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9.57 Air flows from a tank through a 
nozzle into the standard atmosphere, as in 
Fig. P9.57. A normal shock stands in the exit 
of the nozzle, as shown. Estimate (a) the tank 
pressure; and (b) the mass flow. 

Solution: The throat must be sonic, and 
the area ratio at the shock gives the Mach 
number: 
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Given that To = 100°C = 373 K and a critical throat area of 10 cm2, we obtain 
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9.58 Argon (Table A.4) approaches a normal shock with V1 = 700 m/s, p1 = 125 kPa, 
and T1 = 350 K. Estimate (a) V2, and (b) p2. (c) What pressure p2 would result if the same 
velocity change V1 to V2 were accomplished isentropically? 

Solution: For argon, take k = 1.67 and R = 208 J/kg⋅K. Determine the Mach number 
upstream of the shock: 
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