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Design and measurement error estimation of a
shielded total temperature probe

JI Nian, MA Chaochen

(Institute of Turbomachinery and Turbocharging Technology, School of Mechanical Engineering,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: Ignoring the radiation error, the velocity error and heat conduction error of a shielded total
temperature probe under different working conditions were predicted by using the conjugate heat transfer
numerical simulation method. Results showed that the thermal conductivity error was kept at a small value
in the range of Mach number from 0.2 to 0.6; more than 90% of the total error was contributed by velocity
error; the maximum measurement error was 1.13 K, which was 331.62%, 119.4%, 61.6% and 59.5% lower
than the common structure A, B, C and D, respectively; velocity error and conduction error affected each
other, and there was an optimal solution to minimize the total error. It was applicable to the total
temperature measurement of isothermal incoming flow and high-speed non-isothermal incoming flow with
Mach number greater than 0.5. Finally, the influence of thermocouple junction position on measurement
accuracy was discussed. When the junction was kept away from the support from the design point, the

measurement error followed the change law of first increasing and then decreasing.

Keywords: shielded total temperature probe; thermocouple; structure design;

conjugate heat transfer; steady state error
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Fig. 1 Heat transfer diagram of thermocouple
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Table 3 Estimation results of measurement error of bare wire thermocouple using Moffat error estimation formula

Ma T;/K To/K E,/K E./K E./K E/K
0.2 325.1 325.7 0.65~1.00 0.38~0.44 0.002 1~0.002 8 1.03~1.45
0.3 327.5 329.0 1.45~2.68 0.76~0.89 0.003 7~0.004 9 2.21~3.16
0.4 330.9 333.5 2.59~4.03 1.21~1.45 0.005 7~0.007 6 3.80~5.49
0.5 3533 339.3 4.04~6.30 1.72~2.09 0.008 1~0.0110 5.77~8.40
0.6 340.6 346.4 5.82~9.07 2.25~2.78 0.011 0~0.0150 8.08~11.86
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Table 6 Error composition and increment percentage of
three shielded total temperature thermocouples

after modification when Ma=0.6

s E/K o0c/%  Ey/K  6y/% E/K /%

JEAY 0.115 1.014 1.129
1 0.048 565 1.306 28.8 1.356  20.1
2 0.077  -33.0 1.221 20.4 1.298 150
3 0.091 209 1.126 11.0 1.035 83
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