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MANDATORY INSTRUCTIONS

Students should report to the labs concerned as per the timetable.

Record should be updated from time to time and the previous experiment must be
signed by the faculty in charge concerned before attending the 1ab.

Students who turn up late to the labs will in no case be permitted to perform the
experiment scheduled for the day.

After completion of the experiment, certification of the staff in-charge concerned in
the observation book is necessary.

Students should bring a notebook of about 100 pages and should enter the
readings/observations/results into the notebook while performing the experiment.

The record of observations along with the detailed experimental procedure of the
experiment performed in the immediate previous session should be submitted and
certified by the staff member in-charge.

Not more than FIVE students in a group are permitted to perform the experiment on a
set up.

The group-wise division made in the beginning should be adhered to, and no mix up
of student among different groups will be permitted later.

The components required pertaining to the experiment should be collected from Lab-
in-charge after duly filling in the requisition form.

When the experiment is completed, students should disconnect the setup made by
them, and should return all the components/instruments taken for the purpose.

Any damage of the equipment or burnout of components will be viewed seriously
either by putting penalty or by dismissing the total group of students from the lab for
the semester/year.

Students should be present in the labs for the total scheduled duration.

Students are expected to prepare thoroughly to perform the experiment before coming
to Laboratory.

Procedure sheets/data sheets provided to the students groups should be maintained
neatly and are to be returned after the experiment.

DRESS CODE:
e Boys - Formal dress with tuck in and shoes.

e (Girls - Formal dress
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Experiment No.: ESC-205/01

Experiment Name: Fluid flow measurements

Objectives: Determination of coefficient of discharge for Venturimeter

Principle:

A Venturimeter is a device used to measure the rate of flow of a liquid in a pipe line.
It consists of a converging cone, throat section (¢ylindrical) and a diverging cone. The
principle (Bernoulli's theorem) used is to measure the difference of head between two
sections and computing the average flow velocity from which the discharge is
computed using discharge continuity equation. Coefficient of discharge (Cy) 1s the
ratio of actual discharge to the corresponding theoretical discharge.

Converging Throat Diverging

Upstream__p__ _Downstream

Manometer

The theoretical discharge through Venturimeter is given by

. aiaqg =
£t Ja.i- az* v 29h

Where.

a; = Cross-section area of inlet of Venturimeter

a,; = Cross-section area of throat of Venturimeter

h= Equivalent water head = x [‘T’" = 1]

5, = Specific gravity of manometric fluid i.e. mercury = 13.60
s = Specific gravity of flowing fluid 1.e. water =1

¥ = Difference in levels of manometric fluid in the two limbs of manometer.




3.

7.

The Neotia University

Coefficient of discharge. C; = 3—“

A xr

Actual discharge. Q, =

Where.
a = Area of measuring tank:
r = Rise of water level in the measuring tank, and

t = Time for cm rise in measuring.

Apparatus:

1. Venturimeter with pressure tapings at the entrance and the throat installed in a
horizontal pipeline.

2. U-tube manometer to measure the difference across the tapings.
3. A constant steady supply of water with a means of varying discharge.
4. Measuring tank and stop watch to measure the actual discharge.

Procedure:

1. Seclecta Venturimeter set-up.

2. Note down diameter of the pipe.

3. Connect the two limbs of manometer to inlet and throat of the Venturimeter.

4. Allow the water to flow in the pipe by opening the gate valve.

3. Vent the manometer by removing the air bubbles in the tube.

6. Note down the manometer readings4iflerence in elevation of manometric fluid in left

and right limbs
7. Note down the time required to collect a known height of water in collecting tank.

8. Repeat Steps 6 to 7 for various discharges by varying the gate valve for four more trails.

Tabular Column:
S. No. Manometer Equivalent Time taken for
reading waterhead | = @o—— cm Axr | Q. Qa

(m) (m) (s) m’/s

<= (xy—x3) h=126 Xx Ruse in collecting tank Qa = t m’/s fe= a
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8. Calculation

Qﬂ = & T ereisisereran e A e W e e e e e e e B0 o e E L L
i
Qy=- T T e m3/s
= @iaz I - 3
Q. Mo L 2OR = ooouisisiaingys m/s
Sm
h=x [ s 1]= ....................... cx= (x;—x3) ni g=9.81 (m/s?)
- xdl 2 dy= di - of tl :
&y = T e m 1= diameter of the pipe
__ mdZ
ag = B eeeeesenesesssseen m? d = diameter of the pipe
GRAPHS:

Draw the graph of log Q, vs log h

Qa = Jre=om J29R™ =Kh"

Jasi-as? W

a:Q= —_—

=./2g

vas=—ag®

Where. K = C,

log Q; =logK +nlogh.ath=1:Qz=k

X
Hence., Ci;=%

General values of Venturimeter coefficient ranges from Cq 0.95 to 0.98

&

* agt Cd = dQa / dGt

dCa

Qa
Draw Q. Vs Q.

Find Cq4 value from the graph and compare 1t with caleulated Ca value from table
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9. Result
1. The coefficient of discharge of Venturimeter=................ From Calculation
2. The coefticient of discharge of Venturimeter = ................ From Graphl

10. Precautions:

1. The Venturimeter should be fixed in the pipeline such that the pipe, on both Sides, is
long enough and does not affect the flow in Venturimeter.

2. Sufficient time should be given for the flow to become steady-uniform.

3. The air bubbles should be completely removed in the pipe eonnecting the Manometer.
This should be achieved only by opening the valves provided at the top of the
manometers simultaneously. If they are opened separately, the manometric fluid
(usually mercury, which is very costly) will spill out of.

11. Possible Errors
1. The manometric reading (head) for the flow through the pipe before and after taking
readings of volumetric measurements (actual discharge) should be the same. If they
are not same, take the average of the two readings for volumetric readings.

2. Reading errors may occur at manometer and volumetric piezometer scale by not
recording the readings at the eye level.

3. Synchronize stopwatch operations for volumetric measurements.
PRE-LAB QUESTIONS
1. Write continuity equation for incompressible flow?
2. What is meant by flow rate?
3. What is the use of orifice meter?
4. What is the energy equation used in orifice meter?

5. List out the various energy involved in pipe flow.

POST-LAB QUESTIONS
1. How do you find actual discharge?

2. How do vou find theoretical discharge?
3. What do you meant by co-efficient of discharge?
4. Define vena-contracta?

5. List out the Bernoulli’s applications.
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1. Experiment No.: ESC-205/02

2. Experiment Name: Fluid flow measurements

3. Objectives: Determination of coefficient of discharge for Orifice meter

4. Principle:
An orifice plate 1s a device used for measuring the volumetric flow rate. It uses the
same principle as a Venturi nozzle, namely Bernoulli's principle which states that
there is a relationship between the pressure of the fluid and the veloeity of the fluid.
When the velocity increases, the pressure decreases and vice versa. An orifice plate 1s
a thin plate with a hole in the middle. It 1s usually placed in a pipe in which fluid
tlows. When the tluid reaches the orifice plate, with the hole in the middle, the fluid is
forced to converge to go through the small hole; the point of maximum convergence
actually occurs shortly downstream of the physical orifice, at the so-called vena
contracta point. As it does so, the velocity and the pressure changes. Beyond the vena
contracta, the fluid expands and the velocity and pressure change once again. By
measuring the difference in fluid pressure between the normal pipe section and at the
vena contracta. the volumetric and mass flow rates can be obtained from Bernoulli's
equation. Orifice plates are most commonly used for continuous measurement of fluid
tlow in pipes. This experiment is process of calibration ot the given orifice meter.

i i G

U,
Downstream

-
-

H = Differential head of manometer in m of water = 12.6 x hyy x 10 (m)
g = Acceleration due to gravity (9.81m/sec?)

Inlet Area of orifice meter in m’. a1 = di*/ 4

Area of the throat or orifice inm”. ax = dy?*/ 4

Take inlet diameter of pipe = d; = 40 mm and Orifice diameter = d = 25 mm
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Qa

Coefficient of discharge. C; =

A xr

-
E

Actual discharge. Q, =

Where.
a = Area of measuring tank:
r = Rise of water level in the measuring tank. and

t = Time for cm rise in measuring.

5. Apparatus:

7.

1. Orifice meter with pressure tapings at the enfrance and the throat installed in a
horizontal pipeline.
2. U-tube manometer to measure the difference across the tapings.
3. A constant steady supply of water with a means of varying discharge.
4. Measuring tank and stop watch to measure the actual discharge.
Procedure:
1. Seclect a Orifice meter set-up.
2. Note down diameter of the pipe.
3. Connect the two limbs of manometer to inlet and throat of the Orifice meter.
4. Allow the water to flow in the pipe by opening the gate valve.
3. Vent the manometer by removing the air bubbles in the tube.
6. Note down the manometer readings4iflerence in elevation of manometric fluid in left
and right limbs
7. Note down the time required to collect a known height of water in collecting tank.
8. Repeat Steps 6 to 7 for various discharges by varying the gate valve for four more trails.
Tabular Column:
S. No. Manometer Equivalent Time taken for
reading waterhead | = —— cm Axr | @

(m) (m) (s) m’/s

<= (xy—x3) h=126 Xx Ruse in collecting tank Qa = t m’/s fe= a

(351
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8. Calculation

AXr
R S A= eevresseesresss X sosseeresssssanine Y . W
{ .
Qa== TS e m’/s
Q; = V,:flﬂ-'z‘gh W R m?/s
Sm
h=x [ s 1]= cererrenaneeeeeeeenene 3 X = (X3 — x2) myilip =981 (m/s?)
a, = % T — m? dy= diameter of the pipe
"rd:: N ’ X _
Az = g ereeeeeremeesesen m* d;= diameter of the pipe
GRAPHS:

Draw the graph of log Q vs log

Where, K = Cy—mmmies /29

yaf=ag®

logQg;=1logK+nlogh, ath=1: Q, =k

Hence, C4 =+

r

Yl

. o
/

Qa

aa Cd = dQa / dGt

Draw Q. Vs Q.

Find Cdvalue from the graph and compare i1t with caleulated Cqd value from table

9. Result
1. The coefficient of discharge of Orifice meter=................ From Calculation
2. The coefficient of discharge of Orifice meter=................ From Graphl
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10. Precautions:

. The Orifice meter should be fixed in the pipeline such that the pipe, on both Sides, is

long enough and does not affect the flow in Orifice meter r.

Sufficient time should be given for the flow to become steady-uniform.

. The air bubbles should be completely removed in the pipe connecting the Manometer.

This should be achieved only by opening the valves provided at the top of the
manometers simultaneously. If they are opened separately, the manometric fluid
(usually mercury, which is very costly) will spill out of.

11. Possible Errors

1.

3.

The manometric reading (head) for the flow through the pipe before and after taking
readings of volumetric measurements (actual discharge) should be the same. If they
are not same, take the average of the two readings for volumetric readings.

Reading errors may occur at manometer and volumetric piezometer scale by not
recording the readings at the eye level.

Synchronize stopwatch operations for volumetric measurements.

PRE-LAB QUESTIONS

1. Write continuity equation for incompressible flow?

2. What is meant by flow rate?

3. What 1s the use of orifice meter?

4. What is the energy cquation used in orifice meter?

5. List out the various energy involved in pipe flow.

POST-LAB QUESTIONS

1. How do you find actual discharge?

2. How do you find theoretical discharge?

3. What do you meant by co-efficient of discharge?

4. Define vena-contracta?

5. List out the Bernoulli’s applications.
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Experiment No.: ESC-205/03
Experiment Name: Fluid flow measurements
Objectives: Determining coefficient of discharge for wires

=

Principle:
A notch or sharp crested weir is a device used to measure the discharge flowing
through the open channel. The general types of notches according to their geometric
shapes are rectangular, triangular and trapezoidal.
End contraction: Due to the constriction of flow as it flows through the weir, the
actual flow decreases. In case of rectangular weir, the flow through the weir including
end contraction is given by

Q= %cd\.%(f. - 0.2h)h% = %cd\ng 4% % Cy/2g h2

As can be seen reduction in flow is triangular portion

® 5 ' 3 = 2 Cav/2g tan 6 hg
5 15 dav g9 -
C4 = Coefticient of discharge

L= Crest length of rectangularmotch=.............................
6 = Half-angle of the triangular portion=.......................coceuun

h= difference between crest reading to gauge reading (head of water over the notch)

g=9.8l1 m/s>
tanf =1/4
NAPPE
— . - 7 il
SES=APNEE = = = & =2 | |-
- = ol = S ~ X - '—
3 & RIS -
SR
CREST ”/a e il CF
OR SILL ’ SECTION AT
rZrzzrrrrrrr?) CREST
RE

Vo Mnotch Wear

5. Apparatus:

1. The apparatus consists of the following notches made of SS 304 material.
1. Rectangular Notch
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11. V — Notches.

A separate Notch tank 1s provided to simulate the channel flow with quick
interchangeable facilities for changing the Notches.

A measuring tank 1s provided to measure the flow rate.

Piezometer 1s provided to measure the height of the water collected in the measuring
tank.

A Monobloc Centrifugal Pump

The whole arrangement 1s mounted on an Aesthetically designed sturdy frame made
of MS angle with all the provisions for holding the tanks and accessories..

Procedure:

1.

i I

Fix the notch plate under test at the end of the approach ¢hannel n a vertical plane
with the sharp edge on the upstream s:de.

Fill the channel with water upto the crest level and adjust the hook gauge reading to
ZEero.

Adjust the by-pass valve to give maximum possible discharge without flooding the
notch.

Note the final hook gauge reading. This gives the head over the notch “H’.

Collect the water discharging from the notch in the measuring tank of known
dimension and measure the rise of water level ‘R’ i the measurmg tank for a known
time ‘t’ sec.

Conditions are allowed to steady before the head and rise of water level are recorded.
Lower the water level in the approach channel in stages by adjusting the flow control
valve and record the series of readings “H’, “R” and *t” at each stage.

Tabular Column:

Triangular Notch
S. No. Head over Notch Time for num Axr Qa
o Qa= Ca=—4
rise 1 tank t Q-
Q.
M S m’/s m/s
1
3
4
5

8. Calculation

10
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Graphs:

Draw the graph of log Q, vslog h

Rectangular weir and Cipoletti weir
Qa=3;Cay29 L h™ = Kh"

-

K= 3 Cy28
Where.
Log Q. =logK+nlogh at h=1; Q.=K

~

Hence C4= E_,%—Land n is the slope of the line
s

Triangular weir
8 -— =T
0 e Cs2g tanéd ha=Kh

; ] e
K S Catand /29
Where.

Log Q. =log K+ niogh at h=1.Q0, =K

Hence.

k ; 2 }
C; = +———= And n is the clope of the line
j_'-s‘tang J2g

General values of the C4 varies in between 0.60 to 0.62 depending on the type of notch

11

.. T
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Normal graph

Cd = dQa [ dCt

Qa

9. Result:

10. Precautions:

1. The weir / notch should be fixed exactly in the vertical plane perpendicular to the
flow axis.

2. 2. The weir should be fixed in a position such that it is symmetrical over vertical axis.

3. 3. Sufficient time should be given foe the flow te become steady-uniform.

4. 4. Gauge readings should be measured only in peizometre attached to the channel and not

on the free surface
11. Possible Errors

1. Head should be constant in the head tank and the point gauge measurements before and
after taking the readings of volumetric measurements {(actual discharge) should be the
same. If the measurements are not the same, take the average of the two readings.

o]

Reading error may occur at gauge and volumetric peizometre scale by not recording the
readings at the eye level,

3. Synchronize the stop watch operations for volumetric measurement

PRE-LAB QUESTIONS

Derive expression for theoretical discharge?
Sketch and explain flow through notch apparatus?
What are the applications of square notch?

‘What is the application of flow through notch?
What are the units of discharge?

el

A

POST-LAB QUESTIONS

How do understand by theoretical discharge
Explain different types notches

Which one 1s maxamum discharge 1n all Notches
How do you calculate the Co-efficient of Discharge

i A B

12
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1. Experiment No.: ESC-205/04
2. Experiment Name: Fluid flow measurements
3. Objectives: To Study and Calibrate a Pitot Static Tube
4. Principle:
P = Density
> R V = Velocity
P lE p = Pressure
v
e > Pressure Transducer

Total Pressure Static Pressure

Bernoulli’s Equation : Measure difference in total and static pressure
static pressure + dynamic pressure = total pressure
2
(MAS R, ¢
Solve for Velocity: y?- 2(Py= Py) <

p

Figure 1 Pitot Static System

Fig.1 shows a schematic drawing of a pitot-static tube. Pitot-Static tubes, which are also
called Prandtl tubes, are used on aircraft as speedometers. The actual tube on the aircraft is
around 10 inches (23 centimeters) long with a 1/2 inch (1 centimeter) diameter. Several small
holes are drilled around the outside of the tube and a center hole is drilled down the axis of
the tube. The outside holes are connected to one side of a device called a pressure transducer.
The center hole in the tube is kept separate from the outside holes and is connected to the
other side of the transducer. The transducer measures the difference in pressure in the two
groups of tubes by measuring the strain in a thin clement using an ¢lectronic strain gauge.
The pitot-static tube 18 mounted on the aircraft, or in a wind tunnel, so that the center tube is
always pointed in the direction of the flow and the outside holes are perpendicular to the
center tube. On some airplanes the pitot-static tube is put on a longer boom sticking out of the
nos¢ of the plane or the wing. Difference in Static and Total Pressure

Since the outside holes are perpendicular to the direction of flow, these tubes are pressurized
by the local random component of the air velocity. The pressure in these tubes is the static
pressure ( S £ ) discussed in Bernoulli's equation. The center tube, however, is pointed in the
direction of travel and i1s pressurized by both the random and the ordered air velocity. The
pressure in this tube is the total pressure (7) discussed in Bernoulli's equation. The pressure
transducer measures the difference in total and static pressure which is the dynamic pressure

g
Measurement = q =P — P

13
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Solve for Velocity

With the difference in pressures measured and knowing the local value of air density from
pressure and temperature measurements, we can use Bernoulli's equation to give us the
velocity. Bernoulli's equation states that the static pressure plus one half the density times the
velocity V squared is equal to the total pressure.

2(B - P)
P

¥ =

or

5. Apparatus
1. Wind Tunnel
2. Manometer
3. Pitot Tube

6. Procedure
To calibrate a Pitot Tube

Properly mount the pitot tube in the wind tunnel

Connect the two tubes of the pitot tube to the manometer

Start the wind tunnel

Slowly increase the speed of the wind tunnel from 0 m/s to 18 m/s

Record the values of differential pressure on the manometer against wind speed
Plot the graph of differential pressure against wind speed in MATLAB/MS Excel
Perform regression analysis and obtain a mathematical relationship between the
independent and dependent variables.

2
Ideally, vou should get a second order polynomial relationship. (Pp — Ps = % )

Plot the ideal relationship assuming air density to be 1.225 kg/m:

Plot the experimentally obtained relationships onto the ideal relationship graph.
Also plot the error plot i.¢. the difference between the ideal and empirical results.
What are the possible reasons for the error?

7. Tabulation

8. Calculation

9. Results

10. Precautions

1L

If the velocity is low, the difference in pressures is very small and hard to
accurately measure with the transducer. Errors in the instrument could be greater

14
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than the measurement! So pitot-static tubes don't work very well for very low
velocities.

If the wvelocity is very high (supersonic), we've violated the assumptions of
Bernoulli's equation and the measurement is wrong again. At the front of the tube,
a shock wave appears that will change the total pressure. There are corrections for
the shock wave that can be applied to allow us to use pitot-static tubes for high
speed aircraft.

If the tubes become clogged or pinched, the resulting pressures at the transducer
are not the total and static pressures of the external flow. The transducer output is
then used to calculate a velocity that is not the actual velocity of the flow. Several
years ago, there were reports of icing problems occuring on airliner pitot-static
probes. Output from the probes was used as part of the auto-pilot and flight control
system. The solution to the icing problem was to install heaters on the probes to
insure that the probe was not clogged by ice build-up.

15
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Experiment No.: ESC-205/05
Experiment Name: Experiment to verify Bernouli's theorem
Objectives: To verify Bernouli's theorem

R

Principle:

The Bernoulli’s theorem states that for steady, uniform and lammnar flow of an

mncompressible fluid, the total energy unit weight or total head of each particle

remains same along a stream line provided no energy 1s gained or lost.

Most of the hydraulic structures are based on the principle of Bernoulli’s theorem.

Verification of the above principle experimentally helps in better understandmg of the

principles of hydraulics.

Mathematically, Bernoulli’s theorem can be expressed as

Total head (or) total energy per unit weight,
H,=z+ ’— + § = constant

Where.

Z = datum head =position of conduit with respect to datum

4 - .
i Velocity head

= . ~ Q Actual discharge
V= Velocity of flow == = -
= A Cross sectional arsa

[ (=]

= Acceleration due to gravity

£ |u

= piezometric head or pressure head

W= Specific weight 1.e.. weight per unit volume = p x g = 9810 N/m?3

P = Mass density 1s the mass per unit volume of water.

B A N
[TV
- T
- -
|

LT
L ]

1 -+ [ [ S g

| T8 >

R e

Description of Equipment:
The expermmental setup consists of a convergent- divergent passage of rectangular cross
section made out of clear transparent sheet to facilitate visual observation of the flow. The

16
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passage walls are so made that the top of the wall is horizontal and the side walls are vertical
and mutually parallel to each other. The lower wall is so constructed that it gives passage to
the required convergence and divergence. The total length of test section of the passage is
divided into number of equal lengths, where the peizometric tubes are fitted. Each of these
peizometric tubes is provide with scale to measure the pressure energy or pressure heads.

At both the ends of the passage tanks are provided, which help to stabilize the flow. The
calibrated scale is provided to measure the volume of water in the measuring tank based on
the water level in the gauge glass.

The setup is provided with an arrangement for injecting a dye into the passage at its
entrance through a fine nozzle with the help of which usual observation of the flow can be
made.

5. Apparatus:
1. Bemoulli’s apparatus
2. Collecting tank
3. Stop watch to measure the time of collection

4. Meter scale to measure the internal dimensions of the collecting tank

6. Procedure:

1. The experiment is conducted with datum line taken at the center line of the rectangular
channel of varying cross scetions and the same at all sections and considered ‘zero” as its
value.

2. Open the inlet valve to allow the flow from sully tank through the conduit. Also admit the
dye into the passage.

3. Adjust the outlet valve of the apparatus, so that a constant head is maintained in the
supply tank of apparatus.

4. Remove air bubbles in the peizometer tubes. Measure the pressure heads of various
sections of the conduit with peizometers placed at cach section.

5. Note the time ‘t” for collection of water to know rise ‘H’ of water level in the collecting
tank.

6. Calculate the velocity and hence velocity head.

7. Tabulate the observations and calculate the total heads.

7. Tabulations

17
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Observations and Tabulations
Time
forH | Av Velocity | Pr g
: St v Discharge | Velocity < TeSSUT® | Datum| Total
Cross mm | time Q=AHIt | V= Qa head head hel ¥ | head H
section rise t' : ' V~2/2g | h=P/'W :
't'in
S S mm”*3/s | mm~"3/s| mm/s min min
No. | Arca Trail
1 al 1 2
2 a2
3 a3
4 ad
5 a5
6 ab
T a7
8. Calculation:
Areca of collecting tank A=LxB = mm?
Discharge Q= g - mm?>
e - @ _ j
Velocity Mo = mm/'s
Velocity head :—g = mm
Pressure head h==2 = mm
Datum head Z = nm
Therefore total head at each station H, = z + :; + f = mm

e P2, e BT

18




The Neotia University

Graphs:
The graphs of pressure head. velocity head. and total head are drawn at various cross seetions taking

the cross section areas on X-axis,

TEL = Z + h + V2f2g

Head T
inm ——
H_‘_-’_-—t{E_L =L +h
—
A

+ " b I i n 3
t + ¢ + + 1 t

Distance or Sections 1108

9, Results:

Normal Graph:

9, Precautions:

5. The weir / notch should be fixed exactly in the vertical plane perpendicular to the
flow axis.
2. The weir should be fixed 1n a position such that it 1s symmetrical over vertical axis.
3. Sufficient time should be given foe the flow to become steady-uniform.

8. 4. Gauge readings should be measured only in peizometre attached to the channel and not
on the free surface

10. Possible Errors

4. Head should be constant in the head tank and the point gauge measurements before and
after taking the readings of volumetric measurements (actual discharge) should be the
same. If the measurements are not the same, take the average of the two readings.

5. Reading error may occur at gauge and volumetric peizometre scale by not recording the
readings af the eye level.

6. Synchromze the stop watch operations for volumetric measurement

PRE-LAB QUESTIONS

State Bernoulli’s theorem?

What 1s contimuuty equation?

What do you meant by potential head?
What do you meant by pressure head?

LAt Cl S

What do you meant by kmetic head?

19
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POST-LAB QUESTIONS
4. What do you meant by velocity head?
5. What do you meant by HGL?
6. What do you meant by datum head?
7. What is the use of piezometer?

20
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Experiment No.: ESC-205/06

Experiment Name: Determination of metacentric height of a floating vessel
Objectives: To Determine the metacentric height of a floating vessel

Principle:

The Stability of any vessel which is to float on water, such as a pontoon or ship, is of
paramount importance. The theory behind the ability of this vessel to remain upright
must be clearly understood at the design stage. Archimedes’ prineiple states that the
buoyant force has a magnitude equal to the weight of the fluid displaced by the body
and is directed vertically upward. Buoyant force is a force that results from a floating
or submerged body in a fluid which results from different pressures on the top and
bottom of the object and acts through the centroid of the displaced volume.

This Laboratory experiment is an exercise in hydrostatics. It is designed to
demonstrate the stability of a floating cvlinder and to familiarize the student with the
concept of buoyancy, metacenter, and metacentric height. It is also an experimental
verification of the theory presented in the textbook.

The center of the buoyancy (C, the centroid of the displaced volume of fluid) of a
floating body depends on the shape of the body and on the position in which it is
floating. If the body is disturbed by a small angle of heel, the center of buoyancy
changes because the shape of the submerged volume is changed. The point of
intersection of the lines of action of the buoyancy force before and after heel is called
the metacenter (M) and the distance between the center of gravity (G) and M, is called
the metacentric height (GM, sce Fig. 1).

= W

Fig 1. Metacentnc height of a floating body

The expression for the metaceniric height G 1s

I
GM =37 -CG

where /., is the moment of inertia of the waterline area about the axis of disturbance, and 17 is
volume of the displaced liquid. For stability the metacentric height GGA/ must be positive.
Stability (restoring force) increases with increasing GAS.
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The objective of this experiment is to find the metacentric height and asses the stability of the

several floating bodies.

5. Apparatus
There are three components of the experimental set-up:
1. Large vertically-standing cylinder containing fresh water
2. Small cylinder with a detachable cap at one end
3. Sand and a metric balance to weigh the cylinders

6. Procedures

1. Weigh the small cylinder and its cap together (mmc)

2. Place the small empty eylinder into the large vertical cylinder containing fresh water
and observe that it is unstable.

3. Pour a small amount of sand into the small cylinder (to give some ballast) and note 1f 1t
1s still unstable. Estimate how much of the cylinder is submerged. /., and then measure
the height of sand, /.

4. Continue adding sand until the small cylinder remaing vertical, i.e., stable. Measure the
amount of cylinder that is submerged. Make sure that the open end of the small cylinder
1s capped when stability 1s reached.

5. Remove the small cylinder and measure 1ts weight. Also measure the height of sand and
record your results on the data sheet.

7. Tabulation
According to procedures described above, measure the following quantities:

Case Mass (gm) i1 (cm) lip (cm)

Fresh( unstable)

Fresh (stable)

Data Analysis

Figure 2 shows a slender, hollow circular cylinder which has been made stable in the
vertical position by means of ballast placed inside. The cylinder floats in a liquid of
density, p, with a depth of immersion, 4. The center of buoyancy 1s C, and G, and G,
arc the centers of gravity of the cylinder and ballast, respectively.

The center of gravity of the cylinder/ballast 1s G and its metacenter 1s A{. Other dimensions
are shown in the figure. The masses of the cylinder and ballast, mc and mb, will be
measured during the experiment.
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h/2

by

Fig. 2. Hollow cylinder with ballast.

Verifv that:
1. The formula for / in terms of the cylinder radius, the density of the liquid p . and the

masses, m. and ms,

_(m, +m,)

= n:R3p

2. The formula for UG in terms of cylinder/ballast dimensions and the masses, m,. and
mp is

h

2 /2
_ OG.m_+ OG,m, _ m. L/ 2+my(hy /2+1)
(m, +my) m. +ni,

oG

3. The expression for the metacentric height, GAZ, 1s
GM=CM-CG=CM-(0G-0C) =

_ I, mUL/2+my(h,/2+1) A

h/2
V m. +my

2 " "
_R° m L/2+my(h,/2+1) &

4h m, + m,

hi/2

23




The Neotia University

4. From the immersion, A, of the cylinders in the fresh water calculate the density of the
fluid in gm/cm”.

Calculate the metacentric height for the fresh in centimeters. Check the stability
condition. Record all of your results in the following table.

LA

R(cm) | L (cm) e My h(em) | hp(em) | OG(em) | GM (cm)

Result

Further Considerations

1. Is there any other equilibrium position of the cylinder except the vertical position?
Consider a circular ecylinder of homogeneous material of specific gravity, s = 0.5,
length, L, and diameter, D, stable at the position shown in Fig. 3. Find the formulas
for the immersion of the cylinder h at this position.

N
‘L

[

_ Q>

LN

Fig. 3. Cvlinder parallel 1o the water swface.

-
-

Y

3. Consider a cylinder made with a plate thickness, ¢ = [5/20, but of a material such that
the average value of s 1s still 0.5 shown in Figure 4. For I = 40cm and I = 4dem, find
the position of stable equilibrium and the immersion, h.

<4 — D—p

Fig. 4. Hollow cylinder
4 Determine the ranges of D/ for which the positions of the cylinders (vertical and
haorizontal) are stable
5. What will happen if we change the density of the fluid, using brine, say. instead of
fresh water?

8. Results

Name R(cm) L(cm) e Il hicm) he(cm) | OG(cm) | GM(cm)

Result
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Experiment No.: ESC-205/07

Experiment Name: Flow through pipes: Pipe friction in laminar and turbulent flow
regimes

Objectives: To Determine the Darcy [riction co-efficient

Principle:

Due to the viscous resistance between the layers of flowing fluid and the layer and
boundary, friction 1s developed, which opposes the motion. This co-efficient of
friction can be obtained from Darcy— Weisbach equation.

4fLv?

- 2gd
Where.
hs = Head loss duc to friction = x (f? = 1)

m = Specific gravity of manometric fluid. 1.e. water= 13.60
s = Specific gravity of flowing flmd. 1.e. water=1.00
x = Difference 1n levels of the manometric fluid in the two limbs of manometer
f = Coeffictent of friction.
I = Length of the pipe: d = Diameter of the pipe.
V = velocity of water in the pipe = e
a
Q.= Actual discharge

a = Cross section area of the pipe

. . ;3
g = Acceleration due to gravity = 9.81m/s”
AxXr

t

Actual discharge. Q,'=

A = Arca of measuring tank
r = Rise of water level in the measuring tank
t = Time for r cm rise 1 measuring

Apparatus:

A small diameter pipe line

U-tube manometer to measure the difference across the tapings

A constant steady supply of water with a means of varying discharge
Measuring tank and stop watch to measure the actual discharge
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LY
i '
% 5
b
E Head Lank
=
o
Sudden conttnelion 4 Sl capanzion l
-
Collecting tank
Cumlnal valic J
T %
Frocedure:

MNote down diameter of the pipe.

Connect the two limbs of manometer to the two gauge pints.

Allow the water to flow into the pipe by opening the gate valve,

Vent the manometer by removing the air bubbles in the tube.

Note down the difference i the level of manometric fluid in the left and right limb.
Note down the time required to fill particular height of water in the collecting tanl

Repeat Steps 3 to 5 for various discharges by varying the gate valve for four more
trials.

Tabular Colummn:

8 Manometer Equivalent Time for YVelocity of
No _
reading water head | —— mm A _AXT Water
Wa = "
x= (xy—x) | h=1l6x Rise m tank A e F R
(1) 9
M i) S m's m's
1
3
4
5
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8. Calculation

AXr
QG = ¢ B M iy : .A Gl A o B
X 3
ch = ¢ r o tisrsaerennns m/
, _ AfLve
= e
h=x[Z-1]=126x=...c..........
g =981m/s?
=
B coeieieieeeeian, a== it
he2gd
r SLV=
R,= = for R.,<2000

f i 'R.-T for 2000 < Re < 106

3.855x 10°°%

R,=
£

GRAPH: Draw vs f graph
9. Results

Normal Graph
10. Possible Errors:

m’: d = diameter of the pipe

1. The manometric reading (head) for the flow through the pipe before and after taking
readings of volumetric measurements (actual discharge) should be the same. If not,
take the average of the two readings for volumetric readings.

2. Reading errors at manometer and volumetric piezometer scale may occur by not
recording the readings at the eve level.

Synchronize the stopwatch operations for volumetric measurements.
4. U-tube mercury manometer records very low head difference by showing small

readings. Using inverted U-tube manometer will have better sensitivity.

PRE-LAB QUESTIONS

1. Last out the various types of pipe fittings?
2. What do you meant by minor losses?

3. What are the types of losses in pipe flow?
4. What do you meant by entry loss?

5. What do you meant by exit loss?
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POST-LAB QUESTIONS
1. What 1s the equation for head loss due to sudden enlargement?
2. What is the equation for head loss due to sudden contraction?
3. What is the equation for head loss due to bend?
4. What is the equation for head loss at entry of pipe?
5. What is the equation for head loss at exit of pipe?
6. Which Newton’s law is applicable to impulse turbine?
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Experiment No.: ESC-205/08A

Experiment Name: Experiments on IHydro-Turbines: IFrancis and Pelton
turbines

Objectives: Performance test on Francis Turbine (a) at head (b) at constant speed
Principle:

Francis turbine is a hydraulic machine used to convert hydraulic energy into
mechanical energy which in turn is converted to electrical by coupling a generator to
turbine.

Francis turbine is medium head, medium discharge, radially inward flow reaction
turbine.

A Venturimeter with the manometer is provided to calculate the amount of water
(discharge) supplied to the turbine. Pressure gauge is fixed to measure the head of
water. Using the tachometer, measure the speed of the turbine.

Pressure gauge

Spring
balance (7)

Control valve Break drum

Weighing pan

N

T,+T,

Vacuum gauge -L__&)

Manometer

Sump

Runner

Shaft

Guide vanes Shaft

Guide vanes

Volute casing

e it
Francis turbine cross-section
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QC: th g &3

L2 7

Joi-ad

Where, ay = —
dy = Diameter of the inlet of Venturimeter and d» = diameter of the throat of Venturimeter

Sm J -~
h=x[?— 1]= .......................... X=X3— X3 m g=9.81 m'sec”

h = Equivalent water head
sm = Specific gravity of manometric fluid. i.e. mercury=13.60
S = Specific gravity of flowing fluid. i.e. water = 1.00
X = Difference in levels of the manometric fluid 1n the two limbs of manometer
Input to the turbme = yQH kW
v = Specific weight of water 9.81 kN/m?
Q = Discharge
H=Head (G+V)x 10
Z = Vertical difference between pressure gauges

Output of the turbine=0 P. = T}Z';T E sl N kW
D = Equivalent brake drum diameter ... oo iiiire e, m
N=Speedof the turbine =...........c.oeeuiiiiiiinnie. rpm

T = (Tl — T: -+ Tg) b 9814\"
T, =Load on brake drum in kg

T; = Spring balance reading in kg

Ty = Weight of the hanges in kg
Qurput

Efficiency of the turbine =131 = x 100%

Impur

5. Apparatus:

Centrifugal pump to supply water at required head

Francis Turbine

Pipe network system with necessary control valves

Pressure Gauge and Vacuum Gauge

Tachometer to measure the speed of the shaft

Venturimeter along with manometer to measure the discharge

- N =

Rope brake with spring balance and weighing pan to measure torque

6. Procedure:
Prime the pump with water.

Keeps the gate opening to the required position.

Open the gate valve 1 or 2 rotations.

Start the motor.

Allow the water into the turbine and the turbine starts to rotate.

Fix the weight hanger to the rope of the brake drum with no load on weight hanger.

= g ey D

By varying the gate valve, keep the head constant using the tachometer to the
required speed 1n case of experiment on constant speed.

30




The Neotia

8. Note down the following readings :

(a) Pressure gauge reading, G

(b) Vacuum gauge reading, V

(¢) Speed of the turbme, N
(d) Manometer readings,

(¢) Load on weight hanger,
(f) Spring balance reading indicate the frictional loss between the brake drum and

rope,

University

9. Repeat the step 8 for different load conditions by varymng the load on the weight

hanger either to constant head or for constant speed.
10. Note down the above readings G, V, N,
11. Take at least 5 sets of readings by varying the load,
12. Calculate the efficiency of the turbine.

7. Tabulation

S. | Pressur | Vacuum | Tot | Mano | Equival | Actual | Spee | Load Input | Output | Efficie

e al ent d ncy
No. gauge dischar T

Gauge hea | meter | water ge ™) To+T;—T; ()

reading d
Read readi | head Q.
‘ ™ (H) |ng
(&3]
X - Iy | T2 |'E
12.6x

Kgiem® | M m M m?/s rpm | kg [kg |N [ KW kW op
1
=
3
4
5

8. Calculation
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Ua= Cq 2 mgm

JI

a3 m?/S
81— a3
IP.= yQH = eoreiiomrosoneensssssonsnn KW
T iDIVNT
OP. = 50 S TR kW

Output

Efficiency of the turbine =n= s X 100%

9, Results

10. Precautions

1.

[

(%]

Check for priming of the pump so that air bubbles are not developed.
Check for the possible leakages at delivery and suction pipes.
Sufficient time should be given for the flow to become steady — uniform.

Voltage and current input to the pump — motor should be maintained near constant
during values are to be considered.

Gauge readings should be maintained constant, and if varying during the readings,
average values are to be considered. Tachometer used to measure speed of the shaft
should be periodically calibrated and for constant speed characteristics, the speed
should be checked both at the beginning and in the end of the trial, and if found to be
different, average should be considered.

The air bubbles should be completely removed in the pipe connecting the manometer.
This should be achieved only by opening the valves provided at the top of the
manometers simultaneously. If they are opened separately, the manometeric fluid
(usually mercury, which is very costly) will spill out of manometer.

Diameter of the break drum and the rope should be properly measured and recorded.
Weights and spring balance used should be periodically calibrated.

11. Possible Errors

1

Sensitivity of the pressure gauge may affect the computation of the efficiency and
analysis of performance of the pump.

The manometeric reading (head) for the flow through the pipe before and after taking
readings should be the same. If not, take the average of the two readings.

Reading errors at manometer and spring balance by not recordings at the eye level.
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Pre Lab Questions:

What is a reaction turbine?

What is difference between impulse and reaction turbine?
Specify the flow of the Francis turbine.

What head Francis turbine used?

What is purpose of draft tube in reaction turbine?

7. What is cavitation?

POST LAB QUESTIONS:

Py A g b

1. How do you Francis wheel is which type of turbine

How do you differentiate between impulse and reaction turbine?
What 1s the use of draft tube?

What is the use of draft tube?

ol ol
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Experiment No.: ESC-205/08B

Experiment Name: Experiments on Hydro-Turbines: Francis and Pelton
turbines

Objectives: Performance test on Pelton Wheel (Turbine) (a) at constant head and (b)
at constant Speed

Principle:

Peloton turbine 1s a high head, impulse turbine, which is used to generate electricity at
high heads of water. All the available head is converted into velocity head by means a
nozzle which is controlled by spear and nozzle arrangement.

A Venturimeter with a U-tube manometer is provided to calculate the amount of
water (discharge) supplied to the turbine. Pressure gauge is fixed to measure the head
of water. Using the tachometer the speed of the turbine is measured.

Spring
batance (T3)

Break drum

Weighing pan
Pressure gauge d

,+T,

Spear mechanism

L J

Manometer

Sump
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Qe = Cg % JIgh
Joi-a

. nd? nd?
Where, e, = — and a; = —2m?*
4 % 4
dy; = Diameter of the inlet of Venturimeter and d, = diameter of the throat of Venturimeter
h=x [?”— 1] T T— =X1— X m g =9.81 m/sec?

h = Equivalent water head
s, = Specific gravity of manometric fluid. i.e. mercury = 13.60
S = Specific gravity of flowing fluid. i.e. water =1.00
x= Difference in levels of the manometric fluid in the two limbs of manometer

Input to the turbine = yQH kW
y = Specific weight of water 9.81 kN/m3

Q = Discharge

H =Head (G = 10) m(pressure gauge reading)
. ; nDNT
* — — — kW
Output of the turbine =O P = e ore coee, RV
D = Equivalent brake drum diameter ........00..........m
N =Speed of the turbime = ... gocivoio Y coniecns rpm
T=Resultantload=........... " . .4 .. N

T={T1 = T: - To) x 981N
Ty = Load on brake drum in kg
T, = Spring balance reading 1n kg

T, = Weight of the hangerin kg

Output

Efficiency of the turbine = n = 3 x 100 %

nput

5. Apparatus:

1. Centrifugal pump to supply water at required head

Peloton Wheel

Pipe network system with necessary control valves

Pressure gauge

Tachometer to measure the speed of the shaft.

Venturimeter along with manometer to measure the discharge

. Rope brake with spring balance and weighing pan to measure torque
6. Procedure:

SO A W

1. Prime the pump with water.
2. Keep the nozzle — opening to the required position.
Open the gate valve 1 or 2 rotations.
3. Start the motor
4. Allow the water into the turbine and the turbine will start rotating.
5. Fix the weight hanger to the rope of the brake drum with no load on weight hanger.
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6. By varying the gate valve, keep the head constant using the pressure gauge to the
required head in case of experiment on constant head or keeps the speed constant using
the tachometer to the required speed in case of experiment on constant speed.

7. Note down the following readings :
(a) Pressure gauge reading. G
(b) Vacuum gauge reading, V
(¢) Speed of the turbine, N
(d) Manometer readings, h;and h,
(e) Load on weight hanger, T
(f) Spring balance reading indicating the frictional loss between the brake drum and
rope, T
(g) Repeat step 8 for different load conditions by varying the load on the weight
hanger either to constant head or for constant speed.
(h) Note down the above readmgs G, V, N, by, by, Ty, and T,
(1) Take at least 5 sets of readings by varying the load.
() Calculate the efficiency of the turbine.

7. Tabulation

S.N | Pressur | Total | Mano | Equivale | Actual | Speed | Load In Out Effi
e nt water . cie
Head | Meter dischar | (N) T=r1y+7;-7, | put | put -
gauge head ge ’
(H) readin )
read g Qa
(G)
X h=12.6x T, |T, |T
Kg /| m M m m3/s rpm Kg | Kg [N kW | kW %
em?
= | & & B | = 5
2
3
4
5

8. Calculation
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Q= C, f-'-::- [agR= m3/s
JaF-a}
B el . o kW
5 L kW
60
Ourpur

Efficiency of the turbine =n = x 100%

Input

9, Results

10. Precautions

A

=

Check for priming of the pump so that air bubbles are not developed.
Check for the possible leakages at delivery and suction pipes.
Sufficient time should be given for the flow to become steady — uniform.

Voltage and current input to the pump — motor should be maintained near constant
during values are to be considered.

Gauge readings should be maintained constant, and if varying during the readings,
average values are to be considered. Tachometer used to measure speed of the shaft
should be periodically calibrated and for constant speed characteristics, the speed
should be checked both at the beginning and in the end of the trial, and if found to be
different, average should be considered.

The air bubbles should be completely removed in the pipe connecting the manometer.
This should be achieved only by opening the valves provided at the top of the
manometers simultaneously. If they are opened separately, the manometeric fluid

(usually mercury, which is very costly) will spill out of manometer.
Diameter of the break drum and the rope should be properly measured and recorded.

Weights and spring balance used should be periodically calibrated.

11. Possible Errors

1.

3.

Sensitivity of the pressure gauge may affect the computation of the efficiency and
analysis of performance of the pump.

The manometeric reading (head) for the flow through the pipe before and after taking
readings should be the same. If not, take the average of the two readings.

Reading errors at manometer and spring balance by not recordings at the eye level.

Pre Lab Questions:

Ov O B bE

What 1s a reaction turbine?

What 15 difference between impulse and reaction turbine?
Specify the flow of the Francis turbine.

What head Francis turbine used?

What 15 purpose of draft tube in reaction turbine?
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7. What is cavitation?
POST LAB QUESTIONS:

1. How do you Francis wheel is which type of turbine

2. How do you differentiate between impulse and reaction turbine?
3. What is the use of draft tube?

4. What is the use of draft tube?
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Experiment No.: ESC-205/09A

Experiment Name: Experiments on Fluid Machinery: Pumps, jet pumps
Objectives: To conduct the performance test on single stage centrifugal pump.
Principle:

A centrifugal pump is a Hydraulic machine which converts mechanical energy to
hydraulic energy, used to lift water from lower level to higher level. A centrifugal
pump consists of essentially an impeller rotating inside a casing. The impeller has a
number of curved vanes. Due to centrifugal head impressed by the rotation of the
impeller, the water enters at the centre and flows outwards to the periphery. There, it
is collected in a gradually increasing passage in the casing, known as volute chamber,
which serves to convert a part of the velocity head into pressure head. For higher
heads, multi stage centrifugal pumps having two or more impellers in series will have
to be used.

A single/multistage centrifugal pump is coupled to a motor. In this experiment, the
efficiency of the centrifugal pump at constant speed is computed.

An energy meter is provided to measure the input to the motor and a collecting tank is
provided to calculate the discharge from the pump. Pressure and vacuum gauges are
provided in the delivery and suction sides of the pump to measure the heads,
respectively.

Eye
Impeller
<
- —R -3~ Pressure gauge Volute casing
s Energy i
% meter @ 4 r
: |
R -1 Collecting tank

Vacuum gange
AR EAUE Conrtrol valve $

'

Sump
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AX
Qe = ?' m3/5

V- VE
H=G+V+z+ 2g m

G = Pressure head. V = Vacuum head

z = Vertical difference in level between pressure and vacuum gauges

Vg = Velocity of water in delivery pipe

V; = Velocity of water in suction pipe

g = Specific gravity = 9.81 m/sec?

Output from the pump = yQHKW

where. v is the specific weight of water = 9.81 kN/m*; Qs the discharge through the pump in m?/s.
and H 1s the total head in m

3600 x10
Input to the pump = 1P = Noter ¥ ——— &

W

Nmoter = Efficiency of the motor = 85% (assumed)

N = Energy meter constant revolutions /kWh

T = Time for 10 revolutions of the disk in energy meter Efficiency =n= Ef:p%
5. Apparatus
1. Single stage Centrifugal pump with an electric motor device (constant speed)
2. Pipe network system with necessary control valves
3. Vacuum and pressure gauges
4. An energy meter to measure the input power to the motor
5. Measuring tank and stop watch to measure the actual discharge

6. Procedure

1. Prime the pump with water
2. Open the gate valve 1 or 2 rotations
3. Start the motor and set the vacuurn gauge reading to the required head.
4. Note down the following reading:
(1) Pressure gauge reading, G
(i1) Vacuum gauge reading , V
(111) Time taken for 10 revolutions in the energy meter, T
(1v) Time taken to fill up 200 cm nise in the collecting tank, t
(v) The difference in the levels of the pressure and vacuum gauges, x
5. And then set the vacuum gauge reading to the other heads.
6. Note down the above readings G, V, T and t

7. Take at least 5 sets of readings by varying the head through delivery valve and note
down the readings.
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7. Tabulation

S. | Pressure Vacuum | Total Time for Actual Time for 10 Input | Output Efficiency
No | gauge gauge head mm | discharge | Revolutions
reading reading (H) nse mtank (t) | (Q) n energy
© __ |w _ mete (T)
kg/em? Kg/cm?® m S m’/s S kw kw %
1
2
3
4
3

8. Calculation

_ AxXr
Actual discharge. Q. = »
A = Area of measuring tank =.............h.... osd i et sk s b ibin m?

r = Rise of water level in the measuring tank = .....................
t = Time forr em rise in measuning tank = . ...

vVi— V@
Totalhead H=G+V+z+™ 550 = ...
& R —— kglem®= Lo, x 10 m of water
Y= s kg.cm2 By A x 10 m of water
Out from the pump =yQH="................... LW

v = Specific weight of water 9.81 kN/m’

Q = Discharge from the pump

H = Total head

Input to pump = Nmotor * BERXE o innsnmisarie kW

NT

Efficiency of the pump =y & x100%

nput

GRAPHS:
Draw the graph of output vs input. The slope of the straight line fit gives the efficiency

9, Results

10. Precautions

1. Check for the priming of the pump so that air bubbles are not developed.
2. Check for the possible leakages at delivery and suction pipes.
3. Sufficient time should be given for the flow to become steady- uniform.
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4. Voltage and current input to the pump-motor should be maintained near constant
during the recording of readings.

5. Both delivery and suction gauge readings should be maintained constant, and if
varying during the readings, average values are to be considered.

11. Possible Errors:

1. Sensitivity of the pressure gauge may effect the computation of the efficiency and
analysis of performance of the pump.

2. Ignoring the vertical difference between the delivery and suction gauges.

3. The head for the flow through the pipe for the jet before and after taking readings of

volumetric measurements (actual discharge) should be the same. If not, take the
average of the two readings for volumetric readings.

4. Reading errors at volumetric piezometer scale may occur by not recording the
readings at the eye level.

5. Synchronize the stopwatch operations for volumetric measurements.

PRELAB QUESTIONS
1. What is a pump?
2. What is a centrifugal pump?
3. What are forces involved in impeller?
4. What is priming

POSTLAB QUESTIONS
1. How do vou classify the pumps?
2. What is the difference between centrifugal pump and reciprocating pump?
3. Which one is delivers maximum discharge
4. What is the use of priming?
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Experiment No.: ESC-205/09B

Experiment Name: Experiments on Fluid Machinery: Pumps, jet pumps
Objectives: To determine the coefficient of mmpact of jet by comparing the
mormentum in a fluid jet with the force generated when it strikes a fized surfacefrane
Principle:

The apparatus consists of a water jet 1ssuing from anozzle with a high velocity, which
15 connected to a high head pump main or an over head tank. All the pressure head of
water 15 converted in to velocity head by the nozzle, which discharges the water in to
the atmosphere. The jet then strikes the vane The kinetic energy of the jet is
transmitted to the vanes which lifts the vane upwards.
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5. Apparatus:
1. Anozzle of known diameter
2. A flat platefvane of which the water jet can impinge
3. Weighing pan, weights and lever arm to measure the force of the jet on the flat plate
4 A constant steady supply of water with a means of varying discharge
5. Measuring tanlk and stop watch to measure the actual discharge
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6. Procedure:

Fit the flat vane into slot and weighing pan to the lever arm.

[+~3

Ieazure the differential lever arms /7 and 2 from pivot to the weighing pan and pivet to
the vane, respectively.

Mote down diameter of the jetinozzle.

Balance the lever anm system by means of counter weight for no load.
Cpen the gate valve by 1 or 2 rotation s,

Place the weight on the hanger.

Start the pump.

Adjust the jet so that the weight applied on hanger iz balanced

S Dl sty Ttha e

Mote down the following readings:

(1) Weight on the hanger (w)

(11) Time for 50 mm rise of water level in the measuring tank (f)

10. Eepeat steps 6, 8 and 9 for different weights on hanger For four more trials.

7. Tabulation:

5. Weight | Time for —- g, = —— Veloeity

= —xw x 107°
on g —m-——————-12Nt of water capa
: Fi | Ellicicuey

hanger : jet
nsc 111

(w) tank(?) o 4 i)

[ kN 5 m/s m's LN

| §

2. Calculations:

Actual foree lifted. F;, = w x — kN
Theoretieal force lifted. F, = pav’sing kN
Fa

Etficiency of the vane, n = - X 100

Area of measunng tank A =1x b= .. ... W o I |
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Angle of the vane=0=............oceennis
Lever atin lengths, 3= ......cccnnnninn m: R R e m

Diameter of the jet=d=........c......... m

SPECIMEN CALCULATION:

A X
Actual discharge. Q, = — e, EReny &V S0
Actual force lifted, F, = 2 XW X107 ..o et kN
Where
w = Weighton hanger=...................oes gm

Iy and ;= Lever arm lengths
Theoretical force lifted. F, = palésinf=.............. 4. e A . kN
p = Specific weight of water 9.81 kN/m’
a = Cross — section area of the jet
V = Velocity of water
8 = Angle of the vane
Fact

Efficiency of the vane, n = —— x 100 =
Ftheo

9. Result:

Graphs:
Draw the graph of vs The slope of the straight line fit gives the efficiency

10. Precautions:

1. Fix the vane exactly symmetrical with the jet axis except for inclined vane, In the case
of inclined vane, the fixed vane angle should match with the angle specified on the vane.

2. Sufficient time should be given for the flow to become steady-uniform.

5]

. The balancing arm should be made near frictionless by proper oiling at the pivot.

4. The balancing drum should be properly placed such that the balancing arm should be
haorizontal after fixing the vane and weight hanger in position.

5. The weights are too small and should be properly calibrated periodically.

6. Volumetric measurements can be preferred to pressure gauge readings to avoid errors in
the computation of the jet velocity.

11. Possible Errors:

1. Sensitivity of the pressure gauge may affect the computation of velocity of the jet.

2. The horizontal level of the balancing arm should be properly adjusted.
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3. The head for the flow through the pipe for the jet before and after taking readings of
volumetric measurements (actual discharge) should be the same. If not, take the average
of the two readings for volumetric readings.

4. Reading errors at volumetric piezometer scale by not recording the read

PRE-LAB QUESTIONS
1. What is the water jet?
2. What is the effect of water jet on vanes?
3. What do you meant by impact?
5. List out different types of vanes?

POST-LAB QUESTIONS

1. How do you compare different vanes?
What do you meant by co-efficient of impact?
How do you measure the force of the jet?
How do you measure actual flow rate?

e e

How do you measure theoretical flow rate
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Experiment No.: ESC-205/10A

Experiment Name: Experiments on Fluid Machinery: Blowers, Compressors
Objectives: To conduct the performance test on the centrifugal blower & determine
the overall efficiency at various gate openings.

Principle:

Blowers are turbo machines which deliver air at a desired high velocity (and
accordingly at a high mass flow rate) but at a relatively low static pressure.

The rise in static pressure across a blower is relatively higher and is more than 1000
mm of water gauge that is required to overcome the pressure losses of the gas during
its flow through various passages. A blower may be constructed in multi stages for
still higher discharge pressure.

A large number of blowers for relatively high pressure applications are of centrifugal
type. The main components of a centrifugal blower are shown in Fig. A blower
consists of an impeller which has blades fixed between the inner and outer diameters.
The impeller can be mounted either directly on the shaft extension of the prime mover
or separately on a shaft supported between two additional bearings. Air or gas enters
the impeller axially through the inlet nozzle which provides slight acceleration to the
air before its entry to the impeller. The action of the impeller swings the gas from a
smaller to a larger radius and delivers the gas at a high pressure and velocity to the
casing. The flow from the impeller blades i1s collected by a spiral-shaped casing
known as volute casing or spiral casing . The casing can further increase the static
pressure of the air and it finally delivers the air to the exit of the blower.

Outlet ——
Volute - -
casing
Impeller
-, b,
Nozzle ‘J" o i
Inlet flange /
p A -._ . . PP p—— S —— i ‘
J A4 e b, >
Flow N ———— —| = (St ‘Dnve Dy Dy
"] e e e — v
h 4

Main components of a centrifugal blower
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B% Pt

= ha = _ m
ﬁ)m‘r

1. Flow across Pitot tube

Where h = Flow Head in m of water

. ky
p\umr 1000 }”3
_ ky
. =120 3
parr ]' ’}’.‘

: h,xp
2. Static Head h;, = e~ Pwatwr

3
ﬂ" arr

Where 7/, =flow head in meter of water.

LT %]

. Velocity of Air = v = \/2gh, NI{.’S'_

4. Actual Volume of Air Discharged O, = A x 1‘”'%

Where A = Area of duct in m’
3600xnxn,
KxT

Where n =No of Revolution of energy meter

A

. Input Power IP = KW

K = Energy meter Constant
T = Tiume For n revolution of energy meter

1, =Efficiency of belt Transmission = 0.7

> g X '-:-)H X ;I:k k"‘&'

>
6. Output power OF = Fa
1000

7. Efficiency of the blower

ar
f?:

x100 %

5. Apparatus
Centrifugal blower test rig with three types of interchangeable impellers, Stop watch

6. Procedure

Check the necessary elecirical connection
Set the pitot tube to Zero position

Check the manometer for Zero position
Adjust the speed to the required range

ok R

Adjust the gate openings for various stages (1/ 7 1/ 4 3/ 4)

48




The Neotia University

6. Start the blower & note down the readings (speed of the blower, manometer, Pitot

tube & energy meter)
7. Repeat the experiment for different gate opening

7. Tabulation

1. Length of duct = -------- mm

2. Width of duct = ==emenn-e-- mm

3. Breadth of duct = -=------- mm

4. Cross sectional area of the duct = ===-----m’

5. Number of revolutions of energy meter = n =/==---==---

6.. Mechanical efficiency. nm= ...

8. Calculation

Manometer : ) Static
Pitot tube reading . =
Gate reading Time taken | head 0, m | op 7
ke of air g mn mn mech
Opening ) revolution my/ | ..
H; H: Hw IR FR | Dafference / KW | KW %
Position . in (sec) hy ;5
(em) | (em) | (m) | (cm) | (cm) (m)
(m)
9. Results

Performance Curves/ GRAPHS:

1. Discharge Vs Efficiency

PRE-LAB QUESTIONS

1. Basics of fan Vs blowers.
2. Concept of centrifugal blowers.
3. Self Reading betore Coming to The Laboratory:
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POST-LAB QUESTIONS
6. What are Fan Laws?

7. How to organize the experiments to verify Fan Laws?

8. Prepare Brief Planning and show to the instructor, before start the experiments.
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Experiment No.: ESC-205/10B
Experiment Name: Experiments on Fluid Machinery: Blowers, Compressors
Objectives: The experiment is conducted at various pressures 1o

a. Determine the Volumetric efficiency.

b. Determine the Isothermal efficiency.
Principle:
A COMPRESSOR is a device, which sucks in air at atmospheri¢ pressure & increases
its pressure by compressing it. If the air is compressed in a single cylinder it is called
as a Single Stage Compressor, If the air is compressed in two or more cylinders it is
called as a Multi Stage Compressor. In a Two Stage Compressor the air is sucked
from atmosphere & compressed in the first cylinder called the low-pressure cylinder.
The compressed air then passes through an inter cooler where its temperature is
reduced. The air is then passed into the second cylinder where 1t 1s further
compressed. The air further goes to the air reservoir where 1t 1s stored.
Apparatus:
1. Consists of Two Stage Reciprocating air compressor of 3hp capacity. The
compressor 18 fitted with similar capacity Motor as a driver and 160lt capacity
reservoir tank.
2. Air tank with orifice plate assembly is provided to measure the volume of air taken
and is done using the Manometer provided.
3. Compressed air 18 stored in an air reservoir, which 1s provided with a pressure
gauge and automatic cut-off.
4. Necessary Pressure and Temperature tapings are made on the compressor for
making different measurements
5. Temperature is read using the Digital temperature indicator and speed by Digital
RPM indicator.

—— -

it
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6. Procedure

Gos W —

o

10.

Check the necessary electrical connections and also for the direction of the motor.
Check the lubricating o1l level in the compressor.

Start the compressor by switching on the motor.

The slow increase of the pressure inside the air reservoir in observed.

Maintain the required pressure by slowly operating the discharge valve
(open/close). (Note there may be slight variations in the pressure readings since 1t
1s a dynamic process and the reservoir will be filled continuously till the cut-oft.)
Now note down the following readings in the respective units: Speed of the
compressor. Manometer readings. Delivery pressure. Temperatures. Energy meter
reading.

Repeat the experiment for different delivery pressures.

Once the set of readings are taken switch of the compressor.

The air stored in the tank 1s discharged. Be careful while doing so, because the
compressed air passing through the small area also acts as a air jet which may
damage you or your surroundings.

Repeat the above two steps after every experiment.

7. Tabulation

Delivery Manometer Reading E
SI. | Compressor i = revolutions of
: 2 Pressure, ‘P -
No. | Speed, rpm ko/cndd e h; h.= energy meter,
S ' cm | (h1~h2) ‘T’ sec

Time for *n’

8. Calculation
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1. Aur head causmg flow.ha
w
Manometer Head Ha =( h;-hyy) x ‘;—3 m

pw=1000kg/m’
p—1.293 kg.="'1113, hy and h, in m
2. Actual vol. of air compressed at RTP.
Where,

h.is air head causing the flow in m of air.
C4 = coefficient of discharge of orifice = 0.62

- i 81 4
a = Area of orifice = A d?

Where,
d = diameter of orifice = 0.02m

3. Theoretical volume of air compressed Q.

Where,
D is the diameter of the LP cylinder =0.07m.
L is Stroke Length =0.085m

Is speed of the compressor in rpm
4. Input Power. IP
3600*n* Nm /(KXT)........... kW

Where,
n = No. of revolutions of energy meter (Say 5)

K = Energy meter constant revs/kW-hr
T =tune for 5 rev. of energy meter in seconds
N = efficiency of belt transmission = 75%
5. Isothermal Work done. WD
WD = pa x QalnrkW

Where,
pa— 1s the density of the awr = 1.293
kg/m’ Q. = Actual volume of air
compressed.
r = Compression ratio
r = Delivery gauge pressure + Atmospheric

pressure Atmospheric pressure

Where Atmospheric pressure = 101.325 kPa
NOTE: To convert delivery pressure fromkg/cm|[ to kPa
multiply by 98 1
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6. Volumetric efficiency. nvol

Mvot = Qa/Qth x 100
7. Isothermal efficiency, niso

_Isothermal work done

Niso = x 100
S. |Head | Actual Theoretical | Isothermal |Iso thermal | Volumetric
No |[of Air|volume of air | vol of air | work done | efficiency | Efficiency
h,,m |compressed |compressed | Kw Niso> %0 Nvots20
Q,. m’/s Qu. m*/s
9. Results

Graphs to be plotted:
Delivery Pressure vs. Tyl

Delivery Pressure vs. Nise

10. Precautions:
1. Do not run the blower if supply voltage is less than 380V

2. Check the direction of the motor, if the motor runs in opposite direction change the
phase line of the motor to run in appropriate direction.

3. Do not forget to give clectrical carth and neutral connections correctly.

PRE LAB QUESTIONS:
1. What is the principle of compressor?
2. Differentiate various types of compressors?
3. Explain concept of multi staging?

POST LAB QUESTIONS?
1. Differentiate single stage and multistage compressor?
2. Define isothermal work done?
3. What is isothermal efficiency?
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1. Experiment No.: ESC-205/11
Experiment Name: Flow through pipes: Revnold's experiments
3. Objectives: To illustrate laminar, transitional, and fully turbulent flows 1n a pipe, and

N

to determine under which conditions each flow regime occurs.
4. Principle:

The Revnolds number (Re) is a dimensionless ratio of inertia forces to viscous forces
and is used in determining the type of flow occurring: laminar or turbulent. In most
engineering text books, a Reynolds number of 2300 1s usually accepted as the value at
transition; that is, the value of the Reynolds number between laminar and turbulent
flow regimes. The Reynolds number that exists anywhere in the transition region is
called the critical Reynolds number. The objective of this experiment is to determine
the range of Reynolds numbers by Revnolds apparatus over which transition occurs.
Given the tube size (12 mm), the Reynolds number ean be calculated as:

- VDh
'\!
where.

Re

Re = Reynolds number

V = velocity of fluid (nv/s)

Dy, = hydraulic diameter (m)

i (mu) = dynamic viscosity of fluid (N.s/m”)
v (nu) = kinematic viscosity of fluid (m”/s)

p (tho) = density (kg/m’)

The hydraulic diameter (different than hydraulic radius) 1s calculated as:
B 4* Area _4*A
Wetted Perumeter P,

w

h

5. Apparatus:

1. Reynolds demonstration apparatus,

2. Cylinder for measuring flow,

3. Stopwatch for timing the flow measurement
4. Dye

5. Thermometer

6. Procedure:
1. Tum on the water, and partially open the discharge valve at the base of the apparatus.

2. Open and adjust the dye injector valve to obtain a fine filament of dye in the flow
down the glass tube. If the dve is dispersed in the tube reduced to water flow rate by
closing the discharge valve and adjusting the supply as necessary to maintain the
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constant head. A laminar flow condition should be achieved in which the filament of
dye passes down the complete length of the tube without disturbance (Figure).

Record the temperature of the water using the thermometer, find the corresponding
kinematic viscosity from a table.

Then measure the flow rate by timing the collection of a known quantity (volume) of
water from discharge pipe. This will help you to determine the velocity of the water in
the pipe.

Slowly increase the flow rate by opening the discharge valve until disturbances of the
dye filament are noted (Figure). This can be regarded as the starting point of
transition to turbulent flow. Increase the discharge as required to maintain constant
head conditions. Do not miss to sketch the dye condition and measure the flow rate
for each of yvour trials.

If necessary, increase the flow rate as described above until the disturbances increase
such that the dye filament becomes rapidly diffused. Small eddies will be noted just
above the point where the dye tilament completely breaks down. This can be regarded
as the onset of fully turbulent flow (Figure).

Now you should close the dye injector valve in order to finalize your experiment.

4

Oye __ |
T‘ flamant
-~
a) Laminar Now: b} Transition: ¢) Fully turbulent:
Slight twisting of  Intermittent pulses Dye rapidly mixes
dye filament but of turbulence and becomes
no disturbances dispersed

Dye sketchs (Laminar through Turbulent)
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7. Tabulation:

Temperature of water = i 5
Kinematic viscosity of water = m%/s
Visual Dye Classification
Time for Flowrate Velocity
Condition | Condifion % Re of Flow by
300ml (s) (m’s) (m's)
(Sketch) Re
Laminar
Laminar
Transition
Transition
Turbulent
Turbulent

PRE-LAB QUESTIONS:
1. Why do we use Reynolds number?

2. Compare the results obtamed through calculations and observations. State whether or
not the results are reasonable. If not, explain the reasons?

3. Is the Reynolds number obtained dependent on tube size or shape?
POST-LAB QUESTIONS

1. Draw a fully developed laminar and turbulent velocity profile (pipe flow). Explain
why they are different.

2. How 1s Reynolds number designed for:
a) Flow in a circular pipe of diameter, D?
b) Flow in a rectangular duct of cross section ax b?
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