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Homework #7

Modèle de turbulence kt −ωt

The kt−ǫ turbulence model is widely used, but to fix some shortcomings of this model nowwell established

in the literature Saffman and Wilcox,3,4 then Menter1,2 have proposed alternative models. For this family

of turbulence models, the transport equation for the turbulent kinetic energy kt is still solved, but the

turbulent viscosity µt is now computed as µt = ρkt/ωt , where ωt is a new variable. For high-Reynolds

number turbulent flow, the kt −ωt model of Wilcox reads



































∂(ρkt)

∂t
+
∂(ρktU i )

∂xi
=

∂

∂xj

[

(

µ+σ⋆µt
) ∂kt
∂xj

]

+P − β⋆ρktω

∂(ρωt)

∂t
+
∂(ρωtU i )

∂xi
=

∂

∂xj

[

(µ+σµt)
∂ωt

∂xj

]

+α
ωt

kt
P − βρω2

t

(1)

where the values of the constants are

α = 5/9 β = 3/40 β⋆ = 9/100 σ = 1/2 σ⋆ = 1/2

As usual, incompressible flow with uniform density is considered and P stands for the production term of

the turbulent kinetic energy.

1. By applying the change of variable ǫ = Cµωtkt in the kt − ǫ turbulence model, derive the transport

equation for ωt , and show that this equation has some differences with respect to the Wilcox mo-

del (1). Identify, nevertheless, the constants of the model to obtain the expressions of α, β, σ and σ⋆

as a function of Cµ,Cǫ1 ,Cǫ2 , σk and σǫ, that is

α = Cǫ1 − 1 β = Cµ

(

Cǫ2 − 1
)

β⋆ = Cµ σ =
1

σǫ
σ⋆ =

1

σk

Compare the numerical values with the values above, provided by the authors, and comment.

2. Write the transport equations of the kt −ωt model for the case of decaying isotropic turbulence, and

provide the evolution of kt , ωt and νt (refer to homework #6).

3. Write the transport equations of the kt −ωt for the log-law of a turbulent boundary layer (refer again

to homework #6 for the assumptions).
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