
Problem 1 (30%)

A spherical balloon filled with helium is used to send measuring equipment
(called ’cargo’) up in the atmosphere; see the figure. On the ground (z = 0)
the mass of the cargo carried by the balloon is 3.5 kg. The cargo box is
cubic with a volume of 0.064 m3, the radius of the balloon is R = 1m, the
mass of the balloon itself is 0.7 kg (balloon plus helium), the density of the
air around the balloon is 1.21 kg/m3, and the gravitational acceleration is
the same everywhere, equal to 9.81 m/s2. Assume that the whole system is
kept at rest by means of an anchorage fastened to the cargo on its lower
side. The atmospheric pressure on the ground is er p0,air = 101 kPa, and the
temperature on the same level is t0 = 15oC.

a) Find the force the anchorage has to exert on balloon plus cargo when the
system is at rest. What is the acceleration of the system when the anchorage
is released?
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b) After a transient period the system rises vertically with a constant velocity
V . Take into account the drag force both on the balloon and on the cargo. The
respective drag coefficients are assumed to be constants, equal to CD,balloon =
0.5 and CD,cargo = 1.05. Find from this the value of V .

c) When the balloon rises, it will expand. Assume that the rising velocity
is so low that the temperature in the helium gas within the balloon is the
same as in the air on the outside, for any height z. Because of the walls in
the balloon the interior pressure pHe is higher than the air pressure pair on
the outside. Assume that the pressure difference is ∆pballoon where ∆pballoon
is a given constant, independent of the volume of the balloon,

pHe = pair + ∆pballoon.

It is desirable that the balloon breaks at large heights, in order not to be
dangerous for the air traffic. Assume that ∆pballoon = 10 kPa, and that the
balloon breaks when the volume increases to twice its original volume. Find
out whether the balloon has broken before it has risen to the tropopause
height, z = 11 km.
[Hint: Calculate the ratio between the gas volume VHe in the tropopause, and
the corresponding volume VHe,0 on the ground level.]

Given information: pair(z)
p0,air

=
(
T (z)
T0

)5.26
, T (z) = T0−Bz, B = 0.0065 K/m.
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Problem 2 (40%)

The figure shows a pipe that leads water to a circular nozzle from which
the water flows into the free atmosphere. The stationary water stream falls
upon a vertical plate at a distance r2 from the point O. The point O is free,
meaning that the plate can rotate freely and frictionless about this point.
On the right hand side of the plate there is quiescent water with depth h.
Assume that the atmospheric pressure is 105 Pa. The density of water is
ρ = 103 kg/m3. Put g = 10 m/s2.

a) It is given that the pressure is p1 = 2 atm, and that the diameters D1 and
D2 satisfy the relation D1 = 5D2. Find the velocity V2 out from the nozzle.
If D2 = 5 cm, find the horizontal force Fstand that the floor must exert on
the stand in order to prevent it from sliding. Acts Fstand to the right or to
the left?

b) What force Fplate exerts the water stream on the plate?
Assume that r2 = 2.6 m, and that the plate has width b = 1 m (directed into
the plane). Find for what value of the height h the plate will be in a vertical
position as shown on the figure.

Given information: For a rectangle with width b and height h the area mo-
ment of inertia around the centroidal x axis is equal to Ixx = 1

12
bh3.
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Problem 3 (30%)

The complex potential potential w = φ + iψ for a potential flow is given
implicitly via

z = c sinhw, z = x+ iy,

where c is a positive constant.

a) Find x and y as functions of φ and ψ, eliminate the velocity potential φ,
and show that the equation for the streamlines becomes

x2

a2
− y2

b2
= −1, (1)

where a = c cosψ, b = c sinψ.

b) For constant ψ the equation (1) is the equation for a hyperbola, with
its centre at the origin and positive semi-axes |a| and |b|. Make a qualitati-
ve sketch of some streamlines for ψ lying in the interval −π/2 ≤ ψ ≤ π/2
(determine the arrows on the streamlines). Find the asymptotes of the hyper-
bola for a given value of ψ, and find which angle they make with the x−axis
(choose ψ > 0).

c) The streamlines for ψ = ±π/2 are replaced by two solid surfaces, so that
one gets the picture of a flow through an opening. Determine the position
of the opening, and find the volume flow Q through the opening (per unit
length into the plane).

Given information: sinh(a+ ib) = sinh a cos b+ i cosh a sin b.
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