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This invention relates to multiple stage Cen 
trifugal pumps. More specifically this invention 
relates to improvements in: Sealing-arrangements 
between the pumping stages of a multiple stage 
centrifugal pump. The principal. object of this 
invention is the provision of-a-laew and improved 
liquid pumping:Enachine. 

In multiple-stage centrifugal, pumps, One of the 
problems, has been the sealing of the outboard 
ends of a pump-casing to an impeller shaft. pass 
ing-therethrough. To simplify.this problem, the 
pumping stages have been arranged with the first 
stage-on. One:end of the shaft, the Second stage 
On the opposite, end of the shaft. and all Subse 
quent stages arranged between the first and sec 
Ond stage. With this arrangement of-stages, the 
Outboard shaft-seals. need only resist.the intake 
pressure on - one end and first stage discharge 
pressure on the other end of the pump casing. 
This arrangement of stages results; in having a 
greater.pressurer differential-between-some of the 
adjacent stages than others. When this pressure 
differential is . quite high, a Substantial loss in 
efficiency, may result from the higher pressure 
liquid leaking into the stage developing lower 
preSSure. For instance, a pump developing 2,000 
lbs. per square inch in eleven stages, with the 
seventh stage inboard of and adjacent to the first 
stage, may have as much as 1,000 lbs. per square 
inch pressure differential between these two 
stages. Accordingly, a primary.object of...this in 
wention is to provide interstage. Sealing means 
that will-effectively reduce leakage from a pump 
ing stage developing high pressure, into an adja 
cent. Stage developing-less.pressure. 
Another object of this invention is: to provide 

interstage Sealing means that will utilize the 
higher pressure within an adjacent stage, to com 
preSS. packing material about the impeller shaft 
into sealing engagement therewith. 

Still another object of this invention is to pro 
vide interstage sealing means. that will protect 
the impeller from wear and Will, itself, be easily 
and cheaply replaceable when worn. 

Objects and advantages. other than those above 
Set, forth Will be apparent as the description of 
the invention proceeds. 
The novel features of the invention and how 

the objects are attained will appear from this 
Specification and the accompanying drawing 
showing two embodiments of the invention and 
forming-a part of this-application and all these 
novel features are intended to be pointed out in 
the claims. 
In the drawing: 
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Fig.1 is a Sectional View of a Sevenstage double 
casing centrifugal pump embodying two embodi 
ments of the invention and 

Fig. 2..is an enlarged view of One of the embodi 
ments of the invention. 

Fig, it discloses a pump comprising an Outer 
casing FO with a divided inner casing 22 spaced 
Within. Dividing of the inner, casing 22 to facili 
tate assembly is well: known in the prior; art as 
shown by the patent to Hollander, U.S. 1655,546. 
The inner Casing 22 contains a Series unping 
stages to 7, in which the pressure; of the liquid 
is progressively raised Stuffing; box members 5 
and Support; the casingSiO, 22-in proper: axial alignment. 
The outer casing 0 is divided into an intake 

chamber and a 'discharge chamber 2 sepa 
rated by an annular-projection; 3. An inlet pas 
Sage or paSSageWay 4-traaSmits:liguid at intake 
pressure to the intake chamber . A discharge 
paSSage ... or Outlet passageWay 5 transmits the 
liquid from the discharge chamber 2 at dis 
charge pressure. The outer easing.0-is-open-at 
the discharge chamber 12 end of the casing. 
This open end is fitted with a casing cover-6 
which is attached to the outer casing:0.by means 
of bolts: i , and a liquidtight seal: is insured by 
a gasket 20, which is set in a recess.2d to avoid 
the possibility of blowing, out. The inner, casing 
22 is inserted into the open-end of the outerseas 
ing 0 and mounted therein. The radial shoul 
der 23, of the inner: Casing 22 is seated against 
the annular projection; t3 within the Quter casing 
0. The inner casing 22 is held firmly against 

the projection 3 by the discharge pressure of the 
liquid within the discharge chamber 2. A gas 
ket 24 is fitted between the shoulder 23 and the 
projection 13 to provide a liquidtight seal...between 
the intake chamber . . and the discharge chana 
ber 2. Bolts-25 provide an initial seal and keep 
the inner Casing:22, in position during perieds-of 
Starting and stopping, when the pressure within 
the discharge:chamber 2 may not be-enough to 
maintain the seal. Keys :28, :27, also aid in sup 
porting the inner casing 22 in proper-alignment, 
in that they keep:the inner-casing 22 from turn 
ing within the outer-casing. O. . . 
Ashaft 28 is mounted in the inner, easing 22 

and extends through: both ends of the outer-gas 
ing 0. The putaping-stages comprise a series of 
annular passages or compartments. 29 to;35 which 
are formed in the inner:casing 22 for directing 
the fluid through the inner, casing 22, as shown 
by the dot dashflow linesin:Fig.1. The annular 
passages or compartments 29 to 35 are hydrauli 
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cally connected in series relation by means of 
impellers 36 to 43 mounted on the shaft. The 
impellers 36 to 43 are operatively disposed to 
establish predetermined pressures in the respec 
tive compartments into which they impel fluid. 
Each of impellers 36 to 43 has an inlet similar 
to the inlets 45 of the impellers 40, 43. 
A section 70 of the inner casing 22 extends into 

the intake chamber of the outer casing 0. 
A stuffing box member 7 is fitted about the shaft 
28 to the outer casing 0 and extends through the 
outer casing to into the intake chamber . An 
annular sleeve 72 extends from the section 0 and 
embraces the stuffing box member 7 thereby Sup 
porting the section 70 in proper axial alignment. 
A special stuffing box arrangement is provided 

for sealing the inner casing 22 to the Shaft 28 
and to the end cover 6. This arrangement will 
allow axial expansion of the inner casing 22 rela 
tive to the outer casing 0 in response to changes 
in pressure and/or temperature within the inner 
casing 22. When a pump of this general type is 
used for pumping a liquid at high temperature 
such as boiler feed water, the axial movement of 
the inner casing 22 relative to the Outer casing 
f O may be quite substantial and frequent as 
changes in demand are made upon the pump. 
To permit this relative movement and yet main 
tain an effective seal, an annular member 5 f is 
fitted to the inner casing 22 and extends through 
an opening 60 in the end cover 6. Glands 52, 
53 and packing 55, 56 placed concentrically about 
and Within the member 5f thereby effect a seal 
between member 5i and the end cover 6, and be 
tween the member 5 and the shaft 28. Bolts 
6t, 66 keep the glands 52, 53 drawn up tight on 
the packing 55, 56 to maintain the seal at all 
times. This stuffing box arrangement is de 
scribed and claimed in the Copending application 
of Hugh L. Ross, Serial No. 123,768, filed October 
26, 1949. It will be understood that as far as the 
invention of the present application is concerned, 
means of other form may be provided for Sealing 
the inner casing 22 to the shaft 28 and to the 
cover 6. The pressure of the fluid as it passes through 
the inner casing 22 is raised in the pumping 
stages through 7. The first stage comprises 
two impellers 36, 37 both of which take Suction 
from the intake chamber and discharge into 
the passages 29 which direct the liquid to the Op 
posite end of the inner casing 22, where the liquid 
enters stage 2. The liquid is then directed 
through the remainder of the stages 2 to , which 
have a single impeller 38 to 43 in each, and the 
path of the liquid is shown by the passages num 
bered 30 to 35. The fluid passes from the final 
pumping stage 7 to the passage 35 which dis 
charges into the pressure chamber 2 of the outer 
casing 10 and the fluid is then discharged from 
the pump through the discharge passage 5. The 
arrangement and location of the stages is further 
described and claimed in the Copending applica 
tion of Edward J. Blackwell, Serial No. 123,719, 
filed October 26, 1949. 
The arrangement and number of stages as il 

lustrated results in having between stage and 
stage 5, fourth stage pressure in the fluid passage 
32 adjacent the passage 29 having first stage 
pressure therein, and between stage 7 and stage 4, 
seventh stage pressure in the passage 35 adjacent 
the passage 32 having fourth stage pressure 
therein. The high differential in pressure at 
these two locations requires a Special high pres 
sure sealing means or liquid Seal structures 8, 
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82 to reduce leakage of the high pressure liquid 
into the passage of lower pressure, resulting in a 
loss of pump efficiency. The sealing means 8 
illustrates an embodiment to be used between the 
adjacent stages and 5 in which the impellers 
3, 4 are both facing in the same direction. The 
Sealing means 82 illustrates an embodiment to be 
used between the adjacent stages 4 and 7 in which 
the impellers 40, 43 are mounted back to back. 
The sealing means 82 shown in greater detail 

in Fig. 2 comprises a sleeve 83 having annular 
radially extending surfaces 92, 93 presented re 
spectively to compartments 35, 32 adjacent each 
end of the sleeve 83. The sleeve 83 is concen 
trically mounted on shaft segment 46. Shaft 
Segment 46 is defined as that part of shaft 28 
extending between impellers 40, 43. The sleeve 
83 telescopically surrounds at least a portion of 
each of the collars 84, 85 of impellers 40, 43 dis 
posed in the adjacent compartments. The Col 
lars 84, 85, respectively, extend rearwardly of 
the inlet 45 of each of the impellers 40, 43. The 
sleeve 83 presents intermediate its ends a first 
external axially extending Sealing surface 96 and 
a second internal axially extending sealing sur 
face 97. The first external Surface 96 of sleeve 
83 is in slidable sealing engagement with the in 
ternal surface 9 of the casing portion 89 which 
may be integral with casing or in the form of a 
bushing inserted in the casing as shown in Figs. 
1 and 2. The second internal sealing surface 97 
has a first inwardly directed flange means, shown 
as flange 86 and an axially extending means 99. 
Flange 86 presents a third surface 98 which en 
braces the shaft segment 46 and is in Slidable 
sealing engagement therewith. The axially ex 
tending means 99 embraces portions of collars 84, 
85 and is in slidable and nonrotatable engage 
ment with portions of collars 84, 85. Means co 
operating with the shaft 28 and the sleeve 83, 
shown as key 87, prevents the sleeve 83 and the 
flange 86 from rotating about the Shaft 28 but 
allows them to slide axially relative to the shaft 
28. The sleeve 83 and the fiange 86 define with 
the collar 84, a space about the shaft 28 for re 
silient means, shown as packing rings 88. The 
differential pressure of seventh stage over fourth 
stage will act upon the sleeve 83 and the flange 
86 to force the packing rings tightly against the 
collar 84 and the shaft 28 to thereby prevent leak 
age along the shaft 28. The internal surface 9 
of the casing bushing or portion 89 embraces the 
outer surface of the sleeve 83. Circumferential 
ly disposed grooves 9 on sleeve 83 reduce leak 
age between the bushing 89 and the sleeve 83. 
The embodiment illustrated by the sealing 

means 8 in Fig. 1 is exactly the same as the Seal 
ing means 82 except that the sleeve 83ct is 
mounted about the collar 84a of a single impeller 
3. The sleeve 83d does not extend beyond the 
flange 86a as in the sealing means 82. The cross 
sectional surface of the sleeve 83a and flange 86a 
is therefore L-shaped rather than the T-shape 
that is presented by the corresponding surface 
in the sealing device 82. 

Both of these sealing means 8, 82 reduce the 
leakage between adjacent passages by utilizing 
their pressure differential to act upon packing 
to create an effective seal. The greater the dif 
ferential in pressure, the greater will be the force 
on the packing to resist leakage along the shaft. 
The sleeve 83, 83a, turns with the shaft 28 and 
protects the impeller collars 84, 84a, 85 from wear. 
The sleeve 83, 83a and the bushing 89, 89a will 
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in time become worn but can be replaced at rela tively low cost. 
In operation, as the shaft 28 is rotated, the 

first stage impellers 36, 37 take suction from the 
intake chamber f. Impellers 36, 37 discharge 
the liquid into annular passages 29 including 
the one adjacent the sealing means 8. Pas 
sages 29 convey the liquid from the first stage 
to the suction portion of the impeller 38 mounted 
in passage 30 which forms the second stage. The 
liquid is pumped from the intake chamber f to 
the discharge chamber 2 through a series ar 
rangement of seven pumping stages. Fourth 
stage liquid discharge and seventh stage liquid 
discharge appear on opposite sides of sealing 
means 82, and first stage liquid discharge and 
fourth stage liquid discharge appear on opposite 
sides of sealing means 8. 
The higher fourth stage liquid pressure acts 

on sleeve 83a and causes it to compress packing 
rings 88 against collar 84a thereby sealing the 
first stage from the fourth stage. 

Sealing means 82 operates in a like manner ex 
cept that in this arrangement sleeve 83 tele 
scopically surrounds portions of the two collars 
84 and 85. The seventh stage liquid preSSure 
urges sleeve 83 against the packing rings 88 which 
in turn are compressed against collar 84 to Seal 
the fourth stage from the Seventh. 
From the foregoing it will be apparent to those 

skilled in the art that the illustrated embodi 
ments of the invention provide a new and in 
proved liquid pumping machine and according 
ly accomplish the objects of the invention. On 
the other hand, it will also be obvious to those 
Skilled in the art that the illustrated embodi 
ments of the invention may be variously changed 
and modified, or features thereof, singly or col 
lectively, embodied in other combinations than 
those illustrated, without departing from the 
spirit of the invention, or sacrificing all of the 
advantages thereof, and that accordingly the dis 
closure herein is illustrative only, and the inven 
tion is not limited thereto. 

It is claimed and desired to secure by Letters 
Patent: 

1. In a centrifugal pump comprising a casing 
defining an inlet passageway, an Outlet passage 
way and a plurality of compartments adapted 
for fluid communication, a shaft supported for 
rotation in said casing and extending between 
and through said compartments, a plurality of 
impellers mounted on said shaft and hydraulical 
ly connecting said compartments in series re 
lation between said inlet and outlet passageways 
for the flow of liquid therethrough, each of Said 
impellers having a collar extending rearwardly 
of the inlet of each of said impellers and Sur 
rounding said shaft, a first one of said impellers 
being operatively disposed for rotation in said 
casing to establish a first predetermined pressure 
in a first one of said compartments and a second 
one of said impellers being operatively disposed 
for rotation in said casing to establish a second 
predetermined pressure in a second one of said 
compartments adjacent said first compartment, 
said first predetermined pressure being higher 
than said second predetermined pressure, said 
second impeller being disposed with its collar ex 
tending toward said first compartment, the in 
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provement comprising a liquid seal structure in 
cluding a portion of said casing extending be 
tween said first and second compartments, said 
casing portion surrounding a segment of Said 
shaft and presenting an internal annular Sealing 
surface in radially spaced concentric relation 
thereto, a sleeve concentrically mounted On Said 
shaft segment between said casing portion and 
said shaft, means cooperating with said shaft 
and said sleeve for Securing said sleeve in non 
rotatable and axially slidable relation to Said 
shaft, said sleeve having a part telescopically 
Surrounding at least a portion of Said collar of 
said second impeller, said sleeve presenting at 
each end thereof annular radially extending Sur 
faces opened to said first and Second compart 
ments and presenting intermediate said ends a 
first external axially extending sealing surface 
and a second internal axially extending sealing 
surface, said second surface having a first in 
Wardly directed flange means and an axially ex 
tending means, said first surface being in slidable 
Sealing engagement with said internal Surface of 
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said casing portion and said flange means pre 
senting a third Surface in slidable Sealing engage 
ment with said shaft segment, said axially ex 
tending means being in slidable and nonrotatable 
engagement with said portion of said collar of 
Said Second impeller, and resilient means Sur 
rounding said shaft between said flange means 
and Said portion of said collar of Said Second im 
peller, said resilient means being compressible 
into positive sealing engagement with said shaft 
Segment and said flange means and Said portion of 
Said collar of said second impeller in response 
to the difference between said first and Second 
predetermined preSSures on said annular radial 
ly extending surfaces. - 

2. The liquid seal structure of claim 1 in which 
Said second surface presents a first part in slid 
able Sealing engagement with Said shaft Segment 
and a second part radially spaced from Said first 
part of Said Second Surface in slidable Sealing 
engagement with said portion of said collar of 
Said second impeller. 

3. The liquid seal structure of claim 1 in which 
said sleeve presents intermediate said ends a first 
external circumferentially grooved axially ex 
tending sealing Surface. 

4. The liquid seal structure of claim 1 in which 
said first and second impellers are disposed in 
spaced back to back relation with their collars 
extending toward each other and Said sleeve has 
parts telescopically surrounding at least a por 
tion of each of said collars of said first and Second impellers. 

MTON. W. LUTZ. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
814,902 Degen ------------- Mar. 13, 1906 

1,470,587 Somes ------------- Oct. 9, 1923 
1859,012 Winkler ----------- May 17, 1932 
1989,349 Coberly ----------- Jan. 29, 1935 
2,258,416 Leopold ------------ Oct. 7, 1941 
2,265,834 Garraway --------- Dec. 9, 1941 
2,329,990 Hornschluch -------- Sept. 21, 1943 


