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Optimal Thermal Design of Micro Hot-film Wall Shear Stress Sensor
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Nobuhide KASAGI, and Shoji KAMIUNTEN

““Department of Mechanical Engineering, The University of Tokyo,
Hongo 7-3-1, Bunkyo-ku, Tokyo, 113-8656, Japan

A series of numerical analyses of the unsteady conjugate heat transfer around a micro hot-film sensor are
made in order to improve its response in the wall shear stress measurement. It is found that the frequency
response of an ideal sensor is limited even in the absence of the heat conduction loss to the substrate. Heat
conduction in the fluid in the upstream direction and by-pass convective heat transfer from the diaphragm are
two major mechanisms of deteriorating the sensor response. Fabrication of a pair of dlits adjacent to the hot-film
resultsin considerable reduction of the tangential heat conduction in the diaphragm. A new shear stress sensor
is designed based on the present numerical simulation and fabricated with the aid of the microel ectromechanical
systems (MEMS) technology. Through the performance test in a fully-devel oped turbulent channel flow, itis
demonstrated that the frequency response of the sensor is much improved compared with that of the our previous

Sensor.

Key Words: MEMSS, hot-film sensor, wall shear stress, dynamic response
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Table 1 Material properties

Thermal Thermal

Density Specific Heat Conductivity | Diffusivity

plkgm] | C IIKKA |5 wmk) | o g
Platinum (PY) 2137x10°|  0.132x 10° 72| 255x10°
Silicon (Si) 2.33x10° 0.712x 10° 168 101x 10°®
zﬂfz”sf\;\t‘:')de 325x10%|  0.712x 10° 234|  101x10°
Epoxy 185x10° T1x10° 03] 015x10°

Air 1.184 1.006x 10° 0.026 21.8x 10°
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Fig. 10 Heat flow balance of different sensor designs.
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