LESSON 04H: THE BOUSSINESQ APPROXIMATION J. M. Cimbala

In this lesson, we will:

e Define and discuss the Boussinesq approximation and how it modifies the Navier-
Stokes equation
e Summarize the Boussinesq differential equations for mass, momentum, and energy

The Boussinesq Approximation
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Summary: Boussinesq Approximate Equations for Mass, Momentum, and Energy

Note: The fluid is assumed to be Newtonian, and gravity is assumed to act in the negative z
direction [positive z is “up”]. Also, v = u/p, 1s the (constant) kinematic viscosity.

Continuity: (same as the incompressible version):
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x-momentum: (x-component of the N-S equation, same as incompressible version):
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y-momentum: (y-component of the NV-S equation, same as incompressible version):
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z-momentum: (z-component of the NV-S equation, same as incompressible version but with
one extra source term):

Dw [8w ow  ow 8w) 1 op o'w o'w 0w

== w— |=—————|1-alT-T +v +F -
Dr \ar " oy e o, Li-a(r-1)]e (&cz o o )
Energy (heat equation): (same as incompressible version):
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But the viscous dissipation term ¢ is usually negligibly small in the Boussinesq Wgrore
approximation, just as for incompressible flow.
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