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PIV experimental study and numerical simulation of single
expansion ramp nozzle supersonic flow field
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Abstract: The experiment choose TiO, which had good following performance as well as
scattering property. The flowfield of the single expansion ramp nozzle (SERN) under differ-
ent pressure ratios was researched by particle image velocimetry (PIV) and numerical meth-
od. In the experiment, the structure of the flowfield, the pressure on the upper expansion
wall, the velocity vector, and so on have been successfully obtained. From the processed
images, the shock and expansion wave can be observed clearly, and the velocity at the out-
let has been further analysized. The experimental data agreed very well with the data from
the computational fluid dynamics (CFD). Therefore, the accuracy and reliability of the PIV

experiment and the CFD result were both validated.

Key words: single expansion ramp nozzle (SERN); particle image velocimetry (PIV);

tracer particle; numerical simulation; over-expansion

; , . (single expansion ramp nozzle,

:2011-10-18
shttp://www. cnki. net/kems/detail/11. 2297. V. 20120921. 1251. 017. html
(50876042,90916032)
(1988—),



2042 27
SERN) s
s SERN (R,,).
’ ’ [8] .
[1] . ,
[2]
SERN , 50,150,500 nm
) ( N SEDF , 150 nm
’ ~ ~ . tel :
. o0
’ [ P
‘ T d, 18,
(particle image velocimetry, PIV)
, 0. 276 ps.
, 500m/s 0.138 mm.
, N . 1.2
, SERN 8mm,
B . PIV 48. 6 mm, 64. 22 mm, 56
ol PIV mm. [10] ,
/ ; 52, .1
> PIV ,  SERN
N s N SERN
s . PIV ,
SERN , , 2
PIV , SERN ,
PIV ’ 500 mm S
) SERN 1 mm,
,  SERN
PIV
PIV )
SERN
1
1.1
810 600 Pa,
1 SERN
Fig. 1 Diagram of SERN model
30397. 5Pa.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http:// www.cnki.net



2043

9 PIV
. C .
CD CE. 4 >
.CE CD
DF EF, F
FG FH,
[14] s
2 3.1
Fig. 2 Installation diagram of SERN model
(PSD ,
) 4
5.78,7.36,7.99
2.1
Fluent , ,
PIV \ , .
5.78 s
7 b
, (8]
, Y™ 30, s
[12]
’ - N XZO. 08 m
/ . 5
5.78,6.82,7.36,7.86,7.99. ,X=0.08m ,
2.2
3 291 955, 0 Pa, ’
38524, 2Pa ’ ’
AC BC (1],
s s 5.78
Mach number
25 ’ X: 0. 03 m .
20 = 7.99 . X=0.04m
1.5 STEIX =
12 X=0.06~0.08m s
0.7 Py P i ,
02 A JF 2 — = ._.N
: = P 1 ’
& E / .'
L~ = ’
B [ - : PIV
3 7.57
Fig.3 Mach contour of SERN at nozzle pressure 3.2 PIV
ratio (R,, =7.57) 5 7.99 PIV

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http:// www.cnki.net



2044

27

PJIIPI

b

I|'J‘.'|IJ|'J1

pip

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

0.40

035

0.30

0.25 F

0.20
0.15
0.10

0.05

0.40
0.35
0.30
0.25
0.20
0.15
0.10

0.05

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

4

[ ——— Numerical
E Experiment
F |
3 /
j f_, il " /_."r
- / -
g /
E L |
g ./
E i Il i " L i " 1 i i ]
0 0.05 0.10 0.15
X/m
(a) #% HEH R5.78
5 PIV
f_ Numerical Fig. 5 Image from the PIV camera
| Experiment
E 3.3 PIV
] /
E'_ I."f g’; _.\\\-‘._ |! ’
E_ ,"III \/ 6~ 10 5)
:- L,\\ (_ )
E e (
E . . ; m/s) , ’
0 0.05 0.10 0.15
X/m
(b) % HE H 736 ’
b
[ ——— Numerical ’ ’ ’
:_ }‘:xpﬂrimenl
r /
F III-' PIV ’
:— N\ : PIV
E i \\J’J
F ;’J
-l r . PIV
- ] Flunt . PIV
£ A \ ) CFD ’
0 0.05 0.10 0.15
X/m s
(c) & L H 799
,PIV SERN
Fig. 4 Ramp static pressure distributions
3.4
' 11 PIV
16 ’ 0
PIV
’ D ; Vs
b
' 0, ;
b
b b b

http:// www.cnki.net



9 : PIV 2045

Velocity/(m/s)

. 450

300

Velocity/(m/s)
450

300

150

0

(a) 521 (b) 1155

6 5.78

Fig. 6 Experimental and computational velocity contours of SERN outlet at R,, =5. 78
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Fig.7 Experimental and computational velocity contours of SERN outlet at R,, =6. 82
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Fig.8 Experimental and computational velocity contours of SERN outlet at R,,=7. 36

Velocity/(m/s)
P 460

276
92

Velocity/(m/s)

(a) 556 (b) 5%

9 7.86

Fig. 9 Experimental and computational velocity contours of SERN outlet at R,,=7. 86
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Fig. 10 Experimental and computational velocity contours of SERN outlet at R,, =7. 99
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