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1. Descrigtion of the Wind Tunnel

1. Generalproperties

(1) Operating principle andproperties

The tunnel is technically a secalled Eiffel Tunnel. The air is takenn from the environment
via the inlet and blown back into the environment after thevorking section Therefore, the
uniformity of the incoming air also influences he quality of the fow in the working section
At full speed of 20 ms, i.e. 72 km/h, and thus in the rangeof wind force 8, almost 2.5 m3s
of air are transported through the laboratory. Theunnel should therefore be set up on a
fixed, freestanding table whose distance from the nearest walls is at least 1 m to all sides.

The tunnel is a new development of ANIPROP GbR in its dimensioning. A special feature is
the shortcontraction segmenbf 0.5 m in length, which narrows or widens the aiflow to %

of its crosssection. Thus, despite the measuring cross section of 0.35 mx 0.35 m, thanel
still operatesin a normal laboratory room. A laboratory area o4 m x 3 m is the lower limit
for installation.

GrofRer Windkanal
ANIPROP GWK3

Windgesehwindigkeit 0 ... 20 mis
5 m x0.35m
indgeschwindigkeit e

Design as a genuine Eiffel tunnah suction mode (left), balancewith force sensors

The tunnel operatesin two operating modes: suction mode S and pressure mode [n the
picture above, the flow is suckedn by the drive and comes from the leftThe wind tunnel
balancewith an airfoil (a flat plate) as the measuring object in the version with force sensors
is shown enlarged on the right. In the pressure mode, the drive forces the flow through the
contraction segmentand narrows the crosssection d the drive to 1/4 of the entry surface.
The balance can stand free in front of théow outlet.

(2) Modules andoperating modes

The wind tunnel consists of five sedupporting moduks with the same cross section

o Cross-section of the modules . The square cr@ssection of all large segments is
0.774 m x 0.774 m plus 15mm height through the feet under all segments

External dimensions Width x Height x Length0.8 m x 0.8 m x 2.0 m.
(1) Drive unit with flow  straightener Length 0.4 m.

(2) and (4) Contraction s egments Lengthje 0.5 m.

(3) Working section Length0.5 m.

O O O O O

(5) Flow straightener Length0.09 m.
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Between the segmentssilicone sealsare insertedin the T-slots of the frame In sudion mode,
all five modules adjoin in the order 1 to 5which results ina total length of about 2.0 m.

Flow 6o i Drive with
rectifier =y Hlow direction. mpw flow straightener

Working section

‘ I:> with balance

Contraction ‘ Expansion
of the flow of the flow

Functional £hematic of thetunnel in suction modeS

In principle, the symmetry of the structure allows it to use all five modulespressuremode. But
the purpose of the suction mode design is precisely to eliminate th&bulence from the four
drive motors from the flow.

1 Access to themeasuring object takes place inthe suction mode through an
opening of 250 mm at the topside of the working section

The usual structure irpressuremode showsin the following picture.

Drive with

<= Flow direction <m flow straightener

Working section
with balance

Contraction
of the flow

Functional schematiof the tunnel in pressuremode D

The pressure mode allows unrestricted access moeasuring objecs and in many cases is
sufficient for determining the air forces acting on theeasuring object

A h& suction mode, especially at low speds, resultsin a well layered, laminar flow
which visualizesstreamlinespretty well

A Turning the drive unitchanges the layoutfrom the suction mode to the presure made
and vice versa

In the pressure modethe contraction segmentincluding the flowstraightener is not used.
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3) Wind tunnel balance
The supplied wind tunnelbalance determines the ® Balance A Flow
force of the flow on themeasuring object From its Balance B
measuring principle,it measuresthe force com - -
ponent in flow direction, the flow drag, and the
force conponent perpendicular to the flow, the Weighing device Support

(dynamic) lift. The wind tunnel balanceis used in

both operating modes suction mode and pressure
mode. It should be noted that the measuring
device, referred to for short as the wind tunnel
balance consists of two pas, which can be

separated from one another. These parts are the resessscrs e
actual weighing device, which consists of twc

laboratory balances or two force sensors, and the =~ Whole weighing device reversed
support, which carries the measuring objeciThe Changing the operating mode
two balances or force sensors are named A anB.

In principle, the measurements with laboratory balances or force sensors do not differ. The
support for the measuring objectremains the same. The two weighing devices differ
significantly in the number of possible measurements per second (scan raité)e laboratory
balances allow a maximum of two to three measurements per second, while the force sensors
have a high temporal resolution of up to 500 Hz. These are therefore suitable for dynamic
measurements.

Itisrecommendedto turn the entire wind tumel balancewhen changing the operating mode,
as shown in the picture above. Then the balance A or the dynamometer A always remains
below the object to be measured, which is attached to the vertically upstanding arm.

(4) Control and measuring equipment

From 2017 on, all versions ofthe tunnel are equipped with

a control unit. The wind speed is sebn a control panelwith
digital input via push buttonsand then held by a controller
(PID controller). The measurednput value for the controller
is received froma hot wire anemometersuitably positioned
in the airflow. The adjoining image shows the display of the
measuring device, in which at the same time the temperature
of the airflow is determined. The followingquantities are
available on the control unit at anoutput socket

1 the control voltage for the motor 0 16 V)
1 the wind speed, pictured or0 40V

Display of the windsensor ¢ the temperature, imaged orD  é V1 0
(d&nsodo stands

As standard, the weighing device consists of two laboratory
balances with a measuring range of 1 kg andx display field. The force sensors havea
measuring range of 20 N. [&ta can be recordedrom both weighing devices. For theversion
with force sensors, the displagf the datais possibleonly on the PC.

Page7



ANIPROP GbR 6 Wind Tunnel GWK3

2. Technicallayout of the wind tunnel

(1) Drive and control

The drive is equipped with four FNO30
motors each with 0.42 kWpower within the
FE2owlet ECblue series from ZiehAbegg.
The series is very quiet and therefore wel
suited for operation in a laboratory with
further workplaces. A description with the
technical data canbe found on the attached
CD (see attachment).The drive is controlled
via the UNIcon control panel from Zieht
Abegg.In addition to controlling the drive,the
unit allows numerous other operationsWith
the digital input of the desired wind speed via
keys,individual operating points can precisely
be reproduced.

<<
Direction
of wind

Socket
220V ~

Connection of the controller of the GWK3 in
the version for laboratory balances, until
2016 still without further sockets for sensor
elements (connection power 1.68 kW).
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Drive motors of the GWK3

(2)Electrical connection

The electrical connection to therid is seen
on the left side of thetunnel. The supplied
cable with cold plug is connected to 220 V
~. The built-in power switch is adlitionally
equipped with a 10 A miniature fuse Next
to the connection socket for 220 V ~ are
the connections for the control panel. The
two cables of the control panel serve for its
power supply and the forwarding of the
control voltage to the motors.The plug for
the control voltage has a red dot, which
must match the associated socket. The
plug is pressedinto the socket until the
holding ring audibly locks ("push-pull”).
The connection is released by lifting the
ring and pulling out the plug. Include is
another plug, which can beconnected to
the socket foraccesgo the control voltage
and other values. For measunmments with
a data acquisition system the control
voltage can beobtained for recording.



The data socket on the control panel
has sx poles, the meaning of which is
listed below.

Version V04.4 / 2018

Dat a socket for taking the
various data ( black arrow)

Plugs and sockets are clearly marked connections on the control unit (control panel) are
by consecutive numbers next to each from the right wind sensor, power supply of the
contact. On closer inspection you can force sensors and the forwarding of the dat
see that pin 1 is below the red dot. control voltage and wind sensor (from the right).

When you look at the socket, the count
continues in the clo&wise direction,
the plug left accordingly counter
clockwise.

An additional power supply is built into
the control panel to supply the wind
sensor and the force sensors, which can
be opened.

Pin Data socket on the control panel
1 red motor control 0 bis10 V
2 blue motor GND
3 yellow signal wind sensor
4 green wind sensor GND
5 pink signal temperature sensor
6 grey temperature sensor GND

The inside of the control panel UNIcon with the connections fdahe sensors.

1 PushPull circular connector SF12 from WeiPuhttp://www.weipuconnector.com/
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|. Power supply mains voltage { Clip }
Power UNIcon connector

L220V~
© — .< Additional power brick  brown (white)

N 220V ~ o
= < blue (brown)

O

PE o
° - .< 5 green/yellow (green)
ll. UNIcon control (PID-controller)

Drive

control C T :
o o—— A1 E1 Il | 1+24V

: : 20V

o—H &—{ | GND GND [ |+ 3.4 U0

1+U ctrl |
2 -Uetr | /1 2
3,4 U0

5, 6 Temp. 3

L N PE 24\ + - 5V + -2V

O O O O [ & O Qi

Voltages & ®
1 +5V=

2 0V toPin 1
3+12V= — ,
4 0VtoPin3 [Il. Additional power brick

Circuit diagram of the control panel UNIcon with additional power supply
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The pictureon the previous pageshows the inside of the control panel. Access is achieved
by loosening the two screws on the left and right of the front cap (nat the picture), which
closes off the control panel. On the left is the supply of the mains voltage from the terminal
box on the drive. In the picture, the marking of the cable wires for the mains voltage instead
of the colors brown, blue and yellow / greemxceptionallyis white, brown and green.

In addition, the control cableleadsto the motors of the drive with the colors white for "+"
and brown for "GND". Both lines are connected to the drive unit during operation. The
following picture shows the contrbunit without the front cap.

There is no need to open the control panel during normal operation. However, if this
is necessary for a different configuration of the connections, please note:

Disconnect mains connection before opening

Voltages Voltages Wind Sensor
1+ U_ctrl 601 1 +5V= 124V + 6 O1
Malns Supply Dnve Control 2 -Ued (O 2 -5v= (1002\ 224v. (O "o
220N (1) Ius 1(2)Vnr;nus 3,4 U0 50 3+12V= 4O .3 3,4 U0 5O O
b 5, 6 Temp. 4 O3 4 -12V= 5,6 Temp. “4 03

Label on the cover of the controlunit

Pin Socket wind sensorcontrol unit

1 white supply +24 Vv

2 brown supply0 Vv

3 yellow signal wind sensor

4 green wind sensor GND

5 pink signal temperatue sensor

6 grey temperature sensor GND
Pin assignment of the windsensor (righthand
socket on the controlunit). Wind sensor open.
Keypad for individual setting of data acquisitior
visible (white rings).
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Changing the wind sensor settings is not required during normal operation

The middle of the three connection soakts on
the controlunit only servesfor the voltage supply Pin Low voltage socket on the control

of the force sensors. The adjacent table shows th panel
allocation. The additional power supply provides violet +5 V=
the three supply voltages 5V, 12 V and 24. pink 0V at Pin1

The installation of the additional power supply in
the previously practically empty UNIcon control
unit has taken place without additional
ventilation slots. This is not necessary for the
electrical load generated by the connected sensors. The power supply can actually deliver higher
power. Butthen, the control panel has to be rebuilt and ventilated. Therefore:

dark brown +12V =
light brown 0VatPin3

AW IN (P

1 The low-voltage connections of the control panel must not beaded with other
consumers whichrequire significant power. The heating of the interior of the
control panel is to be checked in case afoubt with a temperaturesensor and
should not exceed 40 C in continuous operation of a laboratory day.
Maximum permissible continuous temperature for UNIcon: 55 ° C

3) Working sectionand wind sensor

The segment calledworking sectionfulfills the dual purpse of guiding the flow out of the
contraction segmen{mode D) and in the opposite direction as the space for the measurements
(mode S). The inside dimensions are 0.35 it 0.35 m x 0.5 m. The sidevalls are like all other
walls3 mm thick windows, made ofpolycarbonate (Bayer Makrolon®©)

Access opening 250 mm

|

Working sectionwith wind sensor in suction mode, wind tunnebalancewith force sensors
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