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(57) An eccentric face seal for rotary machines 1n which the closing force of the seal faces towards one another 1s
asymmetric. The asymmetric closing force 1s utilized to produce corresponding variations 1n the face seal gap which
tends to produce fluid flow across the seal face 1n a direction opposite to the leakage produced by the pressure
difference, and thereby eliminate or reduce leakage. Closing forces can be applied by at least a pair of springs
providing different compressive forces or by hydraulic actuator means 1n which the total combined forces can readily
be made to vary with fluid operating pressure. In one embodiment the hydraulic actuator means are provided by

asymmetric pressure responsive areas of the rotor or stator.
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TITLE

Eccentric Face Seal With Asymmetric Closing Forcé’ ‘

INVENTOR

Raymond Metcalfet

ABSTRACT OF THE DISCLOSURE
An eccentric face seal for rotary machines in which the closm}g force of "
the seal faces towards one another is asymmetrrc The asymmetnc c]osmg

- force 1 is utllrzed to produce correspondrng varratrons 1n the face seal gap whrch

R "tends to produce flurd ﬂow across the seal face in a dlrectron Opposrte to the

S -'.'leakage produced by the pressure drfference and thereby ehrnmate or reduce

"’\-.leakage. Closmg for ces can be apphed bY at Ieast a parr of sprmgs provrdmg

- '."‘d.lfferent compressrveforces or byi hydrauhc;'a'Ctuator -means '-m-{-Wh_lch?the-'totalr'z SN

o -_combmed forces can readrly be made to vary wrth flurd 0perat1ng pressure In

- 'f‘one embodlment the hydraullc actuator means are provlded by asyrnmetrlc

~ pressure responsive areas of the rotor or stator.
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' leakage in a face seal

25 ..can be nnproved by prov1dmg an asymmetrlc closrng force on the eccentrrc seal SN

FIELD OF THE INVENTION
This invention relates to an eccentnc face seal for rotary machmes
BACKGROUND OF THE INVENTION

Applicants’s U S. Patent No. 4, 026 564 1ssued May 31 1977 dlscloses a
face seal in which an eccentrrc annu]ar seal face of the stator 1s resﬂlently '
urged against the seal face of the rotor. Such eccentrrc desrgn provrdes
improved lubrication and cooling of the contactlng seal faces Although seal
performance is rmproved by such an arrangement 1t 1s dlffrcult to elrrmnate
leakage entirely due to seal face convergence or separatlon resultrng from heat

drstortron wear, etc s Nb6obS - 277/ z»ot/ o
U.S. Patent No. 4 407 509 issued Oct. 4, 1983 toI Etsmn dlscloses a

- face seal purportmg to provrde zero-leakage. The dlsclosed devrce uses gap

widths of different size '1s3001'1ted with annular arcs formmg a closed curve.
The patent also drscloses an embodiment with an eccentric crrcular face but it ‘
does not disclose how proper ahgnment of the seal faces to malntam the ‘
des1red gaps is to be malntarned Also, the drsclosed devrce because of the

gaps, allows leakage at standstlll or low speed for Wthh 1t 1s suggested an

addltronal barrrer may be prov1ded

SUMMARY OF THE INVENTION

An ob]ect of the present mvent1on 1s to rmmmrze el1nunate or reverse R R U

Another object of a spec1f1c embodnnent of the present 1nventron 1s to

R facr]rtate control of leakage under varymg 0perat1ng condltIOIIS

It has been found that the sealmg Performance of an eccentnc face seal ', .

o faces The asymrnetrrc clos1ng force 1S utlhzed to produce correspondlng
- varlatlons in the face seal gap whrch tends to produce flurd ﬂow across the seal
B face m a drrectlon opposrte to the leakagc produced by the pressure drfference

1 and thereby reverse, ehrmnate or reduce leakage
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In accordance with the present invention there is provideda face seal
for a rotary machine havmg a rotor sealingly mounted to a rotatable shaft of
the machine and a stator seahngly connected to a housing of the machine, and
having opposing substantlally planar seal faces one of whrch has an annular
shape and which is eccentric with respect to the longltudma] axrs of the shaft,
said seal faces forming a partltlon between a region of relatrvely hrgh pressure
and a region of relatively low pressure; the improvement comprrsm‘g.. one of
the rotor or stator including a movable element mounted for motion along the
longitudinal axis of the shaft, and tiltable about the longitudinal axis, and
sealingly secured to the shaft or housmg, respectlvely, means for applyrng an
asymmetric closing force on the movable element towards the seal faces such
that a higher closing force is apphed to a portion of the seal face where the
relative velocity vector is directed from a region of higherto lower"ﬂi}‘id .
pressure than to an opposite portion where the relative velocity vector is
directed from a region of lower to higher fluid pressure. ' o

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 11s a sectlonal view of an embodtment of a seal 1n accordance wrth

the present invention.

Fig. 2 is sectronal view taken at 2-2 of Fig. 1 showmg adjacent seal faces. - :

Fig. 3 is a sectronal view of an another embodlment of the present

- mventron mcludrng hydrauhc actuatmg means for applymo asymmetnc closmg

force to the seal faces agamst one another

Frg 41s sectronal vrew taken at 4-4 of F]g 3 showrng adjacent seal faces.-

Flg Jisa secttonal view of yet another embodrment of the present

. mventton m Wthh an asymmetrrc closmg force is provrded by an asymmetr}c

pressure responsive areas of a rotor element

Flg 61 1s sectlonal v1ew taken at 6-6 of F1g 5

~ Note that the gap srze shown between seal faces In Frgs 1 3 and 5 1s

shown larger than the actual gap size in operanon
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to Figs. 1 and 2, a portion of a.rotary" rnachinc 1s shown
to include a rotatable shaft 1 and housing 2. The seal elernents_include a rotor
3 sealingly connected to the shaft 1 and astator 4 sealinglyfconnected to the
housing 2. Each of rotor 3 and stator 4 have adjaCent seal:faCes;-"S and 6,
respectively. . o . B _ _

The adjacent seal faces 5 and 6 define a partrtlon between a regron of
relatively high pressure P y and a region of relatwely low pressure P '

The seal face 6 of the stator 4 is annular and eccentnc wrth respect to
the longltudmal axis of the shaft 1, as can be best seen in Flg 2 The seal '
faces 5 and 6 are urged towards one another by means of sprrngs 7 and 8.

The stator 4 i is movably mounted for rnotlon along the longltudmal axis
of the shaft, and tiltable about the Iongltudmal axis, and sea]mgly secured to
the housing 2 by means of O-ring seal 9. ' '

In accordance wrth the present invention the sprtngs 7 and 8 are

arranged to apply an asymrnetrrc closrng force of the seal faces towards one

- another, and Specrflcally in the case with hrgher pressure PH outsrde the
: housrng 2, to apply a hrgher closrng force FH wrth sprrng 7 at seal portron 4a
relative to c]osmg force F wnh sprrng 8 at seal pOI‘thIl 4b where 4a

corresponds to a portlon of the face where the rclatlve velocrty vector VH, due

o -to eccentrrcrty es, 1s dlrected from a reglon of hrgher flurd pressure PH to lower
- fluid pressure PL, and 4a corresponds to an opposrte portron where the relatlve
B _'velocrty vector V. 1s drrected frorn a reglon of lower ﬂurd pressure PL to a

. ff'_-hrgher ﬂuld pressure PH

In operatron wrth a hroher pressure PH w1thln the housrng 2 relatrve to

fthe outsrde PL, the sprrng compressrve forces are selected as mdrcated above
| _to be hrgher FH at the seal pOI‘thIl 4a than at 4b A lower force FL w1th SpI‘lIlg
8 at portlon 4b rel'ltrve to 4a results n a relatrvely larger gap at that portron
 More fluid will be carned Or purnped across the annulus at the larger gap, as

| cornpared wrth the smaller gap, tendrng to provrde a net outflow At the same
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time the pressure differential will tend to cause an inflow of fluid. Since the
net outflow will vary with the relative closing forces, Fy; and FL, that are

applied, the appropriate adjustment of these forces allows the flurd flow to be
balanced tfor zero, reduced, or negative leakage. ' .. -

The total combined force (Fy+F,) applied by both springs 7 and 8 will
be a function of seal face area A, the pressure responsive area of the stator 4
(defined by O-ring 9 sealing diameter), operating conditions, and the desired or
acceptable contact and leakage characteristics. o

In the embodiment of Fig. 1 the springs 7 and 8 proVide frxed closing

forces which is suitable for apphcatrons where the pressure is constant and of

known value. For applrcattons where pressure varies or is not known itis
desirable to have the total combined closing force vary with the pressure
difference across the seal face. o '

With reference to Fig. 3, the seal face 36 of stator 34 is urged toward
face 35 of rotor 33 by hydraulic actuators 31 and 32having piStons 41’- and 42,
respectively. The actuators are connected with the Interior of the housmg 37

by means of condurts 38 so that the ptstons 41 and 42 are subjected to system

0perat1ng pressure The areas A and A of the prstons 41 and 42 are selected
to provide the desired asymmetrlc closmg force of the stator agalnst the rotor,

with the area A, of one plston 41 bemg larger than the area Az of ptston 42 to '

apply a correspondmg htgher closmg force FH to a portlon of the seal face )

where the relatrve velocrty vector is directed from a regron of hlgher to lower

fluid pressure than to the opposrte portlon where a lower force FL is. applled

The total combtned area (A;+A,) of prston 41 and 42 will be related o

seal face area Ag and the desrred closing force of the seal faces towards one L

to 100% of the seal face area As, dependrng on the desired or acceptable face o

contact and leakage characterlstlcs Sultable area differences for plstons 41 o

and 42 are in the range 10 % to 20%

o
- ; 1

' another Surtable total plStOIl area (A1+A2) may be in the range of from 50% -

5
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An example of suitable hydraulic actuators might include pistons having
a piston area difference of 10%, and a total piston area (A1+A2). equal to 75%
of the seal face area As. ‘ . ' B .

For the embodiment of Figs. 1 and 2 utilizing springs, the spri_ngs can be
selected to provide closing forces equivalent to the forces ‘provided by the
pistons referred to above. '

Figs. 5 and 6 illustrate another embodiment which utilises operating
system pressure to provrde the closing force and wherein the desrred
asymmetric closing force is provided by asymrnetrrc geometry of the rotor or

stator elements. As can be best seen in Fig. 6, the asyrnmetrlc geometry 18

~provided by eccentricity e, As can be best seen in Fig. 5, the hydraulic

actuator means are provided by an asymmetric pressure responsive area of the
slidable stator element 53 providing a larger pressure responsive area Ay
disposed within onesemi-circle, and diametrically opposite smaller area A,,
disposed in the diametrically opposite semi-circle, that will be subjected to
0perating pressures. 'The larger area A, will exert a higher fOrCe relative to the
smaller area A,, providing the desired asymrnetrrc closmg forces FH and F,
respectrvely As in the prevrously described embodlment the selectron of
re]atrve closrng force (FH and F,) wrl] determrne whether ]eakage rs reduced
ZETO, Or reversed Wrth specrﬁc reference to Frg 5 the total combrned closmg
force is equal to the pressure drfference (PH-PL) multlphed by the area
(A1+A ) outside the seahng dlameter DO of the stator e]ement 53

The embodrment of F1g 5 and 6 also shows the reversal of stator and

rotor elements. It can be seen that such reversal can be apphed to any

- embodiment, such as the embodiments of Frgs 1 to 4 drsclosed herem

It will be understood that in apphcatrons where the hlgh and low fluid

pressures with respect to the seal faces are reversed or where the directron of

- rotation is reversed, the posrtrons of the apphed asymmetrrc hrgher and lower

forces must also be reversed



It will also be .understood that the specific means for provi‘ding the
desired asymmetric closing forces may include means other than those detailed

in the embodiments described above. -



What is claimed is: .
1. In a face seal for a rotary machine having a rotor sealingly mounted to a
rotatable shaft of the machine and a stator sealingly connected to a housing of
the machine, and having opposmg substantially planer seal faces one of which
has an annular shape and which is eccentric with respect to the ]ongitudrnal
axis of the shaft, said seal faces forming a partition between a reglon of
relatively high pressure and a region of relattvely low pressure
the improvement comprising; o
one of the rotor or stator including a movable element mounted for
motion along the longitudinal axis of the shaft, and tiltable about the '
longitudinal axis, and sealingly secured to the shaft or housing, respectively;
means for applying an asymmetric closmg force on the movable element
towards the seal faces such that a higher closing force is applied to a portlon of
the seal face where the relative velocity vector is directed from a reglon of
higher to lower fluid pressure than to an opposite portion where the reIatrve

velocity vector is directed from a region of lower to htgher ﬂu1d pressure

2. The apparatus of Claim 1, further comprrsmg means for varymg the
closing force in response to a variation in the pressure drfference between the

regrons of high and low pressure

-3 The apparatus of Clalm 2, mcludlng at least a pair of hydraulic actuator
| means at dlametncally 0pposne srdes of the seal face each havmg a pressure
responswe portlon operatwely connected wrth one of the faces each pressure

responsrve pOI’thIl havmg a pressure responsrve area selected to provrde a
'closmg force equal to a predetermmed percentage of the pressure drfference

- across the seal face multrphed by the seal face area.

4. The apparatus of Clarm 3, wherem the hydrauhc qctuators commumcate
~ operatively wrth the mtenor of the housmg for supplymg ﬂmd pressure at

- operating condltlons to the pressure responsrve portlons
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. The apparatus of Claim 4, wherein the hydraulic actuator me'ans 1s
defined by an asymmetric pressure' respOnsive area on the movable element to

provide the desired asymmetric closing force.

6. The apparatus of Claim 1, wherein themeans for applying said

asymmetric closing forces are springs.
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