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On the Surf-riding of a Ship

by Naoya Umeda, Mewmber

Summary

When travelling in heavy following sea a ship is accelerated on the front slope of a wave
and her velocity may become nearly the same as the wave celerity. This phenomenon is cal-
led surf-riding and may cause broaching-to, which is very dangerous situation for small craft.

The present paper relates to the surf-riding.

First, the resistance variation in wave, an important factor of the surf-riding, was treated
with both theoretically and experimentally. The usefulness of theory on the Froude-Krylov
hypothesis was examined by the proposed theoretical method on the boundary value problem

and the captive model experiments.

Second, the motion involving the surf-riding phenomenon was realized and recorded in a
towing tank. The results show a fairly good agreement with a digital simulation based

upon the theory and captive model experiments.

Finally the author proposed a diagram

indicating the possibility of surf-riding for a given wave and ship on the basis of the present
studies. This simulation study proved useful to predict surf-riding of a given ship.
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Table 1 Principal particulars

SHIP MODEL

Length B.P, Lpp{m) 14,40 2.25
Breadth B (m) 3.05 0.477
Draft Fore df(m) 0.35 0.055
Aft da(m) 1.396 0.2181
Displacement Velume v (m*) 27.56 0.1051
C.G. from midship Tebh(m) 1.28 0.201
C.6. above B.L, KG(m) 0.2091
Metacentric Height GM{m) 0.0632
Longi., Gyradius Kyy{m) 0.649
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Fig.3 General arrangement for captive
model experiments
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Fig. 4 Incident wave profile
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EL, Bffit— 2 —%EH LI, o RFHRIEB I surge,
heave, pitch THEF V¥ a A — X - k> THEHRLL.
LU TRBCHREAECEE L - AREETT LD
KEEMSETRIL, #& O &fhé o HHAE % 5k D
o

ERFIEIKRD EBVTHD, TTHAROBITTE
BT X D EEREI®D, B KERRCELIZEZ
AHTHRE[BELXETIED, AEOEENER &g
B, PTEDWE LM & OENMED & A Tsurge DETE
TRl T LTRBIRER T2 AL &L TO
surge ¥ X OF heave, pitch W5 CEE X FAIT 5,

surge ORJEEFIIH 1.8m Th B, =D surge DEE)

HEYBLCBE, FloKERCRRENESWICE
ERBEITBYS & & L, ks surge n] BhEIFH % 48
oL XOEEEMT guide rail BoXREY L& VvEl
DE/A—BIW4dmmd OF rryve -7 XTI

'97;:0

Fig. 11 General arrangement for surf-—
riding model experiments(Free-
running model)
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Fig. 12 Time history of surf- Fig. 13 Time history of surf- Fig. 14 Time history of surf-
riding (a/A=1/28, A/L riding (afA=1/28, A/L riding (a/i=1/28, /L
=1.69, propeller idl- =1.69, propeller idl- =1. 69, propeller oper-
ing) ing) ating)
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L7cd DTHD o BWENCIE &M & DHERELE E6/A, HEEh
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VIialb—va v EEBT I —FHL Wb, BEMT

--e-- Exp. propeller operating)
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Fig. 15 Longitudinal force measured in follow-
ing sea (af2=1/28, A/L=1.69)

R LB, TrXSEERT §¢/A=0.9, PHErT
§6[2=0.85 Lig»> Tk, Fig 15 OWEERHEET X
=0 L7222 28D bEEFGETHIEL B 2 &8
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Fig. 15 & &bh5 BY T, FeSHENEBEOER
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HMETHEY EBr RO TEHHEROEFH O F 24
BRI R LI Ebhb, £ TRICZOEFHHE
KRBV TER) RELBLRAT L L2R A5,

Fig 16 13, Yo X 5nhBRESOL & THFEINSE
ETDHNERTEDTHDo TDMDEMITRD L 51T
BIE Lo 7 v EESITEKET Fr=0.35 XH0
boLL, PHMLBEIEOR (§6/4=0.0), WHEIEE X
EDOMHEEED 8EITHB, 7tk H|A 13 Stokes JHED
BPBA 17 £ TRB - 7o

FELLUTRNPELEESEED TN TOELE
HRIER LT (H[A=const. DL A/L=const. DD
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s 4 &
7 7R Region of Surf- i =
A ndmg (1st cal) s ; .o P
% . Surf-riding(exp) BEFOEINLEB L AETENCT O -0 iER, 4%
10 / o Non Surf-riding ko Froude-Krylov 0# x Fix, BEFREMEL LT
s (exp) BRI X - THHEIAPE DA T T ENTE, Ehgs
1; EBBUR—FKTHZ ERER LI, TRLFOBRERTE
20 , ! . DY 5D Froude~-Krylov I ERE T TO A & &
gg ; KEBBEOTFHECOIWTE L IR B ERBELMTL
40 ? Fo X BICHSR L ) B HR 5 R & LT 2 e
# f Mo PWT SBET N oo TOHERBIIEREYHBT

07 09 11 13 156 18 23 27

Fig. 16 Diagram indicating the possibility of
surf-riding
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Appendix Froude-Krylov Bz s 0
HRZDNT

(1) Froude-Krylov B X 2 EHTH

@< Ko N xEFET 554, Froude-Krylov (x5
R &, LSRR WAHEBOEN ¥ BERE LW T
BATAEIIwZ L b, CoTCREAXFTHAVAERE
BT ®», =0 Froude-Krylov {R3ic X 3K
HEHOBERAL 2KROBEETEL TEL,

ASBEOEF, FEid Stokes HEBZ K I Tk &
BHYTH B,

Cw=a cosK(x—}—f)-%Ka%osZK(m—l»f) (A. D

p=pgz—pgaeEicos K(x+&) —%pgKaze“sz
(A.2)

XNERDBIIE, KDL HEIEBRS 2 F2 X
W (RRLrBBREREEC OV TONE X ES,.

XFKz~szpcos<£}>dxdz=szf;pg—£dxdz
(A.3)

(A. D), (A.2) K% (A.3) RefRAL, +—5 -3
flizf7> &,

XFK(”=—Zpgaf of

LeKzcos K(x+£)dzdz

Sy Ox
(A.4)

o7
XFK(Z):—~2pgaf (hw(l)_ﬁw(l)x~6w<l)7<0> )
L Ox

(0)
X——————aflcg;cr ) e KtOcos K(x+8E)dx

1 azfl___ '(x)afl
"T‘ngaffso {Ow(l)z_‘ax P 0?1} ——8—;

2
+ (G, 0z) %%}
X e Kecos K(x+E)dxdz

+pga2fL-a—f%)l cos?K(x+8&)dx

(A.5)
kB k™, 0, 13, Froude-Krylov £ 15584l T8&
bihp sinkage, trim Th 5, EEHIZIZKRDO D
DEVWRDOEELLTHEZLNS,
ZFK(1>+ WZO
MFK(”:O}

2L, Zpg®, Mpg® % sinkage, trim % ERE L
7o Froude-Krylov 5 13EL %R L, W BREEEY
#£bTo

(2) FXOEHAEHEHROBE

XMW xkb3 (21D 0B 1IRIVHE2R~0FHER
DWTHERHEEZIT 0 £7 W, PpV, £O), £,0
ZHAL, 2, Yy BOWTESRETT 50 £ LTKD
Fourier 0 BRESAREHEAT %0

stk o A0

ZOBROBIIa=nThBo DX REHEDOEE,
BELOMEHCOWTOERSMNERY (2.11) OF 2 XA
Bons, cOoOFEBBIVHLAR I >, AHEE
BKERO S bo#Ek (a=r) 2FHLT XD 3gs
NBHZ ERIB,

X3a®, Xop®, Xoc® %< (2.13) R, £ L T X349,
Xsp®, Xyc® ## L (2.15) K BT LA HEE
By ko

(3) Froude-Krylov B & KX OBER/ D L#F

Froude-Krylov H& 13HE Xex® #F b3 (A.4)
Ak, AX (21D REZTLr—K7T 5,

*foso[—pgae““cos K(x+8)] cos(y/;;;)dxdz

AR o e o

dzdy—ﬂgfmC‘”Cw(” dy (A.D
— o T=—o0

Zhic X v Froude-Krylov 778 15868, EEBEF
WET5, ASEEHEKER (B oFT8rlshe
EMThLdr EXHEBMNER S 720 — #E 1©, Froude-
Krylov REC L BbRh2 401, ENESEOKER
ThHdrid, TOHBENBFREEELES, SEEFEE
MREDEEETEL L WIBHILBAT YDWTEROHE
ATt (A XX 5 kil inBEERRN1E
bivicd o L Bbhs,

Froude-Krylov 1388 2 38l Xpx® % ZFEbT (A.5)
Hix, KXo (2.15) ReWET %, XL (217) &K
PRGDZERXELTHRRIzE B TH D,

(A.6)

dt
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