MTFO053 - Fluid Mechanics

2022-10-28 08.30 — 13.30

Approved aids:

— The formula sheet handed out with the exam (attached as an appendix)
— Beta - Mathematics Handbook for Science and Engineering
— Physics Handbook : for Science and Engineering

— Graph drawing calculator with cleared memory
Exam Outline:

— In total 6 problems each worth 10p
Grading:

number of points on exam 24-35 36-47 48-60
grade 3 4 5




PROBLEM 1 - TANK FrLow (10 p.)

The water tank in the figure below is evacuated through the pipe at the bottom and continuously
filled from the top with a flow rate such that the level is constant at A = 0.20m. The pipe
diameter is d = 0.01m. The water holds the temperature T" = 20°C. The pressure at the pipe
exit and at the water surface at the top of the tank is the atmospheric pressure.

(a)

(d)

|

D

Tank problems are often solved assuming that the fluid velocity at the surface is zero.
Obviously, the fluid velocity cannot be zero, but it is often a good assumption. The as-
sumption gets better as the ratio d/D decreases. Calculate the ratio d/D such that the
error is 0.01%. (6p.)

If @ is the flow rate obtained with V; # 0 (the velocity of a fluid particle at the surface)
and Qg the flow rate that you get if you assume that Vi = 0, the error is calculated as
follows:

Q — Qo
Q

For the calculated ratio d/D, calculate the flow rate by which the tank is filled from above
and the velocity at which water is leaving the tank at the bottom. (1p.)

error = '

Explain the difference between streamline, pathline, and streakline. Under what circum-
stances do these three line types coincide in a fluid flow? (1p.)

When in use, the fluid in a fire extinguisher is flowing out from the tank through the hose.

Describe the difference between
d
, and — </ 5pdV>
system dt cv

dB
dt

if the extensive property B is fluid mass and if the control volume (CV') is fixed and

aligned with the tank surface. (2p.)




PROBLEM 2 - TENNIS BALL (10 p.)

For the tennis ball in the figure, the velocity along the streamline A — B is given by

R3
V =u(x)e, =V, <1 + :153) e,

where R is the radius of the tennis ball and z is the coordinate from the center of the ball
positive in the flow direction.

(a) Assuming the flow around the ball to be steady-state, derive an expression describing the
acceleration experienced by a fluid particle along the streamline A — B (5p.)

(b) At what axial position will the magnitude of the acceleration be the biggest? (2p.)

(c) The diameter of a tennis ball is 2.7 inches (68.58 mm). When a professional tennis
player serves, the velocity of the ball can reach velocities of up to 200.0 km/h. What is
the maximum magnitude of acceleration that a fluid particle approaching the stagnation
point at the front of the tennis ball will experience at this velocity? (2p.)
note: it is a ridiculously high value

(d) Finally a question related to another sport. Why do dimpled golf balls have lower pressure
drag than golf balls with smooth surfaces? (1p)



PROBLEM 3 - NoT A Bic Fan (10 p.)

Dy =0.6 m

- Vo =12 m/s

An axial-flow fan installed in an air ventilation system is driven by an electric motor marked
0.4 kW. The flow velocity in the air intake ahead of the fan can be assumed to be zero and after
the fan, the fluid velocity is 12.0 m/s. The duct in which the fan is installed has the diameter
D = 0.6m.

(a) Based on the data provided above and assuming that the flow is adiabatic and that the
pressure is the atmospheric pressure both upstream and downstream of the fan, calculate
the efficiency for the fan installation. (6p.)

hints:

e A fan can be represented as shaft work added to the flow in the same way as shaft
work can represent a pump

e Efficiency (n) is defined as the energy that has been transferred to the flow by the
fan divided by the energy consumed by the electric motor

e Head (dimension [m]) can be converted to flow power (dimension [W7]) by multiplying
with mass flow (1 [kg/s]) times gravity constant (g [m/s?])

(b) What does @Q and W in the energy equation represent? (1p.)

(c) What is the physical meaning of the terms in the energy equation on the form given
below? (1p.)

dT

dt

(d) The Bernoulli equation on the form given below is derived for steady-state, incompressible,
frictionless flow along a streamline

pCy— = kV?*T + &

1 1
p1 + ,{/12 + gz = P2 + —V22—{—gz2 = const
p 2 p 2

In what ways are the Bernoulli equation more limited than the energy equation on the
form given below? (2p.)



PROBLEM 4 - VALVE TEST (10 P.)

CLOSED

OPEN

Body

A large check valve designed to be installed in a water supply system is to be tested in model
scale. The full-scale valve has an inlet diameter of D, = 0.6 m and the water system is supposed
to be able to handle water with the temperature 7' = 20°C' at a flow rate of Q = 0.85 m?/s.
The reason for doing the test is to get estimates of forces on hinges and installation bolts. Geo-
metric similarity and Reynolds number similarity is assumed to be sufficient to obtain dynamic
similarity.

The following constraints are given by the test facility:

valve inlet diameter

70 mm < Djnier < 140 mm

flow rate
Q <0.20 m3/s
certified fluids

Water

SAE 30W oil
SAE 10W oil
SAE 10W30 oil
Ethylene glycol
Ethanol

(a) Is it possible to design a model-scale valve for testing in the facility with the given con-
straints and obtain dynamic similarity? (6p)
(your answer must be justified by calculations)

(b) Explain the concepts geometric similarity and dynamic similarity (2p.)

(c) How does the fluid viscosity vary with temperature in liquids and gases, respectively?
(2p.)



PrOBLEM 5 - PiPE FLow (10 p.)

(a) A sprinkler system used in case of fire is fed by a pipe made from galvanized iron that
can be assumed to be in new condition. When the sprinkler system is activated the flow
rate through the pipe should be 0.2 m3/s. The total length of the pipe is 35 m and the
head loss must not exceed 50 m. Calculate the smallest pipe diameter that fulfills the
constraints. (6p.)

(b) Why does the Moody chart not give reliable values in the Reynolds number range 2000 <
Re < 40007 (1p.)

(c) Show that, for a laminar pipe flow, the friction factor f can be calculated as

64

F= ReD

(3p.)



PROBLEM 6 - ENGINE INTAKE FOR SUPERSONIC FLIGHT (10 P.)

oblique shock

M=2.5

oblique shock

The center cone of the engine intake in the figure below has an angle 6 that corresponds to 90%
of maximum possible flow deflection at M = 2.5. This means that if the engine is operated at
a freestream Mach number of 2.5, an oblique shock will be attached to the leading edge of the
cone.

(a) Calculate the cone angle at the leading edge (0) (2p)

(b) Calculate the Mach number downstream of the oblique shock attached to the leading edge
if the freestream Mach number is 2.5 (2p.)

(c) Calculate the pressure and temperature downstream of the oblique shock if the upstream
temperature and pressure is 77 = 20°C and p; = 1.0 bar, respectively. (2p.)

(d) Show schematically, what the flow in the in the vicinity of the engine intake would look
like if the angle of the center cone was larger than the maximum deflection angle for the
freestream Mach number. (2p.)

(e) What is required for a process to be isentropic? (1p.)

(f) Which of the properties hy, Ty, a,, po, and p, are constants in a flow if the flow is adiabatic
and isentropic, respectively? (1p.)
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