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Assume a raindrop can be approximated as a sphere of diameter D fal'ling with ;‘L
‘ -
2

velocity W, Use dimensional analysis to obtain an expression for the drag force

Fp, as it falls through air of Viscosity p and density p. (10%) : ';?5'

Consider modeling the flow outside the core of a tornado using a free vortex }“fj

(ug = E). The velocity is determined to be tangential at 30 m/sec at a distance of

500m from the center of the tornado. What is the circulation of the tornado?

What can you say about the velocity fieid? (10%)

Show that volumetric strain rate is zero for incompressible fiow. Discuss the
physical interpretation of volumetric strain rate for incompressible and

compressible flows. {10%)

Consider the steady, two-dimensional, incompressible velocity field, namely
V=) = (ax + BT+ (=ay + cx)j

Calculate the pressure as a function of x and y. (10%)

If you are requested to design an experiment to evaluate a mountain-valley
wind, which has a strong diurnal cycle, discuss the point you must consider to

obtain a good ensemble of measurement. (10%)
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6. Given u=3x+2yz+up

v=4xy+3t+vg
w=0
Where ug, vo are constant.
(a) Is this an Eulerian or' a Lagrangian desc;ription?r {5%)
(57) What is the local acceleration? (5%)
(¢} What is the advec‘ti.ve acceleration? (5%)

(d) What is the Eulerian derivative? (5%)

7. An airplane flies along 2 warm front northward at a sbeed of 360 km/hr. The
temperature at a ship anchored in the vicinity shows an increasé of 12°C/day. A
satellite measures a horizontal temperatUre gradient in thé weather system of
—0.06°C/km northward. Wha;c is the temperature gradient measures in the

airplane? (10%)

8. Consider steady, incompressible, laminar flow of a Newtonian fluid in the
nérrow gap between two infinite parallel plates. The top plate is moving at
| speed U, and the bottom plate is stationary, the disfance between these two
plates is h, and gravity acts in the negative z-direction. There is no applied
pressure other than hydrostatic pressure due to gravity. Calculate the velocity

and pressure fields, and estimate the shear force per unit area acting on the

bottom plate. {10%)
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9. Consider the following steady, incompressible, two dimensional velocity field
V=7 =x2+ (—2xy — 1)]
Is the flow rotational or irrotational? Sketch some streamlines in the first

quadrant and discuss. (10%)




