AIR EXCHANGE DEVICE FOR REFRIGERATED CHAMBER

Cross Referenceto Related Application

[0001] This application claims priority to U.S. Provisidfaatent Application Serial No.
61/435,526 entitled “Air Exchange Device for Reéigted Chamber” filed on January 24,
2011. The content of this application is incogied herein by reference in its entirety.

Field of the Invention

[0002] This invention relates generally to air exchangeannection with the

preservation of perishable goods and, more pastilyulto air exchange in connection with
the preservation of perishable goods stowed ifiregegated chamber. In a specific
embodiment, the invention relates to a refrigeratiait operatively associated with the cargo

box of a refrigerated transport container.

Background of the Invention

[0003] Perishable goods are commonly transported in aated environment within an
enclosed space such as a cargo box of a truclerfredntainer, or intermodal container. A
refrigeration system, also known as a transporigefation system, is used in operative
association with the enclosed space within theachox for controlling the temperature of

the air within the enclosed space. The refrigenagigstem is operative to maintain the air
temperature within the enclosed space within arelésemperature range selected for the
particular type of perishable goods stowed withia ¢argo box. The refrigeration system
includes a refrigeration unit including a refrigetr@ompressor and condenser disposed
externally of the cargo box and an evaporator disgavithin the enclosed space of the cargo
box. The compressor, condenser and evaporatooarected in a refrigerant circuit in

series refrigerant flow relationship in a refrigeva cycle. When the refrigeration system is
operating, air is drawn from within the enclosedan passed through an evaporator
disposed within the enclosed space in heat exchata@onship with the refrigerant
circulating through the refrigerant circuit to beoted, and then supplied back to the enclosed
space. Although typically operated in the coolingd®, the refrigerant unit may be equipped
with means for heating the air passing throughetragporator in the event that the
temperature within the enclosed space falls belmndwer limit of the desired temperature

range.



[0004] Certain perishable products, such as fresh frugigetables and flowers, produce
carbon dioxide as a product of the respiration @secin a closed environment, as the carbon
dioxide concentration rises, the oxygen concemtnatirops. If the oxygen concentration gets
too low or the carbon dioxide concentration getshimgh, the produce can spoil.
Additionally, certain fruits and vegetables andwérs release ethylene and/or ethylene
compounds as a byproduct of the ripening procdss pfesence of ethylene based gases
within the enclosed space of the cargo box is kntmapromote the ripening process.

[0005] To alleviate these conditions, it is known to inlinoe fresh air into the closed
environment within the cargo box, as well as tot\a@nfrom the closed environment within
the cargo box. For example, U.S. Pat. No. 6,763di§doses a manually operated fresh air
vent associated with a refrigerated transport éoatdor providing fresh air to the

circulating air and exhausting a portion of thewiating air exteriorly of the cargo box of
the container. The vent structure includes an asseof a generally planar cover having a
pair of diametrically opposed flow path openingd arplanar cover door rotatable with
respect to the cover and also having a pair of digoally opposed flow path openings.
When the door is rotated to bring the respectivesd openings into alignment, two flow
paths are opened, one through which fresh aitiedaced into the circulating air and the
other through which a portion of the circulatingiaiexhausted.

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

[0007] Although both of the aforementioned vent structinrage performed well in
service, the potential exists for exhausted aisipgsout of one opening being entrained in
the fresh air being admitted through the other omedue to the close proximity of the pair
of openings and the parallel alignment of the inicaniresh air flow and the discharging

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



structure having a reduced potential for entrainnoéexhaust air into the incoming fresh

air.

Summary of the Invention

[0008] A refrigeration unit is provided for conditioning avithin a refrigerated chamber
for housing perishable goods having an improve@athange device for selectively
admitting fresh air into the refrigerated chambaéile/simultaneously venting air from

within the refrigerated chamber.

[0009] The refrigeration unit includes an evaporator le@hanger disposed in

operative association with the refrigerated chaméeevaporator fan for circulating a flow

of air drawn from the refrigerated chamber throtlghevaporator heat exchanger and back
into the refrigerated chamber, and an air exchaegee. The air exchange device includes a
tubular member having a first chamber and a secbadhber isolated from first chamber.

The first chamber has an inlet opening in flow caimration with a fresh air source and an
outlet opening in flow communication with the rgigrated chamber on a suction side of the
evaporator fan. The second chamber having animfe&aw communication with the
refrigerated chamber on a discharge side of thparator fan and an outlet opening in flow
communication with a space exterior of the refraged chamber.

[0010] The outlet of the first chamber may have a flonagtet may be selectively
adjusted from fully open to fully closed. The otitké the second chamber may have a flow
area that may be selectively adjusted from fullgropo fully closed. In an embodiment of

the air exchange device, the outlet of the firgtroher has a flow area that may be selectively
adjusted from fully open to fully closed, the otithé the second chamber has a flow area that
may be selectively adjusted from fully open toyudlosed, and the adjustment of the flow
area of the outlet of the first chamber and thestdjent of the flow area of the outlet of the
second chamber are coordinated whereby the floas@fréhe outlet of the first chamber and
the flow area of the outlet of the second chambesenultaneously open or simultaneously
closed.

[0011] The air exchange device may further include a imgudisposed about the

tubular member, the housing having a first opeimmmunicating with the suction side of
the refrigerated chamber and a second opening caonoating to the space exterior of the
refrigerated chamber. The tubular member may lqgoded for rotation within and relative to

the housing and be selectively rotatable withinitbasing between a first position relative to
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the housing whereat the outlet of the first chandf¢he tubular member is juxtaposed in full
registration with the first opening of the housargd the outlet of the second chamber of the
tubular member is juxtaposed in full registratioihvwthe second opening of the housing, and
a second position relative to the housing whelteabutlet of the first chamber of the tubular
member is juxtaposed out of registration with tingt bpening of the housing and the outlet
of the second chamber of the tubular member ispoded out of registration with the
second opening of the housing. The tubular memiagrime selectively rotatable within the
housing to be positioned at at least one positewéen the first position and the second
position whereat the outlet of the first chambethef tubular member is juxtaposed in partial
registration with the first opening of the housargd the outlet of the second chamber of the
tubular member is juxtaposed in partial registratoth the second opening of the housing.
[0012] The air exchange device may further include aseashber disposed intermediate
the tubular member and the housing. The seal memagralso comprise a bearing member.
A drive motor may be operatively associated with tilbular member for rotating the tubular

member relative to the housing.

Brief Description of the Drawings

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

[0014] FIG. 1 is a perspective view of a refrigerated $paort container, equipped with a
refrigeration unit, with a portion of the side wafld ceiling removed,

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

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

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

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

[0019] FIG. 6 is a perspective view of an exemplary emimedit 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 gengedting line 7-7 of FIG. 4.

Detailed Description of the Invention

[0021] Referring initially to FIG. 1 of the drawing, theisedepicted an exemplary
embodiment of a refrigerated cargo container, gdlyareferenced 10. The cargo container
10 has a box-like structure formed of a forwardront wall 12, a back or rear wall 14, a pair
of opposed sidewalls 13 and 15, a ceiling 16 aftolost 18. The box-like structure defines a
cargo space 11 in which the bins, cartons or gatietargo 100 being transported are
stacked on the floor 18. The rear wall 14 is prediavith one or more doors (not shown)
through which access to the cargo space may b&ohéwhding the cargo 18 into the
container 10. When the doors are closed, a sulmtgrair-tight, sealed cargo space is
established within the container 10 which prevamégle air from escaping the cargo space
11.

[0022] A refrigeration unit 20 is mounted to a wall of tb@ntainer 10. Generally, the
refrigeration unit 20 is received in an openingha forward wall 12 of the container 10 and
mounted around its perimeter to the forward walbithe container 10, for example as
depicted in FIG. 1, for conditioning the air withtime refrigerated chamber 11, i.e. the cargo
space of the container 10. Referring now to FI@IsD, the refrigeration unit 20 includes a
compressor 22 with an associated compressor drdterrand a condenser/gas cooler
module (not shown) isolated from the cargo spaceadd an evaporator module operatively
associated with the cargo space 11 defined witlercontainer 10. The condenser/gas cooler
module includes a refrigerant heat rejection hgahanger (not shown) mounted in the
forward section of the refrigeration unit 20 ex#drto the cargo space 11 and positioned
generally behind the condenser fan 24. The condéms&4 draws ambient outdoor air
through an opening 25 at the lower front of theigefation unit 20, thence passes that air
through the condenser/gas cooler heat exchangerdodte front panel 21 and discharges
that air back into the outdoor environment.

[0023] An air exchange device 26 is provided for admitfirggh outdoor air into the
cargo space 11 of the container 10, for examptethm air flow circulating through the
evaporator module 30 on the suction side of th@enedor module, and simultaneously
venting stale air from within the cargo space 1thefcontainer 10, for example from the air
flow having traversed the evaporator module 30. dihexchange device 26 is disposed at

its forward end to open through the front paneb@d extend reardwardly to open at its aft
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end into the cargo space 11 of the container 18.ffldsh air may be atmospheric air drawn
directly from the environment exterior of the caggace 11 of the container 10. The vented
air refers to stale air from within the cargo spatewhich typically has elevated
concentrations of off- gases from the produce withe cargo space 11, such as ethylene
and/or ethylene based gases and/or carbon dioxide.

[0024] Referring now to FIG. 3 in particular, the evaporahodule 30 includes a
refrigerant heat absorption heat exchanger 32 artbomore evaporator fans 34 with
associated fan motors 36, for example two evapofats 34 disposed behind fan access
panels 38 (see FIG. 2), disposed within the cosfofehe container 10. The evaporator fans
34 draw return air from the cargo space 11 intetarn air plenum 35 defined within the
confines of the container 10 along an upper regiahe forward wall 12 and open to the
cargo space 11 of the container 10. The evapoiater34 pass the return air, and any fresh
outdoor air that may be admitted through the athexge device 26 and mixed therewith in
the return air plenum 35, downwardly through thapmrator heat exchanger 32 for
temperature conditioning and deliver that condeid@ir as supply air back into the cargo
space 11 defined within the container 10 througtetsi38. Although the refrigeration unit
20 is typically operated in the cooling mode tousglthe temperature of the return air, the
refrigeration unit 20 may be equipped with an aaryl air heating device (not shown) for
heating the return air when the container 10 isansit in a region having an environment
wherein the ambient outdoor temperature is bel@ndésired cargo transport temperature.
[0025] Referring now to Figures 4, 5 and 6, the air exgeastevice 26 includes a tubular
member 40 having a first chamber 42 and a secomahiclr 44. The interior volume defined
by the tubular member 40 is divided into the faisamber 42 and the second chamber 44 by
a flow impervious division wall 46, whereby thestichamber 42 and second chamber 44 are
isolated from each other. The first chamber 42dmalet 48 opening at the forward end 41
of the tubular member 40 in flow communication watfresh air source and an outlet 50
selectively registrable in flow communication witte return air plenum, which is open to
the refrigerated cargo space 11 of the containemld suction side of the evaporator(s) 34.
The second chamber 44 has an inlet 52 opening atftlend 43 of the tubular member 40 in
flow communication with the refrigerated cargo spaa on a discharge side of evaporator
fan and an outlet 54 selectively registrable invfllommunication 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 tubutember 40 may have a flow
area that may be selectively adjusted from fullgrofo fully closed. Similarly, the outlet 54
of the second chamber 44 of the tubular member@pmave a flow area that may be
selectively adjusted from fully open to fully clasél'he adjustment of the flow area of the
outlet 48 of the first chamber 42 and the adjustroéthe flow area of the outlet 54 of the
second chamber 44 are coordinated whereby thedtew of the outlet 48 of the first
chamber 42 and the flow area of the outlet 54 efsticond chamber 44 are simultaneously
open and simultaneously closed. Thus, when thedd of the first chamber 42 and the
outlet 54 of the second chamber 44 are both opeaxehange occurs with air from within
the refrigerated cargo box being vented to thermxtef the container 10 and replaced by
fresh air. In the exemplary embodiment depicteBI{BS. 4-6, the incoming fresh air is
drawn from the ambient atmosphere exterior of thr@aner 10 through inlet 48 to the first
chamber 42 of the tubular member 40 and thenceutiet 50 of the first chamber 42 into
and through the duct 56 into the return air pler@fon the suction side of the evaporator
fan(s) 34. The air from within the container 1@énted to the atmosphere, passing from the
supply air path 58 on the discharge side of th@esaor fan(s) 34 through the inlet 52 into
the second chamber 44 of the tubular member 4@remte through the outlet 54 of the
second chamber 44, for example into the ambieriloair passing through the condenser/gas
cooler heat exchanger of the refrigeration unit\@den the outlet 50 of the first chamber 42
and the outlet 54 of the second chamber 44 ared]o® air exchange occurs.

[0027] Referring now to FIGS. 4 and 5, in particular, #iicexchange device 26 further
includes a housing 60 that receives the tubular lnee0. The housing 60 has a first
opening 62 communicating with the return air pler@ron the suction side of the
evaporator fan(s) 34 by way of the duct 56 andcarsg opening 64 communicating to the
space exterior of the refrigerated cargo spac&tié tubular member 40 is received into the
housing 60 and disposed for rotation within andtre¢ to the housing 60. The tubular
member 40 may be selectively rotatable about itgitadinal axis within the housing 60
between a first position relative to the housing\dereat the outlet 50 of the first chamber
42 of the tubular member 40 is juxtaposed in fedjistration with the first opening 62 in the
housing 60 and the outlet 54 of the second chadwef the tubular member 40 is
juxtaposed in full registration with the second wipg 64 in the housing 60, and a second
position relative to the housing 60 whereat théed &0 of the first chamber 42 of the tubular

member 40 is positioned completely out of regigiratvith the first opening 62 in the
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housing 60 and the outlet 54 of the second chadef the tubular member is positioned
completely out of registration with the second apgrof the housing. Additionally, the
tubular member 40 may be selectively rotatableiwithe housing 60 to be positioned at at
least one additional position between the firstitpmsand the second position whereat the
outlet 50 of the first chamber 42 of the tubulammber 40 is juxtaposed in partial registration
with the first opening 62 in the housing 60 andadhb#et 54 of the second chamber 44 of the
tubular member 40 is juxtaposed in partial regigirawith the second opening 64 of the
housing 60.

[0028] Referring now to FIG. 7 also, a seal member 66sgated about the tubular
member 40 intermediate and in contact with thercaueface of the tubular 40 and the facing
surface of the housing 60 in which the tubular men#t®) is disposed. The seal member 66
may be comprised of a material having a densityeasticity sufficient to prevent airflow
between the outer surface of the tubular membemdithe facing surface of the housing 60.
The seal member 66 may also be comprised of a iaateat not only has a density and
elasticity sufficient to prevent airflow betweeretbuter surface of the tubular member 40
and the facing surface of the housing 60, but la#soa low friction characteristic whereby
the seal member 66 comprises both a seal membex bearing member. The seal member
66 may molded onto or adhesively bounded to therautrface of the tubular member.
[0029] The tubular member 40 may be selectively positianedfully open, partially
open or fully closed position by manually graspihg forward rim 68 on the tubular member
40 and rotating the rim 68, which may be knurledthrerwise configured to facilitate
grasping, clockwise or counter-clockwise aboutltmgitudinal axis of the tubular member
40 as appropriate to selectively position the taboiember 40 relative to the housing 60.
However, if desired, a motor may be provided inrapee association with the tubular
member 40 for driving the tubular member 40 abtsuloingitudinal axis under the control of
a controller, for example the refrigeration unihtoller. For example, an electric motor 70
may be disposed in a lower compartment 72 of thusing 60 beneath and in operative
association with the tubular member 40. The drieemanism (not shown) of the motor 70
may, for example, be drivingly connected with agrgear 74 on the tubular member 40.
[0030] As noted previously, in prior art fresh air excharsystems, the potential exists
for vented air passing out of one opening beingagméd in the fresh air being admitted
through the other opening due to the close proyiwiithe pair of openings and the parallel

alignment of the incoming fresh air flow and thedtiarging vented air flow. In the fresh air
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exchange system disclosed herein, the ingestitimeofented air discharging from the outlet
54 of the second chamber 44 of the tubular memberf #he air exchange device 26 into the
fresh air flow entering the first chamber 42 of #ieexchange device 26 through the inlet 46
is eliminated. First, the outlet 54 of the secohdmber 44 is arranged generally orthogonal
to the inlet 46 to the first chamber 42 wherebyuwéeted air flow discharging from the outlet
54 is discharged generally orthogonally to, rathan parallel to, the fresh air flow entering
through the inlet 46. Additionally, vented air flanay be discharged into the ambient air
stream passing over the condenser/gas cooler xezreger disposed behind the front panel
of the refrigeration unit and carried in that aream out into the atmosphere through the
condenser fan discharge opening, which may beddaattleast a couple of feet away from
the location at which the air exchange device 2éhspo the atmosphere through the front
panel.

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

[0032] While the present invention has been particulanlyven and described with
reference to the exemplary embodiments as illlesdrat the drawing, it will be recognized

by those skilled in the art that various modifioa8 may be made without departing from the
spirit and scope of the invention. Therefore, iniended that the present disclosure not be
limited to the particular embodiment(s) disclosedhaut that the disclosure will include all

embodiments falling within the scope of the appendaims.



We Claim:

1. A refrigeration unit for conditioning air witha refrigerated chamber for
housing perishable goods, the refrigeration unigasing:

an evaporator heat exchanger disposed in opesa@ciation with the refrigerated
chamber;

an evaporator fan for circulating a flow of aiadm from the refrigerated chamber
through the evaporator heat exchanger and backheteefrigerated chamber, the evaporator
fan having a suction side and a discharge side; and

an air exchange device including a tubular merhagmg a first chamber and a
second chamber isolated from first chamber, tis¢ ¢éihamber having an inlet in flow
communication with a fresh air source and an owotbening in flow communication with the
refrigerated chamber on a suction side of the ensipofan, and the second chamber having
an inlet in flow communication with the refrigerdtehamber in a discharge side of the
evaporator fan and an outlet opening in flow comication with a space exterior of the

refrigerated chamber.

2. The refrigeration unit as set forth in clainvlierein the outlet of the first
chamber has a flow area that may be selectivelyséetj from fully open to fully closed.

3. The refrigeration unit as set forth in clairvierein the outlet of the second

chamber has a flow area that may be selectivelyséetj from fully open to fully closed.

4. The refrigeration unit as set forth in clainvherein:

the outlet of the first chamber has a flow ared thay be selectively adjusted from
fully open to fully closed,;

the outlet of the second chamber has a flow dr@antay be selectively adjusted
from fully open to fully closed; and

the adjustment of the flow area of the outleth&f tirst chamber and the adjustment of
the flow area of the outlet of the second chambercaordinated whereby the flow area of
the outlet of the first chamber and the flow aréthe outlet of the second chamber are

simultaneously open and simultaneously closed.
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5. The refrigeration unit as set forth in clairvierein the air exchange device
further includes a housing disposed about the arbuember, the housing having a first
outlet communicating with the suction side of tefigerated chamber and a second outlet

communicating to the space exterior of the refagest chamber.

6. The refrigeration unit as set forth in clairwvberein the tubular member

comprises a tubular member disposed for rotatidhimvand relative to the housing.

7. The refrigeration unit as set forth in clairvBerein the tubular member is
selectively rotatable within the housing betwedims position relative to the housing
whereat the outlet of the first chamber of the tabmember is juxtaposed in full registration
with the first opening of the housing and the dutfethe second chamber of the tubular
member is juxtaposed in full registration with geeond opening of the housing, and a
second position relative to the housing whereabtliket of the first chamber of the tubular
member is juxtaposed out of registration with tingt bpening of the housing and the outlet
of the second chamber of the tubular member ispoded out of registration with the

second opening of the housing.

8. The refrigeration unit as set forth in clainvfierein the tubular member is
selectively rotatable within the housing to be posed at at least one position between the
first position and the second position whereataiget of the first chamber of the tubular
member is juxtaposed in partial registration witl first opening of the housing and the
outlet of the second chamber of the tubular menshextaposed in partial registration with

the second opening of the housing.

9. The refrigeration unit as set forth in claifuther comprising a seal member

disposed intermediate the tubular member and thsihg.
10. The refrigeration unit as set forth in clairfuBher comprising a drive motor

operatively associated with the tubular memberdtating the tubular member relative to

the housing.
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11. The refrigeration unit as set forth in claim/fierein the outlet of the second
chamber of the tubular member id disposed geneoalhpogonally to the inlet of the first

chamber of the tubular member.

12. An air exchange device for use in deliverirgsglh air to a refrigerated
chamber and venting air from within the refrigedathamber to an exterior space, the air
exchange device comprising:

a housing having a fresh air outlet communicatiitg the refrigerated chamber and
a vent air outlet communicating to the space eotef the refrigerated chamber; and

a tubular member having a first chamber and argbcbamber isolated from first
chamber, the first chamber having an inlet in fllmmmunication with a fresh air source and
an outlet registrable in flow communication witte thhesh air outlet of the housing, and the
second chamber having an inlet in flow communicatath the refrigerated chamber and an
outlet registrable in flow communication with thent air outlet.

13.  An air exchange device as recited in claimvh2rein the tubular member is
selectively rotatable within the housing betwedims position relative to the housing
whereat the outlet of the first chamber of the tabmember is juxtaposed in full registration
with the first opening of the housing and the dutfethe second chamber of the tubular
member is juxtaposed in full registration with geeond opening of the housing, and a
second position relative to the housing whereabtltket of the first chamber of the tubular
member is juxtaposed out of registration with tingt bpening of the housing and the outlet
of the second chamber of the tubular member ispoded out of registration with the

second opening of the housing.

14. An apparatus for admitting a first gaseouslfinto a closed volume while
simultaneously venting a second gaseous fluid fitwerclosed volume, comprising:

a tubular member having a first chamber and armecbhamber isolated from first
chamber, the first chamber having an inlet in fllmmmunication with a source of the first
gaseous fluid and an outlet registrable in flow ommication with the enclosed volume, and
the second chamber having an inlet in flow commatioa with the enclosed volume and an

outlet registrable in flow communication with a spaxterior of the enclosed volume.

12



15. An apparatus as recited in claim 14 wheregrtdibular member is selectively
rotatable within a housing between a first positielative to the housing whereat the outlet
of the first chamber of the tubular member is jpoised in full registration with a first
opening of the housing and the outlet of the seabraanber of the tubular member is
juxtaposed in full registration with a second opgnof the housing, and a second position
relative to the housing whereat the outlet of tr& thamber of the tubular member is
juxtaposed out of registration with the first openof the housing and the outlet of the
second chamber of the tubular member is juxtaposedf registration with the second

opening of the housing.
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