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WAVE RESPONSE ANALYSIS AND EXPERIMENT OF A TRUNCATED FLOATING
CYLINDER IN A CHANNEL
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This paper examines wave response of a truncated floating cylinder placed on the centerline
of a channel. The multipole expansion method is employed to solve the diffraction/radiation
problems of the velocity potentials for water waves. The method can satisfy exactly the boundary
conditions on the channel walls, and the convergence of the infinite series in terms of the Fourier
mode is excellent. In order to validate the present method, the heave and the pitch responses
of a truncated cylinder in a channel have been obtained experimentally and compared with the

analytical results.
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B-1 HEEHLDTICEREF AV OER

item prototype | 1/125 model | nondim. parameter
water depth H 62.5 m 0.5m | H/H=1.0
half width of channel d 50 m 0.A4m | d/H=028
radius 23.0m 0.184 m | o/H = 0.368
draft D 4.0 m 0.032m | D/H = 0.064
radius of gyration r 1212 m 0.0970 m | r/H =0.194
center of gravity zg 1.776 m 0.0142 m | z¢/H = 0.0284
center of rotation z¢ 10.0 m | 0.08 m | 2¢/H =0.16
metacentric height GM 29.29 m 0.2343 m | GM/H = 0.4686
spring constant Sss (case-0) 0.0 Nm 0.0 Nm | Ss5/pgma®H? = 0.0
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0.8 T T T v r—
£—2 pss (kd = 1.0) OFHEICET HMREOKRE o7 | (mmgxﬂg.
Ng | Np=1 Np =2 Np =14 Np =28 In open sea
1 | 0.186386 | 0.186396 | 0.186397 | 0.186397
2 | 0.163602 | 0.163614 | 0.163614 | 0.163614
5 | 0.151973 | 0.151987 | 0.151988 | 0.151988 8
10 | 0.153424 | 0.153439 | 0.153439 | 0.153439
20 | 0.153636 | 0.153652 | 0.153652 | 0.153652
40 | 0.153828 | 0.153844 | 0.153844 | 0.153844
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0.3 -““.‘ ;m 05 f
025 | 04 1
o 03t
3 02 } R
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ROREEBETHLENDH D, HEFERIINT 5ES
HRENIE.

| ammemmens |

_wz m + ail mza + 6,15
mzg + 651 mr2 -+ 6,55

0

0

(0 moom JI{ & 11 R )

kB, ZIZT, dij = Q44 +ib,~j/w DEBHBREBI 2o
7. BEEBEICR LTI, ERROBESLHFERNEZHEL
& T Surge & Pitch DISEEEZ KD D T LM TE DA,
SEIOEBR T, 2 = 20 KBWTKEBBIZHT L.
E7- case-1, 2 12BWTHE, R L VRIME Sss DEAZE
IRRoTW5, £#ZC, ZhbHOFHRELMEKL, EH

(54)

FRAZUTOLIEEHD D,

mzg + &15
mr2 + 655

m+a
—W? 11
mzg + asy

(0 0+ )H : } { 1+ c }
0 mgGM + Sss G | T\ Fs+2cH
(55)

==L, H klz = 20 KB BA3KERZH LT,

T, 2= 2o WBWTKEBEN 0 L 25 5&E81D

Q+m@—0mﬁbioo~n%6a WALQ&
&’i’%}? LT, ﬂ(‘tki D Pitch [S/ibﬁ%fbﬂé

|<5‘= ‘F5|_|F1|ZC
| — w{m(r? + 2% — 22¢02¢) + G55 + G1125

-—-26,51ZC} + mgG_M + S55|
(56)

IhE, ERTBICLVRERT S L,

ool = A(1Xs) - |Xu)70)
l — kH tanh kH{D(Fz + 2%1 - QZCEG) + /..1,55

+in172 — 2150} + D(GM/H) + Sss|
(57)

7l a=a/H.7=r/H.D=D/H. 30 = 2¢/H.
i = zg/H. X1 = Fy/pgma®A. X5 = Fs/pgna’HA.
555 = 555/pg7ra2H2\ [Lij = Wiy + iI/ij TbhD,

K-7~14 12, Pitch REEMOBEHIZLERERIC
%#5@ m%%n%nrﬁ X-8. 9. 11, 13, 14

ZBWTH, BEREOEHOEEEMICLVELR
BEE, K (41) BLU(42) 6B LN B E (far-field
method) IIFEEIZ—B L TE Y, MOZTLUHEIRIEESN
b, Flo. K-12, 13128BWT, s = g1 Vis = Vsy
DRFHERRIZLTBY, T2 L LMORLMET
LCTW3a, ERER COERES OB T, Wih
b kd = w21 BV TRIBEOREIC & 2 822 58
PBEATWBP, Heave I T ABERICEHE~IIZ. @
FEOERITNEN,

K (57) 1T & Y BMEHNTR E B Pitch [SE BN OER
E%., EBE (case-0,1,2) ¢z ry FLEBLOE
l 15 R, Eiﬁﬂ’%%%fé LU 7= BRinfE & SR C

WRELOMICIIFEALERITARL, kd=m,2n
@:&1%&:1@% IBEE B 228 LT b DICTEEAY
REFND LBBRINIEETHD, EREL LR
DWW, EEBREEEE LTV WERER, 8

HEFIZBW TR VBRRECEEZ5EA TS, &
@L(ﬁﬂézﬁé%&ﬂi AR E L < PRI 2 FEEE
EIZR2COBRRTH VY EROCRAET 54
ENRdHD, T I T, ﬁ%lkm{tﬁ%ﬁﬁ%—% VNS
v, %3 (57) iftmL.

a(|Xs| - 1 Xal2¢)

alfA = >
|<5 I/ ‘ — kH tanh kH{D(fz + 2%. — 2202@) -+ ﬂ55

+ive + i 75 — 20s12c} + D(GM /H) + Ses|
- (58)
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&Y Pitch REEMERDBZ LIZT B, v, ITEER
BIICRIEENDREEFEHTH DB, 22 TiL. casel
DEBRBEROC—I7ETHHE, v, = 0.0006 & L7,
ZOFEE AV, R (58) IZ &V ROLIEHEE ERE
LHB L b ORR-16 17T, ZOXHIRES LM
EHETH, PRV GBROHBZERbh5b, LVE
B ERBREOFMBFEDORFC OV TIISH OB
BE LW,

0.02 v
in channel ——
in gpen sea -~

0.015

:":‘ 0.01 +
0.005 | W
0 1 1 1
0 1 2 3 4 5 6 7 8
' kd
B-7 MEEFREK pu
0.02 r
in channel
(far-field method) <
in open sea -~ J
0.015 |
= ootf
0.005 |
0 L I 1
0 1 2 3 4 5 6 7 8
kd
H-8 EWEHEREIEHK v
5. F¥&H

AKENCRESNT-BEZEROKRINERENTE. £
DB EL BB CER T AL EBBREICLYE
IRV, TNEERMBEE B L, . ERERD
TOBEGBELHDLETHE L,

12 Heave B — FIZBWT, RIBEDOEBIINE L,
kd = T CBWTIRENIZE AL 0 &R DBRLEFN
FHISH, ZHIERMICHHR SN, £/, kd~ 3
WEEFICBWT, fIBEEEL2EZ2E L -HEREIE VIS
DE—I ZRLER, ZHEEE LTEERBEN/INE
KRBZEICERELTWAED, EBRTIEIIDL 5%
BWVISEDOE—7 BBEIN 1o,

0.2
in channel
(far-field method)
in open sea -
0.15

01r}

X,

0.05

-9 5RHIEIRE | X1

0.005
0.0045 |
0.004
0.0035 |
0.003
0.0025
0.002 |
0.0015
0.001 |
0.0005 |

. T
in channe]l —— |
m open sea -~

Hss

4
kd

B-10 fHIMEME— X > MREK pss

0.0012

in channel
) (far-field method) <
0.001 in open sea - 1

0.0008

0.0006

Vss

0.0004 |

0.0002

0 _.‘v".. N | N L N N N
0 1 2 3 4 5 6 7 8

B-11 BEEERE— X MR vss

—#. Pitch E— FIZBWTIX, BRI IR &R
RIGEITRE EALERNT, BRI TORGRME L
DERZTEZ LA ERD -T2, Pitch T— FiZBW T,
ZOHFERFZB W TREEITEERICE S SEOHE
SREILEREIZ S LT ViR RRFEmE 2o TRY.,
EEBEEEOREEAOABROMELERE Y ANS Z
LBSBOBETH B,
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0.004 v T v v ———r T

in channel
0.0035 | (Us)) ¢
in open sea -
0.003 | 1
0.0025 |~
E 0.002
o 0.0015 }
=Y
0.001
0.0005 |
0
-0.0005 . + *
V] 1 2 3 4 5 6 7 8
kd
BE-12 ERMFMEEREK pis (us1)
0.005 T T T T T T T
in channel
0.0045 | (far-field method)
0.004 [ o vsp v
in-open sea
0.0035 | b
~ 0003 1
)
2  0.0025 } b
bt
> 0.002
0.0015 f b
0.001 | 1
0.0005 +
0 . A .
0 1 2 3 4 5 6 7 8
kd
E-13 EREFEBE DRI s (v51)
0.06 T — T T r T
in channel
(far-field method) <
0.05 | in open sea - 1
0.04 1
00 | "
0.01 ¢
0 o \
0 1 2 3 4 5 6 7 8
kd
E-14 IR T— 2 > MR | X5
&I FREE{q,n;m} DEHEZE

XBIIZ LY, R E g, n;m} ZUTOL 526X
bib,

i o —kvd
E,{2,2n;0) = — 24 ][ e FMeny(t)ezn(t)
0

T ~ sinh kyd
€ js (I‘l)
+ k—‘; epty cag(tp)can(ty)
p=0

9 v T . ; —_—
4 theory in channel ——
8 theory in open sea ~—~- |
case-Q ¢
G case-1 +
case-2 ®©
6 F
= 5r
_
W sl
3}
2
1}
0
0 1 2 3 4 5 6 7 8
kd
2 , . R
18 ¢ theory inichannel — |
. in bpen sea -~
16 ¢ case-0 ¢ |
. case-1 +
14 case-2 @
I
s
o
8
2 T v P~ ,h _( 0'0006)'
F theory (ve=U. |
v : ¢ case-0 ¢
case-1 +
case-2 ©
=
=
o

B-16 Pitch JEEENIRIE |(sal/A (RBBRE M)

E{2¢+1,2n+ 1,0}
4 [ e M550 () s2n41 ()
© Jo 7 sinh kyd (1.2)

2

Js
+ > ety sagr1(tp)sansalty)
p=0

b C—k"‘dtCZQ(t)Czn(t) at
v sinh &, dt (L.3)
form>1

E{2q,2n;m} =¢q /
1
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E.{2¢+1,2n 4+ 1;m}
_ 2/00 e—kmdt02q+l(t)c2n+1 (t) at (14)
1

v sinh k., dt
form>1
L.
—i(1—-#2)2 t<1
__ [ cos[2n arcsin ¢ t<1
can(t) = { ( ~1)" cosh[2n arcosh tf] t>1 (16)
2n + 1) arcsin t] t<1
canta(t )" sinh[(2n + 1) arcosh t] ¢ >1
1 %]
() = sin[(2n + 1) arcsin ¢] t<1
S2n+1 (—=1)" cosh[(2n + 1) arcosh t] ¢t>1
(1.8)

ID05H. m>1DOHERLTII m =0 DHEDE
BOFFI RT3, m =0 OHFEOEHOF
Bk, a—v—EERFEETD, TOBERVE
BIRIREET S, XEMYICBVTE, a—v—F
ERSY 2 EER D FEBRBA SN THVEH, FELOD
BB TIE, BERICITHEE LOBEREIIRECH -,
FZ T, XERY D Appendix A TR E N FiE LR

3%, UTFOFBRICEVHE L,
TR DR (3.19). (3.20) iI2 &LV
. 1vg—n
&&%%Nﬁpﬁi%L—I (1.9)
oo e-—2'7kd
1= /oo mcosh 2grcosh2nrdt  (1.10)
7L, 7 =cosh™'t TH5B, ZOMSHESLICHE

EHL. BOTHAZ LBOBABIZ OV THELST 5L
ERHD, £TT, t = e /4 (1 +is/4)}z, v =

—i(1 +is/2) DEBEHE BV, B COFES
% [EhgES 5,
e—27kd _

I :,/0 Fsinh 2kyd cosh 2¢7 cosh2nrds  (I.11)

bz, XY OAK1.331 £V,
= (2n 2k 42n—2k
= 12
cosh 2nr Z (214:)7 t (I.12)

k=0

THY, IV s ICHATIHESTREND, ZOWESHE
BOEROHEZEARBER S FIECIVESL, B
EXWHEREzEHLZ LA TES, E{2¢+1,2n+1;0}
b, AR FEICLVES 'C%é
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