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With the increasing popularity of frozen foods, 
it has become highly desirable to provide house 
hold and like refrigerators with freezing and 
chilling compartments of requisite size and to 
maintain them at requisite temperatures. Thus, 
for example, in a room temperature of 110 F., 

8. Claims. (C., 62-119.5) 

it is desirable to maintain, under no load condi 
tions, a 1 to 1.5 cubic foot freezing compartment 
and a 7 cubic foot chilling compartment at air 
temperatures which do not exceed the generally 
recommended maximums of 10°F. and 46 F. re 
spectively. 

It has been found extremely difficult to achieve 
a performance of this character in absorption re 
frigerators of the uniform pressure type. This 
may be illustrated by reference to the perform 
ance of what is undoubtedly the best absorption 
refrigerator of the uniform pressure type thus 
far developed and marketed. 
This particular refrigerator comprises: (1) a 

refrigerator cabinet having a food storage cham 
ber divided into a freezing compartment ap 
proximating 1.1 cubic feet and a chilling con 
partment approximating 7.2 cubic feet; (2) an 
evaporator in the form of an elongate tubehav 
ing its coldersection, which is hereinafter called 
the freezing section, arranged to refrigerate the 
freezing compartment, and its warmer section, 
which is hereinafter called the chilling section, 
arranged to refrigerate the chilling compart 
ment; (3) a heat exchanger placing the purified 
hydrogen gas, flowing upwardly from the ab 
sorber to the evaporator, in heat exchange rela 
tionship with the heavy mixed gas and residual 
liquor fiowing downwardly from the evaporator : 
outlet to the absorber; (4) a liquid tube conduct 
ing the residual liquor from the evaporator out 
let to the heat exchanger; and (5) a gas tube 
Separately conducting the heavy finixed gas from 
the evaporator outlet to the heat exchanger, this 
tube being arranged in direct heat exchange re 
lationship With the incoming liquid ammonia, 
feedline to precool the ammonia. 
With a room temperature of 110 F., this re 

frigerator maintains the freezing compartment 
at a no load air temperature of 20 to 24°F. which 
exceeds the recommended maximum by 10 to 
14E. 
The principal object of this invention is to 

effect a substantial improvement in the perform 
ance of absorption refrigerators of the uniform 
preSSure type and, more particularly, to secure, 
in such type of refrigerator, freezing compart 
ment temperatures well within the presently ree 
Ornmended maximum. 
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Another object is to achieve the principal obs 

jective without any offsetting disadvantage such 
as an objectionable change in overall size or 
Weight, in manufacturing or operating costs, or 
in Overall operation. 
A further object is to provide an extremely 

simple means for effecting a substantial improve 
ment in the performance of this type of refriger 
ator and, ranore particularly, for producing and 
maintaining, in the freezing compartment, tem 
peratures low enough to insure highly satisfac 
tory operation under all normally encountered 
Conditions. - . - 

I have found that a substantial reduction in 
the freezing compartment air temperature may 
be effected simply by placing either, or both of 
the incoming hydrogen and ammonia, feed lines 
going to the evaporator in direct physical heat 
exchange relationship with the chilling section of 
the evaporator so as to precool either or both of 
these fluids before they enter the evaporator. In 
this Way the introduction of heat into the freez- - 
ing Section is minimized and the securement of lower freezing temperatures promoted. 
Of hand, one mght expect. that the introduc 

tion of heat into the evaporator chilling section 
Would deleteriously affect its operation and bring 
about Substantially higher air temperatures in 
the chilling compartment. 'Surprisingly, how 
ever, the pre-cooling of the incoming hydrogen 
and ammonia in the chilling section does not ap 
pear to do so. It may be that the production of 
Substantially lower operating temperatures in 
the freezing section results in the production, in 
the chilling section, of better operating conditions 
which partly or wholly offset any disadvantage 
arising from the introduction of heat into the 
chilling section. Furthermore, since the heatin 
troduced into the chilling section at any one 
point, and particularly at the point where the 
relatively warm feed lines first come into contact 
With the chilling section of the evaporator, is at 
a higher temperature than the temperature pre 
Vailing at that point within the evaporator chill 
ing section, I have reason to believe that the 
thermal efficiency of the chilling Section, and the 
Operating efficiency of the refrigerating mecha 
nism as a whole, is Substantially improved and 
this improvement may be sufficient to. offset, or 
even outweigh, any disadvantage arising:from the 
introduction of heat into the chilling section. 
Whatever the reason may be, I have not ex perienced any difficulty in obtaining chilling com 

partment air temperatures below the recom 
mended maximum. For example, with a re 
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frigerator having freezing and chilling compart 
ments of 14 and 7 cubic feet respectively, and 
with a room temperature of 110 F., I have been 
able to secure freezing and chilling compartment 
air temperatures of 5 and 44°F. A performance 
of this character compares favorably with any of 
the presently available household refrigerators 
regardless of type. 
The invention is illustrated in the accompany 

ing drawings wherein: 
Figure 1 is a side view of one embodiment of 

the invention, the refrigerator cabinet being 
shown more or less in outline; 

Figure 2 is a rear view of Figure 1. With the 
insulation removed; 

Figure 3 is a top view of Figure 2 with the 
insulation removed; 

Figure 4 is a schematic view illustrating the 
arrangement of the parts forming the evapo 
rator, heat exchanger, hydrogen gas feed line 
and the ammonia, feed line; 
Figure 5 is a section taken along line 5-5 of 

Figure 2 illustrating how the tubes are bonded; 
and 

Figure 6 is a schematic view of a modified 
form of evaporator. 
The uniform pressure absorption refrigerator, 

illustrated in Figures 1-4, is assumed to be, and 
is explained as, one utilizing an ammonia, hy 
drogen and water System, although any other 
suitable system may be employed. As illus 
trated, this refrigerator comprises: a cabinet; 
and a refrigerating mechanism. 
The cabinet has: an insulating front door 

2 providing access to an unobstructed freezing 
compartment 3, formed by appropriate Walls 
including rear and bottom walls 4 and 5, and an 
unobstructed chilling compartment 6, formed by 
appropriate walls including rear wall , the 
walls A, 5 and T being composed of heat con 
ductive material preferably metal; and Suitable 
heat insulating material 8 completely surround 
ing each compartment except at their Open 
door-insulated front ends. 
The refrigerating mechanism comprises: a 

generator 0; an air cooled ammonia condenser 
; an air cooled absorber 2; a strong and weak 

liquor heat exchanger not shown; a receiver 3; 
and an elongated tube extending upwardly from 
the absorber and then downwardly back to the 
absorber to form an evaporator, a heat ex 
changer between the evaporator and the ab 
sorber 2, and the endless gas circuit required 
for the operation of the absorber, heat ex 
changer and evaporator. 
The evaporator has two sections, namely: a 

freezing section outside of the freezing con 
partment 3 but in direct physical heat transfer 
relationship with its rear and bottom walls 4 
and 5; and a chilling section outside of the 
chilling compartment but in direct physical 
heat transfer relationship with its rear Wall . 
This evaporator is one in which the hydrogen 
gas and ammonia liquor are initially fed to Op 
posite (lower and upper) ends of the freezing 
section to flow in countercurrent relationship 
and the resulting mixed gas and partially evap 
orated ammonia liquor are finally fed to the 
upper end of the chilling Section to flow in con 
current relationship. The paths of these mate 
rials are explained in the following paragraphs 
in connection with Figure 4. 
As shown in Figure 4, the gas, in flowing up 

wardly from the absorber and downwardly back 
to it, passes through the following Sections of the 
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4. 
elongated tube: an absorber outlet section 5, 
heat exchanger Section 6, precooling section 7 
and connector section 8, all for the upward 
flow of relatively pure hydrogen gas; evaporator 
freezing Sections 9 and 20 for the upward flow 
of mixed gas; and connector section 2?, evapo. 
rator chilling Section 22, heat exchanger section 
23 and absorber inlet Section 24, all for the down 
Ward flow of the heavy mixed gas. 
The liquor flowing from the ammonia, con 

denser , passes through the following sections: 
downwardly through Section 25 of the ammonia, 
feed line; upwardly through precooling section 
26 and section 27 of that feed line to feed point 
28 where it enters the upper end of the freezing 
Section 20 adjacent the connection of that sec 
tion to the connector section 2 ; downwardly 
through the freezing Sections 2 and 9 to the 
exit point 29 where it leaves the freezing section; 
downwardly through transfer line 30 to the feed 
point 3 where it enters the upper end of the 
chilling section 22 adjacent the connection of 
that section to the Connector Section 2f; and 
thence downwardly through chilling section 22, 
heat exchange section 23, absorber inlet section 
24 to the absorber 2. 

It will now be appreciated that the incoming 
amnonia is fed to the upper end of the freezing 
Section while the incoming hydrogen is fed to the 
lower end of the freezing Section. So that these 
fluids flow through the freezing Section in count 
ercurrent relationship to each other. However, 
both of these fluids are fed to the upper end of 
the chilling Section to flow in concurrent re 
lationship therethrough. It will also be under 
stood that the ammonia is only partially evapo 
rated in the freezing Section, its evaporation be 
ing completed, or Substantially completed, in 
the chilling section. 
In the Specific embodiment shown in Figs. 

1-3, the freezing section 20 is L-shaped so that 
it extends horizontally across the upper part of 
the rear wall 4 and thence vertically downward 
along one side edge of that wall to the bottom 
edge where it connects into the freezing section 
9 which extends in a serpentine manner along 
the bottom Wall 5 to the exit point 29. The 
chilling section 22 is U-shaped extending hori 
Zontally along the upper edge of rear wall 7 
and thence downwardly along the side edge to a 
point adjacent the central horizontal level of 
the chilling compartment 6 and thence horizon 
tally acroSS the rear wall to the opposite side 
edge where it joins heat exchanger section 23 
which slopes rearwardly away from the rear 
Wall of the chilling compartment. 
In accordance With my invention, either or 

both of the incoming hydrogen gas and ammonia 
liquor feed lines are placed in precooling rela 
tionship with the evaporator chilling section 22 
in order to precool these incoming fluids before 
they enter the evaporator. Accordingly, I show 
the hydrogen precooling section if and ammonia, 
precooling section 26 both in direct physical con 
tact with the evaporator chilling section 22. 
Preferably also these precooling sections and 
26 are arranged with their fluids flowing in the 
same direction but in counterflow relationship to 
the gas and liquid flowing through chilling sec 
tion 22. 
The tubular sections forming each part of the 

evaporator are Soldered, or otherwise bonded, 
directly to the adjacent wall. Thus, freezing 
Section f3 is bonded to the bottom wall 5 of the 
freezing compartment, while freezing section 20 
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and chilling Section 22 are respectively bonded to 
rear walls 4 and 7. The walls 4, 5 and 7 may 
eitherform part of the compartments 3 and 6 or 
they may be separate walls which, when the re 
frigerator is assembled, are brought into good 5 
heat transferrelationship with the corresponding 
Walls of the food compartments. As indicated in 
Figure 5, only the evaporator tubes are bonded 
to the food compartment walls. The precooling 
sections 7 and 26-are bonded to the chilling sec 
tion 22 but are spaced from the rear wall so as 
to avoid the direct transfer of heat from either 
of these incoming feed line sections to rear wall. 
With an arrangement of the foregoing char 

acter operating in a room temperature of 100 F., it 
I have achieved a performance of the following 
character: hydrogen leaving the absorber at a 
temperature of 118 F, is cooled in the heat ex 
changer-section 6 to about 57F. then in the pre 

10 

cooling section to a temperature approximat- 20 
ing 17 F., while ammonia, leaving the condenser 
at a temperature approximating 128 F. is pre 
cooled in section 26 to a temperature approxi 
mating 15 F. This ammonia, entering freezing 
section 25 at 15 F., evaporates as it passes 
downwardly through freezing sections. 28 and 9. 
In so doing, it cools itself, by such evaporation, to 
a much lower temperature by the time it reaches 
the ammonia exit point 29 at the lower end of 
the freezing section. This exit point 29 corre 
sponds to the point of initial refrigeration be 
cause it is in the area where the incoming pre 
cooled hydrogen first strikes the evaporating 
stream of ammonia. The low temperatured 
hydrogen and the still lower temperatured am 

of an extremely low temperature adjacent this 
point of initial refrigeration. The operating 
temperature of the freezing section of the evap 
orator naturally rises progressively through sec 
tions 9 and 2 but remains below O' F. at the 
point where these sections join and reaches a 
temperature approximating 3 F. at the upper 
end of Section 20 where the outgoing mixed gas 
enters the connector 2. With these temperature 
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a , s monia thus cooperate to promote the achievement " 

conditions, the freezing section produced an air " 
temperature approximating 5 F. in a 1A cubic 
foot freezing compartment. 
The performance of the chilling section, under 

the same conditions of operation, is indicated by . 

mate 8 F. at the upper end of the chilling tube, 
22 F. at its Center, and 49' F. at its lower end. 
With these temperature conditions, the chilling 
section produced an air temperature approximat 
ing 43 F. in a 7 cubic foot chilling compartment. ' 
The performance of the refrigerator at room 

temperatures of 73.5 F. and 110° F. is shown by 
the following tabulation: 

6 
In connection with the operation of this res 

frigerator in a room temperature of 119.F., for 
example, it will be noted that, at a point corre 
sponding to the outlet:end of the chilling tube, 
the chilling tube-temperature is 49°F., whereas 
the ammonia, and hydrogen temperatures re 
spectively are 79°F. and 8° F. higher. W. 
temperature differentials, the heat of the incom 
ing ammonia and hydrogen should cause the 
liquor in the chilling tube-to-evaporate vigorous 
ly. This vigorous evaporation no doubt occurs 
throughout the length of the chilling tubeibe 
cause the chilling tube temperature at the inlet 
end is also appreciably lower than the incoming 
hydrogen alad ammonia at the corresponding 
point. The vigorous evaporation, thus occasioned 
in the chilling section, should increase the 
thermal efficiency of that: Section and may ine 
(crease the operating efficiency of the refrigerating 
mechanism as a whole. It is, therefore, possible 
that these increasess effect, in the operation of 
the mechanism, an improvement which is:So sub 
Stantial that it either offsets or...outweighs any dis 
advantage arising from the introduction of heat 
into the chilling section. 

In the modification' shown in Figure.;6, an 
monia and hydrogen are both fed to the upper 
end of the freezing section to flow concurrently 
therethrough and thence to opposite ends of the 
chilling section to flow in countercurrent relar 
tionship. Here the gas, circuit, proceeding in the 
direction of gas flow, includes: 5absorber outlet 
section 5; heat exchanger Section f6; precooling 
section lia; connector section f 8a; freezer sec 
tions :20a; and 9a; connector section 2d.; 
chilling section 22d.; heat exchanger section 23; 
and absorber inlet section 24. The liquor from 
the ammonia, condenser passes through the fol 
lowing sections: Section 25; precooling section 
26a and section 27a,-all in the feedline; freezing 
sections 20a; and I-9a; transfer tube 30; chilling 
section 22d.; and residual liquor tube 32 which 
connects the lower end of Section 22d. into the 
heat exchanger section 23. 

En both of the arrangements shown in Figures 
1-4 and 6, the chilling section is serially con 
nected to one end of the freezing seetion by a 
gaS connector containing substantially no liquid 
ammonia and in which no evaporation takes the chilling tube temperatures which approxi- '' 

60 (a) '-Room temperature-----------------.. 732 F-10°F. 
(b) Amnonia leaving condenser Il-----.94F-------128F. (c) Hydrogen leaving absorber 12----- 87 F.------118°F. (d) Hydrogen:drop-in precooling section 26°F. to be-, 57. F. to 

17 from entry to exit (exit tempera low.0. 170: F. 
ture assumed to be same as (g). 
fibelow). (.5 

(e) Ammonia-drop in precooling section, 94-F, to be-3128°F, to " 
26 from entry to exit" (entry tem. low 0. 150 F. perature-assumed to..be same as, (b) 
above and exit temperature as 
sumed same as (i) below). 

(f) Chilling tube drop from outlet to 25 F. to be. 49°F. to 8° 
inlet ends. low 0. F. 

(g) Hygrogen entering freezing section below 0----- 170 F. 70 
(h) Mixed gas leaving freezing section 20 below 0----- 3o F. 
(i) Agnonia entering freezing section below 0----- 159 F. 
(j) Freezing compartment air----------- Iminus 9°F-5 F. 
(k) Chilling compartment air----------- 25 F----...- 43° F. 

75 

place. The connector 2f of Figures 1-4 is not 
in heat exchange relationship with any part of 
the gas circuit but in Figure 6 the corresponding 
connector 2 fa is in heat exchange relationship 
with both of the incoming gas and liquid ram 
monia feed lines. In both arrangements also, 
the precooling section of the incoming hy 
drogen line is connected to the inlet send of 
the freezing section by a connector in which no 
evaporation occurs. Accordingly, both ar 
rangements involve conduit means forming 
evaporator freezing and chilling sections con 
nected in series by a gas flow connector, the 
freezing section having a gas inlet and a liquid 
refrigerant feed point and the chilling section 
a mixed gas outlet with both sections and the 
gas flow connector cooperating to provide a gas 
path for the flow of inert gas from the gas in 
let serially through the freezing section, the 
connector and the chilling section to the gas 
outlet and a path for the flow of liquid refrig 
erant from the feed point through the freezing 
Section and thence through the chilling sec 
tion. - 

This application is a continuation in part of 
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my application Serial No. 708,603 filed Novem 
ber 8, 1946, now abandoned. 

I claim as my invention: 
i. In a refrigerator of the uniform pressure 

absorption type: an insulated cabinet providing 
separate insulated freezing and chilling Com 
partments; conduit means forming an evapor 
ator freezing section in heat exchange relation 
to Said freezing compartment and a chilling Sec 
tion in heat exchange relation to said chilling 
compartment, said Sections being connected in 
Series by a connector for the flow of gas and 
by a separate transfer line for the flow of liquid 
refrigerant, the freezing Section having a gas 
inlet and a liquid refrigerant feed point, and the 
chilling Section having a mixed gas outlet, both 
of said sections cooperating to provide a gas 
path for the flow of gas from the gas in 
let serially through the freezing section, the 
connector and the chilling section to the gas 
Outlet and providing a liquid path for the 
flow of liquid refrigerant from said feed 
point Serially through the freezing section, the 
transfer line and the chilling section; and con 
duit means forming separate passages for the 
Separate flow of incoming liquid refrigerant into 
Said feed point and of incoming inert gas into 
Said gas inlet, both of said incoming passages 
being elongated and arranged in direct physical 
heat transfer relationship along a portion of 
their respective lengths with said chilling section. 

2. An evaporator as specified in claim 1 where 
in the direction of flow of liquid refrigerant and 
inert gas in the freezing and chilling sections are 
respectively countercurrent and concurrent. 

3. In a refrigerator of the uniform pressure 
absorption type: an insulated cabinet interiorly 
providing insulated freezing and chilling com 
partments which are also separated from each 
other by insulation, each compartment having a 
heat-conductive Wall presenting an innei face 
exposed to its compartment space and an outer 
face exposed to its compartment insulation; an 
absorber; a closed-circuit conduit connected be 
tween the absorber iniet and outlet for the circu 
lation of inert refrigerant gas and including a 
freezing section in direct physical heat transfer 
relationship with the outer face of Said freezing 
compartment wall to constitute a freezing evap 
orator, a chilling section in direct physical heat 
transfer relationship with the outer face of Said 
chilling compartment Wall to constitute a chilling 
evaporator, and a gas feed section for carrying 
inert gas from the absorber outlet to the freezing 
evaporator inlet; and supply line means for Sup 
plying evaporating liquid refrigerant to said 
freezing and chilling evaporators, said means in 
cluding an elongate tube in the freezing evapora 
tor supply line; said tube and Said gas feed 
section both being in direct physical heat transfer 
relationship along a portion of their respective 
lengths with said chilling evaporator for precool 
ing purposes. 

4. In the refrigerator of claim 3 Wherein: tie 
direction of flow of liquid refrigerant and inert 
gas in the freezing and chilling Sections are re 
spectively countercurrent and concurrent. 

s 

20 

25 

30 

3. 5 

40 

45 

50 

60 

8 
5. In the refrigerator of claim 3 wherein: the 

precooled portion of said liquid refrigerant tube 
is Spaced from the outer face of said chilling com 
partment wall. 

6. In the refrigerator of claim 3 wherein: the 
precooled portion of said gas feed section is spaced 
from the outer face of said chilling compartment 
Wall. 

7. In a refrigerator of the uniform pressure 
absorption type: an insulated cabinet; an in 
Sulated partition dividing the interior of said 
cabinet into freezing and chilling compartments, 
Said chilling compartiment having a heat-conduc 
tive liner; an absorber; a closed-circuit inert 
refrigerant gas conduit having, for the flow of 
gas between the absorber outlet and inlet, elon 
gate gas feed, freezing, connector, chilling and 
return sections, the feed section extending from 
the absorber outlet to the freezing section inlet 
and having relatively lower and upper elongate 
portions, the freezing Section extending to the 
Connector Section inlet, and being outside of the 
freezing compartment but in direct heat exchange 
i'elationship therewith to constitute a freezing 
evaporator, the connector Section extending to the 
chilling section inlet, the chilling section extend 
ing to the return Section inlet and being outside 
of the chilling compartment but in direct physical 
heat eXchange relationship with said liner to 
constitute a chilling evaporator, and the return 
Section extending from the chilling evapora 
tor outlet to the absorber inlet; and sup 
ply line means for Supplying evaporating liquid 
refrigerant to the freezing and chilling evapora 
tors for flow therethrough, including an elongate 
tube in the freezing evaporator supply line; said 
elongate refrigerant liquid tube and the upper 
portion of said refrigerant gas feed section both 
being in direct physical heat exchange relation 
Ship along their respective lengths with the chill 
ing evaporator for precooling purposes but spaced 
from Said liner; and said return section and the 
lower portion of said feed section both being in 
direct physical heat exchange relationship with 
each other but Spaced from Said liner. 

8. In the refrigerator of claim 7 wherein: the 
direction of flow of liquid refrigerant and inert 
gas in the freezing and chilling sections are re 
Spectively countercurrent and concurrent. 

WALTER, L, EDEL. 
EFERENCES CEO 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 
1849,685 Munters ------------ Mar. 15, 1932 
2,059,877 Kogel -------------- Nov. 3, 1936 
2,131,782 Maiuri -------------- Oct. 4, 1938 
2,181,376 Lynger ------------- Nov. 28, 1939 
2,345,505 Siedle -------------- Mar. 28, 1944 
2,377,000 Gerber ------------- May 29, 1944 
2,407,733 Ashby-------------- Sept. 17, 1946 
2,468,104 Phillips ------------- Apr. 26, 1949 
2,489,752 Coons ----- --------- Nov. 29, 1949 


