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To all whom it may concern:

Be it known that I, ALBERT DUROY DE
BRUIGNACQ,a citizen of the Republic of France,
and a resident of Versailles, in the Department
of Seine-et-Oise, France, have invented new
and useful Improvements in Screw - Propel-
. lers, of which the following is a specification,
the said invention having been patented to me
asiollows: England, March 28, 1884, No. 5,626 ;
France, February 11, 1884, No. 160,244 Bel-
gium, March 12, 1884, No. 64,481; Germany,
March 29, 1884, No. 30,146; Austria-Hungary,
April4, 1884, No. 37,432and No. 56,193; Italy,
March 14, 1884, No. 16,980, and Spain March
19, 1884, No. 6,191. |

The invention relates to propeller screws
or blades formed by the juxtaposition of ele-
mentary helical curves,having each a constant
piteh, but differing one from another, as dis-
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the elementary helical curves, similarly placed
1n juxtaposition, have all the same pitch.

1n my system of blades the variations of
pitch from one helix to another are not arbi-
trary, but the laws which determine them re-
sult, as we shall see further on, from the very
nature of the propulsion that one wishes to
obtain upon the zones or segments of that
helix, and which allows me to determine the
tangent at any point whatever of the helix;
hence in this deseription the blade will be
understood as made up of zones or annular
concentric segments by means of the value of
vhe tangent for each of said zones. T gener-
ally give to each elementary helix a pitch
gradually increasing in the proportion here-
1nafter indicated.

- The feature which constitutes the important
characteristic of the invention is the peculiar
forms of the blades as produced from the
formulas and principles hereinafter set forth.
As for the formulas themselves, it will be un-
derstood that they serve to bring out and
make clear the invention; butthe same blades
45 could be constructed by other formulas fur-

nishing thesameresults, but obtained by chang-
ing the system of comparison. By the “‘form’’
of the blade I mean not only the contour of
the blade, but also the form of the surface of
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tinguished from blades now in use, in which

-

any part whatsoever of the same resulting
from its principle of generation.

The following definitions of the formulas
used are necessary. The initial line is the
position of the generatrix, which,as the screw
revolves, enters the water first.

Vm=velocity of movement—that is, the
velocity of transition of the screw in a direc-
tion parallel to its axis—that is to say, the
velocity of the vessel which the screw propels,
for example. o

Vp=velocity of propulsion—that is, the
velocity which the blade ought to impart to
the water in a direction parallel to the axis,
but contrary to the course, in order to occa-
sion 1n said water the resistance which caunses
the propulsion.

It 18 necessary, in order to determine the
pressure of the water upon the blade and the
work, to consider— |

n=number of revolutions of the screw per -
second.

w=angle described by the blade; distance
1n meters measured upon the circumference of
a circle havinga radius equal to unity between
the first position of the *‘initial line?’ and
another assumed position of said line.

u=2 wr angular velocity of the blade.

r=radius of the blade in general—that is,
the distance from a point of the blade to its
aXI8.

ro==1n1tial radius—that is, reckoning from
the extremity from which the blade com-
mences to become propulsive.

w=angle of the blade determined by a plane
tangent to the blade and a plane normal to the
axis. | |
z,=1nitial angle of the blade correspond-
ing to #,. |

My improved propeller-blade has the fol-
lowing features of importance: first, initial QO
line; second, inert portion; third, angles or
usetul portions. |

First. 1 make the initial line straight, be-
cause 1t 1S more simple, and because I do not
find any advantage in making it curved. 05
Moreover, the methods of construction, which
will presently be set forth, may be applied,
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| reckoning from any line whatsoever, without
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anything being changed either in principle or-
- results. _ 1d be
- changed, but it weuld be easy to recognize the

The appearance alone would be

principle of generation of the blade by deter-

mining successive directrices and seeing how

their angles vary.

Second.
which is always produced in the neighborhood
of the axis of the propeller-screws, I do not

utilize the very feeble propulsion secured in

such space, and I give to that portion of the
blade the form of an ordinary helix of con-
stant piteh, of which the tangents of each sec-
tion have the value— |

Vm
(L) 2wrn. -

It will be understood, indeed, that if a blade
thus formed changes its place with the veloe-
ity of forward movementor transition, Vm, and
the velocity of rotation, 2wrn, it traverses the
water without acting upon i1t and without re-
ceiving from it any pressure. I will call the
angles whose tangents have the preceding
value ‘‘anglesof movement,”’ xm. The inert

blade or arm then will extend from the axis

up to the extremity of r,, defined above.

In practice, for solidity, the inert portion
of the blade will have its sections of an elon-
gated lenticular, a form yieldingthe necessary

resistance with ease of transition in the water.

This inert blade can be madeof variousthick-

~ nesses, and can be hollowed out or grooved,
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provided its principal inclination is preserved.
In general, it will be expedient to make the

blade in the direction of the radius as longas |

the draft of water and the other conditions
of the ship will permit. Reckoningfrom the
extremity of the radius, I take the necessary
length for the useful blade, andall the rest up
to the axis, as much as possible, will be 1in-
ert blade, for the qualities of a helix increase
with the radius.

Third. 1tis well knownthat the prdpelling

action of the blade depends upon its angle.
1 will first indicate what should be the angle
at the initial line in order to effect certain pro-
pulsions. I will then show what form the

blade should have in order to continue over:

the remainder of the surface the propulsion
obtained at the beginning.

The accompanying drawings illustrate the

invention.

Figure 1 represents a perspective view of-a
screw, the form and angles corresponding to
a-case of maximum propulsion upon the ini-
tial line. Fig. 2 1s a plan view of the same
blade. TFig. 3 represents a blade in perspee-
tive corresponding to a case of equal propul-
sion upon the initial line, and Iig. 4 a plan
view of thesame. I'ig. 5 represents a mathe-

" matical diagram of a screw-blade of my system

(maximum propulsion) provided with an inert

arm. Fig.6representsalikediagram of-a part

of a screw similar to the blade Fig. 4, having
eight blades included between two concentric
rims and four inert arms. Ifig. 7 represents

In order to evade the baakwa_t_efr

- 329,822

-

a like diagram of serew-blade of constant pro-
pulsion provided with an inert arm. Fig. 8
represents a like diagram of a screw-blade of

70

constant propulsion having the same form of

surface as the preceding.
In order that the blade should give at each

‘point of the initial line the maximum propul-

sion in the direction of the vessel’s move-

sidering the conditions of movementimposed

“upon the vessel, it is necessary that theangles

along the initial line should result from the
formula: |

Vm
201N,

Vi
2wrn’

+ +1,

- (2) lgr=

or in terms of 7,, the minimum radius of the

useful portion of the blade, assuming r=
Kr.— ' } -

. Vm |1 . JL  2uwr n?

2N tgp—=——"— | i 2

The velocity of propulsion corresponding to

these angles is given by the formulas:

oy v Y, [ Vimo,
3 Vo= [

n__.

If x is known, we have also—

’ wrn

This formula, in which Vp results from the

angle x, is necessary in order to calculate the

pressure of water and the work. |
If the peculiarities of the problem give ab

first the propelling velocity, the angle and

the radiu
formulas:

Fig. 5 in mathematical diagram rePféSQnts
a blade of this kind provided with an inert

s will be deduced from it by the I¢

| -75
ment which is requisite for said point, con- =~
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arm of one meter radius and based upon the

following values:

V=8 meters; n=1.5"; extreme radigs=3".

‘Having given these values and the preced-
ing formulas, I calculate the angles arising at
different peints of theinitial line and the cor-
responding velocities of propulsion. |

Figs. 1 and 2 represent a blade constructed
in accordance with these formulas. ,
figures is given the results of these calcula-
tions for lengths of radius other than fifty
centimeters, indicating the corresponding ve-
locities of propulsion: o

TFor the radius of 1 meter z=65° 10’ Vp= 2m18L. (See a.)

v 15 Y 2==300 45 Vp= 4mI22, (See b))
(s ' i 3 ' m;:5ﬁﬂ 29/ YPF ﬁf'?ﬂ:}a.- (See G‘-l
i Ce 13 9.5 bt =540 93/ Vp: 8md4.g3), (Sﬂﬂd.)
0 Y v 3 f m..—_' 9%20. 52‘*-?}?:10}“632. . (SBE 3-)

In said
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These values of # are thus indicated upon the
drawings and model filed herewith, ata, b, ¢, -

d, and e in Fig. 2.. o S
This blade is at least thirty-three per eent, -
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more powerful than the ordinary blade of con-
stant pitch most nearly approaching it—that
1S to say, one which would have similarly the
angle of 65° 10" with a radius of one meter.
In diagram 6 I show the system for a screw
having eight blades and four inert arms, the
blades being included between two concentric
rings. Thisserew,whichprovides eightactive
blades instead of four of the ordinary screw,
has a power more than double that of the or-
dinary serew with four blades. |
The power of which I speak is not rated

superficially. It is the work ecalculated in ac-
cordance with an exact formula—i. e., by mul-

tiplying the pressure at a certain point bythe

velocity in the direction of the vessel’s move-
ment. The pressure at a point is caleculated

with the aid of the velocity of propulsion by
means of the relations known experimentally |

to exist between the velocity of a fnid and
the pressure which it exerts. From the initial
line on, the directrices of these blades are all
helices of exactly constant pitch.

Lo set forth the system as applied to pro-
peller-blades more specifically, I will mention
same particular cases.

First., When I do not need all the power
which it is possible to obtain, and when T pre-
ter to have a lesser propulsion permitting me
to economize motive force, I propose to pro-
duce a blade which, constructed like the pre-
ceding one at a certain initial section, pre-
Serves over the remainder of its surface the
power of propulsion of said initial section
without augmenting it. Let it be supposed
that the blade is only an inert arm up to this
initial section. In such case I would com-

- mence by determining by means of the formu-
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las 2 and 3 the angle and the propulsive
velocity at the extremity of the inert portion
of the blade—i.e., for the radius of r, at that
point. (I could also take one of these quanti-
tles arbitrarily between the limits within
which the formulas remain real.) For every
radius greater than r, the initial angle would
be determined by the formnla— -

\/ (ng ) ; Vf +Vm

(1) tqu— Wrn.

J

Vp’ Vp'  Vp
or
(&) tgz=a_[YMTVD  (K— Ry
Vo
1f in preceding equation we replace » by Kr,.

If at such a section we have at first the

angle, the formula of Vp would be—

,  Dwrntqr—V'm

It should be remarked that the relations
expressed in 4 and 4" are entirely general and
accommodate themselves to the section of any
blade whatever, on condition that suchsection
be a helix of constant pitch, and that one re-
gards these relations as applied to quantities

of that single section taken alone, They are |

relations between the
section.

As for the relation 4, it is specially appli-
cable to a blade of constant propulsion whose
Initial section at 7, is of maximum propul-
sion.

Fig. 7 represents in mathematical diagram

quantities Of a single

a blade constructed in accordance with these

conditions and provided with an inert arm
of 1.50 meters. The initial section B H of the
active blade (having radius 1.50 meters) is

parallel to the section of like radius of blade,

Fig. 4. All the remainder of the active blade
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has at every point the same propulsive power

as upon the section B H. The calculations of
the angles of said blade give—
For the radius of 1.50m x=59° 45/ Vp—=4.12 meters.

oMttt am e 370 4 Yp = v “
49 50M £=2Y0 45/ Vp= ¢« ¢
“os3m pondo 3V Vpz b
(See Fig. 4 and the model filed herewith.) In
the various sections of this blade after B H the
pitch increases slowly. This growth, which
the figure cannot show, does not attain at the
largest end of the section one degree of in-
crease from the initial angle of the section.
I have determined by exact formulas the in-
crease of pitch and the theoretic eccentricity
of the sections. Thave discovered that under
conditions of practice—that is, for blades
whose angular opening normally to the water
does not exceed forty-five degrees—the eccen-
trieity may be neglected, and the increase of
pitch does not exceed one degree. Yor this
reason I do not givethose formulas, which are
complicated. In practice it suffices to deter-

ik (Y 4

mine the increase of pitch by the eye in ac-

cordance with the indications before given.

The increase of propelling-power obtained is

calculated exactly. It is the quotient ob-
tained by dividing the propelling work by
the sum of the propelling and resisting works.
The resisting ‘* work ?’ of a blade at a given
polnt is obtained by multiplying the pressure
at that point by the velocity of rotation
thereat. '

Second. If I wish, always starting from a
certain initial section—such as B H, Fig. 6—
to have a constant propulsion no longerin the
direction of travel, as in the preceding case,

g0
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but normally to the surface of the blade, I

“arriveat the following formulas, in which Ve

and z, are the quantities of the initial section
chosen (such as 59°45" and 4™ 12 in the pre-
ceding instance) and » Vp =z, the quantities
of the point which is to be determined.

Vp cos am Vip— Vp, cosx

(x—am)=— Ty .
COS o 201N Cos X,.

1 could by the same principles work out
other conditions, starting from the same Ini-
fial section.

It results from what has been said that for

‘a given ship I can construct a screw whose

propulsive force would be greater than that
of an ordinary screw, and that this fact would
materially economize fuel,
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With the foregoing description it will only pelling action arranged adjacent to the axis’
be necessary to refer to thie drawings by let- | of motion, and an active portion, I, having =
ter—as, A designates the inert arm, B the curvedhehcalsurchesdetbrmmed assetforth
‘active portion, cmd (J the coneentuc rings | from the single initial line, the sa,ld actlve

5 which formn the junction of the parts A and B. portion extendmn from the inert portion out- 20
"~ What I claim as new is— | ward, with their Junetwns formed into seg-

1. A propeller-blade having an inert por- meuts C concentric with the axis of motlon
tion of constant pitch adjacent to the axis of | as set forth.
motion, and having an active portion extend- In testimony. whereof I have mgned thls

ic ing from the inert portion outward and pro- SpBGlﬁC&thl] in the presence of two subscrib- 25
Vlded with curved helical surfacesdetermined, | ing witnesses.

 as set forth, from an initial line common to ALBERT DUROY _DE'BRUIGNAG.--"
both inert and active portions, as specified. “Wltnesses | |
2. A propeller-blade having an inert por- | RomT. M. HOOPI‘R

15 tion, as A, of constant pitch and without pro- - Eua. DUBUIE.
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