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13 -Claims.

1

This invention relates to a novel process of
transferring heat or cold from one gaseous.
medium to another. The term “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
gaseous medium flowing thereover, and during a
succeeding period of operation the heat or cold
content of the stationary bed is removed ‘there-
from Dby the other gaseous medium flowing
thereover. The well-known regenerator exem-
plifies this method of transferring heat or cold
from one gaseous medium to another. The other

conventional method ‘involves the simulfaneous

flow in indirect heat exchange relationship of
the two gaseous media to effect a transfer of heat
or cold from one to the other. The well-known
recuperator exemplifies this method of trams-
ferring heat or cold from one gaseous medium 1:0
another.

In both of these methods, in order to obtain
relatively high heat or cold transfer efficiencies,
it is important to use a maximum of heat or cold

absorbing surface area per unit of volume :

through which the gaseous media flow. Thus, for
example, in one type of cold exchanger suggested
for recovering the cold content of the vutgoing’
oxyeen @nd nitrogen products of rectification
formed in the liguefaction of air to produce
oxygen, which products may be at a temperature
of about —280° F., it has been found desirable to-
use passages, through which the oxygen, nitrogen
and air flow 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.

Tt is gan object of this invention to provide &
method of transferring heat or cold from one
gaseous medium to another, in which the effec-
tive heat or cold exchanger surface area per
unit of volume of exchanger is materially greater
than in prior known procedures.
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Another object is to provide such process of -

exceptionally high heat or cold transfer effi-
ciency and which process requires relatively
simple equipment for its practice.

.Other objects and advantages of this invention

will e apparent from the followmg detalled de~
sceription thereof. i

Tn accordance with this invention, a stream of
powdered thermophore is passed through  a
multiplicity of Jongitudinally 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-is te be abstracted, the
gaseous medium maintaining the thermophore in
the aforesaid state of dense phase fluidization,
so that, in effect, 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 cold exchange therebetween while main-
taining temperature gradients in opposite direc-
tions throughout the streams of gaseous medium
and thermophore. 'Thus, for example, if the
temperature gradient in the thermophore stream
ascends, the temperature gradient in the gas
stream descends, and vice versa. From this first
zone, the thermophore stream is passed through
a multiplicity of longltudmally extending chan-
nels ih  second Zone, covntercurrent to a second
gaseous medium, while maintaining temperature .
gradients in ~epposite dirgctions in the ‘two
streams and maintaining the thermophore .
stream in @ state of dense phase fluidization.

The character of the temperature gradient,
i. e., whether ascending’ or descending, in efich of
the two zones will depend on whether the process
is used to abstract heat or cold from one fluid

. medium. and transfer it to another medium. All

references herein to the character of the gradient
are .in . terms of .the direction of flow of the
medium in question. For example, in the prac-
tice of this invention for recovering the cold con-
tent, of the oxygen and nitrogen products of
rectification in the lquefaction of air to produce

_oxygen, nitrogen or oxygen or both may be passed

upwardly through the first zone in cold exchange
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 gas stréam and a descenging
temperature gradient in the thermophore stream,
and the thus:chilled thermophore passed down-
wardly in a state of dense phase fluidization in
eountercurrent relationship to an up-flowing air
stream ' in the second zone so as to maintain an
ascending tempersture gradient in the therme-
phore stream and. & descending temperature
gradient in:the air stream. ‘On-the .other 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 stream passing through the second zone.

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 usually contain at least

85% . of particles passing through a 200 mesh
20

screen and contain particles as small as 400 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, ete.; the optimum-particle size for any
such system is readily determinable by simple
preliminary experiments conducted under condi-
tions simulating those of actual operation.

The material used as the thermophore will de-
vend upon the particular application to-which
the invention may be put. Thus, for example,

in the recovery of the cold content of the oxygen

and nitrogen products of rectification in the
liouefaction of air to produce oxygen, a material
of exceptionally 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 emnloyed 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 ear-
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 fluidization,
i. e. the thermophore in each of the two 7ones is
subiected to a rate of gaseous flow therethrough,
such that a bed or mass thereof is maintained in
each zone, each of the particles of the bed or
mass being suspended in the gas and exhibiting
relativelv random movement, and so that the

upper surface of the bed or mass assumes a level -

substantially above the normal level of the set-
tled thermovhore, which level is commonly
known as a pseudo-liquid level,

During the flow of the gaseous medium
through the bed or mass of thermophore in 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 particles gradually
progress downwardly until they reach the exit,
where they are withdrawn. )
This state of fluidization, 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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of the settled thermophore, is herein designated

"as “dense phase” fluidization.

The process of this invention is particularly
applicable to the recovery of the cold content of
oxygen and nitrogen products of rectification in
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 medium to another. Thus, it may
be employed to transfer heat from synthesis gas
to the gaseous reactants.. For example, oxygen
and a mixture of steam and natural gas may be
heated by the heat removed from the carbon
monoxide and hydrogen synthesis gas produced
therefrom, or the invention may be employed to
abstract- heat from flue gases or other products
of combustion or waste gases and transfer this
heat o -any desired medium, for example, to pre-
heat air used to support combustlon or to super-
heat steam.

In the accompanying drawings formmg a part
of this specification and showing, for purposes of
exemplification, preferred forms of apparatus for
practicing this invention: ) y

Fig. 1 is -a layout of equipment for recovering
the cold content of oxygen and nitrogen products
of rectification in the hquefacmon of air to pro-.
duce oxygen;

Fig. 2 is a preferred layout of eqmpment for
practicing the process of this invention in effect-
ing transfer of heat from synthesis gas to the
gaseous reactants; .

Fig. 3 is a horizontal section through a rec-
tangular chamber and shows one arrangement of
partitions forming longitudinal passages-or cells;

Fig. 4 is a2 horizontal section through a cylin-
drical chamber showing a modifieq arrangement
of longitudinally extending passages or cells;

Fig. b is a horizontal section through a rec-
tangular chamber showing a third-arrangement
of longitudinally extending passages or cells; .

-Fig. 6 is'a horizontal section through a cylin-
drical chamber showing still another arrange-
ment of longitudinally extending passages or
cells; and

Fig. 7 is a modified form of apparatus for prac-
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 and 2.

Fig. 1 of the drawing shows a chamber {8, hav-
ing a conical base i, 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 13 are disposed within chamber {¢ to di-
vide this chamber into a multiplicity of longitu-
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 0, as here-
inafter described. As hereinafter more fully dis-
closed, partitions 13 may be in the form of tubes,
parallel partitions or intersecting partitions form-
ing longitudinally extending cells or passages of
any desired cross-sectional configuration. These
longitudinally extending passages 13’ may be el-
liptieal, circular, square or other polygonal shape

- in ecross-section and should be -so dimensioned

that they have an effective size of a bpipe having
an internal radius falling within the range of
from about 14’ to about 2", preferably from %’’
to about 1’”. Thus, if a passage has an effective
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pipe size corresponding to-an internal radius-of
say %’’, no thermophore particle will be ‘spaced
from a wall by a distahce more than 1% and
the distance between a ‘thermophore particle and
the wall farthest away will be 1’ With the par-
titions spaced within the range-above indicated,
gnd 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 bottom
of the passages to an extent sufficient to main-
tain desired temperature gradient ‘conditions.

‘Chamber 10 is provided with an exit pipe 14
communicating with a filter, cyclone separator
or other dust-removing device 15, through which
the gaseous medium passes, the deviece 5 re-
moving substantially all entrained thermophore
particles carried by the gaseous stream. This
chamber is also- provided with an inlet pipe 16
extending below the pseudo-liquid level {T of
the thermophore particles and a -standpipe 18
flow through which is controlled by slide ‘valve
{8A or its equivalent. A line 18’ leads from the
main nitrogen line 47 into standpipe 18. Valve
18’" regulates the flow of nitrogen through pipe
{8’ this valve being adjusted to provide @ hitro-
gen flow sufficient to maintain the thermophore
particles passing through 18 in a fréee flowihg con-
dition. i ]

In the embodiment of the inventioh shown in
the drawing, the partitions #3. are desirably
tapered in cross-section to form ‘éhannels 137
also tapered in cross-section, i e, channels 18’
have a varying cross-sectional area, the cross-
sectional area at the top being greater than
that at the bottom. Hence, the velumetric space
of the channels per unit length thereof progres-
sively increases from bottom to top, thereby com-
pensating for gas 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 wotld be reversed so that the

channels defined thereby would have their great-.

est cross-sectional areas at their bases. _

A seconid chamber 20 is provided similar in
construction to chamber 10, except that the par-
titions 21 therein taper from top to‘bottom rather
than from bottom to top, so that the C¢ross-sec-
tibhal area of the cells or longitudinal 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, due to its decrease in temperature. This
chamber is provided with a filter, cyclone sep-
arator or other dust-removing member 23 com-=
muniecating with a gas exit pipe 24. A gas inlet
pipe 25 at the base of this chambet communicates
with the conical portion 26. A thermophore exit
pipe 271 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
leaving vessel 10 by way of pipe i4 may be used
for this purpose, to the inlet pipe 16 dipping be-
Jow the pseudo-liquid level {7 in chamber I0.
Pipe 18, supplying the thermophore withdrawn
from chamber 10 discharges the thermophore at
29 below the pseudo-liquid level 30. .
In the embodiment of the inverition shown on
the drawings, a bank of tubes 31 is-disposed with-
in chamber 10 for flow of oxygen therethrough
to recover the cold content of the outgoing oXygen
product of rectification, along ‘with the -¢old -con=
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tent of the nitrogen product of rectification em-
ploying the thermophore circulated through
chamber 18 for this purpose. If desired, a sep-
arate exchanger may be used for recovering the
cold content -of the oxygen, in which case the
bank of tubes 31 in chamber {0 would not be
employed, i. e., a chamber 10, free of such tubes,
would be used. The bank of tubes 31, or a sim-.
ilar bank of tubes disposed in chamber 20 may -
be employed for the purpose of having an. ex-

ternal refrigerant, such' as ethylene, passed

therethrough to introduce -into- the. process an

amount of cold adequate to compensate for cold

losses . resulting from the-difference in ‘enthalpy

between -the air introduced into.and the products

of rectification withdrawn from the process, and

for heat leaks-into the system. - The bank-of tubes

31 is preferably of a metal of .high heat conduc-

tivity: copper is a satisfactory material of ‘con-

struction.

The- rectification system with which the ex~
changer of this invention may be.employed, when
used for recovering the cold content of oxygen
and nitrogen: products of rectification. in. the
liquefaction of air to produce oxygen, comprises;
for example, a two-stage rectification column- 32,
the lower section 33 of which is operated at a
pressure of about 72 pounds gauge and the upper
section 34 of which is operated at-a pressure of
from about 4 to about 10 pounds gauge, prefer~
ably at about 5 pounds gauge. This column,. ‘as
is customary, is provided with rectification plates
of the bubble cap or other desired type. The
lower section 33 of -the column 32 communicates
with g condenser 35 and has.a liquid collecting
shelf 38 disposed immediately  below the -con-
denser 35 for collecting liquid nitrogen. Pipe-31
leads from this shelf 36 to a heat exchanger 38,
which in turn communicates through a.pressure-
reducing . valve 39 with the top portion of the
upper section 34. Condenser 35 acts-as a re-

_ boiler for the upper section 34 of the column 32.

Prom the base portion of the lower ‘section 33,
a pipe line 40 for the flow of crude oxygen (con-
tainihg approximately 40% oxygen) passes-to a
heat exchanger 41 which communicates through
pipe line 42 having a pressure-reducing valve 43
therein, with the low-pressure section 34 at an
intermediate point 44. A line 45 having 4 pres-
sure-reducing valve 46 therein leads from con-
denser 35 to a mitrogen line 41 communicating
by way of heat exchanger 54 with: the inlet {2
to chamber 10. A line 48 leads from the top of
Jow-pressure section 34 to the heat exchanger 38,
the nitrogen flowing through this line passing
through the heat exchanger 38, then through
line 48 gnd heat exchanger 41 into line 50 which
communicates with line 47,  Oxygen line 51 leads
from the lower part of the low pressure section 34
to the inlet 52 of the bank of tubes 31 disposed
within chamber 10, this bank of tubes being bro-
vided with an exit line 53. As above indicated,
the bank of tubes in chamber 19 may be omitted,
in which case the oxygen line 51 may communi-
cate with an exchanger independent of cham- -
ber 9. -

Pipe 24 has two branches, one identified as 24’
leading through heat exchanger 54 to lower ‘sec-
tion &3 and the other identified by 57 communi=-
cating with branch line 58 having valve 98A
therein leading through a tube 59 disposed within
chamber 29 and thence through line 60 which
joins line 57 having valve BIA therein at 8.
From 61, line. 51 entets expafider §1” which dis-
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charges -through line 62 into low pressure sec-
tion 34. R : )

“Theé heat exchangers 38, 4] and 54 and the
two-stage fractionating column 32 may be of
any conventional type.  Two separate fractionat-
ing columns suitably interconnected may be used
in place-of the two-stage column 32 shown. It
will be understood that the equipment through-
out, including chambers {§ and 28 and 2ll piping
connections, is heat insulated to ‘minimize. loss
of cold. T )

10

Chambers 18 and 20 may be square-shaped in

section, as shown, for example, in Figs. 3 and 5,
or cylindrical as shown in Figs.'4 and 6. The
longitudinally extending channels {3’ and 22 may
be shaped as shown in these .figures. In Fig. 3
these channels are 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 6% having a
plurality of concentric inner walls 66, 67, 68, 69,
6 and 71 defining annular channels. Radial
partitions 12 are provided in these annular chan-
nels to form longitudinally extending passage-
ways 0of the desired cross-sectional extent, i. e.,
having an effective pipe size, the internal radius
of which is within the range of from about %4’
to about 2"/, preferably from about %’/ to about
. :

Fig. 5 shows still another arrangement of longi-
tudinally extending passages in which longitudi-
nally extending cylindrical pipes 72 are arranged
in'the pattern shown within a'rectangular hous-
ing to.provide cylindrical, longitudinally extend-
ing passageways 74 defined by the inner walls of
the pipes and longitudinally:eéxtending passage-
ways: 15 of somewhat larger cross-sectional ex-
tent, defined by the outer walls of: the pipes as
well as a series of triangular shaped longitudi-
nally extending passageways 16 defined by the
outer walls of a pair of pipes contiguous fo the
inner wall of the rectangular housing. The
modification of Fig. 6 involves a cylindrical hous-
ing 17 cooperating with ecylindrical pipes 78 dis=
posed therein and longitudinally extending paffles
or partitions 19, 89, bafiles 78 and 89 being at right
angles to each other and cooperating with the
pipes 18 to define longitudinally extending pas-
sageways 81, 82. It will be understood that Figs.
3 to 6 represent a few of the many possible ar-
rangements of partitions to form longitudinally
extending passageways for flow of fluidized ther-
mophore therethrough under conditions -such
that desired temperature gradient conditions are
maintained. )

If desired, longitudinally 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 13, say the corner pipes 73A 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
31 in Fig. 1 while the remaining longitudinally
extending passages within the chamber are used
for the upward flow of nitrogen and the down-
ward flow of thermophore,

The arrangement of the apparatus of Fig. 2
is particularly designed for recovering the heaf
content of synthesis gas and imparting this heat
to the reacting gases. This equipment involves
& chamber 83 having partitions 84 therein to form
longitudinally extending passages 85. These lon-
gitudinally extending bassages may be of any of
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‘the shapes hereinabove disclosed in. connectioil
with Figs. 3 to 6 inclusive. - Chamber 82 has a
conical base 86 from which lines 87, 88 lead to
chambers 89, 90. Lines 87 and 88 are provided
with slide valves 91, 82; respectively. - Chamber
80 has at its base a gas line 83 for introduction
thereinto of a methane and steam mixture; this
chamber is of greater volumetric capacity than
chamber 89 and has therein partitions 94 forming
longitudinally extending passages €4’. Chamber
89 has partitions 85 forming longitudinally éx-
tending passages 96 and has at its base an oxygen
inlet line 87.. These longitudinally extending pas-
sages, as hereinabove disclosed, may be of any
desired cross-sectional configuration.

Conical base portions of chambers 89 and 96
are provided with thermophore discharge lines
98, 99, respectively, which lead into a common
line {00 communicating with the upper portion
of chamber 83.. Rotary valves 181, {02 are pro-
vided in the lines 88, 99, respectively. The rotary
valves 101, 162, and the slide valves 81, 92 may
be of any well-known type. If desired, all ro-
tary valves may be employed or all slide valves,
the function of these valves being to permit flow
of thermophore through the lines in which they
are disposed without unduly disturbing the pres-
sure- conditions in -the chambers with which
these lines communicate. :

Each of the chambers 83, 89 and 20 is provided
with a filter or other dust-removing device §03.
Filter {93 in chamber 83 has leading therefrom a
discharge pipe 16€. A line {05 leads from flter
element {83 of chamber 89 and line 108 leads
from filter element 103 of chamber 89, the lines
105 and 106 entering a reactant nozzle {87 dis-
bosed in the base of reaction chamber {48, Syn-
thesis gases leave reaction chamber {88 through
line 169 leading into the ‘conical base portion
of chamber 83. -

The modification of Fig. 7. involves chambers
H18, {11 arranged in side-by-side relationship
instead of superimposed relationship as in the
modifications -of Figs. 1.and 2. As in the case
of the other modifications hereinabove disclosed,
the top of each chamber {19, t{{ is provided with
a filter or a dust-removing device {15 from which
lead the gas exit pipes 118, 1{7. The conical
bases of chamber 1{0,. { t§ .are provided with gas
inlet lines 118, 118 and thermophore withdrawal
lines 120, 12{ in which rotary valves { 22, 123 are
disposed. A conveyor {24 leads from the rotary
valve {22 for flow of the thermophere into con-
tainer (25 communicating through rotary valve
126 and line 127 with the chamber ({1, Conveyor
128 leads from rotary valve {23 to chamber 129
communicating through a line {3{ having a ro-
tary valve {32 therein with chamber 140,

Each chamber {18, {1{ has longitudinally ex-
tending channels or passageways {42 interrupted
laterally at 113, {14 by narrow spaces which
should be less than 127 wide, preferably about
two inches wide. These Iateral spaces function
to equalize flow conditions through the several
streams of thermophore, each in a state of dense
bhase fluidization passing through the channels
§12. The interrupted channels {2 in chamber
118 are defined by walls. 135, 136, {87 of different
thickness, the thickest walls being at the top of
chamber {18, and the thinnest at the base, so
that the cross-sectional area of the channels is
smallest at the top and larsest at the base, there-
by . compensating for volume decrease due to
temperature decrease of gas flowing upwardly
through champer 118, -In chamber {1 the thick-
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est wall 138 is at the base, the thintest wall 138

at the top and the wall 140 of intermediate thick-
ness at an intermediate point of the length of the
chamber. Thus the channels each gradually
becomes of increasing cross-sectional area in the

direetion of gas flow upwardly through chamber

f1{ to accommodate increasing gas volume dué
to rising temperature. It will be understood any

desired number of wall sections in the chamber

may be used to define interrupted, Tongitudinally
extending channels having the cross-sectional

area thereof gradually increase or decrease %o

provide for optimum flow conditions. It- will be
appreciated the arrangement.of Fig. 7 provides
an alternative method of obtaining substantially
the same effect as the tapered walls (3 and 2{

in chambers 10 and 28, respectively, and- that

either of these modifications may be employed
in forming the longitudinally extending channels
in chambers 83, 89 and 98 of PFig. 2. In heat
exchange procedures in which the volume change
in the gas flowing through the channels.is not:
large, channels of substantially uniform cross-
sectional area from top to bottom of the ex-
changer may be employed. } -

Example 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
liquefaction of air employing powdered copper as
the thermophore. It is to be understood the
invention is not limited to this exaniple.

"~ All femperatures herein given are in degrees
7. and pressures are in pounds per square inch
gauge. '

" Air at a pressure of about 75 pounds gauge and
4 temperature of 100° F. is admitted. through line
25 at a rate sufficient to mainfain the powdered
thermophore circulating through the longitudi-
nally extending channels 22 in chambper 20, con-
stituting zone 2 of the process,in a state of dense.
phase fluidization. The temperature of the air.
as it flows countercurrent to the thermophore
stream gradually decreases to —273° P. at the
point the air leaves the pseudo-liquid level ‘3a.
The thermophore stream enters at a temperature
of —276° F. and flows downwardly through the
Tongitudinally extending passages 22 in cham-

ber 2§ in a state of dense phase fluidization, 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, inﬁOf ‘the’

chamber i0. . -
Most of the air (say 80% by volume) from
cHamber 20 at a temperature of —273° F. flows
through heat exchanger §4 in heat-exchange re-
lation with nitrogen and enters high pressure
section 23 of column 32 at a temperature of
—975° 1, and a pressure of about 72 pounds.

_ Crude oxygen at a temperature of —278° F. and.
pressure of 72 pounds leaves the base of column
section 33 through line 46, flows through heat

exchanger 41 where its temperature is reduced: to

--986° F. and upon flow through the pressure-.
reducing valve 43 is flashed, entering lower pres-
sure column section 34 at a temperature of —310°-
Pure-

to —315° F. and a pressure of 5 pounds.
oxygen is withdrawn through line §i at a tem-

perature of —292° F. and a pressure of 5 pounds-

and flows through bank of tubes 31 in-the cham-

ber 10 in heat exchange relation with the thermo-
phore passing: thereover, the oxygen leaving- the:
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10 .
bank of tubes at & temperature of 90° F. at &
pressure of about 1 pound.

Nitrogen at a temperature of about —286° F.
and a pressure of 12 pounds is withdrawn through
line 45 and passes through valve 46, its tem-
perature being reduced to a temperature of about
—315° ¥, as a result of the expansion through
the pressure reducing valve 48. Nifrogen at a
temperature of —315° F. and a pressure of 5
pounds is withdrawn through line 48 and flows
through heat exchanger 38, where its tempera-
ture is raised to about —304° F. The nitrogen
flows from heat exchanger 38 through heat ex-
changer 41 and mixes with that in line 45; the
nitrogen stream thus produced at a temperature
of —294° . flows through line 47, into heat 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 flows upwardly through the lon-
gitudinally extending passages -13 maintaining
the thermophore powder in a ‘state of dense
phase fluidization, the nitrogen leaving through
exit line 14 at a temperature of about 95° ¥. Thus
an ascending temperature gradient is maintained
in the nitrogen stream fiowing through cham-
ber 10 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 flow being maintained
in the stream of thermophore passing through
this zone, which temperature gradient it will be
noted is in the opposite direction from that main-
tained in the nitrogen stream passing through
this zone. .

Any known procedure- .may be used for com-
pensating for heat leaks and cold losses resulting
from the difference in enthalpy between the air
introduced into and the products of rectification
withdrawn from the system. The preferred
method is shown in Fig. 1 and involves the diver-
sion of a minor portion, say 20%, of the cold air
from line 24 to pipe 57 conirolled by valve S5TA
and discharging into expansion engine or tur-
bine 6i’. 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--
sel 20, This warm air flows through pipe 60 and
mixes with the air stream in pipe 57 before it
e_nters expander 61’. .In this manner, the air
originally at a temperature of —273° F., as dis-
charged into-pipe 24, is warmed. up to a tempera=
ture of about —235° F..before expansion to in-
crease - the amount of refrigeration produced.
The air expanded from a pressure of about 72
pounds to a pressure of about. 5 pounds-attains
a temperature of about —305° F. and fiows
through pipe 62 into low-pressure section- 34 of
column 32. : '

- It will be noted from the above example that
the thermophore enters chamber 28 at a tem-
perature of —276° P, while the air stream-leaves
this chamber-at a temperature of —273° #.; thus
the temperature approach at the cold ‘end of this"
chamber is 3° F. The thermophore leaves cham-
ber (0 at a temperature of —-376° F., whereas
the nitrogen entering this chamber is-at a tem-
perature of —278° F., the temperature approach
at the cold end of chamber 19 is therefore 2° B,

The air; before introduction into-chamber 2§, .

should- be treated.for removal of moisturé and
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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 effecting re-
moval of moisture and carbon dioxide may be
used for this purpose, for example, the air may
be scrubbed with caustic soda, or other chemicals,
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 of rectification, re-
spectively, therethrough in cold exchange rela-
tionship with thermophore streams each in a
state of dense phase fluidization. Thus the
nitrogen stream may be introduced through line
83 and pass upwardly through the longitudinally
extending channels in chamber 88, while the oxy-
gen stream is introduced through line $7 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 s temperature
of —278° F. and a pressure of about 5 pounds.
Thermephore streams each at a temperature of
about 98° . flow downwardly countercurrent to
the - rising oxygen and nitrogen streams and
leave the base of chambers 8% and 98 at a
temperature of approximately —290° F.: and
—273° F., respectively. Thus the temperature
approach at the base of chambers 88 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° B\ in the case of chamber 90. The combined
thermophore stream  at a - temperature of
—276° P. flows downwardly in a state of dense
phase fluidization through the longitudinal chan~
nels 85 in chamber 83 countercurrent to a rising
stream of air which may enter at a pressure of
about-75 1bs. gauge and a temperature of 100° F
and leave at substantially the same pressure and
a temperature of —273° F. through line 104. The
temperature approach at the top of chamber 83
where the refrigerated air stream leaves, it will
be noted, is approximately 3° 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 air stream; in chambers 89 and 80 descending
temperature gradients are maintained in the
thermophore streams and ascending tempera-

ture gradients in the oxygen  and nitrogen

streams, respectively. )

In the operation of the equipment of Figure 7,
nitrogen at a temperature of about —278° F. and
a pressure of 5 Ibs. may be admitted through
line 119 and passed upwardly through the lon-
gitudinally extending channels {(2 in chamber
i1, leaving at 147 at a temperature of approxi-
mately 95° F. A thermophore stream in a state
of dense phase fluidization flows downwardly
through channels 112 in chamber [i{ entering
this chamber at a temperature of 98° F. and
leaving at a temperature of approximately —276°
F.  The thermophore stream at this temperature
is withdrawn through valve 123 from which it is
elevated through conveyor 128 to compartment
§28 communicating through valve (32 with cham-
ber (16. The thermophore stream at a tem-
perature of about —276° F. in a state of dense
phase fluidization flows downwardly through the
longitudinally interrupted channels (12 coun-
tercurrent to a stream of air which enters
through line {18 at a temperature of about 100°
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F. and a pressure-of about 75 lbs. and leaves
through filter {15 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 11§ and an
ascending temperature gradient is maintained
in the nifrogen stream passing upwardly and a
descending temperature gradient in the thermo-
phore stream passing downwardly through cham-
ber fii.
Example 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-
borundum) as 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-
lows: methane 82%; higher hydrocarbons 9%;
hydrogen '7%; residuals, nitrogen, carbon di-
oxide, etc., 2%. A stream of two volumes of
natural gas and one volume of steam is in-
troduced through 93, countercurrent to the flu-
idized thermophore flowing through channels 94’
in chamber 90. The oxygen flows through line
87 countercurrent to the thermophore flowing
through channels 98. The oxygen and methane-
steam mixture are preheated by external means
(not shown) to a temperature of about 530° F.
at which temperature the gaseous reactants enter
chambers 89, 90. They leave these chambers. at
a temperature close to 2300° F. at which tempera-
ture they enter reaction chamber (88, 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°
P. at which temperature it enters base of cham-
ber 83, flowing upwardly through the fluidized
thermophore, passing downwardly through the
channels 85 therein. The synthesis gas leaves
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 of approximately 540°
F. and leaves the bottom of chamber 83 through
lines 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% CHs, the remamder being chiefly
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 transported to the chamber 18
in the modification of 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 losses.

It will be further noted the process of this in-
vention involves the flow of s 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 powdered thermophore in a state of
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dense phase fluidization provides excephionally
high surface area-of heat or cold absorbing ma-
terial per unit of velume 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=-
ing through one zone and the most efficient trans-
fer thereof to the sgaseous medium passing
through the second zone. With this invention, it
is feasible to maintain a temperature approach
between the air leaving, for example, chiamber
29 in the modification of Fig. 1 and the nitrogen
entering chamber 10 as low as 2° or 3° .

This compares with a temperature ‘approach

of the order of 10° F. or at best 6° to 8° F. ob~
tained in prior processes, and demonstrates the
improved efficiency of the. process. of this inven-
tion. .
Since eertain changes may be made in carrying
out the above process without departing from
the scope of the invention, it is intended that
all matter containéd in the above’ description:
shall be interpreted as illustrative and not in a
limiting: sense. Thus, for example, while Fig. 1
of the drawing dis¢loses a single chamber for
either heating or cooling the thermophore, it
will be understood that two or more of such
chambers may be employed in series.

What is claimed.is: : -

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. of air,
which comprises- eirculating a. pewdered thermo~
phore downwardly-through a plurality of longi-
tudinally extending ehannels arranged in parallel
in a first zone countercurrent to said stream of
a- product of rectification rising at & velocity

which maintains said thermophore in said first °

Zone in a State-of dense phase fluidization, each
of said channels having an effective size of a pipe
having an internal radius in ‘the range ‘of aboub
Y inch to akeut 2 inches which substantially
prevents -top-to-bottom: mixing of said-thermo-
phore within the channel, thereby maintaining
an ascending temperature gradient in the rectifi-
cation product stream and-a descending tempera-
ture gradient in the thermophore stream passing
through said first zone. whereby the: thermophore
stream leaves said first zone at substantially the.
temperature at which. the rectification. product
stream enters said first’ vone, eirculating said
thermophore from the lower end of said first
zone downwardly through a plurality of longi-
tudinally extending channels arranged in parallel
ih a second zone countercurrent to said stream
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. effective size of 2 pipe having an in-
ternal radius in the range of about Y inch to
about 2 inches which substantially prevents top~
to-bottom mixing of said thermophore within the
channel, thereby maintaining a descending tem-
perature gradient in the air stream and an as-
cending temperature gradient in the thermophore
stream passing through said second zone 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 zone downwardly through said
first zone as aforesaid.
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' "The meéthod as defined i claim 1, i1 which
the channels have an effective. size-of:a pipe hav-
ihg an internal radius falling: within the range
of about-one-half inch ter about an inch, .

3. The method as defined it claim 1, in. which:
the rectification product stream is predominantly
nitrogen and enters said. first zone: at a tempera-
fure of approximately —280> F., -and- the air
stream enters said second zoue. at- a-temperature:
of approximately 100° F. L co

4. Tn: the method of transferring heat from one
gaseous medium to-another wherein: one gaseous
medium: is- passed upwardly through a mass of
powdered thermophore in a.state of dense phase
fluidization, snother gaseous medium is passed
upwardly through another mass. of said. thermo-
phore in-a state of dense: phase fluidization, and:
said thermophore. is circulated betwen. the:two:
said masses, the improvement whieh . comprises:
dividing each. of the two said masses in a plu-
rality of longitudinally extending channels- ar-
ranged in-parallel, each of said. channels having
an effective size of 'a ‘pipe having an. internal
radius: falling within: the range of from about Vs
inch. to about 2 inches; and. maintaining tem-.

° perature gradients in: opposite directions along;
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the vertical dimension of the two said masses in:
o plurality of longitudinally extending channels.

5. The method as defined in: claim 4, in which:
the. horizontal cross-section-of eaeh of the: longi-
tudinally extending channels gradually increases-
in: the: direction of -increasing: temperature:

6. The method as defined in claim-4;. iy which:
the powdered thermophore: is of a particle size.
such that: substantially all passes- through a-100
mesh. screen and at least 85%: thereof passes
througha 200.mesh sereem: . -, o o
7. The method of transferring heat between a:
single gaseous stream: and: two separate gaseous
streams having substantially the same:  initial
temperature, which-comprises circulating a pow-
dered thermophore- downwardly through  a plu—~
ratity of longitudinally’ extending channels: ar=:
ranged in parallel in-a first. zone countercurrent
{o- said single.stream rising at a velocity which.
maintains . said thermophore in said: first zone in:
. state of dense phase- fluidization, each: of- said
channels having an effective size:0f a.pipe having
an internal radius: in:the range of aboub ¥ inch;
to about 2 inches, maintaining in said first: zone:
temperature gradients: in:opposite directions in
said thermophore: and in said single-stream;: cir=:
culating: said. thermophore: from the lower ‘end.of:
szid first: zone. downwardly: through: & plurality
of longitudinally extending channels arranged in
parallel in a second zone countercurrent to one
of said two separate streams 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 effective size of a pipe
having an internal radius in the range of about Ya
inch to about 2 inches, maintaining in said sec-
ond zone temperature gradients in opposite di-
rections in said thermophore and in said one 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 Wwhile 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 effected in a
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third zone similar in arrangement and operation
to said second zone.

9. The method as defined in claim 8, in which

hot synthesis gas is said single stream, and
methane and oxygen are said ftwo separate
streams. .
-.10. The method as 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 method as defined in claim 7, in which
the horizontal cross-section of each of said chan-
nels -gradually increases in the direction of in-
creasing temperature. : L

12. The method of producing synthesis gas
comprising essentially carbon monoxide and hy-
drogen, which comprises passing separate, com-
pressed streams of methane and oxygen upwardly
through separate, downwardly moving columns
of heated, powdered thermophore maintained in
@ 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
least 2300° F'., passing the resulting hot synthesis
gas from -said reaction zone upwardly through
@ third, downwardly moving column of said ther-
mophore maintained in a state of dense phase
fluidization while maintaining temperature ‘gra-
dients in opposite directions in said third column
and sald synthesis gas, discharging cooled syn-
thesis gas from the top of said third column,
and moving said thermophore from the. bases of
the first said separate columns to 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 single gaseous stream and two separate gaseous
streams having substantially the same initial
temperature, which comprises circulating a pow-
dered thermophore 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 thermophore in 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 opposite directions in
sald 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 said thermo-
phore from the lower end of said first zone down-~
wardly through a plurality of longitudinally ex-
tending channels arranged in parallel in a second
‘zone countercurrent to one of said two separate
streams rising at a velocity which maintains said
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-hottom mixing of
said thermophore within the channel, thereby
maintaining in said second zone temperature
gradients in opposite directions in said thermo-
bhoreand in said one of the two separate streams,
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 downwardly through said first zone as afore-
said, and passing the other of said two separate
streams in heat transfer relationship with said
thermophore while maintaining temperature gra-

. dients in said other separate stream and in said
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thermophore in said relationship.
PAUL W. GARBO.
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