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Abstract This paper describes an educational air blower, a reduced-scale process for teaching instrumentation and control as well as fluid 
dynamics. Constructed from a commercial hair-dryer, its automation is made by an Arduino microcontroller, with the aid of air temperature 
and speed sensors, mass flow being estimated by real-time software. Arduino performs the real-time tasks, while a human-machine interface 
is implemented on a Matlab console, in a personal microcomputer, this whole system permitting the students to control the blower in open-
loop or closed-loop. Black-box identification and model validation are conducted for both temperature and mass flow. Experimental results 
complete the work. 
Keywords Laboratory educational kit, air blower, temperature control, mass flow control. 

1    Introduction 
       A blower is a mechanical device used to pump 
air or other gases, constituted by a fixed element and 
a rotor to increase the fluid pressure, furnishing ki-
netic energy and forcing it to move against a me-
chanical resistance of ducts, dampers, etc. If it has a 
heating part, thermal power is transferred to the fluid. 
       Air blowers have application in building’s venti-
lation, in central heating systems and in ambient 
cooling. In industry, commerce and warehouses, they 
are normally constituted by an element placed in the 
direction of flow to heat the air. They can be applied 
as dryers, with axial or centrifugal ventilators.  
       In combustion processes the air is the source of 
oxygen and, as it is fundamental to know the right 
composition of all inputs, chemical stoichiometry 
demands data for the combustion calculations. When 
furnishing air to furnace burners, its control is cru-
cial: mass flow influences the right proportion be-
tween oxygen and fuel, and a higher air temperature 
increases the efficiency of the process. The air densi-
ty varies according to the atmospheric pressure (alti-
tude), as well as to temperature, so it is necessary to 
correct these variables in density estimation. 
              The developed prototype of the Air Blower 
is shown in figure 1. 
 

 Figure 1. The air blower prototype 

        
       The objective of this work is to provide an edu-
cational reduced-scale process for teaching instru-
mentation and control, as well as fluid dynamics, 
proportioning a real contact with equipment similar 
to the industrial ones. 
       The process was implemented from a commer-
cial 1,200 W hair-dryer, but its two conventional 
speed and heating commands have been suppressed 
and substituted by two independent AC converters. 
The pump is driven by a DC series motor (“universal 
motor”), which accepts either a DC or an AC source.  
In this way, the air speed and the heating power may 
be continuously adjusted, from zero to their maxi-
mum, through the variation of the correspondent 
thyristor firing angles. A tube was coupled to the 
hair-dryer, increasing its length, and an aluminum 
tower was added to strengthen the whole structure. 
       Each of the AC converters has two back-to-back 
SCRs (silicon controlled rectifiers), which are suc-
cessively turned on, one at the AC line positive half-
cycle, and other at the negative one, with a proper 
delay angle (Cortizo, 2006). Thus, they apply RMS 
controlled voltages to their charges, e.g., the DC 
series motor (for blowing) and the resistive heater. 
       The blower automatic control is implemented by 
an 8-bit Arduino Mega 2560 microcontroller, pro-
grammed in C language into an IDE-Integrated De-
velopment Environment (Arduino, 2015) and con-
nected to a PC microcomputer through a serial USB 
cable. The process is operated at the PC, by a console 
developed in Matlab (Mathworks, 2015). Tempera-
ture / air speed sensors were added. 

2   Transducers and analog-to-digital conversion 
       The air temperature transducer was implemented 
from a P-N junction sensor, by a signal metal-
package transistor: for 0o Celsius, its base-emitter 
voltage is approximately 0.7V; however, as in this 
case we want the output transducer to be 0.0 V, we 
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have introduced an off-set by means of a potentiome-
ter, to make this “zero” adjustment. Then we amplify 
this voltage to have 5.0 V for 100˚C. The experimen-
tal static characteristic curve is showed in figure 2, 
and figure 3 presents the linearity error from the 
difference between measured and theoretical data. 
       As we can see, the temperature transducer pre-
sented a good linearity, with errors smaller than 1.0% 
of the span. The transducer can be modeled by: 
࢚ࢂ  = ࢑࢚ ×  (1)                           ࢉࢀ
with: 

࢑࢚ = ૝. ૢૡ × ૚૙ି૛ࢂ/℃ 

       Figure 2. Temperature static characteristic 

 
Figure 3. Temperature linearity error        

       For mass flow estimation, one must measure the 
air medium speed inside the blower tube. Then, mass 
flow is calculated in real-time by software, taking 
into consideration the air density, corrected by the 
temperature and by the local atmospheric pressure. 
For the speed, a mini-cooler (used in microcomputer 
motherboards) was inserted in the medium portion of 
the tube, not functioning as a motor, but in turbine 
mode, its angular speed being proportional to the air 
medium speed (Fox, 2001). Fed by a lower voltage, 
necessary only to excite its sensor part, the cooler 
output is a square-wave signal, whose frequency 
varies according to the rotor angular speed. Then we 
use a frequency-to-voltage converter, obtaining 0.0 V 
for zero air speed and 5.0 V for maximum speed. 
       The frequency experimental static characteristic 
is shown in figure 4. The linearity error was less than 
1.0% of the span. 
The frequency sensor can be modeled by: 

 
ࢌࢂ = .ࢌ࢑  (2)                              ࢌ

with:  
ࢌ࢑                = ૚. ૢૠ × ૚૙ି૛ࢠࡴ/ࢂ 

 Figure 4. Frequency static characteristic  
              The calibration of the air speed transducer 
was done with a laboratory anemometer, thus giving 
the final characteristic presented in figure 5. 

 Figure 5. Air speed static characteristic  
The air speed estimator was modeled by: 
 

࢜ࢂ =  ࢑࢜. ഥ࢜                            (3) 
with: 
                          ࢑࢜ = ૙. ૟૙૛ૠ ࢂ.  ࢓/࢙
 
         The linearity error was less than 3.0% of the 
span. For small speeds, the calibration with the ane-
mometer was not as good as for higher ones. Analyz-
ing figure 5, we presume that this greater linearity 
error and the off-set in the estimated speed were due 
mainly to the anemometer used in calibration. So, the 
blower will be operated in medium / high speeds. 
       The signals from the temperature and air speed 
transducers are furnished to the Arduino microcon-
troller through two of its 10-bit analog-to-digital 
converters, giving a resolution of 1/1024, which we 
consider adequate for the blower application. 

3   Mass flow estimation 
       The volumetric flow is: 
࢜ࢗ  = .࡭ ഥ࢜                               (4) 
 
where ഥ࢜ ݅ݐ ݏℎ݁ ݉݁݀݅ݐ ݂݋ ݁ݑ݈ܽݒ ݉ݑℎ݁ ܽ݅݀݁݁݌ݏ ݎ 
and ݐ ݏ݅ ࡭ℎ݁ ݅݊݊݁ݐ ݂݋ ܽ݁ݎܽ ݎℎ݁ ܾ݈ܾ݁ݑݐ ݎ݁ݓ݋. As 
we have a radius of 2.6 cm: 

 
A = π x r2= 2.19 x 10-3 m2 

then: 
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࢜ࢗ = ૛. ૚ૢ ܠ ૚૙ି૜ഥ࢜                    (5) 
 
       The mass flow is defined according to the ex-
pression: ࡹࢗ =  ࣋.  (6)                             ࢜ࢗ
where ݍ௩  corresponds to the volumetric flow and  ࣋ ܿݐ ݋ݐ ݏ݀݊݋݌ݏ݁ݎݎ݋ℎ݁ ܽ݅ݕݐ݅ݏ݊݁݀ ݎ, calculated by (Sonntag, 2003): 

࣋ = ࢖
 (7)                                 ࡷࢀ.ࡾ

 
Finally, for mass flow, from (4), (6) and (7): 
 

ࡹࢗ = ഥ࢜.࡭.࢖
ࡷࢀ.ࡾ                                                      (8) 

p corresponding to the atmospheric pressure which 
is, in Belo Horizonte, Brazil, 854 m above the sea 
(INMET, 2016): ࢖ =  ૢ૛, ૙૜૙ ࢇࡼ 
The mass flow is proportional to air speed and pres-
sure and inversely-proportional to temperature. ݐ ݏ݅ ࡷࢀℎ݁ ࡯ࢀ ݀݊ܽ ݊݅ݒ݈݁ܭ ݊݅ ݁ݎݑݐܽݎ݁݌݉݁ݐ in Cel-
sius degrees: ࡷࢀ = ࡯ࢀ + ૛ૠ૜. ૚૞                           (9) 
 
R is the constant of gases applied to the air: 
                    R =  287.0530 J · kg−1 . K−1 
So, we have: 

࣋ = ૢ૛,૙૜૙
૛ૡૠ.૙૞૜૙ ×(10)                          ࡷࢀ 

 Finally: 
ࡹࢗ = ૛. ૚ૢ ܠ ૚૙ି૜. ࢜.ഥ  ૢ૛,૙૜૙

૛ૡૠ.૙૞૜ ×(11)          ࡷࢀ 
 

ࡹࢗ =  ૙.ૠ૙૛૚.ഥ࢜
ࡷࢀ                             (12) 

4   Digital-to-analog conversion  
       To drive the blowing and heating powers with 
Arduino Mega 2560, as it doesn’t have any DAC 
(Digital-to-Analog) option, we have used two of its 
8-bit PWM (Pulse Width Modulation) outputs, pass-
ing these signals through two Sallen and Key low 
pass active filters (Sedra,1998). In this manner, we 
have recovered their analog average values, in a 
range of 0-10V, to use as inputs for the two thyristor-
based AC drives. Figure 6 presents the static charac-
teristic of one of these “DAC” converters, their li-
nearity error being less than 1.0%. 

 Figure 6. DAC static characteristic 

5   Blower control architecture 
Theoretically, two methods can be used to con-

trol the blower. The simplest is using Matlab library, 
Arduino being applied for serial communication with 
Matlab/PC and for I/O interface with the blower. The 
second alternative is making Arduino do the real-
time tasks, Matlab/PC performing the human-
machine interface (HMI) to enter references and 
parameters for the blower operation, as well as for 
visualization of the controlled variables. A bottleneck 
in the first option makes us choose the second one: 
the serial communication between the two mentioned 
parts is not deterministic, so a variable time-lag will 
appear and deteriorate real-time operation. In this 
manner, a console was built on the Matlab environ-
ment (Lajnef, 2015), constituting a GUI (Graphical 
User Interface), as shown in figure 7. 
        

 Figure 7. Matlab GUI  
       The console permits the students to control the 
blower in open and in closed-loop. It acquires data 
and displays them, drawing (in real-time) the curves 
of air temperature and mass flow versus time, also 
showing them numerically. It is also possible to save 
data in the microcomputer hard disk. 
       At open-loop, one can independently establish 0 
to 100% blowing and heating voltage commands, or 
apply a step to one of these inputs, maintaining the 
other constant, for black-box process identification. 
      It is possible to operate the blower closing only 
one loop, temperature or mass flow, and also both, 
the user entering each three PID gains and set-point. 

The Arduino C language programming and 
compiling were made at the PC, and the machine-
code transferred through their serial connection.  
       The communication between Matlab and Ardui-
no, as well as the main tasks implemented by each 
one, are shown in figure 8. The communication is bi-
directional. Matlab (on the PC) is charged of sending 
the reference values for open and closed-loop control 
and the related parameters (established by the user) 
and receiving the two controlled variables (tempera-
ture and mass flow) to be displayed or saved. Ardui-
no implements the PID controllers for closed-loop 
and the PWM actions for the process, sending back 
the controlled variables to the PC (Lajnef, 2015). 
       Figures 9 and 10 present the schematics for the 
temperature and  mass  flow  closed-loops.   Besides 
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Figure 8. 

Figure 9. Schematic for temperature closed

Figure 10. Schematic for mass flow closed

the PID parameters, the set-point input
temperature and qM* for mass flow. 
       After receiving data, Arduino compar
set-point to the respective measured / estimated 
controlled variable, and implements a 
rithm. Then, it charges the PID output on an 8
PWM (Pulse Width Modulation) internal module, 
whose output is transformed into a signal
ble to the thyristor converter. This is done indepe
dently for the blowing and the heating parts of the 
process. 
       The analog acquired and process
ture and air speed are fed back from the transducers 
to Arduino, in a 0-5V format, through i
digital converters, and finally processed numerica
ly. For temperature, it is only necessary to apply a 
proper conversion gain but, for mass flow, 
(12) must be used, with the correspondent 
ture and air speed conversion factors. 

Figure 8. Communication Matlab – Arduino 
  

Figure 9. Schematic for temperature closed-loop  
 

Figure 10. Schematic for mass flow closed-loop  
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       Finally, Arduino transmits air 
mass flow serially back to the PC console, to be 
displayed numerically and graphically, and also to 
be saved in a file.        

6   Process safeguarding
       Two kinds of protection were implemented on 
the air blower prototype: a hardware one
immediately on the SCRs low-level 
mand, and a software high-level 
permit the application of power on the heater ci
cuit only if at least 50% of air pumping action takes 
place. This is necessary because 
commercial hair-dryer) was dimensioned to diss
pate heat in a forced manner. 
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 7   Experimental results 
7.1 Black-box identification and model validation 
               
       Figures 11 and 12 show the responses, respec-
tively due to 10% up and 10% down step com-
mands around a 50% heating operating point 
(blowing at 50%). A first order plus time-lag linear 
model was identified from the rising experimental 
curve (fig. 11), which was used to simulate the 
falling step response and compare it to the experi-
mental one (fig.12) for a validation purpose 
(Aguirre, 2007). Off-sets were introduced on the 
curves to make signals start/finish from/at zero. 

  Figure 11. Air heating rising step response 

 Figure 12. Air heating falling step response 
 
Figures 13 and 14 present the responses, respec-
tively due to 10% up and 10% down step com-
mands around a 60% blow operating point, with 
0% heating. Again, a first order plus time-lag linear 
model was identified from the rising experimental 
curve (fig. 13), which was used to simulate the 
falling step response (fig.14). For the same reason, 
off-sets were introduced. 

 Figure 13. Air speed rising step response 

 Figure 14. Air speed falling step response 
 
       Analyzing the four precedent figures, we see 
that the model for the heating action, obtained from 
the rising response, fits very well the falling curve. 
On the other hand, the model for blowing is not so 
good for the experimental falling curve, which is 
slower than the rising one, showing a non-linear 
dynamics at the considered operating point. We can 
also see that the temperature dynamics is much 
slower than the air speed one. These models could 
be used by the students for tuning the temperature 
and mass flow PIDs. 
 
7.2 Closed-loop experimental results. 
 
       As discussed before, the blower can be operat-
ed with only one closed-loop, temperature or mass 
flow, or with both. The Matlab console permits to 
enter the PID gains and the set-point for each loop.  
Figures 15 and 16 show the two controlled va-
riables and their set-points, in real-time operation. 
The first presents the temperature response to a step 
(up), practically showing no effect on mass flow 
(down). Figure 16 shows the response to a step in 
mass flow (up) and the correspondent profile of 
temperature (down, divided by 10).  

 Figure 15. Response to a step in temperature 

 Figure 16. Response to a step in mass flow 
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In each test, the perturbation given by a strong 
transition in one controlled variable is quickly 
corrected by the other loop, although there is a 
coupling between them. The temperature loop 
maintains its slower time response and is more 
critical to control, as it oscillates a little around its 
medium, with a ripple due to the transducer noise. 
       In accordance to Aström and Hägglund (2001), 
the PID controller is not outdated, and it can be 
combined with strategies such as Smith predictors, 
gain scheduling, filters, fuzzy control and others, to 
face non-linear and more complex processes. In 
this work, we have obtained open-loop determinis-
tic models for temperature and mass flow, but no 
model-based method was used for tuning the PID 
controllers, as the purpose of this paper was only to 
present the potential of the educational blower. 

8   Conclusion 
       An educational air blower prototype was de-
veloped, aimed to instrumentation and control 
laboratory teaching, but capable of being also used 
in fluid dynamics studies. It emphasizes some de-
sired didactic characteristics, such as being playful, 
capable of emitting increasing noise when air speed 
rises, and provoking thermal sensation as tempera-
ture changes. It also “demonstrates theoretical 
ideas, reflects real-life problems, has a suitable 
timescale, is nonhazardous, inexpensive, easy to 
understand and use” (Balchen, 1981; Kheir, 1996). 
In fact, the air blower is a clean and safe process, 
needing little space at the workbench and also short 
times for the transients, thus spending less class 
time and proportioning more experimental tests to 
be done. Other prototypes have been developed 
following the same philosophy of this work, for 
instance, a reduced-scale elevator (Oliveira, 2014).  
       Two simple AC converters apply RMS con-
trolled voltages to the DC series motor (for blow-
ing) and to the resistor heater, highlighting a robust 
technique still in use by power electronics. 
       The blower automatic control requires air tem-
perature and mass flow transducers, implemented 
with good accuracy and relatively simple electronic 
circuits. The first one is all analogical, while the 
second is half digital, half analogical, requiring also 
a software processing. This is an interesting appli-
cation of signal electronics in instrumentation. 
       An Arduino board was used for real-time con-
trol. This hardware and software platform is largely 
diffused among students, and free software can be 
downloaded easily. From the PC side, a powerful 
and user-friendly Matlab human-machine interface 
permits the users to perform control in open-loop or 
in closed-loop, and also to visualize the controlled 
variables. In addition, the Matlab version has come 
with dedicated Arduino commands, permitting to 
program the system in a high level manner. 
       Black-box identification and model validation 
are easily done, and experimental results can be 

presented, showing the viability of the proposed 
reduced-scale process in teaching control practice. 
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