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Dynamic Response of Vertical Axisymmetric Floating Bodies.

K = n*

Pyun, Chong: Kun

Abstract

The dynamic response ‘of vertically axisymmetric floating bodies is numerically calculated with

corrections of Fenton’s coefficient

matrix. The computational effort required is. considerably red-

uced due to axisymmetry of the bodies. Comparisons are made with the results of Hoffman’s

model tests of the discus buoy.

In the near future, this study will be applied to calculate the dynamic response of large scale

structures, located in the deep sea, i.e.,

-

tension leg platforms.
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Appendix-1 Dimensionless Expression
1) Geometric guantities

AR I 198447 3]

Wave coord (r, y, 2)= (x/b, y/b, 2/b)
Body coord (as. vs, 28) = (%s/b, ¥4 /b, 24/b)
Polar coord (r,¢)=(i/b,¢)

Water depth h=h/b

Center of gravity (0,0,d)=(0,0.d/b)
Amplitude of body oscillation

X0 Xul/b M=1,3 (AL1)
QSO:QEO
Amplitude of incident wave *‘;—1--2—22?—/5

Incident wave number k=kb

Gradient y=Vb

Normal derivative -4 =_%_p
an on

where b is equal to a characteristic length of

the body, i.e., radius as shown in Fig,1.

2) Velocity potential
Incident wave potential

Uiz, z) = w:(_‘—" T $i(%, 2)

Diffracted wave potential

Up(z.y,2)= —‘—_’li‘?——— po(%,5,2)
wi(-)

Radiated wave potential

(AL.2)

Uw(z,3.2) == Pu(E, 5ix), M=1,3l

i
FHX\"

Us(x, 3, 2) =m55(f' #,%)

3) Dispersion eq.

v=ktanhkh (Al1.3)
provided that v is equal to %—2—5.
4) Green function
G=Gb (AL 9)

5) Auxiliary source distribution function

P T | (AL5)

6) Element of coefficient matrix
aij=aij (A1-6)

7) Inhomogeneous term of the simultaneous egs.
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8) Amplitude of hydrodynamic pressure

Po
H
ra(5)
P (Al1.8)
PM=7§"X'¥H=0‘="VUM M=1,3
Ps
PEbAP
9) Amplitude of exciting force and moment
, Fat
=il )
F-5)

By=

Pp= ~=k(Ur+Up)

Ps= =—wU;

pg

=-L(UI+UD)8'MJA i M=1,3

(A1.9)

o L(U;+ Uv)gsdA

in which g,=n.cosd
g3=1s

gs=[rn.—(z—d)n/Jcos8

10) Amplitude of reacting force and moment
F
p(8)*(@)'XP
— s - i=1,3
“]AU""M : [J‘=1.3
Figt
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Fift=

Fit=
=| UsgidA;i=1,3
J v e (A1.10)
Mt '
M =3 yarxs
=| vigsaa; j=1.3
M*
[TOXGER

= [ ‘Usg sdA /5

Ms*=

11) Amplitude of hydrostatic restoring force and
moment

Fo¥

pE(b)*?

=33 sz )zx"

"=

F:IS
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+sign(Zs~Za) | Za—2Zs| V}/CE)‘Q;"
in which D=dimensional diameter of vertically
axisymmetric body measured . at the still water
level ; Ze, Zs=dimensional vertical mNinme of
the body center of gravity and huaymmy. respe-
ctively ; and ¥ =dimensional volume of water
displaced by the floating body
12) Body mass and moment of mema

il (A1-12)

Appendix-2 Practical estimation of a:; Accor-
ding to Fenton's idea

a:,=RIS;{ aa?‘" +i ( G 3Gia )+ 3G 1o

w=2\ on on on

—8(ri— Ry} (zi— ZNo(Z;+h)8(—h)
~[6(ri—Ry)o(zi — Z;) — 3(ri— Ry)d(w: — Z;) 5(Z; +h)
—3(ri—R)3(zi = Z3)3(Z)18(ris By § 7ir Z))
—8(ri— R,)&(zs—-Z;)E(Z;)S(O)]

+R)[, [0~ Rz~ Z)H(Zi4+MS(~h)
+8(ri—R)6(2i—Z;) —6(ri— R;)(F(z; 2))6(Z;i-+k)
—3(ri—Rp) 8z — Z)3(Z))18(rss Ry § 200 Z)
+5(r'i—Ri)ei(za-;Zi)J(Z;)S(O)}ds (A2.1)
in which
aGu

=iknQy(kZ)) [(

L) (TR B o)

DGR e

(A2.2)

Qu(kz) (

and

e L (kaR) Ky (ke
Lot =2 Qu(ikZ)) [ (52, Ty A )

) {I((hufi)xl (h-ra
Ii(kaRj) K: (ﬁ-RJ)

Q-'(ik.z;)] ; m=2---00

Qn(ikazi) +(

(A2.3)

in which I;(-) is the modified Bessel function
of the first kind of order  and K,(-) the second
kind
and

a(;‘n- -2
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H( dz ) [( )1—1— (ri=Rp) o 4Pk

ds mz Smnr;

o mrr(:;l;—{—h) cos mz(ZrHt) +[(,§L.)i
s

A

_ @l-Dhiri—R;y| _ viri~Ry|
[ 1+ 8mrriR; mr ]
i h)

o )R L e
cos m‘r(ZH-h) ( )v(ZH'h)

ds i mx

m:r(z.-—}-h) . mra(Zy+h) -y [ 4z )
n T sin % +(:L)( a5 ){

WZih) oo ma(ath) g mr(Zith) }
mz 3 h
(A2.8)
in which E=exp[M] (A2.4.1)
h J
and
Z‘G;m —___.__1.,_.“ @y B
3n = h'/rx-Ri [ +-—§‘ ra;,lnA "‘a‘]nB
+T(Z)+T(D (A2.5)
in which
o= () (52 ) iEcos 2~ ) +(-4L-):Esin2
(A2.5.1)
A=1-2EcosZ-+E? (A2.5.2)
a-..-(+)( )‘E(cosd E)—~ ( ~).Esmd
(A2.5.3)
B=1-2Ecosd+E? (A2.5.4)
[ dz\[x(ri—Ry) | (4343 _(4—-Dk
@ ( ds )[ 57 16am 167R; ]
+(-4r-) +25) (A2.5.5)

a4=(——4—z——)i[ v(ri—R;j) (4l’+3)h (41"-—1)h]

ds 27 T67ri 167R;
df v .
+( ds ); 5 (2 Zi) (A2.5.6)
_|_{dr Al —1Dh|R;—r;)
T(Z)—.{ ( ds )i[ 8rriR;

L Ry | = () (45) L (2h et 2)

XARCTAN[ E;“fsz ] (A2.5.7)
o) | =g )

+0)(

&)z
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X ARCTAN[- 2] (A2.5.8)
T=o(zt Z2h) (A2.5.9)
A;:v%— (2= 2Z) (A2.5.10)
(F)= {riZRi(”)

R T3 (A2.3.11)

and the bottom singularity is given by

S( —h) = f}‘.‘"_._l‘__.aBl-{—aalnAﬂ—a;]nB]

hl/"zR] { A
(A2.6)

and the free surface singularity is also given by
8(0)= { a g o +a,1nA+a.1nB]

(A2.7)
but the diagonal element singularity is given by

1______ (2.0} B!

Pz [T-FM HB] (A2.8)
If we use a midpoint approximation of each

segment, a special treament of 8(—A4) and S(0)

is considered unnecessary.

h/r R;

8(ri, Rz Z)=

After suitable manipulations, eq. (A2.B) is
rewritten as follows.

o1 [( --------- = )iR-r) - (-5 )f(zz-zo
/iR (R—ri)(Z—=z)

2
S )
(A2.9)
Taking integration of eq. (A2.9) along jth

straight line segment,

R,LiSdS

/R [(*%__aR+b
= RIR] | w1, ARFFBRTC 4R

=
+£?§'_)_‘§""’z’(m_ -»1n(ARuBR+C))dR]

4ry Ry 21 h?
- a
= TF]R I; {Il"‘}"IJ (AZ- 10)
in which
lp.

R1=R,~»2-R, S;

B 1., (A2.10.1)
Rz—R5+~2—R1 S;
z,=z,-—.%.z,'s, A

I (A2.10.2)
Zy= Z:+—2'Zi S;



““‘(’Z’f‘)‘ ~ (G5 Jtan; |

2.10.3)
Jot{

A=sec’B;

B= - 2sec’3R;

C=sec?3;R;?

R
Py
N
[TV

)it
b ...,»,.( dz Z ) (Rjtan 3))

(A2.10.4)

R;" = c083;
Z; = sin §; (A2.10.5)
tan; ; slope of jth straight line

segment
R;=r;

Zy=z; ]

R,’:( dr )i # (A2.10.6)
|
J

ds

zi=(4),

Before conferring the integral formula, the sign
of (B*—4Ac) is to be determined.

In this case,

B*—4Ac=0

2bA—aB=0 ]

a
4 0 J

therefore

(A2.11)

(&)
R A

(A2.12)
Now, the lengthy expression of a;; is finished,
Comparing eq. (A2.12) with Isaacson’s expres-

sion of @;;®®, it is found that he omits (3)sign

1
and -

Appendix-3 Practical estimation of ¢;;

Cij= sti {Gll+gz(clm = Gim)+Glo— d.yS

+ R,L.,;,,s‘is (A3.1)
g
in which
G:x=ixQ1(kza)Q1(kZ;)Jz(k'if)Hx(le 1;; (A3-2)

Gin=2Qun(ikaz)Qn(iknZ;) 1} (ke ¥ YKk 7} )
(A3.3)

. 2 v Amz(zi—h)\ _ (mz(Z;1h)
Gim == ———ts c E™ C0O3 ' ;A }CObk hl }

mry  riR;

(A3. 1)

n

<2

7\1

9.

. MacCamy, R.C. and Fucks, R.A,,

. Garrison, C.].,

. Garrison. C.]J.,

G‘,.r-‘% :}—[log(l -EcosS--E?)
-1--1og(1»~-2Emsd+E2)] (A3.5)
8= ey 1—r-7—~log(1 -9E cos |- E?) (A3.6)
R\ SdS— (')————(ln 1)

{Rig (A3.7)
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