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1. List of quantities

Quantity Symbol Unit
Volume flow rate 3 me /s
o L/s
L/min
Pressure H Pa
cmH30
Volume S |
L
m3
Voltage N Vv
Resistance Ke Pai s/m3
K Y
¥
Current b A
Density ¥ kg/ m®
Diameter y m
Radius N m
K"
Dynamic viscosity = (Pain's)/ (N s/m?)
g
Velocity 0 m/s
©
Length - m
v
Velocity of sound bg;) m/s
Temperature " (S}
Compliance * m? /Pa
bp L/kPa
L/cmH20
m*in s? /kg
Cross-section area L m?
Acoustic weight wyp kPains? /I
Height m m
Stagnation/ total pressure Ho Pa
cmH30
Static pressure Ho Pa
cmH30
Standard acceleration due to gravity | m/ s
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2. PNEHYKUR

Pnehykur is a pneumatic and hydraulic kit specially developed for teaching Fluid Mechanics
and Plumbing. The complete instructions for use are in attachment: Hxfm+u®¥ wYXOYv.

Fig. 1: Completely connected Pnehykur kit with OMEGA FMA5400 controller
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2.1. Every Pnehykur kit contains:

1. Meluzina

2. 2x pressure sensor

3. Connector between Meluzina and OMEGA FMA5400 controller
4. Connector between Meluzina and PC

5. Power supply 12V

6. 3x2/2 electromagnetic solenoid

7. 1x Pressure reducing valve

8. 1x 3/2 electromagnetic solenoid

9. Connector between air distribution system and pressure reducing valve
10. 2x connector between pressure sensor and other sampling point
11. 3x Manometer

12. 1x Pressure relief valve

13. 2x muffler

14. 3x straight internal fittings

15. 3x straight external fittings

16. 4x T-connector

17. 3x straight connector

18. 2x Y-connector

19. 1x X-connector

20. 3x throttle valve

21. 1x self closing straight fitting

22. 2x ball valve

23. 1x T-connector with internal fittings

Fig. 2: Complete kit of Pnehykur
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3. Software for the laboratory tasks

To be able to complete the following laboratory tasks, you will need to use the prepared

software. For more information about the software, see the HXfm+uC¥ wYxOYy.

The needed software for laboratory tasks:

OMEGA control

Manual P-Q measurement / Automatic P-Q measurement
Manual P-Q measurement / Automatic P-Q measurement
Valve cycling

Pressure measurement

Automatic measurement of compliance

Oscillometer

Valve cycling

W X NO U A WDNRE
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i
|
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4. Fluid mechanics laboratory tasks

4.1 Pneumatic resistance R - properties and parallel to electrical
resistance

Goals

a) The aim of this exercise is to acquaint students with the application of pneumatic resistance
in acoustic systems.

b) Point out the similarities and differences between resistances in electrical and acoustic
systems.

¢) To acquaint students with individual components that are used in healthcare, their

properties and their pressure-flow characteristics.

Theory

There are two basic quantities in electrical systems: voltage B and current & The relationship
between these quantities measured on a lossy electrical conductor is described by Ohm's law. This
law states that the voltage at the ends of a conductor is proportional to the current flowing through

the conductor. The proportionality constant is resistanceX, as shown in Equation 1.

N E K (2)

The electric current is a longitudinal quantity that flows from one end of the conductor to the other.
Voltage is a transverse quantity, measured at each end of the conductor. In order for current to flow
through a conductor, the voltage at the beginning of the conductor must be different from that at
the end.

Analogously to quantities in electrical systems, we can define quantities in acoustic systems. At both
ends of the tube we can define the pressure 8§ of the fluid, which is a transverse quantity, analogous
to the voltages U in electrical systems. In the case of a tube, the longitudinal quantity is the flow rate
@, The relationship between the pressure 8§ and the flow rate g is analogous to Ohm's law, since the
pressure drop across the tube is proportional to the flow rate. The proportionality constant is a
guantity analogous to the electrical resistance &, which in fluidics is called the flow resistance K¢.
The flow resistance (analogous to the electrical resistance ) is greater the longer the tube and the
smaller its internal cross-section. The flow resistance B¢ indicates how large the volume flow g of
gas through the system is due to the application of the pressure difference 24 ¢. This dependence

can be expressed by Equation 2 assumingdaminar flow.

Version 3.2 7 30. 1. 2021



ACEKeim iy

(You will learn more about the issue of flow resistances in laboratory exercise 2: Flow resistance)

The difference in static pressures measured at different parts of the tube is generally dependent on
the distance of these points downstream, the cross section of the tube downstream of the normal
vector to the flow vector, tube curvature, tube smoothness, flow character, dynamic fluid viscosity,
fluid density and fluid volume flow (analogy of wire resistance in electrical systems). In the case of
the distance between the static pressure measuring points, their difference is directly proportional
to the distance. The greater the distance in the flow direction, the longer the fluid molecules are
exposed to friction, the greater the energy losses of the fluid molecules, the greater the difference in

static pressures.

Experiments

1. Electrical resistance x Pneumatic resistance

a) Measure the resistance of the metal wire with a multimeter.
b) Make a knot on this wire and measure the resistance again.

" Multimeter , —
digitalz &
CAT I 500V

) CAT 11 500y
CAT Il 300v

Fuse fuse
oo L
X it

Fig. 3: Digital multimeter and resistive wires

c¢) Do the same for the hose. You have got at your disposal the Omega FMA5400 flow controller
and the Testo 512 pressure gauge, hoses, medical couplings.
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j)

k)

Fig. 4: Hoses of two different diameters

Connect the computer to Meluzina and connect Omega FMA5400 to Meluzina with
connectors included in Pnehykur kit.

Connect the hose from Omega FMA5400 to a pressure reducing valve (max. 2 bar).
Connect the apparatus to the air distribution system.

Set the flow rate on the computer.

At a flow rate of 30 I/min and 60 I/min, measure the pressure drop across the hose (D1 = 10
mm and D2 =5 mm) with a Testo 512 pressure gauge. Measure the pressure in front of the
hose with the inlet + and the inlet to the pressure gauge - leave free in the atmosphere.
Calculate the resistance of the tubes based on knowledge of the flow and pressure change.
Make a knot on these hoses and measure the pressure drop again at the flow rates
according to point d) and calculate the resistance.

Compare hose resistances with and without a knot.

MELUZINA

A

Air
distribution
system

Measured element

Pressure

Flow controller

reducing valve

Testo 512

Fig. 5: A scheme of the apparatus for the measurement
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Pressure

Pressure-flow characteristics of a hose

100

a) Measure the pressure in front of the hoses (D1 =10 mm, D2 =5 mm) in the range of 10-100
[/min.
b) Plot the values i a graph and display its P-Q characteristics and R-Q characteristics.
12
1
08 r
/-/
06 /,//
04 //.w/
02 ‘f_//""‘///
0 _
0 10 20 30 40 50 60 70 80 90
Flow rate
Fig. 6: An example of expected results
3. Pressure-flow characteristics of a given element
a) Measure the P-Q characteristic of the element in the range 10 I/min — 100 I/min.
b) Determine the resistance of the element depending on the flow.

Interpolate the curve with the trend and determine if the resistance is constant.

Fig. 7: An element with a typical resistance

Version 3.2 10 30. 1. 2021



4. Pressure-flow characteristics of a medical equipment

a) Measure the P-Q characteristics of the antibacterial filter, endotracheal cannula and D-lite
spirometric sensor in the range of 10-100 |/min.

b) Measure the pressure using Testo 512 in front of the medical equipment with the inlet + and
the inlet to the pressure gauge - leave free in the atmosphere.

c) Verify that HME antibacterial filter has similar P-Q characteristics to a given element with
capillaries and D-lite spirometric sensor has similar characteristics to a hose (sampling points
has to be closed on D-lite).

Fig. 8: Endotracheal cannulas

Fig. 9: HME filters
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Fig. 10: Spirometric sensor D-lite
Equipment

Pnehykur kit

Omega FMA5400

Testo 512 pressure gauge
Medical couplings
Resistance wire
Multimeter

Hoses (D1 =5 mm and D2 =10 mm)
Endotracheal tube

HME antibacterial filter
D-lite spirometric sensor
Hoses

Questions

Why do we measure the change in pressure on the pressure gauge from the atmosphere in this
laboratory task and not directly behind the element?

Reference

LUMB, A. B. Nunn’s applied respiratory physiology. 7th ed. Oxford: ButterworthHeinemann, 2010.
xii, 556 p. ISBN 978-0702029967.
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4.2 Flow resistance - Reynolds number, Hagen-Pouissel equation

Goals

a) To understand the meaning of the term flow resistance in pneumatics.

b) To understand the influence of radius and length of a tube on its resistance.

¢) To understand the difference in construction of linear and quadratic resistors and
consequently to check their functioning.

Theory

The interrelation of the pressure drop between the beginning and the end of a pneumatic system
and gas flow rate in the system can be described by a parameter called flow resistance or simply

resistance. The flow resistance K (Pa-s/m 3 ) indicates how large volume flow rate g (m 3 /s) of gas
in a system arises due to the application of pressure difference 24¢ (Pa). This relation could be
formulated as:

R="2 (1)

This formula for flow resistance is a pneumatic analogy for electric resistance, where the pressure
and volume flow rate are replaced by voltage and electric current, respectively. In electrical circuits,
we usually think over the constant value of resistance, independent of the current. On the other
hand, the situation in pneumatic systems is more complicated: The value of pneumatic resistance is
often affected by the gas flow rate. That complicates the system description and also creation of
accurate realizations of pneumatic resistances — the resistors.

The mutual relation between the pressure drop 2 ¢ and the gas volume flow rate 8 depends upon

the nature of the flow in the system, and it could be described by a power function in a common
form

Ap=a-qb, (2)

where ¥ and a are constants characterizing the pneumatic resistance.
If the gas flow is laminar, the value of the exponent a equals 1. Then the pneumatic resistance of the

system does not depend on the flow rate and for a resistor with circular cross section it is
determined by the formula:
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R=g="2"1, (3)

where 9 (m) is the length of the resistor, 97 (Pa-s) is gas dynamic viscosity and ¥(m) is the radius of
the resistor.

In a circular cross-sectioned tube, during the turbulent flow, the value of b approximately equals 2.
Therefore, the value of resistance §, defined by (1), is itself directly proportional to flow rate. Then, a
circle-sectioned resistor has its resistance indirectly proportional to the fifth power of its radius.

Often, the form of flow is neither laminar nor clearly turbulent. In this case we speak about a
transient flow. Then the value of the exponent b is somewhere between 1 and 2. For example, in the
case of the respiratory system of the normal human it was reported b = 1.3.

As the most common practical realization of flow resistance, a so-called parabolic resistor is used,
where b is near to 2. The resistor is realized by a local constriction of a tube profile, made by a thin
barrier with a small hole in the middle. The advantage of the parabolic resistor is especially its simple
construction, cleansing, and a low cost.

The construction of a linear resistor with constant value of flow resistance for used flows is more
complicated and expensive. The flow resistors are usually made from a bundle of glass capillaries,
long enough and situated in a wide tube. The number of capillaries and their radius determine the
maximal flow rate, when the flow is still laminar, e.g., when the value of the Reynolds’s number for a
single capillary is less than 2300. The Reynolds number is calculated as

Re="~ :; <4 4)

where 0 (kg/m 3 ) is gas density, d (m) means the capillary radius, 7 (Pa-s) means dynamic
viscosity of gas, and ® (m/s) symbolizes the mean gas speed which could be calculated as

v:%j‘. 5)

J(m 3 /s) is the total volume flow rate of the gas through the resistor, and % symbolizes the number

of capillaries.

Note: The volume flow rate is usually not given in m 3 /s, but rather in L/s or L/min in respiratory
care. We will respect this fact in our further calculations. For the aforementioned respiratory system
of a healthy adult human the resistance may be expressed as
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Ap=024-q" (6)

for the pressure drop calculated in kPa and for volume flow rate stated in I/s.

Experiments

1. Influence of tube length and diameter on resistance

a) Connect the sampling points of one of the tubes to the rail with three-way valves.

b) Connect the pressure sensor MPX5010 to the three-way valve rail with the positive port +.
Port - leave freely into the atmosphere.

c¢) Connect the Omega FMA5400 to a pressure reducing valve (max. 2 bar).

d) Connect the apparatus to the air distribution system.

e) Use Meluzina to set the flow rate on the OMEGA FMA 5400 flow controller.

f) Set the flow rate to 50 I/min and measure the pressure change at each of the sampling
points separately for both hoses.

g) Let only one three-way valve open at one time.

h) Proceed in the same way for flow 80 I/min.

i) Determine how the resistance depends on the length and diameter of the hose for both
hoses.

j) Calculate the resistance at one chosen sampling point of both tubes based on the knowledge
of flow and pressure.

k) Compare the calculated resistance with a theoretical resistance based on the equation 3. (If

the values are not similar, try to calculate the Reynolds number based on the equation 4 and

read the theory one more time).

MELUZINA

|

Air
distribution
system

Pressure
reducing valve

Flow controller

Measured element

Fig. 11: A scheme of the apparatus for the measurement

Dynamic air viscosity: § = 1.84:130-5 Novsox m '
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Fig. 12: Typical connecting to the tubes

2. Linear resistance

a) Measure the P-Q characteristic of a given linear resistance in the range of 10-100 I/min with
step 5 I/min. Use the pressure sensor MPX5010 and the OMEGA FMA 5400 flow controller
for the measurement (you can use the data from task No. 1).

b) Measure the size of the capillaries and calculate the Reynolds number according to Equation

4. (D=~0.001 m,L=0.125 m and number of capillaries =~ 160)
c) Determine from which flow rate the element would not have a linear pressure-flow

characteristic according to Reynolds number.
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MELUZINA E]

.

Air
distribution
system

Pressure
. Flow controller Measured element
reducing valve

Fig. 13: A scheme of the apparatus for measuring the P-Q characteristic

Fig. 14: The linear resistor
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Fig. 15: Typical connection of the apparatus for P-Q measurement

3. Parabolic resistance

a) Measure the P-Q characteristics of parabolic resistances in the range of 10-100 I/min.

b) Determine the coefficients of parabolic resistances according to equation 2.

c) For all the elements plot the measured data on the graph 2X¢ & koioFit thex E Y°iazurve to
the plotted data using Excel. What is the value of the exponent b?

d) Calculate the value of the flow resistance & E A ¢Ua for an i-th flow of each tube. Then
recalculate the resistances of each tube per unit; assume the linear dependence of
resistance on a tube’s length.
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a)
b)

d)
e)
f)
8)
h)

Fig. 16: Parabolic resistors with different diameters

Turbulent flow and Reynolds number - Korotkoff sounds

Use turbulent flow to measure (blood) pressure.

Prepare the orange reservoir full of water.

Connect the quick-coupler with the pump.

The pump is controlled by a linear voltage source with a potentiometer.

Behind the pump, put the model of an arm.

Simulate a heartbeat using a pump as a heart.

Press the artery in front of the model.

Using a stethoscope, you should listen to the Korotkoff sounds behind the narrowed point.
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Model of

anarm Linear voltage
regulator Water
reservoir
Water pump

Fig. 17: A scheme of the apparatus

Fig. 18: Typical connection of the apparatus for listening to Korotkoff sounds

Equipment

Pnehykur kit

FMA 5400 flow controller

Linear resistor

Parabolic resistors

VBM couplings with sampling points for pressure measurement
Tubes with the sampling points

Rail with three-way valves and hoses

Kit for Korotkoff sounds demonstration
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Examples

The oil at a temperature of 20 °C, which has a density of 888 kg/m  anda dynamic viscosity of 0.8

N®/ m 2 , flows steadily through a 40m long tube with a circular cross-section with a diameter of 5
cm. The measured pressures at the inlet and outlet of the tube are 745 kPa and 97 kPa. Determine
the oil flow rate in the tube when it is horizontal, tilted 15° up and tilted 15° down. Confirm that the
flow is laminar in nature. Assume that the flow is fully developed in the tube.

Find out the minimal number of capillaries necessary for the construction of a linear resistor if the
maximal volume flow rate is Qmax = 100 L/min and the diameter of one capillary is 1 mm. Dynamic

viscosity of the air is 1.71-10-5 Pa-s and its density is 1.293 kg/m 3
Questions

What must be the diameter of the hose at a water flow of 10 |/min at a temperature of 25 © to
prevent turbulent flow?

Reference

BLOM, J. A. Monitoring of Respiration and Circulation. 1st ed., Boca Raton: CRC Press, 2004. 188 p.
ISBN 978-0849320835.
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4.3 Obstructive flow measurement

Goals

a) Students will get acquainted with the experiment with the influence of the geometric
dimensions of the obstructive element and with the influence of the distance of the
sampling points on the range, accuracy and sensitivity of the measurement, as well as on the
sensitivity of the given element to noise.

b) The aim of this exercise is to acquaint students more deeply with the most commonly used
method of measuring gas flow in health care, with obstructive measuring elements.

¢) To determine the advantages and disadvantages of individual obstructive measuring
elements (bidirectional measurement, resistance to clogging, size of dead space, robustness
and simplicity).

d) To determine examples of the use of elements in healthcare.

Theory

For their simplicity, so-called pneumotachographs are preferably used to measure the flow rate of
the ventilation mixture in clinical practice or during ventilation experiments. This is one way to
measure fluid flow. In most cases, these elements are several centimeter long tubes with a suitably
positioned and suitably shaped resistive member inside. The resistive member may be, for example,
a simple constriction, an obstacle, or a system of capillaries. The resistance member causes a
pressure difference to occur in front of and behind the resistance element inside as the gas flows
through the tube. Thanks to its characteristic design, it makes it possible to convert the information
about the gas flow into a pressure difference, which is further converted into an electrical signal by
means of a pressure sensor. From the course of this signal, it is possible to determine the flow rate
back. At the same time, it is then possible to calculate the total volume of fluid that has flowed
through the tube per unit time.

The pressure difference arising on the resistance member is proportional to the velocity of the gas
flowing through the sensor. By measuring the pressure-flow characteristic, it is possible to
determine the gas flow through a given flow sensor at the value of the unknown flow rate by
measuring the pressure difference. Fig. 19 shows the course of the air flow velocity through the
selected model of the flow sensor D-Lite. Fig. 20 shows the pressure difference arising during this
flow. The air flow is 50 |/min in both figures and is oriented from right to left in both figures. These
figures show the principle used by flow sensors.
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Fig. 19: Flow velocity through the D-Lite flow sensor (flow direction from right to left)
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Fig. 20: Pressure difference arising on the resistance member (flow direction from right to left)

Properties of the obstructive elements

P-Q characteristics of the obstructive elements

To describe the dynamic properties of flow sensors, the pressure-flow characteristic of each of the
sensors is plotted. This is a graph that shows which flow rates belong to the value of the pressure
difference arising on the resistance element of the measuring sensor. It is possible to construct a
curve by measuring pressure differences at specific flows. The equation of this curve is then
described as a function, which is then converted to an inverse function by mathematical
adjustments. When measuring flows, this inverse function inserts information about the detected
pressure difference, which was measured by the flow orifice, and the instantaneous value of the
volume flow is determined by recalculation within the software of the given device. To illustrate
what the pressure-flow characteristic may look like, Fig. 21 is a graph describing the pressure-flow
properties of the D-Lite pneumotachograph.
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Fig. 21: P-Q characteristics of the sensor D-Lite

Measurement of pressure flow characteristics

The measurement of pressure-flow characteristics of flow sensors is performed on the so-called
calibration track. On this track, it is possible to control the air flow using a valve, read the value of
this flow using a flow meter and measure the pressure difference that arises on the flow sensor. The
valve, flow meter and measured element are in series in the line. Between them, a hose is used to
stabilize the asymmetric and turbulent currents that are generated by all the elements in this line
during the flow. Omega FMA5400 is used for flow measurement. This device allows to measure and
adjust the flow rates of gases and gas mixtures up to a value of 100 |/min. The Testo 512 instrument
is used as the differential pressure gauge. The measuring range of this instrument is 0 to 20 hPa with
an accuracy of £ 0.1 hPa. (Hoses are connected to the outputs of this device, which carry information
about the pressure difference from the flow sensor.) When connecting the device to the flow sensor,
it is necessary to pay attention to the correct orientation of the device terminals to the sensor
terminals. The outlet on the pressure gauge marked with a plus is connected to the positive output
of the flow sensor. A positive sensor output means an output on the side on which a positive
overpressure is generated during flow. It is therefore the side that is first in the flow direction, i.e. at
the beginning of the resistance member. By using a corrugated hose and straightening the
calibration track, undesirable phenomena that could adversely affect the measurement are avoided.

Pressure sensor

Flow direction nl

1
_ —_—{
~
Pressure reducing valve Flow controller Measured element

Fig. 22: A typical connecting for measuring P-Q characteristic
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Types of obstructive measuring elements

Different designs of the internal resistance member give the flow sensor different properties. There
are several basic types of flow sensor design that use this principle. The first of these types is a flow
sensor with an inserted orifice plate. This type is constructed in such a way that a partition with a
circular opening is inserted into the inner space, which is concentrated in the longitudinal axis of the
tube. This solution of the flow sensor arrangement is advantageous mainly because, due to its
simplicity, the whole sensor is very mechanically resistant, easy to clean and suitable for long-term
use, since possible clogging of airway secretion is not a significant problem for function. The main
disadvantage is the fact that these sensors have poor resolution when measuring low flow rates due
to their parabolic pressure-flow characteristics. A detailed summary of the rules describing the shape
and properties of orifice discs and sampling points for measuring pressure drop is the technical
standard EN ISO 5167-2 on measuring fluid flows using differential pressure sensors inserted into a
completely filled circular pipe, part 2: Orifices.

Another way to create a pressure difference is to insert a foil with an embossed or cut-out profile. By
suitable shaping of this profile, it is achieved that the film gradually opens with increasing flow due
to the deflection of the free ends of the film in the punctured profile. Thanks to this element, the
pressure-flow characteristic has a linear character and the sensor is thus able to measure with the
required accuracy even very small flows of the breathing mixture, which are around 5 litres per
minute. The disadvantage of these screens is the lower mechanical resistance and the fact that
secretion from the patient's airways may adhere to the inserted film. Therefore, measurement
inaccuracies may occur with long-term use. This type of sensor is also more complicated to clean. In
most cases, it pays to replace the used flow sensor with a new one. The Spiroquant H flow sensor is
then shown in Fig. 23, which uses the principle of a gradually opening foil.

Big. 23: Spiroquant H flow sensor
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Another possible type of flow orifice design is to place a set of thin tubes in the interior of the
sensor. In this way, the pressure-flow curve is linearized. These orifices are therefore suitable for
measuring even low flow rates. However, the disadvantage of this solution is the fact that in
longer-term use, the inserted tubes are prone to clogging with secretions from the patient's airways
due to their dimensions. Therefore, this solution is not used in routine clinical practice for long-term
monitoring of volume flows in the ventilation circuit. This type of sensor is used for single
spirometric examinations. An example is the so-called Fleisch pneumotachograph. Fig. 24 shows this
type of flow sensor for illustration.

Fig. 24: Fleisch pneumotachograph

In the case of the D-Lite pneumotachograph, a resistance element with a relatively specific shape is
used to measure flow rates in ventilation care. The resistance member is a three-arm construction
with built-in sampling points for pressure difference measurement and gas analysis. A sensor of this
type can thus better measure even lower flow rates compared to a sensor with an inserted orifice
plate because it takes advantage of stagnation pressure. On the other hand, due to the fact that no
foil or capillaries are used here, there is no risk of loss of the sensor's functionality due to long-term
use due to airway secretion. The resistance element of the D-Lite flow sensor, which is very often
used in artificial lung ventilation, is shown in Fig. 25.
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Fig. 25: Flow sensor D-lite

Another flow meter uses the principle expressed by Bernoulli's equation. The closed tube is
narrowed in some section (during the flow of the medium, at this point there are changes in the flow
rate and pressure) by the throttle member. The throttling element can be, for example, a throttle
orifice, a nozzle, a venturi nozzle. A nozzle is a mechanical element used to limit the flow of gases
and liquids. It differs from the orifice plate in that it has a continuously changing cross-section (thus
having a longer service life). The inlet edge is rounded, the outlet edge is straight (sharp).

The nozzle is a one-way obstruction flow meter. It consists of an obstacle that is circular in shape
and, when theoretically viewed through the wall of the flow meter, has the shape of a rounded
letter L, and pressure sampling points which are located at defined distances from the obstacle. The
Venturi nozzle is in its basic form the same one-way obstructive flow meter but it is possible to
modify the Venturi nozzle so that the volume flow can be measured in both directions. The venturi
nozzle in its basic form has one of the sampling points for measuring static pressure in front of the
obstacle and the other is located directly in the obstacle. In an obstacle, there is an increase in the
flow rate and thus a decrease in the static pressure.

Fig. 26: Cross-section -& nozzle and Venturi nozzle
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Fig. 27: A nozzle and Venturi nozzle

Experiments

What types of flow sensor designs do you have in front of you? Identify and name each type.

1. The resistance of an obstructive element

a) Connect the computer to Meluzina and connect Omega to Meluzina with cables included in
Pnehykur kit.

b) Connect the Omega to a pressure reducing valve fmax. 2 bar).

c) Connect the apparatus to the air distribution system.

d) You should use an accurate pressure sensor MPX7002. Be careful about the offset on the
sensor.

e) Measure the pressure in front of the spirometric sensor D-lite at a flow rate 60 |/min at both
directions (with closed sampling points).

MELUZINA

Pressure
sensor
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Fig. 28: A scheme of the apparatus for the measurement
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Fig. 29: Spirometric sensor D-lite

2. P-Q characteristic of the obstructive elements

a) At a flow rate of 10-80 I/min (step 10 I/min), measure the P-Q characteristic of all
obstructive elements in both directions.

b) Compare the P-Q characteristics.

¢) You should use an accurate pressure sensor MPX7002. Be careful about the offset on the
sensor.

Fressure Measured element
reducing valve Flow controller

Air r——H
distribution 1 J
system l

Fig. 30: A scheme of the apparatus for the measurement
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Fig. 31: Parabolic resistor

Fig. 32: Ahozzle and Venturi nozzle

Fig. 33: Foil resistors

What are the advantages and disadvantages of each solution?
Which type of obstructive element is used when long-term use of a flow sensor is required?
What is the most suitable element for low flow rates?
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Which element is structurally simplest?

What element works best for bidirectional flow?

Why does the pressure measured in front of a D-lite sensor have a smaller pressure drop than the
pressure drop at a sampling point at the same flow? Think about the construction of the sampling
point.

3. Measurement of signal properties on differently spaced sampling points

a) Connect the MPX5010 pressure sensor to the three-way valve rails.

b) Connect the positive port of the sensor to the three-way valve rail, which is in front of the
obstacle inside the supplied element.

¢) Connect the negative port of the sensor to the rail behind the obstacle.

d) Connect the supplied element to the flow source and set the flow to 80 |/min.

e) Determine the effect of the sampling points in front of and behind the obstacle on the
measured pressure drop.

f) Rotate the measured element to see if it has symmetrical properties.

g) In what arrangement should the signal have the most noise to signal ratio?

h) In what arrangement is the signal most sensitive (the biggest pressure drop)?
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Fig. 34: A scheme of the apparatus for the measurement
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Fig. 35: Typical connecting to the pressure sensor

Fig. 36: Rail with three-way valves
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