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A Mathematical Model of Blast Furnace Considering Uneven
Distribution of Burdens and Gas

Chon MyYONG and Mitsuru TATE

Synopsis:

In order to clarify the effects of radial distribution patterns of the burdens on the ore reduction, heat
transfer between gas and solids, and other operational results, a mathematical model taking account of
an uneven radial distribution is presented.

The blast furnace is divided annularly into center, intermediate and peripheral zones, to all of which
the mathematical model presented before can be applied by assuming the plug flow and uniform
distribution of gas as well as of burdens. The distribution of gas flow rate to the three zones is regarded
to be so determined as that gas pressure is equal everywhere in any horizontal section of the furnace
under the radially different gas permeability due to radial distribution of ore/coke ratio. The calcula-
tion is carried out so as to make the mean of coke temperatures at the tuyere level equal to a predeter-
mined value under a given o/c distribution. !

The results of the calculation show that the increase of CO-utilization by about 1°8% and the saving
of coke consumption by about 10 kg/t-metal may be expected under the condition of uniform distribu-
tion in comparison with the distribution pattern in the 22th campaign of the experimental blast furnace,
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Fig. l. Variation in relative o/c along radii.
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Fig. 2. Relation between relative flow rate and

relative o/c.
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Fig. 3. Relation between void fraction and o/c.
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Fig. 4. Flow chart to calculate the model which
presume operational results when o/c

changes under the same blast condition.
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Fig. 5. The variation of temperature profile when
o/c changes under the same blast condition.
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Fig. 6. Subdivision of blast furnace along radii.
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(Start )

I Read blast condition, I

the relative 0/C_in eoch zone

rCoIculore DPi, ei in each zone |

Y
Obtain FS, FC in the above mentioned J
zone by the model |

Decide O/c in the other zones J
from the pottern of distribution of burdens

]
Obtain 1S in tuyere level of these zones }
by the mode} 2

< Is the average TS in tuyere level > Mo,
equal _to the qiven value ?
yes
Re-calculate the flow rote of gas I
| in_each zone

l

. no
< Is the distribution of gos flows .converged ? >——>
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End

Fig. 7. Flow chart to calculate the B. F. model
based on the assumption of uneven
distribution of burden and gas.
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Fig. 8. Flow chart to recalculate radial gas
distribution.
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Fig. 10. The variation of temperature profile along
radii under the condition of uneven
distribution of burdens.
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Fig. 11. The variation of gas composition profile
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distribution of burdens.
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Fig. 14. The variation of reduction degree along

radii under the condition of uniform
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Table 1. Comparison of operational results.

Center | Intermed-| Peripheral total | Center |Intermed-| Peripheral total

zone iate zZone zone zone iate zone zone a
Relative o/c 06 0-99 1-10 10 1-0 1-0
Relative-flow rate 1-422 1-011 08945 10 10 10
(room temperature)
Void-fraction 0-5063 | 0-4453 0-4250 | 0-4438 || 0-4438 | 0-4438 0-4438 | 0-4438
EE?E?”“Pﬁ°“ of sinter 16-95 | 880 170-6 | 275°0 | 31-5 93-1 1525 | 27741
Consumption of coke 10-77 | 34-1 59-28 | 1042 [ 11-7 34-6 567 1031
kg/hr

o/c 1-573 | 2-58 2:878 [ 2'646 | 269 2-69 2688 | 2-689

Coke rate 1077 i 6564 588-8 | 6404 | 6299 | 630'3 630-4 | 630-2
Relative flow rate 1-244 | 09941 09686 0-9844 | 0-9844 1-008
(operation)
Top gas temperature °C | 5686 | 3027 1642 270°6 | 274°3 228-4
Temperature of coke 1827 1531 1371 1460 || 1430 1479 1448 1456
in tuyere level °C
Productivity kg/hr 10 51-9 100°7 1626 || 18'6 549 900 | 163°5
CO-utilization % 17-2 40-6 465 408 41-9 427 42-9 42-6
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Table 2. The comparison of rate parameters.

Uniform distribution C .
Uneven distribution
Experimental furnace | Commercial furnace?® experimental furnace
14 000 14 000 14 000
kcow m/hr 2688exp<— R-TS ) 957cxp(— R-TS) 3344exp<—- R.TS )
7 000 7 000 7 000
kcog m/hr 6736Xp(_R-TS> 584Cpx<—R-TS> 741 CXP<_R-TS
indirect reduction 45 3.4 45
A zone
kcal/m?-hr-°G direct reduction 60 7-1 6-0
zone

[ENRS XA =2 D2 — U DEHERCEI XS5
BIE L FRUSH DV, F07bS5 R % — o iR
HEZDNRT A~ ZEMMEATELWVIZITTHS.
FEY—GMETFTNAND L EVX, FEERT X~ ZEH5HD
WEYZI L NETTHEr LERENNCEDIEIE
ELWE 2 S il 5 v, T 2 TREREX
DHbLEERETWS.
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HILLPT LETEMERMZAHETS. L LEDSA
IR — U BEXTE LIZGEER S & 5 LE
WTHSHD. ZOETFTNRBRAEEFE,»LELALMAE
FRLTHEMNTONT V5%, L OMESEEATY
5. TD—2& LTRMKEEERCKSTBIR, AW
SN L b OTwivZ itk b, AFCEMEL
IREEZFEB L nE oharoki et Tthsd. 25
ERF MO DD RIGEHME RO MEOBEIT v &
Lichs, THhPBREEL EOREMET L2 L bhDOT
AV QAR

AEFAEAEKCEVWT o 7 VOBFICEHE TS
Ba, ABHMDEERS D H AFE, EAPORE T EE
DEEIPBF OB S HWT—EILKR D L S ITHLE, b
fE, RAOESH IRV

£k, EFCE L TEAMFAES M S, EiREC
i aE#stEz sicoh, e7F v X DEAMOH S
HOWWLTWEL L.

11. £ %

BAMOHAISE — BT oA DL S E
2 RiTTo, FToRRFORBIEEEE S0 X

S BPEHLIPCTERDTEY—SHMEBE LI
ForiER Ul FW—EREHT T 22 WERORKAY
DHEHIRE — oS —Gfciid L, 3~ AT 10
kg, FIAHET 1'8% BEHEINDLLWOIFERNIDOEF
N X VIREN/. Ll biETFVvEEREDOH S
LD LTWL 72dicid, FOTICIITHEAME N
ZDGHIE ESHOBFOE AR £ 7ohiEx b
(AN

&8 5

B EFLOHRC =S a8iLce &, i =1, 2, 3 @
WFODVIZRL SR FN L ALLEE, RSk, FEERT
B LHETRDLT.

Di: & T~ DEE (m)

DP; : & — T BT 5FHRFE (m)

DPS, DPC: BEfhgh, 22— 2 20RE (m)

DP : S A#D TR FE (m)

DR : BEfeETOHEITE (kg mole/hr)

EPS : £ (—)

S 1 BIEE (—)
FS;, FCi: 4% ) —_ DEEFESE, 13— 2ADEAE
( kg/hr)

FS,FC: s, 20— 2 2% A F (kg/hr)

Gi: &) - OHADEERE (kg/m? hr)

hi 2 &) — o DFMATFIEIL T OBZE R (kcal/m?
hr °C)

h : HADGHPEH—D £ & ORUKTTFTEE T OERMEE
%% (kcal/m? hr <C)

L : FiE#soES (m)

ofc: R LA~ AERODE (—)

P.,)85x—4%

QT : BATFY » OFE0ERigS (kcal/hr)

QT; : &V — > D&hg% (kcal/hr)

— 47 —
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Si: & — 2 OEfEH (m?) it B — L DEEE (-)

S @FEoREmEt (m?) o ERES (Nm3 H,O/Nm3 dry blast)

Ti: & — o OFHEE (°C) 05, oc: BEEESE, 0 — 7 AOFIREE (kg/m3 bed)
TB:%MiEE (C) . &

TST : [a L ~<nEAWBE (°C)

” . 1 i 66
US : £ EF 00 EREME R 8 (keal/m? hr °C) 1) K. PoutHier: Arch. Eisenhittenw., 37 (1966),

p. 453

UW : BFO~DORE K D REMREL (kcal/m? hr °C) 2) 8§, R HIE 54 &, 1228 (1967)
VB : #ili (Nm3/ min) 3) A. PokHUISNEU et al.: Stah in English, (1969),
We: # 2D7k% (keal/br °C) p. 1038 _
W, : A MDA YR (kcal/hr °C) 4) J. R;;)QESTOCK: Stahl u. Eisen, 90 (1970),
. e s -1
X X Begah, 3 -2 2 OWEAE () 3) Sk, B0 B2, 61 (1975) 7, p. 99
aj:ofe tt (=) 6) Z=5F, k4&: M, 59 (1973), S281
Bi: ke (<) 7) S. Ergun: Chem. Eng. Progress, 43 (1952),
3.1 s B A Ny S 1, AL < - . 89
i /oiemmt,\)l/.i{.-wifgmi 8) ;, f8: £k &, 61 (1975) 7, p. 935
RIEBIT % & LTRD BT ERD 5 2 55 1 9) G. SironI et al.: Proceedings IGSTTS. Suppl.
(=) Trans ISIJ Voll (1971)
vi - ERREE '
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