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1. (20%) The velocity field is given as 7 =x(1+207 + 3 (m/s). You can leave your answer in terms of
exponential. ’

(8)(5%) A particle passes (1,1) at =0 s. Find whereitisatz=3s.

(b)(3%) Find the acceleration in x direction at (1,1) at #=0s.

(c)(6%) Find the pressure difference between at (0,0) and (2,2) at ¢t = 0 s assuming density is 1 kg/m®.
(d)(3%) If this flow is incompressible, write down a partial differential equation that can solve density p (you
don’t need to solve this equation).

()(3%) Continue from (d), if density at (1,1) at #= 0 is po, find the density at (¢, €’) at t=3s.

2. (15%) A snow plow mounted on a truck clears a path of 3.6 m through heavy wet snow, as shown in Figure
1. The snow is 2.4 m Adeep and its density is 160 kg/m®. The truck travels at 48 km/hr. The snow is discharged
from the plow at an angle of45" from the direction of travel and 45° above the horizontal, as shown Figure 1.
Estimate the force required to push the plow.

6= 45°f'\

(in plane of blade)
d=2.4 ml

Figure 1

3. (15%) A table tennis ball weighing 2.45x10? N with diameter D = 3.8%102m at a velocity of U= 12 m/s
with a back spin of angular velocity @ (rad/s) as is shown in Figure 2. The air densitypis 1.23 kg/m?, and the
kinematic viscosity v is 7.6x10° m?/s.

(2) (5%) Determine, with the aid of dlmensmnal analysis, how the lift force L depends on D, U, w,p, and v.

(b) (5%) Explain briefly why a back spin totation can induce a lift force.

(¢) (5%) The lift coefficient Cr. is defined as shown in the vertical axis of Flgure 3, and its value is function of
D, U, and o («D/2U) as shown in the horizontal axis of that figure when the Reynolds number is 6x10%. What
is the value of @ of the ball is to travel on a horizontal path, not dropping due to the gravity?
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Figure 2

Figure 3. Cr as Re = 6x10*
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4. Multiple choice questions.
(1) (5%) Air flows through a well-insulated pipe and enters a section where the cross sectional area is smaller.
Viscosity, friction, and gravitational effects are negligfble. Select the letter of the correct statement

regarding the temperatures, 7, and pressures, P, of the air flow.

(a) PZ == Pl and TZ = T1 (b) PZ > P1 BIld TZ > T1 Air Flow \"———
P, —_— P,
’ (C) P2>P1 and T2<T1 (d) P2<P1 and T2>T1 T, T

() P, <Py and T, <Tjy —~

(2) (5%) Two tanks filled with air and connected by water-filled manometers are shown below. The water
levels are as shown. Select the letter of the correct answer for the gage pressure for Tank A.
(a) P, = +3" water (b) Py =+1" water @ Atwosphers
(c) Py =-+0" water (d) Py =—1" water :
(e) Py = —3" water

the force on the plate is? )

(@ ye=L/2 (b) y.=3L/2 (©) ¥ =h/2
(@) y:=3h/2 (&) yc = h/(@2sind)

® yc =3h/(2sina)

5. Consider the steady, planar flow of an incompressible and inviscid fluid (density p)ina right-angle
corner as given in Figure 4 (the stream function of the flow, 1 = Axy, where 4 isa constant).
(a) (5%) Show that this flow is irrotional.
(b) (8%) Find an expression for the pressure, p, at any point in the flow assuming that the pressure at the
origin, pg, is known. The y-axis is vertically upward and the only body force is that due to gfavity, g.
(c) (7%) If the x-axis is a thin wall with a uniform pressure, po, on its underside, find the vertical force on
that portion of the wall between x = 0 and x = 1. Assume unit depth perpendicular to the sketch.
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6. (15%) A tank contains 1 m® of water at 20°C (p = 998 kg/m’, p = 0.001 kg/ms) and has a drawn-capillary outlet
tube (wall roughness € = 0.0015 mm) at the bottom, as in Figure 5. Neglecting all minor loss and using the Moody

chart (shown below), find the outlet volume flux Q in m3/héur at this instant.
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