APPENDIX A: Governing Equations and Low-Reynolds-Number
Eddy Viscosity Model

The continuity equation:
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where By = gf(T — T,es) is the buoyancy term.

The k-equation:
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The e-equation:
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The energy equation:
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The turbulent kinetic energy production due to the mean strain is
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and

Nta_T

Py = plug = —ppulg = 3 o) 3y

is the expression for the turbulent kinetic energy production due to buoyancy, and
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is the expression for the turbulent dynamic viscosity.
Constants and functions of the standard high-Reynolds-number k — £ model are:

¢, = 0.09; c.1 = 1.44; Ceo = 1.92; or = 1.0; o.=1.3; o, =0.9
fu=1.0; f1=1.0; fa = 1.0; D =0; E=0

Low-Reynolds-Number Model

The above k£ — ¢ model can be applied to free flows, but cannot be used explicitly for
near-wall flows. In order to apply it in the vicinity of the wall either a low-Reynolds-number
or a wall-function approach needs to be used.

The various parameters in the LRN Launder-Sharma k — ¢ model take the following
form:
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The wall boundary conditions for k and e are: ky, =0, ew = 0.

The D term in the k-equation allows us to set the value of £ at the wall to zero, whereas
in reality the wall dissipation rate is
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That is to say, the D term is equal to the dissipation rate in the immediate vicinity of
the wall and its influence is negligible in regions where the turbulent Reynolds number is
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high. The F term is an additional dissipation source term, which makes a contribution only
across the ‘buffer layer’.

The remaining constants in the model have been assigned their values after many com-
putational tests on free turbulent flows. However, in the vicinity of the wall ¢, is not a
constant due to the decay of the turbulent shear stress. Similarly, c.o changes its value
towards the wall to reflect the decay of turbulence at low Reynolds numbers. Thus, in
the ‘Low-Reynolds-Number’ model these constants are functions of the turbulent Reynolds
number Re;. Functions f, and f> reflect these dependencies.
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