Introduction to Fluid Mechanics Final Exam (sample exam)

NOTE: In multiple-choice questions, choose ONLY one answer.

Questions:

1. Consider the following three cases sketched below in which there is a gate that controls
the water flow from a water dam to a conduit. The gates can pivot around the points marked
in the illustrations.

If no force or torque is applied to the gate, please detail for each case:

e Will the gate open by the action of the water pressure or not?
e Incase it opens, in which sense will the gate rotate?

o ClockwiseU

o Counterclockwise ¥
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Provide a short explanation that justifies your reasoning.



2. A velocity vector V in two-dimensional flow is inclined at an angle 6 to the x-axis. The
resulting acceleration vector a

(a) will be always normal to V
(b) will be always parallel to Vv
(c) will have an inclination of (90-0) to the y-axis

(d) will have an inclination a to the x-axis which depends on the components of the
acceleration.



3. Two jets of liquid, one with specific gravity 1.0 and the other with specific gravity 1.3,
collide and form one homogenous jet as shown below. Determine the speed, V, and the

direction @, of the combined jet. Gravity is negligible.

/V1= 8m/s

0.2m

Vo= 12m/s



4. Consider uniform flow of water in the two channels shown. They both have the same
slope, the same wall roughness. Please choose one of the options and justify it:

* Q4<0Qp
* (Q4=0p
* (Q4>0p

e There is not enough data to choose one
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Note: it is not necessary to calculate any numbers, but a formula is compulsory to prove you
choice.



5. Consider a smooth sphere with diameter 20cm. Calculate the drag force when moving in
air at a velocity of 27 km/h and 75km/h. Briefly comment on the difference between the
resulting forces and the velocities.
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Note:use v =15-10"°m?/s and pg, =1kg/m3 to simplify your calculations.



Problems:

1. A thin plate having a width w and a height h is located so that it is normal to a moving
stream of fluid. Assume the drag force D, that the fluid exerts on the plate is a function of w
and h, the fluid viscosity u and density p, respectively, and the velocity VV of the fluid
approaching the plate. Determine a suitable set of = terms to study this problem
experimentally.



2. Given the following wind profile in a turbulent boundary layer flow over rough surface:

z(m) | U(m/s)
095 |3
3.0 4
9.5 5
300 |6

Find the value of: a) surface roughness (zo) and b) friction velocity (ux).



3. Water is circulated from a large tank, through a filter, and back to the tank as shown
below. The power added to the power by the pump is 270 W. Determine the discharge
through the filter. Neglect other component head losses which are not shown in the below

figure.

KL elbow —

KL exit = I.

F|I ter

=17

L filter — =12.0

KL ent — 0.8

60 m of pipe with 3cm diameter
=001



4. Consider a trapezoidal channel which bottom is 3.0m wide and the side slopes are 1.0m
vertical to 1.0m horizontal.

A) If the discharge is 10 m3 /s and the flow depth is 1m, is the flow subcritical or
supercritical?
B) If the discharge is 20 m3 /s determine the critical depth.



