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2.720259 
GASVENTING OFHEATEXCHANGERS 

Harold E.Jacoby, Brooklyn, N. Y.,assignor, by mesne 
,?ssignments.to Chicago Bridge & Iron.Company,New 
York,N. Y.,a corporation of IIinois 

Application April14,1950,SerialNo.155,848 
8 Ciaims.(Cl.159?27) 

This invention relates to heat exchangers and more 
particularly to improved means for removing non-con 
densible gases from a heat exchanger,e.g.,the heat 
ing element of a tubularevaporator. This application 
isa continuation-in-part of my copending application, 
Serial No.712,810,filed,November 29,1946,now 
abandoned, ,- - - ,,",, 

. Heat exchangers of the type with which the present 
invention is concerned normaly comprise a plurality of 
tubes.arranged in a tube bunde and mounted at their 
endsina pairoftube sheets.:The tube bundle andasso 
ciated tube sheetsare encased in a shell or othersuit 
able housing. The medium which is to be heated is 
caused to flow through the interior of the tubes and a 
heating medium comprising a condensible vapor is in 
troducedinto the shell andis caused to condense on the 
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external Surfaces of the tubes thereby delivering heat to 
thetubes and through thetube Wallsto the heated me 
dium within the tubes. Heat exchangers of this type 
are commonly referred to as tube-in-Shel heat eX 
changers and may be Separate Self-contained units or 
they may be heating elements incorporated in proceSS 
equipment Such as evaporators, crystalizers,re-boilers, 
waste heat boilers,and the like, , - 
The Steam or other condensible heating medium use 

in Such a heat exchanger normally contains a smal 
proportion of non-condensiblegas and asthe condensible 
Vapors condense,the proportion of gas in thevapor-gas 
mixture tends to increase. If this non-condensible gas 
is not removed it tends to produce gas binding of the 
heating Surface,i,e.,ittends to blanket portions of the 
heating Surface in suchmanner as to prevent fresh high 
quality steam from coming in contact with those sur 
faces Hence it is essential for eficient operation that 
this non-condensible gas be efectively removed. 

It has therefore been the practice to introduce the 
steam orothercondensible heating medium at one point 
on theperiphery of the shel ofthe heatexchanger and 
to attempt to remove hon-condensible gases at another 
point on the periphery of the shel spaced from the 
point of admission of the heating medium For ex 
ample,in cases where the heat exchangeris arranged 
withits tubes in vertical position,steam has been ad 
mittedto the shel or casing ofthe heatexchanger ata 
pointnearthetop ofthetubebundleandnon-condensible 
gas mixed with steam has been removed at a point on 
theperiphery ofthe heat exchanger opposite the lower 
endofthe tube bundle. This previous practice is ob 
jectionable from several points of view Since the non 
condensiblegases are withdrawn at the periphery of the 
tube bundiethere will bewithinthetube bundle a central 
core or cone of gas that is relatively inactive This 
inactive core of non-condensible gas will accumulate 
around the central tubes of the heat exchanger and 
thus substantialy reduce the efective heating sürface 
ayailable for heat transfer. - - 

Afurther disadvantage of the usual venting arrange 
ment is thatit permits theincoming vapors to fiowdi 
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rectly from theirpoint of admission to the point ofVent 
ing. Normally the Shell or housing of the heat eX 
changeris appreciably spaced from the tube bundle and 
there is thus an annular Space between the inner Sur 
face of the shell and the tube bundle which ofers rela 
tively little resistance to the flow of vapors. Since va 
pors will tend to flow at a higher rate through channels 
that ofer less resistance to flow,an appreciable propor 
tion of the incoming heating medium may fow through 
this annular Space directly to the fixed gas Vent and 
thereby bypass the heating Surfaces of the heat eX 
changer. Thus the steam content of the Vented gas is 
increased and the heating eficiency of the heat ex 
changer reduced. 

In order to overcome this dificulty it has been pro 
posed that the center tube ofthe exchanger be omitted 
and that fixed gases be withdrawn at a point on ornear 
the axis of the tube bundle. However,when the center 
tube is omitted a Space is left at the center of the tube 
bundle through which channeling of the vapors can oc 
cur and hence,an exceSSive amount of steam is with 
drawn from the heat exchanger with the fixed gases. 

?tis accordingly an object ofthe present invention to 
provide an improved method of removing non-conden 
sible gases from a heat exchanger. It is another object 
of the invention to provide fixed-gas removal means 
Which When incorporated in the heat exchanger in 
creases the eficiency of heat transfer therein. It is still 
another object of the invention to provide fixed-gas re 
moval means that minimizes steam losses with the fixed 
gas. Other objects of the invention will be in part 
obVious and in part pointed out hereinafter, - 
The many objects and advantages of the present in 

Vention may best be appreciated by referring to the 
accompanying drawing which illustrates apparatus in 
corporating a preferred embodiment and a modification 
of the invention and wherein: 

Figure 1 is a vertical Sectional view of a,self-con 
tained heat exchange unit incorporating the apparatus 
of the present invention; - - 

Figure 2 is a vertical Sectional view of an evaporator 
having incorporated therein a heat exchangerembody 
ing a modification of the present invention; 

Figure 3 is an enlarged detailed view of the fixed-gas 
removal tube shown in Figure 2;? - 
Figure4is a view similar to Figure 3 but showinga 

tube havinga Section thatis detachable forcleaning; 
Figure 5 is a vertical Section of an evaporator body 

Similar to that of Figure 2 but having a heat exchanger 
with three Spaced tube bundles;and 

Figure 6is a horizontal Sectiontaken on the line 6?6 
of Figure 5 and ilustrating the central arrangement of 
the vent tube in each of the several tube bundles. - 

Referring to the drawings,and more particularly to 
Figure1 thereof,the numeral10 designates atube bundle 
comprising a plurality oftubes(only afew of whichare 
Shown in Figure1)arrangedin a cylindrical bundle and 
mounted at their upper ends in the tube sheet 12and at 
their lowerends in thetube sheet14. Surroundingthe 
tube bundle 10 andtube sheets12 and 14thereisashel1 
or casing 16 that extends beyond the ends of the tube 
bundle to form with the lower tube sheet 14 an inlet 
chamber 18 and with the upper tube sheet12 an outlet 
chamber20,The fuid to be heatedisadmittedthrough 
the inletpipe22to the chamber18andflows throughthe 
tubes of tube bundle 10whereinitis heated by conden 
Sation of a condensible heating medium outside thetubes. 
The heated fiuid then fiows into outlet chamber20 and 
leaves the exchanger through outletpipe 24 - 

Steam or other condensible vapor is admitted to the 
exchanger through aninletpipe 26 and fows into contact 
with the tubes oftube bundle 10 andinageneraly down 
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ward direction along the tubes in such manner that it 
condenses on the tube Surfaces andgives up its latent heat 
which is transferred to the heating medium within the 
tubes. In the upper part of the exchanger there is pro 
vided a cylindrical bafie 27 mounted on an annularplate 
29fixed to the inner Surface of the Shel16. The bafle 
27,plate 29 and shel116 cooperate to define an annular 
passage through which the inlet steam may flow before 
cominginto contact with the tubes of the tube bundle. 
The bafle 27 operates to prevent inlet steam from im 
pinging directly on the tube bundle and to improve the 
distribution of steam around the periphery of the tube 
bundle. Condensate is removed near the bottom of the 
tube bundle through condensate pipe 28. 
As previously pointed out the condensible heating 

medium normaly contains a Smal proportion of non 
condensible gases,To efect removal of Such gaSes the 
tube bundle 10 is provided atits center with a Vent pipe 
30 which extends between the tube sheets 12 and 14in a 
mannersimilarto the other tubes of the tube bundle but 
is blanked of at one end(in this case the upper end) So 
thatgases mayflow from only one end of the tube. The 
openend ofventtube30passes throughthe tube Sheet14, 
chamber 18 and shel 16 out of the exchanger,At a 
pointnearthe lower end of the tube bundle the vent tube 
30is provided with one or more holes 32through which 
gas may fow into the vent tube and thence out of the 
heat exchanger. 

In orderto regulate the removal of condensiblegas an 
automatic controller 34is provided which may be of the 
conventional pneumatic type and may comprise a tem 
perature responsive element 36 located in a thermometer 
wel138 nearthe pointat which the non-condensible gaSeS 
enter the vent tube 30,a pneumatically operated regufat 
ingvalve 40and the controller34proper,which positions 
the valve to maintain the exit gases at a predetermined 
temperature. Since the temperature of the exit vapors 
varies in accordance with the steam content thereof the 
temperature controler may be so adjusted as to maintain 
the steam content of the exit vapors at a desired pre 
determined value and thus minimize the Steam losses in 
the vented gas, 

With the construction shown in Figure 1,bypassing of 
steam from the Steam inlet to the vent gas outlet is pre 
cluded since al of the steam must necessarily come in 
contact with the tube bundle before it reaches the vent 
gas outlet. Furthermore,there is no chance for an in 
active core of non-condensible gas to build up within the 
exchanger as would be the case if the Vent gaS Were re 
moved from the periphery of the exchanger rather than 
at a point near the longitudinal axis of the exchanger. 
Also since the Spaces between the vent pipe 30 and ad 
jacent heating tubes are substantially the Same as the 
spaces betweenadjacentheatingtubes,there is no reduced 
pressure drop path through which channeling of steam 
can occurto increase the proportion of steam in the vent 
gas and thereby reduce the heating eficiency of the 
exchanger. J 

Referring now to Figure 2 of the drawings,there is 
illustrated inthisfigure anevaporator ofthe general type 
disclosed in my co-pending U.S. application,Serial No. 
650468,filed February 27,1946,now Patent 2,544,885, 
but provided with a vent tube constructed and arranged 
in accordance with the presentinvention. The evaporator 
of Figure2is provided with a tube bundle 50 Similarto 
the tube bundle 10 of Figure 1,andextending between 
the upper tube sheet 52 and Iower tube sheet54. The 
medium to be heated,e.g.,a Solution thatis to be evapo 
rated,enters at the bottom of the evaporatorthrough a 
connection 56 and passes through a chamber 58 and the 
tubes of the tube bundle 50 to a vapor disengaging Space 
60 defined bythe shel62and uppertube sheet52,thence 
out of the evaporator through a connection 63. Concen 
trated liquor leaves the evaporator body through a dis 
charge connection 64. Condensible vapor,which may be 
eithersteam orwatervaporthat has been vaporizedina 
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previous efect,enters the heat exchange portion of the 
evaporatorthrough a tangential connection 66 and comes 
into contact with the tubes in the tube bundle 50. The 
vaporfiows overthe top ofa bafle 68 and alongthe tubes 
of the tube bundle in a generaly downward direction 
and condensestogive upits latent heatto the fuid within 
the tubes. Condensate is removed near the bottom of 
the tube bundle through the connection 70. 
Asin the structure of Figure 1,as the vapors condense 

fixedgastends to accumulate in the lowercentral portion 
of the tube bundle,To remove this fixed gas a Central 
tube 72is provided that extends between andis mounted 
atits ends in the tube sheets 52 and 54,The upper end 
oftube72isconnected bya conduit74 extending through 
the vapor space 60 to the exterior of the shell 62. 

Referring now to Figure 3,the lower end of tube 72 
is closed by a plug 75 which acts as a guide and anchor 
to secure the lower end of the vent tube in desired posi 
tion with respect to the tube sheet. Formedin the side 
wall of tube 72 near the lower end thereof,there is a 
drain slot 76 through which any condensate forming 
within the tube 72 will drain into the vapor space of the 
heat exchanger and be removed through the connection 
70. The Iower portion of tube 72is also provided with 
vertically spaced pairs of aligned openings 78,alternate 
pairs of openings being located at right angles to one 
another. Fixedgases pass through the openings 78 and 
thence through conduit 74 to the exterior of the evapo 
rator body. The pairs of aligned openings are arranged 
at right angles to one another to provide more uniform 
removal of the fixed gas. The vertical spacing of the 
openings is such that fixed gas may flow to the interior 
of the tube 72 even though a certain amount of sludge 
and/or condensate has accumulated at the bottom of 
the tube bundle. Removal of the fixed gas through tube 
72 may be manualy regulated by means of a valve 80 
in the conduit 74, 

In certain cases,as for example,where the heat eX 
change portion of the evaporator is "boiled out° to re 
move accumulated solids from the outer surfaces of the 
tubes of the tube bundle,the quantity of Solids colecting 
at the bottom of the tube bundle may be Suficient to 
plugup the holes 78 and in such casesitis desirable to 
provide some means whereby at least a portion of the 
vent tube may be removed for cleaning. A Structure 
adapted to accomplish this purpose is shown in Figure 4. 
Referringto Figure 4,the vent tube 72 is formed in two 
telescoping sections comprising an upper Section 82 that 
ismountedin uppertube sheet52 and a 1ower section 84 
supported from the lowertube sheet54. The lower Sec 
tion 84isprovided with drain slot 76 and vent holes 78, 
as in Figure 3,and rests on the inner surface of a cap 
86 threaded onto a nipple 88 secured to the lower tube 
sheet54. When itis desired to clean the holes 78 the 
cap 86is removed and the section 84is withdrawn from 
the tube bundle,After cleaning the section 84 and cap 
86 are replaced. The 1ower end of upper Section 82 is 
fared outwardly to facilitate re-insertion of section 84 
therein. It will be noted that in the embodiment of 
Figure 2,the ventedgasis withdrawn through the upper 
end ofthe venttube,whereas in Figure1 the ventgas is 
withdrawn through the lower end of the vent pipe. Re 
moval of the ventgas through the upper end of the Vent 
pipeis usualypreferable since itprecludes accumulation, 
in thefixedgas removal conduit,of a body of condensate 
whichmayinterfere with asmoothflow ofthe withdrawn 
Vent gaS. 
From the foregoingdescriptionit wil be Seen that the 

apparatus ofthe presentinventionincreases the eficiency 
of utilization of the heating surface within a heat eX? 
changer and reduces steam losses due to venting of the 
non-condensible gases from the heat exchanger. By 
locating the ventgas outlet near the center of the tube 
bundle dead spaces within the heatexchanger are eimi 
nated and thereis no chance for a core or cone of non 
condensiblegasto build up and blanket the heating Sur 
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face ofthetube bundle. Furthermore,al ofthe entering 
condensible vapors must pass through some portion of 
the tube bundle before they reach theventgas outletand 
thereforebypassing ofsteam directlyto theventgas outlet 
is.reduced. Also the Special arrangement of the vent 
pipe in the tube bundle is Such thatthere is no reduced 
preSSure drop path between the vaporinlet and ventgas 
outlet permitting bypassing or channeling of the con 
densible vapor. Removal of the vent gas may be con 
trolled by a temperature controller as disclosed or by a 
controller directly responsive to the water content of the 
vapors orin otherSuitable waysto minimize steam losses 
through the vent line, The present vent system is par 
ticularly usefulin verticaltube bundles,althoughit may 
also be used inhorizontal tube bundles as wel, 

Itisto be understoodthatthe foregoing description is 
illustrative only and that various modifications may be 
madewithin the scope of the invention. For example, 
the tubes within the heat exchangermay be arranged in 
a number ofindividual bundlesinstead of a Single bundle 
and the individual bundles may be separated from one 
another by a bafie or wal ormerely by an open paSSage. 
In such a case itis desirable that ventgas pipes be pro 
vided near the central longitudinal axes of the Separate 
bundles within the exchanger. 

Thismodificationisillustratedin Figures 5 and6 of the 
drawings. Referringto these figures,the heat exchanger 
100 of the evaporator bodythere shown is composed of 
three spaced tube bundles 102,104 and 106that are Sup 
ported at their ends in the tube sheets 108 and 110. It 
is evident that the exchanger 100 may be composed of 
any number of tube bundles greater than one and three 
are shown foriliustrative purposes only, - 
Near the center of each of the tube bundles 102,104 

and 106are the vent tubes 112,114 and116 respectively 
which are similar in construction to each other and to 
the tube 72 of Figure 2. The three vent tubesare closed 
at their lower ends and connected at their upper ends 
to the pipes 118,120 and 122 respectively which lead 
through the evaporator body and are provided externally 
thereof with regulating valves 124,126 and 128 reSpec 
tively. If desired the three vent tubes can be connected 
within the evaporator body to a manifold 130,shown in 
dotted lines in Figure 5,which is provided outside the 
evaporator with a regulating valve 132. 

It is evident that the vent tubes 112,114 and 116,due 
to their central location within their respective tube 
bundles,function in the Same manner as tube 72 of 
Figure2. In orderto reachtheventtube in each bundle, 
condensible vapor must pass through the other tubes of 
the bundle and hence by-passing of condensible Vapor to 
the vent is avoided. Moreover the vent tubes extend 
from one tube sheet to the other and hence channeling 
of the condensible vapors along the axes of the tube 
bundles is eliminated. Other modifications within the 
scope of the invention will be apparent to those skilled 
in the art. 

Whatis claimed is: 
1. In heatexchange apparatus of the tube-in-Shelltype, 

in combination,a pair of spaced tube sheets,a plurality of 
tube bundles mountedin Said tube Sheets and each having 
a length substantially greater than its diameter,a Shel 
encasing Said tube bundles,a vapor inlet connection near 
one end of said shell and remote from the other end 
thereof forintroducing into Said shel condensible Vapor 
to flow alongsaid tubes and be condensed on the exterior 
surface thereof,said vapor containing a Smal proportion 
of fixed gas,a condensate removal conduit in Said shel, 
fixed-gas removaltubes located one each near the centers 
of each of said tube bundles and extending Substantialy 
from one of Said tube sheets to the other tube Sheet,the 
walls of saidgas removal tubes at the ends of Said tubes 
most remote from Saidinlet connection being provided, 
within said shel,with one or more openings and a con 
duit connecting one end ofeach of Saidgas removaltubes 
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pass through Said tubes and 

6 
with the exterior of said shell, whereby fixed gas may 

- conduit to the exterior of 
Said Shel, - ? 

2. In heatexchange apparatus ofthe tube-in-shelltype, 
in combination,a tube bundle having tubes mounted in 
a pair of spaced tube sheets and havinga length substan 
tialygreater thanits diameter,ashelencasing saidtube 
bundle,a vapor inlet connection near oneend of said 
shellandremotefrom the otherendthereofforintroduc 
ing into Said shell a condensible vapor to flow along Said 
tubes and be condensed on the external surfaces thereof, 
Said Vapor Containing a Smal proportion offixed gas,a 
condensate removal connection in said shel,a fixedgas 
removaltube located atthe longitudinalaxisof said tube 
buhde and extending substantialyfrom oneof saidtube 
sheets to the other tube sheet,the wall of said tube near 
the end most remote from Said inlet connection being 
provided,within said shel,with one ormore openings,a 
conduit connecting one end of Said tube with theexterior 
of Said shell,whereby fixed gas may pass through Said 
tube and conduit to the exterior of Said shell,and means 
reSponsive to the temperature of Said condensible vapor 
near Said opening for controling the rate of removal of 
Said fixedgas. 

3. fn heatexchange apparatus of the tube-in-shel1type, 
in combination,a tube bundle having tubes mounted in a 
pair of Spaced tube sheets and having a length substan 
tiallygreater than its diameter,a shellencasing Said tube 
bundle,a vapor inlet connection near one end of said 
Shel and remote from the other end thereofforintroduc 
ing into Said shell a condensible vapor to flow along Said 
tubes and be condensed on the external surfaces thereof, 
Said vapor containing a Smal proportion of fixed gas,a 
condensate removal connection in Said shell,a fixed gas 
removal tube located near the center of Said tube bundle 
and extending substantially from one of said tube sheets 
to the other,Saidgas removaltube being formed in two 
Sections and the Section more remote from Said inlet con 
nection being provided,within Said shell,with one or 
more openings,the gas removal tube section containing 
Said openings being detachable from Said tube bundle for 
cleaning,and a conduit connecting one end of Said gas 
removaltube withthe exterior ofsaidshell. 

4. An eyaporator body comprising in combination a 
tube bundle having vertically arranged tubes mounted in 
a pair of Spaced horizontaltube sheets,the length of Said 
tube bundle being Substantiallygreater thanits diameter, 
a Shell encasing Said tube bundle and defining with the 
upper of Said tube sheets a vapor disengaging space,a 
Vapor iniet connection to Said shell nearthe upper end of 
Said tube bundle and remote from the lower end thereof 
forintroducinginto Said shell a condensible vaporto flow 
downwardy along Said tubes and be condensed on the 
exterior Surfaces thereof,Said vapor containing a small 
proportion offixedgas,a condensate removal connection 
in Said shel near the lower end of said tube bundle,a 
fixed gas removal tube located near the center of said 
tube bundle and extending substantiallyfrom one ofsaid 
tube Sheets to the other,Said gas removal tube being 
formed in two Sections and the lowersection being pro 
vided with one or more openings,said lowersection being 
removable through Said lowertube sheetfor cleaning,and 
a conduit connected to the upper end of Saidgas removal 
tube and extending through said vapor disengaging space 
to the exterior of Said shell whereby fixed gas may pass 
through Saidgas removal tube and conduit to the exterior 
of Said Shel. 

5. In heat exchange apparatus of the tube-in-shell type, 
in combination,an elongated tube bundle having tubes 
mounted in a pair of spaced horizontal tube sheets,an 
elongated shell encasing Said,tube bundle,a vapor inlet 
connection in Said shell near the upper end of Said tube 
bundle forintroducinginto Said shel a condensible vapor 
to flow axially along Said tubes and be condenSed on the 
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exterior surfaces thereof,said vapor containing a Small 
proportion offixed gas,a condensate removal connection 
in Said shell near the lower end of Said tube bunde,a 
fixed gas removaltube located at the longitudinal axis of 
Said tube bundle and extending from one of Said tube 
sheetsto the other tube Sheet,the lower end only of Said 
gas removal tube being provided within Said sheil with 
one or more openings and a conduit connecting one end 
of Said gaS removal tube with the exterior of Said Shel, 
wherebyfixed gas may paSS through Said tube and conduit 
to the exterior of saidshell. 

6. Heat eXchange apparatus according to claim 5 and 
wherein Said conduit connects the upper end of the gas 
removal tube with the exterior of Said shell. 
7,Heat eXchange apparatus according to claim 6 and 

wherein the lower end of the gas removal tube is closed 
and provided within said shell with a drain Slot for re 
moval of condensate therefrom and the lowerportion of 
the Wal of Said tube above Said drainsiotis provided with 

8 
verticallyspaced pairs of horizontaly aligned openings 
with alternate pairs of openings being located atright 
angleSto one another. 

8. Heat eXchange apparatus according to claim 5 and 
wherein Said conduit connects the lower end of.SaidgaS 
removal tube with the exterior of Said Shell. - 
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