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To the memory of Professor Nobuhide Kasagi

Professor Nobu Kasagi’s unexpected passing is a great
sorrow and loss to all of us who have known him. He was
a truly fine human being, as well as a great engineering
his

accomplishments. For his family to whom he was very

scientist, widely  recognized for many

close, we convey our deepest sympathies and

condolences.

Though I had met Nobu on many previous occasions, the
first time I got to know him well was at the 1995
International Conference on Multiphase Flow in Kyoto.
An event of note was some rather raucous singing by the
French contingent, notably Olivier Simonin that Nobu
and I both enjoyed together. At that time Nobu, perhaps
bemused by the cacophonous vocalizations, asked if I
would be interested in spending a year in the Mechanical
Engineering Department at the University of Tokyo as
the Mitsubishi (Visiting) Professor. As we shared many
common interests, such as turbulence structures
interacting with deformable boundaries, I accepted with
alacrity. So it was that I spent four months of my
sabbatical from UC Santa Barbara at Tokyo in the Fall of
1996, working much harder than I had ever anticipated
under Nobu’s benevolent but eagle eye, which of course

was a mark of the greatness of the man.

The time in Tokyo hosted by Nobu was one of the most
enjoyable periods of my life. He was, as is well known,
a gentleman in the best sense of the word. He was warm
but always correct, welcoming but never effusive,
solicitous of one’s needs but never overwhelming and
one of the most intellectually stimulating people I have
worked with. His laboratory was an engine of unusual
productivity and distinction, which the scholars he
mentored nonetheless stashed with whiskey among the
scientific paraphernalia- much appreciated by several of
my visiting PhD students. He kept an unrelenting
schedule himself, expecting others to work long hours
with the same selfless devotion as his. But after work he
would some times go out to sing karaoke with us and all
our cares would fall away. Needless to say Nobu had a

very fine voice!

EEN 2016 4E 1 H

There are many things I remember well about Nobu’s
persona. One of these was that he was meticulous and
had the kindness and foresight to deal with even the most
apparently trivial but essential details. When I first
arrived in Tokyo, not only had he arranged for where I
was to stay, but had even arranged for a personal stamp
in Kanji so I could access a bank account. Another time,
when my family, who had stayed on in Santa Barbara,
was visiting Tokyo we all went to his laboratory at the
university. The complex equipment bewildered my
daughter who was five at that time but Nobu of course
had toys for her to explain the chaotic nature of
turbulence, including a double pendulum, which
exhibited chaotic behavior! There is a picture somewhere

in our archives, which illustrates this occasion.

Over the years, Nobu and I kept in touch. He was seminal
in initiating the symposia on ‘Turbulence and Shear Flow
Phenomena’, which have now become a well-known
international forum for research in the area. I was the
Chair of the first symposium, which was held in Santa
Barbara, and it was due to Nobu and John Eaton’s tireless
efforts that the conference was so successful that it
kicked off an outstanding series. We continued to meet
often, either in Japan or in the US. Some years ago, I
remember coming into Tokyo with a horribly stiff back
and staying at the International House in Roppongi.
Nobu and his wife, Hiroko, came to take me to dinner at
a nearby restaurant, Enoteca. Nobu was concerned about
my physical condition, but as always had a solution. “A
bottle of Gevrey Chambertin (a Burgundy)’ he said, ‘will
cure it or at least kill the pain much better than a
massage’, and of course it did! Nobu was always
imperturbable and knew how to deal with a problem,

often proposing an out-of-the-box solution.

His kindness and warmth were remarkable, and I will
miss him greatly, as will all those who knew him. He will
be remembered with affection and respect by those who

knew him.

Sanjoy Banerjee
CUNY, Sept. 2015
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A Personal Tribute to Nobuhide Kasagi

Like many in our community, who were entirely unaware
of Nobu’s illness, I received the news of his untimely and
tragic death with incredulity, followed by an intense

feeling of loss and sadness at a life taken all too early.

Nobu’s astonishing number of scientific, professional
and societal achievements, and their lasting impact, stand
proudly on their own plinth, and need not be retold and

lauded in this personal tribute — save for one exception.

In 2006, Nobu was elected Fellow of the British Royal
Academy of Engineering — an especially rare honour
granted to foreign nationals. The one-sentence citation
required to precede the detailed case for support read as
follows:

Distinguished for his outstandingly innovative
research contributions to engineering science and
technology, covering a broad range of fundamental
topics and applications; for his outstanding
leadership role in Japan's mechanical engineering
community - most notably, as President Elect of
JSME and leader of Japan's premier 21st Century
Center-of-Excellence  Program on Mechanical
Systems Innovation ; and his wholly exceptional
dedication to building bridges between Japan's
engineering profession and the international
community.

What else need one say about this supreme academic
professional who was dedicated to the promotion and
exploitation of engineering science, to rearing and
fostering the next generation of Japan’s scientists,
engineers and university academics, and to making
Japan’s engineering community a natural constituent in

the global science and engineering fabric?

I have been fortunate to call Nobu my collaborator and —
I like to think — my friend since 1997, when we joined
forces with John Eaton, Pepe Humphrey™ and Martin
Sommerfeld to establish the Turbulence and Shear

Flow Phenomena (TSFP) series of conferences, to
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Meeting of the TSFPS5 Organising Committee in
Munich in 2006 (right-to-left: Nobu Kasagi, John
Eaton, Michael Leschziner, Pepe Humphrey+, Rainer
Friedrich)

follow the earlier, highly successful Turbulent Shear
Flows series. Among the four of us, Nobu was the
principal driver of this initiative, displaying the single-
minded determination and dedication that characterizes
everything he tackled....and the rest is history: TSFP —
the latest, TSFP-9, held in Melbourne in August 2015 —
has become the principal global conference reporting
research in turbulent flows. This is one of numerous

legacies he leaves behind.

My closest and most rewarding interaction with Nobu
came in 2006, when I had the privilege and pleasure of
spending a 9-month sabbatical period in the legendary
“Kasagi Laboratory” at Tokyo Daigaku. I shall always
remain grateful to Nobu for his decisive role in securing
the JSPS Senior Fellowship that supported my visit, and
also for being a supremely meticulous and generous host.
Attending dozens of informal seminars given by his
students,

“drinking-and-eating” gatherings, with Nobu almost

and participating in outings and social

invariably present and fully engaged, made it obvious to
me why he was so admired and liked by his junior
collaborators and students: it was not simply his supreme
command of the science being researched, his global
stature and prominent position in Japanese society, but
his impeccable politeness, his tendency to listen patiently
and with total attention before giving thoughtful and

constructive feedback and guidance, and the charm he
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Dinner at The Gore, South Kensington, London, 2012
(left-to-right: Nobu, Hiroko, Freda, Michael)

exuded, curiously contrasting a somewhat patrician
presence that comes with being a member of the national
elite. I will admit to leaving Tokyo rather humbled by his
admirable leadership qualities.

During my time in Tokyo, and at gatherings in various
locations in Japan and abroad, I gleaned a little of Nobu’s
qualities as a private individual — generosity and
graciousness being at the top of my list. My wife, Freda,
and I had the pleasure of sharing with Nobu and his
vivacious and charming wife, Hiroko, a good number of
excellent French and Italian meals — although I shall also
cherish the many down-to-earth lunches we had in a
simple, small noodle restaurant just outside Tokyo
Daigaku.

Strong self-control was a major fix-point in Nobu’s
character. On one occasion, when Nobu and Hiroko

visited us in our Central London apartment, Hiroko

forgot her handbag in the taxi that brought them to us.
Naturally, Hiroko displayed at least a modicum of
concern (my wife would have been in sheer,
unadulterated panic). Not so Nobu: calm and composure
personified. Somehow, Nobu was confident the handbag
would be returned — and, of course, it was, entirely as

Nobu predicted.

Nobu was an intensely private individual, and he would
probably forgive me for intimating that he rarely “let his
hair down”, at least in my presence. Even after several
glasses of good French or Italian wine, he tended to
remain rather serious, controlled and reflective. Our
conversations rarely ventured into the realm of his
private life — although I know that he was intensely proud
of his two successful daughters. Our conversations
usually revolved — or ended up revolving - around his
concerns about Japan’s role on the world stage, about its
long-term ability to compete, as a manufacturing nation,
with China, and about the impact of globalisation on the
outlook and changing lifestyle of Japan’s young
generation. His pre-occupation with these profound
national questions, even in the most informal of social
settings, characterized a man who saw his life as a
mission to improve the lot of Japan and mankind as a

whole.

May he rest in peace and look benignly upon our

inadequate efforts to build on his legacy.

Michael Leschziner

Imperial College London, Sept. 2015
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Preface for the Special Issue ““New Energy Conversion Technologies”™
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Yuji SUZUKI (The University of Tokyo)
e-mail: ysuzuki@mesl.t.u-tokyo.ac.jp

WIHFETHRL, HARKEKE, —xLx
—XEROERELETHD. =R F—%5E
L&, Fox DEIE~OEHERN R TR,
HIER 5%F TEDLIAAEEAEO = R LEX —+
Xa2 U7 4, TRAX—litg EFIC XD ENEE
OB B EZ TR BT, BE, B

HOHWITTEET ORI T LD Z LIXTE 220,

SRR 2THET AICRE Sz Bl — 2 L ¥ —Fi
FLB L[1THE, 4 1L7%DORFEE 2 RIAB 2N 5
H, SH%OEIESRICLD2EH = RITL > T 2030
FEFEIZIT 13% D = 3L X —FEIH], 17%0DE S
EHMH 2 RIAAL TS, ZOBEOEEIAIL,
AT R X —19~20%, KT/ 17~18%& LT
W5, Fl, TOREIZNNO =D, EE (F4E
AIHE = RV —, BRI, bR BRI - fF
RN AT IRE, T I1EE, a— Yok —
a7 y), il (B, B{aE%EE), KE,
HE (PEXE - ZUE - EERHY, ZHEN - W,
TRAF =R A L MR E) RENBRLn—
KN~ 7RIbIER STV 5.

KREEICHBT 54 D41, 20X 5 Rk
NOHT, =R F—T1Rb Dk TeffseBR I
BOMENTHND O LELETS. L, filb
DTHNLF—ERFORVEMEREEZH L, =X
S — DML < Rk - ke SITE D 3 A MR
DTEHETHY, ZOWMIICEHZEICERTE 5
BRzhth: & 2 iR ILZ T EL VDT Tid e,

—J, XX —Tb, FIMHED &RV
F—) CWOMEENFET D, KRAER - (KAt D
70y RENTH LT, 1220 HEMAE WD,
BHEONTE TV O THEZ BT DR E
BCThHDH. BITIE, VT T TNTNA A
Bl oY ORREIRO- DI, BREEOIRE) - 24 -
BRI IR ENBRET H, TR F—
T4 7 BIBIER &N TWAR, Zh b EA it
EOZFNAVX—RHD 1 2ThH 5. EfHIlifED =

o INn— A
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FNXF—JRTIE, BB, T2 Elca X MY
7efKID D IanTsD, BIRL S 57 I —F3 7
Uy REBITHAD EEDITIEV. @AMl =
FNF—%HOLE L TAZX— LIRS DOTFE
2, FERMIZIERIET LTI Y v REDICH E#R
THEMNE LTHRET 22 2 LIz,

ZOEHI T ROL L, KEFETE, —xLX
—SBHOFTH LD R X—28 ) ([ZHES
ALY, HERELD 5 4 DNAEFT I I ERATEN
7o, BERFE-EAEAE GREKRT) Ids 1L
DO OMEEREE & B LWEVEM B~ R,
BE HEKT) [EAX~T VT MK D8
L WWERS B, wrarsRdedE GRAERT) 12
KEFEXY VT ELTOT V=T & DOBREEMNE
R, A ERG—RRSEAE R T¥ERY) ITiddE=
t— Ly MEEEERETORT v Fa =
a UEA, EEERFEISAE (RIKRE) [id=xL
XA EZEZOND L Ry 7 A7 —%
HMNDORISE BRI ONT, FRTHEY
<, FioAmD CTHIREVES A L CIEV-

s H ARREFE R ORI, SEOT R L F—
RESE D fig eI 921 AR o B9, AFZED A DA &
LA DEDESTHDHLEEZTNS. KEROD
FEEHEERTZE[4]TH, =R X —IZBT 8 L
T7a—FPEAEm STV D, S EIORFEN
DL BDOWIDBEIZRNTENTHD.

SE X

RFFERE, THXNVX—FHRAEL, (2015)
FRFPEFER, =3 X —BREINIF 7B % o
— K= v 7, (2014).

gk () , BERE NV N7 v 7 ~&i
L AT —)L RIZ X 58072 E K Am it
ZHIEL T~ =X « 7 4 « A, (2012).
ANEE - BERE - AEAT, RrEHEMERT ST IR E R
f5#4, Vol.53, No.225, pp. 99-101, (2014).
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1. BVELHME

AR — 2 EHEER TR X— LA TX
LENEAHY, R0 CEME EBT HHEIFE
LTS T3, AlEfEZMNELE LD
AT F A7) —=ThY, BHEENEND
ZAZHUMEL THIG T, FARSCRRE O i % %
XNz End, EEOSHEEIEN TS, f
Z 1%, Internet of Things (IoT) 72 & T=—X DY
MM AAEND TRV F—=N—=_AT 1 T EIR
[1], BBENEE[2]° T3NF[3,4170 £ OPEEFI, EAK
FIH & &I KGEEES], 127 7R
MR T DT NA AR DOFE6], ~ v B 7/ RE
(7172 oy = 3xFfZRE, BTERIGSH T2
S,

LrL, ZhooFEEZED DX, FEER
ENZVONBETHD. TOFTHHE O}
BELTETOND DN, TR —EHHRD
M ETH2D (FERICEZE R 2R MIOWTIE 7 i
TIRARD) . BVEE BB O Z R n 1T hH
V) = LT TFTO XL 9 IcRENS.

o 1+ 2T -1
V42T +To /Ty,

n (D
2T Tu, Te, TIEZENENMEO SR,
IEMNEEE, SFRETHD. - T, MEIOE
BRI TR GTIERBTEEL ZT Ik o TRk &
. ZT 1L SPoT/(ketion) TH-2 BV DM EHEA O
MTHY, S, 0, ke, KnlTEB—v 7155, EX
RER, EFEMER, K1 (74 /) Bvig
FThD. Thbb, BHEOm LD DI
BB CORERICBNTS & o BREL, Kk
Eowh NS WMBIRME L 72 %, Lo, —#%
2 S & ol TADHMERET L ZENEL, £lo
CrIFUF XV TIC Lo THESNLIETH D
TOIEOMBEER L, —ff I,
ZRUTK LT, I, FEEFEANC S &SV T
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ECHMEN R 5 2 LT, BVEMMEEZHIET S
MENBELTND., TOHFTEELILI T+ /)
ik OFRIZ b &SN T s A B & R A
BT H 74/ =T ) IR AED T
BY, KRETlE, TUoOMEELHENTS.

2. 7/ BEEMHOBREERE

ZT o E% B LB e O BVEE SR 1 D JFE
SIEE VLAY, 1990 AEESIC Dresselhaus o [8]73 &1
FHFEE TR T LIADRIFIC L - TEG & /13
WMRKTDHZEETHILIZZ 2o, WmE
B, Hg, B Ry b lod / FiEoExk
BEDMFZEED L ATOND K52tz F /HE
ITHEREERRE WD &b, 74/ U AMRER
PRI HZ Ecbien, R AV KE
7etEREm EARZEERE STV S,

T EEOEEMERRE ORI 2 DIT KA TE 5.
1 2%, &M CIADRNRSL IO ) R A4 B
T D7D T W & B I SHAE L 72 af9E T 5
(ZEX XY LR ERY VY777 40— T L
ZFWTZWESE) [9,10]. & 9 1 DILSEM &2 &BHICH]
B E A —NT v T HE AT A LT (R
—L 2V, BERE 72 8 &2 W TEAFSE[1L, 12]) TH 5.
AL, BT CIAOZRICINZ T, EHE
THEUD 7+ / VFR[BIO BRI E>TT7 +
J R ELET LR E D, B LWWEEIR O3
BUZ K MEEm W Ens Q@ HiCiilT5).
—J7, BEIIFERBICERT 50 7 M ELOMERE
mECKRESEHRLTE, 260 <0E, F
J ISR CTOT + / U EELEFIH L CTEYRE R
PRI EEIHSTZHDOTHY, BEICHE
ZHIET LIS T LH R, oFD, AKX
RGN BT DT ) EED DR D 7SV 7 b
BECHRWZ &2, L0 - 22l 7e i
EPEHATE S, LEEE RIS, B, ke RE
RED T W& LSV 7 MBL ORI 3 B A AT DL
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TEY, EFREL-ULTI, Hl2I1E, $hhrany
FTA RROME 2T/ #iE{b3 252 LT, ZT 232
TR DIV MBS HTE TV A[12].

3. T/ BEMHEDO T+ / VEaE

2T, T/ I L B BVRE R ORI &
74 ) CRIKEBGROBLENOHMAT LS. K1
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T SRR ERE L TV D, K 1D X 91,
BIRN 7+ 7 CEHARBITRLY bl kEn
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LI 725,

ZHUTBE RO () YA XEhF & TN,
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% EAROE OV EBHITRIE T+
YOFENLY /NI WTE, RREE OV HE
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B 1 2 fEE RO 7 + 7 ik

EEN 2016 4E 1 H

R ETE, EXELARBIEICETI,
BRI TE 5.

P EDEZ FIZy AV TROLD, EEIZIE,
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¥, WMAICE > TREL ERD720, K 1(0)D &

INHERR 7 4 ) EHE T + /) UINRIE LT THE
WIEEE ] &b, Tt T, 7F / Uik
Mo REENOREREEZ S 2 HFRICIE, 20X
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B R « B 3L ¥ — T22HF9EER[14] Tl
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BEERID 3 D& — (KL L7 7 a—FIZ K50
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HECE 2T VB ERL, Rl FHEic X
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TETW5D. REILIBETIIES T 7 0 —F OIED
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5.1 HE#FESMHEOFE

ARG AT TV D EEhERIC S & O < i
i OBURE RO E I, 39 MDEER
(Interatomic Force Constant, IFC) Z HFE S L4 5.
FEERBEORBICHNT, | HHORFITH< o
D IE, IFC K OFEHALED & DZEAL u % H
WTHUTFO LD IZRBRTE 5.

1
= S uul +e ()

Fia :—Zq)ﬁﬁ Ujﬂ
B * k. By

ZIT, DLV IEENTN 2 RO IFC & 3Kk
DOIEFFNIFC TH 5. Z OIEFHFN IEC D kg 73
RITEERNETH - 722, BELEKEES G
(Density Functional Perturbation Theory, DFPT) 7 &£
DOFREBEIZLY, 2007 FEENL V) a0 F <=
T L7 8 OBETHEMED BUWERICE L CTIXIE
W72 AT S TTRE & 72 5 72 [15]. Z D1k, FEZEHR
FBNCIE[16]°°FR TN IEC D 7437 5 IEFHFn IFC %
RO D FHE NN L > TEHEOFEMENHE L, 2L
TR MR KL % B oD T UM O ME 70 6 S A 1S D B 1AL
MAFEL 7p - T 5 [18]. 72k, FEMICIZE S
WZEIRD TFC £ THEET D ENARETH HD3,
3SRETITARDIEETEHEDLONB— N THS.
FHE X2 IFC ) B EBMRE R 2 5 H 3 25 iR
WL OB DN, HAEREOBGE T BRI B )
FiEERAONTITbd. £, HIFC »d, &
AFIHNn e~ b )T RAEBH#LT, 7+ /D
DR ERETD. Zhab i, F-T7 U
T = NOAEE DO MV kI XU
SIZBITD 7+ /7 UREHE ws R ED. WIZ, 7
oI EEEICL EOX T S U DER K OVEIK
DOWERZ B U T3-7 4 / EGELIBFR I X D FEFneF
Mo 25T 5. B, 74 /70 7x /7 UL
WL L CIE, fdm OWNEERETIC S — RV H
5425 1kD3-7 % /) U HELBROZZ T H %
X+ ThD I ENRL.

WBBIZ 7+ ) CRIED RN = o GRRR AR
BRI b & TIEL 2 LI X » TRYRE R AR
O5.

1 1
Kon :W%Cksh’ksrrks :W%Cks|vks|/\ks (3)

ZIT, ClIR—X - TA oA rkiEtic ik
ST F ) vE—FR(ks) HT= Y OBEE, A ITFE
YH BT, VISHEOERETH D.
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B4 F—HFHEEHED LG LN BEAMRER

YL EOFHETH L D8 BMRE RO ERT
PRIZFEBR ORI E B —&T 5 2 & 23R
NTWB[19]. mzx<T, XL T7+/ F
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NEDREBMRERIZEE LT D0 (BYziE 2
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~DFEZE T 5 ) EEHBITEI/ NS W H D)
LR LI TREAYRER) THDH[20]. ik
fifi > TF /AL L2 BR O EN e B8 R DK
W RAEBMAE T2 2 &b TE D211

PLED X 9 72— R BRI b &S < B O BVR
ERHAY, R TIHALITbILE L I1C7-T
B, TNOHEREELEZY 7 VL EEABRINT
VN5 [22-24]. EREZRFHRZAT O IZIXH DFRE ORI
ERBRALE TS DN, HF TR THE
BTH ZENTEDLEIITRSTND.

5.2 F/HBELEMBOFE

YL EDO RO E A, /S LM B O R
T 5. o FEVIHEIC Lo TEENICT
Mg a3t R T 5 2 & b EMICILATRETE 508,
FRIZ 3 okl (B 2 BRI+ 7 A— Fv
DEFERIIZHONTIL, FHEAMNARKEIBE 5.
T, BAITHEGERHEN BN T v
st E b LIS, 74 ) VRIBROR Y~
EHREREMELS 2 & TF  E MBI O E 217
STWND., AWy~ FRRAOBIEITINANASD
L8, ZIZTIEEOFRTHR 1 O X D I R
R Z BT 2R DOMITIZE L CTWDHE T IV
1 35 % O T2 fREE[25-271 2 R 5.
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T/ CEEICEA L TIE, AT ORI TR
AL SRy < Uk RN AWSE NS =
ERL.
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7, (@, T)

4)

M+Vs(a))e~vr f(o,r)=
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ZZT, (oI o, hIEAR—X T A v a
B A B, e 13T 4 2 DARTR TR O AT
R MV THD. TR 5.1 B TR IR &
B2 AT 252 Lok »C, FFHEICE
SWEHENAREL 25, B, ZZ CIIfHED
7o DI, WEIRAEE (BEIR L) ARk
FHICEEHZ TR L TWa. Rzt
2, R&TENIEITNE > CTH OWEZER % s 12 5%
LTI HELH DD, 7+ VIkOFHEOY

AL, —EBOMABE BRO TR FIRF RIS 224 T
boHEIND. 0GR, 7x /3T

FEEEEIZE > TR T 5 & &b, T/ fEsNES
T O 7 4 /) rEELIC X o T HCEL B R
P=1-exp[-At/ty(0)] CHELT D. T 2T At ILFRFE A
Ty ThDH. EEOHFEIZBNTL, 7+ v
NEGELT 2 IS, £ O TOIREE (B4, R,
BEEFE, J7m) ZJRPTREIC RIS T 2 S AR I
EoTIV kY FT5.

T, DA EMRLS OTRLS, ROFHEND
TA B 1OTO HTHIAAT) KxtOmicis
WP DR (FifEE Tp) 2R T 22 & TR
HWRERDD (LA bL—V 07k BIRFiED
BEFE L T 5[28]. 2 DA O VR E R
Landauer DA

K %%‘,Cmvks [T, (0)cososinate  (s)

ThHhzbhs.

TF T F ) UL (RF OO NETECEL)
EREBELSINL 72 FE SR Th D EIRET UL, F
BITS DI/ b, 7, NEHKELE JE5HE L
TlA PL—V U TEEITO, oD Tz b &
S A B T D R A R TR AR T 5.

(6)

RIZ, Matthiessen Al & F N CINEREGELIC & 5 21
HAHITEE A (=vr) EHAEDLE T, 2R0FY
HHE{TRZRD D.
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int,ks
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(7
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[31], FEFAroyr 18 717715[32,33]) 72 Kl L - CTEF
HIBHZENnTES. L, TOEHIIRE
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t(w)=(yo/ @ +1)" (8)

TERTE, Ty Il TREBMa L H I XA
MN—BICRED (FOWHHE). 2F 0, Fim#i=
VHET R ARG A= TIE, Fhicdo
T—RBICRE D RimGamEr A1 LTEVT
ANOHREEITH Z LT, T EE MBI ORYR
EENRKED.

ZOXICLTHELE, Y U=v (Si) F/
itk (M 5(a) OBMRERORIERE L O
o BB A~ORFEER SOITRT. 2
N, FEHRiEE 20 nm, REE oL F 7 2
A Z 100Wm?K 2 T & T, B8R A2 T L7
7 ASIDELY E/NSLTELZENDND.
B, BB OFEHERZE 035 £ TR CHE L7
FER, PRI NE U THIUE, DADIAND I
BRERIZFHBERB LN EDXDbro TS
[28].
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6.1 HERD T+ / UiEit

UbkoXoiz, F—FEIZHL LS 71/ U
EOFHEER AR5 L RRS, EBRICK DT
* J CEERE OGN b EE LTS, T
J v DSy BRI NE N B FEE PE - HEL
[B4]°FEME X BREGELSY 3512 W CEHIN S
T& 7. TETEHEENLOBBENRR EL, Dk
BRI Z T, AT ML E—7 ORIELHR D
574 7 DT (E2ITEmEER) 2 b 5
TEMTELLIITR-TETWAS, HIZIE, #
RfEIE > TV GRIFMEDR @) ThH DI H B
OO TERERNEFITENZ ETHLNLD
PbTe OMFFETIL, FEMHME M T-BELSEER[36] & 26
— R T & ) LRI E 37O R A R E L
T, FFEDE— FOBROIEFRIMEEZ I ST 5
Z LT AMEERENMEL R o IB A B L TV .
BT, 7oA NSO X BMERETL—Y—%
V7= B[ AEIR C OB PR 725 S EB SN TE
D[38], GHEDIENELATHD.

T/, &I, FRICRELTWDLOR, BYRER
DY A ZFEOFHRN S H BT E AL D
FIETHD. FIZY—FY 7 L7 X RAEEHAN
T, L= —DAKRy MEEEZ D7 E L TNEL
A 7 4 ) O EBITRE D NS TEH
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ET, BMREROY A ZREFEL, K4 DR

BAVGYERICEL LT — 22852 TE S,

ENEEWAEL D X 9 7o BMRE SR D N S VBB
M 57=0i12iE, IEGEEE L — Y — D[RRI
KO HRIBIZNS S THLEND LD, kbR m
IR == T LT T SIS EZ RIS S5 2
LT, INEVEIE A B nm TR 5 IR LB
R ENTVBH[39-41].

6.2 RERFEBELEHIFIVZZADOMHEEAIE

AR D K 912, FaEE s R E iU R m#E =
VHEIBARRE T x ) BIER R AT D
ZEITFRETH DD, FERRIT/ER SN DM EIO R
mEE (BRI L OMEER)) IXERES T
A5 GREE, 7, REFHFOERE) 125 <
KAF 20T, #HE, ERERFHZ A 2 THT
THHNEW. Lo, BlIxIEHET 7 X~ ek
ICdk o TS NTZK 5 D X 5 72 Si &bk o R
72T 2 LR mEa v 27 2 o R &
HZEFEHMOETHD. £ THAIL, FiE Si
JEF L2 BEREIC Lo THRAET 2 2L T, ZidRiE
O Si-Si Fifm & fE U7z 7 VA & ERL L, R
B Yy —Y 717 % A (Time Domain
Thermoreflectance, TDTR) #£[42]1C & » TR mEZ =

VHEY B AT DA RS D H 2B R L.

[43]

TDTR JEIFRBIREICHRE L - REz R~
U—W—THE L, BEICRT L CE (LT 2Fm
FEHRE2 77— L —Y—Till+5 2 Lick-
TREBEEOINEZFHAIL, BMZEHEXZ2ED
WHETNE T 4T 47 THZLITLST
HAEL OB ERET 5 FETHS. L,
TDTR #ETEHAIT B 720121%, #ER WL 2020
2= BB RH 5. £9°, TDTR EITER
BERS (~% um) OFFAN OYMED I E R HE
ThHHT0, X 6(a)d L D IZEKm MO Si &1L
THHIVENRDHD. I, WEETILVEDEE
PEZFRET B 72012, Si B LR EATEE,
S 2GS CHIE T 2 BN S H. RFIET
1L SOLEM & Si st A A IR+ 52 & T2
S OEN: 7= L=, SOI HEMiE, Si #l5/SiO,
/ST SCRFEAR O 3 et E A A L, A8 OFATE
B I ONEHEAEV. SOI Ao Si #fEH & Si
B % 7T X< BEREIC L - TR L=#IZ, SOl

EEN 2016 4E 1 H

-14 -

. TDTRETE
WMETS XIS

(b)
V. weshrEs|/ P
NE 1000F  <100>/<100>  gha"
=
=
X
A
N .
w 007 g
A
)
ﬁs ..............................
= -
B FERAMILATES
0 <110>/<100> 1
600 800 1000 1200

BIEEE (°C)
X 6 Si-SiBEfEREORTmEa L X7 XA

AR Si TFFHAR & Si0, I A2 BRI = >~ T
TIWZE o THRELT Si EEOAFET Z & T
DOREERF LS.

ZOFEEZHANT, BERBIRESET), BEMERTO
REALFLI DL, FERANIREEZEZRND
B ZERIT 2 2 LT, EEOMEITEZY S5
FRa e REBEEED pFH &N TES. K
6(b) 2 BT AL D TEM 4 & FHEl S iz
Ria 27 %2 Z0BRERT. #lz2iE, &
LIEEMGR CRERET D &, KM Lz AR
{EBEAS YL U C RIS Siox ki 7 (x 1%
B%) LLTHET2ZET, Ruaha 5o
VAERELSAET A ENRTEND. kL
FOFAE L7 W EFTIIAS G 23 L TV D 2 &
5, BRBEIREREINRN ERH/FTE
. F7z, 100 H & 111 @O ITALOE NI X
v, Ao 27 2 o ANRKRE KRB ENS Z
Ehbns.

BN X - T, Si-Si RiEOE= 7o
B Z X R EIC L o TA— & — (100-1000
WmZK!) THIFEICTEAZ ERlbhoTz. T
X 5 DT R EZ ALY TEZLD L, T/ Lk
ROBRERIT, FEIC SIOFHZH S8 T (72
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B, AT BERICARHNE 72 D), RifkE 20
nm F2E F CEBCE UL, 10Wm'K! &8 5 2Us
WMRNERTE D LIRS, KREICBWT, =
OFFFHEFHIZH &SN\ T Si T SRR A R
L7l 2R 5.

7. SiF /&L ) aVREEBRMHOER

BB O S RENREN THHHEM & LT,
1 i CIIBhRERT =0, o 1 DORERER
LT, MElETrEe s oax b nEFLR
5. BNEEHCITRE AR N T D012, B
LREDELZFFS T MBINLEL 10D . 2 D57,
L OEAlT & bl UM Bt a2 2 hOEIG N RKE L,
TN EOEITLREZFHAL THAIEY X, 2k
TREE~ORBEANAZTI R, M9 L,
I A MAKRIBIZENZ HAUL, 72 & 2 BURD ZT=1
FREOMEICH-> THEE~DREMANLZ T 5.
ISR BRSPS, FlxiF= g ——
AT 4 VT T, ZT=1 REOHENHIUL, '
P—%v NU—2, Z~— NEE, @ffe=%
V77 EO/NREHK A BREN T 5 DIC 7R
EHAETZENFEETHDH. OFY, ThbDw
—/& FOILRICHET -8R EX 0 b, [F
UMEREZ Anfali2 L C X 0 M2 6B CHEL % 0
o TND. & 2 TH AL S M ELE L
TV OB I fA TE 2. Si & H
WHZETHEOY Y ayT s ay—Larn
T A TR, BV a—ERIOBED 7 n & A
X MR EINDAY Yy hbdHB. ST Si
MEHT, BMEERNEWTZD, —RIIIZRVEL
BB L 1TEZ BN TRV, BYRERZ KIE
WA T2 2 E N TEIUEHRIR TH AW EVEMERE
ERELEBDLIZEN SI T /UL Y—DFERRE
T/REN TV D44, 45].

Z 2T, SiOMEEETe Si )/ SiE SR B
L7oifgE 2R3 5[46]. Z DRF%ETIE, 77 X
~ CVD (PECVD)EE AW TAR LI EHEE 6
nm O} R ERET T AT o2 LIlc &
STV B EERL L 7=, £ DB, Si) kit
DOERLFHAZ 25 Z LIk » TRENDOiEHEE
Z S 5. 2 OFER, X 7(a)d TEM 80 X 5 72,
70%DF ) ZhEEA & 30%D T E LT 7 A SiOxFH
MO AMBINE SN, TENLT 7 A SiOFEIT
T SREERICBEND KO ICRAEL TR, B

EEN 2016 4E 1 H

AE R 2R 1 O LIEN BN & - B L
TR ESNZEBEZLND. Sit /) ST
YIRIBRIE, BEREIC L o TR E L7 %, 30 nm
BRETHoT-.

B ONTMEIOBURERIT T /&b L SiOx
FHDIRANZ £ 0 SEATHFE[47-49] D -3 FR & TIR
BWEni-., —F, RU—T 57 Z— (S0) 13517
MRE D EF/NIVEREIZRE -T2, Zhic k-
TZTIERKRT850° CIlTBWTZT=0.58%7~ L,
ZAVETO PECVD % W= EATHFSE[48, 49112 Lk
R25% R E L2, F£72, 600° CETOZT X
T+ SV S Si BVEMEIOTF v EA T
— X471 RAE L o Tz

PEIZ - T, BYREROIRMBIC L 0 BVENMERE

[10nm|

O
. (b) OThis work
n Ball-milling[46]
M PECVD[47]
E20 PECVD[48]
=
ﬁ
ﬂlO'
& O O0O0OO0OO0O®MOODOOVLO

G0 200 400 600 800 1000

08 =E (C)

 ®)

OThis work
0.6¢ “Ball-milling[46] o
PECVD[47 o
- PECVD[48] .0
N 0.4r o
o
0.2 o
o)
o
o
00 200 400 600 800 1000
RE(C)

X 7 SiF/HEEA L VT BPE O B KR
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NEELEN, BEDO ZT=1 [T L.
T, EREEZD L, X 0IKECoOMRER B
HEND. 62 HiOMPTHERDDIE, S BITHEE
INEL L, S REICEIET 5 2 & TR
WRETENLT 7 A Si O E TR TE % He
PERREINTEY, ZNLOEBINETOFHEE
2o TN5.

8. FLHLESEDERR

AFaTIE, ~NVFRIF—IVIZT % /) ik % i
Mrd a8 &7 VB ZERIL TR + /
s & T D Eflf A S b, [ 74/ =
V=TV T ko, EVEEWAE A BR%E
TAHMEE AR L. kT Fu—FIok
>C, BVEMBIZFHEFANCS &SV TERET S
LT, BB T e —F T LWL ~LT
OPERER ERoa A M U U AR TEIREE X
5. B, TITHRALET + / ki oOiES
IZh &L RANTF R —)L « T ) HERETY
—ZONWTH, WO Y 7 b =T &4
BRE, A B —Tx2—AEEFELTNBEZA
ThHb.

AR TIET + ) > ORiE2 R Lo %
CMZHRIT LTS, T EBI A 2 TWD 7 %
> OWEMEEFIH U BRHIEICES LT b g%
HEHOTNWD, 22T, 74/ VROTHIC XL DH
EWED =2 7 N EEICEHIT S, R8O LD
TR ARSI W TC, RN T A+ /v E SR K
iz eE, REOMEE 7+ /7 > OMFEOBR
(2 & o TITHEATIR & AT T LT, AMFEE
TERL D, ZHUTHEZERTE XD &, BAL
N KELRDBZETTINAT V=B E
T, HEER (7 X R) IZXy v TN
LB EERIUTHD. b, ¥rv7itko
THED T + ) U IMFETE LR DTET TR L,
ZDETONY ROGWPINSL 7D LT, 7
) DOREREN NS 72D 2 8 HBEYRERDIK
WIZHET 5.

ZoarkELMILESNONT, R NLT v (=
EAX ) ESC Ny TE T (VI TTT
74 =) HEEHNT, 74V EOFHIZL 5T
ARER LT 2 E R (Wb Lr 7 D=y
fEn) 2SR SHIE LD TEY[50,51], H AR
{bEdf & OFAEIZ LD 5% OFEEDRWICHIFFT

EEN 2016 4E 1 H

-16 -

T4/ VRO EEE RS
_>
/I(‘/FUD?EIEJ’%

T+ /R F DY ER R 5T

EER  KE(K)

x5, 2L, 7/ R OEICEET S B -
T EMTIL E A+ THY, ZROHDORENRS
BOBETHD. BlziE, X8 DX ) ICHm S
ZRAL T+ L ETHSEL-DI2iE, R
HORENR 7+ /) voav—Lr v (74 /v
BOMMEPRIEZNDGES) L0 /S WVRERD
L0, MERCHEIIKFE L7+ /v Dake—1
v NRICET IR AN, S biT, A
DR FAEEN 7 + ) ONFIC G- 2 5 85 1
T2 bEETHD.

IO DOIENER, FHITH & DN TEGEHS
e RmEENMERIcE 5 Ko lc i, 7
+ /i a X0 UEICHIE (B 23N RN
e ) ¥ nTED LIy, BT,
AY Y, =T ) i EOMOUERLT- & ORI HE
P BT 5 Z ERIFESS. ZHUIRERE D
AELEHEHI L & LD, AV P—_y 7 RhR
[52]% F T8 LS O BVEE 28 #a D PR RE ) F 1T
HEND.

BTt

ARG TR LTZAFgEIE, RS « AL ¥
—WFRED, HEEEEE, WMEKEBK, NEHL
K, AR, SREEBAIK, =JHRGEK, AKX
MO EEHIAToTbDTH D, Tz, HFEF
%54 @ Gang Chen #i%, TR H#HIE, Keivan
Esfarjani (8%, BFAIBCZ#EZ$%Z, Chris Dames #E#;
2, Olivier Delaire KIZHHEEZERT. 16 OHf
ZED% < 1%, ERISAOAEMFEHEE 3 (X&)
B LR & FEE CEFHE (A)) DX
BExZUtbhiz.
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A Flexible Thermal Radiation Control with Metamaterial:
Toward New Energy Conversion of Heat and Light

I CIRRY)
Atsushi SAKURAI (Niigata University)
e-mail: sakurai@eng.niigata-u.ac.jp

1. [XFC&®HIC

S (@S &%, HofE (R=AK—7)
DE N —HP DT R —=0N, K2 i &
NHBE, HOLWVIHH SN OO TH D
[1]. S<HIE (EEE) THY, FITWEOA
RN X—IC LV H SN DAL HTH
5.

ST, TOBSHFOMIETH DA, BRI
<A B 100 FLL ERTZES < =1L ¥ — 3R
FED AFITHAMT S LS Stefan-Boltzmann D
AI23 3 H X h, & D% Max Planck 28 BAR B — =%
NFX—OREEHE, ZRNETNFOET &7
St b TnWg. TO L) RESROF T, B
RIS < OB IR TR A L 7= K 9 1o
NIZEFRDBH - 720 d LivZevy. L LicH, 24
SLFOMIETT /T /) ur—LDOEIZL -
THTo 72 BLGE 3R 2 &8 FL S 4[2-3], Nature <2
Science & \W\\o e HAMGEICE LT DS D HESE
WZHEEZ TV,

FDOTVL—J AN —DXospTERoT-Di%
London Imperial College ¢ P &%) B~ 4 John
Pendry (28D AZ~T U T LD THA S [4].
AT VT NEE, YT EEY A XO#IERIC
Ko THERHBIL, BRFITITFELRWEH L
SRR OMEIOZ L THh D F T b=
7 ZADFETYH, HORPTIRMA Z@ENICEET S
NR—=T =7 N L RO, WEICAST S
JeE B IS TEIL S5 (ZFa—F%
7)) [6]& Vo TeAR y M RERREICIZF R DR,

ST, ORI EARBTEICEND 2 DIT,
STz bFRLEIICarbm—nT5H2
ENRARETHD. AT U TNVEHNDLZ LT
BSH AR OWRER TR - Bt sEsZ &
NAREL 720, DOZTD AT FIVIERRE & W

ST ETCHLHHBEICHCEAZ LIl D.

TS Ko TR SO B HEE2STRIRAY L 1)

EEN 2016 4E 1 H

-18 -

ETBZ 812720, SSRGS b Dk~
BB W TIRIAWISHA R TE 5.
ARETIE, AZ~T VT E AN
WEZFDZ RN X —EHIIEHT DR T D.
AL, o/ BEoRmfEbAx BIE L2 A O
AT BT LA K DI R RIRA KBS R IY
MBHZ DWW THIIT T 5. 3-8 Tl RS £,
SLHFHZI v Z—ITBELT, TOBFNDOA D =X
KIZDONWTHR, BB E L CTRBEVGR
B R AR b — & —IZB T A F%E
BRI D.

2. REFEIROKBEIE RN

I, FAEMRED XL A2 EZHT 5720
2, KGR AX—FIHOB I — B & EEMEN
BME-TND. K= —0F A& LT
KR EN —EICHE R L, FHIZA T Y —
T=DEFEINTWD. —J, BARTIEHE VI
PeTulI 720D, K AEEROEE 2T —a w3
T AU AVEHEF 7 8 CIERBBEEE B+
HHEU EOFENZHZDITERRLTNS. 0D
KGEFIHTH 203, WHAREAT & L THibRT 2
KGR B IR EB[T-9)0NER SN TWD.
TS DOFMITIB W THE & 72 D DIT R & I
L TR RVX — I CEWT 25 720 O BB K
B YR L C &> 5 . BRABAY 72 KB5S BH
KT —[10]D 5 B < & 55—t
RN RMEIR O &2 522N 5 — 5T, #b
<HHE L CTHEBFEREICHE THNTLE O RIMEIK
DN DN TIF AL L & vy o 7o i
R kO BD (Fig. 1). FHELIX, TNETIC
B TRATF JRiT L SIO, BIRG LIz — 2
v NEJBEAEEICE B L, TS < SR
Ze RO P R PRGN & Rt~ R U
7 AR K D BT L BT Y XA K
D FRk Rt 21T o TV A (1.
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Fig. 1 PRAREY 72 KEGE RS 1

Fig. 2 @&~ / KLt 7 LA 12 K D KIGEHIA R

—J7, =Xy MO KGRI 1348
F 2RI RE BRI X DL TN DT
W, HWINA D =X LPEHETHY, D7D
R LN E W RIERH 72, F 2 TH LI
&J@T ) RIAT LA T T KRN EH
B L7z[12]. FEERPICERET R+ %2 I
BlA9 % 2 & T, K0 HEMASRTHRINA =X
LEHGICHRSD Z 1Tz, WERIELE XD
BNRENAT S Z KD,

Fig2 [Z&JB T /Ri+ 7T L A2 X D KESEWRIL
MO 2779, 9 Fig)ld¥ v 7 AT v
F ki (EFE 40nm) % JEH S0nm TH > 7 AT
YRR BICEEB S H - O T, Fig(b) iz nE
Si0,J8 (JEX 100nm) CTa—7 47 Lzt DT
b5, EBZITF R rEOX vy v 7 EHIET S
ZEIRIEEICHEHE LW, a Ty e Ao S KL

¥z B SRR 5 2 ENARTH 5. Fig.

20)EF T AT ) ki F % Snm D Si0, ¥ =L
THEST-HOTHY, Fig 2T blicEns
SIOECTa—7T 47 LibDThD (EREITY
)V EBDOIRYTRNRE L TH DD Ty = /LDERSY

EEN 2016 4E 1 H

-19 -

Fig. 3 SIS A2 I81T 2 IR O L

Fig. 4 =17 3 = /LKL Bt C D& S 5347
IERZ 720 . B CAHRRRICELST 555 T3
FIAMEE A BE T DNERH DY, T 2 TIEEER
:%%@Ejﬂ‘%iitk LTS 5. FIZT 205 W& D
FHRERERIIZIER L CTH D, ZIRICEBARATIX
FDTD % (Flnlte Difference Time Domain Method) (Z
X VAITH-7=. AT 7 b7 = 7 IZ1E Lumerical
(Lumerical solutions, Inc.) il L C\5.
FHERERE Fig. 31O T. T ¥ AT UM
HED I OWIMERIL AT 05 13 ETH .
ZHEF T AT B DAY RIEEBIZ L D
WL T D, WRIZH T AT ‘/“ﬂ‘/*i?%ﬁﬂﬁﬂb
7254, BER 300nm £ TIEEWINE 1.0 27~ L
T3 (XH (). ZIUIRET 7 X' HEIc
XobDEFEALND. FMET T AE MG LI
ANFERICE > TERET /R F+NO A HE 1 E
FHAIC—HIZm Y, XSO X 5 IR
HIREED Z L THDH[13]. S HIT Si0 g Ta—
T AT D ENRIND AT N IVERYED > T
WHZEnbnd (Kfb). Zo#EBo—>E
LT Si0, HEIC X 2 T WHIRNHF T 6D, K
a7 >z VRiFT LA DEEIE, X T AT
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T HRFH Si0, v = M EN T WS 728, [ITE
TR DOEERENT T NTEHR, ZOHE
HIULE 1.0 2R LTWD (P (). ZOMEEIC
SiO, 2 2 —F ¢ v 7 L2356 b RIS A
XY ROENYER > T D (). RO &
— 77 301.9nm & 617.5nm (2H D DT, 5% DO
FlzonwTar v = Vil O &S5 (A&
BCIEHME) 2t L TH 5 L (Fig. 4), Bt
MOX ¥ v 72BN T HIEWELOHERMAE LN
TWHZERDMND., ZHUIE X DRTICE DR
HT T RXEHEPHEEHL, ¥v v 7T
DICEBBEGNERINT- b0 EEZLND. 2
DEICRET T XE G E ERICHHET 5 2
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Fig. 8 Solar-TPV ® =2 > &7 |
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Fig.1 Schematic of a micro flow reactor with a
controlled temperature profile.

Fig.2 Schematic of flame responses for a
stoichiometric methane/air mixture in the micro flow
reactor.
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ST > THRAHERE & BEmBEICIFEALE
=N, BFRELZRTEXKICEDLEAIDIRES
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77>V > PRF (Primary Reference Fuel) ®—->
ThU, FORIGEENFEMIZHAXLNL TS
n-heptane % F\V C, weak flame & 35 kD Bf% % X
0 FEAIIZFH7-[40]. X 3 | n-heptane % #XEHZ

Fig.3 Image of weak flames for a stoichiometric
n-heptane/air mixture (P =1 atm; D =2 mm; Uy =3
cm/s) [40].
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Fig.4 Computed heat release rate profile of weak
flames for a stoichiometric n-heptane/air mixture (P
=1 atm; D =2 mm; Uy = 3 cm/s) [40].
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JV PRF D& & AMIEAFIE[42], RIKAT A4 DA
RARTEIE[43], BV o TRINBhR[4415, S £ 8%
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HDHIEDREINTND.

HH O K TR/ BIEAIZ LV IRE N2
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PR D Z L IXFEFICE L. —T, v A7

Fig.5 Responses of stoichiometric gasoline PRFs on
weak flames (P =1 atm; D =2 mm; Uy =2 cm/s) [41].
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RER) Aoy, =X ) — VITRIRE G % 7R
72, B D n-heptane D "B H & ZE:H I
Y32 o0 BE SN, 22T, K
WM EFE, @SRMEBREEES K5 X0, &
J1 EFIZHENFE RIS 22 0 RN BB L, B4
RIT 115 2atm TV ZATRL Ie o724, 2 0D
5atm (2T T 2> TNV D,

T ZT, ZODOBRBERCHERE 2 W CTEVE AR R
FESADEIMRAEEZ AR L, ERE i+ 5.
PRBERO ARSI 21%, Marinov 1 X » TR Sz
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Fig.6  Weak flame images and their luminosity
profiles (stoichiometric ethanol/air mixture; D = 1
mm, Uy =2 cm/s) [45].
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Fig.7 Heat release rate profiles computed with
Marinov’s chemical kinetics [46] (stoichiometric
ethanol/air mixture; D = 1 mm, Uy = 2 cm/s) [45].

Fig.8 Heat release rate profiles computed with
Saxena&Williams’s ~ chemical  kinetics [47]
(stoichiometric ethanol/air mixture; D = 1 mm, Uy =
2 cm/s) [45].

Fig.9 Pressure dependence of ignition delay time for
a stoichiometric ethanol/air mixture in adiabatic,
constant pressure condition (initial temperature: 1000
K) and mass burning rate for adiabatic,
stoichiometric ethanol/air laminar flame (inlet
temperature: 300 K) [45]
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Fig.10 Ammonia/air and methane/air flames in the
micro flow reactor.
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Fig. 11 Schematic of experimental setup for species
measurement.

Fig. 12 Measured structure of ammonia/air weak
flames.

Fig. 13 Computed structure of ammonia/air weak
flames using a mechanism developed by Tian et
al.[19]
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Energy Upconversion of Photons by Using Intermolecular Energy Transfer
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JERRE (B2 B So) Tl @k i#uE (HOMO) (2
TelDOBFAAY, —HIEREL2->TWND. £
nNooHH—Fn—2 EOEIE (SolZBIT 5 iiK
Z2§E, LUMO) 28 - 7= &b IR BE T,
HOMO (2~ 72&E T & LUMO [ZA->T-&E T LD
FERERS—EIEORRE (LB S) &, ZHEHIADIRKE
(L5 T) &0 5. TTA-UC ICHW B D DI,
TIBHD Sy, S, TIDIREETH B.

FWNT, ZNHOREICHD D TOHBT R
F—IZOWTHNAT D, HFH=RALXF—BEIO
AREMEZ D D DT Z L E—TiERL, =
ra =L EEINTEXF T AOHBETRLY
—Thsb. Kicll, 7 TDOZRNX—KAT T Z
LERT. BE, TI ODEHTZXLX— (Er) X
SiDFI (Es) LYKV, ZiUuImTIicBET 57
v FOMRA] (Hund’s rule) 2L 5. WEAIZIL,
[ A & D /130 1N CLE s 254

EEN 2016 4E 1 H

-34 -

LNDHT=DOIL, 7 —a UKL F =TT
HZEICHENT S, S & T & DT R —EAEs
LB AT R L X —] L AEsr =2 DRAFENRH 5
[11]. 2OZEnb, FHEAT2 EFOfuEDE
ROMREL2DITE, TROBLRERKEDTT
HIUET AV A AP/ EWIEE, AEsr TR 5.
Sy TIE— R DO BRI D SEo[11].

ETl - Eso > E51 - ETl = AEST @

2.3 JREEER

A Y -BUEM AN ICRNEA 2R E,
—SRIZETRE AL R EDOBEITTH D,
FEBIIBOWTIEEICE LAY U ORE
BEZLHTEIETERN. Thbb, DRI -
BT, N, —EDREER o1k S EERE
MW OB OHNPTFR S, HEONFERE (T
<> Snzo) TAVUEE LS.

WFE RO L— MI7 =L I RN Xk R
b, HHEEICOWNT, 8BS AR EE
i MORIRIEF ~DE B L — b ks [s]1F, P Z3E
BICEHDL B OEE 1, waE IR, %
RENREIRE L LTz £END.

Kobs € <‘//i |P|l//f >2<Zi |Zf>2
FLDOFE—BRITEERIGEFE—A b, B E

3)
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# 13 Franck-Condon [K 1% £ 7. #%HIINLFER
IZBWTEIT TR, BBz —BHhhik
ICBWTHRH L, TTA-UC (ZJHW5 55+ % iR
THRECLEZEEINDRERTTHS.

3. AEELRHE

31 IRLF—Fv U THFEER

TTA-UC %, KW KO =HEEIREDO A %
179 THUKS 1 (sensitizer) | &, TTA B L O
2179 [3IEHSF (emitter) | & AP ES
ETIThND. BEIEERRY) ~—2H LTz
ZEHI[12] S & 525, ARFEIZME IS FE2HWS
BaEWH. EFELITINE T, BESTICRT
D LBEARNLT 4 ) o D—FETH D PdPh,TBP
%, Iy TIT perylene & VTR D, AflIR
THRERIIVIT NI NOEFEHLEZLOTHD.
B 51226 D5 FHEE L =R X — AR
SFO T RERFET XA EF—D% v U 7 L
7209 501F, —MRICEEBEHFM o ITELS (us~
ms A — % —), BARPAYEHL, ooy & e -
E2H L, 5 FEmx VX —BEI 21T 9 £ TORW,
R EE 2 RFFCE 572 TH 5. (PAPh,TBP T
13 7r =260 us [13], perylene Tl rr ~4 ms[14].)
ek, TTA-UC BF5ED % < TIEA BRI 751
ORGESR) (JEH) OBEKICHWONTERR, &
UMESSE & RRME, ZBRR OB FEM R s AT
J7eEETH-72. ZOMEICR LT, EEFOI
A TR (A F o DI W IRREE, =
K ERFERENOAR) #HWLZEEE/E, Zh
Z U SEBR T CEER LT15,16], T3k op R % fif
WL (K2). FEWTER DL, A4 iRk
& LTBHI BT DA 72 2T 1 7 R & iR
LTV 4[13,14,17].

Xl 5 PdPhsTBP (/£) & perylene (47) D%y 11
i, BLY, MorofFREORHRT LI —.
TR X — OISR F 72 1352 BR T & B B

EEN 2016 4E 1 H

3.2 TTA-UC DR EE

B 6 12, TTA-UC % EMERICHEIE Lz xR /L¥
—HAT T RERYT. ZORIE, Ep=hu®A
FIE TN T2 K D RIS 7RG, ey
T 6 Em=hw Ghw)DOX TR S 2k %
RLTWA. X6 TIiE, 23 8iC&HlE Lz Ti— So
DHFEBEBENR NN T WD, ZhiTHED
PdPhsTBP (Z351F % HJRF 20 FAZ LR L CEEH 23
DLk, L— FOBEWETFORE (0 A,
phosphorescence) % {9 BBNFIET H 2 & &2k
THLOTHD. RKONEIZHVY, LT 3.2.1~3.2.5
IZEBREONEZIBRD.
3.2.1 SRR

Jr (hv) DEES TICRINES D &, FFR 72
So—>S1 EBRICXLV, WS TIX S &b,
PdPhyTBP CiX[X 2b (27~ L 7= & 9 123 & 600 — 650
nm OFFIZHRINAH Y, ZIuIEr7 40U v
D QWIZEDWINTH D, N7 4 U DY
ST LTI H01%, ZhkvaEkEAN:
FROEN DY, 7R ST R D B
SFICHBRINEND Z ENFRERE RN DTH
5. Ik, 2b T 470 nm {2 52U B ERN
2T, EIZ perylene (IZ KDL D THS.
3.2.2 IAREIXRZE (ISC)

Sy Lo YT, K 4b DXL OIS,
DOOIEIC A E U BROEAT (N I2A % . PAPhsTBP
BT 2\ A Y —#EM AVEH  (spin-orbit
coupling; SOC) 2 X DB ELIZE Y, WTTh
MDA U NIEZT 5 &, REBIXEBIZED =X
X —DERWY Ty ICEbT 5. ZhaHELE
(intersystem crossing; ISC) & KXY, ZD L— | kisc
[s'1i%, Pso & SOC (2B 2 EEOHEE T, it S,
A&, RTREEE LT

2
" <‘//i |Pso“//f >
I1SC AEI?

LRIND. SOC FEHFEFNREFEICEIVAELS.
9ISy 112 PAPhyTBP % W5 DX, Pd 11 &
HZARMEERAT D720 TH 5. @)L, AEst
DPNEUVIEE kise DR T D Z & 2RT. 2,
WFREICIE, J (=AEs/2) DN EWVWIEE RV UK
HRIZHE S D BRI = 3L F =37 2 & ot
e 5. )ik, HES FICAEs /NS W%
BINT S Z L1, ()ISCITfE) B L F—0

“4)
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6 TTA-UC O 2 T4 EVER R XV —H AT 7T 5. FERRRENT radiative transition, ARRFFIIX

non-radiative transition % 3%J.

BEREMZDZE, BIY, (i) kscZz@mhd I &
R ZHHEARE IR E M ESELZ L, O
THOBENODIEETRLTND.
3.2.3 =ZEEIRILX—FE (TET)

T, &2 o B 1%, T OHFMOM, Bk
fex &> (PAPhsTBP Tldzr =~ 260 us). Z DHIZ
TEHR ATV, B D S DI Ny I EZE 4 5 &,
¥ 7a 2R =3 X — BB (Dexter #4%) 12
X0, XX =N~ BEIT 5 (triplet
energy transfer, TET). Z OfETIX, MM T
X 7a RSN DET AL RN Thi (Fith T
A A EE B, I O = kL
— BRI T ~ERBET L.

I TOMELIX, WMHFOEFENSERY G
¥ % Van der Waals - FEE~DITHEEZ BT 5.
BAFEOER Y TSR U TR TR T
5728, Dexter HfEIC L A= VX —B#hiL 1-2
nm LT OEREECORRE T H[11]. 2Dz
B, ISR R ToOBGETINE SN D.
3.24 =FBHEH-=FIEHM (TTA)

it = RV X — 2 T B o T I, &
DT FNX—2% 70 5 XL BRI B K
DHND. AWFFETIE, ZOEREWZTHTFLE
L TR D perylene (zr~4ms) % T\ 5.

T T FEHA 1D, BGEE) AR T HE M EE
5L, HDHHERT, Wb ITREINIE ALV
RHALE D VX —BE), $70bb TTA
MDAELDH. TTA OFER, —FHOFINFD Soll,
AR S 7D, 4c TR LXK H1Z, Esi > En
ThHHZ LMD, TTAIZWVDIE 5+ b b
THXNAX—DOERTHL. Z0X o7k [H%E] 2
BHRE BN LRWDlE, 22 ThOTRL

EEN 2016 4E 1 H

-36 -

X—EE LIV e RREED = X L ¥ —TdH
D, TIZELF—R1DOLOIIHTIEHRTHD
O THD. BIEHCE, ZHIFBERTRLE
—CBIT DB HT-DEMREZE XD ENTE
L. 7k, TTA BENFEHE LR EZH T 0%
D TIE—RIZRQ)MBE Y Lo Z 2k D.
—74, TTA QRS TP AIRETED (£
LTCENUTSDBAEEE L 20R), FIEF 3
T4 7 AL IR END. TTA BZEOW G L
el LWk, ZDOBEBHIRN &9 mid e
FEENPEZ TWB T2 TH H.
3.2.5 I}t

SI DI TIE, S1 = SoBEBB DB AFHRTHD
Z XX, BERE GREE 10nsLLF) T Solli&E
BT5., TOZXLX—L, BoTosteET
PRI LI TET (hw) & LTHRE SR,
F T RN X —D BN R TS,

K7 (a) —HHETRLX—FH (TET) BLY
(b) —HEHIE-=EHH{EMW (TTA) 2B\ ThRIh
%57 1R COE AR DAL .
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kDX 51Z, TTA-UC &I, TET, TTA, &

LOENOIZE SN DT OFGES) & 778 2 Fl
L, AR VEEREY 7 b LBt & 54
TONFTRNLF—DOEBIRRTH D,

4. Bon=HRLUR
4.1 ZEEIRILF—BHEFIEDORE

A & R E 4.2 TiX, Ri#fi 3.2 TR L7z TTA-UC
DWFED 5 B, 7 3.2.3 (TET) & 324 (TTA)
WL TEE LI VLI R & A2
T 5.

koo X 9z, TET 134y v RIfE2E 2 29 25 4iih
B 2 VX —BENRRE TH D, TN ILEHEIE
BTHDH00, ZNETOMD TTA-UC #FZE T
1%, EZERED TET & 730 (drer) 2 1 LHITEL

BTN TE TS, Thbb, [Ho0nD
SZ2THUE T =R X — I THFICBET S |
[HRNIZS O NZ & ROy DOME— D
[RERTHD| EVWIHEHETHD. LrL, Z0
AR IE LUVMRREIIAFE L2V, e LA, T
MO ML O 72 DI BT B ER - [HER 7
WELIRZONDIRETHD.

TET iZ55FR D Tmx ¥ —D k) Lb—]
THHD, ZTONNCEHFICETE, »oOME
TR EEET, TRbBREIET L X —03F8
ELTHOR SN D ATREME 2 B BT DM ERD D.

HEHSIL, TETOX X7 4 7 A% LWL,
ZOREWRGLMZLE[13]. FEBRrE LTiE, #E
IZF 2L —F— UL 2 & LED M5 ERENR
Faft Lot s ZER L TCAHL, 7L R
A X VES I T IR 06 So R
TR F— ﬂ%%bf@<%%%ﬁﬁ\%ﬁﬂb
7-. HetiE, ¥R+ (PAPhTBP) & 36y
(perylene) @ZEIEF'EEI%'&W (Ti > Ty n 22) 1)
WL Z BT 5 BRICH W2, 2 OEERER
&, BUIBRIT - T EBR ) HYE L7z e R ok
B ZEEBORWINERE L 2V, Opr DEE
e L72[13]. ¥ 8 I\ HFESEHD A A IR TrER
L7=RAB 2 RE L TEONERRE2RT. Oprid
A A ARIEOFEEEC L /L A D= R L F—(Z L
53075 THoTo. Zhnbd, ERERIETH
WHNTE 72 TEET UL DEr =1 &V 9D BIFED
VT LHIELL NI ERBALMNRoT-.

AAEFIE, TET 217 2 40 FDksk - ®EIZB W

EEN 2016 4E 1 H

-37-

8  EBR/LIRTE L7z PAPhTBP 7> 5 perylene
O ZHET RV —BE R TR, RO A
F U TER S 7= BH kT L, b S RA =
FNF—Z B SETEHEIL.

TIE, O & VISEDIT 5B DB ETH S
ZLEHEEWRLTND. Dexter BIIE < MBS
N5 F TR X —BEEEZDS, £ ORI
BT DARARA B = X MIRMH & b, 2o
SROIRARBRRIZIE,  FEFZERF OO 43 O AR KA L 7] R
Franck-Condon K| F~DEENRNMLIETHA .

4.2 UCHHEDMEKXRFHEORER LHER

D TTA-UC OEARIZ A A iR % O
724 HI[15], TTA-UC 3% (duc) 234 A L RIED
PR T2 Z E AR ST, Dyc 1 EOE
fta T, A3 IRIEOE OB E FLH
TTODEREIT 72D, UEFXEA LA 4
TR LEZEINEC X D BRIE DO HRITV, Ak
THEHALTW=7a®, EEAMMHOA A wJIR D
EDFEWC I AN L RV Enhotz.
Blt, 38 O3 A A IRIEOREREZ B Lz
ZHUC KV A F IR E R L CRBHMERLZ A W,
A F RIROFEFEN Oyce 1 MIFTRE 2058 L 7.
ZORER, Oyc ZRD DEKROER D, A 4K
KOYEICHD Z & &FRLTZ[14].

¥ 9a |2, HEL DA A iK% AV TERLL 72538
B BRITE S 7z UC FENIRFEDOFARME  (luc rer)
T, AFIROREIZH LT r Yy b LIERER
Y. ZbORECIIENEN K (633 nm) 12
BIAIWHELZ —BHIETWBED, KX O
IXOuc [ZHHIT 5. Z oKX, HEE L Oy & DH
R EOFBANFIET A Z L AR L TN D.
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CORERICBET DT —T 4 7 7 7 NOAREMEOR
ElL, EEOORL[I4ICBVTREN TN S,
ZOFEIE, FTOEATF I T ARDye D
LHHERTHDZ EaRBL TS, X8 DFER X
V) Orpr 1A A RN FEEE A~ DIRIEMIL 72\ T2,
R OHEFR NG D+ Dye O LBELEER T TTA
FIZhHD. o, ZOXRT 47 AL, ¥EOR

BETLNF AN EA T IV ADEELZIT TN,

EIERC Ty o F 3R L THEE S &, 9b Iz
IRTIEE 7 — Y (solvent cage) W CH#EESAIR
(encounter complex) ZJEAKT 5. W —T N
W2V DM, [Misr1-1%, RO kinetic step [Z1#ETeFE T
ITHEFRRE CHTZ2E 240 0 K. 1@%, SBWIEALL
FEDEFR A 7r— Vi, 0 FIERUCE L2 X 0
+05 <, —HEOWBBITILHEETH D.
ZOMBESAE ([T-Ti]) IZB8WT, A UA
BN 1 2 S O T 70 IS HAR AR A
Ch. LER-T, ZZTIE4EOETMHEET
L. ZOREEHLEONK 10a THDH. T77b
L, EEEASEDOIY 5 28R U AEIRIT 2,
LODWTININT, TNHDOLEEMILS, 3,1 &
2%, Dk, Zh oo E T T EL.
W r — N T EDZEE 2 ERT 2 D53 I i
RITAEUHFHIE, BREMICIT S EE A EA
L Lctk, 77206 5T, T 5/9, 3T -T]H
39, [TiTB 19 &7 B EEZ LTV,
&AM, EOLEEROEW O[T, -TiIX, 8,
TRV — I T = L IR ATRER T2 0,

10b (R & 5 ICHOMEET 5 Loy, Zhit
Lo AD [HWD ] i2hi=5. T T,

ZDHDZANFXF—FMEmIT 720, T & S
DAERIHER, FERIZ T it =R L ¥ —%—D
9. LML, perylene X2 OFMZ#7T- LT\
e EZEZON, ZOL—MIEWEEZBNS.
1/9 O TERRT 5 [T T, X5 xR
XL E T L TRY, 2D HT
IR CTHER, EBIT S & So DARIZIFRE L,
BRI NN AT S.

5 I1EE 9a DFERITKI L, IRD —HDA T =
RALERBELTCND[14]. — BT, EEERE N
EMWIEEWE O FREREENKR T T2 209
Stokes-Einstein-Debye BAGRI H AL D UK
DL T B FIEEI %2 b, 47 EEEs -
STV E XL, W Ty S RGOSR - B

EEN 2016 4E 1 H

-38 -

FHEAERMS< . Z OMBEMERIZSY T A3 EHH
2725 EHRT D GEMIITSTE[14]) . oF 0, K
RERE 72 A F R IR Z O AEAEIEIER L,
WHFEESNDK 10b DF AT 7 A>T
HEBZOLND. —F, ERERA FRIET T
V3 T [BIEE AN S A0, BB - SRR AL AF
HANREBRT 5. ZHUIBEKOER D Z4EL, fnk
DISC DEE L AR, 72 5 A B U ZEEM D 1SC
EREISELZEEZOND. Tbb, [ERE >
WRRBEELAMER > AV ZHEERTOISC b
— k (kisc) K] EWIOIHEND, X747
AN 10c ~EZ{LL, T, T ~DIFEEEN
R, ZOREO N ERLZEEZLND.
TURBE, RECRE N EIE SR — U FH
(r—YOERX) NETOT, SEEROMEEL —
b kg 2MEFL, &6 L7 T o FEOMAEE
AR AT 2137, &) —fimicik-3<.
WL — Y NIC 3 1T D F B E H REE o 8 K%

9 (a) UCHILiE (@DFUEIOMEIZHIMEL)
DA F ARG L~ ORI, SEHERIC W
A AV HE—EERAIRT. BEE LA TR
ERHDD, TNHIERRD A= —0BATFL
oA F IR DO L AR DOER. (b) B r—
WP E N7 E B A IR[T) - T ) ORI
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10 () Ti D FOEBSGERICBWTARRRA YV ZEE L, TOEKOFFIAILE. (b) 5L HERM
THMRAENIRWNIGEDF T 4 7 A, (b) HERENDLHEDXXT 4 7 A ki DEEOTEHKL— §,
Katr: XA EROMEEEL — b, ¥ Z 5% ISC: Intersystem Crossing, TD: Triplet Decay, SG: Singlet Generation.

kisc/K-qise LE B R &, ZOREEK 10c DX 3T

©4 7 ADEEEFMHIC ERISEAEEZ NS,

PLEZ S oOEIEK 92 OFEREZFAL, =¥
=7V 7 E LTy OXEEREZ ML, %
O EfR#EH-Z LIFAERTHD. LoL,
EASEE OERITWT N ZE ORIER, T7hbboTt
JLEAEDIR T & WO EREA AL 5720, Z 0t
FHZ L B Dyc O EICIFRADBGEET L EEZS
n5. 9a T D lucre %78 L 72 [Nissi][NTH]

ZHAOTER L3RBT, Oucz15-16%Th > 7-.

L2 L, [Ngssi]INTRNE, mHilRD GUBHA /ERL AT BE
72) BROKVEA A AR CIEOREFE 23 e 8 D EREE C,
AL B EE A K MEA A RIRIZATTE T
WV, Zom BESEEAL 9 DA A U HRIED
FEEE BIR%E, SHHLNITOIMERDD.

5. &6

AFaTIE, HFOTRAX—% LW 5,
Whid = =7 Y U T ORI oW T
R L7z, ZHUIKRBE R E oI Eae—L v Ml
(3 ATRE R BURME — D HIETH D A B
IFREMICH Y, EFEFENERIC D 20d 5.
oL, REMOSHEBICITETES < OHEITHY
PRENTEL, ZOMRIIIAEBEEARIZE D
DRI ORI BT, AR T 2,

EEN 2016 4E 1 H

-39 -

WETHZAT I A, REB(LOX T 47 A
AR RIS Y A LB L 7o
TWa. 2O LS 7, KIFRIL, H1FAT—n
DOERFAR T ORI D, AREATIC BT 5 iR AR
Wb AH =X AR T b D Lo TN D,

SE 3
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EEAREERFAEERT 5L Fy /270~

Redox Flow Batteries with Advanced Flow Field Design and Improved Electrode Properties

B CREE] CORBORE:, JST S & 2%07),

g 525 CRBRRE)

Shohji TSUSHIMA (Osaka University, JST PRESTO), Takahiro SUZUKI (Osaka University)

e-mail: tsushima@mech.eng.osaka-u.ac.jp

1. [XFC&®HIC
AR, JRBFEMSS ZkE 7 L oERL TR
WX =BT NA ZA~OHFREREE->TND. £
ORI (EHIfFSR D) =X —4
RS (ERFTIEHE VLB L SRR oT2)
BRI EME BN T2 = R L X — AT~ D e
== ZADEEVIZHD.

AFTERY BiF 5,
(Redox Flow Battery, RFB) |
H e, TOETELWVERIALNLTEY,
EBIZ, 2ROV Ry 7 27 v —& )
FEINDHRE, BRCEIMIB W TR 2R FER %
NEFAETWND

HBiRTH L0, VRy 7 AT e—EH BN

Tk, ~A 7 uRAr—1ofMileaT5%iEE
MNTORIG L TEORENEE L 70 5. EWE
% TR BRRIR 2 A s D B AR IS BEE T D 1
ETHDHZEMND, ROV F I hAlF L _KE
e & LI RR Y, BPRAR TSI L7 ek
SRRk b ERILF RV F LT
NRARENZD.

ZIZTE, YRy A7 uo—E (Redox Flow
Battery, RFB) % HX Y & < fdt DRI DU THEER
L721212, EH O PHED TS “EHAE A RR
ﬂm%%ﬁﬁéVb/7x7n%%@ DFEHLIZ
T 72 B 0 A DOWTRRIT 5. 2D BT, ¥
TR ESIEERISRPEE MR L Ny 7 271

— M E OB OENINOHFTEBRRILE &
WRFRIZOWTOREZRT.

L' Ry 7 A 700 —EY
X, 2o XD D

2. LFyyR7O0—Eith
L Ry 7 A7 a—BHITERKTOA 4 %215
WEE L, SN D EMRIK A BRI T D 2 &
TREEEITH _IKEMLTHS. ZORT, EIIE
ThHERCBRIL I E2IEWE LT 5l O
WEM L TR D82/ T5. T7bb, &l

EEN 2016 4E 1 H
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BTSN T 2 B OREIC I VIRED.
—5C, ML N EMRR & G 3 2 AN
MOBMEAEICIVRESDS. LY, EMARE
M A EANCERE TE, KBNS /NET
MRV =—XIZKET 5 Z &N A[RE & 72 50,

Mz T, T hU oAkt (NaS) Euho L 5z
T2 IR OV ER R FIRTIER T 2 &
NTEDH., b, RMEEBEICONTHEET
b5, Tihbb, KFEAMITBEBMANBICRE SN
7o [Fl— O BMRATE 2 > 7 I bR U FEBIREDE
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ICEGE L ST AUERE EHTRMELE R L, B
ALV AT ATHD.

B2 Ko7 AROSHRE LT, AKFE-EFE
(Ho/Bry) [1915%, F% v —~ > # »(Ti/Mn)F[20],
S BT R O AERIEWER1L22] 2R S
L7 L, R CIER AR AU 3 D H ATV
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TRIRBR 2T 524 7DV Ry 7 A7 00—
WOREL I TV 5H[23,24]. EAREMEIZ
FNF—FEENE L, FEREMEDOFHEEMIR L O
HMABEDLBEICL Y B VEEEELS TDZ LNAHE
LB, Fic/arRetE R < b L L CTHFE
.
WIhoBERIcBNThH, LRy Z7XA7a—%E
MoDFh T & REE K~ T, EHNOK
NN 05 B G2 D FERE ) BRAR & O HIAE A3 B B 7 iR
ThV, Texr DX REFKELT, FIEEATLY
R LT AN RECHIFE IR E 2R & &
ERFELN TN EFE LT, EE LI LE
HTWN5D.

BE

KRG TR LT D—1%, EB N T¥
KEFAEFERFCAT ORI b DO TH Y, BURBNLIC TR
EHWZLET. X BEE oo (XPS)
I, KBRS BHsR ) ) R—va v - TEXE
TR —DOIEDOE LITEM L. BRAAICH
BERLET

AR MED HI12H70, IST &M T=x
IV — BRI &R fEIR O SR A W27
TFE L7 BREMICESH - LET. LU,
MRS AR I B E LCiE, FfER OIS
MG E LT, WIEBRAEY WL 0 & HAe S L
FLEWEEEELE., LDEVEGHEE AL RS,
HATCIEREBITY Wi LET.

SE 30
B, EBABA L Ry 7 270 —EH,
SEI 77 =7/ L B =2—,179 (2011), 7.
BT VX —)T, BAEFRT RLF—08K
PLIZDUWNT, (2014).
EEFEE, R x ¥ —FmiaEL,
(2015).
California

[1]

(2]

[3]
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Renewables Portfolio Standard 2nd Quarterly

Report, (2014).

Sun, B. and Skyllas-Kazacos, M., A Study of the
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[6] Sun, B. et al., Investigation of the V(V)/V(IV)
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Report on the 14th Kansai Heat Transfer Seminar

Il AN (WEIRSIRY), B0 (E FERKRY)
Hisato MINAGAWA (The University of Shiga Prefecture) and Yoshiki NOGUCHI (Ryukoku University)
e-mail: minagawa@mech.usp.ac.jp, y-noguch@rins.ryukoku.ac.jp

H AAGEVF S BV SCH T, 1989 LUk
&<, 2T 1 EEfMo TR GRS
F—] EBMELTEVD E L7 2015 FiITE 14
EHERD, KEICL> TRl BB,
#1200 FEDREL 2o miEH HIRR Th DU
BREHOBIEER - b2 77 KT A%
28 L LT THR 3L X — - BBEEMEOHIR &
A% OARENE] 12OV TEZ DI T —%BFEN
7ZLELE. 200l EmEmICEREMNZED HHE
EO LWERE T LA, izt hThosic
DEWERR 2 Rz AR 1L X — OB B R,
BT OB T 2 =% A= D49 4
(95, ENIAFZERERE 1 4, K54, ¥ 24)
IR T2 &, GEEIREL T ieiiE E L.

WM IF—DT 5 ¥ —
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I —1X 201548 A 28 H (&) @ 13 KfiZBA
=L, FIRIC SRR EERISEN R SNE L
7. FOFPE 3 HIT BRI OBREE - A= 1L
=Y EIF S E Lz, E9mbERE - B
B D v X —ORREIRIK L0, [H i
DOHIE & Z DR —DF|H ] LEL-3#EN
ITonE L. EHEaVFY NN ANT L ALT
AU Bl & i &, FEEWI ORI 2 B &
BECR, Z D R L F— N HERIR IV O I TICfE -
THIML TWD Z s S, MECWhigIcE
iRk S B MR A A L C, 2O R X —%
FNER L7200, KHPBREOFES KA FITHAET
BARSE OIS B R L 72 0 425 B0 A 00—
DFAIT S NE LTz,

2 {4 B IR E N ZE BR S8 1 N HEEEATE S0 BH s A 1
EAF MY o X — O KEHEE L O [
B3 2 b— 3 I & B ELT B R B O fif
H) & B U725 C, B R ERE O RITfE-
K[EV 2 2 b— 3 v OEMEE e A O
JERBZGENTND Z R, KIEKD 7 L —7CHi
FEMRHED 53T DH MSSG (Multi-Scale Simulator
for the Geoenvironment) & FEIEZ L 5 SEimrd /e G v
Salb—ia VEFAOHBEOREI L, MSSG %
JAW - BLR G 5 B AR IS BT A TR DR M T
nELE.

T, FERFPOREE—BKIZ w2 LN
HORLEENELNT SR T V— DR &
BLI#EAE W& E L. #iERko#Ebicksun
T, v MWNEOEBW BRI Z D 7 L— LD
RICTEENIRENE ST, 4, HEFNE
HI7e End, <~ FAVNERIZEW « MEARAIICARYY
BThHY, ZHERTN—DMBNAZSOHDH LD
T, HETIHBEDO~ Y MASPBEFET LTI
FLEE LB T3] 10 oW TR S, HERWE O
A F 2w 7 I BIGH OV THHR T2 7248 550
5 ShFELT.
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W) H ORI TR AN KR FORARRE —~KICE D
(BTl DO RIREME LRI DWW T LE L
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WHTEHELT, ZIHFERZSNTEDY,
Z DHAMTDOIRE & 22 HEEFHER ROV TIA S

NFE L. Z20RIC, ZTNETORAKKOEY
B0, A OBEIZHOWTHEMARTANR SN E
L7-.

PIHOMEIZINTR T ERDELER, £h
LI OFER TR R ERREm M T o, &%IE 30
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DHEL B S OLRIBHRTHEMLT, &E -
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RS EThiE £ L.
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HEAETHR
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CXFEEPBFEY ELEDR, SMAEFEKITIDL
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BT, KFA > 7 T I24% D HAN 22588 & L
INKFARER B Em R 2 gt o % — TIThiL T
W5 B R E MR BRI O — S 2 LT
EEE L. HERDODKFZEAT — 3 3Tt
NTHFEITEMT, HEbEBLWZ &G, 20
ERITE D X HITHEA TR &V 9 RS
BOBELRIFHFLWEEEE L.

WRNT, RSt — V> - SRR AT O
HERSE LV, T5REM G DB IS i) &
LU TGEEWEEXE L. GRS mEm B0k
EEHETLLELEHIE, =T A ATHD” AR
Hags” OEFICONT2—ET 222 TR LT
Wil EE L.

I B, FBRKFORBRFERRICIT MK
WG EOBUR & Y — T — L 2 — OWFFERR% )
EHEL, FMOKETERE S TW AR
I5#E0 3 E (CSP, Concentrated Solar Power) 235H
ERZTHAIT &, w077 N TI3ENS L
KIGIEDER L BB L 24 BEFEBNATHET
HH L, KGEVEET T hoBURE, @il
ROKBGERAZE (VY —T— L —N) OWFZERI%
DEENZ DWW TR A e S E LTz,

2 HHOERS DO AT v 7 GRFEE IIRREERK)

At I ORI, KK RKFZEOVER
MHEICE s O RLE—FE L EEZO

Heb—F T AT xR T, KRHARRELKE
LKL L COBREOZFNAX—FERN L L2
LR, BhEPLIZ, BEFEHIEO =1L X —FH
DOBUR, BATHRDBEET 2 EFICBIT HHiE L
E—h7A T2 RRAEIZOWTOHMA = 2—,
2D ZREMIIC RIS 2 TR AR LT
XFELZ. 2 HEOIERERERINEN 2SI EL
720, IR0 OZGEOBRN S PEDOEFEHEY
WEDZEHLTES, LARLTHLRP Cilime T
LU LHETWETEWED b LE L. &&ITIE,
A AREVEAS BV SRR O R U E . OERR
¥) LUK OEELNZIEXELEL.
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T, mLSIUN, UENS SN E& F L.
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Present Status and Future Issues
about International Centre for Heat and Mass Transfer (ICHMT)

& OEAE UK

Hideo Yoshida (Kyoto University)
e-mail: sakura@hideoyoshida.com

1. [FLC&HIC

EMEEAE# (HTC) 1T RHFELR S HAFIC—
DOFfETH L OITK L, B EimEERE e ¥ —
(ICHMT, http://www.ichmt.org/) 728 LM 5\ i
e 2 2T/ NEBL 72 3 BB mV 2 é:%)z!%)
0, REMCEET A ERRM B X IRV A B X T
WADIZEBMEEEHE T 7 U — (AIHTC) LY
‘F)ICHMTT“&’D%) Eb W ET. ICHMTIZ DWW T

SN ENREFLENTE LN TS [1-5] b
DD, FIOFERIIAZZEDOERIZH E D HIGLs
DWWt BobnETOT, TOMELFHHATIL &
HiZ, MEREBEX LI EEWET.

2. MABEREERETOER

BITEICHTMIZ 1331 » [E (Australia, Austria, Belarus,
Belgium, Brazil, Canada, China, Egypt, France,
Germany, Hungary, India, Israel, Italy, Japan, Mexico,
Morocco, New Zealand, Poland, Portugal, Romania,
Russia, Serbia, South Korea, Sweden, Switzerland,
Thailand, The Netherlands, Turkey, UK, USA) 7>5
42> Member Institutions (UL TMI, H A7) 5 IHTSJ,
JSME, SCEJ®D =-2) I L TWE 7. Statutes®
By-laws(ZFL 4L TW 5 KL 9 IZICHTM O = Rk &
The General Assembly (GA)

(44F |2 —ETHTCHIZ B, MIZ &
The Scientific Council (SC)

(L, DARTIZ44FEC Lo S Ralr 2R IC AR 72 0
F L7z, $882004 L0 EC, HANDIX20154E %4414
AT LIDBBUERL TT A, TEamRL, ik
i, JINER, mHEZ, @EEESE, BHEK, &
BRRRS, ML, B, A H, EHERA)
The Executive Committee (EC)

(EHA44E T3 £ C, 154, 112201448 A @EE)
THERL S AV E T, IHTCBHE 4 D 1 ITAESIBAAA T
SHORR Bl - FHERE - HEIRIOLE V)
T AEARMIERIZ20074E 0> & PR 2 3 HifE, 2011

(2140 DFZEHE)

#2016 451 A _54-

F1 HFES A N— (201541 H ~20184E121)

President

Kemal (Kemo) Hanjalic

Vice Presidents (24;)
Nobuhide Kasagi
Jacques Padet
Terrence W. Simon

Secretary General
Faruk Aring

Bosnia Herzegovina

Japan (~20154E7 1)
France (20154F10H ~
USA

Turkey

Executive Committee Members (154%)

Cristina H. Amon
Yildiz Bayazitoglu

Canada
USA (Vice Chair)

Pedro Jorge Martins Coelho Portugal

Renato M. Cotta
Peter J. Heggs
Yogesh Jaluria
Sadik Kakag
Alexander 1. Leontiev
Denis Lemonnier
Leonid Dombrovsky
Peter Stephan
Paolo Di Marco
John Thome
Hideo Yoshida
Xing Zhang
Financial Auditors
Renato M. Cotta

Jean-Francois Sacadura

Peter Stephan

Past Presidents
Michel Combarnous
Maurizio Cumo
Richard J. Goldstein
Geoff F. Hewitt

Graham de Vahl Davis

Brazil

UK

USA (Chair)
Turkey
Russia
France
Russia
Germany
Italy
Switzerland
Japan
China

Brazil
France

Germany

France
Italy
USA
UK
Australia
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1 PRF L AT — 3— (201448 H 10H)
%] : Jaluria, Bar-Cohen, Zhang, Shafeyeva, Thome,
Marco, Orlande, Coelho, van Steenhoven, Stephan
A%l : Aring, de Vahl Davis, Bayazitoglu, Goldstein,
Padet, Simon (%A « 5 FIZTHTC-15%}i& 0 72 9 ARTE)

ENbRIER E L TH2Mde T TR T LR,

FEE O AT, bAEORA SR OBE 2T
FRNRKERBEREZ T 22 L3S B T
GA, SC, ECHDO#E O BHRIZXK2IZHEF L= & 9
ICHEHET, LV DTSR - BRlISEOGEME A

2, BBRROA R LT EaRIC ORI 53T
WA, MRS ERH LI WETERH Y £97. #R
FHEOHRA A= LY L HRERE NS
W Iz, EREOHBRO T NENTZDIZ, EEO
i OGN ETET L TVWDH I EHHET
ZRRWBLETT.
FEEIT201AENHECE L 2B TF. &ARKD
TiirE L H DR (2019~20224E) (ZEITTEONE
B O ED SRR DECH R SN D X 9 12 Ul
TAHNENRHY ET. #2T, ECOERFELHTSH
SCOEKE, & HITITZDSCOFM UV A b % i+
5 (FIZHWEWART AT LATTR, LLTFO FHES
O EDICEIFEIR ? DN EHBET UL, Z0EF
ST ANGND) BEVEREERE L E T DR
~OEEBMLE STV E 0 EBnET,

ZZ T, ICHMTOH#M ZFEN D FITIZ L A LR
WEBWETOT, ZoaIZ, PLESRDET
MU ESIH L ET.

X2 ICHMT®GA, SC, ECOZEET A (5K « HH : 201444 A 1E%)

=8 201641 A _55.-
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F9SCTT :
Statutes Article 14
14.1. Members of the Scientific Council are elected by the
General Assembly from nominations by the Executive
Committee, Scientific Council or the Institutional
members for a period of two years and may be re-elected;
By-laws Article 3 (revised)

Members of the Scientific Council are elected by the
General Assembly, for a period of two years, on the basis
of nominations received from the Scientific Council, the
Executive Committee or any Institutional Member.

Call for nominations must be issued at least four
months before the first Executive Committee meeting of
a calendar year, or the last Executive Committee meeting
prior to the meeting of the General Assembly. The
Executive Committee shall prepare the list of the
nominees for the mail ballot from the nominations
received.

The list of nominees for the ballot should ensure that
countries active in the field are appropriately represented.
Scientific Council members may be reappointed.

Recipients of Honors and Awards of the Centre are ex-
officio members of the Scientific Council, subject to their
acceptance.

Members of the Assembly for the International Heat
Transfer Conferences are ex-officio members of the
Scientific Council, subject to their acceptance.

KIZECTT :

Statutes Article 15

15.1. The Executive Committee is the body which
organizes and carries out the activities of the Centre.
Members of the Executive Committee are elected by the
Scientific Council by a simple majority of those voting in
a mail ballot conducted by the President of the Scientific
Council. Nominations for membership on the Executive
Committee may be made by any member of the Scientific
Council or any Institutional Member. Executive
Committee members serve a term of four years and may
be re-elected twice;

By-laws Article 7 (revised)

Members of the Executive Committee (EC) are elected
by, and from, the Scientific Council in a mail or email
ballot conducted by the President of the General
Assembly. Nominations from members of the Scientific
Committee will be submitted to a Nominating Committee
comprised of the President, all Past Presidents (subject to
their agreement to serve) and those outgoing Executive
Committee members who are not eligible for re-election.
Based on these nominations, the Nominating Committee
will prepare the final list of candidates for the election,
taking into account the number of nominations, research

IEEN 2016 4E 1 H
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activity, ICHMT participation of each nominee, and
geographical, gender, and employment diversity.

The Secretary General will contact all candidates to
confirm their willingness to serve and attend EC meetings.
At least 19 names will be on the ballot from which 15 will
be elected by receiving the most votes. In case of a tie, the
winner will be determined by chance through drawing lot
or similar procedures.

3. ICHMTE&AIHTC

ARSI CUL T OREL S CWEEE LT

%%(Nuﬁﬁ%ﬁmﬂ%%éﬂtMMCIGMT
@&7wm/&w %) TIE, AIHTC & ICHMT Ot /)i
BICELT, k0 EBEEMRAFT—L2BET 5200
BlZE B4 (F. Arinc, A. Bar-Cohen, G. de Vahl Davis, K.
Hanjalic, N. Kasagi, T. Simon) 2E¥E SNE L7z, HEL L
TiE, BE-EVEL 2o [EIBE AR & TR 2 & L O
% L, The International Council for Science (ICSU) ™ X >
N— oy TEBERT L2 LT, B, S oM 2w
AL LTI, MHm@ﬁE®E%%%§§LOO
AIHTCHORICHMT DA TIZA D &9 Z EBREREI N T
9.

L)L, AN DL, FOHOBMITESNIC
BEENH D HELETATLE. £ 2T, 20144E4H
26 H |ZMarseille CBAf S U7~ ICHMTHIE S TIL, 4
AR EEHE TRBIZRTER A W H L CRERRE
LFELE. RAELICHLET L, KERITIHEFES
%/A~®§H%Hé XEYFEATLER, &
MNEBWVIRTIZSARKO CEEOERERITED—
&LT,K%@%%L%kﬁ%ﬁbtm&%miﬁ.

X3 (AF7A4 K :1~11)
AP T HFERE =4 (IUTSE) 2T

1.ICHMT * AIHTC HPRES~DIREFERMKTT. 4
B, AKX ICHMT & AIHTC OFIESEZ#FEL T
BohE L.
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2.Ref.1 : The International Council for Science (ICSU,

EER7aE) O FTICEZHEOBFL=F 1 AN —
MDFFEL E7. (JSC D http://www.scj.go.jp/ja/int/icsu/
M5 http://www.scj.go.jp/ja/int/icsu/icsu.pdf [ZHEEL. )

3. Ref.2 : The International Union of Theoretical and
Applied Mechanics (IUTAM) 1%, ICSU O =4
VAUNR—=D—DTT,

4. Ref.3 : ICHMT 1%, IUTAM DOHIE A o —D—D
TY. ICSUMDBRD LA NR—I1TH ) £9.

#2016 451 A _57-

5. UTHHEZEO T T . ICHMT & AIHTC % Lk
LCAE L. ROEWIE, ICHMT OIEEh L E &
H)CT9 2%, AIHTC OIGENT 4 Ei2—E T3 (BT
MFEICT 27 ) —SIIRE S ES).

6. ICHMT HlZH 4 X X — L ATHTC FIEES X 0 R —
WA EE L CWEY. AIHTC I3MBE4&E (18 #
) 725 Z AN 320 Delegate 28t TWT, & HIZIE-
Bl - TRRXCHEESRESETHLEBLET.

7.TUTAM & D ICSU B Fa =F 2 A N — [T
L%y, EMHLIVEIEMTEL AT LE.
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8. ICHMT #fAEk DX /R LT, FHERIT b=
WZHY, EFHICFENALSD 7.

9. AIHTC ##fAE Rl O PR L T, %R IE Secretary
AT, TELHY EFHA (Begell House 1 IHTC
Digital Library 7> b4+ D Ae FREMEILH D £77).

# IHTC (35 BRERANO PR TEE S ET.

10. WE DT —IRIZ 72 D720 OB IR &2 % 2 TH
FL-.

#2016 451 A _58-

11. &KEIDOIHTC-16% » IR EHIRTE 2% 2 TH
F L.

4. S&ICEITT

PLERBRRFELIELHIC, BB IUEEFICEL
T, A= HARDPEBMICHKS - TEHL TR
EHBURIZ A Eb b nE BWET. 2ok
2, ZOHLE TR D ARBEVEER RN —IE o E
BEREEAMETHY 3. 202 & 2 EERED
—O L LTHFIZEML TUUTH L TV ZERH D
7. REHBO W E BT HWETT.

7B, AICKR—=F 2 RO 7 au TSNS
Eurotherm2016 (http://www.eurotherm2016.agh.edu.pl/)
T, IUTSE (& A WIZWUTSE : '§ #8 D FE »¥ International
T/ < World) IZmliJ g aED bhvignind
AIHTCHI% & D Bar-CohenX & & BUEMFHF TH 5
ZEERfRLET.

ZE 3R

[1] FHE, ERMaEt o & —I2oWT, EFSE,
10-36 (1971) 1.

[2] AREER, [EFREV-W)E nE® > % — (International
Centre for Heat and Mass Transfer) (22T, 24-
95, (1985) 23.

[3] 5 KfE —RF, International Centre for Heat and Mass
Transfer (ICHMT) — % Q&I DIGEENHRE & 28
FNE~DOBFEAN—, (mE, 43-182  (2004) 3

[4] SRS, BB s ERE % — (ICHMT)
DIt OIEE) & 4% O, {524, 50-210 (2011)
48.

[5] & HZHA, BWEERRERE % — (ICHMT)
D 2011 FELARE OIEE), [5EA, 51-217 (2012) 52.
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Choyu WATANABE (Chubu Electric Power Co., Inc.)
e-mail: Watanabe.Chouyuu@chuden.co.jp

1. [XFC&®HIC

PR ¥y i 222> (IIR; International Institute of
Refrigeration) 1%, [[EFEHHEZ NV ICAIRKR
52 xR E T D EERERIC & o T 1920 4£I
BN SN TH Y, IR ORHMAL 72 -7 IAR
I 1908 FITFRSL STz, HARK, Z OEEESEN
% 1920 “EIZFAFD, 1924 AFICHEREL C, TR 2N
AL7z. &6, HAIL, 1954 FIZKIESRE L=
MEERG G ICEAT 2EEREBE] &0 3SRy
(2, 1955 AEICHAENE L. BIEOMMWEHIT 58
ThD.

FEBs 4% (ICR; International Congresses of
Refrigeration) %, IIR |Z& > T, 4 Hl2—E{Tb
NOBRKOITETH Y, IR DR EFTH &I,
ETOWESIFICBIT 5 BFREN ZOSFHITEND,
B OEMTLMT, S ST HERBR BB (C
BHIEM A WS 5. ICRIE, 1908 41255 1 [H]25 /%
U CRAfE S, 1951 45 8 Ml m » R U BlfED 6
X4 4EIC Lo 72, HARTIX 1940 4E(CBAfE
T D EMRESTVED, P TR ZREEN
& 5. ICR2015 1%, ICR ® 100 4ELL EofESE o
T, ShlEHH T, BARORECHEINZHDT
&Y, BHAROMBEZEREANE - BF9E#E D 90 I E
AEENPFERELIZE V- THIBE TlL .

ICR2015 % IR & & H I L7 B AR B ZE
AL, EAROFEZEIZ IR ~DOHRE &2 S, IR D
BAZBOE L TUEEILTWA. 728, IIR OEFE
SEE LCOMEE, ARHERIEANE L TOAR
WHREHFROEBEEITTLHL2NEFTHS.

W H AGEVEST, ICR2015 D 12 A0 —
SThoT-. 728, ICR2015 O%EITEMKES
ot 13 ThH T,

AR Y=L, T FF 020 8B, F— R
12 BB, =2 18 BB TH D, Z Dfliz,
EN RS & BN 15 40 T3 (& TE &, ICR2015
DB E i< X2 TW a2z,

IEEN 2016 4E 1 H

2. REBOWME

ICR2015 OAEEE A LU R IR T,

- BRI H :20154-8 H 16 H(H)~8 H 22 H (1)
(7 B

- BEESEET - BRIETH XU T 0 kR
FE1IC8 A 18 H (K) IfThbh-faoft
FRA R RRBHRCTRIET R, M2y THI
s, FURFEANBREREMEE, HHREE
RPEFT N LHGEFRE, Mmoo TEMF RN D,
Hendrik Van Der Ree Bii IR iR, /DNMUZEA AR
WHRZERFaanRE UK#EE) Thao.
GE2IIBIBEROZMARY Q) 2R, &
Bilicvur~vyerd. EXET LY —
SEEIT 1 BTV, ZOMIZ3FEE 4PEE M L
7.

BE 1 ICR2015 &=
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ICR2015 (23 2 S IMNFEMREIL 1,185 AT, %
FREIX 1,121 A, FEEN 64 N ThoTz. BINE
Bo EAr 10 22EIEL, BAR (439 A), FE (193
AN), R4 (60 N), 7T % (59 N), *EH (56
AN), #E (44 N), BB (38 A), #EE (28 AN),
Z_A 2 20N), A7 =—F> (19 N) Tho
7.
- FAFFRH

BAaXoriA (8 A 17 H (H)) 2, MEMHMHE—
BERBRFLEHEREZIILOETIEERD
HARNGEEIC LT, 8077 =< —
EMTbN . BaRICs & s, 107 L
TV — RENMTDI, SBICEDO®ROT I =h
Nty a AT BNT, 130X — ) — MEH
DT, HEEEHEETO— B4R 112
R
- R SCHCE EDONER

2 EHERSC O B & BRI O R T
IR 21, Al (KEHE - T%) 76 B2 (B—
MR T 2 F—[EI) £ TO 10 DEERN
HY, ICRDODT7=ALrkyart, BRI
L, 20 10 ¥ T T L TiTi 5. ICR2015
TlE, WMBEFSOZEKHM - A LEE0W %
BT, S (FferREo@EtEfE e LT 0 ) 4y
PABRETDHIENTET.

ICR2015 (Z331F % i liam SCia B L 643 TH D,
SEPRITIE, Bl (B & nkimfe), B2 (M
FE), B2 (E— FRUT, =xAF—[EIN), El
(22780 N AL TH -T2,

SR U BAL 10 2 EE, E (145 1),
HAR (1221), KE (o), 77 & (3814),
KA 618, &EE 41, &5 231F), A
A QU A2 VT (0 4F) #EE (19 f),
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Tholz.

= vav/

J—7 gy FOT—~ LiEE A S 3 IRT.
D—r a4 T —<nbR 0, EEREIT
83 Th-oT-.

K1 R & R

Plenary
Lecture

Ken Koyama (Institute of Energy
Economics, Japan)

Technical
Summary
Lectures

Kouichi Watanabe (Keio University,
Japan)

Hiroshi Honda (Kyushu University,
Japan)

Kenji Tojo (Tojo R&D Design Office,
Japan)

Mitsuhiro Udagawa (Kogakuin
University, Japan)

Sajio Sumida (Dr. Sajio Sumisda Clinic,
Japan)

Yasuyuki Sagara (The University of
Tokyo)

Shinsuke Kato (The University of
Tokyo)

Keynote
Lectures

Yoichi Ikeya (Sumitomo Heavy
Industries, Ltd., Japan)

Motohiko Nishimura (Kawasaki
Heavy Industries, Ltd., Japan)

Mark O. Mclinden (NIST, USA)

Young Tae Kang (Korea University,
South Korea)

Jacques Gilpart (IIR President of Section
C, France)

Kuniaki Kawamura (Mayekawa Mfg.
Co., Ltd., Japan)

Gerald Cavalier (Cemafroid, France)

Pega Hrnjak (University of Illinois
(ACRC) and CTS, USA)

Cien-Yuh Yang (National Central
University, Taiwan)

Per Lundqvist (KTH, Sweden)

Yi Jiang (Tsinghua University, China)

Shin-ichi Tanabe (Waseda University,
Japan)

Hsien-Te Lin (National Cheng-Kung
University, Taiwan)

- 60 -

J. HTSJ, Vol. 55, No. 230




FEIFEE) - i

#:2 ICR2015 D458 & d G S0

#3 U= vavyTOT—~LEEK

Topics Oral | Poster | Total

Al | Cryophysics, 14 9 23
Cryoengineering

A2 | Liquefaction & 9 1 10
Separation of Gases

B1 | Thermodynamics & | 149 23 172
Transfer Processes

B2 | Refrigerating 135 8 143
Equipment

C1 | Cryobiology, 5 6 11
Cryomedicine

C2 | Food Science & 23 10 33
Engineering

D1 | Refrigerated 22 8 30
Storage

D2 | Refrigerated 15 3 18
Transport

E1 | Air Conditioning 51 18 69

E2 | Heat Pumps, 73 22 95
Energy Recovery

S Sustainable and 27 12 39
High Performance
Buildings
Total 523 | 120 643
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WS1

Progress of Sorption Systems in
Japan

WS2

Heating and Power From Low
Temperature Heat

WS3

Heat Pump Systems R&D by
NEDO

WS4

Low GWP Refrigerants: Joint
International Research
Opportunities

WSS

IEA HPP Annex 41 -
Climate Heat Pumps

Cold

12

WS6

Evaluating Low-GWP
Refrigerants for Air-Conditioning
Industry in High Ambient
Temperature Countries

WS7

Current Global Status of
Transition to Lower GWP
Alternatives by Laws and
Regulations

WS8

Database and Simulation Tools
for Refrigeration on Cold Chain:
Frisbee Database and Tools

WS9

Risk Assessment of Mildly
Flammable Refrigerants

WS10

Sustainable Innovation in
Refrigeration Air Conditioning
and Heat

WS11

IIR Working Party on Life Cycle
Climate Performance Evaluation

WS12

ELICiT EU Project

WS13

Magnetic Refrigeration for
Commercial Refrigerated
Appliances

WS14

Magnetic Refrigeration: Materials
& Systems For
Commercialization

Total

&3
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FBEXoriH 8 A 17H (A) 12, BiiHE7 +
— I [BHEEMTIZZFETEKRLL RS ] N

BAfE <41, 80 ADZME1GT, FHIZ NHK OF
M IHEAF) THBESNT-. 56, 8A19H

(K) BLO20H OK) IhELIT 4 —ELE
=—IZi%, 9200 AoBERHY, BALE
%< OANENTRRI TE .
FlXoriH 8 A 17 H (A) I8l =
CEBMEL, 8 H20 B (OK) 12%4E X O Tt
REOLET v a UEBBL, 8 H21 H (&) I
IR B A 2B L. BE 4 ITEIBESIC
B AEEE OKTZ277. 10 AEFTEHME
90 bRE L-emiHtE 72,

THE 4 RRIBRESICE T 5885E 0

- JBR

BRIL IR & HARGHRZEH P2 5T 27 HiE
PMMTo72. BESIZIR DRERT —AZ R

BEES5 [[RDERT—A
T I =N T —
6 HET CRE SN T V= NY T —D—E&

HRIITRT. ZMEFEBREIL 79 ATH-T-.

IEEN 2016 4E 1 H

z4 FUI=ZINYT—D—E

TV-I | MINATOMIRAI 21 District Heating and
Cooling System

TV-II | Tokyo Sky Tree District Heating and
Cooling System

TV-III | Home Appliance Recycling Factory
HYPER CYCLE SYSTEMS
CORPORATION Head Factory

TV-IV | Refrigeration and Heating System
Building Facility Tokyo Denki University
Tokyo Senju Campus

TV-V | KIRIN Beer Yokohama Work (Kirin
Brewery Co., Ltd. - Yokohama Brewery)

TV-VI | Nichirei Foods the No.2 Funabashi Plant
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3. BhYIc

7 Z TR X7z RiEIO ICR2011 (2RW T,
HAZREBIMER S L CF = a2 d IR O 4
Stz HAARKEROBEHZL TH 720, &I
HikZ B SR - FITEER (Ui REER) 13,
ICR2015 CIIEH L7 HARDEE RHE 5 L J15#<
HE SN T b, 428 T, HAIXICR2015
RSB THZ LN TE .

KA D ICR2019 1%, B FHDEL N A—/LT
B S5, GHE 61X, ICR2015 BAE T, Didier
Coulomb IIR F# R A ICR2019 DFEIT%1T-> T
WOHGHETHS.

728, /NEkE, ICR2015 FEATEB S TME « 5
SHYZED, HEZEZBSTII4 AOREED
HO— N E 72\, ICR2015 2R D #A5 % /N

DT O T LI E B %038, ARV 2.

HE 6 kIA] ICR2019 DFEAT

ZE X
[1] BIMERE, IR OEFIZOWT, ANdethHiE
ANBARBHRZER PR — L=,
http://jsrae.or.jp/info/IIR %20unei.pdf, 2008.
[2] ICR2015 7~ — AX—, http://www.icr2015.org/
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Visits to Musée des Arts et Métiers, Ecole Nationale des Ponts et Chaussées, and Ecole Polytechnique in Paris

B A TR
Hideo YOSHIDA (Kyoto University)
e-mail: sakura@hideoyoshida.com

1. FLC®IC
IARFMED TEVEEAROHRER) [1IC5IHE
AU T 5 Merz @ A history of European thought in
the nineteenth century [2]0D S HEITFI S ¢
“the whole of Europe was illuminated by the light
of science which emanated from Paris during the
first third of this century.”
EPZIOMALHIBHIE, A F U AR FA Y 35T
LMD T T ADORENEE RO T, K
oo E - AL - TER O THNSL TS
Y ADBENOLA NI 2. £2T, 2
NEDOEANEDHENERDT, EEPRI—1y
NTDT T4 PRV SRS 2 AAMA LTS
VIS b Ao oitgkn b, REMTIXH HNEE
RIS E TN & W E RS . LT,
200848 A /201549 F : Musée des Arts et Métiers
(L= - Bdfridmes),
- 201249 7 : Ecole Nationale des Ponts et Chaussées
([EINE BEARSAL),
* 20104E5H /20114594 : Ecole Polytechnique
(ma— - RV T =—7)
ThLOETHEWVERGIBMEL TWDA, K&
BREITRNERS OTEF L&,

2. Musée des Arts et Métiers

3K ((FX1Z M) OHL T8 Arts et Métiers B
HANS3 oL Z AT, Prieuré Saint-Martin-des-
Champs (V=¥ =F=v % L/IMEERE) %
R L7 T2 - HifEmfEn s 5 (X1 . [FEEc
EHAFEDO R 7Ly FHEHESATHT 117%
B, B LUVMEFI R RBARORERT” LTy ra
T — NI Lo TRNLSNE L. ) &b D.
20004 1 Z B ST [RIARIC 13305 0 AR R AR
T D FEH PR 7 23000 S L LB ST
W5, &0 DITHIRENS O ZFERIBICHETT 5
L, Antoine- Laurent de Lavoisier (1743-1794) D52
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X1 Musée des Arts et Métiers

[X2 Lavoisier (1743—-1794) D FZER=

X3  Cugnot OHIH. (1770)

B (X2), =@ CARRLD b iAo HEh 5
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E Wb D Joseph Cugnot DFgE. (1770) (IX13),
Jean-Joseph Etienne Lenoir D2 A k11— 27 PNRKE RS
(1861) (IX|4), Clément Agnés Ader @ Avion III
(1897) (K5) 72 ENFEF D, S HITA—R
— 32— 4 —®OX Seymour Roger Cray
(1925-1996) @ Cray-2 (1985) (Xl6) & H Y,
A Fluorinert Tii7z L7eREIZY ¥ REIT T 5
W) WENEIXEH T 5 72,

X4 Lenoir M2A h— 727 AR (1861)

X5 Ader ® Avion III (1897)

X6 Cray-2 (1985)

EEN 2016 4E 1 H

3. Ecole Nationale des Ponts et Chaussées
77 AR OEEREMBREREETH D
Grandes Ecoles (7' 7 ¥ a—/L) O T—FRL,
174742 Louis XV IZ X V&S SN0, Ecole
Nationale des Ponts et Chaussées (ENPC) T#H 5.
XY HLLEED H8E RER A4 TH|Z18km 1% &,
Noisy-Champs BR (f}X2) T FH, FFHRIZHEE A
— MU ED & Z AT, ZD2T0FE W ESE & 13kt
B REARH D (X7).
CZEHEEBLAEDOIEIM TS AV Claude Louis
Marie Henri Navier (1785-1836) IZ&W MWL 728
72. Navier—Stokes 72 CH4 72 Navier |14 EED
R OBREMNE TH o7 [3]. FAROKELE
T Navier DR ERpnmé =Fhib, B0
FaBIE TR LWz, 28R LT
BNT=EADPKERET — I A 7 ED Anne
Lacourt SA7E-7-. £ L TH FAEFKIZENIN,
ZHOEANODBLED VST (K8).

X7 Ecole Nationale des Ponts et Chaussées

M8 M T EEICRE ShZEANTELDR
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[X19 ENPC IHfE (1845-2008) (courtesy of ENPC)

10 ENPC IHfEMN Navier 4 (courtesy of ENPC)

12 Massy Palaiseau 7> 5 D73 2 D PR

13 Ecole Polytechnique 0 A A > 7 —/L

EEN 2016 4E 1 H

- 65 -

INLDOEEDENE b TRETESI LR
73, Joseph Louis Gay-Lussac (1778-1850), Augustin
Jean Fresnel (1788-1827), Augustin Louis Cauchy
(1789-1857) , Gaspard-Gustave Coriolis (1792-1843),
Antoine Henri Becquerel (1852-1908) 72 X FI# D
HEADLDLWITEBRETHS. 7238, Anne S A
BHIE, IREZIZE L 10D FE A %> T 720
72, 18454E7>52008'F T, M1 &k Saint Germain des
PrésBR (6[X) @ALPE (71X rue des Saint-Péres) Z&
ST IHAE & 2 DOWNERIC R S L7z Navier 8 Th 5.

4 . Ecole Polytechnique

179412 Gaspard Monge (1746-1818) & Lazare
Nicolas Marguerite Carnot (1753-1823) ([X11 : ¥k
~N—) IT& 5 TAHINL &7z Ecole Polytechnique
IZ ENPC & W54 Td%. Lazare Carnot 1%, 3K
FHELLTCOERMZ, 77 AEMGKRSREO
FA - BURZE L L THIEHE L7=. Lazare Carnot ™
FF7e b b BT 215 O Sadi Carnot (T2 1) %
IEC® & LT, 201ACHIEE £ TREEF CIHEE L 72,

R IZ Y BB H#k1E RER B4 TRIFG 14
IZ16km |F £ Massy Palaiseau R (fF[X]2) T,
FA BN H TR R TR DN A TT 77 A
T&%. ERTERFHDOAAL A—L (K13) 12
I, BEATLHDL L OBAPEEZIH > TIHEA TS,

FR DAEZEA - BIfRE & L TIILL T D4 RN E
I G AN, Pierre-Simon de Laplace (1749—
1827, Ecole Militaire [ LE AR &, X14) %
ZE5AIZ, Jean Baptiste Joseph Fourier (1768-1830,
Ecole Normale Supérieure %5 ffifti 242 H &, X]15),
André-Marie Ampére (1775-1836), Joseph Louis
Gay-Lussac (BEH]), Siméon Denis Poisson (1781—
1840), Claude Louis Marie Henri Navier (BEH]),
Augustin Jean Fresnel (B£H1) , Augustin Louis Cauchy

(BEH), Nicolas Léonard Sadi Carnot (1796-1832),

Benoit Paul Emile Clapeyron (1799-1864), Antoine
Henri Becquerel (BEf), Jules Henri Poincaré (1854—
1912), Benoit B. Mandelbrot (1924-2010) 72 &.
HCHLBEARBICE S TROVHAERGFETH D
Joseph Fourier %, F19& L COBIRMe¥EED &
Y [4], Lazare Carnot [FlERIZ Y KFDE N DL mEMEIC
TS, e, FROBEHIZ Y TNORT
#k Cardinal Lemoine BR (5[X) 3T < @ rue des Ecole
ZHs (H16).
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11 Lazare Carnot

X116 Ecole Polytechnique IHfE

SE 3
o [1] AR, SRR RRIL, b < F s
14  Pierre-Simon Laplace SCRE (2009) 167.

[2] Merz, J. T., A history of European thought in the
nineteenth century (1907).
http://archive.org/details/cu31924014597771

[3] http://www.ams.org/notices/200301/fea-friedlander.pdf.

[4] Ro, S., Joseph Fourier: The Man and His Achieve-

ments, {24, 44-189 (2005) 19.
15 Joseph Fourier
21 RYUTANOKX (http://www.rueabeille.com/arrondissement/arrondissement.htm)

fF2 U ERBOREREGHRX  (http://parisbytrain.com/wp-content/uploads/2008/05/rer.pdf)
GBRD : ARA10H IC8ER, 11H IBAKFERT 2 23384 LS BOBMMHE P72 2 LITHICEIRTH D)
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Email: symp2016@htsj-conf.org
Fax: 072-254-9231
11 A 2(7K) The Fourth International Forum on Heat | 2016.4.29 2016.7.29 Organizing Committee Chair Taku Ohara
~ Transfer IFHT2016) URL:http://itht2016.org/index.html
44) (BAfES5HT : Sendai International Center)
A, B, RETE
BN [ R R R [ s
2015 4
11 A 1 (H) | The 10th International Symposium on HAREER )2 ER /MR
~ Advance Science and Technology in Tel: 025-368-9310 Fax: 025-368-9309
4 () Experimental Mechanics](10th E-mail: office-jsem@clg.niigata-u.ac.jp
ISEM'15-MATSUE)
(B AT Kunibiki Messe(J5HR ) )
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E-mail: tananori@riam.kyushu-u.ac.jp
12 H 16(K) | %521 " #if{t 7 v > 5 ¢ 7 [PSP/TSP | 2015.12.1 PEFEHATR AT YRR
A2 2015~ K 2 E R AT E-mail: s.someya@aist.go.jp
ik
(BRMEAAT : LMJ BUHEE & —)
12 170K) | 2824 [k s o AR D A 2015.8.31 2015.10.23 A AR BRI L s R
~ (BRI AT « AP RFERTF v /3R Tel: 06-6466-1588 Fax: 06-6463-2522
18(4) | MBATASHim) E-mail: info@ilass-japan.gr.jp
12 H 27(%) | ISETS'15 == FE 7R AICT 5 E | 2015.6.30 2015.8.15 ISETS'15 ¥RV U LHER
~ g R Y w2015 Tel: 052-581-3241 Fax: 052-581-5585
29(H) (BRMESTT « 4B E-mail: isets15@intergroup.co.jp
2016 4=
1A 200K) | B a4 A AZ—E T F— DWEEEN AAA A S —E e
~ (BRI - 75 RO FAUT ¥ v > /73 R) E-mail: gtsj-office@gtsj.org
22(4)
8 A 7(H) 20 [AIEEGE S R T A | 20151130 2016.3.10 FEITREE WAHK
~ (IDS2016) Tel: 058-293-2532
10¢K) (BRI - I Bt & B 1 ERR k) E-mail: yitaya@gifu-u.ac.jp
10 A 29(1) The 5th International Conference on ICHES2016 Nagoya F#5 =)
~ Human-Environment System(ICHES2016 E-mail:
11 A Nagoya) iches20160ffice@davinci.nuac.nagoya-u.ac.jp
2 op) | RS A RR)
11 A 1K) The 11th International Symposium on HAREBR N ZEFEER /I
~ Advance Science and Technology Tel: 025-368-9310 Fax: 025-368-9309
4(4) in  Experimental ~ Mechanics(11th E-mail: office-jsem@clg.niigata-u.ac.jp
ISEM'16-Ho Chi Minh, Vietnam)
(BAfEES5HT : Saigon Vissai Hotel)
28 2016 4F 1 H - 68 - J.HTSJ, Vol. 55, No. 230




BamoH

FEHIEAXRERL VRO LARARRRALEE

53 B HARGE VRY T AFITEES
ZEE HHELE
[ A NI S

BAMEH © PRk 2845 H 24 H (k) ~5H26H (K)
= Y V70X a—7 KRk (KRBRFLEBES#YS, http://www.gco.co.jp)
FTE T530-0005 KPRiidbX 285 TH3ESL B Eif 06-4803-5555
77w A RKESTCER - P2E (KRKEBESES) R
JR KREBRIRAR -t BB L 0 FE40 15 47, JR HTEHR - Hrism BB L 0 664549 10 43
PRABEESRAHR - BB K 0 8% 15 5y
KPR Ye/A23 4 (http://osaka-chuokokaido.jp) (EEZE (L)
FITTEHE T530-0005 KRR 2E 1 THI1%F27 5 G 06-6208-2002
T 7' A MUFEMEERR RIRESL - TEEEER X 0 A S
TR ESR 2 R - RICOBER L 0 i85 1 5

R HOAKRYD R 284E1 H 150 (&)
Al A SURFR TR AR R 2843 H 11 A (4)
HHISIH ARG SERK284E4 A 8 H (&)

AR—2L~X—URL : http://htsj-conf.org/symp2016/

(P UoRTH LORH]
® G ERFAL LT
a) —Mttviar (HEEER)
by A—HFA ARty ar (HEEE)
) FAEBIUOEFMAELZMNRLTIBHF T LEYT—varvBEyray
ZFERMLUET.
® | DI OERYEERIE, kv a T 15y EE 104, HREHS D) <, £kvia
Y DORBICHRETERORE (5 Xty va VNOMEAEE) 2RTL52TFETT. A—ATFA X Pty
va s lonTlE, =T A P —DfRIZHE-> T &0,
@ EFTLE LT —rarHEylailonTid, ASERKoBMOE EHFS LY T—va vV E
(53 M ARG VR T L) 1IZOWT] 2 28BS,

(&%)
® L URTYTLABINE
=B HATHIA © 12,000 H, S%H5A 15,000 M
HEE MW FHETHA : 15,000 H, S3EHA ;18,000 H
SBFAE HATHFIA ¢ 5000 M, S%HIA 0 7,000 H
F=BFHE HFHTFGA ¢ 7,000 H, S%HA 0 8,000 H

MERRIBBIARIZ I DICHo&X 34, BUSEBIX1 0ICoX 14, ZMEMNMERNCRY £

® i EGH U CD-ROM
AAGEVEASSE - R GEHGH T Y = 7 ECTHEANCAB LET. SIEIITY B, #iEm Sk
CD-ROM Z#ifi L E7. M NNV E O 5 HATREE I TR SUE CD-ROM 2 FEIZHBED L

£7.)
H=H 19,600 (SHZANITAMERIIAREZH LIATN D GE TR & 20 £77.)

[EBH£]
® PR : ERk284ES H25 B (k)
o = i KERMihRASE

o Nt :
—i HFRTHIA £ 8,000 [, 25 HIA 1 10,000 [, [FIFEACEE HE
=¥ HATHEA 4,000 H, S5HA 0 5,000 M

IEEN 2016 4E 1 H - 69 - J. HTSJ, Vol. 55, No. 230



BamoH

RERIATE BEmXE WEEW

[(ARFERBASE]

0 FAIL LCU=TIZLAHIAICRLETCWETEEET. KV UVARPUATERTEIY =71 b6
MERT—HEATTLTLEEIN., T2 TIZXD2FIANTE R2WEAICIE, FITEESFEERIZBEW
BbhELEIV.

® HIADKRIZ, — kv ay, A—HFA X FKkvvay, #EFS LB T—varBEyraro
WTHTREBTAINDEZBINL LI W. BEHF LB T—YarvEEyya VICBHIALOESIZI,
KefFormoyd MEHFT LY T—rarvBvyiay (8 53 BHRBES VR T L) 200
T ZIERITEEN,

® ERHLAREZ, FXEE (HAFET200~2505) # AL T E SV, EmCEOERE L TR
FAR RS (JST) OF —F _R— 2|28k L 1.

® GEHIEEHIAL, FHEE1LICHOE 1ERB LSETWEEEET.

O HEOBEB IOt vy a r~DIEY 3T, FITEERICT EL .

[B B3R CD-ROM]

EEARNXELLTEFMH (CD-ROMAR) DA ZEFITL, HRIARIIEITLEEA.
EBERXEIVIJLT—EHRARLET. SENLHFERXOR—HH 4
~B6R—D(Z, KXDEFEAN1ERMBIZEEINTWET.

® CHEGMSUEE CD-ROM 2 S IF IZY HEdAT L 9. 7088, SHEGRSUE CD-ROM (IS INTX oo
BIZOMENDLNITEHA LETOT, PRI T AR THRICARGAEESFERHICBHIALL EE V.
O BHEHLOEIIZT1IEEYZY Ad VA X T 4~6 LX—T T, G SCOMERERIT, 1 B2 %50
TXA61TTT. BT —OFEHNARET, 77 A NVEEIIHKAKT2MB £TE L, BIEIIEERVEOL
L.

® EHERSURASIZ, PDF 77 ALV TARI VAR T ADFR—ILAX—IUnBH LT &V,

O CHIHFRSUREY) H £ TICHRH S 720 o 723G S0 L, SR SCHE CD-ROM B L Oy = 7o s v
FA., +HICTEEL TSV,

(=]

BERXERODEEA
® CHEGHSCIILL FICHE > TER L T 72 &, F£72, B0 b N7 7 L—NHOBET7 7 4
L, YURY T LADR—LN—TE BB S,

RESHDEX . JERIE, ULFTOMEAFHWEIRT L OIS, FISCRE, FISCRIE, JRSCERE, SRS,
SCEF L (SEEK, EH4, TBOIKED), S3CEE4S, RCFTEEE - oriet, wX7 72 877§,
FLF—T— RONAIZ, 8 150mm ([ZIXED LI AT U R LTS, HAFERD LA, #iH
FHORNIkEIZ D0, FXOFTEER - IrEHIZ OV TH B E T TR L TS 7ZE 0.
LRERB LOFEEAIL, BEHAAREOT =X LRI L OEFR UNEFTENTL 72830, EEAAREOT
—Z LR DGEITE, BIRRKSNIKB SN2 En3dH 0 £,
AXDERK : AIEREEADITHIT T, 10 R84 > FHFAERD 1 BefiA (117 50 FHREE), 1 _X—T %720
46 1T B2 E LTERR L T 72 &0,
KFE: KEFOEEFBIPFY 7V a V3gGETENTLLEE Y. BT —FKRENAHETT .
SEXH . SERIIALT OS5 HEFTOABIC/IMENZ ST FOTEL, KXOKRBIZKRD I HIC
FLOTHFELTLIEZ.

(FEH) FEA, MHESIRER, H—5 GBITH), LE—UFS.

B 0 (1) {8 - fih 2 44, #%5R(B), 12-345(2006), 1234.
PDF 77 A ILADZEHL: PDF 7 7 A MER DT D 7 7 A WEHENZIE, (742 NOBDALEZITH | &
IRXE L TLEEW, FRHATIC T, 25444 O PDF J5UfE 2 Ff L CHERB L CT< 7280,

IEEN 2016 4E 1 H -70 - J. HTSJ, Vol. 55, No. 230



BamoH

150mm

EOEIBARGEY VRDY LRFEDEEH (FIXFE : Gothic 14pt)
MS-Worddi5& (FO1XEIRE : Gothic 12pt)
Guide for the manuscripts (337 /& : Times New Roman 12pt)
The case of MS-Word (3 3CEI/E : Times New Roman 12pt)
(MUTH T %)
BIE BB KBS (BEAR)  (REEK FEHEAGEEE TR (BB - BEHA 12pt)
(UTdHIT %)
Taro DENNETSU (333 %4 : Times New Roman 10pt)
Dept. of Mech. Eng., Dennetsu Univ., 1-1, Nakaku, Sakai, 599-8531

A

\J

(UTH T %)
(SCHAIZ g A X— A5 D% $Hi A %) English abstract ...... (LT 7 AKNZ 7 b : Times New
Roman 10pt, 1005EFEFE)
(UTHIT %)
Key Words: Heat Transfer (3:3{% —7 — K : Times New Roman 10pt, 3~ 5{EFZE)
(UTH T %)

1. KREL

1.1 hRHEL #HEGHURRITEFHRER (CD-ROM) OAZATY. FEHEXORIIZ1IEAH -0 A4Y A XA TR
Hla~6_—TF. FROERIZIE, K77 AN0ET 7L — M LTHBHENTEW.

R SC ORI, 1B XS0 X46fT & L, BT —OFHAMNARETT. 77 A VEEIFRKT2MBETE L,
T A= adEERVWL DL LET.

BEH ) (R L OASCE S H LES) oEFX

[BEERXDLFHA]
O M IISBAMRICNNAT—REEAMM L, SR LBERD | BRSO Y =7 L TARM
LET. o T, BB AAMAITY VAR T LABER LD BRIV ETOT, ZHELIFEE V.
® ENYIGHEEG X A% BIREm L E L TR SGES LR SN 2L A ICELE L, ASEER SCHEN
FR SN T-FIHICEA SN b D TH D Z EZWREIZT L, YU RY U LETHR, —EHMZ8 CGRE
LD AT LET.

(BMEBZFDXILLAE]

@ L URTUYLADKR— A= NLFRIBINBEEREIT 12T, RRICERZGA TN TFOARRE] %
v, LLFORABIZZEICL TEXHAN ZE0.

0 BINEEDHIA%Z LT THAHARET) ELET. F—LX—=UNDLOEELITTIX [587) T
HOFEHAL., IADRFEL28F 4 A S HEVERLERoTBAIIESEUMHHEIARWE L, &5%fHcTE
WA BTN X ET

o HUTLVIRIAENDELAIE, Tt H> b r $ITHRIZBIRIAA LTIV, ZOB, 47 14372
L, RADRNISINEEID HEE2FHT T &0,

M4 (EF) : WON (2oBunT) jE (408)

VA - il

AfEHES 4818989

AJEAFR (BT @ 55 SEHABRE Y VARV Y AFEITEES

HEEARR () : A AV a0 DA =R T U RV VR T LY vy a4 A
[T5FE]

® HEHIADTINE L OGEHEG URFRDOZE LEZIX, YU RY T A0 L EEICKEELEZZLETD
TIEELSTEE.

® FHSCHHHE L EEAD, FRIHAIARE & FR SR MR CTHE LW X D IR ZHEELS E &0,

® [EHNEM L L THEITLZBSFERNVERT HHIRT, FHIE L TRy ZDHE I TNWE
EFET. R—=YFLarta—HILEEHITHEEIEE .

o LNt BBIESBFIIZNIUEOLA THIREWE LERA.

IEEN 2016 4E 1 H -71 - J. HTSJ, Vol. 55, No. 230



BamoH

— SCABI —

HERIDII BN AR RIT SN D BEH DWW EE HaAFEEHZ HafEM o&3e%E%
Mffio¥r (FE) | TF. ZOTHATLZE . THEELSTEEN IHBLIZITRHR/ALEEN

14020 4 8189891

FE53E A RGBS AR Y T WRITRE S

4000

BIEGRID  BINE K4 M2 Wi 24120) S s 5alE] H AR L
L 2015 EE A COOTED 20,000 PN NKW%
2, 2138 K fEF oD 9,000 py
2457 KR KAt N C oD sile 5,000 py 34000

HATLIAGE) 4A8R (& KN R | 34,000

123 4567
KEHTOOROO1-2-3

a3 KER

RRBKRFE IFH GRFEH (BRXE)
fR# KEB
012 345 6789
REEDOBAATZ

TRALIZE .

D AR CTEE D BINFE O k7S FIHE T
AR GRORFFE O T7 0O ZHTIE OMAR S « BBAHT -
Eandr oz [N OIS ZTREALSIZE 0.

O K URT T AMIET DEIIHERICOWVTIE, FERFEHT R — L= TIMERLS &0,
& oM, TARHORNRHY LD, EITEEBLSFERE T email £7213 FAX TEWGbEHL X
AN

(BEWEHEE]
% 53 M A AR RV Y WFTRB R R
RERFFSERS: KRB LAEOTZER R 20 BN
Email: symp2016@htsj-conf.org FAX: 072-254-9231

IEEN 2016 4E 1 H -72 - J. HTSJ, Vol. 55, No. 230



BamoH

BEILEUTF—aVE (BESEIABKREGEHS VRSHL) IZTDIVT

AAGEER PAREER

ZEE K 15

B S3EIHARBEN U ARY U AT, TRROEHET, FPABIOE FMEEENL L LIEEF LB T—
a By iarERitEd. HEOWEORREZWETET 2T v AL LT, BoTIIEE R,

B 1 H :
*® £ E A

2
N

=
il
i

¥

S 9

5o

A - BESHE
2% Srs

Bl

IEEN 2016 4E 1 H

PR 284E5 H24 H (k) VUARVTLAEILA

REHEN LDV, BRENEEZE LD IBDTE—NVAT A FiEHERR =T L ¥
T arETOIRAELLZPETT.AREIY AEICED 3 ooy a— LB T
— g AHTORWTPETT. FEMICOWTL, BELIKRE, YU R T ADKR—LL—
DI EW T LET.

DO AREE KR WFTERERE S O HiAl R - AFSEE T, AR 28 4E 3 A 31 HEIE T 28 kLA O,

£700F, FRAERICPETHLE (2L, R ARFHRELZER.
FERE (FER) 12, AAMsAFERO2E (ER - $#4H) Thod I L, T ASHIA
FTHLZ L. BB, Ayl aVTERI DA, REERELTHL-IBENHY E
¥. Ff-, BERICKEZRESNEARBREITSHLETEEEA

o IREEEE IR VT REHIZY, 14 (1) & LET.

553 (B HARGEN Y VAR U 0 BIEF HHARE, RSB O E A FIRICHE - T, “f
FTLErT—va U E OB EZRIRL, “BEERL” BLO “FESEFOSEHEE
AN LTLIEE V. ok, s URMORIc W TiE— ey v a v RO O
ELET.

AL DBREEIC L AFMCESNTEREL, SEHEZRELET.
ZEHHEIIVURY U LE 2 HORSRETEREINET.

-73- J. HTSJ, Vol. 55, No. 230



BamoH

AXREGEFSTHE F40 ERERILA—FL
International Forum on Heat Transfer (IFHT2016)

e =

AHARMLEVES 1, AR KN SR GLT 7T 4 TGOS - HiliE £ & LT, AP ONIEE 1%
W, HT LUVMBREMFED b Ly REARHTEB T +—F 22 BE L E3. 2004 FEIZHE T +—F L0
AL — KL, 2008 FITILHA, HiEl, 2012 FITIFRCTHE 3 BlO 7 +—7 ADFME S, #E 150 48
ZDRETHEY LR ZRETHET. B 4 [\E, 2016 FEIMIETT7+—T 2 %20ELET. BZEDFHO
A EDMEHEIC L DX — ) — F#H OB L TWET. — it v a U TIHMBEED LW B DI E
EEELET. ZLDOHFADOITRKELNTSIMNEBEWE L ET.

BRI B B 2016 411 A2 H (OK) ~ 4H (&)
S iiEEE Y &2 —
T980-0856 il T HEX F HE (LR (http://www.aobayama.jp/)

F—/— R

Yoshinori Itaya Gifu University, Japan

Arun Majumdar Stanford University, USA

Young-Hoon Song  Korea Institute of Machinery & Materials, Korea

W. Q. Tao Xian Jiao Tong University, China

Shohji Tsushima Osaka University, Japan
Evelyn N. Wang MIT, USA

TA—JLER
X*— /) — Ml
KA —vyary (1502 FE: vay MIVEROOEEREER+RAH—)
+ The Nukiyama Memorial Award 5 B 312 X % G/t il

RFoa—)L
2016 454 A 29 H Short abstract (FEFEH LiAA) #EHFGY)
5731 0 FERH LIABOZBL@EMN
7 A 29 H Full manuscript (Copyright 1333 3RFF) FELHKGY) (A4, 2~6 ~X—)
8 H 25 H Full manuscript 5z ZEif %1
9 H 15 H Final manuscript $ i &)
9 H 30 H HEATSINHAKEL]

Web R—S  ErlHiZ, http://itht2016.0org T ZHERR < 72 &0,

HULaEbhtEh MEREZESEZEER NEC
T980-8577 BT HIEX I 2-1-1

HAERE:  FAAR AR SERT
Tel&FAX: 022-217-5277 E-mail: itht2016@microheat.ifs.tohoku.ac.jp

FTEZERZER B M

T 036-8561 HLA( T SCHLHET 3

FING (1PN SN S 3 L 2 i = SIS\ =t e e R
Tel&FAX: 0172-39-3676 E-mail: kfumoto@hirosaki-u.ac.jp

IEEN 2016 4E 1 H -74 - J. HTSJ, Vol. 55, No. 230



TR D DA

mEHRBEMoDEM LT
—BRITE - LEREDBIITONT—
A F =y bOFERIZ LY HHRIEE -

THWREN DI WIERP b b shE Lz, —J7, »~—

Fabv—& LTOFERFEITE, 7T—IA T RMMECH ZNEE FIZE > TRAGTE 5080, —HO
NR=VEkO TEIARRGICHMETEZ 5872, WS OEBFBAEPEZL TCLORDRVWERRH 5
OTFARWMNERWNET. 2720, FRFEOHIN - BEIIIZHORELENET O T, ¥ TIE
ZOIRY, BEOLYGWEER, TRbBbNN—Fabt—L L TEOE LT RENEEZFEL, 1V
Z—F vk (HP: R—LbX—=Y, ML: A=V 27U R L) THEHIEMRE OBERST & Li-fRE Tt

TRt LE L=,
TR, CRETABA— T o TR AT - S YOS X, UFD LS 4
GRS SETONEPE 1<, TEARL =W & BT 5 T
EGMGERE
xR s (BFA—LTORKEMEELTLED)
. B 4 FOAH L, A RBIS IS B HER (ML
& (CEH) | MAHTHME, 2 L REER L ML 7
Eﬁf?ﬁ%I ;ggfﬁﬁiémﬁk}” W) | EHRERLERE (HP 15) 75 R
. e, : SR (BEMNY) ~EE LTS
HRFECAS | = BR \ e
e | RS e | PIRHIL, TG B VR RS 4 2 e

FARIC & D EA
DR - v
ANV AR A

— VR (R
HP : 1750 L ¥ —|ZH#
LTCYU 7B (MR

Wi BICEE L TLZE V. FEorER, B L oz
AR BHYRISEMERBEE LY FIAFICZDOEHE
MLETOT, FIAFEFEF2REHBBESE (&5EH
W) LIRMEEATER HPHHY) ITHEL T &,

J— ML : SR ElME (4R}

RN HIBFIE HUAZ L, ASENAZ ST 28R 2 BB Y RIS Bt
BB DNFRG | k. mipe BHBICEE LTS, BHEOREE, BHTE A7
(BRUCBIRD | gp « Sefbrr 2Bl (R | SAICITRBI YRS RMEHBE L FAZICZ O E®

B Do EICR
%)

ML : RS EUE (R

MLETOT, HAFTRLFZ LREERZER (HP #
H) ITHEL T EE N,

b 1 KT E R (AR

AR L, MBS R (RE6HES) £L3EREER
ZAE (HP N —REHY) [JIRENAZEFEL T
SV G & 2R o TG AT ARG 2 R F 7 IR

— RN HP - ZepEfd & Fadt ZESFZBRIVHIAFICZOREMLET DT, HIAE
RNIRE '(A\%Hﬁ:ﬂ:@ﬁ . TR mENIRTSSR ELIIAREESZERITEREL
s TSV BRESHANFHRE IOV TIEFE RN L Z
g2 LET. AT —IKEOTRY O TR
http://www.htsj.or.jp/banner.pdf % ZZ BT X1,
(3% 5]

- B R  /NEFER (ZH 3R - naokiono@sic.shibaura-it.ac.jp
- MRS - BEHESE (ZHEKY) : hirota@mach.mie-u.ac.jp
RREERZRRE  HAORIK (BEFREKRYT) : tag@sd.keio.ac.jp

B SRI R E R

DR S RO TERT)

: sasabe.t.ab@m.titech.ac.jp

R 0 RKIERE - MHRfET : office@htsj.or.jp

[EE]

cJFFEIE Word 7 7 A NVETZIT Text 7 7 AV TBEEWLET.

cHP I A T F U ADHEE L, #BIIRiAHOEH, 78IRS A LR 3
HREEORRENN S D Z L& T T AW ET.

ML CiZ, JFHIE LTT A MLOERELERY T, pdf FOUS 7 7 A LV THEEE
FLEINDGA T TR TZE 0.

GEN 2016 4E 1 A

-75 - J. HTSJ, Vol. 55, No. 230




TR D DA

54 HIAZ (2015.9.16~2015.11.11) 1E 3 4

[ [K 4 Bl & [K % Bl
" PRI BAES XXk AR E Tk AR PRRAT: AR
E i R IR KB TR

AR

MEEA 2015410 5 (Vol. 54,No.229), & (p.1, £ T L, Firbs, 91T7H)
FR) T1984 D« « =, 1987 4FIT) — (IE) : T19814FD - « -, 1984 4T

EN 2016 4E 1 H -76 - J. HTSJ, Vol. 55, No. 230



iR E/Y—

B AL —id, BT ANV F— OB B L (W/ecm) ICHAIL 2R EEZ M ILE T,
A OBMIZ KRETFRICHE R BHEECAREOWELTHIENTEET,
FRCIBBEEDRNWIE, 2V =250 ML RV E I E DB T,

B A70tr ¥ — (HFM) T, IS EHERS6/7upPpz L TWwE T,

R 3 gSKIN®
150 Y — I y—ET—Y SR —

KRR
L2 e C
TRHEIEY
U —RAEDOHEE X R T+ - T4 A7 | [gSKIN® ] Bty —idtr—HY D
: OHLLE PO IE %W ET 5 LB | F% 5885 2 Bt % 204 0 8 15 BR FE 72
BEROILE (£ 641) AHELLSTOET . 74V FHAZEAVA | BARE O THWELET o LY ¥ — .
f;%ffj;ﬁg*”@ Yy TSR TEY SIRO M — Y | 72mo )5 $% 55 JESI204mmTF o L~IL-0
LFEH / ==
AR BEEEE 21T SN TOE T KRGS KUTEANTY | Sy =V 7 oiREbR)<—E1-L X)L
=& AR B ICERE O HHEE AR S BRI O E 25 RE T o V=V T DL/ OEE STV ET,
& A Bl & A Bl & A 6l
I REEDRIREIRAEEIER 1N BN D #E BT ER - E TR FHIREERE
O yhI T DRI IN—EER KK RERDBEDERG 0 — HITRBBDRRBITE
2—E T —RE AR ER N—F—HEBBEDRIE R RS INA T DREIR LB TE
BBEAITT7—/\vIReMHER B - PR R ER (1SO5657,5658,5660) BESLUBRTEH X TLOAE
Iy TNy T T A —ER KEERMEZRHD T 71 Y — ZE—V T Xb #FE), /B OIS EAIE
#;iRREIY— BAREY Y —ORIEELESSIEBFVLET . RETHEFKEEESNISTICNL—Y TILTT,
RIEY—EZX RIERBOYENEHN T, B3 IEBITEEVEREHDET, RS,

@ CUYTFTO/ AR 00052 T osorasanas
«T» www.senstech.jp «<<@» info@senstech.jp




B CAPTEC #t HA# 5 M MEDTHERM {18 ARRFE/E W ITI ##§ A BRFE/E
@ LtHd, MEOBERMERD, BAA-DI—0RH AR ECIRHBLTENET,

[CAPTEC # (75V2) |

CAPTEC (Fv7/79h) #t(3, B DS EHEMICL), BERERTERERRRR VYR -HEBLTHNFT, RERENIEILLT
HREREC—ET BHRRECHHV-EETEEREICHALET,

BH Y3, EHNROAHEIHATIEHMLB YT, 8 ERIKE R STHNET,

ikt oy— Batoy—

HA4X: 5%X5mm+~300 % 300mm HA4X: 5%x5mm—50%x50mm

BEd: 0.4mm (FEA-#mA) E#: 0.25mm

BEEE: — 200-200°C BEEE: — 200-250°C

HERE: #9200ms EEE: £ 50ms

A3y BEFTAIRRAENNE A7ay: BEFTAIRRENNE

Rk EAR-RAR-AR ek EAR-RAR-AR

iR =ER-sEA-hKINT R R AIR+ TR
[MEDTHERM #t (7 AU) |

MEDTHERM (3 FH—L) %1, TNET 30 FELLLICHED, S RBORRE RUVBESRICEOHEXNEIRELTEIWELE,
MZEFE - NK-RESFICBIPEEREBZEALCVET, ARIIGU, HABTIR - EHOM RE &R EETT,

BViREt ERETET
HREREEE . 0.2— 4000Btu/ft’sec (ZIL AT =)L) ISZ5EE: 50ms LLTF*
HA4Z: 1116 1VF (4 1.6mm) —~1 1 UF (#5 25.4mm) BHIEM%: +0.5%
BERE: 200°C (KAL)~ 1500°C (7K4) BRIEFEE: £2%
HAES: 0— 10mV(DC-#RAzHH) A7y BHE-RETAEESE
EfRME: 2% (IAT—=)UZxLT) IR, BRRLYICLTRENET,

R o 5 55 [ 2l B B
AREMBHER L, F1RERFOF1-TORICE2RBRV/v—IEASNR#MBEE(BOTNEY,
FE2RERT/Y—(3, EH 0.0005 1 UF (#9 0.013mm) OHBHLBEIIVITHRBI-T4 TSN TUVET,
TO-JRiROBERERL, BEH 1-2I00V0ERBEBTEEFBEINTS), RE1VMIODOLEEEERBELTVET,

(L RA#] [BAERRM1T] R E#E)
FERERVREEARRETA TR SR/ AVAV5Y) — 270°C~ +400°C
ERREE-TVIYIUVA—-I 7Ty —%  JE (% 2VAR3V8Y) — 210°C~+1200°C
E & (HOAL/IVARYEY) — 270°C~+1000°C
[&R/NTO-T#E] KE HaiL 7ILAL) — 270°C~+1372°C
0.015 17 (%3 0.39mm) S & (B£ 10%0Y9 L EA%) +200°C—+1700°C

ITI 3t (P A7)

ITI(International Thermal Instrument Company) #t(&, 1969 FMERILLIK, =R AR P X X RERRETRE, HHRE AR S
U RERELTOET, I ERORE - 2t R THNET,

=R R Kimst K ATRERGRE

SEEE: 980°C REEE: 1900°C

IEEEE: 0.1s IEEE: 0.1s

BE&: 8mm—25.5mm E#: 2.5mm BAREBBRELYY: 0~3000W/cm?
| SHBERSOERSE | BRE TD/AT4A
BE—E BRRRE IR R5— T225-0011 #F)I|EEEHEERHEHEF 3-20-8-B
BiZEFEHE B | Jeqc:3 TEL. 045-901-9861 FAX. 045-901-9522
BEBEIVIY URL: http://www.techno-office.com

ALECIBBEINTVINEE 2010 F£ 9 AREOLDOT, HROEHKE T EL(EESNIGENHIET,



WELHRES=/ —k
Note from the JHTSJ Editorial Board

REDTRRORRFEMIAE T EOE LA Z 720 5 BT, SBARME A DB N L E AR EIC
BT 2 L2 ik, REZIELLARVENALET. ﬁ%$®_Aﬁ%u#6k%D$L

EFET.

Aﬂﬁ@%ﬁi BRI HAZ OB LD TH LW RV F—25H ) T FCbd Y £7

, WAARKRERLE, =3 —0L2ERITIERORAKBELEO—2THY, KERITH
E#é%<@ﬁ%zzw#~_%bé%&ﬁﬁn%%_WbmiMTwé%mkﬁwi#‘$ﬁ®
TS, JINEFE2ZEOBBEBO—FH T ITHA L] 16T 2R DHHEES ORISR &,
LSHBOBAROTF X MR KE R BERIZLZ ) R 2 — ANHBITTROAA TS L
7z, 2D L5 eH, 100 5 TR OB EZ GRS 2 FIEL LT, (WFRISCWEBE &
O BRI BT 2R R 2 A E Lc, A2V T, TEfiMlifEo =3 /1r%—] 24819
RO TE, FEICOWT, 27 aeffilinbsg oA Icen2i o 09 <, oM

O THRRWEGLZ L CIHE E L.

F7o, TNOORERLRFITIZ T, R CHME S DBEEEEE I —F X UOWID H AR & 72
S T-EHEBRESHEOME, AMEREEEE 2 —OBUR L BEICRET g, fEEE 20 oo
L HEMEED SO | 728, THL B ENEFNRERBREVGHEZ ZHFmAE £ Lz, ®&lL, BIC
LWE ZARGITRS ZFRNEEE LEFEFOFRICZORZEY TESBILHA L BT ET.

BEW HH (ZEKF)

Hirota, Masafumi (Mie University)

Alak ) 8% (REHBRESY, 5#T)
ek BEE ESR (ZERP)
%8

(Fi5) SR R TH GRS, BPAY B (R, 1WE JEE (EEERT)
(e B)  HE —Z (RBRFMRT), $k fE— GRS, 20 =4 (&R,
TR EE (ELEE 0R), A 2 B0, il & CPEES (B0),
Ay B (ZER), IRES M (AR TR
TSEF—7=7 44— A7l R TERT)
o FE H RIE—B GROXTHERT)
ML G S ARG - T514-8507 —EURHTTSEEATRMT 1577
SERPRFBE T ARSI T
BEH E
Phone & Fax: 059-231-9385 / E-mail: hirota@mach.mie-u.ac.jp

& 2016 1 A -79 - J. HTSJ, Vol. 55, No. 230



	表紙
	H2801_0_1_巻頭グラビア
	H2801_1_1_目次邦文
	H2801_1_2_目次英文
	H2801_2_1_笠木先生追悼記事
	H2801_3_1_特集（鈴木先生）
	H2801_3_2_特集（塩見先生）修正版
	H2801_3_3_特集（櫻井先生）
	H2801_3_4_特集（中村先生）
	H2801_3_5_特集（村上先生）修正版
	H2801_3_6_特集（津島先生）
	H2801_4_1_報告（南川先生）
	H2801_4_2_報告（吉田様）追加原稿
	H2801_4_3_報告（渡邉様）
	H2801_5_1_博物館めぐり（吉田様）
	H2801_6_1_カレンダー
	H2801_7_1_伝熱シンポ会告（新）
	H2801_7_2_優秀プレゼン会告
	H2801_7_3_IFHT会告
	H2801_8_1_編集出版お知らせ
	H2801_8_2_入会者リスト
	H2801_9_1_広告
	H2801_9_2_編集後記


 
 
    
   HistoryItem_V1
   InsertBlanks
        
     場所: 現在のページの後
     ページ番号: 1
     ページサイズ:  現在と同じ
      

        
     Blanks
     Always
     1
     1
     1
     717
     252
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

   1
  

 HistoryList_V1
 qi2base





