
ME 356: Hypersonic Aerothermodynamics
Stanford University

Warmup Problem Set

Spring 2019

Javier Urzay
jurzay@stanford.edu



Problem 1

An ideal gas at temperature T1 = 80 K and pressure P1 = 1 atm flows isentropically at Mach
Ma1 = 6.9. The adiabatic coefficient of the gas is γ = 1.4 and its molecular weight is W = 29 g/mol.

a) What is the density ρ1 and kinetic energy U2

1 /2 of the gas?

b) Calculate the stagnation temperature and pressure

c) Calculate the static and stagnation values of the enthalpy

2



Problem 2

An ideal gas flowing at Mach Ma1 = 8 encounters a normal shock wave. The temperature and
pressure of the gas are T1 = 80 K and P1 = 1 atm. The molecular weight is W = 29 g/mol and the
adiabatic coefficient is γ = 1.4.

a) Compute the ratio of the static temperature T2 to the stagnation temperature upstream of the
normal shock To,1.

b) Compute the stagnation temperature To,2 downstream of the shock.

c) Compute the ratio of the static pressure behind the shock P2 to twice the dynamic pressure
ρ1U

2

1
of the gases upstream of the shock.
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Problem 3

An ideal gas flowing at Mach Ma1 = 8 encounters an oblique shock wave that deflects the stream-
lines at an angle δ = 20o. The temperature and pressure of the gas are T1 = 80 K and P1 = 1 atm,
respectively. The molecular weight is W = 29 g/mol and the adiabatic coefficient is γ = 1.4. Calculate
the normal component of the Mach number upstream of the shock and the static temperature of the
post-shock gas.
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Problem 4

The altitude-velocity flghtpath of the Space Shuttle Columbia during re-entry is shown in panel (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 z as
ρ = ρz=0 exp(−βz) where 1/β = 6.7 km is a scale height and ρz=0 = 1.2 kg/m3 is the density at sea
level. The air molecular weight W = 29 g/mol and molecular diameter d = 390 · 10−12 m are assumed
to remain constant with altitude.

(c)(b)

(a)

Assuming that the characteristic length of the Space Shuttle’s thermal shield is L = 32.8 m,
calculate at points A (z =80 km altitude), B (60 km) and C (20 km) of the trajectory the follow-
ing parameters: free-stream Reynolds number, free-stream Mach number, and free-stream Knudsen
number in the reference frame of the gas.
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Problem 5

Consider the equilibrium dissociation of CO2 gas at T = 2500 K given by the chemical reaction

CO2 ⇋ CO +
1

2
O2 (1)

Determine the composition of the gas in chemical equilibrium in terms of the mass fractions YCO2
, YCO

and YO2
at

a) P = 1 atm

b) P = 0.01 atm

(Note: The molar Gibbs free energies of each element at the reference pressure P 0 = 1 atm are
g0
CO2

= −396.15 kJ/mol, g0
CO

= −327.24 kJ/mol, and g0
O2

= 0 kJ/mol).
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