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東海大学総合科学技術研究所は 1948 年に設立された産業科学技術研究所を前身と
する研究所であり、とくに環境・エネルギーの理工学系分野を中心に据えて、医・
農・工・海の特色ある分野の研究で主に以下のような研究プロジェクトを遂行し
ています。

・『研究の峰』から発生した研究グループを再編した特徴的な研究課題：
　「『人と街と太陽が調和する』創・送エネルギーシステムの開発」

・国際連携の強化を目指した研究課題：
「プラズマの基礎と応用に関する研究」

・民間企業との連携強化による技術の社会実装を目指した研究課題：
「熱音響現象に関する研究」

・「組織」対「組織」の産学共同研究：
「メソ領域の流れ見える化共創コンソーシアム」

・本学の特徴を生かした地域連携研究の推進

今年は 2019 年 1月から 2019 年 12 月までの研究所の活動概要を紀要としてまと
めました。とくに 2019 年に当研究所が主催・共催しているシンポジウムにおいて、
上記プロジェクトに関係する報告の概要をまとめた資料を中心に掲載いたしました。
引き続き皆様のご支援をよろしくお願い致します。

総合科学技術研究所
所長　岩森　暁
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【Program】
14：45－15：00　Opening remarks　山田　清志　東海大学学長
Special Honor Lecture
15：00－15：30　内田裕久東海大学特別栄誉教授
Key-Note Lecture
15：30－15：55　カリン・ステフリーク ジェシュ原子力研究センター研究プロジェクトマネージャー
15：55－16：20　マルティン・バイダル プラハ化学技術大学助教授
Spare Time  （10min）
16：30－16：50　モハメッド　シュルズ　ミヤ　東海大学工学部動力機械工学科特定研究員
16：50－17：10　ユリイ・ヤコヴレヴ カレル大学 表面物理研究所
17：15－17：35　源馬　龍太　東海大学工学部材料科学科講師
17：35－17：55　アレシュ・ドウツェク　ジェシュ原子力研究所
17：55－18：00　Closing　内田晴久 東海大学大学運営本部長

水素エネルギー国際交流シンポジウム
-水素エネルギー技術の将来性と社会との調和 -

【講演者紹介】 【Introduction】
Hirohisa Uchida, Ph.D.
Tokai University, DISTINGUISHED PROFESSOR President and

CEO,KSP Inc.
International Association for Hydrogen Energy
(IAHE)Fellow, Deputy Chairman

Karin Stehlík
Czech Hydrogen Tecnology Platform, Director
UJV Rez, Research Project Manager, Ph.D.

Martin Paidar
Associate Professor at UCTP, Ph.D.
Czech Hydrogen Tecnology Platform, Board member

Yurii Yakovlev
Charles University, Dept. of Surface and Plasma Science 

Postdoctral Researcher, Ph.D.

Aleš Doucek
UJV Rez, Researcher

Ryota Genma
Tokai University
School of Engineering, Dept. of Materials Science Junior

Associate Professor

内田　裕久
東海大学特別栄誉教授
株式会社ケイエスピー（KSP） 代表取締役社長
国際水素エネルギー協会（IAHE） フェロー・副会長

カリン・ステフリーク
チェコ水素技術プラットフォーム (HYTEP) 理事長ジェ

シュ原子力研究センター
プロジェクトマネージャー

マルティン・バイダル
プラハ化学技術大学助教授
チェコ水素技術プラットフォーム理事

ユリイ・ヤコヴレヴ
カレル大学　表面物理研究所
博士研究員

アレシュ・ドウツェク
ジェシュ原子力研究所　研究員

源馬　龍太
東海大学　工学部　材料科学科
講師

モハメッド　シュルズ　ミヤ　東海大学
工学部　動力機械工学科　PD

Mohamed Suruz Mian Ph.D.
Post Doctoral Fellow
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Tokai University, Kanagawa, Japan 6 July 2019 
International Symposium of Hydrogen Technologies 

JJapan’s Energy Policy and Current State of Hydrogen Energy 

Prof. Dr. Hirohisa Uchida 
Tokai University Distinguished Professor / President & CEO, KSP Inc. 

Fellow & Vice President, International Association for Hydrogen Energy (IAHE) 

Abstract 

  In this talk, the background of Japan’ energy policy and then current state of hydrogen energy in 

Japan will be explained. 

For Japan, which has neither natural resources nor energy sources, it is essential to secure the 

effective use of resource and diversity of energy. Considering global environment, the challenge of 

decarbonizing, the realization of SDGs must be incorporated into energy policy. In that case, cost 

reduction and strengthening of industrial competitiveness are the core of energy policy. 

Japan experienced two serious environmental impacts. In the 60s to 70s, Japan’s economic 

growth was rapid, however, Japan was suffered from the air and water pollutions by huge 

utilization of fossil fuel and by contaminated waste water from industries. On 11th March 2011, a 

huge earthquake and according tsunami attacked the eastern side of Japan. The tsunami 

destroyed the emergency cooling system of the Fukushima nuclear power stations of Tokyo 

Electric Power Company. This caused radioactive contaminations over a wide area in eastern 

Japan. Japan’s energy policy was strongly affected by these two events. These events threatening 

our life accelerated the R&D of clean energy technologies in Japan. 

The R&D of hydrogen energy and relevant technologies has been shifted from academic 

institutions to industrial sectors. As well known, fuel cell technology is applied to mobile and 

stationary use. NEDO is placing its effort to hydrogen power generation for which large amounts 

of hydrogen is needed. Ministry of the Environment (MOE) is active with the R&D of energy 

saving technologies, minimizing CO2 emission and storage and control of renewable energy using 

hydrogen technology. 

Our research group has been active in the storage and control of renewable energy using a 

hydrogen storage alloy as a MOE project. This new approach is growing to a commercial level. 
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Tokai University, Kanagawa, Japan 6 July 2019 
International Symposium of Hydrogen Technologies 

RRecent Research Interest: Thermoacoustics Device 

1*Md. Suruz Mian, 1Kazuto Kuzuu, and 1Shinya Hasegawa
1 Tokai University, Graduate School of Engineering, Department of Prime Mover Engineering 

Kanagawa, Hiratsuka, Kitakaname 4-1-1, 259-1292, Japan 

* E-mail:suruz@tsc.u-tokai.ac.jp

Keywords: Thermoacoustics device, Waste Heat, Renewable Energy 

Abstract 
Nowadays, waste heat from automobiles and industries is one of the biggest problems in the world. Recent 
years, a thermoacoutics device has been gaining a huge attention from all over the world due to the potential 
of waste heat recovery. When a temperature gradient in a bundle of narrow channels (hereafter, regenerator) 
exceeds the threshold value, the acoustic oscillation is produced or amplified in a regenerator.This is called a 
thermoacoustic phenomenon (Fig.1). Kamanari Shinji, the scared ceremony at Kibitsu Jinja is known as an 
oldest reference for thermoacoustic phenomena in the world[1] . In 1802, a successful scientific work was done 
by Higgins. He successfully produced acoustic oscillations from heat energy and converted them into sound 
waves by creating singing flame in a portion of hydrogen flame in a both end open tube[2]. In 1850, Sondhauss 
found a monotone sound by supplying enough heat to the bulb. He found that this monotones frequency was 
dependent of the length of the tube[3]. Then in 1859, Rijke replaced the flame to a hot wire mesh creating the 
Rijke tube, and the sound production was obtained when the wire mesh was located at ¼ of the pipe length[4]. 
Then in 1877, Lord Rayleigh explained about oscillation in theoretically in his book[5]. Rott established a 
linear theory in 1969, which is still the base of present thermoacoustics device modeling. [6] In 1979, Ceperley 
proposed a looped type travelling wave thermoacoustic device with no piston[7]. However, research for the 
practical application of thermoacoustic engine, was started from 1990s. Yazaki et al. realized a traveling wave 
thermoacoustic engine in a looped tube[8]. Backhaus and Swift at the Los Alamos National Laboratory 
successfully build a high efficiency travelling wave thermoacoustic engine, which was constructed by a looped 
tube and a long resonator tube[9]. Swift made a detailed thermodynamic explanation[10]. After that, study on 
thermoacoustic device is actively studying by several research groups. We are also conducting research on the 
application of thermoacoustic engines[11], [12]. The challenge on practical applications is that the conventional 
type of this device drives in more than 300  to achieve a high efficiency. However, most of exhaust heat 
source is lower than 300 . We attempting to develop a thermoacoustic device which can be able to operate 
under 300 Further study on low temperature driven thermoacoustic engine will introduce in presentation. 

Acknowledgement 
This study was financially supported by the Advanced Low Carbon Technology Research and Development 
Program (ALCA) (Grant no. JPMJAL1305) of the Japan Science and Technology Agency. 

References 
[1] Tamon in Nikki (1568). [2] B. Higgins, J. Nat. Phil. Chem. Arts, Vol. 129, p. 22 (1802). [3] K. Sondhauss, Ann. Phys.,
Vol. 155, pp. 1-34 (1850). [4] P. L. Rijke, Philos. Mag., Vol. 17, pp. 419-422 (1859). [5] B. Rayleigh, The Theory of Sound,
MACMILLAN AND CO, London (1877). [6] N. Rott, Z. Angew, Math. Phys. Vol. 20, pp. 230-243 (1969). [7] P. H. Ceperley,
J. Acoust. Soc. Am., Vol. 66, pp.1508 - 1513 (1979). [8] T. Yazaki et al. Phys. Rev. Lett., Vol. 81, pp 3128-3131 (1998). [9] S.
Backhaus and G. W. Swift, Nature, Vol. 399, pp 335-338 (1999). [10] G. W. Swift, A unifying perspective for some engines
and refrigerators, Melville: Acoustical Society of America, (2002). [11] S. Mariko and S. Hasegawa, J. Appl. Phys., Vol. 119,
pp. 204906-1 - 204906-6 (2016). [12] E. M. Sharify and S. Hasegawa, Appl. Thermal Eng., Vol.113, pp.791-795 (2017).

Fig. 1
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Tokai University, Kanagawa, Japan 6 July 2019 
International Symposium of Hydrogen Technologies 

CCO2 methanation over hydrogen storage alloys via mechanical milling 

Ryota Gemma1*, Kohei Yatagai1, Yuto Shishido1, 
Haru-Hisa Uchida2, Torben Boll3, Kazuya Oguri2 

1Department of Materials Science, Tokai University, Kitakaname 4-1-1, Hiratsuka, 259-1292, Kanagawa, Japan 
2Department of Human Development, Tokai University, Kitakaname 4-1-1, Hiratsuka, 259-1292, Kanagawa, Japan 

3Karlsruhe Nano Micro Facility (KNMF), Karlsruhe Institute of Technology, 76344 Eggenstein-Leopoldshafen, Germany 

*E-mail: Ryota.Gemma@tokai.ac.jp 

Keywords: CO2 methanation, Hydrogen Storage Alloys, Atom Probe Tomography 

Abstract 

In order to mitigate global warming, various approaches like CCS (carbon capture 
and sequestration) have been suggested to reduce CO2 in the atmosphere. Conversion of 
CO2 and H2 into CH4 is one of such approaches to store CO2 as an environmentally friendly 
fuel. H2 can be produced from water by excess electricity from renewable energy sources 
that cannot be fed into the electric power grid of a limited capacity. The CO2 conversion 
process to CH4 itself is known as the Sabatier reaction which occurs at elevated 
temperatures (300-400 oC) in the presence of a catalyst like Ni. For saving the energy to 
initiate the reaction and also to avoid de-activation of the catalyst surface, it is favorable to 
reduce the reaction temperature. For this, various catalysts have been suggested. Still, the 
minimum reaction temperature on engineering scale with stable operation reported so far 
lies around 200 oC with using Ni-Zr-Sm catalyst [1].   

Recently, we have discovered that the CH4 production occurs at moderate 
temperatures, when La-Ni based hydrogen storage alloy powders are mechanically 
ball-milled in a mixture CO2 and H2 gases for several hours [2]. It has been reported that a 
mechanical milling of La-Ni alloy in H2 atmosphere often causes a disproportionation into 
nanostructured Ni and amorphous-like La-base phase [3]. Such segregated phases might 
be responsible for the methanation reaction and, thus, it is of interest to identify the 
phases in detail. However, SEM/EDX analysis of these powders obtained in our experiment 
did not show such phase segregation at m-scale, except for some Fe, Cr and Ni, 
originating from the milling vial and balls, that are homogeneously distributed on the 
powders. Therefore, detailed investigations at even smaller scale are necessary to elucidate 
the origin of the superior catalytic effect of these samples with regard to their composition. 
Atom Probe Tomography (APT) is one of the strongest elemental analysis tools to this end. 

In this contribution, our very first experimental results will be presented and a short 
introduction on the APT technique will be given.  

[1] Hashimoto et al., Energ. Sustain. Soc. 4 (2014) 17.
[2] Yatagai et al., under review.
[3] Munehiro et al., J. Japan Inst. Metals 63 (1999) 970-976.
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Energy Seminar 

“Smart Energy Systems and Technology for Sustainable Environment” 

Date: 7 November 2019 (Thursday)

Preliminary Program in Japan (no video transmission) 

[Japan-Time] [DK-Time] 

15:20 07:20 Welcome by Vice-chancellor Inazu Toshiyuki

Presentation#1 by Ms. Senga Mariko 
Recent advances in Thermo-Acoustic Energy Recycling System at Tokai 

Presentation#2 by Prof. Sergey Kulinich 
Semiconductor Nanomaterials Prepared by Laser Processing in Liquid and 
Their Photocatalytic Performance 

16:20 08:20 

Break (40 minutes) (DTU-Tokai WEB conference transmission test) 

Joint-Program with video connection 

16:30-17:00 08:30-09:00 Registration [DK-side only] 

17:00-17:05 09:00-09:05 Opening remarks  
Vice-chancellor Haruhisa Uchida, Tokai Univ., & Prof. Poul Erik Morthorst, DTU 

17:05-17:30 09:05-09:30 Presentation #1: Prof. Poul Erik Morthorst, DTU (transmitted from DK) 
Smart Energy Systems: An Introduction 

17:30-17:55 09:30-09:55 Presentation #2: Assoc. Prof.  Koji Tomita, Tokai Univ. (transmitted from DK) 
Anatase and Brookite TiO2 Nanocrystals for Electron-Transport Layer of Perovskite 
Solar Cells 

17:55-18:20 09:55-10:20 Presentation #3: Prof. Azetsu Akihiko, Tokai Univ. (transmitted from Japan) 
Innovative flow visualization technique utilizing photochromic reaction and  
the application to engine tribology for energy saving 

18:20-18:45 10:20-10:45 Presentation #4: Senior Researcher Henrik Bindner, DTU (transmitted from DK) 
 Demand Side Flexibility for Integration of Variable Renewable Energy at System and 
Distribution Level 

18:45-19:10 10:45-11:10 Presentation #5: Prof. Kunio Okimura, Tokai Univ. (transmitted from DK) 
Stoichiometric vanadium dioxide films with insulator-metal transition  
and their applications to engineering field 

19:10-19:15 11:10-11:15 Closing Remarks: Prof. Shigeru Yamaguchi, Tokai Univ. (transmitted from Japan) 
End of transmission 

[DK-side only] 
11:15-11:25 Break 
11:25-11:50 Discussion & closing remarks: moderator Prof. Poul Erik Morthorst, DTU 
11:50-13:00 Buffet & Networking 
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Recent advances in Thermoacoustic Energy Recycling System at Tokai University 

Mariko Senga, Shinya Hasegawa

ty

e-mail: 6btad005@mail.u-tokai.ac.jp

Abstract
Most industrial waste heat is discarded without being used. Nowadays, there is a problem of reduction 

of global warming and it is one of the problems to use these waste heats. In these backgrounds, 
thermoacoustic devices have attracted attention as waste heat recovery devices. 
   When the bundle of narrow channels (a regenerator) given a temperature gradient exceeding a 
threshold value and traveling wave pass through in the regenerator a positive temperature gradient, a 
thermoacoustic device amplifies the acoustic power (Fig. 1). This device was first demonstrated in 1998
by Yazaki et al.[1], and a highly efficient thermoacoustic device was reported by the Los Alamos 
Laboratory[2]. Since the thermoacoustic device is an external combustion engine, it can extract work 
from industrial waste heat. Therefore, research has been actively conducted as a waste heat recovery 
device in recent years. On the other hand, because this device has a reversible cycle essentially, it can 
operate as a heat pump that forms a temperature gradient from acoustic power (Fig. 2). In addition, it is 
possible to generate electric power using waste heat by setting a linear motor[3]. 

Furthermore, since thermoacoustic phenomena are non-equilibrium systems, they are correlated with a 
wide variety of academic fields. For example, interdisciplinary research has been conducted on 
low-temperature physics [4] and nonlinear dynamics such as chaos and synchronization[5, 6]. 

In our laboratory, we constructed a heat-driven thermoacoustic cooler that reaches a cooling 
temperature of -107 ° C by the hot temperature of 270 ° C [7]. This operating temperature is much lower 
than previous studies. In addition, we investigate nonlinear phenomena in thermoacoustics by CFD 
analysis [8] and laser visualization [9]. In this report, the latest research advances at Tokai University are 
introduced. 

Fig. 1 Thermoacoustic engine Fig. 2 Thermoacoustic heat pump

REFERENCES 
[1] T. Yazaki et al., Phys. Rev. Lett., Vol. 81, pp. 3128-3131 (1998). [2] S. Backhaus and G. W. Swift, Nature,
Vol. 399, pp. 335-338 (1999). [3] S. Backhaus et al., Appl. Phys. Lett., Vol. 85, pp. 1085-1087 (2004). [4] T.
Yazaki et al., Phys. Rev. Lett., Vol. 58, pp. 1108-1111 (1987). [5] R. Delage, et al., Chaos 27, 043111 (2017).
[6] G. Penelet, T. Biwa, Am. J. Phys., Vo. 81, pp. 290-297 (2012).  [7] E. M. Sharify, S. Hasegawa, Appl.
Therm. Eng., Vol.113, pp.791-795 (2017). [8] K. Kuzuu, S. Hasegawa, Int. J. Heat Mass Transf., Vol.108,
pp.1591-1601 (2017). [9] K. Kuzuu, S. Hasegawa, J. Acoust. Soc. Am., Vol.138, pp.3160-3168 (2015).
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Semiconductor Nanomaterials Prepared by Laser Processing in Liquid and 
Their Photocatalytic Performance 

Sergei A. Kulinich 

Dept. of Mechanical Engineering, Tokai University 

e-mail: skulinich@tokai-u.jp

Laser ablation in liquid (LAL) is a convenient technique to produce NPs on laboratory scales [1]. 
In this approach, laser beam is typically focused on a metal target, producing plasma, vapor or molten 
metal drops which then react with the liquid and give rise to nanoparticles (NPs) [1]. The method is 
easy to operate, environmentally friendly (as it uses minimum volume of solvents and produces little 
waste) and permits to prepare a large number of diverse metal, oxide, sulfide and carbide NPs [1]. It is 
also known for its extremely high temperature gradients and quenching rates in the reaction zone, 
which often leads to the formation of metastable phases of various nanomaterials [1]. This explains 
why this method can produce various metal oxide NPs with surfaces rich in defects, i.e. materials 
potentially interesting as catalysts, gas sensors and photocatalysts [1]. 

This talk will focus on LAL-prepared 
nanomaterials that demonstrate promise as 
photocatalysts. Materials produced and 
characterized both by the speaker and in 
other labs will be covered. As an example, 
the incorporated figure presents electron 
microscopy images of ZnO NPs prepared 
via ablation of metal zinc in water by means 
of nanosecond (a) and millisecond pulsed 
(b) lasers and how such nanomaterials
decayed methylene blue (MB) in aqueous
medium under visible light (c) [2].
Photodegradation curves of MB are shown:
in presence of as-prepared ZnO nanorods
(1) and NPs (2), as well as in presence of
annealed ZnO nanorods (3) and annealed
NPs (4). Curve (5) represents a blank
sample [2].

REFERENCES 
[1] H.B. Zeng, X.W. Du, S.C. Singh, S.A. Kulinich, et al., Nanomaterials via laser ablation/ irradiation in liquid:

A review. Adv. Funct. Mater. 22 (2012) 1333.
[2] N. Mintcheva, A.A. Aljulaih, W. Wunderlich, S.A. Kulinich, S. Iwamori, Laser-ablated ZnO nanoparticles

and their photocatalytic activity towards organic pollutants, Materials 11 (2018) 1127.

100 nm

100 nm

(c)

(a) (b)
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Anatase and Brookite TiO2 Nanocrystals  
for Electron-Transport Layer of Perovskite Solar Cells 

Koji Tomita  
Dept. of Chemistry, Tokai University 

e-mail: tomita@keyaki.cc.u-tokai.ac.jp

Abstract
Perovskite solar cells have an energy conversion efficiency comparable to silicon solar cells is the 

most high-profile solar cells in recent years. Organic perovskite layer responsible for light 
absorption is sandwiched between the electron transport layer and the hole transport layer. The 
authors are working on improving the electron transport layer of perovskite solar cells. In general, 
anatase type TiO2 is used for the electron transport layer. In this study the anatase type and brookite 
type TiO2 nanoparticles synthesized by a hydrothermal method, to build their stacked electron 
transport layer, was investigated the effect on the energy conversion efficiency. 

Anatase TiO2 nanoparticles were prepared by hydrothermal treatment of malic acid titanium 
complex under neutral condition. Brookite TiO2 nanoparticles were prepared by hydrothermal 
treatment of glycolic acid titanium complex under basic condition. On the FTO glass substrate with 
thin compact anatase layer, four types of stacked electron transport layer electrodes of anatase only 
(FTO-A), brookite only (FTO-B), brookite on anatase (FTO-AB), anatase on the brookite (FTO-BA), 
were fabricated. On the four TiO2 electron transport layer, perovskite layer (MAPbI3) and hole 
transport layer (Spiro-OMeTAD) were formed by spin 
coating. Finally, solar cells were fabricated by 
depositing gold on them. 

Figure 1 shows the current-voltage curves of the 
four solar cells. The cell of FTO-AB built in the order 
of FTO-anatase-brookite-perovskite showed the highest 
energy conversion efficiency 16.82%. As shown in Fig. 
2, brookite has conduction band at a slightly higher 
position than anatase, brookite receives the excited 
electrons generated in the perovskite layer and passes it 
to anatase to smoothly transport electron to FTO, 
resulting in improved energy conversion efficiency.1,2)

Fig. 2 Schematic illustration of the energy levels of FTO-AB (a) and FTO-BA (b) cells. 

REFERENCES 
1) Md. Shahiduzzaman, K. Tomita, et al., ACS Sustainable Chem. Eng. 2018, 6, 12070.
2) Md. Shahiduzzaman, K. Tomita, et al., Nano Lett. 2019, 19, 598.

Fig. 1 J-V curves of the cells with 
four types of TiO2 stacking structures.
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Innovative flow visualization technique utilizing photochromic reaction 
and the application to engine tribology for energy saving 

Akihiko Azetsu 
Dept. of Mechanical Engineering, Tokai University, 

e-mail:azetsu@tsc.u-tokai.ac.jp

Abstract
A new method for the visualization of oil film flow was proposed by the authors and 
experimentally validated using an optical engine. A photochromic dye is dissolved in 
the oil and an arbitrary spot of an oil film is illuminated with ultraviolet light, which 
makes a marker in the oil film via a photochromic reaction. The basic principle of the 
photochromic reaction and its application to flow visualization are described. The color 
density of the colored solution is quantified based on the absorbance calculated from 
images taken before and after coloring in two wavelengths. The results confirm that the 
color density is proportional to the oil film thickness. The color density changes 
sufficiently slowly at room temperature to make it suitable as a marker for flow 
visualization.  
For experimental validation, the proposed method is used to visualize the movement of 
an oil film between the piston land and the cylinder liner of an optical engine. The N2 
laser and/or 3rd harmonic of Nd-YAG laser were used as the UV light source. The image
of colored region was captured by a high-speed camera, enabling to measure the 
instantaneous movement of oil film. The proposed technique can be applied to 
investigate the dominant route of oil consumption and the physics involved. 
The characteristics and the merits of this technique will be introduced in the symposium 
comparing with the ordinary and popular visualization technique using Laser Induced 
Fluorescence. 

REFERENCES 
[1] Azetsu, A., Kitajima, I., & Kuratsuji, K., “Development of a new visualization
technique using photochromism for transport process of lubricating oil around the
engine piston”, International Journal of Engine Research, Volume: 20 issue: 7, pp.
777-787 (2019).
[2] Kuratsuji, K., Azetsu, A., Tamaki, S., Nangou, T., “Measurement of Oil Transport
Phenomena around Piston in Optical Engine Using Photochromic Visualization 
Technique”, Proceedings of JSAE/SAE 2019 Powertrains, Fuels and Lubricants 
International Meeting, JSAE 20199312, pp. 1-6 USB (2019). 
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Stoichiometric vanadium dioxide films with insulator-metal transition 
and their applications to engineering field 

 Kunio Okimura 
Dept. of Electrical and Electronic Engineering, Tokai University, 

e-mail:okimura@tokai.ac.jp

Abstract
Vanadium dioxide (VO2) is known as a phase transition compound which shows 

insulator-metal transition (IMT) with its structural phase transition (SPT) from 
low-temperature monoclinic phase (P21/c) to high-temperature tetragonal phase 
(P42/mnm) at 68 °C. The abrupt resistivity change over 4 orders of magnitude is 
realized even in thin films with thickness of less than 50 nm. The reversible and durable 
IMT has triggered a lot of studies on VO2 thin films not only for unravelling the physics 
of phase transition but also for applications to engineering field.  
We have been fabricating stoichiometric VO2 thin films by using reactive magnetron 

sputtering method. By introducing radio-frequency substrate biasing, we succeeded 
growth of stoichiometric VO2 films on metal buffers and amorphous glasses. In this 
seminar, we introduce two examples of VO2 films application. 
1. Coupled-oscillation phenomena of VO2 layered devices
Self-oscillation with frequency of 10 MHz was realized in layered structure in which

VO2 film was deposited on conductive TiN layer. Coupling of layered devices with 
parallel capacitance resulted in coupled-oscillation phenomena. [1] Coupled oscillation 
will be utilized for mathematical engineering problem such as coloring problem.   
2. Smart windows for energy saving using VO2 coatings
Large change of transmittance for infrared-light (IR) of VO2 concomitant with the IMT

enables VO2-coated glass as smart windows with automatic reduction of IR with 
temperature change. We realized highly oriented growth of VO2 films on ZnO-buffered 
glasses and demonstrated their high switching ability for IR against temperature. [2] 

REFERENCES 
[1] Md. Suruz Mian, K. Okimura, and J. Sakai, “Self-oscillation up to 9 MHz based on
voltage triggered switching in VO2/TiN point contact junctions”, J. Appl. Phys. Vol. 117,
215305 (2015).
[2] H. Hoshino, K. Okimura, I. Yamaguchi, and T. Tsuchiya, “Infrared-light switching in
highly oriented VO2 films on ZnO-buffered glasses with controlled phase transition
temperatures”, Solar Energy Materials and Solar Cells, Vol. 191, pp. 9-14 (2019).
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Quantitative visualization in high-speed aerodynamics
*

*Lomonosov Moscow State University, Moscow, Russia

Abstract

New developments in optical equipment and digital image processing techniques open possibilities to study almost 
any problem involving fluid flow. Today, experimental flow visualization usually involves the cross-correlation 
approach originally developed for calculations of particle displacements in particle-based velocimetry techniques. 
The post-processing of experimental images using cross-correlation is a key component in a variety of 
experimental methods: particle image velocimetry (PIV) and its modifications (PTV, LIF, tomo-PIV, etc),
background oriented schlieren (BOS), thermographic particle velocimetry (TPV), schlieren “PIV”, etc. These
state-of-the-art quantitative flow visualization techniques, in combination with computational fluid dynamics 
(CFD) simulations, provide an incredibly powerful tool to investigate complex flows in a wide range of flow 
parameters.
Here, we give an overview of the ongoing research activities in the area of high-speed aerodynamics at 
Lomonosov Moscow state University, Russia, that are performed using experimental visualization techniques, such 
as PIV and BOS, combined with CFD numerical simulations. The studied flows include planar travelling shock 
waves, shock waves diffracting at the shock tube exit, blast waves induced by high-current pulsed discharges 
(plasma actuators), etc. Both the velocity fields (PIV) and the density distribution fields (BOS) within the flows are 
calculated based on the cross-correlation image processing algorithm implemented in the Davis software from 
LaVision.
A particular attention is given to well-acknowledged limitations of quantitative visualization techniques when 
applied to high-speed transient flows with steep gradients (see Fig.1). We demonstrate methodologies that can be 
used to successfully quantify and predict the bias errors associated with particle-based flow velocimetry. Our 
results offer new possibilities for successful future validation of numerical models in high-speed fluid dynamics 
against velocimetry experiments.

Fig. 1. PIV and CFD visualization of a velocity field induced by pulsed column-shaped plasma 

【基調講演 Keynote Speaker】 
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Fig. A schematic diagram of quantitative visualization of rotating detonation wave with point diffraction interferometry.
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Fig. 1 Comparison with results of the experiments and simulation evaluating relationship between the flow 
ratio vs. the stimulation area. The diffusion of fluorescein in the cell culture chamber were equivalent 
to results of FEM simulation. Scale bars are 100 m.

(1) M. J. Berridge, P. Lipp, M. D. Bootman, “The versatility and universality of calcium signalling”, Nature Reviews

Molecular Cell Biology, 1(1), 11-21, 2000
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Fig.1 General view in a windmill

Fig.2 Experimental cylinder

Table 1 Specifications of the cylinder

H[mm] D[mm] B[mm] B/D
(a)

130 40
0.42 0.0105

(b) 0.84 0.021
(c) 0.21 0.00525
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Fig.5 Relationship between wind speed and 
windmill Rotational speed (B/D=0.021)

Fig.6 Relationship between wind speed and 
windmill Rotational speed (B/D=0.00525)

Fig.7 Effect of groove shapes

Fig.4 Relationship between wind speed and 
windmill Rotational speed (B/D=0.0105)
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1) , pn. 0507, 2pp. (2013)
2) N. Fukushima, et. al., Proc. TSFP 9, pn. 1B2, 6 pp., (2015)
3) , 2pp., (2018)
4) B. Yenerdag, et. al., Proc. Comb. Inst., 35, pp. 1277–1285 (2015).

Fig. 2 Instantaneous 2D distributions of one in-plane component of velocity at t = 3:0 and Re  = 175:4 with / init =22.7: 

(a) filtered DNS, (b) Smagorinsky, (c) Bardina and (d) scale self-recognition mixed models.

 fukushima@tsc.u-tokai.ac.jp 

Fig. 3 Temporal development of heat release rate by volume 

rendering method in a constant volume vessel under pressure 

rising condition. 

Fig. 1 Contour surfaces of the second invariant of velocity 

gradient tensor colored by Reynolds shear stress. 
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The Moving Coordinate Method

†Yoko TAKAKURA*

*Department of Prime Mover Engineering, Tokai University

Abstract

Unsteady flows about a moving body are computed numerically with the body moving in most methods. On 
the contrary, in the moving-coordinate method presented by the authors [1, 2], the coordinate system is fixed to the 
individual moving body, where each moving body stands still with the corresponding grid stationary. 

The governing equations of the moving coordinate method in conservative form can be derived in the following 
order [3, 4]:
1) The conservation law in Cartesian coordinates;
2) Derivation of conservative form in general coordinate system by use of the metrics relations, i.e., GCLs (Geometric 

Conservation Laws) consisting of SCL (Surface Conservation Law) and VCL (Volume Conservation Law);
3) Derivation of ALE (Arbitrary Lagrangean-Eulerian) formulation from 2);
4) Derivation of the moving coordinate method in non-conservative form;
5) Derivation of the moving coordinate method in conservative form by use of the continuity equation in ALE form.

The advantages of the moving-coordinate method can be summarized as follows:
1) Simplicity: the wall boundary conditions become same as those when the body is at rest since the body stands 

still in the moving coordinate system;
2) Disappearance of grid-generation troubles and metrics error: there is no need to generate grids around the 

moving body since the grid also remains stationary;
3) Simplicity: as the GCLs, only SCL should be imposed and VCL is not necessary.
The disadvantage of the moving-coordinate method is:
1) Source terms are added to the governing equations.

In spite of the disadvantage, the effect of advantage 2 is considered remarkable at the long-distance travel or 
long-time motion.

References
[1] Takakura, Y., Higashino, F., and Ogawa, S.: Unsteady Flow Computations on a Flying Projectile Within a Ballistic 

Range, Computers & Fluids, Vol. 27, No. 5-6, pp.645-650, 1998.
[2] Nomura, M. and Takakura, Y.: Highly-accurate Computation of Supersonic Flows around a Concave Body (II. 

Motion analysis by moving-coordinate method), ICCFD9, ICCFD9-2016-326, July 2016.
[3] Takakura, Y.: Moving Coordinate Method and Some Applications, 51st Fluid Dynamic Conference/ 37th Aerospace 

Numerical Simulation Symposium, July 2019; also in JAXA-SP, January 2020 (in press).
[4] Takakura, Y.: Moving Coordinate Method and its Applications, International Conference in honor of the 90th birthday 

of S. K. Godunov “Mathematics and its Applications”; also in Advanced Structured Materials 8611: Continuum 
Mechanics, Applied Mathematics and Scientific Computing: Godunov’s Legacy, Springer (to appear).
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Reduction of Aerodynamically Undesirable Influences due to Engine Cooling Flow 
in Road Vehicle

Takuto Sawaguchi*1 †Yoko Takakura*2

*1 Course of Mechanical Engineering of Graduate School, Tokai University (Present: Auto Technic Japan, co., LTD.)
*2 Department of Prime Mover Engineering, Tokai University

Abstract
Recently improvements of fuel efficiency of vehicles become one of most important topics due to aggravation of the 
global warming and the energy problem, and therefore reduction of the aerodynamic drag that greatly influences the fuel 
efficiency is proceeded. As for road vehicles, the shape drag (mainly pressure drag) occupies 75% of the whole 
aerodynamic drag, and the internal-flow drag through an engine compartment occupies about 10%. Recently, attention 
has focused on reduction of not only the shape drag but also the internal-flow drag.

In this experimental study [1], the test model was designed to simulate the engine cooling flow that can be applied to 
almost all domestic vehicle types with a front engine by simplifying common items, and for change of intake opening 
area the changes of aerodynamic characteristics were investigated with variation of the intake position and the two 
engine layout of width and length placements in presence or absence of the radiator. The overall results show that with 
enlargement of the opening area, the drag and the front lift increased and the rear lift decreased.

Here it has been clarified that the cause of the change in aerodynamic characteristics due to the cooling airflow is the 
disturbance under the floor due to merging of the engine scavenging flow and the underfloor flow. In the correlation of 
phenomena, enlargement of the air-inlet height (and therefore increase of the cooling flow rate) causes pressure rise 
inside the engine compartment, and further adapts to that on the front end and window of the vehicle, but causes pressure 
fall under the floor behind the engine compartment. It is due to the flow disturbance above stated, which has blockage 
effects for each upstream of scavenging flow and underfloor flow with keeping high pressure in the vicinity of the engine 
unit (except for the pressure on the bottom of the length-placement engine with the radiator) and causes pressure loss in 
the downstream of the merging disturbance under the floor. 

Aerodynamic effects by engine cooling flow can be summarized: 1) The drag depends on the pressure inside the 
engine compartment and on the front end and the front window of the vehicle body; 2) The front lift depends on the 
pressure under the engine unit, and on the front window and the fore part of the roof; it also depends on momentum of 
flow scavenging from the engine compartment to the underfloor; 3) The rear lift depends on the underfloor pressure 
behind the engine compartment; 4) The installation of the radiator reduces the range of changes in aerodynamic 
characteristics mainly by reducing effect of the intake area, which appears large on drag in the length-placement engine.

Since the pressure inside the engine compartment is connected with that on the vehicle surface by the pass way of 
engine cooling flow, the principle to improve drag and lift is considered to avoid interference between the scavenging 
flow and the underfloor flow. Other than underfloor scavenging without interference, upward scavenging from the 
bonnet and sideward scavenging from the fender is considered effective. In the length placement engine without the 
radiator, since the pressure on the engine unit is remarkably high, upward scavenging is recommended.

Reference
[1] Takuto Sawaguchi, and Yoko Takakura, “Reduction of Aerodynamically Undesirable Influences due to Engine Cooling
Flow in Road Vehicle,” JFCMV (Journal of Flow Control, Measurement & Visualization), vol.8, no.1, January 2020 (in press).
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Mizukaki Laboratory, Dept. of Aeronautics and Astronautics, School of Engineering, Tokai University

Professor, Dr. Eng. Toshiharu MIZUKAKI

Shock wave is defined as the pressure wave that propagate above the speed of sound of atmospheric medium. The 
shock wave does appear around high-speed transports, launch rockets, and space capsules including planet probing. 
Therefore, detail understanding and precise prediction of behavior of shock waves is significantly important for safe 
operation of aero/space crafts. Furthermore, to understand the effects by shock waves is important for safety of dairy 
life because the shock wave is generated by sudden energy release in the air, such as explosions and lightning. At this 
laboratory, the research projects on unsteady shock waves oscillation around aero/space crafts, the advanced 
propulsion device using detonation, and explosion safety have been progressing.

Fig. 1 Flow visualization around supersonic intake.      Fig. 2. Concept of Pulse jet engine for Martian aircraft.
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* ** ** *** ** **
* , ** , ***

nozzle 1
case1–1 case1–2 t* = 767

case1–2 Nozzle 1
case1–1

case1–1 Plasmajet flow              case1–2 Non–heated flow
Figure: Distributions of (a)velocity magnitude and (b)pressure at non-dimensional time of 
t* = 767.
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