V6.10: Potential and Viscous Flow

(Related to Textbook Section 6.6 - Superposition of Basic, Plane Potential Flows)

The use of potential flow has limitations for certain types and regions of flow. For example, potential flow cannot predict flow separation.

The two videos show streamlines past the same streamlined automobile. The video on the top shows streamlines for viscous flow past the car from a wind tunnel test, while the video on the bottom is from a Hele-Shaw cell (see Video V6.6 for a description of a Hele-Shaw cell), which mimics potential flow streamlines. Clearly the potential flow provides a reasonable approximation for the flow on the front part of the body, but completely missing the flow separation and unsteady turbulent wake region downstream of the car.

Chapter 9 of the textbook covers viscous external flows such as that shown in the top portion of the video. In this chapter, it is shown that this type of flow separation and resulting wake region produce a low pressure region at the rear of the body, with high pressure on the front (i.e. stagnation pressure). This pressure difference significantly increases the overall drag force on the body. Therefore, a person designing a new car for use in a real viscous fluid would strive to have the streamlines past the new shape match as closely as possible to the potential flow streamlines.
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