Instabilities in Burner-Stabilised Flames
In a series of papers, Gorman and co-workers report on experimental observations of the dynamics of cellular flames over a range of operating pressures and mixture compositions on a porous-plug burner. (See, for example, M. Gorman et al., Combbust. Sci. and Tech., 98 (1994), 25.)

The basic experimental set-up is sketched below:
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FIGURE 1. A schematic diagram of the porous plug burner.




For near-extinction limit compositions of methane-air, several time-dependent (unsteady) flame states are reported, each occurring in different ranges of the operating conditions as indicated below:
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· In the axial mode, the flame front ‘pulsates uniformly along the axis of the burner’. The frequency of the axial oscillation is typically 20-80 Hz. 

· In the radial mode, the flame front ‘changes its radial extent on the burner’, with a frequency typically in the range 7-15 Hz. 

· The spiral mode corresponds the flame appearing as a luminous hot-spot which moves in a spiral path. The axial position of the hot-spot varies during the spiral motion, with the flame appearing to move over the surface of a conical surface. 

· The drumhead mode is found for rich mixtures - in fact, several version of this are observed. In its simplest form, a circular flame is periodically deformed, with the centre of the flame moving towards and then away from the burner, so the flame oscillates about the planar solution. The frequency of this oscillation is of the order of 20 Hz. 

Close to the boundaries between adjacent unsteady modes, evidence for nonlinear interactions of both instabilities exists and the full spatiotemporal evolution has many characteristics of chaos. 

The four basic modes observed can apparently be readily correlated with the four basic structures identified by Matkowsky and Olagunju (S.I.A.M. J. Appl. Math., 40, (1982) 551): axial, radial, tangential travelling wave and standing wave respectively.

A brief survey of the experimental observations for heavier hydrocarbon fuel systems is given below.

Ordered Flame States
A selection of ordered flame states of increasing complexity for highly rich isobutane or propane - air flames are shown below:
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(a) steady flame; (b) and (c) single ring states; (d)-(i) two ring states; (j) three ring state; (k) onset of ‘hexagonal’ state; (l) ‘rhombic’ state.

From Gorman et al. Combust. Sci. and Tech., 98, (1994), 37.

Rotating Flame States
For other operating ranges, the cellular flame state become rotating structures: examples for isobutane - air mixtures are shown below:
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Rotating rings of cells: (a) single ring of 6 rotating cells; (b) 5 cells rotating about a central cell; (c) a fixed outer ring with a rotating 2-cell inner ring; (d) counter-rotating inner and outer rings. From Gorman et al. Combust. Sci. and Tech., 98, (1994), 25.

Chaotic Dynamics in Cellular Flames
The evolution of cellular flames for four different sets of conditions is shown below.
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(a) an ordered state; (b) a ‘disordered’ state; (c) an ‘intermittently ordered’ state; (d) a ‘pulsating-cellular state. From Gorman et al. Combust. Sci. and Tech., 98, (1994), 79.

