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1. Given the steady two-dimensional velocity distribution

Peie y)

{a} Is the flow incompressible 7 ($%)
{b) Find the acceleration of a fluid particle. {7%)
{¢) Compute and sketch the streamlines of the flow, {8%)

2. Consider & falling lquid film on a vertical plate as shown with fully-
developed laminar flow distribution. Determine

(a) the velocity distribution in the film,

{b) the film thickness ( & ) if the volumetric flow rate per unit plate width
18 Q.

(c) the shear stress on the plate due 1o the liquid film flow.

(Assume the liquid densily and viscosity is o and g, respectively )
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3. In an apartment water comes from 2 tank on its roof (hrough a circular pipe
with an inner diameter of 2.54 cm. The vertical distance from the lank
cutiet to the pipe owtlet in the apartment is 30 m and the total pipe length is
40 m. Along the pipe there are three 90° regular bends and 3 globe valves
Estimate the maximum possible flow rale and velocity of the water supply
in the apartment. Is the flow tarbulent ? Do you expect a larger flow rate
from the same system during a hot summer day ? Why or why not 7 (20%)
The following information is also provided.
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— The average pipe roughness is 0,254 mun.
The viscosity of water under room temperature (20°C) is 1% 1073

N*sfmz

— The loss coefficients for the 902 regular bends and fully open globe valves
are 1.5 and 8.2, respectively, Neglect the pipe entrance and exat loss
coefficients. . ' .

— A Moody chart is also given below
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4. Consider a laminar Dow over a flat plate with a free stream velocity of 1,
using the momentum-integral analysis and assuming that the velocity profile
in the boundary layer is u{x, y)yU=2y/ § -g;rzf & 2} D=y = J (x), to show that
& x=5.5/(Rey )", and Cg=0.73/(Rey ), where uf{x,y) is the fluid velocity

in the boundary layer, & is the boundary layer thickness, x is the distance
from the leading edge, y is the distance from the wall, Re, is the local

Reynolds nmnber defined as Rey =Ux/ v, ¥ is the kinematic viscosity of
the fluid and Cyis the skin-friction coefficlent, (20%)

5, Consider a piping system with two parallel channels, which have comman
ends. The channel length is L. The diameter for the channel 1 is I» and for
the channel 2 is 203. ‘The total mass flow tate through the system is W.
Assume the pipe wall is smooth and the flow is turbulent. Thus, the friction

factor can be evaluated by the Blasius equation : £0.316/Ref23

(a) Neglect all minor losses, determine the mass low rate through each
channel.

(b) If an erifice is to be installed at the iniet of the channel with a larper
mass flow rate to make the flow rate in both channels be the same.
Obtain an expression for the loss coefficient of the inlet crifice.

(¢} IU the How 15 larninar, repeat{a}. (20%)

(Assume the fluid density and viscosity is p and g, Tespectively.)




