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NUMERICAL ANALYSIS OF CONJUGATE HEAT TRANSFER INSIDE A THERMAL BOUNDARY LAYER
CONSIDERING THE EFFECTS OF A FREE STREAM VELOCITY AND A THERMOCOUPLE POSITION
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The error in measuring temperature profiles by thermocouple inside boundary layer mostly comes from the
conduction heat transfer of the thermocouple. The error is not negligible when the conductivity of the thermocouple
is very high. In this study, the effect of conduction heat transfer of the thermocouple on the temperature profile
inside boundary layer was examined by considering both free-stream velocity and a thermocouple position. The
conduction error of an E-type thermocouple was investigated by numerical analysis of three-dimensional conjugate
heat transfer for various velocity profiles of boundary layer and thermocouple positions.
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Fig. 1 Schematic diagram of a thermocouple
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Fig. 2 Schematic diagram of the present simulation
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Table 1 Material properties of constantan, chromel

and mixture

q Thermal
Material De“s‘%y Specific heat | ¢\ crivity
(kg/m’) UkgK) (W/mK)
Constantan 8,900 390 19.5
Chromel 8,500 448 19
Mixture 8,825 420 20
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Fig. 3 Temperature contours for the case without
thermocouple
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Fig. 4 Velocity field and temperature contours of the
reference case
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Fig. 5 Temperature contours(a) and streamlines(b) of 2D
simulation (X-Y plane)
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Table 2 The conditions of the simulations

. . . U | T
Conduction|Convection| Material @s) | (©
Case 1 0 0 Air 3 27
Case 2 O X Thermocouple] 3 27
Case 3 O 0 Thermocouple] 6 27
Case 4 O 0O Thermocouple] 3 14
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Fig. 6 Temperature contours of the four cases (X-Y plane)
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Fig. 7 Temperature contours of various thermocouple
positions (X-Y plane)
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