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Development of Wall Shear Stress Measurement Technique with a Thin Plate J
Submerged in the Sublayer
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A local wall shear stress measurement technique involving a sublayer plate was proposed in order to

T
|

determine the local wall shear stress using an easily fabricated device, and experiments were conducted in

order to investigate the accuracy and angular resolution in a canonical wall turbulent flow, namely, a fully

developed two-dimensional turbulent channel flow. |

The calibration curve generated by the two dimensionless parameters is independent of the ]
specifications of the sublayer plate and is not affected by the finite length of the plate, the streamwise |
length, or the spanwise width. The sensitivity of the sublayer plate is as high as that of the sublayer fence. {
If the plate is enveloped by the linear sublayer, the sublayer plate can produce a pressure difference |
sufficient for accurate measurement of the local wall shear stress. The angular resolution of the sublayer
plate is represented in the same manner as that of the sublayer fence. It is expected that the sublayer plate
can be used to detect the direction of the wall shear stress. Based on the comparison of plates of various
sizes, the plate width should be greater than respectively 50 times the thickness of the sublayer plate.
Note that, unlike the sublayer fence, the sublayer plate is easily fabricated. A unique calibration curve

must be obtained in a canonical flow field for each individual sublayer fence. In contrast, sublayer plates

can be used for wall shear stress measurement using a universal calibration curve, as with the Preston ‘

tube method.

The calibration curve generated by the two dimensionless parameters depends weakly on
the specifications of the circular plate in the linear sublayer. The sensitivity of the circular
plate is reduced slightly in comparison with the rectangular plate. If a cireular sublayer
plate of sufficiently large diameter is submerged in the linear sublayer, the sensitivity
remains approximately the same as that for a rectangular sublayer plate. A cubic
semi-empirical function fits the experimental data extremely well for a wide range of wall
shear stress angles of a = 0 to 90°. A circular sublayer plate with eight pressure taps was
designed and tested in order to detect the wall shear stress vector in a situation in which the
flow direction is initially unknown. The ratio of the pressure differences at two taps
neighboring the tap with the maximum stagnation pressure provides higher angular
resolution in comparison with the surface block gage and can detect the wall shear stress
vector over 360°. The circular sublayer plate with 8 pressure taps can measure wall shear
stress vector 1 complicate wall turbulence subjected to pressure gradient or cross stream

current such as flow on the aircraft wings.
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