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To all whom it may concern :

Be it known that I, AuserT MtaLBERE, 2
citizen of the Swiss Republic, and resident
of Basel, Switzerland, engineer, have in-
vented new and useful Improvements in and
Relating to Screw-Propellers, of which the
following is a full, clear, and exact specifi-
cation.

The object of this invention is a screw
propeller, the blades of which are so con-
structed that it considerably raises the de-
gree of efficiency, by reducing the waste in
the impact and current which attends the
screws Nnow in use. At the same time, the
form of the pressure surface (thrust-side)
ol the blades is such that it is primarily
capable of being automatically worked or
shaped, whereby a perfectly smooth sur-
face is obtained with a view to reducing loss
by friction.

Figure 1 is a developed cylindrical sec-
tion, concentric with the axis of rotation, of
a screw blade of known type; Fig. 2 is a
projection thereof upon the plane of rota-
tion; Fig. 3 shows a projection of one form
of the improved screw blade in the plane of
rotation; Figs. 4 and 5 are ‘sections across
the blade respectively along the straight line
I—IIT and the arc I—IT of Fig. 3; Figs. 6,
& and 10 illustrate three other forms of the
improved screw blade in projection upon
the plane of rotation; and Figs. 7, 9 and 11
show the respective cross sections of said
biades along the arc I—II of Figs. 6, 8
and 10. Fig. 12 is an elevation of the nave
or hub of the propeller with the propeller
shaft shown in section and the propeller
blade broken away. Tig. 18 is a plan of
the nave shown in Fig. 12, with the pro-
peller blade in section and the shaft broken
away.

Before describing the construction of the
new shape of the blades, I deem it advisable,
in order to clearly define the invention and
its particular effect, to give some prelimi-
nary particulars about the behavior of
screws generally as hitherto used in ships,
and in doing so I shall, for shortness sake,

consider a screw with uniform radial and
axial pitch only.

A developed cylindrical section concen-
tric with the axis of rotation of such a screw
across a blade at any radius has, for the
pressure surface (thrust-side), a straight
line of intersection which, as shown in Fig.
1, embraces the angle of pitch # with the
plane of rotation. ' Now when the ship is in
motion, the speed, viz. the actual axial speed
8, 1s less than the theoretical axial speed, by
which is understood the product of the pitch
and of the number of revolutions. The dif-
ference between the actual and theoretical
axial speed is called the “ Slip.”

Under the influence of the speed s of the
ship, and of the velocity of rotation v, the
blade moves, as illustrated in the concentric
section shown by Fig. 1 of the drawing, in
the direction of the resultant o through the
water and, therefore, the direction of the
latter, owing to the slip, does not coincide
with the direction of the section line of the
pressure surface, but forms therewith an
angle which is less than 180°.

The velocity o, with which the blade
moves through the water and the relative
velocity u (by which latter T understand the
velocity with which the water elements
would move along the pressure surface of
the blade if this latter be supposed station-
ary and the surrounding water entering the
screw with the velocity o) produce now, as
resultant, the absolute velocity ¢. Now the
latter is the velocity which” produces the
axial thrust of the propeller to overcome
the resistance of the ship, and the axial mo-
tion of the ship can only be brought about
by means of the production of axial abso-
lute velocities through the propeller-blades.
I1 the direction of the velocity o coincided
with the section line of the pressure surface
and thereby with the direction of the rela-
tive velocity, the absolute speed ¢ and the
slip would be 7, and the axial thrust would
be nil also. In screws with uniform axial
pitch, there must thus be a slip for the pur-
pose of producing the axial thrust of the
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propeller. Tt should be borne in mind, how-
ever, that in any case a portion of the axial
thrust force of the propeller, used to over-
come the resistance of the ship, is produced
not only by the effect of the pressure sur-
face (side thrust), but also by the suction of
the front side (front surface) of the blades,
if the latter cut through the water in the
direction of the velocity o obliquely to the
pressure surface, whereby a certain vacuum
upon the front surface and an additional
pressure upen the side of the pressure sur-
face, take place. This suction of the front
surface, however, naturally occurs only
when the angle of pitch 8, of the front sur-
face is at least equal to, or larger than the
angle of pitch 8, of the velocity o. Hence
the slip, in screws with uniform axial pitch,
is also necessary for this reason. The
parallelogram of velocities 0, w and ¢, now
shows that on account of the sudden deflec-
tion of the water, entering the propeller, a
considerable portion of the absolute ve-
locity ¢, owing to the slip, manifests itself
as impact and is, therefore, attended with a
large loss of energy. Furthermore the
water which is once deflected, when enter-
ing in the direction of the section line I—II
of the pressure surface, while continuing
to move along the pressure surface, is no
longer capable of producing any further ef-
fective work, because no further deflection
of the water, and therefore no absolute ac-
celeration, can now be produced. The water
which enters the screw now assumes a mo-
tion of rotation about the axis of the pro-
peller, and it may also be seen from the di-
rection of the absolute velocity ¢ that
besides the effective axial component ¢, it
also possesses a component in the tangen-
tial direction ¢,, which represents the rotary
motion. Owing to the rotary motion of the
water a radial acceleration is now set up
under the influence of the centrifugal force
which then imparts an outward motion to
the water, particularly in the extreme parts
of the blades. If we now consider a blade
in the projection upon the plane of rotation
according to Fig: 2, the centrifugal force
arising has the effect of causing a water ele-
ment introduced at point I in radius 7. to
no longer move along the concentric arc
I—II, but rather outyardly in a curve
I—IIT and to emerge finally at a larger
radius 7, at the point III. If we now
imagine a section perpendicular to the plane
of rotation through the relative path I—ITT
of the water element, the latter will no
longer produce a straight section line, but
the convex form shown by dotted lines in
Fig. 1. If 8 be the angle of pitch of the
driving face at the ingress, then the same, at
the issue, designated in Fig. 1 by 8, is
smaller, 4. e. is smaller, the larger 7, is. Tf
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the water element were now to retain its
original direction with the angle of pitch 8,
in its relative path, then it would shortly
separate itself from the blade surface,
behind the ingress point, so that a free space
would then be formed between the water
element and the blade surface, which, how-
ever, owing to the influence of the water
pressure, from the sea would be again filled
with water.

The usual screw blades with the uniform
pitch of the pressure surface therefore pos-
sess the following disadvantages which con-
siderably influence the degree of eficiency:
1. The impact loss at the ingress owing to
the slip. 2. The loss arising from the after-
current produced by the centrifugal force.
3. The portion of the pressure surface
against the egress point is no longer capable
of producing absolute speed for the genera-
tion of the axial impact. Now these disad-
vantages have not only been removed, for
the most part, owing to the form of blade
of this screw propeller by means of this in-
vention, but the effect of the centrifugal
force is also partly utilized to improve the
motion of the water. The new shape of
these blades is shown by Figs. 3, 4 and 5.
Fig. 8 shows a projection of the blade in the
plane of rotation and Figs. 4 and 5 are sec-
tions across the blade, Fig. 4 being a section
along the relative path I—IIT of the water
element and Fig. 5 a section in an arc con-
centric with the axis of rotation. The tan-
gent of the angle of pitch ¢ is here at the
ingress point equal to the ratio of the speed
s of the ship to the peripheral velocity v,
whereby is meant that this new screw works
generally without slip at the ingress for the
purpose of avoiding losses of impact at the
mngress. In conformity with the laws of
hydro-mechanics and the application there-
of to ship propellers, the relative paths
which arise under the influence of the cen-
trifugal force, may now be determined for
all ingress radii and said paths form then
all together the pressure surface of the
blade.

In order to avoid loss of energy, it is

certainly of the greatest advantage if any-

deflection of the water element is avoided
in a section perpendicular to the plane of ro-
tation through the relative path according
to Fig. 4, provided that it is possible, not-
withstanding the straight relative path, to
produce the absolute forces and velocities
necessary for the production of the axial
thrusts.  If the relative path forms, in the
aforesaid section, a straight line which in-
cludes from the ingress to the issue, with the
plane of rotation the same angle of pitch §,
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then the water will enter without any loss of

impact and will move along, and leave the
rear surface without any such loss. The



10

15

20

25

30

35

40

45

50

1,023,584

following elucidations will 'show that, not-
withstanding the straight relative path in
the new screw, absolute forces and velocities
are obtained. Owing to the effect of the
centrifugal force, the relative paths in a
projection upon the plane of rotation, as
shown by Fig. 8, run now, not concentrically
with the axis of rotation, but along stream
lines rising transversely, and therefore the
angle of pitch @, at the radius », of the in-
gress point along the whole relative path up
to the egress point in the radius 7, must al-
ways be of equal magnitude, whereby it is
naturally not to be measured in a cylindrical
surface concentric with the axis of rotation,
but in the section plane, as shown by Fig. 4,
normal to the plane of rotation and passing
through the relative path. In a section
across the blade in a cylindrical plane con-
centric with the axis of rotation, as shown
by Fig. 5, however, the angle of pitch § can
naturally no longer be the same everywhere,
but it must become greater toward the egress
point, so that the section line of the pres-
sure surface with the concentric cylindrical
surface forms a concave curve; that is to
say, it results in a pressure surface of pe-
ripherally increasing pitch. These two dif-
ferent section forms of the screw-blade con-
stitute the distinguishing feature of the in-
vention. .

If we show in the section along the con-
centric cylindrical surface, in Fig. 5, in
which all forces act and in which the mo-
mentum of rotation is given, the relative
and absolute velocities, it will be seen that,
owing to the absence of slip, there is no ab-
solute velocity at the ingress point, but that
on the contrary the absolute velacity is only
produced in the further course by the in-
creasing of the angle of pitch and reaches its
maximum at the point of egress. The new
screw blade has also the property that, al-
though there is no appreciable slip at the
point of ingress, and the relative path of
the water seen in a plane section across the
blade perpendicular to the plane of rota-
tion is a straight line, it produces an abso-
lute velocity which is necessary for the gen-
eration of the axial thrust. The new screw

_is, therefore, of a pitch which increases
. along a coaxial cylindrical section from the
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Ingress to the issue and its novelty consists
in the dependency of the ratio of pitch on
the relative path of the water owing to the
action of centrifugal force, whereby it be-
comes possible to avoid slip at the ingress
and axially curved relative paths, and the
new screw is distinetly differentiated from
all hitherto known constructions by the pe-
culiar form arising therefrom. It is also
necessary to determine exactly the form of
the relative paths in a projection upon the
plane of rotation. From the theory of the

8

motion of water in centrifugal pumps and
turbines, it follows that with the maximum
effect of the centrifugal force, the relative
paths seen in a projection upon the plane of
rotation are straight lines, which are per-
pendicular to the radius vector of the in-
gress point.

The following statements concern screw
blades with radially constant pitch and are
to be modified for variable pitch in accord-
ance with the law of variability. TIf », be
the radius at which a water element reaches
the blade at the ingress point and y the cen-
tral angle which the radius 7, of any other
point of the relative path forms with the
ingress edge or with 7, then its radius is as
follows:

ra=rA1+tan.? r=ﬁ—7’e .
Cos. ¥
As, however, the relative path in a plane sec-
tion, which according to Fig. 4, is perpen-
dicular to the plane of rotation, is straight
also, the same is also a straight line in space.
The relative paths can, therefore, be at once
drawn, without further calculation, after
noting the ingress point, and they constitute
a correct characteristic of the new screw.
It is also a matter of interest to know the
relation. between the ingress and egress
angles of pitch of the same concentric blade
section. Tf tangent B be the tangents of the
angle of pitch at the point of ingress, then
the tangents of the angles of pitch 8, on the
egress side are in the same concentric sec-
tion, as follows:

tan. f,=tan. f(1+tan.? y,)

where v, is the central angle which the radii
vectors of the ingress and egress points form
with one another.

It is the general practice, in illustrating
screw blades to represent the same in con-
centric blade sections. For the purposes of
Ulustration, we therefore require the magni-
tude of the degree of pitch Z, according to
Fig. 5, for various points of the section
curve. If @ be the angle of pitch at the in-
gress, then the degree of pitch Z at the egress
point IIT or at any other point of the con-
centric secticn at the radius 7., provided
that the pressure surface shall have a radi-
ally constant pitch, is as follows:

Z=r, tan. f . tan. 7,

wherein v, is the central angle which the ra-
dius vector of the particular point forms
with that of the ingress point I.  (Bya pres-
sure surface of radially constant pitch I
mean such a surface that at every point of a
radius vector the pitch is constant.)

If the ingress edge is a radially straight
line, as shown by Fig. 8, the pressure surface
of the new screw is represented by straight
lines lying all in parallel planes perpendicu-
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lar to the radial ingress edge and forming
an angle with the plane of rotation which
accordingly varies with its distance from the
axis of rotation. '

If we now consider the concentric section
(Fig. 5) across a blade, we find a marked
sharpening toward the ingress edge, if it is
desired, for the purpose of obtaining a
powerful suction, to have an angle of pitch
B, on the front side at the ingress at Jeast
equal to or even larger than 8. As, in order
to possess strength, the blade must have a
certain thickness and therefore be more or
less obtuse at the ingress edge, a small slip
angle always results at the latter for practi-
cal reasons. Now with the new screw it be-
comes possible, for the purpose of more ra-
tionally constructing the front surface, to so
provide for the pitch ratio of the pressure
surface that such slip angle occurs on the in-
gress side, according to definite rules, and to
nevertheless preserve the properties of the
above described pressure surface.

Tigs. 6, 8 and 10 in the drawing, illustrate
three different constructions of blades in
projection upon the plane of rotation and
Figs. 7, 9 and 11, the concentric sections of
the blade along the arc I—II respectively
belonging thereto. Let R—M be the radius
vector to which the straight or relative paths
forming the pressure surface are perpendic-
ular. Upon rotating this radius R—M with
the straight lines forming the pressure
surface around the axis of rotation M,

relatively to the blade edge curve, the

most various relations of pitch will be ob-
tained. TFigs. 6 and 7 represent, for in-
stance, a blade in which the radius R—M
has been shifted relatively to the ingress
edge by a certain angle v, toward the egress
edge. A pressure surface is thereby pro-
duced of the description shown in Fig. 7, the
pitch of angle whereof, 8., is larger at the
ingress than 8 and gradually diminishes un-
til at the point a, 7. e. at the section point
with the radius R—M it becomes equal §.
From here toward the egress edge the angle
of pitch increases in that ratio, above stated
and described. Tigs. 8 and 9 show a blade
in which the radius R—M coincides with the
central line of the blade. This produces a
pressure surface with a pitch which dimin-
ishes from the ingress point toward the cen-
ter and again increases from there to the
egress point. The angles of ingress and
egress pitches 8, and f, are for instance of
the same magnitude, when the central angles
vo and v, are equal to each other, that is to
say, when the blade is symmetrical with the
central line. Finally Figs. 10 and 11 repre-
sent a blade in which the radius R—M is en-
tirely outside the edge curve of the blade so
that too sharp a reduction of the blade is
avoided.

1,028,584

In all three forms of blade the material
requisite for the solidity of the blade can be
very easily provided without the ingress an-
gle of pitch 8, of the front surface having to
be made smaller than 8.

In constructing the new screw according
to Figs. 8,4 and 5, it is advantageous to so
construct the body of the nave that the wa-
ter entering next to the nave should actually
pass through the screw in the direction of
the above mentioned relative paths, whereby
the cross section of the incoming water is
increased, as compared with that issuing
from the screw and the conditions of conti-
nuity of the effective water current are best
satisfied.

It is obvious that it is only necessary that
the line of intersection of the blade pressure
surface with the nave body itself should ex-
hibit the form of a relative path. Iigs. 12
and 18 show such a nave body and the mag-
nitudes 7, 7 and 7, of the nave therein given,
are no longer capable of being chosen at
will. The best plan is to proceed from the
smallest front nave-radius 7 necessitated by
strength and by the diameter of the axle or
shaft, as well as from the central angle vy
of the root of the blade. The largest nave
radius 7, gives then the following equation:

. 1"n=7'k'\/m Tn
and the length 7,
dy=ry tan. B . tan. yo.

Now in order that the line of intersection
between the body of the nave and the pres-
sure surface should be straight, and in’ di-
rection and magnitude, a relative path, that
portion of the nave body which is traversed
by the root of the blade, must be a hyper-
bolical body, the envelop whereof is formed
by straight lines which, in direction and
magnitude, form relative paths with the ra-
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dius of ingress 7, and with the central angle -

vn. From the egress point ITI of the root
of the blade, the nave body may extend cy-
lindrically backward, and in order to avoid
perturbations in the water current, it is ad-
visable to elongate this cylindric part as
much as possible and to malke it pointed at
the end. As the pressure surface of the new
screw is composed of straight surface ele-
ments, its production and construction is a
particularly simple one.

What I claim is:

1. In blade screw propellers, a blade hav-
ing a pressure surface of such concave shape
that the angle of pitch which it forms with
the plane of revolution, changes peripherally
from point to point in a concentric blade sec-
tion, but is nevertheless everywhere equally
large, from éntrance to exit, in a plane of
intersection perpendicular to the radius
vector of the entering point and to the plane
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of revolution, substantially as and for the
purpose described.
2. In blade screw propellers of the kind

-described, blades, and a hub, from which

the blades arise, the front part of which hub
is formed in such a manner that the line of
penetration of the hub and of the pressure
surface of the blade forms a straight ascend-
ing line of the size and direction of a relative
path issuing from the innermost point of

S

entry, substantially as and for the purpose
described.

In witness whereof, I have hereunto signed
my name in the presence of two subscribing
witnesses.

ALBERT MUHLBERG.

Witnesses:
Gro. GIFrorp,
AMAND Brauw.

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents,
Washington, D. ¢.”




