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TN HHIP. 1
EXPERIMENT NO.1

JeTd/OBJECTIVE:
U ofise H gliordl &l AT 3R ¥or I[oTieh 1 eiRor e

To measure losses in pipe line and determine the friction factor.

3TaTs 390/ APPARATUS REQUIRED :

Overhead tank with constant water level for supply of water.

i. The straight pipeline fitted with inverted U-tube manometer to measure head loss.
ii. A collecting tank and stop watch to measure the rate of flow.

Rrgid /THEORY

When liquid flows through pipes, it is subjected to energy loss. The energy losses in
pipe fillings like bends valves etc. are minor losses. The loss due to friction between
liquid and pipe is referred as major loss. These losses are function of velocity for any
pipe and its flexures.

i. Fluid friction in pipe or conduit-major losses.
ii. Changes in velocity or direction of flow-minor losses.

Fluid pipe friction losses 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 remains 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

- fl1v?
F7 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

AR fafr /PROCEDURE:

ST &1 A1 (d) 3R oas (1) A AT SR & fig A H

HAHex & ga1 AP & T TR Fie @l

Jleil &l 9189 ¥ Yaligd el & ToIT dled il

AT aTell €ohl H Teh e Jleil 3hedl a 3R T & fow forar =r a5 g
Al H|

HAHAR & PleH H TRT & 3R FI Alc H

areq &1 &ufa sgo 31k @oT 4 3R 5 & gEIv]

Olail T dT9ATT Al Y|

afRoTmAT S aRuflEey F|

B Dnp =

© N o o

. Note the pipe diameter (d) and length (I) 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 liter 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.

. Note down the temperature of water.

. Tabulate the results.

B ON -

0 NO O

39T fHT SR are §A/FORMULAE TO BE USED:

Discharge

=<

Q=

Velocity

o |



Head loss due to friction fl1v?

£1Q?

(Darcy Weisbach formula) hy = 2¢d

Reynold’s number R VD

3qald-T/OBSERVATION TABLE:

Length of pipe =

~12.1D5

Diameter of Pipe =

S. No. Reading of left Reading of right | Difference | Time for collection of
limb of limb of (cm) 1 liter of water (s)
manometer (cm) | manometer (cm)
1.
2.
3.
4,
5.
6.
7.
8.
9.
10.

AHAT 0T/ SAMPLE CALCULATIONS




qRUTAT FT FEIAFIOT/PRESENTATION OF RESULTS

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

I4a1/DISCUSSION



TR P, 2
EXPERIMENT NO.2

SEXI/OBJECTIVE:
#felar I[oTh T AUROT AT Teh Gol WA H FAH Jar6 & ]
To determine the manning's coefficient of an open channel for Uniform flow .

Tags 39hIvr/Apparatus Required:-

I.  Along glass walled rectangular flume having screen at the inlet, a gate at the
outlet and a top rail for the movement of pointer gauge.
II. A pump supplying water to the channel fitted with a venturimeter in its delivery
pipe
lll. A pointer gauge and a scale.

Rriay Theory:

Flow in open channel is said to be uniform if the depth of the flow does not change from
section to section at any instant of time. Thus in a uniform flow, the depth of flow, area
of cross-section and velocity remains constant along the length of channel.

For uniform flow in an open channel, the mean velocity is given as

V = C+JRS ( Chezy’s equation) (1)



Here C is coefficient which depends on the nature of the surface of channel boundaries
and Reynolds number, R is hydraulic mean radius and S is the bed slope of channel.

Another formula proposed by Manning, an Irish engineer is

y-LlR"s" (Manning’s equation) (2)
n

Where n is a roughness coefficient known as Manning’s coefficient. This coefficient is
also function of nature of channel boundary surface. Comparing the above two
equations, the Chezy’s coefficient is related with Manning'’s coefficient

R1/6
n

C

3)

gfsar/Procedure:

1. Ue[d & Holg T H Teh TN T |

2. 38 3HET H 9ER & &R & v gigex 9 fs7d o

3. U9 dre Y 3R 33T dled & G a6 ¥ @iel difeh drel FoH@ & yarfed g
Heh| FolH H 3YYFd TATE IENTS IIod el & T ol e & AT A

4. ST T YaATE FHATT ST 1 ST, T doh TcaT Y, I§ FlARad FHd ge &
TATA 3HTHET H JaTg T EMS FA g1 TATTT HJHENT H Gt T Folg
Fais & o gigex I T o)

5. HeMHTER Fr QST e A S gl AleX & 37 g3 ¢ 3R 3T el Hd FH
3T Hlh Jag 1 &I (discharge) &7 0T FHY|

6. YdT & AT INUHIT FI SEol dlfeh dAT H UTAT T IS H deord & Th 3R 3-
4 AT 31T 39fAg & T WoT 27 5T FF SV

1. Select one section in central part of the flume.

2. Take the pointer gauge readings for the bed levels at this section.

3. Start the pump and open the outlet valve fully so that water flows in the flume. Adjust
the tail gate so as to get a suitable depth of flow in the flume.

4. Wait until flow becomes uniform by ensuring that the depth of flow at the chosen
section is same. Take the pointer gauge reading for water surface elevation at the
chosen sections.

5. Note the reading of manometer connected to the venturi meter and calculate
discharge using its calibration curve.

6. Change the gate opening of channel to vary the depth water in channel andrepeat
step 2 to 5 for 3-4 different gate openings.




qdlee difesl/Observation Table
Width of the flume (m) = Inlet Dia. Of Venturimeter (m) =

Diameter of Throat (m) =

S. No. Discharge Pointer gauge reading Flow Wetted Hyd. Velocity | Manning
area ‘A’ | Perimet | Mean a'A coefficient, ‘n’
Differential | Discharg | Bed Water Depth | (M) er ‘P’ radius | (m/s)
manometri | e (m®/s) | level surface of flow (m) R =A/P
c head in (m) level (m) | (m) (m)
water

column

(m)




sIH&AT 30TeA1/ Calculations

1. Find the difference of bed levels z; — z, over a distance x; — x, of
about 3m length of the flume. Calculate the slope S of the flume

Z1—Z
S = 1742
X1—X2

2. Find the depth of flow Y’ at different chosen sections by
subtracting the water surface level reading from the bed level
reading
Calculate the cross section area of fow A=B XY,
4. The wetted perimeter

P=B+2Y
5. Hydraulic mean radius

w

R=4
P
Y

6. Calculate the mean velocity of flow V' = =

7. Then calculate the Manning’s coefficient using relation

1 . .
v == R S" (Manning’s equation)
n

IRUTA/Result

T4gT/Discussion



TART ShHIP. 3
EXPERIMENT NO.3

JETU/OBJECTIVE:
gisgifeih 519 & FaT gifel I I0TAT el

To compute energy loss in hydraulic jump.
Tage 39hIvr/Apparatus Required:

A pump supplying water, a venturi meter, long glass walled rectangular flame,
pointer gauge, moving gauge.

ﬁl?x'i?[/Theory:
A hydraulic jump is analogous to the shock wave phenomenon observed in
aerodynamics, where a supersonic flow meets a subsonic flow and a shock front
develops at the transition between the two flow regimes. The phenomenon of change
in supercritical flow to super critical flow causes loss of energy.

Control volume

Hydraulic !

jump 7\

b=

Figure 1: Control volume for the analysis of a hydraulic
jump.

As shown in fig.1, the hdraulic jump is occurring between section 1 and 2.

Froude's No. at up stream is F, = it should be greater than 1

Jeh

2
Froude's No. at down stream is F,, = Y2 it should be smaller than 1

Jeh

Height of hydraulic jump = h2-h1



Loss of energy due to hydraulic jump =

_ (hz—hy)3
4hqh,

yfshar/Procedure:

1. Fo[H H Ul IYfd # & T 99 1 dred @lel|
2. T & AT FH R-UN G Bt @ R #
3. 3T F IEFAEIH 3id W W AR gEsifeied ST 3c9eed el & [T AT Hr

qEYEr & FARNTST |
ag fdg g¢ SigT vare g fhfehel T & @9 fhieehed T & Feeldr §, 38
foIT h1eTeT 7 gepsT TR & 3R Ig vare &1 fem & faudia =erem|

5. Oi5¢ ST T 39IRT Fh o9 H Tgol 3R a1¢ & et $r Tgs A |
6. ¥ & ITER Foil gifl A
7. 3Tame Seoeht TWOT 28 6 dh I GIEIT|

o o

. Open the valve of the pump to supply the water in the flume.

Make the discharge steady by slowly opening the gate of the flume.

Place the gate at the downstream end and adjust the upstream gate carefully to
create a hydraulic jump.

Find the point where flow changes from supercritical level to sub-critical level by
dropping a piece of paper & its moving opposite to the direction of flow.
Measure water depths before and after the jump using a point gauge.

Measure the energy loss according to the formula.

Repeat the steps 3 to 6 by changing the discharge.

gdis« difers/Observation Table

S. Pointer gauge reading at Pointer gauge reading at | Fr1 Fr2 Energy
No. | section 1 section 2 Loss(m
)
Bed Water Differen | Bed Water Differen
Level(m) | Level(m) | ce 'ht' Level( | Level(m | ce 'h?'

(m)

m) )




Jrorsr/Calculation:

1. Calculate the upstream and downstream Froude number. Are the calculated
values satisfying the requirements for the hydraulic jump formation?

2. Calculate head loss using (equation (1) for each test.

gRUTA/Results




TN hHIP. 4
EXPERIMENT NO.4

JeTd/OBJECTIVE:
Uocol SElel T GaTdr faRIVA3it 1 cgctead Tl
To derive efficiency characteristics of Pelton Wheel.

ATaTgsh I4RIOT/APPARATUS:

1.
2.

w

Pelton Wheel unit.

Water supply pipe (Penstock) fitted with Venturi meter and manometer to measure
discharge.

Tachometer to measure speed

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

RIGIA/ITHEORY

Pelton wheel is an impulse turbine the wheel consists a series of buckets on periphery
of circular disc on a shaft total energy of water is converted into kinetic energy by
putting nozzle at the end of penstock. The jet of water coming out of the nozzle. Strikes
the double hemispherical cup-shaped bucket at the center and is deflected back,
leading to change in momentum. This imparts force on bucket and produces torque
on shaft to rotate it. The water drops into tail race.



The main parts of the Pelton turbine are: 1. Sphere and nozzle assembly 2. Runner 3.
Hydraulic brake

SPHERE AND NOZZLE ASSEMBLY

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 centre,
thus having 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 —
heads 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 the Pelton turbine.

TAIL RACE SUMP
It collects water falling from runner and water pumped back to turbine.
CHARACTERISTIC CURVES OF THE TURBINE

Turbines are always designed to work under the given design data. But in practice,
turbines have to run under a range of conditions. The turbine is designed with various
simplifying assumptions and it is impracticable and inaccurate to test the prototype.
Therefore, the exact behavior of the turbine under varied conditions is predetermined
through model tests to finalize the design. This is graphically represented by set of
curves know as characteristic curves of the turbine.

UTshaT/PROCEDURE

1. s 3H & e 3R dedl Hiex &l AR ||

2. @l & dhg 3R AN AT & TUW & o FEaeR gl Aile |

3. UGS 99 Hlef Y, 99 & fSeliadl dled 3R SIS & Aol dled & og
@d gl

4. wirser BUse @ Y WIS @RI Q@IT T difSd Al & HaR TR
3igfeter AT H|

5. FeAT$ oigel & f3eliall ared A qf g § el ¥R-4|

6. S 3H W oI5 FARISIT X alfeh aIfd IqAT HAT & IR TG 51 T




7. s, dedl #eX 3R R el @ (S sAe Al

8. 3H WX olls dGol dIfeh I &l 50 AT 100 rpm T FEIAT AT TCTAT ST Th|

9. TIOT 7 3R 8 &I glgua 3-5 3T (f39d o |

10. et 3NufAer s 3R Tt 3maegs Aarer 3ufaew & wWietor gATT 8
deh TROT 6 H 9l g |

1. Measure the diameter of brake drum and size of venturi meter.

2. Note the vertical distance between nozzle centre 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. Setthe spear opening to desired values shown by a pointer attached to the needle

spindle.

Open fully the delivery valve of supply line gradually.

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

limit.

Note down the reading of load, venturi meter and pressure gauge.

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

Take 3-5 get of readings by repeating steps 7 and 8.

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

o o

—‘CO.°°.\‘



3T fHT IR arel FA/FORMULAE TO BE USED:

Differential head in manometer limbs h =12.6 Ay

Discharge Cqaza
| g Q _ d 94142 \/Tgh
JaZz—a?
1 2
Area of pipe 1td?
A= —
4
Velocity in pipe Q
V= —
A
Head &
yoP Vv
Y 28
Net break load T=(W1—W>)
Output power p = 2nmRnT X 9.81
°- 60
Input power Pi =9810QH
Efficiency (%) — P
N P,
Where,

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

p- Pressure of intel turbine (N/m?)



qatdd difas/ OBSERVATION TABLE:

Diameter of pipe ‘d’ =

Radius of Break drum ‘R’ =

Difference in elevation of pressure gauge and Centre of nozzle z' =

Spear
opening

Pressure
Gauge
reading ‘P’
(kg/cm?)

Velocity
head ‘H’
(m)

Venturi
meter
reading ‘b’

(m)

Discharge
‘Q’ (M3/s)

Input
power ‘Py
(watts)

Speed
" (rpm)

Load on
drum (kg)

W1 | W2

Net
load

(kg)

Output
power ‘Po’
(watts)

Efficiency
(%)




SAHSAT 3071/ SAMPLE CALCULATION

IRUMTA/RESULTS

1. For each gate opening plot the Efficiency v/s speed graph.

Ta1/DISCUSSION:



TR hHI®. 5
EXPERIMENT NO.5

JETU/OBJECTIVE:
IO TS T gafdr fAATAI3T i et H|
To derive efficiency characteristics of the Francis turbine.

ATaTgsh IYRIOT/APPARATUS REQUIRED:

1. Francis turbine.

2. Supply a pump to supply water to the turbine.

3. Venturimeter with differential manometer.

4. Rope brake the torque.

5. Manometer or pressure gauges.

6. Tachometer to measure the shaft speed.

9fHa/PROCEDURE:

1. WEST W ATH Tl W & I8 AHARRT Al L

2. 933 1 A QU e ¥ ¢ W 3R 99 are] H|

3. TS & &g T N A (21) 3R ToRT W (22) T H g A

4. ST AT I Fel AT HT % Tiel R §h 37 W oIis ARSI Y, dATfh
I AT WA F MR @

5. agll HIX & HeARIY IR NRR A F QST A



. AT sh W g 3R @@ &1 a1fd sAlc F

SH W @IS Sceol difch IIfd I S9THT 100 RPM & Scoll ST Teh|

. UcUF IS I & IeHe & v Ifd FT 4-5 IR FEol|

3 IS8 df & 3cHICe &l dcel 3N 5 ¥ 8 3guiee & folv FIW BT 1w
TRON HT IV

10.58% SH FI I Al F|

© ®© N o

1. Note down the details of the turbine given on the name plate

2. Keep the guide vanes completely closed and start the pump

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

4. Note down the reading from the manometer of the venturimeter and 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 the guide vane vary the speed 5-6 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.

© 00N O

3ganr fFT T ga/Formulae used:

Calculations:-

1. Calculate the discharge (Q) from the venturimeter manometer reading.
2. Calculate the effective head as

2 2
H=(C+24272)- &+ 2427,
Y 29 Y 29

Where,
P1= reading of pressure gauge in at the inlet in N/m?
P2= reading of vacuum gauge in at the draft tube in N/m?
Z1 = vertical distance of pressure gauge from the reference line.
Z»>= vertical distance of pressure gauge from the reference line.

3. TorqueM =FXr

Where,



F = Brake load in kg (T1— T2)

r = radius of brake drum.
Pin

2nNT(T, — T;) r *9.81
Pout = 60

N = speed of rotation in rpm

P
Turbine efficiency, 1= P%”’XIOO

in

yQH



OBSERVATION TABLE:-

Dia of Runner, D = Diameter of brake drum = dia of supply line =
Elevation of pressure gauage from datum (Z;) = (2) Elevation of Vacuum gauge from Datum (Z>)
Guide | Pressure | Vacuum | Net | Venturimeter | Discharge | Input | Speed Load on Output
Vane Gauge Gauge | Head Reading, h Q Power N drum Power | Efficiency
Opening | Reading | Reading H (m) (m?/s) (watt) | (rpm) (Watt) H (%)
(N/m?) | (N/m?) (m) T T2
(kg) | (kg)




Representation of results

For each gate opening plot n against the speed

Discussion



TR hHIP. 6
EXPERIMENT NO.6

SEXI/OBJECTIVE:
YETGITST U9 & H-Q IR G&TT TAATAHT T eGcowT T

To derive H-Q and efficiency characteristics of Centrifugal pump.

1T+ IYRIOT/APPARATUS REQUIRED:

A pump set up

Suction and delivery pipe line

Pressure and vacuum gauge/manometer
Flow measuring system

Electric motor and wattmeter

Orifice meter fitted with delivery line

2

1

faguia/THEORY

A centrifugal pump is a mechanical device that converts mechanical energy into
hydraulic energy of water to increase pressure.

A centrifugal pump unit has following parts:

i)  Suction pipe fitted with a pressure gauge near pump inlet manometer and a foot
valve with strainer (screen) at the lower end.

i)  Animpeller (rotor) and a volute type casing.

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



iv) The pump is driven by electric motor.

In these pumps energy is added to the liquid velocity within the impeller is measured
by centrifugal action and subsequently the velocity rejection of liquid is converted in
to pressure energy within the volute casing of pump.

9fHa1/PROCEDURE

1. AFGITe 99 dH TATAT 3R 3Hh TChl AT eI A |

2. f3oliadl ared 9g Y AR AOTFTe 99 &l G587 S|

3. 99 &I Telld & U gaifdger Ay are A 3R 58 qo7 9fd T 9ga= <

4. f3eladY dred o 4R-4R @rel 3R 3Red 9arg (discharge) A€ H|

5. golfaceh HleX ¥ 93 dlc #ex (W) &1 OfSer, dglr Alex & 3 Adefex (b1 3R
h2) 1 ST, FHelereT Ih § FAT JaTg, el TSUelgel I o dergd el
I7 HAAH (y1 AR y2) @1 §fer, 3k Bolady asaemsa «) a6l 0RR aer &
QST Al A

6. 9N AT Folerelel 3 AFYA AT/ HFUA olSeT AT Fadarele] & dl<l Feaer
g @ A

7. 3adr areg i RBUfa seof 3R TOT 5 & gdrv 7w goT g agdv|

8. I YaTE IT I HaR IRd g 6-8 yarg AfSH & forw &9 |

. Study the centrifugal pump installation and component.

. Close the delivery valve and prime the centrifugal pump.

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

. Open the delivery valve gradually to set it desired discharge.

. Note the reading a watt meter W (connected to an electric motor), readings of
manometer (h1 and hz), connected to the orifice meter, and read corresponding
discharge from the calibration graph, vacuum gauge or the manometer on the
suction pipe line (y1 and y2in case of manometer) and reading of the pressure gauge
fitted to the delivery pipeline.

6. Note the vertical distance between the pressure gauge connectionand centre line

of pump.

7. Measure the vertical distance (Suction Height) from the pump centre line to the

water level in the pump.

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

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

a b~ ON =



3T fHT A arel FA/FORMULAE TO BE USED:

1. Calculate the manometer head developed by the pump.
Pump head (H) = (Pressure Gauge Reading (p)*10000) — Suction

Height ‘hs’ (m) from water level + location of pressure Gauge from
pump axis ‘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)

4. The overall efficiency of the pump is then calculated as N= “output,4ng
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.



HqeIHT/OBSERVATIONS:

Diameter of suction pipe = Diameter of delivery pipe =
Efficiency of motor = Speed of pump =

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

sS. | Wattmeter Orifice Discharge Pressure | Suction Mano metric head Power output Poutput Efficiency
No. | Reading | manometer | ‘Q'(m3%sec) Gauge Height ‘H (m) (W) (%)
‘W’ (Watt) | Reading (m) Reading (m)
‘p’

hi [ ho (Kgfem?)




AHAT IUTT/SAMPLE CALCULATION:

qRUTAT FT GEIAFIOT/PRESENTATION OF THE RESULTS

On aregular graph paper, plot of pump head (Hm), efficiency (n) as ordinate and discharge
(Q) abscissa. The resulting curves are known as characteristic curves.

TI4a1/DISCUSSION:




TART SPHIP. 7
EXPERIMENT NO.7

JETU/OBJECTIVE:

3adf 4u ot faRwarsit & fAuiiva w3k FufaRed &1 udr @ & o
1. $ACS
2. UU &l Gard

To determine the characteristics of Reciprocating Pump and to find out:
1. Total head
2. Pump efficiency

3Ta’gsh 39hIvl/ APPARATUES REQUIRED

Water Supply.

Drain

Electricity 230V AC, Single Phase.
Space required: 1.6 x 0.6 m.

\ /' ‘x ‘\ | ‘i | ¢ :
! ! QL.,

BN =

f&curd /THEORY:

The hydraulic machines, which convert the mechanical energy into hydraulic energy, are
called pumps. The Hydraulic energy is in the form of pressure energy. If the mechanical

energy is converted into pressure energy by means of reciprocating motion, the hydraulic
machine is called reciprocating pump.



S grssifere M TTF FolT & gT83ialeh Fail H GRAfad aal §, 3o¢ U9 el ST &
gIS3ITeleh 3ol &aTd Foll & ®9 H gIar o] Tfg JITF FT T 3T I & ATCIH H g d
Foll H gRAfdd AT ST, ar 39 gr8aifore AL T Tadl 99 el ST g |

Reciprocating pump is a positive displacement pump, which causes a fluid to move by
trapping a fixed amount of it then displacing that trapped volume into the discharge pipe.
The fluid enters a pumping chamber via an inlet valve and is pushed out via an outlet
valve by the action of the piston or diaphragm. They are either single acting; independent
suction and discharge strokes or double acting; suction and discharge in both directions.

3Tad! 99 Teh hRIcHS TATATIA U9 §, S g &l 3T TR TATATTRAT T & f gge Tk
fAfRad AT & g9 Y T STAT & 3R B 38 B g3 AT A fSEdrST qrgq 7 et feAm
ST &1 §d Ueh SeTolc dTed o ATETH I UTHaT Jar & JaAq FXdT ¢ 3R e a1 Srampe v
foRaT & ATETA & 3T3CelC dTed & ATETH T S8R Hehell SITdT & | 3 AT df fHeTer Tiareer gid g,
g Tad7 goer 3R RBEarsl Tl g1d 8, T 39 Tided 8id &, forgs el fgamsit &
gerereT 3R f3Earst giar gl

& =
/| »* Delivery side /{ Delivery side
AT = o -

& f— S

il g g
/| Suction side T~ " Suction side

Reciprocating pumps are self-priming and are suitable for very high heads at low flows.
They deliver reliable discharge flows and are often used for metering duties because of
constancy of flow rate. The flow rate is changed only by adjusting the rpm of the driver.
These pumps deliver a highly pulsed flow. If a smooth flow is required then the discharge
flow system has to include additional features such as accumulators. An automatic relief
valve set at a safe pressure is used on the discharge side of all positive displacement
pumps.
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The performance of a pump is characterized by its net head h, which is defined as the
change in Bernoulli head between the suction side and the delivery Side of the pump. h
is expressed in equivalent column height of water.
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pg 2 g delivery pg 2 g suction

The subscripts stand for suction or delivery sides. This equation can also be
Written as,

_ 2 _1?
Net head, hw = (Pd€ ])SMC ) + (V =V SuC) + (Zdel B Z.yuc)
P8 2g

The velocity of water can be calculated using discharge and diameter of the Pipes. The
discharge produced by the pump can be determined using the collecting tank and
stopwatch setup.
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The net head is proportional to the useful power actually delivered to the Fluid in the
pump. Traditionally it is called the water horsepower (whp), even if the power is not
measured in horsepower. It is defined as,

Pout = pQgh,, (watt)

In pump terminology the external energy supplied to the pump is called the brake
horsepower (bhp) of the pump, which can be calculated by considering the efficiency of
the motor.

P;, = Watt meter Reading

The pump efficiency nump ump is defined as the ratio of useful power to supplied power,



n _ Pout
pump —
Pin

The theoretical discharge of a reciprocating pump can be calculated by knowing the
geometrical specifications and rate of travel of the piston, since itis positive displacement
type. The volume of the fluid displaced will be equal to the stoke volume of the piston
inside the cylinder. For a single acting single cylinder reciprocating pump, the displaced
volume of water per second is given by,
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f3aTUT/DESCRIPTION:

Reciprocating Pump Test Rig consists of a sump, a reciprocating pump, an AC motor and
measuring tank. To measure the head, Pressure and Vacuum gauges are provided. To
measure the discharge, a measuring tank is provided. Flow diversion system is provided
to divert flow from sump tank to measuring tank and from measuring tank to sump tank.
A valve is provided in pipeline to change the rate of flow.
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1. Clean the apparatus and make All Tanks free from Dust.

Close the drain valves provided.

Fill Sump tank % with Clean Water and ensure that no foreign particles are there.

Open Flow Control Valve given on the water discharge line and Control valve given

on suction line.

Ensure that all On/Off Switches given on the Panel are at OFF position.

Now switch on the Main Power Supply (220 V AC, 50 Hz) and switch on the Pump.

Set the desired speed of motor/pump with the help variac.

Operate the Flow Control Valve to regulate the flow of water discharge by the

pump.

9. Operate the Flow Control Valve to regulate the suction of the pump.

10.Record discharge pressure by means of Pressure Gauge, provided on discharge
line.

11.Record suction pressure by means of Vacuum Gauge, provided at suction of the
pump.

12.Record the power consumption by means of Energy meter, provided in panel.

13.Measure the flow of water, discharge by the pump, using Stop Watch and
Measuring Tank.

14.Repeat the same procedure for rest of the two speeds of motor/pump.

15.When experiment is over, gate valve is proper open provided on the discharge line
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16.Switch OFF the pump first.
17.Switch OFF Power Supply to Panel.

W&T0T U9 IUTATe/OBSERVATIONS & CALCULATIONS:

STANDARD DATA:

Area of collecting tank A = 0.1 m?

Energy Meter Constant EMC = 3200 KWhr

Length of stroke L

=0.045

Diameter of bore do = 0.040 m

Observation table

S.No.

Speed of | pda | pv | Initial Initial | Differen | Time Watt | Efficiency
pump (N) Water | Water ce (m) (sec) meter
level level readin
(Y1) (Y1) g
1
2
3.
AUEITT/CALCULATIONS:

To plot the following performance characteristics:

2.

1.  Head Vs Discharge
Pump efficiency Vs Discharge.




dTHRIIT/NOMENCLATURE:

Nom Column Heading Units Type

A Area of collecting tank m?2 Given
P Pulses * Measured

Efficiency of Motor * Given

77)71()[01‘

Q Discharge m3/s Calculated
Qt Theoretical Discharge m3/s Calculated
Y Height of water collecting in tank m Measured
t Time for water collected in collecting tank sec Measured
H Total Head m of water Calculated
pv Vacuum Pressure mm Hg Measured
Pd Discharge Pressure Kg/cm? Measured

p Density of water Kg/m? Given
N RPM of pump * Measured
Ny Pump Efficiency % Calculated

Araenfal v TE@I@rg fAdA/PRECAUTIONS & MAINTAINANCE INSTRUCTIONS:

Do not run the pump at low voltage i.e. less than 180 volts.

Never fully closed the delivery line and bypass line valves simultaneously

Always keep the apparatus free from dust.

To prevent clogging of moving parts, always run the pump once in a week.
Frequently grease/oil the rotating parts, once in three months.

Always use clean water

If the apparatus will not be in use for more than one month, drain the apparatus
completely.

FAEAT fAaRO/ TROUBLESHOOTING:

NOoO Ok WN =

1. If the pump is not lifting any water, open the air vent provided on the pump to
remove the air from pump.
2. If the panel is not showing input, check the fuse and main supply.




TORT ShHIP. 8
EXPERIMENT NO.8

SEXI/OBJECTIVE:
FC-HIEY HI HEITA|
Study of current-meter









T HHIP. 9
EXPERIMENT NO.9
JeTd/OBJECTIVE:

U SIS hl I |
Study of Kaplan turbine.










