
STUDY OF BER.NOULLI'S THEOREM

(l en cr* l

Energy is the ability to do rvork. It nianifests in various forms and can chairge fronr one lomr to
another. I'his l'arious forms of eiierg-v present in fluid flow are eleyatiol, kinetic, press,re and
internal energies. Itrternal energies are ciue to molecular agitation and manifested by temperature.
lleat energ>'rnay be added to or subtracted from a flowing fluid through the walls of the tube or
n"taqhanical energ)' may be added to or subtracted from the fluid by a primp or turbi,e. Da*iel
llemoulli in the }'ear 1738 stated that in a steadl' flow system of frictiolless (or non-t,iscous)
incotnprtssibie fltrid. the sr-rm of pressure, elevation and velocity heacls remains constant at every
section, provided no energy is added to or taken out by an external source.

Prai:{icai application

Bcnrotllii's Energl' Equation cari be applied ir-r practice for the constliction oi floq' lreasuring
<isvir:e.s such as r'etlturinteter. flo*'nozzle, orifice tneter and Pitot tube. Fr-rrtherpt(u.e. it can bc-

applied 1o llie 1:roblctns ol flon. under a sluice gate, lree liquicl .iet, r'ailial flo1. irpcl fi.cc r.grter
t"ltolioit. it ,-:.tit liso bc applied to real inconrpressibie fluids u'ith gooC resuiis in situalions *tere
ii ictir-,nal check i..; r'e r\, snrali.

flcscr!p tiun of ayrllir ra tus

I Ir.'lririt js c()rlstl'uctcd as a sirrgie Perspes labrication. It consists ol'trio cylipdrical rcsrr\oils iptcr-

t:t-,nltqcl;:ii hY l Perspex Yenturi of rectangular cross-section. fhe Verrturi is proyicierl ivitit a nuntber

ol Peispcr piezometcr ttlbes to indicate the static pressure at cach cross-ser:tio1. i\n engra'ecl

plasiic i-rackhoarri is frtted ri'hich is calibrated in ilritish and i\4etric units.'lhis bcard r:an be

t'ci'er:':d anil ntoilllled otl eiiirer sicic of the unit so that r.arious laboratori' confiuui.lrlions u;.-:* be

iiccoiiiiilr)dateti. Ihc inlt-1 \-r-SSr--i is providccl ri,itir ii cI1'e irricction s\-stcpt. \\'1tr-i.is tiri to rjrc

il{lsll'.alil tatlk iiltr--tl"tith a radial diffurscr lrotn thc laboraton'nrain suppll. For satislaltor..,-r.csu1ls. tttc

tnltin riat,-'r frressLlre ltiust be nearly constant. Ai.ter 1lr-r*ing thr.t-rugit the ve trirl j. \\,rrtL-r is r_lischargerl

througir a lloi\'t'egttlaling device. .-J'he ral.e of llon' throngh the unit rnay be clclrinrental either

volurtrctricaliv oI' gravinietrically. Th; equipment tbr this purpose is excl,dccl tionr the

ntanulirctr:t'cl''s srtppll'. 'flie apparatus has been macle so that the direction cl fli-*v thr,--ugh the

vetltLlre catt be rcversc.l lbr clemonstration pllrpose. To <Jo this the positions ol t6c clye injrctor and

discllrrule fittinll lravc to be interchange<I.

ldD ? I a1rrl{;-JlJz p:ttrn -l
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yZgy29y29
where, PrPz = Ilressure of flowing fluid at sections 1 and 2

\/^tz

unit u'eight of fluid

mean velocity of flow at sections

g : acceleration due to gravity.

I and2

The equipment can be used to demonstrate the validity of this theory after an appropriate allou'attce

has been made for friction losses.

For actual condition there must be some head loss in the direction of

betu'een section 1 and 2 is h1 Bernoulli's theorem is modified to

D, v',2 P. I'.'rt + t __i.+_-+ [l
v )(, ./ )ot-6/"6

Proccdurc

So the head loss

the basc.i . 1'he apparatLrs shouid be recurrentiy leveled by, n-ieans ol scren's provided at

2. Connect the u'ater strppll to the radiai ditfuser itt the upstream tank.

3. acliust the level of the discharge pipe b1' nleans of the stand and clantp providcd to a

convcnient position.

;\ilori' *'ater to flou' through the apparatus until all air

conditions are achieved. This can be accomplished b1'

apparallrs and adjusting the level of the discharge ttibe.

I{eaclings nral' tlicn be taken fronr the piezometer tubes

nreaslrrcd.

6. A se ries o1'reaclings can be taken for various through florvs.

d

)

has been expelled and steadi' flo*'

varying the rate of inflo*' into the

and the flou'thror"rgh tlie aprparatus

(]biectivc

1. To calculate the total head loss h1 : h1 - h11

2. To plot tire static head, r'elocity head and total head against the length of the passage in one

plain graph paper.

3. Verification of total.head loss by plotting head loss in each passage or segment.

4. 'l'o plot the total head lo,ss h1., against the inlet kinematics head,Y'12g, for diflbrent in- flo*'

conciitions in plain graph papcr.
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2. Do you need any modification (s) of Eqn (1) when (a) the frictional head loss is to be

considered, and (b) the conduit is not horizontal?

?aap /*

,l"ir.-il;titirrij orrd I)l;,]ir. lir;rt i r,,,i,L,',',i,i',; i)rri,,,:ir,r,'r:i, ,1il,,iS"l'

!]l"i:q:t iir Qucsi ilr;t

/ i. \\ritlrl atc lll',: its.\rinr.lliii;i'rs riir,1,:ri-r'in1i thc Ilcrnorrili's *iri:ig,r' i:rliraiiolr?



Experimental Data Sheet
Course no.:
Group no.:

Collection time

Volume of water

Discharge Q

Both inlet and outlet is open:

Student ID no.:
Date:

Head ioss in

each segment

Signature of the teacher

,,1,, t,,l;l:.:t;l r;:rrl 11r,,'Jrii.lir,n I:,,,,:t,, ..:.,... t.:, . :

Piezometer tube

no.
1 2

a
J 4 5 6

7

@itot tube)
8

A

V:Q/A

Y'l(2g)

plv

h:p/y +v'l(2g)



Ilxpe;'irpont l{o.; 2

trLOHT TITE.O{JG IT liiil}TTl] ITT\TET'tr.II.

TIic convergirg tube is an c.flle'.iclrt clci,ii:e fort:onverling prcssurc hctti 1c veloci;r, licad. i,,'!rilc i;,.
cliverging tube converts r.eiocity heacl 1o plessine. tlead- Thcl,trva nay'Lrc cortrbinecl to forfi'r,i:.rii;:r
tulc. As thcre is a dcfinitc rclation bclv,'ceii thopressttre difi"crential atid {!rc rat,-r 0lllori'. t}re'il :rria\,
be made to ser\.e as nteierin_iz rlevic.e../
Ver:iurimeter consists.cf ir tulre *,ith a constricl.crl {hronf ilrai i-r:c{iucc.s r:ir iircr.c:rsr.i i,elcch,v
acmmpanied b)'a rcilucticr i;: 1:re:;surc Ibllon'ril b1':: gra<'tual rJivcilli;rg pr::'iicrn in ri'irich i'clocl[.,, ir
t;::,':ibimcd bark into J:ricssiirc r.;il1i slighi ji.icilois lc'ss.

Ii.i'l:.clii':ri i r_;p li r::iii t:
l-,;+ r,lriiurii:iiri:i ir; r::;ld ji.t:' ilti'li:ri:r r:], ilt,:
.L'i:i.:.1-

i-:li,:. tii- ilor.,' oi iri:i'ii r'(r;;:i:t:isii,l,: trr,il ir:cirl:::. , t.:ii:

Tite verturimetcr provicies ar) ,'rccuratc incans for rncasuring florv ir; pipeiinrs. Aside 'fr..rn tle
insiallation ccst, th': onll'disarii,zurlas.c oithe veniurirnr:ler is lllai ii inirciucrs il lrifi:la:lelt iiiCr:'oi.::!
:: :;(ll:'r:: :' ';" ":.- r- "'\ ,rr r.!i iriji,.ri:..:,.

l-t, ;ll p r* liEi

liig. Ycntrrinroler
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Thc value of C6 rnali l;i assuntcd 1o be about 0.99 for laruc rni:rnr ;rrri ;t.1nr11 0.97 or 0.9S loi smell ongs
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Calil-r:'a {ion

oi:e- cf thc olr.jcctives of thc cxyiirinlent is to nna thc lalucs of C air<l rr
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Experiment No.:

FLOW OVER A
.g-
V_ NOTCH

General

The most common types of sharp-crested weir are the rectangular weir and the triangular weirs.

The triangular or V-notch weir is preferable to the rectangular weir for the measurement of widely
variable flows. in the case of a rectangular weir, the total weighted perimeter does not vary directly
with the head, as the length of the base is the same for all headi. Therefore, the coefficient of
contraction, which depends on the rvetted perimeter, is not constant for all heads. But in case of a V-
notch there is no base to cause contraction rvhich will be due to the sides only. The coefficient of
contraction will therefore, be a constant for all heads. For this reason, the V-Notch is the most
satisfactory type for flow measurement in canals.

Practical application

The V-notch weir is preferred when srnall discharges are involved, because the triangular cross-section
of the flou"nappe' leads to a relatively greater variation in head. V-notch Weir hasihe advantage that
it can function for a very small flows and also measure reasonably larger flows as well,

Fig.Flow over a V-Notch
Theory

Consider the V-notch shown in the figure. Let H be the height of water surface and
notch. Then width of the notch at the water surface is given by,

AL=2Htani .......(l)
2

0 be the angle of

Consider a horizontal strip of the notch of thickness dh under a head h. Then, width of the strip,

t[/ :2(H - h)tan! .......(2)'2
Hence, the theoretical discharge through the strip

I5

dQ, =arcaof the strip x velocity:2(H-h) tun 9dh"{rgh.......(3)

fiotch

N:pp!

' : l_-ip'

:j:



...s

Integrating between the limits 0 and H and simplifuing, the total theoretical discharge over the notch is
given by

n, = *JU tanL H'''......-(4)

- KHst2 ... ....(5)

Where,

K =:Jk tun!.......(6)15' 2

Let Qu be the actual discharge, then the coefficient of discharge, Cd is given by

ri aclualdisch arge Q, ,nL'o=ffi=;"""'(7)
Q, = KdnHt".......(8)?u

The co-efficient of discharge depends on relative head (H/P), relative height (P/B) and angle of the
notch (d)

From hydraulic point of view a weir may be fully contracted at low heads while at increasing head it
becomes partially contracted. The flow regime in a weir is said to be partially contracted when the
contractions along the sides of the V-notch are not fully developed due to proximity of the walls and
bed of approach channel. Whereas a weir which has an approach channel and whose bed and sides of
the notch arc sufficiently remote from the edges of the V-notch to allow for a sufficiently great
approach velocity component parallel to the weir face so that the contraction is fully developed is a
fully contracted weir. In case of a fully contracted weir C6 is fairly constant for a particular angle of
notch.

At lower heads, frictional effects reduce coefficients. For the most common angle of notch 90 degree.
the discharge coefficient, C6 is about 0.6.

Apparatus

1. A constant steady water supply with a means of varying the flow rate.

2. An approach channel

3. A V-notch weir plate

4. A flow rate measuring facility

5. A point gauge for measuring H.

,*iei:+.,



Procedure

1' Position the weir plate at the end of approach channel, in a vertical plane, with the sharp edge
on the upstream side.

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

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

5. Position the gauge about half way between the notch plate and stilling baffle.
6. Admit water to the channel and adiust flou, control valve to obtain heads, H, increasing in steps

of 1 cm.

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

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

0bjective

1. To find C6 for the V-notch.

2. To plot Q1vs. Quin a plain graph paper.

3. To plot Qa vs. H in a log-log paper and to find (a) the exponent of H and (b) c6

W
;f
f
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FL*Nry *\,ER A X/.F{{}?'CFE

F=irhT-&. Er"g'i* *&L*ULATE*Eq SffiffiffiT

Conrse no-:
Group xo":

Arugle of the notch, 6 =
K:

C rnss -sectiolr r I area o t ilo,r,r *usu ri n g la n l,--
ir',itial p*iiit gauge ieaciiiig :
Firrrrl pcirit cauqe readilg -
Diflerence in readirr_u :
Daium rvater level reading:
Water level above vefiex:
Final u,ater level readins:

No of observation
Actual discharge Q,
Effective head H
Theoretical
discharge

Student IB nc.:
&ate:

No of
obs.

Height of
Water -

h

Volun-re
of-Water,

V

Coilection
tirne

T

Actual
discharge

U,

Effective
head

H

Theoretical
dischaQ:

().

Co-eff
.I(]l

discharge

Signature of the Teacher



{:{ead }osses in pips,qi3$.d &t$ms$

Objective

overall s)'stelll '

florv'

globe valr e .

Theory

I-.rictiop loss is ,,lie loss oi' ctrergy or "head" that occurs in llipe llon' due to viscot-ts eflects

generated bl,tite sLrriace oithe pipe. Frictiotr Loss is considcrecl as a "t'najor loss" and it is not to

bc confr-rseci rvith"ntinor loss". *'hich irlcludes energY losl drrc to obstrltctions'

Tlriserrergl.cll.oPisclepelldetitontlrerr,allshearstressLrelrrectlthefltridarrdpipesurtace..fhe

shear stress ol a 1,1o1, is also dependent on *'lrether the flow is trtrhule tlt or lamitlar' I]or turbulertt

florv. the presslire iirop is cleperde.t on the roughrcss oi ti''e sLrrlaee. Iri lar,i*ar t-lorv. the

rougliness eflccts oi' the *,ail are negiigible becattse. ilr tuibitlent flo*'' a thin viscous la'er is

[ormed near the 1tip.e suriace that causes a loss in errergr,. $hile in laminar florv. this t'iscous

layer is nolr-existent.

one of t5e accepted niethods to caicuiate iriction losscs resliliiilg ilonr iiuic motictt itl pip"' is lrr

using the Darcl'-\\/eisbach equation' For a circular pipe:

I Lr''
1^ _-fl . - 

-

' 2grl

t,

f

: Head loss due to friction. given in urrits of lengtlt

: Darcy li'iction factor

Where:



I = Pipe length

r/ - Pipe diameter

r,: Florv velocity

g = Cravitational acceleratiotr

l-he *inor losses of energy are those n'hich are causcci on account of the change in velocity of

tIo*,i,g flLiid. i1case of long pipes these losscs are r.tsrtally quite small as compared rvith the loss

of encr.gl,due to frictiop and hence these are lei'meci'rttittor losses' rvhich may even be neglected

* ithout strioirs error. Horvever. in short pipcs. thesc losses nray sometimes oltt$'eigh the fi'iction

Ir--rss. Sontr- of the losses of etrergv u,hich tilal'1,'c causeci due to the chatrge of velocity are

iniiicated 1..'e1orr:

(a) L-oss of energy in benr-ls atrd variciis pipe fittings

(b) Loss of energl, due to suclden cxpan-siotr and contraction

(c) Loss of energ-v due to gradual expansir;tr and contraction

(cl) i-oss of energy at the elllratlce atld exit of pipe

\\'ith pipe bends. r'alves etc.- it is usr:aily to

addition to the losses sustained by the pipcs'

crperimental results. Such minor loss is givei-t

account lor head losses throttgh these devices'

l'his nrLrst alnlost alu'ays be dorte by resoltittg

in the form

irt

t0

i'
,,, = u 

=,a
-5

\\/iir:r e.

/r, : \,iinor loss

,( - Nlinor loss coelficient

r,: !-1Og, t,elOCity

g : Gravitational acceleration

As thcre are two different velocities in expirnsion and contraction, tlte largest velocity of the

spraller dialteter pipe is considered to caiculate minor losses.



Setup cotnponeuts

Piping arrangemellt *'ith the u'all-

i. GI pipes

ii. Pressure gauges

iii. Water meter

iv. Ball valve

v. Globe valve

vi. Pipe fittings

vii. Couplers

viii. Flexible piPes

Mairometer-

i. Coupler

ii. Acrylic tube

iii. N4ercurY

iv. Flexible rtrl,'ber tube

v. Ring cliPs

vi. Measuring scale

vii. Hardboard

Wcrking procedures

1 . Water meter is connecte cl in the path of ilorv to evaluate the volunletric llorv-rate '

2. Calculati'g the tilue pcriod of certain florv b1' stoprvatch the volut-netric florv-rate can be

rneasitred.

L Thus from the kporvi1 cliartreter of the pipes. the velocitr of tlic florv catr be computed'

.+. Female pons of the couplers are connected u'ith the trale ports at certain points covering

1.94m of the pipe. elborv. globe valve, and expansion and contractiot-i sockets; in orderto

6nd the pressure difference of those points in mercurv column in tlanometer.

5. pressure losses are converted to St unit by essential calculations aud are furlher assigned

to calculate tlie friction f:rctor of pipe and minor loss coetficients of the fittings, valves'

and expatrsion and contractiot-t in pipe.

Y



Experinrentai Ilata

Specifications:

-

Pipelength,L:1.94rn

T'hin pipe dia. : % inch:0.01905m;Thick pipe dia' :11/.-inch

Cross-sectional areaof smallerpipe, I =lra' =1*r.i416x(0'01905)'? =2'85x10-am'
44

DetrsiN'ofi\{ercur-v, Phg: i3550kg/m3; Specific*'ei{r'hto{'water' i.:9810

Tablc: Flox' Riite, rr'clocit-v and Losses in Pipes anil Fittings

i

I

i,
ii,
il-
l r.'

.:,

1
I

!

llead Ioss. ft,,"

(r-nr-n merclt r-v cohtmn)

*"-t lr,"*,ut.,Q i

obser'a I t,.n'rtl 
I

tions I I

Velocit-v.

r:Q/A
(mis)

Loss in

pipe

I-oss in

elborv

Loss for

expansi

on

Loss for

contract

10n

Loss in i Overall
I

elobe I loss-l
valve 1

1

J

4

)
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Calculation Data

'l'ablc: Friction Factor of Pipe and Minor Loss Cocflicients of Fittings

l\r).

of

obs.

Pipe

1l'iction

factor

F

Elborv loss
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K
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Sample calculation

:_P 
r,g &h t,g

IIead loss of rvater cir:e to liiction' h, = L
/,,

.'. Irrictiorr lactor. l' ='j!!!-

Head loss ol'sltt'r' lt, = P

v
}\I

.'. E,lbor'; loss coefficient'

.-,-^:^,. I/ Pressurc drop for uxp'tilsloil' P = / r',tt r',

=

D

Flead loss of rvatcr' h, = '
i// \\',

=

2sh,
.'. ExPansion loss coefficient, U =;

)clt,ta
lr - l

1r-
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:

Ilcad loss olrvatcr, lt, = P
1// \1.

2gh,
. . Contraction loss coefficient. t = -;'

; Pressttre drop in globe valve . P = i i,,ril ,,,,

tlca.l loss olriltcr. lt, = !-
1//\\

.'. Globe valve loss coefficient.
r/ 'A"lr! = ------I

1'

' n .---^ll D..^^^.,... .J-^^ L/ U\'ai-aii I iU))lirL uruP. P - /,.."tr

.'. Overallhead loss of r'vater, h, = P-

/t
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