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This invention relates to heat-transfer appa 
ratus, and particularly to condensers. 
In industries where ‘mixtures of condensible 

vapors and substantially non-condensible gases 
5' have to be condensed or cooled, the production 

ofan e?lcacious, yet economical, type of con 
denser has presented many dif?culties. Particu 
larly is this true in the petroleum and vnatural 
gas industries, where the exigencies oi the oper 

m ating features of the petroleum plants permit only 
a very small pressure ‘differential, with only a 
medium operating-pressure, and a very slow rate ' 
of ?ow. 

It is among the principal objects of this in 
15‘ vention to provide a heat-exchanger which 'will» 

operate‘ on a small pressureedi?erential ‘and 
medium-to-low, operating pressure, with low 
velocity of ?ow-through of the vmedium to be 
cooled or condensed, yet which will condense or 

20 cool the vapors to be condensed very eiiiciently 
and completely. \ ' - f _ . ‘ ‘ 

It is also an object of the invention to provide 
a condenser of this character, which will ‘not only 

' condense the condensible ?uid to its'temperature- ' 

25 01 condensation, but will also sub-cool the con 
densate so formed, in the one and-same ?ow 
through.- _ v 

A further object of the inventionv is to provide, 
in a condenser for gaseous media having special 

30 cooling elements, means for- preventing the hot 
vapors tobe cooled from by-passing?-thesewool 
ing elements and which, instead, will cause,‘ the 
vapors to come into close contact with the cooling 

‘ elements to thereby increase the ‘cooling rate I 
35'beyond thatv ordinarily achievable. ' . I . _ 

A particular object of the invention is to pro 
' vide, in a heat exchanger! of this character, means, 
for preventing the incoming cooling medium from 
absorbing heat from the outgoing, cooling ?uid. 
Another particular object of‘the invention is‘ 

to provide, in a heat-exchanger for condensing‘ 
the condensible components of a mixture of con 
densible ‘vapors and non-.condensible gases, 

_ means for separating the condensate from the 
45 non-condensible gases; and for removing‘ the 

non-condensil'ile gases without entraining any 
condensate in them. _ . ' ' - 

, The heat-exchanger embodying these and 
other objects obviates. ?oating heads, and hence 

50 the apparatus incorporates no joints between the 
.‘working ?uid side and the other side;_ there is 

_ hence little likelihood of gas escaping, the device 
thus being rendered quite suitable ionhandling 
noxious, poisonous, or explosive gases ‘or gas 

1 

ends of all tubes beinl' 

N. Y., a corporation of Delaware \ 

Application June l6, 1936, Serial No. 85,475 

v2 (01. 251-45) 

1 

‘left free, there'is no tension or other strain put ~ 
_ on any tube sheet or tube, either by temperature , 

rises, or otherwise, By virtue of the construc-~ 
tion of the ‘tubes, etc., the number of holes it has 
hitherto been necessary to make in either tube 5 . 

' ‘sheet for an apparatus of.- a given capacity, is 
reduced considerably, usually by half, which is ‘ 
worthy of note in a ?eld where usually it is 
deemed necessary to employ a remarkably great 
number of large-diameter tube holes and tubes. 10 , 
Due to end-entrance of the slowly-moving, high 
vacuum vapors without having to ?ow as per 
usual practice, across at right angles to tubes, 
‘the power needed to operate the vdevice is less, 
than usual, yet fuller condensation is obtained. 15 
'1 The. other objects and advantages of the in 
vention will be made manifest as this speci?ca 
tion proceeds. ‘ “I . ‘ ‘ - . " k 

The presently preferred embodiment of the 
inventionvis shown in the accompanying» draw-v 2o 
ing, but it is to be understood that the invention 
is. limitedin its embodiments-only by the scope , 
of the sub-joined claims. 'In thedrawing, - 

’ Fig. 1 is a vertical, substantially central section 
of the ‘apparatus, a part being shown iragmen- 25 
tarily; ~ . " _ l . , 

Fig. 2 is a cross-sectional detail of one of the 
elementsdthereof; ‘_ ‘ - 

Fig. 3 is a side elevation, on a different scale, 
01' a modi?ed form of this element; ' , 39 

Fig. 4 is a similar view of a further modi?ed 
form thereof, and y, ' - ~ . 

‘Fig. 5 is a detailed cross-section of another 
element of the apparatus. ' P 
The apparatus illustrated in the accompany- 35> 

- in'g drawing, comprises .a verticallyarranged ' 

shell I, having an open end 2, and connected toa 
structure 2’ for supplying the gaseous mixture 
to the heat-exchanger. _' ' ' ‘ \ ’ 

Mounted within this shell is a tube-bundle con- ‘40 
sisting of a- number of ' vertically extending, sub- ‘ 
stantially parallel,» conduits, or pipes, 3, having 
their. upper ends closed and 'theirlower ends 
open. .The present invention proposes that the 
tube-bundle include a relativelysmallernumber 
of tubes than ordinarily contemplated for high 
vacuum condensation work of this sort, yet ‘of- 7 

45 

P such a nature as to present more effective trans 
fer surface per linear foot than a much larger 50 
bundle of tubes.‘ To this end, each tube 3 is pro 
vided'with a plurality of heat-conducting mem 
bers, here‘ shown as. longitudinally attached, 
radially extending, metallic ribs or ?ns, 4, ‘and _ 
shown as being about twentyefour in number to. 5;. 



'10 across the exchanger. 

each tube 3, and as being such as to increase the 
surface area of each tube by about 500%. 
The-upper end of. each tube -3 is preferably 

closed on’, by means of a closure-member i, pref 
5 erably streamlined to the ?ow of the ?uid sup 

plied to the shell. The lower ends 01! the tubes 
3 are left plain and are notl?nned, in order to. 
provide a substantially unobstructed passages 

. way. for the easy ?ow of gasand condensate 
These lower, plain ends 

of. the tubes'3 are expanded into, or otherwise 
secured to a tube-plate 8, suitably held between 
two annular ?anges, 6' and t". forming part of 
the shell. a ' " 

1:, Plain tubes ‘I’, of lesser diameter and greater 
length than tubes 3, are‘ arranged concentrically 
‘within thev'tubes 3, and have both ends open. 
Their lower ends are attached in a tube-sheet 
3, which is held between ?anges 3' and 8" on 

20 the shell. This arrangement 'de?nes‘and pro 
vides a-long, annular passage 9 in each heat; 

_ exchangeelement, between the inner and the 
‘ outer tubes. Any desired operating velocity may‘ 

' be provided by increasing or decreasing the size 
' 25 of the annular passages, by increasing or decreas 

ing the diameter of tubes 1 with respect to that _ 
of tubes 3. 
A cooling-?uid inlet, 10, is provided on one 

_ side of the shell, in the upper one of the two 
80 headers ‘shown, and cooling ?uid ?ows upwardly, 

in parallel, through each of the annular pas 
sages 9, preferably at high velocity, and reaches 
the caps 5 and is thereby directed back ‘down-1. 
wardly through the tubes ‘I. An outlet for the 

35 spent cooling ?uid is provided at a point ~l|_ in 
the lower one of the headers shown. . 
A mixture of gases and vapors enters the ap 

paratus at the upper end 2 thereof. At a dis 
tance from the inlet lthere is provided a cross 

40. baille ‘I2. Each tube 3 bears, in the region of 
this bailie, a band- or ferrule l3, preferably of 
the so-called "napkin-ring" type, encircling thev 
outside of. the- ?ns and a?ixed thereto but not 

_ to the bame. The baille has ‘apertures therein 
45 of su?lcient diameter to permit the ferrules to 

,move easily therein, thus preventing ,abrasion 
thereof and of the ?ns. The entering gases ‘are 
bythis structure prevented from by-passing the 
tubes and are instead forced to pass directly 

., 50 along the ‘tubes between the ?ns and also come - 
into very close contact with the tubes. The 
baiiles also serve rigidly'to hold the tubes prop 
erly spaced from each other and from the shell. 

- Other ba?les, such "as shown at I!’ and I2", 
55 and ‘ferrules i3, are provided at suitable points 

.along the shell. It will be noted that the bailles 
l2, l2’ and I!” are located at a point remote 

- from the inlet 2 and that they are arranged closer 
to each other than the distance between the ?rst 

60 baille' i2 and the upper ends of ‘the tubes. As the 
vapor enterslthe shell l‘in a direction parallel 

9 with the tubes it ?rst encounters the upper ends 
of these tubes ‘so that “substantial condensation 

. may occur as the vapor enters-the shell. The 
‘55 quantity of_ uncondensed vapor thus es 

as the vapor progresses through the shell and 
in order to insure e?icient heat transfer between‘ 
etheeuncondensed vapor as it .approaches the 
lower "'end of the shell, and the tubes carrying 

70 the cooling r?uid, the baiiles cause the uncon 
densed~vapor advancing from the upper end of . 
the shell to come into intimate contact with 
.the_ tubes and between the adjacent ?ns on the 
tubes. It is thus desirable to have the bailles 

V “concentrated at a point remote from the inlet 
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and from the upper ends of the. tubes, as illu 
trated in Fig. 1. - ' 1 

,Any condensate forming on the tubes 3 ?ows 
downwardly in the form of a ‘thin ?lm on the 
?ns and on thesurface of the tube, in a direc- , 5. 
tion opposite to that of the cooling ?uid, so that 
‘as the condensate falls lower, it meets cooler and ‘ 
cooler regions of the tubes 3. Thereby not only ,. 
is the condensible vapor quite e?ectively con 
densed on the tubes 3 at its temperature of con- 10 
densation, but, it is reduced to a temperature 
below’its temperature of condensation by the 
time it reaches vthe lower ends of tubes 3, The 
gas is thus not only condensed, but,‘' in the one . 
?ow-through, the condensate is also sub-cooled. 15 
A ?uid outlet I4 is provided'near the lower 

end of the upper section of the shell, and through 
this outlet may be drawn. off, if desired, both 
the condensate and .the non-condensible com 
ponents of the gas mixture which entered at 20 
point 2 with the condensible components. Howe. 
ever, there is instead preferably-provided a cy 
lindrical hood, or envelope-baiiie, II, of consid 

' erable length and of a diameter su?lclent to en 
close one or more of the ?nned tubes 3. This 35 
hood is arranged above the condensate level and . 
near the side of the shell. The hood has an 
opening it in its side near its top, and the shell 
has an-outlet I‘! connected thereto by a-length 
of pipe I8 which extends further outwardly to so 
connect with other apparatus. The non-cone 

_- densible gases being thus directed back upwardly 
again over a very cool portion of the tubes 3, 
are thereby again cooled somewhat, and hence 
drop out any/entrained condensate they may 35 
have contained. Thereupon they pass out the 
outlet i1. . 

A circular-plate; member I9, havingapertures 
about the size of the outside diameter of the 
tubes ‘I, is preferablyv provided in the upper of 40 
the. two headers, as shown.‘ It normally lies on 
the tube-plate ‘I, or can be, if desired, releas 
ably attached thereto. When the smaller tubes 
'6 are to be withdrawn for repair or‘ replacement, 
upon reassembling the exchanger they may be 45 
easily replaced in tube sheet I and properly ar 
ranged concentrically .within tube 3, by means 
of this guide member. When there are a large 
vnumber of tubes ‘Ito be replaced, as when ex- _ 
tensive corrosion thereof occurs, a quite appre- 50 
ciable saving'ln time-costs‘ and operating ex 

'- penses can be etfectuated by the use of this guide 
member. v 
In Fig. 3 there is shown a form of- working 

element according to the present invention, in 55 
which the externally-applied heat-conducting 
surface is made in the form of long helices 23, 
instead of as longitudinal ribbons, thereby in-' 

_ corporating in the heat-transferring elements ' 
the advantages due to giving more or less of a 60 
rotary, corkscrew motion to the gases. 1 

7 At the bottom of ‘the tubes the, volume of the _ 
vapor to be cooled is decreasing and hence it is 
desirable that. the ‘vapors given a greater 
amount of relative. motion. In Fig. 4 the ?n II 55 
is made to extend nearly longitudinally at the 
upper ends of the tubes. The relative angle of 
?n to the longitudinal‘axis ‘of the tube, is how 
ever,~ increasedet‘o form a sharper helix as it ‘ 
approaches the bottom of the tube. 4 ‘ ~ 70 
As shown most clearly in Fig. 5, it is pref - 

able for the tubes ‘I to have their exteriors, inte 
riors, or both, suitably covered with a suitable 

‘heat-insulation material 22, such as an asbestos 
composition. This insulation may extend for any is 
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desired length of the tube, and is sumcient to, 
1 minimize, or prevent, exchange of heat from the 

10 
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heated working-?uid outgoing in tubes ‘I, to the . 
cool working-?uid entering the header or tubes 3. 
The apparatus of Fig. 1 may be mounted, if 

desired, upside down, retaining the construction ‘ 
intact and maintaining all the relative positioning 
of the parts. 1 In this case, the inlet‘ 2' lies at 
the bottom and the gases enter atthe bottom of 
the apparatus instead'of the top, and ?ow up 
wardly between the ?ns and ba?les and along the 
tubes 3. ‘As the condensate forms, it then falls 
downwardly along the tubes through the incom 
ing vapor, instead of passing out outlet l8, and‘ 
the non-condensible components pass out through 
outlet l8, as before. The cooling ?uid is circu 
lated as hereinbefore described. This arrange-. 
ment is desirable when it is deemed advisable to 
employ gravity to remove the condensate, as when 
it is not deemed advisable to employ a pump or 
other suction device in outlet M to remove the 
condensate. In this event, voutlet Iii may be 

. closed, as by a cap plate\or the like‘, not shown. 
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For use in working on very viscous ?uids, such 
as in heating ‘viscous oils,~the apparatus is ar- " 
ranged horizontally, with outlet I l pointing up 
wardly. The ?uid to be heated then enters from 
the left, through opening 2', and steam is -en 
trained through opening.“ and tubes 1. It is 
condensed in the ‘annular spaces 9, and leaves the 
apparatus as water through opening I0. 

I claim: 1 _ ' , ' 

l. A heat exchanger comprising a tube sheet, 
a group of tubes having open ends secured to 
said tube sheet, a second ‘group of tubes each of 
smaller diameter than the tubes of the ?rst group 

3, 

whereby they may be inserted into the ?rst" 
group .of tubes through the open ‘ends thereof, 
means for rigidly supporting the second group of 
'tubes in spaced relation to each other, ‘said sup 
porting means being disposed near one end of said 
second group of tubes and an aperture guide plate 
strung onto said ‘second group of tubes and loosely 
engaging the same, said guide plate being mové 
'able into 'close proximity into. the open ends of 
said ?rst group of tubes with the apertures in 
the guide plate registering with these openings, 
to facilitate the insertion, of said second group of 
tubes into the ?rst ‘group of tubes. 1 , 

2. A heat' exchanger ‘comprising ‘a shell, a 
bundle of concentrically arranged inner‘and outer‘ 

,1 tubes in said shell, heat conducting ?ns carried, , 
by the outer tubes and extending. generally 
lengthwise thereof, means for passing a ?uid 
through said shell in contact with said ?nned 
tubes, and means for passing a second‘ ?uid 
through said tubes, the ?ns. extending parallel to 

lo 
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said tubes throughout a portion thereof and ex-' _, 
tending around saidtubes throughout ‘another, . 
portion thereof. ' ' . 

' ~ KENNETH B. R18. [30 


