@ Bi 1005

Mechanics

Aerodynamics and hydrodynamics
Introductory experiments in aerodynamics

LD

Physics
Leaflets

Objects of the experiment
B To measure the static pressure in a Venturi tube

Static pressure in a reduced
Cross section

— measuring the pressure with
a pressure sensor and CASSY

B To know the static pressure in a Venturi tube as a function of the cross-section

Fig. 1: Venturi-tube schematically: cross sectional areas Ay and A;,
flow velocity vo and v;. The numbers denote the measuring
points.

Principles
The Bernoulli equation

po*%Vg:p1+%Vf 0]

p: density of the flow medium

and the continuous equation
Vo Ag =V A (1
v: flow velocity

describes the flow of air through a tube with changing cross
section A.

The total pressure is po determined by the static pressure p
and the dynamic pressure ps:

Po=Pp +pPs

In this experiment the static pressure in a Venturi tube is
measured for different cross sections A; to A4 (see Fig. 1).
The experiment is closely related to P1.8.5.5 where the vol-
ume flow through a Venturi tube is determined.
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Apparatus

1 Suction and pressure fan...........ccccoeevveeneennn.
1 Venturi tube with gauge points

1 Sensor CASSY ..ooviiiiiieeeeeeiee e,

or
1 POCKEt CASSY ... 524 006
with

1 CASSY Lab..uiiiiieiiieieeeeeeeiee e 524 200
or

1 Mobile-CASSY ....ovieiiiiiieeeieee e

1 Pressure sensor S, + 70 hPa.........ccccvvveeen.
1 Stand base, V-shaped, 20 cm
1Stand rod, 25 CM ..covvvniiiiiicei e,
1 Leybold multiclamp .......cccooviiiiieeiinniiiiiieen.

additionally required: 1 PC with Windows 98 or higher

Fig. 2: Experimental setup with Sensor CASSY schematically.

Setup

Equip the air blower with the small nozzle (100 mm) and the
Venturi tube. Set up the these devices horizontally on the
base like shown in Fig. 2. Additionally, support the Venturi
tube using the stand base, stand rod 25 cm and Leybold
multiclamp. Do not overtighten screw of the Leybold multi-
clamp.

- Plug the pressure sensor S, £ 70 hPa to the Input A of the
Sensor CASSY (Fig. 2) or to the Mobile CASSY (Fig. 3).

- Connect the vacuum nipple (right side) of the pressure
sensor to the central measuring outlet at the smallest di-
ameter of the Venturi tube by means of a hose and a
brass nipple.

Safety notes

Mind the safety notes in the instruction sheet of the suction
and pressure fan.

Before removing the protective grid or the nozzle:

M pull out the mains plug
M wait for at least 30 seconds until the rotor comes to a
complete stop.

s-080 |
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LD Physics leaflets -3- P1.8.54
Carrying out the experiment S X
a) Measuring with Sensor CASSY
- If not yet installed install the software CASSY Lab and Input A1 Pressure Sensor 3, 7U hPa (524 086]

open the software. , :

(uantity: | Relative Pressure pay w |

- Open the window “Settings” using the tool box button 8lor

function key F5 from the top button bar: Meas. Range: | 0.7 HPa . 0.7 hPa v|
!'.! CASSY Lab Record Measured Values

() Instantaneous Values
s | B | B
ﬁ @ $ O é @ E:I (&) Averaged Values }
m

- Sensor CASSY with the connected pressure sensor S at .

“Input A” should be displayed at the tab “CASSY” if Sensor Zera Point

CASSY is connected via the USB port to the computer. O Left (® Middle O Right .
Settings El

CASSY | Parameter/FormulaFFT | Modeling | Comment | General
L
-
+
.
ETY
+e e
LD 524 010
[ Update Setup Click on a channel to activate.

- Activate the connected sensor at Input A by clicking at the
pressure sensor S.

Note: Further details about connecting sensors to Sensor
CASSY can be found in the manual “CASSY Lab Quick
Start”.
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- In the window “Sensor Input Settings” select “Averaged
Values” and enter the value e.g. “800 ms”.

- Disconnect the pressure sensor S from the Venturi tube.

- Set the pressure sensor by clicking in the window “Sensor
Input Settings” at the button “-> 0 <-“.

- Connect the pressure sensor S to the Venturi tube.

- Set the blower to its minimum speed (i.e. left limit position
of blower control) and only then switch it on.

- Slowly increase speed of the air blower until the air pres-
sure reaches approx. 50 hPa.

- Read off the static pressure.

Note:

To apply the reset button “-> 0 <-“ the window “Sensor Input
Settings” have to be invoked if not open. This can be
achieved e.g. by clicking the right mouse button on the pres-
sure button in the top menu bar.

- To record the pressure values p at different cross sections
A with CASSY double click on the button | and select
“Manual Measurement”.

Measuring Parameters rg|

() Automatic Fecording
(%) Manual Recording
[ &ppend New Meas. 5ernies

[ Close l [ Help ]

- Select the measuring points in turn and record for each
cross section the static pressure by clicking on the button

Bl or using the function key F9 .

Note:

Repeat this measurement procedure several times. It is rec-
ommended to apply the reset button “->0 <-* before each
measurement.
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b) Measuring with Mobile CASSY

- Switch on the Mobile CASSY with the key.

- Call the main menu using the key.

- Select the submenu “Quantities” by using the arrow keys
E or ﬂ and enter the submenu using the right [ - | key.

- Go to the submenu “p” using the right [ - ] key.

- Chose “Compensate Offset” and set the pressure to zero
by pushing the right [ - ] key.

- Press key and then the left [l key to display the
measured pressure value.

- Read off the static pressure.
- Select the measuring points in turn and read off for each
cross section the static pressure.

Note: For further hints using Mobile CASSY refer to the in-
struction sheet 524 009.

Measuring example

Table 1: Static pressure p as function of the cross section A
of a Venturi tube.

P A

hPa cm?
1 0.453 19.6
2 0.136 33.2
3 0.048 66.5
4 0.002 78.5

Fig. 3: Experimental setup with Mobile CASSY schematically.
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Fig. 4; Static pressure as a function of the cross section A; to A, of a
Venturi tube (compare Fig. 1).

Evaluation and results

The static pressure (low pressure) decreases in the reduced
cross section of the Venturi tube.
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