
Distillation Column Dynamics with the Use of the Pulse Technique 

Dynamic response information for a complex chemical 
process may be found either theoretically, by computing 
the relationship between some arbitrary input and the 
corresponding output from a mathematical description of 
the system, or experimentally, by upsetting the process 
with some forcing function and measuring the output sig- 
nals as a function of time. At the present time, it is not 
possible to write the mathematical model for most real 
systems, and as a result one must resort to experimental 
techniques. Of the numerous types of forcing functions 
which may be used experimentally, the most commonly 
used are sinusoidal forcing, pulsing techniques, and tran- 
sient forcing. The steady state frequency response has as 
its principal disadvantage that the test period is lengthy 
and therefore uneconomical. Transient forcing has the dis- 
advantage of changing the outputs to new values which 
may be undesirable and result in off quality products. 
Pulse techniques are desirable in that they may be de- 
signed so that they disturb the system less than the other 
two types. 

The application of the pulse technique shows that theo- 
retically any one pulse yields the dynamic response in- 
formation. In this communication, the effect on response 
dynamics from varying pulse widths on a distillation col- 
umn is compared with results of standard sinusoidal forc- 
ing. 

An experimental study was performed on a bubble cap 
distillation column to determine whether pulse techniques 
could be used in place of sinusoidal forcing for determin- 
ing the column dynamics. 

The history of the pulse technique starts with Fourier, 
who derived the original equations for use in the analysis 
of mathematical topics. The procedure was applied at 
first to aircraft performance characteristics and in 1956 
Lees and Hougen (1) and later Morris (2) both showed 
that the pulse technique was a reliable method for obtain- 
ing frequency response data. 

In 1960 Hougen and Walsh ( 3 )  summarized the known 
material on pulse testing in a paper which described how 
the width of the pulse influenced the excitation of the 
system. They also showed that experimental pulse testing 
was a useful and reliable tool. 

The most complete set of reference material on this 
subject is by Draper, McKay, and Lees ( 4 ) ,  who offer a 
discussion of theoretical concepts and criteria for proc- 
essing time history data. In 1961 Dreifke ( 5 )  investigated 
the pulse technique largely on an analytical basis. 

All the dynamic response information obtained throuqh 
sinusoidal testing can be obtained by pulse testing. Ex- 
perimentally, it is necessary that the pulse have enough 
energy to produce measurable outputs. These pulse func- 
tions can be handled through an extension of the Fourier 
or Laplace transforms. If Fourier transforms are used, the 
transform for a single pulse can be defined as 
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where 2a is the time period of the pulse and is based 
upon linear behavior. 

Fortunately, other investigators, as well as the experi- 
mental data of this investigation, indicate that this is a 
reasonably accurate approximation of a distillation process 
in the range of compositions in which the equilibrium 
data are approximately linear. 

The experimental runs, which included both sinusoidal 
and pulse tests, were performed on an experimental dis- 
tillation unit consisting of a 24-plate stainless steel column 
8 in. in diameter, fitted with five bubble caps on each 
plate. 

The input pulses and continuous sine waves were intro- 
duced into the reflux return line through a linear %-in. 
control valve. The electrical signal from the generator was 
converted to a 3 to 15 lb./sq. in. gauge pneumatic signal 
to the valve by an electropneumatic transducer. Because 
of the time lag and stiction in the valve, the variation of 
valve position was measured by an external circuit con- 
taining a Sanborn 7DCDT transducer. This signal from 
the transducer was used in all computations as the input 
pulse to the system. Thus, these input pulses consisted of 
changes in 00w rates caused by the opening and closing 
of this valve corresponding to a predetermined time-posi- 
tion relationship. 

Inputs were generated by means of a Hewlitt-Packard 
low frequency function generator adapted by a pulse- 
forming circuit which allowed single pulses to be gen- 
erated. Outputs were temperatures measured by thermo- 
couples located on plates 4, 12, and 20 from the top of 
the column. All pulses were rectangular in nature and 
varied in width from 26 to 84 sec. in length. The height 
of all pulses was the same and corresponded to an opera- 
tional maximum of the opening and closing of the valve. 
All experimental runs were made at constant reflux con- 
ditions. 

The material distilled in the column was a solution of 
benzene-acetone. This system was selected because it has 
a temperature difference of 43°F. representing a Iarqe 
temperature change per plate and the equilibrium rela- 
tionship is nearly linear. The composition range used in 
this study was limited to a linear portion of this equilib- 
rium relationship. 

To anaIyze the data, both inputs and outputs were non- 
dimensionalized before computer processing. Frequency 
response was calculated as the ratio of the mtput and in- 
put Fourier transforms and were nondimensionalized to 
compare the outputs, which were temperatures, with the 
input, which was a valve position as a function of time. 

The outputs were recorded on strip charts and their 
Fourier transforms calculated on a digital computer 
through the use of a trapezoidal method. The resulting 
frequency responses were then plotted on a Bode dia- 
gram. The comparison of results showed that the rectangu- 
lar pulses in general agreed with the results of sinusoidal 
forcing and predicted first-order behavior. The runs in 
which shorter pulse widths were used gave time con- 
stants closer in value to those of sinusoidal forcing. As 
pulse width became longer, these values were wider apart 
because of the introduction of nonlinearities in the system. 
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For short pulses of widths of 26 to 84 sec., time con- 
stants of 50 to 45 sec., respectively, were found for the 
first-order systems as compared with 60 sec. found from 
sinusoidal forcing. These lie within the 25% limit which 
was proposed as a criterion by Dreifke ( 5 ) .  Pulses of 
larger widths fall outside of this criterion for this system. 
It was not possible to use shorter pulse widths than 26 
sec. in this experimental study. Since the pulse heights 
used were constant and represented the maximum range 
of the valve opening, shorter pulse widths did not con- 
tain sufficient energy to produce measurable output sig- 
nals. 

Thus, in lieu of a mathematical model for a distillation 
process, the results of this study show that pulses may be 
used to determine the dynamic characteristics of the col- 
umn used. However, pulse tests must be made on each 
new column, since the time constant, damping coefficient, 
natural frequency, and the order of the system will vary 
from column to column. In addition, some preliminary 

tests must be made to ascertain that the energy content 
of the input pulse is suf€icient to energize the output 
signals. 

LITERATURE CITED 

1. Lees, S., and J. 0. Hougen, Ind. Eng. Chem., 48, (June, 

2. Moms, Henry J., M.S. thesis, St. Louis Univ. ( 1959). 
3. Hougen, J, O., and R. A. Walsh, “Testing Processes by 

the Pulse Method,” Monsanto Chemical Co., St. Louis, 
Mo. (February, 1960). 

4. Draper, C. S., W. McKay, and S. Lees, “Instrument Engi- 
neering,” Vol. 11, Chap. 25, McGraw-Hill, New York 
(1953). 

5. Driefke, Gerald E., “Effects of Input Pulse Shape on Wid81 
on Accuracy of Dynamic System Analysis from Experi- 
mental Pulse Data,” Washington Univ. (June, 1961). 

6. Lamb, D. E., R. L. Pigford, and D. W. T. Rippin, Chem. 
Eng. Progr. Symposium Ser. No. 36, 58, 132 (1962). 

7. Archer, David H., and Robert Rothfus;ibid., 2. 

195s). 

Development of a Two-Phase Contactor Without Pressure Drop 
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Many operations in chemical engineering require the 
contact of two phases in multistage units under minimum 
pressure drop per stage. Low pressure drops are especially 
important for multistage reactors, distillators, or absorbers 
that handle heat sensitive materials under vacuum. USU- 
ally a compact multistage contactor is desirable from an 
economical point of view. To meet these requirements, a 
multistage contactor has been designed for gas-liquid 
contacting and a schematic cross section of the proposed 
unit is shown in Figure 1. The unit consists of contacting 
compartments and a common shaft with multiple impel- 
lers. As a result of the impeller action the gas is sucked 
from stage to stage through the openings provided in the 
:rays. The impeller acts as an agitator for the dispersion 
and provides pumping for the gas. Thus, the gas is self- 
induced from the bottom of the vessel and is subdivided 
in each compartment into small size bubbles that are dis- 
persed throughout the liquid phase. Consequently, the 
pressure drop across the liquid phase is eliminated and a 
negative pressure dro is established instead. By applying 

the unit allows heat sensitive materials to be handled 
under lower temperature conditions. Use of stators with 
radial vanes causes a very high shear on the liquid and 
incoming gas, resulting in a very small and relatively uni- 
form diameter of bubbles with a hi h total surface area 

vacuum at the top, t K e lower pressure at the bottom of 

for diffusion. When entrainment prob H ems are encountered 

and a compact unit is desirable, additional impellers may 
be installed between the stages to remove tiny drops from 
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Fig. 1. Schematic cross section of proposed 
multistage contactor without pressure drop. 
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