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(09 (i) the velocity potential for the incident wave is (from the wave data sheet)

wH coshk(y+d)

¢ 2k sinh kd

cos(at —kx)

The presence of the wall adds a reflected wave with the same amplitude, travelling in
the negative x-direction. The velocity potential for both waves together is

4 = a)Hcoshk(y+d)cos(wt_kx) . a)HCOShk(y+d)cos(a)t+kx)
2k sinh kd 2k sinhkd 0 0/
(4
_ wH coshk(y+d) cos ot cos ko
k sinh kd
(i{) and therefore the horizontal velocity is
u=0¢/0x —wHCOShk(y+d)cosaJt sin kx
sinhkd
which is zero at x=0 for all ¢, and therefore satisfies the horizontal velocity condition
on the wall. The horizontal velocity is also zero for all  wherever
sinkx = 0
kx = 0-rn-2r.. 8 /
x= 0-A/2-A4,-34/2... 10 lo
since k=2/A

(i l‘l' )The flow is a standing wave with nodes at multiples of 4/2 from the wall. [ w b / b



L/P‘@('j) Atx=-a=-A/4

‘u = Ucosat

ou/ot = —-Uwsinot

where U = chofhk(y*-d) e afjsﬁ u = ﬂﬂ,
sinhkd / ok W

and so

Fy= pC’DDU2 cosza)t—(%)pchMUa)sinwt

N |~

The form of the expression for F; is

F, = Acos® 0 - Bsin6
where
A=(1/2)pCpDU?»?
B=(r/4)pD*CUw
The extreme values of F, occur when
0 =0F,/060 = -2A sinf cos 6-Bcos 8
cos@=0 orsinfd=—B

2R

In the first case, the maximum force per unit length is + (-;5) P D?cC pmUsinot

The second case gives a stationary value only if BM <1. In that case
5inf = = B/ A
cos?@= 1- 81/441

F, = 4-3B°/4A4

(I®) If D is not small by comparison with the quarter-wavelength a, diffraction may be
significant. The pile is then large enough to alter the form of the wave and the 7
velocity potential. This particular case has an analytic solution. The effect of @
diffraction is usually to reduce the wave forces.

(,C) The oscillations might be in-line vortex-induced vibrations, or they might be a
resonance with the waves. The first step is to measure the frequency. If the frequency
is close to the wave frequency, resonance with the wave frequency is probably the
cause. In order to investigate the possibility of vortex shedding, calculate the reduced
velocity Vg=U/ND, where U is the maximum velocity (calculated from the formula
above, or measured) and N is the natural frequency of x-direction oscillations w | ] y ’
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4Q (Git4)
= (calculated, or taken as the same as the observed oscillation frequency). In-line
oscillations in steady flows occur when Vz is 1.5 or more.

Oscillations can be reduced by:

1 by raising the natural frequency, for example by linking the pile to the
wall by struts, or

2 by increasing damping, for example by filling the pile with sand, or

3 for vortex-excited vibrations, by adding external strakes or shrouds to

break up the length-wise correlation of vortex shedding.



	
	
	
	
	
	
	
	

