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Fig. 1. (color online) Schematic of water tunnel.
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Fig. 2. (color online) Experimental setup.
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Fig. 3. (color online) Schematic of experimental setup.
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Fig. 4. Schematic of the nozzle.
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Fig. 5. Evolution of air jet in early stage (v = 0 m/s).
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Fig. 6. The sketch of air jet (v =0 m/s).
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Fig. 14. The typical state of the air jet (v = 8.1 m/s).
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Fig. 15. (color online) The sketch of double-decked structure.

054702-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 5 (2017) 054702

5 &

ARSI K SRR AL T A KIRAE R FOKE
WP IR BILEE, XL oA T Jo K It 8 I 52 E P )
AR S Lo I E S e 95 (Nt PN Y 2N s |
JKBRFIE. S50 2 B I PR b 2 A1 T (7K T e e
WS P B B4 AN el T S L% (ER
A FFERKESR, LREAE T HRZET )
S B et bR, 5 b KR RIS AR, 52
B KL FE S SR AR SRR S A .
NKIEE S, BT 590 2 R A T /K I, K
TSR R 7 1) P2 AR BY DI, 5 B0 A 2 T A
H A ALY BT V).l T I I 2 O 5 52 218
DIZF2matse s, DR M7 S8 5 % 15 B P S O 9 3
TEAS B B VIR IS 3 R e, TR e 45 M AN 6 R A
BRm ok, S AT O AL RR 1 IR L5 1. TG
WM T, SRNIRG IS 7 W KI5
FR) Fik 2, 1% 1048 T ) s PR A7 IR 5 AR VE LA
0—700 Hz, A IEE 2124 200 Hz; P2 & S35
Ry 100200 Hz, SR IE(EZ) N 130 Hz. B
IR BN, IR AR BRI R A S
W, ISR G A R, P2 LIRSS A77E 150 Hz 24
(AT i A 7K I T P P 398 K 3 5.

SE

[1] Aoki T, Masuda S, Hatono A, Taga M 1982 Injection

Phenomena in Extraction and Refining (England: New-

054702-10

castle upon Tyne) p21

Taylor I F, Wright J K, Philp D K 1988 Can. Metall.
Quart. 27 293

Ozawa Y, Mori K 1983 Transactions of the Iron and
Steel Institute of Japan 23 764

Yang Q, Gustavsson H 1990 Scand. J. Metall. 19 127
Yang Q, Gustavsson H 1992 Scand. J. Metall. 21 15
Wei J H, Ma J C, Fan Y Y, Yu N W, Yang S L, Xiang
S H 1999 IS1J Int. 39 779

Loth E, Faeth G M 1989 Int. J. Multiphas. Flow 15 589
Surin V, Evchenko V, Rubin V 1983 J. Eng. Phys. 45
1091

Weiland C, Yagla J, Vlachos P 2008 CD-ROM Proc.
XXII ICTAM Adelaide, Australia, August 2008 p25
Dai Z, Wang B, Qi L, Shi H 2006 Acta Mech. Sinica 22
443

Shi H, Wang B, Dai Z 2010 Science China Physics, Me-
chanics and Astronomy 53 527

Wang C, Wang J F, Shi H H 2014 CIESC Journal 65
4293 (in Chinese) [T, FESI%, MM 2014 1h T2 4R
65 4293)

Shi H H, Guo Q, Wang C, Wang X G, Zhang L. T, Dong
R L, Jia H X 2010 Chinese Journal of Theoretical and
Applied Mechanics 42 1206 (in Chinese) [fliZl ¥, ¥ 5%,
E, EweNI, mARE, EA R, T 2010 SR 42
1206]

Shi H H, Wang BY, Dai Z Q 2010 Scientia Sinica (Phys-
ica, Mechanica Astronomica) 40 92 (in Chinese) [JiiZl
M, EREE, BARM 2010 T EEE: PR i RO
40 92]

Drazin P 2004 Hydrodynamic Stability (Cambridge:
Cambridge University Press) p288

Chen K, Richter H 1997 Int. J. Multiphas. Flow 23 699
Haven B, Kurosaka M 1997 J. Fluid Mech. 352 27


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1179/cmq.1988.27.4.293
http://dx.doi.org/10.1179/cmq.1988.27.4.293
http://dx.doi.org/10.2355/isijinternational1966.23.764
http://dx.doi.org/10.2355/isijinternational1966.23.764
http://dx.doi.org/10.2355/isijinternational.39.779
http://dx.doi.org/10.1016/0301-9322(89)90055-4
http://dx.doi.org/10.1007/BF00827076
http://dx.doi.org/10.1007/BF00827076
http://dx.doi.org/10.1007/s10409-006-0029-2
http://dx.doi.org/10.1007/s10409-006-0029-2
http://dx.doi.org/10.1007/s11433-010-0150-x
http://dx.doi.org/10.1007/s11433-010-0150-x
http://dx.doi.org/10.3969/j.issn.0438-1157.2014.11.011
http://dx.doi.org/10.3969/j.issn.0438-1157.2014.11.011
http://lxxb.cstam.org.cn/CN/abstract/abstract141964.shtml
http://lxxb.cstam.org.cn/CN/abstract/abstract141964.shtml
http://dx.doi.org/10.1016/S0301-9322(97)00003-7
http://dx.doi.org/10.1017/S0022112097007271

32 % R  Acta Phys. Sin. Vol. 66, No. 5 (2017) 054702

Experimental study on underwater supersonic gas jets in
water flow”

Zhang Xiao-Shi" Xu Hao! Wang Cong?! Lu Hong-Zhi®?  Zhao Jing?

1) (School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)
2) (Research and Development Center, China Academy of Launch Vehicle Technology, Beijing 100076, China)

( Received 11 September 2016; revised manuscript received 3 December 2016 )

Abstract

The objective of this study is to investigate the flow structure of underwater supersonic gas jets in water flow.
Supersonic gas jets submerged in a liquid flow field is experimentally studied in a water tunnel. In the experiments, a
high speed camera system is used to observe the evolution of the gas jet bubble, and a dynamic pressure measurement
system is used to measure the pressure fluctuation under different flow velocities simultaneously. We seek to study the
mechanism of the vortex structure and the pressure fluctuation phenomenon during the gas jet evolution. The obtained
results conclude that the main body formation and the pressure fluctuation of the gas jets depend heavily on the ambient
flow speed. The instantaneous patterns of gas jets remarkably go upward due to the gravity effect in the still water.
A shear vortex will be formed by jet-flow interaction when the ambient fluid flows. Larger vortexes are formed when
the main body of the jet evolves downstream and mixes with the jet shear layer. The evolution pattern and pressure
fluctuation characteristics of the gas-liquid interface are educed through a detailed analysis of the shear layer vortex
structure. Backward reflection of pressure fluctuation is formed accompanying the jet bulging, necking, and back-attack.
Consequently, the pressure fluctuation is transferred to the fluid at the nozzle surface and the test section. The pressure
measurement system is used to confirm the pressure fluctuation phenomenon. Two measuring positions are set, i.e.,
pressure transducers are embedded at the nozzle surface and the test section. The pressure fluctuation with magnitude
of 10 kPa is measured by the nozzle surface transducer in still water. The pressure fluctuation induced by the gas jets near
the nozzle exit disappears simultaneously when the ambient fluid flows. However, the amplitude of pressure fluctuation
decreases at the nozzle surface but increases at the test section with the increasing flow velocity. Power spectrum analysis
is carried out and shows that the mechanical energy of the water tunnel gas jets is mainly distributed in the frequency
band of 0-700 Hz. A jet induced large pressure fluctuation with a dominant frequency about 200 Hz can be captured
near the nozzle surface in still water. With increasing water velocity, the dominant frequency of the unsteady pressure
fluctuation decreases significantly at the nozzle surface. Conversely, the flow velocity leads to an increase in the spectral

intensity of the pressure at the test section.

Keywords: horizontal jet, shear flow, gravity and buoyancy, oscillation characteristics

PACS: 47.61.Jd, 47.27.wg, 82.35.Np, 47.85.-¢g DOI: 10.7498/aps.66.054702

* Project supported by the International Science and Technology Cooperation Program of China (Grant No. 2015DFA70840).

orrespon iIl au or. —mai: alanwang@hit.edu.cn
Corresponding author. E-mail: al g@hit.ed

054702-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.054702

	1引    言
	2实验装置与模型
	2.1 实验装置
	Fig 1
	Fig 2

	2.2 实验模型
	Fig 3
	Fig 4


	3实验结果
	3.1 喷管通气启动过程射流形貌分析
	Fig 5
	Fig 6
	Fig 7
	Fig 8

	3.2 不同水流速度下剪切涡形态分析
	Fig 9

	3.3 射流振荡研究
	Fig 10
	Fig 11
	Fig 12
	Fig 13


	4剪切涡形态理论分析
	4.1 Kelvin-Helmholtz不稳定性
	Fig 14

	4.2 涡量理论分析
	Fig 15


	5结    论
	References
	Abstract

