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;3 ABSTRACT

gq ‘Based on work performed by verious engineers and

E scientists, (Stroub, et £¥; Taylor; Williems; Horikawa;

f? etc.), small scale experiments were performed to compare
the performance of a hydraulic breskwater for attenuation

Y . , .

N of verious rendom wave spectre to monochromatic waves,
S . . .

NG Previous experiments were conducted in the presence of
v L]

$3 monochromatic weves and wind genernted wsves, the wind

generated waves being closer to naetural occurrences than

b monochromatic waves,
d;ﬁ Pour wave spectre, Dorbyshire, Pierson, ITTC and
3ﬁf Jonswep, were generated against = breakwater set at e
¥ fixed depth and fixed jet area per foot (maximum
S mechanicélly attainable) while varying the flowrate.
%E The results indicate » much larger discharge require-
R ment for the nttenuation of random waves to the same
. degree as monochromatic waves of similar magnitude. This
V) is due to the fact that the breakwater does not work as
X well on the longer waves of the spectrum es it does on
X the shorter waoves. .
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LIST OF SYMBOLS

a = Dboundary condition constant
a8, = channel cross-sectional area
aJ = cumulative jet'area

59 b = Dboundary condition constent

;; Bl = 1initial condition constant

; 32 = 1initiel conditon constant

:2 C = 1initial condition constant

N

{? d = water depth

3 Fr = Froude Number

fg g = gravitational acceleration constant

b h = depth of jet-induced current

x HAVG = average incident wave height

n dMAX = maximum incident wave heigut

} HSIG = gignificant incident wave height

E: HTSIG = gignificant transmitted wave height

N k = wave number (integer)

5 L = wave length of transmitted wave

X Lo = wave length of incident wave

N

= q = discharge per foot of breskwater

‘} Q = total discharge of breakweter

o t = time

» T .= wave period

4

» T, = peak wave period of wave spectrum
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2 V = mean velocity from water jets and surfece current f
; x = horizontel space coordinate '
- ¥y = verticel space coordinate K
; Z, = Taylor's non-dimensional coefficient relating k
) wave length to surface current parameters
b ¢1 = surface current velocity potential :
: @2 = velocity potentiml below surfrce current
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é INTRODUGTION

.

ey Wave attenuation by surface currents created by

}ﬁ pneumatic and hydraulic breekwaters has been studied for
e ' meny years. Studies of pneumatic breakwaters will not be
B ’ discussed, except to say the carly research of hydraulic
; breekwaters was directly related to the pneumetic break-
,ﬁ water experimental results, ie, the horizontal current set

up neer the water surface by the rising bubbles was the

gz main cause for wave attenuastion, as is the case of the

LN current set up by the horizontal water jets. The major

?2 motivation for the development of hydraulic breskwaters

- ves to develop a transportable, easily erected and operated
A}i breakwater to expedite emergency operations, such as oil

i spill clean up or salvege. The breaskwater could be stowed
_ﬁ on a vessel, installed where needed and operated by pumps

already installed on the ships. Another application would
be to use the breskwater during off-shore or coastal con-
. struction, such as bridge, pier and platform construction,
where no breakwater existed before or would be needed
after constructior was completed. There aore also various

i militaery applications.
o ° A hydreulic breakwater is formed by discharging weter
W under pressure through a series of orifices or nozzles in

e manifold in a direction opposite to incident waves. As
the water jets from the breaskwater interact with the sur-

%
Q: rounding water, a high degree of turbulence is generated.

3 This turbulence end diffusion eventually create a horizontel

- current, When waves enter this current, part of their

» energy is dissipated, As a result of this energy loss,

o the height of the transmitted waves beyond the breakwater

-~ _ is less then that of the incident waves, with 100% attenua-

N tion as a goal,
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Y Hydraulic breakwaters were heavily studied in the
:J mid to late 1950's. Taylorl manipulated mathematical
’ equations for two surface current profiles, one constant
X with depth, the other linearly decreasing with depth, for
-ég 100% wave sttenuation. He showed the relationship between
S\ horizontal current velocity and ettenuation of incoming
- waves., Experimental results have shown that the linearly
o decreasing velocity profile is a close approximation.
?S For this current, he represents waves, of wave length
N L= 20/k and frequency T/2m, by velocity potentials ¢1
: on the surfzce current and @2 below the current:
34
%ﬁ ¢1= —V'X+(B1eky + Bge'ky) ol (kx-Tt)
" ®2= cek(y+n) i(kx-Tt)
3& if the surface wave is y:aei(kx'Tt) and the lower surface
¥ is y:-h+bei(kx'Tt)(k>O). He then non-dimensionalizes
e thede equations and finds the relationship:
e .
‘:2 22'=21r'h0<g / Ly = hg/vg
. with h= depth of current, L,= wavelength of incident waves,
. g= gravitational acceleration, V,= velocily needed to
-jz completely attenuate the waves and «, is e coefficient
,%: defined as g/Vl, T= wave period He tabulates values of
' *, as a function of LO/2ﬁh = 2 /&2 in Table 4,
3 As an exemple, Ly= 5 ft., k=1, h-Sin.,then LO/217h =1.91,

and from Table 4, -%,=2, 60 then, 21rh‘np/ Ly=3.54= hp/vz'
and v2= 1.95 fpa. An approximate flow rete through the
Jjets necessary to create the required velocity can be

'&; calculated if the area of the current-qreating jets is :
2

Cad

J% known. Say aj = ,005 sf. Then, Q=y,aj = .01 cfs is
e negded to attenuate the waves,

o |
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Evan82 performed model studies showing the importande

of the surface current generated by the breakwater's jets.

He states and shows that waves may be stopped by a sufficiently
thick opposing surface current and that the periocd of

the waves remeins unchanged as they pess into the current.

His experiments showed that waves will be at least partially
dai.;..d by the turbulent action ceused by a counter-current,
Evenus' tests were for shallow water conditions, where es

Tav.: r's equations are for infinitely deep water.

Straub, et al,3'6 performed two separate scale experi-
ments to determine scale effects and horsepower require-
ments for efficient operation of hydrasulic breakwaters,
ks test parameters, they varied. jét area per foot of
breakweter, jet angle of attack, jet depth per water depth,
Jjet discharge and number of Jjet nozzle manifolds, Their
datae are presented in dimensioneal and non-dimensional form.

- It was determined that the scaling factor is the Froude
- Rumber, Fr

2=V2/gd= constant, jet depth for best results

is .91 water depth from the bottom, so as to stay below
the wave troughs, and jet area per foot of breakwater
should be meximized.

’_ Using the example from gabove, wave length Ly=5 ft,

depth d= 2 ft, jet avea ay= .0l sf and graphs from Straub,
et al,

Iy/ d = 2.5

A TR B S

jet submergence =21.4 inches from the boticu. From their
- Fig. 5, discharge per foot of breakwater g= .018 cfs for
90% attenuation of the waves, And from their Fig. 8, for
100% attenuation, q= ..018 cfs. Horsepower and discharge
re&u;rements as functions of ey are found in their Fig. 6
1n€4£f~nsion1ess form.
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+3] Other studies were conductud, otably throene J
) dimensional studies by Straub, et al’ end Horikawa, |
e to determine the nres of protection rolidad b Lo ;
58 . . ‘ . !
Ay that are set at variove engles o the stvockis r incident k
K, '
x wave trains; a breakwater instelled abocrd a ship (Dilley4)
to protect the ship and mooring system urinz operations .

AN PN v N '
£ in deep water; the verification of the ¥Froude Number as .
> . W s ‘ . ,
N the scaling factor (Willl[iﬂ187), as gsravity ferces on the
g free water surface ploy an lupocioa. ool oo bienwetion
v process; and ztternuaetion of wipd oas W11V o0, and Wiegeld) !
[ %0

L the closest to notoc L i oo Lo d Lo © 0 that
'2; longer, deeper wonves ore not attenueted ug ofifectively

& as the shorter, shallonor waveds, Rue? ond Leece, Richey
% and Raolo updated and reverified previocusly collected .
"y ) . . . . o
& data for deep water waves. It was determinca by these !
N N . . - ¥
< experiments that horsepower requiremenis mignt be less K
- thaen previously expected, but furiher studiesg would have
P to be performed.
;f Most previous experiments were conducted using mono- .
e chromatic waves, It will be attempted to show & very

% P ) Iy + . Do

- iimited case of the hydraulic breakwater, with fixed et

N, area, fixed jet angle and fixed jet submergence., Various ,
N random wave spectre attenuation will be compared to Streub, '
| et 313, results as to efficiency of the hydranlic break-
- water. The wave spectra usged vwere Durbyshire, ITTC, Jonswep

¥ and Plerson-Moskowitz, as theue were library spectra :
& . _ : ;
A installed in the wave generstor system. Table 2 shews the \
A J

v L]
- equations used to describe the various wsve spectra. A . ;
) sample of the strip chart genecrnted by tho ITTC 'spectrum !
o at q= ,03 cfs/ft is shown in fi;. 1.
N
1
13 . .
- .
\ .
N )
~ .
N .
- 4
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% DISCUSSION Ok Jiis |
;y _ ~ A basic axiomll of jet hydr-ulics ctuter that the _ ]
2§ | entire kinetic energy of a jet will be dissipated ¥
ﬁ} through reaction with the surrounding {luid. And the
i Newtonian principle of action and reaction makes it plain
?ﬁ that deceleration ui the [luid in the job, coused 1y
Sf turbulent diffusion, occurs through simulianeous zcceleration
:z of the surrounding fluid. The predietion of the surface
velocity and thicknese of Lhe suvevoo e 2no {1 a bhe
;f discharge of the water jJets iv wir ¢ssomlict o wtor in the
%? practical use of hydraulic breakw: ters,
2? A way of predicting the jeil's velocily peuiile 1o
4 given by Albertson, et alll. He gives expressions for
;ﬁ both s8lots and circulsr orifices. For a slot width equal
‘2; to orifice diameter, and all other parameters equal, the
02 meximum slot velocity is less then the maximum orifice
velocity, both messured on the centerline, respectively.
i%} Albertson, et al, present varicus non-dimensional plots
N of velocity profile paraemeters for the use of engineers
N and designers. Jen, et all®, bring in the effects of
” temperature, but in the experiments reported on in this
Z; peper, these effects are neglected.
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APPARATUS

The experimental apparatus consists of & wave tank,
wave generator end hydraulic breskwater. The tenk is a
120 ft long, 24.5 inch wide, two-dimencional glass walled
flume. The wave generator is loceted at the head of the
tank, while a wave absorbing bench is =t the end. Weter
depth was kept constant at 20 inches (fiz. <£). The channel
erea, &, (24.5)(20) /144 2. 4D% of,

The jet sicc ane nnnifold plecenent were approximated
using Straub, et el, rezultz., The trezkweter consists of
a 1.5 inch I.D. FVC pipe monifold fed throush a centrel
Tee junction by o pump rated at 0O gpm through a 1.5 inch
I.D. pipe (fig. 3). The breckwater menifold is secured
at a fixed height from the bottom of the tank3, 18.25 inches
(.91 depth). The manifold has twenty-two 7/32 inch brass
nozzle jets spuced 1 inch epurt center to center, for a
total jet ares ajz .827 sqin. The jet area was set so as
to be meximum mechanically possible. This gave a jet aren
to channel area retio of ,00169.

The wave generator is a Seasim Modular Wave Making
system, consisting of a2 Seesim Prograzmmeble Spectrum Random
Signal Generator, a Rolling Seal Wave M«ker RSW 30-60,
and a Servo Control Amplifier LSC 24-48, The breakwater
was set into the tank 45 ft from the wave generator, with
two resistance-type wave gages, one 20 ft ahesd and one
20 ft behind the breakwater (fig. 2).

To determine the maximum discharge requirement, and

from this the pump size necessary, Straub, et alj, Fig. 8.
wes used., A maximum flow rate per foot of breskwater

gq= 025 cfs/f{t wus chosen, gince 100% «itenantion of
wave lengths urfed in this experiment ncecured before this
value was reachned. Thusg, »n eslinmated §: (.025)(2,04)=
051 cfs= 2.5 agpm was needed et the nozzlen of the.

A AR e .'1
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breakwater, It was thought that the
supply would be sufficient to deliv:
rate, but after preliminary tests wa
eble. The laboratcry pump used wues
through a 1.5 inch pipe., Water wos
directly from the tank, the suction
the experimental apparatus, so the w

Unlversity's woter

r othne reculdred flow

g dotornined unncecept-
raiad ot 0 gpm

fed to thue pump

end far away from

ater level 1n the

tank would remain essentinllyv conctont., An orifice

meter was instelled in the pumn outd

to a mercury mancmeter to hte ablc 1o
the flow rate from the pusp to thoe b

Al

et i oo sttrened
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seenrately measure
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-
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et al, hogsgepnwer il v lotoin
made, Hewaver, @btboer ctdon gt o oo R cod
data and the various wave spectod @ors 1 D ais s
in figure 4.

Figure 4 showe cn allenusbtion of S0 a0 28
for no discharge. This .o Povooe
manifold itgell o« oo . o '
diameter being of ths sems crocy 0 oL
wave heighte ond v o0 oo
The ratic of tlo we ol i
in these expurimarts v Diost
Straudb, et ¢1, honer 1o SRR g
1 The most gtrikiae diifopen- .-

and monochromatic vwove pttenmst i, o oo o0

] [




'.I‘l.“

ABn, 4, g a
1 {\.‘:q.'.'.. LI N

_..-’, e

AL.A:.’L.:L!Q! LN

VI

poi -
A
e

L
-

(R )
s

M

.“9“ -

Tarat
P AP X

PO RAR Lm iy

tp discharge is increasing &t & much slowor rutle for randon
waves than for monochromatic waves. This would lead one

to believe it requires more dischorre, and therefore more
power, per foot of breakwater ito atiuin the seme degree

of attenuation of random waves of the sume significant
period and height as the period and height of n monochro-
matic wave train, with the same breskwater,

The attenusntion of ench different spectrum was cal-
culated for each of average wave height, significant wave
height and masiciim wove bolghbto Lo o o redeudnted
using & fast PFourier livwsform (vmooih.d poricdogran)
computer program written at Texas AN Urniversity. 1In
all cases, the ganmne Amount of nttenncting wes achieved,
so only the significant wave heights of the transmitted
waves were tabulated in Table 1, The sgsignificunt wave
height was chosen as this is normzlly chosen os the
design wave for most applications.

It was noted that the water in front of the break-
water rose slightly at high rates of discharge, except
directly in front of the breakwater. The vclocity of
the water jets ceused the surroundiing water to be pulled
away from the breakwater, by the interactive forces
discussed above, at a higher rate than ti wrter behind
the brealwater could naturally £il1 the void. No solution
to this problem, if it is a problem, will hrr put forward.
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CONCLUSIONS
s
:‘ 1. The rate of attenuation for the vaniom wnro gpectre
2 tested is less than comparable monochromatic waves,
L by epproximately & fector of 2.
S
o 2, Using the above as a guide, horsepower and efficiency

P
o comparisons would most probably be nffected in a
similar manner.

s

{?ﬁ 3. The shorter waves of the spectra were attenuated

;w out by the breskwater, but the longer wnves continued
& through virtually unaffected,

e

g 4, Comparison of attenuation of average, significant and
:3 ...~ maximum wave heights showed they were equal,
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TABLE 1. SUMMARY OF RXPLBRIL I oo 1w

Darbyshire Spectrum Tp= 000 I
HSIG= 1.29 in HAVJZ .&1 iﬂ t,
q({cfs/ft) HTSIG(in) Attonuotion

0 .98 Lo
.018 .92 co
.029 .80 T
041 .67 o
Pierson-Moskowitz S-. ..o M- 00 fh.
Hgpg= 1.37 in Hy e L3b in N
q(cfs/ft) HTSIG(i;) Attenuatior
0 1.01 S
.020 .89 35
.028 TR 43
047 .60 56
ITTC Spectrum Tp= .98s LO
HSIG= 1.43 in HAVE= .89 in HMA
q(efs/ft) HTSIG(in) Attenuntion
0 .93 .35
.018 .88 .38
.030 .70 .51
.042 .56 .61
Jonswap Spectrum Tp= .98s
HSIG= 1.43 in HAVE= 098 in HMA
q(cfs/ft) Hpgyg(in) Attenuation
0 1.02 .29
~ 017 .96 W33
s ,028 .85 LAl
| .036 .72 .50
?,-
{
|
‘ 18-~

J‘
Vo
%)

- 1,65 1in
;p(:ec)
1.16
1.16

1.1¢€
i.16

/d 3,27
N 1. 74in
i\
p(iec)
1.16
1.16
1.28

/d= 3,63

X~ 1.82 in

Tp(sec)

1.16
1.16
1.16
1.28

Ly/d= 3.63

X= 1.82 in

Tp(sec)

1.16
1,16
1.16
1.16




TABLE 2 STANDARD pUPIvIUAL 4 A
Darbyshire Cosstal Watoco Spectrum
S(f) = 1.494 y iy exp 7 oot

Y .,
oL nh

where . = Lol

ITTC Spectrum
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