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OXIDIZING AGENTS FOR EMERGENCY
POWER UNITS

TECHNICAL FIELD

[0001] The present disclosure relates to oxidizing agents,
and more particularly to oxidizing agents for emergency
power units (e.g., for aircraft).

BACKGROUND

[0002] Typical emergency power units use a ram air
turbine to generate power in an emergency as well as use
ram air as a coolant in one or more applications. A fuel cell
can be used as an emergency power unit, but the operating
temperature needs to be management to function properly.
Traditional thermal management systems for fuel cells can
be physically large, can be heavy, and/or can induce a drag
on the aircraft. Additionally, a fuel cell needs an oxidizing
agent to function. However, supplying compressible fluids
to the fuel cell in lower power applications can be difficult.
[0003] There is always a need in the art for improvements
to emergency power units in the aerospace industry, and in
particular, generating and/or supplying oxidizing agents for
said emergency power units. This disclosure provides a
solution for this need.

SUMMARY

[0004] In accordance with at least one aspect of this
disclosure, an emergency power unit system for an aircraft
includes a fuel cell system configured to generate power
using a fuel and an oxidant, and an oxidant supply system
fluidly connected to the fuel cell system to supply the
oxidant to the fuel cell system via an oxidant supply line.
The oxidant supply system is fluidly connected to an envi-
ronmental control system of an aircraft.

[0005] In embodiments, the fuel cell system can include,
a fuel cell fluidly connected to the oxidant supply line to
receive the oxidant; a compressor configured to receive the
oxidant and compress the oxidant upstream of the fuel cell,
and a turbine downstream from the fuel cell to receive
exhaust flow and operatively connected to the compressor to
turn the compressor.

[0006] In embodiments, the compressor can be a cabin air
compressor operatively connected to supply air to an aircraft
cabin and the oxidant can be cabin air compressor exhaust.
[0007] In certain embodiments, the oxidant supply line
can include a branch point upstream of the aircraft cabin,
and at the branch point, a portion of the cabin air compressor
exhaust can be diverted to the fuel cell for oxidizing and a
portion of the cabin air compressor exhaust can be diverted
to the aircraft cabin. In certain embodiments, a heat
exchanger can be included in the oxidant supply line
upstream of the branch point configured to cool the cabin air
compressor exhaust before the cabin air is diverted to the
fuel cell and the cabin.

[0008] In certain embodiments, the oxidant supply line
can include a branch point, and at the branch point, a portion
of the cabin air can be diverted to the fuel cell for oxidizing
and a portion of the cabin air can be exhausted to ambient.
In certain embodiments, the branch point can be the aircraft
cabin. In certain such embodiments, the turbine downstream
from the fuel cell configured to receive exhaust flow from
the fuel cell can be operatively connected to turn a generator
to generate electrical power, and may not be connected to
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another compressor. In certain such embodiments, a heat
exchanger can be disposed in the oxidant supply line
upstream of the aircraft cabin configured to cool the cabin air
compressor exhaust before the cabin air compressor exhaust
is supplied to the aircraft cabin.

[0009] In embodiments, a fuel supply system can be
fluidly connected to the fuel cell system to supply the fuel to
the fuel cell system via a fuel supply line, the fuel cell fluidly
connected to the fuel supply line to receive the fuel. A
thermal management system can be in thermal communica-
tion with the fuel cell system to divert heat from the fuel cell
system to the thermal management system.

[0010] In embodiments, the thermal management system
can include a heat transfer device disposed in a coolant flow
path configured to receive a coolant from a coolant supply
to exchange heat between the fuel cell system and the
coolant in the coolant flow path.

[0011] In embodiments, the heat transfer device can be a
first heat transfer device, and the thermal management
system can include a second heat transfer device disposed in
the coolant flow path to receive the first coolant from the first
coolant flow path. The second heat transfer device can be
disposed in a second coolant flow path fluidly isolated from
the first coolant flow path, configured to receive a second
coolant from a second coolant supply through the second
heat transfer device to exchange heat between the first
coolant and the second coolant.

[0012] In certain embodiments, the first heat transfer
device includes a cold plate and wherein the second heat
transfer device includes a multi-fluid heat exchanger. The
cold plate can have a channel therein, the channel extending
between an inlet and an outlet for passing the first coolant
through the cold plate. The multi-fluid heat exchanger can
have a first channel therein, the first channel extending
between a first inlet and a first outlet for passing the first
coolant through the multi-fluid heat exchanger. The multi-
fluid heat exchanger can have a second channel therein, the
second channel extending between a second inlet and a
second outlet for passing the second coolant through the
multi-fluid heat exchanger. The first channel and the second
channel are in thermal communication and in fluid isolation
with respect to one another within the multi-fluid heat
exchanger.

[0013] In embodiments, the first coolant supply can
include a refrigerant tank and the first coolant can include
refrigerant. In certain embodiments, the second coolant
supply can include a ram air turbine and the second coolant
can include ram air. In certain embodiments, the first coolant
flow path can be coolant loop, and an outlet of the second
coolant flow path can be configured to exhaust the ram air
to ambient.

[0014] These and other features of the embodiments of the
subject disclosure will become more readily apparent to
those skilled in the art from the following detailed descrip-
tion taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that those skilled in the art to which the subject
disclosure appertains will readily understand how to make
and use the devices and methods of the subject disclosure
without undue experimentation, embodiments thereof will
be described in detail herein below with reference to certain
figures, wherein:
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[0016] FIG. 1 is a schematic diagram of an emergency
power unit system in accordance with this disclosure, show-
ing an embodiment of an oxidant supply system;

[0017] FIG. 2 is a schematic diagram of an emergency
power unit system in accordance with this disclosure, show-
ing another embodiment of an oxidant supply system; and
[0018] FIG. 3 is a schematic diagram of an emergency
power unit system in accordance with this disclosure, show-
ing another embodiment of an oxidant supply system.

DETAILED DESCRIPTION

[0019] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purposes of
explanation and illustration, and not limitation, an illustra-
tive view of an embodiment of a system in accordance with
the disclosure is shown in FIG. 1 and is designated generally
by reference character 100. Other embodiments and/or
aspects of this disclosure are shown in FIGS. 2-3.

[0020] In accordance with at least one aspect of this
disclosure, an emergency power unit system 100 for an
aircraft includes a fuel cell system 102 configured to gen-
erate power using a fuel 104 and an oxidant 106, and an
oxidant supply system 108 fluidly connected to the fuel cell
system 102 to supply the oxidant 106 to the fuel cell system
102 via an oxidant supply line 110.

[0021] In embodiments, the fuel cell system 102 can
include, a fuel cell 112 fluidly connected to the oxidant
supply line 110 to receive the oxidant 106, a compressor 114
configured to receive the oxidant 106 and compress the
oxidant 106 upstream of the fuel cell 112, and a turbine 116
downstream from the fuel cell 112 to receive exhaust flow
118 and operatively connected to the compressor 114 to turn
the compressor 114. For example, in certain embodiments,
the turbine can be connected to the compressor 114 via a
shaft. In certain embodiments, the compressor 114 may be
mechanically disconnected from the turbine 116. In such
embodiments, the turbine 116 can be operatively connected
to turn a generator to generate electrical power, and may not
be connected to another compressor.

[0022] A fuel supply system 120 can be fluidly connected
to the fuel cell system 102 to supply the fuel 104 to the fuel
cell system 102 via a fuel supply line 122, the fuel cell 112
fluidly connected to the fuel supply line 122 to receive the
fuel 104. A thermal management system 124 can be in
thermal communication with the fuel cell system 102 to
divert heat from the fuel cell system 102 to the thermal
management system 124.

[0023] In embodiments, the thermal management system
124 can include a heat transfer device 126 disposed in a
coolant flow path 128 configured to receive a coolant 130
from a coolant supply 132 to exchange heat between the fuel
cell system 102 and the coolant 130 in the coolant flow path
128. The coolant supply 132 can include a coolant tank 134
and pump 136.

[0024] In embodiments, the heat transfer device 126 can
be a first heat transfer device, and the thermal management
system 124 can include a second heat transfer device 138
disposed in the coolant flow path 128 to receive the first
coolant 130 from the first coolant flow path 128. The second
heat transfer device 138 can also be disposed in a second
coolant flow 140 path fluidly isolated from the first coolant
flow path 128 within the second heat transfer device 138.
The second heat transfer device 138 can be configured to
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receive a second coolant 142 from a second coolant supply
144 through the second heat transfer device 138 to exchange
heat between the first coolant 130 and the second coolant
142.

[0025] In certain embodiments, the first heat transfer
device 126 includes a cold plate and the second heat transfer
device 138 includes a multi-fluid heat exchanger. The cold
plate 126 can have an internal channel 146 extending
between an inlet 148 and an outlet 150 for passing the first
coolant 130 through the cold plate 126. The multi-fluid heat
exchanger 138 can have a first channel 152 therein, the first
channel 152 extending between a first inlet 154 and a first
outlet 156 for passing the first coolant 130 through the
multi-fluid heat exchanger 138. The multi-fluid heat
exchanger 138 can have a second channel 158 therein, the
second channel 158 extending between a second inlet 160
and a second outlet 162 for passing the second coolant 142
through the multi-fluid heat exchanger 138. The first channel
152 and the second channel 158 are in thermal communi-
cation but in fluid isolation with respect to one another
within the multi-fluid heat exchanger 138.

[0026] In embodiments, the first coolant supply 132 can
include a refrigerant tank 134 and the first coolant 130 can
include refrigerant (e.g., glycol or the like). In certain
embodiments, the second coolant supply 144 can include a
ram air duct 164 and the second coolant 142 can include ram
air. Any other suitable coolant supply is contemplated
herein, for example, aircraft greywater, aircraft fuel, or
aircraft cabin air. In certain embodiments, the first coolant
flow path 128 can be coolant loop where the pump 136 can
be a recirculation pump. An outlet 166 of the second coolant
flow path 140 can be configured to exhaust the ram air 142
to ambient.

[0027] In certain embodiments, such as shown in FIG. 1,
the oxidant supply system 108 is fluidly connected to an
environmental control system 168 of the aircraft. In embodi-
ments, the compressor 114 can be a cabin air compressor 114
operatively connected to supply air to an aircraft cabin 170
and the oxidant 106 can be cabin air compressor exhaust.
Here the compressor 114 may not be connected (e.g.,
mechanically connected) to the turbine 116 of the fuel cell
system 102. In certain embodiments, the oxidant supply line
110 can include a branch point 172 upstream of the aircraft
cabin 170 and upstream of the fuel cell 112. At the branch
point, a portion of the cabin air compressor exhaust 106 can
be diverted to the fuel cell 112 for oxidizing and a portion
of the cabin air compressor exhaust 106 can be diverted to
the aircraft cabin 170 (e.g., for passenger consumption).
[0028] With reference now to FIG. 2, another embodiment
of an emergency power unit system 200 is shown. The
emergency power unit system 200 can be similar to that of
the emergency power unit system 100, for example emer-
gency power unit system 200 can have similar components
and features with respect to emergency power unit system
100. For brevity, the description of common elements that
have been described above for emergency power unit system
100 are not repeated with respect to emergency power unit
system 200 as shown in FIG. 2.

[0029] In certain embodiments, a heat exchanger 274 (e.g.,
separate from the thermal management system 124) can be
included in the oxidant supply line 210 upstream of the
branch point 272 configured to cool the cabin air compressor
exhaust 206 before the cabin air is diverted to the fuel cell
112 and the cabin 170.
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[0030] With reference now to FIG. 3, another embodiment
of an emergency power unit system 300 is shown. The
emergency power unit system 300 can be similar to that of
the emergency power unit system 200, for example emer-
gency power unit 200 can have similar components and
features with respect to emergency power unit 100. For
brevity, the description of common elements that have been
described above for emergency power unit 100 are not
repeated with respect to emergency power unit 200 as shown
in FIG. 2

[0031] In certain embodiments, the oxidant supply line
310 can include a branch point 372, and at the branch point
372, a portion of the cabin air 306 can be diverted to the fuel
cell 112 for oxidizing and a portion of the cabin air 306 can
be exhausted to ambient (e.g., outside of the cabin). Here,
the oxidant supply system 308 supplies the oxidant (cabin
air) directly from the cabin 372, thus the branch point 372
can be the aircraft cabin 370 itself. In this case, the air from
the cabin 372 that has been used for passenger consumption
is already pressurized before reaching the fuel cell 112, so a
smaller quantity of air is needed as the oxidant to generate
power by the fuel cell 112. The heat exchanger 374 can be
disposed in the oxidant supply line 310 upstream of the
aircraft cabin 372 configured to cool the cabin air compres-
sor exhaust before the cabin air compressor exhaust 306 is
supplied to the aircraft cabin 372. This can be particularly
useful when the aircraft is closer to the ground where the
supply air is hotter than at higher altitudes, or in situations
where the cabin air compressor 114 is not functional (e.g., in
an emergency or power outage).

[0032] Embodiments allow for the fuel cell system to
piggy-back on the cabin air compressor to supply at least
some, if not all, of the oxidant for the fuel cell system. The
compressor design for the fuel cell system can be simplified
because the flow rate of the cabin air compressor would be
higher than a dedicated compressor for the fuel cell, as in
traditional systems, for example. Embodiments can reduce
the number of ram air scoops for supplying air to the oxidant
supply system. For example, the emergency power unit
system 100, 200, 300 can utilize only a single ram air scoop
for supplying air to the cabin air compressor (the compressor
supplying the oxidant to the fuel cell system). In embodi-
ments, using the cabin air compressor, and in certain
embodiments including a heat exchanger upstream of the
fuel cell system, can provide ideal air temperatures to the
fuel cell. For example, embodiments can provide air to the
inlet of the fuel cell at temperature less than 98° C.

[0033] Those having ordinary skill in the art understand
that any numerical values disclosed herein can be exact
values or can be values within a range. Further, any terms of
approximation (e.g., “about”, “approximately”, “around”)
used in this disclosure can mean the stated value within a
range. For example, in certain embodiments, the range can
be within (plus or minus) 20%, or within 10%, or within 5%,
or within 2%, or within any other suitable percentage or
number as appreciated by those having ordinary skill in the
art (e.g., for known tolerance limits or error ranges).

[0034] The articles “a”, “an”, and “the” as used herein and
in the appended claims are used herein to refer to one or to
more than one (i.e., to at least one) of the grammatical object
of the article unless the context clearly indicates otherwise.
By way of example, “an element” means one element or
more than one element.
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[0035] The phrase “and/or,” as used herein in the speci-
fication and in the claims, should be understood to mean
“either or both” of the elements so conjoined, i.e., elements
that are conjunctively present in some cases and disjunc-
tively present in other cases. Multiple elements listed with
“and/or” should be construed in the same fashion, i.e., “one
or more” of the elements so conjoined. Other elements may
optionally be present other than the elements specifically
identified by the “and/or” clause, whether related or unre-
lated to those elements specifically identified. Thus, as a
non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as
“comprising” can refer, in one embodiment, to A only
(optionally including elements other than B); in another
embodiment, to B only (optionally including elements other
than A); in yet another embodiment, to both A and B
(optionally including other elements); etc.

[0036] As used herein in the specification and in the
claims, “or” should be understood to have the same meaning
as “and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly
indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or
list of elements. In general, the term “or” as used herein shall
only be interpreted as indicating exclusive alternatives (i.e.,
“one or the other but not both™) when preceded by terms of
exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of.”

[0037] Any suitable combination(s) of any disclosed
embodiments and/or any suitable portion(s) thereof are
contemplated herein as appreciated by those having ordinary
skill in the art in view of this disclosure.

[0038] The embodiments of the present disclosure, as
described above and shown in the drawings, provide for
improvement in the art to which they pertain. While the
apparatus and methods of the subject disclosure have been
shown and described, those skilled in the art will readily
appreciate that changes and/or modifications may be made
thereto without departing from the scope of the subject
disclosure.

What is claimed is:
1. An emergency power unit system for an aircraft,
comprising:
a fuel cell system configured to generate power using a
fuel and an oxidant; and
an oxidant supply system fluidly connected to the fuel cell
system to supply the oxidant to the fuel cell system via
an oxidant supply line, wherein the oxidant supply
system is fluidly connected to cabin air compressor of
an environmental control system of an aircraft.
2. The system of claim 1, wherein the fuel cell system
further comprises,
a fuel cell fluidly connected to the oxidant supply line to
receive the oxidant;
a compressor configured to receive the oxidant and com-
press the oxidant upstream of the fuel cell; and
a turbine downstream from the fuel cell to receive exhaust
flow and operatively connected to the compressor to
turn the compressor.
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3. The system of claim 2, wherein the compressor is a
cabin air compressor operatively connected to supply air to
an aircraft cabin and the oxidant is cabin air compressor
exhaust.

4. The system of claim 3, wherein the oxidant supply line
includes a branch point upstream of the aircraft cabin,
wherein at the branch point, a portion of the cabin air
compressor exhaust is diverted to the fuel cell for oxidizing
and a portion of the cabin air compressor exhaust is diverted
to the aircraft cabin.

5. The system of claim 4, further comprising a heat
exchanger disposed in the oxidant supply line upstream of
the branch point configured to cool the cabin air compressor
exhaust before the cabin air is diverted to the fuel cell and
the cabin.

6. The system of claim 1, wherein the fuel cell system
further comprises,

a fuel cell fluidly connected to the oxidant supply line to

receive the oxidant;

a compressor configured to receive the oxidant and com-

press the oxidant upstream of the fuel cell; and

a turbine downstream from the fuel cell to receive exhaust

flow from the fuel cell and operatively connected to
turn a generator to generate electrical power,

wherein the compressor is a cabin air compressor opera-

tively connected to supply air to an aircraft cabin and
the oxidant is cabin air compressor exhaust, wherein
the oxidant supply line includes a branch point,
wherein at the branch point, a portion of the cabin air
is diverted to the fuel cell for oxidizing and a portion of
the cabin air is exhausted to ambient.

7. The system of claim 6, wherein the branch point is the
aircraft cabin such that the oxidant is provided to the fuel
cell directly from the cabin.

8. The system of claim 7, further comprising a heat
exchanger disposed in the oxidant supply line upstream of
the aircraft cabin configured to cool the cabin air compressor
exhaust before the cabin air compressor exhaust is supplied
to the aircraft cabin.

9. The system of claim 2, further comprising, a fuel supply
system fluidly connected to the fuel cell system to supply the
fuel to the fuel cell system via a fuel supply line, wherein the
fuel cell is fluidly connected to the fuel supply line to receive
the fuel.
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10. The system of claim 1, further comprising, a thermal
management system in thermal communication with the fuel
cell system to divert heat from the fuel cell system to the
thermal management system.

11. The system of claim 10, wherein the thermal man-
agement system includes a heat transfer device disposed in
a coolant flow path configured to receive a coolant from a
coolant supply to exchange heat between the fuel cell system
and the coolant in the coolant flow path.

12. The system of claim 11, wherein the heat transfer
device is a first heat transfer device, and wherein the thermal
management system further includes a second heat transfer
device disposed in the coolant flow path to receive the first
coolant from the first coolant flow path, and disposed in a
second coolant flow path fluidly isolated from the first
coolant flow path, configured to receive a second coolant
from a second coolant supply through the second heat
transfer device to exchange heat between the first coolant
and the second coolant.

13. The system of claim 12, wherein the first heat transfer
device includes a cold plate having a channel therein, the
channel extending between an inlet and an outlet for passing
the first coolant through the cold plate, and wherein the
second heat exchanger includes a multi-fluid heat exchanger
having a first channel therein, the first channel extending
between a first inlet and a first outlet for passing the first
coolant through the multi-fluid heat exchanger and including
a second channel therein, the second channel extending
between a second inlet and a second outlet for passing the
second coolant through the multi-fluid heat exchanger,
wherein the first channel and the second channel are in
thermal communication and in fluid isolation with respect to
one another within the multi-fluid heat exchanger.

14. The system of claim 13, wherein the first coolant
supply includes a refrigerant tank and the first coolant
includes refrigerant, and wherein the second coolant supply
includes a ram air duct and the second coolant includes ram
air.

15. The system of claim 14, wherein the first coolant flow
path is coolant loop, wherein an outlet of the second coolant
flow path is configured to exhaust the ram air to ambient.
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