Engineering Physics Computing // Spring 2005
Design Project

Due Date: Contest on Friday April 29. Short oral reports will be
given prior to the contest. All oral reports must make a
prediction of the anemometer rotation rate at the given wind
speed.

You will design an anemometer. You will design and build appropriate
replacement panels to the UCO Wind Tunnel so that the anemometer
and associated measurement equipment may be mounted on the
tunnel. You will also conduct tests to arrive at the actual rotation rate
versus air speed and plot your results in dimensional and
dimensionless form - for the latter plot compare your measured results
to the theoretical dimensional analysis results. The results will be
presented in class along with final construction drawings, materials list,
material costs, and an analysis of the performance of the apparatus.

You will need to construct the anemometer from readily available
supplies. A contest will be held on the date mentioned above to
determine which team can best predict the rotation rate of their
anemometer for a given air speed. Your anemometer must be small
enough to fit inside the wind tunnel. Rotation rates will be measured
with a rotation sensor - this sensor has a maximum measured rotation
rate of 4000 rotations per minute. You should look at how to mount
your anemometer to the sensor as well.

See team assignments on the following page.
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p5.1 We are given laboratory data, taken by Prof. Robert Kirchhoff
and his students at the University of Massachusetts, for the
spin rate of a 2-cup anemometer. The anemometer was
made of ping-pong balls (d = 1.5 in) split in half, facing
in opposite directions, and glued to thin (}-in) rods pegged
to a center axle. (See Fig. P7.91 for a sketch.) There were
four rods, of lengths = 0.212, 0.322, 0.458, and 0.574 ft.
The experimental data, for wind tunnel velocity U/ and
rotation rate {1, are as follows:

{1=0212 I =0.322 1= 0458 [=0574

U, s Q, vimin U, it/s £, v/minll, /s €, r/imin|l, /s (), r/min

18.95 435 | 18.95 225 | 20.10 140 | 2321 115
2220 545 |23.19 290 | 26.77 215 | 27.60 145
25.90 650 |29.15 370 |31.37 260 | 32.07 175
20.94 760 32,79 425 | 36.05 295 | 36.05 195
38.45 970 | 38.45 495 ] 39.03 327 |39.60 215

Assume that the angular velocity {1 of the device is a func-
tion of wind speed U, air density p and viscosity g, rod
length /, and cup diameter d. For all data, assume air is at
1 atm and 20°C, Define appropriate pi groups for this prob-
lem, and plot the data in this dimensionless manner. Com-
ment on the possible uncertainty of the results.

As a design application, suppose we are to use this
anemometer geometry for a large-scale (d = 30 cm) airport
wind anemometer. If wind speeds vary up to 25 m/s and we
desire an average rotation rate {} = 120 r/min, what should
be the proper rod length? What are possible limitations of
your design? Predict the expected {2 (in r/min) of your design
as affected by wind speeds from O to 25 m/s.

D=5cm




