1 Basic two-equation model

As a basic RANS model, the & — ¢ model

1.1 Conservation form of the system

The Reynoldsed Navier-Stokes system relying to the £ — ¢ model is written
in a conservative form as
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where :

o Q(z,y,t) = (p, pu, pv, E', pk, p)T are the nondimensionalised con-
servative variables.

F(Q) and G(Q) are the convective flux functions.

R(Q), S(Q) are the laminar viscous fluxes. Re is the laminar Reynolds
number obtained at the nondimensionalisation.

RU(Q), S™(Q) are turbulent viscous flux functions.

e (@) is the source term related to the £ — ¢ model.

Viscous turbulent stress also involves a diagonal term 2/3pkZ,; (Z4 is the
identity matrix) that is accounted through an adhoc variable change:
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with
E = pC,T + §p(u2 +v?) + pk

where p is the pressure, £ — the total energy per volume unit, p— the
density, k— the turbulent kinetic energy, C, holds of the specific heat for

1



constant volume, T'— the temperature, v — the specific heat ratio assumed
as constant (y = 1.4 for a perfect gas) and u, v are mean flow velocity
components. The relation between E' and p’ is described by

v =01 (B - 50 (2 +0?))

Then convective fluxes turn to be:
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Laminar viscous fluxes are written as
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where 7;; and Tz-tj represents respectively the laminar and turbulent stress
tensors which are given by
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Coefficient of turbulent viscosity u; is found from relation
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The variation of nondimensional laminar viscosity coefficient p as a function
of a dimensional temperature T is defined by the Sutherland law
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The nondimensional parameters Pr = 0.725, Pr; = 0.86 are respectively
the laminar and turbulent Prandtl numbers and Reynolds number is Re =
PrefUrefLyef/ trep- Notations pres, Uref, Lyes and fiep hold respectively for
a reference density, velocity, length, viscosity. Finally, it is set
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where P denotes the production term of the turbulent kinetic energy which
is given
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Constants ¢, c.,, c., empirically defined from experiments and are equal
¢, =0.09, 00, =1, ¢c., =144, ¢, =192



