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Side-Wall Effects on ship Wave Resistance
Takao Inui Kogaushi, Member
and Masatoshi Bessho, Kokagkushi, Member
Abstsact
Summary :

With special interests to small experimental tank works, we have investigated the tankside
wall effects on wave resistance of models.

Applying the wave-making theory, we have carried out some numerical works for the series
of mathematical models in the following cases.

T/L=0.05, 0.10, 0.15, 0.20, oo;
b/L=1/4, 3/8, 1/2, 3/4, 1, 1.5, 2, oo;
F=V/y/Lg=0.218~0.707,

where L=ship length, T'=ship draft, b=water width, V=ship speed. Finally, making use of
the image method, we have made towing experiments with single, double and triple models of
T/L=0.10. The model length L and tank water width b being 2.333m and 3.500m, the corres-
ponding ratio b/L is 3/2, 3[4, and 1/2 respectively.

Comparing the experimental results with theory, we find, unexpectedly large discrepancies
that the side-wall effects are more remarkable with the experiments, even in consideration
of skin friction augmentations, which may be roughly estimated as 4 and 1C percentages in
case of b/L=3/4 and 1/2.
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2 .16668| .1424 | .12328 .091056; .042876| .14284 | .12428 | .10868 .08144 | .039180
@ .9981 | .9991 | 1.0033 |1.0014 [1.0030 | .9955 |.9970 | .9996 : .9956 | .9983
1.5 .12752) .14288| .12388| .09176 | .043432) . 14308 | . 12356 .10776\; 08052 | 038704
(3!4) 1.0030 | 1.0022 | 1.0083 (1.0090 |1.0160 1 .9972 | .9912 | .9910 | .9845 | .9863
1 .15732 .12868 .10932 .07908| .036876| .16132 | .13528 | .11568| .08380 I 03852
12) 19420 | .9029 | .8899  .8696 | .8627 ;‘1,1242 1.0853 | 1.0638 1.0244 | .9815
.75 (18620, 14848 .1236 .0860 | .037088' .21716 | .18228 .15564; .11208 ; .05004
£3/8) 1.1149? 1.0419 [ 1.0061 9454 | .8677 5‘1.5130 T.4624 | 1.4318 1.3702 112750
.5 .29380| 23724 .19976; - 14236, .064624‘! .31904 1 .26700 | .2276 | .16392 ' .073804
a4 ] 1.7590 | 1.6649 | 1.6263 | 1.5660 [1.5119 2,224 2.142 | 2,0937 (2.0041 '1.8820
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38 EMHEHRE %02
B/ 1 %7
Ko Ko=7 (F=.%672) | Ko=8 (F=.2500)
—
4 .3 .2 a0 e 4 .3 .2 .1
(5) | 2v3y | 10y | 20 1 (e0) (5) (203 | 10) | (20
6 .04530  .042587| .039493) .32791 | .018942, .044440| .042935, . 040576/ .034596] .020539
3 1. L. 1. 1. 1. 1. 1. 1. 1. 1.
4 .045310! ,042593| .039499] .032798! .018945; .044449 042941, 040585 .034605| 020541
(2) 1.0001 1.0000 [1.0000 [1.0000 [1.0000 [1.0011 1.000 [1.000 [1.0002 |1.000
3 .045372 . 042650/ .039547| .032838 .018968] .044382] .042879| .040525| .034548| .020517
(1.5) 1.0013 1.0013 [1.0013 [1.0012 1.0012 50.9988 0.9987 0.9988 0.9989 0.9989
2 .045576; .042744| .039592 .oszsssl 018954 .044646! .043124/ . 040746/ .034728 020605
i |
1) 1.0060 1.0034 [1.0024 |1.0011 1.0005 |(1.0044 1.0043 |1.0040 |1.0039 11.0032
1.5 .048349; 044932 . 041332 033926/ .0193261 .04230 | 043715 041303 035156/ .020813:
(3i4) 1.0670 [1.055 1.0466 (1.0345 1.0201 ;1.0179 1.0182 [1.0179 [1.0160 [1.0133
1 .069345| .063970° . 058242 046615 . 024976 .042953) . 041938 .040134Il .035007; 021461
(112) 1.5308 [1.5020 1.4743 1.4214 [1.3183 || .09667 0.9767 0.9890 L0119 11.0450
0.75 .089336 .082697| .075770 .061614| 033991/ .020665 .020100] .019304 .017253] .011736.
(318) 1.9720 1.9419 |1.9184 1.8789 ;1.7946 50.6825 0.6871 10.6980 fo.7319 0.8388
0.50 | .081367| .071994| .063095] .046985; .021947'1 .020814) .020068 019178 016953 .011472
(1 1.7962 |1.6900 ([1.5978 [1.4326 1.1588 |0.6873 |0.6860 ?0.6935 0.7192 10.8200
# 1 %8
Ko=9 (F =.2375) Ko=10.5 (F =.2182)
S
2riL o 4 .3 .2 .1 oo 4 .3 .2 .1
ZbE'bLL\ (c0) By 10! a0 | o ) G) L@/l an | en
L)
6 .06817 | .058717| .055262] .046600| .026832 .018227| .018079| .017711| .016356 .011507
@ 1. L. L L 1 L 1. 1. 1. L.
4 .060848] . 058649 .055200;0.46546 .026801' .018278! .018129] .017759| .016397 011531
®) 1.0002 |0.9987 |0.9987 0.9988 |0.9989 |1.0028 [1.0027 [1.0026 (1.0025 -1.0021
3 .060919| .058693] . 055237, .046574, . 026812 .018227| .018081] 017714, 016363 011520
(1.5) 1.0016 10.9994 |0.9994 ]0.9994 10.9993 “;1‘0000 1.0001 (1.0001 [1.0005 {1.0012
‘ J i , !
2 .060813| .058625; .055168) .046524| .026773 .018383] .018232] .017860| .016489| . 011602
1 1.0000 {0.9984 io.9983 0.9984 10.9979 (1.0087 [1.0087 [1.0083 [1.0081 {1.0083
1.5 .060221: .058074| .054679) . 046163 .026610.] . 018379 .018216 .017829| . 016445 . 011569
(3i4) 0.9902 [0.9890 [0.9894 |0.9907 10.9918 110083 |1.0077 1.00066 [1.0053 i1.0053
1 054343 .052111; .048836| 041013 .023693| .022957| .022691] .022078 .019999] .013415
12) 0.8943 0.8875 10.8836 |0.8801 (0.8830 ,1.2502 [1.2550 |1.2463 12226 [1.1659
0.75 .057498 .053434 .050477] .040994! 021812 .030849/ .030588| .029963] .027672| . 019319
(3/8) 0.9454 0.9100 0.9133 [0.879% {0.8129 1. 6925 16920 |1.6920 \1.6919 1.6790
0.50 .096794| .092463| .086227 .071633 .o4ozse§ .010694; 010438, .009977, .008729)| . 005706 -
) 1.5913 [1.5746 '1.5600 {1.5370 1.5009 [0.5868 0.5774 [0.5634 0.5336 [0.4957
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ACEBRCFELLELTP<CBRALAL LB, DL E
GD TRbEhS §=—72 b 72 CIHERBEH (0 13# . ElAaini. Slabet -
ETihe RERBERT R L 0 i T A) OFT, (LHE bsingn
ZTDBE A(Gn) =2nVsec¥alg DERETE LWL 5 7 BERED \( :

ZABIRGNCEAE L, MU0 B 58RO REWIC X 5Tk y’”“ el
EMzTLES (E 4K,

Bl £ DOBING AR - ¢
b sin Bn=n/\(€n) (3 3) ' ‘ e
7Y, hik 2.4 LtALLDTHD, REOTHEL, ® ,&ﬁ
2 !
{(a, y)=’5":—[s(90)3in(kox) FTTTTTTIRTA TN T T T
= S .
-f-ZnZ=1 ——-—li_;i:;i?; sin(ky 2 sec 0y) cos (2n7zy/b)] N
(3.4 T T T
(2.4) 7L (8.3) It On ODHOMERET b/A(0.) Ticb £ 4 X

B bl 2PN I T B L EBIBEOERS IS LT EDERIEN S
HENTS %, £LT 3.4 RoF2HUTAH 1A ULIEL LY, BRCKWTUIE1RADS THb
ENBRIER e\ D canal wave IKILDWTK B, FLTZDE FEBEIX 1b T, | 1/ ke L
TRHBENCHEMT 5 (B3R, L MEWRD transverse wave ¢ diverging wave LW B
®% cusp line ©@=19728" HAIBEC X O TRE ESh, BEREKL 3BACEZELWTEMELATHEI L, X
Biezoz xik, $3RK, b/Lxtan 19°28'%0.35 0 fiHTE LU GEARESRE = LI EoTREA
T b,

TR DERS 7% & transverse wave 3FE LS /B Z EAMBR T 2 AHEEQHEIL, 0 OFFLE
2EbrB L3R, EL LTI D/PhE e ZAhTicbb transverse wave K LTHEZE CTHAMD, BK
OF R EAEYENE L LATFHEIND, 202 Lz 2 Kic I o TABMTREINT B,

4. =X &R

LERERHEOEREPEFEC LOBEELWS O THLLONERIET A1 b ICEAKE (OKig 6=3.495m) i
BOTRD & 5 IEBERYEE LU,
¥FTEEROBKE, BhRELEGELAR LI ED (2.5) KI2ThE 2 bh 3 EROHKY, (=
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BERERCHT 5 ML BC O\ T 41
g 2% 4 B 2%5
HRIEHE (b/L=c0) ERIEHUG (B/L=1.5 X1 5)
- c . NS t B =
vivLg | Cw |CutCr p' a4 T 12 a4 ) 12
0.7071 | 0.0477 [ 0.0731 0.28 | 1.230 | 1.480 | 1.061 | 1.130
.6455 | .0561| .0816 0.30 | 0.935| 0.900 | 0.974 ' 0.960
5590 | .o702 | .0967 0.32 | 0.800| 0.520| o0.018 g 0.802
.5000 | .0745| .1009 0.34 | 0.780 | 0.562 | 0.917  0.835
4472 | .0669 | .0938 0.36 | 1.124| 1.311| 1.045 | 1.113
.4083 | .0457 | .0730 0.38 | 1.368 | 1.800 | 1.160 | 1.351
3780 | .0254| .0531 0.40 | 1.555| 2.015| 1.293' 1.534
.3536 | .0141| .0421 0.42 | 1.490| 1.931| 1.300 1.517
.3333 | .0150 | .0432
.3162 | .2156| .0502
.3015 | .0257 | .0545 e
bl e STGLE SHTP CAICUIATED VALEE ( B/L = ow ) j
.2887 | 0282 | .0522 5= . sis P D HE (ML)
A= 3 SHUIPS IN PARALLEL * L ¢ B/L = 1/2 )
.2673 | .00077 .0389 !
.2500 | .00925 .0388

1
Cu’ =Rul—5-oV? v 3 CEBIEHRIRED

2
Cw'SCwXBz/V 3, Cw=Rw/'_; pV2B2 P
&
Q+‘

Cr=R 715 oV v 3 RAEHEH)

2 2
B2/A3=1503100=0. 2823

TRiMe STERN SINKAGE - BOW SINKAGE 100
T smip LENGTR . X

2

0.4, t=0.2) WHEHBXOES HbKDI-D

DF A, ©FD BIL i1 0.0838, T/L i1#i o
%W 0.100, HhRIEC 0.136 Th 5, (& ﬁ

SE) MEE LXKIED D 283, Thbyb k-

L=2.330m &L, 2{AMEKD 77 4V i:

B3 2R ML, Chi, 1EREOBE A
BUFIDBEE, 3EWFTIDBE, KOWTHBR a2

HBICREWEHRBREY T O, 2L, BIHBH
FHIBRFEOF LR T b, Kb LR ECS
D, ChEEACBEELY S & ARETSH
DT, 2EWFIOBACEY, 28085t T
BHA2hL LTHE L, 20 12 2#BTH |
EOBAEL 3k Lise ChbOBAD YL §
DIETEHE, 2E3EDKEDBFACRHLTER
Fh 3/2, 3/4, 1/2 Lich, (IBEEDFMLE

——— RESIDUAL RATIO
~=——w~ TOTAL PESISTANCE FATIO

P2RHREINT 2, TOFBRIIF 2RF IO //’ i
F6RTT L, &= CHIEE 7t DI ERIE 7 , [ A

HEHT ZEEABEDOHETHDT, LIL |
3EWFIDPADIM L, KEWHKL IeoT 7
B, KEBMO M R IE OB R IC xS
LTHERENCN T8 B TE
Do O LERTHLT, HHMLENROH ]
R, AL RGNS BT, §i, B 5 6 K
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02 kR BmLeBTE BRE

DEIHEACAE I EEXATE P~ B IBMESIFORUELT O, LB, RREENVLE L
L, BROEBVHENCKEL, COFRMLIRCE S RELS B LOENTTOELOBEREY D 2 L1357,
ERARECH Dl £D 1, FIHTEOIK XoC, EREROEMOBEYBE T 5kblc, TOMEE b/L
=3/20, 3/4, 12 ©Xf L, ThEh 0.4, 10% OBEDML Th 5,

LOALohIBETH LD, KBRREORARERL LU, 285, SEE0EBERYZES W EY T
IRTRIEDL, ZOBRY LR LERHELERT 20 THSY, EHRIOBEREXET S LIk, HE
FEERECH LTHFLR DO THOT, BEOFECESS ThhboRENYATFHINSEZ L, IV
BEEANEC L o TN IWBREY S TRBEINZFE— BB RAC A e b — b/L <0.35
TELLBNTL 2THEDOS 52 L Th B,

¥ RREOKEC OV THEER L Z2EHOHEBEAH L e, 204 DRERL L HRETHD
tozk, 2MLEFADBADREEN, RO L 5 hHER LI Ofkiedlict LE D TWBeEZbRBZ L L&
i End v, S EDEEAXER LD, F6Nritul, 20k BRI EOHEMABRFEHM TE
5L 5Thb, LXEFHINTHOIZ LIX, BRI D IRBROHD, BHABOr —AERINTHTE
ZLTHDT, TSR ELDTHRATAS Z LIk
Wb, BIRBRIME X BEOBBESE TR TCLEL 2
EXONRD, Fio b/L=12 T, BKBZEVTLLRZ
E L\ o) 5 HIRK R B YT 5 KB E R O
EFimboThai iz rdbErbhs, RCKRIED
R EEE R KB E RO X, b/L=3/2, 3/4, 1/2 Xt
LTHFRFRY, 0.5, 1.0, 1.5 =¥ } Th %,

HEBCERNLBIZEL v, KBOEBOIEL M
DIEHES b DA, KiFbir b, BELCHEELER
LR THEE TR0 Tin s, MEFIREC X 368D
RVEBRITNEIBEEERER : LU RE L -, LT %,

5 ¢ ¥ U

bhibhDz iy £ L DIUERD X 5178 5%,

19 KEOEHHKL 723 L EREFIEESHEBATRT IO 5 (B3R, TOERILOBAKIZIESLD
TE 1R (h=3.6) T URiEHHERA hump K/ A EATOEEC S\ TS, §2 0Bk b/L=0.4
~0.5 THERAL I OEE b/L O L HCEMCHIT2H (ko=4, 7, 10.5) T, ZIuTiEH AR hollow
A BEEBCHEYT D, F30 L 5/L=0.3~0.4 THK/NDHAN B BE (R=5.9) THLOTEHMMRTIL
hump %@ hollow hnbFHD L ZARMELETS, (FIMTIBIALIFB1D k=7, 8, 9, 10.5 &
BB AR EE LI,

2°) SEEEIC X AIEMELIE—EIIC\ 0T, hump A2 3 & & A THM LIk U, hump OEFCRA L
e b, BMEHA LT hollow EETTHR/PE DT WS B1R), B KIERICEVCESEITTENT
last hump #@F T L M AMIERL, DBEEE & TR L TP, Fh—RICEFEILORIEIX
€313 £/ & { last hollow sk 7f last hump DFETHRAL DT B,

TRABIEEY T Wi T/L=0.1, 0.2 ionf LCBEDFFEE X 2 i IRIKIE (LR
+2% BDRCIEED 70— FEOERARDTAR S &, KEOmMK
%o $2T, GBI O R EHEECT 558,

HEASER AR LT, RO RBUKIEIC I\ THA S T & fokiBiific 4 2 28D (V) Lg< 0.35 14t
L b/L=>1.5) BKENESBEVBACIED L Z2ich hEE s L 5Bbh b,

3) ERARVCEMEELEI Vv, SO LREECKWTHCHETSH 5,

) ERCIOTXONIMEFEIERCIIZFER X Y L RE s ThizE e LTRRR X >TRE
FEARBEINRD - LIS DL ELONR S, £ cHEM &L KR L OMED X VIO Y EAERTHILS0R
TEBBETHS, (BB

v~Lg — 0.50 0.34 0.25
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