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Development of gas guns combined with a water tank for launching
high-velocity projectiles into water obliquely and horizontally
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(1. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China;
2. School of Engineering Science, University of Science and Technology of China, Hefei 230026, Anhui, China)

Abstract: Gas guns with a water tank assembly, were developed for launching projectiles into water obliquely and
horizontally. The burst of gas guns was controlled by the quick valve and the piston valve. The cartridges and models in the
one-stage gas gun were directly driven by high-pressure air. The heavy piston in the two-stage gas gun was driven by high-
pressure air first, and then compressed the air in the gas-gathered chamber to drive the cartridges and models to the
predetermined high-speed. By adjusting the angle between the water tank and the launching tube, the high-speed model can
entry into water either obliquely or horizontally. The vertical gas gun with variable launch angles, is capable of launching a
projectile with mass ranged from several to hundreds of grams at speed ranged from hundreds to thousands of meters per
second. The horizontal gas gun can launch the projectile with mass ranged from several to tens kilograms at speed ranged from

several to hundreds of meters per second. In contrast to a powder gas gun using small chamber filled with vitiated gas at high
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pressure and temperature, these gas guns are distinguished for the large volume air reservoir run at medium even low pressure,
and characterized by a wide range of mass and speed of the projectile by adjusting the air pressure, which is close to isentropic
expansion. Based on light reflection and beam on-off methodology, high-speed photography and shadowgraphy measurements,
the results including the piston velocity in compression tube, the pressure time history at the end of the compression tube and
the shadowgraph images of water entry and underwater navigation, were obtained. The results show that the piston velocities
are in good agreement with the theoretical calculation before the diaphragm bursting, after which the difference increases. The
high-speed shadowgraphs in the vertical gas gun clearly indicate the shock waves in the air and water generated by the oblique
impacting of the projectile into the water, as well as the reflection of the shock wave on the gas-water interface, where the
formation of cavitation, the break and splash of the interface are observed either. A gas bubble induced by water and enrolled
air envelopes, which is extracted from the images in the horizontal gas gun, clearly indicates the fluctuation or instability along
the gas-water interface close to the bubble rear. Compared with the numerical results by the commercial software fluent, the
obtained bubble lineament basically coincides except at rear due to strongly wake turbulence attached to the projectile. In
contrast to the water tunnel, the test rigs in this paper are superior in wide range of mass and speed, as well as reproducing real
conditions such as impacting phenomenon and dynamic cavitation during the process of high-speed water entry.

Keywords: one and two-stage gas gun; flow field visualization; underwater navigation; high-speed water entry

HATH 2N AT SR RS BRAK AT AR I AF R AT B2 A5 s Fas UK B9 54 BOM L, SRS
JRU BEAR 222 800 1, Bk R KA 2224 59 4%, SEOMR Z0F T AT A2 B AR ZEH0K . X v s A K T
F WAL E 2 S R ARSR I U . AR R R N Bl ) AR RS A R AR R, s A AR
Ak A ARZE A BEZ AN, R A K A A oh il By 2 51 AT AR S5 s S i . e, el
TR S 95 I 7K 28 A s T T Ak 5 J3E 45 260 oy PR B4, SR AR B - AR DA 2 B S5 A% G S i AR 2
LA BRIF IR . % B3] S5 9 e S8 B9 A B O (10°~10° mm) | JifE (10°~10° g) I
(10°~10°m/s) , 5 £ 3t AR RO BE S 0620 7, P v A /K ) B g e e, PP A RUBE 2007 0o 23 AL B
NS BRI S R 55 B SRS MR o A0 AR B S s ORITIRR 20 55 K R AR A S 36 2R G 2 0 5 )
ATRFIIK A ATK B SE BRI

M TR AN [ J5 R RS B RAT A sk 31 s s B, e I TS R el s e
S BLRNETE, GE A m A KUK PR T B RAT SRR s i ms s A il | VR TS
FERH AR il IR AT LI TE o R GO 2 R i 1 R K 20, AR AR AR A B, R ek P K
IR | 2R TUR T R  KER R T N BE S B DR IR INME RSB B SR 2245 0 J3 0, A U B 7Y
P B BT K 2 N IE o [RIIE, K 24 R ORI T T bR, S SO (i 2 ) s A O, Y
AE- 2L Ui 3R M A SO R I AR R ARG o — TR A SR Bl R R S S R AR EOIR A, Y
22 RIS B R /N o S R 2 e RS o ARSI b, T UM A — U R A R b i )
RS J T S AR S () S, /D B RN, TR R o M R e 2, B 5l SUMAHE & S 78 it
BERLE B o O SRS AR A BE ), 18 R A R BE IR R/ AU, I A T
6 2 BT R S T ) S B0 7 oK, A 2 [l e e R A T, = U s s U
A Tt

A XA K BB FE 50 0 T B AK BRI A K o BT %5 90HE LAY, B 4iR 52251 FiT vy e B (g 1%
T E R A K 02 I A AR AR, R R 44 mm, AR 8 mm, B R 0~4.71 m/s. XA
SASERY, B S Fe oM 1A [RIASE R AR R A K B, 45 21 1 Sk 8 BLAR R/ N KT AU Sk B A K 25
Wl BB | AR B R R, AR B R 35 mm, BLAE N 2~4 mm, SEEEART 4 m/s. ST XA AR
B, I ZRRAFU SR IRy A R B A R 2 1 1T ), A 1 R g i ARG i v p s Y I A R R ) R
PERLARE, BRI S 800 mm, fie K H AR N 60 mm, HZHy 60 m/s. BRIESFE! 7RI AE /1 F A3 38) 1 4k
BB AR A B 25 R . R0 0 Rz sl 2 8038 (MU, X B R A K ST fi e s AR 2R AT T 0 T F

014101-2



5 42 45 AR, 55 S A AKFIKE AOK MK AT I R G %1

B K E 2 840 mm, it K ELAR K 60 mm, BEJE g 70 m/s. BF RSk BEIE R IR Sk BRAR L, g AU
OB TR A K R ZS i R TR AN AR, A b 1 Sk R GHARE AR A K S AR R M G S e, AR R R
28.4~43.6 mm, P& N 12.65 mm, K 35~160 m/s. £ XT3k FREERIE S 3040 K (AR5 %) | Chen 2517
Xof 1 A KA ) T RS MR AT T LI AT, A TS R L A K R R R A TR A R R T A
Wiy, BERY K8 Ol 21~24 mm, AR 6 mm, WK 44~ 144 m/s, Zi4 BRSCHR, W LLE 1 E A DR 24
XA K (ZNF 200 m/s) , B ROSE L 8 /I o T e s A 7K FIZK HR g s A T S 50 H A & B K L K
R 52 5 AR sk A 7K B A K, A5 PR 5 e R R A v R, BESR S G F A MR . R, AR SO
ST AN ARSI R GG, LG B /KA I s 0 o A B, O R AR 5 i R A K K S A K
FTIH) 25 S B 2

1 YRATEHA—R _RAGSHEKERS

T FE S 11 B AR CRe 301 /N A1 B ) R A K S 36, Al 1) Rib 48 4 A ey 77 A S BR-AE o P 1 R
SE AT AR K — G A A MR A AR R R RS RS I A (RIK R ) A

Solenoid valve  Gas-filled chamber Compression tube Gas-gathered chamber
# #:/ {g’"ar 6,:’&
AL >
/#& ﬂi /’gﬂ
Balance piston % Heavy piston - Pampmg piston
Model within cartridge First diaphragm
Ball valve
Launching tube Cartridge separator
Sampling holes .,
Air chamber L7 Second diaphragm

Water tank

V2BV B2 Rt W A
Fig. 1 Schematic of the vertical two-stage gas gun with a rotated launch tube
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Fig. 11 Shadow graphs with projectiles of different head models inclined into the water
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Fig. 12 Comparison of bubble contours between experimental and computational results
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