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Abstract : Effectsof different system parameterson
the hydrodynamic behavior of acold-model fluidized
bed gasifier have been studied. Correl aionsdevel oped
for the Equivaence Ratio and Euler’s number on the
basisof regression andysishave been vaidated by us-
ingthe MATLAB coding. Comparison of caculated
valuesof Equivalenceratio and Euler number against
the experimental ly observed va uesgivesthe standard
deviationsof 1.89 and 10.8 respectively indicating avery

INTRODUCTION

Biomassis potentially an attractive feedstock for
producing transportation fuelsasitsusecontributelittle
or no net carbon dioxideto theatmosphere. Biomassis
acomplex mixer of carbonaceousmateriadssuch ascar-
bohydrates (75%), fats (25%) and littleamount of min-
erdslikesodium, potassum andiron etc. Thermo chemi-
ca gasfication of biomassisawell known technology
which isclassified depending onthetype of gasifying
agent usedviz. air, team, steam-oxygen, air-steam etc.

Thetechnology of biomassair gasification seems

good gpproximation. Chi-square (&) test gives 0.0002
and 18685.04 for Equivaence Ratio and Euler’s num-
ber respectively implying the correlaionfit to be satis-
factory and suitable over awiderange of parameters
fortheindustrid uses.  © Global Scientificlnc.

K eywor ds: Fluidized bed gasifier; Equivalencera
tio; Euler’s number; Regression analysis; MATLAB
coding.

to have afeasible application and has been devel oped
actively for industrid applications. Thehydrodynamic
behavior of thefluidized bed gasifier usingair asthe
gasifying agents can be studied usingacold modd gas-
ificationunit.

Gadificationisatwo step processin which solid
fuels (biomass/ cod) isthermo-chemically converted
to alow or medium energy content gas.

LITERATURE

Thefour main stagesof gasification which occur at
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thesametimeindifferent partsof thegasifier are Dry-
ing Zone, PyrolysisZone, Oxidation Zoneand Reduc-
tion zone.

Drying zone

Biomassfudscond sting of moisturecontentinthe
range of 5to 35% areused inthe gasifier. At thetem-
peraturejust above 100 °C, the water is removed and
converted into steam where the biomass sample does
not experienceany kind of decomposition.

Pyrolysiszone

When thetemperature rises above 600°C, thermal
decomposition of biomasstakes placein the absence
of oxygen. Thisprocess (Pyrolyss) involvesrel ease of
threekindsof productssuch assolid (char), liquid (oil)
and gases (CO, H,, and N). Theratio of productsis
influenced by the chemica composition of biofuelsand
operating conditions. The hesting val ue of gasproduced
during thispyrolysisprocessislow (3.5t0 8.9 MJn).
Thedissociated and vol atile components of thefuel are
vaporized.

Oxidation zone

When the temperature rises above 700°C, com-

bustion takesplace. Heterogeneousreaction takesplace

between oxygen and solid carbonized fud, producing
carbon dioxideasfollows.

C+0,>CO, )
Hydrogeninfuel reactswith oxygenintheair blast,
producing steam as mentioned bel ow.
H,+%0,>H, )
Reduction zone
Inthiszone, anumber of high temperature chemi-

cal reactionsas mentioned below takeplaceintheab-
senceof oxygen.

CO,+C—2CO €)
C+H,0—»>CO+H, Q)
CO,+H,»CO+H,0 ®)
C+2H,»CH, ©®)

Thesereactions show that heat isrequired during
the reduction process. Hence the temperature of the
gasesgoesdown during thisstage. If compl ete gasifi-
cationtakesplace, al the carbonisburned or reduced
to carbon monoxide, acombustible gasand somemin-

eral matter isvaporized. Theash and char (unburned
carbon) areonly remaining. Theyield gases produced
during the gasification processare combiningly called
asproducer gas, whose compositionisasfollows.

Carbon monoxide; - 20-22%

Hydrogen: - 15-18%

Methane: - 2-4%

Carbondioxide: - 9-11%

Nitrogen: - 50-53%

Someauthors have proposed |ow-temperature gas-
ification for efficient recovery of energy and materials
fromwastetyre¥. Experimentswerecarriedoutina
lab-scalefluidized bed at 400-800°C with equivaence
ratio (ER) of 0.2-0.6. Low heat value (LHV) of syngas
was observed toincreasewith increasing temperature
or decreasing ER, and the yield was found to bein
proportionto ER linearly. Theyield of carbon black
was observed to decreasewith increasing temperature
or ER lightly.

Equivaenceratio (ER) and Euler’s number (Eu)
aredefined asfollows.

_ weight of oxygen (air)/weight dry biomass
stoichiometric oxygen (air)/biomassratio

AP

Eu= pUOZ ®)

Mixturesof coa and biomasswereco-gasfiedina
jetting, ash-agglomerating, fluidized-bed, pilot scale-
Sized gasifier to provide steady-state operating datafor
numerica smulationverification?. Sawdust (screened
to—1.2 mm) and bituminous cods(screened from—1.2
to 0.25 mm) weremixed and pneumatically conveyed
into the gasifier at an operating pressure of 3:03 M Pa.
Feed mixturesranged up to 35% by wei ght sawdust.

Syngas with optimized hydrogen yield was pro-
duced inafluidized bed (within-bed catalysis) gasifi-
cation®®. Four different bed materials such as inert
quartziteasreference case, olivineand dolomiteasnatu-
ral cataysts, and Ni-aluminaasartificia catalyst were
used. Thegasification testswere carried out at steady
statein apilot-scal e bubbling fluidized bed, under op-
erating conditionstypica for gasification asreportedin
theliterature.

Themain results of an experimental work on co-
gasification of aChinesebituminouscod and twotypes
of biomassin abench-scaefluidized bed areasore-
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ported inthe present study™. Experimentswere per-
formed at different oxygen equivalenceratio, steam/
carbon ratio and biomass/codl ratio. In addition, stabi-
lization of co-gasification processwasinvestigated. It
wasfoundthat ardatively low oxygen equivaencera-
tiofavorstheincrease of syngasyield (CO+H,).

Different typesof biomass such aswood shavings,
cacao hulls, refusederived fuel and Euphorbiatirucalli
pelletswerea so gasified in abench scalefluidized-bed
reactor’®, The processwas optimizedin order to pro-
duce agassuitableasafuel gasor for methanol pro-
duction. Theeffectsof theair factor, bed and freeboard
temperature and feedstock propertieson gasquality
and thermal efficiency weredetermined.

MATERIALSAND METHOD

Withsilicaasthebed materias(inthesizerange of
0.79t02.18 mm), the saw dust (of size0.81 mm) ob-

tained from alocal timber mill was used asthefeed-
stock. The proximateanaysisand ultimateanalysisre-
ports of the biomass sample (saw dust) have beenre-
ported in TABLE 1 and TABLE 2 respectively. The
chemical formula of saw dust was calculated to be
CH_,0O,, from the ultimate analysis of the biomass
sample.

The schematic diagram of the experimentd set-up
isshowninFigure 1. Theunit consistsof areciprocat-
ing pump, anair blower, aU-tube manometer, ascrew
feeder for feeding the biomassand bed materidss, bubble
cap distributor plate, fluidization columnandacyclone
separaor. Thetotd height of thefluidizeris195cmwith
thereactor diameter of 15 cm and freeboard diameter
of 30 cm. Seven number of bubble capsare uniformly
arranged thereinthedigtributor plate. Thebiomasswas
fed by avariabl e speed metering motor. Air was used
asthefluidizing agent and introduced by theair-blower
bel ow thedistributor plate.

TABLE 1: Resultsof ultimateanalysis

Typesof biomass Amount (mg) Carbon (%)

Hydrogen (%)

Nitrogen (%) Sulphur (%) Oxygen (%)

Saw dust 8.94 45.78

5.32 0

0.07 48.83

TABLE 2: Resultsof proximateanalysis

Biomass samples M oisture content (%)

Volatile matter (%)

Ash content (%) Fixed carbon (%)

Saw dust 8.8

87.57

194 1.69

Aur ouat i

6

10

=
1. Pump 6. Cwclone separator
= Aar blower 7. Biomass out
= Screw feeder 8. Valve
4. Fluidized bedreactor o Bedmaterial out
5. Bubble cap 10. Valwve

Figurel: Experimental set-up of acold model fluidized bed gasifier
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Experimental procedure

Atfirg thestarter switch of theair blower isturned
on, sothat air canflowintothefluidization columnthrough
air accumulator and bubble-cap distributor plate. Then
screw feeder switch isturned on and the pump con-
nectingtothescrew feeder isinitialy set at 30-40 rpm
speed. A known quantity of the bed materialsand the
biomass samples arefed to the column and thefeeding
rate of thebed material and biomasssamplesaremea-
sured. Theflow rateof air a which completefluidiza
tion takes placeisnoted down and the corresponding
pressure drop acrossthe bed isa so noted. The same
procedureisrepeated severa timesfor studying the
effectsof varioussystem parameters(viz. thestatic bed
height, density of the biomass samples, and feed rate of
bed materials) on the bed behavior. The scope of the
experimentisshownin TABLE 3.

RESULTSAND DISCUSSION

Regression analysis

Experimenta vauesof equivaenceratioand Euler’s
number are obtained by EQ. no.-(1) and (2).

Thefluidization characteristicsand bed dynamics
of thecold modd gasifier havebeen expressedinterms
of equivaencerdtio (ER) and Euler’s number (Eu) which
arecorrelated with the different system parametersas
follows.

H 0.205 d 0.233 0.09
Dc Dc pf
0.016 0.046 -0.099
d
bu=4e+0d/[ =] [So| (8
Dc Dc pf

0.65

©

(10)

0.6

0.55

ER-Exp

0.5

0.45

0.4

0.45 0.47 0.49 0.51

The correlation plotsfor equivalenceratio (ER)
and Euler’s number (Eu) are shown in Figure 2 and
Figure 3 respectively. The calculated values of the
Equivalenceratio (ER) and Euler’s number (Eu) ob-
tained through these devel oped correl ationsare com-
pared againgt theexperimentally observed values. The
comparison plotsareshownin Figure4(A) and 4(B)
for equivalenceratio (ER) and Euler’s number (Eu)

respectively.
MATLAB program

Considering the above mentioned system param-
eters MATLAB coding has been devel oped and the
programmewasrun by varying these system param-
eters. Theeffects of these parameterson Equivaence
ratio and the Euler’s number were studied. These ef-
fectson Equivalenceratio areshownin Figure6to 8
and the effectson Euler’s number are shown in Figure
10to 12.

TABLE 3: Scopeof theexperiment

Materials Hs(cm) d,(mm)  ps(kg/m®)
Silica 25 1.65 1602
Silica 3.0 1.65 1602
Silica 45 1.65 1602
Dolomite 6.5 1.65 1602
Dolomite 45 2.25 1602
Dolomite 45 1.65 1602
Calcium carbide 45 1.2 1602
Calcium carbide 45 0.75 1602
Calcium carbide 45 1.65 1602
Al balls 45 1.65 2940
Al balls 45 1.65 1201
Al balls 45 1.65 2700

RESSEST-=c
=T

/"/ *

0.53 0.55 0.57

(Hy/D )™ 172(dy /D)2 (py/ py)* *
Figure2: Correlation plot for ER againgt the system parameters
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Figure4(a) : Comparison of calculated values of equivalenceratio obtained from Dimensionless analysis against the
experimental ones.
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Figure4(b) : Comparison of calculated valuesof Euler’s number obtained from dimensionless analysis against the experi-
mental ones
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Equivalence ratio versus Hs/Dc characteristics
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Figure5 : Effectsof static bed height on equivalenceratio

Equivalence ratio versus dp/Dc characteristics
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Figure6: Effectsof particlediameter on equivalenceratio

Equivalence ratio versus rhos/rhof characteristics
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Figure7: Effectsof particledensity on equivalenceratio
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x 10° Euler's number versus Hs/Dc characteristics
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Figure8: Effectsof static bed height on Euler’s number
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Figure9: Effectsof particlediameter on Euler’s number

10° Euler's number versus rhos/rhof characteristics
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Figure10: Effectsof particledensity on Euler’s number
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Theexperimentswere carried out inacold-model
unit of theexperimental gasification set up by varying
thedifferent system parameters. Theequivaenceratio
andthe Euler’s number, both were observed to increase
gradudly with theincreasein static bed height and par-
ticleszeof thebed materid. But theincreasein density
of the bed materid swasfound to havedifferent effects
on Equivalence Ratio and Euler number. It was ob-
served that the equivalenceratio increasesand Euler
number decreaseswith theincreasein density. Theef-
fectsof individual parameterson ER and Eu number
have also been analysed by the MAT LAB coding and
thesimilar trendswere al so observed which are shown
inFigure5to 10. Thecaculated valuesof ERand Eu
obtai ned from the devel oped correl ation werea so com-
pared with the val ues obtained from the programming
whicharelistedin TABLE 4. Thedeviationsfromthe
experimental valueswerefound to belessin both the
cases(i.e. theequivaenceratio and the Euler’s num-
ber). Itisobserved from Figure 4(A) that comparison
of ER isabetter agreement in comparison with that of
Euler number asseen from Figure 4(B).

Thestandard deviation, mean deviation and corre-
lationfitintermsof Chi-square (&?) aslistedin TABLE

ORIGINAL ARTICLE

TABLE 4: Comparison of calculated valuesof the ER and Eu
using M AT L AB coding with the experimentally observed
values.

(A) For static bed height

Euler’s number (Eu)

Parameters Equivalenceratio (ER)

H¢/D¢ ER-exp ER-prog % dev Eu-exp Eu-prog % dev
0.167 049 0487 -0.61 1337529 1532800 14.6
0.2 05 0.508 16 1363386 1537800 12.8
0.3 053 0552 415 1366528 1547800 13.3
043 0.59 0.59 0 1369164 1556500 13.7

(B) For particlediameter

Parameters Equivalenceratio (ER) Euler’s number (Eu)

dp/Dc ER-exp ER-prog % dev Eu-exp Eu-prog % dev
0.015 0.58 0589 155 1335665 1567900 17.4
0.011 0.55 0.55 0 1366528 1547300 13.3
0.008 0.5 0.51 2 1332678 1526500 14.5
0.005 046 0456 -0.86 1263782 1490600 17.9

(C) For particle density

Parameters Equivalenceratio (ER) Euler’s number (Eu)

PP ER-exp ER-prog % dev Eu-exp Eu-prog % dev
1125.6 054 0535 -0.92 1478464 1558500 5.41
1501.4 0.57 0552 -3.16 1440357 1543800 7.18
2530.5 058 0578 -0.34 1335665 1483900 11.09
2755.4 059 0583 -1.18 1325353 1467500 10.72

TABLE5: Comparison of the calculated valuesof the ER and Eu with theexperimentally observed valuesand Chi square

valuesfor thecorreation-fit.

Equivalence Ratio (ER)

Euler’s number (Eu)

Standard deviation, % Mean Deviation,% Chi square (£°) Standard deviation, % Mean deviation% Chi square (&)

1.89 -0.049 0.0002

2.64 10.8 18685.04

5imply that the developed correlationsfor the ER and
Eu aresatisfactory eventhough cal culated vauesof ER
agreeswell the respective experimenta values. With
the help of theabove MATLAB coding thesimulation
wasa so donefor aFBR whichindicatesthat the effec-
tiverate constant of the processincreaseswith thein-
creasing inlet gasflow rate but decreaseswith thein-
creaseinreactor size.

The carbon convers on efficiency and equivalence
ratioswerefound out for thehot mode unit of thefluid-
ized bed gadifier.

CONCLUSION

The MATLAB coding has been developed for the
catayticfluidized bed reactor system to study the ef-

fectsof variousimportant hydrodynamic, operating and
design parameters on thereaction rate kinetics. It is
concluded fromthe s mulation that the percentage con-
versoninaFBR increaseswith the static bed height,
residencetime and therate constant. But the selectivity
of the process decreases with theincreasing conver-
sion and reaction rate constant.

The comparison of the calculated values of the
Equivalence ratio and the Euler’s number obtained
through Regression analyssand MATLAB program-
ming against theexperimentally observed va uesfor the
laboratory scale cold-modd fluidized bed gasifier unit
indicatesthat the devel oped corrdlations (eg. no. 9 and
10) validated. Again the chi-squaretest justifiesthe
correlation fit to be satisfactory. Fromthe modeling it
was observed that concentration of hydrogenwill in-
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creaseinitidly asER increase but therewill adecreas-
ingtrend at high values. It representsthe oxygen quan-
tity introduced into the reactor but a so affectsthegas-
ificationtemperature under the condition of autothermal
operationwhileexcessamount of gaswill dilutation of
theproduct gas. But theoreticaly higher ER meanshigher
gasification temperature, which can acceleratethe gas-
ification andimprovethe product quality to acertain
extent. Sothereisacontradictory factor of ER.

Thisindicatesthat these correlations can suitably
be used over awiderange of system parameters. These
model's can al so be scaled up suitably for pilot plant
unitsor for industrial uses. Thusthese devel oped cor-
relations can beused asthe basisfor thedesignsfor the
industrid fluidized bed biomassgadsfier.

Withtheresultsof present cold model unit of fluid-
ized bed gasifier further calculationssuch ascaorific
va uedeterminationfor the biomass samplesand steam
decomposition can be carried out for the hot model
gadification unit. Variousmodding techniqueslike CFD
can also be applied for the biomass gasification pro-
cessinafluidized bed gasifier. Now-a-daystheAS-
PEN PLUS software also findswide scopeto smulate
the biomass gasification processwhich isnow being
emphasi zed by the present researchers.

NOMENCLATURE

. Equivdenceratio

: Euler’s number

. Staticbed height, m

. Diameter of thebed materids, mm

. Diameter of thefluidized bed column, cm
. Pressuredrop, N.m?

. Superficid velocity, m.s?

. Diameter of thebed materia, mm

&=, [ [

= C

Subscripts

TGA

: Thermogravimetricandysis.

Exp : Vauesobtainedthroughexperimentaly.

Cd : Vauesobtanedthroughdimensonlessandy-
gs

Prog : VauesobtainedthroughMAT LAB program-
ming.

Dev : Devidion.

Greek letters

p . Dengty, kg.m

P, . Density of bed materid, kg.m=

P, . Dengty of air, kg.m?

&2 . Chi-sguare.
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