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Temperature Distributions of a Conductively Heated Filament

Koji TAMURA, Hironori OHBA and Takemasa SHIBATA

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 1, 1999)

Temperature distributions of a heated filament were measured. A W-Re(5%) filament
(0.25 mm in diameter, 24.7 mm in length) was conductively heated by currents between
5A and 7A with a DC power supply, and the surface of the filament was imaged with a
charge coupled device (CCD) camera through a monochromatic filter. The spectral
radiation intensity at the filament center region was almost uniform. Since the
temperature distribution was also uniform and the energy loss by thermal conduction
was negligible, temperature in this region was determined from the energy balance
between applied power and radiation loss. Temperature distribution of the filament was
determined based on the Planck’s law of radiation from the spectral radiation intensity
ratio of the filament surface using obtained temperature as a reference. It was found

that temperature distribution of a filament was easily measured by this method.

Keywords: Filament, Temperature Profile, CCD Camera, Spectral Radiation Intensity,
Planck’s Law, Tungsten, Rhenium.

ii



JAERI-Tech 99-050

1. JE TS D LT cevrerrenr ettt s st
92 (ﬂu%ﬁ(f .............................................................................................
3. {E[‘I%;'i%:% t%g .......................................................................................
A, F L ED et s e

B TCRE veveeererr e

Contents

1. Introduction ..........................................................................................
2. Experimental Procedure «+-««+«r+ estsorsesrssrimiii i
3. Experimental Results and DisCussion «roressrrrrresssrsssmussninisti s
4, COMEIUSIOM  *+vv++#e eeessstsannnmmnmummeaetttete et e e st s et te b ttb s st s et bbb
ACKNIOWIBAGEIMENIES  +-vw++rrrrsessssmssmrssrssts ittt

T T L LLTTITI PP P PP PRI POPPRPPPPRIID

111



This is a blank page.




JAERI-Tech 99-050
L Lo

YUY TRAT Y747 A PEAAVFEREMEZE 2RO, SESELHFHTHVS
NTWb, ¥V TATVTATAY M2 OFH TRV HE, BEMREDOT 4 7 2
YIMNREORE L ZORENMPVLEL 2D, FEH LT, KEBHAF TV — LK1 129
¥RAEL, 708 74 FEFE—LADRBIZAVTW S, ZOBSIFETIE, 7145 %>
FREORESMIZ, 7472 PPTHEGEEBIZL S Y 2 — )V L REH» S DR
BEFHN G- TREBREFRELEEX, L2L, 74927 MEERNOMEES
EZDHET4TAIOREZRETELL, PUOBORELHEERELD EL 25T
MR H S, TDLIRTATA Y FOBRESMIL, FHE *PICIVFHETE S0, 20
ETATAY VREOBRENPVLETHS, LErL, 74T 27 MEHOBEIR, 71 5 X
VIFERBEELTWABREARFOERE, 745 2 & EARFOEMBMZERE LA
oD TRWEHEIRETDH 5,

K& 6180%, BFHEMBAEBRORREE D S OBSHEE * EMEESETCCDYI £ 5
WCEDHEL, RETMOREDSM & KDz, ARETIE, KIBFLFEMKICCCD # A F 12X
DEEMALA-T7 14522 FOREHEEELHIE L. REDOBRESMHOPEL RAT,

2. PETF &

BESAEE AW EREBOMAEN% Fig. 1 1IRT, EZRFADSBL =Y A A
DY TAT 74722 F (0.26mm &, £& 24.7mm. Goodfellow ##) %, E&Eii
BEICE VBB L2, KRBT AT AL MR T ANMY —%5BLTCCD & 25T
ML, EFFLVa—F—THE L), 74V%— 230 E 650nm. FELIE 10nm O
PFEBR 74NV — v, GHBBROES ¥ BEFABEEE (ER7+ =7 AR
DVS-300) 1Z#HL T AD Z#e24rv, 8¥ v b (256FF:) T74 722 MRED 2
RIEDEEDM (640X485 Fv ) 2Rz, HFIRI T4 XAV 2 5~TADERBKT
WEMBE SO, # AT X (Nikon #1H# 35~70mm) DY H (£3.3~22) & Hk
W74V — (ND 74 0V%—) OMASDEEZE R TEREMIZCCD ZFH8aMLL < %
HITHELBELI, 747 AV P EOKAOKRSEE Lix, 72X TDKVE £& ND
T 4N —DFEBRE ¢ THEHE L EEOWUEE DRI £ex )20 LTRD
VASS

COWETRBETEEDHME L2 KT SRV, TOk, BESAELICIE., BEH
OhoTVAEENITUEL LD, RETARRSL LHIZ, 7472 FRLERTIIBSE
A mm U EICH-oTIRIZ—ETHENT, 74 5 X ¥ NEAETHNDOHRGEITEH T X,
MBI BV 2 —VBEREPSORBEF LN Ao TVBLELTEOREYHREL 726



JAERI-Tech 99-050
BoN-BERRESELTT Sy 702 W TCRESATER L,
CEAE R E

Fig.2 (a),(b) IZ TA DB BEBELZBEEDT AT A Y MEERTRT. 74T A MK
BRI fHT 7225, BEMRZ, KO L HIEF LTS, Fig.2@TIE 7452+
LB TOBBESBALTHBY ., WHICE 714522 MROWFITEENR 25, Fig. 2 (b)
XZh%E ND 7408 —THFRAELT 4T A bRLETHHEENAIL TV iEngs
DTALFRAY METH 5,

CCD ZT DML TR WEBD 7 1 7 X MEEFRWT, 74 54 b ORGRES
ﬁ%ﬁbtomgsm TA4TAYIVERFSA 6A, TAIBILBERE LD 7 15 X

VIRWKESTOGHTH D, BMERFLEIFEL, 747 A7 FERIHETIZONTE
Ko TWnb, 7z, FLETOREE I mm OHFHIE > TTZ—ETHBEDT,
747X ISR FOBTIREEREICLA V2 - VEERABE TP Eo T A L
ZEzbhb,

HRELLE LD 747X PO EBRETORBEIUTOL ) CHE L 745

VAP HSEWET AL, BEICLIA V2 VEEKED S DRBETIID STV A
EEZLNBDT 7145 AV FORERE T

I* - p/(nd*® | 4)=eoT* -nd
TREL, ZITIET74 722 VER. p HBEHE, diZ71A AV MOEE, eld 74

VIOWMBE, 3V aT 77 v —ERVYRYERTHB, F12. 74T A2 FEHE

DBEIZT 4T AV MRE TICERTHECOTERL 72, EBRTHW 5% L =Y AAD
¥ T ATV OEIE p (Am)id

p-—(003357'--47)><108
THbH O, $/o, R 3Y v 7AFERICEREL W,

£=-3.7x10"°T?% +0.000267 —0.112
ELTLER I DIBE Te RO, #R% Fig 4 ICEHTRT, TA BEROTLESORE
12 2798K L HE SN L, BONLKEERETORELEAESE L,

T4 AV N EOZEOBETEE (A, DEIRE T3, RHEE 22 SOBETEE LA, D
CIRE T, AV TROBBATEI NS,

g, L(A,T) _ {ch 1 }

)

e (AT)  |kA (7 - 7)

SIT, e  TEL (AT 374527 VREDKEE, BELTEHREFEETHY .
e~ TE L (A, 1) BEELSORGR, BELSABEFTEETH S5, c INHDOHE, A
TIVIER KRRV ER. AZBBTANY—DEBEETH S,



JAERI-Tech 99-050

B AV TRDZREBRMBETH 7145 2~ FORESHAE Fig. 5 1I2RT. 2 2T,
BEOBMETE  IZELWELTWS, T/, 747 A MuEBTIEBETEE/N S e
MTELRVD, TOBFICOWTIIIHIRLETOWEE 2 mil £ THIFEL 2o ZOS
BB TIRT T DREDN —RETH AEBII 7 1 7 2 7 FERSEHWV TA DFHEDHH
BV 5A DBFELI Y DAV EFDbh 5,

Fighld. £74 7 A FEFMBETORLMBEZREDE LTVED, 5T 1T AV
FNEFETOREYRES LTI, o745 A Y MERETORED 1) XrHWVT
KDDL ENTEBIRTTHB, 747 A FEHRN TA OBOHLIIEE (2798K) & 5
HEE 2, A & 6A TOHLIROMETRE X VIREY KD/ D% Figd IZAHTRY, 2
DRI, B S RDEEL I —HLTEY) ., FERBETOH.LEIREDHEEHE
EFBER NI Ehbhrb, T TOBRIN. T4 T AV MFTHR, 747X
M) B ESEHTEX L E A, Ja— VB EBERFHVE) L LTROLBES
EHEEE LT, 7474 PPHVWHBERKVHEDRESMIETETESIIRD S Z
LHETEDI L bh b, 70, RAEHOERTHV 0.25mm O 5%L =7 AR &~
YAFV T 4T Ay POBREXBINED? SRS, 10mm CE-T—ELERAI, Zhid
Fig. 5 W RTHRRLIDVRUTHLZ b o7,

4. 328

B2 0.26mm. B S 24.Tmm D 5% L =W AANF Y TAT VT AT A M BANSL TA
DEFRERCEREMBRL, FOXEZ CCD A AT TIREHBETAIEICEIND T4 T A b
BIlH> TORSHRESHEH, BEHEEN—EThh, WESTHL—ETHLHI LH
5. ABH EHEHEBEDONT U ARLKRDLT 45 A MREYEELLL, FHED
WERERL S TSI v 7 ORERANT T4 7 AV PORES A Z KDz, KFEIZED,
BHIZTATAY NORESAZHUETE DI b o7,

H
AEOEBRB LU T LOICHh, FFEHREK, BXERICTHOVAZETL

7o S22, DOV LET, T, ARLEFHATWLLZZEERIA Y 2L
TF & o =WERHFR S OMREERICEEH - LET,



JAERI-Tech 99-050

% I

1) HASHEE], SREARIR: B2 41, 332 (1998).

2) HMWER], RIE, SRHEMENE: JAERI-Research 98-20 (1998).

3) Tamura K., Ohba H., Okazaki T., Adachi H. and Shibata T.: Jpn.J. Appl.Phys., 37.
6651 (1998).

4) Halas S. and Durakiewicz T.: Vacuum 49, 331 (1998).

5) H: JAERI-M 9152 (1980).

6) R&BOARL, /METE—. SCHAEN: EZE 36, 203 (1993).

7y RFuAHI, SEHAENR: JAERI-M 93-243 (1993).

8) Ohba H. and Shibata T.: Jpn. J. Appl. Phys. 34, 4253 (1995).

9) ABEARI, SEHSENR: JAERI-Research 98-069 (1998).

10) Goodfellow H#A15.

11) Doma F. E. and May T.: J. Appl. Phys. 49, 5074 (1978).



JAERI-Tech 99-050

Vacuum Chamber

CCD Camera

Support Window

. l ND Filterl

Filament l

Monitor

E
]
4
’

\ /
Lens with

Terminal Bandpass Filter

Power Supply

Video Tape
Recorder

Image
Processor

Fig. 1 Schematic drawing of the experimental setup.
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(a)

Terminal Terminal

(b)

Fig. 2 Image signals of a filament heated with filament current of 7A.
(a) £=16. Transmission of ND filter was 0.25.
(by =16. Transmission of ND filter was 0.0039.
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Fig. 3 Spectral radiance profile of a filament as a function of distance from filament
center for filament currents of 5A, 6A and 7A.
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Fig. 4 Filament temperature as a function of filament current.
Solid line: Temperature determined from the energy balance between applied power and
radiation loss.
Triangles: Temperature determined from the radiation intensity ratio assuming the

temperature at the filament current of 7A.
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Fig. 5 Temperature distributions of a heated filament at the filament current of 5A, 6A

and 7A.
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