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The Velocity Field

Velocity Field

By definition, the velocity of a particle is the time rate of change of the position 

vector for that particle.

Particle location in terms of its position vector.
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The Velocity Field: Eulerian and 

Lagrangian Flow Descriptions

Eulerian method

From this method we obtain information about the flow in terms of what happens at

fixed points in space as the fluid flows through those points.

Lagrangian method

Involves following individual fluid particles as 

they move about and determining how the fluid 

properties associated with these particles change 

as a function of time.

Eulerian and Lagrangian descriptions of 

temperature of a flowing fluid.



The Velocity Field: One-, Two-, and 

Three–Dimensional Flows
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Three-dimensional flow

Two-dimensional flow

One-dimensional flowOne-dimensional flow
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The development of the velocity profile in a circular pipe.

Velocity and position of particle A at time t.



The Velocity Field: Steady and 

Unsteady Flows
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Steady flow — the velocity at a given point in space does not vary with time.

Unsteady flow —the velocity does vary with time.

(a) is an instantaneous image.

Unsteady flow —the velocity does vary with time.

(b) is a long-exposure (time-averaged) image.



The Velocity Field: Streamlines, 

Streaklines, and Pathlines
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Streamlines

A streamline is a curve that is everywhere tangent to the instantaneous local velocity 

vector. It is often used in analytical work.

udx

Streamline for two-dimensional flow in the xy-plane,
Streaklines

A streakline is the locus of fluid particles 

that have passed sequentially through a 

prescribed point in the flow. Streakline is 

often used in experimental work.



The Velocity Field: Streamlines, 

Streaklines, and Pathlines

Pathlines

A pathline is the actual path traveled by an 

individual fluid particle over some time period. 

A pathline is often used in experimental work

Note : While the three flow patterns are identical in steady flow, they can be 

quite different in unsteady flow.



The Velocity Field: Streamlines, 

Streaklines, and Pathlines

Example 4.1

Consider the two-dimensional steady flow given by, 
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Determine the streamlines for this flow.      Answer: Cxy =Determine the streamlines for this flow.      Answer: Cxy =

Plot for C = 1 and C = -1
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The Acceleration Field

Acceleration of any particle

The acceleration of a particle is the time rate of change of its velocity.

Material acceleration

( )VV
VV

a ∇⋅+
∂

∂
==

tDt

D

V V V V : Gradient operator or del operator.

Where:

Acceleration of any particle

z
w

y
v

x
u

t ∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
=

VVVV
aVector form

z

w
w

y

w
v

x

w
u

t

w
a z

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
=

Scalar form

z

v
w

y

v
v

x

v
u

t

v
a y

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
=

z

u
w

y

u
v

x

u
u

t

u
a x

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
=

0=
∂

∂

t

V

Steady flow
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Unsteady flow

V   : Velocity vector.



The Acceleration Field

Example 4.2

An incompressible, inviscid fluid flows steadily past a ball of radius R, as shown in Fig.

According to a more advanced analysis of the flow, the fluid velocity along streamline

A–B is given by
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where V0 is the upstream velocity far ahead of the 

sphere. Determine the acceleration experienced by 

fluid particles as they flow along this streamline.

Answer:  
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Control Volume and System 

Representation

System

A system (also called a closed system), is defined as a quantity of matter of fixed identity. The

size and shape of a system may change during a process, but no mass crosses its boundaries.

Control Volume

A control volume (also called an open system), defined as a region in space chosen for study. AA control volume (also called an open system), defined as a region in space chosen for study. A

control volume allows mass to flow in or out across its boundaries, which are called the control

surface.

(a) We follow the fluid as it moves and 

deforms. This is the system approach.

(b) We consider a fixed interior volume of 

the can. This is the control volume 

approach.
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Reynolds Transport Theorem

mbB =

Reynolds Transport Theorem: The Reynolds transport theorem (RTT) provides a 

link between the system approach and the control volume approach.

m : Mass of the portion of fluid.

Physical parameters - Velocity,

- Acceleration,

- Mass,

- Temperature,

- Momentum, etc.

B : Any physical parameter (scalar or vector). It 

represents an extensive property.

b : Physical parameter per unit mass  (scalar or 

vector). It represents an intensive property.

m : Mass of the portion of fluid.



Reynolds Transport Theorem

dBdB

(At time t)tCVtsys BB ,, =

ttIIttIttCVttsys BBBB ∆+∆+∆+∆+ +−= ,,,, (At time t+∆t)

outin
CVsys

BB
dt

dB

dt

dB
&& +−=

States that the time rate of change of the property B

of the system is equal to the time rate of change of B

of the control volume plus the net flux of B out of the 

control volume by mass crossing the control surface.
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Reynolds Transport Theorem (RTT)
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Reynolds Transport Theorem (RTT) for a fixed control volume.

The time rate of change of the property B of the system.
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Where: rV : Relative velocity.
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Reynolds Transport Theorem (RTT) for the control volume that moves and/or 

deforms.

V : Absolute velocity.

CSV : Local velocity of the control surface.



Reynolds Transport Theorem (RTT)

Reynolds transport theorem applied to a control volume moving at constant 

velocity.



Reynolds Transport Theorem (RTT)

RTT in terms of average values of fluid properties crossing the control surface.
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Where:

Is the mass flow rate  through the inlet or 

outlet.
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Newton’s Second Law

aF m=

Newton’s second law of motion

F : net force acting on a fluid particle (Vector form).

m : mass.

(Vectorial form)

m : mass.

a : acceleration (Vector form).

For inviscid flows : viscous forces <<   net pressure  forces

viscous forces <<   gravity forces

0= µ     µµµµ : dynamic viscosity.

Net pressure force + net gravity force = particle mass ×××× particle acceleration

dt

dV
a =



Newton’s Second Law

Coordinate systems

s : distance along the streamline, s = s(t).

Flow in terms of streamline and normal coordinates.

R : radius of curvature of the streamline.

V : velocity, V = ds /dt.

n : coordinate normal to the streamline.

as : streamwise acceleration,                          . 

an : normal acceleration,               .

ds
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F=ma Along a Streamline
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Steady flow along a streamline

Equation of motion along the streamline
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Freebody diagram of a fluid particle.

General

 =++ constant
2

2

gz
VdP

ρ

Bernoulli equation (Incompressible flow)

The Bernoulli equation between any two 

points

constant
2

2

=++ gz
VP

ρ

2

2
22

1

2
11

22
gz

VP
gz

VP
++=++

ρρ



F=ma Along a Streamline

Example 4.3

Consider the inviscid, incompressible, steady flow along the horizontal streamline A–B in front of

the sphere of radius a, as shown in Figure a. From a more advanced theory of flow past a sphere,

the fluid velocity along this streamline is
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as shown in Figure b. Determine the pressure variation along the streamline from point A far in

front of the sphere (xA = -∞ and VA = V0) to point B on the sphere (xB = -a and VB =0).
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Static, Stagnation, Dynamic, and 

Total Pressure
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Stagnation pressure

2

Measurement of static and stagnation pressures.

Static pressure

Dynamic pressure



Static, Stagnation, Dynamic, and 

Total Pressure

1

Pitot-static tube

Pitot-static tubes measure fluid velocity by converting velocity into pressure.

Measurement of static and stagnation pressures.
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Static, Stagnation, Dynamic, and 

Total Pressure

Example 4.4

An airplane flies 200 mi/hr at an elevation of 10,000 ft in a standard atmosphere as

shown in Fig. Determine the pressure at point (1) far ahead of the airplane, the

pressure at the stagnation point on the nose of the airplane, point (2), and the

pressure difference indicated by a Pitot static probe attached to the fuselage.pressure difference indicated by a Pitot static probe attached to the fuselage.

(a) 10.1 psia

(b) 10.63 psia

(c) 0.524 psi
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Example of use of the Bernoulli 

Equation: Free Jets
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Vertical flow from a tank.

Bernoulli equation
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Example of use of the Bernoulli 

Equation: Confined Flows

Vena contracta effect for a sharp-edged orifice.

Aj : area of the jet at the vena contracta.

h
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Confined Flows

Ah : area of the hole.

Conservation of mass

21 mm && =
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For incompressible flow (ρ1 = ρ2)

212211 QQVAVA == Steady flow into and out of a volume - syringe.



Example of use of the Bernoulli 

Equation: Flowrate Measurement

Flowrate Measurement

- Steady.

- Inviscid.

Ideal flow meters

- Incompressible.
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Typical devices for measuring flowrate in pipes.

Bernoulli equation

Continuity equation
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The Energy Line and the Hydraulic 

Grade Line

The Bernoulli equation is actually an energy equation representing the partitioning of 

energy for an inviscid, incompressible, steady flow.
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EGL : Energy grade line.

HGL : Hydraulic grade line.



Examples – Bernoulli Equation

Example 4.5

A garden hose attached with a nozzle is used to fill a 10-gal bucket. The inner diameter

of the hose is 2 cm, and it reduces to 0.8 cm at the nozzle exit. If it takes 50 s to fill the

bucket with water, determine a) the volume and mass flow rates of water through the

hose, and b) the average velocity of water at the nozzle exit.hose, and b) the average velocity of water at the nozzle exit.

Answer:  a) 7.56x10-4 m3/s

0.756 kg/s

b) 15.04 m/s 



Examples – Bernoulli Equation

Example 4.6

Kerosene (SG = 0.85) flows through the Venturi meter with flowrates between 0.005

and 0.05 m3/s. Determine the range in pressure difference, p1 - p2, needed to measure

these flowrates.



Examples – Bernoulli Equation

Example 4.7

A stream of refreshing beverage of diameter d = 0.01 m flows steadily from the cooler

of diameter D = 0.20 m. Determine the flowrate, Q, from the bottle into the cooler if

the depth of beverage in the cooler is to remain constant at h = 0.20 m. Answer :

1.56x10-4 m3/s1.56x10 m /s



Examples – Bernoulli Equation

Example 4.8

A liquid can be siphoned from a container as shown in Fig. a provided the end of the tube, point

(3), is below the free surface in the container, point (1), and the maximum elevation of the tube,

point (2), is “not too great.” Consider water at 60°F being siphoned from a large tank through a

constant diameter hose as shown in Fig. b. The end of the siphon is 5 ft below the bottom of the

tank, and the atmospheric pressure is 14.7 psia. Determine the maximum height of the hill, H,tank, and the atmospheric pressure is 14.7 psia. Determine the maximum height of the hill, H,

over which the water can be siphoned without cavitation occurring. Answer : 28.2 ft

(a)
(b)
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Appendix
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