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UNITED STATES PATENT OFFICE. 
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1031,545. Specification of Letters Patent. Patented July 2, 1912. 
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To all whom it may concern: 
Beit known that, OLE GUNERIUs HALvoR 

SEN, a subject of the King of Norway, re 
siding at Trondhjem, Norway, have invent 
ed certain new and useful Improvements in 
Screw-Propellers; and I do hereby declare 
the following to be a full, clear, and exact 
description of the invention, such as will en 
able others skilled in the art to which it ap 
pertains to make and use the same, refer 
ence being had to the accompanying draw 
ings, and to letters or figures of reference 
marked thereon, which form a part of this 
specification. 
This invention relates to screw propellers 

and the object of the invention is to provide 
a screw propeller, which is so formed, that 
the particles nearest to the face of the pro 
peller blades are prevented from describing 
paths relative to said surface, other than true 
screw lines lying on the surface of a cylin 
der, the longitudinal axis of which coincides 
with the axis of rotation of the propeller. 

Figure 1 illustrates a propeller for deter 
mining the paths of the Water particles 
across the face thereof. Fig. 2 is a diagram 
illustrating the method of determining at 
what point along the propeller blade the 
water will move across the same in a true 
helical path. Figs. 3, 4 and 5 are, respec 
tively, a plan, a side elevation and an end 
view of a propeller blade made in accord 
ance with my invention with various posi 
tions of the generatrix projected into the 
planes of these figures. Figs. 6 and 7 show 
two forms of generatrix for a propeller 
face. Fig. 8 illustrates the method of de termining the surface of a four bladed pro 
peller, and Fig. 9 shows the method of de 
termining the shape of the generatrix for 
the face of a propeller blade. 
By experiments made by me with a pro 

peller in water, it is substantiated that the 
the propeller's rotation do not all describe 
true screw lines in relation to the axis of ro 
tation. These experiments have been car 
ried out by means of a device as illustrated in Fig. 1. This drawing shows a propeller 
bladee along the forward edge of which is 
formed a channel f, communicating with a 
channelg in the propeller shaft h. At suit 
able intervals the channel f has orificesi, 
opening on the pressure side of the blade. 

The blade is coated with black asphaltum 
varnish and the channel in the shaft con 
nected with a reservoir of petroleum. 
The propeller is set in rotation in a suit 

able vessel, allowing a circulation of the wa 
ter, so that it will pass the propeller at a 
right angle to its plane, and thereupon pe 
troleum is pumped into the channel. Pe 
troleum then will pass out in fine streams 
through the orifices i and take part in the 
'movement of the water nearest to the surface 
of the blade; after a short while the petro 
leum will have dissolved the varnish, and 
lines will be visible commencing at the ori 
fices and crossing the blade, as indicated in 
the drawing. These lines will as shown not 
be concentric screw lines, but they will di 
Verge rearwardly, assuming a uniform ra 
dial pitch and imagining the real paths of 
the water particles drawn on the face of the 
blade, the continuation of the tangents to 
these paths will, according to what the trials 
show, at all distances from the axis of rota 
tion reckoned from the center line of the 
blade cut one another at the same point 
(point of convergence), the face of the blade 
being thought twisted to form a plane per 
pendicular to the axis of rotation. This is 
illustrated in Fig. 2, in which the lines m-n, 
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and p-g represent tangents to two sponta 
neous"actual paths described by the particles 
of water. The continuation of these tan 
gents cut one another in the point a, which 
is then the point of convergence for all of 
the tangents to the paths for a given pitch 

tio pitch - 
18O diameter 
blades. If the line a-r be drawn parallel 
to the X-axis, the distance between the 
former and latter will indicate the radius 
of the blade at which the path of the water 
particles naturally describe part of a true 
screw line or helix. At both sides of this 
place the real paths do not coincide with the 
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and a given number of 

true screw line. The special point of con 
vergence a lies on the curve II, which con 
tains the points of convergence, or is the 
locus of the points of convergence for all 
two bladed propelers. The experiments 
have also substantiated that the location of 
the point of convergence on one and the 
same curve is dependent upon the pitch 
ratio of the blade, and not upon the num 
ber of revolutions. The curves III and IV. 

85 

90 

95 

.00 

105 



0. 

ce 1,081,545 

similarly are the loci for all the points of that the generatrix has a tangent perpendic 
convergence for the 3- and 4-bladed pro 
pellers respectively. The points b, and c, 
are thus corresponding points of converg 
ence for the 3-bladed and 4-bladed propel 
lers of the same pitch. It is evident from 
this that the coördinates of the point of con vergence for the same pitch ratio vary with 
the number of blades of the propeller. 
The peculiarity of the curves II, III and 

IV is now shown by the above. If the num 
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ber of blades and the pitch ratio of the pro 
peller to be constructed are agreed upon, a 
point of convergence corresponding to these 
may be found on the curve III as for in 
stance b. The coördinates of this point will 
now be decisive for the form of the propel 
ler blades in a way, which shall be described 
later. The ordinate to the point b, will 
now, according to the above, indicate that 
place on the face of the blade of the pro peller, where the path of the water particles 
naturally coincides with the true screw line. 
By the above presentation of the real 

facts, it is evident that there arise during the 
rotation of the propeller radial movements 
of the particles of water nearest to the face 
of the blade, which do not affect the work of 
propulsion of the propeller. In order to 
prevent the formation of the above men 
tioned motion of the water, I suggest giving 
the generatrix of the propeller-blade such a 
form, that there come into existence radial 
components of pressure opposite in direc 
tion and equal in magnitude to those, that 
produce the useless radial motions of water. 
Thereby the water relative to the face of the 
blade will describe paths, that coincide with 
real screw lines. 
In the following I shall now proceed to 

explain how a propeller blade is to be 
formed in accordance with my invention. 

Fig. 3 shows the projection of the face of 
a propeller blade on a plane perpendicular 
to the axis of rotation of the propeller. The 
lines 0-6, 0-7, 0-8, etc., represent the 
generatrix of the face in different angular 
positions. The projection of the generatrix 
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in this plane is a straight line. Fig. 4 shows 
the projection of the same face on a radial 
plane. The projection of the generatrix in 
this plane will be the curved line 0-5, the 
position of which, 0-6, 0-7, etc., corre 
sponds to 0-6,0-7, etc., in Fig. 3. Fig. 5 
shows an end view of the face, and the gen 
eratrix in different angular positions pro 
jected on the plane of the paper. 

Regarding the form of curvature of the 
generatrix this must be made in such a way, 
according to the preceding, that there occur 
as a consequence of the curvature of the gen 
eratrix, radial pressure components equal in 
value but reverse in direction to the pre 
viously mentioned forces, which produce the 
radial motions of the water. Fig. 4 shows 

ular to the axis of rotation 00 of the pro peller. This tangent touches the generatrix 
at the point d, the distance of which, from 
the axis of rotation, is equal to the ordinate 
of the point of convergence; as at this dis 
tance from the axis of rotation the particles 
of water, according to the above, move-rela 
tively to the face in a true screw line. The special case shown in Fig. 4 holds good for 
a 3-bladed propeller, where the relation be 
tween the diameter of the propeller and the 
pitch is for instance 0,8. For this case the 
point of convergence then is to be found on 
the curve III and is marked b, Fig. 2. As, 
according to Fig.1 the water within the neu 
tral line b-s (the line parallel to X-axis 
through the point of convergence b, has a 
tendency to be sucked in toward the center 
of rotation, a tendency, the degree of which 
is dependent on the distance of the point 
considered from the axis of rotation, the 
generatrix must be given such a form that 
there arises all over on this part a radial 
outward pointing pressure component, the 
magnitude of which is equal to the above 
mentioned inward striving tendency of the 
water at the point considered. In the same 
manner the part of the generatrix outside 
the neutral line b-s must be given a form. 
which produces radial inward pointing 
pressure components. For this special case, 
with the point of convergence b°, the gener 
atrix will then obtain the form shown in Fig. 
4, viz. 0-5, where distance of d from 0--0 
is equal to the ordinate to be in Fig. 2. The 
form of the generatrix will, as the preced 
ing representation shows, be conipletely de 
pendent upon the number of blades and the 
location of the point of convergence on the 
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curves II, III and IV, Fig. 2. The conse 
quence of this is that the generatrix will 
obtain the form for instance of Fig. 6, for 
the point of convergence as on the curve II, 
Fig. 2 (for a 2-bladed propeller), where the 
relation between the diameter of the propel 
ler and pitch is for instance =0,3 and the 
form of Fig. 7 for the point of convergence 
o, on the curve IV, Fig. 2 (for a 4-bladed 
propeller), where the relation between the 
diameter of the propeller and pitch is for 
instance =10. Fig.6 shows that the outer 
convergence point d. (see above) falls out 
side the diameter of the propeller, which is 
easily seen by Fig. 2, as the ordinate of the 
point of convergence a is larger than the 
radius of the propeller. 
I shall now give the necessary particulars 

for designing a fourbladed propeller accord 
ing to the principles above explained. Re 
ferring to Fig. 8, the curve IV may be drawn 
by means of the following table, which gives 
the coördinates a and y for the point of con 
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vergence for six different pitch ratios. The . 
first column contains the figure represent 130 
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ing the ratio between the diameter of the 
propeller and the pitch ratio. 

The form of the generatrix may be deter 
mined by means of the following table, ref 
erence being had to Fig. 9. m represents the 10 - s ga 

E-0,5: 1,440 0,805 ordinates expressed as a fraction of the ra 
-0, 6: 1,502 0,737 . D '' a0,7: i&is 5,666 dius ( ) and h represents the abscissae. 
=0,8: 1,825 0,601 2 
so-0,9: 2,823 0,583 
s1,0: 3,775 0,465 

m=03 m=0,4 in so,5 mes06 m=0,7 m=0,8 muc0,9 meal,0 

s has la = h= has - I - 

Diameter 
Pitch ratio-07 a -a - - - - - - - no e s - - - a -a an 0,059 0,084 0,015 0,002 0. 0,010 0,084 0,074 

" -08---------------------- 0,035 0,017 0, 004 O 0,006 0,023 0,056 0,106 
" -0,85-...------------...... 0,025 - 0, 011 0,0019 0,0.018 0,009 0,030 0,066 0,118 

0,9.---------------------- 0,017 0,006 0 0, 002 0,013 0,036 0,071 0,125 
" F1,0--------...----------- 0,006 0,001 0, 002 0,004 0,015 o,084 0.08 0,102 

The numerals in both tables are the actual 
measures in feet or meters for a propeller 
radius measuring 1 foot or 1 meter respec 
tively. To find the actual measures for a 
propeller of another radius, the numerals 
must be multiplied by the radius in question. 

It will also be understood from the above 
account that the generatrix need not neces 
sarily be bent in a plane through the axis 
of rotation as considered above. The same 
effect on the water-particles can also be ob 
tained by curving the generatrix in a plane 
perpendicular to the axis of rotation, a 
curvature, which in the same manner is 
based on the principle treated above and 
shown in Figs. 1 and 2. The projection of 
the generatrix in a plane through the axis 
of rotation will then be a straight line per 
pendicular to the same. Finally the same 
effect on the particles of water can be pro 

35 duced by varying the radial pitch of the 
blade, a variation which will likewise be de 
termined according to the above treated law 
shown in Figs. 1 and 2. Experiments have proved, that the same 

result as in water is obtained by a propeller 40 
moving in alr. 
What I claim is: 
A screw propeller the blades of which are 

formed by a curved generatrix dependent 
upon the angle formed between a radius and 45 
a tangent to the generatrix at the point in 
question, said generatrix varying from 
point to point in accordance with the rela 
tive magnitude of radially directed forces 
acting on the particles of the medium in 50 
which the blade acts at the said successive 
points when a propeller of the same dimen 
sions, number of blades and pitch ratio, but 
having a straight generatrix, is set in rota 
tion in the same medium, Substantially as 55 
described. 
In testimony that I claim the foregoing as 

my invention, I have signed my name in 
presence of two subscribing witnesses. 

OLE GUNERIUS HALVORSEN. 
Witnesses: 

JoHN HolsT, 
INGEBORG ROKNEss. 

  


