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TN HHI®. 1

Experiment no. 1

IER: e & UHT P TG BT

Objective: To verify Bernoulli’s theorem.

3TaRGh IUDRU:

Apparatus required:

Experimental setup for the verification of Bernoulli’'s theorem consisting of inlet tank
with supply, horizontal transparent pipe of varying cross-sectional area attached with

piezometers at equal distance along its length, control valve, measuring tank, stop
watch.

Fig.1.1 Experimental setup of Bernoulli's experiment

Ryid //mheory:

The total energy associated with water consist of pressure, kinetic and potential
energies and as per energy conservation law, energy remains constant. The energy per
unit weight of water is known as head with linear unit ‘cm or m'. Bernoulli’'s theorem
states that for a stream lined, steady, potential and incompressible fluid flow, the sum of
pressure head, velocity head and potential head is a constant.

VZ
g(Pressure head) + E (Velocity head) + z(Potential head) = constant

Where,



p — The static pressure (N/m?),

Y — The specific weight of water (N/m3)
V — Linear velocity of flow (m/s),

g — Acceleration due to gravity (m/s?)

Z — Elevation from datum line (m),

Wﬁ?aﬁlﬁa'lﬁ'\‘ﬁmormulae to be used:

Area of tank ‘A’ = Length x Breadth (cm?)
Volume of water in tank V' =A% ‘h’ (cm?3)
Discharge through pipe ‘Q = V'I't (cm?/s)
Velocity at any section ‘i’ vi = ‘Q'l'ai’ (cml/s)
Velocity head at section ‘Hvi' = ‘'vi#/2g (cm)

Where,

t - time of collection of water in measuring tank (sec).
h - rise in water level in measuring water tank (cm)
a; - area of pipe at section ‘i’ (cm?)

mﬂwﬁﬁ: /Procedure:

OB wN R

W%\H’I’Qﬁdl«dﬁ&ld-{qw $aTs I WA & AT JiaT S g

U Y ST 3M3edic W 70T aTed Wiah? UReRIf gy & Areny § 58 faar S 3|
SIqIc dTed & 39 d¥g AN foodT T f 3die ¢ | ugy &1 Ul fRR 3|

faftre foter & 51a TR &1 Sars g garg Y Tadteng’ e &t ol 3|

U 1 AT 9Td 8 H U Ay ([gaH 40 6 S) & ol U fan ot § 8k ¢ o ofd
R U 3fG g5l @ St g
U13Y & HEH ¥ YdTg HI S{e-3eHT B & foIE dled G101 9Ted & Iquled &l gad 3R
TR0T 3 Y TRT 5 DI QT |

ST & 2 el o ol TRT 3 F IR0 6 dF Gl

The inlet tank supply valve is opened to fill up to required height.
The water is allowed to flow through transparent pipe by opening the control valve at its
outlet.

The inlet valve adjusted such that pipe water in inlet tank remain constant.

The height of water levels i.e., pressure head 'Hpj' in different piezometers are noted.
The water is collected in measuring tank for a period (minimum 40 seconds) and rise of
water level in tank is recorded.

Change the valve control valve opening to vary the flow through pipe and repeat step 3 to
step 5.

Repeat step 3 to step 6 for 2 sets of reading.




3[ddldH /Observations:

fRRT® /Constants:

1. Measuring tank size = 2. Measuring tank area=

3. Assume datum elevation 'z' = 0.0 (cm)

%&qaw /Variables:

SET-1: Time of water collection 't' = Rise of water in measuring tank 'h' =

Volume of water 'V' = Discharge through pipe 'Q' =
Section No. Area (cm?) V (cm/s) Hvi (cm) Hpi (cm) Total head (cm)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.




SET- 2: Time of water collection 't' =
Rise of water in measuring tank 'h' =
Volume of water 'V' =
Discharge through pipe 'Q' =

3[adld dIfeldl/OBSERVATION TABLE

Section No. Area (cm?) V (cm/s) Hvi (cm) Hpi (cm) Total head (cm)

=
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gf¥oma &t tl'\‘ﬁﬁf /Presentation of result:

e Plot the position of piezometer tubes on (x-axis) and piezometric head (Hp+z)
on Y axis. Join all ordinates to get hydraulic gradient line.

e Add Velocity head (Hv) over piezometric head. Join the points and draw total
energy line.

e Draw a horizontal line from section 1. Difference between the horizontal
line and total head at last section will give loss of head.

fewforat/comments:



WART HHID. 2
Experiment no.2

IERY - YT 31 W Tgul 4RT & forg Siftifgrar-gam
Rrgid & Tnfd &A1l

Objective: To verify impulse momentum principle for
flow over curved vane.

SUBRUT TR DB/Apparatus required:

1. Experimental setup consisting of nozzle fitted
upward at end of vertical supply pipe enclosed in
a glass cylinder with control valve, a curved vane
attached to rod, lever arrangement.

2. A measuring tanks
3. A stopwatch
4. Brass weights

Fig.2.1 Experimental setup of
Impulse momentum principle

Rrgid /Theory:

Some problems cannot be easily solved by consideration of energy Principle
(Bernoulli's Theorem) alone due to complicated geometry of flow in some
situations. Examples of such flows are in pumps, turbines, pipe bends and
enlargements etc. In such cases impulse momentum principle can be
conveniently used. It states that the impulse i.e., product of the force and time
for which force acts is equal to the change in momentum of the body i.e. product
of the mass and velocity of the body. When water strikes a solid object, it imparts
dynamic force on that object. If a vertical jet of water with velocity ‘U’ strike a
curved plate, then dynamic force Fx and Fy directions are given by:

QX QX ,
FxZTY(UZx_le) FyZTV(UZy_Uly) F = FxZ_Fy2

Where,
Ux - Velocity component in X-direction (m/s)
Uy - Velocity component in Y-direction (m/s)

Yy - Specific weight of water (N/m?3)
g - Acceleration due to gravity (m/s?)
Subscripts 1 and 2 denote velocity values at inlet and exit of curve plate.



mﬂﬁ?aﬁﬁaﬁ?ﬁ/%rmulae to be used:

Discharge from nozzle A XY
Q= —
Jet velocit
y Ve Q

a
Theoretical dynamic force Fr = pQV(1 + cosB)
Actual dynamic force W x L,

FT =

Ly

Force coefficient Fa
CF - -

Fr

Where,

A - Area of measuring tank (cm?), Y - Rise of water level in measuring tank (cm),
T- Time of water collection (sec), a - Area of nozzle (cm?),

p — Density of water (1gm/cm3), 0 - Outlet angle of curve vane (15°),
L1 - Length from fulcrum to L2 - Length from fulcrum to rod attached to
weight hanger (cm), curved vane (cm)

AT fafe /PROCEDURE:

1. TP TR DI AR 3MH & 3fd H ¢ 3R I IHao fUfd & 3@ & forg saifi ae
B! ofiaR 3 R WM Hb ITB! dals ‘L1 3R ‘L2 Dl 9| L1 BAHH
R P 3R 'L2' H TS IS dop |

2. T IR ao ‘W' TG 3R Fg=0r ared o1 $R-9R @il arfes Aieiat @ ot 1 oie |
dTed o W P FHITINIT B dlfes wiiaR 3T R ¥ THaq fRufa & o |

3. AIYA 91 b | TR Bl Ale B 3R i Ay I70 @9 T &9 40 <) F o
g & AT9 91t ¢ | Th T B 3R fhR T Uit & TR &F Ale B

4. fafir 9o dd BT HH I HH 4 IR TRUT 2 3R 3 HI a8 4|

1. Put a hangar at the end of the lever arm and balance it horizontally
positions by adjusting the location of the balancing weight on the lever arm.
Measure the lengths 'L1' and 'L2' from the fulcrum to the hanger and rod
attached to the curved vane respectively.

2. Put the weight say 'W' on the pan and open the control valve slowly to issue
jet of water from the nozzle. Adjust the valve opening such that the lever
arm comes again to horizontal position.

3. Note the level in the measuring tank and then collect water in the measuring
tank for fixed time (Min.40 seconds) and again note the water level.

4. Repeat step 2 and 3 for least 4 times taking different weights.



3[ddI®d /Observation table:

Size of collecting Tank =

Dia of nozzle =

Length of lever fulcrum to vane L1=

Type of Vane=

Area of collecting tank =

Area of jet=

Length of fulcrum to hanger L2 =

Angle of Vane =

Sr. | Collection |Initial |Final |Discharge |Velocity |Weight Actual Theoretical Coefficient of
No. | time (s) |level |level (cm3/s) (cm/s) |applied |hydrodynamic |hydrodynamic force
Y1' Y2' (gm) force force
(cm) | (cm) (dyne) (dyne)




SAHSAT IVTAT/Sample calculation:

AT®/Graph:

1. Plot the graph between F+ (X-axis) and Fa (Y-axis) and find Ck.
fewfrtcomments:



WART HHID. 3
Experiment no.3

32Ty - fau U I fier @7 iRl [@fde REWN Q. = K Hyg " AFA 8T RRi® K 3R
n FYiRd B 3R varg ot fafde =1 o forg fag 7 53t Hiex o fEwms] QUi (Cq) T
freiRor =

Objective: To calibrate the Venturimeter (To determine the constants K and n, assuming
the actual discharge Qa = K Hrug " ) and to determine the coefficient of discharge (Cd) of
given Venturi meter for different rates of flow.

ATaTeh 3ThL0T/Instruments required:
1. A supply pipe attached with a venturimeter and control valve at the end.

2. A measuring tank
3. A stop watch

4. Differential manometer attached to pressure taping for
venturimeter.

Rrgid/Theory:

As per Bernoulli's theorem, for constant potential energy and
flow rate, increase in velocity will decrease the pressure at
any point and this concept can be used for discharge
measurement in pipes. The device developed based on this
concept are called differential flow meter. The velocity in pipe
is increased by reducing the pipe diameter. Venturi meter is
a device used for measuring the rate of flow of a fluid through
a pipe. It consists three parts: converging cone, throat (least
dia section) and diverging cone as shown in fig.1. The
amount of pressure change between throat and inlet in
particular venturi meter depends on the flow rate. The actual
discharge will be different than the theoretical discharge
because of losses. Calibration is process to develop
relationship between actual and theoretical discharge.

Fig.3.1: Experimental setup of
Venturi-meter



-k
Head loss

{1

103~-D~963
Fig.3.2: Venturi-meter
3T Ry 9 g g+
Formulae to be used:
Actual discharge A XY
Qa = T
Differential pressure head (in water column) St
H = (— - 1) X hp,
Sw
Theoretical discharge 414y
’ Qr = —===+28h
aj—a
1 2
Coefficient of discharge Qa
CD - -
Qr
Where,
A - Area of measuring tank in (cm?) Sw - specific gravity of water
T- time of collection (sec) a1 - cross sectional area of inlet pipe (cm?)
az - cross sectional area of throat Sm - specific gravity of manometric liquid
(cm?)

Y — Level rise in measuring tank (Y2-Y1) (cm)

hm — measuring level difference between two limbs of manometer (cm)



T faf¥r /Procedure:

1. <% & 1A, UISY 3R 7Tdl &1 ™ H1Y |

2. UTSU & HTH Y TaTe &1 A o & e Fivr ared &1 31if¥ie &0 9 @it 3R
TR ¥ 9 A Uigy ¥ g4l &1 gel ¢ |

3. HUH I1d ¢ B TR &I e B 3R R Af¥d 9077 (g7ay 40 I6) & forg A= ara
<& T Ul SHgT BN 3R R I T & TR Bl AlC B

4. U & TUT & SR SR TR & &l 3T § AHHh dRa & Wk o Hi e B

5. 9Tcd & IqUIcd ®I SeTd 3R dlcd & HH I HH 5 IgdIe o [o1g x0T 3 3R 4 BI
CIERY

6. TN R A & S HTYA a1 ¢ J UHI Fdpra ¢

1. Measure the tank dimensions, dia of pipe, and throat.

2. Open the control valve partly to allow flow through the pipe and remove the air from
the flexible pipe connected to the manometer.

3. Note the level in the measuring tank and then collect water in the measuring tank for
a fixed time (Min.40 seconds) and again note the water level.

4. Also note down the level of manometric liquid in two limbs of the differential
manometer during the collection of water.

5. Increase valve openings and repeat steps 3 and 4 for at least 5 openings of the valve.

6. Drain out the water from the measuring tank after completing the experiment.



3[ddld /OBSERVATIONS:

Size of collecting Tank =

Dia of inlet pipe =

Dia of throat =

Specific gravity of manometric liquid=

Area of collecting tank=

Area of pipe=

Area of throat=

Specific gravity of water=

Sr. No.

Collection time

(s)

Initial
level 'Y1'
(cm)

Final level
lY2l
(cm)

Actual
discharge
(cmd/s)

Level
difference in
manometer

tubes (cm

Head
difference in
water column

(cm)

Theoretical
discharge
(cmd/s)

Coefficient of
discharge




oI HelT ITUTAT:

o

SAMPLE CALCULATION:

ITH/GRAPHS:

1. Plot graph between Qtv/s Cbp.

2. Plot graph on log-log paper between H v/s Qa and find K and n to establish equation
Qa=KH™

feaforal/coMMENTS:



WART HHID. 4
Experiment no.4

3T 7 SRt Hiex @1 sferie @rafa® f&mst Q, = K Hug " A 8T fRRI® K 3R n
fYiRT BT 3R UaTg Bt fafte af & fore faw 7 99 iex & fewars! qunies (Cq) 1
BEFUEZSI

Objective: I
To calibrate the Orifice meter(To determine the
constants Kand n, assuming the actual discharge

.
i L R Y

Qa = KHHg n ) and to determine the coefficient
of discharge (Cd) of given orifice meter for
different rates of flow.

Instruments required:

1. A supply pipe attached with a orifice
meter and control valve at the end.

2. A measuring tank

3. A stop watch

4. Differential manometer attached to pressure
taping for orifice meter.

Fig.4.1: Experimental setup
of Orifice meter

fRrgida/Theory:

As per Bernoulli's theorem, for constant potential energy and flow rate,
increase in velocity will decrease the pressure at any point and this
concept can be used for discharge measurement in pipes. The device
developed based on this concept are called differential flow meter. The
velocity in pipe is increased by reducing the pipe diameter. Orifice meter is
a device used for measuring the rate of flow of a fluid through a pipe. It
consists a orifice plate (least dia section) as shown in fig.1. The amount of
pressure change between throat and inlet in particular orifice meter depends
on the flow rate. The actual discharge will be different than the theoretical
discharge because of losses. Calibartion is process to develop relationship
between actual and theoretical discharge.



¢ “e.lvariable distance

Fig.4.2: Orifice meter

3T R ST el W :
Formulae to be used:
Actual discharge A XY
AT T
Differential pressure head (in water column) S
H = (— — 1) X hp,
Sw
Theoretical discharge a;1dz
Qr = —===+2eH
da;—d3
Coefficient of discharge Qa
CD - -
Qr
Where,
A - Area of measuring tank in (cm?) Sw - specific gravity of water
T- time of collection (sec) a - cross sectional area of inlet pipe (cm?)
a - cross sectional area of orifice (cm?) Sm - specific gravity of manometric liquid

Y — Level rise in measuring tank (Y2-Y31) (cm)

hm — measuring level difference between two limbs of manometer (cm)



7T fafer /Procedure:

1.3 & M, UISY & A 3R 7 {1 |

2. Fg= aTed 1 iR ® U ¥ Wil difds U3y & HIeIH ¥ UaTE 81 9 3R AHIe ¥ 9S
il U3y ¥ gaT T |

3. AU 9Td b H TR Bl Alc B 3R R Ay a797 (@0 3 &9 40 6 <) & oW Ut ot
AU 9Tdt ¢ § Taha 3 3R IR T Uit & Wk &l Al &1

4. U & GUGUN & SR fSTHIR™E A-nfiex & gl Uil # IAfesd dRd &1 TR Hi Al HY |
5. ATed o e DI TTT 3R TRUT 3 3R 4 BT HH Y HH 5 IR qeU|

6. TN T 81 & &1 W10 dTdt ¢ & T (AT ¢

=

Measure the tank dimensions, dia of pipe and throat.
2. Open the control valve partly to allow flow through pipe and remove the air

from the flexible pipe connected to manometer.
3. Note the level in measuring tank and then collect water in measuring
tank for fixed time (Min.40 seconds) and again note the water level.
4. Also note down the level of manometric liquid in two limbs of
differential manometer during the collection of water.
5. Increase valve openings and repeat step 3 and 4 for at least 5
openings of valve.
6. Drain out the water from measuring tank after completing the experiment.



3[ddld /Observations:

Size of collecting Tank =

Dia of inlet pipe =

Dia of orifice =

Specific gravity of manometric liquid=

Area of collecting tank =

Area of pipe=

Area of orifice=

Specific gravity of water=

Sr. Collection Initial Final level Actual Level Head Theoretical Coefficient of
No. time (s) level "Y1' Y2' (cm) discharge difference in difference discharge discharge
(cm) (cm?3/s) manometer in water (cm3l/s)
tubes (cm column

(cm)




oI HelT ITUTAT:

o

Sample calculation:

IGTHT:
Graphs:

1.  Plot graph between Qy V/s Cp.

2.  Plot graph on log-log paper between H v/s Q4 and find K and n to
establish equation QA:KHn'

feaforai/comments:



WA HHIP. 5
Experiment no.5

I Y- <1 TS UIZY A8 | JHUH DI ATGHT 3R 396 990 HRE IR Aeed Sl &
gyTg B! FYffd HAm|

Objective- To measure the losses in the given pipe line and determine the effect of
Reynold’s number on its friction factor.

HARGh JUDRU:
Apparatus required

i. overhead tank supplying water in which the level is maintained constant.

ii. pipeline with bends valves etc, fitted with inverted U-tube manometer to
measure head loss.

iii. A collecting tank and stop watch to measure the rate of flow.

Fig.5.1 Experimental setup pipe frictions experiment



fRrgid /Theory

Losses of head (energy per unit wt.of fluid, expressed in meters of fluid)occurs in any
fluid flow. The loss is caused by

()fluid friction in pipe or conduit-major losses
(inchanges in velocity or direction of flow-minor losses

Fluid pipe friction loss is a continuous loss of head, hrassumed to occur at a uniform
rate along the pipe as long as the size and roughness of the pipe remain constant and
is commonly referred to as the loss of head due to friction.

For turbulent flow in pipes, the major loss (hr) is normally taken as

. f1v?
£ 2gd
Where,

f — Friction factor which is dependent upon the material, surface finish,
| - Length of pipe line in which the losses occur

d - Diameter of pipe line

v - Velocity of flow in the pipeline

AT faf¥r /Procedure

1. U130 & TR <t & o & M (d) 3R AaTS (1) BT Al B |

2. BAHeR 9 ga1 MeTeH & ol &R &6 @i |

3. U &1 UT3Y o HIEgH ¥ §8 & & oY dTed Qi |

4. 9 aTat ¢ H T citeR it Uha oY 3R UG H 1 98 A1 He |
5. AIHIER & il § TWRI & 3R Bl Al B |

6. ATed &1 G daal 3R TRUT 4 3R 5 B Gexd|

7. TORTT H IUA dIfeie] ¥ "BhIgHied [AwpIRicl” 'v* Uit HR & oI Ut &7
ATgH Alc B

8. URUMHY & IRUNTg B |




Note the diameter (d) and length(l) of the pipe between manometers tappings.

Open the air cocks to remove the air from manometer

Open the valve to allow water to flow through the pipe.

Collect one litre of water in measuring tank and note down the time taken for

the collection.

Note down the difference in levels in the columns of the manometers.

Change the valve opening and repeat the steps 4 and 5.

7. Note down the temperature of water for getting kinematic viscosity 'v' from the
table available in laboratory.

8. Tabulate the results.

PwbdPE

2

Gﬁ?ﬁﬁéﬁﬁ/Observaﬂon Table

Length of pipe =

Diameter of Pipe=

S.N. | Reading of left limb of | Reading of right Difference Time(secs) for
manometer(cm) limb of manometer | (cm) collection of 1 liter
(cm) of water




IUTAT/Calculations

Head loss 'hf' over a length of pipe or in any fitting is given by the manometers
connected between the two toppings of pipe line.

Calculate the friction factor by using the equation

_fIv?
" 2gd

Note the temperature of water and find the kinematic viscosity of water by using
physical table

Calculated the Reynolds No.

v
14

Re

for each reading at a discharge.

g @1 YRgfd/Presentation of Results

Plot friction factor 'f' vs Re on a semi log graph and compare with the standard Moody’s
chart.

TT/Discussion



N HHIP. 6

Experiment no.6

JERT: YATE B! AR & YR & g YHTeg s e J1d STl

Objective: To find Reynolds number for determination of
regimes of flow.

frgra/Theory: The flow of real fluids can basically occur under

two very different regimes namely laminar and turbulent flow.
The laminar flow is characterized by fluid particles moving in
the form of lamina sliding over each other. The lamina near the
flow boundary has lower velocity as compared to those away
from boundary. This type of flow occurs in viscous fluids,
fluids moving at low velocity and fluids flowing through
narrow passages.

The turbulent flow is characterized by random motion and
intermixing of fluid particles such that their velocity changes
from point to point and even at the same point from time to
time. The Reynolds number is non-dimensional and it is ration
of inertia to viscous force. This number is used to classify
laminar and turbulent flow. The flow in pipe with Reynolds
number less than 2000 is laminar and flow with Reynolds
number more than 4000 is turbulent. There is transition flow
for Reynolds number between 2000 to 4000.

UG dd SUBRUI/Instruments used:

1. A graduated glass cylinder Fig. 12 .1 Experimental setup 2.
Stop watch 3. Reynolds apparatus

Fig.6.1 Experimental setup of Reynold’s experiment

ST {6 o a1t

Formulae used:

Discharge A xXh




Velocity of flow in pipe Q

A
Reynolds number V XD
R, =
v
Where
A - Area of graduated glass cylinder (cm?) h - depth of water in cylinder (cm)
t- Time of water collection (sec) v - kinematic viscosity of fluid (cm?/s)

D- diameter of transparent glass tube (cm)

gfdT/Procedure:

1. TCATS A dled WP Ul & & &l g & 3N 3R 39 3Gl gl &
arfer & F e T TEUs RN §e [

2. YAl & d9ATT Al |

3. &g &I el & Y W o M3ceIe dred HI IRIH &7 & Tiel AR gga &l
& W UEl & garg gl &l

4. yag # @R g9 & 3K N 318 339l & Solole I died T@el 3R 35 &I
oTell & HATEGH @ Sflel | a7 h Gehid &l fAdator S|

5. Uil HF Tomd [eisy # Sheal Y 3R gl & A 3R FIAg0T o 57T &l
Ale Y 3R 3% ared §¢ W ¢

6. ST I sTell HI dled Wiclel sl FAMET HI deol AR AffT aread @ea & fow
TOT 3 3R 5 & e

1.  Fill the water tank with water by opening the supply line valve and allow it to
overflow so that depth of water in tank remains constant.

2. Note the temperature of water.

3. Partially open the outlet valve fitted end of glass tube and allow the flow to take
place at a very low rate.

4.  Allow the flow to stabilize and then open the valve at the inlet of the dye injector
and allow the dye to move through the tube. Observe the nature of the filament.

5.  Collect water in glass cylinder and note down volume of water and time of
collection of water and close the dye valve.

6. Vary the glass tube valve opening and repeat the steps 3 and 5 for different valve
openings.



3[adld+ /Observations:

Mean temperature of water T = °C Kinematic viscosity of water, v =
Diameter of glass tube D = Dia of cylinder container used for collecting
water =

Sr. No.| Collection |Water depth in| Discharge | Velocity | Reynolds | Type of flow
time ‘T’ (sec) cylinder ‘h’ (cm) ‘Q’ (cm3/s) |'V’ (cm/s)| number ‘Re’
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

SIHSAT IVTeAT/Sample calculations:

feafral/comments:



WART HHID. 7
Experiment no. 7

JERU: UocsT Uiy $T gefar faAYanit & g &

Objective: To derive the efficiency characteristics of the Pelton wheel.

SHIIRYh JUD UL
Apparatus Required:

Pelton Wheel unit with water supply rig.

Venturi meter with manometer to measure discharge
Tachometer to measure speed

Dynamometer or break drum to measure the torque on the shaft.

N\

Fig.7.1 Experimental setup of Pelton wheel experiment
frgid /Theory:

Pelton wheel is an impulse turbine where in the total energy of water is converted in to
kinetic energy by putting nozzle at the end of penstock. The jet of water coming out of the
nozzle is made to impinge in air on buckets fixed on the periphery of a wheel mounted on
a shaft. The impact of water on the surface of bucket produces the force which causes



the wheel to rotate, thus develop torque or mechanical power to the shaft. The jet of water
strikes the double hemispherical cup-shaped bucket at the center and is deflected to both
sides leading to change in momentum, and then the water drops into tail race.

The main parts of the Pelton turbine are: 1. Flow regulation mechanism, 2. Bucket and
runner, 3. Hydraulic brake.

Flow regulation mechanism

This mechanism controls the quantity of water passing through the nozzle to meet the
variable demand of power. The mechanism consists of a spear fixed to the end of a shaft
which is operated by servomotor through governor. When the speed of the wheel
increases, the spear is pushed into the nozzle, thereby reducing the quantity of water
striking the bucket. If the speed falls, the spear is drawn back allowing a greater quantity
of water to pass through the nozzle.

Runner

Each bucket is divided vertically into two parts by a sharp edge splitter at the center, thus
giving the shape of double-spherical cup. The splitter divides the jet into two parts moving
side-ways in opposite directions. Cast steel runner is used for low—head but for higher
head, bronze or stainless steel is used. The buckets are bolted or integrally casted on the
circumference of circular disk mounted on shaft. The buckets and disc together form the
runner of Pelton turbine.

Hydraulic brake

The brake consists of small nozzle fitted in such a way that it directs a jet on the back on
the buckets to bring the revolving runner to rest quickly.

Characteristic curves of turbine

Turbines are always designed to work under a given design data. But in practice they
have to run under varying conditions. The turbine is designed with various simplifying
assumptions and it is impracticable to test the prototype. Therefore the exact behaviour
of the turbine under varied conditions is predetermined through model tests to finalise the
design. This is graphically represented by set of curves known as characteristic curves of
the turbine.
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1. Measure the diameter of brake drum and diameters of Venturi meter.

Note the vertical distance between nozzle center and location of pressure gauge.

3. Start the centrifugal pump, keeping the delivery valve of pump and the needle valve
of the turbine closed.

4. Set the spear opening to desired values shown by a pointer attached to the needle
spindle.

5. Open fully the delivery valve of supply line gradually.

6. Adjust the load on the break drum so that the speed is kept within the allowable
limit.

7. Note down the reading on load, venturi meters and pressure gauge

8. Change the load on drum to vary the speed by 50 or 100 rpm.

9. Take 5-6 set of readings by repeating steps 7 and 8.

10.Change the needle opening and repeat step 6 to 9 till tests for all required nozzle
openings are over.

ST 58 9H 919 3

Formulae Used:

N

Differential head in manometer limbs h=12.6 Ay
Discharge Cqajay; —
Q= 2_.2 2gh
aj—a
1~ 492
Area of pipe 1td?
4

Velocity at pipe Q
A



Corrected Head

Net break load

Output power

Input power

Efficiency (%)

Where,

p V2
H=—+4+7+—
Y 28
T:(Wl—Wz)

p = 2TRNnT %X 9.81

watts
° 60

Pi = 9810QH watts
n=-2+100

p =9.81*P~*10*

h - Differential head in manometer limbs (m)
Ay — difference in mercury level in two limbs of manometer (m)

R — Radius of the break drum (m)
n — Rotational speed in rpm of the shaft

oI HeT ITUTeAT:

[N

Sample Calculation:

U 3 wgfd/Results

fearer® ufafAferea/Graphical representation

For each gate opening plot:

1. Head v/s Discharge.
2. Efficiency v/s speed.



Agellhel difaihl/Observation Table:

Dia of pipe .'d’= (m) Pitch circle dia. of wheel ‘D’ =
(m) Radius of Brake drum’'R’ = (m)
Difference in elevation of pressure gauge and center of nozzle ‘z’'= (m)
Spear Pressure | Corrected | Venturi Discharge Input Speed | Load on Net | Output | Efficiency
Opening. gauge head meter Q(m?3/s) power | n(rpm) rope Load | power (%)
reading H(m) reading Pi (Kg) T(KQ) Po
P(Kg/cm?) h(m) (Watts) W1 | W2 (Watts)
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Experiment no. 8

SERT: YR T BT H-Q HRae ey 3R TR IR HRaezRed U &l

Objective: To derive H-Q and efficiency characteristics of centrifugal pump.

HIARGh JUDRU:
Apparatus Required:

1.

A pump set up with prime mover

2. Supply and delivery pipe line
3.
4. Flow measuring system

Pressure and vacuum gauge

Fig.8.1 Experimental setup of centrifugal pump experiment

fRrgida/Theory:

A pump is a mechanical device that converts mechanical energy into hydraulic energy of
water to increase the pressure. Depending on the way the energy is transferred to the to
the liquid, pumps are broadly classified as



(a) Positive displacement pump
(b) Rotodynamic (centrifugal) pump.
A centrifugal pump unit has following parts-

i)  Suction pipe with strainer (screen) and a foot valve at the lower end.

i) Animpeller (rotor) and a volute type casing with diffuser outlet.

iii) Delivery pipe fitted with pressure gauge and a control valve.

The pump is driven by electric motor. In rotodynamics pumps energy is added to increase
the liquid velocity within the impeller by centrifugal action and subsequently the velocity
of liquid is converted in to pressure energy within the volute casing of pump.

EI'*ﬂ"Tﬁﬁ[/Procedure:

. USRS U RITYAT BT T Dy |

fScia’t ared d¢ H 3R JSTRETA UY B WIZH B |

U9 &1 IaH & o8 Zaifaed Hiex A &3 3R 39t I3 T1fd T &3 |

f&efia’t aTea Widt 3IR 39 Jifesd fewamsl iR ¥e H1|

die Hiex W (Sl Safde® Hie T J3T 8), HAHICR (h1 3R h2) &t ST Al &3, S
SR Hex I J3T 7, 3R Hella=M T I Wafdid S, dagd 7ie a1 qa=H
TrEUars— WR AR (y1 3R y2) &t ST SR focliadt urguersy ¥ 9 IR i &t
ST e B

6. URR IS HAaRM 3R JFgH Tol/qaRM A8 HAIHICR HaRM & d1d B ddad gt Ale
B

fEcia’t ared @) AT Faa 3R TR 5 & Tt SgdidHl B qremd|
fSwarst & ORI 39 & Har B a1 6-8 fSwr ST & fow A |

1. Study the centrifugal pump installation.

2. Close the delivery valve and prime the centrifugal pump

3. Start the electric motor to run the pump and attain its full speed.

4. Open the delivery valve and set it at desired discharge.

5.Note the reading of watt meter W (connected to electric motor), readings of manometer
(ha and h2), connected to the orifice meter and corresponding discharge from the
calibration graph, vacuum gauge or the manometer on the suction pipe line (y1 and y2)
and reading of the pressure gauge fitted to the delivery pipeline.

6. Note the vertical distance between the pressure gauge connection and vacuum
gauge/suction line manometer connection.

7. Change the setting of delivery valve and repeat all observation as in step 5.

8. Take measurement for 6-8 discharge readings covering full range of discharge.

L

~

o
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Formulae Used:
1. Calculate the manometer head developed by the pump.
Pump head (H) = (Pressure Gauge Readingx10000/1000) — Vacuum/suction
manometer Reading ‘hs’ (m) +correction for location of pressure
gauge/vacuum gauge ‘z’ (m)
Hs=hd + hs +z (m)

2. The input power to the pump is calculated from: P input = Wxnmx1000 (watts)

3. Calculate power output of pump as: P output = YQH (Watts)
Where ‘y’ is the specific weight of liquid (N/m?3)

‘Q’ is the discharge delivered by the pump (m3/s)

.. . P u u
4. The overall efficiency of the pump is then calculated as n= —2%x100

input

Velocity head at inlet and outlet of the pump are not being considered, because the
diameter of suction and delivery pipe is same and hence velocity head will be same and
will get cancelled with each other.

IUTAT/Calculation :

g @1 yRgfd/Presentation of the Results:

On a regular graph paper, plot of pump head (H m), efficiency (f}) as ordinate and
discharge (Q) abscissa. The result curves are known as characteristic curves.



3[ddld /Observations:

Diameter of suction pipe =

Diameter of delivery pipe =

Vertical distance from suction gauge or manometer to delivery pressure gauge 'Z' (m)=

Efficiency of motor =

Speed of pump =

S.No. | Wattmeter | Manometer | Discharge | Pressure Vacuum manometer | Manometric | Power Efficiency
Reading Reading Q Reading reading head, H m output (%)
(W} (m) (m3/sec) (p) (m) (m) Poutput
Kg/cm? (kW)
(kw)
hi | h2 y1 y2 | Difference




WART HHID. 9
Experiment No. 9

IR Wil a3 Dt gafdl faRiwdrsil ! Ui &1l

Objective: To derive the efficiency characteristics of the Francis turbine.

IR JUD UL

Apparatus Required:

Francis turbine.

Supply pump to supply water to the turbine.
Office meter with differential manometer.
Rope brake the torque.

Manometer or pressure gauges.
Tachometer to measure the shaft speed.

o0k wnNE

Fig.9.1 Experimental setup of Francis experiment

mﬁﬁrlProcedure:

1. 97 e WR &l 718 TR &I STHBRT Al B |
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1. Note down the details of the turbine given on the name plate.

Keep the guide vanes completely closed and start the pump.

Open the guide vanes ¥4 of the total opening simultaneously adjusting the load on
the brake drum. So that speed is within allowable limit.

Note down the reading from the manometer of the venturimeter pressure gauge.
Measure the distance from the centre of the turbine to the pressure gauge.

Note down the load on the rope brake and the speed of the turbine.

Vary the load on the drum to change the speed by about 100 RPM.

For each opening of guide vane vary the speed 6 times.

Now change the guide vane opening and repeat the above steps for 4 to 5 openings.
10 Note down the diameter of the brake drum.

ST f5d oI a1 g

Formulae used:

wn

© N OA

1. Calculate the discharge (Qact) from the orifice meter manometer.

Quct = cd\/ﬂ,/Zghx 12.6 (m3/s)
a?-a3

Where,
Cd — Coefficient of discharge
a1 - Area of supply pipe (m?)
az - Area of orifice (m?)
h — difference between the level of mercury in left and right limb of manometer (m)
2. Calculate the velocities (Vent & Vexit) in pipe at pressure and tube exit of the turbine.
3. Calculate the effective head as
2

=Ly Zi+ Z, + Vene = Vee (m)
Y 29
Where,
Hgauge = Pressure head at inlet in meter of water = (Px10000/1000) m
Z1 = Vertical distance from the Centre line of the runner shaft to the pressure gauge
Z2 = Vertical distance from the Centre line of the runner shaft to the d/s water level
(tailrace).
4. Torque or turning moment T = 9.81x (L1 - L2) XR (N-m)
Where,

L1 — L2 = Net brake load in kg

R = Radius of brake drum in m.

5. Powerinput Pin =yQH Watts

2nNT Watts

6. Power output P,,; =

7. Turbine efficiency n = P"—"‘t x 100%



gelhel difal1/Observation table:-

Dia of Runner, D = Radius of brake drum = m Dia of supply line = m
Z1 = Vertical distance from the centre line of the runner shaft to the pressure gauge= m
Z>= Vertical distance from the centre line of the runner shaft to the d/s water level = m
Guide Vane Pressure Net Orificemeter | Discha- | Input | Speed | Load on drum Output Efficiency
Opening Gauge Head | Reading, h(m) rge Power N Power N (%)
Reading H (watts | (rpm) (watts)
(kg/cm?) | (m) | Left | Ri | Diff | m%s ) T1 M2
lim | ght | eren kg
b lim | ce(m
(m (b |)
(m

)




IMUTAT/Calculation:

gRum#At #1 gfafaf@ca/Representation of results:

For each gate opening plot n against speed

TdT/Discussion:

39



WART HHI®. 10
Experiment No. 10

I 2Y: IRNB T Uy gemar § geran 3R ufawrd f&y & 7T BT

Objective:To compute the efficiency and percentage slip in reciprocating pump.

HIARGh JUDRU:
Apparatus required

1.

A reciprocating pump

2. Supply and delivery pipe line
3. An electric motor

4.

5. A collecting tank

Pressure and vacuum gauges

—

RECIPROCATING PUMP

Fig.10.1 Experimental setup of Reciprocating experiment

fRrgid/Theory :

A reciprocating pump comprises of-

i.
ii.
iii.
iv.
V.

Suction pipe fitted with a strainer and a foot valve at lower end.
Reciprocating pump unit with speed reduction gear box.

Air vessel fitted on the suction and delivery end of pump.
Delivery pipeline with a pressure gauge and a control valve.
Electric motor with pulley and belt system connected to pump.

In a reciprocating pump, the liquid is sucked at the suction end of the cylinder,
trapped, pushed and discharged completely at the delivery end with every stroke of
piston. Depending on whether the liquid is sucked and the delivered from one end or
both the ends of the cylinder, a pump is called single acting or double acting.

40



gfshat/Procedure
1. Zaifdge HeX DI AT dX dlfd UY Il b |

7.
8.

fEciiast area Wid 3R 39 aifed fewms R e H1
gre Hiex (W) B1 AT, aogH TS (pv) A1 TR UIgTarz— H AR (h1 3R h2)
o1 A&, SR feeiiast Ar2s =R 9 (pd) F1 AT e HL|
TR ¢ | U & &R H J1d (He) gfe & o sirazass 90y Aic |
Rycier # fie1 gri for 71w fAf3a e # Wi & for foran man o Reapie &1
ig'\fﬁﬁr HaRM 3R dagH ol T HAHICR HaRM & S DI dadd ol AIe
|
fSeiiadl aTed &t AT Jaet 3R A1 3-5 HI G|
fafrs fe<arst & fad A1 6-7 &1 GleRmd|

Start the electric motor to run the pump

Open the delivery valve and set it to a desired discharge.

Note the reading of watt meter W, reading of vacuum gauge, pv or the
manometer in the suction pipe line (hl &h2), delivery side pressure gauge
reading pd.

Note the time required for the known (set) rise of water level in the collecting
tank.

Record the time taken for fixed number of strokes made by the piston in the
cylinder.

Note the vertical distance between pressure gauge connection and vacuum
gauge or monometer connection.

Change the setting of delivery valve and repeat the measurement 3-5.

Repeat measurements for 6-7 for different discharges.

dalhel/Observations

Diameter of Cylinder= Area of Cylinder=
Length of stroke=

Area of collecting Tank=

Distance from pressure gauge to suction gauge or manometer=

41
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IUTAT/Calculations

1. Using cross sectional area of collecting tank and the observed time for the water
level in the tank to rise by a known height, calculate the discharge by volumetric
method, Q = A x h/t

2. Calculate the static head and manometric head developed by the pump.

Static head = pressure gauge reading — vacuum gauge or suction manometer
reading + correction for the location of pressure gauge and vacuum gauge or
suction manometer.
Hs =hd — (xhs ) + Z1 + Z2
Manometric head, Hmano = HS + hiosses
3. The input power (h.p.) to the reciprocating unit is-
Pinput = W __ hp
0.736
4. The power output from the pump is-
Poutput = m h.p.
75
Where Y is specific weight of liquid

5. The overall efficiency of the pump is then calculated

No= Poutput X 100
Pinput

6. Calculate theoretical discharge from pump, Qwu = a.L.N
Where, a = cross sectional area of the cylinder, L = length of the stroke and N =
number of strokes per seconds.

7. Then find slip, S = (Qth — Qactual), and %slip = Oth — Qactual X 100

Qth



SIHSAT IVTeAT/Sample calculations

qRUTA/Results

The manometric head developed, pump efficiency, slip and %slip are tabulated.



TN hHi®P. 11
Experiment no. 11
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Objective
Study of Kaplan Turbine









