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I. Introduction

The braking of large ships tends to become an
insoluble problem. To stop supertankers of
masses varying from 80.000 to 175.000 tons, an
enormous distance of brake-way (stopway) has
to be. run through. This distance covers many
miles and it will be clear, that something has
to be done to remedy this state of things.

Even if the propellers are turning astern the
difficulties remain. In this case, nearly all
ships become totally ungovernable, as is proved
by the tests made by JOURDAIN [.11 in 1961 and
1962 for the French Research Centre for Ship-
building (Institut de Recherches de la Construc-
tion Navale). That the results of these tests
were disappointing can be understood when one
considers the means by which the braking was
performed.

Indeed, the only way to try to stop a ship con-
sists of backing the propellers by means of
turning astern the propulsive machinery. The
backwards power thus obtained has about the
same effect as when one tries to stop a heavy
military tank with a 2 C.V. Citroën engine.
In reality the disproportion with the kinetical
enei'gy of a 80. 000 ton supertanker at 18 knots
is even much greater.

The same problem exist 'in aeronautics. Here
the kinetical energy my 2 is influenced mostly
by the enormous speed of jet-liners etc. Fortu-
nately incase of the mammouth-tankers, it is
only the mass 'tm" which has the preponderous
influence. But the remedy in both cases must, be
the same.: Try to enlarge the resistance to
translation and thus to annihilate the kinetical
energy.
2.. Stopping-tests' at sea

Referring to the French tests, [1j, the follow-
ing conclusions may be drawn:

In stopping-tests two periods must be discer-
ned:
1st. The period of speed-slackening
2nd. The period of stopping.
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Summary

In this report a method 'is indicated how to brake large ships'. This method is tried out by means
of tests in the towing tank of the Technological Umversity at Deift
As a result of these tests suggestions are given how to fit in installations for braking ships in new

designs.

In the first period the ship loses about 75% of
her kinetical energy and this loss is due only to
the resistance of the hull. The change of direc-
tion of the propeller-turning may add' to this
resistance, but the effect is nearly negligible
and there is no sense in brutal:ising the machi-
nery in this stage of the proceedings. Generally
speaking this period covers half the stopping-
time and three quarters of the stopway. It is
practically impossible to shorten this period.

In the second period, the hull resistance be-
comes very small and the back-turning propeller
becomes important as abraking source. In this
period it is interesting to augment the power to
the screw and turn full speed astern. One may
gain considerably on the last. minutes and on the
last par,t of the stopway when the vessel itself
has a spee,d'of a few knots only,but on the whole
the total 'stopping-time and stopping-way are'
scarcely influenced.

As the stopway is very important, it is indica-
ted that in circumstances where a collision is
to be feared, the ship will try to manoeuvre out
of ,the danger-zone. Now this cannot be done
effectively with propellers turning astern. It
can be done when the ship is going full speed
ahead, but though instructions give the captain
of a ship the liberty to do what seems best to
him, he may fear., rightly, that when a collision
takes place In spite of this' going full speed
ahead and manoeuvring, he has a big chance of
being reproached for not turning astern.

Therefore it seems difficult' to recommend
this effective manoeuvre of trying to escape the
danger of collision by manoeuvring away in the
forward direction. So it is necessary to try
other means of increasing the resistance to the
forward movement of the vessel.

Tests have been carried out in the Delft towing
tank to obtain this extra resistance by means of
flaps in the forebody of the ship.
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3. The braking of ships by means of transversally
moving side-flaps. Tests.

So far only model experiments were carried
out. But it will be seen from the conclusions
drawn from the results of these experiments,
that a possible and acceptable solution of the
problem of the braking of large ships has been
found.
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TABLE I

The characteristics of the model and the cor-
responding ship are given in table I.
The hydrodynamic brakes. are supposed to

consist of flaps moving laterally, as indicated in
figure 1. The flaps have been placed at the
ship's forebody in such a way. that the contour
remains within the contour of the midship -sec-
tion. The placing of the flaps at the forward side
of the ship was deemed more advantageous,
because there they do not work in the turbulent
flow of the wake. The wake itself would probably

U,L u.1 li i.i
V (in m/tec.)

Figure 2, Resistance of the model with and without brake-flaps.

Model No. 42
Todd . . Scale 1 : 54 and 1 50Series 60 Delft Towing Model BasinS0,80 No. 4214W -B4

Ship Model
(Design) (Design)

Scale 1: 54

'lvL waterline length 123, 962 rn. 2, 2956 m.
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B breadth 18,757 m. 0,3474m.
7 draught 7,495 m. 0,1388m.

displacement 3, 737 rn3. 87, 091 dm3.
waterline coefficient 0, 871 0, 871

p. midship section coefficient:. 0, 994 0, 994
5 block coefficient) .. 0,800 0,800
p cylindrical coefficient 0, 805 0, 805

Surface of midship-section 139, 200 m2 4 79 dm2.
centre of gravity In length
till midship section

+ 3,048 rn. + 56,4 mm.

Q wetted surface 3455,8 m2. -. 1,1851 m
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also diminish the pressure on the flaps. The
cluestion whether the flaps forward should in-
fluence the course -keeping stability was studied
separately.

- The resLstneàncistopway-tests were carried
out with the flaps glued to the model. The fol-
lowing tests were carried out to determine the
stopway:

With a model without flaps.
With a model with two flaps of type I having
the greatest braking surface remaining within
the midship -section and following the frame -
lines of the forebody on the place indicated
in figure 1. Type I has a braking area for
the actual ship of 25,672 m2 (two flaps)
representing 18, 45% of the midship-section.

With ,a model with two flaps of type II (figu-
re 1) of the same form as type I but provided
with 45 holes of 324 mm. diameter (actual
ship) in each flap. The total surface becomes
18,256 m or 13,10% of the midship-section,
which means a reduction of surface of 28,85%
to type I.
With a thoclel with two flaps of reduced area
of type III (figure 1) having a total surface
of 12,480 m2 or 8,96% of the midship-sec-
tion.

In reality the thickness of the flaps is suppos-
ed to be 760 mm. or a little bit less than one
frame-spacing. The midship-section of the ship
is 139,200 m2 (see tableT.).

Different series of tests were carried out:
20

16

009 010 0.12

a. F'irst series of tests.

The first series of tests was carried out to
measure the resistance of the model in the
cases a. to d. mentioned above (see figure 2)
Itis clear that the increase in resistance caused
by the flaps is very great indeed. This increase
is denominated by:
w = Resistance of ship with flaps - resistance of

ship without flaps.
For the three tyes of flaps this becomes w1,

w11 and These extra resistances are added
to the resistance of.the ship en route W ' deter-
mined by model a. without flaps. The total re-
sistance is expressed as a specific resistance
following the practice of the International Towing
Tank Conference

where

Wr W W + W + W or W + w111

respectively.

V = speed in knots
U = wetted surface of the ship.

The results are given in figure 3.
During this first series of tests the propeller

was kept stopped during the stop manoeuvre.
In the results described in section 4 -it is shown,

029 030014 016 019 020 022 0. 026
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Figure 3. SpecIfic shipresistance extrapolated according to the international towing tank conference.
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that the propeller working astern does not assist
in the braking of the ship.

One conclusion immediately became apparent:
below a speed of 0,3 rn/sec (or in reality 2
knots) these tests are no longer reliable. But
this is not important as at that speed the ship
can easily be stopped by the machine (see sec-
tion 2). Therefore this bottom limit has been
called fistop_speedu.

b. Second series of tests.

In the second series of tests the stopway was
measured. The model was towed at a certain
fixed speed by means of a wire. At that fixed
speed the wire was cut and the deceleration was
measured as a function of the time.

In this way a deceleration curve was obtained.
Integration of this curve gives the relation
between time and stopway. From these two
parameters the stopway can be calculated and
compared with the measured one. If a scale-
effect exists it will work o'tt to the advantage of
the actual ship, so the curves in figure 4, are a
little too pessimistic. As stopway was consi-
dered the distance covered from the moment
giving the stopping order to the moment that the
speed of the vessel was reduced to two knots
(see above), this speed being the "stop-speed".

Figure 5.

1

In this way the disturbing scale effect has been
avoided and in reality this does not Influence
the practical results.

C. Third series of tests.

In the third series of tests, the influence of
the flaps on the course-keeping qualities of the
ship was measured. Therefore a self-propelling
model was necessary and a big steeringbasin
was required. Now this last item was not avail-
able and therefore the course-stability was
considered sufficient as long as the model in
the towing tank continued its straight course
after operating the flaps. The least tendency of
the model to deviate from the original course
was considered as a criterium of non-stability
which evidently was a manifest exaggeration
for this criterium.

Figure 5 shows the self propelled model con-
structed to the scale of 1 : 50 (instead of 1 : 54
for the non-propelled model). The model is of
the TODD sixty series with a block-coefficient of
0.80. it can navigate for several hours.
The regulation of the number of revolutions of

the propeller, the rudderangle and the manoeuv -
ring of the flaps Is done by radio. The electric
propulsion-motor is fed by a battery of accumu-
lators of ultra-light type.

Measurement apparatus on board and .at land
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Figure 6. Manoeuvres

give all the registered information necessary
concerning the number of revolutions and the
rudder angle. Furthermore an independent ma-
noeuviing of the biaking-flaps is possible A
self-registering apparatus for measuring the
angle of deviation and a photographical registra-
tor are installed. These registrators give mdi-
cations as to the rudderangle 6 , the number of
revc1utions n, the angular speed in the horizon-
tal plane 0 and the momentary position of the
flaps.

The displacement of the 1/50 scale model is
in accordance with the 1/54 scale model. All
results given in the figures 2, 3 and 4 remain
exact for this other model. As inertial radius
1/4 is taken, "1" being the length of the model.
The selfpropelled model is fitted out with the
flap of type II.

During these tests it became clear, that the
ship functioning with hydrodynamic brakes re-
mained perfectly course-stable, even more
stable than when the flaps were closed. Of
course, rio disturbing inflUences, from wind,
waves and current were measured, but these
influences will be relatively small.

The stopway tests while navigating the model
in a straight course and' a speed of 0,5 m/sec
(coriesponding to 7 knots of the actual ship)
were carried 'out with the rudder blocked at 00.
At a' gv.en moment the stopping manoeuvre
began respectively

By stopping the piopel1er only
By stopping the propeller and opening the
braking flaps.
By turnin: the propeller astern

ci. By turning astern and opening the braking
flaps.

c

by means of the flaps.

The results were very conclusive nd are
given in section 4.

d. The fourth series of tests.

In this series of tests the manoeuvring quali'-
ties of the flaps were studied.

One flap, for instance on the port side, was
opened and the deviation due to the unsymmetri -
cal resistance of the model was registered.
When the model approached the tankwall too
closely, the Other flap was opened and the first
shut and so on, and so forth. The res'ults of
these tests are given in figure 6.

The steering effect of the flaps is small. This
is comprehensible as, though the load on the
flap is great, the momentum arm to the line
through the centre of gravity of the model is
small. Therefore the steering moment also
remains small.

For the compensation of the flap-moment a
counter rudder moment had to be iven The
rudder angle necessary for this compensation

-was about 6°.

4. The results of the braking tests by means of, trans-
versally moving side-flaps.

The results obtained by the four series of
tests described above gave as a first indication
that the flaps of type II were most efficient.
This is very fortunate, as it is clear that the
presence of the holes, which considerable dimi-
nish the load on the flaps,' has a. salutary in-
flueñce on the braking activity of these flaps.
An explanation of this salutary influenceis given
by tTh extr turbulwceffect on the laminar
floW along the ship's hull.
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Figure 7. Course stability of the models with propeller turning
astern.

Figures 3 and 4 indicate the greater specific
resistance and the gain in stopway respectively.
This gain in stopway is Indeed very remarkable.
With flaps of type II pushed out at 16 knots the
gain in stopway is 62,4% compared with the
non-braked ship. Even at 10 knots the stopway
is 61,6% less when braked.

It must be kept in mind, that the ?Istop_speed!!
is considered to be a residuary speed of two
knots. In reality astern power should be given
at about half speed, if astern-power is thought
advisable at all. In this respect the A.T.M.A. -
paper [11 indicated clearly that a ship with
astern-turning propeller loses all governability
and the same applies when the flaps are put out
as Is shown in figure 7.

Therefore it can be said, that flap-braking
alone gives the best results and that the moving
of the flaps has no influence at all on the course-
stability. This seems to apply even if the flaps
do not open absolutely simultaneously. The figu-
res 8 and 9 show the model In movement with
flaps opened. The effect obtained is clearly
visible.

From figure 4 can be seen, that between full
speed of the ship at 16 knots and half speed at
Which one might consider putting the propeller
astern, the stopway is already reduced to 60%
and the stopping-time too. Generally speaking,
it is supposed that the flaps reduôe the stopway
by at least 50%.

The conclusions as to the qualities of the ship
fitted out with flaps may be said to be:

Flaps do not disturb the course-keeping
qualities. On the contrary it is defendable
to suppose even better course -keeping quail -
ties during a stop-manoeuvre.
Reduction in the stopway is from about 50%
to 60%.
Astern turning of the propellers gives bad
manoeuvring of ships without flaps as well
as of ships with flaps. Astern turning should
be used only in the last stage of stopping
when the ship has obtained the "stop-speed"
(about 2 knots)
Flaps assist in the steering of ships, but
only to a small extent.

5. The constructional conception of the braking
flaps.

If this system of braking large ships by means
of flaps is to be carried out, different construc-
tions may be used. However, to obtain an idea
about the cost and the weight involved, a type of
conception is given here. This conception does
not pretend to be a good construction as such.

In the first place, the flaps are supposed to be
hydraulically operated. This permits the appli-
cation of fast moving and large forces.

A schematical design of the flap is given in
figure 10. A certain supporting surface must be
available to transmit the braking force to the
hull.

In order to have an idea of this force, the
indications obtained from [1 1 are used. Maxi-
mum thrust of the large French tankers ranged
from about 120 tons* to 150 tons. Figure 2 in-
dicates that the resistance of the ship is increas-
ed by about 130% to 150%. This means a mxi-
mum load per flap of about

1,5 x 150 = 112 tons
2

If this load is thought concentrated in point P
(see figure 10) the supporting surface takes 112
tons of load and a moment with respect to the
most Inner point of support of 112 x3,9 =436
ton-metres. This calculation supposes that the
spindle of the flap M only bears the weight of
the construction, which is not exactly true and
is therefore on the pessimistic side. In any case
it may be said, that the pressures per cm2 on
the bearing surface remain within reasonable
proportions.

The edge J glides between two supporting
ways, well lubricated and with a small toleran-
ce. The bearing edges are aft at the hull-side
and forward at the innerside. As an approxima-
tion a linear distribution over the edge is ad-
mitted (see figure 10, sketch).

If this specific load per unit of length is called
p(irl KG/cm) at the end of the hull side, the
load in every point of the edge is p

*
Tons ore metric tons ol 1000 KG - 0,985 BrUsh tons
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2

p=p_k( 146+x)

k= 112000 _i_
292 146

'rhe total moment of p 'with regard to the
most Inner point of the flap becomes:

Mcin = 112000 x 146 + ( p-384 ) 292 x 2=
3

164. 10 + 14211 ( p-384 ) KG.aii

This moment must be equal to 436. 000 KG. m
therefore

436.10-164.10 = 1920 KQ/unp - 384
142 11

and thus p = 2300 KG/an.

If the width of the supporting edge is 10 cm.
the maximal pressure on the hull extremity
will be only 230 KG/cm2.

To overcome the friction when pushing out the
flap, the maximum effort In the most unfavour-
able conditions will be about

1/3 x 230 x 292 x 10 = 225000 KG = 225 tons.

To this the weightcomponent of the flap must
be added for shutting it and keeping it shut.

2920

1460

N

where

= p-384
146
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FIgure 10. Scheme of the installation of a flap.

Therefore a double working 300 tons hydraulic
ram per flap will be amply sufficient for mani-
pulation.

Supposing a hydraulic pressure of 60 atm. in
this ram, a construction with a factor of safety
of about ten may be easily obtained.
Each flap consists of two plate-surfaces about

760 mm. apart. The plates are of heavy con-
struction and are cut in such a way that the cir-
cuniference has the form of the hull -section (B),
the inferior edge (J) and the interior edge (C)
(see figure 10). A the 45 holes In the plates
are connected to each other by tubelures, the
whole will be of very robust construction. It is
always possible to reinforce the part of the flap
inside the ship in the same way.

When the flaps are retracted they enter a
niche, which is part of the main hull structure
(see figures 1 and 10). To ensure, that these
niches do not harm the longitudinal strength of
the ship, they must be of robust construction
and have longitudinals in connection with the
main structure, though the longitudinal bending
moments in this part of the ship will be small.
Care must be taken, that the notch effect due to
these niches is neutralised and that shearing
forces in the fore part of the ship are taken
over by other scantlings.

These niches must be of absolutely watertight
construction. Between them there will be a
watertight compartment containing the rams,
an oiltank, two hydraulic pumps having an oil-

/
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pressure of 60 atm. and two hydraulic accumu-
lators of 60 atm., one of which is a spare accu-
mulator. This small hydraulic engineroom can
be entered from the strengthdeck. Only the ram
rods pass through the watertight bulkheads.
The rams are controlled by means of a hy-

draulic remote -control system, working at low
pressure (3 atm.) from the wheel house. This
low pressure system consists of an olitank,
two small pumps and two low-pressure accumu-
lators of 3 atm. (see figure 11). Here also, one
accumulator serves as a spare. A main-cock,
is provided which can shut off the whole system,
so that the ship may navigate as any other
normal ship. During this period the flaps are
maintained in the retracted position by the 60
atm. pressure-oil system. The manoeuvring
handles of the valves may be combined with the

ship's telegraph so as the ensure a fool-proof
working of the flaps.
All these ideas are only approximative and

have no precise values. They are uttered here
only as possible constructive realisations, show-
ing that the constructional part of the problem
of installing braking flaps is by no means an
utopy.
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VOORWOORD

Ditrapport is een vervoig van rapportno. 53 Svande hand van
dezelfde schrijver, dat in augustus 1963 werd gepubliceerd

Na die datum zijn flog vele proevenen studies uitgevoerd door
het Institut de Recherches de Ia Construction Navale (IRCN)
in Pàrijs en het Nederlands Scheepsstudiecentrum TNO te Delft,
waarvan een aantal in nauwe samenwerking tussen de twee
instituten.

Als resultaat van deze proeveñ en studies wordt meer infor-
matie gepresenteerd met betrekking tot het probleem van het
remmen van grote schepen.

Ditrapport verklaart hoofdake1ijk de resultaten die verkregen
werden uit proeven in een sleeptank van het Nederlandsch
Scheepsbouwkundig Proefstation te Wageningenin 1965 en 1966,
maar enige gedeelten van dit rapport zijn tot stand gekomen in
nauwe samenwerking met de heer M. Jourdain, Directeur van
het IRCN die deresultaten van de proeven op zeeverstrekteen
hielp bij het opstellen van het programma voor de modeiproeven
in 1965. Deze medewerking zij hier met dank vermeld

HET NEDERLANDS SCHEEPSSTUDIECENTRUM TNO

PREFACE

This report is a sequel' of report no. 53S, published in August
1963 by the;sameauthor.

Since then many trials and studies have been executed by the
French Shipbuilding Research Institute (,,Institutde Recherches
dela Construction Navale" or IRCN) at Paris and the Nether-
lands Ship Research Centre TNO at Delft,. several ofwhich in
close collaboration between the two Institutes.

As a result of these testsand studies more information is given
concerning the problem ofthe braking of large vessels.

This report explains principally the results obtained during
towing-tank testsexecuted at the Netherlands Ship MOdel Basin
at Wageningen in 1965 and 1966, but certain partsof this report
are established in close collaboration with Mr. M. Jourdain,
Directorof the.IRCN, whohas provided the sea trial results and
helped to draw up the first trial program for the model tests of
1965. This kind cooperation is gratefully acknowledged here.

THE NETHERLANDS SHIP RESEARCH CENTRE ThO
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A Disc area of propeller
A0 Developed blade area of propeller
C8, Block coefficient

'CM Midship section coefficient
C,, Prismatic coefficient
D Stopping distance: also: propeller diameter
D16 Stopping distance for a basic speed of 16 knots
II Pitch of propeller
K Braking force
Lu,, Length between perpendiculars
M Mass of the ship

Q Torque
Ra Friction correctionfor hydrodynamic resistance
R Nominal resistance. of underwater hull
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V Speed of ship. .
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a Acceleration
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'Added mass ofentrained water
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1 Introduction

THE BRAKING OF LARGE VESSELS II

by

PROF. IR. H. E. JAEGER

in collaboration with

M-. JOURDAIN

Summary

In the first part of this report a review is presented of full scale stopping trials with a number of single screw turbine tankers, the
results of these trials-are analysed and some preliminary conclusions are drawm
The second part treats the extensive model tests that were performed with a model of one of the-tankers-to-study the varioUs factors
that inflUence the head reach and to -obtain a better correlation between full scale' and model experiments. The quasi-stationary
approach that has been applied- is explained.
Finally the general conclusions and some questions that remain to be- solyed are-discussed.

This report is a sequel to report No. 53 S [1] of August
- 1963, issued by the Council of the "Netherlands Re-

search- Centre TNO for Shipbuilding and Navigation"
(Now the "Netherlands Ship Research Centre TNO")
and again treats the- difficulties arising out of the ever
increasing size of modern bulk-carriers and super-
tankers during the -braking and stopping of these large
vessels.

The "crash-stop" test has become more and more
important as ships grow in size and it has been-generally
recognized now, that the head-reach or .stopways of
such large ships have become quite impractically long.

One of the goals of this report is to envisage the
braking qualities, which future tankers should possess.

A first point to mention is, that-for all big tankers the
service speed is about the same viz. 16 knots-and there-
fore the speed gradient, V/,/L, differs only slightly and
descends with growing size. -However when entering
port and during manoeuvring the advance speed will
be lower and this, in practice, is often the initial -speed
of the "crash-stop" manoeuvres.

Elimination of the kinetic energy due to the mass and
speed of the ship is accomplished- by means of the
hydrodynamic hull --resistance and propeller thrust
under backing conditions ("crash-stopping"), insofar
as wind and sea effect and -exterior forces acting on the
ship are ignored. The hydrodynamic phenomena also
depend on the depth of water, where this has its ratio
to the ship's draft close to unity. If the efficiency scat-
tering while going astern is neglected, it may be -ad-
mitted that the propeller thrust under -backing condi-
tions is proportional to the available backing power
de1ivercLby the screw_propeller This_backing powe

depends of course-on the engine power installed and on
the type of machinery.

But in going astern another element must be taken
into account: the time in which the available backing
power becomes effective. This time depends both on
the t-ype of machinery and on the way in which it is
manoeuvred. - -

If-this simple scheme is accepted as an approxima-
tion -for "crash-stopping", an elementary calculatiOn
shows- that, on the basis of a given initial speed, the
stopping time and the head-reach are proportional to
the length, for ships of the same type.

"Crash-stopping" means turning astern with the
propeller, and the "Institut de Recherches de Ia -Con-
struction Navale" (IRCN) in Paris therefore, took in
hand, since 1960, a series of stopping and manoeuvring
tests during the sea-trials of large tankers (from 50,000
tons d.w. to 110,000 tons d.w.) with the intention of
studying stopping condit-ions in detail- an-d analysing
the consequences.

As during- 1961 the "Netherlands Ship Research
Centre TNO" was studying the same -problem, both
the French- -and the Dutch Research Institutes- have
worked out the problem together for many years and
have exchanged their results in close collaboration.
The most important of these were published -in the
Transactions of the -"Association Technique, Maritime -

et Aéronautique" (ATMA) in Paris [2, 3, 4, 5, 6], and
a general review of this combined work was presented
to the "Society of Naval Architects an-d Marine En-
gineers" (SNAME) as a "Diamond Jubilee" Paper in-
June 1-968 at New York [7].

As the publications [5] and [6] were especially the
object of studies carried out by the "Netherlands Ship

r Rearch Centre TNO" (in collaboration with_the

7
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IRCN) in 1965 and 1966 at Wageningen, they explain
this second report on the matter, as follow-up of report
No. 53 S of 1963.

The report also provides evidence of the influence of
the process of manoeuvring the engine. On the other
hand, thefactors whose influence is difficult to estimate
theoretically - that is to say, the displacement in ballast,
the initial speed, and the depth of water - still have
to be investigated.

The first part (Section 2) gives a general review of
the French sea-trials, executed by the IRCN.

The second part (Section 3) of this report contains
the part financed by the Netherlands Ship Research
Centre as far as the determination of the correlation
between the results of model-tests and real sea-trials is
concerned.

Model-tests were carried out in the Netherlands Ship
Model Basin in Wageningen in 1965 and 1966 on one
of the French tankers, which had been subject of
extensive braking and stopping trials at sea.

2 Sea trials

2.1 General

Asalready mentioned, the 1RCN in Paris took in hand
the trials to be held at sea. Several tankers were tried
and by courtesy of the IRCNa full report on these trials
can be given in this report. They were carried out under
favorable conditions so that different aspects of stop-
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Fig. 1. "Natural" slowing-down trial of tanker A

ping characteristics could be studied. All the ships
tried were single-screw turbine tankers, varying in
deadweight from 50,000 to 100,000 tons (tons of 1000
kgf). Most trials were made in the loaded condition.
Three of the ships were submitted to more extensive
trials:

Tanker A (length 217 m) was tried at three displace-
ments (66,000, 49,000 and 38,000 tons of

1000 kgf) The initial speed and the type of manoeuvres
were varied. One trial, the so-called "natural" trial,
was executed by stopping the screw propeller in order
to isolate the influence of the hydrodynamic resistance.

Tanker D (length 220 m) was tried at a constant dis-
placement of 67,000tons of 1000 kgf in a

series of special trials in order to study the influence of
rudder manoeuvring.

Tanker E (length 238 m) was tried at a constant dis-
placement of 89,000 tons of 1000 kgf in a

series of trials designed to study the influence of the
initial speed.

A .few other tankers were tried, only normal crash-stop
tests being executed.

With ships A, D and E,. the headreach was obtained
by simultaneously measuring the headings indicated by
the gyrocompass and the distance covered at sea, the
latter by means of a Pitot log during that time and as
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a function of it. Certain ships had their stopping way
measured by radar or by Decca Navigator.

In ships A, D and C, the latter being a tanker of
246.5 m length and 95;000 tons of 1000 kgf displace-
ment,. strain-gages Were installed to record the torque
and the thrust. The number of revolutions of the screw-
propeller and the characteristic moments of changing
the manoeuvring of the machinery and the steam
pressure were recorded also. All the detailed results of
these trials and experiments have been published in
ATMA publications [2-6].

2.2 "Natural" trial of tanker A

As thecommand "going astern" cannot be followed up
immediately, there is always aninitial phase, more or
less long, during which. the slackening of the speed is
caused 'by the hull resistance only. This way of slacken-
ing will be called "natural". Therefore, as a basis of
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comparison, the natural slowing down of the ship, with
cut-off steam and propellerturning slack, was measured
in so called "natural" trials.

Figure 1 gives the results of these trials carried out
with tanker A inballast. It is clear from this figure that
during .the first half-minute the number of revolutions
and the torque decrease. very rapidly.; but, while the
number .of revolutions .decreases more slowly after it
has reached about half its initial value, the torque
remains thereafter practically 'constant and. practically
zero.. Furthermore, 'other trials were carried out from
Which it appeared that the evolution of the thrust is
analogous..to that of the torque, except that the final
values are slightly negative...

Gradually, the number of revolutiOns decreases very
slowly and uniformly and the torque and the thrust
remain constant. During these "natural" trials, the
speed decreases sharply during the first minute, the
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Fig. 2. Conventional "crash stop" trial oftanker C
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deceleration reaching a maximum of 0.018 rn/sec2 at
the end of that period. At the end of the trial the
deceleration was low and the slow evolution of the
speed was analogous to that of the number of revolu-
tions. On the other hand, the transitional period for
the speed was much longer and more progressive than
for the number of revolutions.

There are all kinds of fluctuations in the deceleration
of the vessels, caused probably by the wave system
generated by the ship itself [8]. It will be seen from
figure 1 that the speed decreases during the first minute
by 10 percent. In two minutes it is reduced by 20 per-
cent, in three by 30 percent, in five by 40 percent, and
in ten by about 60 percent. A further deduction from
the test results is that merely through hydrodynamic
resistance, the vessels lose about one fifth of their
kinetic energy in one minute, about one third in two
minutes, and about half in three minutes.

2.3 Conventional trials

In figure 2 the results of a measured conventional trial
with tanker C are given. This trial was carried out by
manoeuvring without excessive hurry. The thrust in-
dications, not measured at these trials, are deduced
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Fig. 3. Conventional "crash stop" trial of tanker D

from analogous trials conducted with other ships.
Compared with the "natural" trial, the essential dif-

ference is that the direction of rotation of the propeller
shaft is changed in about one minute, the torque
becoming rapidly negative at about one third of the
initial positive value. Notwithstanding this, the maxi-
mum initial deceleration remains of the same order as
with the "natural" trial, figure 2 representing a good
mean value.

After its first maximum, the deceleration remains
nearly constant after the first two minutes, though the
number of revolutions and the applied torque are very
important and change materially.

As during this period the evoutlion of the speed is
quite in conformity with that of the "natural" trial,
the conclusion must be that the developed torque to
the propeller has hardly any effect as regards the
braking of the vessel.

There are great fluctuations in this torque, and the
same applies to the thrust. These fluctuations are less
marked if the number of revolutions remains constant
and they increase in importance when an attempt is
made to modify the number of revolutions. The irreg-
ular functioning of the propeller in this respect has
been studied in [9]. Though this irregular functioning
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induced intolerable vibrations, it may be asked whether,
if they are kept within bearable limits, there is not an
advantage in braking more quickly The answer to this
suggestion is given in figure 3.

This figure relates to a trial with tanker D in load;
the number of revolutions decreases constantly, with-
out variations, the evolution of the speed being of the
same type as in figure 2, and the initial deceleration
decreases for 8 mm, while the revolutions then increase
to a constant rate. The moment the number of reverse
revolutions has reached a maximum, the torque, the
thrust, and the deceleration decrease. After seven
minutes, figure 2, or about eight minutes, figure 3, the
number of revolutions remaining constant, the dis-
turbance dies off - the fluctuations disappear, the
torqueand the thrust increase till they reach the normal
level, the slowing-down increases progressively, and
the speed is reduced towards zero.

These latter phenomena well illustrate the final
period of stopping. During this final period only, the
braking of the vessel depends directly on the applied
astern power of the propeller.

It was tried to arrive ata simple theoretical approach
todescribe these trials. The vessel only was considered,
not taking into account the entrained mass of water.
Therefore the mass M is constant and sharply defined.
The measurement of the speed V as a function of the
time makes it possible to express the slowing down as
dV/dt, and the braking force K is given by

K
MdV

di

(Note: This definition is not the same as the one given
in section 3.5, concerning the analysis of the model
tests for the study of the correlation between model
and ship by means of the quasi-stationary method.)

This braking force K is the resultant force parallel
to the axis, of the ship and consists of the total of all
forces of whatever kind exercised by the water on the
propeller and the underwater hull. This force K is
arbitrarily broken down as follows

K = T±R+ W

where

T = resultant forces taken up by propeller,
= nominal resistance of underwater hull,

W complementary resistance of underwater hull.

These symbols are defined as follows: T is at every
moment equal to the thrust transmitted through the
thrust block to the ship; this thrust can be measured
and therefore is well defined. R is defined at every
determinedspeed-as--the-ferce--necessafy-te-maintain

the vessel at that speed. Itis the .normal.hydrodynamic
resistance: augmented by the thrust deduction forces
By measuring the thrust at different stationary speeds,
it would be possible to determine this nominal resis-
taflce As this was iiot done in these trials, it is assumed
that the thrust is proportional to V2. The value mea-
sured at the initial speed is chosen as a basis.

W = KTR and represents globally the forces
of every kind working on the underwater hull subject
to the fluctuating character of the flow.

Figure 4 'is deduced from figure 3. It represents the
break-down of this normal trial into braking force
K = - M(dV/dt), thrust T, nominal resistance R, and
the sum of T+R. The difference between K and
T+ R gives an estimation of the complementary resis-
tance W.
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Figure 4 makes it possible to subdivide schematically
the stopping manoeuvre into three parts, indicated in
that figure, giving three:successivecomparable periods:

During the first period (figure 4) the thrust T is
reversed and then attains progressively a value of the
order of importance of the decreasing nominal resis-
tance R. The complementary resistance (K T R) =

W'is large.
During the second period, when T has become as

large as R, both forces decrease more or less together,
as if some interaction between them makes them follow
the same law. The complementary resistance W is small
and negative.

During the third period, the nominal resistance
having become smaller and smaller, the thrust becomes
larger than this resistance and' grows till it reaches the
normal thrust for the number of revolutions astern.
The periocLends wJienR + T = T or R =0. During
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this end period the complementary resistance is un-
certain and feeble. The thrust astern determines the
braking.

During the first period, the speed decreases by one
third over a distance of about 40 percent of the head
reach. At the end of the second period, about 80% of
the stopway has been covered and the speed is reduced
to about one half.

At all normal trials it was found that these values
differed little, while the parallelism between thrust and
resistance during the second period was always present.
This remarkable particularity is probably related to
the effect of the suction of atmospheric air in the
propeller (ventilation) as explained by Bindel and
Garguet [9].

Thus the slight influence of the astern power installed
in a ship may be explained. In fact, this power cannot
be important during the first period, when it grows
slowly and progressively, nor during the second period,
when the growing of the thrust is braked off. It can
only become fully effective in the third period, but this
period only consists of 20 percent of the stopway and
every gain will be only a small part of the whole way.
Therefore, one can say that the hydrodynamic stopway
of a ship depends on the design of the submerged part
of the hull and not on the power installed in the
machinery.

Two small observations must be made: First of all, it
is essential, when stopping a ship with its machinery,
not to lose time between the order "full astern" and
the execution of that order. Otherwise one prolongs
the first period unnecessarily. This supplementary "dead
time" is an explanation of the great dispersion observed
in "crash-stop" trials at sea.

Secondly, as mentioned in the foregoing, at the be-
ginning of the third periodthe speed is only about half
full speed (vessel in harbour, in fog, and so on), the
first and second periods are appreciably reduced and

Table I. Summary of conventional trials

the thrust available may be used more efficiently and
more quickly. As seen in figure 5 and as discussed in
[5], the stopway curves, when starting from different
initial speeds, cannot be superimposed. On the other
hand, the influence of the initial speed on the stopping
time and the stopway is considerable, figure 6.
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Fig. 6. Tanker E, influence of initial speed on stopping-time
and stopway
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- A 38,050 217 15.3 585 2,155 2,250 0.013 10 quarterofacircle
A 66,370 217 17.3 735 2,930 2,710 0.012 12.5 half-circle
A' 62,500 217 16.8 660 2,575 2,400 0.013 11 half-circle
A" 35,000 217 18 490 2,310 2,050 0.019 9.5 quarterofacircle windforcel,roughsea
C 95,400 246.5 17 645 3,200 3,000 0.013 12 quarterofacircle
C' 95,400 246.5 15.5 770 3,070 3,170 0.010 13 slight curvature windforce 5, rough sea
D 67,250 222 17.25 810 3,590 3,330 0.011 15 slight S-curve windforce4,roughsea
E 88,835 238 16.5 815 3,300 3,200 0.010 13.5 half-circle
F 62,560 215 16.5 465 2,150 2,080 0.018 9.5 half-circle
G 103,780 258.5 16.6 960 3,300 3,180 0.009 12.5 half-circle windforce4,roughsea

4 = Displacement (tons of 1000 kgf) D = stopway A' and A" are sister-ships of A
V0 = initial speed stopway corrected for a basic C' is a sister-ship of C
I stopping time speed of 16 knots
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It may be deduced from this. last figure, that, with
initial speeds of the order of magnitude of the full
service speed, the stopway is approximately propor-
tional to that initial speed. If this is so, then the normal
trials executed at different speeds may be brought back
to a basic speed, as is done in Table 1, where this basic
speed is taken as 16 knots In this table the stopping
times and stopways are indicated, not taking into
account the aforementioned. "dead time".

The stopway D is measured along the track covered
by the vessel. The stopway D16 is the length of thepath
as corrected for an initial speed of 16 knots.

The modalities of the manoeuvring of the engine are
not taken into account, as it is already proved that the
asternpower used has not much influence. The mean
deceleration of the ship (- d V/dt) and the ratio D1 6/L
are indicated.

With regard to the track of the vessel while stopping,
it is well known that, while working with an astern-
turning propeller, the ship cannot be steered by the
rudder. Therefore the rudder was always blocked in the
middle position at all the trials. The tracks observed,
which are completely erratic, are indicated in figure 7.
This figure gives observed tracks for tankers analogous
to tanker A. The turning circles for this latter ship are
also indicated.

Furthermore, the geometrical endpoints of the path
covered by the vessel after 12 minutes of manoeuvring
are indicated, and the limit line of these endpoints gives
an idea of the area into which the ship may run while
stopmanoeuvring.

It can be seen from Table I that, for the loaded ves-
sels (F and A'), the shortest stopways have semicircular
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Fig. 7. Stopping tracks

paths, the longest stopway (D16 = 15 ships' lengths)
following nearly a straight course. This seems to be so
in most of the cases. Many stopways were measured
and found to be between 12 and 13 ships' lengths for
loaded tankers and about 10 ships' lengths for tankers
in ballast, Another remarkable point is the constancy
of the mean slowing down, which remains of the order
of 0.01 rn/sec2. The published figures for the Idernitsu
Maru [10] are of the same order: stopway 15 ships'
lengths, deceleration 0.007 rn/sec2 for a vessel twice as
large as the biggest ship tried.

The conclusion to be drawn from these trials is that
a captain of a large tanker who gives the order "full-
astern" to brake the ship takes a considerable risk. For
nearly a quarter of an hour he will be incapable of
either steering his ship or regulating his speed. He is
at the mercy of any fixed or floating obstacle within the
area indicated in figure 7. The tankers tried were only
of 60,000 to 110,000 tons d.w. But the riSks will grow
with the dimensions of the vessel. It has already been
stated and proved that the advantages to be expected
from more elaborate manoeuvring or greater astern
power from the engine are insignificant.

Therefore, two series of special trials were carried
out in the hope of solving this problem.

2.4 Use of rudder-for stopping purposes

Figure 7 suggests that if, before reversing the propeller,
the rudder is turned, the ship in its gyration would have
a more definite course

Furthermore, such a manoeuvre with a large. rudder
angle would be of considerable use in braking the
vessel. The special trials executed with tanker D and
described in [4] confirm this. The half circles of the
course pass into the tangent at this circle, opposite to
the initial heading. The stopway in the initial direction
becomes about three ships' lengths; the lateral transfer
about five. The total length of the track is about
10 ships' lengths.

The aforementioned extra brake effect increases the
deceleration to0.018 rn/sec2 and decreases the stopping
time to about 7 minutes for initial speeds superior
to 17 knots.

2.5 Use of reduced initial speed

Another obvious solution conSists in reducing the
speed and thus beginning the manoeuvre With a lower
initial speed. The question is how to know the quan-
titative influence of reduced speeds, as these are used
'in practice during the fog.

Special trials of this sort have been carried out with
tanker E and are described in [5]. The results are also
given in figure 6. With an initial speed of between 10

13
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and 16 knots, the stopping remains practically propor-
tional to that speed. With very low speeds, the' varia-.
tioniS parabolic. At 10 knots 'initial speed, the stopway
is still eight ships' 'lengths, at 5 knots initial speed it is
hardly more than two ships' lengths.

2.6 Influence of depth of water

Another special trial, which must still be carried out,
will try to establish 'the influence of the depth of water
under the keel. These large vessels will always 'be on
restricted depths when coming into harbour, alongside
quays, and so on. -It should be noted that this sort of
trial is only of interest at very 'low speeds. As it is more
a question of manoeuvring than of braking of' large
vessels, it must be looked into more carefully and in
more detail' elsewhere.

2.7 The braking of large vessels by the propeller:
First preliminary cônclüsions

In view of what has been said in the foregoing, a
general solution of the braking problem seems at first
sight somewhat uncertain. Still, some preliminary con-
clusions can be drawn.

The course of a large ship during stopping by means
of the propeller put into reverse is absolutely arbitrary
and cannot bechanged by the rudder from themoment
the engine turns astern. Only when a definite turning
movement is given to the whole ship before the propel-
ler is put into reverse Will the vessel follow the direction
of the rudder. The ship will then follow a predetermined
track, which looks like a change for the better but
which track can only be used when the turning side is
"free". As stated earlier, the stopway is very little in-
fluenced 'by the engine's manoeuvring and developed
power while going astern. This is less true when the
speed is reduced.

In all cases, the main effect of an increase of backing
power is to decrease the duration of the final phase or
third period. But, owing to the small values of the
speed during this period, the influence on the stopway
remains very moderate.

If the tactic of beginning to turn with the ship just
'before braking is considered impractical, then the fact
remains that for large vessels with an initial speed of
16 knots a stopway of about 13 ships' 'lengths must be
reckoned with. Moreover one has to count on the
erratic course of the ship.

The foregoing figures are reduced to about ten ships'
lengths in ballast condition with full initial 'speed, and'
eight ships"lengths on full load at 10 knots initial speed.
But only with a very slow initial speed may a real
shortening of the 'stopping way be expected. The. in-
fluence of shallow wtefispr'ob'abIyimportant;'but no'

quantitative nor qualitative data are available for the
moment. -

3 Model' trials

3.1 Purpose of model trials

The aforementioned rather definite first conclusions
have induced the author'to try to obtain more informa-
tion by executing trials on models. Even before the
results' of the systematic Sea trialS were analyzed, 'trials
with' models were made. Some of these completed the
study of the influences detected at 'sea trials; others
made it possible to study solutions which d'o not occur
onany real ship; finally, several such tests were carried
out to try to find a correlation between the model and
the real ship, so as to arrive at comparative predictions
on the behaviour of future vessels.

During the six years that model tests were carried
out at the towing tankS at Wageningen and Deift, three
types of programs Were investigated:

Program I is a replica of the sea trials of tanker E
constituting a repetition and a systematic

development of these sea trials with the object of
analyzing the different influences for this particular
ship.
Program II is a study to investigate the performances

of an original system of hydrodynamic
braking flaps.. In practice this program was partially
executed along the lines of program I (see [1]).
Program III is a kind of appendix to program I and

consists of special model trials with the
object of being able to apply certain methods of correla-
tion. A special chapter is devoted to this correlation at
the end of this report.

12 Program I - Braking by propeller

The model trials for this program were carried out in
the "shallow water" laboratory of the Netherlands
Ship Model Basin at Wageningen, described in [11].
'A perspective drawing of the basin is given in figure 8
and a horizontal section of it in figure 9.

The great breadth of this basin permits the free
manoeuvring of a model of 3 m length, telecommanded
by electronic devices without interference of the basin
walls.

Table 2 gives the principal dimensions of tanker E
and its model as well as those of the propellers and the
braking flaps used during the execution of program II.
The model on ascale of 1 :80 navigated absolutely free.
Later it was also equipped with unfolding braking flaps
for program II, propulsive machinery, and electrical
steering, gear. All these devices were telecommanded
from-the-carriage following apredetermined program.



The scheme of each trial was as follows:

The propeller was maintained at a certain predeter-
mined constant number of revolutions depending
on the initial speed for the stopping trial.
The model was maintained on a straight course.
When the model reached a constant service speed,
the braking of the vessel by means of the propeller
began, as predetermined by the program for the
number of revolutions (in accordance with the
program for the sea trials), from the initial number
of revolutions ahead to the final number astern.
This final number of revolutions was maintained
until the model stopped completely.
During phases c. and d., the model was free and
the rudder was manoeuvred as predetermined by
the program.

As stated under c., the stopping trials were set up in
accordance with the "crash-stop" sea trials for tanker E.
To repeat these sea trials as exactly as possible, a model
program no. 1 was drawn up as indicated in figure 10.
The rudder angle was maintained at zero degrees
during the whole of these trials. As similarity in the
number of revolutions for sea and model trials was
sought, similarity of speeds could not be pursued (see
B, second series of tests). This question is debated when
the correlation tests are discussed at the end of the
report (see also section 3.4).

Four series of programs were executed, which include
the following trials:

A. First series

To study the influence of the manoeuvring of the
engine, following the number of revolutions (program
1). This series is illustrated in figure 10. First there was
the class 2 program (No. 2A to 2E), identical to
program 1 up to the speed of 10 rpm astern, followed

Fig. 8. Perspective drawing of model ship in the shallow-water
taboratoryoftheNetherlands-Ship-Model-Bashi

thereafter by different types of increasing rates of revo-
lutions until the full stop of the vessel.

Next, class 3 program (No. 3A to 30) was carried
out. It was based on program 3, simulating the man-
oeuvring of a diesel engine between the same limits of
numbers of revolutions (105 forward up to 50 back-
wards) as program 1, figure 10.

B. Second series

Repetition of the sea trials for study of the influence

RAIL

MEASUREMENT PLATFORM

CARRIAGE

QUAY

Fig. 9. Horizontal section of the shallow-water laboratory of
the-Netherlands-Ship-Model-Basin

'S
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Table II. Principal dimensions for model, ship and their propellers. Tanker E of 65,000 tons (of 1,000 kgf) d.w. (scale 1: 80)

of the initial speed [5]. This series also was based on to 140 per minute to gie the model an initial' speed
program 1. A special program 1D was executed, extra- comparable with the initial speed of the vessel at sea.
polating the forward number of revolutions at sea up Furthermore, programs 4(figurç 1l').and 1.1 (figure 12)

were carried out, thereby simulating special trials of
tanker E. Programs 4A (figure II), 7 and 10 (figure 12)
closed this series.
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3.2.1 Influence of displacement

C. Third series

Executed to investigate the influence of displacement.
The model was ballasted as indicated in Table II and

3C 3F
-75

Fig. 10.. -Number-of-revolutioñsprOgrãnis-(l--2-añd 3)fdr full----- Fig. 11.- Niimber-of-revolutionsprograms(4)'- for half speed
speed ahead (140and 105 rpm) ahead (70 rpm)

Loaded condition Ballast condition

ship model ship model

Model No 3093 (Wageningen)
--Length between' perpendiculars ------ 23774;m - 2;9718-ñi - 237:74-rn 2.9718-rn- --

Length on waterline 244.64 m 3.0580 m 232.60m 2:9075 rn
Moulded breadth 34.80m 0.4350 m 34.80m 0.4350-rn
Draught forward 12.99-rn 0.1624 m 7.35 m 009l9 m
Draught aft 1299rn 0.1624m 930rn 0i163rn
Mean draught 12.99'm 0.1624 m . 8325 m 0.1041 m
Displacement 86,743 m3 '1'69;42 dm3
Wetted surface without appendices 12,134 rn2 1.8960 m' 9;771 rn2 1.5267 m2
Wetted surface rudder included 12 366 m' 1 9322 m' 9 873 m' 1 5427 ma
Block coeffiient (between p.p.) GB .0.808 0:808
Coefficient of midship section CM 0.991 0:991
Prismaticcoefficient (between. p.p.) Cp 0.815 0:815
Centre of buoyancy after-forward-perpendicular 115.19 m 1:.440 m

Propeller No. 1492 Type: series B'(Wageningen)
Number of:.blades 4 4 4 4:

Diameter D 7,200mm 90:00mm 7,200mm 90.00 mm
Pitch (right handed), H 5,000mm 62:50mm 5,000 mm 62.50mm
Pitch ratio HID 0.694 0:694 0.694 0.694
Boss diameter ratio dID 0.187 0.187 0.187 0.187
Blade area ratio AO/A 0.539 0:539 0.539 0.539
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Fig. 12. Number-of-revolutions
programs (7, 10 and 1.1) for slow-
speed ahead (50 and 30rpm)

SEA - TRIAL

trials were made in the codditions described as pro-
grams 1, 2E, 3, 3G, 4A, 7 and 10.

3.2.2 Shallow water effect

D. Fourth series

To investigate the shallow water effect, all the trials
were executed in accordance with program 1 fOr the
number of revolutions, the ship being tried fully loaded
and in ballast. The "real" depth of water tried with 'the
model corresponded to 73,, 30,, 25, 20 and 15 meters.

3.2.3 Results of model tests

The results of all these model tests represent a con-
siderable volume of data As these concern only tanker
E, the results given in a number of tables in [5] are not
repeated here. It is.only of importance toconsider What
these trials confirmed or added to the knowledge about
the actual ship. The following figures indicate therefore
only the most important results.

Figure 13 shows the influence of the manoeuvring of
the engine (series of trials A). Though the model
probably overestimates that influence, its effect seems
small at normal speed. Only in program 2E some gain
is shown, but this fast manoeuvring does not seem
practicable At low speed the difference between man-
oeuvres 4 and 4A shows that the maiioeuvring of the
engine has more effect at such a low speed. The model
test confirms here the theoretical analysis.

The results of the repetition of the sea trials (series
of trials B) are shown in figure 14. The curve for the
model tests and that for the sea trials are similar, and
the conclusion is that, within a limited zone, the model
results are transposable to the ship, for comparative
purposes only.

This observation lends credit to figure 15, which in-
dicates the influence of the displacement (series of trials
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Fig. 13. Influence of manoeuvring of the engine for tanker E in
'loaded condition (the.first number indicates the trial, the second
(. ..) is the number of the program of number-of-revolutions)
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Fig. 15. Influence of displacement (the first number indicates
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C). It seems that this influence is relatively small: the
stopway is reduced by one fourth for half the displace-
ment.

The results of the tests on the influence of the water
depth (series of trials D) did not lead to clear indica-
tions. The models were following very irregular courses
and no deductions could be made from these tests. It
seems that other model techniques must be invented
with a view to achieving correlation between model and
ship in this respect.

The trials concerning the special manoeuvring of the
rudder have qualitatively confirmed the observations
made during the sea trials. In this case also, correlation
between model and ship is next to impossible to obtain.

3.3 Program Braking by special devices

This program was the first of the model tests executed
already in 1962 at the Model Basin of the Delft Uni-
versity of Technology and was an attempt proposed
by the author to come to a better and more effective
solution of the braking of large vessels. This method
of installing hydrodynamic braking flaps is described
in E.l]as Report No. 53 Sof August 1963: "The braking
of large vessels".

3.4 Program III - CorrelatiOn model - ship

When program I of the model tests was established,
the initial object was to -obtain from the results a
comparison between ship and model. This comparison
was to be a global one, without entering into details of
how the parallel between these tests would be consti-
tuted. If this global comparison were satisfactory, an
extension of program I to cover a critical evaluation of
the different influences would be necessary. The global
comparison has been covered in the description of
program I but the transposition from the model to the
ship which was then used was not accurate. If one is to
use a free model in order to reproduce sea conditions,
the initial condition has to be one of autopropulsion
for the model; that is to say, one has to choose between
the similarity of the number of revolutions or the
similarity of the speeds, the two being impossible of
realization at the same time (see 3.2).

In program I the choice of the similarity of the
number of revolutions was adopted for practical
reasons. Nevertheless, the extrapolation of the results
from model to ship was actually made on a speed basis,
because the speed was the essential parameter for the
ship. But similarity as regards the ship's resistance,
also essential, could not then be achieved because of
the scale effect of the friction coefficient. To escape
from .this dilemma, the Model Basin at agçjjpgen
proposed to forego a direct and global-comparisonand

to use a factitious model trial in complete similarity
with the ship, in the same way as is done in determining
a ship's resistance by applying a frictiOn correction to
the friction of the model. On the hypothesis that, at
any moment, the variables used were interdependent
of each other, as if the whole procedure were stationary,
the relations of stationary trials could be determined
and thereafter one could reconstruct the whole trial as
a continuous sequence of these stationary states. This
so called "quasi-stati'onary" method was proposed by
Van Manen and is explained by him [12] on the basis
of the work done in the U.S. by Thau [13].

Program III consisted of three series of model tests:
No. 1. A first series of trials analogous to the auto-

propulsive trials at constant speed and variable
decreasing number of revolutions. At each trial, the
force, which exists between the model and the carriage,
here called braking force K, was measured and thus
K =f(Vn), the force of the model in a stationary
state, was obtained.
No. 2. A second series of trials consisted of model

stopping tests on a straight course The pro-
gram for the number of revolutions either belonged to
program I or this number ofastern revolutions was
held constant and was fixed from the beginning of the
trial. The second series was executed in the shallow-
water towing tank at Wageningen.

The following experimental set up was used (see
figure 16): The model was attached in its midship sec-
tiOn to a cord, which was rolled around a wheel: 1. On
this wheel were mounted an electric light 1 and a photo-
electric cell 2. In this way the relative movement of the
model to that of the carriage was transformed into an
oscillating rotation of the wheel, 1. Wheel 5, with a
thousand circumferential teeth, was fixedly connected
to the slotted wheel 4, which rolled along the rails of
the carriage. This wheel 4 had one-meter circumference.
The circumferential speed of the slotted wheel equals

F

1 LIGHT SOURCE
2 PHOTO - ELECTRIC CELL
3 GUIDING PINS CONNECTED TO THE CARRIAGE

SLOTTED WHEEL
5 GEAR WHEEL WITH THOUSAND TEETH

CONNECTED TO WHEEL 4

Fig. 16. Trials of model on astraight course (trial no. 2)



the linear speed of the carriage and the speed of the
model was given by superimposing the speed of wheel 1
in relation with that of wheel 5.
No. 3. The third series of tests consisted of the normal

stopping tests for the free model in accordance
With the programs for the number of revolutions of
program 1 (number 1, 4A, 7 and 10; see figures 11 and
12). For all these three series, the model was the same
as the one for program I. The results of the first series
No. 1 are indicated in figure 17; they include five dif-
ferent speeds. The results of the second series No. 2 are
indicated in figure 18; they include only the trials with
a constant number of revolutions. The results of the
third series No. 3 and those of the second series No. 2
concerning the trials with a program of number of
revolutions in accordance with thesea trials of tanker E
are given in figure 19.

3.5 Principle of quasi-stationary method

As explained by Van Manen [12], 'it is possible to
study the stopping of a vessel by means of the funda-
mental dynamic law. Force equals mass by accelera-
tion, or, in .this case

K= d[(M+m)V]
dt

(Note: See note after first equation in section 2.3
"Conventional Trials" on page 11)
where K equals braking force, not only deriving from
the mass M of the vessel at speed V but also from the
mass m of the water carried along with and surrounding
the ship, which is supposed to advance also with the
mean speed V. -

The global effect of this surrounding water is in-
cluded in e uation (1). Hence the fictive mass (M+ni)
of the vessel is only considered when solving this equa-
tion.

In a first approximation, Van Manen [12] has ad-
mitted that m = constant and' a. certain percentage of
M. He takes therefore M-fm = l.05M. If V0 repre-
sents the initial speed at the moment t0 and V rep-
resents the speed at an arbitrarily chosen moment, the
integration of (.1) immediately gives the time difference.
(t-- t0) necessary to reduce the speed V0 to V.

t - to = - (.jf +-m) . dv

VV
SS0 = (M+m)

(1)

(2)

In the same way the distance covered (S - S) is found,
while keeping in mind that d V/dt = (d V/dS) dS/dt) =
V(d V/dS), by the integration

If the integrals are continued until V = 0, formulas
(2) and (3) give respectively the stopping time and the
stopway until the "full stop" of the ship from 'an
initial speed V0. Both formulas can be used both for
the vessel and for its model. As M+m is supposed to
be a known constant in this approximation, it is only
necessary to apply (2) and (3) to know the relationship
between K and V. Here the quasi-stationary hypothesis
makes its appearance.

The trials no. I have made it possible to determine
for a model in a stationary state the relation K =f(V,n),
represented graphically by figure 17.
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Fig. 17. Braking force of model on a straight course, measured
as a function of the- number 'of revolutions of the propeller

(trial no. 1)

In this case it is admitted that the variation of 'V and
n (number of revolutions) is slOw enough during a
stopping test to remain valid within that interval for
this relationship. Especially when n = constant during
the stopping manoeuvre, the relation K = g( V) may
be immediately obtained by reading the values of the
ordinates from figure 17 in relation to the abscisses n.

If n is variable as a function of the -time, one has to
proceed by successive approximations by choosing ar-
bitrarily a function -V = h(t) as a first approximation,
which Will give a second approximation of the same
function, so that at the end -the convergence by an
iteration process is given. In principle, this process
makes it possible to calculate, starting from figure 17,
representing the trials no. 1, the -results of a stopping
test from the same model executed at a given program
of number of revolutions.

Now, what one wants are not the results from the
model, but from the ship. Therefore,, it is necessary to
deduce the braking force K1 of the ship from the
braking -force K of the model. To achieve this, the
following reasoning is followed: The braking force K1
may be considered as the sum of the propeller thrust
and the- hydrodynamic-- resistance of the underwater-. '' body of the ship, the interaction between these two
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terms being neglected because the relationship between
them is unknown.

'By the same hypothesis it is amitted that the
propeller thrust only depends on V and n. If K is the
braking fOrce of the model deduced from trial no 1

for-a torque given by V and ii; the part of K due to the
propeller thrust is the same for the vessel, while the
hydrodynamic resistance of the underwater body is
diminished by the friction correction R, which is a
function of the speed only, and which, if convenient,
may be augmented by different corrections, AR, due
to rugosity, meteorological influence, and so forth.

In the case that a ship trial should actually have been
performed, it should be possible to evaluate these cor-
rections with a certain amount of precision through
this ship's propulsion trial. On the other hand, if one
wants to predict results from sea trials, one must take
care not to be too optimistic. However, it seems suf-
ficient to appraise the rugosity by means of previous
examples and to neglect further corrections

The proposed method is simple and complete, but
it includes the hypothesis of the constancy of(M+m),
a value arbitrarily chosen, which leads to a fairly rough
approximation. Consequently, the Wageningen Model
Basin considered the possibility of determining experi-
mentally the value of (M+m). This was the goal of
trials no.2. Indeed each of these trials gives the relation-
ship V = h(t) achieved with a program n = j(t), chosen
expressly, figure 18, and consequently determines the
relationship between V and' n, which makes it possible
by means of the hypothesis of quasi-stationarity to
define the braking force K at each moment as a func-
tion of V.

This is done with the help of the resu Its, of the trials
no. 1, figure 17.

Returning to the integration of. formula (1),. con-
sidering that (M± rn) is variable, one finds

1.00

0.75

0
050

0.75

E,

E>

0.50
0x

1.00

025

The result of.this calculation is given in figure 20 for
all no. 2 trials worked out for a final number of revolu-
tions of 50 rpm astern (continuous line).

This figure shows that the accuracy and the repro-
ducibility of the trials are excellent since all curves
coincide at the speeds where the rate of 50 rpm is
stabilized.

But in the beginning of the trial, where the number
of revolutions, is variable, and rapidly varying, the

250 curves are frankly diverging. Also the dotted line of
figure 20, repsenting the trial at a constant number

trial no.2) of revolutions of 20 per minute, is clearly different
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Fig. 19. Stopping trials for freemOdel (trial no. 3) and for model
on a straight course (trial no. 2)

fKdt = [(M±m)V],+[(M+rn).V],0 (4).

If the limit of the integration is te where V = 0, one
arrives at

$ Kd1 = [(M+ m)V]10 (5)

because at that moment

[(M±rn)V] = 0

Combining equations (4) and (5) it is clear that

$Kdt = [(M+m)V]+' .1 Kdt
or

[(M+rn)V], = $ Kdt
and

[(M+ni)V],
'=

K4tI, (6)

0 50 100 150 200

- TIME IN SECONDS FOR THE. MODEL

Fig. 18. Stopping trials for model on a straight ëourse



The K1 values necessary for the extrapolation from K
to the ship's braking force are estimated as for the
first approximation, but it is difficult to allow a value
for drn/dt, which is not absolutely arbitrary. Theoret-
ically this difficulty can be overcome if one starts by
transforming formula (1) to

K
d[(M+tn)V] d:V

(9
dv di

and integrating this formula to

V Vdm(M+m)+ dv
K

' dV

V0

and
Vdrn

(M+m) +
dY Vd' (11)S_So=! K

0

so that the differential quotient dm/dt is replaced by
dm/dV. The last is known because the hypothesis was
that (M±m) is a function of V.

Now, figure 20 shows that dm/dV depends to a large
extent on the program of the number of revolutions, so
that a value deduced from the mean curve of figure 20
does not represent an admissible approximation. It
seems extremely inconvenient to find a suitable experi-
mental procedure to overcome this difficulty; therefore,
it is to be feared that notwithstanding. its greater com-
plications the second approximation does not serve our
purpose any :better than the first one.

So a more direct way of calculation is necessary.
One must try to avoid the calculation of (M+m).
Coming back to the hypothesis that (M+m) on!y
depends on the Froude number, one 'admits that this
may correspond to a fixed program of the number of
revolutions. Both formulas (1 0) and (11) can be written
as

Yj'2dV (12)

y representing here one or the other of the 'terms
t t0 or S: S0, and'. f(V) representing here one
or the other of the terms [(M+'m)± Vdm/dV] or
[(M + m) + ('Vdm/d V)] V.

This third approximation to determine y is best
handled in the following way: One begins with a model
test of a certain program of number of revolutions
corresponding to the program of a real ship on Which
stop tests have 'been carried out. Starting with the same
initial speed, taking into account Froude's law, the
functions y are experimentally determined, starting
from a speed V. This test isexecuted by applying to the

(10)
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Fig. 20. Model of tanker of 65,000'dWt : (M+m) as function of
the speed

from the line of 50 rpm although with a similar out-
line.

Furthermore, M for the model is 17.28 kgf/msec2
and thus l.05M = :18.14 kgf/msec2. Figure 20 shows
that M+m deduced from trials 1 and 2 varies approx-
imately between 6.5 and 22 and depends clearly both
on the speed and on the number of revolutions. This
proves that, if the validity of this procedure to deter-
mine (M+m) is accepted, the approximation of
(M-m) = 1.05M is too rough and hardly susceptible
of amelioration by taking into account any other factor
than 1.05., The Model Basin in Wageningen tried a
better approximation' by' adopting, as the relationship
between' (M+ m) and V, a mean cUrve deduced from
figure 20 and neglecting the influence of n on (M+m).
Alas, if one adopts this second approximation, a new
difficulty turns up when evaluating the extrapolation
to the ship. A supplementary hypothesis is required
for the extrapolation of M+m; viz, that tn/M depends
only on the Froude number.

If this second hypothesis is accepted, the calculation
can 'be continued as for the first approximation. The
integration of formula (1) gives instead of formulas (2)
and (3) the following
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model, until the moment that it becomes free of the
carriage, a tensile force equal to the friction correction
as set by the ITFC. Thus the braking force K of the
model may be determined as given in figure 17.

If a fictitious trial is now imagined, where this tensile
force is not only applied before the stopprng manoeuvre
but also during that whole manoeuvre itself, it must be
possible to achieve the corresponding braking force K1
of the vessel.

This K1 may be calculated by formulas (2) and (3).
Then the functions y for the vessels are given bythe
same formula (12), replacing K by K1. Hence

dy1 dy K
dV - dV K1

In the right-hand part of the equation, all the values
are known, dy and K by the trial, K1 by the calculation.

It is now sufficient to calculate the integrals dy1/d V
to obtain Yi as regards the fictitious model trial in total
similarity to the sea trial. This procedure gives a pos-
sible extension to the solution of the problem. Sub-
mitting the model permanently to a variable traction,
which equals the friction correction for the given speed
by means of a convenient dependable contraption, it
will be possible to realize a fictitious trial; and an extra-
polation of the results to the ship is true if it is admitted
that there is no scale effect other than that of the fric-
tion. This procedure requires another set of experi-
ments, but on the other hand the trials no. 1 may be
omitted. The extrapolation does not use any stationary
trial nor the basic hypothesis of the quasi-stationary
method.

3.6 Results obtained

To the tanker E of 65,000 tons d.w. of 1000 kgf, the
different methods have been applied. The friction cor-
rectión has beencalculated following the 1TTC formula
of 1957 with a roughness allowance AC1 = 00002.
This coefficient was deduced from the propulsive sea
trials of the same day. As the weather was fine (Beau-
fort scale No. 1), no other correction was applied. With
these figures, the relationship between the braking
forces of the ship and its model at corresponding speeds
remained in the neighbourhood of (taking account
of the scale), from full speed to half speed. Consequent-
ly, whatever the extrapolation procedure may be, the
predictions for the ship are expected to be about
50 percent higher than the uncorrected results obtained
with the model.

No model trial was directly comparable with the sea
trials, but it is evident, as a comparison with figures 18
and 19 confirms, that the trial, starting with l& knots
initial speed and propeller in' reveEse with a-con5tant

(13)

number of revolutions of 50 is optimistic in relation
to the trial where the number of revolutions progres-
sively varies:from + 105 to 50 rpm. Now the stopping
time of the model was 100 sec, which means 15 mm
for the vessel. In reality this time was measured as
I 34mm. The complete extrapolation calculation by
the third approximation method at the rate of 50 rpm
gives in facta stopping time and aheadreach whichare
about 50 percent higher than those achieved with the
ships in reality.

It seems therefore that none of the three approxima-
tions for trying to achieve a correlation between the
behaviour of the model and of the ship during stopping
manoeuvres is sufficiently successful to be definitely
adopted. But they are represented here because this
paper gives an explanation of why it has become
necessary to search in other directions to find a solution
to this problem.

This lack of success in predicting from model tests
the behaviour of a large vessel during "crash-stop"
manoeuvres is probably due to the large-scale effect
and to the fact that the phenomena during backing are
not even approximately stationary, especially during
the period where the propeller is sucking air from the
atmosphere (ventilating).

Therefore the question of correlation of "braking
by the propeller" tests with "crash-stop" sea trials
worked out by simple application of a correlation co-
efficient is not yet solved, though there are .indications
that by analyzing further teSts the method of quasi-
stationary measurements still may give useful results.
However it must be kept in mind that it is premature
to suppose that such a coefficient is not influenced by
scale effect and it will be necessary to accept finally a
more or less close approximation.

Nevertheless, it is feasible perhaps, considering the
relatively small variation in scale between tankers of
100,000 and 500,000 tons d.w., to view the first as a
model of the second and to extrapolate the results of
"crash-stop" sea trials from one ship to the other,
taking into account thecorresponding speed coefficients
and respecting also the similarity of the number of
reverse revolutions during the manoeuvre.

4 General conclusions

The stopping conditions of a large vessel in general and
of large tankers in particular have a precarious char-
acter. For an initial speed of 16 knots at full load the
stopping time is about 15 minutes and the stopway
about 13 ship's lengths. When the initial speed is
lowered, the stopping characteristics are reduced ac-
cordingly. The effect of shallow water remains tO be
made clear.



The "dead time" following the order "full-speed
astern" is important, but after that time the manoeu-
vring of the engine has little effect on the stopping and
the backward power developed has not much influence
either.

If circumstances permit, an intelligent use of the
rudder may help to put the ship on a predetermined
track and thus shorten the headreach, but this implies
the necessity of beginning a turning circle.

The use of folding-out bra:king flaps as described in
[1] constitutes animportant improvement in the condi-
tions for stopping.

These flaps may be used in all circumstances. From
the model tests it seems that the stopway may be
reduced by about half its length and the course stability
of the ship is favourably influenced, though the same
uncertainties in manoeuvring when backing with the
propeller persist in both cases either with or without
flaps.

Since 1963 .an evaluation of the weight and the cost
of installation of braking flaps has been available. One
of the big Dutch shipyards was willing to give a, rough
estimation of the type of construction suggested in [1].
The weight estimation is:

Weight of one pair of flaps 29 tons
Weight of watertight cases in the ship 20 tons
Weight of hinges 5 tons
Weight of foundations for hydraulic system 2 tons
Weight of compensation in the structure due

to the 2 notches in the ship's hull 4 tons
Total weight of hydraulic installation 5 tons

Total extra weight for installation oftwo flaps
in W.T. cases + hydraulic installation 65 tons

Price for the whole installation, about f.230,000, or
about $ 70,000 when installed in the Netherlands.

In general model tests reproduce well theparticularities
observed on board and certainly give approximate in-
formation about the different influences.

A quasi-statiouary approach as described in [12] is
an attractive model test technique for qualitative,
considerations of the stopping abilities of large ships.
However, in the present state of knowledge, a fair cor-

relation between model trials and sea trials has not yet
been. reached. The basis of the correlatiOn is not yet
complete and. therefore a gap exists between the pre-
diction from the model and the real stopping time and
stopway. As long as this gap in the model tests and in
our knowledge is there, it may be fruitful to use "crash-
stop" sea trials for ships of different dimensions in
order to reach comparative solutions to the problem
of the braking of large vessels. It certainly will be useful
to continue sea trials and the corresponding model
tests to gain more ample information about the parallel
between models and ships.
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