isentropiclD_17

A fixed amount of gaseous fuel is to be fed steadily from a heated tank to the atmosphere through a
converging nozzle. The temperature of fuel in the tank remains constant. A young engineer comes to you
with the following scheme: “Pressurize the tank to a pressure considerably higher than atmospheric
pressure. At the fuel nozzle outlet, the Mach number will then be equal to one. As long as the Mach
number is one at the nozzle outlet, we will have the same mass flow rate.” Do you agree with the young
engineer? Explain your answer.
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SOLUTION:

-

bo, TO - Patm

If po >> pam, then the flow will be choked at the nozzle exit. Although the Mach number at the exit plane
will remain sonic (i.e., Mag = 1) while the flow is choked, the mass flow rate will not remain constant since
the stagnation pressure within the tank will decrease as mass leaves the tank. Over time, the mass flow rate
from the tank will decrease.
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In this expression, 4" is the throat area (while the flow is choked) and 7o remains constant, as given in the
problem statement. However, the stagnation pressure decreases since,
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From Conservation of Mass applied to the tank,
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Thus, as mass escapes from the tank, the tank mass decreases (Eq. (3)) and, from Eq. (2), the stagnation
pressure decreases. Thus, from Eq. (1), the mass flow rate decreases.
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