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Numerical simulation of 3D fluidized bed biomass gasification based on CPFD

REN Xixi, CHEN Qi, YANG Haiping, ZHANG Shihong, WANG Xianhua, CHEN Hanping
(State Key Laboratory of Coal Combustion, Huazhong Untversity of Science and Technology, Wuhan 430074, Hubei, China)

Abstract: Based on computational particle fluid dynamics (CPFD), a three—dimensional bubbling fluidized bed
steam—air mixed gasification numerical model was established, and it was verified with experiment trials. The
results show that the simulation and experiment have good consistency. Based on the model, the gas distribution and
temperature distribution in the gasifier were studied; meanwhile, the biomass properties (particle size, water content,
types) and operating conditions (gasification temperature, bed height) were investigated. The results show that there
is an optimal value for the impact of biomass particle size on gasification performance, with an average particle size
of 0.6 mm being the best; a higher water content will reduce the output of combustible gas and is not conducive to
the gasification reaction. Among the four types of biomass, sawdust gasification has the highest efficiency, the
largest combustible gas production, and the highest gas calorific value. Rice husk is second only to sawdust but its
carbon conversion rate is higher than that of sawdust; increasing the gasification temperature can increase the
proportion of combustible gas and increase gasification efficiency; while the change of initial bed height can change
the ratio of H,/CO. This experiment provides a theoretical reference for biomass steam/air gasification, which is

helpful for the selection and processing of biomass raw materials, and also facilitates the amplification and
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optimization of the gasifier.
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Table 1 Proximate analysis and ultimate analysis of rice husk

JLE 5T/ %(mass, dry)

Tl /%(mass, dry)

C H N S (0]

HHV/ (MJ/kg)

FC Vv M Ash

38.43 2.97 0.49 0.07 36.36

14.99 55.54 9.95 19.52 15.68
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Table 3 Heterogeneous kinetic parameters and expressions!'* "}
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Table 4 Homogeneous Kinetic parameters and their expressions
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Table 5 Simulated boundary conditions and parameters!”!5:15:27-»!
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Table 6 Sand particle size distribution
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Fig.5 The average distribution of gas changes along the axis of the gasifier (ER=0.3, S/B=0.5)

1110
1105
1100+
10951
1090
1085

temperature/K

10801
10751
1070

| | 1 1 | |
0 0.1 0.2 0.3 0.4 0.5
gasilier height/m

Fl6 A Bl i A2 46 (T=25 s,ER=0.3,5/B=0.5)
Fig.6  Fluid temperature changes along the axis
XA A BB BE IR 3 B ), A SR
AR AR o o] LAULEE 3] 55 7K 3R A8 SR 1 43
BIFE IR , 7R 28 MK ZE IR &S  H,.CO
AR CH, Y BE IR G BB BEAE &5 7K 5N 5% %2 20% 11
FEAIK, CO, B EE IR 43 BB 5 7K N 5% 3] 20% 1
B, 3 FE R N B A K A BN, K ZE R R

average lemperature/K
1297

1186
1076
965
854
743

632 l

521
410 S !
300 | iy

7 R A e 2

Fig.7 Contour of fluid temperature changing along the axis
BN S BOK AR B R [ o] $EA T, Ry &
(4 CO, M H,o [RIB, 3ab e 2 7K 32 00 25 40 Jo it A i
Ja S BEAR T N TR E | AR A Ak s 1oy 3 2, PRt 5 7K
REGE B A AR T CO, M H,0 (<AL v . FiF
PL, R T AE7K 28 SR A A A5 T i 35 o 1 45
S TR A Y Rk A S AR Z A AT g ik
LR AT R R AR 47 o




- 5770 - T % W BI1E
18 moisture content /%
10 15 20
\_._.__..———4——""""':}1 3 ‘ ‘ —2.0x107*
—=—CH, | 5% —— gas yield 5
161 —e—CO 0.25 41.8x10°
§ —— (O, 1.6X107 ~
g H, 1.4><10*4§
o g
E 14l g 1210 4%
i'é /_V\ § l,OXlOf"';ﬁ
8 8.0x10°5 & §
—
./',.—.—l._.\.\-' Lo’ 6.0X10™ 3 =
3_ E cg
4.0X1073
E
) | | . 1 1 1 I | 1 1 | 20X1058
0 02 04 06 08 10 12 14 16 18 2022 24 o

particle radius/ mm
18 RURCARLAZ X5 R AR 45 B2

Effect of particle size on the mole fraction of syngas

(800°C,ER=0.35,5/B=0.5)

Fig.8

5.0
—— CGE

N —e— carbon conversion rate
E 65+ —a— [ HV lag
&
=}
= —~
% 4.6
£ 60f &
g 2
=i ey
é —14.4 E
S 55F -
s 44
m -4
@]
O

50 L L L L 4.0

0 0.5 1.0 15 2.0

particle radius/mm

K9 WoRiRFEXT CGE LHV FIRRAEE Ak 3 (1 5 i)
Fig.9 Effect of particle size on CGE, LHV and carbon
conversion rate(800°C, ER=0.35,5/B=0.5)

243 AMRA RN RG TR LY R
fiff 7 e 1 4 43 2 ORT H AR 1 2H R e
O T TR T S5, A S5 S i i A =8 ) g
T 08 5 14 4= 9 T AE 800°C U R EAT T 44
ik I 4 3 S S SR B A UMK ] GC-MS
D7), BRI 28 7 W) RN 2 CH,, 45 Rk 7
JioR o LAk FOC R S a5 R R 8 s . A
S FE ARG A W) AN [R] 04 b2 20 O AR

CH, CO o, H,

FI10  AEWBE 5 7K A0S G R 2R 43 B 52 )
(800°C,ER=0.35,5/B=0.5)
Fig.10  Effect of biomass moisture content on the mole fraction
of syngas (800°C, ER=0.35, S/B=0.5)

KT PBIBHSEAR

Table 7 Gas composition of pyrolysis experiment

ik SRS 19% (R F
H, o, H,0 CH, Co
Feire 1.72 23.27 8.04 13.58 53.39
Bk 1.71 25.86 11.60 1224 4859
BBz 1.80 30.80 9.31 11.48 46.61
FOKFEFT 1.86 28.27 11.29 12.58 45.99

o R 2R R AR S 0.25~0.35 mm 1E 254045 19 40
IR

ANFE A AR A SRR ZE IR AT
Ab B AT RS R A R 11 BRI AR
Bi A P R, Hod HL R R 8.12 mol/kg, G
FHA = A A Y I, BB R R T R B 7 i
D SEREAF . X CH, A1 CO, o S B0 T AR BLEY HE
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R, N 70.87% AR SAVE L i T H Al A= 9
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Table 8 Industrial analysis and elemental analysis of the four biomass
JLEA3HT/%(mass) Tl Hr/%(mass) LHV/
ek C. H,, 0, N,, S, M, FC,, V., A, M,, (MJ/kg)
it 40.11 5.28 35.59 0.32 0.07 6.2 15.65 65.7 12.45 6.2 15.55
HiR 45.82 5.63 38.69 0.32 0.12 8.91 16 74.59 0.5 8.91 16.91
Rz 38.39 5.03 31.41 0.53 0.11 11.6 14.64 60.83 12.93 11.6 14.5
FOKRFEFF 30.64 4.07 29.9 0.87 0.1 8.6 16.71 48.87 25.82 8.6 11.12




5123

www.hgxb.com.cn

+ 5771 -

12
EA
10F o 4k
I
81 TOKASHT

gas yield /(mol/kg)
[e)}

b

CH, co H,
B A RAS AR TR A
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