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Abstract
Dropping of pressure drop (PD) across the spougsdould reduce the dissipated pumping energy anpdove
stability and uniformity of solid particle3he selected decision variables are; gas velositig's density and solid's
diameter. Steady-state measurements were carrteid the 60 conical shape spout-air bed. Concentration ofisoli
particles (glass and steel beads) at various eteabdbf the bed under different flow patterns wereasured by
using sophisticated optical probes. Optimization techeidwelps the decision makers to select the besbfset
operating conditions. Stochastic genetic algorithes found suitable for the non-linear hybrid spduteed.
Optimum results would provide the design and opamadf the bed. It has been found that the low-dgrglass
beads of high -particle diameter at low gas' vé&§paiould obtain minimum PD. Particle's densitythe effective
variable on PD. Velocity of gas and diameter ofdspharticle have found the sensitive decision Jadesa with PD
changing. The sensitivity of the variables couldrmeased at unlimited upper bounds.
Keywords. Genetic algorithm; Optimization; Pressure dropp@pd bed; Solid particles

1. Introduction

Among several configurations typical of gas-solids fluidization, spouted beds have demonstrated to be
characterized by a number of advantages, namely a reduced pressure drop, a relatively lower gas flow rate, the
possibility of handling particles coarser than the ones treated by bubbling fluidized beds.Additionlly,significant
segregation is prevented by the peculiar hydraulic structure. A spouted bed can be realized by replacing the
perforated plate distributor typical of a standard fluidized bed with a sample orifice, whose profile helps the
solids circulation and voids stagnant zones. When the gas flow rate is large enough, the spout reaches the bed
surface and forms a "fountain" of particles in the free board (Figure 1). After falling on the bed surface, the solids
continue their downward travel in the "annulus” surrounding the spout and reach different depths before being
recaptured into the spout (Rovero etal., 2012).

There is increasing a application of spowech as; coating, desulfurization, £€apture, combustion and
gasification of coal and biomass (Limtrakatél.,2004).The spouted bed is a kind of high perforreameactor for
fluid-solid particles reaction, also it is a hybfidid-solid contacting system (Wartgl.,2001).
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Nomenclatures

dp: Diameter of solid particle, [mm]
PD: Pressure drop across spouted bed, [Kpa]

Vg: Superficial velocity of gas, [m/s]

Greek letters

ps :Density of solid particles,[Kg/th
€: Porosity of bed, []

@: Sphersity of the solid particle, [-]

In operations using spouted beds, it is afomimportance, from an energy consumption pofntiew, to
operate the process as close as possible to thmammspout flow. At this point, the speed of the @for example,
warm air in drying operations) is greater than #meount of heat and mass transfer involved, althotuginly
transfers the minimum amount of momentum to maintae spout. Therefore, by staying close to thigimmim
flow condition, it is possible to perform a stablgeration and to obtain energy savings not onthénheating of the
gas but also in its displacement by blowers (Comidh, 1999).

However, it is better to develop the design of speuted bed to overcome the large pressure drop and
instability of the operation and improve the unifdty of the products resulting from the chemical mhysical
treatment due to the elimination of the back mix{Rgachayawarakoretal.,2005).

The objective is to minimize the pressure drop (RBXpss the spouted bed. Study the effect of detisi
variables on PD under steady-state conditions. dptemization problem is correlated depends on thailable
experimental data of the lab-scale bed. Stochaftical search genetic algorithm is used to soleedptimization

equation. The optimal results provide the desigh@peration of the spouted bed.

2. Materials and methods
2.1. Experimental set-up
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The present work is a part of scale-up mitkagy which is investigate and develop into theltihase
and Multiscale processes Laboratory (MMPL) of Crehand Biological Engineering Department Missouri
University of Science and Technology, MO, USA.

The experimental set-up was designed and constructéhe best way to collect the data as explained
Figure 1.The cylindrical spouted bed is made okiglas. The bed is 3 inches in diameter and 36dadh height.
Twentyholes (0.5 inch in diameterre drilled at vertical intervals of (1.86 inch) along the column wall in which
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-stap
Plexiglas base (3 inches in height). The spoutiozzle (0.25 inch in diameter) locates in the cenfethe conical

base.
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Figure 1.Experimental set-up.

The solid particles used are steel and glass bs#lglifferent diameters and properties as showmahle
1.The newly optical probes are used to measure swiithis concentration and solids velocity and tfiectuation at
radial and axial positions of the spouted bed. Thecentration of solid particles are measured ley Rlarticle
Analyzer (PV6) which manufactured by the ‘Institute Chemical Metallurgy, Chinese, Academy of Sc&clt
consists of; photoelectric converter and amplifyaiguits, signal pre-processing circuits, highegh&\/D interface
card and its software PV6, is adapted to the dpfticabes. The pressure drop across the bed is mezhby the
pressure transducer (Type: PX309-002G5V) manufaedtlsy omega company. The pressure into the spdgdd

adjusting within the desired values
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Tablel. Properties of the particulate material

Material dp(mm) ps(Kg/n?) € @
Steel beads 1.09 | 74000 042 | 1.0
Glass beads 1.09 2450.0 0.42 10
Glass beads 2.18 2400.0 0.41 10

by using the inverted circular stabilizer, 60 mndiameter is installed at the top of the bed colufhis is
preventing the spout fountain from swaying.
The selected process variables, which are affectiveg pressure drop in the bed, are; gas velocity,

particle density and particle diameter.

2.2 Optimization problem

The available experimental data have been usedotielate empirically the objective (PD) with thecdson
variables to facilitate the optimization schemee Tddvanced nonlinear regression optimization algariused is

Hook-Jeevs pattern moves with the aid of the copmutogram (Statistica version10).The optimizatguation is:

PD:O.037VgO'381 ps 0.407dp-0.221 (1)

Subiject to Inequality constraints:

0.74<Vg<10
2400.0 < ps< 7400.0 2)
1.09<dp<2.18

From Equationl, one can conclude that the air vtplodensity of the solid particles have positiféeet on
the pressure drop across the bed, while the diarokparticles has negative effect.

Since the spouted-gas bed is a hybrid failild contacting system, genetic algorithm (GA)the best
global stochastic search that based on mechanitatofal selection (Gupta and Srivastava, 2006).i@#emented

for optimization problem (Equation 1) with uppemier bounds (equation 2) and with lower bounds only.

15



Solid Concentration

Innovative Systems Design and Engineering www.iiste.org
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) pLiy
Vol 3, No.12, 2012 ns'e

0.52

3. Result and Discussion

3.1 Sahility of spouted bed

The parameters of the process are difficulty measualso the efficiency of the spouted bed

is dropped at the unstable conditions. Differemivffregimes in the present spouted bed were studikahit the
stable gas velocity (Xu etal.,2009) .The optimumgeaof air velocity is between 0.74 to 1.0 m/sukés (2a and b)
illustrate the effect of pressure drop on the $itglof the spouted bed using concentration of glasd steel
particles' distributions portrait. The system bedsaunstable at the fountain region (zone 1) whochtes at 7.5
inches above the conical base for different supiatfivelocities of air (0.74 to 1.0 m/s). These due to high-
pressure drop as a result of the high- vorticesrandlutions of the particle's bulk compared toeothregions in the
bed (Zhongetal. ,2007and Zhangtal., 2011 ).The concentration profile curves havee ttlangular pulse shape and
not uniform. The maximum peak of pulses repredamiaximum values of solid concentrations at thadiei
location (0.75 inches) of radial position. Uns&abpouting is characterized by swirling and putsatf the spout
(Xu etal. ,2009and Rovero etal.,2012).
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Figure 2. Solid concentration distributions in zdnfer ;( a) steel beads, (b) glass beads.

Figure 3a illustrates the portrait of steel beadsidutions at the cylindrical region (zone 2) aihilocate at 5.5
inches above the conical base at the same operatimditions. The solid concentration profile curbave the
uniform exponential shape. The stability conditiappeared within the behavior of the system sihegrticles in
the bed fluidized homogenously because of low-piresdrop at this region. This position located ittite lower gas
motion region of the spouted bed (annular parte packed bed and stable spouting are distinguisih¢ide
formation of the stable spout. Figure 3 explaira the solid concentrations are much less in the bed region in
the center (1.5-inch radial position) than in tleask bed region near the wall (0.25-inch radiaitipo3. Figure 3b
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explains the solid distributions of glass beads Similar behaviors of solid particles are appeazdxplained with
the steel beads system. The concentration of soiittreased with low- gas velocity and high pdeticdensity as
shown in Figure 3.However, the spouted-gas bedvashas a hybrid fluid-solid contacting system.
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Figure 3. Solid concentration distributions in zé@for ;(a) steel beads,(b) glass beads.

Figure 4 explains the effect of the process vaeialfhir velocity, density and diameter of solidtigtes) on the
pressure drop across the bed. The pressure dnaggaged with increasing the velocity of air for bsteel and glass
beads due to increasing the kinetic energy anéhteeaction of the solid particles. In the casestekl beads, the
pressure drop is higher than that with glass bbadause of high strength and friction with steeldse(Figure 4a).
The dense particles (steel) create more resistamtériction against the airflow and then tenddise the pressure
drop across the bed (Figure 4b).The porosity obte:increased with the large particles diametethat the
strength of the solids to the airflow then reducBukse tend to reduce the pressure drop acrosptieed bed
(Figure 4b).These conclusions also confirmed byo(gfetal., 2006).However, the design of the spouted bed is
developed to reduce the pressure drop and ingjabflthe operation and enhance the uniformityadidsbeads.
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Figure 4. Pressure drop against ;(a) gas veldo)tgolid density and solid diameter.

3.2 Optimization search
Several experiments were carried out to obtain dpt#mal solution of the optimum problem. In additicthe
operatorof genetic algorithm search were adapted to oltkedrbest solution.

Table 2 explains the best parameters of the geakgarithms with upper-lower and lower bounds. Fgu
5a illustrates the outputs of the algorithms sohsioperators of upper-lower bounds system. GAnglémented
with the pattern search by using the hybrid funti@s shown in Table 2 to refine the decision véegmijPalonen
etal.,2009). The best fitness, best function and sh@tgram as shown in the Figures 5a illustrateé ttea optimal
pressure drop is (0.66 Kpa).The results of thenaiptition search (Table 3) have reasonable agreesirece the
values of the continuous (Vg gs) and discrete (dp) variables within the limitdteé operating conditions (Equation
2). In addition, the optimal values improve that thinimum PD can obtain by the low gas velocityy-ibensity
glass beads of high particle diameter as showralle€B, Figure 4 and Figure 5a. Therefore, by staglose to this
minimum flow condition, it is possible to performssable operation and to obtain energy savingsrréaetal .,
1999).The histogram of the variables in the Figamendicates that the density of solids (variablés2he effective
variable on PD. Due to the nonlinearity of the gpduprocess (equation 1), the optimization equadiRD was
solved by (51) generations as shown in Figure Bha. optimal sets of the three decision variablesilarstrated in

the Figures (6a,b and c) corresponding to the tibe®D.The scattering and stochastic of resukisappeared in

18



Innovative Systems Design and Engineering www.iiste.org
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) pLiy
Vol 3, No.12, 2012 ns'e

these figures as a results of natural selectio®By.lt is found that the optimal values of the dadiensity f=s)are

almost constant at its lower bound as explaindgtierFigure 6b.This is due to that is the effective variable for

Table 2. Adaptetameters of GA technique.

Parameter Type and

value

Population type Double vector
Population size 100
Creation function Feasible population
Scaling function Rank

Selection function Stochastic uniform

Crossover function

Crossover fraction

Mutation function

Migration direction

Migration fraction

Hybrid function

Number of generation

Function tolerance

Scattered

0.7

Adaptive feasible

Both

0.2

Pattern search

51

1.0E-6
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Table3.Optimal values of decision variables.

Decision variables With uppéower bounds With lower bounds
Gas velocity (m/s) 0.7403 0.765
Density of solid (Kg/r) 2400.00 2400.083
Diameter of particle (mm) 2.87 17.417

Best: 0.65967 Mean: 0.65971
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Figure 5. Results/solution of genetic algorithnthy{a) lower-upper bounds, (b) lower bounds.

PD as shown in the Figure 5a.Gas velocity (isgrhanged within its lower bound (Figure 6a) aotids
diameter (dp) is fluctuated within its upper bowsdshown in Figure 6¢c. These behaviors are beadlgg andps

have positive effect while dp has negative effecP® as shown in the Figure 4. Most optimal valofes the three
decision variables are stay within optimum valueP&f which equal to 0.66 Kpa as shown in the Fiduleis

observed that Vg and dp are the most sensitivabias for PD changing as shown in the Figuresi(@bc).
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Figure 6. Optimal values of decision variables Wdtiver-upper bounds corresponding to objective PD.
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Figure 7. Optimal values of decision variables vdtiver bounds corresponding to objective PD.

For scale-up process and to extend thiesliof operating conditions, it is better to stiw search from
the initial points of Equation 2. The solution/oprs of GA search with lower bounds only of Equat? are
explained in the Figure 5b. GA's operators, whighselected in Table 2, have found the best vdtresolving the
optimization problem (Equation 1). The best fitpdssst function and score histogram as shown inFtgare 5b
illustrate that the optimal pressure drop is (0.43). The optimal values explain that the minimé® could
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obtained by the low gas velocity, low-density glagads of high particle diameter as shown in & abFigure 4
and Figure 5b.The number of generations in thi® @a® increased to (68) as shown in the Figure Hib.iB
because of unlimited upper bounds which neededidlitional search- iterations compared with thfeg@arch
of limited upper-lower bounds. So that The scattestochasticity of GA is high as shown in thef&s (7a, b
and c). The optimal sets of the decision variabhesillustrated in these Figures correspondindnéoabjective PD.It

is found that the optimal values of Vg ap@ have small changes within its lower bounds as éxgthin the Figure
(7a and b). Dp is increased to new upper limitslitain the minimum PD as shown in Figure 7c. ThHesaviors
are because of Vg am# have positive effect while dp has negative effactPD as shown in the Figure 4. The

sensitivity of the three decision variables is exdeal with unlimited bounds because of increasimgnihmber of
generations and the natural selection as showheirFigure 7. Most optimal values of the three deniwariables

are stay within the region of optimum PD equal #2@ Kpa as shown in the Figure 7.In additions ibbserved that
Vg and dp are the most sensitive variables for RBations as shown in the Figures (7a and c). Hewethe

success of optimization search depends on the fation of the objective function, the selectiontbé decision
variables and the selection of the suitable seagct@chnique.

4. Conclusions

1. Spouted bed is a hybrid nonlinear process system.

2. Dropping of the pressure drop across the bed adliice the risk of the dissipated pumping energyesuhdnces
the uniformity and stability of solid particles.

3. Density of solid particles is the effective vat@bn the pressure drop across the spouted bed.

4. Velocity of gas and diameter of solid particle tre sensitive decision variables with pressure dr@mging.
The sensitivity ca increase at unlimited upper bounds.

5. Minimum pressure drop could obtain by the low-dgnglass beads of high particle diameter at lowagalof
gas' velocity.

6. Success of optimization search depends on theufation of the objective function, the selectiortud
decision variables and the selection of the sugtabhrching technique.

7. Genetic algorithm has found the suitable stochagtibal search for the hybrid nonlinear spouted bedlhe
reliability of the search can be enhanced by adiaptaf the algorithm operators.
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