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This invention relates generally to refrigeration ap 
paratus and more particularly to improved heat exchang 
ers and heat exchange tubes of the type employed in re 
frigeration systems. 

Refrigeration systems in general include four essential 
components, an evaporator, a condenser, a compressor, 
and an expansion device forming a closed circuit through 
which a volatile fluid medium passes to transfer heat from 
one point to another. This heat is absorbed from one 
fluid medium at a low temperature and dissipated to an 
other fluid medium at a higher temperature. 

Heat exchangers of the type herein described are 
adapted for use as components in a refrigeration system 
though other applications of this invention will become 
readily apparent to those skilled in the heat exchanger 
art. The basic operation of a heat exchanger involves 
the passage of two heat exchange mediums in relationship 
with each other such that heat is transferred from one of 
the heat exchange mediums to the other. An impervious 
metal tube having good thermal conducting characteris 
tics is the most common form of heat exchanger. The 
tube wall provides a contact surface where vaporization 
of a liquid or condensation of a gas takes place as heat is 
exchanged between the internal and external ñuid mediums. 
Naturally the heat transfer capacity of this type heat 
exchanger is dependent to a very large extent upon the 
contact surface available and limited by the temperature 
difference between the two fluid mediums. Another ob 
vious limitation arises from the volumes of the two fluid 
mediums being passed in heat transfer relation. To in 
crease the capacity of a given size heat exchanger, one 
of the well-known techniques is to employ fins on the 
outside surface of the tubes thereby providing a greater 
contact surface available to the external heat exchange 
medium. ‘ 

Typical construction of heat exchangers employed in 
refrigeration systems and the like comprises a plurality 
of heat exchange tubes, frequently having an extended 
finned surface, disposed within an outer shell and con 
nected to form a circuit for the passage through their in 
terior of a heat exchange medium. The second heat ex 
change medium is connected for passage through the shell 
and passes across the exterior surface of the tubes. 
One type heat exchanger depends upon vaporization 

of a liquid refrigerant on the extended tube surface. Since 
a substantial quantity of heat must be added to any liquid 
to vaporize it, heat may be removed from Water passing 
through the interior of the tubes by conduction and con 
vectiou. This type of heat exchanger is referred to herein 
as an evaporator. ` 

Another type heat exchanger depends upon condensa 
tion of a relatively hot vaporous refrigerant on the ex 
_tended tube surface which requires a substantial quantity 
of heat to be removed in order to condense the vaporous 
refrigerant. This heat may be dissipated to the water 
passing through the interior of the tubes by conduction 
and convection. This type of heat exchanger is referred 
to herein as a condenser. 

In order to‘secure the maximum heat transfer capacity 
of an evaporator, spray systems or other means for dis 
charging a quantity of liquid refrigerant over the entire 
extended tube surface are often employed to maintain 
a thin Íilrn of liquid on the exterior surface available for 
evaporation therefrom. Because of the low wettability 
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of the impervious metal heat exchange surface, substan 
tial quantities of liquid must be discharged over the sur 
face, otherwise dry areas will be present where only con 
vective heat transfer may take place thereby losing the 
advantage of evaporative transfer. The surface tension of 
liquid may tend to make the liquid coalesce into droplets 
which produces further disadvantages in that the droplets 
become relatively thick and tend to insulate the tube to 
inhibit heat transfer. Increasing the quantity of dis 
charged liquid presents the problem of building up a thick 

i layer on the heat exchange surface further insulating the 

30 

40 

50 

55 

60 

65 

70 

tube; Thus it is apparent that the most efficient heat 
transfer may be obtained by maintaining a uniform thin 
film of liquid over the heat exchange surface. 
The performance of a condenser is likewise dependent 

upon the conditions occurring on the heat exchange sur 
face. As in the evaporator, a thick layer of liquid on the 
heat exchange surface tends to insulate the tube and in 
hibit the heat transfer. It is thus important to remove the 
liquid Vcondensing on the heat exchange surface while 
maintaining a uniform thin film thereon for conduction 
of heat from the hot vaporous refrigerant through the 
tube wall to be dissipated to the water flowing inside the 
tube. In this manner, the maximum heat transfer capacity 
may be realized. 

It is an object of the present invention to provide heat 
exchangers with improved heat transfer capacities. 

` lt is a further object of this invention to increase the 
Contact surface of heat exchange tubes. 

lt is also the object of this invention to provide an im 
proved evaporatorV for use in refrigeration systems. 

It is likewise the object of this invention to provide an 
improved condenser for use in refrigeration systems. 

It is still a further object of this invention to provide 
an improved method of making heat exchangers. 
The accomplishment of these and other objects are 

achieved in the illustrated embodiments by providing a 
refrigeration system having metal heat exchange tubes 
of good thermal conducting characteristics, each tube com 
prised of one portion relatively impervious and the other 
portion relatively porous to provide a tube wall having 
an impervious surface on one side and a porous surface 
on the opposite side. These tubes are each constructed 
with a plurality of channels intermediate the impervious 
and porous surfaces to provide flow paths for liquid. If 
liquid is removed from the porous surface, as by evapora 
tion, additional liquid is caused to flow in the channels 
to the porous surface thereby replenishing and maintain 
ing a surface film of liquid. Conversely, if liquid is 
formed in the porous surface, as by condensing, the con 
densed liquid is caused to flow through the channels and 
carried away therefrom allowing additional liquid to form. 

In the preferred embodiment a series of continuous 
indentations or iiutes are formed in an impervious metal 
tube by rolling or any other suitable means substantially 
throughout the length of the tube. These indentations ex 
tend along the longitudinal axis of the tube and may be 
either parallel thereto or spirally arranged in helical fash 
ion thereabout. The latter arrangement would provide 
higher heat transfer rates by providing a swirling action tov 
the internal fluid medium which promotes mixing there 
in. 'Surrounding the impervious tube and mechanically 
bonded thereto is a porous tubular body formed of a com 
pacted metal powder having good thermal conducting 
characteristics which with the indentations of the imper 
vious tube form channels. It is also contemplated that the 
heat exchange tube may be formed of portion-s providing 
a tube wall having a porous internal surface and an im 
pervious external surface for other heat exchange appli 
cations, for example, a direct expansion evaporator or an 
evaporative condenser. 
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As used in this application the term “porous” refers to 
the characteristic of a body having a large number of in 
ternal pores or voids. On at least one of the exposed 
surfaces and preferably all of the exposed surfaces of the 
body, the pores form surface interstices. Consequently, 
a porous surface of a body, as used herein, may be thought 
of as a surface having a large number of surface interstices 
formed by `and in communication with a large number 
of internal pores such that the fluid medium in contact 
with the porous surface is absorbed into the interior of the 
porous body. By the practice of this invention full 
advantage ofheat transfer between iiuid mediums pass 
ing in heat exchange relation may be realized because 
a very large heat transfer' surface area in relation to its 
volume is provided. t 

~ The objects of this invention, as well as further objects 
and advantages, will become apparent from the description 
and drawings hereunder selected to illustrate a preferred 
embodiment of the present invention wherein: 
FIGURE l is a diagrammatic view of a refrigeration 

system embodying applications of my heat exchange tube; 
FlGURE 2 is a cross sectional view, on an enlarged 

scale, of the heat exchange tube, along line 1l~ll of FIG 
URE 1, illustrating the addition of a helical wire for pro 

. moting turbulence; and 
PlGURE 3 is a sectional view of the evaporative heat 

exchanger in FEGURE l, as modified for top liquid feed 
distribution. 

Referring particularly to FIGURE l, there is shown a 
vertical evaporator 11 and a vertical condenser 13 em 
bodying heat exchange tubes 15 of the present invention. 
The evaporator 11 and condenser 13 are combined with 
a compressor 17 and an expansion device 19 suitably con 
nected to form a refrigeration system which may provide 
chilled water or other cooled medium for use in a circuit 
including room air cooling units of the type used in air 
conditioning systems for large multi-room buildings. A 
volatile fluid refrigerant is caused to iiow in a closed cir 
cuit of this refrigeration system to transfer heat from the 
evaporator 11 to the condenser 13. ln operation, heat is 
extracted from water or otherpfluid in contact with the 
exterior surfaces of the heat transfer tubes in evaporator 
11 changing the refrigerant to its gaseous state, the com 
pressor 1'7 comprises this gas to increase its saturation 
temperature, and then the gas is discharged into the con 
denser 13. The hot compressed gas is liquefied by dissi~ 
pation of its heat to a suitable cooling medium such as 
water in contact with the exterior surfaces of the heat 
transfer tubes in condenser 13 and the liquid is then par 
tially expanded through the expansion device 19 into the 
low pressure evaporator 11. Thus heat is absorbed from 
one fluid medium ̀ at a lower temperature and dissipated 
to another fluid medium at a higher temperature. 
The vertical evaporator 11 of my preferred embodi 

ment is of the well-known shell and tube type. Water or 
other fluid to be cooled enters a first fluid header 7@ lo 
cated at the top of the evaporator at connection 21, then 
passes interiorly through the heat exchange tubes 15 and 
leaves the bottom of the evaporator through a second 
ñuid header Z9'located at connection 23. The refrigerant 
liquid passes from the condenser 13 to a third fluid header 
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set forth an impervious tube 33 is provided with a plu~ 
rality of continuous indentations and surrounded by `a 
porous metal body 35 to form said channels 31 between 
the impervious interior and porous exterior surfaces (PEG 
URES ly and 2). The porous body 35 has a very large 
surface area in relation to its volume available for heat 
transfer and also the ability to absorb the liquid refriger 
ant from channels 31 thereby maintaining the heat ex 
change tubes 15 with .a thin film of liquid for evaporation 
therefrom. The liquid tiow into porous body 35 is pri 
marily promoted by the pumping action of compressor 
17 and may be assisted by a capillary action in most 
cases. r[he liquid is caused to vaporize because the por 
ous body 35 is at a relatively high temperature between 
that of the warm water in the tubes and the cool saturated 
refrigerant. Thus a substantial quantity of heat is re 
moved from the water, chilling it, and transferred to the 
refrigerant by the evaporation process. Refrigerant vapor 
leaves the porous exterior surface of body .'55 and may 
pass through eliminators 37, if needed to remove any en 
trained liquid, as it flows out the evaporator l11 to the com 
pressor 17 through a suction line 39. Even though 
eliminators may not always be needed, some liquid may 
pass through the porous body and collect at the bottom 
of the evaporator, in the vapor space above the distribu 
tion header 29, since it is not practical to control the 
amount of the refrigerant in eachchannel 31. Therefor 
to return any liquid collecting at the bottom of the evapo 
rator, a return line 41 is provided to conduct this liquid to 
the venturi 2'7 where it is aspirated into the second header 
29. . 

The compressor 17 compresses the refrigerant vapor 
and discharges it into the vertical condenser 13 through 
line 43. The condense-r 13 -is also of the well-known shell 
and tube type having a cooling medium, such as water, 
entering a first fluid header Sil the bottom of the con 
denser at connection 45,;then passing interiorly through 
the heat exchange tubes 15 and leaving a second fluid 

~ header $1 located at the top of the condenser at connec~ 
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71 of the evaporator 11 through line 25; it leaves the con- Y 
denser :and is partially expandedV to a lower pressure 

. through an expansion device 19. However, before there 
frigerant liquid enters third fluid header‘71 of evaporator 
11, it is expanded further through a venturi 27 for the 
purpose set forth below. Some of the liquid refrigerant 
llashes into a vapor during its expansion to the lower pres 
sure of the evaporator, therefore a vapor, liquid mixture 
discharges from the venturi 27 into second fluid header 29 
located in the lower portion of evaporator 11. This re 
frigerant mixture percolates up through a plurality of 
channels 31 in each of the tubes 15 of the evaporator, as 
best seen in FIGURE 2. in accordance vwith the con 
struction of the heat exchange tubes 15 as hereinbelow 
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tion 47. A third liquid header 49 is provided near the 
bottom of the condenser 13 to separate the high pressure 
vapor from the relatively lower pressure liquid collecting 
»in this header and permits a pressure differenti-al to build 
up as described more fully hereinafter. The refrigerant 
vapor enter-ing the condenser '13, is condensed by the 
heat transfer action 'between the cooling medium in heat 
exchange tubes 15 which are likewise constructed as 
shown by FIGURE 2 and the warm vapor. The porous 
body 35 is at a relatively cool temperature near that of 
the impervious tube 33 and the high temperature refriger 
ant vapor is caused to condense within the porous body 
35. The condensed liquid thus formed flows in the chan 
nels 31 and drains into the third fluid header 49 at the 
bottom of the condenser. Some sub-cooling is obtained 
in this manner due to the heat transfer between the liquid 
flowing in channels 31 and the impervious tube 33. The 
refrigerant flow in the condenser 13 is such that the vapor 
is actually drawn into the porous body 35 and the con 
densed liquid is extracted therefrom into the channels 
31 because of a pressure drop which arises from a fric 
tional effect as the refrigerant flows through the porous 
body 35 and channels 31. The third header d@ is employed 
to preserve the resulting lower pressure and maintain a 
pressure difference between the vapor space in condenser 
13 and the space in header 49. This insures a ilow of 
condensed liquid within channels 31 for best heat trans 
fer performance which otherwise might not be possible. 
The liqud leaves condenser 13 from header 49 through 
line 25 wherein it is expanded before entering the evapora 
tor 11 thus completing the refrigerant cycle. 

t The construct-ion of the heat exchange tubes 15 is best 
shown by FIGURE 2. An impervious metal tube 33' 
having lgood thermal conducting characteristics, for ex 
ample copper, is selected to comprise the base of each 
heat exchange tube. In this impervious tube, a plurality 
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of continuous indentations are made by rolling or any 
other suitable method to be substantially throughout the 
length `of the tube and parallel to one another. In one 
form the indentations run parallel to longitudinal axis 
of the tube as seen in FIGURE l, however, they may run 
in a helical fashion .as seen in FIGURE 3. The latter 
construction would promote internal turbulence to the 
water inside the tube and increase the water side heat 
transfer rate. Another method of promoting turbulence 
inside the tube is to provide a helical wire 5l inserted 
therein engaging the tube. 
A porous heat transfer surfacemay be suitably> formed 

of powdered metal having good thermal conducting char 
acteristics, for example copper, by compacting and rolling 
`the powdered metal into a tubular body, as indicated by 
numeral 35, with an inner diameter slightly larger than 
the outer diameter of the imprevious tube 33. In order 
to provide rigidity to this compacted body, it is desirable 
that the body be sintered, however, the operation must 
be such that the internal voids in the body are not sealed 
if from communication with each other, with the sur 

faces, or entirely eliminated by this operation. The im 
pervious tube 33 is inserted within the porous body 35 
land mechanically bonded thereto at the contiguous regions 
such as 53. Any suitable method of bonding may be used, 
for example brazing, wherein the impervious tube 33 is 
properly tinned at the regions 53 prior to its insertion 
ithin the porous body 35. -The assembly of the imper 

vious tube 33 and porous body 35 thereon may be placed 
in a brazing oven (not shown) to melt the solder and 
when cooled, will provide a good, low resist-ance thermal 
bond between the impervious tube .'âßand the porous 
body 35. It is also possible to construct the heat exchange 
tubes l5 in accordance with the above method wherein 
the powdered metal comprises the base having the con 
figuration as indicated by numeral 33 (FIGURE 2) and 
assembled inside an impervious tube. 
Whether the porous body of the heat exchange tubes 

l5 becomes the external or internal member thereof is 
`dependent upon the desired flow of the volatile refriger 
ant heat exchange medium in the type of application in 
volved. The principal advantage of my construction is 
related to the high refrigerant side heat transfer perform 
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ance which arises from the very large internal transfer , 
area in relation to the volume provided by the porous 
body. Results have shown that overall heat transfer rates 
per foot of tube length are substantially higher with heat 
exchange tubes of my embodiment over conventional 
tubes having external iins thereon. Y 

In FIGURE 3 there is shown a modification of the 
vertical evaporator Il as adapted to distribute the refrig 
erant liquid from the top of the evapora-tor. The liquid 
from the condenser d3 (FIGURE l) flows in line 25 where 
it is partially expanded by the expansion device i9 (FIG 
URE 1). and through a liquid level control device S5 
rior to entering the distribution header 29. Since some 

of the liquid entering the header 29 flashes due to the 
lower pressures therein, a vapor return line 57 is provided 
leading to the suction connection 39 (FIGURE l) which 
returns the vapor to the »compressor i7 (FIGURE 1). The 
liquid in header 29 iiows down the channels 3.1. and is 

Í.«1",evaporated from the porous surface of body 35 in the 
.ïrnanner hereinbefore described. Any excess liquid col 

-,» lecting in the bottom of the evaporator may be returned 
“to header 29 by a pumping means 59 and a return line 
6l connected to liquid line Z5 ahead of control device 5S. 

In addition to the high heat transfer performance to be 
gained from heat exchange tubes constructed in accord 
ance with this invention, other advantages are afforded 
over prior art heat exchangers. i? or example, less refrig 
erant charge would be required due to the more intimate 
«contact between the heat exchange mediums. Dry regions 
which unduly limit the capacity of prior art heat ex 
changers are eliminated by my construction. .It is also 
possible to reduce ie size heat exchangers and have them 
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more compact. Furthermore, in evaporative type heat 
exchangers, spray systems, as frequently employed to 
maintain a thin ñlm of liquid over the tubes may be 
eliminated. This not only reduces the initial cost of the 
system but tends to make it more reliable and less experi» 
sive to maintain, 

Various other advantages and applications will occur 
to those skilled in the art and it is understood that this 
invention is not limited to the described embodiments 
but may be otherwise practiced within the scope to the 
following claims: , 

4 I claim: ‘ 

. l. In a refrigeration system, a heat exchanger for pro 
moting heat transfer between refrigerant in said refrigera 
tion system and another fluid medium, said heat ex 
changer comprising: 

(l) a shell adapted tocontain refrigerant vapor; 
(2) a plurality ofheat exchange tubes disposed With 

in said shell, each of said heat exchange tubes corn 
prising: 

(a) a relative impervious, hollow, tubular, heat 
conducting, metal interior member, 

=(‘b) ‘a relatively porous tubular, heart conducting 
metal, exterior mem‘ber, i 

(c) gone of said members being formed with a 
plurality of spaced, continuous indentations ,ex 
tending along the axis of said heat exchange 
tube, and forming with the other of said mem 
bers a plurality of axially extending, spaced, 
continuous refrigerant channels having a porous 
wall portion, and 

(d) said interior and exterior members being se 
cured to each other, in heat exchange relation 
with each other, in the regions between said 
spaced refrigerant channels by an axially ex 
tending relatively loiw resistance thermal and 
mechanical bond; 

(3) a first fluid header in communication with the 
hollow interior of said relatively impervious inte 
rior members of said heat exchange tubes adjacent 
one’end thereof, and a second fluid header in com~ 
munication with the hollow interior of said rela 
tively impervious interior members of said heat ex 
change tubes, adjacent the other end thereof, for 
passing said other heat exchange medium through 
said plurality of heat exchange tubes; 

(4) ya third fluid header disposed in communication 
with said channels formed in said heat exchange 
tubes for passage of liquid refrigerant in said refrig 
eration system. 

> 2. -In a refrigeration system, a condenser for con 
densing refrigerant vapor, said condenser comprising: 

. (l) a shell adapted to contain refrigerant vapor; 
(2V) a plurality of heat exchange tubes disposed with 

in said shell, each of said heat exchange tubes com 
prising: 

('a) a relatively impervious, hollow, tubular, heat 
conducting, metal interior member, 

(b)~ a relatively porous tubular, heat conducting, 
metal, exterior member, 

(c) one of said members being formed with a 
plurality of spaced, continuous indentations ex 
tending along the axis of said heat exchange 
tube,` and forming with the other of said mem 
bers a plurality of axially extending, spaced, 
.continuous refrigerant channels having a porous 
wall portion, and 

(d) said interior and exterior members being se 
cured to each other, in heat exchange relation 
with each other, in the regions between said 
spaced refrigerant channels by an axially ex 
.tending relatively low resistance thermal and 
mechanical bond; 

(3) means for passing refrigerant vapor into said shell 
and in contact with said porous exterior member; 
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(4) lmeans for :passing a cooling medium through said 
hollow interior member to cool said porous exte 

v rior member and to condense refrigerant vapor pass 
ing through said porous exterior member; and 

(5) header means disposed in communication with 
said plurality of condensate channels formed in each 
of said heat exchange tubes for collecting condensate 
`from said channels, said header including passage 
imeans for withdrawing condensate and passing it to 

Ul 

g5, 
liquid refrigerant from saidl porous exterior metal 
member, said refrigeration restriction means com 
prising a venturi pipe section adjacent said third 
fluid header, said system further including a passage 
connecting said venturi section into said shell to dis 
charge said mixture of refrigerant liquid and refrig 
erant vapor into said channel-s and induce a return 
lof any liquid refrigerant accumulated in said shell 
to said channels in the heat exchange tubes. 

ra desired locati-on. 
.3. A heat exchange tube comprising: ' 
(l) a relatively impervious, hollow, tubular, heat con 

ducting, metal interior member; 
(2) a relatively porous tubular, heat conducting, metal, 

S. In a refrigeration system, an evaporator for pro 
moting heat transfer between refrigerant in said refrig 
eration system and another iiuid medium to be cooled, 
said evaporator comprising: > 

(1) a `shell adapted to contain refrigerant vapor; 
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a mixture of refrigerant liquid and refrigerant vapor 
into said channels to .promote passage of liquid re 
frigerant through said channels and evaporation of 

exterior member; 15 (2) a plurality of heat exchange tubes disposed within 
(3) one of said members having formed therein a said shell, each of said heat exchange tubes com 

continuous indentation extending along the axis of iprising: ì 
said heat exchange tube, and forming with the other l(a) a relatively impervious, hollow, tubular, heat 
of said members an axially extending, continuous conducting, metal interior member, 
channel having a porous metal Wall portion; and 20 (b) fa relatively porous tubular, heat conducting, 

(4) said interior and exterior members. -being secured metal, exterior member, 
to each other, in heat exchange relation with each .(c) one of said members being formed with a 
other, by an axially extending relatively low resist- «plurality of spaced, continuous'indentations ex 
ance thermal and .mechanical bond providing rela- tending along the axis of said heat exchange 
tively good heat transfer between said metal heat 25 tube, and forming with the other of said mem 

, conducting members. bers a plurality of axially extending, spaced, 
4. `In a refrigeration system, a heat exchanger for continuous refrigerant channels having apor-ous 

promoting heat transfer _between refrigerant in said re- wall portion, and 
Ifrigeratioii system and another huid medium, said heat ‘(d) said interior and exterior members being se 
exchaiiger comprising: 3() cured to each other, in heat exchange relation 

(l) -a shell adapted to contain refrigerant vapor; with each other, in theregions between said 
(2) a .plurality of heat exchange tubes disposed with- spaced refrigerant channels 'by an axially ex 

in said shell, each of said heat exchange tubes coin- tending, relatively low resistance thermal and 
uprising: y , mechanical bond; 

(a) a relatively imperviousa hollow, tubular, heat 35 (3) ‘a first ñuid headerfin communication With the 
conducting, metalv interior member, ` hollow interior o-f saidY rela-tively impervious inte 

(b) a relatively porous tubular, heat conducting, rior members of said heat exchange tubes adjacent 
metal, exterior member, one end thereof, and a second duid header in com 

È(c) ione `of said members being formed with a, muniCa’tiOn With the hollow interim“ 0f Said rela 
plurality of spaced, Ícontinuous indentations ex- 40 tively impervious interior members of said heat ex 
tending al-ong the axis of said heat exchange change tubes, adjacent the other end thereof, for 
tube, and forming with the other of said mem- passing said other hea-t exchange medium through 
bers a plurality of axially extending, spaced, Said plurality 0f heat @Xchange tubes; 
continuous refrigerant channels having a por- (4) a third fluid header disposed in communication 
tous wall portion, .and 45 with said channels formed in said heat exchange 

(d) said interior and exterior members being Se- tubes for passage of liquid refrigerant in said refrig 
cured to each other, in heat exchange relation eration System; and 
with each other, in the regions bet-Ween said î(5) means to withdraw any refrigerant liquid accumu 
spaced refrigerant channels 'by a relatively low lated about said tube iii said shell and to pass said 
resistance thermal and lmechanical bond; 50 Withdrawn liquid refrigerant into said channels. 

(3) :a first ñuid header in communication with t-he , 
hollow interior |of said relatively impervious interior Refeï'enœs Cited by the Exämìllel' 
Vmembers of said heat exchange tubes adjacent one UNITED STATES PATENTS 
end thereof, and a second fluid header in communi- _ 
`cation with he hollow interior of said relatively im- 55 ë'ony î “““““““““““““ --6'2 ôzdîlllkî 
pervious interior members of said heat exchange 2’168’438 ,8/„9 Cay, “““““““““““““ “ *6'2 11S 
tubes, adjacent the other end thereof, for .passing 2’1‘83’509 '12 /gg 'S mit?  'r _ A 
said other heat exchange medium through said plu- 2’282’627 5/42 ‘gli  ‘- 62”’39 ‘ 
rality of heat exchange tubes; 1 ’ " e155   62-394 

, . . . . . 2,448 3'15 `8/48 Kunzog __________ „_ 165-180 X 
(4) a ,third fluid header disposed in communication 60 ,2 456’775 12/¿18 F k t al . 
with said channels formed in said heat exchange . 2’519’844 8/5'0 Malls@ fe “““““““““ _" 165-141 
tubes for passage of liquid refrigerant in said re- 2’723’880 1 ,Dimmer “““““““““““ *- 62-512 
yfriigeration system; and ’ ’ '1/55 Alielson  r“ 165-141 X 

_ _ .. 2,766,597 l0/56 Gieck ____________ __ 62-315 X 
(5) said heat exchanger comprising an evaporator, and 2 91A 091 11/59 B t l 

`said refri-geration'system incuding the combination 65 2’941"759 6/60 Rîëâ'ît ila """" "* therewith of refrigerant restriction means to pass 2,966,340 12/60 Chapman ________ n 165%_180 X 
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