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PIEZOELECTRIC HARVESTER WITH GENERAL IMPEDANCE BOUNDARIES"
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(College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract Finding a new solution for the acoustic and energy generation characteristics of the thermoacoustic
piezoelectric energy harvester with general impedance boundaries is the core task of the paper. The thermoacoustic
piezoelectric energy harvester includes a general impedance boundary, the hot buffer, stack, resonant tube, and energy
harvester element. When the temperature difference on both sides of the stack reaches the critical temperature difference,

the working fluid undergoes thermoacoustic coupling oscillation at the stack, causing deformation of the piezoelectric
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film and providing electrical energy for the external load. The modal distribution of the oscillation frequency, the real part
of the acoustic pressure, and the imaginary part of the flow velocity are called the acoustic characteristics of the
thermoacoustic piezoelectric energy harvester, while the equivalent quantized energy captured by the load is called the
energy generation characteristic of the thermoacoustic piezoelectric energy harvester. Based on verifying the stability and
reliability of the smooth Fourier series and Galerkin method, the paper applies this method to solve the acoustic
characteristics and energy generation characteristics of the thermoacoustic piezoelectric energy harvester and explores the
law of the effect of pipe length, external load, and boundary impedance on acoustic and energy generation characteristics.
The studies show that the oscillation frequency of the thermoacoustic piezoelectric energy harvester is inversely
proportional to the length of the tube. There is an impedance-matching relationship between the external load and the
system, but excessive external loads will cause the system to lose its energy capture capability. Besides, the influences of
pipe length and boundary impedance on the acoustic characteristics of the thermoacoustic piezoelectric energy harvester
can be divided into high sensitivity, low sensitivity, and impedance failure zones, and an " acoustic characteristic
identical impedance band " is found in the boundary impedance range. Hence the operating region can be chosen
according to different demands and applications when designing the thermoacoustic piezoelectric energy harvester. The
research achievements of the paper can provide a rapid prediction of the acoustic and energy generation characteristics of
the thermoacoustic piezoelectric energy harvester and give a reference for regulating the acoustic and energy generation
characteristics of the system by changing structural parameters or impedance boundaries and expanding the frequency

band of piezoelectric energy collection.

Key words thermoacoustic oscillation, thermoacoustic piezoelectric energy generation, impedance boundaries, smooth

Fourier series, Galerkin method
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*1 AFREBREFEREMHESRSILMSH

Table 1 Geometric and materials parameters of the TAPEH

Parameter Variable Value
length of tube L/m 0.04
area of tube S/m? 8 x 107
mean pressure P,/Pa 10°
temperature T/K 500
area ratio K 2
effective mass m/kg 3.5% 1077
effective damping bl(kgs™) 3.85x 107
effective stiffness s/(N-m™") 580
reciprocal piezoelectric coupling factor ~ P/(kg'm™ Q") 9.44 x 107
piezoelectric clamped capacitance ¢/F 2.76 x 1078
impedance of electric load Rp/Q 1000
boundary impedance (x = 0) Zy/(Pa's'm ™) ix108

*® 3 TEEETE N A AR MRS IR
Table 3 The first five modal frequencies with different series

truncation numbers k

Truncation Ist 2nd 3rd 4th 5th
number /(10* (10* (10 (10%- (10°-
k rads)  rads)  rads)  rads!)  radsh)
5 22793 5.554 8 8.841 2 1.2152 1.552'5
10 2.2789 5.550 4 8.823 2 1.209 8 1.5377
15 2.278 8 5.549 8 8.8213 1.209 3 1.536 6
20 2.278 8 5.549 7 8.820 8 1.209 2 1.536 4
25 2.278 8 5.549 6 8.820 6 1.209 2 1.536 3
30 2.278 8 5.549 6 8.820 5 1.209 2 1.536 3
35 2.278 8 5.549 6 8.820 5 1.209 1 1.536 2
40 2.278 8 5.549 6 8.8205 1.209 1 1.536 2

*2 FRIIBURERIAIMERE
Table 2 Thermal properties of different working fluids

Gas Mi(gmol™) Cy/(I-kg-K™) po/(kge(ms ™), h/(W-mK ™)™

H, 2.016 14209 841 x10*  0.68 0.168 0.72
He  4.003 5193 1.894 x 105 0.647 0.144 0.71
N, 28.013 1042 1.663 x 10°  0.67 0.0242 0.74
Ar  39.948 520 2.125x10°  0.72 0.0163 0.73
Air  28.96 1006 1.716 x 10°  0.666 0.0241 0.81
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