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Applications of Bernoulli’s Theorem

Torricelli Theorem:

An enclosed tank containing a fluid of density ρ upto height y2
has a hole in its side at a distance y1 from the tank’s bottom.
The hole is open to the atmosphere (pressure P0), and its di-
ameter is much smaller than the diameter of the tank. The air
above the fluid is maintained at a pressure P . The area of cross
– sections at the top and at the orifice (hole) are A2 and A1

respectively.
As A2 � A1, the fluid is approximately at rest at the top of the
tank. Applying Bernoulli’s theorem at 1© and 2© , we get Figure 1: Toricelli Theorem

P0 +
1

2
ρv21 + ρgy1 = P + ρgy2 (1)

But from the figure (1), we observe that y2 − y1 = h. Hence, equation (1) becomes,

P0 +
1

2
ρv21 + ρg (y2 − h) = P + ρgy2

(P0 − P ) +
1

2
ρv21 − ρgh = 0

1

2
ρv21 = (P − P0) + ρgh

v1 =

√
2 (P − P0)

ρ
+ 2gh (2)

When, P � P0, the term 2gh can be neglected. Hence, equation (2) becomes,

v1 =

√
2 (P − P0)

ρ
(3)

If the tank is open at the top, it is at atmospheric pressure P0. Hence, we get

v1 =
√

2gh (4)

This equation constitutes the Torricelli theorem. The theorem can be stated as,
The velocity of an escaping jet is equal to the velocity which a body will acquire in falling from the
level of the upper surface to that of the opening.
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Atomizer(Sprayer):

An atomizer consists of an air pump P and a vessel V
containing the fluid to be sprayed. Air is blown through
the tube by compressing a rubber bulb fitted at one end.
Air rushes out through the jet with high velocity. The
high velocity of air through the aperture O results in
lowering the pressure of the air at the top of the vertical
tube dipping in fluid in the vessel. As the pressure of
the air in the bottle is atmospheric, fluid comes out of
the vertical tube. The drops of the fluid coming out are
divided into very fine particles by high velocity jet. Figure 2: Atomizer

This same principle is used in carburettor of a petrol engine. In this case, low pressure region is
created in the carburettor by air drawn in by the piston through the air filter. Petrol vaporizes in
this region, mixes with air and enters the cylinder of the engine, where combustion occurs.

Lift of an Aeroplane:

The shape of the wing of an aeroplane is as
shown in figure (3). The upper surface BC
is convex upwards while the bottom surface
AD is flat in shape.
Suppose, the aeroplane is flying from right
to left with a certain velocity. This is equiv-
alent to wind blowing from left to right with
the same velocity.
Because of the shape of the wing, the
streamlines of air are closer over the upper
surface than over the lower surface. There-
fore, the velocity of wind over the upper sur-
face is more than that over the lower surface.
From Bernoulli’s theorem, it follows that the
pressure of air over the lower surface will be
more than that over the upper surface.
Hence, a resultant upward force on the wing
is created perpendicular to the direction of
the flow of air. This force provides upward
lift for the aeroplane.

Figure 3: Lift of an Aeroplane
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Venturimeter:

It is a simple appliance, based on Bernoulli’s theorem, for measuring the rate of flow of a fluid
through a pipeline. It is commonly used to determine the rate of flow of water at any point along
a pipeline of water supply. It is referred to as the Venturi Water Meter in that case.
Devised by American engineer, Clemens Herschel in 1886, it has been named after Italian engineer
and philosopher, G. B. Venturi, who did most of the initial pioneering work on the subject in 1791.

Figure 4: Venturimeter

It consists of three parts:

1. Convergent cone AB having a sharp slope (angle of convergence between 200 to 300). It is
designed to rapidly accelerate the fluid in order to develop an appreciable pressure difference
between the inlet and the throat.

2. Throat BC which is of short length and of uniform diameter.

3. Divergent cone CD having a gradual slope (angle of divergence between 50 to 150). It is
designed to decelerate the fluid flow and to increase the area of cross – section of the fluid
stream back to the main pipe in a gradual manner.

The main pipe has a diameter d1 while the throat has a diameter of d2. The ratio d2/d1 is called
as the throat ratio and is in between 1/4 to 3/4. The pressure difference between the inlet and the
throat is measured by the rise of fluid in the two vertical tubes T1 and T2, called as the piezometer
tubes, fitted in the main pipeline near cone AB and the throat BC respectively.
Let us consider points X and Y in the inlet and throat respectively. Let P1, v1, A1 and P2, v2, A2

be the pressures, velocities and areas of cross – section respectively at the inlet and the throat.
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Let the density of the fluid used be ρ. Since, the pipe is horizontal, potential energy components
of Bernoulli’s theorem cancel each other. Hence, Bernoulli’s theorem gives,

P1

ρ
+

1

2
v21 =

P2

ρ
+

1

2
v22

P1 − P2 =
ρ (v22 − v21)

2

P1 − P2 =
1

2
ρv21

(
v22
v21
− 1

)
(1)

From equation of continuity we know that A1v1 = A2v2. Hence,

v2
v1

=
A1

A2

(2)

Equation (1) can be written as,

P1 − P2 =
1

2
ρv21

(
A2

1

A2
2

− 1

)
(3)

But, P1−P2 = hρg, where h is the difference of fluid levels in the two piezometer tubes. Equation
(3) now can be written as,

hρg =
1

2
ρv21

(
A2

1 − A2
2

A2
2

)
v1 = A2

√
2gh

A2
1 − A2

2

(4)

The rate of flow of fluid is given as,

Q = A1v1

Q = A1A2

√
2gh

A2
1 − A2

2

(5)

Since, A1A2

√
2gh

A2
1−A2

2
depends upon the dimensions of the venturimeter, it is constant for a given

venturimeter and is denoted by C. Hence, the rate of flow of fluid in a pipeline is given as

Q = C
√
h (6)
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Pitot Tube:

This is a simple device used for the measurement of the rate of flow of a fluid through a pipe. It
takes its name from Henry Pitot, a Frenchman, who in 1730 noticed that water rises up into a
bent tube to a height proportional to the square of the velocity of flow.

A Pitot tube is a combination of two vertical tubes PQ and RS
with small apertures at their ends. The plane of the aperture
of one tube PQ is parallel to the direction of flow and that of
RS faces the flow. The rise of fluid column in tube PQ gives
the pressure at P . Since, the fluid is stopped in the plane of the
aperture and the velocity falls to zero as it enters tube RS. As
the kinetic energy reduces from 1

2
v2 to zero, the pressure here

increases by an equal amount 1
2
v2. Hence, the fluid rises to a

higher level in the tube RS than in tube PQ. Figure 5: Pitot’s Tube

Let P1 and v be the pressure and velocity at P and P2 be the pressure at R. If the density
of fluid is ρ, then Bernoulli’s theorem gives,

P1

ρ
+

1

2
v2 =

P2

ρ

v =

√
2 (P2 − P1)

ρ
(1)

But the pressure difference is P2 − P1 = hρg. Hence, equation (1) becomes

v =
√

2gh (2)

The rate of flow of fluid is given as,

Q = Av

Q = A
√

2gh (3)

where, A is the cross – section of the pipe, where the tubes are placed.
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