
MTF053 - Fluid Mechanics
2025-01-09 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

– Any 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 - Boundary Layer Measurements (10 p.)

A group of students is supposed to make measurements to analyze the boundary layer over a
flat plate in a wind tunnel as part of a lab in a fluid mechanics course. The measurements are
supposed to be done at a location 3.0 m downstream of the leading edge of the flat plate. A
hot-wire probe is used for the measurements and the velocity profile is supposed to be obtained
by measuring the velocity at di↵erent vertical distances from the flat plate surface. The first
measurement is done for a vertical distance of 3.0 mm from the flat plate surface where the
average velocity is found to be 3.0 m/s. When the hot-wire probe is traversed to the next
location, one of the students accidentally breaks the probe and no more measurements are pos-
sible. However, one of the students finds a way to calculate the boundary layer properties that
are asked for using the single measurement point and formulas from the chapter on external
boundary layers in their course book.

(a) Do the same exercise as the students and calculate: (8p)

1. the wall-shear stress (⌧w)

2. the freestream velocity (U1)

3. the boundary layer thickness (�)

(The critical Reynolds number can be assumed to be 500000)

Theory questions related to the topic:

(b) Name two alternative ways to measure the boundary layer thickness other than �. How
can these measures be interpreted physically? (1p)

(c) The drag coe�cient, CD, can be divided into two components, which two components?
What phenomena are associated with each of the two components? Which of the compo-
nents dominates the total drag of a flat plate? (1p)



Problem 2 - Pipe Flow (10 p.)

The space between two very long and wide flat plates is filled with water. The vertical distance
between the plates is h = 5.0 cm. The upper plate moves at a constant velocity of 5.0 m/s in
relation to the lower plate, which induces a turbulent flow in the water between the plates.

(a) Calculate the wall-shear stress ⌧w (4p)

(b) Calculate the Reynolds stress component u0v0 at a location midway between the two
plates (y = h/2) (4p)
Hint: use the x-component of the RANS equations (Eqn. 6.21) to calculate u0v0

Theory questions related to the topic:

(c) Turbulent flow is dissipative. What does that mean? (1p)

(d) In the Reynolds decomposition, the velocity components and pressure are divided into an
average part and a fluctuating part as for example

u = ū+ u0

Define the time average and show that the time average of the fluctuating component is
identically equal to zero. (1p)



Problem 3 - Model-scale Test (10 p.)

A model-scale test of a vehicle is done in order to estimate the drag force on the full-scale vehicle
at di↵erent velocities. The model vehicle is scaled down by a factor of 12 such that geometrical
similarity with the prototype vehicle is established. In order to establish Reynolds similarity,
the tests are done in a water tunnel (the water temperature is 20 degrees). Drag force as a
function of freestream velocity from the model-scale test is given below.
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(a) Estimate the increased power required to overcome the drag force if the velocity of the
full-scale vehicle is increased from 20.0 m/s to 25.0 m/s (8p)

Theory questions related to the topic:

(b) If you are going to do an experimental investigation of a problem including a number
of important physical variables, why is it beneficial to divide the variables into non-
dimensional groups? (1p)

(c) Explain the concepts geometric similarity , kinematic similarity , and dynamic similarity

(1p)



Problem 4 - Nozzle (10 p.)

Water at 20� degrees flows through a pipe at a flow rate of Q = 0.2 m3/s. At the end of the
pipe, the water is accelerated through a convergent nozzle before exiting into the surrounding
air as a water jet. The atmospheric pressure at the exit is 101325 Pa. The pipe cross-section
area is 0.015 m2 and the cross-section area at the exit of the nozzle is 0.0075 m2.

pipe nozzle

mounting flenge

surrounding atmosphere

(a) Calculate the total force in the joint keeping the nozzle attached to the upstream pipe
(8p)

Theory questions related to the topic:

(b) Derive the Bernoulli equation for steady-state, incompressible flow along a streamline (2p)
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Problem 5 - Moving Water Tank (10 p.)

A big container on wheels moves at a constant velocity of V = 1.5 m/s while at the same time
being filled from above with 50.0 kg of water per second.
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ṁin

(a)

V

ṁout
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(a) Calculate the extra force required to keep the container moving at a constant velocity
related to the filling process. (4p)

(b) A evacuating valve located at the bottom of the container is opened. Calculate the force
required to keep the container moving at a constant velocity with the evacuating valve
opened. The diameter outlet at the bottom of the tank is circular with a diameter of 9.0
cm and the water level in the tank is 3.0 m above the outlet. (4p)

Theory questions related to the topic:

(c) Give examples of when it is appropriate to use fixed control volume, moving control
volume, and deformable control volume, respectively. (1p)

(d) Derive the continuity equation on integral form for a fixed control volume using Reynolds
transport theorem (1p)
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Problem 6 - Supersonic Lift and Drag (10 p.)

A flat plate is placed in a supersonic freestream at an angle of attack of ↵ = 6�. The length of
the flat plate is 3.0 m and the plate is very wide (the flow around the plate can be assumed to
be two-dimensional).

(a) Calculate the lift and drag force (per meter) if the freestream Mach number is 2.5 and
the static pressure upstream of the flat plate is 100.0 kPa (7p)

Theory questions related to the topic:

(b) Show schematically how the velocity (normal velocity component, tangential velocity com-
ponent, and the total velocity) changes over an oblique shock. Indicate the shock angle,
�, and the deflection angle, ✓ (1p)

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

(d) How does pressure (p), temperature (T ), density (⇢), Mach number (M), total pressure
(po), and total temperature (To) change over an expansion region? (1p)
























































