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1. As fluid flows around an object, such as a cylinder, the pressures and velocities close to the object constantly change.  According to inviscid potential flow theory, the pressure distribution around a cylinder is symmetric not only up and down, but also upstream and downstream. This results in a zero-net drag force. 

2. However, experimental results give different flow patterns, pressure distributions and drag coefficients because the inviscid potential theory does not take into account fluid viscosity, which differs greatly from reality. 

3. Taking viscosity of the fluid into account, we can further understand real flow patterns around a cylinder.  

4. First, a boundary layer is developed along the cylinder as a result of viscous forces.  These viscous forces cause skin-friction drag, which is a drag force caused by the friction of the fluid moving across the surface of the object.  

5. Since the cylinder is a bluff body, meaning that it is not streamlined, flow separation occurs and a low-pressure wake forms behind the object.  This leads to an even bigger form of drag due to a pressure differential. 

6. [bookmark: _GoBack]The characteristics of this flow pattern relies rely on the Reynolds number.  The Reynolds number is a dimensionless number used to describe fluid flow, and is a ratio of the inertial forces to the viscous forces. Here, rho-infinity is the density of the fluid, V-infinity is the free stream velocity, d is the diameter of the cylinder and mu is the dynamics viscosity of the fluid. Changed to go with “characteristics”

7. Below a Reynolds number of about four, the flow pattern shows very little flow separation behind the cylinder. As the Reynolds number increases, flow separation increases. Below a Reynolds number of about 40, we see a fixed pair of vortices in the wake. 

8. At higher Reynolds number, the vortices shift to a vortex street, with a pattern of alternating vortices caused by a process called vortex shedding.  At even higher Reynolds number, after the laminar boundary layer has undergone the transition to turbulent, the wake becomes disorganized. 

9. Finally, at very high Reynolds number, and turbulent flow, we see the wake become narrower and fully turbulent. 

10. In this lab, we will subject a cylinder with 24 pressure ports [1] to fluid flow in a wind tunnel. [2] We will then use the pressure measurements at each pressure tap to examine the pressure distribution and determine the drag forces on the cylinder. [3] We will also identify the type of flow pattern experienced, based on the Reynolds number of the flow. [4]
1. Use shot: 1.1.3 (Talent rotates cylinder to show pressure taps)
2. Use shot: 1.2.3 (Talent mounts cylinder in wind tunnel) 
3. Use shot: 1.4.4 (Talent records pressure readings from manometer) 
4. Use shot: 1.4.3 (Talent increases speed to 60 mph) 
Learning Objectives: 
In this section, we list 5 important questions (eg, What is transformation?) that the students should be able to answer at the end of each lab. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 



Take-Homes: 
In this section, we list 5 important take-home messages from the lab. Usually, these are answers to the 5 questions in learning objectives. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 










