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Abstract:  

In engineering design, wind tunnel testing may prove to be necessary  as it provides an insight of air flow 

characteristics around a model for simulation of a full scale prototype. These fluid mechanic characteristics 

were observed to gain a greater understanding of the setup and theory behind wind tunnel testing. The primary  

objectives of the lab were to learn the pitot static probe principle for measurement of wind tunnel airspeed, and 

study the aerodynamic forces such as lift and drag acting on varying geometric bodies. The testing of varying 

bodies allowed for a  direct comparison of the changes caused by the differing dimensions of the shapes used for 

the experiment. 
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I. Introduction: 

 Wind is a native force that interacts with the world around us whether directly or indirectly. The force 

exerted by the wind can not be fully observed but rather calculated as to determine its effects on us or other 

objects. This becomes especially apparent when the wind is  subjected to a condensed enclosed area as it rushes 

out through one or any exit available.  

 The velocity of wind in an inclosed area can be calculated based on the entrance shape of the tunnel; 

square, rectangle, circle, triangle. Furthermore the wind within the tunnel can then be measured using a form of 

Bernoulli’s number based on the area of the entrance shape, incline of the tunnel and any power fluctuations 

when fans are presented inside the tunnel. This style of experimentation/ calculation is important because it 

allows us to replicate the behaviors of the wind in a controlled environment for objects in flight. Allowing any 

design to be tested without the complications or irregularities of outside forces which are usually beyond our 

means to mitigate. 

 The main focus of this paper is to experiment with the notion of wind velocity within an enclosed 

tunnel to calculate the speed of the wind and illustrate the effects of lift/ drag that it has on different geometric 

bodies. We plan to do this by first understanding and applying the principle of the pitot-static probe to calculate 

the velocity within a specified tunnel, as the ratios can change due to the size and shape of the tunnel. Secondly 

applying the calculated velocity on different geometrical shapes facing in 2 different directions, this is to 

compare the changes if any, occur between the different sides of the shapes. Lastly plotting the results as to 

show a side by side comparison of the different shapes drag/ lift forces that were affected by the different wind 

speeds within the tunnel.  

Theoretical Background: 

Aerodynamics use wind tunnels to test possible plane models. Throughout the tunnel, the engineer will control 

the flow conditions that influence the aircraft's forces with care.  

By carefully testing the strengths on the model, the engineer will predict the forces on the aircraft at full scale. 

And the engineer can better understand and improve the use of special diagnostic techniques.Wind tunnels are 

designed for a specific purpose and speed range and there are a wide variety of types of wind tunnels and model 

instruments available.  

http://www.ajer.org/
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The model which will be tested in the wind tunnel is put in the tunnel test section.  

Velocity in the test section is determined by tunnel construction. Owing to compressibility effects the choice of 

speed range affects the nature of the wind tunnel. 

 

Experiments with the wind tunnel.We're using a list of equations such as: 

-Conservation of mass 

-Conservation of momentum 

-Isentropic flow, and many more  

 

Experimental Setup and Procedure: 

Part A: 

Calibration of Wind Tunnel Airspeed Using a Pitot-static Probe  

 

 
Fig. 1 

   

Materials/ Instruments Specifications (if necessary) 

Wind tunnel facility  H-6910-12-55 Wind tunnel Hvac 

Pitot-static Probe  

Pressure sensor Board  

Power supply  5w or above 

DVM  

Water  

Ruler  Yard or meter  

Fig. 2 Simmons, Matthew, Carlos Montalvo, and Sytske Kimball. "Wind Tunnel Tests of a Pitot-Static 

Tube Array to Estimate Wind Velocity." arXiv preprint arXiv:1901.10600 (2019). 
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Part B: 

Demonstration of Lift and Drag Forces For Different Geometric Bodies 

 
Fig. 1 

 

 

Materials/ Instruments Specifications (if necessary) 

Wind tunnel facility  H-6910-12-55 Wind tunnel Hvac 

Drag test Section H-6910-12-55 Wind tunnel Hvac 

Pitot tube  

Test Shape Sphere, Cylinder, Hemisphere, Rectangular Wedge 

Fig.1 

 

Step 1. Install the listed materials/ instruments and arrange them similar to the picture shown   above the graph. 

Slip the rod end of the test shape through the hole in the bottom of the test section. Attach the rod end of the test 

shape to the connector rod protruding from the top of the indicator housing. Align the test shape so that it is 

perpendicular to the air flow. Install a pitot-static probe in the probe positioner and carefully insert the probe 

head into one of the access holes in the test section. Connect the pressure taps on the pitot-static probe to one of 

the differential manometers using flexing tubing.     

Step 2. Turn the lift/drag measurement display “on” and watch for the zero reading. The load cell and display 

unit has been factory calibrated in Newtons and should not need any further adjustment. The tare button can be 

pressed to zero to test the weight of the specific piece. (fig. 3) 

Results and Discussions: 

 

Part A 

 The first part of our experiment consisted in using a pitot-static probe to calibrate the air speed in the 

wind tunnel. A pitot-static system generally consists of a pitot tube, a static port, and the pitot-static 

instruments.It works by measuring pressures or pressure differences and using these values to assess the speed 

and altitude. These pressures can be measured either from the static port (static pressure) or the pitot tube (pitot 

pressure). The static pressure is used in all measurements, while the pitot pressure is used only to determine 

airspeed. 

 Although this is a very effective way to measure air speeds, it also comes with possible errors that may 

occur. For example, if the pitot-static tube is not aligned with the flow, an error of inclination will occur known 

as yaw.  



American Journal of Engineering Research (AJER) 2023 
 

 
w w w . a j e r . o r g  

w w w . a j e r . o r g  

 

Page 184 

 In order to have a complete analysis, we need to calculate the velocity of the air flow, the volumetric 

flow rate, and the Reynolds number in order to identify the flow as turbulent or laminar. The following 

equations were used to calculate the previous values:   

 To calculate velocity: 

V = 795√∆P (For Air at 0.075 lb ft3 , 70℉, 29.92 inches of Hg Barometric Pressure) 

It is important to note that this equation will give us the velocity in ft/minute. To run some further calculations 

we will need to convert this velocity to ft/sec. Also, ∆P needs to be in mm of H2O.  

 To calculate volumetric flow rate:  

𝑉𝑓 = 𝑉̇ = 𝑉ave *A 

 To calculate Reynolds number:  

Re = (ρ*Vave* Dh)/ μ  

It is important to note that for this calculation, we need to change the velocity from ft/min to ft/sec. We have to 

do this, because the units of our dynamic viscosity are in sec not min. 

Below we have a chart with all the previous calculations:   

 

 
 As we can see from the values obtained, we have a completely turbulent flow from the fan. 

 

Part B 

 For the second part of our project, we will see how the aerodynamic forces behave when we have 

different geometric bodies in a moving airstream, We will be using a sphere, cylinder, hemisphere facing 

forward, hemisphere facing rearward, rectangular wedge facing forward, and a rectangular wedge facing 

rearward.  

For each of these bodies we will be calculating the drag force, coefficient of drag and Reynolds number. We 

will also compare them with the fan speed to see how they behave.     

 

Sphere: 
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Cylinder: 

 

 
 

Hemisphere Facing Forward: 
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Hemisphere Facing Rearward: 
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Rectangular Wedge Facing Forward: 
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Rectangular Wedge Facing Rearward  
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 As we can see depending on geometry in which the air flows through, the drag will either increase or 

decrease. That is why cars or airplanes are built in such a way that the shape helps reduce the most drag 

possible.   

 

II. Conclusions: 

The goal of this experiment was first to learn the principle of pitot static probe for measuring wind 

tunnel airspeed, and then identifying the aerodynamic lift and drag forces which act on varying geometries. 

Direct comparison of the changes occurred due to differing dimensions were also done in the experiment. 

Various entrance shapes of tunnels such as square, rectangle, circle, and triangle were analyzed in the 

experiment with the help of a pitot static system. The results obtained in the experiment were illustrated with the 

help of various graphs for much better understanding.  By using the air velocity, in Table-1 the values of 

volumetric flow rate and Reynolds’s Number is calculated. The obtained values of Reynolds’s Number show 

that the flow is completely turbulent for all the observations. The turbulent nature of the flow from the fan 

governs various other parameters in the experiment, so it is an important deduction. 

Next we compared the experimental results with the use of graphs for various geometries one by one. 

Firstly in the sphere from Graph-1, one can see that the drag force was directly changing as the speed of the fan 

was increased. Also the experimental and theoretical values of forces were almost the same. In the next graph 

the values of drag coefficient shows a lot of variations with fan speed and the maximum drag coefficient 

obtained was 0.001165 at fan speed of 1200RPM. 

In the geometry of the cylinder, the drag coefficient decreases with increase of Reynolds’s Number and 

the maximum drag coefficient obtained was 0.000982384 at Reynolds’s value of 184000.   

For the geometry of Hemisphere facing forward and facing rearward, the graph of drag force V/s Speed 

was very similar, however the graph of drag coefficient showed a lot of variations. Next geometry that we 

analyzed was Rectangle Wedge forward and rearward facing geometries and expected results were obtained 

which can be shown in the graph. In this geometry also drag force increases with speed. Similar trends in the 

graph of drag coefficient V/s. fan speed. 

Thus the experiment suggested that the drag and lift forces are dependent on the flow velocities of air. 

There might be some errors also in the experiment which could be eliminated using standard practices of 

performing the experiment. Thus we were successful in conducting the experiment with acceptable results 
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Appendices: 
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Formula: V = 795√∆P (For Air at 0.075 lb ft3 , 70℉, 29.92 inches of Hg Barometric Pressure) 

Example:  795√7.62 mm = 2194.55 ft/min 

 

Calculation for finding volumetric flow rate (𝑉𝑓) 

Formula:𝑉𝑓 = 𝑉̇ = 𝑉ave *A 

Example: 2194.55 ft/min * .444 = 974.38 

Calculations for finding the Reynolds number: 

Formula:Re = (ρ*Vave* Dh)/ μ 

Example:(0.07489*2194.55* 0.667)/ 1.23E-05 = 148773.54 

 

 

Calculation for finding drag force: 

Formula: FD = (CD*A* ρ)*(V^2/2g) 

 

Calculation for finding Reynold Number: 

Formula: Re = (ρ*Vave* Dh)/ μ 

Example: (0.07489*2194.55* 1)/ 1.23E-05 = 2.07E+05 

 
 

Appendix C: Cylinder Calculations and Data 

 

Calculation for finding drag force: 

Formula: FD = (CD*A* ρ)*(V^2/2g) 

Calculation for finding Reynold Number: 

Formula: Re = (ρ*Vave* Dh)/ μ 

Example: (0.07489*2194.55* 1.01)/ 1.23E-05 = 1.84E+05 
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Appendix D: Hemisphere Facing Forward Calculations and Data 

Calculation for finding drag force: 

Formula: FD = (CD*A* ρ)*(V^2/2g) 

 

Calculation for finding Reynold Number: 

Formula: Re = (ρ*Vave* Dh)/ μ 

Example: (0.07489*2194.55* 2.28)/ 1.23E-05 = 6.17E+05 

 

 
 

Appendix E: Hemisphere Facing Rearwards Calculations and Data 

Calculation for finding drag force: 

Formula: FD = (CD*A* ρ)*(V^2/2g) 

 

Calculation for finding Reynold Number: 

Formula: Re = (ρ*Vave* Dh)/ μ 

Example: (0.07489*2194.55* 2.28)/ 1.23E-05 = 2.27E+05 
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Appendix F: Rectangular Wedge Facing Forward: 

 

Calculation for finding drag force: 

Formula: FD = (CD*A* ρ)*(V^2/2g) 

 

Calculation for finding Reynold Number: 

Formula: Re = (ρ*Vave* Dh)/ 

Example: (0.07489*2194.55* 0.89)/ 1.23E-05 = 3.27E+05 

 
 

Appendix G: Rectangular Wedge Facing Rearward: 

 

Calculation for finding drag force: 

Formula: FD = (CD*A* ρ)*(V^2/2g) 

 

Calculation for finding Reynold Number: 

Formula: Re = (ρ*Vave* Dh)/ 

Example: (0.07489*2194.55* 1.52)/ 1.23E-05 = 3.27E+05 

 


