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Some Consideration of Nonintrusive Thermometry for Solid Surface near Flame
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It is important for the research and development on combustors to measure temperature of burner and its surrounding wall. In the
present study, the influence of flame on radiation thermometry is examined spectroscopically for the case of measuring solid wall
temperature near flames using the multispectral CCD camera and the spectrometer. The influences of vapor and flame reaction are
shown to be specific error factors owing to flame. The magnitudes of those influences are, however, found to be quite different;
while influence of the vapor molecular band emission is below 10 C in the range of 500 to 600 C , the influence of emission of
flame reaction can be over 100 in the range of 700 to 800 C in the case of narrow band like 10 nm. Since flame reaction is due to
aerosol in surrounds and hard to predict, the measurement wavelength should exclude around 590nm (Na) and around 765nm (K) in
the case of radiation thermometry based on relatively shorter wavelength.
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Fig.2 Sample spectrum of flame
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Fig.3 Sample of acrosol enhanced flame spectra
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Table 1 Abundance ratios and observed intensity ratios of water samples

samole Abundance Ratio Intensity Ratio
P [K/Na; Wt%] [K/Na]
A 0.13 0.25
B 0.16 0.25
C 0.30 0.43
D 0.43 0.53
E 0.53 0.55
F 0.65 0.74
G 0.93 0.70
H 2.5 2.2
tap water - 0.19
Ambient - 0.44
rain - 0.59
yellow sand - 0.73
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Fig.4 Correlation plot of intensity ratio v.s. abundance ratios
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Fig.5 Transmission spectra of bandpass filters

770 nm (FWHM = 10 nm) & . ERKFEE O BED R /NRIC
%5 &) INBITEREL72ERTH % 600 nm (FWHM = 10
nm) K 08 780 nm (FWHM = 10 nm) % . Z12 2 st
FRICHAAARFBICHRE T2 EICED, TRHRAK
IR & B IREFHIAN OB A 72, FARIC, KELR DG
FENOFE L5 729512, 885 nm (FWHM = 30 nm) 3
£ 17945 nm (FWHM = 10 nm) @ [REFHI% 47 - 720 HI5E IS
7z 6 4 ) DNV FSXAT7 4 V¥ 045 E R
¥ % Fig.5 (2R3

CNHDNY FIRZAT 4 VE % 202D AT (MSI2/
SONY ICX285AL. 7 4 b1 ») IZHY AHF T, Ak o R
RIFZE W TRERIEZT o7 ZOB. 2%55 7 X
FIZiE, 2 AL v A, 25mm/F1.3 ® CCTV L » X (25
mm / F1.3, Computar) B £ 0" 105 mm/F2.8 D~ 7 T L > X (Ai
AF Micro Nikkor 105 mm / F2.8, NIKON) % i L 72,
WETICBI 220 ECOREHRE X, BEATRR Y2
D, 1 €7 Y720 O T [counts/sec/pixels] THETHM
T&E, 74— VI (exp [he/ AKT] >> 1) 2BV TIZINEA
BCTRSHEHTE S, [ =al® & LTFig6 lZRTHID L)
W74y TAYTRTHE, TNEFNTable 2D &9 7 E
TIWIIRG A= THEMEPFEIHTE 2, ThHD/8T7 =2
VTl FOBEAMIRE S 72 ) OIREED & IREME %
HHWEETH 5o

Fig7 (@) IR T L) IWCKFICHRELAZT VI (BEE20
mm) BXOAT Y LA (EZ03mm) Oz, Ein
SO T EIZRHRO/N—=F T L, Ll LY 2555
HFERATHREET 7. NS OWIE %, Bk OEEKIE
BB 2 P AR 7 W6 5 LB 40 A1 LS A5 L 72 D 7% Fig.7(b)-
(d) TH b,

> 600nm
e 590nm ey

Intensity[a.u.]

100 a3 3 0 o a2 2 1 . 4 4 3
700 750 800 850 900

Temperature[C]

Fig.6 Example of calibration curve fitting

Table 2 Model parameters of temperature calibration (Blackbody furnace
R2 [Ambient to 1100 C ], CHINO)

waveiength a b lenz
590nm 2.31E-37 13.58 25mm
600nm 2.29E-39 14.31 25mm
770nm 7.28E-33 12.32 25mm
780nm 2.16E-32 12.16 25mm
885nm 3.39E-37 14.09 25mm
945nm 1.13E-34 13.19 25mm
885nm 9.07E-30 11.38 105mm
945nm 6.36E-28 10.68 105mm
590nm 4.36E-43 15.53 105mm
600nm 1.13E-42 15.44 105mm
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Fig.7 Equivalent brightness temperature distributions in the various
wavelength. (a) visible image (40-700 nm), (b) 945 nm/885 nm, (c)
770 nm / 780 nm, (d) 590 nm / 600 nm
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Fig.8 Equivalent brightness temperature distributions of microburner

Table.3 Effects of flame reaction and molecular band emission

1 |FWHM I“[t;ﬁi]ty T[egpir"‘:“f]e [?CT] S1[%] lnft:::s:e Object
945nm| 30nm | 560 608 +8 | 22 H,O |SUS304 Plate
885nm| 30nm | 460 600 - - - (t=0.3mm)
770nm| 10nm | 1010 720 |+110| 460 K Al Plate
780nm| 10nm | 180 610 - - - (t=2.0mm)
590nm| 10nm | 350 770 +90 | 290 Na Al Plate
600nm| 10nm | 90 680 - - - (t=2.0mm)
945nm| 30nm | 2000 717 +1 2 H,O | Microbuner
885nm| 30nm | 2800 716 - - - (¢=1.0mm)
590nm| 10nm | 100 720 +13 | 50 Na | Microbuner
600nm| 10nm | 110 707 - - - |(¢=1.0mm)
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