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Fig.1 Geometry parameters and materials of the shielded
thermocouple (Unit: mm)
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Table 1 Thermophysical properties of materials used for
shielded thermocouple
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Table 2 Boundary conditions of numerical simulation
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Fig.2 Sketch map of computational domain
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Fig.3 Sketch map of mesh in the meridian plane (Unit: mm)
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Fig.5 Time averaged Mach number and streamline distribution
around the shield tube
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Fig.6 Mach number and streamline distribution of different
section
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Fig.7 Temperature distribution outside the shield tube under
different simulation methods
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Fig.8 Flow topologies and temperature distributions in the
shield tube
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Fig.9 Flow topologies and Mach number distributions in the
shield tube
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Aerodynamic and Heat Transfer Analysis of a Shielded Total Temperature
Probe

Zhang Weihao" %", Yang Weiping', Cao Baowu', Zahir Ummer', Zou Zhengping"*

1. National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics, School of Energy and
Power Engineering, Beihang University, Beijing 100191, China

2. Advanced Aero-engine Collaborative Innovation Center for Advance Aero-Engine, Beijing 100191, China

Abstract: The steady/unsteady numerical simulation method was used to study the aerodynamic and heat transfer
characteristics of a shielded total temperature probe. The effects of inflow Mach number and the ratio of inlet and outlet
area on the steady state error were discussed. The results show that, under the condition Ma=0.5, heat conduction
and radiation can reduce the maximum surface temperature of the shield by about 19K compared with only considering
convective heat transfer, and the airflow will form two main vortex regions in the head region and the middle region of
the shielding chamber, and the size of the renal vortex region in the middle of the shield chamber is the largest. The
velocity error and heat conduction error are sensitive to the change of the inlet and outlet area ratio, and the total error
increases rapidly with the increase of the inlet and outlet area ratio. At Ma=0.6, the exit radius is reduced from 1.5mm

to 0.5mm, and the total steady-state error of the probe will exceed 12K.

Key Words: shielded total temperature probe; steady state error; conjugate heat transfer; inflow Mach number;
aspiration rate
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