two surfaces are separated by 

a lubricant, and approach each other with a normal 

motion. This phenomenon has been extensively studied. 

Commonly, the lubricant is considered to be a viscous 

fluid, thus the squeeze film process takes a certain time 

before contact when the surfaces are impermeable. 

However, the squeeze film process between impermeable 

surfaces generates high friction and this can rapidly 

damage the surfaces. Many investigators [1-3] have 

shown that the use of porous materials has beneficial 

effects on the lubricated contact life, as the viscous 

lubricant can flow through it. All these studies used the 

conventional no-slip velocity at the interface of the film 

and the poroelastic plate.  To better approach physical 

reality, the porous material deformation must be taken 

into account. Indeed, the high pressure generated in the 

fluid film during the squeeze film process leads to elastic 

deformation of the film/porous-plate interface. Many 

models have been developed which take into account 

such interface deformation. The most widely used are the 

Biot model [4,5], and the elastic thin layer model [6, 7]. 

The present paper deals with a numerical investigation of 

the coupled effects of elastic deformation and 

permeability on the hydrodynamic performance of a 

squeeze film between two infinitely long parallel plates. 

The upper plate is poroelastic and saturated by a 

Newtonian fluid. The poroelasticity is taken into account 

by the means of the homogenization method [7]. 

2. GOVERNING EQUATIONS 

 The squeeze film geometry is shown in Fig. 1. 

Consider two parallel flat plates of length L, of infinite 

dimension into the plane of the figure, immersed in a 

lubricant. The lower plate of thickness H, in reference 

frame (Ox1, Ox2) with origin point O located in the 

middle, is fixed and poroelastic. The deflection of the 

film/plate interface is defined by δ. The upper plate with 

position located by g(t) and supporting a constant load 

W0, is rigid and undergoes a squeezing movement with 

instantaneous velocity dg/dt along the Ox2 axis. 

 

 
Figure 1 Squeeze film geometric configuration. 

 

The lubricant in the film fluid is considered 

Newtonian, incompressible, and the flow is laminar and 

axisymmetric. Using the no-slip condition at the upper 

plate, the velocity component v1 can be obtained as:      
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Where Ub is the slip velocity at the film – poroelastic 

plate interface and h is the total fluid film thickness.  

Introducing Eq. (1) into the continuity equation and 

integrating across the film, using the conditions on v2 of 

no-slip at the upper plate and flow continuity at the 

interface of the film and the poroelastic plate interface, a 

modified Reynolds equation can be derived as:      
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Where  ( )d-,12 xv is the fluid velocity in x2 direction at 

the lower film/plate interface. 

To study the squeezing process, it is necessary to 

know the instantaneous upper plate position. The 

equation of motion of the upper plate is written as 

follows: 
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In this work, the homogenization method [7] for 

periodic structures is used.  The method is based on the 

assumption of separation of scales. Thus, the poroelastic 

plate is considered homogenous, isotropic and composed 

of periodically reproduced elementary cells as portrayed 

in Fig. 2. 

 

 
Figure 2 Porous medium: (a) macroscopic view,  

(b) elementary cell Ω. 

 

The elementary cell Ω, of length l and width e, is 

composed of a solid matrix domain Ωs and pore domain 

Ωf saturated by a Newtonian viscous fluid. The solid 

matrix is elastic, and its deformation is considered small. 

The fluid saturating the pore domain has the same 

dynamic viscosity as that of the fluid film and its 

movement is slow.  

 

3. RESULTS AND DISCUSSION 

The variation of squeeze velocity as a function of 

time is depicted in Fig. 3 for three different values of 

Young’s modulus. The squeeze velocity decreases 

sharply at the beginning of the squeezing process and 

then decreases more gradually. The approach velocity is 

much higher at the initial stage of the squeeze when the 

film/porous-plate interface is deformable. The interface 

deformation leads to an increase of the upper plate 

squeeze velocity. 

The effects of permeability of the poroelastic plate 

on squeeze velocity are observed in Fig. 4. The upper 

plate descends more rapidly when the permeability of the 

porous plate is high. This is due to fluid motion which 

more rapidly flows into the porous plate and thus allows 

increased upper plate motion. 

 

 

Figure 3 Variation of squeeze velocity Vsqueeze as 

function of time t for different values of Young’s 

modulus E. 

 

Figure 4 Variation of squeeze velocity Vsqueeze as 

function of time t for different permeability values k. 

 

4. CONCLUSIONS 

The numerical results show that the elastic 

deformation and the permeability of the poroelastic plate 

have noticeable effects, especially on the load capacity 

and the friction coefficient. 

Compared to a rigid porous plate, the deformation 

of the film/plate interface in the poroelastic case reduces 

the load capacity and increases the friction coefficient. 

However, for high value of permeability of the 

poroelastic plate, the load capacity is enhanced, and the 

friction coefficient is reduced. These are highly desirable 

characteristics and are consistent with increased contact 

life.     

 

REFERENCES 

[1] Wu, H. (1970). Squeeze-film behavior for porous 

annular disks. Journal of Lubrication 

Technology, 92(4), 593-596. 

[2] Wu, H. (1972). An analysis of the squeeze film 

between porous rectangular plates. Journal of 

Lubrication Technology, 94(1), 64-68.  

[3] Murti, P. R. K. (1973). Squeeze films in porous 

circular disks. Wear, 23(3), 283-289.  

[4] Mow, V. C., Kuei, S. C., Lai, W. M., & Armstrong, 

C. G. (1980). Biphasic creep and stress relaxation 

of articular cartilage in compression: theory and 

experiments. Journal of Biomechanical 

Engineering, 102(1), 73-84.  

[5] Hou, J. S., Mow, V. C., Lai, W. M., & Holmes, M. 

H. (1992). An analysis of the squeeze-film 

lubrication mechanism for articular 

cartilage. Journal of biomechanics, 25(3), 247-259. 

[6] Higginson, G. R., & Norman, R. (1974). The 

lubrication of porous elastic solids with reference to 

the functioning of human joints. Journal of 

Mechanical Engineering Science, 16(4), 250-257.  

[7] Palencia, E. S. (1980). Non-Homogeneous Media 

and Vibration Theory. Springer-Verlag. 


