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Investigation of Blow-in Operation through the Blast Furnace

Dynamic Model

Michiharu HATANO, Kooichi KURITA, Hideyuki YAMAOKA, and Tsuyoshi YOKOI

Synopsis :

A dynamic mathematical simulation model has been developed in order to study the dynamic behavior

of a blast furnace.

The model can predict the change of the internal state of the furnace by the numer—

ical integration of a set of first order partial differential equations of the gas and solid state variables in the

longitudinal direction.

The numerical computation adopted in this model is the method of character—
istics to change the partial differential equations to the ordinary differential equations.

Ten kinds of chem—

ical reactions including gaseous reduction of ore based on two-interfaces unreacted core model, the heat
loss through the wall dependent on the heat capacity of the furnace body, and the heat exchange between

gas and solid are considered in this model.

The blow—in operation of a blast furnace has been simulated by the model.

The good agreement of

the simulated results of the change in the temperature of the furnace refractories as well as the top gas tem—
perature and composition has verified the usefulness of the application of the model to the planning of a

blast furnace blow—in operation.
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Fig. 1. Outline of the present blast furnace dy-
namic model,
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Table 1. State variables in the present blast furnace
dynamic model.

Solid state (Y,)
Ty : Temperature (K)
Vq : Descending velocity (m/h)
W : Moisture in the burden (—)
rl : Liquid ratio (=)
rFe, 05 : Fe303 in ore (=)
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Zgsn : Ash in coke (—)
do, ¢ : Diameter of ore and coke (m)
po,c : Density of ore and coke (kg/m3)

Gas state (Yg)
Tg : Temperature (K)
Vg : Mass flow rate (Nm/h)
P : Pressure (kg/cm?)
Yoo : CO in gas (—)
Ygos : CO; in gas (—)
Yg,: Hy in gas (—)
Ymi0 : H20 in gas (=)
Yyz ¢ N2 in gas (—)

PhEHERT, R:'s R 13 GO #7-it Hp 1w X B Fe,Op
—FeO, FeO-Fe n{L¥RIGEIC HUTHHDTH
h, BORBDUTFTODIS5CRTIENTED.

Ky ¥(CO #1213 Hy) —)(CO; Ficit Hy0)

UPl= 1+ Ky
UP2— K- 2(CO g 121k Hy) —H(CO; 3 121k HyO)
1+ K,
o _ 7dy-dy _ mdwdy
Df—ﬂdo kt” D= dy—dv Dsb Dy dy—dy Dsw
rd}-ky nd ik
A= Ky Ry 1Ky
T, ke A BEGHEBBRE, Dsiy Dsw 12

Fe #& FeO HDRAILERE, An, £ 13 CO Tk
H, 1z X % Fe,03—FeO, FeO—-Fe D{L2EK TEETES
THH, ThERUTORXE R

3“1 (2'*‘0'55‘5:1:/3‘12;/’): Dsi=5§'Des
o

2
Dyw=c¢2-D,

ko=

- —14 000
kh-co=10"‘exp< 14 000 14 00 >

__IZT), kw.co=103exp(—R—Ts—~
—30000
), kw.Hz'—‘lOchp(TTs—)
7L, dw, di 1% FeO, Fe,0; ORIEAEE, e
ew 1X Fe #f, FeO HOKILEERL, RIGHIHE TRA
DPBETFOBEI -ELRELTO2¥DISKHEZE L
7.

—3000
kh'Hz =107 exp(—i?-T—O
8

ew=0.8129-c1+0.1871, ¢;=0.5144e,+0.4856

o = 30.87 - yre,04 _ 7.18- yreo
h l—eh H w I—Ew L
7.97'}‘Fe
Yyy=——"—""-
l—ei

ontoy \3 o 1/3
dg=4d (—-——— dp=d{ ———
voe vb-{-vw—i-vi) > TR ot

ZOf, G IZHEEE, Dn i3FADHFIREEE,

— 306 —



BFEEEETAMC LB XANBEE RS 2371

De XAEZIEELRE, Kn, Kw RRIEOFETEHTH Y
Sc 1t o b, Reiiv4A 2 »XEERT.

2) WEkFeO RFIC X BRTLRIGEE ; RE (kmol/
m3-h)

B O FeO BEDO 2FTILATS & L.

Ry=Qg k5 (Ppep-T1) 2 wrrermrermmmeremmmemeanenns (2)

TIT ks MMEERIEEER TH » kOfEY AV
7.

ks=4.66x 106 exp(_53 300 >

RT,

3) HFRv7 bEIG; R¥(kmol/ms-h)

GOERERIGY 1 FELT, ¥ AOFEEENLLD
Thic L TaRT2 & L.

1 T, P \2
22+R'7;'g>
(Fco " PHp0—IC0, Iuy/ Kg) wreveemeernen (3)

ZITC, G REEOLLERHERE, Ko ITEHER £

LFERUEEERTH h 2EDED A L.

R:‘=[lo-K3-<

27900
h=3xm%q< xT. )
4) =2— 7 ARREFED K A AL R IG; R¥, R¥(kmol/

m3. h)
FIHEF 5% oA A LK.
R 21202 8)
1
- k(7 1202 8)
14 p(H, 2712 COY/P(H,021:413C0) k(7 27212 8)

VE
X (1+0.273-In- 5—£.2)

In(l—w ¢ e
. ln((l—wo)) . ‘012)’ NN D)
T, Vg BARARE, o w i3=2—27 ADRGH
EB & DIERETH Y, ki ki BRIGEEREKT
BB, CO; X aRLDKIGEEFRBUTSE D EXH
Wb,
kL —exp (252d.+4 .42 — (227 000d,+ 15 950) / T)
k3 —exp (—652d.+16.93 — (17 870 —648 000d,) / T'5)
5) AP DERFEEE ; RE (kg/m3-h)
100°C i@\~ T, BRI S S5 Bds Ko 2R Fsvcfl
BE s EdoREE R 1000C 0¥ Ficffichs b
DL LTHEREEXED.

B Ih s E8E
100°CESKGD= vE LY

6) YBTYE OWHBEE ; RYo (kg/md-h)
ERTHT ORISR 1400°C & LT, FLEK ELL
B CEMICHE S B BC X b EBTERAER L

R¥=

#®h, BEORERBACHELNEIOL LTHEREE
HIEDT.

BT ES S h s 8
AR 5ERTHERED= V&2 L E

S
RYo=

) FAEREEZE LRI Ghgs (kcal/m3-h.°C)
B2 oXTEALE.
ahgs==38.719§é§§5f5-
TTT, e WEHARB, Reltv A AXETHS.
¥, FIHTCREOWYEMMAELLEL, »¥ARL
— 7 ADERBICHE L TCH R LEOEHTER TS S L
RELTEEREaZEA L. - Offi, SAEIE
BBELUIERTIN 0.3 Lics.
a— 7 ADBKRE
2—7 A - LM DEE S

8) IFABII qioss (keal/m2-h-°C)

FEET KN OFEFBEEEER L TK R TR D
5.

o

a=

9T

Jross= — kv o r—0
0 ky 02
— T = — .
ad b b Pb ore Tb ............(7)

—A4Heqp - Rovp/co: o
Tp(r=0, 2,0)=Ts(z,0)
To(r=ry,2,0)=T
22T, Ty R KYRNIRE, kb, v ;00 X AkHD
BRI, k#, FBE, r 3N KYOFENELYESE L
CEN T RANDAE, n BTk BEL, Ty kit ko
NERE, dHevp 13K FEFEEE, Revp (REFEE %,
IO Z P RITENE, 0 RX*RT.
2-2-2 FHRILIBAOIRREE B
FEA oIBR8 & B0 * &t
BRRIGEPVRAEIL, DT O X 5 RS HREcelk
T 5.
1) HATE ; po(kg/m?)
3 P

o

[CIRTE R B0 - O (8)
2 — 7 AR ; pe(kg/md)

-

d 0
—a'&—{’c'*‘ Vs—az—toc=£ gmk'n’ ‘R + pe- f

(Dor+Vexc) * Rig wvverersesmremsnmrenniennen (9)

2) %EEZ&J\;)ﬁ:)’FezOy JFe0s JFes .ygang(—)

o L,y 3 1
aﬁ y.l s az .yi_ po

— 307 —



2372 % r £1 & 68 & (1982) 15%
{Emki'Rk—)’iEEmk-n'Rk}"""""""'(10) WE, a—27 A, FAORGEHE, Ak IUDIFEK
] 2R, d v FRERT.
3) =—2 A Vi=Ye Yasn(—) WBTLFEE,  « 1222 P 01*%%1¢?TT
3 3 ] U Eo, BEBIGHAREERCLRRTI\T, #A
TS 9 i, RABIEBIT 5 15)~17) RC1E# ATENE L < Kk E L
{zmk,--Rk—yjz Emk.nr-Rk} B ) CEMDLEDDOE—HRE AL ERNTERTES. b
7, EERBeBET S 8)~13) Rk, FTHHEETHR
4
) %fg?m*ﬁbﬁ$ 'l(l ) ESN DG ETHEsbshs. LehoT, F
55 "1+ Ve =y RN T Smeafid HRIEHPIRIEED R F O 2 RO BRI
.............................. (12) SETE 5B,
5) EMERRE ; Ts(K) FAARTE, B IOEMSHT 0 EERLR LT
F 9 9
_T +Ve— Y — T a_z.)(g=fg.;.........,...........................(19)
. 1
= : , - BE R ARk LT
Ponz *In (deCsn/de) +Pc£:;)’n' (decsn'/de) d d
_da_.Xs.__fs, %=V5 et (20)
{ahgs(Tg s) D‘?loss'f‘ZAHk ‘R —T . N
et l, Xg X 137 A HUNC BEORBER Y,

(5 con £ micn- Ric+ )L‘csnvz'.‘mknf-Rk)} ...... (13)
n k n! k

6) #F D IEEE ; Vs(m/min)

a Ve d
“'OZZ—VS=_';2_ dz A4 E(Uok‘"”ck)Rk '“(14)

T) WA 5 pg (Nmi/md)
’ a i
_aTPg‘*"Vg“’az_pg:zzmk,l-Rk ceeeeneeee (15)

8) HARRLY ; Yi=JYcos Yo, IHyp IH0s IN.(—)

) .3 1
i+ Ve 2z D=

a6 P
{Z'mkl.Rk—yi%' {k.l-Rk} R )]
9 FARE; Te(K)
aao Te+ Vi aa = 3 yl(d:;gcg,/dTg)
{@hgs (To—Ty) _Tzzl‘cglfmk-le} ......... 17

HADES, WHE, BEOCRIIZ>EORBAHBRL
BT 50T, EAOnEOWTh2ZER T X X
U,

P-v,=-LER.T,,

m= (28yco+44rco,+2Zyn,+ 18yu,0+28yy,) /22 .4
Z T3 Ergun EMAWGTENCH LTRA LA
7o, .
10) #AES ; P(kg/m?)
I—e 1—¢) V2.
%P: RE) ( gj-)sa-z’p P ..(18)
ZC, Mg ((i’ft%%%ﬁ%%ﬁ. Voks Yok VIRFNC X
LA, =2— 2 AONTARRIRAEE, ¢n ' e X

(1.75+150

Fio, fo > [s 13 H Al BOC O KRBT RS, 8) ~18)
DA%~
2.3 BAEDEst
2— 7 AN L, TOERCESHE RS I R—FElk
WHTHEEY A LT AL HEES XUFEEDOM X
bR EhB & L. &b, BB AMYE—R
BT, B ORNERT B & LTRATERE L.
d WPZWf,"“x . WOUT Wln
77’ Wp<W§lox ; W9UT( )

Wln)

Wo=Wie— W,?'”<

WOUT
WOUT

d W 2Wmux .
—_— — Win _ |4OUT s="" 3§
ag =W =W <WS<W;“"-
d_p _ (Wolep+ Wires) Tp®
dog " P Wpop+ Wieg
— (W3 ep+ W2 ") Tp—Angn (23)

+ Weee

e, W, We, We, Ty 12318 Y RO Bk, BEE
a—-7 AR XU RE, Wy WP*s 355 ERA
B OWSUT, WOUT iaHigknh b OBSGEHIE R YR L,
Wit Wir, T WHEBEIGE» D AT 5 BHhER
EREYRT.

S & JIBEDT k4, TORMOBESMEYERL
T, Bigd 7) RodadE AW,

. ks ®
af BT CBPOR or? B
Te(r=0,0)=Tp, Te(r=rp,0)=Tw

¥7, BEBIARI»OLEHAPHADOE — b v AFXERAT
52 5.

— 308 —



BIEEEE T TR X5 X ANEXOR

2373

d
ar
¢, Te R KHPERE, ks, ¢ pslXThTh
BMIGHEE, HEh, BE, 8 QHABWELRTHS.
2-4 EtENBAE
BERIGES & BB » TRIRRERC AR
ELTHELRTTS.
BRI RGH
HA Xg(myn—1)=Xg(m-n)

gs=—kz——Tglr=0

LT DX 510y

—dzy - fg(mn)
- (24)

Bl X(m,n) =Xs(m—1,n—1)+40-f

(M—1,7—1) eemermeanieeiee e (25)

i Adzp(=zn—2a-1) =Vs(n—1)40 -~ (26)
BB Y

Xy (m) =Xg(m—1)+40-fa(m—1) =eeer @7

I, MR Ay v ok, nlIfMNE A L VBN
T. Ef, ARRETHOMEM I E dm 1k, —EEA
SOEFEE 2 — 7 AFERCHETHRBEL L, RXIB
840 i P0 v_ARKIST AN ERCEET S =
— 7 AR ERFOBRKRCTHETIET L RM LT 5.

BRI B0 A% Fig. 2 &, £E0FEM
B a—% Fig. 3 w57,

BRRIGH & BBy MoEBORBEWHES L, =
BEtrAvTr—2y - 1 MOFELXT, Bbhd
FAov_non AREBEEASEL LB LR S BIHOE
R RUE & L CHERIGHETERTV, £ OBR,
BONABHEOLEEYAVTHE Y TEEE2T 5.

fh, BRGSO EE A Ot KW E S
AOWRIL NRAEDOED I S EZHLLTEHET 5.

To(m—1ln+1)+ (X—2)T,(m—1,n)
X

Ty (m,n) =

+Ty(m—1,n—1)

Chorge
z ‘ ’ l l ' l l l - Stock level
{height) gg
5 L — Solid flow path
Zi
T
lA l 9 — Gos flow path
-~ ~ _\>
= : S oL O Melting point
N < AU
o e R U N RSN
bttt s gt fetme
Blast
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the differential equations for gas and solid state
variables in the present dynamic model.
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Table 2. Comparison of the blow-in operation of
Kokura No. 2 blast furnace.

Actual results Predicted by the model

Formation of cohesive 18 h*? after lighting

16 h after lighting
zone

First tapping 31.5h after lighting  27.5 h after lighting

Increase in brick

max, 200°C/h max. 130°C/h
surface temperaturc

Charging 8 charges for initial

12 charges for first
14 h 14 h

*)  Estimated through the wall pressure measured during the

blow-in operation.

DWTREA LIcER, DUTo2 SBNFEREHBLL.

1) KARFTECRNT, P v A TFTEHEFEIRT
WHBAR 27 AL EHERICIVREH BT 5
M, REFLTIE2— 7 ADRIPREER T 5 LE2 T
Wi, ZORE, BhRE =z -2 ADOBEXCERT A
FToEEENE UL, TOEEIT 14h TELALSEE T
BEEL oL E, BAMPEEEFIECHY TS, L
e oC, KANEHEY I 2 v—va VT, SRR
BHERBLLCH T XD CULENRD B,

2) FPHEEEFEBOEFHT, FTHOABIE
—HTC, FEMOABIET 1%, FAFEEBSTIEE
EOERFENFHMI Y IREVWZ EEIRT. KT FAEH
DEAGRBULH 1200 keal/md-h.°C DfEH Lz T
52, EfOFAARYFHTH DK, oy 1.5
EOENDBETH 5.

EAlED 2 5% BIE L B TKANBESEFYEIEL
TefER, Fig. 7 Rt X ok AELEHIBE—RKL
7.

3-4 BEAANBEZORES

AIEEBEETARI D AKARBEOFHNARLYZIL
fefgR, Fig. 8 wRdXsw, FRARIIAEL XS

[ +75m above tuyere level

™~

1000

- +13m above
- tuyere level

500

surface temperoture (°C)

-
L F
© 0 s
(o] 5 10 15 20 25
Time (bhr)
Fig. 7. Transition of the brick surface tempera-

ture during the blow-in operation calculated by
the present dynamic model for the actual operation.

— 310 —



BEEER T F AT X B XANEEORR

2375

a) after ghrs

20
£
=
2 10f
> Heat exchange zone
T
c ] 1 1 1
[] 500 1000 1500
Temperature (°C)
C)_Atter lghr2
20[
— Fe:0;~Fe0 reduction
£ zone
= Chemical reaserve
© o zone
K]
I 0
Solution Loss Zone
Cohesive zone™”
G | 1 A 1

0 500 1000 1500

Temperature(°C)

b) After 12he

20|

Height(m)

Ascend of
the heat excharge 2one.

o 1 1 )]
o 500 1000
Temperature(°C)

1500

d) After 20hrs

~n
[e]
T

Chemical reaserve

Ascend of zone

| Fez0s~FeO
reduction zone

Height (m)
o

'y /
Solution Loss zone
Cohesive zone

1

1500

L
o 500 1000

Temperature (°C)

Fig. 8. Transition of the heat profile during the blow-in operation.

(

operation.)

E 4
2 b .
5 T 400@ Spalling 400_( ) Spalling
5 S region region

<
g 4 +i18™ above +13™ above
= E 200ftuyere level 200 Muyere lev ,
o 2
£
(3] § /\ Measured
D
— o L L
2 2 0 500 1000 0 500 1000

brick surface temp(°C) brick surface temp {°C)

2 (
= c . d .
5 T 400} ) Spailing 400—( ) Spalling
S 5 region region
s 2 +75™ abovi +4™ above
= E 200ftuyere level 209 uyere tevel
w
s 8 |~ “YMeasured" | .
2 3 0 500 1000 0 500 1000

brick surface temp,(°C) brick surface temp,(°C)

Fig. 9. Change in the brick surface temperature
from the viewpoint of spalling calculated by the
present dynamic model.
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Fig. 10. Effect of the increase in the blast volume
on the transition of brick surface temperature from
the view point of spalling calculated by the present
dynamic model.
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