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Abstract— This paper presents an algorithm for maintaining 

the position of an object levitating in a vertical wind tunnel, 

at a constant level, even after adding weight to it. This 

experiment was carried out with three Infrared sensors and a 

brushless DC motor attached to a tube, which formed the 

wind tunnel. The algorithm worked well with three Infrared 

sensors, and performed better as the number of infrared 

sensors increased. Each sensor output was compared with a 

threshold voltage and accordingly sent to the Arduino 

microcontroller. The Arduino microcontroller accordingly 

increased or decreased the speed of the motor depending on 

the position of the levitating object. 
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I. INTRODUCTION 

Wind turbine testing, aerodynamic research and likewise 

many other applications require a source of constant air 

flow. A Wind Tunnel is a setup used in aerodynamic 

researches to study the effects of wind on an object [1]. The 

wind tunnel is a closed tubular passage with the object under 

test mounted in the middle. The object under study in the 

wind tunnel is known as wind tunnel model.  

It is difficult to assess and effectively demonstrate 

wind turbine behavior in the traditional undergraduate 

laboratory setting, as environmental conditions cannot be 

reproduced from one test to the next. Peak power tracking 

algorithms, power management, conversion strategies and 

turbine aerodynamic performance cannot be readily 

observed without field testing a turbine. To overcome this 

problem many have developed wind turbine emulators or 

wind turbine simulators to mimic the shaft torque that would 

be available on a turbine shaft. However the downside is 

that an actual set of turbine blades cannot experience a real 

wind field nor can a student see a real wind turbine in action 

and make real-time measurements. Hence the objective is to 

develop a lower cost wind tunnel where an Electrical 

Engineering student can make live measurements and 

studies can be conducted using a controlled wind source [2-

4]. 

Wind tunnels have other scientific applications too. 

Measurements are performed with the infrared diode    laser 

absorption spectroscopy (DLAS) in the hypersonic flows 

generated in the ONERA-F4 high enthalpy hot shot wind 

tunnel [5]. Wind tunnel tests are performed to analyze three 

Navier-Stokes codes applied to a Supersonic Retro- 

Propulsion (SRP) [6]. Supersonic Retro-Propulsion has been 

proposed as a means to decelerate Exploration-scale 

missions (10s of metric tons) to the surface of Mars [7]. 

 

Wind tunnels are generally placed horizontally. It is 

assumed that the motor driving the fan at the end of the 

wind tunnel will run at a constant speed. However it may so 

happen that the speed of the fan may alter due to variations 

in voltage or frequency. In such a situation, the starting 

section of the wind tunnel should be made vertical with 

minimum three infrared sensors attached at equal distances. 

A small object made to levitate in this section will change its 

position if the fan speed alters. This position change of the 

object triggers the sensors. Based on the proposed 

algorithm, the sensor outputs fed back to the microcontroller 

will alter the speed of the fan accordingly. This keeps the 

object levitating at the same level and at the same time 

keeps the air flow constant. Section 2 discusses the 

experiment and algorithm while section 3 highlights the 

results and discussions. 

II. EXPERIMENT AND ALGORITHM 

A.  Experimental setup 

The length of the vertical tube was 25 cm with the IR line 

sensors spaced apart by 6cm each. The IR                                                 

line sensors’ model number was QRE1113 with a rated 

supply voltage of 5V. The sensors had three terminals each- 

one for ground, one for supply and one for the digital input 

data. A 12 V brushless DC motor with ratings of 0.5HP and 

1800 rpm was used for the fan supplying a constant wind 

source. On dropping an object inside the tunnel, the sensors 

which detect the object, give a digital high.  

The microcontroller pin and sensor configuration is as 

follows: 

 Data pin of sensor 1 is attached to pin 1 of the 

microcontroller 

 Data pin of sensor 2 is attached to pin 2 of the 

microcontroller 

 Data pin of sensor 3 is attached to pin 3 of the 

microcontroller 

The pictorial representation of the sensors’ positioning is 

shown in Fig 1. 

 

Fig. 1: Pictorial Representation 
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B.  Algorithm for position control of the model 

The following is the algorithm controlling the speed of the 

fan: 

Sensor 1 Sensor 2 Sensor 3 Result 

0 0 0 reduce to zero slowly 

0 0 1 increase speed 

0 1 0 stable 

0 1 1 increase speed slowly 

1 0 0 reduce speed 

1 0 1 not possible 

1 1 0 reduce speed slowly 

1 1 1 not possible 

Table 1: Position Control Algorithm 

The experimental setup is shown in Fig 2 while the 

motor used for the fan is shown in Fig 3. 

 

Fig. 2: Experimental Setup showing the power source    of 

12V, Arduino microcontroller, fan and IR sensors on the 

tube. 

 

            Fig. 3: 12V DC geared motor for the fan 

III. RESULTS AND DISCUSSIONS 

If the diameter of the tunnel is increased compared to the 

diameter of the object, there is a pressure difference at the 

wider end of the tunnel. The wider region is a low pressure 

area which causes the object to move in its direction 

horizontally instead of moving vertically.  

If 4 IR sensors are used, then we get options from 

0000 to 1111. However gravity also has an impact. Before 

the sensor detects and increases or decreases the speed of 

the fan, the gravitational force brings the object down by 

default. Hence three sensors are sufficient for small wind 

tunnels. This feedback control ensures the uniform flow of 

wind in a wind tunnel.  

Generally the effects of wind on an object are 

analyzed due to the movement of the object, however the 

same effect would be obtained if the object stood still and 

the air moved at a speed past it. In that way a stationary 

observer could study the flying object in action, and could 

measure the aerodynamic forces being imposed on it.  

Recent advances in modeling of computational 

fluid dynamics (DFD) on high speed digital computers have 

reduced the need for wind tunnel testing. 

However, CFD results are still not completely reliable. As a 

result, wind tunnels are used to verify the CFD computer 

codes. 
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