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Online Heat Pattern Control of Ferro-coke Furnace Based on Data

Assimilation
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Abstract:

In steel works, direct observation of internal conditions of high temperature processes is difficult. Therefore,
automation of such processes based on process visualization is an urgent issue. The authors developed a technique
that controls the heat pattern of a shaft furnace by visualizing internal conditions by means of a particle filter, which
combines sensor information and a transient two-dimensional model calculation. As a result of the validation test at
the ferro-coke pilot plant, control accuracy of 10°C was achieved. Furthermore, the operational condition was

adjusted based on the correlation between the estimated heat pattern and the product strength. In consequence, the

150

product strength improved by 0.5 points (Drum Index 150/15 mm, DI"°"15).
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Fig. 1 Structure of ferro-coke furnace
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Table 1 Variables in transient 2D model

Symbol Notes Unit
Gy Specific heat J/kg/K
h Heat-loss coefficient J/m’ls
R Reaction rate kg/m3/s
S Specific surface area m’/m’-bed
T Temperature K

Uy Mass velocity of gas (horizontal) kg/mZ/s
Ve Mass velocity of gas (vertical) kg/mZ/s
Vs Velocity of solid (vertical) m/s

o Heat exchange coefficient J/m’/s
AHRr Reaction heat Jikg

n Reaction heat distribution ratio -

P Density kg/m3
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Fig.3 Estimation result of surface temperature
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Fig.4 Estimation result of internal temperature
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Fig. 5 Estimation result of unknown paramters

4. b— bNZ—VHIEROMESE

xic, F—xREfkCE Ak 3hice — bosx—r Y
FLWIREEICIRFF T 2 e 0 DliliHls 2 7 A 2R LT, il
7T Y RBIZRD I ATy TOLMRSNG, 238
DANEBEFF LI e REL TRk e — Fosx—2 %
FHIL, RIHREEREZLSEIBOR T v TG &t
B, REZRICBRFEABORERIFRZIVET 5, Bl
1310 3¢ L7ce BUFIE, @iEFOE & 0mEROoRmEY
B e LC, FHON ZWEE, FES» s s
BUSREE, B & OIS 2 RIEA R e skl vy
R L RETORGERERIC DWW TR~ 5,

29, BUED ANZEDFOR G MHIT 2 2 OE L I2BED
Fokofilze X (14), A5 ITHESLTTFHT 5,

T(t+k+1)=f(T(t+k),u(t),A(?))
z(t+k):HT(t+k) .................................
I THIIBEORM ATy FTh Y, R E TOIFk
TR ZFTFI 20, RIZ0D 6 48 DY § 2, z(O) I3 HIHZ
Bekl, HIZHETIRE D M» & RIEZER 2 ) 3175
PET, PllogmEte Lt £ 12 8L A3) 1«2
FofiES NI — P2 = BIUHEE ST A — 2 ZHV
726

ZO LI L TEHR I NICHIZEE UFTET 2R, 8
U, SRS OHER B B HUSE 2 ()= 2 ()22 (),
()] v,

RIARVEL A EIFD 2 7 v FINEDEEZITH, 7=
0a— 2 ZERIFICEIT 3 27y FINEE, EEREFE LT
ARHVST X = 2R E MATFT 5. ZOIFIEMEICHIGT 5
7o, 27y TIE LU NOFNE-CHIEEHC e icEHh$
5o BEREEEE BATES (L L 2GS ORIEA % 5
W 2, EERPOREZ AF 7213800 S B 72 BEo I D
&% 2 (O, WHEPREZ AF 723 ¥ 12 BocE
Pzt CiEL Y, B I(=1,2) 1Io0T 2 il (=
1,2,3) DAT v 7IEIRATHE S NS,

S{U+ky)=(zﬂt+k)—zﬂt+k»/AF ---------

RIZICE PR OB FE Y R0 5, ZRGETEE2 H
W, X (19 OFHMRES 220 (20) DOFFIZEMN T TR
IMET 2 & 5 I ER OB ER AR, AF; Z3R®7C,

JFE £ No. 45 (2020 4£ 2 H)



FoxEULEIC L 2 7 s na— 2 2R e — koS & — Al

C Tz (IR O HARME, 20 13HIEZE > FIRAE % 7R
To 2, (t)=[2)(t),23 (¢),2) (¢) | 12 SRlEe e 2208 L e B o)

HEZREO TP TH Y, XQDDO LS ICHHIEEE R T v
TINEDRICAE G R L 72,

z;(t+-k)::z{(t+-k)+-2 S/ (t+k[t)AF, (7=1,2,3)

D EOHIE7 VT ) Xk i4my F 75 ML,
AR A CHEAR LT > TR AR 6 1R T, 1EE
H~3 BrE M HIEZE, 4 BHB LU B HRLH, &
TEAIEEEE LR, BRSO LTI A & v Al
CHMEEY 7 ey FLTWw3, KHo 8hour 25 32 hour
F COMRIIHIE S 2 7 2O WIRIEL R 2 2L S
i,

A& > 2RI, 19 hour FESIC B\ T E#HE DS
WLz, SHUCHWITHIRE O T ¢ i E o FAH
THIS N, SRPORE CSENMRE L EmI ¢ 2 74

Guidance period

X Z2WHNTENT, A4 X R LD VLRRE Y
BRAE L TCREIR, PIERIRE o RBRHIF % ESF L 22, JFTER
v SR A HAME 10 CORIPIIC T 2 2 e T3
726

5. #EE—FN\2—VLRGRE EDMEA

Aoy zickbe— b8z —ral{EOFIHEE L
T, B8l E 2 BET 27000 — FoSx — S filfH
WEZbNDL, 22T, A{LINIce— ik — v Bl
TR Y OB 2 B 2 ny, SERELVET 2 RTR
T LT,

R7IRT &30, FRAREESMIC 40, SiEK
WD WTERIDIFAN 2 B T3 2 8RO B0R B E R 2 B
L7co 2O &1z, KN 2 - 2HHT5 2T, i
B i CEREME) D72 57— 2 2 [ U RE L
AIREY 722, 272, LRl 4 OB OWVLTE — F otk —
COREEREIL, 20OV e 8E5RE OB %
Bl

ZORER, B8IZRTEEY, WENBRULY s
T AEI C O HFAERER ¢ s O N B OB E T Tw
5 eI L7, MO RERI RN -5 IC & 2 Bl

+ 28 T <\ T T T \> T T T Actual
+ -
Furnace top + 28 Fon P P ,N““}\ A /J\/\‘/f
temp. (OC) —20r 1 I I I 1 I I I I |~ Set pOint
=40
| Set point
Discharge
temp. (C) Actual
Estimation
Internal Lower bound
temp (C)
Actual
Hot tuyere
flow rate Guidance
(Nm’/h)
Actual
Cooling tuyere .
flow rate Guidance
(Nm’/h)
Production 80 - [ i
te (%
e ( 0) 70 i Il Il 1 Il 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 40 45

Time (hour)

6 N\1BY FTZYTDE— b2 —HIfEHERRIER

Fig. 6 Experimental result of heat pattern control at pilot plant
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Fig. 8 Correlation between holding time in high temperature
zone and ferro-coke strength
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Table 2 Operational condition of ferro-coke furnace

Casel (base) | Case2

Low temp. tuyere 50 Nm’/h 300 Nm'/h

Hot tuyere 2050 Nm’/h | 1920 Nm*/h

Cooling tuyere 2400 Nm’/h | 2 400 Nm*/h
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Fig.9 Steady-state simulation result of temperature
distribution
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