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ABSTRACT 

The cost of a centrifugal pump is reduced by providing it with 
a generally cylindrical casing having a radial discharge nozzle 
near the upper end of the casing and a suction nozzle at the 
lower end. The casing is bolted to a main flange having a cylin 
drical neck extending downwardly inside the casing. The 
pump shaft extends through the neck and the main flange. A 
radial bearing assembly is bolted to the lower end of the neck. 
In certain applications, breakdown bushings surround the 
shaft within the neck and controlled leakage shaft seals are 
disposed in the main flange, thereby confining the high pres 
sure liquid within the casing and the main flange. A cooler sur 
rounds the shaft between the pump impeller and the radial 
bearing assembly. A thermal barrier surrounds the bearing as 
sembly. 

23 Claims, 4 Drawing Figures 
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CONTROLLED LEAKAGE CENTRFUGAL PUMP 
This application is a continuation of application Ser. No. 

810,312, filed Mar. 25, 1969; now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates generally, to hydraulic pumps and, 
more particularly, to centrifugal pumps of the controlled 
leakage shaft seal type. 

Prior pumps of the above-identified type have had a casing 
of a bowl type with a cooler, radial bearing assembly, break 
down bushings and shaft seals all mounted above the main 
flange area of the pump structure, thereby requiring an expen 
sive casing and a relatively long pump structure. 
An object of this invention is to reduce the height and the 

cost of manufacturing a centrifugal pump suitable for handling 
high pressure temperature liquids. 
Another object of the invention is to improve the effective 

ness of a thermal barrier mounted within the casing of a cen 
trifugal pump. 
Other objects of the invention will be explained fully 

hereinafter or will be apparent to those skilled in the art. 
SUMMARY OF THE INVENTION 

In accordance with one embodiment of the invention, a cen 
trifugal pump is provided with a generally cylindrical casing 
having a radial discharge nozzle near the upper end of the cas 
ing and a suction nozzle at the lower end of the casing. The 
upper end of the casing is bolted to a main flange having a 
generally cylindrical neck extending downwardly inside the 
casing. The pump shaft extends through the neck and the main 
flange. A cooler, radial bearing assembly, breakdown bushings 
and thermal barrier are all disposed within the cylindrical cas 
ing. Controlled leakage shaft seals are disposed in the main 
flange, thereby confining the high pressure liquid within the . 
casing and the main flange. The effectiveness of the thermal 
barrier is increased by providing a plurality of spaced concen 
tric sleeves within the barrier which contains liquid from the 
pump casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the nature and objects of the 
invention, reference may be had to the following detailed 
description, taken in conjunction with the accompanying 
drawings, in which: 

FIG. 1 is a view, partly in section and partly in elevation, of 
a centrifugal pump embodying principal features of the inven 
tion; 

FIG. 2 is an enlarged view, in section, taken along the line 
II-II in FIG. 1, showing details of the thermal barrier utilized in 
the pump, and 
FIGS. 3 and 4 are reduced views, in plan and elevation, 

respectively, of the casing for the pump. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawing, particularly to FIG. 1, the cen 
trifugal pump 10 shown therein comprises a generally cylindri 
cal casing 11 having a radial discharge nozzle 12 near the 
upper end of the casing and a suction nozzle 13 at the lower 
end of the casing, a main annular flange 14 having a generally 
cylindrical neck 15 extending downwardly inside the casing 
11, a shaft 16 extending through the flange 14 and the neck 
15, and an impeller 17 attached to the lower end of the shaft 
16 by means of an impeller nut 18 and a bolt 19. The shaft 16 
may be driven by an electric motor (not shown) mounted on a 
motor support stand 21 attached to the top of the main flange 
14 by bolts 22. The shaft of the motor is connected to the shaft 
16 by means of a coupling 23. The upper end of the casing 11 
is attached to the main flange 14 by means of bolts 24 which 
extend through the flange 14 and are threaded into the casing 
1. 

Referring to FIGS. 3 and 4, it will be seen that the casing 11 
is of a relatively simple configuration. The casing may be 
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2 
made from high strength carbon steel and, if desired, the in 
side of the casing may be provided with a lining or cladding 
composed of a corrosion resistant material, such as Inconel. In 
view of the cylindrical shape of the casing, the material may be 
utilized to the fullest extent of the allowable stresses. 
As shown in FIG. 1, a radial bearing assembly 25 for the 

shaft 16 is attached to the lower end of the neck 15 by means 
of bolts 26. The bearing assembly 25 may be of any suitable 
type. As shown, the assembly includes a sleeve 27 pressed on 
the shaft 16, suitable bearing material 28 and a housing 29 en 
closing the bearing material 28. 
As also shown in FIG. 1, breakdown bushings 31 surround 

the shaft 16 inside the neck 15 above the bearing assembly 25. 
The bushings 31 may be of a type well known in the art. Shaft 
seals of a controlled leakage type are disposed in the main 
flange 14 above the breakdown bushings. The seals are 
retained in position by a housing 32 attached to the top of the 
flange 14 by bolts 33. A vapor seal housing 34 is attached to 
the seal housing 32 by means of bolts 35. A cover 36 for the 
housing 34 is attached to the housing by means of bolts 37. 
The shaft seals within the housings 32 and 34 may be of a type 
well known in the art, such as, for example, the seal arrange 
ment described in U.S. Pat. No. 3,347,552, issued Oct. 17, 
1967 to Erling Frisch. A suitable leak-off connection may be 
made to the housing 32 by means of a coupling 38 and a pipe 
39 attached to the housing 32. Likewise, a leak-off connection 
may be made to the housing 34 by means of a coupling 41 and 
a pipe 42 attached to the housing 34. The leak-off liquid is 
returned to the circulatory system in a manner well known in 
the art. 
The present pump is suitable for circulating a liquid in a cir 

culatory system at a relatively high temperature and a high 
pressure. Suitable connections, may be made to the suction 
nozzle 13 and to the discharge nozzle 12 to enable the pump 
to circulate the liquid in the system. 

In addition to the impeller 17, the pump includes a main im 
peller seal ring 42, a diffuser 43 extending upwardly from the 
impeller 17 inside the casing 11 and a guide elbow 44 connect 
ing the diffuser 43 with the radial discharge nozzle 12. Thus, 
the liquid drawn into the pump through the suction nozzle 13 
by the impeller 17 is directed to the discharge nozzle 12 by 
means of the diffuser 43 and the elbow 44. 

In order to protect the bearing assembly 25 and the shaft 
seals in housings 32 and 34 from the heat of the high tempera 
ture liquid circulated by the pump, a cylindrical thermal barri 
er 45 surrounds the bearing assembly 25, and a cooler 46 is 
disposed between the impeller 17 and the bearing assembly 
25. The cylindrical barrier 45 includes an inner wall 47 and an 
outer wall 48 spaced from the inner wall 47. The upper ends of 
the walls 47 and 48 are secured to a thermal barrier flange 49, 
as by welding. The flange 49 is clamped between the main 
flange 14 and the casing 11 by means of the flange bolts 24. 
The lower end of the cylinder formed by the inner wall 47 is 
closed by a bottom wall 51 through which the shaft 16 ex 
tends. A labyrinth seal 52 is provided in the wall 51 for the 
shaft 16. The outer wall 48 extends to a flange 53 on the inner 
wall 47. The diffuser 43, is attached to the flange 53, as by 
welding. The guide elbow 44 has upwardly extending support 
members 54 and 55 which are attached to the flange 49 by 
means of bolts 56. 

Provision is made for circulating a cooling liquid, such as 
water, through the thermal barrier 45 and the cooler 46. As 
shown, passageways 57 and 58 in the flange 49 communicate 
with semi-cylindrical pipes 60 and 70, respectively. These 
pipes extend through the space between the inner wall 47 and 
the outer wall 48 of the thermal barrier. The pipe 60 commu 
nicates with a chamber 75 through an opening 76 in the flange 
53. Likewise, the pipe 70 communicates with a chamber 77 
through an opening 78 in the flange 53. The chamber 75 is en 
closed by a shield 79 welded to the flange 53 and the bottom 
wall 51. The chamber 77 is enclosed by a similar shield 81. 
The chambers 75 and 77 are separated from each other by 
suitable barriers (not shown). 
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The passageway 57 may be connected to a suitable supply 
source by means of a pipe 59. A discharge pipe 61 is con 
nected to the passageway 58. 
As shown, the cooler 46 includes a plurality of coils 65 

disposed around the shaft 16 within the inner wall 47 of the 
thermal barrier 45 and between the bottom wall 51 of the bar 
rier and a cover 66 retained in position by bolts 67 threaded 
into the bottom wall 51. The coils 65 communicate with the 
chambers 75 and 77, thereby permitting the cooling liquid to 
circulate through the coils 65 as it flows from the chamber 75 
into the chamber 77 from which it is discharged through the 
pipes 70 and 61. Some of the liquid being circulated by the 
main impeller 17 is admitted from the pump casing 11 into the 
thermal barrier 45 through openings 82 in the outer wall 48. 
Thus, the thermal barrier is filled with liquid which is cooled 
somewhat by the liquid flowing through the pipes 60 and 70. 

In order to increase the effectiveness of the thermal barrier 
45, a plurality of concentric spaced sleeves 62 are provided 
between the inner wall 47 and the outer wall 48. As shown 
more clearly in FIG. 2, the sleeves 62 may be maintained in 
spaced relation by means of spacing washers or nuts 63 
mounted on bolts 64 which extend through the outer wall 48 
and are threaded into the inner wall 47. The sleeves 62 
separate the liquid inside the thermal barrier into vertical 
layers, thereby increasing the effectiveness of the thermal bar 
rier 45. - 

As shown in FIG. 1, relatively small openings 71 and 72 are 
provided in the impeller 17 to admit liquid into a chamber 73 
above the impeller and a clearance 74 is provided between the 
cover 66 and the shaft 16. In this manner, a relatively small 
amount of the liquid being circulated by the impeller 17 is per 
mitted to flow through the labyrinth seal 52 and the cooler 46 
into the area around the bearing assembly 25. This liquid is 
cooled by the cooling coils 65. Thus the bearing assembly and 
the shaft seals are protected from the heat of the liquid being 
circulated through the pump by the impeller 17. 
The present pump is so constructed that the high pressure 

vessel extends only up to the main flange and not above the 
main flange as was the case in prior pumps in which the break 
down bushings and the shaft seals were located above the 
main flange. Thus, the amount of material required to 
withstand the high pressure is reduced. Furthermore, the total 
height of the pump is reduced by locating the shaft bearing, 
the cooler, the thermal barrier, the breakdown bushings and 
the shaft seals within the casing and the main flange. As previ 
ously explained, the cylindrical casing is of a relatively simple 
construction. Therefore, the cost and the size of the pump are 
reduced as compared with prior pumps of the same general 
type. 

Since numerous changes may be made in the above 
described construction and different embodiments of the in 
vention may be made without departing from the spirit and 
scope thereof, it is intended that all subject matter contained 
in the foregoing description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in a limit 
ing sense. 

I claim as my invention: 
1. A centrifugal pump comprising a generally cylindrical 

casing open at one end, said casing having a discharge nozzle 
and a suction nozzle formed therein, a main flange means 
covering the open end of said casing and means cooperating 
with said casing and flange means to form an enclosed space, 
said main flange means having a generally cylindrical neck ex 
tending from said flange means into said enclosed space, a 
rotatable shaft extending through said flange means and said 
neck, an impeller attached to the inward end of said shaft and 
positioned generally in the path between said suction nozzle 
and said discharge nozzle, a shaft bearing assembly fixedly 
secured to a structural member in said enclosed space and 
rotatably receiving said shaft, at least one controlled leakage 
shaft seal disposed in said main flange means adjacent the 
neck, said seal receiving leakage flow therethrough from the 
space between said neck and said shaft, and cooling means 
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disposed in said enclosed space for cooling said last mentioned 
leakage flow. 

2. The centrifugal pump of claim 1 wherein said cooling 
means generally surrounds said neck. 

3. The centrifugal pump of claim 2 wherein said bearing as 
sembly is attached to the neck and wherein said cooling means 
generally surrounds said bearing assembly. 

4. The centrifugal pump of claim 2 wherein said cooling 
means comprises a cylindrical thermal barrier generally sur 
rounding said neck. 

5. The centrifugal pump of claim 2 wherein said cooling 
means includes a cooler disposed inwardly of the inward end 
of said neck, and means for circulating liquid through said 
cooler. 

6. The centrifugal pump defined in claim 1 wherein said 
cooling means comprises a plurality of spaced sleeves sur 
rounding at least a portion of said cylindrical neck. 

7. The centrifugal pump defined in claim 6 including means 
for substantially isolating the spaces between said sleeves from 
the remainder of said enclosed space. 

8. The centrifugal pump defined in claim 6 including an an 
nular cooler disposed at the end of said cooling means remote 
from said main flange means, and means for circulating liquid 
through said cooler. 

9. The centrifugal pump defined in claim3 including means 
for circulating liquid through at least a portion of the cooling 
means located adjacent the bearing assembly. 

10. A centrifugal pump comprising a generally cylindrical 
casing open at one end, said casing having a radial discharge 
nozzle near the upper end of the casing and a suction nozzle at 
the lower end of the casing, a main flange covering the open 
end of and secured to said casing and having a generally cylin 
drical neck extending downwardly inside the casing, a shaft 
extending through the main flange and the neck, an impeller 
attached to the lower end of the shaft, a shaft bearing as 
sembly attached to the lower end of the neck, at least one con 
trolled leakage shaft seal disposed in the main flange adjacent 
the neck at a location above the bearing assembly, said seal 
receiving leakage flow therethrough from the space between 
said neck and said shaft, and cooling means disposed between 
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the inlet of the pump casing and the seal for cooling said last 
mentioned leakage flow. 

11. The centrifugal pump defined in claim 10 wherein said 
cooling means comprises a plurality of spaced sleeves sur 
rounding at least a portion of said cylindrical neck. 

12. The centrifugal pump defined in claim 11 including 
means for substantially isolating the spaces between said 
sleeves from the remainder of said pump casing. 

13. The centrifugal pump defined in claim 11 including an 
annular cooler disposed at the end of said cooling means 
remote from said main flange, and means for circulating liquid 
through said cooler. 

14. The centrifugal pump defined in claim 1 wherein said 
cooling means comprises a cylindrical thermal barrier sur 
rounding the bearing assembly and said cylindrical neck. 

15. The centrifugal pump defined in claim 14 including 
means for circulating liquid through at least a portion of the 
thermal barrier located adjacent the bearing assembly. 

16. The centrifugal pump defined in claim 14, wherein the 
barrier includes an outwardly extending flange at its upper end 
which is clamped between the main flange and casing. 

17. The centrifugal pump defined in claim 10, including a 
diffuser extending generally upwardly from the impeller inside 
the casing. 

18. The centrifugal pump defined in claim 17, including a 
guide elbow connecting the diffuser with the radial discharge 
nozzle inside the casing. 

19. The centrifugal pump defined in claim 10, including a 
seal housing attached to the main flange. 

20. The centrifugal pump defined in claim 19, including 
leak-off means for the shaft seal attached to said seal housing, 
and breakdown bushings surrounding the shaft between the 
seal housing and the bearing assembly. 
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21. The centrifugal pump defined in claim 14, wherein the 

thermal barrier includes an inner wall and an outer wall 
spaced from the inner wall. 

22. The centrifugal pump defined in claim 21, including at 
least one cooling coil surrounding the shaft below the bearing 
assembly, said coil being enclosed within the inner wall of the 
barrier, and means communicating with the coil and coex 
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6 
tending with the space between the inner and outer walls of 
the barrier, for circulating a liquid through the coil. 
23. The centrifugal pump defined in claim 21, including a 

plurality of spaced concentric sleeves disposed between said walls. 


