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Boundary Layer: Test (33.3%)

1. Into which terms may the total rate-of-change of a small
fluid volume be split, provided nonlinear effects are ne-
glected?

(a) Translation, rotation, volume change, shear deforma-
tion.

(b) Translation, rotation, volume change.

(c) Translation, rotation, shear deformation.

(d) Rotation, volume change, shear deformation.

(e) Volume change, shear deformation.

2. Why is the drag on a sphere smaller when the separating
boundary layer is turbulent rather than laminar?

(a) Because wake drag dominates and is smaller.

(b) Because friction drag dominates and is smaller.

(c) Because both wake and friction drag are smaller.

(d) Because wake drag is zero.

(e) The assertion is plain wrong. The opposite is true.

3. What is true about the streamwise evolution of a boundary
layer (possibly involving a turbulent transition) developing
on a flat plate?

(a) Its momentum thickness grows monotonically.

(b) Its friction coefficient decreases monotonically.

(c) Its momentum thickness decreases monotonically.

(d) Its friction coefficient increases monotonically.

(e) None of the other options.

4. Which statement is correct under the boundary layer hy-
pothesis?

(a) None of the other options.

(b) Streamwise diffusion outweighs streamwise advection.

(c) Streamwise diffusion outweighs wall-normal diffusion.

(d) Wall-normal pressure gradients are large.

(e) Fluid particles slip at the wall.

5. Which of the following interpretations of the displacement
thickness is plain FALSE?

(a) It quantifies the friction drag coefficient to be ex-
pected.

(b) It quantifies the deviation of streamlines outside of the
boundary layer.

(c) It quantifies the massflow blockage due to viscous ef-
fects.

(d) It quantifies the amount of wall-normal momentum
that must appear for mass preservation within the
boundary layer.

(e) All statements are TRUE.

6. Which of the following boundary layers is at a higher risk
of separation, all other parameters unaltered?

(a) One that has a larger thickness.

(b) One that has a larger outer velocity.

(c) One that is subject to a stronger negative (favorable)
pressure gradient.

(d) One that is turbulent.

(e) One that is subject to a milder deceleration of the
outer flow.

7. What are the usual assumptions in order to devise an in-
tegral method for both laminar and turbulent boundary
layers?

(a) H and
Cf

2
Reθ taken from flat plate values.

(b) H and
Cf

2
Reθ taken from stagnation point values.

(c) H and
Cf

2
Reθ taken from separation profile values.

(d) H taken from flat plate and
Cf

2
Reθ from stagnation

point values.

(e) H taken from stagnation point and
Cf

2
Reθ from sep-

aration profile values.

8. Which term of the Navier-Stokes equations is responsible
for the appearance of the Reynolds stresses in the RANS
equations?

(a) The advection term.

(b) The pressure term.

(c) The time-derivative term.

(d) The viscous diffusion term.

(e) The volume forces term.

9. Which of the following statements is true about the
Reynolds stresses inside a turbulent, statistically two-
dimensional, incompressible boundary layer?

(a) u′v′ < 0.

(b) v′2 > u′2.

(c) w′2 = 0.

(d) u′v′ 6= 0 at the wall.

(e) u′2, v′2, w′2 6= 0 at the wall.

10. To which of the following regions in a turbulent bound-
ary layer does the near wall hypothesis (constant shear
∂τ/∂y ' 0, linear mixing length l ' χy+) apply?

(a) All options are correct.

(b) To the inner region.

(c) To the viscous sublayer.

(d) To the buffer/overlap region.

(e) To the log-law layer.
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11. Why is it convenient to use honeycombs upstream from
the test chamber in wind tunnels?

(a) To kill the radial and tangential components of the air
flow velocity.

(b) To reduce the air flow velocity.

(c) To homogenize the air flow velocity profile.

(d) To kill the axial component of the air flow velocity.

(e) None of the other options.

12. In Prandtl’s wing theory...

(a) the solution to Prandtl’s integro-differential equation
yields the circulation distribution along the wing span.

(b) the D’Alembert’s Paradox does not hold individually
for each of the airfoils of the wing.

(c) the Kutta-Joukowski theorem does not hold individu-
ally for each of the airfoils of the wing.

(d) the wing is substituted by a tube of vortices that closes
on itself.

(e) None of the other options.

13. The differential equation for the velocity potential is easily
obtained from...

(a) the continuity equation only for stationary and incom-
pressible potential flow problems.

(b) Newton’s 2nd Law for any fluid problem.

(c) the continuity equation for any fluid problem.

(d) the continuity equation for any potential flow problem.

(e) None of the other options.

14. The main reason why a large available space is required
for building a closed circuit wind tunnel is because...

(a) it is advisable to fit a very long diffuser/nozzle.

(b) a longer return circuit incurs lower friction energy loss.

(c) it is advisable to have a very long test chamber.

(d) it is advisable to fit a very long contraction.

(e) None of the other options.

15. Which statement is true?

(a) None of the other options.

(b) The airfoil shape is a datum in an inverse problem.

(c) The goal of an inverse problem consists in analysing
the performance of a given wing or airfoil.

(d) The goal of a direct problem is to design an airfoil that
fulfils a given set of take-off weight requirements.

(e) The pressure coefficient distribution over the airfoil
surfaces is the starting point in a direct problem.

16. In the energy equation, the energy dissipation due to vis-
cosity can only be disregarded if...

(a) M2/Re� 1.

(b) RePr � 1.

(c) Re� 1.

(d) Re� 1.

(e) None of the other options.

17. Which of the following statements is true for an airfoil with
positive camber and angle of attack?

(a) The boundary layer is more prone to detach as the
angle of attack increases.

(b) If a boundary layer detachment point appears on the
upper surface, the airfoil can no longer generate lift.

(c) The airflow gains kinetic energy after the suction peak
on the upper surface due to the pressure gradient.

(d) The adverse pressure gradient does not play a key role
in the stall behaviour of the airfoil.

(e) None of the other options.

18. Number 1 in the figure shows the position of a...

1

2
3

4
5

(a) stagnation point.

(b) vortex.

(c) suction peak.

(d) detachment point.

(e) This point has no specific name.

19. Viscosity plays a role in...

(a) All options are correct.

(b) aerodynamic drag.

(c) the adherence condition.

(d) the appearance of a boundary layer.

(e) the generation of circulation around an airfoil.

20. If we can assume that the heat flux from radiation, conduc-
tion and chemical reaction are all null, the energy equation
in its differential form states that...

(a) None of the other options.

(b) the substantial derivative of the density is null.

(c) the substantial derivative of the mass is null.

(d) the substantial derivative of the velocity is null.

(e) the substantial derivative of the entropy is null.
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Consider a 2D airfoil in stall in open atmosphere as shown in
the figure. The boundary ABCD is far enough such that the
pressure downwind (i.e. in BC) is uniform and equal in value
to the pressure upwind (i.e. in AD), which is the pressure of
the steady atmosphere, also uniform. The velocity upwind is
unknown. We can assume that Re � 1 and M � 1, and we
also know the density ρ upwind. We can assume also that the
flow velocity is horizontal in the wake and that the problem
is stationary.

Assume that the velocity fields take the form ~V = (U∞+ux)̂ı+
uzk̂ for all the points of the fluid domain where no information
is initially available, with ux, uz � U∞ the unknown pertuba-
tion velocity components.

21. Use the integral mass conservation equation to relate the
massflows through the domain boundaries.

(a) −
∫
AD

ρ(U∞ + ux) dz +

∫
BC

ρ(U∞ + ux) dz+

+

∫
AB

ρuz dx−
∫
DC

ρuz dx = 0

(b) −
∫
AD

ρ(U∞ + ux) dz +

∫
BC

ρ(U∞ + ux) dz−

−
∫
AB

ρuz dx+

∫
DC

ρuz dx = 0

(c) −
∫
AD

ρ(U∞ + ux) dx+

∫
BC

ρ(U∞ + ux) dx+

+

∫
AB

ρuz dz −
∫
DC

ρuz dz = 0

(d) −
∫
AD

ρ(U∞ + ux) dz +

∫
BC

ρ(U∞ + ux) dz+

+

∫
AB

ρ(U∞ + ux) dx−
∫
DC

ρ(U∞ + ux) dx = 0

(e) None of the others.

22. Which of the following expressions provides the airfoil
drag? n̂ is the fluid domain boundary exterior normal.

(a) d =

∫
airfoil

p n̂ · ı̂ dS

(b) d =

∫
airfoil

p n̂ · k̂ dS

(c) d = −
∫
airfoil

p n̂ · ı̂ dS

(d) d = −
∫
airfoil

p n̂ · k̂ dS

(e) None of the others.

23. Use the integral form of the momentum conservation equa-
tion to obtain an expression for the drag. Neglect terms
of order ε2.

(a) d =

∫
AD

ρU∞ux dz −
∫
BC

ρU∞ux dz

(b) d = −
∫
AD

ρU∞ux dz +

∫
BC

ρU∞ux dz

(c) d =

∫
AD

ρU∞uz dz −
∫
BC

ρU∞uz dz

(d) d = −
∫
AD

ρU∞ux dx+

∫
BC

ρU∞ux dx

(e) None of the other options.

Assume now that the perturbation velocities have been mea-
sured and can be expressed as

ux(x, z) = εU∞
(2l − x)l

x2
cos
(πz

2b

)
uz(x, z) =

{
2εU∞

l

x
cos
(πz

2b

)
z /∈ wake

0 z ∈ wake

24. Calculate the drag force on the airfoil.

(a) d = 8
ρU2

∞εb

π

(b) d = 16
ρU2

∞εb

π

(c) d = 4
ρU2

∞εb

π

(d) d = 2
ρU2

∞εb

π
(e) None of the other options.

25. Calculate the drag coefficient.

(a) Cd = 16
εb

πc

(b) Cd = 32
εb

πc

(c) Cd = 8
εb

πc

(d) Cd = 8
εb2

πc
(e) None of the other options.


