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Fig. 1  Chemical kinetic scheme of biomass pyrolysis
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Fig. 2 Geometry of the simulation of granular biomass
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Table 1  Kinetic date of biomass pyrolysis

Als™ E/J-mol™ IR
A=5.16x10° E,=88600 SCHRL 1]
A=1.48x10" E>:=112700 SCHRLLL]

=4.28%10° E-=138000 SCk[12]
A=1.48%10" E:=120000 Sk 12]
As=4.28%10" Es=133000 SCk[12]
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Table 2 Values used in the mathematic model
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Fig.3 Temperature as functions of conversion yield of biomass
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I TR AS I 2 325 R AL B AR/ R HUL
REVSE SNV Y 0k =N - O s il A B
{Ho J350, A LA A W B X A7 AR W] 2 1 TR )
BREE  H T AR 5 8 R B, i 5 Hh R
A FERAR . B N RO HERS | e K A o
R, 32 PR A S AL Y R AL B R A O B R
JIsE I B R I A S SR AR IR 2 0B R
AW RRER 6 R g, — B DR R AR A,
SRRy 1) 2T B0 o R 0 BH D 20, AT i
TOURE PN B 22 A SOR A = ) A bR iy B B 3 1
RN FR IR 7 R A, B SR A ) A A
R, S LB B W R FE AR B R AT,

UKL PN R 3 R N S
43 FEFARFEHELR SR E R

& 6 2ok AN 15 mm PR TEE K 303 K,
PRESIRBEEUCN 107312731473 K B4R 9 ViR <,
A S 03 0 A5 ST O 9 Yl O 7 45 B
B 1) A AR AR R o A8 0 50T R B T R S 1Y)
M) AT 6 FPRT o A 0 B I A AR T Tk 3 R R (E
Ja TER R R, SRR A 25 AR W 0T A i ) AR
AT U S0 B, A 0 0T A T T AR . AR T A
M2 A A 55 1 IR E T AR Il T
773 K Z i K HE TR R i A R N SR R A
JITE; 56 2 AN A JE AR B S, 3 2 ph AR T T )
AN TR, BRI YR AT 1073 K 5, AR A
T Uh A b R (B AR D YR IR B 1473 K B,
I T EY BN 0.01%0 (kgrkg TH0kE) | BIAE 75
w2 R 8 mg/Nm®, SCHER[7 ] HH M &80 11.7 mg/
Nm', 9 A0 25 A K, BVAE i LT 58 42 24 AN Bt
SR H AR AR B . 54, BB
TR R, A W SO S R AR I A YR S A s 1) 2 A
IR, 1 HLIEAE ]

= 1473 KIRIGEHR N
o 1273 Kl A
21073 KIR 3 A A

.
= 1073 Kit 5444
R

Hﬂ O

I 2

B 1273 K534

1473 Kit S840

150 200 250 300

Fsf ] /s

El6  ANIRIATE] T A A BR BEAS a7 B AR fb O &R

Fig. 6 Tar production rate as functions of radial distance for

100

conversion time

% i

1) S 1 A ) T el PR AR A TR T A S TR AR
3 A 1y T AR B RO 7 0 ) R AR TR A e oy
AR B AN AR o B4 RO S ) 2 Oy R AR
FATTRERRG X AW T A R T TN AR
T8 TR ORCAR A5 BRI 1] R R ) AR SR
X £ 9y T AR e e £ i v il AR P R I e e
BB B RS L, UE W ASASE R B A BE 5T A 4y Jo i

5



24 FrREFIAE Rk I Y BORDIR AR ) A A 297

A A A ) e R AR A

2) FASifR SIS ) WS A A it E 7 1 g i A

SO ARER ST R AR, SR A R IR AR Y

T ARG AR, PR o S R Y

3) e AR SN A S AR GBI B, IR 1 oA
B R AE . P e BT 7 AR R B A I 25 358
FeA= P BEORER 6 Bt g, JRL A B R 114 AT A
fife 7 49 LS PR 0 3 R U BORE PS  g RE
%, G SOMT RS 7= 0 26 S B3I, 5 AL B2
WG, AR S B R ACE N ORI N 0 s 1 3%
Wl BRI N

4) i R BT R WU LA 2 A 5 1 I
(ELIE: 2R W T S AR 2R B A D AN B AR i 5
2 AU (R AR E vt T 20 D AN BB AR R 0
PRIE U BB w5y, A W R A i 14 U SR A I (] 9
AR BRI, 117 ELEEEL DBl )N

R
W R%E S H L, W/ (m*-KY)
B kg/m’

R, C

R4 m

[ 5% 30k ]

N~ 9§

~

[1]  DiBlasi C. Modeling chemical and physical processes of
wood and biomass pyrolysis [J]. Progress in Energy and
Combustion Science, 2008, 34(6): 47—90.

[2]  Piskorz J, Majerski P, Radlein D, et al. Fast pyrolysis
of sweet sorghum and sweet sorghum bagasse [J].
Journal of Analytical and Applied Pyrolysis, 1998, 46
(1): 15—29.

[3] Di Blasi C. Modeling and simulation of combustion
processes of charring and non- charring solid fuels [J].
Progress in Energy and Combustion Science, 1993, 19
(1): 71—104.

[4] Di Blasi C. Analysis of convection and secondary
reaction effects within porous solid fuels undergoing
pyrolysis[J]. Combustion Science and Technology,
1993, 90(5-6): 315—340.

[5] Maniatis K, Beenackers A A C M. Tar protocols [J]. Tea
Bioenergy Gasification Task, 2000, 18(1): 1—4.

[6] Li Chunshan, Suzuki

reforming,

K. Tar property, analysis,

mechanism and model for biomass

(9]

[10]

(11]

[12]

[13]

[14]

[14]

[15]

[16]

[17]

gasification-an overview [ J ]. Renewable and Sustainable
Energy Reviews, 2009, 13(3): 594—604.

TR, AR A S A AR 1) S ST AU
BULD J. MRS : IR /RIE Tl K%, 2010

Qi Guoli.
simulation of biomass pyrolysis and tar thermal cracking
[D]. Harbin: Harbin Institute of Technology, 2010.
FEA, FE O, 0k, S RBURAE Y BT R IR A
AL R T R BRI LD ). R PR 41, 2011, 32
(7): 1058—1063.

Qi Guoli, Dong Peng, Zhang Yu. Construction of large

Experimental research and numerical

biomass high temperature pyrolysis model and numerical
simulation [J]. Acta Energiae Solaris Sinica, 2011, 32
(7): 1058—1063.

Pyle D L, Zaror C A. Heat transfer and kinetics in the
low temperature of solids[J].
Engineering Science, 1984, 39(1): 147—158.

van Berkel A I. Dynamics of thermal particle conversion

pyrolysis Chemical

with application to biomass conversion in a circulating
fluidised bed [D]. Netherlands: Technische Universiteit
Eindhoven, 2004.

Di Blasi C. Heat, momentum and mass transport through
a shrinking biomass particle exposed to thermal radiation
[J]. Chemical Engineering Science, 1996, 51 (7) :
1121—1132.

Guan Jian, Qi Guoli, Dong Peng. A granular-biomass
high temperature pyrolysis model based on the Darcy
flow[ ] ]. Frontiers of Earth Science, 2015, 9(1): 114—
124.

Koufopanos C A, Papayannakos N, Maschio G, et al.
Modelling of the pyrolysis of biomass particles[]].
Studies Thermal and Heat
Effects, 1991, 69(4): 907—915.

R, AR, Wk . B R (R =)
[M]. dbst: B, 2003.

Feng Junkai, Shen Youting, Yang Ruichang. Boiler
principle and calculation (3rd Ed.) [M].
Science Press, 2003.

Babu B V, Chaurasia A S. Heat transfer and kinetics in

on Kinetics, Transfer

Beijing:

the pyrolysis of shrinking biomass particle[J]. Chemical
Engineering Science, 2004, 59(10): 1999—2012.
Gronli M G, Melaaen M C. Mathematical model for
wood pyrolysis-comparison of experimental measurements
with model predictions [1]. Energy & Fuels, 2000, 14
(4): 791—800.

Melaaen M C. Numerical analysis of heat and mass



298 K 6 ¥ 394
transfer in drying and pyrolysis of porous medialJ]. convection [ J]. Combustion and Flame, 1977, 29(3) :
Numerical Heat Transfer, Part A: Applications, 1996, 311—324.

29(4): 331—355. [20] Di Blasi C. Modelling the fast pyrolysis of cellulosic
[18] Hagge M J, Bryden K M. Modeling the impact of particles in fluid-bed reactors[J]. Chemical Engineering

shrinkage on the pyrolysis of dry biomass[J]. Chemical Science, 2000, 55(24): 5999—6013.

Engineering Science, 2002, 57(14): 2811—2823. [21] Lee K C, Chaiken R F, Singer ] M. Charring pyrolysis
[19] Kansa E J, Perlee H E, Chaiken R F. Mathematical of wood in fires by laser simulation [Jl. Symposium

model of wood pyrolysis including internal forced

(International) on Combustion, 1976, 16(1): 1459—1470.

PYROLYSIS SIMULATION OF GRANULAR BIOMASS
CONSIDERING DARCY FLOW

Qi Guoli', Dong Peng’, Guan Jian'

(1. China Special Equipment Inspection and Research Institute , Beijing 100029, China;
2. School of Energy Science and Engineering , Harbin Institute of Technology, Harbin 150001, China)

Abstract: A chemical reaction kinetics model of biomass pyrolysis with liquid product pyrolysis at high temperature was
established. The pyrolysis model could divide the condensable volatile into tar and biomass oil based on the
characteristics of liquid products. The chemical reaction kinetics equation was coupled with energy equation to analyze
the effects of temperature, residence time, particle size, pressure and other parameters on biomass pyrolysis and tar oil
pyrolysis at high temperature through numerical simulation, and the computation results were compared with
experimental date in literature. The simulation results showed that the endothermic effect of pyrolysis reaction on
temperature field and reaction process is great; an approximately constant horizontal section of temperature is appeared
in the pyrolysis reaction zone for the several layers near the center of large biomass particles ; before or after this phase is
the common exponential temperature rise curve in the physical process of pure substance by heating; the quantity
precipitation rules for biomass oil and tar are different.

Keywords: high temperature pyrolysis; condensable volatile cracking simulation; Darcy flow; pyrolysis model



