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My invention relates to heat transfer apparatus and 
more particularly to heat transfer apparatus employed 
in refrigerating systems. 

It is necessary in many devices to provide apparatus 
for effecting transfer or dissipation of heat. By way of 
example, in refrigerating systems, it is necessary to dissi 
pate heat from the compressed refrigerant, and this is 

A conden 
ser employed for this purpose may be of the type de 
scribed and claimed in the copending application of 
Ralph E. King, Serial No. 247,845, ?led September 22, 
1951, and assigned to the assignee of the present inven 
tion. As disclosed in the King application, improved 
heat transfer from apparatus of the type therein de 
scribed and claimed can be secured by inclining the 
plane of the condenser with respect to a vertical plane, or 
more speci?cally with respect to the rear wall of the 
refrigerator upon which the condenser is mounted. As 
refrigerators are normally ‘employed in the average 
kitchen the space between the rear wall of the refrigera 
tor and the wall of the kitchen is limited, approximately 
3" being so available. Accordingly, a condenser in 
which the passes of tubing and the heat dissipating wires 
are arranged in one plane may, because of the necessary 
size of the condenser required for dissipating of the 
proper amount of heat, be inclined only say 6° with 
respect to the vertical in the space available. A greater 
inclination toward the horizontal would be effective to 
produce still further improved heat transfer character 
istics. By my invention a greater inclination of the 
condenser with respect to the vertical is made possible 
within the space limitations existing. 

It is an object of my invention to provide an improved 
heat transfer apparatus having a high rate of heat dissi 
pation. 

It is another object of my invention to provide an im 
proved heat transfer apparatus arranged to secure a more 
satisfactory ?ow of air thereover. 

Further objects and advantages of my invention will 
become apparent as the following description proceeds 
and the features of novelty which characterize my in 
vention will be pointed out with particularity in the 
claims annexed to and forming a part of this speci?cation. 

In carrying out the objects of my invention, a heat 
transfer apparatus or condenser is formed from a con 
tinuous serpentine conduit, providing a plurality of 
parallel passes, and a plurality of spaced wires secured 
to this conduit. Improved heat dissipation is achieved 
by forming the condenser to include at least two planar 
sections, as distinguished from a single planar section of 
the prior art condensers, the sections being inclined with 
respect to each other to secure a greater angle of inclina 
tion of each of the sections within the space limitations 
existing than is possible with a single section. 

For a better understanding of my invention, reference 
may be had to the accompanying drawing in which Fig. 
l is a side elevation view of a refrigerator incorporating 
an embodiment of my invention; Fig. 2 is an elevation 
view of the heat transfer apparatus taken along the line 
2--2 in Fig. 1; Fig. 3 is an enlarged sectional elevation 
view taken along the line 3——3 of Fig. 2, and Figs. 4 and 
5 are graphs showing the relationship between B. t. u. 
per hour of heat transferred and certain condenser char 
acteristics. 

Referring to Fig. 1, there is shown a refrigerator in 
cluding a cabinet 1 having a vertical rear wall 2. The 
refrigerator is cooled by a refrigerating apparatus in 

10 

15 

20 

25 

30 

35 

40 

60 

65 

70 

75 

80 

2,706,105 
Patented Apr. 12, 1955 IC€ 

2 
cluding a heat transfer apparatus or condenser 3. The 
heat transfer apparatus 3 is mounted on the rear wall 2 
of the refrigerator by a plurality of brackets 4, 5 and 6, 
each of which includes loops 7 for engaging portions of 
the heat transfer apparatus 3. The brackets 4, 5 and 6 
are secured to the rear wall 2 of the cabinet by screws or 
other suitable fastening devices passing through slots or 
openings 8 in the brackets. 

Referring to Figs. 2 and 3, the heat transfer apparatus 
comprises a continuous conduit 9 arranged in serpentine 
form to provide a plurality of parallel passes 10. In 
the speci?c form illustrated, these parallel passes 10 are 
arranged to extend horizontally. In the application of 
this heat transfer apparatus to a household refrigerator, 
for example, compressed refrigerant is circulated through 
the conduit 9 and the passes 10 thereof for dissipating 
heat from the refrigerant. In order to facilitate the dissi 
pation of heat from the refrigerant, a plurality of wires 11 
are secured to the conduit 9 in spaced relationship to 
each other. These wires extend transversely of the 
passes 10 of the conduit 9 and are secured to the wall of 
the conduit in any suitable manner, as by welding or 
brazing. The wires 11 are arranged parallel to each 
other in spaced relationship along the length of the passes 
10 of the conduit 9. In the structure illustrated, the 
wires 11 are arranged on both sides of the passes 10 of 
the conduit, as shown more clearly in Fig. 3. 

It has been found that arranging such a condenser 
at an angle to the vertical in applications where upward 
convection of air by natural draft is relied upon for re 
moving heat from the heat transfer apparatus has the 
effect of improving the heat dissipating capacity of the 
heat transfer apparatus. However, where such heat 
transfer apparatus is employed with household refrigera 
tors, for example, the distance between the rear wall 2 
and the wall of the kitchen or other room in which the 
refrigerator is placed is limited, being in the neighbor 
hood of say 3". Since the width of the heat transfer 
apparatus or condenser is limited by the width of the 
refrigerator or the like upon which it is mounted, the 
height must be sufficient to provide an adequate heat 
dissipating surface. With the height required for the 
usual refrigerator and with the limited space available 
between the rear wall of the refrigerator and the wall 
of the room, the amount that the plane of the condenser 
can be inclined relative to a vertical plane and hence 
relative to the vertical rear wall of the refrigerator is 
limited to say about 6°. A greater inclination of such a 
condenser with respect to the vertical would result in a 
greater air ?ow thereover, in better contact between the 
air and the condenser, and in the flow of air of a general 
ly lower temperature and better heat dissiptaing capacity 
over the heat transfer apparatus. By my invention, the 
heat transfer apparatus is so formed as to provide a 
greater inclination of the portions thereof relative to the 
vertical within the limited space available. 
To accomplish this purpose, the wires 11 are bent along 

horizontal lines extending through the points 12 so that 
the plane of an upper section 13 of the assembly com 
prising the heat transfer apparatus is inclined relative to 
a vertical plane and relative to the rear wall 2 of the 
cabinet. This planar section of the assembly is also in 
clined relative to a generally vertical central planar 
section 14 of the heat transfer apparatus which is spaced 
from the rear wall 2 by the maximum distance per 
missible under the existing space limitations. Similarly, 
the wires 11 are bent along lines extending through the 
points 15 so that a lower planar section 16 of the heat 
transfer apparatus is inclined with respect to a vertical 
plane and with respect to the vertical rear wall 2 of the 
cabinet. 
relative to the central vertical section 14 of the heat 
transfer apparatus. The central vertical section 14 is 
included primarily for securing a desired appearance of 
the overall heat transfer apparatus and from a heat 
transfer standpoint the heat transfer apparatus could 
be bent at the middle to provide only upper and lower 
sections. It can be seen that the upper and lower sec 
tions, 13 and 16 respectively, of the heat transfer appara 
tus are inclined at a substantially greater angle with 
respect to the vertical than would be possible were the 

This section 16 is, of course, also inclinedv 
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entire heat transfer apparatus to be formed in a single 
plane. Because of this greater inclination of the sec 
tions 13 and 16, a greater heat dissipation is achieved 
from a condenser assembly arranged in the manner de 
scribed above. In the arrangement illustrated, the passes 
10 of the conduit 9 extend horizontally and the transverse 
wires 11 are arranged to extend generally vertically. If 
desired, the heat transfer apparatus can be formed so that 
the passes 10 extend vertically and the transverse wires 
extend horizontally. In this latter case, of course, the 
bends corresponding to bends 12 and 15 would necessarily 
be made in the passes 10 of the conduit rather than in 
the wires. Also, while a heat transfer apparatus includ 
ing two inclined sections has been shown and described, it 
will be apparent that a heat transfer apparatus including 
three or more such inclined sections could be employed, 
if desired. 

Experimental results indicating the improvement ob 
tained with heat transfer apparatus constructed in accord- , 
ance with my invention are illustrated in the graphs of 
Figs. 4 and 5. In Fig. 4, the heat transferred in B. t. u. 
per hour at 40° F. difference in temperature between the 
condenser and room air is plotted against the number of 
inclined planar sections of the condenser. It can be 
seen that when a single-plane condenser inclined at the 
maximum angle of approximately 6° was employed under 
the conditions set forth, the heat transferred is approxi 
mately 490 B. t. u. per hour. On the other hand, when a 
condenser including two inclined sections, as described 
above, was employed, the heat transferred rose to 590 
B. t. u. per hour, an increase of over 20%. 
With a given condenser tube size, wire size and spacing 

of wires, the factors affecting the improvement to be 
obtained by using multiple inclined planar sections are 
the heat transfer conductance per pass (which increases 
with angles more nearly horizontal) and the pressure 
drop per pass (which increases in integer steps with 
more nearly horizontal angles, since the additional passes 
cause more‘resistance to ?ow of air). By taking into 
consideration these two factors, one of which tends to im 
prove theheat transfer as the number of inclined sec 
tions is increased and the other of which tends to reduce 
the heat transfer under these conditions, the optimum 
number of inclined sections under particular conditions 
can be determined. 
By reference to Fig. 4, it can be seen that, under the 

conditions there involved and with the size condenser 
required, the greatest heat transfer is secured with the 
use of a condenser including two inclined sections. 
When three inclined sections were employed, each in 
clined at the maximum angle permitted by the normal 
spacing between the rear wall of the refrigerator and the 
wall of the room in which it is used, the amount of heat 
transferred was 560 B. t. u. per hour, a decrease of 30 
B. t. u. per hour from the maximum of 590 B. t. u. per 
hour secured with the condenser of two inclined sections. 

In Fig. 5 the heat transfer in B. t. u. per hour is 
plotted against the average temperature difference be 
tween the condenser tubing and the room air for con 
densers including one, two and three inclined sections. 
It can be seen from Fig. 5 that the smallest amount of 
heat transfer throughout the entire range of temperature 
difference between condenser and room air plotted in 
Fig. 5 is secured when a condenser of the single-plane 
type is employed. The greatest heat transfer is again 
achieved when a condenser including two inclined sec 
tions is used and intermediate results are secured with 
the condenser including three inclined sections. 

While I have shown and described a speci?c embodi 
ment of my invention, I do not desire my invention to 
be limited to the particular construction shown and de 
scribed and I intend by the appended claims to cover 
all-modi?cations Within the spirit and scope of my in 

- vention. 

What I claim as new and desire to secure by Letters 
Patent of the United States is: 
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1. A refrigerator comprising a cabinet including a 

vertical rear wall, a heat transfer apparatus forming 
an element of said refrigerator, said apparatus compris 
ing a continuous serpentine conduit formed to provide a 
plurality of parallel passes, a plurality of spaced parallel 
wires secured to said conduit and extending transversely 
of said passes, and means for mounting said heat transfer 
apparatus on said rear wall, said heat transfer apparatus 
being formed to provide at least two connected planar 
sections each inclined relative to said rear wall, one of 
said sections being disposed vertically above the other 
section. 

2. A refrigerator comprising a cabinet including a 
vertical rear wall, a heat transfer apparatus forming an 
element of said refrigerator, said apparatus comprising 
a continuous serpentine conduit formed to provide a 
plurality of parallel horizontal passes, a plurality of 
spaced parallel wires secured to said conduit and ex 
tending generally vertically transversely of said passes and 
means for mounting said heat transfer apparatus on said 
rear wall, said heat transfer apparatus being formed to 
provide at least two connected planar sections each in 
clined relative to said rear wall, one of said sections being 
disposed vertically above the other section. 

3. A refrigerator comprising a cabinet including a 
vertical rear wall, a heat transfer apparatus forming an 
element of said refrigerator, said apparatus comprising 
a continuous serpentine conduit formed to provide a 
plurality of parallel horizontal passes, a plurality of 
spaced parallel wires secured to said conduit and ex 
tending generally vertically transversely of said passes, 
and means for mounting said heat transfer apparatus on 
said rear wall, said wires and said conduit being bent at 
points located in a horizontal plane extending between 
two adjacent passes to provide connected planar sections‘ 
each inclined relative to said rear wall. 

4. A refrigerator comprising a cabinet including a 
vertical rear wall, a heat transfer apparatus forming an 
element of said refrigerator, said apparatus comprising 
a continuous serpentine conduit formed to provide a 
plurality of parallel passes, a plurality of spaced parallel 
wires secured to said conduit and extending transversely 

_ of said passes, and means for mounting said heat transfer 
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apparatus on said rear wall, said heat transfer apparatus 
including a central planar section parallel to said rear wall, 
and upper and lower planar sections inclined to said 
central section and to said rear wall. 

5. A refrigerator comprising a cabinet including a 
vertical rear wall, a heat transfer apparatus forming an 
element of said refrigerator, said apparatus comprising 
a continuous serpentine conduit formed to provide a plu 
rality of parallel passes, a plurality of spaced parallel 
wires secured to said conduit and extending transversely 
of said passes, and means for mounting said heat trans 
fer apparatus on said rear wall, said heat transfer appa~ 
ratus including a central planar section parallel to said 
rear wall and spaced therefrom, an upper planar section 
extending from said central section and inclined toward 
said rear wall, and a lower planar section extending from 
said central section and inclined toward said rear wall. 
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