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A Semi-Active Control of the Combustion Instability
in a Ducted Premixed Flame

Jae-Cheon Song*, Jin-Kwan Song*, Jeong-Jae Hwang*, Young-Bin Yoon** and Jong-Guen Lee***

ABSTRACT

Combustion Instabilities are caused by a coupling between acoustic waves and
unsteady heat release. They can be eliminated using passive controller such as a
Helmholtz resonator. But, Helmholtz resonator is normally only effective over a
narrow frequency range. In this work, Helmholtz resonator is applied for reducing the
combustion oscillations and we vary the Helmholtz resonator volume using piston in
oder to tune in the wide range of operating conditions. As the result, it is found that
the dominant combustion oscillations can be largely reduced by optimizing the size of
resonator volume. And, interesting relation for phase difference of dynamic pressure
both combustor and the helmholtz resonator are presented in this paper. Also, we
investigate semi-active control using Helmholtz equation and phase difference.
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Fig. 2. Schematic of Helmholtz resonator
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Geometry Dimension (mm)
Orifice diameter (d) 10
Orifice length (Ls) 80

Resonator diameter (D) 125.4

Resonator length (L) from 5 to 140

Table 2. Features of experimental apparatus

Features Value
Upper orn‘llce 40 x 5 mm
cross section

L Transverse

Fuel injection type L
injection
Combustor cross 40 x 40 mm

section

Flame holder type 12 mm Vee-gutter

Nozzle blockage ratio 0.6

Quartz glass size 80 x 40 x 20 mm

Viton rubber
O-ring

Helmholtz resonator
sealing
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Table 3. Experimental conditions

Conditions Value
Inlet air mass flow rate 24.97 g/s
Inlet air temperature 405 £ 5 K
Inlet air speed 17.9 m/s
Inlet air Reynolds No. 26,595 ~ 27,071
Fuel LNG gas
Combustion pressure 101.325 KPa
Combustion mean temp. 1180 K
Equivalence ratio (¢) 0.67
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