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Abstract

Numerical study is conducted to predict effects of radiative heat loss and fuel composition in synthetic
gas diffusion flame diluted with CO,. The existing reaction models in synthetic gas flames diluted with CO,
are evaluated. Numerical simulations with and without gas radiation, based on an optical thin model, are also -
performed to concrete impacts on effects of radiative heat loss in flame characteristics. Importantly contributing
reaction steps to heat release rate are compared for synthetic gas flames with and without CO; dilution. It
is also addressed that the composition of synthetic gas mixtures and their radiative heat losses through the
addition of CO, modify the reaction pathways of oxidation diluted with CO,.
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Fig. 1. Comparison of numerical results of several re-
action mechanisms with previous experimental
results for H»/CO syngas premixed flame diluted

£ 7177} ok Awsle) YA @) WE £ AP

o] & GRI v-3.0 292 CO,E 3 AH A7~ o
259 AAMFereg sy

- 3. 43 3 aE

o

Fig. 25 (@) CO,Z #HI718HA) 3 BALglo] e
5o 8le 7o dAsENG s e A
A2E 9 H3lE YeRAaL, COE 34 % HyCO
g3 7h2ol tiE A (b) AAFEN TS e B
AR QI sl 2= &4 BE, 183 (o) WA F S
A& 1557 A4 A7bEE CO, B0l ne
BALZ Q13 39>
2a9 A o] Wl 4l

ax

At

g A3 A+ 691

&o] 3} AEL EAIZE 1183 A F&
Fig. 2aol| X ¢} o] COE H7}8lA] g2
o] A %A}% }S 1A @& F5e & 2
=X 9] FRIIA A FA et AASENG S
9l -%‘—7}011 et Asldesse 94X 4sHA 2
o). a8 BAERS 233 39 80% Hy/20% CO
o= A3 dx2TAE YER AR CO I
g Aol FUgel wEl AAgAANAL&] 22
Ag-o= BAL 93 d&4o] A e A
2 & 4 At E=3E o] Y3 FAL A4 9% 3}
der ZAFdE AASFANGE] W FH
A AR A Jebdd. o] 32 g FA= A
FFA A& w8l HALE St Ao &
AEnE 3 AAFFANF Sl BAe o7 4
&2Ao] 34 YeElT, COE 423 COE FE
WA ELAL CO}F COrs A3 712 BALY &2o]7]

F-olt} o)2i3 Al £ 93 g9 2% 7
28 BE3] AF] Y3l EALR Q1§ st
T &4 B&E 4 % o] HY3to Fig. 2bol
AA 39 g dis) YeEh A

1, onrad. ﬂ‘ad

f=—tmE @

nonrad.

3 dEE eldtt Fig 2bol] velhd BlS} 2o
FA 7hzol M CO BE-gol F7hatel wet Btz
A3t AL &4 F&0 57 }3'._ 7<hﬂﬁ}°ﬂ"‘7%
go] Z7hgl wet 7as

3} 80% Hy/20% CO §A3712 stgoll A A A3
AFgo) 10s'9) B-E Astar Balo} 93 3
e £H4EEL2 BE F-5d s 0.129 =}
3, CO = 73 7} BAMdol7] W&o COE
A7k 314 72 disix e BAY @4 Ede
0S Fedd Zo 2 AddEn. Fig 2co yerd
Hlo} Zro] COZF A7FE &4 712 gl daliA
= CO BxR g0 EE4E 181 Aty = CO,
BRgo| 271848 H/\}Oﬂ A% SgexE &4
2go zy3. ®£8, COl B7HE AfdMe
20% H./80% CO¢< EP— ALoA] 283 50%
Hy/50% CO2] A3l CO, EX880] 03 o|Ael A



692 el A - 8t
' " H/CO Flames without CO_ addition
vvvvv G 80% H, + 20% CO, radiation
2500 ~——— 80% H, + 20% CO, no radiation

& ——i— §{%p H2 + 50%0 CO, racialion
'\.._\ ~— 50% H, + $0% CO, no radiation |
®.g b 20%0 H, + 80% CO., radiation
¥ 2400 - QO C-6 ®.._ @A 20%0H, + 805 CO, no radiation |
- - ~O..... P ®.
g . ‘ O hhhhh O -~-u-..:.l.l_ 8::::'8
E_ 23060 {- "'.--.\ T ";1“8 4
8 A I
o-RO-O.g. w-..
g 2200 | A Doy Wy |
] B r R w P T
S. ““““ A,‘_ D
: T
‘g 2100 | AA A A .
A' A .......... A_-__- A ...... A‘_"_"‘A“m ~~~~~~ _‘A
b/ BT AN
2000 M 1 i ] M 1 A [ i
0 20 40 60 80 100
Global strain rate, s™
(a)
0.20 ¥ T T
g a; =15g" N
: —O— 80% H +20% CO
A
k —i—50% H_ + 50% CO - A"
_—&"-ZO%H +80% CO _A
0.15 -
z A 0
g ' /A/ D//
% s Cl/ O
0.10 |- .
E /D/ O/
-— [ O /
8 005 | O 4
g o °
S [
8 0.00 A I n 1 M
L 0.0 0.2 0.4 06
CC)2 mole fraction
(c)

ol sl HAbol] 9% slEE &4 F&0l 01
ol’del Hol &4 A il Hlg)] EAL d&4 4
ol 319 Aol B2 J¢S ¥ AL &+ Sl

Fig. 3-& AA|8A23-g0] 1557¢] 7&1-?— 80% Hy/20%
CO &4 712 3@ s (a) CO; 3| A& 3R &
& S 183 (b) 30% COE 3438 ASd U
T8 3FE9 3 72 E vado Fig 4=
AA G A-g0] 1557Q A 20% Hy/80% CO A
7k kel thEf (a) CO, A S 3 A ¥ AE

1] 3 (b) 30% COE 343 F--off 3t 2 3
SFE9 9 +2E vlust Aot Fig. 3o oA
v} 9} o] 80% H,/20% CO 314 oA+ COE 34
8lx] R 0%011-‘= COZ} |4 0.9 ¥h-3< 3lar
A Ho7t WE3-5 8k ¥HE, 30% CO.2 s|A st A
& Co¢t H27} Aol FAlel 0.9 ¥H-3-3l= 3¢
TZ2E Yehlle AS & F o] Co; H7= A3

CRES

0.15 . . . : _ . ‘ .
c
'% H_/CO Flames without CO, dilution
k] —O— 80% H, +20% CO
B A ——50%H, + 50% CO
- 20% H, + 80% CO
@ 0.10 | \ ) |
o
3 VAN
i \
: A
= A
S oosb N\ - |
~.
g - O A\A
E O\ h xD -\“A"--.
g O\ T “HA —_— A
o O Oa _ D T — - TTee—— A
) O -0—8 g =g
0.00 L A . 1 1
w 0 20 40 60 80 100

Global strain rate, s~

(b)
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Fig. 7. Importantly contributing reaction steps to heat release rate for 20% H/80% CO flames (a) without CO, dilution

and (b) with 30% CO; dilution.
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