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7 Claims.
1 ,
. This invention refers to improvements in
bumps and refers more partlculally to pumps
employing rota,tmg vaned impellers for 1mpart-
ing energy to.fluid and seal assemblies espec1a11y
adapted for such pumps. .

Heretofore, pumps of this type have included
centrifugal and turbme type pumps. These two
types. pumps are sat1sfactory for many purposes
and: each has characteristics that are best fitted
for partlcular services. For instance, the cen-
trifugal pumps are useful for handhng high vol-
umes and high hea.ds bu are not desirable for
handhng ﬂulds under condmons where high suc-
tion is reqmred On the other hand, turbine
type pumps are 1dea1 for high suction lifts and
have the hlghest practlcal lift charactenstlc of
any of the hqmd handling pumps, However, the
turbme pump is of small capacn‘,y

An obJ ect.of thxs mventmn is to provide a pump
hayving rotatmg vaned 1mpe11ers which. combine
the charactenstlcs of the turbine and centrifugal
‘type pumps.

Angther object is to provide a pump having
vaned impellers capable of pulling a, h1gh suction
at the inlet and also capable of handhng high
volumes }

A further object is to provide a pump having
rota.tmg vaned 1mpellers which at the intake is
primarily a turbine. type pump and which at the
discharge is prmcmally but not entirely a cen-
trifugal pump.

Still another object. is to provide a device hav~
ing rotating vaned impellers that may he used
either as a pump or blower.

A still further object is to provide a device ca-~
pable of actmg as a pump or as a blower and
employing two vaned impellers mounted for rota-
tion on oblique axes whereby the vanes of one
1mpe11er mate closely with the vanes. of the other
impeller at one location along the peripheries
thereof and diverge from this point.

Even another object is to provide in pumps or
blowers two impellers having a divergent mount-
ing wherein the vanes of one impeller mate with
the vanes of the other very closely at one location
along their peripheries and the bodies of the im-
pellers at a point diametrically opposed from the
point of close mating of the vanes are at their
peripheries substantially two vane widths apart.
" Yet another object is to provide a device of
.the character described having two vaned im-
pellers mounted divergently with their vanes, at
least partially mating and having means for
maintaining the rotational relationship between
the impellers such that vanes of one impeller
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2
substantially divide the spaces between the vanes
of the other 1mpe11er

‘Yet a further object is to provide a device of
the character described having two vaned im-
pellers mounted divergently with their vanes; at
least partially mating ‘and having means for
maintaining the rotational relationship between
the 1mpe11ers such that vanes of one impeller
substantially divide the spaces between the vanes
of the other impeller, wherein lubricated me-
cha.mcal seal assemblies are employed for provid-
ing seals about the impeller, the seal assemblies
having a low component of sliding friction and a
high component of rolling friction to enable the
device to handle extremely high pumiping fluid
pressures with relatively small frictional losses
due to the seal assemblies.

Other and further objects of this invention
will appear from the following description.

In the accompanying drawings which form a
part of the instant specification and which are
to be read in conjunction therewith and wherein
like refererice numerals are employed to desig-
nate like parts in the various views:

Fig. 1 is' a side elevational view of a pump
embodying this invention,

PFig. 2 is a view taken along the line 2—2 in
Fig. 1in the d1rect1on of the arrows,

Pig. 3 is a view taken along the line 3—3 in
Fig. 1 in the direction of the arrows,

Fig. 4 is 4 fragmentary view upon ‘an enlarged.
scale illustrating the mounting of one of-the.im-
peller discs in the pump c¢asing,

Fig.'5 is a top plan view of a modified form of’
impeller which may be used in accordance with
this invention,

Fig. 6 is a view taken along the line 6—6 in
Fig. 5 in the direction of the arrows,

Fig. 7 is a view taken-along the line 1—1 in
Fig. 6 in the direction of the arrows,

Pig, 8is a top plan v1ew of a mod1ﬁed form of
impeller,

Fig. 9 is a view taken along the line $—9 in
Fig. 8 in the direction of the arrows,

‘Fig. 10 is a fragmentary view on an enlarged
scale illustrating the seal assembly for an im-
peller shaft, and = -

Fig. 11 is a view taken along the line II——II
in Fig. 10 in the d1rect10n of the arrows,

Referring to the drawings, in Fig. 1 the pump
is shown in elevation and consists of a casing
made up of two parts 5 and 16 having facing
flanges held together by bolts 17. In the figures
the pump is shown in a plurality or two stages
but it is to be understood" that the pump may be
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constructed with a single stage or additional
stages.

Fitting 18 serves as the inlet for the pump and
has a fiange to facilitate coupling of the pump
in a flow line. Fitting 19 is the discharge for the
first stage and connects with fitting 20 which is
the inlet for the second stage. Fitting 21 is the
discharge of the pump.

Referring to Fig. 2 it is seen that the pump
may be considered as having a driving section
including shaft 22 and a pump section made up
of a plurality of vaned impellers. The pump see-
tion will be first described.

The pump section of the device is made up of
s plurality of vaned impellers 23 which are
mounted for rotation in recesses formed in cas-
ing members i5 and 16. The impellers closely
fit the casing recess walls which may be surface
hardened. The two impellers 23 are mounted on
stub shafts 25 which are journaled in recesses
in the casing sections i5 and 16 by ball bearings
including races 256 and 21. To provide a seal
between the casing and shaft 25 a novel seal
assembly, detailed in Figs. 10 and 11, is used com-
prising a plurality of thin, wafer-like discs 28
of metal or other suitable material mounted in
overlapping relation relative to each other be-
tween an inner race 29 and outer races 30. These
discs are adapted to roll within the races upon

relative rotational movement between the race g

rings. ‘The ouber races 80 have holes or grooves
32 to admit lubricant to the discs. Preferably
these lubricant grooves 32 are equipped with Ale-
mite fittings or the like to retain the lubricant
uncder pressure higher than the pressures to be
developed within the pump. These dises 28 may
pe fabricated from steel, bronze or the like with
thicknesses ranging between .007'’ {0 .009". The
thinner the discs the more effectively they will
seal high pressures, but they are more expensive
and the thicker discs are used where possible.
The mounting of impeller 24 is similar to thag
of impeller 23 and the mounting of the pair of
impellers is such that the two impellers are oOp-
posed. 'The axes of these impellers are on oblique
lines relative to one another so that the vanes
23¢ and 24a closely mate at one position along
the periphery of the impellers and the peripheral
edges of the impellers diametrically opposed to

the point of closest approach are substantially :

two vane widths apart. The vanes 23a and da
of the impellers are preferably volute vanes as
shown clearly in Fig. 3 and the vanes of impeller
23 are preferably held in the center of the spaces
between vanes 24a.

The relationship between the divergence of
the impellers and the position of the intake and
discharge of the pump is best shown in Fig. 3.
The impeller 23 is adapted to rotate clockwise as
seen in this figure and the point of greatest di-
vergence of the impellers is at the left at the
meeting of the sections 15 and {6 of the pump
housing. The intake port 46 in section {6 pref-
erably is along s volute line and extends from
the point of greatest divergence in a counter-
clockwise direction over substantially a quadrant
of the impeliers. The intake communicates di-
rectly with the peripheries of the impellers and
the cross-sectional area of the intake diminishes
as the divergence of the impellers increases.

The discharge port 47 of the pump unit is also
formed in a volute line and extends from & point
adjacent the greafest divergence of the impel-
lers to a point adjacent the point of closest prox-
imity between the peripheries of the impellers.
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4
The cross-sectional area of the discharge port in-
creases as the distance between the impellers
decreases.

Referring now to the drive for the impellers,
a single prime mover not shown in the drawings
may be employed to power ail of the impeller
units of the pump. Also it is contemplated that
s plurality of power units may be employed to
drive the impellers of the various pump units.

Where the drive for the pump is to be as that
shown in the drawings a single drive shaft 22
extends longitudinally through the pump and re-
sides within a longitudinal recess formed between
casing sections 15 and 16. This shaft is jour-
nalled with a plurality of ball-bearing races 34
and carries a plurality of gears 35. These gears
are mounted for rotation within recesses in the
casing and mesh with gears 36 carried by stub
shafts 25. With this arrangement the rotation
of each impeller relative to the other impellers
depends upon the ratio of the gearing and for
most purposes it is preferred that this ratio be
the same in each instance, and in any case the
ratio should be the same for the pumps of each
unit of the multi-stage pump.

The shaft 22 may be sealed at both ends of
the pump casing by any suitable seal arrange-
ment. A novel seal assembly that is especially
adapted for this use is similar to that shown
in conjunction with the seals for shafts 25. As
shown in Fig. 2 this seal assembly includes an
inner race 37 and an outer race 38 similar to race
30, a plurality of the seal wafers or discs 28 are
mounted within the races and perform in the
same manner as described for the seals about
shafts 25. Usually the pressures to be sealed
against are not great and a single annular ar-
rangement of discs 28 is sufficient to give a satis-
factory seal. Covers 39 are provided for the seal
and where the shaft extends from both ends
of the pump housing the two covers have cen-
tral apertures to accommodate the shaft. The
covers have a tight fit on the annular beveled
portion 40 of the casings.

The single row seal assembly is detailed in Fig.
4 and is entirely satisfactory for sealing the jour-
nal of a rotating shaft against low pressures.

In operation the pump is connected in a flow
line, the intake 18 being connected with the
source of material to be pumped and the dis-
charge 21 being connected to the discharge por-
tion of the line. The prime mover, not shown
in the drawings, is started and due to a drive
connection with shaft 22 the shaft is driven and
the impellers in turn are driven by the engaging
gears 35 and 36. The direction of rotation of
each of the impellers 23 and 24 is the same and
jmpelier 28 shown in Fig. 3 is rotated in a clock-
wise direction. It has been found that the intake
of the pump need not communicate with the
center of the impellers but may communicate di-
rectly with the peripheries of the impellers. The
exact action which takes place within the im-
pellers is not known but it has been found that
there is sufficient suction at the periphery to
draw the fluid from the intake to the space be-
tween the impellers. It is believed that this suc-
tion is the result of the vortex created between
the rotating impeller blades of the impellers.
At the location where the intake communicates
with the peripheries of the impellers the im-
pellers are relatively far apart and the action of
the impellers impacting the fluid is very similar
to that which takes place within the turbine type
pumps. At any rate, it has been found that a
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€omparatively large suction head may be lifted
and that the pump need not be primed in opera-
tion. . . s
A centrifugal effect is. had at the discharge
-of the pump and due to the volute arrangement

-of the impeller vanes added impact is given to

the fluid imparting energy thereto. Also the
divergence of the impeliers. is such that as the
centrifugal effect is imparted to the fluid being
pumped the space between the impellers. is in-
creasingly diminished” and this imparts addi-
‘tional energy to the fluid. S

It has been found that the power requirement
for the pump as compared to the diamieter of
the impellers is great as compared to céntrifugal
pumps. However, this energy input is efficiently
used and the pump has s proportionately greater
output and may e used in those instances where
.a.relatively great suction head must be.lifted.

The pump imparts a very high velocity to non-
compressible fluids or is capable of compressing

elastic fluids, such as vapors or gases, and this
is believed in part at least due to the design of
the close-mating impeller vanes as they rotate

toward the point of closest proximity of the pe- ¢

ripheries of the impellers. The effect of this
is a progressively closing wedge-shaped space
formed between the vanes as the cross-sectional
area of the discharge increases.

In Figs. 5 and 6 a modified type impeller is
shown at 41. This impeller has a series of volute
vanes formed by the volute ribs 42. These ribs
have valleys 43 therebetween which are slightly
larger than ribs 42 allowing opposing impellers
to mate closely at one position along the periph-~
ery of the impellers similar to the engagement
of the impellers shown in Fig. 2. These modified
impellers are especially adapted for use where
high velocity is to be imparted to a hydraulic
material or where the device is to be used as a
Compressor.

In the modified impellers 44 shown in Figs. 8
and 9 the vanes 44 extend radially. In this type
of impeller many more vanes can be readily pro~
vided and this is an advantage in some instances.
In any case it is desirable to use as high a number
of vanes as possible as this increases the suction
pull at the intake.

An -enlarged view of the seal for shaft 26 is
shown in Figs. 10 and 11. This seal includes
three races 29, 30 and 31 having opposed grooves
therein forming a space substantially elliptical
in cross-section. ILodged within these grooves
are a plurality of seal dises which are circular
and shown at 28. These dises are relatively thin
and upon rotation of shaft 26 are adapted to roll
along the groove with their edges contacting the
wall of the groove and tend to align in the groove
whereby the side surfaces of adjacent discs are
held in close abutment one with the other.
These discs provide a substantial seal for the
journaling of the shaft.

From the foregoing it will be seen that this
invention is one well adapted to obtain all of
the ends and objects hereinabove set forth to-
gether with other advantages which are obvious
and which are inherent to the structure.

It will be understood that certain features and
sub-combinations are of utility and may be em-
ployed without reference to other features and
sub-combinations. This is contemplated by and
is within the scope of the eclaims.

As many possible embodiments may be made
of the invention without departing from the
scope thereof, it is to be understood that all
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‘matter herein set forth as showit ih the acéom-

panying drawings is to be interpreted as illus-

-trative and not in a'limiting sense.

Having . described my invention, I claim:

1. A pump. comprising a casing, two opposed
impellers. consisting. of discs having vanes.rigidly
mounted on their adjacent. faces, said impellers
mounted for rotation within the casing about

-oblique axes and approaching each other at one
-point of their peripheries to-closely intermesh

the vanes, said impellers diverging from. each
other from said one point to a diametrically
opposed point of their peripheries, said impellers
being spaced apart at their axes to provide fluid
communication between. said points, an inlet
opening in the casing at the peripheries of the
impellers beginning at the point of greatest di-

vergency of the impellers and extending circum-

ferentially -over a portion of the impellers in a

direction opposite to the impellers’ rotational di-

rection, a discharge opening in the casing at the
peripheries of the impellers beginning at the point
of closest approach of said impellers and ex-
tending circumferentially over a portion of the
impellers in a direction opposite to the impellers’
rotational direction, and drive means for ro-
tating the impellers.

2. A pump as in claim 1 wherein the impeller
vanes extend along convolute lines trailing the
direction of rotation of the impellers.

3. A pump as in claim 1 wherein the number
of vanes approximate that of a turbine impeller,

4. A pump as in claim 1 wherein the vanes are
in the form of convolute corrugations.

5. A pump comprising a casing, two opposed
impellers consisting of dises having vanes rigidly
mounted on their adjacent faces, said impellers
mounted for rotation within the casing about
oblique axes and approaching each other at one
point of their peripheries to closely intermesh
the vanes, said impellers diverging from each
other from said one point to a diametrically
opposed point of their peripheries, said impellers
being spaced apart at their axes to provide fluid
communication between said points, an inlet
opening in the casing at the peripheries of the
impellers beginning at the point of greatest di- .
vergency of the impellers and extending circum-
ferentially over a portion of the impellers in a
direction opposite to the impellers’ rotational di-
rection, a discharge opening in the casing at the
peripheries of the impellers beginning at the point
of closest approach of said impellers and ex-
tending circumferentially over a portion of the
impellers in a direction opposite to the impellers’
rotational direction, the said inlet and discharge
openings formed along convolute lines, the inlet
decreasing in cross-sectional area in the direc-
tion of rotation of the impellers and the dis-~
charge increasing in cross-sectional area in the
direction of rotation of the impellers, and drive
means for rotating the impellers.

6. A pump comprising g casing, two opposed im-
pellers consisting of discs having vanes rigidly
mounted on their adjacent faces, said impellers
mounted for rotation within the casing about
oblique axes and approaching each other at one
point of their peripheries to closely intermesh
the vanes, said impellers diverging from each
other from said one point to a diametrically op-
bosed point of their peripheries, said impellers
being spaced apart at their axes to brovide fluid
communication between said boints, the angle be-
tween the impeller axes being such that the vanes
at the point of closest approach of the impellers
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have close tolerance with the discs portion of
the opposed impeller and at the point of great-
est divergence the discs portions of the impellers
are substantially two vane widths apart, an inlet
opening in the casing at the peripheries of the
impellers beginning at the point of greatest di-
vergency of the impellers and extending circum-
ferentially over a portion of the impellers in a
direction opposite to the impellers’ rotational di-
rection, a discharge opening in the casing at the
peripheries of the impellers beginning at the
point of closest approach of said impellers and
extending circumferentially over a portion of the
impellers in g direction opposite to the impellers’
rotational direction, and drive means for rotat-
ing the impellers.

7. A pump as in claim 6 wherein a plurality of
the pump units recited are interconnected to
provide a multi-stage pump, the inlets of all but
the first unit connected to the discharge of the
preceding unit of the series, the inlet of the first
unit and the discharge of the last of the unifs
being connectable to a service line.

HORACE W, OLSEN.
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