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Hypersonic flight

Fig. 1 . Flow about a hemisphere cylinder moving through the

atmosphere at hypersonic speeds.

locity in the shock layer). In between the shock front

and the boundary layer is the shock layer (a region

of thermodynamic equilibrium). Finally, the wake (or

afterflow region) is a region of low density, high tem-

perature and turbulent flow.[6]

4 Problems and Solutions

4.1 Temperature

Kinetic Energy becomes heat. For hypersonic flights,

where very great speeds are reached, aircraft surfaces

get temperatures over 1,000oC. This might lead to

overheating problems and, in some cases, the aircraft

might burn. That happened, for example, to the V-

2 rocket in 1949, which burned up when reentering

into the atmosphere [7]. In order to avoid burning,

aircraft surfaces must be covered with a thermal pro-

tection system [8].

4.2 Mach cone

Hypersonic flights are the ones above Mach = 5, and

for those speeds the angle of the Mach cone is lower

than 12o [9].

µ = sin−1(
1

M
) (1)

If M=5 then µ=11.54o.

If the nose shock-wave intersects any part of the

aircraft (wing, tail. . . ), this might produce great struc-

tural problems due to the vibrations produced. So that,

aircraft must be very slender and wing must be per-

fectly designed in order to avoid collisions with the

shock-wave. In most cases, a delta wing is used in or-

der to avoid those collisions.

Instead of facing Mach cone as a problem, it can be

used to generate lift in wave-riders, for example, Boe-

ing X-51 A scramjet, which uses shock-waves to gen-

erate lift.

4.3 Drag

For hypersonic flights, the most important component

of the Drag is the pressure-wave drag. This drag is

about the 80% of the total drag, with values of the drag

coefficient near to 0.04 [10]. This fact must be taken

into account when designing the propulsion system in

order to achieve the thrust enough to equal the drag

increase.

5 Future

To sum up, engineers from all over the world have

been doing their research in order to accomplish their

purpose: making hypersonic flights possible lowering

all (or at least most) of the "problems" that they carry.

As an example, we must point out the X-60A, a

GOLauncher1 (GO1) Hypersonic flight research ve-

hicle designated by the U.S Air Force [11]. Its main

purpose is to increase the frequency of flight testing

while lowering the cost of maturing technologies in-

cluding scramjet propulsion, high temperatures and

autonomous control. Its propulsion system is the

Hadley liquid rocket engine, which uses liquid oxy-

gen and kerosene propellants in order to be able to

acces high dynamic pressure flight condition between

Mach 5 and Mach 8.
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