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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an independ-
ently controlled dual outlet air conditioning unit for ground
based aircraft that is designed to address the needs of
one or two aircraft.

BACKGROUND OF THE INVENTION

[0002] An aircraft parked at a gate while on the ground
generally requires an auxiliary power unit engine (APU)
to cool or heat the aircraft, since the engines of the aircraft
are not running. Several Aircraft High Pressure, Low
Temperature, Ground Based Air-Conditioners or precon-
ditioned air units (PCAir) have been proposed in the art
and used in airports throughout the world. Historically,
one airport gate served one aircraft at a time. Therefore,
PCAir units were designed to service one aircraft at a
time.
[0003] However, the rise in use of the larger wide-body
aircraft has led to the development of the multiple aircraft
ramp system (MARs) gate arrangement wherein two pas-
senger loading bridges can accommodate two narrow
body aircraft or one wide body aircraft. Due to the fact
that the current PCAir units are designed to serve only
one aircraft at a time, when two narrow body aircraft re-
side at the same aircraft stand position, each aircraft is
serviced with the same airflow, air pressure, and temper-
ature regardless of the type of plane or internal temper-
ature in each aircraft. The result is under-cooled or over-
cooled aircraft.
[0004] Moreover, aircraft from different manufacturers
have vastly different pressure and temperature require-
ments. By way of example, Boeing aircraft accept high
air flow at 32°F, but several Airbus aircraft require air at
-10°F at very low air flow to prevent the air ducts from
bursting.
[0005] The use of two PCAir units to supply one aircraft
is also known in the art and commonly used by airports
throughout the world. US 2012/0042685 A1 provides for
a PCAir unit that contains two independent air units. Each
unit can be independently set for temperature because
they are two separate units. However, the PCAir unit has
only one single intake airstream. This unit has a single
blower and secondary plenums connected in series, such
that only one secondary plenum is connected to the outlet
of the single blower. Similar PCAir units can be found in
US 2009/0084120 A1 and a similar mobile unit can be
found in CN 2 646 052 Y. Moreover, US 4 928 750 A
discloses a refrigeration system for a building, with blow-
ers disposed in parallel secondary plenums, and a heat-
ing system in each secondary plenum. JP H 10122607
A discloses a plurality of preconditioned air units, each
with its own blower, arranged in parallel and relying on
a common, primary brine refrigeration system.
[0006] A more desirable PCAir unit would allow for in-

dependent temperature, air pressure and airflow control
of each narrow body aircraft at a MARs gate. Such a
PCAir unit would allow independent control of each of
two or more PCAir outlets from a single unit. The desired
PCAir unit system would provide independent tempera-
ture, air pressure and airflow to each narrow body aircraft
in a MARs configuration, or provide appropriate temper-
ature, air pressure and airflow to one wide body aircraft.

SUMMARY OF THE INVENTION

[0007] The present invention relates to a single pre-
conditioned air (PCAir) unit for supplying preconditioned
air to aircraft parked on the ground, preferably at a pas-
senger loading bridge or gate, as defined by independent
claim 1. The single PCAir unit of the present invention
has at least two outlets that are independent of each oth-
er. In a preferred embodiment the single PCAir unit of
the present invention comprises a main housing unit
comprising a vent for air intake, a primary refrigeration
system, consisting of a primary intake coil, to precool or
preheat the air in a primary air intake plenum serving two
blower intakes, two blowers, and two separate secondary
plenums each attached to a single blower. Each second-
ary plenum of the present invention contains a secondary
refrigeration system to remove heat resulting from the
blower and may comprise an additional tertiary refriger-
ation system located downstream of the secondary sys-
tem to provide further cooling or heating to achieve the
desired air temperature, and an outlet for connection to
parked aircraft. The tertiary refrigeration system of the
present invention comprises either one singular coil or a
first-stage coil and a second-stage coil. It is understood
that the term refrigeration system used herein includes
systems that lower or raise the temperature of the air
within the system.
[0008] In a preferred embodiment of the present inven-
tion the primary refrigeration system is located in the pri-
mary air intake plenum is a chilled water coil. It is under-
stood that alternative coils, such as Direct Expansion or
a coil using an ethylene glycol and water mixture, here-
inafter EGW coil or ethylene glycol water coil, may be
used for the primary refrigeration system.
[0009] The two blowers of the present invention pro-
vide air to the separate secondary plenums. Each blower
utilizes a separate variable-frequency drive which allows
for air pressure and volume to be individually adjusted in
each secondary plenum. It is understood that any adjust-
able-speed drive may be utilized by the blowers of the
present invention. Alternatively, any number of blower
and plenum configurations may be used to achieve the
desired number of outputs.
[0010] Each set of refrigeration systems within each
individual plenum of the present invention is independ-
ently controlled allowing for independent temperature
and defrost control for each refrigeration system. In one
embodiment of the present invention, the use of a chilled
water coil for each secondary refrigeration system and
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the use of a downstream tertiary refrigeration system al-
lows for sub-freezing temperatures down to -18°C
(-0.4°F) or as high as 70°C (158°F) from each secondary
plenum outlet, independent of the other secondary ple-
num. By way of example, one outlet of the present inven-
tion may be cooling a narrow body aircraft to -18°C
(-0.4°F) while the other outlet, of the same unit, may be
used to heat a different narrow body aircraft up to 70°C
(158°F) simultaneously. Alternatively, the secondary re-
frigeration system and tertiary refrigeration system in
each secondary plenum may be set for the same tem-
perature to service one wide body aircraft. It is under-
stood that the defrost cycles will adhere to the require-
ments of the aircraft manufacturer and/or International
Air Transport Association’s Airport Handling Manual.
[0011] In a preferred embodiment of the present inven-
tion, the secondary refrigeration system in each second-
ary plenum is a chilled water coil. The tertiary refrigeration
system of each secondary plenum may be a singular coil,
such as an EGW coil or consist of a first-stage coil and
a second-stage coil wherein the first-stage and second-
stage coil are Direct Expansion coils. Alternatively, all of
the refrigeration systems within the secondary plenums
may be of any type of system and the series of the sys-
tems may be in any arrangement.
[0012] It will be understood that when Direct Expansion
coils are utilized, a compressor and condenser/heat ex-
changer circuit is necessary to support each Direct Ex-
pansion coil. By way of example, wherein the single
PCAir unit of the present invention utilizes Direct Expan-
sion coils for the first-stage and second-stage coils in the
secondary plenum, the PCAir unit contains four scroll
compressors with four circuits, two circuits on each side
of the main housing unit. It is understood that any number
of compressors may be utilized and the number is de-
pendent upon the number of Direct Expansion coils uti-
lized within the PCAir unit. It is also understood that more
traditional rotary, reciprocating, and wobble-plate com-
pressors may be used in place of scroll compressors.
The compressors of the present invention may be pow-
ered by a variable-frequency drive or a plurality of vari-
able frequency drives. However, any adjustable-speed
drive may be used to power the compressors. It is further
understood that each compressor requires a condenser.
In a preferred embodiment of the present invention, each
condenser is a water-cooled condenser/heat exchanger.
The water-cooled condenser/heat exchanger may be
shell and tube design or plate and fin design. It is under-
stood that alternative condensers/heat exchangers, such
as a cupronickel shell-and-tube heat exchanger may be
used in the PCAir unit of the present invention.
[0013] In a preferred embodiment of the present inven-
tion, a cabin temperature sensor will allow for each sec-
ondary plenum to provide separate cabin temperature
control. The sensor, in contact with the PCAir unit of the
present invention, may be located within the passenger
loading bridge or any other location deemed appropriate
for accurate cabin temperature control. The cabin sensor

is connected to a central control unit that is configured
to activate the primary, secondary, and tertiary coils as
well as all of the blowers independently.
[0014] In another embodiment, the single PCAir unit
of the present invention may be attached or connected
to the passenger loading bridge, it may be installed in an
underground configuration for use with the passenger
loading bridge, or it may be mobile to attend to parked
aircraft that are not at a passenger loading bridge loca-
tion.
[0015] Other aspects, features, and advantages will
become apparent to those skilled in the art from the de-
tailed description and accompanying drawings. It should
be understood, however, that the detailed description
and accompanying drawings, while indicating preferred
embodiments of the present invention, are given by way
of illustration and not limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is cross-sectional schematic view of the dual
blower configuration and primary, secondary and
tertiary refrigeration system configuration of the
PCAir unit of the present invention.
FIG. 2 is a schematic view of a preferred embodiment
of the present invention wherein the primary and sec-
ondary refrigeration systems consist of chilled water
coils and the tertiary refrigeration system in each
secondary plenum consists of a first-stage Direct Ex-
pansion coil and a second-stage Direct Expansion
coil.
FIG. 3 is a schematic view of a preferred embodiment
of the present invention wherein the primary and sec-
ondary refrigeration systems consist of chilled water
coils and the tertiary refrigeration system in each
secondary plenum consists of an EGW coil.

DETAILED DESCRIPTION OF THE INVENTION

[0017] FIG. 1 is a cross-sectional schematic view of
the PCAir unit of the present invention. The PCAir unit
consists of a frame 2. Located within frame 2 is an air
inlet 3. A primary air intake plenum 5 is located between
air intake 3 and blower intake 7. A primary intake coil 4
extends across a cross-section of primary air intake ple-
num 5 so that air passing from the air inlet 3 to the blower
intake 7 must pass through the primary intake coil 4. An
air filter 1 extends across primary air intake plenum 5
between the air inlet 3 and the primary intake coil 4.
[0018] Blower intake 7 is connected to blowers 8 and
17. Blower 8 is controlled by blower motor 6 and blower
17 is controlled by blower motor 18. Blower 8 is connect-
ed with secondary plenum 11 and blower 17 is connected
with secondary plenum 14.
[0019] Airflow is achieved by drawing outside air
through the air inlet 3, through the air filter 1, and then
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into the primary air intake plenum 5. The airflow then
passes through primary intake coil 4 to blower intake 7.
The airflow then passes through blowers 8 and 17 and
into secondary plenums 11 and 14.
[0020] A secondary refrigeration system 9 and a terti-
ary refrigeration system 10 extend across secondary ple-
num 11 so that air from blower 8 must pass through the
secondary refrigeration system 9 and then pass through
tertiary refrigeration system 10. Air outlet 12 is connected
to secondary plenum 11. Airflow in secondary plenum 11
passes through secondary refrigeration system 9 and ter-
tiary refrigeration system10 prior to discharge through air
outlet 12.
[0021] A secondary refrigeration system 16 and a ter-
tiary refrigeration system 15 extend across secondary
plenum 14 so that air from blower 17 must pass through
secondary refrigeration system 16 and then pass through
tertiary refrigeration system 15. Air outlet 13 is connected
to secondary plenum 14. Airflow in secondary plenum 14
passes through secondary refrigeration system 16 and
tertiary refrigeration system 15 prior to discharge through
air outlet 13.
[0022] FIG. 2 is a schematic of the PCAir unit of the
present invention wherein the primary and secondary re-
frigeration systems consist of chilled water coils and the
tertiary refrigeration system consists of a first-stage Di-
rect Expansion coil and a second-stage Direct Expansion
coil within each secondary plenum. An intake air filter 47
and a primary chilled water coil 48 extend across primary
intake air plenum 49 so that air must pass through the
intake air filter 47 and then through the primary chilled
water coil 48. The primary intake air plenum 49 is con-
nected to blower 24 and blower 52. Blower 24 is control-
led by blower motor 25 and blower 52 is controlled by
blower motor 51. Blower 52 is connected to secondary
plenum 63 and blower 24 is connected to secondary ple-
num 64.
[0023] Airflow is achieved by drawing outside air
through air filter 47 and then into the primary air intake
plenum 49. The airflow then passes through primary
chilled water coil 48 to blowers 24 and 52. The airflow
then passes through blowers 24 and 52 and into second-
ary plenums 64 and 63.
[0024] Secondary chilled water coil 54, first-stage Di-
rect Expansion coil 56 and second-stage Direct Expan-
sion coil 58 extend across secondary plenum 63. Air out-
let 59 is connected to secondary plenum 63. Airflow in
secondary plenum 63 passes first through secondary
chilled water coil 54, then through first-stage Direct Ex-
pansion coil 56, then through second-stage Direct Ex-
pansion coil 58 prior to discharge through air outlet 59.
[0025] First-stage Direct Expansion coil 56 is in fluid
connection with compressor 42 via suction line 43. Com-
pressor 42 is in fluid connection with water condenser
41, which is in fluid connection with expansion valve 55
via discharge line 44. Expansion valve 55 is in fluid con-
nection with first-stage Direct Expansion coil 56. Second-
stage Direct Expansion coil 58 is in fluid connection with

compressor 30 via suction line 45. Compressor 30 is in
fluid connection with water condenser 39, which is in fluid
connection with expansion valve 57 via discharge line
46. Expansion vale 57 is in fluid connection with second-
stage Direct Expansion coil 58.
[0026] Secondary chilled water coil 21, first-stage Di-
rect Expansion coil 62 and second-stage Direct Expan-
sion coil 61 extend across secondary plenum 64. Air out-
let 60 is connected to secondary plenum 64. Airflow in
secondary plenum 64 passes through secondary chilled
water coil 21, then through first-stage Direct Expansion
coil 62, then through second-stage Direct Expansion coil
61 prior to discharge through air outlet 60.
[0027] First-stage Direct Expansion coil 62 is in fluid
connection with compressor 31 via suction line 29. Com-
pressor 31 is in fluid connection with water condenser
37, which is in fluid connection with expansion valve 20
via discharge line 28. Expansion vale 20 is in fluid con-
nection with first-stage Direct Expansion coil 62. Second-
stage Direct Expansion coil 61 is in fluid connection with
compressor 32 via suction line 27. Compressor 32 is in
fluid connection with water condenser 35, which is in fluid
connection with expansion valve 19 via discharge line
26. Expansion valve 19 is in fluid connection with second-
stage Direct Expansion coil 61.
[0028] Chilled water enters the system via the chilled
water entry 22. The chilled water flows to three-way
valves 23 and 53. The three-way valves either direct the
chilled water to secondary chilled water coils 21 and 54
or bypass secondary coils 21 and 54 depending upon
the desired discharge air temperature. Once the chilled
water flows through secondary chilled water coils 21 and
54, or bypasses secondary chilled water coils 21 and 54,
it flows to two-way valve 50. From two-way valve 50 the
chilled water flows through primary chilled water coil 48.
Upon exiting primary chilled water coil 48 the chilled water
is then directed to water condensers 35, 37, 39 and 41.
Two-way valves 34, 36, 38 and 40 maintain proper re-
frigerant discharge pressure for water condensers 35,
37, 39 and 41 respectively. Two-way valve 33 allows for
chilled water bypass, which enables constant chilled wa-
ter flow throughout the system. The chilled water is then
returned to the system.
[0029] FIG. 3 is a schematic view of a preferred em-
bodiment of the PCAir unit of the present invention where-
in the primary and secondary refrigeration systems con-
sist of chilled water coils and the tertiary refrigeration sys-
tem in each secondary plenum consists of an EGW coil.
Intake air filter 77 and primary chilled water coil 75 each
extend across primary intake air plenum 74 so that air
must pass through the intake air filter 77 and then through
the primary chilled water coil 75. The primary intake air
plenum 74 is connected to blower 73 and blower 80.
Blower 73 is controlled by blower motor 72 and blower
80 is controlled by blower motor 79. Blower 73 is con-
nected to secondary plenum 91 and blower 80 is con-
nected to secondary plenum 92.
[0030] Airflow is achieved by drawing outside air
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through intake air filter 77, and then into the primary air
intake plenum 74. The airflow then passes through pri-
mary chilled water coil 75, through blowers 73 and 80
and into secondary plenums 91 and 92.
[0031] Secondary chilled water coil 89 and EGW coil
66 extend across secondary plenum 91. Air outlet 65 is
connected to secondary plenum 91. Airflow in secondary
plenum 91 passes through secondary chilled water coil
89 and EGW coil 66 prior to discharge through air outlet
65.
[0032] Secondary chilled water coil 90 and EGW coil
87 extend across secondary plenum 92. Air outlet 88 is
connected to secondary plenum 92. Airflow in secondary
plenum 92 passes through secondary chilled water coil
90 and EGW coil 87 prior to discharge through air outlet
88.
[0033] Chilled water enters the system via chilled water
entry 70 and chilled water entry 82. The chilled water
from chilled water entry 70 flows to three-way valve 71.
Three-way valve 71 either directs the chilled water to
secondary chilled water coil 89 or to bypass secondary
coil 89 depending upon the desired discharge air tem-
perature. The chilled water then flows to two-way valve
78. The chilled water from chilled water entry 82 flows to
three-way valve 83. Three-way valve 83 directs the
chilled water to secondary chilled water coil 90 or to by-
pass secondary chilled water coil 90 depending upon the
desired discharge air temperature. The chilled water then
flows to two-way valve 78 via chilled water supply line
81. Chilled water supply line 81 may be used to supply
chilled water to primary chilled water coil 75 while by-
passing secondary chilled water coils 89and 90. From
two-way control valve 78 the chilled water flows through
primary chilled water coil 75. The chilled water is then
returned to the system through chilled water return 76.
[0034] EGW enters secondary plenum 91 via EGW
supply 68. Two-way valve 67 controls the flow of EGW
to EGW coil 66. The EGW then enters EGW coil 66 and
is cooled below the freezing point of water. The EGW
then exits EGW coil 66 and is returned to the system via
EGW return 69.
[0035] EGW enters secondary plenum 92 via EGW
supply 85. Two-way valve 86 controls the flow of EGW
to EGW coil 87. The EGW then enters EGW coil 87 and
is cooled below the freezing point of water. The EGW
then exits EGW coil 87 and is returned to the system via
EGW return 84.

Claims

1. An apparatus for supplying preconditioned air to at
least one parked aircraft, comprising a main unit
housing (2) comprising;
a primary plenum (5) comprising an inlet (3) for air
ambient air and a primary refrigeration system (4),
a means for activating the primary refrigeration sys-
tem,

a plurality of blowers (8,17) each consisting of an
inlet and an outlet, wherein the primary plenum (5)
is connected to the inlet of each blower,
a means for activating each blower independently
(6, 18),
a plurality of secondary plenums (11,14), wherein
each secondary plenum is connected to the outlet
of a blower (8, 17), comprising;

a secondary refrigeration system (9,16),
a means for activating the secondary refrigera-
tion system, and
an air outlet (12,13).

2. An apparatus of claim 1 wherein the primary refrig-
eration (4) system is a chilled water coil.

3. An apparatus according to claim 1 or 2, wherein the
plurality of blowers consists of two blowers (8, 17)
and the plurality of secondary plenums consists of
two secondary plenums (11, 14).

4. An apparatus according to any preceding claim,
wherein the secondary refrigeration system of each
of the plurality of secondary plenums (9, 16) is a
chilled water coil.

5. An apparatus according to any preceding claim,
wherein each of the plurality of secondary plenums
(11,14) further comprises:

a tertiary refrigeration system (10, 15),
a means for activating the tertiary refrigeration
system.

6. An apparatus according to claim 5, wherein the ter-
tiary refrigeration system (10, 15) of each of the plu-
rality of secondary plenums (11, 14) comprises;

a first-stage Direct Expansion coil (56, 62), com-
prising;

a compressor (42, 31),
a means to activate the compressor,
a condenser (41, 37), and
an expansion valve (55, 20),

a second-stage Direct Expansion coil (58, 61),
comprising;

a compressor (30, 32),
a means to activate the compressor,
a condenser (39, 35), and
an expansion valve (57, 19).

7. An apparatus according to claim 6, wherein the ter-
tiary refrigeration system of each of the plurality of
secondary plenums (10, 15) comprises an ethylene
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glycol water coil.

Patentansprüche

1. Vorrichtung zum Zuführen vorkonditionierter Luft an
mindestens ein geparktes Flugzeug, umfassend ein
Haupteinheitsgehäuse (2) umfassend;

eine Primärkammer (5), die einen Einlass (3) für
Luftumgebungsluft und ein Primärkühlsystem
(4) umfasst,
ein Mittel zum Aktivieren des Primärkühlsys-
tems,
eine Vielzahl Gebläse (8, 17), von denen jedes
aus einem Einlass und einem Auslass besteht,
wobei die Primärkammer (5) mit dem Einlass
jedes Gebläses verbunden ist,
ein Mittel (6, 18) zum unabhängigen Aktivieren
jedes Gebläses,
eine Vielzahl Sekundärkammern (11, 14), wobei
jede Sekundärkammer mit dem Auslass eines
Gebläses (8, 17) verbunden ist, umfassend;

ein Sekundärkühlsystem (9, 16),
ein Mittel zum Aktivieren des Sekundärkühl-
systems und
einen Luftauslass (12, 13).

2. Vorrichtung nach Anspruch 1, wobei das Primärkühl-
system (4) eine Kaltwasserrohrschlange ist.

3. Vorrichtung nach Anspruch 1 oder 2, wobei die Viel-
zahl Gebläse aus zwei Gebläsen (8, 17) besteht und
die Vielzahl Sekundärkammern aus zwei Sekundär-
kammern (11, 14) besteht.

4. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei das Sekundärkühlsystem von jeder aus
der Vielzahl Sekundärkammern (9, 16) eine Kalt-
wasserrohrschlange ist.

5. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei jede aus der Vielzahl Sekundärkammern
(11, 14) ferner umfasst:

ein Tertiärkühlsystem (10, 15),
ein Mittel zum Aktivieren des Tertiärkühlsys-
tems.

6. Vorrichtung nach Anspruch 5, wobei das Tertiärkühl-
system (10, 15) von jeder aus der Vielzahl Sekun-
därkammern (11, 14) umfasst;

eine Erststufen-Direktexpansionsrohrschlange
(56, 62), umfassend;

einen Verdichter (42, 31),

ein Mittel zum Aktivieren des Verdichters,
einen Verflüssiger (41, 37) und
ein Expansionsventil (55, 20),

eine Zweitstufen-Direktexpansionsrohrschlan-
ge (58, 61), umfassend;

einen Verdichter (30, 32),
ein Mittel zum Aktivieren des Verdichters,
einen Verflüssiger (39, 35) und
ein Expansionsventil (57, 19).

7. Vorrichtung nach Anspruch 6, wobei das Tertiärkühl-
system von jeder aus der Vielzahl Sekundärkam-
mern (10, 15) eine Ethylenglykol-Wasser-Rohr-
schlange umfasst.

Revendications

1. Appareil pour fournir de l’air préconditionné à au
moins un aéronef en stationnement, comprenant un
boîtier unitaire principal (2) comportant :

un plénum primaire (5) comprenant une entrée
(3) pour de l’air ambiant et un système de réfri-
gération primaire (4),
un moyen pour activer le système de réfrigéra-
tion primaire,
une pluralité de soufflantes (8,17) constituées
chacune d’une entrée et d’une sortie, dans le-
quel le plénum primaire (5) est raccordé à l’en-
trée de chaque soufflante,
un moyen pour activer chaque soufflante indé-
pendamment (6,18),
une pluralité de plénums secondaires (11, 14),
dans lequel chaque plénum secondaire est rac-
cordé à la sortie d’une soufflante (8, 17),
comprenant :

un système de réfrigération secondaire (9,
16),
un moyen pour activer le système de réfri-
gération secondaire et
une sortie d’air (12, 13).

2. Appareil selon la revendication 1, dans lequel le sys-
tème de réfrigération primaire (4) est un serpentin
d’eau réfrigérée.

3. Appareil selon la revendication 1 ou 2, dans lequel
la pluralité de soufflantes est constituée de deux
soufflantes (8, 17) et la pluralité de plénums secon-
daires est constituée de deux plénums secondaires
(11, 14).

4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le système de réfrigération
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secondaire de chacun de la pluralité de plénums se-
condaires (9, 16) est un serpentin d’eau réfrigérée.

5. Appareil selon l’une quelconque des revendications
précédentes, dans lequel chacun de la pluralité de
plénums secondaires (11, 14) comprend en outre :

un système de réfrigération tertiaire (10, 15),
un moyen pour activer le système de réfrigéra-
tion tertiaire.

6. Appareil selon la revendication 5,
dans lequel le système de réfrigération tertiaire (10,
15) de chacun de la pluralité de plénums secondai-
res (11, 14) comprend :

un serpentin d’expansion directe de premier éta-
ge (56, 62) comprenant :

un compresseur (42, 31),
un moyen pour activer le compresseur,
un condenseur (41, 37) et
une vanne d’expansion (55, 20),

un serpentin d’expansion directe de second éta-
ge (58, 61) comprenant :

un compresseur (30, 32),
un moyen pour activer le compresseur,
un condenseur (39, 35) et
une vanne d’expansion (57, 19).

7. Appareil selon la revendication 6, dans lequel le sys-
tème de réfrigération tertiaire de chacun de la plu-
ralité de plénums secondaires (10,15) comprend un
serpentin d’eau en éthylèneglycol.
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