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Calibration technology of high-temperature thermocouple
for combustor exit of an aero-engine

YANG Can, WU Wei-li, XIONG Yi-bin, YAO Zheng-rong

(China Aviation Powerplant Research Institute,
Aviation Industry Corporation of China, Zhuzhou Hunan 412002, China)

Abstract: The high-temperature thermocouple for measuring aero-engine combustor exit
temperature were calibrated in the high-temperature wind tunnel, and radiation correction
coefficients were experimentally determined for two types of non-cooled and air-cooled ther-
mocouples. Results of the calibration experiment presented that the radiation errors decreased
with increasing airflow velocity and pressure, and it became greater when the temperature differ-
ence increased between the airflow temperature and aero-engine case wall temperature. Compa-
ring the two types of thermocouple, the measurement errors of the non-cooled high-tempera-

ture thermocouple were smaller than the air-cooled high-temperature thermocouple.

Key words: high-temperature thermocouple; calibration; radiation correction coefficient;

error; combustor exit temperature; aero-engine
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Fig. 1 Air-cooled high-temperature thermocouple
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Fig. 2 Ceramic high-temperature thermocouple
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Fig. 3 Air-cooled high-temperature thermocouple

for calibration
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Fig. 4 Non-cooled high-temperature thermocouple

for calibration
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Fig. 5 Sketch map of high-temperature wind tunnel
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Table 1 Comparion of the conditions between design

points and calibration points

RESH  Ma »/MPa T,/K T,/K
#its 0.11 1. 645 1933.0 1073
PRz 0.2 1. 645 2035.0 1073
W 5 0.2 0. 10 2032.4  693~1103
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Table 2 Radiation correction coefficients of non-cooled

high-temperature thermocouple

L Ma p/Pa T,/K  T;/K AT,/K T./K K,

0.204 101223 1273.0 1239.4 32.3 655.7 0.743
0.200 101394 1567.5 1501.7 64.2 692.2 0.677
0.206 101397 1764.4 1677.8 84.9 765.7 0.598
0.393 100061 1782.7 1759.9 15.7 881.8 0.128
0.394 100048 1878.9 1827.7 43.7 991.9 0.349
0.395 100037 1960.6 1943.3 9.5 1100.9 0.056
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Table 3 Radiation correction coefficients of air-cooled

high-temperature thermocouple

sz Ma  p/Pa T,/K  T;/K AT./K T./K K,
0.204 102071 1267.7 1193.9 72.6 686.2 1.995
0.206 102057 1571.9 1463.9 106.4 743.5 1.288
0.205 102079 1767.1 1641.1 124.2 776.2 0.952
0.393 100476 1769.2 1694.8 67.3 889.7 0.645
0.397 100473 1863.1 1767.6 88.1 924.0 0.734
0.396 100468 1977.1 1887.6 81.6 1031.1 0.526
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Table 4 Recovery characteristics of high-temperature

thermocouple
UL 11 RS TE R AL

Ma  Jepit S| ol K8s

PR R SRR R
0.2 0. 85 0. 85 0.001 0.001
0.4 0. 85 0. 85 0. 004 0. 004
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Table S Radiation errors of non-cooled high-temperature

thermocouple
T,/K p/Pa Ma K. T./K AT./K
1273 487784  0.11 0.743 873 18.9
1373 813958 0.11 0.720 923 19.5
1473 949480  0.11 0.698 973 23.2
1573 1101187  0.11 0.674 973 28.1
1673 1150270 0. 20 0. 634 973 25.1
1773 1158777 0. 20 0.128 1023 6.4
1873 1152574  0.20 0.348 1023 21.8
1973 1154080 0.20 0.056 1073 4.3
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Table 6 Radiation errors of air-cooled high-temperature

thermocouple
T,/K p/Pa Ma K, T./K AT,/K
1280.6 514790  0.11 1. 965 873 49.9
1374.9 522952  0.11 1.746 923 58.7
1473.6 520989  0.11 1.516 973 67.6
1577.1 968019  0.11 1.279 973 57.3
1673.9 1121526 0. 20 1.112 973 44. 6

1775.4 1156801 0.20 0. 650 1023 32.3

1874.0 1162129 0.20 0.714 1023 44.6

1973.2 1151444 0. 20 0.527 1073 40. 3

2029.9 1150922 0.20 0.527 1123 44.6

AR i A A A R HE AT S A LR Y 4 AT
4518

1) iy i A r F 1 4 S 16 I 2R 00 B O T
A3 T  CURAE AR i AL 1 X 3T A B X D 2D L I
AP S 45 T 2 AR /) o A B R 2 L A O AR

2) — Bt OL T R BE A TR R IR T
S By AUAL I RE 7 3t 52+ g il B4 oL A8 110 A B i 3R
S5 B THT 74 AR B AL [P B T 2 ) T R T 9 A
S8 TE 2R B0/ RO A B 5% 2 L R R AT

3) AU R IR R G IE AR B R e BOK L B
AU T AR 6 A8 TE R B0 ) i SR 22
W ARG HABE =t IFT AR 0 ) T g — BT A v o PR ke
I ke L RE ) R R A DR g AR
F8 A A 1R 25 AN K

4 LU 2 A R S e R R A ARV 2D
A o T AL A 1 00 3R 22 B 0% S R A L
AR AR A8 /0. 32 E T AR08 2 T A A A AR
R i JRE B 3 3 R R 22 R B LA

S 3k :

L1 Al A SO, i PRl (A2 )40 - P . 212009 20109714, 5
[P]. 2010-05-19.

[2] Zf8 BEUR. w2 RS R 40 b W & & R 1L PR

LI BESELT ] PR 5 HOR 2004, 3(3) :255-260.
LI Maode, CHENG Huier. Theoretical analysis of heat
transfer of ceramic regenerator in high temperature air
combustion system[ J]. Journal of Thermal Science and
Technology,2004,3(3) :255-260. (in Chinese)

(3] ®mZe. JIFI7-1997 i 2 1 B 45 i G ik 22 i [ S, AL &t
o K B . 1997.

4] B, m S M] Bl Bl 20l R4 sk,
2001.

[51 WALl k. s khHL<sh S 8o & LM, Jt s . = By
Tooll Hi R - 1980.

6] ZER. RN IM. dbut . b i L, 1986.

[7] Simmons F S. Recovery corrections for butt-welded,
straight-wire thermocouple in high-velocity, high-tempera-
ture gas streams[ R]. NASA RM E54G22a,1957.

[ 8] Williamson R C,Stanforth C M. Measurement of jet engine
combustion temperature by the use of thermocouples and
gas analysis| R]. SAE Technical Paper 690433,1969.

L90 R MU R SRR 2 s 1 IR 37 88 e P
WFFE LT, PR BAAL2S Lol 24 BE 2% 42, 2003, 20(4) : 1-4.
CHENG Xinrong,ZHANG Baocheng. The stabilization in-
vestigation of the combustor exit temperature field in aero-
engine[ ] |. Journal of Shenyang Institute of Aeronautical

Engineering,2003,20(4) : 1-4. (in Chinese)



774

LRI

[10]

[11]

[12]

[13]

s 2% 0 . SR R S AL R SR RS IR B 4 A B BIF O
O] A 1997 .18(5) :69-72.

ZHANG Hongbin, LI Guangzhong. An investigation of
temperature profile before and after turbine in a type of
engine[ J . Journal of Propulsion Technology,1997.18(5) :
69-72. (in Chinese)

WELTT B SR AU SRR ML e = I 3 Y BB AR
SR ]. RS K2 E . 1988.,22(1) 1149,
CHANG Hongzhe, LUO Manlu,ZOU Yunfeng. Numerical
caculation and experimental study of fluid field of combus-
tion chamber of gas turbine[ J]. Journal of Shanghai Jiao-
tong University,1988,22(1) :1-9. (in Chinese)

RAEE LR TS, R IR T R K AR RO 5w R R S B
[RI VG bk op B 003K 4 42 48 0 W B AR 1h g
43,2007,

BV SC 507, 56 T4 v T B2 % JR% 0 0 3o of B BE 4 O ¥k

[14]

[15]

[16]

[17]

[18]

FELRL TG Rk o [ i 2 2 86 8 DK B R 1
42,2007,

BR vk, 58 7R SR B SO v ek B SR LR DL 0
FEAR s o B R 2 5 O T 3B AR i 8 2% . 2007,
SR AT S 80N 5 A LML b 50 3 AR KA R
#t,2001.

Seadron M D, Warshawsky 1. Thermocouples for jet-en-
gine gas temperature measurement| R]. NASA E78,1972.
PR . XU 330 B i 18 22 508 AE LM, dE st : [ B Tl
A, 1996,

Bl S T I P A Y BT AR E R B R [ DL
b ¥« b1 3238 K 2, 2005,

YANG Can. The researchment of design and calibration of
thermocouple probes for measuring flow temperature[ D].

Shanghai: Shanghai Jiaotong University,2005. (in Chinese)

(¥R A



