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1L INTRODUCTION

Trickle bed reactors{TBER's) are the
most widely vsed multiphase reactors
vsed  extensively in perroleum  and
petrochemical industries and o a lesser
exiengl in waste water treatment planis
and mochemical industries. In the
reactor the liguid and gas phases move
concurently downward through a packed
bed. Different flow regimes are
encountered depending on the velocity
of fluid phases and the type of packinmg
psed wiz. Trickle flow regime(at low
liquid and low gas rates), spray flow
regimelat low liquid and high gas rates),
pulse flow regime(at intermediate liquid
and gas rates) and dispersed bubble
regime(at high liquid and gas rates)
Industrially TBR's arc operated in
trickle or pulse flow regimes.

The two dimensional, two parameter
pseudo homogeneous model hos been
widely acepted as a heat transfer model
for a TBR in which heat wransfer in
radial direction is characterized by the
effective radial thermal conductivity of
the b-l:ﬂ[k,, }and the effective wall-to-bed
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heat transfer coefficient(h,).
Assuming that there is no temperature
difference berween the solid and fluid
phases at any point in the packed bed,
neglecting  heat losses in the axial
direction and considering ks and h, to
be constant within the laver, a heat
balance on a volume element of the bed
leads to the following differential
equation:

(LCpi+GCP;*) ATHIZ = ke Uit dTidr +

A Tidr]
with boundary conditions
T=T ; z=0,r>=0
dTidr=0 ==l r=0
b Tw-Tri=k,AT/d 7>=0 =R

the analytical solution is of the form
(Teg T To-Tw) = 1-2E(Jolb, /R expi-
Aby, z) (b T (b )] 1+(b/By)] (2)

whers
A=k R} (LCp+GCp, )k
Bi=Biot no=h_ Rk,

b. are the roots of the eguation
Bilogibb=b,J (b} for a constant wall
temperature. Radial temperature profile




method  has  been  widely used for
estimation of k., and h, in wrickle bed
reaciors] Specchia and Basldi, 1979;
Babu 1993}, In the present study o
rabust  optimisation technique called
Genetic  algorithm(GA) is used for
estimating ke and h,, in conjunction with
the measured radial temperature profile
with an objective function.

M
F= Z fTul'T:1p}_
1

where 'M" 15 the no. of measurement
points,

2. GENETIC ALGORITHMS
Genetic  algorithms(GA) are non-

tractitional optimisation routines  that
make wse of the principles of natural

selection and genetics|Goldberg,
198%:Davis 1991} and have been
successfully  applied in  variouws

fields(Moros el 1996,  Woll  and
Moros.,, 1997 Upreti and Deb, 1995
Chakraborthy and Sastry, 1997; 1998).
The wvariables of the objective function
are string coded of a certain length
depending on the accuracy required. GA
always deal with a population of points.
The poinis in the population are
subjected to operalions like
reproduction, cross-over and mutation
till we get the desired optimum.

A few advantages of GA over other
traditional techniques are:

=Scarch space is discretized by using
string coded structures even though the
objective function may be continwous,
*We always deal with a population of
points and so global optimum values can
be trapped casily and multiple optimums
can be captured in a single run

*Suitable for multimodal applications.

3. EXPERIMENTAL SETUP AND
PROCEDURE 8

The experimental setup 1o
obtaine the data on radial temperature
profile is shown in Fig.1. the detailed
explanation of the experimental setup,
the data collection and reduction
procedures  are  reporled  else-whers
(Babu,1993;Babu  and  Raop,1998; Babu
and Sastry, | 908)-

Air and water were fed to the
column from the top at the desired
flowrates by means of precalibraed
rotameters. Hot water was circulated
through the jacked around the test
section at sufficiently high florates (25-
30 I/min) in order to maintain nearly
constant  wall temperature, and the
minimum  and maximum temperature
difference between the inlet and outlet
hot water streams were 0.3dece at low
Mow rates o 2degc at high flow rates
respectively of the following fluids.
After sicady state was attained the flow
rates  of air and  water and the
temperatures  were  recorded. The
average of the three anpular positions
was taken as the temperature of each
radial position. This procedure was
repeated for a wide range of ain((L01-
0.898 kg/m’s) and water flow rates(3.16-
71.05 ka/m), covering trickle, pulse and
dispersed bubble flow regimes. The
length of the heat transfer fest section
used for heat transfer expenments was
0.715m. the packing employed were
2.59mm  ceramic spheres, 4.05 and
6.73mm  glass spheres and 4.0 and
6.75mm ceramic rasching rings.




4. RESULTS AND DISCUSSION

The pseudo code for the
implementation of GA for an objective
Tunction:

3
Min F=E (Tey - TP
=1

where T, T3, Ty are  the
lemperatures at three different  radial
positions is as follows:

. Input length of
chromosomellchrom),
mutation  and  cross-over
probabilities.

2. Formulation  of  mating
poolialdpop)

3. Select sirings for crossover-
select()

4, Crossover()

5. Mutation(y for the required

no. Of of bits = newpop

Oldpop=newpdp

Repeat steps 3 w 6 till

desired optimum (F=0.03) is

obuined,

e =

The ‘“rand’ function in Borlond C4+
library was used for the gencration of
random nembers which belped as inicial
guesses, Afte the steps of the algonthm
were performed. the fellowing graphs
viz. Mo, of function evaluations (vs)
sample experimental daw pts (Fig. 2 and
error {vs) Generation no. (Figs 3.4) were
plotted. From the figs.3 and 4 it is
cvident that as the number of generations
reaches a value around 20 the eror
remains constant and hence the value of
Teu converges to the experimentally
determined values,

The wvalues of k. and h. converges
within a maximum of 14 generations for
different packings with the maximum
population size being [2. The graphs are
plotied for two different packings.
Initially the values of inputs to the code
were:

Lehrom{chromosome length)=8
Population size=8;
Max.number of generations==8

Since the convergence of the heat
transfer parameters to the experimental
vilues was very slow, these inputs were
subsequently altered and checked for
faster convergence so as o minimise the
number of iterations, The chromosome
length  was  wvarned from & w13,
population size from & to 12 and
maximum number of generations from &
to 15. It was found out that the
convergence (s the fastest for the
following values of these parameters:-
lchrom=12, population size=12 and
maximum number of generations=14,

5. CONCLUSIONS

The present study shows that the
estimation of heat transfer parameters in
a TBR can be effectively done using
genctic  algorithms-a  non-traditional
optimisation technigue. The number of
iterations using GA was found out to be
much lesser to the conventional RTP
{Radial temperature profile) method.

It was also found that the values-
lehrom=12, Population size=12,
Maximum number of generations=14 the
heat transfer parameters converge to the
optimuem with a higher acouracy,




NOTATION

L Liquid flow rate

G Cras flow rate

Cp Specific heat of the liguid

Cp,  Rate of change of enthalpy with
respect to rise in temperature of the gas
phase.

T Temperature

4 Eadius of the bed

r Fadial position in the bed

Bi Biot number

ke Effective radial thermal
conductivity of thebed

ha Effective wall-to-hed heat
ransfer coefficient
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