¢ # Mechanical and Production Engineering Department, AUST
Experiment No. 1
STUDY OF BERNOULLI’S THEOREM

General
Energy is the ability to do work. It manifests in various forms and can change from one form to

another. This various forms of energy present in fluid flow are elevation, kinetic, pressure and
internal energies. Internal energies are due to molecular agitation and manifested by temperature.
Heat energy may be added to or subtracted from a flowing fluid through the walls of the tube or
mechanical energy may be added to or subtracted from the fluid by a pump or turbine. Daniel
Bernoulli in the year 1738 stated that in a steady flow system of frictionless (or non-viscous)
incompressible fluid, the sum of pressure, elevation and velocity heads remains constant at every

section, provided no energy is added to or taken out by an external source.

Practical application

Bernoulli’s Energy Equation can be applied in practice for the construction of flow measuring
devices such as venturimeter, flow nozzle, orifice meter and Pitot tube. Furthermore, it can be
applied to the problems of flow under a sluice gate, free liquid jet, radial flow and free vortex
motion. It can also be applied to real incompressible fluids with good results in situations where

frictional check is very small.

Description of apparatus

The unit is constructed as a single Perspex fabrication. It consists of two cylindrical reservoirs inter-
connected by a Perspex Venturi of rectangular cross-section. The Venturi is provided with a number
of Perspex piezometer tubes to indicate the static pressure at each cross-section. An engraved
plastic backboard is fitted which is calibrated in British and Metric units. This board can be
reversed and mounted on either side of the unit so that various laboratory configurations can be
accommodated. The inlet vessel is provided with a dye injection system. Water is fed to the
upstream tank through a radial diffuser from the laboratory main supply. For satisfactory results, the
main water pressure must be nearly constant. After flowing through the venture, water is discharged
through a flow-regulating device. The rate of flow through the unit may be detrimental either
volumetrically or gravimetrically. The equipment for this purpose is excluded from the
manufacturer’s supply. The apparatus has been made so that the direction of flow through the

venture can be reversed for demonstration purpose. To do this the positions of the dye injector and

discharge fitting have to be interchanged.
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Governing Equation

Assuming frictionless flow, Bernoulli’s Theorem states that, for a horizontal conduit
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where, PP, = pressure of flowing fluid at sections 1 and 2

Y = unit weight of fluid
ViV, = mean velocity of flow at sections 1 and 2
g = acceleration due to gravity.

The equipment can be used to demonstrate the validity of this theory after an appropriate allowance
has been made for friction losses.
For actual condition there must be some head loss in the direction of flow. So if the head loss
between section 1 and 2 is h;, Bernoulli’s theorem is modified to
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Procedure

1. The apparatus should be recurrently leveled by means of screws provided at the base.

2. Connect the water supply to the radial diffuser in the upstream tank.

3. Adjust the level of the discharge pipe by means of the stand and clamp provided to a
convenient position.

4. Allow water to flow through the apparatus until all air has been expelled and steady flow
conditions are achieved. This can be accomplished by varying the rate of inflow into the
apparatus and adjusting the level of the discharge tube.

5. Readings may then be taken from the piezometer tubes and the flow through the apparatus

measured.

6. A series of readings can be taken for various through flows.

Objective
1. To calculate the total head loss hy, = h; — hy,
2. To plot the static head, velocity head and total head against the length of the passage in one
plain graph paper.
3. Verification of total head loss by plotting head loss in each passage or segment.

4. To plot the total head loss hy, against the inlet kinematics head, V?/2g, for different in- flow
conditions in plain graph paper.
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“From hydraulic point of view 3 Weir ma
: y be fully contracted ' . .
' ‘ at low heads
it becomes partially contracteq. The flow re i S

: gime in a weir js gq; i
contractions along the sig s said to be partially contracted when the

h are not fully developed due to proximity of the walls

P : weir which has an approach channel and whose bed and
S1AEs of the notch arc syf 1ciently remote from the edges of the V

€s of the V-notc

At lower heads, frictional effects reduce coefficients. For the most common angle of notch 90
degree, the discharge coefficient, Cy is about 0.6.

Apparatus

1. A constant steady water supply with a means of varying the flow rate.
2. An approach channel

3. A V-notch weir plate
4. A flow rate measuring facility

5. A point gauge for measuring H.

Procedure

1. Position the weir plate at the end of approach channel, in a vertical plane, with the sharp

edge on the upstream side.

Admit water to channel until the water discharges over the weir plate.

Close the flow control valve and allow water to stop flowing over weir.
Set the point gauge to a datum reading.

o I T S P I A

Position the gauge about half way between the notch plate and stilling baffle.

Admit water to the channel and adjust flow control valve to obtain heads, H, increasing in
steps of 1 cm.

For each flow rate, stabilize conditions, measure and record H.

Take readings of volume and time using the volumetric tank to determine the flow rate.

Objective
1. To find Cq for the V-notch.
2. Toplot Q; vs. Q,in a plain graph paper.

3. Toplot Q, vs. Hin a log-log paper and to find (a) the exponent of H and (b) C4
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RAV-NoTCy
Course ng.: Observation and Calculatioy, Sheet
Group no.: Student ID no.;
Date:
Angle of the notch, g =
K=

Cross-sectional area of the measuring tank=
Initial point gauge reading =

Final point gauge reading=

Difference in reading =

Datum water level reading =

Water level above vertex=

Final water level reading=

' No of Vol. Collection | Actual Effective | Theoretical | Co-eff.
 obs of time discharge | head discharge | of
: water T Q. H Q discharge
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Experiment Name:Study of A Centrifugal Pump and Pump
Characteristics.

Theory:

A centrifugal pump is a machine which converts mechanical energy into kinetic and pressuse
encrgy through centrifugal force.

A centrifugal pump consists of two main parts:

e A rotating element, including an impeller and a shaft.
* A stationary element made up of a casing, stuffing box and bearings.

The shaft of the pump is driven by power from an external source by which means the impeller
along with the vanes inside is rotated. The fluid receives energy from the vanes during flow
through the rotating impeller resulting in an increase in both velocnty and pressure. Fluid flows
from the suction pipe due to the formation of partial vacuum in the center of 1mpeller A large
part of the total energy of the fluid leaving the impeller is kinetic energy. It is necessary to
reduce the absolute velocity and transform the large portion of the velocity head into pressure
head. In overcoming the delivery head of the pump the high pressure head of the leaving fluid i
utilized. :

Discharge
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Experimental Setup

Figure 3: Centrifugal Pump Test Rig
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Objective:
The objective of this experiment is to

v To do the performance test of different centrifugal pumps by varying their flow rates.
v To check the performance of centrifugal pump with different head and rpm.
v To plot the characteristics curve for different centrifugal pumps.

Apparatus:
Stopwatch, Wattmeter, Tachometer, Measuring Tape
Experimental Procedure

Set up the centrifugal pump to the test rig.

Wire connection to the pump.

Measure power, voltage and current with Wattmeter.

Measure RPM of the pump with non-contact Tachometer.

Do this for all the pumps 0.5hp, 1hp, 1.5hp, 2hp & 3hp respectively.

Open the gate valve at suction side of sump tank. .

Open the gate valve at delivery side of measuring tank.

Turn on the pump. _

Take the value of flow rate at suction side and delivery side with flow meter =ud

stopwatch.

Take the value of pressure with pressure gauge at both sides. 5

» Reduce the flow of the water by controlling gate valve at delivery side step by i '
step. Keep the flow rate of water at suction side constant. ] W

» Now reduce the flow of the water by eontrolhng gate valve at suction slde step by e

 step Kwptheﬂow rate_ofwateratdehvexy side constant.

NV V. VY. Y . Y. N'Y
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Data Table:

Pipe Diameter (Suction) = 1 5 jnc,
Pipe Diameter (Delivery) = 1 inch
Pipe Length (Suction) = 96 inch
Pipe Length (Delivery) = 273 iﬁch
Elevation Head, H = 2.7432 m
Height of Base = 72 ¢m

Width of Base = 38 cm

Pump | No Inlet Outlet Flow Inlet Outlet | friction friction | Elevatio | Pressure Velocit | Total Output | Hyd Fump
Speed, | Of | Pressure, Pressure, | Rate, | Velocit Velocit in in n Head y Head, | Power | rauli | [ ificiency
N Ob Pa Pou Q Y:Via | ¥,Vax | Suction Delivery | HeadH Head H c
[rpm] | s [KPa] [KPa] | [mYs] | [mvs] [m/s] H, H, [m] [w] Pow [%]
[m] [m] [m] [m] [m] er
[w]
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