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1. (15 %)
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2. (30 %)

A F ¥% %] 4% # 7% (control volume method) - #X 3 & 8] 4+ & 4Z(cylindrical

coordinates)#®! X, &) Navier-Stokes equation ° (o is the normal stress and

z 1S the shear stress)
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3. (15%)

Static pressure P is measured at two locations along the wall of a laminar

boundary layer (as shown in the following figure). The measured
pressures are P; and P,, and the distance between the taps 1s small

compared to the characteristic body dimension (Ax=X,-Xx; << L). The

outer flow velocity above the boundary layer at point 1 1s U;. The tluid
density and viscosity are p and (£, respectively. Generate an approximate
expression for U,, the outer flow velocity above the boundary layer at
point 2, in terms of P}, P,, Ax, U, pand x.

Hint: You can solve this problem from the one-dimensional Euler's
equation above the boundary layer
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4. (20%)

As shown in the tollowing ﬁgure, a jet of liquid directed against a block
can tip over the block. Assume that the velocity, V, needed to tip over the
block 1is a function of the fluid density, p, the diameter of the jet, D, the

weight of the block, W, the width of the block, b, and the diameter, d,
between the jet and the bottom of the block.

(a) Determine a set of dimensionless parameters for this problem.

(b) Use the momentum equation to determine an equation for V in terms
of the other variables.
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5. (20%)

A laminar boundary layer velocity profile is approximately by

1J2_[_¥_] (l) for y<§,and
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' (a) Show that this profile satisfies the appropriate boundary conditions for
the boundary layer;

(b) Use the momentum integral equation to determine the boundary
thickness, ¢
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