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1 Introduction

Supersonic in air is a well established term and it’s
when you travel faster then the speed of sound, also
known as Mach 1. When the speed exceeds Mach 5
it’s called hypersonic.

Since air is a gas the density and therefor the friction
is very low. But, what is happening when we try to go
supersonic in a liquid, like water?

2 Supersonic in air

Sound waves are pressure waves that travel in an elas-
tic medium. The speed of which the waves are travel-
ling are mostly dependent on the density and temper-
ature of the medium. Since density, temperature and
the composition of the air depends significantly on the
altitude the speed of sound will vary. For an example
is the speed of sound in dry air with a temperature of
20°C at sea level approximately 343 m/s while at an
altitude of 10668 m it’s 295.4 m/s. Supersonic speed
[1].

For an object that travels near or faster than Mach 1
new auditory effects will occur. When an object is
travelling at speeds underneath Mach 1, sound waves
will be sent out in all directions while if the speed
exceeds Mach 1 the object will travel faster than its
own sound waves. At this point the sound barrier is
broken, the sound waves becomes compressed by the
object and it will result in sound waves with different
intensities in different directions. This is when one
will hear the famous shock wave, "the sonic boom"
Shock wave [2]. It can be compared with the doppler
effect where a traveling object that is emitting sound
will compress the sound waves before it self and be-
hind they will be elongated. Doppler effect [3].
Because a shock wave happens almost instanta-
neously and the total enthalpy along with tempera-
ture is constant the total pressure downstreams of the
shock wave will be less than upstream Shock Wave
pressure drop [4]. This pressure drop will sometimes

force moist air around an object to reach its saturation
level at which it can not “hold” its water any more.
This will result in a temporary cloud, or a vapor cone.
See Fig. 1.

Fig. 1. Formation of a vapor cone around aircraft.

3 Supersonic in water

Since water is considered incompressible, the speed
of sound is relatively high compared to air: approxi-
mately 1450 m/s at 20°C. So when you want to reach
a hypersonic speed in water, you need to break the
sounds barrier. Because of the high drag the water
will cause, it takes a lot of energy to drive some-
thing through the water at this speed (in comparison:
for common underwater vehicles the speed limited to
about 40 m/s because of the high drag above this ve-
locity). Theoretically it would maybe be possible to
break the sounds barrier under water, but it has not
been done yet neither we have the technology to do so
right now.

In fact, before even getting close to reaching the speed
of sound under water an other phenomena called cav-
itation will occur. Cavitation is the phenomena were
small bubbles of vapour will form. Beside the other
problems it will cause, it would also mean that the ob-
ject would not be travelling through water anymore
but instead through an bubble of a water/steam mix-
ture. The effects of cavitation are explained exten-
sively in section 4.
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4 Hypersonic effects in water
4.1 Cavitation

Cavitation happens when a liquid is accelerated to
high velocities, and is getting pushed away faster than
it can react. This will leave behind an area of low pres-
sure, often in the form of vapour bubble, the bubbles
will expand as the pressure is reduced further. When
the bubble reaches a high pressure area, it will vio-
lently collapse. These vapor cavities will cause a ex-
tremely high local pressure (about 800 MPa!). Usu-
ally objects are designed to avoid cavitation because
of the damage it causes, but in some cases it can be
used to our advantage (as explained is section 4.2).
The effects of cavitation on a hydrofoil can be seen in
Fig. 2.

Fig. 2 . Cavitation on a Hydrofoil.

To know when the cavitation will occur the cavitation
number can be calculated by using a formula. This
equation will estimate how close the pressure in the
liquid flow is to the vapor pressure, which will tell if
cavitation can occur or not. See Fig. 3. Cavitation
number [5]
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Fig. 3 . Formula for cavitation number.

4.2 Supercavitation

Beside its negative effects, cavitation can also be used
as an advantage. Supercavitation is a technology used
to increase the speed of an object moving trough the
water. The nose of the object is used to create a bub-
ble around the object. An example of this can be seen
in Fig 4. This means that the object is no longer trav-
eling through a liquid, but through a gas. This sig-
nificantly reduces the skin friction drag on the object,
enabling it to travel at higher speed. An example of

Hypersonic effects in water

the use of supercavitation is the supercavitation tor-
pedo VA-111 Shkval [6]. Using this technology the
torpedo was able to reach a maximum speed of about
100 m/s. This is not even close to going hypersonic.

Fig. 4. Formation of supercavitation on an airfoil.

5 Conclusion

As it seems, it is impossible to achieve true hypersonic
speed in water due to cavitational effects, which occur
far before one will even reach supersonic speed in wa-
ter. Even thought the use of supercavitation will help
to reach higher velocities (for now up to 100 m/s) it
wont be sufficient. We would need to find other meth-
ods or techniques to reach hypersonic speed in wa-
ter, if it even is possible. To have some comparison:
in 2005 the X-43 from NASA was able to break the
speed record in air by going as fast a Mach 9.6!

Authenticity and Plagiarism

By submitting this report, the author(s) listed above declare that
this document is exclusively product of their own genuine work,
and that they have not plagiarized or taken advantage from any
other student’s work. If any irregularity is detected, the case will
be forwarded to the University Disciplinary Board.

REFERENCES

[1] Supersonic speed. https://en.wikipedia.org/wiki/
Supersonic_speed. [Online; accessed on 09-10-2018].

[2] Shock wave. https://en.wikipedia.org/wiki/Shock_
wave. [Online; accessed on 09-10-2018].

[3] Dopplereffect. https://www.grc.nasa.gov/www/k-12/
airplane/doppler.html. [Online; accessed on 09-10-
2018].

[4] Normal shock wave. https://www.grc.nasa.gov/www/
k-12/airplane/normal.html. [Online; accessed on 09-
10-2018].

[5] Cavitation number. https://authors.library.
caltech.edu/25021/1/chap5.pdf. [Online; accessed on
09-10-2018].

[6] Va-111 shkval underwater rocket. https://www.
globalsecurity.org/military/world/russia/
shkval .htm [Online accessed on 09-10-2018].

Proceedings of the 3rd TMALO2 Expert Conference 2018 32





