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3,304,736
REFRIGERATED DISPLAY CASE
James H., Brennan, Trenton, N.J., and Maleolm D. Mac-
Master, Yardley, Pa., assignors to Emhart Corporation,
Bloomfield, Conn., a corperation of Connecticut
Filed Auwg. 6, 1965, Ser. No. 477,736
12 Claims. (ClL 62—176)

This invention relates to refrigerated display cases of
the type wherein there is a storage space provided with
an access opening and means are employed for estab-
lishing an air curtain flowing across the access opening
to shield the storage space from ambient air,

The use of air curtains to prevent or reduce the entry
of ambient air into a display space is common practice
today and various means have been employed for reduc-
ing the adverse effects of ambient air entrained by re-
frigerated air utilized in producing the air curtain. For
this purpose, multipie streams of air are sometimes pro-
vided and are caused to flow across an access opening
in laminar relation with the colder layer of air being
located adjacent the storage space and air at higher tem-
perature forming the outermost layer of the air curtain.

While such arrangements have significant advantages,
the outermost layer of air inevitably entrains some ad-
ditional ambient air as it flows across the access opening
and the volume of the air approaching the air inlet is,
therefore, substantially increased beyond the volume of
the air issuing from the air outlet and flowing through
the ducts employed in establishing the outermost or pro-
tective layer of air in the air curtain. As a result, the
excess air in the outermost layer spills over the front of
the case into the aisle or space in front of the case.
Since such spill air is generally chilled by admixture with
adjacent refrigerated layers of air, the spill air chills
the aisle and renders it uncomfortable for patrons or
children passing up and down the aisle.

This adverse effect can be overcome by removing the
chilled spill air or raising its temperature as described
in the patent to Ural, No. 3,125,864, and the cooling
effect of the spill air may be utilized to increase the ef-
ficiency of the refrigerating system as disclosed in said
patent and in the copending application of Ralk et al.
Serial No. 293,205. However, in such constructions, the
spill air is not recirculated to form a protective layer
or part of the air curtain and no means are provided
for controlling or varying the velocity of flow of that
portion of the air curtain in contact with the ambient
air so as to assure.the most effective protection of the
storage space by the air curtain.

In accordance with the present invention, these ob-
jections and limitations of refrigerated display cases of

the prior art are reduced or overcome and constructions

are provided which not only prevent undesired chilling
of the aisle adjacent the case but also improve the pro-
tective action of the air curtain provided.

These results are preferably attained by providing re-
frigerated display cases with an air curtain for an access
opening which embodies a plurality of adjacent layers of
air differing progressively in temperature from a colder
innermost layer to an outer protective layer of air which
may be but little, if any, lower in temperature than the
ambient air. At the same time, spill air which might
chill the aisle is removed and at least a portion thereof
is recirculated while the excess air resulting from entrain-
ment of ambient air by .the outer protective layer of air,
and not required in producing the protective layer, is
vented or expelled from the case. Moreover, means may
be provided for controlling the velocity and or the tem-
perature of the air circulated and utilized in forming the
protective layer of air whereby it is possible to attain
the most effective protection therefrom.
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Accordingly, the principal objects of the present inven-
tion are to prevent or reduce the spillage of air from an
air curtain in a display case; to remove both the outer
protective layer and entrained ambient air from an air
curtain used in protecting a display space while venting
excess air not required for producing the protective layer
in a manner to avoid chilling of the aisle or space ad-
jacent the case; and to control the velocity and tempera-
ture of air forming an outer protective layer of an air
curtain so as to attain the most effective protection of
the display space thereby.

These and other objects and features of the present
invention will appear from the following description
thereof wherein reference is made to the figures of the
accompanying drawings.

FIG. 1 is a diagrammatic vertical sectional view
through a typical form of refrigerated display case em-
bodying the present invention; and

FIGS. 2 and 3 are similar sectional views of alterna-
tive embodiments of the present invention.

In that form of the invention chosen for purposes of
illustration in FIG. 1, the display case is of the self serv-
ice type having an insulated base portion 2, an insulated
vertical rear wall 4 and an insulated top 6. The lower
portion of the case is provided with a front wall 8 hav-
ing an upper edge 1¢ which is spaced from the top 6 of
the case to provide an access opening 12 in the front
of the case through which articles in the refrigerated
storage space 14 may be removed by customers as de-
sired.

The storage space is refrigerated by suitable refrigerat-
ing means including an evaporator 16 which preferably
is located in the lower portion of the case above the in-
sulated base portion 2 and beneath a bottom plate 18
upon which articles to be refrigerated may be located.
A front panel 26 projects upward from the bottom plate
18 and is spaced from the inner surface of the insulated
front wall 8 to provide an air passage 22 having an inlet
opening 24 located adjacent the upper edge of the front
wall 8. The passage 22 communicates at its lower end
with a space 26 between the base 2 and bottom plate 18
wherein the evaporator 16 is located.

A vertically extending inner back panel 28 is spaced
from the insulated rear wall 4 and cooperates therewith
to form a vertically extending air duct 30 which com-
municates at its lower end with the space 26 beneath
the bottom plate 18 of the storage space. The upper
end of the duct 36 communicates with an air passage 32
located beneath the insulated top 6 of the case and pro-
vided with an outlet opening or nozzle 34 located near
the front edge of the top of the case and adjacent the
upper edge of the access opening 12 to the storage
space 14, :

The rear panel 28 may also serve to support one or
more shelves 38 which can each be provided with an air
passage 38 communicating with the vertical air duct 30,
and if desired various air outlet openings 40 may be pro-
vided for the circulation of refrigerated air from the duct
30 through the storage space 14 of the case.

A blower 42 js provided for circulating air through the
air passages and ducts 22, 26, 30 and 32 and preferably
is located in the space 26 adjacent the evaporator 16. The
blower thus operates to draw air into duct 22 through
inlet opening 24 so as to force it over the evaporator to
refrigerate the air and cause it to flow upward through the
vertical duct 39 and forward through passage 32 to out-
let nozzle 34. At the same time, a portion of the re-
frigerated air may flow through the passage 38 in shelf
36 and through openings 49 to circulate within the storage
space 14. .

Since the air outlet opening or nozzle 34 is located ad-
jacent one edge of the access opening 12 of storage space
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14, and the inlet opening 24 of the passage 22 is located
adjacent the opposite edge of the access opening, the con-
struction serves to establish a refrigerated air circuit in-
cluding a layer of refrigerated air 42 forming the inner
portion of a laminar type air curtain 44 directed across
the access opening 12 to shield the storage space 14 from
ambient air in front of the access opening.

In order to reduce heat transfer between the ambient
air and the air circulated in the Tefrigerated air circuit
and the air curtain, an outer protective layer of air 46
is also caused to flow downward across the access open-
ing parallel to and adjacent the layer of refrigerated air
42 as a part of the multilayer air curtain 44. The pro-
tective layer of air 46 is caused to issue from the down-
wardly directed air outlet nozzle 48 adjacent the upper
edge of the access opening 12 and in front of the air
outlet 34 of the refrigerated air circuit. It flows across
the access opening toward the lower side thereof so as
to enter the inlet opening 50 of an air passage 52 located
on the exterior of the lower front wall 8 of the display
case. The air then is drawn through a passage 54 beneath
the base portion 2 of the case by means of a blower 56
and is directed upwardly through duct 58 at the rear of
the case to a forwardly extending air passage 60 terminat-
ing in the outlet opening or nozzle 48. 1If desired, an ad-
ditional evaporator element or temperature control means
62 may be located in the passage 69 to chill the air form-
ing the protective outer layer 46 of the air curtain and
to reduce the temperature differential between the inner
and outer layers of air in the air curtain 44.

In any event, when an air curtain is utilized as described
to reduce or eliminate the entry of ambient air into the
display space, the outermost layer or portion of the air
curtain which is flowing across the access opening is in
contact wtih ambient air, and, therefore, tends to pick
up or entrain a portion of the ambient air and to create
an induced flow of ambient air parallel to the outermost
layer of the air curtain. Thus as shown at 64 in FIG. 1,
an induced flow of ambient air is developed and flows
downward toward the lower front wall of the case and
toward the inlet opening 59 in the upper portion of the
air passage 52. The volume of the air approaching the
inlet opening 50, therefore, exceeds the volume of the air
issuing from the air outlet nozzle 48 and forming the
outer protective layer 46 of the air curtain 44. As a
result, the excess air approaching air inlet 50, over the
volume of air utilized in producing the protective layer of
air 46, tends to spill over the front wall 8 of the case as
indicated at 66. This excess or spill air, which has hereto-

fore tended to chill the space adjacent the case, is with- .

drawn from the aisle in accordance with the present in-
vention through openings or supplemental air inlets 68
which communicate with the air passage 52 or the passage
54 beneath the base portion 2 of the case.

The location and size of the air inlets 50 and 68, and
the size or capacity of the passages 52, 54 and 58, as well
as the capacity of the blower 56 are, therefore, designed
to be capable of receiving and handling an amount of air
substantially exceeding that required for producing the
outer protective layer of air 46 which forms a part of the
air curtain 44. However, in order to vent the excess air
from the protective air circuit thus established, an air vent
70 is located at a suitable point remote from the front of
the case and preferably at the top and rear portion of the
case. In the event a supplemental evaporator or temper-
ature control means 62 is provided, the vent 70 is located
between the blower 56 and the evaporator 62 so that the
vented excess air is not passed over the evaporator before
being vented from the case.

Further in order to aid in controlling the air curtain
to effect the desired protection of the storage space by the
protective layer of air 46 issuing from the air outlet or
nozzle 48, the vent 70 is preferably variable or adjustable
to control the amount and velocity of the air utilized in
producing the protective layer of air 46. Thus, when the
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vent 70 is opened to permit a relatively large amount of
air to be exhausted or vented from the protective air cir-
cuit, the velocity of flow of the protective layer of air 46
may be somewhat less than the velocity of the refrigerated
layer of air 42 embodied in the air curtain and located
adjacent the storage space 14. Conversely, by restricting
the vent 79, the velocity of the air circulated across the
access opening as the outer protective layer may be in-
creased to provide a more rapidly flowing outer layer of
air 46 separating the layer of refrigerated air 42 from the
ambient air.

Control of the velocity, and, therefore, the volume of
air circulated in a unit period of time, may also be uti-
lized to preclude or reduce the migration or inter-min-
¢ling of moisture from the ambient air into the storage
space of the display case, or into the circulating layer
or layers of refrigerated air such as the layer 42 of the
air curtain. Moreover, the vent 70 may be adjusted to
vary the amount of air drawn into the protective air cir-
cuit through the air inlets 50 and 68 by controlling the
back pressure of the air in the air duct 58 and on the
outlet side of the blower 56. In this way, it is possible
to control the amount and effect of the spill air 66 which
overflows from the front of the display case and into the
space adjacent thereto. Vent means 70, therefore, can,
in fact, be employed to control not only the temperature,
velocity and humidity of the protective layer of air em-
bodied in the air curtain but may also serve to control
the amount and temperature of any air spilling from the
case and the disposition thereof.

Vent 70 may be controlled by any suitable means but,
as shown, it may be provided with a simple damper or
butterfly valve 72 operable by means such as an arm 74.
The arm and valve in turn may be actuated manually or
by automatic means, indicated generally at 76, and in-
cluding a thermostat, humidistat, time clock or the like,
if desired. 1In this way, accurate control of the protec-
tive layer of air forming a part of the air curtain can be
attained to assure the desired protection of the display
space from the effects of the ambient air adjacent the ac-
cess opening of the display case.

In some refrigerated display cases embodying the pres-
ent invention, it is desirable to establish an air curiain
embodying two or more layers of refrigerated air which
vary progressively in temperature from an innermost and
coldest layer of air adjacent the storage space to an in-
termediate layer of air which is refrigerated to a lesser
extent and may be directly adjacent an outermost protec-
tive layer of air in contact with the ambient air. Thus
as shown in FIG. 2, the air curtain 80 embodies an in-
nermost layer of air 82, an intermediate layer of air 84
and an outermost protective layer of air 86. The inner-
most and intermediate layers of air from the air curtain
are drawn into a common air inlet 88 to an air passage
90 located on the inner side of the lower front wall 92
of the display case. The lower end of air passage 99 com-
municates with a plenum chamber 94 beneath the bot-
tom 96 of the storage space 98 and an evaporator 100
is located in the plenum chamber 94 for refrigerating the
air. Further if desired, a dehumidifying coil or evapora-
tor element 102 may be located in the plenum chamber
between the air passage 90 and the refrigerating evapora-
tor 100.

A blower 104 is located in the plenum chamber between
the evaporator and the dehumidifying coil 102 and serves
to force air over the evaporator 109 to a refrigerated air
duct 166 and to force additional air to a secondary air
duct 108. The refrigerated air duct 106 preferably has
additional evaporator or air refrigerating elements 110
and 112 therein and may be provided with an intermediate
air outlet 114 for directing refrigerated air to a shelf
116 and to the interior of the storage space 98. The up-
per end of the refrigerated air duct 106 extends forwardly
at 118 adjacent the top of the storage space and is pro-
vided at its front end with one or more air outlet openings
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or nozzles 120 Jocated near the upper edge of the access
opening 122 and on the inner side thereof. The nozzle
or nozzles 120 thus cooperate with the air inlet 88 to
establish the innermost layer or layers of refrigerated air
82 embodied in the air curtain 86.

The blower 104 also serves to force air through the
secondary air duct 188 so as to bypass the evaporator 169,
However, the secondary air duct 108 is arranged to ex-
tend upwardly at 124 and forwardly at 125 parallel and in
heat exchanging relation with the refrigerated air duct
108. For this purpose, the portions 124 and 126 of the
secondary air duct 198 may be separated from the re-
frigerated air duct 106 by a metal or other heat transmit-
ting wall 128.

The front or outer end of the portion 126 of the sec-
ondary air duct 108 is provided with a downwardly di-
rected secondary air outlet or nozzle 139 which is posi-
tioned adjacent and in front of the air outlet 120 so as
to create the intermediate layer 84 of the air curtain 0.
The air forming the intermediate layer 84 is thus refrig-
erated or cooled to a lesser extent than the innermost
layer 82 of the air curtain whereby the temperature
gradient between the adjacent layers of air may be limited
and the resultant heat transmission therebetween is re-
duced.

In order to produce the ocutermost protective air layer
86 of the air curtain 89, the display case is further pro-
vided with means establishing a protective air circuit
which may be the same or similar to that described above
in connection with that form of the invention illustrated
in FIG. 1. Thus, one or more air inlets 132 are located
adjacent the lower edge of the access opening 122 and
communicates with an air duct 134 on the outer side of
the insulated iower front wall 92 of the display case. The
lower end of air duct 134 communicates with a lower
air passage 136 which extends beneath the insulated bot-
tom portion 138 of the case and is provided supplemental
air inlets 140 near the bottom of the front wall for draw-
ing spill or ambient air into the lower passage from in
front of the case. The lower air passage 136 communi-
cates with a vertical air duct 142 positioned at the rear
of the insulated rear wall 144 of the case and having a
horizontally extending portion 146 located above the
insulated top 148 of the case.

The front end of the horizontally extending portion
148 of the protective air circuit terminates in a down-
wardly directed air outlet or nozzle 15¢ located in front
of the secondary air outlet 130 and adjacent the upper
edge of the access opening 122. A blower 152 in the pro-
tective wair circuit serves to provide the protective outer
layer of air 86 of the air curtain 80 and serves to draw
air from layer 86 and entrained ambient air as indicated
at 154, into inlet 132 and to draw spill air through supple-
mental air inlets 140 from the space in front of the display
case An excess air vent 156 located near the top and
rear of the case serves to vent from the protective air
circuit air drawn into the circuit and in excess of that
required to produce the protective outer layer of air 84
of the air curtain. Adjustab'e control means, indicated
generally at 158, serve to permit the desired variations in
the amount of air and the velecity thereof utilized in
establishing the protective layer of air 86 between the
intermediate layer 84 and the ambient air.

In the further alternative form of the invention illus-
trated in FIG. 3, the air curtain 166, which is directed
across the access opening 162 of the case, embodies an
innermost layer 164, an intermediate layer 166 and an
outer layer 168, all of which are refrigerated to at least
some extent. The innermost layer issues from an inner
air outlet or nozzle 179, the intermediate layer issues from
an adjacent or intermediate nozzle 172 and the outer layer
168 is discharged from an outermost nozzle 174. Both
the innermost layer of air 164 and the intermediate layer
of air 166 are refrigerated by the evaporators or evapora-
tor sections 176, 178 and 186 located in a common air duct
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182 whereas the outer layer of air 168 is refrigerated by
heat exchange between the common air duct 182 and pro-
tective air duct 184 through a heat transmitting common
wall 186.

In order to produce the two adjacent refrigerated layers
of air 164 and 166 from the air flowing through the
common air duct 182, the upper horizontal portion 188
thereof is provided with a restrictor 195 located between
the air outlet openings or nozzles 178 and 172, The
restrictor 190 serves to direct air from ihe horizontal
porticn 188 of the refrigerated air circuit through inner
nozzle 170 and is so arranged that the velocity of the
innermost layer 164 of the air curtain will be some-
what less than the velocity of the air passing beyond the
restrictor to the intermediate nozzle 172 by which the
Intermediate layer 166 of the air curtain is produced.

The outer layer of air 168 in the air curtain 169 in-
cludes recirculated ambient and spill air drawn into the
protective air circuit through the air inlet 192 and supple-
mental infet 194, Therefore, even theugh it is cooled by
heat exchange between the common air duct 182 and
the protective air duct 184, its temperature will be higher
than that of the air flowing through the intermediate
layer 166 while being lower than that of the ambient
air. The protective air circuit, as in the other forms
of the invention described, is provided with a blower
196 and an excess air vent 198. Moreover, control means
209 are provided to regulate the volume and velocity
of air discharged through the outermost nozzle 174 to
produce the outer protective air layer 168 of the air
curtain, .

In certain applications of the invention, the blower
196 and vent 198 or control means 296 are arranged
to ‘cause the velocity -of the air in the outer protective
layer 168 to éxceed that of the intermediate layer 166.
Under such circumstances, the display case may be op-
erated so that both the temperature and the velocity of
flow of the air in the various layers of the air curtain
169 increase progressively from the innermost layer of
air adjacent the storage space 202 to the outermost or
protective layer of air 168 which shields the storage
space from the ambient air 284 adjacent the access
opening 162. In a typical construction designed for
low temperature operation, the innermost layer of air
164 may have a temperature of about —10° F. and a
velocity of about 400 feet per minute; the intermediate
layer of air 166 may have a temperature varying from
about —10° F. to +10°F. and a velocity of about 450
feet per minute, whereas the outer protective layer 168
of the air curtain 160 may have a temperature of about
25 to 30°F, and a velocity of about 475 to 500 feet
per minute. Of course, these temperatures and velocities
may be varied in any particular case and for use in
maintaining any desired temperatures within the storage
space of the case. Therefore, the particular tempera-
tures and velocities cited are merely examplary.

In each of the embodiments of the invention shown
@n the drawings and described above, the construction
is designed to recirculate the protective layer of air on
the outer side of the air curtain and at the same time
?o remove all or at least a portion of the spill ajr which
includes entrained or downwardly flowing ambient air
which would otherwise tend to chill the space adjacent
the front of the case. On the other hand, the excess
air from the protective air circuit which is not required
for producing and maintaining the protective outer layer
of air in the air curtain is vented from the protective
air circuit in a2 manner to avoid undesired cooling of the
area adjacent the front of the case. Moreover, such
venting of excess air may be controlled sc as to assure
the most effective or desired action of the protective
layer of air in preventing or reducing losses in refrigera-
tion and the entry of moisture from the ambient air
into the storage space to freeze or condense on articles
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therein or on the evaporator and other surfaces within
the refrigerated air circuit.

It will, thus, be apparent that the particular embodi-
ments of the invention illustrated and described above
are intended to be illustrative only and are not intended
to limit the scope of the invention.

We claim!

1. A refrigerated display case having a storage space
provided with an access opening, means for circulating
air in the form of an air curtain across said access open-
ing, an air outlet located at one side of said access open-
ing formed to produce a protective layer of air directed
across said access opening between said storage space and
air ambient to the case on the side of the air curtain re-
mote from the storage space, air inlet means on the oppo-
site side of said access opening so located and of such
capacity as to be capable of receiving both said protective
layer of air and ambient air entrained with the protec-
tive layer of air during passage thereof across the access
opening, a conduit extending from said air inlet means
to said air outlet, a blower in said conduit, and means
located between said air inlet means and said air outlet
for venting from said conduit excess air not utilized in
producing said protective layer of air.

2. A refrigerated display case as defined in claim 1
wherein means are located in said display case between
said venting means and said air outlet for refrigerating
the air passing to said outlet.

3. A refrigerated display case as defined in claim 1
wherein said venting means is variable to control the
amount of air vented from said protective air circuit.

4. A refrigerated display case as defined in claim 1
wherein said venting means is located near the upper
rear portion of the case and includes a valve member
movable to control the amount of air vented from the
protective air circuit.

5. A refrigerated display case as defined in claim 4
wherein temperature responsive means are connected to
said valve member for actuating the same.

6. A refrigerated display case as defined in claim 4
wherein humidity responsive means are connected to said
valve member for actuating the same.

7. A refrigerated display case having a storage space
therein provided with an access opening in the front there-
of, means forming a refrigerated air circuit having inlet
and outlet openings located at opposite sides of said access
opening in position to establish a curtain of refrigerated
air flowing across said access opening between said storage
space and ambient air adjacent the access opening, re-
frigerating means including an evaporator located in said
refrigerated air circuit, a blower circulating air over said
evaporator and through said refrigerated air circuit, means
forming a protective air circuit having an air outlet posi-
tioned to direct a layer of air across said access opening
parallel to and in the same direction as said curtain of
refrigerated air and on the side thereof remote from said
storage space, said protective air circuit having an air

i
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inlet located adjacent the front of the case together with
a supplemental air inlet located in the front of the case
below said access opening in position to receive air which
spills over the front of the case, means for circulating air
received from both said air inlet and said supplemental
air inlet through said protective air circuit, and a vent in
said protective air circuit spaced from the front of the
case for venting from said protective air circuit excess air
not required to produce said layer of protective air.

8. A refrigerated display case as defined in claim 7
wherein said supplemental air inlet means is located in
position to receive spill and ambient air from areas adja-
cent an aisle in front of said case.

9. In a refrigerated display case having an access open-
ing and means for circulating air in the form of an air
curtain across said opening, means for directing a protec-
tive layer of air across said access opening to form the
outermost layer of said air curtain including an air outlet
located on one side of said access opening, air inlet means
located on the opposite side of said access opening in
position to receive both said protective layer of air and
ambient air entrained therewith during passage of said
protective layer of air across said access opening, a con-
(duit extending from said air inlet means to said air outlet,

95 a blower in said conduit, and means located between said

air inlet means and said air outlet for venting from said
conduit excess air not utilized in producing said protec-
tive layer of air.

19. A refrigerated display case as defined in claim 9
wherein said air inlet means includes an opening located
near the lower portion of the casé in position to receive
spill and ambient air from an area near the floor of an
aisle adjacent the case.

11. A refrigerated display case as defined in claim 1
wherein means are provided for reducing the temperature
of the air forming said protective layer of air.

12. A refrigerated display case as defined in claim 1
wherein a refrigerated air duct having a blower and re-
frigerating means therein are provided for producing and
directing a layer of refrigerated air across said access
opening between said protective layer of air and said
storage space, and means located in heat exchanging rela-
tion with said refrigerated air duct are positioned to be
contacted by and reduce the temperature of the air
directed to said air outlet to form said protective layer
of air.
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