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Fig.1 Schematic diagram of the layout of underwater rocket
engine experimental system

1—rocket engine, 2—thrust stand, 3—thrust sensor,
4—base, 5—pressure sensor, 6—lifting platform,

7—data collection system, 8—power supply,

9—high speed camera
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Fig.2 Schematic diagram of the experimental engine

1—front cover, 2—combustion chamber shell, 3—propel-
lant, 4—pressure hole, 5—charge baffle, 6—rear cover,

7—nozzle
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Table 1 The charging parameters of experimental engines
mm
. internal external throat
engine type | . length .
diameter diameter diameter

1 10 44.5 170 18

2 10 44.5 193 11

3 10 44.5 200 18
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Fig.3 Schematic diagram of the lifting platform connected to
the hull
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Fig.4 The evolution process for the extended form of gas jet

in water environment
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Fig.5 Combustion chamber pressure curves of engine 1 at

different water depths
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Fig.6 Thrust curves of three engines at different water depths
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Fig.7 Balanced thrust vs water depth curves of three engines

at different water depths
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Table 2 Fitting parameters for engine thrust with water depth

engine type Ay A, A,

1 1.02 1.47 83.76
2 -0.31 2.32 201.83
3 0.82 1.09 57.48

Note: Aj, A, A, are fitting parameters.
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Table 3 The error between the fitted value of engine thrust

and the measured value

engine type water depth/m thrust error/%
10 -0.23
1 30 -0.12
50 -0.04
10 -0.11
2 30 -0.03
50 0.06
10 0.34
3 30 0.47
50 0.53
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Fig.8 Thrust reduction of underwater engine with increase

of the water depths

4 £it

I D 342 422 M R T T 5 6 [ AR K B & sh LK T
VERFHESEAT T 3280 W58, 207 T OK F & sh HLIR 5T i
BIP R B [ B S T TR KR 4 1F R ki & sh bl
IHE 1R AT AR DL 4598

1) i TR R e K T P o — A 2
(1 ) HAL 5 B, 0 3 s T R 4 AR A 90 R 9 T AR
Sk W BRAA TR MR, S A 38 3 P AN BT R A 4 R 42
SR T KSR BURTR G R R = IR

(2) & BhHLAE A5 Q) 19 B T W {2 BIL 4
PALCE =W S N AN Y ol WAt 11 B 2 N N A
BLAE 10 m K B CAE -4 2 2.33 kN K TR A
10 m ¥4 E] 30 m B, &AL i S FEAR T 12%),
KEM 30 mBEfin %] 50 m B, A HE TR T 10.7%
KEHL2 TAEMIKIEE 10 m 31 %] 50 m i, -1 4 5
FEAR T 21%. KA1 3 TAEMKIE 10 m B /n %] 50 m
B S 4 T BEAR T 26.5% 0

(3) Bt 35 7K T B 38 0, & sh HIL A 48 7 /)N 36

Chinese Journal of Energetic Materials, Vol.28, No.12, 2020 (1184-1189)

T [R] — KGRI, & s AL 2 59 4E 7 980/ & fe /I, 7E 10 m
KR TAE B 4 1 N B 4.5% o

B E 0k

(1] BRATIDT, A 0 . 1814 K35 & B HLAE KR AT P Rz #3138 23
[)]. saHE A ,2004,12(4): 21-23.

QIAN Bo-shun, YANG Biao. Applied analysis for solid rocket
motor used in the underwater vehicle[J]. Torpedo Technolo-
gy, 2004,12(4): 21-23.

(2] skl OB BE KR R KR S AL T AR R SE (D). Kb - 6
BB R, 201 2,

ZHANG Shuai. Research on the character of solid rocket mo-
tor working deep underwater[ D ]. Changsha: National Univer-
sity of Defense Technology, 2012.

[3] SHIH H,WANG B Y,DAI Z Q. Research on the mechanics of
underwater supersonic gas jets[J]. Science China (Physics Me-
chanics & Astronomy),2010,53(3): 527-535.

(4] E5A, U0, 5 BUF, 55 . KT 01 & s Rl wr e )], Aivin
J1%:,2000,4(5): 9-15.

WANG Bao-shou, XU Sheng, YI Shu-qun, et al. Test studies
of underwater thrust vector control performancel]]. Journal of
Ship Mechanics, 2000,4(5): 9-15.

(5] U7 ok, Ju i, 26 . IR 2 SR T mi kR i 2 b id 72

g iR gE L)) AR K HR . 2015,38(5) : 660-663.
JIA You-jun, ZHANG Sheng-min, YOU Jun-feng, et al. Experi-
mental research on the changing process of underwater igni-
tion wake of solid rocket motor [J]. Journal of Solid Rocket
Technology, 2015,38(5): 660-663.

(6] wle/k X5, A, 5 KR A BRSSO A 2R K R
TR RSB AT TE ) ] MR AR, 2011,32(3) : 417-420.
TANG Long-sheng, LIU Yu, WU Zhi-feng, et al. Experimental
study on characteristics of bubble growth and pressure wave
propagation by supersonic gas jets under water [J]. Journal of
Propulsion Technology. 2011, 32(3): 417-420.

(7] G0, VESVEE , BRb , 45 . 7K T B P SR S O 03 e o 4 P 1
LB hEB A AR R, 2014,44(3) : 233-237.
SHI Hong-hui, WANG Jian-feng, CHEN Shuai, et al. Experi-
mental study on flow characteristics at the initial injection
stage of underwater supersonic gas jets[J]. Journal of Universi-
ty of Science and Technology of China, 2014, 44 (3) :
233-237.

(8] T, H 0, 7F &1 . WA bl IR 4 SOV ST i B S ()],
L T4, 2016,67(6) : 2291-2299.

WANG Chao, SHI Hong-hui, WANG Jian-feng. Transient
characteristics of compressible gas jet in liquid [J]. CIESC Jour-
nal, 2016, 67(6): 2291-2299.

(9] skAF AR, £ 577 . KT B AR SC0T IR 90039 0 3 e PR E Y
0. ET%H%.2018,39(5): 961-968.

ZHANG Chun, YU Wei, WANG Bao-shou. Research on the
initial flow field characteristics of underwater supersonic gas
jets [J]. Acta Armamentarii, 2018, 39(5): 961-968.

[10] EFFI,XUSE AR 80, 25 . A K 7 4 S BILK T i S 4 o A
WFgEl)]. & T4, 2019,40(6): 1161-1170.
WANG Li-li, LIU Ying, LI Da-gin, et al. Numerical study of
underwater supersonic gas jets for solid rocket engine [J]. Acta
Armamentarii, 2019,40(6): 1161-1170.

(1] FE e A IEMs , 05T, 45 . KT T8 A KR e sh LRy o o 4k 0) ]
fiizs 8 124, 2017,32(2) : 477-485.

Sttt

www.energetic-materials.org.cn



[ A J HE K 3 LK R AR 4 ) A A Y 2 8 BF Y 1189

TANG Yun-long, LI Shi-peng, LIU Zhu, et al. Underwater ZHANG You-wei, WANG Xiao-hong, YANG Ju-xian. Study
thrust characteristic of solid rocket motor[]]. Journal of Aero- on the working thrust for the missile launching under water us-
space power, 2017,32(2): 477-485. ing the spherical bubble model[])]. Journal of Hydrodynamics,
(2] Jiae, A HEmS AR, 45 . A7 A A A9 K T8 A AR A L B (A 2005, 20(5): 636=640.
AT, WA R TR K224, 2016,37(9) 0 12371243, 0150 FRTE, S o ) 5= 0 . [ 44 KO 2 S ALK T 8 9 ol Ak 3
TANG Yun-long, LI Shi-peng, XIE Kan, et al. Numerical simu- Jrrgel)]. HEFEHAR ,2013,34(8): 1128-1133.
lation of underwater supersonic gas jets with phase transitions SHANG Xu-sheng, WU Zhi-feng, HE Yu-feng. Analysis and
[J]. Journal of Harbin Engineering University, 2016,37(9) : processing of solid rocket motor underwater test datalJ]. Jour-
1237-1243. nal of Propulsion Technology, 2013, 34(8): 1128-1133.
(13] s, SR, BURER , 45 . KR B AR S 0 1o o & i 52 [16] 3k . KRR I A S WL it 3 B AL L) ). [ A K 1 AR
ReWFFE[)]. J1254,2007,39(2) : 267-272. 2019,42(2): 159-163.
WANG Bo-yi, DAl Zhen-qing, QI Long-xi, et al. Experimen- ZHANG Lei. Numerical simulation of tail flow field for under-
tal study on back-attack phenomenon in underwater superson- water solid rocket motor[J]. Journal of Solid Rocket Technolo-
ic gas jets[J]. Chinese Journal of Theoretical and Applied Me- gy, 2019,42(2): 159-163.
chanics, 2007,39(2): 267-272. [17] LIW C,MENG Z M,SUN Z N, et al. Investigations on the pen-
[14] 3RA N, BB A28 Bt . R BRI SRR 58 T 3K F A5k etration length of steam-air mixture jets injected horizontally
B [6) (% 4 3ok e ()], K 3 i 5T 5 9k ), 2005, 20(5) - and vertically in quiescent water []]. International Journal of
636-640. Heat& Mass Transfer, 2018,122(7): 89-98.

Experimental Research on Thrust Characteristics of Solid Rocket Engine Working Underwater

ZHANG Lei, SHE Hu-qing
(No.710 Research Institute, China State Shipbuilding Corporation , Yichang 443003, China)

Abstract: In order to investigate the gas jet flow field and thrust characteristics of solid rocket engine working underwater, an ex-
perimental study on the underwater work of rocket engine was carried out on the lifting platform connected to the hull. The ex-
pansion process of nozzle gas jet in open water was observed by high speed camera system, and the evolution process of under-
water gas jet was obtained. The combustion chamber pressure and thrust of underwater rocket engine were measured. The thrust
characteristics of the rocket engine under the water depth of 10 m, 30 m and 50 m were compared and analyzed. The experi-
mental results show that when the engine is ignited underwater, the shape of gas jet is changed because of the interaction be-
tween water environment and gas, and gas liquid turbulent mixing is intense. With the increase of water depth, the combustor
pressure is basically unchanged, the working thrust of the engine decreases. The relationship between thrust and water depth is
nonlinear. Under the same water depth condition, the smaller the engine throat diameter, the smaller the thrust reduction, and
the smaller the combustion chamber pressure, the smaller the thrust reduction.

Key words: solid rocket engine;underwater gas jet;thrust
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