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I-36. Developing User Friendly Modules for Modeling Multiphase
Reactors

A. Problem Definition

The reactor is the heart of a chemical process. Therefore, it is crucial to know and apply the
key concepts such as selection, scale-up and proper design of chemical reactors to maximize
the process efficiency. Educational user-friendly software-based simulation packages that
can be used by engineers, operators and students are important tools to illustrate the key
concepts in reactor design and operation.

B. Research Objectives

The goal of this project is to develop educational user-friendly software-based simulation
packages for multiphase reactors. The simulation package is designed to deliver the key
concepts of reactor design for a diverse background of potential users both in terms of
discipline and experience.

C. Research Accomplishment

Last year, we worked on developing two simulation packages that focused on the modeling
of liquid-solid circulating reactors: One for the modeling of liquid-solid circulating reactor
for solid catalyzed alkylation process and the other for the modeling of trickle bed reactor for
phenol oxidation. The simulation packages cover key factors in the reactor design. The
simulation platforms are designed for Windows using Excel Visual Basic (for the user
interface) and Fortran (for the simulator). The first step in both of the simulations is to
specify several parameters needed in the reactor design calculations. These parameters
include reactor parameters such as diameter and length, operating parameters such as liquid
and solid flow rates, catalyst parameters such as catalyst diameter and density, transport
parameters such as solid-liquid mass transfer coefficients and kinetic parameters. Figure 1
illustrates the parameters to be specified by the user for the alkylation simulation. Figure 2
shows the individual parameters. Once all the needed parameters are specified, the user
starts the simulator to solve the 1D axial dispersion model to get conversion, selectivity and
catalyst deactivation. The concentration and catalyst deactivation plots as a function of
dimensionless bed length are also provided. Figure 3 shows an example of the output page.
Since this module is for educational purposes, a detailed explanation of the parameters is also
provided.

Our recent work involves improving the user interface and further developing the simulation
packages to cover more reactor types.
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Figurel.

Reactor Parameters

nput Paramet

Reactor Parameters...

Please specify the following input parameters for the simulator.

Operating Parameters...

Catalyst Parameters...

Hydrodynamic Parameters...

Kinetic Parameters...

Done

Reactor Type
’7 I Circulating Liquid-Solid Bed

j Reactor Information

Circulating liquid-solid bed

Length (m
1

reactar is a rissr type reactar
where the liguid and the solid
bath move up carrying solids
away. The diameter and the
length of the reactar has to
be specified for the
simulator. The diameter of &
reactor is usually selected
From .3 m to 2 m.For the:
length, it is goad practice ta
choose between ZmtoSm,
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Input parameters to the software.

Parameters

Solid Fow Rate
(m3/sec)

Liquid Flow Rate
(m3/sec)

| 0.471230 [ 0047124

Dimensionless Liquid Inlet Concentrations
Paraffin
s
Olefin
1

Inlet Temperature (C)

I 300

Inlet Pressure (vIPa)
10

Operation Information

The inlet temperature and
inlet pressure are given in C
and MPa respectively. The
liquid Flows rate is used ko
calculate liguid superficial
wvelocity which is then used to
calculate liquid Peclet and
Stanton numbers. The solid
Flow rate is used to caloulate
solid superficial velocity which
is then used to caleulate solid
Peclet and Stanton
numbers, The inlet
concentration of paraffin and
olefin are needed for
stiochiometric balance for the
alkylation reaction,

Lo |

Catalyst Parameters

Diameter (m
0.0002
Density (kg/m3)

937.03

Si / Al ratio
15

(a)

Catalyst Information

Catalyst diameter is an
important parameter in
selection of the catalyst as it
results in different pore
diffusion regimes.Both
catalyst density and Sijal
ratio are needed to calculate
the kotal number of active
sites on a fresh zeolite
catalyst.SifAl ratio is needed
For measuring zeolite acidity

(b)

Hydrodynamic Parameters

Liquid-Solid Mass Transfer Coefficient H
m/ sec
0.0002
Holdu
0.24

1 - D Axial Dispersion Model
£ assign values

£ Caltulate fiom conpelatien

Liquid Coefficient (m2/sec)
| 0.0142

Solid Coefficient (m2/sec)
0.01532

drodymanics Information

The liquid solid mass transfer
coefficient is used in
calculating Stanton number
and is a measure of transport
resistance. The holdup is used
ta caloulabe axial variation of
concentration profiles in the
liquid and salid phase.
Transport area is proportional
to the holdup. 1-0r Axial
Dispersion model is used in
the simulations as the reactor
madel, The liquid and solid
coefficients can either be
assigned or calculated From
correlations. The liquid and
solid dispersion coefficients
are a measure of back-
mixing.
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Kinetic Parameters
Kinetic Information
P+0->A o .
The first reaction is occurs at
rate k1.The second reaction
O+A->Y¥ 3 is oceurs at rate k2. The third
reaction is accurs at rate
k3.The fourth reaction is
0+0->D =4 oceurs at rate k. The effect
of an reaction can be
investigated by including or
D-> %X ~ excluding the reaction from
the reaction set,
wihere
P = Paraffin
O = Olefin
A = akylate
D = Dimer
¥ = Complex blocking an acid site
¥ = Complex blocking an active site

(e)

Figure 2. Individual parameters needed for reactor design. (a) Reactor parameters (b)
Operating parameters (c) Catalyst parameters (d) Hydrodynamic parameters (e) Kinetic
parameters.
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Figure 3. Excel Results. (a) The summary is provided with charts.
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alkylate concentration vs. dimensionless bed length chart.

D.

2.

Future Work

(b) Axial dimensionless

The software will be developed further to include different reactor types and

Processces.

The software will also be made available to CREL sponsors.

For detailed information, contact Canan Tunca at tunca@che.wustl.edu
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