wo 2011/071602 A2 I 10KV 00 YOO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN I VAN U 00 0N 0RO RO L A1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
16 June 2011 (16.06.2011) PCT WO 2011/071602 A2
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
B64D 13/00 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. L HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
PCT/US2010/053622 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
21 October 2010 (21.10.2010) SE, SG, 8K, SL, SM, ST, SV, S§Y, TH, TJ, TM, IN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
12/632,250 7 December 2009 (07.12.2009) UsS ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for all designated States except US): THE EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
BOEING COMPANY [US/US]; 100 North Riverside LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
Plaza, Chicago, Illinois 60606-2016 (US). SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
(72) Taventors; and GW, ML, MR, NE, SN, TD, TG).
(75) Inventors/Applicants (for US orly): GAO, Lijun Declarations under Rule 4.17:

74

31

[CN/US]; 510 Stevens Ave SW, P407, Renton, Washing-
ton 98057 (US). SHENGY]I, Liu [US/US]; 1914 263rd
CT SE, Sammamish, Washington 98075 (US). CHIEN,
Chin-Hsi [US/US]; 11870 SE 4Th PL. Unit 1000, Belle-
vue, Washington 98005 (US).

Agents: WOO, Euclid et al.; The Boeing Company, P.O.
Box 2515, MC 110-SD54, Seal Beach, California
90740-1515 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

as to the identity of the inventor (Rule 4.17(1))

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of

the earlier application (Rule 4.17(iii))
Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: THERMOELECTRIC GENERATOR ON AN AIRCRAFT BLEED SYSTEM

100
1 ?2
) 116 —
Wing / Cowl
108 E 5 — Anii-icing
! 110 14 System
1 ¥
Engine 1 ?4 114
Or 1 Haat
Motor Driven Exchanger — 148 —
Compressor Environmentai
: T a——y Control
112 H !f o T System
1214
n .
; Lo
196 { integration = e 120~
Thermoeleciric Nttmge_n
Generator Generation
System
-

122
FIG. 1

(57) Abstract: A device for producing electrical power. A thermoelectric device is coupled to an aircraft bleed system for generat-
ing electrical power using temperature differentials between ram air and bleed air.



10

15

20

25

WO 2011/071602 PCT/US2010/053622

THERMOELECTRIC GENERATOR ON AN AIRCRAFT BLEED SYSTEM

TECHNICAL FIELD

This application generally relates to power systems, and, more particularly, to the
integration of a thermoelectric device into an aircraft bleed system for producing electrical
power while reducing ram air intake.

BACKGROUND

Bleed air may be used by many systems on an aircraft. For example, in a nitrogen
generation system, bleed air may be used for nitrogen generation to inert fuel tanks to remove
potential hazardous situations arising from combustible combinations of oxygen, fuel vapors,
and ignition sources. In operation, the nitrogen generation system may extracts bleed air and
cool its temperature through the use of outside ram air within an air-to-air exchanger. In the
process of cooling the temperature of the bleed air, waste heat may be expelled with exhaust.
The regulated air may then be supplied to a pressurized chamber, such as an air separation stage,
where the air exhaust from the pressurized chamber or air drawn out of the pressurized chamber
may be separated into nitrogen enriched air and oxygen enriched air. The nitrogen enriched air
may thereafter be supplied to the fuel tanks.

Ram air may be utilized as a coolant within the air-to-air heat exchanger. The aircraft
may utilize ram air induction systems to capture air as a function of the movement of the
aircraft. The air may be channeled through conduits which lead to the air-to-air heat exchanger.
If the ram air induction is designed properly, when the aircraft is in motion, sufficient airflow
may be provided to the air-to-air heat exchanger as the aircraft travels through an air medium.
Air drag may directly affect the amount of energy used to overcome the amount of resistance
produced by the air drag. Consequently, when more ram air is taken in for cooling bleed air,
the greater the drag placed upon the aircraft.

Therefore, a need exists to provide a system and method to overcome the above issues.

1
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SUMMARY

A device for producing electric power comprising: a bleed air system; and a
thermoelectric device coupled to the bleed air system for generating the electrical power using
temperature differentials between ram air and bleed air.

A method for generating power on an aircraft bleed system comprising: receiving ram
air; receiving bleed air; and directing the ram air and the bleed air through a thermoelectric
generator coupled to the aircraft bleed system for generating electrical energy

A system comprising a thermoelectric device with an air-to-air heat exchanger receiving
bleed air, wherein said thermoelectric device produces electrical energy from a temperature
difference between said bleed air and ram air while cooling said bleed air

The features, functions, and advantages can be achieved independently in various

embodiments of the disclosure or may be combined in yet other embodiments.

BRIEF DESCRIPTION OF DRAWINGS

The novel features believed to be characteristic of the application are set forth in the
appended claims. In the descriptions that follow, like parts are marked throughout the
specification and drawings with the same numerals, respectively. The drawing figures are not
necessarily drawn to scale and certain figures may be shown in exaggerated or generalized form
in the interest of clarity and conciseness. The application itself, however, as well as a preferred
mode of use, further objectives and advantages therecof, will be best understood by reference to
the following detailed description of illustrative embodiments when read in conjunction with the
accompanying drawings, wherein:

FIGURE 1 shows a typical aircraft bleed system;

FIGURE 2 depicts a block diagram representing components of an illustrative nitrogen
generation system having a thermoelectric generator with air-to-air heat exchanger in

accordance with one embodiment;
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FIGURE 3 is a pictorial representation of the thermoelectric generator with air-to-air
heat exchanger receiving bleed air and ram air to produce electrical energy in accordance with
onc embodiment;

FIGURE 4 depicts a thermoelectric generator in accordance with one embodiment;

FIGURE 5 shows the integration of the thermoelectric generator with air-to-air heat
exchanger into an existing nitrogen generation system in accordance with one embodiment;

FIGURE 6 provides a block diagram illustrating a system architecture splitting the
thermoelectric generator and air-to-air heat exchanger in accordance with one embodiment;

FIGURE 6A depicts the integration of exemplary channeling within the nitrogen
generation system in accordance with one embodiment;

FIGURE 7 provides a block diagram illustrating a system architecture splitting the
thermoelectric generator and air-to-air heat exchanger in accordance with one embodiment;

FIGURE 7A depicts the integration of exemplary channeling within the nitrogen
generation system in accordance with one embodiment;

FIGURE 8A depicts a front view of a thermoelectric generator in accordance with one
embodiment;

FIGURE 8B is a sectional side view of the thermoelectric generator in accordance with
onc embodiment;

FIGURE 9A is a sectional side view of a thermoelectric generator in accordance with
onc embodiment; and

FIGURE 9B depicts a typical operation of the thermoelectric generator in accordance
with one embodiment.

DESCRIPTION OF THE APPLICATION
The description set forth below in connection with the appended drawings is intended as

a description of presently preferred embodiments of the application and is not intended to
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represent the only forms in which the present application may be constructed and/or utilized.
The description sets forth the functions and the sequence of steps for constructing and operating
the application in connection with the illustrated embodiments. It is to be understood, however,
that the same or equivalent functions and sequences may be accomplished by different
embodiments that are also intended to be encompassed within the spirit and scope of this
application.

FIGURE 1 shows a typical aircraft bleed air system 100 where multiple locations may
be identified for thermoelectric generation. As provided for, the aircraft bleed system 100 may
typically include an engine or motor driven compressor 108, a heat exchanger 110, an exhaust
112, a bleed air duct 114, a wing/cowl anti-icing system 116, an environmental control system
118, a nitrogen generation system 120, and other systems 122 that may use bleed air 104. A
thermoelectric generator 106 may be integrated into a variety of locations or positions within the
aircraft bleed system 100 to generate electrical energy such as, but not limited to, the heat-
exchanger 110, the environmental control system 118, and nitrogen generation system 120.
The thermoelectric generator 106 may be coupled to other locations within or outside the
aircraft bleed system 100 where a temperature difference may be maintained so that the
electrical energy may be produced. One skilled in the relevant art will appreciate that the
aircraft bleed system 100 may contain more or less components and that FIGURE 1 is provided
for illustrative purposes.

Bleed air 104 may contain thermal energy that may be converted into useful electrical
energy through thermoelectric generator 106. As shown, the bleed air 104 may come from the
engine or motor driven compressor 108. Typically, the engine may produce bleed air 104 within
its gas turbines generally after the compressor stage and before fuel is injected into the burners.

Bleed air 104 often has a high pressure and high temperature.
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The heat-exchanger 110 may receive the bleed air 104 from the engine or motor driven
compressor 108. The heat-exchanger 110 may then cool the bleed air 104 typically using ram
air 102. As shown, the thermoelectric generator 106 may be implemented within the heat-
exchanger 110 to generate electrical energy taking advantage of the hot bleed air 104 and the
cool ram air 102 provided thereto.

Generally, however, the bleed air 104 may be provided to systems within the aircraft
bleed system 100 using bleed air duct 114. In one embodiment, the bleed air 104 may be
provided to the wing/cowl anti-icing system 116. Typically, the wing/cowl anti-icing system
116 may be designed to keep atmospheric ice from accumulating on flight surfaces, which may
ultimately disrupt the airflow across the wings or other surface.

The bleed air 104 may also be circulated to an environmental control system 118, which
takes the bleed air 104 and delivers it to the cabin in the form of fresh, conditioned air for on-
board passengers. In one embodiment, the bleed air 104 from the heat-exchanger 110 is further
cooled down through an air conditioner on the environmental control system 118.

As described above, the thermoeclectric generator 106 may be placed on the
environmental control system 118 to generate electrical energy. Using bleed air 104 and ram air
102 channeled through the bleed air duct 114, clectrical energy may be produced using the
temperature gradient between the two.

The bleed air 104 may also be provided to other systems 122, some which may produce
electrical energy using a thermoelectric generator 106. In one example, the bleed air 104 may
be used for pneumatic actuators. One skilled in the relevant art will appreciate that there are a
variety of applications in which bleed air 104 may be used and those presented above do not
limit the scope of the present application.

As shown, and in one embodiment, the bleed air 104 may be provided to a nitrogen

generation system 120. FIGURE 2 depict an exemplary block diagram representing typical
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components of an illustrative nitrogen generation system 120 having a thermoelectric generator
with air-to-air heat exchanger 200 in accordance with one embodiment. While the current
embodiment depicts the thermoelectric generator coupled to the air-to-air heat exchanger,
multiple configurations may be used. For example, the thermoelectric generator may be outside
of the nitrogen generation system 120 and separate from the air-to-air heat exchanger. In one
alternative, conduits may be positioned so that the thermoelectric generator 106 does not have to
be near the air-to-air heat exchanger. Details regarding the thermoelectric generator 106 with
the air-to-air heat exchanger 200 will be described in more detail below.

The nitrogen generation system 120 may receive ram air 102 and bleed air 104 and expel
ram air exhaust 206 and provide nitrogen enriched air to a fuel tank 208. Ram air 102 generally
refers to cool or cold air and is represented by longer lines as shown in FIGURE 2. Ram air
102, in one embodiment, may be taken at 0 °C or below 0 °C at an aircraft cruising altitude on a
typical hot day. Cool ram air 102, as will be shown below, may be used to create a temperature
difference for a thermoelectric generator 106 to generate useful electric power.

Ram air 102 may be received through intakes on the aircraft. In one embodiment, the
ram air may be introduced from a ram scoop. It may be recognized that ram air 102 may be
taken from a variety of sources and is not limited to the ram air intake described above. Cool air
may be substituted for or simultancously refer to ram air 102.

As will be shown, the bleed air 104 may be cooled using ram air 102 in order to filter
and separate the air into nitrogen and oxygen by the nitrogen generation system 120. Bleed air
104 often contains a portion of waste heat. Thermoelectric generation using the waste heat
contained in bleed air 104 or nitrogen system does not in general increase the extraction of bleed
air 104.

Bleed air 104, represented as dotted lines within FIGURE 2, is generally air received from an

engine compressor or an independent motor driven compressor 108. Using the ram air 102 and
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bleed air 104, a temperature differential is produced which may allow the thermoelectric
generator 106 to produce electrical power.

In most embodiments, the nitrogen generation system 120 is connected to the aircraft
fuel tank 208. Because nitrogen enriched air has an inerting function for fuel tanks, it may
stabilize the fuel tank 108 from unwanted hazards.

Within the nitrogen generation system 120, may be the ozone converter 212, the
thermoelectric generator with air-to-air heat exchanger 200, and the filter / air separation stage
214. As shown in FIGURE 2, the ozone converter 212 may receive incoming bleed air 104
before the thermoelectric generator with air-to-air heat exchanger 200.

Bleed air 104 from the ozone converter 212 may be fed into the thermoelectric generator
with the air-to-air heat exchanger 200. The thermoelectric generator 106 may produce electrical
energy using the temperature differential of the ram air 102 and the bleed air 104. In addition,
the air-to-air heat exchanger cools or lowers the temperature of the bleed air 104 using the ram
air 102. Cooling the air down allows it to be used by other systems within the aircraft. In one
embodiment, the temperature of the cooled bleed air 104 is 85 °C. A portion of the ram air 102
used to cool the bleed air 104 may be expelled through the ram air exhaust 206.

Cooled bleed air 104 may then be sent to the filter / air separation stage 214. The filter /
air separation stage 214 may separate nitrogen and oxygen enriched fractions from the cooled
bleed air 104. There are numerous ways to separate the nitrogen and oxygen from each other
known to those skilled in the relevant art. Nitrogen enriched air may then be sent to the fuel
tank 208.

While several components were described in FIGURE 2, one skilled in the relevant art will
appreciate that fewer or additional parts may be placed within the nitrogen generation system
120. The above-described nitrogen generation system 120 is for illustrative purposes and should

not be construed as limiting to the scope of the present application.
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In essence, the thermoelectric generator 106 integrated into the nitrogen generation
system 110 may convert waste heat into electrical power. In one embodiment, the
thermoelectric generator may provide electrical power about 10% of the waste heat carried in
bleed air. This may be limited by the efficiency of the thermoelectric device. The
thermoelectric device may also reduce the ram air 102 used to cool the bleed air 104. When less
ram air 102 is used, the aircraft air drag may also be reduced.

In previous nitrogen generation systems 120, when bleed air 104 was cooled, heat
content carried by the bleed air 104 was disposed through the ram air 102 cooling process. As
shown in FIGURE 3, by coupling the thermoelectric generator 106 to the nitrogen generation
system 120, or to the other systems provided above, the thermoelectric generator 106 may
produce electrical power 304 using the bleed air 104 taking advantage of the heat that would
have otherwise been wasted. By passing the ram air 102 on one side of the thermoelectric
generator 106 and bleed air 104 on the other, clectrical power 304 is produced by the
thermoelectric generator 106.

The thermoelectric generator 106 may be a solid state power generation device.
Typically, the generator 106 is compact, quiet, and very robust. Because of the lack of moving
parts and its simplicity, the generator 106 may be low maintenance. Furthermore, the generator
106 may offer weight, volume, and cost savings for the aircraft power system.

Generally, the direction of the air flow of either the ram air 102 or the bleed air 104 does
not affect the principle operation of the thermoelectric generator 106 as the thermoelectric
generator 106 merely takes the differences in temperature between the two to generate electrical
power 304. In some embodiments, however, the air flow direction may affect overall energy
conversion efficiency. As provided for in FIGURE 3 and consistent with FIGURE 2, the ram
air 102 is represented by longer lines and the bleed air 104 is depicted using dotted lines.

For illustrative purposes, and not limiting the presented application herein, FIGURE 4
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depicts one embodiment of a thermoelectric generator 106. The generator 106 takes advantage
of the thermal differential between opposing surfaces of a material. One surface 406 of the
material may be exposed to a relatively hot temperature, while an opposing surface 408 may be
exposed to a relatively cold temperature. The amount of electric voltage 304 typically depends
on the temperature differential in the bleed air 104 and the ram air 102. While most
thermoelectric generators 106 are unable to regulate thermal differentials, the electric voltage
304 provided by the thermoelectric generator 106 within the nitrogen generation system 120
may provide a consistent voltage as the ram air 102 and the bleed air 104 are often received at
consistent temperatures. Generally, electrical voltage 304 is generated when the temperature
difference is above a threshold value.

As shown in FIGURE 4, the thermoelectric generator 202 may include an n-type
element 402 and a p-type element 404. Charge may flow through the n-type element 402 and
into the p-type element 404 when the bleed air 104 is applied. Generally, electrons in the n-type
clement 402 may move opposite the direction of current and holes in the p-type clement 404
may move in the direction of current, both removing heat from one side 406 of the
thermoelectric generator 106 to the other 408. The heat source may drive electrons in the n-type
clement 402 toward the cooler region, thus creating a current through the thermoelectric
generator 106. Holes in the p-type element 404 may then flow in the direction of the current.
The current may then be used to power a load, thus converting the thermal energy into electrical
energy 304. When both ends 406 and 408 of the thermoelectric generator 106 are kept at a
constant temperature difference, there is a constant power flow at a given load condition.
Because heat is removed from the bleed air to generate electrical energy 204, the amount of ram
air 102 used to cool down the bleed air 104 may be reduced.

The thermoelectric generator 106 described above is one exemplary embodiment and

should not be seen in a limiting scope. One skilled in the relevant art will appreciate that there
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are a many different types of thermoelectric generators 106 that may produce electrical power
304 using temperature differences. Furthermore, the bleed air 104 and the ram air 102 may be
interchanged to flow on opposite ends to produce electrical energy 204. For example, ram air
102 may be channeled across end 406, while bleed air 104 may be channeled across end 408.

Now referring to FIGURE 5, the thermoelectric generator with the air-to-air heat
exchanger 200 is integrated into the nitrogen generation system 120 in accordance with one
embodiment. As shown by the dotted line 526, the thermoelectric generator with the air-to-air
heat exchanger 200 may be placed into an existing nitrogen generation system 120 or any of the
previous systems described above. System control 502 typically requires little to no changes for
incorporating the thermoelectric generator with the air-to-air heat exchanger 200.

The system control 502 may maintain and manage controllers through several control
lines. In one embodiment, the controllers may be turned off or on. Alternatively, the controllers
may be turned on or off to a certain level. For example, controllers may allow 90% of air flow
to pass through. The system control 502, in accordance with one embodiment, may be coupled
to a ram air controller 506 through line 504. Bleed air control valve 510 may be connected to
the system control 502 through line 508 and bypass flow valve 514 may be connected to the
system control 502 through line 512.

In operation, a determined amount of ram air 102 and bleed air 104 may be fed into the
nitrogen generation system 120. By using control line 504, the system control 502 may increase
or reduce the amount of ram air 102 fed into the system 120 through controller 506. As shown,
the ram air 102 may be fed directly into the thermoelectric generator with the air-to-air heat
exchanger 200 or may be filtered before going to the thermoelectric generator with the air-to-air
heat exchanger 200. The ram air 102 may then be expelled through the ram air exhaust 206. As
described above, the larger the amount of ram air intake, the more drag typically created within

the aircraft.

10
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In addition, control line 508 may be used by the system control 502 to increase or reduce
the amount of bleed air 104 fed into the system 120 through control valve 510. Typically, bleed
air 104 may come from an engine or motor driven compressor 108. The bleed air 104 may then
be fed into the ozone converter 512 as depicted in FIGURE 5.

While the bleed air 104 still maintains its high temperature, the ozone converter 212 may
reduce the levels of ozone within the bleed air 104. The bleed air 104 may be passed through
the thermoelectric generator with the air-to-air heat exchanger 200 or the thermoeclectric
generator with the air-to-air heat exchanger 200 may be bypassed altogether dependent on the
bypass flow valve 514 and control line 512. To determine whether the thermoelectric generator
with the air-to-air heat exchanger 200 may be bypassed, the system control 502 may include a
temperature monitoring line 516. Typically, when the bleed air 104 is cool enough to be
separated, the thermoelectric generator with the air-to-air heat exchanger 200 may be bypassed
using bypass flow valve 514 and control line 512. Alternatively, when the bleed air 104 is not
cool enough, the bypass flow valve 514 may prevent bleed air 104 from flowing through
causing the bleed air 104 to flow through the thermoelectric generator with the air-to-air heat
exchanger 200. In essence, the bypass flow valve 514 may monitor and control the temperature
of the bleed air 104 provided to the filter / air separation stage 214.

While the bypass flow valve 514 along with control line 512 may be used to monitored
the temperature of the bleed air 104, one skilled in the relevant art will appreciate that there are a
number of ways to ensure that the filter / air separation stage 214 is provided with bleed air 104
having the correct temperature. In one embodiment, the system control 502 may reduce or
increase the amount of bleed air 104 coming through bleed air control valve 510 using control
line 508. Alternatively, the amount of ram air 102 may be regulated by ram air controller 506
through line 504.

After the bleed air 104 is cooled, the bleed air 104 may be fed into the filter / air

11
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separation stage 214 where the bleed air 104 may be separated into oxygen enriched air 522 and
nitrogen enriched air 524. The oxygen enriched air 522 may be provided as exhaust 106 while
the nitrogen enriched air 524 may be placed in a fuel tank 208, which as described carlier may
remove volatile combinations of oxygen, fuel vapors, and ignition sources.

In typical embodiments, the system control 502 may indicate system status through a
display 518. The system control 502 may also be managed and manipulated through external
controls 520. System control 502 may take the form of an entirely hardware embodiment, an
entirely software embodiment, or an embodiment containing both hardware and software
elements. In one embodiment, the system control 502 is implemented in software, which
includes but is not limited to firmware, resident software, microcode, etc. The hardware may
include a processing unit, a system memory, and a system bus that operatively couples various
System components.

Previously, the thermoelectric generator with the air-to-air heat exchanger 200 was
described as a single unit. FIGURE 6 provides a block diagram illustrating a system
architecture splitting the thermoelectric generator 106 and air-to-air heat exchanger 604 in
accordance with another embodiment. The nitrogen generation system 120 may receive ram air
102 and bleed air 104 and expel ram air exhaust 206 and provide nitrogen enriched air to a fuel
tank 208.

As shown, the thermoelectric generator with the air-to-air heat exchanger 200 is
expanded. The ram air 102, indicated on the lower portion of the expanded section, may be first
channeled through the thermoelectric generator 106 and then through a counter-flow air-to-air
heat exchanger 604. The bleed air 104, provided on the top portion of the expanded portion,
may be first provided to the thermoelectric generator 106. Following, the bleed air 104 may be
fed to the air-to-air heat exchanger 604.

Typically, the relative air flow directions of ram air 102 and bleed air 104 may result in

12
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different temperature differentials in the course of flow, therefore it may have different electrical
power 304 production. Using the ram air 102, the bleed air 104 may be cooled to a temperature
suitable for the filter / air separation stage 114 whereby the nitrogen generation system 110
separates the air into nitrogen and oxygen enriched fractions.

FIGURE 6A depicts the integration of the exemplary channeling for the ram air 102 and
the bleed air 104 into the nitrogen generation system 120 in accordance with one embodiment.
As shown, the controllers and control lines are similar to those described before. In the
illustration, the bleed air 102 may be fed into the thermoelectric generator 106 first and then
through the air-to-air heat exchanger 604. The ram air 104 may be channeled first through the
thermoelectric generator 106 and then through the counter-flow air-to-air heat exchanger 604.
Power may be produced by the thermoelectric generator 106 as a result of the temperature
differential of the bleed air 104 and the ram air 102. Because the thermoelectric generator 106
reduces some of the heat within the bleed air 104, the amount of ram air 102 to cool down the
bleed air 104 may be reduced.

FIGURES 6 and 6A show illustrative channeling to feed the ram air 102 and bleed air
104 first to the thermoelectric generator 106 and then to the air-to-air heat exchanger 604. One
skilled in the relevant art will appreciate that there may be a number of different ways to channel
the ram air 102 and the bleed air 104 within the nitrogen generation system 120.

FIGURE 7 provides a block diagram illustrating a system architecture for an alternative
channeling of the bleed air 104 and ram air 102 in accordance with one embodiment. Generally,
the nitrogen generation system 120 may receive ram air 102 and bleed air 104 and expel ram air
exhaust 206 and provide nitrogen enriched air to a fuel tank 208. The thermoelectric generator
with the air-to-air heat exchanger 200 is expanded as shown. The ram air 102, indicated on the
lower portion of the expanded section, may be first channeled through the backside of the

thermoelectric generator 106 and then through the backside of the air-to-air heat exchanger 604.

13
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In addition, the bleed air 104, provided on the top of the expanded portion, may first be
provided to the thermoelectric generator 106. Following, the bleed air 104 may be fed to the air-
to-air heat exchanger 604. The thermoelectric generator 106 may produce electrical energy 304
and the air-to-air exchanger 604 may cool the bleed air 104 for the filter / air separation stage
214 whereby the nitrogen generation system 120 separates the air into nitrogen and oxygen
enriched fractions.

FIGURE 7A depicts the integration of an alternative channeling into the nitrogen
generation system 120 in accordance with one embodiment. In the illustration, the bleed air 104
may be fed into the thermoelectric generator 106 first and then through the air-to-air heat
exchanger 604. The ram air 104 may be channeled first through the backside of the
thermoelectric generator 106 and then through the backside of the air-to-air heat exchanger 604.
Electrical power 304 may be produced by the thermoelectric generator 106 as a result of the
temperature differential of the bleed air 104 and the ram air 102. Because the thermoelectric
generator 106 reduces some of the heat within the bleed air 104, the amount of ram air 102 to
cool down the bleed air 104 may be reduced.

While two examples of channeling the ram air 102 and the bleed air 104 were shown,
one skilled in the relevant art will appreciate that there are numerous configurations in
channeling the air flow. Furthermore, the air-to-air heat exchanger 604 and the thermoelectric
generator 106, as previously shown, do not have to be separated, but instead may be
incorporated into the same structure.

FIGURES 8A and 8B depict one embodiment of a thermoelectric generator 106. As
depicted in FIGURE 8A, the thermoelectric generator 106 may include an inside tube 804 and
an outside tube 806 with a thermoelectric element 802 between them. The thermoelectric
generator 106 may receive ram air 102 through one end and bleed air 104 through the other.

Using the temperature differential, the thermoelectric generator 202 may produce electrical

14
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energy 304.

FIGURE 8B is a sectional side view of the thermoelectric generator 106 in accordance
with one embodiment. As shown, the ram air 102 may be sent through the outside tube 806
while the bleed air 104 may be sent through the inside tube 804. Between the outside tube 806
and the inside tube 804 may be thermocelectric elements 802 to generate electrical power 304.
While the ram air 102 may be provided through the outer tube 806 and the bleed air 104 within
the inner tube 804, they may be interchanged. Furthermore, the air flow may be switched
depending on the channeling described above.

FIGURE 9A is a sectional side view of another thermoelectric generator 106. As
shown, the thermoelectric generator 106 may have one end 902 and a second end 904.
Separating each end may be a thermoelectric element 802. As shown in FIGURE 9B, bleed air
104 may pass over end 902, while ram air may pass over end 904 so that the thermoelectric
clement 802 may generated electrical power 304. Each of the thermoelectric generators 106 can
be provided within any system described above including, but not limited to, the systems shown
in FIGURE 1.

While embodiments of the disclosure have been described in terms of various specific
embodiments, those skilled in the art will recognize that the embodiments of the disclosure can

be practiced with modifications within the spirit and scope of the claims.
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CLAIMS

What is claimed is:
1. A device for producing electrical power comprising;:

a bleed air system (100); and

a thermoelectric generator (106) coupled to said bleed air system (100) for generating
said electrical power using temperature differentials between ram air and bleed air.
2. The device of claim 1, wherein said bleed air system (100) comprises:

an ozone converter (212) for reducing ozone levels within said bleed air; and

an air-to-air heat exchanger (200) for receiving said ram air and said bleed air from said
ozone converter (212).
3. The device of claims 1 and 2, wherein said thermoelectric generator (106) is coupled to
an air-to-air heat exchanger (200).
4 The device in any of claims 1-3, wherein said bleed air system (100) comprises a system
control for monitoring and managing said ram air and said bleed air.
5. The device in any of claims 1-4, wherein an air-to-air heat exchanger (200) cools said
bleed air using said ram air.
6. The device in any of claims 1-5, further comprising a nitrogen generation system (120)
coupled to said thermoelectric generator (106).
7. A method for generating power on an aircraft bleed system comprising:

receiving ram air;

receiving bleed air; and

directing said ram air and said bleed air through a thermoelectric generator (106) coupled
to said aircraft bleed system for generating electrical energy.
8. The method of claim 7, further comprising cooling said bleed air by said thermoelectric

generator (106) reducing an amount of ram air used by said aircraft bleed system.

16
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9. The method of claims 7 and 8, further comprising cooling said bleed air by said

thermoelectric generator (106) reducing an amount of ram air used by said aircraft bleed system.

17
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