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Heavy Oil Combustion in Blowpipe and Tuyere of Blast Furnace

Toshihiro INATANI, Kyoji OKABE, Tetsuji NISHIYAMA,

Yasunori SERIZAWA, Hiromitsu TAKAHASHI, and Mitsuo SAMNO

Synopsis:

The injection of large quantities of auxiliary fuels to reduce the coke rate at blast furnaces is an economic
necessity because of the shortage of coke and its increasing cost. One of the reasons of the limitation of
the amount of injected heavy oil is incomplete combustion with unacceptable soot formation.

Firstly, the authors observed the bhenomena in the raceway by using the experimental model and, secondly,
they analyzed the combustion process in the real raceway on the basis of the gas composition measured
by the probe inserted through the tuyere. )

The heavy oil is generally injected from the tip of oil nozzle settled near the tuyere at the OXYgEN excess
ratio (u) over 1.1. A great part of injected oil burns simultaneously with coke in the raceway and soot
formation begins with increasing the amount of injected oil.

In order to gasify the heavy oil in the blowpipe and tuyere before the beginning of the coke combustion,
the nozzle tip was moved backward 1.75 or 0.75m away from the tuyere nose. The test of the new
injection system was carried out at No. 6 tuyere of No. 2 blast furnace in Chiba Works and its results were
also discussed. Much quantity of heavy oil could be gasified without soot formation on the condition of

u=0.9,
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Fig. 1. Coke movement in the model raceway.
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Fig. 2. Distribution of gas composition in the
raceway.
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Fig. 3. Schematic figure of blowpipe I, tuyere and probe.
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Fig. 4. Schematic figure of blowpipe II.
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Table 1. Experimental conditions.
No. 2 blast furnace blast No. 6 tuyere
Blast Oxygen | Blast Blast 01l Average Avarage Average
volume enrich- humidity | temp. rate blast fuel air oxygen
ment volume* ratio** excess
ratio**
. (Fo) (VO). (¢0) (#20)
Nm3/ min [Nm3/ min | g/Nm3 °C 1/hr Nm3/ min —_ —
Bl . 2 100 50 19 1 100 200 117 0.021 3.59
OWPpipe 2100 50 19 1100 300 117 0.032 2.39
2100 50 19 1 100 400 117 0.042 1.79
I 2100 50 19 1 100 500~600 117 0.053~0.063( 1.44~1.20
Blowpipe 2230 125 10 1 080 600 124 0.056 1.52
2230 133 10 1 080 830 124 0.078 1.12
I 2230 133 10 1 080 980 124 0.092 0.95

* Calculated on the assumption that total blast volume is equally distributed to all tuyeres.

*¥  Calculated on the basis of average blast volume.
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Fig.5 it T. / Xu4eisn s 0.1~0.2m T O, 5K
M UIED TE D EIBIBIX , ANVEHD T EEEF X
Hhd. O BEATHEHS (—1.75~-1.2m), 13X
— NI AMEA RS (—1.2~-0.2m) & T o~
XA TP s HI O ERE O H AR D > ¥ — FIRZEL
DHZERS (-0.2~—0m) O=DITKFITES.
Table | =R+ X 9ic 4001/hr O EHKALRT EHy
ERE ST AEEREELL g 3 179 THY, pEE
T X 5EEHL LT 500~6001/hr OF[HEBRAFTILD
7os, T e — A4 TR K IMHES Uik L THEETE
o7,
43 NBTOATHESR

4-3-1 H AL & RS

600, 830, 980!/hr D HEIMYALIT DWT—HIF0H4
AR & & O F ARG 5 EER R EL T IR E

Oil injection 300 1/hr

1 1

OHiMedbn

400 U/hr

Content in gas (%)

ALa A

-08 -04 0 +Q2

ol Distance from tuyere nose (m)
nozzle

. Distribution of gas composition to the
direction of blast flow in the experiments
of blowpipe I.
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Fig. 6. Distribution of gas composition anditem-
perature to the direction of blast flow
in the experiments of blowpipe II.
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Photo. 1. Electron microscopic photograph of
sampled soot particles.
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Table 2. Heat loss by cooling water of blowpipe I and tuyeres.

Tuyere Oil rate Cooling water in blowpipe I ‘ Cooling water in tuyere
Flow Inlet Outlet Heat Flow Inlet Outlet Heat
No. (1/hr) rate temp. temp. loss rate temp. temp. loss
(t /hr) (°C) (°C) I(kcal/hr) | (t/br) | (°C) cCc) (kcal/hr)
No. 6 980 12.8 32 33 12.8x 103 15.0 17 27.5 143 x 103
No. 6 600 12.8 32 33 12.8x 108 15.0 17 28 150 % 103
No. 4 700 — — — — 13.1 17 27 131 x 103
No. 7 700 — — — — 17.6 17 24 123 x 103
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EEEROMBTERPES L BEREEL2HE L Ta-
ble 3 iRy, A L/cEROMR L EE A Table 4 12

~T.

Bl P() &EEAEK V(Nm?) G LERT 5
2 &% G(kgmol) X LT 5KkERE Wikg mol),

Table 3. Composition and density of blast.

Blow- Blowpipe 1
Item | Symbol| Unit 2‘85)_64(1)0 600 |830, 980

I/br | 1/hr | 1/hr
H,0 a Mol 190236 | 0.0124 | 0.012¢
0, b [Mole 1o.2167 | 0.2542 | 0.2579
N, ¢ [Mole 10.7506 | 0.7331 | 0.7293
Density b kg /Nm?3 1.278 1.289 1.290

Table 4. Composition and density of heavy oil.

R ot (RF) % S(kg mol) &¥ 5. FRIRULAH
AFATRKIXEEH AR TH D AR LB Y A RO
sy 77 A DEL S % Table 5 IR
2 3) @ B) KEFLThTH N, O, H, C o
BRERThH, RKe¥ux P, V, G, W, S TH5.
7e3 a, b, ¢, pp VX Table 3 &, Cwy, Huwy, 0oi1 1,
Table 4 {Z7R™7.
c(V/22.4) =n-G +orereernneesseenes e (2)
{(fl/2)+/7}(V/22 4)=(W/2) + {x+y+ (z/2)}G
=(3)
a(V/22.4) + (P poir* Hwi/2)
=W+ (64+2p+9+21)G
(P- 00i1' Cwie/12) = (y+2z+p+2¢+2r)G+S

(2) 3) () K»5 (6) KavckE v @FMO FHLCD
WT V/P BEtHETE 5.
V/P=11.2 poir- Hws/[2b— (c/n) {2x+2y+ 2z
— (64204 gH+2r)} T vrervererieennenen (6)
MREM ¢(—) WERZESR (k) ¥ 5 Eil (kg) @
HETERTS.
¢=P- poit/ (V- pv) = poir/ pv- (V/P) -+ (7)
BRFAEIL ¢ (=) WEHRE CO, £ H,O T HET
HICETE BERIT W5 FAERFHBERT EET
5.
p=b-V/{P-poi-Cyy- (22.4/12)
+P- pou-Hye- (22.4/4)}
=b-(V/P)/poir- (1.867Cxy+5.600Hyy)

= (8)
EBHAMEIE 9 RNTHExLRS.
ww=W/(W+G)=(W/G)/{(W/G) + 1}
xw=x-G/(W+G)=x/{(W/G) +1} - (9)

n=n-G/ (W+G) =n/ {(W/G) +1}
czT (@) (3) RV

. Blowpipe | Blowpipe
Item | Symbol | = Unit T i WG — (a-+26)(n/c) — (2x-+2y-+2)
igh . , e
C Cui | frmgit | 0.856 | 0.861  HoRE a(%) W, 1003/ (B ORE) LEET
H H Weight | ¢ 116 | o.12¢4 % O D R&XD
we fraction ) )
; a=100— {53. 57€(J’+Z+P+2<1+2’)(V/P)/n poir* Cwi}
Density Ooil kg/ !l 0.943 0.900 . e (10)
Table 5. Symbols of gas components.
O, CO, CcO H, CH, C,H, C.H, N, H,O
Dry gas x b F4 7 4 q r n —
Wet gas Xw Jw Zw Ow bw quw Tw Ny Wy
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Fig. 7. Distribution of fuel-air ratio, ¢, to the direction of blast flow in the

experiments of blowpipe I.
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Fig. 10. Relation between fuel-air ratio, ¢', blast
volume and oil rate.
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Fig. 12. Distribution of oxygen excess ratio, g,
to the direction of blast flow in the
experiments of blowpipe IL
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Fig. 13. Relation between wet gas composition,

a, Ky and p at tuyere nose in the
experiments of blowpipe 1I.
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