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LATED MOVING BED SEPARATION PROCESS 

David M. Boyd, Jr., Clarendon Hills, Ill., assignor to Uni 
versal Oil Products Company, Des Plaines, 111., a cor 
poration of Delaware 

Filed Nov. 6, 1961, Ser. No. 150,435 
20 Claims. (Cl. 260-666) 

This invention relates to a method and apparatus for 
maximizing the separation e?iciency of a continuous 
process for the separation of a mixture of fluid com 
pounds utilizing a solid sorbent wherein a pumparound 
?uid is continuously circulated through an elongated 
contacting zone containing a con?ned bed of said sorbent, 
and wherein a number of process streams including feed, 
desorbent and product streams are introduced to and 
withdrawn from said contacting zone through transfer 
points spaced along the length thereof, the points of entry 
and exit ‘of said streams being periodically shifted in a 
downstream direction with respect to the ?ow of said 
pumparound ?uid. More particularly, this invention is 
directed to the control of ?uid composition within a se 
lected one of a serial plurality of dynamic equilibrium 
zones, de?ned by that portion of the contacting zone 
which lies between a selected pair of process streams, by 
varying the ?ow of one of the in?owing or out?owing 
process streams in response to a periodically derived com 
position signal and by varying the ?ow of said pump 
around ?uid in such a manner as to ‘maintain said fluid 
composition at the control point, irrespective of the in 
stantaneous physical position of the process streams. 

It is known in the art of separation processes that 
mixtures of compounds which are di?ioultly separable 
by distillation, crystallization or extraction techniques may 
often be readily resolved by contacting the mixture with 
a solid or solids which selectively combine in some form 
with at least one component of the mixture; the mech 
anism by which a component is selectively retained 
may be adsorption, absorption, clathration, occlusion or 
chemical reaction and .all of these mechanisms are gen 
erally designated herein as “sorption” processes. A par 
ticularly desirable sorption process, one widely recog 
nized in the art, involves the separation of mixtures of 
isomeric hydrocarbons by means of a solid particulate 
sorbent comprising a dehydrated metal aluminosilicate, 
commonly known as “molecular sieves.” The separa 
tion may be readily effected by passing a mixture of iso 
and normal hydrocarbons over the sorbent whereby the 
normal hydrocarbon is sorbed by the sieves and an 
e?luent or ra?inate stream of substantially pure iso hydro 
carbons is recovered. When it is desired to make a con 
tinuous process of this selective quality, it is necessary, 
in order to reuse the sieves and to recover the normal 
product or sorbate, to desorb the normal hydrocarbon 
from the sieves. This can be accomplished ‘by subject 
ing the normal hydrocarbon-saturated sieves to the in 
?uence of a preponderantly greater quantity of desorbent 
which is preferably a material capable of displacing the 
normal hydrocarbon from the sieves and which is readily 
separable from the normal hydrocarbon by fractional 
distillation. 
A continuous process for separating iso from normal 

para?ins may be effected by employing a moving bed 
of sorbent which passes downwardly as a column from 
a sorption zone, wherein the sorbent counter-currently 
contacts a rising stream of mixed iso and normal hydro 
carbons and thereby sorbs the normal, to a desorption 
zone immediately below the feed point wherein the bed 
is contacted with a desorbent. A suitable column may 
have an intermediate feed point for the iso-normal mix 
ture and a lower feed point for the desorbent operated in 
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conjunction with an upper takeoff point for removing a 
mixture of iso hydrocarbons and desorbent and a take 
off point immediately below the feed point ‘for remov 
ing a mixture of normal hydrocarbons and desorbent. 
The molecular sieves discharged from the bottom of the 
column must be lifted to the top and begin their descent 
to produce the effect of a continuously moving column 
passing downwardly through all zones. Although this 
system is very desirable because it yields a continuous 
product and may be operated as a continuous process, it 
is very dif?cult to carry out in practice because the molec 
ular sieves are physically fragile and are soon destroyed 
by the strains involved in a moving bed process. 

It has been found that an essentially continuous selec 
tive sorption process may be eifected by maintaining the 
sorbent in the form of a ?xed elongated bed or series of 
discrete beds and moving the feed and product inlet and 
outlet points instead of attempting to move the bed itself. 
In this method the various incoming and outgoing streams 
are charged and withdrawn respectively to the contact 
ing column, in a continuous manner, without interrup 
tion, with respect to either the flow rates or compositions 
of the several streams, the bed of solid sorbent remain 
ing in substantially ?xed position within the sorption 
column, and the feed and desorbent inlet points and the 
product withdrawal points being translated along the 
column in equal increments by a stream distributing 
means. Although the solid sorbent remains in ?xed 
position, a simulated countercurrent ?ow arrangement is 
thereby established, since incoming feed is contacted at 
its point of introduction with sorbent which is relatively 
spent in comparison with downstream contacting zones; 
that is, the ra?inate stream or least sorbed component 
of the feed stock is withdrawn from a bed in a series of 
sorbent “beds” constituting the sorption zone at the op 
posite end of the series from the feed stock inlet. This 
process may also be visualized as being carried out in 
a series of four dynamic equilibrium zones within a 
single ?xed bed of solid sorbent having no actual line 
of demarcation between each of the zones other than 
the zone boundaries de?ned by the points of inlet and 
withdrawal of the various ?uid process streams. The 
?rst and farthest upstream zone is referred to as a “sorp 
tion” zone, the next downstream zone is referred to as a 
“primary recti?cation” zone, the next adjacent down 
stream zone is referred to as a “desorption” zone and 
the farthest downstream zone is designated as a “sec 
ondary recti?cation” zone. The terms “upstream” and 
“downstream” are to be interpreted herein in their ordi~ 
nary and usual de?nition in the chemical process arts; 
that is, the term “downstream” refers to an advanced 
point in the direction of flow relative to the point of 
reference, whereas “upstream” refers to a retrospective 
point in the direction of fluid ?ow. A ?uid pump is pro— 
vided between at least one pair of adjacent beds to pro 
vide a positive, ‘unidirectional ?ow of ?uid which is the 
basic circulation ?ow maintained through the serially con 
nected sieve beds in the absence of feed introduction and 
product withdrawal. One of the essential characteristics 
of the process is that a continuously ?owing stream of 
?uid is circulated through the elongated ?xed bed or 
series of beds from the ?rst to the last in series; this 
circulating stream is designated herein as the “pump 
around” stream. It is also necessary that the contacting 
zone be elongated in the direction of ?uid flow there 
through so that a partitioning effect with respect to the 
components being separated maybe realized and spurious 
concentration gradients in directions other than the direc 
tion of flow may be avoided. 
The successful operation of this simulated moving bed 

?uid-solid contacting process hinges upon the precise con 
trol of a number of critical variables such as the flow 
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rates of the various process streams, the system pressure 
and temperature, the rate at which the feed and product 
inlet and outlet points are ‘moved along the length of a 
?xed bed or ‘beds, and especially ‘the pumparound ?ow 
rate, which must be controlled to within at least 1-2% 
of the operating point to achieve a reasonably good 
separation between the components of the feed. It has 
been found that a deviation of only 10% in the pump 
around ?ow rate, if sustained sufficiently long ‘for steady 
state conditions to obtain, will cause the degree of sep 
aration to approach zero. When the ?ow rates of the 
inlet and outlet process streams are established at pre 
determined levels by suitable automatic means, the pump 
around rate may still be independently varied without 
upsetting the plant material balance; as noted, however, 
the product composition is critically dependent upon the 
magnitude of the pumparound ?ow rate. In the steady 
state operation of this process, it is apparent from a ma 
terial balance that the sum of the mass flow rates of the 
inlet streams must equal the sum of the mass flow rates 
of the outlet streams; and in nonreactive systems, such 
as the separation process herein described, where there 
are no molecular changes, the sum of the volumetric 
?ow rates of the inlet streams is also substantially equal 
to the sum of the volumetric ?ow rates of the outlet 
streams. The ?ows of the inlet and outlet streams are 
added to and subtracted from the basic circulation ?ow 
(pumparound flow) (through the elongated contacting 
zone so that the actual volumetric ?ow rate will be dif 
ferent in each of the ‘four equilibrium zones; further 
more, since the points of entry and exit of the various 
streams are moved incrementally or approximately con 
tinuously with time, the zones of minimum, intermediate 
and maximum flow rates are correspondingly shifted. 
Essentially, then, the mechanism of the process may be 
visualized as taking place in a series of four discrete 
zones, each having a different ?ow rate therethrough and 
each having .a different component concentration pro?le 
along the length of the zone, which zones exist simul 
taneously at any instant of time within a single elongated 
?xed bed at spaced intervals along the length thereof; 
these zones move through the bed at a speed determined 
by the rate at which the inlet and outlet streams are ad 
vanced, but the physical spacing therebetween remains 
constant. Since one end of the elongated bed communi 
cates with the other through the pumparound means to 
form a closed ?ow path therethrough, the four equi 
librium zones are repeatedly advanced through the bed 
and thus, to an observer stationed at a ?xed point ex 
ternal to the system, they appear to “rotate” at constant 
speed relative to said bed. Similarly, a ?ow-regulating 
means, such as a conventional ?ow control loop com 
prising a transmitter, controller and motor valve, disposed 
at a single ?xed point in the closed ?ow path would 
“see” in succession each of the four equilibrium zones 
the ?ow rates of which must be maintained at different 
levels. If the setpoint of such ?ow-regulating means were 
held constant, then the ?ow rate of each zone would 
swing, during one operating cycle, through an amount 
equivalent to the magnitude of whichever process stream 
(feed, desorbent or product stream) has the highest flow 
rate, and the process would be totally inoperable. 
As one solution to this control problem, it has been 

proposed to provide a plurality of ?ow-measuring points 
spaced around the length of the closed ?ow path and to 
periodically shift the source of the input information to 
the pumparound ?ow controller from one ?ow-measuring 
point to the next in the same direction as the process 
streams are shifted so that the flow controller in effect 
“keeps in step” with the rotating equilibrium zones and 
sees only one of the zones throughout the operating cycle. 
This method, however, suffers several drawbacks which 
tend to detract from the ?exibility of the process and in 
clude, among others, a requirement that the number of 
?ow transmitters be at least as great as the total number 
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of incoming and outgoing process streams, and a require 
ment that the entrance and exit points of the process 
streams be symmetrical-1y spaced around the ?ow path, 
with the result that a particular separation process where 
in, for example, the sorption zone must be made twice 
as long as the desorption zone could not be controlled by 
the multiple ?ow-measuring point technique. 
The present invention provides a completely ?exible 

?uid ?ow control system for a simulated moving bed proc 
ess of the class described. The instant control system 
includes a special purpose, variable program digital com 
puter which receives ?ow rate information from a plu 
rality of the process streams entering and leaving the con 
tacting zone and state-of-operating cycle information 
from the process stream distributing means, repetitively 
computes a setpoint signal for the pumparound ?ow 
regulating means in accordance with a particular one of 
a group of volumetric balance equations which de?nes 
the ?ow system for a given instantaneous orientation of 
process streams relative to the location of said ?ow-regu 
lating means, transmits the setpoint signal to the ?ow 
regulating means, and upon a signi?cant reorentiation of 
said process streams—that is, a translation of process 
streams which requires a new volumetric balance equa 
tion to de?ne the system—automatically proceeds to 
compute the setpoint signal in accordance with said new 
equation, and so on around the operating cycle. The con 
trol system therefore maintains constant the ?ow rate of 
a selected one of the four equilibrium zones irrespective 
of changes in the ?ows of one or more of the process 
streams and irrespective of the instantaneous physical 
position of the controlled zone relative to the pump 
around ?ow-regulating means. 
The present invention further provides a method and 

means for maximizing the separation e?icienoy of a simu 
lated moving bed process of the class described including 
a special purpose digital computer which receives ?uid 
composition information from a process stream analyzer 
disposed at a ?xed analysis point in the closed ?ow path, 
and periodically adjusts the ?ow rate of one of the proc 
ess streams in response thereto. This composition con 
trol computer and the aforementioned ?ow control com 
puter are advantageously integrated so that certain func 
tional components utilized by both may be time-shared. 
A broad embodiment of this invention provides a meth 

0d of maximizing the separation e?iciency of a continu~ 
ous process for separating the components of a mixture of 
?uid compounds, at least one which is selectively sorbed 
by contact with a solid sorbent and at least one other 
component is relatively less sorbed by the sorbent which 
is capable of having its sorbency restored by displacing 
selectively sorbed component therefrom, wherein a pump 
around ?uid is continuously circulated through an elon 
gated contacting zone containing said solid sorbent, one 
end of said contacting zone communicating with the other 
to form a closed ?ow path therethrough and said con 
tacting zone having a plurality of intermittently ?ow 
conducting transfer points spaced along the length of said 
?ow path, and wherein there are substantially simultane 
ously introduced to and withdrawn from said contacting 
zone in alternating relationship a plurality of ?uid process 
streams including, in the following order and proceeding 
in a downstream direction with respect to the ?ow of said 
pumparound ?uid, (a) a feed stream containing said mix 
ture of ?uid compounds, (b) a ?rst product stream con 
taining relatively less sorbed component, (c) a desorbent 
stream capable of displacing the selectively sorbed com 
ponent from said sorbent, and (d) a second product 
stream containing a mixture of selectively sorbed compo 
nent and desorbent, said process streams being passed 
through a set of corresponding inlet and outlet points 
selected from said transfer points, and wherein said proc 
ess streams are periodically shifted in unison successively 
from one set of transfer points to the next in a downstream 
direction with respect to the ?ow of said pumparound 
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?uid whereby each of said process streams eventually 
passes through each of said transfer points, those trans 
fer points which are presently conducting ?uid herein 
after being designated as “active” transfer points, which 
method comprises: sensing the composition of said pump 
around ?uid at a ?xed analysis point in said ?ow path 
and producing a composition signal responsive to the in 
stantaneous concentration of one of said ?uid compounds 
in said pumparound ?uid at said analysis point; and ad 
justing the ?ow rate of one of said process streams in re 
sponse to said composition signal upon attaining a pre 
determined orientation of said active transfer points rela 
tive to said analysis point. 

Other embodiments of the invention will be described in 
greater detail hereinbelow. The present control system 
may best be described in conjunction with the accompany 
ing drawings which are presented as illustrative of the 
best mode of practicing the invention but are not intended 
to be limiting upon its broad scope. It is recognized that 
various modi?cations of the particular techniques and 
apparatus illustrated can readily be made by one skilled 
in the art without departing from the broad scope of the 
present invention. 
FIGURE 1 of the drawings is a ?ow diagram of a simu 

lated moving ed process for the separation of ?uid com 
pounds in combination with the control system of this 
invention, wherein the supervisory computer and the 
process stream distributing means are represented dia 
grammatically as blocks. 
FIGURE 2 is a plan view of the stream distributing 

means, speci?cally a multiport rotary valve, of FIG 
URE 1. 
FIGURES Zia-3f illustrate the various phases of the 

fluid separation process of FIGURE 1, e.g., the several 
orientations of the process streams relative to the ?ow 
regulating means occurring during one operating cycle, 
which give rise to the volumetric balance equations which 
are de?nitive of the state of the process. 
FIGURE 4 is a graph showing variation of ?uid com 

position, speci?cally of dielectric constant, as a function 
of sorbent bed length or alternatively of time, in connec 
tion with the separation of hydrocarbons, and demonstrat 
ing hoW such variation is utilized in maximizing separa 
tion e?iciency in accordance with the method of this in 
vention. 
FIGURES 5a-5d, viewed collectively, represent a 

schematic signal ?ow diagram of a special purpose digital 
computer suitable for attaining the several objectives of 
this invention. 

In order to further facilitate a clearer presentation of 
the subject matter, the subsequent treatment thereof will 
be divided into three major headings: the process in gen 
eral; operation of the control system; and the computer. 

I. The process in general 

As mentioned above, the simulated moving bed proc 
ess may be advantageously employed to effect the separa 
tion of isomeric hydrocarbons utilizing molecular sieves 
as the sorbent. In general, the feed stock comprises a 
mixture of at least one normal aliphatic hydrocarbon con 
taining at least four carbon atoms and one or more 
branched chain or cyclic hydrocarbons containing at least 
four carbon atoms. For convenience, the term “isohy 
drocarbons” as employed herein is intended to connote 
either branched chain or cyclic hydrocarbons or a mixture 
of both. The molecular sieve sorbent may comprise a 
dehydrated calcium aluminosilicate hydrate having a pore 
diameter of about 5 angstrom units; molecular sieves of 
this type are able to selectively sorb a straight chain com 
pound containing at least four carbon atoms and to reject 
cyclic or branched chain compounds also containing at 
least four carbon atoms. The desorbent is a ?uid capable 
of displacing the selectively sorbed component from the 
sorbent and typically is a hydrocarbon of lower molecular 
weight than the selectively sorbed component. When 
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6 
feed stock comprising a mixture of iso and normal hydro 
carbons is passed through a sieve bed, the major portion 
of the normal hydrocarbon is initially retained therein and 
the resultant effluent is relatively rich in isohydrocarbon. 
After the sieves have become saturated with normal 
hydrocarbon, no further sorption is possible and the com 
position of the e?iuent ultimately becomes the same as 
that of the feed. A desorbent stream is then passed 
through the bed, which displaces the previously sorbed 
normal hydrocarbon from the sieves, and the effluent now 
principally comprises a mixture of normal hydrocarbon 
and desorbent. By alternately introducing feed and de 
sorbent to the sieve bed and withdrawing therefrom por 
tions of the e?luent at the appropriate times, an eflluent 
separation between the normal and isohydrocarbons may 
be obtained; although the two product streams are con 
taminated with desorbent, this may be easily removed by 
subsequent fractionation of the product streams whereby 
normal and isohydrocarbon product purities in excess of 
99% may be readily achieved. 
The above-described sorption process may be imple 

mented in a continuous manner using the ?ow scheme 
illustrated in FIGURE 1. To provide a speci?c explana 
tory framework, its operation will be discussed with ref 
erence to the separation of a mixture of normal and iso 
hexanes using n-butane as the desorbent, although it 
will be appreciated that other charge stocks such as heavy 
naphthas, kerosenes, diesel oils, mixed aromatics, heavy 
cycle stocks, gas oils and the like may be similarly treated. 
This particular separation is best e?ected entirely in the 
liquid phase and at substantially isothermal conditions, 
although the ?ow arrangement of the simulated moving 
bed process is equally well adapted to gas or vapor 
phase operations. With reference now to FIGURE 1, 
there is shown an elongated contacting vessel or column 
101 which contains a ?xed molecular sieve bed 162. Al 
ternatively, column 101 may comprise a plurality of 
serially connected columns and sieve bed 102 may com~ 
prise a plurality of discrete beds disposed on spaced trays 
within the column. A pumparound means for circulat 
ing liquid from the bottom of column 101 to the top 
thereof is provided by way of pump 103, line 104 and 
?ow control valve 105. A multiport rotary distributing 
valve 106, the details of which will be described later 
in connection with FIGURE 2, is connected to twenty 
four ?uid transfer lines 107 to 130, inclusive, which in 
turn are in open communication with sieve bed 102 at 
points spaced along the length thereof. Four ?uid trans 
port conduits 131 to 134, inclusive, are connected to dis 
tributing valve 106 such that each of conduits ‘131-134 
is placed in ?uid communication with a selected one of 
lines 107-130. As valve 106 is rotated from one ad 
justed position to the next, conduits 131-134 are discon 
nected from their previous corresponding transfer lines 
and are reconnected to the next adjacent transfer lines; 
thus, during the course of one valve revolution, each of 
transport conduits 131-134 comes into ?uid communica 
tion for a time with each of transfer lines 107-130. Dis 
tributing valve 106 and transfer lines 107-130 together 
comprise one form of stream distributing means; other 
means may be employed such as a plurality of automatic 
gate valves suitably manifolded and opened and closed 
in the proper sequence by a program controller. It is 
obvious that a greater or lesser number of transfer lines 
may be employed; however, it has been found that twenty 
four transfer lines are su?icient to approximate a sub~ 
stantially continuous operation. 
Four process streams are introduced to and withdrawn 

from column 101 as follows: a feed stream comprising 
a mixture of normal and isohexanes is charged to the 
unit through line 131; a sorbate stream comprising a 
mixture of n-hexane (selectively sorbed component) and 
desorbent is withdrawn from the unit through line 132; a 
desorbent stream of n-butane is charged to the unit 
through line 133; a ra??nate stream comprising a mixture 
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of isohexanes (relatively less sorbed component) is with 
drawn from the unit through line 134. When the rotary 
distributing valve 106 is in the position shown in FIGURE 
1, raf?nate is withdrawn from column 101 through trans 
fer line 107, desorbent is introduced through transfer line 
113, sorbate is withdrawn through transfer line 119, and 
feed is charged through transfer line 125. In addition, 
a flush stream comprising principally desorbent is with 
drawn through line 114, valve 106 and line 135, and it 
returned to column 101 through line 136, valve 106 
and line 124; the purpose of the ?ush stream is to sweep 
out the transfer line which has previously conducted 
feed thereby preventing contamination with feed of the 
sorbate product stream which will be the next process 
stream to pass through this transfer line. The ?ush stream 
is passed through an external flow-measuring loop (line 
135, ?owmeter 153 and line 136) in order to furnish 
?ow rate information to the computer as hereinafter 
described; line 135 also includes a ?ush pump and flow 
regulating means (not shown). A continuously circu 
lating, uni-directional ?ow of pumparound liquid from 
the top of column 101 to the bottom thereof is provided 
by pumparound pump 103. 
FIGURE 2 is a plan view of rotary distributing valve 

106 with the top rotor cover plate removed therefrom. 
Its indicated angular position corresponds with that of 
FIGURE 1. A discular rotor member 137 seats upon a 
lower stator member not visible in this view and is in 
crementally rotated by shaft 145. Twenty-four peripheral 
ports 144 are formed in the stator, each being connected 
to one of transfer lines 107-130. Six concentric circular 
grooves, numbered 1 through 6 inclusive, are formed in 
the undersurface of rotor 137. The four transport con 
duits 131-134 and the ?ush ?ow-measuring loop conduits 
135 and 136 each communicate continuously with a corre— 
sponding one of the circular grooves by extending upward 
ly through the stator at the appropriate radial distance 
from shaft 145; thus, feed inlet conduit 131 connects with 
groove 1, raf?nate withdrawal conduit 134 with groove 
2, desorbent inlet conduit 133 with groove 3, sorbate with 
drawal conduit 132 with groove 4, ?ush conduit 135 with 
groove 5 and ?ush conduit 136 with groove 6. Six 
radially extending channels, numbered 138 to 143, in 
clusive, are formed in the body of rotor 137; each such 
channel extends downwardly at the ends thereof so that 
the inner end communicates with one of the rotor circular 
grooves and the outer end with one of the peripheral 
stator ports 144; thus, channel 138 conducts ?ush from 
groove 6 to column 101; channel 139 conducts feed from 
groove 1 to the column; channel 140 conducts raf?nate 
from the column to groove 2; channel 141 conducts de 
sorbent from groove 3 to the column; channel 142 con 
ducts ?ush from the column to groove 5; and channel 
143 conducts sorbate from the column to groove 4. It 
may be seen, then, that ?uid transport conduits 131, 
132, 133 and 134 and ?ush ?ow-measuring loop conduits 
135 and 136 are each in individual open ?uid communica 
tion with column 101 at corresponding transfer points 
spaced along the length thereof via a distributing valve 
path de?ned by a peripheral stator port, a rotor channel, 
a rotor groove, and an interior stator port, Rotor 137 
is periodically advanced in a counter-clockwise direction 
which corresponds to translating the points of entrance 
and exit of the four process streams and the ?ush stream 
along column 101 in a downstream direction with respect 
to the direction of pumparound ?ow therethrough. When, 
for example, rotor 137 is moved to its next adjusted 
position from that shown in FIGURES 1 and 2, ra?inate 
will be withdrawn from column 101 through transfer line 
108, desorbent will be introduced through line 114, ?ush 
will be withdrawn from line 115, sorbate will be with 
drawn from line 120, ?ush will be introduced through line 
125, and feed will be introduced through line 126. Nor 
mally the rotary distributing valve is held in an adjusted 
position for about 1/2 to about 10 minutes, after which it 
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is quickly advanced to its next adjusted position, thereby 
simultaneously shifting the points of entry and withdrawal 
of the feed, product and ?ush streams in equal increments 
in a downstream direction relative to the pumparound 
flow through the sieve bed. After the rotary valve has 
completed one revolution, i.e., advanced through twenty 
four adjusted positions, each of conduits 107—130 will 
have conducted,pin turn, feed in, ?ush in, sorbate out, 
?ush out, desorbent in, and raftinate out. 

Distributing valve 106 is conveniently rotated by an 
automatic valve driving means not shown here. A suitable 
rotary valve driving means is described in United States 
Patent 2,948,166 issued to F. V. Purse et al. 

With reference again to FIGURE 1, when distributing 
valve 106 occupies the position therein illustrated, the 
feed stream, consisting principally of a mixture of normal 
and isohexanes, enters column 101 through transfer line 
125, joins the circulating pumparound liquid therein and 
?ows downstream through the sieve bed, pump 103, and 
line 104 to the top of column 101; that portion of the 
sieve bed which is downstream from the feed inlet point 
constitutes the sorption zone. In the sorption zone the 
feed stock contacts the molecular sieve sorbent which 
selectively sorbs the n-hexane component of the feed 
stock into its porous structure and selectively excludes 
the isohexane components thereof, the straight chain com 
ponent being retained in the solid sorbent while the 
branched chain and/ or cyclic components are permitted 
to pass through the bed of sorbent. At the downstream 
end of the sorption zone a mixture consisting essentially 
of isohexanes and n-butane remains and a portion of this 
mixture is withdrawn as ra?inate through transfer line 
107. The next portion of the sieve bed downstream from 
the ra?inate withdrawal point constitutes the primary 
recti?cation zone wherein remaining pumparound liquid 
undergoes a secondary separation ‘whereby the isohexanes 
are concentrated in the initial portion of the bed im 
mediately succeeding the raf?nate withdrawal point. 
Such concentration of isohexanes is not a mechanism of 
sorption in the same sense that n-paraf?ns are sorbed 
into the pores of the molecular sieves, but rather involves 
the displacement of n-butane from the void spaces be 
tween the sieves by raf?nate; the n-butane had ?lled the 
void spaces between the sieves by reason of the fact that 
the primary recti?cation zone had just previously, in the 
preceding quarter-cycle of operation, functioned as the 
desorption zone, hereinafter described, and accordingly 
contains mostly n-butane occupying the void spaces be 
tween the sieves, the n-hexane having been displaced from 
the pores and removed from the system. Thus only es 
sentially pure n-butane is present in the pumparound 
liquid leaving the primary recti?cation zone and to this 
pumparound liquid is added fresh n-butane through trans 
fer line 113. The next portion of the sieve bed down 
stream from the desorbent inlet point is the desorption 
zone wherein a preponderance of n-butane displaces from 
the pores of the molecular sieve sorbent the n-hexane com 
ponent previously sorbed from the feed stock in a prior 
cycle of operation. Although a flush stream is with 
drawn from the transfer line immediately downstream 
from the desorbent inlet point, i.e., through transfer line 
114, the ?ow rate of the flush stream is very low in rela 
tion to the flow rate of the pumparound liquid at that 
point, for example, from about 1% to about 5% of the 
total pumparound liquid flow rate, so that the portion of 
the molecular sieve bed between the desorbent inlet point 
and the ?ush withdrawal point is not functionally different 
from the sorption zone as a whole; in other words, the 
Withdrawal of the ?ush stream does not materially disturb 
the mass transfer equilibria within the desorption zone. 
At the end of the desorption zone, the portion of the 
pumparound liquid, which now comprises mainly n 
hexane and n-butane, is withdrawn as sorbate through 
transfer line 119. The next portion of the sieve bed 
downstream from the sorbate withdrawal point forms the 
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secondary recti?cation zone wherein isohexanes previous 
ly retained by the sieves are washed out of the bed by the 
circulating pumparound stream. At the end of the sec 
ondary recti?cation zone, the pumparound liquid, now 
comprising mainly n-hexane, isohexanes and n-butane is 
joined with feed stock entering the zone through transfer 
line 125, thus completing the circuit around the closed 
?ow path. As hereinbefore mentioned, the incoming 
?ush stream is directed through a transfer line immediate 
ly upstream from the feed inlet point, i.e., through trans 
fer line 124; since the ?ow rate of this ?ush stream is 
relatively low, that portion of the molecular sieve bed 
between the ?ush inlet point and the feed inlet point is 
not functionally different from the secondary recti?cation 
zone as a whole. Each of the four above-described func 
tional process zones exist simultaneously in spaced rela 
tion along the length of the elongated contacting bed. 
As the rotary distributing valve is rotated, these four 
zones also progress through the sieve bed correspondingly; 
for example, that physical portion of the molecular sieve 
bed which presently serves as the sorption zone becomes, 
successively, the secondary recti?cation zone, the desorp 
tion zone, and ?nally the primary recti?cation zone, 
whereupon the cycle is repeated. 
As a matter of convenience to the present discussion 

and to the more particular description of the control sys 
tem following, the several functional zones shall be re 
ferred to by number as indicated in FIGURE 1: the sorp 
tion zone is Zone I; the primary recti?cation zone is Zone 
IV; the desorption zone is Zone III; and the secondary 
recti?cation zone is Zone II. In addition, that portion 
of the desorption zone which lies between the desorbent 
introduction point and the ?ush withdrawal point is des 
ignated as Zone 111a; and that portion of the secondary 
recti?cation zone which lies between the ?ush introduction 
point and the feed introduction point is designated as 
Zone Ila. 
The system pressure is maintained sufficiently high to 

prevent ?ashing or sporadic vaporization of the liquid 
within the contacting zone at the existing process tem 
perature. For the liquid hexane-butane system herein 
described, the contacting temperature may range from 
about 50° F. to about 300° F. and the system pressure 
may be from about 50 p.s.i.g. to about 500 p.s.i.g., de 
pending upon the vapor pressure of the lowest boiling 
component present, in this case n-butane. For example, 
with a liquid temperature of 200° F., it is preferable to 
maintain a minimum system pressure of about 220 p.s.i.g. 
The feed and desorbent streams are preheated to the de 
sired temperature by suitable heat exchanger means or 
?red heaters and the contacting‘column or columns are 
preferably well insulated in order to achieve substantially 
isothermal conditions within the contacting zone. 
The sorbate product stream leaving the unit through 

transport conduit 132 may be sent to a sorbate fraction 
ating column from which substantially pure n-hexane is 
recovered as a bottoms product and n-‘butane is taken 
overhead; the ra?inate product stream which is withdrawn 
from the unit through transport conduit 134 may be sent 
to a ra?inate fractionator from which isohexanes are with 
drawn as a bottoms product and n-butane is taken over 
head. The net overhead streams from these two frac 
tionators may then be combined and returned to trans 
port conduit 133 for use as desorbent. 

II. Operation 0]‘ the control system 

Since there are four process streams entering and leav 
ing the closed flow path, i.e., feed and desorbent in and 
sorbate and ra?inate out, the process may be kept in ma 
terial balance by ?ow-controlling three of the four proc 
ess streams and throttling the fourth in order to maintain 
back pressure in the contacting zone. The pumparound 
?ow through the closed ?ow path can be independently 
varied without affecting the overall material balance. 
Although theoretically any three process streams may be 
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?ow-controlled, design considerations inherent in this se 
lective sorption process make it desirable that the feed 
and desorbent ?ows be ?xed; therefore, these incoming 
streams are ?ow-controlled and either or both of the two 
product streams are throttled to provide trim control. 
Other operating variables which may be considered ?xed 
for a given separation are system temperature, pressure 
and the rotation rate of stream distributing valve 106. 
There remain, then, three variables which may be ad 
justed either singly or in combination to maximize the 
separation e?iciency of the process: the pumparound ?ow 
rate, the sorbate ?ow rate and the raf?nate ?ow rate. 
As shown in FIGURE 1, the ?ow rate of the feed stream 

entering through transport conduit 131 is controlled by 
a ?ow control loop comprising ?ow controller 170 and 
motor valve 171. The ?ow rate of the sorbate stream 
leaving through transport conduit 132 is controlled by a 
?ow control loop comprising ?ow controller 167 and mo 
tor valve 169. The ?ow rate of the desorbent stream 
entering through transport conduit 133 is controlled by 
a flow control loop comprising ?ow controller 172 and 
motor valve 173. The pressure of the ?uid-solid contact 
ing zone is controlled by pressure controller 174 and mo 
tor valve 175 which throttles the ra?inate stream leaving 
through transport conduit 134 in order to hold said pres 
sure constant. The ?ow rate of the pumparound stream 
is controlled by a ?ow control loop comprising ?ow con 
troller 163 and motor valve 105. It is contemplated that 
the several controllers will ‘be selected from conventional, 
commercially available instruments utilizing pneumatic, 
electronic or hydraulic signals which may be analog or 
digital in nature. Alternatively, any or all of these sec 
ondary ?ow control loops may be replaced by other types 
of ?ow-regulating means such as a variable-stroke, con 
trolled volume pump, or a simple motor valve with posi 
tioner, or a pump spillback to suction or by other means 
known to those skilled in the art. 
The heart of the instant control system is the setpoint 

computer, which is indicated diagrammatically as block 
180 in FIGURE 1 and which will be described in detail 
later in connection with FIGURES 5a to 5d. For the 
present it will su?ice to explain its function. Computer 
180 consists of two sections——the P-loop computer section 
and the N-loop computer section. Brie?y stated, the P 
loop computer section receives (1) ?ow rate information 
from a plurality of the process streams entering and leav 
ing the system and from the flush stream and (2) state 
of-operating cycle information from the stream distribut 
ing means, computes a setpoint signal in accordance with 
this input information such that the ?ow rate Within a 
selected one of Zones I, IIa, II, III, IIIa and IV is main 
tained constant irrespective of the instantaneous location 
of the points of entry and exit of the various process 
streams along the contacting zone, and transmits the set 
point signal to pumparound ?ow controller 163. The N 
loop computer section receives an appropriate signal rep— 
resentative of ?uid composition at a given point within 
a selected one of Zones I, Ila, II, III, 111a and IV and 
periodically adjusts the ?ow rate of one of the product 
streams in order to maintain the measured composition 
at a predetermined level. 
The input information to the P-loop computer section 

is obtained as follows: the feed ?ow is sensed by turbine 
?owmeter 147 disposed in line 131. The turbine flow 
meter generates a digital signal or pulse train such that 

_ the pulse frequency is proportional to volumetric ?ow 
rate, or, equivalently, its calibration factor may be ex 
pressed as x number of pulses per ?uid volume unit. Its 
output signal is substantially insensitive to changes in ?uid 
speci?c gravity or temperature and is directly compatible 
with the digital circuitry receiving it. The output signal 
of ?owmeter 147 is transmitted to computed 180 by line 
146. The desorbent ?ow is sensed by turbine ?owmeter 
149 disposed in line 133 and its ?ow signal is transmitted 
to computer 180 by line 148. The sorbate ?ow is sensed 
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by turbine ?owmeter 151 disposed in line 132 and its flow, 
signal is transmitted to computer 180 by line 150. The 
digital output signal from ?owmeter 151 is also trans— 
mitted to pulse rate converter 168, which is a digital-to 
analog converter producing a voltage or current signal 
the magnitude of which is proportional to the input pulse 
frequency; the output of pulse rate converter 168 is trans 
mitted to sorbate ?ow controller 167. Controller 167 re 
vceives its input flow information in this manner rather 
than from a more conventional ori?ce type transmitter 
so that the sorbate flow control loop may operate with 
linear signals in ‘order to be linearly matched to the N-loop 
computer logic, as hereinafter explained. The ?ush ?ow 
is sensed by turbine ?owmeter 153 and its ?ow signal is 
transmitted via line 152 to computer 180. The flow rate 
information provided by ?owmeters 147, 149, 151 and 
153 is entirely adequate for the computer to solve any ‘of 
the various volumetric balance equations which de?ne the 
flow system at any given instant of time, as hereinafter 
explained. The state-of-operating cycle information is 
provided by P-loop stepping switch 155 actuated by link 
age 158, which may comprise a plurality of cam members 
attached to shaft 145 or to rotor 137 of distributing valve 
106. Stepping switch 155 applies a momentary ground at 
the appropriate time to one of six leads which are em~ 
braced collectively within line 154 and which are in turn 
connected to six “phase storage” input terminals of com 
puter 180. 
The computed setpoint signal is transmitted by line 162 

to ?ow controller 163. The pumparound flow in line 104 
is sensed by turbine ?owmeter 165 the digital output of 
which is fed to pulse rate converter 164 which in turn 
supplies an analog voltage or current signal to ?ow con 
troller 163. Flow controller 163 receives its input ?ow 
information in this manner rather than from an ori?ce 
type transmitter so that the pumparound ?ow control loop 
may operate with linear signals in order to be linearly 
matched to the P-loop computer logic. 

Instead of the turbine ?owmeter-pulse rate converter 
systems, alternative means of linearizing the pumparound 
and sorbate flow control loops include the use ‘of a rotom 
eter primary measuring element, or an ori?ce type trans 
mitter the output signal of which is fed to a square root 
extracter which in turn transmits its signal to its respective 
controller. . 

The operation of the P-loop computer will be more 
clearly understood upon reference to FIGURES 3a-3f, 
which illustrate in sequence the six possible orientations 
of in?owing and out?owing streams occurring during one 
opera-ting cycle in the process ?ow diagram of FIGURE 1 
which give rise to the volumetric balance equations which 
are de?nitive of the state of the process as viewed by the 
setpoint computer. In FIGURES 3a—3f, f1 represents the 
charged ?ush stream having a ?ow of 1‘ volume units/unit 
of time, f0 represents the withdrawn ?ush stream also 
having a flow of 1‘ volume units/unit of time, F repre 
sents the feed stream having a ?ow of F volume units/unit 
of time, i represents the ra?inate stream having a flow of 2' 
volume units/unit of time, D represents the desorbent 
stream having a flow of D volume units/unit of time, and 
n represents the sorbate stream having a flow of n volume 
units/unit of time. The Roman numerals indicate and 
correspond with the six functional zones of FIGURE I. 
The pumparound ?ow-regulating means comprises motor 
valve 105 and flow controller 163 which receives a set 
point signal P from the computer via line 162. For the 
purposes of this discussion it is assumed that controller 
163 receives its pumparound ?ow signal from a ?ow trans~ 
mitter which is located in line 104. However, it is within 
the scope of this invention to measure the pumparound 
?ow at a point in the closed ?ow path which is remote 
from motor valve 105; that is, it is not essential to the 
validity of the volumetric balance equations hereinafter 
derived that the ?nal control element be in the same 
equilibrium zone as the primary measuring element. Thus, 
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12 
for example, where contacting zone 101 physically corn 
prises four separate serially connected columns, it is per 
fectly feasible to place the primary measuring element 
(transmitter 165) between the first and second columns 
and to place the ?nal control element (motor valve 105) 
between the third and fourth columns. The important 
consideration is what zone the pumparound ?ow primary 
measuring element “sees” at any instant of time. Where 
the pumparound flow-regulating means is not a secondary 
control loop as such, but rather some other type of ?ow 
regulating means such as a motor valve with positioner or 
a variable stroke, controlled volume pump, these alterna 
tive types of ?ow-regulating means not involving an actual 
flow measurement, then the important consideration is 
what zone is passing through the ?ow-regulating means at 
any instant of time. In FIGURES 3a-3f, the direction of 
the pumparound ?ow is counterclockwise and the direc 
tion in which the in?owing and out?owing streams are 
shifted, proceeding sequentially from FIGURE 3a to FIG 
URE 3 f, is also counterclockwise. 
The P-loop computer may readily ‘be programmed to 

maintain constant the ?ow rate within that portion of the 
contacting zone which lies between a selected pair of ad 
jacent process streams, e.g., the ?ow rate of a selected 
one of Zones I, IIa, II . . . IV. Consider ?rst that it is 
desired to control the flow of Zone II which is that por 
tion of the contacting zone between the charged ?ush and 
sorbate product streams. Looking ?rst at the con?gura 
tion of FIGURE 3a, it may be seen that ?ow controller 
163 presently “sees” the Zone 11 ?ow. Assume that the 
desired Zone II ?ow is to ‘be K volume units/ unit of time. 
It is obvious, then, that setpoint signal P must have a 
magnitude equal to K so long as ?ow controller 163 sees 
the Zone II flow in order that controller 163 can maintain 
the Zone II ?ow at this level. By taking a material bal 
ance around the flow path, the flows in the remaining ?ve 
zones are now expressable in terms of the ?ows of three 
of the four process streams—feed, desorbent and sorbate 
and of the ?ush stream and of Zone II or K. It is to vbe 
noted that this particular selective sorption process is sub 
stantially isothermal and involves no molecular changes 
so that the volumetric ?ows are substantially additive and 
a volumetric balance is equivalent to a mass flow balance. 
However, the present invention may readily be adapted 
to systems where volumetric ?ows are not additive by in 
spective ?ow measurements and computing the proper set 
point on the basis of a mass ?ow material ‘balance. The 
flows in the six zones are summarized in Table I below: 

TABLE I 
Zone Flow 

II ____________________________ __ K. 

III ____________________________ _. K+n. 

IIIa ___________________________ _. K+n+f 

IV ____________________________ _. K+rn-|-f—D 

I _____________________________ __ K+f+F 

Ila ___________________________ __ K-l-f. 

Since the ?ow rate of the ra??nate stream is not sensed, 
i does not appear in these equations but instead is derived 
from the relation that the sum of the in?owing streams 
must equal the sum of the out?owing streams; i is there 
fore expressable in terms of the ?ows of the feed, de 
sorbent and sorbate streams, to wit: 

i=F+D—-n 
The computer will hold the setpoint signal at P=K until 
such time as the sorbate product stream “traverses” the 
pumparound ?ow-regulating means; the term “traversal" 
is de?ned herein as the shift in the point of introduction 
or withdrawal of an in?owing or out?owing stream from 
a transfer point immediately upstream from the pump 
around ?ow-regulating means—or from the pumparound 
?ow-measuring point if the latter is in a different zone 
than the ?nal control element—to a transfer point im 
mediately downstream from said ?ow-regulating means 
or ?ow-measuring point. 
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Upon traversal of the ?ow-regulating means by the 
sorbate product stream n, the con?guration of FIGURE 
3b obtains and controller 163 now sees the Zone III ?ow 
which from Table I is seen to ‘be equal to K+n. The set 
point signal P must now have a magnitude equal to K+n 
so long as controller 163 sees the Zone IH ?ow in order 
that controller 163 can maintain the Zone II ?ow at its 
original level of K ?ow units. 
equation which is called for in proceeding from FIGURE 
3a to FIGURE 317, for example, is accomplished by chang 
ing the program of computer 180 which in turn is effected 
by P-loop stepping switch 155 which applies a momentary 
grounding pulse to the appropriate phase storage input 
terminal of computer 180. 
Upon traversal of the ?ow-regulating means by the 

withdrawn ?ush stream fo, the con?guration of FIGURE 
30 obtains and controller 163 now sees the Zone IIIa flow 
which from Table I is seen to be equal to K+n-l-f. The 
setpoint signal P must now have a magnitude equal to 
K+n+f so long as controller 163 sees the Zone IIIa flow 
in order that controller 163 can maintain the Zone II 
flow at its original level of K ?ow units. 
Upon traversal of the ?ow-regulating means by the 

desorbent stream D, the con?guration of FIGURE 3d 
obtains and controller 163 now sees the Zone 1V ?ow 
which from Table I is seen to ‘be equal to K+n+f—D. 
'Ihe setpoint signal P must now have a magnitude equal 
to K+n+f—D so long as controller 163 sees the Zone 
IV flow in order that controller 163 can maintain the 
Zone H ?ow at its original level of K ?ow units. 
Upon traversal of the ?ow-regulating means by the 

ra?‘inate stream i, the con?guration of FIGURE 3e ob 
tains and controller 163 now sees the Zone I flow which 
from Table I is seen to be equal to K+f+F. The set 
point signal P must now have a magnitude equal to 
K+f+F so long as controller 163 sees the Zone I ?ow 
in order that controller 163 can maintain the Zone II 
?ow at its original level of K ?ow units. 
Upon traversal of the ?ow-regulating means by the 

feed stream F, the con?guration of FIGURE 3]‘ obtains 
and controller 163 now sees the Zone Ha ?ow which from 
Table I is seen to be equal to K+f. The setpoint signal 
P must now have a magnitude equal to K+f so long as 
controller 163 sees the Zone IIa ?ow in order that con 
troller 163 can maintain the Zone 11 flow at its original 
level of K ?ow units. 

This completes one operating cycle using Zone II flow 
control. Upon traversal of the ?ow-regulating means ‘by 
charged flush stream f1, the con?guration of FIGURE 3a 
obtains whence the cycle is repeated. The six phases of 
the P-loop computer for Zone II control are summarized 
in Table II ‘below: 

TABLE II 
Controller 163 sees: Magnitude of P 

Zone II ?ow ___________________ _. K. 

Zone III ?ow __________________ __ K+n. 

Zone IIIa ?ow _________________ __ K+n+f. 

Zone IV ?ow __________________ __ K+n+f-D. 

Zone I ?ow ____________________ _. K+f+F. 

Zone IIa ?ow __________________ .. K+f. 

It may be seen that the Zone II ?ow rate is held constant 
irrespective of the instantaneous physical position of the 
various in?owing and out?owing streams relative to the 
?ow-regulating means and irrespective of variations in 
the ?ow rates of the in?owing and ou-t?owing streams. 

Before proceeding with the derivation of the several 
alternative sets of volumetric balance equations which 
characterize the control of Zones I, III and IV, it will 
be advantageous at this time to develop a general set 
point equation which is valid for any number and con 
?guration of in?owing and out?owing streams, since the 
present invention is not at all limited to a particular 4 
zone or 6-zone process but, as will be apparent to those 
skilled in the art, its sphere of application extends to any 
geometrically similar system characterized by continuous 
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14 
ly circulating a ?uid through a closed flow path wherein 
at least one in?owing stream is charged to the flow path 
and at least one out?owing stream is withdrawn therefrom. 
For example, it may be desirable to charge feed and/or 
desorbent through two or more spaced transfer points, or 
to withdraw three or more product streams, or to use two 
or more ?ush streams, or to obtain the ?ush stream from 
an extraneous source—any of which ?ow schemes will 
result in different equations than apply in the speci?c six 
zone process hereinabove discussed. 

In general, then, there may be a plurality of r in?owing 
and out?owing streams, the ?ows of at least r-l of which 
are sensed and transduced to signal form for use by the 
setpoint computer. It being required that the flow within 
that portion of the closed flow path which lies between 
a selected pair of in?owing and/or out?owing streams 
by controlled at a level K, the generalized setpoint equa 
tion is given by: 

where A is a function of the number, direction and flow 
rates of the process streams passing through those trans 
fer points which are located between the pumparound 
?ow-regulating means and the one of said pair of streams 
which is more remote from the ?ow-regulating vmeans, 
the term “remote” meaning the farther downstream one 
if we proceed in a downstream direction around the ?ow 
path from the ?ow-regulating means, or the farther up 
stream one if we proceed in an upstream direction around 
the flow path from the ?ow-regulating means. In other 
words, A is the algebraic summation of the ?ow rates of 
all inflowing and/or out?owing process streams en 
countered by either of two routes: 

(1) between the flow-regulating means and the more 
downstream of said pair of streams, proceeding down 
stream around said ?ow path from the ?ow-regulating 
means, or 

(2) between the ?ow-regulating means and the more up 
stream of said pair of streams, proceeding upstream 
around the ?ow path from the ?ow-regulating means. 

In both cases due regard must be had for the signs 
(+ or —) to be given the ?ow rates of the streams in 
making said summation. In route (1), supra, the in?ow 
ing or entering streams are given a minus sign and the 
outflowing or leaving streams are given a plus sign; in 
route (2), supra, the in?owing or entering streams are 
iven a plus sign and the out?owing or leaving streams 

are given a minus sign. The equations derived from 
either route are completely equivalent and if the flows 
of all of said r streams are sensed for utilization by the 
computer, it is immaterial by which route we proceed. 
However, material balance considerations make it neces 
sary to sense the ?ows of only r—1 streams for utiliza 
tion by the computer, as a minimum requirement, which 
leaves one stream whose ?ow is unsensed and hence not 
available for computation of A. Here, then, the equations 
are derived according to route (1) if the unsensed stream 
would be encountered by route (2), and according to 
route (2) if the unsensed stream would be encountered 
by route (1). It is of course immaterial to the instant 
control system whether the unsensed stream is an in?ow 
ing stream or an out?owing stream. The foregoing rules 
may be summarized as follows: given a group of flow 
signals corresponding to the ?ow rates of r-l process 
streams, the ?ow rate of the remaining process stream 
being unsensed, it being required that the pumparound flow 
between a selected pair of process streams be controlled, 
then A is computed from said group of ?ow signals such 
that (1) whenever the unsensed process stream passes 
through a transfer point between either of said pair of 
process streams and the ?ow-regulating means, proceeding 
downstream along the closed ?ow path toward the latter, 
then 
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where SL1=sum of the ?ow rates of all streams leaving 
the flow path between the downstream one of said pair 
.of streams and the ?ow-regulating means, proceeding up 
stream along the ?ow path toward the latter, and 
SE1=sum of the ?ow rates of all streams entering the 
?ow path between the downstream one of said pair of 
streams and the ?ow-regulating means, proceeding up 
stream along the ?ow path toward the latter; and (2) 
whenever the unsensed process stream passes through a 
transfer point between either of said pair of streams and 
the ?ow-regulating means, proceeding upstream along the 
?ow path toward the latter, then 

A:SE2-—SL2 (Eq. 2) 
where SE2=sum of the ?ow rates of all streams entering 
the ?ow path between the upstream one of said pair of 
streams and the ?ow-regulating means, proceeding down 
stream along the ?ow path toward the latter, and 
SL2=sum of flow rates of all streams leaving the ?ow path 
between the upstream one of said pair of streams and 
the ?ow-regulating means, proceeding downstream along 
the ?ow path toward the latter. 
Let us apply this generalized expression to a speci?c 

situation, speci?cally Zone II flow control as was earlier 
developed from a material balance. With reference again 
to FIGURES Lia-3f, the “selected pair of streams” is the 
charged ?ush stream 7'', and the sorbate product stream 
it, the former being the “downstream one of said pair” 
and the latter being the “upstream one of said pair.” The 
ra?inate stream i is the “unsensed” stream. In FIGURE 
3a, there are no streams entering or leaving the ?ow path 
either between stream 1‘, and controller 163, proceeding 
upstream along the ?ow path toward the latter, or be 
tween stream n and controller 163, proceeding down 
stream along the ?ow path toward the latter. Therefore, 

and 
P=K 

In FIGURE 3b, unsensed rai?nate stream i passes 
through a transfer point between charged ?ush stream ii 
and controller 163, proceeding downstream along the ?ow 
path toward the latter, so that Equation 1 applies: 

A=SL1-SE1 
Out?owing sorbate product stream it is the only stream 
encountered between charged flush stream f1, proceeding 
upstream along the flow path, and controller 163; there 
fore, 

SL1: 
SE1=0 

and 
P=K+n 

‘In FIGURE 30, Equation 1 still applies: 

A=SL1—SE1 
Out?owing sorbate product stream 21 and withdrawn ?ush 
stream f0 are encountered between charged flush stream 
f1, proceeding upstream along the ?ow path, and control 
ler 163; therefore, 

SL1=n+f 
SE1=0 

and P=K-l-n-l-f 

In FIGURE 3d, Equation 1 still applies: 

A =sL1_sE1 
Out?owing sorbate product stream n, withdrawn ?ush 
stream f0, and inflowing desorbent stream D are encoun 
tered between charged ?ush stream )1, proceeding up 
stream along the ?ow path, and controller 163; therefore, 
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In FIGURE 3e, the unsensed ra?inate stream 1' passes 

through a transfer point between charged ?ush stream 1‘, 
and controller 163, proceeding upstream along the ?ow 
path toward the latter, so that Equation 2 now applies: 

A=SE2--SL2 
Charged ?ush stream 1‘, and inflowing feed stream F are 
encountered between sorbate product stream 11, proceed 
ing downstream along the ?ow path, and controller 163; 

5122-17‘ ri-F 
SL2=O 

and 
P=K+f+F 

In FIGURE 3)‘, Equation 2 still applies: 
A =SE2—SLZ 

Charged flush stream 1‘, is the only stream encountered 
between sorbate product stream 11, proceeding down 
stream along the ?ow path, and controller 163; therefore, 

The general setpoint equation may be applied to de 
rive the volumetric balance equations for Zone IV ?ow 
control in the same manner. With reference again to 
FIGURES 3a-3f, the “selected pair of streams” is now 
the desorbent stream D and the ra?lnate stream i, the 
former being the “downstream one of said pair” and the 
latter being the “upstream one of said pair.” Again, the 
ra?inate stream i is the “unsensed” stream. Referring 
?rst to FIGURE 3d, there are no streams entering or 
leaving the ?ow path either between stream D and con 
troller 163, proceeding upstream along the ?ow path to 
ward the latter, or between stream i and controller 163, 
proceeding downstream along the flow path toward the 
latter; therefore, 

A=0 
and 

P=K 

In FIGURE 32, unsensed stream i passes through a 
transfer point between desorbent stream D, proceeding 
upstream along the ?ow path, and controller 163; there 
fore, Equation 2 applies: 

In?owing desorbent stream D, withdrawn ?ush stream 
f0, sorbate product stream n, charged ?ush stream f1, and 
feed stream F are encountered between ra?inate stream i, 
proceeding downstream along the flow path, and con 
troller 163; therefore, 

SE2=D+f+F 
SL2=f +71 

and 
P=K+D—n+F 

In FIGURE 3 1‘, Equation 2 still applies: 

A=SE2~SL2 
Inflowing desorbent stream D, withdrawn ?ush stream f0, 
sorbate product stream n, and charged ?ush stream f1 
are encountered between raf?nate stream i, proceeding 
downstream along the ?ow path, and controller 163; 
therefore, 

SE2:D +f 
SL2=JC+T1 

and 
P=K+D~Iz 

In FIGURE 3a, Equation 2 still applies: 

A=SE2-—SL2 
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In?owing desorbent stream D, withdrawn ?ush stream f0, 
and sorbate product stream 11 are encountered between 
raf?nate stream i, proceeding downstream along the ?ow 
path, and controller 163; therefore, 

18 
equation to a speci?c process con?guration. The six 
phases of the P-loop computer when programmed to con 
trol the ?ow respectively of Zones I, II, III and IV are 
summarized in Table III: 

TAB LE III 

Point of Pumparound Magnitude of P 
Flow Regulation 

and/or Measurement 
sees Flow of Zone Zone I Zone II Zone III Zone IV 

Control Control Control Control 

K-l-f-l-F K+f~n+F K-l-D —n+I<‘ 
K-H K+f—n K+D —n 

K—n K+D —f—n 

SEZZD 
SL2=Jc +11 

and 
P=K+D—f-n 

In FIGURE 3b, Equation 2 still applies: 

A:SE2—SL2 
In?owing desorbent stream D and withdrawn ?ush stream 
f0 are encountered between ra?inate stream i, proceeding 
downstream along the ?ow path, and controller 163; 
therefore, 

SE2:D 
SL2: 

and 
P=K+D—)c 

In FIGURE 30, Equation 2 still applies: 

A:SE2—SL2 
In?owing desorbent stream D is the only stream en 
countered between ra?inate stream 1', proceeding down 
stream along the flow path, and controller 163; therefore, 

SE2: 
S 2:0 

and 
P==K+D 

The volumetric balance equations for the ?ow control 
of any of the other zones, e.g., Zones 1, Ha, III and Ella, 
may be developed in an analogous manner. The deriva 
tions will not be given here as the foregoing is adequate 
to demonstrate the application of the general setpoint 

25 

40 

In some instances it may be desirable to omit the 
?ush ?ow J‘ from the volumetric balance equations, as 
where the magnitude of the ?ush ?ow is too low in com 
parison with the other streams to warrant setpoint compu 
tation for Zones Hz: and IIIzz, or where the ?ushing func 
tion is performed by periodic high velocity, short time 
pulses of ?ush ?uid instead of a continuously ?owing 
?ush stream of relatively low flow, or where the flush 
stream is dispensed with altogether. In such case, the 
equations of Table III are still valid except that f is set 
equal to zero wherever it appears in the equations and 
Zones H11 and IIIa are deleted. Such variation may be 
physically accomplished by omitting ?ush ?owmeter 153 
(FIGURE 1) and programming the P-loop computer so 
that it operates with four phases instead of six whereby 
setpoint signal P is computed according to a diiferent one 
of four equations successively upon traversal of the 
pumparound ?ow-regulating means by the feed stream, 
sorbate product stream, desorbent stream and ra?‘inate 
product stream. 

Changes in the ?ow rates of the feed, desorbent, sorbate 
and ?ush streams may a?iect the ?ows in the several zones 
differently in accordance with whether the P-loop com 
puter is programmed to control Zone I, Zone II, Zone 
III or Zone IV. Tables IV, V, VI and VII given below 
demonstrate the effect on the flow in each of the six zones 
produced by changes in the flow rates of the feed, de 
sorbent, sorbate and ?ush streams for Zone I, Zone II, 
Zone III and Zone IV ?ow control, respectively. The 
ra?inate stream being allowed to vary responsive to 
system pressure, the flow rate thereof is not an inde 
pendent variable. 

TABLE IV.—-ZONE I FLOW, CONTROL 

Increase How 
of 

E?ect on Flow in Zones 

I ‘ IIa ’ II I III ' IIIa i IV 
Feed ____________________ -- Decrease.. Decrease“ Decrease_. Decrease" Decrease. 
Des0rbent__ ..__ _____________________________________ _- Decrease. 

Sorbate__ __________ .- Increase... Incrcase___ Increase. 
Flush____ . _ . _ . . . I _ . . .. Deerease.. Decrease ____________ _. 

TABLE V.—ZONE II FLOW CONTROL 

Effect on Flow in Zones 
Increase ?ow 

I He II III IIIa IV 

Feed ........ _- Increase..- ._-_. _ . __ __ 

Desorbent-___ _ .......... .. Decrease. 

Sorbate _________________________________________ __ Increase..- Incrcase___ Increase. 
Flush _______ ._ Increase..- Increase ......................... _. Increase... Increase. 
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TABLE VI.—ZONE III FLOW CONTROL 

20 

Effect on Flow in Zones 
Increase ?ow 

_ 1 He. II III IIIa 1v 

Feed ________ .. Increase.-. 

Desorbent-... __ ..-.. Decrease. 

Sorbate _____ -- Dcerease-. Dccrease-. Decrease ________________________ - 

Flush _______ -. Increase... Increase... ...................... .. Increase..- Increase. 

TABLE VII-ZONE IV FLOW CONTROL 

Effect on Flow in Zones 
Increase ?ow 

I ' Ha I II III IIIa IV 

Feed ........ .. Increase.. 

Desorbent.-.. Increase... Increase... Increase--. Increase-.. Increase ............. - 
Sorbate ..... _. Decrease-- Dccrease.. Decrease-. .......... -. 

Flush ............................... .. Decrcase.. Decrease.. 

It may be seen from inspection of Tables IV-VII, 
supra, that with Zone I control an increase in feed rate 
will cause a decrease in the flows of all zones except 
Zone I, ‘whereas with Zone II, Zone III or Zone IV con 
trol, a change in feed rate will affect only Zone I. With 
Zone IV control, an increase in desorbent rate will cause 
an increase in the ?ows of all zones except Zone IV, 
whereas with Zone I, Zone II or Zone III control, a 
change in desorbent rate will affect only Zone IV. With 
Zone I or Zone II control, an increase in sorbate rate 
will increase the ?ows of Zones III, IIIa and IV and will 
not affect the other zones, whereas with Zone III or Zone 
IV control, an increase in sorbate rate will decrease the 
?ows of Zones 1, 11a and H and will not affect the other 
zones. 

The practical signi?cance of these observations is that 
the effect of stream flow rates on separation e?iciency is 
readily apparent. Assuming the feed rate to be constant, 
the rotation rate of the rotary valve and the desorbent 
rate are maintained su?iciently high so that Zones I and 
IH are not critical from a separation control standpoint; 
no harm is done if these two rates are somewhat higher 
than necessary. The ?ush rate is also maintained con 
stant. The critical Zones are II and IV, the compositions 
of which determine the sorbate and raf?nate product 
purities. If the Zone II flow is too low, feed issues with 
sorbate; if the Zone II flow is too high, sorbate com 
ponents issue With ra?inate. If the Zone IV flow is too 
low, excess desorbent issues with raf?nate, instead of be 
ing dispaced into Zone III where neededj if the Zone IV 
?ow is too high, raf?nate components issue with sorbate. 
It is preferred, therefore, to program the P-loop com 
puter for either Zone II or Zone 1V ?ow control, and 
to vary one of the two product streams in order to main 
tain the ?uid composition at a selected point within either 
Zone II or Zone IV at a predetermined value. For ex 
ample, with the P-loop computer programmed for Zone 
II ?ow control, the raf?nate stream is varied to maintain 
constant the Zone IV composition, the sorbate product 
stream being removed on pressure control; and with the 
P-loop computer programmed for Zone IV flow control, 
the sorbate product stream is varied to maintain constant 
the Zone II composition while the raf?nate stream is with 
drawn on pressure control. These operational techniques 
will be discussed more fully in connection with the N-loop 
computer section. 

If, for example, the P-loop computer is programmed 
for Zone IV flow control with the ra?inate product stream 
being withdrawn on pressure control, there are four major 
operating adjustments which may be made to maximize 
the separation e?iciency of the selective sorption process, 
reference now being made to Table VII, supra; 
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(1) If the feed rate is increased, the concentration of 
normal components in Zone I will be too high. This may 
be compensated for by increasing the valve rotation rate 
and then increasing Zone IV ?ow K, desorbent ?ow D 
and sorbate ?ow n, all in equal amounts. The flows in 
all zones will increase by AK, and the Zone III ?ow will 
increase additionally by AD. This will decrease the con 
centration of normal components in Zone I with no effect 
on the other zones. 

(2) If the concentration of iso components in Zone II 
should be too high, the sorbate ?ow n is decreased which 
will increase the ?ows in Zone I and II ‘by An. The prin 
cipal effect is to decrease the concentration of iso com 
ponents in Zone II; the concentration of normal compo 
nents will increase slightly in Zone I but this is not 
critical. 

(3) If the concentration of normal components in 
Zone III should be too high, desorbent ?ow D and sorbate 
?ow n are increased in equal increments which will in 
crease only the Zone III ?ow by AD. This decreases the 
concentration of normal components in Zone III with 
no effect on the other zones. 

(4) If the concentration of iso components in Zone IV 
should be too high, the Zone 1V ?ow K is decreased and 
desorbent ?ow D is increased by the same increment, 
which will decrease only the Zone IV how by —AK. This 
decreases the concentration of iso components in Zone 
IV with noelfect on the other zones. 

Similar operating criteria may be derived for Zone II 
?ow control, etc. Once the selective sorption process 
is on stream and lined out, only adjustment (2), supra, 
is necessary to assure maximum separation e?iciency. 
This is advantageously carried out by automatic means, 
speci?cally the N-loop computer section. 
With reference again to FIGURE 1, the N-loop com 

puter section receives its information as follows: ?uid 
composition is sensed by a suitable composition sensing 
device such as dielectric constant probe 161 disposed in 
line 104; the measured dielectric constant increases with 
increasing concentration of branched chain and/or cyclic 
hydrocarbons and thus provides a simple index of the 
iso/normal ratio which is adequate for control purposes. 
Alternatively, other composition sensing means may be 
employed such as a differential refractometer or chromat 
ograph. A dielectric constant signal is transmitted to com 
position controller 160 lwhich may ‘be a variable gain pro 
portional ampli?er having a variable setpoint and which 
produces an error- signal proportional to the difference 
between the setpoint and dielectric constant signals. The 
error signal is transmitted via line 159 to computer 180. 
The dielectric constant signal will have signi?cance for 
control purposes only when it is taken at the same point 
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in the same zone since at any given instant of time the 
iso/n-ormal ratio varies with distance along the molec 
ular ‘sieve bed. Therefore, the N-loop computer does not 
act in response to the error signal until dielectric constant 
probe 161 “sees” the same point in the same zone as 
it did in the preceding cycle of operation. Such state 
of-operating cycle information is provided by N-loop 
trigger switch 157 actuated by linkage 158, which may 
comprise a cam member attached to shaft 145 or to rotor 
137 of distributing valve 106. Trigger switch 157 applies 
a momentary grounding pulse at the appropriate time to 
line 156 which in turn is connected to an N-loop correc 
tion control initiating circuit in computer 180. In the 
particular embodiment illustrated in FIGURE 1, the 
dielectric constant measurement is taken in the midzone 
of Zone II, the iso/ normal ratio therein being responsive 
to changes in the sorbate product ?ow rate. Upon receiv 
ing an N-loop triggering signal via line 156, the N-loop 
computer produces a setpoint signal proportional to the 
error signal presently received on line 159 and transmits 
the setpoint signal via line 166 to reset sorbate ?ow con 
troller 167. The overall control action is such that the 
sorbate flow is varied in a direction-—increasing flow or 
decreasing flow~which tends to reduce the dielectric 
constant error signal substantially to zero, i.e., to restore 
the iso/normal ratio to the control point as called for by 
composition controller 160. If the measured dielectric 
constant is too high, indicating too high a concentration 
of iso components in Zone II, the sorbate ?ow is de 
creased; if the measured dielectric constant is too low, 
indicating too low a concentration of iso components in 
Zone II, the sorbate ?ow is increased. Computer 180 
includes an “N” setpoint register which stores the N-loop 
setpoint signal and continuously applies it to ?ow con 
troller 167 until a new N-loop correction is called for 
by trigger switch 157 in the next cycle of operation. If 
the error signal appearing on line 159 is substantially zero, 
or less than a predetermined minimum, computer 180 
takes no corrective action and the N-loop setpoint signal 
remains at the same magnitude as in the preceding cycle 
of operation. 
The graph of FIGURE 4 illustrates variation of dielec 

tric constant as a function of sorbent bed length. Curve 
00 represents a typical dielectric constant pro?le when the 
process is lined out on the control point as indicated by 
reading 70 taken at the midzone of Zone II. If the sor 
bate withdrawal rate is too high or too low, the separation 
becomes poor and the component concentration gradients 
become less well de?ned; this is manifested by a general 
?attening of the peaks and valleys of the dielectric con 
stant pro?le coupled with the lateral translation thereof 
relative to a ?xed point in the closed flow path. If the 
sorbate withdrawal rate is too high, the dielectric constant 
pro?le assumes the form of curve 01, and the dielectric 
constant reading increases to 71, indicating excessive 
branched chain and/ or cyclic components in Zone II; the 
N-loop computer will therefore apply a step decrease to 
the setpoint signal to flow controller 167 which is propor 
tional to 'y1-'y0. If the sorbate withdrawal rate is too low, 
the dielectric constant pro?le assumes the form of curve 
62, and the dielectric constant reading decreases to 'yz, in 
dicating excessive normal components in Zone II; the 
N-loop computer will therefore apply a step increase to 
the setpoint signal to flow controller 167 which is pro 
portional to 'y0-1/2. At the same point in the next suc 
ceeding operating cycle, the N~loop computer will again 
look at the dielectric constant signal and if the preceding 
change in sorbate ?ow was insu?icient to restore the di 
electric constant signal to w, it will make a further set 
point change in the same direction; or, if the preceding 
change in sorbate ?ow was excessive so as to overshoot 
'yo, it will make a further setpoint change in the opposite 
direction and of a magnitude proportional to the new 
error. The N-loop control system may be characterized 
as a sampled input proportional controller comprising an 
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analog proportional ampli?er, an analog-to-digital-to-ana 
log converter circuit, and an output register. This cir 
cuitry will be described more particularly in connection 
with FIGURES 5a—5d. 
More than one composition sensing point may be em 

ployed if desired; for example, two dielectric probes 
spaced 180° apart, or four dielectric probes spaced 90° 
apart may be utilized in which case the N-loop computer 
would perform its setpoint correction twice per valve 
revolution or four times per valve revolution, as the case 
may be. However, a large number of composition sens 
ing points, say, for example, one provided between each 
of transfer lines 107-130, would not be desirable since a 
?nite time must elapse following a step change in the sor 
bate flow rate for the overall process to reach a new state 
of dynamic equilibrium. With an excessive number of 
composition sensing points, new N-loop setpoints would 
be successively computed on the basis of erroneous infor 
mation before the process would have a chance to sta 
bilize, and the performance of the system as a whole might 
well be unstable. 

III. The computer 

The P-loop and N-loop setpoint computer, shown dia 
grammatically as block 180 in FIGURE 1, is a special 
purpose, variable program digital computer designed to 
ful?ll the several objectives of this invention. It will be 
obvious to those skilled in the process control art that a 
functionally equivalent computer may be assembled from 
analog computing elements, and such alternative circuitry 
is considered to be within the scope of the present inven 
tion. However, a digital computer is preferred because 
of its inherent accuracy and reproducibility in making cal 
culations; furthermore, the digital circuitry may be con 
structed largely of solid state components which provide 
superior reliability and substantially maintenance-free op 
eration under the demands of heavy duty service encoun 
tered in a typical petroleum re?nery or chemical plant. 
The P-loop computer section comprises a phase storage 

circuit, a program counter, an up-down counter or ac 
cumulator, and a “P” setpoint register. The con?gu 
ration of the phase storage circuit is responsive to contact 
closures of P-loop stepping switch 155, and the phase stor 
age circuit together with the program counter determine 
which one of the six setpoint equations (for example, any 
one of the four sets of six equations each listed in Table 
III) is presently to be solved. The program counter also 
controls the sequence of steps required for a P-loop solu 
tion. Means are provided for transferring K into the 
accumulator, and, if the particular setpoint equation addi 
tionally includes the ?ow rates of one or more of the de 
sorbent, ?ush, sorbate and feed streams, the pulse signals 
corresponding thereto are sequentially gated into the ac 
cumulator to cause it to count up or down accordingly 
as the algebraic sign of the ?ow signal in the setpoint 
equations is positive or negative. Means are further pro 
vided for controlling and Varying the gating time of 
each of the flow signals into the accumulator in order to 
compensate for different flowmeter calibration factors: 
for example, 100 pulses from feed ?owmeter 147 may rep 
resent one ?uid gallon of feed whereas 200 pulses from 
desorbent ?owmeter 149 may represent one ?uid gallon 
of desorbent; in such case, the feed ?owmeter gate must 
be held open twice as long as the desorbent ?owmeter gate 
in order that the accumulator count produced by each be 
the same for equal ?ow rates, in other words, that the 
proper weighting factor be attached to the respective ?ow 
signals. After all of the required signals have been put 
into the accumulator, the total count stored therein is 
transferred to the “P” setpoint register which transmits an 
analog setpoint signal P via line 162 to pumparound ?ow 
controller 163 and which stores P until the next successive 
P-loop solution is completed. The P-loop computer then 
repetitively calculates new P-loop solutions, as above, ac 
cording to the same setpoint equation until such time as 
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stepping switch 155 changes the con?guration of the phase 
storage circuit whereby a new setpoint equation is to be 
followed. The setpoint calculation frequency is very 
much higher than the frequency of phase change and is 
determined primarily by the computer clock frequency 
and the usable pulse rate bandwidths of the turbine ?ow 
meters, that is, the frequency ranges over which the tur 
bine ?owmeter outputs are linear with flow. For proc 
ess control purposes a low frequency clock driven by 60 
cycle line frequency is very satisfactory and provides vir 
tually continuous P-loop computation insofar as' system 
response is concerned since the process time constants are 
much greater than line frequency. 
The N-loop computer section comprises an error com 

parator, an N-loop correction counter, an accumulator, 
an “N” setpoint register, and a program counter. The ac 
cumulator and program counter are the same components 
as are used in the P-loop computer section and are time 
shared therewith. A contact closure by N-loop trigger 
switch 157 initiates an N-loop correction and temporarily 
suspends the repetitive series of P-loop solutions which 
is otherwise being carried out. The program counter con 
trols the sequence of steps required for an N-loop correc 
tion. The accumulator is ?rst cleared, the N setpoint is 
transferred from the “N” setpoint register into the ac 
cumulator, and the correction counter is reset to a state 
corresponding to a zero error signal appearing on line 159. 
The error comparator is a clock-driven analog-to-digital 
converter receiving the error signal on line 159 and a feed 
back signal from the correction counter and produces as 
its output an “up” pulse or a “down” pulse accordingly as 
the count stored in the correction counter is less or greater 
than the error signal on line 159. The error comparator 
pulse output is fed simultaneously to the correction 
counter and to the accumulator, and is continued until the 
count stored in the correction counter is substantially 
equal to said error signal. The total count now present 
in the accumulator, which is equal to the N setpoint cal 
culated during the preceding N-loop solution plus or minus 
an error differential which is proportional to the present 
error, is transferred to the “N” setpoint register which 
transmits an analog setpoint signal N via line 166 to sor 
bate flow controller 167 and which stores N until the next 
N-loop correction is made. The P-loop computer section 
now resumes operation, as above. ' 

FIGURES 5a to 5d, inclusive, represent a schematic 
signal ?ow diagram of the circuitry contained within block 
180 of FIGURE 1. Only the major functional com 
ponents thereof are shown, inasmuch ‘as these are assem 
bled from standard, commercially available circuits such 
as ?ip-?ops, diode AND gates, diode OR gates, transistor 
inverter gates, powler gates, buffer ampli?ers, digital 
clocks, relay matrices and the like; the design of these 
subcomponents is Well known to those skilled in the com 
puter art and forms no part of the present invention. 
The interconnections between the subcomponents to form 
the major functional components are made in accordance 
with the logic equations hereinafter set forth, and the 
interconnections between the major components are made 
according to the ‘signal ?ow diagram of FIGURES 5a 
to 5d. 

It will be desirable at this point to de?ne several of 
the symbols employed in the following logic equations; 
J and K represent, respectively, the “true” and “false” 
inputs of a ?ip ?op (FF) while Q and 6 represent, re 
spectively, the “true" and “false” outputs of the ?ip ?op; 
a signal present on the J input terminal coupled with a 
clock pulse (C) places the ?ip ?op in its true or “up” 
state by activating the Q output terminal until such time 
as the ?ip ?op is tripped to its false or “down” state; a 
signal present on the K input terminal, coupled with a 
clock pulse (C), places the ?ip ?op in its down state by‘ 
activating the 6 output terminal until such time as the 
?ip ?op should again be tripped to its up state. Q and Q 
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cannot, of course, exist simultaneously in the same ?ip 
?op. 
AND and OR functions are represented as follows: 

Q°1Q°2Q03 means Q01 and Q02 and Q03, whereas 

QOI+QO2+Q03 
means Q01 or Q02 or Q03. The “plus” sign as employed 
in the computer logic equations connotes a logical OR 
function and is to be distinguished from “plus” signs ap 
pearing elsewhere in the instant speci?cation and claims, 
in which latter case the “plus” sign is used in its ordinary 
algebraic sense. A typical logic equation such as, for 
example 

104: (604Q0'7+Q07Q08) c 
is interpreted to mean that J04 is true (and therefore ?ip 
?op FF04 is set “up” upon receiving the next clock pulse 
C) if either Q“ is false and Q“ is true, or Q07 and Q08 
are both true. Other symbols will be de?ned as they ap 
pear in the logic equations. 

In FIGURE 5a, the phase storage circuit is a 3-bit 
register comprising three ?ip-?ops F1301, FFOZ and FF03, 
and six logical followers (logical output gates plus buffer 
ampli?ers) F23, F24 . . . F2 having outputs 1%, f“ . . . 

f28, respectively. The con?guration of the phase storage 
circuit is responsive to successive momentary contact 
closures W01, W"2 . . . W06 of stepping switch 155, each 
appearing on one of six leads embraced within line 154 
and signifying that a new setpoint equation is to be solved 
by the P-loop computer section. The phase storage ?ip 
?ops are activated by clock pulses C from the 60-cycle 
clock (FIGURE 50). The logic equations for the phase 
storage circuit are given by: 

101: (pr/02+ Woa+Wos ) C 

f2s=Qu1Qn2Qos 
For the purpose of providing a speci?c example, the 
P-loop computer is shown programmed for Zone 11 ?ow 
control, although changes to other programs are easily 
made. For Zone II control the signi?cance of the six 
con?gurations of the phase storage ?ip ?ops is given by 
Table VIII: 

TABLE VIII 

Pumparound ?ow Contact Con?guration Magnitude 
controller 163 Closure of Phase of P 

sees flow of Zone Switch 155 Storage Circuit 

Ila. W01. _ {23 K I 
IL--. Wok _ {24 K+ 
IIL-.- WOL _ £25 K-l-n 
IIIa __________________ __ W04 _________ __ £26 ___________ __ K+n+f 

IV W05- . £21 K+n+f—D 
I_____ Wok _ £23 K+t+F 

The program counter (FIGURE 51)) comprises three 
flip ?ops FF 04, FF 05 and FF 06 and eight logical followers 
P1, P2 . . . P8. It is operative during both the P-loop 
solutions and the N-loop correction and controls the steps 
involved in performing a given computation. The logic 
equations for the program counter are given by 
























