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1. It has been suggested that the angular velocity, w, ufa rotating body or shaft can be measured h;.-' uLLathing
an open cylinder of liguid, as shown below, and measuring with some type of depth gage the change o the
fluid level, H — Ay, caused by the rotation of the Huid.

a} Determine the relationship between this change in fluid level and the angular velocity. (4%)

b} At what angular speed (wy) would the fluid depth on the axis of rotation become zero (ie, fiy = 0)7
Calculate the minimum height of the cylinder wall required to avoid Huid spall at w = wy. [4%)

)] Suppose now that the cylinder wall is so tall that we do not have to worry aboul fluid spill. Sketch the
shape of the free surface for w > wy, and briefly explain how you may caleulate the free surface shape.
(You do not have to carry out the calculation.) (2%)

2. A two-dimensional liguid jet (having a density of p) of width & impinges at an angle # onto a smooth, Hat
plate, and divides into two streams as sketched. The ambient atmosphere is at a constant pressure p,. Assume
that the flow is incompressible and inviscid (i.e., no shear forces can be exerted by the liguid), and neglect
gravitational effects, Derive expressions for the T and y components of foree, and the clockwise torque, exerted
by the How on the plate (per unit length perpendicular to the fgure). Also, obtain expressions for the widths

by and b of the two streams parallel to the plate. [137%)

3. Consider a conical nozzle with exit radius a, inlet radius 2a and length 40a. An incompressible fluid of
density p and viscosity u Hows through the nozzle from a reservoir al pressure py = p, + Ap o the ambient
atmosphere al pressure p,. Gravitational effects are negligible.

a} Suppose you were unable to solve this problem theoretically, but set about making experimental mea-
surements on nozzles of various sizes “a" and with various fluids to find the mean exit velocity V, in
terms of the given quantities a, g, g, Ap, and p,. DBased on dimensional analysis, how would you plot
your results so as to determine the functional relationships with the greatest economy of experimental

effort? [7%)

b) Suppose that the flow is inviscid. Derive an expression for the mean exit velocity V, in terms of the
given quantities a, g, p, &p, and p,. (75)

¢] Now consider the opposite limit where the flow is highly viscous, so that the viscous forces are much
larger than the inertial ones. Derive an expression for the mean exit velocity V. in terms of the given
quantities. (8%)

d) Sketch the solutions (b) and (¢} on the plot which you suggested in (a), and indicate the regions of the
plot where one or the other of these solutions is expected to apply. [(3%)
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4. Using Navier-Stokes equations, determine the thickness of a filim of fluid moving at
constant speed and thickness down an infimite inclined wall in terms of volume 1low
g per unit width, {25%)

5. AIrat 27°C and 1 atm flows over a flat plate at a speed of 2 m/s. Assume the plate
is heated over its entire length to a temperature of 60°C. Calculate the heat

transterred in the first 0.2 m of the plate. The Nusselt number is given as
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Properties of Air at Atmospheric Pressure
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