AIR EXCHANGE DEVICE FOR REFRIGERATED CHAMBER

Cross Reference to Related Application
[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
61/435,526 entitled “Air Exchange Device for Refrigerated Chamber” filed on January 24,

2011. The content of this application is incorporated herein by reference in its entirety.

Field of the Invention

[0002] This invention relates generally to air exchange in connection with the
preservation of perishable goods and, more particularly, to air exchange in connection with
the preservation of perishable goods stowed in a refrigerated chamber. In a specific
embodiment, the invention relates to a refrigeration unit operatively associated with the cargo

box of a refrigerated transport container.

Background of the Invention

[0003] Perishable goods are commonly transported in a controlled environment within an
enclosed space such as a cargo box of a truck, trailer, container, or intermodal container. A
refrigeration system, also known as a transport refrigeration system, is used in operative
association with the enclosed space within the cargo box for controlling the temperature of
the air within the enclosed space. The refrigeration system is operative to maintain the air
temperature within the enclosed space within a desired temperature range selected for the
particular type of perishable goods stowed within the cargo box. The refrigeration system
includes a refrigeration unit including a refrigerant compressor and condenser disposed
externally of the cargo box and an evaporator disposed within the enclosed space of the cargo
box. The compressor, condenser and evaporator are connected in a refrigerant circuit in
series refrigerant flow relationship in a refrigeration cycle. When the refrigeration system is
operating, air is drawn from within the enclosed space, passed through an evaporator
disposed within the enclosed space in heat exchange relationship with the refrigerant
circulating through the refrigerant circuit to be cooled, and then supplied back to the enclosed
space. Although typically operated in the cooling mode, the refrigerant unit may be equipped
with means for heating the air passing through the evaporator in the event that the
temperature within the enclosed space falls below the lower limit of the desired temperature

range.



[0004] Certain perishable products, such as fresh fruits, vegetables and flowers, produce
carbon dioxide as a product of the respiration process. In a closed environment, as the carbon
dioxide concentration rises, the oxygen concentration drops. If the oxygen concentration gets
too low or the carbon dioxide concentration gets too high, the produce can spoil.
Additionally, certain fruits and vegetables and flowers release ethylene and/or ethylene
compounds as a byproduct of the ripening process. The presence of ethylene based gases
within the enclosed space of the cargo box is known to promote the ripening process.

[0005] To alleviate these conditions, it is known to introduce fresh air into the closed
environment within the cargo box, as well as to vent air from the closed environment within
the cargo box. For example, U.S. Pat. No. 6,763,677 discloses a manually operated fresh air
vent associated with a refrigerated transport container for providing fresh air to the
circulating air and exhausting a portion of the circulating air exteriorly of the cargo box of
the container. The vent structure includes an assembly of a generally planar cover having a
pair of diametrically opposed flow path openings and a planar cover door rotatable with
respect to the cover and also having a pair of diametrically opposed flow path openings.
When the door is rotated to bring the respective pairs of openings into alignment, two flow
paths are opened, one through which fresh air is introduced into the circulating air and the
other through which a portion of the circulating air is exhausted.

[0006] Another vent structure commonly used in connection with refrigeration systems
commercially available from Carrier Corporation consists of a generally rectangular cover
plate having a single opening therethrough that is disposed over and translatable with respect
to a panel having a pair of spaced flow path openings. When the opening in the cover plate is
positioned between the spaced openings in the panel therebeneath, both flow paths are
closed. The cover plate is sized such that when the opening in the cover plate is translated
into registration with one of the openings in the panel, both flow paths are opened, one
through which fresh air is introduced into the circulating air and the other through which a
portion of the circulating air is exhausted.

[0007] Although both of the aforementioned vent structures have performed well in
service, the potential exists for exhausted air passing out of one opening being entrained in
the fresh air being admitted through the other opening due to the close proximity of the pair
of openings and the parallel alignment of the incoming fresh air flow and the discharging

exhaust air flow. Therefore, it would be an improvement to provide an air exchange assembly



structure having a reduced potential for entrainment of exhaust air into the incoming fresh

air.

Summary of the Invention

[0008] A refrigeration unit is provided for conditioning air within a refrigerated chamber
for housing perishable goods having an improved air exchange device for selectively
admitting fresh air into the refrigerated chamber while simultaneously venting air from
within the refrigerated chamber.

[0009] The refrigeration unit includes an evaporator heat exchanger disposed in
operative association with the refrigerated chamber, an evaporator fan for circulating a flow
of air drawn from the refrigerated chamber through the evaporator heat exchanger and back
into the refrigerated chamber, and an air exchange device. The air exchange device includes a
tubular member having a first chamber and a second chamber isolated from first chamber.
The first chamber has an inlet opening in flow communication with a fresh air source and an
outlet opening in flow communication with the refrigerated chamber on a suction side of the
evaporator fan. The second chamber having an inlet in flow communication with the
refrigerated chamber on a discharge side of the evaporator fan and an outlet opening in flow
communication with a space exterior of the refrigerated chamber.

[0010] The outlet of the first chamber may have a flow area that may be selectively
adjusted from fully open to fully closed. The outlet of the second chamber may have a flow
area that may be selectively adjusted from fully open to fully closed. In an embodiment of
the air exchange device, the outlet of the first chamber has a flow area that may be selectively
adjusted from fully open to fully closed, the outlet of the second chamber has a flow area that
may be selectively adjusted from fully open to fully closed, and the adjustment of the flow
area of the outlet of the first chamber and the adjustment of the flow area of the outlet of the
second chamber are coordinated whereby the flow area of the outlet of the first chamber and
the flow area of the outlet of the second chamber are simultaneously open or simultaneously
closed.

[0011] The air exchange device may further include a housing disposed about the
tubular member, the housing having a first opening communicating with the suction side of
the refrigerated chamber and a second opening communicating to the space exterior of the
refrigerated chamber. The tubular member may be disposed for rotation within and relative to

the housing and be selectively rotatable within the housing between a first position relative to
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the housing whereat the outlet of the first chamber of the tubular member is juxtaposed in full
registration with the first opening of the housing and the outlet of the second chamber of the
tubular member is juxtaposed in full registration with the second opening of the housing, and
a second position relative to the housing whereat the outlet of the first chamber of the tubular
member is juxtaposed out of registration with the first opening of the housing and the outlet
of the second chamber of the tubular member is juxtaposed out of registration with the
second opening of the housing. The tubular member may be selectively rotatable within the
housing to be positioned at at least one position between the first position and the second
position whereat the outlet of the first chamber of the tubular member is juxtaposed in partial
registration with the first opening of the housing and the outlet of the second chamber of the
tubular member is juxtaposed in partial registration with the second opening of the housing.
[0012] The air exchange device may further include a seal member disposed intermediate
the tubular member and the housing. The seal member may also comprise a bearing member.
A drive motor may be operatively associated with the tubular member for rotating the tubular

member relative to the housing.

Brief Description of the Drawings

[0013] For a further understanding of the disclosure, reference will be made to the
following detailed description which is to be read in connection with the accompanying
drawing, wherein:

[0014] FIG. 1 is a perspective view of a refrigerated transport container, equipped with a
refrigeration unit, with a portion of the side wall and ceiling removed;

[0015] FIG. 2 is a perspective view of the front of the refrigeration unit mounted to the
forward wall of the container of FIG. 1;

[0016] FIG. 3 is a perspective view of the evaporator face of the refrigeration unit
mounted to the forward wall of the container of FIG. 1 looking forward from within the
cargo space defined within the container;

[0017] FIG. 4 is a side elevation view, partly in section, of the refrigeration unit taken
generally along line 4-4 of FIG. 2;

[0018] FIG. 5 is a perspective view of an exemplary embodiment of the air exchange
device disclosed herein;

[0019] FIG. 6 is a perspective view of an exemplary embodiment of the tubular member

of the air exchange device disclosed herein; and
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[0020] FIG. 7 is a sectioned elevation view taken generally along line 7-7 of FIG. 4.

Detailed Description of the Invention

[0021] Referring initially to FIG. 1 of the drawing, there is depicted an exemplary
embodiment of a refrigerated cargo container, generally referenced 10. The cargo container
10 has a box-like structure formed of a forward or front wall 12, a back or rear wall 14, a pair
of opposed sidewalls 13 and 15, a ceiling 16 and a floor 18. The box-like structure defines a
cargo space 11 in which the bins, cartons or pallets of cargo 100 being transported are
stacked on the floor 18. The rear wall 14 is provided with one or more doors (not shown)
through which access to the cargo space may be had for loading the cargo 18 into the
container 10. When the doors are closed, a substantially air-tight, sealed cargo space is
established within the container 10 which prevents inside air from escaping the cargo space
11.

[0022] A refrigeration unit 20 is mounted to a wall of the container 10. Generally, the
refrigeration unit 20 is received in an opening in the forward wall 12 of the container 10 and
mounted around its perimeter to the forward wall 12 of the container 10, for example as
depicted in FIG. 1, for conditioning the air within the refrigerated chamber 11, i.e. the cargo
space of the container 10. Referring now to FIG. 2 also, the refrigeration unit 20 includes a
compressor 22 with an associated compressor drive motor and a condenser/gas cooler
module (not shown) isolated from the cargo space 11, and an evaporator module operatively
associated with the cargo space 11 defined within the container 10. The condenser/gas cooler
module includes a refrigerant heat rejection heat exchanger (not shown) mounted in the
forward section of the refrigeration unit 20 external to the cargo space 11 and positioned
generally behind the condenser fan 24. The condenser fan 24 draws ambient outdoor air
through an opening 25 at the lower front of the refrigeration unit 20, thence passes that air
through the condenser/gas cooler heat exchanger behind the front panel 21 and discharges
that air back into the outdoor environment.

[0023] An air exchange device 26 is provided for admitting fresh outdoor air into the
cargo space 11 of the container 10, for example into the air flow circulating through the
evaporator module 30 on the suction side of the evaporator module, and simultaneously
venting stale air from within the cargo space 11 of the container 10, for example from the air
flow having traversed the evaporator module 30. The air exchange device 26 is disposed at

its forward end to open through the front panel 21 and extend reardwardly to open at its aft
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end into the cargo space 11 of the container 10. The fresh air may be atmospheric air drawn
directly from the environment exterior of the cargo space 11 of the container 10. The vented
air refers to stale air from within the cargo space 11, which typically has elevated
concentrations of off- gases from the produce within the cargo space 11, such as ethylene
and/or ethylene based gases and/or carbon dioxide.

[0024] Referring now to FIG. 3 in particular, the evaporator module 30 includes a
refrigerant heat absorption heat exchanger 32 and one or more evaporator fans 34 with
associated fan motors 36, for example two evaporator fans 34 disposed behind fan access
panels 38 (see FIG. 2), disposed within the confines of the container 10. The evaporator fans
34 draw return air from the cargo space 11 into a return air plenum 35 defined within the
confines of the container 10 along an upper region of the forward wall 12 and open to the
cargo space 11 of the container 10. The evaporator fans 34 pass the return air, and any fresh
outdoor air that may be admitted through the air exchange device 26 and mixed therewith in
the return air plenum 35, downwardly through the evaporator heat exchanger 32 for
temperature conditioning and deliver that conditioned air as supply air back into the cargo
space 11 defined within the container 10 through outlets 38. Although the refrigeration unit
20 is typically operated in the cooling mode to reduce the temperature of the return air, the
refrigeration unit 20 may be equipped with an auxiliary air heating device (not shown) for
heating the return air when the container 10 is in transit in a region having an environment
wherein the ambient outdoor temperature is below the desired cargo transport temperature.
[0025] Referring now to Figures 4, 5 and 6, the air exchange device 26 includes a tubular
member 40 having a first chamber 42 and a second chamber 44. The interior volume defined
by the tubular member 40 1s divided into the first chamber 42 and the second chamber 44 by
a flow impervious division wall 46, whereby the first chamber 42 and second chamber 44 are
isolated from each other. The first chamber 42 has an inlet 48 opening at the forward end 41
of the tubular member 40 in flow communication with a fresh air source and an outlet 50
selectively registrable in flow communication with the return air plenum, which is open to
the refrigerated cargo space 11 of the container 10 on a suction side of the evaporator(s) 34.
The second chamber 44 has an inlet 52 opening at the aft end 43 of the tubular member 40 in
flow communication with the refrigerated cargo space 11 on a discharge side of evaporator
fan and an outlet 54 selectively registrable in flow communication with a space exterior of

the refrigerated cargo space 11 of the container 10.



[0026] The outlet 50 of the first chamber 42 of the tubular member 40 may have a flow
area that may be selectively adjusted from fully open to fully closed. Similarly, the outlet 54
of the second chamber 44 of the tubular member 40 may have a flow area that may be
selectively adjusted from fully open to fully closed. The adjustment of the flow area of the
outlet 48 of the first chamber 42 and the adjustment of the flow area of the outlet 54 of the
second chamber 44 are coordinated whereby the flow area of the outlet 48 of the first
chamber 42 and the flow area of the outlet 54 of the second chamber 44 are simultaneously
open and simultaneously closed. Thus, when the outlet 48 of the first chamber 42 and the
outlet 54 of the second chamber 44 are both open, air exchange occurs with air from within
the refrigerated cargo box being vented to the exterior of the container 10 and replaced by
fresh air. In the exemplary embodiment depicted in FIGS. 4-6, the incoming fresh air is
drawn from the ambient atmosphere exterior of the container 10 through inlet 48 to the first
chamber 42 of the tubular member 40 and thence the outlet 50 of the first chamber 42 into
and through the duct 56 into the return air plenum 35 on the suction side of the evaporator
fan(s) 34. The air from within the container 10 is vented to the atmosphere, passing from the
supply air path 58 on the discharge side of the evaporator fan(s) 34 through the inlet 52 into
the second chamber 44 of the tubular member 40 and thence through the outlet 54 of the
second chamber 44, for example into the ambient air flow passing through the condenser/gas
cooler heat exchanger of the refrigeration unit 20. When the outlet 50 of the first chamber 42
and the outlet 54 of the second chamber 44 are closed, no air exchange occurs.

[0027] Referring now to FIGS. 4 and 5, in particular, the air exchange device 26 further
includes a housing 60 that receives the tubular member 40. The housing 60 has a first
opening 62 communicating with the return air plenum 35 on the suction side of the
evaporator fan(s) 34 by way of the duct 56 and a second opening 64 communicating to the
space exterior of the refrigerated cargo space 11. The tubular member 40 is received into the
housing 60 and disposed for rotation within and relative to the housing 60. The tubular
member 40 may be selectively rotatable about its longitudinal axis within the housing 60
between a first position relative to the housing 60 whereat the outlet 50 of the first chamber
42 of the tubular member 40 is juxtaposed in full registration with the first opening 62 in the
housing 60 and the outlet 54 of the second chamber 44 of the tubular member 40 is
juxtaposed in full registration with the second opening 64 in the housing 60, and a second
position relative to the housing 60 whereat the outlet 50 of the first chamber 42 of the tubular

member 40 is positioned completely out of registration with the first opening 62 in the
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housing 60 and the outlet 54 of the second chamber 44 of the tubular member is positioned
completely out of registration with the second opening of the housing. Additionally, the
tubular member 40 may be selectively rotatable within the housing 60 to be positioned at at
least one additional position between the first position and the second position whereat the
outlet 50 of the first chamber 42 of the tubular member 40 is juxtaposed in partial registration
with the first opening 62 in the housing 60 and the outlet 54 of the second chamber 44 of the
tubular member 40 is juxtaposed in partial registration with the second opening 64 of the
housing 60.

[0028] Referring now to FIG. 7 also, a seal member 66 is disposed about the tubular
member 40 intermediate and in contact with the outer surface of the tubular 40 and the facing
surface of the housing 60 in which the tubular member 40 is disposed. The seal member 66
may be comprised of a material having a density and elasticity sufficient to prevent airflow
between the outer surface of the tubular member 40 and the facing surface of the housing 60.
The seal member 66 may also be comprised of a material that not only has a density and
elasticity sufficient to prevent airflow between the outer surface of the tubular member 40
and the facing surface of the housing 60, but also has a low friction characteristic whereby
the seal member 66 comprises both a seal member and a bearing member. The seal member
66 may molded onto or adhesively bounded to the outer surface of the tubular member.
[0029] The tubular member 40 may be selectively positioned in a fully open, partially
open or fully closed position by manually grasping the forward rim 68 on the tubular member
40 and rotating the rim 68, which may be knurled or otherwise configured to facilitate
grasping, clockwise or counter-clockwise about the longitudinal axis of the tubular member
40 as appropriate to selectively position the tubular member 40 relative to the housing 60.
However, if desired, a motor may be provided in operative association with the tubular
member 40 for driving the tubular member 40 about its longitudinal axis under the control of
a controller, for example the refrigeration unit controller. For example, an electric motor 70
may be disposed in a lower compartment 72 of the housing 60 beneath and in operative
association with the tubular member 40. The drive mechanism (not shown) of the motor 70
may, for example, be drivingly connected with a ring gear 74 on the tubular member 40.
[0030] As noted previously, in prior art fresh air exchange systems, the potential exists
for vented air passing out of one opening being entrained in the fresh air being admitted
through the other opening due to the close proximity of the pair of openings and the parallel

alignment of the incoming fresh air flow and the discharging vented air flow. In the fresh air
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exchange system disclosed herein, the ingestion of the vented air discharging from the outlet
54 of the second chamber 44 of the tubular member 40 of the air exchange device 26 into the
fresh air flow entering the first chamber 42 of the air exchange device 26 through the inlet 46
is eliminated. First, the outlet 54 of the second chamber 44 is arranged generally orthogonal
to the inlet 46 to the first chamber 42 whereby the vented air flow discharging from the outlet
54 is discharged generally orthogonally to, rather than parallel to, the fresh air flow entering
through the inlet 46. Additionally, vented air flow may be discharged into the ambient air
stream passing over the condenser/gas cooler heat exchanger disposed behind the front panel
of the refrigeration unit and carried in that air stream out into the atmosphere through the
condenser fan discharge opening, which may be located at least a couple of feet away from
the location at which the air exchange device 26 opens to the atmosphere through the front
panel.

[0031] The terminology used herein is for the purpose of description, not limitation.
Specific structural and functional details disclosed herein are not to be interpreted as limiting,
but merely as basis for teaching one skilled in the art to employ the present invention. Those
skilled in the art will also recognize the equivalents that may be substituted for elements
described with reference to the exemplary embodiments disclosed herein without departing
from the scope of the present invention.

[0032] While the present invention has been particularly shown and described with
reference to the exemplary embodiments as illustrated in the drawing, it will be recognized
by those skilled in the art that various modifications may be made without departing from the
spirit and scope of the invention. Therefore, it is intended that the present disclosure not be
limited to the particular embodiment(s) disclosed as, but that the disclosure will include all

embodiments falling within the scope of the appended claims.
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CLAIMS
1. A refrigeration unit (20) for conditioning air within a refrigerated chamber (11)
for housing perishable goods, the refrigeration unit (20) comprising:
an evaporator heat exchanger (32) disposed in operative association with the re-
frigerated chamber (11);
an evaporator fan (34) for circulating a flow of air drawn from the refrigerated
chamber (11) through the evaporator heat exchanger (30) and back into the refri-
gerated chamber, the evaporator fan (34) having a suction side and a discharge
side;
an air exchange device (26) including a tubular member (40) having a first cham-
ber (42) and a second chamber (44) isolated from first chamber, the first chamber
(42) having an inlet (48) in flow communication with a fresh air source and an out-
let opening (50) in flow communication with the refrigerated chamber (11) on a
suction side of the evaporator fan (34), and the second chamber (44) having an
inlet (52) in flow communication with the refrigerated chamber (11) in a discharge
side of the evaporator fan (34) and an outlet opening (54) in flow communication
with a space exterior of the refrigerated chamber (11); and
characterised in that

the air exchange device (26) further includes a housing (60) disposed
about the tubular member (40), the housing (60) having a first outlet (62) commu-
nicating with the suction side of the refrigerated chamber (11) and a second outlet
(64) communicating to the space exterior of the refrigerated chamber (11).

2. The refrigeration unit (20) as set forth in claim 1 wherein the outlet (50) of the

first chamber (42) has a flow area that may be selectively adjusted from fully open
to fully closed.

3. The refrigeration unit (20) as set forth in claim 1 wherein the outlet (54) of the
second chamber (44) has a flow area that may be selectively adjusted from fully
open to fully closed.

4. The refrigeration unit (20) as set forth in claim 1 wherein:
the outlet (50) of the first chamber (42) has a flow area that may be selectively
adjusted from fully open to fully closed,
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the outlet (54) of the second chamber (44) has a flow area that may be selectively
adjusted from fully open to fully closed; and

the adjustment of the flow area of the outlet (50) of the first chamber (42) and the
adjustment of the flow area of the outlet (54) of the second chamber (44) are co-
ordinated whereby the flow area of the outlet (50) of the first chamber (42) and
the flow area of the outlet (54) of the second chamber (44) are simultaneously
open and simultaneously closed.

5. The refrigeration unit (20) as set forth in claim 1 wherein the tubular member

(40) comprises a tubular member disposed for rotation within and relative to the
housing.

6. The refrigeration unit (20) as set forth in claim 5 wherein the tubular member
(40) is selectively rotatable within the housing (60) between a first position relative
to the housing (60) whereat the outlet (50) of the first chamber (42) of the tubular
member (40) is juxtaposed in full registration with the first opening (62) of the
housing (60) and the outlet (54) of the second chamber (44) of the tubular mem-
ber (40) is juxtaposed in full registration with the second opening (64) of the hous-
ing (80), and a second position relative to the housing (60) whereat the outlet (50)
of the first chamber (42) of the tubular member (40) is juxtaposed out of registra-
tion with the first opening (62) of the housing (60) and the outlet (54) of the
second chamber (44) of the tubular member (40) is juxtaposed out of registration
with the second opening (64) of the housing (60).

7. The refrigeration unit (20) as set forth in claim 6 wherein the tubular member
(40) is selectively rotatable within the housing (60) to be positioned at at least one
position between the first position and the second position whereat the outlet (50)
of the first chamber (42) of the tubular member (40) is juxtaposed in partial regis-
tration with the first opening (62) of the housing (60) and the outlet (54) of the
second chamber (44) of the tubular member (40) is juxtaposed in partial registra-
tion with the second opening (64) of the housing (60).

8. The refrigeration unit (20) as set forth in claim 1 further comprising a seal mem-
ber (66) disposed intermediate the tubular member (40) and the housing (60).

9. The refrigeration unit (20) as set forth in claim 8 wherein the sealing member
(66) also comprises a bearing member.

11



10. The refrigeration unit (20) as set forth in claim 1 further comprising a drive mo-
tor ( 70) operatively associated with the tubular member (40) for rotating the tubu-
lar member (40) relative to the housing (60).

11. The refrigeration unit (20) as set forth in claim 1 wherein the outlet (54) of the

second chamber (44) of the tubular member (40) is disposed generally orthogon-
ally to the inlet (48) of the first chamber (42) of the tubular member (40).
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