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Improvement of Mathematical Model of Blast Furnace and Its Application in Practical Operation

Hiroshi NOGAMI

Synopsis : Mathematical model of blast furnace operation has been being developed for about four decades. One of the major model frameworks con-

sists of balance of mass, momentum, thermal energy and materials, transport phenomena theory, and chemical kinetics. The models on this

basis have been extended from one-dimensional to multi-dimensional, and from steady to transient. This progress has improved the model

accuracy and applicability Although this model extension raised the computational load, recent progress of computer science and technology

allows us to get the computed results i practical time period, and shows the capability to apply numerical simulation in the practical opera-

tion of blast furnace.

This paper gives an outline of the recent mathematical model of the blast furnace operation, and some applications to the novel operation

such as scrap charging and top gas recycling. Next, the expected phases of the model application n the practical operations are shown. Final-

ly some phenomena to be clarified and formulated that are indispensable for the further development of the blast furnace models, and a new

direction of model development, such as stochastic process and discontinuity, are shown.
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Fig. 1. Development of mathematical model of blast furnace.

F 149 HAHZN TR 14410 F 16 H 2 (Received on Sep 4, 2002; Accepted on Oct 16, 2002)
* HCIEKE L TEWE R IR (Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 2—1-1 Katahira Aoba-ku Sendar 980-8577)

211



$ & 8@ Tetsu-to-Hagané Vol 89 (2003) No 2

INEDETFTNEIEFOBAFAEDORER T, KT
SRy 7 AL L TIRORTELEFONEHS A5
ZLAERN D TR, BREEHO TR, RARE L
DHEFE'D, kANT LR EEH LREORF Y &6 L Uk
FEIF SO 20BN nEIZIBHEhTETWS,
FO%, BIHATEEH? BXUMILEEERD O
CRTEETFNLIZZOBEL—EFEBIAEN T 50, 1989
EpoNEZHEBL - [HREERORK - B - WHEIHER
el (HASG 2 FEE EREMAS) 20 Tid, P&
B 2BEOLZHERGE D OO EEMEL RS, 2
RO A E O EAEH %58 L 72 2 B0 ik, %
DBROETFRKEET L OBRIZENTEEREE L
THH XN T3, FEZREMRESTE, SFNORENIZX
T, WEOZRETH AR - [ - WS4, YEEayic i3
KTHBH, WAL T ZOESENEL LM% —D
OMIME LTHOD D [4FEKET L] OBEIEES

NTED, TOMSITEDSEFEETLE KLY, K
TR, SROLP, ZROCIEER O ANEREE I N T

W5,
3. BIEDETFIVERR]

BTl & 312, BIFRFET LRIV TR
F DO REFER A L U TEHERO TSRO Al h,
X0 - IEEFEASED 5T E, AP TIEFRY
ENLEEFOREY I2b -3 /Dar/w)ttn T, Wk
FOMAAEDHEAERIZ DT HATHEAIR D B IZE D K-
FEELDETFNIZDONT, %@M%%%u#%c

EIRORE® L0 TEOMK T, Par oA Ens:
HERBE L UL — 2y 2 A WTHERLZZEILH 2 (KUEH)
PO B Iz A S 2 — 2 2k (M), pE® T
S U VASE D K ONEREZ 5 0 (tRME) 1S A TR
Biiks KO a—2 25 L (B 2EECHREL T
Wb, ZhoOWE (M) &2 IRz 5 R T
EH L, $-RERNOBEEAEL S0, I EIZRE

B - RE - MRERETSI LD, BRAEROREZE,
¥ RISPMEAE LA E L CESE,

mEEAREI S L LT,
B MBS, ioT%m@F@ {Z# - YIEME)
KRBT B HAFEARICEZ DHBELEESTLNENS
%,

2 TEF AR - IR - R - B RO EB) O Tk
3, BT EICSBIRE I N TED, -T2 hoalbeDb
BRI O T A IR SN T 5, ARTHER
FEAEFOTUR AL I L -V a v EBALGE, &
HOFTENE 0 Th <, (58, WERE), RICOMHT % [F
BHZAT S A B S, WERBEIFNTIC BT, S
~¥HFEDOLER D BRI N TN B 7280, HEAMIZZ
NETRTONMFMOBREREELL TR BEPH D,

R REFEAOBLEZEIZDITS, LrL, BNEAH
mﬁ&bf@%?%%%&ﬁ%@ﬁ@@iﬁ_Eua&
%, F-EIR (FERFE) IO U CRIREIA S-S 5
ZEIZED, TRTOC Y uBE N SR DR
XTERHE S, FAUMMEAERAT2ZIL0TES, T4
bbb, FHOEFHIRINT RIS H T £ 2 HEAT

FKWRTHIELDTE S,

JF

(€p¢)+d1V(6p,u,¢, I, grad ¢,)=S +Zp ...... (1)

BHOEH 4 KB T 50108 BRI, SHZELZH
OFEON, HEHRER, T A F —RERB L OLFER
SOBRMBERNTH S, EAPFORT 125K, Bk, &
B XUBEKIZH L TERZh g s, | BXU £ 2#LATS
ZLETHELTAMEERL, KAFEATHS NEEK, T
hbhh, MEKS, Ty ALY EIEE, HOKESE
F3ENBXUBHIZEEAALFHORE 25T 012

RATHE, PEARGRANEO NS, W, BHEORER
%V*¢’1%RA¢5 AT 1= 350 T 2T~ (L2

R LT AEEFERBITOMRE L TREE L 51
waibiﬁ M, ELZLOEFILTCIZEME, EHE, T
BIOBAEHIZRLT, ThFhiRK12,12,9 KT 10
WrhEETEDL XD &qfnéou)ﬁ¢®g@%ﬁ
nEEEL, T, S, h&OZF BENEFNEBETHE
ﬁ‘ﬂfaﬁwwﬂﬁﬁ 4&@&;OmMﬁb®ME¢
FETH 5, EHRIH S, TRIENHE, BN, RIEPKIE
120 S IR EVE A GEAN L, MEEREIC QI EMB O
BE, EBHERIUOBOLMEATMT 5, HELREE
IZDWTERNIES 5 VIHEELOREIZEDWTE L5
BH, ZELZSHEORIEE LOHBLOEE L, BE,
ISR SO R 4 L E L - 1R E - L T
Heg L7, BMEROMEE)E B L OB HEIE 3R TR
ENs,

Fm,_,,:ho/,,( (pli ¢‘) ................................................. ( 2 )

ZTC, BEXEE LUNREE! %M*éﬁaiﬁﬁlh ’i%h%“h
TabelfOJZU‘Z IR LA, hdnid Il 'xﬂ'%*ﬁﬁﬁ@
iR A SR L TREL 72,

ORI S 7> Tid, SFOIRB & ORERTE Y
TSRS U 7= 2o e i A i U, 2 O R ELR O
R ERRAND AL D ER L (1) Xe, TV
O =LK Y o — AkAE RO B L TRE R L
LU, MYayils X OBRALHE5A TR LTRSS 2 &
T, FNICE T B8E - BEALBERO e RE L,
B OREREAHEL 2,



Table 1. Methods to estimate inter-phase momentum ex-

change.

System Method Ref.
Gas-Solid | Ergun’s equation 27
Gas-Fine |Drag of single particle with | 28, 29

Richardson-Zaki's modification

Gas-Liquid | Drag of single droplet 28, 29
Solid-Liquid | Kozeny-Carman equation 30, 31
Solid-Fine | Fanning’s equation 32,33
Liquid-Fine | not considered

BFBEE T DR & JHEEAORER

Table 2. Evaluation methods for inter-phase heat exchange

rates.
System Method Ref |
Gas-Solid | Ranz's equation with Akiyama's | 34 |
modification

Gas-Fine | Ranz-Marshall equation 35
Gas-Liquid | Mackey-Warner correlation 36
Solid-Liquid | Eckert-Drake correlation 37
Solid-Fine | Emulsion model 38
Liquid-Fine | not considered
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Meas. Calc.
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PCR: 250 kg/thm
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Fig. 2. Comparison of estimated and measured temperatures under three pulverized coal injection rates. Units: °C.
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Table 3. Comparison of measured and calculated opera-
tional parameter.

Operational | PCR' 100 kg/thm PCR 200 kg/thm PCR' 250 kg/thm
parameter | Meas | Calc. | %Err. | Meas. | Calc. | %Err. | Meas | Calc. | %Err.
P"?g;/‘:]’m 96.8| 98.2| 2.8|106.5(107.0] 05| 97.8| 96.4| 14
Coke rate
kg/thm)] 381| 388| 1.8 313| 310| 09| 291| 291| 01
Slag rate
[kg/thm] 270| 255| 55| 261| 255| 23| 265| 272| 26
?:]S 443| 465| 38| 514| 549| 68
‘[!,/‘“;‘]’ 513| 56.0| 91| 506| 53.0| 47| 49.2| 520| 56
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Fig. 3. Typical burden distribution patterns used in the

computational study.
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Fig. 4. Calculated furnace parameters for scrap charging operation.
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Fig. 5. Schematic diagram of top gas recycling methods.
HRG: hot reducing gas.
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(a) No recycling (b) Simple
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Fig. 7. Calculated solid temperature fields for the base case and three recycling methods. Unit: K.
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Fig. 8. Various applications of mathematical model in
practical blast furnace operation.
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Table 4. Important articles for further improvement of
blast furnace model.

ltem Action

Formulation of unresolved phenomena

ex. carburization
separation of dynamic and static powder/liquid
deadman renewal

Improvement of accuracy

Quantification of relation between Industrial

Extension of applicability reaction indices and rate parameters

Easiness of application Development of friendly user interface

Present Future

- Increase in dimension
- Steady to Transient

- More complicated expressions
ex, mixed control rate, multiphase, etc.

- Formulation of unresolved phenomena
- More detatled expressions
ex. deadman renewal, curburizetion, etc.

Pertial differential equations L =
Euler expressions >
Boundary value ; ; "
igenvalue
Ordinary differential equations Simplified model for
specific purpose
Discrete element expression >

7

- Particle tracking method
- Stochastic treatment
- New suitable expression

Fig. 9. Perspective on development of blast furnace model.
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