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Figure 1- Schematic of the experimental setup of the acoustic exciter of the counterflow flame
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Table 1- The conditions of three partially premixed counterflow flame of CH,/H,/Air

Top nozzle Bottom nozzle Global
No Qair top Qf top Qair b Q.CH4 b QHZ b 0 SR
’ ’ ’ ’ ’ % H Mot
(L/min) (L/min) Prop (L/min) (L/min) (L/min) o 02 (1/s) ratio
I 15 0 0 15 2.3 0 1.7 0 119 1.76
1I 15 0 0 15 2.0 0.3 1.7 11 110 1.36
111 15 0 0 15 1.7 0.7 1.4 19 106 1.14
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Figure 2- The geometric definition of the instantaneous thickness, area, center of position and intensity of the counterflow flame
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Figure 3- Comparison of the measured [25] and simulated temperature and NO mixture fraction of the partially premixed methane-
air (SR =20 1/s and ¢ = 1.6)
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Figure 4- Effects of the hydrogen addition on the CH* emission of the methane-air counterflow flame, before (top) and after
(bottom) Abel inversion

Juaed Jlosl 51 ainy 5 (Y1) b g ylio (g5 3or diskanl ey rliie ol oy b CH JIS301, Gl 32 039,00 (509391 51 -F JS
(ml) B

s 2 U5 ka8 (ke 5 (s amyd kS 4 0 plawl slaisTen alad aw (ge3] bl Ol

o 5950 9oy il 38l L il sud 00,91 bt aods ¥ Jgaz 0 0l axils 1y bglsee sl § Saliyoge s
2 Hy asilen ;5w 1565 oy el ol e el oo, YEIA Jlaie &0 Jgo p 0,5 YOI jladio 5l oo ,gl 8 Jsdg0
Ly loue 0y 55y0me Gl b oIS oty ol €O, (mas eKim (8T Sy s 2815 5 553,08 39331 5
odalin ¥ Jgaz ;o izme b oo Gl 3 HYO g Hy OH Jgs auo o g a8l yials CO, g CH* | Jgo doyo cogus
JEz 9l (Sl s 20lS (S g bslie 4y (g 000 (B L ohs (ole S Cud )b asile JWl pleS w09l e

! Abel Inversion

&



szsz RO s@bwa Slgzdase o il iz &CM

Ol A8 iy e S Yo e Jlaie 4 VAAY lade 5l eo,91,8 (sles el sols litd (Sl Sl s 00,9158 bglie
30 1) OHF 5 CHY Sleo sladiss 3 (359,008 099330 ST Jgur ol (65l Comnd Slpss s 40 5 Sl &l i
S Sl 5 sl LS5 Jome 5l 5 ne (lyioas Slgiose o 455 35 nl 45 0D 55 sy w5 n e
ol OH* Jgo clalé 5 ialS CH* | Jgo clalé cCo g &y (59,000 (409580 51 10 06 co odalive 098 oolaiw! alads
) CHF JUSual, Gls S 5 (¥ gz 55 (s3loaen ulis) CHF Jgo Cale iy US| 505 (g, sl e on
IS 35 Sy Lol 53500 o i3l b CHE S0l s o 5 Jn Ao Sl logas (F S8 2,25
oadlive .oil awslie JoB T a8 ,1 L ol oo dm o (59,008 g dlads 4 Cond O S s cl ol o, O
G0l bt Loy 0oy S g 35,008 woy Gil33 b CH oo clile 5 CH JISool, Gl S 45 05000
aalss JIN CnaS 90 (il (Bh ) (Shared o 30 09 odinn Soded ) Sl S 93 (0] A5 (Sy90 50 b o

el 1 Jge cdale 5 2agil FY+ zge Jsb y0 CH* JIGol, (il cas s bLS)| oasS ol ams ol g

0903 abad du glaod 9158 (Jgo S g Lod 0fng (oS oy (I (Jeg0 p2 gOue Jo gl - Joux
Table 2- Numerical results of molecular mass, density, specific heat, temperature and molar fraction of the products of the three
experimented flames

%H, MW p c, T H,0 co, OH CH
0 25.1 0.17 162 1987 16.3 7.6 6.5 47
11 24.8 0.16 1.61 1999  17.1 7.1 6.9 42
19 24.8 0.16 159 2010 177 6.8 7.1 3.5
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Figure 5- The effect of the hydrogen addition on the simulated mole fraction and the experimented CH* chemiluminescence
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Figure 6- The effects of the hydrogen addition on the simulated axial velocity along axis
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Figure 7- The effects of the hydrogen addition on the simulated temperature along axis
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Figure 9- The effects of the hydrogen addition on the simulated heat release rate along axis
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Figure 10- The effects of hydrogen addition on the response of heat release rate of the counterflow flame (at f =20, 40, 60 and 80 Hz)
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Figure 11- The effects of hydrogen addition on the FFT of the heat release rate of the counterflow flame (f = 20 Hz)
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Figure 12- The ratio of mean excited thickness to the steady-state thickness of the CH* layer of the counterflow flame
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Figure 13- The ratio of mean excited area to the steady-state area of the CH* layer of the counterflow flame
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Figure 14- The ratio of mean excited heat release to the steady-state heat release of the counterflow flame
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Figure 15- The effects of the hydrogen on the response function of the counterflow flame
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Hydrogen plays a key role in reducing reliance on fossil fuels in various energy production systems. While its
use offers a promising alternative to carbon-based fuels, it presents significant challenges. The transition from
carbon-rich hydrocarbons to hydrogen-based energy systems requires a thorough understanding of its
dynamic effects. This study investigates the impact of hydrogen addition on the dynamic behavior of a
partially premixed methane-air counterflow flame through experimental analysis and one-dimensional
numerical simulations. The study examines the steady-state flame structure and response without acoustic
excitation, assessing the influence of added hydrogen on the flame's heat release rate and thermal region
thickness. Employing an acoustically excitable counterflow flame burner setup, the effects of increasing
hydrogen content on methane-air flames are explored, and their dynamic response is analyzed using the CH*
radical chemiluminescence method. The findings reveal that while hydrogen addition reduces the intensity of
CH¥* radical emission in the absence of acoustic excitation, exposure to acoustic waves amplifies oscillations
in the heat release rate and CH* radical emission intensity. This underscores the enhanced flame response
function with hydrogen addition.

Keywords: Flame Response, Hydrogen, Partially Premixed, Acoustic, Combustion Instability.



