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Steady state error estimation and modification of
a shielded thermocouple
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Abstract: For high accuracy measurement of aero-engine exhaust temperature, a conju-
gate heat transfer (CHT) numerical simulation method was employed to estimate different
sources of steady state errors and their variation characteristics of a typical shielded thermo-

couple working at different Mach number condition namely 0.2, 0.3, 0.4, 0.5, 0.6. The
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results showed that under the Mach number less than 0. 3 working condition, the radiation
error took the highest proportion of total error, while at the 0. 6 Mach number, the conduc-
tion error was the main factor affecting the accuracy of measurement. To improve the meas-
urement accuracy of the shielded thermocouple, the influences of the length to diameter ratio
of the wire and inlet to outlet area ratio of the shield on the conduction error and radiation er-
ror were separately studied. The results showed that the conduction error can be significant-
ly reduced by reasonably increasing the length to diameter ratio of the wire, and as the de-
crease of inlet to outlet area ratio, the velocity error increased while radiation error decreased
there existed a best value of inlet to outlet area ratio to minimize the overall value of the
steady state error. Finally, the length to diameter ratio of the wire equal to 12 and the inlet
to outlet area ratio equal to 6 were selected to modify the primary shielded thermocouple. Af-
ter modification, the overall value of the steady state error was reduced by more than 50% in

these 5 working conditions, thus the measurement accuracy of the shielded thermocouple was
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improved.
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length to diameter ratio of the wire; inlet to outlet area ratio;
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Table 4 Steady state errors of the shielded thermocouple
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Fig. 8 Flow topologies in the shield tube
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Table 6 Conduction error varied with L,/D, at Ma=0.5

X1 L,/D, E./K 8/ %
O(JF ) 4.16 5. 66

1 8 3.52 37.8

2 10 1. 90 66. 4

3 12 1.36 75.97

4 14 0.93 83.57

5 16 0.43 92. 4
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Table 7 Steady state errors varied with & at Ma=0. 5

B D./mm =« E.,/JK E.J/K E, /K E/K

0 2 9.55  0.95 1. 36 5.6 7.91

1 2.5 6.00 1.41 0. 64 4.1 6. 15

2 3 4.25  4.56 0.61 2.16  7.33
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Table 8 Comparison the shielded thermocouple geometry

parameters before and after modification
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Table 9 Steady state errors and decreasing amplitude of the modified shielded thermocouple under different

working conditions

Ma E.n/K ¥/ % E./K  &/%  E../K o/ % E./K  AE=(E—E,)/K 2/ %
0.2 0.42 17.6 0.22 84. 9 3.95 53.2 4.59 5. 83 56

0.3 0. 80 27.3 0.33 85. 5 3.25 52.1 4.38 5.79 56. 9
0.4 0.81 50. 6 0.58 85.7 3. 49 37.7 4.88 6. 42 56. 8
0.5 1. 41 25.8 0. 64 88.7 4.1 28. 3 6.15 7.13 53.7
0.6 2.05 17.7 1.03 86. 3 4.61 21.6 7.69 8.21 51.6
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