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Influence of Hydrogen Content on Post Combustion in Converter

Goro OKUYAMA, Toshio YAMADA, Yasuo KiSHIMOTO, Kazuhiro YAMAMOTO, Naoki HAYASHI and Hiroshi YAMASHITA

Synopsis

: In this study, numerical simulation of high temperature combustion in CO-H, mixture with oxygen jet has been conducted to consider post

combustion in a converter for steel making process. In the numerical model, a detailed reaction model and mixture fraction model were used.

The flammability characteristics and flame structure were compared between both calculation results. The influence of H, content in the mix-

ture and the reaction mechanism of the combustion were discussed. In mixture fraction model, the post combustion ratio decrease with an in-

crease of H, content, but the influence of H, content on post combustion ratio is small. On the other hand, in the detailed reaction model, the

influence H, content on post combustion ratio is bigger, and the post combustion ratio takes its maximum when the molar hydrogen concen-

tration is 2%. When the molar hydrogen concentration is 20% in CO-H, mixture, CO, is decomposed around the edge of combustion zone,

where the endothermic reaction occurs. Resultantly, the temperature in the downstream region is reduced. In the CO-H, combustion, water
vapor is also decomposed by the shift reaction through CO+H,0 — CO,+H,.
Key words : numerical analysis; jet flame; diffusion flame; high temperature combustion; hydrogen.
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Table 1. Composition of coal.

Coal A Coal B
FC (%) 89.5 91.0
Ash (%) 4.9 6.8
Volatile matter | (%) 53 1.8
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Fig. 1. Comparison of (H,+H,O) content in furnace by
coal.
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Fig. 2. Relationship between Post combustion ratio and
(H,+H,0) content in furnace.
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Fig. 3. Computational domain.
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Table 2. Initial conditions for calculation of mixture.

A B C
Co2 (%) 33.3 10.3 33.3
Ceo (%) 66.7 89.7 60.6
Ciz (%) 0 0 6.1

Temp. (K) 1349 1730 1349
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Fig. 4. Relation between gas temperature and reaction time
using detailed reaction model.
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Fig. 6. Distributions of temperature model along z direc-
tion at =0 mm; (a) mixture fraction model, (b) de-
tailed reaction model.

JE X T T H99.8% 35 K U80%) 1ZF64) B IRIESE DIEIE oy
& Ll LIC B0 2IEELDO K E R T, () 3RE
EET IV, (b)IXEFMIR OGRS 2 F O CEER L 7245 2R
%%h%hrbfné

Zhicksl, RADFETFILEMOEEA, FHAH
@m%ﬁaiémgﬁﬁ«®%§i¢éw;a#bﬂéo
—H T, RIS 725481, RSP oOH,
IREDFENKEL, LIREREL 55 L WHoRE -
FHRMELS LD, ZOME, B EEO A E 2 RO -
WHNCRE) T 2 e nbh b, £z, FHEXKPOH,RE
2320% DA, W 2 e KA IS U 72 12 3R T A3
FThHD, OFRMNED & PHIEOWRE MEL %55 72,
Fg7 HO il B E OBl O AR (dTdz) % T,

2T, (BRATEETIL, (b)IXeEME RIS
6J%%%ém¢o&%6@%7»®%ﬁé,%@%¢®
HREDEVEERERTAKRELL DI Eb2 D
7272 U, REMIERSOOHERE 2 O 72548 EH RIS X 50
EBRINAKOFEFTHE ZEnbhr o7z, HlZIE, 2>30
mm D TIE, BERH 2 OWEEIKT A2 —10~—5K/mm &
Kolze THICK L, HIRE A 20% DA T, z=20
mm i O FEIK TOMRBEZAL A —20K/mm & 7 - 7=z,

Fig. 8IZHLl LOBRIRE DM ETR T, () 3RADHE
ET, (b)IFFHMR ISR COR R RE R, HA

EETNOGE, FHSK PO HRE20% 0 & = I3

()

21000
g —o0— (C,=02%
2 100 —A— Cp, =2%
5 L —o— Cp=20%
=
< 10 3
20 A
10
£
¥
3 -10 ¥
=
< 20 f
-30
0 20 40 60
z (mm)
(b)
1000
g —o— C;,=02%
o 100 | A G =2%
5 —— C,, =20%
g 10K
20 +
EIM#
LY
¥ >
3 -10 r
g 20
30
0 20 40 60
z (mm)

Fig. 7. Distributions of temperature along z direction at
r=0mm; (a) mixture fraction model, (b) detailed

reaction model.



Cip 0.2% Cip =20 %

r (mm) r (mm)
‘L (a) (b) ‘L () (b)

Z 40 z 40
(mm) (mm)
20 20
: ol

1234567 1234567 1234567 1234567

em em
300 3200K 300 3200K

3!
a2
W

. Distributions of temperature; (a) mixture fraction
model, (b) detailed reaction model.

(@

Mass fraction of O, (-)

z (mm)

Mass fraction of O, (-)

0 20 40 60
z (mm)

Fig. 8. Distributions of O, mass fraction along z direction
at Y=0mm; (a) mixture fraction model, (b) detailed
reaction model.

RIEDOWP 1K EL 57, Fig. 6 T/ L7204 &
FC X9Ic HZ‘?%E@%;*E Ikkdrfahawn, —FHT, &7
MR ICARREO AT, BERIRE OZAIZ I T % 7R
*@m%ﬁw@m#k%<,m%ﬁﬁ%uﬁ&@i@%
BN BB T Ebh o7z, Fig 6(b)ICHBWTE, H,iR
JEAEONIEE z<10mmIZ 1 2 FIHO RN A K % <

BoTHD, FHASKPHICKIDRBENEEE NS Z &
br o7z,
Fig. 9% & UV 1012 2B & D H RIS 51 0.2% %6 & U820%

TORBESED CO, %6 KV H,0RE AR d ., XD (a)ld
BATRETN, (b) TR RISHME 2 AW TR L 7=
WA RMERTH S, DRADETTLOHATIE
TP H RS O BIZ KD, CO,IRIE DRt 12 26 22
EH220D, CO,RENRRKELRIMEIZE DL
z=15~20mmDFEKTH > 7z, ZThiZx L, (b)DFME
RIBHERED A TIE, HIREIZKD CO,IRE M MIZKE

HRIFIN MR RIS S KSR IRIE O S

Cp 0.2% Cyp =20 %

r (mm) f (mm)
‘J; (a) (b) (a) (b)

z 40 z 40
mm) (mm)
20
0 ’

1234567 1234567 1234567 1234567

0 0 5 0 0.5

Fig. 9. Distributions of CO, mass fraction; (a) mixture
fraction model, (b) detailed reaction model.

Crn 0.2% Cip =20%

r (mm) r (mm)
(@) & (@ (b)

z 4° ;m) 40
20
0

1234567 1234567

1234567 1234567

0 0 001 0 0.20

Fig. 10. Distributions of H,0O mass fraction; (a) mixture
fraction model, (b) detailed reaction model.

ZAL LU 720 FRICH, IRE 23 20% Tld, CO, M O i Al
FEERETO EFRANCAE T 5 00, TR TIXEIHIC
COREMET L7z, 72, HyEIZ LD HOBE 54
WELT 22 ehbhrol, HIREPEWEEERK SN
2HODENPMAZ7-0THb, 7272L, WTIDETIL
T & H,0 DIREE DI & 75 B ATE oDl FISEE L 72,
VILEDORER»S, ZNZFhoOET L0 4 2% &
ENZ z=50mm DWIT 2 I5 1 5 . KBRIEZE (Post Combustion
Ratio) # 5 U 7z, Fig. 111 FRBH &0 H IR & — RIReR
DOBIfRZER T, “XIRBERIEA (1) 2 HWTRET L=,

RADEET N EHCEEEA, T2 O H, RE % 5
ME 2 & “RIRBETH ISWRAD T2 e nbhroT, Th
1, RIS & TV B Pl RIL & E U 725 & TRk
Thd, TR, FMRRIOERE W 5A 7
B AR L7z, 9, Hy WA 2% F TSP X H, %
ORI K0 ZKIRBEMIEAE S Itz H, IRIE 2 IEHE IS
WA, Fig 4 TR LK IERIBAMENT 2720 TH



$% &8 Tetsuto-Hagané Vol. 97 (2011) No. 5

11
m_&\\\\ﬁ\\\\ﬁ
S

~ 9

-4

|©)

-9

8
7 A Mixture fraction model
6 z=50mm ) () Detailelzd reaction model
0.1 1.0 10.0 100.0

Cin (%)

Fig. 11. Relationship between H, content and post com-
bustion ratio (PCR); (a) mixture fraction model,
(b) detailed reaction model.

10.00
—0— €, =02%

1.00 L —a— G, =2%
2 e Cp=20%
£ o010 lelA
2010 o—t
Q
B
8
3 0.0s5
2
®
[
jan)

0.00

-0.05

0 20 40 60 80 100

z (mm)

Fig. 12. Distributions of heat release rate along z direction
at =0 mm using a detailed reaction model.
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Fig. 14. Distributions of reaction rate using a detailed re-
action model at z=20 mm.
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2 =
* Specific heat at constant pressure
. Diffusion coefficient of species i
* Gravitational acceleration
: Enthalpy of species i
. Molecular weight of species i
* Pressure
. Universal gas constant
. Velocity
: Temperature
* Mass production rate of species i
. Mass fraction of species i
. Thermal conductivity
: Density
* Mixture fraction
* Turbulent viscosity
* Turbulent Prandtl number
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