Aim

To observe the decrease in pressure with an increase in velocity of a fluid.

MATERIAL REQUIRED

Venturi meter, two vertical tubes, spirit level, Vernier Calipers, tap water and meter scale.

DIAGRAM

A venturi meter is a tool utilized to enhance the speed or flow rate of fluid passing through pipelines. The
fluid's velocity is augmented as it traverses the varying cross-sections of the pipe. The experimental
arrangement for a venturi meter is outlined below.

A venturimeter: Experimental set up to observe the
decrease in pressure with increase in velocity of a fluid

THEORY

The fundamental principle behind the venturi meter lies in the acceleration of a fluid as it moves through
the device's convergent section, followed by deceleration in the divergent section, resulting in a decrease
in static pressure.

The converging segment of the venturi meter serves to boost the liguid's velocity while reducing its
pressure. The throat, a brief segment with the minimum area, causes a further increase in flow velocity.
Within this portion, flow wvelocity attains its maximum, accompanied by a minimum pressure.
Subsequently, the diverging section prompts a reduction in velocity and an elevation in pressure.

EQUATION OF CONTINUITY
According to the equation of continuity, "The product of area of cross-section (a) of a pipe of varying cross-
section and the normal fluid velocity (v] remains constant throughout the flow",

av = constant
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MEASURING THE PRESSURE INSIDE THE TUEBES

It is known that the pressure in a horizontal tube containing fluid is proportional to the height of the fluid
level in the connected vertical tube, IF 'R represents the height of the fluid in the vertical tube and 'p’ is
the fluid pressure in the horizontal tube, then

p=pgh

Where,

p = density of the fluid

g = acceleration due to gravity

Thus, knowledge of the height 'h’ of the fluid in the vertical tube allows the determination of fluid
pressure inside the connected horizontal tube,

v
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PROCEDURE
DETERMINING THE CROS5-SECTIONAL AREA OF PIPES

1.

2.

Begin by determining the least count and zero error of the Vernier Calipers. These values will be
considered when measuring the corrected diameters of the two pipes.

Utilize the Vernier Calipers to measure the internal diameters of both tubes, the wider one (tube A)
and the narrower one (tube B).

3. After measuring the internal diameters, compute the cross-sectional area of both tubes using the

formulas:
L )
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Where Avand Az are the cross-sectional areas of tubes A and B, and d1 and dz are their respective
internal diameters after zero correction,
Choose the tube with the smaller cross-sectional area, as per the equation of continuity. This choice

ensures a constant flow, and the tube with a smaller area will exhibit a higher fluid flow rate (i.e.
higher fluid velocity).

SETTING UP THE APPARATUS (CONSTRUCTING THE VENTURI METER)

1.

Connect tubes A and B, along with tubes C and D, ensuring there is no water leakage at the junction
to avoid affecting the pressure inside the tubes.

Position the joined pipes on a horizontal table, verifying its levelness with a spirit level. Ensure that
the vertical tubes C and D connected to tubes A and B remain vertical and parallel. The open end of
the wider tube should be positioned just below the water tap.

Measuring Heights of Water Rise in Vertical Tubes

Open the water tap slowly to maintain a steady water level in pipes A and B.



5. Observe the water levels in vertical tubes C and D, noting the complete rise in both tubes.
6. Measure the heights hi and hz of the water ascended in tubes C and D using a meter scale when the

water stops rising,

MEASURING PRESSURES INSIDE THE TUBES
1. Calculate the pressure using the formula:
(i) p: = pghiand pz= pghz
(ii)Where, p is the density of water and g is the acceleration due to gravity.
Mote the pressure observations.
Increase the water flow rate by loosening the tap.
Repeat steps B to 11, measuring pressures inside both tubes again,
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tube with a higher fluid flow rate.
6. Record the observations in a tabular format.
OBSERVATIONS AND CALCULATIONS
MEASUREMENT OF DIAMETERS

1. Least count of vernier calipers = ... cm

2. Fero error of vernier calipers (2] = .. cm

3. Internal diameter of tube A, di = ........ €m

4. Corrected internal diameter of tube A, da = di+ 2
5. Internal diameter of tube B, dz=........... cm

6. Corrected internal diameter of tube B, de=dz + 2

SELECTION OF TUBE HAVING HIGHER FLOW RATE
1. Area of cross-section of the tube A, A1 = E- ds
2. Area of cross-section of the tube B, Az = Ed%

3. Equation of continuity, av = constant
Thus, the tube having a smaller cross-sectional area will have a higher flow rate.

MEASUREMENT OF PRESSURE INSIDE THE TUBES

1. Height up to which the water rises in tube C, h; = ... cm

2. Height up to which the water rises in tube D, hz = .. cm

3. Density of water,p=1g/cm?

4, Acceleration due to gravity, g = 980 cm/s?

5. Pressure inside the tube A, pr = pghi= ............ dyne/fcm?

6. Pressure inside the tube B, p: = pghz= ............ dyne /cm?
TABLE TO MEASURE THE PRESSURE INSIDE THE HORIZONTAL TUBES

5. Areaofcross Area of Height of Height of  Pressure inside
No. section of tube CI'0ss water in water in the tube A,
A [cm)? sectionof  the tube C, tube D, P = pghs

tube B hi (cm) hz [cm)
[cm])*

Conduct two more readings by repeating steps 12 and 13, observing the pressure decrease in the

Pressure
inside the tube
B, p: = pgh;




3. l | | | l

RESULT

From the above observation table, it is understood that as soon as the velocity of How of water increases,
which can be assumed as increases by lesson as there, the pressure inside the tube having smaller cross-
sectional area decreases.

PRECAUTIONS
1. The zero error of the vernier calipers should be taken into account while measuring the diameters of
the tubes.

2. The internal diameters should be measured with appropriate significant figures because the square
of the internal diameters is used to determine the areas of cross-section of the pipes.

3. Selection of the tube having a smaller cross-sectional area should be gently done.

There should not be any leakage and overflow of the water.

The flow of water in both the pipes i.e. A and B should be steady.

The joined pipes must be put on the exact horizontal table.

The vertical tubes C and D should be parallel and vertical to each other.

Readings of heights should only be taken when the water stops rising in the vertical tubes.

VIVAVOCE =

)1. What characterizes an ideal fluid?
Ans. Anideal fluid is one that exhibits non-viscous and incompressible properties.

N oR

2. Define the steady flow of fluid.
Ans. The steady flow of fluid refers to the motion in which the fluid velocity at each point remains
constant over time, also known as streamlinge flow.,

3. Howis turbulent flow defined?
Ans. Turbulent flow occurs when the fluid velocity surpasses a specific limit known as critical velocity.

4. Explain critical velocity.
Ans. Critical velocity is the speed of a fluid within a pipe, below which the flow is streamline and above
which it becomes turbulent.

5. Why is it unsafe to stand near the edge of a platform when a fast train passes?
Ans. As the train moves swiftly, the air velocity increases, causing a decrease in pressure between the
person and the train. This pressure difference may push the person towards the train.

6. What causes a flag to flutter in strong winds?
Ans. The velocity difference in strong winds leads to a pressure disparity above and below the flag,
resulting in flag flutter.

7. Why can't two streamlines intersect?
Ans. The intersection of two streamlines would imply two different flow directions at the point of
intersection, which is physically impossible.
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