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3 Claims.

1

This invention relates to a commercial refrig-
eration sysitem. More particularly it relates to
an apparatus for defrosting, i. e., dehumidifying,
and cooling a gaseous coolant such as air, and an
apparatus for distributing the cooled gas over
materials to be refrigerated, and then recircu-
lating it for further cooling, dehumidification
and distribution. It especially relates to an im-
proved frozen food display cabinet for commer-
cial use.

The adequate display of frozen foods is an
‘important matter. Heretofore these have been
arranged in refrigerated bins or boxes, open
from above. Some have used circulating cold
air for refrigeration. The blast cooling systems
of such units have required defrosting at inter-
vals of three to six hours with the result that
foods in storage may become partially thawed
and thus change in quality. Many of these re-
quire lines connected to external drains to re-
move the water resulting from melting the frost.

The present invention provides a means where-
by defrosting need be done but once in 24 hours,
and eliminates the need for drain connections
by a novel evaporation system. It provides an
apparatus whereby coolant air is defrosted and
cooled to extremely low refrigerating tempera-
tures with high efficieney and without substan-
tial change in cooling efficiency, and without
cutting the volume of air handled over long pe-
riods of time. It provides an apparatus in which
the visual display of goods is increased with no
decrease in cooling efficiency, while keeping the
food in frozen condition without partial thaw-
ing. It eliminates dividers in food compart-
ments, as well as need for defrosting the food
‘compartment itself. It provides uniform dis-
tribution of coolant air at all times without
“overflow” from the open box.

Figure 1 is an end view in section of the re-
frigerator box, taken through one end of the
blast cooling coil compartment.

Figure 2 is a sectional elevation taken along
the lines 2—2.

Figure 3 is a plan view in section of the blast
cooling coil and compartment, taken along the
lines 3—3.

Figure 4 is a sectional detail of one element of
the moisture drainage system, taken along the
lines 4—4.

The apparatus comprises an open-top insu-
lated box 10, which may be of any suitable de-
sign and need not be described in detail. The
front portion of the box comprises a Thermo-
pane i1, running the full length of the box and
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2
extending to a height approximately egual to
the ends and back insulated portion thereof.
The Thermopane eclement comprises several
sheets of glass, spaced from each other and hav-
ing an evacuated space between. This affords
both insulation and visual inspection of the
contents of the box from the front. Mounted
within the box and spaced inwardly from the
walls thereof, is the food compartment, which
comprises a glass front 12 which may be a sin-
gle sheet of plate glass, a bottom tray i3, rear
wall {4, end wall i5, and of course a corre-
sponding end wall at the opposite end, not
shown. 7The food compartment is supported by
clips or brackets {6, upon which the bottom of
tray i3 rests. A duct 7T extends the full length
of the box. The front wall of the duct (7 is
offset, as are the end walls 15, and the tray 13
rests thereon, making it possible for tray {3 and
front wall (2 to be removed periodically for
cleaning., The rear wall 14, being spaced in-
wardly from the insulated rear wsall of the box,
forms a vertical continuation of duct 17, into
which it opens through a manifold having spaced
orifices 11’. Vertical sheet metal partitions 14,
between the orifices, divide this duct into ver-
tical columns. This construction is described in
my copending application 256,203, filed Novem-
ber 14, 1951, of which this application is a con-
tinuation-in-part. Near the top of the vertical
duct is a curved splitter 18, which extends up-
wardly and outwardly over the wall {4 for pur-
poses of directing a portion of the air outwardly
as indicated by the arrow. Above the duct and

_splitter is a heavily insulated shelf 19, having

attached thereto a curved deflector 20 extend-
ing outwardly and downwardly. Air which is
not deflected by splitter {8 strikes the element
19 and the deflector 20, and is directed outwardly
and downwardly as indicated by the arrows.
The two streams of air, one directed by the split-
ter I8 and the other by deflector 20, co-mingle
at a point just above the top of the food compart-
ment, creating a turbulence which results in a
movement of air downwardly and forwardly
across the food compartment and any packages
of food that may be therein. Because of the
construction shown, the flow of cold air is uni-
form, so that it blankets the food within the
compartment and overflows into the space be-
tween the elements {1 and 12, and between the
walls of the food compartment and the end walls
of the box, without substantial “spillage” of the
air-out of the box and into the room. It is noted
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that the walls of the box extend substantially
above the top of the storage compartment.

Below the bottom tray 13 of the storage com-
partment, is an insulated horizontal partition
21, upon which the spacers 16 rest. The space
thus formed forms a part of the air return sys-
tem. In the compartment formed by the lower
portion of the insulated box and the partition 21,
is located the blast cooling unit generally des-
ignated :as 22. .Approximately centrally of the
partition ‘21 is an opening 23 therethrough, by
which air is returned to the blast cooling com-
partment as indicated by the arrows in Figure
2. The blast cooling compartment is :.separated
from the compartment 24, which houses the con-
ventional condensing unit, by an :insulated :par-
tition 25. The entire blast cooling coil compart-
ment is insulated, and, except for the ducts
leading to the food compartment and the:return
air duct, is substantially gas-tight.

The :blast -cooling unit is of unique -design
which permits .of ‘operation without defrosting,
For ‘many hours beyond those convent’ionally
.employed. It is ‘best described in connection
withFigures 2 and 3.

Referring to Figure 3,-2 pine 26 leads from the
;condensing unit through the insulai;ed wall 25,
;and forms ‘a series of .fiat loops below a tube
ihundle made up of humercus tubes 27 connected
by ‘return bends 28. Line-26 leads to an accu-
smulator of liquid refrigerant 22. Line &G leads
from the accumulator to the tube bank, and
thence by line 3{ to the condensing unit. The
function and location of the loops in line 26 will
ibe.explained hereinaiter.

The ‘tube bundle is housed in a housing 32.
CA fan 33, driven by motor 34, draws air from
within the blast -cooling coil compartment, and
forces it through a duct-35 into the housing 32.
‘The .housing .is divided longitudinally .into com-
partments I, II and III, by partitions 36 and 37.
Compartment I may have.a second pariition 37
-extending intermediate thereof, although ‘this is
‘not -essential. A duct 38 carries the air .from
.compartment I into compartment II 'formed by
the partitions 86 and 37. A .splitter .39 .is em-
-ployed to-assist in distributing the air.evenly-over
the tubes in compartment II. This splifier may
be :an -extension of the partition 37. Another
-partition 40, forming: an extension of splitter 39,
may -extend through compartment II. A .duct
41, in which.is a splitter 42, serves to conduet and
.distribute the air from compartment II into com-
partment JII. The splitter 32 may also extend

.in ‘the form of a partition 48, to divide this'com- .
partment. ‘Leading from-the final compartment -

is a duct 44, which leads to ‘the horizontal duct
‘11 and thence distributes the air ‘intc the food
compartment as previously described.

“The -tiibe ‘bundle is held together by wvertical
“fins ‘45, 46-and 47, which ‘are thin metal sheets:of
dluminum, copper or the like. The fins 45 ‘in
‘compartment ‘I are :spaced more ‘widely apart
‘than those'in ecompartment II, which in turn are

sspaced farther-apart than those in:compartment
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“IIT. For example, the fins 45 may he about three -

‘to ‘the :inch; fins 48 in-compartment II may be
about four to'the inch; and fins 47 in compart-
ment IIT may be about five to the inch. Lying
sheneath the ‘blast cooling unit, below -all parts
-.of the unit that may become covered with frost,
ds:atray48. A part of the tray forms the bottom
-ofhousing.32. The loops of line 26 lie under tray
48, ‘and in ‘close proximity therveto. In the floor
‘of the tray.are openings in which-are mounted
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“the ‘condensing -unit through line 31.

floats 49, 50 and 53, which float on the water
formed during defrosting, thus opening the holes
and permitting the water to drain therethrough.
The floats are maintained in place by brackets 52.
The fioor of the tray slopes toward these openings
to facilitate draining. During the cooling cycle
the floats seal the openings. The holes or ports
are joined by line 5f, which preferably leads to
a moisture evaporator of the type shown in my

‘above-meritioned copendingapplicdtion, although
‘it miny lead to a'drain,

The operation

During the .cooling period, the ligquid refriger-
ant from the condensing unit is pumped through

Jdine 26, and-thence through the accumulator 28,

and the tube bundle (evaporator), and returns to
Air from
thesair.return system is drawn into the blast coil
compartment by fan 33. ‘The blast coil is of such
dimensions that the reéturn bends 28 lie close to
the .insulated wdils of the compartmetit. ‘Thus,
the returning air is 'forced to pass over the ex-

.posed return bends, which of course are ‘cooled

by the refrigerant. "These return bends are with-
out .fins, and present a primary defrosting sur-
face. 'The temperature of the air is not lowered
to any great extent by .passage over "the.returh
bends, but the moisture which the dir has accu-
mulated as it passed over the food containers‘in
the storage box is.deposited to a large extent on
these primary surfaces. The air ‘is then blown

Jdnto compartment I, where it pdsses over ‘the
.numerous -sections of pipe and bhetween the fins.

At this point, additional frost is removed ‘from
the air and deposited on the fins and pipes, while
substantial cooling occurs. This stream 'of -air

Hfrom compartment I is directed by duct 38 and

splitter 39 into compartment 1I, wherein ‘the finis
are more closely spaced. . A small amount of frost
and substantial additional cooling of 'the air
occeurs in this compartment. In a like manner,
duct 4{ .and splitter 42 direct and distribute the
air .over the fins and pipes in compartmert IIT.

-Because of the increased cooling surface, and be-
-cause substantially all of ‘the frost has been re-

moved in the early stages, the:findl cooling of ‘the
ajr occurs'here. It is‘then directed through duct
A4 and duct 17 to the food compartmerit, as pre-
viously deseribed.

Tt is'thus seen'that the air in &éffect undergoes
-2 four-pass travel over the tube bark, first over
a primary surface for defrosting, ‘and then
through three successive  sections wherein the
amount of cooling surface 'is successivély "in-

»crea‘.se’d. The first pass’has the advantage of re-
-moving .a ‘large ‘p’o_rtion of frost, which .ptits "less
-0f aburden on the blast cooling coil.proper. "The

secon_d provides for further defrosting, with sub-
stantial cooling, but ‘hecause the fins are widély

.spaced, -it is possible to accumulate a substaritial

amoupt of frost without reducing the air volitne
capacity of the unit. A'like éffect tdkes place'in

‘the second compartmerit and in the third. Be-

-cause the second and third compartmerits accu-
mula.t‘ie ;progressively less frost, the .fins can be
spaced more closely togefher and the efficiency

:0f cooling can be greatly enhanced. The net

effect is that the blast cooling unit can be oper-
ated for long periods of time between defrosting.
It.can.bhe readily seen.how this increases the over-
all efficiency of cooling. The.normal operation
of g commer_cial unit of fhis kind is to defrost
once .every twenty-four hours. Conventiongl

:commercial display boxes of this charadter.must
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be defrosted about once every three to eight
hours. Since these display boxes are used pri-
marily in grocery stores and the like, the result
is that defrosting must be carried out during
business hours. With the present unit, defrost-
ing can be carried out at nighttime, during the
hours when the stores are closed, due to the fact
that the efficiency of cooling and rate of air cir-
culation remains high all during the operating
period.

Defrosting of the blast cooling unit may be
carried out at regular intervals by employing a
timer. The method of defrosting is well known,
and comprises circulating hot gas through the
evaporator coils in the blast cooling unit. These
include an electric clock to start the defrost eycle
at a set time and stop the fan motor. A solenoid
valve, not shown, may be provided, which opens
at the start of the defrost cycle to bypass hot
gas around the condenser and expansion valve,
direct to the blast coil evaporator. The accumu-
lator tank in the succession line between the blast
coil evaporator and the compressor, stores all
ligquid refrigerant in the system during the defrost
cycle and prevents flooding the compressor. A
thermostat control, not shown, automatically
stops the defrost cycle when the discharge re-
frigerant from the evaporator rises to about
42° ., and puts the system control back into nor-
mal operation. Thus, the defrost period is only
as long as necessary. A delayed action switch
for the fan motor is provided (not shown), which
automatically delays starting the fan until the
blast coil evaporator has been cooled, and this
prevents blowing warm air from the insulated
blast coil compartment into the food storage com-
partment.

The warm refrigerant gases pass through the
loops in line 28, first warming the drip pan, and
because of their close proximity, also warm the
drain line. The warm gases passing through the
coils cause the frost thereon to melt, and this
runs into the drip pan and out line 5t to be evap-~
orated or drained away. During the defrost op-
eration, the fan is not in operation. Before de-
frosting, which can be carried out after business
hours, an insulated cover or blanket is placed
over the food compartment to prevent the warm
air of the room from reaching and thawing the
food. With the insulated cover in place, the
temperature in the food compartment will change
no more than a few degrees in the period re-
quired for defrosting, and never rises above the
freezing point.

One of the big disadvantages of the conven-
tional types of display cabinets, lies in the fact
that the defrosting must be carried out during
business hours when the contents of the box can-
not be protected from the warm air of the atmos-
phere. Consequently, partial thawing of the con-
tents occurs, with accompanying deterioration of
the food. :
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I claim as my invention:

1. In a commercial refrigeration unit compris-
ing a food storage box, a blast cooling-unit com-
rartment, a blast cooling unit, and means for
circulating air from the cooling unit to the stor-
age box and returning it to the cooling ccem-
partment, the improvement comprising a blast
cooling unit having a coil housing divided into a
plurality of cooling sections serially connected,
cooling tubes within said sections, a prime frost
collecting surface located adjacent the walls of
the cooling compartment externally of the coil
housing whereby air returning from the box must
first pass over said prime surface and be dehu-~
midified before entering the coil housing, fins on
said cooling tubes, said fins being most widely
spaced in the first of said sections, and being
more closely spaced in each succeeding section,
means for drawing air over the prime surface
and passing it through said sections, and means
communicating frem the last section with the
box whereby cooled dehumidified air from blast
cooling unit is passed into said box.

2. In a commercial refrigeration unit compris-

i ing a food storage box, a condenser unit com-

partment, a blast cooling compartment contain-
ing a blast cooling unit, and means for circulating
air from the cocling compartment to the storage
box and returning it to the cooling compart-
ment, the improvement comprising a blast cool-
ing unit having a housing, longitudinal partitions
in the housing forming a plurality of sections,
ducts joining said sections in series, an inlet to
the first section, an outlet from the last section
in the series, a blower connected with said inlet,
a duct connected to the outlet and leading to the
food storage compartment, a plurality of pipes
extending laterally through said housing and
said partitions, headers joining said pipes exter-
nally of the housing to form a continuous coil
having an inlet and an outlet, said headers ex-
tending from the housing to a point closely ad-
jacent the walls of the blast cooling compart-
ment, longitudinal fins on said pipes within the
housing, said fins being more widely spaced in
the first compartment and less widely spaced in
each succeeding compartment in the series.

3. The unit of claim 2 wherein the inlet to the
evaporator coil is formed into a series of flat loops
lying adjacent the bottom of said housing.

ROBERT H. BISHOP.
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