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Preface

Need for an expensive measurement program on the actual per-
formance of a sea-going vessel had long been felt by all concerned with
the research of ship forms in this country.

Thanks to the full co-operation from every field of shipbuilding and
shipping circles, such program was realized on a single-screw cargo ship,
““ Nigsei Maru ', during 1951 and 1952. Numerous tank_ tests and wind |
tunnel tests on the models of this ship were also carried out.

This Report is intended to give a comprehensive account of the
results obtained both by the full scale and model experiments.

July, 1954




e e e — -

———

Part I.
Chapter 1.
Chapter 2.
Cﬁapter 3.
Chapter 4.
Chapter 5.
Chapter 6.

Part I,
Chapter 1.
Chapter 2,
Chapter 3.
Chapter 4.
Chapter 5,
Chapter 6.
Chapter 7.

CONTENTS

Actual Ship EXperiments.........o.oooooveeonssiieeoomvsoeooe 1
Introduction ..o 1
Outline of the Vessel and Speed Trial Results................ooo . 2
items Measured and Measuring Instruments Employed 4
Course of the Ship, Weather, Sea and Ship's Conditions ........................ 11
Measurement Results ..o 15
Brief Consideration on the Results of Measurements 17
Model Ship Experiments 67
Introduction ..........coocoomnviio oo 67
Models used and Test Conditions 68
Wind Tunnel Experiments 69
Oscillation Tests 71
Resistance Tests 87
Propeller Open Water Tests 92
Self-Propulsion Tests 93




PART 1. ACTUAL SHIP EXPERIMENTS

Chapter 1.

Introduction

In view of the great importance of securing correct and factual
knowledge regarding the sea-performance data of an actual ship, as
the foundation of methods to investigate the sea-going qualities of
vesgels, the Experiment Tank Committee of Japan had been planning
for several years to carry out systematic actual ship experiments on
the sea-worthiness of vessels. Actual preparations were finally com-
pleted in 1951, and fhe experiments were conducted on a cargo ship,
S.S. ‘“Nissei Maru’’, with the support of many Japanese organizations
in tﬁe field of marine transportation and shipbuilding.

“The experiments occupied a period of 129 days, from 26th Decem-
ber, 1951, to 8rd May, 1952 on the ship’s maiden voyage from Yoko-

hama to Vancouver, Honolulu, Singapore, Bombay, Mormugao, Shinga-
pore and back to Yokohama, a distance of 21,700 nautir ' miles.
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Ten members of the Committee* hoarded the vessel, and the ship's
speed, revolutions per minute of the propeller,.the torque of the inter-
mediate shaft (SHP), the helm angle, the yawing angle, the pitching
angle, the rolling angle, the heaving of the ship and the stresses of the
hull in several positions, as well as the wind and sea conditions, were
measured or observed by them simultaneously. The total measurements
recorded amounted to 159, and much interesting and instructive data

and experience were obtained.

Chapter 2
Outline of the Vessel and Speed Trial Results

S. 8. ““Nissei Maru " is a steel single-screw cérgo ship completed
in December 1951, at the Tsurumi Shipyard of the Nippon Steel Tube
Co. Ltd., her particulars are as follows ;

Length bet. perpendiculars 128.00 m
Breadth moulded 17.50 m
Depth moulded 10.40 m
Draught at full load eondition 3.25m
Displacement A ve 'y 13,870 tons

*1. Members who boarded the vessel

Name Position

Shiro Kan Ship propulsion Division, Transportation Director of the
Technical Research Institute. Division.

Tatsuo Ito Do. Technical official.

Yasubumi Yamanouchi Ship Performance Division, Transportation Do.
Technical Research Institute.

Kenjt Hata Technieal Research Section, Ship Bureau, Do.
Transportation Ministry.

Takao Inui : Faculty of Technology, University of Assistant professor.

. Tokyo.

Seizo Motora Do. : Do.

Kiyokatsu Hanita Design Department, Tsarumi Shipyard, 4 Deputy Chief of the
Nippon Steel Tube Co. Ltd. . :l'\ Department. .

Masao Kinoshita Techniczl Research Lahoratory, Hitachi ~ ~Chief of the 2nd
Shipbuilding & Engineering Co. Ltd. *  Research Room.

Shojiro Okada Do. . Researcher.

Kaname Taniguchi Technical Department, Mitsubishi Ship- Chief of the Ex-
building & Engineering Co. Ltd. perimental Tank.
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Qutline of the Vessel and Speed Trial Results

Block coefficient at full load condition ST2o
Midship coefficient g . 987
Longitudinal posftion of centre of buoyaney .42 m fore from midship
 Designed service speed _ 13.4 kn
D. W. 9,914 tons
G. T. _ 6,926 tons
‘Main engine : Cross-compound impulse turbine with _ _
double reduction gearing. 1 set
Max. contineous output (105 RPM) ' 4,000 SHP
Normal service output { 99 RPM) 3,400 SHP
Propeller : Four blades built-up propeller of manganese bronze.
Diameter 5.25m
Rudder: Balanced-reaction type.

The body plan and the fore and aft form of the ship are shown in
Fig. 1, the propeller in Fig. 2, and the general arrangement in Fig.
4. The butts of thé outside plankings are all-welded and the seams
riveted in the bottom, being welded and riveted alternately on both
sides, and all the plankings are riveted to the frames.

The results of the official speed trial in light condition, carried out

on 19th December, 1951, off Hommoku, are shown in Fig. 8. The
Beaufort wind scale was zero, and the sea condition smooth during the
trial trip.
‘ As the measuring instruments, specially prepared for the actual
ship experiments, were not then properly adjusted, the SHP shown in
Fig. 8, was measured by a Hopkinson torsionmeter attached to the first
intermediate shaft, and the speed shown in Pig. 3 is the mean ground
speed between the mile posts, corrected against the current effect,

Curves for SHP and RPM, corresponding to the trial eondition,
which were obtained by a self-propulsion test on 6m paraffin model,
are also shown in Fig. 3, by way of comparison (see Part II, Chapter
7.




Chapter 3
Items Measured and Measuring Instruments Employed

1. Qutline of the items measured and of the measuring instruments, and
their arrangement

Items measured and kinds of instruments are shown in Table 1.
For measuring the ship’s speed, SHP, and sea condition, two or three
different methods were employed concurrently, so as to obtain the most
accurate data, because these features were considered to be of more
importance than the others. Fig. 4 shows the arrangement of the
mstruments in the ship.

In order to clarify the sea- -going qualities of ships on waves, it was
thought desirable to measure those items at the same instant, so that
all data obtained would be comparable ag to time. For this reason,
measurements of these items were "conducted as far as possible in the
same Dposition, except for a few, where the apparatus could not be
moved from its proper position. The crew’ 8 spare room at the front
of the bridge, port side, was rearranged as the No. 1 measuring room,
and a Shiba log, Hitachi torsionmeter and its revolution recorder, rud-
der angle recorder, and wire strain gauge, were arranged therein; the
pilot’s cabin on the navigation bridge was also rearranged as the No. 2
measuring room, in which the wind direction and wind speed recorder,
heaving recorder, and a Sperry recorder, were installed.

A Togino torsionmeter and a Hopkinson torsionmeter were installed
at the aft and fore ends of the shaft tunnei respectively, and ari air-
gyro recorder on the starboard side of the 2nd deck in the engine
room. A stereo-camera was installed at the fore end of the naviga-
tion bridge (direction foreward), and another on the starboard side of

the navigation bridge (direction to starboard side) having regard to

their field of vision. The filming by a 16 mm cine-camera and a 35 mm
ordinary camera, and the sketching of the seas and measuring of the
wave period were also done at the said positions.

The -control centre was on the navigation bridge, being connected

— 4 —
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Ttems Measured and Measuring Instruments Employed

to the No. 1 measuring room, shaft tunnel (Togino torsionmeter), and
the engime room (air-gyro recorder), with temporary telephone lines, to
facilitate to communicate with each other. A switch was also arranged
at the control centre, to make it possible to record a sign every
measuring apparatus simultaneously, indicating the beginning and endmg

of the measurements or time of wave encounter.

Table 1. Items measured and Instruments used

Items measured

Instruments used

Through Water !
Speed of Ship '

Shiba Log
Sal Log
Walker Log

f

|

{

i
L
i Over Ground

Sextant, Loran

Speed of Revolution of Propeller Shaft

Electric Tachometer
Hitachi Revolution Recorder
Togine Revolution Recorder

|
|
I
r
|
i
l

Torque

Hopkinson-Thring Torsionmeter
Hitachi Torsionmeter
Togino Torsionmeter

Sea and Wave

Stereo Camera, 2 Sets (Forward and Side)
16mw Cine Camera
36mn Camera (Ordinary & Colour Film)

l Direction and Speed

Koshin Vane

Wind : .
! Speed | Robinson Cup
Rolling ‘
- —— Sperry Recorder
o Pitchmg J
Oscillation — - Air-Gyro Recorder
Yawing ’
Heaving | Heaving Meter
Helm Angle Electric Helm Angle Recorder

Stress of Hull

Wire Strain Gauge

Mechanical Strain Gauge
(Giken Type and Leuner Type)

Though the wires used for these Instruments, temporary telephones,

and signal lines, amounted to a considerable number, the places where




they penetrated the bulkheads were all attached by ordinary bulkhead
pieces as required by the Shipping Law.

Some recorders (oscillographs and others) in the No. 1 measuring
room were suspended by rubber tape to avoid any effects of the ship’s

‘oscillation and vibration; instruments in the No. 2 measuring room

were fixed to the ship’s hull by rubber tape.

2. Measurement of the speed of the ship

A Shiba log*? was employed in measuring the ship’s speed as the
main instrument, and a Sal-log and a Walker log attached to the ship as
her own equipments, were used for emergency or auxiliary purposes.

The Shiba log is a speedometer based on the principle that the
frequency of Karman vortex developing behind an obstacle moving
through water, is proportional to the speed of the obstacle between a
certain range of Reynolds’ numbers. This log was used as a type of
towing-log in these experiments, and a cabtyre cable (10 mm in dia.),
reinforced with piano-wire so as to withstand the tension imposed on
it, was used as the towing cable of the speedometer. The distance
from the stern to the speedometer was kept at about 120 meters.

The mechanism of this speedometer is shown in Fig. 5. Karméin
vortices are created by a regular triangular prism (50 mm on the side
and 60 mm in heiéht), a vibrator is attached behind the prism to detect
the frequency of the vortex, and the detected frequency is recorded
electrically in the ship. The speedometer is maintained in position In
the water almost horizontal with edge-plates attached to both ends of
the prism and a vertical plate, its depth under the water surface being
kept at about 3-4 m by adjusting its weight. An example of the record
obtained is shown in Fig. 6.

3. Measurement of the SHP (torque of the intermediate shaft and RPM

of the propeller)

For measuring the SHP, three instruments were used econcurrently

*2. H. Shiba. **On a New Speedometer”” Technical Report of the Ship Research Labora-
tory, Vol.-7, 1951.




Items Measured and Measuring Instruments Fmployed

for different purposes, i.e. a Hopkinson torsionmeter was employed for
the purpose of obtaining the measured value immediately after every
measurement, and.an Hitachi torsionmeter™ was used to ascertain the
variation of the torque in the -waves by continuous records, and a
Togino torsionmeter to get a standard value.

The Hopkinson torsionmeter was attached to the first intermediate
shaft, others to the end shaft. The Hitachi torsionmeter is an instru-
ment for electro-magnetically measuring the torque of an intermediate
shaft, converting the relative translation of two .rings. attached to the

shaft into the torsion of a magneto- striction tube in the plck -up. This

instrument is shown in Fig. 7, together with its arrangement in “‘Niggei

Mara’’, a picture of the recording part, and an example of the record,
in Fig. 8, Fig. 9 and Fig. 10, respectively.

The Togino torsionmater** is also suitable for measuring the torque
of a shaft, detecting the relative traﬂslation of two rings fixed to the
shaft, by an optical lever, and recording it on a film, i.e. a lamp with
an optical slit and a camera are attached to one ring and a convex
mirror to another ring, so as to refleet the ray and imprint the image
on a film in the camera, provided the translation of the image is propor-
tional to the torsional strain of the shaft.

*3. a) H. Kinoshita & H. Araki, On a New Torsionmeter and the Speed Trial Results
obtained by It”* Read at a meeting of the Society of Naval Architects of Japan,
1949.

b) M. Kinoshita & 8. Okada, “Results of Measurements on SHP and Tortional
Vibration of a Diesel Engine’” Read at a meeting of the Society of Naval Ar-
chitects of Japan, 1952.

¢} M. Kinoshita, -* A Neéw Torsionmeter of the Magneto-striction Type and a Shaft
Horsepower Meter’* Abstract Notes  and Data concerning the Subjects at the
6th International Conference of Ship’s Tank Superintendents, Experimental Tank
Committee of Japan, 1951. .

*4. -a) 5. Togino, *On the Togino Torsionmeter’’ Journal of the Society of Naval Ar-
chitects of Japan, Vol. 54, 1934,

b) 8. Togino, !*QOptical Torsionmeter”” Congress Int..des Direct de Bassins, Paris,
1935.

c) 8. Toginoe, ** The Latest Type of Togino Optical Torsionmeter’* Abstract Notes
and Data concerning the Subjects at the 6th International Conference of S.T.8.,
Exp. T.C. of Japan, 1951.

d}y T. Ito, *“A Togino Torsionmeter used for the Experiments on Nissel Maru”
Tech. Rep. of the Trans. Tech. Res. Inst. Vol. 3, No. 1, 1953.
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As a considerable time was needed for the experiments on the
*“ Nissei Maru’’, the devices were arranged to make it possible to renew
the film and the lamp while the shaft was tﬁrning, i.e., another ring
was attached to the shaft on which the camera and lamp were attached,
which could be stopped at anytime by taking out the cluch. The
instrument is shown in Fig. 11, its arrangement in Fig. 12, and an

example of the record in Fig. 13.

4. Measuremeﬁt.of the waves

The method of measuring the wave scale was regarded as being
most difficult, and no completely satisfactory plan materialized even
after a good deal of discussion. Finally it was decided to direct efforts
to obtain as muech data as possible not only by instruments but by
actual observations, i.e., two sets of stereo-cameras—one facing forward
and the other starboard—were used as' the main instruments, the film-
ing heing done by 16 mm cine-camera and a-35 mm camera, the wave
period being measured by a stop-watch, and observations being con-
ducted by some of the members as additional measures.

Fig. 14 and Fig. 15 shows. the arrangement of the stereo-camera,
Fig. 16 an example of the record, and Fig. 17 an example of the con-
tour lines of waves analized from the record in Fig. 16.

The mean values of the wave height, wave length, absolute
period and angle of encounter with the ship, were observed and
sketched during a period of three minutes in every periodical measure-
ment. Observations were conducted regarding the degree of influence
of waves upon the ship's performance, which would be represented by
an average of wave scales in relation to the time of observation. The
wave period was obtained in sueh a way that a distinet foam on the
crest of the wave was chosen, and the time during which the foam
descended and ascended again to the next crest was meagured repeatedly,
and their average value recorded. In sketching the wave patterns, the
length of the crest lines were also recorded as correctly as ever

possible,



Items Measured and Measuring Instruments Employed

5. Measurement of the wind

A Koshinvane*® was employed as the main instrument, attached to
the portal of the fore mast, its indicator and recorder. were installed
in the No. 2 measuring room. This recording was carried out.not only
during every periodical. measurement, but throughout the whole time
the ship was being navigated. An outside view. of the Koshinvane is
shown in Fig. 18, the arrangement in Fig. 19 and an example of the
record in Fig. 20.

As to measuring the wind speed, Robinson cups were attached
to the opposite side of the same portal to which the Koshinvane was
fixed. Though the cups had been tested in a wind tunnél up to 35m/s
wind speed, they were all bioken by their rotating shafts in a short
time, due to the gyro-action caused by the violent rolling of the ship
during the voyage. :

6. Measurement of the ship’s oscillation

Rolling, pitching, and yawing were recorded by an air-gyro recorder,
and rolling and pitching by a Sperry recorder as an.auxiliary. '

A heaving-meter, the main part of which is an altimeter utilizing
the atmospheric pressure difference proportional to the altitude, was
tried for measuring the heaving of the ship, but the results were not
adopta‘b]e. a

The air-gyro recorder is an instrument reconditioned for this
purpose from the servo-mechanism of an aircraft automatic pilot, and
is suitable for recording the ship’s oscillations around her three main
momentum axis. The principle of its mechanism are shown graphicaHy
in Fig. 21, outside view in Fig. 22, and an example of the record in
Fig. 23.. | |

The main part of this air-gyro recorder consists of two air-turbine
gyroscopes (18,000 r.p.m.), one of which is a free-gyro with its axis
fixed to the space, from which the yawing is detected; the other is a

*5. M. Sanuki, * Studies on Biplane Wind Vanes, Ventilator Tube and Cup Anemo-
meters ” Meteorclogy & Geophysics, Vol. I, No. 1-4, 1950, and Vol. II, No. 3-4, 1951.
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kind of artificial horizon having a restoring apparatus so as to keep its
axis vertical, rolling and piching being detected from it. Rolling is

recorded as the rate 1.6 mm/1°, and piching and yawing 2.2 mm/1°.

This instrument has the merit that its records are not affected by

‘the position (height above C.G. of the ship); its sensibility is ahout

1/4?, but there is a tendency for small steps to show on its recorded
diagram. at maximum and minimum points. 4

7. Measurement of the helm angle

An electric resistance coil was attached along to the bow of a
wooden quadrant fixed to the rudder head and a wire brush to the
hull, so as to make contact with the coil when the rudder was moved,
thus the change in the helm angle was converted into a change of the
electric current proportional to the helm angle, and the current was
recorded automatically. An example of the record obtained is shown
in Fig. 10.

8, Measurement of stresses on huall stracture

As a preliminary step to future systematic researches on the huli
stresses of actual ships, measurements of strain were taken at several

points of hull structure simuitaneously with other measurements as
deseribed before. '

Electric resistance wire strain gauges were used as the principal
means of measurement, while strain meters of a mechanical type were
employed to support those measurements. Fig. 24 shows the positions
where the strain meters were attached and, at a certain number: of
pointg, both the direct reading mechanical type and wire strain gauges
were used, in order to compare the values of their recordings.

A strain recording unit having a resistance wire strain gauge of
20mm gauge length, and a recording apparatus, consisting of initial

balance attachments, a Brush Universal Analyzer and. a pen writing

oscillograph were used, a general view of the wire strain gauge and

the recording apparatus being shown in Fig., 25 and Fig. 26, and a

typical oscillogram in Fig. 27.

— 10 —
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Cowurse of the Ship, Weather, Sea and Ship’s Condition

The Giken type direct-reading mechanical strain meters of 400 mm
gauge length were secured in place by means of studs welded to the
gurfaces where measurements were to be made (refer to photograph
Fig. 25), and the strain was measured every two seconds during one to
two minutes by a dial gauge having an 0.01 mm graduation.

The Leuner strain meter of 700 mm gauge length Werel secured in
position by steel pieces welded to the surface at the point of measure-
ment, and pencil recordings of the strain were taken automatically.
The -records obtained frqm this strain meter, however, were considered
unreliable because of the excessive friction of the mechanical parts and,
therefore, it was decided not to use them.

9, Miscellaneous

The values of the sea-water temperature, sea-water density,
atomospherie temperature, atomospheric pressure, fuel and fresh water
consumption were obtained from the ship’s Log-book.

Chapter 4
Course of the Ship, Weather, Sea and Ship’s Condition

1. Preliminary researches on the climate and sea conditions

Preliminary researches on the climate and sea conditions in the
North Pacific Ocean in winter have been in progress since 1950 by the Ex-
periment Tank Committee of Japan, to secure fundamental data neces-
sary to the design of efficient ocean going ships. The data obtained
included much valuable advice and information for designing measuring
instruments and planning the experiments. Such data are absolutely

necessary in making it possible to generalize the results of the experi-'
ments without limiting them to a particular season of the year or to

a particular course taken by the vessel on the experiments. Though
the results of the said researches are both important and interesting,
they will not be deseribed in this paper on account of limited space.

— 11 —




2. The course of “ Nissei Maru” and the weather and sea conditions

‘“Nissei Maru" left Yokohama on her maiden voyage at 15.20 on
December 26th, 1951, m a light condition, arriving at Vancouver at
18.30 on January 8th, 1952, encountering considerable spells of bad
weather, though the voyage was on the average favourable, with the
wind and waves being generally fair. '

Fully loaded with wheat, she sailed for India via Yokohama at 17.30
on January 16th, 1952, following a south-west course along the boundary
line in Load Line Rules, turning dead west at point 34°-55'N, 149°-0'W,
at 5.20 on January 22nd, when she encountered heavy storms every
day, and terrific wind with waves growing in height. The voyage was
so strenuous that the vessel exhausted her fuel reserve and was obliged
to abandon the intention of proceeding direct to Yokohama and to touch
at Honolulu for bunker Supphes

The ship turned toward Honclulu at 34° 29N, 170°-25'W, at 1.30
on January 28th, arriving at Honolulu at 9.15 on January 31st.

For economic reasons, the schedule of the ship was changed, and
she headed direct for India, instead of proceeding to Yokohama as was
orlgmally mtended three of the members of the Experimental Tank
Committee dlsembarkmg at Honolilu and proceeding back to Japan by
air, as they could not absept themselves too long from their duties.

After leaving Honolulu at 8.05 on February 1st, the vessel touched
at Singapore, staying one night for bunkering (where one of the Mem-
bers of the Committec had to be disembarked owing to illness), and
arrived at Bombay at 12.30, February 29th.

Having discharged all her cargo of wheat at Bombay, the vessel
sailed from there at 8.10 on March 4th in a light condition, arriving at
Port Mormugao, Portugese India, at 5.10 on March 5th, where she
remained forty days for cargo, one of the Committee members dizem-
barking there, and five remaining on board.

The ‘‘Nissei Maru’’ sailed from Mormugao for home at 17.40, April
15th fully loaded with ore, but the speedy journey home which the
members desired and expected could not be realized due to the progres-

12 —
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Course of the Ship, Weather, Sea and Ship’s Condition

Table 2. Loading Conditions at Departure and Arrival
Yoko- ] Van-
Item hama | cgl?\rfl(;r couver iHonolulu|HDoggg':,l_u SmgaporeSlngE?re
i Depar- ! Yol . Depar- | Arrival Arrival -
ture Arrival ' Ttare turrei ‘ ture
Date 1951-12:26 1952.1-8 1952.1-161952. 1. 31 1952 2.1 1952 . 2 201952 -2-21
(Time) (1520) + (1330) ' (1730) | (0916) [ (0730) . (1435)  (0625)
’S;ec:ﬁc Gravity 1‘ i ’
of Sea Water 1.024 | 1.023 1.021 i 1.024 1.025 ; 1.025 1.025
T Dranght (stem) m 262 ' 2.26 ° 7.90 , 7.713 | s 10- i 774 8.18
” (F.P) »~ 2.48  2.12 7.87 7.72 | 8.10 7.74 8.18
" (AP) » 619 5,30 8.64 g1l D osss 1 794 8. 52
»  (midship) » — 3.76 , 8.26 7.90 8.23 | T7.81 §.34
»  (mean) » 4.34 374 | 8.9 7.90 8.23 | 7.82 , 8.34
Trim (aft.) r 3.71 3.18 l 0.77 | 0.39 0.28 : 0.20 | 0.34
' Dlsplacement t, 6,503 | 5,591 | 13,817 | 13,156 | 13,808 | 13,005 | 14,020
| Fuel 00l » 664 . 816 733 | 22 | T4 | 205 949
2| Feed Water »- 1801 | 8 o 1 8T 100 | 46 53
§ | Cargo - — 8,633 | 8,633 | 8,633 | 8633 8633
— | Others v 1,872 1 132 415 288 | 415 | 25 ' 519
| i 1 i
: Mormu- | s I
Bombay i Mormu- | fas Singapore Yoko-
Item m&:{; Depar- '; gao i D%agr- Sﬁgﬁﬂ Depar- | hama
i i ture | Arrlval ‘ tp i ture | Arrival
L | = ure | -
! |
Date 1952 2. 28' 1952-3-4 1952 3-5 &1952 4. 15 1952 - 4. 23|1952 -4-24 1952.5-3
(Time) [(2045) | (0810) ; (0510). | | | i
———— - 4 - =, o 8 i—- - — —
H 3 : 1 1
SPne Graw¥ | 1025, 1025 1024 | 1.025; 1024 | 1.025 l 1.020
. — _ i _—
Draught (stem) m' 8.18 2790 | 2.68 l g.17 T.97 8.29 | 8.19
" (F.P)y «»| 8.18 2.62 . 2.60 | 8.17 7.97 829 | 8.19
" (AP)Y »| B.20 4.75 4.70 F 8.26 8.12 8.45 ~ R.15
» (midship) »| 8.16 3.7 . 3.67 ! 8.18 8.02 B3¢ | 8.13
»  (mean) | 817 | 3.70 | 3.67. | 8.19 8.03 | 8.3 ; 8.14
Trim (aft.) o 002 | 213 ¢ 210 [ 0.09 0.15 0.16 {—0.04
Displacement t| 13,666 | 5,534 . 5479 | 13,685 i13,397 14,035 i13,552
| Fuel 00 vl 707 690 | 669 495 240 | 78 | 309
.,g Feed Water « 41 w1 T2 32 | 30 ; 28
.:18 Cargo »| 8,633 — : — | 9,144 L 9,144 9,144 i 9,144
Others " 419 T97. i 767 108 115 227 115




Table 3. Loading Conditions at Sea

Item Yokohama to Vancouver Vancouver to Honolulu
Experiment No. 1~22 23~51 i 52~T0 T1~88 89--96
Date 1951-12-26~-11952.1-2~ !1952-1-17~ 1952-1.22. | 1952-1-28~
1952-1-1 1952-1-8 1952-1-21 1952.1.27 1952.1-31
Gondition No. I o 111 v v
Displacement t 6, 440 6,130 13, 700 13, 450 13, 250
Draught (F.P} m| 252 2.39 7.72 7.63 7.65
" (AP) » 5.97 5.74 8.61 8.45 8.23
#  (mean) 4.25 4.7 8.17 8.04 7.94
Trim (aft.) ” 3.45 3.35 0.89 0.82 0.58
KG* » 6.35 6.50 6.52 6.566 6.64
RG (aft) ” 4.79 4.83 0.59 0.47 0.16
GM* » 1.69 1.69 0.94 0.89 0.78
Wetted Surface
Area (Naked) m? 2,351 2,306 3,413 3,377 3, 350
Wetted Surface
Area (With App) » 2,402 2, 356 3, 464 3,428 3,401

* Free surface effects are considered

Item

Honolulu to

Singapore | Bombay to i

Mormugao ‘Singa.pore to

|

Singapore |to Bombay I Mormugao [to Singapore| Yokohama
Experiment No. 97~113 114~-125 126--131 132~-139 140-~-164
Date 195221 1952-2-21~1952-3 -4~ (1952-4-16~ (1952.4.24~
1952-2-20| , 1952-2-28| 1952-3-5  1962-4-23 1952.5.3
Condition No. R | wvo VIII IX X
Displacement t 1 13, 410 13,840 7775, 510 13, 540 13, 850
Draught (AP.) m  7.74 8.17 2.63 8.04 8.23
4 (AP) " 8.29 8.32 4.75 8.16 8 29
" (mean) 8.02 B.25 3.69 8.10 8.26
Trim (aft.) » .65 0.15 2.12 0.12 (.06
KG* » 6.62 6.44 T.20 6.30 6.34
RG (aft) " 0.14 -0.25 2,90 -0.32 -0.35
GM* " 0.91 1.04 1.38 1.14 1.16
Wetted Surface | . 7 ; | !
Area (Naked) m* 3,372 3,434 . 2,198 | 3,392 | 3,437
Wetted Surface ! : ' l
Area (With App) «» | 3,423 3,485 | 2,249 3,443 | 3,488

-

Free surface effects are considered.
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Measurement Results

sive fouling of the bottom and propeller when the ship was anchored
at Mormugao. Touching at Singapore en-route, she reached Yokohama
at 15.10, May 3rd. The ship’s course and every noon position are shown
in Fig. 28.

Statistical analyses were compiled as to weather and sea conditions
by measurements and observations during the whole voyage. The fre-
quency diagram of wind and sea scales are shown in Fig. 29, as an
example of the analyses.

3. Loading econdition

The arrival and departure conditions at every port on the course
(draught, displacement, ete.) are shown in Table 2. For the convenience
of further analysis, the whole course was devided into 10 parts, and
standard conditions for each part were decided as shown in Table 3.

Chapter 5

Measurement Results

1. Kinds and frequency of the experiments

Regular measurements of the ship's sea-performance at fixed times
every day, were carried out as well as progressive tests varyving the
ship’s RPM stepwise at proper oceasions.

The times of regular measurements were chosen as 9, 12, and 15
o’clock having regard to the light necessary for filming the sea condi-
tions. After leaving Honolulu, regular measurements were made only
once a day at noon, as some members of the Committee left the ship
at Honolulu, and very few recording papers remained, and the sea
conditions were thought comparatively calm.

Progressive tests were conducted 6 times in total as follows, on
the bases of different loading and sea conditions.
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Exp. No. Loading Course Sea condition. Wind Remarks
cond. ) force. 7
9- 18 Light () Y-V Slight (North Pacific0.) 3-4 No relative wind
39- 42 Do. (1) Do. High (  Do. ) 6-8 '

57- 60 Full (IIl V-H Moderate ( Do. } 4

115-119 Deo. (VIDD  S-B  Smooth (Maracea St.) 2-3

126-131 Light{VIID) B-M Do. (Arabian Sea) 3-4

141-146 Full (XD S-Y Do. {Borneo Sea) 1-2 Fouled cond.

On the other hand, as temporary experiments, the effect of steer-
ing methods (automatic, hand, and keeping the helm angle at 0°) on
the ship’s performance in aheam wind were mcasured, as well as the
effect of the length of the towing line of the Shiba log on its readings,
but no clear difference was detected.

All the data obtained in each experiment was consolidated in a
graph separately against the time base as shown in Figs. 80 and 31, as
examples. The observed values of the gea and weather conditions are
also recorded In the diagram.

Tables 4-6 show the mean values of all the measured items
throughout 3 minutes. For the figures showing the ship’s speed against
the water shown in Tables 4-6, those values obtained by the Shiba log
{(some examples of record are shown in Fig. 82) were adopted in prin-
ciple, except for a few cases when this log was thought unreliable,
and in such cases the most reliable values obtained by other instrum-
ents were emploved, '

For the torsion of the intermediate shaft and SHP, the values ob-
tained by the Hitachi torsionmeter were adopted in principle, with
which a continuous record throughout 8 minutes could be secured,
except for Exp. Nos. 21-45, No. 97 and after, for which records were
not obtained, and the wvalues by the Togino torsionmeter were
employed,

The wave encounter periods were computed from the wave en-
counter marks for Exp. No. 80-96, and from the observed wave period
and ship speed In other cases.

The yawings are shown in the form 6,/8, for the amplitude and
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Brief Considerations on the Resulta of Measurements

T,/T. for the period respectively, where #,, 7, mean the amplitude and
period of forced yawing by every wave, and 4, T, that of a zig-zag
motion caused by automatic steering (see Fig. 70).

For speed and direction of wind, the values at measured position,
say at the portal of the fore mast, are shown, and no corrections for
either height from water surface or effect of ship’s body were carried
out. The results of measurements of the profile of the sea surface by
the stereo-cameras have not yet been completely analyzed.

Though the measurements of the huil stresses were continued up
to Exp. No. 99, the values for Exp. No. 94 and the following ones are
not shown in Tables 4-6, because of the extremely small measured
values. Stresses are shown only in their variations, not in absolute
values, because dummy gauges as temperature compensaters were not
attached at the measuring positions, and there were remarksable varia-
tion of strain when the ship stayed in ports, and hence zero-point of
the stresses was not certain.

To gain a general idea of the SHP loss in heavy weather on each
course, the values of SHP & RPM were plotted against the ship's speed
as shown in Figs. 33-38. In these figures, the SHP & RPM curves for
smooth water obtained from self-propulsion tests on a 6 m paraffin model
are also shown by way of comparison (see Part II. Chap. 7).

Some typical pictures of the surface conditions when measurements
were taken are shown in Figs. 39-56. |

Chapter 6
Brief Considerations on the Results of Measurements

1. Measurements of waves

When the measurements were taken, attention was concentrated
on the irregularity of the ocean waves throughout the whole voyage.
The waves observed were far more irregular as to both time and
locality than was previously expected, and no wave trains were observed
which encountered the ship in regular periods and amplitudes. The
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condition of the sea surface around the ship seemed to be very confused,
and the size and profile of the waves seemed to be remarkably different
as to time and loeality.

Therefore, it was thought difficult to secure a standard sea condi- -
tion atfecting the sea-performance of the ship, by measuring the waves
In a certain location and at a certain instant, even though they were
measured as accurately as possible. Measuring waves by a stereo-
camera has a weak point in connection with the said features.

As to the observations of waves, though high accuracy could not
be expected, observers made efforts to get an averape value considering
the irregularities of the waves as to both time and locality. Therefore
the observed values do not necessarily agree with those of significant
waves after Sverdrup & Munk.**

On the voyage to Honolulu, the observed waves had short crest
lines, several times the wave lengths at the largest, so that it was
thought not suitable to compute the period of encounter ‘of the waves
from the wave length and ‘the angle of encounter. And, as was con-
sidered previously, it was recognized plainly that the slope of a wave
was steeper on the lee-side than the weather-side.

The relations between the wave height to the wave length observed
are shown in Fig. 57, the straight line showing the wave length to wave
height being 1/20 for comparison. It is very interesting to find that
the ratio wave height to wave length which has been used as a standard
value in calculating the strength of ship’s structure, coincides appro-
ximately to the average value of the observed values in these experi-
ments.

The relation hetween the wave length and the wave period is shown
in Fig. 5% in which it will be recognized that the majority of the ob-
served periods are larger than those of the trochoidal wave, the reason
for which will of eourse lie partly in the low accuracy of observation
(observed wave heights agree comparatively with those analysed from

*6. H. U. Sverdrup & W. H. Munk, **Wind, Sea and Swell. Theory of Relation for
Forecasting” March, 1947. H. 0. Pub. No. 601,




Brief Considerations on the Results of Measurements

stereo-camera, but the observed lengths differ considerably from those
of a stereo-camera), but will lie mainly in the faet that the wave
periods were measured on comparatively distinet and large waves, the
wave lengths being measured as the average value as to time and

spacc.

2. Comparison of measured values of the torque by various kinds of

torsionmeters

In this experiment, a Hopkinson torsionmeter was attached to the
first intermediate shaft, and a Togino and a Hitachi torstonmeter to the

end shaft.

Recordings were made as follows; with the Hopkinson torsionmeter,
the average values throughout three minutes were measured in every
experiment, with the Hitachi torsionmeter, continuous records through-
out three minutes in each experiment were taken, and with the Togino
torsionmeter, semi continuous recordings during several decades of
seconds at the begining and ending of every experiment.

The Togino torsionmeter is an optical instrument having an optical
system different from that of the Hdpkinson torsionmeter. It can
record the variation of torgue during one rotation of the shaft conti-
nuously, eliminating the effects of the bending of the shaft by a couple
of meters attached symmetrically to the shaft against the shaft centre.
Differences between the records obtained by those two meters were
ahout 10¢; at max. instanteneously, Bgs at max. in average values out
of several decades of seconds, and 1.924 in total average. These dif-
ferences will decrease when the average values over a long period of

time are taken.

A Togino torsionmeter was used as standard because of its high
accuracy as stated above. Its records compare fairly well with those
of Hitachi torsionmeter in average values {0.59 larger than the Togino
torsionmeter in average at the same instant) and in mode of variation;
those of a Hopkinson torsionmeter also coincide more than was expected,
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except in heavy weather when there were large Auctuations in the
torque.

3. Variation of the torque of the intermediate shaft in rougﬁ seas

The percentage of difference between maxima and minima values
of the torque recorded by the Hitachi torsionmeter against the average
values are shown in Figs. 59 and 60.

On the voyage from Yokohama to Vancouver, though ship was in
a light load condition and the wind and seas were generaily fair, some-
times excessive variations of 100-150¢; (2159 at Exp. No. 40) occurred
when the sea reached a ““‘High sea’”’ condition, and consegquently the
propeller was regarded to be racing.

On the other hand, from Vancouver to Honolulu, though the ship
was fully loaded and the voyage was very strenuous as stated before,
the variations were not so excessive considering the rough sea condi-
tions, being 50-709 at the largest, the majority of them remaining In
a range of 10-5095.

4. Increase of the average value of the torque of the intermediate shaft

in rough seas

The average values of the torque of the intermediate shaft are
plotted against the ship’s speed in Figs. 61-64. In these figures, a
curve showing the torque in calm water @, obtained from self-propul-
sion tests on a 6 m paraffin model (295 of the propeller torque added
as the loss due to stern tube friction), and a group of curves showing
certain magnified values of @, are also shown by way of comparison.

The average values of the torque in Condition I and Condition 11,
where the wind and wave were generally fair, are not so large com-
pared to @, and remain 1.4 times of @, on the ship’s speed base, and
1.1 times of @, on the RPM base except Exp. Nos. 1~7. At Exp. Nos.
1~7, the wind and sea were almost head on and the average values
of the torque reached about 1.8 times on the ship’s speed base and 1.4
times on the RPM base. In some cases, the average torque was smaller
than @, it being considered that these phenomena were due to the
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Brief Congiderations on the Results of Measurements

effects of a fair wind and the propeller racing.

On the other hand, in Conditions III-V fully loaded, no sign of
racing was found, the increase of torque being most pronounced in
Condition IV when the ship was labouring against strong wind and waves
just ahead of the bow, amounting to 5 times in speed base and 1.8 times
in RPM base at the maximum. In Condition V, with the advantage of
g fair wind and waves, the increases in the torque were comparatively
gmall even in high wind and wave scales. In Conditions III-V, en-
countering wind and waves in an almost constant direction, the relation
between the rate of increase of the torque and sea condition was clearly

recognized.

5. Increase of SHP and RPM in rough seas

In Figs. 33-38, the SHP and RPM are plotted against the ship’s
speed, from which it will be easily seen that there are similar inclina-
tions between the degree of increase of the SHP and those of the tor-
que, i.e., in Conditions I and II, the rate of increase of SHP and RPM
with the sea condition are not clear, while in Conditions III-V, they are
very distinct.

Anyhow, the results of the periodical measurements in Conditions
1V, as well as those of the progressive tests in Conditions I-1II, are
thought to introduce interesting and ingtructive data in connection with
the effects of rough seas on a ship’s performance, and the Authors are
considering to develope their analysis with model experiments in waves
as well as wind tunnel experiments.

6. SHP and RPM in a calm sea

The results of the experiment (Exp. No. 52) conducted in the Juan
de Fuea Strait just after leaving Vancouver, fairly agree with the
results of the tank experiments in smooth water.

During the voyage from Honolulu to Singapore (Condition VI), in
calm seas, the results of periodical measurements during a period of
20 days, fairly coincide with those of the tank experiment, and the
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plotted points grouped around one point on the graph.

7. Average ship's speed, SHP, etc. on each conrse

The average ship’s speed over ground obtained by the observed
positions and time of advance, as well as the average speed through
water obtained by the distance run measured by a Sal-log and time of
advance, are shown in Table 7. The difference between the two kinds
of speeds has usually been reported as the tidal current, though it
contains errors in measuring speed, surface flow, ete. In Table 7, it
will be found that the values of the tidal current obtained in such a
way agree with those shown in the pilot chart, at least in their direc-
tion; its speed was also found to be in reasonable order in average,
therefore it can be said that the distance run measured by a Sal-log
installed in the ship was fairly correct.

The average value of the ship’s speed, RPM and SHP measured at
periodical measurements on each course are shown in Table 8, and the
SHP and RPM necessary to attain to the said average speed in calm sea
as well as the ship’s speed attainable by the above mentioned average
SHP in calm sea, were computed from tank experiment results, and from
these values, the rate of increase of SHP and RPM, the rate of decrease
of ship’s speed in each course were computed, as shown in Table 8.

Table 7. Average Ship’s Speed and Tidel Current on Each Course.

' Time I Over Ground : _.'_I‘hrough Wa‘tei F Tidal
Course of True Dis;-I Average + Distance I Average | Current
Advance |\t nce Run Speed ! Rlﬂggby i Speed
hour n. mile kn n. mile kn kn
Yokohama— Vancouver 322 .43 4329 .3 13.42 4176.7 12.95 .47
Vancouver— Honolulu 352.9 356.7 10.11 3615 10.24 - .13
Vam;mver—> 10w ) 116.11 | 1206 11.16 | 13209 | 11.38 | - .22
35° 34°-20/N
150°W) " 1h0e o) | 159.0 | 1256 790 | 13011 | 818 | - .28
°_oq/
1%394%2,%)—3* Honolulu | 778 1015 13.05 993 1276 | + .29
Honolulu — Singapore | 443 2 5950 13.43 5646 12.74 + .69
Singapore —» Bombay 183.2 2454 13.40 2326 12.70 + .70
Mormugao — Singapore | 187.3 2226 11.88
Singapere — Yokohama| 292 .5 2931 13.17 2839 12.76 -4 .41
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Brief Congiderations on the Results of Measurements

Table 8. The Rate of increase of the SHP and Loss of the Speed on Each Course

Measured Values In Still Water ISHP!...-.».].I v : Voot
o T

Course ;
Viean |SHPmem|IRPMmemu SHPD RPMa SPHG V"

Yokohama-Vancouver | 13.04 | 2, 475 91.68 | 1,870 84.0 [ 1.323 1415 .921
Vancouver-Honoluiu 10.53 | 3,311 90.30 | 1,360 T3.0 | 2435 13.69 770

35°N
Vancouver- 160°W) 11.24 | 3,200 91.84 1,680 8.5 | 1.905 13.51 | .832

35”N) 34°‘29’N) 8.61 3,196 | 85.62 | 780 | 59.9 14.100 | 13.564 | 638

150°W ) 170°-25'W

S )-Honolulu |13.43 |3,794 | 97.74 |3,010 | 96.2 | 1.235 | 14.25| o044
Honolulu-Singapore | 13.36 | 3,403 | 96.38 (3,030 | 952 {1.123 | 13.6 | 976
Singapore-Bombay | 13.01 | 3,486 | 95.43 [ 2800 | 93.0 |1.245 | 13.81 | 942
Mormugao-Singapore | 12.17 3,415 | 93.20 | 2,180 | 85.5 |1.567 | 12.75 | sss
Singapore-Yokohama | 12.67 | 3,730 | 96.95 | 2560 | 89.9 |1.458 | 14.06| 901

8. Oscillations of the ship

As was stated before, actual ocean waves are very irregular, and
accordingly oscillations of a ship are also very irregular in their period
as well as amplitude. Therefore, the results of the measurements were
expressed in their average values for convenience sake, though it is
difficult to express them as regular osciilation.

After Exp. No. 80, the times at which the crests of waves passed
through the ship’s bow were recorded as the encounter marks, and
from these, the variation and average values of the period of encounter
throughout a period of three minutes can be obtained. An example of
the frequeney distribution of periods of oscillations of the ship are
shown in Fig. 65. Therefore, the periods of encounter T, shown in
Tables 4-5, are average values out of the distributed periods as stated
above, and when encounter marks could not he obtained, T, was com-
puted from the following formula.

T.=2/(v cos a--v.,,.)

where v is the ship’s speed measured and 2 is the wave length derived
from the observed period regarding an ocean wave as a trochoidal wave
(observed wave lengths were not adopted as they were thought to be
observed shorter than actual). In addition, the period of yawing was
adopted as period of encounter, when computed periods were thought
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to be not suitable, because the period of yawing must coincide with
the period of encounter.
As to the ship’s natural period of oscillations, the following values

were adopted; period of rolling T,=2w1/5%&
r
period of pitching T,x2qr]/—g-.’l‘zw

where % and %' are the radii of gyration around the ship’s longitudinal
and trangverse axis, containing the virtual masses, for which the fol-
lowing values were chosen, '

full load condition: k=5.78 m=B/3.03, k'=42.Tm=L/3

light load condition: %&k=7.81 m=B/2.24, k'=556.7m=1,2.3
from the above values, the periods were computed as in the following
table ;

Rolling Pitching
Condition No.
GM(m) | T,(sec.) | GM/ (m) | Ty (sec))
I-I1 1.69 12.2 230 7.28
II1 0.94 12.0
Iv 0.89 12.3 149 7.02
v 0.77 13.25

The frequency diagrams of the periods of encounter and periods
of oscillations during the voyage from Yokohama to Vancouver, and
Vancouver to Honolulu, are shown in Fig. 66, in which one frequency
represents an average value out of one measurement, the frequency of
periods of encounter not being counted in such cases, for which a record
of oscillations could not be obtained. '

From Fig. 66, it will be recognized that the distribution of pitch-
ing periods fairly coincides with those of the periods of encounter, and
therefore as to pitching, the free oscillations diminish because of the
large damping force, and foreced oscillations will only remain even in
such irregular waves. On the contrary, the distribution eurve of the
rolling periods has a hump around the rolling natural period, independent
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of the period of encounter, showing that rolling in the natural period
will! only ocecur 'in such irregular waves. The above mentioned rela-
tions will be recognized from Fig. 67 too, in which, the period of
oscillations is plotted against the period of encounter.

In Fig. 67, the plotted points for pitching coincide with a 45" line,
showing that they are forced oscillations; on the other hand, those for
rolling gather around a horizontal line corresponding to the natural
rolling period, showing that they are free oscillations. As the ocean
waves were extremely irregular, ideal synchronous oscillations did not
occur, i.e., supposing the ship encounters a wave train having a period
near to the ship’s natural period, after 2-3 waves have passed, and the
ship rolls to a considerable large angle, another wave train having a
different period of phase will come, and the ship will be prevented
from a further inerease of rolling angle.

The frequency diagram of sea conditions in each course is shown in
Fig. 68, as well as that of the angle of oscillation by way of comparison.
The angle of cscillations is plotted against the sea seales in Fig. 69, in
which it will be recognized that the rolling angles are independent of
the sea condition, and reach to a considerable amplitude when the ship
synchronizes with the waves, even in comparatively smooth seas.

As the period of encounter is distributed in a considerable range
around their average value as shown in Fig. 65, there are occasions
that a large angle of roll will oceur when the average periods of en-
counter differ considerably from the ship’s natural period, but it may
be possible to reduce the rolling angle by changing the ship’s course
slightly and avoiding the synchronism. For instance, at 17.00, 19th,
January, a large rolling angle of 25° (to one side) occurred by an
abeamn wave of 11 sec. in'period, but the excessive rolling was reduced
to almost zero by changing the ship’s course 58° to lee-ward from the
original course.

On the contrary, the pitching angle seems to have a certain rela-
tion to the sea conditions as shown in Fig. 69, and its amplitude is an
increasing function of the sea condition.
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As shown in Fig. 70, the yawing measured consists of a forced
vawing by every wave and a zig-zag motion of the ship caused by
automatic steering, the period of the former coinciding with the period
of encounter of the waves, the latter being as long as 60-160 sec.
When the ship encountered fair waves, the period of encounter was
long, and therefore the amplitudes of the forced vawing were large,
and those of the zig-zag motion small ; and when the vessel encountered
head waves, the results were vice-versa.

Records of the helm angle are also given in Fig. 70, in which it
will be noticed that the helm angle was taken proportional but reverse
to the ship’s heading angle. The heim angles were 5°-10° in average,
except in Exp. Nos. 62, 63, 74, 76, in which they reached to excessive
angles as much as over 20° to one side (zig-zag motions also reached to
large amplitude), and the loss of SHP can not be overlooked.

9. Fouling on the ship’s bottom

““ Nissel Maru’’ was docked on 30th November, 1951, and painted
with one coating of anti-corrosive paint, and two coatings of anti-fouling
paint respectively. Leaving the dock on 2nd December, she stayed in
Tokyo Bay for 24 days during which preliminary trial on the 16th,
official triai on the 19th, and owner’s trial on the 25th were conducted
respectively. Therefore, although she remained for a comparatively
long period before her departure, her bottom was not fouled, and was
in an ideal condition when she left Yokohama, having regard to the
season of the year.

She anchored at the following ports;

Vancouver for 8 days Bombay for 4.5 days
Honolulu . 1.5, Mormugao,, 41.5 ,,
Singapore ,, 1 ,, Singapore ,, 0.5 ,,

Therefore, it can be assumed that no great fouling to affect the ship’s
sea-performance occured on the voyage up to Mormugao.

During 41 days anchorage at Mormugao (depth of water 6-9m,
water temperature 30°C average), the ship’s bottom and propeller were
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thought to be fouled to a considerable degree, the effect of which on
the ship’s performance appearing clearly on the voyage from Mormugao
to Yokohama.

The difference between the performance data of the above-men-
tioned voyage and that from Honolulu to Bombay, mainly attributable
to the effeet of fouling, and comparing the data measured in progres-
sive tests in the Malacca Strait when voyaging to India, and that in the
Borneo Sea on the vessel’s return voyage, the effect of the fouling will
easily be demonstrated, regarding the ship’s displacement, sea and
weather conditions almost equal in both measurements. From this
comparison, it will be seen that a speed loss of 0.8 knots in the average
resulting from the fouling.

Five days after her arrival at Yokohama, the bottom condition of
the vessel was examined by the members of the Committee when she
was in dock. As it was found that she might have slightly touched
ground after her arrival at Yokohama, a thorough examination could
not be conducted on the flat part of the bottom. But examples of
pictures of the fouled condition are shown in Figs, 71-74.

As the vessel was in a light condition during the greater part of
her stay at Mormugao, no fouling occurred above the light draught,
only a slight roughing of the pa-int surface being noticed; below the
light draught as far as the bilge keel, barnacles of 5 mm diameter had
adhered to the outside plankings almost all over the whele area. On
the flat part of the bottom, barnacles of the same size were thinly
attached mixed with barnacles of 1em diameter and serpulag. The
fouling of the flat part of the bottom was less than was expected, but
it was thought that some of the grown substances might be torn off
when the ship touched ground, and it was observed that the paint
surface was chafed at many points.

As regards the bilge keel, though the upperside was not fouled,
the lower side was densely covered with barnacles of 1 cm diameter
over almost the whole area; the side and bottom of the sole-piece were

dense with fully grown barnacles 1-1.5 em in diameter.
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As the pictures and sketches reveal, the fouling of the propeller
was considerable, while the attached matter on the blades was almost
torn off by the rotation of the propeller except near the root, but even
in this cleared-up condition, it was considered that jts effect on the
propulsive efliciency of the ship could not be overlooked.

The barnacles which developed on the bottom and propetler had
all died, only their shells remaining when the investigation was con-
ducted, and there was no noticeable difference in the condition of
fouling on each gide of the ship.

10. Stress measurement of hull structure

It was not possible to compute the longitudinal stresses of the hull
structure at sea and to make a comparison between the stresses mea-
sured and calculated, as the wave profile and water pressure distribu-
tion on the vessel were not investigated at that time. However, it is
possible to make some brief discussions regarding the measured stresses
of hull structure at ses, .

(1) The records obtained by a Giken-type strain meter, which were
taken from readings on a dial gauge every two seconds, almost coin-
cided with the records taken by a wire strain gauge measured at the
same position and at the same time. Therefore, the data obtained by
the two strain gauges are considered to be reliable.

(2) Although the points of measurement were few and were rela-
tively concentrated toward midship, the values of the mean range of
the stress fluctuation for each location were obtained as shown in Fig,
75, taking the mean range of stress at location 1 as standard unit
(1.00). The measured locations 3, 5 and 4, 7 were selected on the outer
and inner surface of the steel plating respectively, where dotted lines
indicate measurements on the outer surface.

(3) The maximum range of stress fluctuation throughout the
voyage was recorded to be 6.1 kg/mm® at location 9 in Experiment No.
56.

(4) Stress measurements at location 7 were taken throughout the
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Brief Considerations on the Results of Measurements

the entire voyages and the data obtained were plotted on a graph for
each course, so as to find the relation between range of stress, mean
and maximum, and wave length (length along ship centre line) or wave
height, but because the actual waves were so irregular, it was not
possible to clarify their relationship. However, during the course of
the voyage between Vancouver and Honolulu, there was a tendency for
the range of stress to increase with the increase of wave length, but
no tendency was observed to indicate that the range of stress becomes
highest when the ship’s length and wave length coincide with each
other.

(5) It is difficult to explain accurately the relation between
amplitude of pitching and range of stress (at location 7) for the same
reason above stated, but the mean period of pitching and that of the
range of stress were approximately the same with a slightly shorter
period for the latter.

Upon comparison of the records between amplitude of pitching and
change of stress, it was found that the stress changed to the compres-
sion side when the bow moved upward and the phases coincided with
each other. The tendency was recognized in which the range of stress,
mean and maximum, increased in accordance with the increase of the
pitching angle, mean and maximﬁm, respectively.

(6) It has been generally accepted that a dynamic stress develops
on the hull structure from a shock to the fore bottom part, the pheno-
mena of which were experienced often during the voyage. In Fig. 76,
a typical record of slamming phenomena obtained by the strain gauge
is illustrated, and the maximum range of dynamic stress will be
recognized as approximately 202 of the case without slamming pheno-
mena.

(7) The frequencies of the vibratory stress on the hull structure
measured on the voyage from Yokohama to Vancouver was 115 to 120
evele per minute and about 88 cycle per minute from Vancouver to
Honolulu. These observed frequencies are estimated to be nearly equal
to the fundamental frequencies of vertical flexual vibration of the ship’s
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hull when actually loaded, in ballast and fully loaded condition at sea.
Therefore, the dynamic stress can be recognized to originate from
dynamic force, acting to the forward bottom part, which induces a
vertical bending vibration of the hull. A maximum range of dynamic
stress of 1.0 kg/mm® was recorded, but the figure cannot be recognized
as the maximum value on ship’s hull because of the limited number of
measured positions.
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Table 5. Honolulu—Bombay—Yokohama
q Temp. | ou- Wind
Date | Time |Wea-| Air 1 Sea ree Beau-  Relative Direction Relative Speed Absolute
ther | o ianéer deg. Sf::]te . Range Mean Range |Mean:Direc.|Speed
! ! eg. deg. m/s m/s | deg. | m/s
Y S EE S . T S A B R SR AR
2 1 1216 b '190]195] 260 |NE 5|8 85~ 1103 S 90;3 ~ 7 ! 5 I 431 8.5
21 12,05 b i22‘5 236 61 [NE/N 3|S 0~ 60 S 303 ~ 5 , 4 37 4.5
3] 1200 E 24 0(24.5] 251 INE 5183 55~ 146 S 10512 ~ 5 | 4 | 43 | 9.0
4 ” 23.5|24.0] 251 3135 4
6| 12.05 [4 24512401 260 |SE/S 2!P O~ 351‘ P 20,5 ~ 65| 6 145 | 2.5
T " b 24.0125.0| 258]ESE 31{P 30~ 60 P 40 (25~ 45| 4 115 | 4.6
8 » b 26.0125.0 257 [INE/E 415 10~ ]70‘ 5 501 ~ 3 . & 59 | 6.8
9 - b 266|250 256 |E 5 [P110- 180‘ P150!1 ~ 4 | 25 8| 9.0
10 - b 28512556 258 |E 5|P 95~ 145 P 125 1.5~ 4 3 94 | 9.0
11 ” be [285, 266} 260|E/N 4|5 20~ 40 S 2010 ~ 1 1 74| 6.0
12 ” be i27.5 265 258 [ENE 6 (8110~ 165/ S 130}2 ~ 45 3 63| 9.2
13 " ¢ .26527.6] 260 |E 5:5155~P115! P 160 { 1.5~ 4 3 86 | 9.9
14 " be 260 260| 268 |E/N 5 |P170~ 5145! S 175116~ 55 356" T6|10.5
15 " b 28512701 266 [JENE 5 [8130~ 170, 8 150 |1.56~ 4 @ 3 67| 9.6
16 " ¢ 27.5(26.0| 259 INE 318 35~ GOi 5 B0|3 ~ 4 3.6 48 | 5.4
17 " be |265|27.0] 254 [NE/N 1|5 10— 10I 5 10|5 ~ 8§ 3.5 34| 1.8
18 3 b 255 [ 275) 222 INE/E 2 |P 3~ 15 F 5|4 -~ 55| 45 55| 2.5
19 " 0 226|260 242 4|8 50~ 9, 3 65|7 ~ 10 8.5 | 356 | 8.4
21 - 0 2565|2601 305 |NW/N 1|83 5~ 1008 5|66~ 9 8 331 1.6
221 10.3% 304 [INNE 2 |S 12~ ZOI 5 15|65~ 85| 8 24| 2.4
L4 10.50 ¢« INE/N 218 18~ 22| 5 20| 7.6~ 8 7.5 30| 2.5
- 11.06 » INE/N 2|5 20~ 30I 5 26|17 -~ 8 7.6 31| 2.8
” 11.20 v [NE/N 2|8 26~ 33/ 8 30|77 ~ 8 7.5 29 3.7
» | 11.35| be [29.0(29.0 « INE/N 318 30~ 48!/ 8 40 (6.6~ 7.6, 7 36| 4.3
23] 12060 be (28.5)|27.5| 268 |[NE 4|5 66~ T4 S 656|4 ~ 56| B 4| 6.5
24 v b 1270|276 274 [NE/N 3|S 37T~ 68 8 50(6 =~ 7 6.5 31| 5.3
26 ) b 26.5|27.0]| 266 [NNE 5 (8 650~ 83 8 707 ~ 10 9 19| 9.2
26 " b 275285 B3B|ENE 6 |8 B8~ 85 8§ 75|10 ~ 13.5] 12 66 | 12.2
27 ” b 2.5 (285) 335 |SW/S 2P 23— 3| P 25|55~ 65! 6 218 | 2.8
28 ” b 2560|256 343[WNW 1 |P 5~ 200 P 10,65~ 7 6.5] 287 | 1.4
3. 4] 15.13 164 INW/N 4 |5 40~ 65/ 8 60|25~ 35| 3 324 | 6.8
x 15.28 « [INW/N 4 (S 45—~ 70 S 55{25~ 3 3 326 | 7.3
" 16.43 » |[NW 3|5 40~ B0 S 50|35~ 4 3.6 318 | 6.1
. 15.58 » [NW 4[5 B0~ BOIS 65(3 ~ 4 4 313 | 6.7
» 16.13 b 300 266 v INW/N 4 |S 60~ 100‘ S 811 ~ 25| 2 327 | 6.6
’ 16 .28 ¢ [INW/N 4|5 90~ 110, S 100 0.6~ 26| 1.5| 33| 6.3
416 1207l be |20.020.5| 157 INW/N 2P 6~8 101 5 b|256~ 4 3 3301 3.0
171 12.00 b 266 | 286 | 13T INW/N 25 5P 18‘ P 65|36~ 5 4 3281 2.0
18] 11.65 b 276|285 90 [NNE 1 |P 6~ 20, P 156|5.6~ 8 7 20 1.9
191 11.57 ¢ 2651|285 » INNE 3 |P 26~ 38i P 30|85~ 105 9.5 27| 5.9
20 1205 be | 285 29.0 88 IN/E 3P 28~ 3B P 30|7T ~ 9 g 7 4.3
21 ¥ be | 285)29.0 B2W/N 2P 38~ 21l P 10,35~ 5 4 278 | 2.7
22 " bc | 285 28.5 124 [INJE 1 |P &~ 21} P 1555~ 75| 6 11 1.7
23 11.55| bc 127.5] 295 126 INyW 1P 2~ 177 P 1015 ~ 6.5 5.5 | 848 1.3
24 » Le 27.0]290 63 £ 2iP 10~ 20 P 1517 ~ 9 7.5 134 2.1
25| 10.40 1 BISE/S 2SS 15~ 25! S 2016 ~ 7 I 65 1601 2.1
- 10.55 H « |SE/S 218 18~ 22' S 20{56~ 7 | 6.51 148] 2.3
# 11.10 « |SE/5 28 15~ 25 8 20 6.5~ 7 ‘ 6.5 144} 2.3
# 11.25 » ISE/S5 1|5 5~ 17| S W:id ~ 6 551 147 1.1
« | 11.40 »|SE 11S 12~ 25 S 15|45~ 55| 5 137 | 1.4
H |
» | 1ss| b i2ssi200] «IS/E 2l 11~ 2688 205 ~ 5] 55| 166 2.3
26 » ¢ 2551276 45 [IN/W 3 |P 21~ 29| P 25|99 —~ 10510 M7 5.0
27| . be ;20.0[200| - [E/N 208 6~ 158 10i8 ~10 {9 | ‘8ol 32
28 ” b 29.5 (29.0 41 |[SE/S 1|8 10~ 20I S 156 ~ 1 6.5 145| 1.9
29 - b 290,285 3z |W 3|P 32~ 44i P 3|5 —~ 651 8 | 274 | 4.1
g 1
30 ” r 226 | 265 56 IN/E 5P 26-- 37 P 30125~ 155:14 ! 7] %4
|
5.1 - ¢ 23.5 ‘ 24.0 54|ESE 418 22~ 40, S 25105~ 12.5|11.5| 108 | 6.4
2 4 b 2051215 « IN/E 1lp e~ 15 P 5:6 ~ 9 7.51 16 1.2
3 » be 20_0‘17_5 18 |sw/s s | S 15014 ~ 8 55| 214|11.8
L . o i

10 -%

/\\{,JJ,



Wave Ship | Mean
*2 | Length | Hei- |Direc| OP5F | Speed | Torque jRPM
ght .
] Period
Sea m i m deg. sec. kn t—m
)]
‘ |
S | 70~100] 1~1.5P1l0 12 | 13.13) 24.40]96.0
Sm | 50~70! 0.5 |[Pl50 13.28] 26.18|95.0
Sl 50 |, » |P135 13 | 13.18) 23.72]96.0
" 30~ 40 « |P 10 13.3 | 25.35 | 95.0
# 20 » |T150 16 | 13.16| 25.22]96.0
n 50 1~1.5P150 14 | 13.20| 25.13|97.0
Sm 00 | 2~3 |8 60 12.5 13.30 | 24.79 | 95.0
Mod : 100~150 i1.5~2 [S 70 13.26 | 25.60]96.5
Sl 40 1—-1.5P170 13 | 13.40| 24.82 | 97.0
" 40 P150 15 | 18.44| 25.21 | 97.0
Sm 30 0.5~1 [P150 14 | 13.36| 24.567|9.6
Sl 30 1 P135 15 | 13.65| 26.54 | 97.7
" 40 0.7 |P160 13 | 13.44| 26.74 ] 97.3
" 30 1 P140 16 | 13.44] 2594 96.8
" — 0 — — | 13.44] 25.638 | 96.1
Sm — " — — | 13.43] 25.25|96.6
V.Sm @ _— ” — 13.88 | 26.30 | 96.7
a1 1 5 0.5 IP135 10 | 1363 | 25.65}956.5
" — 0 — — | 1300} 24.86[94.5
Sm — " — — 1397} w0.3; |104.2
» — P — -— | 13.44[ 28.45 100.1
" — P . — | 1319 24.77] 9.0
" — ¥ — — | 12.00| 19.84]85.2
" — # — — | 1081 16.91)75.2
8l 10 0.4 [P170 13.19 | 26.92 f 94.5
. 60 1 P 140 5 | 13.03| 26.51]95.3
Mod 50 » |P 40 6 ) 13.05| 24.95|95.2
RR 15 1.6 '85135 13.18 | 25.98 | 95.4
V.Sm 0 — — F 13.00] 25.8 | 95.0
St 10 0.5 (P 50 12.90 | 25.86 | 94.5
¥ — [ — | 16.08| 27.66 f108.2
» — T i — — 15.66 26 .60 [106.0
¥ — . — | 15.02| 23.68 100.1
. — P S — | 14.26| 20.53]95.4
¥ — - = — | 1296 | 16.03]85.0
. — PR - — | 10| 12.58) 7.0
V. Sm P — | 11.98)] 26.12]92.4
Sm 10 0.4 [P 20 6 | 11.86]| 25.18(91.8
sl 10 6.3 (P 20 6 | 11.98] 25.6092.6
- 20 0.4 {8 40 6 | 11.86| 26.30 | 94.5
’ — 0 5 80 — | 12.02] 26.70]|94.7
V. 8m' — ” — 1 — | 12.88] 26.70|94.7
e = M — 1 — | 1286)| 26.72|93.3
c . — » — — | 12.53] 26.32]92.8
L — = — | 17| 2847|971
i 1
v = ” j — . — | 18.41| 31.65[108.1
M —_ P o — | 13.17)] 29.12 1.6
" — w0 — | 1273} 27.42]96.1
" — # 1 — 1 — | 1.32} 22.15]85.7
S o= = 9.92| 16.83 [ 75.8
" —_— ; 12,92 | 27.88{97.3
Sm 20 0.6 'S 15" 5 | 12.62] 27.87]97.4
Sl ‘ ! 12.61] 28.19]96.8
Sm 15 0.6 P10 3 | 1302 28.28]97.6
sl 15 1 |8 45 5 | 12.71| 27.36|97.1
i ;
Mod 0.6 IS 15 1.70| 2782958
51 8 12.67| 26.71]97.1
Sm 15 0.6 'P 10 3 | i2.67]| 26.50]96.7
Mod 10 0.5 ‘Plsoi 12.04 | 26.58]97.8
[

30 -6

ERE B880E &

£

G2 G &0 G Lo Pl )
[ 8
gﬂ ey
R DI 00 bt ek b ek bt ] et et bt 13 =]

-

i

Oacillation
Pitching Rolling Remarks
Max. |Mean Period‘ Max. {Mean [Period
_ | deg. | deg. | sec. | deg. | deg. | sec.
31 1.0 [128] 3.0 18|12 [Honolul
2.0 0.8 |10.9| 50| 29|15 p.
* 1.3 {11.5( 6.2 | 3.7]12.8
1.6 1] 3.0 2.0 12.8
0.4 I 4.1] 1.9|16.0
3.0 |12 |11.2| 6.7] 2.9 |13.8
2.5 0.9 86| 58| 2.6 |11.8
0.9 |02 652 21112
0.7 0 26 11|12
1.6 10.3 3.3 1.B|12.9
1.8 (0.5 9.0 26| 13|12
14 |04 106 41| 22129
0 0 26| 1.3|129
» »
L2 Ld
v ” Bingapore
” ” r1v¥.
i 4 Singapore
k4 4 Dep.
L4 L4
: : Progrea-
M , give Test
0.7 ¥ 20| 0.9 9.0
0.9 {02 21 07| 7.8
1.4 ” 26| 0.8 B.2
0.8 o | 21 0.7| 8.2
0 P ! [Bombay
¥ " i Arriv.
L4 ” ! L4 Dep.
L4 » .
L] r
. " }Prog'. Tesy
r ¥
” » hj
0.5 1.6 041 7.5 Morumugao
0.8 Dep.
09 |02 | 82| 3.0] 1.2| 9.0
’ I 29| 1.1 |10.6
1.2 |04 11061 30| 1.6]100
0 0 Mo .
» » ! : [Singapore
" ’ ) : Arriv.
L3 x ) | ” Dep.
v ;
L L
» » ! Prog. Test
L r 1 !
» » H [
L
¥ xo H ‘ )
" ¥ ;
07 031 721117 0.7 6.9
0.6 i | 1.0} 0.5} 6.6
0.5 ‘ | [ 17] 091 95
08 02 | 67! 18] 06 69
0.5 4 | ; 1.0‘ 0.4 gg
.9 10, 68! 14! 0.5 .
01 | | i 1.61 06l 75 Y?{‘;’;ﬁm“
,,,,, o A )

120
121

145

146
147
148

150

151
152
153
154
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LOR.
Digmeler 5,250 ]
Boss Zalio .22¢ IR
| _Expanded Areq®ul, g02
/ux Blade Witth Ralip) . 23 BB
__Blage Thekness Ralio Lodé3
Angle of Rake o=0" R,
Direcleon o 1 | a7 Handiag
ANumber of Blades 4 bR
__ Aalerial tn. Bros R
Radiys Fileh Frtch Ralio \
: AR
IR | 478547 . goq
| 4R 4.450 ¢ 249 )
52 4,250 ° .80¢
Y. § 4./55 79! 7 & ¢ s0
BY TR 4450 " 780 PITCH A
E | R - .
9R - ' b
. OR - 4 { ]
Meagsured pitch of OTR, 4437 I,._M 2.3
A The dimensions of the blade sections are expressed in percentages of the width.
i The width of the section in percentages of maximum width.
All other dimensions in percentages of diameter.
Fig. 2. Propeller of ¢ Nissei Maru ™
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Fig. 14. Forward Stereo-Camera Fig. 15. Side Stereo-Camera

Fig. 16. An Example of Record by Side Stereo-Camera
(Exp. No. 17)

Fig. 22, Air-Gyro Recorder
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Fig. 25. Wire Strain Gauge
and Giken Strain Gauge

Fig. 26. Recorder of Wire Strain Gauge
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Exp. No. 12

Fig. 41, Exp. No. 16 Fig. 42. Exp. No. 24

L
Fig. 43. Exp. No. 36 Fig. 44. Exp. No. 63
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Fig. 47. Exp. No. 70 Fig. 48. Exp. No. 74
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Fig. 51, BExp. No 77 Fig. 52 Exp. No.

Exp. No. 77 Fig. 54. One Hour before Exp. No. 79

Calm Sea in Maracca Strait Fig. 56. Very Smooth Sea in Sulu Sea,
Philippine Islands
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Fig. 71. Fouling of Shell Plate (Port side After Body)

Fig. 72. Fouling of Shell Plate (Midship)
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Fig. 73 Fouling of Propeller and Stern Frame

FROFELLER FOULING

T Observed at ASAND DOCK . May 91952~

Fuyures al halched parts (fouled 3one )

shows Ve of area covered by acorn
barnacles (dea about 79%) al these parts

N
———Qt fhese cross MTched perts
Shells partly detecked

“Surface of boss foulea 100 .

Fig. 74 Sketch of Propeller Fouling
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PART 1I. MODEL EXPERIMENTS

Chapter 1

Introduction

Much valuable data and instruetive experiences were secured by
the dctual ship experiments on the *‘ Nissei Maru’® as described in
Part T of this paper, among which, it was specially noticed that the
effects of wind and waves on the ship propulsive performance were far
larger than had been expected.

From this faet, the Authors thought it to be an urgent matter to
improve and establish the methods of tank experiments in waves and
wind tunnel experiments, and then to clarify the nature of the speed
loss of vessels in a seaway and the effect of wind and waves on the
sea-worthiness of vessels under any weather and sea conditions, and
hence, to direct their efforts in making several contributions towards
the reduction of the wind resistance of vessels, and the improvements
of the propulsive performance of vessels in a seaway and the navigating
method in heavy storms.

To further the above mentioned investigations, the lst Research
Committee was set up in the Shipbuilding Research Association of
Japan, and the following model experiments were carried out by the
members of the committee™; the resistance, self-propulsion and oscilla-

* Members who took share in the experiments

Name Division of work Position
. Shiro Kan Resistance, self-propulsion and Transportation Technical Re-
Kiyoshi Tsuchida oscillation tests on a 4m and search Institute.
Tatsuo Ito 6 m ‘models.
Takao Inui Resistance, self-propulsion and Faculty of Eng., University of
Seizo Motora -~ oscillation tests on 2.56m Tokyo.
model.,
Masao Kinoshita ‘Wind tunnel experiments Technical Res. Laboratory,
Shojiro Okada Hitachi Shipbuilding & Eng.
: Co. Ltd.
Shoichi Nakamura Do. Faculty of Eng., University of
(saka.

Technical Department, Mitsu-
bishi Shipbuild. & Eng. Co.

Kaname Taniguchi Prepeller cpen tests
. Ltd.




tion tests in still and rough waters at the No. 1 Experiment Tank
of the Transportation Techhical Research Institute - (200 m in length),
and the experiment tank of Tokyo University (88 m in length); the:
wind tunnel experiments on a model of the above-water portion of the:
ship at the 3.5 m wind tunnel of Osaka University; the propeller open.
tests at the Experiment Tank of Mitsubishi Shipbuilding and Engineer-
ing Co., Ltd.. Precise descriptions of the methods and results ete. of’
the experiments are given in the following chapters.

Though there are still many additional untested cases and problems.
to be solved, such as the improvement of testing methods ete., the
Authors consider that they have heen able to clarify, to-a considerable:
extent, the sea-going qualities of vessels—with regards at least to the:
‘¢ Nissei Maru’ and other similar kinds of medium-speed eargo ships—
through comparison between the model experiment data and those of
the actual ship experiments.

The Authors are alse thinking of promoting further experiments,.
and they believe that they will be able to present a way to the solu-
tion for many unsolved problems in the field of the sea-going qualities.

of vessels of general kind.

- Chapter 2
Models .u.sed and Test Conditions

1. Description of models

Various kinds of tank tests were carried out principally on two-
wooden models, whose length between perpendiculars were 4 m (scale-
1/32.00) and 2.5 m (scale 1/51.20). But the resistance and.self-propul-
sion tests in still water were carried out on a 6 m paraffin model (scale-
1/21.33) as well as the models above mentioned. Appendages such as
rudder and -bilge keels were fitted to these models, and the lines of”
modelship were corresponded to the moulded form (Fig. 1 of Part I}
covered with mean thickness of shell plates (283 mm in aetual ship)..
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Wind Tunnel Frperiments

“Propeller open tests were carried out on model propeller of diameter o
B0 em. -

Wind tunnel experiments were earried out on a 1.707 m wooden
image model (scale -1/75.00), consisted of two models of ahove-water
portion which were joined together on the water plane symmetrically.

{
‘2. Test conditious F !
Concerning the loading condition of the muodels in tank and wind { {t
‘tunnel experiments, condition I and IV (Table 3 of part I) in the actual 1
ship experiments ware chosen as typical cascs of light and full load ; l}
f
|

.conditions (see Table 1).

Table 1. Test Condition {Values for Actual Ship)

General view of the model used on the wind tunnel experiments

T AT T ok e, 2o

Is shown in Fig. 1. The model was made of lacquered Japanese cypress d f

(Hinoki), and its length is 1.707 m and 1.842 m between perpendiculars

— 89 —

| a
Mean Draft {above Bottom of Kecl) m 4.25 8.04 it A
Trim by the Stern m 3.45 0.82 i
Displacement t 6,440 13,450 _ t§ f
Block Coefficient. . 0.728 H 3
Prismatic Coeflicient - 0.737 q ]
Midship Section Coefficient 0.988 i
Longitudinal centre of Buoyancy from @ 2z of Lpp 3.96 aft 0.37 aft i !
Height of Centre of Gravity, KG m 6.35 6.55 b ]
Transverse Metacentric Height, GM ~ m 1.69 0.39
Longitudinal Metacetric Height, GM,, = m 266.0 144.0 b ]
Wetted Area m? 2,446 3,475 -
Transverse Projected Area of Above-water Portion m? 370 285 i : 1
Longitudinal ,, N . ., om 1,490 999 B |
I
"k
Chapter 3 o N
' ‘ ]
Wind Tunnel Experiments 1§
Hf
1. Model 1.




and over all respectively. A few kinds of metals such as copper blates
are also used on some parts of the bridge and eguipments.

To be able to test under both light and full load conditions, a layer
part betv.'feer: two corresponding water planes are made ‘removable.
Superstructures and various kinds of equipments on deck were made

removable also.

2. Method of the experiments

‘When the wind -tunnel experiments are performed concerning wind
resistance of ship, it is a question how to represent the sea surface.
In these tests, besides a method of so called image model, consisted of’
the two models of the above-water portion which were joined together
symmetrically, a method "of representing the sea gurface, as a new
trial, by inserting a wooden circular plate (2 m diameter, 40 mm thick
shown in Fig. 4) between the two models was adopted.

Fig. 2. Suspension of Ordinary
Image Model

Fig. 4.

Fig. 3. Suspension of Model
with Circular Plate

wind tunnel is shown in Figs. 2 and 3.
At first, by 2 method inserting the circular

plate between the models, in case of the direction of wind off bow 0°-357,

it was confirmed that aerodynamical coefficients reported as following
were not changed substantially, even though the speed changed in the

— 70 —
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Wind Tunnel Frperiments

the scope of 5-30 m/sec, and then drag and lift were measured, changing
the direction of wind off bow every 5° in the range 0°-180° and keeping
the wind speed constant about 28 m/sec, under the light and full load
conditions. \

During these tests, the circular plate was always vibrated slightly
in the normal direction to the air flow. Particularly in the case near
abeam wind, as the oscillation was excessive and appeared dangerous,
so the experiments on these cases were performed reducing the wind
speéd down to 17 m/sec.

The method of inserting the plate is evidently convenient, on the
occasion of changing continuously the direction of wind to the wide
range. However, according to the results of the measurements of wind
speed distribution around the wooden circular plate and the results of
the comparative tests with case of no plate, the method is not always
so effective and adequate in points of accuracy and others.

In Test No. 4, the speed distribution around the wooden ecircular
plate was measured without the models. The boundary layer was ex-
tremely thin as was expected. The speed at 5 mm above the surface
of the wooden circular plate was equal to the general speed, and its
distribution may be recognized to be a constant distribution.

Then to know the ratio of the air resistance of principal equip-
ments on decks to the total wind resistance, cxperiments were per-
formed removing those equipments by turns. Some experiments were
also carried out to know the influence of the alteration of shape and
height of bridge on aerodynamieal forces. In these cases, the experi-
ments were carried out with no eircular plate, increasing the wind
speed up to about 30 m/sec, in order to increase accuracy of measure-
ments. In these experiments, the direction of wind off bow were every
5° in the range of 0°-35°.

The details of the wind :tunnel experiments are shown in Table 2.
In Test No. 6, masts and derrick posts were removed from the original
form. In Test No._.7, 8 and 9, more other principal egquipments on

decks were removed by turns. In Test No. 10, 11 and 12, first, second
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and third floors were removed by turns from the bridge of the original
ofrm which has five floors above the upper deck. In Test No. 13, the r
bridge has 4 floors and each story is stepped back as shown in Fig. 5.
In Test No. 14, 15, 16 and 17,

the bridge front was made semi- — .,
circle of radius equal to the half Eld—”;_m_w

breadth of ship, with 5, 4, 8 and * uppe

2 floors respectively. In Test Fig. 5.

No. 19, the bridge was reformed
to the mode of the cargo vessel ‘*Nikko Maru’ whose bridge is some-

was

srar
7t

EX

what stream-lined, as shown in Fig. 6.

Table 2 Details of Wind Tunnel Experiments-

R Range of
Test Load Circular f Measured 2
: Condition of Model Wind

No Cond Plate Items Direction

1 | Light | With | Original form Ly, L, D | 0°-180°

2 Fllll ”» L4 LA L4 Ld

3 / Circular pla.te only D . 0°

4 / Velocity Y

4 Distribution

) Light Without | Orlgmal form L, L, D | 0°- 35°

6 ” \ Derrick posts and masts removed ” ” b

7 Ventilators, winches and windlasses . ,

i " l removed from- No. 6
g , All equipments, bulwarks and handrails Y ! )
r ' ‘ removed !

9 " " Winch platforms removed from No. 8 " "

10 " " { One floor of bridge removed from No. 9 ” "

11 ” ” . Two floors » ” ” ” ” ” ”

12 » » . Three » " ” L » L ” ”

13 " ” ! Bridge stepped back ” »

14 | ¥ » : { Bridge front rounded " ¥

15 " » "'One floor of bridge removed from No. 14 " "

16 ”r " ! Two floors » ” - » ” » ” ! ”

17 L] L4 Three LA 4 LN L L L » | »

18 " " ¥’cle and Poop removed from No. 17 ” 1‘ »

19 ” " With “Nikko Maru” type bridge » | P

20 " ” All equipments removed from No. 19 " i "

Besides above mentioned experiments at the 3.5m wind tunnel of
Osaka University, the wind speed distributions around the ship were
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Wind Tunnel Freperiments !

measured at the 1.0 m wind tunnel of the Department of Naval Architec- F
ture, Osaka University. On the single model, not the image. model, of
the original form, the relative wind speed was measured by hot-wire
anemometer under the general wind speed of 11 m/sec. At first, in

case of the direction of wind off bow 0°, the speed distribution on the
centre line plane was measured, and then wind speed was measured,
turning the model by the interval of 15°, at the position of 750 mm
above the top of fore derrick post, the top of fore mast, rader post
and middle point of the starboard half of the fore mast portal res-
pectively.

3. Results of the experiments and discussions thereon
As for the expression of the results of experiments, for the con-
venience of comparison, an usual expression by thé following non-dimen-
sional form was ad'opte'(_i‘.: '
Coefficient of resultaht‘i_:s_r'_ind force

Cl" = Eﬂud
3 Puir V2o (A €08% @0 + B sin? Do)

Posn;lon of centre of pressure of the resultant w1nd force
alL,,
Wind resistance coefficient

bod — Facos (tyina ~ Pina)
Fwlud 1 P
) P‘m «.in(l (A cos® Faina +B sin® (pulnd) Ll A

Wlnd direction efféct coefficient

Lj Loa == | ﬂ
k: ' R\\inrl
7}, Pt‘l‘l' V2wllul. Cf'o A a —.-1 .

- . ol . Vo
where, V,..: relative wind speed & md¥'k§y /
. . . “' )y i
(m/sec) Pl @i"
par : density of air (kg ,(‘4‘1’ .
see?/m”) Fig. 1.
Peua . relative direction of wind off bow

4, ©  direction of resultant wind force off bow
F..a: resultant wind force (kg)
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© Rywa: wind resistance (kg)=Fli COS aina -
L.. : over all length of ship (m) -
" @ : ‘position of centre of pressure of the resultant wind
o force. on -the centre line plane from bow (m)
A " . transverse projected area of above-water portion (m?)
B : longitudinal projected area of above-water pbrtibn {fm?)
. 'ICFO s ‘CFWindla.t Paina=0 '. -

In the ekperiments, as reported above, measurements were per-
formed in the cases of both with and without the circular plate in the
scope of @,.,a=0°-85°. The wind resistance in the case of no plate is
about 92 less than that in the case of with plate at ®u..=0. This
difference decreases a8 @una increases and almost coincides ‘when @wa is
about 30°: Though the causes of such dlfference is not clear yet, the
values in the case of no plate were taken as correct values. ’

The direction of resultant wind force off bow, the position of centre
of pressure of the resultant wind force, the wind resistance coefficient
and the wind direction effect coefficient, obtained from these experi-
ments, were plotted to a base of the direction of wind off bow in Figs.
8-11. For reference data of several kmds ‘of ships, which were already
published, are contained in these figures. Though these data are not
always comparable strictly, many interestihg tendencies ean be con-
jectured through them. ‘Among the experiments on the model of the
+Nissei Maru'’, it is a note-worthy fact that the wind direction effect
coefficient is considerably different from that expected. That is, the
values of this vessel are generally large, comparing with the values
(shown by a thick line in Fig. 11) which we have thought as the
standard for ordinary cargo vessels, and the difference of the valuesis
remarkable in the case with obligue after wind at full load condition.
The angles, at which the wind direction effect coefficient attains
maximum, are generally about 30° and 160°. But, in -this test of the
“ Nissei Maru’' they are 45° and 150°. ,

In Fig. 12; head resistance coefficients are plotted to a base of
Reynolds Number. Values of the ‘ Nissel Maru '* gre smaller than .
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Wind Tuwnnel Frperiments

those of express cargo carrier *“ London Mariner ” and oil tanker ‘‘San
Gerardo”’, and are equal to these of tuna fishing boat. Therefore, it
seems that the values. are not so large particularly as a cargo vessel,

Tests were carried out for the purpose of investigating the effect
.of the shape and height of a bridge upon the resultant wind force, and
-algo for the purpose of investigating the ratio of the resistance of the
main fittings on decks such as masts, derrick. posts, windlasses, winches,
ventilators, bulworks, handrails, bollards, fair-leaders, winch platforms
and ete. to the total wind resistance. The results of these tests are
shown in Fig. 13 by percentage of resultant wind force for the original
Torm of the ‘Nissei Maru”,

From these results, following conclusions may be deduced on the
‘whole. .
(1) In model tests, masts, derrick posts, ventilators and ete, have
little influence on the resultant wind force.

(2) By decreasing floors of the bridge the resultant wind force is
decreased by more than the ratio of the decrease of projected area, in
the scope of relative wind direction @...,.=0°-15°. But, at more than
15° of @uug, the decrease of the resultant wind force is resulted only
from the decrease of projected area.

(3) Facts stated in (2) can be said also in cise that the bridge
front ig round.

(4) On the contrary, the il{ﬁuence of remove of fittings has no
connection with the angle of wind direction.

{5) To decrease the number of bridge decks, to round up the
bridge front, and to make the upper part of the bridge front round like
a going-back curved surface are all effective means to decrease the
resultant wind force. Above all, to decrease the number of bridge
decks is the most effective means.

Making use of those results of tests above related, wind resistance
in case of the actual ship experiments was calculated and shown in
Table 3. In the actual ship experiments, the ship received generally
a fair wind in light condition, but received frequently a strong head
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Table 3. Calculated Wind Resistance in the Case of Actual Ship Experiments
i Relative | . . Relafive | : : )
I . Wind Wind . Wind Wind ‘
%}? : J S‘Négg Direction, ! Resistance” %’(op‘ ‘ S‘?)Iclegg Direction, | Resistance,
: i r'nl}sec. i “degree ton i : iy "y degree ton
1 ’ ' | 49 | 15 | P13 - 0.042
2 | 16.0 P 8 1.260 80 | 3.0 v 30 0.196
3 | s PRV 1.265
4 L 0.0 | 4 0 | 1,110 51 11.0 S 70 1.354
5 | 145 | 4 65 | 3.540 52 10.0 P 3 2.270
| ! 53 17.5 # 25 5.705
6 | 10.0 ’ r 70| 1.143 || 54 | 19.0 # 25 6.710
71 1.5 » 55 1.202 || 65 20.5 v 20 7.300
8 | Lo » 140 - 0.020
9 | 5. v 70 0,286 56 13.5 S 45 4.115
10 | 15 .o — 0.026 57 12.0 v 25 2.618
] 68 10.5 » 25 | 2.080
11 | 3.0 » 176 | - 0.218 59 10.0 r 25 1.843
12 " # x| — 0218 60 , 11.0 » 35 2.345
13 2.0 » 125 — 0.044 !
14 9.0 P 0.804 61 | 13.0 # 15 2.735
15 7.6 » 100 — 0.062 62 22.0 " 50 10.650
63 20.0 r 45 9.100
16 9.0 v 105 - 0.126 64 19.5 r 36 7.410
17 8.0 » 115 — 0.481 65 10,0 » 30 1.958.
18 6.5 » 130 - 0.668
19 10.0 » 135 - 1.934 66 9.0 v 10 1.135
20 6.0 » 155 - 0620 || 67 8.0 P 20 1.105
68 17.0 ® T 2,010
21 4.5 8 160 ~ 0.538 69 15.0 » B0 4.970
22 6.0 r 130 ~ 0.569 70 14.5 v 87 4.150
23 17.5 v 0 3.562 |1
24 17.0 v T 2.760 71 16.5 8 5 3.705
25 16.0 » 80 2.953 (A 17.0 # 10 3.885
\ 3 16.5 » 10 3.670° %
26 . 15.0 » 85 1.091 74 19.5 , 12 5.680 ‘
27 " v x 5 17.0 M 3.970
28 ¥ » » ” 7
29 ” v ”oa 76 22.0° » 17 7.575
0 | 1.0 # 95 0 7 21.0 ’y 20 7.320
,‘ 78 19.0 v 15 5.698.
31 | 10.0 = 110 - 0.564 79 15.0 v 20 3.770
32 50 | P15 | - 04038 | 80 18.0 P 20 5.425
33 10.0 » 180 | - 2377 |
24 13.0 # 120 | - 1.8 | 81 75 | x5 4.030-
35 14.0 140 | “3so || sz, 180 | S 10 3.460
| 83 | 19.0 » 15 5,660
36 19.0 » 145 - 7940 | 8 | 17.5 r 5 4.255
37 L85 18.0 x B 4.500-
38 13.0 # 140 - 3.338
39 86 13.0 P 3 2.305
10 10.0 » 115 — 0.745 87 15.0 v 20 3.755
. : 88 16.0 r 30 4.815
a1 13.0 » 185 | - 3.260 89 16.0 S 110 ~ 2.410
42 i 90 16.0 » 120 — 4.025
43 | 11.0 » 110 ~ 0.566 || _
44 9.0 » 180 | 1271 91 10.0 » 105 - 0.685
45 6.0 | » 110 | - 0198 92 7.5 » 110 ~ 0.530
- 1 ‘ 93 6.0 » 116 ~ 0.504
46 | 65 | 8 150 ~ 0.928 94 6.0 » 150 ~ 0.955
7 | 90 | P 130 - 1.248 95 6.5 » 85 ~ 0.047
48 1 4.0 ‘ v 80 0.143 96 7.0 » 5 0.323
1 ‘ . :
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Oscillation Tests

wind in full load condition. So the maximum wind resistance is about
10 tons in Test No. 62 under the full load condition.

We calculated the wind resistance R,,. when thiz vessel sails
receiving a wind of relative wind speed 15m, 20m and 25 m per second
from dead ahead and the direction of maximum wind resistance. These
results are shown in Figs. 14 and 15 in the ratio of wind resistance to
water resistance in still water. The maximum value of the ratio on
‘the actual ship experiments is 1.47 in Test No. 79 under the .full load
condition. By the figures it is evident how the wind resistance can be
large, and it is very important to pay attention on the wind resistance
even in this kind of cargo ship.

In Fig. 16 is shown the wind speed distribution on the centre line
plane at @..—0. By this figure, it can be known that the existence

of the hull influences up to the upper parts as it goes to the stern of

‘the hull, and moreover, the effect of fore mast portal and other
interesting facts can be known. In Fig. 17, it is shown how the wind
speed, in a spot where it can be thought as a place to fit up the
-anemometer, changes by the wind direction. Thus the wind speed is
influenced in any place by obstacles nearby and is not always equal to
generaliwind speed. The wind directions were not nearly different from
Zeneral wind direction and its devlatlon was not over 5°.

Chapter 4

QOkscillation Tests

I. Rolling

4. Method of experiments and apparatus used

In the actual ship experiments on “‘Nissei Maru’’, very few abeam
-seas were encountered heing in most cases oblique or nearly ahead
seas. For this reason, the model rolling experiments were conducted

Jmainly in oblique waves.

o T ket st s e T T AL LA




The experiments were carried out in the experiment tank of the
Tokyo University on a 2.5m wooden model, similar to the one used for
the resistance experiment, at full load condition (Condition IV). The
model ship’s natural rolling period T, was adjusted to 1.72sec. and the
pitching period to 0.92sec. respectively, and the damping factors.
measured in an experiment in still water were; a=0.0298, b-=0.0374.
respectively. :

In the ordinary rolling experiments in abeam waves, the model

a> (b
f (C)

Fig.-18. Methods to hold the Model in Roliing Experiments

o ship was held in its direction by cords fixed to its fore and aft ends: 4
and stretched in a diamond shape as shown in Fig. 18 (a), allowing for
free drifting. In this experiment, in a rénge of 80°-150° of the angle
of encounter, this method was used in a somewhat deformed condition.
as shown in Fig. 18 (b), and among 0°-30° and 150°-180° the model
was held successively bff two weak springs stretched in fore and aft
directions as shown in Fig. 18 (o), permitting free drifting and surging

motions.

2. Results of experiments and discussions thereon

The rolling experiment was conducted in oblique waves, their angle
of encounter being varied as 907, 75°, 60°, 457, 30°, and 15°, the wave
period 7" being chosen as 1.30 sec. (Tj1,=0.76), 1.54sec. (0.90), 1.72 sec.
(1.0), 1.79 sec. (1.04), and 1.90 sec. (1.10), wave slope as 1°, 2°, 8°, 47,

and 5° for each angle of encounter respectively.

T8




Oscillation Tests

(1) Effect of wave slope on rolling angle

As shown in Fig. 19, the rolling angle 8, varies almost proportionally
to the wave slope 8,, and as seen in Fig. 20, the ratio 6,/6, has a large
value for small 6,, decreasing when £, becomes large, and becomes
almost constant for larger ¢, than 5°. Hence, the #./0, value for 6,=
5° was employed as 0,/6,, for larger ¢, than 5° in analysing the actual

ship experiment results.

(2) Effect of angle of encounter

An example of the effect of changing the angle of encounter is
shown in Fig. 21, in which 6,/8,, values for #¢,=5° are plotted against
the angle of encounter a, showing that the rolling angle varies propor-
tivnally to sin «. In addition, 6./8, varies for different &, when Y7, is
kept constant, an example being shown in Fig. 22.

(8) Corresponding wave slope in oblique waves

Considering 6,/6,, curve vs a to be a sine curve, the wave slope 8,
of the abeam waves necessary to cause the above 6, are obtained from
Fig. 19 as shown in Fig. 23, and we call such a &, to be * correspond-
ing wave slope.’” The corresponding wave slope ¢,. in the oblique

waves is usually expressed as follows;

011‘3 26!0.')0“ Sin “w

MAGNETO - STRICTION TUBE _—

Fig. 24. Illustration of an Apparatus used for bMeasuring the Wave Force
Acting on Ship

N




but as can be seen in Fig. 23, 6,. for small « (nearly ahead waves) is

smaller than is expressed in the above formula.

On thé other hand, the wave force acting on a model ship was
measured directly by using the instrument shown in Fig. 24, the cor-
responding wave slope being computed by the following formula;

wave force (moment)=W-GM786,.,
where W: displacement
GM: transverse metacentric height
f..: corresponding wave glope
v : effective wave slope factor for «=90°

The results obtained are given in Fig. 25 and are thought to agree
closely with Fig. 23,

(4) Effect of ship's speed

The period of encounter in obligue waves changes when the ship’s

speed is altered, viz.
T, =2(V,+V, cos a)

where 4: wave length

V.: wave speed

V,: ship’s speed

Therefore, the rolling angle will

deviate from the result in Fig.

21, where the ship’s speed was

kept as zero, and deviation can

be got as follows ; supposing the

ship encounters waves, the period

of which is T,, and the wave

o of a¢* 190"
el

Fig. 26,

slope 8, the corresponding wave

Corresponding Wave Stope

slope #,, will easily be secured
from Fig. 26, and also 7, from
the above formula. Henee the rolling angle corresponding to 6,.=8,.,
T=T, will be found on the equi-period diagram in Fig. 27. The results

are shown in Fig. 28.
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(5) Comparison between model experiment results and actual ship
data

It is necessary to consider the irregularity of the waves in com-
paring the model experiment with the actual ship data. Two kinds of
effects of the irregularity of the waves on the ship’s rolling angle will
be noticed. First, as is shown
in Fig. 28, in regular waves the
resonghee curve has g sharp peak
at the synchronism, and the am-
plitude decreases rapidly when

Relling Angle

the wave period deviates from
synchronism. On the contrary,

in irregular waves, the resonance

1
(Syachvonism )

Fig. 29. Effect of the Irregularity of the curve will not have such a sharp
Waves on the Ship’s Rolling Angle peak at the synchronism (when
the period of the ship coincides with the average wave period), and
the amplitude does not decrease so rapidly as in regular waves at the
outside of the synchronism (see Fig. 29).

In the actual ship experiments on ‘“Nissei Maru’’, there were so
few cases when the ship encountered abeam waves likely to cause
synchronous rolling, that it is diffieult to discuss the effect quantita-
tively. The ratio 8,.../f, measured on the actual ship in a range o-=
10°-20°, and «=160°-170°, is plotted against the period of encounter as
shown in Fig. 30. As the aetual ship data were obtained from various
wave slopes, it is difficult to arrive at a definite conclusion from them.
Nevertheless, it can be said that the ship rolled considerably outside
of synchronism, and its rolling diagram does not show a clear peak at
the resonance. -

In Fig. 80, it will be noticed that the 6,,../6, values for the actual
ship are on the average larger than those of the model ship, due it is
thought to lack of aceuracy in measuring the wave slope, and by
neg]ectlng ‘the . correction for scale effect to the model experlment
results,
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Secondly, as shown in Fig. 81, in regular waves a ship rolls pro-
portionally to the sin «, when the angle of encounter a varies from k’
90°, while in irregular waves, according to the record obtained, the
ship rolled to a considerable degree even for small a, say in almost
ahead waves. This phenomenon can be explained as follows; in waves
having sufficiently long crest lines, the corresponding wave slope must
be 0 when «=0, and consequently a ship will not roll in such cases,
while in actual ocean waves, which are formed from isolated waves
having short crest lines, and are distributed quite at random, there 18
therefore some probability for the existence of a finite corresponding

wave slope which will cause the ship’s rolling.

II. Pitching and Heaving

1. Method of experiments and apparatus wsed

Measurements on pitching, heaving and surging were conducted on
the occasion of the resistance and self-propulsion tests in waves on a
4m model ship at the Transportation Technical Research Institute.
The natural pitching and heaving period of the -hiodel used for those
experiments (see Chapter 5) are shown in Tables 4 & 5. b

Table 4. Natural Pitehing Period of the 4 m Model

Period at the Actual . b epriments
Ship Experime(r:]tl; Period at the Model Experiments

! Corresponding | Vaiue obtained by | Value obtained by Free
Mean Value{ Value for the| Bifilar Suspension Oscillation Tests in Still

Model Tests in Air . Water
Light - 5 o o | about
Condition 7.28 sec. 1 1.29 sec. 0.72 sec. (172 kg. m?%) 1.20 sec. (484 kg. m?)
’ “about -
F(élt)]ixdlfggi 7.02 sec. 1.24 sec. 0.87 sec. (343 kg. m*)| 1.30 sec. (759 kg. m?)
i 1,20 sec. ’

Remarks: Figures in brackets show the values of Ixg.

Table 5. Natural Heaving Period of the 4 m Model

' Theoretical Value taking no Ac- | Value obtained by Free Oscilla-
leount of the Virtual Mass Eﬂ‘ectI tion Tests in Still Water

Light Condition 0.683 sec. 1.2 sec.
Full Load Condition 0.937 sec. 1.3 sec.
.8 .
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The oscillation recorder shown in Fig. 32, based on the *‘ principle
of a parallelogram ', and composed of light metal tubes, was employed
in the experiment. The pitching angle, heaving and surging amplitude
are recorded simultaneously on a recording drum. Corrections are
needed for the recorded values for the heaving and surging, because
they are affected by each other. .

As the recorder was attached to the model’s centre of gravity, the
recorded motion represents the motion of the model’s centre of gravity.

For recording the wave profile, an electric wave height recorder
was employed, which iz composed of two brass pole plates placed
against each other in the water, so as to convert the variation of the
water level to the variation of electric current exerted by a 20 voits
potential difference between the two poles. The variation of the electrie
current is recorded by a pen-writing oscillograph.

In addition, the encounter marks, showing the time at which the
model encountered the waves, were recorded on the drum of the os-
cillation recorder, and simultaneous time marks were also made on every
recording apparatus, so as to make it possible to secure a relation
between the phase of waves and the pitching, heaving and resistance

of the model.

2. Resnlts of experiments and discussions thereon

The period of pitching and heaving coincided with the period of
encounter as far as the experiments went, showing that they are all
forced oscillations, and are thought to be a matter of course on account
of the large damping force in the pitching and heaving motions.

The pitehing angle and the heaving amplitude obtained by the
experiment as well as the period of encounter and the resistance of
the model are shown in Figs. 43-46, according to which the resonance
curves for pitching and heaving do not show a sharp peak as those for
rolling do, only indicating a low hump at the synchronism. The wave
slope is also shown Ifigs. 45-46, by way of comparison, demoenstrating
that when the wave length becomes large, as is naturally expected,

the angle of pitching approaches to the wave slope.
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The pitching angle is very small when the wave length is shorter
than the model length, and changes almost proportionally to the wave
height when the model speed.and wave length are kept congtant.

The heaving amplitude increases as the ship’s speed is increased,
when the wave length is kept constant and the period of encounter is
kept larger than the ship's natural period. It approaches to a constant
value as the wave length (say the period of encounter) increases when
the ship’s speed is kept constant. TFor instance, in a full load condi-
tion, the ratio double amplitude of heaving to the wave height tends
to a constant value of 0.5-0.6. The heaving amplitude is small when
the wave length is small and therefore the period of encounter is
shorter than the ship’s natural period.

In Fig. 34, the pitching angle measured on the actual ship (values
obtained in the case of head on waves « being less than 20°, and the
corresponding wave length of the oblique waves were computed by the
following formula, 4,=2Zuserve/cos @), as well as the model experiment
results are shown by way of comparison. The natural period of pitch-
ing for the actual ship was about 7 sec. which lies between 6.8 sec.
and 7.8 sec., chosen as the natural perieds for the model.

The pitching angle of the actual ship was very small compared to
the model data when the wave length was large, and was large com-
pared to the model data when the wave length was as short as 100m.
This difference is thought to be caused by the irregularity of the actual
ocean waves, and is considered to be an important problem.

III. Surging Motion

1. Method of experiments and apparatus used

Surging was measured on the oceasion of the resistance and self-
propulsion tests on a 4m model as stated before, as well ag on a 2.5m
model at the experimental tank of the Tokyo University. As to the
latter, several analytical tests containing measurements on surging and
resistance of the model in waves when it was at rest, were carried

out by the gravity dynamometer method.
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2. Results of experiments and discussions thereon

(1) Difference between surging motion in resistance tests and
that in self-propulsion tests

The results of the measurement on the 4m model are shown in
Fig. 35, (as to half swing amplitude of the surging S, see Fig.33).
Though there is some difference between the resistance test and self-
propulsion test in regard to the propelling force or towing force applied

to the model, no clear difference in surging motion was detected in
those two kinds of experiments.

(2) Relation between surging and period of encounter .

As there is no natural period in the surging motion, no synchronous
oscillation such as in rolling will occur, the amplitude of the surging
simply inereasing or decreasing when the period of encounter increases
or decreases.

When the model speed approaches to the wave velocity in the fol-
lowing waves, the surging amplitude will increase to a considerable
amount, even larger than the amplitude of the orbital motion of the
waves. These relations on a 2.5 m model are shown in Fig. 36, in which
a fair curve shows a theoretical value, assuming the surging force to
be constant and independent of the period of encounter.

. . . . A 32 o
viz. theoretical surging amplitude a—a - T
p O\Ifu- + Vs- f)f/

where, 2: wave length
V.: wave veloecity
V.: model veloeity
T, : period of the wave
a,: surging amplitude when V,=0
In spite of the said assumption, this theoretical value is found to coin-
cide fairly with the experiment data.
(3) Effect of wave height
The variation of the surging amplitude of the model at rest when
the wave length is kept constant, and the wave height varied, are
shown in Fig. 37, in which it will be noticed that the amplitude varies
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almost proportionally to the wave height, the average resistance vary-

ing almost proportionally to the square of the wave height, the latter
conforming to Prof. Havelock’s theory.

(4) Effect of wave length

When the wave length is changed by keeping the ratio wave height
to wave length constant, the surging amplitude varies in the mode
shown in Fig. 38, from which it will be seen that when the ratio wave
length to model length exceeds the unity, the surging amplitude rapidly
grows large. This phenomenon can easily be explained by assuming
the surging force to be an integrated value of the horizontal component
of the bu'oyancjf, which is proportional to the wave slope, and is acting
on the ship in every position. A fair curve in Fig. 88 shows a theore-
tical surging amplitude computed on a ship having a prismatic curve
represented by 5=1—%" and can be assumed to be in good agreement
with the experiment data,

{5) Phase of surging motion

The phase of the surging motion varies with the ratio wave length
to the model length. The direction of the surging motion at the
instant a wave crest passes the midship, is shown in Fig. 89, from
which it will be seen that in wave having a wave length comparable
to the model length, the relative velocity of the model against the
water due to surging will be reinforced by the wvelocity of the orbital
motion of the wave at the stern, which means that in such waves the
propeller slip will fluctuate in a large amplitude. From this feature,
the surging motion is regarded to be one of the causes for speed loss
of ships in waves.

Some examples of the fluctuation of the stream speed at the
model’s stern were computed and are shown in Table 6, the values
given in which are computed on very steep waves; hence it will be
too severe to apply these values to an actual ship without any redue-
tion. However, it can be said that at a low speed, the propulsive
efficiency will be adversely affected by a large fluctuation in the pro-
peller slip as stated above. In fact, according to the actual ship ex-
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periment results, great fluctuations in measured torque are recorded,
one of the causes of which the said feature ean be considered.

Tabie 6. Examples of Speed Fluctuation due to Surging Motion

{following seas)

2.5m Model A=3.0m h/2=1/20
Ship’s Speed, | Model Speed, | Surging, Surging Speed,lﬁﬁ,i?gnogf%’;gipo_n}b_i@ Speed
kn l m/sec. | em | ‘mjsec. mysec, | Model Speed
'8 | 065 1.0 0.056 0.163 |  0.380
13 | 0934 | 06 0,040 ” ! 0.217
J— I__.—i, R _—— o — . — [ ——
13 | ” | 3 . 8 l » I " [ ”r
I

Chapter 5

Resistance Test

1. Description of models

A paraffine model ship and a wooden model ship of Japanese cypress
painted by white lacquer paint were used for the tests in the tank of
Transportation Technical Research Institute, and another wooden model
of Japanese cypress painted by white lacquer paint was used in the
tank of the Tokyo University. Their length between perpendiculars
were 6.0, 4.0 and 2.5 m respectively. The forecastle, foreward upper
deck and bridge front for the wooden models were made similarly to
those of the actual ship from the necessity to perform the tests in
waves. All the models were fitted with appendages as rudder, bilge
keels and etc. and with a trip wire of 0.9mm dia. for turbulence
stimulation, which was fixed slopwise on No. 9% gtation at L.W.L. and
on No. 9 station at the bottom. Moreover, in the tests in waves, KG,
GM and GM, of the models were corresponded to the values shown in
Table 1 (see Chapter 4 concerning the natural periods of pitehing and
heaving).

2. Method of experiments and apparatus used
Resistance was measured in both still and rough waters for the
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4.0 and 2.5m models, A gravity dynamometer** shown in Figs. 40 and
41, which was made by adding some improvements to the gravity
dynamometer proposed at the Sixth International Conference, was used
as a resistance dynamometer. B in this figure is a compound puliey
consisted of concentric big and small pulleys. Errors due to vertical
accelerations of weight W, resulted from surging of the model ship
may be made very small by the presence of this pulley. Radius ratio
of the pulley B was taken as 2.5 for the 4m model and 5.0 for the
2.5m model. Guides for the 4m model were of a roller type and
those for the 2.5m model were consisted of ball bearings and plates
fixed to the towing carriage. Moreover, for the 4 m model, resistance
in still water was measured by both the gravity dynamometer above
mentioned and ordinary balance type of dynamometer, and the results
were compared with. Resistance of the 6 m model was measured only
in still water by the balance type of dynamometer.

In the resistance tests in wave, pitehing, heaving and surging of
the model and wave profiles were measured by the oscillation recorder
and wave profile recorder deseribed in the Chapter 4.

3. Results of Experiments and Discussions thereon

(1) Resistance tests in still water .

Resistance values for the 4 and 6 m models in still water are shown
in Fig. 42. For the 4m model, resistance values measured by hoth
dynamometers well coincided with each other. Wave making resistance
of the 4m model has a little greater value than that of the 6 m model,
and it is considered to be resulted from the difference between the
model surfaces and ete,

Notations in the figures are as foliows:

2
Relative wavemaking resistance ro=R,jlp~73 )¢
2
Relative frictional resistance ri=R; o783V

Froude number F=V)/Lg

*6. Seizo Motora, * On Resistance Test in Rough Waters mezsured by Gravity Dynam;-
meter and Surging of a Ship”, Journal of the Society of Naval Architects of Japan,
Vol. 94, 1954.
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where, R : total resistance (kg)

R,: wavemaking resistance=R—E, (kg)

E,: frictional resistance, calculated from the Froude’s
formula (kg)

density of water (kg. sec’/m")

displacement (m?®)

advance speed (m/sec.)

length on L.W.L. (m)

acceleration of gravity (m/sec?)

Suffix m and s are added for the model and ship respectively.

rc:t“*:‘ﬂ"o

(2) Resistance tests on the 4 m model in waves

Resistance tests were performed under the conditions against
various kinds of waves shown in Table 7. Natural pitching period of
the model in this test was 1.80 sec. for the full load eondition (Cond.
IV) and 1.20 see for the light condition (Cond. I), corresponding to about
7.3 and 6.8 sec. of the actual ship respectively. At the full load condi-
tion, :in order to realize a more approximate condition to the test
condition of the actual ship, the model with natural period of 1.20 sec.
(corresponds to 6.8 sec. of the actual ship) was tested for two kinds of
waves with A=4.0m, A=0.06 m and 21=5.0m, A=0.06 m.

Table 7. Length and Height of Waves in Resistance Tests on the 4 m Model
Load Condition Light Fuil Load
Wave Length, 2 3 4 ) 3 | 4 5 I 6
in m (64) (96) a8y | asoy | (96 ey | asoy | (192)
AL 0.50 0 75 1.00 1 1.25 0.75 1.00 ‘l 1.25 1.50
- ! R e R— ‘
Wave Height, h |0.10 |0.06[0.100.060.10/0.100.16| 0.06 0. 100. 060.100.060.100.060. 10
in m (3.2) (1. 92) (3.2) @ (3.2)(48)(1.92)3.2)
h/4 1/20 [1/50 [1/30 1/67\1/40’1/50'1/33 1/50 |1/30 1/6711/40.1/831/50,'/ 100|160
Remarks:

Figures in brackets show the corresponding values for actual ship.

The results of the tests are shown in Fig. 43 (light condition) and

Fig. 44 (full load econdition).

Values of total resistance of the model

are shown to a base of model speeds with values of pitching and heav-
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ing. In Fig. 45 (light condition) and Fig. 46 (full load condition with
a natural period of 1.30 sec.), values of resistance are shown to a base
of wave length. In the neighbourhood, where the period of encounter
coincides with the natural pitching period, resistance is increased
remarkably by their resonance, and decreased greatly with departure
from the point of resonance. However, it can not be cleared by this
test only, which of pitching and heaving has a important effect upon
such increase of resistance, as the natural pitching period equals nearly
to the natural heaving period.

EHP for the actual ship, calculated from the results of the re-
sistance tests, is shown in Figs. 47 and 48. In caleulations of frictional
resistance, Froude’s constants were used for both model and ship and
values at rest taken as wetted area. EHP for still water ecalculated
from the results of resistance tests in still water and rate of increase
of EHP due to waves are shown in these figures.

From the results above mentioned, it will be cleared that resonance
of pitching (or heaving) is a most important cause for increase of
resistance, and that a slight difference of natural pitching period has
a great effect upon increase of resistance, if it were a same system
of wave. Therefore, for resistance tests, it is essential for natural
pitching period to make exaet correspondence to the value of the actual
ship. In spite of such a remarkable change of resistance with the
natural period, pitching and heaving do not show such a clear difference,
as mentioned in the Chapter 4. Therefore, even if states of pitehing
and heaving were almost same at first sight, resistance and therefore
speed may show a considerable quantity of difference.

(3) Resistance tests on the 2.5m model in waves

Resistance tests for the '

: Table 8. Length and Height of Waves in
full load condition on the Resistance Tests on the 2.5 m Model

2.5m mode were performed

Wave Lenght, 2 in m 2 3
with and against waves show A/L 0.8 1.2
in Table 8. Natural pitching Wave Height, h in m 0.091 0.0
) . . h/2 1/22 1/33
period of the model in this _
90 .
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test was 0.94 sec., which corresponds to 6.78 sec. 'of the actual ship.
The results of the tests are shown in Fig. 49. Tendency of the
results is in near coincidence with that of the resuits for the 4m
model. Pitching or heaving does not synchronize in the case of follow-
ing waves, and resistance curve has not such a hump as in the case of
head-on waves.
{4) Comparison with the actual ship data
As mentioned in the former chapter, ocean waves encountered by !
the actual ship are not so regular as artificial waves in the experiment
tank, and if mean length and height of wave were corresponded to

those in ocean, there would be a considerable quantity of difference in

Table 9. Some Examples of Comparison between EHP obtained from Model .
Experiments and SHP obtained from Actual Ship Experiments ‘

‘ Load Condition Light Full Load o
Experiment No, 6 1 8 55 87 } i :
. 1 Sea Condition Slight |Slight [Slight |R. Rough' Moderate
5 Wave Length in m 40 150 40 54 1 100
o, | Wave Height in m 2 15 | 1.5 2 | 2 )
&£ | Pitching Period in sec. 8.2 7.5 | 7.8 | 6.9 7.8 i
@ | Speed of Ship in kn J12.74 |12.51 | 13.54 | 11.55 | 11.57 j
S | Speed of Rev. of Propeller in rpm. 90.6 | 90.1 ;94,7 92.5 96.8 [
< Shaft Horse Power SHP, 2437 2453 | 2656 | 3211 4026 |
Delivered Horse Power DHP*1 2389 2405 | 2604 | 3148 3946 i]
E.HP. in Still Water EHP, 1443 ‘ 1363 | 1720, 1395 \ 1401 i
Natural Pitching Period of Model in sec*® 1.3(7.3)1.3[7.3):1.3(7‘3)! 1.2(6.8) 1.2(6.8) : :;:f
i EHP. in Waves/E.H.P. in Still Water+s| 1.274 11.284 1.176  1.118 | 1.506 R
5‘ E.H.P. in Waves EHP/| 1838 | 1750 | 2022 | 1660 | 2110 ‘i }:
= Air Resistance in ton 1.143 | 1.202 |- 020, 7.300 3.766 \1
B E.H.P. due to Air Resistance EHPyina 100 103 |- 2 580 300 il
= | EHP. in Waves & Wind  EHP+{ 1938 | 1863 | 2020, 2140 | 2410 i
EHP/DHP 811 | .17L 7160 680 611
EHP,/DHP, x5 812 ! 815 .804! 780 .T80
|

*1. Assumed, DHP =SHP/1.02 o
*2 Figs. in brackets show the corresponding values for ship [
*3. Estimated from Figs. 47 & 48 a
*¢. EHP-=EHP/+EHPwind. }
*5. DHP,=Delivered horse power obtained by self-propulsion test in still water !
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pitching and heaving, and therefore in rate of augument of resistance
between the model and ship.

Only shaft horse power was measured in the actual ship experi-
ments of the ‘“Nissei Maru'’. Therefore, it is difficult to estimate
EHP of the actual ship exactly, until ample data concerning propulsive
efficiency in waves will be obtained. The results from rough ealcula-
tions, however, show that augument of resistance of the model due to
waves seems to be greater than that of the actual ship, and that the
results of the model seems to be in well coincidence with those of the
ship in the case where wave height is below 2 m. Some examples are
shown in Table 9. Values .of EHP/DHP obtained here will be not so
irrational. It will be considered that the ocean wave approaches to a
regular trochoidal wave in the case of small wave height, and that the
greater the wave height irregularity is likely to become remarkable.

Chapter 6
Propeller Open Water Test

In order to obtain propeller characteristics used in analysis of
propulsive performances of the ¢ Nissei Maru”, open water tests on a
bronz model propeller of 500 mm dia. (scale ratio is 1/10.5) were per-
formed in the tank of Mitsubishi Shipbuilding & Engineering Co., Ltd.
The model propeller was tested by a method of constant revolution,
and the results were corrected for idle force of the boss. Characteristic
curves of the propeller obtained are shown in Fig. 50. These tests
were carried out, varying immersions and revolutions of the propeller,
and the results of them agree very well each other.

Moreover, open water tests in waves will be performed in near

future successively.
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Chapter 7
Self-Propulsion Test

1. Description of Models
Model ships used in self-propulsion tests are the same models that
used in resistance tests (see the Chapter 5). Three model propellers

~were made with diameters of 24.61, 16.41 and 10.25cm for the 6, 4

and 2.5m mode] ships respectively. Composition of the propeller metal
is 709 Sn, 1595 Pb, 1095 Bi and 59 Sb.

2. Method of experiments and apparatus used

(1} Self-propulsion tests on the 6 m model in still water

In order to estimate propulsive performances in still water exactly
as a base of investigations for propulsive performances in rough waters,
self-propulsion tests for the 6 m paraffine model ship in still water were
performed in the tank of Transportation Technical Research Institute.
Quantities of friction correction were calculated by the Froude’s for-
mula. But, self-propulsion tests were carried out with not only Froude
value itself but also 1.15 and 1.80 times of Froude value as friction
constant of the actual ship. A Gebers’ type of propelier dynamometer
was used in these tests.

(2) Self-propulsion tests on the 4m model in still and rough

waters

Self-propulsion tests on the 4m wooden model in still and rough
waters were performed in the tank of Transportation Technical Re-
search Institute. In both cases of still and rough waters, quantities
of friction correction were calculated, using Froude’s friction constants.
Self-propulsion tests with additional resistance corresponding to wind
resistance will be performed in near future.

Pitching, heaving and surging of the model and wave profiles were
also measured in self-propulsion tests as in resistance tests.

In self-propulsion tests in waves a magneto-striction type of pro-
peller dynamometer was used in general. (At earlier stage of the tests
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some tests were performed using a wire strain gauge type of dynamo-
meter, but friction of the slip ring picking up torque was found to
exert some effects upon measured values of thrust. Even after several
times of improvements, satisfactory results could not be obtained. And,
torque and thrust should be measured separately by two runs of the
same condition.)

A Gebers’ propeller dynamometer, besides two kinds of dynamo-
meters above mentioned, was used in self-propulsion tests in still water,
and all of their results were found to give nearly same values:

(8) Self-propulsion tests on the 2.5m model in still and rough

 waters

Self-propulsion tests on the 2.5m wooden model in still and rough
waters were carried out in the tank of the Tokyo University. A
magneto-striction type of dynamometer was used, and friction correc-
tion was caleulated by the Schoenherr’s formuia.

3. Results of experiments and discassions thereon
(1) Self-propulsion tests in still water

The results of self-propulsion tests on the 6 m model in still water
are shown in Fig. 51, in the non-dimensional form used in the tank of
Transportation Technical Research Institute.

Relative total resistance »'=R/pv3V?

Relative thrust © t=TipviVe
Relative power P =27NQjpEV?
Relative revolution =1/ éN/V
Froude Number F=Vi/Lg

where, R : total resistance (kg)

thrust of the propeller (kg)

torque of the propeller (kg-m)

number of revolutions of the propeller (1/sec.)
advance speed. of the ship (m/see.)
displacement of the ship (m?®

dxyzo73
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L: length of the ship at L.W.L. (m)
p o density of water (kg. sec’/m*)
g : acceleration of gravity (m/sec?)

Suffix m and s were added to the model and ship respectively.

Friction constants used in the calculations of friction correction

were also utilized in ecaleulating frictional vesistance of the actual

ship.

As these tests were performed with three kinds of friction correc-
tions, the results with any friction correction can be obtained from the
results of these tests. Moreover, it was intended to investigate to
what extent the effects of fouling of hull surface and wind resistance
can be expressed by such increase of resistance correetion, but the
analysis has not yet been completed.

Delivered horse power DHP— shaft horse power at the position of
the propeller — for the actual ship, number of revolutions of the bropel]er
and ete., calculated from the above results in the case where Froude's
value was taken as friction constant of the actual ship, are shown in
Fig. 52. SHP (S8HP=1.02 DHP, assuming the power loss due to the
friction of the stern tube as 2¢; of DHP) and RPM, shown as the results
of the tank tests in the figures and tables of Part 1, are based upon
this figure.

Moreover, the results of the self-propulsion tests for the 4 m model
in still water, as shown in IFigs. 63 and 54, avree well with the results
for the 6 m mode! with a small difference. Therefore, the values of
the 6 m model were adopted as the results in still water.

(2) Self-propulsion tests in wave

On the 2.5m madel, only a few tests under the full load condition
were carried out, and therefore, the results of the tests for the 4 m
model will be deseribed in the following.

For the 4m maodel, self-propulsion tests were performed under the
conditions against various kinds of waves shown in Table 10. Natural

pitching period of the model and kind of propeller dynamometer are

also shown in this fisure.




Table 10. Length and Height of Waves, Natural Pitching Period and etc. in
Self-propulsion Tests on the 4 m Model

Load Condition | Light Full Load
Wave Length, &~ 3 4 5 3 4 5 G
in m |96 | (128 | (160) | (96) | (128) (1603 | (192)
/L "075| 100 | 1.25 | 0.75 1.00 1.25 1.50
Wave Height, h 0.06 4.06 0.10
in m ) (1.92) (1.92) 3.2
b/ L1750 | 1/67 ] 1/83 | 1/50 | 1/67 1/83 | 1/100 | 1760
Natural Pitching I 1.20 1.20 I 1.30 1.20 1.30
Period in sec. (6.3) (6.8) I (7.4 5.8) (7.4)
Propeller Dynamo- l M-S M-8 M-S | M-5| M-S M-S
meter used* ' I W.S.G. W.5.G.

Remarks: 1) Figures in brackets shows the corresponding values for actual ship.
2y * M-S: Magneto-striction type
W.S.G.: Wire Strain Gauge type

Measured values in the above tests are shown in Figs. 53 and 54.
Pitching, heaving and etc., measured at the same time, are shown in
Fips. 43 and 44 with the values measured in the resistance tests in
waves,

DHP and RPM for the actual ship, calculated from the above re-
sults, are shown in Figs. 55 and 56. The ratio DHP in waves to DHP
in still water are also shown in these figurs. According to the results
of preliminary analysis by using the characteristic curves of the pro-
peller in still water, as naturally expected, the J()\\'Cl‘ing of propulsive
efficiency in waves i3 mainly due to the lowering of the propeller
efficiency itself resulted from inerease of the propeller load. Effects of
fluctuations in advance speed of the propeller, duc to surging of the
ship and orbital motion described in the Chapter 4, and lowering of
efficiency by pitching, heaving and ete. do not seem to be so important.
The effects of length and height of waves, natural pitching period and
ete. upon increase of shaft horse power are considered to be ncarly
same as in the case of the resistance tests in waves (see the Chapter
5).

Further more, various kinds of tests in waves are now being carried

.96 —




Self~-Propulsion Test

out successively for this model, and as propeller open tests in waves,
on the other hand, are about to be performed, detailed analysis will be
done after their completion.

(8) Comparison with the actual ship data

. Sea-golng qualities in still water

SHP and RPM caleulated from the results of the self-propulsion
tests for the 6 m model in still water, as shown in Figs. 3, 35 and 36
of Part I, may be recognized to agree nearly with the results of the
actual ship experiments in the case near the ideal condition—no wind,
no wave, clean hottom and no eifect of shallow water and ete. There-
fore, the usual method of self-propulsion tests, in which friction cor-
rection ig caleulated by using Froude's friction constants, is considered
to give a nearly valid result for medium spsed and size of cargo boats
with welded shell plates of samc proportions as this ship.

b. Sea-going qualities in waves

Self-propulsion tests in waves, with additional resistance correction
corresponding to wind resistance, has net been completed. However,
according to the comparison of the results, estimated roughly from the
data above described, with the results obtained by the actual ship
experiments, a remarkable’ effect of irregularity of actual waves can be
recognized, as described concerning oscillation and resistance. That is,
SHP and RPM of the actual ship are rather lower than those of the
corresponding results of the model in the case for large length and
height of waves. However, in the case for small height of waves, the
results of tank tests seem to be near the results of the actual ship.
Therefore, in investigations on sea-going qualities in waves it will be
very important to grasp noumenon of irregularity of ocean waves and

to investigate its effect.
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