V6.9: Forces on Suspended Ball

(Related to Textbook Section 6.6.3 - Flow around a Circular Cylinder)

When a ping-pong ball is placed in a jet of air the pressure difference across the ball suspends the ball in the jet. This result is intuitively obvious. However, the fact that the ball does not fall out of the jet is not so obvious. Even though the flows are not exactly the same, the properties of a cylinder or sphere in a uniform flow can be used to explain this behavior.

The jet impacts the bottom of the ping-pong ball and creates a stagnation point with a high pressure. As shown in Fig. 6.27 of the textbook, the separated flow about the ball creates a pressure behind the ball that is lower than the stagnation pressure. The vertical pressure imbalance produces a net upwards force on the ping-pong ball that counteracts the weight of the ball. If the flow about the ball were inviscid and uniform then the pressure on the front and back of the ball would be the same and there would be no drag force to suspend the ball.

Why does the ball stay in the jet? Suppose that the ball moves far enough to the outside that a small part of the ball sticks out of the jet. Outside of the jet the flow is slowly moving and the pressure is large. At the center of the jet the flow speed is high and the pressure is low. Therefore the ball experiences a net pressure force directed from the outside of the jet towards the centerline, that pushes the ball towards the center of the jet.
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