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Development of Injection Lance with High Combustibility for High Rate Coal Injection
Michitaka Sato, Ryota Murai, Tatsuro Arivama, Akira Maki, Akio Sunomura and Kimitoshi Mor

Synopsis : To attain a high rate injection of pulverized coal into a blast furnace, it is required to increase a combustion efficiency
of pulverized coal in the raceway. Therefore, it is important to design the injection lance with high combustibility based
on the essential understanding of combustion behavior of pulverized coal.

Previous to the start up of the high rate injection operation at Fukuyama No.4 BF, a 2-dimensional mathematical
model of pulverized coal combustion taking the lance arrangements and the dispersion of coal particles into account had
been newly developed. As a result of the analysis using this model, it was found that the eccentric double lance, two

lances arranged asymmetrically to avoid the interactions of the pulverized coal flows, had superior characteristics to

increase the combustibility in the blowpipe and the raceway due to the intensified particle dispersion.

Since the

experiment using hot model also showed the same effectiveness, the eccentric double lance was adopted to all tuyeres

of Fukuyama No.4 BF.

. During the high rate injection operation in October 1994, pulverized coal rate was raised to 230 kg/t and little unburnt
char was detected in the top waste dusts and the combustion efficiency of pulverized coal estimated by the sampled
char from deadman during scheduled shut down just after the operation reached over 70%. These results suggests that
the high combustion efficiency had been successfully achieved by using the eccentric double lance.

Key words : ironmaking ; blast furnace ; pulverized coal injection : pulverized coal combustion ; two-dimensional mathematical model

; eccentric double lance.
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Fig. 1. Calculation zone in blowpipe and raceway.

o RIZ O C T, Bk BT A HE AR, B
BRI & FBUER 2 H#R L L2 (Table2),
FRI & OB RE—RF DT AN X — IR 2
rEF LT ENEFN, ZAVE—EGRIEP L, BHROL
Fkg, LN, *E#E L R EBOfME L TEL
126
2.3 EtEHE

REF 2 DERRAR T & CEFHHEXOM L LTI,
Patanker & O#IE L 7:SIMPLERFEO# H w12, $ 72, &
HINLKTFERNOEES I USEY» M 20EER L
FINF—PNEKXOERIE L L TEAT 52PSI CELLEF V1D
PERA LI BRSNS, FRHE (U, V) (220 TFig. 1
DEyich AL, Tu— i FPHODFEMEY KEBFHED
WIAME E L THICTC, 2 LT, ZEUE L L TIRARKE
DREE, EH, Mk, EEFLCRTOEE, BE, &E
PRI,

Table 1. Basic equations of gas phase.
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Table 2. Basic equations of single coal particle.
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Fig. 2. Schematic illustration of lance arrangement
and pulverized coal flow in blowpipe.

Table 3. Injection conditions for 2-dimensional
mathematical model.

Lance| Position of

(o L *
ase| Lancetype |y, | jance tip (mm)| * ()
(a) | Single lance 1 (0, 50) -30
1 (0, 50) -30

b Double lance

) ) 2 (0, -50) 30
(©) Eccentric 1 (0, 15) 30
double lance 2 (0, -15) -30

40=30°, W, = W, =0.1,0, = 0, = 0.2, ¥; = 0.4

39

WBtEEI 2 ET 2100,

B A RIR AR HESRRES  AOME 39 S

BRFNS & CBRIERDOHER 2R, 472, Fig 4 (IXRIR

CEFEINIEBRREESG Y RT., INR6DXL Y, 2
NG AR, BITNG L RLERREE IV T ALK S

AABROHBRIK DRI L, BEDHERE B &

CBRIBEED FRBEEPEL E-> TV B 95, 2N
AR AR S B R E BB R OB EROM KL B
botEZLND,

3:2 2RFAHBBETINIZL DRIFRIREDHTE

FFROLv— 2V 2 4 P EUTIEEEBIC I U 5 BHKRD
A L IR R T R AT 2 2
O AR OFERE 2 T L e d 6 200mm & L 72U
Table3 LRl—¢& L1c, TEBEADOZEREL L Fa—2 A%
BRI X292 HE 12 L TRig. 5D & 5105 272,

%7 o AMEARED FHE N IR N I & iR -
PRI R DHERE # Fig. 6 (2) ~ () IR T REX T VT A
PREELIZQDBATRv—AV ALY L LY RIS
NT LIS LTH b, BREo LR sd#e, TN

Case (a)

Case (b)

Case (c)

0 01 02 03 04 05
Distance from lance tip (m)

n(%) O 0-10 10-20 20-30
B8 30-40 M 40-50 BB 50-60

Fig. 3. Effect of lance arrangement on pulverized
coal flow and combustion efficiency calcu-
lated by 2-dimensional model (7 : combus-
tion efficiency).
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Fig. 4. Effect of lance arrangement on oxygen con-
centration calculated by 2-dimensional model.



B 40 #5$AVol. 84(1998)No. |

B 1m0 2 PRI R, oo S s RN
TI0%MRERL BoTw 3, ZHILFig 3 LRI, #UBRD
SEEDOmMEIZ X - T, P LT L CFTEEN ZH 5B
PrEEC 72 b Ok ik & T 2 RKISA 2 CH O TR0,
FEHRIBNTEE RN £1£13C0, 3 & THLOD 1K) B # A K

Db bkl T w22 Edighs, 2O IR
&&@RMMWtﬁtfva:&%%%waao:@%
HIRBE PR S B A & CRHEEO L5 b AR ORI
EHMRILFEG LTV EHELLNS,

doT, EFCFTCTHRUKX I vT o2 & a805E

R TEH#FELELONS, Fig 7 (a)~(C)(‘6iV—-X
V2 ABFEOEES M RT AL Y (0D
VA NOEEIRE R b & e 5 LRI, 5] 2132200°C

) BT S 5,

A L — 2

Ry NEFTIVRERICEDSRRERS 2V ADH

SRIREIE
1.0
0.5 ' RO 7V ADNFPREALT 2120, Hwvy M EFTVERY
‘\\ PFERELI, HW129 > 2EFig. 2 LRIk, oo s s
05 0.6 A, BRI ABSITREETITNVT 2D 3L LT,

EHERL, T AOMEBRLEREILHEETET ALD, Ta—y
£ PRI, B LTI, B0 % EIRE 1200°C,
B E21vol%, PHALEHISOm/s & L1z, HokRlL,
3$4r33.2mass%, KrE9.8massB D EE EFETH - LR
::::_gm o T3 R A, PCRIZ200kg/thY £ L7z, Hhs s
05 CHOBS D b FEB S L S A R T2, 202

0.0 0.5 1.0 15 52 2 kb 53003 £ 600mmErEDF > 7Y ¥ 2L G

Distance from tuyere nose (m) BRI ORI T 25| L, BABERBIE L 72,

Fig. 8 & 7 > AMEHKR P 0151 2 O LT iR IR

_*08 \

'8-0 9\\
0.0 -de=15 /

20

Height from tuyere axis (m)

Fig. 5. Distributions of average coke diameter and
void fraction in packed bed assumed.

(a) Single lance (b) Double lance

(c) Eccentric double lance

1.0 1.0f

0.5

0.5

0.0M= 0.0

Height from tuyere axis (m)

—_—
) 0.5 -0.5 L
00 05 10 15 00 05 10 15 00 05 10 15

Distance from tuyere nose (m) Distance from tuyere nose (m) Distance from tuyere nose (m)
n (%) [1 o0-20 ] 20-30 {7 30-40 {3 40-50 }
3 50-60 @@ 60-70 I 70-80 I 80-90 §

n (%) : average combustion efficiency at im height from tuyere axis ;

Fig. 6. Trajectories of coal particle and change in combustion efficiency near raceway.
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Fig. 7. Temperature distribution around raceway.
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Fig. 8. Effect of lance arrangement on pulverized
coal flow and combustion efficiency by hot
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Fig. 9. Schematic illustration of image processed
combustion zone of pulverized coal in a case
using double lance.
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