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MULTI-TEMPERATURE TRANSPORTATION REFRIGERATION
SYSTEM

BACKGROUND

[0001] This application relates to a multi-temperaturengportation
refrigeration system which cools two distinct enviments to different temperatures
and utilizes a common condenser.

[0002] Refrigeration systems are known. Generally, a cesgor
compresses a refrigerant and delivers it into alenser. The refrigerant is cooled
and passes through an expansion valve. The redriges expanded and passes
through an evaporator. The evaporator cools dietdelivered into an environment
to be conditioned.

[0003] One application for such refrigeration systems 15 a
transportation refrigeration system. As an exampleguck may have a refrigerated
trailer. It is known to provide distinct tempenads at distinct compartments within a
common trailer. Individual refrigeration circuitge often utilized to provide the

distinct temperatures.

SUMMARY

[0004] In a featured embodiment, a transportation refatjen system
includes an enclosure, and at least two comparsnerthin the enclosure to be
conditioned to two distinct temperatures. The eyshas at least two refrigeration
circuits, with a refrigeration circuit associatedttweach of the at least two
compartments. A first of the at least two refrag@n circuits includes a first
compressor, a first evaporator, and a first exgansgalve. A second of the at least
two refrigeration circuits includes a second comspog, a second evaporator, and a
second expansion valve. The first and secondgesfint circuits utilize a common
condenser, with first inlets into the condensemirthe first circuit connected to a
first flow passage and second inlets from the se@mcuit connected to second flow
passages. First and second outlets are conneatddetfirst and second flow
passages, respectively. The first and second flessages are staggered in a
direction perpendicular to a flow passage acrosstmdenser.

[0005] In another featured embodiment, a heat exchanger finst
refrigeration circuit inlets leading to a pluraligf first flow passages across a
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dimension of the heat exchanger, and second reditige circuit inlets leading to a
plurality of second flow passages across the dimansf the heat exchanger, with
the first and second flow passages being staggemex$s a direction parallel to the
dimension.

[0006] These and other features may be best understood the

following drawings and specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 schematically shows a refrigeration tramtspion
system.
[0008] Figure 2A shows a first embodiment condenser thay rbe
utilized in the Figure 1 environment.
[0009] Figure 2B shows a second embodiment condenser.
[0010] Figure 2C shows a third embodiment condenser.

[0011] Figure 2D shows a fourth embodiment condenser.

DETAILED DESCRIPTION

[0012] A refrigerated enclosure 20 is illustrated in Fegdr. As known,
the enclosure may be a refrigerated trailer astatiaith a truck. However, other
applications for refrigerated enclosures may béneém this disclosure. For
purposes of this application, the term “enclosuskbuld extend to all enclosures,
such as trailers, shipboard containers, etc.

[0013] Two distinct compartments 22 and 24 are illustratddhese two
compartments are desirably cooled to distinct teatpees. As an example, one may
be cooled to a lower temperature than the othere @ay desirably maintain items
stored within the compartment at a temperaturevb@éeezing, while the other may
be at a higher, but still cooled, temperature.

[0014] The refrigeration circuit 26 is provided to maimtaithe
compartment 22 at its temperature. A refrigeratimouit 28 is provided to maintain
the compartment 24 at its temperature.

[0015] Refrigeration circuit 26 includes an evaporator 3 known, a
fan pulls air across the evaporator 30 to cookihéo the desired temperature for the

compartment 22.
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[0016] Downstream of the evaporator 30, the refrigerastses to a first
compressor 32 and then into a line 34 leadingl&isrB5 into a condenser 36. Outlet
lines 38 for the first circuit pass through an eaxgian valve 40 and back to the
evaporator 30.

[0017] The circuit 28 includes an evaporator 42. Agaifgrawill pull air
across the evaporator 42 to cool it to the deseetperature for the compartment 24.

[0018] Downstream of the evaporator 42, the refrigerardsea to a
second compressor 44 and then to a line 46 leattinolet lines 48 into the
condenser 36. Outlet lines 50 pass through annsxpa valve 52 and back to the
evaporator 42.

[0019] An engine or other power source 54 is shown to polath
compressors 32 and 44.

[0020] As shown in this Figure, the inlet lines 35 anda48 staggered.
That is, they are interspersed in a direction pedfmeilar to a flow direction through
the condenser 36. Notably, Figure 1 is a scherwadig and the flow direction may
actually be across the larger dimension of the enser 36 (in this Figure between
the left and right).

[0021] Figure 2A shows a first embodiment 36 of the cosden Figure
2A may be a multi-louver flat-tube heat exchangalte(natively referred to as
“microchannel heat exchanger”). As known, microutel heat exchangers have a
plurality of channels spaced into the plane of fhigure and which provide very
efficient heat transfer. The line 34 leads to arallty of inlets 35 and passes to
outlets 38 at an opposed end of the heat exchatgeBimilarly, the line 46 leads to
inlets 48 and outlets 50. As can be appreciatedl,iritets 35 and 48 of the two
circuits are staggered or interspersed in a doegberpendicular to a flow direction
across the heat exchanger 36. The same is tihe oltlets 38 and 50.

[0022] Multi-louver fins F assist in cooling the refrigatain the heat
exchanger, which are brazed to the flat tube.

[0023] Figure 2B shows another embodiment 136, which &0 &
microchannel heat exchanger but with two-slab gearent. The two circuits 134
and 146 enter into the heat exchanger on a fidtagid the outlets 138 and 150 are
also at the first end. The actual structure ofdhannels across the heat exchanger
may be as shown at 158. The first slab 162 passess the dimension of the heat

exchanger, reaches a turning elbow (which can fmdad unfinned flat tube) 160
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and return back through the second slab 164 tmtitlet. Although Fig. 2B only
shows a 2-slab configuration, multi-slab (more ttarslabs) configurations also
belong to this scope of this invention.

[0024] Figure 2C shows an embodiment 236. This embodimearytbe a
round tubes plate fin (P heat exchanger. The inlet circuits 234 and 24t@reon
one end to the circuits 235 and 248. The refrigigpasses across the heat exchanger
to the outlets 238 and 250.

[0025] Figure 2D shows another embodiment 336, which neylbo a
round tube plate fin heat exchanger. Here, that mitcuits 334 and 346 enter at one
end to inlets 335 and 348. The outlets 338 andaB&@t the same end.

[0026] Again, a tube structure 358 is utilized. The islpass into a tube
362 to a turning elbow 360, which may be a hailgnd, and back to an outlet tube
364.

[0027]

[0028] In each of the Figures 2A-D, first flow passagescénnect the
first circuit inlets to first circuit outlets, anskecond flow passages Ponnect the
second circuit inlets to second circuit outlets.

[0029] While the embodiments in Figures 2A-2D are spedilfjc
disclosed as a condenser, a worker of ordinary skihe art would recognize that
other applications for the heat exchanger may hefrefn this disclosure. As an
example, the heat exchanger may be utilized invapaator, an economizer, etc.
Generally, any refrigeration system having twoigefrant flows that desirably have
cooling or heating may benefit from these seveeslghs.

[0030] For purposes of this application, the term “stagdécan be taken
to mean there is a first flow passage of a firstuwit and a first flow passage of a
second circuit spaced perpendicular to the fimvfpassage of the first circuit in a
direction perpendicular to a flow direction acrtiss heat exchanger. Further, there
is a second flow passage of the first flow cir@paced on an opposed side of the
first flow passage of the second circuit from thistfflow passage of the first circuit,
and a second flow passage of the second circugespan an opposed side of the
second flow passage of the first circuit relativette first flow passage of the second
circuit.

[0031] The staggered arrangement provides valuable bgriefincrease

efficiency. As an example, should one of the twouits 26 or 28 be stopped, the
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entire air side heat transfer surface area of #da exchanger will still be utilized to
cool the other circuit. In addition, it is knowhnat the heat exchange capacity for a
particular heat exchanger is dependent on the tertyse of the refrigerant entering
the heat exchanger. Thus, the heat exchangercooll the refrigerant at a higher
inlet temperature to a greater extent than the rekaefrigerant at the lower
temperature and thus the automatic allocationredide heat transfer surface area is
achieved
[0032] Although an embodiment of this invention has beestldsed, a

worker of ordinary skill in this art would recogeizhat certain modifications would
come within the scope of this disclosure. For theson, the following claims

should be studied to determine the true scope anttt of this disclosure.
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CLAIMS

1. A transportation refrigeration system comprising

an enclosure, and at least two compartments wihid enclosure to be
conditioned to two distinct temperatures;

at least two refrigeration circuits, with a re@rgtion circuit associated with
each of said at least two compartments, and adfrstid at least two refrigeration
circuits including a first compressor, a first egegtor, and a first expansion valve,
and a second of said at least two refrigeratiotuds including a second compressor,
a second evaporator, and a second expansion \zle;

said first and second refrigeration circuits miiig a common condenser, with
first inlets into said condenser from said firstait connected to a first flow passage
and second inlets from said second circuit conuettiesecond flow passages, and
first and second outlets connected to said first second flow passages, and said
first and second flow passages staggered in atineperpendicular to a flow

passage across said condenser.

2. The transportation refrigeration system as gghfin claim 1, wherein said

condenser is a microchannel heat exchanger.

3. The transportation refrigerant system as sah for claim 2, wherein said
microchannel heat exchanger has a dimension platalke flow path of refrigerant
across said heat exchanger.

4, The transportation refrigeration system as gghfin claim 3, wherein said
first and said second inlets entering at one sfdsam dimension, and said first and
second outlets are at an opposed side of said dioren
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5. The transportation refrigeration system as gghfin claim 3, wherein said
first and second inlets being at one end of saitkedsion, and said first and second
outlets also being at said one end of said dimensuth said first and second flow
passages passing across said dimension from sestl dhd second inlets,
respectively, to a folded region, and then extepdiack across said dimension to

said first and second outlets.

6. The transportation refrigeration system as gghfin claim 1, wherein said

heat exchanger is a round tube and plate fin hediaager.

7. The transportation refrigeration system as sghfin claim 6, wherein said
round tube and plate heat exchanger has a dimepsiallel to a flow path of

refrigerant across said heat exchanger.

8. The transportation refrigeration system as sghfin claim 7, wherein said
first and said second inlets entering at one sfdsam dimension, and said first and

second outlets are at an opposed side of said dioren

9. The transportation refrigeration system as gghfin claim 8, wherein said
first and second inlets being at one end of saitkedsion, and said first and second
outlets also being at said one end of said dimensuith said first and second flow
passages passing across said dimension from sestl dnd second inlets,

respectively, to a bend and then extending baaksasaid dimension to said outlets.

10.  The transportation refrigeration system agadn claim 1, wherein a first of
said first flow passages and a first of said sedtowl passages spaced in a direction
perpendicular to a flow direction across the heahanger, and a second of said first
flow passages spaced on an opposed side of theofithe second flow passages
from the first of the first flow passages, and acsel of the second flow passages
spaced on an opposed side of the second of thdldws passages relative to the first
of the second flow passages.
11. A heat exchanger comprising:

first refrigeration circuit inlets leading to aupdlity of first flow passages

across a dimension of said heat exchanger, anchdea@drigeration circuit inlets
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leading to a plurality of second flow passages sreaid dimension of said heat
exchanger, with said first and second flow passdgsiag staggered across a

direction parallel to said dimension.

12.  The heat exchanger as set for in claim 11, &hea first of said first flow
passages and a first of said second flow passagesdin a direction perpendicular
to a flow direction across the heat exchanger,aasélcond of said first flow passages
spaced on an opposed side of the first of the sklow passages from the first of
the first flow passages, and a second of the seflomd passages spaced on an
opposed side of the second of the first flow passaglative to the first of the second

flow passages.

13.  The heat exchanger as set forth in claim 1Zrerth said heat exchanger is

utilized as a condenser.

14.  The heat exchanger as set forth in claim 1kreih said heat exchanger is a

microchannel heat exchanger.

15.  The heat exchanger as set forth in claim 14reih said first and said second
inlets entering at one side of said dimension, said first and second outlets are at

an opposed side of said dimension.
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16. The heat exchanger as set forth in claim 14reih said first and second
inlets being at one end of said dimension, and f@idand second outlets also being
at said one end of said dimension, with said fwsd second flow passages passing
across said dimension from said inlets to a foldsmglon and then extending back

across said dimension to said first and seconaisutl

17.  The heat exchanger as set forth in claim 1®reih said heat exchanger is a

round tube plate and fin heat exchanger.

18.  The heat exchanger as set forth in claim 1&reih said first and said second
inlets entering at one side of said dimension, said first and second outlets are at
an opposed side of said dimension.

19. The heat exchanger as set forth in claim 1#&reih said first and second

inlets being at one end of said dimension, and fs@dand second outlets also being
at said one end of said dimension, with said fwsd second flow passages passing
across said dimension from said inlets to a bemdtla@n extending back across said

dimension to said first and second outlets.

20. The heat exchanger as set forth in claim 1kreih said heat exchanger is

utilized as a condenser.



