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MOBILE RIPENING CONTAINER

BACKGROUND OF THE INVENTION
This application claims the benefit of U.S, Provisional Application No. 60/083,993,

filed May 1, 1998; U.S. Provisional Application No. 60/093,909, filed July 23, 1998; and

U.S. Provisional Application No. 60/103,540, filed October 8, 1998,

1. Field of the Invention

The present invention is directed, generally, toward shipping and handling of
perishable goods. More specifically, the present invention is directed toward a mobile
container which facilitates the economic shipping and ripening of perishable goods such
as produce, including fruits and vegetables, and especially such perishable goods which

may become climacteric as they undergo an exothermic ripening process.

2. Description of the Related Art

Refrigerated vehicles have long been employed in a wide variety of applications
including the storing and marketing of perishable commodities, particularly produce such

as fruits and vegetables, as well as other perishable foods including processed and frozen

or chilled products such as ice cream, yeast, etc. The refrigerated vehicles contemplated

20

by the present invention include, for example, truck trailers for road transport and piggy-
back use, railroad cars and container bodies contemplated for land and sea service, and the
like. Accordingly, all refrigerated coﬁtainers of the type referred to above are included
within the present inventibn under the general designation of refrigerated containers or

vehicles adapted to receive cargo in a refrigerated space.
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Shipping and handling of produce which undergo an exothermic ripening pi'ocess
presents certain problems which must be éffectively' addressed to avoid spoiling the

produce. For example, this exothermic ripening process can generate a considerable

- amount of heat. The temperature of the produce must be accurately controlled to control

10

the ripeniﬁg process or to-delay the ripening process until the produce may be brought to
or near the ultimate consumer, Such accurate control of the produce prevents uneven
ripening, premature spoilage and othel;.problems. Produce of this type may include fruits
such as bananas, tomatoes, avocados, melons, pears, ﬁoneydews, and the like.

More specifically, it has long been known that ripening bananas give'off or produce
a tremendous amount of heat. Thus, the shipping and han&ling of bananas has been the
subject of considerable study directed toward the problem of prohibiting the onset of the

ripening process during shipping, controlling the ripening process once it has begun and

. the delivery of semi-ripened or ripened bananas to rétail outlets such as grocery stores and
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the like with a mlmmum amount of spoilage. The onset of the ripening process for
bananas is a function of temperature. Once the ripening process has bégun, the speed lof
this process is a function of time and temperature - both of which must be delicately
ﬁalanced to produce favorable results. Other fruits and vegetables undergo similar
exothermic ripening processes. However, since bananés enjoy particular popularity among
the consuming public, not only in the United States but in a majority of the populated
world, and because transporting bananas presénts some of the most difficult problems in
terms of controlling the ripening process, for purposes of the discussion that follows, it will
be assumed that the produce in question are bananas. However, it will be appreciated that
the present invention may be employed with other types of perishable goods.

Boxes of produce are sometimes transported from packing facilities to ships innon-
air conditioned trucks or railroad cars. Alternatively, the fresh-picked produce may be

2



3

WO 99/57020 PCT/US99/09578

5

immediately chilled to réduce the temperatute of the goods in a container conventionally
known in the art as a "pre-cooler." This is done to preserve the quality and freshness of the
fruit. Bananas are typically shipped from their country of origin packed in ventilated,
corrugated cardboard boxes on pallets. The fruit is wrapped in plastic liners that have
small openings throughout the plastic liners. The typical banana box, for instance, is 10"
high, 16" wide and about 20" long and is stacked on a pallet eight boxes high with six
boxes to a layer.

When the palletized fruit leaves the country of origin, it is usually loaded onto

refrigerated ocean going ships. On the ships, the fruit is either containerized or "break

10 bulked" and later off-loaded to mobile containers for overland transportation to
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warehouses or ripening facilities. This journey by ship can last anywhere from three to
five days, depending on the country of origin. During this time, the bananas are held ata
pulp temperature of 56° to 58°. At these temperatures, the bananas will not begin to ripén
absent inducement by artificial means as will be discussed below. Upon discharge from
a ship, the break bulked fruit or refrigerated containers may be transferred to trucks or
chassis for delivery to ripening facilities, customers or processors. Alternatively, the fruit
may be transferred from the containers into air conditioned trucks or air conditioned
railroad cars for transportation to ripening facilities, customers, or processors. The
temperature in the refrigerated trucks is typically set at 57° in the warm months of the year
and 60° in the colder months. Due to extreme cold during the winter in some regions of
the United States, the side walls and corners of the trailers run cooler. In harsh winter
conditions, the bananas are susceptible to chill. Therefore, the refrigerated trucks are run
warmer in the winter than in summer months. In the trucks and other similar containers,

the conditioned air is generally supplied from a unit at the front of the container and is

25 blown across the top of the cargo to the back of the container. However, the air is not

3



5

10

15

20

WO 99/57020 PCT/US99/09578

facilitate access of air to thé bottom of the boxes.
| At processing facilities, the banana boxes are placed in specially designed ripéning
rooms provided with insulated, gas tight walls and roof panels. The rooms are generally
3010 40 feet long and 10 to 15 feet wide and have heights iaécommodating stacks of boxes
in racks of two or three tiers or stacks of boxes in tiers Mtiiout racks. Each room contains
an air handling unit which cools or warms the air. Large fans are employed to circulate the
air around the room under jpressure. The temperature of the air in these ripening rooms is
controlled in accordance with a ripening schedule, and ethylene gas is dispersed in the
room at predetermined times to facilitate uniform ripening of the fruit. In the case of
bananas, for example, the fruit is held in the ripening rooms for four or five days before the
fruit is sufficiently ripe. ‘When originally placed in the ﬁgening rooms, not'all handsina
box of bananas have the same maturity. Ethylene gas proniotes evenripening in bananés
at the lowest possible temperatures in a minimum amount of time. It enables all the fruit
in one ripening room to turn out evenly. Ethyleneisa natgral by-product of bananas. The
fruit may be gassed in a room for approximately 24 hdurs:Where it is exposed to ethylene
atarate of 100 to 300 parts per million. The gas is used to bring all of the fruit to the same
10 to 15 parts per million of ethylene. From the ripenin'gf room, the semi-ripened or ripe
palletized fruit is then returned to a mobile, refrigerated trailer for transportation to another
distribution center or retail outlet.
Ripening rooms are expensive to build and maintain. They are large and take up

a considerable amount of space. In fact, ripening rooms are designed with a view toward

the conventional wisdom that a large volume of free space in any ripening room is required

25

in order to dissipate the heat emitted from the ripening fruit. They also have fixed

capacities. Thus, any method or apparatus which can effectively shorten the time for
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tipening the fruit without sacrificing quality will incredsé the capacity of the ripening
facility and thereby reduce costs and increase profits.

Inthe past, it has been suggested to employ the mobile trailer or shipping container
for a portion of this ripening process. By starting the ripening process in the trailer or

5 shipping container two or three days before the fruit reaches the ripening center, the
processing time required in the larger ripening rooms may be reduced by half or more thus
increasing productivity of the ripening facility. There are a number of devices which have
been disclosed in the related art which, on their face, purport to accomplish this objective.
However, none of the devices known in the related art have been implemented

10 commercially to date because 'of certain problems which have heretofore been
insurmountable.

The typical refrigerated mobile trailer or shipping container used to transport
perishable goods is not adequate to handle the inherent temperature rise caused by thé
exothermic ripening process which bananas and other climacteric fruit undergo. More

15 specifically, bananas go through a continuing process of respiration depending on maturity
and pulp temperatures. They take in oxygen and give off carbon dioxide, ethylene gas and
other volatile esters. Several changes occur during the respiration process. Starch converts
to sugar and the hard pulp softens. The green chlorophyll of the peel is destroyed allowing
the yellow carotene to show through, In addition, the bananas generate an extreme amount

20 ofheat. During this build up and particularly at maximum heat production, accurate pulp
temperature control is essential. In short, the great heat output of the ripening process is
more than any currently known refrigerated container in commercial use is capable of
dissipating. Inmobile trailers and shipping containers, the banana boxes are stacked close
to the ceilings to preserve and maintain economical transportation costs. When the

25 ripening process was initiated in such containers in the past, the temperature in the
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container would typic_ally rise inordinately in an uncontrolled wéy such that the ripening
process was escalated | and ultimately led to the deter;oraﬁon of the fruit. The heat
generated by the exothétirlic ripening reaction is simply fé_r beyond the capacity of the
refrigeration and fan -me?ns- on trailers or shipping contamers conventionally used to
deliver cooled air in sufficient quantities to uniformly abSOrB and reject’ the heat generated
during this process. Aﬁerﬂpts in the past to employ trailé#s modified to address this issue
have resulted in limited cargo space whi_ch accommodates}onl_y small loads or have resulted
in damaged fruit that is ultimately unsaleable. Thus, the ;116'diﬁed containers proposed in
the past are simply not economically viable and for the niost part have not been employed
to ripen fruit to any comzixercially recognizable extent. -

In contrast, ripening rooms have a much larger volume than mobile shipping

trailers as well as much higher cooling capacities. Thus, the ripening room is capable of

handling the exothermic ripening reaction produced in climacteric fruit. Examples of
ripening rooms conventionally known in the art include those disclosed in U.S. Patent No.
5,531,158 issued to Pei‘ri'inan, Jr. on July 2, 1996 for a ISroduce ripening apparatus and
method, as well as U.S. Patent No. 5,566,608 issued to Vc_:ejdlani et al. on October 22, 1996
for a vertical flow ripeping room. However, the phygical structure, components and
technology employed in npemng rooms to handle the heat generated during the banana
ripening process is simply not compatible with mobile coﬁtainers - especially those which
are towable behind a truck over roads, highways and the like. Accordingly, the devices
disclosed in the above-identified patents as well as sim:il_ar,: related art, are simply non-
analogous to the present invention.

Thus, there remains a need in the art for a mobile refrigerated container with
sufficient air flow and: cooling capacity to adequately control the climacteric fruit during
its exothermic ripening process. In addition, there is a need in the art for such a mobile

6
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container with an econionfically sufficient capacity for hdiilitig the fruit so that shipping the

fruitin this way remains cost-effective and competitive. Furthermore, there remains aneed
in the art for a mobile container of this type which is also suitable in size and capacity for
shipping goods other than ripening fruit so that the trailer may be effectively employed

5 during back hauls to the initial shipping point or anywhere else.



WO 99/57020 - PCT/US99/09578

5

10

15

20

25

SUMMARY OF THE INVENTION AND ADVANTAGES

The present invdntion overcomes the disadvmtages in the related art in a mobile
container which is adapted for transporting perishable gdads_. ‘The container of the present
invention includes a'ﬁonf Wall, arxear wall, a pair of side .W'alls extending therebetween, a
ceiling and a floor dispoaéd spaced apart from one another by the front, rear and pair of
side walls so as to define an elongated enclosure having a longitudinal axis and adapted to
receive a cargo load. An air recirculation plenum is deﬁaed in the enclosure adjacent the
front wall. The container also includes arefrigeration syatem in fluid communication with
- the air recirculation plenum and adapted to induct air at a first temperature and to axhaust
the air at a second temperature. In addition, the container includes a pair of air delivery
plenums extending from'.the air recirculation plenum along the length of the elongated:
enclosure parallel to its longitudinal axis. Each of tha pair of air delivery plenums is
defined by a corresponding one of the pair of side walls and a plenum wall which?is'
disposed spaced from thé corresponding side wall and_ which extends from the upper
margins of the enclosura such that the plenum wall is adapted to be coextensive and in
abutting contact with a pdrtion of the cargo load. A source of pressurized air has an inlet
in fluid communication thh the exhausted air from the reﬁigeration system and an outlet
in fluid communication with the pair of air delivery plenums A return air plenum is
defined between the pair of air delivery plenums such that the cool air is supplied under
pressure along the longitddinal length of the enclosure parallel to and adjacent the pair of
side walls and then flows through the cargo load in a direction substantially transverse to
the longitudinal axis into the return air plenum where_aﬁer the air flows substantially

parallel to the longitudinal axis back to the air recirculation plemum.
As will become clear from the datailed description of the accompanying drawings
which follows, the flow path of the pressurized air through the enclosure may be reversed
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without departing frofh tfie scope of the invention. Thiis, the container of the present

invention may also include a pair of return air plenums which extend from the air
recirculation plenum along the length of the elongated enclosure parallel to the longitudinal
axis and wherein each of the pair of return air plenums are defined by a corresponding one
of the side walls and a plenum wall spaced from the corresponding side wall and extending
from the upper margins of the enclosure such that the plenum wall is adapted to be
coextensive and in abutting contact w1th a portion of the cargo load. In this case, the
container includes a single air delivery plenum and a source of pressurized air. The source
of pressurized air has an inlet in fluid communication with the exhaust air from the
refrigeration system and an outlet in fluid communication with the air delivery plenum.
Thus, the air delivery plenum is defined between the pair of return air plenums such that
cool air is supplied under pressure along the longitudinal length of the enclosure, for
example, between spaced rows of the cargo load. The air then flows through the cargo loa&
in a direction substantially transverse to the longitudinal axis into the pair of return air
plenums. Thereafter, the air flows substantially parallel to the longitudinal axis and
adjacent to corresponding side wall back to the air recirculation plenum.

In addition, the present invention is also directed toward a mobile ripening
container adapted for transporting perishable goods having an air delivery plenum and a
return air plenum. The air delivery plenum includes a pair of air supply housings
extending along a substantial length of the elongated egclosme parallel to the longitudinal
axis. Each of the air supply housings have an inlet with a first, larger volume in fluid
communication with the return air plenum and an outlet having a second, smaller volume.
A source of pressurized air is supported within each of the housings and is adapted to
induct air at a relatively lower pressure from the return air plenum through the inlet in the
housing to pressurize the air and to exhaust air at a relatively higher pressure such that the

9
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air flows through the cargo load in a direction substantially transverse to the longitudinal

axis into the return air plénum- and is ultimately inducted into the inlet of the air supply
housing. '

Thus, the present invention provides a container vérhich is not only road-worthy, for
example, being towabie iaehind a semi-truck but is als;} a&apted for piggyback use for
railroad cars, and for coﬁ_tainer bodies contemplated fo:; land and sea service. Another
advantage of the; container of the present invention is that it has a sufficient capacity to

. economically transport not only perishable but nOn-pe:fishgble goods as well. Further,
another advantage of the present invention is that it can pértic_ipate in a controlled ripening

process of fruit and/or other produce in a cost-effective and commercially viable manner.

BRIEF DESCRIPTION OF THE DRAWINGS

- Other advantages of the invention will be readily appreciated as the same becomés

~ better understood by reference to the following detailed description when considered in
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connection with the accompanying drawings, wherein: -
Figure lis a perspective view of a mobile container of the present invention;
- Figure 2 is a cross-sectional end view of the container illustrated in Figure 1;

Figure3isa partlal cross-sectional side view of the container illustrated in Figure

2;
Figure 4is a partiél cross-sectional top view of the container illustrated in Figure

3;
Figure 5 is a cross-sectional top view of the container illustrated in Figures 1 and

L2

Figure 6 is a cross-sectional side view of the container illustrated in Figure 5;

10
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Figure 7 is a perspective view of the forward coffit portion of the enclosure of the
container of the present invention featuring the air recirculation plenum, bulkhead, portions
of the air delivery plenum and related structure and indicating air flow;

Figure 8 is a cross-sectional end view of another embodiment of the container of

5 the present invention;

Figure 9 is a partial cross-sectional side view illustrating the forward portions of
the container illustrated in Figure 8; _

Figure 10 is a cross-sectional end view of the container illustrated in Figure 9;

Figure 11 is a perspective view having a partially broken away portion of a tractor

10 trailer illustrating another embodiment of the mobile container of the present invention;

Figure 12 is a cross-sectional end view of the container illustrated in Figure 11;

Figure 13 is a perspective view of the air supply housing of the present invention;

Figure 14 is a perspective view having a partially broken away portion of a tracfor
trailer illustrating another embodiment of the mobile container of the present invention;

15 Figure 15 is a cross-sectional end view of the container illustrated in Figure 4;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The present invention overcomes the disadvantages in the related art in a mobile

container, generally indicated at 10, 210, 310 and 410 in the figures, where like numbers

20 areused to designate like structure throughout the drawings. These containers 1 0,210,310
and 310 are adapted for transporting perishable goods. Referring now specifically to
Figures 1 through 3, the mobile container 10 includes a front wall 12, a rear wall 14 and

a pair of side walls 16 extending therebetween. A ceiling 18 and a floor 20 are disposed
spaced apart from one another by the front and rear walls 12, 14, respectively, as well as

25 the pair of side walls 16 so as to define an elongated and generally rectangular enclosure
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22. The enclosure 22 de_fmes' an imaginary longitudinal axis and is adapted to receive 2 -
cargo load, generally iﬁdiicated- at 24 in Figures 2 and 3: The container 10 illustrated in
Figure 1 is, on the extenor, a conventional trailer having a plurality of tires 26
interconnected via axlés 18 as well as a retractable stand 30. ‘Accordingly, therear wall 14
may be formed by a rei:ractable door or a pair of hinged doors (not shown). Further, the
container 10 illustrated iré_'these figures may be towed by a semi-truck for road transport.
However, those having o;'dinary skill jn the art will appreciate that the container of the
present invention is not limited to such trailers and may: encompass, by way of example
only and not by way of lifriitation, trailers adapted for piggy-back use, railroad cars, and
container bodies contemplated for land and sea service. °

As best shown in Figure 2, the cargo load 24 includes a plurality of palletized

- perishable goods. Forthe sake of this description only, and not by way of limitation, it will

- be assumed that the perishable goods in question are bananas. Thus, the cargo 24

15
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illustrated here are banana boxes including bananas contained in plastic bags having holes
therethrough (not shown). | Each banana box includes air flow vents 32 which allow air to
flow through the boxes as conventionally known in the art. The palletized boxes are
stacked within the enclosure 22 in rows. As illustrated in the figures; there are four such
rows extending along the 1ength of the enclosure 22 but tqrminating short of the front wall
12 and short of the ceiling 18 as will be discussed in greéter detail below. As illustrated
in these figures, the cargo 24 is meant to represent approximately 20 pallets of
conventionally stacked banana boxes. However, neither',thc exact number of pallets nor
the exact cargo in the enclosure nor the perishable or non-perishable nature of the cargo
form any part of the present invention. In addition, while the cargo 24 represented in the
figures is shown palletized, those having brdinary skill in the art will appreciate from the
description that follows that the cargo need not be palletized.

12
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As best shown ifi Figure 4, the container 10 inctudés an air recirculation plenum,
generally indicated at 34, which is defined in the enclosure 22 adjacent to the front wall 12.
More specifically, the air recirculation plenum 34 is defined by a bulkhead 36 which is
disposed spaced from the front wall 12 and which extends between the pair of side walls
16 transverse to the longitudinal axis. The bulkhead 36 may be made of any material
suitable for forming a partition spaced from the front wall 12.

The container 10 further includ_es arefrigeration system, generally indicated at 38,
which is in fluid communication with the air recirculation plenum 34. The refrigeration
system 38 acts to induct air at a first temperature and to exhaust air at a second
temperature. The refrigeration system 38 illustrated in the figures may be of the type
commonly employed on refrigerated trailers. Often, the exhaust air from the system 38

will be cooler than the inducted air such that the refrigeration system 38 is employed to

.cool the air in the enclosure 22. However, those having ordinary skill in the art will

appreciate that there are times when the air in the enclosure 22 may need to be warmed and
so the air exhausted by the refrigeration system 38 may be warmer than the air inducted
into the system. Thus, as used herein the term "refrigeration system" may also refer to a
reversible heat pump which is capable of both cooling and warming the air.

A pair of air delivery plenums, generally indicated at 40 in Figures 2 through 6
extend generally from the air recirculation plenum 34 and specifically from the bulkhead
36 along the length of the elongated enclosure 22 substantially parallel to the longitudinal
axis. A source of pressurized air, generally indicated at 42, has an inlet 44 in fluid
communication with the exhausted air from the refrigeration system 38 and an outlet 46
in fluid communication with the pair of air delivery plemums 40. A return air plenum,
generally indicated at 48, is defined between the pair of air delivery plenums 40. The
return air plenum 48 acts to return the air which has been forced through the cargo load 24

13
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under pressure back to the air recirculation plenum 34.  The refrigeration system 38, air
- delivery plenums 40, source of pressurized air 42 and retum air plenum 48 will each be
described in greater detail below. |

The refrigeration system may include an internal combustion engine (not shown)

5 housed in a cabinet 50 exjf_erior of the enclosure 22 as illustrated in Figures 1 and 3. The

engine powers a comﬁresspr 52 housed above the engine..' The refrigeration system 38 also

- includes an evaporator (typically referr_ed to in the art as "cooling coils"). The evaporator

is in fluid communicatioﬁ with the compressor 52 for: cycling refrigerant through the

system 38. The evaporatdr is supported in a housing 54.- The housing 54 is located in the

10 air recirculation plenum 34 as shown in Figures 2, 4 and 7. The housing 54 includes an

inlet 56 for inducting a portion of the air in the recircula?tion plenum 34 and an outlet 58

directed toward the inlet 44 to the source of pressurized alr 42, Reﬁigeraﬁon systems of

this type found on refrigerated, road-worthy trailers may have ratings of up to 66,000

BTUs which is sufficient cooling power to handle aload df ripening bananas under certain,

15 controlled conditions. quever, standard refrigerated trailers known in the art are not

equipped with sufficient Spurces of pressurized air nor t1i1e é&ucmre necessary to deliver

that air throughout the enciosure of the trailer to ensure uniform cooling, gassing and thus

ripening of the fruit. The container of the present inireriﬁon overcomes this serious
disadvantage in the related art as will be described in grgatér detail below.

.20 As best shown in Figure 2, the inlet 56 to the evaporator housin’g 54 is located near
the floor 20 and inducts only a portion of the air in the recirculation plenum 34. The
remainder of the air in the recirculation plenum 34 is ind;lcted directly into the inlet 44 to
the source of pressurized air 42. In the past, the conventional wisdom would have rejected
this configuration as insﬁfﬁéient to handle the heat genérated by the bananas during the

25 ripening process. Condensate from the evaporator is alléwed to drip onto the floor 20 of

14
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the container 10 where, iinder certain conditions, it evipotates and is recirculated again
through the cargo 24. This inhibits the dehydration of the produce.

The source of pressurized air 42 includes a plurality of fans 60 located at the front
comers of the container 10 generally at the intersection of the front wall 12 and side walls
16. As best shown in Figures 3, 4 and 6, the fans 60 are disposed vertically along the
height of the container 10 and have inlets 44 in fluid communication with the air
recirculation plenum 34. The fans 60 a'lso have outlets 46 in sealed, fluid communication
with the pair of air delivery plenums 40. More spéciﬁcally, the container 10 of the present
invention employs a set of centrifugal fans 60 associated with each one of the pair of air
delivery plenums 40. Each set of fans 60 include four centrifugal fans 60 and two motors
62. Each of the motors 62 operatively powers two of the centrifugal fans 60. In turn, the
motors 62 may be powered by a separate generator or may be run off the internal
combustion engine which powers the compressor. The inventors have found that % Hp
centrifugal fans rated at 3,500 - 3,700 scfin and manufactured by Dayton are sufficient fo
provide cool, pressurized air to the pair of air delivery plenums 40.

Each of the pair of cool air delivery plenums 40 is defined by a corresponding one
of the pair of side walls 16 and a plenum wall, generally indicated at 70. The plenum wall
70 is disposed spaced from the corresponding side wall 16 and extends from the upper
margin of the enclésure 22. As illustrated in Figures 2, 3, 6 and 7, the plenum walls 70
extend from the ceiling 18 downwardly for a predetermined extent but not for the entire
height of the container 10. Further, each plenum wall 70 is specifically adapted to be
coextensive and in abuftting contact with an upper portion of the cargo load 24.

As best shown in Figures 2 and 7, a curb 72 extends for at least a portion of the
length of the enclosure 22 adjacent each of the pair of side walls 16 and between the air
recirculation plennm 34 and the rear wall 14 of the container 10. The curb 72 defines a
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width which substantially corresponds to the space 74 defined between the plenum wall
70 and the associated Sidé walls 16. The curb 72 acts to space the cargo load 24 from the
side walls 16 such that the plenum wall 70 is adapted t(} be coextensive and in abutting
contact with a portion of the cargo load 24. Curb 72 may be formed in a number of ways -
including, but not limited to, employing a series of blocl_lrcs. Spaced along the length of the
enclosure 22, fornﬁng.é nb or ribs along the length of the‘ enclosure 22 spaced from the
side wall using, for example, an angle i1_'on, ordefininga éolid curb 72 using wood or other
materials as illustrated in the figures.

Returning once aéain to the pair of air delivery plenums 40, as best éhown in
Figures 3 and 6, these plenums 40 have a volume which _dec:reases in cross-sectional area -
over the length thereof and in a direction from the air'rec;irculation plenum 34 toward the
rear wall 14 of the container 10. This feature acts to limit the reduction in ﬁe velocity of
the air flowing through -th¢ pair of air delivery plenums 40 over the longitudinal length bf
the enclosure 22 from the outlet 46 of the fans 60 toward the rear wall 14 and with the
optimum goal of maintaining air flow velocity within the air delivery plenums 40. To this
end, as shown in Figures 3 and 6, the air delivery plenums 40 include a sharp step down
76 which resultsin a réduced volm;ne of the delivery plenums 40. However, those having
ordinary skill in the art will appreciate that the cross;sectional area of the plenums 40 may
be gradually decreased over the longitudinal length thereof or otherwise reduced so as to
maintain the velocity, flow rate and pressure of the air in-ﬂxg plenums 40.

Referring now to Figures 2, 3 and 7, the plenum walls 70 are disposed substantially
parallel to the associated side walls 16 and include a rigid. poftion 78 and a flexible portion
80. The flexible portion 80 extends vertically from the lower terminal edge 82 of the rigid
portion 78 for a limited extent. The flexible portion 80 is specifically adapted to contact
the cargo load 24 in sealing engagement under the po‘sitiv¢ pfessure induced in the pair of
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air delivery plenums 40 By the fans 60. Thus, between thé flexible portion 80 and the floor
20, the delivery plenums 40 are defined by the associated side walls 16 and the cargo 24
adjacent to the curb 72.

The bulkhead 36 includes a pair of lateral edges 84 which abut a portion of the pair
of plenum walls 70 near the outlet 46 of the fans 60. Furthermore, the bulkheads 36
include a pair of flexible bulkhead gaskets 86 which are located adjacent to the lateral
edges 84 and extend substantially verﬁpally between the plenum wall 70 and the floor 20,
or at least to the curb 72. These gaskets 86 flex into sealing contact with the cargo load 24
located at the lateral edgés 84 of the bulkhead 36 under the influence of the pressurized air
flowing to the cool air delivery plenum 40. In this way, pressurized air does not escape the
delivery plenums 40 at this juncture.

Similarly, and as best shown in Figures 3 and 4, the air delivery plenums 40 include
end seals, generally indicated at 90. The end seals 90 are disposed spaced from the éir
recirculation plenum 34 and extend for a substantial portion of the vertical extent of the air
delivery plenums 40 and between the associated side wall 16 and the plenum wall 70
filling the space 74 therebetween to seal the distal ends of the air delivery plenums 40.
More specifically, the end seals 90 include a first portion 92 which spans the space 74
between the associated side walls 16 and the plenum walls 70 and a flexible portion 94
which extends vertically between the plenum wall 70 and the floor 20, or at least to the
extent of the curb 72. The flexible sealing portion 94 is capable of sealing contact with the
cargo load 24. Importantly, the end seals 90 are adjustable in the Jongitudinal direction
along the length of the pair of air delivery plenums 40 to limit the effective length of the
air delivery plenums 40 so as to correspond with the longitudinal distance within the
enclosure 22 which is occupied by the cargo load 24. Thus, in the case where partial
deliveries are made, when a portion of the cargo is unloaded, the end seals 90 may be
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slidably moved or otht__arw_i'se positioned to reduce the'lgngth-of the cool air delivery

plenums 40 so as to corres_pj_ond to the length of the enclosﬁté 22 which is occupied by the

cargo load 24. -
- Referring now to Figures 4, 5, and 7, the bulkhead 36 includes an opening 100
5 providing fluid communication between the return air plenum 48 and the air recirculation
plenum 34. The return air plenum 48 includes a central corridor 102. The central corridor
102 is defined between the pair of air.delivery plenums 40 and extends substantially
parallel to the longitudinal éxis of the elongated enclosure 22. The central corridor 102 is
in fluid communication with the air recirculation plenum 34 through the opening 100 in
10 the bulkhead. As illustrated in the figures, the central corridor 102 is essentially defined
or bounded by the cargo load 24 and extends substantially along the longitudinal axis of
the enclosure 22. However, those having ordinary skill in the art will appreciate that the
central corridor 102 could be defined anywhere between the pair of cool air deliver}"
plenums 40 and is not limited to a location corresponding substantially to the longitudinal

15 axis of the enclosure 22.

Thebulkhead 36 ex;ends from the floor 20 substantially vertically, but for an extent
less than the height of the enclosure 22 to define a top edge 104. The top edge 104 is
spaced from the ceiling 18. The return air plenum 48 also includes an upper duct 106
which is defined between the ceiling 18 and the tops 108 of the cargo load 24 as well as

20 between the pair of air delivery plenums 40. The upper return duct 106 is thus in fluid
~ communication with the air recirculation plenum 34 via the space between the toi) edge
104 of the bulkhead 36 and the ceiling 18. The return air plenum 48 may also include a
lower return ducf 112 which is formed through the pallets 114 above the floor 20 of the
gnclosure 22. In the absence of such pallets 114, and in the case of a container havin};

25 slotted floors, the sloté in the floor may also function as a lower return duct. In any event,
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like the upper return duct 106, the lower return duct 112 is in fluid communication with the

air recirculation plenum 34,
The operation of the container 10 will now be described with reference to Figures
4 through 7. The refrigeration system 38 inducts return air found in the air recirculation
5 plenum 34 into the housing 54 through the inlet 56 as indicated by the small arrows 120.
However, only a relatively small amount of the air found in the air recirculation plenum
34 is actnally inducted into the housing. At present, it is estimated that only a portion of
the air is inducted into the housing 54 where it is cooled (or heated as the case may be) as
it passes over the evaporator. Under certain conditions, moisture which has been picked
10 up by the air as it passes over the produce will condense onto the cooling coils of the
evaporator. This condensation is allowed to drip onto the floor 20 of the container 10
where some of its evaporates such that the air in the enclosure 22 is re-hydrated or

humidified.

After cooling, the air flows through the outlet 58 in the housing 54 as indicated by
15 the arrows 122. In the preferred embodiment, the cool air is directed toward the source of
pressurized air 42 and inducted into the fans 60 through the inlet 44. At the same time,
other recirculated air found in the air recirculation plenum 34 is also inducted through the
inlet 44 into the centrifugal fan 60 as indicated by the larger arrows 124 (Figures 4 and 7).
The fans 60 compress the air and deliver cool, pressurized air to the pair of air delivery
20 plenums 40 via the outlets 46. This cool air is supplied along the longitudinal length of the
enclosure 22 substantially parallel to the adjacent side walls 16 as indicated by the arrows
126. Thus, the air delivery plenums 40 are pressurized with cool air. The cool air is
essentially forced through the vents 32 in the boxes, passes through the hands of the
bananas (or other perishable goods) and then enters the return air plenum 48. More
25 specifically, the flow of air through the cargo 24 is substantially transverse to the
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longitudinal axis of the enclosure 22. The air flows from the delivery plenums 40 into the

return air plenum 48 over _a relatively short distance (esse%xitially-the width of two rows of
palletized banana boxés fomd on either side of the central corridor 102). Cool air is
therefore able to absorb the heat generate& during the exothermic ripening process.
Warmer air enters the central corridor 102 as well as the upper return duct 106. In
addition, some air may also flow into a lower return duct 112, in the case where the cargo
has been palletized of the ﬂpor 20 ifthe container s slotted to provide a flow passage along
the length of the enclosure 22. The air then flows substantially parallel to the longitudinal
axis of the enclosure 22 back to the air recirculation plenum 34 as indicated by the arrows
128. This process is continually repeated.

Those having ordinary skill in the art will appreciate that the flow path of the
cooling air through the enclosure 22 could be easily reversed without depaﬁing from the
scope of the invention. More specifically, those having ordinary skill in the art wiﬂ
appreciate that the container 10 could just as well include a pair of return air plenums 48
which extend from the air recirculation plenum 34 along the length of the elongated

enclosure 22 parallel to the longitudinal axis and wherein each of the pair of return air

‘plenums are defined by a corresponding one of the side walls 16 and a plenum wall 70

spaced from the corresponding side wall 16 and extending from the upper margins of the
enclosure:22 such that the plenum wall 70 is adapted to be coextensive and in abutting
contact with a portion of the cargo load.

On the other hand, the container would then include a single air delivery plenum
40 and a source of pressurized air. The source of pressurized air has an inlet in fluid
communication with the exhausted air from the refrigeration system 38 and an outlet in
fluid communication with the air delivery plenum. Preferably, the source of pressurized
air includes a pluralit.y of fans 60 having inlets 44 in fluid communication with the air
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recirculation plenum 34 and outlets 46 in sealed, fluid communication with the air delivery
plenum. The plurality of fans 60 provide cool, pressurized air to the air delivery plenum.
Thus, the air delivery plenum 40 would be defined between the pair of return air plenums
48 such that cool air is supplied under pressure along the longitudinal length of the
enclosure, for example, between spaced rows of the cargo load. The air then flows through
the cargo in a direction substantially transverse to the longitudinal axis into the pair of
return air plenums 48. Thereafter, the air flows substantially patallel to the longitudinal
axis and adjacent a corresponding side wall 16 back to the air recirculation plenum 34. As
discussed above, the volume of the air delivery plenum 40 decreases in cross-sectional area
over the length thereof in a direction from the air recirculation plenum 34 toward the rear
wall 14 of the container so as to limit the reduction in the velocity in air flowing through
the air delivery plenum 40 over the longitudinal Iength of the enclosure 22. Similarly, end
seals may be employed spaced from the air recirculating plenum 34 and extending forla
substantial portion of the vertical extent of the air delivery plenum 40 between the spaced
rows of the cargo to seal the distal end of the air delivery plenum 40. As noted above, the
end seals are adjustable in the longitudinal direction along the length of the air delivery
plenum to limit the length thereof so as to correspond to the longitudinal distance within
the enclosure 22 which is occupied by the cargo.

Appropriate thermostats and control systenis (mot shown) are used in conjunction
with the fans 60 and the refrigeration system 38 in order to accurately control the
temperature within the enclosure 22. The container 10 may also include an ethylene gas
dispenser 116 which, as shown in Figure 2, which may be located on the floor 20 within
the air recirculation plenum34 and adjacent the inlet 56 of the evaporator housing 54.
Alternatively, the ethylene gas dispenser 116 may be positioned in any other suitable place
such that the ripening fruit may be effectively treated.
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The structure and position of the pair of air delivery plenums 40 in conjunction with

the return air plenum 48 and the associated hardware d;s_c_:ribed above facilitate certain
important advantages whlch are provided by the containeljr of ﬁe present invention. More
specifically, and as notéd_ é;lbove, the volume of the air del_i.vefy plenums 40 decrease over
the length of the enclos'urez-.22 which results in a limitation in the reduction of the velocity

of the air flowing through these plenums over the longitudinal length of the enclosure 22.

. The plenums 40 thus remain sufficiently pressurized over the longitudinal length of the
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enclosure 22. Inthe prefefred embodiment illustrated in these figures, a portion of the air
delivery plenums 40 is d¢ﬁned by the cargo 24. The flexible portions 80 of the plenum
walls 70 effect an air-tiglﬁ seal against the upper margiﬁs of the cargo load under the
positive pressure .induqed'-:in the delivery plenums 40. In a similar way, the flexible
bulkhead gaskets 86 seal ?gainst the cargo load located- at the lateral edées 84 of the
bulkhead 36 to eliminate any leaks in the air delivery plenums 40 at the lateral edges 84
of the bulkhead 86. In addition, the end seals 90, which ﬁmvide the ability to change the
effective length of the deli.;very plenums 40 to correspond with the longitudinal distance
that the cargo 24 occupies jin the enclosures are another, important feature of the present
invention and facilitate the ieconomic viability of the container 10 of the present invention.

Airflowing through both the cool air delivery plenums 40 and the return air plenum
48 in cubic feet per minute 1s balanced to the extent that the air flow is substantially equal
therebetween. Importantly, this balance is achieved through the efficient use of the cargo
space in the enclosure 22 which facilitates, not only maximum loads of palletized fruit such
as bananas, but in addition, makes the container of the present invention suitable for
economically transporting -.other perishable and non-perishable goods. To this end, the
space 74 defined by each cool air delivery plenum 40 is a_pproximately 3% inches wide.
The central corridor is approximately 6 to 7 inches wide when the cargo 24 is loaded in the
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enclosure 22 as indicated in Figure 2. Obviously, the width of the air delivery plenums 40

and central corridor 102 have been exaggerated in the figures for illustrative purposes.
Thus, the present invention provides a container which is road worthy, for example, being
towable behind a semi-truck, and which can carry a sufficient quantity of perishable goods,
5 such as bananas, can participate in a controlled ripening process of fruit in a cost-effective
and commercially viable manner and which is also capable of economically handling other,
perishable and non-perishable goods.
An alternate embodiment of the container of the present invention is generally
indicated at 210 in Figures 8 - 10 where like numerals are used to designate like structure.
10 The container 210 is similar to the container 10 shown in Figures 1 - 7 and includes a front
wall 212 and a rear wall (not shown), a pair of side walls 216 extending therebetween as
well as a ceiling 218 and a floor 220. This structure defines an enclosure 222 which is
adapted to receive cargo 224. Inaddition, and like the container 10, the container 210 also
includes an air recirculation plenum, generally indicated at 234, which is defined in the
15 enclosure 222 adjacent to the front wall 212. More specifically, the air recirculation
plenum 234 is defined by the bulkhead 236 which is disposed spaced from the front wall
212 and which extends between the pair of side walls 216 transverse o the longitudinal
axis of the enclosure 222,
The container 210 also includes a refrigeration system, schematically indicated at
20 238 in Figure 9 which is fluid communication with the air recirculation plenum 234. The
refrigeration system 238 acts to induct air at a first temperature and to exhaust at a second
temperature.
Container 210 also includes a pair of air delivery plenums, generally indicated at
240 which extend generally from the air recirculation plenum 234 along the length of the
25 elongated enclosure 222 parallel to the longitudinal axis. Each of the air delivery plenums
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240 is defined by a corresponding one of the pair of side walls 216 and a plenum wall 270

which is disposed spaced from the corresponding side wall 216 and extends from the upper
mérgins of the enclosure 222 The plenum walls 270 are adapted to'be coextensive and in
abutting contact With-an-‘upper portion of the cargo load 224. In essence, the plenum walls
270 are similar to the plent;m walls 70 described above m connection with the container
10 and illustrated in Figu;gs 1 - 7. In addition, the contéiner 210 includes an upper air
supply duct 217 forme& by a partition 219 made of any -suitable material and located

spaced from, but substantially parallel to the ceiling 218 and between the plenum walls

- 270. The partition extends substantially for the length of th_é elongated enclosure 222. The
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pair of air delivery plenums 240 are open at their uppér margm as indicated at 221 and are
thus in fluid communication with the upper air supply duct 217.
- The container 210:_.also includes a return air plenum 248 defined beﬁem the pair
of air delivery plenums 240. More specifically, the return .air plenum 248 includes é
central corridor 202 defined between the two innermost palletized rows of boxes in tﬁe
cargo load 224. In addition, the return air plenum 248 includes an upper return duct 206.
which is defined between the tops 208 of the boxes, the vertical plenum walls 270 and the
bottom of the top planar partition 219. The upper return dixct 206 extends longitudinally
within the enclosure 222 for a substantial portion of its length. The return air plenum 248
may also include a lower return duct 213 formed through the pallets 214 above the floor
220 of the enclosure 222. The central corridor 202, upper return duct 206, and lower return
duct 213 all are in fluid conimunication with the air recirculation plenum 234 through the
opening 200 in the bulkhead 23 (Figure 10).
Thg container 210 has a source of pressurized air, generally indicated at 242 in
Figures 9 and -10. This may include, for ekample, oﬁe or more centﬁfugal fans,
schematically indicated at 260. The fan 260 has an outlet 246. The fan 260 is in fluid
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communication with the air supply duct 217 through the utlet 246. The outlet 246 to the

fan 260 tapers from a first volume 245 to a second, smaller volume 247 which feeds the
air supply duct 217 with high pressure air. Thus, the fan 260 provides pressurized air
which flows along the pair of air delivery plenums 240 as well as the upper air supply duct
217 along the length of the enclosure 222, along the side walls 216, transversely through
the cargo load 224 and back into the return air plenum 248 as indicated by the arrows 226,
228, respectively. The container 210 illu_strated in Figures 8 - 10 also discloses the use of
rub panels 275 positioned between the lower terminal edges of the plenum walls 270 and
the curbs 272 and spanning the space 274 between the side walls 216 and the cargo in
order to assist in stabilizing the cargo load 224. Further, the pair of curbs 272, illustrated
in these figures consist of elongated pieces of angle iro_n.

Another, alternate embodiment of the container of the present invention is generally
indicated at 310 in Figures 11 - 12 where like numerals are used to designate like structure
The container 310 is similar to the containers 10 and 210 shown in Figures 1 - 10 and
includes a front wall 312, a rear wall 314 and a pair of side walls 316 extending
therebetween. A ceiling 318 and a floor 320 are disposed spaced apart from one anothet
by the front and rear walls 312, 314, respectively, as well as a pair of side walls 316 so as
to define an elongated and generally rectangular enclosure 322. The enclosure 322 defines
an imaginary longitudinal axis and is adapted to receive a cargo load, generally indicated
at324 in Figure 12. Like the container 10 illustrated in Figure 1, the mobile container 310
is, on the exterior, a conventional, road-worthy trailer which is adapted to be towed by a
semi-truck 327. In addition, it will be assumed that the palletized cargo load 324 consists
of conventionally stacked banana boxes.

The container 310 includes an air delivery plenum, generally indicated at 340, and
a return air plenum, generally indicated at 348. In the embodiment illustrated in Figures
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- 11 - 13, the air delivery plenum 340 includes at least one, b_'uf preferably ébair of air sﬁpply

housings 370 extending along a substantial length of the élongated enclosure 322 parallel
to the longitudinal axis thereof. - More specifically, the a1r delivery plenum 340 includes
a plurality of discrete air su_pply housings 370 disposed side by side relative to each other
along the longitudinal length of the enclosure 322 at the upper corners thereof. However,
those having ordinary skill in the art will appreciate that e;ch housing 370 may be formed
by a single elongated structure. The air supply housings 570 may be manufactured from
aluminum, sheet metal, plastic or any other suitable matenal Each air supply housing 370
includes an inlet 344 and an outlet 346. The inlet 344 has a first, larger volume in fluid
communication with tl;e return air plenum 348. The oﬁtlet 346 has a second, smaller
volume. .

The return air plenum 348 is generally located betWeen the air delivery plenum 340

--and includes a central corridor 302 and an upper return duct 306. The central corridor 30?

. extends substantially parallel to the longitudinal axis of the elongated enclosure 322 and

15

may be bounded on two sides by the cargo load 324. On the other hand, the upper return
duct 306 is defined between the ceiling 318 and the tops 308 of the cargo load 324 as well
as-the air supply housings 370.

The container 310 also includes a source of pressurized air which is supported in

- each of the housings 370. More specifically, a plurality of centrifugal fans, schematically

20

indicated at 360, are'suppo_rted in the housings and are adapted to induct air af arelatively
lower pressure from the return air plenum 348 through the inlets 344 of each housing 370.
Furthermore, the fans 360 pressurize the air and exhaust the air through the outlet 346 at

arelatively higher pressure. Like the containers disclosed above, the mobile container 310

- also includes a refrigeration system having a compressor (not shown in these figures) and

25

an evaporator 354 which is in fluid communication with the compressor for cycling
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refrigerant through the feffigeration system. As bestsho¥ii in Figure 12, at leasta poi'tion
of the evaporator or "cooling coil" 354 is supported in the air supply housings 370. The
fans 360 act to induct return air through the inlet 344 and past the evaporators 354 which
cools the return air. The fans 360 further act to pressurize the cool and exhaust it as
indicated above.

As indicated by the arrows 326 in Figure 12, the air supply housings 370 are
positioned to exhaust the air in a substantially vertical direction between the pair of side
walls 316 and the return air plenum 348. More specifically the air flows in the space 374
located between the side walls 316 and the cargo 324 from the outlet 346 of the housing
370 substantially to the floor 320 of the enclosure 322. The cooled air then flows
substantially transverse to the longitudinal axis of the enclosure 322 through the cargo load
324 and into the central corridor 302 and upper return duct 306 of the return air plenum
348 as indicated by the arrows 328. The air is ultimately inducted back into the inlets 344
of the opposed air supply housings 370. As illustrated in Figure 12, the outlet 346 of the
air supply housings 370 extend so as to be coextensive with the upper margins of the cargo
324. In addition, vertically extending seals (not shown) may be suspended from the lower
edges of the air supply housing 370 to the extent that they contact the upper margins of the
cargo 324 so as to seal the space 374 between the side walls 316 and cargo 324 along the
longitudinal length of the enclosure 322 adjacent the side walls 316.

Still another, alternative embodiment of the present invention is generally indicated
at 410 in Figures 14 and 15 where like numerals are used to designate like structure.
There, the mobile container 410 employs an air delivery plenum, generally indicated at
440, and a return air plenum, generally indicated at 448. In this embodiment, the direction
of the air flow has been reversed when compared with the container shown in Figures 11 -
12. To this end, the air delivery plenum 440 includes an air supply housing 470 extending
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longitudinally for a substantial portion of the length of the enclosure 422 and suspended

from the ceiling 418 rougﬁ_ly -equidistant from the opposéd 'side walls 416 and above the
central corridor 402. lee the air supply housings describz;éd: above, the housings 470 may
be manufactured from aluminum, sheet metal, pl;aStic or any other suitable material.

The air supply hoﬁéing 470 includes a pair of laterally spaced inlets 444 extending
substantially along the loﬁgimdmﬂ length of the enclosui'e 422. These inlets 444 have a
first, larger diameter in ﬂui;i communicaﬁon with the retum air plenum 448. The housings
470 also have a single longitudinal outlet 446 in fluid éémmuncation with the central
corridor 402. A plurality of centrifugal fans, schematically- indicated at 460, are supported

within the housing 470 and provide a source of pressurized_ air for the enclosure 422. The

‘outlet 446 of the housing 470 is in fluid communication with a central corridor 402 which

forms a portion of the air_;lelivery plenum 440. The outlet 446 is formed b& tapered side
walls 471 of the housing 470 which narrow the air flow théreby increasing the air pressufe
in the central corridor 402. Importantly, the tapered sidé walls 471 are shaped so as to
smoothly transition between the larger, first volume of the inlet 444 to the housing 470 to
the smaller, second volume of the outlet 446 so as to redﬁcg and substantially eliminate
noise due to vibration créafed as the air impacts the side Walls 471. In addition, vertically
extending seals (not shon) may be suspended from thé ppposed lower edges near the
outlet 446 of the housings 470 to an extent that they contaci the upper margins of the cargo
load 424. |

Conversely, the reti_n‘n air plenum 448 is defined bé_tween the pair of side walls 416
and the associated cargo load 424. The return air plenum 448 includes side chambers 474

defined between the side walls 416 and the associated cargo 424. The return air plenum

- 448 also includes upper reﬁxm ducts 406 defined between fche side walls 416, the opposed

25

inlets 444 of the housing 470, the tops 408 of the cargo 424 and the ceiling 418. Portions
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of the evaporator or cooling coils 454 are supported adjacent the inlets 444 of the air

supply housing 470 for cooling return air. The exhausted air flows through the cargo load
in a direction substantially transverse to the longitudinal axis of the enclosure 422 but in
a direction opposite to that disclosed in Figures 11 - 12.

Referring now particularly to Figure 15, the fans 460 induct air from the upper
return duct 406 through the opposed inlets 444 of the housing 470 and past the cooling
coils 454. The fans 460 then pressurize the air in the air supply housing 470. Pressurized
air flows past the cooling coils 454 through the outlet 446 and into the central corridor 402.
The air is then moved laterally outward through the air flow vents in the palletized banana
boxes as shown by arrows 426 in Figure 15. The air flow passes laterally outward through
the banana boxes and into the side chambers 474 which are open at their upper margins
421. The air is then drawn up into the upper return duct 406 through the inlets 444 of the
housing 470 as indicated by the arrows 428 and the process is continually repeated.

In addition, and like the embodiments shown in Figures 1 - 10, the containers
illustrated in Figures 12 and 14 - 15 may include appropriate thermostats and control
systems (not shown) which are used in conjunction with the fans 360, 460 and refrigeration
systems in order to accurately control the temperature within the enclosures 322, 422.

Further, and like the containers discussed before, one important feature of the
alternate embodiments of the present invention is that the air flowing through both the air
delivery plenums and return air plenums in cubic feet per minute is balanced to the extent
that the air flow is substantially equal. The use of the longitudinally extending cooling
coils 354, 454 in conjunction with the pressurized air provided through the air supply
housing 370, 470 in the containers 310 and 410 illustrated in Figures 11 - 15 provides
sufficient cooling capacity such that these containers may be used as pre-coolers for
quickly cooling produce, typically shortly after it has been harvested. Alternatively, and
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where pre-cooling is not required, these containers also provide sufficient cooling capacity
to adequately control climacteric fruit dming_ 1ts exothermic ripening process. Still further,
and due to the efficient use of the enclosures 322, 422, the containers 310 and 410 of the
present invention are also suitable in size and capacity for shipping goods other than
ripening fruit. In this way, the containers of the present invention may also be effectively
employed during back hauls.

The invention has been describgd in an illustrative manner. It is to be understood
that the terminology which has been used is intended to be in the nature of words of
description rather than of limitation. Many ni_odiﬁcations and variations of the invention |
are possible in light of the above teachings. Therefore, within the scope of the appended

claims, the invention may be practiced other than as specifically described.
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WE CLAIM:

1.  Amobile container adapted for transporting perishable goods, said container
comprising:

a front wall, a rear wall, a pair of side walls extending therebetween, a ceiling and
a floor disposed spaced apart from one another by said front, rear and pair of side walls so

5 as to define an elongated enclosure having a longitudinal axis and adapted to receive a
cargo load;

an air recirculation plenum defined in said enclosure adjacent said front wall;

a refrigeration system in fluid communication with said air recirculation plenum
and adapted to induct air at a first temperature and to exhaust air at a second temperature;

10 a pair of air delivery plenums extending from said air recirculation plenum along
the length of said elongated enclosure paralle! to said longitudinal axis, each of said pair
of air delivery plenums defined by a corresponding one of said pair of side walls and 'a
plenum wall disposed spaced from said corresponding side wall and extending from the
upper margins of said enclosure such that said plenum wall is adapted to be co-extensive
15 and in abutting contact with a portion of the cargo load;

a source of pressurized air having an inlet in fluid communication with the
exhausted air from said reﬁigerat}on system and an outlet in fluid communication with said
pair of air delivery plenums; and

areturn air plenum defined between said pair of air delivery plenums such that cool

20 air is supplied under pressure along the longitudinal length of said enclosure parallel to and
adjacent said pair of side walls and then flows through the cargo load in a direction
substantially transverse to said longitudinal axis into said return plenum whereafter the air

flows substantially paralel to said longitudinal axis back to said air recirculation plenum.
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2. A mobile container as set forth in claim 1 wherein each of said pair of air
delivery plenums has a volume which decreases in cross-sectional area over the length
thereof in the direction from said air recirculation plenum toward said rear wall of said

- container so as to limit the reduction in the veiocity of the air ﬂbwing through said pair of

5 air delivery plenums over the longitudinal length of said enclosure.

3. A mobile container as set forth in claim 1 wherein each of said plenum
walls are disposed substantially parallel to said associated side wall and includes a rigid
portion and a flexible portion, said flexible portion extending -vertically from the lower,

10 terminal edge of said rigid portion for a limited extent and adapted to contact the cargo
load in sealing engagement under the positive pressure induced in said pair of air delivery

plenums.

4, A mobile container as set forth in claim 1 including a bulkhead disposed

15 spaced from said front wall and extending between said pair of side walls transverse to said
longitudinal axis so as to define said air recirculation plenum, said bulkhead including a
pair of lateral edges which abut a portion of said pair of plenum walls and a pair of flexible
bulkhead gaskets attached to said lateral edges and extending vertically between 'said
plenum wall and said floor, said gasket flexing into sealing contact with the cargo load

20 located at said lateral edges of Said bulkhead under the influence of pressurized air flowing

through said pair of cool air delivery plenums.

5. A mobile container as set forth in claim 1 wherein said pair of air delivery
plenums include end seals disposed spaced from said air recirculation plenum and

25 extending for a substantial portion of the vertical extent of said pair of air delivery plenums
—_—
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and between said associated side wall and said plenum wall to seal the distal ends of air
delivery plenums, said end seals being adjustable in the lon_gitudinal direction along the
length of said pair of air delivery plenums to limit the leﬁgth of said air delivery plenums
so as to correspond with the longitudinal distance within said enclosure which is occupied

by the cargo load.

6. A mobile container as set forth in claim 5 wherein said end seals include a
first portion which span the space between said associated side wall and said plenum wall
and a flexible sealing portion which extends vertically between said plenum wall and said

floor, said flexible sealing portion being capable of sealing contact with the cargo load.

7. A mobile container as set forthin claim 1 further including a curb extending
for at least a portion of the length of said enclosure adjacent each of said pair of side walls
between said air recirculation plenum and said rear wall and having a width substantially
corresponding to the space defined between said plenum wall and said associated side wall,
said curb acting to space the cargo load from said side wall such that said plenum wall is

adapted to be co-extensive and in abutting contact with a portion of the cargo load.

8. A mobile container as set forth in claim 1 including a bulkhead disposed
spaced from said front wall and extending between said pair of side walls transverse to said
longitudinal axis so as to define said air recirculation plenum, said bulkhead including an
opening providing fluid communication between said return plenum and said air

recirculation plenum. [

AL

33



10

15

20

-air delivery plenums.

WO 99/57020 PCT/US99/09578

9. A mobile container as set forth in claim 8 wherein said return air plenum
includes a central corridor defined between said pair of air delivery plenums and extending
substantially parallel to 'said longitudinal axis of said elongated enclosure, said central
corridor being in fluid communication with said air recirculation plenum through said

opening in said bulkhead.

10. A mobile container as set forth in claim 1 including a bulkhead disposed
spaced from said front wall and extending between said pair of side walls transverse to said

longitudinal axis so as to define said air recirculation plenum, said bulkhead extending

from said floor substantially vertically but for an extent less than the height of said

enclosure to define a top edge spaced from said ceiling.

11. A mobile container as set forth in claim 10 wherein said return air plenurﬁ

-includes an upper return duct defined between said ceiling and the top of the cargo load and

between said pair of air delivery plenums, said upper return duct being in fluid
communication with said air recirculation plenum via the space between said top edge of

said bulkhead and said ceiling.

12. Amobilecontainer as set forth in claim 1 wherein said source of pressurized

air includes a plurality of fans having inlets in fluid communication with said air

recirculation plenum and having outlets in sealed, fluid communication with said pair of

air delivery plenums, said plurality of fans providing cool, pressurized air to said pair of
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13. A mobile container as set forth in claim 12 wherein said phurality of fans
include a set of centrifugal fans associated with each one of said pair of air delivery

plenums.

14. A mobile container as set forth in claim 13 wherein each of said set of fans
includes four centrifugal fans and two motors, each of said motors operatively powering

two of said centrifugal fans.

15.  Amobile container as set forth in claim 1 wherein said refrigeration system
includes a compressor and an evaporator in fluid communication with said compressor for
cycling refrigerant through said system, said evaporator being supported in a housing, said
housing located in said air recirculation plenum and having an inlet for inducﬁng a portion
of the air in the recirculation plenum and an outlet directed toward said inlet to said sourcé

of pressurized air.

16.  Amobile container as set forth in claim 1 including an upper air supply duct
formed by a partition located spaced from, but substantially parallel to, said ceiling and
between said plenum walls, said partition extending substantially for the length of said
elongated enclosure with said pair of air delivery plenums being in fluid communication
with said upper air supply duct at the upper margins of said air delivery plenums, said

outlet of said source of pressurized air being in fluid communication with said upper air

supply duct.

17. Amobilecontaineradapted for transporting perishable goods, said container
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“afront wall, a rear wall, a pair of side walls extending therebetween, a ceiling and

a floor disposed spaced apart from one another by said front, rear and pair of side walls so-
as to define an elongated enclosure having a longitudinal axis and adapted to receive a
cargo load;

an air recirculation plenum defined in said enclosure adjacent said front wall;

a refrigeration system in fluid communication with said air recirculation plenum
and adapted to induct air at a first temperature and to exhaust air at a second temperature;

a pair of return air plenums extending from said air recirculation plenum along the
length of said elongated enclosure substantially parallel to said longitudinal axis, each of
said pair of return air plenums defined by a corresponding one of said side walls and a

plenum wall spaced from said corresponding side wall and extending from the upper

- margins of the enclosure such that said plenum wall is adapted to be coextensive and in

abutting contact with a portion of the cargo load;

an air delivery plenum and a source of pressurized air, said source of pressurized
air having an inlet in fluid communication with the exhausted air from said refrigeration
system and an outlet in fluid communication with said air delivery plenum, said air
delivery plenum defined between said pair of return air plenums such that cool air is
supplied under pressure along the longitudinal length of said enclosure and then flows
through the cargo load in a direction subStantially transverse to said longitudinal axis into
said pair of return air plenums whereafter the air flows substantially parallel to said
longitudinal axis adjacent a corresponding side wall and back to said air recirculation

plenum.

18. A mobile container as set forth in claim 17 wherein said air delivery plenum

has a volume which decreases in cross-sectional area over the length thereof in the
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direction from said air recirculation plenum toward said rear wall of said container so as
to limit the reduction in the velocity in the air flowing through said air delivery plenum

along the longitudinal le:ngth of said enclosure.

19.  Amobilecontainer as set forth in claim 17 wherein said air delivery plenum
includes an end seal disposed spaced from said air recirculation plenum and extending for
a substantial portion of the vertical extent of said air delivery plenum and between
associated columns of the cargo to seal the distal end of said air delivery plenum, said end
seal being adjustable in the longitudinal direction along the length of said air delivery
plenum to limit the length thereof so as to correspond with the longitudinal distance within

said enclosure which is occupied by the cargo load.

20. A mobile container as set forth in claim 17 wherein said source of
pressurized air includes a plurality of fans having inlets in fluid commuincation with said
air recirculation plenum and having outlets in sealed, fluid communication with said air
delivery plenum, said plurality of fans providing cool, pressurized air to said air delivery

plenum.

21. A mobilecontainer adapted for transporting perishable goods, said container
comprising:

a front wall, a rear wall, a pair of side walls extending therebetween, a ceiling and
a floor disposed spaced apart from one another by said front, rear and pair of side walls so
as to define an elongated enclosure having a longitudinal axis and adapted to receive a

cargo load within said enclosure;
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an air delivery plenum and a return air plenum, said air delivery plenum including
at least one air supply housing extending along a substantial length of said elongated
enclosure parallel to said longitudinal axis, said at least one air supply housing having at
least one inlet with a first, larger volume in fluid communication with said return air
plenum and an outlet having a second, smaller volume; and

a source of pressurized air supported within said housing and adapted to induct air
atarelatively lower pressure from said return air plenum through said inlet of said housing,
to pressurize tﬂe air and to exhaust air at a relatively higher pressure through said outlet in
said housing such that the air flows through the cargo load in a direction substantially
transverse to said longitudinal axis into said return air plenum and is ultimately inducted

into said inlet of said air supply housing.

22. . A mobile container as set forth in claim 21 further including a pair of air

- supply housings extending along a substantial length of said elongated enclosure parallel

to said longitudinal axis, each of said air supply housings having an inlet with a first, larger
volume in fluid communication with said return air plenum and an outlet having a second,

smallér volume.

23. A mobile container as set forth in claim 22 wherein said outlet in said pair
of air supply housings is positioned to exhaust air in a substantially vertical direction
adjacent to said pair of side walls, said return air plenum defined between said pair of air
supply housings such that return air flow substantially transverse to said longitudinal axis
through the cargo load a;nd said return air plenum back to said inlet to said air supply

housing.
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24. A mobile container as set forth in claim 22 wherein said pair of air supply
housings are positioned to exhaust air in a substantially vertical direction between said pair
of side walls and said return air plenum such that return air flows substantially transverse
to said longitudinal axis through the cargo load and said return air plenum back to said inlet

in said pair of air supply housings.

25. A mobile container as set forth in claim 22 further including a refrigeration
system having a compressor and an evaporator in fluid communication with said
compressor for cycling refrigerant through said system, at least a portion of said evaporator
being supported in said pair of air supply housings for cooling return air inducted through

said inlet in said housings.

26. A mobile container as set forth in claim 25 wherein said source of
pressurized air includes a plurality of fans supported in said pair of air supply housings for
inducting return air through said inlet in said housing, past said evaporators, pressurizing
the cool air and exhausting the pressurized air through said outlets in said pair of air supply

housings.

27. A mobile container as set forth in claim 26 wherein said fans include

centrifugal fans supported in said pair of air supply housings.

28. A mobile container as set forth in claim 21 wherein said at least one air
supply housing extends along a substantial length of said elongated enclosure and
approximately equidistant from said opposed side walls.
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