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Abstract 

 

[DETERMINATION OF WIND VELOCITY BY DETECTING HELIUM 

BALLOON MOTION] 

by 

 

NATAPORN KORPRASERTSAK 

 

[Mechanical Engineering: Bachelor, Sirindhorn International Institute of Technology, 

2012] 

 

Wind Velocity Measurement is the major key of research and development for 

wind mill electricity production. The most common method of measurement is set up 

by install the measuring device on the pillar at the desire height, technically at 40 to 

100 meters of height. The measurement of wind velocity can be done by study and 

analyst the characteristic of wind using the principle of aerodynamic. The sample 

balloon filled with helium gas can be float at the desired height that can control by the 

length of rope. At the end of the rope will be connected with the rotating device. The 

rotating device is design to face in the same direction of wind all the time. Wind 

velocity is derived by the reaction from helium balloon using principle of 

aerodynamic. The calculation is done by mathematic model. The wind cause drag 

force that lead to dynamic equilibrium of balloon motion. By knowing buoyancy, 

gravity, rope tension and the angle between rope and vertical line of helium balloon, 

the wind velocity at the specific height of balloon can be calculated by motion 

equation and drag equation. The measurement also apply wind profile power law to 

adjust wind velocity for varies height. This measurement model done by experiment 

and develop compare to practical field measuring device. The experiment result show 

that the helium balloon have potential to measure wind velocity as same as the pillar 

type.   

Keywords: wind measurement, helium balloon, dynamics interpretation, wind 

profile power law. 
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Chapter 1 

Introduction 

 

Measurements of elevated wind speeds in areas with expected potential 

for the installation of wind farms are highly important for the evaluation of electricity 

generation from wind power and for the development of wind farms of appropriate 

sizes (Barthelmie et al., 2005; Oh et al., 2012; Chen et al., 2013; Song et al., 2014). 

Generally wind speeds will be measured continuously, both the variables of wind 

speed and direction in a certain time period.  The example in Figure 1.1 displays the 

statistical data of the frequency of wind variables in forms of a wind speed data graph 

and a chart of directions of winds higher than 60 meters, of which data details of wind 

speed and direction will explain the evaluation for the determination of possible 

windmill sizes and the placement of windmills for electricity generation to be efficient 

according to the terrain conditions and wind direction in those areas.  

 

 

 

Figure 1.1 Wind data at a height of 60 m: (a) speed and (b) direction 

 

 

The equipment used for measuring wind speed will need to be installed on 

a pole with a height of 40-100 meters at the site of study that may be comprised of 

data loggers, a data transfer system via GSM/GPRS networks, a power source, other 

additional equipment, and an anemometer to measure both wind speed and direction, 

of which equipment are very important for measuring wind speeds. There are many 
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types of anemometers. The type of anemometer that is generally used are propeller-

based anemometers such as the three-cup anemometer or propeller anemometer, 

which are the fundamental instruments for measuring wind speed; these measuring 

instruments are often used with wind vanes to measure wind direction where these 

measuring instruments use little electric power and often have systems to store 

electric energy with the use of sufficient solar energy.  In addition to propeller-based 

anemometers, there are also ultrasonic anemometers that have the ability to measure 

wind speed and direction together, but they require a large power source as an energy 

source (Emeis, 2010); there must be experts to install these anemometers in 

appropriate locations on wind-mast and they have high costs in part of the 

construction, installation, and maintenance of the measurement poles. 

As for alternative options for measuring wind speed without installations 

on wind-mast, other techniques based on the foundations of the detection of objects in 

the atmosphere can be used, with the transmission of radio waves or lasers to the 

atmosphere to observe wind speed and direction. Examples such as the Multiple 

Antenna Profiler (MAPR) use radio waves to track movements in the atmosphere 

(Brown et al., 1999; Lataitis et al., 2005). Additionally, laser detection is used in   

Laser Imaging Detection and Ranging (LIDAR), which is a wind speed measurement 

system via laser transmission into the atmosphere and the reception of scattered light 

based on the speed of aerosols (Wu et al., 2012), but equipment costs are high. 

Difficult installation and maintenance procedures, especially in remote sites are thus 

limitations for their uses in practical implementations in the present. Additionally, the 

signals transmitted can be absorbed by mist and other substances, which can reduce 

the efficiency of measurements.   

This study was for the presentation of new alternatives for low cost wind 

speed measurements by studying the movement of helium balloons that float in the 

atmosphere at heights where measurements were intended to be done, where it was 

discovered that the floatation of helium balloons follow air current profiles (Bañuelos-

Ruedas et al., 2011).  Helium balloons were held to specially designed rotating arm 

mechanisms through thick ropes. While the rotating arm mechanism was anchored to 

the ground, the helium balloon was set to float up to the desired height instead of 

building a wind-mast at that height. This rotating arm mechanism has been designed 
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such that it will stop rotating once the rotating arm points in the same direction as the 

air current. Because the rope will pull the endpoint of the rotating arm and cause a 

moment around that axis, rope tension will act and cause the rotating arm's moment to 

be zero only when the rotating arm points in the same direction as the wind while the 

air's blowing may cause resistant drag forces on the helium balloon, which can be 

used to calculate wind speed (Bertin and Smith, 1988). 
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Chapter 2  

Literature Review 

 

In the measurement of wind velocity, the method which is mostly be used 

are using anemometer and wind vane. It is used for measuring the wind velocity and 

wind direction to bring the data or information to consider that the wind profile in the 

area is appropriate or not to build wind turbines to produce wind energy. There are 

other research which are using various method or technology to measure the wind 

profile. 

 

2.1 Wind vane 

Wind vane as shown in Figure 2.1 utilizes the principle of drag force 

exerted by wind (Pratt, 2008). When the wind flow through the measurement device 

perpendicularly, the maximum drag force occurs at the tail part of the device where 

the drag area is highest. The wind drag force pushes the device to rotate around the 

shaft until the tail is parallel to the wind direction where the drag area is lowest. The 

wind direction can be determined from those principle.  

   

Figure 2.1 Wind vane (Pratt, 2008) 
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2.2 Anemometer 

There are various type of anemometer such as Cup Anemometer, 

Windmill anemometer, Hot wire Anemometer, Ultrasonic Anemometer, etc. 

However, the popular anemometer are typically windmill type or three-cup type as 

shown in Figure 2.2 which consists of three branches connecting to each other at the 

middle. Also, the shaft links the middle part to the bottom part. When the windmill 

rotates, the electric current is generated that makes the needle at the dial point to 

detect wind speed (Bellis, 2015). 

 

 

Figure 2.2 Anemometer (Bellis, 2015) 

 

2.3 Wind measurement with the Multiple Antenna Profiler (MAPR) 

Multiple Antenna Profiler (MAPR) as shown in Figure 2.3 generally uses 

in Integrated Sounding System. MAPR utilizes the technique of spaced antenna to 

determine wind profiles (Cohn et al., 2001). MAPR method is based on the 

mechanism of air movement and small particle movement. It uses technique called 

Spaced Antenna Winds to determine wind speed rapidly by the movement of air flow. 

After that, the air movement will be tracked and send the signal back to the receiver 

antennas for determining wind speed. The radar is designed for determining wind 

speed faster than another typed of wind measurement. The radar has four vertically 

pointing as shown in Figure 2.4 so that it is able to detect moving particle rapidly. 
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Figure 2.3 MAPR with clutter screen (Cohn et al., 2001) 

 

 

 

Figure 2.4 MAPR with four vertically pointing (Cohn et al., 2001) 
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2.4 Wind measurement with Doppler Lidar 

"Lidar" or "Laser Imaging Detection And Ranging" or "LIght Detection 

And Ranging" is the measurement device based on the principle of lighting wave 

(Shen et al., 2008). it can measure the speed of moving object. The Doppler Lidar as 

shown in Figure 2.5 works by sending laser beam into the air and it will be reflected 

by the dust particle flowing through the light (the dust particle has diameter of 10 

microns). The signal moving through laser is taken to compute wind speed and wind 

direction. 

 

Figure 2.5 Doppler Lidar (Shen et al., 2008) 

 

All technology or methods of other researches are designed to measure 

the wind profile or measure the wind speed and wind direction in different way. All of 

above use a high technology to generate the data of wind profiles. In a part of the 

results, the data of wind speed and wind direction are almost precisions, because they 

use the principle of laser or radars that are very accurate. 
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Chapter 3  

Methodology 

 

The wind velocity is determined by interpreting motions of the helium-

balloon at the height where the wind velocity is to be measured. The helium balloon is 

installed at the desired height where it is pulled by a cord of corresponding length. 

The end of the cord is tied to a specially-designed holding mechanism of a rotating 

arm, which always leads to direction of wind as depicted in Figure 3.1. For wind 

speed, aerodynamic performance of the helium balloon is investigated. The simulation 

of this theory were shown in Appendix C. 

 

 

 

Figure 3.1 Installation of helium balloon for wind measurement 
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3.1 Determination of wind direction 

 

A mechanism of a rotating arm is designed to swing a cord leading to the 

direction of wind as shown in Figure 3.2. The tension of the cord can be defined as: 

 

𝑇⃗ = 𝐹𝑡𝑢⃗ 𝑡     (3.1) 

 

Where 𝑇⃗  is the vector of the tension in the cord, 

          𝐹𝑡 is the magnitude of tension in the cord, and  

         𝑢⃗ 𝑡 is the unit vector along the cord pointing from the rotating point to  

          the helium balloon. 

 

 

 

 

Figure 3.2 Motion analysis of helium balloon 
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The unit vector of the tension can be expressed as: 

 

𝑢⃗ 𝑡 =
1

𝐿
[(𝑥𝑏 − 𝑥𝑎)𝑢⃗ 𝑥 + (𝑦𝑏 − 𝑦𝑎)𝑢⃗ 𝑦 + (𝑧𝑏 − 𝑧𝑎)𝑢⃗ 𝑧] (3.2) 

 

Where (𝑥𝑏, 𝑦𝑏, 𝑧𝑏) is the coordinate where the cord is attached to the helium balloon, 

            (𝑥𝑎, 𝑦𝑎, 𝑧𝑎) is the coordinate where the cord is attached to one end of the 

rotating  

arm,  

  𝐿 is the length of the cord,  

𝑢⃗ 𝑥 is the unit vector in the direction of x-axis,  

𝑢⃗ 𝑦 is the unit vector in the direction of y-axis, and  

𝑢⃗ 𝑧 is the unit vector in the direction of z-axis. 

 

The tension in the cord can be expressed as: 

 

(𝑟 × 𝑇⃗ ) ∙ 𝑢⃗ 𝑦 = 𝐼𝑦𝜃𝑦̈     (3.3) 

 

Where 𝑟  is the position vector of the rotating arm pointing from the rotating point to  

the ending point of the rotating arm,  

𝐼𝑦 is the moment of inertia about the y axis, and  

𝜃𝑦̈ is the angular acceleration of the rotating arm about the y axis. 

 

By manipulating (3.3), the moment can be obtained as: 

 

𝐹𝑡

𝐿
[𝑥𝑎(𝑥𝑏 − 𝑥𝑎) [(

𝑧𝑏 − 𝑧𝑎

𝑥𝑏 − 𝑥𝑎
) −

𝑧𝑎

𝑥𝑎
]] = 𝐼𝑦𝜃𝑦̈ (3.4) 

When the slope of the cord is(
𝑧𝑏−𝑧𝑎

𝑥𝑏−𝑥𝑎
), and the slope of the rotating arm is 

(
𝑧𝑎

𝑥𝑎
), In horizontal plane there are equal. Therefore, the moment about y-axis is zero. 

That means the rotating arm will stop rotating once it points in the same direction as 

the air current. So, the rotating angle y  can be used to measure the wind direction. 
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3.2 Fluid mechanics of a helium balloon in the atmosphere 

 

The movement or motion of a helium balloon and the flow of air around 

the helium balloon surface are cause of friction at the surface of the helium balloon. A 

partial vacuum is occurred behind the helium balloon or opposite the strike force of 

air. Therefore, the drag force is influenced to determine the wind speed (Bertin and 

Smith, 1988; Leephakpreeda, 2010) and can be defined as: 

 

𝐹𝑑 =
1

2
𝑐𝑑𝐴𝜌(𝑣 − 𝑣𝑏)

2    (3.5) 

 

Where  𝐹𝑑 is the drag force,  

𝑐𝑑 
is the drag coefficient as discussed in the Appendix,  

𝐴 is the cross-sectional area of the helium balloon,  

𝜌 is the density of the air, v  is the wind speed, and  

𝑣𝑏 is the speed of the helium balloon in the direction of wind. 

 

When the wind speed is zero or there is no air around the helium balloon, 

the helium balloon will floats up vertically in the atmosphere by the helium gas in the 

balloon. When there are wind speed occurred to the helium balloon, it will move and 

change the position. The motion or the movement of the helium balloon is caused of 

vertical and horizontal force are shown in Figure 3.3. The balance force can be 

determined by: 

 

For y-axis: 

𝐹𝑏 − 𝐹𝑡 cos 𝜃 − 𝑚𝑔 = 𝑚𝑦̈     (3.6) 

 

For x-axis: 

𝐹𝑑 − 𝐹𝑡 sin 𝜃 = 𝑚𝑥̈     (3.7) 
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Where  𝐹𝑏 is the buoyancy force,  

dF  is the drag force,  

𝑚 is the total mass of the helium balloon,  

𝜃 is the swing angle between the  cord and the vertical line,  

𝑔 is the gravitational acceleration,  

𝑥̈ is the acceleration in the x axis, and  

𝑦̈ is the acceleration in the y axis. 

 

 

 
 

Figure 3.3 Free body diagram of helium balloon in atmosphere 

 

The mass of helium gas and mass of balloon can be expressed as: 

 

 

𝑚 = 𝑚𝑏 + 𝑚ℎ     (3.8) 

 

 

Where  𝑚𝑏 is the mass of the balloon,  

𝑚ℎ is the mass of the helium gas. 
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The mass of the balloon can be weighed while the mass of helium can be 

determined by: 

𝑚ℎ = 𝜌ℎ𝑉𝑏      (3.9) 

 

Where  𝜌ℎ is the density of helium gas,  

𝑉𝑏 is the volume of the helium balloon. 

 

The buoyancy force that caused by the weight of air which is replaced by 

helium gas can be calculated as: 

 

𝐹𝑏 = 𝜌𝑉𝑏𝑔     (3.10) 

 

To make this operating work, the buoyancy force of the helium balloon 

must be greater than the total weight of the balloon and helium gas in order to make 

the balloon float up in the atmosphere. The rope is attached to the balloon and swing 

arm is the desired height. 
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3.3 Determination of wind speed 

 

As the helium balloon is connected with the rope to the holding 

mechanism, the helium balloon is moving as the circular path as shown in Figure 3.4. 

The position of the helium balloon in the horizontal axis can be determined as: 

 

𝑥 = 𝑥𝑎 + (𝐿 + 𝑅) sin 𝜃    (3.11) 

 

Where 𝑅  is the radius of the helium balloon. 

 

 

 
 

Figure 3.4 Trajectory of helium balloon with wind 

 

When the helium balloon is moving, the acceleration of movement is 

occurred. The acceleration and speed of the helium balloon can be calculated by the 

positions in various times: 

𝑥̈ =
𝑥(𝑡) − 2𝑥(𝑡 − ∆𝑡) + 𝑥(𝑡 − 2∆𝑡)

(∆𝑡)2
 (3.12) 

 

And 
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𝑣𝑏 =
𝑥(𝑡) − 𝑥(𝑡 − 2∆𝑡)

2(∆𝑡)
 (3.13) 

 

Where  ∆𝑡 is the sampling time,  

 𝑥(𝑡) is the positions of the helium balloon at times 𝑡, 

 𝑥(𝑡 − ∆𝑡) is the positions of the helium balloon at times (𝑡 − ∆𝑡), and 

 𝑥(𝑡 − 2∆𝑡) is the positions of the helium balloon at times (𝑡 − 2∆𝑡). 

 

The drag force from (3.7) due to the wind speed can be determined by: 

 

𝐹𝑑 = 𝑚𝑥̈ + 𝐹𝑡 sin 𝜃    (3.14) 

 

Therefore, the wind speed is determined by: 

     

𝑣 = √
𝐹𝑑

0.5𝜌𝑐𝑑𝐴
+ 𝑣𝑏 (3.15) 

 

It be concluded that the wind direction is determined by the rotating angle 

of the holding mechanism, while the wind speed can be determined by the tension of 

the pulling cord and swing angle as concluded in diagram Figure 3.5. 

 

 
 

Figure 3.5 Determination of wind direction and wind magnitude 
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According to the helium balloon moving as the circular path, therefore the 

position of the helium balloon is always lower than the desired height. So, it had to 

apply wind profile power law in order to determine the wind speed at the desired 

height. It can be define as: 

 

𝑣𝑑 = 𝑣 (
𝑦𝑑

𝑦
)
𝛼

 (3.16) 

 

Where  𝑣𝑑 is the wind speed, which is determined at a desired height 𝑦𝑑 and  

𝑣 is the wind speed, which is determined at the balloon height 𝑦, and 

𝛼 is the ground friction coefficient which is dependent on geographical and 

atmospheric factors (Klink, 2007). 

 

The one-seventh-power law (Mukund, 1999) is commonly used.  

Furthermore, the ground friction coefficient can be determined by the information of 

wind speed in two different levels. It can be define as: 

 

log (
𝑣𝑑

𝑣
) = 𝛼 log (

𝑦𝑑

𝑦
) (3.17) 

 

The value of the ground friction coefficient for this project is determined 

by using the two sets of mechanism device in order to record the wind speed of two 

different levels. 
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3.4 Determination of wind speed in y-axis 

 

As the helium balloon is moving as the circular path as shown in Figure 

3.4. The position of the helium balloon in the vertical axis can be determined as: 

 

𝑦 = √𝐿2 − 𝑥2     (3.11) 

 

 The acceleration and speed of the helium balloon in y-axis can be 

calculated by the positions in various times: 

 

𝑦̈ =
𝑦(𝑡) − 2𝑦(𝑡 − ∆𝑡) + 𝑦(𝑡 − 2∆𝑡)

(∆𝑡)2
 (3.12) 

 

And 

𝑣𝑏𝑦
=

𝑦(𝑡) − 𝑦(𝑡 − 2∆𝑡)

2(∆𝑡)
 (3.13) 

 

The drag force from (3.6) due to the wind speed in vertical axis can be 

determined by: 

 

𝐹𝑑𝑦
= 𝑚𝑦̈ + 𝑚𝑔 − 𝐹𝑏 + 𝐹𝑔 + 𝐹𝑡𝑐𝑜𝑠𝜃  (3.14) 

 

The equation for determining the vertical wind speed can be written as:    

 

𝑣𝑦 = √
𝐹𝑑𝑦

0.5𝜌𝑐𝑑𝐴
+ 𝑣𝑏𝑦

 (3.18) 
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Chapter 4  

Experiment Setup and Design of Mechanism 

 

4.1 Experiment Setup 

This measurement device has two main functions. The former is 

measurement of wind direction and the latter is measurement of wind speed.  

In this experiment, the anemometers were installed on a mast at various 

height. The wind profile of 40 heights will be taken to be compared with the data 

obtained from this device. The wind mast is consisted of three-cup anemometer of 

NRG#40C has a measuring range of 1-96 m/s with accuracy of 0.1 m/s (5-25 m/s) 

while the wind vane of NRG#200P has 360
o
 continuous rotation with potentiometer 

linearity within 1%.  

First, the base is installed on smooth ground surface at open area. The 

distance between the base and the wind mast is 120 meters approximately. The base is 

weighted in order to prevent the device from lifting up due to very height tension of 

balloon. After that the device is assembled to the base and set the angle of rotary 

potentiometer to 0
o
 as north. Then, a balloon of a 3-m diameter is filled with helium 

gas and connect with the rope length 38.25 meter (height of swing arm to ground is 

0.25 meter and radius of helium balloon is 1.5 meter) as shown in Figure 4.1.  

 

Figure 4.1 Experimental setup of wind measurement system using helium balloon 

near wind mast 
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Finally, measurement data of wind speed and wind direction are acquired 

and recorded by a data acquisition system as presented in Figure 4.2. There are three 

potentiometers, which are one linear potentiometer and two rotary potentiometers. 

One linear and one rotary potentiometer are used to generate voltage signals of 

tension force and swing angle of the vertical line respectively for measuring the wind 

speed. Another rotary potentiometer is used to generate the voltage signals of an 

angular position of the rotating arm for measuring the wind direction. 

 

The experiment data is recorded for 1 day or 24 hours. After that the 

voltage signal data obtained from the three potentiometer was taken to calculate wind 

direction and wind speed. Then the final data will be compared with the wind mast 

data at the same measuring time. 

 

 

 

Figure 4.2 Diagram of data acquisition system for balloon measurements 
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4.2 Modeling and design of mechanism 

The design of the mechanism is divided into two parts, first is the 

direction part and second is the velocity part. 

For direction part as shown in Figure 4.3, the main component is the beam 

with the baring and the rotary potentiometer located at the center as shown in Figure 

4.4. This entire part is covered by the cap with the swing arm connected at the top. 

 

 

 

Figure 4.3 A part of mechanism to measure wind direction 

 

 

 

 

Figure 4.4 A component in direction part 
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The mechanism is that when the cap with the swing arm rotates, the shaft 

of rotary potentiometer will rotates according to the cap’s rotation. The resistance 

value will be converted to the wind direction value. 

 

For velocity part, the component is the beam for pulling the rope 

connected to the balloon. The beam is connected to the spring in purpose to determine 

the rope’s tension. For this part, two types of potentiometer are used, the rotary 

potentiometer is used to determine the value of angle and the linear potentiometer 

working with the spring is used to measure the rope’s tension. The beam is able to 

swing in vertical direction and the data will be recorded as angle. Figure 4.5 shows 

the part of mechanism to measure wind speed. The dimension of mechanism device 

are shown in the Appendix A. 

 

Figure 4.5 A part of mechanism to measure wind speed 
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4.2.1 Project Device Assembly 

 

• Insert the pole through the hole of housing bearing and lock them to each other 

as shown in Figure 4.6 (a). 

• Cover the housing bearing with the skirt as shown in Figure 4.6 (b). 

• Assemble the potentiometer following the figure as shown in Figure 4.6 (c). 

• Assemble the completed potentiometer set with the pole by braiding them to 

each other as shown in Figure 4.6 (d). 

• Cover the completed potentiometer set with the cap and insert 4 bolts to bind 

the cap with the skirt as shown in Figure 4.6 (e).  

• Insert, by braiding, the swing arm into the hole on the top of the cap as shown 

in Figure 4.6 (f). 

• Connect the velocity part to the swing arm as shown in Figure 4.6 (g). 

 

 

 

 

 

 (a) (b) (c) 

 

 

 

 

 

 

 (d) (e) (f) 

 

 

 

 

 

 

(g) 

Figure 4.6 Project device assembly 
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4.2.2 Project Device Installation 

 

• Wind vane and anemometer are installed at a height of 40 m.  

• Install the project device on the ground (Flat surface) by the distance between 

the project device and Wind vane and anemometer is approximately 120 

meters. 

• Fill a plastic balloon of a 3-m diameter with helium gas. 

• Connect the balloon to the project device with a rope length 38.5 meters. 

• Link the wire from the project device to the Fluke 287 Digital multi meter in 

order to measure and collect data. 
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Chapter 5  

Results and Discussion 

 

In this chapter the solutions obtained from numerical modeling and the 

experimental results of the workings of the measurement device will be presented to 

explain the physical workings of helium balloon anemometer's system, in which wind 

speeds were calculated from some variables in the mathematical model of the 

aerodynamic behavior within the movement of the helium balloons. 

In studies with numerical models, balloons with a diameter of 3 meters 

were used and held with rope at a height of 60 meters. All numerical parameter values 

that were used in the numerical model were said in chapter 5 and determined in Table 

5.1 

 

Parameters Numerical values 

Density of air at 60 m, 𝜌 (𝑘𝑔/𝑚3) 1.21796 

Density of helium inside balloon,𝜌ℎ (𝑘𝑔/𝑚3) 0.17850 

Drag coefficient, 𝑐𝑑 0.47 

Radius of helium balloon, 𝑅 (𝑚) 1.5 

Mass of balloon, 𝑚𝑏(𝑘𝑔) 0.056 

Length of pulling cord, 𝐿 (𝑚) 58.5 

Length of rotating arm, 𝑥𝑎 (𝑚) 0.22 

Ground friction coefficient, 𝛼 1/7 

Sampling time, ∆𝑡 (𝑠) 1 

Sea level standard atmospheric pressure, 𝑃0(𝑘𝑃𝑎) 101.325 

Sea level standard temperature, 𝑇0 (𝐾) 288.15 

Temperature lapse rate,  (𝐾/𝑚) 0.0065 

Earth-surface gravitational acceleration, 𝑔(𝑚/𝑠2) 9.80665 

Universal gas constant, 𝑅𝑔(𝐽/(𝑚𝑜𝑙. 𝐾)) 8.31447 

Molar mass of dry air, 𝑀(𝑘𝑔/𝑚𝑜𝑙) 0.028964 

 

Table 5.1 Numerical values of parameters used in simulation 
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Figure 5.1 displayed the movement of helium balloons when wind started 

to collide at different constant speeds that include speeds of 2 m/s, 4 m/s, 6 m/s, and 8 

m/s at a height of 60 meters (In the processing of the results of the numerical models, 

this also included numerical models where wind speeds changed following the wind 

profile power law). They were displayed as coordinates of helium balloons on an x 

and y axis at that time. It can be observed from results of the model that wind blew 

helium balloons far on the vertical axis and reduce the height. When wind speed was 

higher, helium balloons were blown further on the vertical axis and reduce the height 

even further.  

 

 

 

Figure 5.1 Motions of helium balloon at constant wind speed: (a) 2 m/s, (b) 4 m/s,  

(c) 6 m/s, and (d) 8 m/s 

 

 



 

 

26 

 

However in the actual situation, natural winds will always have different 

wind speeds. Figure 5.2 (a) shows the data records of wind speed at a height of 60 

meters in one day which were recorded every minute at a 120 meter high wind-mast 

at Thammasat University. Figures 5.2 (b) and 5.2 (c) displayed the numerical 

solutions obtained from mathematical modeling, both the coordinates of the helium 

balloons height and the swing angles between the vertical axis and rope  in response 

to the changes in wind speed that were shown in Figure 5.2 (a) respectively. It can be 

observed that the movements of helium balloons were propelled by resistance that 

balanced dynamics and rope tension, buoyancy, and the weight of the helium balloon 

as explained in chapter 3. Figure 5.3 displayed the graph of wind speed solutions with 

the use of equations (3.15) and (3.16) in the dotted lines and true wind data from the 

solid lines. This can be observed from the calculations of wind speed with close 

values to the actual wind speed, despite changes in the height of the helium balloon.  

 

 

 

 

Figure 5.2 Simulated results under real wind blow: (a) actual wind speed, 

(b) height of helium balloon, and (c) swing angle 
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Figure 5.3 Plots of simulated results and measured data of wind speed against time at 

height of 60 m 

 

This part was an actual experiment in the field as was described in chapter 

4, which was to prepare for the experiment with the installation of the rotating arm 

mechanism close to the wind-mast at a distance of 120 meters away. The data 

variables that were measured where the angular position of the rotating arm around 

the vertical axis, the swing angle between the vertical axis and the rope, and rope 

tension which were received from the movement of the helium balloon in one day. 

Only the parameter values used in the experiment were different from the numerical 

models as specified in Table 5.2. Table 5.3 displayed examples of measurement data 

and solutions from calculations with equations (3.15) and (3.16).  The example of 

calculation are discussed in the Appendix B. 
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Parameters Numerical values
*
 

Density of air at 40 m, 𝜌 (𝑘𝑔/𝑚3) 1.22030 

Density of helium inside balloon, 𝜌ℎ (𝑘𝑔/𝑚3) 0.6488 

Mass of balloon,
 
𝑚𝑏(𝑘𝑔) 2.354 

Length of pulling cord, 𝐿 (𝑚) 38.5 

Ground friction coefficient, 𝛼 0.245 

*
Remark: The actual values are different than Table 5.1. 

 

Table 5.2 Numerical values of parameters used in experiment 

 

 

𝑡 (𝑠) 𝜃𝑦 (°) 𝜃 (°) 𝐹𝑡 (𝑁) 𝑣 (𝑚/𝑠) 𝑣𝑑 (𝑚/𝑠) Direction
*(°) 

1 182.88 26.89 63.43 3.65 3.75 182.88 

2 177.84 28.15 63.29 4.36 4.49 177.84 

3 178.20 26.78 62.88 3.44 3.53 178.20 

4 178.92 27.43 62.23 3.72 3.82 178.92 

5 178.56 28.54 63.45 4.45 4.59 178.56 

6 178.92 26.82 62.13 3.24 3.33 178.92 

7 180.36 26.71 62.98 3.32 3.41 180.36 

8 181.08 28.08 63.09 4.35 4.48 181.08 

9 180.72 28.29 62.93 4.21 4.34 180.72 

10 181.80 28.76 62.10 4.07 4.20 181.80 

*
Remark: the angle is measured clockwise from a north base line. 

 

Table 5.3 Examples of measured data and determined results 

 

Figure 5.4 displayed the value of ground friction coefficient 𝛼, which was 

0.245. The value of ground friction coefficient 𝛼 was determined by using two sets of 

the measurement device to measure the speed of wind at two different height. In this 

case, the data of wind speed were measured at height 20 meter and 35 meter as shown 

in Figure 5.5. 
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Figure 5.4 Determination of ground friction coefficient 𝛼 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5 Determination of ground friction coefficient by using two sets of 

measurement device. 
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Figure 5.6 displayed the comparisons between wind speed data that were 

measured from the wind mast and wind speed values from the methods explained in 

chapter 4. It can be seen that the calculated values had close values with the actual 

measured wind speed and direction. The error values for the wind speed and direction 

were equal to 4.136% and 2.79° ± 0.681° respectively. Even so concerning this 

method of helium balloon anemometer wind measurement, in the case of higher mean 

wind speeds, adjustment of the balloon's components for more buoyancy is necessary 

for the preservation of floatation in the vertical axis or to make the helium balloon 

float at levels where speed measurements are most required. Examples include 

increases in balloon size or helium gas pressure to prevent the swing angle between 

the vertical axis and rope from being too large, which will result in minimal 

inaccuracies with the assessment of wind speed according to the wind profile power 

law.   

 

 

 

 

 

Figure 5.6 Plots of experimental results reported in one day: (a) wind speed against 

time and (b) wind rose diagram of wind direction 
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In this studies, the balloon was assumed to be a particle floating in the 

large atmosphere. The wind usually flows through the balloon in horizontal direction. 

However, in some cases, due to various factor such as weather or environment 

condition, the vertical wind might occur. The algorithm to compute the vertical wind 

speed is the same as the horizontal wind speed's which is determining the vertical 

acceleration and vertical velocity of balloon. Figure 5.7 displayed the wind speed data 

in vertical direction or in y-axis that was measured from the measurement device. It 

can be seen that the wind speeds in y-axis are less than 1 m/s. The wind speeds in 

vertical direction with very low value have very low influence on the wind speed in 

horizontal direction. 

 

 

 

Figure 5.7 Plots of experimental results of wind speed in y-axis against time 
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Chapter 6  

Conclusions 

 

6.1 Conclusions 

 

The main objective of the study was the presentation of an alternative 

method of wind measurement via interpreting dynamic behaviors of a helium balloon 

where wind speed was calculated from some variables in the mathematical models 

based on the aerodynamic behavior within the movement of helium balloons. In this 

study, balloons with a diameter of 3 meters and filled with helium gas were used 

while the measurement device comprised of a helium balloon held by rope to a 

rotating arm mechanism that rotates according to wind direction. Its principles detail 

that when wind blows, the resistance formed from wind will balance the dynamics of 

buoyancy, the weight of the helium balloon, and rope tension. Thus the wind speed at 

the balloon's height can be determined from equations of movement, resistance, and 

variables obtained from the balloon's measurements include the coordinates of the 

helium balloon's height, the swing angles between the vertical axis and rope, and rope 

tension and the application of the wind profile power law. The wind speed at the 

balloon's height can be adjusted to be the speed value at the height of measurement 

interest by apply the wind profile power law. Results from experiments in the field 

discovered that wind speed values obtained from the measurement device and values 

wind-mast were highly similar, which displayed the good potential of the proposed 

helium balloon anemometer of the efficiency of the helium balloon method of wind 

measurement, in the case that the wind speeds are higher than this, adjustments for 

helium balloons is necessary to have more buoyancy to preserve floatation in the 

vertical axis or to make the helium balloon float at levels where speed measurements 

are most required such as increases in balloon size or helium gas pressure to prevent 

the swing angle between the vertical axis and rope from being too large will result in 

minimal inaccuracies with the assessment of wind speed according to the wind profile 

power law.    
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However, the helium gas contained in the balloon usually leaks out. Therefore, 

it requires frequent maintenance to fill up the helium gas. In the future, new 

technology of balloon might be developed to be able to sustain helium gas inside. 

Then, this device can be used practically.  

 

 

6.2 Future work 

 

 According to the result of measuring wind speed and wind direction, it 

confirms that there is very good agreement of wind measurement on the measurement 

device compared to the conventional anemometer and the wind vane mounted on the 

wind mast. However, there is still leakage of the helium gas in the balloon during the 

measurement causing some errors on the measurement result. It is possible that the 

measurement device can be improved to be more compact and more precise in wind 

measurement. This could be performed by utilizing newer technology as well as 

modern equipment to develop the measurement device. 
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Appendix A 

Dimension* of mechanism device 

 

Equipment & Material 

1. 2 Rotary potentiometer: used for measuring the angle of swing arm and the angle between rope and vertical line of helium 

balloon. 

2. 1 Linear potentiometer: used for measuring the tension of cord. 

3. 3 Ball bearing: used for rotation of swing arm and rotate the mechanism device of velocity part. 

4. 1 Spring: used with the linear potentiometer to measure the tension of cord. 

5. 1 Balloon of 3 meters diameter: used to release to the desired height to measure the wind speed and wind direction. 

6. Stainless steel: used to make the rotating base. 

7. Aluminium: used to make the measurement device of velocity part. 

 

 

 

 

 

 

 

 

*Remark: All dimension are in millimeter. 
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Figure A.1 (a) and (b) shows the design of measurement device and each components of the device respectively. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1 The measurement device (a) completely assembled (b) Decomposition 

 

(a) (b) 



 

40 

 

Figure A.2 shows the drawing dimension of the component part A in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.2 Orthographic drawing of part A 

Top view 

Front view Side view 

3D view 
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Figure A.3 shows the drawing dimension of the component part B in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.3 Orthographic drawing of part B 

Top view 

Front view Side view 

3D view 
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Figure A.4 shows the drawing dimension of the component part C in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.4 Orthographic drawing of part C 

 

Front view Side view 

Top view 3D view 
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Figure A.5 shows the drawing dimension of the component part D in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.5 Orthographic drawing of part D 

Front view Side view 

Top view 

3D view 
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Figure A.6 shows the drawing dimension of the component part E in first angle projection. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.6 Orthographic drawing of part E 

Top view 

Front view Side view 

3D view 
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Figure A.7 shows the drawing dimension of the component part F in first angle projection. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.7 Orthographic drawing of part F 

Top view 

Front view Side view 

3D view 
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Figure A.8 shows the drawing dimension of the component part G in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.8 Orthographic drawing of part G 

Top view 

Front view Side view 

3D view 
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Figure A.9 shows the drawing dimension of the component part H in first angle projection. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.9 Orthographic drawing of part H 

Top view 

Front view Side view 

3D view 
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Figure A.10 shows the drawing dimension of the component part I in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.10 Orthographic drawing of part I 

Top view 

Front view Side view 

3D view 
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Figure A.11 shows the drawing dimension of the component part J in first angle projection. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.11 Orthographic drawing of part J 
Top view 

Front view Side view 

3D view 
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Figure A.12 shows the drawing dimension of the component part K in first angle projection. 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.12 Orthographic drawing of part K 

Top view 

Front view Side view 

3D view 
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Figure A.13 shows the drawing dimension of the component part L in first angle projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.13 Orthographic drawing of part L

Top view 

Front view Side view 

3D view 
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Appendix B 

Example of calculation 

Example of the experiment data of wind measurement by using helium balloon anemometer. 
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Example of the experiment data of wind measurement by using helium balloon anemometer. 
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Example of calculation 

In this case, the example shows the calculation of the wind speed and wind direction at: 

- Date : 1/4/2014 

- Time : 2:30:02 PM 

Direction part 

Measurement data from recording are; 

 

o The resistance value of rotary potentiometer is 5.532 kΩ [P4] 

 

For calculate the direction of wind is  
[𝑃4]×360

10
 

 

            
[5.532]×360

10
= 199.152° [Q4] 

 

So, the direction of wind at 2:30:02 PM is 199.152°  

 

Where 360 is the angle* in one round of rotary potentiometer and 10 is the maximum resistance value of rotary potentiometer or 

maximum range [0-10 kΩ]. 

*Remark: The angle is measured clockwise from a north base line. 
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Velocity part (x-axis) 

Measurement data from recording are; 

 

o The resistance value of linear potentiometer is 3.899 kΩ [C4] 

o The resistance value of rotary potentiometer is 0.716 kΩ [D4] 

 

- The distance of the spring moving is  𝑥 =
[𝐶4]×0.1

10
 

       𝑥 =
[3.899]×0.1

10
 

       𝑥 = 0.03899 𝑚 [E4] 

 

Where 0.1 is length of linear potentiometer and 10 is the maximum resistance value of linear potentiometer or maximum range 

[0-10 kΩ]. 

- The tension of spring can be found from  𝐹𝑡 = 𝑘𝑥 

                      𝐹𝑡 = 𝑘[𝐸4] 

                           𝐹𝑡 = 1630 × [0.3899] 

            𝐹𝑡  = 63.5537 𝑁 [F4] 

Where 𝑘 is the spring constant (1630 𝑁/𝑚). 



 

56 

 

- The angle of rotary potentiometer is  𝜃 =
[𝐷4]×360

10
     

            𝜃 =
[0.716]×360

10
 

      𝜃 = 25.776° [G4] 

 

Where 360 is the angle in one round of rotary potentiometer and 10 is the maximum resistance value of rotary potentiometer or 

maximum range [0-10 kΩ]. 

- The position of helium balloon in x-axis is 𝑋 = (𝐿 + 𝑅)𝑠𝑖𝑛𝜃 

                                                                     𝑋 = (𝐿 + 𝑅)sin [𝐺4] 

                                                                     𝑋 = (38.25 + 1.5)sin [25.776] 

                                                                     𝑋 = 17.285444 𝑚 [H4] 

Where 𝐿 is the length of rope (38.25 𝑚) and 𝑅 is the radius of balloon (1.5 𝑚). 

- The position of helium balloon in y-axis is 𝑌 = √402 − 𝑋2 

                                                                     𝑌 = √402 − [𝐻4]2 

                                                                     𝑌 = √402 − [17.285444]2 

                                                                     𝑌 = 36.072336 𝑚 [I4] 

Where 40 is the maximum point of the position of the helium balloon can be. 
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- The acceleration of the helium balloon in the x-axis is 𝑥̈ =
𝑥(𝑡)−2𝑥(𝑡−∆𝑡)+𝑥(𝑡−2∆𝑡)

(∆𝑡)2
 

                          𝑥̈ =
[𝐻4]−2[𝐻3]+[𝐻2]

(∆𝑡)2
 

                          𝑥̈ =
[17.285444]−2[17.3079312]+[18.5781338]

(1)2
 

                          𝑥̈ = 1.247715448 𝑚/𝑠2 [J4] 

 

Where )(tx , )( ttx  , and )2( ttx     are the positions of the helium balloon at times t , )( tt  , and )2( tt  ,  respectively 

and t  is the sampling time (1 𝑠). 

- The velocity of the helium balloon is 𝑣𝑏 =
𝑥(𝑡)−𝑥(𝑡−2∆𝑡)

2(∆𝑡)
 

             𝑣𝑏 =
[𝐻4]−[𝐻2]

2(∆𝑡)
 

             𝑣𝑏 =
[17.285444]−[18.5781388]

2(1)
 

             𝑣𝑏 = −0.64634492 𝑚/𝑠 [K4] 

 

- The drag force is 𝐹𝑑 = 𝑚𝑥̈ + 𝐹𝑡𝑠𝑖𝑛𝜃 

              𝐹𝑑 = 𝑚[𝐽4] + [𝐹4] sin[𝐺4] 

              𝐹𝑑 = 2.354[1.247715448] + [63.5537] sin[25.776] 

              𝐹𝑑 = 30.5737 𝑁 
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Where 𝑚 is mass of balloon without air or gas (2.354 𝑘𝑔). 

 

- The wind speed is 𝑣 = √
𝐹𝑑

0.5𝜌𝑐𝑑𝐴
+ 𝑣𝑏 

               𝑣 = √
𝐹𝑑

0.5𝜌𝑐𝑑𝐴
+ [𝐾4] 

              𝑣 = √
30.5737

0.5(1.2203)(0.47)(7.068583)
+ [−0.64634492] 

              𝑣 = 3.237309462 𝑚/𝑠 [L4] 

Where 𝜌 is the density of air (1.2203 𝑘𝑔/𝑚3) , 𝑐𝑑 is the drag coefficient (0.47) and 𝐴 is cross-sectional area of the helium 

balloon (7.068583). 

- Apply power laws to wind speed 𝑣𝑑 = 𝑣(
𝑦𝑑

𝑦
)𝛼 

                 𝑣𝑑 = [𝐿4](
𝑦𝑑

[𝐼4]
)𝛼 

                 𝑣𝑑 = [3.237309462](
40

[36.072336]
)0.245 

                𝑣𝑑 = 3.320329766 𝑚/𝑠 [M4] 

So, the direction of speed in x-axis at 2:30:02 PM is 3.320329766 𝑚/𝑠 

Where 𝑦𝑑 is a desired height (40 𝑚) and 𝛼 is the ground friction coefficient (0.245). 
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Velocity part (y-axis) 

- The acceleration of the helium balloon in the y-axis is 𝑦̈ =
𝑦(𝑡)−2𝑦(𝑡−∆𝑡)+𝑦(𝑡−2∆𝑡)

(∆𝑡)2
 

                            𝑦̈ =
[𝐼4]−2[𝐼3]+[𝐼2]

(∆𝑡)2
 

                         𝑦̈ =
[36.072336]−2[36.0615518]+[35.423906]

(1)2
 

                         𝑦̈ = −0.62686 𝑚/𝑠2 [S4] 

- The velocity of the helium balloon is 𝑣𝑏𝑦
=

𝑦(𝑡)−𝑦(𝑡−2∆𝑡)

2(∆𝑡)
 

             𝑣𝑏𝑦
=

[𝐼4]−[𝐼2]

2(∆𝑡)
 

             𝑣𝑏𝑦
=

[36.072336]−[35.423906]

2(1)
 

             𝑣𝑏𝑦
= 0.324216 𝑚/𝑠 [T4] 

- The drag force is 𝐹𝑑𝑦
= 𝑚𝑦̈ + 𝑚𝑔 − 𝐹𝑏 + 𝐹𝑔 + 𝐹𝑡𝑐𝑜𝑠𝜃 

              𝐹𝑑𝑦
= 𝑚[𝐽4] + 𝑚𝑔 − 𝐹𝑏 + 𝐹𝑔 + [𝐹4] cos[𝐺4] 

              𝐹𝑑𝑦
= 2.354[1.247715448] + 2.354(9.81) − (169.238) + 89.97922 + [63.5537] cos[25.776] 

              𝐹𝑑𝑦
= −0.41151 𝑁 [V4] 

Where 𝑔 is the gravitational acceleration (9.81 𝑚/𝑠2), 𝐹𝑏is the buoyancy force (169.238 𝑁) and 𝐹𝑔is gas weight (89.97922). 
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- The wind speed is 𝑣𝑦 = √
𝐹𝑑𝑦

0.5𝜌𝑐𝑑𝐴
+ 𝑣𝑏𝑦

 

               𝑣𝑦 = √
𝐹𝑑𝑦

0.5𝜌𝑐𝑑𝐴
+ [𝑇4] 

              𝑣𝑦 = √
0.41151

0.5(1.2203)(0.47)(7.068583)
+ [0.324216] 

              𝑣𝑦 = 0.12635 𝑚/𝑠 [Y4] 

 

- Apply power laws to wind speed 𝑣𝑑 = 𝑣(
𝑦𝑑

𝑦
)𝛼 

                    𝑣𝑑 = [𝑍4](
𝑦𝑑

[𝐼4]
)𝛼 

                 𝑣𝑑 = [0.12635](
40

[36.072336]
)0.245 

                𝑣𝑑 = 0.12959 𝑚/𝑠 [Z4] 

So, the direction of speed in y-axis at 2:30:02 PM is 0.12959  𝑚/𝑠 
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Appendix C 

Simulation 

 

In this study, MATLAB software is used to simulate the moving of 

helium balloon to measure the wind direction and wind speed.  

 

The equations were written in M-file to use in simulation of MATLAB software.  

Simulation of wind direction 

 

m=0.2;     % m is mass of swing arm 

L=3;     % L is length of rope 

Lp=0.1;    % Lp is length of rope in top view 

T=40;     % T is tension force of rope 

rsa=0.2;    % rsa is length of swing arm 

delt=0.0005;    % delt is change in time 

ctsa=0;     % ctsa is angle of swing arm 

ctw=pi/6;    % ctw is angle of wind 

I=m*(rsa^2)/3;   % I is moment of inertia of swing arm 

D=0;     % D is damping factor 

ctsad=0;    % ctsad is angular velocity of swing arm 

xa=rsa;     % xa is location of coordinate x at point a 

ya=0;     % ya is location of coordinate y at point a 

 

for i=1:10000; 

 

ctsadd=(((T*(rsa*cos(ctsa))*(Lp*cos(ctw))*(tan(ctw)-tan(ctsa))/L)-ctsad*D))/I; 

% ctsadd is the angular acceleration of the 

rotating arm about the y axis at equation (3.3) 

ctsadtdt=ctsad+ctsadd*delt; % ctsadtdt is velocity of swing arm at time  

(𝑡 + ∆𝑡) 

ctsatdt=ctsa+ctsad*delt;  % ctsatdt is angle of swing arm at time (𝑡 + ∆𝑡) 
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ctsad=ctsadtdt; 

ctsa=ctsatdt; 

 

st(i)=delt*i; 

sctsa(i)=ctsa; 

end 

 

plot(st,sctsa,'B'); 

 

Simulation of wind speed 

 

v=3;                   % v is velocity of wind 

cd=0.47;              % cd is drag coefficient 

dair=1.14;            % dair is density of air 

dhe=0.1785;           % dhe is density of helium 

m=0.056;              % m is mass of balloon 

g=9.81;               % g is gravitational acceleration 

L=3;                   %sL is length of rope 

r=1;                   % r is radius of balloon 

t=0;                   % t is time 

A=pi*(r^2);           % A is area surface of balloon 

V=pi*4/3*r^3;         % V is volume of balloon 

Fg=dhe*V*g;           % Fg is gas weight 

Fb=dair*V*g;          % Fb is buoyancy force of balloon 

T=Fb-Fg-m*g;          % T is tension force of rope 

delt=0.0005;          % delt is change in time 

xpt=0;                % xpt is velocity of balloon in x-axis 

ytmdt=L+r;            % ytmdt is location of balloon in y-axis at time (𝑡 − ∆𝑡) 

yptmdt=0;             % yptmdt is velocity of balloon at time (𝑡 − ∆𝑡) 

yt=L+r;               % yt is location of balloon in y-axis at time (𝑡) 

xt=0;                  % xt is location of balloon in x-axis at time (𝑡) 
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j=1;    % j is change in time for measuring simulation 

m_xtmdt=0; % m_xtmdt is location of balloon in x-axis at time  

(𝑡 − ∆𝑡) for measuring simulation 

m_xtm2dt=0; % m_xtm2dt is location of balloon in x-axis at time 

(𝑡 − 2∆𝑡) for measuring simulation 

 

for i=1:10000 

if i==1000 

    v=2; 

end 

if i==2700 

    v=1; 

end 

if i==4000 

    v=0; 

end 

if i==4600 

    v=-1; 

end 

if i==6700 

    v=-2; 

end 

if i==7000 

    v=-3; 

end 

if i==8600 

    v=-1; 

end 

 

Fw=sign(v)*(0.5*dair*cd*A*(v-xpt)^2); %Fw is drag force at equation (3.5) 

gm=atan(xt/(L+r)); % gm is swing angle between the cord and 

the vertical line at equation (3.11) 
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ax=((Fw-T*sin(gm))/m); % ax is acceleration in the x axis at 

equation (3.7) 

 

xptdt=xpt+ax*delt; % xptdt is velocity of balloon in x-axis at 

time (𝑡 + ∆𝑡) 

xtdt=xt+xpt*delt; % xtdt is location of balloon in x- axis at 

time (𝑡 + ∆𝑡) 

 

yt=sqrt(((L+r)^2)-xt^2); 

 

ypt=-xt*xpt/yt;    % ypt is velocity of balloon in y-axis 

ay=(-xpt-xt*ax-ypt)/yt; % ay is acceleration in the y axis at 

equation (3.6) 

 

T=(Fb-m*g-Fg-m*ay)/cos(gm); 

 

xpt=xptdt; 

xt=xtdt; 

 

st(i)=delt*i; 

sy(i)=yt; 

sx(i)=xt; 

sT(i)=T; 

sax(i)=ax; 

say(i)=ay; 

sgm(i)=gm; 

sFw(i)=Fw; 

sxpt(i)=xpt; 

sv(i)=v; 
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if i==j*100 

m_delt=100*delt; 

 

m_ax=(xt-2*m_xtmdt+m_xtm2dt)/(m_delt^2); 

% m_ax is acceleration in the x axis 

formeasuring simulation 

 

m_xpt=(xt-m_xtmdt)/m_delt;  % m_xpt is velocity of balloon in x-axis 

for measuring simulation 

 

m_v=sign(v)*sqrt(2*abs((T*sin(gm)+m*m_ax))/(dair*cd*A))+m_xpt; 

% m_v is velocity of wind for measuring 

simulation 

 

m_xtm2dt=m_xtmdt; % m_xtm2dt is location of balloon in x-

axis at time (𝑡 − 2∆𝑡) 

 

m_xtmdt=xt; % m_xtmdt is location of balloon in x-

axis at time (𝑡 − ∆𝑡) 

 

sm_ax(j)=m_ax; 

stj(j)=m_delt*j; 

sm_xpt(j)=m_xpt; 

sm_v(j)=m_v; 

j=j+1; 

end 

end 

 

plot(st,sv,'B'); 

hold on 

plot(stj,sm_v,'R'); 

hold off 




