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Approximate Analyses for Dynamic Characteristics
of Blast Furnace Melting Zone by Simplified Model

Synopsis:

Masayuki HORIO and Iwao MucHI

A simplified dynamic model of blast furnace melting zone is developed and two approximate anal-

yses on the dynamic characteristics are presented.

From the approximate analysis (1), it has been found that the equation for the accumulation of
heat in coke zone can be expressed as the same form as the lumped-parameter system.

Applying a local linearization technique to the analysis (1), perturbation analysis (approximate anal-
ysis (1)) is developed. From this analysis (1) it has been shown theoretically that the dynamic
characteristics of melting zone may be expressed as a combination of two first order lag systems,
and that the time constant for the accumulation of heat in the coke zone 7, becomes considerably
smaller than the time constant for the shift of melting zone level 7. Also the effects of the volume of
coke zone and the over-all heat transfer coefficient on the value of these time constants have been

discussed in this paper.
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Fig. 1. Schematic diagram of blast furnace. 7,
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Table 1. Weight factors (g;;) obtained from Egs. (25), (26) and (27) under steady states.

Ty Fy ? Jw JYoil Um Sc Uﬂgs Uagm Uasm Hi1a H21 JZ2.%%
o Nm?3 kg kg kgmol . kcal kcal kcal
c min Nm?3 Nms3 hr m® 3. hr-°C {m3-hr-°C {m3-hr.°C - - -
1093 2942 | 0-02315 | 0-04314 3100 40 3000 250 500 | 0-601 0-758 | 0-480
1293 (2942 | 0-°02315 | 0-04314 3100 40 3000 250 500 | 0-601 0:759 | 0-480
893 | 2942 | 0-02315 | 0°04314 3100 40 3000 250 500 | 0600 | 0-758 | 0-480
1093 3142 | 0-°02315 | 0-04314 3100 | 40 3 000 250 500 | 0-605 0-758 | 0-480
1093 | 2742 | 0-02315 | 0-04314 3100 40 3000 250 500 | 0-596 | 0-758 | 0-480
1093 {2942 | 0.04315 | 0-04314 3100 40 3 000 250 500 | 0-603 0-754 | 0-479
1093 {2942 | 0-00005 | 0-04314 3100 40 3000 250 500 | 0-598 | 0-762 0-481
1093 | 2942 | 0°02315 | 0-05314 3100 40 3000 250 500 | 0-'601 0-764 | 0-482
1093 | 2942 | 0-°02315 | 0-°03314 3100 40 3 000 250 500 | 0-600| 0-752 0-478
1093 | 2942 | 0-02315 | 0-04314 4 000 40 3000 250 500 | 0-591 0-757 0-471
1093 | 2942 | 0-02315 | 0-04314 2000 40 3000 250 500 | 0-624 | 0-763 0-501
1093 | 2942 | 0°02315 | 0-04314 3100 80 3000 250 500 | 0'588 | 0-743 | 0-510
1093 | 2942 | 0-02315 | 0-°04314 3100 20 3000 250 500 | 0'606 | 0-720 | 0-454
1093 | 2942 | 0-02315 | 0-04314 3100 40 4 000 250 500 0614 | 0-780 | 0-486
1093 | 2942 | 0-02315 0°04314 3100 40 2 000 250 500§ 0-581 0-723 0-472
1093 | 2942 | 0-02315 0-04314 3100 40 3000 500 5001 0586 | 0-734 | 0-494
1093 | 2942 | 0-02315 | 0-04314 3100 40 3 000 125 500 | 0'613 | 0-773 | 0-470
1093 | 2942 | 0-02315 | 0-04314 3100 40 3 000 250 1000 | 0572 | 0721 0-486
1093 | 2942 | 0°02315 | 0-04314 3100 40 3 000 250 250 | 0°632 | 0-781 0-481
Table 2. Operating conditions for the case of steady state.
Fy Ty Ju Yoil X0, toil qt qu Xci Ji
Nm3 kg kg kcal kcal
min °C Nm? Nm? — °C hr m3-hr — —
2942 1092 0:02135 | 0-04314 0-21 77 | 42108 7 500 0-496 1-0
% o(eC) 3500
900 ! 11 ! | A7,=+100 £
1 708 000 00 200 300 “V =
13000 £
-~ -~ T - &
g \\\\‘ . - ’:;’ - 1 800 N
- 1 600 t/_\}& s:) | 600 2500
L v ;002 (] [093
| 500 - 1400 L 1
0 00! 002 003 00a o S 10

yw (K37 Nm3 (dry blast))

e (hr)
— - — Solution from tank-in-series modell?

vm =3 100kgmol/hr, Uays=3000, Uagm=250,

Uagm =500 keal/m3-hr-°C, #,3=451=0'7, p3;=0"5
Analytical solution

- - - Approximate solution (])

Fig. 3. Comparison of the static characteristics
between analytical solution and approxi-
mate solution ().
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Fig. 4. Comparison of the transient responses

calculated from tank-series model and

from approximate solutions (I) and (I).
BT DL ENTES. ,
ZHLT, 92— i EEBHIIC—E LT B L
W EOTELNSELME (1) ZiERE - AR
CEATED C Edbole. LI TREERE O
DF=DIT, T — 7 ZAHRET BT NTOFRRICZ #HR
LTV 528, SRR (1) ORFFEE FREIGZ EIE
LB IR T 22 2 dARETH 5. LBATHOTIX



s 57 & (1971) $12%

1748 g & B
A7;=IOO°C 10
100 ' /g;
o
[ LN O
wy
E
«w
~100 I
P— O,
-20 -10 0 10 20
35 (m3)
— Blm1, --- 8¢

Fig. 5. Phase plane expressing the responses of
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blast temperature.
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Blast conditions :

Eqs. (10)
= ~(n —
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Eq.(75)
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38,85

Fig. .6. Block diagram of the region between melting zone and tuyere level. Where

87 is the mean temperature of coke zone and 8¢y, is the temperature of molten

materials at tuyere level.
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4.2 BEHK 1, 2 DKEZX

Table 2 1T & 5 iRERiFOT T, (D K25
7, T2 RWEL, I—- 7 AWORN 5 LEEERERE
Fdk Uaij 2L X TAGE LD Fig. 7 ©TH5.
71 2% 0°05~0-15hr OIS LTWD T &2 5,
I— S AETOROERBBIIRETH D T L BHEL

e (77)

_ Parameter Ug; (keal/ms-hr-°C)

No Uags UQgm UGsm
® 3 000 250 500
[©) . v ] 250
[©)] . 750
(@ 150 500
v 500 ”
% 1 000 250
@ 6 000 s
/ @
/
J/ ONOJ0 (2
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.‘9 e /,// ’ /@
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My = un=07
M= 05
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10 SO 100
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--eTl 2
Fig. 7. Effect of the volume of coke zone on
the time constants 7; and 7o.
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