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Numerical Simulation and Experimental Validation of SERN Separation
with Optimized Turbulence Model Based on DOE Method
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Abstract ; Flow separation in SERN ( Single expansion ramp nozzle) is always accompanied with com-
plex flow phenomena, such as shock wave/boundary layer interaction, the strong shear layer, and the strong
shock wave. But, the common commercial CFD ( Computational fluid dynamics) software still cannot satisfy
the requirement of predicting accurately the separation point and reattachment point for engineering applica-
tion. Based on the Menter’ s SST ( Shear stress transport) model, and the research results of Allamaprabhu
et al. , the turbulence empirical parameters are modified to predict the SERN separation flow more accurate-
ly, and the DOE ( Design of experiment) method is further adopted to get the optimal combination parame-
ters, so that the relative errors of the dimensionless separation point and the dimensionless static pressure
distribution are reduced to 1.99% and 4.38% , respectively. And the root-mean-square error is also re-
duced to 7.83% between the experimental data and CFD results.
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Fig.2 Nozzle experimental model

13 S Bl X R 2o 2 B A v 3 B 3 30 B0 485 A
Bl MR SCHR[ 8 ], BRI A1 5 B 3 /9 p, 2, RS
FUE M5 B 5 . IO TE p, s AR o 1A 5 B A ek
{149 3 B , 1 RE A% X030 TR AR BE . ELIE (940 B 5 [ o
p. fo BT p, 5 p. SARBEARE (PSR R K
PR 3 AR A WS S b
MR A AR ZIERES) T E p, 500 R
D7 {8 T AR SCRE U AR IE 1 05, p, B4 8 4

3 HEAE

3.1 Rmsz5REH
ASCK A FLUENT 38 97 29 /9 N-S J5 # gt A7
TYESR A, 3 1A EOCR AT KM 50, BB R



T DOE {0 b fim WA BL A SERN 23 2 5 T 4 (B0 452 815 59C 46 96 ik 291

B35k H3IM
= - - ——-—Nozzle axis
Bﬁl:lrylgfry Shock wave [~Mach disk
Throat d
Separated boundary
Nozzle wall |7 Mixin: i
g region
Interaction length-| 7j‘-—_”’7”:’_’—77777,.,..‘C’Reverse flow
|~ Ambient
P, pressure p,
X P
g Exit pressure p,
8
a
=
Z p Vacuum pressure

profile

Axial location
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Table 1 Experimental design of parameters

Design variable Object function

Test
B Relative error e/ %
No. a; A, XW/H‘ Ps‘;p/l’a
0 0.31 1.000 31.68 45.33
1 0.31 1.400 19.18 20.87
2 0.3287 1.457 15.37 12.69
3 0.3474 1.171 18.2 18.04
4 0.3661 1.114 19.18 20. 87
5 0.3849 1.057 24.89 30.94
6 0.4036 1.743 5.84 11.87
7 0.4223 1.000 30.61 42.59
8 0.4410 1.229 10.58 5.45
9 0.4597 1.286 6.77 0.41
10 0.4784 1.800 19.09 22.25
11 0.4971 1.343 4.71 11.14
12 0.5159 1.571 12.36 17.53
13 0.5346 1.686 19.09 21.94
14 0.5533 1.514 9.48 14.7
15 0.5720 1.629 16.22 20.05
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Fig. 6 Upwall pressure distribution before

and after the separation point
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Fig. 9 Schlieren photograph and CFD density
gradient field

RPEEBH 25, Hosg SOy
¢, == (4)
Pl

BEARAR BRI 7 T, AN TR T 5 R T DB IR

Wr H(=6"70),%EXN
J=1-1/H =1-0/5" (5)
10 H 2168 i 37 48 B TR AL 22 50 2 80U B
TSR AE Delery 5250l 2k b i 7 8, T 85 €5 5 &
71 i PR B IBCER A A T H B4l 2R, ol LR R B s
T AR Y 1154 25 5L o 52 30 Delery f S (E . SR TEE
W SST k- FLH h Menter ffi | T Coakley' " [ 55
AR L i B VAR B, (ELR LTS8 45 R AT AR i 16) T - £

L 0

0.25
L Equilibrium locus
0.20 - Reattachment,~" 4 of =" .A' ",
I process /i L]
A ]
‘1
k~ 0.15F A om
) L]
F A
L & L
0.10 L N Separation
| ] A development
] A
u A a FlowB
0.05 = = Flow C
Starting point ™ Default constants
@ Modified constants
000 M | I | IR P IR B ]
00 02 04 06 038 1.0 1.2

i

Fig. 10 Evolution of the maximum shear stress

with the equilibrium shape parameter



294 i3

E- N 2014 4

5 7AFE SERN RZEGFHRBRUSHNE—F

N T — L R E O AE BAS B 4 2 Bl A R
o5 —FA [ (9 SERN W45 18 56 A58 70 ) 552 36 5 416 2k
FIAeHs o IR B BTV T E O 20, BRIk A
2R, M 250, I K THT DA K LR WA AR R [
UL IR o SEg R S s 4 5 2. 1 1 A G AR T

© © © ©

7@

2&

Fig.11 Another SERN model sketch for validation
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results of the SERN model for validation
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