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Optimum Wall Cooling Conditions of Blast Furnace for

Preventing Disintegration of Sinter

Yuji IWANAGA, Takanobu INADA and Michihiko YAMASHITA

Synopsis :

The interior of a blast furnace is excessively cooled down if wall bricks fall off from the front of staves

by damage or deterioration.

We built an experimental apparatus that can heat a wall from one side and

cool it from the other side so that the reduction and disintegration of sinter by this cooling effect can be
simulated. The temperature distribution in a lumpy zone was analyzed based on a proposed model.

It was found that the disintegration of sinter was accelerated by a delay in reduction caused by a strong
cooling with an overall coefficient of heat transfer greater than 20 kcal/m?-h-°C. This implies that the
disintegration of sinter in blast furnaces proceeds remarkably near the wall, resulting in a periphery gas

flow distribution.

Key words : blast furnace; heat transfer; stave cooling; thermal load; furnace wall; disintegration of

sinter; gas flow.
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Fig. 3. Effect of cooling conditions on the reduc-
tion of sinter.
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Fig. 4. Effect of cooling condition on disintegra-
tion of sinter.

Increase of gas flow rate

2*'\ Low temperature
-~ zone

©:2.\~—Heat loss

Fig. 5. Effect of disintegration of sinter on the
gas flow in blast furnace.

AOENBEERCLVBREA TS, 22T, B
WEZRDOFD k., k, Z#AmME LV, EHEOERE
ZERY ZAEFNELTVAS. 4B, K (EBRTE
p—Y v FEy 7R, BIRETIIER) CEMLTVSE
VOFEFERRICDO W, FIERE-BEHER B L U
T B IFREE AR ERI R b L ICETE L TV D,
(& ]

3
ﬁZ:ug—é-Z‘(logYi)zg:Mil'Rl .................... (1)

d
EW:E(&X,'):%?M-:'R: ..................... (2)



2118 . oL 8| %774 (1991) H12F

(2 ]

.0
A ug—é—Z—(’ong,z CY:) = apyh(T,—T,) ~(3)

d 1
Bk ( P,TSJZ;;E;—) CX;=a,h(T,—T,)

8, oT., 1 @ aT,
~az(Ka7 )~ w (B
+ 3R AHAa(A/V)(T,=T,) wroeeeee (4)

s,
Z: D EHNO L e L L TH & 0 S HRAL
& (m)
r: UCEHEPEESAME (m)
Ugy Pg: HWADTE (m/s), BE (kmol/m®)
o, : BRDOEEE (kg/m®)
X, Y :BROEEE (—), ¥ADENGE ()
T,, T,: # ARE (°C), BMKRE (°C)
C;: K% (kcal/kmol-°C)
m: ENMGFE (kg/kmol)
h,, a,: BAZEE (keal/m?:s:°C), HEEHE (m*/m®)
K., K, : 7CHEB OB ZZERE (keal/m-s-°C)
R, M: Fs#EE (kmol/m®'s), {LFEFHFRE
AH BUE# (keal/kmol)
o BIEEHARE (keal/m?+s-°C)
A JFRERTTHEAR (m®)
V. FRAEE (m®)
T, : GHEAMEE (°C)
T, : WHENEEE (°C)
i: CO, CO,, Hy, HO, Ny
j: Fey05, Fes04, FeO, Fe, C, IR
[:CO &I, Hy BT, WENH, 7 PRIEZREDK
T

RIEBEHROBAFTTHHD, HA-FEHEEORTHE
SW Tt RavzORYFTHEB N O F R BEERE & Kunn,
St HDORPE, FTHERE LB T2 v Tid Yacl,
Konn ORXP%FHL T 5.

B, EREBR,OBONIBREHOEIL/ ST A —
5 —9 B L UBRTHILEENRO% Hv CETERICB
BEEAESLOREELE KB L T 5.

4. & 3
41 BREBHOVELEWHT 2 BELSHRHE (BHEE

AR
KIEERAETOREMI M OFRELNEERICLS
&, USERTHEOGHBGEERD 6 h TREI—EL L
D, BILFARWT & EHRIC X O RFNORE I LR

T%. HEHBORIERRER « 1(5)xXts; bhz
DT, BifE ¢ EEHBAMEE T RET sy
B g, g DEMLMESEEROT, Famy 3,
b avaBIhuifE Lz

q=a (Ts—T',) woeeeeremnmsrenmiiencin, [ (5)

q: e (kcal/m®-s)

Ts, Tp: 72— ¥Ry s XME%&U‘;«%&HK%F*
wE (°C)

BTG 25 SR T I % MR TARIC 6 81U, Ins@ e,
WHBAOBTHE B X UHHEBBIVE A5 O Bz
BLT, &5t VvADO—RIEOPWENZA (1), (2)
R), #ER((3), (4)VEEST, BE, Brx,
KRS A % ERFRYICRHE L 72,

FECBLTRBAERARERERM T x -y
L, ZBR0oHBoMD MM, SHETEIC B 55
s o EMME L FEED B L AN —B%
Fig. 6 IR+, WEBERBELZ 2 5 sHHANT
—HLTw5, ‘

SOXIILT, FEMCBBIRESHOEIMEC
BT 5L BB EIRE L. TOKE, X
GHOBBEERERENANEA LLZEEOHED 8~
0 BICHAT DB Ehbhol Thbbh, RANE
FTWELDRTF—TVERT L ERIEEHRBERI 4.2
keal/m2+h-°C 7> 5 30~ 120 keal/m?-h-°C =& L &%
B, ZOWE, BEEGH, N, TAGHICEETAIL
2L FhZFR 24 keal/m?h-°C, 12 keal/m?h-°C &
BTT22L2CTE, BFHEREASL.

Fig. 7 13 PHREB L0 —5 mm BF & BIEERER
1000
* Measured
- Calculated
800y
3)
2. 600
S 400
£
2 Cooling by water

200+ Case4 (5L/min) 4

O 1 i s
Heating = 300mm  Cooling
side side

Fig. 6. Comparison of temperature profile be-
tween measured and calcuated.

- — 50 —



Bk 5 D RME % BT B Bl s ISR (3 A

2119

Y OBBRERLEZODTH D, BIEERHEEIKE L 2
BIEO N TSR AN S { % o TV A, BIFESER
K E L (REAKE ) &, 400~600°C DTN
B LeT REDCEISETT 5 20, ML
WHEEICECDDOLBRENS.

B, BRGHIILTHSABAOFH HREL
A5 LUBEERO B BRI S . LA LESS,
Fig. 4 CXNE, KEHD»LRBEH~ELSETY,
g v FRy 7 ARETIRBETHILO B L v 400~
600°C DIRBEIASTERL & LB 72 o (T LGl B g /h &
v DD, HEED S 100 mm~ 200 mm {7 & T OB
AR ShTWwAS, CORE T 600°C LLEDOREIC
FRSNBZDITHEKEGH K D KIGITEAT 5D
T, EFICBVWTAEFMOMBERESEH L, Fig 5
R L&) e IR % R CRRERE TR L D & T 5
AR DI AHIF T & B,
EFREICBOT, RIEEREERE M keal/m?h-°C
PFRTHLENHH,EI b, BRTIRE - & Do
HRTSEROBEIL SR FIEE SR WVA, Fig 7
|2 EAUE 20 keal/m?+he°C BLECHEAESBICELT S
TEhs, RIFEBAREOBRRE 20 kcal/m?-h-°C & %
B, TOEIE, FRTHRESOBILSSHICETT S
CEREET A L F 0Dt E L URRRANOE
HEBI ) ENET L.

42 PREHEEAOSFFAREICELETZE
FRAER 3830 OFFEICBTAAZE13.8m 58
Ym DT+ 7 P EREINR E L7, Table 2 IZRT
BRI B L OBAROEADAAIC OV TIEA—/T
WT =D ) 9 FT CeCe040p & CoCoOsOs I XIET
5 .0/C 5f6, RESFHEFREhEESGFE LA £
7, BEREERORITTMILIE R RDI 2> WwTit 34%, 28%
D2 — 2B b s,

—%, FEEOZEREEII> VTR, FEROGRREE

-5 mm (%)

oO 50 100 150
Heat transfer coefficient
(kcal/mz - hr - °C)
Fig. 7. Relation between disintegration of sinter
and heat transfer coefficient.

200

LCRAF—7HIEICHH KN AP ERET L5 I
% 2.1kcal/m?*-h-°C &, RiEN A DD % ) IZEIK
P 1/30 i o 12BA L 2 BE L. FRKEED
FEEDREAIKIL B X TR - PR BEM(REIEI 3 A
T, AR (S CREZDREZ 30°CIC L) L3
BHCEM L T D ERFEL, Table 3 1RT X HiC
FEECARB OB S ARORE*E AT, FRRENE
L% T~

4-2-1 JPPIIRRES AR O — Rk 2 1L

Fig. 8 13, FEDRHAFH 2 EZ- L & DFNEK
BEOELERL TS, MFOERIN— &M, &
PUVEER, BUBE, BIUO—H8BE, thens v
7MEE, Y27 bRER, V2 7 P TFERTOHRESHRE 5
EBED— b — U THD,

FREDBYRE % EiF kB AT &, FREREORE
PWERTT 5. e— by =0 OBLOBTI, BfnE*x
LB OMBIC L ) B BA, RO VERTEE
DE— NI =V DHRLELY, TREDEFIKOWTIR
HARBEOBETE2ALT, THIZOWTRERRE DK
TENLTCEOHENEBL TS, /7, b— bty —
YOBEDEAVWTRALE, FHROBRET2HLLET
BT OIFREERE M OB D F D, FLESFROE
fbEDbe— -5 BEERKENI EXD
»h.

—7%, BEAEECOELF MY ZRESHOFTEER
(v v 7 b EBY Y FECHIE S AR L OEHINR
ESRIHIE) kB e, v 7 LB TOERERD
BEEKE(HEATWS, $7-, EHRAOE— FXy—
YANDOEALIE Fig. 8 6 bbb LI, JFBENS 1
m~1.5m QEFATEFOEESF LTS,

4:2-2 JPREREEOE S HIRES A 0L

PR EHICRRAT A v — b8y — v 0% LI, &

Table 2. Operating conditions.

Gas volume 12 244 Nm%/min | Ore/Coke 3.75
CO/CO0/H, 45/0/3 Burden descend | 90 mm/min
. C6Cs0000
Gas temperature 1100°C MA CoCo06Cs
Top gas pressure 3.0 kgf/em® RDI 34,28%

Table 3. Wall cooling conditions.

Heat transfer coefficient (keal/m?+h-°C)
Throat and upper Middle level Lower level
level of shaft of shaft of shaft
Case A 2.1 2.1 2.1
Case B 59.2 2.1 2.1
Case C 2.1 9.2 2.1
Case D 2.1 2.1 59.2
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