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Suppresion of thermoacoustic oscillation in horizontal Rijke tube

by delayed feedback control
- Effect of tube coupling position on the stability -

xK. ITmai, Y. Sugitani, K. Konishi and N. Hara (Osaka Metropolitan Univ.)

Abstract: This report investigates the stability of thermoacoustic self-excited oscillations in a horizontal

Rijke tube with delayed feedback control.

engines and gas turbine engines can lead to serious problems.

Thermoacoustic self-excited oscillations generated in rocket

Delayed feedback control has been ex-

perimentally and analytically proven effective for suppressing such oscillations. However, the impact of
coupling position in the delayed feedback system has not been thoroughly analyzed. This paper examines
the influence of the coupling position on the stability of the oscillations. Our results show that the stability
can be enhanced by coupling the connecting tube at specific positions relative to the oscillation modes,
with optimal positions identified for different oscillatory modes.

Keywords: Thermoacoustic instability, Delayed feedback control
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Fig. 1: Horizontal Rijke tube with a connecting tube.
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Fig. 2: Oscillation mode without control.
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space.
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Abstract—This report investigates the effect of the cou-
pling position on the stability of amplitude death in coupled
horizontal Rijke tubes. We show that it is necessary to set
the coupling position appropriately according to oscillating
modes for inducing amplitude death.

1. Introduction

Thermoacoustic self-excited oscillations in engineering
systems lead to serious problems, such as the deteriora-
tion of gas turbine engines. Sujith et al. showed that ther-
moacoustic oscillations in a Rijke tube can be suppressed
by coupling the Rijke tubes with a connecting tube [1].
Such suppression corresponds to amplitude death by de-
layed couplings. The previous study [1] mainly focuses on
the first mode oscillation, and did not investigate the effect
of the coupling position on the stability of amplitude death.
This report considers multi-mode thermoacoustic oscilla-
tions, and analyzes the relation between the coupling posi-
tion and the stability.

2. Main results
We consider coupled two Rijke tubes [2],
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itK 1

1
- §}sin(j7rxf)
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- 7T}[p@“(xz,l, t — 1) — pY (x10, D] sin(imxyn), (1)

where 7/ (¢) is the state variable of the jth mode oscilla-
tion at time ¢ for tube i € {1,2}, £ is the damping, K is
the heater output, x; is the heater position, v is the specific
heat ratio, and M is the Mach number. The acoustic ve-
locity p® and acoustic pressure 4 in the tube are decom-
posed as p@(x,1) := —23:1 7‘72’) (t)“/].—?f sin(jmx), u®(x, 1) =
Zj‘=1 ni.i)(t) cos(jnx). The second term on the right hand
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Figure 1: Delay-coupled
Rijke tubes

Figure 2: Stablility region on
(x1, x2) space

side in Eq. (1) denotes the coupling term, where K is the
coupling strength, 7 is the delay time, and x; is the coupling
position of the Rijke tube i (see Fig. 1). We perform the lin-
ear stability analysis around the equilibrium point (77; = 0)
in Eq. (1). K and xy are set such that the uncoupled Rijke
tube (K, = 0 in Eq. (1)) exhibits the first and the second
mode oscillations. (K., 7) is fixed at (0.6,0.3). The other
parameters are set to be the same as in [1]. Figure 2 shows
the stability region with respect to the coupling positions
(x1,x2). The first (second) mode is suppressed in the re-
gion bounded by red (blue) curve. For (x1, x5) = (0.5,0.5),
the first mode oscillation is suppressed, but the second one
is not suppressed. To suppress both the first and the second
oscillations, the coupling positions (xj, x,) must be set with
in colored area.

3. Conclusion

This report showed that the proper coupling position is
required to suppress multi-mode thermoacoustic oscilla-
tions in coupled Rijke tubes.
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