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Abstract
Performance of the gas-solid spouted bed benefiis fsolid's uniformity structure (Ul) with lower
pressure drop (PD). Spouted bed system needs tooftgnized to achieve the maximum
performance.Therefore; the focus of this work istaximize the Ul and to minimize the PD along tlee.b
Three selected decision variables are affectingetfubjectives that are; gas' velocity, particlessity and
particle's diameter. Steady-state measurementsaaeried out to study the effect of the decisiorialaes
on Ul and PD in the 6@onical shape spout-air bed with the diameter infcBes and height of 36 inches.
Radial concentration of particles (glass and sbeelds) at various elevations of the bed underrdifte
flow patterns were measured using sophisticatedcalpprobes. High- accuracy pressure transducer
monitored the pressure drop across the bed. Sdkdlisity has found the effective variable on botrakd
PD. Multi-objective  genetic algorithm (GA) hasuhd the best stochastic technique for highly
nonlinear hybrid spouted system. The reliabilityoptimization search can be enhanced by adaptafion
the GA's operators. Optimum results have 14 set:ment operating conditions would improve the
efficiency of the bed. Maximum Ul obtained with higensity steel beads, and minimum PD could obtain
with low-density glass beads at low gas' veloditywas observed that the gas' velocity was theitems
variable for Ul and PD changing.
Keywords: Genetic algorithm; Optimization; Pressure dropo@&ed bed; Uniformity index.

1.Introduction

Spouted bed is a special case of fluidizations lam effective means of contacting gas with coarse
solid particles. There is increasing a applicatidrspouted as reactors such as; coating, desufioiy
CO, capture, combustion and gasification of coal aimnlass .The dual hydrodynamics, good mixing in
spout ,fountain and piston flow in the periphemahalus with alternated high and slow interphasthi:
spout and in the annulus respectively, makes beidgie reactors(Rovero etal.,2012).1t is a kindhigh-
performance reactor for fluid-solid particle's réae, also it is a hybrid fluid-solid contacting ségm
(Wang etal.2001).

It is better to develop the design of the spoutedi o overcome the large pressure drop and ingyabil
of the operation and enhances the uniformity of pheducts resulting from the chemical or physical
treatment due to the elimination of the back mixiiwgendt etal.,2007). Uniformity of solid particles
enhances the mass and heat transfer in additiomirep the conversion of the reactants. The pressope

across the bed is dropped the risk of dissipatespig energy.
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Most studies, concerning solid behavior and hygnadhic correlations of spouted bed have been
done at the ambient temperature. The lack of stuatidnigher temperatures is due to difficultieeasdged

with measuring techniques under these conditioaslfffanesletal. 2005).

Optimization technique is a powerful tool to obtdite desired design parameters and set of operating
conditions. Genetic algorithm (GA) is a global sbaralgorithm based on mechanics of natural
selection.GA is based on Darwin's theory of 'suavief the fittest'. There are several generic'sratpes
such as; selection, crossover and mutation. Eaanaisome represents a possible solution to thdgrob
being optimized, and each bit (or group of bit)resents a value of variable of the problem .These
solutions are classified by an evaluation functigivjing better values, or fithess, to best solut{Gupta

and Srivastava ,2006).

2. Scope of the Work

The present work focuses on study the effect ofsblected decision variables (gas velocity,
solid's density and solid's diameter) on the objestUl and PD.Steady-state measurements are ¢auie
at different operating conditions using sophisgdabptical probes and high- accuracy pressureduaes.
The nonlinear correlations of the optimization pesb would be correlated depended on the available
experimental data of the lab-scale spouted bed dlfjective is to maximize Ul and to minimize
PD.Stochastic genetic algorithm is a global seaethnique will implement to solve the conflicted

multiobjective equations .Optimal results will enba the performance of the hybrid spouted bed.

3. Materialsand methods

3.1. Experimental set-up

The present work is a part of scale-up methodotbgyis developed in the Multiphase and Multiscale
processes Laboratory (MMPL) of Chemical and BiatajEngineering Department Missouri University of
Science and Technology, MO, USA.

The experimental set up was designed and constrirctidne best way to collect the data as shown in

the Figure 1.The cylindrical bed is made of PleagglThe bed is 3 inches in diameter and 36 inames i
height. 20holes (0.5 inch in diameterjre drilled at vertical intervals of (1.86 inch) along the column.
The optical probe is placed at different radial positions of; 1.5, 1.25, 1.0, 0.75, 0.5, and 0.25 inch and at
axis positions of; 7.5 and 5.5 inches above the conical base. At the bottom of the bed, there is a 60°
cone-shaped Plexiglas base (3 inches in height.spouting nozzle (0.25 inch in diameter) locatethée
center of the base.

The particles used are steel and glass beads iffihetit diameters and properties as shown in the

Table 1.The newly optical probes are using to mexathe concentration and velocity of the beadsdiat
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and axial positions of the bed. These probes aptad to the Particle Analyzer (PV6) which manufeexd

by the 'Institute of Chemical Metallurgy, Chine#scademy of Science' .It consists of; photoelectric
converter and amplifying circuits, signal pre-pregiag circuits, high-speed A/D interface card arsd i
software PV6. The pressure drop across the bedeesuning by the high-accuracy pressure transducer
(Type: PX309-002G5V) manufactured by Omega Compdimg pressure in the bed is adjusting to the
desired value by the inverted circular stabilize6@ mm in diameter is located at the top of the belumn.

This is preventing the spout fountain from swaying.

3.2. Formulating of Optimization Problem
At steady-state conditions, the local uniformityléx (Ul) of the solid particles across the spouted
(Nedeltchewtal. ,2000 and Zhangal.,2011) is determined by Equation 1.
Ul = (GugCuin)/(CviaxCariny @
The objectives (Ul and PD) are correlatedhwhe three decision variables. Two-advanced
nonlinear regression used which are; Newton-Quadi ldook-Jeevs pattern moves with the aid of the

computer program (Statistica version10). The cotgtl optimization problems are:

UI=0.184Vg*ps> dp 2 2
PD:0037\/b38 pS0.407dp-0.221 (3)
Subject to inequality constraints:
0.74Vg<1.0
24008ps< 7400.0 4)
1.09dp<2.18

However, the spouted bed is highly nonlinear irtt@ process. GA is the best global search for

solving the optimization problem of the process.

4. Result and Discussion

Figure (2a) illustrates the effect of the air véties on the uniformity index (Ul) with the steeldh
glass beads. The Ul decreased with increasingithelacity (Vg) because of the desperation of sbéd
particles is increased. Two regions appeared wigphesent the transition region from the packedfloed
regime at Vg of 0.74 m /s to the stable spoutiog/ftegime at Vg of 0.95 and 1.0 m /s.

Ul of steel beads is higher than that of glass besdshown in Figure (2a) because of high scatterin
of the particles of low density. The density of #@id particles has the positive effect on the(Eigure
2b). Increasing of the particles' density provites strength and resistance of the bed againstattex of
the fountain. Then, the bed becomes uniform arulesta

The bead's diameter has negative effect on thesldhawn in Figure (2b). The particles of small size

are helpful to raise the uniformity across the @¢do, 2008).
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However, the improving of Ul could enhance thass) heat transfer and the conversion of
reactants in the spouted bed.

Figures (3a and b) explain the effect of the denisiariables (air velocity, density and diameter of
solid particles) on the PD across the bed. PD asmé with the increasing of Vg for both steel &sgla
beads due to the increasing of the kinetic enenglyiateraction of solid particles (Sathiyamoort29.10).

In the case of steel beads, the pressure drogliehthan that of glass particles. The dense ptagikcles
have more resistance to the airflow than the lodensity glass beads as shown in the Figure (3b).The
porosity of the bed is increased with the largetiplats diameter, and then the pressure drop adhess
spouted bed is dropped (Zhoetgl.,2006).

However, the density of solid particles has foumg éffective variable on the objectives (Ul and PD)

The two conflicted objective functions (Equationsad 3) are solved simultaneously to obtain the
global optimum results. For best solution, the epms of GA were adapted as shown in Table 2. GA wa
implemented with the pattern search using the kiytomction to refine the decision variables (Patoetel .,
2009). Since the objective functions are conflictten the GA search could generate 14 Paretticudu
of the optimization problems as shown in FigureEéch solution represents a set of new operating
conditions. Optimization technique could reduce riBk of experimental runs and the cost for desigd
operation. In addition, the optimum operating ctinds enhance the performance of the spouted bed.

Figure 4 illustrates the solution/operators of @¥. The score histogram in the Figure 5 explains
that the optimum Ul are between 0.39 to 0.53 wiike optimum PD within range of 0.66 to 1.19. The
results of the multi-objective search are stayettiwithe limits of the operating conditions of thecess
(Equation 4). The decision makers can select titatde solution .The optimum results are explaiired
Table 3. The maximum Ul can obtain by high-densityel beads of small particle diameter at low air
velocity. Low-density glass beads of large partatilEmeter at dropped air velocity can obtain mimmiD.
Therefore, by staying close to this minimum flownddion, it is possible to perform a stable openmatand
to obtain energy savings (Corretal., 1999).

The optimal sets of the three decision véesbare illustrated in the Figures (6a, b and c)
corresponding to the objective UL.The scatterind stochastic of results are appeared in theseefgas
a result of natural selection by GA .1t is founatthhe optimal values ofps are increased at its upper
bound as explained in the Figure (6b). Vg is chdngéhin its lower bound (Figures 6a). It is obssdv
that the optimal values of dp is almost constaritsatower bound as explained in the Figure (6cg3Seh
behaviors are because ofps has the positive effect while Vg and dp haeertagative effect on Ul as
shown in the Figure 2. Vg is the most sensitivéalde for Ul changing (Figure 6a).Most optimal veguof
the three decision variables are stayed withimntlagimum value of Ul, which equal to 0.534 as shamvn

the Figure 6.
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The optimal sets of the three decision vaesbébre illustrated in the Figures (7a, b and c)
corresponding to the objective PD.Also the scatter@and stochastic of results are appeared in these
figures as a result of natural selection by GAslfound that the optimal values p§ are changing at its
lower bound as explained in the Figure (7b). Gdsoity (V@) is changed within its lower bound (Figu
7a) and solid diameter (dp) is almost constantiwiits lower bound as shown in the Figure (7c). Skhe
behaviors are because of Vg ap&l have the positive effect while dp has the negagffect on PD as
shown in the Figure 3. Most optimal values of thee¢ decision variables are stayed within the apotim
value of PD, which equal to 0.66 Kpa as shown sRigure 7.1t is observed that Vg is the most $esi
variable for PD changing as shown in the Figurg.T#e optimal values provide the experimental wayk
selecting the best operating conditions, which anbahe performance of the present spouted bed. The
maximum Ul could obtain by the steel beads andntii®mum PD obtained by the glass beads. The
success of the optimization search depended orbeabeformulations of the objectives with the diecis

variables and the selection of the proper optinonatlgorithm.

5. Conclusions

1. Spouted bed is a highly interacted nonlinear prosgstem.

2. Density of solid particles is the effective vat@bn the uniformity index and the pressure drapss
the spouted bed.

3. High-density steel beads can obtain maximum umiftyr index while the minimum pressure drop
obtained by the low-density glass beads.
Velocity of gas is the sensitive decision varidioleuniformity index and pressure drop changing.

5. Hybrid spouted bed system needs to be optimized taedoptimal results could enhance the
performance of the bed.

6. Reasonable agreement has obtained when comparedptimal solutions with the experimental
results.

7. Success of optimization search depends on theulation of the objective function, selection of the
decision variables and selection of suitable séagdechnique.

8. Genetic algorithm has found the suitable stochast@rch for the nonlinear spouted bed. The retigbil
of the search can enhance by the adaptation @lgioeithm's operators.
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Nomenclature

C Relative concentration of solid
Cavg Averagel concentration of solid part
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Chin Minimum local concentration of solid
Cmax Maximum local concentration of solid
dp Diameter of solid particle, [mm]
PD Pressure drop in the spouted bed,[ Kpa]
ul Uniformity index of solid particles
Vg Superficial velocity of gas, [m/s]
Greek Symbols

Density of solid particles,Kg/m3

Porosity of bed

/] Sphersity of the solid particle
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Table 1. Properties of the particulate materials.

. Dp as
Material 3 € ]
(mm) (Kg/m?)
Steel
1.09 7400.0 0.42 1.0
beads
Glass
1.09 2450.0 0.42 1.0
beads
Glass
2.18 2400.0 0.41 1.0
beads
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Table 2. Adapted parameters of multi-objective GA.

Table 3. Optimum results by Multi-objective

GA.
Parameter Type/Values
Population type Double vector
Decision variables Min. - | Max.
Population size 80
Creation function Feasible population
Gas velocity (m/s) 0.740 0.756
Scaling function Rank
Density of solid (Ka/m*) 2400 6259
Selection function Roulette
Crossover function Scattered i i
Ver tuncti Diameter of particle(mm) | ; 109 2178
Crossover fraction 0.8
Mutation function Adaptive feasible Ul=0.39-0.53
Value of objective
Migration direction Forward PD=0.66-1.19
Migration fraction 0.1

Hybrid function

Number of generation

Function tolerance

Pattern search

107

1.0E-6
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