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Abstract: A high-precision calculation method for internal trajectory was proposed for the pneumatic launch system of
underwater weapons. The method combined high-precision theoretical derivation with computational fluid mechanics slip
technique and used the fourth-order Runge-Kutta method to solve the high-pressure gas domain during the launch process. The
sliding grid was used to simulate the single degree of freedom weapon launch in the water area, so as to realize the high-
precision calculation of internal trajectory, which could make up for the defects of large theoretical calculation error and high
cost of fluid simulation. Through comparison with the test data, it can be seen that the average error of the discharge velocity
of the weapon and the average error of the cutoff pressure of the posterior cavity obtained by this method are 5.6% and 4.0%,
which proves the accuracy of this method.
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Fig.4 Unstructured mesh refinement of weapons
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Fig. 8 Curves of gas cylinder pressure versus time
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Fig. 9 Curves of gas cylinder mass flow versus time
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Fig. 10 Curves of rear chamber air pressure versus time

JR SR Py IR OB E . 1 A ST
5 ARSI TR] 9, RO @, AN R (ULIET 9), LI AR {7
JEHE AL 0, 5 I A USRI IR AR, A D,
Py (EAR, AT A REE T P, ML . WA )m 22
B % 5 18 Bt R v, Ja R TR I 32 B SO/ O
Jei T 2 BRLA B3 s 3 B B2 W), i R TR D 5
LA R AR AR . AN A A e T

sxwrxtxb.xml-journal.net


http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net

2024 4% 12 H

B &, S R KT BUER R O N OE T vk

% 6 39

v IR AR R T, TR EEBRUR, T B BE R R, S
JE 7 WA
3.2 MK EIEIE

A O AR RO, XA A A R ) P A T
KA AT HAIE, FEHCL SR EE 100 m AN [R50 )
B WA U BT 545 50, X U2 4 O il 2k
VLI 11, Jal 3 A& E5it 43 0 370 7L 680 T3
1040 73, Xy AR SEAT1H5 . H i 680 5 I 4% A
1040 73 W& 345 A2, 370 T3 A% T4
228K o LR 75 T 0 B R) 8 AS 1 2
TEHL 680 J1 W& 145 Rtk AT 537 o

T /(m/s)
o v & o

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
i a]/s

11 Mg TR IE
Fig. 11 Verification of grid independence

3.3 JkEhERS CFD &R

CFD {5 BLi FE v, A 550 2 1wl Hif iz 3, HE sh i
K RS A o W RS T 1) S — R A, I
e B Z 5 1) S R S b T, AN [
I 220 A A 5 A 1 O LA R i A2 AL (UL IR 12).

AR AT TR, S NP B E S 5
i B AR 5, T K M T i N s AT B S
TFR SRR, R S P A B W] R T AR
JEE, k3 e K

TR S A v, i 3 A2 B SR A K
FeJT52M0 o LB TRIR B S e 1 52 T 2 (L
P 13), 7T 46 A S B S 15 1) 1A, <O T 7 o g
/N, BREE RS, K 0 iR g B 5
Wi AR R, TR T X 412 3l i 2 et/ N, i B o i
pirN e DI ITTREp) IS
3.4 AIRIIE

55505 B0 M AR TR 9 5 S8 TR BE R J3  3al 7
T AR S AR LR R S ORI 0T, 3647 & S5k
B SRAE RGBT Sy | 5 B R TUE S
SE I 220(0.45 )75 B2 S B, 5 07 FLA R AT
XHEE, SRR 1.

KT ERNRG AR

HEFE/(m/s)

// 4.0
(c) BFfE] 0.39 s, TREE 50 m & 5FHHE

B 12 RHEIBETRMZIEEZE
Fig. 12 Velocity contour of weapon for different mo-
ments

X IR 6 B , 8 B - AR A B v
o B A S T R 22 5.6%, KU
BRI P25 4.0%.
35 RESW

BRZERIEEZA LI 2 N5

1) JUArf RS 55 52 R S 24 B i 2 . SE B & S
R EPAAERIES S KBRS, 5 5t
00 AR A N  1  o  Y GT E P=WE oF 8

1121

sxwrxtxb.xml-journal.net


http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net

KT TIHNR G AR

932 %

2024 4 12
12 -
10 —*—50m
——75m
—+—100m F
> 8t 125m
= —=—150m
= 6t v"
i -/
® gt S o
> v
2t  Zananng ~
0

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
i EI

E 13 AERETRIEE
Fig. 13 The velocity of weapon in different deeps

®1 HEERSAELEL

Table 1 Comparison between calculation results and expe-

riments

getvinem il UG e e
LS H/MPa 7.15 6.8 5.1

% AR /(m/s) 9.65 10.0 35
B/ MPa 6.83 6.7 1.9

? AT /(m/s) 8.78 8.3 5.8
LS E/MPa 6.56 6.2 5.8

100 AR /(m/s) 8.96 8.5 5.4
LS H/MPa 6.70 6.5 3.1

122 AR /(m/s) 9.04 8.6 35
B/ MPa 6.66 6.4 4.1

150 AR/ (m/s) 10.23 9.7 5.5

S P ] A 2 e AR AR o i O R, TR
R AR A ST AR R AR . AR 5 R S5
14 EE 35 0 A5 PP B A (L, S PR A 1 A Y
IR P 2K R I3, BESE ) T REAS R, i 1 Y A
oo it A 2 B AR A B . 285 0 A
ety LA AR Y 5 5 P I 26 B R 2 X TR R
o tH B R MR A FR

2) R R A R B O AR . fESE
Pk S R v, B SORAETE UG R B I, 5 2500
aAR PEAT B, ELAR B A HE UL, SRR
RO A 25 o R SR 0 A ) S OB L s
T HHFAE DR/

4 HRE
FERK T B A as A R 4, 454 B

1122 Journal of Unmanned Undersea Systems

WIS CFD {7 B 45 A 3, Sl 17— Bl moks
BER R AR N RIE TR . RS R s R
MBS, KBhHR R CFD i K . i B4R
S EE W) 5 B, Sk T A X KR )
AP A AR AR R B B TSR MERR R . IXTTTE N
AN )R B B i A A TR ) AR MR P 22 4 B AR B 3
T —EWEOR SR, JE ST IR ARIDIA .

Pt

[11 SHIY,RENJY, GAO S, et al. Simulation research on the
outlet cavity features in the underwater launching pro-
cess[J]. Ocean engineering, 2023, 267(1): 1-14.

FER R, G, BR—E. UK PR R SR E N
LB FR AR (D], B 2442, 2003(1): 21-26.

WANG S Z, LIAN Y Q, CHEN Y D. The mathemaitc
model of the underwater compressed-air launcher[J]. Jour-
nal of Ballistics, 2003(1): 21-26.

AN, EWOR, GOk IR, . RS ROK T RS EE
AL E T K 5 A B AT [J]. & G B2 R, 2005(12):
3074-3075, 3080.

LI Z J, WANG S Z, LIAN Y Q, et al. Simulation on ad-
justable discharge valve of underwater compressed-air laun-
cher[J]. Journal of System Simulation, 2005(12): 3074-
3075, 3080.

SR, R, XE T VB A K P R G e N
S (7 FURBEL]. IR RHEHOR, 2011, 33(7): 90-93.

HU B S, MU L Y, ZHAO Z D. Simulation and model of

submarine hydraulic and balanceable launching equipment

[2

—

3

—

[4

[}

inside trajectory[J]. Ship Science and Technology, 2011,
33(7): 90-93.
DEGTIAR V G, PEGOV V I, MOSHKIN 1Y, et al. Math-

ematical modeling of the processes of heat and mass trans-

[5

—_

fer of hot gas jets with fluid during underwater rocket
launches[J]. High Temperature, 2019, 57(5): 707-711.
L, MR, WG, 55 KR RS AT A R AR E )
M. Ji2i2i4R, 2022, 54(9): 2435-2445.

GAO S, SHI'Y, PAN G, et al. Study on the wake vortex in-
stability of the projectile launched underwater[J]. Chinese
Journal of Theoretical and Applied Mechanics, 2022, 54
(9): 2435-2445.

XITCHE, SRR, BRAE T, 55, AR ALAT 4% - & 51 4 TRl BR
A K FIARG 2], 2022, 30(4): 450-456.
LIU Y Q, ZHANG C X, CHEN X Y, et al. Simulation of
gap flow of an underwater vehicle-launch tube[J]. Journal
of Unmanned Undersea Systems, 2022, 30(4): 450-456.

(RfEHwIE: FlFE

[6

[}

[7

—

sxwrxtxb.xml-journal.net


https://doi.org/10.3969/j.issn.1004-499X.2003.01.005
https://doi.org/10.3969/j.issn.1004-499X.2003.01.005
https://doi.org/10.3969/j.issn.1004-499X.2003.01.005
https://doi.org/10.3969/j.issn.1004-499X.2003.01.005
https://doi.org/10.3969/j.issn.1004-731X.2005.12.061
https://doi.org/10.3969/j.issn.1004-731X.2005.12.061
https://doi.org/10.3404/j.issn.1672-7649.2011.07.022
https://doi.org/10.3404/j.issn.1672-7649.2011.07.022
https://doi.org/10.1134/S0018151X19050031
https://doi.org/10.6052/0459-1879-22-245
https://doi.org/10.6052/0459-1879-22-245
https://doi.org/10.6052/0459-1879-22-245
https://doi.org/10.11993/j.issn.2096-3920.202109013
https://doi.org/10.11993/j.issn.2096-3920.202109013
https://doi.org/10.11993/j.issn.2096-3920.202109013
http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net

	0 引言
	1 气动部分理论计算
	2 水动部分CFD仿真
	2.1 模型及网格划分
	2.2 边界条件
	2.3 与理论计算耦合

	3 计算结果分析
	3.1 气动部分计算结果
	3.2 网格无关性验证
	3.3 水动部分CFD结果
	3.4 试验验证
	3.5 误差分析

	4 结束语
	参考文献

