
1

SUPERSONIC FLUID 
DYNAMICS

Ma > 0.2

BOOM VIDEO

https://www.youtube.com/watch?v=a9Jli0D1uEM


Compressible Flow

Mach Number: VM
c

=

M < 0.3 incompressible flow

M < 1.0 subsonic flow

M @ 1.0 transonic flow

M = 1.0 sonic flow

M > 1.0 supersonic flow

M > 3.0 hypersonic flow

V: Velocity of Fluid

c: Speed of Sound

;   R=Ideal gas constant (for air, R=287 N.m/kgK)c kRT=
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Class 18: Compressible Flow - Ideal gas law

Ideal/Perfect Gas Law (equation of state for an ideal gas):
Changes in gas density directly related to changes in pressure and
temperature through the equation

, p is the pressure, ρ is the density, T is the absolute temperature and R
is a gas constant.
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Class 18: Compressible Flow - Example

Example: Air at Mach 1.25 passes through a circular channel
10 cm in diameter. The static pressure and temperature are
100kpa and 30oC respectively. Find the mass flow rate.

Solution: The mass flow rate can be calculated as

( ) ( )
( )( )

3 3
210 1.4100 0.01 1.25

1 4 287 . 273 30

3.93

oo

P km AV AV P A M
RT RT

N m
m kPka m

kPa N m kg K K

kgm
s

ρ

π

= = = ∗ ∗ ∗

 
 ⇒ = × × ×
  + 

⇒ =









5

• Adiabatic Process

An adiabatic process is one in which no heat is gained or lost by the system. The
first law of thermodynamics with Q=0 shows that all the change in internal
energy is in the form of work done. This puts a constraint on the heat engine
process leading to the adiabatic condition. This condition can be used to derive
the expression for the work done during an adiabatic process.

• Reversible process

A reversible process is a process that, after it has taken place, can be reversed and
causes no change in either the system or its surroundings.

• Isentropic flow

An isentropic flow is a flow that is both adiabatic and reversible. That is, no energy is
added to the flow, and no energy losses occur due to friction or dissipative effects.

Class 18: Compressible Flow – different processes

p Vconstant ;  k= C C ratio of specific heats.kPV C= =

http://hyperphysics.phy-astr.gsu.edu/Hbase/thermo/firlaw.html#c1
http://hyperphysics.phy-astr.gsu.edu/Hbase/thermo/inteng.html#c2
http://hyperphysics.phy-astr.gsu.edu/Hbase/thermo/heatengcon.html#c1
http://hyperphysics.phy-astr.gsu.edu/Hbase/thermo/adiabc.html#c1
http://en.wikipedia.org/wiki/System_(thermodynamics)
http://en.wikipedia.org/wiki/Flow
http://en.wikipedia.org/wiki/Friction
http://en.wikipedia.org/wiki/Dissipation


Class 18: Compressible Flow – different processes

Relationship between temperature, density and pressure for the isentropic flow of 
an ideal gas:
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Experiment: Converging-diverging nozzle

Class 18: Compressible Flow Converging-Diverging Nozzle

Subsonic                    Sonic                   Supersonic Flow



Class 18: Effect of Variations in Flow Cross-sectional Area
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Newtons 2nd law applied to the inviscid and steady flow (Bernoulli):

Pressure, Mach #, density and velocity are correlated with AREA!!!
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Class 18: Effect of Variations in Flow Cross-sectional Area
..cont

FIGURE 11.5



Class 18: Effect of Variations in Flow Cross-sectional Area

How Mach number influences Temperature, Pressure and Density of the fluid?

( )

( )

2

1
2

1 1
2

" " TOTAL OR STAGNATION
11 ;           

2

11
2

11
2

pt

v

k k
t

k
t

t
cT k M k

T c

P k M
P

k Mρ
ρ

−

−

≡

−
= + =

− = +  

− = +  
Temperature, Pressure and density can be tabulated for a given value 
of k (for air, k=1.4).



Perfectly Expanded

Effect of Back Pressure on Flow Pattern: Shockwave and expansion

Ideally Expanded

Oblique shockwave

Shockwave half-way

Subsonic-sonic-subsonic
Subsonic all the way

Class 18: Compressible Flow Converging-Diverging Nozzle

 Normal Shockwave (abrupt rise or drop of pressure)

 Ideally/Perfectly Expanded 
 Over Expanded (pressure rises at the duct exit)

 Under Expanded (pressure  drops at the duct exit)

 Oblique Shockwave (less abrupt rise or drop of 
pressure)



Choked Flow/ Unchoked Flow:

Class 18: Compressible Flow Converging-Diverging Nozzle

Choked Flow: Choked flow
occurs when the Mach
number is 1.0 at the minimum
cross-sectional area.

Shockwave: Each abrupt pressure
rise within and at the exit of the flow
passage occurs across a very thin
discontinuity in the flow called a
Normal Shockwave.



Compressible Flow - Table

A* is critical area for 
choked flow at throat.



Compressible Flow - Table



Compressible Flow - Table



Compressible Flow - Table



Problem: For an aircraft flying at Mach 3.0 at an altitude of 
10,000 m (T = -50°C), estimate the surface temperature at 
the nose.

Class 18: Compressible Flow

Solution: From the table, @ M = 3,
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Problem: A converging nozzle has an exit area of 500mm2. Air
enters this nozzle from a reservoir at 1000kpa & 360K. The
exit pressure is 800kPa. Find the mass flow rate through the
nozzle.

Class 18: Compressible Flow

Solution: First we determine the pressure ratio,
800 0.8(  > 0.5283) 

1000
Using this value,we get from the table
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Problem: The stagnation pressure indicated by a Pitot tube
mounted on an airplane in flight is 45 kPa (abs). If the
aircraft is cruising in standard atmosphere at an altitude of
10,000m, determine the speed and Mach number involved.

Class 18: Compressible Flow

Solution: First we find the pressure
ratio

( )( )( )

4 32.65 10 ,    45 10

0.589 (subsonic > 0.5283)

Now from the table, we get
0.90

Therefore,
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