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Comparative Study of Radiation Pyrometer and Blackbody

Synopsis:

Toshio SHIRAIWA and Yoichki TAMAMURA

The characteristics of four types of radiation pyrometers in which Si cell, Phototube (Sl), thermopile,

and PbS cell are used respectively, have been studied.

Influences of emissivity variation, water film,

steam, and scale on pyrometer readings are measured. A rotary furnace is used as a model that treats

moving hot steel sheets.

As the standard of radiation pyrometers, a blackbody furnace and its effective emissivity has been inves—

tigated.
Results obtained are as follows.

1) The effects of emissivity variation, water film, steam, and scale on are smaller for the radiation
pyrometers using shorter wave lengths (<lu) than for those using longer wave lengths.
2) The temperature distributions of the spherical blackbody furnace are excellent at present momen
and the estimated effective emissivity is expected to be greater than 0-995.
(Received June 29, 1972)
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Table 1.

Specifications of spherical blackbody.

Type of blackbody
Temperature working range
Radiation cavity

Sighting tube

Effective total emissivity 1-0025
Heating element

Weight

136 kg

LAND (England) MT

400~1 150°C

Hollow refractory sphere with SiC lining. 300 mm Dia.
64 mm ¢ X 150 mm!

Kanthal “A” wire

Table 2. Measuring instruments for calibration.

Radiation pyrometer

LAND OQO 35/50/10 20mV at 1 250°C

Platinum-platinum 139, rhodium 0°'5 mm ¢

Blackbody LAND MT
Thermocouple
Potentiometer Y. E. W. P-7B

Standard cell
Electronic galvanometer

Switch for potentiometer

Shimadzu CSC-2
Y. E. W. VN-11 Max 0-2u V/div.
Y. E. W. 2745

Fig. 1 Rt .
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2.2.1 FEREHRESHBIERE

HIZE[BE % 600, 800, 1000°C Xt L, BORBDODIR
BieowT Thr BERE LD BICAIEETTR 27

Thermocouple for measuring
black body temperature

Thermocouple for
temperature controller

SiC
C Costablle
Sighting Adiabatic
tube concrete

Fig. 1. Construction of spherical black body.
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Fig. 2. Measuring point of wall temperature
and symbol of measuring point.
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{a) 600°C
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(c) 1000°C

Fig. 3. Inner wall surface tewperature distribu-
tions of spherical black body refer to
thermocouple.
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Table 3. Results of calibration of radiation pyro-
meter with spherical blackbody.

tp_tt,h
©900°c | 1000°C | 1100°C
No I blackbody | —3.8°G| —36°C, 01°C
No 2 blackbody :gg :i; _
No 3 blackbody | —3.0 | 1.} _
No 4 blackbody | —3.2 | —2:4 | —1°0
Average —379 | —2:93 | —0'35
o 0-88 135 0°86

tp : Temperature indicated by radiation pyrometer
(OQO 35/50/10)
ten ¢ Temperature indicated by thermocouple
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W A,B,C LI3EfRED, MAKFMIT 1~8 L4413 5%.
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TfIt ot FiR%E 30 min LLERFEF LD BBEIELZ T

-2k
] Black body temperature (°C)
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o T I T T T I | T 1 T
= B E ’
:5‘ “Er g O No | black body
- 8 o ® No2 .
-4} ° 8 A No 3 .
A O No4 v
: 3 2
-6 L 4

? = temperature indicated by pyrometer
& * black body temperature indicated by thermocouple

Fig. 4. Results of calibration of radiation pyrometer with spherical black body.
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Table 4. Specifications of radiation pyrometer used in experiment.

T £ omet Total radiation Pyrometer with Photo tube Infrared radiation
ype of pyrometer pyrometer Si Cell pyrometer pyrometer
Maker Tokyo Seiko Land (England) Hokushin Infr(aéeg Z{n)dustry
Type Number RP40L 0QO 35/50/10 KIIN, K23 TD-6B

Temperature range

600~1 800°C

700~-1 400°C

700~1 200°C

100~1 800°C

L/D and/or L/D=40 20mrad. D>20+0"17L 7 mrad. Min.
Min. target size D=30 mm ¢ 8-5mm ¢ at 250 mm target size 37 mm §
. 0-5~1-1 04~1'1p . .

Used wave length ~2:6p 084 p/;ak 0-8y peak 1-:7~2-2p

Detector Thermopile Silicon cell Photo tube (S1) PbS cell with filter
Ambient temperature

operating range ~B0°C ~30°C

On put 1-74mV 2-7mV 36-45mA 10mV

P at 1000°C at 1000°C at 1000°C full scale

7eofz. ZOFER% Table 3 kXU Fig. 4&?? IOTES?, RSB0 BRECLOTHIR Zh530D
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Fig. 5. Relative spectral sensitivity of
radiation pyrometers.
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General view of rotary furnace.

Photo. 1.
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Photo. 2. Appearance of steam.

Table 5. Results of response time measurement.

Rise time Fall time
Thermopile 1-2sec 1-2sec
Si1 Cell 7—<0‘4mscc <O:4mscc
Phototube *200mseg 3msec
PbS Cell 14msec 21msec

* Settling time within £ 5 % of final value
Y — A VBRER Lices < JHRERT (Total radia-
tion pyrometer) OfHEICKEK—FKZIE/H. C—~F 0 b
EFEERFEREY 1m sec JERFELLY 15sec THS.

3.3 RERER
3-3-1 JEBHE

[GEEEDBRESEFE Table 5 KRT. —RKEBhD
LEER L LTRLTWS. REEEEFTIAERAS
DIz dH3L E DRFICHREIIC /R 5 7o DB FIED L5%8)
PICILR T 5 E COEERMTRLTH 5.

Emissivity (€)
0 08 06 03

o
Optical pyrometer
Si cell and
~-50} phototube
Thermopile
:C, PbS cell
~ Slook Stefan-Boltzmar taw
s (calculated )
S
i
2
2 -I1S50}
1
(=Y
5
=
~200 |-

Fig. 6. Temperature errors of pyrometer due to
emissivity variation (i) 1000°C.
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Emissivity (€)
I’ 06 o4
T

(o] [oF:]
T T
-s0 | \\ ’
& —a— Thermopile
\ —x— PbS cell
\ —0O— Stefan - Boltzmon!aw
) \\ \ (catculated )
-1sof x
c\
-200 - \ \

Fig. 7. Temperature errors of pyrometer due
to emissivity variation (ii) 1200°C.

—e— Optical pyrometer

—o— Si celt and
phototube

=

Temperature error (°C)
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3:3:2 JUHEZTILIT X BERE

Fig. 6 X8 Fig. 7 1z 1000°C 3 X ¢* 12000°C
TORIEFREZTRT. HHEEX 004 »5 1°0 FTHlE
LTWa., BUICIERTELo 4 BoEESOE i FihlE
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FRANCH T ORFERRIT LTS .
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EFOEFRLIRDD L BRI 240D Ed1dHER
0:840'02 ¢H%. Lihi->oT 1000°C TOHIHIE
EEroERTEEESTT —15°C, Si kXU
TEEIRE A 21°C, Y —E,8A IO PbS &Ll
49°C Ttdh v, FRFEEIEWVEEFHEES D,

Surface temperature cf heated disk (°C)

750 800 850 . S00
T T A% ° T T
o
-toF ° % * = —o— Si cell
------ P e
-20}+ .. ----- - ———a . Phototube
-30 . e
® «
~ Surface femperature of heated disk (°C)
§ 750 800 850 200
5 T T T T
L3
5
E ---~&--— Thermopiie
w —-100
£ a -~ PbS cell
2 —— a
~——a A
-200 | T~ —~——._&
T~a = o TTE -~
x ;c\x a a
. X
=300 |- \,,\~“
x ~—
* Tt

Thickness of water film : about O'2mm

Fig. 8. Temperature errors due to water film.
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-100+ , . N é e
t —o— Si cell x
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[ e Thermopile " . :
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Fig. 9. Temperature errors due to steam.
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Output of infrared ~
radiation pyrometer
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Output of
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Fig. 10. Influence of loose scale and record
of peak-picker output.
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Table 6. Experimental results of radiation pyrometer.

Type of pyrometer Response time E;_‘::i;‘oflr:y * ‘ Water film *2 Steam *2
Thermopile 1-2sec ! —63°C ﬁ —200°C i —85°C
Si Cell <0 4msec § —30°C | —10°C f —27°C
Phototube | Rise time  200msec | —30°C | _17°C —20°C
PbS Cell 21msec —68°C —290°C —90°C
Optical pyrometer : —20°C
*1 at 1200°C, e¢:1—08 *2  at 850°C
TR D B GRH00: 1 o LA BT B & R T THBbDET S,

HZMZ L LEERMICHIATE 5.

KERFHC W TIRBEREEH Si v v EFRED
RENHHA XD, ENIKEDOD S EDADEET
Hof-. :

3.3.4 KEKDRBUIZ X HFR%E

BIEFHRZ Fig. 9 R T. AIERciEso&En%
W DIIKERDOR ST IR B EEEFH O LT—FiC
LIZ W=D ThD. H—F,840E PbS Lol
PEIRFEMNKE L, 850°C © —85°C, —90°C <THhh,
NEBEEIRED St v ETRENR —20°C, —27°C T
H Y, KIEKITH LT HEEDE VIR REN DLW

3.3.5 25— DB EIOY—2 Yy hORER

HlEfHR%E Fig. 10 @Ry, -7y 0 HAHLrE
FiFHHE N E DEIZ 10~40°C AL THKIE—2 o P
DRI — VT HEED b D, ©— b oy BiEE
DOITKFED, KELKORET DT SEINCHEHL S
%. »

D EOEEREES Table 6 WRLTHDH, REL
A BORES O WTREREECE WY Si vk Xk
UCWBEBESBSEHEERTFOWFRIECH LT b 8%
T,

4. & =

4.1 BREREFORDBGTR
BEFE S —5 o NN EOHEERFERZFIB LT

BAEHIGAESITCWS DT, FEORES, FEED

BAEORERER L CIREKFEAFZE L CREHT 201k

EHCEETHEDOTRD 2 S5 RELCERICERAL

T RBAERFOESBHBERELR T 5.

HE 1 FRECDWTRTELIBEHETH Y, »0%Eidi
QL NP a2 N

H5E 2 : FEDOMMERIIBE S X CEROEFER LW
D LTS . T ixbbFE K Efk(gray body)

4.1-1 2 SROMBEZEIMT >\
PRSI OV TR O Rk E 5 K
wEO—FERIE (1) ROXScET 5.

B(X) =Eo(T (X))} + (1—&) [ k(X, X)(EX)dS(X)

z 2T Eo{T(X)} : X, AickiFBIRE TX) &
DTHRE 5 BESE

E(X) + X SR s RERS O RKE D M
KX, X))t X & X, 02 SR oM R

e WH (REH) OlithE
(NRiwkXoTEFEEN S 2 RO HREVIFig. 11
WRT X552 ABOHEMd, 2H%BSEREAa,
BRET XSk dS(X), dS(X) kv (2)R Tk
A0,

k(X x,) =Sosacosp

— G (2)
ﬁ%%%@mowf%b6&kﬂhm VAN 1
HRiCis VROKRERICELST 5. Tbb
k(X,XQﬁE)};:Tﬁ—lﬁ—...........................(3)
7L R WEIROFEE

s (X.)

E(x): radiation normal to ds(x)

E’(x): reflection normal to ds(x,)
due to ds(x)

k(x,x1)=E'(x1)/E(x)

Fig. 1l. Illustration of &(x,x,).
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Table 7. Effective emissivity of spherical black body.
(1) Uniform temperature.

e : emissivity of SiC 05 06 0-7 08 09 1-0
cer(Xo) : effective emissivity of spherical blockbody 0-987 | 0-991| 0-994 | 0-997 | 0-999 1-0
4.1.2 EBHEY HObT —HR qhwv'ﬂXMw
BRI BT — 7y b8 (Xo £ F5) DIFEE  eor (Xg) met ——2" (9)

E TX)[K12b > TRERELT S L, £ AT
FINMHE eer (X)) W ()X TRDLIND.

o2 EX) B (T(X)
ot U TETXY) ¢ En(TX))
1—¢ E(X)
T arre ) BT (Xg) ) (4)
czT_ E(X) 4 Ep{T(X)} &
B (T X) ot Eyrayy ~/H) 2T
5 &
cor (X1) =ef (X)) +— sz cor (X)dS(X) oo (5)

REASMARES L (5) ROW2LEEFRICA S D
T, th# C tx<E cor(X)=ef(X)+C &7

cer (X1) —-sf(X,) +C=cf(Xy)
(ef(X) +C)dS (X) -

4 R, = (6)
(6)YR X hH C &k, BADEE RAARISEAS o &
L, A TESETE(7)R»ELRD
s(1—e)[j(X)dS(X) s(l—s)Rz‘foX)dm

4AR2—(1—5X/dSLX) 47R*— (1 —&) R¥4x — )
(7)
LtﬁorXaﬁ@%%m%zuﬁﬂﬁmxok%w,
#—4" s hER-(Xo) TOEZNMHE cer(Xo) ¥ (9) K
DXHTIHD.

C=

ea—qf.ﬂxww
4r—(1—¢) dr—an)

cer (X1) =ef (K1) +7

Normalized radius of sighting tube :
ol 02 03 04 05

096

094

Effective emissivity €4 (Xo)

0s2 -

. 12. Effective emissivity of spherical black

5]
R

body (i) Uniform temperature.

4 —(I—¢) (dr—wy)
4-1.3 [EESMB—RLE &
BESA—RR L ECE f(X)=1 &7x5. RD¥E

£ Ry, BARERDOEEFER R, L L 7=R/R, TE&ET?

& or b oo ORERIXA0)R E 7 D EBAERE (DK
DXl B,
=27 (L =1/ T=72 ) v, (10)
2e ... (11)

EeI(Xo)=1_1/1_T.‘,_|_e(1+1/1_72)
ERTHERLAFOK®ER AND L r=0227 XD
Zhy (1) wAhs e (12) ROX S5k DELX DMK
R (e) W LTCEIHE LAcd D% Table 7 R

2e
cer (o) = 7006 1 1-974¢ e (12)

Fio—fER0T, a0y, st LTHELALERS
12 2T

4.1-4 [BESAEZEBE LI L EOESIUHER
oo E L AN, »ORESHEERLILED
EShsErHET 5. Fig. 3 I TR LBE S OR|
EEE 15 B L<IE 17 5THEY, ThEPholREE
BIFNEOERE ThEh 10545, 17&H45 17020
BOBDOOREFEMBETHDLFELTEHETS. HLDlF
BEFE OISR K LCEE LS R%E Table 8 iR
T

4.1-5 SiC Djgt=

HIKFERNEIC T4 = s 3hTws SiIC oiEsy
EizllE TSz LR LV T, TERizT SiIC o
> — %% #~% L Fig. 13~Fig. 15 € R Lich O EH

Fig.

o

T

3
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T
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Fig. 13, Normal total emittance---Silicon carbidel?,
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Table .8. Effective emissivity of spherical black body

(i) including temperature distribution.

T Emissivity : ¢ ! ]
Tte— A 05 06 07 0-8 0-9 ' 1-0
Temperature T .
600°C 0-988 0-992 0-994 0-997 0999 1-0
800°C 0-985 0-989 0-993 0-996 0-998 1-0
1 000°C 0-987 0-991 0-994 0-997 0-999 1-0
Table 9. Example of r value.
'O [+ g_-d
o o9 D’m",%"/ oo \'Eemperature
os} G -~ t =800°C |z =1000°C
"o ° P Type of pyromm
g O° Si Cell 14 119
£ 07r .
T Thermopile 65 58
5 O6
S Law of Stefan-Boltzman 4 4
:«# OS5+ 4
E oal ’ Table 10. Errors calibrated with black body whaose
= emissivity is 0°995.
O3k, R L L [ ST I
04 0608 | 2 3 4 6 810 20 30 Nemperature ¢ =8000°C | ¢ =1000°C

Wave length ()

Fig. 14. Normal spectral emittance:--Silicon carbide!? .

(o]
09 . . o Normal

’ ' > 60° from normal
o8t : %ﬁ a 30° from normal
o7 “ o 45° from normal
nO6
05

Angular total emittance

) I | 1 | |

1 i
(0] 300 600 900 1200 1500 1800 2100 2400
. Temperature (K)

Fig. 15. Angular total emittance---Silicon carbide!?.

S

BEDF— 255, RICEELE2 AT EbbRek
BT & REED 2 DOEEMEER T ERTVEHDE
EXS. E-TDEEDD LT SIC Oftsi=Rn 0-8 L
EHsdoEBbns.

LEDHER X Y SiC 2AEL LAREERFR, £
Sh T EEH% 0°995 A LM TE 5.

4.1.6 HREBEEKFCREL-EEZDEE

LLED X 5 e Eshifsi= 2 0-995 DL EiFTE 5 2 &
XY, TOBKFTCHRIELAZESOEREPFPORIZI D
THREZEHTHERDX HILE 5.

ThRbLLMHBESTOHT3d 5IBE CEKC TRIE
Lict &, TORERET (13) XTRaEh 3.

E=FTn conieeneiniiniiaeieiiniiince . (183)

Type of pyromm

Si Cell 0-4°C 0-5°C
Thermopile 0-8°C 1-1°C
Law of stefan-Boltzmam 1-3°C 1:6°C

Table 11. Calibration error caused by temperature
' variation of black body.

Temperature |Heating rate|Cooling rate | Calibration
of black error
body (°C / min) { (°C / min) °C)
About %éﬁ %%5 _%g’v}g
1000°C 07~
075 1-1 —0-7~0"7
0-1 0-4 —0-1~0"3

ZZTE : AHREStOELHH
T : IRE [K]

(XD nDfEE > Y 2 b A lEieESt,
Y —E L VR RWERSHREST OEEZ KD 5 &, #iE
X2 TLELERBDH DD, Table Sk S5tk b,
FEEIRTERAINRTVWS DI S~ISDThs B
H5.

Table 9 DfEZ AV (14) KX D, E&hfsd= 0-995
PETLREFECHRE LEE4ETH8213 Table 10
DX ATy, 1000°C wTiHkiy 1°C THhbh, T
FADIZEREL LTI+ 5TH55.

k(T-—dT)”=eef-kT” ........................... (i4)
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BHIBES OEHElES X OB &P 2T 677

7 : true temperature (K)

: brightness temperature ()

04 | 47 7-n

C. : second constant {1'438 crn-deg) -
A : wave length (cm)

Errors of brightness temperature 47/ 7

8

0008 |-
0008 |-

0004 |-

L Il 1 i 1 1 Il

1 1 Il 1
6 8 1012 14 16 18 20 22 24 26
CiAT

Fig. 16. Erros of brightness temperaturc.

20 -

L ) A=25u

‘l r— 1 L —

600 800 1000 1200 1400 I 600
Temperature {(°C!

Fig. 17. Relation between temperature and C;/2T

4-2 REFFORBRORIBCDONT

W RIR R X OMR R CRREHEEST & FiR e~
BB & DB DER X UWFEORESHOLELE ED 7

DIBEMRETEZENEZONS.

1000°C fHETHFIBE NS L FLr rE3gict &
DOEEX & HEFHEESE (OQO 35/50/10) & DIFRDZ=
ZRDIDps Table 11 THS. ZOERITX B EHE

BREYTHCFERE < LD 0°5°C/ min DAR
DEBC KX ZHLERHELDOEEDNRS

4.3 EEEREORNRTILICEIRE
HEREORSREILC X 5EERI LT »5HELN
TW3BH, bhbREUTERT XS REE2ER LTk
DTS, ~
HERER 7o 0)'\'2L1;L‘1*Z9Z7##E@?’)£3§“60)‘W

ExKDLHDT, & M%%n&vﬁlrm¢«—/
@ﬂ(w)ﬁfﬁuf%é :
E(Z’ T)= E;q:_(é_‘/lT)(w) |
ZZT G, Co W XEET, e MHE, IMVEERETH
5. (IRELEMUSTHEU)RMBELNS. -
dE(, T)  de C, dT . (16)

E(/I,T) = . +2T . T tedsaneunace
TbbIBEDOELEDEN Cof2T fHETIHED
LRI D 22 VFBCFEST 570 Cf2T HKE
Vi SRR OZ LS RIREIC S X B RES L D
FEIRIRALRTWVWS. LI oTKEDOEATHIN
HELTELETECHELFIAT S L2 ZoXp
SEMTHDZLBbr B
WIIBEREDIREEKkD B L, I<MmbhTwbX
51 (17) A»skE D, £hz (18) RO X S5iKERT
5.

1 1 In e
o T — Ca cerenierie e e (17)
AT In ¢ . (18)
T (lne —C,/2T)
T BHEE [K]
Ty : MERE [K]
2 FERER
e AR
AT=T—-Thy
(18) K& &5 7t Lich oAt Fig. 16 THbH, D
Had (C/2T) LIREOBfRE kDb DA Fig. 17 T
b5b.
bbbt Fig. 16 & Fig. 17 7 SRR 0RE
RDTWD
5. & =

DAEDEBRERI D IROEHBE X D-

(1) ERBEEF ZREST S BRiF T, FEMH
(SiC) o WT IRk, PhBEZNET 5 & ERSTE
12 0°995 L EAEIIETCE, BEAE»LOTHICK 53821
1000°C T 1°C DINODIEETRETE 5.

(2) 4 @EOBLKFICO>VWTOELDE X 900°C T
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678 % & 0

59 &£ (1973) 5%

¢=0-88°C, 1000°C T ¢=1'35°C, 1100°C C o=
0-86°C T %.

(3) HiEHE, BLEESRECHELET 50T,
PRl &b 0°5°C/ min DINOZEBICE X X5
BN S D.

(4) DlEo3&xn L150°C £ ToifETEMRL
DOFHER E L TR L S %.

(5) TMWEROKAHEES %2 AV CRSERTFOETRE

CHxB HEE BELALS, TTCRESRTV SR
FOO0 LRI~ v, KK, ATED OVFhICH

LTHIEE L AT R26A UciRER SR 70 .

(6) =225y —LDFEHE, KER, KEDILED
AL T 555, FIERESHOWESE—TH D5,
RELLFEIEY — 2 BEFRFFC L 5 AR THESYWHTE
5.
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