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SPIRAL GROOVE SEAL SYSTEM FOR
SEALING & HIGH PRESSURE GAS
This invention relates to seals for restricting

leakage of a £luid about a shaft extending through a housing,
such as & turbine or compressor, and in particular a gas
under high pressure.

Prior to this invention, mechanical seals for

-sealing gases, such as hydrogen, at high pressures, for

instance, exceeding 84.4 bar (1200 pounds per square inch)
gauge, . were of a type using two spaced apart mechanical
end face seals. This system was of the "wet”, contacting

type which had to be cooled and lubricated by e buifer liguid

hanical seais. The system
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for circulating the buffer liquid (Efrequently oil) included

Complete shutdown of the system ie required to replace the

Méchanical end face dry running gas seals operate
without any lubrication. Seals of this type are shown and
described in U.S. Patent No. 4,212,475, issued to Josef Sedy
and assigned to the present assignee, incorporated Dy

reference herein.

patent No. 4,212,475 to create a seal in e

hvdrocarbons. This type of seal creates shear heating 0of the
h- g

sealed fluid between the seal faces of & Sealing module of

the type having spiral grooves described inm U.35. Patent No.



WO 88/09891 discloses a seal system for sealing a housing and
rotatable shaft against lsakage of high vapour-pressure
liquids. The seal system contains axially spaced
spiral-grooved seal modules wounted betweesn the shaft and the
housing. The upstream seal module functions to change the
phase of the liquid, while a downstresm module operetes as a

dry running gas seal.
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One object of the present invention is Lo provide a
o

ry gas end face seal arrangement which is particulaxly
appropriate for use in equipment handling light gases under

very high pressure, for e’
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may excee
126.6 bar (1800 p.s.i.) gauge, and to accomplish this by a breakdown or split
of pressure across two or more such seals withouti need for

external pressure control davices. The sclution proposed by
h

geometry (e.g. Ggroove dimension) in each  module.

Thus, for example, the pressure drop may be distrib
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zual proportions across two Oor moxe separate

modules, thereby relieving seal stress or overloading without
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need for externa

inexpensively accomplished simply by using spiral groove seal

im of substantially the same profile differing only in

groove depth or dam width dimensions, a matter of etching
rofile to afford muccessive stages of
pressure step-down. There can be as few ag two module
there may be three, four or even five in tandem.

Summary of the Invention

The present invention is directed to a mechanical
end face seal svstem which is particularly appropriate fox
compressors handling a gas under very high pressure. This is
accomplished through the usze of & seal arrangement preferably

2e a

having & high pressure upstream module, and both an

i

intermediate and a downstream seal module, each wmounted on a

@

th the compressor of pump.

ok

shaft and housing associated w

Bowever, the principles of the invention may be incoxporated



10

15

20

25

30

in an end seal arrvangement having only two modules. EBach

grooves extending ﬁ'ron one circumference thereof. The
grooves ¢f the upstream module expossd to the highest
pressure have a predetermined groove restriction from the
standpoint of groove dimension, which is considered optimum,

[

groove dimencion than the upstream module, thereby imposing
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high pressure, for example, hydrogen gas exceeding about 126.6 bar (1800

pP.S.i.). in a pump compressor or turbine housing. Although

rhe ipvention ig &bt times described with reference to

[ad
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B stuffing box or housing is indicated at 12
enclosing the seals and affording a shaft passage 1l4. A
shaft 16 extends through the shaft pessage fxom a high

pressure chamber 18 in the housing 12 to the atmosphere at
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type shown and described in U.S.
Patent No. 4,213,475, referred to sbove. The tandem seal
assembiies include a first upstream or inner seal module 20
located in the high pressuge chamber 18, at least one second
intermediate seal module 22, and, preferably. a third

d@?ﬂStZ%&ﬁ or outer seal module 24 respectively located

‘ Bach seal module has a paix of annular £ings
comprising stationary primary rings 26A, 268, 26C (ring
stators) with radially extending sealing faces 28A, 28B, 28C. The

primary seal ring elements are opposed to mating rings 304,

primary rings. To prevent rotation, the primary rings 26a,
268, 26C are secured to the housing by a retainer assembly,
. while allowing limited axial movement .
The mating seal rimgs 302, 308, 30C are affized for rotation

with the shaft 16 by a spacer sleeve assembly comprising &
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ed.
The seal shown is exposed to a fluid to be sealed
at the radially outer diameter of the seal components. The

principles of the invention, however, are applicable to seale
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having the highexr pressure at the radially inner diameter of
the relatively rotating seal faces.

The sleeve assembly, as noted, incliudes a shaft

hea

r

sleeve 34 which fits upon the shaft 16 anéd is fized to
shaft bv a clamping end plate 35 secured to shaft sleeve 34

-

by a bolt 36. Alternatively, a drive key arrangement (not

b
&

shown) may be used to secure shaft sleeve
2t the inboard or upstream end, an O-ring 37 provides a seal
between the sleeves 33 and 34. There are additional O-ring
seals reguiring me elaboration.

The upstream or high pressure seal module 20,

communicating with the high pressure chamber 18, includes an

annular support flange 38, Fig. 1, which is an integral

Ny

portion of sleeve 33. Pin 40 connects ring 30& for

otational drive to flange 38.

L}

The sleeve assembly further includes spacer sleeves
48 keyed for rotation to slesve 33. The slesves have support
flanges 50, holding pins 46 which engage and drive the mating
rings 30B, 30C of the intermediate end outboard geal modules
22,24, respectively. O-rings 44 are interposed between the
opposed faces of the support flanges 50 anéd the rotating seal
rings. The spacer sleeves 48 extend to and engage the radial
surfaces 32R, 328 adjacent the inside diameter of the mating

rings 30&, 30B8.

annular split wedge in tuxn held by a clamping ring can be

used, as is shown and described im the aforementioned

WO 88/09891. The ' exact construction
utilized to secure the rotary rings of the seal assemblies to
shaft 16 is not of critical importance to the practice of the
invention.

As noted above, Sleeve 34 is held to shaft 16 for

o
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rotation therewith by a drive plate 35. The ring sleeve 33

at its inner oxr upstream end bears against a radially

ecting flange 52 on shaft sleeve 34, The wing sleeve 33
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at its outboard end has & lock collar 53 mounted
concentrically thereon. The inner end of the lock collar
bears against the opposed radially inward circumferential
surface of mating ring Bbcm The outer end of the lock collax

53 has & head or flange 538 secured to the end face of ring

ghtening bolt 53B the stack of

[
Juda

mating rings and spacer sleeves is held in place. By
tightening bolt 36, sleeve 33 is forced axially inwaxd along

gsleeve 34 into locking engagement with flange 52. Thus,

2]
e

ecific locks and keys, when sleeve 34 rotates, provide the

)

drive for the mating rings 30&, 30B and 30C together with the

;-..g.
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related flange supports 50, to
The retainer assembly for the primary rings of the

<&

seals comprises inboard, intermediate and outboard retainexs

ctherwise in any suitable fashion. The inboard retainer 54

outboard primary rinag 26C. Each retainer carries multiple

springs 58 and a spring disk 60 which together urge the primary seal ring.

it

faces into engagement with the grooved faces of the mating
a

rings. The disks 60 and springs 58 permit pr imary rings 26A,

268 and 26C to move axially im either directiom. O-ring
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geals 61 provide a secondary S
and retainers 54, 55 and 56.
B gland plate 62 is connected to housing 12 by

screws (not shown). The gland plate has a flange 64 engaging
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the outer end face of the rvetainer 58. The retainer is

connected to the flange by cap screws &6,

described in detail below but it may here be mentioned that a

YV &

Y

nt opening 68 communicates venting chamber 23 with a passage 70 in

14

6

re housing exposed to a%mospheric pressure, allowing gas
released from chamber 23 to be transferred to a flare stack “
or cother environment for capturing, using or disposing of the
vented gas. Further, downstream seal module 24 acts to seal

the small amount of gas which may leak £rom chambef 23; but
because of the low pressure of the gas in chamber 23, leakage
theough seal module 24 will usually be negligible. Thus, the
amount of gas transferring across the dam of this seal module

ig little (noet colliectibl
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serve as & safety in the event of an obstructed vent for
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s to bring the noncolliectible leakage avound the shaft
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opposed surfaces of the flange supporis 50, thereby provid
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ng

transfer passages 212 and 237 for gas leak £low (pumped)

leak £low (pumped) across the dam of seal module 22 intc
chamber 23. A passage 72 to chamber 21 may be provided with

& gage attached to be able to read the pressure im chamber

21!!7
Mating vings 308, 30B, 30C each have a series of
spiral grooves 92 (sho in phantom in Fig. 1) which will now
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2 shows & portion of a mating surface
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opposed to a primary ring. Foxr purposes

face 323 of

=]

a plurality of circumferentially spaced,

extending radially f£rom an open end at the

-

ference partially

The ungrooved surface %4 ¢
in cooperation with the opposed face of t

provides a hydrostatic static seal when

rotating. FPFaces 328 and 32C of the seal

are similarly configured to present pumpi

sealed by a

ating ring 302 is shown in Fig. 2. ‘fThe

across the radial width

of description, the
face has

spiral grooves 92

efines a sealing dam or land which

he primary seal ring

the shaf: 16 is not

modules 22 and 24

ng grooves as 92 and

b
dam. When the shaft starts rotating. the grooves 92 pump gas

radially inwardly across the seal faces causing the seal

faces to open slightly.

as the gas is transferred across the dam of seal

>

module 20 to passage 219 it enters chambe

operati the seal provid

drop from full pressure, e.g.about 126.6bar (1800 p.s.i.) gauge in chamber

18, to approzimately one-half of that

&

r 21, and the

I

or & pressure

~

pressure, or about

63.3 bar (900 p.s.i.) gauge in chamber 21, opening seal module 22. Thisisa

virtually inst
upstream seal of module 20 cpens against

the related springs 58, gas is transferre

antaneous pressure drop because

the instant the

the closing bias of

¢ at the same moment

to chamber 21 through pass 21P: geal module 22 is lLikewise
instantly opened and the gas pressu ig instantly divided,

relieving the high pressure in the high pressure upstream

in mind that
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at the actual

e dam of the second
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module, the mass f£low rate across each seal interface is

constant at all times.

and if used, may be present as a mere leakage collector of
small capacity. &s described above, this gas is vented
through vent 68 for disposal in one form or another.

o perform constantly in

Mo seal can be

o

xpected

1]

accordance with design

]
D
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&

imits without some change due to the

rigors of performance, coupled with the possibility of

mechanical and thermal imbalance not possible to predict ox

redundantly, end if there igs a change in pressurs profile
during service, the result will be a self-adjusting

accommodation of pressure drop across the three seal faces as
a back-up to either of the upstream seals. Regardless of

whether there are two or three sealsg in tandem, NG one seal
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is subject
level well below its design capability.

The above described svstem provides & number of
unique attributes and advantages to presently known sealing
systems. First and foremost, presently known mechanical end
seals of the spiral groove type having the same geometry

I.D., 0.D., and thickness) can be utilized by altering
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modules can be achieved by components that can be converted
£rom presently known configurations simply by etching the
grooves to different depths in the preferred form Of

B § pnam
practice.

pressure of the high magnitude here involved (e.g.

126.6 bar or 1800 p.s.i. gauge) with other kinds of mechanical end seals would

require external controls, considerable structural changes

-

and additione of compensating elements because of the great

e

(ta}

pressure differentialg involved,
~uired in comparison to an end seal of the spiral groove
type so employed under the present invention asg to exploit
phenomenon at the I.D. The greater the bulk, the
greater the chance for imbale
wear, and S0 Cn.
Further attributes of this system are the ability
to seal gases of much higher pressurss than have heretofore
been possible without the use of complex and slaborate

rnal pressure control systems and for massive seal
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These attributes can be readily perceived by

rve of 126.6 bar (1800 p.s.iJ) gauye inchamber 18 and a
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the gpirval groove depth in the
first seal module is 0.005mm (200 microinches) and if this depth

parameter is incyeased o 0.07 mm (400 microinches) in the second seal,

the pressure drop across the first seal is veduced by

approximately fifty percent to 63.3 bar (900 p.s.i.) gauge, relieving the

first seal of congidevable stress. For most applications,

this Fifty percent reduction is adequate. UNonethelsss, in
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. A change in dam width can replac

®

or supplenment

the groove depth parameteyr difference.
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may be

circumstances where two upstream seals (2.g. seal modules 20

and 22) are each to be at substantially full pressure and the third seal

module becomes the one responsible for the pressure split

C

oy
D

Various terms and analogies may used to explain the

phenomenon involved at the seal faces when splitting the

least) of tandem end face sealse of the spiral groove type so
that leakage may be exploited merely by varying groove
imensiong without need to alter any other geometry of an
inventoryv of such sezls,

The total gas leakage across each seal, taken as &
mass (lbm/min) is the same at each seal. Because the spiral

grooves of the downstream seal pr volume than
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those of the upstreem seal, the gas has more rcom for

[

expansion within the larger groove volume and hence i
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less density (occupving a larger actual volume) than the gas

Ua)

transferred thereto by the upsiream seal grooves. Therefore,

while it may be convenient tc refer to different velumes (or

interfaces per unit of time (and at any instant o

ig to be borne im mind the mass flow rate across each seal iz

lv/
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the same at all times.

Another and perhaps more apt description is that
the seals may be considered flow restrictors (valves) in
which the downstream seal, with deeper spiral grooves (in the

preferred form) offers less restriction to gas' flow than the

i o

one upstream, at the higher pressure. The pressure wust

therefore drop, as when opening the nozzle valve of a garxde

2417
bs

i)

hose: the rate of water flow is the same as before, when the

e
nozzie was less restrictive, but because the nozzle passage
has been widened the stream of f£luid now flows out at
reduced pressure, covering more area but with less force
compared to the more forceful stream reaching a

°

distance (more pressure) which prevailed when the nozzle

restriction was greater.
Whereas a preferred form of the invention has been

shown and described, it will be realized that altevations may
be made theretc without departing from the scope of the

following claims.
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-14-

for sealing

along a rotatable shaft (16) extending through a housing (12)
containing a process fluid under pressure, the system (10)

comprising:

a first and a second axially spaced apart rotary mechanical end
face seal module (20,22) defining with the housing (12) an
intermediate chamber (21), each said seal module (20,22) having
opposed generally radially extending sealing faces (28A4, 323,
288, 32B) presented by primary rings (26A, 268) secured to the
housing (12) and mating rings (30A, 30B) rotating with the shaft
(16), the sealing faces (32A, 32B) of each mating ring (304,
308) having a plurality of pumping spiral grooves (92) extending
paxrt—-way across the face (322, 32B) thereof inwardly from one
ring circumference toward the center of the anmular sealing face
(322, 32B) thereof, and means (58) for biasing the sealing faces
(282, 323, 288, 32B) of the respective seal modules (20, 22

toward one another;

said first seal module (20) being disposed adjacent said process
fluid contained by said housing (12) and an outer annular
circumference of the sealing faces (283, 32A) being exposed to
the process fluid and an inner annular circumference of said
sezling faces (283, 32A) being exposed to said intermediate
chamber (21), said process fluid in said intermediate chamber

(21) having & calculated pressure,
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the process fluid passage from said housing (12) and into said
intermediate chamber (21) occurs only across said sealing faces

(284, 32a) of said firxst seal module (20);

said second seal module (22) heing adjacent to said intermediate
chamber (21), an outer circumference of the annular sealing
n said intermediate

fede

faces (288, 32B) being exposed to the fluid
chamber (21) and an inner circumference of said amulaxr sealing
faces (28B, 32B) bkeing exposed to a venting chamber (23), and
the fluid passage from said intermediate chamber (21) to the
venting chamber (23) communicates only across said sealing faces

(288, 32B) of said second seal module (22).

A seal system as claimed in claim 1 wherein the respective
primaxry rings (26A, 26B) of each seal module (20, 22) have
substantially the same diameter and thickness geometry and the
respactive mating rings (304, 308B) of each seal module (20, 22)
have substantially the same diameter and thickness geometry and
the spriral groove dimensions of the respective seal modules
(20, 22) differ so as to produce a predetermined drop in
pressure of said process fluid across said second seal module
(22) which is approximately equal to a predetermined dérop in

fluid pressure across said first seal module (20).

A seal system as claimed in claim 1 wherein the spiral groove
dimensions of the respective seal modules (20, 22) differ so as
to produce a pressure of said fluid in said intexrmediate chambexr
(21) which is approximately equal to one-half of the process

fluid pressure in said housing (12).

A seal system as claimed in claim 1 wherein the spiral grooves
(92) of said mating ring (30B) of said second seal module (22)
have a volumetric capacity which provides a reduction of about

one half the fluid pressure across the sealing faces (284, 322
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of said first seal module (20).

A seal system as claimed in claim 1 wherein the wventing chamber
(23) is disposad between said second seal module (22) and a

third seal module (24), and the venting chamber (23) is further
vented to the ambient atmosphere (192) external of the housing

(12) by a vent (68).

A seal system as claimed in any of claims 1 to 5 wherein the
process fluid in said housing (12) is a gas under high pressure.

A multiple, tandem, spiral groove seal system substantially as herein-
before described with reference to and as illustrated in the accompanying

drawings.

F. R. KELLY & CO.,
AGENTS FOR THE APPLICANTS.
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