7. Passive air-cooling (9 pts)

1) Using v = ¢,/cy and ¢, = ¢y + R we arrive at ¢, = %R
"y J—

2) From the ideal gas equation, pg = BRT (the process is by constant pressure,
7
otherwise there would be huge acceleration due to pressure drop).

3) Different air densities inside and outside the pipe give rise to small residual (as com-
pared to the static pressure distribution inside the pipe) pressure difference between
the open ends of the pipe, Ap = —ApgL. This pressure difference is responsible for the
acceleration of the air, from zero, up to the velocity of the air flow v. The momentum
balance for small time interval 7 yields S Ap7 = p(SvT)v, hence (pg — p)gL = pv?. .

Here, the cold air density po = pou/RTp. Finally, (ggf - p> gL = pv2.
0
4) Heat flux: P = %R(T —Tp) Svp/p.
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5) From the result of question 2, we obtain — = T From the result of question
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=TT Substituting these values into the equation obtained for question 4,
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