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Thi presefit invention felatés to eenitrifugal pumps, and
it is horé especially conceined With centnfugal pumips.
The chief object of the present invention is to providé a
centrifugal pump which is free from any leakage of liquid
past the ball bearings in which the pump rototr shaft is
motinted, and this without involving teo much friction
which would result in a quick wear and tear of theé parts
of this pump. _

Preféired embodiments of my invention will be herein-
after described with référence to the accompanymg draw-
ings, given meiely by way of example and in which:

" Fig. 1 of thése drawmgs shows in axial section a fuel
punip for fuel injection engines made according to a first
embodiment of my mventmn,

Fxg 2 i§ 4 pattial front view of an element of the pump
of Fig. 1;

Figs. 3 and 4 are circular sections respectively on the
fineg I—IT and VIV of Fig. 2; B

Fig. 5 shows, in axial half-section, a modification of
the fotor of the pump. illustrated by Fig. 1;

Figs. 6 and 7 illusirate two devices according to my
invention for distributing the discharge diffusers at.the
periphéry of the rotor; )

Figs. 8 and 9 shoWw, respectively in longitudinal section
and in cross section on the line IX—IX of Fig. 8, a partic-
ulai emibodiment of such a diffuser;

‘ ¥ig. 10 illiistrates a modification of the ﬂow rate ad-
justifig means included in the dlﬁ’user of Fig. 8;

Fig. 11 shows the characteristic curves of the pump ac-
¢ording t6 my invention and of a conventional pump;

Fig. 12 shows, in axial hdlf-section, a fuel pump made
according to a second embodiment of my invention;

Flg 13 shows, in horizontal section, a modification of
a detivéry diffuser for such a pump.

1 will fiow describe, by way of example, a centrifugal
plimp for feeding fuel to an engine such as a turbo-jet or
a turbo-prop. ‘

This pump includes a casing 1 one of the sides of which
forms a tibular extension 2 supporting, through ball
béatinias 3, the diiving shaft 4 of the centrxfugal rotor,
the other sidé of said casing being connected in a finid-
tlght mdnnér with & cotiduit 5 for the feed of fuel.

A rotor 6 prov1ded with radial bladés 7 is fifted in a
housing C of centrifogal shape provided inside casing t.
This retor will first bé supported to be rigid with the driv-
ing shaft 4.

Upstream of this rotor; toward conduif §; there is pro-
vided a set of fixéd guiding blades 8 ‘

I provide, in the periphery of casmg’ 1, oné or Several
deélivery diffusers, the minimitim séction (inlét section) of
such & diffuser being visible at S on Fig. 1. -

It will be readily understood that it is necessary, in
order'to avoid léaks through ball bedrings 3, to provide,
in addition to the packing joint 9 which is usually pro-
vided in such bearings, a special device:capable of acting
in opposition to the delivery préssure of the purap,

For this purpose and according to my invention,
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I prov1de, on the inside of casing 1 and moving with
the same rotaty speed as driving shaft 4, an axially slid-
able element constituted, according to a ﬁrst embodiment
of my invention, by a disc or wheel 10 distinct from cen-
trifugal rotor 6 and slidable thereon owing to the pro-
vision of splines 10a; _

I provide a return elastic systém which tends constant-
1y to apply the outer face of wheel 10 against a fixed an-
nular packing joint 11 carried by a wall of casing 2 lo-
cated opposite said wheel;

I provide anether packinf joint in order to prevent
leaks along the hub of wheel 10, or, to be more accurate,
along splines 10a, this second packing joint being advan-
tageéously constituted by an elastic diaphragm 12 mserted
between rotor 6 and wheel 10, whereby said packing dia-
phragm plays at the same time thé part of elastic return
system for said wheel 10; ‘

I provide, on the outer face of wheel 10, a set of in-
clined surfaces 13 (see Figs. 1, 2 and 3), preferably lo-
cafed at the periphery of said wheel, the direction of these
inclined surfaces 13 being such that hydrodynamic efforts
are created during the rotation of the rotor which tend
to push wheel 10 axially agalnst the action of the elastic
return system 12, thus causing the outer fage of wheel 10
to mieve away from the annular packing Jomt i1;

At least the outer face of wheel 10 carTies a plurahty
of centrifugal blades 14 (visible on Flgs 1, 2 and 4) con-
stituting a kind of auxiliary pump caapble of driving back
the lignid which would have a tendency to infiltrate be-
tween the outer face of wheel 10 and casing 1 in the direc-
tion of the annular packing joint 11, the latter being of
course nearer to the axis of the rotor than blades 14 and
inclined surfaces 13. ‘ ‘

_ Preferably (in order to avoid beat phenomena during
the axial sliding movement of wheel 10), when wheel 10
is in contact with annular joint 11, the periphery of said
wheel is as close as possible to the corresponding face of
casing 1, for which purpose, advantageously, the edge of
wheel 1% is curved toward bearing 2.

It is necessary, in' order to enable the. hydraulic ma=
chine constituted by wheel 16 to start working, to provide
orifices 15 for the passage of liquid from the inner face
to the outer face of said wheel 10.

It should be noted that it will be advantageous to pro-
vide casing 1, opposite the face of rotor 6 which is not
fitted with blades, with a shoulder 1a which limits an
auxiliary chamber D forming a housing for wheel 10, the
pressure in this chamber D being substantially lower than
the delivery pressure due to the fact that the. liquid lo-
cated between the cofresponding faces of rotor 6 and
shoulder 1a is driven in rotation only by friction; where-
as the liquid located aleng the face of the rotor provided
with blades is driven at a much higher speed by said
blades.

This system works as follows:

At rest, elastic diaphragm 12 applies wheel 16 against
annular joint 11 and there rethains only a very small pas-
sage between the periphery of said wheel 18 and the cor:
responding wall of casing 1, fluidtightness being ensured
exclusively by said annular joint 11. As soon as rotor
6 is driven by shaft 4, blades 7 produce, at the outléts of
the delivery diffusers, a pressure which is partly trans-
mitted into housing D inside which wheel 10 participates
in the rotary movement of rotor 6.

Whien wheel 19 is driven in rotatien, the liquid located
between: this wheel and the corresponding face of casing 1
reacts upon inclined surfaces 13 and pushes wheel 10
back against the action of elastic return system 12. The
outer face of wheel 10 then ceases to be in contact with
the annular packing joint 11 and I thus avoid the quick
wearing of said joint which would certainly take place
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if a frictional contact were constantly maintained between
fixed joint 11 and wheel 10 running at a high speed.
Radial blades 14 then drive back, toward the periphery
of wheel 10 and housing D, the infiltrations of liquid
which would otherwise take place in the direction of
annular joint 11.

As the counter-pressure created by centrifugal blades
14 and by the face of the rotor located opposite shoul-
der 1g varies proportionally to the pressure created by
centrifugal blades 7, the effect achieved by the system
will be independent of the speed of rotation of the pump
and will remain satisfactory even during acceleration
or slowing down periods.

I thus obtain a single stage pump which is perfectly
fluidtight and therefore capable of operating at high speed
so as to permit of obtaining high delivery pressures.

Furthermore, this pump is of a very simple construction
and may be made mostly of pieces of a light metal ma-
chined with a relatively low precision, in view of the fact
that no part of the device for preventing leaks is sub-
jected to a frictional action once the pump has been set
in rotation. :

According to another feature of my invention, the
blades 7 of rotor 6 (which blades may be made straight
in view of the fact that the radial speed of the liquid
is practically negligible as compared to its tangential
speed in the vicinity of the trailing edge of the blades)
are arranged in such manner that their trailing edge is
thinned out, said edge being preferably limited, as shown
by Fig. 6, by a flat wall 7a toward the front and by a
convex wall 7b toward the rear (direction of rotation
of the blades shown by arrow F).

Furthermore, I provide, in the trailing edge thus consti-
tuted, a notch e (see Figs. 5 and 6) the shape of which
corresponds to that of the diffuser inlet.

In order to have the curved edge of this notch as
sharp as the remainder of the trailing edge of the blade,
I provide in convex wall 7b opposite notch e a recess s.

Thus I avoid pressure shocks when one of the blades
passes opposite the inlet of the diffuser.

It should also be noted that the reduction of pressure
resulting from the flow of a small amount of liquid be-
tween blade 7 and casing 1 may be reduced by surrcund-
ing blades 7. on their whole length by anr annular casing
16, as shown by Fig. 5.

According to another feature of my invention, which
relates to the position of the ocutlet diffusers, I provide at
least two diffusers 17 which are so positioned that when
the inlet section of one of them is located opposite one
blade 7, the inlet section of the other diffuser is located
between two blades.

Such an arrangement has been shown in Fig, 6 in the
case of a rotor including three blades and in Fig. 7 in the
case of a rotor including only two blades.

In both cases, it has been supposed by way of exam-
ple that there are only two diffusers 17 and that, when
the inlet section of one of them is located opposite one
blade, the inlet section of the other is located at mid-
distance between the two adjacent blades.

It should be noted that it is of interest to locate the
inlet section S of every diffuser as close as possible to
the part of the trailing edge of the blades, said section
S being even advantageously located, when a blade passes
therealong, in the notch ¢ provided in said trailing edge
(see Fig. 5). :

Concerning the diffusers 17 proper, they are prefer-
ably provided with means for adjusting their minimum
section S.

" Such means make it possible to adjust the delivery
flow rate of the pump while keeping the pressure sub-
stantially constant.

If, as it will first be supposed, diffuser 17 is of rec-
tangular cross section, the adjusting means may be con-
stituted, as shown by Figs. 8 to 10, by a shutter 18 pivoted
about an axis 19 located in such manner that the pivoting
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4 :
movement of the shutter about said axis causes a varia-
tion of the inlet section S of the diffuser, said section
being preferably fully cleared when shutter 18 is in posi-
tion of rest.

When the engine driven by the pump is intended to
work at constant speed (which speed must however be
adjustable), it may be sufficient to provide, for controlling
the shutters 18 of every diffuser, mere screws 20 advan-
tageously connected to the shutters by links 21 swivelled
at 22, said screws being protected and locked by nut-
locks 23.

If the engine driven by the pump must, on the con-
trary, undergo variations of speed in the course of this
operation, which is the case in particular of an aircraft
engine, it will be ‘advantageous to have all the shutters
18 of the respective diffusers actuated simultaneously,
each for instance, as shown by Fig. 10, through a disc
24 carrying an eccentric pin engaged in a slot of shutter
18, this system then acting as a fuel distribution adjust-
ing system, that is to say as the equivalent of a throttle
pedal. '

An important functional advantage inherent in pumps
made as above described lies in the shape of the charac-
teristic curve of the pump. )

In Fig. 11, there are plotted in ordinates the delivery
pressures and in abscissas the delivery flow rates this

diagram showing in solid lines the curve of a pump made -

according to my invention (corresponding to a given
speed of operation), whereas the characteristic curve of
a conventional pump working at the same speed is shown
in dotted lines. .

It appears clearly that with a pump according to my

invention, there is a very wide margin of adjustment’

of the flow rate, inside which the delivery pressure re-
mains substantially constant, which is not the case with a
conventional pump where the margin in question is re-
stricted to the vicinity of flow rate value D, corresponding
to the top point of the conventional characteristic curve
of parabolic shape.

In what precedes, it has been supposed that the disc
10 of the packing systém is distinct from the centrifugal
rotor 6 of the pump.

But I may also, according to another embodiment illus-
trated by Fig. 12, make in a single piece the centrifugal

5 rotor 6 and the disc. In Fig. 12, said disc is designated

by reference numeral 105.

Inclined surfaces 13 and radial blades 14 similar to
those of Fig. 1 are carried by said disc 105, which is in-
tegral with blades 7.

The liquidtight diaphragm 12 of the construction of
Fig. 1 is no longer necessary. But the resilient action
of this diaphragm is exerted, in the construction of Fig:
12, by a mere elastic ring 12a inserted between casing
1 and the outer race of one of the ball bearings 3 (both
bearings being slidable axially along with rotor 6).

The whole of said rotor 6 and said bearing 3 is slid-
able axially in casing 1 in such manner that the hydro-
dynamic forces that are brought into play may produce,
when the pump is driven, a movement of disc 105 away
from the corresponding wall of casing 1. Packing ring
115 is equivalent to the packing ring 11 of Fig. 1.

Finally, Fig. 13 shows a modification of the diffusers,

which are given a circular cross section. There is pro-
vided, to adjust the diffuser minimum section S, an axially
movable central core 25 actuated, for instance, by means
of a rack device 26.

It should be noted that the parts of the pump made
as above described which are in contact with the fuel may
advantageously be subjected to a surface treatment, for
instance a chromizing treatment, to reinforce their re-
sistance to corrosion.

The pump above described may be used for injection

engines of low speed, or for turbine engines of a higher
speed (turbine for a stationmary plant or turbine for a
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vehicle), the injection of fuel corresponding in this case
either to the main combustion or to after-burning.

On the other hand, a pump of this kind might be ap-
plied tothe conveying of many liquids other than fuels
for injection engines, for instance to convey liquid in a
liquid rocket or for conveying liquid (in particular acids)
in chemical industry plants.

In a general manner, while I have, in the above de-
scription, disclosed what I deem to be practical and effi-
cient embodiments of my invention, it should be well
understood that I do not wish to be limited thereto as
there might be changes made in the arrangement, dis-
position and form of the parts withont departing from
tle principle of the present invention as comprehended
within the scope of the accompanying claims.

What I claim is:

1. A centrifugal pump which comprises, in combina-
tion, a casing having an axial intake at one end thereof
and a peripheral discharge, at least substantially radial
blades in said casing carried by said rotor on the side
thereof turned toward said intake, whereby liquid in. said
casing is impelled centrifugally by said blades toward said
discharge, a bearing carried by said casing in line with
said rotor at the end of said casing opposed to said in-
take, a shaft journalled in said bearing operatively con-
nected with said rotor for driving it, an annular packing
ring carried by said casing coaxial with said shaft, a disc
coaxial with said shaft slidable axially in said casing, op-
eratively connected with said rotor for rotation together
therewith, said disc being adapted to cooperate at rest
with said packing ring to prevent leakage of liquid from
the inside of said casing through said bearing, a part
fixed in the axial direction with respect to said casing, a
part fixed in the axial direction with respect to said disc,
spring means interposed between said two last mentioned
parts for urging said disc toward said packing ring,
packing means mounted on said disc to prevent liquid
from leaking along its hub portion, inclined surfaces car-
ried by the face of said disc turned toward said bearing,
the inclination of said surfaces being such as to produce,
when said disc is driven in rotation, a reaction of the
liquid present between said disc and said casing which
urges said disc axially away from said packing ring, and
centrifugal blades carried by the last mentioned face of
said disc and at least as close to the shaft axis as said
inclined surfaces to-preduce a counterpressure opposing
a centripetal flow of liquid between said disc and the
face of said casing which supports said annular packing
ring.

2. A centrifugal pump which comprises, in combina-
tion, a casing having an axial intake at one end thereof
and a peripheral discharge, a rotor in said casing, at
least substantially radial blades in said casing carried by
said rotor on the side thereof turned toward said intake,
whereby liquid in said casing is impelled centrifugally by
said blades toward said discharge, a bearing carried by
said casing in line with said rotor at the end of said
casing opposed to said intake, a shaft journalled in said
bearing rigid with said rotor for driving it, an annular
packing ring carried by said casing coaxial with said
shaft, a disc coaxial with said shaft slidable axially on
said rotor and operatively connected therewith for rota-
tion together therewith, said disc being adapted to co-
operate at rest with said packing ring to prevent leakage
of liquid from the inside of said casing through said
bearing, spring means interposed between said rotor and
said disc for urging said disc toward said packing ring,
packing means mounted on said disc to prevent liquid
from leaking along its hub portion, inclined surfaces car-
ried by the face of said disc turned toward said bear-
ing, the inclination of said surfaces being such as to pro-
duce, when said disc is driven in rotation, a reaction of
the liquid present between said disc and said casing
which urges said disc axially away from said packing
ring, and centrifugal blades carried by the last mentioned
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face of said disc-and at least as ¢tlose to the shaft axis &s
said inclined surfaces to produce a counterpressure -op-
posing a centripetal flow of liquid between said disc and
the face of said casing which supports said :annular pack-
ing ring.

3. A pump according to claim 2 in which the spring
means for uring said disc toward said packing ring con-
sists .of a diaphragm which also constitutes the packing
means mounted on said disc to prevent liquid from leak-
ing along its hub portion.

4. A centrifugal pump which comprises, in -combina-
tion, a casing having an axial intake at one end thereof
and a peripheral discharge, a rotor in said casing, at
least substantially radial blades -in said casing carried
by said rotor on the side thereof turned toward said
intake, whereby liquid in said casing is impelled centrif-
ugally by said blades toward said discharge, a bearing
carried by said casing in line with said rotor at the end
of said casing opposed to said intake, a shaft journalled
in said bearing operatively connected with said rotor for
driving it, an annular packing ring carried by said casing
coaxial with said shaft, a disc coaxial with said shaft
slidable axially in said casing operatively connected with
said rotor for rotation together therewith, said disc being
adapted to cooperate at rest with said packing ring to
prevent leakage of liquid from the inside of said casing
through said bearing, a part fixed in the axial direction
with respect to said casing, a part fixed in the axial
direct with respect to said disc, spring means interposed
between said two last mentioned paris for urging said
disc toward said packing ring, packing means mounted
on said disc to prevent liquid from leaking- along - its
hub portion, inclined surfaces carried by the face of
said disc turned toward said bearing in the peripheral
portion of said face, the inclination . of said surfaces
being such as to produce, when said disc is driven in
rotation, a reaction of the liquid present between said
disc and said casing which urges said disc axially away
from said packing ring, and centrifugal blades carried
by the last mentioned face of said disc, nearer to the
axis of said disc than said inclined surfaces, to produce
a counterpressure opposing a centripetal flow of liquid
between said disc and the face of said casing which sup-
ports said annular packing ring. :

-5. A centrifugal pump according to claim. 4 in which
the periphery of said disc is curved toward the wall of
said casing which it faces, whereby the edge of said disc¢
periphery is very close to said casing wall.

6. A pump according to claim 1 in which said disc
is provided with orifices for the flow of liquid there-
through.

7. A pump according to claim 2 in which the inside
of said casing forms two circular chambers, to wit a
main chamber containing the bladed portion of said rotor
and an auxiliary chamber containing said disc, with a
throttled passage between said two chambers.

8. A centrifugal pump which comprises, in combi-
nation, a casing having an axial .intake at one end and
a peripheral discharge, a bearing carried by said casing
at the other end thereof, at least substantially in line
with said intake, a shaft journalled in said bearing, an
annular packing ring carried by said casing coaxial with
said shaft, a disc mounted on said shaft coaxially there-
with, means for connecting said disc. with said shaft to
cause said disc to rotate together with said shaft, said
disc being slidable in said casing in the direction of the
shaft axis, said disc being adapted to cooperate at rest
with said packing ring to prevent leakage of liquid from
the inside of said casing toward said bearing, a part fixed
in the axial direction with respect to said casing, a part
fixed in the axial direction with respect to said disc,
spring means interposed between said two last mentioned
parts -for urging said disc toward said packing ring, at
least substantially radial blades within the casing con-
nected to said disc for rotation therewith, whereby liquid
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in said casing is impelled centrifugally by said blades
toward said discharge, said disc having inclined surfaces
on the face thereof directed toward said bearing, the
inclination of said surfaces being such as to produce,
when said disc is driven in rotation, a reaction of the
liquid present between said disc and said casing which

urges said disc axially away from said packing ring, and

centrifugal blades carried by the same face of said disc
and at least as close to the shaft axis as said inclined
surfaces to produce a counterpressure opposing a centri-
petal flow of liquid between said disc and the face of
said casing which supports said annular packing ring.

9. A centrifugal pump which comprises, in combina-
tion, a casing having an axial intake at one end and a
peripheral discharge, a bearing carried by-said casing
at the other end thereof, in line with said intake, a
shaft journalled in said bearing, an annular packing ring
carried by said casing coaxial with said shaft, a disc
mounted on said shaft coaxially therewith, means for

- connecting said disc with said shaft to cause said disc
to rotate together with said shaft, said disc being slidable
in said casing in the direction of the.shaft axis, said
disc being adapted to cooperate at rest with said packing
ring to prevent leakage of liquid from the inside of said
casing through said bearing, a part fixed in the axial
direction with respect to said casing, a part fixed in
the axial divection with respect to said disc, spring means
interposed between said two last mentioned parts for
urging said disc toward said packing ring, a rotor having
at least substantially radial blades thereon within the
casing, said rotor being rigidly connected to said disc
for rotation therewith, whereby liquid in said casing is
impelled centrifugally by said blades toward said dis-
charge, said disc having inclined surfaces on the face
thereof directed toward said bearing, the inclination of
said surfaces being such as to produce, when said disc
is driven in rotation, a reaction of the liquid present
between said disc and said casing which urges said disc
axially away from said packing ring, and centrifugal
blades carried by the same face of said disc and at
least as close to the shaft axis as said inclined surfaces
to produce a counterpressure opposing a centripetal flow
of liquid between said disc and the face of said casing
which supports said annular packing ring.

10. A centrifugal pump according to claim 9, in which
said discharge includes at least one pump diffuser carried
by said casing and extending substantially tangent to
the surface described by said first mentioned blades, said
blades being provided with notches of a shape adapted
to accommodate the inlet of said diffuser.

11. A centrifugal pump according to claim 9, in which
said “discharge includes at least two delivery diffusers
carried by said casing and having their inlets arranged
so that when one diffuser inlet is opposite one blade
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edge, the other diffuser inlet is located between two
blades.

12. A centrifugal pump according to claim 9, in which
said discharge includes delivery diffusers carried by said
casing and extending to the inside thereof, with means
for adjusting the minimum section of said diffusers.

13. A centrifugal pump which comprises, in combi-
nation, a casing having an axia] intake at one end and
a peripheral discharge, a part rigid with said casing
forming a cylindrical housing at the other end thereof,
at least substantially in line with said intake, a ball
bearing mounted in said housing coaxially therewith, the
outer race of said ball bearing being slidable axially in
said housing, a shaft journalled in said bearing, a rotor
having at least substantially radial blades thereon within
the casing, said rotor being rigid with said shaft and
coaxial therewith, whereby liquid in said casing is im-
pelled centrifugally by said blades toward said discharge,
an annular packing ring carried by said casing coaxial
with said shaft, a disc rigid with said rotor and coaxial
therewith, said disc being adapted to cooperate at rest
with said packing ring to prevent leakage of liquid from
the inside of said casing toward said housing, a spring
washer interposed between said casing and said ball bear-
ing outer race for urging said disc toward said packing
ring, said disc having inclined surfaces on the face
thereof directed toward said bearing, the inclination of
said surfaces being such as to produce, when said disc
is driven in rotation, a reaction of the liquid present
between said disc and said casing which urges said disc
axially away. from said packing ring, and centrifugal
blades carried by the same face of said disc and at least
as close to the shaft axis as said inclined surfaces to
produce a counterpressure opposing a centripetal flow
of liquid between said disc and the face of said casing
which supports said annular packing ring.
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