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GASTURBINE ENGINE WITH VACUUM GENERATOR FOR REDUCING
BEARING COMPARTMENT PRESSURE

BACKGROUND
A gas turbine engine typically includes a fan smttia compressor section, a
combustor section and a turbine section. Air engethe compressor section is
compressed and delivered into the combustion seetiwere it is mixed with fuel
and ignited to generate a high-speed exhaust gas The high-speed exhaust gas
flow expands through the turbine section to drive tcompressor and the fan section.
The compressor section typically includes low amghlpressure compressors, and

the turbine section includes low and high pressunanes.

SUMMARY

A gas turbine engine according to an example of ghesent disclosure
includes a bearing compartment that has at leastseal, a bearing disposed in the
bearing compartment, a deoiler fluidly connectethwie bearing compartment; and
a vacuum generator fluidly connected with the azoll

In a further embodiment of any of the foregoing ediments, the vacuum
generator includes a venturi tube.

In a further embodiment of any of the foregoing erilments, the vacuum
generator is fluidly connected with a compressatise for providing air to operate
the vacuum generator.

In a further embodiment of any of the foregoing erilments, the vacuum
generator is fluidly connected with an air suppfgtem for providing air to operate
the vacuum generator.

A gas turbine engine according to an example of ghesent disclosure
includes a bearing compartment that has at leastseal, a bearing disposed in the
bearing compartment, a deoiler fluidly connectethvihe bearing compartment, a
vacuum generator fluidly connected with the deoil®nd an air supply system
connected with the vacuum generator for providimg ta operate the vacuum
generator. The air supply system has two sourtdbeoair; and a controller in
communication with the air supply system and caumrgl to switch between the two

source of air.



10

15

20

25

30

In a further embodiment of any of the foregoing erilments, the vacuum
generator includes a venturi tube.

In a further embodiment of any of the foregoing ediments, one of the two
air sources is a compressor section.

In a further embodiment of any of the foregoing edilments, one of the two
air sources is an auxiliary power unit.

In a further embodiment of any of the foregoing endilments, the two air
sources include a compressor section and an ayxi@aver unit.

In a further embodiment of any of the foregoing ediments, the air supply
system includes a check valve disposed betweerauRkgiary power unit and the
vacuum generator.

In a further embodiment of any of the foregoing ediments, the air supply
system includes an flow-control valve disposed ketwthe compressor section and
the vacuum generator.

In a further embodiment of any of the foregoing ediments, the vacuum
generator is vented overboard.

A gas turbine engine according to an example of ghesent disclosure
includes a bearing compartment that has at leastseal, a bearing disposed in the
bearing compartment, a compressor section fluidipnected with the bearing
compartment, an oil source for providing oil to thearing, a deoiler fluidly
connected with the bearing compartment, a vacuumerg#or fluidly connected with
the deoiler, and an air supply system connecteti wie vacuum generator for
providing air to operate the vacuum generator. dihesupply system havs a source
of the air that is not the compressor section.

In a further embodiment of any of the foregoing erilments, the vacuum
generator includes a venturi tube.

In a further embodiment of any of the foregoing ediments, the air supply
system includes the compressor section as anaiheresof the air.

A further embodiment of the any of the foregoingbeaiments includes a
controller in communication with the air supply ®m and configured to switch
between the source of the air and the compressboseas another source of the air.

In a further embodiment of any of the foregoing ediments, the source of

the air is an auxiliary power unit.
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In a further embodiment of any of the foregoing ediments, the air supply
system includes a check valve disposed betweerauRkgiary power unit and the
vacuum generator.

In a further embodiment of any of the foregoing ediments, the air supply
system includes a flow-control valve disposed betwthe compressor section and
the vacuum generator.

In a further embodiment of any of the foregoing ediments, the vacuum
generator is vented overboard.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the prelseibsure will become
apparent to those skilled in the art from the folltg detailed description. The
drawings that accompany the detailed descriptionbeabriefly described as follows.

Figure 1 illustrates an example gas turbine engine.

Figure 2 illustrates a bearing compartment, a dedilidly connected with
the bearing compartment, and a vacuum generaidhflconnected with the deoiler.

Figure 3 also illustrates a vacuum generator, bilt &n air supply system.

Figure 4 illustrates an example vacuum generagdrititludes a venturi tube.

Figure 5 illustrates an example air supply systhat has two air supply

sources.

DETAILED DESCRIPTION

Figure 1 schematically illustrates a gas turbingire® 20. The gas turbine
engine 20 is disclosed herein as a two-spool tarbdfiat generally incorporates a
fan section 22, a compressor section 24, a combsstbion 26 and a turbine section
28. Alternative engine designs can include an amgonesection (not shown) among
other systems or features.

The fan section 22 drives air along a bypass flathB in a bypass duct
defined within a nacelle 15, and also drives aongl a core flow path C for
compression and communication into the combustaticse 26 then expansion
through the turbine section 28. Although depicted &vo-spool turbofan gas turbine
engine in the disclosed non-limiting embodimeng, éxamples herein are not limited

to use with two-spool turbofans and may be applied other types of
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turbomachinery, including direct drive engine atetiures, three-spool engine
architectures, and ground-based turbines.

The engine 20 generally includes a low speed sp@aind a high speed spool
32 mounted for rotation about an engine centragjitodinal axis A relative to an
engine static structure 36 via several bearingesyst38. It should be understood that
various bearing systems 38 at various locations att@ynatively or additionally be
provided, and the location of bearing systems 3§ beavaried as appropriate to the
application.

The low speed spool 30 generally includes an inskaft 40 that
interconnects a fan 42, a first (or low) presswmpressor 44 and a first (or low)
pressure turbine 46. The inner shaft 40 is condettdethe fan 42 through a speed
change mechanism, which in exemplary gas turbirggnen20 is illustrated as a
geared architecture 48, to drive the fan 42 aweitspeed than the low speed spool
30.

The high speed spool 32 includes an outer shafth&0 interconnects a
second (or high) pressure compressor 52 and add€ooimigh) pressure turbine 54.
A combustor 56 is arranged between the high pressampressor 52 and the high
pressure turbine 54. A mid-turbine frame 57 of #rgine static structure 36 is
arranged generally between the high pressure wifdnand the low pressure turbine
46. The mid-turbine frame 57 further supports tearlmng systems 38 in the turbine
section 28. The inner shaft 40 and the outer Sh@fare concentric and rotate via
bearing systems 38 about the engine central lodigil axis A, which is collinear
with their longitudinal axes.

The core airflow is compressed by the low pressorapressor 44 then the
high pressure compressor 52, mixed and burned fugthin the combustor 56, then
expanded over the high pressure turbine 54 andpl@ssure turbine 46. The mid-
turbine frame 57 includes airfoils 59 which aretire core airflow path C. The
turbines 46, 54 rotationally drive the respectioe Ispeed spool 30 and high speed
spool 32 in response to the expansion. It will peraciated that each of the positions
of the fan section 22, compressor section 24, catobisection 26, turbine section
28, and fan drive gear system 48 may be variedekample, gear system 48 may be
located aft of combustor section 26 or even atudbine section 28, and fan section

22 may be positioned forward or aft of the locaidmear system 48.
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The engine 20 in one example is a high-bypass dedireraft engine. In a
further example, the engine 20 bypass ratio istgrethan about six (6), with an
example embodiment being greater than about ten {1 geared architecture 48 is
an epicyclic gear train, such as a planetary ggstes) or other gear system, with a
gear reduction ratio of greater than about 2.3 thedlow pressure turbine 46 has a
pressure ratio that is greater than about fivenka disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10HB,fan diameter is significantly
larger than that of the low pressure compressodd,the low pressure turbine 46
has a pressure ratio that is greater than aboat 5it. Low pressure turbine 46
pressure ratio is pressure measured prior to afilEtw pressure turbine 46 as related
to the pressure at the outlet of the low presaunt@rie 46 prior to an exhaust nozzle.
The geared architecture 48 may be an epicycle tgaiar, such as a planetary gear
system or other gear system, with a gear reductivo of greater than about 2.3:1. It
should be understood, however, that the above pessnare only exemplary of one
embodiment of a geared architecture engine and ttiatpresent invention is
applicable to other gas turbine engines, includimegct drive turbofans.

A significant amount of thrust is provided by thgphss flow B due to the
high bypass ratio. The fan section 22 of the en@i@as designed for a particular
flight condition -- typically cruise at about 0.8a¢h and about 35,000 feet. The
flight condition of 0.8 Mach and 35,000 ft, withethengine at its best fuel
consumption - also known as “bucket cruise Thrugéc8ic Fuel Consumption
(‘TSFC’)” - is the industry standard parameter lofnl of fuel being burned divided
by Ibf of thrust the engine produces at that mimmpoint. “Low fan pressure ratio”
is the pressure ratio across the fan blade alombow a Fan Exit Guide Vane
(“FEGV”) system. The low fan pressure ratio as ldised herein according to one
non-limiting embodiment is less than about 1.4%Wcorrected fan tip speed” is the
actual fan tip speed in ft/sec divided by an industandard temperature correction
of [(Tram °R) / (518.7 °RY]>. The “Low corrected fan tip speed” as disclosectime
according to one non-limiting embodiment is lesthbout 1150 ft / second.

One or more of the bearing systems 38 of the engihenay be contained
within a bearing compartment 60, which schematcsiiown in Figure 2. Oil from
an oil source 62 of the engine 20 is provided th#®bearing compartment 60 to the
bearing 38 to cool and lubricate the bearing 3& cdntain the oil in the bearing

compartment 60 and reduce or prevent oil loss ftbhe engine 20, the bearing
5
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compartment 60 is generally sealed from adjacent sorrounding regions,
represented generally at R, in the engine 20 higregard, the bearing compartment
60 includes one or more seals 64 that serve td &suape of the oil from the bearing
compartment 60 into the adjacent regions R. Budfefrom an air source, such as
the compressor section 24 of the engine 20, isigedvto the adjacent region R and
across the seal 64 into the bearing compartment B0e buffer air is generally
provided at a relatively high pressure in the ragi such that there is a pressure
differential (pressure drop) across the seal 6Wden the adjacent region R and the
interior of the bearing compartment 60.

The buffer air and oil from the bearing 38 are daésged from the bearing
compartment 60 through line 66 to a deoiler 68.e Teoiler 68 is known and not
particularly limited but may include a separatortbe like. As an example, the
deoiler 68 can be, but is not limited to, a ceag#l separator. The deoiler 68
separates the oil from the air so that the oil banre-used rather than dumped
overboard with the air. The oil can be returneth®oil source 62.

To maintain sealing across the seal 64, the pregitferential between the
adjacent region R and the interior of the beariomgartment 60 is kept above a
threshold. However, there is a challenge duringigtaof the engine 20 to provide
high pressure buffer air to keep the pressureréifilgal above the threshold. In this
regard, the engine 20 includes a vacuum gener&docdated downstream of the
deoiler 68. The vacuum generator 70 is operabpgdduce a vacuum and is fluidly
connected with the deoiler 68 by line 72. Since tleoiler 68 is also fluidly
connected to the interior of the bearing compartn&h by line 66, the vacuum
generated by the vacuum generator 70 provides erlpressure in the interior of the
bearing compartment 60. This effectively increabhespressure differential across
the seal 64 between the adjacent region R and riheriar of the bearing
compartment 60. In turn, the increased pressufereintial reduces oil loss across
the seal 64. The air provided to the vacuum geoei® from the deoiler 68 is then
dumped overboard from the engine 20 via vent 74.

Figure 3 illustrates a further example that is Emio the example shown in
Figure 2, but additionally includes an air suppjgtem 76. The air supply system 76
is operable to provide source air to operate tleeiwan generator 70. For example,
the air supply system is fluidly connected by l#&to the vacuum generator 70. The

air supply system can be a compressor, a ducténaes compressed air, or the like.
6
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The source air either drives the vacuum generaloor7facilitates generation of a
vacuum in the vacuum generator 70.

Figure 4 illustrates a non-limiting example of trecuum generator 170. In
this example, the vacuum generator 170 includesnéuvi tube 80. The venturi tube
80 includes an inlet section 80a that converges toroat section 80b, which then
diverges to an outlet section 80c. The venturi @éncludes a tap 82 connected to a
nozzle 82a that provides high velocity flow intedat section 80b. The inlet section
80a is fluidly connected with the de-oiler 68 viael 72 and the tap 82 is fluidly
connected with the air supply system 76 via line 78

During operation the air supply system 76 providesource of air that flows
into the throat section 80b of the venturi tube 8Qs the flow of the source air
expands into the throat section 80b, the low stagssure of the source air produces
a vacuum at the inlet of the venturi tube 80. Taeuum, in turn, reduces the
pressure through the deoiler 68 and in the intesfothe bearing compartment 60.
The air from the deoiler 68 and the source air ftheair supply system 76 combine
in the throat section 80b and are then vented @aedithrough the vent 74.

Figure 5 illustrates another example that is sintitathe example shown in
Figure 3. In this example, an air supply systeré iticludes two sources of the air
that is provided to the vacuum generator 170. ©hehe air sources is the
compressor section 24. A second source 84 ofalifierent than the compressor
section 24. For example, the second source 8# &f an auxiliary power unit. For
instance the auxiliary power unit is a non-propuisigas turbine engine. The
auxiliary power unit provides compressed air treat be tapped as the source air into
the vacuum generator 170. As an example, the aapbe off of an air duct 86
between the auxiliary power unit and an air turlsteeter, downstream of a starter
air valve 88. Thus, when the starter air valvei8®pen, source air is provided
through a check valve 90 to the vacuum generatdor 1When the starter air valve 88
is closed, a valve 92 can be used to open flow ftloencompressor section 24 to
provide the source air to the vacuum generator 170.

A controller 94 is in communication with the airpgply system 176 and is
operable to control the valves 88 and 92. Therotiat 94 may include hardware,
such as one or more microprocessors, softwareptbrthat are configured (e.g., via
programming) to execute the function described iherén one example, the

controller 94 is also configured to selectively nmnd close the valves 88 and 92
7
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based upon the operating mode of the engine 20.inBtance, during startup of the
engine 20, when there is insufficient compressedraimn the compressor section 24
to maintain the pressure differential across tte 64 above the threshold, the valve
92 is in a closed state and the valve 88 is in @@ncstate such that source air is
provided from the second air source 84 to opetadevacuum generator 170. The
check valve 90 prevents back-flow from the vacuwenegator 170 to the second air
source. Once pressure in the compressor sectics24ficient (e.g., at a designated
compressor stage or at the diffuser stage), sucht dse end of startup or after
startup, the valve 88 can be closed and the valvep®ned to provide source air
from the compressor section 24 to operate the vacgenerator 170. Thus, the
controller 94 is operable to switch between the awosources, depending on the
operating mode of the engine 20.

Although a combination of features is shown in ithestrated examples, not
all of them need to be combined to realize the fiksnef various embodiments of
this disclosure. In other words, a system desigmambrding to an embodiment of
this disclosure will not necessarily include alltbé features shown in any one of the
Figures or all of the portions schematically shawithe Figures. Moreover, selected
features of one example embodiment may be combivitd selected features of
other example embodiments.

The preceding description is exemplary rather thiamting in nature.
Variations and modifications to the disclosed exi@®pnay become apparent to
those skilled in the art that do not necessarilyadiefrom this disclosure. The scope
of legal protection given to this disclosure caydme determined by studying the

following claims.
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CLAIMS
What is claimed is:
1. A gas turbine engine comprising:
a bearing compartment having at least one seal,
a bearing disposed in the bearing compartment;
a deoiler fluidly connected with the bearing contpent; and

a vacuum generator fluidly connected with the azoll

2. The gas turbine engine as recited in claim 1, whetee vacuum generator

includes a venturi tube.

3. The gas turbine engine as recited in claim 1, whehe vacuum generator is
fluidly connected with a compressor section forviiong air to operate the vacuum

generator.

4, The gas turbine engine as recited in claim 1, whdhe vacuum generator is
fluidly connected with an air supply system for\pding air to operate the vacuum

generator.

5. A gas turbine engine comprising:

a bearing compartment having at least one seal,

a bearing disposed in the bearing compartment;

a deoiler fluidly connected with the bearing contppent;

a vacuum generator fluidly connected with the azoil

an air supply system connected with the vacuum rgéorefor providing air
to operate the vacuum generator, the air supptgsybaving two sources of the air;
and

a controller in communication with the air supplst®m and configured to

switch between the two source of air.

6. The gas turbine engine as recited in claim 5, whetee vacuum generator

includes a venturi tube.

7. The gas turbine engine as recited in claim 5, wheome of the two air

sources is a compressor section.
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8. The gas turbine engine as recited in claim 5, wheome of the two air

sources is an auxiliary power unit.

9. The gas turbine engine as recited in claim 5, wheflge two air sources

include a compressor section and an auxiliary pawmeér

10. The gas turbine engine as recited in claim 9, whetee air supply system
includes a check valve disposed between the aopxkipawer unit and the vacuum

generator.

11. The gas turbine engine as recited in claim 10, eihethe air supply system
includes an flow-control valve disposed between ¢benpressor section and the

vacuum generator.

12.  The gas turbine engine as recited in claim 5, whdhe vacuum generator is

vented overboard.

13. A gas turbine engine comprising:

a bearing compartment having at least one seal,

a bearing disposed in the bearing compartment;

a compressor section fluidly connected with theibgacompartment;

an oil source for providing oil to the bearing;

a deoiler fluidly connected with the bearing contpent;

a vacuum generator fluidly connected with the depénd

an air supply system connected with the vacuum rgémrefor providing air
to operate the vacuum generator, the air supphtgsybaving a source of the air that

is not the compressor section.

14.  The gas turbine engine as recited in claim 13, eihghe vacuum generator

includes a venturi tube.

15. The gas turbine engine as recited in claim 13, gihethe air supply system

includes the compressor section as another sotitbe air.

16. The gas turbine engine as recited in claim 15h&rrtomprising a controller
in communication with the air supply system andfigumed to switch between the
source of the air and the compressor section abansource of the air.

10
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17.  The gas turbine engine as recited in claim 16, eihethe source of the air is

an auxiliary power unit.

18. The gas turbine engine as recited in claim 17, eihethe air supply system
includes a check valve disposed between the aoxiiawer unit and the vacuum

generator.

19. The gas turbine engine as recited in claim 18, aihethe air supply system
includes a flow-control valve disposed between tlhenpressor section and the

vacuum generator.

20. The gas turbine engine as recited in claim 19, sihethe vacuum generator

is vented overboard.
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