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Abstract: Three-dimensional configuration—design of-afterbody/nozzle was studied in

this paper. Flow'filed\numerical simulations were conductedon NASA single expansion ramp

nozzle experiment model. Numerical-simulation-results of two2dimensional and thre€2dimen2

sional flow field without/with'side-fence were compared with experiment data and structure

of thre2dimensional flow filed. From the viewpoint of hypersonic vehicle airframe/ propul2

sion integrated design, thre@dimensional configuration of afterbody/ nozzle was constructed

with side fences. Parameters of cowl length and side fence inclination angle were investigated

to analyze their effects on thrust, lift and pitch moment acted on overall vehicle. The results

show three dimensional effect of afterbody/ nozzle flow field could not be neglected.

Key words: hypersonic vehicle; integrated design; afterbody/ nozzle;

thre€dimensional configuration; numerical simulation
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Table 1 Comparison of SERN performances

2D 1. 032 1.226 1.064 Fig.7 Differenct shapes of afterboy/nozzle
2D 1 1 1

2D 1. 054 1.348 1.104 8




251

[2] )

- ¥ i

TS s

¥ i

K B¥ i

8
Fig.8 Thre@dimentional configuration of
afterbody/nozzle

Fig. 9 Parameters of configuration of afterbody/nozzle

Riove = LI;:—::dy
Liover , Lafterbody
(2]
. R lower 0.1
0. 6.
9 ,
, H

:Ma= 2. 06, T=
1309. 5K, p= 41 184 Pa;
:Ma= 6, T= 226K, p= 1197

Pa. 5
b
10 >
[2] ,

86 430

81 40500

76 38000

=71 35500

66 33000

61 30500

56 28000

51 25500

16 23000

441 20500

36 18000

3113300

2613000

131 10500

16 8000

I 5500

6 3000

1 7500

10
Fig. 10 Pressure contours of 3D afterbody/ nozze

flowfield simulations at symmetric plane

A= 0, Fx= T,
Fy = L 5
, 60% ,

0. 5Lafterbody

3.1

0.1 0.6, 0.1,

s 11 )
, 0.4 ,



252 24

i 18 13 0.4
50 .
T
4 6 B B
,,‘,,
45r : 16 e s s
\ =)
2 * 4 4 « =
S 40 F N i N S =t ’ ’
= ol . = 44 .9
5 A b= 2 ,
S .. s, 1241 %
% Pr / k b * E 8 )
g ¥ A 8 42 %
et y e 40 2 3)
2 30F e & g
_E / A . * - E 50
sk / “ -3 10 i —®— Upper surface
g A \‘\\. i —— Lower surface
20 Tz 1 1 I i T 1 -4 J.=2 40 B
01 02 03 04 05 06 l
Afterbody lower surface length ratio £ 30 H
-~ 1
B [
@ [
11 & 20}
. A i
Fig. 11  Effects of cowl length on performances I
of afterbody 10 '
12 d ol N N A Al 1
0 02 04 0.6 0.8 1.0 1.2
b b
Upper/lower surface length/m
0.1 0.4 ,
’ 13 /0.4 00
> > Fig. 13 Pressure distribution on ramp and cowl inside
0.4 0.6, centerline of / 0.4 B0 configuration
3.2
2
14~ 16
b b
;
N b
>
- 0.050 F 0.1 0.4
[ 3 —A—0.2 ——0.5
i I —¥ 03 —8— 0.6
14F 0.045
12F
s | 0.040 | 0’:3’\’;%2
2 10F = -
- 2 i k,‘\‘\
= .8 B
& I —=—0.10 2 i
6L —— 020 S i
[ w03 0 Z 0.030 |
[ —— 040 £ - —A
4F —e—050° £ L
[ —e— 0.6 0° |
ol e wba vty b 0o o By a0 0.025
0 0:2 04 0.6 0.8 1.0 12 i
Aferbody upper surface length/m 0000 Lol Froe s v Fp i oo jo e o e 0 5. sy
0 10 20 30 40 50 60
Fense angle/ (°)
12
Fig. 12 Effects of cowl length on pressure distribution 14

on ramp centerline Fig. 14 Effects of cowl length and fence inclination

angle on thrust coefficient



OOSE
[

0.06 |

Lift coefficient

e
-0.02f
004 OO0

006t b b )

Fense angle/ (°)

15

Fig.15 Effects of cowl length and fence inclination

angle on lift coefficient
0.08 -

0.06 -

i -
004}A\\\*\\\*\__‘_N“‘__‘__R‘
002l:::TV\\\VN\“"“"-—v

Moment coefficient

—0.02F

Fense angle/ (°)

16

Fig.16 Effects of cowl length and fence inclination

angle on pitch moment coefficient

17 0.3 ,

253
, 0.4
) 11;
0.1 0.2 , Ob
10b , 14.
<
-
=
g
2
g
~
D el o o 0§ vty bt a i B g 5|
0 0.2 04 06 08 1.0 1.2
Afterbedy upper surface length/m
17

Figi 17 Effects of fence inclination angle on pressure

distribution on ramp centerline

4
1) ,
NASA ,
3. 2%,
22.6%.
2)
. NASA ,
5. 4%, 34.8%.
3) ,
4)

3)



254

24

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Bradford J. Rapid prediction of aftbody nozzle performance
in scramjet[ R]. AIAA 20023650.
[J]. , 2002, 23(5):4332437.

CHEN Bing, XU Xu, CAI Guobiao. Optimization design
of two dimensional scramjet nozzle based on N2 S equations
[J]. Journal of Propulsion T echnology, 2002, 23(5):432
437. (in Chinese)
William J S, Weidner J P, Johnston P J. Scramjet nozzle
design and analysis as applied to a highly integrated hyper2
sonic research airplane[ R]. NASA TN 28334, 1976.

s . / [J].

, 2006, 24(3):742717.
CHE Jing, TANG Shuo. The application of genetic alg®
rithms to afterbody/ nozzle integrated design of a hyper2
sonic vehicle[ J]. Flight Dynamics, 2006, 24( 3): 7277.
(in Chinese)
[J]. , 2007, 28(4):
8272832.
CHEN Bing, XU Xu, CAI Guobiao. Optimization design
of singl@ex pansio2ramp nozzles using genetic algorithms
based on a parabolized navie2 stokes “solver [ J ] ~Acta
Aeronautica et Astronautica\ Sinica,~.2007, 28 (4):.8272
832. (iin_Chinese)
[J]. , 2007, 28(2) :148151.

HE Xuzhao, ZHANG Yong, WANG Guangyuan, et al.
Automated design optimization of single expansion ramp
nozzle for hypersonic vehicle[ J]. Jouranl of Propulsion

T echnology, 2007,.28(2): 148 151. (in Chinese)
> . [J].

[8]

[9]

[10]

(]

[12]

[13]

[14]

[15]

, 2007, 22(2): 252260.
XU Huasong, GU Liangxian. Nozzle afterboy design of
hypersonic flight vehicle[ J]. Journal of Aerospace Power,
2007, 22(2): 2572260. (in Chinese)
s . [J].
, 2007, 33(10) : 11621165.
CAO Deyi, LEE Chunhian. Optimal design of nozzle for
hypersonic vehicle[ J]. Journal of Beijing University of
A eronautics and Astronautics, 2007, 33(10): 1162 1165.
(in Chinese)
Huebner L D, Witte DW. Exhaust simulation testing of a
hypersonic airbreathing model at transonic speeds[ R].
AIAA220027001, 2003.
CubbageJ M, Monta W J. Parametric experimental inve2
tigation of a scramjet nozzle at Mach 6 with freon and ar2
gon or air used for exhaust simulation[ R]. NASA TR2
3048, 1991.
Shigeya W. A scramjet nozzle experiment with hypersonic
external flow[R]. -ATAA29223289.
[~ ,12002, 23(4):2832286!
WANG Xiaodong,, LE Jialing. ‘Effect of temperature pr@
file at entrance on flow2fields of nozzle[ J]. Journal of Pr@
pulsion Technology, 2002, 23(4):2832286. (in Chinese)
Monta~W- J. Pitot suryey of exhaust flow field of a 2d
scramjet nozzle at mach 6 with air or freon and argon used
for exhaust-simulation[R]. NASA2TM24361. 1992.
[J]. , 2004, 19(6): 802 805.
LI Nian, ZHANG Kunyuan, XU Jinglei. Simulation and
experiment validation of a two dimensional asymmetric
ramp nozzle[J]. Journal of Aerospace Power, 2004, 19
(6):8022805. (in Chinese)
Perrier P. Nozzle and afterbody design for hyper sonic air2
breathing vehicles[ R]. AIAA 9&4548, 1996.



