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Cavitation motion characteristics of near-wall supercavitating vehicle

HU Yuting, WANG Zhiyuan, TANG Zhihao, ZHANG Xin, YUAN Xin, ZHAO Zijie, DAI Qi*
(National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Supercavitation technology is of great significance in reducing drag and enhancing the range of
supercavitating vehicles. When a vehicle navigates in proximity to the underwater terrain, the rigid wall exerts a
substantial influence on the cavitation enveloping the vehicle, thereby affecting its motion dynamics and stability.
To elucidate the intricate interplay between the wall, shear layer, and the vehicle, this paper employs the VOF
(volume of fluid) multiphase flow model, the Schnerr-Sauer cavitation model, and the realizable k-¢ turbulence
model to simulate the flow fields around a supercavitating vehicle in proximity to walls with and without the
boundary layer. In the absence of a boundary layer on the rigid wall, the expansion of the cavities and the
displacement of water are significantly hindered, yielding a much smaller cavities near the wall and a slightly
larger cavities on the opposite side. Moreover, the supercavity exhibits a deflection towards the far side of the
wall, which becomes more evident as the distance from the wall decreases, leading to a wetted lower surface of
the vehicle. Conversely, in the presence of the wall boundary layer, the surrounding streamlines are deflected
towards the low-speed, near-wall side since the upper side of the vehicle moves faster than the lower side. This
results in a mitigation of the cavitatys asymmetry, with the upper side becoming convex and the lower side

becoming flat. As the boundary layer thickens and the distance between the vehicle and the wall decreases, the
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shear effect around the vehicle intensifies. Consequently, the supercavity gradually deflects from the far side

towards the near side of the wall, eventually evolving into an asymmetrical shape with a flat upper side and a

convex lower side.

Keywords: supercavitating vehicle; cavity; wall shear layer; numerical simulation
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Fig. 11 Streamlines and cavity expansion velocity vectors around

the vehicle under different off-wall distances
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Fig. 17 Liquid volume fractions around the vehicle under

different off-wall distances in the boundary layer
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Fig. 19 Streamlines and cavity expansion velocity vectors around

the vehicle under different off-wall distances in the
boundary layer
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Fig. 20 Static pressure around the vehicle under different off-

wall distances in the boundary layer

3 & i

A FEF VOF Z M ALY, Schnerr-Sauer 7 14 £
T, XF 45k A BE U2 SR AE F T A B T S v
WUAT AR AT BUE ARSI 70, F IS A N 300 m/s, X LE

TR, IFH LU R4S

D $E.%ﬁﬂ’ﬁﬁ%? %#ﬁzﬁ’vkﬁz g 1 2+
5 JE BBl ) 7K A o T[] B D ) A A 2 RS 7K AR 1 4
Fe, DRG] 7 22 A 1 B 000 P MR K, A A5 0 B T 0
1) 72 Y8 3 3 ek /), R 5 9 [ 2 B T 0 O R S 96 R IR
R PR R o Y BE T S ALAT AR 09 [R] EE RN,
7 7% 00, 52 B BE TH] (¥ BELAS 16 FH 304 5, 30 B 10 0] ) 9 o
2 T U 0 S B T ) 11 2 9 2 A 1 K, S Y e R
T 4 K, Bk 22 0d o HH B B T 0D 1 25 T O, AT
PR R -

2) BETHA S ZAER T, BT AT & B ge it
TN, R 4 A AR P A R 0 e A R T
T WA B T (%) BELAS AR, 239 b o™ R T B AN SRR M DR
550 BEAE R FLZE B G, B UIME G058,
R T 25 960 550 35 D /0, U B T 0 2 Y S Rl g K, R
T Eh 28 B T ) i A} 328 I ) 30 B T R A o 4 BT )
JZ 1 D ASHA'E FH R aot B T P BELRS B, 7R 2 Y0 4 A8 i
SR AN AR T B AT A B T ) P ek
ZINy FLAT A FE BRL ) SR I B Ok ), Y B AR DR/, H
e BETH 5 BT V)4 R 3 a8, A5 45 768 25 Y6 1208 ) BE THI fim
Rbo 2 1E]FE W /NI, ATAT S R 0 8 TG v
&, B NRMmYIE.

SR AN [R] (14 AT A &5 4 2 5O AT 4 R BELERD O
WAL, ROR TR E A R B S 5 Cln S A28 T
MR AT MK A2 H 25 TR 30O 0o 25 W T 25 K 3 10 4 1
/R A o b4, FEMUAT 14 SE PR AT AT i AR A, 2
52 B R TH B 0 7= A= T8 RV (1) A A, S5 BN 2 4
A 3 R /EL S RS B R S B AR, T R AR
JE 1A 3 B TR ATAT A H (B A AR 9T

2 £ X W

(1] FEEIL, D&, xR, EAME R BAR KR (7], €T 8,
2008(11): 2024, 31.
doi: 10.16338/j.issn.1009-1319.2008.11.008

(2]  FEwk, . #Ea WK N SRIE ALk (], MUAR BT T2, 2024,
44(5): 1-527.
WANG S F, WANG Y M. A review of supercavitating underwater
trajectory [J]. Ship Electronics Engineering, 2024, 44(5): 1-527 (in
Chinese).
doi: 10.3969/j.issn.1672-9730.2024.05.001

(3] Bkeee, s, XBKOBA AT IR 772 (M1 b5t [R5 Tl
A AL, 2014,
ZHANG Y W, YUAN X L, DENG F. Fluid dynamics of supercavitating
vehicle[M]. Beijing: National Defense Industry Press, 2014 (in Chinese).

(4] rgdg, Xk, AR, S5, 3T ) E IR 25 VA AT 1Ak 22 AR AR 1 43 #T (0.
BRI, 2023, 41(7): 64-T73.
XIANG M, LIU B, XIE Z Y, et al. Research on the multiphase flow

characteristics of the near free-surface supercavitating vehicle[J]. Acta


https://doi.org/10.16338/j.issn.1009-1319.2008.11.008
https://doi.org/10.16338/j.issn.1009-1319.2008.11.008
https://doi.org/10.16338/j.issn.1009-1319.2008.11.008
https://doi.org/10.3969/j.issn.1672-9730.2024.05.001
https://doi.org/10.3969/j.issn.1672-9730.2024.05.001
https://doi.org/10.3969/j.issn.1672-9730.2024.05.001

512 W

W 0 S5 0T B T 2 Y A AT A ) 25 V38 B R R B T A 51

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Aerodynamica Sinica, 2023, 41(7): 64—73 (in Chinese).

doi: 10.7638/kqdlxxb-2022.0023

SR, AR, WL, G5 B VISR TR A o A 5K B R
BUAHTFE (1], 324, 2023, 35(1): 42-51.

YUAN X, ZHOU B J, DAI Q, et al. Numerical study on cavitation and
hydrodynamic characteristics of underwater vehicles under shear
flow [J]. Ballistics, 2023, 35(1): 4251 (in Chinese).

doi: 10.12115/j.issn.1004-499X(2023)01-007

KULKARNI S S, PRATAP R. Studies on the dynamics of a underwater
vehicle [J]. Applied Mathematical Modelling, 2000, 24(2): 113—-129.

doi: 10.1016/50307-904x(99)00028-1

HRUBES J D. High-speed imaging of supercavitating underwater
projectiles[J]. Experiments in Fluids, 2001, 30(1): 57-64.

doi: 10.1007/s003480000135

JAVK. AR HUATAR R 20T SO AR IR 5T (D], BRI me /Ry Tl
K2, 2006.

FE, EEN, ¥R, BT AR 0 T A R 0 g it (0],
SBRERFE, 2024, 27(1): 66-71.

BAI T, WANG X, HAN Y T. Design of visual control simulation
experiment for supercavitating vehicle[J]. Laboratory Science, 2024,
27(1): 66—71 (in Chinese).

doi: 10.3969/j.issn.1672-4305.2024.01.015

CAMERON P J K, ROGERS P H, DOANE J W, et al. An experiment
for the study of free-flying underwater vehicles[J]. Journal of Fluids
Engineering, 2011, 133(2): 1.

doi: 10.1115/1.4003560

B, WA A2 AR R OT 7T (D] Jbat: JEntE TR, 2014,
DUAN L. Research on multiphase flow characteristics of ventilated
cavitation [D]. Beijing: Beijing University of Technology, 2014 (in
Chinese).

NG, RS SR TSR R 510 5E B 1K T AT AR R R
3 (0], S T BBk, 2023, 42(2): 65-69.

BAO X P, ZHOU H. Analysis of drag reduction characteristics of
underwater vehicles based on bernoulli equation and boundary layer
theory[J]. Ordnance Industry Automation, 2023, 42(2): 65-69 (in
Chinese).

doi: 10.7690/bgzdh.2023.02.013

R B KR HUAT PR30 I 2 il R AR B T K B TE R 7 (D). R
TR MARIE LR, 2017.

ZHANG N M. Study on hydrodynamic and ballistic characteristics of
boundary layer ventilation of underwater vehicle[D]. Harbin: Harbin
Institute of Technology, 2017 (in Chinese).

doi: 10.7666/d.D01589443

DA desr T B, B drd SR s K3l % M. JEL0NE, ¥, L
RSB R AR AL, 2012,

VRHERT, 2, B, 55 OB AR AR ) ROBERZ R (7], PEAE Tk
KR, 2020, 38(3): 478—484.

XU H Y, LUO K, HUANG C, et al. Influence of flow field’s radial
dimension on Journal  of

ventilated ~ supercavitating  flow[J].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

Northwestern Polytechnical University, 2020, 38(3): 478-484 (in
Chinese).

doi: 10.1051/jnwpu/20203830478

ZHOU J J, YU K P, MIN J X, et al. The comparative study of ventilated
super cavity shape in water tunnel and infinite flow field[J]. Journal of
Hydrodynamics, 2010, 22(5): 689—696.

doi: 10.1016/S1001-6058(09)60104-9

LEE S J, PAIK B G, KIM K Y, et al. On axial deformation of ventilated
supercavities in closed-wall tunnel experiments[J]. Experimental
Thermal and Fluid Science, 2018, 96: 321-328.

doi: 10.1016/j.expthermflusci.2018.03.014

B, SR, A, S B S S I 5 B ) B AR B
i (7], Je T 23K, 2016, 37(8): 1482—1488.

HUANG C, DANG J J, LI D J, et al. Influence of transonic motion on
of projectiles[J]. Acta
Armamentarii, 2016, 37(8): 1482—1488 (in Chinese).

doi: 10.3969/j.issn.1000-1093.2016.08.021

5, DY, AN AT R S AR R (1] LigAs il
K2R, 2016, 50(08): 1241-1245.

HUANG C, LUO K, BAIL J, et al. Influence of liquid's compressibility on
supercavitating flow [J]. Journal of Shanghai Jiao Tong University, 2016,
50(08): 1241-1245 (in Chinese).

PRANDTL L, OSWATITSCH K, WIEGHARDT K. Fiihrer durch die
Stromungslehre[M]. Wiesbaden Vieweg+Teubner Verlag: 1990.

doi: 10.1007/978-3-322-99491-2

MURNAGHAN F D. Book review: applied Hydro-and aeromechanics,
based on Lectures by L. Prandtl[J]. Bulletin of the American
Mathematical Society, 1935, 41(3): 173-175.

doi: 10.1090/50002-9904-1935-06064-1

GUO Y, NGUYEN T. A note on Prandtl boundary layers[J].
Communications on Pure and Applied Mathematics, 2011, 64(10):
1416-1438.

doi: 10.1002/cpa.20377

BLASIUS H. The boundary layers in fluids with little friction: NACA-
TM-1256[R]. Washington, USA: National advisory committee for

resistance and cavitation characteristics

aeronautics.

DU Y F, WANG C, ZHOU Y. A study on supercavitation in
axisymmetric subsonic liquid flow past slender conical body[J].
European Journal of Mechanics, B/Fluids, 2018, 72: 264-274.

doi: 10.1016/j.euromechflu.2018.06.004

SAVCHENKO Y N, SEMENENKO V N. Unsteady supercavitated
motion of bodie[J]. International Journal of Fluid Mechanics Research,
2000, 27: 109—-137.

doi: 10.1615/InterJFluidMechRes.v27.i1.90

LOGVINOVICH G V. Subsonic compressible flow past a body with
developed cavitation[J]. Fluid Dynamics, 2002, 37(6): 873—876.

doi: 10.1023/A:1022392011614

(AT 4. R34 )


https://doi.org/10.7638/kqdlxxb-2022.0023
https://doi.org/10.7638/kqdlxxb-2022.0023
https://doi.org/10.7638/kqdlxxb-2022.0023
https://doi.org/10.12115/j.issn.1004-499X(2023)01-007
https://doi.org/10.12115/j.issn.1004-499X(2023)01-007
https://doi.org/10.12115/j.issn.1004-499X(2023)01-007
https://doi.org/10.12115/j.issn.1004-499X(2023)01-007
https://doi.org/10.12115/j.issn.1004-499X(2023)01-007
https://doi.org/10.1016/s0307-904x(99)00028-1
https://doi.org/10.1016/s0307-904x(99)00028-1
https://doi.org/10.1016/s0307-904x(99)00028-1
https://doi.org/10.1016/s0307-904x(99)00028-1
https://doi.org/10.1016/s0307-904x(99)00028-1
https://doi.org/10.1007/s003480000135
https://doi.org/10.3969/j.issn.1672-4305.2024.01.015
https://doi.org/10.3969/j.issn.1672-4305.2024.01.015
https://doi.org/10.3969/j.issn.1672-4305.2024.01.015
https://doi.org/10.1115/1.4003560
https://doi.org/10.7690/bgzdh.2023.02.013
https://doi.org/10.7666/d.D01589443
https://doi.org/10.1051/jnwpu/20203830478
https://doi.org/10.1016/S1001-6058(09)60104-9
https://doi.org/10.1016/S1001-6058(09)60104-9
https://doi.org/10.1016/S1001-6058(09)60104-9
https://doi.org/10.1016/S1001-6058(09)60104-9
https://doi.org/10.1016/S1001-6058(09)60104-9
https://doi.org/10.1016/j.expthermflusci.2018.03.014
https://doi.org/10.3969/j.issn.1000-1093.2016.08.021
https://doi.org/10.3969/j.issn.1000-1093.2016.08.021
https://doi.org/10.3969/j.issn.1000-1093.2016.08.021
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1007/978-3-322-99491-2
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1090/s0002-9904-1935-06064-1
https://doi.org/10.1002/cpa.20377
https://doi.org/10.1016/j.euromechflu.2018.06.004
https://doi.org/10.1615/InterJFluidMechRes.v27.i1.90
https://doi.org/10.1023/A:1022392011614

	0 前　言
	1 数值方法
	1.1 控制方程
	1.2 Blasius边界层方程
	1.3 模型与边界条件设置
	1.4 数值验证
	1.4.1 数值方法验证
	1.4.2 网格无关性验证


	2 结果与讨论
	2.1 单壁面对超空泡航行体空化特性的作用
	2.2 壁面边界层对超空泡航行体空化特性的作用
	2.2.1 边界层厚度的影响
	2.2.2 航行体与壁面间距的影响


	3 结　论
	参考文献

