
Stokes flow around a sphere

Axisymmetric flow

By using the Stokes stream function, we automatically satisfy the 
continuity equation (div V =0)

Then

where
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(Acheson, page 223)



NS in the Stokes regime

since

We obtain

Eliminating the pressure cross derivatives we find

85



Boundary condition at r=a: no slip

At infinity:

Which suggests a solution of the form

then
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The solution is a polynomial in r, with the condition (use f=rα in the 
previous equation):

Uniform flow at infinity:

At r=a,

We find

87



Drag force

To calculate the pressure, we use

For the previous streamfunction:

Integrating
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Stress components in cylindrical coordinates

Using the streamfunction, we can calculate the velocity field and the 
stress components

By symmetry, we expect the net force on the sphere to be on the 
direction of the uniform stream, and the appropriate component of 
the stress is
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Strain rate



The drag on the sphere is therefore

This is the Stokes law. This is valid for low Re (measurements start to 
deviate from Stokes law for Re = 0.5). 

For a ball falling through a viscous liquid, we also have the buoyancy 
force
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Stokes flow around a sphere (alternative 
derivation)
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Faber
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Pressure
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Discussion
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Challenge: exercise 18 of list 4 
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