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Experimental study on flame kernel development in
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ABSTRACT

Flame propagation during the initial stages of ignition in a non-premixed swirl, having some

of characteristics of the primary zone of an aero gas turbine combustor, has been investigated.
Nd:YAG laser was adopted as the principal ignition source to allow arbitrary placing of the
ignition site ; subsequent flame development was monitored using a natural light high speec
filming technique for many ignition site at two different swirl ratios and an overall equivalence

ratio of 0.9. For ignition offset from the burner centreline, buoyancy force associated with radial

pressure gradient produced a strong inward movement of the flame kernel. At the burner exit
flame kernels invariably developed into cylindrical form and a ‘radial confinement /axia

expansion’ (RCAE) process was observed.
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Fig. 1 Laser ignition system
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Fig. 2 Flame kernel images initiated by the laser

ignition system at a position (90,25), with
the swirler 45° and ¢ = 0.9 ; Imacon 468
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Fig. 3 Effect of ignition site on flame

development at an axial distance of 90mm

with the 45 ° swirler and ¢ = 09

(@ ignition position)

(a) 50us, 1.5ms, 2.5ms, 3.3ms from ignition.

(b) 50ms, 300us, 2.0ms, 3.3ms from ignition

{c) 220ps, 1.32m, 2.84ms, 3.74ms, 5.94ms
6.83ms from ignition
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Fig. 4 Effect of swirl intensity on flame
development at an ignition position (90,5) for
¢ = 0.9 (@ ignition position)

(a) 50us, 1.5ms, 2.5ms, 3.3ms from ignition
(b) 50us, 1.5ms, 2.5ms, 3.3ms from ignition

4.4 B

£ A7 AMe non-premixed 29 LA
st o dd AF L und 2AAF FIGYol
s do] 5% 2L HAES AU

1 A3 #Fo s dAd wF wFom
&g g F9 ARG G g 8 gy
o 2= o2 st TYE 7Y  wFq
3 e dF FAHo=g o5

g lo

2. 43F A bR o el 3t dg
A/ & BP9 39 P (RCAE) 84
o] %7l 39 wFE AYses Re=
UeEstt ; 9 B 3 o wge A3
frEol sl e FAEA ) @ R
7o) g8 Apol2 st AAE Fo| HYo)
He AHAAM Agdt ol TAHE di

727t & Bgeg oF, BIAH Y P
& Wdoes 43FsA 9o

2

B 478 AYsed e 23 A 34
University of Leeds®] Professor P.H. Gaskell
%} Dr. R. Wooleydl Al ZA} =Yt}

#x 28

1. Lefebvre, H.A., Gas Turbine Combustion.
McGraw-Hill, New York, 1998

2. Cote, T., Ridley, J.D., Clements, RM. and
Smy, P.R., The ignition characteristics of
igniter at sub-atmospheric pressure.
Combust. Sci. and Tech., 48, 151, 1986

3. Wilson, C.W., Sheppard, C.GW. and Low,
H.C, A novel technique for predicting
the ignition performance of an aero gas
turbine combustion. Paper 29, RTO
(previously AGARD) Combustion and
Fuel Meeting, Lisbon, 1998

4. Ballal, D.R. and Lefebvre, AH., Ignition of
liquid fuel sprays at subatmospheric
pressures. Combust. Flame, 31, 115, 1978

5. Hicks, R.A.,, Wilson, CW. and Sheppard,
C.GW,, Investigation of ignition
probability in a gas turbine combustor
using laser ignition. Paper 99-GT-116,
ASME Turbo Expo 99, Indianapolis,
June, 1999

6. Gillespie, L., Lawes, M., Sheppard, C.G.W.
and Wooley, R., Aspects of laminar and
turbulent burning velocity relevant to Sl
engines. SAE Paper 2000-01-192 and
SP-1492, 2000

7. Vranos, A. Knight, B.A. and Zabielski,
M.F.Z.,, Centrifugal mixing : a comparison
of temperature profiles in nonrecirculating
swirling and  nonswirling  flames.
Combust. and Flame, 48, 109, 1982

— 53 —



