HWAHAK KONGHAK Vol. 28, No. 2, April, pp. 243-254
(Journal of the Korean Institute of Chemical Engineers)

Ojxtel 2ol 2/t D2 (Fil)H HHUE] HSe| 4

A B gl 4 AAdATH
A Eta o] Fold 3hakg-stn
(19894 11 139 A4, 1990 29 209 =)

Analysis of Steady State Behavior of a Blast Furnace using a Two
Dimensional Model

11-Ok Lee, Tae-Wha Choi, Heung Shik Kim* and Kwang Soon Lee*

Iron Making Research Lab., Research Institute of Industrial Science and Technology, Pohang 790-330, Korea
*Department of Chernical Engineering, Sogang University, C.P.O Box 1142, Seoul, Korea
(Received 13 November 1989; accepted 20 February 1990)

238 ASE S 2L Gl olF TR0 Wilsa, F 2YE) 2RT) 3
L=

e e s o) Hsle] 2Rl JAl m wAe RE, shazA, R
ul Aol oAl F9uke FHehs 448 HHslpor 5L "3_%}3}04 alAdslodct,

A Aol AALRIZEY] ©HE2E ¢etod § F1]o] AAE AFHIHEG £sld nRYPAE 5
o W3kt &, ahzgubskol ofdl 2 aweied ¥ (orthogonal collocation method)& -&3eich, =3 =
g Atolle] xR FAL ofsldly] St 1A =Rl wRlsied sAsla, ol eg e Ao
Aol 27\ 2A% AAsiich, wzdnwbske] Wieldde 75 4, 5 ¥ 670 FHa A BF fARE A

ZgAA] 2YAEE vjeteo g S T3 3, A4 n2UF #4 9 ohE d7Aee] Axket 3
1e ofe d1E o1e 4 qlelow, 53] JjAlet mAlY fSulel ofs) 2= EEol wlztgl 43S BE

Abstract— A mathematical model of the blast furnace was developed and the effects of operating variables on
internal phenomena of the blast furnace were investigated through numerical computation. To achieve these
objectives, equations which represent the distributions of gas and solid temperatures, gas compositions, pressure and
stepwise reduction of iron ore were established and then sulved simultaneously.

To reduce computation time, orthogonal collocation in radial direction was employed after transforming the blast
furnace geometry into a cylinder using the technique proposed by Yun et al.[1]. Besides these, a potential instability
problem of the model was analyzed using a simplified 1-dimensional model. With the aid of this model, initial values of
gas and solid temperature at the stock line, which give a meaningful stable solution, could be determined. Collocations
with four, five and six internal points were tried for comparison but the results were similar.

Simulation results based on the POSCO’s operating data showed good agreement with the internal phenomena of
real blast furnaces as well as with the results by other rescarchers. One of the important consequences through this
work is that the temperature distributions are sensitively affected by a small change in the ratio of solid to gas
flowrates.
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Fig. 1. Sketch of the internal structure of a large

blast furnace[11).
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NOMENCLATURE

: collocation matrix

heat capacity [Kcal/Kmol°K]

: particle diameter [m]

molar flowrate (Kmol/hr]

. heat of reaction [Kcal/Kmol]

. effective thermal conductivity [Kcal/m-hr-°K]
: equilibrium constant

: reaction rate constant [m/hr]

. furnace length [m]

number of particles [74/m? bed]

: pressure [atm]
. reduction ratio
. furnace radius at top [m]
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R, : gas constant [J/mol- °K] M:
f : reaction rate [Kmol/m’hr] w
s : surface area [m?]

T : temperature [°K]

Y : gas mole fraction

z : normalized spacial variable L
Greek Letters 2.
& : void fraction 3.
€ : porosity 4.
p : density [Kg/m®] ! 5
¢ : spherisity 6
Superscripts ;'
o : initial condition %
R : reduced by boundary conditions

s : saturated condition

* : old coordinate 10.
Subscripts 1
¢ : coke

j : collocation point 12
F : iron

Is : lime stone

et ES 28T HI2E: 19903 4E

magnetite

;. Wiistite
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