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Motivation

» Currently implementing variety of hybrid
turbulence models in an unstructured grid code

» Multiple options for defining the length scale

» Evauating the effects of different approaches
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UNCLE

In-house CFD code

Originaly written by P.G. Huang
2D/3D

Unstructured

Incompressible

2nd order advection terms

2nd order diffusion terms B

2nd order fully implicit time

discretization )
Momentum - collocated grid with ¥ )
Rhie and Chow interpolation < |
method
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Validation Simulations

o Cylinder flow
* Modeds. SA DES, SST DES, SAS, SA DDES

* Reynolds numbers: 3900, 13400, 140,000,
8,000,000

Re = 140,000

w 1 L 1 1 J
50 0 50 100 150 200 250
theta
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Spalart-Allmaras DES

Spalart-Allmaras one-equation turbulence model

ﬂ_n+U,ﬂ_n:Cb197- Cwlfw i +il (n+n)ﬂ_n +ﬁﬂ_ﬂﬂ_ﬂ

Tt X d, s s X M

modified for DES

Replace d,, by the new length scal V RANS mode
IDES =mi n(dW’CDESD)

Grid length scale D traditionally defined by: ~ -ES™ode
D=max(d,,d,.d,)

y1 ¥z

Parameter Cps from simulation of homogeneous
turbulence; standard value of Cpg= 0.65
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Test Cases

» Homogeneous turbulence = cubical cells
» Multiple possible length scales for cell

Cuberoot: D=max(X/\Vol)
Modified cuberoot: D =max(}Vol,Dz)
Perpindicular vector: D=max(l,), |, =Vol/Area
Cell centers: D=max(d;), d; =cell - center distance
between neighboring cellsi and j
Side length: D =max(s), § = side length of cell

 All of these are equal for auniform cubical grid
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Kentucky Fluid Clusters (KFC)

KFC5

* 47 nodes

« AMD 3200+, 64 Bit, 512 MB
* Single-switch fast Gb Ethernet
* Dt* = 0.005

¢ 20 nodes, ~2.7 t*/day
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y,;"<0.5

Hexahedra cells 225x 180 x 30
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Grid
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Grid
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Results
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Results
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Results

Surface pressure distribution
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Results

Skin friction distribution
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Results

Centerline velocity distribution
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Results

Source Cd -Cpb 'Cpb,c sep S Umin
Experiment 0.99+0.05 0.88+0.05 - 86.0°+2 0.215+0.005 -0.24+0.1
Beaudan and Moin 1.00 0.95 - 85.8° 0.203 -0.32
Mittal and Moin 1.00 0.93 - 86.9° 0.207 -0.35
Kravchenko and Moin 1.04 0.94 - 88.0° 0.210 -0.37
max(Vol*®, 2) 113 112 0.98 89.9° 0.221 -0.29
max(Vol/Area) 115 114 1.00 90.3° 0.221 -0.29
vol*® 1 0.92 0.79 0.68 86.4° 0.254 -0.28
vol’®2 134 1.50 134 93.2° 0.227 021
vol*®3 114 1.18 1.04 90.1° 0.221 -0.30
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Closi ng Comments

» Despite differences in outside spacing, max(Vol¥3, Dz) and
max(Vol/Area) yield similar results

* Vol3 yielded different results regions, one which matched
the other two approaches

* Problem with Vol3 may be related to premature transfer to
LES, solution DDES?

* Possible domain size, transitional effects leading to
Inaccuracies

* Need simulations on multiple grids, higher Re before firm
conclusions can be made.
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