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kerosene—l

Gas turbine- Gas turbine-powered IPM motor-
powered fans fans with generators powered fans
(a) Conventional airplane with turbofans (b) Airplane with partial-turboelectric propulsion and
in 2022 boundary layer ingestion (BLI) in the 2030s

Fig. 1 Schematics of targeted airplane with approximately 150 seats.
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Air-cooling . .
channel for Air channels channel for Air channels
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Internal-
recirculating air External air
(a) Conventional IPM motor for indusrial use (b) Targeted IPM motor that drive aviation fans

Fig. 2 Crosssection of air-cooled IPM motors.
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(a) Conventional IPM motor for indusrial use (b) Targeted IPM motor that drive aviation fans
Fig. 3 Air-cooling configuration scheme of IPM motors [cited from (Ito et al., 2022)].
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Fig. 4 Heat-transfer diagram of the target IPM motor [cited from (Ito et al., 2022)].

B, #h ) OWERMEICRITTREZHT 5. SEEN CHEMEME - WMEEZ b2 B RS 5 & IR
WE LY BEEEIT/NEL D, Tr, Ts DWREIZELS 2D, DFEV, T 2 Tmr LIIEERGE
W2 X DHERAEE, SRS TRk S D DIEEED LIRE, Tk, TsO FREEWZS.
3:1 ML —KAHEBEOERGHE O r DHEHE

20T LI, A N>R T =B —RRZEKE o — 2 W o —Z 03—
S IKATEAR ~DEHHGER Os_p TR TE 220, BEIREFHORE, TR O EE IR - i
VLNV DOT, T TIHEE - I K DEEN R EMREAHE T S, B, BRRERE
I LI BRI ORE 2 HEE 5. (Tachibana and Fukui, 1964) (3#k1E L7244 & [Bl#i53 2 [A]#HAN
DR OxiE ((BEEZE L) BYRZEIZOW AR EREIT, 747K Tal 7 VT 7 A -
X vV NI Nue, ORISR ZE & T LT,

Nug, =0.046[ Ta?Pr]” (1)
2
Ta2 — pair I:dRL + 25TBC,R :| a)R 5C 5C (2)
luair 2 dRL + 2'5"1'BC,R

Pairs air 1% 2 A JVIRE Ts & KABAIRE Tr OV-ERREOEK[OEE, FHERETHD. orldn—
DML, drp 150 — FIMELEL, omper (X2 —FWiEWS DR X, §c TR EXBOERETHD.
Nuct PEFRIFLLFTH A.

K

Nug, :TWTC 3)

Jair 15 Ts & Tr OEHJRIE DZEROBMRE R, Ky (317 — X WiEF OVl CTES LI2BRIRZERE O
BIEBVRERTH 5.
INEHNT, 6T, aA N>R T —Z W SRR ESE > — 2 k- —2 03—
7 =K IMEAT DRAEEMLER Ksp (EFRNME X0 — 24 FKHEH) 2RODELUTERD.
K . = 1 @
. dRL h’l[ dSM ]+ 1 dRL + dRL ln[dRL +2§TBC,R j+ dRL 11'1( dRL j
2ﬂ’TBC,S dSM _25TBC,S Kair dRL + 2’51‘BC,R 2’j"I'BC,R dRL 2ﬂ’steel dPML
dsm 1T AT — X WNEEE, deme 1TKAREAINELE, Smpes T AT — X WiEEF DJE X, Atecs, ATBCR, Asteel
XA T — X WERS, v —XWEWE, BRMROBMRERTHD.
DZIZ, AT —FOfFMESE (s LT DHE, A N—>KABADBEELREE Os R 3KRED.
Os g =7dy LK ¢ [Ts _TR] (%)
3:2 O—42—-NEBREREEXOAZBEEOHE
n—% Ly 7 NIRRT DH DT, 5 O XD IZmFIIE UHE o [rad/s] CTHE
9 5. B—XIL Or [WIOBZRAEL, ZIICHBHAREE Qs g M5 2Y, WHEERZERIC X
D, o—ZNEENLTETORANRKRESINDS. 20X 5 2BsEIL (Seghir-Ouali et al., 2016)
2 &> TERMICHIEES N TN D,
nD—HSNEREZ dm & TDHLEE, ZTOENBES PRIZATE RS,
By = 7dyy (6)




JSME TED Newsletter, No.98, 2022

rotor rotating at a rate w [rad/s] with
heat generation Oy [W]

internal air QR+ Os )
T'rin /’ N ]
[ shaft rotating at saq‘\el
A ___fa_t‘ff‘_s_“_’t_°_r__'¥_‘-/
\
- \—

opa=drm—dN_/___ "
Fig. 5 Channel conﬁguratlon through rotor for internal recirculating air [cited from (Ito et al., 2022)].
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Fig. 6 Temperature change of internal recirculating air in axial direction via rotor [cited from (Ito et al., 2022)].
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Fig. 7 Configuration of outer heat exchanger [cited from (Ito et al., 2022)].
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Fig. 8 Temperature changes of internal recirculating air and external air in axial direction via outer heat exchanger
[cited from (Ito et al., 2022)].
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=) =—), = Ni -, =N, +o, =—ST1’ 6. = STl 35
B 2k, T 26k, §=Ny-a,{=Ny 0y =— =Ty, b =— =T (35)
WIZ, NEBAZHEREBLNEBRZERD RNV T —NTG U RAEEZD.
m, Cy [Tlom - Tlin] =0,=-0 ¢ (36)
L TC, NEARARZH g B D INTERD TRV —NT AL EZD.
11 Cp [TEout — T ] =0 =0 +0s i (37)
BT, AT—EDTHX LN —=NRT U AEEZD.
Ty,
meCog—==0s—0s x =05 s =0s—0s s —0, -0 (38)

ZIT, msliFAT—HDEE, CrslIAT—HDWETH D, Ts, IR BEIICHETX 5.
Os— Os—r > O+ O DIGE, Ts IR & & HITHEMNT 5.

Os — Qs R < Q1+ O D E, TsdWH & & BT T 5.

Os— Osor =01+ O DIGE, Ts IEF &5,

4. EHELR - EfEHBEREESHOHEHE
4-1 O—4%BBTHIAMBREX[DEANER, LU, NEARRBFFZBBET LSNP EIRZE
K[ NABEROENHBLO#E
0 — % - SR B g A 1B T B IR ER 2251+ SN ZE 5 D I R I O HER 515 13K OH &
THEIET L. FEMARTFIEIT (Tto et al, 2022, Tto et al., 2023) SR I 7-0o.
4-2 ARAFBIRZER - NBEKEZERHTL5EMEBBHOHEHESR
X 3 2R T LI, 77 - ANERIEMEHRI TN 225 & A1 B BAAS s D [E DR K23 & - THal
S EED. LoT, 77 SNBIEREOEN ) Wl T &2 5.
WE = LAPIOSSEH (39)
p Ein 77 compE
2T, pEnlE 7 7 VAAZERDELE, neompe 1L 7 7« SNEREIE DWIENRTH D, 77 -
AR X WA 12 L 0 AN E B LS AN DR Ten 23N SH 5.
L—l

TEin :T;mb +h {pamb+AplossEH} 4 —1 (40)
E pamb
B3R TH DI, b 9 — DD NEEMSE TP R 28 K & S JE B s tids & v — 2 DJE SRR
W25 - THRBIREE 5. Ko T, WEEMEOE ) mIZLLT L5,
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I/Vl = [AplosslH + Al)lossIR ] (4 1)
lRoutncompI
ZZT, prou \EWESEMFEA 02D, eompt (ZPEBEMFEDWI BN RTH 5. PIEPEMHEIE
WIBVEE 2 & 0 AN B HAER AN DS T Z2¥INSE 5. £z, PIEMEER 225K & BREN - 2 JEAE
) W TN ITBNC I S N D 72D, SRRV HER IZ W) TIEBR 22 2 it 97~ & L
OrpldLl T &5,

O =G +0 x tW (42)
TIln = TIRin _,_M (43)
m;Cy,

5. FBRRENSKABELE JIMIVEE ERBINEZLIEE
5-1 ARKENKAMEERE, 2MLVEREICEZSFE
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Fig. 9 Permanent magnets and coil temperature, and power consumption with changing ambient temperature
(Pamb = 101.325 kPa, dr = 150 mm, da = 100 mm, dtec = 0.5 mm, dar = 1 mm, ag = b = 10 mm, a1 = b1 = 10 mm,
V,=14m¥s, V,=0.32m¥s) [cited from (Ito et al., 2022)].

] 9 V3 JE PHIRE Tamp DS MEREIZ G- 2 2 8% 13, JAPRAIET) pamy 25 101.3 kPa THMHBZEX D
R DS 1.4 m¥/s, WEMRERZE R DRI ED 032 mY/s T EDH AT, Tam PEILICHKTT 25 2
A TAREE Ts, KABGAIE Tr, PERIGERZEKEHEIEED ) w1, SMBZERUEARREEN ) We DAL %2R
T R EE —E L LRI —E O R TR T 5 JEMEERIIA TR & = A2 kL
TH—EOKRHEREZ LT 5720 TH 5. BEREFEOEFIEEIZ-40 C (Lofii) ~50 C (2
OWFEHET) EMEDNIAD. T BEVIEE T & Ts B3EL< 720, Tr & TslX & HIT Tams [ZEFRIYIZ
HHl3 5.

BRENED S w1, W XA E —ERE T T (TIEFE A E B I NRWZ ERDN5.

5.2 BABEEANKAMBEE A/ IVEREICEZS2E

X 10 (X8 FAE ) pamp DZEBPEREIZ 5-2 2 HEERT . pamp DI FE, —ERFEIE F CHK
FE pp S LAMEZE R O E B BN DT 5720 Ts 13T 5. pamy 2 58 kPa LA ETIE, w—
2 L NEREBR 22 R O B HUX PHRE N AL OMREATH VD, pams DI TN NEEBR 22 K D JiE
pr, FHEL A VAHE, X MDY U TR IZEENINT 2. pamy 23 57 kPa 1T T, m—% &N
HIE R 22 SR DB WA XA G AL & $h T AL S 5 B DR BUTER L X'V MBI 5729
TR DARBEFGEANZIRAD T D . pamd 23 56 kPa LL FTIE,  pamp DI EE pr, [BIFEL A L XK, il
FHmrbA 7 IVAEL, X' MDA U TR IZHEMNT 5. pamy 23 29 kPa HE T, 4 FEIZIME B
Hags 2 BT 5 IR BR ZZ [ OV ELIE D> B I ES LR REEE R Z A L, Tr 3 ARE
fERZHNT 5.

BRENED ) W XML DOIE N RITHBI L, EIRKIL pe fICHBIT 5. 22 Tpel3HEE, f
FHRETH L. B T35 T LA V2 Repp (BB L, ELHEHHIECTI £13 Rere
O 14 FIZIHIT D, £72, Repp [ TEBEFTE m, (TIZIFHI L, BEHREY, N—ETHDHD
Repr 1 pe (TGS 5. & 51, IBE—ERLEND pamy & pplI Bl 5. D 2B FRAEETIE We
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Fig. 10 Permanent magnets and coil temperature, and power consumption with changing ambient pressure
(Tamb =15 °C, dr = 150 mm, da = 100 mm, dtec = 0.5 mm, dar = 1 mm, ag = bg = 10 mm, a1 = b1 = 10 mm,
V. =1.4ms, V,=0.32ms) [cited from (Ito et al., 2022)].
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Fig. 11 Permanent magnets and coil temperature, and power consumption with changing flying altitude

(Toamb and pamb by ISA, dr = 150 mm, da = 100 mm, dtec = 0.5 mm, dar = 1 mm, g = bg = 10 mm, a1 = b1 = 10 mm,

V,=1.4mbs, V,=0.32m¥s) cited from (Ito et al., 2022)].

B 11 1@ EE N ZEMYEREIC 5 2 2 B 2R 3. @ BTG U728 PRIRLEE - = 7013 E B AR HE R (ISA)
DXED D Tamp * pamd & 5272 (Ito etal., 2023). TR 1L Tamb & pamb DT DEEEZIT 5. EE AN
IRWEIR T Tamo DENRNE pamp DFIF L0 B3R Bli, Ts1IAI 4 =2,000m (272 5 F Trhx 1T
T5. mE A4 BPREOFITIE pano DRIRD Tamy DZIR LD IR ITEZIZRY, Tsid 4 =
2,000m B2 5L UNT L RT D, @ENA=11,000m 2B REEICAD L, pums DEIED I
PHERE L, Ts MBRIZHIIMNT 5. Tr OF/IMEIFA 4 = 5,500 m 7223, Tr b Ts & [F U 2777
5 2 HiCTF M LIPEMEER 22508 1 — & oA H B s 2 0l 5 i - AnBADE— RO RIZ LY

WCAERE R BN D .
EI:@J@UJ We * WHERED AL & BT pamy DR T DT, BT 5.

6. F&&H

ARG TlE, AUZEHERE ] MW #k IPM & — Z [Z8 1) B 22 PERE~ D & E DB S\ CEEGR ISR
S U7z, JEHEHE CBREh L 7= N e R Ze 5T u — 5W®%RME@ EEIRE 2T L D
HL, v—Z0OE 2T — X OHNERICERE LIS B A TE S, LA TS L 724 2E &
w,%Eﬁﬁ@%%ﬁbfx?—&m@:4w%%ﬂb,:4»@ EERREA-TE LD
2, 2TOEREEFICHEHT 5.

P PEBR 225 - %%Wk@w%m%ﬁ—ﬁ®ﬁm,H.mr@iﬂvﬁ“ﬂRME&34W@
IR IEARIC B35, BEEENE L CHIEMEEE BT 28 0IXTE—ETH 5. FEHE
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1. FLE®IC

HERIERR L OFERN, AMEOELE, IoE(Internet of Everything)fh DO FEBLIZMT, BB RO EE
ﬁ#miofwé HIERIRIZ (L DFZ A DOBLE TIE, %ﬂﬁw_uﬁﬁéﬁ%lwwﬁmﬁ@mh

(2& 0, HHROZEFEEIE 2050 42 2018 AL THI 3 F5ICHIIN L B KBK O BAE DR BRE1#0 AT &
RO R X —FENFHIICA T D Z N TH (International Energy Agency, 2022) S 41T\ 5
ZEMD, ZEHMT X —HIROEEMENE L TWD. AEOBEEOB ST, SR EE N
BRSEIZ 70 O LA - PREICE) T D EREE DA SDGs D& 2 DIRFEIZ LD ZHLETLL EITR®D
5N TWVW5 (Xiaoting, 2019). IoE 2D EHOBIE TIL, A F—F v MIORNDHT /A 2K
DNATTHIN (Il fE B EAF 3 40, 2021) 759, 735 ZAOEFEMEDOM EICL D AT F
VABEDIREN S B RO H5ND T ENTRHRIND. T3 ADOEFMESCEMILT A RARE A
Tz lickvmbsEonsdizd, BEGKITEETHD.

O XD, BRAMEA~OXICOEEM N T H, FRoO—B)E UCIEER ST 55T
2%, EH BT CHEMELZHIICIRERT T2 THHGHZM) Tho. UFEMIL, BZ2 KK
DB EOIE R 8-13 um (KR D) D EGESHZ 252 UF i 22 N ikt 3 2 Firal T am A
Blg) #IEHLTEY, 2014 FEOAH 74— RKFED 7 V—T OWE % Y0 (T KEZ LI
/OIS STV 5 (Raman, et al., 2014, Zhai, et al., 2017, Yuan, et al., 2018, Li, et al., 2019) . J#c4t
WHIBSRIE, ERFOKRKEND 2L, EENEWIEFERELSRD. Zhb 2 DO5MERE S
ERZDBEOWERNIEND & & BICRADBRENEE Y, FHEMCAZKH LS 25,
RBRATATIE 2017 4 &0 S EIZEM OBRIICED A TE 72, YREOIATHIIEIX, FRe ]
(Raman, et al., 2014, Li, et al., 2019) <CHP{EH1IEL (Zhai, et al., 2017, Yuan, et al., 2018, Li, et al., 2019)
(WF¢@mmk DOHETE B 2-5 g/m?®), FEE~600 m DHEH (Yuan, et al., 2018, Li, et al., 2019) & >
ST BHBLREZ G5 5 2 TAMBREETOEIENIEE ThoTz. Fo, B~ D KGR N
SHVEFE B S 72611232 < (Raman, et al., 2014, Zhai, et al., 2017, Yuan, et al., 2018, Li, et al.,
2019), KEENHKEDABDN/ NSV THHEH I VIR E 20 0T o7z, uﬁ®;9 %ﬁ
ﬁn@ﬁ%x#iﬂ@ﬂlithﬁ?b%fw%@f%b HARDE %ﬁ%7/7ﬁﬁ@i
D IR EIR IR IS 1T 2 FIX S AL OFH XTI 2017 FRE A CTHERE S L7e o 7z
AFwCTIE, B HE P LV ARR & 72 2 BO G HIBEM OGHRIFEIC O W THAT 5 & L HiZ, K
FM ARG - ERLL, AAROWR O m O EOEHN B O T CHEEZBEIE D Z LTI L
TERERIZOWNWTIRR D, 8T, BRHHBEM 284 e iR L7 B o2 R % SRR 0%
RERZRT D, WEIZ, ZORMOAEEMEICOWTEmT 5.
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2. WEAEIFEMOAHRE
B HBM D ER BT TARLVIREE 22 FEZFEHRT 5. RA TR ECTHIZT 5K
%%ﬂﬁ%i MR DBNEGRE (RIMR) DI T-270 C EARIROFHEZERICBEIL, FMELY
MAZLDBEDOZEThY, KMEREICENESIRKE LTI TWDS. L, —ixi
BB/ OGS, KBRS ND &, BFHANZ X 5EE D b KBt — %zw%m
T RZDBIEFR N DABDF N REL 72570 HFOHBEANINETH 5.
MAEMSBHTE LT TR B ) 1, KBt LR OBEEH IZHKT 5 AL 0 & Fh
O OB L A FHEMA~OBERELSTHZLICLY BHROHBEIZATRRIZ LIZHHM TH
ZORHEETG D T OIZHEMITER SN DRGSR AT M AT DWW TR 5. Fig. 1 12K
AT R V(AML.5G) & KRDFBRR AT MLO—EB(RENE AT bV E BB & KB EMEC
25704 um K0 RIEEH OO, BEHGEIEM OB RGN B AT hLv & 20~
TRILT D, RROFBEENE 8-13 um OWEMIT I TRADE] LIS, RIS
mtﬁﬁﬁmi% k;@ﬁ@&ﬁm®ﬂﬁﬁiﬁ; TN S 10270 °C & MRAERIE o T 22 [
W S D . B E T ZERIC T 5728 ,;@kﬂ@”@&%ﬁ®%%#%l%%_ﬁo
B ENLEE L. —H, H$@%ﬂ%%ﬁ¢ét i, KBEGCH RO ABEMHIT 5 2 &
Z HHIC KGO A T R V3 s5y ﬁ?éﬁﬁmm34mm@tif%é@@&ﬂ@#ﬁ%ﬁézg
WD, XNbedRy 7 OEANCEO TEEHERBIC BT DGR L WIGERE LW Eb, K
%%X&7%WﬁAﬁ?éﬁﬁm@ﬁﬁé%O%_F<b ﬁ%é%l%% \ZAED T TR BRER FE
PE LV, KKUTHBEEDNMEDEERICB O TR E RBUER 23T 572912, KR 5 OB
HRk O ABVE I 2 5 8LA TREKDFEE R IR EAF(6~8 um, 13 pm K D BBV THE OFE
%4H%N@%ﬁﬁéﬁé ENRLEFE LV B, SFROBLED BRI BARF) 725 51O 2
ZTCAETERNWI LA TRIEE V.

00F AREsex <4 kL 'O 42
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Fig. 1 Ideal emissivity spectrum of radiative sky cooling material (solid line), sunlight spectrum (AM1.5G, orange),
part of atmospheric transmittance spectrum (only wavelengths longer than 4 pum are shown, light blue). The
atmospheric transmittance spectrum is the value at an altitude of 4000 m under clear sky.

3. BEAERMOHERE

AFITIE 4L TRA%E L7- SPACECOOLYDHREZEFAIT T 5. MIEX, Fig. 2A O X 9 I KK
fEX D 2 EECOREDRE FICTEE L. JER% Fig. 2B IR T. WERITKBELARERZ
DHDIZEZ 28 B F/IMET 28T, BRFT 7 AT L. 7 WEh 7 28-o L
FECSRFL, RIFOEN-ART 7 AOFEIAI, BUZ X 23RO B Z PR T 5729
AR ZF L7 4 VATRHAEEZBNELI T2, 0B, R ZF L ATRKDOEDI R
S EBR T AMEEA L CEBY, BRHHBEEZHE LRV, IREEY 7 v o i flic 2
B O/ S VEBRR TR 2 AR B L

201749 H 1 B2 5 3 HRICTE > CTHh L7 ilBAE R %4 Fig. 2C (237, 4B Tl m A
T, AT L ASUS, HHE KGRI CEMSNVEERE 2 T % HIOB®EN) Z 847 L7z SUS D
G 24T > TV D BN EIFEM IS Si0, & Bo0s & o 7o MBI O U g & Ag & Al ZHH7
AW KB 2 B DTG Th 0, KBS %>95%, KRRDOEIZE T 5 B
%ﬁ%%km5@%£ﬁbfwé.3H%®k%t%fiFg2C®ﬁ@TT?i9u,$¢ﬁ
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1000 Wm? B2ETH Y, KKUITW TN LIENTH 72, £72, 22K T OARLKEILH FIT~13 g/m?,
KIZ~15 gm® Th o7, > 7V OREIRE % [N R T, B o EFEKIE OKERR) 1% 32-35°C
FRETH DI L, SUS OIEE (KGR 13 H TRk 80 °Cir< (2 EH L=, HHEwED
R (R ZEHRKTA5CIEIC EF Lz, ZnofRIce L, BEmERsE (REY 133
HREIZB L TAXIRL Y HFIC2-5 CIKIRETH Y, HEEHEEE bk U T PR R O
M 10~15 °CIRIR & 72 D 2 & A3 h o 7o 1L AV RIS & D i ik CRIBR D FRER 21T 5 &
Fig.2C £ 0 {4 RERmHAEN G OND Z ENTRERINS.
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Fig. 2 Evaluation of radiative sky cooling materials. A) Appearance of measurement. B)
Details of the measurement system. C) Demonstration results.

Fig. 3 (24 4ETRA%E L7z o — MROF#RMED WO U A1 358 SPACECOOL D AMBL T 4 7~ 3.
Fig. 2C (2R L 72 ik B B T R B R DO M D 22 W B HIBEM OIRETH DM, 7 4 /L LIk
OISR AT & KB >95%, KR DRIZE T DR >95% & W H iz F L TE Y,
ERATRL R DM & [FRE DA EE 2R, — MROFBHIIEHEM B O 2 B EIC &
DIERR STV D . T A > v 7 & LTI, Fig. 3A 1R LIERERI & O 7 4 v ATIRE K O Fig.
3BITRLIEMATERE (T2 NEH) O2FENH Y, M0 HiF5, #ET 5, A7 Ix—1T5
78 8 L THER ORI m EAERE 2 5 2 b d.

LU~

Fig. 3 Appearances of sheet-like radiative sky cooling material SPACECOOL® developed by
Osaka Gas. A) Radiation sky cooling films with adhesive. Two types, matte silver and white. B)
Radiation sky cooling canvasses.

4. SEEREER

KA AR AT, AAEFTEAN 2025 4 B AREBEE S S & KRG Lamir RN £itid 5
(YN 31T D FEEEFERR ) ITEIR (KR 2 7L &, 2021) &4, 8 H 26 HxHEN Il T
EHIZR &C, B EIFERS SPACECOOL®IZ L 548 = 1 0P 70 & 2 5FAM 3~ 2 FERE B 2 PR
L7z, AREICIE, ZOEGERBROMSEL OBHET 2 Z O AL ORERAE R EFNT 5.
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41 WEAHNRMOMERENEINEDERL

B GSHFEM OVERENTE S DAL L LTIE, 1) EMERERWEWE 2 Ml TV WS (8
W BV 3 % 22 W HIER) , 2) O ER A2 o FIE R 2T b s, DIZOWT, EikaE7e
Bt 2T 2854, ST HEHIFM OBWERS IR S N ZZRNEI D bRz, FmiE
MO T2 W U722 WS TR O BN DRV ERAE END. DTN T, R
TEVROBEIN TER VORI LT, BEEYOFRKNE 725, AfaTiE, Dol LThT v o2
T TR IOT v TOEERBRE 2)DOF L L ThERE AW IR O RAENT 5.

4-2 +IvUarTFHERAVEEISR

Fig. 4 1Z SPACECOOL®% k7 v 7 a7 FIZiH LB R 4 w4, ABEBRIZ R AEX
D KPR A £ VX —HAAFFEFTC CTIh L7z, Fig. 4A I RT 20 AT VI RI A4 0% 2 HH
B L, 1 B2 SPACECOOL®(~¥ v PO N AR—) 2T L, &9 —RiERLeE Lz, &k,
TN RTANRAIT IO NANR—REHLTEY, SPACECOOLfE . L CTHAMA Lo K& 72
EAix e, BEREEOY—F 7T 7 ¢ Wit % Fig. 4B (2”7 Jifi LHFAD 2 2T FHBEOIRE N AR
B T L RE S T2 ERbNnD. 202049 A 12 HS 13 BIZHT TORIHEE % Fig. 5C
T, Kl LORIFREITRFRKG 70 CES EAETHL_AVTHLDICKL, i LEHADOR
FHHREE IR AR 30 CRETHY, RIFEENRRN4 CIRKTTHZ Enbnd. [RUHRO=
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Fig. 4 The demonstration test of the truck container. A) Visible camera image. B)
Thermographic image. C) Ceiling temperatures from 12th to 13th September 2020. D) Room
temperatures in the center of the container during the same period.
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Fig. 5 Test using tents. A) Appearance taken from the south side. From the left, the normal tent,
the SPACECOOL tent, the heat shielding tent from company A, and the heat shielding tent from
company B. B) Tent ceiling temperature from 31th August to 1st September 2021. C) Tent glove
temperature during the same period.
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Fig. 6 Measurement results of the internal temperature of the distribution board. A) An
appearance taken from the south side. From left to right: a SPACECOOLP distribution board (1),
a SPACECOOL® distribution board (2), a conventional distribution board, a heat shield paint
distribution board, and a distribution board with light shielding plate. B) A thermographic image
taken from the south side. C) Temperatures inside distribution board without heating elements
on 21st September 2021. D) Internal temperatures of distribution board with heating element on
21% September 2021.
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MEZESICBWTEME 44 - WM REZ 3L 2BREL, EEEEL2OFHLRTLELE
Uiz, 7o, RBETIE, & 99 #1 (2021 L) ICARHM LV B FEHHER Y = v —HEZEHS

RIFEME

DIfEE (RUEE)
HE E K

HEE (EREE)
Sung Jin Kim K

BEREIEM:

Sung Jin Kim 0% 13, AR A3 B

BEEE -

e L7256 1 BIRAOEFRL Y2
#E(PRTEC2016)I23\ T, K
[E B A 2 2 (KSME) D A& & L
T Co-chair %, # 1 FEl&i#%
DR ELS B LT, iz,
BREEZETT U7 ko T
FRE S )5 72 D Asian Union
of Thermal Science and
Engineering DFX - & 4@ U
T, TYTHIRICE T DR
RGeS K O i iR L
R L7=.

19824F  B.S. Seoul National University

19844 M.S. Seoul National University

19894F  Ph.D. Ohio State University

19904-~19974  Senior Engineer, IBM USA
19974-~20034  Associate Professor, KAIST

20034F  Professor, KAIST

20054 Fellow, ASME

20114  Chair, KSME Thermal Engineering Division
20124E~20214F  Director, Center for Flexible Thermal
Superconductors

20124E~20154F Editor-in-Chief, Transactions of the
KSME A and B

20164 Member, (KAST) Korean Academy of Science
and Technology

20164F  Co-Chair, 1t PRTEC

20174  Chair, 1t ACTS (Asian Conference on Thermal
Sciences)

20174E~20204F President, AUTSE

20214F  KEPCO Endowed Chair Professor
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—2023 FE—

@5 16 MENH T RIL X —EESE(COPE-2023)
BfER : 2023458218 (B) ~268 (%)
5 o ENMEAEMEREE, RAMREART
F #: BRAEEER AT RIILF—O R TLEM

—2022 FE—

@I RIILX—FEMiL P RIY L 2022
BRfER : 2022128128 (A)
5 P EERMRAWMEAREEERIEDE Y2 —& Webex Meeting IZ& %/ 4 TV v KB
T O EERMTREMER EIRIILF—HAELHMA. TRILF—TO0EXHREM

Q@E24RARA—Y U THAINLVERD YL
FER : 2022 F 12 A3 8 (L)
B O BEINKE A#HEEASNF YRR, BR)IE#ER
F #E: BRAEEFEE TUO VIR TLEM

ER=EEAN

—2023 &£ —

@33rd International Symposium on Transport Phenomena (ISTP33)
BER : 2023 9H24 8 (A) ~278 (K)
B P BEAREER—IL, BEREREXH

O% 17 BIEBEH#EE (IHTC-17)
BifER : 202358 814 H (A) ~18H (&)
% P : Cape Town International Convention Centre, South Africa

@3 30 BIRFH T#ERRE (ICONE30)
BAfER : 2023458218 (H) ~26H (&)
15 B BNREBERRE mREBFFRHBH
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https://www.icope-2023.org/
https://unit.aist.go.jp/ieco/event/20221212/
https://www.jsme.or.jp/conference/Stirling2022/
https://istp33.jp/
https://ihtc17.org/
https://www.icone30.org/
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