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25,735
UPRIGHT REFRIGERATOR SHOWCASE
Frank G. Lamb, 560 Ridgeway Road, Lake Oswego, Oreg.
Original No, 3,063,252, dated Nov. 13, 1962, Ser. No.
135,694, Aug. 17, 1961. Application for reissue
Sept. 30, 1963, Ser. No. 313,149
32 Claims. (Cl 62—234)

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue,

This invention is directed to a means and method of
refrigerating an open front type of frozen food showcase
for the display and dispensing of refrigerated packages
while maintaining the same at a predetermined, low tem-
perature. This application is a continuation-in-part ap-
plication of my co-pending application, Serial No. 789,-
651, filed January 28, 1959 for Upright Refrigerator
Showcase, now abandoned.

In more particular, the invention involves a showcase
of the upright type wherein the packaged frozen items
are placed upon suitable display shelves, the front of the
unit being open for inspection and easy access by the
customer. By utilizing the means and method of this

invention, maintenance of temperatures well below 0° F. ¢

within the interior of the cabinet can be accomplished
with ease, even though the front of the unit is open to
room air at normal temperature. Such function is
achieved primarily through the employment of a multiple
layer, or adjacent curtains of refrigerated air which not
oniy encircle the cabinet as a novel insulation media but
also progress downwardly at approximately the same ve-
locity from the top of the open front to the bottom there-
of, to act as a protective curtain against, warmer, room
air.  Also, the concept of downwardly directing cool air
from the cold air ducts within each shelf, to be in each
case recycled or recooled and returned to the original
frontal point of discharge, is in and of itself, a novel de-
sign for interior cooling of the cabinet.

This novel principle and method of operation involves
a concept which sharply distinguishes this type of unit
from those commonly in use today or those known to
the prior art. Cabinets designed for analogous purposes
which are presently in use are generally of a box-like
structure having four upright side walls and an open top.
In such type of device, the frozen packages are stacked
upon each other within the box and the problem of main-
tenance of an even temperature uniformly within such a
unit is ever present. In part, this is because the topmost
layer of packages, being adjacent to the warmer room air,
and being exposed to radiant heat as well, tend to be
heated to a temperature above that point which is neces-
sary for the proper preservation of frozen foods and Like
articles, only the lower-most of the articles being proper-
ly refrigerated. It is recognized that frozen foods must
be kept at a temperature of approximately 0° F. and
that temperatures of a higher order result in food de-
terioration. Hence, in the open top type of units, unless
customer demand is sufficient to continually have the top
layers of packages removed before temperature increase
occurs, there is the ever present danger of spoilage of
the product.

Furthermore, in this type of unit, as opposed to the
shelf-like structure of the instant invention, the packages
are stacked one upon the other, the nature of the units
being such that only limited display area is afforded,
considering the area of floor space such cabinets require,
The cabinet of the instant invention has two to three
times as much display area while at the same time the
vertical disposition thereof is far more appealing and ef-
fective. Also, this improved cabinet has four to five
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times the storage area, for a given floor space, than do
existing cabinets, It is also to be noted that although
efforts have been made to maintain circulation of refrig-
erated air, and to prevent frosting in the open top type
of structure, these have met with not marked success be-
cause of the contact necessarily resulting between the
upper layer of relatively cool air in such type of cabinet
and the warmer atmosphere of the room,

Additionally referring to the open top type of cabinet
of the prior art, it is also important to observe that
such cannot, by its very nature, function to take advantage
of the multiple layer of cold air principle. This is because
in such a cabinet, air flow must be lateral, rather than
vertical, and hence not subject to the benefit of pure
gravity flow. In contrast, the instant design, formulated
to achieve vertical flow of cool air in layers with a mini-
mum of turbulence, utilizes advantageously the natural
gravity flow of such cold air to create and maintain the
protective curtain.

In the instant invention, a multiple refrigerated air
layer or series of layers provides an eflective curtain of
cold air which excludes air at room temperature from the
interior of the cabinet and which at the same time pro-
vides, in a sense, an effective insulation between exterior
and interior of the showcase. With the application of the
multiple air principle or falling curtain of air concept,
this design permits achieving the primary objective of the
invention: display of foods in a showcase type of cabi-
net having an open front for a series of shelves where the
product is clearly positioned for inspection by and within
easy reach of the customer; the peculiarities of the in-
stant combination at the same time remove all danger of
temperature increase within the cabinet to that degree
which might result in food spoilage.

Another object of this invention is to provide a cabinet
of the open front type wherein there is a constant circuit
of air continually driven around the exterior of the cabinet
in multiple Jayers, and down the open front of the cabinet
in multiple layers, so that frozen foods placed upon the
series of interiorly cooled shelves within the unit are
curtained from air at room temperature and thus efficiently
maintained at temperatures sufficiently low to offer com-
plete assurance against food spoilage.

A further object of the invention is to provide an open
front showcase of the described type wherein the multiple
layers of refrigerated air progressing downwardly over
the open front create 2 minimum of turbulence, and, be-
ing directed downwardly are immediately recycled from
their lowermost point to the refrigerating mechanism for
Turther progress around both exterior and interior of the
cabinet and thence again down over the front opening.
Also, by the particular arrangement of this invention, and
particularly with respect to the interior recycling of the
coldest air, each of the multiple streams of such coldest
air protects the product for only a few inches of fall and
then another stream of coldest air is injected which pro-
tects the product with coldest air for another few inches
of fall, and so on. Such novel concept affords complete
and uniform cooling throughout the interior of the cab-
inet.

An additional objective of the invention is a structure
of the described type wherein the cabinet is encircled by
layers, toward the exterior thereof, of progressively warm-
er air, a part of which is continuously returned for recy-
cling over the cooling coils to maintain the same, con-
stant temperature of each individual layer. Also by
contact with the relatively cool exterior of the cabinet
proper, these multiple layers of cool air provide effective
insulation between the interior and exterior of the cabinet.
By this procedure, the temperatures of the different layers
do not differ greatly in any one layer in any one complete
circuit,
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Arnother significant objective of the invention is the
provision, in a unit of the described type, of frost catch-
ing coils or dehumidifying apparatus at the point of entry
of the warmed layers of air to rcmove the moisture there-
from prior to admission to the cooling apparatus; such
mechanism and function prevenls frosting within the in-
terior of the cabinet, and hence, frosting of the frozen
food packages themselves. Furihermore, such defrosting
system is provided with effective thermal insulation pro-
tecting it from the rest of the refrigerating system. Such
permits continuous and uninterrupted delivery of cold
air to the displayed product during the refrigeration cycle.

Another object of the invention is to provide an open
front type of display cabinet wherein the shelves them-
selves perform as cold air carrying ducts, each being in-
dividually cooled to reduce the temperature of the pack-
ages by conduction, and each also functioning as cold
air ducts, releasing or discharging the cooled air down-
wardly to join the multiple air curtain of falling, cooled air
which is discharged from the layered passageways sur-
rounding the unit. In this respect the cold air circulat-
ing within the cabinet, involving passage of cold air
through each of the shelves to be discharged downwardly
to meet the cold air streams of the Jower shelves, itself
provides a novel and effective concept of cabinet refrig-
eration.

A further objective of the invention is the provision of
a unit which can be built in predetermined sections or
lengths, such being adapted to be readily interconnected
to each other to obtain an over-all showcase width of the
desired footage. In other words, the unit can be fabricat-
ed at the factory with omission of one insulated side
wall from either the right or left side, and alternatively,
with omission of both insulated side walls for interior
units, and then the whole assemnbled to form a long at-
tractive line giving an outward appearance of one con-
{inuous unit. Furthermore, the cabinet is inherently of
the type to display the product, not the cabinet, the latter
being of simpler comstruction than previous types, and
hence cheaper to manufacture.

As a final summary of the many advantages to be real-
ized by the instant invention, the following, inter alia, are
mentioned: maximum storage and display area with mini-
mum use of floor space; recovery of a substantial portion
of the multiple air curtain which is colder than room
air and would ordinarily not otherwise re-enter the re-
cycling mechanisny the utilization of therma! losses
through conventional insulation which otherwise would
be lost to the room, but which in this instance decrease

the temperature of the protective air streams around the ¢

unit and thus increase the over-all effectiveness of the
assembly in obtaining and maintaining low temperatures
of the desired gradient; the protection afforded the cus-
tomer from the intense cold of the cabinet shelves and
cold air discharged through the external multiple layers
by picking up the descending muitiple layers of refriger-
ated air at floor level and returning same to the unit; and
not only reducing or substantially eliminating the mix-
ing of room air with refrigerated air which flows over the
packaged items but preventing humid room air from com-
ing into contact with both shelves and packages. As to
the latter, admission of reom air to the unit would result
in heavy condensation and frosting on the below zero
temperature of frozen food items. Hence, a primary
function of the instant design is to permit enly dry and
dehumidified air to enter the cold air circulation systems
arranged within and about the cabinet and into the various
recycling ducts which these involve, thus affording com-
plete asurance that neither the duct-work nor the pack-
age contacting portions of the assembly accumulate frost
to any perceptible degree.

Other objects and advantages of this invention will be
apparent upon consideraiton of the following more par-
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ticular description of this invention as illustrated in the
several drawings thereof wherein:

FIGURE 1 is a perspective view of three prefabricated
sections of one embodiment of the invention joined to-
gether to form a completed unit of predetermined over-
all length;

FIGURE 2 is a section view of the invention as shown
in FIGURE 1 illustrating the circulatory patns of the
two multiple layers of refrigerated air and the manner
by which cycling and recycling of each are accomplished;

FIGURE 3 is a scction view taken on the line 3—3 of
FIGURE 2Z;

FIGURE 4 is an elevation view of the lower portion
of one section of the invention as represented in FIGURE
2 with the back of such section removed showing the dis-
positicn of the motor and blower elements for the two
circulatory systems found in each section;

FIGURE 5 is a section view taken on the line 5—3
of FIGURE 2;

FIGURE 6 is a vertical cross-sectional view of a pre-
ferred embodiment of the invention, and showing air con-
trol means in one position covering a dehumidifying coil
during defrost thereof;

FIGURE 7 is a section view taken on the line 7—7 of

FIGURE 6;

FIGURE 8 is a section view taken on the line 8—8 of
FIGURE 6;

FIGURE 9 is a section view taken on the line 9—3 of
FIGURE 6;

FIGURE 10 is a greatly enlarged, fragmentary, sec-

tional view showing the position of dehumidifier coil
control means in another coil defrost position, and

FIGURE 11 is a view similar to FIGURE 10, but show-
ing the coil control means in an intermediate position,

Referring more particularly to these several figures,
it will be seen that FIGURE 1 is representative of the ex-
terior and finished appearance of the cabinet indicating
that the front is open and that the series of frozen food
supporting shelves, horizontaily disposed, are positioned
for inspection and convenient access by the customer.
Here also is shown an arrangement where, as an example,
three separate units are placed together to function as a
single display cabinet of the desired length. In the pre-
ferred embodiments of the invention, each section may
approximate five foot in over-all length and accordingly
the unit herein represented in this figure is fifteen feet
in length. As further representative of the comparative
size of this pictured installation, the depth of the unit
approximates three and one-half feet, and the height, six
and one-half feet.

Each of the units is provided with an upright back 1 of
suitable material, the same at its top portion being curved
Iaterally or positioned to the horizontal to form a top 8.
Actually this back and top form the outside of a series
of cold air passageways, as will be later explained.

Where several units are placed together such as shown
in FIGURES 1 and 5, insulated side walls 2 and 3 are
affixed to the outer sides of these two outer units, Thus,
each of the side walls 2 and 3 would be provided with a
double wall construction, inclusive of the inner wall 2a,
and also provided with insulation 2b therebetween. The
three illustrated units comprising cne installation are
mounted above a common base board 4. Each unit is
separated from its adjacent unit by its own side wall 5
so that when several are placed together these side walls
contact each other and, being made of heat conductive
metal, also become cooled during operation of the show-
case and, by conduction, lower the temperature of any
contacting packages. Actually, the intermediate side walls
are not only additional supporting means, but further
function to reduce room air turbulence upen the protective
air curtain and optionally may be fabricated of glass or
clear plastic to aid in inspection of the inierior.

A series of shelves are generally indicated at 6. As
will be described hereinafter, each of these shelves is
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individually cocled by the passage of refrigerated air
threugh the interior of the shelf. Each unit is also pro-
vided with a btottom plate 7 which overlies the refrigerat-
ing system as well as the two cold air cycling and re-
cycling mechanisms. It is also preferred that the shelf 7
be removably placed over the cooling mechanism in order
that the latter can be easily serviced, and it is so shown
in FIGURE 2 herein.

Underneath and in the front of the bottom shelf 7 is
disposed a series of lateral openings or slots (to be later
described) for the entrance of air descending in a multiple
layer down the front of the unit. A single main inlet for
the coldest air descending from each of the several shelves
or trays is generally indicated at 10 (FIGURE 2). Such
entrances are covered with suitable screening 11 which, if
desired, may be backed by a thickness of filter for obvious
purposes. The screening itself is protected by a series
of angularly positioned chrome rods 9. A guard rail or
bumper 12, as is usual in such instances, surrounds the
sides and front of each cabinet at the top of the base
board 4.

Provision is made for closing off access through the
front of each unit by means of a shade 16 which is posi-
tioned underneath a suitable canopy 13 extending across
the front and along the upper edge of the unit. A roller
15 of usual type supports this shade 16 so that at the
end of the day the shade may be lowered to a position over
the referred to bumper 12, thus completely preventing in-
termixture of air at room temperature with air within the
cabinet when the unit is not in use during off hours.

In the preferred embodiment of this invention, there
is provided one main refrigeration or cooling system, a
dehumidifying assembly, and two primary circulatory
systems for cycling and recycling the cooled air within
and around the basic unit, respectively. These two cir-
culatory systems for the cold air are generally indicated
at A and B. (See FIGURES 2 and 6.)

System A is located within the interior of the cabinet,
ic., within the main framework thereof and on the in-
side of the composition insulation which is positioned,
as is common, within a suitable double wall. The circula-
tory system B, on the other hand, is adapted to circulate
the refrigerated air around the exterior of the cabinet
or upon the outside of the main insulation casing just
referred to and accomplishes this function by circulation
through a series of adjacent channels or passageways, dis-
charging the cocled air in metered layers down the open
frent of the cabinet. The refrigerating apparatus and
circulatory system A will be referred to firstly herein.

As indicated, permanent insulation for the cabinet is
found within the double walls 20 and 21, forming the
main insulation casing which extend throughout the en-
tire back of the unit and around the bottom and top
respectively. Thus the outer wall 20 progresses upwardly,
thence right angularly to a horizontal position forming a
top portion 20a as shown in FIGURE 2, The insulation
wall 20 at its lower portion is bent right angularly toward
the front and then upwardly as indicated at 208b in FIG-
URE 2. The inner wall 21 closely follows, in parallel
relationship, the contour of the outer wall 20, likewise
extending horizontally at the top, as at 21a, and, at the
bottom, being somewhat inclined downwardly and then
upwardly as at 21b, as also shown in this figure. Insula-
tion 23, of a usual type occupies the space between this
double wall framework. It is here to be noted that such
conventional insulation up the back wall as well as top
may be only from two to three inches in thickness, or of
relatively extreme thinness. This is due to the inherent
advantage found in the structure of the instant invention,
which provides for a multiple layer of cool air, graduated
in temperature from inside out, that encircles the botiom,
back and top of the cabinet and shields the open front as
well.

A third inner wall, generally indicated at 24, provides
a duct 36 through which refrigerated air passes upwardly
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and is forced into the space provided in each shelf,
ultimately being discharged downwardly in a manner
to be described. The inner wall 24 of this duct is spaced
at a greater distance from the wall 21 at the bottom
thereof than at its top portion as indicated in FIGURE 2,
the reason for this being to offer as little resistance as
possible to the air forced through duct 30 by an appro-
priate blower mechanism. The wall 24 is also turned
right angularly as at 24a, the latter extension being paral-
lel to the horizontal portion of the wall 21 and hence,
the duct 38 continues forwardly along the top of the
interior of the cabinet. The wall 21 and the outer
wail 20 are interconnected at their upper extremities as
shown in FIGURE 2 with the wall 20a continuing past
the point of intersection, and in conjunction with a lip
33 formed upon the wall 24a, forming an air passage-
way 35 which is directed downwardly and comprises one
of the downwardly disposed coldest air discharge ducts.

Actually, the inside wall 24 of the duct 30 is seg-
mented, ie., formed of individual spaced elements or
walls 25, 26, 27 and 28, the space therebetween com-
prising slots forming the openings into the cold air ducts
within each of the shelves, as will be described. These
walls thus form the back of the interior of the unit, the
cold and dry air within the duct 30 cooling the rear
portion of cach shelf by conduction through such rear
shelf wails.

In this embodiment of the invention, the main duct 30
for the coldest air just leaving the refrigeration unit is
interconnected to a series, here three in number, of
laterally disposed ducts which at the same time func-
tion as the shelves 6 hereinbefore but generally referred
to. Thus, beginning at the top of the structure shown
in FIGURE 2, it is seen that the first shelf is comprised
of two parallel and opposed sheet metal plates 50 and
54, thereby leaving a passageway 51 for the flow of cold
air through the shelf to its point of discharge, or passage-
way 56, The rear of the shelf terminates in a down-
wardly turned flange 52 which extends past the inner
wall 24 of the duct 30 and hence, constitutes a scoop
or baffle against which the flow of refrigcrated air im-
pinges, QObviously the scoop causes a portion of such
cold air to enter into the passageway 51. The lower
plate 54 of the shelf terminates in an upwardly extend-
ing flange 55 and the upper plate 50 of the shelf termi-
naies in a downwardly extending flange 53. These two
flanges form the duct or passageway 356 directing the
flow of cold air downwardly, This top shelf is supported
in any customary manner as by a transverse angle iron
support 58 at the forward end of the shelf. At its rear
any suitable means can be utilized for connection of the
shelf to the inner walls 25 and 26 of the cold air duct
30, such walls, as stated, being spaced to form a slot
or opening to accommodate passage of the air from the
duct 39 into, e.g., the duct 51 within the shelf.

The other two shelves as shown in FIGURE 2 are of
Like construction. The intermediate shelf is comprised
of two opposed shect mctal plates 60 and 64 thercby
forming a ccld aiv passageway 61, each plate terminating
in parallel flanges 63 and 65 to form a downwardly
directed discharge opening 66. Similarly, the upper plate
60 of this intermediate shelf has the same form of
scoop construction 62 for the same purpose as herein
described and is affixed to the spaced inner walls 26 and
27 in the same manner. It is likewise supported at its
forward end by the angle iron brace 68.

The bottom shelf is of like construction with the two
plates 7@ and 74 forming a cold air channel 71, the
upper plate at its inner end turned downwardly to form
a scaop 72 and both plates at their forward ends having
parzallel flanges 74 and 75 providing the channel 76
which directs cold air downwardly. The bottom shelf
is supported in the same manner through the transverse
brace 58.

A usual type of lighting fixture such as the fluorescent
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fixture 80 is provided underneath the top and under-
neath each of the described shelves, all of such fixtures
having a common form of shade 82 thereover.

As stated, the main refrigeration unit is located under
the bottom 7. It is of a common and known type, the
cooling coils thereof traversing substantially the width
of each of the units as will be scen by reference to FIG-
URE 5,

Since common to the prior art, the details of the refrig-
eration mechanism are not here disclosed, the compres-
sor, motor and related components thereof comprising
assemblies well known in the art. Hence, such com-
penent parts thereof as the suction line 99, the liquid
line 94 and the insulated hot gas line 97 (here used
for defrosting) are but more or less diagrammatically
indicated in FIGURE 2.

The refrigeration coils 108, having the usual fins or
heat exchange elements 101 are positioned in between
the forward inlet for the warmer air to be recycled and
the several fan units which drive such air through the
coils and discharge the same into the duct 30 for delivery
1o the shelves at spaced points.

In this form of the invention where, for example, a
unit of from approximately four to five feet across is
contemplated, it has been found that a single moter will
efficiently drive four centrifugal fans to perform thig
function of cycling and recycling to maintain the inte-
rior at a low and predetermined temperature ard to aid
in maintaining the low temperature multiple air curtain.

Referring first to the internal circulatory system A of -

FIGURES 3 and 4, it is seen that the refrigeration blower
units 105 to 108, inclusive, are driven upon a common
shaft 112 by a single motor 119, the latter having flexi-
ble couplings 115 and 116 at either side to engage such
common shaft 112,

Fach of the blower units, 185 to 188, inclusive, Is
of exactly the same construction and hence, a descrip-
tion of one, here blower 183 shown in FIGURE 2
should suffice for an understanding of the operation
of the other three blower units. Each of the centrifog:l
blowers is of a type where the inlet is positioned axially,
the outlets of the blowers being spaced apart as desig-
nated at 130 to 133, inclusive. These feed directly
into the coldest air duct 36,

The casing for each of the blowers includes a periph-
eral element 129 contoured to the shape cof the blowes
impeller, this peripheral element terminating on one side
in a horizontal plate 122 disposed above the first st
of cooling coils and a parallel plate 121 intermediate the
rows of cooling coils as seen in FIGURE 2. Additional

curved housings such as those shown at 123 and 124 :

force air into a circular path from the front main inlet
through the said coils, through the impeller and back
again through the housings and past the refrigerating
elements. Finally, the refrigerated and coldest air from
this main refrigeration unit is discharged through the
discharge opening 130 in each of the blowers directly into
the cold air duct 3¢ for ultimate delivery through each
of the shelves and thence downwardly over the upper
front of the unit,

Direction of air flow during this cooling process is
indicated by the arrows appearing in FIGURE 2 where re-
current passage through the several cooling elements prior
to discharge into the unit itself is graphically illustrated.
In its progress through each of the blowers, the slots or
apertures 120 may be considered bleed-off ports, for these
are of such predetermined size as to permit passage of
only about one-fourth of the refrigerated air which
has been reduced to the desired temperature by the coils
100. Furthermore, such blowers can be furnished with
adjustable discharge ports so as to enable proper meter-
ing of air flow through the chute 20 and passageways
interconnected therewith. At any rate, three-fourths of
the air is recycled (in the system A I am here describing)
through the refrigerating unit in constant circulatory fash-
ion. The proportional amount of air (about one-fourth)
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which has progressed through the several blced-off ports,
successively finds its ways, by reason of Hanges 52, 62 and
72 into the respective passageways 51, 61 and 71, which
form a component part of each cf the three shelves. Such
air also finally progresses through the top lateral portion of
the chute 30 and thence out of the down spout 35, After
progressing through the top spout 35 and the ducts in
the several shelves, such refrigerated air in each instance
is directed downwardly through the respective ports £8,
66 and 76 to ultimately descend into the mzin inlet 10
for the coldest air. This cycling of the coldest air from
the refrigerator in this fashion mainiains each of the
shelves as well as the back and top wall of the interior
of the unit at the desired temperature; furthermore, the
downward flow of air through the respectlive downwardly
directed ports 56, 66 and 76 aids in maintaining the de-
sired multiple air curtain over the frontal opening of
the cabinet, the latter more directly obtained by the cir-
culatory air system B, to be described.

Provision is made for debumidifying the air which
is picked up along the front and Lottom of each of the
units and recirculated through circulatory system A which
has just been described. Such dehumidifier apparatus
takes the form in this instance of refrigerator coils upon
which the moisture in this incoming air is deposited as
frost. Two coils are used alternately so that while one is
performing this function of frost pick-up, the other is
being defrosted. In this way there is a constant opera-
tion of removing substantially all, if not all, of the mois-
ture from the air directly feeding into the circulatory sys-
tem A. This concept of humidity regulation is of vital
importance in the instant invention for since each of
the trays or sheives § are actually ducts transmitting and
circulating refrigerated air, efficiency would be substan-
tialy impaired if the humidily of the incoming air is such
as to permit the formation of frost within this circulatory
system,

In this embodiment of the invention and as shown in
FIGURE 2, two series of coils 146 and 144, respectively,
are used to refrigerate the Incoming air and, by accumu-
lation of frost upon the coils, to remove moisture there-
from. The coils are positioned along the front of the
unit as here indicated and each is partially surrounded by
a suitable casing, the coils 140 by a divider 151 and the
coils 144 by the divider 152.

As each dehumidifying unit is separately defrosted by
the application of heat to the unit in question, the result-
ing water is caught by the respective casings and fed into
an ordinary drain line 155 which in each instance is
directly connected to one or the other of the casings and
then fed into the main drain line 156.

As seen in FIGURE 2, the inlet for the air to be re-
cycled occupies that lateral portion of the unit extending
between the bottom plate 7 ard the element 2ib which
forms a part of the main insulation. The passage of air
entering this inlet is controlled by a flap valve 150 which
is pivoted as indicated and extends across the front (o
direct the flow of air either to the unit 140 or to the unit
144. As shown in this figure, this flap valve or shutter
is positioned almost vertically, hence the incoming air
is directed downwardly to the refrigerator lines 144 and
blocked off from the top refrigerating lines 148. Ac-
cordingly, moisture in this incoming air is in this instance
deposited upon the coils 144. After a predetermined
period of time, automatically controlled by suitable
timing mechanism, the flap valve 252 is caused to be
turned downwardly as indicated in dotted line in FIG-
URE 2. Upon this movement, the lower coils 144 are
shielded from the flow of incoming air and the upper
coils 140 then lie directly in the path of same to assume
the stated dehumidifying function.

One of the other of the refrigerating or dehumidifying
coils, as just referred to above, is thus constantly func-
tioning to remove moisture from the incoming stream of
air while the other coils are being defrosted by the appli-
cation of heat thereto. Sufficient heat can be applied
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in any sutiable manner, as for example, by forcing hot
gas from the compressor unit, through those coils which
are sought to be defrosted. Such a function also can be
suitably timed by known mechanisms, the timer being
of a type to conirol for a predetermined period of
time operation of the flap valve and defrosting of the
involved series of coils.

The circulatory system B, as shown in FIGURE 2, will
now be more specifically referred to. This system
operates from the principle that a multiple layer of air,
progressively warmer towards the outside of the unit,
performs as an effective insulation against both heat and
humidity, and further, is effective to reduce turbulence or
mixture with outside air to a minimum. The multiple
curtain which surrounds the wunit is likewise recycled
around the exterior of the unit and, at a discharge point at
the point at the top and front of the case, descends down-
wardly across the open face of the unit where it is picked
up at the bottom thereof by the circulatory system B.

These layers are separately channeled through a series of -

passageways which extend entirely around the bottom,
back and top of each of the units. The passageways are
designated in FIGURE 2, and progressing from the out-
side inwardly, as passageways 160, 162, 163 and 164,

The whole series lies between the casing element 20 next -

to the conventional insulation, and outer-most casing 1,
The dividing elements forming these passageways {pro-
ceeding outwardly) are designated at 167, 168 and 169,
The contour of each of these dividing members which
from separate passageways is the same, and each of these
passageways terminate in a downwardly directed opening,
all of the same extending across the top front of the
open showcase, Progressing from inside to outside, these
individual discharge openings are shown at 170, 172, 173
and 174, FIGURE 2.

The air so discharged from the multiple air discharge
outlets (170, 172, 173 and 174) is adapted to enter into
corresponding and diametrically opposed inlets at the
bottom of the unit, here respectively indicated at 176a,

172a, 1732, and 174a. In other words, the laver of air -

emanating from outlet 170 is adapted to be sucked into
the corresponding air inlet 170a, air from 172 into inlet
172a, and so on.

There is thus a continuous recycling of the cooled air

which descends through the openings last mentioned

from top and bottom. Such forced recycling is obtained
by the use of a series of blowers located along the rear
and bottom of each unit, In this embodiment of the in-
vention, there are four such blowers, 198 to 193, respec-

tively. Each of these is fabricated in precisely the same

manner and each one feeds into a different passageway.
Accordingly, each blower is provided with a casing 195
which extends upwardly as at 196 to direct the fiow of
air into a given passageway; in this instance the blower
190 feeds into a casing 209 and thence into the passage-
way 160, the incoming air being pulled through the usual
axial opening in this type of blower as indicated by the
arrows shown in FIGURE 2. Thus (sce FIGURE 4)
the blower 191 forces air through the casing 201 into
passageway 162; blower 192 directs recycled air through
the casing 202 into Passageway 163 and blower 193
discharges the recycled air through the casing 204 into
passageway 164. All of these blower units are driven
by a common motor 18¢ upon a common axis, the
motor being interconnected to the drive shaft through
the usual type of flexible couplings 181 and 182.

From the foregoing, and with respect to the descrip-
tion of the embodiment set forth above, it will be under-
stood that there are two separate circulatory systems.
The first, system A, forces the coldest refrigerated air
through the top opening 35 and each of the shelves in
the cabinet and thence downwardly through the several
openings 56, 66 and 76. The second, circulatory system
B, obtains cooling firstly, by the cooling effect of posi-
tioning such passageways immediately adjacent the con-
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ventional insulation 23, thus incidentally reducing low
temperature loss through the latter; and secondly, by the
adjacent positioning of the exterior air streams to the
coldest air streams of system A which flow downwardly
over the open front. Each passageway then discharges
down the open front of the cabinet to form a multiple
cool air screen effective to reduce turbulence and exert a
blanket effect against the warmer air at room tempera-
ture. Discharged air of the first system is primarily re-
cycled through the inlet 16, discharged air from the sep-
arate passageways is primarily recycled through the sev-
eral inlet and corresponding channels at the bottom of
the cabinet.

As further explanatory of the method of cold air pro-
tection obtainable through use of the instant invention,
it should be appreciated that the refrigerated air emanat-
ing from the opening 35 at the top of the cabinet, and
from each of the frontal openings in the several shelves,
has only a short distance to lraverse. In carrying out
the concept of multiple air curtain “Insulation,” this
factor is thus of the grealest significant: that the trav-
erse of air is most feasible for short runs, this comment
here being directed to the coldest air of below zero ten-
perature which is within the cabinet itself. By way of
example, taking the representative height of six and one-
half feet for the entire unit, it is contemplated that the
distance between shelves would approximate thirteen to
fifteen inches. Thus, air emanating from the opening 35
at the top of the cabinet and at a temperature of say
—10° F. need only traverse that relatively short distance
before it is met and replenished by the next cold air
stream emanating from the top-most shelf through open-
ing 56, This short traverse is characteristic of ihe other
shelves, i.e., the second layer of air proceeding from ihe
second shelf opening 66 is also protected from moisture,
heat and turbulence by the cold air stream which is di-
rected downwardly through the top shelf operning 56, and
50 on. This theory of confining the distance of traverse
of the coldest air and protecting each successive shelf by
the downwardly projected stream of cold ajr which ema-
nates from a higher point enables operation wherein
the constant to be desired can be kept within a minimum
range, ie., approximately ten degrees within the desired
range rather than permitting fluctuations of g greater
order. It is thus seen that in cach instance the first layer
of cold air insulates and protects the second layer from
three factors otherwise adverse to proper frozen product
protection; heat, mojsture and possible turbulence created
by friction with other, warmer ajr,

It is contemplated that in the practice of the inven-
tion these air streams, to diminish the possible turbulence
of air, are each projected at approximately the same
rate of speed. Here js nreant not only the four streams
of air which encircle the outer insulated casing of the
cabinet but those streams of coldest air which are pro-
jected downwardly from the ducts within each of the
several shelves, It has been found that the velocity of
the air can be relatively slow, ie., approximately 56
cubic feet per minute through each of such openings
(i.e., openings 35, 170, 172, 173, 174 across the top and
the individual openings 56, 66 and 76 in each of the
shelves). Thus, with this estimated movement of air the
total will amount, in the over-all unit, to approximately
400 cfm. In referring 1o air flow of this order, the
size of the individual unit contemplated will be of the
order of seven and one-half feet in height, five feet in
width, and three and one-half feet deep.

The protective screen of air, since it is in multiple
layers at different temperature gradients, is not substan-
tially increased in temperature by contact with room air,
This is because the outer layer of air or that flowing
through duct 160 to be discharged at outlet 174 wili be at
a temperature only approximately 10° lower than air at
room temperature, assuming the latter to be at 70° F.
For example, if air is discharged at outlet 174 at 60° F,
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during its progress downwardly the same would ordi-
narily be heated by contact with room air. However,
the necxt layer of air emanates from the top outlet 173
at 50° F. and tends to keep the layer from 174 cool.
The result will be to maintain the latter layer at about
the same constant: 60° F. This same procedure is char-
acteristic of the remaining layers of colder air toward
the interior of the cabinet, so that the ceolest air dis-
charged from the inside of the muliiple air layer or frem
the opening 178 is still not appreciably raised above its
desired constant of 30° F. As (o this inner cool air
stream, emanating from outlet 170, the same will not
be appreciably warmed by the air at room temperature
for it does not contact room &ir, being protected by the
three intervening layers of gradually in creasing tempera-
ture between this siream and the ouiside, room tempera-
ture air.

Referring to FIGURE 2, the air cutlets across the top,
frontal portion of the amit are marked by a dotted line in-
dicated as “Point X,” whereas the various inlets at the
bottom of the cabinet are carmarked by the dotted line
designated “Peint ¥Y.” 1t is secn that each channel of
air flow at point X is opposcd by an air inlet at point
Y. Thus the top openings 178, 172, 173 and 174, at
point X, have below thein corresponding inlets 176A,
172A, 173A, and 1744, at point Y. The various open-
ings for the coidest air, openings 35, 56, $6 and 76 are
all above the opening 1§ for the coldest air at the base
of the cabinet, the latter directly feeding into first the
dennmidifier aszembly and then the main refrigerating
means and circulatory syster.

It should thus be under-
stood that the foregoing arrangement is

such that only
the coldest available air eniers the inlet 16, with the next
coldest air entering the inlet 170a, the next coldest, the
inlet 172a, ete. For a further understanding of the nature
of this air curtain principle, the following chart represents
the approximate funciicning of the unit insofar as the
protective curtain is concerned.

CHART INDICATING TEMPERATURE
GRADIENTS

(Temperature in Falrenheit degrees)

Multiple | At Point At Point ‘ Multiple
Air Curtain “xr oY iAdr Curtain
Qutlets Inlets
170 plus 30° plus 30° 170n
172 plus 40° plus 40° 17%
173 plus 50° plus 50° 173a
174 plus 60° ‘ Pplas 60° 1740
Tpper | At Outlet | At Shelf 50 [ At Ttet

Outlet |

35 —10° | o° l plus 20°
At Shelf 60

56 —10° 0° plus 13°
At Shielf 75

66 —10° 0° plug 7°
At Bottom 7

76 —10° 0° 0°

The above chart is intended to iftusirate only one set
of typical temperatures which arc only approximately cor-
rect for one setting of the controls. The showcase of the
invention is capabic of other temperature gradients and
other temperatures. In fact, and as an exampte, with the
proper settings the coldest air at point X can be plus 40°.
Then the temperature gradienis will progress to a room
temperature of 76° in much smaller steps. Thus while
the functions of the invention have been described with
respect to the temperature gradients suitable for frozen
foods, the apparatus of the invention works equally well
for other products, such as dairy goods, the latter in-
volving higher {emperatures. The desired temperature
gradients can be attained and controlled simply by ther-
mostats which regulate fhe suction pressure of the re-
frigerant in the coils.

The desideratum of obtaining effective insulation for
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“short runs” of the air stream is illustrated in the above
chart by reference to the temperature emanating from
the upper opening 35. At point X this temperature is
—10° F. Temperature increass in any substantial amount
by coniact with the layer of air emanating from opening
17g does not occur because the traverse distance of the
coldest air from opening 35 is only approximately 14
inches, i.e., from the top of the cabinet to the first shelf.
Hence, this cold air supply is replenished at the discharge
ounilet 56 of the next shelf, thus rigidly maintaining the
desired low temperature of —10° F. In further illus-
trating this point the above chart indicates that at shelf
59 the temperature will not reach above zero degrees F.,
it being apparent that with cold air discharge at 66 and
76 the immediate curtain in front of the shelves will reach
{he point of re-catry, 19, into the refrigerator apparatus
at a temperaiure of no more than zero degrees F.

There is another aspect of insulation accomplished by
the mechanism performing this muliiple air concept. For
example, referring to FIGURES 2, 5 and 6 it is seen that
{here are four layers of air from inside to out which re-
spectively have a temperature gradient of 30°, 40°, 50°,
and 60°. As is customary in the fabrication of any such
insniated unit, the side wall 5 on each side of the unit
is metallic and ordinarily insulation of conventional ma-
terial would have to be provided along the comntacting
corners of this side wall where comntact is made with each
cf the passageways for Lhe separate layers of air. Ordi-
narily, this would pose a practical problem of effective
insulation. In the instant construction however, each
layer is at a lower temperature than the adjacent layer,
and thus the metallic lining is gradually cooled until it
reaches —10° F. at the interior of the cabinet. Hence,
the multiple passageways effectively prevent temperature
loss, by conduction of heat through the metallic end
linings, for the end portions thereof are gradually warmed
to a maximum of 6¢° F.

This same feature of multiple, exterior, cool air pas-
sageways minimizes the formation of condensation upon
the outside (i.e., top, backwall and bottom) of the cabinet,
inasmuch as the temperature difference between room tem-
perature and the ou sida metallic wall, as backwall 1, is
only 10°. That is, this outside wall will be at a tempera-
ture of approximately 60° F. With room temperature
at 70°, the 10° temperature differential is such as to pre-
clude frosting and also inhibits condensation. It has been
found that even with respect to the passageway adjacent
the cabinet, passageway 164, the temperature therein,
30° F., is not sufficiently low to involve frosting. Fur-
thermore, ihis air has been comparatively dehydrated
for it has mixed somewhat with the very dehydrated and
coldest air, and thus does not contain enough moisture
tc cause subsiantial condensation. Additionally, any
condensation that may be formed in this interior channel
or passageway can be accounted for by suitable drainage
lines at the bottom of the cabinet,

Another embodiment of the invention is shown in
FIGURES 6 to 11, inclusive. Here much the same con-
struction is involved, but greater emphasis is placed upon
{he structure which permits foller control of the metering
of the cold air supply. This unit has a similar series of
passageways swrounding the entire unit and again re-
ferred to as forming a part of the circulatory system B.
A different arrangement of elements is utilized, however,
in controlling air flow within the cabinet and in auto-
matically dehumidifying the coldest, recycled air. In this
embodiment, finer adjusiments for metering the cold air
supply, particularly through each of the shelves, is
possible.

Again referring firsily to the circulatory system A, it
is seen that the same general type of main refrigeration
unit 100 is employed and located in the same relative
position as indicated in, e.g., FIGURE 2, described above.
The two dehumidifying units, here 301 and 392 are lo-
cated, as in the former case, in the front of the cabinet
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and ai the base thereof. The bottom of the cabinet 365 is
here shown as provided with insulation 310, both coil sys-
tems being located immediately under this bottom element
305. Two adjustable dampers, 339 and 332, are used to
close off one of the dehumidifying coils when the other
is functioning to remove moisture from the coldest air
which descends downwardly over the front of the cabinet,
Referring to FIGURES 6, 10 and 11 it will be seen that
the dampers 330 and 332 are controlled to move from
the position shown in FIG. 6 (covering the front and rear
of the top coil 301) to an intermediate position shown in
FIGURE 11 (wherein the dampers are spaced from both
coils 361 and 302 to permit air flow through both coils)
and then to the position shown in FIGURE 10 (covering
the front and rear of the lower coil 302). Each of the
coils 301 and 302 is defrosted in a relatively short period
of time in alternate cycles during operation of the main
refrigeration coil 100, and then the dampers 330 and 332
are moved to the intermediate position (FIGURE 11)
thereby facilitating air flow and more efficient dehumidify-
ing than with only one coil—particularly as the coils ac-
cumulate frost during the operative periods thereof.

The control takes the form of a known type of timer
mechanism TM which by suitable links 335 and 336 is
directly interconnected with a control rod 337. The
latter is fixed to a link 338 and the latter, by a pin and
slot interconnection with the damper 330, functions to
lower or raise each of the dampers to the desired position.
The link 337 is also interconnected to a cog wheel or gear
340, the latter driving another small cog wheel or gear
341. The driven gear 341 is adapted to pivot an addi-
tional link 348 which in a like manner, operates the out-
side damper 332.

The opposite side of the damper control mechanism
which has just been described is of the same construction.
Referring to FIGURE 8, it is seen that two similar en-
gaging gears 342 and 343, are respectively connected to
the control rods 345 and 346, which support and control
the dampers 332 and 330 at the other side of the unit,
The rear damper, is as explained above, pivoted for the
described movement upon a centrally positioned pivot 333
and similarly, the forward damper 332 is pivoted upon the
pivot pin 331, such pivot pins extending across the width
of the two defrost coils.

Defrosting of the main refrigeration mechanism 1690 is
preferably accomplished by forcing hot gas from the com-
pressor unit through these refrigeration coils. Specific
means for by-passing the hot gas line of the refrigeration
system to force this media through the main refrigera-
tion coils is not here shown, it being sufficient to point
out to those skilled in the art that such means can be
automatically timed to defrost the main coils in this
fashion or at any predetermined and spaced periods of
time which appear to be desirable. Since the air entering
the main refrigeration unit is practically dry, the moisture
having been removed by the preceding defrost coils, the
main coil 16¢ will collect very little frost and will not
require defrosting more than once in every twenty-four
hours,

Deirosting of the dehumidifying coils 361 and 392 is
mainly accomplished by timed cycling of the hot gas from
the refrigeration mechanism through such coils. Heating
elements such as those indicated at 312 and 313 are
utilized to prevent ice from forming and sticking the
dampers 332 and 336 shut. Such heating elements can
be of the electric blanket type, thermostatically controljed
or controlled by suitable timer mechanism to be actuated
for defrost purposes at timed intervals, the interval here
being more frequent than with respect to the main refrig-
eration unit, defrost being accomplished for example, of
a given defrost coil, every two hours. Commercial heat-
ing elements for the desired function are well known, as
for example those sold under the trademark “Uskon.”
At any rate, and taking the example of FIGURE 6, it
may be assumed that the upper dehumidifying coil 301

is being defrosted in the manner indicated. The heating
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elements which are here shown are affixed to the two
dampers on each side of that coil. Such coil 301 is at this
time insulated from the other refrigerating system by such
dampers. During defrost of one coil, the other defrost
coil 302 is at normal refrigerating temperature and the
air from duct 10 now passes over the latter coil which
cools such air and removes practically all its moisture,

Several drain troughs are provided for carrying off the
condensate, such as the troughs 320, 321 and 322 at the
base of the unit, and the trough 324 which runs in be-
tween the two dehumidifying coils 301 and 302 and is
adapted to receive condensate from the upper coil 361.
All four drain lines are adapted to lead to additional dis-
charge lines for discharge of condensate exterior to the
cabinet, the latter not being shown herein.

To prevent freezing of condensate during periods of
defrost of either the main refrigerating coil or either of
the dehumidifying coils 301 and 302, additional heating
elements are located around these respective units,

With respect to the main refrigeration coil 100, the
heating element 315 is positioned underneath the base of
this element and extends down into the trough 320 so that
during periods of defrost of this main coil the condensate
Is not frozen but remains in liquid form to be discharged
into the trough 320 and out of the unit.

Similarly, the two discharge troughs 321 and 322 are
lined with a like type of heating means indicating at 316
and 323. The heating element 316 is located immediately
underneath the lower defrost unit 362. An additional
heating element 323 extends along the vertical member
26b; in other words the same is mounted exactly opposite
the two defrost units 301 and 392,

These heating units whick extend along the base and
lower front of the unit can also be antomatically timed
by known circuit controls so that when the main coil is
being defrosted the heating element 315 is also actuated
to assure free flow of condensate, A like timing of actua-
tion of the heating elements 316 and 324 is accomplished
during alternate functioning of either the defrost coil 301
or the defrost coil 302, In all events a small electrical
pump may be utilized for forced discharge of frost water,
if 30 needed.

Circulation for the coldest air in the interior of the
cabinet is obtained through a blower arrangement similar
to that described with respect to the embodiment of the
i i 2. In this instance, however, two
centrifugal blowers 356 and 351 (FIGURE 8) have dis-
charge outlets 352 and 353, respectively, that Jead directly
into the space or duct 39 between the two wall clements
21 and 28. These two blowers are driven in unison by
a motor 355 mounted upon a common shaft with such
blowers., Here again, the coldest air descending from
the outlets of the respective shelves ig forced, first
through the dehumidifying arrangement just described,
and thence through the main refrigeration unit 160, to
be picked up by the two identified centrifugal blowers
and forced upwardly along the duct 39, laterally through
each shelf and laterally through the top outlet 35,

However, in this version of the invention, more precise
metering of this air flow is obtained through the use of
hinged elements located upon the back of each shelf and
within the referred to cold air duct 30. In each instance
the hinged elements 378, 371 and 372 are pivoted to the
top plates 50, €0, and 70 of the respective shelves.
Cbviously, if such hinged elements are moved towards
the front, less cold air is permitted to flow through the
duct formed by each of the shelves 6; whereas, if these
hinged flaps are moved towards the rear, a maximum
amount of air flow is obtained through each shelf since
there is a maximum pick-up by each flap. Such a mecha-
nism permits fine adjustment of the amount of air flow
through each shelf and permits also the obtaining of a
predetermined ratio of air flow within prescribed limita-
tions to meet optimum performance. Ordinarily, the
scoop 372 will be adjusted to scoop approximately one-
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fourth of the cold air, scoop 371, one-third thereof, and
scoop 370 one-half of the remainder.

Adjustment of each of these flap metering elements
is obtained by a fixture in the form of a screw element
such as those shown at 374, 375 and 376. These are
threaded into an appropriate aperture in each of the
pivoted flaps and so located as to be within reach of the
operator from the front of the unit, Thus, by turning
such threaded control member to right or left the amount
of inclination of the particular flap involved can be readi-
1y adjusted.

An additional and adjustable metering of the air flow
is also obtained, in this version of the invention, through
appropriate mechanism positioned in the lower plate of
each of the shelves as well as the plate 24a which com-
prises the inside top of the cabinet. This control takes
the form of a serics of slots 389 in each of the shelves
(FIGURE 9) through which cold air is permitted to pass
within prescribed limits as indicated by the directional
arrows found in FIGURE 6. The amount of such air
fow is controlled by using a series of lateral slides 385
that are positioned adjacent to each of these slots and can
be used to entirely close a given slot or to open the same
an amount which has been determined to be the best
for peak performance. When positioned in desired rela-
tionship to each of the slots 380, these slide elements 385
are locked in position by suitable screw elements 390
(FIGURE 9).

The two-fold metering of the coldest air (i.e., metering
through adjustment of the flaps such as flap 370, and
metering obtained by adjustment of the slides 385 over
the respective slots 388) enabies proper balancing to
obtain efficient cooling of all frozen food packages on
each shelf. Such packages are cooled on each shelf by
conduction, and by air flow through packages under-
neath the several cold air outlets, cold air descending to
the packages immediately underneath. The upper por-
tion of each shelf space is also cooled by conduction
through the hollow metal shelf above. In addition to

this cooling by conduction through the cold air ducts

which form the bottom, back and top of ecach shelf, cold
air emerging from each shelf through the metered slots
385 reduces the tendency of warm room air to enter the
interior shelf space by creating a slight outward motion
of the cold air in this space. It should further be ob-
served that the cooling layer is further protected by the
falling air streams which emerge from the openings in
the forward end of each shelf, namely openings 33, 50,
66 and 76, these openings being continuous and extend-

ing along the entire front edge of all shelves above the ;

lower shelf. Additional insulation and protection against
room air entering this interior shelf space is secured by
the protective layers of air emitted from the top outlets
170 to 174, inclusive, as these air streams move down-
wardly from such openings to their pick-up point at the
bottom of each unit.

In the foregoing discussion, reference to metering of
air flow by means of adjusted or adjustable openings is
not intended to imply continuous, auntomatic or periodic
manual changes in the setting of such metering devices.
They do, however, signify that optimum air flow is ob-
tained by proper balance of the involved variables, such
as motor speeds, motor power, blower characteristics,
duct sizes, and size of air discharge openings, all of which
constitute variants which can be readily coordinated by
those skilled in the art to achieve peak performance of
the unit.

There is present a natural and “internal” resistance in
this air flow circuit and thus slight changes in external
resistance such as results from the frosting of the de-
humidifying coils do not materially affect the amount of
air discharged through either the openings in the lower
plate on each of the shelves or the downwardly directed
discharge openings at the end of each of the shelves.
However, consideration of such factors as those men-

(&

i8

tioned is important to maintain uniform air flow during
the entire operating time between defrost cycles. In any
event, the metering adjustments such as the described fiap
clements at the back of each shelf are sef to secure
proper distribution of air to the several hollow shelves.
Once set, these adjustments are locked in place and re-
quire no further atlention.

Similarly, the thickness of the air streams which form
the multiple curtain of air and which are discharged
through the several openings at the top of the unit, namely
openings 178, 172, 173 and 174, is predetermined by
forming such downwardly directed discharge ducts to de-
liver air streams of the desired width to form an air
wall of substantial depth from the display area cutwardiy.
The velocity of these air streams at the point of emerging
from their respective ducts can be so controlied as to
obtain minimum turbulence with maximum protective
effect. Such can be accomplished by adjusting the size
of the corresponding blower inlets which fesd the lower
inlets to the blowers effectuating circulation of the ex-
ternal air streams, ie., those primarily forming the pro-
jected multiple curtain of cold air. Hence, the instant
invenlion presents apparatus which enables maintaining
the correct relationship between air velocities and volume,
thus achicving a multiple air curtain which effectively at-
tains and preserves low temperatures within the cabinet,
despite the open front construction.

Tt is further to be observed that in foltowing the novel
scheme of this invention, the flow of cooling and protec-
tive air must be continuous. If the delivery of cold air
to the metered openings in cach of the shelves (as de-
scribed with respect to the second embodiment of the in-
vention) is interrupted, even for relatively short periods
of time, warm and humid air will circulate through the
product filled packages on the shelves; the packaged goods
will then become warmer and heavy condensation results.
In this event, the package loaded shelves could not be de-
frosted without producing an undersirable mass of ice and
water among the products stored thereon. Accordingly,
in the concept presented by this invention, provision is
made for a system which will continucusly supply cold air
through the hollow shelves and through such metered
openings without interruption and without any significant
increase in temperature during the defrosting period.
Such is achieved by the combination air cocling and de-
humidifying system housed in the base of this novel unit
and by alternate defrosting incorporated in the refrigera-
tion system which may be housed in the base of the
cabinet, as shown in FIGURES 2 and 6.

A further differentiation in this version of the inven-
tion is found in the relative location of the blower art-
rangement for the external circulatory system B, Le., the
cycling of the air in layers around the periphery of the
unit. Here a series of blowers 406, four in number, are
Jocated upon the top of the unit as shown in FIGURE 6.
Although all of these blowers are not shown, they are
positicned in much the same manner as the blowers here-
tofore described with reference to FIGURE 2, each of
them being mounted upon a commaon shaft 462 and feed-
ing separately into one of the different passageways 160,
162, 163 and 164, as may be understood from inspection
of FIGURE 7.

In this invention also, use is made of a curtain 410 as
diagrammatically indicated in FIGURE 6 which is adapted
to enclose the entire front of each unit during periods
when the same is not open for use, ie., at night when
the desired temperature is maintained, but the metering
air streams are not permitted to intermingle at all with
any air at roon1 temperature.

1 have also found it expedient to divide the shelves by
the use of transparent plastic or glass uprights 415
(FIGURE 7) which not only effectively support the
several shelves, but also reduce the effect of room air
movement on the protective air curtain.

The entire cabinet is so constructed that liquid lines,
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suction lines, and hot gas defrosting lines such as those
generally indicated at 420, as shown in FIGURES § and
9, as well as electrical power and control lines can enter
either below or above the cabinet, this feature permitting
installation in existing buildings without cutting trenches
in the usual concrete flooring. As originally installed,
with overhead lines, the cost of expanding or changing
the arrangement is much less, as a result of this design,
since new trenches need not be cut into the floor, nor
old trenches filled or covered. Although a series of ducts
are disclosed for discharging a wall of air of substantial
depth across the front opening of the display area and
for recirculating this air, it will be readily apparent from
the foregoing that a single duct of suitable design may be
utilized for forming such a wall of air having a tempera-
ture gradient thereacross.

As indicated in the foregoing, the unit or units con-
stituting this invention may be operated by an automatic
control system, the latter receiving signals which indicate
the start or end of certain time periods pertinent to the
operating cycle. Such a system contemplates reception
of signals which indicate the existence of certain tem-
perature conditions. Controls of this type are well known
to the art. Also, timing mechanisms which can suitably
time the periods of defrost for the main refrigerating
element as well as the dehumidifying coils are well known
to the art. Hence, thesc specific, known circuits do not
constitute a part of this invention, and are not specifical-
ly disclosed horein. Reference is therefore made only
to the over-all functioning which is obtainable by the
use of such circuits: a repeat cycle timer can be used to
transmit the signals which start the defrost cycle, such
timer being electrically driven and controlling the alter-
nate defrosting of either defrost coil at any time intervals
set into the timer. After the recovery period of either
defrost coil from the defrost condition to full refrigera-
tion temperature has been determined experimentally, this
time is set into the timer. The timer can then be organized
to iransmit to the automatic control system that the coil
last defrosted has recovered to full refrigerating tem-
perature.  Known elements, such as appropriate latching
relays, can be utilized in such a circuit to transmit this
cycle of two time signals alternately to the two dehumidi-
fying coils on defrost of the same. When the suction

line of a pariicular coil reaches the temperature which |,

indicates comiplete removal of frost from all parts of the
coil, its temperature control unit can be made to signal
the automatic control to stop defrost. A system of relays
can be incorporated in the automatic control unit which
will operate to actuate the elements of the refrigeration
and defrost systems to obtain the operation called for
by the received signal.

From the foregoing it will be understood that the basic
concept of this invention is the provision of thermal in-
sulation of the open front of the cabinet by the protective
action of downwardly progressing cold air streams
emerging from the several smaller ducts or the single
larger duct positioned at the top frontal opening of the
cabinet., In addition, cold air emerges from the adjustable
vents provided in each of the shelves, as well as the top,
and this also joins the descending air stream. Air emerg-
ing from the downwardly directed passageways in the
front of each shelf additionally forms a cold, downwardly
directed stream immediately in front of all of the shelves.
Being vertically disposed, the progress of all such cold air
streams is facilitated by natural convectional forces,
Any tendency for these air streams to increase in tem-
perature during downward movement is counteracted by
the cold air emerging from the adjustable vents 380 which
flows over and in contact with the packages on the shelf
immediately underneath, As this composite air stream
moves downward to the bottom of the unit, any tem-
perature drop is further counteracted by the relatively
cold air siream emerging from the adjacent multiple pas-

sageway openings such as 170, This process is repeated 7
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in front of each shelf and thus a temperature gradient is
established in this composite air stream from very cold
(—10° to —15° F.) on the side nearest the cabinet to a
temperature only slightly below room temperatures on
the side farthest from the cabinet.

The cold air emerging from the discharge point, as
for example outlets 35 and 56 on the one hand and slots
380 on the other, is practically, if not completely, dry.
The humidity gradient thus established in this descending
air stream greatly reduces, if not eliminates, any lend-
ency for frost to form on shelves and packages.,

The cool cumulative effect to the air streams, properly
adjusted in volume and velocity and produced and di-
rected as described herein, to maintain the indicated
temperature and humidity gradient, forms the thermal in-
sulation which, in this invention, achieves storage and
display on open front shelves at below zero tempera-
tures without excessive frosting and without discomfort
to the shopping consumer,

In addition to the foregoing, ie., achievement of low
temperature control within the cabinet, the system also
provides for effective thermal insulation of the bottom,
back and top of the cabinet. Although only approxi-
mately two inches of conventional insulating material
may be used on these surfaces it has been found that the
temperature gradient of this air is in the vicinity of 40°
F. and colder. As this air passes through the multiple
air ducts along the back of the unit, through the blowers
on the top of the case (as in the second embodiment de-
scribed herein) to the several respective discharge ducts,
it is in contact with the metal sheathing which contains
the insulation 23, thus any thermal losses through the
insnlated outer wall 20 will lower the temperature of the
air passing through the adjacent duct (164) and this
in turn will lower the temperature of the air discharged
from this particular duct, thus increasing the efficiency
of the protective air stream. In like manner, thermal
transfer from duct 164 to duct 163 will lower the tem-
perature of the air in the latter and some of the loss
in the first duct will be recovered by an increase in the
effectiveness of the air stream in the second duct, 163.
The same applies to the two outer ducts (herein referred
to at 160 and 162)., The air discharged from the out-
side duct will be only a few degrees below room tem-
perature and that is also true of the air entering this out-
side duct at the bottom of the frontal opening of the
unit, Due to this small temperature difference, there
is very little thermal transfer from room air to the
layer of air represented by that which is discharged from
the outside duct (here indicated at 174). 1t is also to
be noted that the low dry bulk temperature of the air
entering the duct closest to the casing permits the use
of a comparatively thin insulated layer of conventional
material, such as that indicated at 23, yet without con-
densation of moisture on the outer shell 1 of this struc-
ture,

In the foregoing, a novel concept, method and mecha-
nism have been disclosed which presents the practical so-
lution to those difficulties heretofore encountered in the
construction and operation of the open type of refrigerated
showcase. Although it is obvious that the principle of
the invention may be varied in many ways and other
expedients or alternates employed to accomplish the pur-
poses hereof, it is to be understood that my invention
is to be limited only to that scope expressed by the fol-
lowing claims.

What is claimed is:

1. In an open front refrigerated cabinet and internal
cold air cooling and recycling system and an air recycling
means for cold air externally of said cabinet, said system
including at least one shelf having a passageway there-
through, said passageway terminating in a downwardly
directed spout at the edge toward the front of said case,
said means including a plurality of adjacent ducts around
said cabinet terminating in downwardly directed dis-
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charge points at the top of said open front, the outer
of said ducts being in contact with air at ambient tem-
perature, a refrigerating means for said cabinet, and means
at the bottom of said case to pick up air from said spout
and said discharge points and recycle same to said shelf
and said ducts.

2. In an open front refrigerator cabinet having display
shelves therein, said shelves having cold air passageways
therethrough terminating in downwardly extending spouts
at the front thereof, means to force cold air through said
shelves, multiple cool air ducts around said cabinet ter-
minating in downwardly directed openings above said
spouts, means to refrigerate and to recycle said cold air
and said cool air through said shelves and said ducts
respectively, a dehumidifying means for air entering said
ducts and said passageways comprising at least two refrig-
erating coils for the collection of frost and means to de-
frost said coils alternately so as to render said dehumidify-
ing operation continuous during operation of said refrig-
erating means.

3. In an upright, open front refrigerator cabinet hav-
ing laterally disposed display shelves therein, said shelves
having cold air passageways therethrough terminating
in downwardly extending spouts at the front thereof, a
vertical cold air duct in back of said shelves and in in-
terconnection therewith, means to force cold air through
said duct, said passageways and said spouts, muitiple ad-
jacent cool air ducts around said cabinet terminating in
downwardly directed openings above said spouts, said
ducts being in heat exchange relationship with the exterior
of said cabinet, the outermost of said ducts being in con-
tact with air at ambient temperature, means to refrigerate
and to recycle said cold air and said cool air through
said passageways and said multiple ducts respectively,
and means for metering the amount of air to each of said
shelves comprising adjustible air pick-up members at the
back of each shelf and extending into said cold air duct.

4. In an upright, open front refrigerator cabinet hav-
ing laterally disposed display shelves therein, said shelves
having cold air passageways therethrough terminating
in downwardly extending spouts at the front thereof, a
vertical cold air duct in back of said shelves and in in-
terconnection with said passageways, means to force cold
air through said duct and said passageways, multiple ad-
jacent cool air ducts around said cabinet terminating in
downwardly directed openings above said spouts, said
multiple ducts being in heat exchange relationship with
the exterior of said cabinet and the outermost of said
ducts being in contact with air at ambient temperature,
means to refrigerate and to recycle said cold air and said
cool air through said passageways and said multiple ducts
respectively, and metering means in said cold air ducts and
in said shelves for adjusting air flow through said shelves,
said duct metering means comprising adjustable air pick-
up scoops in said cold air duct and depending from each
of said shelves, and shelf metering means comprising a
slot in each shelf having an adjustable cover thereover
to enable adjustment of the size of said slot, whereby the
amount of air passing through said spouts and said slots
can be proportioned and adjusted.

5. In an upright refrigerator showcase having an open
front, a series of hollow, laterally disposed shelves, said
shelves having downwardly extending discharge open-
ings at the front thereof, said discharge openings being in
approximate vertical alignment, a cold air duct behind
said shelves and interconnected therewith, said duct hav-
ing a discharge outlet above said discharge openings,
means extending into said duct to adjust the amount of
cold air feeding into each of said shelves, a refrigerating
means for said showcase, means at the bottom of said
case to pick up and recycle descending cold air from said
discharge openings through said refrigerating means, said
duct, and said shelves, and a series of passageways sur-
rounding said showcase, the outermost of said passage
ways being in contact with air at ambient temperature,
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said passageways terminating in downwardly directed cool
air outlets at the top and front of said showcase, said
outlets being arranged to direct layers of air in approxi-
mately paralle! relationship with said vertical alipnment
of said discharge openings to provide a curtain in front
of said descending cold air, and means to force cool air
from said cool air oulets and said discharge openings
through said passageways.

6. In a refrigerator cabinet having an open front, a
series of laterally disposed shelves therein having cold air
channels therethrough, said shelves having downwardly
extending discharge openings at the front thereof, a cold
air duct behind said shelves and interconnected with said
channels, means extending into said duct to adjust the
amount of cold air feeding into each of said shelves, elon-
gated, adjustable slot means in each of said shelves to
permit cold air to be discharged downwardly to the shelf
below, a refrigerating means in said cabinet, means at the
bottom of said cabinet to pick up and recycle descending
cold air from said discharge openings through said re-
frigerating means, said duct, and said shelves, means in
interconnection with said refrigerating means fo de-
humidify said cold air prior to reaching said refrigerating
means, said dehumidifying means comprising at Jeast two
refrigerating coils for the collecticn of frost, and means
io defrost said coils alternaiely in timed relationship so
as to render said dehumidifying operation continuous
during operation of said refrigerating means.

7. In a refrigerator system for an open fremt showcase,
means to recycle air at the bottom and front of said
showcase comprising an air inlet at said bottom and {ront
and a blower means in interconnection therewith, a main
refrigeration means in interconnection with said blower
means, and a dehumidifying system for said air posi-
tioned in advance of said main refrigeration means, said
system comprising two refrigeration coils, damper mcans
arranged to cover first one and then the other of said coils
during defrosting thereof, and heating means on said
damper means to prevent freezing of condensation from
said coils after defrosting thereof.

8. In a refrigerator system for an open type showcase,
means to recycle air at the bottom and front of said case
comprising an air inlet at said bottom and front and a
blower means in interconnection therewith, a main re-
frigeration means in interconnection with blower means,
and a dehumidfying system for said air positioned in ad-
vance of said main refrigeration means, said system coim-
prising at least two refrigeration coils, pivoted damper
means arranged to pivot to cover first one and then the
other of said coils during defrosting thereof, heating
means on said damper means to prevent freezing of con-
densation after defrosting of said coils, and means to pivot
said damper means at timed intervals to provide a closed
chamber for first one and then the other of said coils
during operation of said main refrigeration system.

0. In a refrigerator system for a showcase having an
open front, means fo discharge cold air in metered
streams down said open front, means to discharge a
multiple curtain of progressively warmer air in front of
said metered streams and at the same velocity thereof,
means to recycle the air of said metered streams at the
bottom and front of said showcase comprising an air
inlet at said bottom and front and a blower means in inter-
connection therewith, a main refrigeration means in inter-
connection with said blower means, and a dehumidify-
ing system for said positioned in advance of said main
refrigeration means, said system comprising at least two
refrigeration coils, damper means arranged to cover first
one and then the other of said coils during defrosting
thereof, and heating means on said damper means to pre-
vent freezing of condensation after defrost of the covered
of said coils, and means to operate said damper means to
sequentially position said damper means over one and
then the other of said refrigeration coils during allernate
defrosting thereof.
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10. In an open front refrigerator case, a series of ad-
jacent cold air ducts arranged along the bottom, back and
top of the case and adapted to discharge cold air layers of
various degrees of temperature, said ducts directing said
air downwardly to fall in a mass with the coldest air layer
next to the interior face of the case and the progressive
layers ranging in temperature, said ducts directing the
warmest air layer furtherest from the exterior face of said
case, and the exterior of said ducts being in contact with
air at ambient temperature, and means in said case to
coal said cold air layers.

11. In an open front refrigerator case, a series of cold
air ducts disposed around the bottom, back and top of
the case, said ducts being arranged to discharge cold air
layers of various degrees of temperature, said ducts down-
wardly directing said layers, said ducts directing the cold-
est air layer next to the interior face of the case and
progressive warmer layers outwardly from said case, the
warniest air layer thereof being next to the exterior face
of the case and in contact with air at ambient temperature,
and an air mass entrapping duct located at the bottom
of the case for removal of said layers, and means in said
case to cool said cold air layers.

12. In an open front refrigerator case, a series of cold
air ducts disposed around the bottom, back and top of
the case, said ducts being arranged to discharge cold air
ayers of various degrees of temperature, said ducts dis-
charging said air Iayers in a mass with the coldest air
layer next to the interior face of the case and progressive
layers ranging in higher temperature outwardly thereof,
the outer of said ducts discharging the warmest air layer
and being in contact with air at ambient temperature,
an open duct located at the bottom of the case adapted
to remove and discharge a portion of said air layers to a
refrigerating unit, and means to recycle said air from said
unit to said ducts at the top of said case.

13. In an open front refrigerator case, a series of cold
air ducts around the exterior of the case adapted to dis-
charge cold air curtains of various temperature gradients
over the front of said case, said ducts directing said air
to fall in a mass with the coldest air layer next to the
interior face of the case and successive, higher tempera-
ture air layers exteriorly thereof, the outer of said ducts
directing the warmest air layer exteriorly of the other
of said ducts, a series of open ducts positioned at the
bottom and generally parailel to the front of the case,
said open ducts being positioned to entrap the coldest
air in the duct next to the interior open face of the case,
the successive of said open ducts being disposed to trap

successively warmer layers of air, the outer of said open

ducts being disposed to capture the warmest layer of air
of the falling air mass, said cold air ducts extending
around the exterior shell of the case, said outer duct being
disposed in juxtaposition to the outer of the said open
ducts for transporting the warmest air, the other of said
ducts being disposed adjacent to each other whereby the
air temperatures of the successive ducts graduate from
the warmest air duct at the outer shell of the case to the
coldest air duct located next to the inner shell of the
case, and means for refrigerating and recycling said air
through the cold air ducts located at the top of said case.

14. In an open front refrigerator cabinet having multi-
ple display shelves therein, said shelves having cold air
passageways therethrough terminating in downwardly ex-
tending spouts at the front thereof, means to force cold
air through said passageways, said means including a verti-
cal cold air duct behind said shelves and in interconnec-
tion therewith, multiple cool air ducts around said cabinet
terminating in downwardly directed openings above said
spouts, means to refrigerate and to recycle said cold air
through said cold air duct, means to recycle said cool
air through said multiple ducts, said refrigerating means
including a dehumidifying means for air entering said cold
air duct and said passageways, said last named means com-
prising at least two refrigerating coils for the collection
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of frost and to refrigerate said air, and means to defrost
said coils alternately so as to render said dehumidifying
operation continuous during operation of said refrigerat-
ing means,

15. In an open front refrigerated cabinet, an external
cool air recycling system and an internal cold air cooling
and recycling system, said internal system including a
plurality of shelves having cold air passageways there-
through, said passageways terminating in downwardly
directed openings near said open front, said external cool
air recycling system comprising a plurality of ducts around
said cabinet and exterior thereto, the outermost of said
ducts being in contact with air at ambient temperature,
said ducts terminating in downwardly directed discharge
points positioned at the top of said open front, a refrigerat-
ing means for said cold air, dehumidifying means in the
path of said recycled cold air, means to pick up air from
said discharge points and said openings and recycle same
to said dehumidifying means, said refrigeration means of
said cold air system and to said ducts and said pas-
sageways.

16. In a refrigerated cabinet having an open front, an
external coo] air recycling system and an internal cold air
cooling and recycling system, said internal system includ-
ing a shelf having a cold air passageway therethrough,
said passageway terminating in an opening within said
cabinet, said external cool air recycling system comprising
a plurality of exterior ducts around the boitom, back and
top of said cabinet, the outermost of said ducts being in
contact with air at near ambient temperature, said ducts
terminating in discharge points at the top of said open
front, a refrigerating means for said cold air, means to
pick up air from said discharge points and said opening
and recycle same to said ducts and said passageway, and
dehumidifying means for recycled air to dehumidify said
recycled air prior to entry into said refrigerating means.

17. In an open front refrigerator cabinet having at least
one dispiay shelf therein, said shelf having a cold air
passageway therethrough terminating in a discharge open-
ing, air distribution means to feed cold air through said
passageway, means forming an air curtain across said open
front of said cabinet, means to refrigerate and recycle said
cold air through said distribution means and passageway
in said shelf, dehumidifying means comprising at least
two refrigerating coils for the removal of water vapor
from said cold air prior to admission thereof to said re-
frigeration means, and means to completely isolate and
defrost said coils alternately so as to render said de-
humidifying operation continuous during operation of
said refrigerating means.

18. In an open fromt refrigerated cabinet, an internal
cold air cooling and recycling system and an air recycling
means for cold air externally of said cabinet, said system
including at least one shelf having a passageway therein,
outlet means for discharging cold air from said passage-
way into said cabinet, said air recycling means including
at least two adjacent ducts around said cabinet terminat-
ing in discharge openings at the top of said open front,
the outer of said ducts discharging a wall of air in contact
with air at ambient temperature, refrigerating means for
said cabinet, and air return means at the botiom of said
case to pick up air from said outlet means and said dis-
charge openings and for recycling same to said shelf and
said ducts, respectively.

19. In an upright refrigerator showcase having a dis-
play area with an open front, a series of holiow, verti-
cally spaced shelves having discharge openings at the front
thereof, said discharge openings being in approximate
vertical alignment, a cold air duct behind and above said
shelves and interconnected therewith, said duct having a
discharge outlet above said discharge openings, means ex-
tending into said duct to proportion the amount of cold
air feeding into each of said shelves, refrigerating means
for said showcase, air return means in said show caseg to
pick up and recycle descending cold air from said dis-
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charge outlet and openings through said refrigerating
means, said duct and said shelves, and passageway means
surrounding said display area and terminating in down-
wardly directed cool air delivery means at the top and
front of said showcase, said passageway means being ar-
ranged to direct a multiple air curtain of substantial depth
across said open front of said display area in front of said
descending cold air, and means for recycling air curtain
air through said passageways meass.

20. In a refrigerator system for an open front show-
case, means to recycle air at the bottom and front of said
showcase comprising an air inlet at said bottom and front
and blower means in interconnection therewith, main re-
frigeration means in interconnection with said blower
means, and a dehumidifying system for said air positioned
in advance of said main refrigeration means, said system
comprising two refrigeration coils, means for isolating
each of said coils from said main refrigeration means dur-
ing predetermined operative periods of said main refriger-
ation means, heating means for defrosting said coils and
means for supplying heat to said coil isolating means to
maintain said last named means in operative condition.

21. In a refrigerator system for an open type show-
case, means to recycle air at the bottom and front of said
case comprising an air inlet at said bottom and front and
blower means in interconneclion therewith, main refrig-
eration means in interconnection with blower means, and
a dehumidifying system for said air positioned in advance
of said main refrigeraticn means, said system comprising
at least two dehumidifying coils, and piveted damper
means arranged to pivot to cover first one and then the
other of said coils during defrosting therecf and having
an intermediate position for air flow through both of said
coils during non-defrosting periods thereof,

22. In a refrigerator system for a showcase having a
display area with an open front, means to discharge cold
air into said display area and in metered streams down
said open front to cool said display area, means forming
an air curtain of substantial depth across said open froat,
said curtain having progressively warmer air outwardiy
of said display area in front of said metered streams,
means to recycle the air of said metered streams at the
botiom and front of said showcase comprising an air inlet
at said bottom and front and blower means in intercon-
nection therewith, main refrigeration means in intercon-
nection with said blower means, and a dehumidifying sys-
tem for said air positioned in advance of said main refrig-
eration means, said system comprising at least two refrig-
eration coils, damper means arranged to cover first one
and then the other of said coils during defrosting thereof
and having an intermediate position for air flow through
both of said coils during non-defrosting periods thereof,
means for prevenling freezing of said damper means
after the defrost period of each of said coils, and means
to operate said damper means to sequentially position
said damper means over one refrigeration coil interme-
diate both coils and spaced therefrom, and then over the
other refrigeration coil.

23. In a refrigerated case having a display area with
an open front, an external cool air recycling system and
an internal cold air cooling and recycling system, said
internal system including a plurality of shelves in said dis-
play area and having cold air passageways therethrough,
said passageways terminating in discharge openings near
said open front, said external cool air recycling system
comprising at least two ducts around said display area
and exterior thereto, the cutermost of said ducts defining
the exterior wall of said case, said ducts terminating in
downwardly directed discharge points positioned at the
top of said open front, refrigerating means for said cold
air, dehumidifying means in the path of said recyclad
cold air, means to pick up air from said discharge open-
ings and recycle same to said dehumidifying means, said
refrigeration means of said cold air system and to said
passageways.
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24. In a refrigerator cabinet including a refrigerated
product display area having an upright open side, means
to feed refrigerated air in metered streams to said product
display area, means to pass a plurality of said streams
downwardly along said open side, refrigeration means for
cooling said streams, means to remove said streams at the
Lottom of said product display area and recycle said
streams through said refrigeration means and said prod-
uct display area, means to pass additional cogl air in a
series of layers around said product display arca and
from the top thereof downwardly, said last named means
directing said cool air along the outside of said metered
streams to protect said metered streams from warmer,
external air, and dehumidifying means to continuouslty
remove water vapor from said metered streams prior to
admission to said refrigeration means.

25, In a refrigerator cabinet including a refrigerated
product display area having an upright open side, means
to feed refrigerated air in metered streams to said display
area, means to uniformly disperse said streams through-
out said product display area, means to pass a pluratity
of said streams downwardly along said open side, refrig-
eration means for cooling said sireams, means {0 remove
said streams at the bottom of said display area and recy-
cle said streams through said refrigeraiion means and
product display arca, duct means to pass additional cool
air in a series of streams around the bottom, back and top
of said product display area in heat exchange relationship
therewith, said duct means having a discharge opening to
direct said additional cool air downwardly from the top
of said product display area across said open front adja-
cent 1o and on the outside of said metered strearas where-
by said metered streams are protected from the turbu-
lence, humidity and higher temperature of air external to
said product display area, and means to continuously de-
humidify said metered streams prior to admission to said
refrigeration means.

26. An open front merchandiser having a display area
including a lower well portion and an upper shelf por-
tion, and a shelf positioned in the upper shelf portion of
the display area, said merchandiser having a refrigeration
system including first evaporator means for cooling air to
a low refrigeration temperature of below 0° F., second
evaporator means in advance of said first evaporator means
jor dehumidifying said cold air for suid merchandiser, air
distribution means for circulating the low temperature
air through the lower and upper portions of the display
area and forming a low temperature air curtain across
said open front, said last mentioned means including a
duct having an air discharge adjacent io the front of the
merchandiser at the top thereof forming said air curtain,
a secondary air outlet in said duct sufficiently near said
air discharge to support said air curtain, duct means below
said shelf arranged to transport cold air from the rear of
said display area to near the front of said merchandiser,
and means associated with said duct means to discharge
and direct the flow of air therefrom downwardly.

27. An open front merchandiser having a display arca
including a lower well portion and an upper shelf portion,
and a shelf positioned in the upper shelf portion of the
display area, said merchandiser comprising a refrigeration
system including first evaporator means for refrigerating
air to low temperatures below 0° F., second evaporator
means in advance of said first evaporator means for de-
hwmidifying said refrigerated air for said merchandiser,
means to periodically defrost said second evaporator
means, air distribution means for circulating the low tem-
perature air through the lower and upper portions of the
display area and forming a low temperature air curtain
across said open front, said last mentioned means in-
cluding a duct having an air discharge adjacent to the front
of the merchandiser at the top thercof forming said air
curtain, said duct having a secondary air outlet sufficiently
near said air discharge to support said air curtain, said
distribution means including a duct means below said
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shelf having means in association therewith and near said
open front to direct air therefrom in a downward direc-
tion, whereby low temperative air is discharged through
said secondary air outlet to support said air curtain and air
from said duct means below said shelf is directed down-
wardly by said associated means to maintain said air
curtain,

28. In an open front refrigerated cabinet having a dis-
play area, a cold air cooling and recycling system for said
area, said system including a shelf within said display area
having a cold air passageway therethrough, said shelf
having means near the outer end thereof to direct a cold
air curtain downwardly along the front of said display
area, said cold air curtain being of a temperature of from
sub-zero to 20° F., refrigerating means to refrigerate said
air 10 a degree sufficient to maintain said air curtain tem-
perature, means to dehumidify said cold air prior to ad-
mission to said refrigerating means and positioned in
advance thereof, means to periodically defrost said de-
humidifying means, means near the bottom of said display
area to pick up and recycle said air of said cold air cur-
tainn through said dehumidifying means and said refrig-
erating means, means to refrigerate an additional air
Stream 1o a temperature higher than the temperature of
scid cold air curtain, and means to discharge said re-
frigerated air stream of higher temperature than said cold
air downwardly from the top of said display area and in
Jront of said shelf to protect said cold air from external,
warmmer ambient air.

29. In a refrigerator cabinet having an open front, a
series of laterally disposed shelves therein having cold air
channels in association therewith, said channels terminat-
ing in discharge openings near the front thereof, said dis-
charge openings being arranged to direct cold air down-
wardly, a cold air duct behind said shelves and intercon-
nected with said channels, a refrigerating means in said
cabinet to refrigerate said cold air to sub-zero tempera-
tures, means at the bottom of said cabinet to pick up and
recycle descending cold air from said discharge openings
through said refrigerating means, means positioned in
advance of said refrigerating means to dehumidify said
cold air prior to admission to said refrigerating means,
means to cool air to a temperature above said cold air
temperature, means to discharge a wall of said cool air
downwardly from the top of said open front and immedi-
ately adjacent to and in front of said descending cold air
to protect said cold air from turbulence and from warmer,
ambient air, and means near the bostom of said open front
to pick up and recycle said cool air.

30. In a refrigerator cabinet including a refrigerated
product display area having an upright open side, means
to feed refrigerated cold air streams of a temperature be-
low 0° F., to said product display area, means to pass
said streams downwardly along said open side, a refriger-
ation means for cooling said streams to said temperature,
means 1o remove said streams at the bottom of said prod-
uct display area and recycle said streams through said
refrigeration means and said product display area, means
{0 pass an additional cool air stream of a temperature
higher than said cold air streams but lower than the term-
perature of ambient air around said product display areca
and from the top thereof downwardly, said last named
means directing said cool air stream along the outside of
said cold air streams and adjacent thereto to protect said
cold air streams from warmer external air and to lower
the temperature of said cool gir stream by contact there-
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with, dehumidifying means to remove water vapor from
said cold air streams prior to admission to said refrigera-
tion means, and means to recycle said cool air stream.

31. In a refrigerator cabinet including a refrigerated
product display area having an upright open side, means
to feed refrigerated, cold air streams to said display area,
means to uniformly disperse said streams throughout said
product display area, means to pass a plurality of said
streams downwardly along said open side, main refrigera-
tion means for cooling said cold air streams 1o a temper-
ature of below 0° F., means to remove said streams at
the bottom of said display area and recycle said streams
through said main refrigeration means and product dis-
play area, means to discharge additional air downwardly
and adjacent to said cold air streams whereby said addi-
tional air is cooled by contact with said cold air streams
to a temperature above that of said cold air streams but
below ambient air temperature, and duct means in connec-
tion with said discharge means to pass said additional
refrigerated air around said product display area, said dis-
charging means directing said additional refrigerated air
jrom the top of said product display area across said open
side and on the outside of said streams, whereby said
Streams gre protected from the humidity and higher tem-
perature of ambient air external to said product display
area, means 1o continuously dehumidify said cold air
Streams prior to admission to said main refrigeration
means, and means to recycle said additional cool air.

32. A refrigerated showcase comprising an open front
refrigerated cabinet having at least one display shelf there-
in, said shelf having a cold air passugeway therethrough
terminating in a discharge opening near the end thereof,
said discharge opening being arranged to direct said celd
air downwardly, additional duct means above sald dis-
charge opening to direct additional cold air downwardly
toward said discharge opening, air distribution means to
feed cold air through said passageway, discharge opening
and said additional duct means, means to refrigerate said
cold air to below 0° F. temperature, means to recycle said
cold air through said distribution means, means to refrig-
erate additional air 10 a temperature higher than scid cold
air, means forming an air curtain of said higher temper-
ature air across the open front of said cabinet to protect
said cold air from warmer, ambient air, dehumidifying
means positioned in advance of said means to refrigerate
and in the path of said means to refrigerate said cold air
and in the path of said recycled cold air, and means 1o
recycle said additional higher temperature air.
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