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EVAPORATOR AIR DUCT STANDOFF

FIELD OF THE INVENTION
[0001] The subject matter disclosed herein relates to transport refrigeration systems

and, more specifically, to standoffs for refrigeration system evaporator air ducts.

BACKGROUND

[0002] Refrigerated vehicles have long been employed in a wide variety of
applications including the storing and marketing of perishable commodities such as fruits or
vegetables and processed, frozen, or chilled products such as ice cream. Refrigerated
vehicles may include, for example, truck trailers for road transport, railroad cars, and
container bodies for land and sea service. Refrigerated shipping containers include the
shipping container itself and a refrigeration unit secured to one end of the container.
Typically, the refrigeration unit is secured to the end of the container opposite the container
doors.

[0003] Such refrigerated shipping containers are configured to be easily transported
on ships, for example, by stacking a number of such containers on top of one another and by
placing a number of such stacks of containers in rows and columns next to one another on the
ship. After transport by ship, these same containers can be moved by crane and mounted
onto a rail car for transport via rail and/or onto a tractor-trailer for transport via road.

[0004] Some known shipping containers include an evaporator air duct that includes
bent aluminum channels that extend along the evaporator air duct. However, these aluminum
channels may cause poor airflow through the evaporator air duct, causing pressure loss and
unequal temperature distribution. Accordingly, it is desirable to provide evaporator air duct

standoffs to aid in airflow, temperature distribution, and pressure loss reduction.

BRIEF DESCRIPTION OF THE INVENTION

[0005] In one aspect, an evaporator air duct panel for a refrigeration system having an
evaporator and an evaporator air duct at least partially defined by the evaporator air duct
panel is provided. The evaporator panel includes a plurality of standoffs extending from the
evaporator air duct panel, the plurality of standoffs configured to extend into the evaporator
air duct.

[0006] In another aspect, a refrigeration system is provided. The refrigeration system

includes an evaporator, an evaporator air duct panel disposed downstream of the evaporator,
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an evaporator air duct at least partially defined by the air duct panel and configured to receive
an airflow from the evaporator, and a plurality of standoffs extending from the evaporator air
duct panel into the evaporator air duct.

[0007] In yet another aspect, a method of assembling a refrigeration system is
provided. The method includes providing a housing, disposing an evaporator in the housing,
and providing an evaporator air duct panel. The method further includes providing a plurality
of standoffs, coupling the plurality of standoffs to the evaporator air duct panel, and disposing
the evaporator air duct panel in the housing downstream of the evaporator such that the
evaporator air duct panel at least partially defines an evaporator air duct to receive an airflow
from the evaporator. The plurality of standoffs extends into the evaporator air duct to direct

airflow through the evaporator air duct.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0009] FIG. 1 is a schematic illustration of an exemplary refrigeration system;

[0010] FIG. 2 is a schematic illustration of an exemplary refrigerated container;

[0011] FIG. 3 is a front view of an exemplary refrigeration system that may be used
in the refrigerated container shown in FIG. 2;

[0012] FIG. 4 is a perspective view of another exemplary refrigeration system that
may be used in the refrigerated container shown in FIG. 2; and

[0013] FIG. 5 is a perspective view of an exemplary standoff that may be used with

the refrigeration systems shown in FIGS. 3 and 4.

DETAILED DESCRIPTION OF THE INVENTION

[0014] FIG. 1 illustrates a simplified schematic diagram of an exemplary container
refrigeration system 10 that generally includes a compressor 12, a condenser 14, an
expansion valve 16, and an evaporator 18.

[0015] Operation of refrigeration system 10 may begin at compressor 12 where
suction gas (refrigerant) is compressed to a higher temperature and pressure. The refrigerant
gas is supplied to condenser 14 and air flowing across a group of finned tubes (not shown)

cools and condenses the gas. By removing latent heat, the gas condenses to a high pressure,
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high temperature liquid and flows to expansion valve 16. The liquid refrigerant passing
through expansion valve 16 is expanded or reduced in pressure and may be flashed or
vaporized into a gas. The expanded refrigerant is subsequently supplied to evaporator 18
where it is further vaporized against return air. The cargo container air to be cooled is passed
across tubes/fins of evaporator 18, and heat is removed from the air as it is absorbed by the
refrigerant in evaporator 18. This causes the temperature of the low pressure refrigerant
vapor to increase before it is returned to compressor 12 to complete the refrigeration cycle.

[0016] FIG. 2 illustrates an exemplary cargo container unit 20 that generally includes
a top wall 22, a bottom wall or floor 24, end walls 26, 28, and side walls 30. Container unit
20 is designed to contain cargo 32 within a climate controlled environment 34 to facilitate
maintaining cargo 32 in a fresh and refrigerated condition. For that purpose, refrigeration
system 10 is operatively connected to end 26 of container unit 20.

[0017] As indicated by the arrows, the air in climate controlled environment 34
passes into an inlet 36 of refrigeration system 10 and is directed, by way of a fan 38, through
evaporator 18 where it is cooled. The cooled air subsequently passes through an evaporator
air duct 40, through an outlet 42 into a lower portion 44 of unit 20, and upwardly through
cargo 32 to inlet 36 to complete the cycle.

[0018] With reference to FIGS. 2-4, refrigeration system 10 further includes a
housing 46 having a front panel 48 (FIG. 2), a back panel 50, side panels 52, an air duct panel
54, and a component housing 56. FIGS. 3 and 4 illustrate refrigeration system 10 with front
panel 48 removed. Evaporator air duct 40 is generally defined by front panel 48, side panels
52, air duct panel 54, and a portion 58 of component housing 56. Air duct panel 54 and
housing portion 58 separate air duct 40 from component housing 56, which houses system
components such as compressor 12.

[0019] In the exemplary embodiment, air duct panel 54 includes a plurality of
standoffs 60 coupled thereto. In one embodiment, standoffs 60 are molded standoffs
subsequently attached to panel 54 such as, for example, by welding or adhesives. However,
standoffs 60 may be coupled by any suitable attachment method. Alternatively, standoffs 60
may be formed integrally with air duct panel 54. Moreover, in one embodiment, standoffs 60
are fabricated from a polymer material or a plastic material. However, standoffs 60 may be
fabricated from any suitable material that enables standoffs 60 to function as described
herein. Standoffs 60 extend into air duct 40 and may be arranged in various patterns to
facilitate airflow through air duct 40, temperature distribution through air duct 40 (and thus

climate controlled environment 34), and pressure loss reduction within air duct 40. In
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addition, standoffs 60 provide refrigeration system end load protection (e.g., from shifting
cargo), rack resistance, and prevention of air pressure bulging the back panel due to air
pressure.

[0020] With reference to FIG. 5, standoffs 60 each include a base 62, a distal surface
64, and a side walls 66 extending therebetween. Base 62 is coupled to air duct panel 54 and
distal surface 64 is configured to abut against front panel 48 to provide structural integrity to
refrigeration system 10. Sidewalls 66 are generally tapered inward toward each other from
base 62 to distal surface 64 and include rounded portions 68, which facilitate smooth airflow
around standoffs 60. In the exemplary embodiment, standoffs 60 are generally oval shaped to
facilitate flow around standoffs 60 and to decrease backpressure of the air flowing through air
duct 40. However, standoffs may have any suitable shape that enables refrigeration system
10 to function as described herein. For example, as shown in FIG. 3, standoffs 60a may have
an airfoil shape.

[0021] In the exemplary embodiment, component housing portion 58 extends into air
duct 40, which may block airflow between inlet 36 and outlet 42. This may cause reduced
airflow in an area 70 below component housing portion 58. However, as illustrated in FIG. 3,
standoffs 60 may be angled relative to an airflow direction 72 through air duct 40 to direct
airflow to area 70. For example, standoffs 60b are oriented toward component housing
portion 58 at an angle ‘o’ relative to airflow direction 72, which directs airflow toward and
beneath housing portion 58, as shown by arrows 74. Similarly, standoffs 60c are oriented
toward component housing portion 58 at an angle ‘B’ relative to airflow direction 72 to direct
airflow toward and beneath housing portion 58.

[0022] In the exemplary embodiment, angle ‘e’ is 30° or approximately 30°, and
angle ‘B’ is 45° or approximately 45°. However, angles ‘o’ and ‘B’ may be any suitable angle
that enables system 10 to function as described herein. For example, angles ‘o’ and ‘B’ may
be between 0° and 60° or between approximately 0° and approximately 60°. Further, angles
‘o’ and ‘B’ may be the same angle or different angles. It should be understood that standoffs
60 are oriented at angles ‘e’ and ‘B’ to provide a desired air flow through air duct 40, and as
such, may be varied depending on variations in or requirements of system 10 and/or
container 20.

[0023] As illustrated in FIGS. 3 and 4, standoffs 60 may be arranged in different
patterns to produce a desired airflow within air duct 40 and/or container 20. For example, as
shown in FIG. 3, standoffs 60 are arranged in a pattern that includes a first group 80, a second

group 82, a third group 84, and a fourth group 86. Each group includes standoffs 60 arranged
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linearly or generally linearly along air flow direction 72. This directs airflow along direction
72 between adjacent groups 80, 82, 84, 86 and side panels 52. The shape of standoffs 60
allows the air to flow smoothly around standoff walls 66, which facilitates preventing
pressure loss as the air flows through air duct 40. First group 80 and fourth group 86 include
angled standoffs 60b and 60c, which direct air to low-flow area 70 caused by housing portion
58. As such, standoffs 60 maintain a free space within air duct 40 for air to flow to cargo 32,
while balancing temperature distribution and reducing pressure loss throughout air duct 40.

[0024] In operation of refrigeration system 10, air flows through inlets 36 and is
subsequently cooled by contact with evaporator 18 (see FIG. 3). The cooled air enters
evaporator air duct 40 and flows along direction 72 around and between standoffs 60. Some
airflow is directed around compartment housing portion 58, which extends into air duct 40.
However, angled standoffs 60b, 60c redirect the air along direction 74 to area 70 to increase
airflow and temperature distribution therein.

[0025] A method of assembling refrigeration system 10 includes providing
refrigeration system 10 and providing one or more standoffs 60. The one or more standoffs
60 are coupled to air duct panel 54 such that the one or more standoffs 60 extend into air duct
40. Alternatively or additionally, the one or more standoffs 60 could be coupled to front
panel 48. The one or more standoffs 60 are oriented within air duct 40 to facilitate air flow
between inlet 36 and outlet 42. One of the one or more standoffs 60 may be oriented at an
angle ‘a’, ‘B’ relative airflow direction 72 to facilitate directing airflow to a desired portion or
area of refrigeration system 10.

[0026] The systems and method described herein provide a refrigeration system for a
temperature controlled transport container. One or more standoffs are arranged in an
evaporator air duct to improve airflow therethrough. For example, the shape of the standoffs
may enable air to flow smoothly around the standoffs with little or no obstruction, as well as
throughout the air duct. The standoffs may be angled relative to the airflow direction to
direct the airflow in desired directions or patterns to balance the temperature distribution
provided by the refrigeration system and to balance airflow distribution across the bottom of
the container. The standoffs additionally provide end load protection, rack resistance, and
prevent panel bulging.

[0027] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate

any number of variations, alterations, substitutions or equivalent arrangements not heretofore
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described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.



CLAIMS:

1. An evaporator air duct panel (54) for a refrigeration system (10) having an
evaporator (18) and an evaporator air duct (40) at least partially defined by the evaporator air
duct panel, the evaporator air duct panel comprising:

a plurality of standoffs (60) extending from the evaporator air duct panel, the plurality
of standoffs configured to extend into the evaporator air duct; and

a component housing portion (58) extending from the evaporator air duct panel into
the evaporator air duct and forming a low-flow area (70) below the component housing
portion;

characterised in that the plurality of standoffs are arranged in a pattern that includes a
first group (80), a second group (82), a third group (84) and a fourth group (86) arranged
linearly along an air flow direction (72); and

in that the first group, and the fourth group comprise standoffs angled relative to the

air flow direction for directing air to the low-flow area.

2. The evaporator air duct panel (54) of claim 1, wherein at least one standoff

(60) of the plurality of standoffs is oval shaped.

3. The evaporator air duct panel (54) of claim 1, wherein at least one standoff

(60) of the plurality of standoffs is airfoil shapcd.

4, The evaporator air duct panel (54) of claim 1, wherein the first and fourth
groups (80,86) comprise standoffs (60) angled between 0° and 45° relative to the airflow
direction (72).

5. The evaporator air duct panel (54) of claim 1, wherein each standoff (60) of
the plurality of standoffs comprises a base surface (62) and a distal surface (64) connected by

sidewalls (66).

6. The evaporator air duct panel (54) of claim 5, wherein the sidewalls (66)

include rounded portions (68) configured to direct airflow around the standoff (60).

7. A refrigeration system (10) comprising:

an evaporator (18);



an evaporator air duct panel (54) as claimed in claim 1 disposed downstream of the
evaporator; and
an evaporator air duct (40) at least partially defined by the air duct panel and

configured to receive an airflow from the evaporator.

8. The system of claim 7, wherein at least one standoff (60) of the plurality of

standoffs is oval shaped.

9. The system of claim 7, wherein at least one standoff (60) of the plurality of

standoffs is airfoil shaped.

10.  The system of claim 7, wherein the first and fourth groups (80,86) comprise
standoffs (60) angled between 0° and 45°relative to the airflow direction (72).

11.  The system of claim 7, wherein each standoff (60) of the plurality of standoffs

comprises a base surface (62) and a distal surface (64) connected by sidewalls (66).

12.  The system of claim 11, whercin the sidewalls (66) include rounded portions

(68) configured to direct airflow around the standoff (60).

13.  The system of claim 11, further comprising a cargo container (20) configured
to hold cargo (32), the refrigeration system (10) coupled to the cargo container to provide a

temperature controlled environment (34) within the cargo container.

14.  The system of claim 13, further comprising an air inlet (36) located at a top of
the refrigeration system (10) to receive air from an upper portion of the temperature
controlled environment (34) and an air outlet (42) located at a bottom of the refrigeration
system to supply air from the evaporator air duct (40) to a lower portion (44) of the
temperature controlled environment, wherein the cargo container (20) is a marine cargo

container.



