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Ordinal Optimization of Ring Cavity Structure
Parameters for Gas Ejection Device Based on
Missile Pressure Impact Smoothness
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Abstract: On the basis of comparison with experimental data verifying the reliability of model, two—dimen-
sional axisymmetric numerical model with secondary combustion and trail cover movement was established for
double pressure peaks shock of missile low—temperature gas—ejection. The flow field mechanism of the ring cavity
smoothing missile bottom pressure curve was studied, and the influence of structural parameters on the pressure
impact smoothing effect was analyzed by decoupling, and the idea of ordinal optimization was put forward. The
numerical results show that the ring cavity with the function of storage of oxygen can effectively prevent gas from
diffusing upward, making the secondary combustion expand along the time dimension, thereby smoothing the im-
pact of missile bottom. After the arrangement height and annular radius of ring cavity are established by geometric
constraints of initial chamber space, the length can be taken as the main structural parameters to control the
curve of missile bottom pressure, and expansion or contraction of angle as the structure parameter to fine tune,
then the pressure curve can approximate the ideal design curve. After arranging the optimal ring cavity, the peak
acceleration is reduced by 9.26%, and out of the cylinder speed is reduced by 4.13%, and out of the cylinder
time is extended by 2.5%.
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Fig. 1 Physical model of gas-ejection launcher
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Fig. 2 Mesh model and quality check
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Fig. 4 Curve of total pressure

Table 1 Species and mass fraction of nozzle inlet

Species H,0 CcO H, CO, N, HCI

Mass fraction  0.004 0.564 0.05 0.002 0.26 0.12

XA 2 A A R A E R TR IR R B
TH A RS B X I A R /DN 0 BT A A o 1) 0 M [
WA O BEHEAT A TC O PR ARG B o T8 B o X A% 5
PEAT SRS S BB A, T A 821977, T B K
59577, THCH9.97 7, LLT.H CHRIEHE, X A B

TOCTT M P AE 0.8, F10.5¢, 15 2 149 s g IR 2 4%
fip PEAT AR 22 T H 58, N 2 iz o Herp, p Ml p, 23l
7R M I I 7 FR S B R 0, TR T, 73 ) 3 M
N0 i E FRR e 5 T 7 0, S 41 2 SR AR 8 5 4 P ]
1]

Table 2 Mesh independence test

O.Ito 0-5[0
Condition
p=pdlp. 1T =TT, Ip=p.p. IT-TIT,
A 0.96% 1.0% 0.34% 0.19%
B 0.69% 0.44% 0.15% 0.08%

MR HEEE R 1B, =Fh A% T AL T P i
T JEE 38 A7 AE O O 22 ARG 1%, % IR B RUCR 1 F
BRI 2.19 T AR AE TSR

Sk B8 U T SC AR A TR R Ty vk B T SR R AR
WS TR HdE " () HE 17 %E e, an gl s
fizs o M S(a) AT & % 40 16 T 7 0, 52 564
4 0.83p,, THFAE R 0.84p, s XF T WK K J7 B 0§, SE5G
54 0.78p,, H A 4 0.79p,. MIE 5(b) AT F 1, % T
T B U 0 ST 0.94 T, T R(E R 0947, XF T JE
TR EE 2 TR S A B, moR R
h1.2% , 32 WY i 37 0 B30 T B A B A A v Y T

1.0
0.8
. oor
&
],
04
r —A— Calculated values
0.2 —m— Experiment values
0.0 . . . . ;
0.0 0.2 0.4 0.6 0.8 1.0
tt,
(a) Pressure
1.0 -
A
0.8 -
0.6
e
E L
0.4
i —A— Calculated values
0.2 —m— Experiment values
0.0 . . . . ;
0.0 0.2 0.4 0.6 0.8 1.0

it

(b) Temperature

Fig. 5 Calculation and experiment values of load at point P
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Fig. 11 Time curves of missile-bottom pressure under 4 different conditions
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