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Boussinesq Hypothesis

• Model the Reynolds stress like the viscous stress, but with a 
turbulent viscosity:

• Then model the turbulent viscosity G = µt/r.
• Prandtl Mixing Length (0 equation model)

– lm is a mixing length (specified), |u’| is a turbulence intensity (or some other 
characteristic velocity scale).

– Prandtl used (Turns): 
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One Equation Model

• Prandtl’s one equation model: 
– http://www.cfd-online.com/Wiki/Prandtl%27s_one-equation_model

– Solve k from the kinetic energy transport equation:

– Model e as

– sk = 1, lm is the specified (by user) turbulence length scale.

2

�(=)
m2

s
⇠ |u0|l ⇠ k1/2l = C

k2

✏

@k

@t
+

@(kui)

@xi
=

@

@xi

✓
⌫ +

�

�k

◆
@k

@xi

�
� u0

iu
0
j

✓
@ūi

@xj

◆
� ✏

✏ = C
k3/2

lm

transient convection diffusion production (P) dissipation

http://www.cfd-online.com/Wiki/Prandtl's_one-equation_model


2

Two-Equation Model: k-e

• The standard turbulence model for RANS
• As before:

• Transport equations for k, and e:
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Use of k-e Model

• Fairly easy to use (2 transport equations)
• Does as well as most other models over a broad 

range
• Can be adjusted for swirl
• 5 constants required (adjusted)
• Non-linear k-e version (add extra terms) used at 

BYU
• RNG k-e used in Fluent (add extra terms)
• Need boundary conditions

– Flows become laminar near walls
– Most use universal law of the wall parameters

• y+ and u+ related by logarithmic correlation
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k-e properties, Other versions

• Standard k-e
– Poor at high Dp
– Poor for swirling flows
– e equation is semi-

empirical
– Fully developed flows

• RNG k-e
– Extra terms in e equation
– Better for swirling flows
– Better at lower Re
– Swirl modifications

• Realizable k-e
– Newer (1995)
– Exact e equation
– Better jet spreading rates

• k-w model
– w is the specific dissipation rate, 

with a transport equation 
(replaces e)

– Several versions
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2-Equation Variants
6
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Reynolds Stress Model

Boxes represent terms 
that must be modeled

Idea: 
Write transport
equations for each
of the 6 Reynolds 
stress terms
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Algebraic Stress Model
Idea:
Write algebraic equations for each of the 
Reynolds stress terms,
In terms of k and e

Note:
No terms with                   ( )uu
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Example: Non-reacting swirling flow

Standard
k-e

Negative centerline
velocity region
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