~ Dec. 16, 1952 M. W. STOUT 2,621,601
CENTRIFUGAL PUMP ASSEMBLY
Filed May 15, 1946

ik
H—t
FIG.1. \ \ . »
B3 ]
& A | 7
7-' (/é ‘ -2
78 e 7
s wULL [w N}
4 g il z3
RN ]} St
ezl
o == B
%VA\ \
| Rl —s0
i1
BNz
' L -3/
- 25
72, 057\Y 76 34
45 | 75
11l
“7 N R
< 0
fi"?i
63 + A pr; ::] .
.'3! ‘ﬂ-!»é/
45 LLJ - Al
Iy _‘ o ™~
4 64"7:1’";'.3;/ o o \74 % 7 FIG.5. ”
77 ‘?@ /roveEn roé :

7% ' Voo N st




Patented Dec. 16, 1952

2,621,601

UNITED STATES PATENT OFFICE

Application May 15, 1946, Serial No. 669,795
(CL 103—108)

13 Claims.
1

This invention relates to improvements in cen-
trifugal pump assemblies, and particularly to cen-
trifugal pumps adapted for operation against
moderate pressure heads, and in other ways
adapted particularly, but by no means exclusively,
for use in steam systems for condensate return
purposes.

Centrifugal pumps of prevalent design are
known to require inordinate service attention for
adjustment and replacement of parts, when uti-
lized under conditions of high temperature and
for delivery against at least moderafe pressure
heads. Conventionally constructed centrifugal
pumps are further recognized, under many con-
ditions of extreme service as requiring frequent
adjustment and replacement of packing. The
usual types of centrifugal pump assemblies are
particularly inadequate when installed in boiler
return lines or the like, wherein, unless consid-
erable skill attends their installations, misalign-
ment and deformation of the asseinbly often im-
parts serious warping, cocking, and other de-
forming stresses to the pump, by reason of ex-
pansion and contraction of the steam and water
lines connected to and from the pump. It is
accordingly a major objective of the present im-
provements to obviate each and all of the noted
shorteomings and other disadvantages of prevail-
ing pumps, particularly those in high tempera-
ture service.

A further and important object of the present
invention is attained in an improved design and
combination of  impeller and stator structure
which lends itself admirably to use either in single
stage or multi-stage assemblies, enabling by the
selection of the appropriate number of stand-
ardized elements, to increase or decrease the
number of stages of a multistage pump in order
best to. adapt it to given operational require~
ments.

A still further objective embodied in the pres-
ent improvements is attained in a combination
liquid receiver or sump structure and pump, with
facilities for assembling the pump to the sump
structure so that it forms virtually a close-
coupled part thereof, and so arranged that ad-
ditional stages may be added to the pump through
the addition only of a single impeller and a single
stator element for each stage desired to augment
a pump originally designed or installed.

Yet another highly important object is at-
tained in an improved pump packing provision
in a pump of the type noted, such that if de-
sired, all shaft packing may be disposed entirely
in a low pressure zone of the assembly, and so
that the pump proper is entirely or virtually free
of usual internal packing provisions, thus mini-
mizing packing maintenance and expense.

One of the most important of the cbjects of
the present improvements consists in an im-
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2 .
proved contouring or curvature of peripheral
portions of the pump displacement chamber, and
also in cooperation therewith, a particularly se-
lected design and arrangement of discharge pas-
sages from such chamber, in a manner materially
to increase pump efliciency.

Further objectives and advantages of the in-
vention will more clearly appear from the fol-
lowing detailed description of a presently pre-
ferred embodiment of the invention, particularly
when considered in connection with the accom-
panying drawing, in which:

Fig. 1 is a sectional elevation of a pump and
liquid receiver assembly constructed to embody
present improvements, the sectional portions of
thisfigure being taken on a vertical median plane;

Fig. 2 is'a face or plan view of one of the stator
elements such as is-utilized in either a single
or multi-stage assembly, and in which certain of
the discharge passages formed internally of the
stator unit, are shown in dotted lines;

Fig. 3 is a fragmentary sectional view in an
arcuate plane taken depthwise through a por-
tion of one of the stator elements, specifically
along line 3—3 of Fig. 2;

Fig. 4 is an isometric elevation of an impeller
of open vane type such as preferably employed
in the present assembly, and

Fig. 5 is a diametral sectional view of the im-
peller as taken along line 5—5 of Fig. 4.

The present disclosure, selected as exemplary,
depicts a combined receiver and multi-stage cen-
trifugal pump assembly of vertical shaft type, in-
cluding its own power agency such as an electric
motor, and is shown in a form such that, in
smaller and moderate sizes, the assembly or unit
may be if desired, sunported solely by the piping
which supplies and discharges the unit.

In reference to Fig. 1, a condensaie receiver
or sump is comprised of a preferably cylindrical
body 0 formed for example as a semi-steel cast-
ing, and inlets to which may be provided in any
suitable number, one thereof being indicated at
{1, provided with a strainer, and serving to de-
liver condensate or other liquid to the chamber {2
within the structure 10.

Surmounting the member 10 is a motor base
13 shown as consisting of a series of svaced legs
14, the legs being interconnected at the bottom
by a rigid annulus interfitting an annular seat at
the top of the casing 10, and assembled thereto
as by cap serews or the like 15. The motor M is
directly supported by a top plate or deck 1§, and
assembled thereto as by screws {1 conveniently
engaging tapped seats therefor in the lower end
bell of the motor. The motor shaft 29 is prefer-
ably so journalled in the motfor as to minimize
end play and the otherwise free depending shaft
portion is affixed to an upper half or head 2i
of a shaft coupling, the mating half 22 of such




2,621,601

3

coupling cooperating with the head 21 through
one or a plurality of shims 23 to enable an ac-
curate axial adjustment of a pump shaft 24, for
reasons later more fuly described.

Pump shaft 24 vertically traverses and exiends
downwardly beyond the receiver-forming element
18 for operating and supporting the pump im-
peller or impellers as will appear, it being noted
at this point that the chamber (2 constitutes a

relatively low pressure zone of the assembly, and .

accordingly has been selected as the optimum
location for pump shaft packing.

A stuffing box is provided by a depending tu-
bular projection or sleeve conveniently consti-
tuted as a part of the top cover element 27 of the
receiver, the sleeve being indicated at 28, and con-~
taining packing of a type suitable for the partic-
ular service of the pump and indicated at 30.
Gland provisions consist of an end block and
bearing member 8! and an adjustable gland mem-
ler 82 at the top, through which the packing 38
may be taken up by cap screws $3 or other suit-
able provision. It may here be noted that the
sleeve 28 surrounds by far the major portion of
the shaft 24, which otherwise would be exposed
directly to the liguid in chamber 12, and prefer-
ably extends say within an eighth inch of the
pump impeller, as will appear. This construction
minimizes the turbulence of the body of receiver
liguid which otherwise would result from any
considerable length of shaft operating at high
speed within the receiver. It will be noted fur-
ther as advantageous, that the lower end of sleeve
28 is tapered or feathered toward the bottom of
the receiver, this reduced portion of the sleeve
being indicated at &8, and being of advantage in
directing liguid into the pump intake, as will ap~
pear. Direct conduct of the liquid in. chamber
{2 to the inlet of the pump is provided with a
minimum  turbulence and internal frictional
losses through a large pump-inlet and receiver-
discharge opening 3§.

When the pump assembly is utilized as g con-
densate returning agency in closed circuit steam
systems, it is advantageous to.provide an air vent
unit, shown for completeness at 31. To facilitate
lubrication of shaft 24 from a point external to
the receiver member 19, there is provided a grease
fitting 48 and a lubricant tube extending there-
from to a suitable peint within the sleeve 28,
thence to a ported groove formed in journal ele-
ment 3.

. Proceeding new to describe the pump proper,

reference wiil be made to the vertical shaft multi-
stage centrifugal assembly shown by the drawing.
It will, however, appear as obvious from the fore-
going and following description, that many of
the features of improvement may with equal ad-
vantage, and with or without minor and obvious
structural changes, be embodied in a horizontal
assembiy. With no change in structural detail
other than the number of parts assembled and
substitution of a longer or shorter shaft, the
pump to be described may be utilized selectively
a5 a single stage unif, or as a multi-stage unit,
with any reasonable and desired number of stages.

With reference particularly to Fig. 1, it will ap-
pear that the bottom element 24 of the casing or
receiver member 13 constitutes in effect g lateral
closure or cover for the first stage of the pump.
Complementing such closure on the opposite side
of the first stage impeller indicated generally at
42, is a rugged, preferably one-piece block mem-
ber constituting a stater, and indicated generally
at £§3. The elements 24 and 43 are assembled as
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through a suitable plurality of angularly spaced
tie bolts 44, engaging tapped recesses 45 thereior
in the bottom of the member (2. It is particu-
larly to be noted that the member 284 is annularly
and deeply undercut as at 8, and that the stator
block 43 is centrally and circularly undercut as at
47, so that the members 4 and £3 are nested,
and by means of the bolts or screws 44 are kept
in accurate assembly and in absolute axial align-
ment under all conditions. 'This construction
has been found fully to ocbviate any assembly dis-
turbance due to cocking or other deforming
stresses often ctherwise resulting from changes
in temperature of the assembly or the piping con-
nected therewith. This is of particular advan-
tage in installations wherein the piping may con-
stitute the sole or major support of the unit. The
opposite side of the stator block 43 is peripherally
recessed as at 59, this undercut vosition being
preferably identical with the recess 46. Thus in
effect the peripheral portion of the stator block
43 is depthwise offset from the central portion of
this body.

It is preferred to form the stator block 43 as an
integral or one-piece structure, machined or
otherwise formed to provide the external shaping
described, and to form completely in this single
element the passages directed from the displace-
ment chamber to the pump or stage discharge.
Thus the block has formed therein a plurality of
rassages, shown as six, and indicated at 5f. As
will appear from Fig. 1, each of these is of a
trend initially depthwise of the block, thence over
the major portion of the length of passage, con-
tinuing somewhat depthwise but predominantly
radially, i. e., toward the axis of the pump,
thence again curving near the point of discharge,
approximately parallel to the axis of the pump.
These passages are individually and collectively
of generous size, and the curvature at each end
of each passage B{ in a direction depthwise of the
block, is gradual, and on a radius considerably
exceeding that of the cross section (preferably
circular) of the passage 5f, this curvature being
indicated at §2 (¥ig. 1), the curvature at 52 be-
ing a continuation of that shown at 53 in the
peripheral portion of the displacement chamber
beyond the impeller 42. A contour preferably ex-
actly similar to that indicated at 53, is imparted,
as at 54, to the peripheral portion of the bottom
recess of the block 43.

The stator block 43 is further characterized by
a series of recesses 5% opening into one side or
the upper face of the block, there being one of
the recesses 55 for each of the passages 5{. By
preference the number and angular extent of the
recesses 9 is such that they collectively occupy
more than 180 degrees of g circle on this face
portion of the block. Each recess 55 may be
readily visualized by comparing the showings of
Figs. 2 and 3, from which it will appear that each
is characterized by a shallow vanishing end 56,
and increases gradually in depth from such end,
to a zone of communication with the connected
passage §{ (Fig, 3). The slope of the bottom of
each of the passages 55 is preferably of an order
of 15-30 degrees to the plane of the communicat-
ing face of the block 43.

The block 43 is further provided with a central
circular recess 51, the depth and area of which
correspond by preference, closely to the compar-
able dimensions of a central sealing plate or disc
€8 of the impeller 42, so that disc §8 works within
and fully occupies the recess 57 with no more
than minimum peripheral working clearances or
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tolerances; and only sufficient clearance with the
bottom of the recess to preclude frictional en-
gagement under all conditions.

It should here be noted that throughout the
assembly, particularly in the region of the im-
peller, all parts. of the displacement chamber
engaged by the impeller surfaces are accurately
machined for adjacent operation with working
clearances of the order of seven to eight thou-
sandths inch at each side. The block 43 is pro-
vided with a central or axial bore 61 within which
works the hub portion 62 of the impeller, with
radial clearances of the order of seven to eight
thousandths. Similarly, the opposite faces of
the block 43 are machined to assure close paral-
lelism in assembly, and for coaction with the side
surfaces of the impeller, preferably with clear-
ances not much exceeding those of the order
stated. The passages through the stator block
43 includes those indicated at 63 through which
extend the tie bolts 44.

The stator assembly, whether the pump be of
single or multi-stage type, includes discharge
provisions exemplified presently by a bottom fit-
ting 64 formed as a cover plate containing a dis-~
charge channel, and is provided with peripheral
apertures 65 corresponding in number and size to
those indicated at 63 for reception of tie bolts
or serews 44. It will be noted that this fitting
64 may, as shown, include one or the last stage
displacement chamber of volute form. A dis-
charge chamber or passage is formed in the fit-
ting 64 as indicated at 66 and communicates with
the termini of the several passages 5! of the pre-
ceding stage of the pump, the fitting being tapped
as at 70 for the reception of a discharge line 71.

Proceeding now to a description of the impeller
42, the central disc 68 thereof has been noted as
preferably circular in form. Formed or fas-
tened upon, yet offset from the plane of one sur-
face of disc 60, are a plurality of open type vanes
12, the impeller per se being thus of unshrouded
type, but in assembly, due to the close working
clearances between each edge or lateral surface
of the vanes 12 and the adjacent surfaces of the
displacement chamber, the elements forming the
latter -constitute, in reality, stationary shroud
plates, the relatively small clearances serving
effectively to prevent any turbulence laterally of
the vanes and preventing any apptreciable re-
circulation within the chamber. The inner ends
of the vanes 72 are spaced outwardly from the

shaft and from the hubs 62 of preceding im-
" pellers. ‘It has been found by experience and
usage of the pumps in service, that the arrange-
ment described obviates any necessity for special
impeller thrust-balancing provisions. The disc
60 has a small diameter, relative to the diameter
of the vanes 12; and thus it has only a small area
exposed on top to the suction pressure at the
opening 36 and on the bottom to the pressure
of liquid that passed behind: disc 60 into recess
51. The greatly reduced end thrust obtained

by using the small diameter disc 60 avoids undue

upward thrusts on shafts 20 and 24. The im-
peller is preferably formed of bronze or a simi-
lar non-rusting metal or alloy, as is each of the
stator blocks and cover plates. The shaft 24 is
preferably of stainless steel.

Assembly of the impeller or runner to the shaft
24 is provided for by a keyway 13 along the shaft
aperture 74 of hub 62, a companion keyway T3A
in the shaft, and a key of suitable length (not
shown) ocecupying the keyways; setscrews of
Allen or other type being employed to retain the
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keys. - As an impeller abutment the shaft 24 is
provided with a shoulder or collar 175, the im-
peller or group thereof being axially positioned
by coaction with such abutment, of a nut 76
preferably of bronze or otherwise non-rusting
and a lock washer 11 of external toothed type
between the nut and the adjacent face of the
end hub 62. Assembly of shaft 24 to the coupling
head 22 may similarly be effected through a key-
way 80 cooperating with a suitable key recess.and
key within the head 22.

The foregoing description of stator block ele-
ment 43 will of course apply equally to any addi-
tional similar stacked elements, one for each
stage, in an assembly to constitute a multi-stage
pump. - The description of element 43, including
features of its shape, machining, passages, ete.,
will be understood as equally applicable to others
of the plurality, when employed.

The manner and advantages of assembly of
both the rotating and stationary elements of the
pump are thought now to be apparent, but it may
be noted for completeness that all such elements
may be juxtaposed for assembly, by stacking
them in operative and interfitting arrangement
as clearly shown by Fig. 1, from which it will ap-
pear that the impeller, then the selected number
of stator blocks, then discharge fitting €4, will be
stacked in this order, assembly of the discharge
fitting . of course following final securement of
the impeller to shaft 24 -as through the key and
nut 76. The impeller and block 43 of each stage,
are brought together as noted, followed by the
impeller and block 43 of each succeeding stage
in turn, and preferably after the predetermined
number of these elements are stacked and suit-
ably interfitted, nut 18 is applied, followed by the
fitting 64. The stacked assembly may be built
up on the bolts or screws 44 as stacking pins,
then finally assembled thereby to the structure
including adjacent elements {8 and 34.

Because of the relatively close working tol-
erances involved it will -usually be necessary to
effect an adjustment thereof after initial assem-
bly. This may readily be done by any suitable
provision to enable an accurate axial adjustment
of shaft 24, this being conveniently accomplished
in the present assembly, by releasing the head
bolts 81 of the coupling and by removal or addi-
tion of the requisite number and thickness of
shims 23 followed by reassembly of the heads of
the coupling.

The operation of the pump assembly is thought
now to have become fully apparent from:the de-
scription of parts and purposes thereof, but it may
be noted that when liguid is present in member
10, it will directly enter the opening 36 in member
34 which may be considered as a top or side cover.
The liquid thus fills the space between the inner
ends of vanes 72 of the impeller operating pref-
erably in the direction of the arrow (Fig. 4), this
being the normal or forward rotation for most
efficient operation. The displacement of liquid
within the chamber will occur toward the periph-
ery of this relatively narrow chamber, whence
because of curvature 53 of the outer margin of
the chamber the liquid will be gradually and with
relatively low turbulence, deflected into the sev-
eral recesses 55 where it will encounter the curved
surfaces 52, thence being impelled through each
of the adjacent passages §1 to the zone of dis-
charge, either info fitting 64 or to the inlet of
the next stage, as the case may be. It has been
found by repeated careful tests that the pro-
visions of the recesses 55 and the gradual curva-
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ture of portions 53 and 52, more than double
the efficiency of the pump when otherwise simi-
larly constructed, but with conventional dis-
charge provisions.

The course of fluid in being displaced through
successive stages of ‘a multi-stage pump, will now
be obvious from the foregoing description, inas<
much as the course of flow through each stage is
similar to that of a single stage assembly.

Special mention should be made of the fact
that the present pump, whether of single or
multi-stage type, is or may be characterized by a
total absence of packing internally of the pump
proper. This has now become possible because
of the sealing disc 80 with the recess therefor,
the stationary vane-shroud provisions, the seal-
ing provision about the impeller hub, and other
features described. Thus the packing 38, which
is axially beyond any high pressure zone of the
pump, will exhibit a long life and reguire only
infrequent service attention.

There should further be especially noted the
particular advantage of the deeply recessed and
widely shouldered external conformity of the
stator block 43 or each of a plurality thereof,
through whieh provision all interfitting station-
ary elements virtually supply their own align-
ment and registering provisions, the tie bolts 44
serving merely the function of keeping the
stacked elements in axially compacted relation.

Although the inveuntion has been described by
making a detailed reference to a preferred em-
bodiment, the detail of description should be un-
derstood solely in an instructive rather than any

limiting sense, numerous variants being possible 3

without departing from the full intended scope
of the invention as defined by the appended
claims.

I claim as my invention:

1. A centrifugal pump assembly including an
impeller, an impeller driving shaft secured there-
to, a stator provided with passages therethrough
for discharge of liquid, a closure plate, said
closure plate and said stator forming therebe-
tween a pump displacement chamber, g small
diameter recess extending rearwardly of said
pump displacement chamber, an open-vane im-
peller operating in said chamber and recess, said
impeller being provided with a small diameter
central plate disposed in said recess, a plurality
of vanes supported by said plate and disposed in
said pump displacement chamber, said closure
plate having an inlet opening registerable with
and directly confronting said small diameter
central plate, said plate and recess being circular
and of substantially conforming diameter so as
to provide not appreciably more than a working
clearance of the plate with the recess therefor,
said vanes having constant thickness and being
offset from the plane of said central plate.

2. In a centrifugal pump, a stator including
two detachably assembled side plates formed to
provide a displacement chamber therebetween,
an impeller operable in the displacement cham-
ber, one of said side plates provided with an in-
let opening, the other side plate consisting of a
one-piece block structure provided with a plu-
rality of arcuate recesses opening into the face
of the block structure in the region of the im-
peller periphery, and discharge channels inter-
nally of the block each directed from one of said
arcuate recesses to a zone of discharge.

3. The combination and arrangement of ele-
ments as recited by claim 2, but further charac-
terized in that each of said arcuate recesses is of
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8.
increasing depth from one end to the other, with
its deepest end connected directly to the asso-
ciated discharge channel.

4. In a centrifugal pump, a stator including
two detachably assembled side plates, each of said
side plates heing recessed to form therebetween,
a displacement chamber, an impeller operable in
the displacement chamber, one of the side plates
provided with an inlet opening, the other side
plate consisting of a one-piece block structure
formed to present a plurality of arcuate recesses
open into the face of the block structure in the
region of the impeller periphery, a discharge
channel internally of the block directed from
each of said recesses to g zone of discharge he-
yond the opposite face of the block structure, the
internal periphery of the displacement chamber
being uniformly curved on a substantial radius
in the plane of the impeller axis in a manner to
direct fluid flow from the impeller, toward the
arcuate recesses thence into the discharge chan-
nels.

5. The combination and arrangement of ele-
ments as recited by claim 4 but further charac-
terized in that the said arcuate recesses and the
periphery of the displacement chamber are
curved, on wide radii, in the plane of the axis of
impeller revolution, said radii of curvature sub-
stantially exceeding that of the sectional radius
of the discharge channels through the said block
structure, said discharge channels being of sub-
stantially circular cross section and of substan-
tially uniform diameter from the arcuate re-
cesses through the block structure.

6. In a centrifugal pump, a stator including
two detachably assembled side plates formed to
provide a displacement chamber therebetween,
an impeller operable in the displacement cham-
ber, one of the side plates provided with an inlet
cpening, the other side plate consisting of a one
piece block structure, provided with a plurality
of arcuate recesses opening into the face -of the
block structure in the region of the impeller pe-
riphery, and discharge channels internally of the
block structure directed depthwise, radially and
toward the axis of impeller rotation, and extend-
ing from one end of each of said arcuate recesses
to -z substantially common zone of discharge.

7. In a multi-stage centrifugal pump, a plu-
rality of stacked plate and block elements de-
tachably assembled to provide between each pair
of adjacent elements, a displacement chamber,
impellers respectively identified with each stage,
each operable in one of the displacement cham-
bers, one of said plates provided with an inlet
opening to the first stage of the pump, a subse-
quent stage being formed between a pair of the
said stacked klock elements, each of said block
elements provided with a plurality of arcuate re-
cesses opening into the face of the block struc-
ture in the region of an impeller periphery, each
such arcuate recess being of tapering depth from
one end to the other thereof, a discharge channel
through the block having its inlet end connected
with the end of greatest depth, of one of the
arcuate recesses, each such discharge channel

being thence directed depthwise, radially and to-

ward the axis of rotation of the.impellers, the
said discharge channels collectively serving to
interconnect displacement chambers identified
with succeeding stages of the pump.

8. A multi-stage centrifugal pump including a
pair of end cover plates, cne at the inlet end of
the pump provided with an inlet opening, the
other cover plate at the discharge end of the
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pump and adapted for connection to a discharge
fitting, a series of stacked block -elements be-
tween the cover plates, each of the block elements
provided on one face with a peripheral annular
seat of substantial depth, and on its opposite face
with an annular projection of substantially the
depth of said annular seat, the recesses and pro-
jections adapted thus to be interfitted when the
block elements are stacked in assembly, tie rods
by which the blocks and cover plates are assem-
bled, each adjacent pair of the block elements
being provided with openings for the tie rods,
and being recessed to form therebetween a dis-
placement chamber the depth of which is sub-
stantially equal to the depth of said annular
projections and recesses, an impeller operating,
one for each stage, in the said displacement
chambers, and with not appreciably more than
working tolerances between the sides of the im-
peller and the adiacent sides of the displacement
chamber therefore, each of said blocks being of
a one-piece construction and each having formed
therein a series of evenly angularly spaced arcu-
ate recesses, each recess opening into a displace-
ment chamber in the immediate region of the
periphery of the impeller therein, each said re-
cess being of gradually tapering depth increas-
ing in the direction of impeller rotation, a plu-
‘rality of interstage passages formed in each
block, each such passage having its inlet end
communicating with the deepest end of one of
said discharge recesses, each such interstage pas-
sage in the block being directed inwardly sub-
stantially along a radius on the axis of impeller
rotation, and depthwise through the block, thence
outwardly into the inlet of the subsequent stage,
a shaft common to said impellers and extending
depthwise through the several stator blocks, the
stator blocks and cover plates being of such con-
struction as to enable an increase or decrease in
number of stages by selective addition to or re-
moval from the assembly, of said block elements
and impellers together with any required change
in shaft length as the number of stages is varied.

9. In a cenfrifugal pump that comprises a 4

housing, an impeller positioned within said hous-
ing, an inlet in one wall of said housing, an out-
let from said housing, and a shaft that extends
into said housing and supports said impeller, the
improvement that comprises a recess in that wall
of the housing which is opposite to and directly
confronts said inlet, and an impeller with a cen~

(2]
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tral portion positioned within and rotating rela-

tive to said recess and with a plurality of vanes
that are disposed outwardly of said recess and
project outwardly beyond the periphery of said
central portion of said impeller, said control por-
tion of said impeller being in register with and
directly confronting said inlet in said one wall
of said housing, said vanes having the inner ends
thereof disposed inwardly of the periphery of
said central portion of said impeller.

10. In a pressurized pump and receiver system
that includes a receiver to collect condensed
steam to be pumped and a centrifugal pump with
a central disc and outwardly projecting vanes
to receive condensed steam from said receiver
and to pump same, the improvement which com-
prises a thermostatic vent valve disposed adja-
cent the upper end of said receiver and an open-
ing adjacent the bottom of said receiver which
places said receiver in communication with said
centrifugal pump, said vent valve venting air
from said receiver but closing in response to the
heat of steam within said receiver to prevent
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venting of steam from said receiver, said vent
valve relieving partial pressures in said receiver
due to air within said receiver whereby the total
pressure in said receiver is due to steam being
collected for pumping.

11. In g centrifugal pump that comprises a
chamber, an inlet for said chamber, a plurality
of circumferentially spaced outlets in one wall
of said chamber, and an impeller rotatably posi-
tioned within said chamber, the improvement
that comprises a plurality of recesses in said one
wall of said chamber, said recesses being con-
tiguous to said outlets and being adjacent the
periphery of said impeller, said outlets being lon-
gitudinally directed of said chamber while said
recesses are transversely directed of said cham-
ber.

12. In a centrifugal pump that comprises a
chamber, an inlet for said chamber, a plurality
of circumferentially spaced outlets in one wall
of said chamber, and an impeller rotatably po-
sitioned within said chamber, the improvement
that comprises a plurality of recesses in said one
wall of said chamber, said recesses being contigu-
ous to said outlets and being adjacent the pe-
riphery of said impeller, the depth of said re-
cesses progressively increasing toward said out-
lets.

13. A centrifugal pump including an impeller,
a stator element in the form of a block of sub-
stantial thickness and forming one closure mems-
ber of the pump, a second closure member, said
impeller being disposed between said stator
block and said second closure member, said im-
peller having a small diameter back plate and
vanes that are secured to the front of said plate
and project forwardly of said plate, said second
closure member being provided with an inlet
opening in register with and directly confronting
said back plate of said impeller, said stator block
and said second closure member defining a shal-
low circular space that receives said blades of
said impeller, said stator block being provided
with a recess that extends rearwardly of said
shallow circular space and that is dimensioned
to receive said back plate of said impeller with
working tolerances, said stator block being pro-
vided with discharge passages formed therein
which are of a trend depthwise of the stator
block, and a power shaft connected to said im-
peller, said back plate of said impeller directly
receiving liquid from said inlet opening and di-
recting said liquid radially outwardly into said
shallow circular space where said blades move

‘said liquid to said discharge passages.

MINOR W. STOUT.
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