PROBLEM 7.3

KNOWN: Velocity and temperature of air in parallel flow over a flat plate.

FIND: (a) Velocity boundary layer thickness at selected stations. Distance at which boundary layers
merge for plates separated by H =3 mm. (b) Surface shear stress and v(d) at selected stations.
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ASSUMPTIONS: (I )Stefid) ﬂm\ [7} Bmlndary ayer appmmnnnonﬂ. are \'1I1d (3) Flow is laminar.
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PROPERTIES: Table A-4, Air (300 K, 1 atm): p=1.161 ke/m", v=15.89 x 10" m’/s.
ANALYSIS: (a) For laminar flow,
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X (m) 0.001 0.01 0.1

o ( mm) 0.126 0.399 1.262

Boundary layer merger occurs at X = X, when & = 1.5 mm. Hence
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(b) The shear stress is
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The velocity distribution in the boundary layer is v = (1/2) (vuee/x)  (ndf/dn - ). Aty =85, n1=5.0,f
~ 3.24, df/dn = 0.991.
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V=—p7 (li 89x 107" m“/sx25 mfs) (5.0x0.991-3.28) = (U‘Ul(v? /x )m,-'s.

X(m) 0.001 0.01 0.1
\-’(m,-"'s) 0.528 0.167 0.053

COMMENTS: (1)v <<ug and 8 << x are consistent with BL approximations. Note, v — @ as X —
0 and approximations breakdown very close to the leading edge. (2) Since chm =2.22x1 ()' s
laminar BL model is valid. (3) Above expressions are approximations for flow between parallel

plates, since du/dx = 0 and dp/dx < 0
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