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ABSTRACT 

The peek wave energy in a ayatem of wavea reaulting from the paaaage 

of a ahip ia oí importance in auch problema aa bank eroalon, the motion 

of moored veaaela, forcea on fixed and floating docka, etc. With reapect 

to the bank eroaion problem, the queation often aaked ia whether the 

aingle paaaage of a large ahip during a day, for example, ia more damaging 

than numeroua paaaagea of email pleaaure craft during the day. With this 

in mind thin atudy waa conducted to determine the relative importance of 

the peak energy reaulting from the paaaage of a cargo ahip and a pleaaure 

cruiaer. The characteriatica of the wavea generated by theae veaaela 

moving at varioua apeeda in deep and ahallow water were determined from 

model studies. A numerical example ia given in which prototype values of 

peak wave energy were predicted from the model data, and then ratios of 

the peak energies computed. The importance of ahip speed ia evident in 

theae compariaona. 
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I. INTRODUCTION 

1.1. General 

■me generation of waves due to the motion of ships and the deter¬ 

mination of the wave-making resistance of ships have been the subjects 

of theoretical and experimental studies for many years. 

me earliest work in the field of ship resistance were those of 

Rankine (46) and Froude (8). The theory of ship waves was first pre¬ 

sented by Lord Kelvin (35). Havelock (11,12) and Ursell (61) later 

extended the work of Lord Kelvin. After the work of Froude, a con- 

siderable amount of work was done to predict a wave resistance of a ship 

from measurement of the wave pattern behind the ship in steady motion. 

Havelock (13,16,18), Lunde (38), Birkhoff, et al. (2), and more re¬ 

cently, inui (26), Eggers (5), Gadd and Hoggben (9), Neumann (43), 

Sharma (50,51), Shor (54), and others have suggested methods and their 

application to determine wave making resistance of ships from measure¬ 

ments oi ihe wave profiles generated by the ship's motion. Egger's method 

of computation of wave resistance is based on a free wave spectrum and 

has been developed for both finite and infinite water depths. 

Very little work, however, has been done in obtaining quantitative 

information on the characteristics of ship waves at a given distance 

from the sailing line in terms of hull forms, displacement, speed, and 

water depth in unrestricted and in restricted navigable channels. 

Hovgaard (23) was apparently the first one to make a comprehensive 

set of measurements of actual ship waves generated by different types 

of ships. For restricted waterways, some investigations have been 

made ro determine the form and the protection of canal banks (Carlson, 
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3, and Hulmán, 24). Many other investigations have been made, but no 

reporting was made of the wave heights occurring in the tests. Tbe 

works of Johnson (27,28), Sorensen (55,56,57), Hay (20), and Bidde (1) 

were therefore made to determine quantitative information on the waves 

generated by moving different ship models in a model basin. Sorensen 

(55) , by using both parallel-wire resistance type wave gauge and 

stereophogrammetric technique, succeeded in obtaining quantitative 

information on the wave surface and compared the theoretical predic¬ 

tions of Lord Kelvin (35) and Havelock (11) with the actual ship waves. 

1.2. Purpose 

A ship moving in a canal or in a harbor causes the following 

phenomena to occur that are important from the point of view of the 

proper design of harbor and channel revetment, the effect of ship 

waves on moored vessels and floating docks, etc.: 

(a) The height of the waves reduces along cusp-locus line as 

the distance from the sailing line increases. 

(b) A water movement (known as backflow) which is opposite to 

the movement of the ship is created. 

(c) There is b lowering of water level, generally known as 

squat, near the ship, which is dependent on the backflow 

velocity and the speed of the ship. The backflow velocity 

in turn is dependent on the wet cross-section of the 

channel, the immersed midship section of the ship, and 

decreased wet cross-section of the canal due to squat and 

the speed of the ship. 
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For the control of side slope erosion, one should hsve informa¬ 

tion on the peak wave energy, or maximum wave height as a function of 

distance from the sailing line, the angle of incidence of the waves 

with respect to the banks, the backflow velocity, and the amount of 

squat expected with different types of ships. 

This report presents the results of studies with models of a 

Mariner cargo ship and a pleasure Cruiser model under deep water 

(d = 24 1/8") and shallow water (d = 4 1/81) conditions. 

The procedure in all tests was to tow the models at various 

speeds and obtain wave records at several positions from the sailing 

line. 
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II. REVIEW OF LITERATURE 

A survey of litersture on the theoretical and experimental studies 

of the waves generated by the motion of ships or a local pressure dis¬ 

turbance was made. Sorensen (55) has included a survey and discussion 

on this subject. The literature reviewed is cited in the list of 

references. Those references pertinent to this study are cited in the 

text. 

Some important literature on the theory and the methods for the 

determination of a ship's wave-making resistance from measurer >nts of 

wave heights was also reviewed as cited in the reference; however, 

since these works do not relate to the problem under study, this dis¬ 

cussion has been omitted in this report. 
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III, EXPERIMENTAL SET-UP 

3.1. General 

The results of the experiments reported herein were obtained in 

the model basin of the Hydraulic Engineering Laboratory, University 

of California, which is located at the Richmond Field Station. TVo 

ship models, a Cruiser (Figs. 2 and 3) (scale 1:16) and a Mariner 
* 

(Fig. 1) (scale 1:96) were tested in two water depths. 

3.2. Model Basin 

Figure 4 is a general view of the model basin and the model towing 

arrangement. The overall dimensions of the model basin are 149.5 ft. 

(length) by 63.6 ft. (width) by 2.5 ft. (depth). The same ship model 

towing arrangement as used by Sorensen (55), Hay (20), and Bidde (1) 

was used in the experiments. 

3.3. Ship Model Towing System 

The ship model towing system consisting of the two pulleys, a 

1/16 in. diameter nylon towing line, drive weights, and a counter¬ 

weight required to return the ship to the starting position after each 

run has been described previously by Sorensen (55). 

Different ship model speeds were obtained by varying the weights 

used in the drive system. The speed of the model was determined by 

measuring the time required for a given number of revolutions of the 

larger pulley which has a circumference of 4.7 feet. Since during 

the first few revolutions of the pulley the model accelerates to reach 

a uniform speed, the time for speed measurement was measured only 

after the pulley completed its third revolution. 
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The speed of the ship was not constant for a given weight in the 

driving system, which may be due to a variation of frictional effecta 

in the system. Therefore, each individual run was treated as separate. 

In order to check that the ship speed remained uniform over the test 

run after the initial period of acceleration, a microswitch was mounted 

near the shaft of the pulley and tripped each revolution. The time 

period for each revolution of the pulley was recorded on a Sanborn 

recorder using the remote marker. As an example, Fig. 5 shows a plot 

of time in secs, per revolution against the revolutions for Record 33, 

Run 12, using Mariner model in shallow water (d = 4 1/8"). 

3.4. Wave Gauges 

Four parallel-wire resistance type wave gauges (Wiegel, 63) were 

attached to point gauges and were mounted from the deck of the carriage 

system located in the model basin. These gauges were connected to a 

four-channel Sanborn amplifier-recorder to obtain the time history 

of the water-surface elevations (Fig. 6). These gauges were located 

at 2.95 ft., 8.83 ft., 14.7 ft., and 20.6 ft. along a line normal to 

the sailing line of the ship. 

The calibrations of the wave gauges showed that these gauges were 

not linear. Further, the pen deflections or the voltage outputs for 

equal amounts of raising and lowering of the probe from the still-water 

position were not constant. Therefore, the gauges were calibrated for 

different depths by both raising and lowering the probe from the still- 

water level. The calibrations were also made at different attenuations 

of the Sanborn recorder in order to be able to record all ranges of 

wave heights in various runs. 



With a view to making a Fourier analysis of the wave data, a 

simultaneous recording of the wave heights was also made on an eight 

channel analog-digital converter (Hydra) to be described later (Fig. 6). 

A few of the calibration curves were plotted from the calibration 

records obtained with Hydra. These showed the non-linearity of the 

calibrations. For purposes of computation of wave heights from the 

Hydra records, the average value at each step of calibration was used 

and linear interpolation was made between two successive steps. 

3.5. Wave Height Recording System 

Time histories of water surface elevations at four points along 

a line normal to the sailing line were recorded simultaneously on a 

four-channel recorder as mentioned earlier and on magnetic tape by 

using Hydra (Fig. 6). The digital data tape recorder "Hydra" was 

built by the College of Engineering, University of California, 

Berkeley. The essential features of this equipment are: 

physical dimension - 

power requirement - 

channel capacity 

sampling rates 

size: 22" (wide) X 25" (depth) X 62" (height) 

weight: 430 lbs. (approx.) 

600 watts, 115 V ac, 60 cycles 

eight, of which one or two may be digital 

and the remainder analog, or all analog 

tape speed (inches per sec.) : 75 16 4 1 

sampling rate per sec. in 8 channels: 

7500 1875 468.75 117 

samples per sec. per channel: 

937 234 59 15 

Lower sampling rates may be accomplished by single-scanning 
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all channels as frequently as needed (external triggering). 

sensitivity analog: ± 10 millivolts, full scale 

digital: 10 binary bits plus sign 

In thin study a tape speed of four inches per sec, that is, 468.75 

samples (or data points) per sec, was used to record the analog signal 

from the Sanborn recorder. All the eight channels were used for re¬ 

cording the analog signal from four wave gauges. Two channels were 

patched together meaning thereby that the wave data from each gauge 

were recorded on two channels. 

The time interval between any two samples in each channel is 

3.6. Ship Moléis 

The following two ship models were used in these experiments: 

TABLE 1. MODEL CHARACTERISTICS 

Overall length Beam Draft Total dis- 

Scale (inches) (Inches) (inches) placed for 

_ test (lbs.) 

Mariner class 1:96 70 - 3/4 9 - 1/4 3 37.32 

cargo ship 

37.32 

Cruiser 1:16 48 - 3/4 2 24.913 

The Mariner class cargo ship was also used by Hay (20) in his 

studies. 
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IV. EXPERIMENTAL PROCEDURE 

Several teat runs were conducted with the Mariner and the Cruiser 

models in both shallow and deep water. Simultaneous recordings of 

the time histories of water-surface elevations, as well as the cali¬ 

bration of the wave gauges, were made on a Sanborn recorder and the 

Hydra on magnetic tape. 

Each test run was carried out in the following manner. The 

desired weight in the pulley system was added. The model was taken to 

the starting point so that the revolution counter registered zero. 

The still-water signal input to Hydra from each wave gauge was 

checked individually by manual operation of the Test-Operate switch 

on Hydra, and displaying the signal on an oscilloscope, connected 

between the low level amplifier and the A/D converter. By adjusting 

the Resistance/Bal control on the associated carrier preamplifier, the 

wave gauge signal was set at zero volts as received by the A/D con¬ 

verter, thus correcting for sny drift in the Sanborn recorder before 

each run. 

Sufficient time was allowed to obtain still-water conditions in 

the baain. Then, the towing system was released to tow the model. 

After the pulley completed the first three revolutions, the timing of 

the counter was made with a stop watch. The average speed of the model 

was obtained by timing over fifteen to twenty revolutiona. The Hydra 

and the Sanborn recorder were switched-on to obtain records as soon 

as the surface deformation in front of the model arrived in the close 

proximity of the wave gauge nearest to the sailing line. The recording 

was stopped after the waves passed the farthest gauge and before the 
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reflected waves from the end and side walls of the basin propagated to 

the probes. For the next run, the model was taken back to the starting 

point. Sufficient time again was allowed for the surface disturbances 

to die down before the next run was commenced. 

Two sets of test runs were made with both models on two occasions. 

The first set of test series comprised only a few runs and provided 

only limited data. Therefore, it was decided to take a second set of 

test series at various Froude numbers. Tests with the Mariner model 

were done both in shallow water (d = 4 1/8") and deep water (24 7/8 ) 

at different Froude numbers. Tests with the Cruiser model could be 

completed only in shallow water (d = 4 1/8"), but tests with this 

model in deep water could not be repeated, as the model was no longer 

available. It is therefore important from the point of view of the 

study of the relative effect of waves generated by large ships and 

small boats that tests with small boats be carried out in deep water 

to compare the results with those of large ships in shallow water. 

The details of the two sets of test series, i.e., the water depth, 

ship speed, Froude numbers, etc., are given in Tables 2, 3a, 3b, 4, 

and 5. The data and computational results are presented in the form 

of graphs. 
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V. AHALYSIS AND DISCUSSION OF RESULTS 

5.1. Energy Penalty 

Tor ■ linear sinusoidal progressive wave, the total energy per 

unit wave length is proportional to the product of the wave length and 

the square of the wave height. 

'/ / / / / / / / / / / / / s ' S S S S s ' ' ' ' S ////77 

Thus total energy per unit wave length is given by 

E 
T 

E + E 
K p 

vh2x xh2x 

16 16 
(1) 

where Y is the unit weight of water. However, the energy density 

or the total energy per unit of surface area is given by 

(2) 

Therefore, the energy per unit of surface area is proportional to the 

square of the wave height. 

Ship waves. Suppose the time history of water-surface elevations 

is measured by using a parallel-wire resistance gauge fixed at a 

point y from the sailing line. This time history, which may appear 
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as shown below, provides information along a fixed line extending over 

the complete wave pattern, if the record ia taken over a sufficiently 

long period of time. 

This longitudinal profile through the wave pattern distant y from 

the sailing line can be decomposed by Fourier analysis into regular 

sine and cosine components. Each component will have an apparent 

period T and amplitude C where T B — ; n « 1,2,3... and r n n n n 

:n 'î I h(t> exp (21^1 ) (3) 

The inverse transform of this equation gives 

h (t) L Cn 
(i_2nnt \ 

T / 
(4) 

The mean-square value of the surface deformations is given by 

? 1 ï J Mt)2*. ic„r (5) 

for the periodic wave forms. 
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Thus, the energy density or the total energy per unit of surface 

area In the wave profile obtained by the longitudinal cut is given by 

Gadd and Hogben (9) and Lamb (32): 

En = ! Y Cn (6) n ¿ n 

This indicates the contribution at each frequency f given by - 

to the energy density or energy per unit of surface area. 

5.1.1. Processing of Data 

The results of the test series in set 1 were used to determine 

energy density or energy per unit surface area in the wave train by 

using a Fourier analysis. The following table gives the particulars 

of the test runs for which the wave data taken on magnetic tape were 

used for the above analysis: 

TABLE 2. TEST CHARACTERISTICS (FIRST SET) 

Date of Record 

Experiment No. 

July 3, 1969 13 

" 15 

July 16, 1969 26 

" 27 

July 18, 1969 28 

" 30 

" 35 

" 36 

Model Scale L depth, d 
' •' (inches) 

Cruiser 1:16 

Cruiser 1:16 

Mariner 1:96 

Mariner 1:96 

Mariner 1:96 

Mariner 1:96 

Cruiser 1:16 

Cruiser 1:16 

4.06 4.125 

4.06 4.125 

5.90 4.125 

5.90 4.125 

5.90 25.0 

5.90 25.0 

4.06 25.0 

4.06 25.0 

Speed of Fr^ = 

ship, V V_ 

(ft./sec.) /gd 

2.6 0.78 

2.7 0.81 

2.7 0.81 

2.66 0.78 

2.97 0.36 

3.80 0.46 

4.05 0.49 

3.95 0.48 
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These data include two test runs with each model both in shallow water 

(4.125 in.) and in deepwater (25.0 in.). 

The processing and analysis of the data taken with Hydra at a 

tape speed of 4 inches per sec., or 468.75 samples per sec. in 8 

channels, were done as follows. 

The tape containing 3 sec. records of calibration of the wave 

gauges at various heights, above and below still-water level at dif¬ 

ferent sensitivities of the Sanborn recorder and the wave height 

records for the model runs was first processed in a 360 computer to 

blok the records. This is done by using the Long Blok program avail¬ 

able in the Computer Center. This program bloks long records taken 

with Hydra into Scope internal tape format. The records taken with 

Hydra at odd parity and at a density of 200 bits per inch are usually 

much longer than 5120 bytes, except for the calibration records of 

3 sec. length. This program bloks each of these long records into 

physical records of 5120 bytes and a record consisting of the remainder 

of bytes not divisible by 5120. The data are bloked onto another tape 

(output tape) and this bloked tape is used for subsequent computations 

and analysis by using CDC 6400. Since there is no provision in Hydra 

for an "end of file," it is necessary to indicate an estimate of 

number of records in each tape while it is bloked. 

First, the records of calibration of the wave gauges were pro¬ 

cessed. Each calibration record was 3 sec. long at 59 samples per sec. 

per channel, thus consisting of approximately 177 samples corresponding 

to each depth of calibration. Since the value is not constant due to 

noise in the recording system or due to very small water surface 
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deformations, an average value was computed for each point, and this 

mean value was used for obtaining the time history of water-surface 

elevations from the wave records. As the calibration was a static 

one at discrete steps, linear interpolation was made between two 

successive calibration points to compute the water-surface elevations 

in the intermediate values. These calibration data converted the 

Hydra records given in terms of numbers between 0 and 2047 

(-10 mv and +10 mv) to actual wave heights or the ordinates of water 

surface above or below the still-water level in feet still-water level 

being regarded as zero. 

In order to compute and compare the energy densities at different 

gauge stations by using the Fourier analysis method, the position of 

the maximum wave crest was located by scanning through each record. 

A suitable length of record was selected to include the first bow wave 

preceding the maximum crest and to include sufficient data points 

after the maximum to include waves of appreciable amplitudes. Equal 

lengths of records or equal number of sample points were used for the 

different time histories in each record. It developed that 528 samples 

had to be used for each analysis for each gauge station. This was 

528 X 8 _ „ 
equal to a record length of 46g 75 = 9 secs. 

Values of Cn^ have been plotted as a function of n in Figs. 

7 and 8 for the Mariner model, Figs. 9 and 10 for the Cruiser model 

in deep water, and Figs. 11 and 12 for the Mariner model and Figs. 

13 and 14 for the Cruiser model in shallow water. 

The time histories of water surface in shallow water (d = 4 1/8 ) 

showed a long surge ahead of the first bow wave, and this was followed 
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by a deep and wide trough at the gauge located 2.95 feet from the 

sailing line (nearest gauge). The plots of energy density function 

therefore indicate a large contribution at low frequency, besides the 

T 
second peak at the frequency or period (i.e., —) of the main wave 

system. The contribution at low frequency is absent at other gauge 

positions due to the non-existence of the deep and wide trough at 

those locations. 

The analysis of wave records in deep water (d « 25.0") showed 

little contribution to energy density in the low frequency range. 

However, there are two energy peaks, as can be seen slightljr in Figs. 

7 and 8, for the Mariner model and more pronounced in Figs. 9 and 10 

for the Cruiser model in deep water. 

The total energy density or total energy per unit surface area 

is given by Eq. (6). This was computed for each wave record and for 

each test run. This quantity is also equivalent to the mean square 

?" 
height h . The energy densities for each station located on a line 

normal to the sailing line were non-dimensionalized by considering the 

value of E at the nearest gauge (i.e., 2.95 feet from sailing line) 
n 

as unity and expressing the values of En at other stations as ratios 

of that at the nearest gauge. Dimensionless total energy per unit 

surface area is plotted as a function of distance from the sailing 

line. The results of the eight test runs are shown in Fig. 15. 

Except for the two test runs with the Cruiser model in shallow water, 

the results of the gauge no. 4 located at 20.6 feet from the sailing 

line could not be obtained as the Sanborn amplifier malfunctioned. 

Figure 15 indicates the relative energy as a function of the distance 
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from the sailing line. 

5.2. Peak Wave Energy 

The Fourier analysis method shows how the energy per unit oí 

surface area or the mean square wave height in a finite length of 

the wave train varies with distance longitudinally from the point of 

generation of the waves. 

From the point of view of the design of the navigable canal 

banks, forces on docks,or moored vessels, the peak wave energy associ¬ 

ated with the maximum wave height in the wave train should be oí con¬ 

siderable interest. 

The wave patterns and the magnitude of the waves generated are 

functions of hull form, water depth, draft, and speed of the ship. 

Therefore, further tests whose results are presented in subsequent 

sections were conducted in both shallow and deep water with the 

Mariner and Cruiser models, moving at various speeds. The maximum 

wave height, Hm , was used to characterize the variation of peak 

energy in the different tests. 

S-2.1. Deep-Water Test Results 

Results of the tests made with the Mariner model in deep water 

with a water depth of 24 7/8 inches are presented in Table 3a. These 

results are from the second set of experiments. 

The maximum wave height Hm and its half-period T/2 were 

obtained from the wave records at the four positions. Ship speed and 

depth Froude numbers were calculated. 

in a sinusoidal wave the total energy per unit surface area is 

proportional to the square of the wave height. The square of the 
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2 
maximum wave height, Hm is thus a measure of the peak energy in the 

2 
in the wave train produced by a moving ship. The values of Hm as 

a function of distance from the sailing line with Froude number as a 

parameter were plotted in Fig. 16. This plot provides information on 

the magnitude of the peak energy at various distances from the sailing 

line. 
2 

The non-dimensionalized values of (Hm/d) have been plotted in 

log-log graphs, Figs. 17 to 24, as a function of y/L for various 

Froude numbers. An inspection of thë graphs does not indicate the 

existence of any suitable relationship between the parameters due to 

the large scatter in the values. Another dimensionless parameter, 

Hm2/T2V2 , where T is twice the half-period of the highest wave, Hm , 

and V is the speed of the model, was chosen. This term is plotted 

as a function of y/L for various Froude numbers in Fig. 25. The 

dimensionless energy shows a systematic variation with distance and 

Froude numbers, except for the Froude numbers of 0.4 and 0,50. Ulis 

may be due to experimental scatter. 

5.2.2. Variation of Cusp Elevations 

Havelock (11), Ursell (62), and others have shown that for a 

point pressure disturbance moving in deep water, the diverging wave 

crests at the cusp locus line decrease at a rate inversely proportional 

to the cube root of the distance from the point of wave generation. 

This suggests that a plot of the cusp elevations as a function of dis¬ 

tance from the sailing line will be a straight line with a negative 

slope of 1/3 on log-log paper. 

Figure 26 is a plot of as a function of distance from the 
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..ni., line, y/l , on . ,r.ph. The slope, v.ry Iro» -0.59 

(„r . Fro.de nueber ol 0.35 to -0.21 for . Fronde number of 0.50. 

TOe lorio. Plot, of “ es s function of Fronde nu^er .1th dlmen- 

slonless dl.t.nce y/L .. . P.rsmeter (FI,. 27, nre ne.rly p.r.llel 

strslght lines .u„..tl.g « rel.tlon.hlp of the form, - - C (F . 

.here m Is • positive exponen, end Is e<,u.l to 2., for the «r.ph ., 

»A V 0.5. The «lue of the coefficient, C , .111 be different for 

e.ch line. The dimensionless ..ve heights, ^ , •* f° non-dlmenslon.l 

distances, »A of 0.5 snd 1.5, .re plotted .. . function of Fronde 

number In Fig.. 28 and 29. The trend ... slmll.r. The d.t. for the 

other too gauges .t y/L * 2.5 .nd 3.5 .nd h.ve no, been plotted 

herein. An Inspection of the plot, .odd .ho. ho. rapidly the ..ve 

height Increases .1th Froud. number or the speed of the ship. For a 

two-fold mere... In Fronde number from 0.3 to 0.6 d.e., also two-fold 

Increase In .hip .peed, depth being const.«), there Is dmost ten-fold 

increase In ..ve height. This lncre.se In ..ve heigh, .1th ship speed 

occurs up to . critical point. Beyond this crltlc.l speed, the ..ve 

heigh, decreases with Incrs... In speed » s»o.n by Johnson (27). This 

critical point h.s no, been reached In these experiments In deep ..ter 

as the values of Froude number, range from only 0.27 to 0.64. 

Unfortunately, .hen the second set of test run. .ere rn.de, the 

cruiser model ... not .«liable for testing under deep-w.ter conditions, 

only the result, of three runs of the first se, .re .«liable under 

these condition.. These three run. .ere at Froude numbers of 0.41, 

0.47, .nd 0.49. These result, .re also plotted In Figs. 20 .nd 21. 

It can be seen from Fig. 20 that the ..ve m.klng potentl.l of the 
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Cruiser model appears to be higher than that of the Mariner model at 

a distance of 2.95 ft. from the sailing line (i.e., y/L * 0.5 for 

the Mariner and y/L = 0.725 for the Cruiser model). Sufficient data 

covering a wide range of Froude numbers are necessary to arrive at any 

conclusion. However, this aspect is not noticeable at the second 

position of the wave gauge located at 8.83 ft. from the sailing line 

(Fig. 20). 

The "half-periods," T/2, corresponding to the maximum wave height 

Hm, were determined from the wave records. These data for the Mariner 

and the Cruiser models are shown plotted as a function of Froude number 

in Fig. 30. The half-period was found to be almost independent of 

distance y/L with few exceptions (see Table 3a and 3b). Therefore, 

the data from only one gauge station (y ® 2.95 ft.) are plotted in 

this graph. 

5.3. Shallow Water Test Results 

5.3.1. General 

The resistance of a ship in shallow water is greater than in 

deep water due to the following reasons: 

(a) In shallow water the pressures created by the ship's motion 

are higher than those in deep water, and these higher 

pressures cause larger waves in shallow water. 

(b) The lengths of the waves in shallow water are also greater 

than those in deep water for the same speed of the ship 

(Taylor, 60). This also attributes to the increased wave- 

resistance of the ship in shallow water. 

> 
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• (c) The flow conditions around the ship's hull also change 

in shallow water, contributing to a small increase in 

* the skin friction resistance. 

The shallow water effects on the increase of ship resistance 

have been evaluated by Taylor (60) as a function of the parameter 

where L is the length of the ship in feet and V is the speed 

in knots. For slow and moderate speed vessels, Taylor obtained an 

empirical relationship giving the critical point at which the ship 

resistance starts to increase. The relationship has been stated by 

Johnson (27). No information was, however, available from Taylor’s 

data on the characteristics of the waves. 

Tiie pattern of waves generated in shallow water, i.e., finite 

water depth, was predicted by Havelock (11) , and Inul (26) re¬ 

calculated the shapes of the wave fronts for the super-critical speeds. 

Sorensen (55) conducted investigations on the characteristics of the 

waves produced by ship motion in shallow water, both for subcriticai 

and super-critical speeds. His data from stereophotographs on the 

pattern of waves and the diacuasion of the results provide valuable 

information on this problem. The data presented are, however, for a 

parabolic model. 

In the present studies, both the Mariner and the Cruiser models 

were tested in shallow water at various subcriticai speeds. The test 

particulars for different runs are presented in Table 4 for the 

Mariner model and in Table 5 for the Cruiser model. Water depths of 

4 i/s inches were maintained in the basin in tests with both models. 

The results obtained from both series of tests are presented and 
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discussed below. 

5.3.2. Test Results 

The data obtained from the two sets of experiments with the 

Mariner model are presented in Table 4, and those with the Cruiser 

model are presented in Table 5. The values of maximum wave heights 

Hm and the corresponding half-period T/2 were obtained from the 

wave records at different gauge stations. The values of the square 

of the maximum wave height, Hm2 , are plotted as a function of dis¬ 

tance from the sailing line with the Froude number as a parameter in 

Fig. 31 for the Mariner model and in Fig. 32 for the Cruiser model. 

The results of Hay (20) for the Mariner model with the same water 

depth of 4 1/8" were also recalculated and are included in Fig. 31. 

These graphs provide information on the magnitude of the peak energy 

in the wave train as a function of distance from the sailing line. 

The non-dimensional values of (Hm/d) have been plotted as a 

function of y/L with Froude number as a parameter on log-log graphs 

in Figs. 33 to 37 for both of the models. The results of Hay (20), 

wherever available, have also been incorporated. Each graph is for a 

particular Froude number or for Froude numbers not significantly dif¬ 

ferent from each other. 

One can observe the following trends in the graphs: In Fig. 33 

are plotted the results for the Mariner and the Cruiser models at a 

Froude number of 0.65 and the results of Hay (20) for a Froude number 

of 0.672 with the Mariner model. The non-dimensional peak wave energy 

(Hm/d)2 due to the Mariner model is about 10 times higher than due 

to the Cruiser model. The energy or the maximum wave height, Hm , 
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reduces much faster with distance from the sailing line with the 

Cruiser model as compared to that of the Mariner model. The rela¬ 

tionship for the Mariner model would be approximately 

(Hm/d)2 = C(y/L)m , where C is a coefficient and the exponent m 

in this plot being about equal to -0.82. The results of Hay (20) are 

for a slightly higher Froude number; as such the values of Hm are 

higher. In Fig. 34 are the data for a Froude number of 0.72 for both 

of the models. The data for the Mariner model appear to be more 

scattered and no such power relationship is apparent. In Fig. 35 the 

data for a Froude number of 0.75 are plotted for both the models, in¬ 

cluding those of Hay, for the Mariner model. The power relationship 

for the data of the Mariner model appears to fit quite well with the 

value of the exponent m being equal to -0,665 -2/3. A similar 

condition can be seen in Figs. 36 and 37 for Froude numbers of 0.78 

2 
and 0.80. In Figs. 38, 39, and 40 the rapid decrease of (Hm/d) 

as a function of y/L for the Cruiser model is also evident. 

The non-dimensional cusp elevations (Hm/d) at distances 

y/L = 0.5 and 1.5 are plotted in Figs. 41 and 42 as a function of 

Froude number for the results of tests with the Mariner model. The 

results of the Cruiser model for y/L = 0.725 are shown in Fig. 43. 

These plots indicate the increase of maximum wave height at a par¬ 

ticular distance from the sailing line as the ship speed is increased. 

The half-periods T/2 corresponding to the maximum wave height 

Hm , obtained from the wave records for both of the models, are plotted 

in Fig. 44 as a function of the Froude number. The range of Froude 

numbers in the tests is from 0.58 to 0.96. This figure can be compared 
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with Fig. 11 of Johnson (27). His results were obtained for model 

with a length of 3.32 ft., draft of 0.13 ft., and a water depth of 

0.52 ft. The results are from a gauge located 3 ft. away from the 

sailing line with a depth to draft ratio of 3.96. The results are 

interesting from the point that the half-period reaches a maxima near 

the critical Froude number and then decreases rapidly as the speed or 

the Froude number increases in the super-critical range. The increase 

to the critical value in the subcritical range is at a much faster 

rate than the decrease in the super-critical range. Although the re¬ 

sults of the present tests are limited to the subcritical range only, 

they compare well with those of Johnson (27). 

The dimensionless cusp elevations, Hm/d , are plotted as a 

function of Froude number with the relative distance y/L as a para¬ 

meter for the Mariner model in Fig. 45, and for the Cruiser model in 

Fig. 46. The graphs for the Mariner model show a rapid increase of 

the wave-making potential beyond a Froude number of 0.75. This Froude 

number corresponds to a prototype ship speed of 14.5 knots. This in¬ 

crease in the case of the Cruiser model is less rapid and the transi¬ 

tion occurs at a Froude number of about 0.86, which corresponds to a 

prototype ship speed of 6.8 knots. The critical speed apparently is 

reached between the Froude numbers of 0.9 and 0.94. For higher speeds 

or Froude numbers, the wave-making resistance or the maximum wave 

amplitude decreases. This increase of wave height with ship speed 

confirms the observations of Johnson (27) and Lewis (33). Since the 

wave energy per un t surface area is proportional to the square of the 

wave height, the energy associated with this maximum wave will be 



25 

» 

serious in the erosion damage of the banks of navigation canals if 

these are unlined. 

5.4. Results of Sorensen Scale Effects Studies 

Besides the results of this investigation, the data of Sorensen 

(55) obtained from studies on scale effects were also recalculated 

and presented to show the variation of the maximum wave energy as a 

function of distance from the sailing line for various Froude numbers 

and for the five different models used by him. 

In order to investigate the scale effects, Sorensen conducted a 

series of tests on five geometrically similar models. The form and 

dimensions of the models used by him in the scale effects tests were 

as follows: 

ELEVATION 

MODEL L B D A E WATER DEPTH USED(d) 

A 18 3 1.5 13.5 3 4.5 

B 24 4 2.0 18.0 4 6.0 

C 30 5 2.5 22.5 5 7.5 

D 36 6 3.0 27.0 6 9.0 

E 48 8 4.0 36.0 8 12.0 

All dimensions ii' inches. 
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Sorensen conducted 81 runs with these i^e models at various depth 

Froude numbers between 0.4 to 0.9. The time histories of the water 

surface were obtained with wave gauges located at four positions on 

a line normal to the sailing line. The gauges were located at ship 

length ratios (y/L) of 0.5, 1.5, 2.5, and 3.5. Each time history of 

the surface as the model approached and passed the wave gauge line 

showed a maximum wave height, i.e., the vertical distance jetween the 

trough and the following crest. This generally has been defined as a 

representative wave height (Johnson, 27; Sorensen, 55; Hay, 20; 

Bidde, 1). The values of the maximum wave height, Hm , from all the 

records of the test runs, were presented as a dimensionless wave 

height, Hm/d , where d is the water depth used in the test run. The 

data presented in Appendix D (pp. 136-139), of Sorensen's report were 

2 2 
used to compute Hm and the values of Hm as a function of distance 

from sailing line (y) were plotted on a normal graph with Froude number 

as a parameter for the results of the five models in Figs. 47 to 51. 

Since the total energy per unit surface area in a sinusoidal wave is 

directly proportional to the product of the square of the wave height, 

these plots show the distribution of the peak energy in the wave train 

generated by the motion of the ship as a function of distance from the 

sailing line with Froude number as a parameter. No scale effect is 

observed in models B, C, D, and E, but it is evident for the smallest 

model (Model A); that is, the maximum wave heights are much smaller for 

the model at the same relative distance y/L as compared to other 

models. This effect also was observed by Sorensen (55). 

2 
The values of (Hm/d) have been computed from the results of 
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Sorensen and are plotted as a function of distance y/L for various 

Froude numbers in Figs. 52 to 55 on log-log paper. Each figure cor¬ 

responds to Froude numbers which do not differ significantly. A power 

relationship between the parameters (Hm/d) and y/L is suggested 

from these plots. Hie exponents in the power relationship vary 

between -0.48 to -0.60, twice the power of y/L in the plots of Hm/d 

versus y/L made by Sorensen in his Figs. 24-A.B to 27-A,B. 

Havelock (11) and Ursell (52) have predicted that the amplitudes 

of successive diverging wave crests at the cusp locus line will de¬ 

crease at a rate that is inversely proportional to the cube root of the 

distance from the point of disturbance, i.e., 

he . a (y) 
d 

-1/3 

or 

u 2 'T2''3 he . a (y) 
d 

The scale effects results of Sorensen show that the exponent varies 

between -0.48 to -0.60 for the tests in deep water, and this would vary 

between -0.63 to -0.78 in shallow water. 

The results of the present investigation with the Mariner model 

in deep water apparently do not suggest any such relationship due to 

larger scatter in the values of (Hm/d)2 than in the values of (Hm/d) 

themselves. The log-log plots of Hm/d versus y/L for these condi¬ 

tions, however, show an approximate power relationship with the 

exponent varying widely from -0.214 to -0.594. 

The shallow-water test results with the Mariner model show the 
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power relationship between either Hm/d or (Hm/d) and y/L to 

exist for some Froude numbers, but appears to be non-existent at 

certain other Froude numbers as described earlier. The shallow-water 

results with the Cruiser model do not show the existence of any such 

relationship. It may, therefore, appear that the variation of the 

diverging wave heights with respect to ship speed at a given distance 

from the sailing line, depend upon the form and size of the ship hull. 

In these tests, the size of the Mariner model was 5.9 ft. long and 

that of the Cruiser model was 4.06 ft. long. Their hull forms were, 

however, significantly different (see Figs. 1, 2, and 3). 

2 
In Fig. 56 the values of Hm are plotted as a function of dis¬ 

tance from the sailing line for the Cruiser model in deep water 

(d = 25") with Froude number as a parameter. In Fig. 57 the prototype 

2 
values of Hm for the Cruiser under shallow-water conditions are 

plotted as a function of its speed in knots. The values have been ob¬ 

tained from test results by the application of model laws. The values 

represent the peak wave energy at a distance of 250 ft. from the sailing 

line with a water depth of 5.5 ft. in the channel. 
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VI. SUMMARY AND CONCLUSIONS 

The main conclusions that can be drawn from these limited studies 

are summarized as follows: 

1, The literature review on the method of calculation of a ship s 

wave making resistance shows that the method is based on the 

evaluation of the total wave energy produced by the ship per 

unit of time. The energy expended in maintaining the waves 

generated due to the ship's motion must come from the ship. 

Therefore, that portion of the ship's resistance which is ab¬ 

sorbed in raising and maintaining a train of waves is called 

the wave resistance. The methods proposed by Havelock (13,16), 

Eggers (5), Sharma (51,50) and others using the concept of a 

free wave system provide a means of computing the flow of 

energy either across transverse or longitudinal planes, and 

thus, evaluate the ship's wave resistance. This can, there¬ 

fore, be effectively used to compare the wave resistance of 

different ships or equivalently the wave energy in the wave 

train produced by different ships in a given channel. The 

wave resistance will, however, be independent of distance of 

the sections, where wave profiles are given, as there is no 

energy loss between sections except for viscous dissipation, 

which is negligibly small. Since the purpose of this inves¬ 

tigation was to determine the variation of peak energy or 

the variation of energy density, i.e. the energy per unit 

surface area with distance from the sailing line, the wave 

resistance was not calculated by using the methods presented 

in the literature that were reviewed. 
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2. The wave records taken on tape and plotted on the computer 

for both the Mariner and the Cruiser models (Figs. 58 to 64) 

show the profiles of the waves to be significantly different 

in shallow and In deep water. In shallow water near the 

sailing line (l.e. 2.95 ft.) there Is a deep and wide trough 

following the first bow wave. The first bow wave Is absent 

in the profile. The stereophotographs of Sorenson (55) In 

shallow water presented In his Figs. 29-30 for Froude numbers 

of 0.85 and 0.91 show that the first bow wave extends approxi¬ 

mately to a half ship length away from the sailing line. The 

location of a wave gauge close to the sailing line will show 

the first bow wave. 

3. The long surge ahead of the ship and the deep wide trough 

present under shallow water conditions at the first gauge 

location show considerable contribution to energy density at 

the low frequency range In the Fourier analysis method done 

with the first set of eight results. This contribution at 

low frequency, corresponding to a long wave period defined In 

terms of record length, Is absent at the other gauge loca¬ 

tions. 

4. The Fourier analysis method showed little contribution to 

energy density at low frequency range, the deep wide trough 

being absent under these conditions. 

5. The variation of energy density or the mean square wave 

height In wave trains of equal length with distance from the 

sailing line Is shown In Fig. 15 as obtained from the first 
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set of 8 test runs. This provides information on the rate 

of decrease of the energy per unit of surface area of the 

, wave train as the waves are dispersed away from the point 

of generation. The results are not sufficient to arrive 

at any definite conclusion. The second set of data taken 

on tape could not be processed due to certain changes made 

by the Computer Center in the Long Blok program. However, 

from the point of view of possible erosive action of the 

wave train, the energy of the maximum wave and its orienta¬ 

tion are perhaps more important. Stereophotographs of the 

waves with a coverage of a larger area would provide the 

* desired information. 

6. The main conclusions drawn from the results of the seco.i t 

r set of tests with the Mariner model in shallow and deep water 

and the Cruiser model in shallow water are the following: 

(Havelock (11) and Ursell (62) made the theoretical predic¬ 

tion that the wave elevations along the cusp locus line 

would decrease at a rate inversely proportional to the cube 

root of the distance from the point of wave generation, i.e. 

-1/3 
he. ot y . The results of Sorensen (55) from the para- 

d 

bolic model tests confirmed the prediction quite well. The 

results of the present investigation with the Mariner model 

in deep water showed the power to vary from -0,214 to -0.594 

Hm 2 
with a wide scatter in the results. The variation of (—) 

d 

as a function of distance do not show the existence of any 

* power relationship. 
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The shallow-water test results with the Mariner model 

Hm 2 m 
show the exponent m In the relation (-p) Ot (y/L) to 

vary between -0.665 to -0.820 for some Froude numbers and 

for some other Froude numbers the results are too scattered 

to suggest any power relationship. The rate of decrease of 

the peak wave elevations at the cusp locus line is more 

rapid for the Cruiser model as compared to that with the 

Mariner model and no power relationship appears to fit the 

data. These results, therefore, lead to the conclusion that 

the variation of the maximum wave elevations at the cusp 

locus line with distance from the point of wave generation 

♦ depend on the form of the ship's hull. 

7. From the test results with the Mariner model in deep water 

• in the Froude number range of 0.27 to 0.64, the relationship 

between the peak wave elevation and the Froude number was of 

the form (¾ = C (F )m. The coefficient of proportionality 

d rd 

C varies with the distance from the sailing line. The value 

of the exponent m is found to be approximately constant 

and is equal to 2.8 for y/L = 0.5. 

The shallow-water test results indicate the value of the 

exponent m to be much higher Jn the range of Froude numbers 

in which the tests were conducted. 

8. The increase of peak wave elevation at a distance from the 

point of wave generation with the increase of Froude number 

or the speed of the ship is more rapid in case of shallow 

water than with deep water. The results of tests with thi 

Mariner model both in deep water and shallow water and the 



33 

* results of the Cruiser model in shallow water confirm this. 

9. The peak elevations increase very rapidly after a Froude 

, number of about 0.75 has been reached in the case of the 

Mariner model in shallow water. For the Cruiser model, 

the increase in peak wave elevations with ship speed is 

less rapid and the transition occurs at a Froude number of 

about 0.86. This suggests the dependence of the wave 

characteristics on the hull form. 

10. The half-period corresponding to the maximum wave height 

increases with Froude number both in shallow and deep water. 

The increase is more rapid in the case of shallow water. 

* The peak value of the half-period was not reached as the 

Froude numbers were in the subcritical range. Johnson (27) 

• found the half-period to increase to a peak value with in¬ 

crease in Froude number and with further increase in speed 

* or the Froude number in the super-critical range, the half¬ 

period decreased. The half-period was found to be indepen¬ 

dent of the distance from the point of wave generation. 
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VII, SUGGESTIONS FOR FUTURE STUDY 

On the basis of this preliminary Investigation, the following 

studies are suggested for future Investigations: 

1. The design of banks of navigable canals against erosive 

action of the ship waves Involves the knowledge of the 

magnitude and the angle of Incidence of the waves on the 

banks. The wave elevations are a function of the distance 

from the point of wave generation, l.e. the distance from 

the sailing line. Further, the wave elevation at a given 

distance as a function of ship speed Is dependent on the 

ship’s form and size. Therefore, the waves generated by 

different ship forms and sizes should be measured to be 

able to relate the model results to prototype conditions. 

2, Hie stereophotogrammetric method might be used to measure 

the wave configurations to determine the energy density 

and peak energy as a function of distance from the sailing 

line. 

3. Tests with models of different shape and size may be made 

In order to predict squat and backflow In navigable canals 

to design bank revetment. 

I 
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APPENDIX I 

COMPARISON OF PEAK ENERGY OF A MARINER CARGO SHIP 

AND A CRUISER UNDER PROTOTYPE CONDITIONS 

The test results obtained with the Mariner model in shallow water 

(d = 4 1/8") and those with the Cruiser model in deep water 

(d = 24 7/8") can be used to compare the peak wave energy at any par¬ 

ticular distance from the sailing line for both ships under proto¬ 

type conditions by using the scales of the models. Since the Cruiser 

model was not available when the second set of tests were performed, 

sufficient results with this model in deep water are not available 

for a wide range of Froude numbers. A typical numerical example is 

shown below for the available data. The numerical example shows that 

the peak wave energy at a distance of 500 ft. from the sailing line 

due to the passage of the Mariner cargo ship at a speed of 15 knots 

in a water depth of 33 ft., can be as high as 473 times that due to 

the Cruiser moving at a speed of 9.5 knots at the same distance from 

the sailing line and at the same water depth. Unfortunately, there 

are no data for the Cruiser model at a speed of 15 knots in deep 

water to compare the energies at the same speed of 15 knots for the 

Mariner model. 

Another comparison has been made between the maximum wave ener¬ 

gies due to the Mariner at a speed of 11.5 knots and due to the 

Cruiser at a speed of 9.5 knots. These are almost equal (i.e. ratio 

0.88). 

The peak wave energies due to the Cruiser at a distance of 250 

ft. from the sailing line and at a water depth of 5.5 ft. for 
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different speeds are taken from Figs. 33 to 40 and presented in Table A. 

Numerical Example 

(a) Cruiser model tests in deep water: 

dModel 

^Prototype 

V 
Model 

^Prototype 

25" 

^ X 16 = 33.3 ft. 

4.0 ft./sec. 

4.0 X 4 = 16.0 ft./sec. = 9.5 knots 

The peak energy which is proportional to the square of the maximum 

wave height is obtained from Fig. 56, 

2 
(Hm . , at a distance of 31.25 ft. from the sailing line by 

Model 

extrapolation 

-4 2 
= 3.5 X 10 ft. . 

(Hm2)_ = (3.5 X 10"4) X 162 = 896 X 10"4 ft.2 
Prototype - 

at a distance of 31.25 X 16 = 500 ft. from sailing line. 

(b) Mariner model tests in shallow water: 

‘„»del ■ 4 1/8” 

1 =-52- 
prototype 8 X 12 

X 96 = 33 ft. 

V = 15 knots 
prototype 

Prototype distance = 500 ft, 

vw j -i = 2»58 ft./sec. Model 

Model distance = 5.21 ft. 

From Fig. 36. 

By interpolation. 

A = 390 X 10-4 ft.2 

model 

at y/L = 0.88 or y = 5.21 
model 
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TABLE A. CRUISER MODEL IN SHALLOW WATER 

y . . = 15.625 ft. 
model 

y . . = 250 ft. 
prototype 

model 

prototype 

= 4 1/8" 

= 5.5 ft. 

Model 
Speed 

ft/sec 

Prototype 
Ship Speed 

Knots 

(Hm 
v d'Model 

-4 2 
X 10 ft 

(Hm2) 
Prototype 
-4 2 

X 10 ft 

(Hm2) 
Prototype 

-4 2 
X 10 ft 

3.10 

2.96 

2.90 

2.80 

2.60 

2.50 

2.40 

2.15 

7.35 

7.0 

6.85 

6.75 

6.15 

5.90 

5.70 

5.10 

0.94 

0.90 

0.87 

0,85 

0.78 

0.75 

0.72 

0.65 

270.0 

300.0 

100.0 

37.0 

5.0 

1.9 

0.75 

0.09 

32.0 

35.6 

11.9 

3.4 

0.59 

0.22 

0.09 

0.01 

8180. 

9110. 

3220. 

870 

151. 

56.5 

22.8 

2.6 
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at yprototype 
= 500 ft. 

(c) Prototype comparison: 

The ratio of the peak energies for the two vessels under 

the above prototype conditions - namely, at 500 ft. from 

the sailing line, water depth of 33 ft., with the Cruiser 

speed being 9.5 knots and the Mariner speed being 15 

knots is 

2 -4 
(Hm) Prototype for Mariner _ 46 X (96) X 10 _ 

(Hm^) Prototype for Cruiser 3.5 X (16)^ X 10 

Another comparison between the Cruiser and the Mariner is made 

as follows when the Mariner speed is 11,5 knots instead of 15 knots. 

V = 1.97 f+-./860. 
model 

V = 11.5 knots 
prototype 

(Hm2) , = 0.086 X IO-4 ft. at 5.21 ft. 
model 

(Hm2) = 0.086 X (96)2 X IO-4 ft.2 at 500 ft. 
prototype 

-4 2 
= 792 X 10 ft. 

or the ratio of energies is: 

2 
(Hm ) Prototype for Mariner 

2 
(Hm ) Prototype for Cruiser 3.5 X 162 X 10 

792 X 10 

792 

895 
0.88 

) Prototype peak energy of Cruiser 

Using Fig. 57, the peak energy at a distance of 250 ft. 

from the sailing line with the Cruiser moving at different 

speeds in water 5.5 ft. deep is presented in the following 
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table: 

TABLE B. Hm2 AT DIFFERENT SPEEDS OF THE 

CRUISER IN SHALLOW WATER: 

SPEED OF CRUISER 

(KNOTS) 

5.0 

6.0 

7.0 

Hm2 

2 X 10 
-4 

1.6 

90.0 

900.0 

f 

« 



R
f.

S
U

.T
S
 

O
Y
 

M
A

R
IN

E
R
 

V
O

I»
M
 

T
tS

T
S
 

IN
 

!>
H

-P
 

n I V I 

nl t 

- j - 5 s ; = g c g * * * * 3 S £ S 

£ = £ î î î î ~ ^ j _• i c c o o = ® c © ® 3 ® ° 

n-n*ggg|2232 
f- l' -i » _ ® M N *• * N "< M ® ®, c. . , . . 

r, ^ i - = N c M. ‘0 •« x. - * J „• „• c c -• ¿ =' c c c C C O c 

x i! a; X c ¿ ^ ® c c c ° 

^ - X - -r N N N N C N « N * * * Î 5 S 5 f ® O O 0 T T •’l T 
~ Z Í in iS c c c ® ^ ^ . . . • • • • • o' o o o © o © o © ® ° ° 
JJJ^nnnnndoooe nnm----®000 

46 

'£1 I£ <£ 'X. «r • 7 Z 

*»****Mn 

^ 3 S • ï ï 
fi * « N « n ° sas 

^ N ^ r. r- 3 o 2 o » » ®. ® •l * 
„• J « n ri 3 - o - ¿ o o o o o o 

a. 

Ü 

iSS 

® N „ N M , . M. « ~ ®, n *. *. 

o'e' 

® ® ä 8 S S S S S S 8 S S S S 

¿ o' o' 0 0 9 0 0 0 0 0 °®®® 

^ t» li r» t"* 
•r «f ®r n w 

0 . 0 * S 2 2 ï * * ®. * 
^ 9 F-i o O © © o O O - © 

« n cj « • 

5 - 

n-r.-. •fM©®'®'®1®!©'-®’^® 
M N M tM N ^ 

» S ît * • S « - o © * © * Z T 
Z«r•r•T•^*rpn(npnf,î©•"®',,® 

8 8 8 8 8 8 8 8 8 8 8 2 2 2 2 8 8 8 8. 
ooo'oeoooooooooooooo 

„ „ , M « N o 8 8 8 8 O , O O « - - M. 
«i O n n n ri o o o o‘ o o o o o o o 

« 8 a S S s S 5 Î 5 5 " 8 " " * 9 3 " 
J - - o o o o o o o o o o o o 

o ®OOOpj(,,n® I» N *f ®t 
a *r O © * N N N Í Î ” 
ooiöSt'f'rf« 

«T *t <n o 
o o r» ^ 
cm* r.' n n n n 

O © o o 8 s * * o • • °. 
^ ¿ o ©’ o O -i o O ^ 

I - 

o „ e « O s 8 s ? 8 8 s O 8 
o' © © ©’ o • ® ^ ^ N N w 

O s s 8 8 8 8 S S 8 8 8 a 8 

© ©‘ O O © o’ © O ®' ®’ CO®® 

U, „ „ m N © - ®* *«# «r * •»; N. N. 

« a¿ © n ®> © n ^ ^ w N N N N csj^r; 

s s 8 8 S ï 3 8 2 î s ï ï 8 
in in >n ^ 00 ^ © 

S 5 

: üiS 

© © © « © ^ n © » r- n n © © 

J J ©'©’••© «r © »X © © Z 91 

* n «r in © © © N N ^ Z 

M M a> bi « r» n en « M 

8 8 8 2 28 8 3 3 2 2 8 
© © © ©' © O © ® © ® ® ® 

„• ¿¿¿¿*0000*00 

8 8 8 8 8 8 8 8 8 8 8 2 2 5 2 ~ 
o o o o' o o o’ edoeeeeoeooo 

incn^oxjjjaggg 
» « « n i» ««*■»*".=. a. =. ®. ®. n n . 
¿^f;,'»»*oooooOoooooo 

*8288 2 8 5 5 5 t S 2 2 2 8 3 5 8 
3 3 3 3 3 « M o o o o o o o o o o o o 

0»f,f,o.»*****.2 8 2 5 S3S 
3 3 3 » o » 3 3 3 3 3 o o o o n « n « 
•n n n ^ ^ ^ ^ 

© • I» <n 

© m in — 

»i r» « t» 
© © © © »n 

8 8 8 8 8 8 8 8 8 8 8 2 2 2 2 „ « f. n 

© © O* o’ © OOOOCOOOOOOOOO 

m in >n *f © h- h- t' Il ^ 

S S ï S 8 
ffj N w M ('S © ® 

mf ^ ffl rX O . 
- «f in in ©’ ©’ ©" c © o o o ^ ^ 

¡nSnrtNNMNN 

3 £ 3 5 3 8 S S 5 8 $ 8 8 8 8 
X ■£ ic n T in in •« T ^ ^ ® 

©©ceomoooc 

S S S ^ S S § S 8 I 

if-icoot-i^CSZSSi^-S 
OS © © N N M (*s ®> ® 0 
N M N N N* N N O* © C © © © © © 4 ~ ~ ~ 

fi N 

©in © 

—* «f N 

©CONN 

8 8 8 2 3 

•fN©’^©©©in ©(•<n®N(»i»N 
tn en n n o o e © in in m © 

S ® S 8 2 © © - in o © © N © O ©o ©©(»*©** ® 
ç in in c c © s * » r» » t — ®r 

— — CCÏCNN 

* - ^ - f. © X © X N « N « 5» UJ — 
O 2 © X © X S m m - - - - ¡n - m ^s •*> 

— - in r* * (• ®. * © © 

3 I S î 8 ï 
c a i 
w ¢- — 

K ° 7. i 

f ■ 
cc 7 

s s 
3 

T
/2
 

SE
C

 



«
S

U
I
S
 

O
í 

V
A

R
IN

tR
 

«
X

IF
L
 

II
S

T
S
 

l
\
 

5
H

A
I
I
»
 

»
R

T
IR

 

47 

* » 

7 f 

U rj — * 
il * -• 
* O. 3 

! 4 

s ; s 

N N N e* 

r c 

i “ 

{ ■ 

ocoooooo 

X * 

N c 

I - «• n c © <$ 

; a s 

•H N O « 

T © N t «N N N t» lO ff> R" 
ir © »» » fl M 

N - M « N 

; s *» R4 « I« • S 
O N O N 
ÍM I» ÍN O 

c ©ooooooo oooooooo 

tfio© rfi «nirtinirtQinQ 

o o © © o oooo^oooooooo 

- r ©cceooeooo© 

©©oooooooooooo 

X «n .0 a tfi «$ f*’ N • o N J» O »! 
J n fl N «f *n n r» * — N r» — ^ 

■n in irt 
^iX 'Xfl^ORfRHr'i/iOfl'rtw 

X — ^.^(^©innflRrR-iflRrcN 

in in cs 
aOONNN^N^O^’í'lO W 

r*’ « <¿ m’ •»’ ©* • O 3 £ 2 2 JS - ^paMMflNNNN'^NN'^ 

N •n m » in n *f 

Cl N N N N N N N N N N N N N N U , .. 
O O O o O O* O O O O O O © o o o © © o o © © o o o © o © o © © o o o 

M d *n 10 ** 10 
© daa^ain«rfl 

m m a 
© « «r a fl - J 

n ui in fl d N d o 

4 ©0000000003000 

' ' iiiíiiiiiizisi 

^ in m in a a a d •»• d -» fl o 
o o ^ n' o o ^ a 

S 8 RH m f a a o 
o o d* - o o « V 

© a 
d d 
©' © © © © o o o 

ï i ■ 
i -4 -n f s. 

X . 

»daodaoo 

o S 
d d 

3 © a © 3 * d n 

a d © » d d «f a 

h 
' ¡MoaR-i-RH^dadddj^dOaafl ^S^jRSmnotnndarfi a 
• N d «r © W fl ti f» ® fl “ ^ i. 

5 „• RÍ n m' « n ~ R*' - - 1 - o " o SSÏÏÜÏSÏÏSÏSÏ-Ï 

X o 

ï 

ïSîooSoSîoîïSSSSSSS ,« 0 0 0 0 0 .* 

.•_•_• j j j _' ¿ ¿ ¿ o' o o o o o s s a a s s s s s s »4 O « ^4 

O «r d © © ©• 

' i» o a o 
fl «r fl — 

am m m m 
a»4d00ao',>í*>o•®<*'0¢¡,n>p,>h•, 

o' ^ «4* *4 44* ©' 44* M R4 d O © O © O © O ® © 

m © d a o o a d © « - » © i; 
« m m ir m a m a © © © © © 

aad««ddddddd04Pdd 
d d d d d d d d d d d d d d d d d d 4* - 3 d d N N N d d d d d N N d 

© © o* o* O O O O © © O ® ® ® ® ° ° ° ° ° ° ° ° ° ° ® ° ° ° ° ° ° ° ° 

!? d d © © *4 © « © •« d © * d © h. * 

.• d ¿ • d • © © ¿ © © « « d * - •« 

o2ooooooo©©oo°o = 
«4' o a a' P © m ©’ © © © © © 2 © £ assassssjss^ss 

d © r» * © © © 

R4* C fl © O R4 © 

Mr.r«'4h>ca© 

•í ©* « en © *• © © 

d — dddddd 

OOOOOOOO 

« o 
o o o © o o 

£ . 

O N O o N d O O 

© © ’ ’ 
I ä a a 

* s 
© a 

m o i» n m a 

O O O O O N 

S î ï S S 5 8 S * 2 8 a S s * 3 s 8 8 s • • « R> • ~ ", ", 

« « « « « * W * • « « - « " " " « R* ® ¡5 2 2 2 2 8 « 8 8 8 « « 8 8 

O ï * O O 8 * î S Î « ï 3 S ï S 8 8 " O * O « * « O 0 0 0 0 4T c. » 

- » o N- «• -' 0' o d -• O O O O O Jj « J a « 5 j 5 J J ï 3 ; J 

O « 8 O O O 8 8 8 8 2 8 S 8 8 8 ï S 8 2 O O ", O o o « o « 

j J ¿ J ^ o 44* -4* ^ d* - o‘ o O - ©’ ©’ 0' © o © a * © a a • a a a a d * a 

aad©ddddddd©©ddN 
d d d d d d d d d d d d d d d d d d © d d d d d N d d d d d d d d 

o : o o © o © o © o o © © © © © © ©* © © © © © © © © 0 0 0 0 0 0 0 0 

«i 

l 
h a©©aad©©eea©©c>©d©a44440oeoooooooooc© 

i d" t* 9 n n n i» e»' n r«.’ n a a" im t» e» m a d d g © © a © © © © d © a a © 2 
- inN«enen»4ddmencn44 ©n© ÇmSmaaîîdaaaïa 

s 

d d 3 3 8 5 Si d © § 3 <5 * 5 d Ñ 3 3 5 5 44 © * d ® «c ,4 r4 n h> .* »4 m 

^ ¿ ” * * * i * * * n * 4 n‘ n’ - - 3 ú ¿ i ú ¿ £ £ £ i £ z¡ z % 
d d 3 o © 5 d d n 2 © í © 5 d 2 a 3 d d d o © * en m © © S d © © ‘ d_ 

a n en «p "f R4 en en a a «e* »4 44 n d © © © © n j d a a d © o J d o © 2 2 tu mNe»af"d©©*N®w 



l 
R

U
S

E
R
 

M
O

D
E

L
 

T
E

S
T

S
 

IN
 

S
H

A
L

L
 C

M
 

W
A

T
E

R
 

-• 

! 

» 

48 

o’ o o o o o o o 
, n n -. N N -1 N N N 

5 o' c : o o o' c © © 

o » O O * N * t O © - « 
-. o f* «f N O 

° 

I 

II • 
00 

l. to 
«I 

ÏÎ ; 

*.I* 
¿ ^ . 

« 0> 
n 

. » r- n ® » i T *. 
^ o ^ O © •An*«© l¿lrti0M®»OjJ*SSS2 

_ «A ^ í 
„ 3 O S s - " £ = 0 -. S s , 

« n W N - « -» - 2 » 2 2 2 2 2 ° « - © ° 

V •• 

i: 

9 ÂÍ 

a ® r~ fo Mntrtw 
n ai o « «f o. ® . . . . i • • • • 
n J n - « n « « » » " n ^ ^ ^ ° ^ ° 

« n n n n 
o’ o' o’ o’ © o 

n n n « n S « « «•> « n n. n. N. N. N. 

' o’ o' o © © © © ® ° ° ° ° ° ° ° 

S0Ï 
«> o •<■ ", 

®'3o-'»»>'n*a"’*2¿SS"0líS“’," õí°»<jjjif>3*g*3SS5 

® ® o n « o • * « t « 

o'oi««>x®*®22222 

«A ^ _ t © 
». N 5 ® V r» i» V n n ® © ^ ® ©, N, ®, ©. 

M o’ ®' » •' •» ® ® ©' N 2 ® 2 N *' © o o » o © 

» e. « n « n " « • » • o " * - ", = ", T 

® n S S n 8 3 
a •* "® o © ® n 

o ® «r n n n n n « n « « n « «f w n « « « « w *4 w <«» 
©’ o’ o’ 

r> n « co n n n r» ^ r. ., ., • -- -- -- 
o o © © © © © ©' o o’ o’ © © O o o ® ® ® 

OOOOOOOOO®®0©00-*. 2 °. °. ^. © 

8 2 2 3 2 8 1 S 2 S 2 2 I * g • ° S s 2 -» 
NN^ r'$©>«»%©©©®r'® ^ 

nin®NO®-<nN 
2Z2 SSnnnnnnmnn 

M o 01 N H 

V « ©••won 
8 a 

©r»eioemneoo©f 1 s o * $ 
3Sg*SSS¿JSKR8*I-<:'s o O © "* o 

O >n ^ N O O N O'O rf» O h» N O N ® ©< M • 

in V n* »* ©’ ®* •' ©’ ©'«’•*©• o - © w « * © 

a «M® ®®©M 
(AOfACl|Wrtrt©©WM®(ANrtPI^NWÑN 

o’ o’ o’ O* o’ ©’ o’ o' o’ o' o’ ©* o’ © O © © © © © © 

000000©©0©©©0©®,nn®®'*. "! 
3 s' s' 8 g S 3 S S i s R B 8 5 2 " S s a 

V n © © *» © ®n^*^N®N§2rf>'®®* 

SS22SSSSSSS 
®4 i® M ia n 

8of»000»<0»WJO iO""*©**©*»©©©t 
S S S g S S 3 ï * S Ç 2 3 8 8 " ° 8 2 ’ 

^cn*©©r*©,n,'R,),ft,n 

r*i»i®*rN""N^NOi*o*rf2 
lA «r ®f N C © N 

n ^ o «A «r n "* 

aJ X — '/. 

ÏS 

r S 
ï 

8 ï S S Í $ s 8 * 8 S S 8 8 a K 3 ï 8 2 S 
o’ o' ©’ ©' o' c’ ©’ © © © © © © ® ° ® ° c c e ° 

I i 8 i ï © © ä $ $ n 2 © c c S - 8 » S * 

* o. C - M X O S -. N 

M r. - <C r» X 







51 

F
IG
 

3 
C

R
U

IS
E

R
 

M
O

D
E

L 
P

R
O

F
IL

E
 



I 

F
IG

. 
4
 

G
E

N
E

R
A

L
 

LA
Y

O
U

T
 O

F
 

E
X

P
E

R
IM

E
N

T
A

L
 

S
E

T
-U

P
 



5? 

uo!j.n|OAdj jad spuoaas ' 3mi 

F
IG

. 
5 

V
A

R
IA

T
IO

N
 

O
F 

T
IM

E
 

PE
R

IO
D
 O

F
 R

E
V

O
L

U
T

IO
N
 O

F
 

D
R

IV
IN

G
 

PU
L

L
E

Y
 

W
IT

H
 

N
U

M
B

E
R
 O

F 
R

E
V

O
L

U
T

IO
N

 



54 

F
IG

. 
6
 

W
A

V
E
 

H
E

IG
H

T
 

R
E

C
O

R
D

IN
G
 

S
Y

S
T

E
M

 



55 

i- 'm 
o cm 
Z « 

-jw 

?! 
>- 0. 
«a 
z o 
Ss 
O , 

Eg 
u. 2 

z| 
o Z 

ëi 

S¿ 
tl 
zÿ 
LJ 3 
O £ 

O < 
(T Z 

ës 
U »- 

N 

Ò 



M
o
ri
n
e
r 

M
o
d
e
l 

R
e

co
rd
 

3
0
 

J
u
ly
 1

8
,1

9
6
9

 

F
IG

. 
8
 

E
N

E
R

G
Y
 

D
E

N
S

IT
Y
 

IN
 A
 

L
O

N
G

IT
U

D
IN

A
L
 

W
A

V
E
 

P
R

O
F

IL
E
 

F
O

R
 

M
A

R
IN

E
R
 

M
O

D
E

L 
IN

 D
E

E
P
 

W
A

T
E

R
 (

 d
 *
 2

5
”)

 



I 

§ o 
• «o 

57 

i-1-1-1? 

z(u0) 1N3IDIJJ30D asiunoj 

X s 
Ul 

u. 
o 
X 
a 
uj r 
|(M 

II 
-J ■o 
< w 
E c 
O UJ 

t< 
O ^ 
O uj 
-» uj 
«r O 

ÈS 

° ac 
>- uj 
o z 
a: = 
uj J 
z < 
UJ 2 

<n 

o 
u. 



C
ru

is
e

r 
M

o
d
e
l 

R
e

c
o

rd
 
3

6
 

J
u

ly
 1

8
,1

9
6
9

 

58 

o 
¡Z 

E
N

E
R

G
Y
 

D
E

N
S

IT
Y
 

IN
 A
 

L
O

N
G

IT
U

D
IN

A
L
 W

A
V

E
 
P

R
O

F
IL

E
 

F
O

R
 

C
R

U
IS

E
R
 

M
O

D
E

L
 I

N
 D

E
E

P
 

W
A

T
E

R
 (
 d

s2
 5

“)
 



59 

i 

o 
U. 

E
N

E
R

G
Y
 

D
E

N
S

IT
Y
 

IN
A
 

L
O

N
G

IT
U

D
IN

A
L
 W

A
V

E
 

P
R

O
F

IL
E
 

F
O

R
 

M
A

R
IN

E
R
 

M
O

D
E

L
 

IN
 

S
H

A
L

L
O

W
 

W
A

T
E

R
 
(
d

 =
 4

.1
2

5
 I

N
) 



60 

e 

CM 

O 
¿Z 

E
N

E
R

G
Y
 

D
E

N
S

IT
Y
 

IN
 

A
 L

O
N

G
IT

U
D

IN
A

L
 

W
A

V
E
 

P
R

O
F

IL
E

 
M

A
R

IN
E

R
 

M
O

D
EL
 

IN
 

S
H

A
L

L
O

W
 

W
A

T
E

R
 

( 
d
 =
 4

.1
2

5
 I

N
) 



C
ru

is
e

r 
M

o
d

e
l 

<n 
to 
0 

ro 

a 

roi£ 

■o 
OÜ 
U o 
0) u 
cr co 

» 
. V) 

c «V 

¿¡ni: 
g~«> 

<vi 
Il M " 
_ > 
« 
'S Q. 
° jc 12 

00 
o ^ 

« 
-o S o Q. > 
^ 

• K 0 4 
(/) 

it 
¿ «i 
«.Smrooo 
o— o)® r«- to 
CO*'* ' _J O c (MOO 4* O 
t;i= 
¿5 ° 

:|o) 

c|l 

«HCVJ ro «» 

f 
f 
ti 
t 
t 

r 
o 
4- 

T5 

i 
(\j 

f i i 4o 

g 8 
,(u0) 

8 8 
1N3I0UJ300 d3ldn03 

o 
CVJ 

o 
'O 

F
IG

. 
13
 

E
N

E
R

G
Y
 

D
E

N
S

IT
Y
 

IN
 A
 

L
O

N
G

IT
U

D
IN

A
L
 

W
A

V
E
 
P

R
O

F
IL

E
 

F
O

R
 

C
R

U
IS

E
R
 

M
O

D
E

L
 I

N
 S

H
A

L
L
O

W
 

W
A

T
E

R
 

( 
d
 =

 4
.L

2
5
 
IN
 

) 



D 

62 

F
IG

. 
1

4
 

E
N

E
R

G
Y
 

D
E

N
S

IT
Y
 

IN
 A
 

L
O

N
G

IT
U

D
IN

A
L
 W

A
V

E
 

P
R

O
F

IL
E
 

F
O

R
 

C
R

U
IS

E
R
 

M
O

D
E

L
 

IN
 

S
H

A
L
L
O

W
 

W
A

T
E

R
 
(d

-4
.l
2
5
lN

) 



o 
c\j 

ÜJ 

m 
— o 

< 
co 

o 
cr 

OÕ 

< 
co 

ID 

§ (O 
Ö o 

CVJ 
ö 

V3dV30VddnSllNn d3d A9d3N3 1V10J. SS31N0ISN3WIQ 

63 

z 
o 

u 
z 
D 
U. 

V) 
< 
< 
UJ 
tr 
< 
UJ 
u 
< 
u_ 
<r 
D 
(O 

K 
Z 
3 
CE 
UJ 
0. 

>- 
O 
cr 
UJ 
z 
UJ 

o 
I- 

<o 
(O 
UJ 
-J 
z 
O 

<0 
z 
UJ 
2 

m 

O 

O
F
 
D

IS
T

A
N

C
E
 

F
R

O
M
 

S
A

IL
IN

G
 

L
IN

E
. 



5 10 15 
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FIG 16 hJ AS A FUNCTION OF DISTANCE FROM SAILING LINE WITH FROUDE 
NUMBER AS A PARAMETER FOR MARINER MODEL IN DEEP WATER I d * 24J') 
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FIG. 17 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
MODEL IN DEEP WATER ( d ■ 24 J") 
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y/L 

FIG. 16 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
MODEL IN DEEP WATER ( d = 24^") 
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FIG. 19 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
MODEL IN DEEP WATER (d* 24 J') 
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FIG. 20 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
AND CRUISER MODELS IN DEEP WATER 

(d = 24i.H) 
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MODEL Frd 

• MARINER 0.51 
a CRUISER 0.49 
* CRUISER 0.47 

0.4 1.0 y/L 10 

FIG. 21 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
AND CRUISER MODELS IN DEEP WATER 
( d « 24 J") 
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FIG. 22 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
MODEL IN DEEP WATER ( d > 24^) 
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FIG. 23 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
MODEL IN DEEP WATER ( d « 241”) i 

■ 
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FIG. 24 (Hm/d)2 AS A FUNCTION OF y/L FOR MARINER 
MODEL IN DEEP WATER (d* 24^’) 
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i 

► FIG. 26 Hm/d AS A FUNCTION OF y/L FOR VARIOUS FROUDE 
NUMBERS FOR MARINER MODEL IN DEEPWATER (d«24ÿ 

-- - 
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FIG. 27 AT DIFFERENT AS A FUNCTION OF 

FROUDE NUMBER FOR,, MARINER MODE.L IN 
DEEPWATER (d*24l”) 



D
A

T
A
 

F
O

R
 

C
R

U
IS

E
R
 

M
O

D
E

L
 

(y
/L

 =
 0

.7
2
5
) 

76 

2.01* P/^H 

F
IG

- 
2
8
 

D
IM

E
N

S
IO

N
L

E
S

S
 

M
A

X
IM

U
M
 

W
A

V
E
 

H
E

IG
H

T
 

A
S
 

A
 F

U
N

C
T

IO
N
 

O
F
 

F
R

O
U

D
E
 

N
U

M
B

E
R

 
A

T 
y

/L
 =

 0
.5

0
 

F
O

R
 

M
A

R
IN

E
R
 

M
O

D
E

L
 

IN
 

D
E

E
P
 

W
A

T
E

R
 

(d
=

2
4
-g

O
 



77 

; 

FI
G
 

2
9
 

D
IM

E
N

S
IO

N
L
E

S
S
 

M
A

X
IM

U
M
 

W
A

V
E
 

H
E

IG
H

T
 A

S
 A

 F
U

N
C

T
IO

N
 

O
F

F
R

O
U

D
E
 

N
U

M
B

E
R

 
A

T 
y
/L

 =
1.

5 
FO

R
 

M
A

R
IN

E
R
 

M
O

D
E

L 
IN
 

D
E

E
P

W
A

T
E

R
 

(d
 =
 2

4
-¿

-)
 



T
/2
 

se
c.

 

78 

FIG 30 HALF PERIOD OF HIGHEST WAVE AS ^ FUNCTION 
G. 30 3«lfrouoe MyMBER FOR MARINER S CRUISER 

MODELS IN DEEPWATER (d*24¿) 

. 
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FIG 31 HÜ, AS A FUNCTION OF DISTANCE FROM SAILING LINE WITH FROUDE NUMBER 
AS A PARAMETER FOR MARINER MODEL IN SHALLOW WATER (d 



eo 



81 

FIG. 33 (Hm/d)2 AS A FUNCTION OF y/L FOR THE 
MARINER a CRUISER MODELS IN SHALLOW 
WATER (d*4il‘) 



82 

FIG. 34 (Hm/d)2 AS A FUNCTION OF y/L FOR THE 
MARINER ft CRUISER MODELS IN SHALLOW 
WATER (d * 4-^) 



FIG. 35 ÍHm/d)2 AS A FUNCTION OF y/L FOR THE 
MARINER a CRUISER MODELS IN SHALLOW 
WATER (d-AT) 



FIG. 36 (Hm/d)2 AS A FUNCTION OF y/L FOR THE 
MARINER a CRUISER MODELS IN SHALLOW 
WATER (d «Ai.") 

O 



! 
85 

FIG. 37 (Hm/d)2 AS A FUNCTION OF y/L FOR THE 
MARINER ft CRUISER MODELS IN SHALLOW 
WATER (d*4l") 



(P/wh) 

FIG. 38 (Hm/d)2 AS A FUNCTION OF y/L FOR 
CRUISER MODEL IN SHALLOW WATER 

i " 

<d=4l) 
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FIG. 39 (Hm/d)2 AS A FUNCTION OF Y/L FOR 

CRUISER MODEL IN SHALLOW WATER 

(¢1.4^) 

» 
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FIG 40(-^1)2 AS A FUNCTION OF FOR CRUISER 

MODEL IN SHALLOW WATER I d. = 4-^) 



0.2 
FROUDE No. 

1.0 2 

« 

FIG. 41 Hm/d AS A FUNCTION OF FROUDE 
NUMBER FOR MARINER MODEL IN 
SHALLOW WATER ( AT y/L = 0.50) 

(d^rj 
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I . 

FIG. 42 Hm/d AS A FUNCTION OF FROUOE 
NUMBER FOR MARINER MODEL IN 
SHALLOW WATER (ATy/L*l.50) 

«1.41') 



WW—1 

FIG. 43 Hm/d AS A FUNCTION OF FROUDE 
NUMBER FOR CRUISER MODEL IN 
SHALLOW WATER (AT y/L *0.725) 
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NOTE. Dota plotted reter to wave records at y/L*0.725. 
Holt-period remains practically constant for other 
three distances aty/L*2.l8, 3.62 6 5.01 with a 
little scatter. 

0.1 

1-T 

• CRUISER MODEL 
o MARINER MODEL 

J_L 
0.2 0.4 0.6 

FROUDE NUMBER 
0.8 

FIG. 44 HALF-PERIOD OF HIGHEST WAVE AS A 
FUNCTION OF FROUDE NUMBER IN 
SHALLOW WATER Id »4-^') 
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0.6 0.7 0.8 

FROUDE NUMBER 

FIG. 45 DIMENSIONLESS MAXIMUM WAVE HEIGHT AS A 
FUNCTION OF FROUDE NUMBER AT DIFFERENT 
DISTANCES FROM SAILING LINE FOR MARINER 
MODEL IN SHALLOW WATER. (d = 4-jpî 



94 

FIG 46 DIMENSIONLESS MAXIMUM WAVE HEIGHT AS A FUNCTION OF FROUDE 
NUMBER AT DIFFERENT DISTANCES FROM SAILING LINE FOR CRUISER 
MODEL IN SHALLOW WATER ( d 84-L" ) 



95 

FIG 47 Hm AS A FUNCTION OF DISTANCE FROM SAILING LINE WITH 

FROUDE NUMBER AS PARAMETER. MODELA (SORENSEN) 
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0 2 4 6 8 
DISTANCE FROM SAILING LINE IN FT. 

FIG 48 H2m AS A FUNCTION OF DISTANCE FROM SAILING LINE WITH 

FROUDE NUMBER AS PARAMETER. MODEL B (SORENSEN ) 
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DISTANCE FROM SAILING LINE IN FT. 

FIG 49 ASA FUNCTION OF DISTANCE FROM SAILING LINE WITH 

FROUDE NUMBER AS PARAMETER. MODEL C (SORENSEN) 
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DISTANCE FROM SAILING LINE IN FT 

FIG 50 H2m AS A FUNCTION OF DISTANCE FROM SAILING LINE WITH 

FROUDE NUMBER AS PARAMETER. MODELO (SORENSEN) 
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DISTANCE FROM SAILING LINE IN FT. 

FIG 51 AS A FUNCTION OF DISTANCE FROM SAILING LINE WITH 
FROUOE NUMBER AS PARAMETER. MODELE (SORENSEN) 
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100 

FIG. 52 (Hm/d)2 AS A FUNCTION OF y/L FOR MODELS 
B,C S E (FROM FIG. 24A SORENSEN) 
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í 

J FIG. 53 (Hm/d)2 AS A FUNCTION OF y/L FOR MODELS 

A, C.OaE (FROM FIG. 24B SORENSEN) 
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FIG. 54 (Hm/d)2 AS A FUNCTION OF y/L FOR MODELS 

C , D ft E ( FROM FIG. 25A SORENSEN) 
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¡ 
FIG 55 (Hm/d)2 AS A FUNCTION OF y/L FOR MODELS 

A, B, C, D ft E (SORENSEN) 
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FIG 56 MAXIMUM WAVE HEIGHT AS A FUNCTION OF 
DISTANCE FROM SAILING LINE FOR CRUISER 

MODEL IN DEEP WATER ( d* 25") 
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FIG 57 Hm JN FT2 AT A DISTANCE OF 250 FT FROM 

SAILING LINE AS A FUNCTION OF SPEED OF 

CRUISER IN KNOT IN SHALLOW WATER Id = 5.5 FT) 
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MARINER MODEL 
SCALE 1:96 

LENGTH * 5.9 FT 
DEPTH OF WATER1 25 IN 8 2.08 FT 

SPEED OF SHIP » 3.8FT/SEC 

Fr¿ 1 0.46 

0 2.5 5.0 7.5 10 

TIME IN SECONDS 

FIG. 58 LONGITUDINAL WAVE PROFILES FOR MARINER MODEL 
IN DEEP WATER ( d * 25 IN ) 
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CRUISER MODEL 
SCALE 116 
LENGTH = 4.06 FT 
SPEED OF SHIP * 3.95 FT/SEC 
DEPTH OF WATER *25 IN »2.08 FT 

Frd * 0.48 

FIG.59 LONGITUDINAL WAVE PROFILES FOR CRUISER MODEL 
IN DEEP WATER ( d * 25 IN ) 
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CRUISER MODEL 
SCALE 1:16 
LENGTH = 4.06 FT 

DEPTH OF WATER‘25 IN »2.08FT 

SPEED OF SHIP *4.05 FT/SEC 

Frd «0.49 

FIG 60 LONGITUDINAL WAVE PROFILES FOR CRUISER MODEL 
IN DEEP WATER ( d -- 25 IN ) 
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MARINER MODEL 
SCALE 196 
LENGTH * 5.9 FT 
DEPTH OF WATER M-g-IN *0.344 FT 
SPEED OF SHIP * 2.7 FT/SEC 

0 2.5 5.0 7.5 10 
TIME IN SECONDS 

F16 61 LONGITUDINAL WAVE PROFILES FOR MARINER MODEL 

IN SHALLOW WATER (A = 4.125 IN) 
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mariner model
scale I 96 
length = 5.9 FT
depth of V*ATER= 4-jIN =0.344FT 
SPEED OF SHIP* 2.66 FT/SEC 
Fr^ • 0.78

004
DISTANCE OF WAVE GAUGE 
FROM sailing line =295 FT

0.020

0.010

-0.010

-0.0201

14 7 FT

2 5 5 0 7.5
Time in seconds

fig 62 longitudinal WAVE PROFILES FOR MARINER MODEL 
IN shallow water (d«4.l25INl
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CRUISER MODEL 
SCALE 1:16 
LENGTH * 4.06 FT 
DEPTH OF WATER : 4-jp IN = 0.344FT 
SPEED OF SHIP’-2.6 FT/SEC 
Frd = 0.78 

0 2.5 5.0 7.5 10 

TIME IN SECONDS 

FlG.63 LONGITUDINAL WAVE PROFILES FOR CRUISER 
MODEL IN SHALLOW WATER (1 = 4.125 IN) 
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CRUISER MODEL 
SCALE 116 
LENGTH = 4.06 FT 
DEPTH OF WATER = 4-5-IN = 0.344 FT 

SPEED OF SHIP = 27FT/SEC 

FiG 64 LONGITUDINAL WAVE PROFILES FOR CRUISER 
MODEL'N SHALLOW WATER (d = 4.12 5 IN) 
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The peak wave energy in a system of waves resulting from the passage of a 
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