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* Flow separation is an important phenomena in industrial and
environmental applications

« Most of the models having problem to predict the separation and
reattachment poins |

Benchmark cases in order

to test applicative meshes:

v Flow past a sphere

v Flow around Surface-Mounted
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Turbulence models:
(J RANS (standard &k — £« model )

5e(pk) + 42 (pkT;) = 7 o L1+ 55) ] + P — pe

9 (pe) + L (pet) = 22 [(n+ £2) ] + CLsPy — Cop’s

P is the rate of production of k by the mean flow

C.?(1—n/no)
Cy = G- +
2 2¢ + 1 +,.5"U3

11 = Sk/z with 5 the modulus of the mean rate-of-strain

ki
He = FCJ.-I- i’

C, = 0.09 or = 1.00 o, =130 Cj =144 Che = 1.92
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Turbulence models:

J LES
> standard Smagorinsky :v..; =v +v,

vy = (CA)2S| e = ¢ |22

Ce

> Smagorinsky with van Driest damping

k
A = min (Ameshr <a> y(l —_ e—y+/A+)>

F 1M
F Mmat
Meneveau et al (1996)

. dynamic Lagrangian  c{xt) =
M;; = 24° [ﬁ; - 4|§l§:‘}]
L umlx,t) = ./j M;iM(z(f), ) W(t—1t') dr’.

Fim(x,t) = / [ LiM(z(t),¢) W(t—¢) dr, PRACE
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> Second order schemes

> Central difference for advective terms

> PISO algorithm for LES,
SIMPLE for RANS.
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Problem description

Rep = 2rU /v = 10000, r=1m.
s Free slip
s
— U =(1,00) ®
s
— > Free slip
[ =30r

Constantinescu & Squires (2003)
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30 X 30 x 30 cells
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OpenFOAM
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Res%JIts of 5|mu|ahon with OpenFOAM using standard k — € model
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Results of simulation with OpenFOAM using LES for case 3

U OFf

"

T/ (pU%) Re”’
()
O O = O

05}
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' rimental data at Re=165,000 (Achenbach, 1972)
rimental data at Re=100,000 (Bakic, 2002)
rrimental data at Re=50,000 (Bakic, 2002)
a case 3 - LES - no damping (C_=0.134)
< case 3 - LES - van Driest damping (C_=0.134)
< case 3 - LES - van Driest damping (C,=0.0635)
R2® 9 [© DES2-065, DESS-200
o
o) 50 100 150
¢ (deg)
L 1 T
L case 3 - LES - no damping (C.=0.134)
u case 3 - LES - van Driest damping (C_.=0.134) | ]
N case 3 - LES - van Driest damping {C,=0.065)
- 5-200
3 DESp-065 4 DE}-O()S
- ©Experimental datp at Re=165,000 (Achenbach, 1972) ~ LESS

PRACE

CINECA




CINECA sc AI ( / Cineca

High Performance
Computing 2016

Result of 5|mu|c|hon with OpenFOAM using LES (Smagorinsky) for case ¢

1 X o Experimental data at Re=165,000 (Achenbach, 1972)
= Experimental data at Re=100,000 (Bakic, 2002)
-Expenmcntal data at Re=50,000 (Baklc 2002)
0.5 - -
o case 6 - LES - no damping (C =0.134)
a case 6 - LES - van Driest damping (C.=0.134)
~ v case 6 - LES - van Driest damping (C_=0.0635)
v O & case 6 - LES (C_=0) i
4 - LES - dynLagrangian
0.5}
) S N S S T S S 1
0 50 1 OO 150
¢ (deg)
2 5 B o case 6 - LES - no damping (¢,=0.134)
E a case 6 - LES - van Driest damping (C_=0.134)
2 B v case 6 - LES - van Driest damping (C_=0.065)
B -] case 6 - LES (C_=0)
v - & case 6 - LES - dynamic Lagrangian
< 1 .5 5 g g g g g ] ] g ]
&) i
—~ 1F
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Results of simulation with LES-dynlagrangian : our modification and the original of
OpenFOAM case 6

Tp oExperimental data at Re=165,000 (Achenbach, 1972) -
[ » Experimental data at Re=100,000 (Bakic, 2002) :
I * Experimental data at Re=50,000 (Bakic, 2002)
05 . . : : . . .
B 4 case 6-LES - on‘ginal dynLagrangian
<& case 6 - LES - modified dynamic Lagrangian
: . DESS 065
[~ LES:
U O‘ l)FSS ()65 F(r \
05} )
16 50 50" 750
9 (dng
2 '5 E < case 6 - LES - original dynamic Lagrangian :>
2 £ _ o case 6 - - mo_diﬁed dyna_mic L_agrangian :
5 |
2 15F
O i N
%1 B\ \
NS : LES2 k) | B
20.5¢ B DESS-065-FG | gy
=~ . : f
e 0 0 ° i : . V'\';\n‘:-:;'—’.'
F | . . DESs200 7T
-0.5F  DES2065 | DESS-DGS
1k o Expenmental dalal Re_lbs 000 (Acherbach. 1972) - LESS. . PRACE CINECA

@ (deg90




Cineca
TRAINING

Flow around sphere ceﬁl%ﬂpﬁ?ﬁ‘;r?&%*

# SCAN




CINECA SC AI ( / Cineca

High Performance
J Computing 2016

Problem description

Rey = Ugh/v = 8 x 104
h =0.025 m

experiment by Martinuzzi and Tropea (1993)
ERCOFTAC database
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Grid generated by OpenFOAM

casel A y+ ~ 64 Near cube
+ o =T
y = 25 Refinement box from bottom
Near wall
case 2 7
case 3 | S
+ i
y ~ 50 Refinement box from bottom
case 4 | % =
yt ~ 50 <

PRACE ~ C'NECA
40 X 36 X 24 cells
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Results of simulation with OpenFOAM using standard k — ¢ model

x=1.5H

{ =5

x=058H x=H

X = 2.5H

Y/H
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Results of simulation with OpenFOAM using standard k — £ model

————— case 2
— - —— case 3
--------- o case 4
Experiment

case 3
case 4
Experiment
w2
L —3
L)
o
——
[ I =]
|
L'}
=
=
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Grid generated by ANSYS ICEM
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Result of simulation with ANSYS CFX using SST k — w model

x=-3H x=-H x=0.5H x=H x=1.5H x=2H x=25H x=4H
1}_\‘ 1: b T ﬂb +;+\ +++ ¥ \
\ + t
+ +\ + +| + +
18 ¢ ‘ 1 » - 1 1 1 » 1
+ + + t + + -I\
l + + 'i +\ + |
16t + + ] : 1 + +H +| - +|
+ + + I + + +
+ + +
141 i R ; i
+ + +
12 I H— H / 1 + /i
—~ + Y é +
— [ +
% 1 ﬂ £ | ! i i
* + case | —— + +
08 N T I case2 —— M 1
+ + + +
" ' » cased — ' ! [
06 + + case 4 — P 4 +
+ case STRUTT, + + +
041 + - case STRUTT, ' + i
4 + +
,; XEXP  + [
02 ~ ' ’ } [ ‘ ' i
, +
+) +

05 0 05 1 15 05005115 05005115 5005915 05005115 05005115 05005115 050051 15
<u>/Ubulk [-]
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Results of simulation with ANSYSCFX using SST k — w model

i T ] : T C g ] : : — & case 1 ]
; T o T T PR T R e case 2 I

: : : : - : .' ) : : o ——<—— case3
e i H . H i H i i ——F—— case 4

R O S S S S B ———<—— struct1
R S ] I ORI S TV ! ISR USROS NORURRN SO |J———— struct2

B e : ; e i e i : : H B O Experiment|

-2 o 2 4 5]

~ i —8a—— case1
. i N —a—— case 2
Y —=—— case 3
——— cased
—a— struct1
——<——  struct2
R SR S O Experiment |
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Wall-bounded fully developed turbulent flows passing around bluff-bodies.

A random noise is added to the specific inlet velocity
from a defined turbulence level

Inlet

{

1 + +
Type turbulencelnlet; Elog(yp )+B, yf>11

referenceField nonuniform N -
fluctuationScale (0.02 0.01 0.01) - Yo S
Value nonuniform
}

68 X286 X 78

94 x 120 X 160 cells

[T
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Simulation with OpenFOAM, using standard Smagorinsky (van Driest damping)

x = 3H

Y/H

AR ;;;ﬂ@g;;m;ﬁg ______ _____ ______
o LES(CS=O.065 :
o Experiment

. _ ..... CRRR Elf-l—— ..... ER DA‘l—

ol e L i X L gl gl
a5 0 04 15085 0O 05 1505 0 05 1 15058 0 04

<=
u>/Uy
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I L]
1 | & LES(C,=0.065)
I O Experiment
05—
0
[=13
(&)
-05
-1
15—
LES (C_=0.065)
Experiment
0
=
O
x
-
=2
=
'}_
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Instantaneous Flow field

Vertical cross section

Horizontal cross section

x—x—*
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 Wall bounded flows, at very high Reynolds numbers,
require very fine grid near wall to resolve viscous sub-
layer

« The resolution even for resolved LES (Re?*®) s
comparable to DNS (Re?), using wall function (Re®®)
[Piomelli 2008]

* In applications where wall roughness is the rule rather
than the exception, it does not make sense to describe
the wall boundary in a deterministic sense.

PRACE ~ S'NECA
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Filtered Navier Stokes equation for an incompresible flow:

ow, d(m) 105 0 ot
ot T ox,  pox Toxm \ WV oy

Equilibrium stress model:

1
= Elog(yzj)+B, yy, > 11
p
Vo yi <11
ur =u,/u, =/ (u2+w?)/u,, k=041, B=51
u
T = PU -
. _ 2 p
Wall shear stress: 7, = pus — , W
Twz = PUg .
p
In x direction:
04
v +vr) oz, Twa
In z direction:
d0lUs PRACE CINECA
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P in the log region:

g_ufﬂ+017 g_uTvT/+617
12— ky,u, 0x’ 32 ky,u, 0z
P in the viscous layer:
S _u%u_l_aﬁ S _u%vT/_I_aﬁ
12_vup ox’ 32_vup 0z
Vr = (CSZ)2|§|

PRACE ~ C'™NECA
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o WMLES for flows with separation
o Proper Turbulent inflow for LES

o Applying LES (dynamic Lagrangian) to
simulate flow around wall-mounted cube

o Applying DES

PRACE ~ S'NECA
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