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Navier Stokes equation in curvilinear coordinate systems

1. Cylindrical polar coordinates (r, θ, z)
The cylindrical polar system is related to Cartesian coordinates (x, y, z) by x = r cos θ and
y = r sin θ, where r > 0 and 0 ≤ θ < 2π.

For a scalar function F (r, θ, z) and the velocity field u = urr̂ + uθθ̂ + uzẑ, we find that
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• The rate of strain tensor:
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• The incompressible Navier-Stokes equations with no body force:
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2. Spherical polar coordinates (r, θ, φ)
The spherical polar system is related to Cartesian coordinates (x, y, z) by x = r sin θ cosφ,
y = r sin θ sinφ and z = r cos θ, where r > 0, 0 ≤ θ < π and 0 ≤ φ < 2π.

For a scalar function F (r, θ, φ) and the velocity field u = urr̂ + uθθ + uφφ̂, we find that
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• The rate of strain tensor:
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• The incompressible Navier-Stokes equations with no body force:
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