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SEAL FOR REFRIGERANT COMPRESSOR

Harold A. Greenwald, Los Angeles, Calif., assignor to

The Garrett Corporatlon, Los Angeles, Cahf a corpo-
ration of California ..
Filed July 12, 1962, Ser. No. 209,361 -
8 Clalms (Cl 230—116)

This mventloaa pertams to compressors and more par-

ticularly to turbine driven eentnfugal refngeratmn com-
PIessors.

“This application is a eenunuatmn-lnwpart of my co-

pending application Serial No. 31,183, entitled “Seal for

Refrigerant Oempressor ” filed May 23 1960, now aban-
doned and which in turn was a d1v151on of my application

- Serial No. 629,884, entitled “Seal for Refrigerant Com-

3,004,271
~ Patented June 18, 1963

After the refr

23 of the impeller.

igerant flows through

- the diffusing section of the easmg, it flows into a scroll

shaped collecting ring 20 and is discharged from the com-
pressor through a suitable discharge conduit, mot shown.

The suction inlet 22 of the compressor is isolated from
the discharge of the impeller 'by means of a labyrinth seal
25. The labyrinth seal 25 is mounted in the impeller
housing 15 by any desired means, such as a press fit, and

- co-operates with a cylindrical surface 33 formed on the
10

outer periphery of the impeller adjacent the inlet thereof.

~Another labyrinth seal 30, similar to the labyrinth seal 25,

15

pressor ? filed Deoember 21, 1956, now Patent No. 2, 573,- |

135 issued February 28, 1961

In centrifugal refmgeratlon eompreseors it 18 desirable
to provide means for isolating the compressor and the
refrigeration system from the surrounding atmosphere
when the compressor is shut down. If the compressor
~and refrigeration systems are not isolated, refrigerant

20

may be lost by leakage past the shaft seal w*hen the pres- -

sure in the system is above . a.tmosphene or air could leak

into the system when the pressure is ‘below atmospheric.
The refrigerant pressure in the system depends on the

characteristics of the particular refrigerant used and the
eurroundmg atmospheric conditions.

This invention solves the above problems by prowdmg'

a shutoff valve integral with the compressor for isolating
it and its associated refrigeration system from the sur-
reundmg atmosphere.
ically close when the eempresse-r 1s stopped and auto-
matically open when the compressor is started. |
Accordingly, it is an object of this invention to pro-
vide a novel shutoff device for isolating the compressor
and refrigeration system from the surrounding atmosphere
in the remainder of the compressor or the bearing hous-
ing when the compressor is shut down. o
Another object of this invention is to provide a novel
shutoff means for isolating the compressor and refrigerat-
ing system: when the compressor is shut down which is
trendemed inoperative when the eompresser is operated.
Anether object of this invention is to provide a novel
means for operating the shutoff device which utilizes the

~ same medium for operating the shutoff device that is used

for operating the turbine which drives the compressor.
- Another object of this invention is to provide a novel
'means for holding the shutoff device open after the com-

pressor is shut down for the permd of rtu'ne reqmred :I:'or
mt to coast 1o a stop.

These and ‘other objects and advantages of this inven-
’mon will ‘be more apparent to those skilled in the art from
the following detailed deecrrlptlon when taken in cen]une-
tion with the attached drawings in which:

FIG. 1 is a longitudinal cross-section of a turbine drwen
-COmpressor embodymg the novel features of this invention;
and - .

FIG 2 is a partlal longltwdmal section of the shutoff
| dewee shown in FIG. 1, drawn to an enlerged scale.
. Referring to the drawing, there is shown in FIG. 1 a
compressor having an impeller 10 of the single inlet type
mounted on one end of a shaft 12. The compressor is
- driven by a turbine having a turbine wheel 11 which is
~ mounted on the other end of the shaft 12. The shaft in
turn is rotatably mounted in the housing of the turbo-
 compressor unit by means of two balls bearings 13 and
14. The impeller rotates in a suitably shaped impeller
housing 15. The impeller housing 15 is provided with an
“inlet 16 which is aligned with the inlet 22 of the impeller
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This shruteﬁ valve will automat-
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- from the shaft epemng in the impeller housing.

shightly larger than the corresponding dia
-~ ¢ylindrical surfaces 33 or 34 on the impeller 10.

the front and back side of the impeller, reepeehvely

1s provided for isolating the discharge 23 of the ﬂnpeller
The
labyrinth seal 30 is mounted in the impeller housing 15
by any desired means, such as a press fit, and co-operates
with a cylindrical surface 34 which is formed on the
outer periphery of an annular flange projecting from the
back side of the impeller 10. Each of the labyrinth seals
1s formed from a stack of alternate ring shaped members
32 and spacing riitgs 31 as shown in FIG. 2. The stack
of ring members 32 and spacing rings 31 are held together
as a unit by any desired fastening means, such as a plu-
rality of circumferentially spaced rivets (not shown).
The inner diameter of the ring shaped members 32 is
eter of the

‘The above described construction provides an impeller

10 which may be rotated by the turbine 11 so as to draw

the refrigerant in through the inlet 16 of the impeller
housing and discharge it into the scroll shaped eoll_eetmg
ring 20 of the impeller housing. As the refrigerant is dis-
charged through the discharge 23 of the impeller, a small
amount will leak axially past the outer edges of the dis-
charge and tend to escape into the spaces 24 and 26 on
The
labyrinth seals 25 and 30 limit the escape of refrigerant
from. the spaces 24 and 26 to a relatively small amount.

While the above described labyrinth seal 30 prevents
any substantial leakage of the refrigerant from the space
26 to the back side of the compressor impeller, a small
amount of refrigerant will leak past the labyrinth seal
30. ' In order to prevent the escape of the refrigerant from
the compressor to the atmosphere or the housing in which
the bearings-are mounted, a shaft seal is provided on the
shaft 12. Shown is a typical face type seal such as a car-
bon ring type of shaft seal which consists of a carbon ring
36 mounted n the compressor housing 15 and a metal
ring 35 which 1s secured to the shaft 12. The carbon ring
36 is mounted in the compressor housing with its left
end abutting against an inwardly projecting shoulder
formed in the compressor housing 15. The outer periph-
ery of the carbon ring is sealed by means of an O-ring

-39, while its inner periphery is spaced from the shaft 12.

- The metal ring 35 is preferably formed of hardened steel

5o

or a similar material while the carbon ring 36 is fm'med_
of 'graphitic carbon or a similar material. The adjacent

 radial surfaces 37 and 38 of the carbon ring 36 and the

60

meta] ring 35, respectively, are optically flat rubbing sur- -
faces. Thus the steel rlng 35 which rotates with the shaft
when the unit is running and the carbon ring which does

- not rotate form an effective seal to prevent any but minute
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- and a diffusing section 21 which is aligned with discharge

amounts of the refrigerant from leaking from the system
along the shaft 12. The natural lubricating properties
of the carbon ring 36 together with o0il mist which flows
from the beari'ng housing through passageways 17, 18 and
19 formed in the shaft 12 provide the desired lubrication
and cooling.

While the shaft seal pncmdes an effective means for
pa'evenmng all but minute amounts of leakage of refriger-
ant from the system when the compressor is operating,
the pressure difference across the seal may be greater
when the unit is idle than When it is operating. This will
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tend to increase leakage of refrigerant to the atmosphere
on hot days, or allow the atmosphere to leak in on cold
days when the refrigerant pressure is below atmospheric
or the bearing housing pressure. In order to prevent this
leakage of refrigerant out or atmmosphere in, a shutoff de-
vice is provided which consists of a valve surrounding the
shaft seal which is actuated by an annular piston to open
when the compressor is started and spring biased to close
when the compressor is stopped. The wvalve consists of
a valve seat 40 shown in FIG. 2 which is formmed on the
metal ring 35 adjacent the outer periphery thercof and a
valve closure ring 41 formed preferably of slightly re-
silient, high temperature elastomeric material, such as
Teflon or other material which is unaffected by the re-
frigerant, mounted on the end of an annular piston, shown
generally at 42, which is adapted to move axially in an
annular cylinder 47 formed in the impeller housing 15.
Thus the valve seat 40 rotates with the shaft when the
unit is running while the valve closure ring 41 1s moved
axially into and out of engagement with the valve seat in
the manner hereinafter described.

The inner diameter of the annular piston 42 is sealed
by means of an O-ring 44, or equivalent means, which is
mounted in the impeller housing 15. The outer diameter
of the annular piston is sealed by means of a flexible
diaphragm 43, or equivalent means, the outer edge of
which is secured to the impeller housing 15. The inner
diameter of the diaphragm 43 is clamped between an
axially extending member 42q carrying the valve ring 41
and a radially extending member 420 which are secured
together at 42¢ by a press fit or other means well known
in the art to form the annular piston 42. A ring type
spring 45 is provided for urging the annular piston 42 to
the right as shown in the drawing to bias the valve closure
ring 41 into engagement with the valve seat 40 when the
compressor 18 shut down.,

In order to prevent frictional damage to the valve ring
41, means are provided for introducing a compressed fluid
into the annular area 46 on the right-hand side of the
member 425 of the annular piston 42 when the compressor
is started. This fluid pressure will act in opposition to
the force of the ring spring 45, thus moving the piston
1nto the annular chamber 48 and retracting the valve ring
41 from the valve seat.

Communicating with the annular area 48 is a vent open-
ing 49 which extends through the wall of the impeller
housing 15 to a chamber 60 in the housing in which the
bearings 13 and 14 are mounted. The vent functions to
prevent a buildup of pressure in the chamber 48 when the
annular piston 42 is moved into that chamber. The vent
opening 49 additionally functions to permit pressurized
fluid which has leaked from chamber 46 past the periph-
ery of member 425 into the chamber 48 to flow through
the vent to the chamber 60 in the bearing housing, thus
maintaining the pressure in chamber 48 substantially the
same as the pressure in the housing. When the spring
45 functions to urge the annular piston to the right as
shown in the drawing the vent opening 49 permits fluid
to flow from the bearing housing into the chamber 48,
thus relieving the partial vacuum which would otherwise
hinder closing movement of the valve ring 41.

As shown in FIG. 1 of the drawing, the pressurized
fiuid used to drive the turbine wheel 11 is utilized for
moving the annular piston 42 in the direction to retract
the valve ring 41 from the valve seat 40. This pressurized
flurd is conducted to the annular area 46 on the right-
hand side of the member 426 of the annular piston by
means of a passageway S0 formed in the main compressor
housing and a passageway 31 formed in the turbocom-
pressor housing. As hereinafter noted, a small ball check
valve §54, which 1s actuated by a spring 55, is provided in
the passageway 51 to retard the backflow of fluid from
the annular area 46 into the turbine housing when the
turbine unit is shut down. The pressurized fluid used for
driving the turbine wheel 11 1s admitied to a plenum
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chamber 57 from which it flows into a suitable nozzle
ring 58 which directs the pressurized fluid over the blades
of the turbine wheel 11. A small portion of the pressur-
ized fluid will escape through the annular area 59 existing
between the outer periphery of the turbine wheel 11 and
the mner periphery of the nozzle ring 58. After escap-
ing through the annular area 59, the fluid will flow into an
annular area 52 from which it will flow through the ball
check valve 54 and passageways 50 and 51, previously
described.

The above described system thus provides a means
whereby the compressor and refrigeration system will be
completely isolated by means of a valve which closes
when the compressor is shut down. In addition, this
valve is automatically opened when the compressor is
started since the same medium used by the prime mover
of the compressor is used to open the valve.

In operation, when the supply of pressurized fluid flow-
ing to the furbine is shut off, the check valve 54 closes to
retard the backilow of the pressurized fluid from the
annular area 46 into the turbine housing. However, the
ball of the check valve 54 is scored to deliberately pro-
vide a small leakage past the valve sufficient to gradually
allow the pressure in annular area 46 to dissipate. As the
pressure in the area 46 dissipates, the spring 45 moves
the annular piston 42 to the right, as shown in the draw-
ing, until the valve ring 41 engages the valve seat 49.
The retarding of the flow of fluid from the area 46 per-
mits the compressor unit to coast to a stop, or nearly to
a stop, before the valve ring 41 engages the valve seat
40, thus preventing damaging the elastomeric material in
the valve ring 41.

While only one preferred embodiment of this invention
has been described in detail, it will be apparent to those
skilled in the art that many modifications and improve-
ments can be made. Also, while the invention was de-
scribed as applied primarily to a refrigeration compressor,
it can be applied to other types of centrifugal compressors.

I claim:

1. In a turbine driven centrifugal compressor:

a housing;

a shaft rotatably mounted in said housing;

an impeller chamber adjoining said housing:

a compressor impeller mounted on said shaft for rota-

tion in said impeller chamber;

a driving turbine operatively connected to said shaft;

a plate member mounted on said shaft and having an

annular valve seat disposed contiguous said impeller:

first sealing means for preventing leakage of fluids be-
tween said housing and said impeller chamber in-
cluding piston means surrounding said shaft and hav-
ing an annular valve closure member adapted to be

moved into and out of engagement with said valve
scat;

means defining a cylindrical chamber, said piston means

being disposed for movement in said cylindrical
chamber;

resilient means engaging said piston means for biasing
said valve closure member into engagement with said
valve seat when the compressor is idle:

means for conducting fluid under pressure from the
inlet of said driving turbine to one side of said cy-
lindrical chamber to actuate said piston means in
opposition to the resilient means to move said valve
closure member out of engagement with said valve

seat when motive fluid is admitted to the driving
turbine;

means for retarding the flow of fluid from said cylin-
drical chamber when said driving turbine is shut
down to prevent engagement of the valve closure
member with. the valve seat while the compressor is
coasting to a stop;

and second sealing means In series with said first seal-
ing means and including a sealing ring having a sur-




5
face contactmg said plate
- ing means. |
2. In a turbine drlven centrlfugal compressor
 a housing;
~ a shaft rotatably mounted in said housing;

“an impeller chamber adjoining said housing;

a compressor impeller mounted on said shaft for rota-

{ion in said impeller chamber;

 a driving turbine operatively connected to said shaft;
a plate me
annular valve seat disposed contiguous said impeller;
- sealing means for preventing leakage of fluids between
| said housing and said impeller chamber including pis-
ton means surrounding said shaft and having an annu-
lar valve closure member adapted to be moved 1nto
and out of engagement with said valve seat:

ber mounted on said shaft and having an

3,004,271

emoer of said first seal-

15

means defiming a cylindrical chamber, said piston means |

being disposed for movement m sald cylmdrlcal
- Chamber;
- resiiient means engaglng sa1c'l plStOIl means for brasmg

sald valve closure member into engagement with
said valve seat when the compressor is idle; |

- means for conducting fluid under pressure from the

‘inlet of said drrvmg turbine to one side of said cy-
lindrical chamber to actuate said piston means in

‘opposition to the resilient means to move said valve

- closure member out of engagement with said valve
seat when motive ﬂurd is admrtted to the drrvmg_

turbine;

' ~ and means for retarding the flow of fluid from said cy—
lindrical chamber when said driving turbine is shut

down to prevent engagement of the valve closure

member with the valve seat while the compressor
is coasting to a stop.

- 3. In a turbine driven centrrfugal COMPIessor:
a housing;

a shaft rotatably mounted in said housing;

an impeller chamber adjoining said housing; |

a compressor impeller mounted on said shaft for rota-
tion in said impeller chamber; |

a driving turbine operatively connected to said shaft

~sealing means for preventing leakage of fluids between

~ said housing and said impeller chamber including an

annular valve seat disposed on said shaft contiguous

said impeller and an annular piston having an annu-
lar valve closure member adapted to be moved into
and out of engagement with said valve seat;

means defining a cylindrical chamber, said annular pis-

ton being disposed for movement in said cylmdrrcal
chamber;

._1esrlrent means engagmg said prston for biasing said
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valve closure member into engagement with said

| valve seat when the compressor is idle;
-~ means for conducting fluid under pressure from the

inlet of said driving turbine to one side of said Cy--

lindrical chamber to actuate said piston in opposition
to the resilient means and move said valve closure

member out of engagement with said valve seat when
motive fluid is admitted to the driving turbine:

- and means for retarding the flow of fluid from said cy-

lindrical chamber when said driving turbine is shut

down to prevent engagement of the valve closure
member with the valve seat while the compressor is
coasting to a stop.

- 4. In a turbine driven centr1fuga1 COMPressor:

-~ a housing;

a shaft rotatably mounted in said housing;
an impeller chamber adjolning said housing;

- a compressor impeller mounted on said shaft for rota- |

tion in said impeller chamber:;
a driving turbine operatively connected to sald shaft;
- sealing means for preventing leakage of fluids between
said housing and said impeller chamber including an

60

70

annular valve seat disposed contiguous said impeller

and an annular piston having an annular valve clo-

05

sealing

6
sure member adapted to be moved mto and ont of
engagement with said valve seat;

-means defining an operating pressure chamber said

_ piston being subjected on one side to the pressure in
- said operating pressure chamber; |

~ resilient means engaging said piston for biasing said

~ valve closure member into engagement with said
 valve seat when the compressor is idle;

- - passage means for conducting fluid under pressure from
10

~ the inlet of said driving turbine to said operating
pressure chamber to actuate said piston in opposition
- to the resilient means and move said valve closure
member out of engagement with said valve seat when
- motive fluid is admitted to the driving turbine;

“and means for retarding the flow of fluid from said oper-

ating chamber when said driving turbine is shut down
to prevent engagement of the valve closure member
with the valve seart while the compressor 1S coasting
1o a stop. | | -

5. Ina turbme driven centrufugal COmMpressor:
‘a housing;

" a shaft rotatably mounted in said housing;
an impeller chamber contiguous said housing;

a compressor impeller mounted on said shaft for rota-
tion in said impeller chamber;

a driving turbine operatively connected to said shaft

an annular valve seat formed on said impeller ;

eans for preventing leakage of fluids between
said housing and said impeller chamber including a
piston surrounding said shaft and having a valve clo-
sure member adapted to be moved into and out of
engagement with said valve seatf; |

resilient means engaging said piston for biasing said
valve closure member into engagement with said
valve seat when the compressor is idle;

means defining an operating pressure chamber, said pis-
ton being subjected on one side to the pressure in said
operating pressure chamber and on the opposite side
to the pressure in said housing; |

passage means for conducting fimid under pressure from
the inlet of said driving turbine to said operating pres-
sure chamber to actuate said piston in opposition to
the resilient means and move said valve closure mem-
ber out of engagement with said valve seat when mo-
tive fluid is admitted to the driving turbine;

and means for retarding the flow of fluid from said oper-
ating pressure chamber when said driving turbine is
shut down o prevent engagement of the valve closure
member with the valve seat while the compressor is
coasting to a stop.

6. In a turbine driven centnfugal compressor
a housing;
a shaft rotatably mounted in said housing;

~ an impeller chamber contiguous said housing;
ad

a compressor impeller mounted on said shaft for rota-
tion in said impeller chamber;

‘a driving turbine operatively connected to said shaft;

an annular valve seat disposed contiguous said impeller;

sealing means for preventing leakage of fluids between
said housing and said impeller chamber including a
valve closure member adapted to be moved into and
out of engagement with said valve seat;

resilient means for biasing said valve closure member
into engagement with said valve seat When the com-
- pressor 1s idle;

means actuated by the fluid medium utilized for oper-
ating the driving turbine for moving said valve closure
member out of engagement with said valve seat when
-motive fluid is admitted to the driving turbine;

and means for retarding the engagement of the valve
closure member with the valve seat when the driv-
ing turbine is shut down untll the compressor- has
coasted to a stop.

7. In a turbine drwen centrlfugal COmMPressor:

a housing;
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a shaft rotatably mounted in said housing;

an impeller chamber contiguous said housing;

a compressor impeller mounted on said shaft for rota-
tion in said impeller chamber;

a driving turbine operatively connected to said shaft;

an annular valve seat disposed contiguous said impeller;

sealing means for preventing leakage of fluids between
said housing and said impeller chamber including a
valve closure member adapted to be moved into and
out of engagement with said valve seat;

resilient means for biasing said valve closure member
into engagement with said valve seat when the com-
pressor is idle;

fluid operated means for moving said valve closure
member out of engagement with said valve seat when
motive fluid is admitted to the driving turbine;

passage means connecting said fluid operated means to
the inlet of said driving turbine;

and means including a check valve mounted in said
passage means for retarding the escape of fluid from
said fluid operated means when said driving turbine
is shut down to prevent engagement of the valve clo-
sure member with the valve seat while the compressor
is coasting to a stop.

8. In a turbine driven centrifugal compressor:

a housing;

a shaft rotatably mounted in said housing;
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an impeller chamber contiguous said housing;

a compressor impeller mounted on said shaft for rota-
tion in said impeller chamber;

a driving turbine operatively connected to said shaft;

an annular valve seat disposed contiguous said impeller;

sealing means for preventing leakage of fluids between
said housing and said impeller chamber including a
valve closure member adapted to be moved into and
out of engagement with said valve seat;

resilient means for biasing said valve closure member
into engagement with said valve seat when the com-
pressor is idle;

and means actuated by the fluid medium utilized for
operating the driving turbine for moving said valve
closure member out of engagement with said valve
seat when motive fluid is admitted to the driving
turbine.
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