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Exam, SG2214 Fluid Mechanics
4 February 2012, at 09:00-13:00
Examiner: Anders Dahlkild (ad@mech.kth.se)

Copies of Cylindrical and spherical coordinates, which will be supplied if necessary, can be
used for the exam as well as a book of basic math formulas, a calculator and an English dictio-
nary. The point value of each question is given in paranthesis and you need more than 20 points
to pass the exam including the points obtained from the homework problems.

1. (10 p.) a) Derive the velocity profile for a pressure driven fully developed laminar viscous
flow of an incompressible fluid in a horizontal pipe of circular cross section if the mean velocity
over the cross section, U , is specified. b) Obtain the corresponding pressure drop required along
a length L of the pipe. c) Calculate the momentum flux through a cross section of the pipe.

2. (10 p.) Estimate the diameter of a 2D cylinder that experience the same drag per unit width
as a 5 meter long flat plate aligned with the flow at U∞ = 5 m/s in air at 20◦C. Necessary data
are given in figure 1. Make sketches of the two flow fields in question and discuss the concepts
of pressure drag and viscous drag in relation to the two cases illustrated.

3. (10 p.) The complex potential of an irrotational 2D flow field is given by

F (z) = U∞(z + b ln z).

a) Obtain the vector field for the velocity, u, and find possible stagnation points. Make a
rough sketch of the streamlines.

b) Obtain the pressure field along the x-axis (y=0).
c) Obtain the acceleration vector, a, of a material fluid element along the x-axis.

4. (10 p.) Consider a two-dimensional jet, which is an efflux of fluid from a long and narrow
orifice, submerged in the same fluid as that of the jet itself. See also figure 2.

a) Under what circumstances can we use the boundary layer approximation to study the jet?
b) Write down the boundary layer equations for flows with zero pressure gradient.
c) The stream function for the laminar two-dimensional jet can be written

Ψ =
√
νxu0(x)f(η), η = y/

√
νx/u0(x),

where u0(x) = Cx−1/3 is the centre line velocity in the jet and C is a dimensional constant.
Obtain expressions for u(x, y) and v(x, y) under the assumption that f is a known function of
η.

5. (10 p.) Consider fully developed laminar plane Couette flow between two parallel, horizontal
plates separated by a distance h. Let the difference in speed between the plates be U . The plates
are kept at constant temperature Tw. The fluid may be assumed incompressible with density ρ,
specific heat cp, constant viscosity µ and coefficient of heat conduction k. Take a rectangular
control volume, V , for which the two horizontal surfaces, L×L, coincide with the walls and the
two vertical surfaces, L × h, are perpendicular to the flow. Evaluate each term of the energy
equation below for this control volume.
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Figure 1. Drag coefficients for flat plate and circular cylinder. (From Kundu
and Cohen 2008, Fluid Mechanics, 4:th ed.)
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Figure 2. Two-dimensional jet. (From Kundu and Cohen 2008, Fluid Mechan-
ics, 4:th ed.)


















