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1 
This invention relates to heat exchangers of 

the type known as tube within a tube. 
It is an object of this invention to provide 

heat exchangers particularly for dissipating la 
tent heat ofv volatile fluids whereby a high rate 
of heat transfer per unit of condensing surface 
is maintained by rapidly and continuously scav 
enging the condensate from thecondensing sur 
face of such'heat exchangers. Another object 
of the invention is to provide a heat exchanger 
which maintains uniform heat dissipating per 
formance over its entire‘ face even though the 
heat exchanger is of considerable length. 

It is recognized that tube within a tube heat 
‘exchangers having the steam supply and the con~ 
densate outlet at the same end or opposite ends 
and with the inner tube (commonly known as 
the distributing tube) containing a plurality of 
small openings in its wall for steam distribution 
are old in the art. 
,Heat exchangers prior 'to-this'invention have. 

had steam distributing openings extending 
through the wall of the steam distributing tube 
in a direction at right angles to the wall of the 
tube. Steam ?owing from such openings mush 
rooms out from the openingsland interferes with 
and retards the normal gravity flow of con 
densate toward the condensate header. Con 
densate therefore accumulates in the tubes, and 
the heat transfer rate of the condensing surface 
‘is therefore materially reduced. The accumula 
tion of condensate also has the effect of creating 
a non-uniform heat dissipating rate along the 
length of the tubes. This effect is particularly 
serious when the tubes are long and the annular 
space between the tubes is small. _ ‘ v 
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Among other advantages of this invention is " 
that a tube within a tube heat exchanger with 
openings as disclosed herein, canbe constructed 
of considerable length, having a combination of 
tube sizes of relatively close diameters, thus per 
mitting the use of smaller outer tubes. 
Another advantageof this invention is that it 

provides a high condensing rate when the tube 
within a tube heat exchanger, is designed for. 
.use of extended surface on the ‘outer. tube which 
contributes to high heat transfer rates per unit 
length. r . 

Another advantage of this invention is the 
maintenance of a predetermined space between 
the inner and outer tubes. ‘ _ , " 

Also, thisinvention provides for uniform con 
densable volatile fluid distribution along the en 
tire tube length so as to eliminate the possibility 
of freezing of the condensate when steam is'used 
as the volatile ?uid, particularly when the heat 
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exchanger is employed in connection with a low 
head of steam supply and low temperature ‘fluids 
in heat exchange relationship therewith. 
Referring to the drawing, 
Figure 1 is an elevation partly in cross-section 

of a same end connection heat exchanger with 
extended surface embodying this invention. 

Figure 2 is an elevation partly in cross-section . 
of an opposite end connection heat exchanger. 
Figure 3 is a cross-sectionalview of the tube 

within a tube combination taken on line 3-43 
of Fig. 2. ~ . . 

Referring to Figure l, which shows a heat ex 
changer with a same end‘connection; the-numeral 
l represents a manifold with a steam inlet pas 
sageway 2 connected to the steam chest 3 which 
is separated by a partition wall 5 from the con 
densate receiver 6 which has an outlet passage 
way 1. The foregoing forms a complete steam 
supply and condensate return manifold; ‘ 
Heat exchange ?uid in the form of steam ?ows 

through the steam conductor 8, from the steam 
chest 3, and is interiorly positioned within an 
outer tube H! which has attached to it ?ns 26. 
The conductor tube 8, as shown in Fig. l, is open . 
at its end remote from said steam chest 3 and 
is provided with'a'plurality of directional ?ow jet 
like openingsall which are spaced and disposed 
along the walls of the conductor tube 8 to cause 
a directional ?uid ?ow in relation to the longi 
tudinal steam flow in the conductor tube 8, there 
by causing an acceleration of the flow of con 
densate which may accumulate in the annular 
space it between the conductor tube 8 and the 
outer tube [0. ~ 
‘In Figure 1 the directional ?ow is reverse to 

. the normal longitudinal steam flow. The result 
ant rapid scavenging of the condensate results 
in maintaining the maximum condensing surface 
available, for high heat transfer through the 
outer tube 10, since the coef?cient of heat trans 
fer in the condensing phase is many times greater 
than the‘ transfer in the liquid phase, particu 
larly for liquid in the static state. 
From this description it is obvious that this 

arrangement eliminates opposing ?ow forces of 
volatile ?uids with relation to the normal flow 

_ of condensate in the annular space H, and acts 
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to aid in quickly scavenging the condensate thus 
imparting acceleration to the flow of condensate 
to the condensate receiver wherebyhigh rates of 
condensation may be successfully handled in 
relatively small annular spaces I l between inner 
and outer tubes. ' 

The outer tube Ill is connected to'the con 
densate receiver wall [2, its opposite end is sealed, 



tubes are welded into the 

3 
at [3. Extended outer heat transfer surface 26 
may be integrally formed with the outer tube 10 
or may be in the form of separate ?ns ?xed to 
the outer tube which are desirable for high rate 
heat transfer from steam to air or from any 
volatile refrigerant ?uid to air. 

Referring to Figure 2, which illustrates an op 
posite end connection type heat ‘exchanger, it 
represents a steam supply headerv with an inlet 
passageway l5, and 20 represents‘ 'a'i‘condensate 
receiver with an outlet 2|. The outer tube It! 
is attached to both the supply header and the 
condensate receiver and has an opening into 
the condensate receiver. The inner conductor 
tubes 8 are shown enlarged at the inlet end 22 
which are fastened to the outer tube Hi to form' 
a tight joint between the inner tube band the 
outer tube [0, which may be welded, brazedv or' 
otherwise tightly connected. The condensate 
receiver 28 is connected vto the outer tube It) for 
the how of condensate from'the annular‘space 
between the inner tube~8 andthe, outer tube it. 
There are directional ?owjet-like openings ,9 in 
this construction disposed-along the inner tube 8 
having their outlet passageway :?xed in the. di 
rection of the normal path . of the condensate 
which may collect in the annular space ll be— 
tween the inner and outer tube. Thev inner tube 
8 has its opposite end sealed at 25‘,_;.T,he outer 

condensate receiver 
at 24. " " ' 

From the foregoing description it is‘ obvious 
that any condensable ?uid under pressure sup 
plied to the inner tube 87Wi11 flow through the 
directional flow jet like openings 9 into the an 
nular space H and form cohdensate‘by reason 
of the heat exchange of the outer tube surface. 
The condensate will tend to collect in the bot 
tom of the tube in the annular space I i and will 
have its flow or drainage to the condensate re 
ceiver 28 accelerated because the-directed ?ow 
of the heat exchange fluid through the opening 
8 will cause the steam to'flow in a parallel .di 
rection to the normal flow vofethe condensate, 
thereby maintaining .a maximum heat transfer. 
surface of the outer tube. . - 

The opening 9, as shown in Figure 3, is posi 
tioned between the conducting tube 8 and the 
outer ‘tube 10 and is made by cutting the tube 8, 
or making a slot therein, and bending a portion 
of the tube radially away from the tube ‘to form 
a nodule 21, which on one side has an inclined 
portion 28. The periphery of the'nodule 2'lris 
represented by the numeral 15 and said periphery 
contacts the inner portion of the tube vH3. The 
other side of the nodule}? has an opening 9, the 
axis of which extends in the direction of one 
end of the tube so that it can be said that the 
opening 9 faces one end of ' the ‘tube whereby 
steam emitting therefrom will‘ tend to flow in 
the direction of one end 'ofithe tube. The same 
result may be obtained by indenting a portion 
of the tube, in which case the opening will still 
face toward one end of the tube and cause steam 
to ?ow in that direction. I 

Referring to Figure 2, the tube i0 is positioned 
into the outlet header 210 at 24 and to the inlet 
header I4 at H. . ‘M p ‘I j ' 

Referring to Figure 1,, the tube 10 is positioned 
into the portion of the header 12 at 23 while the 
distributing tube is positioned into the wall 5 
at L8. , a .. . . l 

Having thus described my invention what I 
claim is: . - ‘. . 

1. A heat exchanger comprising a condensate 
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4 
chamber, a gas chamber, a series of condensing 
tubes communicating at one end with said con 
densate chamber, a series of gas distributing 
tubes communicating at one end with said gas 
chamber and being positioned within said con 
densing tubes and forming a passageway there 
between, the tubes of one of said series being 
open at their extremities whichare remote from 
said gas chamber thetubes of the other of said 
series being closed at their ends which are re 
mote from said gas chamber, a plurality of ori?ces 
spaced along the gas distributing tubes, said ori 
?ces having discharge openings facing substan 
tially in the direction of the length of the tubes 
and in the direction of the condensate chamber 
whereby the gas is discharged from the distrib 
utor tubes substantially in the direction of the 
length of the tubes and in the direction of the 
condensate chamber. 

2. A heat exchanger comprising, a gas cham 
ber, a series of gas distributing tubes communi 
cating with said gas chamber for flow of gas from 
said gas chamber, a condensate chamber, a series 
of condensing tubes communicating with said 
condensate chamber, each of said condensing 
tubes surrounding one of said gas distributing 
tubes, each of said condensing tubes being of such 
a size as to form a passageway for flow of gas 
and condensate between the outside of the gas 
distributing tube and the inside of the condensing 
tube, the tubes of one of said series being open 
at their extremities which are remote from said 
gas chamber, the tubes of the other of said series 
being closed at their ends which are remote from 
said gas chamber, said gas distributing tubes 
having a plurality of ori?ces spaced along their 
lengths for the discharge of gas from said dis 
tributing tubes to said condensing tubes, said 
ori?ces being constructed to provide passageways, 
the discharge portions of which have axes which 
extend at a substantial angle with respect to a 
line normal to the axes of said tubes and with 
the opening of said discharge portion facing in 
the direction of said condensate chamber to dis 
charge gas whereby the gas ?ows therefrom sub 
stantially in the direction of the length of the 

_ tubes and toward said condensate chamber. 
3. A heat exchanger comprising a header hav 

ing a supply chamber and a return chamber, a 
plurality of tubes closed at one end and com 
municating at the other end with said return 
chamber of said header, a plurality of distribut 
ing ‘tubes positioned within said first mentioned 
tubes to form a passageway therebetween, said 
distributing tubes being open at one extremity 
and extending at the other extremity through 
said return chamber and communicating with 
said supply chamber to receive ?uid from said 
supply chamber, said distributing tubes having a 
plurality of ori?ces spaced along their lengths, 
said ori?ces having discharge openings facing 
substantially in the direction of the return cham 
her to discharge fluid in a direction substantially 
parallelto the tubes. ' ' 

4. A heat exchanger comprising a supply head 
er and a return header, a plurality of tubes fas 
toned at one end to said supply header and at 
the other end communicating'with said return 
header for discharge of fluid thereto, a plurality 
of distributing tubes within said ?rst mentioned 
'tubes and forming passageways therebetween, 
means closing the passageway between said ?rst 
mentioned tubes and said distributing, tubes at 
thesupply header ends of said tubes, means close 
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ing said distributing tubes at their other ends, 
said distributing tubes having ori?ces spaced 
along their lengths, said ori?ces having discharge 
openings facing substantially in the direction of , _ 
the return header so as to discharge fluid from 
the distributing tubes into said ?rst mentioned 
tubes in a direction substantially parallel to their 
axes. 
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