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INTRODUCTION

The study of marine screw propellers is usually based on the study of

the propeller alone in the absence of the hull and appendeages. Sxperiment-
ally the study has been performed by means of open water propeller tests,
while theoretically it has been developed by means of the lifting line

theory and, recently, lifting surface theory which is more suitable for

marine screws with wide blades.

The screw propeller is installed behind a hull together with the rudder
and, thercfore, it works in the complex wake flow field., lioreover, the
ship is operated in seaway and manoeuvred in harbour. Consequently,

the following items are of great importance for the hydrodynamic

problems of propeller: (a) propulsive efficiency, (b) cavitation,

(¢) vidbratory forces and moments, (&) behaviour in seaway, (e) propeller-

rudder interaction, and (f) stopping ability.

Among these items, this eppendix deals with the state-of-the-art of

propeller/rudder interaction and the use of a propeller in stopping.

PROPELLER/RUDDER INTERACTICN
The problem of the unsteady hydrodyneamic interfcrence between a propeller
and a rudder, when both lifting surfaces are located in the wake of a

hull, is of considerable interest to naval architects since it is directly

connected with the manceuvring of a ship and with its propulsive
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cificiency, TFurthermore, an adequate estimate of the vibratory loadings
on propeller blades and rudder is essential information for the study of

hull vibration, etc.

The early studies of the mutual interaction between propeller and rudder
were bascd on propellers and rudders designed to operate in isolation.
This work was aimed at improving propulsive efficiency. In the design
of a rudder, however, the influence of the propeller cannot be ignored.
Therefore, many studies (1-4) have dealt with the characteristics of a
rudder in the slipstream of a propeller, On the other hand, however,
there are few studies (5-9) dealing with the propeller placed before a
rudder from a viewpoint of propeller design., This is because it is
usually assumed that the influence of the rudder on the flow field of a

propeller can be ignored.

Isay (10) studied the mutual interaction theoretically using the assump-
tions that, the number of propeller blades was infinite, and the rudder
had no thickness. He solved the integrel equation relating rudder
circulation and upwash on the surface of a rudder behind a propeller with
infinite number of blades. Then he estimated the effects of the presence
of the rudder circulation on the propeller circulation, He found two
effects, The first one is the circumferential variation of propeller
circulation, Though the variation is very small at zero helm angle, it
cannot be ignored at large helm angles, The second one is the small
reduction of mean values of the propeller circulation at each radius,
though the reduction near the hub is remarkable. At zero helm angle, the
thrust of the rudder is larger than the thrust reduction of propeller due
to the existence of the rudder. So, the total thrust of the propeller

and the rudder is larger than the thrust of the propeller alone, But
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at large helm angle, the total thrust becomes less than the thrust of

the propeller alone.

It has been shown by Isay, therefore, that neglecting the influence of

& rudder at zero helm on propeller performance is justified.

Nakanishi, et al (11,12) studied the mutual interaction between a rudder
with thickness and a propeller with an infinite number of blades. They
solved the problem using a set of simultaneous equations and boundary
conditions at both propeller and rudder by means of an iteration
procedure. They found that the mutual interaction between a propeller
and a thin rudder at zero helm angle could be ignored, and that the
mutual interaction was mainly due to the thickness of the rudder. They
also found that with a reducing axial distance between the propeller and
a thick rudder the propeller thrust and the rudder drag increased ahd

that the thrust is larger than the drag.

Brunstein (13) studied the mutual interaction between a propeller with a
finite number of blades and a thick rudder. The propeller, working in

the wake of ahull, was treated by meens of unsteady lifting surface theory,
The rudder in the propeller slipstream was treated by means of the steady
method. Calculations based on a propeller with a simplified form, gave
the following results. The thrust of a thick rudder behind a propeller
was a few per cent of the propeller thrust at zero helm angle, while it
became smaller or negative at large helm angle, WVith a thin rudder the
propeller thrust decreased at zero helm angle and it decreased remarkably
at large rudder helm, However, with a rudder of conventional thickness,

the propeller thrust increased.
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1Y .

Poakonas, et al, (14 ), studied the propeller-rudder interaction problem
by mcans of the unsteady-liiting surface theory. They carried out a
comprehensive investigation, treating realistic flow conditions and
accurate geometry of lifting surfaces, Their numerical solution
provided means for a systematic study of the effects of all parameters,
such as number of blades, geometry of the lifting surfaces, axial
clearance, and wake flow. From the small number of calculations
performed it was seen that the mean thrust and torque were not affccted
by the presence of the rudder, in contrast to the corresponding
vibratory components and to the steady and unsteady transverse forces
and moments. The axial clearance played an important role in evaluat-
ing both steady and unsteady hydrodynamic forces and moments on both

1lifting surfaces,

There are cases where the unsteady rudderstock moment is of the same
order or larger than the steady-state moment, and neglect of this

time~-dependent component will lead to erroncous conclusions.

Their study provides a clear understanding of the nature of the
interaction effects and more information . of practical interest for
design of hull-propeller-rudder configurations than do the methods
currently used. For greater precision in estimating the magnitudes of
the interaction effects it is suggested that this study be complemented

by & study of the effects of thickness of both lifting surfaces.

Lindgren (15) carried out experiments on the effects of the presence of
the rudder as well as the effects of propeller position and clearance

on the propulsive characteristics. Open water propeller tests were
carried out in the normal mannér (without a rudder) end also in

conjunction with rudders of different thicknesses., The importance of ,the
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rudder thickness in relation to the propulsive characteristics of single

screw ships was observed.

L8tveit (16) made some investigations to clarify the action of a rudder
wofking in the propeller slipstream of a single~-screw ship. In this work
he measured the pressure distribution over the surface of a rudder placed
in the slipstream of a propeller on a model of a tanker. From the
pressure distributions obtained the flow field behind the propeller can be

visualised,

Lewis (17) studied4propeller vibration forces in single-screw ships and
found that the rudder clearance was a very critical factor. He also found
that a low transverse force level could be obtained with the correct

positioning of the rudder,

THE USE OF PROPELLER IN STOPPING

The study on the stopping abilities of ships was carried out very early
(18). Recently, the very rapid increase in the size of tankers,
accompanied by a significant decrease in the ratio of installed power
per unit of displacement, has emphasised the need to examine the stopping

ability of this type of ship.

The phenomena of stopping manoceuvres are so complicated that the problem
must be simplified for the purpose of estimating the stopping ability.
There are many methods for estimating stopping distance by solving the
differential equation on the proper assumptions (19-23). Following example

is the method by Clarke and Wellman (23 ).
To calculate the stopping distance of a ship, it is necessary to solve
the following differential equation;
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A (1+k, )
1/ av
e AR G -T(n,V)-R(V)
where
A : Ship displacement t : time

Kyt Added mass coefficient T : Propeller thrust

g : Accelcration due to R : Hull resistance
gravity
V : Ship speed n : Propeller speed of rotation

To solve this a number of assumptions have been made. These are justified by
available experimental evidence.

(a) The hull resfstance is proportional to the square of the ship
speed

(b) The propeller thrust changes linearly from the ahead value to
the astern value during the time taken to reverse the shaft, and
then remains constant throughout the whole stopping manoeuvre.
The astern thrust being equal to that produced by the screw
running astern with the ship dead in the water.

(¢c) The engine settings remain constant and the rudder is held
amidships following the astern order, until the ship becomes
dead in the water.

(d) The ship remains on its original course throughout the stopping
manoeuvre.

(e) The longitudinal added mass coefficient is assumed to be

constant throughout the stopping manoeuvre.

Results of a number of stopping trials of ship have been published (24~32).
There are, however, few results on the effects of shallow water (32).
The track of the ship during the stopping manoeuvre is completely erratic

and the track cannot be predicted (33)s For the purpose of complementing
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the iaformation from the sca trials, model tests in the towing tank

(28, 34, 35, have been carried out and they provide qualitative results.
The quantitative correlation between the model and the full scale is not
satisfactory when the quasi-stationary approach (35) is used. For the
purpose of improving the stopping ability from a viewpoint of safety,
the ugse of many auxiliary devices to reduce the stopping distance of a

ship as well as of propeller is examined (23, 28, 36, 37).

The propeller produces a reverse thrust during a ship stopping menoeuvre.
For the effective use of the propeller it is desirable to understand how
it works during the stopping manoeuvre, The following explanations are

given in Ref 38.

Full scale experiments on intermediate tankers showed that any stopping
manoeuvre may be subdivided into three successive periods:

— a first period beginning with the order "full astern" and ending
when the astern revolutions reach the required rate,

— & second period extending until thrustvand torque ere stabilized,
— & third period covering the quasi-stationary decrease of the speed

under steady astern power,

During the first period, conditions are varying at a high rate, the
propeller acts like a plein disc of equal projected area, the resistance
of which is only a small part of the whole braking force. During the
second period, the propeller effect is relatively moreimportant because
the other braking forces are strongly decreasing, but this effect is

not directly related to the propeller speed because of unsteady con-
ditions in which ventilation and vortices play a major role., During

the third period, the propeller works in the usual way as in model

test with slow shead advance and normal astern speed, The braking
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force on the hull due to the action of the propeller is given by the

following expression;

F = 0,014 E-%B- PD2/3 DQ/3 [(1-1:)71;3
a0

where ¥ is in tons, D in feet, and PD in hp, The terms in the first
bracket refer to the propeller alone whereas the terms in the second
bracket refer to the interaction between the hull and the propeller.
Values of the factor K,I‘/KQQ‘/3 depend only on the geometry of the

screw itself and a survey of available open water data showed that
number of blades and shape and type of section had little influence on

this factor. REven over a practical range of pitch ratio and blade area

ratio, there was little change in this factor.

From this rough analysis it is concluded that, as far aé propeller

design is concerned, stopping ability is mainly dependent on screw
diameter, the other propeller data being of interest only during the

last period of the stopping manoeuvre. Now there is a general feeling
among ship operators that the actual problem is not of stopping from

full ehead, but from reduced speed. Then, the last period of the manoeuvre
becomes the longest too, and the backing qualities of the propeller

deserves attention.

The basis of the model test on the stopping ability of propellers is the
open-water tests of propellers over the entire range of operations

(39-40, 48). The test results show that astern thrust is dependent mainly
on pitch-diameter ratio and blade area ratio, and the number or type of
blades has little influence (23). The wake and thrust deduction fractions
for verious values of advance coefficient must be known. Harvald has

carried out extensive experiments (45), the results of which show that both
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fractions change considerably with varying advance coefficient, The
variation is dependent to some extent on whether the speed or rate of
rotation is kept constant., A great part of the variation of the
fractions is due to their definitions. In most of the investigations
dealing with the hydrodynamic conditions of stopping of the ship, it is
assumed that the wake and thrust deduction fractions are constant during
thé manoeuvre. That these assumptions are not correct may be seen from
Harvald's investigation., However, it is possible to determine the values
in the extreme conditions from the values of the fractions of a freely
running ship. Consequently it is possible to construct a complete
manoeuvre nomogram for preliminary designs, even if results of model tests
are not available, Head reach and retardation time can be determined by

graphic integration,

A quasi-stationary approach (35) is an attractive model test technique for
qualitative conditions of the stopping abilities of large ships., However,
in the present state of knowledge, a fair correlation between model trials
and sea triels has not yet been rcached (23). Hooft and van Manen have
derived the stopping abilities of a 100,000 tons d.w. tanker equipped with
different propeller types from model tests with the aid of a quasie-
stationary method. Four propeller types have been examined i.e. (a) a
conventional screw propeller, (b) a screw and nozzle system (ducted
propeller), (c) a contra-rotating propeller system, and (d) e controllable
pitch propeller. In conclusion it has been shown that the non-convention-
al propeller, especially controllable pitch propeller is superior 'in
stopping abilities. Recently the superiority of the controllable pitch

propeller in stopping abilities is verified also in a sea trial (47).
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CONCLUSION

We find, from the above review that, (a) the development of a non-
stationary lifting surface theory to solve the interaction problem
between the propeller with a finite number of blades having thickness
and the rudder with thickness is needed, and (b) it is necessary to

continue work on the correlation between model and ship stopping

ability.

—131—

NI | -El ectronic Library Service



Nati onal Maritinme Research Institute

REFERZNCES

1 R Kabata, "On the Rudder behind the Screw Propeller," J of the Soc
of N & of Japan, Vol 58, 1936

2 K Taniguchi end K Watanabe, "Measurement of the Velocity of the
Slip Stream behind a Ship lodel and its application to the
design of the reaction rudder™ J of theSoc of N A of Japan,
Vol 88, 1955

3 S Okada, "Hydrodynamical Research of Ship's Rudder (I) - (v),»
J of the Soc of N A of Japan, Vol 103, 104 and 105, 1958 -~ 1959

4 X Sugai, "On Vibratory Forces induced on the Rudder behind a
Propeller" J of the Soc of N A of Japan, Vol 115, 1964

5 M Yamagata and Y Kikuchi, "Experiments on the Mutual Action
between Propeller and Rudder," J of the Soc of N A of Japan,
Vol 52, 1933

6 H Shiba, "Some Experiments on the Interaction between Propeller
and Rudder," J of the Soc of N A of Japan, Vol 57, 1935

7 T Yokota, "On the Theory of the Characteristics of Propellers with
Contra-rudders" J of the Soc of N 4 of Japan, Vol 88, 1955

8 M Takagi, "A Theoretical Study Concerning Mutual Interference of
Propeller and Rudder" J of the Soc of N 4 of Japan, Vol 109, 1961

9 M Takagi, "A Experimental Study Concerning Mutual Interference
between Propeller and Rudder" J of the Soc of N A of Japan,
Vol 111, 1962

"
10 W H Isay, "Uber die Wechselwirkung zwischen Schiffsruder und
Schraubenpropeller," Schiffstechnik Band 12, Heft 62, 1965

11 M Nakanishi, K Ueda and R Yamazaki, "On the Interaction Between a
Propeller and a Rudder" J of the Soc of N A of West Japan,
Vol 36, 1968

12 K Ueda and R Yamazaki, "On the Interaction Between a Propeller
and a Rudder" J of the Soc of N A of West Japan, Vol 38, 1969

13 K Brunnstein, "Wechselwirkung zwischen Schiffsnachstrom,
Schraubenpropeller und Schiffsruder," Institut fdr Schiffbau der
Universitit Hamburg, Bericht Nr 210, 1968

—132—

NI | -El ectronic Library Service



Nati onal Maritinme Research Institute

14 S Tsakonas, ¥ R Jacobs, and M R Ali, "Application of the Unsteady-
Lifting-Surface Theory to the Study of Propeller-Rudder Interac-
tion," Journal of Ship Research, Vol 14, No 3, 1970

15 H Lindgren, "The Influence of Propeller Clearance and Rudder upon
the Propulsive Characteristics," SSPA, Report No 33, 1955

16 M LBtveit, "A Study of Rudder Action with.Special Reference to
Single-Screw Ship," North-East Coast Institute of Engineers and
Shipbuilders, Vol 73, 1959

17 F N Lewis, "Propeller Vibration Forces in Single-Screw Ships,"
Trans SNAME, Vol 77, 1969

18 S M Robinson, "Stopping, Backing and Turning Ships," ASNE, Vol 28,
No 4, Feb 1916

19 S M Robinson, "The Stopping of Ships," ASNE, Vol 50, No 3, Aug
1938

20 Y Watanabe, "On the ¥ormula for the Decelerated lMotion of a Ship
with Screw Reversed" J of the Soc of N A of Japan, Vol 55, 1934

24 H Tani, "On the Reverse Stopping of Ships" J of the Soc of N A
of Japan, Vol 120, 1966

22 H Tani, "The Reverse Stopping Ability of Supertankers," Institute
of Navigation, the Journal, Vol 21, No 2, Apr 1968

23 D Clarke and T Wellman, "The Stopping of Large Tankers and the
Feasibility of Using Auxiliary Braking Devices," RINA paper
presented 22 Apr 1970

24 H H Curry, "Stopping and Backing Tests, U S Coast Guard Cutters
DUANE and CAMPBELL," ASNE, Vol 50, No 4, Nov 1938

25 P D Gold, Jr., "Stopping end Backing Trials of a Destroyer," ASNE,
Vol 53, No 1, 1941

26 E P Hewins, H J Chase and A L Ruiz, "The Backing Power of Geared-
Turbine-Driven Vessels," SNAWE, Vol 58, 1950

27 H E Jaeger and M Jourdain, "Le Freinage de Grands Navires (1) -
(VI)," Bulletin de 1'ATMA, Paris, 1962, 1963, 1965, 1966, 1967 and
1969

—133—

NI | -El ectronic Library Service



Nati onal Maritinme Research Institute

28 HE Jaeger and M Jourdain, "The Braking of Large Vessels," Trans
of the SNAME Diamond Jubilee Number, New York, 1968

29 "Handling Characteristics of Tankers," Shell International Marine
Limited, MRP/22, London, Oct 1966

50 H Gr8be, "Der freie Auslauf eines Schiffes,” Schiffbautechnik 16,
10/1966

3 H Gere; "Vorausbestimmung der Stoppzeiten und Auslaufwege von
Schiffen mit verschiedenen Antriebsanlagen," Schiffbauforschung
7 Jahrgeng, Heft Nr 1/2, 1968

32 M Jourdain and J P Page, "issais d'arret sur le 'Magdala' - Effect
de la profondeur," Ass Tech Maritime paper presented at 1969

Meeting

33 J P Hooft, "The Steering of a Ship during the Stopping Manoeuvre,"
Netherlands Ship Research Centre TNO Report No-114S, Sept 1969

34 W MBckel and H G Hattendorff, "Untersuchung von Stoppman8vern im
| Gefahrenfalle," Schiff und Hafen, 18 Jahrgang, Heft 5, 1966

35 J D van Meanen, "The Choice of the Propeller," Marine Technology,
Vol 3, No 2, Apr 1966

36 J WEnglish and B N Steele, "Ship-borne Manoeuvring Devices,"
Proceedings of First International Tug Conference Oct '69,
(organised by Ship and Boat Int)

537 "Parachutes as Braking Devices for Ships," Shipping World and
Shipbuilder, June 1970

38 Panel Discussions on "Propeller Design," 7th Symposium on Naval
Hydrodynamics, Rome 25-30 Aug 1968, ISP, Vol 16, No 175, 1969

39 H Yatsushiro, "Results of Model Propeller Experiments about Revers-—
ing Propellers," J of the Soc of N A of Japan, Vol 40, 1927

40 J ¥ C Conn, "Backing of Propellers," Institution of Engineers end
and Shipbuilders in Scotland, Vol 78, No 933, 1934

{1 H F Nordstrom, "Screw Propeller Characteristics," SSPA, No 9, 1948

42 J A van lken and K Tasseron, "On the Effect of the Shape of the

Blade Section on the Efficiency of Backing Marine Propellers)
ISP Vol 2, No 14, 1955

— 134—

NI | -El ectronic Library Service



Nati onal Maritinme Research Institute

L3 J A von Aken and K Tasseron, "Kesults of Propeller Tests in the
'Astern' Condition for Comparing the Open-later Efficiency and the
Thrust of the 'Lips-Schelde' Controllable-Pitch Propeller and the
"Proost’ -Series Propellers," ISP, Vol 3, Mo 26, 1956

L4 A Yezeki and A Okumoto, "Open-iiater Dacking Tests with Modern
Five~Bladed Propeller Models, TYFE-AU 5," Transportation Technical
Research Institute, T N, No 18, 1959

45 S V AL Harvald, "Wake and Thrust Deduction at Extreme Propeller
Loadings," SSPA, No 61, 1967

L6 J P Hooft and J D van Hanen, "the Effect of Propeller Type on the
Stopping Abilities of Large Ships," ISP Vol 1k, No 159 , Nov 1967

L7 H Okamoto and others, "Stopping Abilities of Ships Equipped with
Controllable Pitch Propeller" Kansai Soc of N A, Japan, No 140,
June 1971

48 WP A van Laumeren, J D van Manen and M W C Osterveld, "The
Wageningen B-Screw. Series," SNAME, Vol 77, 1970

—135—

NI | -El ectronic Library Service



