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Mathematically rigorous justification of the Reynolds equation
for a spherical bearing

Guy Bayada, José M. Rodŕıguez, Raquel Taboada-Vázquez

We prove that the solution of the Stokes problem in a domain between two spheres converges,
as the separation between them tends to zero, to the solution (unique up to the addition of a
constant) of the following Reynolds problem:
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where

~X(ϕ, θ) = R(sinϕ cos θ, sinϕ sin θ, cosϕ), (4)

ϕ ∈ (ϕ0, ϕ1), 0 < ϕ0 < ϕ1 < π, θ ∈ (0, 2π), (5)

is the parameterization of the inner sphere, R is its radius, p(ϕ, θ) is the pressure, h(ϕ, θ) gives
the distance between the two spheres, k0(θ) and k1(θ) are the averaged input/output flows at
ϕ = ϕ0 and ϕ = ϕ1, respectively, ω is the angular velocity of the inner sphere (we assume the
outer sphere is stationary) and µ is the dynamic viscosity.

To our knowledge, this is the first mathematically rigorous justification of the Reynolds
equation for a spherical bearing.
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