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= DNS (left), LES (middle) and RANS (right)
. predictions of a turbulent jet. LES
requires less computational effort than
DNS, while delivering more detail than
| the inexpensive RANS
Source: Maries A. et al. (2012), DOI: 10.1007/978-3-642-27343-8_7
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W LES and RANS N

= LES (time-averaged) = RANS

= LES (selected instant)
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Time averaging — the essence of RANS
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= Averaging may lead
to non-conservative
conclusions!
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Navier Stokes equations
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Surface of Object T; j pU; u]

Velocity is zero at the surface (no - slip)
Source: www.grc.nasa.gov/www/k-12/airplane/boundlay.html
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Source: knowyourmeme.com/photos/1490591-shrek Source: de.wikipedia.org/wiki/Schergeschwindigkeit
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Source: www.cfdyna.com/CFDHT/turbulenceCFD.html Based on source: www.pgrete.de/research
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w Mesh requirements &@)’ NCBJ

RANS* 75
DNS 1 u

(*) 1.1 < Cell Layer Growth Rate < 1.3
11 o 2D:100 3D:1000

1:1.2 6. (AR =2.5) 2D: 36 3D: 216
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Boussinesq closure model Q@"’ NCBJ

[ ) SWIERK

= Soinstead of tensor, like this: = In RANS, one solves this*:

Tyx |, OTxy 6rxz) T:: = glamy . turb 4
( dx + ay t 0z Y Y y
| O0Txy |, 0Tyy | O0Tyy
( dx t ay + dz )

OTxz |, OTyz 61’22)
ox + ay + 0z

Laminar

Turbulent

I

Based on source: www-
mdp.eng.cam.ac.uk/web/library/enginfo/aerother
mal_dvd_only/aero/fprops/introvisc/node8.html
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Boussinesq closure model Q\,)) NCBJ

= Soinstead of tensor, like this: = In RANS, one solves this*:

O0Tyxx , OTxy a'fxz) Ti: = Tlam.|. T; .turb Tlam —
( 0x + ay t dz Y 9 1 dxy
‘ O0Txy |, OTyy 0Ty
( dx + ay + dz ) T”turb — _,DW = 1 aui au]' _E pk N u auk 5
(arxz L0t 6rzz) Y b “\ox; 9x;) 3 “ox, ) Y
dx ay dz

shear stress shear rate

»(...) The Eddie Viscosity hypothesis was posed for making the things simpler, in the
sense that the turbulent Reynolds stresses (which are ugly and nonlinear in velocity

perturbations) are simplified to be proportional to the gradients of the mean velocity, Newtonian fluid @ constant temperature
as happens in Newtonian laminar flows with the viscous stresses. The coefficient of A
proportionality is termed the Eddie Viscosity, which far from being a constant or fluid shear rate

i - i ) i viscosity (molecular/laminar)
property, is a magnitude dependant on the flow field and its solution.

The Eddie viscosity hypothesis is inherently wrong, in that the Reynolds stresses are in
general not co-linear with the mean velocity gradients, as has being discovered by
DNS solutions. However, the numerical methods stemming from this simplification
(such as RANS methods) are low-time consuming and can be used, sometimes
massively, by computational fluid dynamists to obtain approximate solutions of Source: people.sju.edu/~phabdas/physics/rheo.html
turbulent flows.” (Clausius2)

Source: https://www.physicsforums.com/threads/moleculer-viscosity-eddy-viscosity.190265/
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1-Equation 4-Equation

Closure

Spallarat-
Allmaras

. Menter’s
Standard ‘ Standard Standard g
SS5T
High-Re ‘ RealizableA? Low-Re k-®
DES Version BN 'SR * _» Defaultformulation ¥- shear Stress Transport
~ -» Similar to scalablein CFX
\. iy

'

Source: www.cfdyna.com/CFDHT/turbulenceCFD.html
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RANS example - realizable k-€ model (so-called Shih model ’94) Q\,)) NCBJ

Invented by Implemented by

9
= (pk) +o— (pku,) = (u
j

a()a 0 He) 98| L oc.s ng Croe CsuGy + S
—(pe) + =—(pew;) = 5 || n+ = | 5| + pC1Se = pCo——=+ C1c 7 C3:Gp + S,
ot ax; 0x; 0g ) 0X; k +/ve k

G, generation of turbulence kinetic energy due to the mean velocity gradients,

G, generation of turbulence kinetic energy due to buoyancy,

Yy represents the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate,

S modulus of the mean rate-of-strain tensor

C, = 0.43 Sk

e M TP

C, and C;, are constants, 1/— 55—
— AY/ !/ AY/

o= | k= 5(@? + ()" + @)

uJ_g
o, and o, are the turbulent Prandtl numbers,
S, and S, are user-defined source terms.
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RANS model iterations A
Results spread e H Qf)x NCBJ

RKE EWT 6976 C SWIERK
RKE EWT1023 8541
324 Wall temperature RKE ML 8y
KE RNG1 EWT1(2)o(1) 6825
KOM SST 02 6726
KOM SST 0123itol 6785
k-kl-omega
322 RSM LPS
RSM BSL 1172
g 320 -
e
5 ‘—ﬁ
©
g -
E N\
© 318
=== Spalart-Allmaras
=== Realizable K-Epsilon (basic)
=== Realizable K-Epsilon (full)
m—= Realizable K-Epsilon (ML)
316 s RNG K-Epsilon
== K-Omega SST (basic)
wes K-Omega SST (full)
m=s Transitional K-KL-Omega
wes RSM LPS
s RSM BSL
314 0 2 4 6 8 10

L/Dh [-]
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RANS model iterations A
Results spread 5A VB VH H AN N NCBJ
RKE EWT 6976 C SWIERK
RKE EWT1023 8541
324 Wall temperature RKE ML 8y
KE RNG1 EWT1(2)o(1) 6825
KOM SST 02 6726
KOM SST 0123itol 6785
k-kl-omega
322 RSM LPS
RSM BSL 1172
T 320 —
e
=1
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© 318
—— LES time&space-averaged
=== Spalart-Allmaras
=== Realizable K-Epsilon (basic)
=== Realizable K-Epsilon (full)
m== Realizable K-Epsilon (ML)
316 s RNG K-Epsilon
== K-Omega SST (basic)
wes K-Omega SST (full)
m=s Transitional K-KL-Omega
wes RSM LPS
s RSM BSL
314 0 2 4 6 8 10

L/Dh [-]
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RANS model iterations A
Results spread 5A VB VH H AN N NCBJ
RKE EWT 6976 C SWIERK
RKE EWT1023 8541
324 Wall temperature RKE ML 8y
KE RNG1 EWT1(2)o(1) 6825
KOM SST 02 6726
KOM SST 0123itol 6785
k-kl-omega
322 RSM LPS
RSM BSL 1172
T 320 —
e
=1
©
[}
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£
© 318
—— LES time&space-averaged
=== Spalart-Allmaras
w=== Realizable K-Epsilon (basic)
== Realizable K-Epsilon (full)
=== Realizable K-Epsilon (ML)
e RNG K-Epsilon
316 = K-Omega SST (basic)
e K-Omega SST (full)
=== Transitional K-KL-Omega
wewws RSM LPS
s RSM BSL
LES time-averaged
314 0 2 4 6 8 10

L/Dh [-]
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Results spread &/j} !Q)\IWCI:EI%.}.(I

324 Wall temperature
322
g 320
e
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— 318
316
—— LES time&space-averaged
LES time-averaged
314 0 2 4 6 8 10
L/Dh [-]
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oils, liquid metals

Pr<l Pr=1 Pr>1

Based on source: Thiele R. (2015), DOI: 10.13140/RG.2.1.4741.5123
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Wall functions ‘( .b NCBJ

= Logarithmic-based Wall functions to = Viscous sublayer resolving approach
resolve boundary layer to resolve boundary layer
I
-~
0 ]
Q /
() A

Source: www.simscale.com/forum/t/what-is-y-yplus/82394

= Recommended approach when: = Recommended approach when:
— High Re flow is to be simulated — Forces on the wall are important
— Heat transfer
— Detached flow
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