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oReport summary (English)

Principal investigator: Tokai University, Associate Professor, Shinya Hasegawa

R & D title: Waste heat regenerative thermoacoustic system reaching 60% of Carnot
efficiency

1. Purpose of R & D

Developing a technology to regenerate and reuse unused waste heat generated by fuel combustion
with high efficiency is one of the important tasks in realizing a low-carbon society. In this research,
we develop a thermoacoustic engine as a system to regenerate unused waste heat. Thermoacoustic
engines are theoretically classified as heat engines that can perform the Carnot cycle, and thus have
inherently the advantage of performing at high thermal efficiency. However, research and development
of thermoacoustic engines having high thermal efficiency in a low temperature region, such as waste
heat have in fact not progressed so much. In this research, we aim to establish a comprehensive design
method to be the foundation for practical use of thermoacoustic systems that operate at temperature
range of the waste heat. In order to achieve this objective, it is necessary to accurately measure the
pure thermal efficiency of the thermoacoustic engine, which is the core of the system, and to proceed
to the design for a general-purpose system based on the measurement results. Especially, for the
measurement of thermal efficiency, since heat conduction, external heat dissipation and convection do
not contribute directly to the energy conversion of pure thermoacoustic phenomena, they should be
separated and quantified after the prior reduction by the vacuum-insulated device. Under this concept,
we aim to develop a system in which the thermal efficiency of the thermoacoustic core, associated
with pure thermoacoustic phenomena excluding heat losses mentioned above, exceeds 60% of the
Carnot efficiency, and finally to establish a generic design method applicable to the practical use.

2. Outline of R & D
(1) Contents:

In order to efficiently proceed the research and development of targeted goals, the research contents
were divided as follows, and each research team concurrently engaged in the research and
development through information sharing and close cooperation.

(i) To establish the design of the system to realize a highly efficient thermoacoustic engine in the low
temperature region, the design of the vacuum insulation device, and the implementation technology
of them, and to improve the functions of each component.

(i1) In order to suppress the non-linear effect that hinders the performance improvement in (i), to
elucidate the physical mechanism of the thermoacoustic phenomena and the other unsolved tasks by
numerical calculation.

(iii) In anticipation of future development, to quantify the energy conversion of next-generation
systems (thermoacoustic engines using phase-change) that lead to practical use, and to accumulate
basic technologies of them.

(2) Achievements:

As a result of (i), assuming the regeneration of multiple low-density waste heats, we constructed a
system with an advanced multi-stage core configuration and realized more than 100 times
amplification with the acoustic power. In addition, a development method to achieve high thermal
efficiency was established by prototyping a locally expanded core with vacuum heat insulation and
quantifying the heat loss due to factors such as heat conduction. As a result of (ii), we have established
a numerical calculation method that enables high-speed calculation only in the vicinity of the core.
Furthermore, a method for constructing a database of heat transfer characteristics in the heat exchanger
section was developed. They contributed to the realization of a high-efficiency system as technical
information for (i). In addition, as a result of item (iii), it was shown from both theoretical and
experimental perspectives that thermoacoustic engines using phase-change can produce several times
energy conversion compared with the case using only gas as a working fluid.

(3) Future developments:

Using the design method of the high-efficiency thermoacoustic engine proposed in this research, our
achievements will make a major contribution to the development of practical devices, and be returned
widely to society.



