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Parameteric investigation on ignition overpressure mitigation

performance of rocket by water mist
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(Military Key Laboratory for Armament Launch Theory and Technology,
Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: To research the mitigation performance of rocket ignition overpressure by wa-
ter mist layer, the theory of plane wave propagation in different medium was applied to ex-
pore the mechanism for ignition overpressure mitigation by water mist layer. And, main in-
fluential factors of ignition overpressure mitigation performance were obtained from theory a-
nalysis. Furthermore, the influence rules of the factors on the mitigation performance were
studied by numerical computation and the proper value ranges of influential factor under the
conditions of rocket safety launching were given. At last, the parameter levels of influential
factors for numerical computation cases were arranged by the uniform design. Meanwhile,
the parametric model of the influential factors to the mitigation performance was built by re-
gression, and the mitigation efficiency was optimized. The numerical results show that the
main influential factors include water droplets diameter, water mist volume fraction and wa-
ter mist layer thickness. And, there are two different mitigation mechanisms between water
droplet and ignition pressure pulse which are closely related to droplet diameter. In addition,
there is a parametric model of the influential factors to the mitigation performance when the

influential factors falls within some value ranges, and fiducially probability of the model is
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Table 3 Results comparison between numerical

computation and regression model

K%EZH T AH X
go/mm @ L/mm FEM EEM RE/A
0.1 0.1 0.2 0.5021 0.5272 4. 74
0.4 0.1 0.2 0.5751 0.6281 8. 44
0.1 0.15 0.2 0.4901 0.5168 7.10
0.1 0.1 0.15 0.5635 0.5864 3.91
0.1 0.15 0.25 0.4821 0.4406 —8.61

5 &

£

e AR R 22 = (Il V34 — 35 {ED /35 {E X100 % .

%1 BEEATSHEER
Table 1 Factor levels and computation results
K8
2 T,
$a/mm o L/m
1 0.1000 0.09647 0.1706 0.5833
2 0.1529 0.1171 0.2500 . 4700
3 0.2059 0.1376 0.1618 .5930
4 0.2588 0. 0800 0.2412 . 5255
5 0.3118 0.1006 0.1529 . 6238
6 0.3647 0.1212 0.2324 . 5462
7 0.4176 0.1418 0.1441 . 6513
8 0.4706 0.08412 0.2235 0.6733
9 0.5235 0.1047 0.1353 0.7344
10 0.5765 0.1253 0.2147 0. 6088
11 0.6294 0.1459 0.1265 0.7041
12 0.6824 0.08824 0.2059 0.7053
13 0.7353 0.1088 0.1176 0.7689
14 0.7882 0.1294 0.1971 0.6434
15 0.8412 0.1500 0.1088 0.7398
16 0.8941 0.09235 0.1882 0.7255
17 0.9471 0.1129 0.1 0.7945
18 1. 0000 0.1335 0.1794 0.6690
x2 HESWR
Table 2 Variance analysis
28 F-J7 Al FI ¥97 I
mUZE(:N 0.1262 4 3.155%x10°?
78.99
FAME  5.193X107° 13 3.994X107"
SR 0.1314 17

T BT = A+ AR
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R 1 S EAE Y R B LT 458 .

D SO A #5421 E K 55 20T L
AN A IO R S 5 R 7K 55 6 sk KR R 3 I 2L
) FEZRN A KRR K %5 2 8 BE K
WK EAR

2) IKZEXF KB EA 2 FhON [E A0 L
MK AR K T e A AR B 7K 55 X OHE R Y
91 141 265 2 B 7K TR L AR 39 KT B AR 5 22 K T AR
Tt AR K AR AR Ak 6 0 2 R A 5 i
Al LLZ

3) K ARF A Bk =7 L 7K 55 5% p KGR R A A
il R AT MK FEARFM B F 0.1 J5 . 4k 2 3
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