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Thermoacoustic systems utilizing the thermoacoustic phenomena are one of means for recovering
waste heat from factories and automobiles. Thermoacoustic self-excited oscillation occurs in a tube
when a sufficient temperature ratio between high temperature and low temperature is applied to both
ends of a device called a stack having narrow flow channels.

In a systems using this thermoacoustic self-excited oscillation, it is important for practical use of
the thermoacoustic systems to estimate the pressure amplitude at the steady-state oscillation and to
design a thermoacoustic systems that oscillates at a desired pressure amplitude. However, it is difficult
to estimate the pressure amplitude, frequency, and other conditions during self-excited oscillation,
making theoretical treatment difficult, so experimental methods are used.

The purpose of this paper is to develop a thermoacoustic system simulator that can simulate the
oscillation of various thermoacoustic systems by connecting a measurement and control system that
simulates a tube section to a thermoacoustic core. The final objective is to replace the tubes on
both sides connected to the thermoacoustic core with a simulation system. In this paper, as a simple
situation, we consider the tube section on one side as well as the thermoacoustic core section and
simulate the tube section on the opposite side.

In order to reproduce combustion oscillations, a method has been proposed to construct a control

system that simulates the acoustic impedance of an arbitrary tube connected to a combustion system



(we call this the conventional method.) such as a gas turbine. In this method, the control system
is realized by back-calculating the frequency response of an ideal control system and approximating
it in a finite dimension. However, the stability of the feedback control system against approximation
errors is not guaranteed.

First, this study experimentally demonstrates that the simulated system may become unstable
when the control system is designed using the conventional method by simulating a tube section of
infinite length (non-reflecting tube). Next, in the measurement and control system for evaluating
the frequency response of the simulated system, we show that the H., control system design that
minimizes the H,, norm of the input/output from the driving signal of the evaluation loudspeaker
to the pressure component of the weighted reflected traveling wave can construct a robust simulated
system against modeling error. Next, a control system simulating a finite-length with closed end faces
was constructed using the proposed method, and it was experimentally shown that vibration occurred
when the thermoacoustic core was connected to an actual thermoacoustic engine and stopped when a

non-reflective tube was simulated.
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2.1 Experimental instruments
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Fig. 2.1: Thermoacoustic engine
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Fig. 2.2: Thermoacoustic system simulator
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Fig. 2.3: Apparatus for mesuring frequency response of tube section
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Table 2.1: Experimental instruments

Stack

NGK INSULATORS honeycomb ceramic 600 cpi

Loudspeaker

FOSTEX FW108N

Power amplifier

YAMAHA P1000S

PC

Dell PowerEdge840 (RTAI3.6.1/Linux kernel 2.6.20.21)

A/D CONTEC AD12-16(PCI) (12bit, £5 V, 10 p s)
D/A CONTEC DA12-4(PCT) (12bit, +5 V, 10 p s)
Thermometer ANRITSU HPD-2234

Heater HAKKO HLE1201 (100W) x 4

Thermo controller

HAKKO DGC2310

Pressure sens.

PCB 106B51 (amp.:482C05)

Oscilloscope

LeCroy W wave Jet 324A (200 MHz)

Chiller

EYELA NCC-1110
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Fig. 2.6: Stack
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Fig. 2.8: Chiller

Fig. 2.9: Thermo meter
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Fig. 3.6: Frequency response of tube for experimental apparatus 3
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Fig. 3.10: Frequency response of nominal plant for case 2 experiment (blue dotted curve) and approx-
imated nominal plant (red curve)
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Fig. 4.3: Time response of pressure for with control (case 1)
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Fig. 4.4: Time response of pressure for with control (case 2)
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