|

) <

The University of Osaka
Institutional Knowledge Archive

Title | BEIZOZLTEAEAMEAN DR & HETEF
EICET BHE

Author(s) | A&,

it

Citation |KFRKZ, 2017, HEHwX

Version Type|VoR

URL https://doi.org/10.18910/61786

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



| VAT 75

T v 7 VAEA R S TR D
et & R TAIC B9 2 5

iy =

201 7% 1H

RBROREER A T2 FERY

YRRV =T ) T EHIL






L
11 WEMADRY L & =7 1 AR S EEA DU T
12 ERICT 0 7 VASEATE S EEWS Of%G T & R R RS- 5 S
121 ERICT 0 7 VASEATE S WA ORI R
122 T 0 NAATE S WEA OB ARG 15
123 @7 0 NARATE S WEA O SRR O WA
13 AWEDHIY
14 AFRSCORERK,
5528 [ER_EO7T- O OARRARRLARR G TREDTES
21 f&=
22 REATOBLR AR OE N L 5 WA ORI
221 WRRIESIE
222 BUTHEEOHR
223 vIal—varETuL
224 FEEERGIE
225 Flix OFAASATET /T K DEMEORHE %
226 FES
227 WHEDEES ME L HES A RO ONT
23 WA OBMRESRC KIE T BT DSBS
231 WeBITIA
232 MHERLER
24 B2
25 =
B3 HANEMA OB AEERIIE RO
31 f=

\
© ~ (@] SN N N | = /

W W oW W RN NN NN NN R R R R,
O O N & © W O N W N B 00 o0 o0 o w W



32 EEELS K OVHEREE

33 ERGE

331 FREENA

332 EEEET LD

333 ~_—ATFL— MIkEOWKET
3331 MEig
3332 MR LIERDIE S > E 7
3.3.3.3 JIS HHKIZI T D BMEH IS Okt
3334 EMAESROIMEE & OLHIRRE

34  HLGRVERREE

35 s
BATE 7 VEAREEWS OS5 < FHREER R TEDIRSE
41 WS

42 VU HET A VORISR
43 FRNTET MEDIER &SRR
431 ETMEIFEORSE

432 AREMRESRTHIS L

433 fHSHET VOSSR

434 FEEERGE

44 FREMAEEARBEH RARRE

45 FE5

5 E WEWAORGT & R TE DG IRERE
51 fs

52 RALE A T HEEE~ O HIEE

53  HHbER WS ~i FRE

54 {EEOWEMARER 2T COmMAMREE
55 s

HEE il

35
39
39
40
43
43
45
45
49
50
53
95
95
57
58
58
62
63
66
70
76
79
79
79
85
89
96
99



6.1 AWFEOE LD
62 STRDOELE
ZEIR
e

99
101
103
105
113






E1E # W

11 BEMAORYILS &7 A5 LB ESEEMIZ DL T

HIERIRRE L) ORTED IO TRV KIS =D, 19854F, A=A KT U707 ¢
Z/NTBRfE ST, RUEAENCBE T 2 B AR O T2 D OIERESEH (7 o« 7/ )
ThHD]. MLLITRT LI, HROFEHKIRRIIARE LAY TEALTEY,
SEEMENDHAE (2014 4F) £ TS 085CHEL 7eoTND.  ZOIRBEOFIAIL,
KRG OZAUZ L HDMFIRED B LD 2L bEXBNDN, F-HbDiE, 1750
FLARED NEOTETINZ < L T D EFDIVTW D[R] LK, Fex NI, 30 4LA
FicEY, [BRERE, M) 28N, BRx B LY, HiEskoRB A,
SR ZFT>CTET

EEEYROBWERY, BENEE TR DB LR — &, SAOBERROSNIC N
DERLS “WEW” 1%, 295 LA OB TR SN TEIMEThHY, BIEET

HROFFHKBRE

1.0

LY K=0.70 ("C/1004)

0.5 .

=
=)

1981-2010FF 0 5DE (T)
S

-1.0 .

ART

_1-5 1 1 1 1 1 1 1 1 1 1 1 1
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

3

Figl.1 Changes in the annual average temperature of the world[2]



Aerogel \/%
Non-woven
Fig.1.2 Overview of aerogel non-woven thermal insulator
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Fig. 1.3 Thermal conductivity of polyurethane foam (73 kg/m?)
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Fiber orientation Radiative heat transfer reducingparticles
= Stiffness and thermal conductivity = Reduction of thermal conductivity at high temp.
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Fig. 1.4 Overview of problems related to the design

of thin silica aerogel non-woven composite insulator
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Chapter 1
Issues about the design and evaluation

of thin aerogel non-woven composite thermal insulation material

- _=
[Design for stiffening and insulating ]
I \WG \
mm order um and nm order

Chapter 2 Rigidity design due to
the orientation design of non-woven fabric

Orientation design method of the long
fibers in the insulator is proposed by FEM.
The proposed method can construct the
guideline of fiber orientation design for

Chapter 4 Improved thermal insulation
properties at high temperatures

Simplified model

12X12X1 i |
504 pm . [—
&L l

Material and mixing ratio of the particles to
reduce the radiation in the insulator is
revealed(at 150°C). This leads to thermal
conductivity reduction in use at high

Radiative heat transfer
. luce|
x

E Hot Plate

se A=
ate

14 Cold Plate

each use. temperature.
\ [ Evaluation of thermal insulation performance ] /
Chapter 3 Construction of thermal conductivity measurement method

By sandwiching a material having
known thermal conductivity, it is
allowed for thermal conductivity
measurement of thin insulator. This
can be expanded to be of any
thickness(over t 0.5 mm).

~ >

.

The constructed technologies from Chapter 2 to 4 are applied and verified
as the thermal insulator for piping, for in-vehicle equipment, and for

housing.

Chapter5 Application of design and character evaluation methods

Feedting |

=

Chapter 6 Summary and conclusion

Fig. 1.5 Scope and the outline of each chapter
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Fig. 2.1 Flowchart of design method proposed in this chapter

_14_



R S B OIIMEDS, X 2L THIEIC & 0 BUTO NGO S D LY
120%LL ETH DGR, [ 21d) 0SSR L. —J7, BT 120%I 277272
WIGETER 210 TARRBCRI O ERRE IR Y, RETER LI mOET ) 7
[X 21@NZFE > THATRHIE 20 B9 F7z, X 21(d)DOERMSEROFHIIIED D55
1T, WEBTOBMGEROHEIES. 22 TlE, WEMOMMEEROBEES LT, Bl
T ES%LINICINE S Z & L35, X 21T HEIC L W BUTORRAEED H D
K0 BMRERD 5% LUNTH H5513, MR F & BYREROMERTE - bD L LT
HEtETE T 95, — ), BMRERNBTH E5%LINIZINE S22~ 723581, X 2.1
(R T AARBLIA DO FaXE IR D, BREHER LIeAN#AmOET U 7 2.1@)JICE->T
FENTRHIZ°0 B 207 v —2ZMiEa) & BYREROMER ) ME BER & 5 %
THED I

22 FAAOERSOEL & EEM ORI
221 REEAE

ARETIL, =7 0P NAATES BB OSSR RITTHEW NS N LB 2 B
HARFATOEIAATCER L, ED X 2 2ellf i ChIuI= T v 7 AR S IR
M OMIMER) 22723572809 JUZDONT, FEROT Y 7 v 7L & AR ORI

REER _R— R TR L=V 2 b— 3 VBT AR WV CGHEEIT.

222 BTHEEDEE

AHFET, =T 0P NAFAEEWERT OBRAT & U Cifge e LAY, AR
TOBE Y —~ VAR FEETIAC L VIT-TRY, ANEmHEORmIE, X 22 12
RTEONG, WRhmEEL L, ZHUSRDD DAL RO E 2o T D, RET
1%, ARARAEDBLm DR & DEFRETT O <, Bz 22 (ORT X o Ikikrma
Flhoo x & U, mNOEASH A y i, mi AR E zie Lz, ERmOmE s
WL, il ) o0 y T A HE A AETERT O L L L

BUROANEAn ORI A 2R 5~ mN & y) 7w, moh @ JFissnid
BEREAT o7 WAHIANCOWTIE, AU oA (10 ST 3 HIBEMGE MX51 %

_15_



BRI DFE R &

(B LTz,

ATDFFIT 2 S H]b

Nk

-~
—

(

p)

YL

-
—

W, F7, X241

uondaiip buiuuids

Fig. 2.2 Definition of x and y direction

:

-15°
Fig. 2.3 Definition of the orientation in x-y plane

-35°

_16_



A
F e

~ =

f
e v
/
A
-
30 1
A\ NN
A\ 4
)
: _
s
> 3
/

(@ Chosen points in the insulator

Fig. 2.4 Observation points and their images of the insulation material

Abundance (%)

[E=y
o

L
N A o

SO N OB~ OO ©

10 O O 1O O 0
RN QOT D

LOLWLWLWLWLWwLWwLWwLWw LW LWwLWw
(\IIFI" AN M I O O~ o

Angle(®)
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Fig. 2.6 3D X-ray image of out-of-plane of the insulator
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Fig. 2.7 Orientation distribution of the insulator
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Fig. 2.8 Setting the size configuration and the orientation angle of the insulation model
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Fig. 2.9 Modeling method of silica aerogel non-woven composite insulator
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Fig. 2.10 Simulation model of the current structure of the insulator

Table2.1 Number of nodes and elements of current model

Number of nodes Number of elements

Current model 1352852 496226
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Fig. 2.11 Experimental and computational condition about deflection of the insulation
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for accuracy verification
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Table 2.2 Mechanical properties

Young’s modulus (GPa)  Poisson’s ratio Density (mg/cm®)

Silica aerogel 0.12 0.3 20
PET 2.76 0.3 14
Table 2.3 Accuracy of verification result
Symbol Deflection (mm) Accuracy (%)
Experimental result de 2.3 —
Computational result de 2.277 13
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Fig. 2.12 Orientation distributions of the various models of

non-woven composite aerogel insulation material
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Fig. 2.13 Simulation models of the insulation material of various fabric orientation distribution

Table 24 Number of nodes and elements of model Ato E

Number of elements

Number of nodes

315906

496226 (same as Table 2.1)

861548
1352852 (same as Table 2.1)

Model A

Model B (Current model)

574874

1458990

Model C

495530
316234

1280624
863650

Model D

Model E
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Fig. 2.14 Contour diagram of the deflection (deformation of z-axis) of 5 orientation models
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Fig. 2.15 Computational result about maximum deflections of 5 orientation models
Table 2.5 Volumes of fiber models Table 2.6 Number of junction points of fiber models
Volume (m®) Number of junctions
Model A (E) 7700990213 Model A (E) 36342
Model B (D) 9451815124 Model B (D) 37068
Model C 9627229750 Model C 37187
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Fig. 2.16 Settings of heat transfer analysis for calculation of thermal conductivity

Table 2.7 Thermal properties

Thermal conductivity [W/(m-K)]

Silica aerogel 0.017
PET 0.2
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Fig. 2.17 Computational result about thermal conductivities of 5 orientation models
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Fig. 2.18 Examined structure of thermal insulation material
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Fig. 3.1 Measurement methods of thermal conductivity
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Fig. 3.2 Measurement environment of thermal conductivity
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Fig. 3.3 Equipment principle diagram of HFM 436/3/1
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Fig. 3.4 Proposed measurement method
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Fig. 3.5 Sectional image of non-woven used in thermal insulation material
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Fig.3.6 Evaluation of installation method
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Fig. 3.7 Results of reproducibility of thermal conductivity measurement
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Fig. 3.8 Contact state between the thermal insulator and the other material
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Fig. 3.9 Overview of base plate candidates

Table 3.1 Mechanical property of base plate candidates

Bead method Extruded
Needle felt
polystyrene foam polystyrene foam
Compressive elastic
Unmeasurable 1010 2064
modulus [MPa]
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Table 3.2 Dispertion among several evaluated materials for base plates [Based on Eq.(3-8)]

Felt Felt Bead Poly. [Bead Poly. | Ext. Poly. | Ext. Poly. | Ext. Poly.
10mmx2 | 15mmx2 | 10mmx2 [ 15mmx2 | 10mmx2 | 20mmx2 | 30mmx2
D [W/K] | 4.234E-07 | 2.272E-07 | 1.176E-08 | 1.018E-08 | 3.849E-09 | 1.176E-08 | 1.484E-07

Table 3.3 Dispertion among several evaluated materials for base plates and test sample

[Based on Eq.(3-8)]
Felt Felt Bead Poly. [Bead Poly.| Ext. Poly. | Ext. Poly. | Ext. Poly.
10mmx2 | 15mmx2 | 10mmx2 | 15mmx2 | 10mmx2 | 20mmx2 | 30mmx2
D [WIK] | 2.146E-07 | 2.839E-07 | 4.807E-08 | 1.176E-07 | 3.111E-08 | 9.051E-08 | 3.625E-07
(x107)
4.0
. > A Bead poly.
¥' 30 5 Extruded poly.
E T O 15mm I
= 25
2 2 0 ________ \ 10 mm ¢
o | —
2 15 unmeasurable
[<5} B
& A15mm |
05 10
LUTTIT DlOmmY
0_0 T T T T 1
0 500 1000 1500 2000 2500

Compressive elastic modulus (MPa)

Fig. 3.10 Relationship between dispersion and rigidity about several base plates
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TZHIEDT=DIZITS 50 LEMEIIIREWEDNEE L& X 5. £, K31312, (3-7)
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Fig. 3.11 Relationship between thermal resistance and thermal conductivity

(Base plate)
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Fig. 3.12 Relationship between thermal resistance and thermal conductivity
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Fig. 3.13 Relationship between calculated sample thickness and thermal conductivity
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Fig. 3.14 Schematic diagram of measurement of thermal conductivity of plural sheets
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Fig. 3.15 Calculated thickness and thermal conductivity of test sample
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Fig. 3.16 Measurement results of sample thickness and thermal conductivity with thermal

resistance of plural sheets
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Fig. 3.17 Evaluation of reproducibility of measurement of thermal conductivity for test sample of

t1.0mm
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Fig. 3.18 Evaluation of reproducibility of measurement of thermal conductivity for test sample of

t2.0mm
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Fig. 4.1 Radiative heat transfer reduce particle in urethane-based insulator[43]
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AL, Wi ORI MBS SRR F 55 2 L D3 TE 5.5 MmN - O - (B
[RER LR LRGRORGZIT T, RBEAMIETIE, RFOlg=:E LT, K
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Fig. 4.2 Flowchart of design method proposed in this chapter
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et =sol + Agas + Arad (4-1)

_57_



ZIC, Aol B OBMRER, dgs I IRURCTF T DEMREE, I lL5<HITED
HEMEMRERCTH D, ) HT aFVOBE, B 10~30nm FEO T U B O ki1
23, HEEHIZ 3IRITEDFR > bV —27 A TNDT2DAg DIEIT NSV, FTe, R FT—
7 NOMFLET, 2ERDFRY T 2 EFF OV H BT TR I ENLL T Th %
728, 7 FRIEOEZAU L BT E A BT 5T Qg IIFEFI NS IRfEEZHLD. Lo
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72%.

43 FEATETIVEDRE L FEERITE
431 ETILHEZEDRE

S FHEBEER LT BEERTIC L 0, S BT a D KRRy T —2
P25 < SHEBMEIRRL 7235 SIVZA 0, K- OME LBLEROENZ LD, v
BT 0 VOEEMEEROBE N ERD, 5L SHEEEITE DME, BLAROM
WIS S, 7o, ARTHIUE, MRETH MRS Y AT a7 WAEEWEGE
(LT, WERTENCH D ) BT a L EARAHEO I E 2T T U b T AR E
THLHN, B & UTHEAT DA ENT PET Z X LA AHET D 2 & &, R
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Fig. 4.3 Difference of the particle diameter range between silica aerogel and

radiative heat transfer reduce particle

A FDREPOHFITIIR. £ 2T, AZETIE, 7, ¥ U =7 a7 PERolE
R OARE & 5 SHERDHIG A KB CE DA ET NV EMEL, ZOMBET VL
S HMEBMRIBRE - DET VA AE DR D Z LT, S SHEEVEPIHITE DR -0k
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A :lCrlv
3

= %[1255 JI(m® - K) x (68 x107° )m x 493 m/s] (4-2)

=0.014[W/(m - K)]

(Cr: EROEFEHLBG R, || BRI TOVHEMRITR, v ER:5FOVHBEE)

AIETIE, U BT aFNORAH ey T —7 OSHES—Z %, 5 HREMR
K- DO~SHEA— X TGEDT e T NVEREET 5720, ZO2=y Me/L%E X Yy, 2 I
N6 T G216 ) WATFEMIET X 463 L, BWIICRICSEME (7
IWVORIEMRER L SFENRIL) ERHMETETNEBZH[X41(0)]. K44 DF
PRI TS T MR & 5 < SHBEEMICIRRL 1R Ml & COB A LL PSR 5. i
ZGETILTE, K ATONRT L D ICeT v ki SN O 22 OB SE S oy A B
PETHEIRA & LTERT S, 2 LT, =7 a0k REOHS%, xy Vi, yz
e, 2x S ZEAVEFVA TIZ 2 8090l L 72 S5 BBV E KRBT 5 7' L— M THRT
SIBIZ, HEELIMSET NV, KABITRT LIS, Xy, z FZEnEi 12 4o

GF 1728 i) W, RIS & D125 SHEEMEIRL T A6 5  (RdiATe). L
Rl Ro T LSET v W1281857) &, TS SHEEMEBR 24 LTz
EFTNEA, VR ab—va IR DA T o7, IRELIRETIE, AREMsERE

Unit cell
Unit cell
(6x6x6) < > Simplified model
=Detailed model .
(~ )
- Effective Simoli f.vd el
thermal conductivity ImlF)Z:(I].eZXTZC) €
* Amount of radiation ( )
v
Simplified model
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: : ~+Radiative heat transfer
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Fig. 4.4 Procedure of formulation of evaluation model
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Fig. 4.5 Definition of the unit cell of silica aerogel’s network
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(@)Silica and emitting surfaces (b) Silica with air

Fig. 4.6 Detailed model of silica aerogel’s network

Solid A ~_ Emitting
i - o , plate

Yy e—

420nm
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(@) Detailed model (b) Simplified model
Fig. 4.7 Simplification of detailed model
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Fig. 4.8 Combination of aerogel and radiative heat transfer reduce particles
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BMREREHO—RITA@-3) TERIND.

lzf%% (4-3)

T T, UIBMRESE, Q IXHERGW) (Vo) iEEd AEGE, tix VDR
S, ATIEH 7o EFEOREZE, AT 7 VOB CHSH. HI3FEI bR
W OEMESRAIE ORI TH 5 IS A 1412-2 OERRHE42] I, R(@-3)Icdk 3%,
YN0 FEICRESEEE U SE, oA Emmd 280E (oL EE AT
M ARz mE s 580 &EFR (U 7VES LR 9 bEMREERA KD
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Fig. 4.9 Settings of heat transfer analysis of thermal conductivity
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L LT, 434 HDOKEERGE Tl 500C TO S SHnhE, 44 FiDORHEC
1% 150°C, 350°C, 550°C TS5 < GHufE ANSYS IZ51T 5 T VAT ( 1EE VTG
BT 2=y MeADVERIIZER DEZAET D 2 L0vh, 7 /VEF (yz i,
XA T H1H) (IS 2% 7o, BHRER & LT LD B FEOREE S
AT (FHEIZPAREICTEHE) 2k, T ADER, Wiliig A L AbETHR@3)Ic
RATDHZ LTk, BMRER A RDT-.

433 EBETIOFEHRE

Z 2T ATON R LIS E T VEREST S, 918, KAT@ITRTFEIET /L
ZHWT=T sV L 2[0S L =T a S VRE DS SRR IRE, AREMRE
R LIERS S HEZRD D, AREHLTIE, ANSYS 16.0 DFET /U LTFEZ#H L, X 45(b)
B HWIE 460) 2RI 2 TRLA-ER Gy & 225 D ZEBRER o3 13 Rl & I [EMAS B R
SOLID186[65]i= CET /UL L, FDFREIC THflEESE CONTAL75, TARGEL70[65](Z &
DEEREA GFVIEL) L. HEd2mElX 45@)H 50 NIK 46@1TT L DIZT Y
TRIF-ONFREZRE L, 7V VT AR L D5 BB\ E 2T 7. FHlET
JWTERTE LT B W23 41 (9. 432 THOIFEZ LY, FEHIET /U OV CEHEA
L7=& 24, ARMEESRT 001725 W/(m-K), EM5<H 8T -8.6572pW Th-o7-.
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RIS ET M ATV TIERIEZAT o7z, Z 2 CRIE LD, FIRNR
TR A ORMRER L 7' L— FOBSERTH D, fiSHTeT7 /MY, I AT7@QITT5E
HET VLRIV A XD HREIER L, 7' L— FOREHKXy mATIC 2 82, yz #l

228, X EICTATIC 2 B TEF 27 BDSIHRICAEI L= b D%, A8 L7k
I\ZCHEEEE CONTAL75, TARGEL70[76]\C L v [EFEHk GEV L) Lz, /=20
EE, BEVE D 2 oONHEOREIZIE 2 DT L — FIMHET 273, EBB—T70
& B0 & U CORR A% E Lz, 432 THORHB L, [EiR A OBMRER L~
L— N OEERA TR L2 B HEE Lz & 2 A, [EIRA OBYRE % 0.01651 W/(m-K),
TL— M OREERE 035 ITRRET D 2 LT, ANROFEMET /L OREBIEIIZ LT, A
HEMAEER 001724 W(m-K), 1EHS< HHE —8.6580 pW &157=. FEHFET /L & MR
LTS T VOBRRENMGER L IERSHEEZ R 42 IZE &0 5. ESET VORER
A DEMEESRE 7' L— FOBERHRIZONWT, FEIFET L OEND & OTEHIFERFIT/NE
W, FROEERAT L L L

B, RETNOWFCHT->C, MHARPERLZET A bRE L. X 410@R

Table 4.1 Thermal properties of detailed model

Material Thermal conductivity [W/(m-K)] Emittance
Silica 1 0.9
Air 0.012 —

Table 4.2 Result of identification of thermal properties

Model Thermal conductivity ~ Emittance  Effective thermal Net amount
of Solid A of plates conductivity of radiation
[Wi(m-K)] [Wi(m-K)] (pW)
Detailed model — — 0.01725 —8.6572
Simplified model 0.01651 0.35 0.01724 —8.6580
[Deviation(%0)] [0.06] [0.01]




FOIHHIFLED 31 nm DEFIL, RO AT OIEHIFLEA 129 nm OFEF L CTh 5.
C ORI MIET L, [ ATO)NR LI=liSET MIBT a0 (B A ofvmy
LT L— ORGSR OFEZAT-72. X 4.10 {27779 Small pore model, Large pore model
DFFEREREZN TN 43, 44 I TRT.

420nm
(0.42um)
(@) Small pore model (b) Large pore model
Fig. 4.10 Other detailed models for comparison
Table 4.3 Result of identification of thermal properties(Small pore model)
Model Thermal conductivity ~ Emittance  Effective thermal Net amount
of Solid A of plates conductivity of radiation
[Wi(m-K)] [Wi(m-K)] (pW)
Detailed model — — 0.03144 —3.6995
Simplified model 0.031 0.32 0.03141 —3.7101
Table 4.4 Result of identification of thermal properties(Large pore model)
Model Thermal conductivity ~ Emittance  Effective thermal Net amount
of Solid A of plates conductivity of radiation
[Wi(m-K)] [Wi(m-K)] (pW)
Detailed model — — 0.01408 —7.3939
Simplified model 0.0141 0.30 0.014 —7.4031
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LU EOFERDE, Small pore model 13, +V I OUFEEH RN E <, BYREZRA 0,031
WIMm-KIZ 720, Wiy LCov ) hm7 nr VoiEs2BH TE WD & s
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FVIEFDLNNTKREL), [ERA OBYRERBH 0014 WI(Mm-K) &, 52 EDFR27ITRL
T STERBICRE SN D T U A =T m N OEMmiE=R 0.017 WI(m-K) L DX D 0/han
7, YU AZTa S NOEERILTE TN EIFBANT. Lo T, REIZTH
RBLTHZT T NVOEEIZONT, K46, X 47 ITRTHIFLE S nm OET VA HRE
L.

434 ¥RERREE

R LI T UERENERR AR CE WD MERELTZ. A8 T, X 48 12
RULIZE DL, BSETNE X Y, z OFFANIA 12 i our~, & 1728 [EOff 5T
FOVEDOHIZ S MBI 72 EA LT, S< SHEEMERRL O, SHEOXR
INC & DENBMBER O A TS 5. 2 2Tl ARNET/UEHIEOR RGO 5
ELT, MY ) AT e S AAEEWEMANC, S < SHEEMEIRRL T-D— 2> Tdh 5 TIO,
Rit%, BOREZEROETHEHASHIEbOEEL, o 7V AERL UHIE - BRE
Fl, VIal—ray EOROI-AEMBERE T 5 Z LI Rk a T o7,
YT NOVERIZRWTIE, 120mm #, REHES 0.6 mm ORNEATS Y A7 1 7 /A8
BWEMA OREEEFRZI\NT, TIORT (T4 IS JR-1000, KR 1 um)
[6]ZFTEREASED Z LT, WEWHREERIC TIORF DS S ST D MfidE
MR LTz, FTe, YTV OBMAERNEIZIE, HFM BRI E
HFM436/3/1 (Erich NETZSCH GmbH ) [72]Z vy, B2 7 V3R EE % 50°CI2 LT
1To7- (g D585 < SHEBMEIRI F-OFME b, m\ ORI CRERREATT 9
DR E LS, BEEOHAR E SO CERBEIC TRl L 7o) . Zeis A alkig & L7cJE X 0.6 mm
DOFNFEBFORIEITKRT L, RO RIELEE IR AR UE ORI T 5 = L
5, #3 EICTRERELICMESEZ A, BMmER 2Rz, —75, rcid, X 48
\ORTE DL, BSET V1728 ECTHER L= 7 B 7 LT A0 h, B Lum D5
SHEEMEIRL - (TIORL ) &AL LTZENEET VAT — ) 7 RS 228 T, =7
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Aerogel model(SOLID186) Radiative heat transfer reduce particle model(SOLID186)

CONTA175
L~

’ \
/ \
. \
/aEnaiiii W wlie iy’
/ \
/ \
/ \
/ \
’
/

\
TARGE170

Cross sectional enlarged view

Fig. 4.11 Combination between aerogel model and radiative heat transfer reduce particle model

e
T @

(d) 1.329% (e) 1.662% () 1.994%
Fig. 4.12 Dispersed states of radiative heat transfer reduce particles and their combination ratio

in the aerogel models
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Table 4.5 Thermal properties of TiO,

Material Thermal conductivity [W/(m-K)] Emittance

TiO, 4 05

Ve TO, DBEET NVERBE LT-. =7 a7 7 VIND S5 SHEEMKERL -0€T
bR 2K 411 1T R, BEAERITN UG /VNICEEICRE L.
T B ET UK DA FITIS CIob £ 7 LV ORLERIEZ X 412 1R, =7
BT VETILE TIOET/VOSAIE, HfifiEEE CONTALT5, TARGEL70[65](C & V) [El7&
bl (VL) Ui 7z, TIO, ORMICIIHENRARGE L. TV TiO,
DY R A5 (T

TRy E TiO DEAET MIRL, 432 TR LI R THIPMRERZ R
Oz YT NORERNERIR L, BT CEONT AR EROR R, Hiha
TIO, DELAERE L, X413 TIPS 2. Al ARXLIRETIE, uNVR B8R 02T
T BT, BMBEROENLZ mWIm- KW TFoRT 5. X 413127, SEHIE & i
FEARDINT, —E LT LE mWIm- K)FREEDZED RO D703, i, Brwfodz
HETCIE, AT (PET) AVERA & L TEENLDITH L, AWIETIE, rET v
ICRRAT 2B ATV RN TH D, ZOEIONTL, 1 FEOK 14 (TR LT
17 L & ARIAT R A1 D mm A — X ORI COffT L, RECH—4 Y RE LT
% nm A—F 0T Ve T O Ium A —2 THET 5.5 < SHEEMERR %4
T 2 D7 STER ARIBET 5 2 L THD T X413 oo, BHERER L
FRATRESR D7 1 v R BENEI, PR AR N2 b D TH L0, & HIZ TIO ki1
2 X D SEMBEROIREGHRAS, (R U RS (07 vol%ET) DL ZAT
BN TEY, 1o, HebBMSELMEE L QD HE5 (0.33 vol%T) OIKIE7 ) 0.06
mMW/I(Mm-K)& < —E&LTW5. Lo, SBRLIEATET /UZLY, SJGHRE
{RIhE 12 L 5, ARBMREEOICE Al S EL THITE 2 bDEEZ S,
FTo, AREMEERPRAIG B K - TS 2 A =X AIZDNWT, [X4.14 (X413
(ZRWTEMEERME T LR AT 2 UAEOIERE) 2 HTls 5. Edto
AREMRERT, @ )RNTRT L9100 & A DERTERIND. S SHSEMRRNLT-
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DM S, FEENRKENT T 27005 FHZ L DEERERITRE VS, Zh

18.75
O Experimental result
— O Computational result 1----"
X'18.25 T T .- oV
\E/ - C - - == /
S 0.06 mW/(m- K)
e17.75 -
= Reduction area
:‘g ~0.7vol%
517.25
o
[
3
= [Q---
£16.75 1
E’ [ IS YL = v
- L] = N\
0.06 mW/(m-K)
16.2 . :
0.0 0.5 1.0 1.5

Mixing ratio(vol%)

Fig. 4.13 Accuracy Verification result
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Fig. 4.14 Analyzing of combination of thermal conductivities
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Radiative heat transfer
reduce particle

Silica particle
(secondary particles
of aerogel)

Fig. 4.15 Condition of radiative heat transfer reduce particle contained in silica aerogels

2, =T B UTHANERD 100 f5EEH R 2 AT 52 L2k, =7e s o
KIEFEPERNNE <7D, I MET T2 EEZ NS, 41513, EFELS nm D
VBT T AD AR (X 46 OFFIET /L) OFIZ, EAEL um O SiO R
(BEBINARLF) 5 ENOIRBBEEABNTR LT b D TH LAY, HilzlL, X481
ARULTZ 130504 pym DA XD “FEIT ETNANRDLGE, =7 a7V ET VONEH
1% 3621.0 um? T 5728, A 1 um DRIF-ET /L8 1 ->FOMZ HIvs Z & IC 14.8 um?
FTONKRHENBLOT 5. $7ebh, U hmT7 a7 VBRORBICHA, 5 < SR
BRI EZEND Z LT, S<SMEBDEANATOND T U AT a7 )V OREFED
INEL 2D, £oT, HORTEARETE, BIHEORENT Y BOEETDSL
{EEDMRIR S, AEMEERMERT 2 b0 LB HND. L LD, kil
FNAEETIUL, Ao DSRE 22D ARBEMBEEN ERT DD LB 2 5. Algmtzim L,
SEBR - T ORI C, 5 < SHEEMRIHI -2 L D A BMEER OB A R T & 7.

44 BIEMCEEIEFSRREE

ANRDET L TFEZ VY, SRS  SHEEMEIRIL O 5 A ZROENC K 5 A EME
BRI A MRE L2, & 2 TR L7201, S < SHsEMRIh 700 9 B, LUk
SIS L, BB S LD AOs, Z10, &, WIS RE <, Hidk
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WA S D SIC, SIO; &Rl L7z TIO, DFKI T 5. 455 < SHEEMEIR -
DOYERZ 46 1RT (TIO, OPMEIEER 43 1250 . K416 1R X H1T, —ie, ik
WAL, B ORE TS S =22 kT 2 & T, YANTENIE DS 5 A
BBEIZ D, 07, HEORIAY, B3R TH < — 2 2RI L CANC AL,
T UTZBADZ K AT HESHE—LE LTHELT A Z 212k Y, S<HE—
LN ELT (SL<HE—LDO M) ~EL, BIH~EVEARZ 205 BE %7
%. BRI OIRERLREI TR 2 T 2 D3, AMRRETIIELZ & ORI LSS5 72,
AR TIOME T Ao, FRi -k % L um TH D b O LE LET MEEIT- 7.
72385, SIO KL IIAMEDORGE T D ) =T v P VAKIAAE S WEF D41 & [Fl—
DB T D Z &2 B 72D, SIOPR -4 5 < SHeEMEIRRL 1 & L CTERAH3 2 Wk
Mb Efisn Tk, =7 a Vet 27/ A—F D SiO i fRHZI 7 v —
B —DRIA- 2 D 2 LI K DR G D 72Ol bRl B & DTz,

Table 4.6 Thermal properties of radiative heat transfer reduce particles

Material Thermal conductivity [W/(m-K)] Emittance
SiC 200 0.8
Al,O3 32 0.3
ZrO, 3 0.2
SiO; 1 09
2
% @z-
% %,
v >
Thermal insulator Reflection  Thermal insulator L %;4
0 .
%
(@) Reflective material (b) Scattering material
(Low emittance) (High emittance)

Fig. 4.16 The role of each of the radiative heat transfer reduce particle
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50 5 FOR A& G LT Wi DA SEMRER O RRER A X 417 1”7 £,

S FHEEMEIRR -2 & £ 72027 0 F VT LV OAEMEERT, FRIXOBLAH0 O
& ZAITRT 1664 mMWIM-K) T 5. ZHUTKT 5 5 < SHEEMIRIERT 1 D2h g2 b L
2L A, 5 FUCEAL, HGERICEID O TERBMEEROIRB R TE . Eiz,
B OFPEMRERIMEIT DB A R (BlA =R 0.33 vol%Ii 2 Tk BARIR) 1Z1E& A EFEIT
Aoivienolz. FEREREY, RFORGERMEIITON, AREMRERN EHT D
HENORIFRITIEE A LZERMNEN, L LAARS, ZOFENCB L CL, kot
B, BMLER L WEW OR MR ORI BRI R 5. X4.181%, 417128
W, S SHEEMERIRRE -0 L 0 =7 1 FLOFREMEERA R E AR 55
AV EIER LT b D TH L. XTI, HEOA B SR ONED KL F- OO RE
SDNAIZ72 > TN D (X416 (TR LTS < SMBEMEIRIRL 10D 2 SOBE| & 4K 1Dl
HICHE, FRTO7 1y MBEOELEDTTND) . T7ebb, BEEENRRE W
WAREMEES S L RRCE D2 E8b0D. ARGETIE, BRI HRE L SIo,
BEAAZIRNT, FifFadmERn e EORGEMSERIT L, £0.07 mWim- K) DR
MR CEZ. 72, K4191%, K417 IZBWCEMEERI R b/ NS < e BE S _E5-

TIOZ /',F§ )
SiC ‘

Al,O,
ZrO,
16 Sio,

= 16.80 & 5

Nl

W/
[EEN
o«
(=}
o
1
|
o ¢ X B> O

0.0 0.5 1.0 1.5
Mixing ratio(vol%)
Fig. 4.17 Evaluation result about radiative heat transfer reduce particles
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Increment of thermal

0.6

§ 2 TiO 2
2
§ A SiC Small
= x ALO, .
= 16.59 ® Zro,
S e SiO,
S
: -
j= Emittance
8 O
£ 16.58 .
2
s
= ° Vv
3 Large
b=
W 16.57 . .
0 0.2 0.4
Mixing ratio (vol%)
Fig. 4.18 Enlarged view of (A) in Fig.4.16
0.390
SiC l
0.385
< 0.380
‘5’0375
% :
= 0.370
‘S o ALO;
3 0.365
>
=)
S 0.360
N Tio
'3 2
0.355 erOZ
0.350/ . . . .
sio, 0 50 100 150 200

Thermal conductivity [W/(m-K)]

Fig. 4.19 Inclement of (B) in Fig.4.16 and thermal conductivity

of radiative heat transfer reduce particles
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LW FEI(B) (5 < SHEMEERL 7 D EABMRE D T 503K & < 72 HHE) 12317 5,

TT u S NOEEMBER FREE, R ORBEREMNC L TE LD bDTHD
0, RIA-OBMRESRD NSNS, K2R L7z & £ OFRBEMEERO FR&
AVINSUN LLEDBLLY, WiEW .5 < SHABN RIS 5 A M AR ORI 215
21, BERERORZ VR E S, BEWNEOR 56 O Y L5150
EEEBETDOVIEND D BHIEHEENPREL RLETHRH D) Fald, WEWIoRZ)
BRSO FABHIEDOT-DIT, BYRERO/NSWREF R E (R E < SRR
PVNESWRIFR LY EB X BILD. ARFFECTRIG: & LIMRRCIE SIO R 128 24Ul d
TEED. 22T, KA DR LTS  SHBEMEIRRL OBt &R 0.33 vol%d & & D Zr0,
Wit-& SIO R DOETRER (REE= 2 —X) %[14.20 1277, [X14.20Q),0)1%, Ei
LI ZIO Kif- & SIORIF- 2 E LT 7T M BRDIRE AR LT b DO TH LS, W
BT EA CIREOFEIINL VIR ZD. L LARNG, [FX@),0IZ AR TR
U7z T L7z = o 2 — 2o~ 3 [mI(C), ()2, RRORE- o0t T2

Unit: °C Cross section

150
144.64
139.28
13391
128.55
123.19
117.83
112.47
1071
101.74

(@) ZrO; model (b) SiO2 model
Radiative heat transfer
reduce particle

(c) ZrO, model (cross sectional view) (d) SiO, model (cross sectional view)

Fig. 4.20 Difference of temperature distribution between ZrO, model and SiO, model
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0SiO,(at 150°C)

= 23.0 11 4sj0,(at 350°C)
220 | XSIO,(at 550C)
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Fig. 4.21 Result of effective thermal conductivity at high temperature ranges
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Fig. 4.22 Decrease amount of effective thermal conductivity [(C) on Fig. 4.20]
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MHERTE S, AN T SIOhiF1E, [FIKI@IIRT ZrO ki X VARV REEIZ e -
TRV, Zhd, S<HHEBERHCE IR THD LB BND. 9 LIk ks
TOREDIRIUZ LY, 150°CITIRERFEZ LT A & k92 O PHRREDMER S A,
ERBMBERICENEEND.

£77, AW O FTREIREIR(150°C) TlE, SIOpRETIC L B AR EMEER DK
(T EREOEY TH LAY, K0 @R CWESI O T RETH 255, 5 < SHnEl
(IR C & D ARBMRERORBEI BT £ B2 510, K421 1TRT DI, Ak
OFFFTET V2 AV, FIRKIRE % 150°CH>5 350°C, 550°CE CAH L CatH L7z Sio;
R OAEMBERH R Ch 5. 708, FIRKIREOETIZH, K49 [TRLZ
7L EHOEEEEEGZEE Lz, X422 13, X 4.21 OFESC)IIR LT25< FHEE
(EIBohE -2 £ 22 A &, SIOpRET-% 0.33 vol% & T el A OB DB ER DI % 7
2y MLIZbDTHD. S<IHMEEDENRENEE X HiLd 550 CORRE Tl
#9118 mW/(m-K) t OFZEMAESRIGRN CTX 5 LB X B, EiRHEOWEAI I3 L
TS5 FHEEMRRRL - OESIIAN THH LB DD, Teks, AREICTRGEE LR
FOFTIE, SIORLFHMERA DA MG AR TH D L LIy, — Iz
D I 5 72 A ZORHAZR SIORAT— AN EM THD. Lo T, TS GHREMK
BRI % TEANANDIEAITE, T A T p—< A BHRR) 2Lz E
T, WOARNR 2B H 2 EAEE L.

45 #EE

FRIAKERAT > U =T v FVEEWEMA O 150°CEREE COABEMBERIKH A B i) &
L7 S SHEBMEIRIL O E, FlaRaaT L. S < SHaBMERm F-OERE% 1 um
& LT EBESROFMERD S, AREMSERIERITE, KOt e &ORENEE TH
D, EAEPRKENE EOFERMSERD FRAMZ 27-0120%, BN RE L, B
(RERIVNS WKL ZHND ZEPHERTHD Z L 2R LTz, iz, ZOBMBEED
(RBZIARITEIR TH DI ERED, ABFFE TR LToS  SHEBMEIRN 13, @i
SHSOBEHT R LT HAVBMBERDIERRT AN TH LD EERD. Tk, 4l
O 42 (TR LTEEGEH 7 m—2h TUID TEZ D &, A 42@12T, S5 < SRR
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Bif-& LCZH MY BMUREE L) LERGELRE LMRE I 2 —r s
CETIVEREZL, [FIX 4.20) DT\ TET VO R EMBERAHLTLE T 0.2%0
B A5 720 EATRIK 4.2(0) DHIEIZT “No” & 7e- 72354, [FX 4220,
B OME, BLAROMREHEATORITIUTZR B0, AREIZTREEE L 7o ORI -1C
BLTIE, AL ITRT LIS, S<EMmBMEERI 23 £/ U D7 a7 D
DIGET L G THEE) 126 L, k1% 0.33 vol%fil A LAREMEERAMER L T\ %
BN T, & BEMSEROEFEIV NS Z10, Th > T HBITH 0.24%DE~E
DGR TETWD. LIedio T, ARHMETH HIRHE 0.2%[1X 4.2(c) DHIENE] %
ERIS>TWD 720, Wi OBMREFIRRI T 57 DR - OME « BLERORE 2 TE T
THZEITRD., ZOEIIL, AETHF LT n X VOGS ET MEFE, S<H
CAEEE LI BMRE Y I 2 L—ya VAW, AR n—aGHISHT 5 2 &
NTE5.
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B5EF MEMORET & FitaHETFEDERRAE

51 #E
AT E TIZRUWT, #RT Y 0 S AARATESWEAI T LT, AN B HsH4 OB
RRFHT X DI HICBE 2R RO, BMaESRHE RO, Bk (150°C
W) D5 MBI 7= O ORGHTHEDOMNL Z AT CE 2. AETIE, ZNETO
WFFENES 70 D ONTABEE L7 WiEl %, BlE S 7RI,  BliasAmEs, (e
BB DZNENDORR~NERI L, ZORRITHOVTHREEIT 5. WADERZLLTIC
Y
) B A T B~ OB ABREEA TV, BT 2 AR ORI/ &
BEANIE L% OYEEREE OREIZOW TR LS.
) R R ~ORE AR T, W ORI 2= vra=y ho
/NIRRT 2RI HOW T U 2.
Q) EEHEEM~OERMGEZITV, FEOE =R TR 25RO T
C5%.
WEILIZ T, FRED 3 TS DN O A 507

52 ESE/ N1 TR~ OEFRE

2 BHITRWNT, @Y v VAR A A O AN OB, BEWs &
FUAE /A T B EMNT DBEOPIIMERBI BT 5 Z LA e L7c. ARICIE, BlinsAm
DEIR HEAITT v FVARFATEGWENS %, FBRIBE A FNEET, ZOBRC
B U DHIAMRE~DREEL Z D A ) = A L EFERC K VL5 & L big, BlE~D
BEHRATRRRT T _ENAZHONCT 5. B2 H L, Wi — bl ofn a5l
QUEFLEHDET VA &, T 90°alls S W7z [FXIE)FLEDOET /L E DR EIZL 5T
DI L THWEDOHI AT o7, £72 24 HiDBLZITT, BT /VA & E ORmZFHA
BT RRE[X 2160 L D, FAIZEI LRSS NSV RE A B BT LTz,

AEITIL, MEETH%ERE LT, EFVA, EFLVE HAWIETF VA & E ZHAE
IR T AATEE 2 SRR RS T 5 Z LR CH 5720, ETVADORHELT, &
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DFEEE 52 FATHLA L T 58U THE (X 213 OF7T/V B (THHY) %, £7/VE
ORAIE LT, BUTHEZ 90°RHE L7z b0 (X213 DET /LD ITHY) %, SGEHES
1 mm OWEWA & LTl L=, F72, X 2180) s LSO HIZIE, ik
FHEZx 0.5 mm OB T, BTG 90° A S W7- Wi 2 Era b, 5% 1mm
DRI LIz b O Z Ui LTz, £, ROBMREROFHUmDT=0, 4537713120 mm
TR L7z, R L L2 3FDY TN A LIRICE LD 5.

YTV A BUTRREORL 2 b OWEWS GGEEZ 1.0mm, 120 mm £4)

Y7V B L BTG A 90° S L7 BREHEZ 1L.0mm, (0120 mm £4)

P T C o BUTIEEDRA 2 b OWEWS GGEHEA 05 mm) & BTS2 90°Eli

LS GREHEA05mm) ZEHidHE7-b0 (0120 mm £)

5 3 TR LIAMBERAE BT L0, FRE 3DV TN OBMRERAJIE - H
HL7-& =4, 22100199 W(m-K), 00195W/(m-K), 00197 W/(m-K) T -7

MaEike LT, KB ITRT RIS, BUE A iR OTEAD i D KA A A8 E
L, Cuflllo i AZENTNOWEMAY TNV EBE AT, BEHIH (i TH%) OB
BWERE GRS BMEE) OIE To7-. 7ok, M2 T X1, 77N

NiCrline Cu pipe

Fig. 5.1 Test equipment
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DR EFE LB E LT, Cu X TOHIc=7 o AMREEL, /1 T ORAICHE
L7-ZEkf(thermocouple 1)I2 L W £ =X — SN ARENB L2 0CIc/e 5 k9, =21
DB EEN - AR LTz, F£7z, LSS W OREOWRE A RIET 5
728, A 52 1R K 91T, 7 ATEE (T T-WiBbF oK b BV (thermocouple
NEERE LTz, A TBEHTRHCRT D 3 FEOY > 7 VO & AT OB 347 D
NEBIR X 5.3 1R

thermocouple 2

insulating
adhesive

) insulator -«
power wire

Fig. 5.2 Detail of test equipment

insulator g direct® S

(@) Sample A (b) Sample B (c) Sample C

Fig. 5.3 Positional relationship of the fabric orientation in the insulator and the winding state
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Table 5.1 Results of temperature measurement

Sample A Sample B Sample C
Temp. of surface of pipe (‘C) 90.1 89.9 90.0
Temp. of surface of insulator (“C) 79.7 83.2 811
AT (C) 104 6.7 89

3 FDOY TN DONT, A FREIRE (thermocouple 1) & WrEbF D 2% i
(thermocouple 2) ZFHHI L7= & = A, ZNENDH > 7 /UZBWTREDE SRS
SFEDY T ITHIT D3 TRIFIREE & Y2 7V FFEIREE, WA OIREEZ R 51ICE
L5,

#5110, U7 ADOREIREAAILA, 70 BIRREZEIV ISV, E,
YT CITH 70 A AR NSV, o7 BIZE/hSIFan. 2
g, ENENDOH T IZBN T D OB L ) WM 03 7= b O Th 5 &
BRD., EZTATMOY TNV EROIL, ENEN A AESANTTER Gy 288
s (FV =2 (R RTERE RIS MX51) ([CTRIEE L. 7ok, $roTLC
(2T, Wi 0% & SECRRARRCIA S e 2723, #ii & Hloxt L2 e gl
22U7-. X 54 B LI FEA . [P ORMEROE N IARAGHHE, o TD
N IBIEED RO TN D =T v 7V Th L. K 540)d)& Y, o7
B &% 7L COEmMANIIE, =7 a7 /VERICERINT T T v 7 DA TND Z & D3
WTE D, T7hbb, 2o TEREMIFHIL, K550 RT X7V B DT
a7 IR, R RT L D I 7L CITiEEERIOWEW o= 7 v 7 /v
DINZT T T INASTND Z &b, ZiuL, K 560INIRT X, 2 T~k
ZAHT DD ARRATRRHEORL IO TR & —B L TBY, 7 T~OBX TSI
T, MIMEORZ WA, Megs97e7 a7V ZF L B TR L CQd b o L
La3ns. —J, Y7V A LT CoREMNE K56@IIRT R, T
~OAEE T & ANIARREHEORL D FFTNEIE L TR Y, L 1 T D E
—H LT D720, N =T m FVOEERET D 2 3720 EZXbD. 7Ty
I INECTeZ LI K oW EDZE L (BYE) 18, ZOWERICZEROENE (531 OIRENT
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(c)Sample C (face) (d) Sample C (back)

Fig. 5.4 Stereomicroscope view of thin aerogel non-woven composite insulator
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(@) Sample A (b) Sample B (c) Sample C

Fig. 5.5 Distribution of cracks in aerogel

fiber aerogel
0 crack

pipe
(@) Winding and orientation direction is orthogonal (b) Winding and orientation direction is same

Fig. 5.6 Mechanism of occurrence of cracks

Table 5.2 Changes in thermal conductivity before and after construction

Sample A Sample B Sample C
Before [W/(m- K)] 0.0199 0.0197 0.0195
l l l l
After [W/(m-K)] 0.0201 0.0238 0.0209
Difference [W/(m-K)] +0.0002 +0.0041 +0.0014

RDAEEY) NF L A BTN T m FLOMEIR AR —T AMEER T 7 v Ik S h,
77 TEHTZERIIANDIAN T, S LR E T b THD LB 2 HID.

29 Lier A TEEMTHROPIEDENI LY, 3 FOY 7 I EOREEREWED
FENVE UToINERERT D728, 7 TInDALIcthDH 7 UKE L, 53 EITR LT
FiEE AOBMBEROFHE 21T o 7. Bl A TEREHIRIOY 7 N OBMRERD
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BEEPFET, £E2ICEELEDD. FUTVALL, o PEESMTHIOBRER LT L A
EEELTOZRDDIZHL, o7V BIIRES E/LTWD. Fiz, 70 C b
TV AT, BMREEEH ER- LTS OO 70 BIIZHA ER-EITIERFITNS
V. 2, TV BIIERINC Y T v I AL TWDSTED, WO Fmiss T
£ TELDRFENE LTV, 7L CIE oo a7 /Ui r 7 v 75
A TUWRNZS,  FTIFZERDWN A TE TV DB Th D EE X biLD.
FREDOFRL Y, BMRER (BEWE) OBlRsbIE, o TR E LT
VA OREED R BIE L TWD X9 I s. LnLanib, H2 BEIRLIEL DI
AMEDBLEN D ZIUZ, Yo7V A DAY, 73 7 & ST 1R~ORd73 3T
BY, A TOBREANTHAA~OEMPDIR, Y T a SN EZ TR E
I HAIIEFIESs TH L. 29 LIEREANT Fmolasstty, A T OiREY1 7
JURHT, BEFT AN (R0 IRLEYES)) MNbL 2 EIZk-T, =7a s Lo
EEAENCLEI Z LB OND. Lo T, F2ETUHEREL, Az
YU T C & UCHE LB b DI, 71 7EEHTBROBMRERD FHH K& <
72K, AT ENAT N, BEEARJT CREANT M) OWTIUS bR A R T &
HREETHY, T 9 LIZEEHOWEMS & L CTaaietiEchr L EXD. =7 rs v
AR BWEMA N O AT ERA OFCM ARG Z &1F, AEICR LIRSS LS
DOBFEBEHIRI S LT, BEARAIRERGHER ThH L BEXBID.

53 EREHRS FRBTEW A~ DBEFRRAE

T, HENEOEFbANEZ, ECU(Engine Control Unit)& R3S, il Cdh o
TV AOIATALE SIVH 7 — AWM X TE T\ 5. T a7 LA
BWERAE, 29 LI P b— WOBN O TR 2 (R CX DI & LT
LI R STWD. AREITCIE, AR CRRR L7 WA O Biien ~ O zhE
%, TV — 0 & HEE RN ORI R A AR L T BRI E T /S CRRIE
5.

gl LT, ®57@), IRy Y — D FICE RS )R E S
NTWDELOERE LIZET VAR LIz, =V A LR 7 v 2 = 244
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DIr—2 2 T OHINE->TEY, FRKERTT Y0 % RALCHIREE 150°C D32
ERUE > TS, B AHERERILZ O —2 > 7 OB E10mm OfLEIZH Y, =2
= BN D DEVE BEAR ST HETH D, K5T7@)IE, WEW 2 ET V1L Th
v, FXbNE, 77— 7 L mm [EOERT T v 7 WASEAT S WEWA (Insulator 1) %
Wi eT L2 &, S5 < HEBMEIRR 1(SIO R 1) 2R 7 v 7 LA AT A It
\ZEA SET= B O(Insulator 2) 2 HE7-E7 /L 3 DIEEAZ R LI-HDTHSD. ZH Lz
150°CTBE IR T, 7 V& 7 o — D ROBEAIIMMEWEN KIS 5 Z &8
TERV. Fo, Ea—ARNVY DHEEELTDMEVEDH HET I v 7 R— RREEL
MThoTh, 95 LI INTEl LITRIRD & ZAIEHT 2 Z LITREEThHD. =
ZTE, WEMIS R DETL LIS L, WM ARL LT L2, ETV3 T,
[EEEEMR OIREENZ & DR DN D ) E BRI LV sked 2. 7pds, FHRICIE
STREAM V12 & i\ /=, 2 5.3 ([ZARHTIC - 27, =T 1 7L Ak
it A WA (Insulator 1) DEMREERIZHOVWNTIL, 554 DX 4.17 (1T L= 150°CIc i)

(Unit: mm)

N Heating element

100°

J

(c) Pasition relationship between heating element, casing and board

A=

Fig. 5.7 Object of analysis of engine room
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Table 5.3 Mechanical properties

Part Material Thermal conductivity [W/(m-K)]
Casing ADC12 96
Circuitboard  Glass-epoxy board & Cu wiring 0.3
IC Molded resin & Cu lead flame 50
Insulator 1 Aerogel non-woven composite insulator 0.01814
Insulator 2 Aerogel non-woven composite insulator
0.01808
(with SIO;, particles)

% 5 SHMEBMEIh: 7- 25 £ 727 1 2 LT L OBMAEER)N 16.64 mWI(m-K) TH
v, FIFEDK 413 1R LT, A2 ST e EEO IR & =7 v 7 V87 )V O
FEROZEDFI LEMWIM-K) Th 5 Z L, gz e Lz 1814mWIm-K)& L7z, &
72, 5 < SHEEMEIERL 7-(SI0,) 2 & T el ViA (Insulator 2) DEMAESRIZ OV T, B4 FHD
413128 T, RiFALE R 0.33 Vol% DD 7 11 7 L8 T /L OEMAERIR A 0.06
mMW/(m-K) T 2% Z &35, Insulator 1 DEMER)S Z OG22 75 L5V /- 18.08
mW/(m-K)& L7z, 58I Pa=y hDOIRE = Z—Marmd. Wil s S
NTWDETIV2, ET/NV3 XY, BB ZRIT TORWET IV L DT, EFEhD
BERE < 2o TD. 5.9 1IN 2R LTZiREE 27— Th 5. FERERirD
EIREENE, WA 23R CQUVRNET L L A 695 CTH 7Dk L, Al Y b=
T 2 NVARATAESIEA A LT B 7L 2 13648°C, S BITSIO A aa S¢

Table 5.4 Comparison among results of thermal simulation of 3 models

Constitution Max. Temp. of board ("C)  Difference
Model 1  Non-insulator 69.5
Model 2 Aerogel non-woven composite insulator 64.8 -6.7%
Aerogel non-woven composite insulator
Model 3 64.1 -1.7%
(with SiO;, particles)
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Temperature [°C]

(aodel 1

(b) Model 2 (c) Model 3

Fig. 5.8 Contour diagram of temperature distribution(engine unit)

Temperature [°C]
75

65
55
45

35

25
(@) Model 1

64.8C

(b) Model 2 (c) Model 3

Fig. 5.9 Contour diagram of temperature distribution (circuit board)
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Temperature [*C]
7%

Clearance 10mm — 7mm 5
4 69.4C

3 T
A\ J

(@) Low-profile model about model 3 (b) Contour diagram

Fig. 5.10 Result of thermal simulation of low-profile model about model 3

T WBA TG LT BT /1 313641 CTh o7z, FRHTRERODE L OERK 5417, Wy
BHHE T O MEROIER DOET L LISH L, 851U h =7 a7 VA S
BMAZHITE LT TV 2 TIL6.7%, SIONL{-%EH S W7 Wi 248 L7-E7 /1 3
T 7.7%, BROEmMBEMELCETND. 5 LIEHIREOEL, 715k &
TN L VBER S T ENTELHBELRER, =V a=y o/
{RIZ27273% & & BT IC EBEDMEAL L Z T Ta A MU LIS TE L7 E, D
NEDHYFCTX . FilzIFX510 1%, 703 SOk -AET oo 7 o 7 LA
BAWEM ) OBTFHMRE =2 P — 0% 3mm I3 7= (B 10 mm
ZTmmIZLT) BT NVOMNHERTH D, FRORMREORKEL, K59 127
L7 ET /0 1 OFER EFREDIREIC 2> T, T7ebb, E7 /L 3 OB 25
5ZET, 3mmsy, Trvra=y MoVl (K L) BATEL L9125, 20
L9, AWZETHRY AR T 0 FAVRERESKERHIC LY, =P a=y
NG EHEA AT 5 2 LT, 54 TR AT SI0, 72 D5 < SHEEMK
BHIFAZE ST, ZOEREZIBIZRELSTELHDEERD.

54 {EEOMREMERER_EIZRITTOBEPREE

EER EORYOWEMEZ S0 5 Z &1, 3 1 FITR LIZHERBRORGED T Dk
HET—~<D—2THY, WD S Eimd—>TH H 5. ITHFIE, ZEH(Zero Emission
House)[77][78] L\ o7z, FEOWHEWELE TR, FTX, Al rOSHER A
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TEEOT AN T B T HBOROHEENEH L~V TRENTEY, 5%b
(EEOEWEMUIE, HEGTOICE D MEN L 2 U BT a P AR S WEW,
Z 9 LIAEEOWEMER BTk L THHIRE 2 ST OB TH D, AEITIE, A4
FeCHY MATZWEST 2 ROl & U GEFIT 23582488 L, WEWEREDIH -4
REWGET 5. T, (EEORSOWEWS L L THBIIEOL R CHOIME Y LA T 4—
L%, VU HET a P NI GWEWNCE XX 7350, SIS, 54 FTTREE
U725 SHEEMEIRR T 12 Bl LT S8 & B2 72355 OBEMERE O L 2175 .

BRI D, FHIHGOWEWEREZ T 2720, £33, BEERHIEEMNET D
EEDNTWAHIRE 10°CE TOY Y A7 a7V RETE G WEWS OB RE R A E
L7z JECHWE=Y 7 UL, TO2/THD.

PN ERHER L mm OV Y BT v S AARAEARERS (O 120 mm)

P72 AEIRAZ S5  SHEEMIIBI - TIO(CEAIRIAE 1 um) % 0.33 vol%lid s L7z

HEHEL L mm O Y BT a SARATESWEWS (O 120 mm)

728, YU 2 IR AR ORLEZ 033 vol% i, 4 IR LIZHEE (X14.14)
([ZIBNWT, BB OA SR e BRI L 7ZAL AR Th 2.

ZNHDOY T IUTKEL, 53 BN LT-AMRERAEFEZEH L, miRRFOREL
MOFEZTHET 5. 7 UREZ 30CH 5 10CT 2, 7T0CET RS, EnEholi
FERCCIIE L=, FENOY 7 ITONWT [EIHIE LAk 2, REla e, e
ZENMEERE LTI 511 1B 5.

B, SRR L TS b DIXENER, S<SMEBMEEHRI 25 Fnih 7 e
S FHEEMEIRRE T-(TIOR) & Gt et o 7 L DR TORIE D A A EARE THO720
EbDTHD. Wi 7AOREE CHAE) ZHied 5L, 30CH5 70CICHT T,
WE OIS MENCH D, 2L, ERMFTIE, WEWNEOEEEREICRE T, 5
SHHEBAD 5D DEIG KR E L 72 D728, S < SHEBMRIBRLT- DA REMESR |-
RS LD REFESNDT2OTHH EEZBNS. FIHLULITRTEEBY, 70C
(BT BT FVOIEDFET, 12mWIMm-K)TH Y, Z DOIEHS < MBIk
FATIOIZ K 2 AREMALEE EHOMHENR Th D L2 h. ZRL VAR TTH M
AEZIRBWT, 7T0CIZBIT =7 v FVANEATE AW OZYREH: % 0.0223 W/(m-K),
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0.0225 Ave. 22.3 mW/(m-K) ﬂ* Y

< 00215 |

£ 1.2 mW/(m-K)

> 0.0205

= ) é Ave. 21.1 mW/(m-K)

% -

2 0.0195 | o

3 ,g; .........

R e

£ el A Reference

© 0.0185 @ O WithTiO,

= ---- Average line(Reference)

------------- Average line(with TiO,)
0.0175 : : :
30 40 50 60 70
Temperature('C)
Fig.5.11 Results of thermal conductivity with and without TiO,

WA 1 2.5 < SHBEMEIRRE T+(TIO,) 2B A L= b DOEYRE=R % 00211 W/(m-K) & T°%.
Fio, ESHRET DT L X T 4 — A0 10°CIZEIT HEMAE T, SCEk[79] L 9 0.032
W/(m-K) &4 5.

FEOWEMEREDRHIHEIED—> & LT, SNEE R Qu 231532 7150386 2 [80].
OB RS, BIROIME R L, W B BINTHET D DI I L TN
AN 28 EO Z & T, G-D)AUTL->TROLND.

Qal=Qr+Qc+Quat+Qui+ Qo+ Qr (1)

ZIT, TN QriZER, QcldFH, QualdfMEE, QuildA, QoldhE, QrlFRDE
Bz nd. £, B, K, AME R OB ROBEREEZNE Us, U,
Um, Uw, Up, Ur, HIFEZZINEILAR, Ac, Aw Aw, Ap, Ar&T25E, FEMIOS
PeEE RS,

Qr=Ur-Ae 52)
Qc=Uc-Ac (5-3)
Qua= Una*Ava (5-4)
Quwi= Uni*Awi (5-5)
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Qp=Up"Ap (5-6)
Qr=UrAr (5-7)
ERIND. EDIT, AEITTHGET D IME OEERFRIT, AEEA 512 1R
oI, AER—REWEWT LY L H 27 4 —L5DWNE U DT v F Ak

BEEWEGD) TR END LIRETIUE, (-8 TEEND.

1
Ywe =3 59)
R+-1++2+R
A Ay

0

Z 2T, RilFENIEREEMSERDL R IINKHERmEMSEERGL, 4y, lTENENA
BAR— R, W OBMBEE, t, LIZTTNTNEER— R, WEW ORI THD. KEi
T, BEEOXGE LT, SCRBLICFHEOEE (X5.13) 2515, AEEDZEIR,
K, BE O, N7, IROETNZHOSAHERIIE S5 (TRT LD THD. AR
BUROWTL, SR8 RS DT —Z i Lz, FERICORFEET 5.
FEOFHOBEREIFIG-)~G-NRICTHETE 5. 20 H b, BEMEX 514 TR
FHERE L, T0COBRBAZRBNTC, HE Y LY 74 —LEHWEEE, =7 a /R
AT AWEMA 2 556, ZAUS S  SHEEMRIBR T2 i & L7 BiBA 2 FAV =35
BAOENENOBE I EZRDOIUL, G8)RIZ LT=23->T, FNEIURA(G9)~(5-11)

DL 5.

Gypsum board: A Aerogel non-woven composite insulator: A,
(Thickness: t;) (Thickness: t,)
Indoor side Outdoor side
surface heat transfer resistance: R; surface heat transfer resistance: R,

Fig.5.12 Settings of wall condition
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SEMASEfARE TODRE B

UTasn (R,
| R EEIC K D BEORAR
HH5ENARBELHE
. e m ==\ I3 [ )
—_—l L R
: e mTwhSBLRETOR
——— _ Emmsen GHHEE
: T MEREHEEIC £ B
: | «| shoounmesiE
w | o~ | IBBES )
) N/
3]
_____ e ERRNODRENT
....... .
@ 07 0
LT

Fig. 5.13 Example of targeted housing

Table 5.5 List of area and U value of several parts in housing

Location Area(m?) U value [W/(m?- K)]
Roof 18.5163 0434
Ceiling 66.2480 0.450
Wall 160.4338 Otherwise stated
Window 17.0554 6.51
Door 1.8900 291
Floor 75.9395 05
Total 346.9535 —
1 2
Uyyaurethang = n " =0.325805(W/m°K)
R+-%+-2+R (5-9)
Ay A
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1

Uba(insulaton = T =0.232993(W / m?K)
R+-2+-2+R, (5-10)
A4 Ao
UWa(InsuIatowithTioz) = t L t = 0221071(W/m2K) (5'11)
R+->+2+R,
g a

Z 2T, BERIIEEN T0CIZEWE B, BENORE LKLY SO o & 9 245k
BEER O EEAT o T D, WA D 5  SHEEMEIRRL - O M L AFENH D
CO BEHEDEE KD 5.

£, BEMOWEWANS, WHY LZ T 4 — LTSN DS E, =7 v J VAN
BAWHERA TR SN DA, ZAUTS  FMBEMIIRRL 4 & A T Cigk S b
A OEEEROBEELY TNENF#ES6, K57, K58ITELDDH. ULX T 4—
L CHER SN DI A OBETRERIT 2446 WIK, 7 0 7 VAKEATIE S TR S
D%ralE 2297 WIK,  ZAUZ S5 < SHoBMEIRNL 7% & A TEWiE TR S o 5813
22718WIK Thn. ZZTEAELZFEL, 4 7 HFM120 A), BERF23 70°CONUTIE =
NDERET D L, BNOREZENIY SCIRSRO72DIZIE, BANLENITURA
THEENL, WE Y LY T 4 —LO%E% Quetae =7 17 VARATEGRIEWA DY
A% Quagaors ZAUZ TIOPKIF-ZEA LT2H D% Quaaorwimio: & B &, FILEN,

Gypsum board Aerogel non-woven composite insulator
[t=0.0125(m), 2 =0.220(W/(m-K))] [t=0.09 (M), 1=0.0320 [W/(m-K)]
or 1=0.0223 [W/(m-K)]
\ or A=00221 [Wi(m-K)[]
Indoor side Outdoor side
surface heat transfer resistance surface heat transfer resistance
Ri = 0.1(m*- K/W) Ro = 0.1 (m?* K/W)

Fig. 5.14 Settings of wall condition
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Table 5.6 Calculation of heat transmission amount (Urethane foam)

Location Area (m°) U value [W/(m?- K)] Heat transmission (W/K)
Roof 18.5163 0434 8.04

Ceiling 66.2480 0.450 29.81
Wall 160.4338 0.325805 52.27

Window 17.0554 6.51 111.03
Door 1.8900 291 5.50
Floor 75.9395 05 37.97
Total — — 244.62

Table 5.7 Calculation of heat transmission amount (Proposal insulator)

Location Area (m?) U value [W/(m?*-K)] Heat transmission (W/K)
Roof 18.5163 0434 8.04
Ceiling 66.2480 0.450 29.81
Wall 160.4338 0.232993 37.38

Window 17.0554 6.51 111.03
Door 1.8900 291 5.50
Floor 75.9395 05 37.97
Total — — 229.73

Table 5.8 Calculation of heat transmission amount (Proposal insulator with TiO5)

Location Area (m?) U value [W/(m?*-K)] Heat transmission (W/K)
Roof 18.5163 0434 8.04

Ceiling 66.2480 0.450 29.81
Wall 160.4338 0.221071 35.47

Window 17.0554 6.51 111.03
Door 1.8900 291 5.50
Floor 75.9395 05 37.97
Total — — 227.82
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Quretrene= 244.6 (W/K) X5 (K) X 24(h)x 120 (days) /1000=4403.1 (kWh)  (5-12)

Quslator = 229.7 (W/K) X5 (K) X 24(h) X 120 (days) /1000=4135.1 (kWh)  (5-13)

Quslatorwit ioe = 227.8 (W/K) X5 (K) X 24(h) X 120 (days) /1000= 4100.6 (kWh) (5-14)
OEEZZEMC L VIR (H) LU b, Z5RsssomiiiRie 2 5L+
L, BEMIRE D LA 7 —2D, 7 a7 VAR AREWS 2 e Lz
AR B DFEY, WE T LY T 4 — LORFOER EE Wortae, T 7 271
FRATE G WEWMA DIF OB T Wingtaor &35 &,

Worethare—Winsutetor = 4403.1/2 — 4135.1 / 2 = 134.0 (KWh) (5-15)
Thoh. Fio, WEHEYLZ T 3 —bE 5 SHEEMERRATIO) il E Lic=T 1’
IWREBATEA WA DZEL, TIORL -2 FA LI T 0 7 VAR S B A DIREDFE
K% Winsulaorvittios & 50 &,

Wrethere—Winsutatorwith Tio. = 4403.1/2 — 4100.6 / 2 = 151.3 (kWh) (5-16)
THD.

TSR CO JEHHRE83]1% 0.419 kg-CO/KWh TH D Z &b, U CEHE LI-E
NEOZT, FEIBICKL, #EY LY 7 — L% TT a7 VANEAEGWERAIZ
B2 T-YECHERM 56.1kg, B Y L& 27— Lk S5 < SHEEMRIRR 1+(TiO) 2Bt L
Tz v FOVANATE WA T 2 12356 TR 634 kg O CO AU /2 5. Zhud,
WHRAZ Lo C L DHEH S D CO, D&M 96.7 kg [84] T D Z L b, T
VZ T d— DT 0 VARG WEMAI A 2 D T & THIS8% D COHIEIZ 72 1,
S BB -2 L5 5 2 & TS HITKI 8%D CO, ZHIT 5 Z LN TE 5.

AEITIE, 1B CO, BBENFAT AW T DIIRFEATT 7278, AWEEA 23 E,
MM E TELTIUS, COHNREIIZRARBDITR D LERD.

55 oS

52 WD 4 FE THEAAT > CEICRGHHE - Sl FHEOWNA 2R 1A%, Bl
A TR, BERdEEs RS, R & Lo v S VAT E G T
MOBEMBGREZAT T2, B T DA OB IBLE A T HREWS & L TOP
PEREICR & <P L, WA OPEREN LT HE Fsa e v =y FoRkETHE
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R ED, FEOWEMERE: 5N COHEE =D D Z L Aw L. 29 LIzt -
BT L, U BT v SRS WERT DL B~ DEBICEI L, K ZED
TEXRVETIChHD EEZ 5.
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EOE &

61 FBIRDEEH

R v P VAATE G IEWAE, < TROWIEMA & LT, < & o]
PHIRFSITN D, Lan L7223 b, BB e R & v o oD/ B Cd B L
TV 7201213, 3% FHlOR 3BTRS LI TR 3 5 . fREH 03 Tl
TT 0NV D B Tl DRSO T, WA OB AR 5 720,
HRHEOERPEA T DI RO BAHEIZ DWW TS A — DT THEERH 5 H OO, i -
R 2 ] 2 ASRRAT OBLAREEHI DWW THE T HIVTR, F iz, HERERHs T
%, ARWEWAD X 5 ZBMRER)N 0.02 WM K)EREE LK<, A2 1mm DU & ik
DHEDITONTIE, PHOBMRERATER I THUEDBMET MG LT, ARER
BYRERAET D ENREETHD. S OITAERNIL, HEEERRE N IOk
A, MR 3 Yoty U —7 B L, FRAREAKEZIREETIHE L QA T2,
HRER 72 £ 100 C AR 5 K 9 221 Tl SN LD EMEDIR T
(BREMERO LA SR8 E 72 %, AWETIE, FREoSEICk L, flix Oskat -
FHITEIC OV THRSE - EEL, AREOMRRIZI FHATE.

AT OBLI53AG L MWEOBHRIZEB L, TERDBIZETIE, AHRATERMED Bl oA A7
A — TR OFEEM & L il E, TEEiEm s CRbEE 2TREE £ &
DIZb D, FHEMEAFEI oMK E LTS M e m A ~—A & L COhfidaN
PRI ST b O, FEHEIR ISR ORIV L Bl ST A — & OFRZHIE L,
IRT A—H L TGS OIESE, SRR 7o b D7 &, — i & L CE R
HILOIEE, HOWNIFEBHEORNEICEET 2 b D72 SN TE . ULy, Al
BMA AR DAY, FERRHES— 7T & B AR DIVORIHE L S22 0, SOk
FHEDSAUWNTHEE D oo TSN DO RIETH 5720, Z 9 LIcRAMEDBLm /741 & (]
PEDBHRZOWTHIH LT 2 05 H D, H2 FTIE, FRLoOBSEICR L, Fix o)
IATEFFORNFBATZET /ML, Wi B EARE LIEERTIC K D7 bAhans
a2 b—ya AT kY, HEMAORIIE L B ORRA I Lz, Zhucky, B
BB E AT FEOWEM 0 U Clah TRF O IR 2 558 L 7= — 7 Al O Rt
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EEIERL, M0 IR BT B 252 T DB ONEEFRE 77 7 A& Fligloxf LT,
FEHRROBm 2R D NG OTE SR A T o T2,

E72, WEOMREEIE Cd 2BMRERORIE AL, W OBYRESRAIEIC
R4 2 HiA%(JIS A 1412-2, ASTM C518[85], ISO 8301:1991[86] 7 &£)ixdh 5 H, DD, HEAlT T
127 IVREATEAWEMA D X 912, BYRE33 002 WIM-K)FRE, & DUV NEZNLL T
(RVEMAERAFFD, JES 1mm LUR &9 i RSO §OIsk LTE, IVHOBMAE
FERE Z W THUE DRMET U A 155 Z E DLV (R OWTIEBIED, BIATO
k& 2o =212, EIFAE DWW TEERAISSGG D 7R STV DB TH D). £z, 1
SKOBSETIE, BMRERBPEN TH DB EMAE DR THEL, OBLICRAREIOEN
(GEREEHTFENDH D, BYRERO L INREUVMEIRRIETH Y, BAFRE
FELELN TR, BI3FETE, RO L, BMRER B TH o
KHROWERS & ZABIE O T BMAERAE - R TFEZEEE Uiz, IS OB TR
Boi, BENECITS W= T L— Mf (ERY AF LR —R) 287 %
Z LT, BMAEEENY 0.02 WM K)EEEOAKEWNIBIL, mksEICIE T& 2 kL
SLUTE. F 7, RFRECEY, JEE 05 mm ORI T v FOVAEAE G W D
BRERAAETE D 2 & AfEs L.

S BIZHHEE AR IR £, 100°C a2 R BB CORNTIWTIE, AWEMAIE, ek
PR ENT Y I OREF3, Wili7e 3Yoery bU—2 2Rk L, RS RKE L IREE
TIHEL TN D72, S<HHBENC LAWK Y (FMREsEo F5) A s
5. ZAUTXL, TR, U LE T — NEOWEWHTIWTEED T D
S FHEBMEIBRL - O E 2 5D, L LRSS, RO e/ fil A& (il
BEFR) I LTUE, BEA—ID ) UNTIZLDHDONEL, Ml & LT AN D> T2
WATETIE, 29 ULasloxt U, #8010 nm A—&—0 7 1 7 )VkiFREE , 3 um A —
5= 5 JHEBMEIRRL - DB YRR 2 B TRIRA SR 2 B 7 MEFEA RS L,
150 CEREE 230U VT O A RIEM AR AR S 2 T2 DI B2, =7 v 7 VNI
B35 5  SHEBMEIBRE - ORME & Bl A 3RIZ DUV TR LTz

FEETIE, H2ENOH 4 EE THIEEAT > TE TG HE « Ml TREDONA 2R
DiATy, BE A TWEGS, s A, EEEEE S L To=T n s R
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ATEEWEA OBEABREZAT o 7. BRI TH 2 AT OB A 7 A
& LTOYIEMERBICR & < P2, WA OMmEm) b3 o o=y
FORRETE A mD, EEOWEMERER DN COHIBEZ mD D 2 L&, MRzl
CORLT.

62 SHROEZE

LLROR UTEAIE DRSNS, ABOBREE RS, PH2 w T, WiEditho
AT DTN O DB ERRE L, MR b NIBMREROH 21T > 7-.
CNERATRRGT O 7 0 AR 5701013, EEROREAmEGEE, Amschich
LT X CT ZEESE TR, A A=V _—=2FT Y U VI L DHTET L OREEE
INEHETHDHEERD. RETMETEOREUZ LY, SHANAEAET DFTLEOMIME,
BMRER AT DB OBRFDNERTE LD LEZD.

£ 3 TETONWT, AL CIIHI T T 1 7 L RRATE G ITEMA 2 0 B S ER O
EFELHE LD, FRREOBYRERDH S Th OMIERBEW H oIt T 2 v 7
WA BERR S ood D, 29 LIEABIFE TRIZ L LTc b DLISMOBEAI T LT
b, WHRN—ZA T L — MIZBIRT 5 Z LI VBN FRECH H B X 5.

F70, BAFEIONWT, SMEBMRIBRI 11, ASXNTORLIZD LY U7 4— L
BF A~ HHED DI TS ARE TR LY R 2 b—y 3 Y EIEH LIChi - OME,
Al AR B 2RI ER U L2 v 7 4 — BDFT I TIATTH 2 LI L 0 BN AT
BETHDHLEEZXD. FIAETIE, L0 EIREOEAIZS  SHEEMEIR - O R EME
EROBPRNENRKENZ EHRLE. £oT, Ba—2A RV BEOERIGOE T
v 7 KRBT L TH RN ATRE CH D LB R D.

S5\, B2 B, A EOIFERNRICOWTL, H4ETHLSALEL OIS, mmA—
Z ORI COMTE, RETH—7 v hE LTS nm A—F DT a7 E5 LDOH
(Zpm A= CIFEET 5 S5 < FHBEMIIRRE 124 S fiithiT -7 S FHEDIIGE A 4 itk
L.

555 BTV, B A T HIOWHEES & L CORIREIZ B U CRAARRGE H Ok
ATV, RS AL & L C ORI~ DT 2 OBDEREh R AR LT, F
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72, FEOBEOWEES & LT, BN CTORE (F—ARXT 1) ZiTo7-.
ST, AWRICTIRR - Bt LTeNE % OB ~E L, =7 v 7 AN
AWER OFRFHIAEA LTV L &bz, HBEERICROTER L>oh HESH
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