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Introduction
Institute of Fluid Science

Director Shigeru Obayashi

The Institute of Fluid Science celebrated its 75th anniversary in 2018. | would like to express my deepest

gratitude to all of you who have been involved in development of the Institute. The institute of High-Speed
Mechanics, the predecessor of the Institute of Fluid Science, was founded in 1943. Under the leadership of
Professor Fukusaburo Numachi, its first director, who has led the study of fluid dynamics and cavitation in
Japan, the institute was engaged in development of jet engines and energy conversion equipment, and
fundamental research of fluids, becoming a global leader in these areas. After reorganization under the
leadership of Professor Shinichi Kamiyama in 1989 it was renamed as the Institute of Fluid Science, and
under this name it is known throughout the world as a unique laboratory engaged in all things that flow.
Fluid science is a research field that seeks to clarify all flow related phenomena - not only the flow of material
substance, but also flows of heat, energy, information and so on. Even though it treats gas, liquid and solid
flows as a continuum from a macroscopic viewpoint, it also takes a microscopic viewpoint when dealing with
the flow of molecules, atoms and charged particles.

The mission of the Institute of Fluid Science (IFS) is to conduct fluid science research in fundamental
scientific and engineering disciplines to promote the protection of the global environment and to maintain the
continued progress of human society. It also aims to contribute to the systematization of fluid science,
improving the safety and welfare of citizens and stimulating the economy. To this end, IFS is aggressively
pursuing research activities to solve various issues from the viewpoint of flow phenomena and to meet the
demands of society. Examples of these research activities are as follows: creation of advanced technology
for better utilization of energy sources, control of substances causing global warming, advancement of
environmental adaptation of transonic and supersonic transports, development of a new generation of
medical treatments, development of manufacturing processes for new devices, and development of high-
functionality materials and fluid systems. Looking back, we can see that Professor Fukusaburo Numachi also
made significant contribution to the collaboration between institute and industry. Dr. Kotaro Honda, the
founder of the Institute for Material Research and the president of the Tohoku Imperial University, once said
that the industry is a training hall for the science. The Institute of Fluid Science aims to be a research institute
that constantly creates new winds while preserving such traditional values of the Tohoku University as
research first, open doors policy and respect for practical science.

Today, the Institute of Fluid Science is a world-class advanced fluid science research center with 30
research laboratories under four research divisions and one research center: Creative Flow Research Division,
Complex Flow Research Division, Nanoscale Flow Research Division, Collaborative Research Division, and
Innovative Energy Research Center. The Creative Flow Research Division conducts researches on creation
of novel functions of flow. The Complex Flow Research Division conducts researches on clarification of
complex flow phenomena. The Nanoscale Flow Research Division conducts researches on clarification of
Nanoscale Flow phenomena. The Collaborative Research Division together with Keihin Corporation
continues research and development of products with excellent environmental performance in the second
phase started in 2018. The Innovative Energy Research Center conducts researches on utilization of unused
energy by multidisciplinary fluid science. In addition, the Lyon Center (Integration Research Center for
Materials and Fluid Sciences) will be established at the University of Lyon, France, in 2018, creating a new
base for international collaboration as an attached research institute.

The Institute also has a supercomputer system for computational research. The Advanced Fluid Information
Research Center is carrying out cutting-edge research such as large-scale flow simulations, multi-objective
design exploration, measurement-integrated simulation and advanced visualization using the supercomputer
system. In addition, the Institute established the Advanced Flow Experimental Research Center in 2013, the
Global Collaborative Research and Education Center in 2015 and Aircraft Computational Science Center in
2017. As well as promoting research using large-scale experimental facilities such as the low turbulence wind
tunnel and the shock wave facilities, we are further expanding the range of activities, such as activating and
supporting international exchanges and conducting project research specializing in aviation.

As a world-class center of the fluid science community, we are conducting activities utilizing its worldwide
network, and have hosted an international symposium every year since 2001. We have also been promoting
international collaborative research projects as the Joint Usage/Research Center in the field of fluid science
since 2010, not only in the domestic community but also in the international community.

Under VISION 2030, IFS has started the third middle-aim and middle-plan term, aiming to become the
worldwide hub for fluid science. IFS has reorganized its research clusters into three: environment and energy,
human and material multi-scale mobility, health-welfare-medical care. We will carry out the cluster-led projects
through Collaborative Research Project.

IFS continues to aggressively conduct international research activity as a core world organization in the
interdisciplinary research field, which covers fundamental to applied aspects of fluid science. In addition, we
will continue making efforts to contribute greatly to the progress of human society through progress in the
development of scientific techniques, as well as through training researchers and technicians, and educating
graduate students. We look forward to your support and cooperation.

BIERSETRAARIERAZEAN Institute of Fluid Science, Tohoku University 2



2 H2ERE Principle and History
¥ = Principle

B ZERE(CH I DRNOAFTRL CTATBHZ DKM FREZDS T

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

MARIZOERATE, TNeBEEUKRIRFMBRREOHES, BANCERRIZERMDBFADIGHICS
WTHARRS/KEOHFTEZHEEL T, FHLLWFEZIBE, HtSNEmIIHEBBZHRIDLLDC, HART
BT IETFMARE - BB ZB NI 2 L Z(Emed 3.

1) HRESEKEOHATRZHEE
ORAERIZOEEEAZT
QAR ZOERAF 2B AE L Ui inFiinaiske ORtS
CERBIFERIMDEFADILA

2) FULLWFIEZABE

3) HENEEIIEREZERR

4) HRTEEIDIEFHRAE - KMEZEK

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
standards, 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
1-1. Carry out basic research in Fluid Science
1-2. Promote interdisciplinary collaboration with other advanced fields using basic research results
1-3. 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

8 ¥ History

MARIZIATRE, 1943 F(CERDFEMRFRFAEVTRREUR, AFOIAFRE—THRILIRFEEID
LB, BNCENFIEOERZOSAICEIAFZ—EU TITOTLET.

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
flow, as well as applications thereof.

3 EALRETRARIERAZEAT Institute of Fluid Science, Tohoku University
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Oct. 5, 1943
Mar. 25, 1969
Apr. 1, 1979

Apr. 1, 1988

Institute of Fluid Science

May 29, 1989
Nov. 13, 1990
Nov. 10, 1994
Apr. 9, 1998
Sept. 3, 1999
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Apr. 1, 2003
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Jul. 1, 2008
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Apr. 1, 2013
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Apr. 1, 2017

Apr. 1, 2018

RALBEARZCEEDFRAFATIEL TR

1 SEEQE T

SUmsTRIIAFC s E#TER, RELAMERUENM R ZERE
suma DARRFEIEER 2 BELEL, BRIR T FAFT S —ZHes

[ SR FERITPR | OeRFBERA(C LD,
ZA=N\N=->E1—-9t>9-8T
2 SEEIET
CRARIEAZRAT IOSHRICED 4 BRPT (16 238F) |, 1 AR A -DEE
[MEEERE T FEMITE - DB [EEE &ﬁﬁnt’/’i 1DFE
A== E1-5OMRINERDRYD, [RFERAKBRENET - 12FKE
EF‘VEI’JTJ}TnTlﬁ (COE) MR35 Al EEE R EATLm | 2B
LR Y- 10SHECED, [MERARSIARE Y- 12FKE
21 42 COE J0JSANREN Y1 I AEBAFR B E b [ 2555
40—Vl COE JOYU S A REIAF IR ORE B E AT Tl | #5%E
HEFIA - HEA LSRRI AR LS 12358
[TRAARIZRAZTAT | OSFRICKD 3 BB, RAITRIF AR I-IFRE
HERAFTERPI SoimER I E AR AiTiATT (U —k>) 1%#E%
lW(Dﬁ}ﬁ:’Eﬁ%F FiREZBNEUTMEMESTERIFE T - 1 2R E
JIADAKFEOEEAZRZBMELTIVAS Y- 12 FE

Institute of High-Speed Mechanics

Inauguration as the Institute of High-Speed Mechanics at Tohoku Imperial University
Completion of Building No.1

Opening of Air-Flow Measurements Facility, establishment of Low-Turbulence Wind
Tunnel

Retiring of Air-Flow Measurements Facility, opening of Shock Wave Research Center

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

Completion of Supercomputer Center

Completion of Building No.2

Organizational change of the Institute of Fluid Science into four divisions with sixteen
laboratories under and one research center, i.e. Shock Wave Research Center
Opening of Advanced Fluid information Research Center for efficient utilization of
supercomputer

Establishment of Center Of Excellence(COE) formation program: “The Interdisciplinary
Shock Wave Research Center”

Shock Wave Research Center reorganization leads to inauguration of Transdisciplinary
Fluid Integration Research Center

Establishment of 21stcentury COE program: “International COE of Flow Dynamics”
Establishment of Global COE program: “World Center of Education and Research for
Trans-Disciplinary Flow Dynamics”

Commencement of Joint Usage/Research Center “Fluid Science Research Center”
Organizational change of the Institute of Fluid Science into three research divisions and
one research center (Innovative Energy Research Center) with twenty-seven
laboratories

Opening of Fundamental Research of Advanced Vehicle Technology (KEIHIN)
Opening of Aircraft Computational Science Center for promoting aviation industry in
Japan

Opening of Lyon Center for promoting international joint research with Université de
Lyon

HALRERARIERAZAN Institute of Fluid Science, Tohoku University 4
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IFS aims at promoting the highest global level studies through integration of basic research of the fluid
science to advanced academic regions. The mission of IFS is to use its research results for contribution
to various problem-solving for difficulties the society now faces and to foster a next generation of young
researchers and engineers equipped to meet high international standards through research activities.
To accomplish the mission described above, IFS has set following second-term medium-term strategy

and plan (FY2010 — 2015) and has started activities aimed at the accomplishment of the medium-term
strategy.

No o~

To promote upgrading of graduate school education.

To promote internationalization of graduate school education.

To streamline the implementation system for internationalization of graduate school education
To streamline the support system for graduate students.

To create accomplishments of collaborative research.

To create accomplishments of fundamental research.

To undertake innovative research aggressively.

To create research accomplishments as an international collaborative research center.
To streamline the support system for advanced research.

10. To streamline research environments for continued improvement.

11. To streamline research space for continued improvement.

12. To streamline the implementation system for the Joint Usage Research Center.

13. To streamline research organizations of the institute.

14. To streamline research facilities for the promotion of advanced research.

CoOoNoOORARWN =
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

To streamline international collaborative research implementation system.
To streamline academic-industrial cooperation.

To streamline the international exchange network.

To hold international academic symposia.

To streamline efficient business processes.

To streamline external fund infusion support systems.

To streamline self-inspection and assessment systems.

To disclose the status of research activities to the public.

To streamline information disclosure systems.

To streamline utilization of facilities and equipment for continued improvement.
To streamline environmental conservation and safety management.

To streamline compliance systems.

To streamline the network for alumni researcher.

Thanks to these activities, IFS obtained the highest assessment for every item as follows by the
research present state assessment related to the second-term medium-term strategy period performed
by the National Institution for Academic Degrees and University Evaluation. I. Research level: [Far above
the expected level] for analytical item |, Status of research activity, and [Far above the expected level]
for analytical item Il, Status of research outcome. Il. Improvement degree of quality: [High quality is
maintained].

Third-term medium-term strategy period started from FY2016. IFS has been maintaining high quality
research activity levels and promoting educational and research activities with the following medium-
term strategies for additional development.

N =

18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

To promote upgrading of graduate school education.

To promote internationalization of graduate school education. Until FY2021, half of master students attend Int'l
conference.

To fulfill a comfortable working condition without any harassments.

To promote fundamental researches by conducting Tohoku Forum for Creativity.

To promote the shared-use of wind tunnel facility.

To promote project research utilizing the integrated supercomputation system

To promote globalization and increase publications utilizing the framework of Joint Usage / Research Center.
To promote energy researches as a part of intra-cooperation organization.

To carry out 3 Priority Collaborative Research Projects until FY2021.

. To promote university/industry collaboration through the collaborative research division.
. To streamline research supporting environment considering the works of URA.

. To promote personnel exchange by cross-appointment system.

. To carry out technical workshop for young researchers and technical staffs.

. To take part in the Program for Key Interdisciplinary Research.

To promote international collaborative research in which foreign researcher makes long stay.

. To streamline research environment and to carry out strategic research for realization of VISION2030.
. To promote globalization as the Fluid Science Global Research and Education Hub by reflecting opinions of

liaison office meeting.

To keep and progress the researches in collaborative research division.

To promote contributions to society through several social events.

To contribute to reconstruction through energy research.

To be a hub of fluid science community with holding International Conference on Fluid Dynamics.
To strengthen global network through the activity of liaison office.

To increase a sort of administrative works which are compatible with English.

To redefine missions of Innovative Energy Research Center to meet needs of society.
To seek the improvement of research supporting environment by adopting URA.

To perform annual evaluation of teaching staff.

To conduct an external evaluation during the 3rd medium-term strategy and plan.

To promote visualization of institution activity through the website.

To renovate facilities.

To streamline safety management.

To make attendance of a lecture of research ethics obligatory.

To make attendance of a lecture of compliance obligatory.

To promote activity of alumni association.

To hold ceremony for 75™ anniversary of institution in FY2018.

T FACREFARRIZEAEAT Institute of Fluid Science, Tohoku University
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Principle and History

193R48* Future Vision |

TRARRIFEIAZEAATIL, 2015 €F 4 BAITERELUR VISION2030 (LHWT, E£HHINIIAZFTRRR % R
EEERRLBEL T EERBENEGIIZLZBIELTVS. 20, HAFEATIHRE OMRRBERIR
AR ORHEAHELUTERUTER 5 93903y aBiE - T+ — 1, [A-EBIIINFRT-ILEEUF1],
[ERR- Bt - ERE D 3 TATISAY—(CBERL, ERATET NI LA IO 1) M — L= UFR
ANBHEARECLZIIAI-FEOTOS 1) MU OAF 2 HEEET 3.

The Institute of Fluid Science (IFS) adopted VISION 2030 in April,2015. It aims at contributing
research results and their benefits to society as a whole and to the industrial world through systematic
industry-university collaborative research. For this purpose, IFS shall redefine the present five-cluster
missions undertaken as a unique original framework of cross-cutting research within the laboratory to
the three research clusters of "environment and energy," "multiscale mobility of humans and materials,"
and "health, welfare and medical care." Therefore, IFS shall form research project teams specializing in
prioritized and strategic research subjects, and promote project research led by the clusters as joint
research solicited from within the laboratory.

Life and learning in 2030

Expanding the frontiers of fluid science
I J il
r r

Establishment of innovative flow dynamics research
1

Evolution of organization and management system

i - Mirenmeny h  Measurement and

& analysis of
thermo-fluid dynamics

Passing down and progress of academic fundamentals Integration

ty T U 4 rasearch %

ps . e bty = A

bt iy " s _.\-_.l’, — Fundamental fluid

.

.

Creative flow dynamics research

rasearch

VISION 2030 RARIZOHFHLLORME S - EEFRATI

VISION 2030 Establishment of world center of fluid science and contribution to society and industry
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2030 FEOHRREE, EBRNICBVTIEIAORD -Sint, HRICBVTEAORE, SR - IRLF-0
8, BRIEZE. K- BROARE, BEEOELEREDRIFENEETEILITBENTFRISNTWVS. —7, FILLE
FRAMCED, RELCED>TENRHERMERBIEIEHIFINTVZ. ELAFMBEREAE,
B, HRatE, BE, ERMEEHHE0ZLICERRTEU, INSOEMELEERT ZTENBERDS
NTW3iY, LDZHRMEOHZIHROIMEEEL, KAFPRICESHIENBWCRIEZZ T THRATEOZELE
BI&EZITIRIBZEER S D ENDD.

TITAMATRANE, CNETERBUCESLMAR DM, ERRYNI-I25ELL, HROMTENESRAR
ZCHBIFBHFRHSORZRE 2030 FFTICRIRL, RARIZR(CHII 22 MEBORFASTE - SR O
A-RERCNZ, B2 T -BREAMESORLR, WETSENMUEOXREEEIEY. ZorsiC, BE-I*%
WF—, NPEIINFRT-IEEUT1, BER-Ei- EECENZ( IR-2a>0RIfEEMEDEER, RiE
RIS AT LAONEE, BERSRZORIKZEEY.

TOEIRICEIIT,

1. RARIZOEDFRACLIIFDFORRICRIBEBREDIELEC, ERRATRORFCLIDEE.

iR R BT 3.

2. ERSOARE - ZECEOTHNHNRARBEFRFIOHATIRELZER, ERIOMAIFHERS - EERTE

ETE2EEEMAMZERIS.

3. BEERLZZILEBRYNI-I%ZBEL, ERIMIEIT TREBMNICIAZTRRZFRIETdCL(CLD, EEH

BT bz 38 I (CHEET 3.

It is predicted that domestic problems such as population decline and aging, and world problems such
as population explosion, depletion of resources and energy, environmental degradation, shortages of
water and food, and the spread of infectious diseases will pose significant challenges to the social
environment by 2030. On the other hand, it is hoped that new scientific technologies will help to mitigate
these problems and enable continuing development of a prosperous society. It is strongly desired that
the research institutes of national universities in Japan flexibly respond to social changes with
comprehensive, multidisciplinary and international efforts to solve these problems. Therefore, expertise
from around the world should get together and an environment where researchers can inspire one
another to undertake innovative research should be fostered.

The aim of our institute is to achieve the formation of a worldwide hub for fluid science by 2030 where
researchers from all over the world can work together, taking advantages of accumulated research and
technologies. The final goals are to ensure the continued progress of the academic fundamentals of
fluid science and the measurement and analysis technologies of thermo-fluid dynamics so as to
contribute to the establishment of a safe, secure, healthy, comfortable and prosperous society. To
achieve these goals, we aim to come up with innovative solutions related to the environment and energy,
human and material multi-scale mobility, health, welfare and medical care, and to find solutions to
various problems through the establishment of an integrated analysis system and the use of
autonomous flow science.

Toward the realization of these goals, the following tasks are necessary.

1. Creation of a new field of study by the transdisciplinary integration of different research fields in fluid
science and the construction of scientific principles, as well as the enhancement of the industrial and
academic basis by firmly maintaining basic fluid engineering.

2. Creation of an attractive research and education system and environment, and development of
advanced human resources that can play active roles in domestic and international research
institutions and industries.

3. Establishment of a hub of international collaborative research by actively transmitting research
achievements both within Japan and overseas through an international industry-academia network.

O HILRSFRMARIERAZEAR Institute of Fluid Science, Tohoku University



Organization
3 #A#& Organization

RARIZEAFANE, RARIZFCRIdmTinDfFZiEE - RIEI 5/csd, WENTHRA iRz RESE,
BB Z R D CGEEZ1TOTVS. [REBIBIKIATIARFT ], [EMERENAZCEIFT], [F/EMAFTERFI,
[HEAFTERFTID 4 FAFTERPT (18 FARDEF) HIUMBOIRBIIRIVF-AFTES -1, V25—
(9 FARDE) , RERRESHARIATL (R-/N-02E1-4) OEBERZESFRERANEHRAIEE>
5-1, ,\ITiF'J% HEAFRIRCH T ZARBL RO F - EHEEZ BN R RERAT >
—1, RERMEES - SRROERERPRERIIBZITIKME |, BEOMFTFMEEDFESZIR— NI 3MAR
XEE|, BHREBOEEXITEITISHEEINSLS.

IFS is managed with making various organizations to progress or present cutting-edge research in
fluid sciences. It consists of four research divisions of “Creative Flow Research Division”, “Complex Flow
Research Division”, “Nanoscale Flow Research Division” and “Collaborative Research Division” (18
research fields), with the attached facilities “Innovative Energy Research Center” and “Lyon Center” (9
research fields), “Advanced Fluid Information Research Center (AFI)” in charge of management and
operation of next generation integration research system (supercomputer), “Advanced Flow
Experimental Research Center (AFX)” in charge of development and operating management of the large
unique facilities under the framework of Joint usage / Research Center, “Technical service division” in
charge of management and operation of experimental facilities and equipment and experimental support,
“Research supporting office” in charge of support of laboratory operation jobs by teaching staff, and
“Office of administration” which supports administrative clerical jobs.

3-1 #8#%E Organization

(*FRk30E4818I87T)
As of 1 APR, 2018
— imEhBIBkBAFRERFY
Creative flow research division
—— MO BIBAZTARPY _
TAZZERFY Complex flow research division
Research division — SR Eh AT EPY
Nanoscale flow research division
—— HEAFTERPT —_—
Collaborative research division
BEEEE HEWARESS i fiBARB IR F AT S~
Steering committee Collaburatwe res. committee —— MiEhtEss { Innovative energy research center
Auxiliary facility Mmy3a 59—
| Lyon center
e EBAT A 5 -
HEHn ‘ ‘ ﬂn’“ﬂ%ufﬁﬂ%tvﬁ—
BEAE B — f*muﬁ‘%?ﬁﬁﬂl_tzg—
Steering meeting Faculty :‘neetlng ﬁ?{tmui}]%gﬁﬁﬁnt/@—
SElFHIES = HFEEER —— EEEE — 1 EERARRE
External evaluation Various committees Common facility High speed flow laboratory
committee — T 15
Work.s__rlop
iz =
Technical services division Library
AFSHE=
Research supporting office
— FAFE(% General affairs section
H= —— #1843 Accounts section
e i FREA% Material supply section
4 TR ERPT TRENBIRAAFTERFT, 1EHRENATTERFY, -/ RENATTEBFT, HEIFAZTERFT
2 fiiEt>5— MERBI IR F AR Y-, MEYAS 57—
BERE FEEEEP:DCUC%H%%LJ, MRFMBEEOFERMZEm - AREIDILLLD, BE

DEERZRBEANOEEZERKL TS,

4 Research divisions Creative flow, Complex flow, Nanoscale flow, Collaborative research divisions

2 Centers Innovative energy research center, Lyon center

Steering meeting A steering committee is organized in which primary matters relating to
operation of the institute are determined to reduce the load borne by teaching
staffs to attend various meetings.
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3-2 AFREPPILTAFEZ> P — Research Divisions anc

TARIZRAFTRR (IFS) (& 4 AAFTERPY CRENBIRAAITEBFY, EMERENTAITERFY, T/ /ENAITERPY,
HEARKEPFY) , 2 ARt Y— GREIIRIVF-HATREA—, VA T25—) BSREDII-TWVS.
The Institute of Fluid Science (IFS) consists of four research divisions and two research centers:

Creative Flow Research Division, Complex Flow Research Division, Nanoscale Flow Research Division,
Collaborative Research Division, Innovative Energy Research Center, and Lyon Center.

EBP9DIIE Outline of Divisions

[iFEEhBIRRTAZFLEBFY Creative Flow Research Division]

TR ITERPAE, BIERMA I3 %zE@mURE, RAEOYIIETRARS
AT LICHITZTREN T TOFRIRBEBEDEIREEDISAICRE T 2R ZITO L ZE R
ELUET. B|HEORMA, £ARRE), MEFHICHIIDRNOAZREIHEEERIKZE
U, ZEMORRERSNCEIN T ERMOMEIIICEIUET .

B EHIH(CEBMEN T TOFIRHLEERIBK
BB EY I -3l LBEE T Z AT

BZEFEIATLAOEF. B2, EOIDORTT

B REIR RO ERMTAI R R E DR OIAZR

B O RHECENRRAHIET )N 2 - S X7 LD
B ERBRERNORENN A FZHIIADARER
B REATFEEOEITIIE - RAHIEIS 27 ADRIRK

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

Hm Creation of novel
electromagnetic field
W Development of advanced medical devices based =

flow functions using an M Development of next-generation intelligent fluid
control devices and systems

Clarification of flow dynamics in a living body

on measurement-integrated simulation B Creation of innovative thermal and fluids control
M [nnovation, safety, and manufacturing of aero-space systems for next generation spacecraft
systems

M Scientific visualization and visual analytics to
visualize flow phenomena

(#EM7RBHEAZTEPFY Complex Flow Research Division]

EHERENATTERPIL, MARZOREERD, LVSZEBRT—ILOSIREY)
H - EFHBIEN BN EM R BIR ROALEOICACR I AR ZI T ZH
BELET. MBIRITTR, MR- BT, -'FT’tT—/EI/, BRERREDER
ENBERBIRKOBERBRIZOFAS SUEIEET IBREL, FMORELRSU
(BRI ORIRRZHEELF T .

B SEFCROEERRMEAC FRFEEMOSEL B URFEREIRROFAT M OBIREF R C AT

BYLFRT-IVCHII2EMR B - NERBIRROMA 8 XAREBEFERCLDRANZFOEEN FLAKERED
I FERCIARAFNA

B FvET -3 (C LR EMIMBIRROMPBETR AN W IREREER - SUR _ARRADRE) (R SIRR ORI
227 LhOBREAL

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 combustion reaction flows, heat and mass transfers in complex systems,
cavitation, shock waves and universal principles of heat and material flow phenomena, as well as
construction of mathematical models.

B Combustion phenomena in aerospace propulsion M Interfacial phenomena with shock waves in complex

systems and energy apparatuses
m Nano-to mega-scale heat and mass transfer in
complicated systems

advanced fluid machinery systems
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W Theoretical

modeling for universal and specific

complex flow phenomena
® Complex flow accompanied by cavitation and ™ Combined flow and heat-transfer phenomena of
cryogenic solid-liquid two-phase flow
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[F)i7EhEAZEEPPY Nanoscale Flow Research Division]

FOREAFTEBFIL, BARMACEINS T /NAI0RT -V OIRKOMIEICEINS
ERNZFORBETHFOTFAIKAZENLLET. BF -DFRT-IOVE-EH)
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B EHRE T /A A0RAORIRECA (BE8)

Nanoscale

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 medical 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-devices.

M Physical and transport phenomena in non- M Reactions, thermal flow dynamics of plasma flow and

equilibrium gas flow and their applications

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

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

® Transport phenomena in

their application for medical engineering

large-scale composite
systems governed by molecular physics and their
applications

® Development of novel flow devices utilizing unique

nanoscale flow and interfacial phenomena

[3£FEHFEBFY Collaborative Research Division]

HEAFEFE, BRI - EHBE Tl SeinEamE Al | (CBI I 2T

ETVEY. E£—H (2015 F 4 B—2018 FE 3 B) (CheE, SHTHIELT, Eil

DEENLEL THAFFEN2E B RMOATRZ, 2018 &£ 4 A 1 BhSRImBULLEL

fz. EICBMERIASIZE (Computational Fluid Dynamics) ZRHLVeZ1L—33

bt RERREEOEELE, TORBICAIZMTEITVET. KRB

AREDBEC, LDRIBURRCENTLBEHHZHMARICERZUFRUMTEAR] L

ZB18UFT.

B EBEEICETEIR - B, E-I={tbiCE wEEERTEI -y MORREI R RbEERE TR
(T BEN LA DA RUEE{CHET

m BEIEIASHRESEHS AT LA

The Collaborative Research Division conducts fundamental research of advanced vehicle
technology in collaboration with Keihin Corp. Following the first phase (April 2015 - March 2018),
research on basic technologies expected for electric vehicles has started as the second phase from
April 1, 2018. The research is related mostly to enhancement and application of the simulation
technology based on computational fluid dynamics and experimental verification. Basing on research
of the next-generation technology, we aim to create new value directly connected to development of
appealing products with excellent environmental performance.

M Research on thermal management and thermal
control for electric vehicles, electric motorization
technology for motor efficiency improvement

M Research on high heat flux cooling systems for
electric vehicles

B Research on visualization and accurate prediction of
thermal flow and optimization of compact and low load
air conditioning units
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The objective of this center is to realize a highly efficient, economical, and innovative energy
utilization system through research and development related to conversion of unrealized energy,
which has been achieved heretofore only slightly using conventional technologies, by the adaptation
of improved storage, transportation, and maintenance of energy in basic energy and new energy
fields based on fluid science.

H Innovative green nanodevices based on intelligent M Innovative multi-phase flow technology and realization

nanoprocesses of sustainable energy systems

W Deep subsurface systems for the resolution of M Science and technology, and energy policy to
environmental and energy issues contribute to the solution of energy problems

B Combustion with higher exergy efficiency based on B Advanced energy related technologies
new concept combustion technology W Theoretical design of innovative batteries based on

W Optimization of maintenance activities using the analysis and control of nanoscale flow
advanced sensing and material evaluation

(Ua>er5—- — 8- HRENZERSELS Lyon Center (LyC)]

YIS t>H—(E, IR -UIAZKZE (INSA Lyon, Ecole Centrale de Lyon) (C
BEEFENHEL, EFHEEMAFREZHEELET. R, MRBRZERARIZD
MESNTF(CHIIDVIDKZEOEEIATICLD, B -Ti0 - BRI DFEIRIC
HE5 I L F s zME - HEELFT .

BREIS 2T AOKES 3> EEHEIC RIS BT W BFZERANILF R —IUCHIIDTREN I 1 SO RADREEA

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. Especially, 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.

H Intelligent sensing and evaluation of mechanical M Spatiotemporal multiscale clarification of flow
systems dynamics
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MERBIIRNF—AZEEZ>Y— Innovative Energy Research Center

BRI IRILF-—ATEII—F, AATFTFAHERNELTBS, MBI CREL CERIRNF—DEF
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FEIIRIF-OZIEOIRIIF TR, #X, SLUBRBCREHIZMFTEITVET. BARMCE, 5T/ 70
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ISZBENETEIFNRIRIF—FBEROBE, IXNF-T50 MREEEELALBROEAIRIIE (%
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The objective of establishing this unattained energy research center is to develop and strengthen
studies of fluid science related to the energy field, which this institute set as a goal and which has been
deployed cross-organizationally, and wh ich shall act as the center of strong promotion of studies for
utilization of unattained energy, for which effective energy conversion has been only slightly possible
using conventional technology, and which is the key to resolution of energy issues by conducting diverse
energy studies based on fluid science and by mutually cooperating with different fields and academic
area.

To realize an efficient, economical, and innovative energy utilization system in basic energy fields
through collaboration of diversified energy studies in fluid science, this center promotes research efforts
related to the conversion of unrealized energy resources for which effective energy conversion has been
only slightly possible using conventional technology, storage, transportation and management of the
energy. Particularly, we promote research of innovative green nano-devices using intelligent nano-
processes, research into extensive utilization of the crust with the intention of resolving global
environment issues and energy problem, creation of high-energy-efficiency combustion technology
based on new concepts of combustion technology to be used in an era of diverse fuels, construction of
highly efficient and innovative energy utilization systems to cope with social needs such as reduction of
environmental loads and recycling society using micro-combustion, microgravity combustion and high-
temperature oxy-fuel combustion as the mainstay, development of intelligent sensors and monitoring
technology aiming at realization of improved conservation of energy plants and energy-saving of
equipment, development of non-destructive evaluation technology, research into construction of energy-
saving systems using low-friction system, development of innovative multiphase fluid analysis method
based on the fusion of supercomputing and advanced measurement and research of creation of
environmentally conscious multiphase fluid energy.

%It M Research concept

PERB TR F - (CBVTIVENFHERITVAERIRTBELE(C, RERBEALOFIRIF-DBER
FAZKIRIZ2LT, (LERROERZIBRETING, BUUEERMREUCRIEHER TRV F—HIGS X
FTLhEFRIRID. BINBORITRIVF -2 /FNCHEAHAATUKAY - NIRIVF -GS AT LML,
AR IR T — BB %RIRI3.

Realization of minimum energy loss when using conventional types of energy and of super-high
efficiency of next generation renewable energy will enable suppression of the use of fossil fuels to the
extreme or will usher in a high efficient, environmentally compatible type of energy supply system.

Furthermore, smart energy supply systems that incorporate these created energies harmonically can
be established to realize a sustainable energy social infrastructure.
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HFEAI ML Research vectors

- F/REMRUBISHET, BERGTOTARG, SR, XORERBERMS LUIEIE
BRERINZEC, FHNIRIF—ERETERIMS LV EIRRER M2 L.

- R EREETHAMCED, AN RONT D RZBF AR BAEBH NOMEBLUREIATLAEEEBIAT
LOBE(CELDFEFBIAN - FIRIF -GS 2T LDOZER.

- IRVF-FEARIEHAROERCAITT, ESRAETIMBEPIRIF—RIZRMBERIES.

- Establishment of innovative energy generation and storage technology and management and
conservation technology based on nano-interface material structure control technology, ultra-low
damage process technology, new concept micro-combustion technology, deep subterranean
environment measurement technology and nondestructive inspection technology.

- Realization of an innovative smart energy supply system by fusion on various types of power
generation methods, considering a good balance between costs and efficiency and by fusion of power
generation system and electricity accumulation system by introducing optimum design technology.

- Building of business models and proposals for energy and science technology policies intended for
the founding of a new Japanese nation based on energy and technology.
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£29—-DF7RIN>F—S Benefits of the center
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FRyMUIAEMRDOREIR

CPRBHCBVTAREBE SN TUVEARBNEESR (T7TVF—EK) 2, BRERBROIIvI+—Rz FIFcE
TAREIR TER IV UL F—NRRGEZIRIE. SRMERRELEEARNRERDIEHZEITH.

- 10-50nm LNILOE—B1XDOEHERIEENE (LiIFePOs) OEMIRICLIEmEE - SHHEEB(CLD
R ITLANILOUFI LA A EMFFIEDER.

- HREY - RIBEEAKRIENZ FUDHE LB HRIIK R OERPEIRKFZFrUT7ELTOSHKEEL(CLD
SXIES e SEEhEDES

- BER S VIR B OIFRIE TR C L B=0E T CORMBEREIETEYUSIADRDIE.

- JRBEOFE(LERETRAMICELD, JAMDRONT D AZBEFARBAEBETRNOMEBLURBIATALE
BIATLORZAPZYIADFEIR
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- Defect-free superlattice structure produced for the first time in the world using a bio-template and
ultimate top-down etching and realization of a super-high-efficiency quantum dot solar cell using its
structure

- We proposed high-exergy-efficiency combustion capable of greatly reducing irreversible loss (exergy
loss) that was unavoidable in the combustion by improving exergy rate at combustion start, and
specific challenges such as a high-temperature oxygen combustion is being promoted currently.

- World-leading lithium ion battery characteristics by high-volume and high-output type electrodes using
techniques to synthesize a uniformly sized, highly crystalline active material (LiFePO4) at a 10-50nm
level.

- Realization of high-efficiency fuel cells using world-leading synthesis of diverse hydrates including
complex hydrides and highly functional sold hydrogen carrier.

- Fusion of various types of power generation methods considering a good balance between costs and
efficiency, and realization of a best mix of power generation systems and electricity accumulation
systems using our own optimization design.

MilEUI>t>5— Lyon Center (LyC)
MR- RAENFFAHLS  Integration Research Center for Materials and Fluid Sciences

AR Z MR ZOEEN R EES IR —, XS RTL, ETFREODHRRIBEORRC@ET
T, AL-YIUICHIT DIAFTHEBIEEHEL THRE T BT DEFRIATTRY N —JZ1BE T 5. CORIBIRECED
ROz, BEERFHENSIBALT BAFTIZY MBS CHRFUEEN 2T ORLRIS 25— 12UIVTEREL,
VA KZEOHRIRAFTZHEET S.

To explore interdisciplinary science based on fluid and materials sciences to answer current social
challenges in the fields of transportation, energy and engineering for health, IFS aims at establishing an
international research network in collaboration with Université de Lyon, France. For the long term
challenge, IFS has established Lyon Center - Integration Research Center for Materials and Fluid
Sciences - at Université de Lyon (INSA Lyon, Ecole Centrale de Lyon), and faculty member and graduate
students stay and promote joint works.

SEEDAE Contents of project

ERK 30 F 4 A &R D EF TEHUILARZAIE L TV RZCAAFTFAIIS A —ZEHEL, TR
RIF2EB(ICEDTFNIRME T DHULV GREARRELF MtRigZ Fh I 2D EFRIEMMEER) \ T2 R UIZ. 3
BURARY, KERENSEBRITZMARIZYNERIE, BEIZET, BFEIZDADHFBSTRRMHSH
RECHBIAFTNEDROCHEEL TS, IRF-—DETE, BERASSERNEROKXSEMORMRE, IR
F-T5> hoBREGFmLIEM, REHREXS 27 ATHIERESIEIC L 2BIREEIRNMZEEORRERE
DOFFREOVWTEDIAD. ABEEZENULEELOERREF RREAFNZBIBN(CITILICLD, FFREILE
FRMDN\TERBCEzEIRT.

IFS Lyon Center has been established in April 2018 at Université de Lyon that is one of the centers of
excellence for materials science and engineering in Europe, and is now building a international network
hub to explore interdisciplinary science based on fluid and materials sciences. Research units in the

center where faculty member and graduate students stay promote joint research activities with
researchers in Europe as well as France. Following research topics are currently conducted:

- Development of ultra-low drug aircrafts by boundary layer control

- Development of solar cells with highest energy conversion rate in the world
- Ultra-long term operation techniques for energy plants

- Research on friction between medical deivce and suface of tissue

- Active control of protein transport phenomena by functional membrane

In future, the center is expected to be a self-sustaining research center through the international
collaboration with industries.
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MZEETERIFtE> Y — Aircraft Computational Science Center (ACS)

AARTOSIINT(E, MEEZEOEFGRFNEMIT - ILAL TSI, EFEERRZECT,
FMRIOBERCL B EZRIRUERIZAMEGRFEZRIRT 21200 CAE Hiffi, ENEESRUBERET

Z3— LV ASERRUSETHIHARFENSE VR T TOZ BB T I EEE 8D CAE #itiZFFT 3.

In this research project, to keep and increase international competitiveness of our aircraft industry, we
develop CAE technologies that realize low cost aircraft design and weight reduction using new materials
and that enable multi-objective design optimization at a higher level with seamlessly coupled

aerodynamic and structural analyses from the early phase of the design.
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3-3 RIS AH—DZY>3> Missions of Research Cluste |

TRARIZRRFTART(E, 2015 £F 4 AISRELEUIZ VISION2030 (CBWT, EHHENIAFTRR R 2 BT
REDEERNZBL (e EFERESANEMISEZBIBU TV, 20, HAFTATIRE ORISR
BIAFROHEHEL TCERUTER 5 J5R9-0y2a 2 RIB - IR+ —, N-MEILFRT-IVELE)T1, 2
FR-f@ft-EED 3 HRISRI-(CBERL, ERART-IIFHELRARIOS 1) M — A2 2R LA
SHERRCLZIIAI-FEOTOI 1) MUK ZHEES 3.

The Institute of Fluid Science (IFS) adopted VISION 2030 in April,2015. It aims at contributing
research results and their benefits to society as a whole and to the industrial world through systematic
industry-university collaborative research. For this purpose, IFS shall redefine the present five-cluster
missions undertaken as a unique original framework of cross-cutting research within the laboratory to
the three research clusters of "environment and energy," "multiscale mobility of humans and materials,"
and "health, welfare and medical care." Therefore, IFS shall form research project teams specializing in
prioritized and strategic research subjects, and promote project research led by the clusters as joint
research solicited from within the laboratory.

FE[AFFER
Caollaborative Research Division
. FETRLFFRET—
] Innovative Energy Rescarch Center
TR 4
Complex Flow Research Division ’
+/ FE R A
Nancscale Flow Research
TR AR Division

Creative Flow Research Division
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Environment and energy cluster

HIRRIBZRETBHU VIR F — R EERMIMZANELET

ENEOIRIF -, 90%U EZEA ICFED IRILF —RZUMEl KGR ICHEGR I DMNCHDFELD,
COP21[/\UBRTE J(CL o TR FMMECR (LI RICEDIBOENERIN, BEMRIRAGHLIIFINE 2D
RELOTVET. EEFIHPAFOEZHIFULANSEERRARGELZINFIT21(C, HMERRES
FIRIF—ROMER, MAIRIT-ROBREY, BEUEERABERIRIF-BABE, EIRIF—#%
MOERBMFELLE, AOMSHOAFTONI-FI-2ZRIBACEMEHHN AR REZOTVET. RIE- IR
F-I325-TlF, INEOFRBIHUT, BEEFAMNSEIRINICAKMET, RE- IR+ —HBOARCH
(TR VAT R R HEELE T

Creating new energy systems and innovative technology to protect the global environment

Energy problem in our country, where more than 90% of all energy is imported, was in persistent
development and acquisition of energy resources. However, the Paris Agreement at COP21, which is
expected to guide global efforts for global warming suppression, presents reduction of greenhouse gas
emissions as an urgent issue. Novel approaches of finding new energy sources with low environmental
impact, reconsideration of energy sources to be imported, enhancement of renewable energy resources,
and progress in energy conservation technology, anticipating value-chains of energy resources to
maintain industrial activities and high standards of human life, are fundamentally important. The
environment and energy cluster promotes a wide range of activities from fundamental research to
immediately effective applications aimed at resolving environmental and energy issues.

A-MEINFRAT-IEEYTA

Multiscale mobility of humans and materials cl

FTITINAANEFH - MEHWET, H5WIAT—IDO-ESHE-WE - NADHIXZ
EtL, MHLLSATLAEZRRLET

AN MEINFRT—IVEEU1T4I5R5-TF, BfiPEBICEELETORT I Eh/N\-FDRAERIFD
RONBERE, 2—/\-ODE1-SP KRR Z MRS E R EIES 21l — 23V RUSREREHRIORAC
EOVT, HRARORED FOESLBEMEDEEN, MBERICHITE - EFEOMXIRRZHIHL, A
RIASZIEETIURIRIDIEZBMELTVEY. INCED, (A BRI TRIAIMNFERBIRKRZFIALL
IR )\ ZPEARORIL, F/INTRE - REEERMICLSBENTETOTADRFE, EFEOEEZ
RIS - BIEae(t, RFEROFEMES T LZRIRT DEERRIMOMHEIIRECEDIEA &
ER

Realizing systems by designing transport of heat, momentum, mass, and humans on scales from
nanodevices to aerospace

The “Multiscale mobility of humans and materials” research cluster designs and realizes useful
transport phenomena by controlling the motion of matter, such as fluid flows and molecular migration,
and transport phenomena of heat and momenta in matter. In-depth understanding of fluid sciences cover
all scales related to technology and life using advanced techniques of computational simulation and
experimental measurement, taking full advantage of our supercomputer and large-scale experimental
facilities supporting our research and development. The cluster is working on creating novel devices and
media that use the following: anomalous flow characteristics appearing at various scales; development
of advanced industrial processes by nanofabrication and surface modification; high-performance and
highly functional flow machinery as industrial infrastructure; and homegrown technology for leading-edge
space and aeronautical systems.
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FNOFRNEARETENDEREFORBICES T LN TEZHRERALET

DR(CDTF B tEEhES, HERENMAREETDS, FRERTZ UNMDENMESVEZEIRTD
EHICEERER- 184 - EEEMOBIEMEREINTVET. RISZY-TR, INSZEIRIILHIC, ik
BZOBERNS, ERROEXREROERCYNIERHOEEFRIRREAESANL, HULWFIEOEEZEIE
LE9. &, ENCENZ2HT- FRI-HAIFELERRAS AT LAZRINKICED, EFRIBLEROTRIER
£, EPOEEDEHENAIN, EAMEEERIBOMFELMZEPLORER, H2RECRENS T - JamZ2H -
TR, BEEREZIBET SHMRLIBRIMOMAEREZBIEL TRFICRDEA Y.

Realizing a healthy and comfortable society through prediction and autonomous systems of
flows

To realize a healthy, safe, and comfortable society under circumstances of a rapidly declining birthrate,
an aging society, and a changing social environment, we strive to develop advanced technologies for
health, welfare and medical care. Through elucidation of transport phenomena in organisms and
interactions among organisms and physical stimuli, we create diagnostic, predictive, and measurement
methods, as well as autonomous systems of flows related to human beings. Based on results of these
studies, we establish new technologies to predict and protect living environments and health. Moreover,
we examine the recovery and addition of functions to the human body, and living body sham
environments. We also research prevention, treatment, and diagnosis, prediction of apoplexy, poor heart
conditions, and cancer.
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3-4 FERSI Staffs

ARIZEATIARL, HREEROMAFFREL THRICLWAMZIES I D2, AEHICIOTAMZIRAL
TW3. BEONFGEERZRTERINRE, BREOFBLZRETCREIND. BIBES(CHVTE, HARD
FHELBIRNTEFREO 2 F 6 MNARNSHARD IR ZESEZFRESE, FEROMFSEEATRIEFFE
HEDEZOEASHNMBIRR(CEREIN, TNICEIETONS. BUR - EBROEALCE, FHEEE
ZESHBIRTIBRNIEEEEEZ1T. FINTEDCFEREOREZBIZTEDDHNEEDIIRELS.

KIAFRFATE, ABORBEZIEEN(CHEEL, SHRRAMEZRFANDELBCBIRAMOBE/RZRD,
RARIZO—BOERICH ST 2BNEVUERHZEALTVS. EZBIEROEH 10 F£T, BEEER
BHENTVRL., BIEOMEHAE 8 T, 2 FOBEN 1 BERHSNTWVS. IR - BhECOWTIHMERADRE
HBIMERRD 2 FRIGEVLRFRT, FREEREOVWTEEERZESNHEZITV, PRRNISEOMH
FURBFICTI BT A RZITOTLS.

Fe, KAFRFBESEZHERSEZHEELTED, Tk 30 FETF 41 AF 3 BIZEHELRD, =40
T%ZBRAIMEERO . FFERBHOIFIFFEMICAID, TZ17MNyIZEREAZTSIV LB ERARE
FENLEU, Tk 28 FECMEIERA, Tk 29 FEICIF LEEERCLIBIRFEDAS NGO,

IFS employs an open recruitment system for teaching staff to induce the best brains to join in and
support our efforts. Open recruitment of teaching staff is deliberated in the steering committee and is
determined finally by the faculty meeting. Concerning the adoption of professor position, the professor
in charge of the research field concerned starts the research field investigation committee two and half
years before the retirement age limit, and future research policy and basic policy for selection of the
professor in charge of the research field are submitted. For appointment of professor, associate
professor, the Selection Committee attended by professors performs selection of the applicants. Those
who meet the performance criteria determined by the institute are eligible for selection.

IFS employs a fixed-term system that is aimed at active promotion of flexible personnel affairs,
acceptance of diverse human resources, cultivation of excellent human resources, and contribution to
further progress in fluid science. The term of associate professor is 10 years. No reappointment is
accepted. The term of assistant professor is 8 years. A reappointment for 2 years is accepted. For
associate professor and assistant professor, a performance audit committee performs assessment at
the mid-point of the term and two years before the end of term for their performance and potential from
viewpoints of future plans of the institute.

IFS has been promoting the gender equality promotion, and the number of female staff members in
FY2018 became 3 among a total teaching staff of 41, which accounts for about 7% of the whole. Based
on the principle of “Open Doors”, IFS has applied to tenure-track assistant/associate professor position
for female and Job Promotions for Placing Women in Senior Positions. In FY2016, a female assistant
professor was adopted, and a female professor was promoted in FY2017.

(3R | WIEAE) | SHELA(RER)]

EEHEEI Number of full-time faculty and teaching staffs [Total / Female / Intl staff]

H24 H25 H26 H27 H28 H29

FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
s 15/0/0 | 15/0/0 | 15/0/0 | 15/0/0 | 15/0/0 | 18/0/0
Efﬁi%tepmfessor M/172 [ 107471 | 1/174 | 12/171 | 137171 | 9/1/1
iﬁﬂiﬁorassistampmfessor 2/1/0 | 2/1/0 | 2/1/0 | 1/0/0 | 0/0/0 | 0/0/0
szlstantprofessor 13/1/0 | 13/0/0 | 13/0/0 | 11/0/0 | 12/0/1 | 10/0/1
ggi@;&ﬁiﬁ%ﬁi 0/0/0 | 0/0/0 | 0/0/0 | 2/0/0 | 2/0/0 | 3/0/0
%ﬂ_tg&ﬁiﬂiﬁampmt 0/0/0 | 0/0/0 | 0/0/0 | 0/0/0 | 0/0/0 | 1/1/0
sﬁiﬁ?@iﬁppointedassist.prof. 0/0/0 | 0/0/0 | 1/0/1 | 2/0/2 | 0/0/0 | 0/0/0
B sociate 1/1/1 | 0/0/0 | 0/0/0 | 0/0/0 | 0/0/0 | 0/0/0

A 42 40 42 41 40 38

* 1 JORTINA Y IAY MREZRR

* : Cross-appointment fellow excluded
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EEHE DB Number of full-time teaching staffs

— & 5I-

4% Professor

5(29.4\1%)\

|

12 (70.59%)

m ARF
W K=

HEZIE  Associate professor

4 (44.44%)

5 (55.56%) |

Organization

Tohoku University
Other Universities
O 4 EOKXZE  Universities abroad

BhZ Assistant professor

1(7.69%)

6 (46.15%)

6 (46.15%)

—EEHRRI—
12 T T T Ll T T T
10; - Prof.
] I A/Prof. ]
L 8- B Assist. Prof.| -
-8 e —
£ 64 -
=
c 4
2]
0 ] T . T T
25-29 30-34 35-39 4044 4549 50-54 55-59 60-64
age
(B2 | ZHERE) 1 SMELA (L))
Py = -
FEEFEEZN Number of full-time staffs [Total / Female / Intl staff]
H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
%&%{& . 3/0/0 2/0/0 1/0/0 1/0/0 1/0/0 0/0/0
Specially appointed professor
4:*}45‘&&%{1& . 0/0/0 0/0/0 0/0/0 0/0/0 1/0/0 2/0/0
Specially appointed A/prof.
%&tﬁgfﬁ . 0/0/0 0/0/0 1/0/0 1/0/0 0/0/0 0/0/0
Specially appointed lecturer
Tﬁﬂ\]ﬂ?ﬁﬁ 18/0/0 | 17/0/0 | 17/0/0 | 15/0/0 | 15/0/0 | 15/0/0
Technical staff
$§%H&E 8/3/0 8/2/0 8/2/0 8/3/0 8/41/0 8/4/0
Administrative staff
o 29/3/0 | 27/2/0 | 27/2/0 | 25/3/0 | 25/4/0 | 25/4/0
Subtotal
IEEENHE 109 11 108 94 87 87
Part-time staff (51) (52) (43) (30) (29) (17)
o =
5 & 138 138 135 119 112 112
Total

F 1. ARERFET A1 BRE
2. IFEBIED( )NEFE, TA, RATIHMNK
[Note] 1. As of 18t July, each year
2. Numbers in parenthesis for part-time staff are TAs/RAs, which are not included in the total.
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JEEEEESEL Number of part-time staffs

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
HEAFEFIE
Teaching staff in collaborative 0 0 0 0 0 0
research division
HEMRZIEE
Educational research 8* 2 2 1 2 4
supporter
EFEEEARE
Academic-industrial coalition 4 7 10 12 13 13
researcher
HRIEE (ARE)
Research supporter 5 9 9 5 3 5
(researcher)
N Et (BARE)
Subtotal (researcher) 17 18 21 18 18 22
& [—1
PHRER 30 28 29 28 27 31
Clerical work assistant
BT 11 13 15 18 13 17
Technical assistant
HRZIEE (FAFRELIY)
Research supporter 0 0 0 0 0 0
(non-researcher)
= s \
N B (BRFRELRSY 41 41 44 46 40 48
Subtotal (non-researcher)
& &t
58 59 65 64 58 70
Total
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Organization

3-5 #2& Budget |

MARIZFIATAR G, HREFXHOAFTTEET B, HEPETOESZETNTHEL TS, AHAF
FROTEF, EEEBRMNRENBERNSRD, Tk 29 FEOETFEE 2,088 BHMLLRS. EEER
£131,561 BAATHD, W694 BAANAGE, 666 BAANMANIVIEELRD. REARSHKI AT
LICEBRNNDVEBEOESE, SARATEOMRMETETHD, REVFHMEBROTVS. HEBERE
665 BHMTHD, ERTFED 32%ZEHTVS.

IFS advances getting external funds activities to progress the cutting-edge researches. The budget
supporting activities of IFS consists of revenues from management grants and external funds. The total
budget in FY2017 was 2,088 million Yen. The revenues from management grants was 1,561 million Yen,
of which 694 million Yen was allocated for personal expenses and 666 million Yen was earmarked for
supercomputer expense. Obtaining the subsidy for super computer expense is a special feature of IFS
budget. The external fund is 665 million Yen, which accounts for 32% of the total budget.

EEBERIEENPES [BE4I : B ]
Subsidy for operating expenses and external funds of IFS [unit: million JPY]
H24 H25 H26 H27 H28 H29 TfE | FiCTg”
FY2012 | FY2013 | FY2014 | FY2015 | FY2016 | FY2017 | Average |Previous
average
EEEQNQ 2023 | 1641| 2313| 1850| 1980| 1536| 1.891| 1863
anagement grant
é‘*ﬂg 472|  a53| 483| 20| 637| 694| 560| 599
alaries/wages
O’EEE 1,551 1,188 1,830 1,230 1,343 842 1,331 1,265
perating expense
NapER
Extended fund 855 988 805 578 565 665 743 670
RAE
Grant-in-Aid 185 143 131 95 140 144 140 120
for sci. res.
= 7o
?uﬂﬂﬁg 141 203 308| 261 283 | 341 256 184
unded research
= FHZC
J/ﬁ\ﬁﬁﬂ’“g 76 105 144 143 122 164 126 76
oint research
g,amaﬁn@% 439 | 528|210 55 17 10| 210 258
eposit subsidy
ffl‘ﬁ.ﬁ 14 12 12 14 14 12 13 32
onation

*  BIEIOSMERETEAART (H18-H23) (CHIF2FIfE
* : The value of the period in previous external evaluation (FY2006 — FY2011)

B7AM Million Yen

1;23 ] T T . T ) T ) T . T ] - *ﬂ?ﬂﬁ
© 900 [ =stoAsE
5 8004 Il | EEliEsE
T 6o | I e
§ 600 iC_ECE
& 500 - .
H 400 - .
- |
Z 200 .

100 E
0 - : - . .

FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
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[BEAT : FH]

PFEMFREMBIL Grant-in-aid for scientific research [unit: thousand JPY]
H24 H25 H26 H27 H28 H29 Fi94E ﬁﬁlﬁlf—lzi':]
FY2012 | FY2013 | FY2014 | FY2015 | FY2016 | FY2017 | Average Previous
average
EHAZAIT(S)
G-i-A for sci. res. (S) 0 0 0 0 0 0 0 0
%g‘%ﬁﬂ%(& 72,000 | 43,200 | 44,800 9,700 | 17,800 | 12,800 | 33,383 | 33,483
-i-A for sci. res. (A)
5 7c
GEEJHn(B) 45,400 | 30,500 | 22,300 | 30,300 | 55,500 | 59,500 | 40,583 | 40,981
-i-A for sci. res. (B)
SIIoT
Ggfamﬁﬂﬂ(@ 8,800 | 9,600 | 12,000 | 6,500 | 8,600 | 8,800 9,050 | 5,387
-i-A for sci. res. (C)
o8 = g
EE;HEH?" 13,300 | 11,600 | 11,500 | 14,000 | 12,300 8,200 | 11,817 8,828
Challenging exploratory
g%ﬁﬂ%(A) 27,700 | 10,800 8,800 3,900 5,200 | 20,800 | 12,867 8,817
-i-A for young (A)
o= 7c
ZGS%EH“(B) 5,900 5,000 7,100 | 12,600 7,400 8,800 7,800 | 14,800
-i-A for young (B)
gjtz‘f_ NryT 2,200 2,200 2,100 1,000 900 0 1,400 1,267
MNELASRFRIARE
for JSPS fellow (foreign) 0 0 0 0 1,200 1,200 400 317
ISRIAFERAN | 7400 | 14900 | 13800 7,700 | 5300 | 6200 9217 | 4,698
or JSPS fellow
b= TR=0E 0 0 0 0 0 0 0 1,359
Innovative area ’
/a;otfl-l- 182,700 | 127,800 |122,800*| 85,700 | 114,200 | 126,300 | 126,583 | 119,928
* BFEHIASY 400 FHSD 7 EHERERRC

* 400 thousand yen of Grant-in-Aid for Encouragement of Scientist included

[Note]: Overhead cost excluded

BEMREMBIEIRIRE Adoption rate of grant-in-aid for scientific research

H24 H25 H26 H27 H28 H29 F94E | RiIETEE
Previous
FY2012 | FY2013 | FY2014 | FY2015 | FY2016 | FY2017 | Average average |
= 3

E\F'D'E’.‘*’i& 44 41 44 47 36 40 42 66

pplication

37 K
%*REM 19 1 16 15 16 16 16 33

option
5;@5;’;* 432 | 268 | 364 | 319 | 444 | 400 | 381 | 500
FMH Thousand Yen

200000 . . . ' ' B =52(A)
. [ #8&(B)
5150000 | I E25(C)
o I Az
g Bl ==E(A)
100000 - -4 Il =3(B)
e B =57y
& I HHE AR
= s 1 Il sREa

0 .
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
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AKEBFEH Major budgets

(BIZFH4iTiEE#4#E] Japan Science and Technology Agency (JST)

Organization

e =2 MERERE (&3 I ERE S fAZEAR MR ERHEE
(FE) (FF)
Project name Program leader (role) Program title Period (FY) Fund
(thousand JPY)
WEOASWRE |
HEESS hmE) JUATZTL—NBIRIITC |, o
(CREST) &3 3 RTEFEEDHIEHE - 359,645
Core Research for Seiji Samukawa PTHLEE IR FY2009-2014
Evolutionary Science and (Investigator)
Technology (CREST)
B R A RS AEE _
B emy |- NBOUT|
(CREST) sh y AT — ) SREEXIRSROFFIAE FY2013-2018 313,833
Core Research for igenao Maruyama = > -
Evolutionary Science and (Investigator) ABURAT > ERNDER]
Technology (CREST)
ERBREY 1 JN—33
SpeTngsn | AV B ‘ ,
(SIP) (FA35iEY4 ) TOERZTIREORNEFIEAREA | H25-H30 262.120
Cross-ministerial Hideaki Kobayashi CEBRIAIMIBAFE FY2013-2018 ’
Strategic Innovation (Researcher)
Promotion Program
BRSO R —3 ‘ )
| amm | EEsmREROI0-Ur)
i (SIP) (FFEiBYE) | FICLBEA-YOY—b-BESY | H26-H30 89.384
Cross-ministerial Kaoru Maruta ARIDB N - R IHTIRE R | FY2014-2018 ’
Strategic Innovation (Researcher) oA EREACICRE I BATT
Promotion Program
FHTRVARFRTR
m o = -
Impulsing Paradigm (FRRPIRRES) MEETHEMET )L OFREF H28-H31 86,500
Change through Makoto Ohta FY2016-2019
Disruptive (Principal Investigator)
Technologies Program
(IMPACT)
B BIEHAFT
RSB PEER | aFmmemc REES | oo
(CREST) REB) | sz EkEa RERER : 292,454
Core Research for Taku Ohara e FY2017-2022
Evolutionary Science Investioat IR,
and Technology (Investigator)
(CREST)
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(B IRV — RIS B FEAE]
New Energy and Industrial Technology Development Organization (NEDO)

program for Energy and
Environmental
Technologies

Seiji Samukawa
(Investigator)

LEFERIR

FY2016-2017

] TR | WRASRE
XL RFRAERE (&3) RFUERER () (FM)
Project name Program leader (role) Program title Period (FY) Fund
(thousand JPY)
BEARZ D FRA
NEMFAEE e =
bt FEEE (R&EA) iy - EEARE - MEA NBPIRSR | H27-H32 181.150
Development of ; SE(OERRUEEEAT, )T - ’
g 'IF')echnologies Taklash, Tokumasu OEEISER AR, LS| FY2015-2020
for Utilizing Polymer (Investigator)
Electrolyte Fuel Cell
RERIBESEE] n
B DI T HeAtipaTE AWK 7% . o
Eevlelopmef)ntof (KEzHE) MR RAfEESRETS 21l —23) H27-H32 26.049
T ies for Next- . : Nimse ;
gceng?a?%ﬁssfr)ﬂct&xe Shigeru Obayashi RS FY2015-2020
Component Creation and (Investigator)
Processing
TRNE—BEH | o) e
BIEBIISL | el e ABERESISE st
Advanced Research (R&RH) u e - 90,964

(BXZE{TEES] Japan Society for the Promotion of Science (JSPS)

Scientific Research
(A)

Shigeru Obayashi
(Investigator)

B33 —-323E0RFE

FY2018-2020

E S 22 HFRARE (1§3) WHFTERE R AR HIRETHRE
(FE) (FM)
Project name Program leader (role) Program title Period (FY) Fund
(thousand JPY)
R E Rk
sy 5 B
BRI (B (fh=E) | TSAEERBOER#ES|  H28-H30 24400
a1 akehiko Sato ML BMPUSETEMAE | FY2016-2018 !
(A) (Investigator)
R 2 TIENN="{:1)]57
mwE 0 | D
==t * TR 3 RTBRNOEHAR -
Grant-in-Aid for (KEHE) IEEE 3 RTTERNOGTHAIF | H30-H32 35,300
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3-6 ALhtESS - 5%f@ Research Facilities and Equip

ARIFAZRRG, RARIZCEAIIHFRRITIROMAFRZHEE T S2s, HFREIEOMREZEdtERZE
LTW3. EREEBELEERERRY N —ITEEGUBNSE BZITIIEN IR TR TH—OR/O> THHR AL
AR ATL, HRENNANNOENEZE I HRIMDERRER, KEHRKEPHERITRE
2B URA REBRN IR R B EIRBIEN Z (FUHE UM NRATHROA T (CERSN TV'S.

RELMERVRNESS, FEREEMmRIRERRBIRERIATE Y- (6-5 RIERRBRERIAT LS
—ZZ2R) BEEEDT, FRHEFARMEL THAINTSD, Tk 21 FECKRIAFTAINSERRIFEA(C
HEF A - HEAFTIREVTREINTUURE, EANORRENLEH BRI ZEC TRRAFTRFAOFFEE
FIALTWS.

Iz, BMRENEIMFEEEFIRI D, Tk 22 FECTADIIRS N —RZ=EL,
FPTADIRZR R ROH EFIRZHEEL TW3.

IFS owns facilities and equipment to develop world-class performance such as integrated
supercomputation systems that include the use of supercomputer that is the only one in the world
capable of computing with connection to an experimental device via a high-speed network, a low-
turbulence heat transfer wind tunnel facility with world-minimum level degree of turbulence, a shock
wave related facility that has a large shock tube and a ballistic range and which enables the conduct of
various experiments to progress the cutting-edge researches about fluid science.

The low-turbulence heat transfer wind tunnel facility and shock wave related facility are managed by
Advanced Flow Experimental Research Center (refer to section 6-4, Fluid Science Global Research and
Education Hub), and are shared as cooperatively used facilities in the university. Since FY2009 when
IFS was certified as the Joint Usage / Research Center by MEXT, researchers at home and abroad have
been using the facilities of IFS through collaborative research project.

For effective utilization of research facilities owned by each research laboratory, the joint laboratory
and others were set up in FY2010 to promote shared use of the research facilities within the institution.

HEs% - 5%{|@ Facilities and equipment

RERBEHAFTIATL (R-\-T2E1-5, V7S(E-23>T-IAR-X)
RELFMERVENMES (RELZMmERUR, /NEURELERE, KESEUR)
BEREEMS (KEFBRKE, HMERITRE, BEERNHSATLAS)
MBI %

ME=

Integrated supercomputation system (supercomputer, realization work space)

Low-turbulence heat transfer wind tunnel facility (low-turbulence heat transfer wind tunnel, small
low-turbulence wind tunnel, low-noise wind tunnel)

Shock wave related facility (large shock tube, ballistic range, ultrahigh-speed measurement system)
Attached workshop

Library

R0 N RGNS

S2ER#R Experiment building

BEIRIALTEERIR
IR EERR
TRARTIEISEBRAR
31> hIMT N —1R
Supersonic combustion test building
High-speed flow experiment building

Fluid control experiment building
Joint laboratory building

PO A=
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SR R ERAR T3 RIRS N1
High-speed flow experiment building Joint laboratory building

Ti5 ME=

V7514 E—-23>T=DAR-R
Realization work space
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WHOZIFRITRE INEURELER
1-m Magnetic suspension and Small low-turbulence wind tunnel
balance system

BB R E R
Shock Wave Research Facilities
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4 jEE) Activities
4-1 HFR;EEN Research Activities

MARIZATAA TR, RBIARICE I IRILCSARDIATZ, 4 TAZTERFT (18 FAHEF) , 2 ALY
A= (10 FARDE) CBVWTERLTWS. Tk 29 FEOAVSTILGHXEENIOFEFEROFEEUL 851
HT, BE—ANHOOFERAERG 22.4 4 THD. (S, T 24 FEFTHVWLIO-/ULCOE TOT5A

MENFAFZIZHORME B E AR E TS | GREFHM CaGHEicNz. &z, AAKPEFER 21 F 6
BISERIFACIDRARZEDBEORLRFA - HEAFTHRDRARI FAFTHLR I CERESN, A% 28 F
E&OIRARMZFEEMAFREENRIELVTCERZRERLTVS. INSOFHEE, SRFRANRARZEDEO
HFRPREL TERRIENTVSZEZRL, WRESKEDEDEIZHIBLEL CHd.

AAFFRE, ERSIOAFTAEREEOHLFERAFTZEBA (CHEEL TS, FK 21 FENSAEHEMRFTZ
EHLTWS.

AARFIOBE(S, ERSZEOEEICHZENOTVS. ARAFRPINBEREL TVBIREIF1FIIAIL
EIB3EMRS >RSI A(CFD) ISR 29 FREFFMNEA 285 AOSNZED 685 AOSHIENDD, AH
FFAOHAFUEEBNOERINEEEZRUTVS. FAROBE(CI I ZERLFTME, ERIMNISITHE
FFBREPAIREMEZERZOTHE, ERFMMEOIT I PIREZEREOEBICIOTEHMBILNTES

(RR-TERER) .

EEFIEE(CLBRAFUEENCOVTIE, SCImEEmEERAATT (U—t>) (FRk 27 F~F % 29 F) %
U, REBHRRZEDIILNTEL. BITHRLLT, [FTRIREWMERRAMAT (U—t>) 11eLT, EMOE
BLEU TRIFFEN BB INMOATTZHEEL TS, RREIFLOHRBATTE TR 29 FEL 57 HFLEFRCIT
nnNTL3.

IFS has been developing widely diversified studies of flow phenomena in its four research
departments (18 research fields) and two research center (10 research fields). The total number of
original research papers and papers presented to the academic society at home and abroad in FY2017
is 851 items, which corresponds to the average of 22.4 presentations per teaching staff member.
Particularly, the global COE program which was continued until FY2012 “World Center of Education and
Research for Trans-disciplinary Flow Dynamics” obtained highest mark in the final assessment. In June
2009, this institution was certified by the MEXT as the “Fluid Science Research Center’ for Joint
Usage/Research Center in the fluid science field, and the institution was approved as the center “Fluid
Science Global Research and Education Hub” in FY2016. These appraisals are absolute proof of that
this institution is recognized as a global center of fluid science field and provides the world's highest
quality.

IFS has been aggressively promoting collaborative studies with domestic and overseas research
institutes. From FY 2009, IFS has been performing the collaborative research project.

Staff members of IFS are involved in sponsoring numerous international conferences. As many as
685 people, including 285 foreign participants, joined in the “International Conference on Flow Dynamics
(ICFD)” held in FY2017, which is held annually by IFS. This represents the degree of international
attention attracted by the research activities that IFS conducted. International assessment of teaching
staff members of IFS can be understood from the actual achievements of invited lectures, sponsorship
of research expert committees at home and abroad, and the number of editors and editorial board
members of international scientific journals (See data shown on the next page.).

As for academic—industrial corporation research activities, the Institute of Fluid Science, Tohoku
University, and Keihin Corporation promoted Collaborative research division “Fundamental research of
advanced vehicle technology (KEIHIN)” (FY2015 - FY2017) and were able to obtain results. We will
promote research on basic technologies expected for electric vehicles as the second phase called
“Fundamental research of advanced vehicle technology (KEIHIN) II". In FY 2017, 57 collaborative
studies were conducted with private firms.
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Activities
M FEREL Research paper
H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
AUSFIEmX (E3)
Original articles (English) 183 231 242 261 261 245
AUSFIEm (BESTUSY)
Original articles (Others) 23 33 48 26 14 2
I ERAEE 7= *2
B'T‘E"?—C@%% 253 315 290 271 303 323
Presentation at Int'| conference
EPYEE TORR 288 266 307 281 316 281
Presentation at domestic conference
o =
5 & 747 845 887 839 894 851
Total
=_ M4 ﬂé
HE .)\élhD(D#FyS'( 17.8 211 21.1 20.5 22.4 22.4
No. of items per teaching staff
*x 1 AT EE, BodHdFManene \FZNAES Y 2l Filiss, Proceedings HFIB&NIZ R

HERERX

ES 7IANSHMEERIN TS,

*2 FEAVSFIGRIZETH00EHC

Sa3-hNJ—b, BRIBBIBEFR, FFEiimXBEZIEY. EHDRV Proceedings, X, &

* 1 Original articles include papers published in peer-reviewed journals or other journals of equivalent quality,
peer-reviewed articles, short notes, or rapid communication 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 include above.

BEFEEEL Invited lecture

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
ERARBEES LU
FaTORBFEE
At domestic research and 34 29 24 21 35 29
educational institute, academic
society/ association
N B
BLURHRTOBRFAE
At Int'l conference, overseas 30 32 42 49 51 39
research and educational institute,
academic society/ association
& &t 64 61 66 70 86 68
Total
E R RIAFEEN International research activity
H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
4N N2 - [
RRBOTAE 7 3 7 10 10 5
Sponsoring Int'l conference
ERFEMMSORERES
Editor or editorial board member 9 16 18 21 16 9
of Int'l academic journal
RS - FiliESSEF Research committee / Academic conference
H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
DRISPAREIEZEESR
DE: 7 8 10 10 10 9
Sponsoring research committee
FEUARER -=5F
Sponsoring academic conference 59 65 o7 58 56 48
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EE - B3t EAZESE International / Domestic collaboration research

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017

R+ SRR ZT
R RIG5Y 58 79 68 83 59 62
Int’l collaborative research

A [BFRZE 1
EIPIHERAZ 67 121 127 133 141 140
Domestic collaborative res.
EFRASHFEATT?
Int'l collaborative research 34 38 38 42 43(13) 46(7)
project
ERNEHEEHTT?
Domestic collaborative 51 58 66 65 64(15) 67(24)
research project
ZEEIAR
Contracted research 28 46 61 51 41 43

HERFZT

RRILOHEAF 37 50 70 59 50 57
with private firms and others
BFHHE
Scholarship and donation " 9 10 13 15 13

1 HERX, tIF-RME

33 BRSSPSR Institute of Fluid Science, Tohoku University

() RBFE)-F—vTHEAFT TR
Figures in parentheses denote the discretionary collaborative research included in the total.

, HEFEEGECEIKERERN)EEHRRE. 2 OREHEAMRFTZ—ESE.
*2  HEFA - HEAFKSRCEIER (BR) HEHARRE.
*1: Collaborative researches based on co-authored publications, joint seminars, joint research funds, etc.

Partially including collaborative research projects of *2.
*2: Int’l (domestic) collaborative researches based on Joint Usage / Research Center.
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Activities
2E Awards

AR RT3 FIES SUZOIGBAT 2B BN E T 45 EH AL TERNS T
SGHEENTVS. Rk 24 EECEILEEBIRMNT AT FMATR | (CINRBRELZZEL TS, 35,
BECEAARZTRESEE 24, LB E 24, KBBERSE 3LREHUTVS. T 24 FE
BIB%, AMRBIRNBRIZRMDFOXBRIZAERERZRMELZZEUA, Z(OBENESESEE
TEULTLS.

The objective of establishment of IFS is to conduct academic and applied research related to flows,
for which IFS has been assessed as a distinguished research institute at home and abroad. In FY 2012,
Professor S. Maruyama received a Purple Ribbon Medal for his “Thermal engineering research”.
Furthermore, in the past, IFS has produced 2 Japan Academy winners, 2 cultural contributors, and 3
Purple Ribbon Medal winner. After FY2012, in the science and technology field, Professor S. Obayashi
received Science and Technology Awards from the Minister of Education, Culture, Sports, Science and
Technology (MEXT) in FY 2012. In addition, many teaching staff members have received academic
society awards.

2EFLH Summary of award

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
FHeE
Research and educational 20 25 40 22 37 18
institute
Ed[0) REME
E5| .EE RFATE 5 2 2 1 2 1
National research award
MEN-T|E Conferment of decoration and medals of honor
K4 FEH (W EH) FENE SRl
Name Name of award (Agency) Research Date of award
RIFHTLE(SY, SLRDBLOTM
(CEDATOARIS14ATO-TORFE, K
FIRB R RESRAUDEEREKOR L
1L ¢ TS NN — 4N 7c =
= immm s (BABAT) FREFTRATZRERUL.
I_J'I 2B Purpl?Ribbon Medal Evolution of the field of Thermal Engineering and H24.4.29
Shigenao Maruyama (Japanese government) development of novel research on such thingas an | Apr.29, 2012
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.
T IA-A—-TTY NIRRT, ZIRTIRFEO
_ WEPRE (BAB) | 55788, o722 RROGAHR
IR BE— The Order of the Sacred RETRA T 2ORECKTT 3 H24.5.29
. . Treasure, Gold Rays with SC AL ¥ Bele > S
Ryoji Kobayashi Neck Ribbon Achievement of fluid dynamics researches for | May.29, 2012
(Japanese government) application of cavitation, turbulent transition of 3-D
boundary layer, and water jet technologies.
EDEE (BAKRA) | EREEKEOHMERALTE RTRAR
L FF— The Order of the Sacred FoE_ EFRECEKLRDIER H25.11.3
hinichi Kami Treasure, Gold Rays with Achievement of magnetohydrodynamics of world N 201
Shinichi Kamiyama | Neck Ribbon top level and remarkable contribution to evolution of | NOV-3, 2013
(Japanese government) fluid science
_ 0Ty RIS OMBEICERREEERET
ImEPRE (BAKAT) o= 5,05 2ir1
HigE HE—ER The Order of the Sacred EE;}EEE; SIRRORRLZOBITE H26.4.29
N B Treasure, Gold Rays with | & . . - .
Kenjiro Kamijo Neck Ribbon Discovery of rotating cavitation which causes | Apr.29, 2014
(Japanese government) critical issues of rochet engines and its analytical
theory and control
AV BERES IV Trvh— T3040
WMEPEE (BABA) | SEXOFBABOERSSICRFEOTRAT
mEp fE— ¥he OrderGOTdthl_\c)e Sacreﬂ ?(:Fﬂ@“&%ﬁz’é‘-lﬁﬂ%lf\qﬁﬁﬁ | H28.4.29
s reasure, Go ays with | Derivation of analytical solutions of Boltzmann
Kenichi Nambu Neck Ribbon and Landau-Fokker-Pianck equations and | AP"-29, 2016
(Japanese government) long-term _ contribution to research and
education in fluid engineering
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XERIFKEZRE Commendation for science and technology by MEXT

the Minister of Education, Culture,

Sports, Science and Technology, 2018

on molecular-scale structure of organic surface
modification

RE REN A RE
K& ZE& ZEXWNROAF ZEFHAA
Name Name of award Research Date of award
o 1p Nherd = o g — 4N ~ e p2 A ay—
S MEMFAERY BB N AR
INE B HEFRIFEE W = 4 S P H24.4.20
; ; Young Scientist Commendation from AR5 TRIOBAZY L
AsUIKomYe | e o “Eaon cael MRS PG dfisarut | Apr20, 2012
Sports, Science and Technology, 2012 y P
ﬁ \\ = ﬁ; /4 -_— A ™~ N =
_ MEFARERD IS L & B AR TR BN A T DR
BR HE HEFHFEE 851 H25.4.16
Hidemasa Takana %Zunl\%insisctfrmgsft Cé’m?aet?g:t'g:”gﬁg Performance Improvement of material processes | Apr.16, 2013
Sports, Science and Technology, 2013 by controlling the electric field
A s = — . . N
MEAMFAERERD SRARNH-BESL -2k
NI RIS AETXIHEE | grppe= H26.4.14
Toshihiro Ogawa The Prize for Creativity by the Minister | o antion of simple laser receiving system for | Apr.14, 2014
Zagt#iiitr']%?(;g;lt“re’ Sports, Science | yiger of high-speed phenomenon
NERIFRERE
KA TE RIF IR E , ZBENREHERLCDICRICRAT 2R | H26.4.15
. . Commendation for = Science and | Research on multi-objective design exploration and
Shigeru Obayashi Technology by the Minister its practical application Apr.15, 2014
of Education, Culture, Sports, Science
and Technology
IS =25 =/ — o~ o L IXTRDILN o=
_ XEAHFARERD 25y 1B ROEMR FIEATORS
=te F— BIRTXINSEE ) H27.4.13
Kouichi Takahashi | The Prize for Creativity by the Minister | -\ o0 ment of propeller for mixing solid particles | Apr.13, 2015
of Education, Culture, Sports, Science of Fs)lush nitro enp P 9 P Y
and Technology 9
BIEY 24 A . . v an b S
MEFRERE A ORI DRI L BT LIRS
AH R iﬁnﬁjﬁﬂ\in% for Science and }iﬁﬁi}]ﬂ?@ﬁﬂj’% H27.4.15
of Education, Culture, Sports, Science Combusti(?r?
and Technology
T =2 re ot S L s gt e = .
ﬁgﬁjﬁgﬁﬁ/ ARSI SR AR ARAT O S Fi5L
B = FRANs ZOISFICBIT A5 H28.4.20
Toshiyuki Hayase ?gcmh?(ﬁgg;t;%ﬂthef%inissttcelrence a0 Study of integrated methodology of flow ; Apr.20, 2016
of Education, Culture, Sports, Science ameallilgrt?&gnt and numerical flow analysis and its
and Technology pp
BTE A =2 j S .
MERFARERD NARIOR NS TEC L BRI FEHES
s & EFRFEE DERZE H28.4.20
; ; Young Scientist Commendation from . . .
Hisashi Nakamura the Minister of Education, Culture, ]%rjﬁg gﬁrg%rgtté)usrgorg reaction mechanism by Apr.20, 2016
Sports, Science and Technology, 2016 graphy
EPRIEABRE e -
RIS IR S BT BIRBER R D
I R FIXINS oo H29.4.20
. i . Commendation for Science and | AHFT T
Hideaki Kobayashi | Technology by the Minister Investigations of combustion phenomena under Apr.20, 2017
of Education, Culture, Sports, Science | extreme environmental conditions
and Technology
NERIFRERE BHD FEERIEOD FEIE(CE DR
FI =X EFRFEE EZENESITHIOATFT H30.4.17
Gota Kikugawa Young Scientist Commendation from | Study on control of interfacial heat transport based Apr.20, 2018
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Activities
EDftl Others
=8 =ZEx £ =8
K4 ZE%® ZEXROAT ZEFHH
Name Name of award Research Date of award
OyyRIZEyHT - 7°0107
HTZEM 3--133-)0% | I - o
Sl A= A EISLRIATECOF BT RIS || H24.4.12
. ock wave research and interdisciplinary researc
Kazuki Takayama g?gkﬁggsrﬁggggyl\g?dal byA- M. on s practical application Apr.12, 2012
Engineering Sciences, Russian
Academy of Sciences, 2012
\/\.35/:&[5 AL I,—77 S . _
W 5 ji\:%m%¥%3 =" | FIAITOCRSEFICHIIB IEEE (ST | H24.6.30
=) B </ SEFOEM
; ; = Jun. 30,
Seiji Samukawa :letl:ttl:(t)?\i%fsEElﬁgtiﬂg%Irgr(]ldEEE) Contribution to plasma process in IEEE for many 2012
Senior Member years
FH = | 2 - 7
Kaoru Maruta 5 45 G AT SRR OFF M C E RISHEAERZER D H25.4.95
hit & (S t&)@ﬂﬁ’]ﬂ? NI STEORF . A ' 2'5
Hisashi Nakamura 45tﬁ Tchimura Science Award Development of fire chromatography to clarify the Pr- £,
(Contribution Award) chemical reaction mechanism of various type of 2013
Fix =t fuels
Takuya Tezuka
BAFES (A1
. SoPUYHERRY SiEE MRICEATIERERTFOMBECHL | H26.1.20
Eﬁﬁl ﬁi# Prize for Scientific Effort by TENEEEDIT Jan. 20,
Toshiyuki Hayase Bioengineering Devision, the Achievement of biomedical engineering for blood 2014
Japan Society of Mechanical flow 0
Engineers
BARFHZE=AER | _ . . N et s
_ L sy apathess | STENFRIEISORRICIEZELS | H27.3.20
'EJ* @l,ﬁ ] Distinguished Achievement D&l Mar. 20,
Toshiyuki Takagi Award by Computational Science | Remarcable  contribution to  evolution  of
and Engineering Division, Atomic | computational science and engineering division 2015
Energy Society of Japan
EETZ .-BEExs | AZVSUKRGBESERZEHAIIM
fmam (g BIMRENRAKRIRINFT-IAT L%
! . Achievement Award (Academic) | 3E2ZEUIC
Katsuhide Ohira by Cryogenics and Proposal for high-efficiency hydrogen energy | Jun- 1, 2015
Superconductivity Society of system using slush hydrogen and superconductivity
Japan devices
=K T BAREZF= hBE BARREEFSNADZKBEB H28.7.26
Toshivuki Takagi Achievement Award by Japan Remarcable contribution to Japan Society of
oshiyuki fakagi Society of Maintenology Maintenology Jul. 26, 2016
- fmEEAY e BEAXNI52MTOSTINEIH | H20.6.30
NH = Degree of Doctor Honoris Causa | B - fHFS DR Jun. 30,
Kaoru Maruta by Far Eastern Federal Acievement of research and education under 2017
University mega-grant project
. KEBESEFES Ji0- | T/T/AARIECHIIBIBE7)-T3X
%J"“ i Institute of Electrical and YOt (R 9 350t H30.1.5
Seiji Samukawa Electronics Engineers (IEEE), Contributions to damage-free plasma processing | Jan. 5, 2018
Fellow for nano-device manufacturing

Zoft, ZEORE

And many other awards
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JOAFPHRA>YMAYMIIO— Cross-appointment Fellow

ARFHE, HAEERSVCEEOMTENHBUL TR OMFTRA>ISZERL, HEMFKZITOTHAR
S-ANEAEBETELEIC, BHBAONRZAFHBCRMUEFITEOEVWAMEZEKRI D, B
DEEBE OB D RIFULEFINII(CBASNEB(CIEFIHIETHS. TARIFEAFITE 2015 F£4LD20
FIEZVWSRCERL, EREMHHESAFRAEOMICIRTE 3 ROJORTYRA>Y MY NJ1O0-NNEEIL TLS.

It is a system that researchers are employed by the university as well as a research institute and a
company to engage in duties sharing and utilizing research infrastructures, collaborate to realize
practical use of study seeds and develop the knowledge for education. It is also expected to bring up a
high talented person with specialty. This system has been adopted by IFS since 2015, and three cross-
appointment fellows are active between National Institute of Advanced Industrial Science and
Technology (AIST) and IFS at present.

_ ‘ Ik HBE GERIEXE)
Hideaki Kobayashi (Tohoku University)

TR CEENS B THD, KRFrU7SIVERRBE TR AR EL TR ARTRER Y > EZVZARI-E>
PRV M ZBFEL, RENRAABILINGIZN2CL2BMNETS. ERIHESHEEREIR
WF—RFREA—(FREA)T(E, 7OEZ7ERRGECREIIRIEREOHBMAFRKRLEALVEZTE
BENAI0H A5 —-EREBICRHRINUE.

Ammonia is easy to store and transport and has potential of a hydrogen carrier, as well as a fuel to
burn directly. The research of ammonia combustion technology in IFS aims to reduce green-house
gas emissions from energy systems. In the Fukushima Renewable Energy Institute (FREA) in AIST,

power generation using an ammonia fueled micro gas turbine succeeded utilizing knowledge as a
product of collaboration between IFS and FREA.

=|)Il #w= ERIEXFE)
Seiji Samukawa (Tohoku University)

FBEF )T ) A RER(CBVT, TIAVIN TSRS T DB FOEIMRRLECLDIRER
PEIEMS (3T )1 ZFFIEZ KIBICHILEE2EDEL TRAIRREL RO TV, ENZFRRTEIBNRFEL
UTERNBUENBIFUP MR FE - ATOCANSGD, RO )7 )\( ABFIGUBARTT R(CBOTUS.
FEEXRRRT VIV NOZJARRFTEBPITIE, RAILARZEHBE THHERFE-ARBORFRES LU R FE -
LZFRVWRSEHRT )T/ YX (BIEEEENT/\(R, BEET/\(X, BWEREFRYNLED- XEEM-
BERT) OMFEZEDTLS.

In semiconductor devices that encroach on the nanoscale domain, defects or damage can be
caused by charged particles and ultraviolet rays emitted from the plasma, severely impairing the
characteristics of nano-devices that have a larger surface than bulk areas. Prof. Samukawa
developed neutral beam process is a method that suppresses the formation of defects at the atomic
layer level in the processed surface, allowing ideal surface chemical reactions to take place at room
temperature. This technique is indispensable to develop future innovative nano-devices. Tohoku
university and AIST are using this technique to jointly develop future innovative nanodevices, such as
Ultra-low power consumption Si/Ge Fin FET, high speed Si/Ge MOS FET, high speed GaN HEMT,
high efficiency Quantum dot devices (LED, solar cells, thermoelectric element).
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i
— iR M2 (ERXIGSTRFR)
o Kazuhiko Endo (National Institute of Advanced Industrial Science and Technology)

BT A 2DOMHM LSRR LI ERL, AT/ — R8T 10nm OF /(A ZBEFEMILECTVS. &
12 10T (Internet of Things) M} EELRIEOEERMBIREGERILLTVS. ERATE, Y7 10nm
HARCHIETZINIOTINNZUAEHRT NA AT, EELEBERIEZBIBULIZNINITIS AT LD
FFEZEHTND. NBOTNAATIE, TNAAOWHMEMERIB(CUINDT, ITIX-THFTNAIRIC
B5225/ENEEBOTVS. BT, BHIAEKFE)IBUSEHET, PHRFE-LAIX-SL T 2R
IR ZOARIN)A T4 VBN D D 2R E(CRAT AR5 ZESH TS, FREET/\(AMIFIC, =
IR I7TRREDFMERFE - ARBOMFEEITOTUS.

In recent years, semiconductor devices are continuously scaled down toward sub-10 nm
technology node, and high functional devices have been realized. Also, the development of
production technology for variable multiproduct for IOT (Internet of Things) is also active. AIST is
developing advanced silicon and germanium devices corresponding to the sub 10 nm generation and
minimal fab system aiming for the production of variable multiproduct. With these devices, as device
miniaturization progresses, the effect of processing damage on the device performance becomes
prominent. Therefore, in collaboration with Professor Samukawa of Tohoku University, we are
studying the improvement of characteristics of germanium and silicon fin type transistor using neutral

particle beam damageless processing. We are also developing a neutral beam etching apparatus as
part of the minimal fab system for variable devices.
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TARIZMATRRE, TERARBUCBIIZRZRBENTLERD, TARIZCHITDEHN, FEREHATT
DEBEZBLT, CONBFOMTMRREZEHRICAUGISEDRENZEIZMNRE, FEiMi&EZ&EMRLTU
3. BEOMREIXZEREOM, HARE -ATRNE, ERCORBHAKEETHD, FMKRFE, EFRZEANE

B-IARZBUTH A -ZMNDs. F, RERE ZEEZROBIECIFE@ENOEAE, BRNG
RFRECLD450EEZHEL CRARIZ(CEETIRMOENE - FMR2FE, BE([CHE BRIDEHZ
TOTWS. &850, REFR-ZEHEO—IRLLT, XKERBLUEIOEERZIBLEL, £FHE(CEHHL
TW3. BILRFOITINT 1)) -HIECORBIENICIBR L TVS.

AIRAFAATE, SHMULKZRLRIAOMERBEMREFRILICBNT, KERECHUTRARZESD
HOEPRNR) I -0EMRZENEUERAREEZEBMALTER. , XERELFESLVELRE
FHE, BA, ENMESAORYREREZMRNELAITEBNCIEE I EZBEL TEL. Fk 22
FENSIE, MRAREICLZMBLFHEREFEBNREREETDISLIEERL, ERSETORKROIR
BXEFEZEMLTVS. TR 21 F£ENSE, INSA-Lyon, ECL SLUHRILKENEMTS ELyT
School, ELyT Workshop TAZEBRAEINHEAAREEDATISMZITOCND. Ak 24 FENSE, KE
The Boeing Company (I{F Boeing $t) hHFRMCERI2EE OIS L Boeing Higher Education
Program [CEIU, Boeing ft&D Grant 232 (7 T HROFREZIEINTEBNRIFESE - IOV 12BHIT S
BEEEMLTLS.

e, AMARFIHBOERBEFIELLT, EEFEHARZECER 2 FELNEFEFBERZERFEZREL
TW3. REL(FHRET 28 BLioleh¥, TDS5 4 BNRILAFOHEBEL TERLTVS. FZ 16 A(SE BRI
TR E (LUDMAFE O FEHBHERE TERL TV, F 20 FENSEEL TVWIIREY(FIAEERE
FARRERSCHBVTE, ZEREIIRRCTIZETLEI-%21T, BERIXEZREL TAREZE D
UCEL.

Graduate education at the Graduate School of Engineering is the core of the educational activity of
this institution, which fosters highly skilled researchers and engineers who are ready to apply research
results in this field to the real world through practice of advanced and interdisciplinary studies in fluid
sciences. Targets of education are researchers, research students, and researchers of private firms, in
addition to graduate students. IFS is cooperating and collaborating with other universities and private
firms through education and research. Guest professors and guest associate professors are invited,
part-time lecturers are appointed, special lecture meetings attended by researchers at home and abroad
are held for education and enlightenment of students and staff members to examine state-of the-art
trends and accomplishments in fluid sciences. In addition, with graduate school and undergraduate
education, IFS is in charge of lectures at the graduate school and undergraduate and cooperates with
university-wide education. We also cooperate aggressively with the double degree program of Tohoku
University.

IFS provides various education programs in the framework of Excellent Graduate Schools "World
Center of Education and Research for Trans-disciplinary Flow Dynamics" to graduate students. This is
a deployment of international research education aimed at the education striving for world-class leaders
in fluid science. Education programs for writing research papers to be submitted to domestic and
overseas journals are given aggressively to master's course students and doctoral course students at
the research laboratory level. From FY 2010, travel expenses of master's course students who present
their accomplishments at the international conference are subsidized by "Graduate Student Overseas
Presentation Promotion Program". From FY 2009, at INSA-Lyon, ECL and ELyT School sponsored by
Tohoku University, and ELyT Workshop, research exchanges between graduate students and foreign
researchers is taking place. Starting from FY2012, IFS participates in Boeing Higher Education Program
that The Boeing Company presents worldwide and receives Grant from The Boeing Company to bring
up excellent scientists and engineers who should carry the world future.

As one aspect of the international education system that is characteristic to IFS, a graduate student
has been dispatched nearly every year to the International Space University from 1990. The total of
students sent to date has reached 28. Four are playing an active part in Tohoku University as teaching
staff and researchers. Sixteen are playing active role in other universities and space research-related
organizations as well as international research institutes. As an educational approach to graduate
student characteristic to IFS, graduate students present their research actively at cross-sectoral seminar
“International flow dynamics research paper presentation meeting by younger researcher” which was
held since FY 2008, students themselves performed peer reviews. Excellent presenters are commended
and research expenses are distributed.
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KFEBRESZ AL Number of graduate students accepted
H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
sEFOAaH
J@:tn%&ﬁu“ﬂ 99/3/7 [104/3/6 | 98/1/4 [101/6/10|/109/8/11|104/5/7
Master’'s course
§ =/ H
SRR 34/1/6 | 40/3/6 | 42/3/6 | 38/2/8 |39/2/12 | 37/3/16
Doctoral course
o =
E'Il'ot:IJr 133/4/13|144/6/12{140/4/10|139/8/18148/10/231141/8 /23
HEMAFTEZ AL Acceptance of institute researchers
H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
TR E
Contracted researcher 0 0 0 0 0 0
REEOHEATE
Collaborative researcher 5 9 4 7 4 7
-private firm
PR EATTAE
Research student of institute 3(3) 65 9(9) 75 12(12) 13(13)
A=
S %Uz’g PD 1 2 (1) 4(1) 3 0 0
(0 R
? T
g BiR RPD 1 1 0 0 0 0
=
@ N
% =
® DC 6 (1) 14 (1) 10 5 7 8
(o]
I
% ANEIPN ST ES=
Foreign special 1(1) 0 0 0 5(5) 3(3)
researcher
REMHRE
Guest researcher 1M 2(2) 0 2(2) 7(7) 505
& &t
Total 18 (6) 34 (9) 27 (10) 24 (7) 35 (24) 36 (21)

() REBFEHNEATRE

Figures in parentheses denote international researchers included in the total.

IEEEBEPZ AL, IMEEN Invitation and dispatch of part-time lecturers

H24
FY2012

H25
FY2013

H26
FY2014

H27
FY2015

H28
FY2016

H29
FY2017

BB IR - EBUTIEEE
(GEEZhEEED, SEABEDH)

Invitation of guest prof. and a/prof.
(part-time lecturers and foreign
researcher)

6 (4)

11(3)

13 (4)

11 (4)

11 (5)

11 4)

IEEZNBEMDICIE(FEL
(REBIUEEDH)

No. of accepted part-time lecturer
(university and technical college)

12

10
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Figures in parentheses denote international researchers included in the total.

40




AHIEYE Number of lectures in charge

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
AL e Mz ing e 3
AF BB 29 31 35 35 32 39
Lessons in graduate school
ALyl E\ 74557 2
FEIESIE 22 23 23 24 25 29
Lessons in undergraduate
& &t
51 54 58 59 57 68
Total

2J0-/)\)L COE JOY5A (GCOE) Global COE program

RN FTIAAOREBERFTHARLS N, TRk 2046 B(CJ0-/VUL COE JOJ3AICEHRENE.
HARS(EERL 20 5 6 H&DFERY 25 4 3 BETERS.

TRENIAFTIIRSTRAIT I TEEL, MEFH - IRINE—1BIR-F/77.)05— - SATHA IR - #RR:
EILERRIZRMM D EFFCEVWTEBRIRRTHD. AJ0O-/UL COE TlF, 21 tHf2 COE THEYIURFIBLC
NSORIEFMDEFEENOREERDBECLD, FEARBMEDEFLBEL, TFICHIIDREFiMEsE
UCORBAAFTZIIARMEIILUTER. IRDOE, RV FIVREIFHRBE, (EF T, SATH(IVAEDOE
DEEORE, EES3M > MRCLZEBRNRARRS(CLIMAITEBIRERMCLD, 1BRRE, RISHRe,
TRE, MIRREOMEDEFEMUTEL. BEREEMMARY, EFFEREUAIIR-—IAIMRE,
AR DB EHEWTT 20770 17 M ERN O EERIE E PR RIATTE U THEEL, REFTAFIIR
REEEUTeA IR =23 R EIR ORI LBz, INSOBBATESEL T, ERREEDHAINA
MEGNCEHFB TR T IABB AR TR S 2L TSR,

¥z, CNFTHBREUEEBRRY NI -2 FAT-SEERYNI-J(CRESE, BRNDSETRAME
BEIIEEEST/IRBIOTSLEFCLD, BLIREAMZEDCEL. BREIMBEEOBET0IS
L&, EES3/>OMNRRIO0C 747031 NORFESN ZEBU T, HRIEERZEIZIFRMNEEHETO0-N
IWRIEVREAEREL, AR E RN (CEHEUTONIROFRE T F VA RIZ1 =T O %E
R I 2 AMZBE KU TER.

"World Center of Education and Research for Trans-Disciplinary Flow Dynamics" was adopted as the
Global COE Program, Japan Society for the Promotion of Science, in June, 2008. The period of this
program is from June, 2008 to March, 2013.

In addition to phenomena related to fluid machinery, flow dynamics addresses important phenomena
from various science and technology fields such as aerospace, energy, information science,
nanotechnology, life science, and material science. To build a trans-disciplinary flow dynamics field and
to establish flow dynamics as a comprehensive academic field within engineering, the Global COE will
integrate academic principles established through our 21st Century COE with these science and
technology fields. Specifically, we will establish an integrated field among information flow, reaction flow,
nano-flow, and advanced flow by conducting trans-disciplinary research activities in different fields, such
as information science, chemical engineering, and life science, as well as conduct global research
activities through the International Joint Laboratories. We will create innovative science and technology
fields, which center on flow dynamics, through Frontier Projects that span across integrated flow
dynamics fields as international collaborative research with domestic and international research
institutes. Anticipated results from this new integrated field include the development of a supersonic
biplane and risk management of flow in nuclear reactors. Moreover, our education and research center
will continually produce innovative people, who are international caliber scientists in the field of flow
dynamics.

Additionally, to recruit excellent Ph.D. candidates from across Japan and around the globe, we will
elevate our international network into a multi-stage international network using such programs as our
International "Takenoko" (bamboo shoot) Student Promotion Program. Educational programs, including
the International leading researcher hatchery program and research activities such as those through the
International Joint Laboratories and Frontier Project, will produce individuals, whose academic ability
exceed international standards and are future global leaders in flow dynamics. Moreover, our graduates
will consistently produce innovative achievements.
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Integration of Knowledge: Establishment and Expansion of our International

Education and Research Center for Flow Dynamics

Leaders of
Practical training to integrate knowledge: the Intl Community

cross-disciplinary, intemational, and cross-cultural i

It Collaborative Nuit-otage liaison offices

» @ Research at Joint Labs {1 5. I
i, = et W ‘)
i) Integration of P
I“tﬁmmm.lcd i L) ' : ’ Kowledge
research through : —

Global Exchange Education
and Research Program

Creation of new academic fields
in trans-disciplinary flow dynamics

olnternational “Takenoke™ (bamboo shoot) Student Promotion Program (new)
oGlobal Exchange Education and Research Program

oDouble Degree Collaborative Education

olnternational leading researcher hatchery (continued and expanded)
clnternational Internship at Joint Laboratories

oSending people to International Space University

. . : International liaison offices . : Exchange agreement with ﬁ : International collaborative research '
other departments and universities

FEZHRHEETIDYSA Graduate student exchange program |

AREBFMEIRIBE, SBEFMITMBECE, FEIROMBIZHEREL, RERTHUNOREZE
FALTWS. ATOJSLE, ZOFRENTHBINOREZERL CRIFANDKEREZERL CHTEEXIE
IBIET, XMBEZFIAUCZEERZE I LESEDEZBNELTNS.

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 tuition for exchange students. To help graduate exchange students meet their living expenses,
employment is also available.

BIERSETRARRIERAZEAR Institute of Fluid Science, Tohoku University 42



4-3 FAENZERHEBER

Fluid Science Global Research and Education Hub

ARIZAFPRL, Fak 22 FECERFZELOHBEFA - HEHAFHLR(CSERESN, Ak 28 FELD
AARZDEFOHEFA - HREAFHR DA ZEFRAFRAE R IEUTRESNTWS. FidMAFREL
KIAFFROBEEMBNUT T ELONEHEBEATTZRMI DL, ATRPTEEERRS RSO ATORZTAHK
RIRESOFMEPIF AR RS EOHRFZEL THFRRZHERICREEL TV,

Since April 2010, IFS has been acknowledged as the Joint Usage/Research Center, "Fluid Science
Research Center", by the Japanese Ministry of Education, Culture, Sports, Science and Technology. In
FY2016, IFS was approved as the center “Fluid Science Global Research and Education Hub”. We have
implemented a collaborative research project, in which our staff works with researchers from other
organizations. We also communicate 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.

RO BNE LU R ORETS &

Purpose of the center and policy on collaborative research

AHLRTE, ABIHNEFT S TR TENROV RS £ 228 | ETRERAIN3HSDIRENIASRZN
STARIFERREL, BRINORLBEDFORMZIEESE, REBEROBRATEENZRELLE
IRF PRI ORI E RS CERRIZERAM D EADSACLOT, HREEKEOSHRIREIRRICEIZF
HOERFTRUHAFRZHEEL, HRICEMIBELE(C, RIEROEFHRERUEMEZENITS.

[TRARIE | O RBIAFTHLRE L TEEIL CEARFEAT, ARBIZI1ZT1ORMAEZFUHET BRAER}
FEEDECERIDFOBRPH SN EFZEFATHELEL, 1) BRIE-IRF—, 2) A-BIINFRT-
WVEEUFT1, 3) R84 -ER, 4) BERARIZFED 4 DFICHIIRERIZCEADIERNIMATRELON
SHEMAFTEEET .

As human life unfolds along the axes of time and space, it is naturally affected by a wide range of flow
phenomena on many spatial and temporal scales. The purpose of this Center is to bring together experts
from a variety of disciplines, both from Japan and overseas, to promote fundamental research on these
types of flow phenomena and to utilize the findings of basic research as a foundation for interdisciplinary
collaboration with other advanced scientific fields, and for applied research on high-priority technologies.
Our aim is to contribute to human welfare by conducting world-class theoretical and practical research
on a diverse range of flow phenomena and by training the next generation of young researchers and
engineers.

IFS has become a major center of research in the field of fluid science. In response to the needs of
the research community, as well as to trends in related academic disciplines, and to the needs of society
as a whole, we have developed collaborative research projects with scientists from Japan and overseas
focusing on fluid phenomena in four specific areas: 1) Environment and energy, 2) Multiscale mobility of
humans and materials, 3) Health, welfare and medical care, and 4) fundamental research.

NEIFEAF Collaborative research project

TARIFERRAATE, RE-IRF—, N-WEVILFEEYT,, @R 'i-ER, B2RDTHCHIR
RO MFTREZLEARINEOZEL, BELAMERR, BRKEERE, RIENRSHARIAT
LEFEORF = EZF B ULPIIMAT B LPTRAR B L OH BT ZEREL TWS. HEAFRTESNIARD
FSLARBOIREDDID, BF, RARZARAATEOERSVARSIL (AF) (CBVT, AFH
EAFRRRERZRELTS.

The Institute of Fluid Science (IFS) promotes collaborative research 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 fundamental 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 and
Transdisciplinary Integration(AFl), which it also hosts, in order to present the results of collaborative
research and exchange between researchers.
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NEIRFEAFRDOARE Types of project

1. —RAEIEEHAK General Collaborative Research Project
- —R%HE[EIAAZE  General collaborative research
AIRFTPIPIB DA B EAATPTANDOIATRE N, AAFRFTOMERS, HieEzFIBL UTIRREHAR

This is a collaborative research project between IFS's researcher(s) and other institute's
researcher(s) utilizing IFS's research facilities.

-HEAZFEES Conferential collaborative research
[REIM(CIAT ST RO A EITOIHEATT

This is a meeting to share ideas and promote collaborative research.

2. ERREEASRBMFEITOIIIN International Multiple Collaborative Research Project
KIAFFRFBOAFE LR FTUN OB OEMATALBE DA ED, AHAFFROM, MiEEz
FIRAUTTOHEAFR
This is a collaborative research project between IFS's researcher(s) and other multiple overseas
research institutes' researchers utilizing IFS's research facilities.

3. BHFASEHFEMAF Transdisciplinary Collaborative Research Project
ARAFRFIUNOERNORFTEN AAFKFFTE O E EARAFFROMES . sximE2F AL TITOERLF
By EIRAFE
Multiple researchers from our center, together with a number of researchers from outside institutions

are jointly using our facilities and equipment to conduct a transdisciplinary collaborative project
based on our major research theme (Frontier Science of Next Generation Reactive Fluid).

4 5P ERASEHRFAFE Special International Collaborative Research Project
AWAFRFAFRE ORI E LIFCEBN DMEIN - SEER R T ZE ML TODEHIBTEN D ENN DA E D,
AFRFFRIC 1 AU ETBTEL, AAFFhOMER, siezFAL TITOHEAZT
This is a collaborative research project between IFS’s researcher(s) and other overseas institute’s

researcher who has promoted important, creative and advanced research, and will stay more than
a month in IFS, utilizing IFS’s research facilities.

5. EMAEHRFEMAFEIOTIIIM Priority Collaborative Research Project
AIRFTFAFRIE DIEEIDIRFTE EARRFTFR I DL OIRFTHERI DR E N, AAFPAOME:, 5iE%E
ZRRAUTUTOIHERFR. ATOD1IME, HESNBEEI3EBBOFAZRERHMULERMART, O
SHEAFROFZRL, &IIAT-H5 1 40BN aIEE
This is a collaborative research project between IFS’s researchers and other multiple research

institutes’ researchers utilizing IFS’s research facilities. The aim of this project is to find solutions to
various problems facing society. The IFS accepts one application at most from each Cluster.

HEOEH(CABRAFEHELED BT, IRTE 2 FAFTERENEITLTVS.
[#H-MERFUROVILF AT -V B SR EEXIHESR |
(=R IV —IRIF—-FrUTFIBICHIT DRI F BT

To promote the research satisfying the needs from society, two research topics are on going.
“Multiscale flow and interfacial transport phenomena at phase and material boundaries”
“Science and technology for utilizations of carbon free energy carriers”
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EHEIRR Imprementaion Status

HEHAFERIRE Numbers of Accepted Projects

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
1 VAN o = ) A
NS HERRT 85 03 96 97 69 70
General collaborative res.
paEaLiu)
o 1 1 - - - -
Interdisciplinary research
EFREE NS HEHATR
, : . - 3 3 7 5 6
Int’l multiple collaborative res.
GEAY Bl ] ] 5 5 5 4
Transdisciplinary collaborative res|
R ERASHERAR
; ) . - - - - 0 0

Special Int’l collaborative res.
BRASEHEMFI 0 17

T ; - - - - 0 2
Priority collaborative res.
=4 — 2w THEAFT

. . . - - - - 28 31
Discretionary collaborative res

N
5 &t 86 97 104 107 107 113
Total

AEHEAFROLFIERECH IS FIIRIREERR (FIREE/HFRER) (F49~66%CHBLTLS.
SHEMFRORIREEELZHRFI B, V- —SvTHEAMKRZEAL, TRV ERGEMEETEIRZL
TW3. V- vTHEMRzEHDE, FIREFEFEF 100%TH3.

Average acceptance rate in JPY (accepted fund/application fund) is ranging from 49 — 66 %. To
maintain the acceptance rate in JPY of the general collaborative research, the discretionary collaborative

research was introduced. The application in low score was adopted with low acceptance fund. The rate
of acceptance is about 100% including the discretionary collaborative research.

A MR LIEIRFEIE Outcome and Information Dissemination

AR RFERMFEL Numbers of Publications

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
FTAEES
(BafIERRE, AHES) 88 139 109 106 99 119
Publications to journals
(incl. reviewed Int’l conf. papers)
R, ENRE,
AR=, .DEE%%E% ) 304 457 371 355 291 439
Presentation at Int'l/domestic
Conference workshop
DA
(#F5F, ¥E, YRAIHRKXE) 22 28 14 25 16 14
Others
(patent, award, press release)
A =
5 &t 414 624 494 486 406 572
Total
SR — D DOFERMA L
No. of publication per project 4.8 6.4 4.8 4.5 3.8 51

45  FEALKETRARIEEAERT Institute of Fluid Science, Tohoku University




L

Activities
EPRHE R XHERMAE Numbers of Publications (International Collaboration)
H24 H25 H26 H27 H28 H29
FY2012 | FY2013 | FY2014 | FY2015 | FY2016 | FY2017
ERHEER
(BT EESE, RES) 28 31 36 38 45 53

Int’l collaboratve publications
(incl. reviewed Int'l conf. papers)

60 T v T v T v T T T T T
w
=
o]
w® 504 -
O
e)
2 40- _
X 2 R ]
€T
I 5 304 — .
# 8
B S
S 20- . i
4]
o
T 10 - R
9
=
= 0

I ' 1 ' I ' I ' I v I
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017

HEFA - HEAFTURTOEREORRDEH N THEEN, YIS 5-FsiMEIRENk.

IFS obtained high assessment in the international activity in the framework of Joint Usage/Research
Center, and the Lyon Center was accepted to be established.

BERFEECHVTIE, AARFAEEOERES>VRTTIL (AFI; International Symposium on Advanced
Fluid Information) [CTABHFMAFTKRBERZEML, NAEHEMRTEZSHERSIOBIERTFTE
B0 EFERTFIATIISR O —BOHBEL TR DIBIRFEEZXOTVS. ERERETITON, BIMNS
OHEARBOLIRA TERLRRMTOND. FAL 29 FEOSNIEL 685 BLoLk.

Concerning the information dissemination, the IFS Collaborative Research Forum has been held
annually at the AFI, which is hosted by IFS. The forum aims the information dissemination and promotion

of interdisciplinary exchange among researchers. All presentations are given in English and lively
discussions are held among attendants. The number of the participants at the Forum was 685 in FY2017.

AREFEEOERSBSIMERS

Numbers of Participants of Int’l Conference Hosed by IFS

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
SHN&E
Number of participant 578 774 583 711 584 685
i

FERAT . 435 476 390 533 430 483
Number of presentation
HERAFRFEREN
No. of collaborative 80 90 96 94 89 97
research presentation
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Advanced Fluid Information Research Center (AFI)

RERABIRENS I, €2I9-ROTFT, RARZEDEFCHIBZR-/N-IDE1-FT1>TPERREDIR
HARSARSLORAKBEROBEPIRIEFOHORIEABMERTI AT LAERT IMFTHREE, Fif
0. HENCEVARBEEZEMR T 3T0S T MATZIRIR. EEIIRREFAZER, ERIFORED
T—AIR=R(CL BAFTMROFEEZIBH I B RELIRIBUENBHN (CEELLANSEEINTVS. AE>Y
—Tl, EHNOEERERICLDEBSEHOREP/IMEIMZIToT, FinflStRIEICH I SRR FH
FEBDTHEELTWS.

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
supercomputing, 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 cooperatively together. The Steering Committee continuously promotes the activity of
the center and the External Evaluation Committee evaluates such activity in order to strongly support
research on the cutting edge of fluid sciences.

RIEKBIEIAFRSATA Integrated supercomputation system

2011 £ 5 BICE@ZMIBUEDRIERBEATRSATANE, A-N-22E1-F120%T51EY —/\EE,
STERER BSOSO 3 Raalfiby—/)\, REREEZIEGUGTEII1L -3V EEBREBaEU> )
IRETRIR ST OEODORERFE (> III- AT - \Z2H#%EUT, PB J3ADBE%2EDAN -TIRT A

(BE&T1AV%E) % SAN (Storage Area Network) TiE#iL, 3 Rcal{bEHEBRBARVTI(E
—33>9-HJAR—-Z (RWS) PR BA TS, sTEY-NBHE, AN5—-LHIETESRTLAELT SGI
UV1000 BLT UV2000, RIRNILIEFIETE I AT AELT NEC SX-9 #iZHAL, B EEMHESE
156TFLOPS, FiCIER2A:T 35TB (BAXTEY 8TB) DtEMAEZIZML TS, 2018 £E 8 BIZIIFRAR
SATLEBAL, SATLARHOEHESMHEEFIRITIAT LD 24 {58733 3.7PFLOPS 1EE L.

The “Integrated Supercomputation System”, which consists of scalar- and vector- supercomputing
servers, the Three-dimensional Visualization Server for image analysis of computation results, and the
Measurement Integration Interface Server to link the supercomputer and experimental measurement
system, started operation in 2005 and was updated in May 2011. The data storage system (magnetic
disk), which has petabyte class capacity, is connected to the servers using a storage area network (SAN).
The Realization Workspace and peripherals with stereo visualization devices are also involved in the
system. For the supercomputing servers, SGI Altix UV1000 and UV2000 are used as the Scalar Parallel
Computing System, and NEC SX-9 is employed as the Vector Parallel Computing System, providing a
total peak performance of 156 TFLOPS and total memory of 35 TB (maximum shared memory of 8TB).
In August 2018, the center introduces the new system, and the theoretical computation performance of
the system reaches to 3.5PFLOPS, which is about 24 times faster than that of previous system.

B> AT LD Specifications of previous/current systems

IB>Z5 L (H23.5 - H30.6) A5 L (H30.8 -)

Previous system (May 2011 — Jun. 2018 Current system (Aug. 2018 -)
?ﬁg%l)dﬁgﬁﬁlJET%iX?A SGI UV2000, 155TFLOPS, | Fujitsu PRIMERGY,
boraliel system P 34TB 1011TFLOPS, 11TB
DEAEVBEIMBNETES AT A Fujitsu PRIMERGY,
Shared memory type parallel
system 2073TFLOPS, 82.5TB
NINEFIETES AT A
Vector parallel computing NEC SX-9, 1.63TFLOPS, 1TB
System
RS V57 1- 21" Fujitsu PRIMERGY,
Measurement integrated SGI UV10, 2.89TFLOPS, 1.28TB ’
interface server 27TFLOPS, 1.5TB
AL = High speed:80TB, Secondary:1PB | Lustre 19.1PB
Storage
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ocade 6
' AL SAN 301 CAFRIOME '

n_._nmn

lumnmuno 1570
RO 1dFE

XEL BNAMRLEE L

[B>ZF L (H23 5 —H30.6)
Previous system (May 2011 — Jun. 2018)

— Ko PHEEERARIC g Y7RIIPICED -EP

|='Fﬂﬁ'fiir D% (RIE{LEHT [ vsMP Foundation | N S

¢ ORIEETT W v O e | .S

RS L I A=

> A7 L (H30.8-)
Current system (Aug. 2018 -)

FAERIEFT—9~R—2A Fluid science database

TARIZEAFTAATE, A-N\-IDE1-FCLD RN T ERERARIZ (BT AT R Z [ T idRt
FF—AR-Z JELTR—LR=D ETRBULTVS. TNICBI MR RZRARIBERIELTHRBUERT?
ZtZzBELTVS.

In order to disseminate a wide variety of fluid science research, Fluid Science Database is maintained

at the website by the IFS. Research results are assembled into the interdisciplinary database of fluid
information.
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4-5 RiHRENRERTATE Y — (AFX)

Advanced Flow Experimental Research Center (AFX)

AIRAFPARCFER by T IS AOAR BRI NERESNTHD, NSO TESNLERRT —5(%, Tk
RZOBRZIRULT, SFESFREEDBFOSAINTETVS. RIBRREBERMAFT LI, IN505E
FOPHSRELEVRRER MR B BIR BhE bR 2 F AU LR M CR I 2 RARS JEREEEZITY,
INSOKEEOFMFI RS LUEERFRBICHIZBENELT, Tk 25 F 4 B(GREINE.

ZLE (5m/is) MEAKEIZRARE (6km/s) T, RIEACREIERERIATTEH—(E, HFRITTCOBVE
BELETRIRANT, MARIFOREBEAAREROERERFIMEICEMULTNS.

IFS has unique and world-class facilities. The experimental results obtained from such facilities have
extended the frontier if fluid dynamics and have also applied industrial applications. The Advanced Flow
Experimental Research Center (AFX) 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 AFX 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 Competitiveness of the company, with
unique performance and advanced measurement technology of those facilities.

{KELERSEBRMEEE Low turbulence wind tunnel facility

RELEVR R (S, REALRVMERRE, /NEUYRELEVR, RESERNSRSRERMERTHS. FEBD
RELEMEREL, RABGROERSSVICAMAFTZENELT, BB 50 F 3 BIGRESNEEER
DIREREIRTHS. AREIMEELN, KEEE, BNERRO—#RIEZ R I LOCGERETENTHD, BEEVAIE
EROUREEXA 1 mOIENAEREZLTSED, ARRE 70m/s, BEMESAIESSORIE I 0.8m OIE/\fA
2T, mA80m/s D—HREDEVWRNZESIENTES. H(C, ERARBIFESITEURDELNGRS(E 0.02%
UTFEBHTRS, HRONCHEBNLERRETHS. INSOMREZENLT, ERNSELRADER LD
ELNMEVESE TEINZEVAIL D5 VRIS OERAT P ERORmARS LU N E L CEIULTWS.

The Low Turbulence Wind Tunnel facility consists of three wind tunnels named the low-turbulence
wind tunnel, 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 uniformity. The closed test section is an octagonal cross section,
which width of the opposite side is 1m 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 sections 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.

{RELMERE
Low-turbulence heat transfer wind tunnel
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EHEHEIEESR Shock wave research facility

BEREENMRE, HWERTRECABFERENSLBIREIBREED. HERITRELE, SETR
MARZEIH T IRETHD. AHAFTFRICER 14 FIGKBEUARKER, RAUASILERED 200m/s OHEE
BNSExfS 6km/s DEBERMBEISE TOLVERESF THD, MWRESMHEORBLIOTVS. AxEW, 5
HER, NERER, EREPHSHEREN, 2R 19m OXREORET, RAGSTHRESEUT 3 BAEDSTH
g (BEAREE, NEEH, “ERENXH) CdOTULASEROSHEREEZERIRLTNS. REORERE (K
£ 1.66m, K& 12m) ([ 3 BIFMOREIREERZBLTHD, BERAKBEERITES), BEAEAOSEEZE
EH)7IUHET IR OEREIRFINOIEEEBOTVS.

ARKBEZAVT, [HRPOSEEBRITREER, KPRAXER, BARNOSREERERERNTIEETHD, il
ZEFE, MRRRE, MEKYIEDETFZEUHET IRALBIEE - TEDFICHITIIERBLVICAREREITICE
nTES.

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,
200m/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, single-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 development, the basics in various science, engineering fields including the field of earth
physics and an application experiment.

) Test Sechon X-ray Generator Ophcal Window
Powder Chamber
Pump tube

Accerelation tube y:

=y y o ‘\

0 @ Q@ |
\l 7 ) == :
L] L] - &
< 1 g
High pressure coupling 12m
HERI TR E

Ballistic range facility
HWHZIFKRIFRE 1-m Magnetic suspension and balance system

RELAMIZEVRICEE 3 DRIERPEL T 1-m BOSZHRIRIFEE (MSBS) N'Efacnfc. CORBERE%E
BRODTRRATZFEFIBELE(C, RENURNSRIIZNOEHRITESRELHOTVSD. MSBS 2%
&, BEORFHERTEIBIISNRMERZZ X TVDANYMORT(S I OFZENMEC, RIEINZT 53R
BT TWSIRMANZOEDOTHD, MEREROTIMERICER(CRIEVWSHRNES. &, 8NS5
BWIBICIDRE DERAZFITHITDIENS, RBLUARAL BN ZSEDEERIRETHIINT THEM THUNOILE
B IMRUFDDRNISZHIRISEEUIRETHD. ARER, WLEREN 1 mOENBEOREEZHD
HARKOKRESZFZ W TIFRTFEETHD, —MFIARCHINTLSHATH—DERELLOITLS.

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
magnetically 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.

WA RE
1-m Magnetic suspension and balance system
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4-6 EIBEER International Activities

TR ERARIZ(CH I MR EL CEBRESEB ZHEEL TWS. VIV AT(AREDBI
BLPERRRY R —0%7ERL, ERNOEEAFTHEIE OHFAZFT AT ZI T O CHMOES CEBL
TW3. &, RILXRFZOEZTHBFIFHMIZRIEL, RAFRFAOFES - FEOBINREPLERIND
AR CHEERAMOBIBRZ ANCLD, ERNY-4 v 2 RIETEZMRE - RiEZERLTLS.

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 network,
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.

EFRFEEE >~ Global Collaborative Research and Education Center (GCORE)

RFMIROMOERN ST, UTD4 ="THD.

1. BINIY AT AZERT2LCED, EBEIILFRYND %5816, TRARIZIRFTAZ PREUITTRED
AT O AEBREERY NI - V% BRI S, CNickD, HRESKEDHAFTZERL, SHCERNOFE
& -EFRREZENTD.

2. RFMH-BEEFEMEIRBEZERIHIERN BB ECLTERL, BERNRERFNIRESZERL,
TARIZIRFPROEE - 5% - AR ZIEET S.

3. EFTRES DRI ZIRRIBELB(C, ERRFMBIMOIEHE 2 mI 2 E THIAFMOERREEI Z1E
IS,

4. BAFMIRESPEBRNSRICLZERIOS I MNIERL, 2, EMNCEZIZHC, ARl
FIAF I RS B R ORHROFFHRI A T EILICEDS.

1. Strengthen international multi-networks by effective use of overseas academic liaison offices and
develop international association networks for flow dynamics with IFS as the core. Implement
internationally 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

university/institute level of academic agreements to introduce researchers at IFS into the world arena.

Enhance the international activities of IFS by further developing the support system of international

academic exchanges.

. 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).

how

EEEEBRAYI\— Members of GCORE steering committee

K& 1520
Name Position
AR A— Bk Bz
Director of GCORE Tetsuya Uchimoto Professor
gl -R g = Bz
Deputy director of GCORE  Takashi Tokumasu Professor
AR TR Bz
Shigeru Obayashi Professor
KH 1 Bz
Makoto Ohta Professor
INE Bt R
Atsuki Komiya Associate professor
1BE EEl L+/E URA (FARZIEE)
Hisanori Masuda Senior URA, Research supporting office
2 X8R EHR (55E)
Tomoaki Asakura Manager, Administrative office
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#H#¥%B Organization
(%3054 H10BIRTE)
As of 10 APR, 2018
YIVATAR b 7 e ] o) e
Liaison offices Joint laboratory
FRE | 459K HEAFHEESE HEANBEEHUR
Director Director of GCORE Collaborative research office Visiting professor
Bl y-K . TH-BH=E
Deputy director of GCORE : GCORE office
BEEEES R 72252 -
Steering committee { Research supporting office

YUIY>YAI4R Liaison office

AVI-FYEUTHAR ERYDEIAS N J__//
KTH Moscow State University Y —_
Since June, 2012 Since June, 2002 < > A

— =

S5F1-AKE
i Syracuse University
Since November, 2003

y

O
- -
AR " KAIST P~
Sl g Y ' Korea Advanced Institute @ _ -
SHCS e, 201D ./ of Science and Technology “" |
. 1} Since December, 2003 .
. -
E35EAFE

National Chiao Tung University Z1-HIAVI-NAKXE

Since May, 2017 | ) University of New South Wales
o M Since May, 2002

K YIYIAT1Z Liaison offices 7
@ KERIZTRBIE  Inter-university agreement for educational and research cooperation 37
© ZPBRIZRIBE  Agreement for educational/research cooperation between the IFS and overseas academic organizations 24

B EHEREIAZLSE  Partners of international collaboration 102

o ‘i::

J35 X France  AY1-7 v Sweden O3 Russia A-AMUY Australia  &7Z Taiwan $8[F Korea KE USA
DIZKFE FUTRKRE TAVIENLARZFE 1-99091-0 A% EIIKBAE BERZRME S531-1KF
Université de KTH Royal Moscow State The University ~ Nat'l Chao Tung KAIST Syracuse
Lyon Institute of Tech. Univeristy of New South University University
Wales
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KEFHEFFEMISHRIBE Whole university agreement

4 HRa PumE | BN | REEAE {5550/
{57 | O-XARE SNy | BK BT 1990/9/27 | STEEAFRY
A=AMUP | SRZ-KF KH & IINE B | 1993/1/8 TRARIZ IR
D37 | EROUEAS BA BYT | AU B | 19982119 | FUARIEEARAR
Ry | P=ASTRIAS KAk 7% 1098/5119 | THEAFA
I RIS EAAS % OBT | W E | 199806115 | FARIEEAZERR
] A % B 1000/911 | HRZEATAY
AI-7y | EXXTIRIKRE B B | A— EEk | 2000/9/20 | TEAFR
s BETAIAS KA 7% 2000022 | THAZERY
v ESIAEAY % BAF 2000/11/18 | SEAVHFAR
% | J5YZ | ESTRsIB TR | AE £ | T S8 | 2008/521 | THHRE
D37 | JRSENRVELAS | AE B 2003/7/4 | EALTSTERE LYY
55 FEE ZILIKRFER ke BEZ 2007/7/26 | EEMPEIATTFR
] FLSTEAY BA BUT | W— B | 2006/8/31 | FUARIZEARAR
B Tom | cesEas A BT | A— A | 2000110115 | SRR
| KE FIIINAE B 2 2010/6/7 | FRAKRETFAR
197 FRUKZE B 84T | I— Bk | 2012/3/30 | TEHATTR
B2z | MEETT e s 200011/20 | T2WFER!
IR
{57 ESPAR Y ak = 2013/5/14 | TEMHAFR
& ERRAS I HEZ 2015/2/24 | BBEFRTIR}
KE SSHIMIIAS BA BT | W— B8 | 20159125 | FUARIZEAEAR
Oo7 | s AT HE 20121319 | O3 7acitte=
&% | EsoEAY =) W= 2005/12/15 ii*f%ﬁmiﬂm%
RAY -5 KE AN— &k 1999/10/5 | EFRS{LIRTTHRL
B7IVh | ANRRT NI KE INE B 2016/8/19 | ETFMHAZR
KE Je—F 1K A At 1997/9/23 | THEAFA
a7 O3 7RI T h7T3— HHE E 1992/8/10 | BHALVSTRRAFTE -
# I SBEAY INE S 1008/8/31 | TALEAFE
B | #E SBER IR INE S 2001/4/24 | THFR
fe] S -N| SUAR-VENIAE | B BUT 2000/9/16 | THFAFRS
g‘ = | thE AT KAK 75 2001/31 | BALPSTRRZE> 5
* A=ANYT | 219991 KE KH & INE BUE | 2001/4/7 TRARIZ IR
= @ | o MRMZMAASY | — B | R BT | 2003/3/10 | FAARISEAREAR
M, | I5VA | ESTEARERIIAR| B 6T P 15 | 20047713 | RRIFHISR
;% x| s5Raaky nE ‘2.? < | 200819 | shpinsennsea
E F vy -tk | am E 2011117 | IBERRIEHTR
2 s FIIEEA TR BA BUT | W— B | 2012/3115 | FUARIEEARAR
KE FAAKZE KK 7% 2017/7/121 | TEHAFRR
* 551 37 HLE
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Facult in

Vice in

Country Institution MOU date Host institution
charge charge
Italy Sapienza University of Rome | T. Takagi 1990/9/27 School of Arts and Letters
Australia | The University of Sydney M. Ohta A. Komiya 1993/1/8 Institute of Fluid Science
Russia Moscow State University T. Takagi K. Maruta 1998/2/19 Institute of Fluid Science
Germany | RWTH Aachen University S. Obayashi 1998/5/19 School of Engineering
. University of Science and . o
China Technology of China M. Song K. Maruta 1998/6/15 Institute of Fluid Science
China Nanjing University M. Song 1999/9/1 School of Science
KTH Royal Institute of . .
Sweden Technology T. Hayase T. Uchimoto 2000/9/20 School of Engineering
> Pohang University of Science .
G Korea and Technology S. Yonemura 2000/9/22 School of Engineering
@ . . . o Institute of Materials
CBD Taiwan National Taiwan University M. Song 2000/11/18 Research
= ‘_-E France Ecole Centrale de Lyon M. Ohta K. Shimoyama | 2003/5/21 School of Engineering
=} 3 . - N Center for Northeast
czD S Russia Novosibirsk State University K. Maruta 2003/7/4 Asian Studies
= , o Institute of Materials
g._ 8 Korea Pusan National University T. Sato 2007/7/26 Research
o) CBD China Xi'an Jiaotong University T. Takagi T. Uchimoto 2006/8/31 Institute of Fluid Science
< =
f_% 8 China Shanghai Jiao Tong University | T. Takagi T. Uchimoto 2009/10/15 Institute of Fluid Science
X
ol us Temple University J. Ishimoto 2010/6/7 Institute of Fluid Science
[ o . . .
8 Italy The University of Naples T. Takagi T. Uchimoto 2012/3/30 School of Engineering
[} ) Swiss Federal Institute of o
Switzerland Technology in Lausanne T. Sato 2000/11/20 School of Engineering
Italy Polytechnic University of Milan | J. Ishimoto 2013/5/14 School of Engineering
Taiwan National Central University H. Kobayashi 2015/2/24 School of Science
us Michigan State University T. Takagi T. Uchimoto 2015/9/25 Institute of Fluid Science
Russia Far Eastern Federal University | K. Maruta 2012/3/19 Ofnce_ of Japan-Russia
Relations
Taiwan National Chiao Tung University | S. Samukawa 2005/12/15 NICHe
N . School of International
Germany | Saarland University T. Uchimoto 1999/10/5 Cultual Studies
. - School of Biomedical
South Africa | University of Johannesburg A. Komiya 2016/8/19 Enngineering
us Purdue University H. Nagai 1997/9/23 School of Engineering
. . . Center for Northeast
Russia Russian Academy of Sciences | K. Maruta 1992/8/10 Asian Studies
? > | China Tsinghua University A. Komiya 1998/8/31 School of Engineering
3 % Korea Advanced Institute of . 2001/4/24 o
% P Korea Science and Technology A. Komiya School of Engineering
-§ (3 Singapore | National University of Singapore | T. Takagi 2000/9/16 School of Engineering
-~ ) G . Center for Northeast
‘3 g China Jilin University S. Obayashi 2001/3/1 Asian Studies
% D | Australia | University of New South Wales | M. Ohta A. Komyia 2001/4/7 Institute of Fluid Science
< Q) m n n
o) Nanjing University of . o
= § China Aer(ina?utics anth\stronautics T. Uchimoto M. Song 2003/3/10 Institute of Fluid Science
s o | France INSA Lyon T. Takagi T. Uchimoto 2004/7/13 Institute of Fluid Science
s 9 _ T. Tokumasu
g 3 | us Syracuse University K. Maruta M. Ohta 2008/11/19 Institute of Fluid Science
= 2 .
< [ . School of information
(<T ((-BD Germany |Karlsruhe Institute of Technology | K. Maruta 2011/1/7 Sciences
o) L ; . ) e
= Korea Sungkyunkwan University T. Takagi T. Uchimoto 2012/3/15 Institute of Fluid Science
us Rice University S. Obayashi 2017/7/21 School of Engineering

* total 37 universities
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B EERZFM3ZRIZE Department agreement

E4# B4 BLHS EEEE wEERR
- O3 7RI T HhT - RUT7ZER - IRER G
7] iﬁﬁ%ﬁﬁ ;—LEH i 1990/1/1
Hh[E BEAXFKFKETIER NS s 1993/9/20
X P - % BAF
hF+4 ~O> MR ZEFERIATTRR KA TR s | 1994/6/20
T =
J\HY— I\OHU-RIZTHTI-YPIBMPRIEMTHATEAT | &R 84T AN— #EEk | 1999/4/26
F1J FIORIFETHT - TS AYIBIATCFR ax BE 2000/1/25
SUHR= TV TRIKFE AR - iZe 55 T # 50 B 84T =AREZ 2000/4/14
FE T ER Y IRIR TP BA BT % BAF 2001/5/21
’B:EEE =
K S541-AAFEERE . Ty A = ;élj' = | 2004123
157 NIIZTAFEIRET 8 K TR T =8 | 2002/6/28
F v TR TIRIKE A T FS KK TR T =B | 2004/2/10
Bz ES SRR - /7 )\ ZRER5FR =)l #w= M| 2004/7/21
KE Ty F—KETHE ax = &S =ik | 2008/11/17
= REXFTEFE =) H#H= MHE & 2011/7/20
E{ES) ERAERTES ax = S Eik | 2012/4/3
HhE EEIETAFEHBTFE KK TR T =B | 2012/7/9
RAY I3 R =7 RS I E AR R A 3T A BAR 8T N— I3k | 2012/9/26
EBE YD KERAEAR - ZEFE T F3D IR FEE HHE E 2013/6/20
KE J=AA=RIKRETFE aRx = EES Bk | 2013/9/19
R—-3R JOvoJITIRIAE ax = &S Eik | 2014/6/10
J\HY— TOXINITAAKREESE KHE = 2014/9/4
_ RIN—-IEMIRETHTI-I AR E o
F)—>HHE KA
RI)\—IHHE AT HHE E AT R 2016/2/5
AYIRSHEINE | PRSERIREAZTAT HHE E KT R 2016/4/15
a7 O3 7RIZETHhT - LAT YR IAZ AR HE E KH = 2017/10/15
I>7h TLIY Y RUTKER L— ) \Seni2imbz KH 15 INgE FE | 2017/10/15
* 55T 24 4R
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Activities
Country Institution Faculty in charge| Vice in charge MOU Date
Institute for System Dynamics and Control Theory
Russia of Siberian Branch of Russian Academy of K. Maruta 1990/1/1
Sciences
China Bﬁﬁlaérrtgnitint of Hydraulic Engineering,Tsinghua A Komiya 1993/9/20
Institute for Aerospace Studies, University of . M. Song
Canada Toronto S. Obayashi K. Shimoyama 1994/6/20
Research Institute for Technical Physics and
Hungary Materials Science of the Hungarian Academy of | T Takagi T. Uchimoto 1999/4/26
Sciences
Insti f Pl Physics, A f Sci
Czech Republic Or}stﬂ?tgzgch §2?3b|icys'°3’ cademy of Sciences H. Takana 2000/1/25
. School of Mechanical and AerospaceEngineering, . .

Singapore Nanyang Technological Universityp g 91T Takagi H. Miki 2000/4/14
China Institute of Physics,Chinese Academy of Sciences | T. Takagi M. Song 2001/5/21
College of Engineering and Computer Science, T. Tokumasu

USA Syracuse University K. Maruta M. Ohta 2004/1/23
Italy Bﬁ{;@i‘;“@”gf"{r!ﬂ;%;”ee“”g and Architecture, S.Obayashi | K. Shimoyama | 2002/6/28
"School of Mechanical Engineering, National . :
Greece Te(c:h(rzﬁ:eg Unie\ferziquc if A?r?elrrlggnng, alona S. Obayashi K. Shimoyama | 2004/2/10
Taiwan XSSE’QS'RE':ZQEm Device Laboratories, National | ¢ . mukawa | T, Okada 2004/7/21
USA College of Engineering, University of Kentucky J. Ishimoto N. Ochiai 2008/11/17
Taiwan Colledge of Engineering, Chang Gung University | S, Samukawa | T. Okada 2011/7/20
Korea ﬁg',ieygﬁ;LEn,”yg?;?; ing Science, 3. Ishimoto N. Ochiai 2012/4/3
. Chongging Institute of Automobile, . .
China Chongging University of Technology S. Obayashi K. Shimoyama | 2012/7/9
Germany Fraunhofer Institute for Nondestructive Testing T. Takagi T. Uchimoto 2012/9/26
Depertment of Mechanical and Aerospace .
Korea Engineering, Seoul National University H. Kobayashi K. Maruta 2013/6/20
USA College of Engineering, Northeastern University J. Ishimoto N. Ochiai 2013/9/19
Poland Wroclaw University of Technology J. Ishimoto N. Ochiai 2014/6/10
Hungary Faculty of Medicine, Semmelweis University M. Ohta 2014/9/4
Republic of AV. Luikov Heat and Mass Transfer Institute,
National Academy of Sciences of Belarus K. Maruta S. Yonemura 2016/2/5
Belarus
Republic of i iversi i
Koonkhstan ﬁ]i%iztillj(tg’?gg?)nal University / Combustion Problems K Maruta S. Yonemura 2016/4/15
Russia Ié?:ﬁaendceevs Physical Institute of the Russian Academy of K Maruta M. Ohta 2017/10/15
Smouha Hospitals ( Emergency & Pediatric ), )
Egypt University of Spials { Emergency b | . ohta A. Komiya 2017/10/15

* total 24 institutions
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N ERAFTHBIE DT Exchange with foreign research institutions

| ELyT S;RSPUEED Activities of Engineering and Science Lyon Tohoku laboratory |

1. ELyT 90-/)V) : {RIBDOIAFEICHIFS 100 U OFAFRERYNT—4
Rk 21 FENSFR 28 FFEFTHLE ELyTLab DOkINZER(IT, J5>2XE CNRS ([CEEIEKFE, INSA
Lyon, Ecole Centrale de Lyon 1’ LIA (EIFREEATNE) FeOBHFEZITVEIRENC.

2. ELyT 27-)) : AFEREFAEN—E(CRITZLzBNELEINY-2I-)
ELyT 29—, Fak 21 FELIDBILOREFETEBERESNVTED, FEPFEORFEFEFRREH
JURFEBRFEORREZBHNELTNS. BERILD, RIEKRFSLNVIVKRFESCRST, LHARE
Mo0SNzED, BARORBAFPHEORRMZEMAKRTF . AVI-T >0 KTH BFLURAYOTF-IL5> A
RENSSHIN GO, BF 35 BLIEEOFENSHULTVS.

3. ELyTMaX : 75> AE CNRS [C&BERILAFERDOEFESII NIy
ELyTMaX (FERALAZ(SGREEN, BIADOIAFKE 20 ZEFETHBU TVWIATRII-TTHs. JIL-TE,
Bu%, HBUR, BIBBIURIRNAKE, Y7 -710U-F4%, BIREFRBFEE, SHEEENEF
ncuns.

1. ELyT Global: Wide network of ove 100 researchers organized in a virtual lab
Following the successful experience of ELyT Lab (2009-2016), an International Associated Laboratory

of CNRS between Tohoku University, INSA-Lyon and Ecole Centrale de Lyon, we have successfully
proposed to CNRS a new International Associated Laboratory, ELyT Global.

2. ELyT School: A summer school aiming to gather master/PhD students for both sides every year
Since 2009, ELyT School is organized every year (alternating between Lyon and Sendai) with the aim
of presenting the partner institutions to students from the other country (mainly Masters students, to
encourage the creation of jointly-supervised Ph.D. research projects, and undergraduate students to
promote Masters double-degree programs). In addition, few years ago, the ELyT School was opened
to common partners of the member institutions, from Japan (Tokai University this year), China (Nanjing
University of Aeronautics and Astronautics) and Europe (KTH in Sweden and Saarland in Germany.
Each ElyT School gathers around 35 students.

3. ELyTMaX: An Int'l Joint Laboratory with dedicated staff and facilities located in Tohoku University.
ELyTMaX is located at Tohoku University in Sendai, and regrouping around 20 people (both from
France and Japan) including Full Professors, Associate and Assistant Professors, postdoctoral fellows,
double degree PhD, Master students and administrative staff.

| OYPBEASTOSIIN Mega Project by Russian Governement |

ERY 22 ENSEIESNOS PHIOXRFRBAFZELOEFRNAFRZIZGETHD, BANSE 5 BOHAFRY
—A—-MRAINIATTEEIZEBEL TV, A 3 BEERIEAFNSEFEAINTED, AAFRFANSIENHERIT
OTOZTIMMRAEN, Tk 28 FICVSZAANMTOMBEGEF K F(C[ERRBE LRI F —TARE |25 E
U, S TCOREMFEEZRIALTVS. —HEblDBEARNYE (HEF) T3~5F07051/0
ERB.

This “mega project” is an Int’l Research Supporting System by Russian Federal government, which is
first large-scale competitive research fund and started from 2010. Five Japanese researchers’ projects
have been selected. Three of five are selected from Tohoku University, and Professor Kaoru Maruta in
Institute of Fluid Science was selected as a research leader of the project. Professor Maruta established
the International Combustion and Energy Laboratory at the Far East Federal University in Vladivostok
in FY2016, and started new education and research activities. The budget is about 1 million USD per
project per year, and project period is 3 to 5 years.
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2014 MICROSCALE Educational Research/Industry
o COMBUSTION cooperation collaboration
<) AND POWER 2016
gm GENERATION As Top Iab of
S Far Eat Federal
LT L] University,
==
>3 Starting new
) educational and
O’m u - /
o= " ; J research activity
g‘,ﬁ == T — N W— - —
< Japan-Russia Satellite seminar by Lab. visiting by Russian

collaborative research internet President Vladimir Putin

Novel concept
combustion technology

[ DS MY KRZFEED AOS University of Washington/Tohoku University Academic Open Space |

AFRFFRTFAFRRNED TOVSRE TS M RFEDZRBTE (AOS) (CARAFTFIIMERHLTWS.
BEOHERS FTHEHT, BESLVBERIAOLDOERZ RO I EREERRSLUEE
OIOOFIRINTH A AOIBE | [ BERFEE S LUK E BIROEZB I BB AICH I B3 |
TH3. BERBELTUTO 3 RZEIFTVS.

-HENREFROE D FAERR, FAEBINRETDISL, HFI-ZADFE

RHEM:BEE] DI VNARFE-RIERFETOETASZEAZCL AT LI T —O”E, HL
U RIVBEFEEOHEEEC D - 723y T OFE

EREFHES : BBERESLUANNIREESERBODOERIA -5 L0k E

IFS has been cooperating an establishment of exchange agreement (AOS) with the University of
Washington promoted by Graduate School of Engineering, Tohoku University. The prospectus of this
agreement is "Create an international hub for vibrant research collaborations, teaching, and information
exchange", "Provide a new paradigm for international exchange and education", and "Facilitate
communication at the administrative level to promote transnational understanding in research, education
and intellectual property at partner institutions". We are doing following activities.

- Educational and interactive roles: Student exchange, Study-abroad programs, new courses
- Research roles: Organize a WEB-X based research seminar between UW and UT, build global

industry-academia cooperation, provide a research forum/workshop
- International administrative infrastructure: Organize international forum for administrative staff and IP

management training

| Eliz35EXF¥ National Chiao Tung University (NCTU) |

a—a

7 2EOUIVYAT(ZAFBELLT, RAKRFAEENFLELOT 2017 £ 5 BICEBEIIERFLITY
SAT ARBEOREEMEU. ULV A AREBEG
- ERRI R E ST OHEE
T RINTN)-DFRE
-FERETOI S LDHEE
Thd.
As seventh host insititution of Liaison Office of Tohoku Univeristy, IFS faculty staff has concluded an
agreement of Liaison Office establishment in May, 2017. The purpose of establishment is
- Promote International Industry-University Collaboration

- Establish the Joint Laboratory
- Promote Student Exchange Program
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Core-to-Core 045 Core-to-Core program |

[AIRINF—ORHOFEMR - BBSEFATHLR N, Tk 25 FICHARFEMIRES Core-to-Core
JOUSLICEIRENZ. 5 FE0T0TILERS.

[ATIRIF-OrHOBEME - BEEEFMAFTILSRITE, IEEEROEREFILVNILFITUTILSH
BEAEMRIE S S DT RAEDREICED, FRANBSAORIRZEELTER. 15, FANBIERER
HREDBEERICBEBULVAT RV F - HEEZRIR I DHOFIBREBZBELL. COslc, RIEXF
ZHROETIEAF L, VI, TIN)-DINeRLETEIZZADARF —L, RAY-T3V2IR-TrERFHEAE,
PE-ERMZEMKRKRE, AV1-TOEITRRENSBRINDF—LAICLD, HARZIMREE TS,

"International research core on smart layered materials and structures" was adopted as the JSPS
Core-to-Core project in 2013. This project completes within 5 years.

This project aimed at developing novel form of intelligent structures through the fusion between
functional multi-materials and sensing technologies. Especially, we focused on interactions between
fluids and intelligent structures to create energy-saving effects, and develop its academic infrastruccture.
For the purpose, we organized an international research team consisting of Tohoku University,
Universities in Lyon and Grenoble, Fraunhofer Institute for NDT and Nanjing University of Aeronautics
and Astronautics, KTH Royal Institute of Technology, and accelerated the development of smart layered
materials and structures for energy saving.

1 1: 5 9 ..__.f.. = fo \ .
LTDS SIMAPLEGI | s ﬂffdﬁc.&f.f. .f.i.rf”“.#_é ored mullimateriol Karlsruhe | | Saarlandes
Ecole Centrale de lW“J Grenoble INP | \ e ang gusluation oHsyered mURTAtEEE netityte of Technology | | University
L | | )
Sensing & Control e yr——— L
MATEIS LAMCOS #industrial application ofsmart layered structure IZFP
' #sensing & control embedded in layered structures

INSA de Lyon | Fraunhofer Society

KTH Royal Institute [{ Of ener ' Nanjingn;vers'rty of
of Technorogy | aterat i Aeronautics and Astronautics

N

Flow Dynamics _ Xi'an Jiaotong Tsinghua |
Y Advanced contioiof Institute of Fluid Science University ) | University |

Tohoku University

T 1 |

i

Chiba | | Tokai | The Univ.
Univ. Univ. | |of Tokyo

|
A N A

Tohoku University
FRIS IMR NICHe

Kobe

Univ. || NIMS

Schoal of
Engineering

|
|
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TR Z & T 35 FHFEERIRNENREIDIS A

Young researcher overseas visits program for vitalizing brain circulation

AR RFTRR O DRI AR AR ZE QR (CHI TSN ERRH AT IO TI MDY, Fk 22 FEIC
BAFHHRESERMERZ IR Y 25 F AR EEIRNBINRET DI S ACHIREN. ATOS 17 MoEL
T, Ak 23 05 3 F/, FERORARIZOERRO/N - N —ER2BHINOTERFTHERC, RAFFROE
BREFHE 7 2FKRUT 1 FRIEL, HEAFREZRMEIDILCLD, RIEROFARIFAFTZESH
REZBMIELE(C, ERFEEAFTRYN—IZIBEL TS,

&z, Tk 25 FICEMESREIRIVF - DR EZASRARIZOEIREEAFRTOSII MY, BI0T5A
([CFRENfe. AJOT1IhTE, BE 3 FMEMULTOTSLAORRERIC, HANEEIIRRDET TR
BRIZOENARBRICEER, [EanlclIRIF - |OMFTEZZDRARZAIREEATTICHHEL, Al
Bl SEIOREARESLURIBIESEIOBINZ ATATRENRALTITS, SaiinEREEHEATTZH
BEEY(CSEMBL TETE.

Institute of Fluid Science, Tohoku University has been promoting international cooperative efforts, as
a center of fluid science research since its establishment. In 2010, Japan Society for the Promotion of
Science (JSPS) selected our project of "International Collaborative Research Project for Expansion of
Next-Generation Fluid Science" as its Young Researcher Overseas Visits Program for Vitalizing Brain
Circulation. We sent seven brilliant young researchers on six world-leading institutes overseas from
2011 until 2013. Through collaborative researches, we develop further international network.
In 2013, our next project of "Strategic International Multiple Collaborative Research Project on Advanced
Basic Fluid Science to Support Life and Energy" was adopted. This program built off of the success of
the previous three-year program, and specialized in cutting edge core fluid science research that
supported important research on "life" and "energy", two fields which society was calling for advances
in, by making critical contributions through fluid science. Through the program, the researchers from last
time's project and this project worked together with collaborating research institutes to strategically
implement an array of international collaborative research.
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"International Collaborative Research Project for Expansion of Next-Generation Fluid Science”
visiting researchers

Visiting researcher

Visiting institution

Visiting period

Research title

Kenichi Funamoto

Massachusetts Institute of
Technology, USA

Feb.2011 - Jan.2012

Development of a Microfluidic Device for
Three-Dimensional Cell Culture under
Controlled Hypoxic Environment

Hisashi Nakamura

National University of Ireland,
Galway, Ireland

Sep.2011 - Sep.2012

Combustion Chemistry and Its Experimental
Validation for Biofuels and Surrogate Fuels
-Collaboration between Quantum Chemistry
and Combustion Engineering-

Tetsuya Uchimoto

INSA de Lyon, France

Sep.2011 - Jul.2012

Sensor and Data Fusion between
Electromagnetic Nondestructive Testing and
Ultrasonic Testing

Atsuki Komiya

INSA de Lyon, France

Nov.2011 - Nov.2012

Fabrication of Selective Membrane for
Permeation Varied with Environment and
Establishment of the Technique for Active
Mass Transfer Control of Protein

Noriko Tomita

Syracuse University, USA

Mar.2012 - Mar.2013

Analysis of Relationship between Lipid
Environment and Protein Nanopore Properties
-Toward Creation of Blood Cell Model with
Various Membrane Strength-

Gota Kikugawa

Rensselaer Polytechnic
Institute, USA

Apr.2012 - Mar.2013

Crosslinking Effect in Amorphous Polymers on
Heat Conduction Properties

Koji Shimoyama

Stanford University, USA

Apr.2012 - Mar.2013

A stochastic approach for the numerical
simulations to quantify real physical
phenomena and improve design reliability
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"Strategic International Multiple Collaborative Research Project on Advanced Basic Fluid
Science to Support Life and Energy” visiting researchers

Visiting researcher

Visiting institution

Visiting period

Research title

Makoto Hirota

University of Texas at Austin,
USA

Jul.2014 - Jun.2015

The Formularization of the Variational
Methods Approach to Determining Stability in
Complex Flows and the Construction of an
Efficient Algorithm to Express It Numerically

Daisuke Yoshino

National University of Singapore
Singapore

Oct.2014 - Jul.2015

An Explanation of High Level Physical
Stimulus in Cellular Mechanotransduction and
the Mechanisms of the Onset of
Cardiovascular Disease

Akihiro Hayakawa

University of Cambridge, UK

Apr.2015 - Mar.2016

A study of the Fluid Dynamics and Interaction
of Chemical Reactions in Next Generation
Fuels

Junnosuke Okajima

Technische Universitat
Darmstadt, Germany

Apr.2015 - Mar.2016

A Combined Study at the Nano-Microscale on
the Phenomenon of Phase Change Heat
Transfer in Intentional Transportation of High
Density Energy
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4-7 EFEE University/Industrial Collaboration

RILRZ(FEZLOE, TMHRE—EEIPIFHEBIIEZEE | 0RZ2%BS, HRMNILAINORT -
BZITOTER. MARMRBRZILRCRITIDELDIC, EEFRNAORMISE 2 EHA) (CHEEL, BERIERTL
DOEIECIDEFEEERZHEEL TVD. ARAFFATIEZEEHEERZRIT, BEFLORAMTRZE
HTWD. ARRRZLHR(ORTIDLERZOEERKEITHD, EREFEHBTH I MiZzVWSR(EH
{EFZENKDEINTVS. AFTEDERIOEFHEMATRICINZ, EFEEENPELIAREOMIISZTD
CEICED, EFHEHEZEELTVS.

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
technology 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.
It is an important role of university to return outcome of research to the society. It is expected to put a
new technology to practical use quickly. The University/Industry Collaboration Office acts as
intermediary between researchers and industries to promote collaboration research.

EFIEIEE University/Industrial collaboration office

EFEEREF, BHEHRSNTRARIEZRLH L, MENREZHRATRORZE, 1>Y-27LAD%IE,
EFEETI-OME, LIREEFEIE-TVEY.
Collaborating with the administration office and the research supporting office, the office of

university/industry collaboration supports and promotes collaboration research between researchers in
IFS and industries, consortium project, technical cooperative seminars, as well as outreach activities.

EFIEIEEAS/)\— Members of University/Industrial collaboration office

K& 1520
Name Position
E R IR SBHE Bz
Head of office Hideaki Kobayashi Professor
P N5 B
Shigeru Obayashi Professor
FH E Bz
Kaoru Maruta Professor
T =a R
Koji Shimoyama Associate professor
BHE Eal L& URA (HAFEIER)
Hisanori Masuda Senior URA, Research supporting office
2 X8R EHR (55E)
Tomoaki Asakura Manager, Administrative office
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HEAZRDIES Acquisition of collaborative research

hE)

Activities

[LEs : 4%, TE: €% (BHM) ]
[upper: items, lower: fund (million JPY)]

H24 H25 H26 H27 H28 H29
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
ZEEIAR 28 46 61 51 41 43
Contracted research 141 203 308 261 283 341
ERIEOHEATT 37 50 70 59 50 57
With private firms and others 76 105 144 143 122 164
BEHMWE 11 9 10 13 15 13
Scholarship and donation 14 12 12 14 14 12
FFET BRI
No. of patents applied for 0 1 14 19 19 14
200 ; T . T T : | s
180 [ HREATE
160 Bl =Tk
@ 140 [ 4er e
g 120
£ 100
€ g0
60
40
20
0
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
[BEAT : FH]
TDFERFESE Status of other competitive funds* [unit: thousand JPY]
H24 H25 H26 H27 H28 H29 Fi5
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017 Average
S (-
TR 7 5 6 8 16 6 8.0
Application
V7 K
PRIRFEER 3 1 4 0 6 2 2.7
Adoption
PRI 42.9 20.0 66.7 0.0 37.5 33.3 334
Rate
FRIREE
Total fund adopted 6,101 2,000 21,579 0 11,620 1,270 7,095

BHAE - HEARE - KRB FELSNORFNEE

*Competitive funds except grant-in-aid for scientific research, corroborated research funds and major budget

SR 29 SEEDIFIREFESE List of adopted application destination in FY2017
i

Application destination

RRAFHERFTFAHEARTT

Joint Research, the Earthquake Research Institute, the University of Tokyo
REARKRZ ) ULZND—RIZ AT ERZT

Joint Research, Institute of Pulsed Power Science, Kumamoto University
BeLLTES NN

The Mazda foundation

ERAHERER FIATTRIK

The Sumitomo foundation, Grant for Basic ScienceResearch Projects
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HEEAZEERFT

Collaborative research division

AWAFPR(E, HEAFREFIAFEBIEL THRA ST -2 ERE Tl ol B iR AR i | (CBI S 25 Z1T
2TW3. SBTHRLLT, BEHOBEMEEL CHIF SN SR BRAOMFTZRInUE.

IFS conducts fundamental research of advanced vehicle technology in collaboration with Keihin Corp
as research activity of Collaborative Research Division. Research on basic technologies expected for
electric vehicles has started as the second phase. The research is related mostly to enhancement and
application of the simulation technology based on computational fluid dynamics and experimental

TR © AWK TR B, T2 BFE BE SMIERE

KEIHIN: Specially appointed professor Nobuyuki Furukawa

KEIHIN: Specially appointed associate professor Hideyuki Aizawa

verification.
AR=E FoimEE IR AR (U—E>)
Laboratory Fundamental research of advanced vehicle technology (KEIHIN)
FRFTHAR (56 1HA) FRk27F4A1H — FEHX30FE3H31H (35RH)
Period (562HA] TRk 30F4A1H — X 33FE3A31H (3FRH)
1stterm 1 APR., 2015 -31 MAR., 2018
2nd term 1 APR., 2018 - 31 MAR., 2021
BT RIEKRF FARIFEATRR
Location Institute of Fluid, Science, Tohoku University
REXE (551 58] WAKHA . &K F 2R, /-2 Bl B2 HEEE
Representative [58 2 HA]
1stterm IFS: Professor Jun Ishimoto,
2nd term IFS: Professor Shigeru Obayashi,
25 1 HIICHIIPTAKREE Research topics in 15t term

- FelmtR CERT L EZ AV, > 2105 - 185 T RIR ST

- EAERREEEEMERN ORI LERE AT

- Computational prediction of injector spray mechanism using advanced atomization technology
- Flow Visualization and Optimization of a High Efficiency and Low Noise Blower Unit

(1) Internal Flow

Direct Injector _
o i
LA

{2) Pnmary Rupture

{3} Secondary Rupture &
Atomization Behavior

Spray Form

122175 —F IR

Computational prediction of injector
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{1) Realizabion using CFD

(2)Performance/Moise Evaluation using CFD
Blower L

Visualization using PIV

| Mﬁ L E
> npie Blode _ U g
=T ‘-:r:. I:‘:a'ﬂ::ﬂ::n &
) p

] (3) Optimization of Product Shape using Parameter Design

T CRBILHR

Flow visualization and optimization
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25 2 HAICHIFDTHFTRER Research topics in 2™ term

= ) ==l o = e =1 | N Sl B S APl [ = = 52 L T S

- BREWASRRRSHI AT LAR

N R EEZE R 1Ty MORR B eIR L SRR E T AR U B  LIAFT

- Research on thermal management and thermal control for electric vehicles, electric motorization
technology for motor efficiency improvement

- Research on high heat flux cooling systems for electric vehicles

- Research on visualization and accurate prediction of thermal flow and optimization of compact and
low load air conditioning units

FHELT5 tAFRDE - BE—EITECH

Details are shown in [5. Laboratories / Faculty]
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4-8 #£&F/#k Contribution to Society

MFEBNFENSAKATTILC T RICARU, ZRZRD, HREICEEHTVS. AR

FIREIMDATZBL T, BANSOERICEEZRHERBEZARIZILICLD, HRICEBMUTVS. F,
MARIFEZ — M RCONDPIURR, NPFEZFORFHB(CESIZILEHLRTMEER, RO
BNBE55EMEEDSEENZLTVS.

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 problems through the world-class fluid science researches, which are necessary to recovery
from the earthquake. In addition to perform cutting-edge science and technology, researchers in IFS act
as lecturers to explain fluid science to citizens intelligibly, as well as contribute for science education of
students in elementary schools and middle schools etc.

hRHAMNEEEE Examples of the mid-term and long-term contributions

1.

BEFRFEOIRDITESHROPRIARI ISR OIER
Proposal of the present data analysis of Fukushima Daiichi nuclear power plant, and the mid-term
and long-term measures of an accident

REIRIIF-RORFE
Development of alternative power sources

KRR S ERRRIT O
Development of the medical technology corresponding to an emergency

B XHZX LOfFEA
The elucidation of an earthquake occurrence mechanism

B SEELAMDRFE
Development of disaster prevention technology

IRINF—EASIEEOFIREATTRF
The scientific principle of rationalization of energy use, and research and development
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1N MEDHEEHEE) Contributive activities to society such as events

a1 3=7¢ 4 Open lecture for citizens of Miyagi prefecture
TMNCRIT 22 BF 50 ABEO—MMEEZMERIC, 4 EOELDS
IR ZITOTVET.

Every year, four different classes about fluids are taught to about
50 members of the general public.

=2 shacnE-E S Visiting school for kids

N FRAERAHBVTORIZEICBI T EZITOTVET. INERYMR
L0y M REL TRIEL THBIRZETT .

We go to elementary and junior high schools and give science

lectures to the children, in which they make PET bottle rockets and
get to launch them.

CE:35i T M Activity of Young Astronauts Club
SO FHIEZMRIC, FEHPORFZT-VEULBBEEEZEMU
TVWEY. FEDOOMY h—LhEEBEBIZERL, RERZITVFEULE.
The members of the YAC provide education of space technology

and natural science for the children. The children made a robot arm
and star chart with the members.

Uik R ¥l Research facilities open house

i%ﬁ?@ﬁﬂnﬁﬁ@ étbt, — M REXRELA—-T>Fr>I0
As one of the research facilities of Tohoku University, we always

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

VP L a®AV. 8 Open Campus

BRI BRAERMRICU AT Fv U RICSHILTVET.
fixhRERF(CKET.
This is an open campus designed especially for high school

students about to take university entrance exams. The general public
is also welcome to visit.

PN impE Y The Japan international bird-man rally

FANGEET - BUF, BMtETZIEAL, REROESEBMTITIONDSR
RTEOEMZRILTENET.

Every year, we get good mark in this competition, held at Lake

Biwa in Shiga Prefecture, in which students design, build and fly
plane.
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Laboratories / Faculty
(As of 15t July, 2018)

Professor Associate prof.

Assistant prof.

| Creative Flow Research Division

Electromagnetic Functional Flow Dynamics

Taku Ohara™*! Hidemasa Takana

Intelligent Fluid Control Systems

Shigeru Obayashi *1

Integrated Simulation Biomedical Engineering  Toshiyuki Hayase Suguru Miyauchi
Biomedical Flow Dynamics Makoto Ohta g:mﬂ ?3;?:
Aerospace Fluid Engineering Shigeru Obayashi Koji Shimoyama Aiko Yakeno
Spacecraft Thermal and Fluid Systems Hiroki Nagai Koji Fujita
Design of Structure and Flow in the Earth Takatoshi Ito *1 Anna Suzuki

| Complex Flow Research Division
High Speed Reacting Flow ::?gﬁﬁg@&ﬁ:ﬁp (l\,ismng Prof) Akihiro Hayakawa

Taku Ohara ™! Atsuki Komiya

Heat Transfer Control Shigenao Maruyama (visiting Prof.)
Advanced Fluid Machinery Systems Yuka lga Junnosuke Okajima
Complex Shock Wave Shigeru Obayashi**  Mingyu Sun
Computational Fluid Physics Yuji Hattori Makoto Hirota

| Nanoscale Flow Research Division
Non-Equilibrium Molecular Gas Flow Taku Ohara *! Shigeru Yonemura
Molecular Heat Transfer Taku Ohara Donatas Surblys

Yoshiaki Kawagoe

Quantum Nanoscale Flow Systems

Takashi Tokumasu

Biological Nanoscale Reactive Flow

Takehiko Sato

Satoshi Uehara

Molecular Composite Flow

Taku Ohara ™! Gota Kikugawa

Nanoscale Flow Application

Visiting Professor

| Collaborative Research Division

Fundamental Research of Advanced Vehicle
Technology

Shigeru Obayashi *1
Yoshikatsu Nakano (visiting Prof.)

Hideyuki Aizawa (Visiting A/Prof.)

| Innovative Energy Research Center

Seiji Samukawa

Green Nanotechnology Kazuhiko Endo (Cross-Appointment) Takeru Okada
Atsuhiko Fukuyama (Visiting Prof.)

Energy Resources Geomechanics Takatoshi Ito Yusuke Mukuhira

Energy Dynamics Kaoru Maruta Hisashi Nakamura Youhi Morii

System Energy Maintenance

Toshiyuki Takagi
Fumio Kojima (Visiting Prof.)
Mitsuo Hashimoto (Visiting Prof.)

Hiroyuki Kosukegawa

Multiphase Flow Energy

Jun Ishimoto

Naoya Ochiai

Energy Science and Technology

Visiting Professor

Advanced Energy Engineering

Foreign Visiting Professor

Novel Battery Nanoscale Flow Concurrent

Takashi Tokumasu *1

| Lyon Center

Mechanical Systems Evaluation

Tetsuya Uchimoto

Flow Dynamics

Makoto Ohta* 1 Atsuki Komiya **

| Division for the Establishment of Frontier Sciences of the Organization for Advanced Studies

Multi-Physics Design

Tomonaga Okabe *1
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* 1 Concurrent
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Electromagnetic Functional Flow Dynamics Laboratory

(H30.3.31 £T)

Bz THEHET

iz [T mR SE
Professor Associate Professor
Hideya Hidemasa
Nishiyama Takana

AR DEI T, [AAVREKIRITSANTR], [MRIFRIZXREL, ERiE T TOEMNEPIBIEE
{BICASBVREMNF T E ERIF 2 2B 1L — 230 ERERE AV TS AMCEABNCTBLLElC, IRV
F— - RIBDEFFOMRMBIRTOCR(CH BN — X ORI ZBIEL TR EHEEL TLET.

The Electromagnetic Functional Flow Dynamics Laboratory conducts research on innovative
applications of “ionic liquids”, “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.

1AViRFEZEALVEAEIRIF— - RIBGH
Advanced Applications of lonic Liquids in Energy and Environmental Fields
0.0 ms

0.8 16 24 3.2 4.0 4.8 5.6

6.5 kV
1mm

1A RAFREIERE (L LSRR BOBIRE N R ERE)
Generation process of ultra-fine droplet by ionic liquid electrospray

AAVRIKGRIRTHOBNS, BEAAIERA AL DH THERSNDRIART, 7K1, DHICHKEE 3 OmRikL
IEENTVWET. Fz, AmMMEC, BRTHEIELTIFEI NS ERERUE ICEIFENTVET. (A4
SRR, Z[UEMBD TRVLCEPFEVEBRUGEEZBL TVWSIELRENS, BREBVLRILEE, 77F1
I-AEUTUSHZINTERUE. AARETE, 1AVREOFIRAICHELT, ER_ERBRSKREZEAUE
BR_EEFv/\SAPFEBEEREOFRETIRILF -7 /1 AORFEA A RAFREIETE(C LD _B1L
IREBRDBINDOEEALCEAL TEYES 21— 23> e RBROME NS BELTVET .

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 liquids 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 the development of advanced energy devices
with ionic liquids such as electro-double layer capacitor or colloidal space propulsion. Furthermore,
the advancement of CO2 capture by ionic liquid electrospray is conducted as an environmental
application through experiment and numerical computation.
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Innovative Cellulose Material Fabrication by Electrostatic Fibril Alignment

CNF duspe

Fabs Al el

P O-Z BRI ASIGEME IO -FrRILEBECmEEHAIDOHDINF R
Flow channel with electrostatic fibril alignment for innovative cellulose material fabrication and
optical setup for the evaluation of CNF alignment

T, ARMHSHEZ(CZER - AR DA XETRREEFCUIRIILO-RF ) T74)\— (CNF) EWSNNAA
NAZMMERNCEEZEDHTVET. CNF (& 30-40 KO- FHKERESCLOTRICROIIE
#) 3 nm, & 2-3 ym OEEEMEOBHMH THD, BESLUFRE, BRI LBEOBNIIE
HREZBLTVET. AAKETHE, CNF hokdEEETIO-AEBHORIRZBIELTVWEIN,
D&SBEINO-ZARKOEBNIAFE2E I 20— RAEHHEZEHCE, WIO-AEHH#EZIEKR TS
CNF Offif#ECmzHEIL, —AMCHIRBCENRBIR THIENASNEROTVET. AAFLTE, CNF
DOBcEZHIHT25EELT, RREHZBZFIALL CNF EBERBBECRIEZIHACIRERL, 20ERRZ
HFFHRICLDARIALTVET.

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 mechanical
(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 innovated
approach to align the CNF in flow by AC electric field and clarify the fundamental alignment
characteristics by optical measurement.

FIBNINAREICL DB NEEAN=X ADRZFA
Computation Simulation on Ignition Enhancement by Nano second Pulsed Discharge

02 [ T
20006 434y ‘
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f{ms)

FIIVAEEARNITIE (DBD) (CEBEMITHIVBREZSLVTIANE NBENR
Distribution of radicals generated by nano second dielectric barrier discharge (DBD) and the effect of
nanosecond pulsed discharge on improvement of ignition delay

F IOV B RELCLDERMENDIEFE TSN, TIARH(CHBIIZBIRINF -EFOERCLDTTN
WIREDRIGHA L F BB TEMERICER T IENTEIIENS, BRE{EEDLBEN B LRERIL<AW
SNTVEY. AARETIE, FHCTIAVRBBEDLHOERIATRELT, R -BE FICHIFEEER — X
AURETIATHRICEAUTRIGTREIET U ZAEERL, $UBS 1L —33aU(CEDF /BERT -V TOiE
A RRAF IR A M) - VERBIEZAS NI 2L LBISHEEROFmHMliZIToTCVWET. &5(C, INIRILF—
DOEFRFAICLDEEE - BPTREHIEREDOFHTRISAICEE I 2MIREITOTHENET.

Non-equilibrium plasma often generated by nano second pulsed discharge is widely applied to
combustion enhancement or environmental purification 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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Creative Flow Research Division
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Intelligent Fluid Control Systems Laboratory  Until 315t March, 2018

518 8 BE
thef M (= =" [/ EE

Professor - Assistant Professor
Masami @ Tongfei
Nakano @ Tian

HEETRARFIEIS AT AR DEFTIE, [ERLADS —FRKIREOBE LR RIE T ZAK (AV—
NAAR) -VYINTUZIL, SRno®liE, 20 TR EIREIZE (CR I 2EMRIF ARz Eie U
T, NBz=A—ARELTREE ERUTIRENE, AIR:—, S8, D0 -TEREOETENE
’Kﬁﬁ%ﬂE’JU.LW%IMEDT)WZ’P/ZTAJGJEIJESZ%E}abtﬁﬂnﬁﬁﬁfﬂﬁa_btuﬁ“ ZOTECLD, B
M, &E, IPF—, BE, B MESBFRENEMmMUETD.

In intelligent fluid control systems laboratory, based on the trinity of fundamental scientific
researches on smart fluids and soft materials with higher functionality such as electro-/magneto-
rheological fluids and composites, fluid flow controls, and intelligent control & informatics, the next-
generation intelligent fluid control devices and systems featuring environment-friendly, energy saving,
high reliability, and relief & safety are being invented and developed in various application fields such
as vehicle, manufacture, energy, architecture, and welfare & nursing care.

Rt ARHIRFARIET N R - S AT LOBI

Development of Next-generation Intelligent Fluid Control Devices and Systems

- Brake, Clutch, Valve, Damper, Actuator - Active Control of Self-
ON OFF  -Micro Fluid Power System ( MFPS) Sustained Oscillation of
ER Fluid - Automotive Suspension Control Impinging Jet
- Seismic Vibration Isolation - Flow Separation Control
& Suppression Control + Droplet Formation Control
* Motion Control of Ink Jet
- Robot Control

Intelligent Control
& Informatics

Functional Fluids, Fluid Flow and

N (Smart Fluids Flow-induced Vibration N s
b \\‘ &_'t’fi,/ \ / Amplitude £=d,/300
: — e —, \
u%iﬁ“i b 3]
Electro-Rheological Fluid Experirnent‘ l h Numerical Simulation

Development of
Intelligent Fluid Power & Fluid Flow Control Systems

A=l B SEEAR R R it L o) BaSF
ABLTILE—FTOT 7T HiB (MR ORE
MRS ROBRREREIC S MBI
Active control of self-sustained
oscillation of impinging jet, so-called

MELEMRFH®IL—F{tE—5— Hole-Tone, by excitation of nozzle exit
Induction motor with developed MR fluid brake in unaxisymsetric shell mode

\ sl =0 -0 0 -0 -0 0
e EE R

MR AmS%
BRBBIE B 6 M RLI-ERAL Sl :
B ] ap: ~RRELI-ER; i A=Y
by JI<tH) 2 ?TE,:_th-kheo ogical .
Developed ER fluid bellows damper MRAR A b Lok OB AREOMY
for smal| amplitude vibration ¥y s " 2 13 11
control MR IF T4 =T DR/~ OB HMA Control and optimization of droplet

MR shock absorber and it practical application to automobile formation patterns of continuous ink jet
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Preparation and Evaluation of Smart Fluids and Soft Materials, and Development of
Advanced Smart Machines utilizing Them

¢ Permanent magnet
(detachable)
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Flow structures of developed
nano particle ER fluid in
shear mode

Passive type MR damper with functional damping force

Position

Force sensor
] Braille display system 1
By ok F,/g. using ER micro-actuators
BOf-—2—55.72 =37, 1[kPa] 2
—o—K-16 =18 5[kPa] /
Polyurethane E,,. rams f
foam 3 /{ /}
: / oo
] ] Mo parallel
Non-weaven 5"“"‘“”"" di§ks type sensor
cloth R

| PRI |
B S I T R T ]
Magnetic Flux Density

m
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materials containing MR fluid measuring MR fluids using MR compact brake L .

active loading device

R A%z B U Micro-Fluid Power System (MFPS) Di&E%ZE1EL, 7 /#IF ER TADAIEL
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X MRAVN, IVIINMRIL—FHIHERE, 79747 MR ez & AUy \CURE D HmEIES X
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TAALBHEL TRE T SRS - FEE ORFIALED T U717 i

Mechanism Clarification and Active Control of Flow-Induced Vibration and Noise
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Simulated plug vibrations
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Numencal simulation of check valve vibration based on coupled
analysis of plug motion with fluid flow

Direct Numerical Simulation of Hole-Tone
phenomenon (Col laboration with Dr. K. Matsuura)
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Integrated Simulation Biomedical Engineering Laboratory

2% B

B B =p &8
Professor Assistant Professor
Toshiyuki Suguru
Hayase ‘ h Miyauchi

ERBRERERORIIESSERICRIMITHENBREESULTED, BEMESOFIROLDICE, EARROD
MFRIRROBANARBIRTY. AAKRDEFTE, HIRELANVDSEREERETCOERNRENIRKZRE
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R R DRI (CBE I 27T 21 TOTLE S .

Understanding blood flow phenomena in the living body is crucial in order to realize a healthy
society since hemodynamics is strongly related to development and progression of circulatory
diseases. Our laboratory conducts research on clarification of disease mechanisms and development
of advanced medical devices based on state-of-the-art experiments, large-scale supercomputation,

and the integrated methodology of measurement-integrated simulation for multi-scale flow
phenomena ranging from a single cell to whole circulatory systems.

ERGHACBIES 1L -3 ZRa U miRAFT

Integration of Measurement and Simulation in Medical Engineering

Error compensation

gl
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BRETAIRE S MIRARTS AT [
Ultrasonic measurement-integrated blood flow analysis system
MERDENERE D TZVTINAIA LATIERECAIZZENTENE, BIRSRRERROSEZITAEN D]
RELRDFET. ERARIRIS TILKAVBNTVSRBEIREZIEEP MR | HRE(CLBMROFHAIT —5Z28E> =
1L —2aU(CEDIAA TR I B SHRIRES MR AT AT L | ORFEEERIRICR DA Z1TOTVET .
Acquisition of accurate information on pressure and velocity in blood vessels in vivo is necessary
for advanced diagnosis and treatment. A measurement-integrated blood flow analysis system is being

developed by applying feedback of measurement data of ultrasound imaging or MRI to numerical
simulation, and its usability in clinical application is being investigated.
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Blood Flow Simulation Considering Inner Structures in a Left Ventricle

Velocity[m/s]
1.00 WSS[Pa]
0.75 2.00 [
1.60
0.50 1.20
0.80
0.25 0.40
l 0.00 .
0.00
DIBERICH T 2RE DT DUBERICH T REE R ARRIS D0
Velocity distribution at systole phase Wall shear stress distribution at systole phase

EOEFTONEECFLEER PR REOEMBANEMBEZRFS, TNSONEMBIEICLO>TALERNODM
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NEMBEN D ERN MRS LS A2 EEZEUES 21 — 23 (CLDFTLTVET.

A left ventricle has complex structures such as papillary muscles and trabeculae carneaes on its
wall. The blood flow in the left ventricle stagnates by the inner structures, which has potential to lead

the thrombus formation that causes cardiac and cerebral infarctions. We analyze effects of the inner
structures in the left ventricle on the blood flow field in the left ventricle by the numerical simulation.

mith 2 EEU L ERRIER M E TS )L OFREM E#T

Flow Analysis of a Simple-Shaped Tumor Blood Vessel Considering a Leakage

3960
e
3970
T

mm's
1.00e-03

7.50e-04

5.00e-04 |

2.50e-04 !

0.00e+00

TARB SUE 1 DFAERR Eh5m
Streamline and isoline of pressure Pressure distribution
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(&, DABBOMENEN ERICSZZFEZASMNCTZHIC, MENSDREZERBUCRENFFNZIT
2TVETY.

Cancer tissues have different property from normal blood vessels such as an increase of the fluid
permeability on the blood vessel wall. This property causes the pressure increase around cancer
cells, and makes the drug transport inefficient. We performed the flow analysis considering the
leakage from the blood vessel to clarify the effect of the property of the cancer tissue on the pressure
increase.
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Biomedical Flow Dynamics Laboratory
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Professor — Assistant Professor - Assistant Professor
Makoto -, Hitomi { Simon
Ohta A ; Anzai - ‘ Tupin

ERRENIMFTIIAARDE T, SABECEBEI DT \AADMFRE, #1171 2D EEHiiEDTE
UZBEUAEZITOTCVWEY. FIXE, MHEIRBOEESED—DIIC, MEREE (MEOHFHNSEE
UTUKFIE) AobE TN, miRzH#ETE2T /1 A0FE, 2L TEOT/\1 ADMHREZ IS 2 ENSHD
F9. COLORATRFAFRE, EERZCEEERRECHD, EFLTFEOHBRTICLOTIEUDHTRHRIL
LEY. AARSETE, COLOSRETEEIOSII MRS, EARFORAZEDIROTVEET.

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 flow may depend on the geometry, 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.

BlyIab—33>y
Simulation of Therapy with Strategy

Biomodel for evaluation of medical device and intracranial stent

AR, TEHCENIE, EAZHEL, BAREIEZRUTIKILEERET. HIXE, MEAEBER
meE, mR, MRzAT>MEDERT\AAZAVTHEILEY. AAKTE, EARRNTRIOTVDERL
BRE[RKOHENRSE, SRRV E1-5221L-230THERL, ERT/\1A0RFELERET
(iDL AVEA=Ei={VETN

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 system using
biomaterials or computational simulations.
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Virtual Intracranial Stent Challenge 07 [CCERFENZE
U,
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).

Speed w/o stent

Speed with stent

JBADTRADH
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MERETEHONFENEEZEXRICHIRTES
PVA \A{AEFIUE, CT, MRI, BERZIEERE
DZDEERBEGZIMFRE CTHEATSE, BEHI I
LOWTF A ZAORAFECEREN, MARIOHR5IY()
OY—1URBFRENMSEFBEINTVEY.

PVA biomodel is available to use under medical
image equipment 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.

SR CHRELLMELTE PVA SIAEF

731323 -TRAVSZ—RIL%Z PVA BFACERBUIRF =
MRI THRFLZ
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Aerospace Fluid Engineering Laboratory
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Shigeru Koji Aiko
Obayashi A . Shimoyama Yakeno

BUERIATIF(CFD)LE, HBIMRYIAODAZHZV\NIEETESNI 2 HRADEFE, I1oE1-9THIR
U, BREARALRLD, TR EIRETUIRDI 2FRITY. IDE1—A0MEER _EIC#E>T CFD Ofifi3AE
EPFIUEMENE 2 ELLTVET. AAKRET(E, CFD FfinesR2F RO, CFD it
BERMORSIAZI BB (CHEEL TWET. CO—RELT, MEFERA CRIGEERDRIADIELRAZ
AR(CBHET ITE L DRFFRBIEDIRIA, ZLENKEHERR P AENSOFE=RIFHMCERDIEA TVET.
S5, BOT-IRERAMIER-/N-D2E 1 - %ERMEUEAFESUESTERE, MEFERAETLFEOS
SRZEHEEIBLTVET.

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 development of CFD technologies, this
laboratory is promoting transdisciplinary researches, which are motivated by the integration of CFD
with other science and technologies. We are working on elucidation and control of various unsolved
problems related to nonlinear flow phenomena, multi-objective design exploration and uncertainty
quantitative evaluation. In addition, we aim to further innovate aerospace fluid engineering, including
the latest data science technology and large-scale parallel computation by use of supercomputers.

BHSZIHRTREDRR - HERITREICLFEBERENER
Development of Magnetic Force Supporting Balance System (MSBS) - Supersonic
Aerodynamic Experiment by Ballistic Range

‘ BhRRAFREOH M ‘

HERITEEET

W RS - BRI TRECL DB ERE N EROKRT
Aerodynamic experiment by magnetic force balance system (MSBS) - ballistic range

KU ORRBISZ (O ZIFRBEQUREDTENRVLS, BRNDCIOTRRPHREZZ £, B2
FIEHRIRER N TR RITERE (MSBS) ORFRZITOCVWET. TR, BEERITEROLDFIITIED
BVWSATLAOEE, ZHHE, IFEEEBRFOEAITEZOIEEICT dRAMIOBE M LCERDEATVE
9. HERITEREZAVTE, MREFREOLOOBETRENERLEEITOTCVET.

We are developing a magnetic force supporting system (MSBS), which is capable to float a model
in the air and control its attitude by the magnetic force so that there is no interference due to the
supporting with the flow around a model. Currently, we are working on improving the measurement
accuracy that makes it possible to construct a highly responsive system for supersonic flight
experiments, multi-degree of freedom, aerodynamic measurement during transient motion. Using
ballistic flight equipment, we are also conducting supersonic aerodynamic experiments for exploring
other planets.
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Aerospace Fluid Phenomena and Advanced Computational Fluid Dynamics Using Data Science
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Development of laminar wing technology Development of building cube method (BCM) - Sensitivity analysis for
wind prediction by data assimilation

RREMMZEHENEM I 2BRICIRIVF —DIBRERDIETIOSSE, FIFDEEDMIECLDEEIRITY.
FRZEREED(FETIARBEELTARRBASETEL CLE TN, TRICLDELRANDEBR ZESERZHIFTENE
B2 TESY, REBEFEZEDTVEY. BITAREEIRTE, A-/N-I2E1-FCLIAFHR
5 EEEEET EVRARZEMOFHMEICLD, BNIERBRARZITOTCVET. Fi, EMRMEREDO
BUERARITZER(CITZD, BEEEIIEF(CLD Buiding-Cube & (BCM) ZBFELTVEYS. &
SlcEheB(E, T-ARMER iz TFEETAN IS, CAE OEE LD, MZEMOETIFCEBERIAR
IRRETONELOFERE, FEREOEVIRSZ FRIL T FE&ETHTENITHDIAFTZITOTVET.

Approximately half of the drag when a commercial aircraft operates is friction drag is due to the
viscosity of air. Laminar and turbulent states are coexisting around an aircraft wing. If we delay a
transition to turbulence by some techniques and maintain the laminar flow since the viscous drag can
be reduced. Therefore, we are developing superior laminar flow wing by large-scale parallel direct
numerical calculation by supercomputer and evaluation of fluid stability. In addition, we are developing
a Building-Cube method (BCM) with a high-density orthogonal grid that performs computational fluid
analysis around complicated objects quickly. Furthermore, we are applying data assimilation
technology to engineering design, aiming for the sophistication of CAE. We are conducting research
to predict phenomena with high uncertainty such as the influence of disturbance at the atmospheric
boundary layer which is a problem when operating an aircraft.

AR O Z BN HRE E RN S O E S K FTM
Multi-Objective Design Exploration and Uncertainty Quantification of Fluid Machineries
_ cLoEnRss FHET B OB OREER (AR D CERF I BERE
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BERRANFIAS AL oS ENRE s BUTVET.
MODE of Vortex Generators on a Transonic Wing “Multi-objective design exploration (MODE),”

which is based on evolutionary computation and

S .7 data mining, is proposed as an approach to

~4 creating innovative design ideas regardless of

__,/‘m'q\ designers’ knowledge and experiences. MODE is

_ o applied to the design of fluidic devices such as

iy aircraft and automobile. In addition, “uncertainty

5‘ quantification (UQ)” is carried out to evaluate the

N 1 reliability of the design ideas in a real-world
environment.

]
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UQ in Sonic Boom Propagation
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Spacecraft Thermal and Fluid Systems Laboratory
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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 technology
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 devices.

FHBDBREAXSKICEATIROENIFE - ZH MR K OAZEA

Understanding of Aerodynamic Characteristics and Aerodynamic Heating Phenomenon
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HRB ERRATADZE D NIEAETA BEECHIBECASHT 0B MIREIR RO
Aerodynamic heating of hypersonic airplane Study of self-oscillation phenomenon of HAYABUSA

capsule in transonic flow

EHHNREARUCTEATIRC, RBERIBERBIHTOENMBIRR, FLEZTHETOBHIR
iﬁ%&k%@@“é HIETE, BORZENZRVTHERANM S ZENNAZERZN(CESRE THE TE55T
E\Uilﬁd)ﬁﬂnﬁﬁi FIERFICEHAIZII TR, CFD LORE(ICLDHEMARERETDT —IN-ADIBEEETE
9. ®BETE, NIZXTYIREDOBEBRATOH I SIFREVEICLPIRRAFIZEIET.
We focus on the aerodynamic heating phenomenon occurring in the hypersonic region when a

spacecraft enters the atmosphere of a 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

FEHEADE Az BisUKUR ARG
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Heat generation inside Next generation heat transportation device E#"r%/\d)fé%zﬁ,ﬁﬁ%éh'@\é EIEEI‘(I,?%E"](:(;:“B
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| e BEIEISZTLAOREEENET.

Eﬂ:. ofE We will research and develop thermal

i p :Q control devices utilizing gas-liquid two-phase

awey 7xan—s  flow (LHP, OHP, Mechanical Pump).

Loop Heat Pipe (LHP) Oscillating Heat Pipe (OHP) Two-phase Mechanical Pump Fluid Loop ESpeCIa”y Slnce LHP/OHP has no dI"IVIng

TR DM SR ABTREVEIET /(12 parts, expectations are high for installation in

Thermal problem for spacecraft and vapor-liquid deep space spacecraft with limited resources

two-phase thermal device as lightweight, space-saving non-electric

thermal transport devices. Finally, we will try to
propose an electricity-saving, high-efficiency
innovative spacecraft thermal control system
which combines these.
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Research and Development of New Exploration Systems Utilizing the “Fluid-Dynamic
Forces” on Planets with Atmosphere such as Airplane
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Conceptual design of Mars airplane
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Deployment sequence of Mars airplane  Effect of Propeller slipstream on main wing

NEREMZEWCEET DA
Study of Mars Airplane
RE, NERKHPERITIER I IMEHETFRITH/NAD)ZIAFRARELTVS. COPTHRAMFCEBLT
WBD(E, 1KLA/IZEEICHIIDBE MR DOBESLIRNBOIEIE, 2UT, ZORERURIT
OFIE (BOZEPRERE) THhd. Fir, HIKETHE—NELAFLRITRREZEIZSE 35km HA0D
BEAK[HCHVT, RITEIEERZEMUEFRICERIITEOERIRAGERZRI FETHD. OHFKZ
BULT, ARRZBIMUORKCEVWTHIABTRER, MANZFAUCMZERICEIIFHLVWERS T A
(Planetary Locomotion) DizZE#E157.

At present, we conduct research and development of Mars aircraft (airplane & helicopter) to explore
while flying through the atmosphere of Mars. A special focus of this study is to develop 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 system
(Planetary Locomotion) which utilizes the fluid-dynamic forces such as the airplane for other planets
with the atmosphere through this research.
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Creative Flow Research Division
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Design of Structure and Flow in the Earth Laboratory
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We undertake study on “structures” formed by the Earth and the “flow” in the system. Subsurface
plays an important role on long-term and large-scale energy circulation systems (i.e., productions of
energy resources and geothermal energy, and repositories of CO2 and nuclear waste). Since
structures of the rock are complex, the geological developments require integrated design in natural
fluid flow. We pursue research on transport phenomena in heterogeneous fractured rock and design

of sustainable energy systems for forging mutually beneficial relationship between human beings and
nature.

RN BRI RV F—S AT ADEE

Design of Sustainable Geo-Energy Systems

Temperature
Concentration
Temperature
Concentration

ik
Tracer test y

.eo-Energy Syste Sustainable Design

Design of sustainable geo-energy systems

T ORREZF B IHMEFEER, EEIICHAULKEZMTORTHEWRDIBIRY A 72 3ILICL
2T, FRMIBIRINF-SATLAZIBETEFT. AARTE, REBFHEZITOIN T —HERZE#CLT,
Rt K DIBERY A V) 2 D3 Ie DEBE R T U1 > FE#FHFELET.

Geothermal energy can provide a sustainable energy system by creating water circulation due to

reinjection of used water. We propose methodologies for designing well conditions (e.g., positions,
temperature) based on tracer test.
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Geometric Fracture Characterization and Fluid Flow Experiment

Natural Rocks 3D Printing
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3D printer-based flow modeling
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PR DR TORENEERE T D ENTEFT.
Fracture structures are evaluated in geometries, and flow experiment is conducted to reveal the

relationship between the structures and the hydraulic properties. By using samples created by a 3D
printer, we can examine several aspects of fluid dynamics in fractured rocks.

1EHRT OB EN IR RAEFEA
Characterization of Transport Phenomena in Complex Media
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Fractional hea-t and mass transport équations
HBERAZREVLET IV TERIRTELVER M EANDOBENIRSFZRITHIC, nonlocal 7))L (GEEE
HPEWDRRE) OFRFEZITVET.

Complex fractured rocks generate anomalous transport phenomena, which cannot be described
by conventional transport models. Nonlocal models (i.e., fractional diffusion models) are developed
to reproduce complex transport phenomena.
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High Speed Reacting Flow Laboratory
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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.
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Combustion Science and Highly Efficient Energy Technology
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CO/Hz/air turbulent premixed flame at high pressure
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Combustion as a core of energy technologies today requires development of new fuels and further
increase in thermal efficiency as well as deep understandings of aerothermochemistry. Turbulent

combustion mechanism in a high pressure and high temperature environment for highly efficient
energy systems is investigated using advanced laser diagnostics.
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Shock Wave Interaction in Supersonic Combustion
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Researches on mixing, combustion and interaction of shock wave in supersonic flow are essential
for the development of next-generation supersonic combustion engine. In this study, planer laser
induced fluorescence for OH (OH-PLIF) and numerical simulation are performed in order to

investigate the effects of the incident shock wave on the mixing and combustion for ramp injector as
well as cavity flame-holder.

7 EZTV RO BERER IEAREA L R AR AE A\ DER

Investigation of Fundamental Characteristics of Ammonia Combustion
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burner experiment and numerical simulation
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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 and reciprocating engines.
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Heat Transfer Control Laboratory
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Precise and active controls of heat and mass transfer under extreme conditions such as micro/nano
scale and zero-gravity environments are important for future science and technology. This laboratory
has been conducting research on the fundamentals of heat and mass transfer controls using an
advanced optical system, and applies them to the low emission energy system and heat transfer
enhancement. Heat transfer in intra-vital condition are also investigated.
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Precise Visualization of Complex Mass Transport Phenomena by Modified Interferometer
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Visualization system by phase-shifting technique
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A precise measurement system of 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 precisely visualize transient mass diffusion field or gas absorption process at gas-liquid interface.
Quantitative evaluation of mass transport phenomena in complex system is studied.
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Measurement of Precursor Film Dynamics by Phase Shifting Ellipsometer

Thickness [nm]

EARIKAEOEWC LD g
Distinction of the shape of droplet due to substrate - .
\4 ~ ZRFTRRESS 2D film thickness distribution

B3I RIUTYA—4  Phase shifting ellipsometer
FIRT—IEEEHAS AT I
Measurement system of nano-scale precursor film
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An experimental investigation in the vicinity of boundary area of three phases, solid-liquid-gas
interface namely “contact line” are important for understanding of the phase change phenomena such
as wetting, drying and surface events of heat transfer. A visualization system for the measurement of

nano-scale thickness distribution of the precursor film is developed. From the visualization results,
the relation between circumferential shape of precursor film and surrounding condition is investigated.
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Evaluation of Convective Heat and Mass Transfer Using Large-scale Interferometer
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Applying same visualization technique of micro/nano heat and mass transfer phenomena to a
construction of the large-scale interferometer, the convective heat and mass transfer and transition of
natural convection from laminar to turbulent flow are evaluated. The thermal/concentration boundary
layers under forced convective condition are also visualized, and the mechanism of heat transfer
enhancement in convection is studied.
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Our laboratory focuses on the research of thermo-fluid phenomena of cryogenic multi-phase flow,
and their applications to advanced cryogenic machines. Cryogenic engineering is one of the leading-
edge technologies, and expected to support advanced technologies for the hydrogen clean energy
system, space exploration and superconducting power machines. Especially, slush hydrogen is a
solid-liquid two-phase single-component fluid and provides an attractive means for advanced thermal
energy transportation and storage as functionally thermal fluid. We have proposed and have been

developing a high-efficiency hydrogen energy system taking advantage of the synergetic effect of
simultaneous transportation and storage of hydrogen fuel and electrical power.
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Flow and Heat Transfer Characteristics of Cryogenic Slush Flow
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In order to develop the high-efficiency hydrogen energy system using slush hydrogen, experimental
and numerical researches are under way to clarify flow and heat transfer phenomena of slush flow.

Pressure drop reduction and heat transfer deterioration of slush flow in a pipe have been already
reported.
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Flow and Heat Transfer Characteristics of Cryogenic Gas-Liquid Two-Phase Flow

14 10
¥ Bubbly flow (B) (A) (C) Xy : Lockhart-Martinelli’s parameter
12 || o s :
5 Shug flow A A
& Wavy flow = Nuyp_ 5.802 1 93682 +20%_.«“"('
= 10 o Annular flow Nu X
— Scparation model: AP+AP;  (A) :.; ud a
S8 et . G USRS e s \\:J_,
3 . — Homogeneous model: A Py © i « b ~"20%
f q= 5 ~25 KW/m? g = [ Bubbly flow
e Plug flow
. = Slug flow
) s = iﬂ'-"” i A Wavy flow
I " 7 g =5~25KW/m> | Avnular now
0 . ] B
10°¢ 10 104 103 102 10! 1 0.01 0.1 1
Vapor Quality [-] 1/X, [

JAXA (FRAAKSFREIARIE S SWBEEREAR T BRIy IO DOORFEZITOCVEY. IOIURFE
(CRBERDIEBRRAOTUR A EIINETISEFRICHATRINTOERA. BERSIRZARROED
BREZSVENZES), AHITREBVERFIE, EHIHREAMREROIO0—/{5 -2 (OWTERRINATZT
BOTWEY. AIAFRO—EBE JAXA EQHEFAFTTEREL TVET.

JAXA has been promoting research and development work on a hypersonic pre-cooled turbojet
engine using liquid hydrogen fuel. Experimental research is under way to elucidate fundamental
characteristics of cryogenic two-phase flow such as pressure loss, forced convection heat transfer
and flow pattern since they have yet to be sufficiently ascertained. Part of the work is carried out
under the JAXA-IFS Collaborative Research Project.

YT - VRERFADFET— >3 45 1H(CRE T B3

Cavitating Flow Phenomena of Subcooled Cryogenic Fluid
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Cavitation modes emerged in a C-D nozzle Oscillation pressure during cavitating flow ina C-D
with the decrease of liquid Nz temperature nozzle with the decrease of liquid N; temperature

BI9 - )VMERBAREFEEERORN, BEEHEROSELL THRFINTLEIN, FrEF7-—2321R
KRISFMCHAFTENTVERA. FrET—S3 RERBOREMBIEDEL), M?M)EE}J BPFHHRICON
THRZITEOTVET. INHE-HLKR(C-D)/XIUHNT, ZHR1E, EREICLIETRETHNREEEZASN
2FvET 23> - FOZAL(EGRINSERBIFEL). FAAIRENCOVWTHAFERZITROTVET.

Experimental research work such as cavitating flow structure, flow oscillation and thermodynamic
effect has been promoting using subcooled liquid N2. In a converging-diverging (C-D) nozzle, the
cavitation mode changes from continuous to intermittent with the decrease of liquid N2 temperature

because the decreased speed of sound in a bubbly flow restricts the throat velocity (choke
phenomenon). The oscillation pressure during the intermittent mode rises to a quite large value.
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In this laboratory, complex flow phenomenon associated with high-speed gas-liquid mixture flows,
especially about cavitation, is studied by using supercomputing and experiment. Additionally,
advancement of fluid machinery systems with the mixture flows is investigated.

BEOTY M- RO T (CRETFFrET -3V RRERR

Cavitation Instabilities in Liquid Propellant Turbopump

RAADTY RIS >0 —NRS T AQCH R T 1—HERENZERARS TTE, FrET-230RETE
R INZIRFIBRIFRLETIENHNFT. N, FrEFT—33a>H—SJPRERIFvET—3a M (E
n, HERREOMEN>, CIERFERIFAOEIRE), RO THREVETZ5IERIL, SHICEEBICEKXRS
MORREBHIEIRESNTVEY . FCBREERIFYET -3 (F, BEOR T TREITZhEEA
BEEGFEEEAIET 2009 MO TIFEOREZTEIRRT, FREXNZILHEBASN THS T K EELKZRE
WIRRTY. AMARZETIE, COFTET—Ja AT ERROIRENFEDOT R, #1H - SIEFEORS,
FEXANZZXLOERAREEITOTVET.

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 instabilities; 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.

1> F1-HCRETD BEMEEF T -3
RinbuBtvrET—23> Super-synchronous rotating cavitation
Tip leakage vortex cavitation in inducer
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Thermal Transport in Two-Phase Flow and Its Application
Convective boiling of single vapor bubble
T 413 K, o= l At
- (Free stream velocity 0.2m/s)
Vapor bubble
Solid wall
(Superheat 15K, heat flux 10kW/m?)
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Hydrofoil cavitation in high-temperature water Numerical S'mm?)tb%nbg I%o;l;]r;%Pfelg\t,vtransfer of single

FrEF -2 VBB TRIUARERENEEFL, BRTHIJRFE CENEEL, BREPEEIECE
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In cavitation or boiling flow, phase change such as evaporation and condensation occurs with heat
transfer through liquid-vapor interface. Additionally, thermal interaction between two-phase fluid and
solid wall is affected by material properties and wettability. Understanding complex thermal transport
in two-phase flow is important to clarify thermodynamic effect of cavitation and mechanism of boiling
heat transfer. In this laboratory, these phenomena are studied by high-temperature and high-pressure
water tunnel test and numerical simulation and applications to cryogenic pump, cooling of electronic
devise, and small freezing device for medical usage are developed.

FrET— a3  BUERTET VDB EIL

Advancement of Cavitation Model in CFD

NACAO0015 BRZFDDICHRLET BRI rET—> 3> DIREORIFEAL

Time evolution of an aspect of transient cavitation around NACA0015 hydrofoil

FvEFT—>3>0 CFD (Computational Fluid Dynamics) OPEFTIE, CNETICLVKDODDETILAERT
FENFEFREEIN, RATEENSZEZEUVCARYINIIZEFCADZLIIOTEELEL. UL, OB
BRNIBEEXZEMEBINDDOFTET -3 RN THOTH, BICEPADEBRIvET I3 REET(E,
KRB N IS FRITERVDONRIATY. FrET7—2aRNOFAREEDE L& CFD O EF (KN
IZERETHD, AARETH, FrET—23 T NOWRRICERDIEATVEY.

In these days, several cavitation models and the numerical method have been developed and
several commercial CFD software has been put on a market. But the prediction accuracy is not so
high, for example, time averaged lift of a single foil is unable even to predict in transient cavitation
condition in higher angle of attack condition. Therefore, the advancement of prediction accuracy of

cavitation is a remaining problem in the research field of CFD, and also in this laboratory, the cavitation
model is attempt to be modified.
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We are devoted to research on compressible multiphase flows, especially accompanied by shock
waves, such as laser-induced liquid jet, and explosive volcano eruption. Currently, we are developing
a general-purposed numerical technique using solution-adaptive grids and hybrid grids, by modeling
subgrid-scale interfacial phenomenon.

L—Y—BileiRa&kS v MO BB OB 5

Numerical Modeling of Laser Induced Liquid Jet

L —H - RAT 1Y MLaser-induced Liquid Jet : g cEoocsms )
LIL)) ZRAWIGE, EREMAMAZEIFRIBERIC, mEN ' : '
mFEN, FiEFMRETZ0BERAMNMREENTEEL
o, LILJ @FERORSTRZFCLER, L—Y—)0L2%ER
IRIHICRIREEEINBIRETHDRY°, EEDERMERC
BHWNREEZSIRVEVSIRTENTVWEY. /1L,
miz{tzB1EL, ICAMESZIATOOH0ET. AHAFTII
=13 LIL) OE AR e FE T LE L.

A laser-induced Liquid Jet (LILJ) can cut soft tissues,
while preserving blood vessels, which has been
reported in clinical liver operations. Compared with the
conventional pumps, the LILJ is excellent in the point in
which an intermittent pulsed jet is possible, and the point
of not having electromagnetic influence on surrounding
medical equipment. We have established a numerical
model that can analyze the jets for general applications.

JZWFARICE DL~ —FIERIAS 1Y FOZEHZ
Influence of nozzle geometry on the laser-
induced liquid jet
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Defragmentation of High Pressure Bubbles and Liquids in Channel
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The magma ejection in an explosive volcanic
eruption is modeled as high-pressure bubbles in
liquid, which is a compressible gas-liquid two
phase phenomenon. We have developed a sharp
interface method that can resolve subgrid-scale
bubbles using the advection equation of surface
normal. The expansion, breakup and
coalescence of bubbles are considered. The e —s TN
influences of the initial pressure and void rate of (ﬁ@%%ﬁ%ﬁ%ﬁiﬁ%ggﬁﬁaﬁﬁﬁ)
the gas bubbles on the volcanic eruption pjrection simulation of volcanic eruption, (blue color

phenomenon are analyzed. represents gas phase, and red represents the liquid
phase)

AJBREAF R ORI

Numerical Analysis of Optical Visualization Systems

Lal—Lrik Ho—ial)—Lik

HFEROEUBEREATH
Numerical images of visualization methods: Shadowgraph (left), Schlieren (middle), Color Schlieren (right)
FOEFER ALY ROT ST 1) - LI REDBIFUL N F ROBRTRAMZERLEL. TNBZE
ONFRERBIB T ZNRDEIL, PIFREOBEBREMFIRCERCEDIE, AFRTFTORE FFEC
LR RICEENDR EZ R TEFUL.
A technique to analyze optical visualization methods for compressible flows, such as shadowgraph
and Schlieren methods that make use of light refraction, has been developed. The light rays that pass

the whole optical system including a flow field are traced, faithfully based the principle of geometric
optics. The influence of optical elements and arrangement of these elements can be analyzed.
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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. In our 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.

EHREBIRKROAXFURBES L -3V AR

Direct Numerical Simulation of Complex Flow Phenomena

ELRIRSROEIEEYES 22— 234
Direct numerical simulation of turbulent flows

TARIZOERNRRENSICANSRBEETIRA, BMRBIRROAFURIE1-52321L-33>
AFRCEDBAFT. $5(C, BRZROETIEMABIRKEZE VEETHEITL, BLROMETHIEE O
BREETUSIICET D EZBELTVET.

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

Penalization EIC&2#UESZ1L—23>
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.

BOILFZHALBEBFRENZF

Vortex Dynamics and Applied Mathematical Fluid Dynamics
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Theory of curvature instability and destabilized vortex
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Itis 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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Non-Equilibrium Molecular Gas Flow Laboratory
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In rarefied gas flows and processing plasmas for semiconductor manufacturing and microscale gas
flows in the neighborhood of MEMS/MEMS, mean free path of molecules cannot be negligible
compared with characteristic lengths of gas flows. Such flows are in strong nonequilibrium due to lack
of intermolecular collisions and cannot be considered as a continuum. Therefore, they have to be
treated in view of atoms, molecules, ions and electrons. Due to the development of recent
microfabrication technology the industrial importance of rarefied gas flow has increased year by year.
We study the physical phenomena of such flows and use the knowledge obtained here in industry.
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Molecular Gas Dynamics Study of Nanoscale Gas Lubrication
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Computational domain of numerical Pressure distribution and [ift force
simulation of gas flow {u=10mys, li=L=11.52mm, d=1.44 mm, h=0.14 mm)
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Asian Scientist Magazine TiF&EINFUL.

The friction coefficient of a partially polished diamond coating is drastically decreased as sliding
speed is increased. But, the mechanism had been unknown. Using theoretical analysis, we clarified
its mechanism as follows: High gas pressure is induced by the presence of dimples. Then, it separates
two sliding surfaces, and realizes the situation that both surfaces are non-contact. This is the reason
of low friction. This lubrication system can be applied to any mechanical devices with sliding parts

such as bearing system. We do fundamental research on this lubrication system. This research was
featured in Asian Scientist Magazine in Singapore.
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Study on Transport Phenomena in Micro/Nanoscale Gas FIow in Porous Media
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Streamlines of gas flow through a porous medium induced by applied pressure gradient
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The pore size of porous media used for electrodes of fuel cell is as small as the mean free path of
gas molecules. In gas flow through such porous media, peculiar phenomena such as velocity slip and
Knudsen diffusion appear. Due to those phenomena, it is difficult for us to evaluate gas flux because
its permeability is affected by them. The objective of the present study is to clarify transport
phenomena in such porous media from the viewpoint of molecules. So far, we proposed and verified
a theoretical expression, which gives gas flux and permeability and is applicable to the whole range
of Knudsen number from continuum flow regime to free molecular flow regime. This result went out
to the public via a news release from Tohoku University.

DAV NICLDEEENT BV V0VEDEHIXCEI T ST

Study on transportation of microscale object driven by Knudsen force
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Gas flow induced around a microscale object immersed in a gas with non-uniform temperature
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In the case where the gas temperature changes within a length scale as small as the mean free
path of gas molecules, an object immersed in such a gas is subjected to a force from the surrounding
gas. On the other hand, the gas is also subjected to its reaction force and starts to flow. This force is
called Knudsen force and cannot be seen in a gas flow in usual length scale. Thus, it is a phenomenon

peculiar to molecular gas flows. The objective of the present research is to clarify and understand the
Knudsen force, and then to apply it to transportation of microscale object.
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Analysis of thermal and fluid phenomena based on the molecular dynamics theory leads to
understanding of fundamental 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 phenomena, 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
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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 questions such as why the liquid have its magnitude
of thermophysical properties and how the molecular
structure should be to realize a liquid having desired
thermophysical properties. Another point of this study is
heterogeneous structures such as bilayer of lipid molecules
organized in water (model for cell membranes of living
body). Anisotropic transport phenomena 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 process 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 FORIFINF— ST —SICE D CBMETRA DRSS
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 fluids which are optimized for specific conditions and give
the best performance. This is accomplished based on the data concerning 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.

A7 s s
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Quantum Nanoscale Flow Systems Laboratory
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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. Our laboratory treats the system in which the quantum effect of such fluid affects on the
flow phenomena, and conducts research on clarification of its physical mechanism by various
methods with considering the quantum effect and its application for engineering aspects.

KFEOEFENRREFECS A FHEICRHTIEF - D FENFHHAR
A quantum/Molecular Dynamics Study of the Effect of Quantum Characteristics of Hydrogen
on Its Flow Characteristics

KD FRIEERPEREVODREZIREFOFICLLRTE=Z
W<, 20D AEZTEHLRIBICEIDIRFAIEZ IEHE(CHF
ETERDFET . COKFREFDETFHDHICTHRAK
ROBWY)HEE (T IREERIBHS (X I N B 2 RUE
9. CORARKROBTRENFIEZ D FEN N FETIEREIC
BIRIZLHICE, KERFOMNEOAEEEEZEREL
IeFEERBOVBRERHDEYT. AR TEIRIEB/ED >
NOA RDFENDFEEZRAVTCOEFHE2ERBL, KE
DEFHENIORYIHECRZEZBLEF I ANZZXAICDL
TEEMZEITOTVEY.
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Path integral centroid molecular dynamics simulation of
liquid hydrogen to mimic the uncertainty of position of atoms

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 corresponding state. It is necessary to use
the method which consider the uncertainty of position of hydrogen atoms to reproduce the flow
characteristics of liquid hydrogen accurately by molecular dynamics method. In this study we treat
the quantum characteristics of hydrogen by using path integral centroid molecular dynamics method
and analyze the mechanism by which the quantum characteristics of hydrogen affects on the
macroscopic flow phenomena of liquid hydrogen.
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Construction of Proton Hopping Model to Analyze the Transport Phenomena of Proton
. She—y -

Proton hopping in water by quantum molecular dynamics simulation

TOR(H+)FKPTIRIKDF(H20)LHAEEUTATY VAL A (HIO+)ELTHFIELET N, COAFYZY
L©AAE TR RYES T WAL E R EZFIFRUTFSBIEABICKDIKEDE 4~5 fEROKPEILEILET .
ZOs, MEHRTOTON OHME%E 3TN FACLDFE S 3 (CE 3 FOfEEE - BiEa L L o[MEFER
I 1Z2ZRULFEZRVIRENDDFT. AAKTIE, HRLBEFABRICLDZOUEBZREIRAL, HED
FEHFEEOEHFE TIOTOM RVES I ZEDIRZ ZET I OMEERZBIELTVEFET.

In water a proton (H+) exists as an oxonium ion (H20) by connecting with water molecule (H20).
The diffusivity of oxonium ion is 4-5 times larger than that of water molecule by the mechanism which
uses a kind of chemical reaction called "proton hopping". Therefore it is necessary to use the methods
which can treat the "chemical reaction", such as dissociation and recombination, to analyze proton
transport in substances by molecular dynamics method. In this study we investigate the

characteristics of "proton hopping" by various quantum calculations and make a model to treat proton
hopping in the framework of classical molecular dynamics.

AR R ERE DD FAFRERSRICEIT B3R

Study of Dissociation Phenomena of Molecules on Catalyst Surface

AR EERE L THOFIERMIIRARE, EERE
LoOBHREBFIDFORBEEIBEZ LB IDILIC
SO TKRRFRIOFEENEBILHICEINFT.
DIRRZNDFEMNFEETHEIRIICE, EBERE L
DEFRENKRD FORBEREICSADIFEZE
BURBZITONENHDET. AHARTE, EF
REEZE R TEMEEERMRT Sy ZEHRUTHF
OFRBEIARERRNL, TORBNSSBICARUERS X
FADFTRICEARIRER D FRRET I OEEzBS
UTHAFTRZITOTLET.

BEREICHIDKERD FORERE

Dissociation of hydrogen molecule on platinum surface

Dissociation of molecules on a catalyst surface occurs by weakening bond strength of hydrogen
atoms in a hydrogen molecule by filling anti-bonding orbitals of molecules with free electrons on metal
surface. It is necessary to consider the effect of the state of electrons on metal surface on the bond
strength of hydrogen atoms in a hydrogen molecule to reproduce the phenomenon by molecular
dynamics method. In this study we construct an interaction potential which can treat the state of
electrons and analyze the dissociation of molecules. Moreover, from the results, we construct the
dissociation model of molecules which can be applied to simulations of larger system.
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Biological Nanoscale Reactive Flow Laboratory
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TWEY.

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 “plasma 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.

TSAREROE : TSAGRORIRIC LB EADEDRRA

Development of Plasma Medicine: Plasma Flow and Biological Responses

— | |
g ]
Isxwmmmn  BRARRNES
ET « RzFRR » #0
[
HAfRE TIARBERITORUL.  TIANBRENCIONAMREN  TSXVIREIEBE LKA
Fluorescence image of D ASERE URMEL TW\BHETF DORE(CH I DHHRRDELF
Hela cells. Before Cell death with necrosis  Shrinkage of HeLa cells by RIARRDZAL
exposure to plasma- after exposure exposure to plasma flow Comprehensive gene
treat culture medium The scale bar is 20pm. analysis of HelLa cells

exposed to plasma-treated
and H202-added culture
media

TSAINERRT DAL ZEIRRCEDLSBRFEZ S I TVSDONVERIAL, TIANEBROEMRF IR
ZB1ELFT. RTEE, TIAVHROFIEICLZMAEOTEECOAEREL, BSNCZOMBORRIAZBEEL
TVWEY. BAMICE, MRESEDOFEEDOHIZICHIIT, DNA Y1707 1ZFIAVICELFRHISEZ
FRATL, TIARICEDERMENTEBEMLKBENINE LR FTHIEP, TIAFEOMITEHCIERNSD
BILEBABMNCLTWET. e, TSANHERUIALZEOEXHABORRIAOERDI A TVET.

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 and also it has the plasma’s original feature of cell activation, and the transport
mechanism of chemical species generated by the plasma flow.
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Biological Interference W|th Plasma Flow at Atmospherlc Pressure
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Photograph Distribution of N2 excitation Effect of plasma flow on E. coli. Treated (right)
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Visualization of the plasma flow

LA OIS ORARR B EQRBREXT R OFHU VT SAVEFEZBR OFRFEORHIC, TSARAD
STNIVEREEEIEE RER - BB (CLDREZEAL, IMERFIHEMEZIASNCLET. F, FiLL
HERBZMAFELTY.

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 computational 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.

KPTSAVHROMBHEELD S AIRIBEE) ORFIF

Discharge Mechanism of Plasma in Water and Analysis of Plasma Bubble Behavior
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Propagation of primary streamer in water Analysis of behavior of cavitation bubbles

TIAREECHBIZRIPREOLHAEBIBL, TOERERZKIPTIIRICHIIZAN - - ERE
HBORRIAZED TVEY. oJREMEDH THEER 1 RAN-YOESEREE2 T JBEA TEHRI B
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ERERBABINCLELRE. &z, L—Y—PRN-IREDFRTIANICLZFrET -2 TBOEENCHNT
EFERUBSNTUVERBROREHEN ADFEIEICDWT, EPFL (RMR) EHBEARKICLDKEAZANSEN
TWAZEZBASMCLELE.

Toward the application of discharges in liquids in the f ield of plasma medicine, we advance the
clarification of the inception and the propagation of streamers in the underwater plasma. By observing
successive propagating photographs of primary streamers on the nanosecond time scale that are
extremely difficult for visualization, we clarified that the primary streamers propagate intermittently,
and the continuous current component of the discharge appears when the secondary streamers
propagate at high velocities. Also, through the collaborative research with the EPFL in Switzerland,
we clarified that the hydrogen gas which is non-condensable gas is included in bubbles generated by
high-temperature plasmas such as laser or spark which has been discussed for years.
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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 semiconductor processes and development of polymeric materials are
explored.

BN FIRICLSREIEEHDIAZE

Surface Modification Using Organic Molecular Films

Bo#EMitE D FE (self-assembled
monolayer, SAM) Z(EUHELIETDFRAT—ILDR
HZERAT(E, BEARREOVIE(EZ 1z
I 238MiELT, Ba0TOEI0T )1 AANDIE
BEATVWET. 5L, B#EDTFoECHEBME
PERIKEE TOBE RS ZFI AL TRRAY
Yy (CEDREERZITORAMIE, ZENDBESE
DIEWFEEVTHIFENTVEYS. INSB#DF
FROWBE R O FEARAE, FEZTUEE-1)
BENXIFEE, THZICA LMY TEETHD, €
DR EIEZBASNCI B BMICIRFRZ1ToT
V9.

Allkanethiol 5AM an Au{l11) with organic solvent

Novel surface modification techniques at the molecular 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 structurization 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.
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Thermal and Fluid Properties of Polymeric Materials

Molecular structure of amerphous polystyrene Cross-linked polyethylene

EEN(CEILFIANMEA TVSED FMRIOBRFECIE, REBODTFAT —IUEEIEDBEEEDHIEIC
§0T, NENALERIFEOHBSTERENFIEZRET I DNV ELEINTVEY. FIZE, SRZFOE
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BREMTIE T 12 B I 25N FMRIORER 55T 2BELTVET.

As for development of polymeric materials which have extensively been utilized in industry,
designing thermofluid properties 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 polymeric materials which have valuable thermofluid
properties and mechanical properties.

ARSI/ HIBRZZ R DFRAR(CH 1T DEXIRSR

Transport Phenomena in Heterogeneous Media and Confined Liquids

Divergent charagter of diffusivity

Anomalous diffusivity of liquids in the periodic
Instantaneous structure of water surface rectangular parallelepiped system
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EBELCBIDREFORTE (ATO) SBERR(CHY, HERLR-MBEXFENENTT. NS
(&, ZILERCTIMIL, ERSDFENUNBERBERES ) - NAATLELNTILKEEREREROT
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(CBIFBINTORBEPEXIRROAENIRMRE, ENSICEIKVIOBBRABRITAOBIEL LB Y)IEE
TIOBEEBIELTVETY.

At the fluid and soft matter interfaces or inside the confined liquid in nanoscale structures, peculiar
heat and mass transfer 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.

BAERSETAARIEIAZIAR Institute of Fluid Science, Tohoku University 106



HERAFTEDFT

Collaborative Research Division

SR EmEERMAR (F—-k>)

Fundamental Research of Advanced Vehicle Technology (KEIHIN)
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The Institute of Fluid Science, Tohoku University, and Keihin Corporation promoted Collaborative
research division “Fundamental research of advanced vehicle technology (KEIHIN)” (April 2015 -
March 2018) and were able to obtain results. We will promote research on basic technologies
expected for electric vehicles as the second phase called “Fundamental research of advanced vehicle
technology (KEIHIN) II". The research conducted by the Collaborative research division is related
mostly to enhancement and application of the simulation technology based on computational fluid
dynamics and experimental verification. By conducting collaborative research with Keihin, the Institute
of Fluid Science, Tohoku University, aims to create new value directly connected to development of
appealing products with excellent environmental performance basing on research of such next-
generation technology.

EEETCHETEAYSR - 2SI, T-ISREICAT EBE LR DIHF
Research on Thermal Management and Thermal Control for Electric Vehicles, Electric
Motorization Technology for Motor Efficiency Improvement
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In recent years, due to the increasing need to establish the thermal management systems for high
performance and energy-saving electric vehicles towards low-carbon society, thermal control and
reduction of heat loss are strongly required. Most of the heat losses affecting thermal control still
cannot be evaluated accurately, and it is difficult to use material potential to its limit for high
performance motor. By utilizing knowledge in the field of electromagnetic functional thermal flow
science and supercomputer resources of the Institute of Fluid Science, we clarify the energy loss
mechanism in rotating magnetic field and establish the characteristic analysis technology for the
contribution to the high performance and energy-saving electric vehicles.

107  SEACKEFRARIEMZFT Institute of Fluid Science, Tohoku University



i awaraliiEs-

aboratories /

_H/I]:HD
< EﬂﬂlT

EHEMRARRRRTE S AT LN

Research on High Heat Flux Cooling Systems for Electric Vehicles

EHEWOT—Y, \vFU-RIOEHZI>M-IILITZNT-1> M-ILIZYNIE, BHEBRERFNES
BANFEINTVOET. iﬁﬁo)lm BB AT AT(IBEXEEN (CER MR, BFRZ/ND-1>M-)L1Zy
NMNBUEEIER S DR B AN AT LAZEKIR I Z2MEBNGDDE Y. RARIEAITFROEEASIHH T FE0A
B&ERL, iﬁ%ﬂd)_ﬁﬁmt‘ﬁ'?ﬂmu;ﬁﬁfﬂ%iﬁu‘]UUz:EL%,EIJ&U4z:=MEJJ§1frJHE4b RITS AT
LSRR E RECEE I ARE SN AT ADOERIRZHIELET.

The power control unit (PCU) that controls the electric power between motor and battery of electric
vehicle contains a large number of power conversion elements. The convective heat transfer of
conventional air / liquid cooling systems is limited, and it is necessary to develop a high heat flux
cooling system to further reduce size of the PCU. By utilizing the knowledge of heat transfer control
engineering of the Institute of Fluid Science, we plan to create heat transfer prediction and heat
transfer enhancement technology for visualization and realization of high heat flux cooling device to
implement a high heat flux cooling system which greatly surpasses the cooling performance of current
systems.

INEL - ERFAIZERIZY MOBRGRE R RLEBRE F RV RIE{LHAR

Research on Visualization and Accurate Prediction of Thermal Flow and Optimization of
Compact and Low Load Air Conditioning Units

Visualization of laminar to turbulent flow transition e
{" Thermal flow visualization technology g
Design optimization of an air conditioning unit
‘Thermo -fluid dynamics simulation technology
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Prediction of cold/warm air mixing e TemDEfatUFE f‘le d ‘aMWS_IS inan
e "a air conditioning unit
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Recently, there are demands not only for reducing power consumption of electric vehicles but also
for compact and low load air conditioning units that satisfy the needs for better passenger’s
comfortability and larger vehicle's interior space in a well-balanced manner. Due to these demands,
however, the flow path inside the unit is getting more complex, which makes it more difficult to mix
cold and warm air in a limited space and distribute it to outlets with required air temperature and
volume. Utilizing the knowledge and experimental know-how about thermo-fluid dynamics provided
by the Institute of Fluid Science, we plan to clarify the physical mechanism of cold/warm air mixing
inside the air conditioning unit, improve accuracy of the thermo-fluid dynamics simulation, and create
technology for design optimization of compact and low load air conditioning units.
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Securing safe and less-expensive energy and efficient utilization of energy are important issues
confronting modern civilization. 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 power generation devices (such as quantum dot solar cells), electricity
accumulation devices (such as high efficiency batteries using nanomaterials), low power consumption
devices (such as quantum-dot lasers, Ge transistors, Graphene transistors) and nano-energy
systems, which are a combination of these elements. 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.

BIEIRED OCARIMC KB EROT ) IRNF—-TIN1R

Innovative Nano Energy Device by 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” through the fusion of experiments
and computer simulation. 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, thermoeletric devices, etc.. Additionally, we work on, 3-dimensional MOSFET, Graphene
based transistor, etc., as the next generation devices.
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Entirely new process has been established by combining bio-template and neutral beam. Bio-
super-molecules are synthesized 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 etching 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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Energy Devices Realized by Neutral Beam Technique
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An innovative top-down method, a fusion of bio-template and damage-free neutral beam etching,
is proposed by Prof. Samukawa to fabricate highly ordered and dense nano-structure arrays without

defect. It has great potential for fabricating quantum effects, phonon engineering, and atmic-layer-
control based novel devices.
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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) CO2 geological storage as a means of climate change
mitigation, (ii) geothermal energy which is renewable and abundant in Japan, and (iii) methane

hydrate seated below deep sea floor, which is expected to be a next-generation energy resource to
replace oil and natural gas.

Al - A9\ RL— MNRFED I DKRESHMEIS I FvU> D
Study of Hydraulic Fracturing in Unconsolidated Formation for Oil and Methane Hydrate
Development
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Seafloor _ 1000 m water depth

Methanehydrate

Inducedfracture

(@) I30Fv ) ZRIRBUREEARBLY (b) EAERERTIHESNBOIAFTRLZE) (c) MRMERIBEZEMREN
(a) Fracturing for production enhancement and (b) a peculiar behavior observed in a lab. experiment (c) DEM
simulation
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The technique of hydraulic fracturing has been originally developed assuming cohesive rocks. On
the other hand, recent trends of petroleum industry is directed toward unconventional resources such
as heavy oil and methane hydrate in weakly-consolidated to unconsolidated sands. Thus we examine
experimentally and theoretically the hydraulic fracturing behavior in unconsolidated sands. Moreover,
an original Distinct Element Method (DEM) code corresponding to unconsolidated sand was
developed, and the flow-coupled DEM simulations for the hydraulic fracturing were performed. By
comparing experimental and numerical results, the mechanism of the hydraulic fracturing, such as
cavity expansion, in the unconsolidated sands was discussed in detail.
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Detection of Subsurface Flow Pathway Structure from Induced Micro-Seismicity
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Evaluated (a) pressure and (b) flow in a deep seated geothermal reservoir of Australia
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If we have a technique to detect fluid flow through subsurface fractures at few km depth, it will
improve drastically the procedure to design and control the Enhanced Geothermal System. We

develop a new technique to realize that idea with the aid of microseismic events observed during
hydraulic stimulation which is carried out to maintain and create the flow pathways.
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Seepage Prevention and Remediation for CO2 Geological Storage
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Concept of in-situ reaction barrier
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For trapping to inhibit the upward migration of CO-, the reservoirs should be covered with a
sufficiently impermeable seal, i.e. caprock. However, the caprock may contain imperfections such

as faults and fractures which will be a pathway for leakage of the injected CO2 from the reservoirs.
We study an innovative concept to reduce the permeability along potential such leakage paths.
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We pursue research and development on effective energy conversion and energy process in
combustion and reactive thermal 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, and synthetic fuels
+High-temperature oxy-fuel combustion

NAIOU7 DL BEN - KRB L R ILA##R

Study on Ignition and Low-Temperature Oxidation by Micro Reactor
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Stationary multi-stage oxidation observed by micro flow reactor with controlled temperature profile
and octane number dependence of the stationary multi-stage oxidation
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Stationary multi-stage oxidations of alternative fuels and biofuels were realized 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 instrument.
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We have developed Swissroll microcombustor heaters 12 : 20 mm)
with +1°C temperature controllability whereas it is (™
combustion-based. Since gaseous hydrocarbon fuels are
directly introduced into combustors, total thermal efficiencies of the heaters are twice or even larger
compared with those of conventional electric heaters. Besides this, the microcombustor heaters can
be operated in any atmospheres because it is sealed. They are advantageous of electromagnetic
induction free as well. We have also succeeded in developing coin-size combustor. A furnace for food
industry employing the principle of our microcombustor is under development with IHI.

(Diameter: 64 mm)
(upper) and Coin
size combustor
(Diameter: 20 mm)
(lower)
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ngh-Temperature Oxygen Combustion Technology
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High-temperature air combustion (HiCOT) technology, which is
new combustion technology using pre-heated (higher than 800 °C)
and low-oxygen-concentration air with recirculation of burned gas,
is coming into wide use. HICOT attains energy saving (30%), low o~
NOx emission and noise reduction simultaneously. We are '_’%“L;';EWE"?@) (Oj):i t'%}"%
developing high-temperature  oxygen combustion (HITOX) EFome im:;es in HICOT condition
technology, in which a mixture of burned gas and pure oxygen is (upper) and HiTOx condition
used as oxidizer (oxygen combustion) instead of air. HiTOx attains (lower)
further energy saving (20% reduction than HiCOT) and no CO:
emission by combining CO: capture and storage.

[E1F5 IR EMZEECLDIBNENRIETIC
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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 project at the “Kibo” Japanese
Experimental Module in the International Space Station.
The objective is to construct the unified combustion limit #NENRE T TOMEIRNKEERFEHAT
theory of propagating flame and flame ball under the —>3> -V NE S RER R

oxygen combustion condition using ultra low-stretched Counterflow flames under microgravity
counterflow flames. environment and International Space Station

& aircraft for microgravity experiment
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Enhancement of maintenance of huge complex systems as represented by energy plants, and that
of transport machinery such as automobiles and aircrafts are an issue directly linked to social
infrastructure and daily lives of citizens. The structural health monitoring and nondestructive testing
on those systems are therefore highly important. Especially, the structural materials on that complex
system is often used under high temperature or corrosive environment. Development of sensors,
which are tolerable under those ultimate environments, and of nondestructive testing method using
such sensors is required. In addition, saving energy technique for lowering loss of energy and for
higher efficiency is also required. With the aim of fabrication of those sensors, nondestructive testing
systems that are available under ultimate environment, and of saving energy technique, we research
based on the following topics and wish to contribute to social safety and reassurance:

(1) Fabrication of advanced nondestructive evaluation technique and evaluation during lifecycle of
structure materials by utilizing electromagnetic phenomena.

(2) Development of functional materials for sensors with chemical stability or corrosion resistance.

(3) Develeopment of low-friction coating technique for saving energy.

EHEEO IV EBIMBDOSAIY41 )V

Study of Hydraulic Fracturing in Unconsolidated Formation for Oil and Methane Hydrate

Development
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We propose lifecycle evaluation of materials from pre-service to aging degradation during lifecycle.
Our activities include nondestructive evaluations of matrices for various cast irons, susceptibility to
stress corrosion crackings, degradation prior to creep damage, reconstruction of defect shape by
inverse problem analysis. In addition, we propose EMAT-EC dual probe that combines the
advantages carried by ultrasonic testing and eddy current testing (ECT), aiming at application to
monitoring of flow assisted damages. Furthermore, we attempt to advance non-destructive testing
method for defects in carbon fiber reinforced plastic (CFRP) by utilizing eddy current.

ECT system for CFRP ® = = s

Inspection of the misalighnment and delamination of carbon fiber in CFRP by ECT
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Development of Functional Amorphous Carbon Coating Sensors for Structural Health
Monitoring
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A sensor that possesses good corrosion resistance, heat resistance and abrasion resistance, is
required for the structural health monitoring under ultimate environment such as high temperature
and corrosive condition. By adding metal clusters into amorphous carbon film with excellent abrasion
resistance and chemical stability, we develop thin-film sensors with high electric conductive and/or
specific fatigue properties.

WERFEI—T 12D IC & BT EH

Technology Innovation by Carbon-based Hard Coatings
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Functional Coating Technology using Carbon Based Coatings
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Highly efficient mechanical systems are necessary for saving resources and energy. Especially, in
order to get the high reliability and durability requested for the high-performance mechanical system,
it is necessary to control “contact” with a high degree of accuracy. We are investigating the nano-
micro scale “contact” of the carbon-based hard coatings (Diamond and Diamond-like Carbon which
have a character of low friction and low wear) in the viewpoint of flow dynamics.
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Our laboratory is focusing in the development of innovative multiphase fluid dynamic methods
based on the multiscale integration of massively parallel supercomputing and advanced
measurements, and research related to creation of environmentally conscious energy systems.
Furthermore, we promote basic research for the creation of risk management science and associated
new multiphase flow system directly linked to sustainable  energy represented by a high-density
hydrogen storage technology. Particularly, we are focusing in different field integration research and
development such as creation of environmentally conscious type nano-cleaning technology using
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
removal-reusing technology for solar cells and ITO membranes for conducting organic polymer
(including indium oxide tin). We also performed computational study of multiple bubbles behavior in
megasonic field to clarify the mechanism of particle removal by megasonic cleaning. Furthermore,
aiming to contribute disaster risk science field, fundamental mitigation effect of mega-floating
structures on the water level and hydrodynamic force caused by the offshore tsunami has been
computationally investigated using SPH method taking into account the fluid-structure interaction
(FSI).

NWVFRAT—-IVEDFRSBEBAIRINF—S AT ADRIR

Development of Integrated Multiscale Multiphase Flow Energy System

o
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S AERIVE 1T Nano device cleaning using cryogenic fine solid
Coupled FSI computing of hydrogen leakage particulate spray
phenomenon accompany with crack propagation of
pressure vessel

Time: 0.000800
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Multiphase Fluid Dynamic Approach for Natural Disaster Damage Mitigation due to Tsunami
or Flooding
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NK=a2E1-F1>9 Supercomputing of hydrodynamic behavior of supercritical
GPU supercomputing of Flotsam-mixed floodwater impingement to bridge girder
tsunami impinging to land structure
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This study can help to optimize the strength of seashore buildings and structures against future
tsunami threats, and also can help to estimate structural damage that can be caused by large-scale
natural disasters like hurricanes, storms and tornados, and help to develop effective mitigation tools
and systems.
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Numerical Analysis of Contamination Removal Using Megasonic Cavitation Bubble
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Three dimensional calculation result of the bubble behavior near wall in a megasonic field
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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 quantum 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 governing factors of the
transport phenomenon from the simulation results.

RO FEBERARRCHITZITOM - KEXIRROEF - D FENF AR
Quantum/Molecular Dynamics Studies of Transport Phenomena of Proton and Water in
Polymer Electrolyte Membrane.

-

BASD FREARIERICAVSNTVWSE D FE
FRBIEOANEBTI(E, KHIARET—(C, HOIFSBICHHE
BISAI—%FERRL, COF=TONNEEUET.
ZOfeshiE ) FEFB RN OV BZE DY IE(E
BEOEGAIEREZERELUETE T TEERE
h. TR TEED FEHBIRASI OV EEXIR
Sz, KoOBELTOM OEXIRKOEREICTE
LT, A-N-D2E1-9Z2RWABIREF/IDF
B DAL ZITOTVET.

SR FERBIENEBOKISAT -2y NI-IDERF
The network of water cluster in polymer electrolyte
membrane

In polymer electrolyte membrane which is used in Polymer Electrolyte Fuel Cell, water molecules
construct very fine clusters heterogeneously and protons transfer through the clusters. Therefore the
characteristics of transport of substances in polymer electrolyte membrane cannot be analyzed by
conventional simulations based on continuum theory. In this study, we analyze the transport
phenomena of the substances in polymer electrolyte membrane by large scale quantum calculations
and classical molecular dynamics simulations using a supercomputer with paying attention to the
correlation between the structure of water cluster and transport phenomena of proton.
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Molecular Dynamics Studies of Transport of Substances in lonomer at Catalyst Layer
BEARSDFREARNEROAERETE, BRZESE nm
DEDFEMREIR(TAAI/I—)TEITVWEFT. ZOTAA
JX—REBETOMARE/)NREBSTHED, BEENEVEE
JTOMNACEBEF ERULET. TORE, BRDFEIO
PAX IR —ZFEEU CAERE(CENET DD, 744X
—DESNBEVEEERD TFOEBEE ERUEFT. AH
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OTOR -BEREXRIRREMBITL, TORROXEER
ZEABMNCTBLT, RIERORBIEBORETIEEHZ1E
ELIZZBENELTHARZITOTVEY.
At catalyst layer in polymer electrolyte fuel cell, an
ionomer, that is, a few nm of polymer electrolyte
membrane, covers platinum particles. Protons reach
platinum surface through ionomer and therefore
proton conductivity increase with the increase in the
thickness of ionomer. However, oxygen reach
platinum surface by permeating the ionomer and
therefore oxygen permeability increases with the
decrease in the thickness of ionomer. In this study we
AEAR L7144/ —(CHII B8RSR Z1L—>3> analyze the transport phenomena of proton and
Simulation of oxygen permeation of the ionomer  oxygen in ionomer at catalyst layer by molecular
on Pt catalyst dynamics simulation aiming at the construction of
theoretical design of next generation fuel cells.

BKET ) Z AN ORFEERRRICEAY 32 FEHFHHAFR

Molecular Dynamics Studies of Transport of Water Droplet through a Nano Pore at Micro
Porous Layer

TIZHHEACHIIKEEEIRROD FEHF 31 —23>

Molecular Dynamics Simulation of transport phenomenon of water droplet in a nano pore

BAREBCAVSN TVSEIKE(FHEFLENEL nm~28+ nm OZFLAARTHD, HLEUVE T/KHEEMEL TF
BINERE T3 I7vT 4T "L ENDIRAREABINITINRNIDOES. UNULABHNS, CORKOFLLXNZ
ZLIDVTIE, FLESMNENTVERA. AAKTIE, DFEHFEEZRAVTIEE nm ORER2@E5EE
OFEHNEHEIRL, COLOBRIEEOPTKNEDLIBIETHEEL, FEODLIBDEXRZEEZRI DN ZIASH
(CFTBEZEELTRERZITOTVEY.

A micro porous layer used in fuel cell is a porous medium whose pore width is of the order of nm -
tens of nm, and prevents the phenomenon, called "flooding", that the power efficiency decreases
because water condenses at gas diffusion layer. However, the detailed mechanism of this
phemomenon has not yet been clarified. In this study, the motion of water droplet which goes through
the pore whose width is of the order of a few nm is simulated by molecular dynamics method. From
this results we analyze the phase in which the water droplet exists at such a very fine clearance and
the mechanism how the water droplet transports through the clearance.
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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 damage 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.

ERIFBIREEZ A WEOTY MYV RIRZE DS - #6554
Evaluation of Degradation and Damage in Rocket Engine Combustion Chamber by
Electromagnetic Nondestructive Testing

LE-9T>P Y
©JAXA
PRIEER Ty 7y TR AR UV R ER
Demonstration of crack detection in combustion chamber mockup specimens

Oy bI>Z OB DD, BBEEDIFIREABRNEERFLMEBDFT. AARDEFTE, 1@
ERIREECLZ0TY LY D VR E AR OB RRH (CBEIT AT Z1TOoTVET.

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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Development of High Temperature Sensors and Their Application to Online Monitoring
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Our laboratory develops the next generation sensors for high temperature environment. We
propose an electromagnetic acoustic transducer (EMAT) design using an air-cored solenoid coil as a
pulsed electromagnet, and prototype probe (photo) operation is confirmed in the range from room

temperature to 700 degrees C. It can be applied to high-temperature non-contact monitoring of metal
processing.

BRI IRz AW IBEM R DB 2R
Nondestructive Evaluation of Degradation of Structural Materials Using Electromagnetic
Testing

MR 90r-1 Mo ‘fﬂO)’JU fufc%ﬁ)#m EBSD (Lié%uaaﬁ{ﬁéﬁﬁu (IPF)
EBSD orientation map (IPF) of creep specimens
2 a=1X108

CP=17800 =150/ Apparent Conductivity Apparent Permeability
LMp=20210
15| LuP=zioa0 14,5100 a1’ 140 :
. o rmal 2o E
1b weso’ ) o=2X 108 € : Freecs 4 FTFBCS,
. % Bl
os i :;'-6 S o=3x10% 2” §|DO
% W 0 g 108 T2 g &
>0 ﬂ.=1 25 o510k g =
e - | 3 w0
anf < R‘ =10 % 10¢ ;:i /f E i
- —— S04 x\ m, // \_
g e P s ' e gnar'u' el % 6 8 0 & 16 2
v [v] Magnetic fiald [ka./m]
B p— BEE o> 2R 9Cr-1Mo HD)) - TiRERF ORERFERLOLLEICLOTIES
Conductivity-permeability map NERMNIOFEREEBR

Apparent conductivity and permeability estimated by the
comparison of experimental and numerical results
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Nondestructive evaluation of materials degradation such as creep, fatigue, plastic deformation and
residual stress can be one of effective tools for lifecycle managements of structural components. Our
laboratory are developing electromagnetic testing methods to evaluate material degradation. In
addition, we are investigating the mechanism for electromagnetic properties that are affected by
microstructure change by degradation.
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In Fluid Dynamics Laboratory, the IFS faculty members and Ph.D, master and bachelor students
stay in the Lyon Center at Université de Lyon (INSA Lyon, Ecole Centrale de Lyon), and carry out the
collaborative research with Frence researchers. Fuculity in charge of this laboratory is concurrent
members, and make irregularly long stay in Lyon to promote the collaborative research. We are doing
cutting-edge reseaches regarding to flow dynamics from fundamental topic to application, which
contribute to challenges in the fields of safety, relief and healthy societies. Currently, we are doing on
the researches of friction between medical deivce and suface of tissue, and control of protein mass
transfer using special membrane.
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Analysis of mechanical properties and fiction of a novel material for bone model with drilling
properties
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This laboratory was established in 2018 to couple the multiscale modeling approach developed in
the engineering school of Tohoku University with the CFD based multidisciplinary optimum design
approach proposed in the Institute of Fluid Science for developing the future transport aircraft.

Hereafter, we are trying to contribute to the research and development of small or medium sized
aircraft from an academic side.
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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.

T35 Workshop
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BEEL TVEY.

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 equipment and test specimens
not only for basic research in fluid science, but also for research and experiments on fluid flow
phenomena in other fields, such as energy, aerospace, life sciences, and nano-micro technology. This
workshop provides essential support to the research activities of the institute, and one scientist using
experimental equipment fabricated here has gone on to be named a Person of Cultural Merit by the
Japanese government.
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