= &

Journal of the Heat Transfer Society of Japan

issN 1344-8692 VOI. 61, NO. 256
2022. 7

Thermal Science and Engineering

Issn ogte-9963 - VOI. 30, NO. 3
2022. 7

Q& B B —HREMAIEMEZTDEIR—



https://www.htsj.or.jp/journals/2319.html

/

BEWETORN
/\0)%5!E

oy

BRI RNEEAHER
, al
bl
2
#
4
P f-l‘(

IRAREIEDR(L

[ - ] #HHERO EREREZ THLH L 7 U — b7 A7 7L MIRE O HHWILRN 5
<, FEEEREL RV LN, B (EX) 13HEREIEE O LRI S BEEWE OB KIZ L v RIR
FERAEHRE, &H (RRR) 3FEZ SN L VB RO R E 2> TWD. [HIK] & B3R
BHE, N FE CERIR - B R, BEREICBONT, ZOPRNHE SN TE TODA, BEE~Om I
FEZEH O BRI ME D EAL, MOEMEER ~DOEAM D KIZORNR LI LND, XL TND.
(BHERRE Te— h 7 A T FEBEMOT- O OGN (K TFitE—, HFHEE) ] Xv)

Measuring part 0.15H
Temperature
cont'r)oller 3 Heater 3 —
Specimen I Recorder | i 0.1t
Heater 1 3
Digitl e 3
multi-meter Heaterzl <0.05 g
1
T ti Te ti | 1 | L | L N i i i &
czlr‘:t':glrlaeru;e ciﬁt'?ﬁhir"? 0 100 200 300 400 500 600 70 200 400 600 800 1000
orc] 6, [°C]
[7:B] Wit OBYRESERE SISV T, BFaHEE &L W OB LWHTEFERBE S TR Y, 2ol

M@mtl%rbfwé.Mm%iT#%m bE—% 2, b—%1 #EK b—%3 LERDLHET
OFHEREETH Y, H@’lwiﬁ< FHIRIZFESNLTCODRETHERRETH 5. B0 BEHE T
IR 25 1000°C FHEE TOREIZHEEI LTV D, [Hde - FX] B0 BEEIC X 2 B8 SR E R
B GHPIEIZ L AWERREFEFICLS B L TWDLZ &b,

(FrAERLF DEFICI T D W BT OBMRE SR 7L CRA&EBL) 1 K D)

time =10000 s Temperature distribution (Line and Area)

70 mm
——— 0.08

Cold plate—=""+ 0.07

Line Area
308.155 w308

308.154 M 306
308.153 M 304
308.152 1302
308.151 300
308.15 298
308.149 | {296
308.148 W 294
308.147 292
308.146 M 290
308.145 288

0.06

Specimen
Main-plate—
y =

0.05
0.04
0.03
0.02
0.01

0

0 0.02 0.04 0.06

(7214 - ] PRagEMRIE (GHP I£) 12 & 2 B O BVAE SR E L& 2 /ML L, IE R ] O FEiE
1Kk?ﬁﬂi®%*§f§flﬁ7ﬁ§%hfb\é Tz oM (X)) BLIOEE (PRK) THo. [AX] &
R & 2/ NVUBMRE R ELEE OFUBI s L ORUBHE B ORI S3Af. AUBHNIL, GHP LD TH 513
E—RITCDIBEDSMNEE IS T DA, EEWR & REARMICRB N TIE, DTN TH L0 2 mK R
DIREZEDAE L TND Z ENRDND.

(FrERC S TIRFEBVBIEIC K D WS OBV ERAE CNESH) | &)

e 2022 4E7 A J. HTSJ, Vol. 61, No. 256



\ol. 61 2022

No. 256 July
= &

(BEJTSET)
AT g, HHORIE CRERANRT),
KAF sk (FRakil TR EFERMER), e Bl GRAERS) e KR
(FTIERRRE)
OO HNAHR DR S T v = gk ((ERF) PEEITRAIIZERT) e 1
61 B RETIT 37 o T e AN Ve (REAR S AP SAE) e 2

(% 34 B AAXEGERFSEH)
5608 (1 3EE) RUEEZERNDOHWE

................................................... EEBRERBELS FBE BB PE GUNKZE) e 3
AAGERER AR 252 H LT
e 2 Bt GRIERE), EmE R2 (LN KRR,

ks AR, Pk RS (Rt UACT) - 5
H AL IR B A B B LT everrrsmens e W E (B TR e 6
H AL IR B A B B LT rvrrresmems e MR B AER (JLINICER) e 7
Hﬁfﬁiﬁiéﬁﬁbg%ﬁﬁbf .......................................... I BB O\ SR e 8
H AR DB EL A B L cvvveerrrreesmnreesmnnee e gt (BTIFCEE)  reeeenees 9

(B H9EMBAREGRY VKRIIL)
%5 59 Bl H AUREN Y AR T T A DOWE
.................................... *ﬁfﬁ\ %;’ﬁa’ I:Fl}ll :%’ /J\j* ,ngl\’ %E\‘;ﬁa H}"E (”-&Ej(\?),
ARER (30, PR A, ZEAR K, (BB TR,
B ES, Sl B (ZERT), il i (PEES), B B (BEERKRT),
NS BEAT (B3R, B B2 G, PR B (BHEEINR R,
A B (BN TRIRT), ERE ER GURRY), /e gus GRHER),
PaIl S (R, R #IK (AT B 7 2—), KA & (E)IRT),
B GRAEFBERT), A # (ASCAEH BRI RT) e 10
BET VBT —va v E ZHE — BHIRIAKRGEL VARV T L —
....................................................... ?i%%ééﬁ?% E‘m 15193 (*élﬁlk?) ceeeeiins 23



(CRSR - 3 - BER —RARZMAL58WEEOBR-)
FrgE TN - BN —BIRZ I X Dkl & Z0@hn—) I2hiz->T

.................................................................................... /J\"E“ é‘k@j (ﬁ;”:j('—%‘») ceeeeees 24
t— N7 A T2 REEMOD T OFERSAT -- AT #E—, HFH EBE (KRANKF) e 25
@%Hﬂ&ﬁ%ﬂ*ﬁ@%ﬂ{iﬁ%@”ﬁ;ﬁ{£ ............................. iji j(_ (@*X%ﬁ%ﬁty&%) ........... 31
ITAEIZ 38T 2 Wi OB SRl s e KA @l Rkl CEEmEEMER) e 37
CRAEEIRIEIC K 2 Wi, DO BRI R TE oo INE B (RIERE) e 43
(EXF)—Q)

NEBEDOEDLY OREF (201 0) —&fERbEHE i o R a0 28 & B E OREfR —

..................................................................... %‘E‘ AI%\’ %# :EB (?E#j(/—%‘») 49
(ﬁ'$7] I/yl)f_) ......................................................................................................... 65
(BHLHE)
ﬁﬁ%ﬁ:/ﬁ)\ﬁzﬁ{f\‘ ?%\% 603}@ (2021 4;'5};) ;"/ﬁ/ﬁ\%gﬁ ................................................. 66
2022 FE HABETES FE - BINE - BEkE - SRV EEMEHEEEEOBM O 68
{fﬁ%ﬁjﬁ}jgﬁ{a\ﬁx R L T e T LT 69

GEREEHEBRERLS J — ) coooveeoemeemmmee sttt 73



Vol.61, No.256, July 2022

CONTENTS

< Opening-page Gravure: heat-page >
Shinichi KINOSHITA, Atsumasa YOSHIDA (Osaka Metropolitan University)
Takahiro OHMURA (Wakayama College)
AtSUki KOMIYA (TOhOkU University) ...................................................... Opening Page

< New and Former Presidents' Addresses >

The 60th Term in Retrospect
Tetsuo MUNAKATA (National Institute of Advanced Industrial Science and Technology) ------- 1

Inauguration Address as the 61st President
Hiroshi TAKAMATSU (National Institute of Technology, Kumamoto College) «------voeoeeeees 2

<The 34rd Heat Transfer Society Awards>

Report from the Award Selection Committee of the Heat Transfer Society of Japan, 2021
leoshl TAKAMATSU (Kyushu UnlverSIty) ............................................................ 3

On Receiving Scientific Contribution Award of the Heat Transfer Society of Japan
Biao SHEN (University of Tsukuba), Yasuyuki TAKATA (Kyushu University),

Junji NUNOMURA’ Yoichiro BETSUK' (UACJ Corp.) ............................................... 5
On Receiving Young Researcher Award of the Heat Transfer Society of Japan

YUtaka |KEDA (TOkyO |nStitUte Of TeChnOIOgy) ........................................................ 6
On Receiving Young Researcher Award of the Heat Transfer Society of Japan

YUta.rO UMEHARA (KyUShU University) ................................................................ 7
On Receiving Young Researcher Award of the Heat Transfer Society of Japan

Takuma KOGAWA (National Institute Technology Hachinohe College) --«-«-v-rmereeermereeeenens 8
On Receiving Young Researcher Award of the Heat Transfer Society of Japan

Bin XU (University Of TOkyO) ............................................................................. 9



< The 59th National Heat Transfer Symposium of Japan >

Report on the 59th National Heat Transfer Symposium of Japan
Yoshinori ITAYA, Tsuguhiko NAKAGAWA, Nobusuke KOBAYASHI,

Akira SUAMI (Gifu University), Hirofumi HATTORI, Tomoya HOURA,

Yu SAIKI (Nagoya Institute of Technology), Masafumi HIROTA,

Naoki MARUYAMA (Mie University), Hiroshi NAKAYAMA (Chubu Electric Power),
Ai UENO (Nagoya University), Yosuke KAWAMURA (Meijo University),

Yoshihiko SANO (Shizuoka University),

Masahito NISHIKAWARA (Toyohashi University of Technology),

Ning Zhu (Shizuoka Institute of Science and Technology),

Naoki SHIKAZONO (The University of Tokyo), Atsuki KOMIYA (Tohoku University),
Takashi NISHIYAMA (Fukuoka University), Yoshihiro KONDO (Hitachi Academy),
Hidetoshi OHKUBO (Tamagawa University), Akira HOSHI (Tohoku Gakuin University),
Hiroshi KAWAMURA (Suwa University Of SCIBNCE) «+«««++rrrrerrsrrrrrennsiriiiiiii 10

Best Presentation Award - 59th National Heat Transfer Symposium of Japan -
Takashl NISHIYAMA (Fukuoka UnlverSIty) .......................................................... 23

<Special Issue: Thermal insulation and shielding -Technologies and trends in thermal flow
reduction->

Preface to “Thermal insulation and shielding -Technologies and trends in thermal flow reduction-"
Atsukl KOMIYA (Tohoku UnlverSIty) .................................................................. 24

Technology of Cool Materials for Mitigation to Urban Heat Island
Shinichi KINOSHITA, Atsumasa YOSHIDA (Osaka Metropolitan University) «----ooooeoeeeeee 25

Measurement Method for Thermal Insulation Materials for Buildings
Taichi TASAKA (Japan Testing Center for Construction Materials) —«-«-cv-creeeererrermereeeeens 31

Evaluation Methods for Thermal Conductivity of Thermal Insulation in Recent Years
Takahiro OHMURA (Wakayama College) ............................................................. 37

Measurement of Thermal Conductivity for Insulation Materials by Guarded Hot Plate Method
Atsuki KOMIYA (Tohoku University) .................................................................. 43

<Hitory Q>
Footprints of the Relationship between Humans and Heat (Part 10)

-Historical Transition of Gold Leaf Manufacturing Technology and its Relations with Heat-

Ryo TAKAMI’ Nlro NAGAI (University Of FukUI) .................................................. 49
< Ca'endar> .................................................................................................................... 65
< ANNOUNCEIMEINTES > - e et e et 66

< Note from the JHTSJ Ed|tor|a| Board S e 73



HrH = RRE

FE0HZIRYIRST
The 60th Term in Retrospect

Axl

w s ((ERE) PEEBATEATIERT)

Tetsuo MUNAKATA (National Institute of Advanced Industrial Science and Technology)

5H19HDOEOHREELEE L TEELIRT
W LE L7, 59 #1 & FkklC, 2o 1HRb =
2 OFETHE TOSHRORENEL <, #HFEs
iifﬁ/74/f®%%&ﬁofbiwibk
73, ZOLAEM, BIFE®BY OFREEEZ LR THE
F LICRISR, #FE, & % ORISR W7
LET. A7 @@ahﬁuowfi,AAé
£ (5 A 19 Elm?flu:sfﬁejﬁ L7=2&BH 5 W idE:

D 7R —L— https://www.htsj.or.jp/about/151.html
FLER OO TH5 60 H1 (2021 4EJE) MaEsE)) Tl
R .

AAREE VAR MeHxF LTE, —MEED
SRFFIE BEEA T A TR, FEFEORRL
TR A T A TORRMET LD, SO R T
WX, a2 RN LOFRY ORWTIETH
DELEN, "7 Uy R taiéAr742) T
ORfEL, VL ToWELTCETEY 7. KED
f&@hd (202345 A 25 H~27 H) TiXid% OXfiE <
@A%x&4wrﬁé*k%@ﬁbfmif

ek, W, A I7A4 0 TOEE %ﬁw%¢<
ERRAY) (V47%xt T —5) By N
THAL, R CTOHREBES VAR T LTI, 2
O EFERA LT/ 7 Uy NCTRMBLE L. &
VI UTOERENEZ TWD 0D A
TA vamAOKEOMERN EiIZd IELL, PC
T THELN & HEEICHETED LD TT.
VIHORDOE v g TIEAT Y R34S
DEDORNT TN —EICIETH ST D TTR, 2D
%, BEROMERICLEN, MERA T4 TD
mmﬁfétio BWET. 5%, b0k

REAINIEH Lf£75>6/\47 Uy Kb E o7kt
HCORBELMZ T DI EBNYRFCTEET. B
SEOBEBRTBEHRM AN TR0 SEICITS
MAFE LWL a v FAERITKEE LR VIRELIC
YU T 4 TR o TV B FEOSML MR TE
BT,

#2022 47 H

ASEIOEEY VR T U A TORE AT, F2
2 A HoOE RS GRBlE) % 200 4L EoSn
FCERCTELIL L TBYET. £y
VTHILETDHZELHD TN, R 0BEL v
AT LAORREWRE, BEBEWVWTHZ &R
Fx L RIERD HBBRTH D EBWET. FE
TOERETHERDONE EITEBAE TR Lz
NEBLENTCRENTEE L. SRFETEERES
BoOOLNE LIRASE (KRR, RELE (4
TKR) Zad & § 2 FITEESDOEREOEE T
BN LET.

EFRiIC > & £ LTI, ACTS2020 728 1 4F B
ZAER] L 2021 4F 10 HicA v 714 TR S, 11
HEMNS 406 4 OB NETAE, BRSOV H
SRMNOLEEO ZREATET 572 8, il 2
L E L. E£72, 20214 9 A2 SOLARIS & A4
y?%V?%%éﬂﬂﬂ%@ﬂm%E%ibk =
%L EBEHREEH DO T, e OEBEREEZEL
THEEFIOBLZDEENITEE-TEY 7.

¥, WE 2 FEICERE SN AHILGLEEBEE T
923, ACTS2020 5 X VA 4ETE LTV = [E MR
BNnENZEN 1 FEY SN LT,
ACTS2020 T 2020 ‘F0fzE XA, 7=, 2022 FD
SEENHARN ERELE ER)) Thololzd
AE@EﬁVVfT§Eﬂ%ﬁ%ibkﬂlﬁ®ﬁ

284 DF~OWE L BETTRN, anFMmickd
IW HMOIER DT DT ZHEHEHRICOEE LT
%, PEEY EBMEETITOND TETT.

I, TIVET 40 Flr < BHERIZ R o oS
DEE N D72 BERD TEI2O0ETRLEITFED
FTR, S8 & RO S E OB A (BOR)
ISP aEE FORMBERERF L TR £7
DT, KWoOEE, Rlak, #EF, EFEROEHROS
BOFEEICHFFLTE 60 Mloak 2T L
WEBWET. Fe0 Mo 1M, FRE XX TH
WEHERRE, KEHVNE S TZVWE L.

J. HTSJ, Vol. 61, No. 256



BIHERRE

FOLHERMEICHI=DT

Inauguration Address as the 61st President

s PR (BB M AAR)

Hiroshi TAKAMATSU (National Institute of Technology, Kumamoto College)

% 59 [ 0 AMRE VAR Ao H, 5 A 19
BTN E LIZARESORETH 61 k%
FmWeLE L. SEOEER, F9FXALL
BREVWHE L EIFE9.

FTNE, 3 5D CHE S BZE L
RYTAIBMTE, REINLLEBESTEY F
T ATV RBMEE T L T2 Wil
oo, RESESCEAEIR LY, FEITERESOWE
FRIZZZAX DL L BT 3. BR VR Y
U A EBBSITIHME L LR D AT, £
< DOEEOHRR L FRR, &bEERETITHERL L
o T&E L7, 1997 4RI STHETESMIF5E T U.C.
IN—=7 L —|ZfT > T TR % b ORI FE D
HEEND G EE SR AL H Y E LN, BF
WERkRE L, B LD R IUR AR LIFSE TR
DHLONHEEE L TEBEREHICESLL Y &
LTWEREICREZED SHE TN DL,
BEVFETHID G o722 < OEFOBNTE L B
STBVET. BOIKE > TRKFRFEDEESL
BOIE WL Z LTy, REXRIZEFED
F9. RIS L BT ET.

ZDEZA DDIIHLELTWAALRZ LEE
ZZIELND I EDFEWVTWET. O, it
RPN 2EMELATEanFoRE L Znic
kI attEoB T, RUFI v TEL DFR
L2, ZREB<DIC Ax OFERIDKIGIZ
FIRENTWET. THIVIRETTYH, Hxid
FTA =V EBRME L TREEITY, LD
NESHEEITH T, HilFO ) THERKBOE R
BHIIITZTCOVET. 2o FoLmin R o<
b, ZOBENFERIZTIZRS Z &1V TL &
5. ZoBIZuTTOU I T4 FRKTT.EH,
FTLETRIZT 2D, ZhnHEAEESTITbh
TWbHHOMNnEREERED L5 NmiEny T,
ZH b 5T, vy T ENTORKIEE 80%
Lozl Izl BEOBAEOREWE

#2022 47 H

HOFO—a<&2EXTWNAZEERESETL
NWET. XA NOKRFAT, EEHM, KVEEERS
RO HFEHIZR L, BEnbaike LT Mgk L
T&7=ZeZ2B0VHL, o TonEclaB LN
Tl o2 2 L ARV £,

U7 AT CEEOEMZESS L THEEIEE )
TN TWDHOER5E, SDGs 725 HAEIXE D
Rol=-OhEES>TLEWET D, 2050 4 F TD
J—R = a— F TV AT TOHEAMBETE O
BB E LD DT IZIINnEEEAL. Al OELR
DX 72 &, fIFEEIC ARSI E b L V& &
I ZOHEINEFNIARFZOERRD R N & &
EIREWERWNET., (BEUZDO LT TR
<, ZTNET UnE TH-> CE-BEHZOHR
Z 7RO TE 72 IS LDWERESCEM A B D A
T, WERI LIAsBV PSRN ET T mAIC RN
FELWEB ST ET.

A AR 1T 60 SEOEBE 2 2, S
WKHEICAY £9. AT —FEEE TOREM, K&
DEHD T OF2EE NS T =02z,
FEE D, HBEREOT XN TORBITENL T
A TSN, £72, 203K EE
LENTWaWEHESRH L EBWEST. L,
RONL Y AREFZE AR /D 60 4EANFEME L, A%stt
FENIC > TLOFHIRO L, B 72 BRTE
fELooH D X IR ET. LEDRA T M
Bz Al b - BV Sakt 2 KU LR b,
—HFTCTRELEVPLEZZIEIDVNEZ AL
HOINLET. ARBEFZOENT EOJE
DD TIEAR L, TR ABEVEHH 5 kDS, AL
THHEE HBICREM & 15T, RELT
HARI SR D=2/ 5 2L, L THAR
RSB OEREND L TH % OEEIKE K
CondZtZzEME LTEEITEIEEE-T
WET. SEOEROZWHIEZ ZA K BHEW
HLEFET.

J. HTSJ, Vol. 61, No. 256



%5 34 o] H AMBEVE S E

¥60H (FTHMIFE) REEZEZEXNoDHE
Report from the Award Selection Committee of the Heat Transfer Society of Japan, 2021

REBRELZRS ZAR

ks OuRS)

Hiroshi TAKAMATSU (Kyushu University)
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On Receiving Scientific Contribution Award of the
Heat Transfer Society of Japan
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Biao SHEN (University of Tsukuba), Yasuyuki TAKATA (Kyushu University),

Junji NUNOMURA, Yoichiro BETSUKI (UACJ Corp.)
*g-mail:b.shen@kz.tsukuba.ac.jp

On behalf of my coworkers, it is my greats pleasure
and honor to accept the 2021 Scientific Contribution
Awards of the Heat Transfer Society of Japan. We would
like to extend our appreciation to the members of the
selection committee for recognizing the scientific merit
of our research, which began as little more than an
experimental curiosity. Special thanks go to Prof. Koji
Takahashi of Kyushu University for recommending it to
be considered for this prestigious award.

This work, “the investigation of the role of the surface
wettability and topographic features in reducing onset-
of-nucleation superheat and enhancing heat transfer
efficiency of boiling of ethanol” for which this award
was received, was presented at the Heat Transfer
Symposium in 2020. But the idea of employing
wettability engineering to induce early onset of nucleate
boiling was incubated more than a decade earlier. In the
long history of boiling research, most effort was focused
on understanding the critical heat flux (CHF). By
comparison, the onset of nucleate boiling (ONB)—
which marks the starting point of nucleate boiling—has
attracted far less attention despite its equal, if not more
vital, importance to practical applications of boiling heat
transfer. In 2006 we first noted that boiling could be
initiated at exceptionally low superheats on super-water-
repellent surfaces [Takata et al., Heat Transf. Eng. 27,
2006]. Under subcooled conditions, ONB was later
found to enter even negative territory on surfaces that
were partially coated hydrophobic (namely, biphilic)
(Shen et al., App. Therm. Eng. 88, 2015).

The puzzling experimental observations led us to
suspect that an alternative mechanism of heterogeneous
bubble nucleation could be at work. In Hsu’s classic
vapor-trapping-cavity model, boiling incipience is highly
sensitive to the presence of dissolved gas. In practice,

I 202247 A

non-condensables in the liquid are amenable to
degassing treatment, which adds to the unstable nature of
nucleation events. For hydrophobic surfaces, however,
we concluded from experiments and simulations that a
hydrophobic surface can retain stubbornly high
concentrations of gas content in its proximity—possibly
in the form of nanobubbles/nanopancakes—which help
keep the surface (partially) ‘dry’ throughout the process
(Shen et al., Sci. Rep. 7, 2017; Shen et al., Int. J. Heat
Mass Transf. 126, 2018). As a result, the threshold of
bubble nucleation can be reliably lessened to allow
usually early incipience of highly efficient nucleate
boiling.

The concept of facilitated bubble nucleation via
improved gas trapping turned out to be of great practical
benefit to boiling of organic liquids. Ethanol, for
example, is highly wetting due to its relatively low
surface tension compared to water. While porous surface
topography has been shown to be effective to enhance
heat transfer rates of ethanol boiling, it often suffers from
wildly unstable ONB behavior because of flooding of the
porous structures. To solve the problem, we proposed a
hybrid approach of combining porous texturing and
wettability patterning. Boiling on the consequently
biphilic micro/nanoprous surfaces showed consistently
low ONB superheats in addition to significant rises of
heat transfer efficiency (Shen et al., App. Therm. Eng.
149, 2019; Shen et al., Int. J. Multiphase Flow 142, 2021).

Finally, we are grateful to Dr. Wei Ma and Prof.
Atsushi Takahara of Kyushu University for providing
valuable technical support in preparing the amphiphobic
coating for enhancement of ethanol boiling. This project
is commissioned by the New Energy and Industrial
Technology Development Organization (NEDO)
(JPNP14004).
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Evaluation Methods for Thermal Conductivity of Thermal

Insulation in Recent Years
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Fig. 1 Schematic
diagram of measuring
part.

Fig. 2 Temperature field
at the high temperature
surface of the specimen.
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Fig. 3 Heating pattern.
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Fig. 4 Thermal conductivity
measurement image.
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Fig. 5 Schematic diagram of measurement system.

Heater 3
(Ceramics heater)

Surface A

50 _

10~40

Heater 1
(Ceramics heater)

»50 |

Heater 2
(Ceramics heater)

50

Fig. 6 Schematic diagram of measurement part.
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Table 1 Calcium silicate insulation

Specimen Size [mm?] p [kg/m?]
A 300.0X300.2x20.0 129
B 300.0X300.0x20.1 135
C 300.0X300.0X20.1 133
015 s ] or ]
o :A e i
0o :B
— & C
X L
E 0.1
=
~0.05F

0 100 200 300 400 500 600 700
6 [C]

Fig. 8 Thermal conductivity of Calcium

silicate. (300 mm X300 mm) [12].
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Fig. 9 Thermal conductivity of thickness direction
of Ceramics fiber insulation [13].
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Table 2 Black T-shirt

Position Quantity  Size [mm®]  p [kg/m?]
High
temperature 11 150%150%4.79 261
side
Low
temperature 11 150%150%4.80 253
side
Table 3 Black functional T-shirt
Position Quantity  Size [mm?®]  p [kg/m?]
High
temperature 5 150%150%3.27 352
side
Low
temp?drature 5 150%150%3.30 349
side

J. HTSJ, Vol. 61, No. 256



FreE - WEh - BN —BGR A 2 D it & 2 OB —

WIZLT, =X 1o RicERFRIETHY, fi—
MOEXIZ, £0436mm Thd. F7-, Mt
Y (BE) OV A RELEEZFRIITRT. fi—#K
DIEE1EH0.656 mm TH 5.

[X110(2, 45 ‘C~90 COIRFEHIPHIZI T HAH DIE
S HMOBRE R Ll F N FHRT[14]. 22T
IXEEM 2 R4 508, HIN T OBRESRRIEL,
BRI T 20> D D FE A 1L 22 5 D VR THE
ETHZETROTVWA[IE]. OFIBET-v v YD
JE X F R OBRESR, @FINREENEY vV DEXF
M OB AFINBRT-2 % Y OHEN T OBYR
R AFIDSEERENE S v Y DN T [ D BYRER T
b%. [0&D, BREME S ¥ Y NI OBRE
F, BT-v ¥ YOZROMMETHY, REL L
HIZHD LT DB 5.

X112, BMmEER230.6 W/(m-K)LA FDOYEKR 7 Z
7 EnY. BRRITERT-V v Y OE X F I OBRE R
OFEHE (0.122 WIM-K)) , — s HRR I T RENE ~
¥ Y DR S TG OBYRERON-E)E (0.0777 W/(m-
K)) , T ERT-> v Y O N 5 [ OB E RO -
%I (0.318W/(m-K)) THDH. K8LV, =FH Lt
EHoX1IH5b00, BECK L TIRIEEDMHE
ZRLTWDZENHND.

BT-2 v Y OE S i OBYRERIT4 5 HN
HIDOZIRI2.TETH L0, ek vy Yoz
MITRIIBEIC B E L T2, LR - T, BEREME S
¥ UL, RO—H B FET 5 L iHNZ s> TRED
TRV~ L, WARIR S 0 23 3 5 & JE BH -~ B B
MNEE LT L, BRRE PN RIREICT 5%
FEHSTWDAREERE X DI D.

4. FE&

— A, EEIEIC X 2 BVEREE T, Bk
RNERIC — R BN & BT 5 = & DSBS &
INTWD. 2O, FEFITHEHE T EmM 72 E
BB L 720 JE fe s $500°C 7 5800 CHE
FERBPRER>TWD., LOLARND, 22 THRAT
U2 BGR A BEE T, IE L L 9 & L QW BT
f&, RSO NG 2 BT D720, B
BN OIRER N AR —ThHh-> THERIEL LT
ONENAREL 725, T2, ikt v —42 %
BERD T O EOMRE L 720, Bk 1
2%, 150 mm X 100 mma £ 57> 5300 mm X 300
mMmOEFFEOLOE TRERRETH Y, HEEE

o 2022427 A

-41 -

2.0 7 I — ——
+ A : Black shirt (thickness direction) H
= 2 Bkt (neplane crection 0"
2 16_  Black functionapl shirt (in-plane direction) |
< L
EL} A -
= 4 a
<5 0.8F -
< 0.4L
0.4_ A O A AN A A AA A
0% 9% 0 @ PO 0
(2‘10 50 60 70 80 90 100
0m[C]

Fig. 10 Thermal conductivities of two kinds of
shirts in thickness and in-plane directions [14].
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Fig. 11 Enlarged view of Figure 10 [14].
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Measurement of Thermal Conductivity for Insulation Materials by Guarded Hot Plate Method

ANE B CRAER)
Atsuki KOMIYA (Tohoku University)
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Fig. 1 Measurement method for thermal conductivity.
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Fig. 2 Axisymmetric numerical model.

Tablel Thermophysical properties of each component
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Fig. 3 Numerical simulation result of temperature
variations of main and cold plates.

time = 10000 s Temperature distribution (Line and Area)
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Fig. 4 Temperature distribution in GHP apparatus.
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Fig. 5 Schematic and photo of developed small GHP
apparatus.
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Fig. 6 Measurement result of temperature variation of
main and cold plates.

Table 2 Thermal resistances and measurement error.

Thickness | Thermal resistance, m?-K/W | Difference
, mm reference measured , %

10 0.357 0.351 1.74

20 0.714 0.735 -2.94

30 1.071 1.128 -5.26

40 1.429 1.569 -8.06

50 1.786 1.934 -8.30
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Fig. 7 Cross-sectional diagram of GHP apparatus in
vacuum chamber.
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Silica aerogel

Fig. 8 Photos of several insulation materials.
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Fig. 9 Pressure dependence of thermal conductivity of
glass wool and perlite.
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Fig. 10 Pressure dependence of thermal conductivity
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Fig. 11 Variations of effective thermal conductivity of
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