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Abstract

The effect of the exit geometry of a vortex ring generator on the propulsive characteristics of the
starting jet was studied numerically. For the orifice and tube nozzle configurations, the ratio of the
nozzle entrance to exit diameters, dubbed as the diameter ratio D,, was found to have significant
effect on propulsive characteristics of the starting jet. The higher impulse generated by the orifice
nozzle (D, > 1) than that of the tube nozzle (D, = 1) is attributed to the consistent over-pressure
effect at the nozzle exit plane during the entire fluid ejection history, while the over-pressure ef-
fect only exist during the initial jet startup for the tube nozzle. The results show that the hydrody-
namic impulse and net propulsive impulse of the starting jet increases against the diameter ratio
until a critical value of around D, = 2.5 is approached.
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Figure 1. Schematic of (a) tube nozzle and (b) orifice type piston-cylinder vortex ring generations
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Figure 2. Domains and condition used in numerical simulation of vortex ring formation: (a) Tube nozzle; (b) Orifice nozzle.
Note that the sketches are not drawn in proportion
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Figure 3. Exit velocity programs used to generate the starting jets
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Figure 4. Comparison of the total circulation of the numerical and experimental results
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Figure 5. Evolution of dimensionless total circulation with D, =1 (case 1) and D, = 2.5 (case 5)
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Figure 6. Evolution of dimensionless hydrodynamic impulse with D, =1 (case 1) and D, = 2.5 (case 5)
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Figure 7. Evolution of dimensionless total circulation and hydrodynamic impulse with different diameter ratios
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Figure 8. The comparison between pressure impulse and momentum flux of exit and total hydrodynamic impulse
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Figure 10. Evolution of net propulsive thrust of starting jet in (a) the whole jet phase (b) the uniform velocity phase for dif-
ferent diameter ratio

E 10. FRIERLMSREEMZHEN ()ESRENTIZF O EF R TREHMRAIZEL

DOI: 10.12677/app.2019.94024 205 I EEY/BEH


https://doi.org/10.12677/app.2019.94024

T
2

AEC BN S I R 5 P4 7 4 A 52 3 H TR B S e o T L B S OB i, (3 LIS BT
ZHEIJAHLE R W T A . g ul, FECRUEH DR EAFEME LR, BEFLIRBE % X3k 35 it hn 55 58
HES . T HBEE BAR LG o, Mg R, BEREHEAD S H O BRIy 2.5 1, #HEAik
FIERAE, BN A TR, SRR SR N
4. Jask

ICN=A

Ak RS A EOASAS A AE S m M HERE R, T 5 R i A B VA 56 B Bl R AIE BV A S
WHTF=E BRI . A SCUABYE I EAR LN S, WA [F) H TR b 256 B e R P e o R4t
BN D5 O EAN DN R, @il s D EARSAE D, I E X T A F IS AR FH
BAEBATTVE, WHIT T SR & T FK g L, A4k, 25 ROR BB LT (1 T A 7, RO oK T B 4
B SEKIMENABSS K, X2 TS R, B LW H AL ) R TR
M= — s BIWCARPE R, TR BCRR SR RS, il 9, BEAE ELARLLRIG N,  H F M R 7= AR i &4t
M L, W— BN, BB D, >2.5, EAMEMOEKT 1.62%. RN AERESNhE 1, 5 S 1,
L B i 20 40%, PRI 1, R & 52 L, WIS MAAR K . G B s BAR LI Nk ss , 4 BAR EL
D,=25W, I, JLTFEERAME, BWEAELE 2.5 #mE 4 5, 1,380 7 1.96%.

T4 77 R B e 2R e e M B AR AR, XN SR I B HE D Fr AT T ST, SOk nhE 1, B
FAAEL, M BRI RIEARERE, B 2.5 B, Fo0RETRcE, B BRI E8m, FoKsEd
INT 2% Sz, I FORARALGE B AR AT, AT LR IAHERE A IR 0 AR Ak R B S I R HE 1 e
EAERCRBIFEM, AR SCEE W /K FHERERS 0 H D3 R S HORBGRAL T IR 22, 1 BLA% H 530 JIRHE
SR A AR E & X R ARER I — DA .

S E 3wk

[1] Gharib, M., Rambod, E. and Shariff, K. (1998) A Universal Time Scale for Vortex Ring Formation. Journal of Fluid
Mechanics, 360, 121-140.

[2] Maxworthy, T. (1977) Some Experimental Studies of Vortex Rings. Journal of Fluid Mechanics, 81, 465-495.

[31 Krueger, P.S. and Gharib, M. (2003) The Significance of Vortex Ring Formation to the Impulse and Thrust of a Start-
ing Jet. Physics of Fluids, 15, 1271.

[4] Pullin, D.I. (1979) Vortex Ring Formation at Tube and Orifice Openings. Physics of Fluids, 22, 401-403.

[S] Olcay, A.B. and Krueger, P.S. (2008) Measurement of Ambient Fluid Entrainment during Laminar Vortex Ring For-
mation. Experiments in Fluids, 44, 235-247.

[6] Krueger, P.S. and Gharib, M. (2005) Thrust Augmentation and Vortex Ring Evolution in a Fully-Pulsed Jet. 4744
Journal, 43, 792-801.

[71 Krueger, P.S. (2006) Circulation of Vortex Rings Formed From Tube and Orifice Openings. Asme Joint US-European
Fluids Engineering Summer Meeting Collocated with the International Conference on Nuclear Engineering, American
Society of Mechanical Engineers.

[8] Krueger, P.S. (2008) Circulation and Trajectories of Vortex Rings Formed from Tube and Orifice Openings. Physica D,
237,2218-2222.

[9] James, S. and Madnia, C.K. (1996) Direct Numerical Simulation of a Laminar Vortex Ring. Physics of Fluids, 8,
2400-2414.

[10] Michael, K. and Kamran, M. (2013) Modelling Circulation, Impulse and Kinetic Energy of Starting Jets with Non-Zero
Radial Velocity. Journal of Fluid Mechanics, 719, 488-526.

[11] Krueger, P.S. and Olcay, A.B. (2010) Momentum Evolution of Ejected and Entrained Fluid during Laminar Vortex
Ring Formation. Theoretical & Computational Fluid Dynamics, 24, 465-482.

DOI: 10.12677/app.2019.94024 206 N A


https://doi.org/10.12677/app.2019.94024

Hans Xh
PR RN R

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
FRHFMEESE: [ISSN], HIAWMITI ISSN: 2160-7567, EIJ 75 if]
2. FTHFHIM B T http:/cnki.net/
L “HEbRSCRREE” HEN, AN ERE, Bie] A

hEE S http://www.hanspub.org/Submission.aspx

HATIMEFE: app@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:app@hanspub.org

	Effects of Exit Geometry on the Propulsive Characteristics of the Starting Jet
	Abstract
	Keywords
	起动射流出口形状对其推力特性影响研究
	摘  要
	关键词
	1. 引言
	2. 数值模拟方法及验证
	2.1. 计算方法及边界条件
	2.2. 数值结果验证

	3. 结果及讨论
	3.1. 起动射流动力学特征参数的变化
	3.2. 出口超压效应对射流的影响
	3.3. 起动射流的推力冲量变化

	4. 总结
	参考文献

