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¢, +d, +d, =0, E-h<z<IW, (1)
{+(d, -V)L, +d i, -0 =0, fEKimz=¢ b, (2)
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G p— po o 3 (14)
! 2w,32hf -2 (xiy, = 1) +a)y;  (a7y, + 1)° +a7y3

Ao
x, = "B Ly = cos(my/w) , y, =sin(my/w) .
2.1.2 HMREHNE

JCE STV ) s 2 A BR G BEUUTE , 249 R A A o] BT 4300 e A AR AR L S A%,

x I i BRic, IR TRIFE Y Ax s 1T y D7 [T j ARic, ORS TRTEE S Ay o SR T = sCBRAI00 22 73 0 = A
HG 2553, 43 B I A ARz ) O R X (8) iHFA T B HL
P 1 7 R B AR
A(Di_l'_/. + Bd)i‘j + C(DMJ =R,, (15)
X

A=(1 =F)HAY, B=-2(1 - F})Ay> - 2Ax°,
C = <1 - F,?)Ayz, RL‘ == Axz(dji,j—l + ¢i,j+1) °
=X AR R A R OR AR, AT B (4, 7) AR BER AR 3 ) RECh



B R ik &R PUNSETY Joit AR 849

2.2 Bl 5FALE
2.2.1 Fourier B4 T # %

o MV ST A AE K | T RTINS, SR Fourier R 2 12:5R At 5 f) Jr #E=C
(7) . AR A (10) LU R BERD 2 R0 (1) 2R B0 IR, A48 ) R A THE 2
E2WS)

L

8S ® V3BL/ (hF,)
C =——77 k)dk -
e | AL )

) [% cos(%) - k% sin(%) ]
-BL/W + FIK/3
k 2 [k

fo(k) = k[ k COS(?) # Sm(i) ] cos(k i) e~ (/1) mﬂm,

|k /B L/ = FIE/3 L
K S, AR B AR A 1
2.2.2 AMENE

e I S A AR AE K T R T A FR S BE A A A T B, 475 R F I SS R TR A%, IR
FH 2253 B i 0y R X (7)) AT BRI, b (oo 9k DO B 450, SR B0 28 R 3 9 st
P02 53 =K B

f2<k>dk], (17)
Ao

sin [k(% " ’LLZ “BIR + F;k2/3) ] :

(84?) _ d’m,,- - 4@1”. + 6¢>i_],j4— 4@1._2,]. + d)i—w. (18)
ax" 7 (Ax)
P D7 R R S
AD, ,  +B®,, +CD,_,  + DD, , +ED,,, =R, (19)
A
FIh® 4Fh’
A= h3 Ay*, B =- 3}1 Ay*, C=(1 = F)ASCAY + 2F R Ay,
2 2A.2 o AFR
D=-2(1-F )Ax"Ay" - 2Ax" - Ay~
Fin* 2 2p.2 4
k= 3 Ay +(1_Fh)AxAy’Ri:_Ax(gpi,j—l+d)i,j+l>'

U F L R, TS BI B (i, J) AL RS U ) R A
3 HGPREHES T

TR PR Wigley v i -5 S0 A8 EAA A R 2 RO EIRUOKZR D 1 5>
0.197 9 27K 4 0.052 08.
3.1 RLAMEEEREFSETEERILE

PR ARSI ek ST AL A T IS, Pl AT B 0 BICRBONE , JO7 A A R S e B o s R T s e £



850 KN ST AR K TR H R IR

TEM AR 75 BT A, SR X S BB XERR I V7 B3 A0 1 B 7R, S5 2R3, i
TE 73 A1 R R BR 22 0 3 AT 2 A A0 1 i ST LA 7 s S e el o e P 2 6 R4

0.005
0l
=0.005F

=0.010F

-0.015}

h=02L,w=4.5L

-0.020} F,=0.55,y=0.25L
source distribution
—~0.025} -+ finite difference
-2.0 -1.0 0 1.0 2.0 3.0
x/L

B 1 ARG ST AR A 7K R 3 A 1o 3 ok e il 2
Fig. 1 Longitudinal curves of pressure field caused by the ship moving at low suberitical speed
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Fig.2  Three dimensional distribution of ship hydrodynamic pressure field in open water (h = 0. 1L, F, = 0.98)
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Fig.3  Peak of negative pressure coefficient C, vs. Froude number F),
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Fig.4  Influence of dispersion effect on the peak of negative pressure coefficient C, vs. Froude number F,

3.5 HFMEMBETTELEROZI

SCPHE TR TR Wigley Ko i AL 32 R 5 52 il — | (B R AR AR5 SE B st
T IRATIA — 5 22 5. TN 3K B Wigley K07 i TRURA A bt (o LA Sk (07 B R 35 AN 72, TS
JE TR AR TSI A P8 A BE R e A8 REARLI . T AR HY SR B2 201 A ik i 2y
P IR AR B A £ 2R B R R/ L5 R 07 Bl LA SN S P, 4l 5 (a) L (b) BT7w.



852 KN ST AR K TR H R IR

w=4.5L,y=0
02+ —a—calculation
\\\ —e«—calculation improved

- N\ o experiment
0 -
C, r
-0.2+
-0.4r

-1.0 0.5 0 0.5 1.0

(a) h = 0.2L, F, = 0.97

0.1

WA [l
| w=45L.y _9 w4 —e— calculation improved
—s—calculation ./ —.—experiment

—1..0 —0:5 0 0:5 ll.O ll.5 2.0
x/L

(b)h =0.3L, F, =0.9

5 LI ST E A A S 2 1 3 5 At £

Fig.5 Longitudinal curves of pressure field caused by the ship moving at high subcritical speed
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Fig.6 Two dimensional distribution of ship hydrodynamic pressure field (w = 4.5L, h = 0.2L)
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Fig.7 Three dimensional distribution of ship hydrodynamic pressure field (w = 4.5L, h = 0.2L)
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Research on the Calculation Method of Pressure
Field Caused by the Ship Moving at Subcritical
Speed in Shallow Water

DENG Hui, ZHANG Zhi-hong, LIU Ju-bin, GU Jian-nong
(College of Science, Naval University of Engineering,
Wuhan 430033, P. R. China)

Abstract: A mathematical model for pressure field caused by the ship moving at subcritical
speed in shallow water was established, based on the shallow water wave potential flow theory
and slender ship assumption. The pressure field caused by the ship moving at subcritical speed
in shallow water was calculated by the finite difference method. The effects of channel wall,
depth Froude number and dispersion characteristics on the ship hydrodynamic pressure field
were analyzed. The calculation results were improved by the virtual length method. The compu-
ted results were compared with the ones calculated by source distribution method, Fourier inte-
gral transform method and experimental results. The mathematical model and the calculation

method were validated.

Key words: shallow water; subcritical; ship hydrodynamic pressure field; finite difference

method; source distribution method; Fourier integral transform method



