Clean Technol.,, Vol. 28, No. 3, September 2022, pp. 238-248

Chemkin 7|HHo| 1x}2) CHEE

=
A B0 T2 HjELS

B
40
lou
0Q
re
B>

KX, BITIAP, 0|82, 834, 0|

' AA et
MEEEA MHZT AA= 50
B ed+4d
SAHE A A& A FH71=4 89

(2022 59 314 H<p; 20229 69 30 A= 34 20229 7 8 A )

Numerical Study of Methane-hydrogen Flameless Combustion with
Variation of Recirculation Rate and Hydrogen Content using 1D Opposed-flow
Diffusion Flame Model of Chemkin

Jiho Yu'?, Jinje Park?, Jongsup Hong', Yongwoon Lee?, Youngjae Lee**

Yonsei University
50, Yonsei-ro, Seodaemun-gu, Seoul
Korea Institute of Industrial Technology

89, Yangdaegiro-gil, Ipjang-myeon, Seobuk-gu, Cheonan-si, Chungcheongnam-do

(Received for review May 31, 2022; Revision received June 30, 2022; Accepted July 8, 2022)

Q o

A B 59 AFE]20] MBS 2SI Qor], Bokead] ARS $A% hAFORA Bh Fho] gt 7]odE 7
o % Slck. AR Sk ko] T WAASFRS Aol5] 913 7]4o0] Washel, §31e ¢l 714o] shte] ekl @ 4
QUTF. & AT Sk B 9 RS AR o] W ek AR Ak Ul 9hS EAS B4 5] 919] Chemkin 719He] 1
219l e SISkl g o] g:3to] B4 Saysiich. e QAK] Aol 2004 302 S/ v AE0) §E 7
7ol 9l o) S8 Jolo] shie W Foked vt SAT ATk ASBR 39 S W A DFE SR04 5
shed vt GO, Shed Fa0) SvolAlE F519) Ah B4 of2.o| Fheto] ofHck. SAEF NO Ak W T3}
o Qldso} v wafo] GARE SEOE 2 H7]0] S P3HY ALE ] AL BHe T, D42, NOx B4 of
w9l 27t B ashet.

FHO : vEk-pa FOHA Ak, FF AT, v4 A, A0k

ol

Abstract : The world is striving to transition to a carbon-neutral society. It is expected that using hydrogen instead of
hydrocarbon fuel will contribute to this carbon neutrality. However, there is a need for combustion technology that controls the
increased NOx emissions caused by hydrogen co-firing. Flameless combustion is one of the alternative technologies that resolves
this problem. In this study, a numerical analysis was performed using the 1D opposed-flow diffusion flame model of Chemkin to
analyze the characteristics of flameless combustion and the chemical reaction of methane-hydrogen fuel according to its
hydrogen content and flue gas recirculation rate. In methane combustion, as the recirculation rate (K,) increased, the temperature
and heat release rate decreased due to an increase in inert gases. Also, increasing K, from 2 to 3 achieved flameless combustion in
which there was no endothermic region of heat release and the region of maximum heat release rate merged into one. In H> 100%
at K, 3, flameless combustion was achieved in terms of heat release, but it was difficult to determine whether flameless
combustion was achieved in terms of flame structure. However, since the NOx formation of hydrogen flameless combustion was
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predicted to be similar to that of methane flameless combustion, complex considerations of flame structure, heat release, and NOx

formation are needed to define hydrogen flameless combustion.

Keywords : Methane-hydrogen flameless combustion, Opposed-flow, Recirculation rate, Hydrogen content, NOx
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Figure 1. Schematic of the opposed flow flame.
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Table 1. Simulated conditions for 1D opposed-flow diffusion flame model.

s Fuel (Vol.%) < S'toichiometr.ic Inlet temperature (K)
CH,4 H, v mixture fraction Fuel Oxidant

Cl(Ref) 100 0 0 0.055

Cc2 80 20 0 0.053

C3 60 40 0 0.051

C4 40 60 0 0.048

C5 20 80 0 0.042

Cé6 0 100 0 0.028

Cc7 100 1 0.027

C8 100 2 0.018

C9 100 3 0.014

C10 100 4 0.011

300 1250

Cl1 80 20 3 0.013

Cl12 60 40 3 0.013

Cl13 40 60 3 0.012

Cl4 20 80 3 0.010

Cl15 0 100 3 0.007

Cl16 80 20 5 0.009

C17 80 20 6 0.008

C18 60 40 10 0.005

C19 60 40 20 0.002

C20 60 40 30 0.002
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Figure 2. Mole fraction of major species and temperature for C1.
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Figure 3. Heat release rate and temperature for C1.
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Figure 4. Temperature and heat release rate for H, fraction at K, =0.
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Table 2. Major chemical reactions for methane-hydrogen flameless

combustion.
No. Reaction
R10 O+CH; < H+CH,O
R35 H+0y+H,0 < HO»+H,0
R38 H+0, < O+OH
R43 H+OH+M < H,0+M
R52 H+CH;(+M) < CHy(+M)
R71 H+CHy(+M) < CoH3(+M)
R74 H+CHy(+M) < C,Hs(+M)
R84 OH+H, < H+H,0
R101 OH+CH,0 < HCO+H,O
R127 CH+H,0 < H+CH,0
R166 HCO+H,0 < H+CO+H,0
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Figure 5. Heat release rate of major reactions for (a) C1, (b) C4, (c) C5 and (d) C6.
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Figure 9. Heat release rate of major reactions for (a) C11 and (b) C15.
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