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Unit -3 

Gas Dynamics 

INTRODUCTION 

A compressible flow is that flow in which the density of the fluid changes during flow. All real 

fluids are compressible to some extent and therefore their density will change with change in 

pressure or temperature. If the relative change in density Δρ/ρ is small, the fluid can be treated 
as incompressible. A compressible fluid, such as air, can be considered as incompressible with 

constant ρ if changes in elevation are small, acceleration is small, and/or temperature changes 
are negligible. In other words, if Mach’s number U/C, where C is the sonic velocity, is small, 
compressible fluid can be treated as incompressible. 

• The gases are treated as compressible fluids and study of this type of flow is often referred to 
as ‘Gas dynamics’. 

• Some important problems where compressibility effect has to be considered are: 

(i) Flow of gases through nozzles, orifices; 

(ii) Compressors; 

(iii) Flight of aeroplanes and projectiles moving at higher altitudes; 

(iv) Water hammer and acoustics. 

• ‘Compressibility’ affects the drag coefficients of bodies by formation of shock waves, discharge 

coefficients of measuring devices such as orifice meters, venturimeters and pitot tubes, 

stagnation pressure and flows in converging-diverging sections. 

BASIC EQUATIONS OF COMPRESSIBLE FLUID FLOW 

The basic equations of compressible fluid flow are: (i) Continuity equation, (ii) Momentum 

equation, (iii) Energy equation, and (iv) Equation of state. 

Continuity Equation 

In case of one-dimensional flow, mass per second = ρAV 

(Where ρ = mass density, A = area of cross-section, V = velocity) 

Since the mass or mass per second is constant according to law of conservation of mass, 

therefore, 

ρAV = constant 
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PROPAGATION OF DISTURBANCES IN FLUID AND VELOCITY OF SOUND 

The solids as well as fluids consist of molecules. Whereas the molecules in solids are close 

together, these are relatively apart in fluids. Consequently whenever there is a minor 

disturbance, it travels instantaneously in case of solids; but in case of fluid the molecules change 

its position before the transmission or propagation of the disturbance. Thus the velocity of 

disturbance in case of fluids will be less than the velocity of the disturbance in solids. In case of 

fluid, the propagation of disturbance depends upon its elastic properties. The velocity of 

disturbance depends upon the changes in pressure and density of the fluid. The propagation of 

disturbance is similar to the propagation of sound through a media. The speed of propagation of 

sound in a media is known as acoustic or sonic velocity and depends upon the difference of 

pressure. In compressible flow, velocity of sound (sonic velocity) is of paramount importance 

Derivation of Sonic Velocity (velocity of sound) 

Consider a one-dimensional flow through long straight rigid pipe of uniform cross-sectional area 

filled with a frictionless piston at one end as shown in Fig. The tube is filled with a compressible 

fluid initially at rest. If the piston is moved suddenly to the right with a velocity, a pressure wave 

would be propagated through the fluid with the velocity of sound wave  

 

One dimensional pressure wave propagation. 

Let A = cross-sectional area of the pipe, 

V = piston velocity, 

p = fluid pressure in the pipe before the piston movement, 

ρ = fluid density before the piston movement, 

dt = a small interval of time during which piston moves, and 

C = velocity of pressure wave or sound wave (travelling in the fluid). 
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Before the movement of the piston the length dL has an initial density ρ, and its total mass = ρ × 
dL × A. 

When the piston moves through a distance dx, the fluid density within the compressed region of 

length (dL – dx) will be increased and becomes (ρ + dρ) and subsequently the total mass of fluid 
in the compressed region = (ρ + dρ) (dL – dx) × A ∴ ρ × dL × A = (ρ + dρ) (dL – dx) × A ...by principle of continuity. 

But dL = C dt and dx = Vdt ; therefore, the above equation becomes 

ρCdt = (ρ + dρ) (C – V) dt 

or, ρC = (ρ + dρ) (C – V) or ρC = ρC – ρV + dρ . C – dρ . V 

or, 0 = – ρV + dρ . C – dρ . V 

Neglecting the term dρ.V (V being much smaller than C), we get 

 

 

 

 

MACH NUMBER 

The Mach number is an important parameter in dealing with the flow of compressible fluids, 

when elastic forces become important and predominant. Mach number is defined as the square 

root of the ratio of the inertia force of a fluid to the elastic force. 
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STAGNATION PROPERTIES 

The point on the immersed body where the velocity is zero is called stagnation point. At this 

point velocity head is converted into pressure head. The values of pressure (ps), temperature 

(Ts) and density (ρs) at stagnation point are called stagnation properties. 

  

 

FLOW OF COMPRESSIBLE FLUID THROUGH A CONVERGENT NOZZLE 

Fig.  Shows a large tank/vessel fitted with a short convergent nozzle and containing a 

compressible fluid. Consider two points 1 and 2 inside the tank and exit of the nozzle 

respectively. 

Let p1 = pressure of fluid at the point 1, 

V1 = velocity of fluid in the tank (= 0), 

T1 = temperature of fluid at point 1, 

ρ1 = density of fluid at point 1, and p2, V2, T2 and 

ρ2 are corresponding values of pressure, velocity, temperature and density at point 2. 

Assuming the flow to take place adiabatically, then by using Bernoulli’s equation (for adiabatic 
flow), we have 
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THEORETICAL QUESTIONS 

1. Differentiate between compressible and incompressible flows. 

2. Give the examples when liquid is treated as a compressible fluid. 

3. When is the compressibility of fluid important ? 

4. What is the difference between isentropic and adiabatic flows ? 

5. What is the relation between pressure and density of a compressible fluid for (a) isothermal 

process (b) adiabatic process ? 

6. Obtain an expression in differential form for continuity equation for one-dimensional 

compressible flow. 

7. Derive an expression for Bernoulli’s equation when the process is adiabatic. 

8. How are the disturbances in compressible fluid propagated ? 

9. What is sonic velocity ? On what factors does it depend ? 

10. What is Mach number ? Why is this parameter so important for the study of flow of 

compressible fluids. 
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Numerical problems:- 

1. A 100 mm diameter pipe reduces to 50 mm diameter through a sudden contraction. When it 

carries air at 20.16°C under isothermal conditions, the absolute pressures observed in the two 

pipes just before and after the contraction are 400 kN/m2 and 320 kN/m2 respectively. 

Determine the densities and velocities at the two sections. Take R = 290 J/kg K. [Ans. 4.7 kg/m3 ; 

3.76 kg/m3 ; 39.7 m/s ; 198.5 m/s] 

2. A gas with a velocity of 300 m/s is flowing through a horizontal pipe at a section where 

pressure is 60 kN/m2 (abs.) and temperature 40°C. The pipe changes in diameter and at this 

section the pressure is 90 kN/m2. If the flow of gas is adiabatic find the velocity of gas at this 

section. Take : R = 287 J/kg K and γ = 1.4. [Ans. 113 m/s] 

3. An aeroplane is flying at 21.5 m/s at a low altitude where the velocity of sound is 325 m/s. At 

a certain point just outside the boundary layer of the wings, the velocity of air relative to the 

plane is 305 m/s. If the flow is frictionless adiabatic determine the pressure drop on the wing 

surface near this position Assume γ = 1.4, pressure of ambient air = 102 kN/m2. [Ans. 28.46 

kN/m2] 

4. A jet propelled aircraft is flying at 1100 km/h. at sea level. Calculate the Mach number at a 

point on the aircraft where air temperature is 20°C Take : R = 287 J/kg K and γ = 1.4. [Ans. 0.89] 

5. An aeroplane is flying at an height of 20 km where the temperature is – 40°C. The speed of 

the plane is corresponding to M = 1.8. Find the speed of the plane. Take : R = 287 J/kg K, γ = 1.4. 
[Ans. 1982.6 km/h] 

6. Find the velocity of bullet fired in standard air if its Mach angle is 30°. [Ans. 680.4 m/s]  

7. Air, thermodynamic state of which is given by pressure p = 230 kN/m2 and temperature = 300 

K is moving at a velocity V = 250 m/s. Calculate the stagnation pressure if (i) compressibility is 

neglected and (ii) compressibility is accounted for. 

Take γ = 1.4 and R = 287 J/kg K. [Ans. 313 kN/m2, 323 kN/m2] 

8. A large vessel, fitted with a nozzle, contains air at a pressure of 2943 kN/m2 (abs.) and at a 

temperature of 20°C. If the pressure at the outlet of the nozzle is 2060 kN/m2 (abs.) find the 

velocity of air flowing at the outlet of the nozzle. Take: R = 287 J/kg K and γ = 1.4  [Ans. 239.2 

m/s] 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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