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REFRIGERATED CARGO CONTAINER, METHOD FOR COOLING A CARGO, 
METHOD FOR HEATING A CARGO 

BACKGROUND OF THE INVENTION 

[0001] The subject matter disclosed herein relates to refrigeration systems. More 

specifically, the subject matter disclosed herein relates to refrigeration of containers utilized 

to store and ship cargo. 

[0002] A typical refrigerated cargo container, such as those utilized to transport cargo 

via sea, rail or road, is a container modified to include a refrigeration unit located at one end 

of the container. The refrigeration unit includes a compressor, condenser, expansion valve 

and evaporator coil, all located at the end of the container. A volume of refrigerant circulates 

throughout the refrigeration unit, and one or more evaporator fans of the refrigeration unit 

blow a flow of air across the evaporator coil cooling the air and forcing it out into the 

container. 

[0003] The cooled air in typical container system is forced out of the refrigeration 

unit and along a floor of the container. As the cooled air travels away from the refrigeration 

unit, its temperature increases and it rises in the container and eventually returns to the 

refrigeration unit. This circulation of cool air from one end of the container to the other end 

and back again results in uneven cooling of the cargo in the container, since the air forced 

into the container gets wanner as it travels farther from the refrigeration unit. Further, the 

cargo positioned at a lower portion of the container will benefit more form the cooling flow 

than the cargo positioned at an upper portion of the container. 

[0004] Additionally, the typical refrigeration system for a container is costly and 

occupies a large amount of space that would otherwise be available for loading cargo. 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] In one embodiment, a refrigerated cargo container includes a cargo container 

and a refrigeration unit. A plurality of refrigerant tubes are in fluid communication with the 

refrigeration unit and extend along a roof of the cargo container. The plurality of refrigeration 

tubes are configured to convey refrigerant there through and cool an interior of the cargo 

container via natural convection and thermal radiation. 

[0006] In another embodiment, a method of cooling a cargo in a cargo container 

includes flowing a refrigerant through a plurality of refrigerant tubes disposed at a roof of the 

cargo container. Thermal energy is transferred from container air in the container to the 

refrigerant thereby cooling the container air. The container air is circulated via natural 
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convection toward the cargo thereby cooling the cargo via thermal energy transfer to the 

container air, The container air is recirculated toward the plurality of refrigerant tubes. 

[0007] In yet another embodiment, a method of heating a cargo in a cargo container 

includes heating a flow of refrigerant located in a plurality of tubes. The flow of refrigerant is 

circulated through the plurality of tubes at the cargo container. Thermal energy is transferred 

from flow of refrigerant to container air in the container thereby heating the container air, and 

the container air is circulated via natural convection toward the cargo thereby heating the 

cargo via thermal energy transfer from the container air. The container air is recirculated 

toward the plurality of tubes. 

[0008] These and other advantages and features will become more apparent from the 

following description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 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: 

[0010] FIG. 1 is a cutaway view of an embodiment of a refrigerated cargo container; 

[0011] FIG. 2 is a cutaway view of another embodiment of a refrigerated cargo 

container; 
[0012] FIG. 3 is an end cross-sectional view of an embodiment of a refrigerated cargo 

container; 

[0013] FIG. 4 is a cross-sectional view of a portion of an embodiment of a roof of a 

refrigerated cargo container; and 

[0014] FIG. 5 is an end cross-sectional view of another embodiment of a refrigerated 

cargo container; 

[0015] FIG. 6 is a side cross-sectional view of an embodiment of a refrigerated cargo 

container. 

[0016] The detailed description explains embodiments of the invention, together with 

advantages and features, by way of example with reference to the drawing. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] Shown in FIG. 1 is an embodiment of a refrigerated cargo container 10. The 

cargo container 10 is configured to maintain a cargo 12 located inside the cargo container 10 
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at a selected temperature through the use of a refrigeration unit 14 located at the container 10. 

The cargo container 10 is mobile and is utilized to transport the cargo 12 via, for example, a 

truck, a train or a ship. The refrigeration unit 14 includes (as schematically shown in FIG. 1) 

a compressor 16, a condenser 18 and an expansion valve 20 located at, for example, a first 

end 22 of the container 10. The container 10 further includes a second end 24 located 

opposite the first end 22, and two sidewalls 26, a floor 28 and a roof 30 located between the 

first end 22 and the second end 24. 

[0018] Instead of a traditional evaporator of the typical cargo container refrigeration 

unit, the container 10 includes a plurality of refrigerant tubes 32 located at the roof 30 of the 

container 10, formed of highly thermally conductive material such as an aluminum or copper 

material. The plurality of refrigerant tubes 32 are connected to the expansion valve 20 and 

the compressor 16 of the refrigeration unit 14, and convey a flow of refrigerant 34 throughout 

the refrigerant tubes 32 from the expansion valve 20 to the compressor 16. The refrigerant 

tubes 32 extend along a length 36 of the roof 30 from a header 38. The refrigerant tubes 32 

may be substantially straight, or alternatively as shown in FIG. 2, may have a u-bend 40 at or 

near the second end 24 of the container 10. Referring again to FIG. 1, with cold refrigerant 34 

circulating through the refrigerant tubes 32, a natural convective flow is established in the 

container 10 to cool the cargo 12. Container air 42 closest to the refrigerant tubes 32 is cooled 

by the refrigerant flow 34, transferring thermal energy from the container air 42 to the 

refrigerant, and falls toward the floor 28, thereby cooling the cargo 12 via thermal energy 

transfer from the cargo 12 to the container air 42. The falling container air 42, forces warmer 

air located near the floor 28 to rise toward the roof 30, where it is cooled by the refrigerant 

flow 34 through the refrigerant tubes 32. This continuous natural convective cycle eliminates 

a need for an evaporator fan to urge cool air into the container, thus reducing system cost and 

footprint. To introduce a selected amount of fresh air into the container 10, the condenser 18 

includes a condenser fan 44 utilized both for operation of the condenser 18 and introduction 

of fresh air into the container 10. 

[0019] Referring now to FIG 3, the plurality of refrigerant tubes 32 may be located at 

an inner roof panel 46 a distance lower than an outer roof panel 48. In inner roof panel 46, 

has a sinusoidal or other contoured shape to accept the refrigerant tubes 32 and to increase a 

surface area of the inner roof panel 46, thereby improving heat transfer between the container 

air 42 and the inner roof panel 46. In some embodiments, a space between the inner roof 

panel 46 and the outer roof panel 48 is at least partially filled with an insulating material 50. 

Referring now to FIG. 4, in some embodiments, the inner roof panel 46 includes channels 52 
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receptive of the plurality of refrigerant tubes 32. The channels 52 may be C-shaped to receive 

circular refrigerant tubes 32, or have another cross-sectional shape to receive refrigerant tubes 

32 of another cross-sectional shape. 

[0020] Referring again to FIG. 3, one embodiment includes six refrigerant tubes 32 

along the roof 30, while other embodiments may include other quantities of refrigerant tubes 

32 for example, 8, 12, 16 or 24 or more refrigerant tubes 32 along the roof 30. In other 

embodiments as shown in FIG. 5, the container 10 may alternatively or additionally include a 

plurality of refrigerant tubes 32 extending along one or more of the sidewalls 26. The 

inclusion of refrigerant tubes 32 along the sidewalls 30 in addition to those along the roof 30 

further increases the cooling capacity of the container 10. The refrigerant tubes 32 along the 

sidewalls 26 may extend from the same header 38 as the refrigerant tubes 32 along the roof 

30, or may extend from separate headers 38 in the sidewalls 26. To even further increase 

cooling capacity and distribution, refrigerant tubes 32 may additionally be included in the 

floor 28 of the container 10. 

[0021] In a traditional refrigerant unit there is no radiative effect for cooling or 

heating. In the unit 14 the entire roof 30 and sidewall 26 surface is in visible contact with 

the cargo 12 and the thermal radiant cooling effect is very significant. The radiant effect does 

not involve air but relies on changing the motion of charged particles of matter. As long as 

the radiative surface (the plurality of tubes 32 and roof 30) has a direct path to the cargo 12, 

the radiant effect can be a large percentage of the overall cooling capacity. This method is 

typically small in traditional "forced air" designs. 

[0022] In some embodiments, in addition to providing cooling, the refrigerant tubes 

32, such as those located in the floor 28 of the container 10 are used to provide heating to the 

cargo 12. In such embodiments, the unit 14 conveys hot gas from the compressor 16 to the 

evaporator refrigerant tubes 32 to heat the refrigerant therein. The refrigerant 32 then is 

flowed through the tubes 32 and transfers thermal energy to the cargo 12, thus heating the 

cargo 12. Heating of the cargo as described herein may be required when the ambient 

temperature is very low and the cargo 12 requires a set point above the ambient temperature. 

[0023] As shown in the side view of FIG. 6, the refrigerant tubes 32 and the inner 

roof panel 46 are positioned at a roof angle 54 nonparallel to horizontal, to control drainage 

of condensate 56 that accumulates on the refrigerant tubes 32 and the inner roof panel 46. For 

example, the refrigerant tubes 32 and inner roof panel 46 may be positioned at a roof angle 54 

such that condensate 56 flows along them from the second end 24 toward the first end 22, 

with the inner roof panel 46 and refrigerant tubes 32 positioned higher at the second end 24 
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than at the first end 22 so the condensate 56 flows with gravity toward a drain 58. In other 

embodiments, the container 10 may be similarly configured to flow condensate 56 form the 

first end 22 toward the second end 26, or from a first sidewall 26 toward a second sidewall 

26. Additionally, some embodiments may include slits, fins or other features in the inner roof 

panel 46 to enhance heat transfer. 

[0024] Integrating refrigerant tubes 32 into the roof 30 and/or other elements of the 

container 10 saves cost and reduces complexity of the container 10 and refrigeration unit 14 

through elimination evaporator fan of a typical refrigeration unit, and related components. 

Further, due to the airflow being driven primarily by natural convection, power consumption 
of the refrigeration unit is reduced. Additionally, since the refrigerant tubes 32 extend over 

the length of the container 10, cooling from the refrigeration unit 14 is more evenly 

distributed from end to end of the container 10, as compared to the conventional container 
where cooling air is forced into the container only from one end of the container and warms 

along the length of the container. 

[0025] 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 

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. 
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Claims 

1. A refrigerated cargo container (10) comprising: 

a cargo container (10); 

a fan (44) adapted to cause a volume of fresh air to flow into the cargo container (10); 

a refrigeration unit (14); 

a plurality of refrigerant tubes (32) in fluid communication with the refrigerant unit (14) 
and extending along a roof (30) of the cargo container (10), the plurality of 
refrigeration tubes (32) configured to convey refrigerant there through and cool an 
interior of the cargo container (10) via natural convection and/or thermal radiation; 
and 

wherein the fan (44) in particular is a condenser fan (44). 

2. The refrigerated cargo container (10) of Claim 1, wherein the plurality of refrigerant 
tubes (32) extends along an inner roof panel (46) of the cargo container 
(10). 

3. The refrigerated cargo container (10) of claim 2, wherein the inner roof panel (46) 
is contoured to increase surface area, wherein the inner roof panel (46) in particular 
has sinusoidal cross-section. 

4. The refrigerated cargo container (10) of Claim 2, wherein the inner roof panel 
(46) includes a plurality of channels (52), each channel (52) receptive of a refrigerant 
tube of the plurality of refrigerant tubes (32). 

5. The refrigerated cargo container (10) of Claim 1, wherein the plurality of refrigerant 
tubes (32) are disposed at an angle nonparallel to horizontal. 

6. The refrigerated cargo container (10) of Claim 1, wherein the plurality of refrigerant 
tubes (32) extend from a header (38). 

7. The refrigerated cargo container (10) of Claim 1, wherein the refrigeration 
unit (14) comprises: 
a compressor (16); 
a condenser (18) in fluid communication with the compressor (16); and 
an expansion valve (20) in fluid communication with the condenser (18), 
and wherein the plurality of refrigerant tubes (32) are in fluid communication with the 
expansion valve (20) and in fluid communication with the compressor (16). 

8. The refrigerated cargo container (10) of Claim 1, further comprising one or 
more refrigerant tubes (32) extending along one or more sidewalls (26) of the 
cargo container (10). 

9. A method of cooling a cargo (12) in a cargo container (10) comprising: 
flowing a refrigerant from a refrigeration unit (14) located at the cargo 
container (10) through a plurality of refrigerant tubes (32) disposed at a roof (30) of 
the cargo container (10); 
transferring thermal energy from container air in the container (10) to the 
refrigerant thereby cooling the container air; 
circulating the container air via natural convection toward the cargo (12) 
thereby cooling the cargo (12) via thermal energy transfer to the container air; and 
recirculating the container air toward the refrigeration unit (14); and 
further comprising flowing a volume of fresh air into the cargo container (10) via a fan (44), 
wherein the fan (44) in particular is a condenser fan (44). 
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10. A method of heating a cargo (12) in a cargo container (10) comprising: 
heating a flow of refrigerant disposed in a plurality of tubes (32); 
flowing the flow of refrigerant through the plurality of tubes (32) at the cargo 
container (10); 
transferring thermal energy from flow of refrigerant to container air in the container 
thereby heating the container air; 
circulating the container air via natural convection toward the cargo (12) 
thereby heating the cargo (12) via thermal energy transfer from the container air; 
and 
recirculating the container air toward the plurality of tubes (32); and 
further comprising flowing a volume of fresh air into the cargo container (10) via a fan (44), 
wherein the fan (44) in particular is a condenser fan (44). 

11. The method of claim 9 or 10, further comprising transferring thermal energy 
between the plurality of refrigerant tubes (32) and the cargo (12) via thermal 
radiation. 

12. The method of claim 9 or 10, further comprising: 
flowing the refrigerant from the refrigerant tubes (32) through a compressor 
(16); 
flowing the refrigerant from the compresser (16) through a condenser (18); 
flowing the refrigerant from the condenser (18) through an expansion valve 
(20); and 
flowing the refrigerant from the expansion valve (20) into the plurality of 
refrigerant tubes (32). 

13. The method of Claim 12, further comprising flowing the refrigerant from 
the expansion valve (20) through a header (38) and into the plurality of refrigerant 
tubes (32). 

14. The method of Claim 9 or 10, further comprising flowing refrigerant 
through a plurality of refrigerant tubes (32) disposed at one or more sidewalls (26) 
of the cargo container (10) , 
and/or further comprising directing condensate toward a selected location in the 
cargo container (10). 
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