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Ludwig Prandtl (1875-1953) was a German physicist born near Munich. He earned his Ph.D.
degree from University of Munich in 1900, and was trained in solid mechanics. In 1901, Prandtl
became a professor of mechanics at a technical school in Hannover where he developed many of his
most important theories.

Throughout the 18th and 19th century the top physicists and mathematicians of Europe
examined flows from a mathematical point of view. Many of them tried to construct potential flows
over bodies. Although the mathematics was elegant, it was recognized that such flows failed to
mimic "real” flows seen in nature. Furthermore, it was known that potential flows frequently
resulted in zero drag; a clear contradiction with everyday experience (d'Alembert paradox)!

In 1904, Prandtl delivered a groundbreaking paper, in which he described the boundary layer
and its importance for drag and streamlining. The paper also described flow separation as a result of
the boundary layer, clearly explaining the concept of stall for the first time.

PN SOV IR LA WLN—

2
2. Bernoulli’s Equation (p+ p-I;—+ gz =constant) is an expression for energy conservation.

The second term and the third term represent kinetic energy and potential energy, respectively.

But,
(a) Why do these two terms have the same dimension as pressure (the first term) in the above

equation, instead of the dimension of energy? What are their exact physical meanings in

the above forms? (10%);
(b) In addition to “static pressure”, what is the first term’s physical meaning? What kind of

energy form does it represent? Why? (5%)
(c) Under what conditions can the above form of Bernoulli’s equation be applied in a flow

field? (4%)

3. Please design a simple instrument for measuring air velocities in a turbulent air channel based
on things and technologies available now. Please:

(a) Draw a figure of this instrument (3%);
(b) Describe how to use it and explain its principles in fluid mechanics and other sciences (10%);

(c) Explain its advantages and disadvantages (2%); and
(d) Analyze its measuring error. (5%)
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4. The pantograph (828 5) of Taiwan High Speed Rail’s (5 Z#) Train Model 700T is a
small structure on the top of the train to collect electricity from the electricity supply wire as
shown in the following pictures. This small T-shape structure has some small holes to reduce the
drag force. To study this problem, we will consider the following variables: train speed U,
pantograph length /, pantograph diameter d, density of air p, viscosity of air 4, small hole’s
diameter / (assuming a round hole), average spacing between small holes s, and drag force D.
Use dimensional analysis method to determine PI terms. (20%)
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