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UNITED STATES PATENT OFFICE 

176,128, now Patent No. 2,611,587, dated Sep 
tember 22, 1952. Divided and this application 
November 14, 1951, Serial No. 256,204 

1. 
This invention relates to refrigeration and heat 

transfer or exchange equipment such as that 
which is used in refrigeration systems, with Such 
equipment, and more in particular to improved 
refrigeration Systems and heat eXchange COIn 
ponents such as condensers, evaporators and the 
like where one fluid is passed into heat exchange 
relationship with one or more other fluids. This 
application is a division of my copending appli 
cation Serial No. 176,128, filed July 27, 1950, now i 
Patent No. 2,611,587, September 23, 1952, and the 
claims of which are now restricted to the heat 
interchange tube and fin structure. 
An object of this invention is to provide in 

proved refrigeration systems wherein extremely 
efficient operation is obtained With equipment 
which is simple and sturdy in construction, inex 
pensive to manufacture and maintain, Compact, 
light in weight and thoroughly dependable in use, 
and which is adaptable to meet many problems 
in different fields. Further objects are to provide 
improved heat exchange units having certain or 
all of the above desirable characteristics With 
particular attention being directed toward pro 
viding improved condensers, evaporators and the 
like. A further object is to provide heat eXchange 
equipment which may be of more or less stand 
ardized design and construction and yet. Which is 
adaptable for use in solving many different proh 
lens which have been encountered in Widely 
diversified fields. A still further object is to pro 
wide for the manufacture of equipment of the 
above character upon a mass production basis 
With the advantages and economies which may be 
obtained thereby. These and other objects will 
be in part obvious and in part pointed out be 
OW. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
arrangements of parts and in the Several steps 
and relation and order of each of the same to 
One or more of the others, all as Will be illus 
tratively described herein, and the Scope of the 
application of which will be indicated in the foll 
lowing claims. 

In the dra Wings: 
Figure i is a somewhat Schematic representa 

tion of one embodiment of the invention; 
Figures 2 and 3 are similar to Figure 1 but 

show other embodiments of the invention; 
Figure 4 is an enlarged View With parts broken 

away of the condenser of the embodiment of Fig 
Ure 2, 

Figures 5 and 6 are Vertical Sections, respec 
tively, on the lines 5-5 and 6-6 of Figure 4; 
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Figure 7 is a section on the line - of Fig 

ure 4; 
Figure 8 is a further enlarged view on the line 

8- 8 of Figure 4; 
Figure 9 is a view similar to Figure 4 but ShoW 

ing a heat transfer unit of the embodiment of 
Figure 1; and, 
Figure 10 is a section on the line O-O of 

Figure 9. m 
Refrigeration systems generally include two or 

more heat transfer units wherein heat is trans 
ferred to or from a stream or streams of the re 
frigerating medium. Examples of Such heat 
transfer units are: condensers, evaporators, and 
heat interchangers where one stream of refrig 
erant is passed in heat transfer-relationship with 
another or where a liquid, or air is cooled or 
heated by a liquid or gas. With any particular 
refrigeration System the performance may be in 
proved by increasing the rate of heat transfer 
at the heat transfer units. Thus, if there is a high, 
rate of heat transfer at the condenser, a rela 
tively large amount of refrigerant is condensed 
with a minimum amount of air or Water and with 

: a relatively small condenser. Similarly, the per 
formance of the system is improved by increasing 
the rate of heat transfer to the refrigerant in 
the evaporator, thus, to promote uniform cooling 
throughout the evaporator Zone and uniform and 
complete evaporation of the refrigerant. 

Generally, the performance of an air cooled. 
condenser varies over a relatively Wide range in 
accordance with the ambient temperature as Well 
as the load. That is, the rate at Which heat is 
transferred from the condenser drops materially 
when the ambient temperature rises, and it has 
been accepted practice to design air cooled con 
densers for refrigeration systems with a relatively 
high excess load factor at normal or mean an 
bient temperatures solely to take care of the high 
loads at high ambient temperatures. Proposals 
have been made to provide both an air-cooled 
condenser and a Water cooled condenser for a 
single refrigeration System or to utilize both air 
and water to cool a single condenser unit, With 
such arrangements most or all of the heat is 
passed to the air at light loads and at low an 
bient temperatures, but as the ambient temper 
ature or the load rises, heat is passed to the water. 
HOWever, it has been difficult to provide for the 
eficient transfer of heat to both air and water 
With condenser structure which is inexpensive to 
manufacture and thoroughly satisfactory in 
every respect. 
A similar problem arises with evaporators 
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where it is desirable to provide a good heat trans 
fer relationship between the refrigerant and air 
at the evaporator surfaces for the purpose of 
cooling the air, and also between a defrosting me 
dium and the evaporator surfaces for the purpose 
of melting the frost free during a defrosting op 
eration. Similarly, with a combination air cool 
ing and heating system where a refrigeration syst 
ten cools a building in summer and heating is 
provided in winter, it is desirable to provide a 
single heat transfer unit of minimum size and 
cost in each room which is the heat radator in 
winter and the cooling or heat-absorbing unit in 
summer. In each of the systems referred to 
above, the present invention contemplates the 
provision of one or more heat transfer units, 
each of which is adapted to pass two or more 
fluids, i. e., liquids or gases, into eficient heat 
transfer relationship with each other or to pass 
selectively or simultaneously two such fluids into 
heat transfer relationship with air or the like. 
Referring particularly to Figure 1 of the draw 

ings wherein a refrigeration system is shown 
somewhat schematically, a compressor 2 is driven 
by a motor 4 and is automatically controlled so 
that it compresses refrigerant and delivers it 
through a hot gas line 5 to a primary condenser 
6 and thence to a secondary condenser . The 
refrigerant is condensed in the condensers and 
the liquid refrigerant goes to a receiver 8 and 
thence through a liquid line O and an expansion 
valve 2 to an evaporator f4. The refrigerant 
evaporates in the evaporator and flows through 
a line which has a throttle valve 9 therein 
which does not interfere with the flow of the 
refrigerant gas during the refrigeration cycle. 
The refrigerant then passes through a heat ex 
change passageway in the secondary condenser 
l, and a line f to the compressor. 
During normal Operation frost accumulates on 

evaporator 4 and the evaporator is defrosted by 
passing hot gas from the compressor directly to 
the evaporator so that it does not flow through 
the condensers. Accordingly, the system is pro 
vided with a valve in a bypass line 8, and this 
valve is opened to connect the hot gas line 5 
through line 8 to the inlet of evaporator (4; the 
hot gas heats the evaporator and the ice is melted 
free. The rise in pressure causes the throttle 
valve 9 to close and throttle the flow of refrig 
erant as it returns from the evaporator to the 
compressor through line fS to the heat exchange 
passageway in the secondary condenser 7 and 
thence to the compressor through line 6, This 
causes the refrigerant to condense in the evapo 
rator and it is evaporated in the secondary con 
denser so that the secondary condenser is also 
a re-evaporator. 

In the embodiment of Figure 2 the system rep 
resented is similar to that of Figure 1 except that: 
a special evaporator 9 is provided; a condenser 
2 of modified form replaces the condensers 6 
and 7; and, the bypass line f8 and valves 7 and 
9 are omitted. In this embodiment the defrost 
ing operation is carried on by passing a hot liq 
uid through a separate passageway in the evapo 
rator to perform the defrosting operation. Con 
sequently, no hot gas is passed to the evaporator, 
and it is unnecessary to provide for the re-evapo 
ration of refrigerant passing to the compressor. 
Condenser 2 f is of a special construction which 

constitutes an important phase of the invention 
and now will be described more in detail. This 
condenser is shown in Figures 4 to 8 and con. 
prises a set of six horizontal multiple-passage 
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4. 
way condenser tube assemblies 20 (Figure 4) rig 
idly mounted and interconnected at their ends by 
a pair of header assemblies 22 and 24. Each of 
the condenser tube assemblies 20 comprises an 
outer tube 26 and an inner tube 2 (see also Fig 
ure 8), having an internal, radially-compressed, 
fin assembly 30 positioned in the annular space 
2 between the two tubes. In each tube assem 

bly the refrigerant from the compressor passes 
through the space 32 which acts as a condensing 
passageway where the gas is cooled thereby to 
condense it to a liquid. 
Cooling water is flowed through the passage 

way 34 in each inner tube 28 so that cooling of 
the refrigerant gas is obtained as a result of heat 
passing through the inner tube wall to the water. 
The flow of water is controlled by a metering 
valve 29 which is connected through a pressure 
tube to the compressed or hot gas line from the 
Compressor and permits water to flow through the 
condenser at a rate sufficient to keep the pressure 
of the compressed gas within desirable limits. 
The header assemblies 22 and 24 (Figure 4) 

provide rigid support for the condenser tube as 
semblies and are in turn supported at the botton 
(see also Figures 5 and 6) by a pair of sheet metal 
mounting brackets 33 which are clampca in place 
On the base of the machine by bolts (not shown). 
The header assemblies provide fluid connections 
whereby the various passageways 32 are con 
nected in series; and, at the same time, all of the 
paSSageways 34 are connected in series. Accord 
ingly, header assembly 24 is provided at the bot 
ton with a water inlet fitting 35, and at the top 
with a water outlet fitting 36; and (see Figure 5), 
there is at the top a refrigerant inlet fitting 37 
and at the bottom a refrigerant outlet fitting 38. 
Header assembly 24 is formed by two interen 

gaged vertical channels 40 and 42 (see Figure 7) 
and a third enclosing channel 44. Channels 
40 and 42 form the header passageways for the 
inner tubes 28 while channels 42 and 44 form 
the header passageways for the annular passage 
ways 32 in tubes 26. Accordingly, channel 42 is 
provided with a set of flanged openings 46 which 
receive the ends of tubes 28 and channel 44 is 
provided with concentrically positioned flanged 
Openings 48 which similarly receive the ends of 
tube 26. Referring to Figure 6, the space be 
tween channels 40 and 42 is divided into four 
header passageways 50, 52, 54 and 56 by five 
arch-like transverse walls 58, 60, 62, 64 and 66 
which are positioned as shown in Figure 6 and 
provide horizontal blocks or walls between the 
respective header passageways. The header 
passageways 50 and 56 are open respectively to 
the ends of the top and bottom tubes 28 while 
each of passageways 52 and 54 is open to the 
ends of a pair of the centrally positioned tubes 
28 (see also Figure 4). Referring to Figure 5, 
the header passageways 68, 70, 72 and 74 between 
channels. 42 and 44 are similarly formed by arch 
like transverse walls 76, 8, 80, 82 and 84. The 
top and botton passageways 68 and 70 are con 
nected respectively to the annular passageways 
32 in the top and bottom tube assemblies while 
the passageways 70 and T2 are each connected to 
a pair of the centrally positioned passageways 32. 

Referring to the left-hand portion of Figure 
4, header 22 is substantially identical in con 
struction with header 24 except that arch-like 
transverse walls 86 and 88 are positioned to 
provide: header passageways 90, 92 and 94 which 
connect the annular passageways 32 in the lower 
pair of tubes, the central pair of tubes, and the 
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top pair of tubes, respectively; and header pas 
SageWays 96, 98 and OO which connect the ends 
of the lower pair of tubes 28, the central pair 
of these tubes, and the top pair of these tubes, 
respectively. It is thus seen that the water inlet 
fitting 35 is connected to a water passageway 
Which extends through passageway 56, the lower 
tube 28, passageway 96, the next tube 28, passage 
Way 54, the next tube 28, passageway 98, the next 
tube 28, passageway 52, the next tube 28, passage 
Way 00, the top tube 28, and thence through 
passageway 50 to the water outlet fitting 36. A 
similar refrigerant circuit is provided from the 
refrigerant inlet fitting 37 at the top and through 
passageways 68, 32, 94, 32, TO, 32, 92, 32, T2, 32, 
90, 32, and 4 to the refrigerant outlet fitting 38. 
Each of the channels 40 is provided with a set 
of flanged openings O2 which are respectively 
in alignment with the ends of tubes 28 and each 
of these openings is threaded; and the water in 
let and outlet fittings are threaded into the top 
and bottom of these openings O2 and the other 
of these openings are closed by a screw cap 04. 
Thus, the water circuit may be readily cleaned 
by removing these fittings and Screw caps, and 
by inserting a Spiral tube cleaner. 
The various elements of the header assemblies 

are connected to each other and to tubes 26 and 
28 by a Soldiering operation. Thus, during manu 
facture the elements are assembled 
jig, and the headers are then heated and 
Soldered. Upon cooling the entire unit is held 
together as a unitary structure, and the joints 
and seams are Sealed. 
The fin assembly 30 is of the type disclosed 

in my copending application Serial No. 17,899, 
filed March 30, 1948, now Patent No. 2,611,585 
September 23, 1952, and is characterized by being 
formed of sheet metal which is somewhat cor 
rugated so that fins are provided extending on 
gitudinally of the tubes. Referring particularly 
to Figure 8, each of the fin assemblies 30 com 
prises a single piece of sheet metal which is of 
Substantially the exact length as tube 28 and is 
corrugated to form an even number of substan 
tially flat radial fin portions 08 which, except at 
the edges of the sheet, are connected each. With 
the next two. The fin portions are connected 
adjacent tube 28 by a relatively sharp angle bend 

O and adjacent tube 26 by a rounded bend i2. 
This gives a good heat transfer relationship with 
both tubes, and gives structural advantages. 
During construction of the apparatus, the fin 
assembly 3 and the inner tube 28 are slid into 
tube 25, and tube 28 is then expanded so that it 
presses radially outwardly upon the fin assembly 
30. Thus, each of the fin portions 08 is COm 
pressed radially so that one edge is pressed at a 
bend against the outer surface of tube 28 and 
the other edge is pressed at a bend 2 against 
the inner Surface of tube 26. With this construc 
tion the fin assembly is expansible So that it is 
pushed by the inner tube outwardly against the 
outer tube, but can not be compressed to any 
great extent radially and, therefore, the fin as 
sembly is placed under radial compression by 
the expansion of tube 28. Thus, the fin assem 
bly has good heat transfer relationship with both 
of the tubes and also with the refrigerant flowing 
through the passageway 32 between the tubes, 
Furthermore, the refrigerant flow through this 
passageway is relatively unobstructed because the 
fins extend longitudinally of the paSSageWay. 

In Figure 2 the evaporator 9 is substantially 
identical in construction with the condenser 2, 
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6 
except that each of the tube assemblies has on 
its outer tube 3 a fin assembly of the tube 5 
formed by square sheet metal fins T. These 
fins 7 are put in place on each tube 3 prior 
to assembly with its internal fin assembly 30 and 
its inside tube 28, and the tube 3 is expanded to 
hold the fins 7 in place and to give a good heat 
transfer relationship. The refrigerant passes 
from the receiver 8 through line 0 and expansion 
valve 2 to the refrigerant inlet fitting 4. It 
then flows through the series of evaporator paS 
sageways identical with passageways 32 to the 
refrigerant outlet fitting 6 from which it re 
turns through line 5 to the compressor. An 
inlet fitting 8 identical with fitting 36 on the 
condenser provides an inlet connection for a de 
frosting liquid which may be an aqueous Solution 
or another liquid which is heated. 
Thus, when frost accuinulates on the evaporator 

the refrigeration operation is discontinued and 
heated defrosting liquid is Supplied to fitting 
A 8. This liquid flows through the passageway 
corresponding to the Water passageway in the 
condenser and it is discharged at the bottom of 
the evaporator, through a fitting 29. The heat 
from the defrosting liquid passes through the 
Walls of tubes 28 and thence through the fin 
assemblies 30 to the outer tubes 26. This heats 
the outer tubes and the fins so that the accumu 
lated frost or ice is meted free. It is thus. Seen 
that the evaporator surfaces are in good heat 
transfer relationship with the inside tubes 28 
and, therefore, the defrosting operation is carried 
on efficiently. ... This good heat transfer rela 
tionship exists by virtue of the fin assemblies 30 
being held under radial compression. So that 
each fin assembly is in tight contact With the 
outer Surface of its inner tube and the inner 
Surface of its outer tube. 

Referring now again to Figure 1, it was Stated 
above that the Secondary condenser 7 is of 
Special construction and provides a heat transfer 
passageway for the return refrigerant. Refer 
ring to Figure 9, this condenser T is in many re 
spects identical with condenser 2 of Figure 2. 
There are six tube assemblies 2, each of which 
is constructed in the same manner as tube 
assemblies 20 of Figure 2, but the Outer tube 26 
carries a fin assembly. 22 formed by fins 23 
which are identical with the fins T on the 
evaporator of Figure 2. The headers 24 and 25 
are quite similar to the corresponding headers 
22 and 24 of Figure 2 and differ only in that 
certain of the partitions or transverse walls are 
omitted and the right-hand header 25 is cut 
aWay at the top. . . 

Header 25 is formed by a set of interengaged 
channels 26, 28 and 3 and there is a single 
passageway 32 at the right between channels 
25 and 28 Which is open to the right-hand 

ends of all of the tubes 28, except for the top 
tube. There is also a single passageway 34 be 
tween channels 28 and 3 which is open to 
the annular finned passageways 32 between the 
concentric tubes 2S and 28 of the respective tube 
assemblies. Header 24 is Similar to header 25 
except that its channels extend to the top of the 
condenser and provide a single passageway 36 
which is open to the left-hand ends of all of the 
tubes 28 and a passageway 38 which is open 
to the left-hand ends of all of the passageways 32. 

it, has been pointed out above that (See also 
Figure 1) the Compressed gas flows from the 
compressor to the primary condenser 6 which, in 
actual construction, is mounted at the side of 
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the secondary condenser and a single fan passes 
air through the two condersers. The refrigerant 
front the primary, cordenser passes through two 
tubes 4 and 2 to the upper portion of passage 
way 8 at the left-hand, end of the secondary 
condenser and, as indicated, this passageway is 
open to the left-hand end of all of the annular 
fined passageways 32 in the various tube assen 
bes. The botton; of this passageway 3 is 
connected through a line to the receiver and, 
therfore, the condensed refrigerant from the 
primary condenser flows through the lines 40 
arid 4 into passageway f3, and down this pas 
sageway and through line 44 to the receiver with 
nihirinum resistance to flow. However, any re 
frigerant gas which is not condensed in the prl 
nitry condenser 8 separates from the liquid re 
frigerant in passageway 38, and flows into the 
various passageways 32 where heat is passed 
from it by the internal fin assemblies 30 and 
also by contact with the outer tubes 26. 
The internal fin assemblies 30 are compressed 

as a result of the expansion of the internal 
tubes 28 during assembly and the external fins 
f2 are in good heat transfer relationship with 
their tube surfaces. Thus, the heat from the 
refrigerant gas passes efficiently to the fins 23 
and thence to the air. The right-hand ends of 
the passageways 32 are also interconnected by 
the passageway f 34 and liquid refrigerant flows 
from passageway 84 to the left to passageway 
38; therefore, no liquid is trapped in any of the 
passageways. Thus, an efficient condensing ac 
tion is performed by the secondary condenser. 
The secondary condenser is also a re-evapo 

rator and the refrigerant returns through it from 
the evaporator to the compressor. This return 
re-evaporator passageway is formed by the inside 
tubes 28 and the interconnecting passageways 
32 and 36. Line S is connected to the botton 

of passageway 32 at the right-hand side of 
the unit and the top tube 28 has its right-hand 
end connected to line 6 which extends to the 
intake port of the compressor. As indicated 
above, passageway 32 is connected to the right 
hand end of all of tubes. 28 except the top One 
and the left-hand passageway 36 is connected 
to all of the tubes. 28. Thus, the refrigerant 
flowing from line 5 into passageway 32 flows 
freely to the left through the five lower tubes : 
28 and into passageway 36. From passageway 
36 the refrigerant flows to the right through 

the top tube 28 which is of sufficient size to carry 
the refrigerant without objectionable pressure 
drop. Thus, the refrigerant returning from the 
evaporator to the compressor during the refriger 
ation cycle is passed into heat exchange rela 
tionship with refrigerant on the "high side.' 
This not only insures that no drops or "slugs' of 
liquid refrigerant will reach the compressor in 
the return line but it also improves the perform 
ance of the systern. 
During the defrosting cycle the flow from the 

evaporator to the compressor is unchanged and, 
as indicated, hot gas flows through line 8 direct 
ly to the evaporator where it melts ice or frost 
free. During this operation refrigerant is con 
densed in the evaporator and this flows through 
line S and valve 9', which then provides a pres 
sure drop to passageway 32 and thence through 
the lower five tubes 28 to passageway 36. The 
liquid refrigerant tends to flow through the lower 
tubes while the upper tubes tend to remain free 
for gas and vapor. Heat, however, is passed to 
the refrigerant through the walls of tubes 28 from 
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the respective fin asserables. 30. These, fin as 
semblies are in good heat exchange relationship 
with the otter tubes 2 and the external fins 2. 
Therefore, heat is absorbed by the fins f28 and 
passed by the internal fin assemblies to the re 
frigerant in the inner tubes. 28. The unit there 
fore acts as an efficient re-evaporator and insures 
the evaporation of all liquid refrigerant which 
flows from the evaporator. The five tubes 28 op 
erate in parallel and, as indicated, they offer 
rhininnum resistance to the refrigerant flow. The 
top tube 28 prevents "slopping over" which night 
occur under some conditions of operation if line 
6 were connected to passageway 3. Under 

Some circumstances there may be one or more 
additional tubes connected in parallel with the 
top tube or a more extended series arrangement 
may be provided so that the refrigerant follows a 
longer path. 
In the embodiment of Figure 3 an arrangement 

is shown schematically wherein a single heat 
transfer unit 3 acts as an evaporator in the 
summer to cool the air in a room, for example, 
and acts as a heatredator in the winter to heat 
the room. The unit is identical with evapora 
tor 9 of Figure 2 and the parts are corresponds 
ingly numbered. However, when the unit is act 
ing as an evaporator its surface temperature is 
above freezing and therefore frost does not form 
and it is unnecessary to defrost it. 

For purposes of heating in winter the inner 
tubes 28 of unit 3 are connected to a heating 
medium, illustratively, stean supplied from a 
remote boiler f47. The condensing unit of Fig 
ure 3 is identical with that of Figure. 2 except 
that an air and water cooled condenser is 
provided which is identical in structure with 
evaporators 9 and 8. In condenser 45 the 
inner tube circuit, formed by tubes 28 connected 
in series, acts as a water circuit for the condenser 
Cooling water the same as in Figure 1 and there 
fore water is supplied to this inner tube circuit 
through a valve 44 identical with valve 29 of 
Figure 2. However, each of the condenser tube 
assemblies is provided with external fins as in 
Figure 1, and under low load conditions and at 
low anbient temperatures, the cooling effect of 
the fins is sufficient to condense all of the re 
frigerant. Under such circunstances, valve f4 
retains closed and there is no water flow because 
the pressure of the hot gas does not rise. How 
ever, at high loads and when the ambient ten 
perature rises the "high side' pressure rises in 
dicating that the condenser is not condensing all 
of the refrigerant; this opens valve 44 and per 
raits water to flow through the condenser so that 
there is auxiliary cooling, With this arrange 
ment it has been found that the unit can be de 
signed for normal-operation as a solely air cooled 
unit; and yet peak and abnormal loads need not 
be taken into consideration insofar as the air 
cooling surface is concerned because such loads 
are handled with the assistance of water cooling. 
This arrangement is of particular advantage un 
der circumstances, where the free use of water is 
objectionable and where maximum efficiency is 
important. 
With the embodiment of Figure 3 the refrigera 

tion system operates to cool the air during warn 
weather in accordance with the normal refrigera 
tion cycle of Operation. During such operation 
the inner tubes carry no heating or cooling me 
dium. However, they perform the function re 
ferred to previously of providing the high heat 
transfer relationship between the fin structures 
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and the outer tubes and thence with the air. 
When cooling is no longer required the refrigera 
tion system is turned off and, if desirable, heat 
ing may be effected immediately by merely Sup 
plying the heating medium such as Steam to the 
inner tube circuit. The steam or other heating 
medium such as hot water flows through the in 
ner tube circuit and the heat is transferred 
through the walls of tubes 28 and thence through 
the internal fin assemblies to the outer tubes 25 
where it is transferred to the air. It is thus seen 
that the refrigeration system and the heating 
system utilizes the same heat transfer structures 
and yet the cooling fuid and heating fiuid cir 
cuits are not interconnected. In Figure 3 the 
schematic representation is of a System having 
one heat transfer unit 43, although it should 
be clearly understood that such a System Would 
normally include several, if not many, such units. 
With the condenser is ; it should be noted that 

maximum performance is obtainable with a mini 
mum sized condenser because the compressed in 
ternal fin assemblies make it possible to provide 
a high rate of heat transfer with the air as well 
as with the water. Similarly, in the heat transfer 
unit 43 high heat transfer is provided between 
the refrigerant and the air in the Summer and 
also between the steam and the air in the Winter. 
Thus, a single heat transfer unit of minimum size 
may be provided with a single air circulating and 
mounting structure. Under Some circumstances 
hot water or other hot fluid may be used as the 
heating medium and the fins may be omitted if 
the external surface is sufficient otherwise. Cien 
erally, the heat transfer units of the type herein 
disclosed are provided with fans when there is to 
be a heat transfer relationship with air. Thus, 
in the embodiments shown, fans are used When 
ever the tube assemblies are provided with ex 
ternal finS. 
With the various heat transfer units herein dis 

closed it will be appreciated that the header 
structures may be modified to obtain either full 
parallel or full series flow, or there may be coi:- 
bined parallel and series flow. For example, 
with a condenser the inner tubes may be con 
nected to operate with adjacent pairs in parallel 
or all of them may be in parallel. Similarly, the 
passageways 32 may be connected so that tWO Ol' 
three are in parallel. The particular internal in 
structure gives minimum pressure drop through 
the passageways 32 even though there is rapid 
flow. i he pressure drop is, of course, reduced if 
parallel flow is provided, although under SOme 
circumstances, it is desirable to provide an ex 
tended series flow. 
The arrangement of providing the internal fin 

structures 33 with U-bends of greater mean ra 
dius at the outer tubes than at the inner tubes 
is an important feature of construction. This 
characteristic of the fin structures is obtained 
by corrugating sheet metal With alternate wide 
and narrow U-bends. Thus, in actual produc 
tion, a strip of sheet metal having a width or 
transverse dimension which is exactly that de 
sired as the length of the fin assembly is placed 
in a fin-forming machine. This fin-forming ma 
chine has a sheet holder adjacent a forming Zone 
at which the sheet is clamped originally With a 
leading edge projecting into the Zone. Two form 
ing strips of different widths are positioned on 
the opposite sides of the projecting leading edge 
of the sheet and they are moved edgewise into 
engagement with the opposite sides of the sheet. 
The engagement of the two forming strips is 
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along zones spaced slightly from each other and 
the movement of the forming strips is continued 
so that the sheet is formed into two corrugations. 
One of the corrugations is narrower than the 
other because its forming strip is narrower and 
one U-bend is also narrower than the other. 
The forming strips are then withdrawn and 

then the sheet is advanced and the operation is 
then repeated until there is a sufficient number 
of corrugations for a fin assembly 30. The fin 
assembly is then curved into annular form and 
the edges are interlocked as shown. An inner 
tube 28 and a fin assembly 30 is then inserted 
into a tube 26 and in this embodiment the inner 
tube 28 is expanded. The expansion is sufficient 
to press the fin assembly 30 outwardly against 
the inner wall of tube 26 and each corrugation 
or fin portion is placed under compression. Un 
der some circumstances the outer tube may be 
deformed to a smaller size to obtain this Com 
pressed condition of the fins. The internal fin 
assembly is deformable so that its mean radius 
may be changed readily or it may even be de 
formed to a non-annular shape so as to conform 
to the exact radial dimensions of the space pro 
vided for it. Such deforming changes the total 
angles of the various U-bends but the radially 
extending fin portions are not bent materially. 
Thus, the fin assembly will still withstand sub 
Stantial radial compression which, in any event, 
is made sufficient to insure the desired heat trans 
fer relationship with the confining walls. This 
high heat transfer relationship is thus obtain 
able without the use of solders or other bonding 
metals or auxiliary structures. In the illustra 
tive embodiments, tubes 26 and 28 and internal 
fin assemblies 30 are copper, although it is un 
derstood that other metals may be used when 
desirable. 
AS many possible embodiments may be made 

of the mechanical features of the above inven 
tion and as the art herein described might be 
varied in various parts, all without departing 
from the scope of the invention, it is to be under 
Stood that all matter hereinabove set forth, or 
shown in the accompanying drawings is to be 
interpreted as illustrative and not in a limiting 
SeSe. 

I claim: . S. 
1. In a refrigeration system of the character 

described wherein refrigerant is passed to an 
evaporator in liquid phase and returns in gas 
phase, the combination with the other compo 
nents of Said system of a heat transfer unit con 
nected in flow series in the refrigerant circuit 
Which comprises, a bank of parallel tube assem 
blies each of which is formed by an inner tube 
and an outer tube which are concentrically posi 
tioned to provide an annular space therebetween 
and an annular fin assembly formed by sheet 
metal which has been corrugated with each cor 
rugation forming a fin portion which extends 
Somewhat radially and bridges said annular 
Space, Said fin assembly having the character 
istic that it is deformable but is capable of with 
Standing radial CompreSSion, said tubes being of 
Such relative size as a result of one of them being 
deformed after assembly that said fin assembly 
is compressed Within said annular space whereby 
it exerts substantial pressure upon the Outer Sur 
face of the inner tube and the inner surface of 
the Outer tube, and a pair of headers for said 
tube assemblies and providing fluid connections 
to said annular spaces thereof and also to the 
inner tubes thereof, each of said header assem 
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blies including a first wall portion which pro 
vides rigid mounting means for the various outer 
tubes and a second wall means which provides 
mounting means for the various inner tubes. 

2. Apparatus as described in claim 1 wherein 
said heat transfer unit is a condenser and re 
evaporator unit wherein, said header assemblies 
comprise means connecting a plurality of Said 
inner tubes in parallel whereby refrigerant flow 
ing from the evaporator is provided with a plu 
rality of parallel paths of flow, and which in 
cludes external fin assemblies mounted respec 
tively on said tube assemblies. 

3. Apparatus as described in claim 2 wherein 
said refrigeration system includes a primary Con 
denser and said heat transfer units acts as a 
Secondary condenser, and wherein said header 
assemblies connect all of said annular spaces of 
the tube assemblies in parallel relationship. 

4. Apparatus as described in claim 1 wherein 
each of said annular fin assemblies has its cor 
rugations connected by relatively narrow U-bends 
adjacent the inner tube with which it is asso 
ciated and connected by Substantially wider U 
bends adjacent the outer tube with which it is : 
associated. 

5. Apparatus as described in claim 1 wherein 
Said annular spaces in said tube assemblies com 
prise the evaporator for the System, and wherein 
heat is supplied to the unit through the central 
passageway through said tubes. 

6. In a refrigeration system of the character 
described wherein refrigerant is compressed and 
is condensed after which it is returned to the 
compressor, the Combination with the compressor 
and the evaporator of, a condenser and re-evap 
Orator unit connected in flow series in the refrig 
erant circuit, said unit including a plurality of 
tube assemblies each of which is formed by a pair 
of concentrically positioned tubes having a con 
densing passageway therebetween and a radially 
Cornpressed fin assembly positioned within the 
condensing passageway and having good heat 
transfer relationships with the two tubes by vir 
tue of the compressed condition of the fin as 
sembly, said unit including a pair of header as 
semblies which include means connecting one or 
more of the inner tubes of the tube assemblies in 
series relationship in the return path of the re 
frigerant flowing from the evaporator to the 5 
Compressor whereby liquid refrigerant which 
flows from the evaporator is re-evaporated by 
heat passing to it through said fin assembly, each 
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of said header assemblies including first wall 
means which provide rigid mounting means for 
the inner tubes and second wall means which 
provide rigid mounting means for the Outer tubes. 

7. In a refrigeration system of the character 
described wherein refrigerant is compressed and 
is condensed, and is then passed to an evaporator 
where it is evaporated, after which it is returned 
to the compressor, and wherein frost or the like 
tends to accumulate on exposed surfaces of the 
evaporator which frost or the like must be re 
moved by a defrosting operation, the combination 
with the compressor and the other components 
of the System of an evaporator formed by a plu 
rality of tube assemblies and a pair of headers 
providing mounting means for said tube assen 
blies and providing for fluid flow therethrough, 
each of Said tube assemblies comprising a pair of 
concentrically positioned tubes of different radii 
and having an annular passageway therebetween 
and a central passageway through the smaller 
diameter tube, said assembly also having a ra 
dially compressed fin assembly positioned within 
Said annular passageway and having good heat 
transfer relationships with the two tubes by vir 
tue of the compressed condition of the fin as 
Sembly, each of said headers being formed by a 
structure providing header connections with said 
annular passageways for one fluid circuit and 
header connections with said central passage 
Ways for another fluid circuit, one of said fluid 
circuits providing the evaporator for said refrig 
erator System, and the other of said fluid circuits 
providing for the introduction of a heated fluid 
to perform the defrosting operation. 
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