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1. BERNOULLI'S THEOREM

9. Stel &1 Rigid

Objective: Verification of Bernoulli's theorem.

32T JeAfoll & YAT I TcIT9eT|

Apparatus required:
1. Apparatus for verification of Bernoulli's theorem.
2. A collecting tank
3. A stop watch
4. A meter scale

TGP JYDIUT:
¢, SArC & YT & JATIH g SUBRU]
2. TH IR TP
3. QTEW

Y. T Hiex Wd

Theory:
The Bernoulli's theorem states that in a steady continuous flow of an ideal incompressible fluid,
the sum of the velocity head, the pressure head and the potential head is constant i.e. Each term
of equation describes energy in Kg-m per Kg and has the dimensions of length. The terms
(v*/2g) is known as the velocity head, (p/y) is known as the pressure head and Z as the potential
head. Applying Bernoulli's equation between any two points, one gets,
P D1

29 14
Hence, if V2 is greater than Vi, (Z; + (pi/ y) must be greater than (Z> + (p2/ y). In other words,
any increase in velocity will cause a corresponding reduction in the (Z + (p/ y). Similarly, a
reduction in velocity will cause an increase in (Z + (p/ y). In case the flow is in a horizontal
plane or when the fluid is a gas, the term Z drops out and hence changes in velocity cause
corresponding changes in the pressure.
In real fluids, which have viscosity, some energy is converted into heat due to the viscous shear
and consequently there is a certain amount of energy loss. Hence, for real fluids equation can
be written as follows:

22 P
+tz1==2+2+72,
T2y

vl P =22 P
29 v

29 14

In which the subscript 1 and 2 refer to the two sections under consideration and hy is the energy
loss per unit weight of fluid between the two sections.

Rgra:

ATl T 9AT Fgar & & T R AR yag &, st & e 3’ 3gRada
&a (incompressible fluid) &, 397 g8, &« 83 3R 9T 83 &1 IeT W |/ &
AT TS FHEUT &1 Ue Ui fhaanmd foram-ier & a7 &1 gafar § 3k sgdr



HATH oS & 81T &1 9 (v2/2g) & 99T &8 (velocity head) el SITaT &, (ply) T a&
€8 (pressure head) &gT ST & 3R (Z) @ AHT &8 (potential head) FaT AT gl
detell T FHIRIOT fohelr off aF g3l & T o] W W, g A &

2 2
VL+&+21:VL+&+ZZ
2g Y 2 Y

b SHaS ¢ ¢

it e e
e f,‘,f i
IENCNDN b L B

3, AR (V2> Vo), @ (Zi+ (pify) B (Zo+ (poly) § 3170F grawr anfew| @y ersal &,
fordr off Qo1 & gfg 7 IRUMATTRT (Z + (ply) # FH&AT 3TN & TR, 9T H
ST @ (Z+ (p/y) A g gref| TS vate Teh &ifdsT ool # g a1 o1 g I gy, o
Z & UG §C ST g, 3R 3 YR d97 H IRAdd g§ H IRadel HI HRUT dAd gl
aredides gat #, T AT (viscosity) BIdT &, $& Foil AW d=g (viscous
shear) & @ROT 1 A aRafda gl st § 3R TRoTAEaRT 3o & Fo g gl
g1 safou, aafds oa ueraf & fOv giewor & Aefef@a & & for s
HohdT &

1,2 v,2
L+&+21:L+&+Zz+h|_
2g Y 2g Y

g 3uf&rce 1 3R 2 FAM: 397 & @l FI Fefdid g § o 9w [Jr Far
ST T &, 3R h, 37 & @sl & dg 9fa s AR ga i Far g Fr g2iiar gl



Procedure:

1.

Open the inlet valve to reservoir so that small quantity of water starts flowing into the
reservoir

2. Regulate the control valve in pipeline so that the water level in the reservoir remains
constant for an opening of inlet valve.
3. Find the discharge flowing by volumetric measurement in the collecting tank by
noting the rise of water level in the collecting tank for a known interval of time.
4. Record the levels in all the piezometers and the cross-section of the channel at each
peizometer.
5. Change the opening of the inlet valve and repeat the steps 2, 3 and 4.
6. Take 2-3 sets of readings.
gfeear:
g. Sefelc dled I @iel difeh AST AMT H Uil JTAT H Jargd glet ofdr|
. UBYAsd H fHUF0T aled @ 30 YR FAMEIGd @ fh Solelc dred &r
FUfd & 3TaR STemeT # Sid &R f8R @
3. HIEUT &h F T T & AT HAACHIST A g H Al Feh, dlegAleh
AT SaRT Ydlg I AT AT |
Y. @ foHel F Ia TR AR gde deiel W A9 & pra-garld &
Rels Y|
3, ZeTelc dled ol YUY dgel 3R TROT 2, 3 3R 4 &1 grEgv|
& 2-3 ¥c QfS o)
Calculations:
1. Calculate the discharge from volumetric measurements.
2. Find the velocity of flow at all the piezometric points by dividing the discharge by the
corresponding area of channel and then calculate the velocity head at these points.
3. Find the sum of all the' energies at each point for a given flow. Repeat the calculations
for all sets of readings.
4. Tabulate the results.
ITUTeAT:
?. dicgAice AT & fSEAreT $T 0= S|
R. TSEamsl @l Heftd deier & & faenfoia s @ef dieafes Wit @« yare
hr Qa1 Y AU A, IR B g7 NGt o) AT g5 AT 0T A
3. QU 90 yarE & v g foig w @l FSi3i &1 A el @l de
JfFew & AT IJUTATHT FT Glgv|
Y. IRUTHAT HF AROMEg H



Presentation of results:

1.

2.

3.

On a simple graph, mark the position of tube on the abscissa and (p/ + Z) on the
ordinate. Join all ordinates to give hydraulic gradient line (HGL).

Mark velocity head, V2/2g over (p/ +Z). Join the points to make total energy line
(TEL)

Add loss of head to TEL and a draw a horizontal line showing theoretical TEL.

aRomaAt A gegia:

g.

.

3.

Tsh FTYRYT AT WX, 9IST & TATT T &7 x (abscissa) E|T3ﬁT§+Zafr3%|‘rW
y (ordinate) TR FITEAT Y| @l SEaTer g3t &1 Sis fSed grsgiicle Afsde
8sT (HGL) STl

3T 83 L @ Lz & 3R RfAd Y Rigt # Shew o s W (T
§TT |

TEL # g3 &g g 3R e afas Y@r @i st dgifas TEL & @)

Questions

1.

YT

What are the assumptions made in deriving the Bernoulli's equation?

2. What are the applications of Bernoulli's equations?
3.
4. What additional terms will be introduced in the present form of Bernoulli's theorem if

What are steady and unsteady flows?

the flow is unsteady and incompressible?

. Sellell & FHIEROT &l eGcee] I AT Sist-ahlel A YROMTT (assumptions)

oIS ST 872

Sl & FHIHROT & 3T9ATeT T 7

TR (steady) 3iR 312 (unsteady) 9aTE FIAT &l &7

Ife garg 38R 3R 39Rad= T (incompressible) &, d ad@eT &7 H F=felr
& AT # Fid-Hid @ faled gg mfAe fhw Sear?
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Observation Table and Results/ Hﬂ?ﬁm darfereT \’rﬁ?’ giRomy:

S. Discharge Depth | Area of | Velocit | V%2 | Peizometri | Total | Loss
No/ /9dTg &x of flow y of g ¢ head head | of
FH flow | passage | flow / / Hea
. passag , / dretAfes | dor | d/
| e/ /| e Y | &3
AN | AW | v=Q/a P+ | Y
Eo) FT 7+
V32
TMES | BB o
d a=bxd
Rise | Time | Q=
of | taken | (A
wate / X
r | forr | b/
level t
EIR21|
[STel | 9HT
|t
hr
IR,
h
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2. IMPULSE - MOMENTUM PRINCIPLE
Q. A - AT R

Date / fe=TTeh:

Objective: To verify Impulse-Momentum principle for flow over vane.

322 dod W YAIg o folT HTQI-HaT VG Pl AT haT|

Apparatus required

1.

2.
3.
4.

An experimental set up consisting of nozzle issuing upward vertical jet of water
against a vane under test fixed on a vertical rod with a lever arm to carry load
A collecting tank

A stop watch

Weights or loads

3TARIh 3YhIOT.

.

R.
3.

T UTAIfeh AT 5@ afcae Aletel & 9= &l AR Sic & df &
f&aTd Blsa & v gdier fRar Srdar g, St U dlddd ©8 9 98707 &
foT a7 gar § 3R IR & o S & AU T ofaX 3 & ATy gidr g
Teh HIGUT &b

T Teyarg

¥, ¥R I1 IS

Theory:

Many problems cannot be easily solved by consideration of energy principle (Bernoulli's
equation) alone due to complicated geometry of flow in some situations. Examples of such
flows are in pumps, turbines, vanes, pipe bends & enlargements etc. In such cases impulse
momentum principle can be conveniently used. It states that the impulse of the force or product

of the force and the time increment during which it acts is equal to the change in the momentum
of the body 1.e. product of the mass of the body on which the force acts and the velocity of the

body.

If Fx and Fy are the components of the force F along the two reference coordinate directions,
Vx and Vy the corresponding velocity components and Q the discharge.

Fx:7(V2x_V1x): E, = g (VZy_ V

Q¥ ) and F= | E*+ E/*

Qv
Qr y
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S 2y o5
m&’;’ P ) AT

FS GHATARN H had Fal [Agiad (el T FHHON) & [FOR T g HAT 3T
T g &, WS SI9 yaTg A SR e g §1 0 yaig & 3eTeRer § 9,
cdIse, ad, UieY & A 3R farar 3nfg| s Al &, sFgea-Aliea Agd &1
39T AT GiAtTsieteh Bl &1 I8 eid Hgar ¢ o oo & 5ueq, A1 aof AR
38 HIdehleT T U, WR HT FaaT # IRac & e giar g1 dia, 5w
R T el A AT § FHAT AT IR IHRI Q9T &M IUAhe [Ife Fx 3R Fy
g F & ges § i o Teof Adens feemsit & arar & vx 3R Vy Tafera 31 "esh
g 3R Q fawr B




Qy = Q.y
F, = 7(sz — Vi), E, = 7(sz — Vi) and F= | E*+ E/*
Procedure:
1. Fix avane to the vertical rod. Note the weight of the vane, the rod and collar etc. fixed

© ks w

ML X W

to it. Alternately, balance the weight of the vane, rod and the lever by sliding a
balancing weight beyond the fulcrum of the lever.

Open the valve controlling the jet and adjust discharge such that the force of the jet is
just equal to the total weight (W) acting down on the vane and the vane and the lever
are balanced. Give a slight motion to the lever to minimize friction.

Note the discharge in the collecting tank.

Repeat by increasing the jet velocity and weight on vane.

Take different sets of readings.

Repeat using different vanes. Note the deflection angle of each vane.

. I FI Jdd B W S H| dd, B3 3R FeR g H AR Al HY,

3 W dF 81d g1 dhfedsd ¥ &, oflax & PelhdA T 3T Tl #AR H
TSS Fleh 31, B3 3N e’ & AR AT HJfold |

. S @I AT el arel daled &l @il 3R AR & 39 9eR gaAed

Y fh Sl &1 gof I I oA T 3R FF X W@ P HR (W) F ST g
3R 3 3R MY Fgfad gfl ador &t &H e & fav ofiax @ Avst v arfa
¢l

TIEoT ¢ H AT & Ale |

Sie 1 91 3R 9 R HR HT Feid gU |

faffiest JfSar & A ol

3TEIT-3769T deT T ITANIT A §T GET| T deT & a0 Hior &l sfie
|

Calculations:
Calculate the rate of flow through the nozzle, Q = (Axh)/t and then velocity of jet, V= Q/a

Ftheoretical = pQV(1+cos0), Factual=w L2/L1 g, %Error=(Ftheoretical-Factual)/Factual

IT0TeAT.
AISTel o HATEIH T 9dIg I &3 FT 0T HY, Q = (Axh)/t 3R BT S &r 39T, V
= Q/a, Ftheoretical = pQV(l+cosb), Factual= w L2/L1 g, %‘iﬁ:(Ftheoretical—

Factual)/Factual



Sample Calculation / sTHIT 30T

Presentation of results:
Plot F as abscissa Vs Fa as ordinate. One should get a straight line at 45° to the horizontal.

Qﬁmfrqﬁﬁ:
F &6 3771 & &9 H 3R Fa &) 37878 & &9 H Tolic | Ta Ot 3@r 45°
afas & a1y FAee @Ry

Observation Table and Results/ 3T@eiehsT dlfars 3R aiRomme:
Size of collecting tank/ TIAGUT Ceh I HR =

Area of collecting tank/ HAGUT &b &l &%, A=

Size of jet/ Sic T 3R, d =

Area of jet/ ST T &A%l , a =

Length of lever fulcrum to vane I; / efaX Belshd & def 11T CEIEE

Fulcrum to hanger I/ otshet & 89 12 =
Angle of vane / 91 &1 10T =
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S. No./

DISCHARGE / 9dTg X

Rise of water

level, h/ 9Tel & TAX
I afe, h

Time, t/
A, t

Q=(Axh)/t

Velocity of jet,
v/

GTEWQ?T,V

FORCE / def

Hydro- dynamic | Weight applied /
/ Ster-atfaehrr | ey fehar arar

AR

% Error / %
EA

S

10
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3. VENTURIMETER
3. dqisfier
Date / f&atTep:

Objective:

To calibrate the venturi meter and study the effect of Reynolds number on venturi meter
coefficient, Cd.

EIAD

del#IeT Y Sl e R dedi#lfieT quish, Cq W Elosd TEAT & YT
IETYT AT

Apparatus required

1. Venturi meter fitted in a pipe line

2. Differential monometer connected to tile upstream enlarged end and throat of the
venturi meter

3. A collecting tank

4. A stop watch

5. A thermometer

3T 3YhIOT.

?. UISY dgel H oET dg{i#ieY

IgIHIEY & TTH HIEIA ¢ §T R 3R I & 37 FSwfRzrer At
Tsh HIGUT Eh

T 9 ard

Teh THTHI

£ X w W

Theory:

Venturi meter is a rate meter used for measuring flow through closed conduits, circular in cross-
section and is especially suited for measuring large flows with least head loss. It is considered
to be far more superior to other meters like orifice meter and flow nozzle of the class though
more costly. It consists essentially of a convergent divergent streamlined tube. The streamlined
boundary contraction and expansion cause a gradual pressure rise in the divergent section. To
avoid separation of flow and the consequent loss of energy due to formation of eddies, the
angle of convergence is limited to a maximum of 20° and the angle of divergence to a maximum
of 7°. The present-day venturi meters have a short cylindrical throat section of diameter from

11



1/4 to 3/4 (usually 1/2) of the pipe diameter. For accurate results, the venturi meters should be
preceded by a straight pipe of at least 30 pipe diameters.

To find the discharge through the venturi meter, Bernoulli's equation may be applied to pipe
section (1) and the throat section (2). Then

—+ﬁ+z _—+&+zz
y

2g 14 2g

where Z; and Z» refer to the distance of the centre of the sections of the venturi meter above
an arbitrary datum and V1 and V> and pi and 132 refer to the uniform velocities and pressures
at sections (1) and (2) respectively. Also, by continuity equation

A1V1= AV,

Solving these two equations:

P1— P2

4
(@)

Multiplying by cross-sectional area A; of throat, theoretical discharge,

Qen = AV = \/7

If a differential manometer is now connected to points (1) and (2) and if h is the gauge
reading, then by manometry principles

P1 Pz

(p1 - p2)/ vy = h{(sl/s)-1}
Where s1 and s are specific gravities of gauge liquid and fluid flowing.

Further there will be loss of head between the sections (1) and (2) and this tends to increase
the observed value of h. To take this into account, a coefficient Cd called the coefficient of

discharge is introduced thus modifying the discharge equations of the venturi meter to Cd is
usually obtained by calibration of the meter.

12



Rgia:

deli# ey T &X AT IF & S 3TANT de AR & AIH § JaE AT b
fore forar Srar §, St Aok 3R & giar g 3R Oy &7 & &7 & &7 X gifa
% HY 93 JaTg A & T IUYFd g1 38 T H S RH FAex AR welr
oAlstel &1 Jolell # 3k ASS AT ST &, glelitch Ig & HGIM gl g1 Ig
HETA: T IAERO-AEARA Geaafedd Al & a1 giar g1 Jegaredd dar
TpdeT R AFdR @ AEaRd ¥s & 4R-4R a1 Jedl &1 Yag & 3eleng iR
g% IRUTATIET 3l gl dl Uhed & faT S e & FAT & RO gldr &,
HIFEOT FHT AT 3HfWHRIA 20° doh AR AEAR &1 AT HWHRdA 7° dh ARG
foram a1 &1 TR GAT F dlHeT H A FT TS Bl TR I BT §
ST <o 9sy S| & 1/4 § 3/4 (IR 9 1/2) de giar g1 Tieh aRomAr &
fore, delifier & uge A & FA 30 ST T & WY 5T & gl T B

deliHliey & AYH § YaE A & T, deloll FHRor & 9159 T (1) AR Irem
s (2) W ] fRar S T B
PPy =y

29 y 29 14
ST8T Z1 3R Z2 dgiiefex & Wt & s & Toh HAA T & Fa1$ Hl G2 ¢
3R V1, V2 3R p1, p2 @5 (1) 3R (2) I HAT: FA 397 AR o & 3H6a
FA &1 HF el fATaRar AT gar’T AVy = AV, BidT g

v12

ST & THRION T gl el W,

{(—)}j(—)

WE@%%‘W—WQWWAZ@Wm?,@aiﬁ?uqlsa?ulbd giar g1

13



A P1 — P2
Qtn = AV = ———==X 29( - )

a,a,+/2gh

a,% — a,?

th —

Ife T fasieeh At &1 fagai (1) 3R (2) & Siigr Sirar @ 3R afe h aer Ofgar
g, o AAAN el & AR

(pl - p2)/y =h{(sl/s)-1}

STgT s1 3R s 97 el 3R gaiga R & geca g

g% 3farar @s (1) 3R (2) & g T &1 g 8w S h & A T AT Fl Toled
1 ygfed [T &1 38 &A= & 1@ & AT, Cd wAHAS Teh Ioneh, 5@ g o
Fgd g, P SAIST ST & S0 dgdidlier & yarg ex Ao S gefad fear sm
Th| Cq I IHAAR W HeX & FHfeeed & Ired har J1ar gl

Procedure:

1.

Note the dimensions of the cross section of collecting tank and sections of the venturi
meter;

Keep the drain cook of the collection tank open and open and valve on the pipe line
partly to allow some flow through the venturi meter. Open the cocks of the venturi
meter gradually and simultaneously thus connecting up the manometer. Open the
flushing cocks of the manometer gradually and simultaneously to remove entrapped
air bubbles in the manometer leads and after flushing close the flushing cocks.

Note down the reading of the monometer and temperature of water.

Close the drain cock of the collecting tank. The water level in the tank rises. When the
level has reached a convenient full scale reading on the scale attached to the gauge
glass of the tank, start the stop watch and note the time taken for the known rise of
water level in the collecting tank. This completes one set of readings.

Vary the discharge through the Venturi meter by manipulating the valve on the pipe
line Allow the condition of flow to become steady. Note the manometer readings and
the time for the water level in the collecting tank to rise by a known height after

14



lowering the water level in the tank to a convenient level, if necessary, by opening the
drain cock.
6. Repeat the experiment with various discharges to obtain at least ten sets of readings.
7. Close the valve on the upstream side of the venturi meter completely, thus cutting of
the flow. Close the cocks of the venturi meter.

%, HIEUT & o hid YA 3N deHAIY & WSt & AT &l Ale A

R. WUALGUT &b & ST ik Bl GoIl W 3R WSS TR dled dl RIS & @
Giel dTfeh dglefiey & AETA & AT JaTe & Fh| gAY & Hieh 1 eR-
¥R 3R Tk @Y G, 37 YAR AAHI F SIS §UI AATAR & FeAfiaT
Hih P MR-LN 3 TF T Wrel ATfH AR & s F 8 §U A Jergel
fAeer ST 3R FARNT & S1E FARNT Fid F FE I S

3. JAAEeR i AR 3R g F dTIET B Al H

15



TUGUT & & 3T Pl I d¢ P &F F Ul & TR JodT &l o TR &F
%ﬂ?WW@?W@IW@EHMd*@+&«ﬂ‘%ﬁ%q§HW,
dr Teruar e Y AR HIAgor EF H AT IS Tk Gl & FAX A TGl
& T foram arar AT #lc Y| 388 T @ (fSer @ g7 S gl
del#IeT & AEYH § YATE I SIS W dled H ARSI e deel|
garg Fr TUfa & W g1 | HAareer & JfSer 3R gagor S & qeir &
TR FI Teh AT IS dh g6 & [T o1 IR—T FHET Al N, Tl 39TH
g ar 37 hich I WicIhL b H Tlell Hl TR AT |

A & FA gd dc ST gred wa & fow Affies gag & & @y g
&l GIeXTT|

delTfier & 90 REd 1 3R dled 1 U @@ @ §¢ R, $H IR Jd6
%I @IC &| delHIT & Hich &l d¢ T &

Calculations:

1.

2.

3.

4.

I0TeAT:

2.

R

3.

¥,

Calculate the area of cross-section of the collecting tank and the area A2 of the throat
section of the venturimeter.
From the area of cross-section of the collecting tank and the observed time for water
level in the tank to rise by a known height, calculate the discharge, Q for each of
readings.
From equation (6) calculate the values of the coefficient of discharge, Cd for each set
of observations Si and S being known or assumed.
Calculate Reynolds Number for each discharge as:

Voxd,
- v

Re

HIEUT Eh & HIF-HFA HT &TThel IR dgHA & e AR HT &1Thel
A2 &Y IO HY|
TIUEUT & & HIY-BFUT & &P 3R AT 395 d& & & U= & T
Al 961 & [T ¢ T FAT ¥ gcds {fSr & v garg, Q Fr 30m6r w1
FHIHIOT (6) &, Ycdeh 3Hdeilchel A & T fSEATST 0Tk, Cd & AT I
OTAT &Y, STel Si 3R S AT a1 A T g
JAP YdTg & folv (elesd TE&AT &I 0T HY|
_ Vaxd,

v

Re

16



Representation of Results:
Draw the curves (1) manometric head, h Vs discharge, Q on the double log graph paper (2)

Cd with Reynolds number on semi-log graph paper.

qRUTAT FT FETARIr:
el o9 I IR W (1) HAACH 83, h A7 Jarg, Q T ash Wid| THT-oAieT
I IR I (Hlesd TE&IT & 1T Cd FHT IMH Fo10 |

Questions:
1. What are the advantages and dis-advantages of venturi meter as compared to other

similar meters? When do you use a venturi meter?
2. What happens if the convergence and divergence angles of a venturi meter are

increased?
9o
%, dglHIeY & 3T AT HIRT T Jeofoll H 41 ame7 3R grfad 872 3
delHIET T 3TN & A 872
R. IR AT & AAWOT 3R J@R HI0T T QU ST ar 47 giar g2

Sample Calculation/ sT#5AT 3ITOTT:

17
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Observation Table / 3dclleheT dIfcIehT:

Size of collecting tank/ TIGOT ¢Fh FT PR = Dia. at the throat,
d2 / 3Tel T A, d2 =
Dia. of Enlarged end of venturi meter, / d ajmlaz & d¢ g’(’ By &1 =g d] =
Temperature of Water/ 9Tl &l dl9HT =  °C Kinematic Viscosity
of Water /qTAT T ITTcYeh 2ATTT v =
NS./ Manometer reading/ | Q; | Actual Discharge / ar&dideh gof Yelo; R(l?llno
0. . etticie | 1ty o S
FH AT Afsa h AdTe & ntof | flow | numbe
. discha | v/ r=
q . . . . rge Vda/v
Le | Rig | Differen Rise of | Volum | Tim | Qact gdTg
TIr C
ft | nty/ ce/ water eof |efor| ua d
/ . in water | the T
afe | R collect | Collec | rise 3T,
T tank / -
' —
qma| 7| T
BIGIH g
& Cal
St qH
T
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4. ORIFICE METER
. AR AR

Date / feaTeh:

Objective:

To calibrate and orifice meter and determine the variation of orifice meter co-efficient with
Reynolds number

389

Wilesd F&am & @1y &g Mex & qonies & Ffowe awa 3R B Mex f Bewar
AuiRa == & v

Apparatus Required:

Orifice meter filled in a pipe line

Differential manometer connected to upstream section and at vena contracta
A collecting tank

A stop watch

Thermometer

W SUDPRUL:

U1y IS H HRT 74T SR Hiex

FEw ¥R A-Hie SruedA Fawr SR 1 digeel ¥ ST g &
T U <P

Teh 351 g% U]

YA Hiex

I

X WO e

Theory:

An orifice meter is another device used for the measurement of flow rate in a pipe line. It
consists of thin metal plate with an opening (generally circular concentric with the pipe axis).
The plate is held between two flanges in the pipe line. The flow characteristics of an orifice
meter differ from those of a venturi meter. The stream lines approaching contacts and diverge
suddenly before and after orifice meter. The minimum cross- section of the jet occurs not
within the orifice but downstream from the orifice edge (approximately at a distance of half
the orifice diameter). The section of minimum area (a.) is called vena-contracta. The ratio Cc
= ac/a, is called coefficient of contraction Discharge co-efficient of an orifice meter varies with
the type of orifice the pipe size, ratio of orifice diameter to pipe diameter., Reynolds number
and location of pressure connections. The device developed based on the concept of
Bernoulli’s theorem. As per the 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. Orifice meter consists of a. orifice plate as shown in above
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figure. The amount of pressure changes between throat and inlet depending on the flow rate.
As flow area is suddenly reduced hence due to losses actual discharge will be less than
theoretical discharge.

g

JTRTPT HeX T VAT 3UaUT § [Tl 39T GBS & il a7 39 & Jyag
X H AT & AT fham ST &1 SHA UH gl U H wole gl § SEH v
¢ BldT § (HAR 9 IUg O UISY & HeT & 1Y FHigd a1dr §)| SH oI H
JBUdST H & Folall & & oI orar g1 iR dAex & yag [dwand
Qe A 31T @il §| varg Y@l (Fese) B & U ugud @ dhiad
gl & 3 g ¥ ugel 3R a1¢ # 3rareis el ST 81 Yag H GAdH HiE-
TR Bg & iR AGT dfed g & har & AiEr AT Fr 3R (ST9rseT 3T g
& A & g W) BIAT &1 FH ~GeTadH &Thel I "deAl-Slegeel” gl Sl gl dell-
Hiegarcl & 8B (Ac) 3R B & &lFhel (Ao) & 3IeUld HT "Hepwel I 0N
(Cc) g1 SIiell g1 Ueh HIRThE #Hiex @I f3&urst qunish (Coefficient of Discharge)
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®g PRPI W AR :ar g, S 6 B &1 g, 989 #1 3R, By cara 3Rk
9189 SATH I 3HeIUTd, Wlosd HEAT, 3R aod AT & &g &1 T4

T 3YRUT Felell o JHT FI IFTURUT & IMUR W ARfAa har 7am| s=felr &
AT & 3R, AR H@fda Fell 3R are &X & T, a1 & gig @ foner o
foig oY gaTa @& g1 ST 3R $8 GURON & 39T uigal # f@de A9 & fov
forar ST T@ear &1 R Hex & vF gar & By voe Jur F W A A
fe@mr aar §1 ya® @X & YR 9T I IR Solelc & ST ga1d Sl AT Sgoldl
Tl | dfeh JaTg &TF 3aleleh A g1 T § SHTAT Al & HRUT ddfdeh fodge
eifder foidest @ A gl

Formula to be used:

ala2 \/—
Theoretical discharge Qt V(al-a2)? , Actual discharge Q.= (A*y)/t
Pressure head in terms of water (h) h=12.6 hy,
Coefficient of Discharge Cq = Qa / Q: Where, al — cross sectional area of inlet pipe a2 — cross
sectional area of orifice A — area of measuring tank y — rise of water level in measuring tank
during the time t hy — difference of mercury columns in differential U tube manometer

39T AT S areT @3

ala2 \/—
gifasw Adg Q. Jai-az¢
arEdfas fdgeT Qa = (A*y)it, Ul & TGH H garg MY (h) h=12.6 hm, FSEST Fr
IUTE Cd=Qa/Qt, G, a1 - FIAIC TBT & FIF JIAA &1, a, - [OF & F1A
JFAAST &9, A - AU dTel b y Hl &8F - TAT t, hm = AT & GRIT AT dTel
&F 7 Ul & TR H G - IR T IR BRI g g7 Al |

Procedure:

1. Open the manometer cocks and ensure that there are no air bubbles present in
connecting tubing

2. Open the outlet valve so that water blows through the pipe line and past orifice meter

wait for some time so that the flow is stabilized,

Note the manometer reading in the two limbs of the manometer

4. Measure the discharge by collecting water to a certain depth in the collecting tank for
some time interval ‘t’

5. Change the valve opening and repeat steps 2-4 for 6 to 8 sets of reading

(98]
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R Heflex Fidd @it IR FRARTT X 6 dalfdeer e # IS gar &
o s &

. 3T3¢eie dled Wiel dlfeh Uil 98T oisad 3R o g diey & #aegw
S8 ¥, FT AT deh Ycdla H difd garg W g J1,

3. AaeliexT & gt et & Aaeder Hr AfFor A w

¥. T AT IR t' & AU Fagor & A v ARTd e o U v
Fh fedgsT &l A

4, dTed & 3cHTed &l dgol 3R AT & & F ¢ VI & AT =ROT :-¢ & |

Calculations:

Following calculations are to be carried out

Actual discharge, Q.= (Axh)/t.
Theoretical discharge Q.

Coefficient of Discharge Cq
V1 xd1
Finally, calculate Reynolds number, Re = v corresponding to different discharges.

Wb

YT
RAeafaf@a o & aEr §
Q. arEdfas fdgd, Qa=(Axh)/it

R Hgifas dg=T Qt
3. f3Earst &1 9unish Cd

L ~ o . Vixd, .
¥. 3d A, R BREe & AT JATesH TEAT, Re= v FT IUTAT FY

Presentation of Results:
Plot the following graphs:

1. Plot Qact Vs h on a double log graph paper and fit in straight line for the plotted points.
2. Plot C V5 Re on a semi- log graph.
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aRomaAT @ gegfar
fArAfaf@a I 3mef@d &I
2. Qua Vsh &I 3ol 9T IAMh 9N W Tolle Y IR Tolle fhw 1w fogsit
Al Y@ # five #1|
. QH-ANT IMH 9T C §o17 Re Tollc Bl

Questions:

What is use of an orifice meter? Compare it with a venturi meter?
It there any factor to limit the minimum valve of d/D that is workable?
Why is vena-contracta formed?

w e

YT
?. JNRIBE HeT F7 3T FAT §2 FHA Jololl JYAHAT T H?
. FT d/D &F 7T A dled AT AT Fe & HIg FReb § Sl HH HA A
8?2
3. JdAT-Plecdel FAT gAdT &7

Sample Calculation/ sT#sT 3ITOTT:

Observation table / 3f@eliehe AT
Size of collecting tank/ TG Ch I PR =
Diameter of pipe / 9189 bl <IH dq =

Diameter of nozzle / AToTel &l &I dy =

Kinematic viscosity of water /ATt &I TSt ITIAT (FSadiceh ATHITAC) v =
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No.

Manometer reading/ | Q | Actual Discharge / ar&dideh
At Afsar | 4 gdrg &3
Le | Rig | Differe Rise Volum | Tim | Quact
ft | ht /| ncel of cof |efor| u
/ . water water | the
aﬂ% AN in Collec | rise
ElT o collect | ted / /
Y ing
tank / 3T 3
UGl G T
o A o
Tt Ea)
Cal aH
Cregll q

Co-
efficie
nt of
discha

rge

Cq

Veloc
ity of
flow
v/

JaTg

< & 9

Reyno
Ids
numb
er =
Vdy/v
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5. NOZZLE METER

. rore Hier
Date / fe=Tiep:

Objective:
To calibrate the nozzle meter and find its coefficient of discharge.

3827
sAlstel #eX @l hidee el R HH SETST IUMH BT IAT ofaTTaAT|

Apparatus Required:

1. Nozzle meter fitted in pipe line.

2. Differential manometer connected to the upstream of the nozzle and a point just downstream
of the nozzle.

3. A collecting tank.

4. A stop watch.

5. A thermometer.

STAgDH SUDRUT:

989 AT H sloldl JﬂETFI?TTg'ﬂT gl

2. RwiRe AR (Aot & IHTEAA IR Ao F S Ay B 3N T [g
¥ 3T &I &)

. TH TIE |

3. Ts T ad|

Y. YAARCE

Theory:

Nozzle meter is a flow meter used for measuring flow through closed conduits. Unlike orifice
meter, in a nozzle meter the boundary edges are rounded and extended downstream for a short
distance. The boundary profile being made to conform to the jet of water coming out of the
opening. Thus, there is no contraction of the jet beyond the nozzle opening and therefore
coefficient of contraction is unity. Owing to the change in area of flow due to the insertion of
the nozzle, there will be difference of pressure between the one point just upstream of the
nozzle, there will be difference of pressure between the one point just upstream of the nozzle
and one immediately downstream of it. The difference of pressure can be measured by a
differential manometer.

To get the relationship for the discharge through a nozzle meter, apply Bernoulli’s equation to
a point just upstream of nozzle and to a point just downstream of nozzle.
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—+&+21 —+%+Zz (1)

2g 14 2g

The continuity equation is written as, A1Vi=A2V> (2)

Like in case of venturimeter, the above two equations can be solved to give the relation for
discharge through a nozzlemeter as

Qact. = 2 ) X |29 (w)

3)

Cq is obtained by calibration of the meter.

Rgra:

sAletel HIeY Uk Yarg HieX g, [ 39T d¢ Afawh3i & ArIA § yarg At
& forw foRar Srar g1 JARhE Jiex & faudi|a, dAeta #iex 7 Far i gd & 3R
Teh B gl e SI3-IEIA FelU Siid &1 WA NhEd H Ul & o & HIsd
TA & T ST 7T §, S Aot 3gfAT & I Fehedr &1 39 YR, Ao
3Nafdar & IR Sl # Gepelel 6T BT &, 3R AT Hehelel T IUTTh TH Bl ¢
ASTel & TATIY F HRUT YaTg & &7 F IRadd & FROT, At & Sh FR 3R
R & TF f§g & T gag A AR NI g F T HR TH SRR
FAHIET @R ATIT ST Tehell &

setel HIeT & ATEYA ¥ Udlg & U @9y grog &t & v, gefel & aareor
I FAlSTel & e FW 3N Ftelel & S & & fg T Ae] A=

1
LSS S P L P )
29 v 29 v

fRaar gdeor 39 9eR for@r a3 g,
A1VIi=A2V, 2

YT T oRE, Alsiel#de & AETH ¥ fSEurel & @Y @ & & fIU Wi
&l GHEO FT gl AT ST FhaT &

Qact. = = X |29 (%) ©
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Cq HIEX & 32AThel GaRT UTed fhaT 1T g

Procedure
1. Note the dimensions of the cross section of collecting tank and nozzle opening.
2. Keep the drain cock of the collection tank open and open the valve on the

pipeline partly to allow some flow through the nozzle meter. Open the flushing cocks
of the manometer gradually and simultaneously to remove entrapped air bubbles in the
manometer leads and after flushing close the flushing cocks.

3. Note down the reading of the manometer and temperature of the water.

4, lose the drain clock of the collecting tank. The water level in the tank rises.
When the level has reached a convenient full scale reading on the scale attached to the
gauge glass of the tank, start the stop watch and note the time taken for the for the
known rise of water level in the collecting tank. This completes one set of readings.

5. Vary the discharge through the nozzle meter by manipulating the valve on the
pipe line. Allow the condition to become steady. Note the manometer readings and the
time for the water level in the collecting tank to rise by a known height after lowering
the water level in the collecting tank to a convenient level if necessary by opening the
drain cock.

6. Repeat the experiment with various discharges to obtain at least ten sets of
readings.

7. Close the valve on the upstream side of the nozzle meter completely, thus
cutting out the flow. Close the cocks of the nozzle meter.

Q. TIE & 3R AlsTel AT & i AFAA & AH Al FL|

R. GIE &b & 3T HiFH oIl W R UISUAST W dled @l HAH &7 4
@l dlfeh AleTel HIc & ATEIH ¥ $S JaTE &1 Th| HACX & FoArRiar
FlFd H IR AR T 9§ Gl AT FAeey H s F vl g
gal & qeldel §C SMU| FAfIIT A & §1G, FARNET HlFH d¢ HT |

3. HAAHARY &I AT IR Gl &1 argATT sl |

Y. GUAE & P 37 HiFH d¢ Pl &b H U FT TR Fodl gl oI TR AT
TAE ¥ 3 Thel W Tk Flaurels o7 Ther QST ok 9ga Sme, o
Teraard are] ¢ AR GIE &F F 96 & TR & A1 3019 & fow o= awmr
FAY HAlc Y| T§ Teh A QTSI T QU A g

L. OISUASd WX dled &l TAIGIA deh siloldl HICX & AEIH & Ydig i
geor| Rufa & R g &| Faelex & 3fSe 3R Tag &F & ooy & &R
FI Teh A 3AS do g6 H o9 alell AT Ale HY| I 39T &, ar
g & A U & TR @Al FAUSHD TR R O & AT 3o Hidq Giel|
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& TAffea yargl & I YT & AV difes dA d HH &g Te JfFT grca

$r ST T

b, Ftefel HIeX & FUEEIA TS W dled H QU a6 § 96 N, a8 Ja6 a6

g1 ST Aot HeT & HiFg d¢ T ol
=\ ‘ =g 1))

4
Head loss

E—-v-« —

Calculations:
1. Calculate the area of cross section of the collecting tank and area A» of the nozzle meter.
2. From the area of cross section of the collecting tank and observed time for water level
in the tank to rise by a known height, calculate the discharge, Q for each of the readings.
3. Calculate the values of coefficient of discharge Cq for each set of observations.
4. Calculate Reynolds number for each discharge as Re = sz ;
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AOTT:
. THAAT &F & HIF AFAA & &7 3R AraTe HleX & & A2 FY A0 |
Q. THAT EF F P AR & &7 ¥ 3R &F F Ul F TR T AT FA1S I §6
& fav ¢@ T FHT ¥, v+ (e & fov Bearsy, g i 7o H|
3 WOl & A% de & fav Beams @8 & quie & AW A A0Er HX
¥, Ucdsh f3Earel & foIv YAlesd T&AT HI IA0TAT Y

Sample Calculation/ s{#5AT 3ITOTT:
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Observation Table / 3Tdeilehel dTfeIhT:

S.No./ Manometer reading/ HeATHIE
S| Left / | Right / | Difference/
e | arfge HR

Qi

Actual Discharge / ar&dldeh Ydlg &I

Rise of
water in
collecting
tank /

gl &k
H gAY &1
Crolf

Volume of

water
Collected

[ 3TTdel

Time for
the rise

| 3cATeT
Cal
AT

Qactual

Co-
efficient of
discharge

Cq

Velocity
of flow

v/

Jarg &l
T, v

Reynolds
number =
Vdo/v
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6. HYDRAULICS COEFFICIENTS OF ORIFICE METER

§. SMRIhY e & grSsiicre ulidh
Date / feaTeh:

Objective

To determine the hydraulic coefficients of given orifice like Coefficient of Discharge (Ca),
Coefficient of Velocity (Cy) and Coefficient of Contraction (Cc)

RLALE

feu 71w & & grsgifce Ui # [FUIRT e, S yarg Ioneh, dar [T,
el IO |

Apparatus Required
1. A balancing tank fitted with an orifice provided with a gauge glass and a scale.
2. A Collecting tank with gauge glass and scale and a drain valve.
3. Meter scale
4. Stop Watch.

AT 3YHIT:

?. HJelel ThT TSI Us & o9 g, |1 # el hid 3R AT 8
. TIE T TH A F, dAET AR e area gl

3. A 4ATT

Y. §HT AYS (T ard)
Theory:

Outlets in the form of openings or orifices in the walls of storage reservoirs are to be provided
for letting out water or any other fluid stored for various utilities. Almost in every case it will
be necessary to assess the quantity of fluid issuing from these openings. Theoretically it is
possible to obtain the discharge if the area (a) of the orifice and the head (h) of the fluid above
the centre of the orifice causing the flow are known, because applying the energy principle to
a point in the reservoir and another on the jet issuing from the orifice
V., 2
h= " / 29 or Vin = \/ﬁ where V is the velocity of the jet.

Theoretical discharge Qm ~ @ \/257 . But as the streamlines cannot take a sharp turn, they
converge to a minimum section of the jet called vena- contrata of area a. at a distance of
about half the diameter of the orifice from the plane of the sharp-edged orifice. The ratio Cc
= (ac/a) is called the coefficient of contraction or ac = C.. a. Because of loss of head due to
resistance to flow by the orifice edge and the change in a direction, the actual velocity V. of
the jet will be less than the theoretical velocity.
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. _ Va . . = Cv 2ah
The ratio Cy Tooh coefficient of velocity or V, g

Because of the contraction of the jet and the loss of head due to resistance to flow by the orifice
boundaries, the actual discharge Q. will be less than the theoretical

Qa -Cp ch =dc Vth

=C..a.Cw2gh
=Cq.a.V29h Where, Cq=C.Cy

If two of the three coefficients are determined directly, the third can be calculated. Cq is
determined in the lab by measuring the actual discharge collected. C. can be determined by
the contraction gauge micrometer but this determination is usually inaccurate. Hence, Cy is
calculated from the theoretical velocity, Vi, and the actual velocity, V. which is determined
from the measured and plotted mean profile of jet as

V.~ X V29Y:x and y being the horizontal and vertical co-ordinates of any point on the mean
profile of the jet.

These coordinates of the jet are measured by scale and sliding apparatus (see fig) mounted on
the balancing tank vertically above the orifice.

g

HSROT STemerdl T fart 7 H3caecd & &7 A go a1 HRPa e o §, afe
TSI TTail IT 3T el gerdt ol affiesr 3uaient & forw fo¥eprem 1 & | emsrer
g ATHS H, 37 Yol TUAT A fAhorad arel Al Y AT &I AT SEIAT ITaRTH
g Agifas T A, BTl ¥ 0T S 31 ohdr & I AR F1 895 (a)
3R RPT & &g & FW R & B (h), ST Ya§ HT FROT qAdT §, AT 8
T sEfAT § i Fe RAgid @ STened & Ue g W3R AR & Werers
arel e W AL fRAT ST R §

2
Vin

h= /29 or Vi, = V29h g V Jie &1 391 ¢l

eifr varg Qth gl &1 Afda f arRR@? dsr Als Fg7 o Fhhi, I A &
gAdH T3 dh AFfAART g § O deAr-Flecerer &gl S1an g, et &Fwel ac
g, St Neor e arel B & ad @ oorsmeT Y e i g W Fua g g
3Urd Ce = (ac/a) ﬁ{-ig)ud a0Tieh gl ST § AT ac = C.. al By fFaAR c@nrr
garg & Ifary 3R em & gRadsT & RoT MY Fir gy & FROT, ST HI aEdidsd
I V, Hgifdsh 99T & FA G|

_ _Va : = Cy/2gh
FATA Co= 7= Y QT 0T gl STl & IT Vo~ Cvv4d
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o & Hpue 3R g AT garT vag & IR & HROT MY H g & HRoT,
drEdfds 9a1ig Qa Hgids Ja18 Qp I He giarm|
Qa=-CpQm —ac Vih

= C..a C/29h

= Cq.a.V29h Where Cq=C..C,
afg et 7 @ ar o @Y FUiRa e o €, S # aoer dr S aed
g1 Cd I YRS #H UHhiAd aedides Warg & A @etRa far srar &1 Ce
T FEe ST ABHIAIC G@NT U foam ST e § et a5 TRoT 3meak
T 3R & g1 FFAT, Cv & 0T Fgifash 391, Vih R aredfas do1, Va &
Hr I § S Sie & A 90 3R colie fhw v diea dwse @ @uiRa Rar
ST & S8 Va x 3R y 9ie & 3ad Avse @ fher off fog & aifdst i Fealer
G CTRS
e & ¥ Adyiw YA 3R TamsfE 3usor (R &) carr A o § St g
% IR odad ¥ F Tl b T o9 8 ¢l

Procedure

1. Note the dimensions of the collecting tank and the orifice.
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2. Open the valve of inflow pipe and adjust the valve such that head in a tank over orifice
remain constant while water is flowing from it.

3. Note the head over the orifice and measure x and y coordinates of jet at particular
location.

4. Collect water in measuring tank for appropriate time and record the rise of water level
in the tank.

5. Repeat steps 2-4.

6. Close the supply valve and drain out the tank and measuring tank and adjust the head

over the orifice and repeat the experiment.

Formula used:
Actual discharge - Qa=(A*Y)/t

Theoretical discharge Qu =av 28h

Coefficient of Discharge Ca=(Qa/ Qm)

Coefficient of Velocity C, =V x*/4yh

Coefficient of Contraction  C¢= (Cd/Cy)

Where A - area of measuring tank

a - area of orifice

d - diameter of orifice

H- height of liquid above the centre of the orifice in the tank in which orifice is fitted
t- time to collect water

Y- Rise of water level in piezometer

x- horizontal coordinate of the jet at the measuring point

y- vertical coordinate of the jet at the measuring point

gfshaT:

Q. HIE TH AR Bg & A Al H|
. YdIg UISY & dled Tlel 3R 38 39 YR FAMIGT & fF Bg & Fw fr
H o TR TR @ S 9=l 58 @7 &

3. Bg & IW Ja TR oAl FL 3R f[afdse o | e & x 3R y Adans A

¥. 3R AT & TAU AT TH A g6l ThT HY 3N TH A g6l & TR A I
st &
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W HEH R - ¥ SIguU]

& 3MYfd aled g Y AR TH AT AGT S A @relr HY, W g F IW S

TR TARITST ® 3R 93197 glgi|
3uAer fhe T g
drEdfde 9418 - Qa = (A*Y)/t
Hgifcler 9a1g - Qth = aV(2gH)

YdTg IO - Cd = (Qa / Qth)

Gl UIUTra; — Cv=+x?/4yh

Hhdel IUTh - Cc = (Cd/Cv)
o] Ro]

STEl. A - A9 HT FT &A%, a - g &1 8190, d - B¢ &1 car|, H - S &
B¢ & Fg & IR ga i Fa, FGH g @ § t - I Thd FA & T8 T Y
- UBSHIY H S TR AT R x - AT g WS¢ @ afas Wderew y - A
fSig W ST 1 FeaTR Adeis g - Jecard¥or & HROT @7 (9.81 m/s?)

Calculations

1. Calculate the area of the collecting tank and the area of the orifice.

2. From the area C.S, of the collecting tank and the observed time for the water level in
the collecting tank to rise by a known ht. calculate the actual discharge Q. for each
set of readings.

3. Correct the readings of head of water taken on the scale attached to the gauge glass
for difference in elevation between the centre of the orifice and the zero of scale.
From the corrected head 11 calculate the theoretical velocity,

Vth:‘/m

4. Calculate the theoretical discharge from the theoretical velocity and orifice area.

5. Calculate C4=Qa/Qth.

6. Plot the x and y co-ordinates of the jet, referred to the origin at the cr. of the orifice,
and draw the mean profile of the jet, taking a point on each of the mean profiles
calculate the actual velocities and hence Cy.

7. Calculate C. = C4/Cy for each set of readings.
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IOTAT:

R, HIE Thr IR g H &ABe I0ET H|

R. HIE TH & ITUEY FHC &ThT ¥ IR I TR A Ad FUE dF gig & v
HIellfhd HAT W, A UIadTh HAE & folv aredidss Jarg Qa i 0T |

3 A & A F3 YA R AT AT STl TR & gradint H B & e AR YA &
W & d FAS & HAR & fIv TE Al TG BT AT ST TR H @ Agifas a1
Vi, &7 0T HL|

¥. dgifas 391 3R By sawer T Tgifade gag & 0= HY|

4 Cqy = Qu/Qu I 0T |

& % & &g a1 7o g AT o & x AR y WA cole N, 3R e a1 3aa
WS Wid| Fedeh 3 Whge W Uk &g ofhd aredides dar dl ol &Y 3R
T C, &Fr AT F

v. YA UTedieh HHE & faw C. = Cy/C, I 0T &Yl

Graphical Representation of Results:

Draw the curves between

(1) Cd, Cv, Cc and with head and discharge and
(2) h with Qa.

qROMEAT T ATET FEIAIHOT:

(1) Cd, Cv, Cc 3R ST TAX dAT 9aTg & s, 3R
(2)h 3R Qa s & I TR

Questions

1. Where do orifices find application in Engineering works? Explain with a few examples.

2. Explain with a neat sketch how the streamlines passing through an orifice contract to
a minimum section at 'Vena Contracta'

3. Does Cy have greater value for a sharp-edged orifice or a flat and broad edged orifice?
Why?

4. Explain with sketches another method of measuring Cs.

5. What will be C. in round edged orifice?

Lo
¢. ik wraf & el 1 3UANT FEl gar 8?7 FT 3GV F WY HHAT|
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R. Teh Tgeo U & WY FASC & B¢ @ oRa arell URT [@IV ‘3T hiegeel
W FGATH AT deh H8 FHfAT g &

3. MeuT PR arer g A1 FAAE 3R T3 R arer g & @ fad Cv &
AT 3¥F ghem? F4r?

Y. Cv &l AU &I T 37g AT &r /AT & T GHs0|

g, Mol fhaAR arel &g & Cc &1 AT 4T gHEN?

Sample Calculation/ sT#HsT 3ITOTAT:

Observation table / 3@elYehel ATfaIeT

Size of orifice / f&¢ T 3PN =

Area of orifice / f&g T &19%hel a=

Size of collecting / TIIE ThI T IHTHR =

Area of collecting tank / Q:I?JI%' ThT T &TThe L A=
Correction of head / T TR H {TUIT, H=
Correction to x / x & R =

Correctiontoy/y & R =
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S No | Corrected | Theoritical | pigcharge Measurement / ¥aTg HTIT Cd | Coordinate Actual Co-effi. | Ce=Cd/Cv
/ Head, h / | Velocity / of Jet / o | velocity, | of
T T . Va /| Velocit
w8 | guiRd | dgifc N e agyT
ST T | A9 EIESIEED v
Va =\(2gh) 3T, V, I[UTIh
Level | Volume Time | Actual X y
Rise inlof water |taken | discharge/
collecting
wnk /| collected | /T | areafas
TIg / THhiAd ST yaTE
e I L ) e
TR IO
gfg
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7. PIPE FRICTION LOSS CALCULATION
b. 9Bq =¥t grfer v IorAT

Objective: To compute the friction factor for commercial pipe.

322F: AIOIfSTs ISy & U a¥or 9[0Tieh T VAT S|

Apparatus required
1. Overhead tank supplying water in which the level is maintained constant.
2. Pipeline with bends valves etc, each fitted with inverted U-tube manometer to measure

head loss.
3. A collecting tank and stop watch, to measure the rate of flow.

ATaIh IYhIUT:
¢, O ST TR S0 @ arell 3iags & S arelt 7 3l e g
R HIZ, gled IS & JFd IgUeTS, A 85 ol AU & fIv Jedsh W
3edl U-gge AATHICY ofeT giaT &
3. Yag &I A & fow swoifaes & 3R Teruara|

Theory:
Loss of head (energy per unit wt. of fluid, expressed in meters of fluid) occurs in any fluid flow.
The loss is caused by (i) fluid friction in pipe or conduit (ii) changes in velocity or direction of
flow. Losses of these two types are termed as major losses and minor losses respectively. Fluid
pipe friction loss is a continuous loss of head, hf assumed 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
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to as the loss of head due to friction. For turbulent flow in pipes, the major loss (hf) is normally
taken as
2
2gd

Where,

f1s called the friction factor which is dependent upon the material, surface finish, age etc of the
pipe and the Reynolds number of the flow.

1 is the length of pipe line in which the loss occurs d is the diameter of pipe line
V' is the velocity of flow in the pipeline

Minor losses are losses due to (i) change in cross-section i.e. Expansion loss and Contraction
loss (i) obstruction to flow such as gates, valves etc. (iii) bends, curves etc. Minor losses are
generally expressed as a constant time the velocity head, kV2/2g; k differs from fitting to fitting.

Rgra:

garg Fr feem 7 frdr off R varg # 835 (59 & AR ufa sos a1, 5d ga &
e A FFd AT STAT §) FT ARAE gl &1 Fg Johdllel faaet FROT F 8T &
(i) 98T AT AfPT H TRl °YOT (ii) FaTg T i a1 G2 # IRad=| 37 gl UPR
+ Ih e Pl HHA: HAEY hdlel (major losses) 3R B¢ oehHTlsT (minor losses) el
ST ¥ IS FH el a¥Or F g dTen qRHT U AR §5 T A g
S (gt SraT &, 3R 8 U9 &1 Se1S & WY FAW X W gl dlell oJehdrst
HGAT ST § S deh b 9189 T 3R AR 3FhI YT AT Tl &1 50
MAAR IR 80T & FRUT @5 & hdAl & & & ST ST g1 rsal J 31e0d Jag

(turbulent flow) & oI ACY A (Of) AT $H JPR forar ST gl
_fiv?
hy = 2gd
ST,

f oY E§UT J[UTIeh T ST &, ST 9189 & WA, Halg i fhiarer, 3y, 3nfe 3R yarg
T Ylesy &A1 WX AR HIar gl

| IISYTS # WaTS & [SEH 85 & el gia g

d UTSUCTSsT T I gl

V uIsYsd H garg i afa g

oI FHAE (Minor losses) HeEATI&T HROT & gl §:()HIE-QeRe # Feld, Sid
faEar (Expansion loss) 3k HepraT (Contraction loss)|(ii) YaTg  Fehlde, SI¥ e, dled
3| (iii) #Ys, gATT 31| DI FThdT IHAR W Toh & 3R 91 83 (KV2/29)
w7 7 gad v A § kyds BT & AR sga B
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Procedure:

N e

o o~

Note the diameter (d) and length (1) of the pipe between manometer tappings.

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

Connect all manometers on the pipe line to the flow opening the connecting valves
slowly and simultaneously (sudden opening of the valves will cause the water to rush
into the manometer limbs and drive the mercury out in case mercury manometers are
used.

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

Change the valve opening and repeat the above steps.

Note down the temperature of water.

. HeAredex e & &g 98T &1 JF (d) 3R Feg () Ale FL

dled @rel dIfes U= 989 & Yarigd af Il

e & I AAA F 4R-UR 3R v @1y Fafacs aread Grela
gaig O A8 (Ife 9 arer AAeeX T 39AET RAT ST T@T §, Y dred
3SR Treled TR GlAT doil F HAATAET H JdT S 3R 9RT #r a1l
foreTer Thar g)|

Y., HAHCT o TIAT H TR & AR &l Al L

4.
&.

dred &1 RYUfa dgel 3R 3WIFd TN &l qIedv|
Uil &7 dT9HAT sle &l

Calculations:
Head loss over a length of pipe or in any fitting is given by the manometer connected. From
the above equation the friction factor f is calculated.

I[0TeAT:

qieq T warg AT fRdT fhfeer & g3 &fa AT ganrT ATaT ST g1 39Ried
FHITOT @ GOT IOT £ T AT H SN B

Sample Calculation/ S#HgIT 3IrOTeIT:
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Observation Table and Results/ 3Tdatee difaeT 3R IRomA:

Length of pipe/ 9189 &1 TETs:

qisY ohl <IIH/ Diameter of pipe:

Area of Pipe/ 9189 T &1l

FollFedT ¢oh HI & aHhol/Area of collecting tank:

S. Manometer Loss | Volume Time/ | Discharge | Velocity | Friction
No./ | Reading/ #1#IeX of |of Water/ | ggg | (m%/s) of flow/ | Factor/
HH : head/ | greft &1 | () yarg | Gyor
< MLEU 3 P -
S Lefyad | Right/grd | _o 1 A | 7]
e | (m’) (m/s)
hy
Remark /fecquft:
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8. REYNOLDS EXPERIMENT
¢. WATegd ggeT

Objective: To study various types of flow and to classify them based on Reynolds number.

3097 Affed IR & Yarel &7 ETTT FLAT IR 3og Wlesd TEAT & IR
gafiehcd S|
Apparatus required:

1. Reynolds apparatus consisting of a balancing tank from which a transparent pipe takes
off at the bottom. A regulating valve is fitted at the end of the pipe.

2. Apot of indicator (coloured) liquid with a cock on a thin tube ending into a fine
nozzle in the transparent pipe.

3. Acollecting tank (measuring jar).

4. Stop watch.

ATAIh I9HhIT:

2. YAlesd 3YT, [T T Slf@er & giar g, oas g e @
IReRff arsy ST IaT &1 WISy & 3 A U fAumHS dled (WA dfea)
CEURIC IS

R. Hehdeh ({MeT) &d aTell dciet, [ Ea Ueh Udfell T8 W Tah ool 3T IRt
989 H THTCA glel alell Teh silolel aldl ¢l

3. PollFedl ¢ (ATIA FT IRX)|

Y. Tehad|

Theory:

Flow of real fluids in any system offers resistance to flow due to viscosity of the fluid. When
the velocity of flow is low, the fluid particles move along smooth lines. Viscous forces are the
dominant and curb any tendency in the fluid particle to deviate from their smooth path. If the
velocity of the fluid increases after some limit the flow path of the fluid particles becomes wavy
as particles tend to deviate from their smooth path. But still the paths are clear. When the
velocity is further increased, the fluid particles mix up thoroughly and the flow paths are highly
and unidentifiable.

Osborne Reynold studied the nature of flow in pipe line and classified them into various pipes
based on a number called ‘Reynolds number’.

_pVD VD
===

Re

Where, V is mean velocity of flow, D is diameter of pipe, p is the density of fluid flowing, u is
the dynamic viscosity of the fluid and v is the kinematic viscosity of fluid. When Re is less
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than 2000, the flow is laminar. Above this value and up to 4000, the flow is transitional i.e.
changing from laminar to turbulent. When Re greater than 4000, the flow is turbulent.

Rgra:

Rl oY gumelr & aredfas dlcl &1 garg 39T ATeIar (AERITAE) & FROT garg
H 9faY 3c0eet HIAT 81 I Yarg i afd HA gcdr &, O aler FHor RAewedr @3t
F T o &1 5T Ufa & I s gy gar & 3R R Ful Fr 3Thr Rpelr
oy ¥ afad g & Jsar g1 Ife aRer & aifd e Aivad @A & a5 Fedr &,
ar 9dTg 9Y JgIGR &1 ST & Fdifeh T 39« el o & faaford gl aera €1
Aferst T o 9u Fose gid 81 o9 91 3R 348 e Sl &, ar ool &or g
e ¥ AfFT & a9 § 3R yare 9 3/ 3R ggae & Agr 3|

3TEEl WFesd & UTSYS & Ydlg & TIATT Hl 3TeqTT fohar AR 3¢ T T&a
\ellesd &AM & IR W fafdest gargt & aefieha fana|

_pVD VD
===

Re

STV = yarg & iad a1fd, D = 918y &7 =, p = dRA T Uedcd, Y = R
$r afaefie AT (SHAE AERfAd), v = R Fr BaARRS T (FEadfes
eIt |

Ifg WTesd FEAT (Re) 2000 F & &, A YaTg AT a1 &1 37 I § IR 3R
4000 T JaTg "HHHUThIGN BT &, AH AfFR & Telc Yaig H deoidl ¢ 1o Re
4000 & 37Ttk giem §, dl 9aTe 'eele gl &

Procedure:

1. Open the supply valve and admit flow into the balancing tank. When the water level
rises adequately, regulate the inflow and outflow so as to keep very low velocity of fluid
flowing in the transparent pipe. Keep the head in the balancing tank steady.

2. Admit the indicator fluid (colour liquid) in to the transparent pipe by opening the valve.
Observe the flow line of the colour liquid and note the flow pattern.

3. Collect the flow in to the collecting tank (measuring jar) and not the time taken for the
volume of water collected.

4. Increase the flow of fluid so that the velocity of flow increases. Again, observe the
nature of flow of colour liquid. Observes and note the nature of colour streak.

5. Repeat the above steps to take at least two observations of straight, wavy and zig-zag
(mixing) patterns of colour liquid in the transparent tube along with the main flow.

6. Note the diameter of the transparent tube and the temperature of the water.
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gfshaT:
?.

. e G
s

:\_ iﬁNOLDS
i, -_ —

3Mqfet ared @rel 3 Hdelet & & yarg I 3TATT & STe Ul & FR
YT &9 F §¢ ST, GREH WY # 9gd FA A(d @ Rl Fared g
& ToIT geithell 3R 3M3cell &l AT HY| Hfolel Eoh F Ul o E @l
R saT 3|

Hhas gd (BT ga) & gReell ursy & gaer e &, 38 fav ared @l
T ga &1 garg Y@r &1 AdeTor #Y 3R yaw F1 Yo Ale |

YaTE T FATFT EF (FUA & R) F vHT FY 3R v e B AT
& forw foram arar ag Al H|

Rl & YdIg & deIT difer yarg i afa ¢ e & TN gg & yarg &
AT T IS0 Y 3R @1 Hr a3t () & TTHT FT Al H
3UAFA TN T GEIT MMk ATT Fale & T IRGAT g8 7 Tt ga &
Y, oTeter 3T TFer-oer (A#0r) deat & &7 T FH ar Hdcilehe 9Ied &l
qh |

uReRll <9 & <A 3R Ul & dr9A H Al
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Calculations:

1.

Calculate the discharge Q, from the volume of water collected in the measuring tank
and the time of collection.

Calculate the velocity V, of flow through the transparent tube by dividing the
discharge by the cross-sectional area of the tube.

Calculate the Reynolds number.

. Jarg & (Q) FT INUTAT: Felfdedr <o & Tha fhU 1T gt Fr #AmEr (V) 3R 380

Tehd e H o AT (1) @ 916 &X (Q) hr I1UeTl et g7 &

Q =Vt
STEl: Q =JaIg &X (SNeX/THE AT m*/AHS), V = Thiad Tleil &l ITdA (el
AT m?), t = Thd el T AT (TH3)
afe (V) & 1ot IRt Tg@ 7 g @ ed Afd (V) # daw & (Q) H
TS & HIH-JATeT STl (A) H IS ek 07T Y

V=Q/A

STEtV = yarg &1 afd (m/s), A=nD¥4, A =TT T HIG-HRATA 8T (m?),
D=¢Jd =T a1 (m)

Flegd T&AT (Re) FT 0T TTesd TEAT (Re) ST I0TAT YdATg I1fd, SIS &

e 3 ATl T FHEAATRES AT (v) § T T ganr

Re =VD/N
BTV =vd1g $r 3Ed 7T (m/s), D =T8T HT ST (m), v =l I FEAACH
ATAAT (m?/s)

9 YehX, 3WIFd AUN I Ilefe] T 3T JaIg &3, Ifd 3R Wlesd T&ar &r

IOTAT HT Thd &

Result:

1.

Record the observed nature of the colour streak and the corresponding value of
Reynolds number.

2. Write the classification of the flow.

gfRoTe:

g, Wil ORT &7 Aqdlfchd FT@HT 3R (Elesd &7 &7 Jafad A Repis
|
. JdIg &1 gafteor ford|
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Sample Calculation/ sT#HsIT 3T0T4T:

Observation Table and Results/ 3TadYahel dlfaraT 31X aRomH:

Size of collecting tank / ShellFedT ¢ HI 3THR:
Dia. of transparent pipe / gReGeff 9ISy bl <ITH:
Area of pipe / II8T T &1F%el:

S. No./ | Volume Time / | Discharge/ | Velocity/ | Reynolds | Type of | Visual

HH Collected/ | gy Yag &X | I number/ | flow/ | observation
e | IR | (s) (m/s) (m/s) Yifeza |varg | of flow/
JArac= e | @ EELE 2
(m’) o
37qcliehet
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9. CALIBRATION OF WATER- METER
R. JleX-HIeT &T NATHA
Date/ f&aTieh.......

Objective: To calibrate the water meter.
382 dTeT FICY FHI HAThA HLAT|

Apparatus required:
1. Water meter fitted in a pipe line.
2. Collecting tank, with drain cock, fitted with gauge glass and scale.
3. Stop watch and scale

ATAIh IYHhIT:

¢, UTSTeTSeT & ofdM §31T<‘:IV1ET3=ﬁ'dTI

. 3o Hich & AY N ToH AR A & YA § GaATSSTd U Felfdea o
3. ¥I9 aig 3R A H AT

Theory:

The water meters are used for knowing the volume of water passed through it over any given
period of time. Water meter is of two types.

1. Positive displacement type
2. Inferential type

The positive displacement type has pistons which are displaced by the flowing fluid and a
counting mechanism records the number of displacements, The primary parts of an inferential
meter are vanes or blades fixed to a shaft or spindle. The shaft rotates due to reaction of the
flow on the blades.

fRargra:
giel HeX &7 39T 39 379 & el varfed 9y &1 AT S & v T
ST g1 afeX #HieX @ YR & g &

1. gifaifea ferca@sde yaR
2. SARIATS T

gifeifed farcargdie yaR & Rread gia § oY varfed &Rl garr faeenfa aa €,
3R v s arer a7 s farargsr fr d&ar & Rapis AT &1 AT Hel
& FET HET 978 (I7) AT S5 B § o U e A1 Rse ¥ I3 @ €1 var
FT sz R IR @19 & FROT AT GAT ¢
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Procedure:

1. Note the dimensions (Cross section) of the collecting tank.

2. Set the inlet regulating valve to an opening thus passing certain discharge through the
water meter.

3. Start the stop watch when the water meter pointer comes to a full division on the dial
and stop it when the pointer comes to full division again after some time. Note the water
meter readings (initial and final) and the time for the indicated flow.

4. Close the outlet valve of the collecting tank and note down the time required for a fixed
rise of water level in the collecting tank.

5. Repeat the measurements for various different flow rates by regulating the control valve
provided at the end of the pipe line.

2. PoATFCIT ¢oh oh TATH (hI TFRAA) FI oAl Y|

R ool Wfeer dfed & Teh ARTT TUE W ¢ w fG@d dlcd A &
AEIA ¥ Fo WARad yaw 9 &

3. 9 dlex HIeX T g3 S W Teh U7 ATl W) 31 10, aF &I9 are =re]
W IR FT TAT ¢ S F W @ 7 [@oee W AT | w9 a9 g
HY| dieX X i gRfAE AR 3ifaa Afer 3R fGw 1w yarg & fov @@y
Alc

Y. Fel[FCIT b oh T3Celc dled dl 96 HL AR dolfacdl ¢ H Ao H Th
fAfRaa gig & v maegs @& g e wi|

g, qISTeTST & 3id & ua 0T diea & gEfea & R garg ot
& foT Al # Qg

Calculation

Calculate the indicated volume of water flow through the water meter and then the
discharge by dividing the volume by the time taken for the indicated flow.

Qind.= V.

Calculate the actual discharge from the volume of water collected in the collecting tank and
time taken for the same. Qact. = [( Lx B) x h]/ t.

Calculate the difference between the indicated discharge and the actual discharge as error.
-ve of this error is correction to the meter reading.
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OTAT:

¢. X HieX & AIH ¥ gaifed o F IRFfoid AFT AR TA7T canrr varg
X (fewmmon) &r ot #Y|
Qind.=V/t.

2. FdfFed &F H Fafgd gl Hr AET 3R AT § IEafds Jaig eI v
IOTAT HY|
Qact. = [(L x B) x h]/ t.

3. dle¥ HIET garT G2NT 9T 9aTg &¥ 3R IrEdfdss Jarg aX & & 3T &Y
M & T F 06T | 58 I T TARRICHS A Hied T & gur g

Graphical representation
Draw on a simple graph the curve connecting Indicate discharge and actual discharge.

O R IGIGIEGER
fAfése yarg &X 3R areaids 9arg e¥ & Siga arell ATH §eAT0|

Sample Calculation/ sT#HsT 3ITOTAT:
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Observation Table and Results/ 3TdeldsT difaeT 3 IROTH:

S. No./ Water meter reading/
ET) dlex #ex {fsar
e
Initial Final | Difference
3 i .

Time/
HHAT

(s)

Indicated
discharge/

fafése

YaTE &
(lit/s)

Collecting tank reading/

e Y A
Initial Final Rise/ | Volume/
L
eyel/ Lc?vel/ a[ﬁgr IdT
T EAT

Time
taken/

forar
=T

e
(s)

Actual
Discharge/

CIESICED

JaTE X
(lit/s)
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