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534 JOINT MECANIQUE A RAINURES EN DOUBLE SPIRALE
54) FACE SEAL WITH DOUBLE SPIRAL GROOVES

(57) A mechanical face seal for a high speed, rotary fluid pressure device comprising rotating and stationary seal rings
disposed 1n a housing and having confronting radial seal faces normally biased into engagement with one another.
Opposttely inclined sets of spiral grooves are formed 1n the seal face of one ring, one set functioning to pump fluid
from the reservoir downstream between the seal faces, and the other set functioning to pump fluid between the faces
upstream back toward the reservoir. Each downstream pumping groove preferably intersects only one upstream
pumping groove. Fluid pressure between the faces forms a gap therebetween, and the reversely inclined groove
construction minimizes fluid loss or leakage.
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*constructlon mlnlmlzes fluld 1oss or leakage.
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FACE SEAL WITH DOUBLE SPIRAL GROOVES

Abstract_of the Disclosure
A mechanical face seal for a high speed, rotary fluid
pressure device comprxsxngtrotatlng and stationary seal rlngs
dlsposed in a housing and haVLng confronting radial seal faces

normally biased into engagement'WLth one another. Opposxtely

1ncllned sets of splral grooves are formed in the seal face of

one rlng,'one set functlonlng'to pump fluld from the reservolr

'downstream between the seal faces, and the other set functlonlng_

to pump fluid between the faces upstream back toward the

reservoir. Each downstream pumping groove preferably intersects
only one upstream pumplng groove._ Fluid'pressure between the

faces forms a gap therebetween, and the reversely 1ncllned gtoove
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FACE SEAL WITH DOUBLE SPIRAL GROOVES

Background of the Invention

This invention relates to mechanical face seals, and

more particularly to an imoroved_mechanical face seal utilizing a

double spiral groove configuration to minimize wear and 1eakage.
.  Meohanical face seals_of the'type referred to herein

are particularly useful in high speed fluid operating devices,

and generally inolude a pair of.rings, a'primary sealing ring and

a matlng ring which are formed wrth confrontlng, generally radial
sealing faces whaoh deflne an annular seal 1nterface.- One of the
rings is fixed for rotation Wlth a rotating shaft, whlle.the
other ring is non-rotatably secured to a'housing in which the

shaft is supported. Means are provided to-normally bias one of

,-the rlngs toward the other S0 that the seal rlngs normally engage
 .under static condltlons.: Under dynamlc condltlons, pressurlzed

.fluld in the housxng is caused by the geometry of the ring faces

'j}to move between the rlngs and.overcome the b1a51ng force and

'I;thereby'to form a'mlnute gap between the rlng faces.. Ideally,
'thls gap is sufflclent to prevent contact between the seal faces

(to minimlae heat and wear), and small enough to minimize fluld

'g'leakage across the seal faces.

v

The fluld under pressure in the housxng is present

adjacent one crrcumferentlal edge of the seallng rlng lnterface,

while the area adjacent the other C1rcumferent1al edge of the

rlng 1nterface is at a lower or amblent pressure. The edge
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2093151

exposed to the fluid under pressure could be at the innex
diameter or outer diameter depending how the seal is arranged
between the shaft and housing.

The confronting face of one of the rings 1is formed
with spiral shaped pumping grooves which are inclined in a
direction so that, when the shaft is rotated, fluid is pumped
from the edge of the rings exposed to the fluid ﬁnder pressure 1n

between the sealing faces and toward the edge of the xrings

- exposed to lower pressure.- This fluid pumping action creates the

intended gap between the rings Wthh de81rably is malntalned over

 the entlre range of the ‘shaft speeds and pressures. Thus, there

is little ox no contact between the prlmary and matlng rlng faces

under dynamic conditions.

It will be appreciated that it is important to'control
fluid‘"leakage," i.e., loss ef fluid bY'passage fully through and
between the seallng rlng faces. To thlS end,  it'has been
proposed to prov1de a double eplral groove pattern with reverse
inclined pumping grooves in the seal-face which, ;n effect, pump

the flUld back toward the fluld under pressure within the

housxng The mntended effect is to utlllze fluld present between

the seallng faces of the seal rlngs tco maintain the deszred gap

between these faces during shaft rotatlon while preventing loss

of fluid or "leakage".
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Summary of the Invention

The present invention provides an effective face seal
between confronting, generally radial faces of relatively
rotatable rings which are normally biased toward engagement. The
invention achieves the desired gap for little or no contact
between the seal faces and 1is effeCtive to minimize fluid leakage
between the faces. The invention utilizes a double spiral
pumping groove configuration in ene of the faces which includes
downstream pumping grooves which are efEectlve to pump fluid from

'Wlthln the pressurlzed housmng'ln between the seal faces to

'prOVLde the desired gap therebetween. Upstream pumplng grooves,

which are sized and positioned relative to the downstream pumping
grooves, pump fluid back toward the source of fluid pressufe
within the housing so that fluid leakage is minimized.

The present invention is useful both in constructions
'wherein the pumping grooves are formed in thefnonfrotating ring
or in the rotating seal rlng The invention'also is useful in
eonstructlons where the seal outSLde dlameter is exposed to the

fluld under pressure, as well as in constructlons where the seal

-inside diameter is exposed.to the fluid under pressure.

The present invention is believed to be applicable to
both liquid.and gas pressure seals and has been tested success-

fully‘ln a lquld seal

The present invention encompasses a mechanical seal

‘constructlon for seallng between a statlonary housxng containing

a fluid underx pressure and a shaft rotatably supported in the
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housing. It comprises a pair of relatively rotatable sealing
rings surrounding the shaft, one of the rings being rotatable
with the shaft and the other being fixed relative to the housing,
the rings having confronting, generally radial faces defining a
mating interface, and means normally biasing one of the rings
toward the other. A fluid under pressure is adapted to be
exposed to one circumferential edge of the ring interface, the
other circumferential edge of-the.ring interface.is adapted to
communicatehwith lower pressure existing outside of the housing.

Spiral groove means are provided in the confronting

face of one of the rings, including a plurality of uniformly

.dlsposed.lncllned downstream pumping spiral grooves commencmng at

and extending through the cxrcumferentlal edge of the ring which
edge 1is adapted'to be exposed to the fluid under pressure within
the housing and extending toward the edge of the rings adapted to
be exposed to the lower pressure, the spiral grooves belng
operable, durlng rotatlon of the shaft, to pump fluid from the

higher pressure toward the lower pressure across the seal ring

interface, the spirallgroove means further including a plurality

of:uniformly disposed upstream;pumping spiral grooves commencing
near the circumferential edge adapted to be exposed to low
pressure and inclined oppositely to the downstream pumping

grooves, the upstream pumping grooves being operable to pump

- fluid between the confronting ring faces back toward the

circumferential edges of the rings adapted to be exposed to the

high pressure within the housing, with the downstream pumping
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grooves terminating at the intersection with the upstream
pumping grooves.

For purposes of this invention, the "radial projection”
of a groove is the length along a radial line, the radial line
passing through the center of the annular ring the 1ehgth being
defined by points of intersection of that line with circular
arcs, taken from the center of the ring, which pass, respective-
ly, through the point Of inception, and point ofgtermination of
the groove. The point of inception and point of termination are
further_defined.as being along the centérlines of the grooves.

. An alternative intérpfetation of the radial projection
is to consider the ring aS'having ah annular facé. The annular
face of the ring is.itself'divided into two or more ahnulaf
portions of the face. The two or.more annular portions comprise
;ﬁ the face and each portion contains a specific type of groove
. patterncomprising‘the downstream and upstream spiral grooves
;ﬁ,  discussed above; o . o A
./ In QSe of the invention as a liquid pressure seal, the
_ télation between the spiral grooves is ekpreséed:by the ratio:
B ' 3 2 dp/dy 2 1/3
i and by the ratio:

1l > d3/d1 > 0
ﬁhere dy, dj and d3 are defined as'follows:

d1 is the total radial'projection ofeachdownstream
pumping spiral groove from'ité inception commencing at the

circumferehtial edge of the ring exposed to high pressure tO its
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289313
intersection along its centerline with its associated upstream
pumping groove along its centerline;

d, is the radial projection of each of the upstream
pumping spiral groove from its inception near the edge of the
ring exposed to the low pressure edge of the rings to its
intersection with its associated downstream pumping spiral
groove the intersection beihg defined as the intersection of the
centerlines of each groove;

and dg is the radial projection along a radial line of
‘each upstream pumping groove.along ite centerline from its
lntersectlon.WLth the centerllne of its a53001ated downstream
pumping splral groove to its pornt of termlnatlon nearest the
circumferential edge the ring exposed to high pressure. |

Preferably, the downstream pumping spiral grooves
terminate at the intersecting point with the upstream pumping
splral grooves. All of-the.grooves'are eeparated by lands, all
of whlch.are at a unlform elevatxon. rThe upstream puméing

'grooves do not extend to the edge of the seal ring 1nterface SO

o that an annular land at the same elevation”as the lands between

the grooves, is formed in the grooved sealing ring adjacent the

low pressure edge of the seal ring interface exposed to the low
pressure fluid. The "mating'interface" is that part of its face
'Wthh contacts the face of the other ring. In certain embodi -
 ments, one of the rlngs has a greater outer diameter than the
'other rlng, and wrll have a part of the seallng face outsrde of

“the matlng-lnterface.
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The annular land defines a static pressure dam between
the rings for sealing when the rotating ring is stationary. An
annular groove on the same ring, adjacent the annular land and
disposed radially toward the high pressure edge of the ring,
communicates with the upstream pumping spiral grooves to further
assist in preventing leakage between the rings. It collgcts
fluid that leaks across the seal faces and provides a conduit for
disposition of that fluid to the upstream pumping grooves.

In the use of the invention as a pressure seal for
liquid, the‘spiral pumping grooves preferably have circumferen-
tial width dimensions which are.éxpressed by the following
ratios:

3 > Wl/W3 > 1/6 and 3 > Wz/W4 > 1/6

where Wy 1s the'circumferential groove width of the downstream
pumping spiral grooves, W3 is the circumferential width of the
land between ad]acent downstream pumplng grooves measured at the
samé radius that Wj is meaéured Wy is the alrcumferentlal groove
width of the upstream pumping splral grooves, and Wg4 is the
circumferential_width bf the land between adjacent upstream
pumpinggroovés, measured at the same radius as Wy .18 measured.
For purposes of this invention;'ﬁcircumferential width" is a
circular width dimension taken along a circumferential line along
a specified radius.

' Relating the groove_patterns to the alternative
characterization of the annular face, referred to above, there is

one portion of the seal.face which is defined by an annular band
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2083151

that comprises downstream pumping grooves separated by lands.

The radial width defined by the width of the annular band taken
along a radial line which crosses the centerline of the ring, is
identical to the radial projection dl. Another way of defining
the annular band is that portion of the space containing the seal
face through which the downstream pumping grooves would rotate

if the seal face were rotating.

Similarly, a second portion of the seal face defines
another annular band that compﬁisas ﬁpstreampumping grooves
which are also separated by lands. The radial width of this
annular band is identical to the radial projection'dzf A third
annﬁlar band comprises both upstream and downstream pumping.
grooves and is identical to the radial projeation dj.

The depth of the spiral grooves are preferably from
about 100 microinches to about 500 microinches, and preferably'

from about 200 to about 300 microinches.

' Brief,Descrigtion of the Drawings

Fig. 1 is a sectional view of Fig. 3 taken along the
:lin971~1'thereof and illustrating a seal ring face provided with
one preferred embodiment.ofuspiral pumping grooves construction
according to the present invention;

Fig. 2 illustrates.a'seal ring face.provided with a .
modifiedeOrmof spiral pumping grooves;

Fig. 3 iS'a sectional'viéw of Fig. 1, taken along the

1ine 3-3 thereof, through the centerline of the shaft;
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2093151
Fig. 4 is a representative view on an enlarged scale,
in cross-section of a seal ring taken approximately along line
4-4 of Fig. 1;
Fig. 5 is a partial view of a seal face with a modified
form of spiral pumping gqrooves;
Fig. 6 illustrates a seal ring face provided with a

modified form of spiral groove pattern; and

Fig. 7 illustrates a seal ring face provided with a

modified form of spiral‘groove'pattern.

"Detailed Descrigtion of the Drawings'

Referring now?to the drawings,.a dynamic mechahical
seal construction embodying the present invention'is‘illu3£rated
generally at 21 in Figs. 1 and 3. The illustrated.embodiment is
an outside-pressurized seal. _That is, the outer peripheral edges
of the relatively rotating-seal rings which form thedynamic seal
are'exposéd.to:the flﬁi& to be sealed, the fluidbeing‘at'a
higher relative preSSurefthah the environmént adjacent thé
inside peripheral edges of the seal. The inside peripheral edges
maybe'exposed_to ambient conditioné.'

- The mechanical.seal is dispbsed between a stationary
housing, and a shaft is rotatabiy sﬁpported in the housing. As
embodiedherein,a portion of a stationary.housing 23 is‘
illustréted and;may'be; for example, a housing for a high speed

'pump for handling.liquids. The seal of the invention is however
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also considered suitable for sealing pressurized gas and may be
used in compressors or the like. '

A shaft 25 extends through the housing 23 and
is rotatably supported therein by bearings (not shown) as will be
understood by those skilled in the art. The shaft 25 is
connected, for example, to an impeller (not shown) located within
the housing 23 and is driven by means such as a motor (not shown)
outside the hdusing, as is conventional. The device embodied
here is adapted particﬁlarly for high speed, high pressure”fluid
 handling installations. )

It isimpottant to provide a fluid'pressure seal.
bétween the hdusing23 and the shaft 25 which is effective to
preveﬁt, or at least mihimize, loss of liquid frdm the houéing.
Such a seal is particularly important'in high pressure environ-
:ménts. Because of the high speed operation of devices embodying
this seal, it is also impdrtant to'minimize_wear of the seal
parts which, in this type of installation, includespaitS'Which
rotate relative to one another at xelatively‘high‘SPeeds.

In aCcOrdance With the invention, a pair of-relatively
.rotatable,sealing rings-surrbuhd the shaft, one of.the,rings
being rotatable With the,shaft-and the other fixed.relative to
the housing. 'As embodied hereln, a primary sealing ring 27 is
slidably'supported on a retainer 29 which is disposed in an
_0pening-31'in-the housing 23. The retainer may be held by screws
(not shown) to the outer cover of the seal, as ié cdnventional.

An O-ring seal 33 seated in_housing_23 extends around the

10
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circumference of the retainer 29 to prevent fluid leakage between
the housing 23 and the retainer 29.

The retainer 29 is generally U-shaped in cross-section,
as shown in Fig. 3, and slidably receives the primary seal ring
27, as shown. A drive sleeve 35, pressed within the retainer 29,
includes axial grooves 37 which slidably receive keys or radial
protuberances 39 formed on the primary seal ring 27, as is shown
in Fig. 1. The engaging keys 39 in keyways 37 allow the primary
ring 27 to slide axially relative to the retainer 29, but
prevent relative rotation therebetween. A retainer ring, such as
a snap ring 41, is positioned in the drive sleeve 35 and limits
the predetermined axial movement of the primary ring 27.

The primary ring 27 is biased to the left, as seen in
Fig. 3, by means of a pluralityof relatively light compression
springs 43 seated in bores 45 in the retainer 29. The outer ends
of springs 43 bear on a disc 47 which contacts the right hand end
of primary ring 27. An O-ring 48 in the primary ring27 engages
the retainer 29 to prevent fluid leakage therebetween.

As further embodied herein, a rotating, mating seal
ring 51 1is mounted.on the shaft 25 for rotation therewith. The
mating ring 51 is disposed between an annular shouldexr 53 on the
shaft and a sleeve 55 mounted on the shaft. A nut Sf threaded on
the shaft 25 holds the sleeve 55 in engagement with the mating
',ring 51. An O-ring 59 in the mating ring 51 engages the

circumference of the shaft 25.
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7693151

In accordance with the invention, the sealing rings
have confronting, generally radial faces. Fluid undexr pressure
within the housing is present adjacent the outer radial edges of
the rings, and the area adjacent the inner radial'edge'or end of
the rings is exposed to a lower pressure existing 0utside the
housing, such as the embient'atmospheric pressure.

The illustrated embodiment is an outside pressurized
seal; the higher preSsure is at the outer diameter of the
sealing interface, and the'inner diameter is exposed to the
~lower pressure. The principles of the present invention may als0
be utilized with inside pressurized seals, where the higher
pressure is'at the inner diameter and the outer diameter is
exposed to the lower pressure reservolr. .

As embedied herein; the primary sealing ring 27 has a
geneially radial face 61, which confronts a generally radial face
63 on the rotatable mating ring 51. The mating interface is
defined'by the eonfronting pertion'ef the two radial féces 61,63.
A passageway 67 formed betweeh the retainer 29 and the sleeve 55
serves as a communicatingcoﬁduit between the area adjacent the
inner'diameters of the seal-rihgs 27;51 and lower or ambient
pressure outside the housing; The hOusing 23 contains a‘space or
chamber 65 adjacent the outer diameters-of the seal rings. In
the_disclosed embOdimeht this area is exposed to the ligquid

under pressure. The sealing rlngs 27 51 function together with

".Onrlngs 33, 48,59 to prevent escape of hlgh pressure llquld from

the reservoir 65 to the ambient environment through the pas-
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2093151
sageway 67. Springs 43 normally bias the ring 27 toward the ring
51 to hold the faces 61,63 in contact.

In accordance with the invention, a double spiral
groove pattern is formed in the confronting face of one of the
seal rings. The double spiral groove means includes a plurality
of uniformly disposed downstream pumping spiral grooves in
communication with the high pressure fluid within the housing.
The.double spiral groovee are disposed at one circumferential
edge or periphery of the rings. The grooves are inclined and
extend toward the other circumferential edge of the ring which is
expoSed‘to low pressure. The grooves are effective during
rotatlon of the shaft to pump fluid from the high pressure within
the housrng across the relatively rotating faces toward the low
pressure adjacent the other radial edge of the rings. -

The double spiral'groove pattern further includes a
plurallty of unlformly dlsposed upstream pumplng 3p1ral grooves
| extendlng from near the cmrcumferentlal edge of the rings exposed
to low or ambient-pressure toward the circumferential edges
erpoeed to high pressure within the ‘housing. The upstream .
pumplng spiral grooves are lncllned oppositely to the downstream
pumplng spiral grooves and pump fluid between the confronting
ring faces back toward the hlgh preesure edge of the rlngs. Each
downstream pumping groove terminates at the intersection with an
upstream pumping groove;Preferably, each one of such upstream
_pumping grooveSintersect only one of the downstream pumping

grooves.
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2093151

In accordance with the invention, the double spiral
groove pattern may be formed on either the radial face 61, of the
primary sealing ring 27, or on the radial face 63 of the
rotatable mating ring 51. Since the relative rotation of the
seal rings acts on fluid between the faces 61 and 63, it is the
inner and outer diameter of the portions of surfaces in mating
contact that effect operation of the seal. Referring to the
embodiment illustrated 1in Figs. 3 and 4, the inner diameter and
outer diaméter of the mating surfaces are respectively defined by
peripheral edge 28 of ring 27 and perioheral edge 30 of that same
ring. | '

The principles of the present invention apply to both
clockwise and counterclockwise rotating shafts and mating fings.
The direction of inclination of the grooves depend upon'whether
the seal is to be used for a clockwise or counterclockwise
rotating shaft, and.upon whether'the double;spiral groove pattern
is formed on the primary rihg or on the mating.ring. ‘

In the embodiments illustrated in Figs. 1-7, the
double'spiral,groove'pattern is'formed on the radial face 61, of
the.primary ring 27. In these'embOdiments, the shaft 25 and
mating ring 51 are adapted to rOtate in a clockwise direction
(when viewed from end.lOO, as indicated in Fig. 3). .For use with

a.counterclockwise rotating'shaft (viewed in the direction of the
"arrow'loo),the'inolination of the double spiral groove pattern
on the primaxy ring27would be re#ersed. Of course, it is also

understood-that the groove patterns could be formed on the mating

14
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2093151
ring 51. The direction and inclination of the grooves would be
reversed as compared to the direction described above.
In the embodiment illustrated in Fig. 1, the downstream
pumping spiral grooves comprise a plurality of spiral grooves 71
formed in the radial face 61 of the primary ring 27. The grooves
71 are relatively shallow, being formed, for example, by etching,

and are unifOrmlydispOsed around the surface 61 of ring 27. The

grooves 71 are open'at the outer periphery or circumferential

edge of ring 27 to the chamber 65 and are thus exposed to the

fluid under pressure. The grooves are inclined in a direction so

that when the shaft 25 and the mating ring 351 rotate in a

clockwiSe direction, fluid available in chamber 65 is pumped by
the grooves 71 toward.the inner circumferential edge 28 of.rings
27,51. Stated another way, the grooves 71 pump fluid downstream
from the high pressure at 65 toward the low pressure existing at
passagevay 67,'as'indicated by arrows 102 in Fig. 1}

As embodied herein;;a plurality of upstream pumping
spiral grooVes 73 are.élso formed in the'radial face 61 of

primary ring 27. The grooves 73 are uniformly disposed and the

grooves 71,73 are sized, shaped and arranged on the ring face 61

so that each groove 73 intersects only one of the downstream
pumping spiral grooves 71. Grooves 73 are inclined in an
opposite direction to the grooves 71, as shown in Fig. 1, so

that upon clockwise rotation of the shaft 25 and the mating ring

51, the grooves 73 pump fluid in the opposite direction to

grooves 71, or back toward the higher fluid pressure at chamber

15
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2093151

'65, as indicated by arrows 104 in Fig. 1. Downstream pumping
grooves 71 terminate at the intersection with an upstream
pumping groove 73. Each upstream pumping groove preferably
intersects only one downstream pumplng groove.

It has been found that by arranging the grooves 71,73
so that each groove 71 intersects only one groove 73, and so that
the downstream pumping grooves 71 terminate at the point of
intersection 75 with the upstream pumping grooves 73, fluid from
the reservoir 65 is effectively used to lubricate the ring faces
61,63 and to provide the desired gap therebetween (for zero
contact), and yet eliminate or at least minimize loss of fluid

from the reservoir 65. Thus, the fluid pumped by the grooves
71,73 reaches'a steady-state condition of travel from the chamber
65, downstream through grooves 71, then back upstream through
grooves 73 toward the chamber 65.

The downstream pumping grooves 71 are open to the
fluid unde: preSSure at chamber 65 to permit easy access of
fluid to the grooves 71, so that pumping commences almost
immediately upon start-up. The upstream pumping grooves 73 may
also be open to the chamber 65; although this is not necessary,
as will be described in more detail below.

The radial projéction, as defined above, of the
downstream pumping grooves 71 relative to the upstream pumping
grooves is selected based upon the desired performance of the
seal. The main factors considered are seal life versus liguid

leakage. A longer radial projection of the downstream pumping

16
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groove 71 increases the fluid pressure between faces 61,63 and
increases the gap therebetween and consequently reduces wear of
these faces. This feature provides for longer seal life. Note
too that the downstream pumping grooves 71 terminate at the
intersection with the upstream pumping grooves 73. This point 1is
illustrated in Fig. 1 at 75.

At the same time, increased fluid pressure between the
seal faces 61,63 results in higher leakage. If minimum leakage
'is preferred, the radial projection of the upstream pumping
grooves 73 is lengthened and/or the radial projection of the
'downstream pumping grooves 71 is shortened. This ieduces the
fluid pressure between the seal faces 61,63 and minimizes
leakage, but at the same time may increase seal ring wear.

In addition, such factors as the viscosity and pressure
of the fluid being pumped, the rotational speed of the shaft 25,
and the particular characteristics of the fluid, must be
considered when selecting the relative dimensions of the radial
projections of the grooves 71,73. The invention, however, is
- considered applicable to both iiquid and gas seals. '

‘ in accordance with the invention, the relative lengths
of the radial projection of the spiral grooves 71,73 are
succinctly expressed by the ratios: ‘ .
3 > dy/dy 2 1/3 and
1 >d3y/dy) 20
where, as shown in Fig. 5, dy is the radial projection along a

'radial line of each dewnstream pumping groove 71 as taken along

17
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its centerline, from its inception commencing at the circumferen-
tial edge 28 of ring 27, exposed to high pressure, to its point

of termination at the intersection with its associated upstream

pumping groove along the respective centerlines;

dy is the radial projection along a radial line of each
upstream pumping groove 73 from its inception near the circum-
ferential edge 30 of ring 27, exposed to low pressure, to 1its
intersection with its associated downstream pumping spiral
greove 71; and-

d3 is the radial projection along a radial line of
each'Of'the upstream.pumping'grooves 73 along its centerline from
its lntersectlon with the centerllne of its assocxated downstream
pumping groove 71 to its point of termination nearest the |
circumferential edge 28 of the ring 61 exposed to high pressure.

Based on the foregoing relationships, the.radial'
projection measurement dy can be no greater'than'three times the
radial projeCtioﬁ measurement d1. The radial projeCtién
,meaSurement dy of the.portion of'the upstreampumping groove that
extends beyond the point of 1ntersectlon with the downstream
pumplng groove toward the edge of the rlng exposed .to hlgh
pressure may vary from zero to a length equal to the radial
projection measurement dy of the dowhstream pumping groove. In
this latter 1nstance, the upstream pumplng groove would extend'to
.the Cchumferentlal edge exposed to hlgh pressure, and the

upstream lntersectlng downstream grooves form the shape of a Y.
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In the embodiment of Figs. 1, 3 and 4, the downstream
pumping grooves 71 originate at the outer periphery of the radial
face 61 and terminate at the intersection with the upstream
pumping grooves 73 at point 75. The radial projection measure-
ment {d,) of the upstream pumping groove is the projection along
a radial line from its inception near the edge of the ring
exposed to low pressure to the intersection point 75. 1In this
embodiment, d; and dj are equal.,-

As further embodied in Fig. 1, the radial projection of

the upstream pumping grooves 73 extends beyond the intersection

Where the upstream grooves terminate at the intersec-
tion point 75A with the downstream grooves, such as is the case
for upstream and-downstream grooves 73A and 71A, respectively, in
the ring 27A of the embddimeht of Fig. 2, dimension d3‘is Zero .
and ratio dj3/dq = 0. ' .

Where the upstream grooves 73B terminate somewhere
'.between the periphery of'faCe 61 and the intersection point 75B
with the downstream grooves 73B, as shown in Fig. 5, the ratio
dy/dy is between 0 and 1. Thus, the relative radial projections
d, and dy, and d; and d3 of the grooves selectiﬁely determine

characteristics of the wear versus leakage performance of the

seal.
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The included angles aj,a; of the spiral of the down-
stream and upstream pumping grooves depend on the size of the
seal and face width available. Typically an inclined angle of
from about 5° to about 20° from the tangent line is utilized.
This relationship is illustrated in Fig. 3. The included angle
of the downstream pumping groove is aj and the included angle of
the upstream pumping groove is aj;. In the illustrated embodiment

the angle in each case is about 20°. Thus aj = aj.

Further, the included angles need not be equal. The

selectlon of angles could depend upon the application, the fluid
being sealed, the pressure to be sealed, the rotatlonal speed and
the seal face geometry. The pressure of the fluid, the shaft
rotational speed, and such characteristics as the viscositf'of
the liquid are factors which must be considered in determining

the groove width, depth, spacing dimensions and magnitude of the

included angle.

In accordance with the invention, the circumferential
widths of the grooves.71,73 and the spacing between adjacent
grooves are éxpressed by the ratios:

3 > wy/w3 > 1/6 and
3 > wy/wy 2 1/6
where, as shown by ring 27B in Fig. 5, wjp is the circumferential

width of the downstream pumping grooves 71B, and w3 1is the

circumferential width between the grooves when measured at the
same radius upon which wy is measured; wy 1is the circumferential

width of the upstream pumping grooves 73B, and wgq 1s the circum-
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ferential width of the lands 106, measured between adjacent
grooves 71B and 73B along the same radius as wo is measured.
As embodied herein, the dimensions wj; 1s the circum-

ferential measurement of the width of the downstream pumping

spiral groove 71. The dimension wj likewise is the circumferen-

tial dimension of the width of the upstream pumping spiral groove
73. The dimension w3 is the circumferential width between
adjacent pumping grooves 71, when measured at the same radius
that w; is measured, and wy is the circumferential width of the
lands'between upstream pumping grooves 73} When.measured at the
same radius that w, is measured. In the different embodiments
shown in Figs. 1, 2 and 5, the circumferential width of grooves
71 (71A,71B) and 73 (73A,73B) are shown approximately equai,
although it will be understodd that these widths are generally
largér at outer radius. In other words, both the circumferential
widths of the grooves 71,73 andof'thelands 106 between the
grooves 71,73 become gfeater at larger radii, but the ratios
w1/W3 and wz/w4 remain approXimately the samé at any specific
radius. .

In accordande with the invention and as embodied
hérein, the depth of the grooves 71 and 73 may vary from about
100 microinches to aboﬁt 5000 microinches, and preferably from
about 200 to about 300 microinches. Seals-having groove depths
from 100 to SOOmicroincheé'havelbeen successfully tested, énd it
is expeCted that groové depths up to 5000 microinches may be

- successfully used. The.grooves 73,83 of Fig. 4 are shown
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2093151

disproportionally largexr for purposes of illustration, and the
elevations of the lands 106 between the grooves are shown to be
all substantially the same. The depth of grooves 71 may be the
same depth as grooves 73 and the grooves 71 or, conversely, 73
may have different depths, if desired. The relative depth
dimensions of the grooves and the particular depth dimensions
selected will vary again accoxding to fluid pressure, shaft
speed, fluid characteristics, etc., and will affect the wear
versus leakage characteristics, as described above.

In accordance with the invention, an annular land 81 1is
‘diépdsed on the radial face 61, of the primary rlng 27, and
defines a static pressure dam. As shown in Flg..4, the elevation
of the annular land 81 relative to the grooves 73,83 is'thé same
as that of the land 106 between the grooves. Further, an annular
groove 83 is formed on the face of the primary ring adjacent the

annular land 81 and is in fluid communication with the upstream

pumping grooves 73. )

| As embodied. herein, and as shown in Fig. 1, the annular
land 81 1s formed at the inner dlameter of the radlal face 61 of
primary rlng 27. Underx statlc ‘conditions, i.e., during periods
when.the shaft 25 1is ndt rotating, the annular land 81 is held
against the confronting.face 63 of ring 51 by the force of spring
43 and by the fluid pressure to prevent fluid leakage past the
rings 27,51. Annular groove 83 is formed in the face 61 of

primary ring 27 outward of the land 81 and, as shown, communi-

cates with each of the upstream pumplng grooves 73. The annular
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2093151
groove 83 collects any leakage fluid which may.pass toward the
inner diameter and beyond the downstream pumping grooves 71 and,
during rotation of the shaft 25, this fluid is pumped back toward
the fluid under pressure in chamber 65 through the upstream
pumping grooves'73, Lands 81 and grooves 83 are also shown in

Figs. 2 and 5.

The above-described double spiral grooveapattern is
formed in a flat'sealing face. The face is etched to form the
grooves. The etching may be accomplished by conventional
processes.

In operation, fluid being pumped, that.is, the fluid
under pressure, is available at chamber 65. It enters downstream
pumping grooves 71 and is pumped between the confronting faces
61,63 (Fig. 1) of the seal rings 27,51, immediately upon
commencement of rotation,ef the shaft 25. This fluid urges the
faces 61,63 apart agalnst the force of springs 43 and against the
hydraullc closing pressure of the flu;d to provide the de51red
gap between the faces, Wthh gap provides seal face separatlon.

The fiuid'pumped through the downstream pumping spiral grooves 71

is then pumped back toward the fluid under pressnre at chambexr 65

by means of the upstream pumping spiral grooves 73. This
controls the "leakage" of fluid. The annular land 81 provides
the last barrier to leakage, and the groove 83 serves to collect

leakage fluid Wthh is then pumped back toward the fluid pressure

reservoir 65 by the upstream pumplng grooves 73.
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The dimensional ratios and the formation of the grooves
71,73, so that each downstream pumping spiral groove 71 intexr-
sects only one upstreampumpihg groove 73, control the movement
of fluid between the confronting faces 61,63. Choice of optimal
parameters, as discussed above and as illustrated in the
preferred embodiments, provide the desired characteristics of
minimal face separation and minimal leakage past the faces. The
effective prevention of contadt between the faces 61,63 and the
elimination of leakage between.the faces renders the seal
gconstruction of'this.invention most'desirable, since it renders
the seal highly durable and low;in power consumption.

The-illustrated_émbodiment shows an'outside pressurized
seal, i.e., the fluid uhdér pressute is at the radial outef
circumferential'edge,BO of thé'seal rings 27,51. As previously
indicated, the fluid under pressure could be adjacent the inner
circumferential edge 28 of theSe rings; that 1is, the seal could
be inside pressurized, in'Which case the outer circumférential
edge of the'rings‘WOuld be exposed to the low or ambient
pressure. In that case, thé downstrean pﬁmping.grbdves.would
eXtend from the inner circumféfential.edge 28 or periphery of
the séal face 61'(Fig. 4) t0Ward.the_outer circumferential edge
30 or periphery of the.face 61. The upstream pumping grooves
would'be inclined in the opposite direction and intexrsect with
thé downstream pumpingspiral gr00ves; The static sealing dam OX

~ land 81 would be at the outer periphery of the ring face 61 and
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2093151
the leakage accumulation groove 83, would be immediately inwardly
of the dam-forming land.

Fig. 6 illustrates a primary seal ring 27C operated
successfully in a liquid pump against a mating ring (not shown).
Fig. 6 illustrates the case of a groove pattern, referxed to
above, in which the intersection point 75 of the upstream pumping
grooves 73 and the downstream pumping grooves 71 is also the
péint of termination of the upstream pumping grooves. The pump
operating conditions were as follows:

Speed: 25,000 rpm -

Pressure range: About 0.1 to 30.0 psi. at chamber 65

Fluid:  Light Oil (about SAE 10W)
Test Time: 176 hours
Springload: 6 1bs.

(Springs 43)
The parameters of the groove pattern were as follows:

Diameter of Ring

Outer Periphery

Exposed to High _

Pressure (30) 2.400 inches

Diameter of Inner
Periphery of Ring
Exposed to Low

Pressure (28) 2.026 inches
Groove Depth. 500 microinches
Groove Angles ~ajsan = 10°
wi/wz = 1

wa/wg =1

dy/dy = 1.98

d3/dl = 0.0
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The total measured leakage was 0.02 cubic centimeters of fluid,
which in this test was a light oil.

Another embodiment of a primary seal ring 27D, illus-
trated in Fig. 7, was operated successfully against a mating ring
(not shown) in a liquid pump. Fig. 7 illustrates another case
which was referred to above, in which the upstreampumpiﬁg groove
73 extends beyond thé intersection point 75 of the grooves‘and
continues to the outer edge or periphery 30 of the ring 27. The
operatihg parameters under which thé seal ring 27D was tested are
listed below:

Speed: 25,000 rpm.

Pressure range: About 0.l to 30 psi.'at chamber 65

Fluid: . Light 0il SAE 10W
Test Time 3 _2,000-h0urs
Springload: 6 1bs.

The groove pattern parameters were as follows:

Groove Depth:_ ‘ 500 microinches
Groove Anglés: ' ai,an = 10° '
Wl/W3.“ 1/3 -

wo/was = 1/3

dy/dy = 1.0

dy/dy = 1.0

The leakage rate measured was 0.3 cubic centimeters.
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The present invention has been described in detail
herein as applicable to mechanical seals utilized in liquid
handling devices, such as pumps. It is believed that the
principles of the invention are applicable also to seals used in
gas handling devices, such as compressors, turbines, etc.

By the foregoing, there has been disclosed a mechanical

seal construction which satisfies the inventive concepts set

forth hereinabove. It will be understood that various additions,

‘substitutions, modifications and omissions may be made to the
present invention without departing from the scope or spirit of
the invention as encompassed by the appended clalms. herefore,
it is understood that the present invention encompasses theee
additions, substitutions, modifications and omissions prOVlded

they come within the scope of the appended claims and their

equivalents.
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CLAIMS

1. A mechanical seal construction comprising a
stationary housing, a shaft rotatably supported in said
housing, a pair of relatively rotatable sealing rings
surrounding said shaft, one of said rings being rotatable
with said shaft and the other being fixed relative to
salid housing, said rings having confronting, generally
radial faces, means normally bilasing one of saild rings
toward said other ring, said rings having a first set of
circumferential edges adapted to be exposed to a fluid
under pressure to be sealed 1n said housing and having
other circumferential edges adapted to be exposed to a
lower pressure outside of said housing, spiral groove
means in the confronting face of one of said rings, said
spiral groove means including a plurality of uniformly

disposed downstream pumpiling grooves formed to communicate

with the fluid to be sealed at said circumferential edge
of said ring adapted to be exposed to the fluid under
pressure and extending toward said other circumferential
edge of said one ring, the downstream pumplng grooves
having an included angle at the point of intersection

with a tangent of the circumferential edge of said ring

which is exposed to the fluid under pressure, saild
downstream pumplng groove 1ncluded angle being 1n a range
of from 5° to 20°, said downstream pumping grooves being
operable during rotation of said shaft to pump fluid from
said circumfer=sntial edge exposed to the fluid to be
sealed toward the other circumferential edge of said
ring, said spiral groove means further including a
plurality of uniformly disposed upstream pumplng grooves
intersecting only a respective one of said downstream
pumping grooves and inclined oppositely thereto, the
upstream pumping grooves having an included angle at the
point of intersection with the tangent of the
circumferential edge of said ring which 1s exposed to the
relatively lower pressure in the environment outside of
salid housing, said upstream pumpling groove 1included angle

being in a range of from about 5° to about 20°, said
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upstream pumping grooves operable to pump fluid which is

between said confronting ring faces back toward said

circumferential edge exposed to the fluid to be sealed,
sald downstream pumping grooves terminating at the

intersection thereof with said upstream pumping grooves.

2. The seal as claimed 1n claim 1, wherein the relation

between the radial projection of each said downstream

pumping grooves and said upstream pumpling grooves of said
spiral groove means taken along a radial line 1is

expressed by the ratios:
3>d,/d,>1/3

where d; 1s the radial projection of the downstream
pumping groove, and d, 1s the radial projection of the
upstream pumping groove from 1ts i1inception to the
intersection along its centerline with 1ts associated

downstream pumplng groove along 1ts respective

centerline.

3. The seal as claimed in claim 1, wherein the relation
between the radial projection of said downstream pumping

grooves, and salid upstream pumping grooves of sailid spiral
groove means taken along a radial line 1s expressed by

the ratios:

1 2d3y/d; =0

where d, is the radial projection of the downstream
pumping groove, and d; 1s the radial projection of the

upstream pumping groove from the intersection along 1ts

centerline with the downstream pumping groove along 1i1ts

centerline to its point of termination.
4 . The seal as claimed in claim 3, further including an

annular land on sald ring contailning salid grooves at the

circumferential edge of said ring adapted to be exposed
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to said low pressure forming a static pressure dam

between said rings.

5. The seal as claimed in claim 4, further including an
annular groove on sald ring which includes said spiral
groove means, sald annular groove being disposed adjacent
sald annular land on the side of said land disposed
toward saild circumferential edge of said ring adapted to
be exposed to said fluid under pressure, said annular
groove communicating with the upstream pumping spiral
grooves, sald annular groove having a groove depth which
1s substantially i1dentical to said depth of said spiral

groove means.

6. The seal as claimed in claim 1, said grooves having
circumferential width dimensions expressed by the

following ratios:
3 =wy)/w3 21/6 and

3 swy/wy £1/6

where w; 1s the groove circumferential width of the
downstream pumplng spiral grooves, w, 18 the groove
circumferential width of the upstream pumping spiral

grooves, and w; 1s the circumferential width between

pumpling grooves.

7 . The seal as claimed 1n claim 1, the depth of said

grooves being from about 100 microinches to about 500

microinches.

8 . The seal as claimed 1n claim 1, the depth of said

grooves being from about 200 microinches to about 400

microlnches.

9. The seal as claimed 1n claim 1, the depth of said

grooves belng from about 200 microinches to about 300

microlinches.
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10. The seal as claimed in claim 3, wherein each said

upstream pumplng groove terminates at i1ts intersection

with one of saild downstream pumplng grooves.

11. The seal as claimed 1n claim 3 wherein said upstream
pumping grooves extend beyond the intersection with said
downstream pumplng grooves 1n a direction toward said

circumferential edge of said ring adapted to be exposed

to the fluid under pressure.

12. The seal as claimed 1n c¢laim 11 wherein said

upstream pumpling grooves terminate at a point

intermediate the intersection with said downstream

pumping grooves and the circumferential edge of said ring

adapted to be exposed to the fluid to be sealed.

13. The seal as claimed in claim 4, wherein said

upstream pumpling grooves terminate at the intersection

with said downstream pumpling grooves.

14. The seal as claimed 1n claim 4 wherein said upstream
pumping grooves extend beyond the intersection with said
downstream pumping grooves 1n a direction toward said

circumferential edge of said ring adapted to be exposed

to the fluid under pressure.

15. The seal as claimed in claim 4 whereln said upstream

pumping grooves terminate at a polnt intermediate the
intersection with said downstream pumpling grooves and the
circumferential edge of said ring adapted to be exposed
to the fluid to be sealed.

16. The seal as claimed in claim 5, wherein said

upstream pumping grooves terminate at the intersection

with said downstream pumpling grooves.

17. The seal as claimed 1in claim 2 whereln said

circumferential edge exposed to the fluld to be sealed 1is

disposed at the outside diameter of said rings.

A -t o AL ot i, B WAL oM A 4 4 R . A A b KT i o 50 130 10 13 S NI Ol AR e~y gt S e 7ch Aot i GOS0 VY VSIS S M W P R s 3 A VRACErD cA i . it ey [ R T DO - M 1 SRR AR M OMS Falbediab i stk Hcpgr o AR Wy il deey S RovTe: - R R il A anaass




¥ gk 1 Y e Al [ Ay g e A 8 & B WA SO

CA 02093151 1999-12-03

18. The seal as claimed 1n claim 2 wherein said
circumferential edge disposed to the fluid to be sealed

is disposed at the inside diameter of the said rings.

19. The seal as claimed 1n claim 1 wherein said included
angle of both the upstream pumping grooves and the

downstream pumping grooves 1s about 20°.

20. The seal as claimed 1in claim 1 wherein said included

angle of the downstream pumping grooves 1s about 20°.
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