
Chap 4. Fluid kinematics

• The differences between the Eulerian and Lagrangian
descriptions of fluid motion.

• Various flow characteristics based on the velocity field.

• Determination of the streamline pattern and 
acceleration field given a velocity field.

• The differences between a system and control volume.

• The Reynolds transport theorem and the material 
derivative.



The velocity field
: Describe the flow of a fluid in terms 
of the motion of fluid particles rather 
than individual molecules. 
: This motion is described in terms of 
the velocity and acceleration of the 
fluid particles
: Field representation – as a function 
of the spatial coordinates

Velocity field

rA: position vector





Eulerian and Lagrangian Flow Descriptions
Eulerian method: The field concept. The fluid motion is given by completely prescribing 
the necessary properties (pressure, density, velocity, etc.) as functions of space and time

Lagrangian method: follows individual fluid particles as they move about and 
determining how the fluid properties associated with these particles change as a 
function of time.



One-, Two-, and Three-Dimensional Flows

Three-dimensional flow

Two-dimensional flow

u, v: a function of x, y (possibly t)

One-dimensional flow

Steady and unsteady flows

steady flow—the velocity at a given point in space does not vary with time

unsteady flow



Streamlines, Streaklines, and Pathlines
Streamline : a line that is everywhere tangent to the velocity field

Streakline : consist of all particles in a flow that have previously passed through a 
common point
Pathlines : the line traced out by a given particle as it flows from one point to another

 For steady flow, streamlines, streaklines, and pathlines are the same.





The acceleration field
Lagrangian description a=a(t)
Eulerian description – acceleration field as a function of position and time without 
actually following any particular particle

The particle’s velocity

The acceleration field

Shorthand notation

Material derivative

or



Material derivative – example

Temperature field associated with a flow

The rate of change of temperature





The acceleration field

Unsteady effect  Local acceleration

Convective acceleration

Convective derivative







Streamline coordinates
The streamline coordinate system 
 the velocity is always tangent to the s direction

For steady, 2-D flow,

as: convective acceleration along the streamline
an: centrifugal acceleration



Control Volume and System Representations

System: a collection of matter of fixed identity (always the same atoms or fluid 
particles), which may move, flow, and interact with its surroundings
Control volume: a volume in space (a geometric entity, independent of mass) through 
which fluid may flow

*Control surface: the surface of the control volume

The governing laws of fluid motion are stated in terms of fluid systems, not control 
volumes.



The Reynolds transport theorem

: we need to describe the laws governing fluid motion using both system concepts 
(consider a given mass of the fluid) and control volume concepts (consider a given 
volume)  The Reynolds transport theorem

B : any of fluid parameters (extensive property)
b : the amount of that parameter per unit mass (intensive property)

Most of the laws governing fluid 
motion involve the time rate of 
change of an extensive property of 
a fluid system

a control volume approach

Relation???



The Reynolds transport theorem

At time t

At time t+δt

or



The Reynolds transport theorem
More general derivation

the amount of the property B carried across δA in the time interval δt

Integrating over the entire outflow portion of the control surface

or



The Reynolds transport theorem
Physical interpretation

The Reynolds transport theorem is the integral counterpart of the material derivative.

unsteady effects Convective effect

Material derivative

Steady effect
B: the mass of the system

DBsys/Dt=0  the flowrate of mass into the box must 
be the same as the flowrate of mass out of the box

B: the momentum of the system

DBsys/Dt=F acting on the system. 
The left-hand side will therefore be nonzero. 



The Reynolds transport theorem
Unsteady effect

For the special unsteady situations in which the rate of inflow of parameter B is exactly 
balanced by its rate of outflow

Example:

The rate at which the momentum of the system changes 
with time is the same as the rate of change of 
momentum within the control volume

the efflux of momentum from the control volume 
is not equal to the influx of momentum



The Reynolds transport theorem
Moving control volume

A vane moving with constant velocity V0

 F acting on the vane?
: It is advantageous to use a moving control 
volume

The main difference 
 it is the relative velocity, W, that carries 
fluid across the moving control surface, 
whereas it is the absolute velocity, V, that 
carries the fluid across the fixed control 
surface.


