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Experimental Investigation on Combustion Characteristics of Methane

Non-Premixed Micro-Jet-Flames
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Abstract The combustion characteristics of methane non-premixed micro-jet-flames in coflow airs
were studied experimentally for development of micro-combustor and extension of combustion theory
of micro-combustion. Stainless steel tubes with the inner diameters of 710 pm, 425 pm and 280 pm
were employed in the study. The flame shapes, heights, blow off limits and minimum extinction limits
of the micro-jet-flames were obtained from the experiments, and the results were compared with
those of an ordinary non-premixed jet-flames (d = 2 mm). The results show that the micro-jet-flames
by those three micro-tubes are in the laminar non-premixed jet-flame regime, the turbulent flame
and transient flame were not observed for the non-premixed micro-jet-flames. The flame height of
the non-premixed micro-jet-flame is depended on the flow velocity of the fuel and not affected by
the velocity of the coflow air. The blow off limit of the micro-jet-flame increases with the velocity
of the coflow air firstly and then decreases. The minimum velocity at the flame extinction of the
non-premixed jet-flame is not sensitive to the velocity of the coflow air. The flammable region of the
non-premixed micro-jet-flame decreases rapidly with the diameter of the micro-tube.
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region
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Fig. 1 Experimental system

H FEA T RORBT S OBE JE BUR N B KB R R B A
. AT AR HBE JEBUR SR G H AR B AT
R XA, RN 2 mm HHEIREEHF
TR AT KB AT T B K.

2 LHER

2.1 FHRERTIERMRIT RIS

el thatr, BN ERE|SER THEIR
B (W42 2 mm) NEMBUE EBUR MW BT T
o, LRAPERATE N 11.0 cm/s, B PETTH8
SR AT RFAA AN SR EE TR IEBIRS A
1. B2/ 3 RIAH T HAREE FRIETRIR
KIGHI KIG B R Bk WER R Re 240, FIAERH
PR &M THE Re SRS I SR B SEBUR S0 K
G ETET KM (Re < 1800), BRFITRHINE K14
(1800 < Re < 2300) FIIRF MG (Re > 2300) =Fjrk
WS, ERR KGRI, HE Re SR MAIES
BRI, ERBIRRELE XRHEER Re HRTR
ANy REHRBHAE T BRI KGR & EEAR A

1098 1920 1994 2741 2891

o

B2 EHREIETRIRAEH Re 24k (d = 2 mm)
Fig. 2 Images of non-premixed jet-flames of a tube with
ordinary diameter at different Re(d = 2 mm)
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Fig. 4 Non-premixed jet-flame images of the micro-scale
tubes versus Re
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Fig. 5 Variation of flame height of non-premixed
micro-jet-flame versus Re at different velocities of
coflow air (d = 710 pm)
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Fig. 6 Results of flame heights of non-premixed
micro-jet-flames and blow off limits
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Fig. 7 Variations of flame heights of non-premixed
micro-jet-flames versus Re till extinction
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Fig. 8 Flammable regions of non-premixed micro-jet-flames
at different coflow air velocities
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