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Viscous Flow
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Viscous

Fluids =
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Cons»itrve Cauelons emonian Fluids - Glarisen
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First Order llodeling Seexsen
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Kolmogorov-Prandl] Expression Cleeksen

Eddy u = Velocity Scale
Z> V= cu/

Viscosity ¢ =Length Scale
Kinematic > ¢ =Speed of Sound
Viscosity Vel

A =Mean Free Path

Free Shear Flows :> (_~cl,
m —

Near Wall Flows s==> 7 —«y
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Evaluaton of Gonslarts lnerfal Sublayer Stk

Local Equilibrium <:> Mixing length
Production = Dissipation Hypothesis

Short Comings of Mixing Length

» Eddy viscosity vanishes when velocity
gradient is zero

» Lack of transport of turbulence scales

» Estimating the mixing length
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Stoteomings of Wi Length ypothsls Cleekson
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One-Equafion Models Seeksen
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Exact k-equation
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K-equation
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Short Comings of One-Equation Models

» Lack of transport of turbulence length scale
» Estimating the length scale
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One-Equation Models Seeisen

Modeled k-equation
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A 0? /k =TimeScale

z=kV

vk/¢* =Frequency Scale

k/¢* =Vorticity Scale

! !

¢ = v—-—L=Dissipation Rate

8Xj 5Xj
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Energy Spectrum of Turbulence  Clerksen
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Turbulent Recirculating FIow clarkson
(Durst and Rastogl, 1979) """
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Development of Plane Clarkson
Mixing Layer (Rodi, 1982) """
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Flow in a Square Cavity (larkson

(Gosman and Young) "7
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Free-Streani [urbulence S
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Turbulent Channel FIowW ¢larkson
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Turbulent Channel FlIow clarkson
(Rodi, 1980) et
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Jets Issuing in Co-flowing Streams clarkson
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Short Comings o the k¢ Modgls Gesksen Stress Transport Models Sessen
Fluctuation Velocity
> Eddy viscosity assumption
> Isotropic eddy viscosity ou; LU ou;  10p N o’u!
> Negligible convection and diffusion ot “ox,  pox. v Ox. Ox
of turbulent shear stress uuj~k 5 ‘ 5 1 ‘ 8[.1(1
> Absence of normal stress effects +—ulu) ———(u/u})-uj —
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Stress Transport Models Seksen
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Stress Transport Models Seksen

Return to Isotropy
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Stress Transport Models Sarksen
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Stress Transport Models ek
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Stress Transport Models Seksen

Reynolds
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Asymmetric Channel Flow Flaskanic
(Launder, Reece and Rodi, 1975) """’
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Algebraic Stress Model (larkson
(Ro@jﬁg ZAMM 5@9 ﬂ976) University

Stress Transport Model
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Algebraic Stress Model ¢larkson
(Ro@jﬁg ZAMM 5@9 ﬂ976) University
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Algebraic Stress Model (larkson
(Rodi, ZAMM 56, 1976) """
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Conclusions

= Available models can predict the mean
flow properties with reasonable accuracy.

= First-order modeling is reasonable when
turbulence has a single length and velocity
scale.

* The k-¢ model gives reasonable results
when a scalar eddy viscosity is sufficient.

= The stress transport models have the
potential to be most accurate.
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Deficiencies of Existing Models ¢
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= Adjustments of coefficients are needed.
* The derivation of the models are arbitrary.

* There is no systematic method for
improving a model when it loses its
accuracy.

= Models for complicated turbulent fl
not available.

OWS are

= Realizability and other fundamental

principles are sometimes violated.
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Turbulence lllodels Sesee
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