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; “4-Claims.
1

My invention relates to refrlgeratlon, and more
‘particularly to absorption refrigeration systems
of the type employing an 1nert gas or. pressure
equahzmg agent.

It ‘is an object of my 1nvent10n toeffect im-
‘provements in systems of this type, particularly
to transmit cooling effect more effectively to dif-
ferent parts of a space Or compartment  of. a
household refrigerator. More particularly, it is
‘an obJect to provide an improvement for trans-
mltt.lng cooling efféct to matter stored in the
‘upper part of a freezing compartment of the kind
‘in: which the cooling element of a refrigeration
system usuzlly is associated only with the bot-
tom of such a compartment.

T accomplish this by prov1d1ng a first cooling
“element in which evaporatlon of liquid refriger-
‘ant takes place in the presence of-inert-gas to
produce a cooling effect which is transmitted to
‘the bottom or lower part of a space or storage
compartment of 9 refrigerator, and by transmit-
‘ting coohng effect -to the upper part or top of
‘such space or storage compartment from a high-
‘er located element to-which inert gas flows from

‘the first cooling element, the higher located ele-

ment being arranged and connected-in the refrig-
‘eration system in such manner that prevmusly
cooled inert: gas passes therethrough out of phys-
ical contact ‘with liquid refrigerant.

/In the preferred embodlment of the invention
the ‘higher located elemert is so ‘positioned with
respect to the first cooling élement that it not
only is abeve the highest pomt of the path of flow
for liquid refrigerant but also’ constitutes the
‘highest point of the refrigeration system. By
positioning and locating the higher located ele-
ment above the condenser or place of liquefac-
tion of refrigerant fluid, a compact refrigerator
constructzon is provided in which the overall

height of .the refrigerator is at a minimum al-

though -the freezing compartment may be lo- .

c¢ated at the uppermost part of the thermally
insulated interior of the refrigerator.

The novel features which I believe to be char-
‘acteristic of my invention are set forth with par-
ticularity in the claims. The invention, both as
to organization and method, together with the
above and other objects and advantages therect,
‘will be better . understood by reference to the fol-
lowing description taken in connection with-the
accompanying drawing forming a part of this
specification, and of which:

Fig. 1 more or less dlagrammatlcally 111ustrates
an absorptlon refrigeration system embodying the
‘invention: and’
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. Pig. 2 111ustrates the refrigeration . system of
Fig. 1 and a fragmentary side vertical sectional
view .of a refrigerator associated therewith. .

Referring to Fig.:2, I have shown my invention
in connection with:a: household refrigerator 10

‘having a thermally insulated space which is sub-

divided into a plurality of compartments il and
12 one above the other and arranged to be cooled
by a plurality of cooling elements 14 and 1% op-
erable at different temperatures. ‘- The. cooling

‘elements 14 and 15 are embodied in 4 horizontal

partition 16, the upper compartment if.being.

“cooled. primarily by the cooling element 14 s0-8s

to freeze water and other matter as well as sbore
frozen food packages therein. ’

The partition i6 is of such size that it extends
substantially -over the entire width of the stor-
age space and from the rear wall 17 toa region
{8 at the open front which is relatively ‘close to
the rear face of a door (not shown) adapted to
be hinged at thé front of 'the refrigerator. With
such arrangement-circulation of air between the
upper and lower wcornpartments t and ) 1s sub-

_»stantlally prevented.

The cooling element 14, which is in the form of
2 horizontally disposed lqoped coil, is thermally
connected to the underside of the top surface
19-0f the partition. The cooling element 15 is
thermally connected to the upper side of- the
hottom -surface 28 of the partition and is pri-
marily effective to abstract heat from the lower
compartment 12, To provide a relatively extén-
sive- hedt transfer surface at the bottom surface
of the partition, a plurality of heat transfer mem-
bers 21 may be ﬁxed thereto, as by welding for -

eXample.”

If desired, the partition 16 may be ﬁlled ‘with
a suitable-insulating material 22 for thermally

-shielding the cooling elements {4 and 15 from
-one ‘another,
‘ridl is employed, the stagnant body of air in the

Eveh when no ' insulating mate-

partition éffectively shields the'cooling elements

‘{4 and 15 thermally from one another.

The cooling elements 14 and 15 constltute the

‘cooling ‘unit’ or evaporator structure of an- ab-
’sorptlon refrigeration’ system’ of the inert gas
‘type and are connected by conduits to other parts

of the system for circulation of inert gas as well
as ‘supply 11qu1d refrigerant to the evaporators.

"When such an absorptlon refrigeration system is

employed in the ‘cabinet of a household refrig-
erator, as shown in Fig. 2, the cooling elements

‘14 and 15 and connections thereto are usually in-
“serted 1nt0 the thermally insulated storage space

through 'an opening in the rear wall 11 which is
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adapted to be closed by an insulated closure
member 23.

An absorption refrigeration system of the inert
gas type to which the invention is applied is more
or less diagrammatically shown in Figs. 1 and 2.
In order to simplify Fig. 1, the cooling elements
{4 and 15 have been illustrated apart from a
household refrigerator having subdivided com-
partments one above the other. The absorption
refrigeration system shown in Figs. 1 and 2 is of
a uniform pressure type in which an inert gas or
auxiliary pressure equalizing fluid is employed.

In a system of this type, refrigerant expelled
from solution in a generator 24 by heating passes
upwardly through an air cooled rectifier 25 into
an air cocled condenser 26 in which the expelled
refrigerant is condensed and liquefied.  Liquid re-
frigerant flows from condenser 26 into a vessel 27
in which precooling of refrigerant is effected, as
will be described presently, and refrigerant flows
therefrom through a conduit 28 into the cooling
elements or evaporator sections 14 and (5.

In evaporator sections 14 and 15 the refriger-
ant evaporates and diffuses into an inert gas, such

as hydrogen, for example, to produce a refrig- :

eratiny effect and abstract heat from the sur-
roundings. The resulting gas mixture of refrig-
erant and inert gas flows from evaporator section
{5 through a conduit 29, gas heat exchanger 30
and conduit 3| into an absorber comprising a
vessel 32 and a looped coil 33. In the absorber
vessel 32 and coil 33 refrigerant vapor is ab-
sorbed into a liquid absorbent, such as water, for
example, which enters through a conduit 34. The
hydrogen or inert gas, which is practically insol-
uble and weak in refrigerant, is returned to evap-
orator sections (4 and {5 through gas heat ex-
changer 30 and a conduit 35. Absorption liquid
enriched in the absorber flows from vessel 32

through a conduit 36 and liquid heat exchanger -

37 to generator 24 where it is heated and refrig-
erant vapor is again expelled out of solution. The
weakened absorption liquid from which refriger-
ant has been expelled flows from generator 24
through the liquid heat exchanger 3T and conduit
34 to coil 33 to absorb refrigerant vapor again.

In order to precool liquid refrigerant in vessel
27 prior to entering evaporator section 14, the op-
posite ends of the vessel are connected by con-
duits 38 and 39 to the conduit 29 through which
inert gas rich in refrigerant flows from evap-
orator section 15 to the absorber. In this way
natural circulation of a part of the rich gas takes
place through a local circuit including conduits
38 and 39 and vessel 21. Liquid refrigerant in
vessel 2T evaporates and diffuses into rich gas
above the liquid surface level thereof, thereby
-taking up heat from liquid refrigerant.

In Fig. 1 the evaporator sections (4 and 15 are
diagrammatically shown as horizontally disposed
coils which are located at different levels. Inert
gas from conduit 35 flows through evaporator sec-
tion {4 in the presence of and counterflow to
liquid refrigerant which is introduced through
conduit 28. Unevaporated liquid refrigerant is
conducted from evaporator section {4 through a
vertically connecting conduit 40 for flow through
the lower evaporator section I1. Such liquid re-
frigerant flows in the presence of and in parallel
flow with inert gas which passes into evaporator
section 15 from evaporator section 14.

Since inert gas weak in refrigerant first flows
through evaporator section (4 and thereafter
flows through evaporator section 15, the gas in
the upper evaporator section (4 contains a lesser
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amount of refrigerant vapor than the gas in the
lower evaporator section 15. The partial vapor
pressure of the refrigerant is a gradient, so that
the temperature in the evaporator coils is also a
gradient, the evaporating temperature of liquid
refrigerant being lower in the upper evaporator
section 4 which constitutes the freezing portion
of the evaporator structure.

The refrigerating effect produced by the upper
evaporator section {4, which is adapted to be op-
erated at temperatures below freezing, is utilized
to effect cooling of the upper compartment {1
which is defined by the partition {6 and thermally
insulated walls of the refrigerator 0. Accord-
ingly, the upper compartment | serves as a freez-
ing space which is adapted to receive ice trays,
frozen food packages and other matter to be
frozen. The refrigerating effect produced by the
lower evaporator section (5, which is adapted to
be operated at a higher teinperature than that of
evaporator section {4 and desirably above freez-
ing, is utilized to cool air in the lower compart-
ment 12.

In accordance with my invention, in order to
abstract heat more effectively from the upper
compartment (1, I provide a looped coil 41 at a
higher level than the upper evaporator section
{4 and into which inert gas passes from evap-
orator section {4 through a conduit 42 and from
which inert gas passes through a conduit 43 into
the lower evaporator section 15. The looped coil
41, which includes spaced apart straight portions
and connecting bends, is disposed essentially in a
single horizontal plane adjacent to the top wall or
ceiling of the upper compartment {l. In order
to provide a relatively extensive heat transfer
surface, a plate 44 may be secured to the under-
side or face of the looped coil 41, such plate hav-
ing a plurality of heat transfer members 45 fixed
thereto, if desired.

When the upper compartment (1 is loaded with
ice trays, frozen food packages or other matter to
be frozen, cooling effect is effectively transmitted
to the matter resting on the top surface of the
partition 16. Since the looped coil 4f is located
in the upper part of the freezing compartment
1, cooling effect is also effectively transmitted to
matter housed in the upper part of the compart-
ment [f. This is so because the inert gas flowing
in the upper evaporator section (4 is cooled to a
low temperature in the range of —10° to —20°
C., and such cool inert gas then passes directly
into the looped coil 4f before entering the higher
temperature evaporator section 5.

By employing cool inert gas from the evapora-
tor section 14 to promote cooling of the upper
part of the freezing compartment ({1, important
advantages are realized in that cooling effect
can be transmitted directly from a part of the
inert gas circuit to the uppermost rezion of the
thermally insulated space of the refrigerator (0
without needlessly increasing the overall height
of the refrigerator. This is so because the cool-
ing effect transmitted to the upper part of com-
partment 1{ is effected entirely by the gas in-
troduced into the looped coil 41 and without in-
troducing liquid refrigerant thereto. Hence, as
shown in Fig. 2, the condenser 26 may be posi-
tioned at the rear of the insulated wall {T at
an elevation which is below the looped coil 41
and yet sufficiently high to permit liquid to flow
therefrom by gravity to the upper evaporator
section 14. For a refrigeration system of a given
capacity, therefore, the refrigerator can be of
minimum overall height and its height does not
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need to be increased to provide adequate space
at the rear thereof to take care of the condenser
when the latter is to be positioned to drain liquid
refrigerant therefrom by gravity flow into a coil
like the coil 41, for example, which is arranged
closely adjacent to the uppermost wall or ceiling

of the thermally insulated interior of the refrlg— .

erator.

In view of the foregoing, 1t will now be under= -

stood that I have provided an improved arrange-
ment for transmitting cooling effect to any region
of a storage space of a refrigerator although; as
explained above, it is especially suitable in those
constructions in which difficulty is encountered
in supplying liquid refrigerant to such a region.
In the preferred embodiment of the invention
shown and described above, for example, the
cooling effect produced by circulation of inert
gas through the looped coil 41 is effected at a
region which not only is above the highest point
of the path of flow for liquid refrigerant but
which also constitutes the highest point of the
refrigeration system. Such cooling effect is
transmitted to matter external to the refrigera-
tion system and is effected by flow of inert gas
through the looped coil 44 while out of physical
contact with liquid refrigerant. .

The cooling effect produced at the looped coil
41 is transmitted to the upper part of compart-
ment i1 while the cooling effect produced by
evaporator section 14 is transmitted to the
lower part or hottom of the same compartment.
Hence, the storage space in effect is located be-
tween the horizontally disposed regions at which
the cooling effects are produced. The inert
-gas passing from the evaporator section- (4 is
cooled in the latter to a temperature below the
freezing temperature of water, so that it is effec~
tively utilized in the upper looped coil 41 to pro-
mote preservation of food and other matter in
the compartment |1 at temperatures below freez-
ing.

As seen in Fig. 1, the conduit 35 through which
inert gas weak in refrigerant flows from the
upper gas outlet end of absorber coil 33 is con-
nected at its upper end to one end of evaporator

section 14 which may be referred to as a first

cooling element. Inert gas partially enriched
in refrigerant vapor flows from evaporator sec-
tion 14 to the looped coil £1 which may be referred
to as a second cooling element. From looped coil
41 inert gas flows through conduit 43 to evapora-
tor section 1% which may be referred to as a
third cooling element. Hence, inert gas is only
introduced intc looped coil 41 from evaporator
section 14 and inert gas is only introduced into
evaporator section 15 from the looped coil 41.

All of the liquid refrigerant formed in the con-
denser or refrigerant liquefier 26 flows through
vessel 271 and conduit 28 into the first cooling
element or evaporator section 14 for gravity flow
in the latter. It will be seen that the vessel 27
and conduit 28 provide a connection in which
the first cooling element or evaporator section
14 is the initial cooling element to which is con-
ducted all refrigerant that condenses and lique-
fies in the condenser 26. Liquid refrigerant flows
by gravity from the evaporator section i4 through
conduit 40 to the third cooling element or evapo-
rator section {5, the conduit 40 providing a path
of flow for liquid refrigerant which by-passes the
second cooling element or looped coil 41.

As shown in Fig. 2, all of the connections lead-
ing to the evaporator sections (4 and (5 and
looped coil 41, as well as the connections there-
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between, may be located outside the thermally
insulated compartments {1 and 12. If desired,
many of such connections, including the pre-
cooler vessel 27 and gas heat exchanger 30, may
be located in ‘the thermally insulated closure
member 23, if desired. PFurther, the looped coil
41 in certain instances advantageously may he
thermally connected to the inner metal liner de-
fining the uppermost 1eg10n of the upper com-~
partment 11.

Since absorption refrigeration systems of the

-inert gas type are well known in the art, the

refrigeration system: has only bheen diagram-
matically shown in order to simplify the draw-
ing. Moreover, it will be understood that 4 force
is” developed or produced within the refrigera-
tion system for causing circulation of inert gas
in the manner described above, such circulation
being due to the difference in specific weight of
the columns of gas rich ond weak, respectively, in
refrigerant vapor.

While a particular embodiment of ‘the inven-
tion has been shown and described, it will be
apparent to those skilled in the art that various
modifications and changes may be made without
departing from the spirit and scope of the in-
vention, as pointed out in the following claims.

What is claimed is:

1. In a refrigerator of a household type, a
cabinet comprising thermally insulated walls
defining an insulated interior having a plurality
of compartments, the -insulated walls including
a horizontal wall which extends across the top
of the cabinet, said compartments including a
freezing compartment which is of less height;
than the overall height of the insulated interior
and whose uppermost region is essentially at the

underside of the top insulated wall, an absorp-

tion refrigeration system of the inert gas type
comprising a vapor expulsion unit for expelling
refrigerant vapor from solution, refrigerant lique-
fying means in° which liquefaction of expelled
vapor is effected, and a gas circuit including an
absorber having an inlet for inert gas enriched
in refrigerant vapor and an outlet for inert gas
weak in refrigerant vapor and a plurality of cool-
ing elements each having an inlet and outlet for
inert gas, said cooling elements including a first
cooling element arranged to abstract heat at
the bottom of the freezing compartment and a
second cooling element arranged to abstract heat
from the upper region of the freezing compart-
ment, conduit means connecting the outlet of
said absorber and the inlet of said first cooling
element, means connecting the outlet of said
first cooling element and the inlet of said second
cooling element, said last-mentioned connect-
ing means constituting the only connection for
introducing inert gas to said second cooling ele-
ment, conduit means connecting the outlet of
said second cooling element and the inlet of said
absorber, conduit means for conducting liquid
refrigerant from said liquefying means to said
first cooling element for gravity flow in the lat-
ter, said last-mentioned conduit means provid-
ing a connection in which said first cooling ele-
ment is the initial ccoling element to which is
conducted substantially all liquid refrigerant
formed in said liquefying means in the normal
operation of the refrigeration system, and means
for flowing liquid refrigerant by gravity from -
said first cooling -element in a path of flow which:
by-passes said second cooling element.

2. A refrigerator as set forth in claim 1 in-
cluding a first horizontal member at the bottom
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of said freezing compartment and a second hori-
zontal member removed therefrom which is
essentially at the underside of the top insulated
wall, said first cooling element comprising piping
in thermal relation with the underside of said
first horizontal member and said second cooling
element comprises piping in thermal relation with
the upper side of said second horizontal member.

3. In a refrigerator of a household type, a cabi-
net comprising thermally insulated walls defining
an insulated interior having a plurality of com-
partments including a freezing compartment and
a higher temperature compartment, the insulated
walls including a horizontal wall which extends
across the top of the cabinet, said freezing com~
partment being of less height than the overall
height of the insulated interior and having ths
uppermost region thereof essentially at the un-
derside of the top insulated wail, an absorption
refrigeration system of the inert gas type com-
prising a vapor expulsion unit for expelling
refrigerant vapor frem solution, refrigerant
liquefying means in which liquefaction of ex-
pelled vapor is effected, and a gas circuit includ-
ing an absorber having an inlet for inert gas en-
riched in refrigerant vapor and an outlet for inert
gas weak in refrigerant vapor and a plurality of
cooling elements each having an inlet and out-
let for inert gas, said cooling elements including
a first cooling element arranged to abstract heat
at the bottom of the freezing compartment, a
second cooling element arranged to abstract heat
from the upper region of the frzezing compart-
ment and a third cooling element for abstracting

heat primarily from said higher temperature 3

compartment, conduit means connecting the out-
let of said absorber and the inlet of said first cool-
ing element, means connecting the outlet of said
first cooling element and the inlet of said second
cooling element and connecting the outlet of said
second cooling element and the inlet of said third
cooling element, said last-mentioned connecting
means constituting the only provisions for intro-
ducing inert gas to said second and third cool-
ing elements, respectively, conduit means con-
necting the outlet of said third cooling element
and the inlet of said absorber, conduit means for
conducting liquid refrigerant from said liquefy-
ing means to said first cooling element for gravity
flow in the latter, said last-mentioned conduit
means providing a connection in which said first
cooling element is the initial cooling element to
which is conducted substantially all liquid refrig-
erant formed in said liquefying means in the nor-
mal operation of the refrigeration system, and
conduit means for flowing liquid refrigerant by
gravity from said first cooling element to said
third cooling element for gravity flow there-
through, said last-mentioned conduit means pro-
viding a path of flow for liquid refrigerant which
by-passes said second cooling element.

4. In a refrigerator of a housshold type, a
cabinet comprising thermally insulated walls
defining an insulated interior having a plurality
of compartments including a freezing compart-
ment and a higher temperature compartment,
said freezing compartment being of less height
than the overall height of the insulated interior,
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an absorption refrigeration system of the inert
gas type comprising a vapor expulsion unit for
expelling refrigerant vapor from solution, con-
densing means in which condensation of ex-
pelled vapor is effected, and a gas circuit in-
cluding an absorber having an inlet for inert gas
enriched in refrigerant vapor and an outlet for
inert gas weak in refrigerant vapor and a plu-
rality of cooling elements each having an inlet
and outlet for inert gas, said cocling elements
including a first cooling element arranged to
abstract heat at the bottom of the {reezing com-
partment, a second cooling element arranged to
abstract heat from the upper region of the freez-
ing compartment and a third cooling element for
abstracting heat primarily from said higher
temperature . compartment, conduit means con-
necting the outlet of said absorber and the inlet
of said first cooling element, means connecting
the outlet of said first cooling element and the
inlet of said second cooling element and connect-
ing the outlet of said second cooling element and
the inlet of said third cooling element, said last-
mentioned connecting means constituting the
only provisions for introducing inert gas to said
second and third cooling elements, respectively,
conduit means connecting the outlet of said third
cooling element and the inlet of said absorber,
conduit means for conducting liquid refrigerant
from said condensing means to said first cooling
element for gravity flow in the latter, said last-
mentioned conduit means providing a connection
in which said first cooling element is the initial
cooling element to which is conducted substan-
tially all liquid refrigerant formed in said con-
densing means in the normal operation of the
refrigeration system, and conduit means for flow-
ing liquid refrigerant by gravity from said first
cooling element to said third cooling element for
gravity flow therethrough, said last-mentioned
conduit means providing a path of flow for liquid
refrigerant which by-passes said second cooling
element, the aforesaid conduit means and con-
necting means enabling inert gas at a low tem-
perature to pass frem said first cooling element
to said second cooling element out of the presence
of liquid refrigerant before again coming in
physical contact with such liquid in said third
cooling element in order to reduce the vertical
temperature gradient in said freezing compart-
ment and allow said condenser to he positioned
at a level which is lower than that at which it
would be positioned providing said second cooling
element were connected to receive liquid refrig-
erant therefrom by gravity.
SIGURD MATTIAS BACKSTROM.
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