
4.  Experimental results and discussion 
The temperature decrease from the reference 

temperature of the HP cooling end is shown in Fig. 2 
for each condition. In order to obtain high cooling 
capacity, it is desirable that the acoustic impedance 
P/U is large and P and U are in-phase, where P and U 
denote the sound pressure and the particle velocity, 
respectively, in the annular flow path. It is presumed 
that the cooling capability is improved by expanding 
the distance between PM and HP so that the HP 
position approaches the ideal setting condition. The 
shift of PM position in the positive direction along the 
x axis means the expansion of the distance between 
PM and HP. For the PM position of x = 1500-1700 mm, 
the cooling capability is improved. However, for the 
PM position over 1700 mm, the improvement of 
cooling capability is not found anymore. In order to 
consider the contributory factor for this, the sound 
field generated in the annular path is examined. The 
sound pressure at the HP cooling part is also shown in 
Fig.2 for each condition. Since the cooling 
temperature and the sound pressure at the HP cooling 
part show the same trend, the contributory factor not 
for enhancing the cooling capability is assumed to be 
the decreased sound pressure at the HP cooling part. 

The frequency spectrum at x = 220 mm is 
obtained under each condition. The second harmonic 
sound levels is confirmed to increase with the 
expansion of the distance between PM and HP. The 
contributory factor is supposed to lie in the process of 
the shift from the 1 wavelength resonance to 2 
wavelength resonances. In the previous study, it has 
been found that the resonant frequency is 
spontaneously selected so that the thickness of the 
viscous boundary layer becomes smaller than the 
channel radius of the stack[3]. Hence, the thickness of 
the viscous boundary layer is calculated with Eq. (1). As 
a result, it is confirmed that the thickness of viscous 
boundary layer increases and approaches the channel 
radius, for x of the PM setting position over 1700 mm. 
Therefore, in order to make the thickness of viscous 
boundary layer smaller than the stack channel radius, 
this system is assumed to shift to the 2 wavelength 
resonance. From Eq. (2), the wavenumber k depends 
on  because k = /c. Consequently it is suggested 
that the driving force increases as the 1 wavelength 
resonance shifts to the 2 wavelength resonance. The 
acoustic streaming generated by this driving force lets 
out the thermal energy that has once entered into the 
high-temperature end of PM[4]. By virture of this, the 
sound pressure is assumed to be decreased. As the 
appearance of the thermal leakage due to the acoustic 
streaming, the temperature change at 200 mm distant 
from the high-temperature end of PM is shown in 
Fig. 3. This figure demonstrates the rapid increase of 
the temperature at 950 s after stopping the system. 
When the system is stopped, the conversion from the 
thermal energy to the acoustic energy also stops. 
However, since the acoustic streaming is kept for 
awhile even after stopping the system, the thermal 
energy which became inconvertible is carried by the 
streaming. As a result, it is supposed that the 
temperature rapidly increases because the thermal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Relationship between position of PM and 
temperature decrease, sound pressure of HP cooling part. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Temperature variation at position 200 mm from 

PM high-temperature end. 
 

energy greater than the amount during the system 
works is carried. From this result, it is confirmed that 
the acoustic streaming occurs the thermal leakage. 
5.  Conclusion 

In this report, the influence of the distance 
between PM and HP on the cooling capability was 
investigated. The capability was assumed to be 
enhanced as the distance was expanded. However, in 
the range over 1700 mm, it was suggested that the 
enhamcement of the cooling capability is disturbed by 
the thermal leakage due to the acoustic streaming.  
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Influence of external heat input by parallel plate fin  
heat exchanger on sound field of thermoacoustic system 
平行平板フィン熱交換器による外部熱入力が熱音響システムの 

音場に与える影響 
 

Takeru Kawai‡, Shin-ichi Sakamoto1, Yuichiro Orino1, Hidekazu Katsuki1, and Takahiro Wada1  
(1Univ. of Shiga Pref.) 
川合 広留 1‡，坂本 眞一 1，折野 裕一郎 1，勝木 秀和 1，和田 貴裕 1 (1滋賀県立大) 

 
 
1. Introduction 

A thermoacoustic system1) is expected to be a 
means to suppress environmental burdens． A 
thermoacoustic phenomenon is the conversion of 
energy from heat and sound. Utilizing this 
phenomenon, both cooling and electric power 
generation haves been studied.2-4) A thermoacoustic 
system is driven by using waste heat and solar heat 
as a heat source. For this reason, effective 
utilization of unused heat is considered possible. 
However, heat input by electric heaters is used 
mainly in research on thermoacoustic systems. 
Regarding the influence of external heat input on 
the thermoacoustic system, there are yet many 
unexamined areas.  

We conducted experiments with external heat 
input for the practical applications of 
thermoacoustic systems in this study. A heat 
exchanger with parallel plate fins was used as a 
means to input external heat to the system. In 
previous research, the thermoacoustic system using 
heat exchanger with parallel plate fins was 
proposed.5)  

In this study, the heat input was from an 
electric heater wound in a spiral shape and a heat 
exchanger with a parallel plate fins to drive a 
straight-tube-type thermoacoustic system. 
Experimental studies were conducted on the 
influence of the heat exchanger with a parallel plate 
fins on the sound field by measuring and comparing 
the sound field in the tube in each heat input 
method. 
 
2. Experimental method 

The heat exchanger with a parallel plate fins 
is shown in Fig. 1. Inside the heat exchanger, 28 
fins with a flow channel lengths of 10 mm and a 
plate thicknesses of 0.5 mm are arranged at 
intervals of 1.5 mm. The cartridge heater is inserted 
into the heat exchanger. In this experiment, electric 
power was supplied to the cartridge heater and heat 

was inputted through the fins. The schematic 
diagram of the system used for the experiments is 
shown in Fig. 2. Stainless steel was used for the 
resonance tube, and a straight-tube-type 
thermoacoustic system with a total length of 2000 
mm was constructed. The inner diameter of the 
resonance tube is 42.6 mm. Atmospheric pressure 
air was used as the working fluid in the tube. The 
stack was made of honeycomb ceramics. It has a 
cell count of 600 channels/in2 and a length of 50 
mm. The installation position of the stack was 300 
mm from the closed end of the tube. The sound 
pressure inside the tube was measured by a pressure 
sensor (PCB Piezotronics, 112A21). The 
installation position of the four pressure sensors 
were 0, 420, 1420, and 2000 mm from the closed 

 

 
 Fig. 1 Illustration of parallel plate fin heat 

exchanger. 
 

 
Fig. 2 Schematic illustration of experimental system. 
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end of the tube. The K-type thermocouple was used 
to measure the high-temperature side of stack and 
on the inside of the tube. The installation position of 
the K-type thermocouple was in four places: 150, 
200, 250, and 300 mm (the high-temperature side of 
stack) from the closed end of the tube. The sound 
field distribution on the low-temperature side of the 
stack was calculated using the two-sensor 
method.6,7) the sound field distribution on the high- 
temperature side of the stack was obtained from the 
measured sound pressure.  

The input power to the electric heater and the 
cartridge heater was 140, 160, 180, and 200 W, 
respectively. First, 140 W was charged to the heater. 
The input electric power was kept constant, and the 
sound field with the sound wave inside the tube, 
which reached steady state, was then measured.  
After that, the same measurement was carried out at 
160, 180, and 200 W. 
 
3. Experimental results 

The change of the sound intensity before and 
after the stack due to the increase of input power is 
shown in Fig. 3. It was confirmed that the sound 
intensity increased with the increase of the input 
power in both of the heat input methods. In addition, 
it is confirmed that the increment of the sound 
intensity showed a larger value for the electric 
heater than the heat exchanger with parallel plate 
fins. Increase in the sound intensity depends on the 
increase in the input power. The gradient of 
increasing sound intensity in the electric heater and 
the heat exchanger with parallel plate fins were 
similar. The temperature distribution inside the tube 
at 200 W of input power is shown in Fig.4. At the 
same input power, it is confirmed that the electric 
heater has a higher temperature at the 
high-temperature end of the stack. This is thought 
to be because in the heat exchanger with parallel 
plate fins, the supplied heat was transferred to the 
tube wall and air. For that reason, it is thought that 
the amount of heat flowing into the stack is lesser 
than that of the electric heater, and the amount of 
the increase in intensity is reduced. 
 
4. Conclusion 

In this study, the sound intensities were 
compared with an electric heater and a heat 
exchanger with parallel plate fins for heat input. It 
was confirmed that the increase in the sound 
intensities in the tube was larger for the electric 
heater. The sound intensity increased similarly with 
the increase of input power. In the future, it is 
necessary to study the influence of the change in the 

shape of the fin on the increasing trend of the 
intensity. 
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Fig. 3 Change of the sound intensity before and 

after the stack due to the increase in input power. 
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Fig. 4 Temperature distribution inside the tube at 

200 W. 
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