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Numerical Analysis of Combustion Mechanism in Iron Bath Type Smelting
Reduction Furnace

Akihiko SHINOTAKE and Yasushi TAKAMOTO

Synopsis :

A numerical analysis based on the mathematical model has been made on the combustion phenomena in an
iron bath type smelting reduction furnace. This model deals with seven components : C, CO, CO,, O,, Ha,
H;0, N;. Gas flow, temperature distribution in smelting reduction furnace were calculated.

The change of post combustion ratio by coal species and coal feed rate into smelting reduction furnace
was calculated and compared with 5t scale experiment.

The model was also used to calculate material and heat balance when heat loss amount and prereduction
degree of ore changed. It was found that the material and heat balance point was determined uniquely by
coal species, heat loss amount, and prereduction degree of ore. In this balance point, ore and coal feed
rates are determined uniquely, post combustion ratio and heat efficiency are also determined, so coal and
oxygen consumption and productivity at this point can be calculated.

Key words : ironmaking ; smelting reduction; coal ; post combustion; gas flow; computer simulation; mathe-

matical model ; material balance ; heat balance.
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Fig. 1.

Reactions in combustion model.
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C+ (1/2)02_.(:0 ....................................... @
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0,-2Cx mozx/W(kg/S/mz) ........................ (16)
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H,0-- Cg mHzo\/W(kg/S/mz) ..................... (18)
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Table 1.

Calculation conditions.

Case 1 I

Diameter (belly) 1.624 m 5.35m
Diameter (mouth) 1.24m 3.91m
Distance from flat slag 1.4m 3.9m
surface to furnace mouth
Lance diameter 0.024m 0.15m
Lance height from flat 0.7m 1.8m
slag surface
Number of meshes

20X14 20X12

Top blowing O, 0.2 Nm%/s 5.56 Nm%/s
O3 temperature 0°C 0°C

Slag surface temperature 1500°C 1500°C
Bottom blowing Oy 0.025Nm/s | 0Nm%/s
Bottom blowing Ny 0 Nm®/s 0.39 Nm®/s
Table 2. Composition of coal (% ).

Coal A B C

C 73.0 81.5 81.5

[¢) 8.0 3.1 0

H 5.0 4.6 0

N 2.0 1.9 0

VM 37.0 21.7 0

FC 51.0 69.4 81.5

C, O, H, N : Ultimate analysis
VM, FC : Proximate analysis
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Temperature(°’C) Axial velocity(w/s)
(down:+, up:-)

Temperature(°C) Axial velocity(w/s)
(down:+, up:-)

P C : Post combustion ratio
7 ec : Heat transfer efficiency
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Fig. 2. Temperature distribution and
gas velocity vectors (Case I ).
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100
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§ 80 @ coal A
o A coal B
pray O coal €
2 60
g — calculation
P R e N U stoichiometric
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= ®
o er ¢ b
8
a L 1 ] 1 L L L

00.6 0.7 08 09 1.0 1.1 1.2 1.3 1.4
(oal/oxygen ratio (kg/Nm®)

Fig. 3. Relation between post combustion ratio
and coal/oxygen ratio.

Table 3. Calculation and experimental conditions.

Calculation Experiment

Lance height 0.7m 0.75m

Top blowing O, 0.20 Nm®%/s 0.16~0.26 Nm?/s
Bottom blowing Oy 0.025 Nm®/s 0.021 Nm®%/s
Ore (Fe303) feed rate 0.417 kg/s 0.292~0.510 kg/s

Table 4. Material balance point(ore : 0.417 kg/s).

Coal A B C
Coal feed rate (kg/s) 0.392 0.297 0,255
Post combustion ratio (%) 23.0 37.0 71.1
Heat transfer efficiency (%) 86.5 89.5 92.1
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. material balance line
—-~ heat balance line
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PC carved surface

301 -
20f pr -
Pt x  :coal feed rate(kg/s)
105, - *Fo :ore feed rate(ke/s)
0 il P » x  PC :post combustion ratio(%)

0.3 035 04

Fig. 4. Effect of ore and coal feed rate on post
combustion ratio.
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DETYWH-BNT > AH LR, Fig. 4 oFITik
YN T A IE x=0.314 kg/s, Fo = 0.241 kg/s T,
IOEIZBIFSH PC=30.3%, 1pc=289.2% TH 5.
4-2 RESIUVBRBREBELEONS  AROER)
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814, 1162kW D 3 K#ELZ THWHE BT v A HTOE
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Fig. 6 (Z”¥. i A, B, CoZzh#ho PC L
BT MEIST v AR L BIEIE 814 kW 2 IRE L 72
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DPWHENT ¥ AB LB B RSO BIARE £ %
A EOWE BN T ¥ A S % 2 PCTEIHH L7
B% (b) ISRY. ZOHBEREIOSRDI LD DD S.

1) ERE, KKEOBBEMGES L OBELF
IBF 5 RIS R8T A — 5 —ED b & Tid, RHE L #
BEETLICWE -BNT Vv AHNTE 1o, R
PR, SRR, TRMEEE, FREL L
BICRT 5.

2)F—DBIEEBEICBVTRBES L OWME BT
ZAHELWE TS L, RMBHRE N THARREDE
VAR E W, L7eht o TRMIC X B RME A, BERR
B, BHAEEEICKSLETAEL, RE CICHRT
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FRILEE—E D b & TRITT & D HHES 720 ki
JEHAL & BRI HAL 2 500 F, sk RER 1 1/2 DL
Ti%ib.
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Top 0z, Bottom 0,
boundary condition

Input coal species

LInput heat loss amounﬂ

Llnput ore feed rate J

,———»@ut coal feed rate fﬁ

Ore feed : = J LOre feed : + J
Calculate post

combustion ratio,
heat efficienc;'
Coal feed : + Coal feed : —

Output ore & coal feed
rate, PC ratio, etc

Fig. 5. Calculation method of material and heat
balance point.

3)FREIZB VT, BBEREIERILLHEIWE-
BoNT V AREWE NG VAR EERET A, BIELE
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BELRATIIHPOBREBRFICLDETENTCO W
ZELTCRAIZ-FARFEISRET B LREL TV
7%, Fig 4 UBWTHAMEECR A THATER
HAGEZE y IS L E, KL o PC M X TR
LRI rbOTRE—E 2%, BiELE® 814kW —F
&L, FHEBILE%® 0, 30, 60% 252 C Fig. 507

@ L material balance line
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M ___ heat balance line
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(a) Balance line on PC surface
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Fig. 6. Change of balance point and PC by coal
species and heat loss.
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Fig. 7. Change of balance point by prereduction
degree.
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