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United States Patent Office 3,206,946 
Patented Sept. 21, 1965 

1. 

3,206,946 
LNER FOR REFRGERATION UNTS 

William R. Lindersmith, Earl W. Hopkins, and Stephen 
Schaffer, Marysville, Yuba County, Calif.; said Linder 
smith assignor to Mid-Cal Plastics, Inc., Marysville, 
Calif., a corporation of California 

Filed Dec. 6, 1963, Ser. No. 328,670 
4 Claims. (C. 62-407) 

This invention relates to a new and improved type 
of liner for refrigerated railroad cars, trucks and the 
like and more specifically to a liner that not only spaces 
the lading out from the compartment walls but provides 
forced cold air circulation for heat conduction. 

It has long been the practice in the design of refriger 
ated vans and cars to prevent the lading from making 
contact with the compartment's insulated walls so that 
spaces are created between the lading and the wall to 
enhance cold air circulation by convection. In various 
prior art devices this has been achieved by the use of 
different types of corrugated surfaces, vertical spacer 
strips, or spacer blocks placed at intervals along the com 
partment's inner walls. However, none of these devices 
has provided means whereby cold air is forced circulated 
in a controlled manner to achieve conductive heat trans 
fer, particularly in the upper portions of the compartment, 
before circulation by convection between the lading and 
the liner. 
Thus, it is an object of the present invention to provide 

a liner comprising a series of reinforced, corrugated, 
panels in which the corrugations of each panel run in a 
Substantially vertical, generally sinusoidal, and continuous 
S-shaped path forming ducts for conductive heat transfer 
and forced ventilation of cold air from ceiling vents; the 
lower ends of the ducts terminate just below the raised 
structure which supports the lading thus causing the cold 
air to continue circulation by convective means between 
the lading and the spaces between the corrugations. 
Another feature of the present invention is the shape 

of the liner corrugations to avoid damage to either the 
lading containers or the liner themselves during periods 
when the mobile refrigerated units are either accelerated, 
stopped, or "humped.' Prior art attempts to solve this 
problem have included vertical corrugations, which have 
proved vulnerable to damage by catching the correspond 
ing vertical edges of the lading containers; the use of 
jagged, Zig-Zag lines of corrugation, which also show a 
tendency to catch the lading at the points where the 
corrugations form sharp angles; the use of straight but 
non-vertical corrugations; and staggered spacer blocks 
protruding out from the side walls of the compartment. 
Although the last two mentioned solutions tend to avoid 
the problem of liner or lading damage, neither can provide 
internal ducts for forced cold air circulation and heat 
transfer by conduction over an entire compartment wall. 
Thus an advantage of the present invention's feature 

of forming hollow corrugations in a continuous, smooth, 
curved, and substantially vertical path is not only the 
avoidance of vertical or sharp, zig-zag corner contact with 
the lading, which may cause damage, but also the pro 
vision of internal ducts of ideal shape for heat conduc 
tion and the transport of the forced circulated cold air. 

Still another feature of the invention stemming from 
the continuous curved shape of the ducts is the extended 
paths that are formed for the cold air to travel so that 
heat conduction occurs over a maximum period of time 
and duct length. This further enhances the cooling effi 
ciency of the system; cold air is exposed to efficient heat 
exchange while traveling through the internal, elongate, 
ducts including periods-when the forced air is coldest 
in the upper regions of the refrigeration compartment 
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where the surrounding compartment air to be cooled is 
warmest. At this point of greatest temperature differ 
ence, maximum heat transfer with highest efficiency 
occurs, a feature not achieved by conventional techniques 
which depend upon convection alone in the air spaces 
between the corrugations and lading. Such convection 
mainly results in cold air concentrating at the floor region 
where little effective cooling occurs. 
Another advantage of the present invention is that by 

the use of the ducts formed by the corrugations, as well 
as the spacing between ducts for cold air circulation, over 
all cooling and insulative capability is achieved in less 
total thickness of wall and liner than is possible with less 
effective conventional techniques. This over-all capa 
bility is enhanced in the invention's present embodiment 
by the use of reinforced plastics that not only reduce the 
actual liner thickness but make smooth curve corrugations 
practicable using economic molding techniques. Accord 
ingly, less pay load space is taken up by insulation and 
liner resulting in greater revenues per refrigerated unit. 

Other objects of the present invention will become 
apparent upon reading the following specification and 
referring to the accompanying drawings in which similar 
characters of reference represent corresponding parts in 
each of the several views. 
Turning now to the drawings: 
FIG. 1 shows a typical cross section of a motorized 

refrigerated trailer van with the liner of this invention 
in operating position. 

FIG. 2 is a detail of a partial side elevation of a liner 
in position as seen along the line 2-2 indicated in FIG, 1. 

FIG. 3 is a detail of a typical liner panel shown in 
isometric view. 

FIG. 4 is an end view indicated by line 4-4 in FIG. 2. 
FIG. 5 is a cross-sectional view as seen along the line 

5-5 in FIG. 2. 
The present embodiment of the invention can best be 

understood in terms of an installation as indicated gen 
erally by FIG. 1. A typical mobile refrigeration unit is 
shown there in partial lateral elevational section. A roof 
and ceiling section is indicated generally at A while in 
sulated wall section and base floor are shown at B and C, 
Tespectively. Floor racks and pallets indicated generally 
at D provide Supporting structure for typical lading in 
dicated generally at E. 

Between ceiling surface 12 and exterior insulated roof 
surface 13 there is a plenum 4 through which cold air 
produced by conventional refrigeration means, or ice, is 
forced ventilated down through a plurality of vents 16 
in the direction of arrow 17. 
A plurality of wall liners as indicated generally at 18 

are attached directly adjacent to wall insulation 19 
throughout the interior of the refrigeration unit com 
partment. 
The liners themselves as shown in FIGS. 3, 4 and 5 

comprise two basic elements, backing 20 and a corrugated 
face piece indicated generally at 21 formed from rein 
forced plastic or the like. 

Face piece 21 is molded to provide a plurality of curved 
ducts or corrugations 22 of uniform cross section except 
for the flared region 23, best seen in FIG. 4, found at 
either extreme of said ducts to enhance the reception of 
the forced vented cold air indicated above by arrows 17, 
FIGS. 1 and 2. End ducts 24 and 26 with irregularly 
flared ends 27 and 28, respectively, as seen in FIGS. 2, 3 
and 4, complete a given corrugated face panel. Walls 
29 of each of the ducts 22 seen in FIG. 5 form a gradual 
Smooth S-shaped or sinusoidal curve running in a sub 
stantially vertical direction as shown in FIG. 2. Similar 
ly, walls 31 form the opposite sides of the duct in parallel 
spaced relationship to each of 29. End ducts 24 and 26 
have one straight wall each, 32 and 33, respectively, which 
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form the vertical ends of each of the corrugated face 
panels. 
Thus cold air as indicated at arrow 17 is conducted Wer 

tically downward through ducts 22, 24 and 26, the tops of 
the liners being closed off from the rest of the interior of 
the compartments by skirt portion 34 in FIG. 1, thus en 
hancing said flow of air indicated by arrow 17. 
Upon being forced through the sinusoidal shaped ducts 

on the interior of the reinforced plastic corrugations, the 
cold air acts to cool by conduction the adjacent outside 
air in contact with the plastic liners, hence effectuating 
maximum heat transfer throughout the upper regions of 
the refrigeration unit compartment where the less dense 
warm air rises and creates greater need for effective cool 
ing. Moreover, the forced air upon immediately entering 
the ducts at flared ends 23 effectuates the greatest degree 
of heat transfer and resultant cooling because of the maxi 
mum temperature difference between the cold air with 
in the ducts and the air in the adjacent region of the 
refrigerated compartment. 
Upon arriving at the bottom of each of the separate 

panels, the cold air exits at similar flares 23, 27 and 28 
located at the bottom of the panels, said air currents in 
dicated by arrow 36 in FIG. 1. 
The subfloor and pallets indicated generally at D com 

prise a slotted space framework of vertical pieces 37 and 
horizontal boards 38 which rest on the base floor Surface 
39. Directly on top of the subfloor structure are typical 
load pallets 41 which directly support the lading indicated 
generally at E. The subfloor structure and load pallets 
are arranged in conventional manner forming a lading 
support which permits the direct flow of air between said 
pallets and subfloor for further air circulation as in 
dicated by arrows. 42, 43, 44, 46 and 47, FIG. 1. 

Even with lading containers indicated generally at E 
butted up directly against panel liners 18, spaces 48, as 
seen in FIG. 2, between adjacent corrugations, and spaces 
50, between adjacent panels, remain unobstructed and 
capable of permitting circulation of air by convection as 
indicated by arrows 51. 

Although the foregoing invention has been described 
in some detail by way of illustration and example for 
purposes of clarity of understanding, it is understood that 
certain changes and modifications may be practiced with 
in the spirit of the invention and scope of the appended 
claims. 

In the claims: 
1. In a refrigerated compartment, including a plenum 

between the roof and ceiling wherein cold air is forced 
ventilated, the combination comprising: A plurality of 
vents spaced along the upper portion of Said compart 
ment adjacent to the intersection of at least some of the 
walls and ceiling and in fluid communication with said 
plenum; wall panels for mounting against the walls of 
the compartment, said panels each comprising a backing 
for securing against the compartment walls, a corrugated 
facing attached to said backing, corrugations of said fac 
ing forming a series of substantially vertical ducts ex 
tending outwardly from said backing with the duct faces 
substantially parallel to said backing and the duct sides 
parallel to each other and formed in a uniform, smooth, 
repetitive, waved curve extending between the ceiling and 
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4. 
floor of said compartment; upper ends of said corruga 
tions forming openings located immediately opposite and 
in fluid communication with said vents; skirt portions ex 
tending downward from the ceiling and spaced out from 
adjacent wall portions a distance equal to the thickness 
of said panels and extending downward a distance suffi 
cient to overlap said upper ends of said corrugations. 

2. In a refrigeration compartment including insulation 
disposed inwardly of the walls of said compartment, wall 
liners each comprising a first panel immediately adjacent 
to said insulation; a second panel secured to said first 
panel, said second panel formed in a series of corruga 
tions substantially vertical to the floor of said compart 
ment; ducts formed by said corrugations; upper ends of 
said ducts formed wider than the body portions of said 
ducts wherein flared shaped openings are formed, each 
said opening being in substantially tangential contact with 
an adjacent opening; means causing cold air into said 
upper ends whereby the cold air is transported through 
said ducts. 

3. In a mobile refrigerated unit, the combination con 
prising: a liner for the walls of said compartment; a cor 
rugated surface of said liner; said corrugated surface 
forming protrusions extending substantially from floor to 
ceiling of said compartment, each of the protrusions 
shaped to describe a continuous, smooth, repetitive S 
shaped curve in space parallel relation to each adjacent 
protrusion whereby vertical edges of lading transported 
in said unit contacts no single protrusion continuously or 
at a sharp angle. 

4. In a refrigerated compartment utilizing supports ver 
tically spaced above the floor of said compartment to sup 
port lading to be refrigerated, the combination compris 
ing first panels immediately adjacent to the walls of said 
compartment; second panels mounted on said first panels; 
a series of Substantially vertical, smooth, S-shaped, cor 
rugations formed in said second panels; a plurality of 
vents spaced in the upper portion of said compartment; 
a first open end in each of said vertical corrugations in 
fluid communication with each of said vents; a second 
open end of each said vertical corrugations at an elevation 
below said supports whereby cold air is caused to cir 
culate from each of said vents into one said first open 
end and thence through one of said corrugations, egressing 
at the second open end of said corrugation beneath the 
lading to be refrigerated. 
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