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ABSTRACT 
 In an effort to help Mechanical Engineering Technology students better understand the 
basic principles of aerodynamics of a wing profile, a test fixture called a wind tunnel was 
designed.  The purpose of the design is to help students understand the effects of airflow over 
a wing.  The wind tunnel will show the pressure differences between the top and bottom part 
of a scale wing along with basic lift characteristics.  As of today, The College of Applied 
Science has not invested in a wind tunnel because of the cost of the machine.  The objective 
in the design of the test fixture was to keep the cost down, while maintaining data accuracy 
so students and faculty members can benefit from a reliable aerodynamics lab.      
 This report will discuss the beginning stages of a design for a wind tunnel testing device 
for the College of Applied Science.  The goal of the project was to design a “wind tunnel air 
flow testing device,” that will help students understand the basic principle of aerodynamics 
over a wing.  When students learn about the Bernoulli equation in fluid mechanics class, 
there is not a lab or experiment to go along with the course lecture.  The goal of this design is 
to accurately predict what will happen to the air flow when it comes in contact with a basic 
wing profile. 
 In the beginning of the project, research was done on various types of wind tunnels, and 
their market prices.  This information was helpful to determine what features and what 
principles are important in designing a wind tunnel.  Another helpful tool used to determine 
the features that needed to be included in the design of the wind tunnel was a survey.  The 
survey consisted of various questions that were used to help determine what students and 
faculty members at the College of Applied Science would want in the design of a wind 
tunnel. 
 After the survey was completed results were analyzed.  The next steps included in the 
report are the results of the QFD.  By using the QFD chart the group was able to determine 
the goals of the project and break the project up into various parts for each team member.  
After a detailed break down of group goals a schedule was made and put into place. 
  Once all research was completed and survey results were analyzed the design of each 
section of the wind tunnel was completed.  In the report one will find detailed information of 
how the wind tunnel was designed and setup.  Each section of the wind tunnel including the 
design of the contraction nozzle, the design of the test section, the design of the settling 
chamber, and the design of the diffuser will be discussed and explained  Once all sections of 
the wind tunnel were designed the last section discussed was the design of the fan. 
 The last section of the report includes how the wind tunnel was build.  Once the wind 
tunnel was built and constructed it was then tested for a proof of design.  The wind tunnel 
was put through various tests to make sure every detail was working as designed.  In this 
section of the report there is detailed information about how each section designed was 
constructed and tested.  This section includes all testing data and along with 
recommendations and problems during the build of the design. 
 After all building and testing of the design was concluded a final budget was put 
together and compared with a predicted budget.  This budget was used to help keep the cost 
down and keep the project in line.    
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INTRODUCTION 
 Currently at the College of Applied Science students learn the basic principles of 
aerodynamics in a class called Fluid Mechanics.  In this class students learn to understand the 
principles of the Bernoulli Equation, and how different types of air flow can change 
according to the geometry of an object.  The idea and mechanics of a wind tunnel are used to 
help students take advantage of what was taught in their Fluids Mechanics and apply it in a 
lab setting.  
 The wind tunnel is a testing device that can be very complicated yet simple.  Many types 
of wind tunnels are designed for many different reasons.  By researching many current wind 
tunnel designs (Appendix A) an understanding of how a wind tunnel works, along with an 
understanding of various features of current wind tunnels was understood.  Wind tunnels can 
be as large as a building or small enough to sit on test bench, but no matter how big or 
complicated a wind tunnel might be they are all based on fluid mechanic principles.  The 
cheapest and most cost effective type of wind tunnel for a college type laboratory is an 
opened looped circuit design.  This type of wind tunnel is the easiest type to build, design, 
and most importantly it is easy for students to understand.  As seen in Appendix A, open 
looped wind tunnels require less maintenance, they are easier to operate, and are great for 
demonstration purposes, when compared to a closed looped wind tunnel.  Closed looped 
wind tunnels are much more expensive to make and design, and are hard for students to 
understand.  Figure 1 simply shows the basic lay out of an opened looped wind tunnel.   
  
 

 
Figure 1: Basic Layout Of An Open Looped Wind Tunnel 
[1] 
 To understand how a wind tunnel works one must first understand all of the components 
involved in the design of the wind tunnel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Intake- the part of the wind tunnel where the high velocity air enters the system. 
• Settling Chamber- the point where the high velocity air entering the system is changed 

from turbulent air flow into a laminar air flow 
• Contraction Cone- the point in the wind tunnel where the velocity of laminar air is 

increased to meet the design specifications 
• Test Section – the section where the object which is going to be tested is placed   
• Diffuser- the section of the wind tunnel where the high velocity air is decreased and sent 

out to the atmosphere 
• Drive Section- the part of the wind tunnel where the air is forced into the wind tunnel by an 

electric fan  
• Exhaust- the part that removes all the air from the system 
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 As stated before, there are many different types of wind tunnels one can design.  Some 
of these wind tunnels are used for the testing of airplanes, cars, and building stresses.  Some 
wind tunnels are used for helping people learn how to skydive.  The purpose of this 
experimental wind tunnel for the College of Applied Science is to help demonstrate to 
students the effect of airflow over a wing profile.  Understanding how the air flows over a 
wing will help students understand the ideas Bernoulli had when he developed the famous 
Bernoulli equation.  To understand what the wind tunnel is going to do, one needs to 
understand the principles of airflow over a wing (refer to Figure 2).   
 By understanding what the figure is showing we will be able to design specified features 
in the wind tunnel.  The features that are found on the testing device include measurements 
of air velocity and the difference in pressures between the bottom and top portion of the 
airfoil.  The wind tunnel is designed to have an easy way of taking measurements that are 
accurate and correct.  Another major feature designed into the testing device is an accurate 
representation of the scale wing.  Testing an accurate scale airfoil is a must to get reasonably 
accurate and reproducible data.  When students understand basic aerodynamics from their 
lecture they will be able to use this testing device to accurately demonstrate what is taught in 
the class room.        
 

 
Figure 2: Impact On An Airfoil  
[2] 
 
  
 Figure 2 shows the basic and simplest way to describe the impact of air flow over an 
airfoil.  The green section of the figure shows the cross section of an airfoil.  As the air 
comes over the front of the wing from the left, one can see that the air over the bottom part of 
the wing will be traveling at a slower velocity than the top section of the wing which will 
have a higher velocity of air.  Physics state that when air is moving at high velocity it will 
have a lower pressure, and on the counter side when air is traveling at a lower velocity the 
pressure will be higher.  When the pressure difference between the top and bottom sections 
of the air foil become significantly different it will cause the airfoil to move in an upward 
motion.  
RESEARCH 
 Many different types of experimental wind tunnels can be purchased for schools and 
testing laboratories refer to (Appendix A).  These types range from $3,000 to a price of 
$11,000.  The goal of the project was to design a wind tunnel that will be accurate and fall 
below the $2,000 price range.  Experimental wind tunnels can be found from a laboratory 
supply company OMEGA which sells two different size wind tunnels.  The most expensive 
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type of wind tunnel OMEGA sells cost about $11,000.  This wind tunnel is a fairly accurate 
type of wind tunnel which uses very expensive lab equipment.  Another type of wind tunnel 
that OMEGA sells is a bench top wind tunnel which is much smaller.  The bench top wind 
tunnel sells for about $3,000 and does not have as many options as the lager wind tunnel.  
The large wind tunnel is made for larger models such as an airfoil, and the smaller version is 
made for small objects such as fan blades.  The objective of this project was to design a 
medium between the large OMEGA wind tunnel and the small OMEGA wind tunnel.     
 By using the research results from Appendix A, is was determined which features and 
questions needed to be ask in a survey format Appendix B to help determine which features 
need to be added to the design.  Appendix B shows all of the questions asked range from data 
reliability to how important an easy to use device is.  About 40 students ranging from 
freshman to seniors were surveyed.  Each question was weighted the same and then counted 
to determine which was the most important feature.   From the research an opened looped 
wind tunnel was to be designed because of the low cost to build and simplest testing device 
for students to understand.     
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AERODYNAMIC STUDY 
 
 A wind tunnel is a fairly complicated device.  There are many different types of wind 
tunnels which are used for many different testing applications.  Every wind tunnel is built 
knowing exactly what type of data is going to be collected.  From the research, it was found 
that a wind tunnel can be used to measures static pressure, finding turbulent and non- 
turbulent air flow, airflow velocity, and the effects of air flow over various objects.  
 To understand what students would like to be able to test when they use a wind tunnel 
for testing a survey based on features was created refer, to appendix B.  The survey was then 
dispersed to many different types of students ranging from freshman to seniors.  After 
receiving the surveys back, it was determined which aerodynamic features students and 
faculty wanted the wind tunnel to have.    
 The most important aerodynamic study feature that students wanted to see in the wind 
tunnel was the air pressure difference between the top part of the wing and the lower part of 
the wing.  Another major point students would like to focus on in the study of aerodynamics 
is the air flow over the wing.  This means that students would like to be able to see how the 
air over the top section of the air foil is moving faster than the air flow over the bottom 
section of the air foil.  The third important feature of aerodynamics that students would like 
to be able to understand with the wind tunnel is where the air over the wing changes from 
turbulent air flow to laminar air flow and vice versa.  All of the aerodynamic features 
students are looking for in a wind tunnel were ranked very closely to one another, refer to 
Table 1, and according to the survey results.  The four aerodynamic features that need to be 
included in the design of the wind tunnel are air velocity of the wing, pressure at different 
points, fluid flow over the wing, and the laminar and turbulent points of the wing. 
 
 
 

Ranking Feature Number of people 
who want feature Percentage of people 

1 Air Velocity over the 
wing 

16 14.6 

2 Pressure at different 
points 

15 14.4 

3 Fluid flow over the 
wing 

13 13.7 

4 Laminar and Turbulent 
flow over the wing 

11 13.1 

Table 1: Aerodynamic Survey Results 
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DESIGN FEATURES  
 The design features of the wind tunnel help make the wind tunnel easy to use.  All of the 
design features can be found in appendix B: Survey and Appendix C: QFD.  In Appendix C 
one will find the QFD with a list of all features and the rating of importance to students in the 
mechanical engineering field. From the QFD it was determined that the most important 
feature is the pressure sensors.  By using the information generated by the QFD it was 
decided that the design must have pressure sensors to measure the flow of air over the wing.  
It was determined that the wind tunnel must include a Cubic Feet Per Minute (CFM) sensor 
to help determine the velocity of the air inside the test section.  The QFD played a major role 
in determining what features need to added to the design.    
 The survey indicated that the most important design feature was the data collected must 
be accurate and reliable.  Students want data that will be reproducible and have an accurate 
representation of what they have been taught in class.  Students want to be able to match data 
results with theory discussed by their professors.  When it comes to the operation of the wind 
tunnel, students want a design that is easy to operate, and has a clear and consistent operating 
manual. 
 When students were asked what features would be of most interest to them for the actual 
structural design of the wind tunnel, the majority wanted to see a fan with an adjustable 
speed controller.  By having a fan with an adjustable speed controller students would be able 
to see the difference in pressure when the air flow over a wing slows down.  The majorities 
of the students are not concerned about how easy the wind tunnel is to take care of nor are 
they concerned about the size of the test fixture.  Although the size of the wind tunnel is not 
important to students it still needs to be considered because it needs to fit into a certain 
confined space in the North Lab building. 
 By understanding what features students would like to have in the design of a wind 
tunnel, the design will not be a failure.  Table 2 below groups the structural design by rank 
order of importance.  By using this chart and the survey we were able to determine the most 
important feature was data reproducibility. The second most important feature students 
would like to see in the design is that the data matched the theory taught in class. The last 
two features that students would like to see in the design are the adjustability of the fan 
speed, and the ease of use.  From these results we now understand what students are looking 
for in the design of a wind tunnel. 
 

 
 

  

Ranking Feature Number of People 
who wants feature Percentage of people 

1 Repeatability of data 15 9.7 

2 Data matches theory 
taught in class 

13 8.9 

3 Visibility of test object 12 8.6 

4 Adjustability of fan 
speed 

12 8.6 

Table 2: Design Features Survey Results 
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DESIGNING A LOW SPEED WIND TUNNEL 
 
 THE DESIGN 
  The design of the wind tunnel started during the first week of the 2007 winter quarter 
and was completed by February 24th.  During the process of the design meetings were setup 
several times a week to discuss new ideas and problems which might have occurred during 
the week.  Every Wednesday team members would meet with Dr. Dave to discuss problems 
and the progress of our design.  Throughout the quarter a relation was formed with Russell 
Dimicco an aerospace engineer from main campus.  He was willing to look over any design 
issues of concern, and was willing to suggest any alternative solutions.   
 Once all of the research was completed and the main parts of the wind tunnel were fully 
understood, the design of the wind tunnel was started.  A wind tunnel consists of four major 
parts: the contraction nozzle, the test section, the diffuser section, and the settling chamber.  
The contraction nozzle is placed at the front of the wind tunnel.  It is where the air enters and 
becomes laminar.  The test section of the wind tunnel is designed to hold the airfoil and 
needs to be large enough to accommodate the full span of the wing.  The final part of the 
wind tunnel is the diffuser section.  This is where the air will exit the tunnel.  This part of the 
tunnel also houses the fan which creates the air flow. 
 In any wind tunnel design the first step is to determine the velocity of air moving 
through the test section.  Throughout the research it was determined that wind tunnels are 
designed for many different air velocities.  It is reported that low speed wind tunnels have 
reached air flow velocities of less than 300 MPH.  The first concept was designed to have a 
velocity of 60 MPH in the test section, but it was determined during the fan design that the 
velocity need to be changed to 50 MPH.  The reason for this change was to keep the fan 
within the budget of $850.00.  It was then determined that a maximum velocity of 50 MPH 
or 73.33 ft/sec would be reached inside the test section of the wind tunnel.  To determine the 
volumetric flow rate inside the test section, the cross sectional area of the test section had to 
be determined.  The cross sectional area of the test section was determined by knowing the 
desired contraction ratio of 10:1 from the contraction nozzle to the test section.  From 
knowing the contraction ratio of 10:1 the design of the test section would be 12” x 12” x 12” 
and have a cross sectional area of 1ft2.  Once the area of the test section was determined the 
volumetric flow rate could be evaluated.  By using the equation Q= V x A, where Q is the 
volumetric flow rate, V is the velocity in ft/sec, and A is the cross sectional area in 1ft2 the 
volumetric flow rate inside the test section could be determined.  Using the equation Q= 
73.33 ft/sec x 1 1ft2 

  After the airflow velocity and the volumetric flow rates were determined, the next 
step was the design of the contraction nozzle.  The contraction nozzle is designed to make the 
incoming air as laminar as possible before entering the test section.  The air will first enter 
the contraction nozzle and go through a filtration process through the settling chamber.  In 
the settling chamber there is a screen to help the turbulent air become laminar before entering 
the test section.   The contraction nozzle was designed with a contraction area ratio of 10:1.  

, Q = 73.33 cubic ft/sec.  This was then multiplied by 60 to get a value of 
4400 Cubic Feet per Minute.  Knowing that 4400 CFM of air needed to travel through the 
test section to reach a 50 MPH wind speed it was then known that the fan picked out needed  
to be bale produce at least 4400 CFM.    
 
 CONTRACTION NOZZLE 
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This ratio was determined with the guidance of the book Low Speed Wind Tunnel Testing by 
William Rae, and Alan Pope [5].  Another critical design aspect of the contraction nozzle is 
to keep sharp corners and angles to a minimum.  To accomplish this, a 5th order polynomial 
was used to create a smooth transition.  Refer to figure 3 labeled contraction nozzle to see the 

polynomial spline was best fitted between the two 
points from the beginning of the contraction nozzle 
to the beginning of the test section inlet.  At this 
point of the design the next objective was to 
determine the area and the dimensions of the inlet 
of the contraction nozzle.  To design this part of the 
contraction nozzle it was known that the area ratio 
between the inlets of the contraction to the outlet of 
the contraction needed to be 10:1.  It was known 
that the outlet area of the contraction was going to 
be 1ft2 .  Backward calculations determined that the   

area of the inlet of the contraction nozzle needed to be at 
least 10 ft2.  The cross sectional length was determined to be 39”long and the cross sectional 
width will be 39” inches as well. With the guidance of the book Low Speed Wind Tunnel 
Testing and help from Russell Dimicco the length of the contraction nozzle needed to be 
designed to have a length greater than or equal to the length of cross sectional area.  With this 
being said it was determined that the length of the contraction nozzle would be 39”.  This can 
be seen in figure 3 labeled Contraction Nozzle.  The contraction nozzle is made from 
plywood using a material called Wacky Board to fit the 5th order polynomial curve.  A full 
detailed drawing of the contraction nozzle can be found in Appendix F labeled Contraction 
Nozzle, this drawing shows actual dimensions and constraints of the design. 
 
TEST SECTION 
 The test section of the wind tunnel was designed based on the perimeters of the testing 
airfoil.  The airfoil is going to have a cord length of 6” with a wing span of 6”.  Constructing 
a test section with dimensions of 12” x 12” x 12” will result in having 3” of clearance on 
both sides of the test section walls.  The test section will be made out of Plexi glass so the 
airfoil will be seen.  Inside the test section plastic tubes will be connected to pressure taps on 
the airfoil.  Also in the test section there will be a bar connected to the wing that measure the 
lift force the airfoil will experience during the testing.  Once the size of the test section was 
determined results were given Shane to design a fixture to hold the airfoil.  This fixture will 
rotate the wing to various angles to measure the lift forces at different angles of attach.  
Shane has designed the test section to open allowing the user to gain access to the wing and 
add different wing type profiles.  A completed drawing of the test section can be found in 
Appendix G. 
  
 
 
 
 
 
 

Figure 3 Contraction Nozzle 
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Figure 5 Settling Chamber 

DIFFUSER 
 The diffuser section of the wind tunnel is designed to allow the air to be removed from 
the test section of the wind tunnel.  The diffuser will also house the fan which will be 

discussed later.  The design of the diffuser was based 
on the design of the test section.  The inlet cross 
sectional area of the diffuser was fully dependent on the 
cross sectional of the test section.  The diffuser has the 
same inlet cross sectional area as the outlet of the test 
section.  The diffuser was designed to have a 12” x 12” 
cross section at the inlet.  The diffuser would then 
expand to a cross section area equivalent to the 
dimensions of the fan.  Refer to figure 4 labeled 
diffuser which depicts the overall length and cross 
sectional areas of the inlet and outlet.  The cross 

sectional area of the outlet was determined by the dimensions of the fan.  The fan that was 
chosen has a diameter of 18.50”.  This diameter was used to make the square outlet of the 
diffuser which led to the dimensions of 18.5” x 18.5”.  A transition from a square to a round 
duct was designed so the fan could then be connected to the diffuser.  The length of the 
diffuser was based on having a contraction angle of less than 10 degrees.  The book Low 
Speed Wind Tunnel Testing 

 The settling chamber was designed based on the dimensions of the inlet section of the 
contraction nozzle.  The dimensions of the settling chamber are 39” x 39” x 5” in length.  

The purpose of the settling chamber is to take the turbulent 
incoming air and smooth it out.  This process will be 
accomplished by using 4 different screens ranging from a 
screen area of .29 ft

suggests that it is best to keep the angle under 7 degrees, but our 
design is over to keep the over all length of the wind tunnel down.   The length of the diffuser 
section was determined to be 60” long. 
  
SETTLING CHAMBER 
 

2 to an area of .05 ft2.

 

  The settling 
chamber was designed with slots so the screen frame can be 
taken out and cleaned when dirty; refer to figure 5 labeled 
settling chamber.  In the figure even spacing between the 
screens to reduce the over all length of the settling section 
is illustrated.  The settling section will be attached to the 

inlet side of the contraction nozzle, refer to Appendix I.  A full 
dimension and detailed drawing of the settling chamber can be found in Appendix J.  

Figure 4 Diffuser 
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THE FAN 
 The fan is one of the must important parts of the wind tunnel because it is the power 
plant for accurate testing.  The fan was sized based on the amount of air that needed to be 
moved to reach an airflow velocity of 73.33 ft/sec.  The next property which needed to be 
considered was the losses that were going to be contributing in the contraction and diffuser 
sections.  Many tables and charts were used from the book Air Conditioning Principles and 
Systems

 

 to determine these losses.  It was found by using equation 1.1 in Appendix K that 
the static pressure losses in inches of water for the contraction nozzle were about .063” 
water.  In the design of finding the pressure losses it was assumed that there would be no 
static pressure losses in the test section, because no contraction will be taking place and the 
inside wall surfaces will be smooth.  The losses in the diffuser section were found by using 
equation 1.1 found in Appendix K, but uses different values for C, as described in Appendix 
K.  It was found to have a static pressure loss of .032 inches of water.  The settling chamber 
was assumed to have a static pressure loss of .25” inches of water with an error factor of .15 
inches of water was added to the total pressure losses to achieve a total pressure loss of .495 
inches of water.  The fan selected was a ADI160 multi in line axial fan.  The fan has a static 
pressure of 1.0 inches of water and a 2 hp motor.  The fan is rated for 4500 CFM.  The fan is 
well over the static pressure losses encountered in the tunnel and should be able to overcome 
any additional static pressure losses.  The fan being used is from Continental Fans and can be 
plugged into any common 120 volt outlet.  A complete drawing can be found along with 
performance data in Appendix L1 and L2. 
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THE BUILDING AND TESTING OF A LOW SPEED WIND TUNNEL 
 
 After the completion of the design phase of the wind tunnel project, the next step was to 
build the wind tunnel.  Building a wind tunnel is not an easy task and many precautions need 
to be addressed to create a successful build.  Some of these precautions include keeping all 
connecting parts tight from leaking air, making sure all edges and corners were a smooth so 
air flow did not become turbulent, and finally making sure all angles and curves were cut to 
design specifications.  Making sure all of these precautions are controlled can be challenging 
and time consuming, but are required when building a successful wind tunnel.   
 The wind tunnel is made of four major parts; the settling chamber, the contraction 
nozzle, the test section and the diffuser.  Each of these parts serves a different purpose in 
creating a wind tunnel with laminar air flow.  To ensure that each section was built to design 
specifications each section was built separately and later assembled to complete the final 
wind tunnel. 
Test Section Build 
 The first section of the wind tunnel which was completed was the test section.  The test 
section of the wind tunnel was made up of 3/8 inch thick Plexi Glass acrylic material.  Each 
piece of the test section was cut out on a table saw to achieve proper design specifications.  

The building of the test section had to be precise and 
accurate to achieve the required 50 MPH air flow velocity 
inside the section.  After accurately cutting out the pieces 
of the test section, the next step was to assembl the test 
section.  The pieces of the test section were glued together 
with an acrylic bonding glue which melts and fuses the two 
pieces together.  After all of the pieces of the test section 
where glued together the final assembly test section looks 

like figure 6.  Figure 6 shows the test section completed 
with a hinged door on top so the user can have easy access 

to the test specimen, and a mounting bracket for the wing profile which revolves so the user 
can set a desired angle of attack.  Looking closely at figure 6, one can see that corners are 
built up to accommodate the other sections to slide in, and create an air tight connection.  
After the test section was completed the next section constructed was the contraction nozzle. 
 
Contraction Nozzle Build 
 The building of the contraction nozzle was one of the most difficult and challenging 

parts of the entire building process.  Forming the 5th order 
polynomial curve on the contraction nozzle was the most challenging 
parts of the entire build.  Figure 7 shows the completed section of the 
contraction nozzle after the curve was formed.  The curve was 
formed with a material called Wacky Board.  This material is 3/8 
inch thick and forms to any radius under 10 inches.  The 5th

 

 order 
polynomial was first formed on Solid Works and then printed out.   
The plot was then glued to a large piece of cardboard which matched 
the design dimensions of the contraction nozzles two sidewalls.   The  

Figure 6 Test Section Build 

Figure 7 Contraction 
Nozzle Build 
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curve was then cut out of the cardboard and the cardboard template was then laid on a piece 
of ¾ inch thick plywood.  The curve was then traced and marked on the plywood.  Once a 
solid outline of the curve was made the piece was cut out with a wood router.  To ensure that 
the other side wall was cut out to match the first side wall, the first side wall was laid on top 

of a new piece of plywood and an exact copy was cut out.  
After the two side walls of the contraction nozzles were cut out 
of the plywood the bottom piece of the contraction nozzle was 
cut using plywood and a table saw to match the angles and 
dimensions of the engineering drawings.  After all the pieces of 
the contraction nozzle were milled, the pieces were then glued 
with wood glue and screwed together.  After the bottom and 
two side walls of the contraction nozzle were pieced together 
the Wacky Board was then formed over the curve and stapled 
to the two side walls.  Figure 8 shows the inside of the 

contraction nozzle with the Wacky Board formed to the two side walls.  After all parts of the 
contraction nozzle were together all the edges were sanded smooth and red and black 
laminate material as shown in figure 7 was used to give the tunnel some color and 
appearance.  The last step in the construction of the contraction nozzle was adding silicon 
caulking to the inside corners to keep the air from becoming turbulent inside the section. 
  
Diffuser Build 
 One of the last sections to construct was the diffuser section. The diffuser section is the 
last section of the wind tunnel and is where the fast moving air will be slowed down and 
exhausted out of the wind tunnel.  The important aspect of this section was making sure the 

angle to the fan was less then 10 degrees.  Figure 9 shows the 
diffuser after the build with fan attached at the end.  The diffuser 
was made out of ¾ inch plywood and all of the pieces were cut 
out using a table saw and a jig saw.  Each piece was sanded 
smooth, wood glue was applied and screws were placed to hold 
the pieces together.  The diffuser was covered with a red and 
black laminate material to match the contraction nozzle section.  
The last step in the build of the diffuser was cutting the hole in 
the end to accommodate the fan.  The hole cut into the end of the 

diffuser matches the diameter of the fan which was bolted using 1-1/2 inch long 3/8 inch 
bolts. 
  
Settling Chamber Build    
    The settling chamber of the wind tunnel acts as an air filter for the incoming air.  The 
settling chamber is attached in front of the contraction nozzle as depicted in figure 10.  

Figure 10 shows the settling chamber attached to the contraction 
nozzle pulled tight so when the fan is turned on the screen does not 
pull back.  The settling chamber was made using strips of ¾ inch 
pine and a screen mesh sandwiched between.  Once the frame was 
built it was then stapled and attached to the contraction nozzle.  
 

Figure 8 Inside Contraction 
Nozzle 

Wacky Board 

Side Walls 

Fan 

10 Degrees 

Figure 9 Diffuser Build 

Figure 10 Settling 
Chamber Build 
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Final Assembly 
 The four components previously built were attached to complete the final assembled 
wind tunnel.   Each component of the wind tunnel was attached to one another as seen in 
figure 11.  Figure 11 shows the final project complete with all components attached and in 
working order.  The final project comes with clearly labeled ON/OFF switches to eliminate 
any unwanted start ups.  All of the testing equipment uses a common 120 volt power supply.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
TESTING THE DESIGN 
 After the wind tunnel was fully assembled testing was conducted to make sure the air 
was flowing in the right direction and a 50 MPH wind speed was being reach inside the test 
section.  To make sure the fan was pulling the air in the right direction the fan was turned on 
and smoke was sent through the tunnel.  When the smoke was being exhausted out the back 
of the fan, testing was completed and successful.  When the fan was first turned on it was 
rotating the wrong direction.  The air in the tunnel was being forced through instead of pulled 
through.  After some trouble shooting it was found that the manufacturer of the fan reversed 
the polarity of the motor.  To correct this problem the polarity was changed and the air was 
then pulled through the tunnel.  To determine if the air velocity met the design 50 MPH an 
airflow velocity meter was used.  An air velocity probe was inserted into the test section 
when the fan was turned on: a reading of 6100 feet per minute was recorded and later 
converted to 69.3 MPH.  The fan was performing much better than expected which allowed 
testing of the wing profiles at a higher wind speed.  Another test conducted was hooking up a 
manometer inside the test section to determine if the fan was producing the pressure that had 
been designed.  When the monometer was hooked up it was found that there was a pressure 
of .85 inches of water which exceeded the design requirements of 0.4 inches of water.  The 
wind tunnel was working as expected, with only minor changes, such as sealing some air 
gaps and changing the polarity of the fan’s motor. 
 

Figure 11 Wind Tunnel Assembly 
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RECOMMENDATIONS 
 Designing and building a wind tunnel is a challenging process for anyone to accomplish 
on a tight budget.  If money were not an issue adding a speed controller to the fan would be 
recommended.  Adding a speed controller to the fan would not only helps students see what 
happens when air speeds are reduced, but it would also helps make the experiment a little 
more interesting.  By adding a speed controller to the fan, students would be able to run 
experiments in varying environmental settings.  The cost for a quality speed controller with 
digital read outs and rated to the amps of the fan would cost about $500.00.  Another 
recommendation would be to add a fog to the wind tunnel.  By adding fog to a wind tunnel 
students would be able to see the stream line effect over the top of the wing and see where 
the air starts to separate.  The cost for a fog system to keep up with CFM of the fan would 
cost around $200.00.  This system would have to be designed because there is no commercial 
system available on the market today.   Another recommendation would be to add a 
measuring device to measure the amount of drag on the wing when it is subjected to the air 
flow.  Determining the amount of drag on a wing profile can be beneficial in the study of 
wing aerodynamics.  The final recommendation would be to add a honeycomb material to the 
settling chamber. By adding this type of material would help the incoming air stay laminar 
throughout the entire contraction process.  
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  BUDGET AND SCHEDULE: 
  
 Predicted Budget 
 Once all the design features were determined from the Survey and QFD, the next stage 
was to develop an organized schedule of events for the design process to run smoothly.  The 
main schedule can be found in Appendix D along with the schedule of each of the members 
in the design group.  All three schedules are worked together to give each member a timeline 
to determine when major design objectives are due.  Appendix D outlines each team 
member’s objectives that must be completed to meet deadlines such as the design freeze.  
The design freeze is when all design needs to stop.  The design freeze affects both team 
members and takes place on February 19, 2007.  Another major event that needed to be 
scheduled was the oral presentation of the project which takes place on March 16.  The last 
major event that is scheduled is the Tech Expo which will happen on May 17, 2007.  By 
using a schedule both members of the team will be able to complete their specified work 
without interfering with any schedule events.  All major deadlines are marked in red in 
Appendix D which means that something of high importance is due. 
  Appendix E in the report shows the budget of the entire project broken down for each 
team member.  This is a predicted budget of what is expected to be purchased as of January 
1st

 The final budget can be found in Appendix M.  This budget was current as of March 17, 
2007.  Appendix M shows a more detailed predicted budget revised from the one found in 
Appendix E.  This revised predicted budget does not include any software or data acquisition 
as described in Appendix E.  The reason for this is due to the actual cost of $2,000.00 for 
computer software.  The total cost of the wind tunnel project was $1,613.00.  This can be 
found in Appendix M Bill of Materials and Budget.  This was about 5% more than our 
predicted budget of $1,533.  One reasons for our final cost exceeding our predicted budget 
are because we spend more than expected on the strain gauges.  On the initial budget it was 
expected to spend $150.00 dollars on all of the stain gauges and components.  When the 
order was place with OMEGA, it was realized that a few items needed were not accounted 
for to make the strain gauges work. There fore we ended up spending about $150.00 dollars 
more on the strain gauges than we had expected.  We also found when we went to purchase 
the wood for the tunnel that we had under estimated some of the cost of which we were about 
$100.00 to $150.00 dollars off of our predicted budget.  To be within 5% of the predicted 
budget on such a big project is good planning.  Once the project was underway everything 
ran on schedule without any major problems or concerns.  During the build of the wind 
tunnel some problems occurred with the building of the contraction nozzle.  The forming of  

, 2007.  The budget plan is based on all of the design features and expenses that will be 
incurred through the duration of the design process.  By using a budget, the group was able to 
separate the main budget into 2 separate portions for each team member.  Each member of 
the group will be able to know exactly how much they are expected to spend.  The budget 
indicates that Brad whom will be designing the wind tunnel will be spending around $850.00 
where Shane will be spending around $850.00 on the design of the test stand and the 
instrumentation.  A budget for each member in the early stages of the design each member 
realizes how much they need to budget so funds are available towards the end of the design. 
 Final Budget 
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the 5th

 

 order polynomial curve was extremely difficult to form and caused some of the final 
assembly to be push back to a later date.  The next major issue during the building of the 
wind tunnel was the fan was shipped with the wrong blade configuration.  The manufacture 
had to send out a new blade configuration which set the testing and proof of design back a 
week.  Other than a few major problems everything went as planned and the build and design 
of the wind tunnel was finished all on schedule.      
.    
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CONCLUSION 
 
  Still need to write
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APPENDIX A: RESEARCH 
 
 
Problem: Currently at the College of Applied Science there is not a lab or test equipment that helps 
MET students understand the basic principles of aerodynamics of an airfoil.  The goal is to design a 
wind tunnel to help demonstrate these basic principles. 
 
Reference: http://130.64.87.22/robolabatceeo/college/windtunnel/software.asp#uncertainty 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Problems: 
• Software might be fairly expensive 
• Making software meet all of needs of the testing 
• Calibration of the software 
• Input devices might be hard to find that are compatible with the software. 
• Software creator was emailed and asked specific questions about how the software can be used – waiting 

for reply. 
 

 

Software looks to be easy to use and set up.  
Software uses visual basics and simple push 
buttons.  The software to gather all data 
needed to reach design goals. 

 Computer Software which could  be used to gather data during the testing. 
http://130.64.87.22/robolabatceeo/college/windtunnel/software.asp#uncertainty 

http://130.64.87.22/robolabatceeo/college/windtunnel/software.asp#uncertainty�
http://130.64.87.22/robolabatceeo/college/windtunnel/software.asp#uncertainty�
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Opened Loop Advantages 
• Easier to construct 
• Cost is much less 
• Easier to maintain and 

operate 
• Good for educational use 
• Less Design time 
• Cheaper materials can be 

used  

There are two major types of wind tunnels that 
can be designed. 
Opened loop  
Closed Loop 
Each of these types are designed based on 
specific needs.  
 

Wind Tunnel Types: It is very important to design a wind tunnel that will meet all design goals.  Each wind 
tunnel designed is unique.   
http://www.kasravi.com/cmu/tec452/Aerodynamics/WindTunnel.htm 
“Low Speed wind Tunnel ,”  

Closed Loop Advantages 
• Much higher quality 
• Used by NASA and 

automotive industry 
• Better precision and more 

accurate. 
• Made with better materials 

Opened Loop Disadvantages 
• Not as accurate 
• Not used in industry 
 

Closed Loop Disadvantages 
• Much more expensive 
• Harder to construct 
• Much more design work 
• Take years to design and 

develop  
 

Opened loop Tunnel 
Closed loop Tunnel 

 
 

http://www.kasravi.com/cmu/tec452/Aerodynamics/WindTunnel.htm�
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18IN. DIAMETER FLOOR FAN IS POWERED 
BY A 1/8 HP STEEL ENCLOSED MOTOR. 110 V. 
FEATURES INCLUDE A THREE-SPEED 
ROTARY SWITCH LOCATED ON THE BACK 
OF UNIT, DOUBLE LOCKING GUARD, 110° 
TILT AND 6 1/2FT. CORD. CFM IS 1100 LOW, 
1300 MEDIUM AND 1500 ON HIGH. OSHA 
APPROVED. WITH PRO HIGH VELOCITY 
FLOOR FAN — 18IN., 1500 CFM, 1/8 HP, 
MODEL# 10180 
 

Various Types of Fan:  Determining the Fan type and the source of the wind is the most crucial part of the 
design.  Insufficient flow of air will cause inaccurate data results.  The design of the fan blade is also a major 
design choice when designing a wind tunnel.  
http://www.jcwhitney.com/webapp/wcs/stores/servlet/Product?storeId=10101&Pr=p_Product.CATENTRY_ID%
3A2009520&TID=101&productId=2009520&catalogId=10101 
 

10" Diameter High-performance Reversible Electric 
Fan (Year: 1985; 950 CFM; 2650 RPM; 8.3 Amp 
Draw 

Provides maximum airflow…up to 2000 CFM!  

 

http://www.jcwhitney.com/webapp/wcs/stores/servlet/Product?storeId=10101&Pr=p_Product.CATENTRY_ID%3A2009520&TID=101&productId=2009520&catalogId=10101�
http://www.jcwhitney.com/webapp/wcs/stores/servlet/Product?storeId=10101&Pr=p_Product.CATENTRY_ID%3A2009520&TID=101&productId=2009520&catalogId=10101�
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Pictures of different shapes of wind tunnels 
Different shapes of tunnels will help in the 
design of the air flow. 
 

The basic theory of air flow needs to be understood before any design of the data gathering system can be 
designed.   
 

Principles of aerodynamics over an air foil 
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The Basis parts of a wind tunnel 
http://observe.arc.nasa.gov/nasa/core.shtml.html 
 

Settling Chamber –The chamber 
where the air is input into the wind 
tunnel by a HIGH CFM fan, and 
changed from turbulent air to 
laminar air flow. 

Contraction Cone –The part of the 
wind tunnel where the velocity of the 
flow air is increase a to meet design 
specs. 

Test Section – The part of the wind 
tunnel where the test specimen is 
stationed  

Diffuser- Where the high velocity 
air is decreased and sent out to the 
atmosphere 

Drive Section – The part of the wind 
tunnel where the air is forced into the 
wind tunnel.  On an opened 
loopwind tunnel this section will be 
attached to the settling chamber. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

http://observe.arc.nasa.gov/nasa/core.shtml.html�
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Current wind tunnels from OMEGA – Tunnels can be used in either a class room setting or for a testing 
device. 
http://www.omega.com/pptst/WTM-1000.html 
 

Model # WT4401 
Cost: $ 11,700.00 
 

Features: Fully instrumented, highly 
accurate up to 1%, large 4” by 4” test 
fixture, 10,000 RPM fan, range from 
25 to 9000 CFM 
   

Model: WTM1000 
Cost: $2995.00 
  

Features: 4 selectable airspeeds 
ranging from 492 fpm to 984 fpm, 
accuracy of 1%, remote option for 
variably speed. 

 

http://www.omega.com/pptst/WTM-1000.html�
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APPENDIX B: SURVEY  
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APPENDIX C: QFD  
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APPENDIX D: SCHEDULE 
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APPENDIX E: BUDGET (1-1-2007) 
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APPENDIX F: CONTRACTION NOZZLE 
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APPENDIX G: TEST SECTION



WIND TUNNEL DESIGN AN AIRFLOW TESTING DEVICE                    BRAD TAYLOR 

Appendix H1 

APPENDIX H: DIFFUSER 
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APPENDIX I: ASSEMBLY DRAWING 
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APPENDIX J: CONTRACTION NOZZLE 
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APPENDIX K: EQUATIONS 
 

Static Pressure Losses for Contraction Nozzle: 
 
 
 
 
 
Theta = 39.0  
C = .05 Found From Table 3 
V = 4500 ft/min 
Hf =.062 inches of water 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2

4000






×=

VCHf 2

3

1
1

min
4500

ft
ftV ××=

Equation 1 Velocity Equation Equation 2 Static Pressure Losses 

Table 3 Static Pressure losses for contraction nozzle 
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APPENDIX K: EQUATIONS 
 
Static Pressure Losses for Diffuser 
 

 
 
 
 
 
 

Theta <16  
C = .18 Found From Table 4 
V = 1704.14 ft/min 
Hf = .032 inches of Water 

 
 

2

4000






×=

VCHf

Equation 3 Static Pressure Losses Equation 2 Velocity Equation 
2

3

64.2
1

min
4500

ft
ftV ××=

Table 4 Static Pressure losses for Diffuser 
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APPENDIX L: ADI160 AXIAL FAN 
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APPENDIX L: ADI160 AXIAL FAN 
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APPENDIX M: FINAL BILL OF MATERIALS AND BUDGET (5-17-2007) 
 

Final Bill of Materials 
 

Predicted Bill of Materials 
Quantity Description Part 

Number  Cost 
 

Quantity Description Part Number  Cost 

1 Hard Board 12’ X 
8’ Sheets 

Local Hardware 
store $75.00 

 
1 Hard Board 12’ X 

8’ Sheets 
Local Hardware 
store $50.00 

1 Plexi Glass 3’ X 3’ 
sheet 

Local Hardware 
store $45.00 

 
1 Plexi Glass 3’ X 3’ 

sheet 
Local Hardware 
store $45.00 

1 Wood For 
Movable Cart Home Depot $100.00 

 
1 Wood For 

Movable Cart Home Depot $50.00 

1 Wood and 
Laminate Home Depot $200.00 

 
1 Wood and 

Laminate 
Cabinet Supply 
Co $250.00 

1 
Fan – 2 HP, 4500 
CFM Axial duct 
Fan 

ADI160  $750.00 
 

1 
Fan – 2 HP, 4500 
CFM Axial duct 
Fan 

ADI160  $850.00 

2 Balsa Wood – 
and Airfoil parts  Towerhobbies $20.00 

 
2 Balsa Wood – and 

Airfoil parts  Towerhobbies $10.00 

1 Kurtz – Velocity 
Airflow meter 1400 $63.00 

 
1 Kurtz – Velocity 

Airflow meter 1400 $63.00 

1 
Kurtz – Velocity 
Airflow meter 
Calibration 

Lab Tech Inc. $20.00 
 

1 
Kurtz – Velocity 
Airflow meter 
Calibration 

Lab Tech Inc. $20.00 

1 aluminum Beam 
for lift mechanism  Mcmaster Carr $10.00 

 
1 aluminum Beam 

for lift mechanism  Mcmaster Carr $10.00 

1 Screen for 
Settling Chamber Mcmaster Carr $10.00 

 
1 Screen for 

Settling Chamber Mcmaster Carr $15.00 

1 Strain Gauge OMEGA $300.00 
 

1 Strain Gauge Omega $150.00 

Total  $1,613.00  Total $1,533.00 
 

         
         
     Percent Difference 5.22% 
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