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Abstract; Based on the open source package FUNWAVE — TVD in the fully nonlinear Boussinesq equa-
tion, a numerical model of ship wave motion in restricted channels was established. The spatial and tem-
poral distribution laws of the maximum bow solitary wave height, the maximum stern wave height and the
maximum nearshore lateral velocity induced by ships in this type of channels are emphatically analyzed.
The results showed that the model performed better at capturinge the propagation and evolution of ship
waves in restricted channels. According to the regression analysis, the power function empirical relation-
ship between the maximum bow solitary wave height 5, and the ship draft p , Frounde Number F, was ob-
tained. The maximum stern wave height 7, and the maximum nearshore lateral velocity u, ., showed a
piecewise variation rule with the ship draft p and Froude Numer F',. The research results can provide refer-

ence for the design and navigation requirements of restricted single channels.

Key words: ship wave; restricted channel; Boussinesq model; FUNWAVE - TVD

1 st

R 328 4 DR KB A 7 T 2 BRI T
ST T B P O . BRI
T ELAT I 8 e V2 e R B

I FS HEE.2020-01-17; {&[E HHE.2020-03- 14

B2 A e NS b K R S T B
ol A, T P IR S A v O T B
FULIE RUBE R R , A 2 Y BUBTER T 8 /N IO (BR
AL TE T T 2R HOK T 6) , FLE T A AU B
JUII T S8 R N — RE 22 AR R, A 58005 B A IE

ESWA Wi g A ARG H (2018))3535) , Wi 4 2/ T RHITI H (CX2018B553)
EE®I A £l € (1995-) , 5 INARF BN WL WFT AR 98T [l Rk 3l 01 F BB AU .
BIAEE X G (1985-) , 55 IR K UD N, T, RIS, WF5E 5 1) SR 7K 8l 0 2 BB 50



158 KPR 5K TR

2020 4%

REF SR I0A T AR 2 . SR B L AT i % A i
T JE] A AR = A 5 0, PR A SE 0 P A A0 4 BR
RIS AR SR, B — B BOTR A HE,
I = s AR 55 H 5 B, N R AL P AL
1) 2 J AR A, A5 A WTiE 2514 H 25 Bk, IR R
Tl AT B 5 K O 3 AR R A7 e . BRI
TR T T B ) 14 7L 08 308 A G B AR I 98 A oy AL 2L
R ) e B o A A5 2 A A T D A I 5

FLAT, ENAME £ 2 & i it g i 40 e
ST ROB AR O A Ty v R AT I A 3
PR A R e P LA R AT NS JE R 4
DT VRV RARAAAS B B AT TR T
%o MRATIRA B R R R CEE R I S AN [ 4y
HI R B IR AR Fr AN R 2B R 2
B BRI X T R KR A e Sy T AT
AT I 5 A Y L A R L A
Z ARSI B BB T B R e K e A%
PR ASAT I AR R 18] TIT Rk s B,
TR 1R 22 1) 27 2 A 5 R ) PR A S A5 2 P A T 08 A
SEHEVE . W Zha SEUT R T K A0 R SRS
SR E R SRR AR, i
2 3 5 SR A Navier — Stokes 75 F2 11 5% FHAS 7] # it
TN T AR AR RN A T WA 38 08 v A i £k
FA, IR0 TN B I A K B S e, IR
USRS CFD AR B B RS 1 7 B B
PR K ATTE 3R T Dk IR B B L R S 4
(EAZ 2T R T, ME LR A 8 AR AT 1Y
gL

AR, 75 Boussinesq J7 AN WYL , W1TH
B TR AK BRI S R T TR B R N T ERE
HAE | Ok £ 12 %18 1] Boussinesq J7 FE A
PP BAERR A4, I Dam 450 i 5 <7 4
Boussinesq B LA AT I M ALK oL 7, O
FRFIA R T I s AR A B . Shi 25200 3L Fog
43R PERY Boussinesq £ % FUNWAVE - TVD #41
THAT IS I B ZE S, X T R AS [ A B e
THE U] 80 1A B e e D R O v e R A U] ) 4 % EE
BT, 25 5 % B R i e b v 347 R VHE A B A UL A 7 8
TEARTR Fr TR R . iR 45 3 F COUL-
WAVE A 77 A5 52 30 8 7K 00 T8 A A7 I8 1) 2501
BEHL, PRI T K S A IR R e . SR, b
B FE KA I T Boussinesq HLHL T fibF Tk A4 175 R34k
FIRIEST , 358/ XS A 2 K LA B B85 i S A0 38 9 T 1A A

A7 R R T TR A

25 L ik, A A i 5 ) PR K S 9 A T
BB RE IR T — 2 AT, H 56 T FR ) 4 7K s
PR AAATEA T35 O O 7 ST e 0 v L B A 1) i 7
WA o BRI, SRR A 5T AN 2, AR
iz 5E 2 E L PERY Boussinesq 1% FUNWAVE —
TVD ) LI 3 PRI A 2 AR Sk [ i i 19
Wzl , K] Shi 251200 $ M A0 A o D), T B R
TP 7K I PN A A T A A SRR
2 By

HTF 524 AR L Boussinesq J5 R HE ST T PR il 4
FUTE PN ARACA T BB BRI R AT

J R SFE TR

N, +V - -M=0 (1)
Kb HPCRTEE L, m; g, Sy X E] A 2
VRIK-RE R A M R ARRGE &

M=H(u, +u,) (2)
AP H = h +n, EHUKE, m; b NEKE,m; u,
KBFZNIE 2 = 2, AOK TS K R B, m/ s
u, FFBRER T B A 1) SR, m/s 5 FLAS O A B 2
O(p?), H,u = kh, RAFSFUROER G RN S,
k AR

SIESFIHEITFERN
MM 1
M, +v[7H ]+v[2g(~q +2hm) |
=V +gnVh-gHVP, -5, (3)

A, VPRI B I 1 105 ¢ )
ke m/s? s V] MM e [ MM ] ok v 5

0 ALV, FoR @B A0S 3 T A AN
FETRAR B R RS, Ferh P SRy i in 7R K A4 3 T
FIPLBI RS, Pas S, -5 N TIRGEES ARG FERL
T, FEBLIRS 0L Kennedy 2574 fly#ik o

PR BB TR

v = B8 (h+mn)n, (4)
b8 MIRGKIE RS, AWIES = 1; B Jktf
BUEIR G w8 AR B = 1,

ARSI ) S P T U o, RIAFE 58 2R 4k
P4 Boussinesq A& Hfin A e J PRI, HiHp AR
ORR (", y") MES AR (5) ~ (7)
i

P,(x,y,t) = Pf(x,t)q(¥,t) (5)



5 M TR S PR s A T I A R e P B (B 5 159
_ . 1
cosz[ﬂ.(lx_x (t)l—?aL) , %aL <|5¢—x*(t)|S%L
S(x,t) = (1 -a)L (6)
1, |50—x*(t)|$%a[4
- , 1
] cosz[ﬂ-(ly_y (t)l_ZBR)], ;fIBR <|§/—y*(t)|$%R
q(y,t) = (1-B)R (7)
1, Iy—fUMs%m
LR 350 g s 7 PR A A 58 B (R A ®1 HAHEIREE
ME5E) ,m; (&, NAHXTFEIERRARR ;P = pgp TH h/m D/m p/m F
jﬂﬂﬁﬂﬁ*"b}ﬁﬂ‘}j—igﬁ,Pa,/H\*p SR B P ok Al 1.2 15 0.4 0.4~1.2
AARZAK s fEAR o 1 B A K XA IE AR 09 2 8K A2 1.2 15 0.5 0.4~1.2
0 <(a,B) < I, AL AAAAYBE ) RBGHATIHE, A3 1.2 15 0.7 0.4~1.2
B B 0.5, Ad 1.2 15 0.9  0.4~1.2
BB A A B T =B Runge - Kutta J5 ¥ 1Y F i A5 12 s 10 04-12

Jj B[] 25K AT MUSCL — TVD BB AR 5 18 i 7
Wi /NEFER 0.001 m, CFLEGAE H 0. 25, i it
2% H] HLL( Harten Lax & van Leer) #4385 /7%, 5U{H
THIEH AR FHFE ORI 20 20 I 7

3 BfER Tl L Sk

HEER TRIZE

S B F P E AR ) (GB 50139 —2014)
TR SR AR X el R ) VIR B 1 R
FRBERH VI B AR M (B L =32 m, 58 B
=7.0 m HEBITIZK p A 1.0 m, AR B2
B ¥IH0.5) , FFAE TR DX I 20 0 35 8 90 U8 DX
2 SR\ VAT I 00 A5 1% AE Al P93l R B AR, T
SEAEATIE — AR B 15 N0, B A A 3 i A
BEEME 1 PR

3.1

y

T

oo 1=32.0

I =225y
Yﬁl - ! (=3

1 2 w
S N — i
Y _

1 0 0 0 oFo0 0

1 60.0 0 0 0 v—io 0

| 0 0 g 0 0

x>

‘ 80.0 »le20.0 20.0,

Bl HEERTEFAAEE(EAMm)

B VLG IE N AR EBUI Y 25 iz K p =0. 4
~0.5 m,#HHEEZK p =0.9 ~1.0 m, L K ARAEMAT
W, R S R T (AL ~ AS) 3006 (155 Al
IR THAE Fin,

3.2 HEHEBIEIE

Y E BB AR T T B BR A PO A A T8 4 m ]
FEVE , 7001 KSR S92 ) 0 ) A WA S04 36 4 5 T
PATTEAN UL . e SRS Bl A 2% S0k [ 7],
LYKAETE D 49 3.5 m, KR h 09 0. 114 m; K
FEL M6 m, % B H0.4 m,iZKp k0.1 m,
ARAYTEAR B o F1 B 35970 0. 5 s WIAR IS ZIMAA AL T 2
=6 m,y =1.75 m YA 8, K S g 5%
SCHRL 7 1R FF—2L

KIAH T 3MTH FME (e =33.125 m, y
=0.72 m) i =g P 2R pg 00 b, 45251 o, R A
BOTHRI e 55 SCRR [ 7] P i AT 182 19 72 Ak 35 A 1y
o KM shill Bk RS FE 25K -

skill =1 - — —
z (I Xnum - Xobs |+ Xub& - Xobs I )2

(8)
A1 X,,, AEUE RS S X, F S X, H5E
TSP S50 shill SRR PET 1, 7 R RRS JEE 127 5 i
T O, DUDKE A

1 2 o AT M R B P SR TR B A L
BEER RIS THF skill $HAT 0.90, #)5 HR i
ZH/INT 0. 038, 15 B A Y B 4 b b AR JUUNA T 98 0
Ak, AL, B 2(a) ~2(c) B A P A B AT
T, 9 SR 7K AT DAY AT ) TR
3.3 MW SIS HIE

SR T RS /IR RS 5 00, B AR BT



160 KPR 5K TR

2020 4¢

AU~ CFL B3/ 0. 25, 26 WU 2z K T 00
A4 F, =1.2 Fx =80 m.y =1 mAb4 FAFEK/
PO 5 114 A A DR v I b e AT WA S SR, 6
SERULIEN 3N 3 AT AT Y, 4 v D i il £ B A
W4, Horp, L de x dy = 0.2 m” [MAg KNS, W
k& do x dy =0.19.0.21.0. 22 m” {3 2 57 i) ph 2k i
PIAR 1R 2543 51k 0. 004 ,0. 004 ,0. 008 m; 6] —1v/
EARAS T[] A% T W AT I e I v A R R 25/ T
3% ] L BERIAE RS K/ e x dy = 0.2 m* FEA
FITHER BEEOR PRt AR RCR A doe x dy =0.2
m® (RS U

2.0
© Gourlay LI ¥
16 |
£
= 1.2
0.8
2 3 4 5 6 7 &8 9 10
tls
() F,=1.15
£
e
=
2 3 4 5 6 708 o 10
tls
() F,=1.25
£
e
=
2 3 4 5 6 7T 8 9 10
tls
(¢)F,=1.35
B2 AREF, HATEESELERNREEIELSR
15
{ dxxdy=0.19m® --—- dxxdy=0.20m’
Lo f f BRGS0 g 20,
1
VA
g 05F l‘l\\
8
=
0.0 -’ j\ f\ J[V “’M
-0.5 \'
-1.0 : ' ' ' , : I |
o 5 10 15 20 25 30 35 40

tls

B3 4 FhARE R/ S 38

4 HFRybhrhie
41 HEMELRBXRS
A

TWLLF, =1 g A R A R A AL R 5

PEUT Hooh  FEBS I AT ( F, = 1) AT PR
R B i oy o B R e e TR, 8 BT 2
A3\ F, =1 3z sl A v AT I8 6 i 4 g s
AR, AR LA 4 P 4 TE TR AT
MERBTBL( ¢ =5s), ﬂ“ﬂﬁﬁjﬁﬁ/bﬂz 5 4 IRSL
Wi . B AN 3l , 25 i B TR AR
EGEEHUﬁ}mL/ﬁ@(%L(ﬁiEgO 55 IR A
J7 R S B TR R SCR A S, fi e 1 % 32 )
BE RIS B AN , A R A P T 79 0 2 Ay 1 v ]
FniAb (U v =100 m, ¢ =15 s) BB KPR,

B
AT XS ST e A 0 3 S it 7 A AN RS2 )
050 -0.5
HE =
157
L (a) =5s 1
\i 1(5)_ \.)
0 50 100 150 200 250 300
x/m
g ol =105 2\
B .\'/
0 50 100 150 200 250 300
x/m
15' = -
L (¢) =155
g 10f OISy ‘*ll
1 - Al 1 1 1
0 50 100 150 200 250 300
x/m
g 1oL (@) =205 Col
£
i - .nl \ )
0 50 150 250 300
x/m
g ig:(e)t=25s i 4"
£ - w0
T \
0 50 100 150 200 250 300
x/m
15T
g 10_(f) =30s
= 50 01‘4
0 50 100 150 200 300
x/m

B4 REMEMEARITEEHRERNRELZEAIF =1)

RN G AT DAL G RE R AR, L A3 F,
=0.75 T M T 0k e Dy sk 2 A B, R SR AT i
PO OIS IR R U Y e K v, A& 5 () B
P T PR AT YA T U8 (R A5 486 2 T2 I A2 2 ek 1)
T BN, XA P it A AR A T 3 ™ R
PRI , S AT 30 e A ) i sl ) A IR, o S R
P T R WA 5 (b) FiiR o

K6 FTH A3 F, =0.75 FEEEIEF 1 m &b
A E (x =80, 100, 120, 140, 160 m) 1T
Wik g . KL 6 AT LLE Y, AR K &
T A E ISR 7E 80 m < & < 120 m B N &



S5

Fodi & A RIPEATE  AA T e R PR BRI 52 161

W, e v =120 m AR IK B e RAH. Bl I ]
AOHHERS | BRI AL AR 1 IS B4R T A rl I
L T ER I YA, Z 5 T R B i e I i
A EE T8 K B IRSL B, T R R AT B ok

BB RRFIE . NI, fe KA R BERK , B 5)
BB o B MR » J7 [ A5G 7 80 m <« <140
m S R A R S B TS N, JFAE ¢ =140 m gk
i P B i ik B e R AEL, 2 BT/

1.2 N TR I I
o~ 06
é 0.0
;A

-0.6

-1'2 i 1 1 1 1 1 1 1 J

0 5 10 15 20 25 30 35 40
t/s
(b) B KL 2 19 1o

BS SBXNEREEERRENEX

0.8
FCUN. N-F WA
FEHEILE o mun
0.4F A
£ 0.0
=
0.4 f
-0.8 : : : : : . : :
o 5 10 15 20 25 30 35 40
t/s
(@) BRER
L5 y=80m ----- x=100m ---- x=120m

ceeees x=160m

1ob —— x=140m

tls
El6 HEEiEElmA&REAMAE(x =80, 100, 120, 140,
160 m) FIABIT IR S AT (A3 F, =0.75)

B 7 RTH A3 F, =0.75 FIEEE SRR
HCy =1,2,3 m) WA T B0 & Do i Ze &l T
LS R 0 e A B KAE B2 5 5 2 U3 6 B B st
RERZIA , FLBRSE T A RE AT R I I R Bk . 3 oh Bl
P T DS AN 1) 107 A% 49 , 9P e I S7 0 340 T8 BT
FIUR AT % , 1 AT T 7K 7 9 1 Tt o
4.2 MITERKESHH

BT L KM e O s i L B 8 (a)
B TR F, BT B KON i DIST 5 0k 5 B A
XTUZ K B A3 AR B v LU Y, B A X Iz K B 3
T, B R B ST D 08 v S R M A T, bR A3
$90.4~0.7, B 8(b) 45 T ARIZKFZM T K
MR E RS P R b F, B AR . T RUE Bl
& F, 3G, B R IS D 0 e S e R SO U
i, R 2R 3.5,

B SR U1 V[T BU I AIVE | 25 q d A Gl = - |
T poF, S IS i 250 0 R X

0.770
T’max

. +0. 148 (9)

A e AR E ILPPE , ms b KR, m;
F. B85 p AMARIZ K  m.

= 0. 865F,“’28(%)

Tk (9) & R BbrEZE DL 2, Z oA ]
A RLEREE R? =0.967, S T S LWLt Jé 3
Z Il AT R AU AR, [ 8 (o) 45 i T BT a
5ZumH)r#(9) AR L, 7] W FE(9)
A AR M PN AS [R) HZ 7K 25T e R B RS2 Y
R2 MREICEOEARERNREY
0.865
0.040

2.628
0.020

0.770
0.067

0.148
0.025

TR
P22

B9 R ASTRIZ K A5 AT S5 R M R D 8 =i B F
AL IO FTLAR Y, 2 p < 0.7 m B, f kK
MR B LA F, = 0.9 R BN [R] Y 20 A KL
M, < 0.9 B, S R R I e W s A R, 24
F, > 0.9 B, S AR I D S 2 sl N, 30 Y
F, > 0.9 B R B w80 =), X 5 David
2824 B RIS AR — 3, {H David 25 3 R 358 i AH
Xz K 55 i O 8 U8 U R 2 (B A B2 M G 2R o AR T
Mp >0.7 m B, S KM I = B F, 3 g
5 Lk p <0.7 m KM R 2 R
(R 4 A R, R T S Az KR TR — U8 /5
T E YRR AR X A, R N S i
4.3 MITHESKEREREE

S B )P A T 1R T A = DR 2R R e KA T
WA, 352 U8 P 1) S R/IN s, 1B 10 oy
B ] 1A AL PN AR TR K S5 S5 I o A 1) 3
FR AR INIEL 10 FmT LI Y, 52 0 T i
S, S KT R R E N E p < 0.7 m F, <0.9
ARG R BRI F,,p B3G5 ) 2
v D R 0 B R



162

K BE IR 5Ok R R

2020 4%

1.0
0.5¢
g
e
=
0.0
-0.51
1 0 1 1 1 1 ] 1 1 1 1 ] 1 1 1 J
) 10 20 30 40 50 10 2 30 40 50 20 30 50
tls tls t/s
(a) x=100m (b) x=120m (c) x=140m
B7 BEEEEREARME(y =1,2,3 m) MAMTRESHME(A3F, =0.75)
14 B 1.4 Fop=0.4m —0.121+0.34F>" l4r _
ol 04 0p=0.5m —0.161+0.38F " 5 bpdm
121 AF =06 1.2 Fap=0.7m — 0.214+0.46F * Y g12F a p=0.7Tm
1.0 oF =07 10 vp=0.9m —0.272+0.51F>* / A s v »=0.9m N
T oF =0.75 : '<>p=1.0m—0.296+0.54F 10T ¢ p=1.0m o
g 08} & 4F, =0.8 g o038k % A B 2
£ bF.=09 ) s & 08 ;
o6l oF,=1.0 <06 | 7
= g pu!
4% xF,=1.1 : 06T
0.4} x4 oF =12 04
> : g 041 ~8
02} & 0.2 -4 $9
ol oy 021
0.3 04 05 06 0.7 0.8 09 1.0 0.4 0.6 0.8 1.0 1.2 02 04 06 08 1.0 12 L4
p/m F, 5] )5 5 FE ¥ H/m
(a) BapflH WAL (b) BEF (5 BRI () EIHEJT 5 HE T S0 b
B8 mAMBIMLHEESTHIE
0.30
0.25
| "m0.20 |
3 K
= g
< 015
>
0.10
! 0.05

04 05 06 07 08 09 1.3
F,

B9 REMKEH TRAMEREB F, WELAR

5 & ®

BT 58 AR LANERY Boussinesq J7 FRHE ST 1 BR
PEALIE AR AR I 3 B B A A, B S 9 T A E IR
S R ARG R A 1) R AEANF] p o F, R 43
M. S5 R AR IS SRR S5 T BT 1)
B R AR LY, 12085 76 B B G L A1 5 8 B o 44 A
R eI U o AR = 1IN 1R 30 W . K M= RN
WF

(1) F 3 = P93 38 At 45 ) (GB 50139 —
2014 ) ML A ZER , R FUNWAVE - TVD BA 5 N7
TAEIR AR TUALHE P AL BB R, R
A2 A% 70 AR b A0 R ) M A A5 F A7 8 1
TR REFHIE

B 10 ARERZAFZHTRKEFEERERE F, BEXRE

(2) ASCHIFEAMET , S KM IRSL B D s 5
FAANZ K Z A SRR SE AR, R R 208 0.4 ~0.7 2
(] 5 e KA IS N = 5 F, Z MR R B R,
WRTTL N 3.5 A0, Fe T BRI S A Sr T
BIR ] 1R K S8R A5 P T o O AL 3 % e S5 A iz
KB TR R R R B A

(3) MR o B AT 7 B 1) 30 I A2 P TR R
W, Lhp =0.7 m M F, =0.9 5535 S BA [ Y
AL, Horh, F, 3B i T B s AT
U HABRAE , 1M p 5 30 Ao AT D D0 B2 T A 10 114
BB o AR, 2 TR TR 2 M) i A T 2 A 1) 7 384
fEp <0.7 m, F, <0.9 PEEALL L A MU

ABEFEHE T 58 A AE LAY Boussinesq J7 ¢\ [
TR K B P e v U AEL 1 BR i AT P i



S5

ol & A PRI A T (R PR BRI 52 163

ENDILE I SN i R AR N bria A
BIR ] 1R AL P AN 22 ATl A PRI T Be SRl (HAR
WFFEAL TG P — s R SOUIE T T R ok 261 T
AT A LAY, SR 2 ROILIE A5 1F ARz Bl L &
KB IVRREZ A N TR BB A Fr it — BT

B2 3k
[1] JT Shengcheng, OUAHSINE A, SMAOUI H, et al. 3-D
numerical simulation of convoy generated waves in a re-
stricted waterway[ J]. Journal of Hydrodynamics, Ser. B,
2012,24(3) ;420 —439.
[2] JT Shengcheng, OUAHSINE A, SMAOUI H, et al. 3D nu-
merical simulation of ship-induced waves and sediment
transport in restricted waterways [ J]. La Houille Blanche,
2014,32(6) .68 —73.
[3] DE ROO S, TROCH P. Field monitoring of ship wave ac-
tion on environmentally friendly bank protection in a con-
fined waterway [ J]. Journal of Waterway, Port, Coastal,
and Ocean Engineering, 2013,139(6) :527 —534.
[4] HE Jiayi, ZHANG Chenliang, ZHU Yi, et al. Interference
effects on the Kelvin wake of a catamaran represented via a
hull - surface distribution of sources[ J]. European Journal
of Mechanics — B/Fluids, 2016,56:1 —12.
[5] 2= Z&. AR AT RRBITERATFE [ D], K% KiET
H AR ,2015.
[6] GHARBI S, VALKOV G, HAMDI S, et al. Numerical and
field study of ship-induced waves along the St. Lawrence
Waterway, Canada [ J]. Natural Hazards, 2010,54(3):
605 —621.
[7] GOURLAY T P. The supercritical bore produced by a high-
speed ship in a channel [ J]. Journal of Fluid Mechanics,
2001,434 :399 —409.
[8] PETHIYAGODA R, MORONEY T J, MACFARLANE G J,
et al. Time-frequency analysis of ship wave patterns in
shallow water ; Modelling and experiments[ J]. Ocean Engi-
neering, 2018,158:123 - 131.
[9] MA Gangfeng, SU S F, LIU Shuguang, et al. Numerical
simulation of infragravity waves in fringing reefs using a
shock-capturing non-hydrostatic model [ J].
neering, 2014 ,85:54 - 64.
[10] WANG Benlong, GUO Xiaoyu, LIU Hua, et al. Numeri-
cal simulations of wake signatures around high-speed ships
[J]. Journal of Hydrodynamics, Ser. B, 2014,26 (6) :
986 —989.

[11] WU Huiyu, HE Jiayi, LIANG Hui, et al. Influence of
Froude number and submergence depth on wave patterns

[J]. European Journal of Mechanics — B/Fluids, 2019,

Ocean Engi-

75:258 -270.

[12] WU Huiyu, HE Jiayi, ZHU Yi, et al. The Kelvin —
Havelock — Peters farfield approximation to ship waves
[J]. European Journal of Mechanics — B/Fluids, 2018,
70.93 - 101.

[13] SONG S, DEMIREL Y K, ATLAR M. An investigation
into the effect of biofouling on the ship hydrodynamic
characteristics using CFD [ J]. Ocean Engineering,
2019,175:122 —137.

[14] BHATTACHARYYA A, STEEN S. Propulsive factors in
waves : A comparative experimental study for an open and a
ducted propeller [J]. Ocean Engineering, 2014,91:263
-272.

[15] DAM K T, TANIMOTO K, NGUYEN B T, et al. Numer-
ical study of propagation of ship waves on a sloping coast
[J]. Ocean Engineering, 2006,33(3 -4) :350 -364.

[16] DAM K T, TANIMOTO K, FATIMAH E. Investigation of
ship waves in a narrow channel [ J]. Journal of Marine
Science and Technology, 2008 ,13(3) ;223 -230.

[17] ZHU Yi, HE Jiayi, ZHANG Chenliang, et al. Farfield
waves created by a monohull ship in shallow water[ J].
European Journal of Mechanics — B/Fluids, 2015,49.226
—-234.

[18] B&®s, JRE M, REM. MR LE B A P AT 18 A AT
BB T]. AR TR, 2014,36(4) .88 -91.

[19] SHIER. HOKMUEMATEBERTFE[ D] L &
322 K% ,2012.

[20] SHI Fengyan, MALEJ M, SMITH J M, et al. Breaking of
ship bores in a Boussinesq-type ship-wake model [ J ].
Coastal Engineering, 2018,132;:1 - 12.

[21] SR, Y, REE. BoKNEE A T AT
(1. Ksh - emtse Sk, 2019,34(1) :63 —68.

[22] SHI Fengyan, KIRBY J T, HARRIS J C, et al. A high-
order adaptive time-stepping TVD solver for Boussinesq
modeling of breaking waves and coastal inundation[]J].
Ocean Modelling, 2012 ,43 —44.36 -51.

[23] KIRBY J T. Boussinesq models and their application to
coastal processes across a wide range of scales[ J]. Jour-
nal of Waterway, Port, Coastal, and Ocean Engineering,
2016,142(6) :31 - 46.

[24] KENNEDY A B, KIRBY J T, CHEN Q, et al. Bouss-
inesq-type equations with improved nonlinear performance
[J]. Water Motion, 2001,33(3) ;225 —243.

[25] DAVID C G, ROEBER V, GOSEBERG N, et al. Gener-
ation and propagation of ship-borne waves — Solutions from
a Boussinesq type model[ J]. Coastal Engineering, 2017,
127170 - 187.



