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Abstract

To optimize the thermal performance of straw pyrolysis fluidized bed furnaces and investigate the
influence of inlet gas velocity on gas-solid two-phase flow dynamics and temperature field distribu-
tion within the furnace, a two-dimensional simulation model of fluidized bed furnace was established
using ANSYS Fluent software. The study analyzed solid content distribution and temperature field
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evolution characteristics of quartz sand and straw particles under three inlet gas velocities: 0.5 m/s,
1.0 m/s, and 1.5 m/s. Results demonstrated that at 1.0 m/s inlet gas velocity, the particle fluidization
state remained stable with uniform gas-solid mixing. Straw particles exhibited rapid temperature rise
response, reaching pyrolysis temperature within 5 seconds. The furnace chamber achieved balanced
temperature distribution withoutlocalized overheating or temperature lag, achieving optimal com-
bined heat transfer and pyrolysis efficiency. This research provides engineering references for oper-
ational parameter optimization in straw pyrolysis fluidized bed furnaces.
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Table 1. Basic parameters of the furnace chamber
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JPiE EAS D/mm 1000
W ¥ Himm 4000
AR IR = 5 & ho/mm 1000
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Figure 1. Pyrolysis fluidized bed design and schematic diagram of its two-dimensional furnace chamber model
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Table 2. Computational model operating conditions
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Figure 2. Overall furnace chamber meshing and local meshing division diagram
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Figure 3. Grid independence verification. (a) The maximum wind speed at the vertical central axis of the furnace chamber as
a function of the number of grid elements; (b) The minimum wind speed at the vertical central axis of the furnace chamber as
a function of the number of grid elements
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Figure 4. Instantaneous solid content distribution map for quartz sand
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Figure 5. Instantaneous solid content distribution map for straw pellet
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Figure 6. Instantaneous solid content distribution map for quartz sand. (a) Operating Condition 2: Inlet air velocity 0.5 m/s;
(b) Operating Condition 3: Inlet air velocity 1.5 m/s
& 6. RN ARWEESESTE. (a) TH2: FHXNEE 0.5m/s; (b) A 3: FHRXEE 1.5 m/s

DOI: 10.12677/mo0s.2026.159132 46 jé

m

5


https://doi.org/10.12677/mos.2026.159132

(@) ‘ g

- 5.07¢+03 ' : SN = 5.07c+03
4.57¢+03 Akl A 4.57¢+03
4.06¢+03 X R | -5 4.06¢+03
3.55¢+03 ELS) ] et S 3.55¢+03
3.04¢+03 ey b1 B 3.04¢+03
2.54e+03 ' ‘ s 2.54¢+03
2.03¢+03 ALY 4 W, 2.03¢+03
1.52¢+03 8 I\ K LAt 1.52¢+03
1.01e+03 BiS ! ‘ ; 1.01¢+03
5.07e+02 i g el 5.07¢+02
0.00e+00 - S R . < 0.00e+00

AR ol < SR AR %

0s 05s ls 1.5s 2s 0s 05s ls 15s 2s

Figure 7. Instantaneous solid content distribution map for straw pellet. (a) Operating Condition 2: Inlet air velocity 0.5 m/s;
(b) Operating Condition 3: Inlet air velocity 1.5 m/s
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Figure 8. Straw pellet temperature distribution diagram
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Figure 9. Temperature distribution diagram of the furnace chamber

B 9. rEBERESHE

AR b, SRR LR 1 m/s IHCT 1), SENRSWIER] TR E MR SIURE,
A XIRR BEARRF I 5] o D T i — A4 s AR AT UL A A 2 v i 22 5 (iR P AR A I A2, 1] 8 R
T AR [ 5 RS AT ORI 1 4R A Ol WIGRETZ0(0's), BT AREAT B0 g AR, B s P
P37 JLP ORHFAE I K29 300 K), A AT RURLIR B T i fICME . BB RS AT ORGP N R8s, IR 5
TRBHCA SR K AR S 2 2.5 s I, #5r KISUHBUREE EFb, RMFEFRRITIEZ . BT S
FA, KEBFERCERZEN S, BEREF &R 500~600 K X[H, ZILHFEHFAE BF G
BRIGER], HEN 7.5s J5, PREHIIAEYREES EIAS] 650K P b, FEEZOAMX. 15 10s B, &
VIR Sy T 145), 4k 2 BUBRLIR B CLRREAE 700~750 K X 8], X — 5 Y FE 5 AE Y R IAE 3 I
BIXEEREA . YR HEHE 7 BRI S AR & S5 N R v (AL AR, IR REME R S A= )5 e

DOI: 10.12677/m0s.2026.159132 48 RS () 3T


https://doi.org/10.12677/mos.2026.159132

THEH

IF
4

R L 1) TR AR DX RO T A T R

Wik 8 fia, AE 0's %, REATRURL i ARZERFBAIRENRIZ , BRI B2 R E AR, 346 T 300~400
K X[ 2255, 2R minA S 5 TEAIERREm, RFFAURER ZPGE BT, R X i
HEHEZ 500~650 K Y, EE S N AT A IR IR S XK. 5 I, KERREATRURL IR 25
IEF] 650~700 K, YR Z O X ISR OARX 7870, WESETRE. EE 755510, MrU%
DX FEMS AT 3, PR S RIRLER A 5%, (EEEARAT) CRAFAE IR S B AT 2K X TR], BRIE 1R 2 % R 24
PEBEST,  RETH A B N AR

K9 Bt R MR L 7 i BRI B I AR AR I A, i TR R R B SN
S L S LR R R R RS 7 0s BB DURESIX IS RIS RN Bt B, 10 b DX Sk e Ak T 04
A B 2.5s, EIRERE A B HG A XSGR R T B2 . 5 s I, e DX AR o b,
RPN R R, PME SRR, £ 7.5s 5 10s, KBRS BARIIERRES, JCHAE RN
SRR, R EEARE AR 700~750 K VB, M AEAE RIS, B R I AR BN A ]

M 8 5 9 EBEHral a, FERRSEHERI R ETAL SR AE R, REATORL BE 06 I AT, ZEA
PP AR IX R o [, PR S de R i Lo, AR AR E, R PR el
RIEERMTILS . MAh, AT OURIRGE e o S T REATRORLERE . 328 THIR DL AV T i 4
RERE, RS FPRUREIR 5 4 Ml SRR S TR BAT B (K — bk, J0iE TR AR & R I 5 R g
IHERRYE o X R BRI ARG UL AT N I3 BAT RO R 1, it — Dt A RERAE S HO IR 2 IR
L3 A 5 R R IR SR T AT SRR

DNRIT FURE U R A ) Jo A R TR A R R, B 10 B 1T R EOR T 2 ST 3 R
IR AT RIURL UL B2 2 A7 181 5 0 s AR P 70 AR 1o ANIET 10 WO, AT ISURLAE 2 KGR D 0.5 my/s I, THR
MREENGNE, % 5s AHEN 600~650 KX, FURLHE A T 2 R e o8, Bas(a) oA ETHE )
EAERECRER. M2, RT3 (B by, B Kad w22 4 o 7 OR sl 5 B RACR, REAT UKL
fE2.5 s NCBRIB R AL, 5 s N ORE - BURLIR A2 € T 680~730 K XA, i ALK R L 1 #vfk
. ART, PRI TS ) e R T SR A AT R 0 X ORI B AR A e A, B SRAL
THEANTE 7y, AFAEDE) 3 L K G BURRORE it 3 v i T X IR

7.73e+02
7.26e+02
6.78e+02
6.31e+02
5.84e+02
5.37e+02
4.89e+02
4.42e+02
3.95e+02
3.47e+02
3.00e+02

[K]

Os 2.5s 5s
(@)

Figure 10. Straw pellet temperature distribution diagram. (a) Operating Condition 2: Inlet air velocity 0.5 m/s; (b) Operating
Condition 3: Inlet air velocity 1.5 m/s
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Figure 11. Temperature distribution diagram of the furnace chamber. (a) Operating Condition 2: Inlet air velocity 0.5 m/s;
(b) Operating Condition 3: Inlet air velocity 1.5 m/s
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