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Analysis on the wake of a shallow navigation submarine
in the density-stratified fluid
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Abstract; To study the wave-making characteristics of a shallow navigation submarine in the stratified fluid caused
by density difference, a multiphase-flow CFD model for evaluating the wave-making characteristics is established by
using the RANS equation, Realizable & — & turbulence model and UDF method. Thereafter, the process of a full-
appendage submarine navigating at different positions with low, medium, and high forward speeds in the shallow
layer of density-stratified fluid is simulated, and the effects of the forward speed, the distance from interfaces and
density-stratified fluid on the wave-making and velocity characteristics of the submarine in the interfaces are
investigated. The result shows that the higher the forward speed and the closer to the interface are, the more intense
the submarine wave-making in the interfaces will be. Especially in the mid-speed stage, there will be a large wave
excited by submarine, and a big difference of wakes between the free surface and internal wave surface is obviously
seen, of which the main performance is that the front of wave on free surface is a peak and the front of wave on
internal surface is a trough. The response of the wave-making on the internal interface to the changes of various
navigation parameters is insensitive than that on the water-free surface. The present numerical model has high
accuracy, which can provide an effective method for analyzing the wave-making characteristics of submarine
navigating in density stratified fluid.

Keywords: density difference; stratified fluid; CFD; forward speed; navigating position; wake; SUBOFF

T2 RSN G A BB T K R IS 35 R A K D RHIE R, T
H

G SRR BT RE S B L R X B A3 )2 R b 2 D R R AE B 5 R
FURIT, [ SRR B A0 2% i B2 38 T 5 R 58

ot
3 fo

BEXIE SYIRTE R 030 S o TR TR A ik e T

Wi B #A: 2020-05-07 S5 VAT [8] 22091 ik iy Y

HEWH . ILAAEI2EE TRET (1sqn201909172) 5 E/J )Lg%’ I%I/t;ﬁﬁ,i\i[aXWOY'thY ju[ iiee i,:i Xﬂj\]{gz
L1 A5 45 5 e OB 111 (2019KUIN0O3) A ML VEAT T WF 5T ; Hudimae 281" BP9 T JEBR K

R 2 B0 0, I EEE VAR JE A U D R B VR AU T ) ] A

A (1980—) , 53, #dZ, TR .
BIS1EE: i) 4E, ghhe@ hitwh.edu.cn jio Yeung @ﬂj‘kﬁg Green [‘}‘li’z&’lﬁlb ]\_Zj]{/gi’ﬁi



57

XA, A B0 2 U HAUE > i Rk 3 A - 53

7R R T R X B N R X, B T 1T, Gou ™
A5 R I = B i ek R o 1 )2 A b AT
SF), Esmaeilpour %" 5% FH 8 W A% R 58
T BEAY IR TR AU TR T S 4 R Song M 45
X PNAIRSL % 55 TRE R S5 R0 P o AE EA R A T T R (A
1, Stadler %R F DNS 7058 T )2 AL i fA
e B R B0 it L R 8 A9BSR, Chang %5 Chomaz
VTR SE T 43 2 WA R 0 R 4 ML Posa
USRS T TR RO VA S R AE B R, A,
Bonneton 25"’ \/EJ%%“OJ \ﬁ%ﬁ%u”ﬁ'%ﬂ‘gﬁg
A TR R AR A T T RN ST

Zi brl g, gy 2 b NS 9T s 22 5 T AT
X4 2 i FR VK 3l T M RE A2 AN R T S G i 1Y)
58 IF A 2, A B 58 B T RANS J7 #2, 5k M
Realizable k — & Ji AL | & 7 — T8 B F & TR AR
H Simple Bk, 454 A X REL(UDF) ik#Esr T
B VL3 2 U U K Bl 3 PR RE 43 A 1 2 AR iR CFD
B B X BUE A R A SRR T T IR, 2
Jei SR FH O ST Y B A RUBIE 5E T % R 4 )2 T
SUBOFF 5 M LAAS [ AT T AN [R) 5 B I 114 2% 5
FEIRRE , AEEASE R T by M AU % B 3 = ik vh
VAT LUAS ] T A AT B 19 24 8 R i ARk, Ry %%
I3 )2 U I I 7K B 71 B8 43 b BRIt SR e 3 L A
Z AR
| SR 5B
1.1 HEEMEXZE

AR B L T RANS 75 #2, % | Realizable
k — e TRy ARG R i ez A WS
BRL2 ], AR FERAR . S8 T PIr 5 [l R 0 42 1 %F
PR, DA A e A T A S 3SRl S, 16 X BT
NGRS R AROR, MR R 15 L, 5N
3.5 L, Ho L ISR R, HE T 2 AR
UDF J5 2 28 IR K R 7K 1 %% B K] i AR R

R AR AL Z PAE %45 i B A Kid =454k
WOASHEAT IS o 85T AR I A R R A S A
J2 JEE B A SR o AR T o, T S e s R S L R
FEANE 1 Frs o ARk 2 [ 1A SUBOFF ¥ fiEt , #5741
K3 m, KRR 0.174 m, B 5K K 451K
0.705 m ,0.765 m, HH IR BN 0.255 m,

HWEESTZEEN LK 2, Hd d, ,d, 505 R i
OB P T A ) B2 s, TRFROA I R T
Wsh, hy 53 ARAK)Z K ZTARITREE 0, 0,53
BINRAKIZE EKZRIEEE p, = 997.561 kg / m’,
p, =1020 kg / m’,

53 00 1o i1 SR8 8s 88|

B1 M5
Fig.1 Grid distribution

Z=5 IR

i 2

ok b AR

hy P2

ok

B2 HEREE
Fig.2 Diagram of submarine in density-stratified fluid
1.2 W4 R B 18] 45 < W St 36 HiE

¥ H SUBOFF WA LI Fr = 0.5 #EA7 IStk
WFFE, AT IR K JZHE b, = 0.72 m; $h/K 2R E h, =
2.00 m, d, = d, = 0.36 m, i PR IERE R 5461
DA HSCiE, 431 BB P A F it RS Mesh A 47 0.07 m,
Mesh B & 0.065 m, Mesh C >4 0.056 m, Mesh D A
0.052 mm#EATPIREICSCHERT 5% , BT R 25 K 0.01 s,
Fe 1 SRR S I o BBE A R s,
R 25 R R FH R — AR B 15 25 R 5 R ks 4l
M#% Mesh D AR5 25 R 2 [ B 22 51, LA A 43 LB
KER; R ACERETT,

HEE 1 AT LLE ), G A% Al RSF 0,056 m
FEAKE] 0.052 m Gl i), X153 25 5t R 19 52 g -
ANK, U B I B A M B, A AR, R
Mesh C M4,

1 FSKSIEST

Tab.1 Mesh convergence analysis
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4% 4% Rt/ m g R /N R RE %
Mesh A 0.070 195.328 106.400 1.666
Mesh B 0.065 338.443 105.428 0.737
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Mesh D 0.052 544.862 104.656 0
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Tab.2 Time step convergence analysis
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Time A 0.050 407.269 100.510 4305
Time B 0.020 407.269 103.242  1.704
Time C 0.010 407.269 104.662  0.352
Time D 0.005 407.269 105.032 0
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Tab.3 Comparison of transverse wavelength between theoretical

and numerical results
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0.7 -0.868  23.208 9.236 8.025 13.111
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