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T h e  first screw propeller was probably a complete lielix, b u t it  
was found th a t a complete helix  was disadvantageous, and th a t 
a small portion of it  was all th a t was necessary. A two-bladed 
propeller is derived from a double helix, a tliree-blader from  a 
treble helix, and so on.

The im portan t particulars of the screw propeller are usually  
stated as fo llow s:— D is the diam eter, P  is the p itch  (th a t is 
the distance which would be travelled by the screw without' 
slip in one revolution, or the leng th  of the generating  helix) 
and the ratio  projected area of all the blades to the disc area
is very important and is usually written The ratio ofdisc
P  to D, the pitch  ratio , has an im portant bearing upon effi
ciency.

Suppose for the m oment th a t the screw is working a long way 
astern of the ship and th a t v is the speed of the ship, now to drive 
the ship forward the propeller m ust drive a column of w ater aft.

191



192 THE SCREW PROPELLER.
L et the speed of water in the propeller race he V, then (V — v) is 
the speed im parted to the water by the screw, or is the speed of 
the  slip. You m ust have slip in  order to move the vessel, how is 
i t  then th a t engineers find th a t sometimes they get negative 
slip? th a t is what I  propose to explain. I  m ay, however, say at 
once th a t real slip, such as you m ight get under the conditions 
aforem entioned, is a very different th in g  from the apparen t slip, 
which is what the engineer gets on tr ia l trip , or a t sea ; because in 
actual practice the propeller is fitted fa irly  close to the stern  of 
the vessel and then other conditions arise.

A vessel moving through the water experiences resistance, 
due in p a rt to the frictional resistance of the w ater on the im 
mersed surface, which causes the water to be dragged in  a for
ward direction, and hence at the stern there is usually  a fol
lowing wake, in  other words, the water is not moving tow ards 
the screw with the speed V, but with some smaller speed. The 
wake effect is not, however, solely due to frictional resistance, 
bu t there- is, at anything  bu t very low speeds, the orb ital 
motion of the particles of water due to wave-making, and there 
is also the effect of stream  line motion.

L et v be the speed of the following wake with reference to 
still water, then the speed of advance of the screw through th is 
is not v but (v -v j) .  Now the usual way of stating slip-ratio is
—y — where Y  is equal to P  x  R, P  being the pitch and R  the
revolutions per m inute. B ut the speed of water flowing to 
wards the screw is now (v — Vj) instead of v, and hence the real 
slip is greater than  the apparent slip of a screw working near 
the stern of a ship. W hen sta ting  the speed of the screw as 
P  x R , it is assumed th a t the pitch of the driving face of the 
screw is the real p itch, but th is is not necessarily so, in fact it 
is seldom so.

Our experim ental tank was opened in  1883. At first we dealt 
only with ship models, but as soon as possible we also began 
experim ents w ith model screw propellers, both behind models 
and w ithout models in front of them . W e observed curious 
differences, between real and apparent slip, and we though t th a t 
some lig h t m ight be throw n on th is by experim ents w ith a 
series of screws and a corresponding series of discs and sectors 
of the same diameters.

E arly  in 1898 we tackled the work seriously and d ia
gram  (1) shows one set of screw propeller resu lts. These
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screws were all of the same diam eter, num ber of blades, 
projected to disc area, thickness a t the root and general 
outline, but while the pitch of the driving  face of each screw 
was uniform , the pitches of the different screws varied from -5 
of foot to 2 feet. These were driven along the tank  without 
any model in front of them — driven in the open as we call 
it— and were driven at different rates of speed of advance and at 
progressive r.p .m . (revolutions per m inute) for each speed. In  
diagram  (1) the speed along the tank was 500 feet per m inute. 
Tlie diagram  is plotted on a base of slip ra tio  (assum ing the 
pitch of the propeller to be the pitch of the driving  face) and 
th rust, revolutions and efficiency are the ordinates.

Now with a slip ratio  of zero, th a t is to say when P  x E  equals 
500 feet, there should be no th rust. This is far from being the 
case for a screw with -5 of a foot pitch, the th ru s t instead of 
being zero, is 8 lbs. and the efficiency is nearly  a m axim um , 
while the efficiency curve does not strike the base line u n til 
the slip ratio  is nearly  m inus 20; th a t is to say, instead 
of the real pitch being -5 feet, it is -588 feet a t zero th ru st. 
S im ilarly , the screw with one foot pitch  had a th ru s t a t zero slip 
ra tio  of nearly  1 lb ., and the efficiency is very considerable. 
In  the 1-5 foot screw on the other hand, the real p itch  is 
sligh tly  finer than  the pitch of the driving  face, also in  the case 
of the 2 feet pitch screw.

I  do not know whether th is was generally  known by m arine 
engineers at th a t tim e, at any ra te  it did not seem to have been 
so. In  a recent publication, the discrepancy between the real 
pitch and th a t of the driving face has been recognised and re 
ferred to, but it is there assumed th a t the real p itch  exceeds 
th a t of the driving  face by a constant percentage. W e have 
found th a t th is is not so, and th a t the difference varies w ith a 
num ber of factors. G enerally, however, it  m ay be stated th a t 
if the blade sections be sym m etrical, a coarse-pitched propeller 
has a slightly  finer real p itch  than  the pitch of tlie driving  face, 
and a fine-pitched propeller has a considerably greater real 
p itch  than  th a t of the d riv ing  face. W hen the pitch 
ratio  of the driving  face is about 1 |,  the pitch of the 
d riv ing  face is then identical w ith the real p itch . The 
discrepancy between the real pitch and th a t of the d riv 
ing  face varies, however, w ith speed of advance, with the w idth 
and shape of the blade and with its thickness, and if the section 
of the blade be not sym m etrical about its centre, the real p itch
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The question therefore becomes exceedingly com plicated, and 

the results of our experim ents with screw propellers suggested 
a series of experim ents to ascertain the effect of revolutions alone. 
I t  was thought th a t lig h t m ight be throw n on the kind of v aria
tion of pitch due to th ru s t by experim ents on flat sectors w ithout 
p itch, and also th a t such experim ents m igh t help the study of 
the effect of revolutions on the am ount of water acted upon by 
screw propeller blades of certain  w idths and vary ing  revolu
tions as compared w ith  the complete d isc ; th a t is to say, i t  was 
desired to stiidy the effect of revolutions per se upon the 

■efficiency of screws. W e therefore tried  in 1898 and 1899 com
plete discs of different diam eters, and sectors of the same discs 
of vary ing  proportionate areas, a sixth , a fifth, a fourth , and a 
th ird .

D iagram  No. 2 shows the result of a series of tests of such a 
disc and of such sectors, all of the same diam eter as one of the 
previous sets of screws, made as th in  as possible, and advancing 
at 500 feet per m inute. In  order to elim inate the effect of eddies 
round the periphery of the discs and sectors which m ight be 
caused by the two square edges of the plate, the edges were 
rounded as shown, bu t the sectors of course had still no real 
pitch.

This diagram  shows the resistance of the complete disc and 
sectors when advancing a t 500 feet, b u t driven a t different re
volutions. The lower series of curves show the tu rn in g  
moments, the upper series of curves show the resistances. The 
d iagram  is of extrem e in terest, and it  will be observed th a t for 
the complete disc the resistance increases w ith increase of r.p .m . 
W hen the sectors are not revolved, the resistances in proportion 
to th a t of the whole disc are practically  in  proportion to their 
respective areas, showing th a t eddy-m aking had either the same 
proportional effect, or practically  no effect.

W hen the whole disc was revolved the resistance increased, 
and doubtless the effect was as if the disc had been increased in 
diam eter due to the centrifugal action throw ing the w ater out 
beyond the edge of the disc, while the tu rn in g  m oment was 
roughly in proportion to the square of the speed, as one would 
expect, because it can only be due to surface friction, (juite 
another effect, however, is got with the sectors. The resistance 
•at first increases very rap id ly  with increase of speed of rotation, 
bu t the tu rn in g  moment, after a sligh tly  more rapid  increase 
"than th a t of the complete disc, falls off, passes th rough  zero and
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becomes negative over a considerable range of revolutions per 
m inute, and tlie sm aller the sector the greater is th is range.

Curves of Resistance is pounds, and Turning Moment in ft. pounds, of a  Disc and Sectors in term s of Revolutions per min. a t a  constant speed of advance in  fresh water.
Diam. of Disc, and Sectors =  ‘738 ft.Thickness „  =  '012 ft.Speed of Advance =  500 ft. per min. mThe Sectors have no pitch on either face, and the edges are sharpened. ^

REVOLUTIONS P E R  M NU TE

Diagram II .

I  do not propose to study tliis d iagram  exhaustively, bu t i t  
seems to show th a t while the sectors had no apparent pitch, they 
had a very real pitch when ro ta ting . The shape of the resis
tance curve is in teresting  in th is regard, as it would otherwise 
probably not have had the dip down as shown between 400 and 
800 r.p .m . in  tlie different sectors, alteration  in shape begins 
where the tu rn ing  moment curve crosses zero, and the curve is- 
re-established where the tu rn in g  moment curve re-crosses th e  
zero line. The general shape of th is curve would also seem to
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show th a t a flat sector, driven at an infinite num ber of revolu
tions, would probably have the same resistance as the complete 
disc, and th a t revolutions per sc are an im portan t elem ent in 
screw propellers.

In  m aking these experim ents, we found th a t if the sector was 
started on the run  down the tank, free, but not revolving, th a t 
it  then rem ained non-revolving, and we sim ply got the resis
tance of tlie sector a t 110 revolutions. B ut, if we started  the 
sector 011 its run  with an in itia l spin, but free from the cord 
which gave the tu rn in g  moment, then  the revolutions increased 
during  the run , until they arrived at the point where the tu rn in g  
moment curve re-crossed the zero line of tu rn in g  force ; th a t is to 
say, the sector really  became a screw w ith a certain  pitch, and 
was rotated at a definite speed by being dragged th rough  the 
water. I t  was found th a t th is was true in whatever direction 
the flat sector was started to revolve. This is perhaps the best 
proof th a t the flat pitcliless sector has a real p itch . This experi
m ent can be repeated w ith a sim ilar sector in an a ir current, pro
duced, say, by a blowing fan.

The effect of revolving any of the sectors in w ater was to 
rap id ly  increase th e ir v irtual area, and the same v irtu al increase 
of area no doubt takes place in an ordinary  screw jn’opeller. I t  
is for th is reason th a t excellent efficiencies are got w ith  slow 
tu rn in g  large propellers, whose projected area to disc is low, 
say in the region of -25, and th is d iagram  also explains why in 
crease of projected area to disc, at h igher revolutions of screw 
propellers, has not the same proportionate effect as at lower 
r.p .m . These facts, I  th ink , should be helpful in the study of 
cavitation.

An explanation of why the tu rn in g  moment curves of the 
V sector rise more rap id ly  a t first than  th a t of the whole disc,

-—although the sectors have only a small proportion of the area 
of the whole disc— is th a t the sector lias a real pitch  very much 
less than  th a t required to give no th ru s t or resistance, and thus 
drives the wyater forward relatively  more than  the disc does, and 
hence increases the relative resistance. This real pitch varies 
as the revolutions increase, un til it drives w ater forward at a 
reduced rate  with increase of r.p .m ., thus the increased r.p .m . 
over a certain  range requires reduced tu rn in g  m om ent, and 
causes a corresponding reduction of resistance of the sector. 
T hat is why I  have given it as my opinion, th a t real p itch does 
not rem ain the same throughout all revolutions and th rusts in 
the actual propeller.
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A nother way of sta ting  th is is as follow s: — I t  will be seen 

from the diagram  No. 3 th a t the tu rn ing  m oment of the sector 
thereon dealt with, and which has an area equal to one-third of

Speed of Advance, 500 ft. per min.J)iam ., *738 ft.Disc and Sector of § disc area, having no pftch.

D iagram  I I I .

th a t of the disc, has a negative tu rn ing  m oment over a consider
able range of r .p .m ., and if we deduct the tu rn in g  moment due 
to surface friction (which m ay be assumed to be about one-third 
of the tu rn in g  moment for the complete disc) we find th a t the
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tu rn in g  moment due to the hydro-dynam ic pressure on the  
sector blades, is very considerably negative between, say, 300 
and l,4 0 0 r.p .m ., as shown by the curve. On the same diagram  a 
curve of pitch for no th ru s t or resistance is given (pitch in feet
equals  ̂^ m ).• Now the apparent pitch of the sector is a con
stan t; in fact, it has no pitch, whatever the r.p .m . m ay be, but 
the real pitch  varies w ith r .p .m ., and therefore i t  differs in 
varying degree from the apparent zero pitch  w ith vary ing  
r .p .m ., and it appears from the curve of resistance of the sector, 
th a t the difference between the real p itch of the sector and th a t 
required for no th ru s t or resistance is a variable, which a t low 
revolutions is a very rapid  variable.. The difference becomes 
much less as the r.p .m . increase, but the change of curvature in 
the resistance and tu rn in g  moment curves for the sector, shows 
th a t the real p itch  of the sector changes a t probably an irregu lar 
rate , w ith vary ing  r.p .m . I f  it  really  rem ained a constant, or 
if i t  changed at the same rate  as the pitch  for no th ru s t, then  we 
should always find resistance of sector increasing w ith increase: 
of r.p .m ., instead of sometimes being reduced.

The rem arks I  have made as to the following wake m ight be 
taken to mean th a t for any particu lar ship at any particu lar 
speed this following w'ake has a definite speed for ail a rrange
m ents of propellers. This is not so. In  the case of a single 
screw vessel, the wake is probabty sym m etrical on each side of 
the stern post, and w hat we get as following wake would be the- 
same, whether the propeller revolved right-handed  or left- 
handed, bu t in the case of twin-screws the wake percentage is 
different, depending upon which way the propellers revolve. 
U sually, propellers of twin-screw ships revolve either both in 
wards, or both outwards, at the top, b u t if the wake is taken from 
the model w ith inw ard revolving screws, and then  taken again 
with the same screws revolving outwards, th a t is to say, reversing 
the screws from starboard to port, a different percentage would 
be obtained. I t  is for th is reason th a t different hull efficiencies, 
different gross efficiencies, and different speeds for the same 
power, by revolving the screws outwards or inwards on the same 
ship are obtained. This is rare ly  tried on a ship, b u t in our 
own experience we had one notable case, a large yacht, in which 
the engine guides were so arranged th a t the screws could either 
revolve outwards or inwards, when steam ing ahead. The 
owner’s preference was for inw ard revolving screws. W e tested 
th is in the tank, and our preconceived idea th a t i t  would not be
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so good as revolving the same screws outwards was confirmed, 
and the owner consented to a double tria l, w ith the screws re
versed. As we had predicted from our tank trials, the difference 
in  speed for the same power was fully  ha lf a knot. The follow
ing  wake, w ith  the inw ard revolving screws, was 11 per cent, of 
the ship’s speed, and w ith the outward revolving screws, IT per 
cent.

The hull efficiency w ith the outwards screws showed 1-03 
,, ,, ,, inwards ,, ,, -95

In  the ordinary type of cargo carry ing vessels, the wake per
centage is fa irly  large, hu t in  certain  other types of vessels 
(usually of high-speed), we have found a very small wake or 
none at all, and in several cases we have actually  found a nega
tive wake, w ith twin screws tu rn ing  outwards on the top.

I t  will thus be seen w hat an extrem ely complicated question 
th is interference between hull and screw is, and how essential 
it is th a t each screw should be suited to the hull which it  is to 
drive. I t  is th is fact which gives the screw inventor his op
portunity , and he is occasionally fortunate in producing, by his 
paten t screw, a better result than  th a t of an ordinary bu t badly  
proportioned screw, which improvement could have been pro
duced by altering  the proportions of the screw of ordinary  de
sign.

I f  any one would like to study the variation in the factors 
th a t affect hull efficiency, I  would refer them  to Mr. L uke’s 
I.N .A . paper of M arch, 1910, where the m atter is dealt w ith  at 
g reater length.

R eferring  now to “ cav ita tio n ”  in screw propellers;— a com
paratively  new disease which did not affect the old sea-going 
engineer, and indeed does not affect the m ajority  of m arine engi
neers even now ;— it appears in an aggravated form in high-speed 
vessels w ith small screws, and hence direct-driven tu rbine 
steamers are more likely to suffer from it, than  those 
fitted w ith reciprocating engines, or geared turbines.. I  
th ink it was first recognised as a special disease capable of 
curative treatm ent, by Mr. Sydney B arnaby in the Daring, and 
he cured it in  th a t case by increasing the area of h is screw 
blades. He was hence led to express the condition under which 
“  cavitation ”  is likely to occur, in  term s of' pressure per square 
inch of projected blade area (11J lbs. as a m atter of fact). Since 
then, with screws of modern design and higher revolutions as 
against speed, and also turbine driven, he has found th a t th is
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figure m ay be increased to 13 lbs. W e, in our experience, have 
found th a t we have got no serious cavitation in  a certain  vessel 
w ith "pressures up to 18 lbs. For details see Mr. B arnaby’s 
paper read at the I .N .A . in Ju ly , 1911, and to my rem arks upon 
his paper.

In  an experim ental tank such as ours, we do not reproduce 
“ cavitation”  a t corresponding speeds, bu t the g rea t value of such 
experim ents is, th a t when the results are compared w ith these 
obtained from tria ls on the measured m ile, we can see a t what 
point “  cavitation ”  begins to be serious, and at w hat point there 
is an absolute breakdown of the sh ip’s propellers, compared with 
those of the model. “ C av ita tio n ”  does not begin suddenly, 
although its worst effect (a complete breakdown) does take place 
somewhat suddenly.

W hen a screw is working in water it  produces in fron t of it 
a reduced pressure. The reduced pressure causes the w ater to 
flow towards the screw. This flow is caused by the pressure of 
the atmosphere and water above the screw. Of course, I  am not 
referring  to the rearw ard flow of water towards tlie screw caused 
by the speed of advance of the ship, I  am referring  to the ex tra 
speed im parted to the w ater by the action of the screw.

Now as the atm ospheric pressure is roughly equivalent to 33 ft. 
of w ater th is is a more im portant factor th an  immersion of 
screw. This is specially so in shallow d ra ft vessels, to which 
there has been a very large application of tu rbine propulsion. 
In  such a shallow d raft vessel the to tal head m ay be equivalent 
to 36 ft. of w ater to the centre of the screw, then the highest 
velocity a t which the water can reach the screw is (from the 
form ula V 2 =  2gh), 48 ft. per second or 2,880 per m inute. There
fore one would say th a t u n til the real slip w'as equal to 2,880 ft. 
per m inute, the w ater should follow up the screw, and there 
should be no cavitation. Our experim ents and experience, with 
actual screws, show th is is not nearly  the tru th , and th a t some
th ing  below half th is figure is quite dangerous. I  do not pre
tend th a t I  can give a complete explanation for th is, b u t water 
is not a perfect fluid, and sea water is saturated  w ith a ir and 
other gasses, which tend to come off and form a gas-filled cavity 
when the pressure in fron t of the screws is reduced somewhat 
below th a t of the atmosphere.

Those who desire to study more fu lly  th is question of screw 
efficiency—real pitch  and cavitation, I  would refer them  to
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ttie excellent published papers of M r. R . E . Froude, and S ir 
Charles Parsons, and to the books and papers published by Mr. 
Barnaby.

I  now w ant to refer to some erroneous notions on screw pro
peller action. In  the case of the disc, it will be remembered, I  
referred to the w ater throw n out to the periphery by centrifugal 
action, b u t in  the case of an ordinary screw working under ordi
nary  conditions, there is no such action, and all the inventions 
which have for their object the prevention of cen trifugal action 
are quite useless. Anyone who takes the trouble to make a 
model screw revolve in a glass-sided tank filled w ith w ater and 
charged w ith flocculent m aterial can easily prove the tru th  of 
th is statem ent. F u rth er, by fitting a spider behind the screw, to 
which long threads are attached, as these follow the stream s of 
water, it  will be seen th a t they tw ist, and th a t they show a 
contracted area behind the screw ju st as illustrated  by M r. 
Froude in his I .N .A . papers of 1889 and 1911.

C entrifugal action, however, can be produced by an abnorm al 
condition. I f  a plate is brought up nearly  touching the back of 
the screw, the screw changes from a propulsive instrum ent to a 
centrifugal pum p, draw ing the w ater from the driving face of the 
screw and throw ing it out at the periphery. I  have been told 
th a t in  abnorm al cases in which a screw has been very near to  
a blunt-ended barge, th a t when the engine was started ahead, the 
vessel actually  went astern instead of ahead.

Ju s t one final word of w arn ing; we have been obliged to 
make m any model screws a t the instance of friends who had 
been approached by propeller inventors. I t  is really  sad to see 
so much wasted energy, bu t it  is still sadder to th ink  th a t th is  
waste will go on as before. I  cannot remember a single case 
where we succeeded in  convincing an inventor th a t he was 
WTong. He either thought th a t we were prejudiced, th a t we 
were not conducting the experim ents properly, or th a t he had 
made some slight error which he could easily pu t rig h t, and he 
would again approach us with some new abortion. A fter years 
of tank experim ents and progressive tria ls on actual vessels, I  
should like to express my opinion th a t the ordinary uniform ly 
pitched propeller of the usual shape and section of blade m ade 
of suitable pitch, diam eter, and ratio  of projected to disc, cannot 
generally  be beaten by any fancy propeller. I  hope th a t friends 
in  future will neither waste th e ir tim e, nor ours, in  b ring ing  
influence to bear upon us to try  still-born inventions.
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I  am greatly  indebted to Mr. M umford, the chief of our ex

perim ental tank, who was really  responsible for the inception 
and carry ing out of the experim ents illustra ted  on the diagram s, 
and who has also prepared the experim ents showing the flat 
sector revolving in a i r ; also the model propeller working in 
water dem onstrating the shape of the propeller race, and the 
absence of centrifugal action.*

In  conclusion, I  should like to say th is to engineers, th a t the 
only tr ia l which is really  useful for the fu ture  study of pro
pellers, is the progressive tr ia l w ith clean bottom  surface of sinp, 
carried out 011 a series of runs on a proper m easured m ile with 
sufficient depth of water, and, if they are in charge of the con
struction of any vessel, and have the power to dictate w hat kind 
of tr ia l shall be made, I  beg of them  to insist upon such progres
sives. The trem endous loss of valuable data which takes place 
every year, through the lack of these im portan t tria ls is very 
sadden ing ; it means slow progress towards the full com prehen
sion of th a t most in teresting  tool, the screw propeller.

A cordial vote of thanks was accorded with acclam ation to the 
P resident, on the motion of M r. A. Boyle (V ice-President), 
seconded by Mr. H . A. Ruck-Iveene (Member of Council). 
Thanks were also cordially tendered to Mr. M umford for Lis 
assistance in pointing out the lines on the diagram s in  the 
course of the address, and in dealing' w ith the glass tank  and 
accessories to illustra te  some of the special points dealt w ith by 
the President.
♦No t e .— T h e  a d d re s s  w a s  i l l u s t r a t e d  b y  th e  e x p e r im e n ts  r e f e r r e d  to , t h e  g la s s  t a n k ,  w i th  

p r o p e l le r  w o rk in g  b y  m e a n s  of a  m o to r  b e in g  sh o w n , w h i le  th e  a c t io n  of th e  s e c to r  
in  t h e  a i r  w a s  a lso  s h o w n  b y  m e a n s  of a  f a n  s im i l a r l y  d r iv e n .


