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ABSTRACT

Improvements in energy efficiency have been made over the last few
decades in home appliances and large frozen system, but loss of energy
by heat transfer through appliance and large frozen system insulation
remains a significant waste. Appliances for which thermal insulation is
particularly important include water heaters, ovens, refrigerators and
freezers. Appliance insulations in common use include polyurethane
foam with an R-value per inch of 1.2 m*K/W for low temperature and
fiberglass with an R-value per inch of 0.5 m?K/W for high temperature.
Recognizing that substantial energy savings would result if appliances
could be produced with improved insulation. The significant energy
savings could be realized by increasing the effectiveness of insulation
used in appliance.

The purpose of this project is to research and develop a high
performance evacuated foam insulation material and for energy saving in
home and appliances and large frozen system .The work is divided into
two parts : experimental and theoretical analysis. In experiment, we
measure the transmittance of the samples will be measured by FTIR. We
use Beer’s Law to evaluate the extinction coefficient, and discuss the
performance of these samples for insulating radiative heat transfer. In
theoretical analysis, the model we use is including radiative and
conductive heat transfer, and with the boundary conditions—dependent of
time. Based on the results, the rclation between the performance of
insulation material and energy saving can be predicted.

Keywords : Energy Saving - Evacuated Foam Insulation - Thermal

Resistance Coefficiant + Home Appliance and Large Frozen

System.
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B -BAFTREHREBLAL  UTRERAALOEZAAH ~
B BB iR & — R — B

AEAK

AEAGLIRZZBARBABRAHABERE EREAHK
BsEEBEH  RERARARHARRANETARNSHITERA
TayAERER AR FAATIR HUBALERE
$m g o

# % (Light Source)

it £ B Bomem 3] AT £ A BOMIS4RFTIRA £ 8 H & A&
BEERE  — B UAE ALY (SIC)E &R & M 4 X R (Globar) °
ARV EAB AMRKILT R ZE1250CHE - E LA 4
MEBEH AN BEAZH S HRALOLR AL RLE
B1AumES0um > BAPESBRLER: -8 T LR ESL 4
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AEE EUASEMEALBHOME B0 HEEILEEF
E0TumESmZ M > BA R IR IR o sk d LR L
TG MR ETNLRNBERE

M T LROREALARZI ) FTIREFAAER 5 —HF L
HR BP ik R B 632.8nm# LA T 4 (He-Ne Laser)s £ £ £65 55 6t
ERBBHPSHTARREHGE > AR SFTIRZ E FHAE R
B & % B 47 B (Resolution)

2. % % & T ¥ & (Michelson Interferometer)

AA/ATHERITHALBFTIRY ECHAE > B234 %
MEFEB  CLERZBESMBER THNEBHE
(Movable Mirror) ~ B & 4 (Fixed Mirror) X A 4 £ &
(Beamsplitter) * £ 9 A 4 X A ZnSety A #H AT i » A A Z
0 H B £ 1400025000m™ BP0 TE 20 um & B & 38 fx 9
AA P AR BEFIARENRE TUE TR P
B S —BEBRInSe T U AP BN ERTHE 28/
AR AR M AR -RRAKBIrE RIS AR FREE M
B RFETHENSE HEIAREZIMFFTARA—R
THANHABHIGTAGE  HOS-AERAHALABRF T AR
BT RN AEFERRELHEAELH L RBRG D
MEHERELRI AT AR LES REELESHGER
Bl 4t A fH B E o

AT rABMAEALNARLAEAELBRESHEART
FoRREHHEF AR T RIS ARGEERELH
EHCLREPTHHEBEAANOR S - ABHETHEIKMEH
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EHRHUFRESD RABGEREATRET ARG E
BAF AAST AR LELSH R REELTARE - §k
ABELEEBBEARE  ROEHHLRETELERRTD
(Constructive Interference)’ BF & H R LR KGR E i : &
kAR E R X KRG F YA AL M T F (Destructive
Interference)* & AR E T LI c LR A HBH B A
MELEEBHELHLEINIH AMBEAROGEEFRERR
HaFTHEAAL > RE 2@ T F/4EMA G A RRE MG & 5
BARE > A—HB2HOTEREM BT ARG T D L
(Interferogram) B B ER BB LT T AFETHH EL LR
FE T ENE — K R % (Signal-Beam Spectrum) ©

3. 18 #] & (Detector)
THRAERIFTIRES LA EBATER X6 Fep
THHETRAAEALFA TN EBAREZANGEARNE » TH
A 5 18 B & & 4 DTGS(Deuterated Triglycine Sulfate)fd #
% ~ InSb4d & & ~ MCT(Mercury-Cadmium Telluride)f® #| £ -
SifA R & F o DTGSEInSbH B B A B 247 « LT
FRMRE RN DIGS~MCTHRMEZX B TR £ E & KX
) —#% » RInSOASIMAMNBSNEHA T REE I HAME -
ettty A BB EHE 5 GREDTGSHE B £ R 347 LInSb
AMCTHREEGRAZ AL ELERARAGLHIT ik
I A EEDIGSHEBERE - 2R A LB EE AR E
MABRERET  ARBERGENRTAMLTHEION AL
AXAETRIALAM4RARTAG KB R EZFHANE - L
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FH ZAEHEAER -

THREAK

FHREZALAEHNEBAALZA R A FB & F
S BTN R ST RETER RGBS ERERKE
R Aam i - ERFHE - mLEHRE LU Windows
8 T A 4¢ J &9 Grams/328 B R HIT A L&y T4 -

ATREBANREBAATRELGEHNER R ERL P
AHEY A RARG BB AREEAIRAA £ X
S RMERE ALEES AME(Phase)RB A THE £ &
BAERABTH 2 AATHRUAZAFHLEHROLEIR
AR EAGEEE LRI HCREHN I AL B LS GA
AAMAREZREN TR THIRERNOE & o

BrFALRREARE A MERELRATIRA
Bion  FHESHACRAREAREAEZ2ALELAAN
o mb i AR B HERBHAE - LR RBEMAK AL
FIE AR E LR EE 0 TR

1(5)= 2 [l +cos(27267)] (2-1)
EFIG)VETHRTARLZAEIEAMERNINGRRBA 1A
KB EE > ITEANHARRAGHNERRE : FAREEL S
AN EMNNGARBEEAREZRLAAFRE Y

A BPFT IS S b A
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1(8)= ISG;E§1+coﬂﬁﬁﬁnﬂdn’ (2-2)

42 38 3% 48 18 T A 4T 3
1(6)="2 [Stf1+coszmsmlan =12 [SCr™dn @)
RELAC O ERERLEEGRNREHERNELE
S(5)= jf SEdS (2-4)

FHL ARV FERETTARME RSB AL T TR
REBNARA > BRAMARZLZHBHAEHEZR (b
lem™ ) Bt £k BHR ¢ E LA LH K (Apodization)
S FTHALBRBRTRE-BHEJHERIFET S A
RAREFHBERAAAN I RG>  BBEETHL TF
HEBTERBRATFTARLARREEL AL ERERBA
BRAZHRZHBBREY O RE

F(D)= L+cos(zD) (2-5)

EF > DEAAEEBRFRAREZ L4 o b RBH B
EFFREGERIARSTERENERE o

212 FRARAEIAKEANR
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13 L7 F AR A B X Eko Instruments Straning 4 3]
AUTO-A, HC-072 # B {& » Thermal conductivity meter &
HC-072 A » # 4B 2.5 T 7 - RELHBHNE 26° A& S
B & JISA1412> ASTM C518 AT S 69 s A 3T X BIXAZ &
RERAMAETABRpARLHELNBEREL  HABAE
(Heat flow)r A#AA ZR I N EH S A HBLAAAE - #
AAEZRMNOUBREGGHRAT AAEH L LA RMGH
% 2R B Sensitivity) ¥ FH SEAHEFRARR EA
X> M ERGEHNLBRARAE » &4 Fourier's Law &
TR HmRAEAGEIAE - BRAABRREELOHIRA

=

E g

22k 8 H%

AFSRERGAKALB 277 HFBAZ2HILX M PU
BaBad  AARLBTEIHHE X T FHMSEMB
WXZBRET B 28T AARBSAERHA —H A4
SR A -HATREAMFERER
shEE B
() BB AXTILENEES -

/& # : Premix VW-75K * Takenate 1S-47P

Wt FX: HREE (120kg/cem®)
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R 1 800x1000x50mm
(2) B A SHARP 23 A& : B & A0 X SHARP 2 3 # & vIp
#’J(?FE] * “})‘Fﬁgﬁ‘ ﬁﬁ’iﬁgg,llél} La‘ F {%fm#ﬁ 1 %‘aik.)%

BATREMERAR
AT EENEAR RHGED AR DSR4 L

-3 ';—Jﬁﬁg.ww"l’/{{frﬁ&&a@éﬁfﬁ FRE IR ~

REF 7 FARBFTAR AL ELEAN LT AEE
BEFHEEPT:

() FaHBEed  AdednaTALTAd ok FRA
ERGERABBNBELNASEAIN Y EELRAS YN
Ho» ¥ AT E B T AT o 4B vL 37 09 550 B X R E LA
B ENTRESR -

D AEBORH  BERBRELRA SN BN G SR
v HETEM MRIERE A 25C

G)FAERHRSILE AN LEFHEAFERHE
ERMAL T AXAZTEHN EURFRETHRHRS
e W EZRABELHNERNAE LRI THRAHR
Moo

(H FHBELRNEL  FAATERFZIEEAELRL - LR
B 25x25x10cm> B E A A @ LG 4 L 3F 0 e & @b 3L
B8 VA B B L AR o

GYEFTHEBETR  R6BUBRFEFLRHMRLHHY
REPEEHBEF RO - BRRBERET



AARBOARMGBE - RASWAH - FHAMEHE TR
BB eILEnY)  FERRAALEL -

(6) AR  ERABARE ) ERAABRIBGEHE B
AEABRDGEE BEFDOLILEALRESEEH
BRENZ HEZELHTCERY 234 - BERBLRS
TEEHBEEREH AL ERBERAZ LB LHEAD
8 3mm JE KT B I R 25x25x1em B9 B A R A
TR EERAT -

BEHFEERBAGROBRREGE  BERBAG K
RGEABEKGAEEER - BB ¥ E KR (Laminated Film
Bag) A& A MBS TEBMHAERENES » LEALKS
HEOHME ATRFEANIARTLEDNZHAEFREY
MEEREBR LB AE 8 um TR S HE RPN
107" em-cm’(STP)/ cm® -sec- mmHg °

23K BT

2.3.1 ¥ £ ¥ 7

(1) 2H#EA
REAEFARR  FARE AS3-6lkg/m’ > AEFHE
t(Pycrometer) TR L 2R F - FHEEHKRIBARXAELEA
#M - FHAAKE ) FRALHALBE X AL HEFTIRA
MBI REAMNORIRE HFHBEBRRE - Ak &
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( Microtom)4? th %48 7~ Bl B E & K » &£ B #£200~1550
um REBEBEERY  TRALBRIHIHRKAIL -

(2) Fif 2%\
SUNERRBENERL EAFTIRY FAAEFER - H K
BE2.5~25um> ERIBBBELERFENRLT  UAXTHRAKAYN
$E o UARA DT RAEE B @REFANTHER -
()R E 55 B25umE10um T oW @& LR B KR
AHRBER -
(YR A E T EHEERET O HKFHR-
OMRF_sHAK FEERBFHARAER-
@ BHEAREHEFHARFBERAQCHK  TH
RESAHRBE -

232 ¥ AMAEKEN

EHRAMBAEAARRAEEE  AARAREMHFEAR E A
B # % (Laminated film bag) ¥ » st B # £ % &1 B K Takeda 2
M TRAEMHEARHREL A AE R A EIEL
TRZRY  EHRABHREEHE - AAREAFHAY
% 1% 3t # 8 4 (Guarded hot plate system)2 31 £ 3 8 8 4 #
EFARARIDTZHGSAH XA FABRA & THITH UL
HHABTRE - AARAFTRIRBEIHTEHBEBRREIEAL
B S5%A A FHAGEFRHERNIEE £, TH T AL

T Z
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hy = (2.7)

SEBRFNERE (mv-m* W)
E A AT 88 B (mv)
X(m)B#EN B E
ATERKRETABERE

AR EEREBAN-10CE80C » BEZLHEME+1C -

24 BR&SRAEBRE

WK b 9h B R B R AR 7 @ A b S R R 18 SR 4 A E 4T -
—BUBREBATH AL RBAATRETHNEIREAY
mMEE  EREBENBRTOEREM—E; 5 —B%E
P AEAAER S G AR ITRERABRASBERE THHEE
B o WG EEeE s AUBREZFIRRGESEN » Rk $
B—FREABBRENSGRERGTEE o ATIER L H
W REM—Fme) YR

241 XREREZEN

R AR BERE ERERE S A Omegar 3 AT £ & >
MREHH23Z R EB/ M B B29 A6 KRBT E AR
Bo kg 4 R B E Rl (E 0 A RN AR NS E 8T
i« AR RERHARELF B2 ESEA—ANE
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B FRBELBREAFARERFERTALFE S A A
wE TR BPATA S B LS (Seebeck Effect) ” &
TAGABAEHEBAUATAHAN —BRE THELY
ERMABRAATR - BMAETBARNBSIRAAMHT &
HEK~E~J"T B R -SEF LM AFwHRARALE
A2 1 - MATBROIZREEAEER TG AL ERY
EERBERI0CH1100CALL A KA W R THAM
o ReBR5 M A G EME LK £ (Chromel)R A % 69 &2 43
%mmm%é%ﬁﬁs%m%ﬁiﬁﬁ%%ﬁo
HETHTHRBRENEHENE 2 F—H B Omega 2 9
% 083709 WX iE FH LA BT X & shRiE R
(Portable Infrared Thermometer)® & #|4a Bl 4% # F & X 8 A2
Eo LA EN—RMELER L E 210 T g L~
EHFMHBE TR LR B b RF S (Viewfinder) $ & 74 47 A
BB LE P ThraEFRQLCD)LERITAGEL
miEEE R K E R 000 % 3000C » HEEEELEK 21 £
7.5 %7 REZASEPIH AR 2.2
BN G A EHEARY > — & Infrared 2 3 AT
4 & % —% Mikron A 3 FTA A X M330 B B8 pE - AL 5h A
>R B 211 B 212 AARBRET > &R &ETF
2%%%3%ﬁ%%ﬁﬁﬁiﬁﬁﬂﬁ%mﬂﬁéﬁﬁﬁ
AS VX EBE AEAEZE FTIR AEMRELE - £57
—~ R EHEREENEER 000C AREREWHRERR
BHOETE A hRAHBEALET - 45 74 -
Rk BRE 950~ 1000 1050 ~ 1100TCa » H X @B @

?ﬁ:
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7 30 ';v’}é%‘)lnfrared ERBEEEEINGER L 23()F F o

AT R EBRIERGEERZZTBENLERS £5 94

CrRIMEREF 1.5C > M 10000CUAMHBREEMER

A g ey BB 1000 CAE A A ZHAE R THRHOER

Z—EAEREEREEAEZI1000CA L 4 B4%TOMHE

SERM T EZERBRE  ERAFRAEALRE - A TH X

LB BRHMERNIBR  RRTEEZAMA 5C» &

bRAE IC) FRAEBARANAARAR S HFHE

4 ol Mikron L 330 HEM A EF N E R & 2.3(0b) #

EREANIRRKBLABES6CARE LA 04°C» s 88 F 3

HAAXRKREEE TC-RIVBER 5C- ¥WRTTH

RBRENFERAH TH %8

1. BREBRATRAAAEB/BAET EIANEE -

2. REBIALEBRARLALLEE RS -

3. B R BEF AR EFNLABLERZERATHREIANR
£ o

4, EREREEASIAETE -EFBEREE LT ERLH AN

ZHMERTEE -

BhALHEREARENTHE T EMBMET
MEREATHEIBREANESERAZENAR - BE254E 1% XL
TrAFERNBEEMERTAEMAEZE FTIR A2 ERE
LR - mAETXREELHGBAAMLE  KMARERHEH
B EHE Infrared ZH M AR EREY TR -
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2.42 MR AHRZBE

AR OARENMKRANGKREFZZIHN A ZME£3%
ERETHERMEGER » 8 Bomem 2 3] AT M 818 #—
¥ M- IRAARRZA—BE  BPTE S
HhEEBAMHZALRER: A—F7BLAFTUREHEF
% KB A E HE(Planck’s Law) £ & BB & T X 34t #
B ME M BAALE AURBTRAGERG EHEN -
TGO RBEREAT R AL T ¢
1. X Bomem 4 3] BT Mt X # # Bomem Research Acquire

Version 1.26 # # & 600K ~ 1000K ~ 1300K = /R & T &

EHEHhZHAHEE LT
2. AB M FE R BMA LT HEE 600K 1000K ~ 1300K = 42

BETEHZHAMHBREEASL RARILEBREYFEE

3 2 B {3 4% — vl ik B (Wavenumber * em ) B X R &R T o
3. AWK ERABETREIGEE M ARG -

4, B EBEHEERTE 10K BEH— ] HZ T 56k
#.7% > VL FTIR & &) 14000 £ 500cm™ i R &£ B K 0.7
£ 20um T oI5 4 9 3% -

S, FH Y 4 FH 1200K > 1300K B E T84T 45 o

6. WEFTHRENEEIREASE TIRRFEFLRERAUF
oo

ETREMGEBRF B EANRSERLK
BHEEE l%sﬁuﬂmmﬁﬁiiﬁﬁﬁﬁﬁﬁﬁﬁ
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1% # % # (Wien’s Displacement Law) R v 24 # 3% o &7 g B 42 5

RERTAGEGRAFTECALTRAAER » TR R o

LB RS |
TAEXEEMAAFTIH R LT #

2rhe;

Yy lehcg/mur _ IJ ’ (2'8)

E(T,4)=

L+ E,BEALE KN EZR KM F (Blackbody Emissive
Power)' AG K K ELE um TABHEE > h=6626x10"Js
B 7 B 3L ¥ #(Planck’s Constant) * n & 47 47 % $ (Refractive
Index)* &£ —# ER FE WA 15 k=13806x10J/K Ak i B
# #(Boltzmann’s Constant) °

% i
C, = 27hcl =3.7419x 107" Wni® » C, = he, /k =14,388mK

Bl2-DATiEA

C‘l

nia I.eczfniT _ 1] : (2'9)

Ebi (T";L) =

A st

E, C,
2 = —— ’ 2-10
w’T (nATY [e':”(""” - 1] ( )



EnBwHOEHT XA THEYBERLESL (nAT)Z HE
R A E /AT BEtsh s mAT)E R BT R e RB LA £
MPeak) B % » BB FTRETUMS>FEXHLE S

d (E,Y_,, ]
d(n/?.T)[n"’Ts J =0 @D
RBEDEEAFTRFETHY
(nAT),, =C, = 2898 umK ° (2-12)

LA BPRT M R BT E
HEARBGH AREAFTHPALTE I2-3)ANKXE A& :

2rhe.n’
B, (T.n)= nlle”“’”"’?” ik (2-13)
EFTEEH B bom' » M- IDFTHAE :
E,(T.n) Cly/aT) | -1

nT* e |

MEARENRFEE  2-12)NE@/mT)L &8> KB R
AT T AR

d [E,T.n)) ., ]
d(??/nT)[ T }“0 1)
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VA S AE 7 ik R
(n/nT)_. =1.9610cm™ /K » (2-16)

WATEREBEBTHE SRISFALLTEFTT AR S
(Frequency) B’ A& # % (Angular Frequency)® # X & & » # A
Like) BRLTHERARELTHREAH T4 -

BMEARTENAARBEL PHEELERBEOR
# T4 » B % A Bomem Research Acquire Version 1.26 # i
600K ~ 1000K ~ 1300K & FX E A 4H*E » 8 2.13(a) »
A i ZBEEW /WM sroem™ > T REREEE cm'
FIATURQ-INDAFHFRAANBERE T 28 AMHHEE
AR BBBW/ M em” BN AEEERom > =B 2.13(b) >
B BETUBARERLAELEBETHORMATE—F
il £ B BEE@EBBGERMAGBERE —WMEE 314 T A
ta £ —{Bnih > i &7 &% Bomem Research Acquire Version
1.06 B A3t E X # R B 2 H % 4 (Blackbody Intensity) »
WA AT EAIE R E MG A (Emissive Power)’ @
FZ WA T

Eb:y(rﬂ??)= 75[1.,7(”:7?) ? (2"17)

£ ¢ r K4z B & & (Position Vector) » £ L & & Bomem
Research Acquire Version 1.26 3 # AR 3t X L & R & » # % sk
—HEEETUNATRERTERR»HEE > Rk &
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FHL FTIR RS TR EHME S HEE £ E 20 Bomem
Research Acquire Version 1.26 SR BUILE BP 7T » 3 Jo Bk 538
A2 65 R F] M o
EERERALALTAST G B K& T4 H 344
RREMTRE - MR EMAEAEOEE M4 ILMER
H BOETAEINRREEE - AART LB EE A 1100K
Br 827C» BRAR L BAGATHE  EAmAFHILE— |
Zts  LEBRABAIHKE L %#m%%%%@*%ﬂﬁ@
B 14000cm™ 2 500cm™ BP 0.7 umE 20um 3 8B > F 85 k&
B 20 R ek &5 F R 1200K & 1300K X 2 88 95 4 48 3% -
A ZERPB 214 T HRHERSEBMELABERERE
TXEMRBA AL FFE 2,15 Mk TUHRZB A
BETOSRBEY 1.38um > 2.7mm ~ 43 n > 6.3 um VA R
1Sumt 37 AR IREAGEERBN > BHEHE L
TR ETRARKAR A -RALEARIK » £ 2.4 7| K&
AERKGEZTORR - RAETEALFGORKET KA S
BREFTHEARAB LEZABETHFTIREZAAANALA
HAAREREBETE LM ERM > AT 0 EME
ARBEHRBEETHRARZAE £ AR L8Skg/cm’ B
HEAERBAANRIOTEE B R ERHNZHEL 1100K
1200K ~ 1300K #9854t 4L » @ R B 2.16° KA T L
BRE 1.38um > 2.7um >~ 4.3 um > 6.3 um VAR 15 yum 8 3 7 4%
BRBKGEH A SO RE  BR TR EAROEEAT
AAEARKARRILE » b b BEFRRMGHAEMR
THPAZEERBEMERNINGAREELRALRE - 3



ST BEEGFRRFTHRERAT ALY THRERN B
BESRBEELOTE -

ER EEBRE 4mZBSFER BRE 14um
AEZANH OB IRFTHROBA > AHEORBARER
B EARRE BN A LRGN EERPRAZLE D
SHARET AR ERM LI ERABRBBNREANEL G5

THEBALENEE > ARAFELAARB OERE > A
FTHHEMERLRAATE s GRANFEHFELE 0.7 um A
o B 4mA B FTRAREMARAKR » £ 20 on B E 5|
MR ARG TMNERELEER L LLEE -

EAEZHEIMIBRETREAEANEE - TURERLA
EHERERFUANETIREAN KRG T AR - AR
FEHLSREBELB T E oMk Grams/32 B AHF XL Y
FTRERAZUAEHE AL " BERESGBN I EET E4EA
ZhERATHA A BEATESLOAKABEAR - B
PREFHETTHQ-IHANOBERRSGARAA RN E S
FEY AP REN(em YRR RN )X B MHARE
n=10"/2 > b T # (p/eT) =1.9610cm™ /K K & &

wa,

(RAT).  =5100pm-K * £ — & ZAF n A& 1 B 1100K
RANBREL L A 4640 & 1200K A 1300K 89 2, 7 B
B 425um¥ 3.92 mm m B T H A A 1100K~ 1200K~ 1300K
HMEBEETEBEEAEGE X653 HRE 4.64 um >
4.25um ~3.92mAEEMIEE c R25AEMBAT 2SR
BEREBRIRFEMAGLE  BRATERATEETR
Z EMAE EHEAERKYN 6% ARBEBRRAN TN KRS
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BEER > AR RN EREERZCHRIARETOR
RERRE RO BETRETHEAFENERGERA B
ARBRETANGRE BREREGRE - Ch W OHIHE
HeREER > BELRRENEAEZGREMS. -

258 RAHR

AR EMNEIAAEA A FHEED2KHZ &
THARIZEHRBLR 26 AT o

2.5.1 AN B 1 &

BRAFIIRFERIA BT TABLIAEETFH £
(Transmittance)$2 A & X M % B - A5t R R AFTIRE A T w
ARARENBERAR25225 mEBAZXFEE - & H
217a~2 1T A F RO AR AN BEARKRUNFERHK - £
BER25E2SumBF KA AR A LEORUZ R EEFY
B 5 TR ABYORK B R24 7 » B2.17a~2.17FfF
43 um~9.4m~ 104 mVh B 1S5 umB = RACH 9 R ILHH 3 »
63 umBl B KK AN ARNEAL - A FTAMR/IIFEERH
WA E T EBeer'sLaw) T RFERAAR AT ELRT
R R EERTH TAEAT

—QM” (2.20)



T . Fi# 2
IRER &
s:#h A B A

HBA AR AREEE A2 M A

n(7,)

-8

B = (2.21)

RAAFTH TR B ERA R L H A AHERLEHMZE E 2.18a~
2.18F FF T ©

2.5.2 BB R 35 N ik ¥

Rosseland £ 1931 4 & &t & 27 3 % 3 & 42 X (Rosseland
Diffusion Equation)#s T A7 &

_4dE o 1 CEA
g= 2 —

- di
WA (2.22)

1 w | GEA

—_— di
< B> Ji=0 S * BE )/1 (2.23)

HE<P> . THHSERST AmBBERLE T H
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_iiﬂ _ﬁ@zﬁ (2.24)

£ 286K BHBMBE T KB Ep> BAELKIE iR
2197 » BILKDIh 147 2340 um - RAZ MO M & k¥
EREE  ALBIOBEHBBRAREZ g 6o —#
AHABILERURZ D THRABH LR N K G - Ak g
ﬂﬁﬂﬂ%%l~$a%ﬁ%£%ﬁ§ﬁ%%ﬁ A K o
Lo AN EFHIEARGHRAFHEIEIH AL 2.7 H7
Foo—BER FFABEARFEMN B YR AEEZ
¥ Ao

253 FRARMGK

PUREBAREFALIAHUEFAABRGAHIYELR
2208221 VT HBAA L  AMBREL ALY RLTR
muEBREAMERTAEL AL FERAAEFRELN ALY
BEEREHEE c ABGRBEE  WENOHABE LYK
ARCERBRAGHOFELEHL A B AN SEEPRARAL
HHEMAFTSZOATRA A AR LK &R A8 H
AAERTEER - WwHARETERREDACH ELH KA R
WHEREYR > —FTOBEMETIN -5 GLTREH
BB MR AR R — B o
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FHARBEAHBEERALEEBRE BKHETREAZLY
BB 222 AFRAFIHBBHAELMERE - ABA
REMRANEZBRRLIBRIFIBRARKLBE &
R X ORERBILEFTUALE KM TUAEGHES D
FHRAGESUEERIMGEES - KB D AR 0.1Torr
% 100Torr L M 8 » AR FREE 33 mWmK £ 12 mW/mK
S B K - FRALE 0.014Torr HW#E A D ¥R G 435
TAmW/mK: B REABA T EBREEEG 21% - H AHE
DERBAAE ARTHRHEOAHE AABREAHAANML
BEEREITETHEIER RERBYTHAREE oy ik
RRFHEBMAOZENRE - 2R EALARLIATEHARE
RHARAEAHT TR AR - A BB EREHEETAEF
A 10Torr BF A B A Y ARLBHAETREENOHERS
BA—BREARABR REHOFRXABERENFRALETE
A0 iE R - AR 4E o

BHRREBRHAA IR AENEA LA L (R
22) L R2RAAOBEAETRAKRANGHERASFIA — 2
0% AL E S (PinHole) i#ABERA BRI E £A
BRUAMRASEN T ARBEANRA RARAATHRLE A
FEARDEECHEARB FHUAETRIKALESE R AH
RMH > ARKERLEEANRDRAD T RA L ORH
BRANEFTEERAEBETEFRAAT -
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%21 EiBz A4

HERX [ENEE | R AP
o #“tﬁ mV
g |gm (o) EUF V) &8 | &% T
' 1. 1.& %%
THTE
%4t
1. 2 B AL 7 M #
# $.891/200°C FRaay o A —f x| % 10% |E-s-w
& | K(CA) |-200~—+1200 +43'823’,+12009C 7. i et A&l AL & oo% (Fis s
A : HE R E#it | (chromel) | (almel)
1. EEEME I3 &£ 200°C
~600°C A
Rk FZ
#mE
1. & g &t 3
LRiEZ 8 45%
. , £ % 10% '
-8.82/-200°C e ;
E(Cre)| 200800 [ "SS2SR ! iggg 2 €5 T s 0% Lfﬂfti“w
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. e o $o45%
% ) _ Z (kiR 1. 300 °C # ) i
E[r cco) | 200350 3603200K 4t s | rmea] m R 5SE
7 +17.816/+350 % T J(Con—’stanta
-l S ")
%%
YR gﬁ;g’;
B +500-+170] +1.241/+500°C b Py - 2 30% # 6%
0 +12.426/+1700°C |2, # &t A &l T G4 70% 8 4%
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R

¥ %] 3E #(Focusing) :

21 %ot E 7.5 Hog

B % & (viewfinder) :

RA 9K BRAE  FHIER
BTrARFSE L

#A% % A (Operating Modes) :

KA RAIRFHRAE

A5 £ (Accuracy) ! +0.25%
A4t & 30,8 (Emissivity) : o1z 1.0
F_F& 1% B} (Response Time) : 0.5 #F

#0445 H (Digital Output) :

RS-232 * 2400 baud

# rt4 i (Analog Output) :

Imv/ C3& 0 £ lvolt

B B4R 18 '8 K (Ambient Operating|
Temperature) :

0°C2{ 50°C

1 #% & & (Storage Temperature)

-20 £ 65°C

E % X(Battery Type) :

Ni-Cad L EE#

¥ & (Weight) :

1. 1kg
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& 2.3(a) Infrared 2> 5] B IBE R &

TR T e T35 £
= 900 | 950 | 1000 | 1050 | 1100
Z (©) ( %)
®EHT AR
- 901.8 |948.3 |998.5 [1045.0|1090.6
B(C)
RE (%) | +02 | -0.18 | 0.15 | -048 | -0.87 | -0.30
Iz B
=ITRBAF | eoe | 049 | 995 | 1047 | 1096
FREE(C)
RE (%) |-022]-011] 05 |-029]-036] -0.30
% 2.3(b) Mikron 25 330 B 2R E E B £
EREH TR FHRE
= 900 | 950 | 1000 | 1050 | 1100
E (C) (%)
iﬁ.’*’ Qi_g“ )
AEBERE | 9045|9504 | 997 [1045.7]1091.4
B(C)
RE (%) | 05 |+0.04] 03 | -041|-078 | -0.39
MR G
(TR 894 | 943 | 994 | 1045 | 1093
FREECC)
RE (%) | 067]-074] 06 | 048] -064] -063
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k24 BRBZREERIELP

5 B4 55 3 Ae B R B

(4m) (cm™)
1.38 7246.4
1.87 5347.6
H,0 2.7 3703.7
6.3 1587.3

71 140.8

2.0 5000
2.7 3703.7
43 2325.6

€0, 9.4 1063.8
10.4 961.5

15 666.7

2.35 42553
o 4.7 2127.7
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A25 FREDHREBZILE

TR TR
ERERTER 1100 1200 1300
(K)
1 4,70 4,51 4.16
i 2 4.67 4.47 414
£ R
Bl E | B3 4.69 4.45 4.17
( pom)
TE 4 4,68 4.44 4.15
FES 4.71 4.48 4.14
2 o & A3
o OFEALE 4.64 425 3.92
( gom )
F3EE (%) 1.08 5.18 5.92
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A265F R ETFHIRIEA22KHTREZMNER -

Sample
A B C D E F
Parameter

f, 0.037 | 0.041 | 0.043 | 0.042 ] 0.038 | 0.029
Cell size (um) 330 | 341 212 147 214 157
s, (I/m) 3703 | 3335 | 6992 | 8674 | 5828 | 8636
k., (mW/mK) 1.91 { 2,12 | 1.01 | 0.82 | 1.22 | 0.82
k. (mW/mK) 324 | 324 | 325 | 327 | 329 | 325

760 Torr
ke (ktk.) 343 | 345 | 33.5 | 33.5 | 34.1 333
kg (Measurement) 34 | 342 | 334 | 334 | 339 | 33.2
k. (mW/mK) 1.91 | 2.12 | 1.01 | 0.82 | 1.22 | 0.82
k. (mW/mK) 704 | 703 | 633 | 640 | 6.76 | 5.99

0.014 Torr
ker (kotk) 895 | 915 | 735 | 7.22 | 797 | 6.82
ker (Measurement) { 8.7 0.0 7.2 7.1 7.8 6.7
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& 27 2R LB P RARMER MR

Tm(K) A B C D E F

50 | 3999.61 | 3363.89 | 7272.68 | 8425.52 | 6392.25 | 7778.75
100 | 3928.93 | 3351.40 | 7277.72 | 8671.85 | 6219.86 | 8087.09
150 | 3856.80 [ 3343.07 | 7203.15 | 8787.88 | 6069.94 | 8324.75
200 | 3800.99 | 3342.62 | 7134.02 | 8808.99 | 5974.76 | 8491.37
250 | 3754.28 | 3341.61 | 7070.23 | 8766.03 | 5904.09 | 8586.68
300 | 3712.13 | 3335.50 | 7003.98 | 8682.52 | 5840.82 | 8617.04
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2.11 Infrared 2 ] X 28 A
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2.12 Mikron 2> 8 2 M330 & Z i fz
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Transmission(%)

15

PN
o

o

Sample Thickness
1: 635um
2: 785um
3: 950um
4: 1150um

r
b
3
o 4
" 1 [ ' q ] i | _I_ [ ] ' 1 b ' L ] 1 | . J [l '] N ]
5 10 15 20 25

Wavelength . [um]

2.17a Sample A A RXBEBRETFTZEH %

TaEAER
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Transmittance [%]

25
20
. 1
Sample Thickness
15 1: 490 um -
2: 750 um
2 3: 820 um
10 W 1 4:1550 um
- ]
s
5 !
4
0 Pl | Tl a3 317 m\f
5 10 15 20 25

Wavelength X [pm]

B 2.17b SampleB A KRB BEE T2 EE %
TREAGR
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Transmittance [%]

20

Sample Thickness
1: 295 um
2: 310 uym
3: 360 um
4: 590 um

2.17¢

10 15

Wavelength i [um]

SampleC A A BEE T FHE R

TEREBER
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20

Y
n

Transmittance [%]
S

Sample Thickness
1: 220 ym
1 2: 390 ym
3: 415 um
4: 690 um
i
I
3 Y7
w
O 7_l L4I y ] i £ § ' L1 | ] l i 2 [ Nl ‘ _B | I &
5 10 15 20 25

Wavelength X [um]

B2.17d SampleD AAFEAETZFHEE

EETRER
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Transmittance [%]

35
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25

20

15
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Sample Thickness
1: 190 um
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3: 500 um
4: 650 um

B 2.17¢

10 15
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EREMNER
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Transmittance [%]

15

10

Sample Thickness
1:320 um
2:470 ym
3:500 ym
4:550 pm

2.17f

Wavelength ). [um]

SampleF £ AR B HE T Fi&
EEREPER
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Extinction Coefficient [cm'1]
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Extinction Coefficient [cm'1]
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Thermal Conductivity [1 0'3WImK]
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Effective
Thermal Conductivity [10-3 W/mK]
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Z~ERITH

3 Aoslg

ARGV EALCBRAER A BEH A ENHE - E —
BETITEIHARABRABDNERK HHAREARHAREN
Y AEAANE A HETER @31 HAKER

AL AREEREZEEBRES Tm+Tmsin(4:2;O) » A EGE &
ZEEBREAET, REEAAT YEERABERUAEZ R

RIBREAMI A REAEFHHRMBHLESE T AR %
FREXTF

6T _, 0T 3¢

ey At Axl Ox S
AL 45 1§ 1=0, T=T, (3.2)
HRESH >0,
i _ . om
x=0, T Tm+Tm51n(43200) (3.3)
x=L, T=T, (3.4)

RREAKRITEACDAFP BHARETARSILEHE
# 7 #2 X (Equation of Radiative Transfer) - %3 & #4. i@ & 4 #5
BB FE  ZBRENTARBAHEA AT M4 H
(Isotropic scattering) B 82 {4 B ¥ B AT R A AR T 7B X

w8 o ey I + o, 1)
& (3.5)

+ %L 100 )p(p s p)du
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B+ p=cosd, o, BH R W 43 ( absorption coefficient ),
o, A 3 & 1% B ( scattering coefficient ), p(u,u) & 48 & #

( phase function } ;

ERAERSERGHA

I =e1,@)+2p [1 Ouudp 1250 (3.6a)

I(L)=&1,(T)+2p, [ (Lu)pdu -1Spu<0 (3.6b)

7 $¢ 1% 3 ( extinction coefficient ) f=(o,+0.) ' 4 K
B % ( single scattering albedo ), m:“’% B (3.5)K TALA T
&

A2IED e gy + (-0, ()

o
ey [] (e, 0 Yppe i)y

AT ERRSH.

_Tfx) , E_p? v e ) __kB
7 1), _q,x) _ qlx)
¢(I)-— e T[.q Qr (x)_ 40_ 1"14 Qr (x) kcﬂ ?—1]
| o, k
¢: 3 Y o= =
cT 5 pC,



THEETRABBRABBRRB AT

A (T.8) _ 30x,8) 130,58
aE o N o

£>0,0<r=<7,

#2 45 & ¢=0 , 8(z,§) = 6,
EREHE 50 ,r=0 , 8(r,&) =6,
=1, , #z7,)=6,

BRREHAEET LA

apiT.u)_ - 2
WEZEL = gl e pn (1-0)0' (2 [ b0, 1) o

#(0.4) =58/ (0)+2 [¢ (0.0 du 4<0

¢(Tau”)=Ezgj(fg)“*EPzE?r(Tg,ﬂ')#’ o3 >0

(3.8)

(3.9)
(3.10)
(3.11)

(3.12)

(3.13)

(3.14)

AHAEMBRAZEARASN  LEHBH FHEH4AH
R 27 AR c MAANBHAGRIBATHEHRERS
HEELFH NBELE3LI AT GRIIBEBFAAERKRD
ZHABHEHMAESEREH LA SLSHE N £ 300 £ 900 =
Bl - R ERF oo T NMAEAMHN 1085 X ZHAMAD K

ARFRE EEAARKEETRABLLET A

30

(3.15)



aT a’T
— =k—, t>0 , O<x<L
< ot ox’

AEERH t=0 ,T=T,

# AES >0
x=0,T=T, +T,sin[—0
43200
x=L,6 T=T,
TEATH 2B LEH:
T(x)-T, _ k
T it PPN S I
T. -T, L I <,

TR BAAR LB AT

REAEH  £=0 , 8mH=1, 0<ns<l

EREHE 50 =0, é(an:1+émsm[4;;Qi]

=1, H1,E)=0

3.2 7%

(3.15)

(3.16)

(3.17}

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

A LA A Crank-Nicolson F AR AR E S F ik » £ ¥

Bl



RATARLNTHYREZSH o £ F &3 Crank-Nicolson
7 % B TE M & (Implicit method) » 3 T & 1% 4 4 4 -

B Crank-Nicolson T £ Z52ETH (3.19) &5
T2 O AV

o -6 _ ey -2 +qy G- 6+, |

- , (3.34)
AE 2 (Anp’ (an°
43 #3913
-5 (142787 -1 =16, + (- 20 98, (3.33)
£ &
AE {3.36)

S 2(any’

AHARESR - EH A TDMA 3| A B EL Y 8 g

33 ¥R %

B2 8maMAASXARaEiagesa et

ZHGBE " FEEREGLHEL S AT HELGE
F - EEB—ARHMZIBERAMI AT LB EALANET
e MiEg AXERBEZRLRBERN  EREAK
B RARZ -8 33a~d EOEFR O EHHMHLEEER
A 20K B ZRTFOXAFERAGELEETHE 11>
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15~2027 EHARABETRGHBILOERN - 28 5248
EHMEMELOPE BE-RFHMIEL LT
AR ENEHEMES AR TEEFRAMAR
@mﬁ%ﬁo@33\%a4ﬂ&515%ﬁﬁ&ﬁ%#%ﬂ
B 20K~ 100K ~ 230K HmfE RE 2 Bt 44 L F @B
BE > BEHARTHEEMELIEN - $RESRERE S
RmERFEFREFZBELRNY AR BB ETHEZ I Mo -

B 36a ARMAEGEAMMEMRKES RESE 20K
FoARRRIRLAMBEEZIHE - EAEK C I RIGER
S AEE ARERZBER D MEE A B L RER
FEHEMIFER ARAE RGP ERERATTAEAER
TR -2z REEPEX-—HAHK HHIREFHAIHERE
MleditEf -BE36-B37-RAEB38AERKaERMKEH
%4 20K ~ 100K ~ 230K & » TR & MGk it # LR i8R €
BAMHBEZHE - B 392 2B 300 3 EKHE ARAHK
CERBERMAAZRIANERF AR RERIEAE

ZME BB FTHMALRAALETRNYG I EBEAY » HHe
BREELMZAE - ARG ARBE £ 0KHF LB RRFS
B 230K BFE =432 % > 100K BF 2 #9 2 d0% £ &5 - sboh» &
REREX—THER BABRKEh LA/ RETH
et gd HELFBEEARKEAN TR EH 4T
ZHRRE S LBAREI o 2RENE AR
B BETHRRABEFHEX —T & AR ATHRAS Y
FEAR ERUARENGTHR - B LEFHWERE » 4
MR BEOREAR  E W ETERK
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Heat Flux ,q [W/m 2]
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Heat Flux ,q [W/m 2]
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Heat flux , q [W/m?]

Time [day]
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B BRERERRE S G MR
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Heat flux , q [W/m?2]
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Heat flux [W/m?2]
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Heat Flux ,q [W/m 2]
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Heat flux ,q [W/m?]
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Heat flux ,q [W/m?]
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Heat flux , g [W/m?2]

‘lllllllll

i 11

f!,\\\\_.,///'_\\\\_///,-‘\\\5..////_-\\ ~
3 !; "":
f! —_— . 7 - ~ - b - - / T~ :
o -
2 d —
P L=10cm 7]
a / .
e mmee L=15cm +
1 f —
' — - - L=20cm ]
0 /l Lol o g g e by v by 4
0 1 2 3
Time [day]

B 3.5C Sample C &1&:% & 230K B » R
AN BAARRE RS A

97



Heat flux , q [W/m?]

o
lllllllll

IIIIIIIIIIII!I'IIIlllIllIlIII

Time [day]
3.5d Sample D % 1&i% & 230K B »
EB B RGBSR b2 1%

08

I~



Average heat flux, q [W/m?]

50 T T T [TV T[T T[T T[T 7T 7]
40—\\ —— Sample A -
- "
B 1‘ ————— Sample C i
30 P— —_—
20 f— —
10 p=— —
O—|||||||||||u||||u||||||||||||n|-
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Thickness , L [m]
3.6a Sample A ~ C &R & 20K B » 2
R RE SR RM AR BRI

99



Average heat flux, q [W/m?]

60Illllll]llllllIIlllIlllIllIllIlll

50

- Sample B
I Sample D
40 p—
30 p-
20 —
10 p—

0 Illlllllll!ll!'lIllllllllllllllll

IIIIlIIllILIlIlIIllIIlI

0.0 0.1 0.2 0.3 0.4 0.5 06

Thickness , L [m]
3.6b Sample B ~ D & 1&:& & 20K B > 2%
RoRERRBBMA AN BEZH A

100

0.7



Average heat flux , § [W/m?]

40 LI B I D B A M I B B B

- —  Sample A -
30 — —_—
- .\ me=—— Sample C -

20 —

10 P~

Thickness , L. [m]

3.7a Sample A~C F1XE A& 100K 5F > 2
RREEBAMAAR BE R

101



Average heat flux , § [W/m?]

40 } ' 1 I I l ¥

30 —

20 p—

0.0 0.1 0.2 0.3

Thickness, L [m]
3.7b  Sample B ~ D F1&#& & 100K ¥ >
HIRBERBAMB AR BEZY
1%

0.4



Average heat flux, q [W/m?]

20

15 p—

10 p—

lllll]ll'llllllllllllll

Sample A

————— Sample C =

o L
0.0

0.1 0.2 0.3 0.4

Thickness , L [m]

3.8a Sample A~ C & 1&E & 230K & > 2

RRERRBAMHARL BRI F

0.5



Average heat flux, q [W/m?]

20lIIlIIIIl'llIlIIIllIIIII
- — Sample B -
15 p— —
I i Sample D

-
10 p— -—
5 —
OIIIIllI]IIIIlIIIIIIIIIlL
0.00 0.10 0.20 0.30 0.40 0.50

Thickness , L [m]

3.8b Sample B ~ D & &8 & 230K BF »

RRRETHRBAM AR BEZIH
1%

104



Average heat flux , § [W/m?]

50

40

30

20

10

0

llllll"l'l_'llllllllll]l'l]'ﬁllllll'

Illlllllllllllllllllllll

Illlllllllllllllllllllll

-

————

IIII'lllllllll'lll--lIll--l-l—T_l--l_-l—l_'llIJ

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Thickness , 1. [m]
3.9a Sample A £ R F Z TAEEE T 3%
B R AL B Y

105



Average heat flux , § [W/m?]

50 l'llll'lllllllll"’llll’ll'llll

Sample C

40

30

20

10

|:||||||||||1||||||||1||'

Ollll'llllll-lllllllllllllTl—il_l-'l
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Thickness, L [m]
B 3.9b Sample C & & Fl X TAE R Z T 2%
e RN R SILZ B

106

0.7



WA RTH

S RIS R — R IR AT » £ SRARRAS T TR

RARBZHNERNBH T AERER BARGOERES - AL 4

HPURBAERBAUATRARMEG A A RIAEFALERET »

PHERLREEE - AFRAR SR R EH TR EHERS

RBAZBAERR PHALRAG TR ETHE - S BRMEHR

BER > T UFR LTS

(1) PUBEEEHREBER LB 0.0] torr LAEH4T » kG ¥4z

(2)

3)

FEHTIRE 0.007 WmK > sbfErEgE O - R R B Z KA o
EIMBERDKT  SHREZMAGRZRE LT NUR
PHHZBEREZE o e LB —RMWASRALKT F,
BXABRELINHBRESE -45°C » 2/ M F RIGHAMH
HERE 3050 ZFHRZFEEE TWm' - FHFA R
MAMBHEZE TR ERMMS AR AEEE 20 258>
3R R T B4R B 2W/m® o
TEEHEARAMMBEAARKBEG AL LR

B 20K » Ebi‘@f“**%ﬁﬁq’a}%ﬁ{i}ﬂ Fﬁ'l])gj 40 A4 o

(4) PUBBEERBRABARBKEASREALZT » ALK

TREERF 300 » M E B2 MAREM XGRS E > BB A

107



o Bowg A3 o

(5) AMETRFAZAHETEERAMERL » LHELE
330 um £ 147 pm > B ERLREF - A EHERAMH
ARG G REME R R R - G ERTH
o FEBIERAE AR RRBMAIMENAR
HFZEM o

(6) A RATIEAZ AT HERI/AN > B TS CFC HAE
Bis g2 E o Bt A TR ARRMHEA BB EHR

et BREARBRBANEKX

108



<%
s

3

EEET

ARARBENMBAEERLHSEHINZ -G » K38
88-TPC-E-009-004 $4 /7 « AH B T H A B 2 B AF 3| 25 F A

ZBEGHSCERBEERAMN T AEZ HE NSC

109



3 % IR

. Tien, C. L. and Cunnington, G. R., Cryogenic Insulation Heat Transfer,
Advances in Heat Transfer, NY: Academic Press, Vol. 9, pp. 349-417
(1973).

. Tien, C. L. and Cunnington, G. R., Glass Microsphere Cryogenic
Insulation, Cryogenics, Vol. 16, pp. 583-586 (1978).

. Tong, T. W. and Tien, C. L., Analytical models for thermal radiation in
fibrous insulation, J. Thermal Insulation, Vol. 4, pp. 27-43 (1980).

. Tong, T. W. and Tien C. L., Radiative Heat Transfer in Fibrous
Insulations —Part I: Analytic Study, ASME J. Heat Transfer, Vol. 105,
pp- 70-75 (1983).

. Tong, T. W, Yang, Q. S. and Tien C, L., Radiative Heat Transfer in
Fibrous Insulations —Part II: Experimental Analytic Study, ASME J
Heat Transfer, Vol. 105, pp. 76-81 (1983).

. Chu, H. S., Stretton, A. I. and Tien, C. L., Radiative heat transfer in
ultra-fine powder insulation, /nt. J. Heat Mass Transfer, Vol. 31, pp.
1627-1634 (1988).

. Drolen, B. L. and Tien, C. L., Independent and Dependent Scattering in
Packed-Sphere Systems, J. Thermophysics Heat Transfer , Vol. 1, pp.
63-68 (1987).

Glicksman, L. R., Schuetz, M. and Sinofsky, M., Radiation Heat
Transfer in Foam Insulation, Int. J. Heat Mass Transfer, Vol. 30, pp.
187-197 (1987).

. Kuhn, I., Ebert, H. P., Arduini-Schuster, M. C., Buttner D. and Fricke,
J., Thermal Transport in Polystyrene and Polyurethane Foam
Insulations, Int. J. Heat Mass Transfer, Vol. 35, pp. 1795-1801 (1992).

110



10.

11.

12.

13.

4.

15.

l6.

17.

18.

Ostrogorsky, A. G., Glicksman, L. R. and Reitz, D. W., Aging of
Polyurethane foams, f/nt. J Heat Mass Transfer, Vol. 29, pp.
1169-1176 (1986).

Doermann, D. and Sacadura, J. F., Heat Transfer in Open Cell Foam
Insulation, ASME J. Heat Transfer, Vol. 118, pp. 88-93 (1996).

Caps, R. Heinemann, U., Fricke, J., and Keller, K. Thermal
Conductivity of Polymide Foams, /nt. J. Heat Mass Transfer, Vol. 40,
pp. 269-280 (1997).

Tseng, C. J., Yamaguch, M., Ohmori, T., Thermal Conductivity of
Polyurethane Foams from Room Temperature to 20 K, Cryogenics, Vol.
37, pp. 305-312 (1997).

Aronson, J. R., Emslie, A. G., Ruccia, F. E., Smallman, C. R., Smith, E.
M., and Strong, P. F., Infrared emittance of fibrous materials, App/
Optics, Vol. 18, pp. 2622-2633 (1979).

Scheuerpflug, P., Caps, R., Buttner, D. and Fricke, J., Apparent thermal
conductivity of evacuated S§;0,-aerogel tiles under variation of
radiative boundary condition, /ut. J Heat Mass Transfer, Vol. 28, pp.
2299-2306 (1985).

Tien, C. L., Thermal Radiation in Packed and Fluidized Beds, ASME J.
Heat Transfer , Vol. 110, pp.1230-1242 (1988).

Heinemann, U., Caps, R. and Fricke, J., Radiation-conduction
interaction: an investigation on silica aerogels, /nt. J Heat Mass
Transfer, Vol. 39, pp. 2115-2130 (1996).

Hahn, O., Raether, F., Arduini-Schuster, M. C. and Fricke, I., Transient
coupled conductive/radiative heat transfer in absorbing, emitting and
scattering media: application to laser-flash measurements on ceramic

materials, fnt. J Heat Mass Transfer, Vol. 40, pp. 689-698 (1997).

111



19.

20.

22.

23,

24.

25.

26.

27.

Singh, B. P. and Kaviany, M., Indendent Theory versus Direct
Simulation of radiation Heat Transfer in Packed Beds, Int. J Heat
Mass Transfer , Vol. 34, pp. 2869-2881 (1991).

Singh, B. P. and Kaviany, M., Modeling Radiative Heat Transfer in
Packed Beds, Int. J Heat Mass Transfer, Vol. 35, pp. 1397-1404
(1992).

. Nasr, K., Viskanta, R. and Ramadhyani, S., An Experimental

Evaluation of the Effective Thermal Conductivities of Packed Beds at
High Temperature, ASME J. Heat Transfer, Vol. 116, pp. 829-837
(1994).

Benenati, R. F. and Brosilow, C. B., Void Fraction Distribution in Beds
of Spheres, A.L.Ch.E. J., Vol. §, pp. 359-361 (1962).

Ridgway, K. and Tarbuck, K. J., Radial Voidage Variation in
Randomly-Packed Beds of Spheres of Different Sizes, J Pharnm.
Pharmacol., Vol. 18, pp. 168-175 (1966).

Vafai, K. and Tien, C. L., Boundary and Inertia Effects on Flow and
Heat Transfer in Porous Media, Int. J. Heat Mass Transfer, Vol. 24, pp.
195-203 (1981).

Vafai, K. and Tien, C. L., Boundary and Inertia Effects on Convective
Mass Transfer in Porous Media, /nt. J. Heat Mass Transfer, Vol. 25, pp.
1183-1190 (1982).

Vafai, K., Alkire, R. L. and Tien, C. L., An Experimental Investigation
of Heat Transfer in Variable Porosity Media, J. Heat Transfer, Vol.
107, pp. 642-647 (1985).

Lu, J. D., Flamant, G. and Variot, B., Therretical Study of Combined
Conductive, Convective and Radiative Heat Transfer Between Plates
and Packed beds, /nt. J. Heat Mass Transfer, Vol. 37, pp. 727-736
(1994).

112



28.

29.

30.

31.

32.

33.

34.

35.

Kamiuto, K., Iwamoto, M. and Nagumo, Y., Combined Conduction
and Correlated-Radiation Heat Transfer in Packed Beds, J
Thermophysics Heat Transfer, Vol. 7, pp. 496-501 (1993).

Kozdoba, L. A. and Krukovsky, P. G., Methods for Solving Inverse
Heat Transfer Problems, Naukova Dumka, Kiev, 1982.

Beck, J. V., Blackwell, B. and Clair, C. R. St., Inverse Heat
Conduction — Ill-Posed Problems, Wiley-Interscience, New York,
1985.

Beck, J. V. and Amold, K. J., Parameter Estimation in Engineering
and Science, Wiley-Interscience, New York, 1977.

Chen, H. T, Lin, J. Y., Wu, C. H,, and Huang, C. H., Numerical
Algorithm  for  Estimating  Temperature-Dependent  Thermal
Conductivity, Numerical Heat Transfer, Vol. 29, pp. 509-522, 1996.
Chen, H. T. and Lin, J. Y. Simultaneous Estimations of
Temperature-Dependent Thermal Conductivity and Heat Capacity, fnz.
J. Heat Mass Transfer, Vol. 41, pp. 2237-2244 (1998).

Keanini, R. G., Inverse Estimation of Surface Heat Flux Distributions
during High Speed Rolling Using Remote Thermal measurements, fnf.
J. Heat Mass Transfer, Vol. 41, pp. 275-285 (1998).

Beck, . V., Blackwell, B. and Haji-Sheikh, A., Comparison of Some
Inverse Heat Conduction Methods Using Experimental Data, Inr. J.

Heat Mass Transfer, Vol. 39, pp. 3649-3657 (1996).

.Yang C. Y. and Chen C. K., The Boundary Estimation in

Two-Dimensional Inverse Heat Conduction Preblems, J. Phys. D: Appl.

Phys. Vol. 29, pp. 333-339 (1996).



37.

38.

39.

40.

41.

42.

43,

44,

45,

Osman, A. M., Dowding, K. J. and Beck, I. V., Numerical Solution of
the General Two-Dimensional Inverse Heat Conduction Problem
(IHCP), ASME J. Heat Transfer, Vol. 119, pp. 38-45 (1997).
Subramaniam, S. and Menguc, M. P., Solution of Inverse Radiation
problem for Inhomogeneous and Anisotropically Scattering Medium
Using a Mote Carlo Technique, Int. J Heat Mass Transfer, Vol. 34, pp.
253-266 (1991).

McCormic, N. J., Inverse Radiative Transfer Problems: A Review,
Nuclear Science Engineering, Vol. 112, pp. 185-198 (1992).

Neto, A, J. S. and Oazisik, M. N., An Inverse Analysis of
Simultaneously Estimating Plane Function, Albedo and Optical
Thickness, the 28th National Heat Transfer Cownference, San Diego,
CA, August, 1992,

Menguc, M. P. and Manickavasagam, S., Inverse Radiation in
Axisymmetrical Scattering Media, J. Thermophysics Heaf Transfer,
Vol. 7, pp. 479-486 (1993).

Nicolau, V. P., Raynaud, M. and Sacadura, J. F., Spectral Radiative
Properties Identification of Fiber Insulating Materials, /nt. J Heat
Mass Transfer, Vol. 37, pp. 311-324 (1994).

Li, Y. H. and OQOzisik, M. N., Inverse Radiation problem for
Simultaneous Estimation of Temperature Profile and Surface
Reflectivity, J. Thermophysics Heat Transfer, Vol. 7, pp.88-93 (1993).
Li, Y. H., Inverse Radiation P roblem in Two-Dimensional Rectangular
Media, J. Thermophysics Heat Transfer, Vol. 11, pp. 556-561 (1997).
Manickavasagam, S. and Menguc, M, P., Inverse
Radiation/Conduction Problem in Plane-Parallel Media, the 29th
National Heat Transfer Conference, Atlanta, Georgia, August, 1993.

114



40.

47.

48.

49.

50.

51,

52

53.

34,

35,
56.

57.

Ruperti, Jr. N. J., Raynaud, M., Sacadura, J. F., Influence of Radiation
on the Coupled Inverse Heat Conduction-Radiation Problem, ASME
HTD-Vol.312, pp.79-86 (1995). |

Ruperti, Jr. N. J., Raynaud, M., Sacadura, J. F., A Method for the
Solution of the Coupled Inverse heat Conduction-Radiation Problem, J.
Heat Transfer, Vol. 118, pp.10-17 (1996).

Li, Y. H., Estimation of Thermal Properties in Combined Conduction

and Radiation, Int. J. Heat Mass Transfer, Vol. 42, pp. 565-572 (1999).

Siegel, R. and Howell, J. R., Thermal Radiation Heat Transfer,
Hemisphere, Washington, 1992.

Rosseland, S., Theoretical Astrophysics, Oxford University Press,
Loden, 1936.

Ozisik, M. N., Radiative transfer and interactions with conduction and
convection, Wiley-Interscience, New York, 1973.

Patankar, S. V., Numerical Heat Transfer and Fluid Flow, Hemisphere,
New York, 1980.

Brewster, M., Thermal Radiative Transfer and Properites, Wiley, New
York, PP. 443-444, 1992,

Editorial, Journal of Heat Transfer Policy on Reporting Uncertainties
in Expermental Measurements and Results, ASME J. Heat Transfer,
Vol. 115, pp. 5-6 (1993).

Modest, M. F.: Radiative Heat Transfer. McGraw-Hill Inc. 1993,
Bayazitoglu, Y. and Higenyi, J., Higher-Order Differential Equations
of Radiative Transfer: P; Approximation, J. Thermophysics Heat
Transfer, Vol. 17, pp. 424-431 (1979).

Hunt, M. L. and Tien, C. L., Non-Darcian Convection in Cylindrical
Packed Beds, ASME J. Heat Transfer, Vol. 110, pp. 378-384 (1988).

115



58.

59.

60.

61.

62.

63.

64.

65.

Mueller, G. E., Prediction of Radial Porosity Distributions in
Randomly Packed Fixed Beds of Uniformly Sized Spheres in
Cylindrical Containers, Chemical Eng. Sci., Vol 46,'pp. 706-708
(1991).

Raynaud, M. and Bransier, J., A New Finite Difference Method for the
Nonlinear Inverse Heat Conduction problem, Numer. Heat Transfer,
Vol. 9, pp. 27-42 (1986).

Raynaud, M. and Bransier, J., Experimental Validation of a New Space
Marching Finite Difference Algorithm for the Inverse Heat Conduction
problem, Proceedings of the Eighth Int. Heat Transfer Conference, San
Francisco, CA, 1986.

Raynaud, M. and Beck, J. V., Methodology for Comparison of [nverse
Heat Conduction Methods, J Heat Transfer, vol. 110, pp. 30-37
(1988).

Ratzel, A. C.; Howell, J. R.: Heat Transfer by conduction and radiation
in one-dimensional planar media using the differential approximation,
J. Heat Transfer, Vol. 104, pp. 388-391 (1982).

Wu, J. W, Sung, W. F. and Chu, H. S., Thermal Conductivity of
Polyurethane Foams, Int. J Heat Mass Transfer, Vol. 42, pp.
2211-2217 (1999).

Ford, J. N., Tang, K., and Buckius, R. O., “Fourier transform infrared
system measurement of the bidirectional reflectivity of diffuse and
grooved surfaces,” ASME J Heat Transfer, Vol.117, pp. 955-962,
1995

Joe, 1. H.,, Vasudevan, A. K., Aruldhas, G., Damodaran, A. D., and
Warrier, G. K., “FTIR as a tool to study high-temperature phase
formation in Sol-Gel aluminium titanate,” Jowrnal of Solid State

Chemistry, Vol. 131, No. SC977371, pp.181-184, 1997.

116



66. Zhou, Z.H., and Yang, [, “In suit semiconductor material
characterization by emission Fourier transform infrared spectroscopy,”
IEEE Trans. Semicond. Manuf. Vol. 7, No. 1, pp. 87-91, 1994,

67. Zhou, Z. H., and Reif, R., “Epi-film thickness measurements using
emission Fourier transform infrared spectroscopy-part I: sensor
characterization,” [EEE Trans. Semicond. Manuf. Vol. 8, No. 3,
pp.333-339, 1995.

68. Zhou, Z. H., and Reif, R., “Epi-film thickness measurements using
emission Fourier transform infrared spectroscopy-part II: real-time in
suit process monitoring and control,” [EEE Trans. Semicond Manuf.
Vol. 8, No. 3, pp.333-339, 1995.

09. Oertel, G.,, Polyurethane Handbook, Hanser, New York. 1994,

117



