MTFO053 - Fluid Mechanics

2022-01-05 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 (including bonus points) 24-35 36-47 48-60
grade 3 4 5




ProBLEM 1 - FLow 1IN Ducts (10 p.)

(a) Gasoline 20°C is pumped through a 180.0 mm diameter pipe at a flow rate of 0.2 m?/s.
The pipe is made of cast iron and is 16.0 km long. Estimate the power delivered to the
pump if the pump efficiency is n = 0.75 (note: the pump power is pg@ times the pump
head). (8p.)

(b) Why does the Moody chart not give reliable values in the Reynolds number range 2000 <
Rep < 40007 (0.5p.)

(¢) How is the hydraulic diameter defined and how can it be used for calculation of the friction
factor f for laminar and turbulent flow in non-circular ducts? (0.5p)

(d) Explain the closure problem related to the Reynolds-averaged flow equations. (1p.)

PROBLEM 2 - SKIN FRICTION DRAG (10 P.)

(a) The figure below shows a schematic representation of a sailboat. Assume that the boat
moves at 3 knots (1.54 m/s) in sea water with a temperature of 4 degrees Celsius, what
is the skin friction drag from the keel?

In your calculations, you can assume that the keel can be approximated to be a flat plate
with dimensions as indicated in the figure and that transition takes place at Re, = 106.

Please note that the keel dimensions are given in inches in the figure — 1.0in is 25.4mm.
(7p.)

(b) Make a schematic sketch of the flow over a cylinder at Rep = 10°. Indicate the stagnation
point, separation points and the wake region. (1p.)

(¢) Name two alternative to & as measures the boundary layer thickness. How can these
measures be interpreted physically? (1p.)

(d) In what way is the transition location effected by (assume other properties to be constant)
(1p.)

(a) increased freestream velocity U for a given Rey i

)
(b) surface roughness
(c) freestream turbulence
)

(d) positive pressure gradient




PROBLEM 3 - FLow RATE AND MASSFLOW (10 P.)

(a) A flow nozzle is a device inserted into a pipe as shown in the illustration below. As shown
in the figure, a mercury manometer (manometer fluid density: pry) is used to measure
the pressure drop over the flow nozzle. A If A; and As are the inlet and exit areas of the
flow nozzle and the density of the fluid flowing through the flow nozzle is p, show that for
incompressible flow, the flow rate, @@, can be obtained as

Ao 2pg9AR

VI- A/

Q=Cy

where Cy is a discharge coefficient that accounts for viscous losses or losses related to
secondary flow and is defined as

_ Qreal

Cy=
Qideal

The value of the discharge coefficient is usually obtained experimentally

(8p-)

(b) Show how the volume flow @) and massflow m over a control volume surface can be
calculated in a general way. (1p.)

(¢) Give examples of when it is appropriate to use fixed control volume, moving control
volume, and deformable control volume, respectively. (1p.)
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PROBLEM 4 - THRUST REVERSER (10 P.)

(a) A so-called thrust reverser is used for reducing the forward speed of an aircraft at landing.
In the specific case illustrated below, the aft-going flow is turned by the thrust reverser,
when deployed, such that the flow leaves the engine at an angle of 20° from the verti-
cal direction (both upwards and downwards), i.e. a weakly forward oriented flow. The
massflow through the engine is 70 [kg/s]. Air enters the engine at 100 [m/s] and leaves
the engine with a velocity of 450[m/s]. It can be assumed that the flow velocity at the
exit is unchanged when the thrust reverser is deployed. Calculate the engine mount force
under normal operating conditions (no thrust reverser) and when the thrust reverser is
deployed.

(7p.)

(b) How can we simplify the continuity equation on integral form under the following circum-
stances (assuming that the control volume is fixed)? (1p.)

/8”dv+/ p(V -n)dA = 0

(a) inlets and outlets can be assumed to be one-dimensional
(b) steady-state flow
(¢) incompressible flow

(c) Explain the physical meaning of each of the terms I, I1, and /] in the momentum
equation on integral form. (1p.)

ZF_dt (/ VpdV> /va -n)dA

-~

II 117

(d) The Bernoulli equation is a simplified form of the energy equation.
1 1

By V4 gn = Py —V3 + gz = const
p 2 p 2

In what ways are the Bernoulli equation above more limited than the energy equation on
the form given below?

V. V2 Qg — 1 —
< —I——1+z1)=(p—2+—2+z2)+2—1q
P9 29 pg 29 g

(1p.)




PROBLEM 5 - ViscosiTy (10 p.)

(a) A piston of weight 9.5 kg slides in a lubricated vertical pipe (see figure below). The
clearance between the piston and the pipe is 0.0254 mm. If the piston decelerates at 0.64
m/s? when the speed is 6.4 m/s, what is the viscosity of the fluid used for lubrication?

(7p.)
(b) What does it mean that a fluid is Newtonian? (1p.)
(¢) How does the fluid viscosity vary with temperature in liquids and gases, respectively. (1p.)

(d) How does the turbulence viscosity p; compare to the fluid viscosity p in the viscous
sublayer and in the fully turbulent region, respectively? (1p.)

& 127.0508 mm

152.0 mm

2 127.0 mm

A
7




PrROBLEM 6 - WEDGE FLow (10 p.)

A 20° wedge with a 10° shoulder (depicted in the figure below) is situated in a flow with a free
stream Mach number of M = 2.0.

(a) draw a schematic sketch of the important flow features in the flow over the wedge. (2p.)
(b) calculate the Mach numbers in regions 2 and 3 (7p.)

(c) assume that the flow would pass a simple 10° wedge (without the shoulder), the resulting
flow direction would be the same. Would the total pressure in the directed flow be greater
or lower than in the case with the shoulder? (justify your answer) (1p.)

M =2.0 @ 10°
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