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Abstract—Impulse tracer responsc curves are often used to assess flow distribution within a reactor. Fora
trickle-bed (and single-phase flow packed-bed) reactor, such a response curve represents both the flowing
fluid and the fluid trapped in the porous packing. This makes the assessment of the needed flow distribution
external to the particles difficult. A methed for decoupling the particle effects (rom the tracer response curve
was introduced recently by Hanratty and Dudukovié. This method showed promise based on computer-
simulated data. The scope of this study was to critically evaluate this method by applying it to actual
experimental data, and to determine the range of its validity. The results show that this method, which
requires the use of tracers of different adsorptivity, can successfully distinguish between well-distributed
reactors, for which the impulse response of the fluid external to the particles is obtained, and maldistributed
reactors, for which maldistribution is identified but not quantified.

INTRODUCTION

Trickle beds, and packed beds with single-phase flow,

sometimes operate at lower than expected conversiog.
or yield. It is important to assess whether this reducc&
reactor performance is caused by flow maldistribution

or by particle-scale events, such as catalyst deactiva-

tion. For that purpose, impulse tracer studies are most

often conducted. Other methods for the detection of
flow maldistribution are available, but often require

special sensors [e.g. Sapre et al. (1990) used a heater

probe technique]. This paper focusses on perhaps the

most popular method which is tracer studies. A slug of
tracer (a detectable fluid whose properties are similar

to those of the flowing fluid} is injected into the

reactor inlet stream and the tracer concentration of
the reactor effluent is monitored vs time. The normal-

ized tracer impulse response curve, E(f), results from

such a tracer study. The E,(r) curve gives an indication

of the fluid history in the reactor from which the flow

distribution in the reactor can be deduced.

For a trickle-bed reactor, the E (1) curve reflects the
combined history of the tracer in the flowing fluid
external to the particles and its sojourn in the porous
particles. However, the extent of maldistribution (i.e.
the departure from plug-flow behavior for which
trickle beds are designed) only can be accurately
determined from the impulse response of a tracer that
does not penctrate the particle pore structure, and
hence traces only the fluid external to the particles,
E_.(t). Such a tracer is hard to find in practice.
Particle—tracer interactions (i.e. diffusion into the par-
ticles and adsorption to the particle surface) broaden
the tracer response curve (causing an increased vari-
ance) and shift the centroid (mean residence time) of
the tracer response to longer times. These effects often
mask the maldistribution of the flowing fluid in the
observed tracer response curve. Methods lcurrcntly

. YAuthor to whom correspondence shouid be addressed.

used to extract information about maldistribution
from tracer responses [analysis of variance (Schneider
and Smith, 1968)], intensity function (Naor and
Shinnar, 1963)],-and the cumulative residence-time
distribution function [Robinson and Tester (1986)]
are best applied to E_, (1)

Hanratty and Dudukovi¢ (1930) outlined a method,
called the Laplace transform (LT) method, by which
the particle effect can be decoupled from the tracer
impulse response curve, E{f), leading to the impulse
response curve of the flowing fluid external to the
particles, -E,, (t}. Using model-generated data only,
they demonstrated the robustness of the method for
well-distributed and maldistributed reactors in the
presence of simulated experimental error. In this
paper, the LT method is applied, for the first time, to
actual experimental tracer data from both well-
distributed and maldistributed trickie-bed reactors.
Such a treatmeni of actual data is essential to test the
validity and potential usefulness of the LT method.

DEVELOPMENT OF THE LT METHOD

To decouple the particle and flowing fluid effects,
the bulk flowing fluid and the particle phase are
represented by two regions which communicate with
each other through a mass transfer or exchange coeffi-
cient. The mass transfer flux is the product of the
exchange (mass transfer) coefficient and the difference
between the bulk tracer concentration in the vicinity
of the particle and the outside surface concentration
of the tracer on the particie. Since the particle charac-
teristic length is much smaller than the characteristic
reactor length, it is reasonable to assume that the
tracer enters and leaves the particle at the sarme axial
point in the reactor. Mathematically, this implies that
the covariance of the joint probability density func-
tion for the tracer sojourn in the particles and in the
external fluid is zero (Aris, 1982). Under such assump-
tions, for a nonvolatile tracer that diffuses, and
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