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Synopsis.
This paper is a sequel to that on the Fundamentals o f Ship Form  

given to the Institute last year.
A fte r  a brief historical review o f the development o f marine 

propulsion, the momentum anrl vortex theories o f propeller action are 
outlined,unth some account o f the characteristics o f blade sections and 
the application o f such knowledge to marine propellers, including the 
use o f model experiments.

The next section deals with the interaction between the propeller 
and the hull o f the ship, and the various elements, such as wake, thrust 
deduction, and relative rotative efficiency, which together make up the 
propulsive coefficient. A fte r  a short account o f cavitation phenomena, 
the paper concludes with a section on propeller design in which some 
guidance is given as to the probable values o f wake and propulsive 
efficiency fo r  typical single and twin screw ships. ,
1. Introduction.

A t the invitation of your Council I read a paper1 before your 
members in 1944 entitled “The Fundamentals o f Ship Form", which 
dealt with the principal features of ship resistance and how they 
govern the shape of hull for different types of vessels. The dis­
cussion on that paper suggested that a similar survey of the field of 
ship propulsion might be of interest to your members, and this paper 
is the result.

It does not claim to deal with all the modern theories of screw 
propeller action, which have been described before this and kindred 
institutions on many occasions. Rather is it an attempt to show 
how the propeller and hull interact, and to set out the principal 
elements which go to make up the overall propulsive efficiency. 
As in the first paper, the title includes the word “fundamental”, and 
the subject is accordingly discussed ab initio, in the hope that it 
may be of especial interest to young members just beginning their 
marine engineering experience, and also perhaps to  those older 
members at sea, who have not had the opportunity in the last few 
years of keeping up their knowledge of the more theoretical side of 
their profession.
2. Types of Propellers.

When a ship is moving, it experiences resisting forces from 
the water and air which must be overcome by a forw ard thrust, 
supplied by some thrust-producing mechanism.

The earliest type of propeller to use mechanical power seems 
to have been of the jet type, using a prime-mover and a pump, patents 
for which were granted to Toogood and Hayes2 in this country in 
1661. In such an installation the w ater is drawn in by the pump and 
delivered sternwards as a je t at a higher velocity, the reaction pro­
viding the forward thrust to propel the ship. At the speeds met 
with in ships, the je t is materially less efficient than other forms of 
propellers, and it has never competed with them, its possible use 
being restricted to very special types of craft.

In 1801 appeared the first steam-driven paddle vessel, the 
“Charlotte Dundas”, built by Symington for service on the Forth- 
Clyde Canal. Six years later came the famous “Clermont’', con­
structed by Robert Fulton for passenger service on the Hudson River,
New York. __
' For references to papers, see Bibliography.

From this time until about 1850 followed the heyday of paddle 
steamers. The Atlantic was first crossed by such a vessel in 1819— 
the American full-rigged ship “Savannah’'’ with auxiliary steam 
power—and then followed a line of fam iliar names—“Royal W illiam”. 
“Great W estern”, the famous first Cunarder “Britannia”, culminating 
in the last Cunarder to be driven by paddles, the “Scotia”, built 
in 1861.

Paddle wheels were far from  ideal for sea-going vessels. The 
immersion varied with different loadings of the ships, the wheels 
came out of w ater when the ship was rolling, causing very erratic 
course-keeping, and were liable to damage from rough seas. From 
the marine engineer’s point of view, they were too slow-running, 
involving the use of large heavy engines. Because of the low speed 
of turning, however, they were reasonably efficient as a propulsive 
device, but their other operational weaknesses ensured their rapid 
decline in popularity once the screw propeller arrived. To-day they 
still have a useful field among pleasure steamers and tugs, plying in 
river or other smooth waters, in which types the d raft does not 
change materially, and where restrictions of d raft due to shallow 
water prohibit the use of large screw propellers. Side paddles in 
such vessels have also the added advantage that they give good 
manoeuvring characteristics when berthing.

The first proposal to use a screw propeller appears to have been 
made in England by Hooke in 1680s, and its first actual use for such 
a purpose is usually attributed to an American, Colonel Stevens, in 
a steam-driven boat at New Y ork in 18045. In 1828 a vessel 60ft. 
long was successfully propelled by a screw propeller designed by 
Ressel, of Trieste, obtaining a speed of six knots, but this success 
was not followed up by the A ustrian engineers or shipowners'’. The 
first really practical applications came in 1836, by Pettit Smith, a 
farmer, in this country, and Ericsson in America.

The screw propeller had many advantages over the paddle wheel 
—it was not m aterially affected by the changes in d raft experienced 
in the course of normal trading, it was well-protected from damage 
under the counter, either from  seas or accidental collision, it did 
not increase the overall width of the ship, could be made to run 
much faster than paddles and still have as good or better efficiency, 
so that much smaller, lighter, faster-running engines could be used, 
and the machinery installation did not interfere so much with the 
internal arrangements of the ship. Consequently it rapidly super­
seded the paddle for all ocean-going vessels.

The first screw-propelled steamer to make the Atlantic crossing 
was the British vessel “Great Britain”, in 1845, and as already stated 
the last Transatlantic paddle vessel to be built was the “Scotia” 
in 1861.

From that time the screw propeller has reigned supreme in the 
realm of marine propulsion. There remain, of course, many 
problems, chief among them, perhaps, the incessant quest for 
propellers to absorb more and more power without an undue onset of 
cavitation and subsequent erosion, but it is true to-day that the 
screw propeller has no real rival in the field of ship propulsion.

This brief survey of propeller types and their history should 
not be closed without a reference to another type of propeller—that 
in which the screw rotates about a vertical axis, typified by the 
Voith-Schneider propeller4. This consists of a large disc set flush
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The Fundamentals of Ship Propulsion.

with the lower surface of the hull, and 
carrying a number of projecting vertical 
blades rather resembling spade rudders.
As the disc revolves around a vertical 
axis, each of these blades rotates to some 
extent about its own vertical axis, being 
so adjusted to the flow that the total thrust 
from all the blades is concentrated in one 
direction. This resultant “thrust-direction” 
can be controlled by different settings of 
the blades, so as to drive the ship ahead, 
astern or sideways. The Voith-Schneider 
screw was first fitted to a 60 H .P. launch 
in 1929, and by 1939 there were 120 ships so 
fitted, the maximum power of any installa­
tion being 2,200 H .P. It lends itself essen­
tially to craft which need to have great 
ability to manoeuvre. Also, it enables the 
equivalent of a large diameter orthodox 
propeller to be fitted to ships which have to 
operate in shallow water, and in replacing 
paddles for such purposes it greatly facili­
tates the adoption of diesel engines, with 
their advantages over the slow heavy steam 
engines in such craft.

Although its efficiency does not exceed 
that of the ordinary propeller, and its 
maintenance is heavier, the above advan­
tages have naturally resulted in its chief 
applications being to river steamers, tugs 
and ferries. In case it may be thought that 
the Voith-Schneider propeller was a new 
idea, it is as well to point out that an exact-
ly similar principle was employed in the U.S.S. ‘'A larm ” in 1874'. 
This vessel carried a fixed bow gun and had to be trained to aim 
the gun. In order to be able to keep the ship steady in a tideway, 
where a rudder would be useless, what was virtually a feathering 
paddle wheel W'as fitted at the stern, completely submerged and 
rotating about a vertical axis. I t  was known as the Fowler wheel, 
and was quite successful as a means of manoeuvring the ship, 
its propulsive efficiency was low, due to the use of inefficent paddle 
sections.
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F ig . 2.— Typical propeller design.

The shapes of blade outline and sections vary greatly according 
to the individual designers’ ideas, and the thickness of the sections 
is dependent on strength considerations. Fig. 2 shows a typical 
modern propeller design, and defines most of the terms in common 
use.

If  we consider a section of the propeller blade at a radius r 
but with a pitch angle 6 and pitch P  (Fig. 3), and imagine the blade to 

be working in an unyielding medium, then in one revolution o f the

3. Geometry of fhe Screw Propeller.
In the simplest case, the faces of a marine propeller's blades 

are portions of a  true helical surface, i.e., a surface swept out by a 
straight line AB (Fig. 1) one end o f which (A) advances uniformly

B  i B '

r _

FA C E PITCH p

PITCH R A T IO _E.
D

F ig . 1.— Geometry o f propeller.

along an axis OO ', whilst the line itself rotates about the point A 
with uniform angular sreed. W hen the generating line has made a 
complete revolution, and is in the position A 'B ', the distance it has 
advanced, AA', is called the face pitch o r geometrical pitch.

Any cylinder coaxial with O O ' will cut the helical surface in a 
helix, and the angle between any such helix and a surface normal 
to the axis is called the pitch angle, 0, as shown in Fig. 1. 6 will 
be constant for a given helix, i.e., at a  given radius, but will 
increase in value from  the tip of the propeller in towards the boss. 
In  practice, the pitch is not always the same at all radii, it being 
fairly  common to have a reduced pitch towards the root of the 
blade at the boss.

F ig . 3.

develop the helix traced out by A on the cylinder of radius r, we 
shall obtain the straight line AM, and from the geometry of the 
figure, we see that

tan 0 =  P /2 irr ...............................................  (1)
If  the screw is turning at N  revolutions per minute, in such a 
medium, then in one minute it will advance a distance P N  feet, and 
we c in  obtain a velocity diagram for the section as shown in Fig. 4, 
which will obviously be of the same shape as Fig. 3.

In actual fact, the medium will yield, and the screw will not 
advance a distance LM, equal to P x N ,  in a minute, but some smaller 
distance LS, the distance MS being called the slip, and the ratio

M S /M L
is called the slip ratio, and the angle M AS is the slip angle or 
geometrical slip angle, a.

If  V , is the speed of advance of the propeller through the water
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1'he fundamentals of Ship Propulsion.

M passing through it;
(2) The mechanism is frictionless; and
(3) There is an unlimited inflow of w ater to the propeller.
The first assumption involves a contraction of the race column,

and since this contraction cannot take place suddenly at the propeller, 
the actual accelerations must occur outside the disc and be spread 
over a finite distance fore and aft.

Consider a propeller disc of area A  advancing with uniform 
velocity t/, into undisturbed fluid. The hydrodynamic forces will 
be unaltered if we replace this system by a stationary propeller 
disc in a uniform  flow of the same velocity v u as shown in Fig. 5.

A t some distance well ahead of the screw, the velocity of the 
flow will be v u and the pressure in the fluid p (Fig. 5). Well

Vi
PRESSURE

PR ES SU R E [3

F ig . 4.—Velocity Diagram fo r  Blade Section.

in knots, and v, the same speed in feet per minute, then 
V j=V , x 101-33, 

and by our previous definition
slip = MS = P N —v, 

and the slip ratio is given by
s = M S /M L  = (P N —v ,) /P N  =  1 — V j/P N =1 —101 -33 V ,/P N  ....... (2)
Since AL represents the rotational velocity of the section and SI. 
its speed of advance, SA will represent the velocity and direction 
of the w ater meeting the blade section, and the angle a is also called 
the geometrical angle of incidence.

The slip ratio s is an important factor in a propeller’s per­
formance, as we shall see in subsequent sections.

4. Theories of Propeller Action.
There have been many theories advanced to account fo r the w'ay 

in which a propeller produces thrust. A t first relatively crude, these 
have been elaborated from time to time, stimulated particularly in 
recent years by the great amount of work, both theoretical and 
experimental, which has been done in the sister science of aero­
dynamics.

It is not the purpose of this paper to go into all the latest 
developments of screw theory (which have, indeed, been admirably 
and fully dealt with in many recent papers), as these are “refine­
ments” rather than the “ fundamentals” of the subject. The theories 
are dealt with here rather as an introduction to those papers, which 
to many beginners are not easily intelligible at first reading.

F irst let it be said that no theop' yet advanced takes account 
of all the various factors entering into propeller action, and the 
practical design of a ship’s propeller to suit a given set of conditions 
still depends on the results of systematic experiments with model 
screws. On the other hand, a good theoretical knowledge of how 
a screw works is essential both to the experimenter and to the 
practitioner, to guide them as to the best methods to pursue in 
research, the correct interpretation of the results of their work, 
and as a basis to explain qualitatively the peculiarities of propeller 
behaviour.

The screw propeller is essentially a reaction machine, taking 
in water at a certain speed, and throwing it astern at some greater 
speed. I f  the screw acts upon IV  tons of w ater per second and gives 
it an acceleration of /  ft. per second per second astern, then the 
force exerted on the water will be

W /gX  f tons
and the reaction of the water on the propeller blades will appear 
as a forward thrust. Viewed in this way, it was natural that the 
earlier theories of propeller action were based upon momentum 
considerations. They did not lead to any clear idea of the action 
of individual blades, since the propeller had to be idealised into an 
“actuator disc” or some similar conception which could cause an 
instantaneous increase in pressure, and a second line of develop­
ment was based on a study of the action of each section of a blade, 
leading to blade element theories and the modern vortex theory.

5. Momentum Theories.
These theories are due to Rankine6, Greenhill'. R. E. Froude’. 

and others. In the ideal conception of the propeller, the latter is 
regarded as a mechanism capable of imparting a sudden increase of 
pressure to the fluid passing through it, the method by which it 
does so being ignored.

The assumptions made are : —
(1) The propeller imparts a uniform acceleration to all fluid

TNcmnsr m
1 PPFSS'JBE AT

Of |  INCREASE Of 

— PRESSURE
>C I -------------

F ig . 5.— Changes o f Pressure and Velocity at Propeller Disc.

behind the screw, the race column, i.e., the fluid wrhich has passed 
through the screw disc and been acted upon by the pressure- 
producing mechanism there, will have some greater sternward 
velocity, which wTe may write as vt (1+b). On the other hand, if 
we neglect any effect of rotation in the race, the pressure will still 
be p, equal to that in the surrounding fluid.

Since the acceleration and contraction of the race column cannot 
occur instantaneously at the disc, the fluid must acquire some of this 
increased velocity before it reaches the disc, and the velocity through 
it will be greater than v x, and we may write it as

vt (1+ a) 
where o is an axial inflow factor.

The pressure in the race column, which is p well ahead of the 
screw, will be reduced as the fluid approaches the disc, because of 
the increase in velocity, as shown in the lower part of Fig. S. 
A t the disc, the pressure is suddenly increased by the screw 
mechanism to some value greater than p, and then decreases again 
with the further acceleration in the race until it reaches the value 
p again well behind the screw when the velocity is v, (1+b).

The theory is developed in Appendix A, and it leads to the 
important conclusion that

a = b /2  .......................... ...................  (3)
i.e., that one half o f the sternward increase in velocity is acquired 
by the fluid before it reaches the propeller.

The efficiency of the screw is found to be
>M /(l +  a) = (l —s)/(l —s/2) ........... ...................  (4)

where s is the slip ratio already defined, and which is thus shown 
to be a most im portant factor in the working of the propeller.

The above results neglect any rotational velocity in the race. 
If the propeller mechanism is a rotating one, and the fluid is not 
frictionless, some rotation will occur, and the additional rotational 
kinetic energy must be imparted to the fluid by the propeller. This 
will involve greater expenditure of power, and a consequent reduction 
in the efficiency given in equation (4).

Some of this rotational velocity will be acquired by the fluid 
before it enters the screw disc, just as in the case of the sternward 
acceleration (Fig. 6), and we can imagine a rotational_ inflow  
factor, a \ analogous to the axial inflow factor a. In this case, 
however, the fluid is set in rotation in the same direction as the 
propeller disc, so that the rotational inflow factor reduces the 
angular velocity w of the disc relative to the water, which accordingly 
becomes

(1 —a )
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THROU GH D ISC .

DOTTED LINES SHOW  
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F ig. 6.— Effect o f Race Rotation.

The above discussion applies to an ideal propeller working in a 
frictionless fluid, and the results do not help us to design a propeller, 
nor to visualise the actual mechanism by which the latter develops 
its thrust. Nevertheless, the conception of inflow factors and the 
theoretical conclusion that half of the increased velocity is acquired 
by the fluid before it reaches the propeller, will be found of great 
assistance and importance in the understanding of modern screw 
theories.

6. Blade Section Characteristics.
In order to follow the reasoning underlying such theories, we 

must know a little about the behaviour of blade sections when 
moving through a fluid. Most of our knowledge in this field is 
derived from aerodynamic research, and the terms used there have 
been adopted by marine engineers and naval architects.

The fundamental data are derived from tests on long spans, 
having a constant cross-section shape, placed in uniform flow in 
a wind tunnel. The two types in which we are most interested are 
the circular back and aerofoil shapes shown in Fig. 7, which are the
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F ig. 7.—Circular Back and A erofoil Sections.

sections mostly used in marine screws. The form er has usually a 
flat pitch face, the back being an arc of a circle, the edges being 
sharp within the limits of manufacture. The aerofoil section is 
characterised essentially by having its maximum thickness nearer 
the nose, and usually has rounded edges and often they are lifted 
from the pitch face.

When such a span is placed in an air stream with its pitch 
face set at an angle to the flow (Fig. 8) it experiences a force very

nearly normal to the face, which is usually resolved into two forces

—one normal to the direction of incident flow, called the “L if t”, L, 
the other parallel to the flow and called the “Drag”, D. The angle 
between the flow and the pitch face is the angle o f incidence,

These forces are usually expressed in the form of coefficients :
L ift coefficient = CL = L / i p A V 3  ̂ ....................... (5)
D rag coefficient =  Cj} =  D / i  p A V ' ................... (6)

where p = mass density of fluid.
A = area  of plan form of section.

-  chordxspan.
V = velocity of incident flow.

The efficiency of the section as a lifting device can be measured 
by the ratio

L if t /D ra g = L /D
since in a ircraft wings the provision of maximum lift fo r minimum 
drag is of first importance.

W hen the results o f such tests are plotted, a number of inter­
esting points emerge (Fig. 9).

(i) The lift coefficient for small angles o f incidence is a linear 
function of the angle, i.e., C r- plotted against a, is a  straight line.

(ii) Zero lift does not occur at zero incidence, but at a small 
negative angle. W e can thus draw  a line from  the tail passing 
above the pitch face which is the zero l i ft  line (see Fig.^ 9), such 
that when the flow is along this line there will be no lifting force 
on the section normal to the flow.

(iii) The drag coefficient remains small and more or less constant 
for small angles of incidence, and then, when the lift coefficient begins 
to fall off, increases rapidly.

(iv) The lif t/d rag  ratio is a  maximum at a small angle of 
incidence, and for such sections to w ork efficiently the angle of 
incidence should be in the neighbourhood of 3 or 4 degrees.

The ratio of span to chord is called the aspect ratio. I f  this 
ratio were infinite, the flow around a section would be two- 
dimensional, and the lift distribution along the span would be 
uniform. W ith a finite span, a certain amount of "spilling” takes 
place at the ends, and the lift falls off to zero a t those points. The 
results can be corrected from one aspect ratio to another, and are 
usually given either fo r a ratio  of 6 o r fo r infinity.

One other feature is of importance in propeller work—the 
distribution o f pressure around a section. A  typical example for 
an aerofoil is shown in Fig. 10. On the face the pressure is 
increased above that in the free-ftowing stream, being greatest quite 
close to the nose. On the back the pressure is decreased, and with 
aerofoil sections there is a marked peak in this reduced pressure 
curve just behind the nose. The lift force generated is the result 
o f the differences in pressure on the two faces of the section, and 
these reinforce one another, and it is clear from Fig. 10, which is 
typical, that the reduction of pressure on the back contributes more 
to the lift than does the increase on the face.

F or a circular back section the same general picture holds, 
but the peak of pressure reduction on the back is not so marked, 
and for the same area under the pressure curve the maximum reduc­
tion in pressure will be less than fo r an aerofoil. This is important, 
and will be referred to again. In both types the maxima, both of 
increase and decrease of pressure, become greater with increase of 
angle o f incidence.

7. Blade Element Theories.
In these theories, the screw blades are considered as being made 

up of successive strips across the blades from  leading to  trailing 
edge, and the forces acting on them evaluated from  a knowledge of 
the relative velocity of the strip to the w ater and the character­
istics of the section shape as outlined in the last section (F ir 
These elementary forces can then be resolved into the elements of 
thrust, ST, in the forw ard direction, and of torque SQ. in the plane 
of rotation. By plotting curves of ST and SQ along the blade from 
boss to tip (Fig. 12), curves of thrust and torque loading are obtained 
which on integrating will give the total thrust T  and torque Q for 
the whole propeller. The efficiency is then

1 --T  V ,/2irN Q  ...........................................  (7)
This theory is developed in Appendix B, and we shall only 

note here one or two points which it brings out.
In the first place, the working of the blades affects the fluid 

ahead of the screw, so that the total axial inflow velocity is increased 
above the speed of advance V , to some speed V, (1+ a), whilst the 
total rotational inflow velocity is decreased from 2irNr to (1—aO 
2rrNr, in a similar way to that found in the momentum theories. 
Reference to Figure 11 will show that these two inflow factors 
a and a' both reduce the angle of incidence at which the water flows 
on to the blade section to  a value considerably below that found on 
purely geometric considerations neglecting a and a'. I t must be 
remembered that this angle o f incidence or slip angle is always
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F i g . 9.— Blade Section Characteristics.

small in an efficient screw propeller, usually not greater than 3° or 4°. 
This is as it should be, since we know that both aerofoil and circular 
back sections give their maximum values of L /D  at such angles 
of incidence.

The elements of thrust and torque on a blade section can be

found from data of the kind discussed in para. 6 
when the angle of incidence of the fluid to the blade 
is known. This involves a knowledge of the inflow 
factors a and o', which can be found by equating the 
thrust and torque to the axial and rotational momen­
tum put into the race, on the assumption that one 
half o f the acceleration occurs before the fluid 
reaches the screw disc.

In  its original form the blade element theory 
neglected certain losses in the working of the pro­
peller, with the result that calculated thrusts, torques 
and efficiencies were in very poor agreement with 
actual performance. L ater developments in 
theoretical work on vortex motion have enabled two 
of these omissions to be rectified to a certain extent 
—tip losses and blade interference.

We have seen that the pressure on the face of a 
section is much higher than that on the back—in 
consequence, at the tips of a blade the fluid tends to 
“spill” over from  face to back, and the continuous 
operation of this effect causes a vortex spiral to be 
shed from  the tip, which appears as a helical spiral 
in the propeller race. This tip loss has been the 

° -OB subject of much investigation, and methods of in­
cluding its effect in the calculation of propeller per­
formance have been given by Goldstein10, Lock11 and 
others.

° 'oi W hen one blade is following another, as in a 
propeller, the pressure field around the second one is 

^  D affected by the first, and this is im portant in marine 
screws, especially near the roots in small pitch ratio

o propellers. There is a loss in thrust, which can be 
allowed fo r if sufficient data are available on the 
effect o f interference between blade sections when 
run at different distances apart—that is, in “cascade”. 
The most complete inform ation on cascade effect 

a-oz at present available is that due to Gutsche12 and to 
Shimoyama11 but much more experimental work is 
necessary in this field.

The thrusts and efficiencies of air screws have 
been predicted with considerable accuracy by the 

*■ latest vortex theories, the distribution of pressure 
over an air screw blade has been found to agree well 
with that over an aerofoil of the same shape of 
section, and measurements of the pressure and 
velocity distribution in the neighbourhood of an air 
screw justify  the assumption that half the accelera­

tions occur before the propeller disc.
In the case of marine screws the problem is more difficult. 

The blades are much wider for their length, and the changes in 
width are much more rapid than in an air screw blade, causing the 
flow to be much less two dimensional in character, and hence 
increasing the tip loss correction. Because of the greater blade*.
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F ig . 12.— Thrust and Torque Grading Curves along 
Propeller Blade.

widths, also, the interference effects are much greater.
But by far the most important difference, and one which greatly 

restricts the application of such design methods to ship propellers, 
is the relative positions in which airscrews and marine screws work. 
In an airscrew working ahead of an aircraft, the inflow is more or 
less uniform over the disc, and is known fairly accurately. In  a 
marine propeller, working behind a ship, the velocity of the water 
approaching the propeller disc will vary from point to point over it, 
the actual variation depending upon the shape of the hull in front 
of it, the presence of bossings and other appendages, the position of 
the propeller, the state of the hull surface and the speed of the 
ship. W e shall deal with this question later, but enough has been 
said to show that the angle of incidence of the water to a given 
propeller blade section will be varying continuously as it rotates, 
and no unique ideal design solution will exist.

Another feature of screw propeller performance brought out by 
Fig. 11 is the fact that the effective pitch is greater than the 
geometric pitch. W hen the flow conditions are such that a, is zero, 
i.e., the relative velocity v r is coincident with the pitch face of the 
section, the thrust provided by the element will not be zero, since 
the flow is still at a positive angle of incidence relative to the zero 
lift line. If we calculate slip ratio by using the geometric pitch, 
therefore, the screw will still deliver th rust when the slip ratio 
is zero.

The theory of screw propellers outlined above cannot yet replace 
the use of experiment data—whether model o r full scale—but some 
knowledge of it is of inestimable value in understanding propeller 
action, in avoiding mistakes in design, and attacking the questions 
of cavitation, erosion and singing. To those who wish to go more 
deeply into this subject, a very complete exposition of the application 
of theory to design has recently been given by B urrill13 and in three 
recent papers (15, 16, 17) Baker has dealt with the losses inevitable 
in a propeller due to its having pitch and experiencing friction, the 
estimation of effective pitch and the effect of roughness of blades 
and blade interference on propeller efficiency.

8. The Use of Model Experiments.
The use of model experiments to determine ship resistance and 

the best form  of hull to suit given conditions (described in paper 1) 
was followed by a similar application of model technique to screw 
propellers.

In the first instance such experiments were confined to measuring 
the thrust, torque and efficiency of propellers dissociated from any 
hull—what is referred to as “open w ater" performance. In the 
modern experiment tank this is done by running the propeller on a 
long shaft projecting well ahead of a narrow propeller “boat” con­
taining the recording apparatus. The propeller itself thus advances 
into undisturbed water, so that its speed of advance V, is known. 
Records of thrust, torque and revolutions are taken automatically 
inside the boat.

I t can be shown that if we neglect viscosity, the coefficient 
T /p D ’V j2

will be the same fo r model and full-sized propeller provided that 
W / D  and N D /V i are the same in the two cases.

The second condition is equivalent to saying that both screws 
must be run a t the same slip, and the form er that if the ratio of 
the full size to model linear scale is m, then the revolutions per 
minute of the model (n) and of the ship (N ) m ust be related by the 
equation

n = N V m

Thus whilst the speed of advance of the model screw is much less 
than that of the full size screw, its revolutions per minute are much 
higher.

The neglect of viscosity in this analysis gives rise to the possi­
bility of some difference between model and full size screws, which 
is usually referred to as “scale effect”, and this must be kept to a 
minimum by using as large a model screw as possible.

If  the model results were plotted as curves of T /p D 2V12 and 
Q /pD 3V ,2 to a base of slip ratio, therefore, the values should 
be directly applicable to the ship. This is a method often used 
in model work, but these coefficients have the disadvantage that 
they become infinite for zero speed of advance (e.g., for the bollard 
condition in tugs) and it is usual to use the slightly different form s :— 

IC t= T /p N 2D4,
K v = Q /p N 2D‘ >.......................................................  (8)

J  = V 1/N D  I 
where p = wt. of unit volume of flu id /g  

In any consistent system of units these coefficients are non-
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F i g . 13.—Typical Curves o f Thrust and Torque Coefficient and 
Efficiency fo r  a Screw  in “Open”.

\ W here V i =  Speed of advance.
J  = V 1/ N D |  N =Revolutions in unit time.

D =  Diameter.
K t = T /p N 2D ‘ r T  =  Thrust.

Q =  Torque.
Kq = Q /pN 2D5 p =  Mass density of fluid.

= W T  per unit volume/g.
4 bladed screw 0-40 blade area ratio.

1-00 face pitch ratio.

dimensional. An example of such results is given in Fig. 13.
This shows that the screw reaches its maximum efficiency at 

slips of about 15 to 20 per cent., and also that the thrust does not 
vanish a t J  = 1-0, but at some higher value (nearly MO in this case). 
This is due to the effect of the zero lift angles of the blade sections, 
and the value of J  a t which the thrust does vanish can be used as 
a measure of the effective pitch ratio.

The first model experiments with a series of geometrically 
similar screws of different pitch ratios were made by R. E. Froude 
and published in 190818. Since then m ore results have become avail­
able—Gawn has extended Froude’s series to cover much wider 
blades19, Taylor in America has run many such families of screws20, 
Hughes has run a series of 3 bladed screws21 and Schaffran iln 
Germany covered a large range of pitch ratios22. The most recent 
and perhaps most useful systematic experiments are those made at 
W ageningen in H olland by T roost and van L a m m e r e n s i n c e  
they include 4 and 3 bladed screws of 2 blade area ratios in each 
case and cover a much wider range of revolutions than other series, 
a very valuable quality in these days of fast-running diesel engines.

For design purposes, the above coefficients are not very suitable.
Various others have been suggested, but those introduced b> 

Taylor and subsequently adopted by Baker and Troost are probably 
the most useful for everyday use. The results fo r a family off 
screws of the same geometrical design but differing in pitch ratio 
are then presented in a chart such as tha t shown in hig. 14, in which 
are given contours of constant efficiency ij and advance coefficient 
with abscissa Bp and ordinate pitch ratio, where 

B = N S  /V ,3'*!
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F ig .
In these expressions :—

14.- -Typical Screiv Design Chart— Adapted from  Troost.

until such a value V i is 
obtained that the screw de­
livers the same th rust T  at 
the same revolutions N as 
when propelling the hull at 
speed V.

Then the difference 
(V  —V j) is the effective 
wake speed.

Froude expressed the 
value of the wake speed 
as a fraction of the speed 
of advance V,, calling this 
ratio the wake fraction, u, 
so that

“  = ( V - V ,) /V ,
and V . - V / 0 + - )  ....... ( 10)
and the expression (l+ « ) 
is called the wake factor. 
For a forw ard wake « is 

positive.

N = revolutions per m inute;
S = horse power absorbed by propeller;

V, = speed of advance of propeller in knots;
and D = screw diam eter in feet.

All these quantities can be estimated when dealing with a propeller 
design, and from  the chart the best combination of diameter, pitch 
and revolutions selected.

9. Interaction Between Hull and Propeller.
W hen the propeller is working in its correct location behind 

the model or ship hull, the conditions are modified in several ways.
The water at the stern has, in general, a forw ard motion due to 

the hull ahead, and this forward current is called the wake. In 
consequence the true speed of advance of the screw is not the speed 
of the ship, V  knots, but some lower speed, V,, which must be used 
in the process of designing the screw from charts.

The wake speed is, of course, not the same at all points of the 
screw disc, and the propeller behind the hull will experience a varia­
tion of feed velocity and direction from point to point which is 
absent fo r the screw in open. Hence, at the same speed of advance 
and same thrust, the torque and therefore the efficiency will not 
necessarily be the same—we thus introduce the idea of an " open 
efficiency” and a “behind efficiency”, i;B, the ratio of one to the 
other being called the “relative rotative efficicncy”, Ib / 'V

As we have seen when discussing propeller theories, the water 
is accelerated for some distance ahead of the propeller, and in 
consequence the pressure there is also decreased. W ith the hull 
ahead of the screw, this means that the water pressure over the 
after part of the ship or model is not so great as when being towed 
w ith no propeller, and the resistance is therefore greater by an 
amount known as the “augment o f resistance”.

Inform ation on all these factors can only be derived from model 
experiments, where the performance of the screw can be determined 
both in open and behind the model. In  modern experiment work, 
the model is fitted up with stern tube and shafting and all external 
fittings such as sternpost, rudder and bossings. The screw is 
driven from inside the model and the thrust, torque and revolutions 
per minute of the propeller are automatically recorded, as are the 
forward speed of the model and any difference between the thrust 
of the screw and the resistance of the model, which is constrained 
by the travelling carriage to run at a constant desired speed. BV 
running a number of such experiments, all at the same speed but 
at different revolutions, the actual self propulsion point can be 
accurately determined, and so the correct revolutions, thrust and 
torque. From this information, together with the open performance 
of the screw and the hull resistance data, the propulsive coefficient 
can be determined, and the relative efficiency of different designs 
of propellers, types of rudder or bossings, or of different revolu­
tions, can be quickly and cheaply obtained. The values o f wake 
and augment of resistance are also easily derived from the results, 
and this information is of great value in interpreting the experiments.

10. W ake Fraction.
Suppose that a propeller driving a hull at V  knots develops 

a th rust T  and turns at N  revolutions per minute. W hen this 
propeller is run in "open w ater”, if the speed and revolutions are 
maintained at V and N, then it will develop considerably less thrust 
than behind the hull. In experiments in this country, the method 
used to obtain the wake is to vary the speed of advance in open water

Taylor in America introduced another wake fraction, <uT, by 
expressing the wake speed as a fraction of the ship speed, so that 

<uT= (V - V 1)/V  
or V1 =  V(1—«> t) ...........................................  (11)

The second definition has much to recommend it, since a wake 
of 50 per cent, then means that the wake speed is 50 per cent, of 
the ship’s speed, whereas a 50 per cent, wake in the Froude notation 
infers that the wake speed is 33 per cent, of the ship's speed. This 
difference must be carefully remembered in using published data 
on model work, the British practice being to follow Froude’s notation 
and the American Taylor’s. The two wake fractions are related by 
by the equation

l/(l-u> T) = l+u> ...........................................  (12)
I t  will be seen that this method is based on the identity of thrust 

behind and in open. A similar wake fraction could be found based 
on torque identity, and would not, in general, be the same as the 
thrust wake, except when the relative rotative efficiency has a value 
of unity. H ere again British and American practice differs, the 
form er using thrust wakes whilst the Washington Experim ent Basin 
uses the average of thrust and torque wakes.

The wake is due to three principal causes : —
(1) The frictional drag of the hull surface causes a following 

current which increases in velocity and volume towards the stern, 
and produces there a wake having a considerable forw ard velocity 
relative to the surrounding still water.

(2) The stream line flow past the hull causes an increased 
pressure at the bow and stern and a decreased one along the centre 
part of the length— (see Section 8 of paper 1). This means that 
at the stern the relative velocity of the water past the hull will be 
less than the ship’s speed, and will appear as a forward or positive 
wake augmenting the frictional wake.

(3) The ship forms a wave pattern on the surface of the water, 
and the water particles in the crest of such waves have a forw ard 
velocity due to their orbital motion, whilst in the troughs the orbital 
velocity is sternward. This orbital velocity will give rise to a wake 
component also, which may be positive or negative according as 
to whether there is a crest or a trough of the wave system in the 
vicinity of the propeller.

The total wake is made up of the three components, and is in 
the vast majority of cases positive. The only exception arises in 
very high speed craft, such as destroyers and high speed motor 
boats. In the former, for example, the hull is very fine and the 
frictional and stream line wakes are small. A t a speed of about 
34 knots, the wave length of the system created by the ship will 
be some 640 feet, so that a destroyer 320ft. in length would have 
a trough in the neighbourhood of the screws, and the “wave” wake 
would be negative and usually sufficient to about balance the other 
two components, giving rise to a zero or slightly negative total wake.

The wake factor o> obtained from behind and open data in this 
way is, of course, an “average” or “effective” wake. If  we wish 
to find the distribution of wake over the screw disc, other means 
must be adopted. The wake a t actual points in the disc can be 
obtained by pitot tube measurements. For a single screw ship, such 
measurements show that the wake will be most intense over the 
upper part of the disc, rather less so down the vertical centre line, 
and much smaller over the outer lower quadrants, somewhat as 
shown in Fig. 15. For a twin screw ship, the average wake wilt, 
as a rule, be less than in a single screw ship of the same fullness, 
but there will be a high concentration across the disc immediately 
behind the bossing ends, and another in that part ot the
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f

W ake Factors are given in Taylor’s Notation, <ot

disc nearest the hull, especially if the clearance between blade 
tips and hull is small, so bringing the form er into the heavy fric­
tional wake near the surface of the hull.

As a propeller blade revolves, a section at any given radius will 
thus pass through regions of very different wake concentrations. 
W e can make the propeller with a varying pitch to suit different 
distributions of average wake, and at any given radius the pitch 
is fixed, and must be fixed, to suit the average wake round the 
circumference of a circle of this radius. It is thus of interest to 
measure the wake over such elementary annuli, and this can be 
done by using blade wheels of different radii or rings of different 
diameters and measuring their resistance. Both these methods and 
the use of pitot tubes give the wakes which exist without the 
propeller in action, and they do not therefore agree with the 
effective wakes found from the correlation of open and behind results. 
They are, however, of the greatest value in the interpretation of 
screw performance.
11. Real and Apparent Slip Ratios.

W e have defined slip ratio by the equation (2), i.e., 
s = l —v ,/P N

where v, was the speed o f advance in open water. For the screw 
working behind the hull, it is evident that we can calculate two 
slip ratios, one using the ship speed v, the other the speed of advance 
v, a fter we have allowed for the effective wake over the propeller 
disc. These two ratios are referred to as the apparent and real slip 
ratios respectively, so that 

apparent slip ratio = sa =  l —v /P N  | 
and real slip ratio = s =  l —V j/PN  j 

The form er can be calculated from ship figures only, W'hereas the 
second, which is the only real guide to the ship’s performance, 
requires a knowledge of the wake fraction «.

12. Relative Rotative Efficiency.
Knowing the wake fraction from the results of open and behind 

experiments with a propeller, the open and behind efficiencies can 
be calculated, being given by the expressions 

w = T V ,/2 iN Q  l
and »/o = T V 1/2irNQ<, i (14)

Hence
R.R.E. = Q0/Q  ............................... (IS)

If, therefore, it requires the same torque behind as in open to pro­
duce the same thrust T  at the same revs, per minute N, the relative 
rotative efficiency will be unity, but not otherwise.

The difference in torque actually found is due to two main

reasons—because of the heterogenous wake be­
hind the model, the flow conditions over a given 
blade section as it rotates differ from those in 
open with a homogeneous wake, so that the 
efficiency of the element will not necessarily be 
the same, and because of a possible difference 
in turbulence behind the hull as compared 
with open w ater giving rise to scale effect.

T he value of relative rotative efficiency 
does not depart materially from  unity, being 
between 0-95 and 1-0 for most twin screw 
ships and between 1-0 and 1-10 for single 
screw.

13. Augment of Resistance and Thrust 
Deduction.

When a hull is towed, there is an area 
of high pressure over the stern which, by its 
resultant forw ard thrust, provides a com­
ponent reducing the total resistance. W ith a 
self-propelled hull, however, some of the 
water around the stern eventually becomes 
the race column, and by acquiring half its 
acceleration before entering the screw disc, 
materially reduces the pressure on the stern 
of the hull, thereby increasing its resistance 
and hence the thrust necessary to propel the 
model or ship. Thus it is found in model work, 
where the necessary measurements can be made, 
that if the resistance of a hull when towed is 
R, the thrust T  necessary to propel the model 
at the same speed V is greater than R, and 
the increase is called the augment o f resistance, 
and is expressed as the ratio of the increase 
in thrust required to the resistance, so that 

a = ( T - R ) / R  = T /R  —1 or T  =  (l+ a)R  
Although this is the more logical way of viewing the problem, the 
common practice is to look upon this increase in resistance as a 
deduction from  the th rust available at the screw, so that although 
the screw provides a thrust T  tons, say, only R  tons are available 
to overcome resistance, and this “loss of th rust” (T - R ) ,  expressed 
as a fraction of the thrust T  is called the “thrust deduction 
coefficient”, t, where

t = (T — R )/T  = 1 -  R /T  I
or R /T  = 1 —t ) ....................................................  <16)

(1—t) being called the “thrust deduction factor”.
In modern model work, it is the common practice to fit rudders 

and other stern appendages for the self-propelled tests, and this 
has introduced a new feature into the measurement of thrust 
deduction. R in equation (16) remains the resistance of the naked 
model (i.e., with no appendages) but T  now has to overcome not 
only the augmented resistance R ( l+ a )  but also the resistance of 
the rudder and other appendages. This means that the values 
found for t will not only depend on the shape of hull and propeller 
characteristics as reflected in the augment a but also on the type ot 
rudder fitted to the model. This problem has been investigated fully 
by the author and the results published in 193425, but the}' may just 
be referred to very briefly.

A model representing a 400ft. cargo ship was run self-propelled, 
but with no rudder or sternpost. The value of t was found to be
0-2 , and this was in the main due to the augment of resistance 
effect. W ith a plate rudder and square sternpost behind the hull, 
the value of t went up to 0-29, this representing a considerable loss 
in propulsive efficiency. W hen the fore side of the post was faired 
off into a fin, this value dropped to 0-24, showing that practically all 
the gain in efficiency from the fin was due to the reduction in head 
resistance of the post. To carry the m atter a little further, the 
rudder and post were next carried separately from the model, and 
maintained in their correct position by springs, so that their resistance 
could be separately measured. Using as the resistance in calculating 
t the sum of naked hull and this separately measured appendage 
resistance, the value o f t came out the same for all conditions, 0-20, 
and the changes in propulsive efficiency were then exactly reflected 
in the changes in total resistance.

W hen using published figures fo r thrust deduction coefficient 
fo r the purpose of design, therefore, it is most im portant to know 
the exact stern conditions on the model for which they were obtained.

14. Hull Efficiency.
The work done on the ship in moving her at a speed of V 

against a resistance R  is measured by the product R.V and the power
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absorbed is called the effective horse power, E .H .P . :■—■
E .H .P . = (RV x 101-33)/33,000 ...........................  (17)

where R is in lb. and V in knots (see paper 1, section 2).
The work done by the screw is the product of thrust (T) and 

the speed of advance a t which it is delivered (V,), so that the 
thrust horse power, or T .H .P . is

T .H .P . = T V 1101;33/33,000 ........................... (18)
The ratio of the work done on the ship to that done by the screw is 
called the hull efficiency, h,

so that h = E .H .P ./T .H .P .
= R .V ./T V ,

i.e., h = (l+<u) (1 —t) ...................................  (19)
from equations (10) and (16).

15. Propulsive Efficiency.
The overall propulsive efficiency for reciprocating engines is 

usually given in the form
Propulsive coefficient = E .H .P ./I.H .P .

For turbines, the S.H .P. at the turbines is used instead of 
i.H .P . It is obvious that the coefficient expressed in this way 
includes the mechanical efficiencies of the main engines, and to 
avoid differences in this factor a new propulsive efficiency was 
introduced which measures the relation between the E .H .P. and the 
power absorbed by the screw, called the delivered horse power, 
D.H.P., so that
Quasi-propulsive coefficient (Q.P.C.) -E .H .P ./D .H .P ................... (20)
This can be split up into different elements : —

Q.P.C. = E .H .P ./D .H .P .
R .V .x 101-33 

33,000
-  T .V ,x 101-33

I B
_  lv.V. v 
“ fT v , nB
= ( l - t )  (1 +  w)— . rj0 

Vo
i.e., Q.P.C. = ( l - t )  (1+*) (R .R .E .)xt/0 ,

or Q.P.C. = hull efficiency x R .R .E .x screw j- ................................... (21)
efficiency in open J

The quasi-propulsive coefficient is thus found to depend on the 
different elements we have already studied, and this brings out their 
importance in all attempts a t estimating powers for new designs.
16. Cavitation.

When discussing blade section characteristics in para. 6, attention 
was called to the distribution of pressure around a section, a typical 
example of which is shown in Fig. 10. It is evident from such 
pressure diagrams that the reduction of pressure on the back con­
tributes more to the thrust of the screw than does the increase of 
pressure on the face. As the revolutions of the propeller are increased 
and the velocity of the blade section through the water increases, 
the maximum reduction of pressure on the back grows larger and 
larger. There is a limit to this reduction, and when the peak 
pressure has fallen to that of the pressure of water vapour, no further 
reduction is possible, and for any higher revolutions the w ater will 
no longer remain in contact with the blade at that point, bubbles or 
cavities appear which are filled with water vapour (and some air 
which has been in solution in the water), and for this reason the 
phenomenon is known as cavitation. As the revolutions are further 
increased, the area of the back of the blades affected by cavitation 
spreads, and the screw develops less thrust than would otherwise 
be the case. This loss of thrust is the major effect of cavitation, 
and may be responsible for a vessel failing to reach the desired speed. 
There are other effects—erosion of the blades, vibration, and possibly 
cavitation is involved in some way with singing—and altogether it 
is a feature of propeller operation which is to be avoided at almost 
any cost.

The maximum pressure reduction on the back of the blade which 
may occur before cavitation begins will obviously depend to a large 
extent upon the total pressure head in the water at the point where 
the particular section is working a t any instant. This pressure head 
is made up of the actual w ater head plus the equivalent water head 
of the atmospheric pressure. In model experiments the former is 
reduced to scale but the latter remains at its full value. A t any 
particular section of a model propeller blade, therefore, the pressure 
is much greater than it should be for true similarity and as a result 
model propellers can be run to much higher slips than the ship 
propellers before cavitation occurs. This does not invalidate the 
model results so long as cavitation does not occur on the ship, 
because the excessive pressure acts equally on both faces of the

blades, but in high speed craft such as destroyers and cross channel 
ships where cavitation is to be feared, no indication of its onset 
will be given by the model screws. To obtain information on cavi­
tation, some other model technique is necessary, and this has led to 
the use of cavitation or water tunnels, in which the model propeller 
is placed in a closed water circuit, the w ater is circulated past it 
at the desired speed, and the air above the water is removed to the 
degree necessary to give the correct scale pressure at the propeller. 
Curves of K t, Ky and rj can then be obtained and visual observation 
made of the propeller’s behaviour. Such experiments show that as 
slip is increased, the first visual effect is that the tip vortices become 
cored, and are visible as helices trailing down the race column, one 
from each blade. There is no apparent loss of thrust at this stage. 
A t somewhat higher revolutions, a “blister” appears on the back of 
the blade at the tip, and the tip vortices become wider and give 
to the trailing vortices a ribbon-like appearance. From  this point 
onwards there is a definite loss of thrust as compared with the 
propeller at the same revolutions under non-cavitating conditions, 
and this loss increases whilst the blister gradually spreads over the 
whole of the back of the blade with increasing revolutions. This is 
what is usually termed the “cavitation region”. W ith still further in­
crease in revolutions, no further cavitation can occur on the back, as 
it is already completely denuded of water, and the increased speed of 
the section gives a greater pressure on the face, and the slope of the 
thrust curve increases again, the propeller now working in what is 
generally referred to as the “super-cavitation” region. Curves for 
a screw working in the tunnel at Teddington throughout this whole 
range were given by the author in the discussion on M. Posdunine’s 
paper before the Institution of Naval Architects in 1944, and anyone 
particularly interested in this m atter should study that paper and 
the discussion.

The erosion of the backs of propeller blades is usually 
attributed to the collapse of the cavitation bubbles as they move into 
regions of higher pressure towards the trailing edge, and for screws 
working in the cavitation zone this erosion is usually serious and 
quite rapid—it has been noticed on destroyer propeller blades after 
only 2 hours full power trial.

For screws in the super-cavitation zone, on the other hand, little 
or no erosion occurs, presumably because all the bubbles are carried 
away into the race, and none collapse on the blades. Thus in lngn 
speed motor boats where super-cavitation conditions have to be 
accepted because of the need lo r small, fast running screws driven 
by light, high speed engines, the propellers do not suffer from 
serious erosion or pitting.

The efficiency of the cavitating screw is considerably less, and 
with fully developed cavitation may fall as low as 30 per cent., but 
in certain cases this has to be accepted.

In addition to cavitation associated with general pressure dis­
tribution, it may also result from  local causes due to the shape of 
the blades. Particular care is necessary in finishing the backs of the 
blades especially in the region of the maximum pressure reduction 
to ensure as even a curvature as possible. A t very low slips, face 
cavitation may occur near the roots at the leading edge, but this is 
not normally of any great consequence.

Many criteria have been proposed as a means of predicting the 
probable presence or absence of cavitation in a new design. The 
earliest was based solely on the average thrust intensity per unit 
area of blade surface, but from what has been said above it should 
be obvious that this alone is not a sufficient test. For example, for 
the same lift coefficient the maximum decrease of pressure on the 
back of an aerofoil section may be IS per cent, greater than on a 
circular back section of the same thickness ratio, and the reduction 
of pressure and consequently the onset of cavitation would there­
fore occur at lower thrust and lower loading per unit area on the 
aerofoil screw than on the circular back one. For this reason the 
blades of destroyer propellers are always made with the latter type 
of section, even though the efficiency at normal cruising speeds 
thereby suffers a little. Any suggested criteria must take account 
of these factors, and it is extremely difficult to find one which is 
at once simple and yet reliable. Charts showing the limiting values 
of pressure per unit area and formulae for calculating whether a 
given screw will cavitate have been given by many investigators— 
Eggert26, Lerbs27, B urrill28, van Lammeren and Troost2”, for example 
—to which reference may be made. A detailed investigation of the 
pressure distribution around the blade sections can also be carried 
out on the basis of the blade element theory outlined earlier in this 
paper. Knowing the real incidence angle at which any particular 
section is working, the pressure distribution can then be found from 
tests made in the wind tunnel on aerofoils of the same or similar 
shape, and the maximum reductions on the back determined and 
compared with the total head due to water and atmosphere.
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The true angle of incidence will depend very largely on the 
wake value, and if  the calculation is made using the average wake 
around the whole circumference at any particular radius, then 
cavitation will actually occur at somewhat lower thrusts because 
of the local concentration of wake at certain points, and some margin 
is necessary to allow for this feature. For the same reason, cavita­
tion will be delayed by any means which reduces the variation of 
wake over the disc, and in screws where such trouble is probable, 
especial care should be given to clearances between propeller and 
hull. The ends of bossings in twin screw ships should be made as 
tine as possible consistent with strength requirements, the tip clear­
ance from the hull should be sufficient to avoid the greatest wake 
near the hull, and the blades should be raked to this end. The 
whole bossing should also be designed to interfere as little as 
possible with the normal flow. In  single screw ships the aperture 
should be designed to give good clearances between the stern frame 
and rudder post and propeller blades, and the stern frame should be 
shaped and not square in section.

The effect of local wake concentrations on the ship also intro­
duce complications into model testing in the cavitation tunnel, and 
the ship screw will show cavitation earlier than the model screw 
in the tunnel, where there is no such variation in the inflow velocity. 
A great deal has yet to be done in this field, and in particular 
much data is required on the behaviour of aerofoil and circular 
back sections under cavitating conditions in order that calculations 
can be made, similar to those outlined earlier in this paper, but 
under reduced pressure. Although cavitation is normally looked 
upon as a failing of high speed ships only, it is probable that many 
propellers of merchant ships suffer from it to a small extent when 
being over-loaded in bad weather or driving a ship in need of 
docking and cleaning.

17. Factors Affecting Propeller Efficiency.
The many systematic series of model propellers which have been 

run allow us to draw  certain conclusions regarding the effect of 
several factors on the open efficiency of the propeller.

(a) Diameter. In general the larger the diameter the better the 
efficiency—few ships suffer from having too large a screw. If 
we consider the loading as being measured by the thrust coefficient 
Kt (equation (8)) this latter will decrease with increase in diameter 
(for the same required thrust), and model tests show that in general 
the lower K t results in a higher efficiency. There are, of course, 
exceptions to this, especially in the case of small, high revolution 
diesel engines, and the diameter has often to be limited for other 
reasons than efficiency—the tips must be given adequate cover to 
ensure absence of racing and air-drawing in moderate seas, and 
sometimes the height of shaft centre is a modifying feature. In 
twin-screw vessels increase in diameter means bigger bossings and 
consequently greater resistance, which may more than offset the 
gain in propeller efficiency, and in such ships the factor of vulner­
ability of the screws to accidental damage is also of importance.

In any given case the optimum diameter can only be fixed by 
careful investigation of all the factors involved.

(b) Pitch ratio. The pitch ratio, in association with the diameter 
chosen, decides the slip at which the screw will work. From 
what has been said above, it should be clear that the real slip ratio 
should be in the region of 20 to 25 per cent, to ensure maximum 
efficiency and the screw dimensions should be chosen accordingly. 
Slips below 15 per cent, should be avoided—if our assumptions are 
only a little in error in such a case, and the real slip is only slightly 
less than this, a serious loss in efficiency will result, as is evident 
from Fig. 13. A t low slips—from about 20 to 40 per cent.—high 
pitch ratios give the best efficiency, whilst at higher slips, low pitch 
ratios are to be preferred.

(c) Number of blades. If  additional blades of exactly the same 
size are successively added to a propeller, the efficiency falls off in 
passing from two blades upwards, due to interference effects between 
the blades becoming more marked. On the other hand, two bladed 
propellers are not used in ships, largely because the restriction in 
diameter would mean very wide blades to obtain reasonable thrust 
loading, and because of the uneven torque which would result. 
There is not much to choose between 3 and 4 bladed designs—the 
former are a little more efficient at low slips, whilst at high slips the 
four bladed are as good or better.

(d) Blade area. Excessive blade area causes a loss of efficiency, 
especially with low pitch-ratio screws, where blade interference 
effects are thereby increased. On the other hand, too narrow  blades 
lead to thick sections which also cause a loss in efficiency. The 
normal propeller has a blade area ratio of some 0-40, and this has 
to be increased only where the thrust loading per unit area is too 
high. For average merchant ship propellers an increase of 10 per

cent, in area causes a loss of about 2 per cent, in efficiency, but 
there is a strong school of thought whicli believes that whilst this 
loss occurs in smooth water, in rough weather the added area is 
a valuable aid to speed-keeping qualities.

(e) Blade outline. Most blades are elliptical in outline, and ths 
chief difference between designs is the amount of skewback given to 
the blades. I t is doubtful if this feature has much effect upon 
efficiency in open water, but behind the ship it may reduce the thrust 
and torque variation as the blade passes into the regions of concen­
trated wake. For highly loaded screws wide-tip blades have some­
times to be used in order to obtain the necessary area, and whilst 
these give more thrust and torque at the same slip than narrower 
tip designs, they are less efficient.

(f) Thickness of blades. Thin blades are to be preferred on two 
counts—they are more efficient as lifting sections, i.e., their lift/d rag  
ratio is higher, and they delay the onset of cavitation. The actual 
thickness in any given propeller will depend on strength considera­
tions, and if this is found to differ materially from  that of the 
parent propeller of the series being used for the purpose of design, 
some adjustment of the pitch will be necessary—it the actual blades 
are to be made thicker, to r example, the zero lift line will be altered 
so as to give a virtually greater effective pitch, and the face pitch 
will need to be reduced accordingly.

(g) Rake. Rake of the blades increases the clearance of the tips 
from the hull and bossing webs in twin screw ships, and from  the 
stern fram e in single screw, thus avoiding some of the eddies shed 
by these features, and reduces the tendency to vibration. On the other 
hand, due to the additional centrifugal lorces introduced it necessi­
tates thicker blades. Rakes up to 15“ have been found beneficial in 
model tests.

(h) Shape of blade section. W ith the thick sections near the root 
of the blade, aerofoil shapes are found to be more efficient, but for 
the outer sections the superiority of aerofoil over circular back shape 
is much less, and since the latter will go to higher loading before 
cavitation begins, most average or highly loaded screws have circular 
back sections over the outer third of the blade. I t  is claimed by 
at least one experimenter that these circular back sections near the 
tip also avoid or at least mitigate another trouble experienced in 
certain marine screws—“singing —and they have been rather widely 
adopted of recent years.

18. Propeller Design.
The design of a propeller is alm ost invariably based in the 

first instance on a standard chart giving the results of open water 
tests on a series of geometrically similar model screws, such as that 
shown in outline in .big. 14.

The parameters used in this connection are B p and 8, defined 
in equation (9).

The information usually available may be listed as follows
(a) Principal dimensions and proportions of the ship.
(b) The E .H .P. derived either from  tests on a model of the ship 

or estimated from published data.
(c) The engine power and rated revolutions.
(d) The speed of the ship.

The first step is to make an estimate of the power required at the 
desired speed. This can be done from  the E .H .P . by estimating the 
probable value of the quasi-propulsive coefficient, a fter which the 
power at the propeller is given by

S = (E .H .P .+allow ance)/Q .P .C .
The allowance is necessary to take account of appendage resistance 
such as bilge keels, air resistance of the above water form, and the 
effect of weather. The standard allowance fo r the first two items 
in a single screw ship is taken as S per cent, for ideal measured 
mile conditions—smooth sea, no wind and a clean ship. For a twin 
screw vessel, a further addition must be made for the bossing 
resistance, which if the bossings are carefully designed, preferably 
after stream-flow tests, should vary between 3 per cent, for full 
ships and 5 per cent, for fine ships, where the bossing is necessarily 
larger and longer.

If the design is to be fo r service conditions, it is the practice 
at Teddington to add a fu rther 15 per cent, fo r average fine weather 
at sea. i-or certain ships and services this is probably insufficient— 
for example, winter service in the N orth A tlantic and small coasters 
in the steep, short seas of the North Sea—and the allowance must 
be varied in accordance with experience on each route.

The quasi-propulsive coefficient depends on many factors, and it 
is impossible to give more than an extremely approxim ate guide to 
its value for any given case. The prim ary feature affecting the pro­
pulsive efficiency is the revolutions per minute, and in Fig. 16 is 
shown a plot of quasi-propulsive efficiency against revolutions per 
minute for a 400ft. ship. There are two curves, one fo r single
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40O r r  SHIP
Fir.. 16.— Average Values o f Quasi-Propulsive Coefficient 

fo r  Single and Twin Screw  Ships.

screw and the other for twin screw vessels. In both cases the value 
falls with increasing revolutions, due primarily to a reduction in 
the open screw efficiency. These curves are the result of a plot 
of the results for some 100 models, and will apply only to twin 
screw vessels with well designed bossings and outward turning screws 
and smooth rudders, whilst for single screw ships they will only 
be reasonably correct for vessels with a double plate rudder and 
shaped sternpost and with good clearances in the aperture and a 
modern screw. For the effect of other stern arrangements on 
efficiency reference should be made to the large amount of published 
data in the transactions of the different institutions.

Knowing the power required at the propeller, the brake horse 
power at the engine can be found by using a reasonable figure for the 
losses in the stern tube and shaft bearings—some interesting figures 
for engine mechanical efficiencies and shaft friction losses have 
recently been given by S ir Amos Ayre30. The revolutions per minute 
N for the desired power can then be found from the engineer’s rating 
of the engine.

To find the speed of advance V, from  the ship speed V knots, 
it is necessary to estimate the wake fractiion o>. Many formulae and 
charts have been published giving such information, and an excellent 
summary of these is given in Chapter I I I  of reference (2).

✓
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BLOCK CO EFFIC IEN T

F ig .  17.— Average Values o f W ake Fraction «> and Thrust 
Deduction Fraction t.

In Fig. 17 are shown the wake fractions for the same models as 
used in the plot of quasi-propulsive coefficients, and they are therefore 
subject to the same conditions as those coefficients regarding stern 
arrangements. The scatter of the spots is quite large and is to be 
attributed to the many other variables which occur besides the 
prim ary one of block coefficient which has been used. A better plot 
would probably be obtained by using some coefficient defining the 
fullness of the after body only, but block has been adopted as being 
simple and known even in the earliest design stages.

O f the other features affecting wake, one is the position of the 
screw in the aperture in single screw ships, as exemplified by the ratio

of the height of shaft above base to the draft. The greater this is, 
the larger the wake, because the tips of the screw at the top of the 
disc are nearer the water surface where there is a heavy concentration 
of slow moving wake water. On the other hand, reduction of diameter 
beyond a certain point also increases wake, because a greater propor­
tion of the disc is being concentrated in the region of high wake on 
each side of the centre line. The wake fraction in single screw ships 
is also very sensitive to the type of rudder and sternpost. The values 
in Fig. 17 are for vessels with fairly slim double-plate rudders and 
fins on the fore-side of the sternpost, and a clearance between nose 
of fin and trailing edge of propeller blades of about 12in. on a 400ft. 
ship. For less clearance or for fa tter rudders w will be higher, and 
the same will apply if the sternpost is rectangular in section without 
a fin.

in  twin screw vessels the wake is less than on singles for the 
same block coefficient, and will also be less the greater the tip clear­
ance from  the hull. In the m ajority of cases plotted in Fig. 17 the 
clearance is between 24in. and 30in. fo r a 400ft. ship. The angle oi 
the bossiugs to the horizontal also affects the wake factor, and this 
is usually determined by stream flow tests to be between 25° and 30' 
for outw ard turning screws—for inward turning the bossing should 
be nearer the vertical.

H aving in this way estimated the values of S, N  and Vlt the 
value of can be worked out. The use of a chart such as Fig. 14 
will then enable a value of S and of pitch ratio  to be chosen to give 
the maximum open efficiency. Since

S = N D /V 1
the optimum value of D is thus found, and the corresponding open 
efficiency. Of course it is not always possible to use this diameter 
because of other restrictions, chief among which are d ra ft and the 
necessity of giving the screw tips adequate cover when the ship is 
not fully loaded and in a seaway. If the optimum value of D cannot 
be used, a new 6 can be found from  the known values of N  and V, 
and the maximum permissible value of the diameter D. This in 
association with the value of Bp already found will give a new 
screw of different pitch ratio and open efficiency, and one can see 
from these figures the loss in efficiency caused by the necessary use 
of a smaller diameter.

The probable quasi-propulsive coefficient can now be estimated 
from  equation (21), i.e.,

Q.P.C. = (l+ u ))(l - t )  x >,„x R.R.E.
>;0 lias ju s t been found from the design chart, w has already been 

estimated, and the values of t for the same models are also shown 
on Fig. 17. The relative rotative efficiency, if no other information 
is available, may be taken as 0-98 fo r twin screw ships and 105 for 
singles.

If  this deduced value of the Q.P.C. agrees fairly closely with the 
one assumed to obtain the estimate of the power S, well and good— 
if it does not, the calculation m ust be done again using the new 
value of Q.P.C. until such agreement is obtained.

The area to be given to the propeller blades depends upon the 
thrust which must be developed, and if there is any danger oi 
cavitation this must be carefully looked into either by one of the 
semi-empirical methods mentioned above, or by carrying out a com­
plete strip calculation and determining the maximum reductions of 
pressure on the backs of the sections. Such a calculation will also 
give information as to the efficiency with which the blades are 
working at different radii and so may lead to the adoption of some 
other pitch variation over the propeller blades. In this connection, it 
may be pointed out that a given section of the blade in making a 
complete rotation meets with a very variable wake distribution and 
therefore will work over a range of angles of incidence, and as the 
pitch must be a fixed one it can only be chosen to suit the mean wake 
averaged circumferentially at that radius. The section will therefore 
not always be working at its maximum efficiency but if we have 
reliable inform ation as to the distribution of mean wakes at different 
radii, we can ensure that the difference will never be large. There is 
not a great deal of published data on such wake distribution, but 
charts for single and twin screw ships will be found in reference 29. 
If, as a result of such work, there is found to be some danger ot 
cavitation, steps must be taken to obviate it or at least reduce it as 
far as possible, by increasing area, thereby reducing the loading and 
making the sections relatively thinner, by special attention to pitch 
distribution and to the shape of the blade sections.

It will be seen from equation 21 that for a given open efficiency, 
a high propulsive coefficient will be associated with a high hull 
efficiency. Any feature of design which causes a high value of to 
and a low value of t will thus be beneficial in obtaining a good pro­
pulsive efficiency, but there are other considerations which consider­
ably modify this view.

A full a fter body will increase o>, but t will also be larger, 
and therefore the gain is not as great as at first it might appear, and
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of course the effect on hull resistance has also to be considered. A 
fine after body will reduce a> and t, the form er effect usually being pre­
dominant. In a  slow speed ship such a change will also generally 
reduce resistance, but due to the concurrent reduction in hull 
efficiency this is not all reflected in the final power required. In fact 
in one case in the author’s experience a ship was built w ith a finer 
and longer run than an otherwise sister ship, and although the E .H .P. 
was reduced the reduction in wake resulted in a quasi-propulsive 
coefficient so much lower tha t the horse power required at the pro­
peller was actually higher in the second case. The choice of hull 
form  thus affects both factors, and a nice discrimination is sometimes 
necessary to decide how fa r such changes can be carried.

To obtain high wake values also means coming nearer to the 
surface, with a consequent danger of loss of efficiency in rough 
weather or in ballast, o r nearer to the hull, with a danger of 
vibration. Also, in obtaining a high average wake by such methods, 
the variation in wake over the disc is made larger, with a danger 
o f lowering the relative rotative efficiency and, maybe, an added 
risk of cavitation o r o f singing. The search for high values of 
wake factor must therefore not be pushed too far, and experience of 
many model and ship results is necessary in order to make a 
suitable choice of all the factors involved.
19. Conclusion.

I t is impossible within the limits of a single paper to do justice 
to such a wide and intricate subject as ship propulsion.

My object has been rather to review the field from  as broad a 
viewpoint as possible in the hope of interesting the young members 
and those others who have had too little contact with recent develop­
ments.

The problem of ship propulsion is a fascinating one, and I am 
sure those who once begin to study it will find great profit and 
pleasure therefrom , and I hope the references I have given will 
help to introduce them to the vast literature which is in existence 
in the transactions and libraries o f the different institutions.

There are still many new ideas coming along in the realm of 
propeller design and theory. In  the past, practice and experiment 
have always kept ahead of theory, and this is still to a large extent 
true to-day, but modern theories have made great advances and are 
now invaluable both fo r an understanding of experimental results and 
as a guide to fu ture research. In both fields there are still many 
unexplored regions and no marine engineer who takes up the serious 
study of propellers and their ways need fear a lack of work or of 
interest.
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Appendix A.
Momentum Theory of Propeller Action.

Consider a propeller disc of area A  sq. ft. in a uniform flow 
of velocity z^ft./m in. Well ahead of the screw all the fluid will 
have this velocity v , and the pressure will be p lb. per sq. foot.

W ell behind the screw, the race column will have some larger 
sternw ard velocity, which we may write as

Vi (1+ b)
but if we neglect any effect of rotation in the race, the pressure 
will still be p, equal to that in the surrounding fluid. (See Fig. 5).

Since the acceleration and contraction of the race cannot occur 
instantaneously at the disc, let the velocity through it be

v1( l+ a )
where a is the axial inflow factor.

Then the quantity of w ater passing through the disc in unit 
time, Q cubic feet say, will be

Q = V i(l+ a )A
Neglecting the effect of rotation, the change of momentum in unit 
time is

/ • Q iv .a + w - v ,]
where p = mass density = wt. per unit volum e/g 

or pQv,b
and this must be equal to the thrust T  of the disc (since force = rate 
of change of momentum).

Hence
T  = pQv'ib ....................................... (A .l)

The total work done per unit time (or the power expended) is 
equal to the increase in kinetic energy of the fluid (since we are 
neglecting friction) and if there is no rotation of the race, the 
increase in kinetic energy in unit time is given by 

4pQ[viJ(l+ b )a- v , 2]
= i />Q [v1=b2+ 2bvI"]
= pQ Vl2b [ l+ b /2 ]
=  T v ,(l+ b /2 ) ............................................... (A.2)

This increase in kinetic energy has been provided by the work 
done on the water by the thrust, which is

T v ,(l +  a) in unit time.
Hence we shall have

T v1( l+ a )= T v ,( l+ b /2 )
o r a = b /2  .......................................  (A.3)

T hat is, one half o f the sternward increase in velocity is acquired by 
the fluid before it reaches the propeller.

The useful work obtained from  the screw, i.e., done upon the 
ship, is Tvi and therefore the power lost in the screw is 

T v ,(1+ a) — Tvi 
or Tv^i, which by equation A.3 is also equal to

Tvjb/2
The screw efficiency will be

>j=useful w ork obtained/w ork expended
= T v 1/T v 1( l+ a )= l / ( l+ a )  .......................................  (A.4)

If  there were no “slip” in such an ideal propeller disc, the speed
of advance would be v ^ l+ b ). Actually the speed of advance is z/,.

Hence, by our earlier definition of slip, we can write
c r  v ,(l+b>— v,Slip ratio = s=  - , .

V i ( l + b )

= b /( l+ b )
Hence b = s /( l  —s) 

and a = b /2 = s / 2( l —s)
Therefore, from equation A.4,

J _  1 _2(1 —s)
1+ a  __ s _  2—s

2(1 —s)
or .j = (1 — s) /( l — s / 2) .............................. ................. (A.5)

If  in addition to being given an acceleration in the line of the race 
axis, the fluid is also given rotation in passing through the disc, 
the kinetic energy in the race will be increased by the energy of 
rotation in the fluid. To develop the same thrust, therefore, more 
energy will have to be imparted to the water, and the effect of 
rotation in the race will thus be to reduce the ideal efficiency below 
that given by A.S.

Suppose the disc to be rotating with angular velocity w, and that 
in the race, well behind the screw, the w ater is rotating as a whole 
with angular velocity

(t)1 —b'co
In an actual fluid, the rotation to1 cannot be acquired instan­

taneously, and in fact some rotation of the fluid is already present 
a t the disc, in the same way that some of the fore and aft 
acceleration has also been acquired at that point (Fig. 6).

In a similar way, we can call the rotational speed of the water 
at the disc a'ct), and it should be noted that in this case it is in 
the same direction as the movement of the disc. Hence the 
rotational velocity of the disc relative to the water will be

o)—a ‘(o
or u)(l—a1) .......................................  (A.6)

and a1 is the rotational inflow factor.

Appendix B.
Blade Element Theory of Propeller Action.

In the momentum theory the propeller is considered as a 
mechanism for increasing the momentum of the race, and no attempt 
is made to explain how this is done. In the blade element theory 
the problem is approached by considering the forces acting on one 
small strip of blade as it rotates and advances, the elementary con­
tributions of thrust and torque evaluated, and then these are 
integrated over the whole blade from  root to tip.

Consider a strip of blade dr wide a t radius r, advancing with 
speed Vi and with rotational speed N revolutions per minute (Fig. 11).

Let a and a' be the axial and rotational inflow velocity factors 
as already described in Appendix A. The velocity of the water 
relative to the blade element will then be given by a vector vr in 
Fig. 11, and we see that

v:(l+ a) _1+ atan >p= — '-jr—.— , .tan  <p02a-Nr(l —a ) I—a
and vr = V 1( l+ a )/s in  ^ .......................................................  B.2

The angle of incidence, a,, is given by — where 6 is the pitch 
angle. W e thus see that the induced velocities avt and —al2nNr both 
decrease the slip angle or angle of incidence and it must be remem­
bered that this angle is always small in a screw propeller, usually 
not greater than 3° or 4°.

Suppose the propeller has B  blades, the chord at radius r is C, 
and that the section of the blade there has lift and drag coefficients 
C l and CD at an angle of incidence a,.

Let the lift and drag of an element of the propeller blade of 
length $r along the blade be SL and 8D  respectively.
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Then for a propeller with B  blades we shall have 
SL = x area x (velocity)* x C l  

= ipC drB  x v1*(l+a)ICL /s in 2</>
and

8D = 4/jCdrB x v12(l +  a):!C1)/siir>/<
Now SL and SD arc respectively normal to and along the direction 

of the relative velocity v r.
Hence the thrust and torque contributed by these elements will 

be (see Fig. 11)
ST = SL cos ^ — SD sin <j> 

and SQ =  (8L sin $ + 8D cos </>)r

- ̂ cos 0 sL ” ' sin ^ )

, Cd

Now 8T  = SL(

=8L
Ci 1>)

Then

and

Similarly,

--8L(cos <p — tan y sin <p) where tan y = CD/Ci.
(See Fig. 8).

= SL(cos <?> cos y — sin sin y) /cos y 
= SLfcos (<p+y)/cos yl

ST = JpCdrBv1, ( l+ a )3CL x cos(<P+y)/sin2 cos y

dT i.p.C.Bv,2(H -a)2C i.. cos( i|>+y)

dr ■*" ' ' '  “ sinz^.cosy 

d Q /d r = i/>CBrv12(l +  a)2CL x s m ( < p + y ) / s \ n '  f  cos y

B.3

B.4

B.5
d T /d r  and d Q /d r  may now be plotted on a base of radius r and the 
total thrust and torque obtained by integration. Such curves show that 
most of the thrust and torque are developed over the outer part ot 
the blade, the maxima occurring at about 0-7 R (Fig. 12).

The efficiency of a blade element is given bv 
>; = v18T/2s-NSQ

cos(0+y)v, xSL x
cos y

2-NrSL sin(ft-t-y) 
cos y 
1

2-N r  tan(^-)-y)
—tan f B/ tanfa+y)

_1 —a 1 _ tan <P 
^ 1+ a  tanC^+y)

Having obtained curves of d T /d r  and d Q /d r and integrated them 
to find the total thrust and torque T  and Q, the efficiency of the whole 
propeller will be

Tv,/2jrN Q
The performance of each blade element can only be determined when 
values of a, a1, C l  and y are known.

C l and y can be found from  tests on sections of the same shapes 
as the different blade elements, at the angle of incidence a, at which 
the section is working.

To find a and a 1 it is necessary to equate the thrust to the 
momentum put into the race, and the torque to the change in 
rotational momentum, in much the same way as for the momentum 
theory.

In practice, a and a1 can be found on the assumption that one 
half of the final increase in velocity, both axial and rotational is 
gained before the screw disc is reached, their actual values being 
found by graphical plotting.

O f recent years corrections have been introduced to take account 
of two other features of propeller working—the losses at the tips 
due to the tip vortices, and the loss due to interference between 
one blade and the next. This is most serious near the boss, and is 
usually referred to as “cascade effect”. These are refinements of 
the theory, and it is not proposed to discuss them here. Those who 
wish to pursue the n a tte r  will find the necessary references in the 
Bibliography, the tip correction being given in the work of 
Goldstein(‘“) and Lock("), and the cascade effect in that of 
GutscheC2). Recently BurrilH13) has given a very complete example 
of the application of these theories to marine propellers.
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Discussion.
Mr. W . A. R. Atkinson (Member), opening the discussion, said 

be would1 like to know something about the closing-in apertures of 
older ships, and whether it was worth while.

At one time it was thought that the closing-in of the aperture

(by streamlining) at the forward side o f the propeller would improve 
the performance of some of the older vessels. Could D r. Todd tell 
whether this practice was worth while?

Major-Ceneral A . E. Davidson, C .B ., D.S.O. (Member), said he

35



The Fundamentals of Ship Tropulsion.

had asked two or three authorities what was the actual percentage 
of propeller slip in a ship, but he had never had a clear-cut answer. 
Perhaps the reason was that there was not one. He gathered from 
one diagram that it was never less than 20 per cent., but other people 
talked about 7 per cent, and 12 per cent. The slip, of course, might 
be variable under different conditions, but it would1 be interesting to 
have expert information on this question.

Dr. E. V . Telfer said that Dr. Todd had delivered a masterly 
exposition of the subject in record time, aided no doubt by the fact 
that most of the m atters dealt with were of a non-controversial 
character.

H e would have liked to have seen a more detailed exposition of 
different designs of propellers. Such an addition would have been 
greatly appreciated by seagoing members who would then have been 
able at sight to identify such screws as the Wawn (with or without 
slip-correctors), Wilcox, Freidanthol, Unislip, Scimitar, Heliston, to 
mention only a few. The advantages of bronze blades over cast-iron, 
the price to be paid in extra power for rough and broken blades over 
smooth blades would also have been useful information. Built blades 
versus solid propellers involving the issue of big bosses versus small 
(a physical and not political issue !) were also of great interest.

There was one fu rther point with which he might deal. On 
Fig. 2 the author defined skew-back in a way that appeared new to 
him. The method might of course be that standardized at Tedding- 
ton, but he did not think that it was so well defined. Skew-back, in a 
propeller with an even number of blades, measured the tip separation 
of opposite blades, say, passing through the aperture. This separa­
tion was quite independent of root symmetry or position on boss. 
It thus would be better to define skew-back without reference to the 
root. The definition given in Dr. Baker’s book did not appear to be 
the same as given by the author.

Mr. R. K. Craig (Member) wished to know whether he was correct 
in assuming from Fig. 16 that the propulsive efficiency of twin screws 
was better than that o f a single screw.

Mr. A . W . Jones, B.Sc. (Associate Member), said an interesting 
point from one’s watchkeeping experience was that often the engineer 
who worked out the apparent slip for the day, from  the ship miles and 
propeller miles, found very great variations, one day giving no 
apparent slip and other days of similar weather conditions and r.p.m. 
giving slips up to IS per cent. H e would like to know whether such 
variation was just due to a straightforw ard error in the figures used, 
o r whether it could possibly occur under such conditions (the effect 
of currents being excepted).

Mr. F. D. Clark (Associate Member) said that when at sea with the 
ship in a favourable current it was not unusual when calculating the 
average slip a t the end of the watch to obtain a negative value. It 
was appreciated that true slip could not be negative, but could the 
author suggest how such a value should be expressed in the engine- 
room log book?

Would it be true to say that the present method of calculating the 
slip at sea was so approximate that it could be misleading when one 
was endeavouring to judge the efficiency of the propulsion unit?

Mr. N. H. Denholm (Visitor) said that, although he was an 
electrical engineer and therefore not qualified directly to assess the 
technical content of Dr. Todd’s paper, he had attended many meetings 
of kindred societies where the subject of ship propulsion had been 
discussed. H e had been able to enjoy the clearest picture of the 
phenomena under discussion from the author’s adherence to “The 
Fundamentals of Ship Propulsion”.

The many figures and curves given by the author were analogous 
to the characteristics of electrical machinery, and the concept of “slip” 
was commonly met with in the alternating current equipment used to 
provide the power to drive such screw propellers.

H e hoped the author would include in the published paper the 
illustration which they had seen on the screen showing the distribu­
tion of pressure over the longitudinal section of the ship. I t was 
almost precisely the same in contour as that displayed when the 
character of the vertical component o f a ship’s magnetic field was 
measured at the sea bed.

H e thought that the paper would be of benefit not only to himself 
as a fru itfu l source of reference, but also to the young students who 
were primarily instructed in the fundamentals on which Dr. Todd’s 
whole argum ent was based.

Mr. T . W . C. Knowles (Member) said he would like to mention 
a phenomenon which had come to his notice some years ago, and 
which he still did not understand. I t was in connection with a pro­
peller which was tested behind a model hull in the Teddington Tank. 
In the original test it was found that the propeller tended to run 
away periodically and then pick up again. H e said he believed that

some improvement was effected by moving the model propeller fu r­
ther back, and in the actual vessel the stern frame was so altered that 
the propeller was about six inches further back than originally 
intended. Although this movement no doubt largely overcame_ the 
difficulty, there were variations in the power output of the Diesel 
engine, which was fitted with a speed governor which maintained con­
stant revolutions per minute. H e said he could not understand why 
the modification to propeller position should have got over the trouble, 
and he would be interested to have the author’s views on the matter.

He continued by saying that he had1 been concerned with the 
design of propellers for vessels in Malaya, where the ratios of beam 
to draught were very large, and up to the time the Japanese occupied 
the country, he had been unable to obtain data on the wake which 
one might expect with such very large beam draught ratios. He 
wished to know whether there had been experiments carried out with 
models resulting in such data being available, which would be in­
valuable for his purpose.

On the proposal of Mr. A. M. Riddell, seconded by Dr. E. V. 
Telfer, a vote of thanks to the author was carried with acclamation.

BY CORRESPON DENCE.
Mr. A. Emerson, M .Sc.: Attention is drawn to the different mean­

ings of the single- and twin-screw propulsive coefficient lines in Fig. 16. 
The line for single-screw ships is obtained from  an empirical formula 
given by the w riter in 1942 (Transactions Institution of Naval 
Architects, Vol. 85, page 182) fo r single-screw cargo ships. The 
limitations of this form ula (Q .P.C.=0-83 — N  v^L/18,000 where 
N  = r.p.m. under trial conditions and L  = ship length in feet) are dis­
cussed in a paper which it is hoped will be published later this year, 
but in general it may be taken to give the propulsive coefficient which 
should be obtained with a correctly-designed single-screw ship.

It is not possible to give so simple a law fo r a twin-screw ship, 
but in this case the prim ary variable is open screw efficiency, if it is 
considered desirable to plot on a base o f revolutions then it is 
necessary to give a series of lines corresponding to  different D /V i  
ratios.

Presumably the line given in Fig. 16 represents approximately 
one such line, i.e. the single-screw line is a general result, the twin- 
screw line a particular result.

Mr. L. Troost (Ned. Scheepsbouwkundig Proefstation, 
Wageningen) : This excellent paper calls fo r some comment with 
regard to the fundamental pressure diagram in Fig. 5.

Although the calculation of the pressure decrease ahead of the 
screw and the increase behind, has been left out of consideration, it 
might be of interest to state that your diagram as well as most 
diagrams of the sort in handbooks is somewhat misleading, in so 
far that it suggests an equality of the decrease and increase referred 
to, which is not the case as soon as a change of momentum or thrust 
is assumed. As a m atter of fact, the decrease of pressure ahead of 
the screw disc is smaller than the increase behind, the ratio of these 
differences decreasing with increase of thrust and ultimately approach­
ing 1/3 for the screw w ith zero speed of advance. Only in the case 
of vanishing thrust are the pressure differences equal. This variation 
of pressure difference is interesting from the point o f view of varia­
tion of the thrust-deduction factor with th rust loading.

I f  we apply Bernoulli’s Law both in front and a ft of the screw 
disc, assuming p, to be the pressure just ahead of, and just behind 
the disc, (/>2 — />,) being the increase o f pressure at the screw disc, 
we g e t :

p . - p - i [ > , ( 1 + 2 ^ -  \ V , ( l  + « ) } “ ]  and

' ’- p H  Ir |F , ( l + « )  }3- F , 2l

p - p ,  2+a
P ,-P  ~ 2 !-3fI ................................................

If we adopt a thrust constant CT=i p y  'i~J~' we '—
^  P.Q.V1. 2 a _ PF r(l+ a )2 a .A  , ,
Ct= TpVTa-  inVr.A =4°<1+«> .............. (2)

From (1) arc! (2) we derive : — 
p — p. 3+  C t+1

—— — — -----------------  n i
P*~P l +  3 v 'C r+ l ...................................................

As y = l / ( l+ a ) ,  we can also write :—

From (3) we see that the ratio = 1 when C i = 0 ,  and from (4) 
that it is 1/3 when 7 = 0 ,  which is the case with zero speed of 
advance.
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The A u th o r’s Reply to the Discussion. 

The Author’s Reply to the Discussion.
Mr. Atkinson: The results of the first experiments made at 

Teddington on the effect of closing in the aperture in single-screw 
ships were published in 1928*. These showed that a fin plate fitted 
in the aperture in front of the screw was disadvantageous to pro­
pulsive efficiency, the loss being some 3 to 5 per cent. A t the same 
time, the body post in front of the propeller should be shaped to give 
a taper finish to the waterlines, preferably not exceeding IS degrees 
to 18 degrees to the centre-line plane, and not be of the old square 
section once so common. This had the double effect of avoiding a 
certain amount of eddy-making behind the post and of reducing the 
risk o f vibration when the propeller blades passed behind the stern 
post and through the concentrated wake belt which occurred there. 
Streamline fins on the fore side of the rudder post, and a smooth 
surface to the rudder, with all openings shielded, were wholly bene­
ficial to propulsion, and might result in an increase in propulsive 
coefficient of from S to 8 per cent, (see reference 25) due essentially 
to the elimination of the head resistance of the square post. One 
point which must be remembered in connection with such fins added 
to an existing post was the necessity for strong rigid construction 
to avoid vibration.

Mr. F. D. Clark: The replies to other contributors to the dis­
cussion would answ er most of Mr. Clark’s queries. There would 
appear to be no alternative but to enter negative slip values in the 
log book so long as apparent slip was tabulated there. I t was im ­
practicable to replace this by true slip ratios, since this necessitated 
an accurate knowledge of the ship wake at all speeds, in different 
sea conditions and fo r different states of the hull surface, which in­
formation was not at present available.

Mr. R. K. Craig: It did not follow from Fig. 16 that the overall 
propulsive efficiency of twin screws was better than that of a single 
screw for any particular design. The two lines shown there did not 
represent optimum results from calculations, but were average lines 
drawn through some 100 spots taken from the results of experiments 
made at Teddington over the last three or four years, in the course of 
the ordinary work going through the Tank for different firms.

They thus represented an average of present-day trends in marine 
engineering design, and in general it would be agreed that fo r a given 
total power, twin engines would normally be designed to run faster 
than a single. This would reduce the apparent advantage of twins 
shown in Fig. 16. Again, in large cargo-liners it was not always 
possible to choose the optimum screw diam eter for a single-screw 
installation, because of the limitation in diam eter due to draft, whereas 
for a twin design the best diam eter could probably be used, and a 
good result obtained. This factor would also be reflected in Fig. 16, 
since in most of the cases on which this diagram was based the twin- 
screw arrangem ent would only have been adopted because of some 
limiting factors unfavourable to the single-screw arrangement.

The quasi-propulsive coefficient was also not the sole criterion 
of the final power—in the twin-screw ship the appendage resistance 
would be larger than in the single due to the presence of the bossings, 
as pointed out in Section 18 of the paper. This would amount to 
some 5 per cent, in the case of well-designed bossings, preferably 
drawn out from the results o f streamfiow tests in the Tank, and 
might be considerably greater if an ill-chosen bossing shape or posi­
tion was used. This factor alone would balance most of the differ­
ence in quasi-propulsive coefficient.

The question of the choice of single o r twin screws was thus 
seen to be extremely complicated, and1 the decision could only be made 
on the merits o f individual cases, and would involve questions of 
engine design, first cost of the two alternative installations, engine- 
room space, and so on, in addition to the hydrodynamic aspects. Mr. 
Craig would' find some discussion of this subject in a paper by 
Dr. G. S. Baker on "Some Considerations in the Design of High 
Speed Cargo Vessels” read in 1942 before the N orth-East Coast 
Institution of Engineers and Shipbuilders.

Major-Ceneral A . E. Davidson, C .B ., D.S.O.: The confusion 
which always seemed to arise over the term “slip” was due to the 
fact that people did not distinguish clearly between “apparent” slip 
and "real” slip. The propeller, as explained1 in the paper, did not 
advance through the w ater with the same speed v  as the ship, but at 
some reduced speed Vi This was because of the wake behind the 
hull, in which water was being dragged forw ard relatively to the 
sea-bed, and1 thus virtually reduced the speed of feed of w ater to the
♦“ E x p e rim e n ts  on th e  P ropu ls ion  of a  S ingle S crew  Ship M o d e l” , by G. S. B ak e r  

an d  J .  L. K e n t. T ra n s . I.N .A . 1928.

screw. The speed of advance of a propeller of pitch P  feet turning 
at N  revolutions per minute would, if the medium were solid, be 
P.N. feet per minute, and the real slip o f the screw if it in fact 
advanced through the w ater at only feet per minute, was

P .N .—v x
or the real slip ratio = ^

The maximum propeller efficiency would occur at a real slip ratio 
of 12 to 20 per cent., depending upon the pitch ratio, and in general 
the screw should work at somewhat higher average slips than those 
giving maximum efficiency in order that it might always work on 
that part of the efficiency curve where the change in efficiency with 
slip was smaller—i.e. to the right o f the peak value in Fig. 13. 
Real slip was the only true criterion of the propeller performance, 
and for all ships would be found to lie in the region between 15 and 
40 per cent.

W hen small slips of the order of 5 per cent., or negative slips, 
were quoted, it might be safely assumed that they were apparent 
slips, based upon the ship speed and not upon the speed of advance 
of the propeller through the wake water. The apparent slip ratin 
was given bv

P .N . - v  
P.N.

where v  was the ship speed in feet per minute, and as in all mercan­
tile vessels v  was greater than v,, it followed that the apparent slip 
ratio was always less than the real slip ratio. For example, in a 
vessel travelling at 15 knots, propelled by a screw of 14-5 feet pitch 
at 110 revolutions per minute, the apparent slip ratio was 

„  14-5x 110—15 x 101-33 
14-5x110 

=0-046 or 4-6%.
But the wake fraction in this case was 0-44, so that the actual 

'need o f advance of the propeller through the ivater was onlv 
15x101-33 , ne,  , ,------- =—n —  or 1,056 feet per minute.1-44

Hence the real slip ratio was
14 -5 x 1 1 0 -1.056 

14-5x110 
= 0-34 or 34%.

Mr. N. M. Denholm: The illustration showing the distribution of 
pressure over the longitudinal section of the ship to which M r. Den­
holm referred was given in the first part of this paper to the Institute 
in 1944 (Ref. 1, Fig. 7) and further examples would be found1 in most 
text books on the subject and in the papers published by Eggert 
in the U.S.A.

Mr. A. Emerson: The fact that propulsive efficiency depended to 
a large extent upon propeller revolutions was not new. The author 
had frequently drawn attention to  this in his published papers on 
Coasters previous to 1942—“In the propeller experiments the propul­
sive efficiency was investigated for values o f N /v  from  9-5 to 30,
....................... The efficiency was found to decrease with increase in
revolutions ...................”* ; “The effect of increased' propeller revolu­
tions is to reduce the propulsive efficiency” .......................  “and1 that
linear interpolation of the propulsive coefficient for intermediate 
values of N/ r  can safely be employed”t ; " .......................  the propul­
sive efficiency varied from 0-66 ....................... fo r N/y  values of 18-6
....................... while .......................  it fell to 0-57 for the hieh N/v
value of 32-2. This represents a loss of propulsive efficiency from 
the highest value of some 16 per cent., which is due primarily to the 
higher propeller revolutions’’̂ .

The line for single-screw ships given in Fig. 16 of the present 
paper was. as stated therein, derived from a plot covering the results 
of some 70 models (the remainder of the 100 being twin-screw de­
signs) mostly run at Teddington in the last three years, and chosen 
so as to give as wide a range of revolutions as possible, and with due 
regard to the type of rudder and stem  frame, as clearly stated1 in 
Section 18. Mr. Emerson’s statement that it was obtained from his 
formula was not correct, which was indeed obvious, since the latter 
did not give the same line.

It might be as well to repeat here the very clear warning given

♦ F u rth e r  R e s is ta n c e  and  P ro p e lle r  E x p e rim en ts  w ith M odels  of C o a s te rs . 
I.N .A . 1938.

fE x p e rim en ts  w ith M odels of C a rg o -c a rry in g  T y p e  C o a s te rs . In s t i tu te  of 
M arin e  E n g in ee rs . 1940. 

tF u r th e r  E x p e rim en ts  w i t h  M odels  of C arg o -ca rry in g  C o a s te rs . N .-E . C o a s t 
I n s t .  1 9 4 2 .
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C orrespondence.

in Section 18 that such a diagram could only be used as an “extremely 
approximate guide” to the value of the propulsive efficiency, and it 
was only intended fo r use in the early design stages as representing 
the probable value in a modern, well-designed ship. Later, many 
other features would have to be taken into account and a more 
definite value derived from accumulated experience.

Mr. A. W . (ones, B.Sc.: The apparent slip, as had been seen 
above, depended on the three factors, propeller pitch, revolutions per 
minute and ship speed. Under identical conditions of weather and sea, 
with the same condition of hull surface, loading of the ship, and 
trim, the same revolutions should give the same ship speed1 and there­
fore the same apparent slip.

I f  the basic data were correct, then any change in slip must be 
due to a change in weather, to different loading or to fouling of the 
hull. It had been found that the performance was susceptible to 
quite small changes in weather, which might not be noticed as between 
one watch and another in the engine room. But it was far more pro­
bable that the differences were due to errors in one item of the basic 
data—the ship speed. This was affected by ocean currents and1 other 
errors of observation which it was very difficult to eliminate, whereas 
propeller revolutions were easily measured to any order of accuracy 
desirable.

Mr. T . W . C. Knowles: It was very difficult to answer Mr. 
Knowles’ questions w ithout knowing more details of the ship con­
cerned.

The symptoms he described would suggest that there was in­
stability of flow behind the model, and that this gave rise to periodic 
breakdown of thrust in the propeller. Such instability might be due 
to the periodic shedding of eddies from the stern, and this would be 
more likely the fuller the form  aft—it would be interesting to know 
whether the form  was, in fact, a very full one. This suggested 
explanation was rather borne out by Mr. Knowles’ statement that 
moving the propeller a ft improved matters, since this would increase 
the clearance between the body post and the blades, and remove them 
from the region of most intense eddies just behind the post, and so 
reduce the variation in thrust and torque on the screw as the blades 
passed through the aperture.

The most complete set of data relating to  wake values for single­
screw ships was that published by Professor E. M. Bragg before the 
American Society of Naval Architects and Marine Engineers in 
1922. This covered a range of beam to d ra ft from 2-0 to 3-0, and 
indicated that, other things being equal, the increase in beam to draft 
ratio caused an increase in wake fraction. This was generally known 
to be the case. For example, in a certain model of about 0-6 block 
coefficient, in which a wake value of 0-30 might reasonably be ex­
pected fo r a beam to d raft ratio of 2-5, the wake measured for the 
actual ratio o f 4-5 was 0-65.

Dr. E. V. Telfer: Bronze blades owed their superiority over cast- 
iron ones to two features—they were thinner for the same design 
conditions, and the surfaces were smoother and retained this smooth­
ness much longer. Some experiments on the effect of blade thick­
ness had been done by Baker and Riddle*, in w'hich the thickness 
at the root was halved”, all other features of the propeller remaining 
unaltered. A t heavy loadings the efficiency was unaltered by the 
change in thickness, but at lighter loadings the efficiency w:as higher 
with the thin screws, particularly those having circular back sections. 
Thus at a B v value of 10, the increase in efficiency was from 0-61 to 
0-67 for the circular back type, and from 0-67 to 0-69 fo r the aero­
foil. A t a B P of 25, on the other hand, all screws gave approximately 
the same efficiency of 0-57. F or all screws the reduction in thick­
ness meant an increase in revolutions of some 3 to 4 per cent, when

*Screw  P ro p e lle rs  of V a ry ing  B lade  S ection  in O pen W a te r—P a r t  I I .  T ra n s .
I.N .A . 1934.

absorbing the same power. Taylor stated in his book “Speed and 
Pow er of Ships” that practicable variations in blade thickness would 
have comparatively little effect upon efficiency.

M cFntee had tested model screws with various surface finishes*, 
including cast steel, iron and bronze, and finished smooth bronze. 
At working slips all the cast surfaces gave much the same efficiency, 
which was about 10 per cent, below that for the smoothly-finished 
screw.

Baker had recently given some estimates of the effect o f rough­
ness of blades on propeller efficiency based upon experiments on 
model propellers in w ater and on the effect of roughness on sections 
in the wind tunnelf. He found that the frictional drag of the blade 
surface was much more important with low pitch than with high pitch 
ratio screws, and the form er especially required a polished surface. 
Tests were made with a model screw 12in. in diam eter in the smooth, 
finished condition, and with four different types of roughened sur­
face. W ith an open-spaced' roughness consisting of grooves l/1000in. 
deep spaced 0-25in. apart, the loss in efficiency was about 3 per cent, 
at the highest efficiency, disappearing at higher slips. Closer spacing 
o r an increase in depth led to rapid loss in efficiency. W ith  grooves 
0-0013in. deep, 0-12 to 0-26in. apart, along two diagonals at right 
angles on both face and back, the efficiency was reduced from  0-652 
to 0-575.

Prandtl had said that the permissible roughness fo r a surface 
to be considered “smooth” would be a little less than half a thousandth 
of an inch on a ship screw, and Baker bad estim ated that a roughness 
of two thousandths would reduce the efficiency 44 per cent. Measure­
ments made by Dr. Berndt gave the roughness of propeller bronze 
as normally worked (in Germany) as one thousandth of an inch, but 
this could be reduced to half a thousandth by regrinding and polish­
ing. Unworked cast-iron had a roughness of seven thousandths of 
an inch.

It would be realized from these figures that serious wastage of 
power might occur due to the roughness o f surface of blades, par­
ticularly after some time in service when erosion might have become 
evident and fouling occurred, and it behoved all superintendents to 
pay attention to this feature of their ships.

The definition of skewback given in the paper was that normally 
used in the Tank screw reports.

I f  a built-up and a solid propeller were tried behind the same hull, 
the propulsive efficiency was somewhat higher with the solid type. 
Three twin-screw models showed gains varying between 2 and 3 i per 
cent., and three single-screw designs gains of from 1 to 4 i per cent. 
On the other hand, if the hull was designed to suit the larger boss, 
and the latter could be provided with a long cone to give a reason­
able taper to the after end, little o r no loss in propulsive coefficient 
need be incurred, but the hull resistance would probably be a little 
higher because of the larger bossing required on the hull itself.

Mr. L. Troost: The pressure changes in the screw race as shown 
in Fig. 5 were not meant to be in any way quantitative, but only to 
show in a general way the changes which occurred in velocity and 
pressure. The ratio of decrease of pressure in front of the disc to 
the increase behind varied, of course, with the thrust loading, and 
they were indebted to Mr. Troost fo r his very clear illustration of this 
fact, which formed a valuable addition to the paper.

The author was particularly glad to have this contribution from 
Mr. Troost because, he believed, it was the first time since 1940 
that he had been able to take part in the discussion of a paper before 
a British Institution. As Superintendent o f the W ageningen Experi­
ment Tank in Holland he had always been a most welcome visitor 
to this country, and they all looked1 forw ard to many further contri­
butions by him to the problems of ship resistance and propulsion.
■''Notes from  M odel B as in —A m erican  Soc. N a v a l A rc h ite c ts  and  M arine  

E n g in ee rs . 1916.
tT h e  Efficiency of M arine  P ro p e lle rs  and  th e  D ra g  Coefficient N E  Coast. 

In s t.  1945.

CORRESPONDENCE. 
“ Deck Machinery with Particular Reference to Latest Developments” , by T. S. B r o w n .

The Secretary,
The Institute of Marine Engineers.

Dear Sir,
Like Mr. A. D. Bean, and many of our members, I am surprised 

that the term “strain” is used in the above paper to indicate a “pull” 
o r “load”.

The reply given by the author was—‘Academically Mr. Bean’s de­
finition of the word “strain” may be correct but it appears to convey 
to the minds of engineers and seamen exactly what is meant much

better than the word “stress” ’.
I beg to point out that Mr. Bean’s definition o f the word 

“strain” is correct, and with the training given to engineers and 
seamen, either in evening classes or day classes, there should be no 
excuse for confused ideas regarding simple terms.

I  am well aware that this term “strain” is widely misused, and 
especially in text-books on “seamanship” when reference is made to 
blocks, ropes and lifting gear.

I f  the body, as shown in Fig. 1, is subjected to an external “pull”
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or "load", then there is set up an internal resistance which is called 
“stress” and the intensity of stress 

_  Load or pull._______
Cross-sectional area.
P Tons or pounds . , . . ,=  —— =  —=---------r—;----- = tons or pounds/square inch.
A  Square inches 

Dealing with longitudinal deformation, if the external “pull” or 
“load” is of such magnitude that the original gauge points A  A  in 
Fig. 1 increase to A  A ,, Fig. 2, then the body has been “strained” 
and “strain”

Change of length_e __ inches
— or change of length perL  inches

is merely a ratio, a pure number, and has no units of

Original length
unit length.
Thus "strain’'’ 
measurement.

From  this it is self-evident that a rope, chain or any body, under 
the action of an external load' or pull, is subjected to internal stress 
and if deformed a “strain”.

The external condition, the applied pull o r load, is the cause of 
the internal resistance “stress” and the deformation of the body 
“strain”.

If the material is subjected to a stress which does not exceed
the “limit o f proportionality”, then the ratio of “stress to strain” is
constant, or for tensile or compressive loads

Stress —^— — = a constant.Strain
The constant is called Young’s Modulus and is denoted by E. 

External load P
• p  —S tre s s_Cross-sectional area= A

Strain Change of length e_
L

From which :—

Strain = I = A E

Original length 

P a ratio.

— GAUGE LENGTH-— -

o '

1 A A.

■ify*

A »CR055-5ECTIONA,L 
AREA,

-- BD

F IG . I.

K

-e.

FIG.2.

Thus “strain” involves three conditions, external load, cross- 
sectional area and Young’s Modulus. The value of Young’s Modulus 
will depend on the material of which the body is made.

Surely it is much easier for the simplest mind to visualize a pull 
or load in simple terms of tons or pounds rather than the complex 
equation for “strain”. „ •

In the true language of the engineer or seaman the term “strain 
cannot convey any information to the mind unless the above equation 
is solved, and even then his answer is “a ratio”.

The term “pressure” is another unit which is misused in technical 
literature. It is applied as if it indicated a “pull” or a “load”. If 
the unit pressure is measured in pounds per square inch, then to con­
vert it to a pull o r load, pressure must be multiplied by an area, 
thus

Pressure (lb./sq. in.) x area (sq. in.) = load or pull (lb.). 
Difficulty will always be experienced by readers of Transactions 

if symbols and units are not according to accepted practice. The 
layman may be excused for misusing technical terms, but not the 
trained engineer.

Yours, etc.,
C h a r l e s  P a t t e r s o n  (Member).

JU N IO R  LEC TU R ES.
S o u t h - E a s t  L o n d o n  T e c h n i c a l  I n s t i t u t e .

A lecture on “Applications of Welding to  M arine Engineering” 
was delivered at the South-East London Technical Institute by 
Mr. H. N. Pemberton of Lloyd's Register of Shipping, on Tuesday, 
29th January, 1946. In the absence of the Principal, the Chair was 
taken by Mr. C. W. Tonkin, Head of the Mechanical Engineering 
Department. A good attendance of students and visitors enjoyed an 
interesting and instructive lecture which was amply illustrated by 
lantern slides. The lecture was delivered in an informal, friendly 
style and was followed by a number of questions which brought 
interesting replies.

In his opening remarks, the lecturer reminded his listeners that 
welding was a long established method of joining two pieces of metal, 
but that modern methods of welding, apart from pressure welding, 
had developed comparatively rapidly. His talk covered the whole 
range of modern welding and the methods of testing welds. Although 
the bias was towards marine engineering, fundamentals were not 
neglected. The differences between the various methods of fusion 
welding were made clear and well chosen slides illustrated the 
explanations.

The application of X-rays to the testing of welds was treated 
in a manner such as to enable even non-metallurgical students to 
appreciate the meaning of the several X -ray photographs shown.

Attention was given, also, to the necessity for designing for 
welded construction as against substituting welding for rivets. A 
number of appropriate slides made clear the neatness of finished 
article and the weight saving possibilities of fabricated construction, 
particularly in the case of engine beds. It was stressed, however, 
that a sense of proportion must not be lost and that there were still 
many parts which were better cast or forged, than fabricated.

The meeting ended with a vote of thanks to the lecturer, which 
was most heartily subscribed to by all present.

W e s t  H a m  M u n i c i p a l  C o l l e g e .
The fourth and final o f the Institute’s series of Junior Lectures 

during the current session was delivered at W est H am  Municipal 
College on Friday, 15th February, 1946, at 7 p.m., when Mr. S. D. 
Scorer, M .I.M ar.E. read a paper on “Modern Trends in W atertube 
Boiler Installations”.

Acting Principal Gladwyn was in the Chair, and there were pre­
sent about 140 students of the College and a number o f visitors. The 
lecture, which was very fully illustrated by lantern slides, described 
the differences between the land watertuhe boilers of 25 years ago 
and those existing to-day, and explained why the changes had taken 
place. Later, in a brief survey of the present trend in marine practice, 
the author emphasized the shipowner’s demand for a steam generating 
plant which must be as light and small as possible, economical in first 
and operating costs, and above all reliable.

Various marine installations were depicted, each designed to 
fulfil all the foregoing requirements. The last slide showed a naval 
boiler, built during the war, weighing only lib, per 2-21b. of steam 
generated, the boiler weight including the circulating pump. The com­
bustion chamber rating was no less than 330.000 B.Th.U. per cubic 
foot per hour.

In conclusion, the author hoped that he had made it clear that 
super-boilers, working at super-efficiencies, did not “make sense” 
unless they could be justified on commercial grounds. Every steam 
application had its optimum conditions, and it was the engineer’s 
business to determine those conditions.

A brisk discussion followed, the author replying to questions as 
raised. A vote of thanks to Mr. Scorer for his interesting and in­
structive lecture was proposed by Principal Gladwyn and carried by 
acclamation.

A D D IT IO N S  T O  T H E  LIBR A R Y . 
Presented by the Publishers-

British Standards Institution.
B.S. 1290: 1946. “W ire Rope Slings and Sling Legs”. 41pp., 

illus., 3s. 6d. net, post free.
Emergency B.S. 1296 : 1946. “Shapes of Butt-welded Lathe 

and Planer Tools”. 15pp., illus., 2s. net, post free.
B.S. 1252: 1945. “Solid Fuel Cookers and Combination 

Grates". 10pp., price 2s. net, post free.

The Institution of Naval Architects.
Transactions of tne Institution of Naval Architects, hound 

volume 87, 1945.
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Presented by the Sudan Government, London Office.
Survey of the Anglo-Egyptian Sudan 1898-1944. By K. D. D.

Henderson. W ith an introductory historical note by E. N. Corbyn. 
Longmans, Green & Co., London, 1946, 59pp., 24 photographs, two 
maps, Is. net, cloth bound, 2s. 6d. net.

Presented by the Publisher.
The Law of Trade Unions. By H. Samuels, M.A., B arrister-at- 

Law, of the Middle Temple and Northern Circuit. Stevens & Sons, 
Ltd., 119-120, Chancery Lane, London, W.C.2, 1946, 88pp., 5s. net.

This short text book on Trade Unions Law, the need of which 
has long been felt, will be of particular interest and value at the 
present time, when we hear of the likelihood of an amendment of 
the Acts. I t provides a concise review of the legal position as it is 
to-day.

Cargo Deadweight Distribution. By M artin Heuvelmans. 
Cornell Maritime Press, New York, 1945, 96pp., illus., indexed, 
price $1.50.

W hen reading this very practical treatise on such an important 
subject as the stowage of cargo and the trim  and stability of mer­
chant ships, it is essential to have in one’s mind that the International 
Load Line Regulations provide for a reasonable measure of safety 
by the adoption of an adequate standard of strength in the structure 
of a ship, which is controlled by the highest standard of the rules 
of the Classification Society.

The regulations also necessarily assume that the nature of the 
cargo ballast, etc., is such as to secure sufficient stability for the 
ship. The responsibility for safe loading of a ship for preserving 
this safe margin of stability rests with the master. It is in this 
respect that it becomes very im portant for ship’s officers to accumu­
late information from the practical experience of cargo superinten­
dents published in modern text-books.

The author of the book under review states immediately in his 
introduction that the treatise is not a technical one, but aims at a 
practical insight into the fundamentals of planning cargo loading in 
the light of weight distribution requirements. It is essential that 
ship’s officers and dock organization have a practical working under­
standing of each o ther’s problems.

To understand stability by any rule of thumb spells disaster. It 
has been stated, even in a technical society meeting, that an experienced 
captain can often sense the effective loading of his ship and the range 
of her stability, and other qualities, by the “feel of the ship”. Mr. 
Heuvelmans dispels such erroneous ideas in his little, but valuable, 
text-book, which can be well recommended to all students engaged 
in ship-design, dock operation, underwriting, and, particularly, to 
ship’s officers.

The book has been prepared with a freedom from w ar economy 
standards, and the price is within the reach of the most modest 
purchaser.

Optical Instruments in Engineering. Bv Sydney H. Hemsley,
B.Sc.(Hons.), M .Amer.I.E.E., A.M.I.E.E. Paul' Elek (Publishers) 
Ltd., Diamond House, 36-38, H atton Garden, London, E.C.l, 1945, 
79pp., 40 figs., 7s. 6d. net.

Many engineers have not had the opportunity to use optical 
instruments, which are often regarded as delicate laboratory devices. 
This book begins with a simple explanation of optical principles, but 
a knowledge of these principles is not essential in order to use an 
optical instrument. The principles on which the more important of 
the workshop optical instruments work are explained.

A chapter is devoted to the theory and use of optical flats. The 
electron microscope is shortly described.

The majority of workshop optical instruments are chiefly used 
in manufacture and inspection, and the need for interchangeability in 
finished products is resulting in more use being now made of such 
instruments. Every engineering student should familiarise himself 
with the use of workshop optical instruments, and this book supplies 
sufficient information for an understanding of the subject.

To the operational engineer, and with particular application to 
service marine operation, the chapter on measurement of errors of 
alignment and inclination is of special importance. Various uses to 
which the optical instruments for alignment can be put are indicated, 
but there is no doubt that there are many alternative uses in marine 
engineering not mentioned in the book.

The script is simple to understand, and there are no complex 
mathematical calculations. W ithin its eighty pages the book con­
tains a very considerable amount of information.

The Electrical Year Book, 1946. Emmott & Co., Ltd., 338pp., 
illus., price 2s. 6d. net.

The section on direct current generators has been re-written

fo r the 1946 edition of the “Electrical Y ear Book”, and in the follow­
ing section on alternators new m atter has been inserted on parallel 
operation. A  note is also now included on the metadyne. In the 
section on rotary converters the Ferraris-A rno and static phase con­
verter systems of single- to three-phase conversion are now dealt 
with, and in the section on electric welding information has been 
added on welding supplies from  three-phase systems and static 
balancers for large welding equipments. To increase the utility o f 
the notes on trigonometrical functions near the end of the book the 
previous matter has been replaced by a compilation selected with the 
needs of electrical calculation especially in mind.

Readers desiring more detailed information on power plant, 
engineering materials, and mechanical equipment and methods 
generally, are referred to the “Mechanical W orld Year Book” which, 
as usual, has been brought entirely up-to-date and contains a wealth 
of information adapted to the present needs of mechanised industry.

The Journal of Commerce Annual Review, January, 1946, of
shipping, shipbuilding, marine engineering and kindred subjects dur­
ing the year 1945. Published by Chas. B irchall & Sons, Ltd., 17, 
James Street, Liverpool, 332pp., illus., 2s. 6d.

This annual contains 22 articles by various contributors, among 
them being the following of special interest to marine engineers : 
“M ajor Complex Salvage Operations D uring the W ar”, by G. R. 
Critchley, C.B.E.; “Replacement Program m es of Liner Companies” ; 
‘'Shipbuilding Industry’s Needs and Problem s”, by H. E. H ancock; 
“Advances Made in M etallurgy” ; “New Technique in Ship Construc­
tion” ; “New E ra for Marine Steam  M achinery” ; “Electricity for 
Ship Propulsion” ; and “Oil-engined Tonnage in the Coming E ra”, 
by A. C. Hardy, B.Sc.

Mr. Critchley’s treatise is by fa r  the best and most interesting 
of these articles, despite the high standard achieved by several other 
contributors. The author of the article dealing with turbo-electric 
and Diesel-electric propulsion has apparently not realised that the 
last-named form of drive has been virtually abandoned both in this 
country and on the C ontinent; he devotes a good deal of space to 
speculation on the future performance of the ex-German Diesel- 
electric ship "Patria” under the Red Ensign, regardless of the fact 
that this vessel was handed over to the U.S.S.R. some time ago. It is 
even more surprising to find that this contributor makes no reference 
in his article to recent developments in America in connection with 
the Bowes electric drive.

The inclusion of an article on commercial aircraft in a publica­
tion devoted to shipping m atters calls for some criticism. W hatever 
justification there might have been for such a procedure a quarter 
of a century ago, air transport is now far too great and important 
a subject to be discussed as a sort of side-line of shipping, any more 
than rail or road transport.

The Materials Handling Manual ( I I ) .  Edited by M. M. W illiam­
son, F.R.S.A., and G. W. Williamson, M.Inst.C.E., M.I.Mech.E., 
Paul Elek (Publishers), Ltd., 36-38, H atton Garden, London, E.C.l,
1945, 414pp., 418 illus., 30s. net.

In these times of labour shortage and high costs, this book will 
help engineers to solve many of their transport problems; in fact, 
necessity forces many of us to design schemes to overcome the diffi­
culties experienced in using manual methods of moving m aterial- 
during process work.

It would be more useful to the engineer if detailed operational 
power consumptions were stated more frequently in connection with 
many of the schemes described by the author. This suggestion re­
lates more particularly to electric cranes and other elevating gear, 
Given the same work to do—height of lift, load, traverse or luff, 
lowering of load, and a standard speed—the reader will wish to know 
in terms of power consumption, fo r each cycle, the comparison 
between an electric transporter crane, an electric luffing crane, and a 
hydraulic installation.

Much more could be said about the method of working open­
cast coal, o r “stripping”, to use the older name for this process. A 
considerable amount of detailed! information on the large American 
strippers was published in this country some thirty years ago. There­
fore, in the reviewer’s opinion, there should have been no difficulty 
in applying this method of coal winning during the war.

The acquisition and study of this book will well repay anyone who 
is interested in the moving of materials, one of the world’s oldest 
problems.

The w riter regrets that, taking the price of the book into con­
sideration, the text and illustrations have not been printed on better 
paper and in larger type. This comment is prompted by contrasting 
the text with the numerous well executed advertisements, most of
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which are printed on paper that brings out the details of the illustra­
tions much better than in the book proper.

Mechanical World Year Book, 1946. Emm ott & Company, 
Limited, 31, King St. W est, Manchester, 3, 360pp., excluding Index, 
profusely illus., 2s. 6d. net.

The “Mechanical W orld Year Book” has, as usual, been care­
fully revised to keep it up-to-date. From  time to time certain 
engineering products acquire a certain measure of ubiquity. Ball 
bearings are an example, so much so that their m anufacture became 
of first-class strategic importance during the war. M ore important 
m atters concerned with this feature of general usage are, however, 
the underlying common properties. Just how pointed and useful 
they are cannot be determined u'ithout careful analysis of data and 
dimensions, but just as an analysis of ball and roller bearings before 
the w ar produced a unique set of tables in the “Mechanical W orld 
Y ear Book”, so has a fu rther analysis of another product which has 
come into equally general use—the modem V-belt—produced the set 
of useful tables w'hich now appears in the 1946 edition.

Science and the Social Order. By Cecil H . Desch, F.R.S. 
Published by the Royal Institute of International Affairs, 1946, price 
Is. net.

In this pamphlet the author presents, in a highly condensed but 
remarkably lucid form, the story of recent progress to the present 
moment, at which the phenomenal achievements of co-ordinated 
scientific research have brought human control of m atter and power 
to a point where higher moral qualities are required for its effectual 
and beneficial exercises than those which are visible now. The author 
covers a very wide field in his review ; he describes the immeasurable 
benefits which are almost immediately available to humanity if moral 
progress can be brought to the same speed of development as scientific 
discovery. This, as it should, links science with religion; together 
they will reverse the doom pronounced in Eden and liberate the earth.

This is a fascinating essay ; it evokes a shining vision like Isaiah’s, 
to challenge the sincerity of this and coming generations.

Britain at W ar: The Royal Navy. (From  April 1942 to June 
1943). A complete record in text and pictures, by Commander E. 
Keble Chatterton. Hutchinson & Co. (Publishers), Ltd., London, 
9-Sin by 7iin by lin., 312pp., 427 illus., 21s, net.

The period covered by this volume was a crucial one. The 
Allied offensive was opened in North A frica on 8th November, 1942, 
convoys were steaming to Russia by the northern route and to M alta 
through the Mediterranean under constant threat of enemy attack, 
the number of U-boats was at times increasing despite losses, and 
the toll on Allied merchant shipping gave cause for grave anxiety. 
There were many exciting exploits, such as the attack by Coastal 
Command on the Prinz Eugen as she steamed down the Norwegian 
coast and was severely damaged by torpedo attack, the gallant fight 
put up by Captain Sherbrooke in northern waters when on Russian 
convoy duty, and as exemplified by stories of men of the Royal Navy 
as they carried on, whether in Arctic seas, the M editerranean infested 
by Axis aircraft, the Atlantic or other war-ridden waters. The 
struggle against the U-boats was one of the most pregnant for good 
or evil, and we read again how, by far-reaching efforts on our part, 
the U-boats sank 60 per cent, less shipping in 1943 than in 1942, 
whereas nearly half our tonnage lost in 1943 was during the first three 
months of that year. Meanwhile the destruction of U-boats was 
going up rapidly.

The author tells largely in narrative form  the story of these 
fateful months, often illuminated by the relation of individual experi­
ences. The style of his writing, while suited to a book which relies 
for its cffect largely on illustrations, does not lend itself well for 
reference purposes, particularly as there is no index (which ’is to be 
regretted) and no headings in the text. There are no less than 427 
illustrations, mostly photographic, which portray the life the Navy 
leads in wartime as perhaps nothing else could1. They present a 
fascinating panorama which loses none of its freshness on going over 
it again and again. S tirring  incidents are also depicted in some vivid 
drawings by Montague B. Black.

The volume is printed on good quality a rt paper and completion 
of the series will provide a record of the war at sea, which would1 
embellish any library.

Purchased.
Reports of the Intelligence Objectives Sub-Committees.

9iin. by 7iin., 1945, H.M.S.O., London.
Item No. 22. File No. XXII-11. Synthetic Mica Process, 

Ostheim, Germany, 6pp., price 6d. net.

Item No. 22. File No. XXII-19. I.G. Farbenindustrie A.G., 
Leuna, Germany, 8pp., price Is. net.

Item No. 18. File No. X X V I-66. Klein, Schanglin & Becker
A.G. H ydraulic Couplings and Torque Converters, 26pp., 
price 2s. 6d. net.

Build the Ships: The Official S tory of the Shipyards in W artime. 
Prepared by the M inistry of Inform ation with the approval of the 
Admiralty. Text w ritten by V. S. Pritchett. Published by H.M.S.O.,
1946, 63pp., illus., price Is. net.

Wooden Boat and Ship Building. By R. M. Van Gaasbeek. 
Frederick J. Drake & Co., 600-610 W. Van Buren St., Chicago 7, 111., 
1941, 244pp., 124 illus., $2.00.

This book, as stated by the author, has been w ritten primarily for 
the instruction of house carpenters and others in the c raft of boat 
and shipbuilding.

The text is w ritten in simple English and the terminology in 
common usage in shipbuilding is very clearly explained. I t is accom­
panied by numerous illustrations and photographs, thus making it 
easy for the reader to assimilate the methods and practice of this un­
fam iliar craft.

The early chapters on the work in the mould loft are well worth 
reading as they help the operator to fix in his mind the proper 
methods and sequence in construction. The succeeding chapters and 
photographs give a clear picture of the use of modern machinery and 
emphasize the progress that has been made in comparison with the 
period of shipbuilding as practised in the day of the top and bottom 
sawyer. I t shows very clearly the extent to which the machine can 
be used to reduce the laborious w ork of form er days.

The author stresses that the object of the book is to instruct the 
beginner in the practical side of boat and’ shipbuilding and he has 
achieved this without resorting to lengthy technical details.

The beginner who reads this useful book can learn many things 
about the building of wooden craft, an art which is fast disappearing 
from many of our shipbuilding yards.

Page 19. The statement that “the most practical way of taking 
off the offsets is to make a model o f wood, an invention of an 
American mechanic” is open to challenge.

Pages 96 and 97, Fig. 46. Moulded breadth appears to be con­
fused with O.A. breadth.
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Associate Member.

Brvan Hildrew, B.Sc., 
Lieut.(E.), R.N.

Transferred from Student to 
Associate Member.

William Blacklock.

P E R S O N A L .
The following have been released from internment in the F ar 

E a s t :—
D. W. H u m e  (Member).
M. M. J a c k  (Member).
C a p t .  C . E. P i n e l ,  R.E. (Member).
R . M. K e o w n  (Associate).
A. R. B i l l i n g s  (Student).

A . L. B e n k e  (Member) was promoted to Lieut. Commander(E.), 
R.N.R., in June, 1945, and appointed Chief Engineer, H.M.S. “Sm iter”. 
H e was gazetted as Mentioned in Despatches in the Birthday 
Honours List, 1945.

A l f r e d  B e r r y  (Member) has been released from captivity in 
Germany and is now a Chief Engineer with the New Zealand Ship­
ping Company.

S. G. B l y t h  (Associate Member) has been appointed engineer 
surveyor with the Vulcan Boiler and General Insurance Com­
pany, Ltd.

A . J. B r o w n  (Member) has been released to take an appointment 
with F raser and Chalmers, Ltd., Johannesburg, consequent upon the 
closing down of the Control of Ship Repairs.

F. M. B u t i . e r  (Associate Member) was awarded the M.B.E. in 
the New Year Honours, 1946.

C . E. C l o u d s d a l e  (Member) has been appointed Senior Lecturer 
in Mechanical Engineering, Burnley Municipal College.

H. F. H. D o l l i n g  (Member) has been released from the R.N.R. 
to resume his appointment as engineer surveyor with the National 
Boiler and General Insurance Company.

D . M. D a v i d s o n  (Member) has been demobilised1 from the Royal 
Canadian Naval Reserve (remaining on the Retired List) with the 
rank of Lieut. Com'r.(E.), and reinstated with the Shell Company 
of British Columbia, Limited.

A. B. E d m o n d  (Member) has been appointed boiler house super­
intendent at Willesden Pow er Station. He was formerly for some 
years at sea in the service of Messrs. A lfred H olt & Company.

S. F r a s e r  (Member) has relinquished the post of Chief Engineer 
of International Alloys, Slough, to take over an appointment as W orks 
Manager and Chief Engineer of S tructural and Mechanical Develop­
ment Engineers, Slough.

W. J. G r a y  (Member) has been released from the Royal Indian 
Naval Reserve for reconstruction work in Singapore.

B. K. G u p ta ,  B.Sc. (Associate Member) has been appointed 
Engineer and Ship Surveyor to the Government of India, Mercantile 
Marine Department, Madras.

G. R. H a w k i n s  (Associate) has been appointed technical commer­
cial representative in the Newcastle area for M arine and Industrial 
Lubricants, Ltd.

R. H u n t e r  (Member) has recently been transferred from British 
Oil Engines (Export) Ltd. to Messrs. Mirrlees, Bickerton & Day, Ltd., 
in charge of Sales, Estimating and Contracts.

J o h n  J o h n s o n  (Member) has retired from practice as Consulting 
Engineer and Naval Architect from 28th February, 1946.

P. L a w r i e  (Member) has been released from  the Royal Navy 
and has returned to “Shipbuilding and Shipping Record” as Assistant 
Editor.

R. H. L o w e s  (Member) has been released from service with the 
Royal Naval Reserve and returned to his form er employment with the 
National Boiler and' General Insurance Company, Limited.

J. F. A. M a c B r i d e  (Member) has been released from service in 
the South African Engineer Corps with the rank of Major, and has 
resumed employment as Mechanical Engineer with the Union o£ Sou.h 
A frica Irrigation Department, Andalusia, South Africa.

W. M c D o n a l d  (Member) has been released from H.M. Forces 
and appointed Mechanical Engineer, B urhar Colliery, Dhanpuri, Rewa 
State, India.

A. E .  N e l s o n  (Member) has now completed his duties with the 
Ministry of W ar Transport in Canada, and has returned to the British 
India Steam Navigation Company.

H. W. N i c k l e s s  (Member) has returned to his form er position as 
marine surveyor with the Chinese M aritime Customs after being re­
leased from internment in the Far East.

S. O w e n  (Associate Member) is now engaged as engineer sur­
veyor to the General Accident Fire and L ife Assurance Corporation 
of London.

T .  R a t c l i f f e  (Member) has been appointed manager with James 
Brown, Ltd., Durban, Natal.

W . A. R i c h a r d s o n  (Member) is now with the Texas Company (of 
Ireland) Ltd., Dublin.

I. W. S h e l l y  (Associate) has been appointed mechanical engineer 
with the Singapore Municipality.

J. S t e v e n s o n  (Member) has been appointed as Surveyor to the 
British Corporation Register of Shipping and A ircraft, Shanghai; he 
was formerly in the Toronto office of the Society.

B. R. S. S y m o n s  (Student) has been promoted to Lieutenant(E.), 
Royal Navy.

H. L. t e n  C a t e  (Member) has been promoted to Commander(E.), 
Royal Netherlands Navy.

E n g .  C a p t .  L. T i i a c k a r a ,  R.N.(ret.) (Member) has been 
appointed Superintending Engineer to the Consolidated Rand Brick 
Pottery & Lime Co., Ltd., Olifantsfontein, Transvaal.

A. R. W a t s o n  (Member) retired in October, 1945, a fter 22 years' 
service as Chief Engineer Surveyor of the State Navigation Depart­
ment and Maritime Services Board of New South Wales.
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