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A Three Dimensional Mathemafical Simulation Model of Shaft
Type Reduction Furnace and Cupola Type Melting Furnace

Hideyuki YAMAOKA and Yasuo KAMEI

Synopsis:
A three dimensional mathematical simulation model has been developed to study on the scale up of a new
ironmaking process (SC process) which consists of a shaft type reduction furnace and a cupola type melting

furnace. Results obtained are as follows ;

1) The fuel rate of a 2400 t/d plant with the productivity of 5 t/dm?® is estimated to be 525 kg/t.

2) In this case, gas and solid flows tend to deviate from the uniform flow, which gives effects on the
operational performance. Especially, discharging holes must be located at the appropriate positions of the
reduction furnace to increase the gas utilization degree.

Key words : ironmaking ; smelting reduction ; shaft type furnace ; mathematical simulation model.
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Table 2. Transport phenomena considered in the
mathematical simulation model.

Transport phenomena Presentation

FeOx + CO — FeOx-1+COz Unreacted core model

FeOx + Hz — FeOx-1+Hz0| with 3 interfaces

FeO+C ~— Fe+CO Muchi’s equation®

Chemical reaction

CO2+C — 2CO Miyasaka’s equation®

(RK)
He0+C — Hz+CO Gadsby's equation®
H20+CO - Hz+CO2 Equitibrium
: d ...
Melting ar Ts=0

Gas and Solid

Heat exchange Ranz Marshall’s equmions’

Solid and Liquid

(ahpp-p-)

Liquid and Gas Neglected

Heat conduction Solid phase A effective

(AVET) Refractories A refractories

Table 3. Rate constants of the sinter in the three
interface unreacted core mpdel.
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Fig. 1. Comparison of timelines observed with
those calculated by the kinematic model.
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Fig. 2. Mesh construction for the calculation of
differential equations.

Table 4. Operation data of reduction furnace in
pilot scale plant.

Raw material Reducing gas

Species | Rate Rate Temp. Press. co COz
Sinter | 557 kg/h | T42Nm¥h| 878°C |48KkgertG| 41.6% | 6.4%

Product Top agas

Hz H20 Rate R.D. ~5mm | Z2co+Hp | Temp.

21.2% 47% '446kg/h|{ 958% 40% 400% | 418°C

Table 5. Operation data of the melting furnace in
pilot scale plant.
Reduced sinter Blast conditions Bosh gos
R.D. Temp. (o} Coal Pressure | - Volume Temp.
98.6% 25°C  |[255Nm¥h| 275kg/ h |1.5kg/krmPG| 908Nm¥h| 2309°C
Pig iron Top gas Fuel ratio
Rate Temp. Temp. 2CotHp| Coke Coal Total
8.1t/d | 1432°C | 950°C 3.0% | 443kg/t | 819kg/t | 1262kg/t
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Fig. 3. Calculated flow patterns of gas and solid
in the reduction furnace.
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Fig. 6. Calculated flow pattern of gas and solid in
the melting furnace.
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Table 6. Modification of transport phenomena in
the mathematical simulation model for melting fur-
nace.

Tronsport phenomena Modification

Ar = 6.0 Ar®

Heat conduction in refratories

Heat exchange between gas and coke tlh;:wg‘.9 " 0.0Gth'q_c

Heat exchange between liquid and coke ahpe-g = 0.10ahp%..,

Usz =0.10m/s

Velocity of liquid
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Fig. 7. Calculated and observed distribution of

solid temperature and pressure drop in the melting
furnace.
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Table 7. Dimension of reduction furnace and
melting furnace for the scale up of SC process.
Pilot plant 100t plont 2400’ piant
Hearth diameter 0.75m 1.74 m 5.70m
Effective hight 312m 452 m 7.40m
RE Volume 1.32 m? 10 m3 189 md
Discharge hole | 3 6
Hearth diameter 090m 200 m 6.30m
Effective hight 2.50m 420 m 760m
M.F. Volume 1.96 m3 16 m3 292 m3
Charge shoots t 3 6
Tuyeres 3 6 24
Chute
1.4 0.98
1.2 d 1.00-
1.0 1.00 1 1.02
08 A 1.02 ' 1.00
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).268
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Fig. 8. Burden distribution investigated by a cold
model experiment.
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Table 8. Operation data of SC process evaluated
by the mathematical simulation model.

10! plant 100" plant | 2400t plant

Iron ore (kg/t) 1665 1611 1611
Coke (kg/1) 43 179 179
Fuel Coal (kg/1) 472 401 346
Fuel {kg/1) 203 580 525
02 (Nm¥1| 507 305 -~ 260
Blost Air  (Nm¥t) 389 157 134
H2O  (kg/t) 90 0 0
Volume(Nm¥t)| 2256 119 970
Temp. Ccl| 326 171 130
co )| 361 34.0 328

Off gas S——
Co2 (%] 233 352 369
Hz %) 7 8.1 7.5
H20 (%) | . 5.1 ‘ 1.0 1.4
Pressure | peiting 2500 2000 16320
drop (Pa) | Reduction 3020 10150 23780

A}
}%
-\

] 1// ]

B S A Lot R CLIER W
oA LY
ol Tt~
,

Usem/min) , - Ug (xO.INm/s) , Tg {xi00°C)

6 «—
= ] \‘Qis«
i} 24‘45' |
i=r ) \5

~

RN e
5 % \ GJ‘M
VSN

¥
Discharge hole ~

Fig. 9. Gas and solid velocify and gas tempera-
ture at the top of 2 400 t/d reduction furnace calcu-
lated by the model.
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Fig. 10. Gas and solid velocity and gas tempera-
ture at the top of 2400t/d melting furnace calcu-
lated by the model.
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Fig. 11. Effect of the profile of reduction furnace

on operational performance at 2400t/d plant.



Y7 PREILFL F 2 KSRBRIFD 3 RTHREE TV 2261

2400t JFIZ e B &, Fig. 9, 10 IIR$ & 5 12, BRIA,

BITH & B IAT A0 2 4 AR OREARA L, H1C

BIEFCRIFBOOERE & BE L CHBERIC bIREDS
AL TwWBbAS, gkl 5t/d/m® ootz 525
kg/t, I — 27 AHid 180 kg/t LEIE & e,

FIOFT & FTHOEJHE K S EFIFTH 16 000 Pa, &
FTCIFCH 24000 Pa LEHE X W/, —F, FELSFO
LARVETOFRNEYRER IBERIFT 7.8¢/m? &
T 11.5¢/m®> TH5H. LdoT, ENHEK/EAN
WMEBCTEEZELAZEELAV (PL) GWFhibiy 0.2
BETHYH, WIRGIVWBETHAGEE LD LV EHEES
ns.

4-3 EXFRBECRIEITREEROZE

BIRFOEERIZRIZIRE RS CHEBT 2 2 L AR
Sz, #Z°T, Table 7 137 L 72 2400 t fE IRk~
GrHELHL L, BROBILELEBLAMICB LT
TR ROEBIZOVWTRE Lz, 22T, AERR
BB T 2280 t/d —F, BILA AIGRE%L 800°C, Wk
#% 1107 Nm®/t, /1% 1.5 X 10°Pa, #ix CO=
51%, CO,=13%, H,=16%, H,0=3% & L7:.

FHEMREEEHL C Fig 11 IIRT.

FE/ IR RS 5 & VAN, HTFX0ERE
ENBAM S, FAFIRERNWET SR, BITELR
L ah, IPRIEREANRD LT A 2 FEAEINT 5 720
FERLVAVEERL, Wik OfEBREAEMT 5.

FOLHEOORBLERLEBLVERTH Y, FE
BD20% BELTALENSHSHZLLRBI N,

WA REL ST 28R 0O L ED
BELAPEETHS. FHECINE, FrOo%: 38

iUuG@t%(T%:&ﬁ%iL(,6@@%@?%
JPBER ) DB (r/R=0.7)ICERETH5Z & HET L.

5. ¥4

Tx 7 PABRTHREF R SNEMIPCHBR s
Ptk (SC ) 0 3 RTHFEET VB L, KERIFHR
ELM S TRYUMERFTT S & & HICKBIFOEEE
FhEEBETL, DTORREREL.

1) 2400t JFCcixthgktt 5t/d/m® O & CHRE I
# 525 ke/t L HE SN2,

2) KEMLIEWIAE /PR ELERT S5 & 02
i, MTHEYOREENBRT S0, FICBTFTIX
PO B OBIE(L % & 72 3 RITTHIMR I L 7=45
HERET D LETHS.

4%, BXBREERORERN L% X0 BRI ERATIC
HIERLTWIHHFETH 5.

X [

1) M Hatano, T. Mivazakl, T. SHIMODA, H. YAMAOKA and Y.
KAMEL: The Sumitomo Search (1985)31, p. 3

2) BEWER, WWEFT, IR, PHITK: LR, 73
(1987), p. 2122

3) 8 B, A B BEREIE (1974), p. 233
[#E#E]

4) /IMRZEB, AKFREES: Sk &M, 63 (1977), p.1081

5) BB, AEE—: $kEM, 54 (1968), p. 1427

6) {LETHMEE (BETAM) (LEIFEHERE), p. 287

7) {LFTHEEE (RET4H) ((LETHHBSE), p. 289

8) {bETH¥EE (KET4M) (LEIEHSEE), p. 291

9 ) R. M. NEDDERMAN and U. TUzUN: Powder Technology,
22 (1979), p. 243

10) LIREFEAT: k&R, 72 (1986), p. 2194




