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Development of Highly Efficient Combustion in Coke Oven Bleeder Pipe
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Abstract:

Coke oven dissipation bleeder is an emergency equipment to prevent leakage of surplus coke oven gas and to
combust it safely. One of serious problems at flaring is generation of large black smoke. Black smoke contains a large
amount of soot which is caused by thermal decomposition of coke oven gas. Various studies have been conducted on
the mechanism of soot formation, but it has not been fully elucidated in commercial flaring equipment. In this study,
we elucidated the mechanism of suppressing soot generation using combustion experiments and numerical
simulation and developed a technology for a smokeless dissipation bleeder by promoting combustion. This
technology has been introduced to all coke ovens in JFE Steel and contributed to suppressing the generation of black

smoke.
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Table 1 Fuel type and difficulty of soot generation

Rank Fuel Rank Fuel

1 | Natural gas 7 | Coke

2 |LPG 8 | Lignite

3 | Production gas 9 | Low volatility bituminous coal

4 | Coke oven gas 10 | Crude oil

5 | Kerosene 1 High volatility bituminous
coal

6 | Diesel 12 | Tar

Soot (Black smoke)

Coke oven gass
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Fig. 2 Structure of diffusion flame

FFIOARBERTIRICOVTHRET Lz, X D,
X Q@ 2oz RELABELEREZR3 IR, KA
JE132 C T ADWBARIRE Y U, BERAERIIT ¢ E#
B =3 TR TR L 7z, BUROWBVAAIRE T B
FEFEEHR L 100% T 5, KRBEL KIS LI TR
TERERIZE T 5, LI >, NRIEEDK N3 EME
BIICO DB eEZ LN,

NRBEZIR RS2 552 L OEKDIGAZ D H 5,

100

60 1 -

40 ! | ! .

20 3 ! } -

Incidence of black smoke (%)

0 L l L
1900 1700 1 500 1300 1100

Flame temperature (C)

X3 ARBREEBIERERDOBR
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Table 2 Experimental results of flame temperature drop
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Table 3 Experimental results of combustion acceleration

Combustion method (D' Normal combustion

(2)Premixed combustion

(® Ejector combustion | (O Flame mixing combustion
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(Amount of black
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Soot volume

fraction

I Abundant

Little

V% B X = R L 2RI LTz,

APIFETIIIAE T o 2OMBES 2 AL — a il
HICEBDOH 5, FWHERTFROARKREI —F
Front Flow Red-Comb (NuFD/FFR extended by Kyushu
University, CRIEPI, Kyoto University and NuFD) % fiv>727,
S RERUE, Faver 7 4 v — 2 i L oo, F v
T2 b=22K, TIVFREFEOXE LT, 2D
HiEfRFONTHR SN 5, IEECKR SRR RIZE 57
ToORAGIEEEED RV, GLifiE 7 /vIcid LES 2 H
W SGS K7D E 7 Vb1 13 Dynamic smagorinsky € 7 /v %
FAI2S Y, TEH e I OWIEIC 13 SMAC % v ic, B
HOMERAE 2 XefubvEsr e 1R EAD % 958 5 0BG T
BEUc, RRFEE 7 v 3 Y X 41213 1 X Euler [&ffE %
Wiz, R A13 dt=1.0ms ¥ L, FHEBIGH 5 20 000 2
7 7RPEKE Y L, 20000 25 v 7225 25000 2 7 v
TORTOFEER v D, HatEP RN L,

BLIFAEE 7 V1213 LES 0 SGS Iy DB EE T 5 1:
12 Scale similarity filtered reaction rate model (SSFRRM)®
ERELI. TTOREEFVICEL T, Wen &%
L7c7 & F L nilke 70 2 fvic, AR ¢ 5554
FEB5 IR T, ZERDWGAALSEITIIFER Y RIS L,

TR RIC B 2§ T OUBITROBIRHEL TR 4 1RT,
FRATRG S b RS R, =22 2 —BEPRbTT0
FEPDIR O e ot 22, TTOE—ZAENT

JFE £ No. 53 (2024 452 ) — 60—

Outlet

—— wall
Wall— 4

_———— Bleeder
Air 0.1 m/s[| Air 0.1 m/s
Fuel 2.5m/s

5 RIS EIRFRRM

Fig.5 Geometry of simulation

o 2 =N O BEE TRl 7Y — & =D &
NI ZACHBEIeDnhrs, ZHldER2, K3 THERS
NTWL3BEEINROERP LREL TV AHEZ/RLT
WVh,



a— 7 AP T Y — & — @SRRI O BT

x4 RREREVIaL—Y a3 VBAER

Table 4 Experimental results and analysis results of simulation

Smoke combustion

Smokeless combustion

Gas component 100% N 100%
@ H,0 80% 1 80%
E gin 0 SUnburned | }Unburned 0%
: E? 40% 40%
BN 20% 20%
g0,
8 €O, 0% Center Outer edge 0% Center Outer edge

Center: 490°C

Flame temperature Outer edge: 500°C

Center: 850°C
Outer edge: 580°C

Temperature distribution
and flow direction vector
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Table 5 Experimental results of actual machine test

Combustion

method ® Ejector combustion

(DNormal combustion

Injection Air

Combustion
state
(Amount of
black
smoke)

Flame

634°C
temperature
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