BRTRRHEEE T AL EEFABTRIC OEE

2287

© 1982 1SIJ

BERHIR B E & 5 vic & 2 BB IGOEE

A Bk
GERE S SITES

IO TR TR

i X

LHOBI DT HTTUT RG]

IERR™

’/?"%\36*2

Consideration on the Reduction Reactions in a Blast Furnace on the Basis
of a Mathematical Model for Estimating the State of a Lumpy Zone

Kenji TAMURA, Yooichi HAYASHI, Masaaki MaATsur,

Hideo KaNOsHIMA, and Takas YAMAMOTO

Synopsis :

The thermal state and reduction conditions of ores in a lumpy zone have considerable effects on the shape
of a cohesive zone and the thermal state in the lower part of a blast furnace. Therefore, a throat diameter
probe and a shaft diameter probe were developed as new detection devices for surveying the state of the
lumpy zone, and a mathematical model was also developed for estimating the state of the lumpy zone and
the outside surface of a cohesive zone in a blast furnace.

The inductive model mentioned above was composed of five simultaneous ordinary differential equa—
tions concerning temperature and gas compositions, and these were solved numerically by making use of
Runge-Kutta—Gill method. Simulations based on the model were carried out using actual operating
data of Sakai No. 2 blast furnace, and it was confirmed that the accuracy of the model was fairly satisfac—
tory in regard to the estimation of gas velocity and gas compositions. Furthermore, static characteristics
of reduction reactions of ores by CO and H, gas and temperature distributions in the lumpy zone were

discussed on the basis of estimation results.
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Estimation of the state of a lumpy zone
and the outside surface of a cohesive zone

1

Calculation based on kinetics of
reduction of ores by CO and H,

Correction of the distribution of top gas
temperature on the basis of heat balance
around an indirect reduction zone

Correction of the distribution of top gas velocity
by volume flow rate of top gas

Estimation of the distribution of gas velocity on
the basis of heat transfer equations

I

at the top surface of the bed

Estimation of the distribution of burden temperature

rCalculatlon of the state of burden in the lumpy zone}

Calculatlon of the operating indices on the basis of material
and heat balance of a blast furnace

Fig. 1.

Hierarchy of the mathematical model for estimating the state
of a lumpy zone in a blast furnace.
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Fig. 2. Schematic structure of a throat diameter
probe (TDP).
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Fig. 3. Schematic structure of a shaft diameter
probe (SDP).
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Fig. 4. Heat and material balances around an
infinitesimal ring in a blast furnace.
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Table 1. Typical operating conditions of Sakai

No. 2 blast furnace (Inner volume : 2 797m3).

Number of case I i3 m
Productivity (t-d-1-m~3) 1.24 1.36 1.27
Fuel rate (kg/t) 513 477 443
Oil rate (kg/t) 0 0 28
Sinter ratio (%) 70.1 64.8 77.6
Pellet ratio (%) 19.1 34.6 18.6
CO utilization rate yco (%) 47.5 51.6 53.5
Si content in pig iron (%) 0.62 0.63 0.63
Permeability 4P/V (Pa-s-m-3) 0.546 0.574 0.444
Slip (times/d) 2.0 12.4 3.3
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BER R AT MR B S, L, LD
IOCFREESNKRE L, 11% T TETLINDS B H
PENDT, EFEO XS HBREOHMEIRFIIES bink:
LHZRIND. OFKR, BILEMN 11~33% o FeO,
2 FeO NoW K EE T, B <T; &b
Tedd, THACBERERZERL, < OBREKIEIK
TT5emEOREZN L I2>T, BRERERH
BT5.
44 MEHFNBEKEEADOET EESHOMRFR
Fig. 8 3s X 0* Fig. 9 o (e)mLiz X 51, B
AMOBILEE,  BEFHELED EV, 50~70% o
HEADELIL>TW3, ¥R, BEELMSFRETER
BLELZ TV RS OR ERofcER, Fig. 10 R
Licd 51, AW ORE TEE & LR VHEER 2
Z LB L.

5. #

RIPBRE B s s B T — 2 2 VT, BUR
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R L BMEWNATEREEET SBEET L 2R R
L, ¥3IaV—vy VYEFOCTRROEREYEL.

(1) FIE¥RFEO N AWES M L OPELHIT
K BEFH O CO, PLEESM OHEEM & FREL L
B E L —B L, =FAOEHEMNFE D b,

(2) #y 850°C LIToERBEE T, H 1T X 58T
RIEHhME & A EHET LIc WM DD, T X 57k
#Heir, BRE T 5 H BnoF5ah3 v HE
Ehic.

(3) FEEEHBOERBRAER OLRERIL, FesOy
b FeO ~op CO W IBBBKINIC X B b D& HEE
Thi. Fh, BEHLHWSmTHOFEEE 8 T,
Fe,0p 725 FegOp ~d CO BT X0C, #ALEA
HOBENYIE L, —HCREMETT5RE8ES
D8 B LRI NI

(4) » Ao CO, JEH 0% LIt BMET,
AR HEETH HEERE L. TLT¥iav
— ¥ a VORER, BETRESORTEY, HERHE
HROWHE (50~70%) WA D Z EXHBALL.

(5) WFEERB KT AEAYORETHE LRER D
BoOEMOMEI REOHEBIEZ > LB L.

) 5
SDP o j sz sy 5 CO, CO, B

A

CO¥%, CO¥, :

(vol2s)

Cg,j, ey P 2 LIBIEICRT B H ADFEHHER
(kcal-Nm-3-K-1)

Cs,js Csj,0 1 2 EBIEICK T 2 EAY DL
(kcal-kg-1-K-1)

Dy, Dy : FEES ICHFEAE  (m)

Dy ;: @A o # 2 i(CO, Hy) D IRELHR 3K
(m2-h-1)

dj,do: ] HOEIYTFERE, RROFHME (m)

CSryii Ao@EIEER (%)

Gj, Gj,t rZ KXV RBEOREAYMOHEREE
(kg-m~-2-h-1)

Gio,j  BHIZKY 280 0EEHE (kg-m-2.h-?)

Hb P 7 P R EEIBEE RS E OEEE  (m)

Hj:jEoBE: SPD BoEsH (m)

hy : F - itk o E25%E% (35 kcal-m-2.
h-1.K-1)

j BSOS E SRR T TRT
G=1(FEE) ~j=6(h L))

K : @ik (-)

ki: w2 i(COH,) XaRIGEEZHK (m-h-1)

lo,js lc,J

:SDP @ j Sit k3 58ALE= -7 2ABE
(m)

mo, s SKAPOPRTRECERE S

j\a),J :
P :
Qcos Quz:

Ro,5, RE,;:

(kg Oz/kg ore)
JRORBERGERPOEBRFH (m-3)
#ADES (atm)

CO, H, L xs@ETEIGHE
(kcal/kmol (CO,H,))

j#o CO, Hp iz & 5 RS HE
(kmol-m-3.h-1)

r cFOSORESAERE (m)

Ty Tim: 2 BEO ] SCRFs 7 2EBE (K)

tj, tj,m’ tj‘s H- }%]Es SDP o J }f—i@%ﬂ%ﬁg
(K)

Uj,v

u

UJ: UJ t .

IRARE

F4
[}

EBEj SO AOEBREEOHEME (N m/h)
s,j i SDP @ j S o¥EAYETEE OH|EE
V.

(m/h)
PE I
(Nms/h)
2 BIOCBEOF AT EEOREE

(m/h)

iAo #F A 1(CO,CO, H,) DIRE, ¥

BE (%)

LEEHFEAFNRAOERKE

:BE» »LOFEGAMAERE (m)
P JBepi®k  (0.45)

£ :CO H, TXoREHDFARZHSR
(0< £ <1.0)
Pos e BEBE 2 — 7 ADHIEE  (kg/md)
¢ ikt (1.0)
x 13
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