
Continuity

c Matter cannot be created or destroyed

- (it is simply changed in to a different  

form of matter).

c This principle is know as the  

conservation of mass and we use it in the  

analysis of flowing fluids.

c The principle is applied to fixed  

volumes, known as control volumes  

shown in figure:

An arbitrarily shaped control volume.

For any control volume the principle of conservation of mass says

Mass entering per unit time -Mass leaving per unit time

= Increase of mass in the control volume per unit time



Continuity Equation

A stream tube

c For steady flow there is no increase in the mass within the control  

volume, so

Mass entering per unit time = Mass leaving per unit time

c Derivation:

c Lets consider a stream tube.

c ρ1, v1 and A1 are mass density,
velocity and cross-sectional area at
section 1. Similarly, ρ2, v2 and A2 are
mass density, velocity and cross-
sectional area at section 2.

c According to mass 

conservation
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Continuity Equation

c For steady flow condition

c Similarly

c Assuming incompressible fluid,

c Therefore, according to mass conservation for steady flow of  
incompressible fluids volume flow rate remains same from section  
to section.
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c Hence, for stead flow condition, mass flow rate 
at section 1= mass  flow rate at section 2. i.e., mass flow 
rate is constant.G  r1gA1V1    r2gA2V2
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EQUATION FOR STEADY MOTION OF AN IDEAL FLUID
ALONG A STREAMLINE, AND BERNOULLI'S THEOREM

• Referring to Fig., let us consider frictionless steady flow of
an ideal fluid along the streamline. We shall consider the
forces acting in the direction of the streamline on a small
element of the fluid in the stream tube, and we shall apply
Newton's second law, that is F = ma.

 The cross-sectional area of the
element at right angles to the
streamline may have any shape
and varies from A to A + dA.

 Recalling that in steady flow the
velocity does not vary at a point
(local acceleration = 0), but that it
may vary with position
(convective acceleration 0).



Bernoulli's Theorem:

• The mass of the fluid element is m = r ds(A + 1/2dA) = r
dsA when we neglect second order terms. The forces
tending to accelerate or decelerate this mass along s are:

(a) the pressure forces:

(b) the weight component in the direction of motion:

• Applying ƐF = ma along the streamline, we get,
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Bernoulli's Theorem:

• Dividing by the volume dsA,

• This states that the pressure gradient along the
streamline combined with the weight component in that
direction causes the acceleration a of the element.
Recalling that a = V(dV/ds) for steady flow (Equation
4.24), we get:

• Multiplying by ds/p and rearranging,
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Bernoulli's Theorem:

• We commonly refer to this equation as the one-
dimensional Euler3 equation, because Leonhard Euler
(1707-1783), a Swiss mathematician, first derived it in
about 1750.

• It applies to both compressible and incompressible flow,
since the variation of p over the elemental length ds is
small.

• Dividing through by g, we can also express Eq. (5.5) as:
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Assumptions:

1. It assumes viscous (friction) effects are negligible

2. It assumes the flow is steady

3. The equation applies along a streamline

4. It assumes the fluid to be incompressible

5. It assumes no energy is added to or removed from the fluid along
the streamline



Problem:

• Glycerin (specific gravity 1.26) in a processing plant flows
in a pipe at a rate of 700 L/s. At a point where the pipe
diameter is 600 mm, the pressure is 300 kPa. Find the
pressure at a second point where the pipe diameter is
300 mm if the second point is 1.0 m lower than the first
point, neglect the head loss.



Solution:



The force due the flow around a pipe bend

Consider a pipe bend with a constant cross 

section lying in the horizontal plane and turning 

through an angle of θ



• Because the fluid changes direction, a force (very large in the case of 
water supply pipes,) will act in the bend. If the bend is not fixed it 
will move and eventually break at the joints. We need to know how 
much force a support (thrust block) must withstand.

• Step in Analysis:

1. Draw a control volume

2. Decide on co-ordinate axis system

3. Calculate the total force (rate of change of 

momentum)

4. Calculate the pressure force

5. Calculate the body force

6. Calculate the resultant force

The force due the flow around a pipe bend



• The control volume is draw in the above figure, with faces at the inlet 
and outlet of the bend and encompassing the pipe walls.

• It is convenient to choose the co-ordinate axis so that one is pointing 
in the direction of the inlet velocity.

• In the above figure the x-axis points in the direction of the inlet 
velocity.

The force due the flow around a pipe bend



• Calculate the total force:

In the x-direction:

In the y-direction:
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• Calculate the pressure force

F p = pressure force at 1 - pressure force at 2

Fpx = p1 A1 cos 0 – p2 A2 cos θ = p1 A1 – p2 A2 cos θ

Fpy = p1 A1 sin 0 – p2 A2 sin θ =  – p2 A2 sin θ

• Calculate the body force

There are no body forces in the x or y directions. The only body force 
is that exerted by gravity (which  acts into the paper in this example -
a direction we do not need to consider).

Fbx = Fby = 0



• Calculate the resultant force

FRx = Ftx - Fpx   - Fbx

FRy = Fty - Fpy  - Fby 
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And

The force on the bend is the same magnitude but in the opposite 
direction

R = - Fresultant
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Calculate the resultant force


