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Analysis of steady-state temperature measurement deviation of
thermocouple sensors on aeroengine

SUN Haobo, MAO Xiaoqi, ZHU Chuanlong

(Shenyang Engine Research Institute,
Aero Engine Corporation of China, Shenyang 110015, China)

Abstract: In order to meet the application requirements of the aeroengines under harsh
working environment of high temperature, high pressure and high incoming Mach number, the
hot wind tunnel calibration and temperature measurement accuracy analysis were carried out for
the low-pressure turbine rear thermocouple sensor selected for an aeroengine, and the influencing
factors of temperature measurement deviation of the thermocouple sensors were identified. A tem-
perature measurement deviation correction method based on the derivation formula of convective
heat transfer coefficient was used to validate the calibration results. The results showed that the
modified method was reasonable and feasible, and the calculation results were in good agreement
with the measurement results, the deviation was less than 0. 6% in all test sites. Considering the
problem that the hot wind tunnel cannot fully simulate the real operating conditions of aeroen-
gines, the modified method was used to correct the calibration results, the deviation between the
correction results and the real air temperature was less than 0. 7%, so the low-pressure turbine
rear thermocouple sensors can meet the application requirements of this type of aeroengine.
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Fig.1 Simplified model of thermocouple sensor
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Fig.2 Sketch map of normal-temperature wind tunnel
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Table 1 Total temperature recovery rates

Ma i iE SRR
0. 30 A 0.999 1
0. 30 B 0.999 3
0.35 A 0.998 5
0.35 B 0.998 8
0.40 A 0.998 1
0. 40 B 0.998 4
F2 HERZE
Table 2 Speed errors
SWEE/K M i EERE/K
0. 30 A 0.495
0. 30 B 0.385
0.35 A 0.825
823
0.35 B 0. 660
0. 40 A 1. 045
0.40 B 0. 880
0. 30 A 0.630
0. 30 B 0.490
0.35 A 1. 050
973
0.35 B 0.840
0.40 A 1. 330
0. 40 B 1. 120
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Fig.3 Sketch map of high-temperature wind tunnel
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Table 3 Temperature measurement deviation

iH 03k A 22 /K

AR /K Ma i 3

0.20 A 1.59
0.20 B —0.09
0. 30 A 2.16
0. 30 B 0.19

823
0.35 A 1.72
0.35 B —0.54
0. 40 A —0.41
0. 40 B —1.62
0.20 A 9.71
0.20 B 7.61
0. 30 A 8.03
0. 30 B 6.66

973
0.35 A 9.58
0.35 B 7.84
0. 40 A 6.93
0. 40 B 6.13
0.20 A 15.19
0.20 B 14. 26
0. 30 A 13.72
0. 30 B 12.50

1173
0.35 A 7.81
0.35 B 9.89
0. 40 A 6.05
0. 40 B 8.37
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Fig.4 Change trend of temperature measurement deviation
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Table 4 Calculation of radiation error

AR/ K Ma a2 /K
0.20 3.40
0.30 2.80
823
0.35 2.81
0.40 2.44
0.20 8.68
0.30 7.07
973
0.35 6.62
0.40 6.16
0.20 14.01
0. 30 11.34
1173
0.35 10.52
0.40 9.85
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Table 5 Measurement of radiation error

SRR /K Ma 1 iE AR 2 /K
0. 30 A 1. 670
0. 30 B —0.190
0.35 A 0.905
823
0.35 B —1.200
0.40 A —1.460
0.40 B —2.480
0. 30 A 7. 400
0. 30 B 6.170
0.35 A 8.550
973
0.35 B 6. 960
0.40 A 5. 600
0.40 B 5.010
0. 30 A 12.910
0. 30 B 11.870
0.35 A 6. 460
1173
0.35 B 8.810
0.40 A 4. 340
0.40 B 6.930
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Table 6 Calculation of radiation error

AR /K Ma AR 22 /K
0.8 1.71
823
1.0 1.53
0.8 4.32
973
1.0 3.87
0.8 7.00
1173
1.0 6.26
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