AT T KSR 29 KL 5 34,2012 F 5 A
Journal of Zhejiang Sci-Tech University
Vol. 29, No. 3, May. 2012

XEHS: 1673-3851 (2012) 03-0366-04

KTEBFEERSMERELER

 OE: 43R T & A e L6 SRS R S S AR R 4T B (WPML) F 89 52 A

k.

R BB E S AR T R

ﬁﬁﬂﬁg, I;i.F )m %%ldﬁ:, E
Gz T RFHME B Shixh)

gﬁl —'I_'\ZF',;:

8, 4 310018)

T &

AL R %441%?3‘%&’3 %54:.

WRFERRBRAITT FEAR., FEAEAARRAN D ZHAENTALRAAEEME R R, F4

#J'TT B F R AR L W Foh R 1A 69 AR AR K

/a%%lﬂﬁ’ﬁyﬁ'%muﬁ Uliﬁéﬁi%'jﬂ’j—y/{/ﬁ(‘ ﬁfr#%?"/a\%i,

SEAN BRI RAL I RO 5 AR B AL R LR E R K A4 5 WPML 89 3% 3t Fo 2 A A A EAER
KEER: KT FRRIR; B4R L9545 WPML

FES2ES: 0358 XERFRIREE: A

0 5l

K S SRS REAE 7K T 38 23 W A A A 4
A BN BAE 20 2 60 AR, SEE ARG
FERE T W E S K T K TR 58 18 s o Bh
7R B AT SN B K T s KR AR T
(R A . AR OR . Weiland 550 Z25E 5 T V8 4
Snl K K& 555 B (water piercing missile launch-
er, WPML) Ji F T~ ¥ E BT — AU 5 & 51 & AR

A BRI K85 30 07 WM T B AR SRR K » SRS
{uu{*ﬁﬂi@éﬁfiﬁﬁimﬁikﬁvTﬁ@ﬁfﬁﬂﬁ%ﬁiﬂ@
A A v AT I b PR A E R R LK L
TS S K R SRS B BIK N SRS 2
MK SRS AE S bR b is AT A . KR s
PRSI R 0 B SR A AR PR R sl AN ME R
ST A S I SEREBF 5T A . A R IR
U A5 N 3 3 3 T A 5 R A Y TR 2B AR B
RS g 0 sty T A 1] o =55 9 3 ORE DX s g ik
Bl Z (RN AHDCE , I X 7K TR 7 3SR S U ) 2
BURIHERT 1T F5E 43I0 1 WS e s g A A
W b Y sy O Il o B G i SO B R it
B o i 2T 550 i H o S A T T R 1

i

Weks HIH . 2011—09—09

S AL A Sh IR PR 0SS P = AR
WA a0 DX S S 5 e AR 2 R PR 22 ALK
S R SR A X T SR e S 15 2 i ) O
BEPEHEAT T HRVT. BEAh, Hoefele "4 Hi 18 1E 6 57
TERON T SRR E PER IR L 050 A5 S 06 K die
RIS TBIE 96 57 8B — RE R LX) A e 1k

ARSI - 35 1 TE A O PE AR (R L St it S 1 M
RBGE P G rb B o [ ol B 5 o e e 5 B
T BRI SCERL 4 58 1 ke & i Boe
LoIL%TiF%””ﬁEI’JE%%A SRR I U et P

WA TRk s K e S 58
e

— M
U

-

( (T
BT v sk R R s A

1 ZRRE
KT L) AT S50 2R G2

R DLIE 2,

HEWH . BEFRERBFERS (10672144) s WA H R BL22 4 (Y107073)
VEZ TR LTREC1962—) . I3 LI R AR N 1 B2, EENF RS J1 22 5% .



% 34

BELT RS - 7T P A 1) WSS I ) Sl A i A P 5 367

KA H 225 B A AL BB 358 A B JHERGST 41 500 mim,
%t 50 mm, 5 1 100 mm, KFE KA F =M= ER
H E R LIRS, SEIR I A 3 K i B H CH p i v 2] s
B OREEED K 750 mm,  SEGR R R I L 5
W %) L AR TED LA R 4 o, RV P R S AR TED ELAR
2 mm, WEHE R BT EBRECSR I 2. 94, SEER I,
W 23 i AEAS ) 00 T AT S50, 5 AR AR %K
T ABBLAASEST A % B 7 #6170 A Ge i b B
5B FHOC 1) S B0 B0

filt i

F ki

ﬂ’iﬁiﬁﬁﬁ

KA
% % WA 2

T WG R ekas
B2 KRR BRI RSR RS
2 RHHERSIHR

KT R RS I AT FEAS 3 6 B 4 8l A 5
Ui B 2R AR S U R B PR . ER R
A T3l B R 5 0 0 I = (8] A — T T
& EBR BT IR Sl B4 L R SO S LR A5
TEIIRIEEIR o AR SO Bl RS B 17 DL L KO Bl
SR A R ) AR E TEAE T 80
2.1 Bt

W 7525 00 T A SR A 2 S UL I 3 ()
~I& 3Ce). HilEl 3 AT RLI B 2] WG AE A A 00
TR BUE S AR A 3 FR A AL BT T AR
JE T T 1) A2l R S J% sl i SR 5 1 1 A
f18 o T o 5 B AN e L o8 2 i 7 0 S PR . Bl
RS UL B AR DA I g A Y LA AR o A S A
Pida s, DR X — B A S At 22 B AR R A 0 1Y 7
] LA AS . SCHRLA T8 SR B AR R LA &
PEIEARIG KA S FE S X — Berp POl A S
AR SRS 5 ) Bl AR DR JHG 7 A SO0 S 9L F) 52 i
A AT B BRI BE AR R SR B AR e 5
BRLRAERG I B R0 RAHXS B D (x &
B AU AN A BEAT S IR » D S A X 7 8 S5 3 30
T EAR WL 4 Ca)) s P I FU AR S R PR R R

BAEABE S S Por=2. 1 MPa T80 F 8 537
Bk AT f3 2) Seie ol (PG 4a4e, Forp Lo
S ARBLR L » d W AR S5 VR IR 2. an
ACb) Fir 7 o DN AR 405 SR 3R B A Bl i 6 O B A
FARKEA PR AL R TR R

(a) WIURE  (b) P,=0.7MPa (¢c) P,.=1.1MPa (d) P,,=1.6MPa (e) P,,=2.1MPa

B3 WEMETE AR 00 T A B 0

m R, — LRI IhE
(@D xHERZ (b)D/d 5x/ LI 2R &
P4 SRPE I HAR S A B R TC i PG R
2.2 RS R AR E PR A ST
Wt WPML B3t TR a] 1, d5e s BEA5 51 1Y 2
ARG TE WA Hh RS S8 RS T Y 23 0 2 i TR
JE RSP 3 X v 58 4 AR 4 A ELAR BE R 19 St
DI B o S 56 P ) S5 0T o 7 8 A e LT T
P8 s AN [ 08 S5 L) R S5 TR MRS Bl 2 (A S U
Bl (H RS TS B S R AR B R AR
FER 2 W BP0 . PRI A5 R IX SE A
R IR, RRAE AR AT AR HLAS B AR 1% 5 di JC B 5k
Jedf B WS IR St RAE R A S E

PERYBH 5 S St=LP .V, ki, D 2

VAL LA T L AR SRR AR
BIREC S AT 3 DS EIIEIC AR B A 45
HARI BB o AFLIRI S S S AL I 38 15 [l ol S A7 A
FEBEIRNER » o B AR I 45 R LA 5 () ~
Kl 5Ce) . B al LLB] A B K3 AN AL 5(b) | (o)



368 W oM Lk o i

2012 4F 4529 %

(@) 5 MEEH G (E 5 (D) AL th B FE 4540, ik
SR ] e 322 vl S5 O A IS T T iR 51 Il e A
Z AR R 22 U KSR 1 B K B [l o
HiT BE I SR AR A HI AL A2 B, Y K S8 i 9k 3 IV RE 1 2R
SEB— e B e WA A el iy s T TR R S J ok
b T IO o] T 3 R (L

JT111

(@) =1952ms (b)~=1956ms (c) =1960 ms (d) =1 964 ms

1111

(e) =1968ms (f)=1972ms (g)=1976 ms (h)=1980 ms

111

(1) =1984ms (j)=1988ms (k)=1992ms (I)=1996 ms

5 YEaIEd P—0.7 MPa UL T
R I 5 5
S IS RS R L St 2 (8] B9 A OC S 56 R
Pt L 1.
=1 a—%%ﬁ[?ﬁ@?ﬂ'
s gy M e HH sy

TH  P/MPa f/Hz 105 L/d
v/ms /mm

Tk 1 0.7 397.9 10. 35 4 10.40 33.50

TH2 1.0 511.9 8. 26 4 6.45 48.50

TH3 1.6 589. 4 5. 80 4 3.94 73.25

TH 4 2.1 640. 0 3. 87 4 2.42 98.75

Hi & 6 AR, BEA St (B2 8], 3l iR
(BB 2 BB BIAR E I BE A 1 S . 14
JIL%T%)L/”Q%?A B IIE X —45e. X TRl
100 -

90 —

80 L
ol

Lid

60 -
s0[-
ol
30-—

St/10°

K6 shifhalki L 5 RMARE
Z IR AL A B

PESHL St

PRV GELE oA A0 B BE 25 TR 490t
AR » (Bl AR AR/ )N » g — T T SRR I R

S =R B T R

1 30 2 RS U/ NI R 5 M SO B S AR OG , PRt 3
ORI 1 T o] T AR f RIS & e K St Bl
X S A D 8 IR S I g vl DA B B
B PIRSE ST o 7RSI P AT 43 A SR
GHl A OB 2 s A RN 8 H A R A A2 1Y
THOLT  BEISAL H 10  FE ReAS BK A K i R
SRR > B K2 S A BE L e WPML 23 5 Al D)3
AR A SR EE 5 B S e 1B AU E Mg v
(R BB T I M B 00 RS R 5 &
ARV S B B R ] A ) AR R Y 10 3 0
ORI AR AG A6 TF e 5 1 KA R D, (50 75 S9) 0 52 m
TE o

3 & i
FH ) AR SRS AR LA 5L T 7K T e L) |
HAETH/J SARGHRIES X S A B A 74 B Ab 2R
PR BN SEIR G TR - UESE T Bl B i B Y S I
E@:Lﬁﬁﬂ‘ﬁiﬁEZlEﬂ LR BT T 80
1B 5 W R A B ) B RO G F R R
it e R RE AR AR K B R AR B B o
WPML it 552 e it 72% . [F6, 38 %) 3
o I A R 20 A IR KT R AR IR
Pk

SE

[1] Chris ] W, Pavlos P V, Ton J Y. Concept analysis and
laboratory observations on a water piercing missile
launcher[ J]. O cean Engineering, 2010, 37; 959-965.

(2] FAsE, MR, IR, S5 KR RS
W RIERRAIELT ] S12E24k, 2007, 39 267-272.

[3] Dai Zhenqing, Wang Boyi, Qi Longxi, et al. Experi-
mental study on hydrodynamic behaviors of high-speed
gas jets in still water[J]. Acta Mechanica Sinica, 2006,
22 443-448.

[4] Shi Honghui, Wang Boyi, Dai Zhenqing. Research on
the mechanics of underwater supersonic gas jets[J]. Sci-
ence China Phys Mech and Astron. 2010, 53(3): 527-
535.

[ 5] Shi Honghui, Guo Qiang, Wang Chao, et al. Oscillation
flow induced by underwater supersonic gas jets[ ] ].
Shock Waves, 2010, 20. 347-352.

(6] izrh, 25 sk, £ B, ZF KT B EETUARGHR 5



%34 BELT RS - 7T P A 1) WSS I ) Sl A i A P 5 369

JiAN Il ) SR MR BT () ). 12244, 2010, 42(6) . M SAFREERLIBTELC//RA 4. %9 m4RE

1206-1210. IS AR 2 WS 22 i 4 [ K 3 T 24 ki 22 3C
[7] Hoefele E O, Brimacombe ] K. Flow regimes in sub- £ dbat. W AL, 2009, 372-381.

merged gas injection] J ]. Metallurgical Transactions B, (9] 8% &5m, MELIwE, ¥ #, & fE"4iKk PSS HER

1979, 10B: 631-648. WIS R OT T [T ], S8 i iR g 24, 2010, 24 (4):
(8] 5% sk, EWENI, MELLME, 55, I " 4EKH @l ARG 6-11.

Investigation on the Momentum Jet during Upward High-Speed

Underwater Gas Jets Injection
SHI Hong-hui, CHEN Shuai, DONG Ruo-ling, ZHANG Li-te, GUO Qiang . JIA Hui-xia » WANG Chao
(School of Machinery and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The paper presents an experimental research on high-speed underwater gas jets injection
techniques, which are applied in water piercing missile launcher (or WPML). Through analyzing the ex-
perimental data acquired, the authors find that the diameter of gas flow passage increases in linear rate in
the momentum jet section. Also the authors analyze the relation about the length of momentum jet with
Strouhal number. The research result indicates that increasing the jet exit velocity can reduce Strouhal
number and weaken the periodic unstability, and finally steady and long jet may be obtain. The character-
istic study of momentum jet may be helpful to the design and application of the WPML.

Key words: high-speed underwater gas jets; momentum jet; Strouhal number; WPML
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