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Experimental Study on the Combustion Characteristics
of Syngas-0xyfuel Diffusion Flames
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ABSTRACT

The characteristics of syngas-oxyfuel combustion has been investigated experimentally in the present
study. Experimental measurements were conducted to aid a fundamental design of a syngas-oxyfuel combustor
with a double coaxial burner configuration. To examine the effects of different syngas fuels on combustion
characteristics, various fuel types are utilized such as commercial coal gases (Texaco, Shell), COG (cokes
oven gas), and CH4 as a main component of natural gas. CO, was added to the four fuel types as a diluent
gas to reduce the flame temperature. The flame images and emission characteristics of NOx and CO were
examined for various equivalence ratio and CO; dilution ratio. The results show that CO emission was rapidly
increased as equivalence ratio approached the stoichiometry condition by reducing the amount of oxygen.
As the CO, dilution increased, CO emission increased while NOx emission decreased due to reduced flame
temperature. When the syngas-oxyfuel combustor is operated with 20~40% of CO, dilution ratio, the CO
and NOx emission levels were kept below 50 ppm and 25 ppm, respectively, with a high concentration of
CO, over 95 vol.% in exhaust gases.
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Table 1 Syngas composition and properties
Syngas Gas composition (%) Low heating |Adiabatic flame temperature (K)*
H, co CH, Co, No value (kJ/mol) | Ajr_fiel Oxyfuel
TEXACO 35.0 50.0 0.0 14.0 1.0 226.17 2274 2845
SHELL 28.0 64.0 0.0 3.0 5.0 248.85 2337 2921
COG (POSCO) 56.4 8.4 28.6 43 2.3 389.73 2262 3020
CH, 0.0 0.0 100.0 0.0 0.0 802.46 2225 3054
* O, concentration in exhaust gas = 2% (¢ =0.990)
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Fig. 2 Experimental apparatus of syngas oxyfuel combustion
test system.
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Fig. 3 Cross sectional view of syngas-oxyfuel double coaxial
combustor.
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Fig. 4 Flame images of syngas-oxyfuel diffusion flames at ¢
= 0.98.
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Fig. 5 Exhaust gas concentration of syngas-oxyfuel flames with
respect to equivalence ratio ¢.

o= Mebrpsel 2ol CHy glo] Hosk CO7F 1%
of FAAEY HFolle vid Ao YA
A ¥ 7] wEo|tH?, Syngas & CH7F 2% 3y
o] 9= COGe| 4 319 2tellA] oFst F48 o
R, o] CHy a2 s gk uel A
o] wEF WAY3}] wiE o

Syngas ZAHE AT T
FElo] w2 wirts FEE ASsTE g
W3l w2 wj7ks F COy/Op, NOx/CO2) %=
3= Fig. 5} Fig. 69 22} YeRd St} Fig. 50l A4]
B0l AaV|Z FFEE Abadgo] gl ubet
7oA O = gasta, sAd CO, w5
7} STk AR S N Aol siAY ddiA o=
22 CHs8F Texaco A&H7E~9] 79 FaFu] 095
olate] 38k A% 90% ©]/de] COy7}t HAY st
ATk ¥, Noo| s =7F A 08 52 Shell 4]
E7E2 e} COGE 75 23] 098 o]/de] z7edA
N% o] COE V& F Utk CO, X Al &7
CO; w%ol wet 3]5n|8-o] AHEHER syngas &
Texaco A&t7}29] CO, 3|5+ Asol 7 st
Tl & 4 Qi

Fig. 6 F3H] ¥gle] w2 CO9 NOx vl &=
o] W3tE Yeh o ok CO= Jgvldl 7H7he

2~
T

2 & AoHXISE =28 M21& e 2010 122



10000

g o
2 60004
s
= —o— Texaco
E 4000 Shell
8 —0—C0G
5 ——CH4
O 2000
o
(G]

0 :} :

T T T T
0.92 0.94 0.96 0.98 1.00 1.02
Equivalence Ratio ¢

(@

200
E 1501 0\0\\/\
o
Z
C
S
*E 1004 —o— Texaco
8 Shell
S —o—COG
O 504 ——CH4
o)
z
0 T T T T T
092 094 0% 098 1.00 1.02

Equivalence Ratio ¢
(b)

Fig. 6 Emission concentration of syngas-oxyfuel flames with
respect to equivalence ratio ¢; (a) CO, (b) NOx.
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Fig. 8 Flame images of CO,-diluted oxyfuel flames with in-
creasing CO, dilution rate; (a) Texaco coal gas, (b) CHa.
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