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Problem 1

The altitude-velocity flghtpath of the Space Shuttle Columbia during descent is shown in Fig. 1(a),
where it is denoted by the label ”STS-2”. Variations of the properties and thermodynamic variables
in the atmosphere are provided in Fig. 1(b,c). Assume that the density decreases with altitude as
p = paexp(—h/a) where a = 7.2 km and ps = 1.2 kg/m3.
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(b) (©)

Assuming that the characteristic length of the Space Shuttle’s thermal shield is I = 32.82 m,
calculate at points A (h =80 km altitude), B (60 km) and C (20 km) of the trajectory the following
parameters:

a) Knudsen number
b) Reynolds number
c¢) Mach number
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Problem 2

An ideal gas at pressure P, = 1 atm and density p; = 1 kg/m® is compressed isothermally to
P, = 10P,. The adiabatic constant of the gas is v = 1.4 and its molecular weight is W = 10 g/mol.

a) What is the density of the compressed gas?
b) Calculate the increments of thermal energy, entropy and enthalpy in the gas
c) Compute the ratio of the mean distances between molecules in the gas before and after com-

pression
d) Answer to parts a-c if the compression process is isentropic instead of isothermal.
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Problem 3

Consider the subsonic Pitot tube in the figure below. Knowing that the static and stagnation
pressures measured are, respectively, Py = 2.45 bar and P = 2 bar, compute the velocity of the free
stream assuming that the gas is air at a stagnation temperature 7y = 550K.
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Problem 4

A straight duct of cross sectional area A is attached to a large gas reservoir as shown in the figure.
The atmospheric pressure is P,. Assuming that the values of the density p; and speed of sound aq4
in the reservoir are known, provide the expressions to compute the pressure, velocity, speed of sound,
Mach number, mass flow rate and density in the duct. Consider the cases Py/P, < [(v + 1)/2]"/(—1
and Py/P, > [(v+1)/2]"/0~D separately in your calculations.
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