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1. (20%) Please use the information given in the “Supplementary Information” to determine the stream
function (5%), coordinates of the stagnation point (5%) and velocity distributions (10%) for the

potential flow over a cylinder as shown below.

2. (4%) Please explain what the application of Reynolds transport theorem is.

3. (6%) Please explain, in terms of fluid kinetics, the physical meanings of the following two vectors
(where ¥ is the velocity vector) :

V-V and VxV

4. (20%) An incompressible, viscous fluid is placed between horizontal, infinite, parallel plates as shown
below. The two plates move in opposite directions with constant velocities, U and U, as shown. The
pressure gradient in the x direction is zero, the flow is laminar flow and the only body force is due to
the fluid weight. Please use the Navier-Stokes equations to derive an expression for the velocity
distribution between the plates.
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5.

(15%) A 30-mm-diameter shaft is pulled through a cylindrical bearing as shown in the following figure.
The lubricant that fills the 0.35-mm gap between the shaft and bearing is an oil having a kinematic
viscosity of 7.0 X 10™* m?/s and a specific gravity of 0.8. Determine the force P required to pull the
shaft at a velocity of 4 m/s. Assume the velocity distribution in the gap is linear.

’ Bearing « Lubricant
8 Shaft --»P-
05 M ——

(15%) A 0.2 m diameter piston is located within a cylinder that is connected to a 0.01 m diameter inclined
tube manometer as shown in the following figure. The fluid in the cylinder and the manometer is oil
(density = 800 kg/m?3). When a weight, W, is placed on the top of the cylinder, the fluid level in the
manometer tube rises from point (1) to (2). How heavy is the weight? Assume that the change in position

of the piston is negligible.

W 0.2m

Piston
Qit

(20%) A nozzle is designed to accelerate the fluid from V; to V, in alinear fashion. Thatis, V = ax +
b, where a and b are constants. If the flow is constant with V; =5 m/s at x; =0m and V, =
20 m/s at x, = 1 m, determine the local acceleration, the convective acceleration, and the acceleration
of the fluid at points (1) and (2).
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- Supplementary Information:

Navior-Stokes equation
AT -
p(——ét—+(V~V)V)= pg—VP‘l‘/,tV V

Summary of Basic, Plane Potential Flows.

Description of Velocity
Flow Field Velocity Potential Stream Function Components®

Unitorm flow at ¢ = Ulxcos a + ysin a) r = U(ycos a — xsin a) u= Ucosa
angle a with the x v = Usina
axis (see Fig.
6.16b)

Source or sink m m m
(see Fig. 6.17) ¢ =5 Inr b=5-0 U= o
m > 0 source v, = 0

. q
m < 0 sink
Free vortex _r _ I ) v, =0
| (see Fig. 6.18) ¢ =50 g= ~o—Ins r
>0 Vg = '2""
. s
counterclockwise
motion
'<o
clockwise motion
Doublet _Kcos 8 _ Ksing _ _Kcos 0
(see Fig. 6.23) b= Y= - v, = e
K sin 0
Upg = —
] r2

*Velocity components are related to the velocity potential and stream function through the relationships:
dp dd afr ad 1 1 a¢ Y
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