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On Interaction Problem between Boundary Layer and Wave around Ship

by Hao Liu, Member Mitsuhisa Ikehata, Member

Summary

In this paper an iterative method is proposed, combining an integral method based on 3-D boundary
layer theory with Rankine-source method and considering the head loss due to viscosity in the equation
of boundary condition on the free surface. The numerical calculation is carried out by using the Wigley
models. The results of pressure distributions on the hull surface, wave profiles along the hull side,
velocity distributions in the boundary layer and resistance components have been shown in comparison
with measurements. They display good results to some extent. And the method has also been applied

to the practical ship model Series 60 (C2=0.6).
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Fig.2 Flow chart of numerical computation
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Table 1 Principal particular of models

Ship form Vigley Series 60
Condition Futl Full

Lop(md 6.000 2.000 3.000
B 0.600 0.200 0.400
d 0.375 0.125 0.160
L/8 10.000 10.000 7.500
d/8B 0.625 0.625 0.400
Cs 0.444 0.444 0.600
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Fig.4 Body plan and potential streamlines of Series 60
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in wake of Wigley model 0.1s)

3 AP B3

Fig.8 Comparison of boundary layer thickness and
external speed between present method step one
and step two (streamline 10)
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Fig.9 Velocity profiles of x-component in boundary
layer (streamline 10, point 10, 11, 12)
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Fig.10 Velocity profiles of x-component in boundary
layer (streamline 10, point 13, 14, 20)
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Fig.11 Distribution of calculation points for the com-
parison of velocity profiles in boundary layer
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Fig.12 Comparison of head loss along free surface
panel lines (F,=0.316, R,=1.201x10")
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Fig. 13 Comparison of wave profiles of Wigley model
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Fig. 14 Comparison of wave profiles of Series 60
( Cb = 06)

INRAFHETREMROERD BHJE A VSE 25
RALTwiRnwEZEBbid, BAMZEL A X
vy aORO T EAVhE, ZEBOHENEACE-T
W S RIREMEDS D 319,

—7%, Wigley model DMAEEFE OENHH % Fig.15
R, SRIOHETRMEIGE T KoM T 3 EH1E
RZIORT vy v VEEEOESHE, EREGLDW
TWwb EE 259, HETHBHEIZL % step one & step
two DERBEHRRBEICEYV 2=—012D TEADDb T A
ENBIFFTH B,

Pt, BRBLEROTHBEE SRR L ENHET

BTE-bIIIEN, Fﬁ?@ﬁﬁm@ié%@mm&n
BROERBCRIZTEENDETOKEL LVEIITH

%, WEREREN ’&ﬂéﬁii@ﬁbzﬁo TRATHEEER
MR E D, MEREOBERICS] 2 185 3 SEEIER R
0, MEORKE D o IEFIMHE TE 5, Wigley model
DEEFR DO FERE R R FERE & D& Fig 16 1<
Y. HENBHOEE R SRR ER E
I Y, LREETREAEHENE LR, §ET

______ PRESENT HETHOD STEP ONE
PRESENT HETHOD STEP Two
ce N

N —e——le— POTENTIAL THEGRY(B.M.LINEAR)
° EXPER IHENT I3
"  RE= 1 2o|~£m HIGLEY )
\\ = -0.12D ‘//
—_ yrdi

0.2 |-
0.0
-0.2 L
Fig. 15 Comparison of pressure distributions of Wigiey
model
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Fig.16 Comparison of resistance components in
coefficient of Wigley model
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Fig.17 Comparison of resistance components in
coefficient of Series 60 (Cs=0.6)

BTR->ZD T2 L0 RELLERSRbR, £1,

EHEHRUVSERIZZON V7, fu—BE»nbE V8
HICHRbL T, step two D FSHEIETHRECER%
DO, Ld, stepone EOEROLEHLTH2, —FH, B
#EHIE Schoenherr DFRAR X 0 A L TEIZ 4,
EAT AR E S M7z, step two DA T EHEORKRIZ
BETPRENRSNB 150 TH 5, Series 60 (2T D
FHERFRI Figl? WRT, S TR RTINS LR D

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

42 HAEMFRRXE F1675

S>TWwBDRMNL TEETIIEREY EE>Tw3, Ly
L, Wigley model DR LR 2 &t REFEOBRIX
step one & steptwo DENHRE D BEDLNT E T, step two
DIE > H3 X D EBREIGE D R RF . BEZIERIEHRE
EEAEELEL > T\ 5,

4. #&

EHX BN EEUTREEDTERT,

1) RF vy ey VERERLEOBERESR L 28
AEDET, BWEEbYOBERB LEROHRETS 2 EE
L HBEERO REFEELEAL, BB b OHR
KEF D BB E % 7% > 72,

2) EHEEEGRICHEMIC L 5 head loss #ELD A
N3 rickh, BRERVERDERCRIZTHESYR
HLHFEREBNH,

3) Wigley & & Series 60 6B 2 AV 7-3tEHER T
TR L EROMETBHREMOANSL Z itk >
T, WEEBCENAHPERRARECOVT, &0E
BB BRI 2187, X, BRENBOEESARID
WTLEBEORERBI TISEAORER L —HLTY
%,

[l

Bz, BRLE LimEE - SRR
BHEIHEREDL T, X, BEEAABKEORE
JIEB), BHEDOTEKL &> FICEBREPEY L EEDES
RE, BVEN, NTEN, HREXONEICHBHBL
¥T, 8, AHFRO—ERICIE CERERIEWRBIE D)
BEZD7:Z ek, HECEERRBGER LYy — L
HEN KHERNE L - DY AT AR2FELLZI LS
188 L, BARESMICRHEHBL 7.

2 F XM

1) Havelock, T.H.: Ship waves: The Relative
Efficiency of Bow and Stern, Proceeding of Royal
Society, (A) 149, (1935)

2) Milgram, J. H.: The Effect of a Wake on the
Wave Resistance of a Ship, Journal of Ship
Research., Vol. 13, No.1 (1969)

3)

5)

6)

9

10)

11)

12)

13)
14)

15)

16)

Hinatsu, M. and Adachi, H.: On Evaluation of
Wave Resistance Including the Effect of Bound-
ary Layer, Journal of Kansai Society of Naval
Architects, Japan, No. 185 (1982)

Hinatsu, M. and Takeshi, H.: A Calculation
Method for Resistance Prediction Including
Viscid-Inviscid Interaction, 2nd International
Symposium on Ship Viscous Resistance, 1985
March, Goteborg, Sweden

Lasson, L. And Chang, M. S. : Numerical Viscous
and Wave Resistance Calculations Including
Interaction, 13th Symposium on Naval
Hydrodynamics, Tokyo (1980)

THEEE, e, LN RS RIZT
BRE, FROPE, HAEMFEmNE, £1595
(1986)

REFEEE], SARNS @ MR BT 2 SR,
HAAEMFESTHE, F1305 (1971)

HER, MAH—  MERECE T 2ROBRTE
BIEDL, HASEMFERWXE, £1345 (1973
Mori, K. : Prediction of Viscous Effects on Wave
Resistance of Ship in Framwork of Low Speed
Wave Resistance Theory, Mem. of the Faculty of
Eng. of Hiroshima Univ., Vol. 7, No. (1979)
M, BFHEA  REE D O gRRERIC T
TR L FRORE, HERSRESWUE, 8 200
= (1987) ) .

Mori, K., Nishimoto, H.: Prediction of Flow
Fields around Ships by Modified Rankine Source
Method (1st Report), Journal of Society of Naval
Architects of Japan, Vol. 150 (1981)

it R #, LB £ EREHERIUR
U-RBERERSORE, BRERFESHNE, B
1525 (1983)

KRS - Rankine Source 2 & 2k EH b DR
NOEREIEE, MEmEERHEsE, & 190 5(1983)
KEHS, LB = HBEEbbhoEHIRERID
FERTCEEIE, BAEMFE S5O, 8 157 5 (1985)
AAATERR, 3KEHLD, Hh 0, BERE, BE M
Wigley HHBUSEEI O KEREBEROFE 3. fafkR
HEFHEROME, BEERESE, £1975
(1985)

cpR—BE, HPIEHE  KESETOEVIC & B P
DEAL, NTG11-4, 1986

NI | -El ectronic Library Service



