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Module 2 

Kinematics of fluid flow: Eulerian and Lagrangian approaches,  

 classification of fluid flow, 1-D, 2-D and 3-D flow, steady, 

unsteady, uniform, non-uniform, laminar, turbulent, rotational, 

irrotational flows, 

  stream lines, path lines, streak lines, stream tubes,  

velocity and acceleration in fluid,  

 circulation and vorticity,  

 stream function and potential function,  

Laplace equation,  

 equipotential lines,  

 flow nets, uses and limitations.  



What Is Kinematics Of Fluid 

 

 

 Kinematics of fluid flow deals with the motion of fluid particles without 

considering the agency producing the motion.  

 This deals with the geometry of motion of fluid particles.  

 This also deals with the velocity and acceleration of fluid particles in 

motion. 



Methods of describing Fluid Motion 

 Lagrangian Method:- 

 

 
  Describes a defined mass (position, velocity, acceleration, pressure, 

temperature, etc.) as functions of time. 

  Ex:- Track the location of a migrating bird. 





Eulerian Method :- 

 

 

 Describes the flow field (velocity, acceleration, pressure, temperature, etc.) as 

functions of position and time. 

 Ex:- Count the birds passing a particular location. 





Topics to be discussed here 

• Types of fluid flows 

•What are stream lines, path lines and streak  
lines 
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Types of flows 
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Steady and Unsteady Flow 
The flow in which fluid characteristics like velocity, pressure, density etc. at a  
point does not changes with time is called as steady flow. 

•E.g. flow of water with constant discharge through a  

pipeline is as steady flow. 

The flow in which fluid characteristics like velocity, pressure, density etc. at a  
point changes with time is called as unsteady flow. 

•E.g. flow of water with varying discharge though a pipe is  

as unsteady flow. 

∂v / ∂t = 0 ∂P / ∂t = 0 ∂ρ / ∂t = 0 

∂v / ∂t ≠ 0 ∂P / ∂t ≠ 0 ∂ρ / ∂t ≠ 0 
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Steady  
flow 

uniform 

Non-  
uniform 

Unsteady  
flow 

uniform 

Non-  
uniform 
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Uniform and Non-uniform Flow 
• The flow in which velocity at a given time does not change with respect to  

space (length of direction of flow is called as uniform flow. 

E.g. flow through a long straight pipe of uniform diameter is  

considered as uniform flow. 

∂v / ∂s = 0 

• The flow in which velocity at a given time changes with 

respect to space (length of direction of flow) is called as non-uniform flow. 

E.g. flow through a long pipe with varying cross section is  

consider as non-uniform flow. 

∂v / ∂s ≠ 0 
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Laminar and Turbulent Flow 

The flow in which the adjacent layer do not cross to  
each other and move along the well defined path is  
called as laminar flow. 

E.g. flow of blood in small veins 
 

The flow in which the adjacent layers cross each  
other and do not move along the well define path is  
called as turbulent flow. 

E.g. flow through a river or canal, smoke from  
chimney 
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Compressible and Incompressible Flow 
• The flow in which the density does not remain constant for the fluid flow  

is called as compressible flow. 

E.g. problems involving flight of rockets 

• The flow in which the density is constant for the fluid flow is called as  
incompressible flow. 

E.g. problems involving liquids i.e. hydraulics problems 
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Rotational Flow 
• The flow in which the fluid particle while flowing along stream lines,  

also rotate about their own axis is called as rotational flow. 

• Consider the example of a cylinder rotating about its axis and some  
liquid is present inside it 

• When we rotate the cylinder there is a possibility that the elements of  
fluid also starts rotating about its own axis when moving in a stream  
line such flow will be rotational 
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Irrotational Flow 

• The flow in which the fluid particle while flowing along  
streamlines, do not rotate about their own axis is called as  
irrotational flow. 

• Considering the previous example some of the fluid  
elements won’t be rotating about its axis in a stream line 

• No real flow is irrotational 
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One, Two and Three-dimensional Flow 

1. The flow in which the velocity is the function of time and one space  
co-ordinate (x) is considered is called One-dimensional flow 

• For example flow through the pipe is consider as a one dimensional  
flow 

u = f(x), v = 0, w = 0 

2. The flow in which the velocity is the function of time and two space  
co-ordinate (x,y) is considered is called two-dimensional flow. 

 
u = f1(x,y), v = f2(x,y), w = 0 

• Foe example Flow in a plane 
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• The flow in open channels or rivers are considered as three  
dimensional flow 

u = f1(x,y,z), v = f2(x,y,z), w = f3(x,y,z) 
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Stream lines 
‘’It is define as an imaginary family of lines  
in the fluid domain that is everywhere  
tangent to the local velocity vector’’ 

Assume a fluid flowing in 3D space at  
some instant of time let us represent the  
motion of fluid particles by velocity  
vectors now connect all this domain points  
with a continuous line which is tangential  
to all these velocity vectors 

• Stream lines show the direction of fluid  
element at any instant of time 
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Path line 

“A path line is the path or trajectory  
traced out by an identical fluid  
particle” 
 

Consider a particle ’A’ which is shown  
by position vector after some duration  
of time ‘dt’ it is moved to a new  
position, the line which is joining  
these two positions of point A is path  
line 
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Streak lines 

“A line joining the particles which  
earlier has passed through a  
fixed/common point in fluid domain is  
called streak line” 
 

In figure we can see the points a,b,c,d  
have passed through a common point  
O, line joining such points is a streak  
line 

12/4/2017 



• As we have discussed different types of lines in a fluid flow, the  
example which is explained here (about the bent pipe) we can see  
that almost all the lines were same and were showing a common  
trajectory the reason behind that is “in a steady flow all the lines  
(stream, path and streak) are same” 

• For a unsteady flow they will be different and will be showing  
different trajectories 
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Continuity Equation in Fluid Mechanics 

 

 The product of cross sectional area of the pipe and the  fluid 

speed at any point along the pipe is constant. 

 This product is equal to the volume flow per second or  simply 

flow rate. 

 Mathematically it is represented as 

Av = Constant 

 Continuity equation derivation 

Consider a fluid flowing through a pipe of non uniform  size.The 

particles in the fluid move along the same lines  in a steady flow. 



If we consider the flow for a short interval of time Δt,the  

fluid at the lower end of the pipe covers a distance Δx1 with  

a velocity v1 ,then: 

Distance covered by the fluid = Δx1 = v1Δt 

Let A1 be the area of cross section of the lower end then  

volume of the fluid that flows into the pipe at the lower end 

=V= A1 Δx1 = A1 v1 Δt 



If ρ is the density of the fluid,then the mass of the fluid  

contained in the shaded region of lower end of the pipe is:  

Δm1=Density × volume 

Δm1 = ρ1A1v1Δt ——–(1) 

Now the mass flux defined as the mass of the fluid per unit  

time passing through any cross section at lower end is: 
Δm1/Δt =ρ1A1v1 

Mass flux at lower end = ρ1A1v1 ———————(2) 

If the fluid moves with velocity v2 through the upper end  

of pipe having cross sectional area A2 in time Δt,then the  

mass flux at the upper end is given by: 
Δm2/Δt = ρ2A2v2 

Mass flux at upper end =ρ2A2v2 ———————–(3) 



Since the flow is steady,so the density of the fluid between  

the lower and upper end of the pipe does not change with  

time.Thus the mass flux at the lower end must be equal to the  

mass flux at the upper end so: 
ρ1A1v1 = ρ2A2v2 ———————-(4) 

In more general form we can write : 

ρ A v =constant 

This relation describes the law of conservation of mass in  

fluid dynamics.If the fluid is in compressible ,then density is  

constant for steady flow of in compressible fluid so 

ρ1 =ρ2 

Now equation (4) can be written as: 
A1 v1 = A2 v2 

In general: 

A v = constant 
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