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The relationship between Q value and temperature ratio
for the step-shape thermoacoustic system
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1. Introduction

Thermoacoustic systems' are regarded as an

external combustion engines that can be used
exhaust heat from factories and electronic devices
as a driving source. Consequently, thermoacoustic
systems is one means to solve environmental
problems. However, general thermoacoustic
systems are too large to apply to electronic
devices, in which miniaturized are required.

In our previous study, miniaturized systems
with both ends closed were considered. Although
the miniaturized system with uniform inner
diameter (Fig. 1(a)) did not oscillate, the stable
oscillation is successfully realized on the
miniaturized system constructed by inner
diameter tubes *! (Fig. 1(b)).

We describe the functional mechanism the
thermoacoustic system constructed by inner
diameter tubes focus on the temperature ratio and
the Q value as parameters to estimate the system
loss.

(a)

(b)

Fig. 1. Schematic of thermoacoustic system
with both ends closed.

(a) The system with uniform inner diamter.

(b) The system constructed by different
inner diameter tubes.

2. Qvalue

The Q value™ is a parameter used to
evaluate the loss in a system. The Q value can be
expressed as in equation (1) using energy stored
in a system E,, the energy loss per unit time of a

system £ , and resonance frequency w.
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E is expressed as equation(2) .
E= Epipe + Ereg. - EAT (2)

Therefore, equation (1) can be rewritten as
equation (3).

/Y — 3)

Epipe + Ereg. —Ear

Therein, E and E,, respectively denote

pipe
the energy loss at the duct and regenerator per
unit of time. E,; denote the energy production
by the thermoacoustic effect per unit of time. The
total acoustic energy E, stored in the resonator

is given as the volume integral of ¢, B,

Eg = J.eddV 4

e, is expressed as shown below™.

1 p? 2}
ca = L )
(2
Therein, p and a represents the mean density and
the adiabatic sound speed. P and u respectively
represent the sound pressure and particle velocity.
The acoustic energy density ¢, is the sum of the

acoustic potential-energy density and the acoustic
kinetic-energy density. The energy loss £ ! in
the resonator is given by the total decrease of the
acoustic power flow as

E=mT] (©6)

In that equation, 7y is the inner diameter of the
tube, and 7 stands for the acoustic intensity of
the tube, which represents the cross-sectional
average of the dynamic power flux per unit area.
X =0 is origin at the left end of the system.

The Q value is a parameter that shows the
vibration stability. So, more vibration is sustained
when the Q value is large. That is, if the Q value
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is small, then the loss in a system is large.
Moreover, when a system is achieved the onset
temperature ratio, the Q value diverges [". It is
understood that the denominator is zero in
equation (3). Therefore, this state is equivalent to
1/Q of zero.

3. Experimental setup

A schematic of the system is portrayed in
Fig. 3. The total length of closed system was set
to 2400 mm. A system with uniform inner
diameter of 24 mm is compared to a system for
which the combined tube inner diameter is 24 mm
and the tube inner diameter is 42 mm. The length
of a tube with inner diameter of 24 mm is defined
as L. The length of a tube with inner diameter of
42 mm is defined as L,. The system was set as L;:
L= 3:1, 2:1, and 1:1. The stack of honeycomb
ceramics was produced with 0.65 mm channel
radius, and thickness is 50 mm. To form a
temperature difference in both stack ends, the
electric heater is used. The input electric power
was set to 30 W. The electric heater is set at 400
mm with the origin at the left end of the system to
oscillate with half wave length. Pressure sensors
(PCB Inc.) were used for sound pressure
measurements. From the measured sound
pressure in the tube, the distribution of sound
intensity, sound pressure, and particle velocity are
calculated using a Rott’s equation™ . Q value is
calculated from sound pressure distribution,
particle velocity, and acoustic intensity flow by
using equation(1).
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Fig. 3. Experimental setup.
4. Results and Considerations

The plots of Fig. 4 show experimental
results of onset temperature ratio. Ty/Tc is 1.5 in
the system with uniform inner diameter. On the
other hand, Ty/T¢ is 1.35 in the system of L;:
L,=1:1. This system 1is the lowest onset
temperature ratio. We considered about this factor
by using Q value. The relation between 1/Q and
temperature ratio is presented in Fig. 4. When the
temperature ratio is not formed, it turns out that
1/Q of a system that combines a different inner

diameter is large. This factor is expected that
the loss in the connection area of the pipe is large.
Moreover, when the temperature ratio is made to
increase in each system, 1/Q is decreases because
the energy conversion rises: the line slope
expresses the grade of the energy conversion
efficiency by increasing the temperature ratio. In
spite of increasing loss, the slope of the line in the
system with different inner diameter becomes
steeper than that of the system with uniform inner
diameter. Consequently, the factor of a low
temperature dive in the system of L;: L,=1:1 is
because energy conversion efficiency is improved.
So, the stable oscillation is successfully realized
on closed tube type miniature thermoacoustic
system in a low temperature ratio by setting L;:

Ly=1:1.
3
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Fig. 4. Relationship between 1/Q and temperature
ratio.

5. Summary

This paper is described about a
thermoacoustic system constructed by different
inner diameter tubes, with emphasis on the loss
and temperature ratio. Results show that
low-temperature oscillation is enabled and that
the energy conversion efficiency is improved by
setting the tube lengths of different inner
diameters to 1:1. In the future work, we will study
on the optimum ratio of inner diameters.
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