2013-2, SHLYSAFHA| A
Homework 2 Solution

1. (10%)
o’ = gk tanh kh

PN ZaJC;—i) = g tanh kh + gkhsec h’kh

do 1o gktanhkh+ gk’hsech’kh 1, (gktanh kh+ gk2hsec hzkhJ
~ a1 — S VpP

dk 2k W 2 gk tanh kh

= 1VP (1+ Lj = 1VP (1+ Z—khj =V,
2 sinh kh cosh kh 2 sinh 2kh

2. (10%)
In shallow water,
kh — 0
o’ = gk’h
V, =V, =/gh =/9.81x100 = 31.321 (m/s)
~ 180000 (m)

=[5746.94 (sec) =1hr35min|

~31.321 (m/s)

3. (20%)
1)

_2m_27_7

T 4 2
Section 1: Om~150m from wave maker (depth h, =15m)

Section 2: 150m~300m from wave maker (depth h, = 5m)
o’ = gk tanhkh, -k, =0.252(kh, =3.773> 7 or 2h > 4, = deep water)

o = gk, tanh k,h, >k, = 0.283(% <k,h, =1.415 < 7 = finite depthj

v =ty _le =3.123m/sec
2k

L, L, 150 150
+ = + = _88.51lsec
V 3.123 3.705

g1 g,2



(2)
1 1
03x2 pgA’ =2 pOA,

= A, =/0.3A =0.548A,

1, =|A cos(kx—ot)

e = Ay €08 (kx + ot ) = |/0.3A, cos (kx + et)

Wave elevation:

Max. & Min. amplitude

n =1, +1 = A cos(kx—wt)+~/0.3 cos(kx+ ot)
= A (coskxcos ot +sin kxsin ot ) ++/0.3A, (coskx cos wt —sin kxsin ot)

= (1+ \/ﬁ) A cos kxcosa)t+(1—\/ﬁ) A, sinkxsin ot

= |Max =(1++0.3) A =1.548A, Min=(1-+03)A =0.4524

(3)
tos = L, 150 40.481sec

2 3705

O.7><%pgA'2 :%pgAr2 =|A =+v0.7A =0.837A




4. (30%)

(1)
Approach 1)

Phase velocity: V, :%: \/% (deep water)

For steady ship wave (on ship fixed coordinate)

Vyp =V, = U= \f: k_Ui

Vo=V, = U=2 = p-ku-=2
k u
k=9 -9
u?’ u

Approach 2)

Linearized free surface boundary condition

2 2 2
0 f—zu o9 +uZa (f+g%:0
ot oxot OX 0z

onz=0
2

or U2%+g%:0 onz=0 Steadyflow,gzo
OX 0z ot

Velocity potential: ¢ oc Re{e 'V}
Substitute velocity potential at linearized boundary condition

-U’k?+gk=0 onz=0

(2)

g g
k==, o=gk ==
uz VI
. 1
Group velocity: V, Ve :EU
Energy flux 9 _ E.V =£pgA2 ~V, == pgA®U



(3)
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6.12

Two-dimensional ship waves as viewed by a fixed observer (a), and in a re-
ference frame moving with the ship (b).

Approach 1) Earth fixed frame (18 (a)2 Z2)

Energy flux on section A: g =E-U :%pgAZU

Energy flux on section B: % = E-Vg =%pgAZU

%A :%B +§IO$ = %Ioss =E —-EV, :ZpgAZU =DU
=D :%pgA2

Approach 2) Body fixed frame (A& (b)2] %)

Energy flux on section A: d—f =DU

Energy flux on section B: %—f: E-V, :%pgAZU

dE
dt

_dE
. dt
1
~.D==pgA?

2 P9

= DU = % PYAU

B



(4)
Approach 1)

Let the point source and sink be located at x=L/2 and x=-L/2 respectively (L: ship

length). Then, the generated wave can be expressed as

Nource = @ Cos(kxsource) =acos {k (X + %)}

Mgy = —acos(kxg,, ) =—acos {k (x - %j}

Total wave elevation is

77 = 77source + nsink

ettt
ottt vt e 3

The minimum wave elevation occurs at

2
sm(ij—O:k—L:nﬂ: Lo _2nz _ 2nad =ni
2 2 k g

The distance between the two singularities to minimize the wave elevation is L, =nA

Approach 2)




5. (30%)
(1)

2.0-0.2 .1 .
Ao, =Ao= 0 =0.18, a)i=0.2+(|—5)Aa), A =25 (o)Ae (=12,

w S(w) A
1 0.290 0.00012 | 0.00662
2 0.470 3.34467 | 1.09731
3 0.650 3.13490 | 1.06234
4 0.830 1.33059 | 0.69211
5 1.010 0.56215 | 0.44986
6 1.190 0.25984 | 0.30585
7 1.370 0.13140 | 0.21749
8 1.550 0.07171 | 0.16067
9 1.730 0.04167 | 0.12247
10| 10910 0.02550 | 0.09581
(2)
n(t)=>.m(t)=> Acos(wt+6)
i=1 i=1
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