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For practical use of thermoacoustic electric generation system
— The effect of installation positions of resonance tube on
electric generation efficiency —
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1. Introduction

Thermoacoustic systems''! have attracted
interest as next-generation systems. Thermoacoustic
systems are driven by  thermoacoustic
phenomena''*: mutual conversion between heat
energy and sound energy.

Thermoacoustic electric generation system
can be designed by connecting the loudspeaker with
a loop-tube-type thermoacoustic system(loop tube).
This thermoacoustic electric generation system can
utilize solar and waste heat energy as an energy
source. While such advantages are possessed, the
sound field in the loop tube becomes difficult to
control because this system generates sound waves
through self-induced vibration. So this report was
used that the resonance tube is added on the loop
tube to realize stable generation of the sound.
However, the electric generation efficiency changes

according to the resonance tube installation position.

Therefore, experimental investigations of electric
generation efficiency were conducted by changing
installation positions of the resonance tube.

2. Sound field in thermoacoustic system
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Fig. 1 Distribution of sound pressure and
particle velocity in loop-tube.

Distribution of a sound pressure and a

particle velocity in the loop tube are shown in Fig. 1.

Figure 1 shows the one-wavelength mode
resonance was generated in the loop tube. In this
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report, experimental investigations of electric
generation efficiency were conducted by changing
installation positions of the resonance tube from the
node of the particle velocity to the antinode into
nine positions in total.

3. Experimental system and method
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Fig. 2 Diagram of measurement system.

A block diagram of the measurement system
is shown in Fig. 2. The total length of the loop tube
was constructed 3300-mm-long system with
stainless-steel tube of 42 mm inner diameter. We
defined the position of the tops of the prime mover
stack, heater as 0 mm. The tube center is the axis.
Clockwise was defined as the positive direction.
The installation position of the resonance tube has
been changed from the heater into nine positions
(230, 275, 330, 375, 675, 1630, 1930, 1975 or 2325
mm) in total. The total length of the resonance tube
was constructed 775-mm-long system with
stainless-steel tube of 42 mm inner diameter. The
system was filled with air at 0.1 MPa pressure. The
prime mover stack was a 50-mm-long honeycomb
ceramic with a channel having a 0.45 mm radius. A
spiral-type electrical heater inserted at the top of the
stack served as the heat source. Heating power of
330 W was supplied for 400 s using a heater.
Pressure sensors (PCB Inc.) were set on the system
wall to measure the sound pressure in the loop tube
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and the resonance tube. The intensity, the sound
pressure, the particle velocity, and the phase
difference between the sound pressure and the
particle velocity were calculated using a two-sensor
power method with pressure measurement results™!.

The full-range loudspeaker was located at the
end of resonance tube. Impedance of the
loudspeaker is 50 2 when a resonant frequency of
this measurement system is 100 Hz. Resistance was
connected with the loudspeaker, and the electric
power was measured using a wattmeter.

4. Results and discussion

Figure 3 shows the relation between insertion
position of the resonance tube and electric power. In
this figure, the total lengths of the loop tube are
normalized. From Fig. 3, it was confirmed that the
electricity generated has changed by changing the
installation position of the resonance tube. It was
confirmed that installation positions where the
electricity generated is the largest becomes 0.084
and 0.584 from the heater. It is understood that
these two insertion positions become 8.4 % from
the antinode of the particle velocity. Moreover, it
was confirmed that installation positions where the
electricity generated is the least becomes 0.204 and
0.704 from the heater. It is understood that these
two insertion positions become 20.4 % from the
antinode of the particle velocity. Installation
positions of the resonance tube compare the sound
energy at 1930mm with 2325mm; installation
positions of 8.4 % and 20.4 % from antinode of the
particle velocity.

It was confirmed that the output sound energy
at the prime mover was 10 W and 12.5 W.
Distribution of the sound energy in the resonance
tube is shown in Fig. 4. We defined the position of
the connection as 0 mm. The tube center is the axis.
The connection of the loudspeaker was defined as
the positive direction. It was confirmed that the
acoustic energy was 1.7 W in the connection with
the loudspeaker when the resonance tube was
connected with the position at 1930 mm. Therefore,
the energy loss becomes 83 % until the sound
energy reach the connection of the loudspeaker.
Then electricity generated was 0.86 W. Therefore,
the energy conversion efficiency of this system
became 0.26 %. It was confirmed that the acoustic
energy was 0.27 W in the connection with the
loudspeaker when the resonance tube was
connected with the position at 2325 mm. Therefore,
the energy loss becomes 98 % until the sound
energy reach the connection of the loudspeaker.
Then electricity generated was 0.17 W. Therefore,
the energy conversion efficiency of this system
became 0.05 %. It was understood that installation
position of the resonance tube with the energy loss
become small until the sound energy reach the
connection of the loudspeaker is important to
improve electric generation efficiency.
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Fig. 3. Relation between insertion position of the
resonance tube and electric power as a function of
normalized distance from the heater.
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Fig. 4 Distribution of sound energy
in resonance tube.

5. Conclusions

In this report, experimental investigations of
electric generation efficiency were conducted by
changing installation positions of the resonance
tube. From the results, it was understood that the
sound energy flows into the resonance tube by
connecting the resonance tube where the resonant
frequency similar to the loop tube from the antinode
of the particle velocity to 8.4%. Moreover, it was
understood that the electric generation efficiency
improves.
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