
2009-2010 FALL SEMESTER 
AE 547 

EXPERIMENTAL AERODYNAMICS 
 
Instructor: Asst. Prof. Dr. Dilek Funda Kurtuluş (Room: 101, Tel: 210 42 91, Email: dfunda@ae.metu.edu.tr) 
 
Course Hours: Monday at 9:40-11:30, Room AE 024; Wednesday 10:40-11:30 AE 024 
 
Description: 
Experimental techniques in aerodynamics: Pressure, temperature and velocity measurement techniques. Steady 
and unsteady pressure measurements and various types of pressure probes and transducers, errors in pressure 
measurements. Measurement of temperature using thermocouples, resistance thermometers, temperature 
sensitive paints and liquid crystals. Measurement of velocity using hot wire anemometry. Calibration of single 
and two wire probes. Velocity measurement using Laser Doppler Velocimetry and Particle Image 
Velocimetry. Data acquisition and digital signal processing techniques. 
 
Textbook: 
Class notes will be used 
 
Reference Books: 

• Experimental Fluid Mechanics, P. Bradshaw, Pergamon Press, 1970 
• Fluid Mechanics Measurements, R.J. Goldstein (Ed.), Taylor Francis, Washington 1996. TA357.F684. 
• Handbook of Flow Visualization, W-J Yang, 2nd edition, Taylor and Francis, 2001 
• Low-Speed Wind Tunnel Testing, Rae, W. and Pope, A. 
• Handbook of Experimental Fluid Mechanics, Tropea, Cameron; Yarin, Alexander L.; Foss, John F. 

Springer, 2007. 
Software  

• Matlab  
• LabView 
• Dantec Flow Manager Program 

 
Grading: 

• HWs/Lab Setups/Lab Reports/Project/Presentations  40% 
• Attendance       10% 
• 1 Midterm (16 November 2009 @ 9:40)   20% (it will be a closed 

book and closed notes exam) 
• Final        30% 

 
Course Outline: 
1. Introduction, Data acquisition    2 weeks     
2. Pressure measurements     2 weeks 
3. Temperature measurements     2 weeks 
4. Velocity measurements      

a) Hot-wire Anemometry    2 weeks 
b) Laser Doppler Velocimetry (LDV)   2 weeks 
c) Particle Image Velocimetry (PIV)   3 weeks 

5. Other measurement techniques    1 week 
 
Laboratories: 
Lab 1: Matlab (an introduction) 
Lab 2: Oscilloscope and function generators 
Lab 3: Dantec Flow Manager Program (PIV Measurements-Introduction) 
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Homeworks: 
 

• Homeworks should be performed alone. All the persons who have the intention to copy 
his/her homeworks and who have given his/her homework for copying purposes will have 
zero point from the homework.  

• Late submissions for the homeworks, projects and lab reports will not be accepted and they 
will not be graded. 

 
Attendance: 

• Attendance to the Labs and project presentations are obligatory. In the case that you do not present 
your labs and projects with your group friends, you will not be graded for the lab presentations. 
Everybody in the lab and project group should present the part that he or she has been worked on. 

 
Projects: 
 
You will perform the projects in group of 3 persons. 
 
Project 1: a) Correction of 3D drawing of Aero Lab Closed loop Wind Tunnel 

b) 2D CFD results of the flowfield with a scaled wind turbine model (just the hub and the 
construction) at the test section. CFD simulations for different inflow velocities by using 
Fluent or Fastran or Star-CD commercial codes. 
c) 3D CFD results with fan model 
You will give  

• A first internal report and presentation of the project (showing the 3D drawings and 
2D CFD results) - due to 4 November 2009.  

• A second internal report will be given on 23 November 2009 and  
• A final report and presentation at the end of the semester due to 4 January 2010  

 
Project 2: a) Correction of the 3D drawing of Aero Lab Open loop Wind Tunnel 

b) 2D CFD results of the flowfield with the airfoil of SD 7003 of 12cm chord at the test 
section. CFD simulation for inflow velocities of 10 m/s, 15 m/s by using Fluent or Fastran or 
Star-CD commercial codes. You should check the turbulence intensity of the model at the test 
section. 
c) 3D CFD results of the flowfield at 10m/s 
d) Calibration of wind tunnel with 5 hole probe 

• A first internal report and presentation of the project (showing the 3D drawings and 
2D CFD results) - due to 4 November 2009.  

• A second internal report will be given on 23 November 2009 and  
• A final report and presentation at the end of the semester due to 4 January 2010 

 
Project 3: a) 3D drawing of a small scale closed loop water tunnel 

b) 2D/3D CFD results of the flowfield for inflow velocities of 5cm/s, 10 cm/s, 30 cm/s by 
using Fluent or Fastran or Star-CD commercial codes.  
c) Detailed description of the components needed for the construction  
d) Construction of the small scale water tunnel 

• A first internal report and presentation of the project (showing the 3D drawings and 
CFD grids) - due to 4 November 2009.  

• A second internal report will be given on 23 November 2009 and  
• A final report and presentation at the end of the semester due to 4 January 2010  

 
Project 4: a) 3D drawing of a large scale closed loop water tunnel 

b) 2D/3D CFD results of the flowfield for inflow velocities of 0.5m/s, 1 m/s, 2 m/s by using 
Fluent or Fastran or Star-CD commercial codes.  



c) Detailed description of the components needed for the construction with the details of 
manufacturing and prices. 

• A first internal report and presentation of the project (showing the 3D drawings and 
some CFD grids) - due to 4 November 2009.  

• A second internal report will be given on 23 November 2009 and  
• A final report and presentation at the end of the semester due to 4 January 2010  

 
You can suggest other projects by giving an explanation of the project in 2-3 pages to the instructor 
not later than 9 October. 
 
Labs: 
 
You will design one of the below labs. You will perform one of these labs in group of 3 persons. You 
will prepare a laboratory report (lab sheet) explaining the lab, the equipment used, the experiments, 
calculations that will be done and you will present the lab course to the class by distributing the lab sheets that 
you prepared. 
 
Lab 1: Aero Lab Open loop Wind Tunnel calibration with pitot tubes at 3 different x stations 

with a mesh of 2.5 cm by 2.5 cm at the test section of tunnel for 5m/s, 10m/s, 15 m/s 
inflow velocities. Calculations of the pressure, turbulence intensities and velocity 
contours. 

Lab 2: Aero Lab Open loop Wind Tunnel calibration with hot wire system at 3 different x 
stations with a mesh of 2.5 cm by 2.5 cm at the test section of tunnel for 5m/s, 10m/s, 15 
m/s inflow velocities. Calculations of the turbulence intensities and velocity contours. 

Lab 3: Velocity and pressure measurements using pressure tubes in the wake of SD7003 airfoil 
at 3 different x stations with a displacement of 1 cm at the symmetry plane of the wind 
tunnel for 5m/s, 10m/s, 15 m/s inflow velocities in the Aero Lab Open loop Wind Tunnel.  

Lab 4: Velocity measurement using hotwire system in the wake of SD7003 airfoil at 3 different x 
stations with a displacement of 1 cm at the symmetry plane of the wind tunnel for 5m/s, 
10m/s, 15 m/s inflow velocities in the Aero Lab Open loop Wind Tunnel..  

Lab 5: Flow visualization around SD7003 airfoil using smoke for for 5m/s, 10m/s, 15 m/s inflow 
velocities. You should design an wake probe where the smoke will be injected to the Aero 
Lab Open loop Wind Tunnel.  

Lab 6: Flow visualization around impulsively starting circular cylinder using food dye. The 
visualization will be done in the 2mx80cmx80cm Water Tank of the Aero Lab. 

Lab 7: Flow visualization around impulsively starting square cylinder using food dye. The 
visualization will be done in the 2mx80cmx80cm Water Tank of the Aero Lab. 

Lab 8: Flow visualization around impulsively starting delta wing using food dye. The 
visualization will be done in the 2mx80cmx80cm Water Tank of the Aero Lab. 

Lab 9: Pressure measurement around cylinder (or any other aerodynamic shape) by using 
pressure tabs on the surface of the body for different inflow velocities.  

 
 
For all Labs: 
 
A first internal report is due to 11 November 2009 including literature survey, the first constructions of the 
setup and explaining the problems that you have encountered during the preparation of the setup. A 
presentation of 5 minutes will be also given in the class on 11 November.  
A second internal report will be given on 23 November 2009 showing the first tests. 
A lab presentation to the whole class will be given by your lab group on 9, 16, 23 or 30 December 2009. 
(Chose a lab day that is suitable for your lab presentation, only 2 groups could present the lab in one of the 
days mentioned).  
A final report is due to 4 January 2010. 
 




