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Fluid flow over a blunt body causes a phenomenon called a boundary layer to occur.  The viscosity of the fluid and the force caused by it between fluid layers are responsible for developing the boundary layer. This is because the velocity of any fluid must be equal to that of the body’s surface in which it is in contact with.  Therefore, at the surface of the body the fluid and the body have the same velocity.  Working outward from the surface are velocity gradients that make up the boundary layer area until the boundary layer and the fluid flow have equal velocities. [1]

Furthermore, when flowing over a three dimensional surface, such as a curved surface, the boundary layer will separate from the body.[1]  In the case of a cylinder, which we used for our model, fluid will flow into the front of the model and form a boundary layer.  In this process a pressure drop occurs as pressure is transformed into kinetic energy.  However, after the fluid reaches the bottom or top of the cylinder flow is decelerated as kinetic energy is transformed back into pressure.  Once this occurs the boundary layer does not have enough kinetic energy remaining to stay in contact with the body and it separates.[3]  The pressure increases at the back of a body can cause flow oscillations, making the movement of the body unpredictable.[4]  This turbulence behind the body causing the instability of the body is called the wake region.    In the case of an airfoil, this wake region causes a significant amount of drag on the body. [3]

There are several theories published describing how to decrease boundary layer separation and the drag caused by it.  The method of suction is the form of boundary layer control that will be researched.  In this method, the fluid with the low kinetic energy is sucked into the body before it is able to separate from the body.  [3]  Slots are cut in the body, behind which are placed powered devices to suck the fluid. [2]  This method provides stability for the body and a decrease in the amount of drag on the body. [3]

However, in order to make data collection for the suction case more simple and accurate it must first be established that the flow over the model being tested is only two dimensional.  Therefore, and experimental setup for the wind tunnel testing of the cylindrical model must be developed.  Most of this summer’s research time was spent on building such a setup and progressing toward eliminating any variables which caused three dimensional flow.  

Visualizing the fluid flow was the first step in the experimental process.  A laser was used in conjunction with a fog machine to make the separation point and wake region observable.  This was done by placing the laser on a cart next to the wind tunnel and using a series of mirrors and a lens to project the laser sheet onto the model inside of the tunnel.  The model was placed securely inside the tunnel with about an inch remaining outside the tunnel to secure plastic tubing to.  The plastic tubing ran from the model to the fog machine, allowing the fog to travel from the fog machine to the inside of the model and be released through a slot in the model.  With the tunnel running and the laser on, the fog made the airflow visible.  Data was collected with the use of a camera and image processing matlab code.  From the saved images the code gives the separation angle.
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With the goal of achieving visual two dimensional flow for data collection there were many variables and elements that needed to be controlled.  The first factor that was taken into consideration was the variability of the fog machine.  The fog machine releases fog in a pulsating pattern, resulting in a pulsating flow rate.  For data collection a constant flow rate is required.  Therefore, in order to dampen the pulsing we added a plastic bucket between the fog machine and the plastic tubing leading to the model.  Inside the bucket a barrier was placed down the middle to divide the entrance of the fog from the machine and the exit of the fog through the tubing.  This allowed the fog to flow at a varying rate into the bucket, collect in the bucket, and then exit at a more constant rate into the tubing and the model.  A valve was also added to the tubing in order to control the rate in which the fog entered the model.  It was found that the flow rate of the fog had a significant effect on the separation angle.  By controlling the flow rate with the valve, the control of the visualization of the airflow over the model was increased.   

Another problem affecting the data collection of the images was movement of the laser between photos taken.  This was found to have been caused by the air released by the tunnel.  The released air would hit the lens and cause it to shift.  In order to prevent this movement, a barrier was placed above the tunnel and extra supports were added to the mirror apparatus.  Results showed less movement in the lens and more consistent images collected with the camera.  


Once two dimensional flow is fully established and can be visualized, further experimentation can be done to collect data on the suction case.  With suction, the boundary layer fluid will be sucked into the model and boundary layer separation will cease to occur.  Testing can further be done on various geometric shapes.  One shape to be tested and compared to the cylinder is a double cone geometry.  This is a more complex shape for which the method of suction has not been significantly researched.  Based on results from multiple geometric shapes, knowledge about the suction method and boundary layer separation will be gained.
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