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Introduction

Institute of Fluid Science
Director  Kaoru Maruta

The Institute of Fluid Science, IFS, was originally founded in 1943 as the Institute of High-Speed Mechanics, and
it was reorganized under director Shinichi Kamiyama in 1989 to become the current Institute of Fluid Science.
The mission and goals of the IFS are to promote world-class research that merges advanced fields based on
fluid science, apply them to priority science and technology areas, and contribute to the solving of various
social problems. Furthermore, the IFS aims to foster next-generation researchers and engineers of international
standards through our research activities.

Fluid science is an academic field that not only deals with the flow of matter, but with flows of all kinds,
including the flow of heat, energy and even information. From a macroscopic perspective, it deals with the flow of
gasses, liquids, and solids as continuum flows, and with the flow of molecules, atoms, and charged particles from
a microscopic perspective. Keywords associated with our research activities include energy and environment,
aerospace and machinery, medical engineering, new electric devices, high-performance materials and materials
science, fluid systems, and so forth, and we deal with a wide range of multiscale physics, both temporally and
spatially.

In October 2022, the Institute reorganized its Innovative Energy Research Center, which was in its 10th year,
and newly established the Global Collaborative Research and Education Center for Integrated Flow Science
(IFS-GCORE). The latter advocates a new concept, Integrated Fluid Science, which is based on a solid academic
foundation of fluid science research, and includes finding solutions to social issues in diverse applied fields. We
will promote international collaborative research on fluids and materials by supporting the general international
activities of the GCORE, as well as integrating and strengthening the activities of the Lyon Center, which has
achieved great results through organizational collaboration between Japan and France. With this reorganization,
we aim to greatly expand the scope of collaborative research to cutting-edge fields including carbon neutral
studies and advanced semiconductors, and contribute to solving various social issues.

The IFS currently has thirty-one research laboratories and one technical services division in total. This consists of
three research divisions (Creative Flow Research Division, Complex Flow Research Division, and Nanoscale Flow
Research Division), two research centers (IFS-GCORE and Lyon Center), and the collaborative research division of
Advanced Vehicle Technology Research Ill (Hitachi Astemo).

In 2010, the IFS was accredited as a Joint Usage / Research Center for fluid science by Japan's MEXT, and it
supports over 100 collaborative research projects with domestic and overseas collaborators every year, in addition
to the joint research conducted by individual research funds.

Furthermore, to strengthen and promote research activities, the IFS also includes the Advanced Fluid
Information Research Center (AFl), which operates a high-performance supercomputer, the Advanced Flow
Experimental Research Center (AFX), which operates several wind tunnel and shock wave related facilities, and
the Aircraft Computational Science Center (ACS), which promotes research and education related to aerospace.

In 2015, the IFS VISION2030 was established, and the IFS aims to be a global research center for fluid science by
2030 by utilizing the global joint research networks. In 2021, a small revision was made to the VISION2030, under
which we will continue to strengthen Integrated Flow Science as a fundamental academic basis and conduct
research and educational activities toward the realization of a sustainable and advanced society. Under this new
vision, we also started the JSPS Core-to-Core project of international research exchange for ammonia combustion
and materials form FY2021, which will contribute to the realization of a carbon neutral society. In addition, in
September 2022, the IHI X Tohoku University Co-creation Research Center of Ammonia Value Chain for Carbon
Neutrality was established by an IFS professor to expand industry-academia collaboration activities.

Today's social issues are more complex and span a wide range of fields; and interdisciplinary collaboration and
international cooperation are essential to solving them. The IFS will make continuous efforts to work on both basic
and applied research though collaboration with domestic and international joint research partners, leveraging the
special characteristics of Integrated Flow Science, which studies phenomena including all kinds of transports and
chemical reactions. The ICFD, which has been held in Sendai every year since 2004, was held for the first time as
a hybrid conference in 2022 and gathered a total of 610 participants (411 face-to-face), including 253 foreigners
from 23 countries. This successfully demonstrated the function of the ICFD as an international networking space
for Integrated Flow Science. We sincerely ask for your continued support, guidance, and encouragement.

January, 2023

Tohoku University
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Principle and History

To promote the steady advancement of human society through the study of flows in time and space.

The mission of this institute is to establish new scientific theories, develop practical solutions to various
problems faced by society, and foster young researchers and engineers who can work at international stan-
dards, by promoting world-class level basic research in Fluid Science and related inter-disciplinary areas, and
its application in priority science and technological areas.
1) Promotion of world-class research
(D Carry out basic research in Fluid Science
@ Promote interdisciplinary collaboration with other advanced fields using basic research results
(3 Develop technological applications in priority science and technological areas
2) Establish new scientific theories and principles
3) Find solutions to issues facing mankind
4) Foster young researchers and engineers capable of working internationally

The Institute of Fluid Science has upheld “Research First” principle and the tradition of “Practice-Oriented
Research and Education” at Tohoku University since this institute’s inauguration in 1943 as the Institute of
High-Speed Mechanics, and has pledged commitment to the formation of theories regarding fiow, as well
as applications thereof.

Institute of High-Speed Mechanics
Oct.5,1943  Inauguration as the Institute of High-Speed Mechanics at Tohoku Imperial University
Mar. 25,1969  Completion of Building No.1
Apr.1,1979  Opening of Air-Flow Measurements Facility, establishment of Low-Turbulence Wind Tun-
nel
Apr.1,1988  Retiring of Air-Flow Measurements Facility, opening of Shock Wave Research Center

Institute of Fluid Science

May 29,1989  Organizational change to the Institute of Fluid Science, which consists of twelve research
divisions and one attached research center

Nov. 13,1990 Completion of Supercomputer Center

Nov. 10, 1994  Completion of Building No.2

Apr.9,1998  Organizational change of the Institute of Fluid Science into four divisions with sixteen lab-
oratories under and one research center, i.e. Shock Wave Research Center

Sept.3,1999  Opening of Advanced Fluid information Research Center for efficient utilization of super-
computer

Apr.1,2000  Establishment of Center Of Excellence(COE) formation program: “The Interdisciplinary
Shock Wave Research Center”

Apr.1,2003  Shock Wave Research Center reorganization leads to inauguration of Transdisciplinary
Fluid Integration Research Center

Sept. 1,2003  Establishment of 21stcentury COE program: “International COE of Flow Dynamics”

Jul. 1,2008 Establishment of Global COE program: “World Center of Education and Research for
Trans-Disciplinary Flow Dynamics”

Apr.1,2010  Commencement of Joint Usage/Research Center “Fluid Science Research Center”

Apr.1,2013  Organizational change of the Institute of Fluid Science into three research divisions and
one attached research center with twenty-seven laboratories

Apr.1,2013  Establishment of “Advanced Flow Experiment Research Center”

Apr.1,2015  Opening of Fundamental Research of Advanced Vehicle Technology (KEIHIN)

May 13,2015  Establishment of “Global Collaborative Research and Education Center”

Apr.1,2017  Opening of Aircraft Computational Science Center for promoting aviation industry in Ja-
pan

Apr.1,2018  Opening of attached Lyon Center (LyC) for promoting international joint research with
Université de Lyon

July 1,2021 Start of Fundamental Research of Advanced Vehicle Technology (Hitachi Astemo) Il

Sept. 1,2022  Establishment of IHI X Tohoku University Co-creation Research Center of Ammonia Val-
ue Chain for Carbon Neutrality

Oct. 1,2022  Reorganization of attached Innovative Energy Research Center and Global Collaborative
Research and Education Center leads to attached Global Collaborative Research and Edu-
cation Center for Integrated Flow Science (IFS-GCORE).

Tohoku University 4
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Staffs-Expenses and Building

FYHEH (M4E5818)
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Organization

Number of Full-Time Staffs (May 1, 2022) (B 0 A)
B R | BhE RHEERE | FEBE | IS | BHEE RINHE |REELHE | &85
Professors | Associate |Assistant |Specially |Specially |Specially | Administrative | Technical |Limited | Total
Professors | Professors | Appointed | Appointed | Appointed | Staffs Staffs Regular
Associate |Assistant |Research Staffs
Professors | Professors | Fellow
16 (1) 11 (4) 10 (2) 3(0) 5(1) 5(0) 9(2) 13(0)| 1100 | 83(20)

FEH (SMAE5818)

() A2 TAKTREZETRY

* Numbers in parenthesis represent the number of females, and are included in the totals

Number of Students (May 1,2022) (BAI 0 N)
B3 B4 M1 M2 D1 D2 D3 Bt
Total
1(0) 36 (3) 62 (9) 60 (5) 10 (1) 17 (2) 24 (2) 210 (22)
#* () ARTHRETLZTRY
% Numbers in parenthesis represent the number of females, and are included in the totals
B8 (SM3EFE) (B BRM)
Expenses (FY2021) (Units:Million yen)
SERER RN >
Eaﬁ%ﬁﬁ 1723 NEFER . 803
Operation Grants External Funding
ANEE & MEMRE |ZEHARE | HEAARE |ZAFXE |(#he BEHENE
Personnel | Operation |Grants-in-Aid | Sponsored |Joint Sponsored | Grants Scholarship
Expenses Expenses for Research Research Project Donations
Scientific Fund Expenses Fund
Research
648 1,075 216 425 106 30 16 0
NERE S (B : HAM)
Outside Research Grants (Units:Million yen)
& H TRl 28EE* | FA29FE* | FA0FE* | FHMTEE* | FM2FE* | FMIFE=
Category 2016 2017 2018 2019 2020 2021
HEMRE
Scientific Research 160 187 189 155 160 216
ZEHARE
Contract Research 329 375 374 238 366 425
HEARE
Joint Research 132 179 143 152 117 106
RAEFXRE _
Sponsored Project Fund 24 / 34 18 30
AU #Bhe
Other Grants U7 2 7 2 > Je
Ehte
Donations 14 11 11 9 13 10
& st 652 785 731 590 679 803
Total
*EEREESG
24
Building
SEYNAE R 13,167m

Total Building Area

Tohoku University 6
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Research Divisions and Research Centers
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The Institute of Fluid Science (IFS) consists of four research divisions and two attached research centers :
Creative Flow Research Division, Complex Flow Research Division, Nanoscale Flow Research Division, Col-
laborative Research Division, and attached Global Collaborative Research and Education Center for Integrat-
ed Flow Science, and attached Lyon Center.

IFe &t — D= line of Research Divisions and Research Centers
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[Creative Flow Research Division]

The Creative Flow Research Division was established to create and to apply novel functions in flows in fluid sys-
tems. The development of fluid science and the creation of innovative engineering are pursued through elucida-
tion of flows and creation of novel functions in electromagnetic fluids, living body flows, and flows in aerospace
conditions.

Creation of novel flow functions using an electromagnetic field

Development of next-generation intelligent fluid control devices and systems
Development of advanced medical devices based on measurement-integrated simulation
Clarification of flow dynamics in a living body

Innovation, safety, and manufacturing of aerospace systems

Creation of innovative thermal and fluids control systems for next generation spacecraft
Harmonic design of energy systems with nature

Creation of optimal, robust, and intelligent fluid machinery systems
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[Complex Flow Research Division]

The Complex Flow Research Division was established to explore and to apply complex flow phenomena related
to various physical and chemical processes that constitute the foundation of fluid science. Development of fluid
science and the creation of innovative technologies are pursued through investigation of heat and mass transfers
in complex systems, cavitation, shock waves, turbulent flows and universal principles of heat and material flow
phenomena, as well as construction of mathematical models.

Spatiotemporal multi-scale heat and mass transfer in complicated systems

Clarification of complex flow with cavitation or boiling and advancement of fluid machinery systems

Study on elucidation of complex propagation phenomena in gas-liquid-solid three-phase and its interdisciplinary application
Theoretical modeling for universal and specific complex flow phenomena

Tohoku University
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[Nanoscale Flow Research Division]

5

The Nanoscale Flow Research Division was established to advance basic science and to explore new R&D areas
related to nano/microscale thermal and fluid phenomena and thermophysical properties. Creation of novel med-
ical technologies and development of innovative nanoscale thermal and fluid devices are pursued through the
progress and deepening of science, as well as investigation of mass—momentum-energy transfer mechanisms on
scales of electrons—molecules and new discoveries of nanoscale flow characteristics in living bodies and nano-de-
vices.

B Physical and transport phenomena in non-equilibrium gas flow and their applications

B Nanoscale flow and interfacial phenomena governing macroscopic thermal and fluid properties

B Physical mechanism of the quantum effect of fluid molecules on flow dynamics

B Reactions, thermal flow dynamics of plasma flow and their application for medical engineering

B Transport phenomena in large-scale composite systems governed by molecular physics and their applica-
tions

B Development of novel flow devices utilizing unique nanoscale flow interfacial phenomena
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£, F—H Q015F4A~) ETHI Q018 F 4 A~) It E B=HAL LT BREHRDE
RICEF T ROEBWEEN LI L. E—2EHET SR /N =20/ N - S -
BH1E UTHFEN 2 EBEIMOAREHENCLE T, COLSLREREIMOMEZE
Sl LIHFMRZERMT 5 Llc kY| BRIEMREICBN I H 2 RRRREICERE LI
LUMiERIHZBIELE T,

WX A >N\ =2 @SRRI AT LR & ERELTZE
B — Y —ARE SR OME#EA

BIIATIRA FREF RO

WS, L — T — AR ORBE L FEDOBE

[Collaborative Research Division]

The Institute of Fluid Science, Tohoku University, and Hitachi Astemo, Ltd. have established a joint research de-
partment and have been able to obtain results in the first and second phases. In the third phase, as “Fundamental
research of advanced vehicle technology (Hitachi Astemo) Il ”, the next-generation inverter that drives the motor
will be ultra-compact, lightweight, and high-performance for future vehicle electrification toward the realization
of a low-carbon society. We will promote the fundamental research to realize those kinds of basic technologies.
The research conducted by the Collaborative research division is related mostly to the enhancement and the ap-
plication of the simulation technology based on computational fluid dynamics and experimental verification. By
conducting collaborative research between Hitachi Astemo, Ltd. and Institute of Fluid Science, Tohoku University,
aims to create new value directly connected to development of appealing products with excellent environmental
performance based on the research of such next-generation technology.

W New cooling system construction and element technology research for next-generation inverter
B Numerical elucidation of laser fusion bonding technology

M Elucidation of solder void generation prediction technology

Bl Construction of an optimization method for new cooling technology and laser melting technology
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[Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE)]

The Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE) will conduct
research on the academic foundation of integrated flow science for its deployment in diverse application fields,
including green nanotechnology and fuel ammonia. We will promote international joint research and education
with overseas centers in France, Taiwan, Saudi Arabia, and the U.S,, and aim to become an alliance-type interna-
tional base that creates social impact.

Advanced green nanodevices based on atomic layer control processes

Combustion phenomena in aerospace propulsion systems and energy apparatuses

Development of greater depth subsurface system for the resolution of environmental and energy issues
Development of advanced combustion technologies and reaction models for future carbon-free fuels
Development of integrated multiscale multiphase flow energy system

Theory and algorithm development for computational analysis of multiphysics problems in aeroscience
Theoretical design of innovative batteries based on the analysis and control of nanoscale flow

Integrated flow science and technology to contribute to the solution of societal issues (Visitting Professor)
Advanced integrated flow science (Foreign Visitting Professor)

(VIAYEer 22— —MH - RERFREHNR—]

IVt a—lgk 757 R - 1) IR (INSA Lyon, Ecole Centrale de Lyon) ICHE &
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B BRIV FRT—IVCEBT2REZ A 27 XD

[Lyon Center (LyQ)]

The Lyon Center (LyC) was established to promote international joint research activities which the IFS faculty
members and graduate students staying at Université de Lyon (INSA Lyon, Ecole Centrale de Lyon) carry out. Es-
pecially, we explore interdisciplinary science based on materials science and fluid science to answer current social
challenges in the fields of transportation, energy and engineering for health.

B Intelligent sensing and evaluation of mechanical system
B Design of smart materials and fluids system
B Spatiotemporal multiscale clarification of flow dynamic

9 Tohoku University



HHie

Organization

VISION2030 &RV S A2 —
VISION2030 and Research Clusters

AR FEATERTIE. 2015 FICHKE L2 VISION2030DE & INEK TER L CTEEHZE ORI, EERIE
v bT—=0%RE LT RRBGHRFBEDHERICHEIT THADMATREDLE D RARERFOH M SR
ZERELESL CEX LT,

22V FIB EFDHRBROREEZERETZA. MEMHIPBEIET AEES—ERDHEL. VI
SION2030ZHE L& LTz, FifcaEY 3 VBV #a - EERNDOEMZERMBICIT D el
MBIV )V — T TRE - TXIVF—L T/ - A470L TR - @i - BB (1791
Y R) N TFEMZEIDAMET S AZ2—BLUOREEDEVHRFEICRVBS O DR F — L THHRER
RERRRZ R T+ — X R L TWE T,

SH. NS T T RZ2—E0EEEEL T RE CEDNGHRERICEINY 535 L LW EMERE HRERER
F 1A BRLTENIET,

The Institute of Fluid Science (IFS) has followed the VISION2030 it adopted in 2015, building on the re-
search, technology, and international research network it has built up so far, as it works to form a global
center for the field of fluid science. This center will bring together the world’s researchers to push towards
solutions for various social issues.

In September 2021, the Institute reviewed its forward direction in light of the tumultuous changes in so-
cial conditions in recent years, and amended its VISION2030. Under this new vision, it has reorganized into
four research clusters, which are unique interdisciplinary research groups in the fields of “environment and
energy”, “nano-micro”, “health, welfare, and medical cares (life science)”, and “aerospace”, and the Socia
Issue Solutions Task Force, a research team to tackle pressing social issues. This structure will allow the Insti-
tute to make organized contributions to society and industry.

From now on, the work of these clusters will form and advance a new academic foundation of integrated
flow science, to contribute to the building of a comfortable and affluent society.

Action01 Action02
FiiEEDBELE 7 EF R EY
ERHMS HmEIN—T
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Action03
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JEBEL.ERMCAT TR
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lE&D ERLRMRMRLE
BMAITHEE,

titute of Fluid Science Tohoku University
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&
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o
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We aim to develop integrated flow science to realize a decarbonized society and create a
new energy system

The COP26 "Glasgow Climate Pact” reaffirmed the need for the entire world to tackle global warming issues
with specific numerical goals, and the need to control greenhouse gas emissions and create new energy sources
have become urgent issues. In order to solve these urgent issues while maintaining and improving industrial
activities and quality of life, to weave together the creation of knowledge from entrance to exit are required,
along with an awareness of green growth strategies. It is essential to secure new sources of energy with low
environmental impact, promote the introduction of self-sufficient renewable energy, further develop
energy-saving technologies, and so on. With the environment and energy cluster, we will rethink the conversion
and creation of energy, which is essential for human activities and sustainable development, and promote a wide
range of research and development, from basic to applied technologies, to solve environmental and energy
problems in a wide range of time and space.

Nano-micro cluster

T/ RAVART—IVTRBAT 2HREZMHEAL. 55D HFORIME
RN\DOICAZBENE LIRERENFZOREEZRIELET
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We aim to build an integrated flow science in which we analyze the phenomena that arise
on a nano-micro scale and apply them to technological development in all fields

Recent developments in science and technology have made it possible to design and manufacture equipment
with nano and micro-scale structures. Moreover, owing to the increased precision and miniaturization of the
processing technology, new types of devices which apply functions which arise on these scales are being built
actively in all fields. The purpose of nano-micro cluster is to analyze such nano-micro scale phenomena using
supercomputers and large-scale experimental facilities, and to build an academic field that comprehensively
understands them from the perspective of fluid science. We will also develop innovative devices and processing
technologies that utilize these phenomena to improve the function and performance of equipment in various
industrial fields.

11 Tohoku University



e

Organization

2R - 1841t - =

Health, welfare and medical cares cluster
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We aim to realize a healthy and comfortable society through integrated flow science

The social environment is changing drastically due to the rapidly aging society and declining birthrate. The
creation of advanced health, welfare, and medical technologies is necessary in order to realize and keep a healthy,
secure, and affluent life. This cluster aims to construct new theories of integrated fluid science by clarifying
transport phenomena in living organisms and interaction phenomena between living organisms and physical
stimuli. Specifically, we aim to develop methods for diagnosis, prediction, measurement, and modeling related to
humans; data-driven prediction and conservation related to the living environment and health; recovery and
addition of human functions; application to the treatment of stroke and heart disease through the development
of biomodels; prevention, treatment, diagnosis, and prediction related to infectious diseases and cancer; plasma
medicine; and regenerative medicine. We are also working on the development of protein and cell processing
technologies.

FHEMZE
Aerospace cluster
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We aim to contribute to the development of the aerospace field by clarifying the
phenomena in the flow field related to spacecrafts and aircrafts through integrated flow
science

The development of innovative spacecrafts and aircrafts for the next generation requires an understanding of a
wide variety of flow fields, including flows in extreme environments such as high-temperature, high-pressure,
cryogenic temperature, and rarefied atmosphere, multi-phase flow with phase change and plasmas/combustion
flow with chemical reactions, and nano/micro/macroscale spatiotemporal flow. In addition, the development of
highly efficient airframes and engines is necessary for green growth strategies to achieve a carbon-neutral
international society, and the flow fields associated with spacecrafts and aircrafts must be controlled with high
precision. Aerospace cluster aims to establish an academic field that comprehensively understands the
phenomena from the viewpoint of integrated flow science, including flow field analysis using wind tunnels and
supercomputers and mathematical and data science approaches.
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The Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE) con-
ducts research activities to be applied for various developments such as innovative semiconductor devices
and fuel ammonia, based on integrated flow science. For the purpose, we promote collaborative research
and education, utilizing the network with overseas bases at France, Taiwan, Saudi Arabia and United States,
to be international alliance hub that create societal impacts. Furthermore, IFS-GCORE fosters young re-
searchers from all over the world who combine high expertise and strong international/interdisciplinary
network for co-creation.

J
HAROREBAREIS1=T(ERBITS, JO—H(FZIRT A7 A& RH - BB
RERBBZEFARBE LY. [T+ HEHESHAT | O FIEINTA

IFS establishes and develops Flow Dynamics Alliance to co-create with flow dynamics research community

in the world, and Global Collaborative Research and Education Center for Integrated Flow Science (IFS-

GCORE) aims to be a worldwide hub for integrated research for flow and materials sciences.

I iR
U3YKE/CNRS-UIV V45— Development of High BEEZBRZIAZEKRTF
Université de Lyon / CNRS E— National Yang Ming
and IFS Lyon Center aemst Chiao Tung University
Alloy Design
PYEZFHAEAN=Z LIAF n EFLBHT )N JY-SFYEZF
Mechanism Study of Materials Degradation in Ammonia Innovative Semiconductor Device ~ Green Ammonia
Environment HanaiFEER
Pt =2 TR«
PR AMBAT— 71> ) il JHABEEST= Y PETee A FYECTIRGE
Environmental Barrier Coating Technology for Ammonia Research and 3/2 nm Generation 3D Structures Ammonia Combustion
Education Center for

PYECFEBARS FHEOR IR e EF Ky hABEH Y-k
Design of Polymer Materials for Ammonia Storage Tanks (IFS-GCORE) Quantum Dot Solar Cells Green Hydrogen

ICFD —
S Y T e =
I S International Conference 77 RS EIMZRFERIMKRE
L DeAT hosted by IFS King Abdullah University

University of Washington of Science and Technology

RERIRZEEMERE > 2 —DBE
Outline of Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE)
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The Lyon Center was established in Université de Lyon in April 2018 by Tohoku University’s Institute
of Fluid Science. At this center, fluid science researchers from the IFS and other Japanese institutions will
conduct collaborative research projects with materials science researchers mainly from Université de Lyon.
Through these collaborative research activities, we will also educate young researchers and students.

The IFS is pioneering a new type of problem-solving academic program, a combination of different ac-
ademic fields with fluid science as its base, and is addressing social problems related to energy, next-gen-
eration transport systems and medical engineering. To encourage further progress and developments we
established its base at Université de Lyon, a center for Europe’s materials science research and academia-in-
dustry cooperation. From here we will operate an international research unit, do collaborative research uti-
lizing the strengths of each party, and promote world-leading human resources development.
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Advanced Flow Experimental Research Center
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The Tohoku University Institute of Fluid Science has unique and world-class facilities. The experimental results
obtained from such facilities have extended the frontier of fluid dynamics and have also applied industrial appli-
cations. The Advanced Flow Experimental Research center has been established in April, 2013 for research and
development and operating management of the two large facilities, the low-turbulence wind tunnel and shock
wave facilities.

The Advance Flow Experimental Research center will contribute all velocity ranges from breeze (5m/s) to an
atmospheric entry (6km/s) to the development of fluid science and strengthening the International Competitive-
ness of the company, with unique performance and advanced measurement technology of those facilities.

(K &L [E RS2 ER e ind Tunnel Facility
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et Open test section of the low turbulence wind tunnel
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The Low Turbulence Wind Tunnel facility consists of three wind tunnels named the low-turbulence wind tun-
nel, small low-turbulence wind tunnel, and low noise wind tunnel. The main wind tunnel, low-turbulence wind
tunnel is a closed return type wind tunnel that was constructed to contribute to fundamental fluid physics and
applied physics in 1975. It is designed to satisfy the low turbulence intensity, low noise, and high velocity unifor-
mity. The closed test section is an octagonal cross section, which width of the opposite side is Tm and a maximum
free stream velocity is 70m/s. On the other hand, the open test section is an octagonal cross section, which width
of the opposite side is 0.8m and maximum free stream velocity is 80m/s. The turbulent intensity of both test sec-
tions is low enough to investigate the fundamental research, especially the turbulent intensity of the closed test
section, lower than 0.02% of the free stream velocity, is extremely low in the world. It has been contributed to the
fundamental research such as the turbulent transition of the boundary layer and/or to the product development
for the industry.
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Panoramic view of the ballistic range £9,

The Shock Wave Research facility consists of a ballistic range and a large shock tube. The ballistic range is the
apparatus which can launch the projectile at a wide speed range from subsonic speed, 100m/s, to hypersonic
speed, 6km/s, established in 2002. It is a huge apparatus which consists of a launch section, an accelerating tube
and a test chamber. Its total length is about 19 m. Three types of operating mode, single-stage light gas gun, sin-
gle-stage powder gun, two-stage light gas gun, allowed such a wide range of the flying speed. The high-speed
optical visualization such as free flight of the projectile or high velocity impact of the projectile to a solid material
is allowed by three pairs of large windows built on the test chamber.

A high-speed free flight experiment in stationary gas, a high-speed water entry experiment, a high velocity
impact experiment to a solid material are possible and, using this device, can perform aerospace, materials devel-
opment, the basics in various science, engineering fields including the field of earth physics and an application
experiment.

AN RS PN L 1-m Magnetic Suspension and Balance System

BEZMERRICE 3ORESRE LTT-mEEIX
FRPEE (MSBS) b EEENE Lic, COEEBIFE
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& BREORURGEERR CldE T oG ERESZ 2 TL
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WET, ol HED SBIHIC K W IR DL % Hi 1]
TBHIEDD BBCKRAGEEZEE D LR
THY INETEMTHLD OTEET 2EFY
DRNSZBRT S5 EDAETT, AREIL W
EBREDY 1 mOEN\ATOAEREF OHFRRADK
EEEBIWNEZRHRAEECH Y . —RFBICHE 6 BT & B F2F B AGARD-B 125!
NTVWABHFETH—DEBTT, AGARD-B model suspended by 6-axis control of MSBS

A unique model support system, 1-m Magnetic Suspension and Balance System (1-m MSBS), has been
equipped at the Low Turbulence Wind Tunnel. The 1-m MSBS can support a wind tunnel model in flow magneti-
cally and simultaneously measure the aerodynamic force acting on the model. The 1-m MSBS is the largest system
in the world. You can conduct wind tunnel test without the support interference and drive a model in motion as
you wish.
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Advanced Fluid Information Research Center
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The Advanced Fluid Information Research Center is managed under the leadership of the Director, with
the Research and Development Division to operate the integrated supercomputing system for supercom-
putating, interface with experiments and advanced visualization. In addition, there are the Selection and
Review Committee for project research, and the Planning and Public Relations Committee to manage the
international symposia and the fluid science database. All of these organizational components work coop-
eratively together. The Steering Committee continuously promotes the activity of the center and the Exter-
nal Evaluation Committee evaluates such activity in order to strongly support research on the cutting edge
of fluid sciences.

RS Integrated Supercomputation System
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VIal—YavERBRERE ) VT HFHRREN BROOHDIERRE S V2T T — AT —/\—%&H
BELT.PBUSRADBEELDAN L=V VAT L(HMRT « AVEB)Z8 L. 3K a b IEEZ
BRI 7 2A4€8—2 32T =7 AR—XARWS) PEI#EBREHBA TVET,

STEY—/\—BE. EATVREWYFTES A7 LE LT FUITSU, #BXEURWSGF B A7 LEL
TVSMPIT & %, BEsmEB eSSt 3.7PFLOPS « FECIERERET 192TB(&/& AHB A £ 16TB) DFtEREEEZ
RELET, T—/N\—BLFBEZDE XY bT—71340Gbit Ethernet /Ny 7 h—> & L TEfmEN.
REFAAICBWNTERE T — 2 IEPCEGREE EE7 747 > MEEZBREICL TVWET,

The “Integrated Supercomputation System,” which currently consists of the distributed memory type
parallel computing system, the shared memory vSMP parallel computing system, the Three-dimensional
Visualization System for visualization of computation results, and the Measurement Integration Interface
Server to link the supercomputer and experimental measurement system, started operation in November
2005 and was updated in May 2011, May 2014, and August 2018. The data storage system (magnetic disk),
which has petabyte class capacity, is connected to the servers using a storage area network (SAN). The Real-
ization Workspace and peripherals with stereo visualization devices are also involved in the system. For the
supercomputing servers, Fujitsu servers based on Primergy are used as the distributed memory type parallel
computing system and the shared memory vSMP parallel computing system, providing a total peak per-
formance of 3.7 PFLOPS and total memory of 192 TB (maximum shared memory 16 TB). The network which
connects the servers and users has a 40 Gbit Ethernet as the backbone, and facilitates clients” work, includ-
ing high-speed data transfer and image processing at each laboratory in the Institute of Fluid Science (IFS).
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Organization

MZERETERF > 2 — (ACS)

Aircraft Computational Science Center

MR ER T 2 —Cld. MERERDEBRFNZHRS - AL W sl EFEHEMRZE
CT. EEMEFDBEAFERZ RITT 51D CAERIN. ZHEEES L URERTZE > — L L XITE
AR LERETHIHRERPE DN b im W RIT COZ EMRBEERETH PIRE & 15 5 CAE R DR Z BIE L £ 9,

To maintain and expand the international competitiveness of the aerospace industry, the center aims to
develop CAE technology to realize the ideal aircraft structure in the age of composite materials, and CAE
technology that seamlessly integrates aerodynamics, structure, and strength analysis to enable multi-ob-
jective optimal design at a high level from the initial design stage through industry-academia collaborative
research.

IHIXERILKFET VEZ7 /N 2 —F = —  HEIHRZEFR

IHI X Tohoku University Co-creation Research Center of Ammonia Value Chain for Carbon Neutrality

IHI XERAEARFE T > EZ77 /N 2 —F = — 2 HRAIAERIE. 8L TH LR ER (CO,) ZHHE LAWY
=2 IXIF—RTHZDT7VEZT (NHy) ZRIBLIEA—RY 21— FSIVHRFRICAT. #EHN S
Ex - PRl MAECTONY 2 —F T — VEBRICA ERERREFEMZ B CIeAFERORI A HEE L
£,

The IHI X Tohoku University Co-creation Research Center of Ammonia Value Chain for Carbon Neutrality
will explore issues and create solutions through technology to establish a value chain from production to
transportation, storage, and utilization of ammonia (NH;), a clean energy source that does not emit carbon
dioxide (CO,) even when burned, toward the realization of a carbon-neutral society.

2050FA—R>Za— b I)VcAlF T BEARIR/IVF—ERDDGEVHERICEWNTE MELTH
CO,ZHH LEVWT Y EZT7BMEFIBICHHHONEE > TVE T, TOHRAKRERFNNRT S8, MHFIAR
MFERICTINA ., BhE - #iX - PRGBS 7VEZ7N\Y 2 —F 1 — V2RORERR S RICE U 8
37’“35?—0

MRSt HABRRENEEZE L CENTE7VEZ7N\Y a—F 1 —VHEBEICBV T HlbKZEEDH
Bz, HEERICK Y EFORMAZEEL. 7V EZT7 AR Z2—E Y OMBERMER. 7> EZ7#8
BRE. T5KdN\) 12 —F 1 — V2RO REMBERZENE LE T,

PUEZTN) A —FI—VIE MAEMES TSI F - 2frag LE T, KMREESBICMA. T
EEEOBE BB XTUTIVEELZEDEREDEFICE T 2RKA L EERRAR. BEEF7 V€27
PTSAFI—VDBRENMREL D EDNBPRINTVET,

For carbon neutral by 2050 in Japan, where renewable energy resources are limited, there are significant
expectations for the use of fuel ammonia, which does not emit CO, when it is burned. To accelerate the
implementation of fuel ammonia in society, we will search for and solve problems in the entire ammonia
value chain, including producing, transportation, and storage, in addition to the development of utilization
technology as a fuel.

In the construction of the ammonia value chain, which IHI Corporation is focusing on as a decarboniza-
tion project, we will bring together the wisdom of industry and academia through collaboration research
and joint testing with Tohoku University for the development of combustion technology for ammonia gas
turbines, ammonia-resistant materials, and pioneering new technology for the entire value chain.

The ammonia value chain encompasses the entire utilization technology and supply chain. In addition
to large-scale power generation, it is expected to accelerate decarbonization in diverse sectors such as in-
dustrial production, shipping, ports, and materials, as well as development of international ammonia supply
chains.
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W 9E EED
Research Activities
HRZaa X DEFE  Number of Published Papers
Type (2017) (2018) (2019) (2020) (2021)
245 188 217 164 189

AU IFIVERX *1 (555
Original articles *1(English)

AU TF)Vamt (FHEELSN) 2 6 5 9 15

Original articles (others)

fg%‘%—(“@%ﬁ 2 . 323 349 388 303 309
resentations at Internatlonal conferences 2

EIPIE COSER 281 273 261 256 296
esentations at Japanese conferences

aat 851 816 871 732 809
otal

A UIFIVERX E . BRODSDEMEED B WVNIEFNUCHEE T 25HAD SV 2iiES. ProceedingsFICBEH SN BFTERERX. Ya— b/ —F &
WP LOBREAN. BRE E 'R T, BFHDELProceedings. #X. HBEES. 7T A NTT MrLEHRAT 5,

*2 ERAVIFIVRICEET HED%ERL,

*1 Original articles include papers published in peer-reviewed journals or other journals of equivalent quality, peer-reviewed articles, short notes, or rapid
communications published in proceedings, as well as invited articles and review articles. Non-peer-reviewed proceedings, articles, summaries of oral
presentations and abstracts are excluded.

*2 Excluding any original articles or equivalent included above.

EPRIERIRAZCDHEEL  Number of International Joint Research

= FRRIFE | FRSOEE | HHTEE | FH2FE | S 3 FE
Item (2017) (2018) (2019) (2020) (2021)
62 58 60 51 52

ER!IHBEHTZE

Individual collaborative research

REHFE

IFS collaborative research project 39 4 56 60 70
) —2—<y THEZE 7 6 3 5 0

Discretionary collaborative research project

aat 108 105 19 116 122
otal

FNHEREAZEDOHEE  Number of Domestic Collaborative Research Projects

S| TR2IFE | FRBOFE | FHTFEE | SH2FE | S 3 FE
Item (2017) (2018) (2019) (2020) (2021)
57 48 58 65 72

REE & OHRHZE

Research collaborations with private industry *1

ZEthAzE *

Funded research *2 43 32 30 36 52

S 3 13 13 12 13 il
onations *3

ERIEAZE *

Individual collaborative research *4 140 135 134 133 91

DEIFRRZ 43 47 50 44 38

IFS collaborative research project

=2 TR 24 21 16 17 17

Discretionary collaborative research project

aEt 320 296 300 308 281
otal

¥ EMARFEARICA S EEAREIFRZICE DN, EMRESH SHRE (HEMR) BLUMRRESEZIT AN TIT MR,

*2 EMNAFEARWAFZEEARBMIFRRSICEDE, MONBFTHIIERHENSEAERIS TIT ok,

*3 EIAFEARIAFZ SN EHIREEICL 55 W E,

*4 FEE3IBICZY LG WIR CHREHWVIIMREDZIF ANDG H 5D EldHERN GEERNESEEE) DH2HAEMEK. REXEMRELCY —
g—2y THEMRZR

*1 Research performed in collaboration with researchers from private organizations (collaborative research), or conducted using funds provided by private
organizations, in accordance with the guidelines of Tohoku University governing the management of joint research.

*2 Research performed under contract with other government agencies or private businesses, in accordance with the guidelines of Tohoku University
governing the management of joint research.

*3 Grants received in accordance with Tohoku University guidelines governing the acceptance of donated funds.

*4  Joint research projects not covered in items 1-3 above, involving the receipt of research funds or use of outside researchers, or resulting in publication of
articles with joint authorship (including proceedings, etc.), excepting for IFS collaborative research project and Discretionary collaborative research project.
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FAER  fE—

Kenichi Nanbu

Bl =B

Shigenao Maruyama

Aty
=

B®EZE  Medals of Honor

Name

ZEY (HE - FF)
Name of Award (Agency/Body)
RRRE (HABHT)
Purple Ribbon Medal
(Japanese Government)

SRRE (HABHT)
Purple Ribbon Medal
(Japanese Government)

TZEAR

Research
MR VEBRADBEGRERED T 7 7 A0 —RRERE
Derivation of an exact stochastic solution of the Boltzmann
equation and a general solution of the Planck equation

RIZPHAELEE, SRRIBLORRIL) ALOIPY 741 70-70)
RR. ARRERMRERA OB REKORL B EH T ERAERR L
Evolution of the field of Thermal Engineering and development of novel research on such thing as
an artificial heart, cryoprobe, measurement of upwelling velocity of deep seawater to which natural
convection is applied, and so on by collaborating with researchers in different research fields.

ko)

Activities

ZEFAR
Date of Award

H20.4.29
Apr. 29,2008

H24.4.29
Apr. 29,2012

HERMABDONERIFAERE,  The Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science and Technology

Name

28 e

Toshiyuki Hayase

TR F

Hisashi Nakamura

IR F5ER

Hideaki Kobayashi

®l |X

Gota Kikugawa

AHBH fE
Makoto Ohta

A fE—

Kenichi Funamoto

¥ thi

Yusuke Mukuhira

Fix 248
Takuya Tezuka
mME =z
Junnosuke Okajima
fER £8R
Yoshiaki Abe

BER B2

Hiroyuki Okuizumi

ZDfth  Others

REZ
Name of Award
TRE284EE - BIFHATE (FFREFT)
Awards for Science and Technology
(Research Category), 2016

THBERE - BENPEY

The Young Scientists' Award, 2016

TR29EE - BFRAME (H5TERFT)
Awards for Science and Technology
(Research Category), 2017

TRR0ERE - BFHYER
The Young Scientists' Award, 2018
TR3VEE - RIARITE (FAFEERRT)

Awards for Science and Technology
(Research Category), 2019

TH3EE - EFRSEY

The Young Scientists' Award, 2019

S 2EE - EFNFEE

The Young Scientists' Award, 2020

DI 2FE - HEZIEE
Outstanding Support for Research Award, 2020

T3 EE - EFRFEE

The Young Scientists' Award, 2021
SMAFE - EFHFEE
The Young Scientists' Award, 2022

SHAFE - ARZEE

Outstanding Support for Research Award, 2022

RENRDOHE
Research
ket E RIERERITOBET AL TORAICET 2%
Study of integrated methodology of flow measurement and
numerical flow analysis and its applications

KXY AR b T 5 TEIC K DIRBERICHEEDIZE
Study on combustion reaction mechanism by flame
chromatography

MPRIRIS SR ICH T B IRBERRAEBR DI
Investigations of combustion phenomena under extreme
environmental conditions

BN FESBODFEEICE D C RRABXHHORE
Study on conyrol of interfacial heat transpot based on
molecular-scale structure of organic surface modification

EHERTT VR ERREOTENDSAICET SR

Development of Biomodel and study of application to
mechanical testing of medical devices

MABRAICED CERERERBRORBICET SR
Study for clarification of homeostasis mechanisms based on
fluid informatics

M RIREOFREMBORERIERR & MHRRICET 5%
Understanding and controlling the induced seismicity
associated with subsurface resource development

BEABHENA 70T 7 2L BRISBHFRENDER
HBEROER(CARERRIC L 25818 L TORADHR

Study on cooling mechanism of thermal fluid phenomena with phase change in
microchannel and its application

ERERAEORBREFEZ BT RRERTFADRR

High-order compressible flow simulations with discrete conservation properties

BASHRALEIC L2 ARRRE S RERA\DFHR

ZEFHAH
Date of Award

H28.4.20
Apr. 20,2016

H28.4.20
Apr. 20,2016

H29.4.19
Apr. 19,2017

H30.4.17
Apr. 17,2018

H31.4.17
Apr. 17,2019

H31.4.17
Apr. 17,2019

R2.4.7
Apr. 7,2020

R2.4.7
Apr. 7,2020

R3.4.14
Apr. 14,2021

R4.4.20
Apr. 20, 2022

R4.4.20
Apr. 20, 2022

K& TEA ZENRDOHE ZHFAR
Name Name of Award Research Date of Award

Surblys Donatas

Ik F5ER
Hideaki Kobayashi

21 55k

Akihiro Hayakawa

e &
Takehiko Sato

RIS B

Tomoki Nakajima

R BE
Hidemasa Takana

2019 FE AR CAFRFME
Qutstanding Achievement Award,
2019, Heat Transfer Society of Japan

2020FEBANRF A/ E
Best Paper Award 2020
(Combustion Society of Japan)

HAMWMFRE G
The Japan Society of Mechanical
Engineers, Medal for Outstanding
Paper

2020F EHAREREREME
The Japan Society for Multiphase
flow, Technical Award 2020

DFHNERTEN LIS 7 OGHEERNE
DB K B FENDYIRDAERR

Development of a wide range-operatable, rich-lean low-Nox
combustor for NH; fuel gas-turbine power generation

Sterilization in liquids by air plasma under
intermittent discharge

RimBimd SRR RESZ B feniiier /
MHERC A B E R T DR 3

Development of dispersed nano fiber alignment technology
by superimposition of flow and AC electric fields

R2.6.4
June 4, 2020

R2.12.3
Dec. 3, 2020

R3.4.22
Apr. 22,2021

R38.13
Aug. 13,2021
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K4
Name

BE &
Aiko Yakeno

fIER ER

Yoshiaki Abe

K TSR
Hideaki Kobayashi

SEA ZENROHAZE
Name of Award Research
EEEREM RIS ICE B L e BRI 1

200 FERFRFENFRBPIE

Award for Distinguished Young
Researcher in Fluid Mechanics, 2021

IcEAY 2R
Friction drag reduction control focusing on quasi-coherent
flow structure of wall turbulence

EREERADBRREE Z G I SRERITF
EEZDIGADHZ

High-order compressible flow simulation with discrete
conservation properties

BEILRRIES LO7 EZ 7 RED=R LTz
mzE

For brilliant research on high pressure turbulent premixed
flames and ammonia combustion for decarbonization

AAHHFSERHE (%)
The Japan Society of Mechanical
Engineers, Young Engineers Award

2022 FERRIRBEF R Gold Medal
2022 The Bernard Lewis Gold Medal,
The Combustion Institute

TJLAY =R

Press Release

ZEFHA
Date of Award

R3.12.14
Dec. 14,2021

R4.4.20
Apr. 20,2022

R4.8.11
Aug. 11,2022

K4 PAZUDEYS F£HH
Name Press Release Date

AH fF

Makoto Ohta

X K

Hiroki Nagai

XH fE

Makoto Ohta

fIER ER

Yoshiaki Abe

A R

Shigeru Obayashi

AM R

Shigeru Obayashi

AR AR

Anna Suzuki

IR F5ER

Hideaki Kobayashi

IR F5ER

Hideaki Kobayashi

Otic Clint
John Cortes

T B

Hitomi Anzai

Bx  E

Jun Ishimoto

¥ thEH

Yusuke Mukuhira

X K

Hiroki Nagai

A fE—

Kenichi Funamoto

21 Tohoku University
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—RIERFHREDAEXRTRRIC K 5 EREERFHE—

307 v 2% EA LI RAGWRE RN ZHEE $ 5FEDRF S AREE
FrftrI sE S AR R D T H DREFFIKIEIR > X T LBRICHEIT T

I\ BBEIR D B RBEF R DGold MedalZ 2 &
—BEELRIRBES K U7 > EZ 7 IO =8 Uz —

IHIXERIEKRFET VEZ7/\) 1 —F 1 — V HAIAERFZHRE
~EFEE THRREDRMLIC DG~

BEZEDD B Z DDYMEDEEETE C S8 ) HDFERIER% iRy AZET
—BEBFIOEFCER B IERMNDREICHF—

BEDRE 2 B THRI00EDHNG T 7 Ay IVDFEER
~ZIICKBEADT7OVIVEEE IV E1—R2Y 2 L—Y 3 CER~

HRTPHTR/NNIAYTI VIV ORBIEEFE L T ERERUDY I 2 L —
T aAVTFRICAET —REROBMEET > Y VREANDISAICHRF—

W —RERIE CREMEL S| T C LICHRADREEZHE
BFMEOEAE. KtE L DR SRS DREERZ %

FARGHDZEER T — 2D 5E5RREVHROL VI BRI SRIRT 5RE%E
CUYMIBERET BTV T AL RS
IREETX 24T - EESRICA P RALEEIHRF

MR MITHEAE DL EH ZHR
R D ABTSINEEBE DRI & BT

R4.2.3
Feb. 3, 2022

R4.2.17
Feb. 17,2022

R4.3.29
Mar. 29, 2022

R4.4.26
Apr. 26,2022

R4.5.26
May 26, 2022

R4.6.14
June 14, 2022

R4.6.24
June 24, 2022

R4.8.18
Aug. 18, 2022

R4.9.1
Sep.1,2022

R4.9.6
Sep. 6, 2022

R4.9.26
Sep. 26, 2022

R4.9.30
Sep. 30, 2022

R4.12.1
Dec. 1,2022

R4.12.12
Dec. 12,2022

R4.12.13
Dec. 13,2022
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Activities
EfREEE I ES—
International Flow Dynamics Webinar

OO VA VALK Y ERZRMEF T 2. RARFEICET 28 LUOVERFERE. HWRAH, 385
,,.Lo)iﬁ%’;ﬁ% X L TR T 2EERESHRFE U 1 £ F— (nternational Flow Dynamics Webmar) B E

T RARIZDOEBRM L ZRELE T,

While international exchange is stagnant due to the COVID-19, we will launch an International Flow Dy-
namics Webinar that provides the world with a forum for new information dissemination, information ex-
change, and research exchange on fluid science, and promote the establishment of an international hub for
fluid science.

y,

F1EERRBREY T ES —IE 205BDMRESLCFELBML. 2020F10898ICA 51
(Zoom) CRtEENE LT,

EEEE | MERFOES E TRIVF— - ZEFEEENDIGA

SEEM - Sebastien Candel ##%

NV KRBREBE. 77V ARET HT = —HiksH)

The First International Flow Dynamics Webinar was held online (Zoom) on October 9, 2020. The number
of participations was 295.

Lecture Title: Progress in Combustion Science and Application to Energy and Aerospace Propulsion

Speaker: Prof. Sebastien Candel

(Emeritus Professor at CentraleSupelec, University Paris-Saclay,
Former President of the French Academy of Sciences)
AR ZEFRA TS
Fluid Science Global Research and Education Hub

TARIFRRZEFAIE. TR 22 FE K Y RARZEDFOHEFA - HEMENRE L TEHFEICEEES
N, ER29FEICIE. AR DRER ZFERMRHEENS] & LT.:JEE%J?‘STL’(D?@“O PRV E & A
MERFAOBEEDMFNI L TRBEBMAERERET & EEIC. AEMEERRY >V RY U LTOHRERR
REROBEPHERRREEDOEREFZE L THRARRZARICEEL TVET,

Since April 2010, the Institute of Fluid Science has been acknowledged as the Joint Usage/Research
Center, by the Japanese Ministry of Education, Culture, Sports, Science and Technology. In 2017, IFS was ap-
proved as the Center “Fluid Science Global Research and Education Hub”. We have implemented a collab-
orative research project, in which our staff works with researchers from other organizations. We also com-
municate research results to society through the holding of the Collaborative Research Forum as part of the
International Symposium hosted by IFS, as well as by the publication of activity reports. )
[ElY 4 F 2O RICEHT DEESE « ICFD] DRf

CRE 21+ =0 XICET 5EESE - ICFD(International Conference on Flow Dynamics) | l&. JRE1Z 1
F 2V ARNETlE THEREAIK] 0).[‘%z =& L T4 FELSBF I THRESNTVETD,

ARFECIE O RENZ AT 27 XICET 2FFENEEMEIRCNT TE ERNICERGIHEEICLDER
HE. EFIRHFA— AT A XA Ry Y 3 HThbNTOWE Y, RBOREE LTE RERFEMERLASE
HEMZET 4+ —F L VIV YF T ARFPFENBEEET 2FEL Y a VDB I ET,

7ol ICFD CIIEARZEDOMIEE TR ENAERRFEERZEB L. AERRZEOAMEZ HFwm L
CCRENZAT I ADLEFRNGIAZENRE L TRIILTVET,
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International Conference on Flow Dynamics (ICFD) is held in Sendai in annual series since 2004. The ICFD
is now recognized by world researchers as one of the biggest and most important international conferences
in the field of Flow Dynamics.

The objectives of this conference are to explore new horizons in science by discussing and exchanging
information related to the most advanced scientific fields in Flow Dynamics. This conference, which is very
unique, is composed of plenary lectures and disciplinary organized sessions including “IFS Collaborative Re-
search Forum”, “Liaison Office Session” and “Student Session” which is organized by students.

The ICFD organizes an International Scientific Committee (ISC) by researchers from around the world dis-
cussing the direction of further growth of ICFD in the future. It is established as a global center in the field of
Flow Dynamics.

FI8EIRIMA A+ 20 AICET BEESE (ICFD2021) I&. 26 AE 549 2DHARES KUFEHLSM L.
108278 29B8IEMNT T AV SA VI CRESNE LT,

Eighteenth International Conference on Flow Dynamics (ICFD2021) was held on October 27 - 29, 2021 as
an online conference. The number of participations was 594 which were from 26 countries.

REHRRA

TEREHEFR T, BE - TRIVF— A - EBETILTFE
U7 a B - @it - BER EBOFICHIT HRERFITR
DR REZLERNL Y SE L BELMRERD. &E
WBEMREY. RIERREME S X T LFEDOREEEFB LT
FroLZEE E PR E E DHERMRZERmL TOE T, HA
HETEONIHRDOEELMAREDRRZEEDDTcD. B
FRBERZEREREEDOERREF S >V RI T L (AF) 1BV T,
REHFMERRRERZRAELTVET,

The Institute of Fluid Science (IFS) promotes collaborative re-
search between researchers of institutes both within and outside
the country and those of IFS on research topics related to f luid
science in Environment and energy, Multiscale mobility of humans
and materials, Health, welfare and medical care, and other funda-
mental fields utilizing research facilities such as the Low-Turbulence
Wind Tunnel Facility, Shock Wave Research Facilities, and Integrated
Supercomputation System. Every year IFS holds the Collaborative
Research Forum in the International Symposium on Advanced Fluid
Information (AFI), which it also hosts, in order to present the results
of collaborative research and exchange between researchers.

»
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MRIRAILTER

Core-to-Core Program

BERFMEORIRCAIF T VEZT IR - HRERHR

or Ammonia Combustion and

HRNZLOH— R HERDOZERICENT T TORRARDEELGRMDI DTHB 17 EZ 7 IRER
) DFEBBRS LOHEEREZBIELE T, B NREE TR T OBRRD5 Y AT LZERYT 51
BRDMREA M T AFAEMBHEBR LT T, CDfeHIC. RILAFEZHROLETEHEAF—L VIV
KEZEHRLET DT TV ADHRF— L, TV bV RKZEHRLET DT AV AOREF—L. 7T RZE
URERIMAFREROETHT VI T ST OREF —LH SEHMTEBEERT S Lk, A%
MRELET,

To achieve zero-carbon society in the world, we aim to make the theory and the social implementation
of “ammonia combustion technology”, which is one of the important technologies to achieve the society.
In particular, we will construct a new academic field to evaluate the performance of the equipment of the
ammonia combustion system from the perspectives of “combustion”, “material” and “property”. To achieve
this aim, researches are accelerated by organizing the international research network consisting of Japanese
team centered on Tohoku University, French team centered on University of Lyon, American team centered
on University of Washington and Saudi Arabian team centered on King Abdullah University of Science and
Technology.

nou

Construction of ammonia combustion/material research center
[Ammonia Combustion] International Academic Consortium -
Basic theory, Demonstration test .
---------- Saudi
......... Aramco
University of
Science gnd )
) International
Vg committee for A\
K . 3 expansion uilding a
g Institute gy str';tegy by  |f seif-sustaining
2 of Fluid Analysis industry, |fend sll:stainable'
g S C | ence academia and ase
B Coreto core(2013-2017) University University of J )
Lyt st (018) of Lyon Washington
""" Mat | G;)fverlllment
o o . " —_ Materia Officials in
[Ammonia Resistant Material] | .. ... Analysis each country
Metal/polymer, Design by Machine Learning
Constructing a network with partner > Creating a complex academic field related to >> Social
countriesand domestic research institute ammonia combustion and materials |mplementat|o

Core-to-Core A7 5 s HERFRHADRIBICANT 27 > Z 7RG « MEEBRHIMILSROBE ) DFIE
Overview of the Core-to-Core Program “Construction of an international research exchange center for ammonia
combustion and materials toward the realization of a low-carbon society”
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E &

International Exchange

AR FRERFIERARZICEIT BN R & L CEFRSEEEESEHEEL TWET, UV YA T X
HEOBNMILESPERER Y b —7%ZEA L. ERADEEMITHEE S OHFEMIELHERRRZTOCF
MOESHICEM L TCVWET, Kol RILKFZOERCTH S [FIFHBU ZEE L. RARZEHSRAOBBEE -
FEDOBNREPEANNDZ IR CHBEGAMOBBNGEZANICE Y BEN -4 —2 v TZFKIBTE
DR E - FHiMEZEHL TWET,

As a center of fluid science research, the Institute of Fluid Science promotes international cooperative
efforts. We are contributing to scientific advancements through the utilization of our international net-
work, including liaison offices and other international foundations, and by actively participating in research
exchange and collaborative research with major research organizations both in-and outside the country.
Furthermore, we implement the “Open-Door” policy of Tohoku University and cultivate researchers and
engineers that can exhibit international leadership by sending our faculty and students abroad, and actively
seeking out various talented individuals, both nationally and internationally, to work with us.

Ha e ERAREE

Education Center for Integrated Flow Science (IFS-GCORE)

EFREMSOROEEN A EHE LUTD4RTT,

(1) BAVTVVF T4 RZFRT 2 LKLY BEIVFRY bT—0 %@ L. "R FEHEFRZ
ke LIEREN A A S0 AEREER Y D=0 BRLET, Ihick . HRREKEDHZE
ZEL. EOICERNOFE - EFAEEEZERLET,

(2) RER - HEBEMIABEZRY HEHERNGHES LCER L. BENGEREMONEEZ B
F L REREHRAOAE - IR - ABSORZEL £,

(3) B%ﬁiﬁi%iﬂ@?'é%r%%a_@“% EHIT ERFMIRDOZEHEZRRT 2 I & CHREMDERES
ZIREL LT,

(4) BAZMRESPERNETRICKZ2ER 7OV 17 M EEEBL, £ic. RYNICSEE T 528,
AR EHRE RIS RSB EDONROFFHRN G FTEICEDHET,

(1) Strengthen international multi-networks by effective use of overseas academic liaison offices and de-
velop international association networks for flow dynamics with IFS as the core. Implement interna-
tionally recognized first-class research and foster world-class students and young researchers at home
and overseas using these networks.

(2) Accelerate educational, research and human exchanges by making the most effective use of the uni-
versity/institute level of academic agreements to introduce researchers at IFS into the world arena.

(3) Enhance the international activities of IFS by further developing the support system of international
academic exchanges.

(4) Strive to acquire sustainable funds to be budgeted for the establishment of a research center with the
highest of standards in the field of flow dynamics. Effectively conduct international projects financed
by international sources or the Japan Society for the Promotion of Science (JSPS).

UIVIAT« R Offices

72> A France EB[E Korea [</77 Russia KEUSA
JAVKRE BERIEFR AR TRV TEIIAF VSF1—RAKE
Université Korea Advanced Moscow State Syracuse University
de Lyon Institute of University

Science and Technology
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#F =X bZ1)7 Australia A7 T—7 > Sweden B Taiwan
Z1-HYRT -V AAE FUTRAZF EIFHERRRERS
The University of KTH Royal Institute of National Yang Ming
New South Wales Technology Chiao Tung University
AII-FETTHAS {F2o0EuAS &W
KTH Royal Institute of Technology Moscow State University o< ﬁé O
Since June, 2012 5 Since June, 2002 = SO —

= = AN ¥5F1-2KF
o K S8 Syracuse University
7 . [ese) Z s Since November, 2003
Es) A N q,
Go =
‘ o

YIvAe BERRRIR(KAIST)
Université de Lyon Korea Advanced Institute .
Since June, 2015 of Science and Technology

Since December, 2003

. s Z1-yoRDT-AAE
ﬂ_ﬁlﬂﬁﬂj{# : N The University of New South Wales
National Yang Ming Chiao Tung Since May, 2002

“a
b

University
Since May, 2017 w i

RARIE IR O E R E LS
—{HFR by T LA VORRFEEEE & OHRFERAZEICEK Y RITROMIT A HEE—
-Promoting cutting edge research through collaborative efforts
with the leading research organizations in the world-

RFREHE ments

Activities

VIVVAT14Z(7)
Liaison Offices

OKRERITRIBE (29)
University Level Agreements

BEEREE (19)
Department Level Agreements

EBE
Korea

BRERIFRAM (KAIST)

Korea Advanced Institute of Science and Technology

FIIRER TR
Sungkyunkwan University

TVAHR=IV

2V AR—IVEIIARS

Singapore National University of Singapore
ETRAE
5 National Central University
7IT Taiwan EBEARERSF
Asia National Yang Ming Chiao Tung University
BEKRE
Tsinghua University
FARAZERRAT
thiE Nanjing University of Aeronautics and Astronautics
China BERITBERE
Xi‘an Jiaotong University
EBOERT
Shanghai Jiao Tong University
T77Uh mr7UAh ANRRTIVIKZE
Africa South Africa Univerity of Johannesburg
¥ RZ—KF
FTET7ZT F—ZLSUT The University of Sydney
Oceania Australia Za—YIRT -]V AKFE
The University of New South Wales
US5F1—-AKE
Syracuse University
FeK 7 A AERE IUAVMIKRE
North America US.A. Michigan State University
IN—=FT1—K%¥
Purdue University
A%2)7 FRUKRZE
J—Owv /N Italy University of NAPLES FEDERICO ||
Europe A1 R A ZEBIHARFD—H > X%
Switzerland Ecole Polytechnique Federale de Lausanne
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I—ov/\
Europe

RAIIT—TV
Sweden

AT —T VEUTIRAF
KTH Royal Institute of Technology

Ry
Germany

A=V A= T IRAE
Karlsruhe Institute of Technology

T=A\VIRKZE
University of Technology Aachen

HF—ILZ> bRFE
Saarland University

RAYZEFEE Y 2 —
Deutsches Zentrum fir Luft- und Raumfahrt e.V. (DLR)

TR
France

EMFREBTRER (VI INUC U—Ibe T2 RIVEAD)
The Ecole Central Group (Ecole Centrale de Lyon, Ecole Centrale Paris,
Ecole Centrale de Lille, Ecole Centrale de Nantes, Ecole Centrale Marseille (EGIM))

ESARER) IR
Institute National des Sciences Appliquees de Lyon (INSA-Lyon)

=D -2
Université de Lyon

a7
Russia

OYT7RETATI—INYTHE
Siberian Branch of Russian Academy of Sciences

TRV TEIIKRE
Moscow State University

BEEFAKF
Far Eastern Federal University

OY7RET7HT I —REZER
Far Eastern Branch, Russian Academy of Sciences (FEB-RAS)

B =R E ments

EHERERTFER
H[EF College of Engineering Science, Hanyang University
Korea VU IVKERIMZEFEFR
Depertment of Aerospace Engineering, Seoul National University
REAFTFEE
7T =y Colledge of Engineering, Chang Gung University
Asia Taiwan ESTISFRZERT « BB SRS
Taiwan Semiconductor Research Institute (TSRI), National Applied Research Laboratories
ERETAFEB LYY
fi[F College of Vehicle Engineering, Chongging University of Technology
China FRER S BRI ST
Institute of Physics, Chinese Academy of Sciences
770h o7k T LI Y RUTKZEX L— N\ smht
Africa Egypt Smouha Emergency and Accident Hospital (SEAH), Alexandria University
TURYF—KRETFEE
College of Engineering, University of Kentucky
7 A HERE VI5F 1 —AKRFEHERT - TFH
b USA. College of Engineering and Computer Science, Syracuse University
North America ZUAVRKFETEE
College of Engineering, University of Michigan
Akt s kO bREMZEFEAER
Canada University of Toronto Institute for Aerospace Studies (UTIAS)
A%2)7 U IRTRFEETFE
Italy Department of Engineering and Architecture, University of Trieste
Fx1 FrARETHT I — TS5 AYERTA
Czech Institute of Plasma Physics, Academy of Sciences of the Czech Republic
K1y 720V R—7 7 B IR A R ST
Germany Fraunhofer Institute for Nondestructive Testing
IhYzva-05—Y FRERTIV—TTRIVF—BIgRt Y 2 — BRI gEm
e A — Institute of Technical Physics and Materials Science, Centre for Energy Research, E6tvos Lorand
ElEuE) /e/\ /Hjn i Research Network
P gary AT A AKRFESY
Faculty of Medicine, Semmelweis University
R—FUF J0vT 7 IRKE
Poland Wroclaw University of Technology
OY7RET AT I — LT 7R EHZERR
a7 P. N. Lebedev Physical Institute, Russian Academy of Sciences
Russia TR VEILAFYEFER

Faculty of Physics, M. V. Lomonosov Moscow State University
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Education

ARIFZERIEH 70 B DFEFE LM 160 BDAREFREDFE L TWE T, RARZEMRIEFADE < D
HEHDARERTERRREHRDH I IEESE LTAREREE - FEHABZT O CVET, ol BRHEN
Rl RIERFMER. ETEMERICLBIEES L TAKERAEZT>TCVET,

About 70 undergraduates and 160 graduate students belong to the Institute of Fluid Science (IFS). Many
of our Faculty members teach both graduate and undergraduate students through cooperative courses
with the Graduate School of Mechanical Engineering . We also provide graduate level education through
cooperative courses with the Graduate school of Information Science, Environmental Science, and Biomedi-
cal Engineering.

AR TR AR 21D B ER e E A
ELT. FBIAA 320 A L THRIICER T
BEFAHMOBRAEMELTONET, COFHCEED
*. BHERRORE S ERN S CRET BRRS
EREOWAE 52X HTHIC. BRDIHDEMES
ELTOET.

Institute of Fluid Science, which is an international re-
search and education center in the field of fluid science,
is actively involved in the training of talented young
people who can play an active role internationally in the
field of fluid science. To this end, master degree students
are given the chance and encouraged to participate in
international conferences in order build up their record
of practical experience with the support of IFS.

BRI EBNRKBET DT S LEMEERE

TR28FE | FRIFE | TRB0FE | DHTEE | fH2FE | SH3FE
(2016) (2017) (2018) (2019) (2020) (2021)
EAEE
Number of Participants 10 10 10 13 0* 7

*AOOF U AV RARBRFEDRGHERIC K W EIFFERE L TULERL,
*Due to the spread of the COVID-19 infection, no dispatch has been conducted

R e %

** Online
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R—aA2VI_/EEETOY

3 [E The Boeing Company @ Grant % 5 |, 4
FHROKAGTOY T bEERBLTE Y. 2021-
REEIFMETOT Y M2HEE0 DY 70O
VU MSHELELTVET, £z, BEBoeing
Externship Program & L C A > 2 —% v MMEHAT
Boeing tt DILME N L RFE CHEEZ T I HFRDFF
KEESNEBNRFEE - TVI T OEMZE
BLTWET,

- —
- s e T e I SR T R e

With a grant from The Boeing Company, US.A,, various student-led projects are carried out. In 2021-2022,
we support two research projects and five development projects. Moreover, students receive classes in En-
glish from technicians of The Boeing Company over the Internet, through the Boeing Externship Program
each year. We seek to train gifted scientists and engineers who will bear the future of the world.

EFEAFRELE

ace Studies Program-

MAEMZ RS RERZICEL 2 ERMEHE
W e LT HANITER CELEFAME N Z H#tE
LTWET, BFEMFI0HEN 5B —RRDETFH
REPEEN 100 NFEBNT 2ERFEARF SSPIE
WMEOHETAT S L%Z2E L KRARFOEFAVE
OB D CHBERZBS TVE T, RERE
BIRADN Sl 1990 F K Wikl L ¢ 2RDFEZ K
EBLTHYET,

As a base of an international research education, the Institute of Fluid Science has promoted the develop-
ment of human resources by training young people to play an active role in the world. Approximately 100
leading young researchers and students from 30 countries around the world participate in the International
Space University’s original educational program, SSP, which has the same educational concept in line with
the purpose of this research institute to develop young human resources. The Institute of Fluid Science has
been dispatching many students to this program since 1990.

FiisZRpEZ AL

am based on the Academic Exchange Agreement

REBEMATRE. BRBEFMISRIBE Cld. FEISROMAZHEHRE L. RERAEUNOREZEA L
TW%, 7075 LI TORERAMNDREZER L (RFANSKEREZREA L Ot8%Z X &
THTET WRWEZENB LICFEZRE R E RS EZEANE LTS,

The university has scientific exchange agreements with other universities and such agreements between
departments. Detailed rules of student exchanges have been concluded, which include the waiver of tui-
tion for exchange students. To help graduate exchange students meet their living expenses, employment is
also available.
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Industry-University Cooperation

RILKFIE BFLUR. THRE—ER] [PIFRER [RFEE | OBRZIBIF =R by TLNVOMSE -

B2 CEE Lfce IEMRZLCHARITETT 5 & HIT, EEXEFRN\OFMSERZBBIICHEL. B
ISR S DI L) EFEEENZHEE L COWE T, RARFREFA CIEFESEIEHEE 2RI T b
FLOHAMEZEED TNET,

Since its founding, Tohoku University's policy has been to put “Research First”, maintain an “Open Door”
policy, and focus on “Practical Branches of Learning.” As a result, our research results have been of great
practical benefit to society. Moreover, the university has vigorously promoted university-industry tech-
nology transfer, and works actively with related agencies to support industry-university cooperation. The
Institute of Fluid Science (IFS) has set up an Industry-University Liaison Office to promote industry-related
funded research and joint research, and to solicit grants and contributions from private industry.

HERFFRDHI es of Cooperative Research

RILKE REEILBZARZRERZERY 3147 FFRS M) — L EREREEEE)
FILAT  BEEIGEEAZEREY 3142 IR M — EERMREZEAT (AIST). EHfaE
FERRIZEAD (TSR OEBREBEZZICK Y FHEE N5 I X 2 DORRICHERTHH THRIHLE LT,
SBIEAREEEER S LT BRIV F VR T LT )= F /T /A9~ I\ M F AT«
AV T—%y b T =0 RHICH 5ERESEIETE). EFESEE RS ZE L. tR5RERICEm
LEd,

Joint Laboratory by Tohoku University and National Yang Ming Chiao Tung Uni-

versity, and International Industry-Academia Collaborations
International joint research by the joint laboratory by Tohoku University and National Yang Ming Chiao

Tung University, the National Institute of Advanced Industrial Science and Technology (AIST), and the Tai-
wan Semiconductor Research Institute (TSRI) has delivered a world-first success in developing transistors
with a new structure.

In future, we will use this partnership as the basis for developing international industry-academia collab-
orations and international research and education activities in the fields of independent hydrogen energy
systems, green nanotechnology, and biomedical sensor networks to contribute to solutions for social issues.

BEREME - T/ REFE
ERT7Zy h 71 —L4

¢, \d

/\“/f7j-—tz‘/-!j—zl\y|~f7—7[ AIST /TSRI ] KRYT7A4F -
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7 VEZTHROXEMR
7> T IE 2050 —RY 21— b SIUCEIFTCO, 7 U~ L TBBERAER T T LD

R EN TV S, 77 Z7IRBEICITEBEEME. Fuel NOX £k RERSTER & DERED D D feH\ 2014 FH
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Collaboration Research on Ammonia Combustion
Ammonia is expected to play an important role as a CO,-free fuel toward carbon neutrality in 2050. Re-

search and development in the SIP Energy Carrier Project, which was conducted for five years from 2014
has achieved stabilization of ammonia flame by swirling flow, and low NOx emission by Rich-Lean two-
staged combustion. From the project, and the potential of ammonia combustion, especially in the power
generation and industrial sectors, has been clarified. In collaboration with IHI and AIST, we are extending the
outcome of the SIP project and conducting R&D on liquid ammonia spray combustion, in which ammonia
is pressurized in liquid form and injected directly into a high-pressure combustor. Liquid ammonia spray
combustion has significant advantages in terms of energy efficiency and power regulation in ammonia gas
turbines. Since the latent heat of evaporation of liquid ammonia is much higher than that of hydrocarbon
fuels, there has been a problem of a sudden drop in temperature immediately after evaporation. To solve
this problem, we have succeeded in stabilizing pure ammonia spray combustion under atmospheric pres-
sure by preheating the supply air and providing a strong swirl flow (Fig. 1). We are also studying the spray
evaporation behavior of liquid ammonia (Fig. 2). These studies are indispensable for replacing natural gas,
which is the current main fuel for gas turbine power generation, with ammonia co-firing and single ammo-
nia combustion.

E
=
o
T3]
=%

M1 500KICFRENEBREZEIATICEEL K2 RKIETICBITLRET VEZTERD/NY T

ENTHET V' ZTTEFNA A hER
Fig.1 Pure ammonia spray flame stabilized in a high-  Fig.2 A back lit image of liquid ammonia spray at at-
swirl air-flow preheated at 500 K mospheric pressure
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Contribution to Society

v EENE NFEDNSRAE TIL—RIRICRHL. 3ona R, HRBIICEOTVET, Kol MERE
BT ARSI DIATZBL T BAOODEEICEEGHEMRBELZMAT 2 LICE HRITEMLTVET,

As a member of the community, we make our research efforts available to a wide spectrum of the general
public from elementary school students to adults. And also, we contribute to society by solving various prob-
lems through the world-class fluid science researches, which are necessary to recovery from the earthquake.

HPERRKF
MNUCBE T 2 EZBF SO NEO—RHRZWNRIC. 4BOEG STEE

17O CVET,

Open Lecture for Citizens of Miyagi Prefecture
Ever year, four different classes about fluids are taught to about 50 mem-

bers of the general public.

HARFA— AR R (FFEov)
—MMRENRE LIcdA — 7> F v 2 /I\R T FFEHROFERD—8E LT

BBRICEBMLTVET,

Research Facilities Open House (Katahira Festival) o
As one of the research facilities in the Katahira area, we always participate in [P !

the open campus, which is targeted at members of the general public. LN

Ny bR MV
N RERAEHBWTOEREETTO>TVET, NNy bR MLaT Y !

FfED CTRIF L THBEETT,

PET Bottle Rocket School for Kids
We go to elementary and middle schools and give lessons to the children,

in which they make PET bottle rockets and get to launch them.

FHVEH a5 5E)

MHOFEREEENRIC. FEPRFEET - ELIHBEHEZER L TVET,
FEVOBRY b7 —LEEREREFHRICE E—HEICIEY . RBRZTVE LT
Young Astronauts Club (Sendai branch)

The members of the branch provide education of space technology and
natural science for the children. The children made a handmade robot arm and
star chart with the members, and they were able to experiment by using theirs.

BARY TR b TEE LIS
FHANEEET - GME BEHRE TZIEL L HERDODEENTITONAEHRRT
F-LBESEEBDBEZRILTEVET, -
The team won the Japan International Bird-man Rally for the 5th time of sum total
Every year, we get good marks in this competition, held at Lake Biwa in Shi-
ga Prefecture, in which students design, build and fly plane.

YLIVATA
MR D F R B EZTRICLIEREHB AN MY A I VAT A JICHEBL.
DN EEEE L TCES DeHITRN—=0 27 bOTEZTW\E LTz,
Science Day
We participated in Science Day which is the science education event for |
children, and we provided children a lecture of hovercraft to experience sci- &
ence of fluid.
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Laboratories  Faculty
I N e

Creative Flow Research Division

Electromagnetic Functional Flow Dynamics Laboratory
Intelligent Fluid Control Systems Laboratory
Integrated Simulation Biomedical Engineering Laboratory
Biomedical Flow Dynamics Laboratory

Aerospace Fluid Engineering Laboratory

Spacecraft Thermal and Fluids Systems Laboratory
Design of Structure and Flow in the Earth Laboratory
Fluids Engineering with Data Science Laboratory
Complex Flow Research Division

Heat Transfer Control Laboratory

Advanced Fluid Machinery Systems Laboratory
Complex Shock Wave Laboratory

Computational Fluid Physics Laboratory

Nanoscale Flow Research Division

Non-Equilibrium Molecular Gas Flow Laboratory

Molecular Heat Transfer Laboratory

Quantum Nanoscale Flow Systems Laboratory

Biological Nanoscale Reactive Flow Laboratory
Molecular Composite Flow Laboratory
Nanoscale Flow Application Laboratory
Collaborative Research Division

Fundamental Research of Advanced Vehicle Technology (Hitachi Astemo) I

Hidemasa Takana
Kaoru Maruta*®
Makoto Ohta*
Makoto Ohta
Shigeru Obayashi
Hiroki Nagai
Takatoshi [to*

Shigeru Obayashi*

Atsuki Komiya
Yuka lga
Hiroki Nagai*
Yuji Hattori

Taku Ohara*

Taku Ohara

Takashi Tokumasu

Takehiko Sato
Taku Ohara*

(Visiting Professor)

Jun Ishimoto*

Laboratories

(November 1, 2022)

Kenichi Funamoto

Hiroyuki Kosukegawa** Hitomi Anzai

Aiko Yakeno
Xinyu CHANG
Anna Suzuki
Koji Shimoyama
Yuki Kanda
Junnosuke Okajima
Kiyonobu Ohtani*
Makoto Hirota
Donatas SURBLYS

Hiroki Matsubara
Takuya Mabuchi**

Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE)

Green Nanotechnology Laboratory

High Speed Reacting Flow Laboratory

Energy Resources Geomechanics Laboratory

Energy Dynamics Laboratory
Multiphase Flow Energy Laboratory

Division for the Establishment of Frontier Sciences of the Organization for Advanced Studies
Multi-Physics Design Laboratory

Novel Battery Nanoscale Flow Concurrent Laboratory
Integrated Flow Science and Technology Laboratory
Advanced Integrated Flow Science Laboratory

Lyon Center

Mechanical Systems Evaluation Laboratory

Advanced Materials and Fluids Design Laboratory

Flow Dynamics Laboratory

IHI X Tohoku University Co-creation Research
Center of Ammonia Value Chain for Carbon
Neutrality

Kazuhiko Endo
Hideaki Kobayashi

Hirohide Furutani(Visiting Prof.

Takatoshi Ito

Kaoru Maruta
Jun Ishimoto

Shigeru Obayashi*
Tomonaga Okabe*

Takashi Tokumasu*

(Visiting Professor)

(Foreign Visiting Professor)

Tetsuya Uchimoto

Jean-Yves CAVAILLE
(Visiting Prof.)

Makoto Ohta*

Atsuki Komiya*
Hidemasa Takana**

Toshiro Fujimori**

Yuting GUO
Siwei LIU

Gota Kikugawa
Daisuke Ohori

- Sophie COLSON
) Akihiro Hayakawa Xia YU

Yusuke Mukuhira
Bailong LIU

Hisashi Nakamura Youhi Morii
Ippei Oshima
Yoshiaki Abe
Sho Takeda

Kaori Yuse**

Joly-Pottuz LUCILE**

Carole FRINDEL**
Aiko Yakeno*
Sophie COLSON*

*Concurrent

** Cross-Apointment
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Electromagnetic Functional Flow Dynamics Laboratory

]

aER BE
Professor
Hidemasa
Takana

HIAZRDEF TlE. [ 7 VR © 172 ARAAEL MR 2R E L. BRGE T COBMAIEEZ/ LI S ZRED
RMEDEFRRFEERESY S 2L —Y 3V ERBEAVWTEZANICASNCT LBl IRIVF— - REDEFOHE
MEIB T O XICHIT 2EHHEb S — XDRIEZ Big L THEEHEL TV T,

The Electromagnetic Functional Flow Dynamics Laboratory conducts research on innovative applications of “ionic lig-
uids”, “plasma flow” and “Magneto-Rheological fluids”, especially focusing on energy and environmental fields and also
material processing. This laboratory pursues the creation of cutting-edge technology in the targeting fields through the
understanding of their physico-chemical characteristics associated with the complex fluid structure under electro-magnetic
field by means of both numerical simulations and experiment comprehensively.

35

174 VRIFEERAVITEIRIVF— - RITIGA
Advanced Applications of lonic Liquids in Energy and Environmental Fields
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lonic liquids are unique liquids composed of only anion and cation and show completely
different characteristics from water or oil. The melting point of ionic liquids is below room
temperature and they are often referred to as the room temperature molten salt. lonic lig-
uids have been applied to electrolyte for batteries, reaction solvent or actuator because of
their high electrical conductivity and ultra low vapor pressure. In this laboratory, we focus on
(ms] 28 35 43 the development of advanced energy devices with ionic liquids such as electro-double layer
sl capacitor or colloidal space propulsion. Furthermore, the advancement of CO, capture by

=53]
171 REBBRRICL B RILIEDE - RROS ionic liquid electrospray is conducted as an environmental application through experiment
Improvement of CO, absorption by ionic liquid electrospray  and numerical computation.
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Development of Electromagnetic Energy Conversion Device for Advanced Utilization of Wind Energy
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In this study, aiming at energy recovery from excessive wind energy for advanced wind
4 &\ | turbine, an innovative torque control device was developed utilizing the Lorentz force in-

B st duced by electro-magnetic interaction in the liquid metal. This device enables to keep the

'_” d " constant rotational speed or torque with converting excessive wind energy into electric en-

L. NOP ergy.
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The developed co-axial energy conversion device and its con-

trol characteristics of rotational speed with power generation
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Innovative Cellulose Material Fabrication by Electrostatic Fibril Alignment

CNF dispersion
Girounded Powered
clevtrodes \ 7 clectrodes
HC solution JIECSREe R~ I solution

Fabricated cellulose filament
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Flow channel with electrostatic fibril alignment for innovative cellulose material fabrication and optical setup for the evaluation of CNF alignment
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In recent years, cellulose nanofibrils (CNF) have attracted significant attention as a novel biomass material. The fibrils are produced by liberating
wood fibers to their nano-scale building blocks and have considerable potential to be applied to composite materials due to their outstanding me-
chanical (high stiffness of the crystalline regions ~ 138 GPa) and thermal properties (low thermal expansion). In order to synthesis a cellulose filament
with high mechanical properties from CNF, it is essential to enhance the CNF alignment in a cellulose filament. In this research, we propose the inno-
vated approach to align the CNF in flow by AC electric field and clarify the fundamental alignment characteristics by optical measurement.
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Computation Simulation on Ignition Enhancement by Nano second Pulsed Discharge
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Distribution of radicals generated by nano second dielectric barrier discharge (DBD) and The effect of nanosecond pulsed discharge on improvement of ignition delay
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Non-equilibrium plasma often generated by nano second pulsed discharge is widely applied to combustion enhancement or environmental purifi-
cation using chemically reactive species produced through high energy electron impact reactions in plasma. As a fundamental research, we developed
the numerical modeling of air-methane premixed nano-second pulsed discharge and clarified the radical production process in nano time scale with
streamer propagation. It has been clearly shown that the ignition delay is improved by nano second pulsed discharge. Furthermore, researches are also
undergoing on flow control by nano second pulsed discharge with local energy input to the flow.
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For technical innovation of treatment and prevention for diseases, it is essential to elucidate mechanisms for homeosta-
sis and in vivo phenomena related to development and progression of the diseases. We perform interdisciplinary research
based on fluid engineering, integrating biomedical engineering and cell biology. Changes of an individual cell response,
cell—cell and cell—extracellular matrix interactions, and tissues are investigated by reproducing in vivo microenvironments
with microfluidic devices “organ-on-chips” and measurement-integrated simulation.
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Reproduction of in vivo Microenvironments Using Microfluidic Devices
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Cells respond to mechanical stimuli
caused by motion and blood flow and

chemical stimuli by chemicals, and fail- 3 i1 s i » 7 (£ & F v ZRICHZER LT i) i S@OBEMEER (£ T
ures of such cellular functions possibly ). $BREED 3 WAFRED X A LS5 T RAERY X T I (5X)
result in diseases or damages. In order

to reproduce physiological and pathological in vivo microenvironments, we develop “3-in-1 organ-on-a-chip” which simul-
taneously controls oxygen tension and mechanical and chemical stimuli to cultured cells. The chip contributes to elucida-
tion of phenomena in in vivo microenvironment, and is useful as a platform for drug discovery for diseases.

Cells can be seeded in the media and gel channels.

| Media channels
(W:500 pm, H: 150 pm)

| Gel channel

(W: 1,300 pm, H: 150 um)

Gas channels
[ (W:1,000 um, H: 150 um)

Chemical gradient s | \\ Mechanical stimuli by flow
0, gradient
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Elucidation and Control of Cellular Responses to Hypoxic Stresses
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An in vivo oxygen tension is lower than the at-
mospheric one and has spatial and temporal vari-
ations, affecting cell activity. In a tumor microen-
vironment, heterogeneous oxygen concentration
is observed due to hyperproliferation of the cells
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Morphological changes

Collective cell migration in vascular endothelial monolayer of vascular endothelial cells

and formation of immature vascular network. (EEZEBIS|ICHIT DN AMBOEEOET (LK) BELXKEICL DA
Such temporal and spatial variations of oxygen RO E (G LX) &L O MERLMEDOWEE (£ FR) OHARER. B=
concentration activate migration of cancer cells ZfFIC K2 MERNEZMIBDOFER L (A TK)

and angiogenesis by vascular endothelial cells,

leading to cancer progression and metastasis. We elucidate oxygen-dependent cellular dynamics and characteristics, e.g.,
cancer cell migration and vascular endothelial permeability, and investigate to control them.
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Hemodynamic Analysis by Integration of Medical Measurement and Numerical Simulation
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Accurate diagnosis of circulatory diseases is a critical
issue to realize a healthy society. Even a state-of-the-art
medical equipment is not sufficient to measure the com-
plete information on hemodynamics. The fastest super-
computer may perform an ultra-high speed computation
(real-time computation), but is inherently incapable to
reproduce the real blood flows due to the lack of the exact
computational condition for the relevant flows. We are do-

i Blood flow |

of blood vessel = r
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imaging V.2

compensation
Ultrasonic

I
! equipment T m Computer

2D Ultrasonic-Measurement-Integrated (UMI) blood flow analysis system

Pressure

Standard solution  Ordinary simulation UM simulation
Hemodynamic analysisin a carotid artery Numerical experiment of 3D UMI simulation
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ing a research to realize an advanced medical care by understanding complex hemodynamics through measurement-inte-

grated simulation of blood flows.
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The focus of the biomedical flow dynamics laboratory is to develop new concept of implant especially based on flow and
to establish new methods for evaluating the implants. For example, when you treat a cerebral aneurysm with endovascular
treatment, you should know the effects of medical devices on controls of blood flow. The fiow may depend on the geom-
etry, materials and clinical conditions. Since these are so big issues, we collaborate with biomaterial groups, biomechanical
groups, and medical groups to gather their top knowledge. This field is called as a life science, or biomedical engineering.
The aim of this lab is to support and improve our social quality of life by biomedical engineering.
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Pred|ct|on of 3D Hemodynamics by Deep Learning Technique
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A smart therapy has a good strategy with controlling human tissues such as blood flow, blood, and artery. In this field, we
try to develop medical devices such as stent and evaluation using biomaterials or computational simulations. Hemodynam-
ics measurement and computational fluid dynamics (CFD) have been performed under invasive/non-invasive techniques.
However, still it is challenging to obtain detailed flow field within a second by measurement nor CFD. Then, we developed
deep learning technique to predict 3D hemodynamics on cardiovascular system. This deep learning network can allow to
obtain CFD-like results within a second, which needs 10 min in conventional CFD.
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The image below shows an integration of realistic stent
data to realistic patient data. Our team firstly succeeded to
develop this method in the world. And provided this
techniques to VISC (2006).
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PVA biomodel is available to use under medical image
equipments such as CT, MRI, or ultrasound and to be used
for development of new medical treatment or devices.
And so, PVA biomodel attracts not only neuro-surgeon
fields, but also micro-surgeon fields.

543 ESE—CRHWLWSZ—Nl7Z PVA EE(CE@EUTc
¥+ MRI Ciw UTc
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Computational Fluid Dynamics (CFD) is a discipline that reproduces the state of a fluid motion inside or around an object
by computers, elucidates the phenomena, and designs fluid devices. With the progress in computer performance, CFD
technologies have been evolving in terms of accuracy and usefulness day by day. Aiming at further utilization and develop-
ment of CFD technologies, this laboratory is promoting trans-disciplinary researches, which is motivated by the integration
of CFD with other science and technologies. We are working on elucidation and control of various unsolved problems re-
lated to nonlinear flow phenomena, fluid information extraction technology for aircraft aerodynamic design, data assimi-
lation, by applying supercomputers, wind tunnel experiments, and the latest data science, aiming for further innovation in
aerospace fluid engineering.
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Wind Tunnel Experiments with the Magnetic Suspension and Balance System (MSBS)
* Flow Investigation by Highly-Resolved Unsteady Numerical Simulation
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We have been developing a magnetic suspension
and balance system (MSBS), which is capable to
support a model in the wind tunnel and to control
its attitude by the magnetic force. Currently, we are
working on improving the measurement techniques to support without noise, to respond quickly, to control and measure
the unsteady aerodynamic force, and to support very low-fineness ratio models. We have successfully compared the exper-
imental results with those obtained from a huge parallel computation. We try to research for new knowledge of fluid phys-
ics and building innovative design technologies by fusing on integration of experiments and numerical calculations.
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Aerospace Fluid Phenomena and Advanced Computational Fluid Dynamics Using Data Science
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Friction drag due to the viscosity of air is con- i ]
siderable when an aircraft operates, which is
almost half of the total drag. If we delay a lami-
nar-turbulence transition and cover the wing sur-
face with laminar flow, we can reduce the viscous
drag effectively. We are carrying on huge direct numerical simulations by a supercomputer around an attachment line of
a swept wing for the flow stability analysis to clarify the three-dimensional transition mechanism in detail, depending on
the surface roughness, to develop the superior laminar swept wing. In addition, we study jet sound generation mechanism
using the extraction of characteristic flow structure by focusing on dynamic mode decomposition, and optimal design of
aircraft body considering structural strength.
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Improvement of Time and Accuracy of Flow Computation by the Reduced Order
Modeling and the Observation
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We develop the data-assimilation method that corrects
the initial value of a numerical simulation model so as to reproduce sparse information obtained by experiments and obser-
vations, in order to achieve fast and accurate flow simulation. Currently, we are working to predict clear air turbulence (CAT),
by conducting case analysis of an actual aircraft accident. In addition, a high-speed and highly accurate numerical model is
required for the optimum design of the aircraft body. In our laboratory, we are also working on the construction of the latest
unsteady turbulence model by parameter tuning with data assimilation. In addition, we are improving the accuracy of the
spray penetration model in the combustor using data assimilation too.
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data assimilation
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A spacecraft is exposed to various thermal-fluid environments from the time of launch to the period in space and return
to the Earth. Understanding of thermal and aerodynamic characteristics in re-entry to the atmosphere is essential especially
in the development of the next-generation space transportation systems. In this study, we study the methods to estimate
the aerodynamic heating by using functional molecule sensors, and study and develop thermal-fluid measurement tech-
nology which can be used to measure extreme environment fields with high temperatures (1000°C and higher) as well as
cryogenic temperatures. For the next-generation spacecraft which is to carry out missions over long periods under extreme
thermal environments, it is essential that they have thermal control systems capable of exhausting heat from the internal
devices using the limited electricity and weight resources. This laboratory, therefore, tries to address this demand and bring
about a breakthrough in a realization of next-generation spacecraft missions through our research and development of
loop heat pipes (LHPs) and oscillating heat pipes (OHPs) as light-weight and space-saving/non-electric heat transport de-
vices.
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Understanding of Aerodynamic Characteristics and Aerodynamic Heating Phenomenon
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We focus on the aerodynamic heating phe- Heat flux distribution -

nomenon occurring in the hypersonic region HEPREL okl s hist

when a spacecraft enters the atmosphere of a MBS RAITIADZEIINNFAEHA BERICPBITZECREHATEILD
Aerodynamic heating of B RhRENIRS DRERA
Hypersonic airplane Study of self-oscillation phenomenon of HAYABUSA
capsule in transonic flow

planet, and the dynamic instability phenomenon
related to the entry capsule when it decelerates
from there to supersonic and transonic speed.
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Development of Thermal Control Devices and Innovative Thermal Systems for Next-generation Spacecraft
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Heat generation inside Next generation heat transportation device IEINSZHEHEDOECEES] - SRR
spacecraft A BB R 7 LOIRR A BIE T

1

We will research and develop thermal control
devices utilizing gas-liquid two-phase flow (LHP,
OHP, Mechanical Pump). Especially since LHP/
OHP has no driving parts, expectations are high

D
&5

IS PHIALL=Y for installation in deep space spacecraft with

oop st ipe (D) GecllothoHiest e (Or) - Tworprase Hechanical ump P limiited resources as lightweight, space-saving
FEHEICHIT 2 ERE S SUR ARG T/ N1 X non-electric thermal transport devices. Finally,
Thermal problem for spacecraft and vapor-liquid we will try to propose an electricity-saving,

two-phase thermal control device high-efficiency innovative spacecraft thermal

control system which combines these.

ATEBTDREICHITDMERIEED AT ZHA LI LLWEEY AT LORR -
Research and Development of New Exploration Systems Utilizing the
“Fluid-Dynamic Forces” on Planets with Atmosphere such as Airplane

R KBRKQPZERITHRE T M (RITH/ A\ ) ZIEARE L TS, CORTHEADNMFICEE LTV 20D, &
LA/ IV AEEFICH T 2SRRI DAL JUORNBOIRE. Z LT, ZORERURITOHE (ROZEHERRSE)
THB, e, WK ETH—AE LRSERTRELZE T 52E 35kmBEDSBARFRICH N T, RITRIAEERZ =L
HRITERIT TZDRFABEENZ TR T FECH D, TOMETEL T AREB T AMOREICH W CHIARIEER. FRiAT
HF)B LTemZEiic K 23 LUWERE S X 7 L (Planetary Locomotion) Mi2ZE% BIEY

At present, we conduct research and devel-
opment of Mars aircraft (airplane & helicopter)
to explore while flying through the atmosphere
of Mars. A special focus of this study is to de-
velop a super-high performance airfoil in low
Reynolds number region and understand its
flow field, as well as control of fluid and flight
(e.g. unfolding of the wings in the air). We also
plan to conduct flight demonstrations at high
altitude atmosphere around 35 km on earth,
which has an equivalent flight environment as
Mars, to show its feasibility ahead of the world.
We will try to propose a new exploration sys-
tem (Planetary Locomotion) which utilizes the
fluid-dynamic forces such as the airplane for

Deployment process

Deployment sequence of Mars airplane  Effect of Propeller slipstream on main wing

NEREMZEHICEET S5 other planets with the atmosphere through
Study of Mars airplane this research.
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Design of Structure and Flow in the Earth Laboratory
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To understand “structures” formed by the Earth and the “flow” in the system, we pursue research on transport phenome-
na in heterogeneous fractured rocks and design of sustainable energy systems for forging mutually beneficial relationship
between human beings and nature.
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3D Printer-Based Approach to Modeling of Flow in Fractured Media

Velocnkr [mfs]
¥ 0012
TRV NT—=UETILD 3D TR THIRIEN T T IVRD CTEHR BEVIa1lL—Y3avickd
THA Y7V CT scan image MNBDFER
Design of 3D fracture network 3D printing sample Simulation result of flow

TREEAIETEEUNIERICE.BLIAT7Y Y TIVERB T A5 ENRETT, AAETIE. 3D T 2Tk,
RRATGHRDEM G ENEREER L AR LIEET IV EZBVWTRBRBRAZREBLE T, BCHRT 7 1 IWTEDW RS
VZalb—YaviEREDEBETVENS, HREMBIT ST LICK > T BETEERBREDBEL LG AT T
O—FZRELET,

Fractures in rocks are very heterogeneous, and it is difficult to obtain same structures even in same core sample. In this
research, we create various complex fracture networks using a 3D printer and conduct flow experiments using the created
models. By comparing the flow simulation results based on the same shape file and elucidating the phenomena, we pro-
pose a new approach to bridge numerical simulation and experiments.
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Quantification of Fracture Structures Based on Persistent Homology
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Schematic image of topological features captured Quantification of rock structures using persistence diagram

by persist homology
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Persistent homology, an analysis method of topological data analysis, can infer related features of complex structures that
are difficult to find by simple pattern matching from complex and large amounts of dataset. Persistent homology is applied to
analyze fracture network patterns to understand the relationship between flow characteristics and fracture structures.

¥4 U Oijis%Z AW 2R EFEhEHE

Evaluation of Flow Phenomena in Micro Pore Structures
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Micromodel simulating rock structures Visualization of particle movement Particle size measurement

in micromodel by electrical resistivity

R HTFDORINZRARSDIITONTWS b L——EEBRTld. HFREIDDEH Y PmERE W2 BRI H Y £
YATLEEDN 7/ - RA7AKF L —T—%&fEDTLICR 2T INETEONGL oL DG M EEDIERZ IS
TELHHEMDDHY KT, aaDR 7 EEZEE LA 7 DRz BV CEMEC T, REIERZEE L TVET,

Nano-/microparticles would provide rock characteristics in underground, which can not be provided by conventional tracer

tests. We conduct flow experiment using microfluidics under a microscope and examine flow behavior of particles in complex
rock structures.

46



B i)

(ereatiVe I OWIRESEaTci1vision:

a7 — F EIFHR D B

Fluids Engineering with Data Science Laboratory

GR) B

A X
Concurrent Professor
Shigeru
Obayashi

TR

T =8
Associate Professor
Koji
Shimoyama

INETOIFHRET - BRI EIC. ABOHBEPRER. Bz IiThNTEE L, LY LIES TR, O Ea1—40

DA EIEDS T ET REFEBEDRBIKRD T LG ZRBEFLGIFHMO DD | ZXH L TCVWET, T THMA
RE Cld. RABITICHIEEN - T—A2RENT7 TO—FERETE S LT REGEDNEDEDH S, BENE - fZErE
FEDRBDEDE TENRE LT MAEERE T DY AT LDORBETY, - 5881 - MBULICER T HAZEICE Y A TL
£,

So far, engineering design and development have been primarily carried out based on human knowledge, experience,
and intuition. Today, however, computers play an important role in assisting the design and manufacture of various engi-
neering machinery, independent of a designer’s skill. Therefore, our laboratory studies fluid analysis techniques integrated
with mathematical and data-scientific approaches to create optimal, robust, and intelligent fluid machinery and their sys-
tems; from small devices such as household appliances to large systems such as automobiles and aircraft.
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Multi-Objective Design Optimization of Fluid Machinery
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Single-objective problem Multi-objective problem Car air-conditioner
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Evolutionary computation for solution search Examples of multi-objective design optimization
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We are developing a multi-objective optimization method, in which “evolutionary computation” is used as the core tech-
nology, as an approach to create innovative engineering design, and applying this approach to the design of fluid machin-
ery. This approach is useful for the discovery of new design knowledge, by finding various optimal design candidates and
extracting characteristic information from the candidates.
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Uncertainty Quantification in Fluid Analysis and Design
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Real-world flow phenomena are caused by various “uncertain” physical factors. Numerical analyses used to simulate
flow phenomena are often simplified without considering such uncertainties, and these results often disagree with the re-
al-world phenomena. Hence, we quantify the behavior of physical quantities against uncertainty in fluid analysis, for accu-
rate simulation of flow phenomena and reliable design of fluid machinery.

KBTS YV IICK DTN - ERETOEE(L
Surrogate Modeling for Efficient Fluid Analysis and Design

ENA
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Kriging Neural network
KRBET7 IV Z BV emEt REET IV E AW R =B ORETES]
Surrogate-based optimization Examples of surrogate-based design optimization
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In actual engineering design, it is desirable to reduce the turn-around time needed to obtain a design candidate satisfying
pre-specified requirements. We, therefore, develop a “surrogate model,” which represents a complex response relating perfor-
mance to the change in the shape of a design candidate through a mathematical form. This model can estimate the perfor-
mance for any design candidate with a different shape promptly, and thus it can reduce the time for fluid analysis and design.
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Precise and active controls of heat and mass transfer under extreme conditions such as micro/nano scale and micro-
gravity environments are important for future engineering science and technology. This laboratory has been conducting
research on the fundamentals of micro/nano scale heat and mass transfer controls using advanced optical systems such as
a laser interferometry and ellipsometry, and applying them to the several engineering systems such as low emission energy
system, advanced heat transfer enhancement system, measurement system of precursor film thickness, and mass transfer
control system for pure protein crystallization.

FHAZTHEC L DEMRE - MEEXDOSHREDRIE
Precise Visualization of Complex Heat and Mass Transport Phenomena by Interferometry

MERDFFFH5T 2 WRAA L. FRE Imm A LUTOR A7 OBz SfEEICRARI CES VAT LZRFE L TVET,
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IS L& Lo SNEDTY AT LZED T FBHRICEIT 58 - PEOHEKEREE EENICFHUET 52 EDH TNET,

A precise measurement system of heat and mass transport phenomena in sub-micron scale is developed by using an
optical system. By applying the phase-shifting technique to the conventional interferometer, we have successfully visual-
ized transient mass diffusion field, gas absorption process at gas-liquid interface and precursor film dynamics at the edge of
small droplet. Quantitative evaluation of mass transport phenomena in complex system has been studied.

SURSRE COH AR 82N EOIREERR
Gas absorption at gas-liquid interface Transient d|ffu5|n ﬁ6|d0f protein

Imm

Field of View

Microscopic length Macroscopic

w pel Contact line ' s Contactline
HIRREDRUNE £ BRARDEL ETEEERC AN

< Distinction of the shape pf droplet due to substrate TR DEEL

MY 7 bIU T A—4 Visualization of precursor film
Phase-shifting ellipsometer

Y T M EEBWEEBERRIL A7 L Precise visualization systems assisted by phase-shifting technique




ERAARY T MFSEtZ AVWCIEEE R - MBEEXIRR O

Evaluation of Transient Heat and Mass Transfer Using High-Speed Phase-Shifting Interferometer

Ka 7T ALEBRENA S HBHFZFSHIGA L, S UBUTORRGH-MBEHRRERA R T2V AT LEEELTVET,
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High temporal visualization system for transient heat and mass transfer phenomena in milliseconds or less are developed by
applying our special prism and a high-speed camera to the interferometer. Appling this system, the decomposition and disso-
lution phenomena of substances are evaluated by measurement of transient heat and mass transfer phenomena. In our labora-
tory, gas hydrate decomposition and dissolution phenomena of organic substances in supercritical fluid have been studied.
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High-Speed Phase-Shifting Interferometer
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Visualization of heat transfer phenomenon in carbon dioxide  Visualization of transfer phenomena near the solid-gas interface
under supercritical condition (ScCO,) during methane hydrate decomposition
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Evaluation of Convective Heat and Mass Transfer Using Large-Scale Interferometer
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High temporal visualization system for transient heat and mass transfer phenomena in milliseconds or less are developed
by applying our special prism and a high-speed camera to the interferometer. Appling this system, the decomposition and
dissolution phenomena of substances are evaluated by measurement of transient heat and mass transfer phenomena. In
our laboratory, gas hydrate decomposition and dissolution phenomena of organic substances in supercritical fluid have

been studied.
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In this laboratory, complex flow phenomenon associated with high-speed gas-liquid mixture flows, especially about cavi-
tation, is studied by using supercomputing and experiment. Additionally, advancement of fluid machinery systems with the
mixture flows is investigated.

BRIEOQT Y MY—IRIRKVTICRETDF v ET—Y 3 VFRERR
Cavitation Instabilities in Liquid Propellant Turbopump
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In an axial-flow pump which is called inducer in liquid-propellant rocket turbopump,
undesirable oscillation phenomenon is caused by cavitation. It is called cavitation insta-
bilities; rotating cavitation causes asynchronous axial vibration of the turbopump and
cavitation surge brings pulsation of working fluid. When the cavitation instabilities occur
in the inducer, efficiency of the turbopump declines and launch failure of the rocket
was rarely reported. Especially, super-synchronous rotating cavitation has opposite
characteristics of propagation direction to the general rotating instabilities in any other
rotating machinery. The occurrence mechanism has not been clarified, so that, it is very
interesting phenomenon. In this laboratory, prediction of the oscillation characteristics,
development of new control/suppression technique and clarification of occurrence
mechanism are attempted.

AVT1—HYITRETS HEMEEF v ET—> 3>
#BiEEiuarvyeEr—>3 > Super-synchronous
Tip leakage vortex cavitation in inducer rotating cavitation
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Clarification of Thermodynamic Suppression Effect of Cavitation
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[t is known that the volume of cavitation is suppressed due to decrease of temperature associated with latent heat of
evaporation in liquid hydrogen and oxygen which are propellants of liquid rocket. But the actual degree of suppression of
cavity volume cannot be predicted, then the suppression effect is not utilized in the design of the present rocket pumps. In
this laboratory, in order to clarify the thermodynamic suppression effect, high-accuracy temperature measurement inside
the cavity is done in hot water tunnel experiment in which the thermodynamic effect is same degree with that in the pro-
pellant and estimation of turbulent heat transfer is done in numerical simulation of cryogenic cavitation by using in-house

ERAKFYET =322 VRERFRREE NACACOIS B &H WD
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thermal model.
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Thermal Transport in Two-Phase Flow with Phase Change and Its Application
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In cavitation or boiling flow, phase change such as evaporation and conden-
sation occurs with heat transfer through a liquid-vapor interface. Additionally,
thermal interaction between the two-phase fluid and the solid wall is affected
by material properties and wettability. Because of such complex thermal trans-
port in two-phase, the mathematical modeling and reproduction by numer-
ical simulation of the evaporation process of single bubble boiling have not
been enough yet. In this laboratory, to understand thermo-fluid phenomena
through the interface, the analysis of the evaporation process around moving
contact line, numerical simulation of boiling phenomena, and experiment of
subcooled boiling in high-speed flow field are being conducted. We aim to
contribute to the next-generation cooling system through the sophistication
of these thermal transport mechanisms.

Convective boiling of single vapor bubble
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Numerical simulation of boiling heat transfer
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Shock wave phenomena associated with various research field such as aerospace engineering, material engineering,
medical and biomedical engineering, and geophysics, is significant problem. The complex shock wave laboratory investi-
gates complex propagation phenomena of shock wave in gas-liquid-solid three-phase for understanding a fundamental
mechanism and its interdisciplinary application.
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Study on Shock Wave Propagation Phenomena for Human Body Tissue Protection
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Shock wave propagation phenomena in simulated biological model in consideration of acoustic impedance

FHZEBR T HMBIOGEVKFPOEERES L UORREIRSROBRIIEEEERICHICBVWTERGMRRE CH D, &
MRETIEEZICHIT 58 - RFECEEG/IN\SA—L2THLBEAN VE—L VR BEOBRELETROE) ICEBL. B
B -2 X EER LICERERNEZ AW E 7 )IVRBR TCERROBEE R OCE. TEEEZAN BN GEES
SUAERICDIEN 5 BEBBOREZHRT 2 & TCEERICKSERIBEDOHFERIPZITV. TOERELE L TTDMH
FHEOHITEBIELE T,

Shock wave propagation in water similar to material for forming tissue of living and expansion wave phenomena are an
important area of research for shock wave medical and biomedical application. We focus on acoustic impedance value,
obtained for the product of the density and sound speed in substance, investigates to shock wave propagation and inter-
action phenomena in simulated biological model in consideration of acoustic impedance for understanding of shock wave
tissue damage mechanism. We aim establishment of human body tissue protection method from shock wave by using the
obtained knowledge about shock wave propagation phenomena such as local elevation of pressure and negative-pressure
region related to cavitation bubble generation.

(=170ps  1=175ps



GOAD MEALTH CLEAN WATER
AND WELL-BEING AMD SARTTATION

14 i
BELOW WATER

EEEENDOFHIENICE T DR
Establishment of Shock Wave Pressure Active Control Method
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We aim establishment of shock wave pressure active control method by using shock wave attenuation phenomena due to
shock wave interaction and diffraction, and shock wave enhancement phenomena due to shock wave reflection and focusing.
These achievements are expected to mitigate serious effects caused by shock wave to artificial construction and human body,
to develop new device for industrial application by using shock wave pressure.
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Study on Supersonic Free-flight Projectile for Aerodynamics
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Supersonic free-flight of capsule model in CO, gas Development of new supersonic model launching method
(Supersonic free-flight ring shaped model)
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We investigate experimentally aerodynamic properties for supersonic free-flight model, its generated shock wave and
flow fields regarding development of the silent supersonic transport and Mars entry capsule by using ballistic range. And
we focus on a development of supersonic launching method for various complex shaped models and their quantitative
and qualitative new measurement.
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Flow phenomena are ubiquitous in many areas ranging from biological to astronomical scale and in many applications
including aerospace engineering, environmental studies and energy technologies of next generation. Thanks to the rapid
growth of computational power, computer simulation of flow phenomena has acquired a wide range of application. There
are increasing needs for highly accurate simulation as well as novel methods for obtaining useful knowledge from huge
data. Inour laboratory, we are studying flow phenomena by numerical simulation. New methods for numerical simulation
and their application are developed. We are also doing theoretical studies of fluid dynamics by mathematical approach.
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Direct Numerical Simulation of Complex Flow Phenomena

HRRROEEMEY =21 L — 3 /f|
Direct numerical simulation of turbulent flows
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We study complex flow phenomena by direct numerical simulation. In particular turbulent flows are investigated using
highly-accurate numerical methods in order to understand the statistical properties of turbulence and develop accurate
turbulence models.
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Development of Highly-Accurate Method for Numerical Simulation of
Complex Flow Phenomena
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Numerical Simulation by Penalization Method
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The flows in nature and engineering often involve complex bodies which move and/or deform in the flow regions. We
develop numerical methods for highly-accurate numerical simulation of the complex flow phenomena. Using the
methods we also perform realistic direct numerical simulation of various flow phenomena.
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Vortex Dynamics and Applied Mathematical Fluid Dynamics
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Theory of Curvature Instability and Destabilized Vortex
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It is important to understand the vortex dynamics in investigating flow phenomena. The fundamental properties and the

dynamics of various vortical structures are studied. Our goal is to reveal the characteristics, universality of the vortical
structures from the viewpoint of vortex dynamics.

Fundamental and general methods are important in the research of fluid science. Various tools in mathematical physics,
especially in differential geometry, functional analysis, dynamical system etc. are developed and applied for fluid science.
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Analysis of thermal and fluid phenomena based on the molecular dynamics theory leads to understanding of funda-
mental mechanism of the phenomena, and ultimately, to the design of thermal and fluid phenomena that are needed in
the cutting-edge area in modern technologies. Also the molecular-scale analysis is effective for thermofluid phenomena in
extreme conditions in which macroscopic models such as thermophysical properties and the concept of interface are no
longer valid. In the application field, micro/nanofluidics is now expanding rapidly especially for the field of biotechnology,
which is based on the micro/nanoscale thermal and fluid engineering supported by the recent progress of the MEMS/
NEMS technologies. Realization of the mechanism of nanoscale thermal and mass transport in living body in biomimetic
fluid machines is one of the most promising fields in the area of micro/nanofluidics.

The molecular heat transfer laboratory is engaged in the research to analyze micro/nanoscale thermal and fluid phenom-
ena, from the molecular scale to the MEMS/NEMS scale, and pursue the application of it.
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Study on Fluid Structure and Transport Characteristics of Energy and Momentum

TR, FFISRIRRICIIBR A BAEEDFE L. T DRI IEDRIAR DHNX
R IO - BEFE - MEOBRBZ XKL TVWE T, RIEPOEE
RN L. T OBEDEHIRFHZ T T 22 Sl kY| 87 DREDEH
EYEEIR T DETEOL. FEDEXEEZE DREIEEDL DTN
FHEEZE > TVWAHDH. HEDREEZEMIBLE T, Tl BEDTHK

' ; ' AT Y 5 _EEEE (RAHRHEREDOET V) R E REFRICHKIRT 2
Bulk liquid water  Bulk liquid n-tetracosane 7~/ AT —ILDAT O (RG—) BiEEE T T THRITT HIFFHHENE
EXIRR AT L. FTLWF S/ X — ) VB EERR T/ \ 1 XD & L
TIAT AODOERMRZITOTVET,

Fluids, especially liquids, contain various structures of which dynamic
characteristics governs transport phenomena in liquids, i.e., transport of
mass, momentum and thermal energy. Analysis of liquid structures and
their transport characteristics gives a thorough answers for some ques-
tions such as why the liquid have its magnitude of thermophysical prop-
erties and how the molecular structure should be to realize a liquid having
desired thermophysical properties. Another point of this study is hetero-
geneous structures such as bilayer of lipid molecules organized in water
: : (model for cell membranes of living body). Anisotropic transport phenom-
Lipid bilayer membrane in water ena that arise in such heterogeneous structures are analyzed as a basic
study for novel materials of nanoscale thermal and mass transport devices.
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Heat and Mass Transfer Characteristics at Solid-Liquid Interfaces
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Heat and mass transfer at interfaces where solids and liquids contact governs overall characteristics of nano-structured
systems such as NEMS and porous materials. The phenomena are utilized in nano-fabrication process such as the wet pro-
cess for semiconductor devices. Molecular dynamics simulation analyzes anomalous structures in liquids in the vicinity of
solid surfaces produced under the influences of solid surfaces and intermolecular energy transfer between solid and liquid
molecules, which clarifies mechanism of the phenomena. Basic studies to seek molecules and nanostructures which exhibit
required interface characteristics are also performed.

BIED FORIRIVF—(CHIFHEST — 5 [CED S BURTRADEE
Design of Novel Thermal Fluids Based on the Thermal Energy Transfer Data of
Liquid Molecules
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Thermal fluids, which flow and transport thermal energy in devices, are playing a major role for highly efficient usage of
thermal energy in sophisticated thermal devices. The aim of this study is to know the structure of molecules for thermal flu-
ids which are optimized for specific conditions and give the best performance. This is accomplished based on the data con-
cerning thermal energy transport in fluids, which are obtained by analyses of mechanical energy transfer due to dynamic
motions of molecules and functional groups in molecules. Our goal is to establish the design approach of thermal and flow
characteristics for fluids, just like solid materials that has been established in these days.
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In the flow phenomena of fluid, it is often seen that the “chemical reaction” which occurs at the atomic/molecular scale
affects much on the macroscopic “diffusion phenomena” of fluids. Moreover, very light atoms, such as hydrogen, cannot be
regarded as a mass point and its effect sometimes appears at the phase diagram of this substance. When we analyze the
mechanism by which the characteristics appears or behaviors of nanoscale flow systems which consists of such substances,
it is necessary to analyze them by the method in which the “quantum effect” of the substances is considered because the
conventional molecular dynamics method cannot treat such characteristics accurately. This laboratory treats the system in
which the quantum effect of such fluid affects on the flow phenomena, and conducts research on clarification of its physi-
cal mechanism by various methods with considering the quantum effect and its application for engineering aspects.
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Quantum/Molecular Dynamics Studies of the Effect of Quantum Characteristics of Fluids on Its Flow Characteristics
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CVD simulation by reactive force-field molecular dynamics =4

methods Quantum molecular dynamics simulation of Li ion diffusion in
the solid electrolyte
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Hydrogen molecule has a light mass compared with conventional diatomic molecules such as nitrogen or oxygen, and
therefore the position of hydrogen molecule cannot be determined by uncertainty principle. Due to the quantum effect of
hydrogen molecule, the thermodynamic properties of liquid hydrogen is not consistent with the principle of correspond-
ing state. Moreover, flow phenomena with chemical reaction are often seen in industrial situations, such as semiconductor
fabrication process. In these flow field energy change following chemical reactions affects much on flow phenomena. We
analyze the mechanism by which the quantum characteristics of molecules affect on the macroscopic flow phenomena of
fluids using methods in which the quantum characteristics of fluids are considered.
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Molecular Study for Controlling Intracellular Protein Function Using Artificial Phase-Separated Structures and Selective Transmembrane lon Channels
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The research involves theoretical and computer simulation studies of biomolecular systems. Current research activities span both
development of new computational methods and theoretical characterization of proton transport and protein phase behavior in bio-
molecular systems at multiple length scales. For example, to probe complex transport phenomena of protons, a reactive model has
been developed within the simplicity of the theoretical framework of classical molecular dynamics (MD) simulations. Proton transport
through complex structure such as transmembrane ion channels are one of our research interests. Protein phase behavior (i.e, aggrega-
tion, self-assembly, and liquid-liquid phase separation) in aqueous solutions are also of our research interest. Computational studies can
assist in the challenge of designing the artificial ion channels. Our research is thus often carried out in close collaboration with leading
experimentalists and is integrated in a feedback loop with experiments.
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Molecular Dynamics Study of Deposition Mechanism on the Atomic Layer Deposition and Chemical Vapor Deposition Methods
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Structure optimization and energy calculation by quantum
chemistry calculations
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In the semiconductor manufacturing process, there are some processes such as thin film formation, etching, cleaning etc.
Especially in the thin film formation process, The thickness of a film on a waterhave to be controlled with the accuracy of £
0.5 A, which is the order of the layer of atoms. The chemical vapor deposition (CVD) and atomic layer deposition (ALD) are
widely used as thin film formation methods for realizing such a state-of-the-art demand. However, these thin film formation
phenomena are a complex combination of diffusion phenomena and reaction phenomena, and it is difficult to understand
in detail. Therefore, we carry out reactive force field molecular dynamics (ReaxFF MD) simulations and aim at a universal un-
derstanding of the deposition mechanism in this research.
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As a low-temperature plasma flow at atmospheric pressure is easily capable of generating heat, light, chemical species,
charged particles, shock wave, etc, recently, a research on a sterilization and a plasma treatment has started using those
physical features. The biological nanoscale reactive flow laboratory aims at a fundamental study and applications of “plas-
ma medicine”, which is expected to become a next-generation medical technology, through the studies on activation and
inactivation processes of cells, development of a plasma sterilization method, phenomena of reactive flow dynamics and
nanoscale flow dynamics for a gas-liquid plasma and interactions between a plasma flow and cell/bacteria.

TSAVEEDRM : 75XV HRDOREIC K BDEAFRILZEDEZEH

Development of Plasma Medicine: Plasma Flow and Biological Responses
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We aim at clarifying the effects on cells by chemical species generated by plasma, and aim for the fundamental study and
the application. We have now studied about the activation and inactivation mechanism of cell viability by a plasma flow.
Concretely, we analyze the gene expression responses by using the DNA microarray, and we clarified that the hydrogen
peroxide generated by plasma is a factor of inactivation. Furthermore, electric current effect on activation of cell motion is
analyzed by a fluorescent microscope.

HAMRE TIRRBHEITTRLI DR /BN RERICKDT77F>  F /B OVABRREICEK YDA
Fluorescence image of Hel.a cells. Before exposure to T AT A MEROEF MfeMRR L TV B HF
plasma-treated culture medium (Left). Formation of actin filament by expo-  Elongation of cancer cells by expo-
Cell death with necrosis after exposure (Right). sure to nanosecond pulsed currents.  sure to nano-second pulsed current.

The scale baris 20 u m.
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Development of Plasma Sterilization Device
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Photograph of sterilization device Plasma emission for sterilization Sterilization of bacterial spores by plasma irradia-

tion, formation of pores in the bacterial spores
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To reduce infection risks of new influenza, nosocomial infection and so on, and to develop next-generation medical
instruments, we aim at clarifying generation and transportation mechanisms of a plasma flow by experimental and com-
putational analyses and we aim at identifying the central factor of sterilization effect and clarifying sterilization mechanism.
Also, we have been developing a practical plasma sterilization device.
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Discharge Mechanism of Plasma in Water and Analysis of Plasma Bubble Behavior
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FAEICDWTL EPFL (RAR) EHFMFEICL Y AKERARDEENCTL Generation of fine bubbles by underwater plasma
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Toward the application of discharges in liquids in the field of plasma Electrode
medicine, we advance the clarification of the inception and the propa-
gation of streamers in the underwater plasma. By observing successive

119

Origin of pressure wave

propagating photographs of primary streamers on the nanosecond 1:T=27ns
time scale that are extremely difficult for visualization, we clarified that 245 ns
the primary streamers propagate intermittently. Furthermore, propa- 157 ns 368 ns
gation process of negative streamers was clarified by visualization of 8
. | 4:102ns

weak pressure waves. We also clarified that the fine bubbles are gener- 199 ns
ated at the collapse of the generated streamer gas channel. 5:148ns

Also, through the collaborative research with the EPFL in Switzer- 7:189ns 50

pm

land, we clarified that the hydrogen gas which is non-condensable gas
is included in bubbles generated by high-temperature plasmas such 2R ) —EREBIRD AR
as laser or spark which has been discussed for years. Analysis of underwater streamer
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From nanoscale to macroscale, various thermal and fluid phenomena, to which composite molecular-scale physics gets
engaged, are of critical importance in the wide range of engineering and industrial processes. In particular, an essential
understanding of these phenomena is indispensable to exploit the limit performance of next-generation semiconductor
devices by improving thermal dissipation from the device surface or to explore and develop novel polymeric substances by
optimizing thermal and fluid properties as well as mechanical properties. By using large-scale numerical simulations such as
the molecular dynamics method, we investigate heat and mass transfer phenomena in the thermal and fluid engineering
from the microscopic viewpoint. The underlying microscopic mechanisms governing macroscale thermofluid properties
are examined as well. Integrating numerical analysis methods which can cover multiscale physics, we aim to investigate
thermal and fluid phenomena having multiscale aspects. Based on this knowledge, industrial applications such as semicon-
ductor processes and development of polymeric materials are explored.
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Surface Modification Using Organic Molecular Films
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Novel surface modification techniques at the molec-
ular level such as the self-assembled monolayer (SAM)
have drawn attention as the technique to control the physical and chemical properties on solid surfaces. In particular, the
bottom-up processes, i.e., surface modification by utilizing the self-assembling of organic molecules or spontaneous struc-
turization in organic thin films, have future possibilities due to their flexibility and adaptability. Structure formation, interface
affinity, and heat and mass transport characteristics of organic molecular films have a critical importance in the engineering
and industry. Therefore, we investigate the underlying microscopic mechanisms governing these significant characteristics.

Self-assembled monolayer facing with organic solvent
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Thermal and Fluid Properties of Polymeric Materials
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As for development of polymeric materials which have extensively been utilized in industry, designing thermofluid prop-
erties as well as mechanical and chemical properties by controlling the molecular-scale structure and phase separation
structure inside the material is being required. For example, it is a critical issue to predict the variation in mechanical and
thermal properties of polymeric resins having crosslink bonds which is induced by the change of molecular structure when
exposed to the extreme environment, e.g., ablation materials in space planes. Using integrated numerical analyses covering
molecular-scale to macroscale phenomena and data-driven informatics techniques, we aim to explore and design polymer-
ic materials which have valuable thermofluid properties and mechanical properties.
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Transport Phenomena in Heterogeneous Media and Confined Liquids
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At the fluid and soft matter interfaces or inside the confined liquid in nanoscale structures, peculiar heat and mass trans-
fer characteristics emerge as a consequence of heterogeneous structure formation inside a liquid in the vicinity of the
interfaces. These phenomena are directly relevant to the wide field of nano- and bioengineering, e.g., molecular transport
through mesoporous materials and biomolecules. This study elucidates that the molecular transport in confined liquids is
significantly different from that in the homogenous bulk liquids and that the molecular diffusion is highly affected by the
hydrodynamic effect induced by the molecule itself. Our goal is an essential understanding of heterogeneous structure and
corresponding transport phenomena at the molecular level and building physical models which can bridge macroscopic
thermal and fluid analyses based on the microscopic knowledge.

Anomalous diffusivity of liquids in the periodic
rectangular parallelepiped system

Instantaneous structure of water surface
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The Institute of Fluid Science, Tohoku University, and Hitachi Astemo, Ltd. have established a joint research department and
have been able to obtain results in the first and second phases. In the third phase, as "Fundamental research of advanced vehi-
cle technology (Hitachi Astemo) Il ", the next-generation inverter that drives the motor will be ultra-compact, lightweight, and
high-performance for future vehicle electrification toward the realization of a low-carbon society. We will promote the fundamen-
tal research to realize those kinds of basic technologies. The research conducted by the Collaborative research division is related
mostly to the enhancement and the application of the simulation technology based on computational fluid dynamics and ex-
perimental verification. By conducting collaborative research between Hitachi Astemo, Ltd and Institute of Fluid Science, Tohoku
University, aims to create new value directly connected to development of appealing products with excellent environmental per-
formance based on the research of such next-generation technology.
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New Cooling System Construction and Element Technology Research for Next-Generation Inverter
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We aim to establish a new cooling system us-
ing heat transfer enhancement technology by va-
por-liquid two-phase flow to realize ultra-compact
next-generation inverters.
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Numerical Elucidation of Laser Fusion Bonding Technology
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Mokl Vanor In order to realize miniaturization and short-time
bonding of next-generation inverter copper wiring, we
aim to establish the advanced bonding technology by
using supercomputing of laser melting and bonding
process with considering the material phase change.
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Elucidation of Solder Void Generation Prediction Technology
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In order to realize ultra-miniaturization of
next-generation inverters, we aim to elucidate
the mechanism of solder void generation and
develop prediction technology to improve the
reliability of solder joints.
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Construction of an Optimization Method for New Cooling Technology and Laser
Melting Technology
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We aim to build an optimization method for new
cooling technology and laser melting technology to
realize an ultra-compact and highly reliable next-gener-
ation inverter.
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Securing safe and less-expensive energy and efficient utilization of energy are important issues confronting modern civ-
ilization. To clarify these issues and aiming at founding a Japanese nation based on energy technology, we are promoting
studies of innovative green nano-devices. Particularly, we have been developing low power consumption devices (such
as quantum-dot lasers, New channel material transistors) and nano-energy systems, which are a combination of these ele-
ments. For manufacturing of these nano-devices, nano-structures should be produced accurately and without defects. The
original properties of materials and quantum nano-structure should be extracted. This sort of processing is made possible
only after intelligent nano-process technologies such as beam process and bio-template and ultimate top-down etching
technology, which are the background of this research laboratory, are fully used.
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Damage-Free Processes
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Based on neutral beam technology (invented by Prof. Samukawa), ultra-precise nanofabrication are developed with
excellent performance of ultra-low damage, including etching, deposition, surface modification, etc.. Our goal is to realize
“Green Nanotechnology”. Furthermore, we combine bio-technology with our nano-technology to develop new functional
devices, such as quantum dot solar cell, quantum dot laser, spike neuron device, thermoelectric devices, etc.. Additionally,
we work on, 3-dimensional MOSFET, Graphene based catalytic electrodes, etc,, as the next generation devices.




NAAFTo/0Y9—-¢EF/F70/09-0OBEICKDHcETOER

Fusion of Biotechnology and Nanotechnology
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Entirely new process has been established by combining bio-template and neutral beam. Bio-super-molecules are syn-
thesized using DNA information. As a result, the size and structure is completely reproduced in atomic level. Also, by using
self-assemble ability of bio-super-molecules, regular arrangement is possible with very low cost. Then, neutral beam etch-
ing can transfer the template pattern to the substrate to obtain size-controllable, uniform, high-density, regularly-arranged
array of quantum dots with any materials.
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An innovative top-down method, a fusion of bio-template and damage-free neutral beam etching, can fabricate high-

ly ordered and dense nano-structure arrays without defects. It has the excellent potential of phonon-controlled MOSFET.

Moreover, neutral beam etching can achieve high-quality micro-LED fabrication and low-temperature oxide film formation.
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Combustion is a complex phenomenon composed of multi-dimensional dynamics of temperature, concentration,
velocity, and chemical reactions. And also advanced combustion technologies are essential for solving the environmental
and energy problems. Our laboratory focuses on investigation of combustion phenomena, development of diagnostics
and analysis method. Projects on turbulent combustion at high pressure and high temperature, heterogeneous
combustion such as fuel spray and wastes, and controlling of supersonic combustion are in progress.

PRIGEDREIZE EJ/HNZFR TRV F—H5bi
Combustion Science and Highly Efficient Energy Technology

Direct photo OH-PLIF image Flame surface density

&SE D CO/Hz/air B FRENR
CO/Hy/air turbulent premixed flame at high pressure
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WET HRAZ—EVYRTLANDT VEZT7PREAR/NA aerothermochemistry. Turbulent combustion mechanism
FRHFIRZRE L cmasE FOLRMBOMIZEES in a high pressure and high temperature environment for
L=t =Rl & B E L TIT > TLE T highly efficient energy systems is investigated using

advanced laser diagnostics.
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Flame Structure in Supersonic Combustion
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Mixing, combustion and interaction of shock wave in supersonic flow are representative high speed reacting flow, and
essential study for the development of a scramjet engine . In our laboratory, flame observation using planar laser induced
fluorescence for OH (OH-PLIF) and numerical simulation are performed in order to investigate the flame structure and
flame holding mechanisms in cavity flame holder in supersonic flow.
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Investigation of Fundamental Characteristics of Ammonia Combustion
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Recently, ammonia is expected not only as hydrogen energy carrier but as also carbon-free fuel. However, its combustion
characteristics are not fully understood. In this study, the combustion characteristics of ammonia are investigated based
on experiments as well as numerical simulations with detailed chemistry. In addition, flame stabilization mechanism and
turbulent combustion are also studied in order to apply the ammonia combustion for gas turbines, industrial furnaces, and
reciprocating engines.
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We investigate smart methodologies to know and control large scale fluid flow in subsurface at few km deep, and we apply
the methodologies to solve the problems on earth environment and energy. Our works are currently focusing on (i) CO, geo-
logical storage as a means of climate change mitigation, (i) geothermal energy which is renewable and abundant in Japan,
and (i) methane hydrate seated below deep sea floor, which is expected to be a next-generation energy resource to replace
oil and natural gas.
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Study of Hydraulic Fracturing in Unconsolidated Formation
for Oil and Methane Hydrate Development
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(a) Originally designed apparatus for unconsolidated rock hydraulic fracturing experiment. (b) An example of experiment result. (c) CT scan image of experiment taken in realtime.
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The technique of hydraulic fracturing has been originally developed, assuming cohesive rocks. On the other hand, re-
cent trends of petroleum industry are directed toward unconventional resources such as heavy oil and methane hydrate in
weakly-consolidated to unconsolidated sands. However, the hydraulic fracturing behavior in unconsolidated formation has
not been fully understood. To achieve this goal, we are conducting a study to establish the theory of hydraulic fracturing in
unconsolidated formation with both experimental and numerical approaches.
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Diametrical Core Deformation Analysis (DCDA) for In-Situ Stress Measurements
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A newly developed apparatus for measuring Circumferential diameter distributions of the core samples in
circumferential distribution of core diameter. 10 micrometer order (red) and fitted sign curve (pink).
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Measurement of in-situ rock stress is a critical parameter for the effective production of geothermal or unconventional
hydrocarbon resources. We propose a new method of diametrical core deformation analysis (DCDA) for evaluating the
in-situ stress of rocks from an elliptical deformation of boring cores. DCDA is game-changing method since we can directly
estimate the magnitude of in-situ stress from simple core diameter measurement.

RIS T RAFERFOEY X IR

Mitigation of Seismic Hazard Risk Associated with Broad Subsurface Development
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(a) Apparatus for shear slip experiment at fluid injection. (b) 3C vvaveforms of microseismicity from an anonymous field. Blue and red are horizontal
components, and yellow is the vertical component. Linearity distribution in time and frequency. Linearity averaged over 20-40 Hz.
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At the various subsurface development associated with fluid injection, we experienced some felt size earthquake which
possibly caused structural damage. To mitigate this seismic hazard risk of those anthropological earthquakes, we investi-
gate the mechanism of those earthquakes and its causality to human activity.
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We pursue research and development on effective energy conversion and energy process in combustion and reactive ther-
mal fluid systems with new technology concepts. By basing heat and/or mass regenerations for low-exergy-loss combustion
as keywords, interdisciplinary researches are conducted with domestic and international collaboration partners in academic
and industry.

- Micro-, Mild and Microgravity combustions

- Multi-stage oxidation by micro flow reactor with prescribed temperature profile

- Combustion with surrogate fuels, biomass, synthetic fuels, and ammonia, battery electrolytes, and refrigerants
- Super lean burn and knock suppression for automotive gasoline engines

- High-temperature oxy-fuel combustion
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Study on Ignition and Multi-Stage Reactions by Micro Reactor
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Visualization and analysis for effects of ammonia addition on reactivity of dimethyl ether using
micro flow reactor with controlled temperature profile
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Stationary multi-stage oxidations of alternative fuels, biofuels, ammonia, battery electrolytes, and refrigerants were real-
ized by a micro flow reactor with a controlled temperature profile. Effects of reactivity indexes such as octane number and
cetane number, composition of fuels and pressure on the multi-stage oxidation can be observed. A high fidelity reaction
design is being developed with solid theoretical basis. This methodology was commercialized as a measurement instru-
ment.
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Development of Combustion Reaction Model of Lithium-lon Battery Electrolytes
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Since power density and energy density of lithium-ion bat-
teries (LiB) are increasing and opportunities for their use are ex-
panding, prevention of LiB fire is an important technical issue.
For carbonate esters, main components of LiB electrolytes, we
are conducting reactivity evaluation and development of com-
bustion reaction model. In addition to carbonate esters, fluoro
and phosphorus compounds, which are considered as ignition
inhibitors, are also covered. As a result, we are developing a
platform for predicting the reactivity of LiB electrolytes.
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Super Lean Burn and Knock Suppression for

Automotive Gasoline Engines
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Hyper lean burn technology is attracting increasing attention to achieve
more than 50% thermal efficiency in automotive gasoline engines. How-
ever, in hyper lean burn conditions, a transition from ignition to flame
propagation is usually difficult. An apparatus for observing the transition
from ignition to flame propagation has been developed, and physical and
chemical process controlling the transition has been investigated. Also,
experiments and numerical analysis of engine knock are conducted to es-
tablish the way to suppress the knock by examining the conditions under
which the knock occurs.
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Ultra low-Stretched Counterflow Flames under
Microgravity Environment in“Kibo”Japanese
Experimental Module and Airplane
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Our proposal on space combustion experiment was selected as a proj-
ect at the “Kibo” Japanese Experimental Module in the International Space
Station. The objective is to construct the unified combustion limit theory
of propagating flame and flame ball under the oxygen combustion condi-
tion using ultra low-stretched counterflow flames.
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Reactivity evalua-
tion using a micro
reactor and reaction
pathway analysis by
quantum chemical
calculations
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Study on ignition-to-flame propagation transi-
tion for realizing hyper lean-burn engines
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Temperature field at the time of knock oc-
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Counterflow flames under microgravity
environment and International Space
Station & aircraft for microgravity experiment
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Multiphase Flow Energy Laboratory
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Our laboratory focuses on developing innovative multiphase fluid dynamic methods based on the multiscale integration of
massively parallel supercomputing and advanced measurements and research related to creating environmentally conscious
energy systems. Furthermore, we promote basic research for the creation of risk management science and associated new
multiphase flow system linked to sustainable energy represented by a high-density hydrogen storage technology. Notably,
we are focusing on different field integration research and development, such as the creation of environmentally conscious
type nano-cleaning technology using a reactive multiphase fluid that is a thoroughly chemical-free, pure water-free, dry type
semiconductor wafer cleaning system using cryogenic micro-nano-solid high-speed spray flow, and also focusing on remov-
al-reusing technology for solar cells and ITO membranes for conducting organic polymer (including indium oxide tin). We also
performed a computational study of multiple bubbles' behavior in the megasonic field to clarify the particle removal mecha-
nism by megasonic cleaning. Furthermore, aiming to contribute disaster risk science field, the fundamental mitigation effect
of mega-floating structures on the water level and hydrodynamic force caused by the offshore tsunami has been computa-
tionally investigated using the SPH method considering the fluid-structure interaction (FSI).
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Development of Integrated Multiscale Multiphase Flow Energy System
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Coupled FSI computing of reactive hydrogen leakage phenome- Nano device cleaning using cryogenic fine
non accompany with crack propagation of pressure vessel solid particulate spray
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Focusing on the reactive high energy density of hydrogen concentration, based on multi-phase fluid mechanics, fracture
mechanics, material mechanics, and combustion engineering for the development of high density, low volume hydrogen
storage, and transport system, we promote the resilient hydrogen safety management technology by interdisciplinary re-
search.
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Multiphase Fluid-Structure Coupled Computing Approach to Automotive Component Production Technology
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We are developing advanced multiphase hydrodynamic approaches to automotive component production technology.
The research includes the following items.

- The injector spray atomization mechanisms.

- Laser melting process of fine particles in 3D printers.

- Tribological phenomena between pistons and engine connecting rods.
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Development of Innovative Fuel Injection Technology for Gas Turbines
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This laboratory aims at developing a new interdisciplinary research field named as “mutiphysics design” spanning across
the fluid science, material science, design engineering, and computer science to tackle multiphysics problems on research
and development for aircraft design. This research field is expected to glue existing engineering fields in a more seamless
way and lead to a next-generation aeronautical engineering field.
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Optimal Design Using Data-Driven Method for Solving Multiphysics Problems
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Numerical simulations of a multiphysics problem which involves multiple physics governed by different governing equa-
tions require to combine numerical methodologies developed in various research fields. This often leads to more compli-
cated algorithms and thus degrades a computational efficiency. Our research group aims at developing a new multiphysics
interaction method based on a response surface and partitioned approaches so that both computational efficiency and
implementation are facilitated. The proposed method is applied to several fluid-structure interaction problems such as an
optimal design of CFRP aircrafts, flutter analysis, and wake-induced-vibration analysis.
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Optimal design of CFRP aircrafts Flutter and wake-induced-vibration analysis by a data-driven

fluid-structure interaction method
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Multiphysics Analysis of Advanced Materials for Aircraft
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A 3D printer is one of the promising technologies to facilitate a manufacturing process of aircrafts particularly for the use of
CFRP as primary aerostructures. Our research group performs a generalized SPH (Smoothed Particle Hydrodynamics) to simu-
late a FDM-type 3D printer with fibers, and also conduct a fluid-structure interaction analysis to understand the mechanism of a
gas-jet levitation method used for a thermophysical property measurement of molten metal.
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Numerical simulation of fiber-reinforced 3D printing technology using a Fluid-structure interaction analysis of a
generalized SPH gas-jet levitation method
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High-Fidelity Aerodynamic Simulation Using Parallel Modern Hardwares

fRZEt DB EER 7 2 O T IRKIRAE D ZE NIRRT IS, BRBEFFERREY IVN—DELBY £, RIEB TIE EF
REEMICHES L DD BT 75 L—2EMRFEE LTz Modern Hardware & BN e B B EI R E R RIT F A DI R & 1t
HTVWET, FIORRBBEZE (FRE) [CEDVWCEGDHE —F 2 ENICHR T 2eBERiizhos L. YTy b
IVIVRERNCE—T 4 V7 75y THEEDREFIET /A ADMFEEITO>TVET,

High-fidelity turbulent simulation is essential for simulating non-cruise conditions of aircraft such as take-off and landing
phases. This research proceeds the study of high-order unstructured scheme for compressible flows using modern hard-
wares such as GPU accelerator. In specific, our group is using the high-order flux-reconstruction (FR) scheme to perform
high-fidelity simulations of compressible flows inside jet engines and around fluid control devices.
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High-fidelity aerodynamic simulation of turbine blade using modern hardwares
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Novel Battery Nanoscale Flow Concurrent Laboratory
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Development of clean energy sources, such as solar cell, Lithium ion battery and fuel cell, is rapidly progressed all over
the world because of recent problems of global-warming and nuclear power plant. It is indispensable to comprehend and
control the flow of reactants or products in these batteries to improve the efficiency and decrease the cost. However, it is
impossible to comprehend the flow dynamics of these substances accurately by conventional experiments or simulations
because the flow field in these batteries consists of aggregations of very fine structure which is of the order of nanometer.
Our laboratory analyzes the “flow”, or transport phenomenon of reactants or products in the batteries by large scale quan-
tum calculation or classical molecular dynamics method using a supercomputer. Moreover, we aim to make a theoretical
design of a next-generation battery which is high efficiency and low cost by comprehending the characteristics and gov-
erning factors of the transport phenomenon from the simulation results.
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Coupled Analyses of I\/\ass Transport — Structure Characteristics of Polymer Electrolyte Fuel Cell
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Simulations of mass transport and structure characteristics in polymer electrolyte fuel cell

To improve the efficiency of polymer electrolyte fuel cell (PEFC), protons and oxygen molecules as reactant materials
can reach faster to catalyst surface and water molecules as product material can exhaust faster. Numerical simulations are
effective methods to analyze the characteristics. However, the characteristic length of the flow fields in PEFC is the order
of nanometer and therefore conventional computational flow dynamics cannot be applied to the analysis of the flow phe-
nomena. In this study, the relation between structure characteristics and flow characteristics in PEFC are analyzed by mo-
lecular simulations and the results are applied to the development of next generation fuel cells.
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Molecular Study of Transport Phenomena of Li lon in All Solid State Li lon Battery
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solid electrolyte, (b) active material of cathode, and (c) coating material)

All solid state Li ion batteries, in which liquid electrolyte of current Li ion batteries is replaced by solid electrolytes, are
expected as next-generation secondary batteries. The Li conduction characteristics in the solid electrolytes, in the active
material where Li ions are stored, and at the interface between them, are very important factors that determine the perfor-
mance of the all solid state battery. In this research, we aim to capture the characteristics of nanoscale structures inside the
materials of high ionic conductivity, and to investigate the transport phenomenon of Li ions in the solid electrolytes, in the
active materials, and at solid interfaces by quantum chemical calculation and molecular dynamics simulations.
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Molecular Study of Transport Phenomena of Oxygen lon in Ceramic Composite Material for Solid Oxide Fuel Cell
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Solid Oxide Fuel Cell is a high performance fuel cell operated at higher temperature (800 °C ~ 1000 °C ). This fuel cell
generates electricity by transferring oxygen ion from cathode to anode through a ceramic material. As the ceramic mate-
rial, composite material of Strontium-doped Samarium Cobaltite (S5C) (Sm,,Sr,CoO;) and Samarium-doped Ceria (SDC)
(Sm,Ce,,0,) is a representative material. In this study transport phenomena of oxygen ion in the ceramic composite ma-
terial is analyzed by molecular simulations. Especially, we analyze the transport resistance of oxygen ion through the grain
boundary between SSC and SDC.
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Mechanical Systems Evaluation Laboratory
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In lifecycle management of next-generation transportation systems and energy plants, evaluation of degradation and
damage of structural materials induced by flow is one of key issues. Our laboratory is conducting research on sensing and
monitoring that increase reliability and safety of these systems. Our activities include evaluation of degradation and dam-
age in various materials by electromagnetic nondestructive testing, development of high temperature sensors, reliable
sensing by sensor fusion, inverse approach, and so on. We aim at applying these sensors and testing methods to online
monitoring.
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Evaluation of Degradation and Damage in Rocket Engine Combustion Chamber by Electromagnetic Nondestructive Testing
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The residual life estimation based on damage evaluation is very important to ensure the safety of the repeated engine
operation and the reusable systems. We apply eddy current testing (ECT) to detection and evaluation of cracks in a rocket
engine combustion chamber, and novel probes and signal processing method are being developed.
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Nondestructive Evaluation of Degradation of Carbon Fiber Reinforced Plastic
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CFRP is used in aircraft and other applications as an advanced composite material. We are developing diagnostic technolo-
gies to guarantee reliability and safety of CFRP. Among the defects that occur in CFRP, carbon fiber defects can be detected by

electromagnetic nondestructive evaluation methods. In particular, we are investigating probe and signal processing method to
evaluate misalignment of fiber orientation and fiber breaking by eddy current testing.
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Nondestructive Evaluation of Degradation of Structural Materials Using Electromagnetic Testing
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Nondestructive evaluation of materials degradation such as creep, fatigue, plastic strain and residual stress can be one of
effective tools for lifecycle managements of structural components. Our laboratory has been developing electromagnetic
testing methods to evaluate material degradation. In particular, we have been developing the eddy current magnetic sig-
nature (ECMS) method, which is one of the electromagnetic testing methods, and investigating the relationship between
deterioration of materials and material magnetic properties, and its mechanism.
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RITE

Technical Services Division

AR RN E L RARZHEROMRHEE I C LB RBFORRES LURE 7 - 208Xy fT—7

VAT LMRTEBEDRMSEZT O TCVET,

Technical Services Division provides technical support such as development and manufacturing of equipment neces-
sary for research promotion of IFS, and data processing and network system maintenance.

T E SR rmation Section ‘

O EEER Planning and Management Group
AR I AR B PRMMAEO IO T b
HREDME - AEZITOTVET,
Planning and coordinating technical support for re-
search plans and project research for technological de-
velopment.

€®1VKE1—2%y 7—91% Computer Network Group
Ry NT—=UYRT LOEBERYPIVE1—2EE
DX EZEIT O CVET,
Supports network system management and comput-
er-related technology.

SR T echnique Section ‘

&7k - FIEEHAMR  Fluid/Control Measurement Group
HENRROBEETREM DOREFE S K UFHAIREE DR
BIEPFOARAT O - R ZIT > TCLVE T,
Development of control and measurement technolo-
gy for flow phenomena, maintenance management of
measuring equipment, development of measurement
technology, and performance evaluation.

O TX)VF—5HANR  Heat/Energy Measurement Group
B TR F—REROAEEDRES KUFTRIKED
RFEEPHETEZT O TVET,
Develop methods for measuring thermal and energy
phenomena, maintenance and management of measur-
ing equipment, and evaluate performance.

FLEIFI A

OHFFARF®R  Joint Use Group

i A alopment Section

QMM TR  Machining Engineer Group
KREREBORRRGT PEBRARKIEEONT - 5EFZTo
TWET,
Development and design of experimental equipment
and processing/prototyping of experimental equipment.

QEFIMIHMR  Precision Processing Engineer Group
KERFEERERONL - SRR OEEADRRERST - &
F2172CTVE T,
Machining and adjusting experimental precision
equipment and developing, designing and prototyping
specimens.

iRt hnique Section

OB TZER/R  Laboratory Technology Support Group
REREBORE - E&HH LU T — 2N DPREREATD
HE - OB L OBER LOFMBERET > TWET,
Adjusting and operating experimental equipment,
processing data, developing and evaluating experimen-
tal technology, and developing technology to improve
accuracy.

QFRITHINTZIEMR  Analysis Technical Support Group

KRB LU T — 2 DR ALE - BiEER DR

PEMEMORE - FHMES L UHEER EORMBEREE
ToTVWET,

Supports visualization processing of experimental and
analysis data, video creation, development and evalua-
tion of analysis technology, and technical development
of accuracy improvement.

SNERFI R DREREAM SR P RERE B DB - RTEEET O CVE T,

Provide experimental technical support for external use, as well as operation and maintenance management of experi-

mental equipment.
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HIEhEES
Common Facilities

THRIFICET 2F BB KUICHORZREICEGE
B-MEONEICBOHTVET, TOICKEREEE
BIRWIER Y F T —27 2 X7 L (T-lines) (&ML T
KRBT D REEENTFOEEL T —2/\>V 7 D%
BERLTVET,

This library has an extensive collection of books and
journals that are essential for research on fluid
engineering and science. Furthermore, it participates
in the Tohoku University Library Information Net-work
System(T-lines) and maintains a critical data bank on
fiuid fiow related literature.

PRt 2 (D)=

xhibition Space

T

IARLFBRZTFAM B T E. ATRFIORIS Cdh 2R 7]
FHZEPRODER I S EIRFICERIE SN Lz, BREZHIL TR
BEOERAEICBEDARBEB T CHIIRIVF— M
ZBFH SATHYAIVA F/ -RA0077 /O —n%
HERRATTREPIRRDEER - IR Z172 L T ELRRERE
PEERA R ERET - BELTVWE T, ATIH CE/EE NI
EEREBZ AV RERIAZRD S XL IFHENEH I NS
EL RO EEND—RZB O TVET,

The Institute of Fluid Science Workshop was established at
the same time as the Institute of High-Speed Mechanics,
which was the forerunner of the present Institute of Fluid
Science. Since its establishment, this workshop has designed
and fabricated experimental equifpment and test specimens
not only for basic research in fluid science, but also for

research and experiments on fiuid flow phenomena in other
fields, such as energy, aerospace, life sciences, and nano-micro
technology. This workshop provides essential su pport to the
research activities of the Institute, and one scientist using
experimental equi pment fabricated here has gone on to be
named a Person of Cultural Merit by the Japanese
government.
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Publications

Bl FRSZE Reports

HMREDHES

(B3 FE)
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Report of Research Activities
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Proceedings of the International Symposium
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MARIE ISR
Institute of Fluid Science Catalog
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Research Center
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RIEXF DS

SAPPORO

Sendai

.

NAGOYA

il A0 (2022 &£ 12 BHE)
Population of Sendai City (As of Dec. 2022)

1,099,352

* RRHD S DEEkE 350 km

+ Distance from Tokyo : 350 km

=
%
et
255
SRS PR
“Tohoku University Hospital

RILAZ
X

Tohoku University Seiryo Campus

FALAZS) 1P
Tohoku Universi

oku University
Kawalichi Campus

#
b

1L
‘Tohoku University Aobayama Campus

IFS
RIEKRFRAR LR

)

Hirose River

7R
Access

RALEERK WIES 20 73, IBZEADS RIIGERE TERE T 2597,

20 mins on foot from JR Sendai Station to the Institute of Fluid Science,

Tohoku University, Katahira, Sendai.

25 mins by train from Sendai Airport to JR Sendai Station.

1588
Building No.1
@288
Building No.2
®3588
Building No.3
@OREZAF IV AR
Flow Dynamics Building
®OYVaAY TR
Joint Laboratory
Building
OIPEVES Y
High Speed Flow
Experiment Building
ORISR ERR
Fluid Control Experiment
Building

AR ANF + 3

BT RMBERERR
Supersonic Combustion
Experiment Building

OEELEURRERR
Low Turbulence Wind
Tunnel Building

ORI BRAE LY 2 —
Advance Fluid Information
Research Center Building

OFERF ISR
Interdisciplinary Shock Wave
Research Building

aracter of IFS
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Institute of Fluid Science, Tohoku University
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TEL : 022-217-5302 / FAX : 022-217-5311
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