Final Exam Solution

1. (20%)
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(1) (10%) Nonlinear Free Surface Boundary Condition
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Kinematic F.S.B.C.
If a geometric surface is written to

F(x,y,zt) =0, (e.g. x*+y?+z°-a?>=0)

On the moving surface,

(L—':zo all the time = %+U~VF=O (where 0 is moving speed)

On free surface,
F=z-n=0,
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Dynamic F.S.B.C.
Bernoulli’s Equation
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(2) (10%) Linearized Free Surface Boundary Condition

Assumption: kA << 1 (small wave slope)

%: O(¢), e <<1= Small disturbance

Linearization: Taylor Series Expansion

df (x=%)" d2f
f(X):f(Xo)"'(X_Xo)d_X +TO dx?
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Kinematic F.S.B.C.

If we assume that 7 =0(¢), ¢ =0O(¢) and neglect terms more than second order, i.e. Z—¢Z—U:O(52)
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Dynamic F.S.B.C.

If we assume that 7 =0(¢), ¢ =0O(¢) and neglect terms more than second order, i.e. V¢-Vg= O(gz)

o¢ j (8¢ 1 j
—Vo¢-V z =|—+=-V¢-V z
(at +-Vp-Vo+g = +-Vp-Vo+g

z=0

-0 2L ilvsvpra)

+(f7—0) (6;15 1
21 a2 \at 2

z=0

—V¢- V¢+gzj +---=0

=0

:O(g):zt—¢+gn:0 onz=0

<X§™ 7| = (Linear D.F.S.B.C.: Total 4 points)> (ZHALR)

- Taylor HI|SHX| k2 B2 2 points &7
Taylor 170 O AM, O 2t neglect =Xl BAISHA] @ ? 0.5 point 2™
High order termO|A| orderE YA|SIX| %2 2 0.5 point 4™
- gz2 gnZ Taylor M3 FL 1 point &7
- gnE N HA TaylorZo 2 73 L 0.5 point 27

rlo
oY

Combining two conditions,
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2. (25%)
(1) (5%)
In deep water, o’ = gk
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Phase velocity: V, =
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(4) (5%)
o¢ coshk(z+h)
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3. (35%)
(1) (5%)
Significant wave he'ght 4x2100+5%x1400+6x900+ 7x500+8x100 _
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1/10 highest wave amplitude (not averaged wave amplitude): %x 6m=
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H 2
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(3) (15%)

hk h
:g—ACOS—(H)sin(kx—wt) :g—Ae"Z sin(kx—et) (in deep water)
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Using u and Z—l:atx 0. Assume that C,, =2,C, =1.

Inertial force (for a truncated cylinder in deep water):
0 0 7d? du
FI = I—I dFI = .'.4 {pCM Ta} dz

2
I { Cy —Aa)zekzsm a)t}dz =—pC,, ﬂg Aw? lt(l e )sinwt (where | is draft of the spar)
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Drag force (for a truncated cylinder in deep water):
F, = C,duluf,dz
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Strouhal number: S, =0.21 (*Rn _ud :M = 4x107J
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4. (209%)
(1) (7%0)
o’ = gk tanh kh

1t mode: k, = L h, =35x0.5, @ =./gk tanhkh, =|0.867rad/sec

A 2x37'
2" mode: k, :i—ﬁzi—:, h, =35x0.5, @, =,/gk, tanhk,h, =[1.287 rad/sec
2
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1 = Acoskxcos wt

u:%:Awwsin kxsin wt — x =Iudt:—Awsin kxcos ot + X,
ox sinh kh P sinh kh

w=%=—Awwcoskxsinwt—>z =IWdt:AwCOSkXCOSwt+ZO
0z sinh kh P sinh kh

For example, (1% mode)
At x=0 and x=37, x,—x,=0:only vertical movement

At X :3—7, z, —z, = 0: only horizontal movement
2 p

At the other region, diagonal movement. Direction of the movement is determined by sin(kx) and cos(kx)
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(3) (8%0)

e Zm _p_ Ll 1(2_7rj2
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2 2

h, =~ tanh * ik(z—”j }=+tanhl ;Z(i—gj — [6.067m] : this filling depth should be avioded
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2x37

2x37
2
h, = ita“hfl {i(z_r—”] } =1.423m(non-practical filling depth)
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