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Dynamic response process of resistance temperature
detector based on LCSR method
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Abstract: The response time is a key factor affecting the dynamic measurement error of resistance
temperature detector. The loop current step response (LSCR) method can realize the in-situ
measurement of the response time of in-service resistance temperature detector. But the variable Joule

heat, internal and external influencing factors on thermodynamic heat transfer processes, the conversion
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relationship and order are still to be studied. Based on COMSOL Multiphysics software, a multi-
physical field coupling model was established to numerically study the coupling process of electric
current excitation, temperature field, and external flow field in the LCSR, focusing on the mechanism of
variable Joule heat generation of resistance wire involved. Consequently, the conversion relation
between LSCR method and plunge test was established. The LCSR dynamic response curve was
transformed by the third-order relation equation, and compared with the plunge test, the relative error of
response time was only 1.51%. A study on the factors affecting LCSR response time was conducted, and
the effects of external fluid flow rate, internal filling material and air layer on the response time were
analyzed in depth. LCSR and plunge test validation experiments were simultaneously conducted. The
comparison shows that the relative error between the simulation results and the experimental results of
the response time of LCSR method is 2.46%. The LCSR experimental data were converted by the
relation equation, and the results are compared with the experimental results of plunge test at three flow
velocities, and the relative errors are all less than 5%, verifying applicability of the established

conversion relationship to the experiments.
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Fig.1 Heat transfer model of RTD
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Fig.2 Schematic structure of platinum resistance temperature
detector
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Fig.3 Schematic diagram of the simulation model (platinum

wire diameter 0.1 mm)
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Tab.1 Thermophysical parameters of materials
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Tab.2 Dynamic response simulation working conditions of
platinum resistance temperature detector
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Tab.3 Thermophysical parameters of filling materials
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Fig.8 Dynamic response curves with different filling materials
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Fig.9 RTD response time test device
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Tab.4 Response time test results of LCSR method and plunge

test

Wty vk ul (ms) YR 7]/ s
0.2 1.164 1.175 1.170
LCSRi%: 0.6 0.700 0.693 0.695
1.0 0.487 0.490 0.485
0.2 2.101 2.109 2.104
LCSRi% 0.6 1.485 1.479 1.481
1.0 0.999 1.002 0.994
0.2 2.166 2.153 2.172
BAE 0.6 1.531 1.519 1.524
1.0 1.031 1.050 1.039
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Fig.10 Comparison of response time results at different

flow rates
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