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_k = x_k/a_k    

  
_s, _k, _z   

| _  + /h0| < 
 = a1, a2, a3,   

h(s, t)  
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(s, t) 

 
 =  t)dS = 0,     =  t)dS = 0,         (5 ) 

H(s)  (s,t) 
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(s, t) = b t) s) 

 
 = 0   = 0.         (5 ) 

h(s, t)  
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UT =  q h(x) = h0[1 +  
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Abstract. The paper develops a physical and mathematical model of viscous binder flow in 
narrow interphase gaps of a reinforced composite material. A representative fragment of a heterogene-
ous medium containing a polymer matrix, an anisotropic reinforcing inclusion, and a thin gap of vari-
able thickness is considered. Starting from the equations of motion of an incompressible viscous fluid 
and the continuity equation, a reduced nonlinear elliptic pressure equation is obtained under the small-
gap assumption. The equation generalizes the Reynolds equation for a lubricating layer. The nonline-
arity is caused by the dependence of the gap conductance on the local thickness, inclusion geometry, 
possible mobility of the interphase boundary, and effective viscosity. Boundary conditions, ellipticity 
assumptions, and dimensionless parameters are formulated. An analytical pressure-drop relation is 
derived through an integral characteristic of the gap geometry, and its asymptotic form for weak thick-
ness heterogeneity is presented. A test verification for a sinusoidal gap and a mesh-convergence table 
for the flux finite-difference scheme are also provided. The results may be used for mathematical 
modeling of interphase flow in reinforced polymer composites. 

Keywords: nonlinear elliptic equation; viscous fluid; narrow gap; composite material; Reyn-
olds equation; interphase boundary; Reynolds number. 

 
Received 29 May, 2026 
Accepted 17 June, 2026 

 


