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Abstract: Experiments were conducted in a constant-pressure combustion chamber to investigate the effects of hydrocarbon
addition on cellular instabilities of syngas-air flames. The measured laminar burning velocities were compared with the
predicted results computed using reliable kinetic mechanisms with detailed transport and chemistry. The cellular instabilities
that included hydrodynamic and diffusional-thermal instabilities of the hydrocarbon-added syngas-air flames were identified
and evaluated. Further, experimentally measured critical Peclet numbers for fuel-lean flames were compared with the
predicted results. Experimental results showed that the laminar burning velocities decreased significantly with an increase in
the amount of hydrocarbon added in the reactant mixtures. With addition of propane and butane, the propensity for cell
formation was significantly diminished whereas the cellular instabilities for methane-added syngas-air flames were not
suppressed.
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Table 1 The volumetric fraction of syngas
replaced by the hydrocarbon, «

10
%
CH,4 0.00 |0.06 |0.15 |0.26
¢=0.8 | CHg | 0.00 | 0.14 | 029 | 046
CHp |0.00 |0.17 | 034 |0.53

Xuc 0% | 2% 5%

CH,4 0.00 |0.06 |0.14 |0.26
¢=1.0 | CGHs |0.00 |0.13 |028 |045
CsHio [ 0.00 |0.16 | 033 | 0.51

CH,4 0.00 |0.06 |0.14 | 0.25
¢=12 | CGHs | 0.00 |0.12 | 027 | 0.44
CsHio | 0.00 |0.15 | 032 |0.50

Spherical

concave Bypass
mirror
H Vacuum pump
Pin hole —
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Fig. 1 Schematic representation of experiment setup
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CHs-added syngas, a=026, $=0.28
a P,=01MPa F,=02MPa F,=04DMPFa

R=25mm

E=30mm
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b Fy=01MPa Fy,=02MPa Fy=04MPa
R=25mm
R=730mm
o le(mm)  6.63,0.115 6.65,0.067 6.67,0.040

Fig. 4 Schlieren pictures of (a) CHs-added syngas- air
flames for ¢ = 0.8 and o = 026 at P, =
0.1, 02, 04 MPa and (b)CsHjp-added
syngas-air flames for ¢ = 0.8 and a = 0.17
at P, =0.1, 0.2, 0.4 MPa
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Fig. 5 Schlieren pictures of (a)CHs-added syngas- air
flames  (b)Ci;Hs-added  syngas-air  flames
(c)CsHip-added syngas-air flames for ¢ = 0.8 at
P, =02 MPa
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Hydrocarbon-added syngas, P,= 0.2 MPa, ¢= 0.8
CHy =026 Cs;Hg a=0.29 C4Hj, a=0.34

R=10mm

R=15mm

R=20 mm

R=25mm

R=30mm

6.60, 0.069

6.72,0.072

6.76,0.075

o, Iy (mm)

Fig. 6 Schlieren pictures of hydrocarbon -added syngas-
air flames for ¢ = 0.8 at P, = 0.2 MPa
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Fig. 7 Experimentally measured critical radius for
onset of cellular instability for various
overall equivalence ratios at P, = 0.4 MPa
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Fig. 8 (a) Experimentally measured critical Peclet
numbers for overall equivalence ratios of
1.0 and 1.2 at P, = 0.4 MPa and (b) the
comparison between theoretical and experimental
critical Peclet numbers for overall equivalence
ratios of 0.8 at P, = 0.4 MPa
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Fig. 9 Critical initial pressures for cellular instabilities
in various hydrocarbon-added syngas-air flames
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