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(57) Abstract: Methods and devices for cooling systems (700) are provided that are in fluid communication with bleed air from a jet
engine compressor. The cooling system can include: a first precooler (210) recieving bleed air from the jet engine compressor; a heat
exchanger (730) downstream from the first precooler (210); a cooling system compressor (220) downstream from the first precooler
& (210), wherein the heat exchanger (730) and the cooling system compressor (220) are in separate flow paths from the first precooler
(210); a cooling system precooler (230) downstream from the cooling system compressor (220); a VGT cooling system turbine (240)
downstream from the cooling system precooler (230); and a discharge conduit (245) downstream from the cooling system turbine
(240) and the heat exchanger (730). A bypass line (290) for bypassing the turbine can also be mcluded.
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JET ENGINE COLD AIR COOLING SYSTEM

PRIORITY INFORMATION
[0001] The present application claims priority to U.S. Provisional Patent Application
Serial No. 62/020,512 titled “Jet Engine Cold Air Cooling System” of Leamy, ¢t al. filed
on July 3, 2014, and to U.S. Provisional Patent Application Serial No. 62/022,364 titled
“Jet Engine Cold Air Cooling System” of Leamy, et al. filed on July 9, 2014, the

disclosures of which are incorporated by reference herein.

FIELD OF THE INVENTION
[0002] The present disclosure 1s directed to jet engines and, more specifically, to
utilization of jet engine bleed air for cooling thermal loads associated with the engine or

vehicle to which the engine 1s coupled.

BACKGROUND OF THE INVENTION
[0003] Modern day jet airplanes direct regulated airflow from the jet engine to the
occupied cabins and other arcas of the aircraft. This airflow, commonly referred to as
bleed air, may be withdrawn from the high pressure compressor (HPC) section of a jet
engine. U.S. Patents Nos. 5,137,230 and 5,125,597 describe conventional structures and
methods utilized to direct bleed air into environmental control systems (ECS) of the
aircraft that further process the bleed air prior to cabin introduction. ECS incorporate
various pieces of equipment such as air cycle machines (ACMs), regulating valves, heat

exchangers, and other apparatus to condition engine bleed air prior to cabin introduction.

[0004] Bleed air 1s commonly extracted from multiple locations along the HPC section
using regulated flow to control the extent to which bleed air 1s withdrawn. Among the
regulating structures are check valves that operate to allow or discontinue airflow and
downstream regulator valves that reduce the pressure of the withdrawn bleed air before 1t
reaches the ECS. This reduced pressure bleed air may be directed to a turbine, where
work 18 extracted, with the bleed air outlet pressure and temperature from the turbine

being significantly reduced. This reduced pressure bleed air remains relatively hot and 1s
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thereafter cooled by fan air in a heat exchanger associated with the jet engine
conventionally referred to as a precooler. Cooled bleed air output from the precooler 18
delivered to the ECS where 1t may be further cooled and pressures further regulated prior
to introduction to the occupied cabins or other arcas of the aircraft. In addition to
supplying bleed air to the ECS, the jet engine provides a heat sink that provides precooled
air to the aircraft and recerves high temperature air from the aircraft in return as part of a

cycle.

[0005] Regardless of the structures or methods utilized, one constant has remained with
respect to the bleed air supplied to the ECS: 1t could be no lower in temperature than the
lowest temperature air flowing through the jet engine. Moreover, the bleed air has
always been regulated from the HPC using flow control valves that restrict airflow and
are operative to step down the bleed air pressure prior to reaching the precooler.
Consequently, there 1s a need 1n the art for structures and methods of delivering bleed air
to an ECS at temperatures lower than the lowest temperature air otherwise flowing

through the jet engine.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be set forth 1n part in the following
description, or may be obvious from the description, or may be learned through practice
of the invention.

[0007] Cooling systems are generally provided that are in fluid communication with
bleed air from a jet engine compressor.

[0008] In one embodiment, the cooling system includes: a first precooler in fluid
communication with the bleed air from the jet engine compressor; a heat exchanger 1n
fluild communication with and downstream from the first precooler; a cooling system
compressor 1n fluid communication with and downstream from the first precooler,
wherein the heat exchanger and the cooling system compressor are 1in separate flow paths
from the first precooler; a cooling system precooler 1n fluid communication with and

downstream from the cooling system compressor; a cooling system turbine in fluid
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communication with and downstream from the cooling system precooler; and a discharge
conduit downstream from the cooling system turbine and the heat exchanger.

[0009] In another embodiment, the cooling system includes: a first precooler 1n fluid
communication with the bleed air from the jet engine compressor; a cooling system
compressor 1n fluid communication with and downstream from the first precooler; a
cooling system precooler 1in fluid communication with and downstream from the cooling
system compressor; a cooling system turbine 1n fluid communication with and
downstream from the cooling system precooler; a discharge conduit downstream from the
cooling system turbine; and a bypass line in fluid communication with and downstream
from the cooling system precooler. The bypass line 18 1n fluid communication with and
upstream from the discharge conduit, and provides selective fluid communication
between an 1nlet side and a discharge side of the cooling system turbine to bypass the
cooling system turbine.

[0010] Jet engines are also provided that include: an engine compressor; a combustor 1n
flow communication with the engine compressor; an engine turbine in flow
communication with the combustor to receive combustion products from the combustor;
and a cooling system as described above 1n fluild communication with bleed air from the
engine compressor. Airplanes that include such a jet engine and at least one of an aircratft
thermal management system and an aircraft environmental control system, wherein the
discharge conduit 1s 1n fluild communication with the at least one of the aircraft thermal
management system and the aircraft environmental control system.

[0011] Methods are also generally provided for cooling bleed air in a jet engine. In one
embodiment, the method includes: extracting bleed air from a jet engine compressor;
directing the bleed air to a first precooler, wherein the bleed air has an extracted
temperature; reducing the extracted temperature of the bleed air to a second temperature
in the first precooler; thereafter, directing a first portion of the bleed air to a heat
exchanger and directing a second portion of the bleed air to a cooling system compressor
such that the first portion and the second portion define separate flow paths; flowing the
first portion of the bleed air through a heat exchanger to reduce the second temperature of

the first portion to a third temperature; flowing the second portion of the bleed air
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sequentially through a cooling system compressor, a cooling system precooler, and a
cooling system turbine to reduce the second temperature of the second portion to a fourth
temperature, wherein the fourth temperature 1s less than the extracted temperature; and
thercafter, mixing the first portion and the second portion 1n a discharge conduit.

[0012] These and other features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended
claims. The accompanying drawings, which are incorporated 1n and constitute a part of
this specification, illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A full and enabling disclosure of the present invention, including the best mode
thercof, directed to one of ordinary skill in the art, 1s set forth 1n the specification, which

makes reference to the appended figures, in which:

[0014] FIG. 1 1s a schematic diagram of an exemplary embodiment of a cold air cooling

system, shown by way of example as part of an airplane;

[0015] FIG. 2 1s a schematic diagram of another exemplary embodiment of a cold air

cooling system, shown by way of example as part of an airplane;

[0016] FIG. 3 1s a schematic diagram of a yet another exemplary embodiment of a cold

air cooling system, shown by way of example as part of an airplane;

[0017] FIG. 4 1s a schematic diagram of a still another exemplary embodiment of a cold

air cooling system, shown by way of example as part of an airplane;

[0018] FIG. 5 1s a schematic diagram of a yet another exemplary embodiment of a cold

air cooling system, shown by way of example as part of an airplane;

[0019] FIG. 6 1s an clevated perspective view of an airplane incorporating a cold air

cooling system 1n accordance with the instant disclosure; and
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[0020] FIG. 7 1llustrates a cross-sectional view of one embodiment of a gas turbine

engine that may be utilized within an aircraft in accordance with aspects of the present

subject matter.

[0021] FIG. 8 shows a diagram of an exemplary method embodied by aspects of the

present subject matter.

[0022] FIG. 9 shows a diagram of another exemplary method embodied by aspects of the

present subject matter.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Reference now will be made 1n detail to embodiments of the invention, one or
more examples of which are 1llustrated i the drawings. Each example is provided by
way of explanation of the invention, not limitation of the invention. In fact, it will be
apparent to those skilled 1n the art that various modifications and variations can be made
in the present invention without departing from the scope or spirit of the invention. For
instance, features 1llustrated or described as part of one embodiment can be used with
another embodiment to yield a still further embodiment. Thus, it 1s intended that the
present invention covers such modifications and variations as come within the scope of

the appended claims and their equivalents.

[0024] As used herein, the terms “first”, “second”, and “third” may be used
interchangeably to distinguish one component from another and are not intended to
signify location or importance of the individual components. Also, the terms “upstream’
and “downstream” refer to the relative direction with respect to fluid flow 1n a fluid
pathway. For example, “upstream” refers to the direction from which the fluid flows, and

“downstream’ refers to the direction to which the ftluid tlows.

[0025] A bleed air cooling system 1s generally provided that 1s 1in fluid communication
with bleed air from a compressor within a jet engine. The bleed air cooling system 1s

generally configured to cool the recerved bleed air and provide the cooled air (e.g., via a
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discharge conduit from the bleed air cooling system) to at least one of an aircraft thermal
management system and an aircraft environmental control system. The cooled air output
from the cooling system has, in one embodiment, a temperature that 1s less than the mean
flow path temperature of air coming into and through the engine. Methods of providing
cooled fluid (e.g., cooled air) are also generally provided, with the input air being

extracted from the jet engine (e.g., bleed air from the engine compressor).

[0026] Referencing FIGS. 1 and 6, a first exemplary cold air cooling system 100 18
configured to supply unregulated bleed air from a high pressure compressor (HPC) of a
jet engine 112 to an aircraft thermal management system and/or an environmental control
system (ECS) 121 of an aircraft 122 at a temperature that 1s below the engine air stream
110. For purposes of the instant disclosure, an engine cooling stream includes, without
[imitation, one or more of the following: fan stream air, inlet air drawn 1nto the intake,
and ram air. Pursuant to the following exemplary explanation, the system 100 of the jet
engine 112 will be described as being 1n fluid communication with structures associated

with the aircraft 122.

[0027] Referencing FIGS. 1 and 6, a conventional thermal management system (TMS)
loop 150 is utilized to draw thermal energy away from the aircraft 122 and deliver/pump
this thermal energy to the jet engine TMS 170. In order to better differentiate those
structures associated with aircraft 122 from structures of the engine 112, a dotted line 124
1s depicted. Consequently, structures to the right of the dotted line 124 are depicted and
described 1n exemplary form as part of the engine 112, whereas those structures to the left
of the dotted line 124 are depicted and described m exemplary form as separate from the
engine 112 and are associated with the aircraft 122. It should be understood, however,
that certain of the components associated with the aircraft 122 could instead be part of the
engine 112, and vice versa. Accordingly, those skilled in the art should understand that
the structures and description are exemplary in nature and the 1dentification of structures

as being part of the engine 112 or part of the aircraft 122 1s not limiting.

[0028] Referring to Fig. 1, an exemplary cold air cooling system 100 1s shown and

includes a bleed air inlet feed 200 that 1s unregulated from the HPC section of the engine

6
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112. This bleed air inlet feed 200 supplies high pressure and high temperature
compressed air to a first precooler 210. In exemplary form, this first precooler 210
facilitates the transfer of thermal energy from the high pressure and high temperature
bleed air to cooler air that 1s drawn 1nto the engine 112. The bleed air output from the
precooler 210 may have a significantly reduced temperature, but its pressure 1s not
significantly changed. This lower temperature, high pressure air 1s fed into a cooling
system compressor 220, which increases the temperature and pressure of the air.
Consequently, the air output from the compressor 220 is significantly more pressurized
and higher in temperature than the air input to the compressor. This very high pressure,
high temperature air output from the compressor 1s directed to a cooling system precooler
230. By way of example, the cooling system precooler 230 facilitates the transfer of
thermal energy from the very high pressure and high temperature bleed air to flow path
temperature air that 1s drawn into the engine 112. The bleed air output from the cooling
system precooler 230 has a significantly reduced temperature, but its very high pressure
will not be significantly changed. This very high pressure, lower temperature bleed air
output from the cooling system precooler 230 1s directed into a cooling system turbine
240 having a variable areca turbine nozzle (VATN). It should be noted, however, that a
multiple position turbine nozzle or a fixed area turbine nozzle may be used 1n licu of the
variable area turbine nozzle. Work performed by the very high pressure bleed air turning
the turbine 240 1s utilized to power the compressor 220, with the output bleed air having
a significantly reduced pressure and temperature. Those skilled in the art will understand
that the turbine 240 may be mechanically or fluidically linked to the compressor 220 to

transfer the work resulting from the very high pressure air expanding through the turbine.

[0029] In exemplary form, the temperature of the bleed air output from the turbine 240
into the discharge conduit 245 1s lower than the mean flow path temperature of air
coming into the engine 112. This 1s 1n stark contrast to prior art bleed air cooling systems
that were unable to deliver bleed air to the aircraft 122 at a temperature below that of the

mean flow path temperature of air coming into the engine 112.
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[0030] As shown 1n FIG. 2, an alternate exemplary cold air cooling system 280 includes
the structures of the first exemplary cold air cooling system 100 and, for illustration
purposcs only, will be explained for use with the TMS loop 150 from the first exemplary
embodiment. Accordingly, like reference numerals refer to similar structures as
discussed pursuant to the first exemplary embodiment and will not be repeated 1n

furtherance of brevity.

[0031] In addition to the structures of the first exemplary cold air cooling system, this
first alternate exemplary cold air cooling system 280 includes a bypass line 290 and a
control valve 292 1n series with the bypass line. In exemplary form, the bypass line 290
1s connected between the inlet and outlet of the turbine 240 to selectively allow air
discharged from the cooling system precooler 230 to be directed to the ECS 121 without
traveling through the turbine. By way of example, the control valve 292 1s
communicatively coupled to a thermocouple (not shown) 1in thermal communication with

air discharged from the turbine 240.

[0032] Depending upon the operating conditions of the engine 112 and the ambient air
properties (temperature, pressure, etc.), it may be advantageous to have bleed air bypass
the turbine 240. For example, if the temperature of the air being discharged from the
turbine 240 1s too low, the control valve 292 may receive temperature readings from the
thermocouple and, based upon program parameters, open or close valves in series with
the bypass line 290 1n order to increase and control the temperature of bleed air delivered
to the aircraft 122 within a predetermined range. Alternatively, or in addition, the control
valve 292 may be in communication with a pressure sensor at the discharge of the turbine
240. In instances where the discharge pressure 1s too low, the control valve 292 may
recerve pressure readings from the pressure sensor and, based upon program parameters,
open or close valves 1n series with the bypass line 290 1n order to increase and control the
pressure of bleed air delivered to the aircraft 122 within a predetermined range. While
the foregoing bypass has been described as having active management, those skilled 1n

the art will understand that passive management 1s likewise feasible.
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[0033] As shown in FIG. 3, a further alternate exemplary cold air cooling system 700
includes the structures of the first alternate exemplary cold air cooling system 280.
Accordingly, like reference numerals refer to similar structures as discussed pursuant to
the first alternate exemplary embodiment and will not be repeated in furtherance of

brevity.

[0034] In addition to the structures of the first alternate exemplary cold air cooling
system 280, this further alternate exemplary cold air cooling system 700 includes a
bypass line 710 and a control valve 720 downstream from and 1n fluid communication
with the outlet side of the first precooler 210. In exemplary form, the bypass line 710 1s
connected between the outlet of a heat exchanger 730 and the outlet of the turbine 240 to
selectively allow air discharged from the heat exchanger 730 to be directed downstream
from the turbine 240. The heat exchanger 730 receives mean flow path air drawn into the
engine 112 and uses this air as a heat sink to transfer thermal energy from the higher
temperature air exiting the first precooler 210. By way of example, the control valve 720
may be communicatively coupled to a thermocouple (not shown) in thermal
communication with air discharged from the turbine 240. Alternatively, the control valve
720 may be passively controlled and positioned downstream from the heat exchanger 730

in order to 1ncrease the temperature and/or pressure of the air delivered to the aircraft

122.

[0035] A discharge valve 712 1s optionally positioned in the bypass line 710 and in fluid
communication with and downstream from the heat exchanger 730, but upstrecam from
the discharge conduit 245. The discharge valve 712 1s configured to control fluid flow
from the heat exchanger 730 to the discharge conduit 245. The discharge valve 712 may
recerve temperature readings from the thermocouple and, based upon program
parameters, open or close valves 1n series with the bypass line 710 1n order to increase
and control the temperature of bleed air delivered to the aircraft 122 within a
predetermined range. Alternatively, or in addition, the discharge valve 712 may be 1n
communication with a pressure sensor at the discharge of the turbine 240. In instances

where the discharge pressure 1s too low, the discharge valve 712 may receive pressure
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readings from the pressure sensor and, based upon program parameters, open or close
valves 1n series with the bypass line 710 1n order to increase and control the pressure of
bleed air delivered to the aircraft 122 within a predetermined range. While the foregoing
bypass has been described as having active management, those skilled 1n the art will

understand that passive management 1s likewise feasible.

[0036] Depending upon the operating conditions of the engine 112 and the ambient air
properties (temperature, pressure, etc.), 1t may be advantageous to have bleed air bypass
the turbine 240. For example, if the temperature of the air being discharged from the
turbine 240 1s too low, the control valve 720 may receive temperature readings from the
thermocouple and, based upon program parameters, open or close valves in series with
the bypass line 710 1n order to increase and control the temperature of bleed air delivered
to the aircraft 122 within a predetermined range. Alternatively, or in addition, the control
valve 720 may be in communication with a pressure sensor at the discharge of the turbine
240. In instances where the discharge pressure 1s too low, the control valve 720 may
receive pressure readings from the pressure sensor and, based upon program parameters,
open or close valves 1n series with the bypass line 710 1n order to increase and control the

pressure of bleed air delivered to the aircraft 122 within a predetermined range.

[0037] Referring to FIG. 4, a second exemplary cold air cooling system 300 1s configured
to supply unregulated bleed air from a high pressure compressor (HPC) section of a jet
engine 112 to an aircraft 122 at a temperature that 1s below the temperature of the air
flowing into the engine 112. For 1llustration purposes only, the second exemplary cold
air cooling system 300 will be explamed for use with the TMS loop 150 from the first
exemplary embodiment. Accordingly, like reference numerals refer to similar structures
as discussed pursuant to the first exemplary embodiment and will not be repeated 1n

furtherance of brevity.

[0038] As with the first exemplary embodiment, the second exemplary cold air cooling
system 300 includes a bleed air inlet feed 400 that 1s unregulated from the HPC section of
the engine 112. This bleed air inlet feed 400 supplies high pressure and high temperature

compressed air to a first precooler 410. In exemplary form, this first precooler 410

10
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facilitates the transfer of thermal energy from the high pressure and high temperature
bleed air to air that 1s drawn 1nto the engine 112. The bleed air output from the precooler
410 may have a significantly reduced temperature, but its pressure will not be
significantly changed. This lower temperature, high pressure air 1s fed into a turbine 440
having a variable arca turbine nozzle. As with the foregoing embodiments, the variable
arca turbine nozzle may be replaced with a multiple position turbine nozzle or a fixed

arca turbine nozzle.

[0039] Work performed by the high pressure bleed air turning the turbine 440 may be
utilized to power other equipment associated with the engine 112 or aircraft 122, with the
output bleed air having a significantly reduced pressure and temperature. By way of
example, the turbine 440 may be utilized to power a generator 475, mechanically rotate
gears of a gearbox 480, drive a pump 4835, or any combination of the foregoing
mechanical device utilized for transfer of work associated with either the engine 112 or
aircraft 122. Those skilled 1n the art will understand that the turbine 440 may be
mechanically or fluidically linked to one or more of the foregoing components to
capitalize upon the work performed by the high pressure bleed air rotating the turbine. In
exemplary form, the temperature of the bleed air output from the turbine 440 1s lower
than the flow path temperature of air coming out of the precooler 410. This, again, 18 1n
stark contrast to prior art bleed air cooling systems that were unable to deliver bleed air to
the aircraft 122 at a temperature below that of the ambient flow path air coming into the

engine 112.

[0040] Referencing FIG. 5, a third exemplary cold air cooling system 500 1s configured
to supply unregulated bleed air from a high pressure compressor (HPC) section of a jet
engine 112 to an aircraft 122 at a temperature that 1s below the temperature of the air
flowing into the engine 112. For illustration purposes only, the third exemplary cold air
cooling system 500 will be explained for use with the TMS loop 150 from the first
exemplary embodiment. Accordingly, like reference numerals refer to similar structures
as discussed pursuant to the first exemplary embodiment and will not be repeated 1n

furtherance of brevity.

11
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[0041] As with the first exemplary embodiment, the third exemplary cold air cooling
system 500 includes a bleed air inlet feed 600 that 1s unregulated from the HPC section of
the engine 112. This bleed air inlet feed 600 supplies high pressure and high temperature
compressed air to a first precooler 610. In exemplary form, this first precooler 610
facilitates the transfer of thermal energy from the high pressure and high temperature
bleed air to air that 1s drawn into the engine 112. The bleed air output from the precooler
610 may have a significantly reduced temperature, but its pressure will not be
significantly changed. This lower temperature, high pressure air 1s fed into a turbine 640
having a variable area turbine nozzle. As with the foregoing embodiments, a multiple
position turbine nozzle or a fixed area turbine nozzle may be used 1n licu of the variable

arca turbine nozzle.

[0042] Work performed by the high pressure bleed air turning the turbine 640 may be
utilized to power other equipment associated with the engine 112 or aircraft 122, with the
output bleed air having a significantly reduced pressure and temperature. By way of
cxample, the turbine 640 1s utilized to power a compressor 650 on the outlet side of an
engine cooler 660. By way of example, the engine cooler 660 draws 1n flow path
temperature air via an inlet 670 at a predetermined pressure. The flow path temperature
alr acts as a thermal sink to draw heat away from a heat source associated with the cooler
660 and exits the cooler at a pressure lower than the outlet pressure discharge 680 of the
compressor 650. The pressure differential across the compressor 650 1s operative to pull
air into the compressor and ultimately through the 1nlet 670. Those skilled 1n the art will
understand that the turbine 640 may be mechanically or fluidically linked to the
compressor 650 to capitalize upon the work performed by the high pressure bleed air
rotating the turbine. In exemplary form, the temperature of the bleed air output from the
turbine 640 1s lower than the flow path temperature of air coming out of the precooler
610. This, once again, 1s 1n stark contrast to prior art bleed air cooling systems that were
unable to deliver bleed air to the aircraft 122 at a temperature below that of the air
coming into the engine 112. Additionally, the bleed air output (1.¢., the output fluid) can
have an output temperature that 1s less than about half of the extracted temperature of the

bleed air (e.g., less than about a third of the extracted temperature).
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[0043] Referring to FIG. 8, an exemplary method 800 1s shown for providing regulated
air to an aircraft thermal management system having a thermal load. The method
includes receiving and cooling at 802 from a jet engine into a first precooler. Generally,
the unregulated air has an input pressure and an input temperature when received into the
first precooler. Then, the first precooler can cool the unregulated air to a first
temperature. A first portion 803 of the unregulated air can then be compressed at 804 to
a first pressure via a compressor (€.£., a cooling system compressor). The first portion of
the unregulated air can then be optionally cooled at 806 (¢.g., 1n a cooling system
precooler). The first portion of unregulated air 1s then received at 808 into a turbine (e.g.,
in a cooling system turbine) having a variable area turbine nozzle. The second portion
809 of the unregulated air 1s cooled at 810 via a second precooler to a second
temperature. The first portion of the unregulated air and the second portion of the
unrcgulated air are 1n separate flow paths, as shown. Finally, the first portion of
unregulated air 1n the second portion of unregulated air are regulated at 812 to a
discharge temperature and a discharge pressure selected to meet requirements of the
aircraft thermal management system by extracting work from the turbine. In certain
embodiments, the extracted work can be provided to a mechanical device utilized for

transfer of work, such as a compressor, a gearbox, a generator, or a pump.

[0044] Referring to FIG. 9, an exemplary method 900 1s shown for providing regulated
air to an aircraft thermal management system having a thermal load. The method
includes receiving and cooling at 902 from a jet engine 1nto a first precooler. Generally,
the unregulated air has an input pressure and an input temperature when received into the
first precooler. Then, the first precooler can cool the unregulated air to a first
temperature. The unregulated air 1s then compressed at 904 to a first pressure via a
compressor (€.£., in a cooling system compressor). Then, the compressed unregulated air
can be optionally cooled at 906 (¢.g., in a cooling system precooler). A first portion 907
of the unregulated air 1s then received and expanded at 908 1nto a turbine having a
variable area turbine nozzle. The second portion 909 of the unregulated air bypasses at
910 the turbine from the cooling system compressor. In a discharge conduit, the first

portion of unregulated air and the second portion of unregulated air are regulated at 912
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to a discharge temperature and a discharge pressure selected to meet requirements of the
aircraft thermal management system by extracting work from the turbine. In certain
embodiments, the extracted work can be provided to a mechanical device utilized for

transfer of work, such as a compressor, a gearbox, a generator, or a pump.

[0045] In such methods, the first and second precoolers can use fan stream air from the
jet engine as a heat sink fluid, with the fan stream air having a fan stream temperature and
a fan stream pressure. In one embodiment, the discharge temperature is less than the fan
strcam temperature. For example, the jet engine can operate at sea level static conditions

with a fan stream pressure that 1s above about 17 psi at 1dle and/or above about 30 psi at

take-off.

[0046] The regulated air can provide a reduction of more than about 10% of the thermal
load of the aircraft thermal management system, such as more than about 60%. For

example, the regulated air can provide reduction of more than about 4 kW of thermal load

to about 90 kW of thermal load.

[0047] It should be noted, however, that air other than flow path air may be utilized as
the thermal sink for any of the precoolers 210, 230, 410, 610, 730. Morcover, while the
foregoing exemplary embodiments have been described as including precoolers, 1t should

be understood that a precooler 18 synonymous with a heat exchanger.

[0048] It should also be understood that while the systems 100, 280, 300, 500, 700 have
been described as being associated with a jet engine 112, it 1s also within the scope of the
disclosure to have these systems 1n fluid communication with other vehicles for use on

water or land (¢.g., boats and automobiles).

[0049] FIG. 7 1llustrates a cross-sectional view of one embodiment of a gas turbine
engine 112 that may be utilized within an aircraft in accordance with aspects of the
present subject matter, with the engine 112 being shown having a longitudinal or axial
centerline axis 12 extending therethrough for reference purposes. Although shown as a

turbofan jet engine, any suitable jet engine can be utilized with the cooling system
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described herein. For example, suitable jet engines include but are not limited to high-
bypass turbofan engines, low-bypass turbofan engines, turbojet engines, turboprop

engines, turboshaft engines, propfan engines, and so forth.

[0050] As shown 1n Fig. 7, the exemplary engine 112 may include a core gas turbine
engine (1indicated generally by reference character 14) and a fan section 16 positioned
upstream thercof. The core engine 14 may generally include a substantially tubular outer
casing 18 that defines an annular 1nlet 20. In addition, the outer casing 18 may further
enclose and support a booster compressor 22 for increasing the pressure of the air that
enters the core engine 14 to a first pressure level. A high pressure, multi-stage, axial-
flow compressor 24 may then receive the pressurized air from the booster compressor 22
and further increase the pressure of such air. The pressurized air exiting the high-
pressure compressor 24 may then flow to a combustor 26 within which fuel 1s 1njected
into the flow of pressurized air, with the resulting mixture being combusted within the
combustor 26. The high energy combustion products are directed from the combustor 26
along the hot gas path of the engine 10 to a first (high pressure) turbine 28 for driving the
high pressure compressor 24 via a first (high pressure) drive shaft 30, and then to a
second (low pressure) turbine 32 for driving the booster compressor 22 and fan section 16
via a second (low pressure) drive shaft 34 that 1s generally coaxial with first drive shaft
30. After driving each of turbines 28 and 32, the combustion products may be expelled

from the core engine 14 via an exhaust nozzle 36 to provide propulsive jet thrust.

[0051] Additionally, as shown 1n FIG. 7, the fan section 16 of the engine 10 may
generally include a rotatable, axial-flow fan rotor 38 that configured to be surrounded by
an annular fan casing 40. It should be appreciated by those of ordinary skill 1n the art that
the fan casing 40 may be configured to be supported relative to the core engine 14 by a
plurality of substantially radially-extending, circumferentially-spaced outlet guide vanes
42. As such, the fan casing 40 may enclose the fan rotor 38 and 1ts corresponding fan
rotor blades 44. Morcover, a downstream section 46 of the fan casing 40 may extend over
an outer portion of the core engine 14 so as to define a secondary, or by-pass, airflow

conduit 48 that provides additional propulsive jet thrust.
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[0052] During operation of the engine 10, 1t should be appreciated that an mnitial air flow
(indicated by arrow 50) may enter the engine 10 through an associated inlet 52 of the fan
casing 40. The air flow 50 then passes through the fan blades 44 and splits into a first
compressed air flow (indicated by arrow 54) that moves through conduit 48 and a second
compressed air flow (indicated by arrow 56) which enters the booster compressor 22. The
pressure of the second compressed air flow 56 1s then increased and enters the high
pressure compressor 24 (as indicated by arrow 58). After mixing with fuel and being
combusted within the combustor 26, the combustion products 60 exit the combustor 26
and flow through the first turbine 28. Thereafter, the combustion products 60 flow

through the second turbine 32 and exit the exhaust nozzle 36 to provide thrust for the

engine 10.

[0053] As used herein, flow path temperature refers to the median temperature of a fluid,
namely air, while 1t 1s flowing through a predetermined section/stage of a jet engine.
More specifically, flow path temperature can be no lower than the lowest temperature air
drawn 1nto the intake of a jet engine. As air 1s drawn 1nto the intake and compressed, the
air will increase 1n temperature and, accordingly, have a flow path temperature near the
end of the compressor section that 1s above that of the flow path temperature of air at the

intake.

[0054] It should also be noted that while the foregoing exemplary embodiments have
been described 1n the context of an aircraft, the instant disclosure is equally applicable to
vehicles beyond aircraft. Any vehicle having cabin or other cooling needs may be
addressed using the present disclosure. For example, a boat that 1s jet powered may
benefit from the exemplary embodiments of the instant disclosure to provide cooling to
the cabin and/or the electronics associated with the boat. Consequently, the foregoing
disclosure 1s by no means limited 1n application to aircraft, but rather is applicable to any
vehicle utilizing jet power to provide a cooling stream wherever beneficial. Those skilled
in the art will readily recognize the utility of the present disclosure in the context of other

vehicles.
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[0055] Following from the above description, 1t should be apparent to those of ordinary
skill 1n the art that, while the methods and apparatuses herein described constitute
exemplary embodiments of the present disclosure, 1t 1s to be understood that the
disclosures contained herein are not limited to the above precise embodiments and that
changes may be made without departing from the scope of the disclosure. Likewise, it 18
to be understood that 1t 1s not necessary to meet any or all of the 1dentified advantages or
objects of the disclosure 1n order to fall within the scope of the disclosure, since inherent
and/or unforeseen advantages of the present disclosure may exist even though they may

not have been explicitly discussed herein.
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WHAT IS CLAIMED IS:

1. A cooling system 1n fluid communication with bleed air from a jet engine
compressor, the cooling system comprising:

a first precooler 1n fluid communication with the bleed air from the jet engine
COMpressor;

a heat exchanger 1n fluild communication with and downstream from the first
precooler;

a cooling system compressor in fluid communication with and downstream from
the first precooler, wherein the heat exchanger and the cooling system compressor are 1n
separate flow paths from the first precooler;

a cooling system precooler 1n fluid communication with and downstream from the
cooling system compressor;

a cooling system turbine 1n fluid communication with and downstream from the
cooling system precooler; and

a discharge conduit downstream from the cooling system turbine and the heat
cxchanger.

2. The cooling system of claim 1, further comprising:

a discharge valve 1n fluild communication with and downstream from the heat
exchanger, wherein the discharge valve 18 upstream from the discharge conduat.

3. The cooling system of claim 2, wherein the discharge valve 1s configured
to control fluid flow from the heat exchanger to the discharge conduat.

4. The cooling system of claim 1, wherein the cooling system turbine has a
variable area turbine nozzle.

5. The cooling system of claim 4, wherein the variable arca turbine nozzle 1s
configured to control fluid flow from the cooling system turbine to the discharge conduat.

0. The cooling system of claim 1, further comprising:

a control valve 1n fluid communication with and downstream from the first
precooler, wherein the control valve comprises a first outlet in fluid communication with
and upstream from the heat exchanger, and wherein the control valve comprises a second

outlet in fluid communication with and upstream from the cooling system turbine.
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7. The cooling system of claim 6, wherein the control valve 1s configured to
regulate control fluid flow to each of the heat exchanger and the cooling system turbine.

8. The cooling system of claim 1, further comprising:

a bypass line 1n fluid communication with and downstream from the cooling
system precooler, wherein the bypass line 18 1in fluid communication with and upstream
from the discharge conduit, and wherein the bypass line provides selective fluid
communication between an inlet side and a discharge side of the cooling system turbine
to bypass the cooling system turbine.

9. The cooling system of claim 8, further comprising:

a control valve 1n series with the bypass line.

10.  The cooling system of claim 1, wherein the bleed air has an extracted
temperature, and wherein the discharge conduit provides an output fluid having an output
temperature that 1s less than about half of the extracted temperature of the bleed air.

11. A jet engine comprising;:

an engine compressor;

a combustor 1n flow communication with the engine compressor;

an engine turbine in flow communication with the engine combustor to receive
combustion products from the engine combustor; and

the cooling system of claim 1, wherein the cooling system 1s i fluid
communication with bleed air from the engine compressor.

12.  An airplane comprising:

the jet engine of claim 11; and

at least one of an aircraft thermal management system and an aircraft
environmental control system, wherem the discharge conduit 1s 1n fluid communication
with the at Ieast one of the aircraft thermal management system and the aircraft
environmental control system.

13.  The airplane as in claim 12, wherein the cooling system supplies air to the
at least one of the aircraft thermal management system and the aircraft environmental
control system at a temperature that 1s about half of the temperature of the bleed air from

the engine compressor.
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14. A method of cooling bleed air in a jet engine, the method comprising:

extracting bleed air from a jet engine compressor;

directing the bleed air to a first precooler, wherein the bleed air has an extracted
tempcerature,

reducing the extracted temperature of the bleed air to a second temperature 1n the
first precooler;

thereafter, directing a first portion of the bleed air to a heat exchanger and
directing a second portion of the bleed air to a cooling system compressor such that the
first portion and the second portion define separate flow paths;

flowing the first portion of the bleed air through a heat exchanger to reduce the
second temperature of the first portion to a third temperature;

flowing the second portion of the bleed air sequentially through the cooling
system compressor, a cooling system precooler, and a cooling system turbine to reduce
the second temperature of the second portion to a fourth temperature, wherein the fourth
temperature 1s less than the extracted temperature; and

therecafter, mixing the first portion and the second portion in a discharge conduit.

15.  The method of claim 14, further comprising:

regulating the flow of the first portion of the bleed air flowing from the heat
exchanger with a discharge valve downstream from the heat exchanger.

16.  The method of claim 14, further comprising:

regulating the flow of the second portion of the bleed air flowing from the cooling
system turbine with a variable area turbine nozzle attached to the cooling system turbine.

17.  The method of claim 14, further comprising:

regulating the tflow paths of the first portion of the bleed air to the heat exchanger
and the second portion of the bleed air to the cooling system compressor.

18.  The method of claim 14, further comprising:

diverting some of the bleed air flowing through the cooling system compressor,

the cooling system precooler, into a bypass line instead of the cooling system turbine.
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19.  The method as 1n claim 14, wherein the discharge conduit provides an
output fluid having an output temperature that 1s less than about half of the extracted
temperature of the bleed air.

20.  The method as in claim 19, further comprising:

providing the output fluid an output pressure to at least one of an aircraft thermal
management system and an aircraft environmental control system, wherein the cooling
system turbine controls the output pressure of the output fluid to meet requirements of the
at least one of the aircraft thermal management system and the aircraft environmental
control system.

21. A method of providing regulated air to an aircraft thermal management
system having a thermal load; the method comprising:

receiving unregulated air from a jet engine 1nto a first precooler, the unregulated
alr having an mput pressure and an input temperature;

cooling the unregulated air 1n the first precooler to a first temperature;

compressing a first portion of the unregulated air via a compressor to a first
pressure;

cooling a second portion of the unregulated air via a second precooler to a second
temperature, wherein the first portion of the unregulated air and the second portion of the
unrcgulated air are 1 separate flow paths;

recerving the first portion of the unregulated air downstream from the compressor
into a turbine having a variable arca turbine nozzle; and

expanding the first portion of unregulated air to a discharge temperature and a
discharge pressure selected to meet requirements of the aircraft thermal management
system by extracting work from the turbine.

22.  The method of claim 21, wherein the first and second precoolers use fan
stream air from the jet engine as a heat sink fluid, the fan stream air having a fan stream
temperature and fan stream pressure.

23.  The method of claim 22, wherein the discharge temperature 1s less than

the fan stream temperature.
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24.  The method of claim 22, wherein the jet engine operates at sea level static
idle conditions and the fan stream pressure 18 above about 17 psi.

23. The method of claim 22, wherein the jet engine operates at sea level static
take-off conditions and the fan stream pressure 1s above about 30 psi.

26.  The method of claim 21, wherein the extracted work 18 provided to a
mechanical device utilized for transfer of work, the device selected from the group
consisting of a compressor, a gearbox, a generator, and a pump.

27.  The method of claim 21, wherein the regulated air provides a thermal load
reduction of more than about 10%.

28.  The method of claim 21, wherein the regulated air provides a thermal load
reduction of more than about 60%.

29.  The method of claim 21, wherein the regulated air provides a thermal load

reduction of about 4 kW to about 90 kW.
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