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LABORATORY THREE

In this experiment the boundary layer flow on a long plate is tested in the 3ft x 4ft wind tunnel.  Measurements of velocity near the surface will be recorded for several wind tunnel speeds.  

The plate is flat, smooth and lined up with the horizontal wind tunnel flow. A boundary layer will form over the plate due to the no slip condition (u=0) right on the surface. The probe used to measure velocity can be traversed across the layer to record the horizontal velocity distribution. Two distinct boundary layer types are expected. Initially when the flow is slow a laminar boundary layer will form. Then as the flow speed is increased, transition will occur upstream and the boundary layer will become turbulent. The experimental results will be compared to theoretical boundary layer predictions.

The device used to measure velocity is a pitot pressure probe. The pitot tube is aligned with the flow and connects to a piezo-electric pressure transducer. The transducer output is a voltage that is proportional to the stagnation pressure of the flow. If the static pressure is assumed to be constant then the voltage is proportional to local dynamic pressure 

(½  u2 ). Hence local horizontal velocity can be predicted. The response time of the electronic transducer is very fast so that it can also record very small velocity fluctuations and be used to distinguish between laminar and turbulent flow. 

PROCEDURE

The plate is mounted in the tunnel test section. The probe is mounted on a traverse mechanism attached to the roof of the tunnel.  The probe is located on the plate the tunnel so that flow results will be close to two-dimensional. The tunnel piezo-electric manometer can be used to calculate the test section flow dynamic pressure and hence calibrate the probe voltage.

1. Note the position and connectivity of  equipment used. Make sure you understand what each output from each piece of equipment represents.

2. Record the location of the hot-wire probe from the leading edge of the plate.

Xprobe = 

3. Run the tunnel over a range of velocities to determine the flow speed at which transition will occur at the probe position.

P = 







 =  

1/2V2 = 1.3 x  P  = 

therefore Vtransiton = 

4. Calculate the transition Reynolds number.

Re(tran) =  Xprobe x Vtransition x  /  =

5. Set the wind speed to a lower value to obtain a laminar boundary layer. Run the traverse mechanism and record probe position and probe mean velocity output.

Laminar Boundary Layer

Position (Volts)
 Pitot Probe Mean Output  (Volts)
















use detailed boundary layer file


for raw results.

6. Set the wind speed to a higher value to obtain a turbulent boundary layer. Run the traverse mechanism and record probe position and probe mean velocity output.

Turbulent Boundary Layer

Position (Volts)
Hot-Wire Mean Output  (Volts)










use detailed boundary layer file


for raw results.







7. Use Matlab, Excel or similar to calculate true values of position and velocity. Plot both laminar and turbulent profiles on a single graph. Make sure that you identify correctly the (y=0) location of the plate surface (It is not at zero volts!!!). 

8. Comment on the differences in velocity profile shapes and the cause of the differences.

9. Compare transition Reynolds number of the experiment to that predicted by theory.

10. Bonus Marks.  Calculate the displacement thickness, the momentum loss thickness and the plate surface shear stress for the two separate boundary layer cases.

