CHAPTER 101

THE INVESTIGATION OF THE WAVES AT THE BAY ON THE
MODELS WITH FIXED BED AKD THE ESTIMATION OF THE
} SCALE EPPECT

; by
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‘ and
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Moscow, U.S.S.R.

SUMMARY

The wawe model regime, in the given bay of the arbitrary
outline, have been studing at the three scales 1:150, 1:300
and 1:450. The model= had the fixed bed. The model of the
gcale 1:150 had been conditionally admited as the prototype
at the investigationm.

As 2 result of the study the scale effect for the present
case have been found. The correction scale factors depend
on the relative water depth.

The largest correction scale factors are n= 1.5 for the
model scale 1:300 and N = 2.1 for the model scsle 1:450.
At these cases the relative water depth is less than Li): < 0.20.

The correction scale factor is N = 1 for the model scale
1:300 and 1:450, if the relative water depth is more tham
{- > 0.30 - 0.35.

LIST OF SYMBOLS

h - Wave height;
A ~ wave length,
T - wave period;
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H - depth of water measured from SWL;

hy ~ wave height at the point i;

X -~ wave length at the point 1;

K = :_:.1 - coefficient of the remaining wave height
at the point i;

K.
= 1 -~ oorrection scale factor (where 3 = 300
s
and 450)
INTRODUCTION

The determination of the model scale is one of the prinei-
pal question at the study the port protection from waves.
It is well known, that the model scales are applied from
1:40 up to 1:500 for such investigations in the practice of
the hydraulic laboratories,

The relationship between the laboratory model figures and
the game figures of the prototype is caloulated by the Froud's
law at any scale of the model. However, the loss of the wave
energy is more at the models of the small scale that at the
ones of the large acale. As a result we can have the under-
estimation of the wave heights. To avoid the underestimation
of the wave heights smome investigators (1,2) had proposed to
wnvroauce the correction scale for the wave heights at the
port study on the models of the small scales. For example,
T.Blu (3) takes notice that the relative wave heights at the
model sosle 1:400 are twice less than the ones at the model
scale 1:100. We can find a lot of articles and research work
(4~7) concerning to the dissipation of the wave energy at the
model investigation.
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The grest interest to this problem is explained by natural
desire to get reliable results at the least expenses and with-
out wasting much time.

Indeed, at present time one can get the most reliable res-
ults for the estimation of the wave regime only with the help
of the model study, as the snalyticsl methods remain till now
rather imperfeat.

MODEL

The study of the wave regime had been carried out on the
fixed bay model of the arbitrary relief. The general scheme
of the bay model is presented in Fig.1. The situation of the
wave generator and the points in which wave gauges were ins-
talled are also shown in the same Fig.1 and here you can see
the direotion of the wave fetch by the arrow, at which we
have results presented in this paper.

The model of the bay was disposed on the concrete floor
in the hangar. The bay isobaths had been drawn by the chalk
on the concrete floor snd according to the sheet iron strips
of the appropriate size were placed. The space between the
strips was filled up by sand, which had been moistened by
water and had been rammed. The cement solution of 1,5 em cover-
ed the sand model. After three<four days the model of the bay
was prepared for the wave study. All models of the scale 1:150,
1:300 and 1:450 had heen built in this way.

EQUIPMENT AND METHODS

The waves were generated by a flatter-type machine, driven

by 10 kw- the direct current motor. The electric wave gauges
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of the ohm resistance were used to measure the wave heights.

The wave trains consisted up to 30 waves by 3 times and
they were comtimiously recorded by the oscillograph on the
photopaper belt.

¥We calculated the mean wave heights from‘} of the largest
wave height for any point. The relation of the mean wave
height calculated by the above method, to the height of the
initial wave, measured at the open seas, determined the coeffi-
eclent of the remaining wave height at the given point ky= %.i_ .
If one Imows the coefficient of the remaining wave height at
every point it is poasible to plot the isolines of the coeffi-
sients of the remaining wave height.

ANALYSIS OF RESULTS
The wave regime is shown for the three scale models in
Table 1.

Table 1
NN Unit | Scale of model
Name of
measurd 1:150 |1:300 |1:4%0
1 | Wave height h on. 4.2 2.2 | 2.0
2 | Bave length A om. 66 25 20
3 | Wave period T sec. 0,65 | 0,40 0,31
4 | Wave depth in the
open sea - § cm. 24 12 8
5 | ¥ave slopress -—:- 15,6 | 11,2 %0,0
6 | Relative water dopth-?\- 0,36 | 0,48} 0,40
{
7 Ié;an water depth in ‘ !
I
i

e bay H, om. | 12 6 8,5
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As shown in Table 1 the waves were of considerable steepness
and they were generated at rather great water depth.
Acoording to the Froud's law the wave characterisations of
the prototype are following: h = 4,5 m, A= 70 m and

T =7 sec.

The estimation of the sutomodelity of mean wave regime in
the bay for the all three scale models was made by Reynolds'
number acoording to Mich's and Ofitzerov's formulsas

u
o (1)
Y
whers Ug = Jl'"\
Jr)\ &ﬂ T H, - bottom welocity

9 N

Y = 0.011 ( t = 159C) kinematik viscosity of

water
Uph
Bo =+ (2)
where Up = h\/ Ia A ”{H' - orbital velooity

Table 2 schows the Reynolds® numbers for the all three
models

Table 2
; 1:150 1:300 1:450
! R, 14200 4200 3500
| R, 8500 3620 3450

In Table 2 on gan gee that the Reynolds' numbers for all
the models appeared to be more than 2000.
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It allows to believe that the wave regimes in all our
models are within the limits of the same automodel zone.

The values of the coefficient of the remaining wave
height and the relative water depth to any point were cal-
culated. The values were then marked on the paper and by
them one drew the three curvee (Fig.2). The curves are in
entire confirmity to each other.

The less the scale of the model -~ the more the curve
steopness and therefore, for the same relation of the water

depth to the wave length E}_ the coefficient of the remain-

ing wave height K; is appﬁ::red to reduce with the decrsas-
ing of the model soale.

The dissipation of the wave energy results from the
turbulent viscosity of the water and the bottom friction.
The less the relative water depth _H..}. the more the lass
of the wave energy hecause of the bottom friction.

I.Stepanov (8) notes in his work, that the imformation
about the influence of the turbulent viscasity upon the
decreasing of the wave height is very contradictory.

The dependency between the relation of the coefficlents
of the remaining wave heights of the studied models n = E]_'_)'_Q
and the relative water depths _}_I_:_l_ are given in Fig.3 R
The Fig.3 is based on Fig.2. i

In Fig«3 one can see that the carrection scale factor
n = 1 for the models with the scale 1:300 and 1:450 when
the relative water depths are Li > 030 - 0.35, but
when the relative water depths az‘le H{ < 0.20 we have

n = 1.5 for the seale 1:300 and =a = 2.1 for the =scale
1:450.
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As the relative water depth H; decreases from 0,30 up
M

to 020 the correction scale factor increases.

CONCLUSION

The investigation carried out can not claim to establish-
ment the correction scale factors in all possible cases. How-
ever, these investigations display great importance of the
problem, which can be solved more completely by the investiga.-
tion of the scale series including wave research in field

conditions.
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