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Notes

The operators used in the exam can be found in the following table. Please consider them when
editing the tasks.

name to mention or identify by name

present (re-)structure and write down

justify support a fact or a statement with reasonable arguments
describe give an accurate account of sth.

show, illustrate use examples to explain or make clear

explain describe and define the causes

assess, evaluate  consider in a balanced way the points for and against sth.
interpret make clear the meaning of sth. and give your own views on it

discuss investigate or examine by argument; give reasons for and against
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1 Short questions

a Describe the physical principle of the formation of friction within a fluid

b Consider a gas inside a closed container. Explain the connection between the
temperature of the gas and the pressure one can measure at the container walls

c Describe the statement of the conservation of momentum considering a fixed
volume

d Write down the formula of the Bernoulli equation assuming a horizontal flow
e Write down the formula of the Reynolds number

f What is the meaning of the critical Reynolds number?

g How is a Couette-Poiseuille flow driven (what acts against the friction)?
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2 Calculation tasks

a Free jet

A circular fee jet leaks from a container with the diameter d, the density p and the velocity g. In a
height h above the container opening the free jet hits axially a hollow hemisphere with the mass m
which therefore is hovering (h=const.). The flow is stationary, frictionless and p is constant.

Given:

q=7.0mls , p=1000 kg/m* , d=01m , h=10m , g=9.81 m/s’

Note:

The mass of the fluid inside the control volume KV can be neglected, the mass of the free jet outside
the control volume cannot be neglected. The cross-section of the redirected flow shows the shape of
an annulus. The flow velocities through the container opening and over the boundaries of the
control volume are each constant.

To calculate:

Give a general solution for the mass of the hemisphere dependent on p, g, d, h and g. Additionally,
calculate the numerical value.
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b Thrust reverser

A test bench for aircraft thrust reversers is designed as sketched below. An air jet of constant density
rho exhausts as a free jet from a rectangle nozzle of height h; and width b with the constant
velocity q; at the location (1). A guide vane can be translated along the y-direction which separates a
portion of the free jet with the height h, and width b and redirects it (angle a). At the location (2), its
velocity profile can be assumed as linear with the values g> = 0 at the vane wall s =0 and > = g2 max
at the jet surface s = h,. The jet portion (3) has a variable height d at the Point A with 0 < qd < h;
and the width b. The velocity of the free jet g; is constant over the cross-section at the location (3).
The flow is stationary and the influence of the gravity can be neglected. The flow from (1) to (3)
can be assumed as without losses.

oo g
—
-
2
—=
\AAA|

Given:

p; 4, hls b, A, {2 maxs P

To calculate:
1) Define the flow velocity gs at the location (3).

2) Define the equation of g.(s) at the location (2) as a function of s and in dependency of the
unknown h.

3) Define the height h; at the location (2) in dependency of d.

4) The guide vane is set to a specific position d. Doing so, h, and g-(s) are set as well. Define
the vertical and the horizontal component of the force F, necessary to hold the vane in place.
Consider h; and d as known.
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Notes

The operators used in the exam can be found in the following table. Please consider them when editing

the tasks.
name to mention or identify by name
present (re-)structure and write down
justify
describe give an accurate account of sth.

show, illustrate
explain describe and define the causes
assess, evaluate

interpret

discuss

support a fact or a statement with reasonable arguments

use examples to explain or make clear

consider in a balanced way the points for and against sth.

make clear the meaning of sth. and give your own views on it

investigate or examine by argument; give reasons for and against
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1 Short questions

a Describe the physical principle of the formation of friction within a fluid

b Consider a gas inside a closed container. Explain the connection between the
temperature of the gas and the pressure one can measure at the container walls

c Describe the statement of the conservation of momentum considering a fixed
volume
d Write down the formula of the Bernoulli equation assuming a horizontal flow

p+§- U? = const.

e Write down the formula of the Reynolds number
U-L
Ren = —
v
f What is the meaning of the critical Reynolds number?

g How is a Couette-Poiseuille flow driven (what acts against the friction)?
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2 Calculation tasks

a Free jet

A circular fee jet leaks from a container with the diameter d, the density p and the velocity ¢. In a
height /# above the container opening the free jet hits axially a hollow hemisphere with the mass m
which therefore is hovering (h = const.). The flow is stationary, frictionless and p is constant.

Given:

q=7.0m/s,p=1000kg/m3,d =0.1m,h=1.0m, g = 9.81m/s?

Note:

The mass of the fluid inside the control volume KV can be neglected, the mass of the free jet outside
the control volume cannot be neglected. The cross-section of the redirected flow shows the shape of
an annulus. The flow velocities through the container opening and over the boundaries of the
control volume are each constant.

To calculate:

Give a general solution for the mass of the hemisphere dependent on p , ¢, d, h and g. Additionally,
calculate the numerical value.

— 2P [q2 _ cagld? =
m—Zgw/q 2gh q4d = 60.754 kg
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b Thrust reverser

A test bench for aircraft thrust reversers is designed as sketched below. An air jet of constant density
rho exhausts as a free jet from a rectangle nozzle of height h; and width b with the constant
velocity q; at the location (1). A guide vane can be translated along the y-direction which separates
a portion of the free jet with the height h, and widthband redirects it (angle «). At the location (2),
its velocity profile can be assumed as linear with the values g, = 0 at the vane walls = 0 and
q2,max at the jet surfaces = h,. The jet portion (3) has a variable height d at the Point A with 0 <
qd < h, and the width b. The velocity of the free jet g5 is constant over the cross-section at the
location (3). The flow is stationary and the influence of the gravity can be neglected. The flow from
(1) to (3) can be assumed as without losses.
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,D, (h’ hl’ b’ a, q2,max’ pOO

To calculate:
1) Define the flow velocity g5 at the location(3).

2) Define the equation of g, (s) at the location (2) as a function ofsand in dependency of the
unknown h,,.

3) Define the height h, at the location (2) in dependency of d.

4) The guide vane is set to a specific position d. Doing so, h, and g, (s) are set as well. Define
the vertical and the horizontal component of the force F, necessary to hold the vane in place.
Consider h, and d as known.
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1) g3 =q1
2) q, = QZ,’ZaxS

. 1
4) F, = pb Sinaz q%,max h,
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