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CFD-based study on gasification characteristics of biomass in a circulating
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Abstract: [Objective] To elucidate the multi-field coupling mechanisms of gas-solid hydrodynamics, heat transfer,
and chemical reactions within an industrial-scale biomass circulating fluidized bed (CFB) gasifier, and to investigate
the intensification mechanisms of oxygen-enriched gasification. This study aims to provide a theoretical foundation
for engineering scale-up and operational optimization of biomass clean conversion. [Methods] A full-scale 3D CFD
numerical model was established based on the QFD-6-S industrial gasifier. The gas-phase turbulence was modeled
using the standard k-¢ model, while the fluidization of quartz sand bed material was simulated via the Eulerian-
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Eulerian two-fluid model. The complex thermochemical conversion processes of biomass, including drying,
pyrolysis, combustion, and gasification, were modeled using the discrete phase model (DPM) in a Lagrangian
framework. A key methodological highlight of this work is the precise characterization of non-spherical biomass
particles. Recognizing that biomass particles naturally exhibit non-spherical geometries, we derived four distinct
drag coefficient correlations for spherical, cylindrical, blocky, and ellipsoidal shapes based on Direct Numerical
Simulation (DNS) results. These correlations were subsequently incorporated into the CFD solver through User-
Defined Functions (UDFs), significantly improving the accuracy of the gas-solid interactions. Furthermore,
thermogravimetric analysis (TGA) was conducted to obtain intrinsic kinetic parameters. The numerical predictions
were rigorously validated against experimental data from a laboratory-scale CFB gasifier. [Results] The validation
results demonstrated that the maximum relative deviation between the simulated gasification efficiency and the
experimental data was less than 2.5%. In terms of performance comparison, three operating conditions were
comparatively analyzed. Pure rice husk air gasification achieved an efficiency of 72.5%. When blending 75% rice
husks with 25% pine wood under air conditions, the efficiency decreased to 66.8% due to the high volatile matter
content (75.66%) of pine wood, which led to concentrated oxygen depletion in the dense-phase zone. In contrast,
40% oxygen-enriched gasification yielded the best performance, boosting the gasification efficiency to 76.6%.
[Conclusion] Based on the above findings, the study reveals the synergistic strengthening mechanisms of 40%
oxygen-enriched gasification: it eliminates the heat absorption and dilution effects of N2, elevates the overall furnace
temperature by approximately 80°C, and establishes a positive feedback loop of "enhanced combustion —
temperature rise — promoted endothermic reduction reactions™ (such as C+CO,—~2CO and C+H.O—CO+H.).
Furthermore, the results strongly demonstrate that for industrial CFB simulations, the correction for non-spherical
particle drag (where ellipsoidal and blocky particles exhibit substantially higher drag coefficients than spherical
ones) is indispensable for accurately predicting particle trajectories, residence time distributions, and consequently,
the degree of conversion. These findings offer a robust theoretical and data-driven foundation for the industrial-
scale application of oxygen-enriched co-gasification of agricultural and forestry solid wastes, and provide critical
insights for optimizing reactor design and mitigating alkali-induced slagging.

Key words: biomass; circulating fluidized bed; gasification characteristics; CFD numerical simulation; oxygen-
enriched gasification; drag force of non-spherical particle
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Tab.1 Proximate and ultimate analysis results of the fuels
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Fig.1 Geometric model and mesh generation of the
circulating fluidized bed
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Fig.2 Curves showing the drag coefficient of biomass particles with different shapes as a function of Re
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Fig.11 Process flow diagram of the pilot-scale experimental setup
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Tab.4 Comparison of simulation results with pilot-scale experimental data
TH BRI CO A5 %1% COL AR 3 5/% HARFRS> 5% CHAAF 53 5% SRR I%
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1 LG ED 24.2 11.6 4.2 19.5 725
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2.6 HLIBTTE JR RN s FEIRE EFRAR T N IRRE RS, [HRR S AR

CEAAIC 2.2~2.5 FIIR Y dar o0 A . Ak
BOR J RIS UEZE R, PTLUHZNH DR 3 AN 2 TH Y
FERAE R HLEE .

1) R o BRI S Ak SN AU R TR A AL
Kl 4 5E 5 X RR, SHERSE AR 5%
FHIX SE RGeS, (E RIS A O RV FE, IS
TR EERIEJE N (1 C+C0,—2CO K C+H,0
—CO+Hz) FEULA 2 SRR BT T 1.

2) ERAMMZ =itk 5 R B 40%E
ARMNWIERT T B T N, $R s KGR
EBN 1% B3R T HIRZ) 80 °C, KL #E Huk

http://rifd.cbpt.cnki.net

HREFRTT. =W “amR e~ T —fieidtic
JERRE” TR, AT 3 AR IR AR

3) ARERILRURL BT Tk 2% CFB Bk
FE R SRHE TTIR . AREIRIR S BOR AW SRR FF) S B
J1 Z2H OUHARARTE R ) B35 T EE .
HER K B R RUAZ 1L T OREE BB 5 15 B e 1]
Pt 7B SR S e AL B I THE, T ORER TR
JE37) 5 4.5y TN I A 1

34518

A SRR T 25 R HEBR WOk 5, 0 0 Tk 2%
CFB Akl 4R CFD #i1Y, B4 T 3 Fhfl




10 kAR

2026 4

BTH, FELBIT:

1 P4 R CFD AR AU Ak 282 1 Tt £
KImZEAL 2.1%, LA 72T DNS 5 AIFEBRIE B,
FIRERIAT A AR TE TS ARG BT

2) AEBRIE ORI AR 25 o B 40 REketR
K, BUREHRIR 2, BoRE/ . B e SR I
TR SR B TR SR 08 5 e SRR 1 0 BT B

3) Alifgse A A RE Ny 72.5%; R 25%)5
B G, R 7755 A Xl & 7 R
o AEBER 66.8%.

4 IR BUN 40%0: & E SRR i, Ak
BRI 76.6%, CO & E AR 73 BN 22 5% KT 22
29.2%. HALE /D> Nk, FHEZ) 80°C, it
1E SR 5 M

[& £ 3 #k]

(1] Sfdde MRS LUK 2046 UaEYE, 2017,
2(5): 47.

Mao J X. Co-firing biomass with coal for power
generation[J]. Distributed Energy, 2017, 2(5): 47.

(2] EHE KTHMES AV 5] SRS Y
HIFEFE[T]. LA, 2026, 64(1): 1.

Wang S J. Research on new coal and biomass gasification
technologies leading the clean energy transition[J].
Chemical Fertilizer Design, 2026, 64(1): 1.

[3] AEARHI. MysUBr R RIS A R 7 5 N RIE AW 5 e Ik

RIBEAAH T[], E e, 2023, 45(5): 5.
Ren D M. Research on the development path of China's
biomass energy industry under the background of
constructing new energy system[J]. Energy of China,
2023, 45(5): 5.

(4] P EP VAR AP B RE 7y 25, 2023 H [E 4

Wi e LR RAEEER] . bR v E LR SR R 2,
2023: 1.
China Industrial Development Promotion Association
Biomass Energy Branch. 2023 China bioenergy industry
development yearbook[R]. Beijing: China Association for
the Promotion of Industrial Development, 2023: 1.

http://rifd.cbpt.cnki.net

(5] XIEH:, MW, i, & XU 5T HEZHE X

RME T L5 A PR AIR R []. Brakolk, 2023(5):
93.
Liu J M, Liu B C, Gao M Z, et al. Exploration of
comprehensive utilization mode of agricultural and
forestry wastes in Xiong'an new area under the
background of "dual carbon“[J]. Modern Agriculture,
2023(5): 93.

(6] ZFWr, 7Kg, LN RWEFMRR NE: LY
BRI, WE A, 2016(26): 57.

Li X W, Zhang M, Qiu W G. Turning agricultural and
forestry wastes into treasure: biomass direct combustion
power generation[J]. Agriculture of Henan, 2016(26): 57.

(71 Wi, x%s, 3=, 5. EVBIEHR ALK Lz
TTHEMEL]. b b LR S T2, 2021, 37(2): 121.

Gu S, LiuM S, Huang S, et al. Operation characteristics of
biomass circulating fluidized bed gasifier[J]. Chemical
Reaction Engineering and Technology, 2021, 37(2): 121.

(8] BLiAM, WREEIR. E LMK BN K e &
[3]. #J%H, 2008, 37(10): 6.

Huang D Q, Chen J Q. Application and prospects of power
generation technology with biomass gasification in
China[J]. Thermal Power Generation, 2008, 37(10): 6.

L9] AT, MR TR 5EEEMIM]. Jbat:
A7 A, 2019: 20.

Zhou L H. Theory and numerical simulation of multiphase
flow reaction engineering[M]. Beijing: Science Press,
2019: 20.

[10] Hu Z W, Fan H D, Chen Q, et al. CPFD simulation study
on oxygen-enriched gasification characteristics of
biomass in circulating fluidized bed gasifier[J]. Fuel,
2026, 410: 137975.

[11] Ullah A, Hong K, Gao Y N, et al. An overview of Eulerian
CFD modeling and simulation of non-spherical biomass
particles[J]. Renewable Energy, 2019, 141: 1054.

[12] s R, J7IKHE, Yin C G, 5. MENAME A MR E

WA R FURE JE s AR BRI AL o RORL T P5 AR 3 /)
SR]. AR, 2023, 29(9): 14.
Wang J L, Fang Q Y, Yin C G, et al. Research progress on
direct-fired biomass power generation in coal-fired units:
gas-solid two-phase dynamic model for large non-
spherical biomass particles[J]. Clean Coal Technology,
2023, 29(9): 14.

(TUEgwiE FHE)




