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UnitedStates PatentOfce . 

Clareace J. Sehiag,AHentown,Pa.,assignorto Air 
Products,icorporated,a corporation ef Michigan 

Continuaien of appication Seriai No.23?221? June_!2, 
?93?. This appication August 19,1954, Serial No. 
450,927 

?4 Ciaims.(C1.62?í75.5) 

The present invention relates to an improved method 
for Separatingair into its components by low temperature 
fractionation empioying heat exchange between air to be 
fractionated and the cold Products of the fractionation. 
The üse Cf arge quantities CfgaSeous Oxygen in con 

nection win blast fürnace and stee plant operation,in 
the Synthesis.cf liquid füel from gaseous hydrocarbons 
and Gher manufactüring operations is becoming of in 
creasinginp3rtance. Such uses req?ire largetonnages of 
gasecus oxygen atareiatively loy cost. inthe production 
ofgasecus oxygen,which may be eitherpure orimpure, 
air is frst compressed to an elevated pressure and then 
cocled by heat exchange yith bacKyardy returning cold 
congonent gases. The cold compressed airis Separated 
by liquefaction and rectification into loy pressure.cold 
gasecüs oxygen and nitrogen compgnents,which are re 
türned backyardy and warmed by heat exchange With 
couatercurrenty floving compressed air. Argon may be 
additioia?y Separated where desirab{e. Thecycleis con 
tintious and the heatexchange betWeen theincomingcom 
Pressed air and the countercurrentyfloyinggaseous com 
ponents may be efected in tubülaf heatexchanger means 
cr in indirect heat exchange means,Sometimes termed 
8ccürnuiators,An accamulatorinchüdes a chamber filed 
·vith heat absorbing Iaa?erial. A,cold cCrnponentgas is 
foyed thrcügh the chamber to coc the heat absorbing 
material in the chamber, 
rüp?ed and then air is foyed ia,the opposite-direction 
thrcugh the charaber and cocied, he accumülators are 
Cperated in pairs fcreach compGhentgas,the fioyof air 
and cold componentgas throügh each pair of-accumula 
tors beingpericdicaHyreversed. Theremay,of course.be 
mCre than Qne pair of accümülat0rs foreach Component 
gas.,ft yi? be thusapparen? thaithe heat exchange-be 
1ween the compressedairand the cclintercurrentyflowing 
componentgasis efectedindirectiy. 

With.tubuiar heat exchangers,the compressed air is 
fowed alonga paih of passage through the heatexchanger 
in heatexchange relationship With ofie or fnore Cold com 
ponent gases flowing along a Separate path or passage, 
the heat exchange being efected through walls of the 
passages between the stream of air and at least one 
countercurfently flowing stream of component.gas. The 
passages need not have any particular croSS Sectional 
shape,the term tubuiar being used as a convenient term 
for aliforms in Which heatistransferred through Wals of 
passages. fn Switching heat exchangers,the path of the 
compressed air Stream and path of a cold component gaS 
are alternated. All of these methods and apparatus for 
efecting heatexchange between airandone crmore back 
wardlyreturninggaseous.components are broadly referred 
to herein as heatinterchange or heat exchange efecting, 
reationship,and heat interchangers Or heat eXchange 
efecting EneanS. 
AS used herein, the terms "oxygen component° and 

°nitrogen component° include püre Oxygen or nitrogen, 
respectivey,and oxygen and nitrogen-rich fractions of 

…air,TeSpectively. The purity ofthe ccfmponent gas Wil 

The ficw of cold gas isinter 
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depend,to a certain extent, 
gaSeous components of air, 
recovered Separateiyin Kno, 

offioy ofthe air. 

-broady referred to as "derinifg. 

not neceSSariy,nitrogen comp3aentgas? 

.foyed through this Zone. 
.gas, deSpite its lower presSüre, does not remove al ofthe 

with the fünctioning and priac?es C 
tion 

Air contains constituents boing at a higher tempera 
ture than oxygen,forexampe,yater and carbon dioxide. 
Whenairis cooled by heatiüterchange with Cne or more 
countercurrentlyfowinggaSecus Cemponents,?eSe higher 
boiling.constituents are depcsited in zcnes along the path 

The removal of?1ese constitüentS frcm 
the air prior to cccing is relatively eXpensive and it iS 
mcre-ecoao±nical to pernit these ccnstituents to be de 
pesitedin the accumü8?ar orthe SWitchingtype exchanger 
and thereafter remoye the deposited constitBehts by the 
countercurrentiy ficying componentgaS. In ofherycrds, 
the countercurrently foWing ccinponent gas SWeepS Out 
the higher boing constituents. Carbón dioxide is par 
ticulary:dificult to refacye and there is a tendency for 

,the carbon dioxide to bü?d üp and clog the pasSage Of 
Dassages. This remoyal of deposited constitgents is 

° Deriming dificütie3 
arise from the relatively iarge temperature diference 
existing betyeen the countercirreftfy fowing streams in 
the regich cfthe deposits. 
The carbon dioxide is depositedin the Zone in yhich 

the.air is cooled to the Sc?dification temperature of car 
bon dioxide gaS. When the compohent gaS,üSualy but 

isfioyedthrough 
the paSSage in the oppQsitedirec?on,the nitrogen stream 
floying through the Zone of deposit of carbon dioxide has 
a lower temperatüre than the,air Stream had When it 

As a result,the component 

carbon dioxide According?,varioüs complicated meth 
ods have been proposed for reducing the temperatüre 
diference betweef the coüatercurrentiyfowingstreams of 
airand cCmponent gas by increasing the efective maSS of 
cColing component gas to airin deriming and preventing 
clogging ofthe paSSages. 
When operating an Oxygen plant including a pluraity 

of Switching exchangers oraccumulators,it may be neces 
Sary or desirable as for the purpose of deriming.or other 
reasons to Operate the heatinterchangers So thatthe tem 
perature diference betyeen the airstream and the cooling 
gas is less in part of the heatinterchange paths than in 
other parts of heat interchange pathS. Where the total 
range of coolingisthe Same,the length oftheinterchanger 
varies inverSely as the temperature diference. Thus,the 
heat interchange path for part of the air may be much 
1onger,for example twice as long as the heatinterchange 
path forcColing anotherportion of the air. Thisis unde 
Sirable.as it greathy increases the totai cost of the heat 
interchanger System. 

It is an object of the present invention to provide 
an improved method for the manufactüfe of oxygen in 
which the operating cycle is ofextreme simplicity. 
Another object ofthe present invention is to provide an 

improved method for the manufacture of oxygen that 
provides for continuously cleaning those passages yhich 
tend to become fied With materials Solidified from the 
??l°? 

Another object cf the presentinventionisto providean 
improved cycle for the manufactüre of oxygen which 
furnishes Simultaneous compensaticn for refrigeration 
losses and deriming Cf the heatinterchanger means. 

Another object of the present invention is to provide 
an improved cycle for the manufacture of oxygen by 
plural Stage fractionation Which utilizes nitrogen fromthe 
high pressure.stage for the dual purpose of compenSat 
ing for refrigeration losses and aiding in balancing the 
heat requirements of an interchanger in Which the air 

  

  



Supplyis refrigerated with returning cold gaseous com 
pOnent. . 

2836040 …? - ?? 
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·- to a moderateiy high pressue and then refrigerated by 

Another object of the presentinventionis to provide 
animproyed cycle for the manufacture of oxygen which 
Utilizes heat interchangers to freeze impurities out of a 
portion of the feed air and chemical clean-up to re 
moye impurities from the remainder of the air,with 
Simultaneous compensation for refrigeration losses and 
balancing ofthe heatinterchange system. ,- 

Another object of the present inventionis to provide 
an improved method and apparatus for the manufacture, 
of oxygen that provides for adjusting the temperature 
diference between a stream ofair and a countercurrently 
flowing stream of compcnent gas so that the overali 
1ength of the heat interchange.paths may be optimum. 

In accordance with the present invention,ccmpressed 
air is cooled by heat interchange with countercurrenty 
fowing low pressure nitrogen.component gas and oxy 
gen component gas. 

a,1ow pressure stage,into low pressure oxygen and 
nitrogen components,A portion of the high pressure 
fitrogen component gas is withdrawn from the high 

strean of the compressed air fn this warming step, 
the high pressure nitrogen componentgas aids in derim 
ingthe heat interchanger means either directly orindi 
rectly byincreasingthe mass ofcoolinggas The warmed 
high pressure nitrogen component gasis then expanded 
with Work to supply refrigeration to the system and the 
expanded nitrogen component gas added to the low 
preSSure nitrogen component. Thus,the high pressure 
nitrogen component gasis used for the dual purpose of 
aiding in deriming the heat interchanger path and to 
overcome or balance refrigeration losses in the cycie. 
In a modification,the congealable impurities are re 
moyedfroma portion of the airin one heatinterchanger 
Bath and the remainder of the air cleaned up chemicaly, 
the remainder of the air being then cooledina Second 
heat interchanger path. A preponderance of gaseous 
Productis reied upon topurge the first heatinterchanger 
path,and high pressure nitrcgen componentgas on the 
Way to a make-up refrigeration expansionstepiswarmed 
up in,and thereby balances,the second heat inter 
changer path. In addition, the relative lengths of the 
heatinterchanger paths may be balanced by transferring 
cold gas from oneheatinterchangerpath to another heat 
interchanger path to equalize the temperature diference 
betWeen the air and the coolinggas in these heatinter 
changers. - - - 

These and ofher objects and adyantages will become 
m9re readiy apparent from the folowing description, 
taken.with the accompanying drawings,in which: 
Figure 1 is a diagrammatic representation of an air 

fractionating System ilustrating principles of the present 
invention with Switching heatexchangersin which the 
air Supply is refrigerated with returning nitrogen and 
OXygen components; 
Figure2isa diagrammatic representation ofa dferent 

air fractionating System illustrating the principles of the 
present invention,with Switching accumulators; 

Figure 3 is a diagrammatic representation of an air 
fractionatingsystemilustratingtheprinciples ofthepres 
ent invention in which a diferent type of heatinter 
changeris shown; - * ,- - 

Figure 4is a diagrammatic representation of an air 
fractionating system ilustrating a variation of the pres 
entinvention;and, - * ? : ,:° 

fgures 5 and 6 are diagrammatic representations of 
Systemsilustrating modfications of thecycle of Figure 
? and utize the samereference numerals to indicate 
ikeparts. - , · 

Ineach ofthe_airfractionatingéyclesilustratedin the 
accompanying drawings,the incomingairis compressed 

The refrigerated air is Separated 
by rectification in two stages,a high pressure stage and 

5 

preSSure Stage and warmed by heat exchange with a- - ? 
* Sure component gases being then returned to refrigerate 

the incoming air stream. 
2 ó 

efecting heat exchange between the compressed airand 
returning oxygen and nitrogen component gases. The 
refrigeratedairispassed to afractionatingzoneincluding 
a high preSSure stage or Section and a {ow presSure Stage 
or Section Separated by a veporizer condenser zone. 
The airis discharged into the high pressure Section and 
Separated into a liquid crude oxygen fraction which is 
collected at the lowerend of the high pressure section, 
The high pressure nitrogen fraction is collected at the 
upper end of the high pressure section and is partialy 
condensed by heatexchange with the liquid oxygen of the 
low pressure stage in the vaporizer condenserzene The 
liquid crude oxygen and the liquid nitrogen are passed to 
the low preSSure Section where the liquid crude oxygen 
is fractionatedinto liquid oxygen productusing the liquid 
nitrogen as reflux Gaseous low pressure nitrogen com 
ponent collects at the top of the low pressure Section and 
the liquid oxygen product collects at the bottom of the 
low preSSure Section. Gaseous low pressure nitrogen is ? 
withdrawn from the top of the low pressure section and 
gaseous low pressure oxygen product having the desired 
degree of purity is withdrawn from the low pressure Sec 
tion above the vaporizer condenserzone,the low pres 

In each of the systems,part 
of the high pressure nitrogen.gas colecting at the upper 
end of the high pressure Sectionis withdrawn in gaseous 
form and while at this relatively high pressure is warmed 
by heat exchange with a countercurrentiy fowingstrearn 
of the incomingair which air stream is being simultane 
ously cocled by heatexchange with the low pressure com 
ponent gas,The warmed high pressure nitrogengasis 
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then expanded with work and mixed with the low pres 
Sure nitrogen componentgas fiowing from the low pres 
Sure Section of the fractionating zone to heatinterchange 
withthe air. - . - - 

Referring to Figure 1 of the drawings,air enters the 
System at 10 and is Substantialy freed from dustin an 
air cleaner f1. This element may be an electrostatic 
precipitator,a Scrubber or a Simple air filter.,ft is not 
essential to remove the dust completely,but only the? 
coarser particles which might cause abrasion in 
pression unit. - ? - - 

The cleaned airpasses at12to a compression unitcon 
sisting of a steam turbine or other power source i4,a 
first and a Second stage turbocompressor 15 and 16, a 
water-cooled intercooler 17 and an aftercooler 18. 
The compressed air leaves the aftercoolervia conduit 

19 at about 100 pounds absolute and at a temperature 
about 300° Kelvin This conduit is branched at20, 

the com 

about 80% ofthe air Supplypassingto a header21 and 

60 

thence to the nitrogen interchangers and about?20%?to 
header22 and thence to the oxygen interchangers. 
The systeminchudes a pair of"switching"or deriming 

heat interchangers 23A—23B which are used in paralel 
for cooling the iarger portion of the air supply by heat 
interchange against the cold gaseous nitrogen produced 
by the column. Each of these units consists generaly 
of ashel24,agaseous nitrogen passage consisting ofa 
plurality oftubes 25 and an auxiary gas passage ilius 
tratedas an externalgasjacket26. 
The upper ends of the interchangers communicate 

? with the nitrogen manifold 27,which in turnis vented 
65 

70 

from the system throughanitrogenventpipe28,through 
a pair of reversing valves 29A?29B. These valves are 
reciprocated through quarterturns,in synchronism and 
at suitable intervals, by means not shown. With these 
valves in the position shown in the fgure,the rightend 
of air manifold 21 is closed and air passes from the left 
end of the manifold through valve 29A to a conduit 
which is branched at 3G to deliverair through conduit? 

75 

31 to the tubes ofinterchanger23A and through conduit 
32 to the shell of interchanger23B. In this position,the 
1eft end of nitrogen manifold 27is closed and the right 
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? 
end is in communication with the shell of interchanger 
23A through conduit 33 and with the tubes of inter 
changer 23B through conduit 34,these conduits connect 
ing at 35. When the valves are Simultanecusly reversed 
in position,as by a quarter türn clockyise,the functions 
of the described conduits are reversed,conduits 3í and 
32 carrying vent nitrogen and conduits 33 and 34 carry 
ingenteringair. 
Wheretube and shelstructureis used,the couping of 

the interchangers in such manner that each divided 
Stream flows always through the tubes cf Gne inter 
changer and the shel of the otheris important in avoid 
ingvariationsin resistance to fow ofiow pressuregaseous 
nitrogen which often acccmpany valve reversals when a 
pair of interchangers are connected so that the flow of 
nitrogen is directed first through two sets of tubes and 
then through two shels, 
The lower ends of the interchangers are coupled in 

a Simiar manner to manifolds which alternately convey 
air and nitrogen. Thus,manifold 36is branchedat37to 
the tubes of interchanger 23A and at38 to the shel of 
interchanger 23B. Manifold 39 is oppositely branched, 
i. e.,at 45 to the shel ofinterchanger 23A and at4í to 
the tübes ofinterchanger 23B,These manifolds are also 
branched at 42 and 43 to opposite sides of a fap valve 
44,and at 45 and 46to opposite sides of a flap valve 47. 
With the reversing valves 29A?29B in the positions 

shown,manifold 36 is conveying air under relatively 
high pressure while manifold 39 is conveying nitrogen 
at a much iower preSSure. The overbaiancing pressure 
in branch 42 swings the fap of valve 44 to the right,as 
iHustrated,preventing the air from entering the opposite 
manifold through branch 43 and directingitinto conduit 
43 which leads to the fractionating column. The flap in 
Valve 47 being pivoted below its center line,the excess 
preSSure in branch 45 tipsit to the right,asillustrated, 
afordinga passage for nitrogenfrom conduit49,leading 
from the fractionating cc?umn,into branch 46 and mani 
fold 39 which passes gas upwardly through the inter 
changers. 
The oxygen interchangers 50A?5@B are structuraly 

identical with the nitrogeninterchangers above described 
except fCT the omission of the jackets 26. Air frcm 
the compression unit passes from manifold 22 through 
reversing Valve 5?A and branch conduits 52 and 53 to 
the Shel Cf interchanger 59A and to the tubes ofinter 
changer 5?B and through bottom connections54 and 55, 
manifold 56,branch 57,fap valve 58 and conduit59 to 
air conduit 43 leadingto the column. Oxygeningaseous 
form,withdrawn from the fractionating column through 
conduit 69,fows through fiap valve 6?,manifold 62and 
branches 63 and 64 to the tubes ofinterchanger59A and 
the Shel ofinterchanger 50B,escapingatthe upperends 
Cf the exchangers through conduits 65 and 66 to valve 
5íB,manifold 67and product oxygen deliverypipe 68. 
The fractionating column generaly indicated at 69 

may be any conventional or preferred two-stage column. 
In any case it consists of a high pressure section 70 and 
a low pressure Section 7 separated by a partition plate 
and a reiuxing nitrogen condenser72. Each of the sec 
tionsisprovidedwith bubbleplates73. 

Liquid crude exygen colectinginapool74inthe base 
of the high pressure Section passes through a conduit75 
and an expansion valve 76to an interchanger77in which 
itis in counterfloy heatinterchange with high pressure 
liquid nitrogen,the expanded crude oxygen then passing 
through conduit 78 to an intermediate point in the low 
preSSure Section. 
The high preSSure liquid nitrogen collectingin pool79 

below the nitrcgen condenser passes through conduit 86 
to the opposite Side of interchanger 77 in which it is 
cooled and stabized by the expanded crude oxygen, 
fiowing thence through expansion valve 81 and conduit, 
82to fhe upper end of the low pressure section. 
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6 
Gaseous low preSSure.nitrogen is withdrawn from the 

top of the column through.conduit83,flowingto ajacket 
84 Surrounding a part of the air feed line 48,this jacket 
discharging into conduit 49 above referred to as leading 
to the nitrogeninterchangers. 

Oxygen in a desired state of purity,ordinarily 95% 
Or Over,colects over the head 85 of condenSer 72 and 
flows through conduit 86 to form a pool 87 Surrounding 
tubes 72. Boilingin this Space in condensing high pres 
Sure nitrogen vapor within the tubes,the oxygen vapor 
trayels throtigh bypass 88 to the vapor Space above head 
35,from whichitis withdrawnthrough conduit 60and the 
air-nitrogen interchanger 84 to the oxygen interchangers 
as above deScribed. 
The interchangers are operatedin.the customary man 

ner,the warm air passing through one side of each unit 
in counterfiow to one of the cold product gases until 
the air paSSages become Suficiently fouled,by the ac 
cumulation of water ice and Solid carbon dioxide,to 
give rise to a high pressure diferential or to fall below 
a predetermined heat transfer eficiency. At this point 
the reverSal of the Valves causes the air stream to flow 
through the passage previously occupied by the cold 
gas,and Which is clean,while the gas stream fiows 
through the pasSage previously occupied by air,vapor 
izing and removing the ice and carbon dioxide Snow. 

?tis a well known drawback to this procedure that the 
total products of fractionation fowing through a cold 
accumulator or its functionally equivalent deriming in 
terchanger do not completely and dependably remove 
the accumulation of carbon dioxide Snow and waterice 
fron the Surfaces on which they are deposited,and that 
such substantialy complete removal may be efected by 
passing through the interchanger a quantity of cold gas 
materialy greater than the quantity of air from which 
these deposits are accumulated. 
To provide complete deriming for long period opera 

tion,it is essential that the cold end temperature difer 
ence between incoming airand purgingproduct be 5° C. 
or lesS. To accomplish this,itis necessary to compen 
Sate for the higher Specific heat of air under pressure 
especialy at lower temperature Adding quantity to 
the efuent prodüct makes this possible by bringing the 
temperature-enthalpy curves of the counterfowing gases 
into approximate paralielism. 

ft is not necessary that the excess cold gas bein con 
tact with the deposited solids,but only thatit be in heat 
interchange relation with them. In consequence there 
are numerous ways in which this compensation may be 
efectedin any interchanger,accumulator or tubular,in 
Wich the gasto be cooled and the gasto be heated fiow 
alternately through the same passage. 

fn the operating cycle here described the oxygeninter 
Changers 53A?5@B are provided with an excess of the 
coid gas by passing through them a Smaler quantity of 
air than that which correspondsto the quantity ofoxygen 
produced,for example,say 20% ofthe total airsupply 
instead of the 21% to 22% which would correspond 
with the oxygen yield. 

The_r>mainder cr Say 80% of the air supply passes 
thrGugh the nitrogen interchangers 23A?23B and the 
excess of cold gas is provided by nitrogen withdrawnin 
gaseous form from the high pressure section of the 
Colimn,heated by passing through the nitrogen inter 
Changer cooled by expansion and returned at1ow pres 
Sure to paSS again through the interchangerwith the Iow 
pressure nitrogen taken from the top of the column, 
thus passing twice through the step ofinterchange. 

in more detail,a suficient quantity ofgaseous nitro 
gen,which may for example be perhaps 20% of the 
total fitrogen content of the air fractionated,is with 
drawn from the dome 85 of the column condenser 72, 
carrying with it any incondensible gases which might 
otherwise tend to accumulate there The withdrawn gaS, 
atabout100 pounds absolute andabout100° K.,passes 
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through conduits 89,90 and 91 and 
between the auxiliary.gas passages 26 of the nitrogen 
interchangers,in whichits temperatureis raised to about 
145° K. byinterchange with enteringwarm air. These 
streams,which fow continuously through the two inter 
changers in paraleI and constantiy from the cold to the 
warm end,are colected in conduit 94 and pass through 
conduits 95 and 96 to a turbo-eXpander 97. During 
normal operation,valve 98in conduit 95 is open. 

In the expander 97 the pressure is reduced to about 
24 pounds absolute in doing vork and the temperatüre 
isthus reduced-to about110° K. The expanded nitrogen 
stream then passes through conduit 101 to mix with the 
colder nitrogen stream passing through conduit 83,the 
temperature of the mixed nitrogen stream at the cold 
end oftheinterchangers being thus raised to about96° K. 
The withdrawal of as much as 20% of the total nitro 

gen made in this manner does not reduce the quantity 
of refux-liquid Suficiently to interfere with eficient op 
eration of the low preSsure column Section,SQ long as 
oxygen of the highest purity is not required. 
The expander 97 is coupled with a turbo-compressor 

102 or other means forapplying a power load. The 
compressoris desirable as providing a steady and readiy 
controlable load, It is illustrated as taking air through 
conduit ?03 and discharging it through a conduit i04 
controlled by a valve105. If the oxygen produced by 
the columnisto be deliveredinto a pipeline ata pressure 
above that avaiable at the interchanger outlet,com 
pressor 162 may be utized for that purpose. 

Itis desirable to provide a cross-over line 196 to admit 
a controlled quantity of cold nitrogen into conduit 95 
in case the temperature of the high pressure nitrogen 
passing from the jackets to the expander becomes too 
high This quantityis controled by regulation of valve 
93. - 

It should be noted that the drawing shows only one 
turbo-expander97. This unit,expandingthe withdrawn 
high pressure nitrogen,sufices to provide make-up re 
frigeration for the cycle but when of proper-size for? 
that purpose is insuficient to provide refrigeration for 
starting up a warm apparatus. Forthis purposeitis de 
sirable to provide the expanderin dupicate or evenin 
tripicate to ensure quickstarts after a shut down. 
The operating cycle above described is advantageous * 

over preyiously disclosed methods,for controling the 
temperature of the cold nitrogen entering the nitrogen 
interchangers,in doing away with the spitting of the 
airfeed and with the introduction of air into the Iow 
preSSure stage. - J 

In methods heretofore proposed,a part of the air 

is equaly divided? 
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riskit is desirable to withdraw continuouosly a small? 
stream of liquid oxygen from the bottom of the pool, 
as through valve 118,and pass this liquid downwardy 
through a yaporizing coi ?19 heated by the strean of 
crude oxygen fowing through conduit75. The resultant 
GXygen vapor, carrying the yolatized hydrocarbons, 
passes through conduit ??9Ato jointhestream ofgaseous 
oxygen fioWing through conduit 60. - 

Figure 2 ilustrates certain alternatives to the pro 
cedure and apparatus already described: 
(a)?n the Substitution of indirect heat interchangers 

(the So-caled cold accumulators)forthe switchingtubu 
lar heat interchangers of Fig,1,a pair of accumulators 
being the full equivalent of a single switching inter 
changer; ? . 

(b) In the application of the unbalancing efect to 
both the nitrogen and the oxygen interchangerinstead of 
to the nitrogen interchanger only. - W 
These variants maybe usedin any combination,i,e, 

either or both interchangers may be unbalanced by the 
high pressure nitrogen cycle,and either or both may be 
of the tubular or of the accumülator type.… 
The modifed plantillustrated in Fig,2 has the same, 

air supplying elements, numbered from 19 to 19 inclu 
sive,as areshown in Fig.1,and these need not again be 
described, - J 

The air Supply at a preferred pressure,which for? 
example may be about 100 pounds absolute,passes 
through conduits 120 and 121 to four reversing valves 
122—123—124 and 125 which are functionaly simiar 
to valves 2? and 51 of Fig.1 and which control the fow? 
ofgasesinto and out of the upperends of indirect heat 
interchangers("cold accumulators") 126 and 127 for 
product nitrogen and i28 and 129 for oxygen,these ele 
ments havingthe customary fling of metal exposing a· 
large surface area, - - 

With-the valves in the position shown,airis fowing 
downwardiy through interchangers 126 and 128 into 
conduit 130 by which itis passed into the high pressure 
Section oftwo-stage column131. Column131 issimilar 
to column 69 of Fig,1 and like numeralsineach desig 
nate the Same parts. At the sametime,gaseous nitrogen 
fiowing from the low pressure section-of the column 
through conduit ?32 is passing upwardlythrough inter 
changer 127 and through conduit 133 to a vent 134, 
While oxygen at a desired purity,as for example 95%, 
fows from the low pressure section of the column 

cooledin the maininterchangers is diverted away from 
the high pressure section of the column throughan in 
terchange against a minor stream of product nitrogen 
passing to the interchangers or against the incoming air, 
this minor stream being then expanded and introduced 
into the low pressure column, This introduction lowers 
the eficiency offractionation in the low pressure section 
and the purity of the oxygen obtainable undergiven con 
ditions,but is most objectionable in adding greatly to 
the dificulty experiencedin regulatingthe operation of 
the column. - , 
? By applying the heating efect to a small part of 

-the available high-pressure nitrogen and divertingit to 
the interchangers withoutentering the column,the reg 
ulation of nitrogen interchanger temperatüre-is ren 
dered wholyindependent ofregulation ofcolumnopera 
tion,and both are simplifed without loss ofrefrigerative 
efect or interference with the most desirable column 
operating conditions; 
scribed cycle lies in a material reduction in the size of 
the column required. - ,- 

As is wel known,it is possible for frozen hydro 
carbons to accumulate at the bottom of liquid oxygen 
pool-87,giving rise to risk ofexplosion. To avoid this 

A further advantage in the de 

through conduit 135,passes upwardy through inter-? 
changer i29 and leaves the interchanger by way of con 
duit 136. - * - - ? 

On moving the rotors of the control valves through 
90°the gas fows are reversed,airpassing downwardy 
through interchangers 127and129 while-nitrogen fiows 
upwardy through interchanger ?26 and oxygen through 
interchanger128. These reversals have alreadybeen de 
Scribed in detail in connection with Fig,1. - 

Gaseous nitrogenis withdrawn from the high pressure 
Section of the column through conduit 139 and is dis 
tributed by manifolds 140—140 to the four secondary? 
passages 137—137. This flow is constant through the? 
foursecondarypassagesin paralel andina directionop 
posite to that of-airfow through the primary paSSages., 
The nitrogen Streams still at approximately the pres 
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sure carried in the high pressure Section of the column, 
are collected-in manifolds 14???4? and fow through 
conduits f42to anexpansionengine 143 which maywel 
be a turbc-expander. Thiselementisloaded by a com 
pressor ?44 which may convenienty be used to raisethe? 
oxygen prcdüct deivered to 
pipe line pressure. . - 

Jn expander i43 the high pressuregaseous nitrogenis 
reduced to substantialy the pressure carried in the low 
pressure column section,the expanded stream passing 
through conduit145 to join the stream ofgaseous nitro 

it through conduit 136 to? 
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gen flowing through conduit i32 to the nitrogen inter 
changers ?2á and ?27. 

It is desirabie to pass air conduit ?30,nitrogen con 
duit ?32 and oxygen conduit 135 through an interchanger 
164 in which the air stream is lightly cocled in impart 
ing a relatively Smal anount of heat to the streams of 
product nitrcgef and oxygen in advance of the main in 
terchanger. 
Asin this medification of the operating cycle the un= 

balancingefectis applied to both pairs of interchangerS 
oniy as in Fig,1,the warm air Supply is diyided be 
tween the two pairs of interchangers in at least approxi 
matelythe proportions in Which the gaseOüs products are 
obtained from the maia coiümn. 

Referring to FigHre 3 of the drayings,air enters the 
system at 2@@ and is substantiaily freed from dust in a 
cieaner 2$1. ?he clean air passes through line 262 to 
a compression unit including a power source 204 Oper 
ating a first stage türbo-compressor 2@s and a Second 
stage turbo-compressor2?6. ?he air fows from the first 
compressor 203 through an intercooler 2@7 and then 
fhrough the second turbo-compressor 2@6 to aftercooler 
208,1eavingthe after-cooler2?? by way of conduit 2@9 
andisatthe desired pressure and temperature Which,for 
example,may be about 100 pounds absolute and 300° 
Kelyin. The air passes throügh condüit 2?9 to a re 
versing vaive 22@ which is simiar to vaive 29 of Figüre 
1 and which is used for Switching the fow of cold low 
pressure nitrogen component gas and the fow of air 
through the common passages of the interchangers 22? 
and 22. fnterchangers 22? and 222 are Schematicaly 
iiustrated as the modern type in Which a plurality of 
passages manifoided together conduct one gas in heat 
exchange reiation with similar passages for the ofher 
products. The switchinginterchangers 22i and 222 are 
identical and any number of interchangers may be USed 
fer cooling the compressed air by heatexchange with the 
1ow pressure nitrogen and oxygen component gaSeS re 
türningfrom the fractionation colümn. While two inter 
changers are shovn,one interchanger may be Suficient 
ifit has a arge enough capacity or more than tyo inter 
changers I?ay be used. 
With the switching valve 223 in the position Shown, 

air foys fron the valve through header 224 and lines 
225 and 226 to the passagewayS 227 and 228 of the 
interchangers. The refrigerated air fows from paSSageS 
227and 22? through conduit23?to yalves 229 and 23?. 
The air pressure holds the faps in these valves in the 
biased position shown in the drawing and air fiows 
through valve 23? to conduit 232 which leads to the 
fractionation column. 
At the same time cold,?oy pressure nitrogen com 

ponentgas flows frcm coadüit233through valve 229to 
conduit 235 Which Süpplies fitrogen compofent gaS tO 
passages 237 and 23@ of interchangers 22í and 222, 
respectively. Thus,air is fowing downwardly through 
the interchanger passages 227 and 228 in heat exchange 
relationship with coüitercurreit?y fioying ioy preSSüre 
?ircgencemponentgas ficying up through paSSageS237 
and 238. The yarmed,nitrogen component gas iows 
from the interchangers 22? and 222 through conduit 249 
to valve 22@ and then through conduit 24 and out of 
the system. Conduit 24i contains a back preSSure con 
troi Valve 242. 
When valve 220 is rotated through a quarier turn, 

the flow of nitrogen ccmponent gas and air is Switched 
so that air then fows through conduit 24@ and down 
through passageS237 and 233 and fitrogen component 
gas flows through conduit 23@ and up through paSSageS 
227 and 228. 
Cold,dry oxygen Component gas of the deSired 

purity fows from the low presSüre Section of the column 
276 through conduit245 to header246 and then through 
paSSages 247 and 248 of interchangers 22? and 222. 
The warmed oxygen component gas flows upwardly 
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from theinterchangers through conduit249 and out of 
the system at 236. A back preSSure contro Valve 25? 
is provided in conduit 24? for controling the fow of 
oxygen component gas. ine oxygen component gaS 
fows continuousiy through passages 247 and243 whereas 
the periodic rotation of valve 22@ deScribed aboye causeS 
aiternate fiow of the air and nitrogen cornponent gas 
through passages 227 and 237 of interchanger 22i and 
passages 228 and 238 of interchanger 222. 
High pressure nitrogen gas is withdrawn from the 

high presstre stage of the columi 270 throügh conduit 
255 and fows through condüit 256 and the paSSagewayS 
257 and 258 of the interchaigerS. The paSSagewayS 257 
and 258 are iustrated as extending through the cold 
end only of the heat interchangers 22? and 222 and 
the direction of fow is opposite to that of air fiow 
through passages 227 and 228. ?his high preSSure nitro 
gen strean,whie Substantiaily at a pressure of the high 
pressure Stage,fows through coidüit 2é to tie expan 
sion engine 26? Which preferabiy is a turbo-eXpander of 
the type shown and described in coinection witi Figure 
1. The expansiga engine 2é is Shown loaded by a 
compressor 262 which may be used for any desirabe 
purpOSe. 

?n the expansion engine 26?,the high preSSure gaseous 
nitrogen is expanded to Substantiaily the preSSüre car 
ried in the low preSSüre Stage of the cGimn,for ex 
ampie,24 pounds Per Square inch absolute Whi?e pro 
ducing Work,The eXpanded Stream of nitrogen at a 
temperature of,for exampie,110° Keivin fows from 
the expansion engine 26í through conduit 2?4 to join 
and warm the low pressure itragen compGüent gas in 
conduit 233 at 263 so that the Stream ofgas in conduit 
233 has a temperature of about 96° Kelvin. 
The two Stage fractionating coiumn 27j is of con 

ventional design and inciude3 a high pressure Stage 27, 
a low preSSure Stage 272,and a nitrogen condenSer-oxy 
gen vaporizer 273 therebetyeen. ?n the high ptessure 
Stage the refrigerated air ünder pregsure which enters 
the cCluinn at 247 is S32&rated into nitrogen Conifyo 
nent and a crude oxygef cCinponent. The oxygen f 
iquid collects in the bot?cm Cfthe colümn in a pocl.275. 
At the top of the high preSSüre Stage nitrogen gas fioyS 
up into the condenser 273 and is in heat exchange with 
the pool of liquid oxygen 276 in the bottom of the loy 
presSure Stage. The nitrogen is partiaily ique?ed and 
the liquefied nitrogen coilects in a poc? at 279,The 
crude high pressure oxygen iq?id fows throügh con 
duit 28@ and expansion valve 28? to the iow ?ressure 
Stage 272. The nitrogen iquid fows thrcugh conduit 
282 and eXpansion Vaiye 283 to the low pressife Stage 
272 to provide refiux liquid. 
The low pressure gaseous hirogen componentis with 

draWh-from the loy preSSure Stage thrcugh conduit 287 
and whie Substantially at the pressure cf the loy pres 
Sure Stage,passes through a heat exchanger 288 and 
then out of the heat exchanger through conduit 289 to 
conduit 233. As the cy pressure nitrogei gas fov3 
through the heat exchaager 238,it is in heat exchange 
relationsip With a portion of the refrigerated air with 
drawn from conduit 232 throügh coadüit 29@,A vaive 
29fin condüit 29{} and a Valve 292 in conduit 232 con 
trol the amount of air passing through the ?eat ex 
changer 233,The air fows from the heat exchanger 
288 through condüit 29? and is mixed with the remain 
der of the air at 2?3,with al cf the air entering the 
columnat274. fn heatexchanger28? the product nitro 
gen gas is Warmed and the air is cooled So that the 
refrigerated air discharged into the high pressure coiumn 
will be substantialy at the liquefaction temperature, 
The operation of the SyStem Shoya in Figure 3 and 

the fünction of the iterchangers 22 and 222 and of the 
expansion engine 2él are generaly the same asset fort 
in the description of the apparatus of Figure i. In the 
interchangers,the air is refrigerated with countercur 
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renty flowing low preSSure oxygen.and nitrogen com 
ponent gases. 
low pressure is substantialy equal to the total mass of 
air fowing through the interchangers. The high preS 
sure nitrogen fowing through the cold end ofthe inter 
changers increases the mass of cooinggas and acids re 
ducing the temperature diference between the air and 
the low pressure nitrogen component gas So that the 
nitrogen component gas wil sweep out the material pre 
viously depositedin the common passages by the coun 
tercurrently fowing air. With high preSSüre nitrogen 
fiowing only through the cold end of the interchangers, 
this gas is in heat exchange with the gases in the inter 
changers only in the zone where the carbon dioxide is 
deposited from the airand notin the Zone Where moistüre 
is deposited. In practice,itis the removal of the-car 
bon dioxide which presents the problem,the water being 
normaly removed without the need of Special provision 
for the temperature diference reduction. 

Preferably,the high pressure nitrogen is fowed through 

The total mass of componentgas at the 
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the cold end of the exchangers inciuding the zone in, 
which carbon dioxide is deposited to reduce the tem 
perature diference between the air and the low preSSure 
nitrogen component gas to about 5° C., or lesS. The 
supplemental cooling gas,that is,the high preSSure ° 
nitrogen gas,may fow backwardly the entire length of 
the Switching exchangers 22? and 222 as Shown in the 
case of exchangers 23A and 23B of Figure 1,but this 
has the disadvantage of increasing the length of the 
heat exchange means. Additionaly,the temperature 
diference can be reduced by locating the paSSages 257 
and 258 above the position Shown so that the high pres 
sure nitrogen passes only through a region on the warm 
side of the zonein which carbon dioxide is deposited. 
This also has the disadyantage of reducing the tempera 
ture diference between the air stream and the deriming 
component gas stream over a longer fow path.which in 

30 

35 

turn necessitates an increase_in the leagth of the-ex-? 
changers. In the systems of Figures 1 and2,if desired, 
the high pressure nitrogen can be returned through oniy 
part of the length of the interchangers,preferabiy the 
Cold end,inStead of the entire length as Shown. - 
The fact that the oxygen product does not act to 

sweep out the carbon dioxide and water depositsin this 
ncdification, does not materially afect the cycle since 
this gas is in heat exchange relation with the zones of? 
deposit of these substances. It therefore favorably in 
fuences the temperature diference which is the prin 
cipal factorin the purging phenomenon. 
Referring to the variation of the present invention 

ilustrated in Figure 4 of the drawings,air which has 
been preyiouslycleaned of dust,enters the system at390 
and at point 331 this air supply is divided,with a major 
portion,for example,67% of the air being compressed 
in a pair of turbo-compressors 362 and 303. These 
compreSSors may be actuated by any suitable power 
means 304. The air compressed to a suitable pressure, 
for example,about100 pounds persquareinch absolute, 
fiows from the compressors through aftercooler 306 and 
?en to a reversing valve397 With the valve 307in 

40 

in the low pressure stage of the fractionating column 
flows from conduit317,through valve 313 and line 318 
to the interchanger309,upwardy through passage 320? 
and leaves the interchanger through conduit 321. The 
Warmed nitrogen gas fows through conduit 321 to re 
versing valve 397,through conduit 322 and thence out 
of the System. Valve 323 controls the back pressure. 
As the air fows down through passage310congealable 
material,for example,carbon dioxide,is deposited in 
the passage Periodicaly the reversing valve 307 is 
rctated thfCugh a q?arter turn to Switch the airand 
nitrogen paSSages So that air Wil flow downwardly 
through passage 320 and nitrogengas wiliflow upwardly 
through passage 310. Forreasons set out below,the up 
wardly fiowing stream of nitrogen carries,out al pre 
Viousiy congealed material, Such as the carbon dioxide. 
Cold,dry low pressure oxygen component gas flows 

continuousiy from conduit 324 upwardy through the 
interchangerpassage 325to header326,1eavingthe sys 
tem through back preSSure controling valve 327. 

In orderto reduce temperature diference between the 
refrigerated air and the cold component gases at the 
iower end of the interchanger,a larger mass of com 
ponent gas is passed upwardy through the interchanger 
309than the mass ofair passing down throughthe inter 
changer. For example,about 70% of the total com 
ponent gases may be passed upwardy through the inter 
changer to cool about 67% of the air. This 70% of 
componentgas may be made up of70% of the nitrogen 
component produced from al of the air and 70% ofthe 
OXygen component gas produced from al of the air or 
the nitrogen and oxygen components may be presentin 
diferent ratios with limits. If it be assumed that 100 
pounds ofairis to be fractionatedin the system,then 67 
pounds of the air will be cooled by heat exchange with 
70 pounds of component gas. This 70 pounds of com 
ponent gas may,for example, comprise 56 pounds of 
nitrogen component and 14 pounds of oxygen or may 
comprise 60 pounds of nitrogen component and 10 
pounds of OXygen compoRent or may consist of 70 
pounds of nitrogen component,The nitrogen com 
ponent must be in suficient quantity to accomplish a 
purging action at the eficient temperature diference 
with which theinterchangeris designedto operate With 
the relatityely larger mass of componentgas fowing up 
through the interchanger,the nitrogen will completely 
removethe deposited congealable materials,particulary 
the carbon dioxide. 
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the position shown,compressed airfows through a con 
duit338 to an interchanger309 and fiows down through 
interchanger passage 310,being cooled therein by heat 
exchange with cold component gas returningfrom the 
fractionating column 315. The refrigerated air leaves 
the bottom ofthe interchangerthrough conduit311. In 
flap Valves3i2 and313,which are the sameasthevalves 
44 and 47 shown in Figure 1,the air under pressure 
biaSes the fiaps of the valves so that the refrigeratedair 
fioWs through valve 3f2 to conduit 314 and then to the 
two stage fractionating column 315 ·° - 
With the reversing valve 307in the position shown, 

cold and dry nitrogen component gas at a Iow pressure 
Substantialy the Same as the low pressure maintained 7 

Aminorportion ofthe airto be fractionatedin the 
System,for example,33% of the air is compressed by 
the turbo-compressor 328,driven by power means 328",? 
and then cooled in the aftercooler 329. The cooled 
ConpreSSed airfows through a carbon dioxide-removing 
unit 330 in which the carbon dioxide is reduced to un 
objectionable proportions by chemical means. From the 
?nit 339 the minor portion ofair fows through conduit 
331 to reversing valve 332. With the reversingvalve 
332 in the position shown,the compressed air fows to 
interchanger333and down through interchangerpassage 
334to the conduit 335 As the air fows throüghtie 
interchanger 333,it is cooled by heat exchange with 
Component gases fowing backwardly from the frac 
tionating column 3?5 The refrigerated compressed air 
holds the faps of valves 336 and 337 in the position 
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shown so that the air flows through valve 336 and con 
duit338 to conduit 314,where this minorportion of the 
refrigerated airis mixed with the major portion of re 
frigerafed air from interchanger 339 before fowingto? 
the column.3?5. - - - ? - 

Cold,low Pressure nitrogen componentgasfowsfrom 
conduit3?7through valve 337and conduit339 tointer 
changer333. The nitrogen componentgasfows through 
Passage_34g in heat exchange relafionship with the ?r 
streamfowingthrough Passage334 Thewarmednitro 
gen gas leayes the upper end of the interchanger and 
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fiows through conduit 34i to reversing valve 332 and 
then through back pressure controi valve 342 and out 
of the System. 

Cold oxygen component gas fows continuously from 
condüit324 up through passage 343 ofinterchanger 333 
andthe warmed oxygengasieavestheinterchangerpassing 
to header 326 and out of the system through valve 327 
along with the oxygen warmed in interchanger 309. 
The valve 332 s a reversing valve and the flow of 

air and nitrogen through passages 334 and 340 is re 
versed in the same manner as described in connection 
with interchanger 399. It is to be noted that the air 
fowing through interchanger 333 has previousiy been 
cleaned of carbondioxidegasso the nitrogen leaving the 
system at 34 is relatively pure and does not contain 
carbon dioxide. However,this nitrogen Wil contain 
water vapor since this part of the air has not previously 
*eentreated to remove al of the water. For this reason 
interchanger 333 is Switched. - 
About 30% of the component gases fioy up through 

interchanger 333 in heat exchange with about 33% of 
the total amount ofair. Thus,the mass of air cooled in 
interchanger333 is larger than the mass of low pressure 
component gases fowing up through the interchanger. 
In orderto cool the air in interchanger 333to about the 
Same temperature that the air is cooled in interchanger 
308,high pressure nitrogen gas is withdrayn from the 
High pressure section of column 315 through conduit 
345. The high pressure nitrogengas at substantialy the 
same pressure as that of the high pressure stage of the 
fractionating column,flows through passageway 346 in 
heat exchange relationship with the air fiowing through 
interchanger 33?. The warmed high pressure nitrogen 
fiows from the passageway 34é through conduit 347 to 
the expansion engine 348. In the expansion engine the 
high pressure nitrogen is expanded with work to about 
the pressure of the low pressure stage of the fractionat 
ing column. The expansion engine 348 is loaded by any 
means,Such as compressor unit 349. The expanded 
nitrogen gas fows through conduit 359 to join the low 
pressure nitrogen component gas at 35 and increase the 
amount of nitrogen component gas fowing through con 
duit317 so that the amount of nitrogen component gas 
fowing through conduit 3í7 at this point is equal to the 
total amount of nitrogen component gas separated from 
all of the air. 
The fractionating cciumn 3?5 inclüdes a iow pressure 

Stage 352 and a high preSSüre Stage 353. This coiumn 
is operated in Sübstantialy the Same manner as the col 
unn describedin connectioa With Figure 3 aadis there 
fore not described again in detail. Like numerals in the 
columns of Figures 3 and 4 designate the Same parts 
thereof The loy presstire nitrogen componentleaves the 
1ow pressure Stage through conduit 354 and passes 
through a heat interchanger 355 in heat exchange rela 
tionship with a portica of the air stream diverted from 
conduit 3í4 through conduit 356 to the heat exchanger 
355. The ccoled air passes from the exchanger 355 to 
conduit 357 and is mixed with the air in conduit 3í4 
at point 359,with al of the air being dischargedinto the 
column at 36?. The pair Cf valves 358—358 in lines 
3?4 and 356 serve to contro? the proportion of air di 
verted. The warmed nitrogen component gas leaves 
the exchanger 355 through conduit 36? and is mixed 
with the eXpanded nitrogen at Point 35?. 
As previousiy pointed out the air for interchanger 333 

istreated to remove the carbon dioxide. Preferably the 
interchanger 333 is a Switchinginterchanger of the type 
shown and described as the air deposits ice in the pas 
sages at a point relatively close to the Warm end of the 
interchanger and above passage 346. Water is rela 
tively easily removed by the low preSSure nitrogen com 
ponent gas and the passage 346 need not extend into 
that section of the interchanger in which the water is 
deposited. 
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?n the cycle of Figure 4,as pointed out above,the 

air is divided and,forexample,about 67% of the air is 
cooled in exchanger339 by heat exchange with about 
70% Cf the gaseGus components. About 33% of the 
iconigairis treated to remove the carbon dioxide and 
?ef is cooled in heat exchanger 333 by heat exchange 
with about 30% of the returaing product gases and with 
the high pressure nitrogen. The latteris thus warmed up 
to about 113°?.aad then eXpanded. As an iüstration, 
the mass of the high pressure nitrogen withdrawn from 

?ié - ?e stage may be equa to about 33% 
ef the mass Cf the Scrubbed air for make-üp refrigeration 
* ?n Stch case,since 33% of the airisscrgbbed, 
the flass of the high preSSure nitrogen is equal to about 
9.9% gf the mass of the totalincomingair. fn exchanger 
?? a reiative?y larger mass of low preSSure component 

gas than air being cooled fows backwardy throUgh the 
entire length of the heat exchanger so the temperature 
iference between the air and the countercurrenty fow 

ing component gas is relatively Sma? throughout the 
entire length of the heat exchanger. In the heat ex 
changer 333,and particulariy the upper portion thereof, 
the temperatüre diference between the air and the rea 
tiveiy Smaler niess of countercurrentiy flowing compo 
nent gas is relatively large. For a given total range of 
air cooling,the length of an exchanger of a given type 
wi? vary inversely as the temperature diference. Thus, 
the exchanger 3@? must be longer than the exchanger 
3?3. For example,the exchanger 3?9 might be 30 feet 
iong,whie the exchanger 333 would be 15 feet lchg. 
Farticularly,in large oxygen piants,itis desirable to use 
a large number of similar exchangers ccnnectedin paral 
lel,For example,instead of one heatexchanger 3@?,it 
might be necessary to use ten Similar exchangers ar 
ranged in parallel. A like quantity of heat exchangers 
333 would be used,In designing an oxygen plant,it is 
desirable to have the heat interchangers of uniform 
?ength. 

Figures 5 and 6 iHustrate modification of a porticn of 
the cycle showa in Figure 4 in which it is possible to 
balance the refrigeration requirement and the water and 
carbon dioxide clean up problems for any size plant so 
as to equalize fhe length of the exchangers. 

Referring more particularly to Figure 5,part of the 
8irstream is diverted from conduit33? and flows through 
conduit3é5 to heatinterchanger 339 where the air fows 
through passage 3é6in the upper warm end cf the inter 
changer. The air fowing through passage 3éé is cooled 
by heatexchange with cold componentgases fioying up 
through the interchanger. The partialy cooled air fows 
from passage 3?? through conduit367to reyersing valve 
3é? and with the valve 363 in the position shoyn,the 
fartialiy cooled air fioys from valve 368 through 
conduit 369 and is discharged into passage 334 of heat 
interchanger 333 at point 37@ where the air ccoled ii 
exchanger 3?9 mixes with the remainder of the air which 
hasentered the heatexchanger 333 fhrough conduit 33?. 
When the reversing valve 33@is türned to reyerse the 

interchanger,the valve 3é8 is also turned so that the 
tialy cooled air fows from conduit 367 to reverSing 
valye 368 and conduit 37? so as to enter passage 346 
at point 372. 
With the arrangement Shown in Figure 5,some of the 

refrigeration ayailable in the cold componentgas fiowing 
up through interchanger 399 is utilized in cooing the 
portion of the airfowing through heatinterchanger 333. 
The airis cooled in the warm end of heatinterchanger 
3@ So as not to afect the conditions in the cold end 
of the interchanger in Which the carbon dioxide is alter 
nately deposited and removed. With this arrangement 
the temperature diference is increased in the warm end 
cf exchanger 339 and decreased in the warm end of 
exchanger 333 which decreases the required length of 
exchanger 369 and increases the required length of ex 
changer 333. 
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Referring more paricularlyto Figure 6,the heatinter 
changer 333 is provided with a heat exchange pasSage 
374, Passages 3?@ and 320 of heatexchanger309 are 
connected through conduits 375 and 376 to reversing 
valve 378. With vaive 378 inthe position shown,cold 
Iow pressure nitrogen componentgas fows from passage 
329through conduit376,valve 378 and conduit 379 to: 
passage 374. This cold nitrogen component-gas flows 
through passage 374 in heat exchange relationship with 
the airsiream flowing downwardy through heat inter 
changer333 and leavesthe system through conduit 386. 
When interchanger 369 is reyersed by rotating Yalve 
397,valye378is also rotated so that nitrogengas flows 
from passage 3?@ to conduit375and valve 378to conduit 
379,The low pressure nitrogen componentgas may be 
withdrawn from heat interchanger 369 at any Suitable 
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point butshould be withdrawn ata point above the car-? 
bon dioxide depositingzone adjacent the lower cold end 
of the interchanger so as notto decrease the mass of 
1ow pressure nitrogen conponentgas fowing through the 
interchangerto sweep out the previously deposited car 
bon dioxide. ? - 

In the modifications of Figures 5 and 6,refrigeration 
is transferred from heatinterchanger 369 to the heat 
interchanger 333. - 
creases thetemperature diference in the upper end of 
interchanger399and decreases the temperature diference 
in the upper end of interchanger 333. Increasing the 
temperature diference in interchanger 399 decreases the 
1ength ofinterchangerrequired while decreasingthe tem 
perature diference in interchanger 333 has the opposite 
efect Thus,theinterchanger339and333can bereadiy 
balancedso aspreferablyto havethe same length. Thus, 

,if-in the arrangement shown in Figure 4 interchanger 
369 has a length of 30 feet and interchanger 333 has a 
iength of15feet,thenineither Figures 5 or 6the length 
of the interchangers may be balanced so that they al 
have a length of about 20 feet. As a large number of 
such interchangers are usualy connected in paralel, 
balancing the iengths of the interchangers is a very im 
portant feature. - ? - 

Removing Some of the low pressure nitrogen com 
ponent gas from a point about midway,or higher, of 
interchanger 369 as is Shown in Figure 6,reduces the 
amount of refrigeration ayailable for cooling the down 
coming Stream of compressed air,-Accordingly,instead 
of passing about 70% cf the component gasesinto the 
1ower end and then up through interchanger 309 to 
cool about 67% of the air,a somewhat larger amount 
ofthe componentgases is passed into interchanger 309. 
For example,about 72% of the component gases is 
passedinto the lowerend ofthe interchanger 309-which 

changer 333. Then about 5% of the low pressure 
nitrogen component gasis withdrayn as shown in Fig 
ure 6 and passed through a portion cf heatinterchanger 
333 so thatin the upper end of heat interchanger-309, 
67% of the air is in heatexchange with about 67% of 
the component gaseS. In the upper end of heatinter 
changer 333,33% of the air is in heat exchange rela 
tionship with 33% of the component gases Simiar 
resülts are obtained when airis used to transfer refrigera 
tion as shown in Figure 5. It is understood thatin the 
upper end of interchanger 369 the mass of air is in 
creaSed and in the upper_end of interchanger 333 the 
mass-of airis decreased to bring the mass of airand 
component gases into,or more neary into,balance. 
Fneach of the systems shown and described,the sys 

ten is operated continuously and the air is refrigerated 
by beingfioyed throughinterchanger meansin one direc 
tion and in heat exchange relationship with countercur 

This transfer of refrigeration in 
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reatiy foving loy pressüre nitrogen component and low 
pressure Gxygen component gases. 
component gases are warmed by abstracting heat from 
the air. In addition a stream of nitrogen gas is With 

The low pressure 
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drawn from the high pressure Stage of the two Stage 
fractionating column and continuouslypassed through the 
heat interchange means in heat exchange relationship 
with a countercurrentiy fowing stream of air So that 
heat is simultaneously abstracted from this stream of 
airby the high pressure nitrogen stream and at least one 
Stream of low pressure component gaS,The warming of 
the high pressure nitrogenstream withits subsequentex 
pansion and addition to the low pressure nitrogen com 
ponent stream flowing from the low pressurestage of 
the fractianating column compensates for refrigeration, 
losses in the system. In addition, the high pressure 
nitrogen Stream fowing through the heat interchange 
means aids directy or indirectly in deriming the heat 
interchanger passage or passages through which airand 
nitrogen are alternately paSSed., - , 
fneachof the systems shown and described,the com 

pressed airis refrigerated by heatinterchange with the 
lower pressure oxygen and nitrogen gases and in carry 
ing out this interchange, airis flowed along a path and 
cooled byflowing at leastone of the cold, low pressure 
component gases in heat exchange efecting relationship 
throughoutthelength ofthis airpath.The Supplemental 
path of the high pressure nitrogen also is in heat ex 
change efecting relationship with at least a portion of 
this airpath. fn Figure 1,part of the air is flowed along 
this path which has at least a portion in heat exchange 
efecting relationship with the Supplemental path. In 
Figure 3,for example, al of the airis fowed along the 
above-mentioned air path.*The air path which has 
at least a portion in heat exchange efecting relationship 
with the supplemental path of the high pressure nitrogen 
may be in one or more sections. For example,if there 
is only one exchanger 22 in the system shown in 
Figure 3,then the air path is in one Section,whereas, 
if the SyStem includes a number of exchangers,then the 
airpathis dividedinto the same number of paralelsec 
tions or paths. The term "path°inciudes a path which 
consists of one section or which consists of a numberof 
similar sections orparaliellengths of paths. ° 

This application is a continuing application of appli 
cants copending application Serial No,231,221 of June 

231,221 is a.continuation-in-part application of appli 
cants application Serial No.755,286 ofJune 18,1947 
whichis now United States Patent 2.626510 ofJanuary, 
27,1953. - .,? , 

I claim: - - 

1. fn the continuous fractionating of air into com 
ponents in which compressed air including congealable 
impuritiesis refrigerated by heatinterchange with cold 
Product gas and Supplied to a fractionating operation 
includinga high pressure separationzone anda loypres 
Sure Separation Zone,during one pericd of the heatin 
terchange compressed air hearambienttemperaturebeing 
PaSSed in one direction through a first path in heat eX 
change efectingrelationship with cold productgasto cool 
the compressed air to a temperature below the solidifi 
cation temperature of the congealable,impuritiesso that 
congealable impurities are removed from the compressed 
airand depositedin the colder portion of the-first path, 
during another period of the heatinterchange the com 
pressed air being passedin the onedirection through a 
Second path and a Stream of Sweeping cold product gas 
being passed in the opposite direction through the first 
path,the diference in thespecific heat cfthe compressed 
air and the specific heat ofproductgas in heatexchange 
efecting relationship therewith progressively increasing 
alongthe heatinterchangeinthe direction ofairflow so 
that with equal masses Cf compressed airand cold prod-? 
uct in heat exchange efecting relationship therewith 
the congealable impurities deposited in the frst-path 
would notbe completelysublimed bythe stream ofsweep 
ing cold product gas flowing through the first path,the 
method comprisingwithdrawing cold high pressure nitro 
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gen component gas from the high pressure Separation 
zone,passing withdrawn high preSSure nitrogen com 
ponentgas substantialy at the high pressure through a 
supplemental path in an opposite direction to that of 
the compressed air in the first path,the Supplemental 
path being in heatexchange efecting relationship with 
at least the coider portion of the first path,expanding 
warmed high pressure nitrogen componentgas from the 
supplemental path,and adding expanded nitrogen gas 
to cold nitrogen componentgas fiowingto the heatinter 
change,the inass ofthe high pressure nitrogen component 
gas passing through the Supplemental path being con 
troled So as to constitute the Sole medium for cCmpen 
sating for said diference in specific heats to the extent 
necessary to reduce the temperature diference of the 
compressed air and the stream of Sweeping cold product 
gas at the cold end of the heatinterchange to 5° C. or 
1ess,whereby the stream of syeeping cold product gas 
fowing through the first path substantially completely 
sublimes the deposited congealable impurities. 

2. The method claimed in claim 1 in which the high 
pressure nitrogen componentgasis expanded with Work 
and the high pressure nitrogen component gas entering 
the expansion step is at a temperature above that at 
which liquid wii be formed in the expansion step. 

3. The method ciaimed in claim 1 in which the Sup 
plemental pathis in heatexchange efecting relationship 
with al the air being refrigerated. 

4. The method ciaimed in claim 1 in which the heat 
interchange is carried out in a plurality of parallei paths 
for the compressed air,the plurality of paths including 
the first claimed path,the supplemental path is in heat 
exchange efecting reiationship with less than al the 
paralel paths,and the mass of the portion of the com 
pressed air in heat exchange efecting relationship with 
the supplemental path is greater than the mass of cold 
product gas in heat exchange efecting relationship with 
said portion of the compressed air,and the mass of the 
cold high pressure nitrogen componentgas passed through 
the supplemental pathis controlled to compensate for the 
mass unbalance betweenthe compressedairand coldprod 
uctgas as wel as for the said diference in specific heats. 

5. The method claimed in claim i in which the cold 
product gas comprises cold oxygen component gas and 
the cold nitrogen component gas fowing to the inter 
changer and in Which the cold nitrogen component gas 
comprises the sweeping gas,during the one period of 
the heat interchange compressed air near ambient tem 
perature being passed in one direction through the first 
path in heat exchange efecting relationship with cold 
nitrogen component gas being passed in an opposite di 
rection through a Second path and in heat exchange ef 
fecting relationship with cold oxygen component gas 
being passed in the opposite direction through a third 
path,and during the other period of the heat inter 
change the compressed air being passed in the one di 
rectionthroughthe Secondpathin heatexchange efecting 
relationship with cold nitrogen component gas being 
passed in the opposite direction through the first path 
and in heatexchange efecting relationship with cold oxy 
gen component gas being passed in the Opposite direc 
tion through the third path. 

6. The method claimed in claim 5 in which the high 
pressure nitrogen is expanded with work and the high 
pressure nitrogen entering the expansion step is at atem 
perature above that at which liquid will be formed in 
the expansion step. 
7.The method claimedin claim 1 in which the cold 

productgas and the sweepinggas comprise a cold gaseous 
product of the fractionating operation and in which the 
expanded nitrogengas is added to the cold gaseous prod 
uct fiowingto the heatinterchange. 

8. The method claimed in claim 7 in which the high 
pressure nitrogen is expanded with work and the high 
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perature above thatat which liquid wil be formedin the 
expansion Step. 

9. The method claimed in claim 1 in which the cold 
product gas and the sweeping gas comprise cold dry 
gaseous nitrogen,in which the nitrogen gas is expanded 
to substantially the preSSure of the low preSSure Separa 
tion Zone,in which the cold nitrogen component gas is 
produced in the low pressure Separation zone and in 
which the cold nitrogen componentgas and the eXpanded 
nitrogengas added thereto provide the cold drygaseous 
nitrogen. 

10. The method of substantialy continuously deriming 
a tubular heatinterchanger arranged to supply refriger 
ated air to a two-stage fractionating column and having 
two primary passages through each of Which compressed 
air including carbon dioxide and cold gaseous nitrogen 
are passed alternately in opposite directions and a Sec 
ondary passage in heat exchange efecting relationship 
with the primary passages,the compressed air passing 
through the heatinterchanger being cooled to atempera 
ture below the solidification temperature of carbon di 
oxide So that the carbon dioxide is removed from the 
compressed air and alternately deposited in the colder 
portion of the primary passages,the diference in the 
Specific heat of the compressed air and the specific heat 
ofthe coidgaseousnitrogenalternatelypassedthroughthe 
primary passages progressively increasing in the direc 
tion of air flow through the heat interchanger so that 
With equal masses of compressed,air and cold gaseous 
nitrogen in heat exchange efecting relationship there 
with the carbon dioxide alternately deposited in the 
primary passages would not be completely sublimed by 
the cold gaseous nitrogen alternately fowing through the 
primary passages,the method comprising the steps of 
withdraWing high pressure nitrogen gas from the high 
PreSSure column Stage,passing withdrawn high pressure 
nitrogen gas through the secondary passage,expanding 
Warmed high pressure nitrogen gas from the secondary 
Passage,withdrawing low pressure nitrogen gas from the 
lew preSSure column stage,and adding expanded nitro 
gen gas to withdrawn low pressure nitrogengas to pro 
Vide the cold gaseous nitrogen,the mass ofthe high pres 
Sure nitrogen gas passing through the secondary passage 
being controled so as to constitute the sole medium for 
compensating for said diference in specific heats to the 
extent neceSSary to reduce the temperature diference of 
the compressed air and the cold gaseous nitrogen at the 
Cold end of the heatinterchanger to 5°C.or less,where 
by the Stream of cold gaseous nitrogen substantialy 
completely Sublimes the deposited carbon dioxide. 
11·The method of substantialy continuously deriming 

a pair of heat interchangers arranged to supply refrig 
erated air to a two-stage fractionating column,each of 
Said heatinterchangers having aprimarypassagethrough 
Which compressed airincluding carbon dioxide and cold 
dry nitrogen are passed alternatelyin opposite directions 
and a Secondary passage in heat exchange efecting rela 
tionship with the primary passage,the compressed air 
PGSSing alfernately through the primary passages of the 
heat interchangers being cooled to a temperature below 
the Soidication temperature of carbon dioxide so that 
the carbon dioxide is removed from the compressed air 
and alternately deposited in the colder portion of the 
primary paSSages,the diference in the specific heats of 
the compreSSed air and the cold dry nitrogen alternately 
passed in opposite directions through the primary pas 
Sages progressivelyincreasingin the direction of airfow 
So that with equal masses of compressed air and cold 
dry nitrogen the carbon dioxide depositedin the primary 
Passages Would not be completely sublimed bythe cold 
dry nitrogen alternatelypassingthrough the primarypas 
sages,the method comprising the steps of withdrawing 
high PreSSure nitrogengas from the high pressure column 
Stage,dividing withdrawn high pressure nitrogengasand 
passingthe divided streams atsubstantialythe highpres 
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sure through the secondary passages of the heat inter 
changers; recombining high pressure nitrogen gas from 
the Secghda?y gassages.expanding.combined high Pres 
sure fitrogen.gas to sübstantiafy the pressure cf the 
low pressure colümn stage, withdrawing low pressure 
nitrogen gas from the low pressure column stage and 
adding-expanded gas to the low pressure nitrogen gas 
to provide the cold dry nitrogen,the mass of the high 
pressure nitrogen-gaspassing through the Secondary pas 
sagesbeingcontroledso asto constitute the sole medium 
forcompensating for said diference in Specific heats to 
the extent necessary to reduce the temperature diference 
ofthe compressed air and the cold dry nitrogen at the 
cold ends of the heat interchangers to 5° C. or less, 
wherebythe cold dry nitrogen alternatelypassingthrough 
the primarypassages substantialy completely sublimes 
the deposited carbon dioxide. 

12.The method of substantially continuously deriming 
heat interchangers of the type in which a high pressure 
stream of cold gas containing congealable vapors and 
a low pressure stream of cold gas free from said vapors 
are passed alternatelyandinopposite directions through 
a primary heatinterchanging passage and which haye a 
secondary passage through which a gas may be passed 
in heat exchange efectingrelationship with the gases in 
the primarypassage,the warm gas upon passing through 
the primarypassage beingcooled to atemperature below 
the soidification temperature of the vapors so that the 
vapors are congealed and removed from the warm gas 
and deposited in the primary passage,the diference in 
the specific heats of the high pressure stream of warm 
gas and the low pressure stream of cold gas passed, 
alternately and in opposite directions through the pri 
mary heatinterchanging passage progressivelyincreasing? 
along the primary passage in the direction offiow of the 
high pressure stream of warm gas so that with equal 
masses of high pressure warm gas and low pressure coid 
gas the congealable vapors depositedin the primary pas 
sage would not be removed by the low pressure cold 

,gas,the method comprising the steps of providing a 
stream of cold gas ata relatively high pressure approxi 
mating that ofthe warm gas,passing a controlied amGunt 
ofthe Stream of relatively high pressurecold gas through 
the secondary passage,expanding warmed relatively high 
pressure gas from the secondary passage to a pressure 
approximating that of the low pressure cold gas,and 
addingexpanded gasto the low pressure cold gas flowing 
to the primary passage,the mass ofthe relatively high 

2,836,040 

5 

10 

40 

preSSure cold gas passing through the the secondary pas 
sage being controled so as to constitute the sole medium 
for-compensating for said-diference in specific heats 
to the extent necessary to reduce the temperature difer 
ence of the high preSSure warmgas and the low pressure 
cold gas at the cold end of the heat interchanger to 
5° C.or less,whereby the low preSSure cold gas passing 
thfough the primary passage Substantialy completely 
Subines the congealed vapors deposited in the primary 
?aSSage. - - 

13.The method claimedin claim 1in which the com 
?ressed airis divided into first and second portions and 
the product gas comprises oxygen product and nitrogen 
product of the fractionating operation,in which the heat 
interchange includes the step offiowing oxygen product 
in heatexchange efecting relationship with the first por 
tion of the compressed air of which the mass is mate 
rialy less than the mass of the oxygen product and the 
step offowing nitrogenproductin heatexchange efecting 
rclationship with the second portion of the compressed 
air,in which the Supplemental path is in heat exchange 
efecting relationship with the Second portion of the com 
pressed air and in which the mass of the high pressure 
?itrogen gas in the Supplemental path compensates for 

* the mass unbalance betyeen the second portion of the 
compressed air and the nitrogen product as wel as for 
the diference in Specific heats of the nitrogen product 
aad the second portion of the compressed air. 
14,The method as defined in claim 11 in which the 

?igh preSSure nitrogen gas from the Supplemental path is 
expaaded yithwcrk and the expanded itrogen isadded 
to the nitrogen product fowing to the heatinterchanger. 
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