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i

This invention relates to0 a novel method of
and apparatus for producing multiple humidity
and multiple temperature refrigerating effects.

It is the principal object of this invention to
produce different temperature and humidity con-
ditions in designated zones within a refrigerator

cabinet, for example, without the use of the usual -

valves or restrictors heretofore employed in the
refrigerating system and without resorting to
the use of the usual insulated walls between the
designated zones.

It is also an object of this invention to arrange

the zones of different temperature and humidity
in a more suitable location for convenient access
by the user than has been done heretofore.

These broad objectives are accomplished by a
novel construction of the refrigerant evaporator;
by a novel arrangement of the interior of the
cabinet; and by a novel disposition of the evapo-
rator in relation to the different zones of the
cabinet.

In the preferred embodiment of the invention
a conventional refrigerator cabinet is divided
into two or more zones or spaces by means—such

as glass shelves—which restrict the transfer of

heat and moisture therebefween, whereby differ-
ent temperature and humidity conditions can
be maintained in the respective zones. An evapo-
rator is provided which has one section associated
in heat exchange relation with one zone and an-
other section in heat exchange relation with an-
other zone—-both sections being connected to-
gether in series relation.

According to one form of the invention the
evaporator sections are so constructed as to pro-
vide for a substantially greater pressure drop
between the inlet and ouftlet of one section than
between the inlet and outlet of the other section,
whereby to produce different refrigerating effects
in the two sections. In this form of the invention
the two sections of the evaporator are preferably
connected together without obstruction or re-
striction therebetween. |

According to another form of the invention,
provision is made for an efficient transfer of
heat between one section of the evaperator and
the zone with which it is associated whﬂe an in-
efficient transfer of heat is provided between the
other evaporator section and the zone with which
it is associated—whereby to produce different
refrigerating effects upon the two zones. In this
form of the invention, there may or may not be
an obstruction or restrictor hetween the two sec-
tions of the evaporator.

According to still another form of the inven-
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tion, both the variations in pressure and em-

~ciency of heat transfer are employed.

Where the present invention is utilized te pre-
vide a freezing temperature for a freezing zone
and a cooling temperature for a cooling zone, the
evaporator section associated with the cooling
zone may be disposed within the refrigerator or
on the outside of the liner which defines the in-
terior of the refrigerator. Where the cooling
zone 1s of substant’al vertical extent the evapora-
tor section associated therewith is preferably
so arranged upon the liner or upon a plate as to
distribute the refrigerating effect thereof to pro-
duce a substantially uniform temperature
throughout the height of the cooling zone.

Where, in addition to a freezing zone and a
cool’'ng zone, the cabinet is provided with a chill-
ing zone, the latter is preferably located below
the freezing zone which is in turn disposed below
the cooling zone. By this arrangement of the
zones, the same evaporator section which refri-
gerates the freezing zone may also serve to refri-
gerate the chilling zone. Further, this arrange-

‘ment places the cooling zone—to whieh access is

most frequently desired—at the level most con-
venient for the user.

The foregoing and other objects will be made
apparent in greater detail in the following de-
scription when read in connection with the ac-
companying drawings, wherein—

Figure 1 is a schematic illustration of a refrig-
erating system embodying the present inven-
tion: |

Figure 2 is a front view, and Figure 3 is a verti-
cal sectional view of a mechanical refrigerator
embodying one form of the invention:

Figures 4 and 5 are fragmentary side eleva-
tional views of a structure similar to that shown
in Figures 2 and 3 with modified arrangements
of the cooling unit:

Figure 6 is a vertical sectional view of a me-
chanical refrigerator embodying another form of
the invention: and

Figures 7 and 8 are fragmentary views of a
structure similar to that shown in Figure 6 with
modifled arrangements of the cooling unit.

The refrigerating system schematically shown
in Figure 1 will serve to illustrate one of the out-

- standing features of the invention. The sys-
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tem includes: a motor {0; a compressor (l: a
condenser 12; a capillary liguid supply line 13:
a continuous evaporator tube 14 comprising a
plurality of sections of progressively increasing
internal diameter, the sections being identified by
the letters a, b, ¢, d, and e; a suction line 5: 8
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thermostatic control for the motor (8 including
a switch 16: a bulb 17 associated with section ¢

of the evaporator i4; and a tube 18 connecting .

the bulb to the switch 18; and electrical lead
lines |9 and 20 adapted to be connected to a
source of electrical supply, not shown.

The principal feature of the system shown in

Figure 1 is the division of the evaporator tube {4
into a plurality of sections of progressively in-

creasing diameter. By properly coordinating the

evaporator to a condensing unit, a progressively
lower pressure can be maintained and & corx-
‘respondingly greater refrigerating effect can be
produced in each successive section of the evapo-
rator without the use of the usual valves or re-
strictors between the successive sections. For
example, with a one-fifth horse power compres-
sor, such results can be obtained when the first
evaporator section a is of v inch I. D. and the
succeeding sections are increased by increments
of 4 inch so that the last section e is of + inch
1. D. This arrangement of parts will provide for
a greater drop in pressure between the inlet and
outlet ends of each section than between the in-
let and outlét ends of the next and all succeed-
ing sections.

Where the evaporator sections are all of the
same length, the difference in refrigerating pro-
ducing capacity is determined solely by the dif-
ference in size of the sections. The refrigerat-
ing capacity of each section can be further var-
jed by varying the length of the section as well
as the internal diameter. |

The foregoing characteristic of the system
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shown in Figure 1 may be utilized to provide 3;

multiple temperatures within different zones of
a refrigerator cabinet. One such application is

illustrated in Figures £ and 3. As there shown,

a cabinet 21 is provided with the usual insulated

storage chamber 22 and machinery compartment 4,

23. The storage compartment 22 is defined by
an inner liner 24 and an out.r shell 25 with in-
sulation 26 therebetween. The storage compart-
ment 22 has an opening at its front adapted to
be closed by a conventional form of door 27.

As shown in Figure 2, the storage chamber 22
is divided into three vertically spaced compart-
ments 28, 28 and 30, by the partitions 3f and 32
which are preferably formed of glass or other
non-metallic material, and arranged so as to re-
strict the transfer of heat between the compart-
ments and to limit but not preclude the circula-
tion of air therebetween.

Compartment 28 comprises a cooling compart-
ment and may be provided with a plurality of
storage shelves 33, as shown in Figure 3. Par-
tition 31 also serves &S a storage shelf for cool-
ing compartment 28. The shelves 33 are here
shown as being imperforate, but perforate type
may be utilized if desired.

Compartment 29 comprising the space between
partitions 3f and 32 is a freezing compartment.

Compartment 38 comprising the space below
the partition 32 is a chilling compartment, and
there is mounted therein a palr of crisper pans
34 and 35 and a drip collector 36. Immediately
above the drip collector 36, the partition 32 is
provided with a drip discharge opening 31
through which moisture collected upon the up-
per surface of partition 32 is discharged. Par-
tition 32 is provided with upstanding flanges
about its edges and is formed to incline down-
wardly toward opening 37 to direct the moisture
which accumulates thereon during the defrost-

ing operation to the discharge openings.
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A modified form of the refrigerating system
shown in Figure 1 is applied to the cabinet 2
shown in Figures 2 and 3. Preferably the motor
{0, the compressor i1 and the condenser {2 are

disposed in the machincry compartment. Ac-
cording to this particular embodiment, the eva-
porator tube 14 of the systemm comprises only

two sections a and b. Section a being preferably

14 I. D., and section b being preferably %4 I. D.

The cooling section a of the evaporator 4 is
here shown as mounted upon a plate 38 which
is positioned in the cooling compartment 28 ad-
jacent the rear wall thereof, and as shown in
Figure 2, is substantially coextensive therewith.
The evaporator section {d4a is mounted upon the
rear side of the plate 38 and is preferably se-
cured thereto in good heat exchange relation
therewith. In order to provide for a proper dis-
tribution of the refrigcrating effect of evapora-
tor section 14a the inlet end of the section is
preferably located at the bottom of the plate 38
and the section arranged in reverse bends upon
the plate progressing from the bottom toward
the top, with the convolutions toward the top
being closer together than those on the lower
part of the plate. In this manner, a greater re-
frigerating effect is produced in the upper and
warmer part than in the lower part, whereby
to provide for a substantially uniform tempera-
ture throughout the vertical extent of the com-
partment.

A second and larger section (40 of the evap-
orator tube is disposed within the freezing com-
partment 29 and associated with a metallic
sleeve 3% adapted to receive conventional freez-
ing trays or the like, The sleeve 39 is here
shown as provided with a closure 40 for the front
end thereof whereby to prevent the spilling out
of the cold air ther:from when the main stor-
age chamber door 27 is opened.

As previously mentioned, the first section {4a
of the evaporator tube {4 which is disposed In
the cooling compartment 28 is of a smaller I. D.
than the second section 14b which is disposed in
the freezing compartment 29. Thus, even
though the two sections are connected together
in unobstructed s ries relation, a lower pressure
is maintained within the freezing section 14b
than within the cooling section i4a. Accord-
ingly, a greater refrigerating effect is produced
by a given length of the freezing section 14b than
by the same length of the cooling section l(4a
whereby a relatively colder temperature is main-
tained in the freezing compartment 29 than in
the cooling compartment 28.

In actual practice the temperature maintained
within the cooling compartment 28 will be above
freezing, whereas the temperature maintained
inside of the freezing sleeve 39 disposed within
the freezing compartment 28 will be below a
freezing temperature. Th:se results—different
temperature conditions in the compartments 28
and 29—are obtained in part by reason of the
different refrigerating effects produced by the
evaporator sections l4a and (4D, and in part by
reason of the fact that a better heat exchange
is provided between the fre:.zing section {4b and
the materials to be frozen thereby than between
the cooling section [4a and the articles disposed
on shelves 33 and 31. |

It will be observed from an inspection of Fig-
ure 3 that the plate with which the first section
i4a of the evaporator is associat.d is so arranged
in relation to the partition 31 that any moisture
which collects on the plate 38 is free to drop by
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gravity directly into the freezing compartment.
A deflector plate 41 (Figure 3) is associated with
the back side of the freezing sleeve 39 so that
any moisture which does drip into compartment
29 from plate 38 is deflected against the freezing
sleeve. Thus, the moisture which collecis on
the plate 38 at times other than the defrosting
period is deflected onto the freezing unit com-
prising the sleeve 39 and the evaporator section
i4b and there frozen, to be subsequently col-
lected upon the upper surface of partition 32
during the defrosting p:riod. | |
Provision is made for a limited circulation of
air between the freezing compartment 29 and the
chilling compartment 30 by arranging partition
32 with certain of its edges spaced from the ad-
jacent walls (see PFigure 3). In this way, com-
partment 30 is refrigerated by the freezing sec-

tion 14b of the evaporator {4, and may be main-

tained at a temperature higher than that of the
freezing compartment 29 but lower than that of
the cooling compartment 28.

With the ccnstruction and arrangement of
parts shown in Figures 2 and 3: cooling compart-
ment 28 can be maintained at g substantially
uniform temperature slightly above freezing
throughout its vertical extent: compartment 29
can be maintained (within sleev. 39) at a tem-
perature below freezing; and chilling compart-
ment 30 can be maintained at an intermediate

temperature—all by use of only a single evapora-
tor and without insulated walls between the com-

partments. By restricting the transfer of heat
and limiting the circulation of air between the
compartments, separate temperature and humid-
ity conditions can be maintained in each com-
partment substantially independent of the con-
ditions prevailing in the other compartments.

In Figures 4 and 5 there are illustrated alter-

native arrangements for producing different tem-
perature conditions within the separate zones of
cooling compartment 28 defined by the shelves 33.

According to the arrangement shown in Figure
4, a single U-loop of the evaporator i4 is ar-
ranged in heat exchange relation with each sepa-
rate zone. In order to vary the refrigerating
effect of the different loops upon thcir respective
zones whereby to maintain predetermined tem-
peratures in the difierent zones, provision is made
fcr varying the efficiency of heat trancsfer bho-

~ freezing (29) compartments,
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tween the several loops and their associated zones.

For that purpose sheets of non-heat conducting
material of varying thickness are disposcd be-
tween certain of the loops and the adjacent sur-
face of the plate 38. A relatively thick sheet of
such material 42 is disposed betwecn the lowest
ioop. and the plate; and successively thinner
sheets 43, 42, 45 and 46 are disposed between the
loops progressively upward. |

By this arrangement of parts, it will be recog-
nized that a more efficient heat transfer is pro-
vided between top loop of evaporator section (&
and the zonc above the top shelf 33 than be-

tween any of the otner loops and the zones with
which they are associated. By suitable rear-
rangement of the sheets of non-metallic matcrial,
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substantially any desired temperature condition

can be obtained in any zone,

Where a relatively poor hecat transfer is pro-
vided between evaporator {4 and plate 38, the
entire evaporator tube may be of uniform cross-
sectional area. That is to say, the freezing sec-
tions and cooling sections may be of the same
size. In that case, reliance is had upon the rela-

70

3 lowest loops of Figures 4 and 95).

e

different temperatures in the cooling (28) and
However, for best
results it is preferred to employ the evaporator
construction shown in Figures 2 and 3, where the
freezing section {4t is larger than the cooling
section 1da. |

According to the arrangement shown in Figure
3, each loop of the evaporator tube (4 is of &
progressively increasing size proceeding from the
bottom upwardly. In other words, this figure ii-
lustrates a specific application of the evaporator -
shown in Figurce 1. Section tda of the evaporator
which has the highest internal pressure angd pro-
duces the least refrigerating effect is associated
with the lowest zone of compartment 28; and sec-
tion t4e which produces the greatest refrigerating
effect is associated with the top zone within the
compartment 28. In this manner g different
temperature may be produced in each of the
zones. Obviously this result can best be obtained
when shelves 332 are imperforate and of non-
metallic construction. If conventional form of
wire shelves are employed, the temperature would
tend to equalize throughout the cooling compart-
ment 28. ;

While no such construction is herein shown, it
will be obvious that to obtain a wider variation
in the temperature sclection for each zone, the
non-heat conducting material shown in Figure 4
may be combined with the evaporator sections of
Figure 5. Likewise, it will be obvious that the
range of temperature select'on can be further
varied by varying the length of the loop asso-
ciated with each zone (as in lowest and next
By thus com-
bining the several features, it will be pos«ible to
obtain substantially any dcsired temperature con-
dition within a relatively wide range—in each
separate zone.

Figures 6, 7 and 8 illustrate a modified applica-
tion of the invention to the cabinet 2{. Referring
first to Figure 6, the construction there shown is
identical to the construction shown in Figures 2
and 3 excent that the plate 38 has been eliminated
and the first scction §8a of the evaporator is
mounted upon the outside of the back wall of liner
28: and the front side of the back wall of the
liner 24 is provided with a drip deflector 47 which
coonerates with the defl.cter 8¢ to direct the
moisture collecting on the back wall onto the
ireezing unit. Exeept for these differences, the
construction shown in Figure 6 is id.ntical to that
shown in Figures 2 and 3; and the results obtained
in overation are substantially the same.

Figure 7 illustrates an arrangement generally
similar to that shown in Figure 4. That is t~ say,
sheets of non-hcat conducting material 48, 49, 50,

B and 52 are disposed beftween the successive

loops of the evaporator tube {4 and the liner.
The thickness of the mat.rial becomes progres=
sively less from the bottom upward, whereby the
refrigerating effect of each lcop upon its asso-
ciated zone becomes progrcscively greater from
the bottom upward. As in the previously de-
scribed device, a successively lower temperature
may be maintained In each successively higher
zone.

~Figure 8 illustrates an arrangement generally

similar to that shown in Figure 5 and which pro-
‘duces substantially the same result as the latter

construction. Each loop of the evaporator tube
14 is of progressively larger size from the bot-
tom upwardly, beginning with the smallest section
{4c and ending with the largest section ide. By

tive efficiencies of heat transfer to produce the 7§ this arrangement, successively colder tempera-
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tures may be produced in each zone of compart-
ment 28, proceeding from the bottom upwardly.
It is contemplated that in certain applications

of the invention the freezing section of the
evaporator will be of larger internal Cross-sec-
tion than the cooling section of the evaporator,

while in other applications the two sections may
be of the same internal cross-sectional area.

While only one specific form of non-heat con-
ducting material has been shown for providing a
poor or inefficient transfer of heat between cer-
tain portions of the evaporator and the zones to
be refrigerated thereby, it will be recognized
that other forms of material and other means
for controlling the efficiency of heat transfer
may be employed. | |

Although but little has been s8aid herein about
humidity conditions, it will be recognized by
those skilled in the art that the imperforate par-
-titions 3§ and 32 and the imperforate shelves 33
serve to limit circulation of air and thereby tend
to isolate each compartment and zone from the
others and thereby permit different reiative hu-
midity conditions to prevail in adjoining com-
partments or zones. That is to say, by refriger-
ating each isolated space independently of the
other spaces, the temperature differential be-
tween the evaporator and the atmosphere of the
space may be closely controlled with a corre-
sponding close control of humidity. In this con-
nection it will be observed that shelves 33 func-
tion in the same way as partitions 31 and 32.
Accordingly, the term “zones” used in connection
with shelves 33 and the term “compartments”
used in connection with partitions 31 and 32 are
to be understood as each defining a space set off
by imperforate partitions or shelves.

The scope of the invention is indicated in the
appended claims.

I claim:

1. In a mechanical refrigerator including an
insulated storage chamber divided into an upper
cooling compartment and a lower freezing com-
partment by a shelf, a metallic sheet deflning
one wall of the cooling compartment, an evapo-
rator section mounted upon the back side of said
sheet to form therewith a cooling unit to re-
frigerate the cooling compartment, a second
evarorator section disposed within the freezing
compartment to form a freezing unit to refrig-
erate the latter compartment, and a drip de-
flector assoc’ated with said units to direct the

moisture which drips from the cooling unit onto

the freezing unit. ' -

92 A mechanical refrigerator comprising an
insulated storage chamber divided into an upper
cooling compartment and a lower freezing com-
partment by means restricting the transfer of
- heat and the circulation of air therebetween,
said chamber being defined in part by a liner,
and means for refrigerating both of said com-
rartments comprising a condensing unit and an
evaporator operatively associated therewith, said
evaporator including a first section disposed on
the outside of the metal liner in the zone there-

- the freezing compartment, said sections being
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8 |
of which defines the cooling compartment and a
second section of the evaporator disposed within

connected together in unobstructed series rela-
tion with each other.

3. A mechanical refrigerator as defined in
claim 2 wherein the first section of the evapora-
tor is arranged in poor heat exchange relation
to the cooling compartment and wherein the
second evaporator section is arranged in better
heat exchange relation with the freezing com-
partment. | .

4. A mechanical refrigerator as defined in
claim 2 wherein the first and second evaporator
sections comprise a single elongated unob-
structed passageway with the second section
being of a larger internal cross-sectional ares
than the first section.

5. In combination, a mechanical refrigerator
having an insulated storage chamber divided
into spaces substantially isolated {from each
other, a separate evaporator section associated
in heat exchange relation with each space, all
of said section being connected together in un-
obstructed series relation and operatively con-
nected to a condensing unit, certain of said sec-
tions being of greater evaporating capacity In
comparison to the size of the associated space
than are other sections in comparison to the
sizes of the spaces with which the latter are
associated, one of said evaporator sections being
in better heat exchange relation with its asso-
ciated space than are the other sections with
their associated spaces.

6. A multiple temperature refrigerating sys-
tem comprising a condensing unit and an evapo-
rating circuit operatively connected thereto, the
said evaporating circuit comprising a plurality
of evaporating sections connected together in se-
ries relation, certain of said sections being in-
sulated from the medium to be cooled thereby,
at least one of said evaporating sections being
insu.ated to a greater extent from the medium
to be cooled by it than another of said sections
is insulated from the medium to be cooled by

. the latter whereby sald one section absorbs more

heat than the other of said sections.
HOMER E. ROSEBROOK.
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