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4. Consider a two-dimensional incompressible flow with fluid kinematic viscosity v in the (x,
») plane, where x and y are the streamwise and transverse directions, respectively. If Uy is
the free stream velocity parallel to the x-axis and 8(x) is the boundary layer thickness at the
downstream distance x, use dimensional analysis to find:

(2) the functional form of 8 = 8 (v,Up, x). (12%)
(b) the scale ¥ for the transverse velocity in terms of U, 8, and x. (8%)

5. A vortex sheet is formed by placing an infinite number of long vortex filament side by side
along a stationary straight line, as shown below, Let a rectangle ABCD with side lengths ds
and dn encloses a portion of the vortex sheet with equal distance from its two horizontal
segments. If all vortex filaments rotate in the clockwise direction with the same angular speed
and the horizontal and vertical velocities along four sides are given (see figure), determine

(a) the directions (to the right or to the left) of horizontal velocities iy and 14, along
segments AB and CD. (3%)

(b) the directions and speeds of vertical velocities ¢ and v; along segments BC and DA.
(4%)
(¢} the circulation around the loop ABCD. (8%)
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6. Air (T'=20°C and p = 101 kPa abs) flows at a rate of 2.5'm/s in 230 cm x 60 cm
commercial steel rectangular duct. What is the pressure drop per 50 cm of duct?
(Note: kinetic viscosity v=1.5 x 10" m?/s, resistance coefficient f=0.015 (¢4 ?o )

7. A 120-cm pipe is in series with a 60-cm pipe. If the rate of flow of water in the system of
pipes is 2 m*/s, what is the velocity of flow in each? ¢s4 70)
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1. Try to explain the following terms:
(1) characteristics of hazardous wastes by regulations;
'(2) soil washing;
(3) oxidation states of arsenic: and 7
(4) priority pollutants. (5% each)
2. Try to describe the contaminant and sorbent characteristics that influence sorption. (10%)

3. Try to discuss the conditions that should be considered for the occurrence of chemical
precipitation? . (10%)

4. Please compute the ionic strength of a groundwater sample, which has the following major
components: (1) Ca™: 234 mg/L; (2) Mg™*: 39 mg/L; (3) HCO5™ 290 mg/L; and (4) SO+ 408
mg/L, (15%)

5. A groundwater has Fe®* = 10 M and Fe** = 10°°M,
(1) Please calculate the pe (electron activity) at 25°C agsuming that the activities of Fe species
are equal to their concentrations. ‘
(2) What should be the measured Ey (redox potential) of this solution?
(Note: Fe™ + & =Fe”*  withpe' =13) (15%)
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