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Numerical Calculation of Regenerator Temperature and COP of a Heat-driven
Thermoacoustic Heat Pump for the Purpose of Raising the Temperature of Waste Heat

Mariko SENGA, Shinya HASEGAWA (Research Institute of Science and Technology)

F—O—F:BREFECc—MRUT, BRREE, BERKCP), ERELETNSR
Keywords: Thermoacoustic heat pump, Regenerator temperature, Coefficient of Performance (COP),
Waste heat recovery device

Abstract

In this study, the performance of a heat-driven thermoacoustic heat pump (HDTHP) that can generate
high-temperature heat is verified by numerical calculation. The high temperature of the heat pump regenerator
Tupu was calculated while changing the high temperature of the prime mover regenerator 7enu and the low
temperature of the heat pump regenerator Typr. In calculation, Tenu and Tupr Were set at the same temperature.
As a result of the calculation, HDTHP satisfied the critical condition when Tenu, TupL were 181 °C, and Tupu
reached 891 °C when Tenn, Tupr were 350 °C. In addition, the ratio of COP to Carnot efficiency was calculated
under the same conditions. From calculation results, when Tenu, Tupr Were 350 °C and Tupu was 891 °C, the
ratio of COP to Carnot efficiency reached 37.2%. This calculation result shows the possibility that the
following three can be realized in principle: (1) Operation over a wide temperature range, (2) high heat pump

temperature exceeding 800 °C, and (3) high COP ratio to Carnot efficiency reaching 37.2%.
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Fig. 1 Schematic of heat driven thermoacoustic heat pump.

Table 1 Parameter of the calculation model.

Length Diameter Flow diameter Temperature
[mm] [mm] [mm] [°C]

Ductl 1500 100 20
LHXgN 30 2 20
Regeneratorgn 60 0.1 Tene — Tenn
HHXgn 30 2 Tenn
Thermal Buffer Tubel 200 100 Teng — 20
Duct2 100 100 20
Duct3 5000 100 100 20
Duct4 1330 100 20
Thermal Buffer Tube2 200 100 20 — Tupn
HHXp 30 2 Twrn
Regeneratoryp 90 0.1 Tuen — ThrL
LHXnp 30 2 Ture
Thermal Buffer Tube3 200 100 Tup — 20
Duct5 100 100 20
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Fig. 3 Results of ratio of COP to Carnot efficiency,
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Fig. 2 Results of the high temperature of the heat

pump regenerator, Tip.
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Workshop on ultra-high capacity data transmission
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[Program]
Japan Time, Denmark Time
17:00-17:05 (9:30- 9:35) Opening Remarks

17:05-17:30 (9:05- 9:30) “Power generation and transmission system harmonized with Human,
City and Sun”
Koji Tomita

Associate Professor, Tokai University

17:30-18:05 (9:30- 10:05) “Efficient Planar Perovskite Solar Cells”
Md. Shahiduzzaman

Assistant Professor, Kanazawa University

18:05-18:15 (10:05- 10:15) Break Time

18:15-18:50 (10:15- 10:50) “The World of 2D Materials”
Stela Canulescu

Senior Scientist, DTU Fotonik, Technical University of Denmark

18:50-19:25 (10:50- 11:25) “Solar cells with absorbers produced by pulsed laser deposition”
Jorgen Schou

Senior Scientist, DTU Fotonik, Technical University of Denmark
19:25-19:30 (11:05-11:25) Closing Remarks

Masao Isomura

Professor, Tokai University

[Moderator] Mr. Jakob Skyt Jensen Tokai University European Center



Tokai University European Center 50th Anniversary (Tbkai University QOL Workshop #2)
Jan. 29, 2021, Tokai University — DTU ICT Workshop on Rerewable Energy

Efficient and Stable Perovskite Solar Cells
M. Shahiduzzaman

Nanomaterials Research Institute, Kanazawa University, Kakuma, Kanazawa 920-1192, Japan

Abstract

With the rapid improvement of perovskite solar cells (PSCs), long-term operational stability has
become a major concern for their commercialization. In this work, we devised a pristine cesium-
formamidinium-methylammonium (termed as CsFAMA) triple cation-based perovskite precursor
solution into the ionic liquid (IL)-assisted MAPbI; nanoparticles (NPs) through a seeded growth
approach in which host IL-assisted MAPbI; NPs remarkably promoted high-quality perovskite
films with large grains and high crystallinity, enhancing device performance and stability. The
power conversion efficiency of the MAPbI; NP-seeding growth of MAPbI; NPs/CsFAMA-based
PSCs were as high as 20%. The long-term moisture stability of IL-aided MAPbI; NPs/CsFAMA.-
based devices (non-encapsulated) remained above 80% of their initial output after 6000 h storage
in open air. The use of IL-assisted MAPbI; NP-seeded growth for PSCs is a significant step

toward developing reliable perovskite photovoltaic devices.

Biography

Dr. Md. Shahiduzzaman is an Assistant Professor at the
Nanomaterials Research Institute (NanoMaRi), Kanazawa
University where he designs, fabricates and develops highly
efficient and stable PSCs for next-generation solar cells. Born in
Bangladesh in 1984, Dr. Shahiduzzaman moved to Japan for
postgraduate study in 2011. He obtained a Master degree in

- Thermoelectric Materials & Application from Japan Advanced
Institute Science & Technology (JAIST) in 2013 and did his Ph.D. on PSCs from Kanazawa
University in 2016. He was a post-doctoral fellow in Professor Tetsuya Taima's group at
Kanazawa University. During his tenure (10/2016 until 09/2017) at Kanazawa University, he
extensively worked on the improvement of PSCs performance. Then he did another post-doctoral
(10/2017 until 10/2018) at Tokai University (Shonan Campus), Japan under Tokai University
General Research Organization fellowship where he worked on the design and fabricate low-
temperature (<180°C)-processed brookite based-TiO, junctions and test their performance in
PSCs. His research interests include integrating micro- and nanotechnology to develop innovative
methods to solve energy generation problems. He is also interested in design, fabrication and
development of high-efficiency, stable, green and flexible solar cells for various energy

applications. He published 1 patent and more than 50 peer-reviewed articles until the date.
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Abstract

There are many aspects to energy research, such as producing, sending, storing, and
recovering energy. At Tokai University, which has a diverse range of researchers,
researchers from different specialties are working together on energy research. Our
group is conducting research on power generation using solar cells, energy reuse from
heat by thermoacoustic engines, applications of wireless power transmission and data
communication, and urban planning that integrates them. In research on solar cells, we
are working on improving the functionality of perovskite solar cells, whose efficiency has
improved significantly in recent years. Perovskite solar cells has a structure in which a
perovskite layer that absorbs light and separates charges is sandwiched between an
electron transport layer that receives electrons from
the perovskite layer and a hole transport layer that
receives holes. Titanium dioxide, which is one of the n-
type semiconductors, is used for the electron transport
layer. The titanium dioxide used here is mainly anatase

type, which is easy to synthesize. By using our unique
titanium complex (Fig. 1), we have succeeded in Fig. 1 Molecular structure
producing four types of titanium dioxide crystal of glycolato-Ti complex
polymorphs, anatase type, rutile type, brookite type,
and bronze type, by hydrothermal synthesis. Hybrid
type titanium dioxide electron transport layer was
prepared using the synthesized brookite type and
anatase type titanium dioxide nano-particles. The
perovskite solar cell with this hybrid electron
transport layer (Fig. 2) showed a high energy

conversion efficiency of 16.8%.
Fig. 2 Perovskite solar cell with

) hybrid electron transport layer
Biography

Prof. Koji Tomita received the B.S. from Tokai University,
Kanagawa, Japan, in 2000, and M.S. from Tokyo Institute of
Technology, Tokyo, Japan, in 2002, and Ph.D. on synthesis of
ceramics using solution methods from Tokyo Institute of
Technology, Tokyo, Japan, in 2005. From 2005 to 2006 he was a
post-doctral fellow and assistant professor in Prof. Masato

A Kakihana’s group at Tohoku University, Sendai, Japan. From
2006 he joined School of Science, Tokai University, as assistant professor, junior associate
professor and assosiate professor. His main research themes are the synthesis of
titanium dioxide using water-soluble titanium complexes and the synthesis of rare earth-
based up-conversion phosphors that are excited by infrared light and emit visible light.
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casel-1 Plasmajet flow casel-2 Non-heated flow
Figure 1 Distributions of velocity magnitude and Mach number at non-dimensional time
of *=118.38.
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