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Numerical simulation and analysis of free—surface wake generated

by moving submerged target
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(MOE Key Laboratory of Optoelectronic Imaging Technology and System, School of Optics and Photonics,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: The interaction of moving submerged target and fluid will generate specific wave patterns, such
as the Kelvin wave and the Bernoulli dome, which provides possibility for the airborne and spaceborne
radar to get the parameters including location and velocity of the target using photoelectric detection. It
has become an important research direction. In order to study the characteristics of the wave pattern, a
mathematic model was established by using the 3 —D incompressible Reynolds-averaged Navier-Stokes
(RANS) equations, RNG k—¢ turbulence model and the volume-of-fluid (VOF) method. The simulation
result of the wave patterns of the submerged target at different depths and velocities reveals the
relationship between the parameters and the wave pattern. The result obtained is significant for the
simulation and detection technology of real submarines.

Key words: moving submerged target; wave pattern; Kelvin wave; Bernoulli dome;

numerical simulation

I F5 B 81 :2018-06-01; {&1T B #1:2018-07-20

E €W B : FHE A AR 4 (61575023) 5 i 25 i 4 25 45 10 0F 3 43 (9140A02060415BQ01005)

EE B v T8 (1992-), 2, L AR, 3 2 S0 W 5 £ R J5 i 9 BF 5% . Email:lidmtx @163.com

S A A A961-), B BB 1 T, 3BTRS L0 AR R Ot R A B R I SRR i BF TR

Email:jinwq@bit.edu.cn

1126004-1



LGk TR

% 11 # www.irla.cn % A7 %
T T8 R 2 0 1 BAH 5 T A B 5 5 07 T BUAR
05 & HE U0 (H 55 A oK I % R 5 1 I S0 B85

e [l T S VA T A,V R 2 A X R R
VLR R B . LRI e g i IR
RFFFT T8 ME LA W 3 v 1) S BIL 3l 1 e o i
P B0 R R AR T A AR R U AC B A o e, R
W A% TR EE B L A B S AL B RE AT, R A% [ A
e T (9 B O BT

e VR it e e B T T T M B I AR O
TR AT 25 St o 2 R AIE A 8, 2 sl o7 Vg 3 S 9
14 5 B )L o Pl T TR T A5 TH RE BRI KR e s 4R
DBV A R BRI KR H b i 30T B R
FHEL A0 FA R AR 8 D0 ¥ A 2 0 ) R R 38 R0 kAT
D2 RN R T O R 3 R R A A M K Bl
T35 R 3l AT B RN A

AT S [ C T B WF 58 75 2 B R B B B AR e 1l
TER ML S R 7 20 R R IR A AR o 0 [ I 58 R AR
oMol 7E 2012 45 1 H 6 A K A 55 A K B
TP IR SCR 3 ™ 4 e i B R (A Pl 1) ml 4830 K R
1000 ft(1 ft=0.3048 m) {1y /K T AL A7 H b, H 70 F- B
SZOK IR /N, H TR B )2 i) R R I 2 AR
HA S 3 05 %

N N
Bernoullfwave

A N

R '_. Nyt \
B \ T S

-

Kelvin wake

1 KR 32 3l H b 9 0A 85 A K e FT R SR
Fig.1 Bernoulli dome and Kelvin wave of a moving submerged

target
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Fig.2 Computational domain of the submerged target
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Fig.3 Wave pattern at the same depth but different velocities
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10 -449.517  441.922 64.05 60.0
11 -588.676  582.006 77.50 70.6
12 —756.909 693.097 92.23 92.3
13 -990.400  837.184 108.24 109.0
14 -956.604  724.195 125.54 120.0
15 -889.747  656.905 144.11 133.0
16 -691.719  564.892 163.97 150.0
17 -601.877 548.309 185.10 171.0
18 -570.879  498.064 207.52 200.0
20 -519.800  468.042 256.20 -
25 -440.951  464.770 400.31 -
30 -383.730  472.565 576.45 -
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Fig.4 Wave's height at different velocities
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Fig.5 Model and wave patterns with/without attachment

RL2L/FEEENNRECRARRBENS E
Tah.2 Wave's height without & with the command

tower
Velocity/ C d
¢ 0017]y omman Peak/mm Trough/mm Amplitude/mm
m-s tower
14 N 724.20 —-956.60 1680.80
14 Y 737.40 -1072.29 1809.69
20 N 468.04 -519.80 987.84
20 Y 557.77 —536.00 1093.78
24 it it

KR iE sh B bR I K T S0 B AR 2 05 T 4
T PR 3 FEL ) B RD AL A JL S 4G

(a) 7K T B E bR A K 1 SO

KT TR ROK T 2 3h B bR I K 2R A
ﬁMTﬁﬁﬂmﬁwmmmTE%E%(Kmﬁﬁ
B 7K THT I SN L 6 Fr R, R 1 I e A I8 A (e
N2 3 Pivs o AT RAA H: (1) 7K T i S0 DR 2ot 3 )
G 1 i B A I SRR EE L 50 m K R R R 2 7E 22 m/s,
70 m KT KLTE 26 m/s, 5 31 28 () L/ 45 AH
25 (2) I WA R I A ) A T R S B W S A%, B
B 2l i 15 Bt 7K % 38 0 7 7 08/ 5 (3) #E 50 m Fl 70 m
JKERETF KT S0 e K 294 219~245 mm Al
171 mm , 55 & % 800 R R AR AT B AT B 0 2600 A
PUIHRAE

Y

Contour 1 =13 m/s

[m]
Z

Contour 1

‘ v=18 m/s

0 250 500 m

250 500 m
Y
Contour 1 =22 mfs Contourl =25 m/s
[m]
Z
0 250 500 m 250 500 m
(a) h=50 m
Y
i}ontourl T — Contourl =18
[m] ' ) ) )
Z
250 500 m 250 500 m
‘Contourl V=20 m/s Contourl V=25 m/s

D]l

250 500 m

250 500 m

(b) h=70m

B 6 Al T

FET 4 FH brg

JEE 9 7K T % £

Fig.6 Wave patterns at four specified velocities in different depths
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Tab.3 Wave’s height at 2=50/70 m

Depth/m Velocity/m+s~ Peak/mm Trough/mm
50 13 53.95 -59.57
50 15 83.70 -85.12
50 18 105.77 -113.97
50 22 97.58 —147.84
50 25 69.33 -120.57
70 13 16.14 —-25.58
70 15 32.82 -34.14
70 18 56.98 —-58.69
70 20 77.67 -94.18
70 25 49.35 —-97.08
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