MTFO053 - Fluid Mechanics

2025-08-18 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 - CANNONBALL JUMP (10 p.)

Emil and his friends spend a hot summer day at Delsjon. Emil wants to show off and jumps into
the water from a cliff located 3 m above the water surface. The depth of the water under the
cliff is 2.5 m and just after jumping off the cliff, Emil starts to worry that he will hit bottom of
the lake and decides to go for a ”cannonball jump”. Emil breaks the water surface at a velocity
of 5 m/s.

Emil weighs 80 kg and the density of a human is close to that of water (let’s say 950 kg/m?).
For the the evaluation of the cannonball jump, Emil can be approximated as a sphere with
Cp = 1.0 and if jumping into the water in a ”standing position”, CpA = 0.1 m?.

. D3
Recall - the volume (V') of a sphere is V = o

(a) Was it a wise move to go for a cannonball jump? i.e. will Emil hit the bottom? Would
he hit the bottom if he would have jumped in a ”standing position”? (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)

(¢) Describe the implication of buoyancy for immersed bodies and floating bodies, respectively.
(1p)

PROBLEM 2 - HYDRAULICALLY SMOOTH PIPE (10 p.)

A mechanical engineer gets the task to verify that a pipe is hydraulically smooth. Measure-
ments shows that surface roughness of the pipe is 0.35 mm and the pressure drop for a D=0.1
m pipe of the length 5.0 m is 5.50 Pa when air @ 20 °C flows through the pipe at a velocity
representative for the installation in which the pipe is to be used.

Hydraulically smooth means that the surface roughness does not affect the flow and thus it
should be within the viscous sublayer. A rule of thumb is that the surface roughness should be
less than four viscous lengths. The viscous length ¢ is defined as ¢ = v/u* where v is the
kinematic viscosity of the fluid and u* is the friction velocity.

(a) Evaluate if the pipe can be considered to be hydraulically smooth based on the provided
data (8p)

Theory questions related to the topic:
(b) What does critical Reynolds number mean for a pipe flow? (1p)

(c) What is the effect of surface roughness on the friction factor? (1p)



PROBLEM 3 - THRUST REQUIREMENT (10 P.)

An airplane with the weight 7500 kg flies at an altitude of 5500 m. The aircraft wings are of
NACA 0009-type (without flaps) with an average chord (¢) of 4.0 m and the span (b) of each
wing is 20 m.

The drag coefficient can be calculated as

&

TAR

where Cp__ is the drag coefficient for an infinite-span wing (the drag coefficient that you usually
would get from tables or graphs), Cp, is the lift coefficient, and AR = b/¢ is the wing aspect
ratio.

CD:CDOO+

(a) Estimate the thrust needed to cruise with the airplane at a velocity of 400 km/h (8p)
Theory questions related to the topic:

(b) The drag coefficient, Cp, can be divided into two components, which two components?
What phenomena are associated with each of the two components? (2p)

PROBLEM 4 - Viscous FOrce (10 p.)

A thin flat plate is to be pulled up through a vertical cavity filled with SAE50W oil @ 20 °C
according to the figure below. The plate is pulled up at a constant velocity.
note: the figure shows a cut through the cavity, it continues above the plate

You do not have to account for end effects at the edges of the plate. You can also neglect the
weight of the plate (the 850N is the applied force in addition to the weight of the plate), and
the pressure can be assumed to be constant. The plate is 1.0 m wide and the length of the plate
in the direction of the force is 5.0 m. You can neglect the thickness of the plate. The width of
the cavity is 2.0 cm and the plate can be assumed to be perfectly centered in the cavity as it
moves upwards.

A




(a) Calculate the constant velocity at which the plate is moving if the applied force is 850 N
(8p)

Theory questions related to the topic:

(b) Explain the following concepts (2p):

Steady-state flow

e Incompressible flow

No-slip condition

Newtonian fluid

PROBLEM 5 - PipE FLow (10 p.)

Oil @ 30 °C flows through a 25 m long pipe with a diameter of 0.15 m. Pressure measurements
are done to determine the massflow through the pipe. A pitot tube placed at the center of the
pipe gives a pressure reading of 250 kPa and a pressure sensor placed at the pipe wall at the same
axial location as the pitot tube gives a pressure of 225 kPa. The oil density is p,; = 980 kg/m?
and the kinematic viscosity is vy = 1.0 x 1076 m? /s. The flow at the location where the
pressure measurements are done can be considered to be fully developed.

(a) Calculate the oil massflow (7p)
Theory questions related to the topic:

(b) Explain how to measure velocity using a Prandtl tube (Pitot-static tube) and derive the
relation needed to estimate the velocity (2p)

(c) What does the concept entrance length mean? How does the flow velocity profile change
over the entrance length? (1p)



PROBLEM 6 - SUPERSONIC FLOW DEFLECTION (10 Pp.)

A supersonic air flow is deflected at two locations according to the figure below. At the location
denoted (A), there is a sharp bend i the surface and the flow is deflected by an oblique shock
with a shock angle with the shock angle § = 40°. At location (B), the flow goes through a
continuous deflection. The inclomming flow Mach number is M; = 3.0 and the air temperature
is 20 °C.

(a) Find the deflection angle at location (B) such that the outgoing Mach number is sonic
Ms = 1.0 (8p)

Theory questions related to the topic:

(b) Which of the properties hy, Ty, a0, o, and p, are constants in a flow if the flow is adiabatic
and isentropic, respectively? (1p)

(¢) The normal shock equation system has two solutions. How do we know which solution
that is the correct one? (1p)
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