
Unit 2
Fluid Kinematics



Introduction



Euler and Lagrange descriptions 

• Euler approach The fluid properties p, ρ, v are written as functions of 
space and times. The flow is determined by the analyzing the 
behavior of the functions. 

• Lagrange approach Pieces of the fluid are “tagged”. The fluid flow 
properties are determined by tracking the motion and properties of 
the particles as they move in time.



Types of Fluid Flow



Laminar And Turbulent Flow



Compressible and Incompressible Flow



Rotational and Irrigational Flow



One-, Two- and Three-Dimensional Flow





Streamline and Stream-tube



Properties of Streamlines



Equation of Streamlines









Continuity Equation in Three Dimensions 
in a Differential Form

Above fig explains the concept of control volume 
and control surface. 



When fluid flow through a full pipe, the volume of fluid entering into the pipe must be equal to
the volume of the fluid leaving the pipe, even if the diameter of the pipe vary.
Therefore we can define the continuity equation as the equation based on the principle of
conservation of mass.
Therefore, for a flowing fluid through the pipe at every cross-section, the quantity of fluid per
second will be constant.
Let us consider we have one pipe through which fluid is flowing. Let us consider a fluid element
of having length dx, dy and dz in the direction of X, Y and Z respectively.



Mass of fluid entering the face ABCD per second = Density x velocity in x direction x 
Area ABCD
Mass of fluid entering the face ABCD per second = ρ x u x dy.dz = ρ u dy.dz
Mass of fluid leaving the face EFGH per second = (ρ u dy.dz) + (∂ / ∂x) (ρ u dy.dz) dx

Gain of mass = Mass flow rate in to the system – Mass for rate out of the system

Gain of mass = Mass of fluid entering the face ABCD per second - Mass of fluid 
leaving the face EFGH per second

Therefore, we will have following equation for mass gain in X-direction
Gain of mass in X-direction = ρ u dy.dz – [(ρ u dy.dz) + (∂ / ∂x) (ρ u dy.dz) dx]
Gain of mass in X-direction = - (∂ / ∂x) (ρ u dx.dy.dz)



Similarly, we will have following equations for mass gain in Y-direction and Z-
direction
Gain of mass in Y-direction = - (∂ / ∂y) (ρ v dx.dy.dz)
Gain of mass in Z-direction = - (∂ / ∂z) (ρ w dx.dy.dz)

Net gain of masses = - [∂ / ∂x (ρ u) + ∂ / ∂y (ρ v) + ∂ / ∂z (ρ w)] dx.dy.dz

As per the principle of conservation of mass, mass could not be created or 
destroyed in the fluid element. Therefore, net increase of mass per unit time 
in the fluid element should be equal to the rate of increase of mass in the 
fluid element.
Mass of fluid in the fluid element = ρ dx.dy.dz

Rate of increase of mass in the fluid element = ∂ρ/∂t. dx.dy.dz



Therefore,
- [∂ / ∂x (ρ u) + ∂ / ∂y (ρ v) + ∂ / ∂z (ρ w)] dx.dy.dz = ∂ρ/∂t. dx.dy.dz
- [∂ / ∂x (ρ u) + ∂ / ∂y (ρ v) + ∂ / ∂z (ρ w)] = ∂ρ/∂t
∂ρ/∂t + ∂ / ∂x (ρ u) + ∂ / ∂y (ρ v) + ∂ / ∂z (ρ w) = 0
Above equation is the continuity equation in Cartesian co-ordinates in its 
most general form. This equation will be applicable to following types of fluid 
flow.

1. Steady and un-steady flow
2. Uniform and non-uniform flow
3. Compressible and incompressible flow
For steady flow, continuity equation will be as mentioned here
For steady flow, ∂ρ/∂t = 0
∂ / ∂x (ρ u) + ∂ / ∂y (ρ v) + ∂ / ∂z (ρ w) = 0



For incompressible flow, continuity equation will be as mentioned here
For incompressible flow, ρ will be constant and we will have following 
continuity equation

∂u / ∂x + ∂v / ∂y + ∂w / ∂z = 0

Above equation is the continuity equation in three dimensions



Stream Function



Velocity potential



Relationship Between Velocity Potential Function and 
Stream Function



Flow Net: Graphical Construction used to calculate groundwater flow 
through soil. Comprised of Flow Lines and Equipotential Lines. 

Flow Line: A line along which a water particle moves through a 
permeable soil medium. 

Flow Channel: Strip between any two adjacent Flow Lines. 

Equipotential Lines: A line along which the potential head at all points 
is equal.


