Results from CFDVAL2004 Case 2
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Time histories at x=57.15mm, y=0, z=10mm, Time histories at x=63.5mm, y=0, z=10mm,
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Average velocity at x=0, y=0, all codes:
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Turbulent stresses at x=0, y=0, all codes:
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Average velocity at x=44.45mm, y=0, all codes:
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Average velocity at x=50.8mm, y=0, all codes:
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Average velocity at x=>57.15mm, y=0, all codes:
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Average velocity at x=63.5mm, y=0, all codes:
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Average velocity at x=76.2mm, y=0, all codes:
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Average velocity at x=101.6mm, y=0, all codes:
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Average velocity at x=>57.15mm, z=bmm, Average velocity at x=57.15mm, z=10mm,

all codes: all codes:
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Average velocity at x=57.15mm, z=20mm,

all codes:
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Average velocity at x=63.5mm, z=10mm,
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Average velocity at x=63.5mm, z=20mm,

all codes:
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Average velocity at z=0.4mm, y=0, all codes:
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Grid effect on average velocity at
x=57.15mm, y=0:

30
251 NASA-cfl3d-sa(fine)
P == NASA-cfi3d-sa
I — — - NASA-fun3d-sa(fine)
L —— - NASA-fun3d-sa
20 - o exp
15[
=
5 ;
I - |
00 0.2 1.2
30 '
r |
[ 3 ———— NASA-cfi3d-sa(fine)
25 ! . - NASA-cfl3d-sa
[ | - NASA-fun3d-sa(fine)
3 ~= NASA-fun3d-sa
20
15[
=
5 ;
L Ll

-9).15 01 005 0 005 01 015 02 025 03
w/Uinf

13

0.8

Grid effect on average velocity at
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Grid effect on average velocity at
x=57.15mm, z=Hmm:
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y, mm
015
o1}
005
- [
£ I
> OfF
E [
-0.05
I NASA-cfi3d-sa(fine)
S B T T NASA-cfl3d-sa
0.1 — — — - NASA-fun3d-sa(fine)
B —— — NASA-fun3d-sa
el
0'15-40 -20 0 20 40
y, mm
0.2 NASA-cfi3d-sa(fine)
r - ——m NASA-cfi3d-sa
- — — — - NASA-fun3d-sa(fine)
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01|
- [
£ -
20.05—
H [
ol
005
L. . o)
0'1-40 -20 0 20 40
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Turbulence model effect on time histories at
x=50.63mm, y=0, z=0.4mm:

T

..
05|
- b ™5
£ N I
I NASA-cfl3d-sa
osf 0 mm- NASA-cfl3d-sst
5 — — — - NASA-cfl3d-easmko
r — — — = USTO-rans-tlv
3 - —--— USTO-rans-easm
. o exp
r. .. vy
0 101 20 300
phase, deg
5L NASA-cfl3d-sa
S NASA-cfl3d-sst
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5 — — — = USTO-rans-tlv
1L — - USTO-rans-easm
b u] exp
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5 [
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-1
r. .. L [ R

200 300
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1
0 100



Turbulence model effect on time histories at

u/Uinf

w/Uinf

1.15

1.05
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0.9

o
54 ©
@ a

e

3

a
ST

0.8

0.6

0.4

0.2

B USSR R E e m ]

x=57.15mm, y=0, z=10mm:

NASA-cfl3d-sa
-— NASA-cfl3d-sst
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phase, deg

1
100

15

Turbulence model effect on time histories at

x=63.5mm, y=0, z=10mm:

0.2

0.8
w 06f
£ I
S 3
3 i \ ;
04 \ o
I R4 —— NASA-cfi3d-sa
I a -- NASA-cfi3d-sst
02k o — — — - NASA-cfi3d-easmko
i — — — = USTO-rans-tlv
b o [ - USTO-rans-easm
oF o [u] exp
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025 100 20 300
phase, deg
1~
[ NASA-cfl3d-sa
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| — — — - NASA-cfl3d-easmko
0.8 — — — - USTO-rans-tiv
3 - USTO-rans-easm
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L oo
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£ I
=] 04
s [

phase, deg



Turbulence model effect on average velocity at Turbulence model effect on average velocity at

x=57.15mm, y=0: z=0.4mm, y=0:
30 r NASA-cfi3d-sa
L L NASA-cfl3d-sst
F - NASA-cfl3d-easmko
25 NASA-cfl3d-sa 08 USTO-rans-tiv
+ NASA-cfl3d-sst X USTO-rans-easm
r NASA-cfl3d-easmko L exp
I — — — = USTO-rans-tiv 06
20 ————— - USTO-rans-easm B Lals 3
L o exp e ¥
I 04+ N S =T
E 15 2
ior 3
N [ 0.2
1of
5 02|
L. M| ol
O0 1.2 0'440 45 50 55 60 65 70
X, mm
30 03 —— NASA-cfl3d-sa
I r e NASA-cfl3d-sst
3 NASA-cfi3d-sa 3 T I hashcidd-easmko
25| - NASA-cfl3d-sst 02} 4 USTOranecn
I — — — - NASA-cfl3d-easmko N h -rans-easm
L — — — = USTO-rans-tlv L
F - = USTO-rans-easm F
20} o exp 04|
g [ E [
£ 15} D Opme=smug AINTER T Lt - - o o s
N[ H [ -
= 01
s 02|
0’ 7037\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l
-0.2 -0.1 0 0.1 0.2 0.3 0.4 40 45 50 55 60 65 70
w/Uinf X, mm
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Turbulence model effect on average velocity at

Phase-averaged u-velocity at x=44.45mm, y=0,
x=57.15mm, z=Hmm:

all codes:
hase=000

'r 30 P
09k P NASA-cfl3d-sa(fine)

N = — — — = USTO-rans-tlv

| [ === ONERA-flu3m-les

F I CIRA-zen-ki

08 20 — — — - NASA-fun3d-sa(fine)

o [ ——— [ o exp, phase=355
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-40 -20 0 20 40 % 02 04 0.6 0.8 1 12
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5 of ———t E 15
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r USTO-rans-tlv F — — — = USTO-rans-tlv i

+ USTO-rans-easm i ONERA-flu3m-les [j

0.15F [ CIRA-zen-k

I 20 — — — - NASA-fun3d-sa(fine) i
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= 8 [
=) [ E 15 o
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2 005k [
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i I\ r
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phase=120

NASA-cfl3d-sa(fine)
— — — = USTO-rans-tlv
——————— ONERA-flu3m-les
CIRA-zen-ki
— — — - NASA-fun3d-sa(fine)
m} exp, phase=115
A exp, phase=125

phase=160

NASA-cfl3d-sa(fine) ]

— — — - USTO-rans-tiv [l
——————— ONERA-flu3m-les I
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— — — - NASA-fun3d-sa(fine) gl
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A exp, phase=165 1

0.2 0.4 0.6 038 1
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Phase-averaged u-velocity at x=57.15mm, y=0,

all codes:
20 phase=120
phase=000 1 i
3o 1 ]
[ 251 ——— NASA-cfl3d-sa(fine) EI
F : 3 — — — = USTO-rans-tlv b
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£ 15[ N
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30
r . ]
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F -==- -rans- ! [ CIRA-zen-k ol
LT INERA TS m-les 20  ———— NASA-fun3d-sa(fine) _}
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[ 10 !
[ [ . ~
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z, mm

mm
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z!
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[ —-==- ONERA-flu3m-les
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Phase-averaged u-velocity at x=63.5mm, y=0,

all codes:
20 phase=000
i i
25  ——— NASA-cfi3d-sa(fine) ':
3 — — — = USTO-rans-tlv I
[ —-==- ONERA-flu3m-les
- CIRA-zen-ki
20 — — — - NASA-fun3d-sa(fine)
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E 151
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u/Uinf
30 phase=040
251 NASA-cfl3d-sa(fine)
3 — — — = USTO-rans-tlv
[ —-==- ONERA-flu3m-les
- CIRA-zen-ki
20 — — — - NASA-fun3d-sa(fine)
[ m] exp, phase=035
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phase=120

NASA-cfl3d-sa(fine)
— — — = USTO-rans-tlv
——————— ONERA-flu3m-les

CIRA-zen-ki

— — — - NASA-fun3d-sa(fine)
m} exp, phase=115
A exp, phase=125

phase=160

NASA-cfl3d-sa(fine)
— — — = USTO-rans-tlv
——————— ONERA-flu3m-les
CIRA-zen-ki
— — — - NASA-fun3d-sa(fine)
[m} exp, phase=155
A exp, phase=165
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phase=200

————— NASA-cfl3d-sa(fine)
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CIRA-zen-ki
— — — - NASA-fun3d-sa(fine)
[m} exp, phase=235
A exp, phase=245
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————— NASA-cfl3d-sa(fine)
— — — = USTO-rans-tlv
——————— ONERA-flu3m-les
CIRA-zen-ki
— — — - NASA-fun3d-sa(fine)
m} exp, phase=275
A exp, phase=285
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m] exp, phase=315
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Phase-averaged u-velocity at x=101.6mm, y=0,
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all codes:
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m] exp, phase=035
A exp, phase=045
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m} exp, phase=115
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——————— ONERA-flu3m-les
CIRA-zen-ki
— — — - NASA-fun3d-sa(fine)
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A exp, phase=165
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o
A

CIRA-zen-ki

exp, phase=315
exp, phase=325

/
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o

Phase-averaged w-velocity at z=10mm, y=0,

all codes:
02 phase=000
015 ———— NASA-cfi3d-sa(fine)
[ — — — - USTO-rans-tiv
F ONERA-flu3m-les
01fF CIRA-zen-ke-nocav
[ — — —- NASA-fun3d-sa(fine)
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02 phase=080
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L — — — - USTO-rans-tiv
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oL b1
140 45 50 55 60 65 70

X, mm
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08

0.6

08

0.6

08

phase=120
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— — — - USTO-rans-tiv
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— — — - NASA-fun3d-sa(fine)
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035 phase=280
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Phase-averaged w-velocity at x=44.45mm, y=0, Phase-averaged w-velocity at x=57.15mm, y=0,

all codes: all codes:
phase=000 phase=000
30 I 30 1
B i i 1 o 1
[ NASA-cfl3d-sa(fine) h [ 0
o5k = — — - USTO-rans-tiv !’ . . NASA-cfl3d-sa(fine) i
' o——m e ONERA-flu3m-les ’II = — — — = USTO-rans-tlv i
[ CIRA-zen-} i, [ ——mem ONERA-flu3m-les I,
[ ———- NASAfundd-sa(fine) g i, [ CIRA-zen-k : :
20 o exp, phase=355 ,'/I 20 — — — - NASA-fun3d-sa(fine)
o A exp, phase=005 '// [ u] exp, phase=355
€ [ 7, e I A exp, phase=005
€ 15 £ 15}
N[ N[
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i i e
5 5 A&A
§ r o
ol v 1 T G| | O’H“lw‘&lD‘A‘ """ 1
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w/Uinf w/Uinf
phase=120 phase=040
30 W 30
r N r
[ \ N
25F \x 5k NASA-cfi3d-sa(fine)
F \% F — — — = USTO-rans-tlv
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- NASA-cfl3d-sa(fine) \,\ + CIRA-zen-k
20~ = — — - USTO-rans-tiv A\D 20 — — — - NASA-fun3d-sa(fine
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5| 5|
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30 1 30 i
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[——mm ONERA-flu3m-les ! r ) ONERA-flu3m-les
[ CIRA-zen-k uo! r ' CIRA-zen-}
20 — — — - NASA-fun3d-sa(fine)[ /j 04 20 — — — - NASA-fun3d-sa(fine)
[ o exp, phase=235 l/ ! [ i exp, phase=075
I3 I A exp, phase=245 /1) ! £ H i exp, phase=085
E 15 ¢ A E 15 in
N [ N[ i
i I i%
10 o A 10 !
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Phase-averaged w-velocity at x=63.5mm, y=0,
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Phase-averaged v’v’ turbulent stress at
x=44.45mm, y=0, all codes:

phase=000
30 |
F |
I | NASA-cfl3d-sa(fine)
25 1 — — — - USTO-rans-tiv
I LY - ONERA-flud3m-les
L I\ — — — - NASA-fun3d-sa(fine)
3 1 \ o exp, phase=355
20 e A exp, phase=005
I
E [
E5-
Nopod
[
10F 1
I 1
roi
spo i
[ !
!
oL =T
0 0.002 .0.004 0.006 0.008
vv/UinfA2
hase=120
30 P
[ NASA-cfI3d-sa(fine)
251 — — — - USTO-rans-tiv
L h - ONERA-flu3m-les
= | — — — - NASA-fun3d-sa(fine)
20 L | =] exp, phase=115
[ 1 A exp, phase=125
[ |
E i
E 151 i
Ot i
- I
10 |
+ 1
i i
e i
[ |
’ i
[ .} -~ S EEITIE R |
—8.005 0 0.005  0.01 0.015 0.02
vv/UinfA2
phase=240
30
25 [ NASA-cfI3d-sa(fine)
- — — — - USTO-rans-tlv
R ONERA-flu3m-les
[ — — — - NASA-fun3d-sa(fine)
20 o exp, phase=235
r i \ A exp, phase=245
£ [ 1y
E5-
Nopod
[
10F 1
I 1
roi
spo i
[ !
!
L 1 . P - .
0 0
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Phase-averaged u’w’ turbulent stress at

x=63.5mm, y=0, all codes:
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Grid effect on phase-averaged u-velocity at

x=57.15mm, y=0:
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Grid effect on phase-averaged u’w’ turbulent
stress at x=44.45mm, y=0:
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Turbulence model effect on phase-averaged
u-velocity at x=44.45mm, y=0:
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Turbulence model effect on phase-averaged

u-velocity at x=57.15mm, y=0:
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Turbulence model effect on phase-averaged
w-velocity at z=10mm, y=0:
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Turbulence model effect on phase-averaged
u’w’ turbulent stress at x=44.45mm, y=0:
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