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ME:5160 Fall 2020

The exam is closed book and closed notes.

An approximation for the boundary-layer shape is the formula:
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Where U is the stream velocity far from the wall and ¢ is the boundary layer thickness, as in the
Figure below. If the fluid is helium at 20°C and 1 atm (p = 0.1664 kg/m?; u = 1.97E-5 kg/m-s),
and if U= 10.8 m/s and ¢ = 3 cm, use the formula to (a) estimate the wall shear stress 7,, in Pa,
and (b) find the position in the boundary layer where 7 is one-half of z,.

Equation: 7 = uz—;
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Solution:
(a)

T, = Ju@| —,rf(UicogE) _ THU +4

" gy 0 25 2870 265

- a(l97E —-5kg/m—s)(10.8m/
Numerical values: 7,, = ( g/m=5)108m/s) = 0.011 Pa 43
2 (0.03m)

(b)

The vanation of shear stress across the boundary layer 1s a cosine wave, 7 = u (du/dy):
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  𝜏 = 𝜇   d u  d y

