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Analysis of Radiation Thermometry Errors in Gas Turbine
Combustors Under Different Spectral Bands
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Abstract: To address the issue of stray radiation signals interfering with measurement accuracy in radiation
thermometry of gas turbine combustors, a physical model was established that accounts for emissivity,
high-temperature residual wall reflections, and high-temperature gas absorption/radiation. An error cor-
rection model for determining true temperatures was subsequently developed. Quantitative sensitivity inde-
xes of model input parameters were analyzed across three distinct operational bands of an infrared thermal
imager. Results show that even in spectral bands with high gas transmittance, gas influence remains non-
negligible. Neglecting gas effects causes maximum relative errors of 9. 7% and 5. 5% for short-wave infra-
red (SWIR) and mid-wave infrared (MWIR) imagers, respectively. Sensitivity indexes of input parameters
vary across operational bands. Parameters with lower sensitivity indexes can tolerate greater measurement
uncertainties, whereas those with higher indexes require precise measurement.

Key words: gas turbine; combustor; radiation thermometry; error analysis

Y7 B H#:2024-06-03 1&iT B #8:2024-08-11

EE&TE :h ok B AR 55 9 % 0% 42 %8 B30 H (2022ZFTH004)

YEE BN SR B (2000, 5B W VLI K A, 8881 o 35 BRI 5 07 i) b R A< HL A S ) T A
SR GEEER) B, #80% .18+, E-mail : wuxch@zju. edu. cn,



. 1212 - FH A T B2 F K

545 B

H T B ACHE HLAS W7 ) o 2 o s ROR AR HE ik
J5 ) A SR LTy A TR B v R A 0
R HE R . DA RURHL N L E SF S
PERE 20 1 200 5 1 400 CH L, H 9¢.] %
A HE IR EE E A5 1 430~1 600 °CH, BEOE
JEE 1) 2 T X R S HE WL A BB A (0 T v YL R R R T
MR . R E AR AL A% O B, — J7 T
R 2 36 W R B FR AR A 53 — T T 7K 52 5 IR0 26 1Y
IR 55 I 1R TR AR L LA IR A P AR L e T
P2 1 S [FVE R S Kb = 1) ol 2 i R K i sk, A
MR HE ML AR A AT SEPE AR, PRk R R LR
I 5 PN RE TR L B85 1 A A L SR AR R OCEREE

H - e = e Tk B 0 et 5 vk — AT L4
2 fu D0 5k DL R A 4 A =R . B2 A SR L S T
POHL A PR BH L R TR L ARTIR ST Hop, R
LA P B 75 ) 32 B Mg T4, 0T H 2 s DR A 7
BLE RS R R = m R s R R BT, 2R
HL ) L AR B2 ) 1 IR e R, s TR R R 3R
FE T 00 2 40 4 0 T P o e TR S DA S B S e
i, AR Ak QIR T2 2 DUAR Bk O iy vk i
WA W A O S S ) R AT S EAT IR D & TR
A2 A IR, e S D0 TR R e 0 R 2% T DA A
PR be 5 AR B A5 8 O B A% A AR T
T 25 PR B8 X R 2 3 4 7 AR S ), DT S LA K
I T 4 3 32 W00 5 [ BT 6 S 00 30 925 R 0% 3 G A TR 18k
% = BE THT (1) UL B2 3 LA B IR e 25 BB i I 3, HL A T
TR o R AL A HAT, 32 S0 5 SR iR
e B ALIE LM B TR 2T M ARAL

IRV I D LV A AR 22 L AR R FE B R L
IRBe = AR TEVE 2 M8, IR =5 DO 2 vh o T =
FE R HRO 0 A2 A8 1) B 5% L 4 IR S 5 1 5
NS4 L 0 VR AR Ok R o B I R R
AR ST 52 ) 6 S D0 SRS 0 3 1 T PR R A R T 3R
T A 5 25 10 R 2 R TR R ST R R S A R TR R
A TSR R S O Reu - A NSS4
O R 22 AT T 4 Hr . m Y 45 A HITEMP
5 I 23 O T R A 0 s T R R AR 1 B A
WO, THEE T R S T e i e S I Y R 2
S0 B T HE A D R B AR e T
TR DX R R T A S I ) B R AT TS [ A
52 U B R0 A JoT il 2 0 0 3 2 SR B 5 e, O A AT T 4%
SN R U s E m a EU S T R
T A DN A A R T L S B 0 38R A 8L R T AN
[vi) A 28 %o A AN 2 BE 52 e H R, [N
BEXT IR A0 HE ML o8 & S0 0 I 4R 22 43 BT A G

5.

R 53 BT RR SRS LR 8 2 S DR v g a5 2 R R
Ko HEXF R 22 B B2, 7 SC )R FH 21 40 AR A4S 3 1)
J5 2R 8 5 B 2 R 2 Ty TS e TR R R A
BIUIR % 2 0 G DO ek 158 2 18 1E B Y, 43 ) o 3 21 ) 3k
PGACAS R T AR i B 5% el PR 3R T 3 BP0 5% 22, 043
BT 0 305 52 i PR 2R A B A g A S B0 Y R AR DA
R SR ALK B 2 5 S 00 3R 0 8 AR e B e
£ DL SO R 2 B IE R LS
1 MRFAE
1.1 REFRESH

1y 0k e = 0 S 0 ek 1 U 3 7 58 R g B A
B, HAp @ HERFIIR T HEE e WEFHF: N
WA NI T AR s hog 0 90 28 7% 15 0 BE 1
T 23 Yo R BE TR R R B 1 () S A WE S AR
958 2 A G I R AR AU T B L A PR AN R A
PRBE 3 HIMI L 38 Ik T 4G 2 e AE R AR & RE R 1 A W
ST LA B 6 N 838 3, ROk F W SR T 1 OE 4] TR
R PE 35 N BE THT (14 21 50 58 S 5 o B A S B il i o 72
HEL AN PSR ASCIE T B R R EE @, @, T D,
WE 1) i, Hodr, 2% 058 22k AL 35 & W &
SR AR 22 | e U TR A BE T S AR S R 25 LR IR RO
W/ TR 2% . SR Ah 7 S BRI R o AR e, 20 Ah R
2 — o B WA s S — 3 4 B T X
AN TR AR I B AT Dot 2 0 B i 25 S 238 1) 1 7
BERREAR L A B Mol w551 AR 48, JF B
FH T UL B T e G 1) 158 2 0 R RT3 O TGS
FE W7 B AT B IE , AR T 5% AN % 8 210 4 WL 5%
AL
1.1.1 A@AHFRE

H R R D0 AR 2 B 1 00 I R A A T B )
7 100 9 TET 11 i ST 3, I AR i SR SRR R EE AT A O
JIT LA 3 T 2 S 38 15 T 1 o e L ) 3R
1B IE M HERR M . BRPE S PN BE T 9 & S SR e 12 i
JEE R R A R TR S GRS B ko) 1 bR B T LA
2 THT L 52 S 230 1) 0 A S 00 3 ok A v ) A

BRAKE AL BA 58 25 BE THI A ) 368 &5 Ay T oo T 1Y) 7
Fe 4 4 (U0 Inconel 718) , Ho 3¢ 11 & S R A8 h 21 4h )k
BAL F3ARK -  AE TP 4L AN BE(3~5 pm) A 0. 6~
0. 8. FEK LA (7T~ 14 pm) IEFEFE 0.5 LRI,
UL AR SR R 2 (TBO) 832 I H TR A L
P PBETH TR THR be = R IR AR L #h s
TR Z R SRR P LM B (7T~ 14 pm) 230 T
1,56t F 761 0 BT 1 4 58 003 Al & A R AE



508 1

BRI, SRR R T R AR AR IE T SRR £ AT . 1213 -

Ca) MR T %6

(b) Yy FAs Y
BE1 A58 = S N3 0 0 T Ty 58 Ry BARE A
Fig. 1 Measurement scheme and physical model for combustor

radiation thermometry
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Fig. 2 Spectral transmittance spectra of CO; and H,O
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Fig. 3 Sensitivity analysis of emissivity, high-temperature gas transmittance, gas temperature and residual wall surface temperature in short-

wave infrared
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Fig. 4 Sensitivity analysis of emissivity, high-temperature gas transmittance, gas temperature and residual wall surface temperature in mid-

wave infrared
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Fig.5 Sensitivity analysis of emissivity, high-temperature gas transmittance, gas temperature and residual wall surface temperature in long-

wave infrared
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