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This application is a continuation-in-part of application 
Serial No. 394,122, ?led September 3, 1964, now aban 
doned. The present invention relates to refrigeration, 
and more particularly relates to an improved refrigerator 
box construction having forced air circulation. 
As is well-known in the art, refrigerators heretofore 

manufactured, particularly those of the type used in 
commercial establishments such as food stores, restau 
rants and the like, which have no freezing compartment, 
erri'ploy'an insulated box having a front access door to 
a vseries of horizontally-spaced wire grille shelves. The 
cold air, customarily introduced to the box at a point 
near the top, circulates from top to bottom through the 
grille-like shelves. These refrigerators usually employ 
a‘fan located adjacent the top rear of the box to blow 
cold air from the rear of the box outwardly toward the 
door. The cold air then passes downwardly through the 
grille-type shelves adjacent the door to the bottom of the 
box. In some refrigerators the fan is reversed such that 
warm air is withdrawn from the top of the box and 
forced through the cooling coils and then expelled down 
wardly along the back wall to rise upwardly along the 
door. In either type of refrigerator, the cold air is blown 
from the box ‘when the door is opened. This materially 
reduces the e?‘iciency of the refrigerator. To combat 
this loss of cold air from the box, it is common practice 
to utilize a switch actuated by the opening of the door 
so as to de-energize the fan and thereby terminate circula 
tion of the cold air. However, the relatively tall column 
of heavy cold air still tends to spill from the refrigerator 
as it falls unrestricted through the grille-like shelves, and 
stopping the circulation of air at frequent intervals also 
materially reduces the overall ef?ciency of the system. 
Another undesirable feature of this type of system is that 
the grille-like shelves are dif?cult to clean and must 
usually be removed from the box before adequate clean 
iug can be ‘accomplished. 

Therefore it is an important object of the present in 
vention to provide a more e?icient refrigerator. 

Another object of the invention is to provide an im 
proved system for circulating cold air in such a manner 
that loss of the cold air when the door is opened is re 
duced to a minimum. 

Yet another object of this invention is to provide a 
refrigerator wherein the cold air may be circulated con 
tinuously without excessive loss when the door is open. 
A further object of the invention is to provide a re 

frigerator construction which utilizes solid shelves which 
may be more easily cleaned and which provide a more 
stable support for small articles which might be placed 
in the refrigerator. 

Still another object of the invention is to provide a 
refrigerator construction wherein the cooling coils are 
located at the bottom of the box to provide increased 
usable space. 
Yet another object of the invention is to provide a 

refrigerator wherein thevshelves are kept at a more uni 
form temperature. 
The foregoing and other objects are accomplished by 

means of a refrigerator box construction wherein sub 
stantially solid, horizontally-disposed shelves divide the 
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2 
insulated box of the refrigerator into a plurality of verti 
cally-stacked compartments. Cold air is force-circulated 
by introducing the air at one side of each of the com 
partments and withdrawing the air from an opposite side 
of each compartment. The cold air thus flows hori 
zontally through the several compartments of the box 
and, rather than being directed at the door, is directed 
parallel to the door. Further, the column of cold air 
standing in the box is segregated into separate compart 
ments so that the height of the column of cold air avail; 
able to drive the air from the bottom of the door is 
materially reduced, even when air is circulated with the 
door open. This materially increases the efficiency of 
the refrigerator system. 

In accordance with a more speci?c aspect of the in 
vention, the cooling coils of the refrigeration cycle are 
disposed below the insulated compartment. Air is forced 
through the coils, up through a duct disposed in one 
wall, and out through ori?ces in one side wall into each 
of the compartments. The air is withdrawn from the 
compartments through ori?ces in the opposite side wall 
and returned downwardly through the opposite wall to 
the cooling coils. The stream of cold air is divided in 
a predetermined ratio between the various compartments 
by a suitable control means to obtain efficient cooling. 
This is accomplished by grading the size of the inlet and 
return flow ori?ces leading to the various compartments 
as will hereafter be described in greater detail. 
A better understanding of the invention, its objects and 

advantages may be had from the following detailed 
description taken in conjunction with the drawings, 
wherein: 
FIGURE 1 is a perspective view of a refrigerator con 

structed in accordance with the present invention; and, 
FIGURE 2 is a perspective view similar to FIGURE 1 

with the front portion of the refrigerator broken away to 
better illustrate details of construction. 

Referring now to the drawings, a refrigerator con 
struced in accordance with the present invention is indi 
cated generally by the reference numeral 10. The re 
frigerator 10 comprises an insulated box 12 having an 
access door 14 in the front vertical side wall. The com 
ponents of a refrigeration system such as the compressor, 
condenser, and associated components may be disposed 
within the lower portion 16 of the refrigerator which is 
covered by a grille 18 or at the back side of the box. 
The cooling coils of the refrigeration system are indicated 
generally by the reference numeral 20 and are disposed 
in an air circulation path which will presently be 
described. 
The insulated box may conveniently be comprised of 

an outer shell 22, a layer of insulation 24, and an in 
terior shell 26. The shells 22 and 26 may conveniently 
be fabricated from sheet aluminum, and the insulation 
24 may be. of any suitable type such as one of the 
synthetic foam insulating materials. 
A ?rst vertical air duct 28 is formed between the in 

terior shell 26 and a side wall 30. A second vertical 
air duct 32 is formed between the interior shell 26 anl 
the opposite interior side wall 34. A bottom wall 36 
interconnects the bottoms of the side walls 30 and 34 
and is spacedfrom the lower portion of the interior shell 
26 to provide an air duct 38 in which the cooling coils 
20 are disposed. The duct 38 communicates with the 
vertical air duct 28. A squirrel cage type blower 62 
draws air downwardly through the return flow duct 32, 
and forces it through the cooling coils 20 and upwardly 
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through the duct 28. Three substantially solid, hori 
zontally-disposed shelves 4%), 42, and 44 divide the interior 
of the refrigerator box into four vertically-stacked com 
partments. Inlet ori?ces 46, 47, 48 and 49 in the side 
wall 30 provide communication between the air duct 
28 and the four compartments. Return flow ori?ces 
54, 55, 56, and 57 in the side wall 34 provide communi 
cation between the compartments and the return duct 32. 
Thus it will be noted that a forced circulation of air 

is accomplished wherein air is forced by the blower 62 
through the cooling coils 2t) and upwardly through the 
air duct 28. The cold air then passes through the inlet 
ori?ces 46-49 into the four compartments. The cold 
air passes horizontally across the bottom 36 and the 
shelves 40, 42 and 44 and through the return ?ow ori?ces 
54-57 into the return flow duct 32. Thus it will be 
noted that the movement of the cold air through the 
compartments is parallel to the opening of the door 14. 
Therefore, when the door is opened, the inertia of the 
cold air tends to limit the air which spills rather than 
assisting in forcing the cold air out of the box as in 
the prior refrigerator boxes. This is enhanced by the 
fact that air is also sucked from the compartments by the 
blower through the return ?ow ori?ces and return ?ow 
duct. Further, the shelves 40, 42 and 44 materially re 
duce the height of the column of cold air and thereby 
reduce the pressure differential tending to cause the cold 
air to ?ow out of the box. These factors combine to 
materially reduce the loss of cold air when the door is 
opened and therefore contribute to the efficiency of the 
refrigerator. The solid shelves formed by the bottom 
wall 36 and the shelves 40, 42 and 44 are considerably 
easier to clean than the grille-type shelves heretofore 
used, and provide a more stable base upon which small 
items may be placed. If desired, the shelves 40, 42 
and 44 may be provided with small apertures so that 
condensation will tend to drain from the respective 
shelves to the bottom of the box without permitting 
appreciable circulation of the cold air through the 
openings. 

It will be noted that the cold air stream passing over 
the coils 20 is divided into four separate streams which 
are passed through the separate compartments. The 
separate streams are then rejoined in the return ?ow 
conduit 32 prior to passing through the blower 62. It 
will also be noted that the lengths of the flow paths of 
the four separate streams become increasingly greater 
through the successively higher vcompartments. Further, 
the suction of the blower and the ?ow of the air through 
the return flow duct produce considerably greater suction 
at the lower return flow ori?ce than at the top return flow 
ori?ce. Since it is usually desirable to obtain uniform 
cooling throughout the box, the percent of the total 
volume of cold air passed through each of the compart 
ments should be approximately equal to the percent the 
volume of each respective compartment is to the total 
volume of the box. Therefore, the ori?ces 46-49 and 
54-57 may be varied to effect an equal division, or a 
division in substantially any desired ratio. However, in 
accordance with an important aspect of the invention, 
where the compartments are of substantially equal 
volume and are to be maintained at the same temperature, 
and equal division of air is accomplished by increasing 
the inlet ori?ces 46-49 in area from bottom to top at a 
substantially uniform rate, and decreasing the area of 
the return flow ori?ces 54-57 at a uniform rate from 
bottom to top. Thus, the interior walls of the box have 
input ori?ces therethrough which are graded in size in 
a ?rst sense with distance from the blower and return 
ori?ces therethrough which are graded in size with dis 
tance from the blower as to control the volume of air 
through each compartment. Due to the suction in 
the return ?ow duct 32, the return ?ow ori?ces 
54-57 change at a lower rate than the inlet ori?ces 
46-49. The bottom return ?ow ori?ce 54 is of 
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4 
larger area ‘than the bottom inlet ori?ce 46, while 
the top return flow ori?ce 57 is of smaller area than 
the top inlet ori?ce 49. 

In one embodiment where the shelves 40, 42, and 44 
were about 26 inches wide and 23 inches deep the ori?ces 
were sized as follows: 

Ori?ce: Height, inches 
46 ___________________________________ __ 1A 

47 ___________________________________ __ 1/2 

48 ___________________________________ __ SA 

49 ___________________________________ .._ 11/2 

54 ___________________________________ __ 1 

55 ___________________________________ .._ 3%; 

56 ___________________________________ __ 54 

57 ___________________________________ .._. 1/2 

If the volumes of the several compartments are not 
equal, or if it is desired to maintain the compartments at 
different relative temperatures, then the inlet and return 
flow ori?ces may be varied in another manner so as to 
control the volume of cold air passing through each 
compartment. 
From the above description of a preferred embodiment 

of the invention, it will be evident to those skilled in the 
art that a forced air circulation refrigeration system has 
been described which materially reduces the loss of cold 
air when the door to the refrigerator box is open. 
Further, the circulation is such that the blower 62 may 
be operated when the door is open without a signi?cant 
increase in the loss of air. The several shelves within 
the refrigerator may be more uniformly maintained at a 
desired temperature, or may be selectively maintained 
at different temperatures, merely by varying the size of 
the inlet and return ?ow ori?ces. The solid shelves are 
much easier, to clean and provide a more stable base for 
small items. The same system may be used in a multi 
door refrigerator box of the type used in food stores 
or in restaurants, and in general, the larger the box the 
more signi?cant the saving in cold air by use of the 
forced air circulation system described. 

Although a preferred embodiment of the invention has 
been described in detail, it is to be understood that various 
changes, substitutions and alterations can be made therein 
without departing from the spirit and scope of the in 
vention as de?ned by the appended claims. 
What is claimed is: 
1. A forced ‘air refrigerator comprising: 
an insulated box having an access door and opposite 

interior side walls, 
a plurality of substantially solid shelves extending 

horizontally across the interior of the box between 
the side walls and dividing the box into a plurality 
of vertically-stacked compartments, ~ 

an air blower disposed adjacent the bottom of the box, 
a ?rst air duct extending from the output side of the 

blower upwardly along one of said interior walls 
and communicating with each of the compartments 
through a separate inlet ori?ce formed in said one 
interior wall which ori?ce increases in area from 
bottom to top, 

a second air duct communicating with each of the com 
partments through a return flow ori?ce, the return 
?ow ori?ces decreasing in area from bottom to top, 
and extending downwardly along the other of said 
interior walls to the intake side of the blower, and‘ 

a refrigeration system having a cooling coil disposed 
in the air path for cooling the air as it is circulated 
from the blower through the ?rst duct, through the 
inlet ori?ces, across the compartments, through the 
return ?ow ori?ces, and through the second air duct 
to the input of the blower. 

2. The combination set forth in claim 1 in which the 
inlet ori?ces change in area from bottom to top at a 
rate which is greater than the rate of change in outlet 
ori?ces. 
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3. A forced air refrigerator comprising: 
an insulated refrigerator box having an access door 
and interior walls, 

a plurality of substantially solid shelves extending 
horizontally across the interior of the box and 5 
dividing the box into a plurality of compartments, 

an air blower, 
a ?rst air duct extending from the output side of the 

blower vertically along one interior wall and com 
municating with each of the compartments through 10 
an input ori?ce formed in the interior wall, 

a second air duct extending from the intake side of 
walls. and communicating with each compartment 
the blower vertically along another of the interior 
through a return ?ow ori?ce, 

said interior walls having input ori?ces therethrough 
which are graded in size in a ?rst sense with distance 
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6 
from said blower and return ori?ces therethrough 
which are graded in size in a second sense opposite 
said ?rst sense with distance from said blower as 
to control the volume of air through each compart 
ment, and 

means for cooling the air as it is circulated from the 
output of the blower through the ?rst air duct, the 
compartments and the second air duct back to the 
input side of the blower. 
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