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Abstract: -

This work is to build anemometer, especially for hot air or hot gas flow, from a very
cheap materials available as a waste in reforming shops and small factories. The design of this
tool takes in to account that any primitive technician or smith can build the tool. At the
beginning, the parts of tool are designed using Catia V5R17 Software and some parts are
imported to ANSYS WORKBENCH 2020 R2 software for test of mechanical stresses and
deformation associated with temperature increment. Then, theoretical computations are made
where angular displacement is calculated, based on equations solved by MATLAB R2020a
software, where the tool faces flow air streams with different speed magnitudes. Those different
air speed magnitudes used in the experiment are 1 m/s, 1.5 m/s, 2 m/s, 2.5 m/s, 3 m/s, 3.5 m/s,
and 4 m/s. After that, a real tool is built and be placed in duct having a dimensions of 2 m length,
0.35m height and 0.3m width. The air flowing in that duct has the same different speed
magnitudes used in theoretical computations. Then, comparison between the two results is made,
which show that despite there is a relatively slide difference in angular displacement readings but
the response of the real tool to the different air speed magnitudes are very coincides with the
theoretical.

Keywords: Angular displacement, Gas flow speed, Deformation, Thermal stresses, Moments,
Friction, Reaction force

Introduction: -

This paper is another step to build a fully automatic controlled air conditioning (HVAC)
and heating system. An Anemometer iS a tool to measure the speed of air or gas. The
measurement can be done directly either in contained flow, such as flow in duct, or unconfined
flow such as the form of wind [1]. There are several types of anemometers like cup type, vane
type, hot wire type anemometer, laser Doppler type, ultrasonic type, windmill type, pressure type
and ping-pong ball type anemometer [2]. Most of these anemometers are only working at room
temperature and some of them, like laser doppler and ultrasonic, can work within high
temperature range. The laser doppler anemometer requires emitter for laser beams and a receiver.
It works on principle of measuring time rate change of laser frequency for gas’ particles
intersected by the laser beams [3]. The ultrasonic anemometer works on principle that the flow of
gas will change the ultrasonic wave propagation passing through and that change is proportional
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to the speed or flow rate of gas. By measuring the time rate of ultrasonic wave propagation, the
speed of gas is computed [4].

Therefore, based on former explanation, the laser and ultrasonic anemometers are hard to
be built by hand. Also, those anemometers are expensive and rarely available in markets. They
are widely used in industry and are bought directly from their manufacturing. In Iraq, it is very
hard to get such tool as well as it is economically unworthy to spend much money for an
auxiliary design. Therefore, an alternative tool should be built to replace the professional one.

First, to build the tool, one can use the manometer methodology which depends on the
height of liquid level as indication of hot gases speed [5]. Despite manometer can give
acceptable precise results but it is not portable and it should be permanently mounted on duct in
which the speed of hot gases is measured. Second, a cup type anemometer methodology can be
used to build the tool for hot gases [6]. Also, a digital electronic control can be added to the
design, based on this methodology, to compute the speed of cups’ rotation [7]. But, the big size
of cups and their equipment will be obstacle to be used in ducts and narrow places. Besides, the
handmade process for building this form will be rather difficult and not accurate enough [8].
Third, the principle of hot wire type anemometer methodology can be used. This principle is
based on the measuring of the change in resistance of wire, placed in gas’ streams, in which an
electric current pass. Due to heat transfer from wire to gas stream, the electric wire cooled and
resistance will decrease. This type requires clean gas as well as high electrical current directly
proportional to the gas temperature [9]. So, it will be hard to build such tool even by professional
engineers. Therefore, an independent thought should be followed to build this special type of
anemometer based on what available in hand. Gas’s thrust principle can be followed to build this
tool as it will be shown down.

Parts of the tool:

The only material used to build the tool is an aluminum to avoid the rust generated from
humidity and high temperature in gas besides aluminum is a light metal which minimizes the
inertia. The steps of designing this tool should consider the thermal strength of its parts, range of
working, and the environment of working. The tool generally consists of two main parts, the
paddle and the holder or frame. The dimensions of these parts are selected to be suitable for
using the tool inside or outside the ducts with enough accurate results. The parts of switch are:

1. The paddle, shown in Figure.1 below, has a rectangular shape and its upper side is formed in
such a way that it is pinned with the holder or frame. It works to let gas move it around the
pin. The thickness of its aluminum plate is 0.9 mm. Figure 1 below shows the dimension of
the paddle.
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Paddle in Catia V5R17 Real paddle

Fig (1) Paddle part in reality and in Catia Software

Note: The paddle is drawn by CATIA V5R17 software and is built in reality as shown in Figure
1 above

2. The second part is the holder or frame. The frame is 100 mm diameter cylinder with a 100

mm length. It is made by rolling a 0.9 mm thickness aluminum plate. This part has a region
formed in such a way that holder is pinned at and move around as shown in Figure 2 below.
Also, it carries the scale of speed readings as it will be discussed later. Figure 2 below shows
this part in Catia V5R17 software and in reality.

Frame in Catia with all dimension Real frame picture

Figure. 2 The Frame in reality and in Catia Software
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Also, there are additional auxiliary parts added to the whole real tool as shown in Figure
3 B and C below; those parts are for reading the speed and for holding the tool. The axillary parts
are: - aluminum plate, mounted on the frame, together with an indicator and the hanging wires
for holding the tool.

Plate

Hanging wires

indicator

A- Whole tool in Catia B- Whole real tool C- Side view of real tool
Figure 3 Whole tool in reality and in Catia Software

Tool’s work:

The paddle faces streams of hot gases and when those streams have enough power, it will
push the paddle away at angular distance proportional to the flow rate of the gas. The cylindrical
shape of the holder or frame helps to organize the streams of flow. The magnitudes of speeds are
radially written on auxiliary plate part. The indicator is an aluminum needle glued at the top of
the paddle and moves together with paddle to refer the magnitude of the speed on the auxiliary
plate

Building the tool: -

Before building the tool in reality, there is a need to do theoretical calculations to check
the model and to estimate all problems that might be appear during the operation.

Theoretical calculation: -

This tool is subjected to heat during operation; therefore, thermal stresses will be induced
which might effect on readings within operation. In the frame, particularly the cylinder, the
shape of cylinder helps minimizing the thermal stresses; therefore, the holder part will not be
checked for thermal stresses [10]. But regions of the holder or frame, where the paddle is pinned
with, might have noticeable thermal deformation which minimize the thermal stresses on the
paddle because both upper side of paddle and segment of holder, pinned to the paddle, will
thermally extend in the same direction. The segment of the paddle, where it is pinned with
frame, will have the most stresses and those stresses will cause mechanical pressure at the same
region. That pressure causes restriction, resulting in friction, to rotate the paddle around the pin.
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Therefore, this case should be checked before designing the real part. A mathematical model is
made to compute those stresses using ANSYS WORKBENCH 2020 software. Under worst
thermal deformation conditions, it will be assumed that there is no thermal deformation in frame
part, including the region where paddle is in contact, and only a thermal deformation in paddle
will be considered i.e., zero-thermal deformation is assumed in the frame only.

Based on assumptions above, a mesh is defined as shown in Figure 4D in the paddle with
different element size, depending on load and stress concentration in the part, and a tetrahedrane
element type is used with about 18360 elements [11]. Also, in the paddle part, a zero-
displacement boundary condition is applied in x-direction at the surfaces contacting the holder
part as shown in Figure 4a below. Besides, a cylindrical support is defined at inner surfaces of
the holes, where pin is in contact with, to represent the joint as shown in Figure 4b. As well as a
thermal load of 200 °C is applied as a unit step to whole paddle part as a result of exposure the
whole body to a uniform heat during working.

. Cylindrical Support: 0. m

D Displacement 2
Components: 0, Free,Free m Ij]

A- Zero displacement B.C B- Cylindrical Support B.C.

E Displacement 2
. Cylindrical Support: 0. m

)

C- whole boundary conditions D- meshing of the paddle

Figure 4 Boundary Conditions and Meshing
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After that the model is solved and Figure 5 below shows the obtained results. Figure 5A
shows the reaction force on the faces of the paddle, where they will contact with frame, is about
42 MN and this force will cause huge friction force which will eventually restrict the angular
motion of the paddle. Also, the maximum von messes stress is at the neck of the paddle as
shown in Figure 5B. The max. amount of that stress is 745 MPa, which is far above the yield
strength of the aluminum (276 MPa), and will cause a plastic deformation in the paddle [12].
Therefore, a tolerance or clearness should be placed between paddle and frame i.e., there will be
no direct contact between the two parts. The amount of that clearness can be computed by
removing the zero-displacement boundary condition on paddle and resolve the model again.
After resolution, the maximum amount of the free directional deformation on the faces, which is
near to be in contact with holder in reality, is about 0.022 mm as shown in Figure. 6 below.

Based on last result, a clearance of 0.1 mm, which is more than enough, is made between
the parallel faces of paddle and holder in real design of the tool. It can be noted in Figure. 6
below, the minus signs in the result refers only to direction of the deformation with respect to the
coordinates in the Workbench.

AiStatic Structural
Force Reaction
3/28/2022 7:13 AM

0 0015 0.03(m) °

o.lﬁs 0.022

Geometry {Print Preview s Report Preview/ ]

Tabular Data 1

| [Time [s] [[¥ Force Reaction () [N] [[¥ Force Reaction (¥) [N] [[¥ Force Reaction (Z) [N] [[v Force Reaction (Total) [N] |
| EHER -4.2344e-007 4.0118e-002 -33.363 33.363

A- Rection force

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

3/28/2022 7:01 AM

7.449e8 Max
6.6215¢8
5.7%e8
4.9666e8
4.1391e8

] sar17es
s
. 1.6567¢8
b £.2026e7
1.7997e5 Min

B. maximum von messes stress

Figure 5 Workbench preliminary Results
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Unitm
Global Coordinate System
Time: 1

3/28/2022 7:57 AM

-1.04e-5 Max f
-1.1872e-5 3
-1.3344e-5
-1.4816e-5

-1.6288e-5
-1.776e-5
-1.9232e-5
-2.0704e-5
-2.2176e-5
-2.3648e-5 Min

Figure 6 Free deformation of upper segment of paddle in Workbench

Motion of paddle’s calculation:

To compute the angle made by the paddle with the vertical when enough powered air hits
the paddle, the moment equilibrium equation is used where the moment resulting in the air’s
thrust is equal to the moment resulting in the weight of the paddle about the pin. Before applying
the equation, several parameters require to be defined because those parameters will be used in
equations and in MATLAB code. Those parameters are explained in details below and in Figure
7 as well.

i i,

Centroid

wd

Front view Side View

Figure 7 Front and side view of Paddle

d=10e-2 is the diameter of the cylinder

L=5e-2 is the length of the paddle from the pin
rou=1 is the density of air

v=2 is the speed of air

dens=2710 s he density of aluminum

t=0.001 is the thickness of paddle and frame’s plate

wd=1.5e-2 is the width of paddle
Note: All units used above are in meter.
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Therefore, based on model in the Figure 8:-
The gas’ thrust force on paddle can be obtained by [13]:

f= rou*A*v{v-[v*¥sin(th)]} ----————- 1

Where: - q
/!
I

f-  gas’ thrust force on the paddle (N)

A- area of paddle facing the gas (m?) /o y
v - Speed of gas(m/Sec) / !

rou- density of gas(kg/m°) <<

th- angle between the paddle and the vertical (degree) / 5

v

Figure 8 Air-Paddle Model

Now, the equilibrium of moment equation can be applied to the model: -

2. Moment about the pin = zero

£%(2) *cos(th) - w *

b | b=

* gin(th)=0 2

Where (w) is the weight of the paddle

Substituting the thrust equation (1) into moment equation (2), another equation is obtained:

rou*A*v{v-[v*sin(th) ]} * (X )*cos (th)- w *

ra | b=

* sin(th)=0

The last equation cannot be solved for (th) term using conventional mathematic;
therefore, trial and error method will be helpful for solution [14] and by using the MATLAB
code, very accurate result will be obtained [15]. Figure 9 below shows the MATLAB code
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Figure 9 MATLAB Code to compute an angle (th)

Seven different speed magnitudes in m/sec unit are selected in the MATLAB code to
compute their corresponding angle’s values and, as shown in Table 1 and Figure 10, the angle is
proportional to the gas’ speed.

Table 1 Relation between Air speed and Angle (th) in MATLAB

Aiar Speed Angle m MATLAB Error
1 15.2 0.0000001
1.5 25.4 0.0000001
2 33.5 0.0000001
2.5 39.7 0.00000013
3 44.6 0.00000013
3.5 48.5 0.000000175
4 51.7 0.000000175
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Air Speed vs Angle(th) in Matlab

'._‘".

Angle (th) in degree

(= = (=]

D 1 2 3 4

Air Speed in (m/sec)

Figure 10 Air Speed vs Angle(th) in MATLAB

The test of real tool: -

By getting benefit of the theoretical calculations above, it is possible now to build the real
tool and test it in reality. In real test; A PROSTER brand anemometer is used to measure the
speed of air, as shown in Figure 11, knowing that the measurement of air speed is done at the
position adjacent to the frame’s cylinder.

Instead of using hot gases, a normal temperature air is used in the experiment because the
professional instrument (PROSTER brand) does not work with high temperature as well as the
duct and other auxiliary tools used in the experiment will get damage with high temperature.
Besides there is no need to check for the thermal stresses because more than enough clearness is
used to give space for thermal expansion.

Also, the flow of air is set to be through a duct, as shown in Figure 11 to obtain a
homogenous flow profile and to avoid any external disturbance. The duct has a dimension of 2 m
length, 0.35 m height and 0.3 m width. This size of duct is enough for maneuverings and to use
other auxiliary tools like pliers and holding clamps.

Also, the magnitudes of angles are manually written on the auxiliary plate part to avoid
using protractor during the experiment i.e., the auxiliary plate itself works as protractor during
the experiment and as speed scale after the experiment.
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Auxiliary plate

_ Two Indicators

A-Tool inside the duct Measuring the air speed

Figure. 11 Speed Measurement

Note: - Two indicators are glued to the paddle, as shown in Figure 11 above, instead of one
indicator because it is planned in future to modify the tool to read speed in vertical direction as
well as the horizontal one. Therefore, two indicators are glued, one is for horizontal gas flow and
other is for vertical. The vertical gas measurements need some extra modification in design and
new scaling for the speeds.

Also, there are several toy boxes to carry the Locking Plier which holds the professional
instrument (PROSTER brand) to face the air in same direction as cylinder faces.

In the test, seven different air speed magnitudes are used to measure their corresponding
angle values as shown in Table 2 as well as in Figure 12.

Table 2 Relation between Air speed and Real Angle (th)

Air Speed Real Angle Measuring
2 10
2.5 17
3 30
3.5 as
4 40
4.5 42
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Air Speed vs Angle in Reality

A

P
==

Real angle
- - I

[
B e e e onm

o 0.5 i 15 2 25 3 35 4 4.5
Air Spaed

Figure 12 Air speed vs Real angle readings

Results and Discussions:

If the two results (theoretical and practical) are compared, it can be concluded that:

1. The weight of the paddle in reality is measured and it is a little higher than that computed
with MATLAB because there are some extra edges left when building the part. Also, it is
impossible to build an exact perfect-dimensions piece as in craft software.

2. The plots of seven air speeds with their corresponding angles, in both theoretical and
experimental cases, are shown in the Figure 13 below. The seven angles in experimental case
have less magnitudes than in theoretical case because the weight of paddle in practical case is
higher than in theoretical case. Besides the two indictors might work as a secondary little
paddle on opposite side of the main paddle and that will cause a negative moment around the
pin with respect to the main moment resulting in air streams (thrust) on the paddle surface.
Also, the air streams in reality are not ideal as in theoretical case i.e. Some streams’
directions may not be totally horizontal.

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

72

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq



JOURNAL OF UNIVERSITY OF BABYLON
Vol.30, No.2.| 2022

For ENGINEERING SCIENCES (JUBEY)

@ oty

¥ T

| 2

!

0 T

ey ¢

!

0 T

¥y €

e

Air Speed vs angle (th)

—8— Matlab Experiment

=]
=]

W & LA

Angle [th)in degree
oL
oo ooo

=]

o 1 2 3 k! 5

air speed m/sec

Figure 13 Air Speed vs Angle

3. Despite the simple design of this anemometer tool with some inevitable faults in its building,
but the response of this tool to different air speed magnitudes coincides with the professional
instrument (PROSTER brand) used to measure the speed. Besides when the professional
instrument fluctuates around certain speed magnitude, the tool’s indicator fluctuates too. That
fluctuation is a result of a turbulent in air due to non-uniform air streams leaving the fan.

4. The tool is strongly recommended to mount in horizontal level and be in parallel with
direction of the air or gas because the assumptions, rules and formula used in designing are
only for horizontal case. In future, there will be a separate study on how to combine both
horizontal and vertical cases on the same tool.

5. The handle in this experiment is two wires hanging the tool in its front and rear. Those wires
are flexible and do not hold the tool well. It causes the tool to swing a little during air flow
and that will affect the readings. It is possible to design a professional handle for this tool to
help mounting the tool in better way.

6. It is impossible to use normal electronic sensors with this tool to read the measurements
because those electronic devices do not tolerate high temperature. Although there are special
sensors tolerating the high temperature, their prices are very expensive.

From the results and discussion above, this tool can be used to measure the speed of hot
gases leaving furnaces, thermal engines, and jimmies but it should be placed at the end of the
gas’ passage to let gas cool a little and to avoid turbulence in flow as low as possible. Also, the
tools can be used to measure the speed of a normal temperature air leaving fans and different
aerodynamic application but the speed of air should be within the range of working the tool.

References: -
[1] Riya Jacob K “anemometer”, available:

https://littleflowercollege.edu.in/upload/e_contents/files/d1121el4ced7f4c590e632a7ef97d316.p
df [accessed in March 2022].

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

73

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


https://littleflowercollege.edu.in/upload/e_contents/files/d1121e14ced7f4c590e632a7ef97d316.pdf
https://littleflowercollege.edu.in/upload/e_contents/files/d1121e14ced7f4c590e632a7ef97d316.pdf

JOURNAL OF UNIVERSITY OF BABYLON
Vol.30, No.2.| 2022 ‘ 4

For ENGINEERING SCIENCES (JUBEY)

@ oty

¥ T

2

!

vc)‘r?'rr'ﬂ'f‘tv

0 T

ey ¢

v .

!

0 T

[2] RS, “The Complete Guide of the Flow  Switch”, https://uk.rs-
online.com/web/general Display.html?id=ideas-and-advice/flow-switches-guide.[  accessed:
February 2021]

[3] Saad A. Ahmed and D.Giddens ‘“Pulsatile poststenotic flow studies with laser doppler
anemometry” Journal of Biomechanics, Vol.17, Issue 9, ISSN 0021-9290, 1984

[4] Zhou Yufeng and Yan “To Measure Wind Speed using the theory of one-dimensional
Ultrasonic Anemometer” Gavle Sweden, 2011.

[5] Meriam Instrument “Using Manometers to Precisely Measure Pressure, Flow, and level”
Scott Fetzer company, Cleveland OH USA 1989

[6] Satiago Pindado, J.Cubas, and F.Sorribes “the cup Anemometer, a fundamental
Meteorological Instrument for the Wind Energy Industry” Research Gate, Madrid Spain,
2014

[7] Nlaz Ahmed, Hossaln, and Islam “Design and Construction of a digital anemometer”
Research Gate, conference paper, Bangladesh, 2014

[8] Leif Kristensen “The Cup Anemometer” National Laboratory, Roskilde, Denmark, April
1993.

b

[9] J. Mcquid and W.Wright “The response of a hot-wire anemometer in flows of gas mixtures’
Heat mass transfer, vol.16, pp.819-828 Britin, 1973

[10] ANSYS Inc., “ANSYS Mechanical — Introduction to Contact Chapter Overview,”
December, 2010.

[11] D.Tekin, and Altan. “Stress and Displacement Analysis of a Rectangular Plate with Central
Elliptical Hole.” Mathematical & Computational Application, vol. 1, no. 2, Jan. 1996.

[12] G. J. Timoshenko sp, “Theory of Elastic Stability”, 2nd ed. New York, 1961.
[13] E. H. Lewitt, "Hydralics and Fluid Mechanics”, Great Britain, Pitman Press, 1970

[14] R. G. D. Allen, “ Mathematical Analysis for Economists” , London, Macmillan and CO.,
1953

[15] MATLAB 2020 R219b Software help

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

74

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


https://uk.rs-online.com/web/generalDisplay.html?id=ideas-and-advice/flow-switches-guide
https://uk.rs-online.com/web/generalDisplay.html?id=ideas-and-advice/flow-switches-guide

JOURNAL OF UNIVERSITY OF BABYLON
Vol.30, No.2.| 2022

For ENGINEERING SCIENCES (JUBEY)

@ oty

¥ T

| 2

!

vc)‘r?'rr'ﬂ'f‘tv

0 T

ey ¢

v .

!

0 T

¥y €

duad) g BAgia dga (e Addleal) Cflall jiiagan) gy pnaal
Ol (an 2aa daa)
iz el cadsd) ¢ bl drals ¢ gadl dwaria LS ¢ L) say éb“’b:"‘"‘”r"""é'

E-mail: Mat.ahmed.hamad@uobabylon.edu.ig

—dDAl)

las Loty dge (o cApuldll BaVl Lo pu (bl oSV Al Bladl Gllal) depu (b Bl asead S
sl aghs (e O asecadl) LB lae¥) Shany 3V & Lgpseall pibiadly (sl b aiall Gillee Wi (e 85
zisai dae @ 5 (Ll iy aladial Jaall Aday 8 . V) elal a5 o) cpalaally i) aa - Gidll
BV ehal Gu SH calddl lalew Glua ) 28Lea¥l clalgay¥) @l oo 22l cilagiall laie cluag Slgal)
lgwayes o8 1Y) LeSam ) (Aughll) ClalYl Glaia¥ Wk pocasal) duhy Lass &5 .ciblgal) @l Cual
dal) oo leble Lo ol dahad) cloa cileju HLad) & DBl zaliy auly lgla 8 cN¥olee aladiuly olgl
ol ) aliel Llee 812Y) ely o8 clld aay 400\ jie Slaag (V.07 ,¥.0 Y V.0 ) o clejull @llig 4
z\ﬂ:\u&)u.\ cbﬁ 4 (UAJQ e 0¥ _9&1.53‘)\ e 0lYo cdjL e V)Jla_\l.i S ‘éﬁ 1.@.:.4'4} ?:’J ‘J\:DL.\S\ C'_:Lﬂ.uaajb
el G 8 elsgll Aoy Gubil) pald Slea aladial &3 L AdEA) &) ad ) s Al CilalY) o 36 jeal
SlalY) 8ed 8 L yia (3 lllia (pig dleally Lokl i) 45)ae Jyal cadty L3I0 Ll dal)) e Lebilaile
celsel) Aoy (el Slea aa elsgl) deju b Ll dea IS Cuaien 3Y) @l o ) ALyl Ayl

LKA o Jad ) R cag)e ccld) i) 62\:1‘)l)3 AilKie cilalgal c;\)@l\ u\:a_); de pu ‘3:1_953\ a3y —adlall sl

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

75

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


mailto:Mat.ahmed.hamad@uobabylon.edu.iq

