ME 356: Hypersonic Aerothermodynamics, Spring 2020
Stanford University
Homework 1: Inviscid Hypersonic Flows (1)
Due Friday, April 24.

Guidelines: Please turn in a neat and clean homework that gives all the formulae that you have used
as well as details that are required for the grader to understand your solution. Attach these sheets to
your solutions. In the calculations, assume a calorically perfect gas unless stated otherwise.

Questions (40 pts)

. Sketch the inviscid hypersonic flow over a slender two-dimensional wedge at a free-stream Mach number
Mas, = 15 in the stratosphere. Outline possible thermochemical effects that might develop in this
case as a result of the high temperatures prevailing in the shock layer.
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Consider a Mach-10 blowdown wind tunnel ingesting atmospheric air at standard conditions. Calculate
the velocity, static temperature, and static pressure in the test section, along with the flux of stagnation
enthalpy there. Compare the value of the stagnation enthalpy in this wind tunnel with the stagnation

enthalpy around the X-43A at maximum flight speed of Mach 10 at 40 km of altitude, and provide an
explanation of the discrepancy.
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Problem 1 (60 pts)

A vertical stabilizer is a rudder mounted on the aft end of the fuselage that provides directional
stability to the aircraft when it sideslips with respect to the free stream. For instance, the X-15
hypersonic rocket plane used a vertical stabilizer that had the shape of a wedge of semi-angle §. When
the rocket plane sideslipped by an angle a, the aerodynamic forces on the vertical stabilizer induced
a yawing moment M, around the center of gravity that restored the lateral attitude. In the notation
below, L, is the distance from the vertical stabilizer’s edge to the center of gravity, whereas L, and
H,, are, respectively, the length and height of the vertical stabilizer.

free stream .
i Mao i
I |

i

center of gravity

vertical stabilizer

Assuming that the free-stream Mach number is Mao, = 8, and the sideslip angle is o = 12°, and
Lys/Leg < 1, calculate the yawing moment coefficient
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Cy
in the following cases:

a) 0 = 20°.
b) 6 = g&°.

c) Redo parts (a) and (b) using the Newtonian theory of hypersonics and compare the solutions.
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