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INTRODUCTION

Dispersion is very important to the design of
trickle bed both

biochemical processes. The degree of dispersion

reactor for chemical and
often influences reactor performance and scale-
up. The traditional method for modeling dispersion
processes in trickle bed reactors is based on the
convective-diffusion equation (CDE) . The most
commonly wused is the longitudinal-dispersion
model'" ?. The magnitude of liquid dispersion is
usually considered independent of position along
the longitudinal direction of the reactor. The main
assumption of the longitudinal-dispersion model is
that the mixing in the axial direction follows a
Fickian type

mechanism and process

of diffusion regardless of the
involved. A constant
longitudinal dispersion coefficient D; is used to
quantitatively describe all the factors making
different residence time distributions RTD™/ .
Recently, the above method has been questioned
due to its weak theoretical background. As
Westerterp et al. stated " *, the longitudinal-
dispersion model has not been justified and it can

lead to erroneous results. So the clarification on
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the dispersion model and theoretical treatment is

greatly desired without doubt.

It has been well accepted that porous
formations ( natural or artificial ) may exhibit
fractal structures™® %! The research on the

dispersion process in consolidated porous media
such as soil and rocks underground, and even solid
catalysts has demonstrated that dynamic processes
taking place in these structures have long-range

681U Tt is evident that the dispersion

correlation
inside consolidated porous media is not Gaussian
and can not be simply described by the CDE ®/.
However, the trickle bed reactor used in chemical
and biochemical processes belongs to unconsolidated
porous media. Is there any similarity between
consolidated and unconsolidated porous media with
respect to liquid dispersion? The answer to this
question can definitely play a vital role in clarifying
controversy on the longitudinal-
Therefore,

experimentally investigate if the dispersivity is

the existent
dispersion model. this paper is to
scale-dependent in trickle bed reactor at first, and
then to interpret the experimental results by

applying fractal analysis.
1 EXPERIMENTAL

The experiment was conducted with randomly
packed 6 mm cylindrical particles. The packing was
housed in a reactor 3.5 m in height and 70 mm in
diameter. Air was blown into the reactor through a

distributor at the bottom. The liquid phase,
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water, was rained in the cross section of the 60
reactor from the top. The RTD of liquid phase was ufem - 57
.. . ©0.217

measured by a tracer injection system. The least- ol e0280
square method was used to fit the RTD data in ; :g'ig
order to get the model parameter. The tracer pulse & .
was injected at one of the input ports numbered 1 207
to 5, along the longitudinal direction. The interval
between any two neighbouring input ports is 50 , -

Y . & & P p 0 100 200 300
cm. The nearest input port of tracer from the top Lg/em
is 100 ecm to allow for the distribution of liquid. Fig. 1 Dependency of Peclet number

The injection and detection of tracer were carried

out by a computer-aided system.

2 RESULTS AND DISCUSSION

At various liquid superficial velocities, the
Peclet number Pe; of liquid dispersion along the
longitudinal direction of the reactor is presented in
Fig. 1, which demonstrates an obvious non-linear
dependency of Pe; upon the superficial distance Lg
between the injection point and the detecting point
of tracer solution. This dependency could be

expressed by a power law expression as follows
L ‘
Pey=p=~L5 D

Traditionally, Pe; is only considered linearly
dependent of the length scale Ls. As we know, the
liquid flows down along the passages formed by
random-heaped packing of catalyst pellets. The
actual flow distance L is much longer than the
superficial distance Ls because of the tortuousity of
the flow passage. This is quite similar to the gas
diffusion in porous media, so the actual length of
liquid trajectory L depends on the yardstick size

W In this case, the

used for length measurement*
trajectory of liquid flow can be abstracted into
fractal curves, characterized by a scaling relation
as shown in Eq. (1). The power in the scaling
relation is the fractal dimension showing the
tortuous extent of the liquid flow trajectory. The
L in Pe; should be of fractal.

By fitting the experimental results, the
exponent f is acquired, the value of which changes

from 1.57 to 1.72 with the superficial velocity

Pey. on superficial length scale Lg
from 0.22m =+ s ' t0 0.43 m « s !. The variation
of exponent B with superficial velocity u is due to
the variation of liquid pulsing because the operation
of the reactor is transforming from trickling flow
to pulsing flow by increasing u at a fixed gas
velocity. The enhancement of liquid pulsing leads
to a longer distance of liquid flow along the
passages, giving rise to higher fractal dimension.
The interpretation of the experimental result by
computer simulations based on fluid flow in porous
media and fractal geometry is well under way and

will be reported in a separate article,

3 CONCLUSIONS

Experimental investigation and theoretical

analysis show that the trajectory of liquid flow
trickle bed
demonstrating that the Pelect number Pe; of liquid

inside reactors is of fractal,
dispersion in trickle bed reactors is non-linearly
scale-dependant similar to what was already shown
in consolidated porous media. Pe; itself is not
adequate to fully characterize the extent of liquid
dispersion inside the reactor. The fractal
dimension of liquid flow trajectory is a parameter
showing the regularity of liquid flow inside the
reactor, the value of which may be influenced by
operation conditions, packing type and liquid

properties,
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