
MTF053 - Fluid Mechanics
2026-01-08 08.30 – 13.30

Approved aids:

– Fluid Mechanics MTF053 - Formulas, Tables & Graphs

– Beta - Mathematics Handbook for Science and Engineering

– Physics Handbook : for Science and Engineering

– Formelblad Matematik 5

– Any 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 - Flow Between Parallel Plates (10 p.)
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The fluid flow between two parallel plates is driven by a moving boundary (the upper plate is
moving at a constant velocity V in the positive x-direction) and a non-zero pressure gradient.
The fluid is incompressible and the flow can be assumed to be steady and fully developed. There
is no flow in the z-direction and gravity can be neglected.

Find expressions for:

(a) The flow velocity distribution between the parallel plates (4.0 p.)

(b) A relation between the velocity of the upper plate (V ) and the pressure gradient (ωp/ωx)
such that the shear-stress at the lower wall is zero (2.0 p.)

(c) An expression for the area-averaged velocity between the parallel plates (2.0 p.)

Theory questions related to the topic:

(d) The x-component of the Navier-Sokes equations reads:
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where Du/Dt is the substantial derivative
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What is the physical meaning of each of the terms in the equation? (1.0 p.)

(e) What boundary condition is often used for velocity at a solid wall and what is the physical
meaning of the boundary condition? (1.0 p.)



Problem 2 - Water Tank (10 p.)
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Water @ 20→C is drained from a tank through a 0.1 m diameter (D) pipe attached to the
bottom of the tank (see figure above). The pipe has two 90→ bends, each with a loss coe!cient
of K = 0.23 and a valve with a loss coe!cient of K = 2.0. The tank can be assumed to be
very large which implies that the water level (h) can be approximated to be constant. The pipe
lengths L1 → L3 are given in the table below.

D 0.1 m
h 3.0 m
L1 0.5 m
L2 0.5 m
L3 5.0 m

(a) How long time will it take to drain 1.0 m3 of water from the tank given that the pipe is
made of a material with ϑ = 0.2 mm (7.0 p.)

The total loss related to the local loss coe!cients can be calculated as
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where Ki is a local loss coe!cient and V is the average pipe velocity

Theory questions related to the topic:

(b) What do we mean when we say that a pipe flow is fully developed? (1.0 p.)

(c) For laminar pipe flows, show that the friction factor is (2.0 p.)

f =
64

ReD



Problem 3 - Terminal Velocity (10 p.)

A group of students who recently took a course in fluid mechanics get into an argument about
the details provided in a YouTube clip. In the clip, the terminal velocity of a parachutist is
discussed and some of the students finds the provided information to be unrealistic and there-
fore they decide to try to make an estimate of the terminal velocity (the maximum velocity
that a falling object can reach). They assume that the weight of the parachutist including
equipment is 80 kg. Furthermore, they assume that the drag of the parachutist is neg-
ligible compared with the drag of the parachute. One of the students finds, after some
googling, data from a water tunnel experiment where the drag of a model scale parachute is
measured at di#erent velocities. In the description of the parachute experiment it says that the
tested parachute is a 1:10 scale model. Data from the water tunnel experiment is provided
below.

U [m/s] FD [N ]
2 600
4 1840
6 4000
8 6800
10 8400

(a) Find a value for the terminal velocity of the parachutist based on the information given
above (8.0 p.)
you will most likely have to iterate to solve the problem. Suggested solution strategy:

1. guess a value of the terminal velocity

2. use the information given above and your knowledge about similarity to evaluate if
the velocity that you have guessed is correct. If not, make a new guess

3. keep trying until you find a velocity that is close enough (use your own judgement)

Theory questions related to the topic:

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

(1.0 p.)

(c) Why do dimpled golf balls have lower pressure drag than golf balls with smooth surfaces?
(1.0 p.)



Problem 4 - Flat Plate Flow (10 p.)
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A flat plate is placed in a wind tunnel as part of an experimental setup. The boundary layer
that builds up over the flat plate surface leads to a drag force that must be handled by the
fastening devices. The flat plate will also be used for a similar experiment in a water tunnel,
where the drag force will be greater. Flow and fluid properties are given in the table below
(use the same temperature and velocity for the water tunnel experiment and the wind tunnel

experiment)

Transition does not have to be accounted for, i.e. if you find that the boundary layer is turbulent,

you can assume that it is turbulent all the way from the leading edge

L 2.0 m
b 2.0 m
U 3.0 m/s
T 20→C
p 100 kPa

(a) Calculate the total drag force for the two cases (wind tunnel and water tunnel) (5.0 p.)

(b) As part of the experiment, the flow velocity is measured at the location (x=2.0 m, y=0.5
mm, z=0). Calculate the average flow velocity at this location for the two cases (wind
tunnel and water tunnel) (3.0 p.)

Theory questions related to the topic:

(c) For laminar flow over a flat plate, the velocity profile is self-similar - what does that mean?
(1.0 p.)

(d) In what way is the transition location e#ected by (assume other properties to be constant)
(1.0 p.)

i. increased freestream velocity U for a given Rex,tr

ii. surface roughness ϑ

iii. freestream turbulence

iv. positive pressure gradient



Problem 5 - Venturimeter (10 p.)

A Venturimeter (a pipe with a contraction and a manometer) setup according to the illustration
below is to be used to measure the flow velocity in a pipe. The fluid flowing through the pipe
is air at 20.0→C. The diameter of the pipe is D = 20.0 cm and in the contraction the tube
diameter is reduced to d = 10.0 cm.
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(a) Find an expression for calculation of the flow rate Q [m3/s] in the pipe as a function of
the manometer reading h, densities of the involved fluids, and pipe diameters. (5.0 p.)

(b) Calculate the flow rate Q and the change in average flow velocity when going from the
larger pipe diameter (D) to the smaller pipe diameter (d) if mercury is used as manometer
fluid and the manometer reading h is 6.0 mm. (3.0 p.)

Theory questions related to the topic:

(c) Explain the physical meaning of each of the terms in Reynolds transport theorem (1.0 p.)
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(d) What assumptions are made in the derivation of the Bernoulli equation? (1.0 p.)



Problem 6 - Supersonic Flow over Wedge (10 p.)

A vehicle for supersonic transport is to be constructed and a group of engineers investigate
alternative designs of the nose cone. The left figure below (a) shows a nose cone where the flow
deflection ϱ/2 is done in one step and in the right figure (b), the same flow deflection is made
but in two steps, each deflecting the flow an angle of ϱ/4.
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ω/2 ω

(b)

(a) What is the minimum freestream Mach number that will lead to attached oblique shocks
at the leading edge of the wedge in the two cases (a and b) if the wedge angle ϱ is 30→?
(3.0 p.)

(b) Calculate the change in total pressure for the two cases if the freestream Mach number is
2.5 and the wedge angle ϱ is 30→ (5.0 p.)

Theory questions related to the topic:

(a) Can the relations for total quantities for a normal shock be used for an oblique shock?
Explain why/why not. (1.0 p.)

(b) The normal shock equation system has two solutions. How do we know which solution
that is the correct one? (1.0 p.)


















































