Sept. 9, 1941. E. F. HUBACKER 2,255,587

METHOD OF HEAT TRANSFER

Filed March 13, 1939 4 Sheets—Sheet 1

g RTRT
| w \‘ﬂ' 1 Nt‘ |l i
t‘l L P '1| 1.
|74 = ) [
( ‘ ®) ' i ;I
\—[K\; L | [ i [l . J 7 INVENTOR
7

vl F Mokt

45"5 EF By%ﬁ%@%okmj



‘Sept. 9, 1941. E. F. HUBACKER 2,255,587

METHOD OF HEAT TRANSFER

Filed March 13, 1939 4 Sheets-Sheet 2
(Z/

I & FE B

7 4

> St
B i 774
o ﬁ,_/g

D H
—— L-hvlé
2 1257 s

= - ;:;; CLES
A o wilsinm I ]
/B5 o i \ ]
22 A J— ~/
‘ el 5 220 _
, Eltars (e =
. 40 P N e E=—— _A\\; 40
s NGB | | Fep 427 ‘ s
o -iZJ '\@Zﬁ'é* Pé.:/ N\
o] (o]
g N T T T T T ’!‘
T ) ||‘\' dvas

) ‘\ ] INVENTOR
O P T '*‘J/\Z//‘%;’ZZ J7 HMecEacder:

A TTORNEY




Sept. 9, 1941. E. F. HUBACKER 2,255,587
: METHOD OF HEAT TRANSFER

Filed March 13, 1939 4 Sheets-~Sheet 3

S AL\ FO

INVENTOR

A T N . Emrd I Heclec e

L3I T L

ATTORNEY



Sept. 9, 1941. E. F. HUBACKER 2,255,587

METH‘OD‘OFX HEAT TRANSFER

Filed March 13, 1939 4 Sheets-Sheet 4

} § INVENTOR
L rl FT MohroFer

" ) Ganeh

ATTORNEY




Patented Sept. 9, 1941

2,255,581

UNITED STATES PATENT OFFICE

2,255,587
METHOD OF HEAT TRANSFER

Earl F. Hubacker, Highland Park, Mich., assignor y
to Borg-Warner Corporation, Chicago, Il., a

corporation of Illinois
Application March 13, 1939, Serial No. 261,526
(Cl. 62—178)

5 Claims.

This invention relates to the art of refrigera-
tion and has reference to improved methods of
and apparatus for heat transfer which are par-
ticularly useful for providing different tempera-
ture and humidity conditions within different
compartments and at the same time.

As illustrated in the drawings, my invention is
shown as being embodied in a refrigerating sys-
tem and refrigerator of the so-called domestic
type and which comprises in general & heat in-
sulated compartment and a refrigerating system
which includes two evaporators, one of the evap-
orators being arranged within the heat insulated
compartment for cooling the air therein and the
other of said evaporators being arranged within
a second compartment within the heat insulated
compartment and shielded from the circulating
air therein, one of said evaporators being adapted
to produce refrigeration at a different tempera-
ture level than that produced by the other of
said evaporators and both of said evaporators
being of such capacity, with respect to the com-
partment in which they are arranged, as to pro-
duce different temperature and humidity condi-
tions in each of said compartments.

A principal object of the invention is to pro-
vide a new and improved form of refrigerating
system which will operate to produce refrigera-
tion at a plurality of different temperatures si-
multanecusly.

Another object of the invention is to provide
a new and improved form of evaporator con-
struction which has one part particularly de-
signed for fast ice freezing and for the low tem-
perature storage of frozen foods and another part
which is particularly designed for air cooling
-and is of such capacity and operated at such a
temperature relative to the space to be cooled as
to provide more favorable temperature and
humidity conditions within such space, for the
storage of food stufls.

Another object of the invention is to provide
a new and improved form of refrigerating system
and refrigerant for use therein, so that said
" system will operate to produce refrigeration at
a plurality of different temperature levels at the
same time.

Another object of the invention is to provide
a new and improved form of “two temperature”
refrigerating system, which is simpler in con-
struction, more efficient in operation, more de-
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than two temperature systems of the type here-
tofore known to the art.

Another object of the invention is fo provide
a new and improved form of evaporator construc-
tion which is particularly designed for air cool-
ing and which is of such capacity that it may be
operated at a higher temperature level than
evaporators of the type heretofore known to the
art and yet produce lower box temperatures and
higher humidity conditions than have been pro-
duced by evaporators of the type heretofore used.

Other objects and advantages of the invention
will be’ apparent from a' consideration of the
following specification, taken in conjunction with
the accompanying drawings, of which there are
four sheets and wherein:

Fig. 1 is a view illustrating a refrigerator of
the household type, which includes a refrigerat-
ing system embodying the invention herein con-
templated;

Fig. 2 is a front elevational view of the evap-
orator or heat absorbing portion of the refrigerat-
ing system;

Fig. 3 is a side elevational view, with parts
broken away and other parts shown in section, of
the evaporator illustrated in Fig. 2;

Fig. 4 is a rear elevational view of the evap-
orator;

Fig. 5 is a plan view of the evaporator, with
parts broken away or omitted;

Fig. 6 is a horizontal section taken in a plane
on the line 6—6 of Fig. 3, looking in the direc-
tion of the arrows,

Fig. 7 is an enlarged view of a detail shown in
Fig. 6; and

Fig. 8 is an exploded view of the parts of the
evaporator and illustrating the refrigerant cir-
culation therethrough.

Referring now to Fig. 1, there is illustrated a
refrigerator which includes a heat insulated com-
partment (0 and a refrigerating system which
comprises heat absorbing means {2 arranged
within the compartment 10, and a condensing
unit assembly arranged externally of the com-
partment {0 and which comprises an electric
motor 14, an electric conduit 16 adapted for con-
nection to a suitable electric receptacle, a com-
pressor {8 operatively connected to the motor
{4, a condenser 20, and refrigerant expansion
control means 22, the condensing unit being op-
eratively connected to the heat absorbing means
or evaporator 12 by a suction line 24 which re-

pendable in operation, and less expensive to build 55 turns vaporous refrigerant and lubricant from
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the evaporator to the intake side of the com-
pressor, a liquid line 26 which conducts liquid
refrigerant from the condenser 20 to the intake
side of the evaporator and under the control of
the refrigerant expansion control means 22, and
an electric conduit 28 affording an electrical
circuit, which includes a thermostatically con-
trolled switch which operates to open and close
the motor circuit in accordance with predeter-
mined temperature variations of the evaporator.
This thermostatically controlled switch is com-
monly known as a ‘“cold control” and has a bulb
or other actuating device connected to the evap-
orator so as to open the motor circuit when the
evaporator temperature falls below a predeter-
mined point and to close the motor circuit when
the evaporator temperature rises above a pre-
determined point, thereby tending to maintain
the temperature within the compartment 10
within predetermined limits.

Referring now to Fig. 8, which is an exploded
view of the heat absorbing means 12, the same
comprises an air cooling part or section 30, the
outside of which is exposed to the air within the
compartment 10, and a low temperature or fast
freezing part or section 32, which is arranged
within a closed compartment provided by the air
cooling part 30 of the evaporator. As will be
hereinafter explained, the low temperature part
of the evaporator is designed to operate at a tem-
perature level of from 0° to 10° F., while refrig-
eration is produced in the air cooling or high
temperature part 30 at a temperature level of
from 19° to 29° F., the area of the section 30 ex-
posed to the air within the compartment 10 being
sufficient so as to produce a temperature within
the compartment 10 of from 35° to 40° F., dur-
ing the normal operation of the system.

The air cooling part or section 30 of the evapo-
rator comprises a U-shaped metallic heat absorb-
ing member 34 and a back wall member 36. The
U-shaped member 34 consists generally of a con-
tinuous metallic surface provided with refriger-
ant passageways 38 therein and having upper
headers 40 and lower headers 42, the upper head-
ers 40 being in communication with the upper
end of the passages or ducts 38 at the upper end
thereof, and the lower headers 42 being in com-
munication with the passages or ducts 38 at a
lower level. Liquid is supplied to the ducts or
passages 38 by means of the lower headers 42, and
refrigerant vapor is conducted from the upper
headers 40 by means of a cross tube 44 to which
. the suction line 24 is connected. The back wall

part 36 of the air cooling evaporator consists, in
. general, of a flat plate having a coil of tubing 46
secured thereto. Refrigerant is supplied to the
. bottom of the coil 46 by a down-leg 48, and the
upper part of the coil 46 is connected to a header
50. Liquid refrigerant is supplied to the header
50 by conduit 52, and the outlet from the header
50 is connected by a conduit 54 to a T 56 from
whichy lines 58 conduct refrigerant to the liquid
distributing headers 42 of the U-shaped member
34. The liquid line 26 supplies liquid refrigerant
to one end 60 of a heat exchanger 62, the other
. end 64 of the heat exchanger being connected by

a conduit 66 to one end of a coil 68 which is ar-
ranged upon the under side of a shelf or plate 70.
- The other end of the coil 68 is connected by a
 conduit 12 to another coil 68’ which is arranged
upon the under side of an upper plate 70°, and
' the other end of the upper coil 68’ is connected
by conduit 52 to the header 50.
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The header 50 consists of a block of metal hav-
ing passageways 528, 462, 48% and 542 therein,
cross-connected by a by-pass 55. Passage §2s is
connected to conduit 52; passage 462 is connected
to the upper end of the coil 46; the upper end of
leg or conduit 48 is connected to passage 482; and
the end of conduit 54 is connected to passage 54=.
Liquid refrigerant is supplied by the conduit 52
to passage 52* and thence to passage 46% where,
due to the presence of vapor bubbles in the re-
frigerant, the liquid refrigerant will flow upwardly
in passage 462, thence across by-pass 55, and
downwardly through passage 482 and leg 48 to
the bottom of the coil 46. The bubbles of refrig-
erant vapor, which come into the header through
passage 522, pass upwardly through passage 462
and into passage 54® and conduit 54 and do hot
circulate through leg 48 and coil 46. The leg 48
is of comparatively large diameter, so as to enable
gas bubbles to pass by the downflowing liquid
without impeding the flow thereof, while the coil
46 is of comparatively small diameter and, due to
the extended heat absorbing surface provided by
the plate 36 and the fins, refrigerant vapor is gen-
erated in the coil 46 and induces an upward cir-
culation of liquid therein. Refrigerant vapor
generated in the coil 46, together with liquid re-
Irigerant supplied through passage 522, will flow
upwardly through passage 462, passage 542 and
into conduit 54. The by-pass 55 insures that a
continuous supply of liquid refrigerant will be
supplied to the bottom of the coil 46 and permits
the refrigerant vapor from the shelves 10 and 10’
to pass into the conduit 58 without passing
through the back wall section 36 of the air cool-
ing part of the evaporator.

Thus we find that liquid refrigerant is supplied
to the low temperature section 32 of the evapora-
tor and thence in series through the section 36
and the U-shaped member 34 and is then re-
turned by the suction line 24 to the intake side
of the compressor.

If this evaporator were used in connection with
a conventional refrigerating system using a single

5 refrigerant such as sulphur dioxide (802) or any

one of the “F” refrigerants now being marketed
under the name “Freon,” as it could be, the evap-
oration of refrigerant would take place in all
parts of the evaporator at substantially the same
temperature level. While a single refrigerant
could be used in this system, the present inven-
tion contemplates the use in this system of a re-
frigerant which consists of a solution or mixture
of two or more refrigerant components such, for
example, as a refrigerant consisting of ninety to
ninety-five percent, by weight, of sulphur dioxide
(S02) and five to ten percent, by weight, of
dichlorodifiuoromethane (CClzF2), commonly
known as “F-12.” Other examples of refriger-
ants comprising a mixture or solution of two or
more refrigerant components are:

Sulphur dioxide (SO2) and carbon tetrachioride
(CCly)

Sulphur dioxide (SO2) and (¥-11) trichloro-
monofluoromethane (CCL;F) .

Sulphur dioxide (SO2) and (F-21) dichloro-
monofluoromethane (CHCI:F)

Sulphur dioxide (SO2) and (F-114) dichloro-
tetrafluoroethane (C2Cl2F)

Sulphur dioxide (S02) and ethyl chloride
(C2H5CID)

Sulphur dioxide (SOz) and methyl chloride
(CH:CID)
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Sulphur dioxide (SO2) and methylene chloride
(CH:Cla)

Sulphur dioxide (SO2) and propane (C3Hg)

Sulphur dioxide (SO and normal butane
(CsH10)

Sulphur dioxide (SO2) and isobutane (C4Hio)

Sulphur dioxide (80z2) and dimethyl ether
(CH3)20

Sulphur dioxide (802 and methyl formate
(CzH402)

Sulphur dioxide (SO2) and dibutyl phthalate
(CsH+«(COOCHs} 2)

10

Sulphur dioxide (SO2) and dimethyl phthalate

(CsHs) (COOCH3)2

Sulphur dioxide (S02) and methyl alcohol
(CH30H)

Sulphur dioxide (SO2) and monochlorobenzene
(CsH5CD

Sulphur dioxide (SO2) and methyl isobutyl ke-
tone (CH3COC:Hg)

Sulphur dioxide (SO2) and isopropyl acetate
(CH3COOCsH™

Sulphur dioxide
(CsHuCh

Methyl chloride (CH3Cl) and methylene chloride
(CH:2Cl2)

Methyl chloride (CHiCD and isopropyl acetate
(CH3COOC:H)

Methy! chloride (CH3CD and methyl isobutyl ke-
tone (CH3COC:Hs)

Methyl chloride (CH3CD) and dimethyl ether
(CH3) 20

Methyl chloride (CHsCl) and methyl alcohol
(CH3OHD

Methyl chloride (CH3;Cl) and carbon tetrachloride
(CCla)

Methyl chloride (CHsCl and tetrachloroethane
(C2H2Cl4)
Methyl chloride (CH:CD and toluene (CsHsCH3)
Methyl chloride (CH3Cl) and tetrachloroethylene
(C:Cls)
Methyl chloride
(CsHuCD )

Methyl chloride (CHzCl) and monochlorobenzene

(CsHsCD

Methyl chloride
(CsHaio)

Methyl chloride (CH3CD) and (F-12) dichloro-
difluoromethane (CClzFa2)

Methyl chloride (CHsCD and (F-11) trichloro-
monofluoromethane (CCIsF)

Methyl chloride (CH3CD and (¥F-114) dichloro-
tetrafluoroethane (C2Clz2F4)

Methyl chloride (CHsCD and (F-21) dichloro-
monofluoromethane (CHCLF)

Dichlorcdifiluoromethane (CClaF2) (F-12) and
(F-11) trichloromonofluoromethane (CCIsF)

Dichlorodifluoromethane (CCl2F2) (F-12) and
(F-21) dichloromonofluoromethane (CHCL:2E)

Dichlorodifluoromethane (CClzF2 (F-12) and
(F-114) dichlorotetrafluoroethane (C2Cl2F4)

“p_11,” “P-12,” “F-21” and “F-114" are simply
the commercial names of some of the refriger-
ants indicated, and are used principally for the
purposes of convenience,

In addition to the foregoing mixtures or solu-
tions, other mixtures or solutions of two or more
components may bc used.

Of the refrigerants in the foregoing iist, pro-
pane (C:Hg), normal butane (CsHie) and isobu-
tane (CsHio) are classified as aliphatic hydro-
carbon compounds;

Ethyl chloride

(SO2) and amyl chioride

(CH:Cl) and amyl chloride

(CH3Cl) and normal butane

(C:HsCl), methyl chloride
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(CH3Cl), methylene chloride (CH:Cl2), amyl
chloride (CsH1uCl), carbon tetrachloride (CCl4),
tetrachloroethane (C2H:2Cly) and tetrachloro-
ethylene (C2Cle) are classified as halogen deriva-
tives of aliphatic hydrocarbon compounds; and

Dichlorodifiuoromethane (CCl:F2), trichloro-
monofluoromethane (CCiF), dichlorotetrafiuoro-
ethane (CeCleF4) and dichloromonofluorometh-
ane (CHCLP) may be classified as halogen de-
rivatives of aliphatic hydrocarbons or as fluorine
derivatives of an aliphatic halogen compound.

Theoretically, if a mixture of 5% of F-12 in
SOz at 20 lbs. absolute pressure is'supplied to the
low temperature side 32 of the evaporator, a shelf
temperature of 10° F. will be produced. In the
low temperature section 32 of the evaporator,
12 will evaporate from the mixture, in a much
higher concentration than 5%, and will thereby
reduce the concentration of ¥-12 eventually to 0°.
The almost pure SOz will then feed over through
the conduits 54 and 52 to the higher temperature
evaporator, and at 20 1bs. absolute, will vaporize
at approximately 25° F.

In actual performance, however, an evaporator,
as illustrated, with a 5% concentration of P-12
entering the low temperature section 32, will not
produce a temperature of 10° F. at 20 1bs. abso-
lute, in the section 32. This is due to the fact
that first, the liquid refrigerant mixture supplied
through the conduit 26 must be reduced in tem-
perature to the boiling temperature, and this re-
duction in temperature is obtained by vaporizing
a high concentration of F-12, so that the final
concentration is something less than 5%. Sec-
ond, in cooling the shelves or low temperature
section 32, more heat is added to the refrigerant
mixture, and the final temperature obtained is
an average between the boiling point of the initial
concentration and the concentration leaving the
shelves. From actual experience, it appears pos-
sible to obtain approximately one-half of the
theoretical spread.

This temperature spread, however, will vary
materially with the load on the cabinet. This is
due to the fact that the available refrigeration
per pound of mixture circulated is constant, and
since more pounds of refrigerant or mixture are
circulated at higher loads, more refrigeration is
available at the lower temperature level.

A greater temperature spread between the tem-
perature at which the refrigerant vaporizes in
the section 32 and that at which it vaporizes in
the box cooling section 30 may be obtained by
using a larger concentration of F-12, for ex-

2 ample.

It appears desirable to operate the shelves 10,
70’ at a temperature of approximately 10° F.
and the air cooling section at a temperature of
approximately 19° F. In the particular evapo-
rator illustrated, this may be obtained by using
a mixture consisting of approximately 2% oz. of
.12 and 2 lbs. 6 0z of SOz, which is approxi-
mately 6% to 7% of F-12 concentration.

In a system of this type, the addition of F-12
tends to increase the condenser head pressure
and thereby increase the power input to the
compressor. However, it has been found that in
a well built compressor with low friction losses,
the increase in head pressure increases the power
input very slightly, and there is a tendency for
an overall gain in power consumption per day
because the suction pressure increases slightly,
and the outside evaporator is more efficient due
to the improved ebullition because of the in-
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creased quantity of gas flowing through it and
also due to the extended surface provided by the
fins.

The mixture just described may be classified
by what is commonly termed a minimum boiling
point mixture. In addition to this, there are
other types of mixtures, known as a normal hoil-
ing point and a maximum boiling point. The
normal boiling point mixture would be repre-
sented by a mixture such as F-12 and F-21. In
this mixture the boiling point is always becween
the boiling point of the pure constituents, The
general design of a system employing such a
mixture would be similar to the SOz F-12 system,
in that a small concentration of F-12 would be
added to P-21, and this mixture fed to the shelves
where F-12 would vaporize much more rapidly
than F-21 and reduce the mixture to pure F-21,
which would be fed to the outside evaporator.

" Another example of the normal boiling point
mixture would be one in which one component
is relatively non-volatile. An example of this
system would be SO2—dibutyl phthalate. In this
system the dibutyl phthalate would stay in the
outside evaporator and practically pure SOz
would be fed to the shelves. The dibutyl phthal-
ate mixing with the pure SO2 would cause 2 rise
in boiling point so that the temperature in the
shelves would be correspondingly lower than the
outside evaporator temperature.

In a mixture system having a maximum boil-
ing point such as dimethyl ether—SO0;, if a con-
centration of 10% dimethyl ether was fed to the
shelves, the gas leaving would contain less than
10% dimethyl ether. This would mean that the
concentration of dimethyl ether in the liquid
would increase, and this increase would continue
until the liquid composition was approximately
30%, at which concentration the gas leaving
would also be 30%. The boiling point would go
up as the concentration increased and the com-
position of the liquid in the outer evaporator
would be 309%. ’

In operation, a system such as the one illus-
trated is charged with a quantity of refrigerant
which is a mixture or solution of a plurality of
components, such as a 5 to 10% solution of F-12
in 8O2. The terms solution or mixture, as used
herein, are not to be construed only in their
technical sense, but are intended to refer to a
body of a plurality of components or ingredients
associated in whatever manner such components
or ingredients will associate when placed to-
gether in a system such as a refrigerating system.

Where the evaporator comprises a plurality of
sections or parts, as illustrated in the drawings,
the refrigerant medium will operate to produce
different temperature conditions in each section
of the evaporator, because the refrigerant solu-
tion or mixture in one section of the evaporator
will contain a different percentage of the com-
ponents of the refrigerant than the solution or
mixture in the other section of the evaporator,
and there will be a temperature differential be-
tween the temperatures of the different sections
of the evaporator, because the solution in one
section will boil at a different temperature than
the solution in the other section. The tempera-
ture differential can be varied by using different
percentages of the components of the refrigerat-
ing medium.

The refrigerant medium, in circulating through
the system, is discharged from the compressor
into the condenser where condensation of the
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vaporous refrigerant takes place, and thence to
the receiver from which it passes under the con-
trol of the refrigerant expansion control 22 to
the low temperature section 32, wherein a per-
centage of each of the components of the refrig-
erant will boil off in going through the freezing
coils, and the remainder of the mixture or solu-
tion will be discharged through conduit 52 into
the header 50.

The refrigerant in the low temperature section
32 of the .evaporator, it will be observed, is ex-
posed to substantially the same suction pressure
as the refrigerant within the air cooling portion
30 of the evaporator. In passing through the
low temperature section 32, the gas coming off
of the refrigerant mixture will contain a greater
bercentage of the refrigerant component having
the higher volatility or lower boiling point, with
the result that the residual refrigerant which is
discharged into the header 50 has a lower per-
centage of the higher volatiie component in it
than is present in the mixture or solution in the
section 32. The mixture of refrigerant which is
discharged into the header 50 passes into the
coil 46 and also into the U-shaped member 34,
and such refrigerant has a higher boiling point
than the boiling point of the solution in the
freezing section 32. Since the refrigerant in the
section 32 boils at a lower temperature than the
refrigerant which is delivered to the coils of the
air cooling section 30 of the evaporator, it will
be apparent that a lower temperature will be
produced in the freezing section 32 than in the
air cooling section 30. -

The vaporous refrigerant from both sections
of the evaporator passes into the upper part of
the headers 40, from whence the suction line
conducts such refrigerant vapor, together with
whatever lubricant may be entrained therein, to
the intake side of the compressor {8. The aver-
age composition of the gas passing through the
suction line should always be the same as the
average composition of the liquid entering the
evaporator. |

In Figs. 2 to 7, inclusive, the actual details of
construction of the evaporaior illustrated in Fig.
8 are shown. The U-shaped member 34 may con-
sist of two sheets of metal, the faces of which are
secured in intimate engagement, such as by weld-
ing or brazing, and which sheets of metal, prior
to assembly, have been formed with suitable
grooves, so that after assembly and bending, the
U-shaped member will contain g series of ducts
or passages 38 which extend from one end there-
of to the other and between the longitudinal
upper headers 40. The refrigerant expansion
control 22 may consist of a high-side float, and
the conduit 26 between such control and the end
66 of the coil 68 on the lower shelf 70 of the
evaporator may comprise a capillary tube so as to
prevent the expansion of refrigerant before it is
delivered to the evaporator. The system is
charged with sufficient fluid so as to maintain a
level of liquid refrigerant in the evaporator in-
termediate the upper and lower limits of the
headers 40. The passageways 38, the liquid dis-
tributing headers 42, the coil 46, and the coils
68, 68’ and the connections between such parts,
are maintained substantially filled with liguid
during the normal operation of the system. The
heat exchanger 62, it will be observed, is pro-
vided by arranging a part of the liquid line sup-
plying liquid refrigerant to the low temperature
section 32 in heat exchange relationship with the
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tall end of the coil which forms the last part of
the low temperature evaporator section 32. Both
the coils 68 and 68’, as well as the coils which
form the heat exchanger 62, are soldered to the
under side of the shelves 10, 10’. 'The shelves T0
and 10’ may consist of two generally flat plates
which are suitably supported by insulating pins
11 from the inside wall of the U-shaped sheet
metal member 34. The space bhetween the sides
of the U-shaped sheet metal member 34 is closed
at the back by the sheet metal wall 136 which
comprises a part of the back wall section 36. A
wall 137 closes the top of the space between the
side walls of the member 34, and at the front a
door 138 pivotally carried by the member 34 is
provided with an annular gasket 140 on the inner
tace thereof, which cooperates with the front edge
of the member 34 and a front edge portion of the
horizontal wall 1371 to seal the space inside of
the member 34 against circulation of air there-
into from the compartment 10, This closed space
within the member 34 may be designated as a low
temperature zone or compartment 142, access to
which may be had by opening the door 138.

The shelves 10 and 10’ are adapted to support
liquid holding receptacles stich asice trays. . Also,
the floor of the low temperature compartment
{42, which is provided by the inside wall cf the
horizontally extending portion of the member
34, provides a shelf for the reception of liquid
holding trays, this shelf being designated by the
reference character 170. While this shelf 170 is
refrigerated in the sense that the surface of the
shelf is in direct and intimate engagement with
refrigerant which is in the passages 38, the tem-
perature of this shelf 170 will be considerably
higher than that of the shelves 10, 10°, due to
the fact that the refrigerant in the passages 38
will boil at a much higher temperature than the
refrigerant in the coils 68, 68, The oufside walls
of the air cooling section 30, as well as the back
wall section 136, may be provided with fins 144 so
as to increase the effective heat transfer surface
and facilitate the cooling of air within the com-
partment 10.

The branch lines 58 which supply refrigerant
to the liquid distributing headers 42, extend
through a wall of the headers 42 and along the
length of the headers so as to distribute refrig-
erant to the various ducts 58. One of the tubes
58, for example the left hand one illustrated at
the top of Fig. 6, extends completely along the
length of the header and is provided with open-
ings 158 which are arranged to discharge re-
frigerant upwardly into each of the first, third,
fifth, seventh, ninth and eleventh of the pas-
sages 38, counting from the left in Fig. 6, while
the other tube 58 is provided with openings 158
which are arranged so as to discharge refrigerant
upwardly into the second, fourth, sixth, eighth,
tenth and twelfth of the passages 38, counting
from the left in Fig. 6. In this way, circulation
of refrigerant through the passages 38 and be-
tween the headers 40 is induced, the bubbles of
refrigerant vapor generated in the shelves 70
and 10’, and in the coil 46, contributing to effect
such circulation.

In this manner, more efficient heat exchange
is effected between the refrigerant in the pas-
sages 38 and the air in the compartment §0. It
will be understood, of course, that free com-
munication is afforded between each of the pas-
sages 38 by means of the headers 40 and 42. The
U-shaped member 34 which may for convenience
be called a shell, may be provided with brackets
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120, by means of which the entire evaporator as-
sembly may be suspended from the top wall of
the provision compartment (0. The liquid Iine
26 preferably is arranged in heat exchange re-
lationship with the suction line 24, The ther-
mostatic control switch 122 previously referred
to may be supported above the upper inside wall
371 ahd immediately behind a partition 138 which
closes the space at the front of the shell between
the sides thereof and above the wall 131. The
thermostatic element of the switch 122 preferably
is associated with the box cooling portion 30 of
the evaporator.

The invention herein disclosed constitutes an
improvement of that shown in my prior co-pend-
ing applications relating to the same subject
matter, including Serial No. 114,940, filed De-
cember 9, 1936; Serial No. 179,149, filed December
11, 1937; and Serial No. 181,748, filed December
27, 1937. For further details in connection with
this, the method of and apparatus for heat trans-
fer herein disclosed, reference may be had to such -
prior applications. :

While the invention has been described with
some detail, it is to be understood that the de-
seription is for the purpose of illustration only
and is not definitive of the limits of the inventive
ijdea. The right is reserved to make such changes
in the details of construction and arrangement
of parts as will fall within the purview of the at-
tached claims.

Iclaim:

1. The method of producing refrigeration which
comprises forming a liquid solution of (SO2) and
(CCILzF2), evaporating liquid from said solution
to produce refrigeration at one temperature,
transferring liquid from said solution to form a
body of refrigerant at another point having a
boiling point different than that of said solution,
evaporating refrigerant from said body of refrig-
erant to produce refrigeration at a temperature
different than that produced by evaporating
refrigerant from said solution, condensing the
refrigerant vapor and returning the same in
liquid form to said solution.

2. The method of producing refrigeration which
comprises forming a liquid solution of (SO2) and
(CHCL:F), evaporating liquid from said solution
to produce refrigeration at one temperature,
transferring liquid from said solution to form &
body of refrigerant at another point having a
boiling point different than that of said solution,
evaporating refrigerant from said body of refrig-
erant to produce refrigeration at a temperature
different than that produced by evaporating re-
frigerant from said solution, condensing the
refrigerant vapor and returning the same in
liquid form to said solution.

3. The method of producing refrigeration which
comprises forming a solution of a plurality of
liquid refrigerant components of different vola-
tility, one of which components comprises (802),
and another of which components comprises a
fluorine derivative of an aliphatic halogen com-
pound, evaporating higher volatile portions of
the refrigerant from said solution to produce
refrigeration at one temperature, transferring
liquid from said solution to form a body of re-
frigerant at another point having a boiling point
different than that of said solution, evaporating
lower volatile portions of the refrigerant from
said body to produce refrigeration at a tempera-
ture different than that produced by evaporating
refrigerant from said solution, condensing the
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refriéerant vapor and returning the same In

liquid form to sald solution.
4. The method of producing refrigeration which

comprises forming a solution of a plurality of

liquid refrigerant components of different vola-
tility, one of which components comprises (SO2) ,
and another of which components comprises
(CCLF), evaporating refrigerant from said solu-
tion to produce refrigeration at one temperature,
transferring liquid from said solution to form g
body of refrigerant at another point having a
boiling point different than that of said solution,
evaporating refrigerant from said body to pro-
duce refrigeration at a temperature different
than that produced by evaporating refrigerant
from said solution, condensing the refrigerant
vapor and returning the same in liquid form to
said solution.
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5. The method of producing refrigeration which
comprises forming a solution of a plurality of
Hquid refrigerant components of different vola-
tility, one of which components comprises (802),
and another of which components comprises a
fluorine derivative of an aliphatic halogen com-
pound, evaporating refrigerant from said solution
to produce refrigeration at one temperature,
transferring liquid from said solutfon to form
a body of refrigerant at another point having
a boiling point different than that of said solu-
tion, evaporating refrigerant from said body to
produce refrigeration at a temperature different
than that produced by evaporating refrigerant
from said solution, condensing the refrigerant
vapor and returning the same in liquid form to

sald solution,
EARL F. HUBACKER.




