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Chapter One

Introduction to 
Compressible Flow



1.1. Introduction

In general flow can be subdivided into:

i. Ideal and real flow.

For ideal (inviscid) flow viscous effect is 

ignored. The momentum equations are

Euler’s equations that derived in 1755 by 

Euler.

For real (viscose) viscous effect is 

considered. The momentum equations are

Navier-Stokes equations.



 ii. Steady and unsteady flow:

For steady flow, flow properties are time 

independent and mass exits from the

system equals the mass enters the system.

For unsteady, flow properties are time 

dependent and mass exit s from the system

may or may not equals the mass enters the 

system and the difference causes system

mass change.



 iii. Compressible and incompressible flow

 For compressible flow, density becomes an additional variable; furthermore,

 significant variations in fluid temperature may occur as a result of density or pressure

 changes. There are four possible unknowns, and four equations are required for the

 solution of a problem in compressible gas dynamics: equations for the conservation of

 mass, momentum, and energy, and a thermodynamic relations and equation of state 

for

 the substance involved. The study of compressible flow necessarily involves an

 interaction between thermodynamics and fluid mechanics.

 For incompressible flow can be assumed with density is not a variable. For this

 type of flow, two equations are generally sufficient to solve the problems encoun tered:

 the continuity equation or conservation of mass and a form of the Bernoulli equation,

 derivable from either momentum or energy considerations. Variables are generally

 pressure and velocity.



iv. One, two and three-Dimensional Flow

One-dimensional flow, by definition, did not 

consider velocity components in the y or z

directions, as in Figure (1.1a). In true one-

dimensional flow, area changes are not allowed. For

inviscid flow the velocity profile is shown in section 

(a) and (c). However, the more gradual the

area change with x, the more exact becomes the one-

dimensional approximation.



For viscose flow the velocity profiles is 

shown in

Figure (1.1b). Actually, due to viscosity, 

the flow velocity at

the fixed wall must be zero as in 

sections (a) and (c).

Consider the flow in a varying area 

channel. The

velocity profile in a real fluid is shown in 

Figure (1.1b)

section (b).



A complete solution of a problem in a fluid mechanics

requires a three-dimensional analysis. However, even 

for

incompressible flow a complete solution in three

dimensions is possible only numerically with the aid of

computer programs. Fortunately, a great many 

compressible

flow problems can be solved with the use of a one 

dimensional

analysis. One-dimensional flow implies that the

flow variables are functions of only one space 

coordinate.
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1.2.

Control volume 
approach



Figure (1.2) shows an arbitrary mass at time 

and the same mass at time , which

composes the same mass particles at all times. 

If is small, there will be an overlap of the two

regions as shown, with the common region 

identified as region 2. At time the given mass

particles occupy regions and . At time the same 

mass particles occupy regions and .

Regions 1 & 2, which originally confines of the 

mass, are called the control volume.



Introducing of concept of material derivative 

of any extensive property (a property which is 

mass dependent such as mass, enthalpy,internal 

energy … etc ) transforms to a control volume 

approach gives a valuable general relation 

called Reynolds’s Transport Theorem that can 

be used to find property change for many 

particular situations.
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