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(57) ABSTRACT

The mvention relates to an air-conditioning unit (1) compris-
ing an air circuit with an air inlet (8), a main fan (10) and an
air outlet (6) designed to be connected to a chamber such as,
for example, an aircrait parked on the ground, preferably via
one or more tlexible ducts, and a refrigerant circuit compris-
ing a heat exchanger/evaporator (12) positioned 1n said air
circuit to cool the air by evaporating the refrigerant, a com-
pressor (17) and a condenser (18) for condensing the refrig-
erant before it 1s returned to the heat exchanger/evaporator
(12). Said heat exchanger/evaporator (12) comprises several
parallel circuits (19) each having at least one regulator valve
(20). Said air circuit also comprises a temperature probe ST3
downstream of the heat exchanger/evaporator (12) and con-
nected to means of controlling said regulator valves (20) to
regulate the tlow of refrigerant so as to keep the air tempera-
ture downstream of the heat exchanger/evaporator (12)
within a reference range, and a pressure probe SP1 at the air
outlet (6) and connected to means of regulating the speed
and/or the power of the main fan (10) so as not to exceed a
maximum raised pressure at the air outlet (6). Said refrigerant
circuit also comprises a pressure probe SP3 on the intake side
of the compressor (17) and connected to means for regulating
the mass tlow rate of refrigerant drawn 1n by the compressor
(17) so as to keep the intake pressure of the compressor (17)
in a reference range. The present invention also relates to an
air-conditioning method.

AXA Exhibit 2011

Page 1 of 13
IPR2025-00408



US 2010/0031676 Al

Feb. 11, 2010 Sheet1 of 4

Patent Application Publication

Ll T m T
rr

A T L
4 =7 8 ®mTFPE . = r - F

O R N TR | T ra1r r
+4 = 2w a2 oa I r m = s FEr =sras - om

=L EEW O mrn r F Fm=F &=
LY

- - r "1 = F - rFr " =4

.. l...q .
4 40 - J L1 J LN R LES
. i * PR e o .

]
[ I O e I |
Ll Ll

=1 m = = > 4 F
.1-..ll-l1
...-.-..-

Ch e momommomomoro ok
k - u

a 4+ 4 - F 4+ moanm

R N N n Fd Fd F 4 F W RE R

i R T T i R R e e e R v

+ - B4 B 1L
n

PR

._..l._.-l-.. -__.1.-_-__.-_--.__-_
= 1 = = m = howm b} " &2 ® R B I " B R E F =§E =N &®

=T s rn
- F + mogom Ll

- kT omd " doLa

rea - ke kA rdF
e e

P N

mr h e d s+ Fa -

4 = v 5 ¥ - r w3 r i+ 0

+ =

F + 1

sdd BB R
'-

I wh b Pk b B R & B & Bk AN RN
R R E T
R . . - n
R E RN FA e
e wn BT mT ka1t A - 4T R
N N

+

[ T R R I R I
R A E R ERERER LR
s oa e m T ET hrn + k-4 rd e
LR e N a
n e a

o raw
ra s w
o+ a o+
ror no< i
" A=
a2 F moE R m R

+* 4
a .

it 2011

AXA EXxhi

Page 2 of 13
IPR2025-00408



US 2010/0031676 Al

Feb. 11, 2010 Sheet 2 of 4

Patent Application Publication

Cl

F 4+

1 F + 1 %

-
-
-
1

-

Ll
n
Ll
L]
L]

+ 4
.

.
TR

rw - or
L I LR "N F R "I
3 I m L " aEom

e omom
" "o omeE
-
-
]
-
]
-
1]
-
[ L

it 2011

AXA EXxhi

Page 3 of 13
IPR2025-00408



Patent Application Publication  Feb. 11, 2010 Sheet 3 of 4 US 2010/0031676 Al

Pmax

AXA Exhibit 2011
Page 4 of 13
IPR2025-00408



US 2010/0031676 Al

Feb. 11, 2010 Sheet 4 of 4

Patent Application Publication

e D

-

it 2011

AXA EXxhi

Page 5 of 13
IPR2025-00408



US 2010/0031676 Al

AIR-CONDITIONING UNIT AND METHOD

[0001] The present invention relates to an air-conditioning
unit and method for enclosures, such as aircrait parked on the
ground.

[0002] It 1s often necessary to make conditioned air reach
enclosures 1n order to maintain suitable parameters for the
comiort ol persons and animals, the functioning of equipment
and/or the preservation of goods. Conditioned air means air
where at least the temperature 1s maintained in a range sub-
stantially independent of the temperature of the ambient air.
In particular, 1n aircrait parked on the ground, if onboard
air-conditioning systems are not 1n operation, the temperature
on board may rapidly become very uncomiortable for the
passengers as well as the crew and/or damage onboard equip-
ment, such as the onboard electronics. To prevent this, 1t 1s
well known to persons skilled 1n the art to use air-condition-
ing units, possible mobile and/or autonomous, 1n order to
bring conditioned air inside the aircrait, in particular through
flexible ducts connecting the aircraft to at least one air outlet
of the conditioned air unit, in order to maintain a suitable
temperature 1n the cabin, and/or 1n the baggage and/or avion-
ics holds. Such air-conditioning units have been described for
example 1n the American patents U.S. Pat. No. 5,031,690 and
U.S. Pat. No. 5,099,652, 1n the German patent apphcatlonD 5
33 14 763 Al, 1n Japanese patent application JP 10-122607
and in the Amerlcan patent application US 2004/0045308 A1.
[0003] Inparticular, U.S. Pat. No. 5,031,690, U.S. Pat. No.
5,099,652 and DE 33 14 763 Al disclose air-conditioning,
units comprising:

[0004] an a1r circuat with an air inlet, a main fan and an air
outlet adapted to be connected to an enclosure, such as
for example an aircraft on the ground, preferably
through one or more flexible ducts, and

[0005] a relrigerant circuit comprising an exchanger/
evaporator placed 1n the said air circuit 1n order to cool
the air by evaporating the refrigerant, a compressor and
a condenser for condensing the refrigerant before 1t 1s
returned to the exchanger/evaporator.

[0006] In these units, an air-conditioning method may be
implemented comprising the following steps:

[0007] ambient air enters an air circuit propelled by a
main fan,
[0008] the said ambient air passes through an exchanger/

evaporator, where 1t 1s cooled by evaporating a refriger-
ant flow circulating 1n the exchanger/evaporator,

[0009] the said cooled air 1s propelled through an air
outlet to a substantially closed space, such as for
example an aircrait on the ground, preferably through
one or more flexible ducts,

[0010] the said refrigerant 1t compressed in a compressor
downstream of the exchanger/evaporator,

[0011] the said refrigerant 1s condensed 1n a condenser
downstream of the compressor.

[0012] However, all these air-conditioning units have the
drawback of being able to adapt the refrigeration power only
within very limited ranges. Often, as described in the intro-
duction to U.S. Pat. No. 5,099,652, the temperature of the air
1s simply regulated by alternating between a full-power
refrigeration position and a zero relfrigeration position.
Although 1n this document, as well as DE 33 14 763 Al, 1t 1s
proposed to regulate the refrigeration power by varying the
power of the compressor. However, the efficacy of this regu-
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lation 1s limited by the fixed parameters of the exchanger/
evaporator. For this reason, the existing air conditioning units
and methods have limited adaptability to variations 1n envi-
ronmental parameters, such as the temperature and humidity
of the ambient air. This adaptability 1s also compromised by
low efficiency outside optimum operating parameters and by
the necessity to make complex manual adjustments 1n order to
regulate the refrigeration power.

[0013] Another very important drawback of the condi-
tioned air units of the prior art 1s their lack of adaptability to
the parameters of the enclosures for which the conditioned air
1s intended. Each enclosure 1s characterised by an output/
pressure curve that 1s particular to it. This characteristic may
be fixed or change over time. The output/pressure curve of an
enclosure may vary, for example, according to the size of the
enclosure, other characteristics particular to the enclosure,
circumstances of the connection environment, and certain
variables over time, such as the opening or modification of the
air distribution ducting in an enclosure such as an aircraft
parked on the ground. However, the air-conditioning units of
the prior art do not have means for adapting to such variations
in the output/pressure curve.

[0014] This lack of adaptability 1s particularly problematic
for air-conditioning units for aircrait parked on the ground.
These aircrait may have extremely varied volumes and there-
fore very divergent flow rate/pressure curves. Each aircrait
therefore has a set of characteristics that are particular to 1t in
terms of flow rate and pressure. An air-conditioning unit
intended for a small aircraft, such as for example a business
jet, will not be able to deliver a conditioned air flow rate
suificient for a large aircraft, such as a large-capacity aircratt.
Conversely, an air conditioning unit mtended for a large-
capacity aircrait will have a ventilation power such that, 1f 1t
were connected to a business jet, the blow back of the small
fuselage would cause an overpressure both 1n the business jet
and 1n the flexible connection ducts such that they might be
damaged.

[0015] In addition, 1n one and the same aircraft, this flow-
rate/pressure characteristic curve may change during the
functioning oi the unit according, for example, to a movement
of the flexible connection ducts between the air conditioning
umt and the aircraft, or by the opening and/or closing of
valves on the 1nternal air distribution system of the aircrait.

[0016] As the refrigeration power must be adapted to the
flow rate of conditioned air, the reduced variability of the
refrigeration power 1n the conditioned air units also deter-
mines their adaptabaility to enclosures with different flowrate/
pressure curves.

[0017] Consequently, with the conditioned air units of the
prior art, each airport must have a whole range of air-condi-
tioning units specifically adapted to each size and even to
cach model of aircraft. Given the cost of each unit, this may
therefore represent a very large amount of immobilised capi-
tal, with a considerable impact on the profitability of an
airport.

[0018] An object of the present invention 1s therefore to
provide an air conditioning umt and method with great adapt-
ability both to the environmental parameters and to the dii-
terent flowrate/pressure curves of the enclosures to be cooled
without compromising the efficacy of the cooling.
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[0019] To achieve this, 1n the air conditioning unit of the
ivention:

[0020] the said exchanger/evaporator comprises several
parallel circuits each with an individual pressure reduc-
ing valve,

[0021] the said air circuit also comprises a temperature
sensor downstream of the exchange/evaporator con-
nected to means of controlling the said individual pres-
sure reducing valves 1n order to regulate the flow rate of
refrigerant 1 order to maintain the air temperature
downstream of the exchanger/evaporator within a set
range, and a pressure sensor at the air outlet connected to
means of regulating the speed and/or power of the main
fan 1n order not to exceed a maximum overpressure at the
air outlet, and

[0022] the said refrigerant circuit also comprises a com-
pressor aspiration pressure sensor connected to means of
regulating the mass flow rate of the compressor in order
to maintain the aspiration pressure of the compressor
within a set range.

[0023] Inthis way, the refrigeration power can be regulated
through the flow rate of refrigerant in the exchanger/evapo-
rator as a function of the air temperature downstream of the
said exchanger/evaporator. As the said control means can
open only the pressure reducing valves solely in the circuits of
the exchanger/evaporator necessary for achieving the neces-
sary refrigeration power, the flow rate of refrigerant in each of
the open circuits can remain close to the optimum point.
Under such conditions, the regulation of the mass tlow rate of
the compressor 1n order to maintain the aspiration pressure of
the compressor within an optimum operating range makes it
possible to reduce the refrigeration power delivered by the
compressor when the pressure reducing valves of the
exchanger/evaporator are closed. With the compressor work-
ing at low output, the energy consumption can be reduced.
This regulation of the mass flow rate of refrigeration aspirated
by the compressor can be operated 1n several ways. For
example, 1 the case of a rotary compressor, such as for
example a screw compressor, the flow rate can be regulated
through the speed of rotation of the compressor. In screw
compressors, 1t 1s also possible to regulate the flow rate by
action on a capacity slide of the compressor moditying the
usetul length of the screw. Another way of regulating the tflow
rate, 11 the compressor comprises several compressor units
installed in parallel, 1s by the regulation of the number of
compressor units in operation. In a similar manner, in the case
ol a piston compressor comprising several cylinders, where
cach cylinder comprises at least one imnduction valve and at
least one exhaust valve, 1t 1s possible to regulate the output of
the compressor by acting on the said induction and exhaust
valves, 1n a manner known to persons skilled in the art.
Finally, 1t 1s also possible to regulate the output of the com-
pressor by means of a bypass valve, generally external to the
COMpPressor.

[0024] In addition, the speed and/or power of the main fan
can be regulated so as to produce the maximum conditioned
air flow rate for each enclosure. As the temperature of the air
downstream of the exchanger/evaporator will depend both on
the refrigeration power and the tlow rate of air to be cooled,
this regulation, 1n combination with the regulation of the
individual pressure reducing valves and the mass tlow rate of
reirigerant sucked 1n by the compressor cited above has the
advantageous etlect of automatically adjusting not only the
flow rate of air but also the refrigeration power according to
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cach space. It therefore becomes possible, for example, to use
the same air-conditioning unit for a whole range of aircraft of
different sizes, without having to proceed with complex
manual adjustments for each appliance and keeping good
elficiency 1n all circumstances.

[0025] Advantageously, the said air circuit also comprises a
temperature sensor at the air outlet connected to means of
regulating the speed and/or power of the main fan 1n order to
control 1ts tlow rate so as to maintain the temperature at the air
outlet within a set range. This makes 1t possible to regulate the
temperature of the conditioned air through its tlow rate.
[0026] Advantageously, the said condenser 1s an air-cooled
condenser. This option 1s particularly simple and avoids
means, such as for example water reservoirs, which will be
difficult to adapt to a mobile and/or self-contained unit.

[0027] Moreadvantageously, the said air-cooled condenser
may comprise a cooling fan and a pressure sensor for the
refrigerant connected to means of regulating the speed and/or
power of the cooling fan 1n order to control the cooling of the
condenser so as to maintain the pressure of the refrigerant 1n
the condenser within a set range. This makes it possible to
regulate the speed and/or power of the cooling fan 1n order to
adapt 1t, amongst other things, to the changes in flow rate of
refrigerant through the condenser and to maintain the con-
densation pressure.

[0028] Advantageously, the said exchanger/evaporator can
also comprise a temperature sensor for the refrigerant at the
output of each of the said parallel circuits connected to the
said means of controlling the said pressure reducing valves in
order to regulate the flow rate of refrigerant so as to ensure the
evaporation of substantially all the flow of refrigerant in the
said exchanger/evaporator. This makes it possible to possible
to optimise the flow rate of refrigerant in each circuit of the
exchanger/evaporator by allowing to flow 1n each circuit only
the refrigerant that can be vaporised by the heat exchanged.

[0029] Even more advantageously, the said exchanger/
evaporator can also comprise a pressure sensor for the refrig-
erant at the output of the said parallel circuits connected to the
said means of controlling the said pressure reducing valves in
order to correct the temperature sensed by the temperature
sensor for the refrigerant at the discharge from the same
parallel circuat.

[0030] Under conditions of high humidity, an excessive
refrigeration power might cause the formation of frost on the
surface of the exchanger/evaporator, interfering with and
even blocking the flow of air through the exchanger/evapora-
tor and therefore causing a breakdown of the air conditioning
umt. To prevent this, the said exchanger/evaporator can
advantageously also comprise a sensor for the surface tem-
perature ol the exchanger/evaporator connected to the said
means ol controlling the said pressure reducing valves in
order to regulate the tlow of refrigerant in order to prevent the
formation of frost on the surface of the exchanger/evaporator.
With this sensor connected to the means of controlling the
pressure reducing valves, the refrigeration power can be regu-
lated so as to maintain the temperature above a frost forma-
tion danger threshold.

[0031] Between the condenser and the exchanger/evapora-
tor, heat sources can heat the flow of refrigerant. If the cooling
in the condenser 1s regulated optimally, the temperature of the
reirigerant should be just below the condensation tempera-
ture. A heating or a slight drop 1n pressure could therefore
cause the formation of gas bubbles in the refrigerant that
might compromise the optimum functioning of the air con-
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ditioning unit. For this reason, the refrigerant circuit may
advantageously also comprise an economiser circuit down-
stream of the condenser, the said economiser circuit compris-
ing a main branch, a secondary branch with a pressure reduc-
ing valve, and a heat exchanger between the said main branch
and the said secondary branch downstream of its pressure
reducing valve, so that, 1n operation, a secondary tlow of
reirigerant 1s diverted to the said secondary branch so as to be
expanded 1n the pressure reducing valve and cool through the
heat exchanger a primary flow of refrigerant passing through
the main branch 1n order to prevent the appearance ol gas
bubbles 1n the refrigerant upstream of the exchanger/evapo-
rator. By profiting from the evaporation heat of the secondary
flow of refrigerant, 1t 1s possible to supercool the primary flow
delivered to the exchanger/evaporator in order to prevent the
formation ol gas bubbles downstream of the exchanger/
evaporator.

[0032] Advantageously, in order to provide the electrical
supply to the air conditioning unit 1n self-contained mode, the
unit may also comprise a thermal engine, preferably diesel,
coupled to a generator.

[0033] Even more advantageously, the said thermal engine
may comprise a cooling circuit for the engine with:

[0034] a radiator, preferably with a fan, for cooling an
engine cooling fluid;

[0035] a complementary heat exchanger placed in the
said air circuit, preferably downstream of the said
exchanger/evaporator, 1n order to heat the air by cooling
the engine cooling fluid, and

[0036] a three-way valve for directing the cooling fluid
for the engine alternately to the radiator or to the comple-
mentary heat exchanger.

[0037] The characteristics make 1t possible not only to dis-
charge the heat produced by the functioning of the thermal
engine but also if applicable to use this heat to heat the
air-conditioning flow when the unit 1s functioning in heating
mode.

[0038] Advantageously, the said air circuit may also com-
prise electric heating means, preferably downstream of the
saild exchanger/evaporator, with a set of electric elements,
preferably wired 1n several stages, and a temperature sensor
downstream of the heating means connected to means of
controlling the said set of electric elements to regulate the
heating power in order to maintain the air temperature down-
stream of the heating means within a set range. This allows
functioning of the air conditioning unit in heating mode with
fine regulation of the heating power.

[0039] Advantageously, the said refrigerant may be a
hydrofluorocarbon, preferably R134a. Such a refrigerant
alfords good energy elficiency, with good safety and low
environmental 1impact.

[0040] Advantageously, the said main fan may be a cen-
trifugal fan. Such a fan can deliver a high flow of air with
relatively small size.

[0041] Advantageously, the said compressor may be a
SCrewW COMmpressor.

[0042] Advantageously the said unit may be mobile and
autonomous 1n order for example to supply conditioned air to
mobile platforms, such as aircraft on the ground.

[0043] Details concerning the invention are described
below 1llustratively but non-restrictively, making reference to
the drawings.

[0044] FIG.1 depicts a side view of an air conditioning unit
according to one embodiment of the invention.

Feb. 11, 2010

[0045] FIG. 2 depicts a plan view of the same air condition-
ing unit.

[0046] FIG. 3 1s a pressure and flow rate diagram.

[0047] FIG. 4 depicts a diagram of the refrigerant circuit of

the same air conditioning unit.

[0048] The air conditioning unit 1 for an aircraft illustrated
in FIGS. 1 and 2 comprises a chassis 2 mounted on wheels 3,
although 1t may alternatively be fixed, a body 4 provided with
an air inlet 5 with filters 5', and an air outlet 6 with two
discharge orifices 7 to which it 1s possible to connect flexible
ducts to conduct the conditioned air to an aircraft and a system
of valves 7a, 7b, Tc Tor opening and/or closing each of the two
air orifices 7, and any diversion of the air to the atmosphere.
[0049] Theunit 1 also comprises, inside the body 4, a diesel
engine 8 coupled to an electrical generator 9 1n order to
provide the supply of electricity to the various elements of the
unit 1, a variable-speed centrifugal fan 10 to distribute air to
the aircraft, a refrigerant circuit 11 (depicted 1n FIG. 4) with
an exchanger/evaporator 12 for cooling the air, electric heat-
ing means 13 with a plurality of electric elements, and a
complementary heat exchanger 14 connected to the cooling
circuit of the diesel engine 8.

[0050] Inoperation, the air intended for the aircraft 1s aspi-
rated through the air inlet 5 and filters 5' by the centrifugal fan
10 that 1s situated inside the body 4 and functions in free
aspiration. All the panels forming the body 4 thus form nega-
tive-pressure aspiration air duct.

[0051] Adter having passed through the fan 10, the air 1s
directed to a pressure-resistant air treatment chamber 15 1n
which the exchanger/evaporator 12, the electric heating
means 13 and the complementary heat exchanger 14 are
found.

[0052] The unmit 1 also comprises a tank 16 for collecting
condensation water placed directly below the exchanger/
evaporator 12 i order to collect the moisture from the aspi-
rated air condensing on the exchanger/evaporator 12.

[0053] The cooled or heated air 1s then sent, via the two
discharge orifices 7, to the flexible ducts and the aircratit.

[0054] A pressure sensor SP1 continuously controls the
discharge pressure of the fan 10 during operation. This sensor,
by means of a frequency variator, makes the rotation speed of
the fan 10 vary so that the latter delivers the maximum output
possible without exceeding the maximum authorised pres-
sure, 1n order to comply with the mechanical strength of the
flexible ducts, the internal ducting of the aircraft and the air
conditioning unit 1. This 1s 1llustrated in the diagram 1n FIG.
3. In this diagram, the vertical axis corresponds to the over-
pressure P at the air outlet 6 with respect to the pressure of the
ambient air, with a maximum allowed overpressure Pmax,
and the horizontal axis corresponds to the tflow rate D. The
curves E1, E2 and E3 are flow rate/pressure curves for enclo-
sures with different characteristics. The curves V1, V2, V3
and V4 are flow rate/pressure curves for the same main fan 10
at different speeds. If the main fan 10 operates at a constant
speed independently of the characteristics of the enclosure,
the conditioned air flow will follow one of the curves V1, V2,
V3 or V4. With, for example, the curve V2 the unit 1 will not
be able to deliver a flow of conditioned air below Dmin,V2,
below which the overpressure would exceed the maximum
allowed overpressure Pmax, and would risk causing damage.
On the other hand, the flow rate could increase only with a
very substantial drop 1n the discharge overpressure of the
enclosure. Thus the flow of conditioned air that could be
delivered to the enclosures represented by the curves E1, E2
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and E3 would be determined by the intersections A1, A2, A3
respectively of these curves with V2. With the regulation of
the speed of the main fan 10 as a function of the maximum
allowed overpressure Pmax, the flow rate 1s determined by the
intersections B1, B2 and B3 of E1, E2 and E3 with Pmax. As
can be seen 1n the diagram, the flow rates DB1, DB2 and DB3
resulting from this are substantially higher than the tlow rates

DA1, DA2 and DA3 of the fixed-speed fan.

[0055] Any modification to the air discharge system before
the connection or during functioning results directly in a
modification to the rotation speed of the fan 10 so that the air
pressure remains within an acceptable range. Alternatively,

the fan 10 could be power regulated, rather than speed-regu-
lated.

[0056] A temperature sensor ST1 controlling the air output
to the aircrait also intluences the rotation speed of the fan 10,
and/or 1ts power, by preventing discharge into the aircraft of
excessively hot air, 1 cooling mode, or too cold in heating
mode. The reduction in the speed and/or power consequently
makes 1t possible to reduce the refrigerant or heating load that
the unit must deliver 1n cold mode or hot mode, respectively,
in order to comply with 1ts set value. In this way, the unit 1 can
be used outside the design conditions without posing a prob-
lem with regard to the comfort atforded by the level of the air
discharge temperature or the discomiort resulting from an
excessively low discharge temperature.

[0057] The cooling mode of the unit 1 1s provided by a
refrigerant circuit 11 based on the compression cycle and on
the direct expansion of the refrigerant fluid. This circuit 11 1s

illustrated 1n FIG. 4.

[0058] The refrigerant fluid used 1s an HFC (hydrotluoro-
carbon) preferably R134a, in order to obtain better perfor-
mance coellicients and ensure easy procurement of the refrig-
erant tluid, whilst complying with environmental constraints.

[0059] In cooling mode, the heat 1s taken off from the air
treated by the evaporation of the refrigerant in the exchanger/
evaporator 12. This heat, added to that produced by the com-
pression in a compressor 17, 1s discharged to the environment

during the condensation of the refrigerant in an air condenser
18.

[0060] The exchanger/evaporator 12 comprises a plurality
of parallel circuits 19. Each parallel circuit 19 comprises, at
its 1nlet, a pressure reducing valve 20 controlled electroni-
cally by a regulator. In this way, 1n operation, the refrigerant
1s expanded by one or more of these pressure reducing valves
20 according to the refrigeration load necessary. These pres-
sure reducing valves 20 therefore have the particularity of
adapting the flow rate of refrigerant to the refrigeration load
strictly necessary.

[0061] The regulator for the pressure reducing valves 20
control several physical quantities:

[0062] the superheating temperature of the refrigerant
detected by a temperature sensor ST2 at the discharge
from each of the circuits 19 1n order to ensure that all the
refrigerant present 1n the exchanger/evaporator 12 has
evaporated before 1t 1s aspirated into the compressor 17;

[0063] theairtemperature detected by a temperature sen-
sor ST3 downstream of the exchanger/evaporator 12 1n
order to check that this remains in the set range fixed;

[0064] the surface temperature of the exchanger/evapo-
rator 12 detected by a temperature sensor ST2, which
gives information on the possible formation of frost on
the exchanger/evaporator 12;
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[0065] the evaporation pressure detected by a pressure
sensor SP2 in the exchanger/evaporator 12, which
allows correction of the superheating temperature 1n
order to have the exact value thereof.

[0066] At the discharge from the exchanger/evaporator 12,
the refrigerant vaporised 1s aspirated at low pressure and
compressed to a high pressure by the compressor 17.

[0067] In the embodiment illustrated the compressor 17 1s
of the screw type with continuous capacity regulation from
25% to 100%. However, 1n alternative embodiments, the
compressor 17 could be a compressor of another type, such as
for example a piston compressor.

[0068] The compressor 17 1s driven by an electric motor
integrated in the compressor 17, preferably 1n an accessible
hermetic housing. This motor may be cooled by the aspirated
refrigerant fluid.

[0069] A pressure sensor SP3 measures the suction pres-
sure upstream of the compressor 17 and adapts the speed
thereol by means of a regulator so that the rate of the aspirated
flow adapts to the rate of the flow injected by the pressure
reducing valves 20 in the exchanger/evaporator 12. In other
embodiments, the rate of the flow aspirated by the compressor
17 could be regulated by other means, such as a capacity slide
for varying the usetul length of the screw 1n a screw compres-
sor 17, the regulation of the number of active compressing
units 1n a compressor 17 having several of these 1n parallel, a
bypass valve, generally external or, 1n a piston compressor
comprising several cylinders, the regulation of the number of
active cylinders, possibly by controlling the induction and/or
exhaust valves of the cylinders.

[0070] The refrigerant fluid leaving the compressor 17 1s
directed to the condenser 18.

[0071] The condenser 18 1s of the air type. It 1s placed
outside the body 4 and cooled by the ambient air propelled
through the condenser 18 by a cooling fan 21. The cooling air
for the condenser 18 circulates 1n a circuit substantially 1so-
lated at least from the conditioned air circuit in order to
prevent the latter being contaminated.

[0072] To ensure for the condenser 18 a control allowing
the latter to adapt to the refrigerant tlow rate, the cooling fan
21 1s controlled by a frequency variator connected to a pres-
sure sensor SP4 (high pressure) in the condenser 18.

[0073] The condensation pressure can therefore be kept
stable even under changing external conditions or during
changes to the refrigerant tlow rate.

[0074] A honizontal liquid reservoir 22 collects the refrig-
erant condensed in the condenser 18. A dehumidifying car-
tridge filter 23 placed at the output of the reservoir 22 removes
any moisture present in the refrigerant.

[0075] Belore the refrigerant 1s directed to the pressure
reducing valves 20, 1t 1s supercooled 1n an economiser circuit
24.

[0076] This economiser circuit 24 comprises a main branch

25, a secondary branch 26 with a pressure reducing valve 27,
and a heat exchanger 28 between the said main branch 25 and
the said secondary branch 26 downstream of its pressure
reducing valve 27. Part of the flow of refrigerant 1s diverted to
the secondary branch 26 and vaporised by the pressure reduc-
ing valve 27 so as to cool the primary tflow of refrigerant in the
exchanger 28.

[0077] This secondary tlow of refrigerant 1s expanded at an
intermediate pressure between the high and low pressure of
the compressor 17. The pressure reducing valve 27 1s also
clectronically controlled. The primary flow of refrigerant
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passes through the exchanger 28 on the liquid refrigerant side,
while supercooling by virtue of the evaporation of the sec-
ondary flow expanded at the intermediate pressure. The latter
1s then aspirated directly by the compressor 17.

[0078] Thesupercooling ofthe primary flow affords greater
stability of functioning of the pressure reducing valves 20 of
the exchanger/evaporator 12 while at all times providing a
100% liquid phase of the refrigerant at their inlet.

[0079] Vanations in refrigeration loads or changes 1n exter-
nal conditions may lead to the appearance of gas bubbles at
the inlet to the pressure reducing valves 20, interfering with
their functioning. By its presence, the economiser circuit 24
prevents this problem.

[0080] The heating mode of the unit 1 1s provided by elec-
trical heating means 30 comprising a set of electric elements.
[0081] The electric heating means 13 are placed 1n the air
treatment chamber 15 also containing the exchanger/evapo-
rator 12 downstream of it.

[0082] The electric heating means 13 are 1n the form of a set
ol stainless steel tubes without fins. They are wired 1n for
example four different stages providing the possibility of
delivering the heat capacity strictly necessary.

[0083] The temperature sensor ST1 controlling the output
of the unit also makes 1t possible to regulate the electric means
13.

[0084] As the unit 1 of the embodiment 1llustrated 1s sup-

plied by a self-contained electricity generator, a complemen-
tary heat exchanger 14 connected to the cooling circuit of the
diesel engine 8 can also heat the treated air. This complemen-
tary heat exchanger 14 1s of the type comprising copper tubes
and alumimium fins and serves to recover the heat given ol by
the cooling circuit of the diesel engine 8.

[0085] According to the method of use of the unit 1, 1n
cooling or heating mode, and the water temperature in the
cooling circuit of the diesel engine 8, a three-way valve (not
illustrated) 1n this cooling circuit makes 1t possible to direct
the water circulating in the circuit to a radiator 29 discharging
the heat to the environment or to the complementary heat
exchanger 14 installed in the air treatment chamber 15 down-
stream of the exchanger/evaporator 12.

[0086] The diesel engine 8 15 cooled by the circulation of
water 1n its cooling circuit 1n the cylinder heads. The radiator
29 15 preferably ventilated by means of an axial fan 31.
[0087] Tocomply with certain environmental constraints, 1t
1s preferable to use a diesel engine with combustion air cool-
ing. An exchanger for cooling the combustion air, or inter-
cooler, 1s then installed in the chassis of the radiator 29.

[0088] The diesel engine 8 has the following safety devices:

[0089] water high temperature
[0090] lack of o1l pressure.
[0091] An electrical panel comprises the power and control

circuit for the entire unit 1.

[0092] An automatic controller installed 1n the electrical
panel manages the functioning of the unit 1 by controlling all
the constituent elements, namely:

[0093] main fan 10,

[0094] compressor 17,

[0095] condenser 18,

[0096] pressure reducing valves 20 of the exchanger/

evaporator 12,

[0097] pressure reducing valve 27 of the economiser cir-
cuit 24,
[0098] electric heating means 13,
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[0099] three-way valve of the cooling circuit of the diesel
engine 8.
[0100] A control panel comprises:
[0101] a start/stop button,
[0102] an operating mode selector (hot, cold ventila-
tion),
[0103] a fault lamp,
[0104] an On lamp,
[0105] adisplay indicating the information useful to star-
tup.
[0106] As soon as the ducts are connected between the unit

1 and the aircraft, the operator can start the diesel engine 8, or
put the unit 1 otherwise under electrical tension, by action on
the main start/stop button.

[0107] The diesel engine 8 1s equipped with an automatic
starting system.
[0108] Assoonasancelectrical voltage is present, the opera-

tor chooses the operating mode of the unit 1 (hot/cold/venti-
lation). From this moment, the unit 1 can function 1n a com-

pletely automatic fashion.

[0109] After the starting of the main fan 10, its speed
increases until the pressure sensor SP1 at the air outlet 6
detects that the overpressure of the air propelled 1s substan-
tially equal to Pmax. As from this moment, the pressure
sensor SP1 acts on the vanator of the main fan 10 in order to
maintain the overpressure within limit operating conditions
and maintain the maximum possible air flow at the main fan

10.

[0110] In cold mode, the pressure reducing valves 20 adapt
the flow rate of refrigerant to the flow rate of air thus con-
trolled so as to maintain the temperature of the air sensed by
the temperature sensor ST3 downstream of the exchanger/
evaporator 12 within a set range and the surface temperature
of the exchanger/evaporator 12 sensed by the temperature
sensor ST4 at a value at a value such as for example just above
0 degrees Celsius, preventing frosting of the exchanger/
evaporator 12. Frosting of the exchanger/evaporator 12 may
cause a loss of air flow and lead to the stoppage of the unit 1.

[0111] Themodificationto the flow rate of refrigerant influ-
ences, 1n operation, the aspiration pressure (low pressure of
the refrigeration circuit). According to the reading of this
pressure by the pressure sensor SP3, the capacity of the com-
pressor 17 can be adapted to maintain this pressure within a
set range ensuring optimum functioning of the unit 1.

[0112] The variation 1n the flow rate of refrigerant also
influences the heat load to be given oif at the condenser 18. To
ensure stable functioning, the central automatic controller, by
means of the frequency variator of the cooling fan 21 of the
condenser 18, modifies the speed of the fan 21 according to
the reading of the high-pressure sensor SP4.

[0113] Likewise, for the exchanger/evaporator 12, the pres-
sure reducing valve 27 of the economiser circuit 24 adapts the
diverted quantity of the main tlow of refrigerant in order to
ensure correct supercooling of the liquid refrigerant before 1t
returns to the pressure reducing valves 20 of the exchanger/
evaporator 12.

[0114] Inheating mode, when 1t 1s present, the central auto-
matic controller uses firstly the complementary exchanger 14
for reasons of energy saving. By controlling the three-way
valve of the cooling circuit of the diesel engine 8, the central
automatic controller sends part of the cooling water tlow from
the diesel engine 8 to the complementary exchanger 14 in
order to heat the air propelled towards the appliance.

AXA Exhibit 2011

Page 10 of 13
IPR2025-00408



US 2010/0031676 Al

[0115] If the air temperature at discharge 1s too cold, the
central automatic controller powers up the elements of the
clectric heating means by regulating the various stages up to
the set value. This set value 1s a maximum value predefined
according to the physical characteristics of the materials mak-
ing up the unit 1, the connection ducts and the maximum
pressures withstood by the aircraft onto which the unit 1 1s
connected.

[0116] When functioning 1n hot mode or cold mode, the
central automatic controller manages the unit so that the latter
functions continuously without the unit 1 stopping in safe
mode. Apart from the hardware satety devices stopping the
clements, the quantities that can stop the units completely are:

[0117] general excess current,
[0118] excess current on the main fan 10,
[0119] high condensation pressure (1n cold mode),
[0120] high pressure of the propelled atr.
[0121] In the case of risk of general excess current, a pre-

alarm threshold before complete stoppage 1s detected. The
central automatic controller then reduces the electrical con-
sumption of the compressor 17 (in cold mode) or of the
clectric heating means 13 (1in hot mode) by reducing the
capacity of these by action on their regulation.

[0122] In the case of risk of excess current at the main fan
10, the electrical load of the motor of the main fan 10 1s
reduced by reducing its rotation speed.

[0123] Inthecase of risk ofhigh condensation pressure, the
reirigeration load of the compressor 17 1s reduced by the
central automatic controller by action on 1ts regulation.
[0124] In the case of risk of overpressure of the propelled
atr, the rotation speed of the main fan 10 1s reduced by means
of the frequency variator.

[0125] These different situations lead to a reduction 1n the
capacity of the unit 1 in order to maintain i1t in operation when
the operating conditions are more severe than expected with-
out exceeding the safety limits immediately stopping the unit
1.

[0126] Although the present invention has been described
with reference to specific example embodiments, 1t 1s obvious
that various modifications and changes can be made to these
examples without departing from the general scope of the
invention as defined by the claims. Consequently the descrip-
tion and drawings must be considered 1n an illustrative rather
than restrictive sense.

REFERENCES OF THE FIGUR.

L1
o

[0127] 1 Air conditioning unit
[0128] 2 Chassis

[0129] 3 Wheels

[0130] 4 Body

[0131] 5 Air mlet

[0132] 5'Filters

[0133] 6 Air outlet

[0134] 7 Discharge orifices
[0135] 7a Valve

[0136] 7bH Valve

[0137] 7c¢ Valve

[0138] 8 Diesel engine
[0139] 9 Electrical generator
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[0145] 15 Treatment chamber
[0146] 16 Collection tank
[0147] 17 Compressor
[0148] 18 Condenser
[0149] 19 Parallel circuits
[0150] 20 Pressure reducing valves
[0151] 21 Cooling fan
[0152] 22 Hornzontal refrigerant reservoir
[0153] 23 Dehumiditying filter
[0154] 24 Economiser circuit
[0155] 25 Main branch
[0156] 26 Secondary branch
[0157] 27 Pressure reducing valve
[0158] 28 Heat exchanger
[0159] 29 Radiator
[0160] 30 Engine compartment
[0161] 31 Fan
[0162] Al Intersection of tlow rate/pressure curves V2 and
E1
[0163] A2 Intersection of tlow rate/pressure curves V2 and
E2
[0164] A3 Intersection of tlow rate/pressure curves V2 and
E3
[0165] B1 Intersection of tlow rate/pressure curve E1 and
Pmax
[0166] B2 Intersection of tlow rate/pressure curve E2 and
Pmax
[0167] B3 Intersection of tlow rate/pressure curve E3 and
Pmax
[0168] D Air output
[0169] DAI1 Air output at point Al
[0170] DA2 Air output at point A2
[0171] DA3 Air output at point A3
[0172] DB1 Air output at point B1
[0173] DB2 Air output at point B2
[0174] DB3 Air output at point B3
[0175] FE1 Flow rate/pressure curve of a first enclosure
[0176] E2 Flow rate/pressure curve of a second enclosure
[0177] E3 Flow rate/pressure curve of a third enclosure
[0178] P Overpressure of conditioned air at air outlet
[0179] Pmax Maximum overpressure
[0180] SP1 Pressure sensor
[0181] SP2 Pressure sensor
[0182] SP3 Pressure sensor
[0183] SP4 Pressure sensor
[0184] S11 Temperature sensor
[0185] S12 Temperature sensor
[0186] S13 lemperature sensor
[0187] S14 lemperature sensor
[0188] V1 Flow rate/pressure curve of a first fan speed
[0189] V2 Flow rate/pressure curve of a second fan speed
[0190] V3 Flow rate/pressure curve of a third fan speed
[0191] V4 Flow rate/pressure curve of a fourth fan speed

1. Air conditioning unit (1) comprising;

an air circuit with an air inlet (5), a main fan (10) and an air

outlet (6) adapted to be connected to an enclosure, such
as for example an aircraft on the ground, preferably
through one or more flexible ducts, and

[0140] 10 Main fan

[0141] 11 Reirigerant circuit

[0142] 12 Exchanger/evaporator
[0143] 13 Electric heating means
[0144] 14 Complementary exchanger

a relrigerant circuit comprising an exchanger/evaporator
(12) placed in the said air circuit 1n order to cool the air
by evaporating the refrigerant, a compressor (17) and a
condenser (18) for condensing the refrigerant before it 1s
returned to the exchanger/evaporator (12), and
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characterised in that

the said exchanger/evaporator (12) comprises several par-
allel circuits (19) each with an individual pressure reduc-
ing valve (20),

the said air circuit also comprises a temperature sensor
(ST3) downstream of the exchanger/evaporator (12)
connected to means ol controlling the said individual
pressure reducing valves (20) 1n order to regulate the
flow rate of refrigerant 1n order to maintain the air tem-
perature downstream of the exchanger/evaporator (12)
within a set range, and a pressure sensor (SP1) at the air
outlet (6) connected to means of regulating the speed
and/or power of the main fan (10) in order not to exceed
a maximum overpressure at the air outlet (6), and

the said refrigerant circuit also comprises a compressor
suction pressure sensor (SP3) connected to means of
regulating the mass tlow rate of refrigerant aspirated by
the compressor (17) in order to maintain the aspiration
pressure of the compressor (17) within a set range.

2. Air conditioning unit (1) according to claim 1, wherein
the said air circuit also comprises a temperature sensor (ST1)
at the air outlet (6) connected to means of regulating the speed
and/or power of the main fan (10) 1n order to control 1ts output
s0 as to keep the temperature at the air outlet (6) 1n a set range.

3. Air conditioning unit (1) according to claim 1, wherein
the said condenser (18) can be cooled by atr.

4. Air conditioning unit (1) according to claim 3, wherein
the said condenser (18) comprises a cooling fan (21) and a
pressure sensor (SP4) for the refrigerant connected to means
of regulating the speed and/or power of the cooling fan (21) 1n
order to control the cooling of the condenser so as to keep the
pressure of the refrigerant 1n the condenser (18) 1n a set range.

5. Air conditioning unit (1) according to claim 1, wherein
the said exchanger/evaporator (12) also comprises a tempera-
ture sensor (ST2) for the refrigerant at the outlet of each of the
said parallel circuits (19) connected to the said means of
controlling the said pressure reducing valves (20) in order to
regulate the flow rate of refrigerant so as to ensure the evapo-
ration of substantially all the tlow of refrigerant in the said
exchanger/evaporator (12).

6. Air conditioning umit (1) according to claim 5, wherein
the said exchanger/evaporator (12) also comprises a pressure
sensor (SP2) for the refrigerant at the outlet of the said parallel
circuits (19) connected to the said means of controlling the
said pressure reducing valves (20) in order to correct the
temperature sensed by the temperature sensor (ST2) for the
refrigerant discharged from the same parallel circuit (19).

7. Air conditioning unit (1) according to claim 1, wherein
the said exchanger/evaporator (12) also comprises a surface
temperature sensor (ST4) for the exchanger/evaporator (12)
connected to the said means of controlling the said pressure
reducing valves (20) 1in order to regulate the flow rate of
refrigerant so as to prevent the formation of frost on the
surface of the exchanger/evaporator (12).

8. Air conditioning umt (1) according to claim 1, wherein
the refrigerant circuit also comprises an economiser circuit
(24) downstream of the condenser (18), the said economiser
circuit (24) comprising a main branch (25), a secondary
branch (26) with a pressure reducing valve (27), and a heat
exchanger (28) between the said main branch (235) and the
said secondary branch (26 ) downstream of 1ts pressure reduc-
ing valve (27), so that, in operation, a secondary flow of
refrigerant 1s diverted to the said secondary branch (26), so as
to be expanded 1n the pressure reducing valve (27) and cool,
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through the heat exchanger (28), a primary flow of refrigerant
passing through the main branch (25) so as to prevent the
appearance ol gas bubbles 1n the refrigerant upstream of the
exchanger/evaporator (12).

9. Arr conditioning unit (1) according to claim 1, also
comprising a thermal engine (8), preferably diesel, coupled to
a generator (9) for the electrical supply to the unit (1).

10. A1r conditioning unit (1) according to claim 9, wherein
the said thermal engine (8) comprises a cooling circuit with:

a radiator (29), preferably with a fan (31), to cool a cooling,
fluad for the thermal engine (8),

a complementary heat exchanger (14) placed 1n the said air
circuit, preferably downstream of the said exchanger/
evaporator (12), 1n order to heat the air while cooling the
cooling fluid of the thermal engine (8), and

a three-way valve for directing the cooling fluid from the
thermal engine (8) alternately to the radiator (29) or to
the complementary heat exchanger (14).

11. Air conditioning unit (1) according to claim 1, wherein
the said air circuit also comprises electric heating means (13),
preferably downstream of the said exchanger/evaporator
(12), with a set of electric elements, preferably wired 1n
several stages, and a temperature sensor (ST1) downstream of
the electric heating means (13) connected to means of con-
trolling the said set of electric elements 1n order to regulate the
heating power so as to maintain the air temperature down-
stream of the heating means (13) 1n a set range.

12. Air conditioning unit (1) according to claim 1, wherein
the said refrigerant 1s a hydrofluorocarbon, preferably R134a.

13. Air conditioning unit (1) according to claim 1, wherein
the said main fan (10) 1s a centrifugal fan.

14. Air conditioning unit (1) according to claim 1, wherein
the said compressor (17) 1s a screw compressor.

15. Air conditioning unit (1) according to claim 1, in the
form of a mobile self-contained unit for, for example, supply-
ing conditioned air to mobile platforms, such as aircraft onthe
ground.

16. Air conditioning method comprising the following
steps:
ambient air enters an air circuit propelled by a main fan
(10),
the said ambient air passes through an exchanger/evapora-
tor (12) where 1t 1s cooled by evaporation of a flow of
refrigerant circulating 1n the exchanger/evaporator (12),

the said cooled air 1s propelled through an air outlet (6) to
an enclosure, such as for example an aircraft parked on
the ground, preferably through one or more flexible
ducts,

the said refrigerant 1s compressed 1 a compressor (17)
downstream of the exchanger/evaporator (12),

the said refrigerant 1s condensed 1n a condenser (18) down-
stream of the compressor (17) and

the method 1s characterised 1n that

the said exchanger/evaporator (12) comprises several par-
allel circuits (19) each with at least one pressure reduc-
ing valve (20),

the flow rate of refrigerant through each of the said pressure
reducing valves (20) 1s regulated so as to maintain the air
temperature downstream of the exchanger/evaporator
(12) 1n a set range,

the mass flow rate of refrigerant aspirated by the compres-
sor (17) 1s regulated so as to maintain the aspiration
pressure of the compressor (17) 1n a set range, and
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the speed and/or power of the main fan (10) 1s regulated so
as not to exceed a maximum overpressure at the air outlet

(6).
17. Method according to claim 16, wherein the speed and/
or power of the main fan (10) 1s regulated so as to regulate 1ts

output in order to maintain the temperature at the air outlet (6)
in a set range.

18. Method according to claim 16, wherein the said con-
denser (18) 1s cooled by air with a cooling fan (21) the speed
and/or power of which 1s regulated so as to maintain the
pressure of the refrigerant in the condenser (18) 1n a set range.

19. Method according to claim 16, wherein the tlow rate of
refrigerant through each of the said pressure reducing valves
(20) o the exchanger/evaporator (12)1s also regulated so as to
ensure the evaporation of substantially all the flow of refrig-
crant in the said exchanger/evaporator (12).

20. Method according to claim 16, wherein the flow rate of
refrigerant through each of the said pressure reducing valves
(20) of the exchanger/evaporator (12) 1s also regulated so as to
keep a surface temperature of the exchanger/evaporator (12)
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higher than a minimum threshold 1n order to prevent the
formation of frost on the surface of the exchanger/evaporator
(12).

21. Method according to claim 16, also comprising the
following steps:

the refrigerant 1s divided downstream of the condenser into

at least a primary tlow and a secondary flow,

the secondary flow 1s expanded in a pressure reducing
valve (27) of an economiser circuit (24),

the primary and secondary flows cross 1n a heat exchanger
(28) of the said economiser circuit (24), so that the
secondary flow cools the primary flow,

the secondary flow 1s returned to the condenser (18), and

the cooled primary flow 1s returned to the exchanger/
evaporator (12), and

wherein the secondary flow 1s regulated so as to regulate
the temperature of the cooled primary flow 1n order to
prevent the formation of gas bubbles 1n the refrigerant
upstream of the exchanger/evaporator (12).

o i e o i

AXA Exhibit 2011

Page 13 of 13
IPR2025-00408



	Front Page
	Drawings
	Specification
	Claims



