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[57] ABSTRACT

An impeller pump including a housing defining a seal
cavity having a shaft rotatably mounted therein, and an
expeller to pump fluid from the seal cavity. A dynamic
seal provides a fluid tight seal between the housing and
the shaft. The seal comprises an axially movable pri-
mary seal ring which rotates with the shaft and a mating
stationary seal ring, both rings disposed annularly of the
shaft and each defining a generally radial sealing face
adapted to seal against the other. A biasing device urges
the primary seal ring into sealing engagement with the
mating seal ring. The radial face of the mating seal ring
defines a plurality of spiral grooves and a sealing dam
area which is at the periphery of the ring exposed to
high pressure. When the pump is not operating, the seal
ring faces contact one another and the dam provides a
seal against the opposing face. When the pump is oper-
ating, the primary seal ring rotates with the shaft and
the grooves create a pumping action to pump air be-
tween the faces causing the primary seal ring to lift
away from the mating seal ring to prevent wear and
avoid undue heat generation.

22 Claims, 2 Drawing Sheets
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1

DYNAMIC SEAL ARRANGEMENT FOR
IMPELLER PUMP

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

This invention relates to dynamic seals for containing
fluid under pressure between a housing and a shaft
adapted to be rotated relative to the housing. More
particularly, it relates to such seals for pumps which
include an expeller or repeller that pumps the sealed
flind away from the seal cavity during pump operation.
Dynamic seals are used to establish a leak-proof barrnier
between stationary housing and rotatable shaft compo-
nents. One typical form of dynamic seal has annular
sealing rings respectively sealed and keyed relative to
the housing and to the shaft. The relative rotation takes
place across annular sealing faces formed on the sealing
rings, and the sealing faces are adapted to cooperate
closely with and be biased against one another, to mini-
mize fluid leakage between the faces. The mutually
sliding sealing faces generate friction, possible over-
heating problems and wear.

In certain pumps for liquids an expeller on the rear
face of the pump impeller is used to pump liquid from
the seal area. The expeller operates somewhat as an
impeller, to evacuate the liquid away from the rotating
shaft and create a back pressure sufficient to overcome
the contained liquid pressure.

In operation, the relative pressures are such that the
impeller draws substantially all fluid from the seal area
and delivers it to the pump outlet. In such applications,
no particular dynamic shaft seal is required dunng the
operating mode since no fluid can leak along the shaft.
When the pump shaft is stationary, however, as when
shut down, a physical barrier to leakage along the shaft
1s required.

Expellers thus have great appeal in containing liquid
having a high degree of internal abrasion, as no dynamic
seal need be used when the shaft is rotating. However,
as soon as the shaft rotation is stopped, making the
expeller ineffective, some form of dynamic seal may be

needed.

SUMMARY OF THE INVENTION

The present invention provides an impelier pump
including a rotatable shaft, a pump housing defining a
seal cavity surrounding the shaft and an expeller pump
to pump fluid from the seal cavity during pump opera-
tion. A dynamic seal arrangement is provided to seal
between the pump housing and the shaft when the
pump is not operating. The dynamic seal includes an
axially movable primary seal ring secured in fluid tight
relation to the shaft and a stationary mating seal ring
secured in fluid tight relation with the housing. Both
seal rings are disposed annularly of the shaft and define
radial faces adapted for sealing contact with each other.
The radial face of primary seal ring is flat and smooth.
The radial face of the mating seal ring is smooth and
defines a plurality of spiral grooves which extend in-
wardly from a circumferential periphery exposed to
ambient fluid external to the pump and extending radi-
ally partially toward, but short of, the other circumfer-
ential periphery, so as to define a smooth sealing dam

5

10

15

20

23

30

35

435

35

65

2

adapted to sealingly engage the radial face of the pri-
mary seal rnng.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side sectional view of the pump and dy-
namic seal arrangement of the present invention.

FIG. 2 is a side sectional view on an enlarged seal of
the dynamic seal arrangement of FIG. 1.

FIG. 3 1s a side sectional view of an alternate embodi-
ment of the dynamic seal arrangement of the present
invention,

FIG. 4 1s a cross-sectional view of the dynamic seal
arrangement shown in F1G. 2 taken along lines 4—4.

FIG. § is a cross-sectional view of the dynamic seal
arrangement shown in FIG. 2 taken along lines 5—8.

DETAILED DESCRIPTION OF THE
INVENTION

A known impeller pump, generally designated by the
numeral 10, is shown in FIG. 1. The pump 10 includes
a housing 12 having a circular wall 14 and defining an
interior bore 16 and an annular flange 18. A shaft 20 is
rotatably mounted in the housing bore 16 and has a
sleeve 22 disposed thereabout and keyed thereto so that
the sleeve 22 rotates with the shaft 20.

A main mmpeller 24 i1s disposed within an impeller
cavity region 26 and is keyed to rotate with the shaft 20.
Liguid to be pumped enters the impeller 24 at a central
inlet region 28. Radial vanes 30 extending from the
front face 32 of the impeller 24 centrifically dispel the
fluid radially outwardly to an outlet region 34. Radial
vanes 36 also extend from the rear face 38 of the impel-
ler 24 which is spaced from an adjacent radial wall 40 of
the housing 12. The radial wall 40 defines an annular
cavity region 42 which is in fluid communication with
the impeller cavity 26 and in fluid communication with
the housing bore 16 via an expeller impeller cavity
region 44,

An expeller, generally designated by the numeral 46
is disposed within the expeller impeller cavity region 44
of the housing 12 and is keyed to rotate with the shaft
20. The expeller 46 defines an expeller impeller 48
whose smooth front face 50 is disposed radially of the
annular cavity 42 and spaced from, but adjacent, the
radial housing wall 40. The rear face 52 of the expeller
impeller 48 is provided with radial vanes 54 extending
therefrom, the vanes 54 spaced from, but proximately
adijacent the housing wall 56.

Fluid leakage can occur between the main impeller 10
and the radial housing wall 40 via the annular cavity
region 42 to the shaft bore 16. The expeller 46 is pro-
vided to counteract this fluid movement, at least when
the pump 10 is operating, to pump fluid from the annu-
lar cavity 42 to the pump outlet 34. When the shaft 20,
the main impeller vanes 30 and 36, and the expeller
impeller vanes 54 all are rotating, the outward centrifi-
cal action of the pumped liquid is away from the annular
cavity region 42 and the shaft bore 16 and directed
toward the outlet region 34 of the pump 10. This mini-
mizes Oor even totally eliminates fluid leakage from the
pump housing along shaft 16. No seal mechanism to
prevent leakage along shaft 20 is needed when the pump
is operating. However, when the shaft 20 ceases to
rotate, the shaft bore 16 and the annular cavity region
42 become flooded and fluid leakage can occur directly
between the housing 12 and the shaft 20.
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As seen in FIGS. 1 and 2, an annular gland plate 60 is
disposed adjacent the annular flange 18 of the pump
housing 12. A seal housing 62, defining an annular seal
cavity region 64 through which the shaft 20 extends, is
provided. The seal housing 62 defines an outwardly
depending flange 66 at one end thereof. Bolts 68 are
inserted through the flange 66 of the seal housing 62, the
gland plate 60, and the flange 66 of the pump housing
12, thereby connecting them in secure relation. The end
of the seal housing 62 opposite the flange 66 provides a
radial wall 70 defining an opening 72 at the lower pe-
riphery thereof which vents the seal cavity region 64 to
atmosphere. A rubberized protective coating 74 covers
the outer surfaces of both the pump housing 12 ad the
seal housing 62. This coating is indicative of pumps used
IN COITOSivVe environments.

The dynamic face seal of the present invention, desig-
nated generally by the numeral 58, includes an annular
rotating primary seal ring 76 having a radially extending
face 78 and an annular stationary or non-rotating mating
seal ring 80 having a radially extending face 82. The
radial faces 78 and 82 are disposed adjacent one another
in sealing relation. The nngs 76 and 80 are disposed
about the shaft sleeve 22 and shaft 20 such that the
surfaces 84 and 86, respectively, of the inner pernipheries
are adjacent, but do not contact, the shaft sleeve 22.

The primary seal ring 76 includes a face portion 76a
and an axially expanded body portion 76b and is axially
movable and held in place by an annular retainer 88
disposed in the seal cavity region 64, as best seen 1n
F1GS. 2 and 3. The radial face 78 of the primary seal
ring 76 is smooth and flat across its entire surface. A
snap ring 90 is received in an annular groove 92 in the
retainer 88 and holds the body portion 76b of the pn-
mary seal ring 76 within the retainer 88. The retainer 88
defines a plurality of bores 94 equally spaced about the
circumference of the retainer 88, as best seen 1n FIG. 4.
Springs 96 are seated 1n the bores 94 and act against an
annular disc 98 to urge the pnimary seal ring 76 into
engagement with the mating seal ring 80 and provide
for axial movement of the primary seal ring 76. Retainer
88 may have one or more internal grooves 150 and the
body portion 76b of the primary seal ring 76 an equal
number of aligned grooves. Drive pins 151 are disposed
to engage both the retainer 88 and primary seal ring
body portion 76b to provide driving engagement with-
out interference with axial movement. A generally cy-
lindrical retainer sleeve 100 is disposed about the shaft
sleeve 22 such that it is positioned between the shaft 20
and the retainer 88 and primary seal ring 76. An O-ring
102 is received in an annular groove 104 defined about
the outer periphery of the sleeve 100 to provide a seal
between the primary seal ring 76 and the sleeve 100.
Another O-ring 106 is received in an annular groove
108 defined about the inner periphery of the sleeve 100
to provide a seal between the shaft sleeve 22 and the
retainer sleeve 100. Set screws 110, as best seen in F1G.
4, extend through the retainer 88, retainer sleeve 100
and shaft sleeve 22 to secure them to the shaft 20 so that
they, and consequently, the prnimary seal ring 76, rotate
with the shaft 20. The shaft 20 rotates in a clockwise
direction when viewing the pump 10 from the right, as
indicated in FIGS. 2 and 3.

The mating seal ring 80 is fixed with respect to the
flange 18 of the housing 12 and the gland plate 60 so that
it is precluded from rotating with the shaft 20. A gasket
112 provides a seal between the housing 12 and the
mating seal ring 80. As best seen in FIG. §, the radial
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face 82 of the mating seal ring 80 defines a plurality of
spiral grooves 114 which extend inwardly from the
outer periphery thereof to a dam 116 defined at the
mner periphery thereof. The width of the grooves 114
converge as they near the dam 116. A land 118 separates
each groove 114. In the illustrated embodiment, the
outer circumferential peripheries of rings 76 and B0 are
exposed to low or ambient pressure external to the
pump and the inner circumferential peripheries are ex-
posed to the pressure of the fluid being pumped. The
grooves are formed at the circumferential periphery of
ring 80 exposed to low pressure and extend toward, but
short of, the circumferential periphery exposed to the
pressure in the pump such that the grooves extend from
the outside diameter of the circle defined by the bound-
ary between the grooved area and the smooth area of
the face 82 to the circumferential periphery exposed to
ambient pressure and the dam 116 extends from the
internal diameter of the circle to the circumferential
periphery exposed to low pressure.

FIG. 3 shows an alternate embodiment for mounting
the mating seal ring 80. A gland plate 120 is keyed to the
flange 18 of the housing 12 and an O-ring 122 received
in an annular groove 124 defined in the gland plate 120
seals against leakage between the housing flange 18 and
the gland plate 120. The gland plate 120 defines an
annular recess 126 in which the mating seal ring 80 is
disposed. An O-ring 128 provides a seal between the
gland plate 120 and the mating seal ring 80. A second
gland plate 130 is keyed to the gland plate 120 so that
the mating seal ring 80 is retained between the gland
plate 120 and the second plate 130. Bolts 134 secure the
second gland plate 130, the gland plate 120 and the
housing flange 18.

Durning operation of the impeller pump 10, the expel-
ler 46 evacuates liquid from the annular cavity region 44
and the shaft bore region 16 eliminating the need for a
seal along the shaft 20. The seal faces 78, 82 are there-
fore adapted to be separated during pump operation.
Shaft 20 and primary seal ring 76 rotate, causing pump-
Ing action between the faces because of the spiral
grooves 114 defined on the radial seal face 82 of the
mating seal ring 80. This causes low pressure or ambient
fluid external to the pump to enter between the faces 78
and 82 and the face 78 of the primary seal ring 76 to lift
away from the face 82 of the mating seal ring 80 against
the biasing effect of the springs 96 in the retainer 88 so
the primary seal ring 76 is moved axially with respect to
the shaft 20 and retainer 88. This reduces the drag,
eliminates wear of the faces 78, 82 and prevents undue
heat generation.

However, when the pump 10 is not operating, liquid
may leak into the annular cavity region 44, the shaft
bore region 16 and the annular seal cavity region 64.
Therefore, it is desirable to seal off these regions. When
the shaft 20 stops rotating, the primary seal ring 76 no
longer pumps air into the spiral grooves 114 of the
mating seal ring 80. The springs 96 in the primary seal
ring retainer 88 axially urge the radial face 78 of the
primary seal ring 76 into engagement with the radial
face 82 of the mating seal ring 80, particularly the dam
116 thereof, thereby providing a static seal against fluid
leakage.

The primary seal ring 76 may be made of carbon and
the mating seal ring 80 may be made of silicon carbide.
The O-rings 102, 106, 122, and 128 may be formed of an
elastomer such as Viton ®), a registered trademark of E.
I. DuPont, de Nemours & Co., and the gasket 112 may
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be formed of Chemlon. The other structural compo-
nents, as the shaft 20, the shaft sleeve 22, the pump
housing 12, the seal housing 62, the gland plates 60, 120,
130, the retainer 88, the springs 114, the snap ring 90 and
the disc 98, may be made of stainless steel.

While the above described embodiment discloses a
primary seal ring 76 having a smooth radial face 78 and
a mating seal ring 80 having a radial face 82 defining
spiral grooves 114 thereacross, it will be understood
that the radial face 78 of the primary seal nng 76 may
define spiral grooves and the radial face 82 of the mat-
ing seal ring 80 may be smooth.

The disclosed seal arrangement 58 of the present
invention may have particular utility in contaming acid
slurries, lime slurries, caustic cleaning solutions, sandy
water, sludge or even corn syrup.

Thus, it has been shown that the present invention
provides a dynamic seal for an impeller pump to seal
against the leakage of liquid when the pump is not oper-
ating.

Vgaricus features of this invention have been particu-
larly shown and described in connection with the illus-
trated embodiment of the invention. However, it must
be understood that these particular arrangements
merely illustrate and that the invention is to be given its
fullest interpretation within the terms of the appended
claims.

What is claimed is:

1. In a pump including a rotatable shaft, an impeller
on said shaft to pressurize fluid during rotation of said
shaft, a pump housing defining a seal cavity surrounding
the shaft, means sealing said shaft and housing against
fluid leakage therebetween during said pumping opera-
tion and when said shaft is not rotating said means com-
prising, in combination, an expeller rotatable with said
shaft to evacuate fluid from the seal cavity during pump
operation, thereby eliminating the need for a fluid tight
seal between said housing and said shaft during said
pumping operation, a dynamic seal arrangement for
providing a seal between said pump housing and said
shaft when said shaft is not rotating, said seal arrange-
ment comprising:

(a) an axially movable primary seal ring adapted to be
disposed annularly about said shaft and secured in
fluid tight relation to one of said shaft and said
housing, said primary seal ring defining a radial seal
face;

(b) a stationary mating seal ring adapted to be dis-
posed annularly about said shaft and secured in
fluid tight relation to the other of said shaft and said
housing, said mating seal ring defining a radial seal
face adapted for sealing contact with said radial
seal face of said primary seal ring;

wherein one of said radial faces of one said seal ring
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defines a smooth surface and the radial seal face of 55

said other sea! ring defines a surface having a plu-
rality of spiral grooves therein, said faces being
exposed to the fluid within the pump at one cir-
cumferential periphery and to the atmosphere ex-
ternal to the pump at the opposite circumferential
periphery, said grooves extending from said cir-
cumferential periphery exposed to atmosphere
external to the pump radially partially toward the
other circumferential periphery thereof and termi-
nating to define on said surface of said radial face,
between said grooves and said circumferential pe-
riphery[,] exposed to [atmosphere external to}
the fluid within the pump a sealing dam adapted to
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sealingly engage said smooth radial face of said
other of said seal rings;

biasing means urging said axially movable rning
toward said stationary mating seal ring to cause
said dam to engage said radial face of said other
ring when said pump shaft i1s not rotating;

said grooves pumping atmosphere between said faces
when said pump shaft is rotating at operational
speed at a pressure to separate said radial faces of
said seal rings.

2. In a pump, the seal arrangement of claim 1 wherein
the width of said spiral grooves converges as they ex-
tend from said circumferential periphery toward said
other circumferential periphery.

3. In a pump, the seal arrangement of claim 1 wherein
said stationary ring is secured in fluid tight relation with
said housing.

4. In a pump, the seal arrangement of claim 1 wherein
said axially movable ring is secured in fluid tight rela-
tion with said shaft.

§. In a pump, the seal arrangement of claim 1 wherein
said spiral grooves extend from the outside diameter of
the circle defined by the boundary between the grooved
area and the smooth area of said face to said circumfer-
ential periphery and the dam extends from the internal
diameter of said circle to said other circumferential
periphery.

6. In a pump, the seal arrangement of claim 1 includ-
ing an annular seal housing disposed about said shaft
and defining a seal housing cavity within which said
seal arrangement is disposed, said seal housing connect-
able to said pump housing.

7. In a pump, the seal arrangement of claim 6 wherein
said seal housing defines a radial wall defining an annu-
lar opening about said shaft to vent said seal housing
cavity to atmosphere.

8. In a pump, the seal arrangement of claim 1 includ-
ing a retaining element associated with said primary seal
ring and retaining said primary seal ring therein, said
retaining element disposed annularly about and rotat-
able with said shaft and defining a plurality of bores,
each said bore having seated therein a spring, said
spring adapted to bias said primary seal ring into en-
gagement with said mating seal ring to provide a static
seal.

0. In a pump including a rotatable shaft, an impeller on
said shaft to pressurize fluid during rotation of said shaft,
a pump housing defining a seal cavity surrounding the
shaft, means sealing said shaft and housing against fluid
leakage therebetween during said pumping operation and
when said shaft is not rotating said means comprising, in
combination, means to maintain the fluid being pumped
away from the seal cavity during pump operation, thereby
eliminating the need for a fluid tight seal between said
housing and said shaft during said pumping operation, a
dynamic seal arrangement for providing a seal between
said pump housing and said shaft, said seal arrangement
comprising:

{a) an axially movable primary seal ring adapted 1o be
disposed annularly about said shaft and secured in
fluid tight relation 10 one of said shaft and said hous-
ing, said primary seal ring defining a radial seal face,

(b) a stationary mating seal ring adapted to be disposed
annularly about said shaft and secured in fluid tight
relation to the other of said shaft and said housing,
said mating seal ring defining a radial seal face
adapted for sealing contact with said radial seal face
of said primary seal ring;



Re. 34,319

7

wherein one of said radial faces of one said seal ring

defines a smooth surface and the radial seal face of

said other seal ring defines a surface having a plural-
ity of spiral grooves therein, said faces being exposed to
the fluid within the pump at one circumferential pe-
riphery and to the atmosphere external to the pump at
the opposite circumferential periphery, said grooves
extending from said circumferential periphery ex-
posed to atmosphere external to the pump radially

partially toward the other circumferential periphery 10

thereof and terminating to define on said surface of
said radial face, between said grooves and said cir-
cumferential periphery exposed to the fluid within the
pump a sealing dam adapted to sealingly engage said
smooth radial free of said other of said seal rings;

biasing means urging said axially movable ring toward
said stationary mating seal ring to cause said dam to
engage said radial face of said other ring when said
pump shaft is not rotating;

said grooves pumping atmosphere between said faces

when said pump shaft is rotating at operational speed
at a pressure to separate said radial faces of said seal
rings.

10. In a pump, the seal arrangement of claim 9 wherein
the width of said spiral grooves converges as they extend
from said circumferential periphery toward said other
circumferential periphery.

11. In a pump, the seal arrangement of claim 9 wherein
said stationary ring is secured in fluid tight relation with
said housing.

12. In a pump, the seal arrangement of claim 9 wherein
said axially movable ring is secured in fluid tight relation
with said shafl.

13. In a pump, the seal arrangement of claim 9 includ-
ing an annular seal housing disposed about said shaft and
defining s seal housing cavity within which said seal ar-
rangement is disposed, said seal housing connectable to
said pump housing.

14. In a pump, the seal arrangement of claim 9 wherein
said seal housing defines a radial wall defining an annular
opening about said shaft to vent said seal housing cavity to
atmosphere.

15. In a pump, the seal arrangement of claim 9 includ-
ing a retaining element associated with said primary seal
ring and retaining said primary seal ring therein, said
retaining element disposed annularly about and rotatable
with said shaft and defining a plurality of bores, each said
bore having seated therein a spring, said spring adapted to
bias said primary seal ring into engagement with said
mating seal ring to provide a static seal.

16. In a pump including a rotatable shaft, an impeller
on said shaft to pressurize fluid during rotation of said
shaft, a pump housing defining a seaf cavity surrounding
the shaft, a dynamic seal arrangement for providing a sea!
between said pump housing and said shaft, said seal ar-
rangement comprising:

(@) an axially movable primary seal ring adapted to be

disposed annularly about said shaft and secured in
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fluid tight relation to one of said shaft and said hous-
ing, said primary seal ring defining a radial seal face;

(b) a stationary mating seal ring adapted to be disposed
annularly about said shaft and secured in fluid tight
relation to the other of said shaft and said housing,
said mating seal ring defining a radial seal face
adapted for sealing contact with said radial seal face
of said primary seal ring;

wherein one of said radial faces of one said seal ring
defines a smooth surface and the radial seal face of
said other seal ring defines a surface having a plural-
ity of spiral grooves therein, said faces being exposed to
the fluid within the pump at one circumferential pe-
riphery and to the atmosphere external to the pump at
the opposite circumferential periphery, said grooves
extending from said circumferential periphery ex-
posed to atmosphere external to the pump radially
partially toward the other circumferential periphery
thereof and terminating to define on said surface of
said radial face, between said grooves and said cir-
cumferential periphery exposed to the fluid within the
pump a sealing dam adapted to sealingly engage said
smooth radial face of said other of said seal rings;

biasing means urging said axially movable ring toward
said stationary mating seal ring to cause said dam to
engage said radial face of said other ring when said
pump shaft is not rotating;

said grooves pumping atmosphere between said faces
when said pump shaft is rotating at operational speed
at a pressure to separate said radial faces of said seal
rings.

17. In a pump, the seal arrangement of claim 16 wherein

the width of said spiral grooves converges as they extend

from said circumferential periphery toward said other

circumferential periphery.

18. In a pump, the seal arrangement of claim 16 wherein
said stationary ring is secured in fluid tight relation witk
said housing.

19. In a pump, the seal arrangement of claim 16 wherein
said axially movable ring is secured in fluid tight relation
with said shaft.

20. In a pump, the seal arrangement of claim 16 includ-
ing an annular seal housing disposed about said shaft and
defining s seal housing cavity within said seal arrangement
Is disposed, said seal housing connectable to said pump
housing.

21. In a pump, the seal arrangement of claim 16 whereir
said seal housing defines a radial wall defining an annular
opening about said shaft to ven: said seal housing cavity to
atmosphere.

22. In a pump, the seal arrangement of claim 16 includ-
ing a retaining element associated with said primary seal
ring and retaining said primary seal ring therein, said
retaining element disposed annularly about and rotatable
with said shaft and defining a plurality of bores, each said
bore having seated therein a spring, said spring adapted to
bias said primary seal ring into engagement with said

mating seal ring to provide a static seal
* = . &
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