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Time Mean Drifting Forces on a Cylinder in Water of Finite Depths
—Direct Pressure Integration Method—

K.P. Rhee* K.K. Lee**

Abstract

In this paper, the second order time mean forces acting on the circular cylinder floating on the

free surface of a finite water depth are calculated.

Under the assumption that the fluid is ideal and the wave the linear gravity wave, the velocity

potential is calculated by the source distribution method, and the second order time mean lateral

and vertical drifting forces are calculated by the direct integration of fluid pressures over the im-

mersed body surface,

The comparison of the lateral drifting forces with Rhee’s results by momentum theorem shows

good agreements. And it is shown that the second order time sinkage forces of a floating circular

cylinder cross zero for all water depths.

1. & E-]
HTol ol dFAPY LR R Ad T
zE9 Fg4ec] e wet AF F2EY F,
AFEEd #g e AFs AgHZ Yot

ybakE # FTaEe A AV el g A
Aol wiAdgglel 2258 ARYFHL AFHY
AR FAH Fa% d¥ARR 4HA A

Maruo(1]& 738 Zolo Fo Wiy 2 7?%_ F A
7b e 2R Az $EHFT FHYLE 2/HY
+ TEFEL St F3 v doA, Suding(2)

BE A 119864 1A 16R, BT HS | 19854 3H

*ERA, AEKRBR THAR SNTERM

G
fe]

wlof Aol FAGH AR 8 2 A4
st th. Ogawa(3]¥ Maruo® w7} Strip

& IE3HA ik 48RS AFHE Foie o

o s o £235ts} vl msgeh. Rheel5)t:
WALt 2 AU BE TR 25
g]

I
o] B Atdste] 73tz Kyozukal62] F-84-4)

ol

Axte} v

o

o3& T
o] &

ol

4t

3 SRAel 4asE 24Ace] ARdEYL

AT A% Stripel 2 Agered 4A) g o

OERR, ASRBR KRB, BRAELIE NS ERERED)

<33 Aol F4e d= TR 4
T ERAAE 4% FAAA 239744
(o)

234358 AR FE g A4 o



28

ol & #3 Atabshel @abstel Tyl Add Eoly ¥z
el o Austgod, dEde AAIFAR
Aol A 2 AR5 AR FH L AAsg .

zolm a3k g E“&OI«‘"—Oﬂ #f A A9 Rheeo| 7
sho} ulashgl oel, Aol wile] v el wWale
2.2h8ho e

2. 2RR¥2| BEFHHS HE
Fig. 1efA gl o} &

FEol 5o 9g A,
Q;_‘_Q %3}7] °]3H %7‘1' —T’—Xo hag ST

i
i)
2,
s

> &

< jro-‘

e e
2
Moo

Ny i

Y

e

Fig. 1 Coordinate system

FA & ol FFA A vgA ez G e, o]
Ad Srzalie 2AFA H=, 23459 Az
B ZFHE 7€ 9 23252 zulike] 93 7] o
e Atz sbAstel Lul4AFS 1A Ly 4k

& AHeaTh olg g Y el 2 AR5 A2
LFG A el gl 2T g
$4 F #EAY BAE e

T=Fcosp—ysing+§
Y=y cos p+& sin gty €Y

sing &} cosp & Tayler ¥+ 2 AMsle 233 7x &
A2l A=

§=ebi1te8y
r=epten

p=spit ey

E SR 1:2F

$=cg1+e7g: 3
A@E @ Aieta

x=F+e(—Fp1+£1) 4-52(~5'tpz+52* é
y=5+e(Zo1+7) f5<wz+7;z % @%)**0(53) 4
A4 EAol v A §AHE 2l
FH
=[ -0 l a

M zz’+yy

A A p—pp & vl Z0] WA A o 2 HE]

di 5)

o] H
p~po:fgy—-—§~p<¢z+¢3>~p¢, ©)

S 2l 5 TAo 249 HEA 259 9ol

Taylerg<2 A7 3

95(1‘, ¥t :S¢1(i‘, ¥, t)+ (.r-i)egiq; + (y*j) ey
+0(H (N

i, o] Ael A (4) 8 AAE AEEFE z,y,10

2 Sgsm oo el 42 4 Aok

¢x+ 2(¢11+¢1y)+0( 3)

$r=edret 2 ((—Fp1+8) drai+ (Ep1tmi) diye)
+0(e% (&)
weEkA 2 (6) & A ®) o AYE F Falahd
A S p—po = obdl &} o] =

p—po=— '2-982 (92 +93,) — pedre— %1124

+ pe”F 11— pelmdiy— pe’Tpigiye
+rg;v+fg="isorl-/gsm-—-%xgeziso? ©
fFARE T A GEFY 285459 9% T
Ay’ l
F:f§(15‘+2"" order of (p—20)) x’ di
xx’-i-yy’]
—y
-Ffﬁ(lSt order of (p—po) x! dx
zx’ +yy’
=Fg+Fp ao
s =1 22
~-dy= dy+s<,91dx—~ 2pidy
dy=di—ecp1dy-- észgo%di
zdx+ydy=3idzi+5dy
+e(Erdz+pdy)
+ 2 (—&ip1di +mprd) an

e 2 A g Febs A 10 9 A
F Fype TAZ yFel R Aol bz 4 A3,

Journal of SNAK, Vol. 22, No. °, June 1985



BRI Eo W= HRE fEE:
' 1 B ]
Fe=¢g 10
—néB I
S
“P_"Esﬁu —o.5 di
&z +md
_5’
—pr($1~m&)¢x, z’ a2
£z’ +yy’
._j'
‘Pf§(771+9’1i)¢1y: z da
' + 5y
_.5,’
—gef G red # i
'+ 55
olz ® A (10) Y FHAYT Frt
—y
Fa=~pfﬂ(¢“~gy) z’ dl
zz'+ vy’
—1
:’-fgfg(y 'i,’szh dy{ z'/y

(za’+y3") /¥

of 7] 4 y~é;¢; = Adiei oy, & vl 2R

...1
Fé:fgfﬁyy dy, | &'y J
(xz'+3y")/
(74’1*” ‘ggm f/771-!- 'g(,ol —1
—rg ! s
! Ay, — ‘ d’ v /Yy
) yray. /J yray (a2’ +yy') ] y
- -~
1 2
= z“fg[<771 ‘2‘(/31 %E"gb“_)
\ -1
(7/1 FopL [1’,'¢m>] z' [y (14)
(xx’+yy")
AANA g1z 2 — %3t BA O mule] yhtE ¥
4 *1‘5-1531‘%91 Aol #GE wlEE, eg-vw 2 FY
FoAR,» 28 _0 . ) B(';“ ety
- -7.&f8 ﬁi’—}-?ﬂ‘
_._j/
*%fﬁ[(gl‘“(ﬁl}_’)sﬁk}t’l‘ (m+p12) 615.) #
'+ 5y

KEEAREB G L H228 5 29 1985% 671

(12)

13)

L LS T

- %3} 249
of #d v

S

Al
o1
=

=3

2l 22 2 2342

ELD
eba Eﬂvhp% A
+Es} ol 7
A ek,

a &1 0 o
A e desdt 2w

R

: ne1B
) F=g 0

—7]1513
_(Pii’

— ¢Il v(plj/ dl

B
&2+’

- f s LEi—~p1P) dizet (1) dryed
__j/
z’ di

st ’

zz’+ 5§

[ @t @

J . E o iwi?
&= Rl &1t
ﬂliRe{ﬁleiw'j’
9”1:Re[¢'lemr}

¢1:Rg{$1eiwil (16)

o 5AY F o, &

a=R.{ae''], p=R, an

{‘Beiutj

e

ol

(@~ perivt] 4 ,,RE @ f*=rstre 18

raf=

t\n—

T,y 0] /] %

AR

2 0ol k.
wheha A7 i ’?%%»44%

O &
2 g

g = A

@& 5 e

di



30

+ ig[(ﬂl"z P17

3. iHERR ® BER

ool @ Aol mYe 4YF YN F gt
Aeosl z @el A 23 2

Table 1. Prmmpal dimension of a model

Half Beam/Draft i
Center of Gravity: OG/b |
Metacentric Height: GM/b ! 0.080
Radius of Gyration: k/b J
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Fig. 2 Relative wave amplitude on fixed body

T B  RELATIVE AMP
wem—— QUADRATIC PRES
-
3 -
- //—’
.~ /
‘ e
jOR /
/ ATEN
Ny : / .
vl s
Gal
~ e ‘
[P
l
[
T T T T T T T T T 1
‘o 6o e 49 0.80 129 169 2.80
“b
Fig. 4 Two components of mean drift force on fixed
body

<39 ool HE R

FEPH - ERK

—1 *{

(wx’ +yy) /[y )]
(19)
Fig.2 s Fig.3 & ol Hdstasl K, ) =
AFE vebd Aoz, Kt 0oz 3T =t g4
FEo Adviny FA 239 4% 12, A4
23 W e AFw 0o gt Fig.2o 4 K,
7} 0.1 &3 oAl roll resonance, K 7} 0.9 -3 ol 4]
heave resonance®] ¢ o] Jelvtx ok o] Yoo}
wof S kel el ok TR g & dFgE
vl 2 & gholth
Fig.49 Fig.5 & EFY 2 T43E €59 Adst
zefl 94t 33 Bernoulli's quadratic pressurec} o &
& =A%z 9ok Fig. 49 Fig. 5% 2% Kb}
wZ HTE 5o Adgzme FL 2z quadratic
pressure@ & —1 2 AL} 2 =Fof A =quadratic

Fig. 3 Relative wave amplitude on freely floating body

RELATIVE AMP
_____ QUADRATIC PRES

L2 5

A

W / Wote3a
noo-

o e o i o 20 120 |60 2,00
b

Fig. 5 Two components of mean drift force on freely

floating body

Journal of SNAK, Vol. 22, No. 2, June 1985



fiRAdele S wgls KRB FRSE RETSERD 31

e e o
FAR FIELD
L e HEAR FIELD l
| i
~ i
H i
|
|
M/T=3.0 |
|
|
- [ S . SR T T T T T T 1
T2 09 2 49 0.80 Lo20 1.60 2.83

Kb
Fig. 6 Comparison of near field method and far field
method on fixed body

o

Vi,

Fig. 8 Mean drift forces on fixed body in various
water depth

=
[+ s

o I —
992 Q.48 0 82 1,23 1,63 2.0

“b
Fig. 10 Mean sinkage forces on fixed body in various
water depth

KEEMBGE 5225 5 29 19854 61

e FAR FILLD
_____ NEAR FISLD

1
|
|
!
i
|
i

@ T I‘j T T _T-_—’T—_—r—ﬁ"l—‘_'r——{

.99 o 42 8 80 i 29 1.60 2.0
Kt

Fig. 7 Comparison of near field method and far field

method on freely floating body

K/T=2. @
..... N/T3.0
e HWT=S5E

Fig. 9 Mean drift forces on fleely floating body in
various water depth

—— H/T=2 0
_____ H/T=3.@
——— . R/T=5.0

R~
O
<
v
©
@
-1 — T T T
9 0@ 6.4 0.89 1.2 1.60 2.08

Kb
Fig. 11 Mean sinkage forces freely floating body in
various water depth



32

pressure®g AAss A8 93
T2 e Bold Bxyol o A4 Szze
A FAo ez Faigoh

Fig. 6 Fig. 72 5% &% A&3oq 78 =
79 gt ¥ 4ol A8 7 gE vlmsta 9
“‘f %% BF Kbl Aol AR gl J%
gro]l ¢35 akol Eof od & Fue ZA vEum
AE fﬂ ol = Al Al o] Aolel A 9= FAA A
I -

Fig. 85 Fig. 9% 42 #atd 42 T7F3He W
3% vz Q. 24 Rl FAle] b
4% TF49 & 22 KbellAl & #@g #E A
of = 9}, & H/T7 59 A% 3¢ A%E A
u] Sz 3tk H/T7} 2¢l A%E ¢ ASe wid 42
3 2A Jdede g ¢ F QR

Fig. 10 = Fig. 11 & 49 n} ®E A}FE
E*lfs}:'_ ok EHs mAH] A ALE A Kb

1 AAA (+) e ez gled, 7 ARE
°l 53z & A5 Kbrh 0.8 :_vamw (+),
(—) o] 2AsE AL o F Uk 2ex F AL
2t 2549 AL AR ARFz Kbt
e G4 440 ol A4EF 2 Adigiel At
AL 4 g o

Fig. 8, Fig. 9 ¢ Fig. 1114 H/Todw Kbt 1.2
B2oh 2 g4 o] A AL bl dl ol irregu-
lar frequency® <1 3oz A 7t= <l

4. ¥ @

2 EFl AL FRFANA 248 FRAL AN
=
[s]

$5E om 9 W 2 ¥RA WAL 24344
Azt AEAE A7 BBl e Agag o,
of A4 Rl e e 74L~ Q95

A4e] AshE &

(3) AAAs ] =tzw 2
2 gt A2 G 40 WEFE Z P&
Zech

W 23 A5 ARHEF AdHAAE (+) &
(=) #ol st 2 z

Foz B =g A3 —ddadToEs A

o ]

e
& wob FaH 9

AU SEE

L - EFE

AN FH AAAN G2 R EEA GIAATEY
T A AT FARAA FA4E =g

1)

5. 8 £ X W

(1] Maruo, H., “The Drift of a Body Floating on
Waves”, Journal of Ship Research, Vol. 4, No.
3, Dec. 1960.

[2) Susding, H., “Second Order Forces on Oscillating
Cylinders in Waves”, Schiffstechnik, Bd. 23,
1976.

(3] Ogawa, A., “The Drifting Force and Moment
on a Ship in Oblique Regular Waves”, Interna-
tional Shipbuilding Progress, Vol. 14, No. 149,
Jan. 1967.

(4) Kim, C.H., and Dalzell, J.F., “Analysis of the
Quadratic frequency Response for Lateral Drif-

Journal of Ship Rese-
arch, Vol. 25, No.2, June 1981.

(5] Rhee, K.P., “On the Lateral Drifting Force of
a Cylinder on Water of Finite Depths-Far Field
Method”, Journal of Society of Naval Archit-
ects of Korea, Vol. 20, No.2, June 1983.

(6) Kyozuka, Y., “Experimental Study on Second

ting Force and Moment”,

Order Forces Acting on a Cylindrical body in

Waves”, 14th Symposium on Naval Hydrodyna-

mics, Aug. 1982.

Wehausen, J.V., and Laitone, E.V., “Surface

Waves”, Handbuch der physik, Vol. X, 1960.

‘8] Rhee, K.P.,
ces of Heaving, Swaying, and Rolling Cylinders

I
~1
Nt

“2-Dimensional Hydrodynamic For-

on a Free Surface of a Water of finite Depth”,
Journal of Society of Naval Architects of Kor-
ea, Vol. 14, No.3, Sep. 1977.

(9] SFAAA F&, “AFERAL £EF544TWD
Dec. 1983.

A. & #

(= HE|AFS| A A
Riainie ‘°ﬂ’q 2 A4 EHA S A wF AREA
7 g FiA FHY ASEEAS
%’75’«"3 Or & vhgst el & ¥ 4 Uh

or _R,{fﬁ (01+00+K z:e @‘f’)} (A-D

Journal of SNAK, Vol. 22, No. 2, June 1985



HERA S ol v e HREl FRsE

o Er o4l ol Fe 245 rHa ok sx
228H 45 Ed4d 4§ T¢ 4 9o

i) Laplace equation

i) A7 Az AAax

i) A=A

iv) A EA

V) %#’riﬂ 2 7374] =7

4 agae Fad 4 2d95e a4
D AN EE A

)= coshky(H—y) JRICY pe)

coshkoF
:¢Ieiwl (A-2)

- coshko(H—y)
e S S -cosko X

__; coshko(H—y)
i coshkoH sinko X

=g +igy (A-3)
2) dbgtmte] el
TE T AL,

¢D:¢Deiw,l?:
so(z, = o0(a8)-Ga.3i ¢, 0)di(a,b)
(A-4)
2 ¥4 4 Uk
Aol A= GreendFE &3 go] 4 £ slrh
Gz, y; a,b)
=log(r/ry)

+2f { coshk (- —y)coshk (H~b)
(Kcoshk H —ksinhkH ) coshz H

¢ Hsinhksinhkb } cosk(z—a)dk

kcoshk H

G(z,y; a, b)—tan‘l( i*

e *Hcoshk,sinhkb

kcoshk I

I ) —pani( 22 )40 [

} sink(z—a)dk—i
_coshky (H—8) sinhke (H—y)

R A B ) 3
—; A?S‘E}L@%’Eg;‘ys)l ;‘;S;];OI(H ) cosko(z—a)
"iﬂﬁ“ vkl =l
1476“*‘5;55;:3:}‘:;25;}1’-- ke
=G, +iG, (A-5)

A (A-4) 2 3 ¢gpl T30 A opd #%E

obopstst op & U7l A A=

% AANEA W E A
.

on
Heske BAe Al 9 AAzAAL
O¢p . _ ¢ o o]l =
on  on of Az ele
60 __ o o o __ 041
on on on on
o2 vyiyejAd

9 Aol (A-3) & 9 et
A0y Ccoshbo(H—9) Gop %

on coshkoH
, sinhko(H—¥)
— kX ~coshkH cosko X
8¢D(5’ , coshko(H—y)
=y coshk.H coskoX

R X! Slnkoos(hIhoHy) sinkeX (A-6)

A4 Adel BelE skl FBAF $F wARA
A (A0, (A-8) & g3t ol e
g0, = [ 0@ b)Gx,yia,b)dxab) (A-D)

sinhk(H—y)coshk(H—b)
“(Rcoshk H—ksinhkH)coshkH

4asinhko (F—y) coshky(H—b)

= —sign{x—a) [4,-;

+S A7 2kt sinZkoH
= Gc + léx

=g (A-6) 2 oh&3 7ol nilch
sinhko(H—y)

r,(4) — k
! = sin. cx1 4
¥D coshk.H

KEERESEEE 228 29 19855 6H

2koH+s1n2kyH
- _cosk,(F—b)sink, (H—3%) p15a1

ShHFsimhthol O
cosko(z—a)
;.4 coshko(H—&)sinhko(H—y)
irda OkoH+ sinh2koH sinks (+—a) ]
(A-8)
& _ sinhko(H—y) -
o8 = = cohhe coskor+¢s (A-9

A4 (A-T) # (A-9) 28 vhgsl AEgAA



34

o] & o]z},

_sinhko (H—y)

" coshk.H =—sinkz -+ C“_f (05eG

c—o G da

fu—f (R CstoisGe)da

(A-10)
sinhky, (H—y) _ G S5 (6
~coshkH coskox-l—csc—fc(aDch c5iGs)dA
css———fc(ag’écs-i-ag’éé,)dl
(A-1D
o 7] A o =0l +icd

oS =05 +ioc

ca=cscTiGss

Cs=C5.+iCss
4 (A-10) & (A-11) 234 sourced] A7} op & A
A F 9z A (A-4) = F5 Agsy £ 28
AL T8 F Ao

-

¢,‘,”:fca§,")-Gdl (j=4,5)
A 2
gbi=[ (@HGe—olfiGadr (j=45) (A-12)
o= [ @HGAMGCID (=45  (A-13)

3) BrAIDY] £= ZEIAF

-— e O P
Pp=g¢pe™* & F& F UL

¢R(x,y):fc or(a,b)-G(x,v; a,b)di(a,b)

FRty - EFK

(A-14)
= ¥¢ % 9
aste A4S AEAY AAzAL
a¢R(ll ) a¢R(2) :-—x’

o on !
3]
gqsa,:_’: —xx'—yy (A-15)

o Hx, 4anel $ErYLe Adshe A5st 2
& A4 AA Geel AEPAH =g,

*y+C1c=f (o Ge—aGs)da

Cis= [ (ol Gs+olGoydx (A-16)
:c+Czc—f (e Gs+ofiGs)da
Czs—f (62 Gs— oG da (A-17)

L@ty +Cuc= f (02 Go—a2Gs)di

Cis= [ (o Gs+oGOdr  (A-18)

44 (A-16), (A-17) % (A-18) & ¥8 or & T%
4 g, ol 23E wasty ZElA4E T 4 e

=z
bl

% "fcak”-Gdz (7=1,2,3)

[ (0 Ge—of}Gs)dr (=1,2,3) (A-19)

o f (64 Gs rafdGe)da (j=1,2,3) (A-20)

Journal of SNAK, Vol. 22, No. 2, June 1985



