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Numerical simulation and analysis of thermal conductivity

error for short type thermocouple
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Abstract; In the research of aerospace engine technology, accurate measurement of airflow
temperature in high temperature and high speed environment is usually required to evaluate the
performance of the engine. In addition, depth of the thermocouples insertion at high temperature airflow
is very short due to the restriction of geometrical space and sensor strength, which causes large thermal
conductivity error and affects the judgment of engine working characteristics. In this paper, research on
thermal conductivity error of short type thermocouple is carried out. A simulation model of thermal
conductivity error for short thermocouple is established. And the accuracy of the simulation model is
verified further. Through numerical simulation, the influence of thermocouple insertion depth, Mach
number of incoming flow, total temperature of incoming flow and substrate temperature on the correction
coefficient of heat conduction error was studied. The response surface model of thermal conductivity error
correction coefficient was established. The simulation results can provide an idea for the suppression of
thermal conductivity error of short thermocouple and provide a support for the measured data correction in
the application process of thermocouple.
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Fig.1 Sketch of short type thermocouple installation model
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Fig.2 Airflow passes around thermocouple wire
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Tab. 1 Parameters of airflow and thermocouple wire

p/(kg-m)V/(m-s") T/K d/m L/m Pr

0.417
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Fig.3 Variation of thermal conductivity error with

insertion depth at different total temperatures
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Fig.4 Variation of thermal conductivity error with

total temperature at different Mach
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Fig.5 Variation of thermocouple conduction error with

substrate temperature at different total temperature
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Fig. 6 Relationship between thermal conductivity error correction coefficient and

various influencing factors
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Tab. 2 Fitting value and true value deviation of thermal

conductivity error correction coefficient

(Tg_Td)

L/mm Ma T/K H, . A/%
/K

JOF

1 10 0.3 574.9 101.9 0.198 0.204 0.6%

2 10 0.3 876.3 103.3 0.254 0.250 0.4%
3 20 0.3 579.1 107.2 0.046 0.037 0.9%
4 10 0.5 878.2 100.2 0.235 0.240 0.5%

5 10 0.3 875.3 302.3 0.209 0.207 0.2%
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