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Abstract

In this study, numerical simulation of wood combustion in a laboratory fixed bed reactor is presented. The main aim was to test the suitability of CFD-DEM approach in
predicting temperature distribution and species generation in a fixed bed reactor. A commercial software code STAR CCM+ was used to simulate combustion of eucalyptus
wood under air condition. Lagrange-Euler (CFD-DEM) approach was used in which gas phase was calculated using computational fluid dynamics while solid phase was
tracked in lagrange approach. Simulation results were compared to experimental data. A good agreement between simulation results and measured data was achieved.
This proved that CFD-DEM method can be used in design and optimization of new equipments.

Experimental Set-Up

l Flue gas

A schematic diagram of the experimental set-up used in
this work is shown in the Fig. 1. It is a cylindrical chamber
with an internal diameter of 40 mm and a height of 200
mm. Air inlet port is located at the bottom and grate is
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Table 1: Proximate and ultimate
analysis of fuel sample
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Moisture 10.3
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Table 2: Biomass kinetic model
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Gross calorific value (MJ/kg) 19.3
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Fig 1: Schematic diagram of experimental set-up

Lirying Hate expression
Ril)  Wet waood — Dry wood + HeOg) Rary = Ympbwerl 6 = lﬂﬂezpll—ﬁh[llj[ll,ngj
FPyralysis Heactions Hate expression, Kinetics:
Ky = Ajexp(—E,/RT) Als~), Eik] /mol)
RiZ} Dy wood — gas Wy = Kap g Ay =111 = 107, E, = 177
Ri3)  Dry waod — Tar Wy = Hgpp dmy Ay =008 = 107, E; = 149
Ri4)  Dry wood — char wh = Ky Py dey Ay=305 %107, E; = 125
Ri5) Tar = TiTarye: + Too €O + Ton, g, = Koo Ay =056 = 104, E, = 93.437
COy + Ta, Ha + Tom, CH,
Homogeneous Gas-Phase Reactions Hate expression, Kinetics:
Ky = AT" exp|—E,{RT) Als1), Elk] /mol)
RG] 200+ O, — 200, Bro = KG[CO[[O"F[HL O A =224 x 107, n=0, Eg = 167.36
Ri(7) ©CHy+ 20y — COy + ZH,O Reog, = K7 [CH,|"T[0,]"4 A =1158 = 108 n=10, E; = 202.5
Rig)  2Hg + Oy — 2H,O Ry, = Ka|Hq)[2] A =219= 10" n=10, Eg = 100.2
R(9) Tar 4+ 2090, - 6C0 + 3.1Hg Rrge = Kaltar|™[04] Ay =02%10°F, n=0, E; =802
Rilg) Co 4 OH = COgy + H Rro = Kg|CO)|CH] Ap=476x 10", n= 1.3, Ey, = 0.293
Ri1l} H + Cy — &4 GH Ry = Ky|O)|0H Ay =2686x101% n= —0671, Ey; = 71347
R{12) Hy; + Oy — OH + OH Ry, = Kyo|H.| O] Ap =251 =101 n=10, B\ = 163.075
Ril3] HyO 4 CO — Oy + Hy Rpo = K|H,0|C0] A=2T8, n=0 E, =1255
Ril4) ©0y 4+ Hg — HyO + CO R, = K004 | Hy Au=260 n=0 E,=4654
Heterogeneous Heactions Hate expression, Kinetics:
Ky = Ajexp|—E,/RT) Als~), Eik] /mol)
R(16) QC4+0; =+2(0-1)CO4(2-0) COy  wiygpn, = Ki16F0, 55 ahar A =254 x 1077 Ej; =T4R
R(17) C+ COy — 2C0 Wanar 0y = H17F00, 55 char A =181 =102, E; =130
Ril8) 4 Hg — €O 4 Hg L'.,"I'a.m.ﬂt,:. = KieFl,0 50 char Ag =181 = 1072, Eyy =130

Temperature (K)

I1500.0

1259.0

1018.0

! 777.00

|536. 00
295.00

100 s 200s 300s 400 s 750s 1000 s

] : o :
Homepage: www.dekut.ac.ke Arbeitsgruppe : M. Nowitzki / J. Tanui

The model results were validated by comparing predicted and
measured temperature at corresponding position in the fuel bed.
Shown in Fig. 4 is temperature history at 5 cmm from bed bottom.
A good agreemnent between predicted and measured
temperature values is achieved. The graph shows that the
temperature profile has two peaks. As the flame front passes the
position where measurement is done, temperature rises rapidly
up to the first peak. Then it decreases to about 900 K. Exothermic
reactions of the volatiles increases the temperature while drying
and pyrolysis which are endothermic processes decrease the
temperature. The second part of the graph where temperature
rises signifies that endothermic processes have ended. The
volatiles transported from lower part of the bed burn in this
region. The last regime where temperature decrease is
characterized by char gasification and oxidation.
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Fig 4: Measured and predicted temperature profile at 5 cm
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