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An aircraft air conditioning system comprises intakes ram
air from outside the aircraft, and uses a heat exchanger to
pretreat (preheat or precool) some of the ram air. The system
further includes a heat recovery unit that uses the cabin
exhaust air to further heat the pretreated ram air, resulting in
conditioned ram air. The system further includes an air
conditioning pack unit to produce a first conditioned air
stream from the conditioned ram air. The system further
includes a mixing box to mix the first conditioned air stream
with another subflow of ram air to produce a second con-
ditioned air stream.
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210
Input ram air from outside the aircraft, the ram air consisting of fresh j
air

v j 220
Split the ram air into a first subflow and a second subflow

Extract cabin exhaust air from the passenger cabin via a plurality of | _~— 230
exhaust vents

Apply thermal conditioning to the temperature-adjusted ram air, to / 240
produce a conditioned air flow consisting of fresh air

h 4

Mix the conditioned air flow consisting of fresh air with the second /- 250
subflow of the ram air in accordance with a selected mixture criterion,
to produce a cabin fresh air flow

Introduce the cabin fresh air flow into the passenger cabin via a | _— 260
plurality of supply vents

FIG. 2
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AIRCRAFT CABIN AIR CONDITIONING
SYSTEM

[0001] This is a continuation-in-part of U.S. patent appli-
cation Ser. No. 17/817,504, filed on Aug. 4, 2022, which is
incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present invention generally pertains to aircraft
cabin air conditioning systems.

BACKGROUND

[0003] The quality of a traveler’s journey on a commercial
aircraft often depends on the quality and temperature of the
air circulation through the aircraft’s cabin. Currently, the air
circulation in a commercial aircraft is provided through the
use of a heating, ventilation, and air conditioning (HVAC)
system that uses a high efficiency particulate air (HEPA)
filter. HEPA filters work by recirculating air, such that air is
taken from inside the aircraft cabin, circulated through the
HEPA filter, mixed with air from outside the aircraft, and
then the mixed air is sent back into the aircraft cabin. The
cabin air is then distributed throughout the aircraft cabin
primarily by the use of high-velocity slot diffusers located
near the luggage compartments and high-velocity jets
located over each of the passenger’s seats, which can be
rotated slightly to adjust the flow direction of the air. The
cabin air is then drawn in by exhaust vents on the floor where
a portion of the cabin air will be recirculated back into the
aircraft’s HVAC system.

[0004] Currently, aircraft HEPA filtration is expensive and
requires continual maintenance. During this maintenance,
leaks can be created if the HEPA filter is installed improp-
erly, which can cause unfiltered recirculated air to be dis-
tributed throughout the aircraft cabin and sprayed on all of
the passengers. Unfiltered air can be dangerous because it
allows contaminants like harmful chemicals and biological
pathogens (e.g., viruses, bacteria, and other microorgan-
isms) to be spread around the aircraft cabin, which can make
passengers sick. Even if the HEPA filter is installed cor-
rectly, airborne contaminants can still be spread throughout
the aircraft cabin, because the high-velocity jets used to
introduce air into the cabin causes air exhaled by passengers,
which may contain pathogens, to be easily spread around the
aircraft cabin. In the case of a known contamination event,
because of the potential of having unfiltered air distributed
around the entire aircraft, the aircraft’s cabin may need to be
decontaminated before the aircraft’s HVAC system can even
be opened to be decontaminated.

[0005] Additionally, with conventional aircraft HVAC
systems today, large amounts of energy are needed to raise
or lower the temperature of the air in the aircraft cabin to the
desired temperature. Only the incoming outside air is heated
or cooled. To reach the desired cabin temperature, the
outside air often must be heated or cooled significantly
beyond the desired temperature, so that the proper tempera-
ture is achieved when the outside air is mixed with the
recirculated air. Consequently, heating and cooling do not
take place unless the aircraft’s engines are running, which
can cause the air within the aircraft cabin to reach uncom-
fortably high temperatures when the aircraft is idle, such as
during taxiing, boarding and off-boarding of the aircraft.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows an aircraft HVAC system using heat
recovery and reverse airflow distribution.

[0007] FIG. 2 is a flowchart of an example method for
conditioning air for a passenger cabin of an aircraft.

DETAILED DESCRIPTION

[0008] In view of the above-mentioned problems, intro-
duced here is an improved aircraft air conditioning system
(“the system”) that delivers clean, temperature-controlled air
to the aircraft cabin using 100% outside air. The system is an
assembly of common components of HVAC system equip-
ment used to heat and cool the occupied spaces of an aircraft
cabin with 100% outside air. “Outside air” refers to air that
originated from outside of the system (which preferably but
is not necessarily outside the aircraft), meaning that the air
contains no recirculated air nor air that originated from
within the system. With the system introduced here, unlike
with conventional aircraft HVAC systems, the passengers of
the aircraft do not have to breathe used cabin air that
includes exhaled human breath that was recirculated
throughout the aircraft cabin after being passed through the
HVAC system. The ventilation air introduced into the pas-
senger cabin and crew areas includes only fresh air (outside
air), not recirculated air. No recirculated air is introduced
into the passenger cabin. The outside air can enter the system
as hot or cold air either by on-board APU powered pack
ventilation system when the aircraft is stationary or as ram
air when the aircraft is in motion, as illustrated in FIG. 1.

[0009] With the system introduced here, before the outside
air entering the system is distributed to the passengers, it is
heated or cooled to a specified desired temperature and then
filtered to remove particulate matter. For example, the
specified temperature could be normal room temperature,
such as 72 degrees Fahrenheit (F). Because all of the air
distributed to the passengers is outside air, large amounts of
heating or cooling may be needed before the air reaches a
predetermined desirable temperature, which the system
introduced here provides.

[0010] Referring to FIG. 1, the system and process of
heating or cooling and filtering the new cabin air starts with
ram air entering the system. Note that all the illustrated
components are actually onboard the aircraft. Ram air 2 can
enter the aircraft in a variety of different ways, such as
through the aircraft’s engines and/or through a separate ram
air inlet duct or ducts on the aircraft. Once the ram air 2
enters the aircraft it is split into two subflows, one subflow
19 of which is directed to the mixing box 4 and the other
subflow 20 of which is directed to the supplementary heat
exchanger 5. The supplementary heat exchanger 5 is used to
raise the temperature of the air received from outside the
aircraft (cold ram air 2). For example, the supplementary
heat exchanger 5 can raise the temperature of the outside air
received into the system (the “entering outside air”) from
negative 30 degrees F. to 5 degrees F. Raising the entering
outside air temperature prevents any water vapor inside the
pack unit 6 or heat recovery unit 7 from freezing. Addition-
ally, this process reduces the relative humidity of air in the
system, which further lowers the chances of any water vapor
freezing inside the system. Ram air 2 that enters the supple-
mentary heat exchanger 5 is then directed into the heat
recovery unit 7. The heat recovery unit 7 transfers thermal
energy between the cabin exhaust air 9) and the ram air 2,
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without mixing them, to turn the ram air into heat-trans-
ferred air 10. “Old cabin air” or “cabin exhaust air” refers to
air that has been removed from the aircraft cabin through
one or more exhaust vents 12.

[0011] The cabin exhaust air 9 is old cabin air that will be
expelled to an area outside of the cabin. Depending on the
temperature of the cabin exhaust air 9, the heat transferred
air 10 can have a higher or lower temperature than the ram
air 2. If the cabin exhaust air 9 is at a higher temperature than
the ram air 2, then thermal energy is transferred by the heat
recovery unit 7 from the cabin exhaust air 9 to the ram air
(after being conditioned by the supplementary heat
exchanger 5), causing the heat transferred air 10 to exit the
heat recovery unit 7 at a temperature higher than that at
which the ram air 2 entered. If the cabin exhaust air 9 has a
lower temperature than the ram air 2, then thermal energy is
transferred by the heat recovery unit 7 from the ram air 2 to
the cabin exhaust air 9, causing the heat transferred air 10 to
exit the heat recovery unit 7 at a lower temperature than that
at which the ram air 2 entered.

[0012] The heat recovery unit 7 is an air-to-air heat
exchanger that allows the heat transfer process to take place
without physical mixing of air, and therefore, without any
contamination of the ram air 2 by the cabin exhaust air 9.
The cabin exhaust air 9 and ram air 2 are kept physically
separate during the heat transfer process. To accomplish this
physical separation of airflows, the heat recovery unit 7 can
be configured to have two sets of alternating square pipes,
one set for the cabin exhaust air 9 and one set for the ram air
2. The sets of pipes can be in close contact with each other
and have relatively thin, thermally conductive common
walls to allow for a more efficient transfer of heat energy. In
at least one embodiment, the cabin exhaust air 9 and ram air
2 pass through alternating conduit pipes in the heat
exchanger. The heat recovery unit 7 in at least some imple-
mentations recovers about 80% of the thermal energy of the
cabin exhaust air 9 and transfers the thermal energy to the
ram air 2.

[0013] After leaving the heat recovery unit 7, the heat
transferred air 10 is provided to the pack unit 6, which
converts the heat transferred air 10 into conditioned air 14.
The pack unit 6 is an all-in-one heating and cooling package
that can raise or lower the temperature of the air that passes
through it. A pack unit is a package that is already commonly
provided on modern airliners and can be conventional in its
composition and configuration. The pack unit 6 can be a
conventional pack unit such as found on many modern
airlines, and the structure and function of which are well
known to those familiar with modern aircraft HVAC sys-
tems. The pack unit 6 can also dehumidify the air that passes
through it, along with controlling the air pressure inside the
aircraft cabin. The dehumidification process may be dis-
abled at times, saving energy and fuel costs.

[0014] “Conditioned air” refers to heat transferred air 10
that has had its temperature increased or decreased by the
pack unit 6. Due to the efficiency of the thermal energy
transfer in the heat recovery unit 7, the temperature of the
heat transferred air 10 only needs to be raised or lowered a
few degrees by the pack unit 6 to be suitable for introduction
into the aircraft cabin (as fresh cabin air 24) without under-
mining passenger comfort. For example, outside air entering
the system at 110 degrees F. (e.g., while the aircraft is taxiing
in a hot geographic location) only needs to be cooled down
by an additional 8 degrees F. once it exits the heat recovery
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unit 7. Additionally, air entering the system at 5 degrees F.
only needs to be heated up by an additional 16 degrees F.
once it exits the heat recovery unit 7. This greatly saves on
energy costs translating to an overall reduction in the costs
to operate the aircraft. The reduction in cost to operate the
aircraft means the system can be run at all times and not just
when the aircraft’s engines are on.

[0015] After leaving the pack unit 6, the conditioned air 14
enters the mixing box 4, where a set of controllable dampers
(not shown) or other suitable mechanism is used to select
and produce the appropriate mixture ratio of ram air 2 to
conditioned air 14 to be mixed together to achieve the
desired temperature for the cabin fresh air 14. A direct digital
control (DDC) computerized system (not shown) can be
coupled to the mixing box 14 to control the dampers and
select the appropriate mixture ratio to achieve the desired
cabin air temperature. A DDC computerized system can
control and monitor the system constantly during flight,
allowing issues to be diagnosed before the aircraft lands.
The DDC can control the temperature by zoning sections
throughout the cabin and individually and in the aircrew
areas including the flightdeck. Zoning allows the DDC to
make adjustments in specific zones instead of having to
make adjustments that affect the entire aircraft. The system
then can be monitored and diagnosed immediately using the
aircraft’s wi-fi system. The air mixture produced by the
mixing box 4 then circulates through high-efficiency air
filters (not shown), becoming the fresh cabin air 24 that is
introduced into the cabin via one or more fresh air supply
vents 16. The high-efficiency air filters catch particulate
matter, preventing contaminants from entering the heat
exchangers, ductwork, and aircraft cabin.

[0016] The fresh (non-recirculated) cabin air 24 is distrib-
uted to the passengers at nearly the desired cabin tempera-
ture because the system incorporates a process known as
“displacement ventilation.” Displacement ventilation refers
to a process by which the air is introduced to a space at or
near the floor of the cabin and then exhausted from the space
at or near the ceiling of the cabin, which allows the air in a
system to be distributed to the occupants of a space at nearly
the desired temperature for the space. Conventional aircraft
HVAC systems differ because the air is introduced at the
ceiling of the cabin at a temperature far above or below the
desired cabin temperature and then exhausted at the floor.
For example, if the desired temperature of the cabin is 72
degrees F., displacement ventilation allows the air to be
distributed at a range from 72 degrees F. down to 66 degrees
F., while with conventional HVAC systems the air needs to
be distributed at approximately 50 degrees F. for cooling and
approximately 120 degrees F. for heating. The technique
introduced here, therefore, saves greatly on energy costs
because the new cabin air does not have to be greatly heated
or cooled beyond the desired temperature. This technique in
turn saves on operating costs compared to conventional
HVAC systems, allowing the system to be in use while the
aircraft is stationary, for example when the aircraft is waiting
on the ramp during the loading or unloading of passengers
or during the idle time on the runway.

[0017] In at least one embodiment, the system introduced
here distributes the fresh cabin air 24 into the cabin through
floor mounted supply vents 16 in the aircraft cabin, unlike
conventional systems that introduce the air from above the
passenger’s heads. The floor mounted supply vents 16 can
be a set of grille covered supply vents located throughout the
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aircraft cabin’s floor that are connected to the outflow from
the mixing box and that allow new cabin air to be distributed
to the passengers. Because the new cabin air is distributed
through displacement ventilation, the system reduces the
spread of airborne biological pathogens originating from the
passengers, compared to conventional aircraft HVAC sys-
tems. The new cabin air can be distributed from the floor
vents at a relatively slow speed, such as approximately 200
feet per minute. In this context, “approximately” 200 feet
per minute means 200 feet per minute+15%. Within that
range, in some embodiments the speed of air distribution
into the cabin may be held to a tighter tolerance, such as
+10% or £5%. As the new cabin air enters the aircraft cabin,
stratification begins to occur. “Air buoyancy and stratifica-
tion” is the process by which the cooler (and therefore more
dense) new cabin air sinks to or stays at the bottom of the
passenger cabin. As the new cabin air interacts with the
passengers’ bodies, it heats up and therefore becomes less
dense than the other air in the aircraft cabin. This causes the
warmer new cabin air to rise, lifting contaminants upward to
be trapped at the ceiling of the passenger cabin and to
become cabin exhaust air, where overhead exhaust vents
(originally referred to as “gaspers,” now converted to
exhaust vents 12) can then draw the contaminated cabin
exhaust air out of the cabin. Overhead exhaust vents 12 can
also work in combination with vents located throughout the
aircraft and the cabin’s ceiling that are used to draw cabin
exhaust air out of the system so it can be replaced by new
cabin air. The stratification process allows for a constant
flow of new cabin air entering the aircraft cabin while the
contaminated cabin exhaust air is drawn upward, away from
the passengers.

[0018] Hence, with the system introduced here, airflow
through the cabin is generally upward, which is in the
opposite direction of the general airflow through the cabin
with conventional aircraft air conditioning systems (which
force air downward). Hence, the system introduced here
may be referred to as a “reverse airflow” aircraft air condi-
tioning system.

[0019] The constant flow of air from beneath the passen-
gers inhibits the spread of contaminants (e.g., airborne
viruses and bacteria) throughout the aircraft cabin that could
otherwise make passengers sick. The constant flow prevents
contaminants from being spread because the stratification
process lifts the less dense warmer air, causing it to rise to
the ceiling of the cabin in a heat plume, at a rate which may
be in the range of approximately 200 feet per minute to
approximately 400 feet per minute, depending on activities
of the cabin occupants. In this context, “approximately” 400
feet per minute means 400 feet per minutex15%. Cabin
exhaust air 12 may then be removed from the passenger
cabin at a rate in the range of approximately 200 feet per
minute to approximately 400 feet per minute. The heat
plume can catch air from passengers’ exhalations that may
contain contaminants. The heat plume forces the exhaled air
upwards towards the (gasper-converted) exhaust vents
where it can ultimately be exhausted with other cabin
exhaust air. Additionally, a clear solid (e.g., plexiglass)
screen on the back of each passenger’s seat can be added to
protect other passengers from exhaled air and help push the
exhaled air towards the forward and rearward exhaust vents.
Also, because the lower energy costs allow the system to run
when the aircraft is stationary, there is no point in the travel
process where the passengers are at an increased risk of
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being exposed to contaminants because, unlike conventional
systems, the system introduced here can be in constant
operation from the moment the passengers enter the aircraft
to the time that they exit the aircraft.

[0020] To prevent the cabin exhaust air from possibly
contaminating the energy recovery system with particulate
matter, the cabin exhaust air 9 can be passed through one or
more filters 22 after it enters the overhead exhaust vents.
After leaving the air filter(s) the cabin exhaust air 9 then
travels to the heat recovery unit 7, where it either heats or
cools the entering ram air 2 using heat energy transfer. Once
the heat energy is transferred, the contaminated cabin
exhaust air exits the plane through the cabin air exhaust
system 18.

[0021] The system can be maintained easily and inexpen-
sively, because it does not require the constant cleaning,
disposal of contaminated materials and replacing of HEPA
air filters. Additionally, decontamination of the aircraft cabin
airflow system is not required in the case of known con-
tamination by biological pathogens because all air is
exhausted after the air passes through the system and is not
recirculated back into the system.

[0022] FIG. 2 is a flowchart of an example method of
conditioning air for a passenger cabin of an aircraft. The
method may be performed by the system shown in FIG. 1.
At step 210, the system inputs ram air from outside the
aircraft. The ram air consists of fresh air. At step 220, the
system splits the ram air into a first subflow and a second
subflow, such as subflows 19 and 20 in FIG. 1. At step 230,
the system extracts cabin exhaust air from the passenger
cabin via a plurality of exhaust vents located above the
passenger’s heads. At step 240, the system applies thermal
conditioning to the temperature-adjusted ram air, to produce
a conditioned air flow consisting of fresh air. At step 250, the
system mixes the conditioned air flow (e.g., by using mixing
box 4) consisting of fresh air with the second subflow of the
ram air in accordance with a selected mixture criterion, to
produce a cabin fresh air flow. At step 260, the system
introduces the cabin fresh air flow into the passenger cabin
via a plurality of supply vents located in or near the floor of
the passenger cabin. It will be appreciated that all of the
above-described steps may be performed concurrently, on an
ongoing basis, and/or in a different order from that described
above.

[0023] Although the subject matter has been described in
language specific to structural features and/or acts, it is to be
understood that the subject matter defined in the appended
claims is not necessarily limited to the specific features or
acts described above. Rather, the specific features and acts
described above are disclosed as examples of implementing
the claims and other equivalent features and acts are
intended to be within the scope of the claims.

What is claimed is:

1. An aircraft air conditioning system comprising:

a cabin exhaust conduit system coupled to a plurality of
exhaust vents located in a passenger cabin of the
aircraft to remove cabin exhaust air from the passenger
cabin;

a ram air intake to intake ram air from outside the aircratft;

a heat exchanger coupled to receive a first subflow of the
ram air and configured to preheat or precool the first
subflow of ram air to produced pretreated ram air;

a heat recovery unit to receive the cabin exhaust air from
the passenger cabin via the cabin exhaust conduit
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system and to receive the pretreated ram air, the heat
recovery unit configured to use the cabin exhaust air to
further heat the pretreated ram air and to output con-
ditioned ram air;

an air conditioning pack unit to receive the conditioned
ram air from the heat recovery unit and to provide
further temperature conditioning of the conditioned
ram air, to produce a first conditioned air stream;

a mixing box to receive the first conditioned air stream
from the pack unit and to receive a second subflow of
the ram air, wherein the mixing box is configured to
mix the first conditioned air stream with the second
subflow of the ram air to produce a second conditioned
air stream; and

a cabin fresh air conduit system to convey the second
conditioned air stream to a plurality of supply vents
located in the passenger cabin to inject the second
conditioned air stream into the passenger cabin,
wherein only fresh air is introduced into the passenger
cabin as ventilation air.

2. The aircraft air conditioning system of claim 1, wherein
the plurality of exhaust vents are located at positions above
respective passenger positions, and the plurality of supply
vents are located at positions substantially below the respec-
tive passenger positions, such that the system is configured
to induce a generally rising airflow within the passenger
cabin of the aircraft.

3. The aircraft air conditioning system of claim 1, wherein
the heat exchanger is configured to preheat the ram air from
-30 degrees F. to 5 degrees F.

4. The aircraft air conditioning system of claim 1, wherein
the heat recovery unit transfers thermal energy between the
cabin exhaust air and the heated ram air without mixing the
cabin exhaust air and the heated ram air.

5. The aircraft air conditioning system of claim 1, wherein
the mixing box comprises a set of controllable dampers to
select a mixture ratio of the first conditioned air stream and
the second subflow of ram air.

6. An aircraft air conditioning system comprising:

a cabin exhaust conduit system coupled to a plurality of
exhaust vents located in a passenger cabin of the
aircraft so as to remove cabin exhaust air from the
passenger cabin from a position above a passenger
position;

a cabin fresh air conduit system to convey fresh air to one
a plurality of supply vents located in the passenger
cabin so as to inject the fresh air into the passenger
cabin at a position substantially below the passenger
position;

aram air intake to intake ram air from outside the aircraft;

an air conditioning pack unit to receive conditioned ram
air and to provide temperature conditioning of the
conditioned ram air by heat exchange, to produce a first
conditioned air stream; and

thermal preconditioning means for using the cabin
exhaust air to preheat or precool the ram air from
outside the aircraft so as to produce the conditioned
ram air.

7. The aircraft air conditioning system of claim 6, wherein
the thermal preconditioning means comprises a heat recov-
ery unit to receive the cabin exhaust air from the passenger
cabin via the first conduit system, the heat recovery unit
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configured to use the cabin exhaust air to heat a first subflow
of the ram air and to output conditioned ram air to the pack
unit.

8. The aircraft air conditioning system of claim 7, wherein
the heat recovery unit transfers thermal energy between the
cabin exhaust air and the ram air without mixing the cabin
exhaust air and the ram air.

9. The aircraft air conditioning system of claim 7, wherein
the thermal preconditioning means further comprises a heat
exchanger coupled to receive the first subflow of the ram air
and configured to preheat or precool the subflow of ram air
to produced pretreated ram air.

10. The aircraft air conditioning system of claim 9,
wherein the heat exchanger is configured preheat the ram air
from -30 degrees F. to 5 degrees F.

11. The aircraft air conditioning system of claim 6, further
comprising a mixing box to receive the first conditioned air
stream from the pack unit and to receive a second subflow
of'the ram air from outside the aircraft, the mixing box being
configured to mix the first conditioned air stream with the
second subflow of the ram air to produce a second condi-
tioned air stream.

12. The aircraft air conditioning system of claim 11,
wherein the mixing box comprises a set of controllable
dampers to select a mixture ratio of the first conditioned air
stream and the second subflow of the ram air.

13. A method of conditioning air for a passenger cabin of
an aircraft, the method comprising:

inputting ram air from outside the aircraft, the ram air

consisting of fresh air;

splitting the ram air into a first subflow and a second

subflow;
extracting cabin exhaust air from the passenger cabin via
a plurality of exhaust vents;

using the cabin exhaust air to adjust a temperature of the
first subflow of the ram air, to produce temperature-
adjusted ram air;

applying thermal conditioning to the temperature-ad-

justed ram air, to produce a conditioned air flow con-
sisting of fresh air;

mixing the conditioned air flow consisting of fresh air

with the second subflow of the ram air in accordance
with a selected mixture criterion, to produce a cabin
fresh air flow; and

introducing the cabin fresh air flow into the passenger

cabin via a plurality of supply vents.

14. The method of claim 13, wherein the plurality of
exhaust vents are located at positions above respective
passenger positions, and the plurality of supply vents are
located at positions substantially below the respective pas-
senger positions, such that a generally rising airflow is
induced within the passenger cabin of the aircraft due to air
buoyancy and stratification.

15. The method of claim 14, further comprising:

using displacement ventilation to cause movement of air

from the plurality of supply vents to the plurality of
exhaust vents.

16. The method of claim 14, wherein introducing the
cabin fresh air flow into the passenger cabin comprises
introducing the cabin fresh air flow into the passenger cabin
via the supply vents at a rate of approximately 200 feet per
minute.



