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@ Method of and apparatus for cooling a seal for machinery.

@ A seal (46) heated by hot pressurized vapor is
cooled by providing a chamber (32) in which the
seal (46) is located and for containing vapor that
leaks thereinto. The pressure in the chamber is
reduced by connecting it to a source of low pres-
sure; and liquid is supplied to the chamber at a
pressure above the reduced pressure of the cham-
ber (32) and at a temperature below the temperature
of vapor leaking into the chamber. The liquid is
intfroduced into the chamber (32) as droplets for
contacting vapor that leaks thereinto thereby cooling
the vapor and thus cooling the seal (46). The flow
rate of the liquid is adjustable in accordance with the . "V |2, P
temperature of the liquid in the chamber.
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1. Technical Field

This invention relates to a method of and ap-
paratus for cooling a seal for machinery including
rotating machinery, and more particularly, for cool-
ing the seal of a turbine shaft.

2. Background of the Invention

Rotating machinery, such as turbine wheels
mounted on a shaft, require rotary seals in the
region where the shaft passes through the pressure
chamber that contains the turbine wheels. Such
seals inhibit leakage of working fluid from the pres-
sure chamber into the seal operating environment
and then into the atmosphere. In addition, seals are
also required in other machinery.

Seals for rotating machinery usually comprise
a labyrinth seal followed by a mechanical seal.
Labyrinth seals serve to restrict the rate of flow of
working fluid and reduce its pressure toward at-
mospheric pressure, but not to prevent or contain
the flow. Typically, labyrinth seals have many com-
partments positioned very close to the surface of
the shaft for presenting to the working fluid in the
pressure chamber a torturous path that serves to
reduce pressure and inhibit, but not halt leakage. A
mechanical seal, on the other hand, serves o con-
tain the working fluid. The extent to which contain-
ment is achieved depends on the design of the
seal and the nature of the working fluid involved.

When the working fluid is steam, some escape
of the working fluid can be tolerated. Nevertheless,
a shaft seal for the steam turbine is a critical item.
It is even more critical when the working fluid is a
hydrocarbon, such as pentane or isopentane, and
the turbine operates as part of an organic Rankine
cycle power plant. In such case, the mechanical
seals must preclude to as great an extent as possi-
ble the loss of working fluid to the atmosphere.

Reliable operation of the mechanical seals for
turbines, as well as for other types of equipment
where the temperature of the mechanical seal is
elevated, requires the seals to operate under opti-
mum working conditions of pressure, temperature,
vibration, etc. These working conditions have a
significant impact on seal leakage rates and seal
life expectancy, for example. By extending seal life,
turbine life and hence reliability is extended.

Seal life is adversely affected by high operat-
ing pressure which tends to distort seal faces. High
operating pressure also increases wear rate, heat
generated at the seal faces which further distoris
seal faces and results in increased leakage. In
addition, the high pressure increases power con-
sumption for the turbine sealing system.

Seal life is adversely affected by high operat-
ing temperatures of the seal components. High seal
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component temperatures increase wear on the seal
faces, and also increase the likelihood that the
barrier fluid when used will boil.

It is therefore an object of the present invention
to provide a new and improved method of and
apparatus for cooling the seals for equipment.

BRIEF DESCRIPTION OF THE INVENTION

A seal heated by hot pressurized vapor is
cooled by providing a chamber in which the seal is
located and for containing vapor that leaks
thereinto. The pressure in the chamber is reduced
by connecting it to a source of low pressure; and
liquid is supplied to the chamber at a pressure
above the reduced pressure of the chamber and at
a temperature below the temperature of vapor leak-
ing into the chamber. The liquid is introduced into
the chamber as droplets for contacting vapor that
leaks thereinto thereby cooling the vapor and thus
cooling the seal. The flow rate of the liquid is
adjustable in accordance with the temperature of
the liquid in the chamber.

According to the present invention, apparatus
for cooling a hot mechanical seal, gas seal or other
seal heated by hot pressurized vapor and/or friction
includes a chamber for locating therein the seal
and for containing vapor and a connection for con-
necting the chamber to a source of low pressure
thereby reducing the pressure in the chamber to a
level below the pressure of vapor that flows into the
chamber. A further connection is provided for sup-
plying liquid to the chamber at a pressure above
the reduced pressure of the chamber. Finally, ap-
paratus is provided for distributing the liquid
throughout the chamber in the form of droplets that
contact and cool vapors in the chamber, thus cool-
ing the seal.

The seal may be associated with the turbine of
a Rankine cycle power utilizing an organic working
fluid, or a power plant utilizing steam. Preferably,
the liquid is distributed throughout the chamber in
the form of droplets which contact vapor leaking
into the chamber through a labyrinth or other seal
thus cooling the vapor thereby indirectly cooling
the seal by reducing the temperature of the envi-
ronment surrounding or associated with the seal.
Indirect cooling of the seal, as distinguished from
applying the liquid directly to the seal, serves fo
prevent thermal shock to the materials of the seal.

In the preferred form of the invention, where
the seal is part of a turbine that receives vaporized
working fluid from a vaporizer and within which the
vaporized working fluid expands producing expand-
ed working fluid, and where the expanded working
fluid is condensed in a condenser to produce con-
densate that is returned to a vaporizer by a cycle
pump, the chamber containing the seal is con-
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nected to the condenser, and the liquid supplied to
the chamber is furnished by the cycle pump.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are de-
scribed by way of example with reference to the
accompanying drawings wherein:

Fig. 1 is a block diagram of a power plant info
which the present invention is incorporated;

Fig. 2 is a pressure enthalpy diagram showing
the sources of fluid that contribute to heating
and cooling the seal;

Fig. 3 is a side view, partially in section, show-
ing one embodiment of the present invention;
Fig. 4 is a block diagram of a modification of the
embodiment shown in Fig. 3.

Fig. 5 is a further embodiment of the invention.

DETAILED DESCRIPTION

Referring now to the drawings, reference nu-
meral 10 of Fig. 1 designates a power plant into
which the present invention is incorporated. Power
plant 10 includes vaporizer 12 for vaporizing a
working fluid, such as water, or an organic fluid
(e.g., pentane, or isopentane), and producing va-
porized working fluid that is supplied to turbine 14.
Usually, turbine 14 will be a multistage turbine, but
the principle of the invention is applicable to a
single stage turbine as well.

Vaporized working fluid supplied to turbine 14
expands in the turbine and produces work which is
converted into electricity by a generator (not
shown). The cooled, expanded working fluid is ex-
hausted into indirect condenser 16 wherein the
vaporized working fluid is condensed by the extrac-
tion of heat in the coolant supplied to the con-
denser. The condensate, at a relatively low pres-
sure and temperature, as compared to the con-
ditions at the outlet of the vaporizer, is pressurized
by cycle pump 18 and returned to the vaporizer,
completing the working fluid cycle.

Seal 20, which is the seal between the at-
mosphere and the pressure chamber (not shown)
containing the inlet stage of the turbine, is con-
tained in a seal operating environment that is iso-
lated from the pressure chamber by a labyrinth
seal (not shown) and a mechanical seal (not shown)
which is to be cooled. As shown, condensate is
supplied to the seal operating environment by
pump 18 through valve 22 in connection 19, and
the seal operating environment is connected to
condenser 16 by connection 17.

When power plant 10 is an organic fluid Ran-
kine cycle power plant, operating with pentane, for
example, as the working fluid, the conditions in the
condenser typically will be about 100°F. at about
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20 psia, and the conditions at the outlet of the
cycle pump typically will be about 100°F. at about
300 psia. Connection 17, by which the seal operat-
ing environment is connected to the condenser,
maintains this environment at the condenser pres-
sure conditions.

The actual conditions in the seal operating en-
vironment can be controlled by valve 22 by regulat-
ing the flow of condensate to the environment.
Typically, the leakage of working fluid vapor
through the labyrinth seal into the seal operating
environment will produce vaporized working fluid at
about 150 psia and about 270°F. Under these con-
ditions, the cooler liquid, which preferably will be
distributed throughout the seal operating environ-
ment by converting the liquid supplied by the
pump into droplets, will interact with the leakage
vapor and cool the same by directly transferring
heat to the liquid in the droplets and partially
evaporating the liquid thus preventing the heating
of the seal operating environment. This has the
beneficial effect of reducing the temperature of the
seal itself without directly cooling the seal with the
condensate.

The operation described above is illustrated by
Fig. 2. As indicated, leakage of vapors from the
pressure chamber of the turbine whose conditions
are indicated by point 22 to the seal operating
environment whose conditions are indicated by
point 24 result in a pressure reduction inside the
seal operating environment which is held at the
conditions of the condenser indicated by point 26.
Condensate furnished by the pump to the seal
operating environment, at the conditions indicated
by point 28, changes state from point 28 to point
26. Based on this schematic showing, the heat
balance is as follows:

(1) mlinhqu + mvapothvapor = mmixXhmix

where

Mjq = cold liquid flow rate

hig = enthalpy of cold liquid

Myapor = vapor leakage flow rate

Nvapor = vapor enthalpy

Mmix = mliq + mvapor

Nmix = enthalpy of mixture at condenser
pressure and required mixture tem-
perature.

Specific details of one embodiment of the in-
vention is shown in Fig. 3 to which reference is
now made where reference numeral 30 designates
apparatus according to the present invention incor-
porated into turbine 14A. Apparatus 30 includes
seal operating environment 20A in the form of
chamber 32, defined by housing 34 rigidly attached
o stationary mounting 36 containing bearing 38 on
which shaft 40 of first stage turbine wheel 41 is



5 EP 0 623 735 A1 6

mounted by a suitable key arrangement. Wheel 41
is contained by a housing that defines a high
pressure housing or chamber 43 containing hot
pressurized and vaporized working fluid.

Labyrinth seal 42 mounted in face 44 of hous-
ing 34 provides the initial resistance to leakage of
the hot vaporized working fluid in chamber 43 into
seal chamber 34. Such leakage is indicated by
chain arrows A and B. Normally, this leakage would
heat mechanical seal 46 having sealing faces car-
ried by, and rotating with, shaft 40. This face is in
contact with a stationary sealing face carried by
hub 48 rigidly attached to housing 36. Normally,
both stationary and rotating or dynamic seal faces
are cooled by a barrier fluid, e.g., pressurized
mineral oil pressurized to about 1.5 to 2 times the
reduced chamber pressure (e.g., about 30 to 40
psia in the present embodiment).

Chamber 32 is connected by connection 50 to
a source of low pressure, and particularly, to the
condenser of the power plant with which turbine
14A is associated. This chamber is also connected
via connection 52 to the output of the cycle pump
as shown in Fig. 1. Pressurized condensate at the
temperature substantially of the condenser is sup-
plied via connection 52 to spray head nozzles 54
that open to the interior of chamber 32, and rela-
tively cold liquid working fluid is sprayed onto
cylindrical shield 56 further converting the liquid
into fine droplets that form a mist inside chamber
32. This mist interacts with hot vapor leakage B
thereby cooling this hot vapor by means of direct
contact heat transfer of heat in the vapor to liquid
contained in the droplets and partial evaporation of
the liquid in the droplets and thus forming a mix-
ture of working fluid that is vented and drained by
connection 50 into the condenser. As a result, the
temperature of mechanical seal 46 can be main-
tained at a desired temperature by regulating the
amount of liquid supplied to connection 52. Shield
56 shields mechanical seal 46 from direct contact
with cool liquid from the condenser and thus pro-
tects the seal against thermal shock.

A second embodiment of the invention is
shown in Fig. 4 and designated by reference nu-
meral 60. This embodiment includes turbine wheel
41A rigidly attached to shaft 40A which passes
though housing 34A, and mechanical seal 46A in-
side chamber 32A. Instead of labyrinth seal 42A
engaging shaft 40A directly, as in the embodiment
of Fig. 3, seal 42A engages hub 62 rigidly attached
to the shaft. However, the labyrinth seal may en-
gage the shaft if preferred. Hub 62 includes flange
64 that lies inside chamber 32A close to face 44A
of housing 34A and thus rotates together with shaft
40A. Conduit 52A in face 44A carries liquid working
fluid from the cycle pump to nozzle 54A opening to
chamber 32A and facing flange 64.
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Pressurized cold working fluid condensate from
the condenser is sprayed into contact with flange
64 producing a spray of fine droplets which are
carried by centrifugal force into chamber 32A by
reason of the rotational speed of the flange. In
addition, leakage of vaporized working fluid A
through seal 42A encounters the spray of cold
liquid as soon as the vaporized working fluid
passes through seal 42A so that most of leakage B
is cooled before entering chamber 34A. This em-
bodiment provides rapid engagement of the hot
vapor leaking into chamber 32A with cold working
fluid, and the rotational movement of flange 64
ensures intimate mixing of the spray of cold liquid
with leakage vapors.

In the preferred embodiment of the present
invention described with reference to Fig. 5, power
plant 10A comprises high pressure turbine 14A
serially connected to low pressure turbine 14B. In
this arrangement, vapor from vaporizer 12 is sup-
plied to the inlet of turbine 14A and the exhaust
therefrom is supplied to the inlet of turbine 14B.
High pressure seal environments 70A and 70B,
respectively associated with the turbines, are each
supplied with cool condensate from condenser 16
by pump 18 via flow conditioning apparatus 19A
and 19B, respectively. Apparatus 19A and 19B
serves both to the properly regulate the flow of
condensate to the seal environments, to isolate the
flow of cool condensate to the seal environments of
the two turbines, and to allow maintenance to the
apparatus without interrupting the operation of the
turbines.

Apparatus 19A includes manually operated, in-
finitely variable, flow control valve 22A, fixed orifice
device 23A, filter 24A, and on/off, or shut-off valve
25A serially connected together, and temperature
indicator 26A; and apparatus 19B includes cor-
responding components 22B, 23B, 24B, 25B, and
26B. The size of the fixed orifices of each of
devices 23A and 23B, together with the setting of
valves 22A and 22B respectively, determines the
flow rate of cool condensate to the seal environ-
ments. Filters 24A and 24B serve fo filter from the
condensate supplied to the seal environments any
contaminants whose presence would adversely af-
fect the the operation of the seal environments.
Valves 25A and 25B are preferably manually op-
erated ball-valves that can be selectively operated
o disconnect the seal environments from pump 18
when filter replacement or other maintenance oper-
ations are necessary allowing the turbines to run
for a short time without operation of the seal envi-
ronments and until these maintenance operations
are completed. Furthermore, maintenance oper-
ations, when the turbines or power plant is shut
down or stopped, are also simplified by this aspect
of the present invention. Finally, temperature in-
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dicators 26A and 26B provide an indication of the
temperature of the fluid exhausted from seal envi-
ronments 70A and 70B, respectively.

Valves 22A and 22B are manually operated,
preferably in accordance with the temperature of
the fluid in lines 17A and 17B connected fo seal
operating environments. That is to say, the amount
of cooling condensate applied to a seal operating
environment can be adjusted by an operator by
changing the setting of valves 22A and 22B in
response to the temperature indicated by indicators
26A and 26B. Optionally, the temperature indica-
tors can be replaced by temperature sensors or
transducers that produce control signals in accor-
dance with the temperature of the cooling liquid
leaving the seal environment. In such case, valves
22A and 22B could be replaced with valves which
are responsive o such control signals for maintain-
ing the proper flow rate of cooling liquid to the seal
environments.

Modifications of the arrangement shown in Fig.
5 include connecting the turbines in parallel to the
vaporizer instead of in series, or connecting several
turbines in series or in parallel. This is suggested
by the dashed lines extending from the output of
the vaporizer, and extending to the inputs to the
condenser. Furthermore, the invention is applicable
o configurations in which separate vaporizers, feed
pumps, and condensers are used. In such case,
the flow rate to each seal environment can be
controlled individually as a function of the tempera-
ture of the cooling liquid to take account of the
specific operating conditions encountered by each
seal environment. In addition, as shown in Fig. 5,
turbines 14A and 14B preferably are directly con-
nected to and drive a single, interposed, low speed
(e.g., 1500 or 1800 RPM, depending upon the grid
frequency) electric generator. Finally, if the prevail-
ing conditions warrant, less than all of the turbines
in a multiple turbine system may require a system
for cooling the seals; and in such case, the seal
cooling arrangement of the present invention would
be used only as needed.

The present invention, while shown in connec-
tion with an organic vapor turbine is also applicable
fo cooling seals in a steam turbine, gas/vapor com-
pressors, gas/vapor turbines, gas turbines, gas ex-
panders and other types of rotary machines that
employ seals for rotating shafts. In addition, the
present invention may be used to cool seals in
other machinery or engines including non-rotary
machinery or engines, e.g., reciprocating machin-
ery such as diesel engines and internal combustion
engines, etc. As indicated, the present invention,
which utilizes the working fluid itself for the coolant,
does not require a separate recirculation system.
However, if preferred, a separate auxiliary system
can be used for the coolant which may use a fluid
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different from the working fluid.

While the description mentions the use of oil
cooled seals, the present invention is useful for
seals cooled by other fluids or even dry seals
where no such cooling fluid is used. While the
embodiments described above refer to a chamber
as a form of the operating seal environment, any
suitable enclosure may be used. The advantages
and improved results furnished by the method and
apparatus of the present invention are apparent
from the foregoing description of the preferred em-
bodiment of the invention. Various changes and
modifications may be made without departing from
the spirit and scope of the invention as described
in the appended claims.

Claims

1. A method for cooling a seal located in a wall of
a chamber and through which a movable shaft
passes, said seal being heated by hot pressur-
ized vapor that leaks through the seal into the
chamber CHARACTERIZED BY:

(a) reducing the pressure in the chamber;
(b) supplying liquid to the chamber at a
pressure above the reduced pressure of the
chamber and at a temperature below the
temperature of vapor leaking into the cham-
ber; and

(c) adding liquid to said chamber in the
form of droplets and distributing such
droplets throughout the chamber for con-
tacting vapor therein thereby cooling the
vapor and thus cooling the seal.

2. A method according to claim 1 CHARACTER-
IZED IN THAT the hot pressurized vapor is
contained in a pressure chamber within which
a turbine wheel is mounted on said shaft, and
vapor leaks past a labyrinth mounted on the
shaft between the turbine wheel and the seal.

3. A method according to claim 2 CHARACTER-
IZED IN THAT the liquid is added to the cham-
ber by spraying the liquid onto a disc mounted
in the chamber, said disc being mounted on,
and rotatable with, said shaft.

4. A method according to claim 1 for use in a
power plant that includes a vaporizer for vapor-
izing a working fluid, a turbine mounted on
said shaft for expanding the working fluid, a
condenser for condensing expanded working
fluid, and a cycle pump for returning conden-
sate from the condenser to the vaporizer, and
CHARACTERIZED IN THAT said chamber is
connected to said condenser.
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A method according to claim 4 CHARACTER-
IZED IN THAT the liquid added to the chamber
is derived from the output of the cycle pump.

Apparatus for cooling a seal located in a wall
of a chamber and through which a movable
shaft passes, said seal being heated by hot
pressurized vapor that leaks through the seal
into the chamber, said apparatus being CHAR-
ACTERIZED BY:
(a) means for connecting the chamber to a
source of low pressure thereby reducing the
pressure in the chamber to a level below
the pressure of vapor that leaks into the
chamber;
(b) means for supplying liquid to the cham-
ber at a pressure above the reduced pres-
sure of the chamber; and
(c) means for distributing the liquid through-
out the chamber in the form of droplets that
contact and cool vapors in the chamber,
thus cooling the seal.

Apparatus according to claim 6 CHARACTER-
IZED IN THAT a turbine wheel is mounted on
said shaft in a pressure chamber containing
hot pressurized, vaporized working fluid, and
said shaft passes through a labyrinth seal
mounted on the shaft.

Apparatus according to claim 7 CHARACTER-
IZED IN THAT the means for distributing the
liquid throughout the chamber includes a disc
in the chamber mounted on the shaft and
rotatable therewith, and said means for sup-
plying said liquid to said chamber causes said
liquid to impinge on said disc and produce
droplets.

Apparatus according to claim 6 CHARACTER-
IZED IN THE PROVISION OF a vaporizer for
vaporizing a working fluid, a turbine mounted
on said shaft for expanding the working fluid, a
condenser for condensing expanded working
fluid, and a cycle pump for returning conden-
sate from the condenser to the vaporizer, said
chamber being connected to said condenser.

Apparatus according to claim 9 CHARACTER-
IZED IN THAT the cycle pump is connected to
said chamber.
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