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Measurements of emissivities on JI-60
first wall materials

(Inconel 623, Mo, TiC-coated Mo)

Hiroo NAKAMURA, Masatsugu SHIMIZU,
* *
Toshiro MAKING and Takeshi KUNITOMO

Department of Lafge Tokamak Development,
Tokai Research Establishment, JAERI
{Received January 1l, 1985)

To evaluate heat removal performance of JT-60 first wall,
emissivities and reflectivities on Inconel 625, Mo, TiC coated Mo with
optically smooth surface and actual surface are measured at temperature
from a room temperature to 1300 K. Spectra are measured in the rnage
of wave lengthes from 0.34 um to 20 um. Actual surfaces are machined/
pickled surfaces for Inconel 625, electro-pelished surfaces for molyb-
denum, and as-coated surfaces for TiC-coated molvbdenum. Results of
Tnconel 625 and molybdenum with oplically smooth surfaces are examined
by a two-electrons—type dispersion model of optical constants. Elec-—
tromic constants of the equation are given and formulated in order to
correlates the macroscopic properties of the radiative heat transfer.

Total emissivities, cbtained from the spectral emissivities of
optically smooth surface, are 0.13{RT) ~ 0.21(1300 X) for Inconel 625,
0.035(RT) ~ 0.18(13C60 K) for Mo, and 0.053(RT) for TiC-coated Mo.
Moreover, total emissivities of the actual surface at a room temperature
are 0.35(Inconel 625), 0.124(Mo), and 0.073(TiC-coated Mo).

Large dependence of the emissivities on temperature and wave length
shows that the model including these dependences is necessary for an

accurate evaluation of the radiative heat transfer.

Keywords: JT-60, First Wall Materials, Heat Removal Performance, Mo,
Inconel 625, TiC Coated Molybdenum, Optically Smooth
Surfaces, Emissivity, Reflectivity, 0.34-20um, Wave Length
1300 °K

% Department of Engineering Science, Kyoto University, Kyotec, Japan
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Table 2-1 General condition of specimens.
Material Surface Roughness
Molybdenum Optically smooth
Electropolished Fig. 2- 1 (a)]
Tnconel 625 Optically smooth
Machined & pickled | Fig.2-1(b),{c)
Titanium  Carbide | Optically  smooth
coated Melybderum | As  coated
Table 2-2 Chemical composite of specimens,
Mo Inconel 625 Ti¢ coated
Mo
‘ Mo >99.9 N; 60.72; C/ T, 0998
Chemical 0 20 ppm . .
2 pp Cr 22.30 |(atmic  ratio )
) € 15~20 ppm
composite H, 15~20 ppm| Fe 3.90
wt (%) gz i5~22§ ggg Mo 8.70
+T 3.58
Fe <100 ppm Np + Tg
M., Ni < 50 ppm| Sj 034
Cr <40 ppm| T 0.19
gf; 15i1Ca <15 ppm M, AL,C,S <008
Fabrication Powder Plasma CV.D
Methed Metallurgy coating




JAERI-M 85-007

[AFLRLINT
Ay
S

Electropolished

I

o W U T P A e AT
—— - i : surface of Mo

Trrnm
——
o

Machined & pickeled

e TRy — gurface of Incomel 625
=0 e = == Perpendicular to
: = = = groove direction)
SP-167 ! 1
i —= ﬁ.ﬂ,q_#:_';:iw‘_}:*'_ﬂ“‘*‘“‘%
= (C) e
Sl e Machined & pickeled
B e e surface of Inconel 625

Parallel to
groove direction

i e st e et

Fig. 2-1 Surface profiles of Mo, Inconel 625.
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Fig. 2-5 Outline of normal emissivity measurement

device.



JAERI-M 85—-007

3. EBRERBLIUER

FEEERA K3 - 1~F3—10icRd, M3 — 1k, Mo RFEmoERICE T 2 EERE
ER AT T Th, B3 — 213, EHE, 900°K, 1100°KHkU1300°Kickid 3 EEEHR
HeyThd, eyDALY MviTid, FAEOENREATE, FEEBRNSRSH, FHER
OEMEMNTREEETRIAMR SN 5, N3 - 31, Mo EMEABEEOERICHT 5 REAN
LR ER y, BERKEES R, HEEERARoERT, TOR<Y bid, HlO2RERE
B HOE AR LTV B, Reld, MEDHME & I, & RS IR TR 1T
T3, Rpld, BEMICZDHDLEE0ET B, 7271, 2 amEFTORIUIM, IKEFDH
AEBICENT 3. Ruld, BEOME (N3~ 1 OROICERTEQICEBERERMT/HE VL, 3
— 41, M, BRFEGHOSEE, 900°K, BLU1100° KB 2 BEEHE ey ZRT,
900°KE L 1100°KDX~Z7 Fvld, SHEDZA N7 P VICHAXTHOTIPREOEETH 5,
$7, ey (900°K) & ey (1100°K) DRRR, BHDBELFAREETSHS, ZRDeyDR
RO MR SEERESOICRA B, CNREREEROEECENT S, FEOKNERE
ﬁﬂ«@A%%ﬁ%ﬁof¢a5mm®&E®h%%aﬁﬁmﬁai%tbfﬁéoﬁﬁﬁ%f
@,ﬁ%ﬂ&LT@%%&¢$&K%@?N%T%é®ﬁ,C®%6M0®%%ﬁ%ﬁ®eN&
LTREROEARVAONRLIOVEEL N5, X3 — 561, Incone! 625D HEHMMDER
Kk b, MERSRRERT, £/, M3 -6iC, 900°KE LT 1200°K 0B 5 HEE
B e AR d . HEWBEOHLESDINLDARS PvE, R7 VLR BARLE DR
RASICHEDSDTH 5 TOXMIUE, (FEEFO A 7 =X LITE 5, BEOIIE, FL
CEOAEOERBBETE S, UL, WASEDES, #MBBLrEI 0T DTIO?
Pa DEZEHOBILSEL SNE, £72, Ni BEEOL L Do hRTHRET O #A 1 0 RE
FERRSEGHZLTOALELELSNE, K3 - T, Tnconel 6256 DERERDOERICBIT S
EEAGEEBRITHER o, AR R, ERRERA Ry &R T CORENE, BEMTO
I $hik 0, FORBEERBOBBEHFMICKET 5. 20/, Kicid, foBvic Al
HEes>OTHIE LA EOELEATL T %, REERAHHEICRIETHROKNI, &
KT M DIEAERRETH L, CORAMTRENREBETER AP E. K3 -8K, In
conel 625 DEGETMOERICET 2 BEENF e AT, KEFEEO L DICHNT, TOME
AT AED, SETOMZKRETH L, Mol B EEMRIC, X0/h&iiey BRAES
NATREMESS B, B3 —9iC, T CHEM, t?ﬁﬁ@ﬁ ASPREERK SRR =D SEEIR ik
DR ATT. HERERD R IXFEE M D, RsBRaKFELWEANE S, T CHEMo
®&%¢Hm<,%®K%éi%ﬁ@é%@&%$@ﬁmﬁw@é ANy hviE, EBOLD
LEMANUTED, SBICGEVHBEEFLTVWAEEZ OND, XiTid, BEH2.6 #m, 4.9
AMBEFE 2 amDF ~FER LT Th, BEORHICMDNFEHRORFE (K3 1)
AR LT, BEA26~52 umOBEATIR, KEFOXIDLIL, 20T EpS, RESID
BENI&2T: CHERTIREMOM, DEEBEZ -/ HhhALEILSNL, B3 —10I

isﬁ_



JAERI-M 85—-007

T, CHAM, DEREBRETORRICE T 2 KHRLRT, 2EDOHRIL, MoDEBRELE
DRERO AT FVERTO B, Rid, HBROBNE L SICHML, EFRABRTREFHRE
DIEICAGE LT VWA, Ropld, WoOBMAERLTWS, 2 am U FOWETH, #HEmMOKE
i, EFEBEHORFRICHENTNEL, #ESTH S, K3 -1, REBOXT Mvp bR
L7, JCEEmE X UHBROBEERMNR « &R d.



Normal reflectivity Ry

Fig.

emissivities En

Normal

Fig.

JAERI-M 85-007

0.8

0.6

0.4r

0.2

{optically smooth)

1 P N T | I 1 1 DI A T U S O I {

0
02 o5. - 2 5 10 20
Wave length A (pm)

3-1 Wavelength dependence of normal reflectivity

for optically smooth Mo,

0.6
0.5
0.2F
ORES
0.05? Mo
- {optically smooth) -
002 ] A | 1 I ! N I zc!)

0.2 05 1 2 5 10 20
Wave length A (um)

3-2 Wavelength dependence of normal emissivities

for optically smooth Mo.



JAERI-M 85—-007

1.0
- Mo (electropolished) Ooo;fge"
& ¢
0.8F 294 K Lo
[ R AN
- ocg;pooo
06 o ee@
$ o mmmmm )
E i Ocpm‘13 "Qb o
= 0P Rp % °
"(.—;) 04 T oq’mo@amg?? . mmme
= B e o
02 [~ &95? om
) D,
- Rs o oy,
eenecsn 6 09eaasd ©°° © 004,
O ' ER S AR L \ e D
02 05 1 2 5 10 20

Wave length X {pm)
Fig. 3-3 Wavelength dependence of reflectivities
for electropolished Mo.
[RS: Specular reflectivity, Ry: diffuse reflectivity)
\RH: Hemispherical reflectivity

1.0r
B oooocﬂﬂ:tb
= 05 B -y Do

« [ ", o, 294K
E) i 55 Ochbo % o,
é i 853. o
[%2] e o
E O 2 j a&n a
© : °8 °
g |, oot
s Odp "o ot °

- {electropolished) °

005 Y B R | | [ R B B A L
02 05 2 5 10 20

Wave length A (zm)

Fig. 3-4  Wavelength dependence cf normal emissivity

for electropolished Mo.



JAERI-M 85-047

1.0
= 08r
B I
= 0.6
€ 0.4
g ' Inconel 625
S 0.2r {optically smooth)
O VRN TR N N T B L1 I T TN O A A Ll
02 05 1 2 5 10 20

Wave length A (pm)

Fig. 3-5 Wavelength dependence of normal reflectivity

for optically smooth Inconel 625.

1.0
- oo, 1201

= 0 5: 90{ oo

w B %‘"%%

Wy - ° o

@ L

g 0.2

m |-

S _

e [

2 o1 - Inconel 625
i (optically smooth)

005 [ BRI 1 [ S A | [

02 0.5 1 2 5 10 20

Wave length X (pum)

Fig. 3-6 Wavelength dependence of normal emissivities

for optically smooth Inconel 625.



JAERT—M 85—007

1.0——
1 Inconel 625 (machined & pickled)
0.8F 294 K
a - 000
8 06r ra
‘g [~ OORdeprdgooo Oooooooo ee
o oo o O
2 04_ 0000 RD geee
& i momwm?mﬂwoa dmmbmﬂmmzzzgﬁﬁﬁgf;d%m
0.2+ Rs 999@9998
B g:a‘ea'EJE"gE’G’eee’eaeseﬂ9'5"366663sB
! s b gal [ IR | |

0
02 05 | 2 5 10 20
Wave length X (gm)

Fig. 3-7 Wavelength dependence of reflectivities
for machined & pickled Inconel 625.
(R : Specular reflectivity, RD: Diffuse reflectivity>

S
RH: Hemispherical reflectivity

1.07

05; Q00 CQ:Q}OQOO% %000%0000
; i 294 K cbo00
g |
=
& 0.2r
& L
q') -
IS
< Inconel 625
s 0.1r . .
= i (machined & pickled)

005_ L A N R AN S | L 1 I T IR R | I !

02 05 f 2 > 10 20
Wave length X (um)

Fig. 3-8  Wavelength dependence of normal emissivity

for machined & pickled Inconel 625,



Specular reflectivities Rs

JAERI-M 85-007

1 O moooomooocmoo
B d§¢p° op
0.8}- -
o @ﬂg
B o 8%
06l 0%@30000&900 magw
i WQ%Q TiC thickness
* o 0 um
0.4_ o 26
g , ° 49
0.2 ¢ 52
. TiC coated My (optically smooth)
O RS S B S NS A ] [ ] gl TR
0.2 05 1 2 5 10 20

Wave fength A {um)

Fig. 3-9 Wavelength dependence of specular reflectivities

for optically smooth TiC-coated Mo.

1.0
! =m0
TiC coated M, R
08 - 294K ’
o B
optically
s 06 * R smooth
§ | o] RH
= as
Z 04} - ° Ro [ coated
(4]
D _ o Rg
©
o 02 —
@
— (=)
L ! | INN\T\\TH¢'T*TTT¢ S
02 1 pa 5 10 20
Wave length X (pm)
Fig. 3-10 Wavelength dependence of reflectivities

for TiC-coated Mo.

5 D

R.: Specular reflectivity, R.: Diffuse reflectivity
RH: Hemispherical reflectivity



emissivities €y

Normal

Fig. 3-11

0.6

0.4

0.2

0

JAERI-M 85-—007

1

TiC coated M,

o as coated

» optically
smooth

294K

e

b Loyl [ Lo bl |

0.2

1 2 5 0. 20
Wave length A {pmm)

Wavelength dependence of normal emissivity

for TiC-coated Mo,




41 B i/

JAERI-M 85—-007

4. L

EHZE RN O O & o D FEIREED SHLD O & S O EABEAN OB =#AR T, ERINICEER SR
TOIES, BEREHmOESE S HEEEOMERGICI DRES N, BB, SHLRTH,
FEOWHRKRD 3 00FRICL S, E0F 1, SBCEFOHEETSHY, MEEBICL T
EkE NS LD TH L, 2DE2HE, £BEFXAUERINIBAEL LV EHEROMETS 5,
ZOE 3, SROWEBOEES 5V IETRECHMANKEROSRETE L, ChoDRHAES
ATEMOWELMD, BEROMEEFEHE L TRMCRELFMT S8R, Lok

WHiRA %o

(1) &BFrOHE
S BICEE ORI A BT 2 ST K i, 2ENTOND EIEEESNFET 5 ER
L LHORBOEELRLT kPOUIERRLLT

n=n-ik (4-1)
DHTEESNE, nHAOBEILLBOBETRIRETZ2ETHD, TOXHIEILBET
DA H=ZLCEREND, B LFOHBDI BT, 7 P AOFMEEICEBELE b

W S ERE, n BARAET, KOSMATELZLNE T,

(3)

S, AF 12 2 g,

AR T) =1+ -

by
1220418 2,48 2mceg k=t dy—id

—n2 (13 So(T), 2 (T), 8(T), 61 (T, 2(T),52(T), (T3>  (4-2)
COREFEH, (=n— ikl

D TR

CEZTmhiz B G BRoER, (m)

D EREERRITFORLER, (m)

L Fk BEHOEESTRIGC BT AE TOEMNEE, (m)
C &E, (K

D BB RIIEOWED/ YT A I

D HEERRIGRDIL O DN T A -

L RFEARABREEE, OBk EHOKS, (S m)

D BT HEE, (F/m)

D HEAEpITE G AE0ES, (m/s)

B AMATEA bABE LTEND, HTF |, EEORBEEFRTHY, H2MEH?
S E N E NSRS ERE T L ARRIOBSE EbT, LT, Amdoy (k=1,2)
HEEES L EEDRDTHD |
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ao-¥5§i{f2nceolm(ﬁ%/i}
2

= X oy (4-3)

k=1 i
Thb. FHUAD TEOMEHOAE S LEEKFEE, H4OSBIO>OTOEREELT
BN Z, XEEHn 52 L TOEGRROFTEA Shb L, 2RCEFOWE, §4b
LR SEEmOBEER, RICRT (4—4) ~ (4-13) RIZL->THETE S, Ta5HD
RT, ¢ (8o, 2, T) BEEHD 0, HEA~NDEHETHY, ey (1, T) FFEIFEHE
ey (2, T) BREEHSHETH S, CHALOMHIE, FEOLBRMOBRES 20 IEEE
DHBED, EEH S0 RAEOTROYESBIRNTHLEE, T40E, SBREEID
5 3 BAOERICHET 2MRE 54 5.

ni=1,1’1j=ﬁ, B =10, (4—4)
ﬁisinéi=ﬂjsinéj : - (4—5)
;sij:(ﬁjcoséi_aj coséj)/(ﬁi CUS&i""ﬁj COSéj) : (4-86)
;pijz(ﬁjCOS&i—ﬂj COSéj)/(ﬁjCOS&i+ﬁi COS f}j) (4—17)
R (0o, 4, TY=(] 1555 *+ [ rei;[D/2 (4-8)
Ry (4, T)=f R(0o, 1, T)d (sin®0) (4-9)
Ry(4,T) =R(O, 4, T) (4-10)
e (04,4, TD)=1-R (fs, 2, T) (4—11)
eﬁ(x,'r):f;e(50,z,T)d(shﬁei) (4-12)
ey (2, T)=¢ (0, 2, T) (4-13)
zeT,
N imh ICARTABAD, | MOXFEHK, CTTE, HREIEIES,
Ny SBOREEH.
b, + AWM

Py 1S ICABTAEAD, E0 s BRESD Fresnel O EHFLL,
fpij @ 10 i KARTZEAD, O pRAEKSD Fresnel OKEHE
(2) xitkEBOWE
SBOELEERIEE DL LI, BWHE L OBERBHIERS N Do 272, TIRAF VY
Zoe 2373y Y AREOEPEENICEEEI NI L b5 5, Lo DBHEmMD S HHH
CRIFTHRORTERBOSL FHEAROEEILL SN, L{ITE7 1 v 7 XCD0TH,
(WAL AN X < SR OB HICERET 550 HEELEREE TH 5 A1203, Zr0: &
EOEOES Sy s R, (bIRITHEST  BIREOK & SHAC HEELAYT 5 SisNs,
SICHEIDBEN T I v/, TLTUEVELREERL L, SH(HEH I DV TERREE
LTH->TENWTIC, TINGBEDEEMES $ v 7 2T TEOWA B, ZOFMI, (a),
(blz20 T XE (9) 1T, (DWW TERXE (7)) KRENTV B,
FR3BETHRNLLAE, TICOCVDHBE TREEES S 2 pmOBEET G HOZRN
22 12415, EROM, OMBERENBSVOT, Z0HHHERITICOARDEHICE
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SUD T A TREDTH B, §HbH, TiCHERICEVLTEEZDS HEHR MoitEE
% - BEESEOREERS B (4 -2) TRES L,
(3) FEEROHE
Eifiid 5 ITREOMEN TEKROBRIC >V T, EEOBEHCERTEFRRR2T
v, FOLEREHIE, EHECREDERNEHTHY, REWIBRE F V>0 THRNIC
HEL HBVEERLTE, bTHREEAMOTMTIR, TANEHTRLOEVI[ICH
7. HEDBRETIE, ey (2, TVEHELTCENEERROBETHEL, $5ikKes (1, T)
CELWEBTHOEDMRELEZ LN, HETE, BHECXEORAEERFEHEZSRIDOS
BITENRTINE WY, ZOREOFAEEETMOBED (cu—n) P HeHIHR S,
@) EHHEEEOIHE
EEHEAEOHEE, FIARBEST, T, (Ti>T2) Thb 2 DDOEEERHEDEH
B4 S 218G, RO HETITE S T Emtikd, £, £ 0N 5 HADEMAR Cnex
(W, m?) #EFREMOESICYPVTHEST S,
Gmex =058 (T1—T32) (414
zCT,
Oeg . AT 77 iy w s EH
wie, R (4—2)~(4—8), (4-11), (4 1D THRESNBEFEHED e n EHVT
2 HNDEBNOERBQuin ZFHET 5.

w Eg (A, Ty) —Es (4, T»)
Gmin f() 1 . 1 i d (4 15)
eq1 (4, T1) €u2 (4, T2)
By (1, T = (2rhc?/ 250/ {exp(he/ AkaT)= 1} (4-16)

LT,

Es @ BRAEDREHEE

h @ 777 ER

¢ HEANZBEIT S0E

kp @ FvwrER
%ﬁ®eﬁﬁkﬂ®%ému,%ﬁ®ﬁ?ﬁ%?ﬂﬁ§é@@ﬁ%&méoﬁﬁw.%Eﬁ
QEﬁ%qmﬁﬁﬁ®ﬁﬁ)%W®$ﬁTﬁﬁﬁo£Eﬁ®qH,%fqu&an®@K
55, EBOEECHEOEEEMOTHME L ex £ g IWELLERELT, (4 =15 ~
(4—m)ﬁ@ﬁ%éﬁﬁiC&K&U%EE@qﬁﬁM%Kib%n%oit,%@ﬁ%@
EFL, BEHOBEAD (o —¢n ) P OIHAHNRS.

4.2 ARG MILOEFEFT

AIEQEﬁﬁﬁﬁvf,%%ﬁEKGUTQ%ﬁ1&7EW%ﬁW¢éC%nﬂ,ﬁ®(4
—N)5&@(47m)ﬁ%%wfﬁ(4_2)®7E®%ﬁﬁ%ﬁméﬁﬁﬁﬁéo
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4C3)={Eveat (4 So, 20, 8,01, 41,02, 1)~ exenr (A >}/eNexp(A> (4 -17)
62W(X)A Ay )—0." ‘ : (4 —18)
cnb®2ﬁ% BB T AR ELEEH O TR A7 073 20BEs, K
4 — 1itpnd s A7 PRI, Mo & Inconel 825 iIC 0 TITH D,

Mo RDWTIE, FEfiD ew 06 (4 —2) XD THOYMHFEOZETOEERD, Fhid
CILTEED €y D3BE0EE~B, Inconel 625 IKD0TIE, FED ey 70 £ RHT
%o BRTOFERLRICRT,

Mo OBEE, S8 (4-2) R4, & (4-19) ROETHB L X, So, 1o, 0, 01/ 24,
Ay O 5 BOYMERERICL ST, Rd - 1DOEEE D,

B =0 (2580, 40,8, a1/ 21, Ay, 01, 05) (4-19)

o, 01,0 D2REIMBEEIEFELT, M4-30L9K35%9, 22T, o,(T),
0 (T) 2Fh%FNh,

67 =1,/(A1+B; T+C:T?) (4 —20
o0 =1,/(A2 +BxT) (42D
BHEERBRINTROTI LT SHLE, A, By, Ci, A, Baid, £4 - L IRTBEICH S,
(4-200 ABLU (421 F, W4 - 20FBEEDT, ' _
Tnconel 625DEAHITH, EMEROFSRELNLTIODT, nBRATEDENS,
n (MD)=n(A; o1, A1, 02, As) (422

ZOYMMOERTDMEE, F£4— 21TRT,

INoDPERERNT, My 840 Inconel 250N FHBEOERRBA Y P raEhLi-d
D&, K3-1, M3—2, N3-5BLU0K3 - 6 ICEFTT LI,

43 2BRHELEFEHBEOHE

SETOEREBTLELT, EEMHOCERTHED YL, RADEAB qn.x BXUEND
EHE G mia O FESATEEIC IS 5 720

TLT, 7, EHEHRey (4, T) E2FHKERE e yoa (T), LEEBHE ¢ veotn
(T) DFABEEITED, ex (4, T) i, {(4-2) ~ (4-13) K4 IERAOTHETX 3,
BT, €uiotar (T) BEV ey ora (T) 3, KAEAOTGIETE 3,

euton (D)= [ "6y (3, TIEqy (1,T)d 2/ 055 T* (4 —23)
ewioa (M= [Ten (4, D{BA, T)/5} a2/ (05T 2)  (4-20)

- M4 -3~X4-5iciHBRERETY, K4 - 31, M uBEOFRENE:, (1, T)
ThHd, M4 — 413, TInconel 625 FEMOFERIEHFE e, (2, 300°K) TH5, F 1=,
K4 -5, FE2RNEHWTEHELA, Mo & Inconel 625 DLRFEHE (fyi0ia LU en

total ) CTH B, Inconel 625D €y101a1 (T) DFFEITE, FBD ey (4, T) AR,
xiT, SEHEROEE - REKRFHELEHEHRBOMELSEA 5, #lé LT, R4 - 6itptim
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PREMSEEEHAD EF L4 EZ B, HHIET, RO 3 & - RRDVTITH S, BE « BEKFHE
EBBICEB LSS (casc A), WEKEHAZELFICEYIREN Ry 100 (T) ZHVS
124 (case B), BIUME . BEKEHRLZERELTEREAVSES (caseC) DIT—A
OHEHEAE G, 9, o 1, KATHRbIND,

Case A
. Es (4, T:i) —Es (4, T2) 4l
q =f0 1 1 (4 —25)

+ -
eq1 (4, Ty) eg2(d, T2)

Case B 4 3
: , o5 (T1 —T2)
q'= . (4 —26)
1 1
+ -1
€Hltotal (Tl) €r2total (TZ)
Case C 4 4
” Osp (Tl VTZ)
q = (4-27
1 1
+ -1
€H1ltetal €82 total

T TR, L3y —ROEE, (4-25)~(4 —27) R%& REmMOEIEAR gsiackbedy

TEEL AEHEAEq Y 2O THE 3, '
Qaacksoay = 0sp (Tt —Tz ) (4 —28)

Case AB L Case BT, SSGEIILFMEDOEEMH S, Case CT, €ritotar Mo)
=0.1, €ntroral (TiCHWHEMs)=10.5, €u2iotar (Inconel 625)=0.25 L {KET %o
Mo & Inconel 625 WRDEMZAROEGEE, K4 — TiIKRT. $/2, Ti CHEEMofiL
Inconel 625 HRIOESHLABOMGE, K4 —8IKRT, '

IRLOMS G, EMEICIIEEREITE, Case CidCase B9 Case AXDHAREL, &8
SAEATET B L Db D, BRATE, COMGBLHETS S, £k, BEEEROS
4EE L7 Case Bi, WE - BEREH4EE L Case AXD b/h&lb, BlLEDS, BRE
AT L < BT B, BHEROBEES LCEERKEELERT ALENH LN
%o
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Table 4-1 Dispersion parameters of Mo,

S, 44.5

Ay 0.318 x10° m

5 0.527 |
0 /), 9.34 x10'"" sm?
Ay 0 m

A, .89 x10" am

B, -3.47 x10"°  amk!
c, 5 85 x10°  QmKk?
A, 512 xi10"  am
B, 5.65 x10°  gamK

Table 4-2 Dispersion parameters of Inconel 625,

0, 0.550 x 10°  sm’
A .20 x10% m

0, 0.139 x10° sm’
A2 0.285 x 10° m

0,/ \y 4.58 x 10"  sm?
Oa/ h 4.92 x 10" sm?
0o 0.689 x 10®  sm
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START

d=ap
Aa=hag
r
I
F=f(a)

[

Afi=f(a+(ﬁa-ei)ei)-f(a)

Yes
Yaf >0
i

No

E=Z{Afi/{ﬁa-ei)}ei

1
s=|aal-(g/]gl)

i

Aa=(r-da)ha/|Aa|

a'=a+s

a=a'
F=f(a')

Fig. 4-1 Flow chart of least squars method to

obtain dispersion parameters.
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Temperature dependence of calculated total
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Mo , TiC coated M,
T1 -SHI
1111111111117 7171
| % ]
777777 7777777777777
Inconel 625

Fig. 4-6  Model of radiative heat transfer.
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Fig. 4-7 Dependence of radiative heat transfer
on emissivity characteristics.
e(A,T), —— e(T)

— - — g=const, £:=0.1, £,=0.25
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Fig. 4-8 Dependence cf radiative heat transfer
on emigsivity characteristics.
e(A,T), ————~ e(T)
(——-— — g¢=const, £1=0.5, €2=O.25)
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JT — 600 1 BEFEITH S Inconel 625, Mo, TiCHEM, K 20T, WHFERA~NT b
B IURSER <7 b vDBES X CRIT 21750, ROFmERI,

(1) Mo O¥EBEHOLENEL, KFABEKRERL4RLTED, 0035 (BiE) ~0.18
(1300°K) DIETH 5,

(2) Inconel 625 OEFHEmMO BRI, BERKMFUANS{, 013 (HED ~0.21
(1300°K) DETH do _

3) T:CHEM, OXFEmMDLEFRL, HWEOEDNATHLD, 0.053THB, £,
HamoT, CHEMNENIET, BROBETERNES,

) FHERLGOLERFL, EROEBECATHLD, 0.356 (Inconel 625 8MmEm), 0.124
(Mo BREFEM) , 0.073 (T:CHBER) THD, H¥ETOMICHELT, L4~
3.5 EARE W,

(5) WEEAEARKER TG LMICE, BRFORES JVRBEIKGHELEEL TV
DI TH L,

=

21K19Tmﬂiﬁﬂb§;37}hf”tL\f_R%B)\%CDBéH%@EbﬁE CREE L Ed. T CHEL TR - THA
WA ERET (B OEBICEEH L4, £, HAET AR MR T 7
O AP RS L CERESIRCHE, Mo MOEESLUT CHEFSORMEITH LS L
T3, BRI, RWMEELELBACHD, BREVMEME L Y R, FAMEARNE,
ATRKE 7w 7 BREE, REMKE KAXRIT -0 I ARERBIT]T -60F 1H
BEOERICEHBL T T
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JT —600%  BMETH S Inconel 625, My, T CHE M, K207, EHER~S
B L URMER 7 b vDBIEB LU EITEV, ROEREE
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(1300°K) DETH 5,
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(1300°K) DETH %,

3} T;C#BEM, D FEmMOLEHER, FREOEDATHLN, 0.063THbH. 7L,
HoamoT: CHEBEMNHNIE, B0 EEIHRINE S,

(4) EREMOLEEREI, FROEOAHTHZA, 0.35 (Inconel 625 8AHD, 0.124
(Mo, BFEFES , 0073 (T:CHER) THO, XEEHOMICHELT, 1.4~
3 HMERE _ _

(5) BEHEARESEEECTLEI DI, BRHEORESIVCERKTFHEERLIcTT Y
DBHETH 5,

AL R 7 O S R E O RMRE OB MBS L £ 4, T: CHEESTTH - TIA
WA (KR OBRICEBE L 3. $, DARTRTRS A LR T R E
OEPEHLE LCRERECRICHE, Mo MORESLUT CHREFSORAEICHT L E#HL
Ed, ERIC, AHSELELNECHD, REEYMETEL v sk, EAMERE, &
A ARE b 4~ 2 BARNE, MEMKE, KHEEIT-60F 1HAREREIC]T ~605% 15
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(Taken from ref. [6])

Fig. A-1 Wavelength dependence
of calculated eﬁissivities for
optically smooth Ni, Cc, Cr.
(Taken from ref. [6])
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