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9 Claims.

This invention relates to centrifugal gas or
vapor compressors, and more particularly to a
centrifugal compressor for use in- refrigerating
systems for handling a volatile liquid-of low
vapor pressure and high density, such for ex-
ample as trichlorofluoromethane, methylene
chloride or the like. In compressors of this type

commonly in use, complicated and expensive

mechanisms or structures are necessary due to
the design of the compressors employed, for bal-
ancing the end thrust in the compressor and

sealing the openings in the casing through which

the driving shaft extends against the compressor
pressures to prevent leakage of the refrigerant
vapors to the atmosphere and leakage of air
into the compressor.

An object of the present invention is to pro-
vide a cenirifugal compressor in which volutes
are employed, in connection with impellers .ar-
ranged in a novel manner to provide a highly
efficient, compact compressor in which any end
thrust is substantially eliminated by balancing
of the impellers in such manner that certain
of them provide a counter-balancing end-wise
thrust against the end-wise thrust of the other
impellers, thereby eliminating expensive and
complicated thrust balancing means.

Anocther object of the invention is to provide
a centrifugal compressor in which the impellers
are arranged whereby the seals or packing at the
openings in the casing through which the shaft
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pressor of the preferred form embodying the
invention, and the features forming the inven-
tion will be specifically pointed out in the claims.

In the drawings:

Figure 1 is a side elevation of the improved
centnfugal compressor. .

Figure 2 is a top plan view of the compressor.

Figure 3 is an end view of the compressor look-
ing toward the suction or inlet end.

" Figure 4 is a longitudinal section through the
compressor. taken on the line 4—4 of Figure 2.

Figure 5 is a cross-section of the compressor
taken on line 5—9% of Figure 4.

Figure 6 is a vertical cross-section through
the suction inlet of the compressor taken ap--
proximately on the line 6—6 of Figure 4.

Figure 7 is a horizontal longitudinal section
through. the compressor casing alone, showing
the volutes and passages, taken on the line T—1
of Figure 3.

Figure 8 is a vertical cross-section through
the final discharge volute of the : compressor
taken approximately on the line 8—8 of Figure 4.

Figure 9 is an enlarged view, in section, of
a portion of the compressor showing the casing

. bushing.

30

extends are subjected to pressures below the dis-

charge pressure of the compressor and whereby
the differential across. the seals is relatively
small, thereby simplifying the problem of seahng
such openings against leakage.

A further object of the present invention is
to provide in a centrifugal compressor means
for delivering lubricating oil to the bearings of
the compressor at a pressure slightly in excess
of the pressure in the compressor at either end
of the bearings at the shaft openings to prevent

35

40

leakage of vapor or gas through the shaft bear-~ .

ings and to provide a lubricating system embody-
ing a plurality of chambers under various de-
grees of pressure in the return line of the lubri-
cant from the bearings to the circulating oil
pump so as to separate the entrained refrigerant
from the oil.

With these and other objects in v1ew, as may

45
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appear from the accompanying specification, the

invention consists of various features of construe-
‘tion and combination of parts, which will be
first described in connection with the accom-
panying drawings, showing a centrifugal com-

55

The centrifugal compressor of the present in--
vention utilizes the principle of impeller and
discharge volute in lieu of the general practice
of employing diffusion vanes in the discharge
passage of the compressor with the result that

" the efficiency of the compressor is materially

increased and frictional losses diminished. The
compressor comprises a horizontally split casing
10, through the axis of which extends the driv-
ing shaft {1. The driving end of the shaft 11
may-be connected by any approved type of cou-
pling 12 with any approved type of prime mover.
The shaft Il carries the various impellers of
the centrifugal compressor, the number of which
and consequently the number of stages of the
compressor depends entirely upon the conditions
of the installation in which the compressor is
to be incorporated and the work to be performed
by the compressor. '

In the present application a three stage com-~
pressor Is illustrated, but it is to be understood
that the principles of the invention as set out
in the claims are equally applicable to centrifu-
gal compressors, regardless of the number of
stages or impellers. )
. Referring specifically to the drawings, the cas-
ing 10 has a suction or inlet connection 14 at
one end thereof, through which the vapors to
be compressed enter the compressor. The inlet
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passage |4 has-a butterfly valve or damper 8§
therein, by. means of which the active, vapor
passing cross-sectional area of the passage 14
may be regulated. This butterfly valve I5 may
be operated by any suitable mechanism. A hand
wheel operated gear and pinion structure is
shown in Figures 1 and 3 of the drawings, in
which the gear 15’ is rotated by the pinion I6.
The pinion 16 is in turn rotated by a hand wheel
11. The gear 15 is mounted upon or suitably
connected to the carrying shaft 18 of the valve
{5. The inlet passage |4 curves upwardly and
laterally into the suction or inlet eye 20 of the
first or suction stage impeller 21.

The inlet passage {4 is partially bifurcated
by means of dividing vapor-directing ribs 22
and 23, the latter of which is substantially an
inwardly extending projection of the uppermost
portion of the side wall of the inlet passage
where the two side sections or portions meet,
as clearly shown in Figure 6 of the drawings,
This particular construction of the suction in-
let passage facilitates the distribution of the
refrigerant vapors in the suction or inlet eye of
the first stage impeller 2f and suppresses the
creation of eddies and vacuous pockets in the
inlet passage. By particular reference to Fig-
ures 4 and 6 of the drawings it will be noted that
the inlet passage I4 curies in a smooth curva-

ture in all directions towards the inlet eye 20..

The first stage impeller 21 of the compressor
discharges into a double or twin volute 30 formed
of the two volute passages 31 and. 32, clearly
shown in Figures 4 and 5 of the drawings. The
defining walls 33 of the double volute ‘passages
curve circumferentially and laterally into the
suction passage 34, which opens into the inlet or
suetion eye 35 of the second stage impeller 36.

‘The provision of the double, Jor twin volute 30
decreases the machine dunens!tms and balances
any radial thrust which would-arise in the first
stage of the compressor due to operation at con-

ditions other than those for which the specific

compressor was designed. This provision of the
twin or double volute, together with the stag-
gered arrangement of the vohifes of the remain-
ing stages of the compressor, will approximately
take care of or balance any radial thrust which
may occur in the entire compressor during *off
standard” operating conditions.

The second stage impeller 36 dxscharges into a
single volute 37, which is connected by a suitable
passage to the suction eye 38 of the third stage
impeller 39. The passage which connects the
discharge volute 37 of the second stage impeller
36 to the third stage impeller 39 is shown in the
drawings as comprising the nozzles 40 and 41,
which are formed on the casing 10 of the com-
pressor and are connected by a U-coupling 42.
The U-coupling 42 has a connection 43 formed
thereor which opens into the passage 44, which
establishes communication between the second
and third stage impellers so as to permit the in-
troduction of vapors into an intermediate stage
of the compressor. While the coupling 43 is
shown arranged to permit the introduction of
vapor intc the third stage of the compressor, it
is %o be understood that such a connection may
be connected at any suitable point to the casing
of the compressor to permit the introduction of
vapor Into any one of the stages of the compres-
sor following the first stage. The third stage im-
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peller 38, which in the construction shown in the -

drawings is the final stage, discharges through
its volute 45 irto a discharge nozzle 45.
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By utilizing volutes at the discharge of the
various stages in lieu of diffuser vane structures,
and by the various construction of cross-over
connecting passages between the stages, a com-
pact, relatively inexpensive centrifugal compres-
sor may be provided in which the various im-
peller stages may be arranged to effect an ap-
proximate balance in the compressor, thereby
eliminating the need of employing éxpensive and
relatively  complicated - end thrust balancing
mechanism.

In the drawmgs, wherein a three stage com-
oressor is shown, it will be noted that the first
two stages, that is the impellers-21 and 38, are
disposed in a - parallel pair, with the back of the
first stage impeller-2{ facing the suction of the
second stage impeller 36. Thus the combined
end thrust of these two stages will be toward the
right (Fig. 4), while the impeller 39 of the third
stage of the compressor is disposed in a direction
opposite to that of the impellers 2f and 36, with
its back facing the back of the second stage im-
peller 36. Consequently the end thrust of the
third stage impeller 39 will be toward the left
(Fig. 4) .and in an opposite direction to the end
thrust of the impellers 21 and 36. Since impeller
39 is the highest pressure impeller and the end
thrust produced by this impeller- will be substan-
tially equal to the end thrust produced by im-
pellers 21 and 36, counterbalancing end thrusts
are set up in opposite directions in the compres-
sor which will approximately balance each other
and. permit the use of a-simple, inexpensive
thrust balancing bearing as shown at 57 'in .
Figure 4 of the drawings. :

In the present construction of centrifugal ma-
chine or compressor for compressing gas or vapor
the pressure of fluid compressed increases in geo-
metric progression from stage to stage with the
absolute discharge pressure of each stage bearing -
a substantially .constant ratio to its inlet pres-
sure, and by reference to Figure 4 of the draw-
ings it will be noted that the successive stages of
compression in the compressor decrease in volu-
metric capacity. That is, the second stage im-
peller 36, while being of substantially the same .
diameter as the first stage impeller 21, is nar-
rower and consequently has less volumetuc ca-
pacity than the first stage impeller, while the
third stage impeller 39, which is also of substan-
tially the same diameter as the impeller 21 and
36, is narrower than the impeller 36 and conse-
quently has less volumetric capacity.

While the drawings show a three stage com-
pressor with the impellers arranged as above spe-
cifically described, it is to be understood that the
essence of this balancmg feature of the present
invention comprises the arranging of the im-
pellers in a multi-stage compressor in such a
manner that the stages are divided, each set dis-
posed in the opposite direction to the other set,
creating end thrust substantially equal to the end
thrust created by the impellers of the other set,
for the purpose of counterbalancing end thrust in
the compressor.

Centrifugal compressors of the type above de-.
scribed. and illusirated in the drawings, when
used or employed in refrigeration or air condi-
tioning systems generally receive the vapor or re-
frigerant gases into the first stage suction at a
pressure of approximately seven pounds. (7 1bs.)
below atmosphere. The third or final stage of
the compressor receives the vapor into its suction
at a pressure slightly above or below atmosphere,
for instance atmosphere plus or minus three -
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pounds (3 Ibs.). Thus it will be seen that the
opposite ends of the interior of the’ casing 18'will

be subjected to subatmosphenc pressure at the‘-f'
initial inlet end of the casing and-to approxi= "'

mately atmospherrc pressure at the other end of

the casing, that is, the end adjacent to the driv
ing end of the shaft t1.

It is desirable, of course;

to prevent leakage of air into the compressor cas-‘;: !
ing, and also to prevent the leakage of valuable;;

refrigerant vapors from the compressor casmg
into atmosphere.

10
Therefore the present con-

struction embodies means for eﬁectlvely sealing -
the openings in the ends of the casing through -

which the shaft |1 extends.
In the present invention sealing of these open-

15

ings is effected during the operation of the com= "

pressor through a combination of close “fitting
bearings for the shaft and the lubrrcatmg 'Sys-

tem for such bearings, while a special mechamsm .

is provided for sealing the casing When the com-_

pressor is idle.

20

Due to the arrangement of the 1mpellers in the &

compressor as above speclﬁcally descrrbed not‘

cnly is end thrust in the compressor approxr-

mately counterbalanced, but the- arrangement_'

25

also provides that the shaft opening 50 at"the -
initial suction end of the compressor is sub_]ected
to the pressure of the vapor at the' initial inlet,

while the shaft opening 5f at the opposrte end'

of the casing'is subjscted to the: suctlon pressure
of the vapor at the third stage ‘suction.” There-
tore neither of these openings will be subJected

30

to the highest pressure developed in the com< -
pressor, which ‘fact. materially simplifies and re-

" duces the cost of the mechanism ‘for seahng such

35

openings in that, for one- thmg it reducc:S the :

pressure of the lubrlcatlng oil.

An oil reservoir 52 is providéed in which an 011"

pump 53, of any approved constructlon, is

mounted. The oil pump- 53 is driven from the
shaft {1 through a coupling structure-54, shaft

55 and suitable transmission ‘56, whrch in’ the
present instance is shown as beéveled ‘gears.
At the initial suction end of-the compressor: 8

bearing structure 57 is provided which is carried

45

by the casing 10 and which has suitable:oil ducts "
58 extending radially therethrough: to -lubricate:':

the bearing. Oil is supplied to the ducts:58 from

an oil inlet line 59 which receives: the oil: from ::

the discharge end of an oil cooler 60.: The oil is

50

pumped by the pump 33 through a suitable pip-.-
ing system 6! into and through the-cooler .60.
Pressure regulating valves 62 of any approved- -

type or construction may be.connected .in the.

pipe line 6! for the purpose of -regulating. the
pressure of the oil if it is-desired.  The. o0il passes

through the bedring 57 in both directions.and;

that which passes through the bearing inwardly..
toward the compressor passes into.a chamber 63 -

and returns through a .drain opening-or drain

60

epenings 84 through the bearing into the -cham--
ber 65. The oil which passes through- the bear-: ¢
ing outwardly or away from the casing 10 passes- -
into the chamber 65 and from this chamber- .

drains into the reservoir §52.  The chamber 65 is
under a subatmospheric pressure.

G5

That. is, it is-.-

under the pressure of the vapor as. it entels the

initial inlet of the compressor.

‘A statlonary,

bushing 66 is mounted about the shaft II be--, .

tween the bearing 57 and the impeller 2{."

This.
bushing has its inner surface provided with a.

70

plurality of longitudinally spaced clrcumferentlal',f_f
grooves, as shown at 67, and it prevents creeping
“of oil aleng the shaft into the compréssor. -The

bushing 66 has an .oil collection chamber 68

76

:shaft to preserve’ the seal’and’ to prevent exce;

~chamber 12'is subjected to'a’ pressure of approxr— -

phenc pressure

3.

formed therein with which a drain opening 69
commumcates The drain’ opemng "leads back ‘to
the chamber 63°so that any oil which would pass’ -
through the bushmg §6 Into” the ‘chamber 68
would’ be dramed back eventually 1nto the rese :

§0it §2.

A the opposlte ehd of the' casing I!I from the
bedring 5T a second bearmg 70 for the shaft {1
is provided.’ ‘While the partrcular construction of"
thé bearing ‘and ‘its-companion parts which form: -
the seal for the casing 10 are the subject matter
of Patent Na. 2,254,862 issued September 2, 1941,
the structure Wwill be specrﬂcally descnbed herem
to’ establish Tts" actwn and’ cooperatron in the
genera] combmation” 14 the compressor

The bearmg T0is a trght—ﬂttmg beav.nn'nr and
smce the’ machmes ‘of thls type the “shaft fré«
quently gets*™ shghtly out of ahgnment due to
various: causes such: as’ Whlp in’ the shaft When
rotatmg ab hlgh speeds medans’ are provxded to"

;maintain’ proper *tight-fitting engagement “be-"

tween shaft and béaring at'all times: 50 astor pro-~--
vide an efféctive seal for the shaft opening in the
casing. " “The Learing' 10 is connected to" the cas- -
ing 10 by 4 flexible disc’ 1M." “This-dise ‘11 'is madé

of strong, flexible métal so that it will flex during’ ",

operation of the- compressor ‘to permrt movement
of the bearing 10 with movement of the’ shaft 11
other than rotary movément so asto mamtam ) -
all” tlmes the trght ‘fit between the bearmg and_‘

wear on-‘the bearlng “The’ shaft opemng 5l opens N
into-a’ chamber 12, into which the inner end of "
the bearing 10° also extends, while the outer end
of -the beanng extends 1nto 8 chamber 13; The'

mately atmosphere that 1§, a ‘pressure shghtly
above or ‘below atmosphere namely the suction
préssure of the vapor at the inlet of the 1mpeller i
39; while the chamber 13'is subJected to atmos-
01l is" delivered to the in r
of the bearing 10" intermeédiate ‘its ends from th’
oil’inlet line T4 through a suxtable connectlon 15.f ’.f
The' inlet liné 74 receives 611 from’ the outlet end’
of the oil ‘cooler 60 “The oil passes long1tudinally

: through the bearmg in both-directions, paxt of 1t
'passing into the'chamber 12, from Which it drains

through suitable: dram outlets 1T'and ‘pipé ‘con-
nections 18 to a’ collectmn chamber 19, From
that chamber 19-the oil returns’ to the’ reServmr

52 ‘through ‘the pipe system 80. "The oil Whlch

flows outwardly through ‘the, bearmg into “th L
chamber 13 passes through suitable drain open-"
ings ‘81 mto the “'collection ‘chamber 82, from o
which it passes through the collectlon pxpmg sys-

-tem 80 back to the reservoir 52,

The interior of the oil chamber 52 is under th"] :
‘same pressure as the shaft’ openmg 50, viz., “the.
pressure of the vapor at the initial inlet to the
compressor. - By having it unider such relatwely )
low pressuré refrigerant’ which-is carried thereto
by the oil and is consequently delivered to the
chamber at a pressure m excess of the pressure
therein: is released.

A bushing 83 is posrtloned between the cham-

-ber 12 and’ the impeller 39 ‘similar-in its - con= "

struction to the bushing 66, having a plurality of
annular grooves 84 spaced longitudmally along

its bore and is prov1ded with an oil collectron .
chamber 85 from whrch oil drains through a suit- -

"' able drain 86 into the chamber 12, The ‘bushing

83 forms'a dam to hinder leakage of oil. ‘into the
suction of the lmpeller 39. x
Thé construction of the bearing 10 and the

_lubrlcatmn of the bearmg in the manner, above
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described will effectively seal the opening 51 from
both leakage of vapor out of the casing and leak-
age of air into the casing, during the operation of
the compressor. But when the compressor is
shut down the delivery of lubricating oil o the
bearing will be stopped and consequently it is
necessary to prov1de means to prevent either in-
ternsal leakage of air or external leakage of vapor
out of the casing through the opening 51 at such
times.

The structure provided for this purpose in-
cludes a packing collar 80, which is of any suit-
able type of soft, resilient material not sus-
ceptible to objectionable corrosion or deteriora-
tion under action of the refrigerant vapor com-
pressed. There are many substances of which
this collar may be constructed, such as “Neo-

10

13

prene” and the like. This soft resilient packing

collar 90 snugly fits about the shaft 11 and its in-
-ner side near its periphery contacts an annular
shoulder 8f formed on a suitable collar 82. The
outer side of the soft resilient packing collar 90,
near its inner periphery, is engaged by a co-act-
ing face forced on the inner end of a sliding
sleeve 93, which slides upon the shaft 11. A lever
94 is pivotally supported at 95 and is connected
to the sleeve 93 and to a pressure actuated piston
96, which is shown as connected to a bellows 97,
The piston 96 is urged inwardly, compressing the
bellows 81, by a spring 98. During the operation
- of the compressor the tension of the spring 98 is
overcome by the pressure of oil from the lubri-
cating system of the compressor, which is de-
livered to the interior of the bellows 87 through
the connection 99, thus expanding the bellows
and forcing the piston 96 outwardly, which
"moves the sleeve 93 outwardly, relieving the soft,

‘resilient packing collar 90 of pressure from the

sleeve 93. When the compressor is stopped and
consequently the pressure of oil in the bellows 91
is relieved, the spring 98 will move the piston 96
inwardly and through the medium of the lever
84 force the sleeve 93 inwardly against the collar
90, tightly squeezing the collar against the shaft
to form a tight seal about the shaft. For the
purpose of insuring the movement of the packing
collar 30 info a pressure relieved position during
‘the operation of the compressor, a follower 101 is
mounted about the shaft {i and engages the in-
ner side of the coliar 90 inwardly of the shoulder
91. A spring 102 engages the follower. 101 for
urging it outwardly thus moving the collar 90 out
of tight sealing engagement with the shaft when
the collar is relieved of pressure of the sleeve 93.

A dish-shaped slinger {03 is mounted on the
shaft {1 for rotation therewith,between the collar
80 and the bearing 70, and in the chamber 13.
This dish-shaped slinger 103 is provided for
throwing oil away from.the shaft {1 so as to pre~
vent  0il from leaking along the shaft to the
collar $0.

"It will be understood that the invention is not
to be limited to the specific construction or ar-
rangement of parts shown, but that they may be
widely modified within the invention defined by
the claims.

What is claimed is:

1. In a multi-stage centrifugal machine for
compressing gas or vapor, & casing, three stage
impellers in said casing, the first and second
stage impellers arranged in g set with their dis-
charge sides facing the discharge 'side of the
third stage impeller and having combined dis-
charge pressures approximately equal to the dis-
charge pressure of the third stage.
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2 In a multi-stage centrifugal machine for
compressing gas or vapor, & casing, three stage
impellers in said casing, the first and second
stage impellers arranged in a set with their dis-
charge sides facing the discharge side of the
third stage impeller and having combined dis-
charge pressures slightly greater than the dis-
charge pressure of the third stage impeller to
substantially - balance end thrust by leaving a
small unbalance of end thrust to avoid reversal
of thrust during operation.

3. In a multi-stage centrifugal machme for
compressing gas or vapor, a casing, three stage -
impellers in said casing, the first and second
stage impellers arranged in a set with their dis-
charge sides facing the.discharge side of the
third stage impeller and having combined dis-
charge pressures approximately equal to the dis-
charge pressure of the third stage, said first stage
impeller having a twin volute casing with the:
two throat sections thereof disposed approxi-
mately 180° apart, the second and third stage im-
pellers each having a single volute casing, said
single volute casings being angularly disposed
with their throat sections arranged relative to
each other so that the side thrusts of one volute
are counterbalanced by the side thrusts of the
other volute.

4. In a multi-stage centrifugal machme for
compressing gas or vapor, a casing, three stage
impellers in said casing,the first and second stage

-impellers arranged in a set with their discharge

sides facing the discharge side of the third stage
impeller and having combined discharge pres-
sures approximately equal to the discharge pres-
sure of the third stage, said first stage impeller
having a twin volute casing with the two throat
sections thereof disposed approximately 180°
apart, the second and third stage impellers each
having a single volute casing, said single volute
casings being angularly disposed with their
throat sections arranged relative to each other so
that the side thrusts of one volute are counter-
balanced by the side thrusts of the other volute,
said second and third stage impellers being dis-
posed back-to-back and in close relation to each
other whereby the side thrusts of the two volutes
are approximately in the same plane.

5. In a multi-stage centrifugal machine for
compressing gas or vapor wherein the pressure of
material compressed increases in geometric pro-
gression from stage to stage with the absolute
discharge pressure-of each stage bearing a sub-
stantially constant ratio to its inlet pressure, a
casing, a plurality of impellers of substantially
equal diameter in said casing, said impellers ar-
ranged in sets of unequal numbers of impellers
with the impellers in each set constituting suc-
cessive stages of compression and with the im-
pellers in one set disposed in back to back rela-
tion with the impellers in the other set to ap-
proximately equalize the end thrust of the im-
pellers. :

6. In a multi-stage centrifugal machine for
compressing gas' or vapor wherein the pressure
of ‘material compressed increases in geometric
progression from stage to stage with the absolute
discharge pressure of each stage bearing a sub-
stantially constant ratio to its inlet pressure, a
casing, a plurality of impellers of substantially
equal diameter in said casing, said impellers ar--
ranged in sets of unequal numbers of impellers
with the impellers in: each set constituting suc-
cessive stages of compression and with the im-
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pellers in one set disposed in back to back relation
with the impellers of the other set and with the
total absolute discharge pressure of one set being
alightly greater than the total absolute discharge
pressure of the other set to substantially bal-
snce end thrust but leaving a small unbalance of
end thrust to avoid reversal of thrust during
operation. )

7. In 8 multi-stage centrifugal machine for
compressing gas or vapor, a casing, three stage
impellers in said cesing, the first and second
stage impellers arranged in a set with their dis-
charge sides facing the discharge side of the
third stage impeller and having combined dis-
charge pressure approximately equal to the dis-
-charge pressure of the third stage, the discharge
stage and one other of the stages of the compres-
sor being provided with single discharge volutes
arranged relative to each other to balance side
thrusts of the said stages, the remaining stage of
satd compressor being provided with a twin dis-
charge volute with the two throat sections there-
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of disposed relative to each other to balance the

side thrust of sald stage of the compressor.

8. Ina multi-stage - centrifugal machine for
compressing gas or vapor wherein the pressure
of fluid compressed increases in geometric pro-
gression from stage to stage with the absolute dis-
charge pressure of each stage bearing a substan-
tially constant ratio to its inlet pressure, a casing,
a plurality of stage impellers in said casing, said
impellers having progressively decreased volu-
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metric capacity from the inlet stage to the final
discharge stage, said impellers arranged in sets
of unequal numbers of impellers with the im-
pellers in each set constituting successive stages
of compression, the impellers of one set having
combined discharge pressures approximately
equal to the combined discharge pressures of the
other set and arranged to substantially balance
end thrust during operation of the compressor.

9. In a multi-stage centrifugal machine for
compressing gas or vapor wherein the pressure of
fluid compressed increases in geometric progres-
sion from stage to stage with the absolute dis-
charge pressure of each stage bearing a substan-
tially constant ratio to its inlet pressure, & casing,
a plurality of stage impellers in sald casing, said
impellers having progressively decreased volu-
metric capacity from the inlet stage to the final
discharge stage, said impellers arranged in sets
of unequal humbers of impellers with the im-
pellers in each set constituting successive stages
of compression, the impellers of one set having
combined ' discharge pressures approximately
equal to the combined discharge pressures of the
other set and arranged to substantially balance
end-thrust during operation of the compressor,
cne of said stages of the larger volumetric capac-
ity having a twin discharge volute, and tne re--
maining stages being provided with single dis-
charge volutes arranged relative to each other to
balance side thrusts of the stages. s
, RALPH M. WATSON.-




