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Numerical simulation of effect of parabolic nozzle contour parameters

on flow separation
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Abstract: To investigate how the parabolic nozzle flow separation process is affected by
three contour parameters, namely initial expansion curve radius, inlet angle and exit angle,
the flow field parameters under different contour parameter combinations were numerically
simulated, the changing processes of the nozzle flow separation position and separation mode
with the increases of gas chamber pressure were obtained. The flow separation mode varia-
tion process with chamber pressure was gained. Results show that these three parameters
can influence the development of nozzle flow field during engine starting, the flow separation
mode transition nozzle pressure ratio (NPR) keeps a positive relationship with the initial ex-
pansion curve radius within a certain range. Restricted shock separation can be put off and
shortened by suitable design of inlet angle and exit angle. The conclusion provides a possible

way to solve the side load problem.
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Table 1 Reference standard contour parameters
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Table 2 Key parameters

ralr, 0n/ (%) 0./
0.5 25 0
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1.5 36 8
2.0 40 10
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Fig. 1 Diagram of nozzle calculation area
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Table 3 Relations between r, and flow separation position

x/L
R.,
ra/r=0.5 rq/rn=10 rg/rn=1.5 rg/r=2.0

15 0.28 0. 25 0. 24 0.22
18 0.53 0. 36 0. 32 0. 24
20 0.59 0.61 0.43 0.40
25 0.73 0.75 0.77 0.78
30 0. 80 0. 87 0. 87 0. 87
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Fig. 2 Nozzle wall pressure distribution (R,, =18)
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Table 4 Relations between ry and

flow separation modes
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Table 5 Relations between 0, and

flow separation position

x/L
R.,
0,=25° 0, =30° 0, =36° 9, =40°
12 0.23 0.21 0.19 0.18
15 0.28 0. 26 0. 28 0. 45
20 0. 35 0. 36 0.59 0.58
30 0.48 0. 60 0. 80 0. 87

AN TR 43 B2 ke £ 1D T P 0 2 A2 i 2 TR 1Y)
AL L 6.

TR LA HAL S Bk B3R 1 4@ AT
F1h 25°F 30°IE L JF R B A2 BRI A3 B A
XFEE e 5 FIEE 6 Al LR AE R, = 15 B, 40° A [
MBENRC KA RIS B HBIR, =
30 B, 25°F0 30° A H AR B IS A B oK R A B AR
LTIV~ N o VAR 7 /A L i = ALY 0 T N
LA AR CRE-F R A 2 WS,
H R ¥ m Xyl B RIS 25°F0 30° A 1 ff 11 g A8
FER,ERIEO T BB T R, H 2507 B st

BEGIWUE ML X ERE R BB RN R, X
[ Colg 3 6 X 10 149 BsF 1 9 DD 5 58 BE 407 A 1T A Y
WL PR AT D F B RO A 45 45 ) B AT R
X—BUGEE HT FRE AR 1) 48 K — 2RI TR &
A RV gk 2 D P B TR T 2 L AT L 52 FR
RS B ) B AR GR . 4 S HL AR S 1] L DA TR R IR
WEAET St it A A R A e B O AR - R AR R 35 |
B PR A5 A0 A0 o S I T i D /N

R6 0. ERFIABESHRER

Table 6 Relations between 0, and

flow separation modes

T AT A
a 0,=25°  0,=30°  0,=36" 0,=40°
12 F F F F
15 F F F R
20 F F R R
30 F F R F
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Table 7 Relations between 6. and

flow separation position

x/L
R,
0.=25 0.=30° 0.=36° 0.=40°
15 0.22 0.28 0.29 0. 31
18 0.32 0.53 0. 38 0. 38
20 0.53 0.58 0.62 0.43
30 0.74 0. 80 0.78 0. 60
£8 0. SRPHBHESHER
Table 8 Relations between 6. and
flow separation modes
7B REIE 5
Ko 0.=25°  9.=30° 0.=36° 0.=40°
15 F F F F
18 F R F F
20 R R R F
30 R F F F
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