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BT TSI Toeh i Sttt 31 ST AT HHTTeT [T ditieh fOTeToT Siefi=T wToe=r TS = 3
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Hydraulics SaSIIay (314303)

gfie-1: 59 3Nfor 5a 1 HisIvara T[T

(Properties of Fluid & Fluid Pressure Measurement)

fowg fAugsht (Course Level Learning Outcomes)
CO1: ZaucyiAed g9 HISTugra SUHRUTHY Heddiedr g Hg ST 3 ara.

Rgia fRrgror afkomy ( Theory Learning Outcomes)
TLO 1.1 fedienn Rifesa gRfsiiar s srrgiioraa= YftreT Ty &,

TLO 1.2 feden Serae Sard dTavTes T[ured die,
TLO 1.3 fadedn STrTal 7S URRA Seelc YR FUIaR ] 3101 I .
TLO 1.4 facied SIS AR IUHRUMET AR He- Ueh] foigaridl ardl 311 g+

1.1 %ard 7o (Properties of Fluid)
1.1.1 %4 TiAP! (Fluid Mechanics): d TifFe! g1 ORI TP TRAT 318 Sff R 30T

T R gaueruf=r adamr narg &
%d(Fluid) : %d fdhaT a1 SrIcIedT HIvATE! UGTdid UaTfed gIval &fdT 3.

1.1.2 GaUGrid UHR (Types of Fluids)
a. MG Fauard (Ideal Fluid): ST SaUcrid &@ HH oA ST SATal
FIB ey =_7d! Tel
3TER Zauerd IO, 81 $a@ U PP Sauard Mg TR T Sauardid
P! FIdheyu 3rl.

b. ARdld® &d (Real Fluid): a1 SaTd I qul 319l ITAT ARd® 54 FgUIAN.
JereRuny: IRafds IeRId Ud §d § drdfdd §d 3/drd.

c. eI gauerf (Newtonian Fluid): ST ardfad gauardfd fRIeR € QR
& A O ReR T RN AT YA Sl ATen gl gauery
BUIdld.

d. M-I TISS (Non-Newtonian Fluid): T dRdid® &d SAHeE RISR
WY 71 RA8R W R1eft Y JHTvId ). FH-ge o wgs.

1.1.3 E’N@TFQ'IW (Hydraulics):

eraeiiaed gl Rifed st te Iu=mrar sig el uroam=y Heferd gomeiidt
T, fa=eiwor 311 AT JHIfAY 31T, fdar

Rifega Seimdia gragiioay 8 T =T 3118 Sil fafay yomeigR sauarufa,
UTERAT YTUgTAT, UdTg HTIOT ag-TRit Hsiferd 31Tg.

Maharashtra State Board of Technical Education 6



Hydraulics SaSIIay (314303)

© &7 GT9, YaTg & 3101 ol SediaRuT JRIRSHT ATaTTead URFRIATHE g ad- Fifad
HIUMRY dd 30T HrIe AP HRa. Rifega ifdd ero), anfg=an, ursw 31for e

ARBAT STAvUTTel o faeiyor 31for fegims= Hruardt g iferedl aruR dHRdld.

1.14 E’N@ﬁﬁ?ﬂ (Hydrostatics) :
TISRCICa & &d TifAD ol Udh AT TR St ReRoreAT do! ZaTal S $vd, faRiva:

3o &a SATTOT A aeie STOr Tore,
RECE Eﬂqs‘r wgran i uroft ong snfdr wEfedm, Samr o fRR 3R, a1 e
G TURIA ST 3118, TSR CHT FaUariar BT UM el THaId AT

TITIER A& PHicd B, STgTel 30T UTUg ST SIS SRR o UIaw 10T
AR UTUgTE G1d Aoroardd fafqy it sranmae ghgRe caad! aw
TS YUl 3{aS 3HTg.

1.1.5 TRASISAAIHG (Hydrodynamics) :
gSIS IR &1 5d ifAd I U URAT 3HTg Sit gai=n) faRivd: gai=ar @rerdre SHfor
iR BT HRUMT ST 31 HId

1.1.6 RO ffEifAH! QBHHBWETFQ‘IW?ITW (Application of hydraulics in Civil
Engineering field)

- TTOR TIUTTGHT (Water systems)- €R01, 10, IS W 1101 fycrd f&gime- sxuame!
SIS TRyl TR el SiTell.
- ST g (Waterway management)- TR TR&{0T 3{TfOT Sitet TReumaTdt
ST SIARITI HRUTNTG! BTG feIaRTal aTuR dhel SiTdl.

. gUgIfel WEAT (Hydraulic structures)- sidbdicy, Tiguroft Afcrepr for eror

JNREAT  grISITeldh WA (ST HRUTNTS] GRIS TeTaRTal dTUR bl STell.

. TYGRUl ERIUA (Environmental management) -qgummﬂ?r qrogrd UGyl
g SITOT TSuTTT SigTol YugTTdt SRS eIaRTT aTuR el Sl

- fQugTe gruarEn TRAST (Drinking water supply) -BRiHT TOuar=aT grogrEl Ydor dr=Am
AU HRUATHTST BTAS I TeTaRTal dTaR dhell ST,

1.2 am%qumﬁ (Properties of Fluid):
a. TEHM (Mass) (m): HIUTATE! IRIRT SEeiedT TG4 THTOMAT GXgHT FOTdTd.
Wﬁﬁ{{ﬁlﬁ STI%H kg, gm.
b. S (Weight)(W): HIUTATE! TXIAR BIUM=AT SATHYUT SaTedl JHTONET doi
LT

a. W=mg

Maharashtra State Board of Technical Education 7



Hydraulics SaSIIay (314303)

Tt ey 3igd Newton (N).

C. SBRAM (Volume)(v): HIVIATE! UeTH fbhar gaugrif saraeledt ST
1 m’ = 1000 lit.
b lit=10"m’
d. g g1 fdbar fafm geau™ o+ar (Mass Density or Specific Mass or
Density)(R ):
SAUCTITAT GRgHMTE ITAT HTHRAFRIT ST TR T AT RS
CIESIG

Mass

Mass Density = Volume

Q:

m
\Y%

fSr, m = gauaruie a&gaH
v = GaUSIfH SaTIed THTOr
IS Thdh 3 31T %

[ UTOGTE FRGAT BT = 1000 -

e. WWWWW (Weight Density or Specific Weight) (w):

gauQTTedT aoiTel redT URHATUMR 3feiet UK WU Tl SiReAT dheil Sild.
Weight
Volume

Weight Density =

W =—
\%

¥, w = gauanrifE aoH
v = GAUGIYT SHTgeIe FHIOT.
T THP 3 3R -
?‘l@?{ w=Rg

N
Qlamwﬁaa:rm:%m?g

f. WRifth® A<t (Specific Gravity) (S):
PIUATe! Gard WRITh® UlgcI3Rl TR dall oS Udhd Bl § 1 Sarl
A ITdd UTogTA] aEgHT YRl U 378,
PTGl Gard WRIh®d Algcicdiad IRHINT Hd SIS Idhd BRI T
S dTed] dol- g SHTT0T UT0gT=aT aoi- g U 378,

Maharashtra State Board of Technical Education 8



Hydraulics SaSIIay (314303)

Mass Density of fluid
Mass Density of water

Specific Gravity of Fluid =

or
Weight Density of fluid

Weight Density of water

Specific Gravity of Fluid =

g. @W%T?}H (Specific Volume) (Vs):
DIUATS! T fARTY STBRA & GaTAl SR ATHT TEAFRIT e
IR U URUIT odl SIS, Y. d I T-ad IRERASY 375,

Specific Vol _ Volume
pec1 1C volume = Mass
\%
Vs =—
=Y m
518 v = gaue™ U YHTT.
m = %d UG axgaH
T Thd 3 3Te ‘:—;

h. & &I (Vapour Pressure) :
) ¥ 59 ver afiyed g, 9@l s Sra arediued g, deet
ST YU[GR BTN SiR7cl: SIETell STYGTS WUl
i)  Sardl ST S dMEEeR Saddd Sl dYEFTeRISR. STl Gld
qredl

i. feredn (viscosity):

VA
du |l = Dynamic viscosity
gradient, — l A Y l
ay

du
Viscosity, T:H.‘d—
y

Where.,

shear stress, r

T = Shear stress= F/A

- d . . .
velocity, = d_; Rate of shear deformation
Fig.1.2.1 Q3R 31foT gt fSResgRH

CSIE] -https://rb.gy/1mjq5y)

i) MG Saueiidl fadbedl sauaryiEr o BuH aRyIiRd ddl oms,
ehd S FaUGrITEl T IR Gl SR ARG AMHIRIS HRUGNaEG

UfdeR USH Hd

Maharashtra State Board of Technical Education 9



Hydraulics SaSIIay (314303)

i) ¥ Sid"fd g9 uvuIR HSHIY 3g ST &4 UaeN UfdeR gl § &a

iii) SMpdHY cRifdeaTyHT gaucral g WAl faR &1 REm R
AT URTUEHT SR AT+ =Terdl 3107 ARt 3R "dy 3R,

iv) Ol YRTYS WIeredT URTAR ok JTeredT URTAR R URTER a1 Il

v)  TIRISR LY Ie "y" =1 Hauid 37T Seauare Gl FHTNd SRl

j. I | 3 fRepIRIC (Newtons Law of Viscosity) :
%9 RANT YR T YT "y" WU of Yquic= deufd a1 ggare

SRTT YHTOS 3.
oc du
Uy
_ du
T_ud_y

f, T =VSRLH N/m2

u = RGO Ns/m?
du/dy = T YU @ifede) s

k. SHFT® fg@IRIE (Dynamic Viscosity) (u):

TMIR LT AT ¢ TR HRUGNITST ARG SRIAa MR T 31T
T RSAT Bt ST,

oc du
dy
du
dy

du
u= T/ (d_y)

T=u

f3, T = IR LI N/m2

u = RIFHCTU OMH  Ns/m?

du/dy = CURCCLU IS
. HRAHRR® fFWPIRICT (Kinematic Viscosity)(v):
SIS TR IRIE 3101 XA T-dd TUNR HIAHICH fegebIRIc] TUrdTd.

u
v=5
Q
17 THb m?/s.
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Hydraulics SaSIIay (314303)

M. Y8YHIT T (Surface Tension) (©):
Sd YU TINT SAT0T SIS § TOred 3HTed.

TGN S (Cohesion force): 5d TGTYT SUITAT TebT HHGITHIU! [GUATH Uil

W (Adhesion): TgUTSI SaTedT U] 3101 GaTl HUSId rEcied] o= ST
R XU STHyor

FREE SURFACE

Fig 1.2.2 . G8YNTIERId dTol
(l?ha -https://rb.gy/1mjq5y)

) USRI quirdTe gedT Sfipdigk TE dell 3Me. Karl axgHHTd
SaTd A, B 30T C 1 ot YufE faaR &

i)  SaTedr gHiadreredn YUEeS A’ BT XU 94 [GRIHT FHHEY0 THd gidl
30T IROMHT A YUER ®1 HRUR §¢ LA 3d H1?

i) TR o YSUNTSd 3fcied] 'B' 1 YUER SJfeld Sraied aval d
T JdH B Hd od. dies U] BRIA Hadw uRumdt §a@
SR faRM B HId 3.

iv)  Sdredl Gad gEHTTIAR Sfcied] 'C' IT YUl RO d SeTdien Syd
], Had YEHTTARIA T4 XOET TTar 3IHa Il =0T YbR, Gardl
qad YSUNT 3dd Uldes eyl i HRdl S0 garel Y
YRUT JUMIRAT dardd USaT SRR BT Hd.

Maharashtra State Board of Technical Education 11



Hydraulics SaSIIay (314303)

n. IR (Capillarity) (h):

CAPILLARY TUBES

AT / \ CAPILLARY
ATTRACTION

/ REPULSION
N /

/7< Y

i

WATER MERCURY

Fig.1.2.3 SIRIHT
(X -http://bit.ly/3Q5RxuB)

) SR U Plad! e8] GaTd g8t av &d ol aR Usd [l Usd, AT gl
DHIRADT TGUIATd. § AN fobar RIS Bld.

i) R SaTd RIS YN U&T SR 3Rd, IR % R G- fcdsh JEUTT
3T BT R g, 3aTgxund, Tron,

iii) SR TN SRISHIYE SIRA 3 oR "SI G UTdcd! HH! gled. SaIguny,
ORI

Let, h = BRI arg o1 fdvar & g1, ol
O = JYUNTIERIS ool
a = Tos <1 YEYNTIRN GareT Huahidl Hi
w = &d UG auH..
d = -TeblaT ..

A fRUANTAT (For equilibrium condition)

1

Weight of liquid in column of = Force exerted by vertical component
height ‘h" acting down of surface tension.

%dz.h.w = II.d. ©.cos a

- 45 cosa
wd

_4%.cosa

_v

Maharashtra State Board of Technical Education 12



Hydraulics SaSIIay (314303)

0. UHfAddr (Compressibility) (C):
TR AT YHTARATS GaUSTUr=aT THRAMTT SCof 8I0aTt 8 T Ul 318, §
Aafp el dedb HIUTRTAT TRd YHTUN 3.

Piston

Cvdindar—al:7os s Ga8 wiMa
SR ¥ " (liquid); : 7~ \
Fig.1.2.4 Fepferd

= -https://rb.gy/1mjq5y)

Let, v = Rifdevned sfad sauarf= wam
P= IcgH 'V 3T Sauardiariel aTe

dP= qTq dTEUl
dv= FicgH FH F01
As, Volumetric strain = _Tdv

Change in pressure

Volumetric strain

dp
K_

-

_—vdp

dv

1

Compressibilty = m

C_1
K

Maharashtra State Board of Technical Education 13



SaSIIay (314303)

Hydraulics
1
C==ap
dv
oo T
~vdp

1.3 fafdy yHRA Ga@ (various types of pressure):

1.3.1 ¥dald (Fluid Pressure) :
1. TR Q¥ (Static Pressure) : Hc-RAT GIUMTR eRd=al 91 gam =l

JoTes Sl 19 TIdhdl Tl RR TE 3 BUrdrd. grarat fa=m AgH gyyraR
ATHR 3RTd SATaR < BT .

2. QIETE iadl (The Intensity of Pressure): ST Uhd &HATAR df B ®Rd ol
AADHBTA YT & U ATl SARAT Heil ST,

Intensity of Pressure P = A

qr7 b N/m>.

132 U8R %‘6’ (Pressure Head):

This is used for measuring the velocity of a fluid.

1 1

Velocity Head

¥

r
Total
Head

Pressure
Head

L po— -

Fig. 1.3.1 %4 god UIRY

CSIE] -https://rb.gy/1mjq5y)
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Hydraulics SaSIIay (314303)

RS- YR TS § SAUCTUTHT STETS AT Sidifd Srord HISTHTY 3MTg, SITal &d
THTAT 3T AT FUT o el SiTd STl STl SRS RC e Gra STYR
f&a oS> 2ol
IR gedl Kicdh UIR 58 fdhdl had Kicd g8 s BUIId.
U3R g8 didiedl gHcaaed ioTd oifd, S &1 Hiex
UIR g8 WA Y d19e+ HISTd 113, Udhd:

IR B8 = a§ / (IaT * [AIpyun)  fhal  URR®S = p/pg.
p=RRaE
p = «d Y-dI

g = T YUIHCS BIVTRT HdTl

1.3.3 URSd 99 (Pascals law): FRR 3racied AUy HIOTATR! ﬁgaﬂa [HEIE]
oo T4 fa=TiHT IRE S,
TR d aar ITaT (Applications of Pascals Law) -
1. grglde a6 Req

2. grgiae oo ey
3. grgliae Ud
4. BESIID IUDRUI

1.3.4 TIATERUNT, AU 9 FARU g & dpeu (Concept of Atmospheric, Gauge &
Absolute Pressure):

I Gauge Pressure

Absolute Vacuum Pressure I
Pressure
Local
atmospheric | Absolute Pressure
Prassure

Absolute Zero
(complete vacuum)

Fig.1.3.3 URR YARARMY
(&I -https://rb.gy/1mjq6y)
a. GI6|CRYIR KA (Atmospheric Pressure): WWQ@?&T PEESINIERS
AT FHTHes TSUIT GIaTdT IdTaRUI GTd 3 WGUITd. § HaRIRT sRIHICRgR
AT Sl

1 Atmospheric Pressure= 10.33 m head of water column

= 760 mm of Hg column
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Hydraulics SaSIIay (314303)

= 1.013 bar
= 1.013 X 10> N/m?

b. TS UR (Gauge Pressure) - gTaTaR o g1e ScH BU[H T3 HISA SITUTRT &Id
TEUH T ARSAT bl ST, ST ASI0gT] IATAT WIgRAM A HIoHY ol
STd

c. Uigfea® 9 URR (Positive Gauge Pressure) : AIdTaRUNT GIETUET QIS HioTall
TSl TR Tl Uistfesg 79 URR TgUrdId.

d. ﬁﬁﬁ%’ T U=R (Negative Gauge Pressure) : CIGICRYIR AR RIS AT
AT T d) Tl fFHRifesg IS URR Wordrd

e. ROy <@ (Absolute Pressure): SR qld e RIG fdar EUT fHafar=r )
Ao 7T aR T FRUE a1e WordTd

£ fRuy fRafa (Absolute Vacuum): fRue fafa %UI@I Rl fdoar S
e UGl DU &0 T9d

14 ?.‘TIGF?[ ASHY (Measurement of Pressure):

DIvTE! fdgar Sardt g fdhar gF fogadia gramr mRe AISuR SUEHRUT IR Tie

TEUH 35 SiTd. g1 SR aFiichu] W AYHTO! el ST

1. HAHIEY(Manometers)

2. i3 ST (Mechanical Gauges)

1.4.1 HAHIET (Manometers):
SAUCTITAT HIUATE! fUgaR Sauariie WU dTd [T gu=aT TH™ Iga- agd
1T ASTOgTST ATORE! SITUTRT IUHRU! T gifeRuT W TTHTON doat STTd

HAHeI( Manometers)
v
A. ¥ (Simple) B. femRrad

(Differential)
1. TUsiHieR (Piezometer) 1.&—@%@%3%
2. g-&Jd GAHIER(U-tube manometer) 2. 375 g- ogd fomiRmd

e’
3. Ria siaq dteR (Single column manometer)

A. 91 HHER (Simple Manometers):

1T HAIHICRY S UhT BT T3 T GHIART Sl dTd T cldh Uah gl sieda
3T ST GIE AT 3Rl 30T GIR Tl dTdTaRUMRITST SUs 3d. Jo! Ureu=dl
3T STeX U T 30T S EIoladial 94 sk S0 WS TS auul Hig crhral.

Maharashtra State Board of Technical Education 16



Hydraulics SaSIIay (314303)

1. UielHeR (Piezometer) :

Piezometer
tube

Fig.1.4.1 - YISHIeR
= -https://rb.gy/cgcy7y)
AH G§ HISUgMNTS] aTRedl U=l HAiexdl g1 Jdaid JidT UhR 3MTg.
Tk TSl T HISTal. T HAHIedT Ueb <ids T foigdT aIa Ateiraan 31 o foigght
SrSde 3dl 31 GERT <ldh 3HTPalid GRAGATIHTT! TGRSl gall dadl
ST, SaTedT dleiges aTdieaRvUig grara deHid ar figaR e Sid fiewd. SR
A foigaR saTel St TS urudre St UraiiEieR Ao 'h' 3¥d, R A’ a1id

ard.
P=w.h

Where, P = Gl digdl. N/m?.

w = WWW

h = UYR g8 Hiex Hel,
e
7. AfeuiNTd gu .
2 HH &,
e

1. 3 &Id HIGAMT3! T 9ToR &Rl Id el
2. QHH G4 HISUIMETS! I aToR HRdl Ad el

Maharashtra State Board of Technical Education 17



Hydraulics SaSIIay (314303)

2 " gd BAMIER (U-tube manometer):

I THIAM AT UTded Hrad! oo 3RId Sit 'U' HTHRIG didbald! 3d. S Tdh
Sih 1 foigdl aTe AT 318 ATATRN Sliead Sd IOl g8 €l SHTdhdia
GrRAAITYHTU! FTATARUINTS T SUS 34d. TS HE M HAHCH &4 3¥dl sard
WRIthe Ul a1 SardT a1d HISTET 3iTg e 9y WRkifthe UfegdT U Sid

3 (URifthes Ufgcl 13.6 URT ATURET STl )
H %
B, h, : h,
v ' s
X X X X
For gauge pressure For vacuum pressure

Fig.1.4.2. ' oJd HAHICR
(& - https://rb.gy/qtprby)

&Y A - TSl ITe IS
1 fdgar qIe AR 3iie d fig ‘B! 3ilg, S e P 38, X-X & ScH XN
3Mme

h = JI¥ 55 B Hev 7ed

hy= STEAT IHTAA ScH INARId gl Gardl 3

h, = IS WHTATA Sl YNARId ST Gard 3

S,= SR Gar WiAfthes Uel

S,= WS gar WiRifthe Ul
IRl MIAMER, ¢ X-X aR Sl A0 Ioed] WU aid qH R0l
TaRAP 318
ST WHTT X-X IR I = ITHT IGHT X-X T Il GId

h + S1 h1 = Szhz
h = Sz hz- S1 h1
SIST digdl HISTugTdt P=wh

&9 B - AIH GTd HIY-THIS! :
STAT WU X-X R S = IoAT THTT X-X T a1 a9
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Hydraulics SaSIIay (314303)

h+Syhy+S,h,=0
h=-Sih-S;h;
h=-{Sihi+S;hy}
3. FiTTq Pl HHIeR (Single Column Manometer):

§ 'U-cgd THIHied T guiRd WEU 3g SO WS Hhig-gaRd & (egal
SITUET AR 100 UT SR) 3Mcld SR AHHIe=] Thl WHRT Siedd 3.
SITRATA] HIGAT h19-HaRMd &ATeS, alEldld HIUdTg! BB SAR™Tdd d
qIadidid 9ad QqUd S 3R S gaferd dbal S Jbdl. WU, &1 guil B
IoAT TUTAA garedl Sdiae fadr Sidl. I 3gdddg Sl ald TSugRIST Ire
qT0R el STl

R Biaq HAHeR G UHR 3Med:

a. Biewhd RITTA Hiaq HAHER
b. SHARS RN HIAH HAHIET

a. aﬁmmﬁmﬁ:ﬁﬁa (Vertical Single Column Manometer):

Light liquid
1
el N . —— '__ """""""""""""
h, _ h,
---------- :--.--“/..Eesew01r
Xomglad o e e X s 3
% .de. ----------------------- I (3 dn
Heavy liquid
Fig.1.4.3 gfcehel RITTeT dietd HATHICY

(X - https://rb.gy/nd4voc)

AP (311.1.4.3) TIEIA §ADBT &9 SHcied] URUAl Sigad e IHT R
Fiaq Hadex cRifden onmg. usuHdid SamT g SRR o€ g9 @l
IRIATIN HFT UISdl. TARAE 89%e HiS ST o8 Sauldad 9k BRY
HH 3. TARKIT oIS SaredT I WA giaardiges Iofcdl WHId oI &d ol

qTe gisd
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SR A" o1 fdgaR gId HISTRET 38 S9Td T 'P' 3Tg. U, X-X 81 dRIG X1
3118
h = QIV 55 B Hev 7ea
h,= STT WHIAIA Sl YNad gl Gar S
h, = IS WHTATA ScH YNARId ST Gard 3t
S,= gl ZarE! Wikfthe Afegd
Szzwmmm
A= ST hig JaRHd &5
a = IoTeT TWHT 1Y JoAd &
Ah= STATRATT oS &d TS,
SR WIS «d USUT 3ol IAHTT SIS QdQIdobr] dl%c’l.

A.Ah =a. h
e a.h2
A

URG A ATAMER, S¢H X-X aR ST IO ISeAT ITAHTARIA aTd FHH 3RI01
ID 3G
STAT WU X-X SR G1d = IoTeAT WU X-X AT oAl &Tdl
h+ [Ah+ h{] S = [Ah+ h3] S,
h = [ah+ hy] Sz - [Ah+ hq] S
h = Ah Sp+ hy So- Ah S1- hy S
h = Ah (So- Sty + h> Sa hy S
h=222(S,- Sy + hy Sp-hy S
& 'A' T A & 'a' SRR T8 I a/A IR BRY HH! 3R
DS Gaig Bl i

h = Sz hz- S1 h1
I digdT JASva™él P=wh
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b mﬁsmﬁmiﬁw (Inclined Single Column Manometer)

Fig.1.4.4 SHaRs RITA dIad A
(& - https://rb.gy/nd6évoc)

APl (Fig.1.4.4) THARS RNTA Hiad HAMER aWfad. § AR 3w
AN 315, FHTAHoS IoTedl WHIIA WS A gerdaial SiaR 1 3.

Let,

L = ST Y-Y U ISTeUT WHTd gafdaiedT ST Gard! i,

6 = TS 3 IAAT WU Hel

h, = SCH Y-Y U ISTed] HHTd oIS gdrd! 34T d1e

=Lsin®
DIV ES A e
h=h,S,- hiS
h=Lsin©S;-hS4
MEICIRIERIREASIIRIE] P=wh

B. femifRma HAHIeR (Differential Manometers): femiRma AHeR Bl méumﬂa
3 fagmeia gramn B HISUarITat auRe St Jueor 1R,
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1. q-ag%ﬁf?zmaﬁma (U-tube Differential Manometer)

‘glll.' u‘t
( . T2 (ﬂ e K’
\“..IBI"J ﬁ‘i“'r, \ lc?‘j I ‘ : '0"'?"/)
x N - ‘
X - X X X

Two pipes at different levels Two pipes same levels

Fig.1.4.5- g-cgd fSHRe e
(Fn?[ - https://rb.gy/3i2b30)

&Y - |; fiig A 3fdr B’ F7TA7TeT TRIR IS 5d Uerf SRydm.
HAHA (3M1.1.4.5) SRAAATIHIO Al faarR &1, A sffor B § fog
ITTATTEHT UTded iR 3YH dTd avavTed Whe Ufgd! d &d Uard odmd. §
fig g-cga fomiRma daie=h Sedd srydmd. fog 'Bruan fog 'Aaa a
TR 3T 3™ GHOI. TR, STAT WA §d TTeil edhad! AT I [Hd ST
Sardl are gid
Let, hy = X-X T OR ST WHIITd Sardl ST
h, = X-X =1 aR I WU ST Sardl 3
hs = TS AT UTAeSTU&T JoTed] THTdIe sardl St
ha = URR S <1 €8 Uz 'AAdE gd
hp = URR 88 =1 €8 UIsY 'BHET g
S; & S; = UTsY 'A' § 'B' Held gard Wifhe Ufeact
S; = WW@WW
URG A FOHR, S¢H X-X R ST 101 IS WHTARIA aId JHT 30!
3{TITS 3R,
STHT THTT X-X TR QT = JofedT U X-X =7 9T &Id
hy + S1 h1 = hp+Soh+ Sshs
ha - h = Soho+ Sshs - Sthy
&Y - |I: foig ‘A 371fOr ' B §UH sauer sder S Ui 3.
STHT WHT X-X TR T = JoedT T X-X T a1 aId
ha + S1hq = hp+Ssh+ Sshs
ha - hy = Soha+ S3hs - Sqhy
= S;hp+ Sshs - Si(ha+hs)
= Spho+ Ssh3-Sqho-Stha (hi=hz+hs)
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= Sohp+ Sths-Stho-Sths (51=S3)
hs - hp = Soh, - S¢h»

2. W@sq-qu%qﬁ&mﬁﬁﬁa (Inverted U-tube Differential Manometer) :

Fig.1.4.6 S63C S gogd [ShRe HHIceR-
(& - https://rb.gy/nsérrs)
U-&JSd Gl cleb i TRl Siigdd 3Ted Saia qraldid 1R 3Mddid (Fig.1.4.6)
GRAGTYHTO IS 3Tg. Bl GlaTdid B HISuarTdl Udh 3res fShiREd
H-HTeR IR STTal fo7Y SrgdhdT Fatd ok [daRTd dda! SiTd. 1 U $-excs U
I 3l S HAACH 5d SRl

fag 'BUaT fdg 'Aald qr 3ifde 311g, Il foaR san

let,

hy = X-X =07 QTcl! ST XHTd Gare St

h, = 36T d ST WHTITA sadd Garadl UTdadldid 1

hs = JofcdT WHTAT gare 9t 3R

S1, Sz, S3= © ST WA Sauarid Wiithe Ul 3Med, HAHcd &d

3101 IofedT TUTd sd
h.= URR 8€ UIY ‘A7

h, == URR B¢ Uy 'B'HNA
URbHA FIAMAR, ScH URI-URIAR SIAT S0 o1 WHTARId ad JaTH

30T IS TR
ST WHT X-X I GId = IS IGHTd X-XAT adT GId
ha - St hy = hy - Soha - S3hs
ha - hy = S1 hq - Sohs - S3hs

23
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1.4.2 TifAd 79T (Mechanical Gauges) :
1. 9169 g8 URR 7IT:

Bourdon
tube

Tip

Adjustable Link

Segment lever

Fig.1.4.7 9189 ogd URR ol
(& - https://rb.gy/nsérrs)

Q¢¥R T gorA |re- AT a1 JUSROMEl MY A, (SRR g HedH]
3N TR DI, HINI-TaRMd [T HIVATS! UHR fddhd e graraAT fhaarel
Td IGBIHR =0 TR U . 3HTST aTIRedT SR 1 dre - URR o el fdhfd
AIAJBIDPR HI-YaRH 3al 30T gd AHFd: H-MHR fhar gar 27 &t
ieoft -

TP (AT .8.19) T SRATITHHIY GId $TYC TehT Hidved faal SiTd of grarasit
AT AT Hitex Pl ST, (ST GAR <A fdhal Wi i TahT feugR i
&l SId. 7 [eU JHrST didl gargR AHed e Siedd 3iTg. foiegRal
el Gt FHRITSA dell SIS [dhd. WHed feregR araRar fhfdda 3img Hfor
fed P SMAIH Uigex URU Fxd. TSR S G ST a
3{TARY D AT YT HIUATETST IO ATgR RieHan Ufdfhdurgs Gad HRugra]
Sl IuHUTAT i (S FiUvarrdt g3R BT arR ddl Sirdl. e
el SISt 0.08 T 0.04 $TF 3.
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DL

Sdcd die- cgeHY YRl ddd Id YRV HRUGMET Tad bl Srar SAfor
forTgey fou Iudsy e a1 fohdges fou Hisveatt ST Ua hRd 3101 AAferent
B! Bid. SHdid SEMes drhul 3Mf0T dror A0 1 UhTd o) fobdT Gad clabrdl
SRE BIAETd R, Sfavid arare HISHITe! 81 Wa ar, AnfeRid ofor
faeaia offe. T IuBUTHT T TR 31=f 3l &1 Siegl Slegl did &ld ATd el
Srdl degl feusil gierare IR 3rrdl 10T g1d AR YdedaR feu geardia

Suggestive Questions

Sr.No. Questions
1 Define 1.Pressure head 2.Velocity head with neat sketches
2 Explain with neat sketch the working of Bourdons pressure gauge

3 What is the principle of Manometer?

4 Draw a neat sketch showing various types of fluids according to newton'’s

law of viscosity

5 State Pascal’s law of fluid pressure.Enlist any four applications of it.
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gfe-2 : gASRCfCad
(Hydrostatics)

fowg fAugsht (Course Level Learnlng Outcomes)
co2: fafay gRfRUAardt Tp U graeRefed URR SIf0T gard dhg fAfgd .

Rgia fRrgror afkomy ( Theory Learning Outcomes)
TLO 2.1 faden saiard! Widag gard Sad i3 o,

TLO 2.2 feaiet faafold YRUTTRITST USUT GaTd SIf0T GTaTaT dhg [N,
TLO 2.3 GdTd 3Tl AU URUMH URR TOT At fRyUt 701 e,

2.0qﬁ?|ﬂ(lntroduction)

8 %9 3fTg of fagicht 3. aran 1 o/ ot ISR bl ISRY 59 WRIAE PHIvrdig! Tt
BIUR gl

2.1 TASRRS ;- THSRH & 59 Tl & e o of fiyichea ga onfdr 3 o
31O GEHTTTER SfciedT YMeki! SMIf0T GaTaTRi Bldlosd. gragRefCHRIH e Gaad JehedHT
g 3R & 38T %a IS 59 WieiH drga.

2.2 TASRICP URR - fasiicii=an dedt SqumgR arTeiell GaTd SAgRe ¢ URR TUrdTd.
g7 garare fo=m gt ST ygUETaR @ o1 HRArd d IR 3. § & Wieh, &9 T
STIOT T[S @TH YT YaTT ITaR Sade 3.

S. 1 Units is N or KN

P=pxgxh
Or
P=S Xy XAXh
Where:
« P = qdId,

p\rho = &d G- fdhaT XA Tdl]
g = ToaiHYUNeS UaT,
H =3 Uy figadid ga Tyl St (fdhar Gty 31T,

. S =%dfdharza ARy ey

e vy =%d ARy I 99 g
2.3 U=R §S (Pressure Head): G819 58 fagidi=ar 9ot gaundia Hivramg! ﬁi@&ﬂ Had
EHRTT 1T Jait T URHIS dhedt T,

S. Unitis 'm’

2.4 Ted URR (F): TaRIy ey gaid faufold &8s U diiHT derd 9 dor
W. o Sd gEURTTAT WTell Y 21 WiellaR dfemar gedh DA T fddR &,
Yo &ATARIA GaaTdl digdl = p = vy
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gcdh &ATARIA GaTd el = p da =y, y da
- YUl T HATaRTS UQUI qolld Wkt = P = Ty, day =y, Yday =y, A7
2.5 Wmmh (Centre of Pressure for an Inclined Lamina) :—WW
PHRURT $7 AfBATaRI URUMH P GaTd ST g TUH Teed S, e 3l
Fig 2.1 H& SXAUUATD &85 A =7 |feAT gaid [aafid &d wia 3nfor afas
qTogr=dT gEHIATNE U &I §dd § 3MRIdl faaR &edl. ad gd gSHIT=AT Jrall Y
GielaR T gceh &5 DA 91 fdaR &,

<

,

Fig No 2.1
(‘t?ﬁ?[ — Hydraulics Fluid Mechanics and Fluid Mechanics: S. Ramamurthan)

(Fd-BTagITeieh &d T ST od AT TH. IHgE)

ITeT fae 3foT god 59 gRUTTIRAT Sa-Tda U Ucdh ST 3R x 3 1.
e QATARIT qamardl il = p = ypy
Yedh SATGRIA Rddi= pdla =y, yda
GIEEICHR RG]

P=2Xvyday =y, X day
~ P=y Ay
Where 7 = Had UT0aT=d YEHTTRATST AT Hatd Erdl.
= ypday = y;da x sin e
B Tad! AHATER AT B .
O §Ed IT e &l

= y.da x°sine

0 dgdd UpUl qdld
= Yvy.da x? sine
=y, sine Y da x?
=yLsinel,
Where I, = @ =it Y001 GAR AHATE SIS e O THHAT AT Hardt
UTUgT=HT GEHRTTAT AIh N Yol ST,
GETATT e S T SATION GaTarAl dhgrei @idl h

h

OWC%?=§HG
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Jed AUHTaRId TR Ul GaTd (Pressure)

h
= Total Pressure x —
sSin e

=YLAY X~
w/l;‘/x%:wsinelO
h = %sinze
AfeT g it faammeRa i Siemen STaur AT Sed Ia 3Tg, Sd
TEHTTTRIT IR TR,
HAIT 3fef 3O 5d YEUTIITS SfeR, AT HeMTeR

= y cosec e
AR 3fef ¥, (By parallel axis thermo) lo = | + A (¥ cosec 0)° = lg + Ay 2
cosec® e
Substituting for lg in the above expression for h,
7= [Ig+Ay :;‘osecze] Sin26
h=y+ ;—“; Sin“e
3T fagfoid AffraTdt Seld gamd : o = 90°
(Centre of Pressure for vertical immersed Lamina): e = 90°
~ Sin90° = 1

—_I_g _
h—A}_’+y
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AR 3.1 TS A0 H1RT HgaredT fauH YRR SR Hiftrdtg Toref

(Table 3.1 the movement of inertia and other geometric properties of some important

plane surfaces)

o Movement of
= ' Tl YHNT C.G from Base Area Inertia about C.G
' (hed
1 IRG
— a 2 a*
= — a —_—
Y=32 12
2 SRR
—T1 17T
: d bd3
S ~ V= — b X d —_—
| | Yy=3 12
_fg —
3 ECALI
_ h 1 bh3
y=3 z Xbxh 36
4 CIE
d 2 m 2 nd*
V= — nrror—xd _
X SN P Y Y=72 4 64
]
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5 Trapezoidal
- \ __ (2a+b\h (a+b) a?+4ab+b? 3
g oo b Y= ( a+b ) 3 2 X h ( 36(ath) )X h

2.6 TRASRE (e, THUI UK 3101 URR g Tid HIHNT

o RUT I RUMK Ga1d fqaRur it WRe-rde RRar Muffivd wruaa dad
FRA.

o STGTS SO GTUIgS! FRRGT: Al Iaerdn IfOr A gHfda .

o JYB ATHNT: HFA! TRRTAA SaTaTied Saa THOH YUl (ISTERUMY, IFAUTR).

2.7 qdld H’W‘ﬁ (Pressure Diagram): GaTd 3{Thil LU YIRS GaTaldilie 9ad

Gidg Aftbepet UfdMfe.

T[T I ISl THUT gRISRe(edh YRR 3ifde ufd giie dfel IR SRS

i
Retaining W?II

Fig No 2.2 Pressure Diagram
(KiI: Draw using Al Tool)

2.7.1 qdIq GI'ITFﬁ ST (Application Of Pressure Diagram) :
1. USYNTIAT SISl DIVATS! UhRAT Sdiges GaTar 0T B,
2. $dcs GSYNIAT Uehl SIS@l aiTavTed] UHRAT Gdiges ThHBIGR Ga1d UM

E

3. UEHFTIAT GIg! SToeR Sd HTedTqe qadrat UM,
4. UTUGTH] CIH AT STofaR U de3TaRId Garardi UMHT HRUITHTA! .

Maharashtra State Board of Technical Education
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2.7.2 TR fdvar TR Siapciaed et afor S fGRAcitet gramen :
AT Wieudd arof fdhar ga sracret RefH g foaR &=ar 8ig Fig 2.3 A4
S AITIHT §d gEHTTIARIE RicieR gaTd I 31T 30T desT=A v, H.
CEIERICIRECALICCACI

; e
Retaminq Wa Pressure Diagram
1

/ h#2/3H

.

Fig No 2.3 Pressure Diagram
(F'ﬁ"?[: Draw using Al Tool)

- Uil gfe afet fifdiar TEHor gama = URR STl URR &5
= (Total Pressure on the wall per unit length = Area of Pressure Diagram)

Pressure =

% X base of traingle x height of traingle
= % xyLhxh
P= % X VL

(The location of pressure acts at % from free liquid surface)

2. ga1d R Had 5d JYHRTIER BT B

2.7.3 UTUYT=AT CTehi =T dosTRit S1fOT STS[e Urodrel gad
TP TRITIATIHIY, UTof 3RTciedT UTugr el idl faaR eedl, &4
JRUTTTARIA idieR gara ST 3=

= —
N ater— [
Tan % - - — - - = = 7 e —P T_
R ) ln; :2
2 L e

- T
Fig No 2.4 Pressure Diagram
(- Self Using analysis)
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- gfa gfe e Pidiar Tl gama = U=R St &4
= (Total Pressure on the wall per unit length = Area of Pressure Diagram)

Pressure = i x base of traingle x height of traingle

1

P = - xy HxH
P= EX\/L,H2

The location of pressure acts at gfrom base of tank.
. Cp AT JaBTaRId UHUT GaId = TBTAT qAeBTRI x &ATciel GaTd ool
=~ Total Pressure on the bottom of tank = Pressure intensity at bottom x Area of
base
Py, = vy h x Area of base

2.7.4 I = Ut 1ol GUITaR T UHRAT SIS ga1d

Vertiea) wal)

B
Vi hi E Yaha e

Fig No 2.5 Pressure Diagram
(X Self Using analysis)
Fig 2.5 U GRIAeaTIHTO! diTaiTea fafRiy ao fdvar ARy Afediag (specific
weights or specific gravities) yL1 30T yL2 fdvaT S1 3110 52 3{cIed] G &d faaR .
- %d 1 Y UpUl gSRCIed IR = Ta1d 3HTdhdl P, o AAHd
P; = &d 1 GR ANTCal Gald
P, = FIPIT ABC d A

P,= % x base of traingle x height of traingle

1
P4 =5XVL1.h1Xh1

- 5 3 o RV SISRCe® OISR = aTd 31l P, = Ao
P, = %4 2 gR ANTCIdT Ga1d
P, = AP CEF @ &5

P, = % x base of traingle x height of traingle

1
P4 =EXVL2.h2Xh2
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- % 19 2 b TRV GAGIETee UK = Caq $M1hell Py o &Athes
Py = %d 1§ 2 gR WNTeIl GaTld
P = 319d BDEC J 895
Ps = Area of Rectangle BDEC
P3 = yi1.hix h;
- TRV GRAGRCICH URR = P = Py + P, + P
= (Total Hydrostatic pressure) = P = Py + P, + P3
For Center of Pressure
R, = G919 &g (Center of pressure) for P; = h, + % from base

h, = G&Td &% (Center of pressure) for P, = %

h 3 = G&1d &% (Center of pressure) for P3 = %
Now - Pihi+Pyhy+P3hs
2.7.5 GRURTIAT Glv! STojaR %4 eI Gald.
fs‘é’é;wﬁ."r

< 8 /IE 1"’)-1_
; 7777777 /-/AW/ 77
b —
i)ﬂ’w Q&hn

Fig No 2.6 Pressure Diagram
("t?'ﬁﬁ: Self Using analysis)
3T T JT fauTer fidian faaR oa1, M e U Jodll &4 3RIdd] KRl
T1p1 AU =T, Specific weight 1 with height h1 and Specific weight 2 with
height h2.
Sd GEUTTIARI iciar gaTd XY 318 AT Welt T SIS yLy Hyq SO ga=at
STS[ET yL, H, T8, TETd 3Tl Gl dTojdR ABIUTdS 38,
- %4 1 Yo THUI GRIGRCIC® URR = GaTd 31l Py d &hs
P; = &d 1 GR ANTCIal GalTd
P, = FIPI ABC I A

P,= % x base of traingle x height of traingle
1

P4 =5XVL1.h1Xh1

- Gd R ob YRVl BAGREICS USR = Gad 3Tl P, o AADHS
P, = %d 2 gR TNTIal &aTd
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P, = FADIU PQR T &7he
P, = ; x base of traingle x height of traingle
Py = % Xy ha x h;
~ GRUTHURR = P = P1 - P2
=~ (Resultant Pressure) = P = P - P,
Gd1d % (For Center of Pressure)

h 1 = &4 &g for P1 = l;—1from base
f12=3_®|'IT1’%forP2=h3—Z from base

Pihy—Pyh,

7=

Suggestive Question

SrNo | Questions
1. | Define pressure diagram for vertical contact surface with neat sketch and mention
two application of it.
2. | A rectangular plate 5 m x 3 m is immersed vertically in water with 3 m side parallel

to free liquid surface and top of plate is 3.5 m below free liquid surface. Find total
pressure and centre of pressure for plate.

3. [ Atank 3 m x 5 mis filled with water up to depth of 2 m. Calculate total pressure on
5 m side of tank and bottom of tank.

4. | Acircular plate 3 m in diameter is immersed in water such that, greatest and least
depth below free surface of water are 4.5 m and 2 m respectively Determine total
hydrostatic pressure on disc.

5. | Position of centre of pressure when a circular plate of 3m diameter is submerged in

water. Its greatest and least depth below the free surface of water is 2m and Tm
respectively.
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gfAe-3: TS HRI-HICH IOl TSI SHHHTT

(Hydrokinematics and Hydrodynamics)
fowg fAugsht (Course Level Learning Outcomes)
CO3: fadiedT 5a UargrTe! Haferd TRt oM &1

Rgia fRrgror afkomy ( Theory Learning Outcomes)

TLO 3.1: XAics Aavd! YehetHT aTae YdTgel UhR i,

TLO 3.2: WA THIeR 0T aTuRe feeiedn aRRRdT fewarst for o Hie..
TLO 3.3: faoie &a UaTgrl Tghur SHeil A,

TLO 3.4: faciear uRTRyda sHfei UHT aTaRe+ die ST yaTeT=h fa=m Hie.
3.1 %d YaTerd YR (Types of Flow)

3.1.1 FRR3URR yarg 3for:

1. RRR UaTg (Steady flow):

fRR yared, STl fagaR a7, g1 S1f0T -iaT IRIRM &d TUreH 9o uR Jead
TRIGIYIY ., UdTE &31d d Tl iUy g foigudd dae] AT,

Steady

o 1 IR
[ Now same as Future

Fig. 3.1. RR Uar
(FId- https://tinyurl.com/233exj38 )

ot ot ot ot

51 v 18U 971, P U 14 3A1fOT p 0TS I,
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IGTER:

- TIRYARAAYA RR T groft ared.

- B FrgcH faaMa= RR A gda ¥dTe.

- RBIA urguargaeA fRR g 74 darn varg

2. 3RRR UdIg (Unsteady flow):

IR gaTerd, fdean fogar gam Turetf IIuR Seadrd. I 3 ydTg & ARy

RIMFTERIT 9, 2T fdhal g=dT BIaiaR™ dedd.
Unsteady

Fig. 3.2 SRR UdE
(G- https://tinyurl.com/233exj38)
GRS
-alio; a—'0-;t0; aP = 0; 6—a:tO;
er ot or et

51 v TeUS! 9, P U 14 10T p 0TS T,

3aTERr:

« IR 3TcATaR AeId UTudr UdTs.

- ARG 89T YaTgTaR URUMH HRUMR aR.
- UU JuTTcidl = gruard fdar s gograr oul,

3.1.2 USJHMH smﬁrmmmwm (Uniform and Non uniform flow)

1. UHJHT UATg (Uniform flow):
UHTHTH YdTETd, ZaTdT ofl YaTg &srea Ul fagar feciedn do5d fRR gl e o

UaTer=dT faRA avTTd HINdTe! BRI HRd T4dl.

Fig. 3.3. Uh{HIT Udle
(G- https://tinyurl.com/233exj38)
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TIOrTaese:
9 _o 9V _
oS T as
R{ARRLE

- THYHM h1g-HaRM SR UdH ST gadT UaTg.

0

2 UHTH T9adT UdT8 (Non-uniform flow):
THIH A JaTgTd, Sardl 97 YdTe &1d fag o foig seaararar 81 yargrT .
fa=M o sraPRig B Sl

Fig. 3.4. THUHM A Ydlg
- https://tinyurl.com/233exj38 )

TR EseT:
dy aV

—#0, — #0
as aS

3aTER:

(ATt fobar fEwgER 3aT) SumYy qreu urofavra et o o -
®R a1 forriad! g1 Udig », fSY PR o7 daadl.

EHT T8 31%¢ SATIOT IS TR o7 et Jielt A1 $ER daard.

3.1.3 WHAR O 3M=Mid UdI8 (Laminar and Turbulent Flow)

1. F\Iﬁﬂﬂm (Laminar flow):

AR UAT8Td, §d U HIAR QRIS HHId HH! fTHYUg, o eid i sgafkyd
AT fOARdTd. UaTeTaR fade Wakdia g 3rgd 3nfor ard BRY fdhar sifStard srridan
T4,

Laminar Flow

Y

Yy

Y

Y

Fig. 3.5. WAFR Y&
(- ( https://tinyurl.com/2s94t5pp )
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afrees:

- %4 DU IR fohar fhfrd g% Yuime fiheand,
- S, SaTol T HIAEH UdTs.

- ST garuer fode gdid adea.

- HUIT HH YOS HH Soll Joam.

Tiorda ey (RHicy HHi®) :

Re= £
un

oy

*Re =W@E@T

*p = &d Y-dI,

.V = 9T,

L = freeyuf @iet Ian, TRy 3w
ey = T fadwegun.

AR YaTgITa! :

Re < 2000

REARRUK
- Fob I TY fdvar RRU=T yaTg.

2.390d UdIg (Turbulent flow) :

3T UaTeTd, §d PHUI 3RS AT AT Ugd gTaard ddid, SaTHe deuig
f2r8or 30T 97T YATETaR Sie iy Yadid aad 3RId . 3RIdTd ((ThRUIR U Sauerdia)

Turbulent Flow

\/ S <
— = -
(s _— [ =
~ >
C : = (== P

Fig. 3.6. 3M=Iid YdTg

@H— https://tinyurl.com/2s94t5pp )

3R YIS -

Re > 4000
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R :
S DU Tefse HTOT SIUATIRI AN STaTd HRdTd
<fer o 31for g I ol B UM Bid.

SaTAT AT PRI Holgd IRERYAIG -

LA EL

. UISUHL 37T TGO UTot,

- famT=aT dETHiad gadT MY,
HENIRI YdT8 0T Al Sde UaTe.

3. WWW (Transitional Flow) :
» WGT R000<Re<¥ooo 3, dgT Ydlg THHUIBIAM aRd 3gd!, fod ot dFFR
30T 3f=ITd UdTeTHe dae] X,

3.14 ?@ﬁlﬁ 3for wﬁaw—s’ (Compressible and Incompressible Flow)
1. Yferd Ua18 (Compressible Flow) :
Idpfad YdTeTd, aId 3101 YA HRbiges gdrd] °-dl daufiasiar dedd. § 3=-

Tl aTg vaTetAe) W SR ford 9T Sfifr greTdid Sedige gard dgad fahar fawR
Bidl.

afdreey

« YT (p) T SHTFOT ATIHMTIAR dgeld.

« &0 HepTaradT THTd SURRIT 3.

« IF-TTdt YT ITHT, faRivd: SiegT Hep TRSAT (M) > 0.3 314
- R JdTgiaed Qich dag MO TRIURM deg I3, b,

b & (MMM) DY

Hoh Y- TgUIS! & 7T a1 avTiRiT Sied OMeR:
M=V/c

fora:

-V =5ddT,

. ¢ = ZATIId g 9.
Tepfaradr UHTd A&l gidrd SiegT:

M > o3

REARTUR
. SIcy (BTICR Sicd, jahe).
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- AP IED Y deg.
- T SHTOT TaH I UaTe.
- ST HETHS Thie dlel,

2. G@ﬁﬁqmm (Incompre55|ble Flow) :
Jepad 7 BIUTRT YaTeTd, Tari g-dT TYul JaTgTd Sideoides IR Jgd. gdd &d ST
HHI-TTCT SR AT § U a4 TgIad 3Tg.

AR

« e RR X8 (p = RRR).

« 0 AP faaar guTE.

« HH-TAT ST YA AR o) AT $hid M < 0.3
« &4 TAHT TUFET gAY .

Iy ;

- UTSUTSTHE aTgumy U,

- D! I g1 UaTg (31, G fdar argdis yome).
« STV,

3.1.5 ¥FIcgY hHi® (Reynolds number) :

IS hHD (Re) B Th MG A=W 3118 Sl & JiFSHS AT 9 UdTe

RIS YdTg TGt 3ierel HUgITST dToRaT Sidl. ATl SreT 3iRf dhefl 3MTe:
p-V-L VL

or Re = ——
Vv

Re =

- p = 59 U1 CHICY/fba)

-v = GaTEl a7 (@dha/H)

L = Jfreequf qiet (arsu e 3 @+

ey = gard! TfaHH ferdegun )Pa-s fdhar N-s/HIeR
ev = GaTE MAH fRIGeUuT Jv=p/p Hi/28dhg|

3ref drao -

- BHI Re (< R000): AR FATg (SaTd [BISId, oI )

- ATl Re (000-¥000): ThHUIBTHI UdTe (ATH-IR STIOT 3<qid da-Tel farsom

- 3 Re (> ¥000): 3RITd YdTE (3RTSTh, AT )

Flegd e UrRUdsH, faumm da sifor ga yderh defda fafay sifimifet
YA SIS HRUTTd Hed B!,
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3.2 femet (Discharge) Q :

fSwTS WU Ufd g dosd TSy, I-d fdhal A4l $hig-HaRMaYd argum=il dara
(amHT=a: groft) THTOT. d %4 UaTeTe & gRidd.

S e

- S| ge: Tgfad Hiex Ufd g (m?/s)

- SR GfAe: ferex ufd Tdvg (L/s), Ffad Be Ufd Jabg (cfs fdvar ft/s)

T GHIDHRU]

TId THIHRUT GGATTAT TaHHTT IxdTeR SMeTRd 31Tg, SaTHed 3 Tged 3R Bt
Q=Av

o

. Q = f&=m (m¥/s)

. A = YA HIY-TaRHd &7 (m?)

eV = E{EITEITaT[ (m/s)

TSI HIY-FTITS! (32T, Teadl TG UTsY), i JHIHRUT 3 3Tg:
A1V1 = A2 V2

3.3 %9 UaeRit G&fd Sl (Energies Associated with Fluid Flow) :
54 JifA® A, AT SaTdid $oll | G W& Td 3R RS S, Tfcrst Sl
ST ETE Hofl. T Heli T shisiae Gare TRl Sl fHesd.

Q. FRfS S (Potential Energy) PE :
- RIS FHoil ot sauerien day faguen 3ot fdhar Sdge arads s Sull.

PE= mgz
fobar ufd gfve ao;
PE Ufd gFc o = 2

fora:

- m = Gauerdid T%gHM (kg)

. g = TSQTHYUTHSS SO YT (m/s?)
- z = T figuen gauerft 3t (m)

2. TTfaeT FHetf (Kinetic Energy) KE :

- TSl Booll TUTS! SaTea i FHHfor oMt $oti.
1 2 ,l,'."

KE = Emv K Epf‘l' unit weight =— Z
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for:

+ m = STl FRGAM (e

+ g = TRATHYUTHS BIURT U (m/s?)
« v = a1 a7 (m/s)

3. Q1§ Sl (Pressure Energy) :
- T§ S0l UM GaUGIYTaR TTdhaed GIEes JTd AIedad Soll.

M Sl = PxV
fobar ufd gfve ao;
q§ $oll =

o7

« P = Q19 (Pa fdhar N/m?)
« V = AT 3MHRAM (m?)
« p = AT Ol (kg/m?)

4.@@[? (Total Energy) :
Sd TATETAId U0l STl B [oa! Boll [ae Tt sieT Sc:

UHUT SHoll = a1d Holl + Tl SHolt + RS Sl

o1

+ P = a1 (N/m? fdhaTl Pa)

+ p = AT T (kg/m?)

+ g = TSQTHYUITHGS GIOTRT T (m/s?)
e v = GAET AT (m/s)

- z = Y fdguen 3=t (m)

& THIBRU Sl FHIBRUT 3T, o STagITorad, argufdet iU Ursy yarg fa=eryund

TISIT YHTUMER aTORa STd,

3.4 SIciTe FHiBRT (Bernoulli's Equation) :

FArcY TR0 3 T @) gaueryien fRR, sy nftr gvuRiRd varer, o
TifFe Sl @F SHoll, s Foi 31 RS Fort aiiel) THT Jareld fRR Jgd.
OIS,
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o7

« P = Q1§ (N/m? fdaT Pa)

« p = TAUGIYT! G (kg/m?)

‘g :Wﬁwmﬁﬂ(m/sz)

« v = SaUGrIET o (m/s)

- z = T foigasta It (m)

g 312 SRTT Bt SR Ueh] UHRAT Suid d16 oid 3 dR gudT YHRAT SHoide! aitd
He gI0T I 3R,

34.1 aﬁﬁﬂwuﬂuﬁqﬁaﬁ (Assumptions of Bernoulli's Theorem) :
SHTcie geievor @rate simeet uRfRdid TR Had 318:
- RR yaTg Taer TureH aeJaR daad il -
- ST yaTg SaTdt gaT fRRR I8 -
- gYUREd a8 fadmequn fdrar sRiidadges Sl ®Ht gid ATl -
- ST P TG TR TKITgR HIVIciG! Soll Sledl dhdl dleat oird el -

342 Slcied SHIGRUTE HEgiRe  SUanT (Practical Applications of Bernoulli's

Equation):

- ficle @@ argrfde e -5 % 97 HISUgTErdt aToRe S,

- e wTEReR gaT 3Nfdr S s vamTe! sHfca dara aioR &l -

- fore e - (forie S RRM)URieRid STdg gadl afl ! GId AT dxdl, Sarge
forge fooT Bidl.

« U THaHE RISIToId oY RO fuera S1for =<l S giFe e aruRd Srd -
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343 ﬁﬂTﬁH@ﬁfﬁ'ﬂ%Eﬂﬁﬂ_(Modiﬁed Bernoulli’'s Theorem):
TR SHTC THIHROMT Ty TN ZaR UAHRITS BIVIR §€ AN (H1) THIAY 3%

i—'_'_h?_l:i— 2 47

Yo 28 w 28

Where

P, P, . . .

—and — = Pressure head or Pressure Energy per unit weight at section 1-1 and 2-2
o T

V,* V) _ N : o
— — and i = Velocity head or kinetic energy per unit weight at section 1-1 and 2-2
2 2

Z and Z, = Datum head or Potential Energy per unit weight at section 1-1 and 2-2

Fig. 3.7. GUIRd SHTcia vag
(- ( https://tinyurl.com/2s94t5pp )

Suggestive Questions

Sr.No. Questions
1. State impulse - momentum theorem
2. State the practical applications of Bernoulli's theorem
3. State and explain the equation of continuity of flow. State the assumptions also.
4, State Bernoulli's theorem. State the assumptions made also. How Bernoulli's
equation is modified ?
5. Differentiate gravity flow and pressure flow
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gie 4. ISy 3T YUigR UaTg

(Flow through Pipes and Pumps)

fawg fAsad (Course Level Learning Outcomes)

CO4: faaen uRfRuda UIsugR UaTeTaTdt 88 &4t 8o fAfda &,

Rygia fRregor ufvomg ( Theory Learning Outcomes)

TLO 4.1 UTSUHEld YaTg Aafd dieard! 0T HRUATITS! ST dIfaeh FHIdhR0T 1]
G|

TLO 4.2 fadiean SemyH fdrdie JHAMIH! TUMHT H.

TLO 4.3 UTSY RieHad1 GHged U3y IaTe 0T HRT (FHIR AT H1feren)

TLO 4.4 faciean SeMeA Tasid 3T E5ud Frar.

TLO 4.5 GERIHIC ATT% fciedT SCIHTa! UrsuHeRd Xarard! 0T &,

TLO 4.6 faciedr ST SRWISY WS, TR, Tieg = uridhi TUMT B,

TLO 4.7 31 4.7 fadiean RSt durn bR g,

TLO 4.8 Tha4g AW UUTH HIATd qUiH &1,

TLO 4.9 ISR UumRit Weiferd fafqy R ged auiH &,

TLO 4.10 fediedn Seras ASTRETA UURITa! STaRadh SRIcied faord! 0T a1,

uieg (Introduction) :

TSy g & ATl 3. SERATE 9 dTg- AUaRiTa! ariRd STUR UIsy ArHI=id: i
IRMAL TIBSTHR A, 59 TG qIaaTal e Ugy Jul ool 3R,
TISUAYA dTgU=T SaUaIidl "gH! Sadh Ul STIOT areu=ar STl aiemiia Havol
Saiges UfdeR Sl Sl 31 RIGcyuTge &9 &0 Wd: 3wddid. Sd YaTgrm a1
Ui RICT TN UfdeR RUrdrd. a1 gy0l YAHRIaR AT HRUANIS! el Saldhs
AT SHordl AR Hedre YaTeT G SHord HTg! THIUNG JH9H gid 8.

g1 dicT O UdTeTedl UHRIR 3fadqd 3d. gsuddid Saugiyiar ydg UdhaR
SRR fdhaT 1= 3R b,

4.1 UuTelid HIsaT 8 Yob BIVIR g9 (Major head loss in pipe)
AR YagTTd! 54 ayurre fge -

9. TaTeT=aT 9¥TT=HT YHTUN,

2. GETATURY W,

3. YUBidid JEHNTAT &Fh eIl YHIUNG.
Y. YU T JEHTTTEAT W AT oA,

W, JdTe! SaUGITT dIHMTCd [eddT TR Uik,
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ST THETGT &4 URUAYH dTed 3RId, d&gT ZaTel el U@ RIal SIHT Idl, S
SAUGTIT! BTET SHoll Y BId. SroredT T THUTTS av R0l 3R ol SITcl:

YU §S THIAU) Ry e &S e

4. SHf-dIaed B 2. 3D AT

5. dgfte BrRfeT R. 3D 3HHTH
3. U0 a¥ER
¥. U187 §TeR J&Ul
4. TRUAS 3HSYBT
& UIRUAL] qTehUl
. T4 g3y fihfe

Srif-fraeT gHiex (Darcy-Weisbach Equation):

TR JHIAAT Jad did TRUdls 1<l STedid gyUMHes BITR JHa SR 31 d
3TFOT WU o HIS JHAM WUH diiidhd Pl S,

- TTEUT Befdl, Tie, I ST UTS Ut ST ITaR HiS I Saas 3.

- g Srord A1 JHAM Bid, § SII-araed PEgR FHuia de oird.

. flv?
f_ng

hf = ‘JW%_S’W@'@[ (Head loss due to friction)
f = 94U FR® (Friction factor)
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| = U@?ﬁfﬂ_@ﬂ (Length of Pipe)
v = TTRUGR YaTer= af (Velocity of flow through Pipe)
d-= tnétmaqm (Diameter of Pipe)
ﬁﬂTﬂH Srif-drge gt (Modified Darcy-Weisbach Equation):
‘_ 4flv?
2gd

4
But v=2="2
A  md?

2
hf=JL (ﬂ)
2gd \md?
_ 16fLQ?
T 2gm2dS

_ fLQ?
hf = 12.1d5

,hf = U@Uﬂ'ﬁ% %@'Waﬁf (Head loss due to friction)
f = 90l HRB (Friction factor)
| = tl'lé'ﬂ#[?l’lﬁﬁ (Length of Pipe)
v = TTRUGR YaTer i (Velocity of flow through Pipe)
d= UI'QI'EIEITBEIT\‘:[ (Diameter of Pipe)
Q = Y18 fdal Wd &R (Rate of Flow or Discharge)
uyur 9o (Friction Factor) :
YT e &l URHIUGI HET 318 S0 ATaR Saagd 8.
- ¥FleS 9T R
- OT3U GEHTTT 198l Serdl

LY o

YFiced! WA ATeed ayu gedh HH! gidl, U ATuel Sera fafy qeamdies
e WU Wad el 3G

T9& el (Relative Roughness) :
U8 el & FRUE BefdT T U u=aT T TUIRR 3T,

e = ATUE Berd (Relative roughness)
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D= tFI'C\:‘;CIEH AN (Dia. of pipe)
ey T fRRR Jearard! avfu) gedh Al S&fdag dred S,
YNUT YTHTAR GROMH FRUR GTF :
Hies I &R (Reynold's Number)
YAfcsd! U dleed UyUl 9cdh HHT gid), IR U Sea [aRy gedias
TTUe S&faT (Relative Roughness) :

Y .

Ficed Il fRR JearTa! ayul gedh Auef $&dag aled S,
%d UdIgTdl ¥-1dT (Density of Fluid Flow):

SAUGIYT TTdT SRIoIRIT dTed SiTd Iy gyu gcdh HHT gIdl.
tITQFCI?ITBW (Size of Pipe) :

U ST dlgedT gyl ged ST gia.

42 1ZI'Ig"ZI'Fr'r‘R--Ll DI Sl (%Ts’) '{3@' @'UTI;\’ qJH I (Minor Energy (Head) losses in pipe)

421 WWW%@w@ﬁf (Loss of Head due to Sudden Enlargement):

Fig. 4.2.1 3/ dT6 AT 58 HUI gIUl
(HId: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)

(V1 —V2)>?
e=———"
29
T,
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V1 - 33@8 aT (Inlet Velocity)
V2 - 313ede ai (Outlet Velocity)

4.2.2 D 31|g'n'4-1 W%‘s’ﬁ?@ (Loss of Head due to Sudden Contraction):

10) @)

| C |
‘. g "
! T

LA, ! 7 1 PA
: iy, . | P P U=

o ! V
: 7 | 2
! \ !
| | |
T L |
| |
| |

Fig. 4.2.2 3/ T FTeMD 58 HUI g0l
@H: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)

1 2 y2
hc = a— 1] Z_g
2
hc = 0.5E
2g
SR Cc - e Tma ®
B,

Cc - 3T dT UMD (Coefficient of Contraction)
V2 - 313ede ai (Outlet Velocity)
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423 W@W%@W@ﬁ (Loss of Head at the Entrance of Pipe):

- -
- -
b -
-
e e —————

S (0RO

Tank—"F=-222222220]
G SN | |
: ———————————— \-_—*’r
S e
e gl |
""" I} Pipe
l -
Fig. 4.2.3 UTSUHT YARGRIR &8 HH! gl
HId: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal
VZ
hc=0.5—
2g

U,
V= UrRuAia UaTem a7 (Velocity of flow in the pipe)

4.2.4 UISUH] UfaRIe / 3T3caiear 88 HHl BT (Loss of Head at the Exit/Outlet in Pipe):

reservoir s

-----------

N

Fig. 4.2.4 UTSUSAT UfaEIC / 3T3Caear g8 HHI gIul

(HId: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)
VZ

ho = —
0 28

B, n

V= URRU S16-1d WaTgHl 9T (Velocity of flow at outlet of the pipe)
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425 m's‘qmz?r 3{SYd[ Wﬁ%‘b’ﬁ%ﬂﬁ’f (Loss of Head due to Obstruction in Pipe):

Obstructiqn
Pipe having in pipe h:a\{lng
cross-sectional area a ‘
area 'A'ﬂl @ .@

Fig. 4.2.5 TTSUHY 3SYBT 3T g8 HH! gIol
@H: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)

V2 A 2
hobs = Z_g <Cc. (A—a) B 1)

wBU,
V= ursuHeta UaTeTan o (Velocity of flow in the pipe)

A= TISU 1l HaRd & (Cross sectional area of pipe)
A = 3SYAR &F (Area of Obstruction)

Cc = 3ThTA 1 UMb (Coefficient of Contraction)

426 U@W%@Imaﬁ (Loss of Head due to Bend in Pipe):

l Elbow/bend
_—>Q
. PN
Diameter
of pipe
'd' l
Q
Fig. 4.2.6 UISU A[h e §8 HHI gIot
@H: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)
kV2
hb = —
2g
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BU,

k= JesUITHIT UM (coefficient of Bend)

427 WWW%@ﬁﬁﬁ (Loss of Head due to Various pipe Fittings):

U,
k= UTEY T UM (coefficient of Pipe Fitting)
4.3.1 HIferpdiie IreUgR aTg (Flow through Pipes in Series):

AT Aied d AN R4 UHHSBHT SlIgd Usude- daR el oiid degl, M=

TR d (Series) TTRY ST YAd URUHET BIVIRT ¥aTd FHM S,
Q= A1V1 = A2V2 = A3V3

SR GF AT SRR STSUIRT HUTéh S UIsy 3{d ok &d YSYTITT Uldeidrd
TR T4 [AHTTICS S I JhaIgddb! SR,

X
Resarvoir

Fig. 4.3.1 HIfbdId USUGR UaTe
(HId: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)

Q = USUATSIgR faer (Discharge through pipeline)
H = 88d UHUI M (Total Loss of Head)

D1 = m‘éumww { (Diameter of pipe 1)

L1 = UIRU dfel 1 (Length of pipe 1)
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f1= HWHTW (Coefficient of friction)
D2, L2, f2 = O134 2 %ﬁ*\ria"fﬁ?mga (corresponding values of pipe2)
D3, 13, 3 = U134 3 T’ﬁﬂ'ﬁfﬁﬁﬂ@ (corresponding values of pipe3)

1. Considering all Losses:
8Sd UHUT IHUM = IS THUM + [dRdbI THdH
Total Loss of head = Major losses + Minor losses
H = hL1 +hL2
HI THYM = UAS UsuAdd guuS 58 HH! g0t
Major Losses = Head loss due to friction in each pipe

hL1 = hf1 + hf2 + hf3

hL1 = f1L1V1? N faLaV2? N falaV3?
- ngl ngz ngg

WW=W%€W+&WW+@W@+WW

Minor Losses = Entrance loss + Contraction Loss + Expansion Loss + Exit Loss

22 (v2-v3)? v32

V12 1%
hLZ_O'SE-'-O'SZg 29 29

2. Considering only Major losses or Neglecting Minor :

Total Loss of head = Major Losses

_ [fiLive? N foL, V22 N f3L3V3?
| 2944 2gd,; 2gds

If Discharge through the pipe is given, then

_ [ALiQ? + f2L2Q? + f3L3Q?
12.1d15 12.1d25 12.1d3%
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4.4 FROSIfoI AfSTe AR 310 THUr SHeil g

(Hydraulic Gradient Line and Total Energy Line):

_lhi Line if there

e e e .

P/pg B

Datum line IR

Fig. 4.4 BSITAI UfSUC AT 0T THUT St argA
@H: A Textbook of Fluid Mechanics and Hydraulic Machines by R.K Bansal)

9 QTOgT=AT ST SIS U= U UdTs 14T faaR SR, dieedl UlsUarsTHe 3 fadmTuft
fOeidier Sufauard oM 3fed. Ul USNHicRae g UrRUdSTl JH&TURE 3RIfdd
SAudd ared ST & faUrTd < g e,

4.4.1 TSP AfSUC =3 (TIASHTE)(H.G.L)

qrs e FRIERTEAT AU a1d §€ UISU=AT Si&HIad! 3101 XSVHT0 HiSTugre faiem
HA T 94 g TR WA shied Tdl R TR ARUCUMRT XNT U gl SaTall gragIeidh
UfSTe YN TBUrdra.

DHIUATE! fIHUFTT Ursue S 3nfdr gragifeie AfSUe Yo gieardia 3w SfaRmes ol
fUTTId g1 € fied WU T are XoT 3RIgT T UrdI.

R 'YS WU TAHM! S cHARIA HIUTTe! [AHTT OTsy Si&h 3= 3id, TR gragIad
ST I B! fAUFTG <1a 3 (3N S /s @S) =t S-S <. TTel TaI.Shua.
3RE} . @
TSI IfITe T = IR S + SCH TS
T.Si1.Td. =é + IS
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4.4.2 TR0 AfSTE TS / TR Sl <o (G130 (T.EL):
3led Afgue ars fhar e Tl ars e Hie! e Y= YeHid usy Yudid

YdTg! &ard ézlgz 3E 7S (), SCH B8 (3S) 3N I g () T Sl UMt
Euid
TR A STe/Tol ATE = TR 8S + AT 8S + ScH 88
—i++ LZ
TISNUd. = s ES) 2

4.5, UIRY TRANITA | 1 HiSTogTet SUHR0r (Discharge measuring device for pipe flow) :

fafay st Sftn sienfiies srIvmTTe! UEuHH e T (Va8 &v) HiSTur Ta=ad
3], UsuHdTa UdTg ASoaRITe! HId: 3% SUHR0 aTIRdl SIdid, el did
AT STYR igd ol ST

4.5.1. fEHRaa IR vt diex
YargaTdd FHefemde UaTe axrean THIOMd GId S gidl a7 awleR § HIeR HIH Hrdld.
. o HieR: B% e UIde wie Sur e a1d S gidl.

. TG HIY gBERY 9a BRI URY fAHURT G1d Sl Rl SMfor et o
JHIHRT ITORS a1 & HISTdl ST,

o TRl TSI SR HICURET URq i piliae fegms-1vg.

45.2. %ﬂ@ﬂa (Venturimeter, Construction, Working):

TR § A =T FHIBRum RIGidraR st UrsuHeid gaueriar yarg e
(ETd) HISTUITIST aTRe SITUTR IUBRUT 3Tg. Gd 110 IR YaTg HiSIuarara!
IR g HicdT THIUMT aTdR dhell S,

TIHICR TG =T THATHR ST HRd, ST 31 Ted 38 DI 5d UaIdT= uld Thd
JOHTTST GIE S, TSt Syoll SIOT FHTH Frorell axIol AT0g TN g g Id U
JgAdH RR &,

%9 1Y SRR fAUTTIGH T8 SRIAHT AT a7 dled!, Sae & ®Ht gidl. 81 a1d
TR Ao SHTcl o FHIBRUT aToRe YaTg & o-adl Il
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TR TP -
SYRHeRTY T T N 3R
SR faum
o TRER URUdl N HH! BIdl.
;ﬁ?wmmmmmm

o Hiexdr yafd 3&g M.
Y I ST ST 11O ST hHId AT S,
o HISHUNTS! T GIaTd 7 3qUdTd 3Tdl 3HTgd.
fayed faumT
o BoBges N dradl,
o O HH! gIdl 3T 1 SIacseaes ATed e Hedqdd GuT gl
o S SHord! g el

mﬁqr%?y
o e <l (v-qld

. DR AT (3MNMH TR

%ﬂﬁﬂa‘awﬁ
%d IR fAUTTTA Uar ll, for) e a1 ared) A1for e wat gl
. ﬁwm,%ﬁaﬂmwmwﬁrmmﬂm.
o QT BB HAMHIER (G HRald! J-Jd) aI Hiorall S,
o %a ey fayad AU aT8d SrIe ofl SHT gl M1 19 Jdad gial.
o TG GHIDRO G A THIHRUT AU TG (@) HIoTa S,

YdIg & YA (¥d1d UM :

Using Bernoulli's theorem and the continuity equation, the discharge (@) is given by:

A 2P, — P,)
Q= A= Agcff\/ oL — (@/d:))

Where:
* () = Flow rate (m%/s)
o Ay = Area of the throat (ﬂ'd% /4)
o (4 = Coefficient of discharge (0.95 - 0.99)
e P, P = Pressure at inlet and throat
e p = Density of fluid
e d; = Diameter of inlet

e d; = Diameter of throat
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BYRHIC BRIG

3 S PHIADH! 3ol BT,

faraTe Sfdr feehTas: TAUR YT ATla, e omgsy o1t Wit e,

HUI e 39 : faHiean faudia, T fayed [aumTd gAvie e ST,
a1 UIRUS- T8 IUgdd: 3o UdTg Gida] aTuRd SiTs, Wb,

FgiHietd dic
o UGN I ITG SHTOT RITIAT T,

. aaag&rrﬁr&nawwn e SRTST 3meef e,
o UTURSYT SIUSTUTST 3R ATe: U=IT=AT f[AUTTId TAiToRT 813, Qhd.

QI STANT
UTURQRAST Y01 - HETUTfeih T UrguargqH el Uarg Hisir.
RS 993 - supyeaidie gd 3101 a1y UaTgTd (AR1&701 Sl

WRIOY - UgH INTeeiie argyare Heiol,
T I JUTel! - gfecixM Reqaed gar 1for arg yarg diero.

4.6 TIHIAIS] AT HISTor (Discharge measuring for a tank):

fS ST IR e Tl Tlld HISUATTSY, 3101 <repb AT fidaed U o8 Sus
(&%) TR T, fEEIA aTd TR HIS ST eR fS%a 311 gTd BRepIaR e
T8 Gl U] B, I aTIe S-ic =T GHIBRUM dwd aliRe JbdT: 7 = Aial *
T * Wh3RSARCT (2 S, S Y 51 ¥1d 3115, TSt BT W@ 0T 378, T U fevs: &7,
SiT TEUTS! @b YUITHes @RUT 31107 Td WU I TRd (TeT aReT eIl
%d Uldosl)

5% § TP I KUl ¥aTd HISUaTat U AU SO AMIH U] aTuRd ST
SUFRVT TR, § TIH AT el fohar deomit U oie Jus () 318 SR
BB YU THIERETC G4 STeR USdl.

&% WG/ ad (Orifice)

I BIVIRT ¥ard cIivAefi=ar gaargR fAdfRa dar Srdl, STd 3 Bed 31g & 9o
AIEUIR AT Zauerdfar i g feam Sira:

V=1Rg
3 .
.« v= i9§<|d<|('1 qqum«ﬁiﬂéﬂ H/AP3)
. g= J,e»cqlcbuungoa BIUMR TRT (3.¢8 Hl/AHE)
o h = fSgrar aR gam I @ )
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&% Td1a AT SRISRINT

. R gumel - Sracaiaed Yarg Hadm.

T AYAETS! f5g arRuare wrg

fog aRuarR e

« o HUM - AP ST SIS,
o T S - RLIHICR ST SR 3P IYBRUIAT erid.

o xdlqld] {lUIIOP Sqdd! - 31q\d>d{-lldl 3IITh HTIID \311%

s gSIfei® UIid (Hydraulic Coefficients of Orifice)

Sleg] QRASUTA TThIqA fSaIqA UdTg gial, dagl fS S d1gr USUIR UTvar Sl fgra
QT dTod 3Tda- grdd 0T <41 feigell STRdtd SR 3HTda- fiesd 1 fagar a-1-
Pi-cacl TUrdrd.

feoard o9 gragIcie [Ulic WIeaIyHT0r SMTed:
o}. 3{Tepa =T Ulieh (HHE) (Cc)
oX. T Ulih (Stegl) (Cv)
03. TG I[UTich (HTSl) (Cd)
1. 3M1Ha =1 [0 (Co)
qU-Hi<aer YA diex Sew eamar fSar eamerRi § TuiRR SR,
R. AT UM (Cy,
RI-Plcderasid dieR Seedl I Jgifad IRt Sryae § oNTR ST
3. T4 Ul (Cd)
8 Ue! 19 311 Jgifdes Ta g TUikR TR,
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1R KIIERG) [ I RS G DR Gk
st (Cd) = Hiegl (Cv) x "R (Co)
8 ST B 19 A AT 3MTpa qlval YHTATHS T Bial.
HESINCRIVCAERE U R
o TdIg HIUA - TG TUHHEY TR ST,
o TIGICID SHTADT - AR, Tgret 30T R e,

4.7.99 (Pump) :

U9 § Tifd USRI 318 S AHE SHord SaSIed SHorHd U de &4 (&4 [dhdl

SR 3P SVANTH UUiT HI&AT FHIUMT JTOR dhell ST,

U § U Tifeh USRI 3T o FaTe] Sarell Jroft QUATIS! aioRe ST Sioihes- %d
gasifoie Rerdid U@ RIGR A1d H& Udhd. Hhad U JifAe SHerd BUiaR Jargidl
AT RIS ST Ha.

wﬁﬁa&ﬂm@ﬁﬁa&ww wﬁw%%aﬁ%ﬂﬁw
TfaRite fobar fawimoe U N AT el OS> Xahvel. STATHE UURIC ORI SIfOT
TR 3hde UY TUH SU-aHhd dbdl ST, RbdTd. [T YT et fhar Tai=ig
U U IUGHRUT drel o1, Udhdl. dxdck:, DIUa! &4 HIUAIG! Ud fSSgTgR
glalesdl SIS, Rdhd. 1Y aiTaTeadT U fEeims=ar aTaR &l Sl Yhdl, 0 SR Ua
HI: JaTd fPHRIARIR SRTd MR e ST TT=ieg U S$Rdrd. S},
AHRIAD [TRITI U FHIIC: YCTRETd Garuer Sifid drded Sdid, IRy 3
PRI BIIG] dleld ¢@HTA TdH 1R FHgdl. STHRT UUigR ariRedT STom=
faora ASTwRpTer dut areT SiRd SRTIT T ST HR S TRETd UUTaR 317G

4.8 UUTE YHR (T ypes of Pumps) :

o ISIHRpTA Uy

o TfcTe g

. JARiSd U,
Ug g gifd® IueR0 3fgd ol Sauadidr e IO 97 dleqd gaquarIa] aroRal
ST, redT SRl YR, du fafay yerime @ffeor & ofd. @ dF

M UHR 3Ted.
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4.8.1. YERFTA UT (Centrifugal Pump) :
d<d: &d GAAUITTS! HeTURe Sl dTuR Hdl.
B

. HHRH UIRUHYT Gd YT 1d RRd.

. TOhRum=T SUTRYeS gauaryfan 37 ared.

. EWER/®IYE 9T SEd FUidR o
. TG URUHYA %4 dToR TS,
ST

. AR

. REagas

. SiENfe e Ren

Loty

. T} e, S e

« WG YdIg <37l gTdTes Ul e
o DA TTH

dic:

. IA-TF SINTTST A et
. TO%ho! gIogRT Jedl
4.82. TRER RH U7 :

T §d ehAuarTat fueq / fRfeieR T30 aruRa.
P

o IRFA LIHAY O I/ Wbd, 54 3T Wdd.

. e Tiend, fUked e Wad, Td dex HIUaR U Ursd.

UPR:

. FRT9-sifacT [@fa I T =M 311 Wd9)

oY SHTY (Ufd < G AR 3107 T

Gi'j’ERfFT:
. A TEH
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. TSId® ReH
o QST I JENT

BIaG:

« OGS &Hd
N G- CARCEL

dle:

. BH YR R
o TOAT YT 31feeh foere ofor ey

4.83. GeARISd YU :
I : QU] UT0aTd g8 SRIAHT B HRd.
P

o U 3107 AR 9iey W SMTaRUMd Uhd Iid bl SITdld.

« GO Qe UTult W GYHETIGR Geherdl.

31'1’5@‘?
. T fafgdt snfor ferad
. gisumf ufdar yeeg
o R R aRA
BRI
. UTSARTR STaRgehdT et
« XNdYUl HTH Hd
. QI U] SRNTHE I BRIEHd

. 3fAYS GEHI (UTUTI DIg CIhUl A 3Tg)
o IHYM TSTINIET A= fdggd I~gasH

4.8.4. YSIRQITel UY U HITT 10T T -

SR GUTd UHRSAT SUTR, SMTaR0l TN MU 3d, fY fhRumT SUeR durgR oifor

A9 UTUHY %4 SAdUarTe! M wTd §d daR $Rdl; T gedh el Ml YR
UGS ST, TaRM 0T fSwams] Uic S1for e Juarre! i arer SHa
3{T8; TARUT SUTR ad 30T 5d aTg MR #d, TR AUE AeHAYT SUTRSS adt

T .
IEIRETS YU e UToh:
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« U (Impeller) : U8 fHRUMRT Uc®h Sl & TAGUATNITS] HATURS §c TR
.

. 3{TaRT (Cover) : SUTRAT AU, 5d YaTgT fererid HIum 31for are fAmfor
PO W,

. TMUC (Shaft) : AT SUCRRN SISUIR], ekl THTRG PRURT bl s.
. S3Y (Bearings) : [THRAT MR Gl ST o Yool e o,
.  [IA UIE (Suction port) : T 3ACCHY Gd UM Tl &l
. f&=ef 9 (Discharge Port) : 3T3Tdie S YU 54 dTex ISl
o HId (Sill) : MU TR SR YSUMAT fEhToft Tesdt I,
= [

A4 Diffuser

L

Bottom plate and filter

Fig. @ﬁqﬂ;’ﬁ Uy (Centrifugal Pump)
(¥ : https://shorturl.at/neoxz)

1. TSI (STaRTSH SR)
o Tides! G0 Y& HRUTATYA! UU FaT U T8 AT T .
2. GRM KD

o TUJ AR SUR fthad.
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o HH GIETHes FaRM URUHYT 59 g SUTR SieTd Ua=l .
3. SUTRGR FHoll geIaRUl
o SUR I I B!, gaueruter Tfas Ioll UgH &l

o HEUIR® g GaTdl STERUMT fGR 9T8R gdhdld.
4. IO SHord TUAR

o RITYC SHTARUT Tl SHord Gd Srord TUTAR B,
o TSR (QUiRd e UdTg 3ifidh YR .

5. «d ¥dld

o I SO &d T UIRUgR 3fwsd S0l TrSdr Siral.

Discharge

Diffuser Passage

Impeller

Suction Port

Packing

Diffuser Plates

Diffuser

S\ \»"I '
Lo s

Fig. @?f@{"lﬂ UUTd geds YT (Components of Pump)
(9 : https://shorturl.at/ytwz)
IRt UUT=! SIgorT

1. o 301 Sull - B dd, TN, foRad Uy H0; Rer_t, fieffddt yeaaigr
JIORAT STl

2. ST STfOr off¥r TRETOr IENT - BT o1ty Ffee=M, IaeR Bis Sy,
qrarH e, &1 dlefdul, HrR MicaRH fBider ey,

3. ORI HFARIYH, P8I 9 I - FiguTult UfehdT Udbed, HTUTIcTehT ST, $v],

Casing
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4. BHNGCHT, BB A Be SSKIS - UcH, TRISIHIEH, Ugl-hiHdhd,
A, YRER YGIDHRUI, 3 HTO1 U e

5. fafaey ST (ST, SR, T, PHgfedd, 3@ Sdied, WU 3.) -
PRSI 10T AhoRe=r I .

49. TSAUPR (Types of Heads) :
1. W%@(Suction Head)
o © U AR 3101 o= cradia Saredn gRUITEERT 3T Siavmar dey <.
. AId UUrAT @Il 3Rd R ATt Yo folte Urdrd S1107 9 3Ryeary el
I ©S FUIdId.

2. %ﬁi@ﬂ%@'(Delievery Head)
. B U0 AeRATZA U1 5d AT S0 fog et 34 It e,
. ©5dsfsd fooprul gafquarTst snaae SHeia Ufaffid B,

3. @-R%_S'(Datum Head)
« %4 d18d T (U Y UaTg i) aRM 88 AT fSferet gt aiial,
o 3O HRBIYS GUTAT UR HRId! AFTOIRT &1 ThUT St 3T,

4, ﬁ‘ﬁﬁ%%‘s’(Manometric Head)
. uatﬁ‘cﬁaﬂa‘dld EEIRE wﬁ qﬂﬁw&r@ﬁ%mﬁﬁ
. ¢ UUTgR SaTdl UG dard THUT Soll 38, SaTd ofl 88, YRR 88 ST sy
3{Tfor fOsfeTTaeRa aefur Jaam aidm THIART T8,

4.10. @WWWWW (Compute power requirement) :
HSTRATC GuTeh faee STa=gehdl HISuarETe!, I aTuRT:
P =(m*g*Q*H)/1000
TEUTS -
P - B fraideaeie 2ardt 311g,
n - WU &4 9441 (a7 g9HIe),
g - TEUS BB YU BT @RUT (HI/3?),

Q - TS U8 &R (m3/s)
H - U Steb (Fi)

TACRAYT AT I dRAIdD drol (e[ quarTe! U0 Hriedd- faHTsH HRol
gHId T&Td ST,
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. E'qu\ﬁ?

" g*Q* H" 81 Vst fadiedn UdTg & fvr fafRiy Siefaeg ga gafduarandt
IS graSIfeIdh e Ufaffeiad sal.

. UU BRIGHTT:

HITRAYA AP SRciel IR diel (HesfavaTal, Uu srigma- (GRIT 4ed)
TSI el faurToR o,
Uy TieR Ao e
¢. T7oft aToRuIaf IusRUTaT UfshdedT SaRgedraR TeTRd UaTs < i
.
2. UISUAS-aT A 10T dfelt 1R SMUTRd UaTg e Hidd &,

3. IR R YR YdTg &) Ffgd o,
Y. Ul = nQgh/ 1000 IT GAT ATUR P kil UM DR,

it Rimmed St Sae-rn deft

» RO fE@Tolt 18 Tdieea ghfga &

m TR 79, Fell ek IR UUiaR ayd SUSRUTH! IuaTidl A o,

m JIIH HRIeHT=AT fogeae dU T,

m Yol St HRugrTS! Uftht Red S11for du Jed Jurid o .

» BRUTA WS IBE fohal Tl AT S itd Ha=umg fakgd dis faash

SEEGRZIR

a USRS UT Tafqor YigdT - 3i19-argd WIRATS! 3ifel-eTe SreT fdhar gas=ar Yrmd
TR U7 el

m ST SIS STIFH AT AT Bledl URINTS! X UT aToR.

n U faf g = dredia ftin R H! HRuarrdl gd aadHEdid B diedl,

n f3® T UTUgTEl B Bl HUGRITST Tiel d UfdhiT goed .

m UATE HH! HRUARIST 0T U4 faordt Sra=dehdl st HRugrTd! Huleidierd &
n P1-Wd Red ([e@rdyun ¥g Sl UU HRUl TIT; BIage] b sthac aTuxl:

a JTUOEIT 9T0R HHId HH! HRUATHIS! UTogr=T JHAId IRG0)

m SIoll T, TR HIBRR, IThoRTA R, Sl elork Wie dier Uy, e~k UT Sfir
RN goq e S UTUaT GgT AR CIad]
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Q1.
Q.2.
Q3.
Q4.
Q.5.

Q.6.
Q.7.

Q.8.
Q9.

Q.10.

Suggestive Questions :

Differentiate between centrifugal and reciprocating pump.

Draw neat sketch of installation of centrifugal pump.

Write modified Darcy-weisbach Equation.

Define static head and manometic head of centifugal pump.
Enlist any four component parts of centrifugal pump and state
their function.

Define static head and manometic head of centifugal pump

Find power required for pump under following condition : i)
Water to be pumped = 80 lit/sec. ii) Total lift = 20m iii) Frictional
loss = 4m iv) Efficiency of Pump = 70%

Define hydraulic coefficients of orifice.

Water discharges at the rate of 0.0982m3/sec. through a 12cm
diameter vertical sharp edges orifice placed under a constant
head of 10m. A point on the jet measured from vena contracta of
the jet has co-ordinates 4.5m horizontal and 0.54m vertical. Find
the coefficients Cc, Cd and Cv of the orifice.

State the principle of venturimeter
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gfAc - 5: T IATHYA UdT8
(Unit - V Flow through Open Channel)

fowg feosit (Course Level Learning Outcomes)
CO5: GedT dlfie-aiHed Yafdd &d UdTg AuCS e,

Rrgia fRreror afRomT (Theory Learning Outcomes) : -

TLO 5.1 feciear T-er=an Hiffifae qoremte 9o &,

TLO 5.2 fadiedn Serra! Hefid T aroed fediedn d-amed fewarst fAfda .

TLO 5.3 feaien uRfRudiard} gafa fewradik < faum fegmga .

TLO 5.4 faoiedr UdTg ATYT IUSBRUIET 9TUR a1 97T SHTIOT TATd INYUar=ar Ul qui-
A

TLO.S.SWWWWWWW.

5.1 3U 1 U URag &Tﬁ[@ﬂ%ﬂ%ﬁ (Introduction to Open Channel Flow and Its

Importance)

31T I Ul 81 &9 FifAe e U Jayd hedHl 3Tg St 3=17 difg-giaed groft fdvar
SR GaredT grerareien e e 572 yarer YSHIT ardraRur=an ST Yudhid gad
3. Uy Yareral faudld, W ¥ dome) walfidd eMd), ofitd ©Hd Udig
TSATHYUTGR ATAae STl SATIOT e T T1OT STt aifg-ia HIHR, TSIS N
3TIOT JARTER TG 3. § Nich varg, a1, Rige ®1ad, o W ST uroft
drede 0T HiSUTUlt HGRITUATS! ATUReT S0 $Hi aifg=uiHe) Tiaar JHTomd

fag Aa.

P& SAdTedd TUNCH (ST HRUANIS! T-d faUTTe Hiftifde o Jae 9o
T 31U fETTSar UHd Tredrd. & Ui HHId HH Soll JHANIg SiRdid SIRd
SR YT HIUGET ARG I4d URAT aSTar Aad HRdTd. STl ST

CUSZed A § Al WRaAIH® qiEguun Sffil Udie driedddes gragiad
FIRE A TR SR Jaid ITH g -Taw TR,

g1 difg-THed UToar fase (aTg &) FiEd Hruarmdl, Igi qeteor sfor JHm
THIARU RG] U G dURel SdId. g1 GHIBR0 Yargrl ol el
Rzl oftr S8 TRl Siedd, e st fafgy ufvfdia oo
gTeTaTdran 3farST odl Ial. HATd THIHRUT dRdfdd SHTTd araRedT ST aTuRTd Te]
TN ATIOT SR aes fIRISa: Ah iy 3R,

fPHEIIRIR T YaRM U 3R ST HHId HHT SIUDTH g 30T 980 JTHAHNE
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el Wd HHId HH B 3 SHSad HHGHT UK B dhdd. Jard
frwrharik favm fafy Wtfae deu e Hard o foaen Hrg-Yexd aamara!
fopar ot aRfAr gRigd o,

G HIaAHH ST Auare), &1-Ard ST gt Ard 93 IRWT SUHRO!
IR ARl Sidrd. § A afd siexwedl quR $HRdld, e A=l aaAl
UTUgTe] WieiaR YT feTarsidt S TUMT HRdl Ad. ST IYSHROTET aroR Riam

3O I Tl fIRQINOTTET 37 HieT0r BT SURdT U Hewaral U 3iTe. Tiled Sfon fuere
IS AR JUH! YATg a7 (T FHRoaTd Had Hard, Sit fSwarel Aeugrma! sor
BTISITeI ga-Tdl ST HRUGMNTS! aRId 315, Flled JSHFTET 37 Hiorodral Uk
Qa1 771 gaM dxard, R fUelc asa FHfa aramerong $iftie sEd ot Hieruare!
TR ST,

qISqTd, 9fife ST HHH gl Uumeiae e gl eIl gedr
STaTR-t TaTgTe 31T 3MTaRyd 3118, Siadlie-! fauTTe Wififaes orent gueq 93,
AHTT AT FHIHRU AN B3, Sadiig- (Sere- MMPARISIRMA He A0 arg
AU T AR e, S =Udl, 8T FHerT Sfor Safagga e Ammar gof
HIUMT YU STclargged WoMell faabfid o Wdhdd. 81 ™ grasiiad
it et a1 gayd dwaien o1 e AragiRe AT =Ny ol

AT dcTd Blol YbR WTATAvHT0 3Ted:

1. STHRIGT TR (Based on Shape):
. SMAAIH ge: BRI JUTe HTIOT a9 31T 3MTed (34T, RiT= Frad).
o CURSH oHG AT 99 IARMAT 3led, IEMId: grogrEn A= sfor
ATt araRed ST,
. Pl ghe: IEra: g g Rdiued arRd Sl
e TYBIDR g1 TR AT Heege A M, Fgddal SiRIa: WA dTgd.
o WRIEIAP FAe: PIAEH g-iol 307 YU FIAUMTST o ST,
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» /' »
TR HHIP 5.1 T [QUITE Hiffae gc
3 A% A N NV N
(ST QL EA.IE SfoT ST U UH.TY. RISy T Fise U], o4
UfsTh s U fer)
DR
[l SECTION T AREA P&EJAE%R Hygig%éc TOP WIDTH HYDES%'}C | Sgpccnr%g ‘\
A 3 R T D Z
e
RECTANGLE BY B+ 2y % B y B(yf*
(B+2Y) Y (B+2y)y ezn "™
TRAPEZOID (B+ZY)Y B+2yFH =T ng Syezy B+2zY F_’_sozzv]
TRIANGLE 7y2 = Z) L | By
YJZ%41 54T 2zy > | >2(Y)
- f I‘
Tz i D(sln-g-) or |
1 ’ k]
CRCLE ? y | $e-sinero? Le0 1(- 29 3(E=29)o %‘9,‘"”3’, o**
4 ! 2710 sin3 (in3)
| |
I T P " I
ko : 2 213y A |
2 | 3A | 2 2k,
| PARABOLA | £ +4 L T e 2y [ 5 ‘ STy
b ] , | l y

2. YA TR TR (Based on the Nature of Boundaries)
. HSH G Bivie, Wid fhar s (31, RalRd HTed) IR 9 &ftur grom=a
TerIfoRH S,
. NERd I 9@, M fhar Reumdt (@1 A9fie 99 IR$ eRvieH
IO s,

3. YdTgTAT YhRIAR 3TN (Based on the Type of Flow)
. fisriite 9Aa: didi=ar 9o HiY-UaRH RR M8 (341, HHAF HIdd).
. AM-ferife® Tad: UdTe AMiaR 19-JaRH ded (341, I S A9fiie
.
4, WWG?{-‘{W SR (Based on Use or Purpose)
. ofife aifg=ar SaffeRar TR sed @, 79, 3e).
o PEAYF: ARy Igxiare! sivdd (3ar, R $iad, 349 Tad).

HNHW Tq faumme dffe 1IUT‘&I'J-xl (Geometrical Properties of a Rectangular
Channel Section):

Al I4d 81 gragiad e me Jaid aar ST JHId: aruRdl SuRT
A DR 3Te. ATd I Sy Ul ded 3Rl 0T dieprd 31for @reit=an
e d RiTF, S 1T Sienfites SruaNTHed HidaT YHIUNER aToRd SiTd.
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ATl difg-idl PRIGHA AT el &R, 3Hiedr URMdaR sy grrgifers
AR STd 3Td, S o 3M1fYr fewams IRet varg dalkredre fRuiRor exoarrst
3{TIRTS 3T

1. 3 & (A) Wetted Area (A) :

AT Fad &F WU dlfg-ear A= Gusid SdedT Udler $ig-JavH-d &9, o
gIfe-T<t HaTg-aTed v (Af3d Hd 3T 3y Had bl Slie:

A= b xd

Y
. A= 30T T @eH IRY Hiex)
. b = B Giere et (7

e d = YdrgrE Wt @

JaIerUI UAT (Example Calculation) :
SR U] Il Hlareard] qesrdl $d1 5 Hiex o1 urvart @it 2 Wiex 3ld, aR 3id

gnﬁﬁ ?33[ 311%:
A=5x%2=10m?
2. 3fidr gRFA (P) (Wetted Perimeter) (P)

3fiel URM Ut areT UTuare e Hudid STcedT alfe-eT Wil TRl dfe. o
YATETedT gy Ui RIaR URUMH &d 30T it TUMT WAy el S

P =b+ 2d

7Y
o P = 3ffc affah @
R CIC R TARG])
.« d = Yaert @rdr @ )
JaIGRUI TUMET (Example Calculation):
b = 5 Hex 31 d = 2 Hie 3RIcedT TadTo:

P=5+2(2)

=54+4=9m
3. gISIA® AT (R) Hydraulic Radius (R):

31T I RIS GRIGITeIdh a1 8T Ueh Hgwardl URTHICY 3fTg, Sl 3fiedT &l 3iiedl
OR TR iR e,
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_A
k=%
Y
« R =grISIed BT (m)
o A= 3d &F @B IRY Hier)
o P = 3ic Ui @)
J&Ie}UI TTUAT (Example Calculation):
Rt IeregRuigdie g aroRur:
R = ? =1.11m

Eﬂ'ﬁ'ﬁ%@ﬁ T YR HiffaE {IUTﬂff (Geometrical Properties of a Trapezoidal
Channel Section)

SUgiiged 91d 81 gsad SIS Th Mg 94d MHR 3 SR Al
I YATg BRI ST SiUDHH JaUdT 318, D! d-aa f[quild, I a9
SARTAT SdTd, ST YU 301 IRATHSD TRRAT HH! GI0ART HGd Bid. RigH, S-dl

cUgzed T-aa ugd Hiftifas qured U ofie &, s uRkfirdt snfr grasias
. g Ui SAed! aTg &, UiddR ST TG0l SISl YU Hdld.

1. 31t &4 (A) Wetted Area (A)

I Feie &F WU gl UTUgTd hig-HaRHd &3, DIaordl IdR e §Ie]
3, TTAT AABedTd qedTa St 301 IAR Seied] Sroj-! IrTeH faeid & qaray

3TG.

A=(b+nd)d

e A= 3 &F @D IRY HeR)
« b = DI Wed! $af ()
o d = aTeTl @rat (@ )
e n = ST IART FHIUN (318d d IW), WU YA S5 U § Hiex St
afaeaT z Hiexa ared.
JaIGRUI TUMET (Example Calculation):
R ¢Ugiiged daqe 3{d W
. dosrdl ¥dl, b = ¥ HicY
. Tagrl Erdt, y = 2 Hie?
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o SIS SARM YA, z = 1.5

HIT,
A=(4+15%x2)x2
A=((4+3)x2
=7X%X2
A= 14 m?

2. 3fte aRfAeH (P) (Wetted Perimeter) (P)
Sl 0T gl IR SciedT dTS(d! did! JHIAY 3HTe.
P=b+2y1+ 22

JGQIeXUT U (Example Calculation):
I AT T:

P =4+2(2)/1+ (15)2
P=4+4xV1+225

P=4+4x+V3.25
P=4+4x1.803
P=4+7212=1121m

5.2 I gHieRuTgR f&emsia AUl (Determination of Discharge by Chezy's

Equation):

A. Tgita gHfiemRur (Chezy’s Equation):

g AR § Ge SIAcaiHe agUIT=AT UTugrE of S1oT fawre f3d exoamet
TR SR Ueh M G 3118, § THIHRUT Qooy Aed v SHfdar Sfeis— =gh ai-t
@RI od gid. 8 IHIHRU Yag/l o Saaig-redl grasiiad A Mo SarmRi

Shed, S d el SIdadd YdTgl! U1 HRUARITST Ugdd 3.

EEERLIERUE RS IR

V =CVRS

eV = UATEHRI IR AT (m/s)

. C = T TUie @fe e TSaSIaUueR Sade)

. R =gESI® &1 (m)

e S = dlfg-rar AR (URATURH, Ufd give dfdl 31T 3 oNR)

T AT IR e, FSW@S (Q) WiehtawrTol fAfard el SR e
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Q=AV

Y
. Q= T&=Em (m¥s)
e A= TATET HIY-UaRAd SAHe (AT Hie)
e FHiHRuTE ST (Applications of Chezy’'s Equation):
o DIAd, T A0 gAol Rieq fSgmg sxuaridl gragifcd sfimiFe g arRd
EIGH
o Riem arfg=ar sfor aret urvar=ar Arediged urodreEl Uarg &} el drauary
HEd .
« QR AT e sfr eRumear Sigurvar fegngae Suged.

52.1 WA GHIGRUTER f&wamie AYURY (Determination of Discharge by

Manning's Equation)

A. Y= gHieRomeEr Ufe™ (Introduction to Manning's Equation):
AT gty 8 el difg-aigdte Uargran 9T SIfor 1 AISugRIdt aToRd SR
T SHTS JI 31g. AGEINSD AT Ao 101 sgbages graSliad
SIS § THIBRU Higdl THIUNG aiuRd SiTd. 3¢¢R A SRR T e
T it g i1 fahRid & gid.

V= 1R2/351/2
n
pRg
eV = JdTErI TRIRRT a7 (m/s)
« R = grISIed B4m (m)
e S =Td 98 WY (IATHGIH)
e n = O GESESIAUUT Ul (T HeRIAR 3HddsH)

femst (Q) =Y TTUHT WIeftewr Tl dheft ST

Q=AV

B

. Q= fE®Em™ (m¥s)

« A = UdIgTE BIY-YaNHd &9 @bt Hiex)
e e G difg =t fSs HRUgMa], A Udrgidn sarsl JugrErat Jifor
S RRewd faRayur HRuaRITET 91T THIuMd TR S,

HFFRTT @SS SN U (n) Manning’s Roughness Coefficient (n):
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HFTaT WSS Iquul Ul (n) Id gEHUITTAT fRUYAIaR S{acie 3dl. BTl I g
313 3R

T7d UBR n {cY|
TSR BIbIc I d 0.0R
AT HTad] (W<3) 0.03%

ATl BT (JUIYE) 0,030
it 7d) (9w) 0.03Yy
Wbl fhal AAftd Tad|0.o¥4

SIRA n o TS WS ES [qUUTe TaTgTal Sikd UTddbR GRITGal S,

> Hi-Trea SHieue SuanT (Applications of Manning’s Equation):
. \9fie e MfOr sediAeid RyudTgaT g Hol.
. e FAeHNe! 399 Aeded faReyur R,
. Hec T iR RerAeid grogre ydreTei! TuMT HR.

5.3 gaid fhhrRIdRiR aﬂaawcﬁ T TAHRT (The most economical rectangular channel

section):

atd fFhRaeiR S I [AHET ST 3Rdr off fediedn i-TaRmd asrra!
3fiel TR S HRd!, ST T80T UiddbR HH gidl AT UdTe HRISHT SRl oI
BId. Faid [P HAdRR STdIddl g-d [AHNTHTS! 31t 3iea:

1. Wmm (Hydraulic Radius Condition):
A d-b

P b+2d

Taid fPHrEdRiR UITES], gRgiiad ol SRdid oiRd aleardt. arges Jeid Ryt
o g

b=2d

TEUISd, DI Sl ATl Wieii<dl gue T,

2. fpam siiat ufiRfArdt fRUS (Minimum Wetted Perimeter Condition): faaiedr &3 A
TréT 3fiel R PP HHIT HH! HRIal. 3FdH U degT U gid ST
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b=2d

B UdE UfdeR HHl B

3. a7 faaRur fRel (Velocity Distribution Condition):avT Iquf fqumTTd =1a forde
THIH ST, S $dl-d-Tleid TOMR *:2 SRIAHT 1&g g,

3ifaH 31t (Final Conditions):

Taid fhwmraeiR smadewd! dadreT:
. ¥di(b) = 2d (@Iell gwe)
. Qi) = b/2 (37Ef )
. BEgid® A (R) = SIR

1 IRRUTY TS GO SHord JHAM HH B MAAHdT d4d ST o
PRIGHI TTAd T T B,

5.3.1 gald fPHrasiR fﬁgﬁ%@ﬁ J9d fAHRT (most economical trapezoidal channel

section)

CUSissd oHd Ml IR RRAGes 31 HRiem vag aftiediges ofiud 94a
TASIaIHE AIGAT YHTUNT AIORa Sfd. cUSged Il qaid [hhIRIdRIR HIT TSt
I STt St Td HH B! AT TaTg BRI dredd!. faaed HIg-YaRHd e
3fiet aRMArd HHl HRUARITST HIY-HaRee GRATIMHT SBied He g 1 Pl Sl
SATeS TYUT THAT HHT i SHATIOT TR SR fe TS| gl

gald fewraeik faurmardt \’rl?ﬁ(Conditions for the Most Economical Section)
CUESd T-ad Faid [hHIIdRIR HFUANITS!, JIeid 31c! qul dbedl Uiigold:
1. UM gragiiae Al Rt (Equal Hydraulic Radius Condition)

o Sord JHUH HH HROANS! FRHSMAPH FAodl (R=A/P) SRild SR
qredral.

o TS} SEAH URTRAT 31=it 8fTe: Hydraulic radius = —De'othz"fﬂow

2. TR ST 37T T = T SAR el &9
(Half of the top width = one sloping side)

b+2md_

d+1 2
> +m
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5.4 f&w AU 43 ®UA v Arg @il 33R) (V' Notch (Triangular Weir) as a

Discharge Measuring Device)

V' AT (SOTAT BRI dURT 38T FUII) § WATe-ATUT HRUMR SUSBRUT 318 of {0
Tora femms Afya FRugMrEt aRe S, UdRidid BRebidaed 3 Jdgaiad
SRIIes o TgH [S¥ars] HISUaRIT3T HIddT YHUMGER aToRe ST,

JHTRRTE (Principle of Operation):
V' TE BT SYUTaTae JaTgred] awdiaR &1 &), o1 Wargd SR arof THardyur
YT S 3. 81 Tl1d WTe RRGRT=AT aiiel Uruar=an aeea] YIATRA Seiferd 3.
%% Al BRI (Advantages of 'V' Notch):

. 3 agRIAdn: WA a8 dedides Siaad Teuid 9&d giard.

o WGa:d WAL 1801 YR HeRT STHT 810 Ufdey dHd.

. S YARNIS! I: A8 fSTamsiare! St aRRUET 3w 3.

o Sieor IfOr R B0 I,

V' mﬁﬁﬁﬂ? (Discharge Formula for 'V' Notch):
V' A UaTg e} (fexml) Jieitd UATo faar Sird:

=—Cd\/_gtan< )

. Q= fg@mS (m¥s)

. Cd = fETam™/™ I (0.4¢ d .63 Td dadd)

e g = THATHYUMS GIURT @R (R.¢3 /ARG Hiev)
. 6= WERIBH (WMD)

H = RRaRT=aT o= grvgmrET 9341 HRT (m)
T Qo° 'V AT, I 31 W dhal STe:

5
Q = 1.38H:

(Cd=0.6 T[BId U=+)

'V G TR (T ypes of 'V' Notches):
1. §o° QI-Ard (BHI YaTgiI Hfh Yagehd)
2. Ro° GI-ATd (MHId: ITuRd SUIR)

3. QR0° @I-AId (SR UdT8 GRigrd! aiRd SiTd)

A CE| Glﬁqtﬁ'ﬂ (Applications of 'V' Notch):
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. R aifg=n

o TANTRITCS TS TaRT

o W8M 3fi¢ 3for 7t Ftem
V' AT J3R B HH ST 3 D g AIUaIe! Th Wi, 3 ST ATyl
IR HUTR SUHT 3T,

54.1 f&wml A9F 99 RUA RAIPpdl W (Mgl d3R)( Rectangular Notch

(Rectangular Weir) as a Discharge Measuring Device):

Al T (STl Al 93k 3RIg! WUMI) § U9 g fSxamord Ao
HIUGMTS] TR dIORS MU SUSBRUT 38, ArAl qredr &g ifir s
TS G899 o T13d1 UdTg ST o Hiaal YHIUNT Uid Pl ST,

SRR T (Principle of Operation):

ATl W Tehl TEul 4R Seied] SUT=araricd YaTglar YR 3. Wrads- urofl
qTed SRIAHI, TEATHYUTS o ITa Bid 30T WTe FRReRT=1 a1 uIvdrd Sids Hied
g AT bl S Fhal,

HNHW Qrd Brag (Advantages of Rectangular Notch):
o 1Y FIYBTH: TIR HOT HTI0T RS BT AU,
. Hicy YAERIT3T 3fd: 'V Aradl Ja-d S fSTareiaTa] ar.
o THIHM o7 faaRor: FRR garg ufkfRydt gHfda .
. DS HRU AIY: JRIAUA fSwme O3,

mm%ﬁﬁﬂ? (Discharge Formula for Rectangular Notch):
TGl TR [S¥dTsl @Iehd JHT0 fear ST

0= %Cdb\/EH%
2

. Q= fe'mS (m¥/s)

. Cd = fSHTor Ulie ([HRI: 0.8 - 0.6R)

e b= TREEE @)

o H = RIS 3= U1udmEn 931 HRT (m)

. g = TEATHYUTRS BIUIRT @R (.8 H/AR i)
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G TP a AT AP TIETS! (U, SiegT WTd WUl I1d $aHed TaRd
Ag), THTAT S THRANSTT et SiT:

2 3
Q=3Calb - kH)./2gH:

1Y k BT SMHIAATST YR UTh 3HTg (ST k=0.1).

Gimﬁ'l?cﬁ G YR (Types of Rectangular Notches):
1. q;quﬁr 3pI uraadn Gﬂﬂ?ﬂ?cﬂ WH(Fully Contracted Rectangular Notch):
o Tere ST gad W $at a8 3R,
o ST W dIe= daHiar [aaR Har SiTdl.
2. 3R 3fdra- Urgaar SRIdTdd! @I (Partially Contracted Rectangular Notch):
o AT S HIdT 3118, U SIS Hlat 3Mdd- gld.
3. e adr Wl?cﬁ Yd(Suppressed Rectangular Notch):
o WAl ¥l deredl Setgdad! 3Ts.
o IT ST T TS SMOT For SR WY
2 3
Q =3 Caby2gH>
GITQ?I'IWEFJ%[ \HﬁEITﬂ‘T(Applications of Rectangular Notch):
. = Prera effor Ten
o g RIS RISl TANTRITGS]
. TG SHTMOT eRUMA UTon Arevdrd qF
TSl WTd § GedT dMe-aaedid Aead o Hioyl [Sxars! Aeuarre! e Sggwar Sl
3h IUBRT 3T,

5.5 QI HSugTe SUEHRU] (Velocity measurement devices):

A. TdIe (Floats):

JYSAT HIAHE, 1 MU SfeuiHed argum=dr urodral 9v HISToarTa! aroRed!
SO atd rer 1T fPwraeiR SusRuite! Te BuN Ualed. d diiTdl gl
A 3R UR HRUGNTS] ANTUIRT 968 b HRUATAT dealar SATUTRA H1 HRdTd.

tﬁh’c{ﬂ%{w (Types of Floats):
1. YSYRT O (Surface Floats):
o O TART qoiTel 9% 3Med (I4l. Hich, WIRSH dhdl Adhe! TMa) Sl
OTUgTAT JEHFTIEGR R

o gEUTTET I HISUGTS! IRl ST,

2. EURTRATE aRTT0Y (Subsurface Floats):
o B YING Tilcy 3MTed S gEHFTTAT WTel! UG GEHRTET ol HisTdd.
o dRT AT YYURTIARIA TMiefes = HHt aiRomy gial.
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3. 9d TIeH (Double Floats):
o MY Sl Gl SiEael YEHRTE Tlle SR,
o TTOYTT S HTET SRR o 21,

mwaﬂmm (Procedure for Measuring Velocity Using Floats):
ST qTfg-ire o HiSigET 318 df YRl Hasr.

BT dToH J1d 3R (L) Fergifdd a1 (3aT, 0-30 Hiew).

aTerAl AT fogar Telle TreT 101 YargRiad o WTeit arg <.

WCIYdrd aiuRe Felie fogiford 3iaR UR HRUGRIST ddadl des (t) g,
A AU o Al

ik wnpn o=

,_L
t
BRE
oV = YT a7 (m/s)
o L =TVard dad 3R (#)
o t= FIFT@?HQEE
6. JURUM GCH AN BT IRIRT G G AaT:
o X ISV, ~ 0.80 X Veriace
o TSI TSV, 5 ~ 0.85 X Viyrtace

E@WWW (Advantages of Using Floats):
o 1Y 31O TR
. HHId DHHI URAUIE aTuRuar HIY
o DIUATG! SMATYD IUBRUI SaRIHdT ATa!
WTET ( Limitations):
o 9T, TIET 10T reYetiges gHTfdd
. UEHRTERIE a0 WX IR O ¢ A8l
3Pl W5 MO ThIH YdTg URFRUGER Siaeiad 3d
. TGUIYes fobdl SfRIId YATSIATS! HHT GHTA
Tile Tgetd Gl_j’CPfFT (Applications of Float Method):
.« R Prera en1fon gear wrad
o TR ST Sieiaeiie STefa= Sy
. QR PR fagsrEr siar
. qfaRvilg yarg gedie
Tl UGd o Yalg ov HSuarrsl U 9 gur gTdt Ugd offg, favivd: A9fiie
ST o1 TRTd IUHR0 U A,
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B. f<Ie F (Pitot Tube):

fcic og@ § U JUBRU 3R o 7ol SHord qEld SaR He &d Jagrl ai
ASUGRITET aMRA 4. § STasied, argifae! 3nfor Sfieifiie ware A Wea
THIUTTA aToRe ST,

ST dd (Principle of Operation):

fiefe g sHfcli=ar THIPRUTaR ST oRd, SHE 3 Bed 318 B g/ Soll, Tfael
Soll 3T fRUAS Foret Sl TehT UaTeld fRR gd. df agar gauguida fRRar
(THUN) G1d HTOT FRR Te HisTd, STae a7 Afgd dHell SIS e,

foete ?5131%[ Ycdh(Components of a Pitot Tube):
SWde ogd: FRR g1d AUt 3¢ YaTgTd di's 4.
2. W E: THM Wiear I SHdE IR gx (R GIF Hlod.
3. TR fdbdl fSIRET IR ¥R RRAr oftr RR qeimeid ad widb
TSI,
fﬁﬂi’waﬂﬁﬁwelocity Formula for a Pitot Tube):

V =42gh

faele d A= T HISTuarE! Ui (Procedure for Measuring Velocity Using a Pitot
Tube):
1. fUCIc oya a8 gard 9rel iUl SWae &d A< YdTeTd die dee- &,
2. ZIC F AU [RURT GId Ao,
3. RR 7 fdar yargT=a Guladrer=T Uargld JuRT fRR grd HisT.
4. fUcic oyg a7 YHIHRUT AU a7 HISTI.
f9<Ic s WIS (Advantages of the Pitot Tube):
o - YAGINTS! 3T
o SR AT HIUA SUSROMAT Ja-d AU HT0T T
« A1 3101 UTof GRS aTuRar ad
«  TAUR YT ATRId, GEHTd HH! gld
II“quT (Limitations):
. GU BH! TS TN TG (BHI ST ThReb HISIU B3I 3TR)
o SR S0 gdTeTdie SSyeHifed YHIdd
. I® ENTS! YaTeTe [GRIRN Slweiyde TRE avad 3%
o 3P HITHYTST HicTe=H TIP3

fee cg@ SrI™IM(Applications of Pitot Tube):
. QO 9= AT /U

. U SAIO1 G arfg-=uiHe UTudre o Hifor
. TR grglicid Aled draull
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. 3NE 5a arer e

Suggestive Questions

Enlist any two types of open channels based on shape.

NN =

state the formula for calculating the wetted perimeter of a rectangular
channel.

Define Wetted Area and Wetted Perimeter.

State any two advantage and limitations of Floats.

State the conditions for the most economical trapezoidal section.
State any two advantage and limitations of Pitot tube.

N o Vv AW

State and explain Chezy's equation for determining discharge in open

channels.

8. Define most economical section and derive the conditions for the most
economical rectangular channel section.

9. Explain the working principle, formula, and applications of a 'V’ notch weir as a

discharge measuring device.
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A e

12.

13.
14.
15.
16.
17.
18.

19.

20.
21.
22.
23.

https://archive.org/details/openchannelhydra0000chow
https://www.usbr.gov/tsc/techreferences/mands/wmm/WMM 3rd 2001.pdf
https://en.wikipedia.org/wiki/Open-channel flow
https://en.wikipedia.org/wiki/Ch%C3%A9zy formula
https://en.wikipedia.org/wiki/Manning formula

https://en.wikipedia.org/wiki/Standard step method
https://en.wikipedia.org/wiki/Antoine de Ch%C3%A9zy
https://en.wikipedia.org/wiki/Hydraulic_radius

https://www.scribd.com/presentation/476757947 /uniform-flow-lec-1

. https://web.itu.edu.tr/~bulu/hydraulics _files/lecture notes 04.pdf
11.

https://www.engineeringtoolbox.com/flow-section-channels-d 965.html

https://www.engr.scu.edu/~emaurer/hydr-watres-book/flow-in-open-

channels.html

https://en.wikipedia.org/wiki/Ch%C3%A9zy_formula

NS, Be! ({R]UR).HTA-Td gRISIII. Hhul-fad.

LEHUY, . (R03Y). 30T TeqHe) TaTg. erel Hl-fae T,

Wiex, R, arget, Tal, 301 SShls, Hee (1998).5d TRHAD!. Hhil-fga.
fafdifear - o= = wil.

Sl T onfdr SITHUHES.e/Fsidy U FJes HablHaiRIea~
Ufeieh =4 1. foi.
https://testbook.com/question-answer/the-most-economical-section-of-a-
rectangular-chann--63a8132b7e2020ce498f199d
https://www.slideshare.net/slideshow/economic-channel-section/75182000#2
https://law.re@?f.org/pub/in/bis/S14/is.14750.2000.pdf
https://law.re@?f.org/pub/in/bis/S14/is.13083.1991.pdf
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