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5 Caixas. 

This invention relates to a, rhethod of and 
apparatus for controlling the Operation of period 
ically reversed heat exchange devices employed 
for effecting heat exchange between gaseous 
fluids, particularly when the gaseous fluid to be 
cooled contains condensible material. 

Heat exchangers of the paSSage exchanging 
type arid cold accumulators or regenerators are 
employed for cooling gaseous fiuids by the re 
frigeration gases to be Warned. Such heat ex 
change devices are particularly useful when the 
gaseous fluid to be cooled contains condensible 
imaterial, which condensible material is deposited 
on the heat exchange Surfaces from the gaseous 
fiuid when it passes through one of a pair of such 
heat eXchange passages. 
The outflowing gaS to be Warned is initially 

free of Such condensibie material and is passed 
outward through the other of the pair of pas 
Sages. During Such outflow, the gas to be 
Warned effectS evaporation of the condensible 
material that Was deposited when that passage 
WaS USed to COOi inflowing gaseous fluid. The 
volume of the outfiewing gas is larger than the 
Wouna of the initioWing gaseous illuid which de 
posits the condensible inaterial. For example, a 
process for the liquefaction and rectification of 
air to provide Oxygen and nitrogen containing 
fractions may ei:ploy paSSage exchanging heat 
exchange's Oi Cold accurulators to effect the 
heat eXchange between the incorning air and the 
nitrogen and oxygen products leaving the system 
and Since the inflowing air is under pressure, 
itS Woitine is Sinailer than the volume of out 
fiOWiig productS. 
Water vapor, Carbon dioxide, and hydrocar 

bons are frozen out of the air and deposited on 
the heat exchange surfaces. The air flows in 
through Oine paSSage or a gouinulator while the 
nitrogen, for example, flows out Ward through the 
Otheir paSSage Oi accumulator. The flows are 
periodically eversed, so that the nitrogen which 
flows G it through a paSSage or accumulator 
through which the air had previously flowed, 
€vapCirates the deposited coindensible material. 
The Operation of cold accumulators or regener 
ators is described in United States Patent No. 
1970,299 of M. Frank. 
The reversing paSSage heat exchanger re 

ferred to herein is One in which the air and an 
Outgoing product may flow Simultaneously 
through two paSSages which are in heat exchang 
ing relation to each other. Such heat exchanger 
may also have One or more nonreversing passages 
through which another product or products flow 
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constantly. Two sets of the reversing paSSages 
are provided, and the flow through Such passages 
is periodically reversed so that for one half 
period of the reversing cycle, air Will flow in 
ward through one of the passages while OutfiOW 
ing product flows outward through the other of 
the passages, and during the other half-period of 
the reversing cycle, the air will flow in Ward 
through the other passage while the Outflowing 
product fows through the first-tentioned pas 
sage. Such type of heat exchanger is useful 
when it is desired that the outflowing gas Which 
passes through the nonreversing passage should 
not be contaminated by impurities and diluted 
by a residue of the incoming gas to be cooled. 

If the flow of the outgoing product through a 
cold accumulator could be balanced correctly and 
precisely against the flow of air during the pre 
ceding half-period, the deposited materials would 
be completely removed, in practice it has been 
found, however, that one of the aecumulators 
may have a slightly higher pressure drop or re 
sistance to flow therethrough than the other of 
a pair (owing perhaps to a slightly greater pack 
ing density), or that operational variations may 
slightly decrease the flow of nitrogen through 
One of the accumulators of a pair So that insuffi 
cient nitrogen may be available to renove Com 
pletely the deposited material, particularly the 
carbon dioxide depositS Which are more difficult 
to remove due to the lower vapor pressure of car 
bon dioxide in the colder regions of the accumul 
lator. Then in the succeeding air flow period 
additional deposits of condensible material are 
made and the preSSure drop that creates resist 
ance to nitrogen flow becomes slightly further 
increased. So that even less of the carbon dioxide 
is renoved. Even with perfectly balanced flows 
Such cumulative action. Once started inay cause 
One regenerator of a pair to become plugged, and 
it is necessary to completely shut down operation 
to thaw out the plugged regenerator. This plug 
ging of the regenerators imay occur even though 
the reversing periods are carefully adjusted to be 
equal and the resistance to gas fiow to and from 
the regenerator passages are adjusted and bal 
anced. 

It has been proposed to provide spare full-size 
regenerators So that when one regenerator of a 
group becomes clogged, the clogged regenerator 
Would be removed from service and thawed. While 
the Spare regenerator would be Substituted to 
Continue operation. Such solution is quite un 
economical. 
A principal object of the present invention is 
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therefore to provide an improved method of and 
apparatus for controlling the operation of pe 
riodicaily reversed heat exchange devices em 
ployed for effecting heat exchange between gas 
eous iuids. More specifically it is an object of 
the present invention to provide a method of and 
apparatus for preventing excess accumulation of 
condensible material in periodically reversed heat 
exchange devices such as cold accumulators, re 
generators, or paSSage eXchanging heat eXchang 
el's employed for cooling the gaseous fluid Con 
taining such material by a cold gas that is ini 
tially free of such material. A further object is 
to provide a method of and apparatus for con 
trolling the operation of cold accumulators or 
regenerators used for cooling atmospheric air by 
the refrigeration of outflowing products of the 
low temperature separation of air SO as to prevent 
gradual clogging of One ol' the other of a pair of 
regenerators by incompletely vaporized carbon 
dioxide. 
These and other objects and advantages of the 

invention will become apparent from the follow 
ing description and the accompanying drawings, 
in Which: 

Fig. 1 is a diagrammatic view of an exemplary 
apparatus for controlling the Operation of a pair 
of cold accumulators or regeneratorS according 
to the invention; 

Fig. 2 is a fragmentary diagrammatic view of 
a portion of the controlling apparatus employing 
electrically-operated valves instead of preSSure 
operated valves; 

Fig. 3 is a diagrammatic view of apparatus at 
the cold end of regenerators for controlling flow 
according to the invention; and 

Fig. 4 is a diagrammatic view of apparatus for 
controlling flow to a set of four regenerators 
according to a further aspect of the invention. 

It has now been found that the problem of 
clogging of heat exchanger paSSages can be solved 
by operating the heat eXchange System in a man 
ner which deliberately unbalances the periodic 
cycie of air and Outgoing product fiOW. This un 
balance is effected so as to paSS an excess of one 
gas through one heat exchange paSSage of a pair 
over that passed through the other of Such pair 
until a tendency to clog is indicated and then 
effecting an opposite unbalance to clear the clog 
ging passage. A preferred way of effecting such 
unbalance according to the invention nakes the 
period of the 'eversing cycle for air flow unequal 
to the period for flow of outfiOWing separation 
product. Thus, according to the invention, the 
reversal period is controlled so that for an in 
definite period of operation the time periods for 
flow of air are greater than the time periods for 
flow of product for one of a pair of accumulators, 
the converse being true of the other accumulator. 
Such unbalanced operation is continued until 
measureinents of pressure drop indicate that 
condensible material is tending to build up in the 
one accumulator. Then the operation is deliber 
ately unbalanced in the opposite Sense to cause 
the fow of more air and less product alternatively 
through the other of the pair of accumulators, 
which will then reduce or clear Out the accumu 
lation of condensible material in the one accu 
mulator. When Condensible material tends to 
clog said other accumulator the operation is un 
balanced in the initial direction. 

For example, in air separation, wherein air is 
cooled against outflowing nitrogen product by a 
pair of regenerators N- and N-2, we inay assume 
that regenerator N- is indicating an increasing 
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pressure drop due to carbon dioxide accumula 
tion. If we assume that the complete reversing 
cycle period is five minutes, the normal or cus 
toinary time for nitrogen flow through regenera 
to N- or IN-2 would be two minutes and thirty 
seconds, while the normal time for air fiOW 
through legenerator N-2 or N-i Would also be 
two minutes and thirty seconds. According to 
the invention, the nitrogen flow through regen 
erator N- is increased slightly by fl'Oil 2 to 10 
seconds, for example, to two minutes, thirty-five 
seconds, while the air flow period through regen 
erator N- is decreased to two minutes, twenty 
five seconds. The excess of nitrogen which then 
passes through 'egenerator N- during the nitro 
gen fow periods will remove the accumulated de 
posits. Such unbalanced Operation, however, 
causes the nitrogen flow period for regenerator 
N-2 to be only two minutes, twenty-five Seconds, 
while the aii flow time through regenerator N-2 
is two minutes and thirty-five Seconds. Eventu 
ally such operation, after a number of reversals, 
causes accumulated deposits to increase in re 
generator N-2. Then the reversing cycle is un 
balanced in the opposite direction. So that the ni 
trogen flow through regenerator N-2 is increased 
to two minutes, thirty-five Seconds While the air 
flow through regenerator N-2 is shortened to two 
minutes, twenty-five Seconds. Operation con 
tinues in this manner until regenerator N- indi 
cates an increasing preSSure drop, whereupon the 
unbalance is again reversed. 

he two regenerators of a pair are thus deliber 
ately operated in a manner alternately causing 
deposits in the one and excess clearing of de 
posits in the other. Theoretically a regenerator 
system should not clog if the outgoing product 
and air fiOWS are in perfect balance. In practice 
this ideal is not attained, since the regenerators 
of a pair inight not have identical characteristics, 
and even if they were identical, operational vari 
ations can cause them to become unbalanced. 
Furtherimore, deposits of Solid material can cre 
ate greater fow resistance in one regenerator 
than in the other to initiate a cumulative clog 
ging effect. It is contemplated that this deliber 
ate unbalancing in the correct direction when re 
quired may be effected by manual or by auto 
imatic response to preSSure drop measurements. 
Alternatively it is cointein plated that the de 

liberate unbalance may be effected while keep 
ing the reversal period times constant and either 
increasing the resistance to fiOW of the air, for 
example, into regenerator N- Over that into 
regenerator N-2, or increasing flow resistance to 
entrance of outgoing nitrogen to regenerator N-2 
Ovel that to regeneratol N-, Such unbalance 
being maintained until regeneratol N-2 begins 
to clog; then deliberately unbalancing the flows 
by restriction oppositely for a succeeding period 
of operation. If the total reversal period is short 
Such operation will not affect the pressures seri 
ously because there will usually be adequate 
Volume in the piping or the requisite surge cham 
ber volume may be provided. 

Usually the air is compressed by compressor 
devices Such as a rotary compressor, the output 
volume of which is affected by the head pres 
Sure, and therefore, the increased flow resistance 
When applied to the incoming air, l'educes the 
flow volume. With a constant volume compres 
SOr, a Surge chamber of suitable volume accord 
ing to the one-half reversing period time em 
ployed could be provided. 
The method according to the invention thus 
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broadly consists in causing the flow of more of a 
gaseous fluid and less of a cold gas alternately 
through one of a heat exchange passage pair than 
through the other of Said pair until condensible 
material tends to clog the one passage, then caus 
ing the flow of more of the gaseous fluid and less 
of the coli gas alternately through the other of 
Said passages to reduce the accumulation of con 
densible material in the one passage, and when 
condensible material tends to clog said other 
passage, repeating the first step. 

Referring now to the dra Wings, and particulai’iy 
to Fig. 1, the invention is illustrated by an em 
bodiment of apparatus adapted to control the 
reversible operation of a pair of regenerators N 
and N-2 used to cool and condition air by an out 
flowing product of air Separation, Such as the 
nitrogen product by alteration of the flow time 
periods. 

Air under a relatively low pressure, for ex 
ample, 75 p. S. i., is Supplied through a conduit 

to branches and 3 which connect conduit 
i0 to the warlon end of the regenerators N- and 
N-2. The cooled air ailienately leaves the cold 
end of the regenerators through conduits 3 and 
A which join air air delivery conduit f 5. The 
nitrogen product is Supplied through a conduit 
6 connected to baches and 3 that conduct 

the nitrogen to the cold ends of the regenera 
tors N- and N-2. The warned nitrogen fiows 
froin the regenerators through brainch conduits 
9 and 2 that consect to a discharge conduit 2. 
The conduits associated With the warm ends 
of the regenerators are controlled by reversing 
Valves which preferably aire stop valves that are 3 
notor operated, for example, by fluid pressure 
or by electrically responsive means. i.hus con 
duit has therein a, fiuid preSSure Operated stop 
valve 22, The organch conduit 2 is controlled 
by a similar reversing valve 33, while the 
branches 9 and 2C for nitrogen are controlled 
by reversing valves 24 and 25. The connections 
asSociated with the cold end of the regenerators 
are preferably Supplied with automatically op 
erated nonreturn valves or check valves indicated 
at 26, 2, 28, and 29 interposed in the respective 
branches 3, 4, f , and 8. The check valves 
28 and 2 are arranged to permit outflow only 
of air fron regenerator N- or N-2 while the 
check valves 3 and 9 are arranged to permit 
inflow only of nitrogen to the regenerators N 
or N.-2. 
The inotor elenients of the reversing valves are 

Supplied With tied pressile inpulses obtained 
from a source of fluid pressure which, for ex 
ample, may be a coingressed air Supply provided 
through a manifold conduit, 39. To this end 
there is provided a constant Speed notor device 
3 which may be a synchronous motor-driven 
speed reducer constructed to turn a can shaft, 
indicated by brokein centei line 32, at a desired 
speed providing a complete revolution for each 
complete reversing cycle period. For example, 
the can shaft, may make one turn in five min 
utes. The can Shaft 32 carries a series of caims 
A-, 3-, A-2, S-3, A-3, 3-3, A-4, and B-4. The 
cans are provided with high and low can Surfaces 
34 and 35 against which can followers 36 engage. 
The cam followers are operatively connected to 
stop valves 3 of which there is one for each cam. 
The stop valves Si are connected by conduits 38 
to the air pressure line 39, and the outlets of the 
stop valves 3 are connected by conduits 39 and 
'0 to two-way valves, there being a two-way 
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valve it to receive the pressure impulse from One 75 

or the other of the stop valves associated with 
cams A- and B-, a two-way valve 42 connected 
to receive the pressure impulses from the valves 
operated by cams A-2 and B-2, a two-way valve 
43 connected to receive pressure impulses from 
Valves operated by cams A-3 and B-3, and a two 
way valve 44 connected to receive pressure in 
pulses from stop valves operated by cams A-4 
and B-4. The two-way valve has its common 
Outlet connected to a conduit 45 connected to 
deliver the pressure impulse to the reversing 
valve 22. Similarly two-way valves 42, 43, and 
44 have their common outlets connected by con 
duits 46, 4, and 48 to deliver pressure impulses 
to the reversing valves 24, 25, and 23 respec 
tively. The two-way valves is , 42, 43, and 44 may 
have their operating handles connected together 
for simultaneous operation, as indicated by the 
broken line 49. 

It will be noted that in one position of the 
valves it to 44 inclusive the reversing valves of 
the regenerator's are connected for operation to 
those valves 3 which are controlled by the cams 
A-1 to A-4 inclusive, and when the valve-oper 
atting means 49 is shifted to the right, the valves 
4 to 44 inclusive will connect the regenerator 
reversing Valves With those valves 37 which are 
controlled by the cans 8- to B-4 inclusive. 
While all of the cams rotate at the same speed, 
the length of high can surface 36 of half of the 
cams is longer than the length of the high cam 
Surface 36 of the rest of the cams. Thus to 
operate the reversing valves on the cycle tinning 
thentioned hereinabove as an example, all the 
cams will make one revolution every five min 
utes and, with respect to the cams A, the length 
of the high part 34 of can A- will be equivalent 
to 155 Seconds, So as to keep the air flowing into 
regenerator N- for 155 seconds of the time 
cycle. The can A-2 should then have a length 
of high surface 36 equivalent to 145 seconds, so 
that the time of nitrogen flow will be 145 sec 
onds. It should be noted, however, that the 
relation of the valve 3 with respect to the can 
A- and the relation of the waive 3 with respect 
to the can A-2 is such that the valve follower 
36 for cam A-2 rides on the low side 33 of the 
Cam, while the follower 38 for the can A- rides 
On the high side 34 of that cann, and vice versa. 
Therefore reversing valves 22 and 24 can never 
be sinnultaneously opened. For the cams A-3 
and A-4, the high side 34 of cam A-3 will be 
similar to cam A-, providing an opening time 
of 155 Seconds for nitrogen, while the high side 
of can A-4 will be similar to can A-2 and pro 
vide an opening time of 145 seconds, so that for 
regenerator N-2 the time of nitrogen fioW is 155 
Second and for air flow is 145 seconds, and the 
can relation is such that when the air is on for 
regenerator N-3, the air is off for regen 
erator N-2. 
The cans B are arranged so that the high side 

34 of can B- is equivalent in length to 145 sec 
onds to provide an air flow time of 145 seconds 
for 'egenerator N- while the can B-2 has a 
length of high side 3a equivalent to 155 seconds 
to provide 155 seconds of nitrogen flow. Cam 
B-3 has a length of high surface 35 equivalent 
to 145 seconds to provide 145 seconds of nitro 
gen flow for regenerator N-2, while the cam B-4 
has a length of high surface 3i of 155 seconds 
to provide an air flow to regenerator N-2 of 155 
Seconds. Cams B aire also arranged so that for 
either regenerator, air flow is off when nitrogen 
flow is on, and vice versa, and also so that when 
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air fioW is on for one regenerator, it is off for the 
other regenerator. 
A convenient Way to determine when a re 

generator is tending to become clogged is to 
measure the pressure drop through the regener 
atol'. Such pressure drop measurement can be 
taken during the period of air flow or during the 
period of nitrogen flow, and since the nitrogen 
preSSure is lower, it may be preferable to take 
the measurement during the nitrogen flow period. 
To this end there may be provided differential 
preSSure gauges if and 52, the gauge 5 being 
connected by conduits 50 and 53 with the ends 
of regenerator N-, and the gauge 52 being con 
nected by conduits S4 and 55 with the ends of 
regenerator N-3. 
In operation, the pressure readings of the 

gauges 5; and 52 for the respective nitrogen 
flow periods are read and compared, and when 
it is seen that the pressure drop through regen 
erator N-, for example, is consistently becom 
ing greater than the pressure drop through re 
generator N-3, the valves i? to 4 inclusive would 
be shifted to the right to place the reversing 
valves 22, 24, 23, and 23 under the control of 
the canis F3. This Will cause the air-on time for 
regeneratol li-i to he 145 seconds, and the nitro 
gen flow time for regenerator N- to be 155 Sec 
onds, while the air-on time for regenerator N-2 
is 155 Seconds, and the nitrogen-on time for re 
generator N-2 is 145 seconds. This setting of 
the two-way valves is naintained until it is noted 
that the pressure reading of the gauge 52 indi 
cates higher than the pressure reading of the 
gauge 5, and then the two-way valves 4 to 14 
inclusive will be turned to the position shown 
in Fig. 1. The air time for regenerator N-2 Will 
then be shortened and the nitrogen time for re 
generator N-2 lengthened so that this regen 
erator Will gradually become unclogged. 
In Fig. 1 there is illustrated a system for con 

trolling the reversing valves by fluid pressure 
impulses. Alternatively Such control can be elec 
trical, and apparatus for electrical control is in 
dicated diagrammatically and fragmentarily in 
Fig. 2, Only the control for one reversing valve 
being shown. in Fig. 2 the reversing valve 22 
is electrically Operated by electrically responsive 
means 22 which may be a solenoid device or an 
electric motor device. Eiectric power is furn 
ished through the lines 5G and 57, line 56 being 
connected by wire 58 to one terminal of the 
motor device 2š. The other line 5T is con 
nected by a connection 59 to one of the terminals 
of Switches i3, there being one switch 31 asso 
ciated with each can A-i to A-4 and B- to B-4 
inclusive. i he can followers 36 are operatively 
connected to Switch closing bars 60 of the 
Switches 3. 

instead of the two-way valves 4 to 44 in 
clusive, there are provided two-way switches 4 
to 44 inclusive, which are connected respectively 
to the other terminai of the motor device 22 of 
the reversing valves by wire 6. The two switch 
points of Switches 4 to 44 inclusive are con 
nected by wires 63 and 64 respectively to the 
SWitch 3 of the cams A and the Switch 3 of 
the cams B. It will be seen that when the cam 
follower i39 contacts the high side of the cam 
A- the Switch 3 associated thereWith Will be 
closed by the Switch bar 69 engaging the switch 
points. If the two-way switch 4f contacts the 
Switch point to which wire 63 is connected, cur 
rent will flow through the circuit from line 5T, 
connection 59, switch bar 60, wire 63, switch 4, 
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and wire 6 to the motor device 22, and then 
through Wire 58 to the line 56. In Such position 
of the switches f4 to 44 inclusive, the reversing 
valves will be in control of the cams A. To 
place the reversing valves in control of the cams 
B, the switches 4 to 44 inclusive will be thrown 
to the right, so that when the can follower 36 
rides on the high side of the can B-f, current 
will flow from the line 5 through connection 59, 
Switch bar 60 of the switch associated with cam 
B-f, wire 64, switch 4, wire 6, to motor device 
22, and from thence through wire 58 to line 56. 
If desired, the shifting of the two-way valves 4 

to 44 or of the Switches 4 to 44 could be ac 
complished automatically by providing a suitable 
motor device which would be operable in response 
to the direction of pressure difference between 
the pressures indicated by the differential gauges 
5f and 52. It has been found, however, that 
the switching of control to one set of cams or 
to the other set of cams need be done only at 
relatively long periods, so that manual observa 
tion and control will ordinarily be convenient 
and Satisfactory. For example, a Set of icegen 
erators with the leversing periods controlled ac 
COrding to the invention was operated with con 
trol according to the timing provided by the 
cams B. Thus the flow of nitrogen through re 
generator N-i is longer, and the flow of incoming 
air through regenerator N-2 is longer, and re 
generator N- Would tend to become cleared of 
any carbon dioxide accumulation. From one 
thirty to two o'clock, regenerator N- showed a 
slightly higher pressure drop than regenerator 
N-2. At about two-thirty o'clock, regenerator 
N-2 began showing a pressure drop greater than 
that through regenerator N-l. At this time con 
trol was Switched to the cams A. At about three 
thirty both regenerators were operating at the 
Same preSSure drop. At four-thirty, regenerator 
N-i began to have a slightly higher pressure 
drop than regenerator N-2, and control was 
Switched to cams B. At about six-thirty the 
preSSure drop through both icegenerators was 
equal, which condition continued until about nine 
o'clock, when control was shifted back to cams A. 
Thus it is seen that only a few operations are 
required during a twelve-hour period and that 
the length of time for operation under control 
of one set of cams is not necessarily the same 
as the length of time under control of the other 
Set of cams. 
With the method of operation according to the 

invention, the regenerators have been in opera 
tion for indefinite periods of time without any 
difficulty due to clogging. It has also been found 
that clogging of one or the other of a pair of re 
generators tended to occur irrespective of other 
means employed for unbalancing the regenera 
tors, such as a bleeding off from an intermedi 
ate portion of the regenerators of a portion of 
the air before Such portion has deposited its car 
bon dioxide, and the provision of the outflowing 
gas at Such a temperature that the carbon dioxide 
deposited in the coldest part of the regenerator 
Willi have Sufficient vapor pressure so that it may 
be revaporized. 
The above-described control of the flow time 

periods of the reversing cycle may be also em 
ployed for the operation of a second set of re 
generators employed to cool incoming air by a 
gaseous Oxygen product in a plant that produces 
gaseous oxygen as well as effluent nitrogen. In 
Some large plants the regenerators for cooling 
air by one of the products comprise more than 
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two, for example four, six, or eight regenerators 
comprise a set. In such cases one-half the re 
generators of a set will be controlled and Operat 
ed in parallel similarly to regenerator N- and 
the other half of the regenerators will be operat 
ed in parallel similarly to regenerator N-2. One 
half the parallel operating regenerators may be 
controlled by a common reversing valve 22 or 
23 for air and a common reversing Valve 28 or 25 
for outgoing product and the unbalancing of the 
flow time periods may be effected as described 
above in connection with regenerators N- and 
N-2. Smaller reversing valves can be employed 
by using individual reversing valves for each par 
allel operating regenerator and then the timing 
control system will be similar as to cans and two 
way valves 4 to 44 of Fig. 1 but differ only in 
providing branches of the pressure impulse lines 
45 to 48 sufficient to simultaneously control the 
individual reversing val; as of each group of par 
allel operating regeneratorS. 
For carrying out the method of deliberate un 

balance by keeping the half-periods of the re 
versing cycle constantly equal and effecting de 
liberate flow restrictions, the customary reverS 
ing valve mechanisin providing equal times may 
be employed and there may be added Suitable 
flow restricting means such as partial shut-Off 
valves in the pipes conducting air into or out of 
each regenerator or in the pipes CO32ducting the 
cold product into or out of each regensrator. An 
example of such a control is iliustrated in Fig. 
3 as applied to outgoing nitrogen. Only the lower 
ends of regenerators N- and N-2 are shown as 
the control mechanism of the upper ends is the 
customary type providing equal half-periods of 
foW for air and nitrogen. The piping at the lower 
or cold ends is similar to that at the lower part 
of Fig. 1, but at the junction of conduits , , 
and 8 there is diagrammatically illustrated a 
two-way restriction device 66. This nay be simi 
lar to a two-way plug valve having a rotor 6 
that never cuts off the opening to conduit but 
has a flow-restricting segment 68 opposite con 
duit 6. The rotor is turnable by a laterally ex 
tending operator handle 89 through a limited arc 
as determined by adjustable limit, stops and 
T; that are positioned to engage the handle 69 
when it is in either extreme position. When the 
handle 39 contacis stop f the Segient 63 ga'- 
tially restricts the passage between conduits 6 
and while allowing free passage between con 
duits 6 and 3. When the handle S9 contacts 
stop the segments S8 partially estricts flow 
betWen conduits is and 8 and allows free foW 
between conduits 6 and . 
With the device 68 positioned as shown in Fig. 

3, regenerator N- will receive less outflowing 
nitrogen during its nitrogen flow half-periods 
than regenerator N-3 and, since the air flows are 
substantially equal, regenerator N-2 will posi 
tively clear itself of deposits while regenerator 
N- will tend to clog. When Such clogging is 
definitely indicated by pressure drop measure 
ments, the device S6 is shifted to the opposite po 
sition to effect, clearing of regenerator N- with 
eventual clogging of regenerator N-2, 

It will be seen that, a sight back preSSure may 
build up only during the half-period of nitrogen 
flow through that regenerator through Which the 
flow is restricted. Such back preSSure surge is 
dissipated during the Succeeding half-period of 
the reversing cycle and causes more nitrogen to 
flow through the regenerator that is not delib 
erated restricted. The back pressure build-up or 
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surge is minimized by the volume of piping and 
passages including conduit 6 and if desired Such 
volume can be increased by providing an enlarge 
ment or surge chamber in or connected to the 
conduit, 6. The degree of flow restriction to 
be effected should be just definitely more by a 
Small amount than the maximum restriction due 
to clogging by deposited material Which can 
clearly be observed by pressure drop observations. 

Aiternatively, as mentioned hereinabove, a. 
Similar flow restriction device may be employed 
to control the air supply conduits, and if the air 
is supplied by a rotary compressor the volumetric 
output of which is affected slightly by the back 
pressure, no Surge chamber may be needed. 
A similar control by restriction of fows may 

be applied to the heat exchanger set for gaseous 
oxygen product in plants producing gaseous oxy 
gen. In Such case it Will be preferable to ar 
irange the reversal cycles of the nitrogen passage 
pair and the oxygen passage pair so that When 
the air for the nitrogen pair is on the restricted 
half-period, the air for the oxygen pair is on the 
unrestricted half-period to minimize back pres 
Sure surge effects. 
When two or more parallel operating regen 

erators forn. One-half of the regenerators of a 
set for warming an outgoing product, the method 
of unbalance by flow restrictions can also be 
eimployed. This is illustrated in Fig. 4 as applied 
to the outgoing product warned in a set of four 
regenerators P-, P-2, P-3, and P-3. These have 
iping and reversing valves at their warm ends 

providing equal half-periods of reversing cycle 
and So that air flows in through regenerators P 
and P-2 while product gas flows out through re 
generators P-3 and P-4 during one half-period 
and during the other half-period the foWS are re 
versed. 
At the cold ends shown in Fig. 4, the air outlet 

connections are conventional except that connec 
tion 3 has branches 2 and 3 connecting to re 
enerators P- and P-2 and connection 4 has 

branches 7A and 5 connecting to regenerators 
P-3 and P-4. During one half-period air passes 
out through branches 2 and 3, connection f3, 
check valve 26 to cold air outlet conduit 5, 
and during the other half-period air passes out 
through branches T and 15, connection 4, 
check valve 27, to conduit 5. 
The Outgoing product Supplied at conduit S 

flows as permitted by the reversing waves at the 
warn ends either through check wave 23 and 
connection to the inlet of a two-way restric 
tion device 65 or through check valve 23 and 
connection 8 to a two-Way restriction device 
66. These devices may be similar to that shown 

at S in Fig. 3 having rotor segments 3 and 
268 movable by operator arms 59 and 359 to 
either of two extreme positions, one such posi 
tion being illustrated in Fig. 4. The side outlets 
of the devices 6 and 26 are connected by coin 
duits and 8 respectively to the regenerators 
P- and P-2 and by conduits 9 and 8 to the 
regenerators P-3 and P-4. Limit stops may also 
be provided, for example, adjustable Stops 3 
and 8A, 35 and 88 may limit the movement of 
the arms 9 and 259 respectively to provide the 
desired amount of flow restriction through the 
devices S and 266 from connections and 

3 to conduits is and 9 respectively in the 
positions shown in Fig. 4 and when the arms 69 
and 2SS are moved to the other limits 3A and 
36, to provide the desired flow restriction from 
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connections and 8 to conduits 8 and 8 
respectively. 

in a prefered method of operation of a dupli 
cate set of regenerators, the flow of air to the 
regenerators P- and P-2 at the Warm ends Will 
be balanced as closely as possible to the flow of 
air to legenei'ators P-3 and P-4 by the addition 
of a slight flow restriction as required to make 
the total foW resistance the Sane On either Set 
ting Of the reversing Valves When the regener 
atol'S are clean. 
With the positions shown in Fig. 4, and during 

the half-periods when product flows through re 
generators P- and P-2, the regenerator P-2 will 
receive more Outflowing product than regener 
ator P- So that regenerator P- will have a 
tendency to clog. Also regenerator F-4 receives 
more outflowing product than regenerator F-3 
during the enhaining half-periods, so that re 
generator P-3 Will have the tendency to clog 
while regenerator's P-2 and P-I will tend to be 
come cleared of any accumulated deposits. 
When, after operating as shown in Fig. 4 for an 
indefinite tire, regenerator P- or P-3 may in 
dicate clogging, then the device 66 or device 
266 is switched. If device 66 is switched, re 
generator P- will become positively cleared while 
regenerator F-2 will then tend to clog. if at 
a different time regenerator P-3 shows excessive 
pressure drop, device 266 is switched, causing 
regenerator F-3 to become positively cleared, 
while regenerator P-4 will tend to clog. 
A similar flow-restricting control may be used 

alternatively in the air conduits. When it ultiple 
regenerators are employed and the benefitS Will 
be sinia. Instead of controlling by foW re 
sistance unbalance, a set of multiple regenerators 
may be controlled by the method of unequal 
flow periods. With equal time periods, the re 
versing valves for Outgoing product, for example 
flowing from regenerato's P- and P-2, Would 
be open simultaneously for the outgoing product 
half-period, but to deliberately restrict flow 
through regenerator P- and favor P-2, the re 
versing valve for regenerator P- may be Con 
trolled to open a little later and close a little 
earlier than the reversing valve for regenerator 
P-2. When regenerator P- indicateS clogging, 
the timing of the two reversing valves may be 
Switched. A Siilar tinning control nay be ap 
plied to the reversing valves of regenerators P-3 
and P-. 
What is claimed is: 
1. A method of preventing excess accumula 

tion of condensible material in periodically re 
versed heat exchange devices employed fol' cool 
ing an initially Warm gas containing Such CO)- 
densible material by a cold gas which is initially 
free of the condensible material including con 
densation of materia from the initially War gaS 
and evaporation of naterial into the initially cold 
gas, the periodic reversal being effected by a suc 
cession of Conpete reversal cycles each consist 
ing of two periods during the first of which the 
initially Wan gas flows from the warn end to the 
cold end of one of a heat exchange passage pair 
While the initially cold gas flows from the cold 
to the Warn end of the other of the heat, ex 
change passage pair and during the second period 
of the cycle the initially warm gas flows from the 
Warm to the cold end of the other of said pair 
While the initially coid gas flows from the cold 
to the warn end of the first mentioned one of 
Said pair, which method comprises causing dur 
ing each complete reversal cycle of a succession 
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of cycles the flow of one of Said gases through 
one of the heat exchange passage pair to be inore 
by a predetermined amount than through the 
other of Said pair until a residue of condensible 
material tends to clog one of Said pair; then 
causing the flow of said one gas through the other 
of said pair to be more by a predetermined ailount 
than through said first-nentioined one of Said 
pair to reduce Said accumulation. Of condensible 
material in the partly clogged passage; and when 
condensible material tends to cog the originally 
unclogged passage, repeating the first Step. 

2. A method of preventing excess accumula 
tion of condensible material in periodically re 
Versed heat exchange devices according to claim 
1, in which the unbalance of flow is effected by 
maintaining the periodic reversal times of the 
two periods of each complete reversing cycle 
Substantially equal and causing the increased 
flow through one of the passage pair by imposing 
additional resistance to fioW through the Other of 
Said pair. 

3. A method of preventing exceSS accumula 
tion of condensible material in periodically re 
versed heat exchange devices according to claim 
1, in which the unbalance of flow is effected by 
making the flow tinnes of the two periods of 
each complete reversing cycle unequal, Such that 
the time of flow of one of Said gases through One 
of said passage pai' is longer than the time of 
flow of Said one gas through the other of Said 
pal. 

4. A method of preventing exceSS accumulation 
of condensible naterial in periodically reversed 
heat exchange devices employed for cooling gase 
Ous fiuids containing Such condensible material 
by cold gas which is initially free of the condensi 
ble material, which method comprises decreas 
ing by a predetermined arount the periodic 
time of flow of the cold gas through one of a 
heat exchange passage pair while correspond 
ingly increasing the periodic time of flow of the 
Cold gas through the other of Said pair until con 
densible material tends to clog said one; then 
SWitching Such tinning inequality to provide the 
Shorter periodic time of flow of the cold gas 
through the other of said pair than through said 
One to reduce the accumulation of condensible 
material in said one passage; and when con 
densible material tends to clog said other pas 
Sage, repeating the first step. 

5. A method of preventing excess accumula 
tion of condensible material in periodically re 
Versed heat exchange devices employed for cool 
ing gaseous fluids containing such condensible 
material by cold gas which is initially free of 
the condensible material, which method comprises 
increasing by a predetermined amount the peri 
odic time of flow of the gaseous fluid through one 
of a heat exchange passage pair while corre 
Spondingly decreasing the periodic time of flow 
of the gaseous fluid through the other of said 
pair until condensible material tends to clog 
Said one; then Switching such timing inequality 
to provide greater periodic time of flow of the 
gaseous fluid through the other of said pair than 
through Said one to reduce the accumulation of 
Condensible material in said one passage; and 
When condensible material tends to clog said 
other passage, repeating the first step. 

6. A method of preventing excess accumula 
tion of condensible material in periodically re 
versed heat exchange devices employed for cool 
ing gaseous fluids containing such condensible 
material by cold gas which is initially free of 
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the condensible material, which method con 
prises increasing by a predetermined amount the 
resistance to flow of the cold gas through One of 
a heat exchange passage pair so that leSS cold 
gas flows through Sane than through the othel 
of said pair until condensible iinaterial tends to 
clog said one; then removing said increased re 
sistance and increasing by a predetermined 
amount the resistance to flow of the Cold gaS 
through the other of Said pair So that leSS cold 
gas flows through said other than through Said 
one to reduce the accumulation of condensible 
material in the one passage; and When Condensi 
ble material tends to clog Said other paSSage, 
repeating the irst step. 

7. A method of preventing exceSS accurulation 
of condensible raterial in periodically reversed 
heat exchange devices employed for cooling gaser 
ous fuids containing Slth condensible material 
by cold gas which is initially free of the con 
densible nateria, which in ethod comprises in 
creasing by a predetermined amount the resist 
ance flow of the gaseous fluid through one of a 
heat excharge passage pair So that 3SS gaseous 
fitid flows through Saine than through the other 
of said pair until condensible material tends to 
clog said other of the pair; then removing Said 
increased resistance and increasing by a prede 
termined amount the resistance to flow of gaseous 
fiuid through the other of said pair so that 
less gaseous fluid flows through said other than 
through said onse to reduce the accumulation of 
condensible raterial in Said other passage; and 
When condensible naterial tends to clog said 
other passage, repeating the first Step. 

8. Apparatus for controlling the operation of 
periodically reversed heat exchange devices that 
cool an initially Warn gas containing Code: Si 
be material by an initially cold gas that is initial 
ly free of Such naterial, which apparats come 
prises, in combination with gas flow reversing 
mechanism for periodically reversing the flow 
of the Warn gas and the cold gas through a 
pair of heat exchange paSSages; of SWitching ap 
paratus shiftable to either of two Settings and 
constructed and arranged, When shifted to One 
of said settings, to effect the flow of a prede 
termined greater a fount of One of Said gases 
through one of such pair of passages than through 
the other of Said pair for a desired number of 
reversal periods and for a Succeeding desired 
ninner of reversal pieriods. When shifted to the 
other of said settings, to effect the flow of a 
predetermined lesser amount of said one gas 
through said one passage than through Said other 
passage. 

9. Apparatus for controlling the operation of 
periodically reversed heat exchange devices ac 
cording to claith 8 in which said reversing 
nechanist includes reversing Waves interposed 
in the gas coinections at the Warm ends of the 
heat, exchange passages, Said valves having no 
to operators, and neans for delivering timed 
notive inpuses to Said notor Operators; and 
Said Switching anal'atus comprises duplicate de 
vices for delivering said timed inpuisas coin 
structed to deliver oppositely phased longer and 
shorter inpulses, and SWitching means to Switch 
control of Said motor operators to either of the 
duplicate inpuise delivering means. 

10. Apparatus for controlling the operation of 
periodically reversed heat exchange devices ac 
cording to claii. 8 in which said Switching appa 
rats comprises flow resistance increasing devices 
connected to control the flow of a gas through it 
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each of said heat exchange passages; and oper 
ating means for Said devices operable for in 
creasing the resistance to flow of Said one gas 
through Said other of Said pair of passages for 
Said desired number of periods and for eliminat 
ing Such increased resistance and increasing the 
resistance to flow of Said one gas through said 
One passage for the Succeeding number of re 
versal periods. 

11. Apparatus for controlling the operation of 
periodically reversed heat exchange devices that 
Cool a Warm gas containing condensible mate 
irial by a cold gas that is initially free of Such 
raterial, which apparatuS comprises, in coin 
bination with reversing valves interposed in gas 
Connections at the Warn ends of a pair of heat 
eXchange passages and operable to periodically 
reverse the flow of initially warm gas and initial 
ly cold gas through Such passages, said valves 
having notor operators; of means including pairs 
of caims all Connected to be driven at a rate cor 
responding to the complete reversal cycle, said 
cams having two can follower positioning por 
tions of unequal length and the total length of 
Said two portions CGrresponding to a complete 
reversing cycle, and the follower positioning por 
tions of the two cans constituting each pair be 
ing Oppositely related; Cain followers for each 
gam operatively connected to impulse delivering 
Eleans; and Switching means connected between 
the two inpulse delivering means associated 
with each pair of cans and one of said motor 
Operators and operable to Switch control of the 
notor operator to receive inpulses froin the in 
pulse delivering means operated by either of the 
cans of a pair of Cains. 

12. Apparatus for controlling the operation of 
periodically reversed heat exchange devices that 
Cool a, Warm gas containing Condensible mate 
ria by a cold gas that is initially free of Such 
material and including tWO Sets of heat ex 
change paSSages and two or more heat exchange 
paSSages forming each Set, and connected to 
gether to operate as a unit, which apparatus 
comprises in combination with means for peri 
odically reversing the flow of the Warm gas and 
the cold gas alternately through each set of 
heat exchange paSSages; foW resistance increas 
ing devices connected to control the flow of a 
gas through each of Said heat exchange pas 
Sages; and operators for Said devices operable 
to apply added flow resistance to half the num 
her of heat exchange paSSages of a Set for a de 
sired number of reversal periods and to remove 
Such resistance and apply added flow resistance 
to the other half of the heat exchange passages 
of Said set. 

13. Apparatus for controlling the Operation of 
periodically reversed heat exchange devices ac 
cording to claim 12, which includes means for 
initially balancing the foW of gas among the 
Several heat exchange passages. 

14. Apparatus for controlling the Operation of 
periodically reversed heat exchange devices that 
cool an initially Warn gas containing conden 
sible material by an initially cold gas that is ini 
tially free of such material, which apparatus 
comprises, in combination with gas flow revers 
ing mechanism for periodically reversing the flow 
of the warm gas and the cold gas through a 
pair of heat exchange paSSages, said mechanism 
COrprising COInduits having automatic valves 
controlling the flow of the cooled warn gas from 
and the cold gas to the cold ends of said pas 
Sages, motor Operated valves controlling conna 
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duits at the warm ends of said passages to start 
and stop flow of Warm gas alternately to and of 
initially cold Warmed gas alternately from Said 
passages, and mechanism for timing the opera 
tion of said motor operated valves to effect Suc 
cessive complete reversal cycles consisting of 
two periods during a first period of which the 
motor valve controlling flow of warm gas to one 
passage is open and the motor valve controlling 
flow of warm gas to the other passage is closed 
while the motor valve controlling discharge from 
the one passage is closed and the motor Valve 
controlling discharge from the other passage is 
open and during the last period of the reversal 
cycle the motor valves are oppositely positioned: 
of Switching apparatus aSSociated with Said gas 
flow reversing mechanism and shiftable to either 
of two settings and constructed and arranged 
when shifted to either of said settings to unbal 
ance the flow times of said first and last periods 
of the reversal cycle. 

15. Apparatus for controlling the operation of 
periodically reversed heat exchange devices that 
cool an initially warm gas containing condensible 
material by an initially cold gas that is initially 
free of such material, which apparatus comprises, 
in combination with gas flow reversing mecha 
nism for periodically reversing the flow of the 
Warn gas and the cold gas through a pair of 
heat exchange passages, said mechanism com 
prising conduits having automatic valves con 
trolling the flow of the cooled Warm gas from 
and the cold gas to the cold ends of said pas 
sages, motor operated valves controlling con 
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duits at the Walm ends of Said passages to start 
and stop flow of warm gas alternately to and 
of initially cold Warmed gas alternately from 
said passages, and mechanism for timing the op 
eration of said notor operated valves to effect 
Successive complete reversal cycles consisting of 
tWO periods during a first period of which the 
motor valve controlling flow of Warm gas to one 
passage is open and the notor Valve controlling 
flow of warm gas to the other passage is closed 
while the motor valve controlling discharge from 
the one passage is closed and the motor Valve 
Controlling discharge from the other passage is 
open and during the last period of the reversal 
Cycle the motor valves are oppositely positioned; 
of SWitching apparatus associated with said con 
duits and shiftable to either of two settings and 
Constructed and arranged when shifted to one 
of Said settings to introduce increased resist 
ance to flow of One of Said gases through one of 
Such pair of paSSages than through the other of 
Such pair for a desired number of reversal cycles 
and When shifted to the other of said settings 
to eliminate said increased resistance and intro 
duce increased resistance to flow of said one gas 
through the other of said pair of passages for a 
succeeding desired number of reversal cycles. 
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