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Abstract

Since blast furnace is a core process of steel mills, blast furnace repair requires a long repair period
after blow-out and a large amount of money, which has a great impact on management. Extending
blast furnace lives has been a major issue in order to give business decision freedom. On the other
hand, mathematical blast furnace models, which have been developed since the 1970s, have improved
prediction accuracy by repeating operation designs and analyses with data obtained in many years
and extended these functions including analyses of stress field in a blast furnace and erosion of hearth
refractories. This paper outlines the mathematical blast furnace models and describes the technologies

for blast furnace life extension and these applications to next blast furnace designs.

1. #

BRI oW L B T ATH Y, BEgFTOH
M B LHEELRMTH D, D720, mIFtsL,
W& IEOHROEMICELBHEPM E LHOBRZEL, &
FICRKRERAHEIRCLIEETH Do 1970 SERHTY:, 5~
10 FERETH - 1omFFm A LR 5 2 &g, FREHIkriC
FHEZ52 57200 REGBETH 72,

ROV E RS A 720 O FHIE RIS IEF ICREN T
HY, HREEER) ICBVWTEIEFHNBRRO TR, T
BRIERFT D 72012 1970 248 XL 0 B EEE TV ORED
HEDHENTE, 2N, SFoEm KL, BREE
(LR RS ORERE O LICHIG LT, EFEeEr Ve
W TEFNBIRO IR SERR AT & BRSEMT 245 ) a3
HCEFOTHRE 2 LSS TE, 72, BRI ERRE
BomEE & D12, BEIFPESFEETIVE 1 IRITH S 3 RIT,

[

FHER GO RE, (EE S TRLE, FNFEBIST
DIFEHT, RIS OR AT £ CHRREIR LD e SN TE 72,

O LX) REPHEE TV OEREA L BREELIC X
D, GEROBFHICEFTOAR R ST, AT — 7 HIRRE O
REERERET, IR E ST~ OB HIL K % &
NTESze TOMER, 1982 SEIZ KA L7ZFIHKIL 4 555050
VLB EIRREIIA I % 7 SRR & RIS LT 7245, 2009 47 H
IR EIED D FT274E 4 0 H &) HE ) H 45T
OMF—DFLERET FEK L 720 T2, 1988 4F 2 FIZKANL
7RI 5 B E AL 2019 4 1 HIZIR&1IED A F T, 30 4F
11 7> B O35 8) H Btk it — ot x 3# % L 720

s, SR OFRIREET, FEREEREHE, o
F ORI MAICE SV T A SN TR, BlFES
LM ORSIC BV TERBOBFT -5 LINE A2 L
THRERIL SN BT T VA S L, BAERE o
JRZSAE 2150m® O/NE 2 5 dE, FAZEHE 5370m® ORES 1

*oTu AWEERT BB bW EETEE

T EETHE 20-1

— 113 —

T 293-8511



SR RFGCRITORSE

FEE, 3 5 EE & IR 3700m OFIHKIL 15 A, 2 VOMERSENEHEATZ, 1987 FENFIE 725 AT — T HL
TR B 2 R TR L 72 SHOEIFEIE, KA BrD72ODOIEFIREDRH, VR LT, 1IKRITIEE
Mr s 25 UL EOFFdr & Gl L T b, WEIPEFETVANGEH SN2 ZOHR EIFOEEY
KT, BFHFETIVIZOWTEEL, Bt Sab—Taiid, BESEERGEE R ILRE R & Ok
TNV & 7w AR e A LEA O Bl %€ & @R O SRR IR RERRICHTIN T 2 L &b, HAFERET -5 LINEE
ixEr, B ERETI OV TR %, ) ZETHIRZWINL TR, ERMEZ S, &STm,
S SIS &\ FUR IR b WA 7= KFPURRR S 2 4 &
o VILERTE AR %3 RITCIFE R EFBEE TV (1R TR, 3D
ARWFEFSEORE B Z B 1R T 1970 R X D @i dynamic simulator for BF” & i) & L CHEL 72
BT VORSICETFL, 1974 FICE RO SRR F72, PERBAN CIEEHET % 2 & AWEETH - 717N
ETWV (VRTTER) ZER STz, SHIZEFTOIFER WEEMI LT, SN FEERE 2 M8 R L LT,
ZRIANIRREZALI RN § R e AL S NP s € 7 TN ORG T3) LIS 2 HEE TE 2RO “ &
Blast Furnace Model Hot Stove Model
Wakayama Kokura BF total model Mathematical
Year Kashima Mechanical model for
model on BF [transient erosion| HS total model*"
4BF 5BF 2BF (1D) (2D) (3D) packed bed process of BF
hearth
1970 tibeten ()
Disection | _ _ _ _ _ _| -
[ investigation | =TT T T T =3 = :-_-._
(2nd) SBF ress
1975 " 2nd ot stast:;erand;jel distriSntJtion (kPa)
Gas flow - iDice
Unsteady model :z::l
1980 [Empty blow-out operation] I iMethod P——— : E statz, model Azo -
(3rd) N >
2nd §10
1985 ) (s
4 )\ 8
[Stave exchange}‘/ | BF emptying = e g " ) %m
3rd — 0 '/Rgdiué (m)6 ; |
1990 2BF [
(2nd) (:;iz) 3D dynamic gi i
simulator for BF . 7s 4o
———— ] Mechanical AH
model on BF -
1995 Hearth erosion | —
Relining shaft vr———— | | | | L1 :% ant 12 w0
profile r ———
t Il o o
hearth in BF and hot stove | |I =
2000 Maintainance of HSES | r;F operation witthtZHSs . ! : . E ! '_"'\"' — =
Design of inner shape and ! | I | 1DHS | 3DHS
Hoarth protecting ,m %:1 Ihearth in BIF and hot stove | Goupled caloulation I model | model
operation { Method for pr ion | A
3BF
@rd) Design of inner shape and

2005

4
BF design (1BF) - | hearthinBF and hot stove [————1
Inner shape, hearth, HS ] | LT 1 E

3BF
e,

- (3rd)

2010

A

2015

[(@em]

(*1: Models including flow, heat transfer, reaction)
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*Reducing reactions :
3Fe,0,+CO=2Fe,0,+CO,,
Fe,0,+CO=3Fe0+CO,,

FeO + CO =Fe+CO,,
Fe,0,+H,=2Fe;0,+H,0
Fe,0,+H,=3Fe0+H,0
FeO + H,=Fe+H,0

= Gasification reaction by CO:
C+C0,=2CO

*Gasification reaction by H,O:
C+H,0=CO+H,

*Water gas shift reaction :
CO+H,0=CO,+H,

*Smelting reduction :
(Fe0)+C=Fe+CO
=Carburizing : C >C

*Reduction of SiO :
SiO+C=Si+CO,
*Reduction of MnO
(MnO)+C=Mn+CO

=Combustion of coke, PC:
C+0,=2CO, C+H,0=CO+H,

=SiO gas generation:
Si0,+C=Si0+CO
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Burden distribution model
- Ore/Coke radial distribution

- Particle diameter distribution

- surface profile of charged burden

3D dynamic simulator
for blast furnace
(BF total model)

* Productivity, RAR, HMT

= Temperature distribution

- Level and shape of cohesive
zone, etc

Mechanical model on
BF packed bed

= Velocity distribution of burden

descent

- Stress distribution

Raceway combustion model

» Raceway size and shape

-Gas composition and temperature

in raceway )

Mathematical model for \

transient erosion process
of BF hearth
- distribution of velocity and
temperature of liquid in hearth
- Temperature distribution of
hearth brick
+ Erosion profile of hearth brick j
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Phenomena in blast furnace and mathematical models
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Boundary conditions :Burden,Blast
Initial conditions :Inside states

|

DX_ox  ox_.
De ot TV T F®

Burden |i Offgas |
A

Stock line

X :State variables
u :Velocity vector
F :Generation rate

(X,u,F)

<Calculation using CPU>

Tuyere—— Blast

Pig & Slag

Inside states
Operation results states

Metal pool

3 3 ARTIEEEFHRZETIVOBE
Outline of 3D dynamic simulator for blast furnace

Gas flowand  Solid flowand Liquid flowand  CO
temperature temperature temperature concentration

Rate of coke
gasification
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In-furnace states calculated with the 3D dynamic simulator
for blast furnace
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Transition of solid temperature in a blast furnace after
blow-in calculated with the 3D dynamic simulator for blast
furnace
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Moving Bed

(Elasto-plastic body)

Gravity

Wall friction l

Gas resistance

t L{qud, level

Buoyancy

6 EIFAFIEREICH T NFH/NT X
Forces acting on moving bed in a blast furnace

1.2 ‘
L
Without gas flow] With gas flow -
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Comparison of normal stresses on the wall between
calculated results by the mechanical model on BF packed
bed and measured results (1/20 cold model experiment)
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Comparison of normal stresses on the bottom between
calculated results by the mechanical model on BF packed

bed and measured results (1/20 cold model experiment)
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Vertical stress distribution calculated by the mechanical

model on BF packed bed during filling raw materials in

Kokura 2BF
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Amount of charged burden (t)
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Comparison of calculated vertical stress by the mechanical

model on BF packed bed with measured one during filling

raw materials in Kokura 2BF

Input:Results from the 3D dynamic simulator for blast furnace
+Radial distribution of amount and temperature of dropping liquid
+Diameter and void fraction of deadman coke

*Deadman coke level and profile

Input: Results from the mechanical model on BF packed bed

l :

Calculation of molten flow and heat transfer in hearth ‘ Erosion

Steady state ?

y

Yes

No

H . 1
: *Temperature criteria for erosion |
:

i 1150°C (Carbon brick)

Thermal equilibrium erosion profile of hearth |i 1350°C (Chamotte brick)

11 FESHAL - BREREBHEEET LOSTEDRN
Flowchart of the mathematical model for transient erosion process of blast furnace hearth
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Sinking level and its shape calculated by the mechanical

model on BF packed bed

== Remainder of hearth brick (measured)

4{ Wakayama 4BF

Thermal equilibyium erosion profile
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Kokura 2BF

Thermal eguilibrium
erosion|profile

13 FEBHAN - HEREBHEETNICLZ2BEEREBTEREREMZ LD BOEAFERO LS
Comparison of erosion profile of hearth between calculated results by the mathematical model for transient erosion process of

BF and measured ones

l With deadman coke floating |

Deadm&n coke

—— 1]

| With deadman coke sinking |

Deadmln coke

-

14 FEOA—IJ XL T LN FRERLEEICRITZTEHE
Influence of deadman coke level in hearth on erosion of hearth refractories
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Temperature at a point
in sidewall of hearth (°C)

K15 (FEiad—7 XL T LA EFEELREDRER
Relation between index of deadman coke level and
temperature of sidewall of hearth

N
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120

Index of deadman coke level (m)

Wakayama 4BF
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3D dynamic simulator for BF —

Mechanical model on BF packed bed (=3

Mathematical model for transient
erosion process of BF hearth

i
Hearth structure and
arrangement of refractories/brick

M17 SFHFEETIOHEABDLEICL 2 EIFEEHRIIT
Technologies of design for blast furnace with combining
mathematical blast furnace models

' Gas resistance
 Solid density

Level and shape
of deadman coke

'Dropping amount of ‘
liquid and temperatures

Coke free layer

Thickness of v 'Blow-in ¥ Blow-out
remainder Tap hole
(Sidewall) l_ !
+———————————— !oTlc
Thickness of Erosion profile Thickness of
remainder & of hearth remainder
(Bottom) (Sidewall)
82I ’ ‘85. ‘ I88I ’ ‘91. ’ ‘94‘ ‘ I97I ! ‘00. ’ ‘03‘ I IOGI ’ ‘09. year)
Thickness of
—— 1 remainder
Wakayama 5BF (Bottom)
Y L L B L LR
Thickness of V|Blow-out
remainder
(Sidewall)
PR S R R S A A N S T N S S A S A A T A T A
LI B e L L N N S L
Thickness of -/
remainder
(Bottom)
Ly
88 91 94 97 00 03 06 09 12 15 18 (year)

16 M 4 SEIF, 5 SSFICH T BFERRERER (RKRRANM)

Transition of maximum erosion of hearth refractories estimated by measured temperature of hearth in Wakayama 4BF and

5BF
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Channeling factor (CF) = (1)

: Independent variable — Target for design

E Constraint conditions

B D —_—

Throat

Shaft
Shaft height

I
i Shaft angI’e

Bosh | Belly
Jlly height

|
Belly diameter
I

£ =
2D Bosh angle
2

K=

-Tap hole

18 EWFDIFHIIRERETHICH T B HREEK
Target valuables for design of inner shape of blast furnace

Inner shape of BF )
Operating
> Bosh angle conditions
Belly height of BF
a

S

3D dynamic simulator for BF

| v

Pressure drop ‘ Burden density |
Productivity, RAR Gas resistance

2 2

Mechanical model on BF

packed bed

Estimation of degree of
risk for channeling

ige

Optimized inner
shape of BF

M19 SWFHFETTFIVERVEESRORFEEIREEETDORN
Flowchart of design for inner shape of blast furnace with
mathematical blast furnace models
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Influence of inner shape of blast furnace on vertical stress
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Influence of inner shape of blast furnace on CF
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Relation between bosh angle and pressure drop
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