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This invention relates to a novel process of 
transferring heat or cold from one gaseous? 
medium t0another,Theterm"gaseous medium" 
is uSed in a broad Sense,to include gaSes and 
vapors. - 
Two procedures have heretofore been chiefly 

used for the transfer of heat or cold from one 
gaseous medium to another. One procedure in 
volves the alternate flow of the two gaseous 
media OVer a stationary bed of heat or Cold ab 
SOrbing material; during one period of operation 
this bed is,either heated or chilled by the 
gaSe0us medium fioWing thereOver,and during a 
succeeding period of operation the heat or cold 
Content of the Stationary bed is removed there 
frOm by the other gaSeous medium fiOWing 
thereOVer. The Well-Known regenerator exem 
plifies this method of transferring heat or cold 
from OnegaSeous medium to another,The Other 
Conventional method involves the simultaneous 
fiow in indirect heat exchange relationship of 
the two gaseous media to efect a transfer of heat 
or Cold frOm One to the other. The Well-known 
recuperator exemplifies this method of trans 
ferring heat or Cold from one gaseOus medium to 
another. - 

In both of these methods,in order to obtain 
relatively high heat or Cold transfer eficiencies, 
it is imp0rtant to USe a maximum of heat or Cold 
absorbing surface area per unit of volume 3 
through which thegaseous media fow,Thus,for 
example,in One type of cold eXChanger Suggested 
for recovering the cold content of the outgoing 
0xygen and nitrogen products of rectification 
formed in the liquefaction of air to produce 
oxygen,Which products may be at a temperature 
ofabout ?280° F.,it has been found desirable to 
usepaSSages,through which the OXygen,nitrogen 
and air fiOW in Cold exchange relationship, of 
relatively Small croSS-Sectional area,which pas 
Sages are provided with closely Spaced fins of 
foil-like metal of high heat conductivity to pro 
vide a high Surface area of Cold exchanger Sur 
face per unit of Volume of exchanger Space. 

It is an object of this invention to provide a 
method of transferring heat or cold from one 
gaseous medium to another,in which ?he efec 
tive heat or cold exchanger surface area per 
unit of volume of eXChangeris materially greater 
than in prior known procedures. 
Another object is to provide Such process of 

exceptionally high heat or Cold transfer efi 
ciency and Which process requires relatively 
simple equipment for its practice. 
Otherobjects andadvantages of thisinvention 
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will beapparent from the following detailed de-? 
Scription thereof. · ? 
In acCordance with thisinvention,a stream of 

p0Wdered thermOphore is paSSed through a 
multiplicity of longitudinally extending channels 
in One ZOne in a,generally downward direction 
and in a,state of dense phase fuidization, 
Countercurrent to a stream of gaseous medium 
from which heat.or cold isto be abstracted,the 
gaSeous medium maintaining the thermophore in 
the aforeSaid state of dense phase fuidization, 
SO that,in efect,each Solid particle of thermo 
phOre is VigorOusly agitated by the gaseous 
medium,thereby insuring intimate contact be 
tWeen the powdered thermophore particle and 
the gaSeous medium and promoting maximum 
heat or coldexchange therebetween while main 
taining temperaturegradients in opposite direc 
tions throughoutthestreams ofgaseous medium 
and thermophOre. Thus,for example,if the 
temperature gradient in the thermophorestream 
ascends,the temperature gradient in the gas 
stream descends,and vice versa. From this first 
zone,thethermophorestream is passed through 
a multipicity of1ongitudinally extending chan 
nelsina secondzone,countercurrentto a second gaSeOUS medium,While maintaining temperature 
gradients in opposite directions in the two 
Streams and maintaining the thermophore 
stream in a state of densephase fuidization, 
The character of the temperature gradient, i.e.,whetherascendingordescending,ineachof 

the two Zoneswilláependon whetherthe process 
is USed to abstract heat…or cold from one fuid 
medium and transferit to another 2nedium. All 
Beferences hereinto the Character of thegradient 
are in,terms of the direction of flow of the 
medium in question. For example,in the prac 
tice of thisinvention forrecoyering the cold Con 

9 tent of the oxygen and nitrogen products of 
rectifiCationin the liquefaction of air to produce 
oxygen,nitrogenoroxygenor both maybepassed 
upwardythroughthefirstzone incoldexchange 
relationship with a down flowing stream of 
thermophore in a state of dense phase fluidiza 
tion,so as to maintain an ascending tempera 
ture gradient in the gasstream anda descendiag 
temperature gradientin thethermophorestream, 
and the thuschiled thermophore passed down 
Wardly in a State of dense phase fluidization in 
countercurrent relationshipto an up-flowing air 
streamin the second zone so asto maintain an 
aScending temperature gradient in the thermo 
phore stream and a descending temperature 
gradientinthe airstream?On-theother hand, 
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When employing the invention to abstract heat 
from One gaSeous medium and transfer it to 
anOther,a deScending temperature gradient is 
maintained in the hot gaseous,stream passing 
through the first zone and an ascending tem 
perature gradient in the thermophore stream 
passing through this zone and an ascending 
temperature gradient maintained in the gaseous 
stream paSSing through the SeCond ZOne and a 
descending temperature gradient in the thermo 
phore streampassingthrough thesecondzone. 
By "thermophore" is meant a comminuted 

solid material of high heat absorbing and heat 
transfer Capacity, It is advantageous in the 
practice of this invention that the thermophore 
be in the form of a powder,Substantially all of 
Which paSSes a,100 meSh Screen. For best re 
sults,the powder will usualy contain at 1east 
85% of particles passing through a,200 mesh 

·20 SCreen and COntain partiCles assmallas400 mesh 
or Smaller. The particle size in any given sys 
tem will depend upon the density of the material 
of the particles,the Shape of the particles,the 
density and velocity of the gaseous fluidizing 
medium,etc.;the optimum particle size forany 
such System is readily determinable by simple 
preliminary eXperiments Conducted under condi 
tions simulatingthose of actual operation. 
The material USed asthe thermophore Wil1 de 

pend upon the particular application to which 
the invention may be put. Thus,for.example, 
inthe recovery of the cold content ofthe oxygen 
and nitrogen products of rectification in the 
1iquefaction of air to produce oxygen,a material 
of exceptionaly high heat absorbing and trans 
fer capacity should be used. Copper,aluminum 
and other metals and alloys of high heat absorb 
ing and transfer capacity will be found eminent 
ly Satisfactory for this purpose. If the process 
is employed to transfer heat at high tempera 
tures from one gaseous medium to another,ma 
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terials Of high heat absorbing and transfer ca 
paCity Capable of Withstanding such high tem 
peratures should be employed;silica,silicon car 
bide (Carborundum)and alumina are examples 
of such materials. ,· - 

- The thermophore is maintained in each of the 
two zones in a state of dense phase fuidization, 
i.e. the thermophore in each ofthetwozonesis 
subiected to a rate ofgaseous fow therethrough, 
such that a bed or mass thereofis maintajnedin 
each zone,each of the particles of the bed or 
mass being suspended in the gas and exhibiting 
relatively random movement,and so that the 
Upper SUrface of the bed or mass assumes a 1evel 
Substantially above the normal Ieve1of the set 
tled thermophore,which level is commonly 
KnOWn as a pseudo-liquid1evel, 
During the flow of the gaseous medium 

through the bed or mass of thermophorein each 
of the zones,the individual particles rise and 
fall,the general direction of movement of the 
particles,however,being downwardly so that as 
the operation of the process progresses,fresh in 
Coming particles of thermophore form the upper 
Surface of the mass and these particlesgradual]y 
progress downwardly until they reach the exit, 
Where they are withdrawn. - 
This state of fuidization,in which the parti 

Cles are maintained in a vigorous and intense 
State of agitation,i,e.,in a condition resembling 
"boiling," with the upper surface of the mass or, 
bed thereof substantially above the normal level 
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4 
of the Settled thermophore,is herein designated 
as"dense phaSe"fuidization. 
The proceSS 0f this invention is particularly 

applicable to the recovery of the cold content of 
oxygen and nitrogen products of rectificationin 
the liquefaction of air in the production of oxy 
gen. HOWever,the invention is not limited to 
this application but has numerous other applica 
tiOnS,SuCh,for example,as the transfer of heat 
from one fluid mediumto another. Thus,it may 
be employed to transfer heat from Synthesisgas 
to ?he gaseous reactants,For example,oxygen 
and a mixture of steam and natural gas may be 
heated by the heat removed from the carb0n 
monoxide and hydrogen synthesis gas produced 
therefrom,0r the invention may be employed t0 
abstract heat from fue gases or other productS 
of combustion or Waste gases and transfer this 
heat to any desired medium,for example,to pre 
heat air used to Supp0rt C0mbustion orto super 
heat Steam. - 
In the aCCOmpanying draWings forming a part 

of this Specification and Showing,for purposes of 
exemplification,preferredformsofapparatusfor 
practicing thisinvention: -- 
Fig,1 is a,1ayout of equipment for recovering 

the Cold Content of oxygen and nitrogen productS 
of rectification in the liquefaction of air to pro-, 
duCe OXygen; ? 

Fig. 2 is a preferred 1ayout of equipment for 
practicing the process of this invention in efect 
ing transfer of heat from synthesis gas to the 
gaSeous reactants; · ? 

Fig.3 is a horizontal section through a rec 
tangularchamberandshows one arrangement of 
partitions forming lOngitudinal paSSages or cells; 
Fig.4 is a horizontal Section through a cylin 

drical chambershowing a modified arrangement 
of longitudinally extending paSSages or cells; 

Fig. 5 is a,horizOntal section through a rec? 
tangular chamber showing a thirdarrangement 
of longitudinally extending paSSages or cells; 

Fig.6 is a horizontal Section through a cylin 
drical chamber showing stil another arrange 
ment of longitudinaly extending,paSSages or 
cells;and - 

Fig.7isa modifiedform ofapparatusforprac 
ticing this invention in Which apparatus the 
chambers are arranged in side by side relation 
ship rather than Superimposed relationship as in 
the modifications of Figs.1 and2. 
Fig.1 of the drawingshows a chamber 40,hav 

ing a conical base #1,the chamber being pro 
vided with a gas inlet 12 at the apex of the coni 
cal base !!,A plurality of closely Spaced parti 
tions 3 are disposed within chamber ? to di 
vide this chamber into a multiplicity of 1ongitu 
dinally extending paSSages ?3",Which substan 
tially prevent top-to-bottom intermingling and 
mixing of the thermophore,such as would inter 
fere with the maintenance of the desired tem 
perature gradient in the mass of thermophore 
particles paSSing through chamber 10,as here 
inafter described. As hereinafter morefuly dis 
Closed,partitions 13 may be in the form oftubes, 
parallelpartitionsorintersecting partitionsform 
ing longitudinally extending Cells or passages of 
any desired CrOSS-Sectional Configuration. These 
1ongitudinally extending paSSage8 13" may be el 
liptical,cirCular,Square Or Other polygonal Shape 

·in cross-Section and Should be?So dimensioned 

75 

that they have an efective size of a pipe having 
an internal radius falling within the range of 
from about %"to about 2",preferablyfrom %"" 
to about 1',Thus,if a passage has an efective 
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pipe size corresponding to an internal radiusof 
Say %",no thermophore particle will be spaced 
fr0m a Wall by a distance morethan,%% and 
the distance betWeena thermophoreparticle and 
the Wall farthest away Will be1'. With the Dar 
titions spaced within the range above indicated, 
and paSSing a gaseous medium therethrough at 
a Suitable velocity, readily determined by trial, 
depending On the density and particle Size Of 
the thermophore,intermingling of the thermo 
phore particles is prevented from top to bott0m 
of the passages to an extent suficient to main 
tain desired temperaturegradient conditions. 
Chamber 10 is provided With an exit pipe?14 

Communicating with a filter, cyclone Separator 
or other dust-remoying device 15,?hrough Which 
the gaSeous medium passes,the deVice 15 re 
mOVing Substantially all entrained thermophore 
Darticies carried by the gaseous stream. This 
chamber is also provided with an inlet pipe 16 
extending below the pseudo-liquid leve1,1? of 
the thermophore particles and a standpipe 18 
fiow through which is controlled by slide valve 
18A or its equivalent. A line f8" leads from the 
main nitrogen 1ine 47 into standpipe 18. Valve 
f8' regulates the fow of nitrogen through pipe 
18";this valve beingadjusted to provide a nitro 
gen flow Suficient to maintain the thermophore 
particlespassingthrough18ina freeflowing con 
dition. - ? 
In the embodiment of the invention shown in 

the drawing,the partitions f3 are desirably 
tapered in cross-section to form channels 13" 
also tapered in cross-section,i e.,channels 13° 
have a Varying CrOSS-sectional area,the CrOSS 
Sectional area at the top being greater than 
that at the bottom. Hence,theVGiumetric Space 
of the channels per unit 1ength thereof progres 
sively increases from bottomto top,thereby Com 
pensating forgas expansion with increase in the 
temperature of the gas stream flowing upwardly 
therethrough,If chamber 10 Were used as the 
heating zone for the thermophore,the taper 
of the partitions would be reversed so that the 
channels defined therebywould have theirgreat 
est cross-sectionalareasattheir bases. 
A second chamber 20 is provided similar in 

constructionto chamber 10,except that the par 
titions21 thereintaperfrom top tobottom rather 
than from bottom to top,so that the cross-sec 
tional area of the cells or 1ongitudinal passages 
22 formed by these partitions decreases from 
bottom to top to compensate for the decrease 
in volume of the gas stream passing there 
through,duetoits decreaseintemperature. This 
chamber is provided with a filter,cyclone sep? 
arator or other dust?removing member 23 com 
municating with a gas exit pipe 24. A gas inlet 
pipe 25atthe base of thischambercommunicates 
with the conical portion 26. A thermophore exit 
pipe 27 having a regulating valve 27A therein, 
discharges into a main 28 through which the 
thermophore is carried in suspension in a high 
velocity gas stream,e.g.,some of the nitrogen 
1eaving vessel10 by way of pipe f4 may be used 
forthis purpose,to theinlet pipe 16 dipping be 
1ow the pseudo-liquid level 17 in chamber f0. 
Pipe 18,supplying the thermophore withdrawn 
from chamber 10 discharges thethermophore at 
29belowthepseudo-liquidlevel30, - 
In the embodiment of the invention shown on the drawings,a bank oftubes31isdisposedwith 

in chamber 10 for flow of oxygen therethrough 
torecoverthecoldcontent oftheoutgoing9?ygen productof rectification,alongwith thecöld Con 
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tent of the nitrogenproduct of rectification em 
ploying the thermophore circulated through 
chamber 10 for this purpose,Tf.desired,a,sep 
arate exchanger may be used for recovering the 
Cold Content of the oxygen,in Which gase the 
bank of tubes 31 in chamber 10 wouid not be 
employed,i,e.,a chamber 10,free of such tubes, 
wouid be used. The bank of tubes 31,or a sim-? 
ilar bank of tubes disposed in chamber 20 may, 
beemployed for the purpose of haVing an eX 
ternal refrigerant,such as ethylene,passed 
therethrough to introduce into the process an 
amount of cold adequateto compensate for cold 
loSSes.resulting from thediference in enthalpy 
betweenthe airintroducedinto andtheproducts 
of rectification withdrawn from theprocess,and 
for heat 1eaksinto the system. Thebankoftubes 
31 is preferably ofa metal of-high heat conduc 
tivity; copper is a satisfactory material of con 
struction. 
The reCtification System with which the?ex" 

changer of thisinvention may beemployed,when 
used,for recovering the cold content of oxygen 
and nitrogen products of rectificati0n in the 
liquefaction of air to produce oxygen,Comprises, 
for example,a two-stage rectification column32, 
the loWer Section 33 0f which is operated at a 
pressure of ab0ut 72 poundsgauge andthe upper 
section 34 of Which is operated at?a preSSure of 
from about 4 to about 10 pounds gauge,prefer" 
ablyat about 5 pounds gauge. This column,as 
is customary,isprovided with rectificationplates 
of the.bubble cap or other desired type,The 
10Wersection 33 ofthe Column 32 Communicates 
with a condenser 35?and has a liquid collecting 
Sheif 36 disposed immediately below the con 
denser35 forcollecting liquid nitrogen. Pipe3T 
1eads from this Shelf36 to a heat exchanger38, 
which inturn communicates thrOugh a preSSure 
reducing.valve 39 With the top portion of the 
upper section 34. Condenser 35 actsras a re 
boilerforthe uppersection34ofthecolumn32. 
From the base portion of the 1ower section 33, 

a pipe1ine 40 forthe fow of crude oxygen (con 
taining approximately 40% oxygen)paSses to a 
ineat exchanger 4 which communicatesthrough 
pipe line A2 having a preSSure-reducing Valve 43 
therein,With the 10W?preSSure Section 34 at an 
intermediate point 44,A1ine 45 having a pres 
sure-reducing valve 46 therein 1eads from con 
denser 35 to a nitrogen line 4T Communicating 
by Way of heat exchanger 5? with the inlet 12 
to chamber 10. A 1ine 48 1eads from the top of 
1ow-pressure Section 3?to the heatexchanger38, 
the nitrogen fowing through this line passing 
through the heat exchanger 38,then through 
1ine 49 and heat exchanger 41into 1ine 50 which 
Communicates With line 4?. Oxygen line 54 1eads 
fromthe lowerpart ofthelow pressuresection34 
to the inlet 52 of the bank of tubes 31 disposed 
within chamber 0,this bank of tubes being pro 
vided with an exit 1ine 53. As above indicated, 
the bank of tubes in chamber 10 may beomitted, 
in which case the oxygen Iine 51 may communi 
cate with an exchanger independent of cham-, 
ber 10,, 
Pipe 24 hastwo branches,one identified as24° 

1eading through heat exchanger 54to lowersec? 
tion 33 and the otheridentified by 57 communi 
cating with branch line 58 having valve 58A 
therein1eading through a tube 59 disposed within 
chamber 29 and thence through ine 60 which 
joins 1ine 57 having valve 51A therein at 61. 
From.64,1ine 57 enters expander 64"which dis 
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chargesthrough 1ine 62 into 1ow pressure sec 
tion 34. . T - 

The heat exchangers 38,44 and 54 and the 
two-stage fractionating Column 32 may be Of 
any conventionaltype. Two separatefractionat? 
ing columns suitablyinterconnected maybe used 
in place of the two-stage column 32 shown. It 
will be understood that the equipment through 
out,including chambers 1? and 23 and all piping 
connections,is heat insulated to minimize loss 
Of COld, ° ? 

Chambers 10 and 29 may be 
section,as shown,forexample,in Figs.3 and 5, 
or Cylindrical as shoWn in Figs.°4 and 6. The 
1ongitudinaHy extending channels 13" and22 may 
be shaped as ShoWn in these figures,In Fig. 3 
these channelsare defined by partition walls 63, 
64,at right angles.to each other forming Sub 
stantially square-shaped channels. Alterna? 
tively,the channels Or paSSageWays may be de? 
fined by a Cylindrical outer Wall 65 having a 
plurality of concentric inner Walis $6,67,68,63, 
í6 and defining annuiar Channels. Radial 
partitions 72 are providedin these annular chan 
nels to form longitudinally extending paSSage 
WayS 0f the deSired CrOSS-Sectional eXtent,i. e., 
having an efective pipe size,the internal radius 
of Which is Within the range of from abOut %"" 
to about 2"",preferably from about %" to about 
!"". - - 

Fig.5 Shows Stillanotherarrangement of iongi 
tudinally extending passages in which longitudi 
naly extending cylindricalpipes?3 are arranged 
inthe pattern shown withinarectangular hous 
ing to.provide cyindrical,longitudinallyextend 
ing passageWay8?4 defined by the inner Walls of 
the pipes and iongitudinally extending passage 
WayS 5 of SOmewhat larger CrOSS-SectiOnal ex 
tent, defined by the outer Wals of the pipes as 
Well as a Series of triangular Shaped longitudi 
nally extending paSSageways 76 defined by the 
0uter wails Cf a pair of pipes Contiguous to the 
inner wall of the rectangular housing. The 
modification of Fig.6 involves a Cylindrical Hous 
ing cooperating With Cylindrical pipes 3 dis 
posed therein and10ngitudinally extending bafes 
or partitions79,89,bafies 79 and 89 being at right 
angles to each Other and co0perating With the 
pipes 78 to define 10ngitudinally extending pas 
SageWays 8?,82. It Will be underst00d that Figs, 
3 to 6 represent a few of the many poSSible ar 
rangements of partitions to form longitudinally 
eXtending passageWays for fiOW Of fuidized ther 
mophore therethrOUgh under c0nditions Such 
that deSired temperature gradient Conditionsare 
maintained, - - 

If deSired,1ongitudinally extending passages in 
any of the modifications hereinabove described 
may be arranged in tWo or more groups. Thus, 
for example,in the modification of Fig. 5,some 
of the pipes ?3,say the Corner pipes?3A of each 
rectangular arrangement of eight pipes,may be 
used for flow of oxygen therethrough in lieu of 
the Separate bank of tubes Corresponding to bank 
3 in Fig,1 while the remaining longitudinaly 
extending passages within the chamber are used 
for the upward foy of nitrogen and the down 
Ward fiOW of thermophore, 
The arrangement of the apparatus of Fig,2 

is particularly designed for recovering the heat 
Content of Synthesis gas and imparting this heat 
to the reacting gases. This equipment involves 
a Chamber 83 having partitions88thereintoform 
lOngitudinally extending passages 85.,These1on 
gitudinaly extending passages may beof any of 
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8 
the shapes hereinabove disclosed in connection 
With FigS,3 to 6 inciusive, Chamber 83 has a 
COnical baSe 86 from which lines 87,88 1ead to 
Chambers 89,90. Lines 8? and 88 are provided 
with slide valves 91,92,respectively. Chamber 
80 has at its base a gas line 33 for introduction 
thereinto of a methane and steam mixture;this 
Chamber is of greater volumetric capacity than 
chamber 89 and hasthereinpartitions94 forming 
lOngitudinally extending passages 34". Chamber 
89 has partitions 95 forming 1ongitudinally ex 
tending paSSages96 and hasat its base an oxygen 
inlet line97. Theselongitudinally extendingpas 
Sages,as hereinabove disclosed,may be of any 
deSired cross-sectional configuration, 

COnical baSe portions of chambers 89 and 99 
are provided with thermophore discharge 1ines 
38,99,reSpectively,which 1ead into a common 
line 190 communicating with the upper portion 
of Chamber 83. Rotary valves 10,102 are pro 
videdinthe ines98,99,respectively. Therotary 
Valves 101,492,and the slide valves 91,92 may 
be of any Well-known type. ff desired,all ro 
taryvalves may be employed or all slide valves, 
thefunction of these valves being to permit flow 
of thermophore through the 1inesin which they 
are disposed without unduly disturbing the pres 
Sure COnditions in the chambers with which 
theselines communicate. ? 
Each of the chambers 83,89 and 30 is provided 

with a filter or other dust-removing device ?03. 
Filter ?33 in chamber 83 has1eading therefrom a 
discharge pipe·16?,A1ine 1051eads from flter 
element 1?3 of chamber 89 and 1ine?196 1ead8 
from filter element 193 of chamber99,the 1ines 
195 and 106 entering a reactant nozzle 191 dis 
posedin the base of reaction chamber f?8,Syn 
thesis gases leave reaction chamber 108 through 
line D9 leading into the conical base portion 
Of Chamber 83. ·? 
The modification of Fig.7 involves chambers 

!19,111 arranged in side-by-side relationship 
instead of Superimposed relationship as in the 
m9difications of Figs. 1 and 2. As in the case 
9f the othermodifications hereinabove disclosed, 
the top ofeach chamber 110,!?isprovidedwith 
a flter or a dust-removing device 115 from which 
1ead the gas exit pipes 116,?17,The conica1 
bases of Chamber !40,14!are provided with gaS 
*let lines?18,149 and thermophorewithdrawal 
lnes 129,424 in which rotaryvalves 122,123 are 
disposed. A conveyor 1241eads from the rotary 
Valve 122for flow of the thermophore into con 
*ner 425 communicating through rotaryvalve 
125andline 127 with the chamber f1. Conveyor 
128 leads from rotary valye 123 to chamber 29 
90mmunicating through a line 13 having a ro 
tary valve #32therein with chamber !!?? 
Fach Chamber 140, has longitudinaly ex 

tending Channels or passageways ?2interrüpted 
1ateraly at ff3,11? by narroy spaces which 
$houd be less_than 12" wide,preferably about 

These lateral spaces function 
t0 equalize flow conditions through the several 
streams ofthermophore,eachina state of dense 
phase fuidization passing through the channeis 
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??2. The interrupted channels ?2 in chamber 
!10 are defined bywalls,135,438,437 of diferent 
thickness,the thickest walls beingat the top of 
Chamber #1?,and the thinnest at the baSe,so 
that the Cross-sectional area of the channelsis 
Smalest at the top and1argestat the baSe,there 
by C9mpensating for volume decrease due to 
*mpeature decrease of gas flowing upwardy 
?hrough9hamber 110,Inchamber1íthethick 



est wal 138 is at the base,the thinnest wal 139 
at the topandthe wall?40 ofintermediatethick? 
neSS at an intermediate point of the length of the 
chamber,Thus the channels each gradualy 
becomes of increasing cross-sectional area in the 
direction of gas fiow upwardly through Chamber 
111 to accommodate increasing gas volume düé 
to rising temperature. It Will be underst00d any 
desired number of wall Sections in the chamber 
may be used to define interrupted,Iongitudinaly 
extending channels having the Cross-Sectional 
area thereof gradualy increase or decrease to 
provide for optimum flow conditions,It Will be 
appreciated the arrangement of Fig. 7 provides 
an alternative method of obtaining Substantially 
the Same efect aS the tapered Walls 13 and.2!- 
in chambers 10 and 20,respectively,and that 
either of these modifications may be employed 
in forming the longitudinally extending Channels 
in chambers 83,89 and 99 of Fig,2. In heat 
eXChange prOCedures in Which the VOlume Change 
in the gas flowing through the channels.is not 
1arge,Channels of Substantialy uniform CrOSS? 
sectional area,from top to bottom of the ex? 
Changer may beemployed. 

Etample 1 
The folloWing example is illustrative of the 

operation of the proceSS of this invention in re 
covering the cold content of the outgoing nitro 
gen and oxygen products of rectification in the 
1iquefaction of air employing powdered Copper as 
the thermophore It is to be understood the 
invention-is not limited to this example. - 
Ai temperatures herein given are in degrees 

F. and pressures are in pounds per square inch 
gauge, - - 

,Airat a preSSure of about 75pounds gauge and 
a temperature of 100°F. isadmitted throügh line 
25 at a rate Suficient to maintain the powdered 
thermophore circulating through the longitudi 
nally extending channels22 in chamber 20,con 
stitutingzone2 of the process,in a state of dense 
phase fluidization. The temperature of the air 
as it flows Countercurrent to the thermophGre 
stream gradualy decreases to ?273° F. at the 
point the air 1eaves the pseudo-liquid level 30. 
The thermophorestream enters at a temperature 
of ?276° F. and flows downwardiy through the 
Iongitudinally extending passages 22 in cham 
6er 2?in a state of dense phase fuidization,the 
temperature thereof gradually increasing to 98° 
F. at the point where the stream leaves chamber 
20 and is paSSed through main 28 by a Suitable 
conveyor gas,for example,nitrogen, into the 
Chamber 0. - ? .… 

Most of the air(say 80% by volume) from 
chamber 20 at a temperature of ?273° F. flows 
through heat exchanger 54 in heat?exchange re 
1ation with nitrogen and enters high preSSure 
section 33 of column 32 at a temperature of 
?275°F.anda pressure of about 72 pounds. - 
Crudeoxygenatatemperature of?278°F.and 

pressure of 72pounds leaves the base of column 
section 33through line 40,flows through heat 65 
?286° F. and upon flow through the pressure 
reducing valve 43 is fashed,entering lowerpres 
sure columnsection34at a temperature of?310°? 

Pure 

exchanger 4 whereitstemperatureis reducedto 

to ?315° F. and a pressure of 5 pounds. 
0xygen is WithdraWn through line 51 at a tem 
perature of?292° F. and a preSSure of 5 pounds? 
and flOWS thrOUgh bank Of tubeS 3 inthe Cham? 
ber 16 in heat eXChange relation Withthethermo? 
phore passingthereover,the oxygen leavingther 
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bank of tubes at a temperature of 90° F. at a 
preSSure of about 1 pound. 

Nitrogen at a temperature Of abOut ?286° F. 
and a preSSureof T2 poundsis WithdraWnthrough 
line 45 and paSSes through Valve 46,its tem 
perature beingreducedto a temperature of about 
?315° F. as a result of the expansion through 
the preSSure reducing valve 46. Nitrogen at a 
temperature of?315° F. and a preSSure of 5 
pOundS is WithdraWn through line 48 and fioWS 
through heat exchanger 38,where its tempera 
ture iS raised to about ?304° F. The nitrogen 
fiOWS from heat exChanger 38 through heat eX? 
Changer 41 and mixes with that in line 45;the 
nitrogen stream thus produced at a temperature 
0f?294° F. fiOWS through line 41,into hea? ex 
Changer 54 Where the temperature of the nitro 
gen iS raised to?278° F. The nitrogen at this 
temperature and a pressure of about 5 pounds 
enters inlet 12 to Chamber 10. 
The nitrogen fiOWS upwardly through the ion 

gitudinally extending paSSages -13 maintaining 
the thermophore powder in a state of dense 
phaSe fluidizatiOn,the nitrogen leaving through 
exit line 14 atatemperature of about 95°F. Thus 
an aSCending temperaturegradient is maintained 
in the nitrogen stream fiowing through cham 
ber 1U Constituting the first Zone of the process. 
The thermOphore particles enter this zone at a 
temperature of 98° F. and leave through pipe 18 
at a temperature of approximately ?276° F.,a 
deSCending temperature gradient in the direc 
tion of the thermophore fiow being maintained 
in the Stream of thermophore passing through 
this2One,Which temperature gradient it will be 
notedisinthe opp0Site directionfrom that main 
tained in the nitrogen Stream passing through 
thiS2One. - 

Any KnOWn procedure may be used for com 
penSating for heat leaks and Cold Iosses resuiting 
from the diference in enthalpy between the air 
introduced into and the products of rectification 
Withdrawn from the system. The preferred 
method is Shownin Fig.1 and involvesthe diver 
SiOn of a minor portion,Say20%, of the cold air 
from line 24,to pipe 57 controiled by valve 51A 
and discharging into expansion engine or tur 
bine 61",A minor portion,say 10%, of the di 
Verted air is Warmed by passage through pipe 58 
Controlled by valve 58A and through heat ex 
Changer 59 disposed in the fuidized mass of ves-? 
Se 20· This Warm air fiows through pipe60 and 
mixes With the air stream in pipe 57 before it 
enters eXpander 61". In this manner,the air 
Originally at a temperature of?273° F.,as dis 
Chargedintopipe24,is warmed upto a tempera 
ture of about?235° F.before expansion to in 
Crease,the amount of refrigeration produced. 
The air expanded from a pressure ofabout 72 
POunds to a preSSure of about.5 poundsattains 
a temperature of about?305° F. and fiows 
through pipe 62 into Iow-pressure section34 of 
COlumn 32. - - 

.? Wil be noted from the above examplethat 
the thermophore enters chamber 29 at?a tem 
perature of?276°F,whilethe airstream1eaves 
this Chamberata temperature of?273? F.; thus 
thetemperatureapproachatthe coldendofthis 
Chamberis 3°F The thermophoreleavescham 
per t! at a temperature of?276° F,whereas 
the nitrogen entering this chamberis-at a tem 
perature of?278° F.,the temperature approach 
at the cold end of chamber 10 is thereforé2?? 
The air,before introduction into chamber2 ü, 

Should betreatedfor removal of moistureaná 
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carbon dioxide to avoid deposition of frost and 
solid carbon dioxide in the Cold eXChanging 
chambers which would interfere With their Op 
eration. Any Known treatment for efecting re? 
moval of moisture and Carbon dioxide may be 
used for this purpose,for example,the air may 
bescrubbed withcaustic Soda,or otherchemicals, 
to remove the Carbon dioxide. 
The production of oxygen may be Carried out 

in equipment of the type disclosed in Figure 2 
involving two separate chambers for the flOW of 
oxygen and nitrogen productS 0f rectificatiOn,re? 
Spectively,therethrough in cold exchange rela? 
tionship With thermophore streamS each in a 
state of dense phase fuidization. Thus the 
nitrogen stream may be introduced through line 
93 and pass upwardly through the longitudinally 
extending channelsin chamber 9?,while the Oxy? 
gen stream is introduced through line 97 and 
paSSed upWardly through longitudinal ChannelS 
in chamber 89,the oxygen stream entering at a 
temperature of about?292°F. and a preSSure Of 
5 lbs. and the nitrogen Stream at a temperature 
of ?278° F. and a preSSure Of about,5 poundS. 
ThermophOre streams each at a temperature of 
about 98° F. fiOW downwardly Countercurrent to 
the rising oxygen and nitrogen Streams and 
1eave the base of chambers 89 and 90 at a 
temperature of approximately ?290° F. and 
?273° F.,respectively,Thus the temperature 
approach at the base of chambers 89.and 99, 
Where the oxygen and nitrogen Streams,reSpeC? 
tively,enter and the thermophore is withdrawn, 
is about 2° F. in Case of Chamber 89 and about 
5° F. in the Case of Chamber 90. The Combined 
thermophore Stream at a temperature of 
?276° F. fiOws downWardly in a State of denSe 
phasefuidization through the longitudinal chan 
nels 85 in Chamber 83 countercurrent to a rising 
Stream of air Which may enter at a preSSure of 
about 751bs.gauge and a temperature of 100° F. 
and leave at Substantially the Same preSSure and 
a temperature of?273°F.through ine 104,The 
temperature approach at the top of chamber 83 
where the refrigerated air Stream leaves,it Will 
be noted,is approximately3° F. In chamber 83 
an aSCending temperature gradient is,main 
tained in the thermOphore Stream While a de 
SCending temperature gradient is maintained in 
the airstream;in chambers 89 and 90 descending 
temperature gradients are maintained in the 
thermophore streams and ascending tempera 
ture gradients in the oxygen and nitrogen 
Streams,reSpectively, - 

Inthe operation of the equipment of Figure 7, 
nitrogen at a temperature of about ?278° F.and 
a preSSure 0f 5 lbS. may be admitted through 
line 119 and passed upWardly through the lon 
gitudinaly extending channels 112 in chamber 
f 1,leaVing at 14? at a temperature of approxi 
mately 95° F. A thermophore stream in a state 
of dense phase fuidization flows downwardly 
through Channels 112 in chamber 114 entering 
this chamber at a temperature of 98° F. and 
1eaving at a temperature of approximately?276° 
E. The thermophore stream at thistemperature 
is WithdraWn through Valve 123 from Which it is 
elevated through conveyor f28 to compartment 
f29 communicatingthrough valve 132 with cham 
ber 11?. The thermophOre stream at a tem 
perature of about ?276° F. in a,state of dense 
phase fluidization flows downWardly through the 
1ongitudinally interrupted channels 112 coun 
tercurrent to a stream of air Which enters 
through line 18 at a temperature of about 100° 

10 

15 

20 

25 

30 

35 

40 

55 

60 

65 

75 

12 
P. and a preSSure of about 75 lbs. and leaves 
through füter 115 and line 16 at a temperature 
of about ?273° F. and substantially the Same 
preSSure. Thus a desCending temperature gradi 
ent is maintained through the air Stream paSS 
ing upWardly and an aSCending temperature 
gradient through the thermophore Stream pass 
ing downwardly through Chamber ! 1? and an 
aScending temperature gradient is maintained 
in the nitrogen stream paSSing upwardly and a 
descending temperature gradient in the thermo 
phore Stream paSSing downWardlythrOugh Cham 
ber 111. - 

E2ample 2 
The following example is illustrative of the 

Operation of the proceSS Of this inventiOn in 
recovering the heat Content of Synthesis gaS 
(H2?CO),using powdered Silicon carbide(Car 
b0rundum) a8 the thermophore: ·, 
The reactants used.in this example are Oxy 

gen Of 98.5% purity,Steam and natural gaS haV 
ing approximate Composition by Volume as fol 
1ows: methane 82%; higher hydrocarbons 9%; 
hydrogen 7%; residuals,nitrOgen,CarbOn di? 
oxide,etc.,2%. A stream of tW0 VOlumes 0f 
natural gas and One Volume 0f Steam is in 
troduced through 93,countercurrent to the flu 
idized thermophore floWing through Channels 94" 
in chamber 90,The oxygen flows through line 
97 countercurrent to the thermophore floWing 
through channels96. The oxygen and methane 
steam mixture are preheated by external means 
(not shown) to a temperature of about 530° F. 
at which temperature the gase0us reactantSenter 
Chambers 89,90. They leave these chambers at 
a temperature closet02300°F.at Whichtempera 
ture they enter reaction chamber 168,Which is 
under preSSure of approximately 200 pounds per 
square inch gauge. Synthesis gas leaves this re 
action Chamber at a temperature of about 2300° 
F. at which temperature it enters base of cham 
ber 83,fiowing upwardly through the fuidized 
thermophore,paSSing dOWnWardly through the 
channels 85 therein. The Synthesis gas leaWes 
through line 104 at the top of chamber 83 at a 
temperature of approximately 550° F. The ther 
mophore enters the top of Chamber 83 through 
line 96 at a temperature 0f approximately 540° 
F. and 1eaves the bottom of chamber 83 through 
1ines 87,88 at a temperature close to 2300° F. 
An analysis Of the SyntheSiS gas is aS follOWS: 

59.2% by volume hydrogen,29.9% CO,7.8% 
CO2,2.1% CH4,the remainder being chiefiy 
nitrOgen. - 

It Will be noted that the thermophore leaves 
Chamber 20 in the modification of Fig.1 and the 
chambers 89,90 in the modification of Fig.2,at 
a temperature closest to atmospheric,at which 
temperature it is transp0rted to the Chamber 10 
in the m0dification 0f Fig. 1 or chamber 83 in 
the modification of Fig.2. Thus the thermo 
phore is moved from one chamber of the process 
to the other at a temperature closest to atmos 
pheric,with consequent minimization of heat or 
Cold 10SSeS. - 

It wil be further noted the process of thisin 
Vention involves the flow of a fluidized Stream of 
comminuted thermophore through a plurality of 
heat or COld eXChange ZOnes through each Of 
which flows a stream of gaseous medium in a 
direction countercurrent to the thermophore 
stream,While maintaining temperature gradi 
ents in opposite directions in the thermophore 
and gaSeous StreamS paSSing through eaCh ZOne, 
The use of a poydered thermophore in a state of 



dense phase fuidization provides exceptionaly 
high Surface area of heat of cold absorbing ma? 
terial per unit of volume of exchanger Space, 
and eXCeedingly intimate Contact betWeen the 
gas and the thermophore,The turbulence of 
the thermophore particles promotes high rates 
Of heat transfer. This insures optimum removal 
of heat or Cold from the gaseous medium pass 
ingthrough one ZOne andthe mosteficienttrans 
fer there0f to the gaseous medium passing 
through the Second zone,With thisinvention,it 
is feasible to maintain a temperature approach 
betWeen the air leaving,for example,chamber 
20 in the modification of Fig,1 and the nitrogen 
entering chamber H0 as1ow as 2°or 3° F. 
This compares with a temperature approach 

Of the Order of 10° F. 0r at best 6° to 8° F. Ob 
tained in prior processes,and demonstrates the 
improved eficienCy of the pr0ceSS of this inVen 
tion. - 

Since Certain Changes may be made in Carrying 
out the above process without departing from 
the scope of the invention,it is intended tha? 
all matter Contained in the above deSCription 
shall be interpreted as illustrative and not in a 
1imiting sense Thus,for example,while Fig.1 
of the draWing discloses a Single Chamber for 
either heating or cooling the thermophore,it 
wil be understood that two or more of Such 
chambers may be employed in series. 
What is Claimedis: - - 

1. The method of transferring heat from a 
stream of air to a stream of a product of rectifi? 
Cation in the liquefaction and rectifiCation Ofair, 
which comprises-eirculating a powdered thermo 
phore downwardly-through a plurality of longi? 
tudinallyextending channelsarrangedin paralel 
in a first Zone CounterCurrent to Said stream Of 
a product of rectification rising at a Vel0City 
which maintains said thermophore in Said first 
Zone in a state-of dense phase fluidization,eaCh 
of said channels having an efective Size Of a pipe 
having an internal radius in the range of about 
% inch to about 2 inches Which Substantially 
prevents,top-to-bottom mixing of Said thermO 
phore within the channel,thereby maintaining 
anascendingtemperaturegradientintherectif 
cation product stream anda desCending tempera 
?uregradientinthe-thermophorestream paSSing 
through Said first zonewhereby thethermOphore 
stream leaves Said first Zone at Substantially the 
temperature at Which the rectification produCt 
stream entersTsaid first Zone, Circulating Said 
thermophore from the lower end of Said first 
zone downwardly through a plurality Of longi? 
tudinally extending Channels arrangedin parallel 
in a second zone countercurrent to Said Stre8m 
of air rising at a velocity which maintains Said 
thermophore in Said Second ZOne in a State Of 
dense phase fluidization,each Of Said channelS 
having an efective Size of a pipe haVing an in? 
ternal radius in the range of about % inch to 
about 2 inches which substantially prevents top 
to-bott0m mixing of Saidthermophore Within the 
Channel,thereby maintaining a desCending tem? 
perature gradient in the air Stream and an aS? 
cending temperaturegradientinthe thermophOre 
stream paSSing through Said Sec0nd z0ne Whereby 
the heat content removed from the air Stream 
in Said Second zone by Said thermophore is im 
parted to the rectifiCation product Stream,and 
CirCulating Said thermophore from the loWer end 
Of said Second z0ne downwardly through Said 
first Zone as aforesaid, 
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2. Themethod as definedifi claim1.in which 

the channels have an efective.sizeofa pipe hav 
ing an internal radius fallingwithin therange 
of about one-halfinchto about aninch, 

3. The method as definedin claim i,in Which 
the rectification product streamis predominantly 
nitrogen and enters Said-first zoneat a tempera 
ture of approximately ?280° F.,and the air 
Stream enters Said Seeond Zoneata.temperature 
of approximately 100° F. : . 
4. Inthe method of trahsferring heatfrom one 

gaSeouS mediumto.anotherWhereinonegaseous 
medium is passed upWardly through a mass of 
powdered thermophore in a-state of densephase 
fluidization,another gaseous medium is passed 
upwardlythroughanother mass of Saidthermo 
phore ina State of denSephase fluidization,and 
Said thermophore is Circulated betwen thetwo 
Said maSSes,the imprOvement which.compriseS 
diViding each of the tWo Said maSSes in a plu 
rality of longitudinaily extending channels ar 
rangedin?parallel,each of Said channels having 
3n efectiVe size of a pipe having an internal 
radiusfallingWithin the range Of from about % 
inch to about 2 inches, and maintaining tem? 
perature gradients in opposite directions along 
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theverticai dimension of thetwo Said masses in 
a plurality of 1ongitudinally extending channels. 
5.The method as definedin claim4,in which 

thehorizontal cross-Section ofeaeh of thelongi 
tudinally extending channels graduallyincreases 
inthe direction ofincreasingtemperature. 
6:The method as defined in claim 4.in Which 

the powdered thermophoreis of a particle size 
Such that Substantially all passes through a 100 
mesh?SCreen and at least 85% thereof passes 
througha.200meshscreen,,,,, ?· 
7.The method of transferring heat between a 

Singie gaSeous stream and two separate gaseous 
Streams having Substantialy the Same initial 
temperature which comprises circulatinga pow 
dered thermophore downwardy througha plu 
?ality of 1ongitudinaly extending channelsar 
*anged in paraiel in a first zone countercurrent 
to Said singlestream rising at a velocity which, 
maintains Saidthermophore in Said first zonein 
a state of densephase fluidization,each of said 
Channels havinganefectivesizeof apipe having 
an internal radiusinthe range of about % inch 
to about 2 inches,maintainingin said firstzone 
temperature gradientsin opposite directions in 
Said thermophoreand insaid.singlestream?cir 
CulatingSaidthermophorefromthelower endof 
Said first z0ne downwardlythrough a plucality 
Of 10ngitudinally extending channelsarrangedin 
parallel in a Second zone countercurrent to one 
0f Said two Separate streams rising at a velocity 
Which maintains Saidthermophore insaidsecond 
20ne in a State of denSe phase fluidization,each 
Of Said Channels having an efectivesize of a pipe 
haVinganinternalradiusintherange ofabout % 
inch to about 2 inches,maintaining in said sec 
Ond z0ne temperature gradients in opposite di 
rections in Said thermophore andin saidone of 
the two separate streams,circulating said ther 
mOphOre from the lower end of said second zone 
dOWnWardly through Said first zone as aforesaid, 
and paSSing the other of said two separate 
Streams in heat transfer relationship with said 
thermOphore while maintaining temperature 
gradients in Said other separate stream and in 
Said thermophore in said relationship. 

8. The method as defined in claim 7,in which 
Said heat transfer relationship is efected in a 
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thirdzone similarin arrangement and operation 
to Said Sec0ndZOne. 
9,The method as defined in claim 8,in Which 

hot Synthesis gas is Said single Stream, and 
methane and oxygen are Said two Separate 
streamS. - 

10. The methodas defined in claim 8,in Which 
air is Said single stream,and cold nitrogen and 
oxygen rectification products are Said tWO Sepa? 
rate Streams. 

11. The methodas defined in claim 7,in Which 
the horizontal cross-Section of each of Said Chan 
nels-gradualiy increaSes in the direction Of in? 
Creasingtemperature. - · 

12. The method of producing Synthesis gaS 
comprising essentially carbon monoxide and hy? 
drogen,Which COmprises passing Separate,Com? 
preSSed streamS 0f methane and 0xygen upWardly 
thrOugh Separate,dOWnWardly mOVing COlumns 
of heated,powdered thermophore maintainedin 
a State of dense phase fluidization While main 
taining temperature gradients in opposite direC 
tions in Said Columns and Said Separate Streams, 
reacting the thus heated streamS of methane 
and Oxygen in an unobstructed reaction Zone 
maintained at a gauge preSSure of at least 200 
pounds per Square inch and a temperature of at 
1east;2300° F.,passing the resulting hot synthesis 
gaS frOm Said reaction ZOne upwardly through 
a third,downWardly moving Column of Said ther 
mOphore maintained in a State of denSe phase 
fuidization while maintaining temperature gra 
dients in oppositedirections in Said third column 
and Said Synthesis gas,disCharging Cooled Syn 
thesis gas from the top of Said third c0lumn, 
and mOVing Said thermophore from the baSes of 
the first Said Separate columnsto the top of Said 
third column and from the base of Said third 
column to the tops of the first said separate 
COlumns. - - - - 

13. The method of transferring heat between 
a SinglegaSeous Stream and two Separategaseous 
Streams haVing SubStantially the Same initial 
temperature,which comprises circulating a pow 
dered thermoph0re downWardly through a plu 
rality of longitudinally extending channels ar? 
ranged in parallel in a first ZOne Countercurrent 
to Said single stream rising at a velocity which 
maintains Said thermophorein Said first zone in 
a State of dense.phase fluidization,each of Said 
Channels having a limited,horizontal cross 
Section Which Substantially prevents top-to 
bottom mixing of said thermophore within the 
Channel,thereby maintaining in said first·zone 
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temperature gradients in opp0site directions in 
Said thermophore and in Said Single stream,the 
limited,horizontal CrOSS-Section of each of Said 
Channels gradually increasing in the direction of 
inCreasing temperature,circulating Saidthermo 
phore from the lOWer end of Said first Zone down 
Wardly through a plurality of longitudinally ex 
tending Channels arrangedin parallelina second 
z0ne COUnterCurrent to one of Said two Separate 
Streams rising at a velocity which maintainssaid 
thermophore in said Second zone in a state of 
denSe phase fluidization,each of Said channels 
having a limited,horizontal cross-section which, 
Substantially prevents top-to-bottom mixing of 
Said thermophore within the channel,thereby 
maintaining in Said second zone temperature 
gradients in opposite directions in said thermo 
phOreandin Saidone ofthetwoseparatestreams, 
the limited,horizontal cross-section of each of 
Said Channels gradually increasing in the direc 
tion of increasing temperature,circulating said 
thermophore from the lower end of said second 
ZOne downWardiythrough Saidfirst zoneasafore 
Said,and passing the other of Said two separate 
Streams in heat transfer relationship with said 
thermophore whilemaintaining temperaturegra 
dients in Said other separate stream and insaid 
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thermophoreinsaidrelationship. 
PAUL W.GARBO. 
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