Fluid Physics
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Mid-Term Exam
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(Closed Book)

1.  A device called a “Coanda Saucer” is illustrated below. Compressed air is blown through a tube and downward out of a nozzle. An inverted cardboard bowl (here covered with foil) is lifted up so that its bottom side is almost in contact with the nozzle. Somewhat counter-intuitively, the bowl remains suspended in mid air. Explain why this happens. 
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2. A tire is filled with an ideal gas of gas constant R and heat capacity at constant pressure of cp. Tension in the tire keeps this gas at a pressure ptire while its temperature is that of the ambient environment, Ta. The cap on the tire’s plug is removed and air flows out of the tire, acquiring the ambient pressure, pa. Assuming that the flow of gas through the plug is adiabatic and inviscid, write down expressions for the temperature and velocity of the escaping gas. How great must ptire be relative to pa to make the speed of the escaping gas equal to the (local) speed of sound? 

3. Captains of ships that service the coast of Norway have long noticed that when they enter fjords from the open ocean, their ships mysteriously slow down, even when the wind and sea conditions remain the same and even though they do not change the power settings on the ship’s engines. Fjords are glacial valleys that have been invaded by the sea. They are typically about 10 km wide and can be as deep or even deeper than the open ocean outside the fjords. Meltwater from glaciers flows into the fjords from many sides and makes the fjord water somewhat brackish. (Freshwater is also less dense than saltwater at the same temperature; the saltwater in the fjords is also very cold.) 

Can you explain why the ships slow down? 
