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We study the normal contact between representative rough surfaces in presence of a fluid flow in the contact

interface. Both one and two-way couplings of fluid and solid equations are considered via the boundary and

finite element methods as well as via the self-consistent homogenization scheme. One of the main novelties is

a careful account  for  fluid pockets which are trapped within non-simply connected contact  zones.  Some

general  results are obtained for the transmissivity of rough contact interfaces for incompressible creeping

fluid within the one- and two-way coupling frameworks. 
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1. Introduction and objectives

One of particular multi-physical  problems related

to contact and friction is the fluid flow through the

contact  interface  which  involves,  from

mathematical point of view, a concurrent resolution

of  fluid  and  solid  equations  which  is  further

complicated by the non-smooth nature of contact

constraints  which  have  to  be  respected  by  the

solution. The deformation of the solid constrained

by the contact interaction determines the available

paths  for  the  fluid  to  flow,  the  flow  pattern

determines the repartition of the fluid pressure and

shear  tractions,  which  deform  in  its  turn  the

contacting solid. At the roughness scale, in the first

approximation,  the  interfacial  flow  of  an

incompressible  creeping  fluid  can  be  accurately

modelled  using  relatively  simple  Reynolds

equation.  However,  for  complex  surface

geometries,  such  a  random self-affine  roughness,

this  simplest  fluid-solid  coupling  problem  has  a

particular difficulty related to the fact that the fluid

can  be  trapped  within  non-simply  connected

contact clusters. The pockets of trapped fluid add

additional  constraints  to  the  problem  and,  being

coupled  to  the  surrounding  contact,  result  in  a

strongly  non-linear  and  computationally

challenging problem. The laws governing creeping

fluid flow and diffusion through contact interfaces

between  rough  surfaces  brought  in  contact  are

essential not only for sealing engineering but also

for  understanding  mass  transport  through  porous

media consisting of networks of percolating cracks

encountered in many geological materials. 

The objective of this study is two-fold. First, we

make a link between the roughness characteristics

of  contacting  surfaces  and  its  mechanical

characteristics, and further with the transmissivity

of  the  contact  interface  for  different  externally

applied pressures and fluid pressures. Second, we

characterize various effects of the trapped fluid. 

2. Main results

A rather  universal  empirical  law  for  the  stationary

regime of fluid flow is obtained based on the concept

of the effective percolating contact area. This law is

also extended for conformal sheared cracks, which is

relevant for hydrogeology. Effect of trapped fluid and

non-local transmissivity laws are discussed in detail.

In addition, a possibility of hardly compressible fluids

to  escape  from  the  contact  trap  is  analyzed  [1].

Finally, the necessity of a strong, two-way coupling

between fluid and solid equations is  investigated in

detail in the present context in the context of different

applications [2]. 

Figure  1:  Fluid  flow  in  the  contact  interface

between two rough surfaces in contact
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