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Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

1. FISS UIYH 11 wW[s S URR H1UH

(Properties of Fluid and Fluid Pressure Measurement)

farwra freodt : ara et Tqurent anfr g HToATRT il TReaTeE IR0 s, (Solve

numerical related to properties of fluid and pressure measurements)

g Aot

Theory Learning Outcomes

TLO 1.1: gafd fafay qwaﬁw DT (Explain various properties of fluids)

TLO 1.2: fafay yerR=ar gafe TStHRT (Explain different types of fluids)

TLO 1.3: fadaar said A= fihelie s U8R B o1 (Compare given fluids based on the required
physical properties)

TLO1.4: fadiedn Syt O T H1uH IUhHR0T (TSt SfoT &Tel =Rl &1, (Select suitable
pressure measuring device for the given application with Justification)

TLO 1.5: f¢cean Rydid 9 fafkiy gamed geTeicd a%jaR Sdald, UHUl GId TN G g 0T .
(Calculate fluid pressure, total pressure and center of pressure on given immersed body for given
position in specified liquid)

1.0 Ufv=g

IS A ol A IRaT 3118 St Figeuerdi=n (5a uerd fdhar ar) fRR aea wfaq™
ARl FefRraeHT] 3= UhR fasr € ¥t wegsuaruie fRR, Tt sifor nfaeha Tef
fRR Fgsueui= NaMNTel Wigs Kiew TUMdNd. Tdid dagsucrdfer snam, S IR
@ara) gdrar faaR odr S A, el W3S ®a-HeH | Ul SR Ididia
TS SUCTe! URR (GaTd) Saial GuId faaR Bal Siidl. f[as-TedT T R WSS S+ Ha
UG

1.1 gauerd wewame urenf @)

1.1.1 ‘ET:I?ITﬁﬁT'q’Eﬂ'H‘EFI?IT (Density or Mass Density)
FIgSUGIU °dT fdhaT aga™ O-1aT &1 TiS S UGl aXgAMTE TUIRR BU URHINa
DT ST, SR YHR Fare Ui e GlegHa °-dT BUMIG. § p (rho) R GRITAd ITd Sl
geqdtd axg@™ o-dd The dhdl Ufd g9HIex 38 WU kg/ m® - URR IO drqa™
AL TR 8Id ST TS SUaridl g-dT RRUR A ST TR It O-dT 9Gad 3.
TS, aRqHM u-dT A fafgel Sird

Mass of Fluid

p e g gy g
Volume of Fluid

UTUgT=AT g-dd Ged 1 gm/cm *fdar 1000 kg/m 3 3178 .
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Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

1.1.2 fafRry go= fdar a9 99aT (Specific Weight )
s Sucd fafkiy aoi fdhar ao T 8 wigsuardf™ aoH 3o A a1 Tt o
3 3R YHR Garedl aoredl Uld giae Bledddl a6 9-d] 38 BUrard Sl d o g™

ERICRICIGH

Weight of fluid Mass of fluid x Acceleration due to gravity

Specific weight = -------------=--m----—- et e e s
Volume of Fluid Volume of fluid

Mass of fluid x g

Volume of fluid

® = pxg
GrogTTdY fAfRry aw fdhal ao 91T (o) 3 Hed TSI REHae 9.81 x 1000 N/m 3 35,

1.1.3 ﬁii'rgai%!{:r (Specific Volume)
wIZSuGIyE ARy FiegH B The RGHHM dATId Said U-he fdhal gara Ufd
e axgHMTaT ARy Riegd 3 WUrdrd. TONdaesed, d 3 oadd ddl ot
Volume of Fluid 1 1
Specific volume = -----------moeemeeeee T - e

Volume of Fluid

3T UHR AR ®iegd 8 a¥gHM Tad 3dc ([9¥g ) 3116, & m/kg U dd
&l SId. & JHRI: dRYeR A 8ld.

1.1.4 TRy [&@ (Specific Gravity)

A1y Ty § g SueTieaT aoiTedT g (fdar g7dT) TOonR U aRkuifd
Dl STd. FHIOG g S uardie ao odr (fdhal g-dT) Hlevare! wgsuardiamst, AHe wiss
(Standard Fluid ) TToft &It ST AT GRIETAT, AF® USS (Standard Fluid TaT gaT gda SiTd.
a1y e yuTar Hvef T 3! WU, fafRIy o 8 URHAMI(unit) Tl THTOT 3118 STOT
sa1 faem a=ifad S,

Weight density of liquid
RISSUGIUTTS! S

Weight density of water

Weight density of gas

Gl S=

Weight density of air

Maharashtra State Board of Technical Education 2



Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

SR g eucrd™ fAfRIy Toareyur I1d 3R, dR &aTd! °-dl & Gara [y Tedardby g
qTogTE OTdT il qUIGRIUde! 31¥d. Iarexony, faRiy Teameyu u=rd 13.6 318, WUH
UT=gTe 97T = 13.6 x 1000 = 13600 kg/m?.

1.1.5 f@EPIRICT (viscosity) RIgedr

fRPITE § a5 Sara UidHRI Aoy 318 fRBIRIET 81 TS SUaridr uied 3ig o
SqTHT TRRUATIRE Ufaefed wxal. f@wmiid! g Ham giom=ar garar fgwdd B (viscous
force) TEUMTd. § 901 TS SUGTd=aT 2RI SR Ta Sidvid Usur 3g! Turara.

fRTPIRIET BT PHIVIATE! FaTal TUIHH 3Tg SN TSI YU THIARATH Ugs ST YdTfed ardl

8 IITd. ! fRTBIRIET SRl HIUde] g Yeo digdl av Sk f@ThIRTIe] 3l s s
AT UfaRie™ argal.

//(- VELOCITY PROFILE

/
IZTTITTTIITTTIIII T 7777777777277 707777
» U

T GiAvige ot T
3Tt 1.1

S (SATAT mu TGUTATd) FHHUTdadT (constant of proportionality) TR 3118 31foT &Tel
DISHRITC 3Th SIS fgpiRic fdhal fewpiRic! 3R WU, du/ dy ISR e &R a=fadl.
fRTPIRIET S| Thd Ns/m23TTg.

Maharashtra State Board of Technical Education 3



Fluid Mechanics and Machinery (313309) u@gﬂ%ﬁw CREUR T (313309)

Low viscosity Hgl:\«\lri;cosity
fewmifc
3TPHdlL.1.2
RPN TR
3TYUT G Ugali-il feg e ITTe] Al Jdvall
fRIRId g IR 3ied:

a) SIS fERIRicT (Sfauege e IRich)

b) HRFHICH (EDINIET

Th TR UM SIegT STel Qekil O cbeft SiTd degT tRIg S Ualdf= HaTe UfcRIyeuul Hisiol arell
SIS D RICT 31 TN 31T GO R TUIS! ST YU doi-RaTel! g S UGy
TRy TaTe Tl g s fRwn RId = a1 ATaTe 190 HrAdies fRRapiRId! ol

FrAHIcD fgwIRd

SIS fRTHIRIET ST TS SUanid! OdT JiATdid Uk U rdl SRS dhall Sildl.
SO fREPIRIEL § 'nu' TareT e M (v) a=ifdd S, Tidiaesedn 3= UsKR a=ifdd
EIG]

Viscosity _

B
Density p

MKS 30T S1 G Hro-Ufcd [RepIRIET Thd m 2/sec 318 CGS IHTHA d cm 2/s 39 farfgal
STd. CGS JAcaad, Hr-HICH [GIhIRICIA Tldh 3Rig! Tl

2
cm?2 1 m2 4 m2

1stroke=——= (_) — = 10 4
sec 100/ s s

. 1
centistroke = — stroke
100
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Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

ge-Ta1 f@wmifdan fram
1 A0y gaT0) WIS Ucdh TRIAI RIR 3¢9 (1) § RIR I =T U JH1UId Sead 3.
UURRHTEHT RIS fogtan RICTa fRR TS TUrdTd. OIS, d 31 ad bl STd

_du
T = }ld—y
1.1.6 DRI i1 9o Alegaw
FHARfafrdt 8 dafudbda Seb Hiegawd 3dc (A9 )3ile, K ST Sare Agpfad aror

(Compressive stress)HTfOT csTvt;_l\J:Iiquo %?;'-Ia {[Uﬂ?ﬂ U CASIRSIG]
3111 1.2 T GRIGTVHTO fiRe = sfacia Rielex faaRTa =,
v= Rifeiemed sifded e gHm

p = BIegH V SRIdHT ARy <Tel

UIR P d p+ dp TTed, I TATITV TV — dV Tdd HH 81 .
TR AL A6 = dp BIgHTH U< = dV

Fleghfed I =- dV IV

- ve 28 U URR aTeed™ 3fTars! S gidl.

‘ "
CYLINDER

DRy

3TPHL.1.3

Bulk modules K = Increase of pressure

Volumetricstrain
_d _ _dp,,

-dVv dv
Vv

PIEIRISR = /K gR el oird

Maharashtra State Board of Technical Education 5



Fluid Mechanics and Machinery (313309) Qs T o CREUR T (313309)

1. A fluid with an absolute viscosity of 0.98 Ns/m? and a kinematic viscosity of 3 m?/s. calculate a
fluid’s density?

Given,
v=3m?s
= 0.098 Ns/m?
Using the Kinematic Viscosity Formula,
v=u/p
Substituting values in the equation,
p=vin
=3/0.98
=3.0612 kg/m®
So, the density of fluid is 3.0612 kg/m?.

2. Calculate the density of a fluid with a kinematic viscosity of 2 m?/s and absolute viscosity of 0.89
Ns/m?

Given,
v=2 m?s
= 0.89 Ns/m?
Using Kinematic Formula,
V= wp
Substituting values in the equation,
p=viu
=2/0.89
= 0.445 kg/m?®
So, the density of a fluid is 0.445 kg/m®.

3. Calculate the density, specific weight and weight of one liter of petrol of specific gravity = 0.7

Sol:
Density of a liquid =S x Density of water

=S x 1000 kg/ m3

= 0.7 x 1000

p = 700Kg/m3

Specific weightw = p x g

=700 x 9.81

= 6867 N/ m3
Weight (w) Volume =1 liter = 1 x 1000 cm? = 1000m?* = 0.001m?
We know that,

Specific weight w = weight of fluid x volume of the fluid
=w x 0.001 = 6867 x 0.001 = 6.867 N

Maharashtra State Board of Technical Education 6
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1.1.7 Y8HNT dUId (Surface Tension)

gEURTIARIS dToT TgUM! arg AUdhid Srced Saredl GEHTTER fdhar g sifdad
S SR GEHRTER BT HRUIR a0 §d UM URHINT oal S, S 1 WU GEHTT
JUTaTRATe! TohT USATHTY! TT!.
o gEHIT Ufd T e a1 garedl 5ed Uid e &3 JEUTITTT $oisadd 3ud. §
U 31&R o (ST R BUrara), SI FHCHHE N/m UH GRifdd it

YYYUNTIGRT JUMTATT 9T 3Tl 1.3 R ¥ ohall 38, Saredl axgd=Id Sard di-
U] A, B. C fdaRTd &1 A 8T U] SaTeAT SMSSTSIAT YUGR ¥ [GRIHT T i ehiid i,
3T UHR A YUER fobam HRUMRT ufRommd} <rekdl T 317e. TR Hidhal gEURTSIaes 3Reiel B 0]
AT HTOT WTeredT S Sferd rcied JgR BRI PRl 3= YHR B UEIA Hads
oo 9@ @reret fGRM STl ea 3iTe. Sarea Gad gEHTTGR f[¥yd ¢ X0 uRume @reren STey
O 3IHAd!. Jod JSHTTIARIG 94 U] U WAl §o §d AU, 3= JHR Garl
R URTIAT qUaraTel! Sard Jad gEHNT 3= UTde e H1d xdld oY &1 d durarare!
T Adrad U8al 3.

FREE SURFACE

YT o

3Tl 1.4

a) &d AqTaId YEHNERI dqua

20T v STIedT SaTed A8 MATdR AT faaR &1, ST Hqul JEHTTER, gEHNTaRd
UM T Rl IR SR,

o = GdTd YYYNT qUd
P = YT 3Td SIETT TadT (STe<e SR &1d <o)
d = JrT A

Maharashtra State Board of Technical Education 7
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T3S T TS HRIART (313309)

Nl o

e, O
(a) DROPLET

|

\

A\

7\

A

1
}

bl

(c) PRESSURE FORCES

YYyy
AN

vy

- |
-
s
L

(b) SURFACE TENSION

%4 JSTaRid YRHRTGRIA qurd

3TN 1.5

40
P=3

b) UiP® (9d) JSgsl a} YEHURIERIA dud

A AU S gSINRS ha e §dedT YUHId G
YSYTT 3Td, Udh 3T 3701 GERT dTex. 31RM bR GIH GEHRT GEURT qurar=n -

3{Ted. 372 IRy,

¢) fafés Sieaw ygurmai« quma

p:

80
d

TP SRITATIHIO T ' 30T fell 'L =1 &4 Sied f[daR &1

P i

A »

3 F

‘ '

‘ ‘

|

L o : -

4| 4

od

od|

AP

od I

Y pl

d ‘
feifp e Sicark gYITIERid qurd

TPl 1.6

p = &g SlcAT 3T raTa gl
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o = SaTdl YYHFT qUIg

P==

1) The surface tension of water in contact with air at 20°C is 0.0725 N/m The pressure inside a droplet of
water is to be 0.02 N/cm? greater than the outside pressure, Calculate the diameter of the droplet of
water.

Surface tension, ¢=0.0725 N/m
Pressure intensity, p in excess of outside pressure is
p =0.02 N/cm? = 0.02 x 10* N/m?
d = diameter of the droplet

40
d

p:

4x0.0725
a

0.02x10% =

_ 4x0.0725
0.02x10%

d=0.00145m =1.45mm

2) Find the surface tension in a soap bubble of 40 mm diameter when the inside pressure is 2.5 N/m?
above atmospheric pressure.

Diameter of bubble d = 40mm = 40x10° m
P = 2.5N/m?

P=7
8Xo
25=——
40%x10-3

6 =0.0125 N/m

1.1.8 WBIRIPT (Capillarity) —

SicgT AfeiepT gamed I+ 3rd degT SaredT YHT I UTdes T ITaef el JHTomd
%d gEHNT dle fdhal °c gIoara Ue-dl SRl 3 Jalud Sid. §d JSHRTAT axdl Jof
(Capilary rise) dlell HRAPT 916 WU R &a UEHIT=AT Usugrg HRAPT W@reil I0) (Capilary

Maharashtra State Board of Technical Education 9
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depression) U @ STd. § Saradl Al Hiex fdar fiferdiey=ar Turd ead ol Siid.
T3 Gard fAfRTS o, S[aan oary 3107 gareal YYHRTERIS 10T ATaR faeieT Sd.
3CTERUT: dairdT fadl STd ard g1 BRIl dd aTuRd

PHIRIBT (Capillarity)
3TPHL.L7
a) PIRIPT 3¢y ATST MfHaaril -
3Gl TIBT IS A A AN <4’ T B! 8] GarHed "Taet Mg 3/ JHeT

A 5d UTdesU&l o) STed. T R, h 3911 Sard aoi egardid gared gEHRTeRIA
S gferd ddl Sid. IR SIed e Sara gEYITERId 9d 8 YSHFTERd dronges 3.

27 Ro
N Y
k3

Ao

PRI I (Capilary rise)

3Tt 1.1.8

HHST

h = CYEHETd SaTdl I,
o = A& YEHNIT d1uT
0 = &d STIO1 BT T [HEhd AUD al Hi

Maharashtra State Board of Technical Education 10
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_ 4o0cosO

_pxgxd

groft 31107 e BTl TS HHe 6 o Yoo 3Tl TN JHT 3HTg SO TUH cosd
U1 SRISRIY 3Tg. UTuaTe a7 aTeid THIBRUrgR feel S

40
pxgxd

b) PIRAST UG TIST YR

A n
L
Mercuryf/é\g:

. y

PRI g Capilary depression)

3TPHeL.1.9

SR B! 70! IR gead! 3R o), IR GRIAedIIHT0 cgaq i YR ide! STesid Sare
TH YT & HHT e, JHST h = S[eadid fSu=r= 3

T (U, IF <rekd! &= 3T URTER H1A HRAN.

TYH T AT [GR B SO GEHTTTAT JUNares 3T ST ol WTalid THIBRUMGR graaa
3Mme

=ocxndxcos0
X 90 § SASRCIed Yadged XA faR &1 HRd 301 o Wiell *h’ ST URRE el x
&7 Tae! 39d

_ 40cosO
pxgxd

URT 3101 HId=T TB1TST 0 ° oo 128° 3HTg

1) Calculate the capillary rise in a glass tube of 2.5 mm diameter when immersed vertically in (a) water
and (b) mercury. Take surface tensions ¢ = 0.0725 N/m for water and ¢ = 0.52 N/m for mercury in
contact with air. The specific gravity for mercury is given as 13.6 and angle of contact is 130°

Solution-
Dia. of tube, d= 2.5 mm = 2.5x10° m
Surface tension
o for water = 0.0725N/m

Maharashtra State Board of Technical Education 11



Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

1N

a)

b)

2)

o for mercury = 0.52N/m
S for mercury = 13.6
Density p =13.6 x 1000 kg/m®

Capillary rise for water (© = 0°)

_ 4x0 _ 4x0.0725
pxgxd  1000%9.81x2.5x10~3

=0.0118 m=1.18cm

Capillary fall for mercury (© = 130°)
- 4 XoxcosO — 4x0.52Xc0s5130 = 0.004m=-0.4cm
pxgxd  13.6x1000x9.81x2.5x103

Negative sign indicates capillary depression

Find out the minimum size of glass tube that can be used to measure water level if the capillary rise in
the tube is to be restricted to 2 mm Consider Subsurface tension of water in contact with air as 0.073575
N/m.

h=2.0mm 2.0 x10° m
0 =0.073575 N/m
o =0°
_ 4 XoXcos6
pxgxd

4x0.073575
1000x9.81xd

2x10% =

d=0.015m=15cm

the minimum diameter of tube should be 1.5 cm

1.1.9 9T qId —(vapour pressure)

&d AR 1Y aRd BIUMAT dGaTell ST BUIdTd. Jod S YU
U] dd dTeR TSedTes iUl (Sl Traferd ard S0 dTgH RUGeR Saeqd 3RId) Bid.

§g HiedTd s SRIiedT SardT (UTun Tgom) faaR &1, Sard dad  20°C 3R
T ST GT6 ATATGRUNY 316, § &4 100°C aR STHHT §ISdl. SiegT TSR Bid, degT XUL Sarel
o YYUNTIA STex USdld. § ary XU Jokd Sd JEHFT S0 HisHTeal oA ST SRId o]
gIATd. T HeciedT dThial &9 YSHITIAR Ga1d HHI0T gidl. 8T 16 Sardl §1% gId U 3esEd
SITcll fobdT BT GaTd 3T 3Tg SUTaR &d ST FUidid gidl.

HUO‘I%%'E!FI (Cavitation) —

Maharashtra State Board of Technical Education 12
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Oidea] AT B0l g0 a8l Sard a1 Bl (§8§s) d9R 8101 o7 Te=Id
ST Td ST GTaTAT Wlell At ST I GETedl USRI § 819 Bl (JS9s) 3 Hlysdld.
ST ST Bl (§S89S) PIadld degl U I ald daR Bidl, ST UTqAT GEHRTIR &d dlgd
34l O A1 3 garA e SRIATd, S YYHNTER T USdTd. 3T bR YT YEHFTEaR
Qo] (Fg) TIR Blard T TUH Tal Uidhe (ag) AT giur 3 -71d 378,

3TPe11.1.10

1.1.10 FIgSUSTYf UPR -

TS SUerd UHR |IEayHTo e

o 3R IS (Ideal fluid)

JIRdfdeh FIgS(Real fluid)

T T3S (Newtonian fluid )

e -G WIS (Non-Newtonian fluid)
o 3T WReH T3S (Ideal plastic fluid )

3Te% Fss:

wgeuerd S ST A9l 10T STel fep et T9d, 3R WSS UGIUTdl 3a Fiss
fohar oyl TRIgE RUrard. ded JEHTTGR aroT Aol SeRi TIss .

3ex vz s Uy samed Fug gvur 3d | 3eRf Udss ardard ifiard el
qRAfAP WIS S:

ST RgsUariidr fRwiRel , JRHRTARIA a1l STl U Srdrd. Tl aRdidd W3S
U, GaUTYRUMU 94 YHRAT a1 dRdidd RIgs A old. SETex0r: BRI 0 iied
ad.

IO ss:

-1 fgen IRIET=A1 FAadT UTei HRUm=AT SaTell el =a tss 3 TUrdld.

eI wseuald fRR fEHINCT 3RId 3NfUT fEWIRICI § YT 31 SHIHRH. TR Saaed
6. TIRUIMET &R 31101 JR W IiaTd Y& (linear) HaY 3Rd. 3&1gR0l: TGlci, §dl, gaid
ad.

Maharashtra State Board of Technical Education 13
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AH-_e 1 w5s:

S TIgsUald e fewpiie! fAaam ura $Ra A6t I1ar A Yeiad wWiss 3™
RUAr. 919 g Fagsuerdfdia TR ©9 3 Rer w1 =it de ymmond At geiaA
TR T3 SUGTIT=AT SnarTa Rafidroll Turdard 3&Ig¥ul - WIe®, IRT §.

3Texl WIie® wgs:

SR IR W9 avren AfSde= A vHIua 3| i SR RRR 9 quitdrd Jed giRomdt g
SR 3, TR AT 3eR] WRed Tss UM Jared S,

4
s Jestnald [deal Plastic fluid
Z Non-Newtonian fluid
? y
;
9 Nc\:ljvtonian fluid
[deal fluid
L >
O -
; : du
Velocity gradient [._]
oy
VRPN CRSEAR
3Pt 1.1.11
1.2.1 WI%S YT g

RIS SUGTITT URR UMl Ufd iIe &t esT=T YU d Sraed] HIUdTG! gEHITER WISS (RIS
fhar 9 GR AN Fad 99, § WSS YU Jad, gTaaraiye gid SMfor 99 fG=ii=t J@ JdH

BT B, AER S| THd URG (Pa) 33

122 4IRS
URR B Bl &d WHTH! ST 318 STt Gauardi=ar qo-rge THr=T gt fafiy g faor &,
%4 gite e AUy Sdiges ATl WHTH Iord qU- HRUARITS! T aTUR el S,

TfESe, IR 8S (hyp) Wrefd THiaRUMgR grage S:

P = &ddl ald.

Maharashtra State Board of Technical Education 14
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p = Sdrd! g,
g = ToTHYUITHES BIUTRT T,

1 foot of
water

0433
psi

.‘

TR TS
3TPeiNL.2.1

1.2.4 YR ot fAa|

second force is 10 times original force
Fo=P2A2=10x F1q

original force

F1=P1 A1
area A2
area A1 (A1 x 10)
fluid
_ A _F2
P = A1 P2 e

Pascal’s principle
IRl (HgH
3Tl 1.2.2
A faafva fhar geiva dem Sal. RR W Sarn Jusid e HIQrg! gEHRTeR
HICHIHIT B B, TRGA 3RB! HeRT AT B RR Fauerdf=n i@ fdgasid e
Squerdidia o figHe STum=iT ¥4 WA JRETd 3R,

Maharashtra State Board of Technical Education 15
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1.2.5 fARU& SR HHEUAT (Absolute Vacuum)
fARUer g Ut quio) ueref Arael S, 1) UeR X SRl aragiie 25, € U aRi

Ryt armg Sft guivor T1eg Felt 513> Thd ATel, W RagH UY aMUe- gU HH! IR faTS Bl
A, & FheuT Mfammed Sfr siftrife R asmed Wi Snfdr ufharardt mewyut o

ST 8T YU HHIAHH! 8XaY AT 3%

1.2.6 fFARU& T1E (Absolute Pressure)

RUE 31a U FARUE TR SIET=AT AgHid Aok S0 a1

1.2.7 5T qld (Gauge Pressure)

S g1d TGOS I HTU- JAAT JIerA HiSTall SITUIRT &ld S e aTdreRuiel &ld ScH U

T Il WhaaRid aTdTaRuTdT a1d - BUH fergiford dar Sirar

Pgauge = Pabsolute - Patmospheric

@f?) Pabsolute B ﬁ@&‘[ ald \}”% e’ﬂfﬁ‘r Patmospheric Bl q|§:_|,"is Q’ﬂq Gld

1.2.8 %ﬁ'{q TR (Vacuum Pressure)

THH URRH IR d-HS Al GISTUEHT HH! &Td U el ST,

atm

Point A A = any point above Py,
B = any point below Py,
. Py .
Atmospheric Atmospheric
pressure 2 pressure
P.
vac i
Pabs Patin Pam | _y Point B
A
Pal)s
Absolute Absolute
P ™0
vacuum ne vacuum
P.ps = absolute pressure Pyac = Vvacuum pressure
P = atmospheric pressure P,, = gauge pressure

9

The relationship between absolute, gauge and vacuum pressures.

A0, o1 SNfYT SR URR TiATdia day

3THdL.2.2

SIS AMATST T ST i SfidREa

UR&d (Pa) : Q19T S| TH. 1 Pa=1 N/m 2

qIATaR YT (TEITH ) - A digHS AT §1d. 1 atm = 101,325 Pa

Maharashtra State Board of Technical Education
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dRR : 1 dR = 100,000 Pa

1.3.1 AR

Hfiex ® TP I 9iie o gaucruf=n tet foigar od Auardt gue fhar goat gagR
Sauardfar Ty Hgferd sRd.

Hed UoR

A ol AT YpRd HAHIeR T8
a) I HAMHCR

b) femIRmEa dmeR

1 e Hendfiex

1edT HAHIRAE HTod! T3 d ST Udh <l R foigRh shedd 3rd ford IR Hismg=n
3l 3101 GIR e ATATAR VNI Gl 31,

1T HAHICRd Jeld IR UHRIHS TIIHR0T el TR

a) fosnfireR

b) J-d IR

a) fosnfereR

T HiSaTd fhaT UTSUHel U[g S 318 T HisaTHe) TR HISugrTa!, dhe-R fhar ursu=an fiediar
Ueh ogd SISl Sld S T3S Yed! WUldhed SaHY W3S dig Wdhd. TISS DU JdlaR
TGl § 3G 30T p = pgh &Y ATOREHA , ZaTal IS YRR FYTRT el S, . 3R IUHRUI
OSidicr ®UH sfieEd Wrd .

Maharashtra State Board of Technical Education 17
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| s e\ SRSY SEDU VY AO R MR ST Y |

B

Piezometer

forgHieR

For gauge pressure For vacuum pressure

g-egd HAtex
3TPeiN1.3.3
3{Tpdild GRIGITYHIU AT U-STHRIT dldbeiddl bl Fod] 3¥d, ST T i Tebl faigit
Sedd 3RId SATaR &Td Hiomaal &l 0 gaR <l dIdIavunel 39s gd. &1 7@ URT fdvan
SR DIUE! &a oATd [ARIY THAIHYUr AT Sara fafRiy Te@rbyuien SR ST SardT GId
HISTT 3,

2. fewiRRma didiex

fSHRTa diex 8 usundia fhar g o uRwEdd gF fdgatha IR e
TOISUYMETST aToRd SR UM 378,

fEwm R Hieraed g-ogd 3d, SIHeE 318 TS S 3!, SATdl G cldb 31=1 fagAT sheaet

3TdTd ST STETET Wb Jieldl Sdl:

Maharashtra State Board of Technical Education 18
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2.1 Y-egd fSwRrad d-Hiex

§ SR JUHR 318 of Ursureid g foigndia fbar g i s dia URR wRe Aieoare!
IR ST, T HAHIeRAE G-3RI 7] 3RId S YR TS 3Rl

GH Tl UIRUHEld g 3fwdd fagRi Sl fTed Saredl el HRdh 3avad 3. fag A id
UIR B foigUa SR o 71 . AR A IRId 9IRd URR U-Saqdid S8 TRige Jelt STuar Ui
UrSd. STl ST Se Saral g1 Wil faRA giadreiges I9ar S 58 g IH
PEIIGCIFSE

h:
A A
For gauge pressure For vacuum pressure
g-egd fEwRrad d-Hiex
3TPeiN1.3.3
HHIed Brae
a) o dTURUI AU 3778,

b) T ITH bl 3Tg.
¢) TId, ATUHM, UdTe A0 SR Ufhar aTell HISToaTTa! aroRa Sird.

HHled die

a) HAHICIAT HH! JHTUNG SHAHS RUdd ufaare s,

b) TS TR SHTIOT TEUH i SN SGal HIdT glardlel hH! YHIUNA hRdld.

¢) HAHTCH FIgsuarde gdT AUHMIER Sfadiq 3 &d. e dIHMI dGaTdes g
8IS Yehdd .

Harfewar aTR
a) TR DS AT 9= C@HTANTA! aTuRe SiTd
b) ITT IYINT G, SICTaRUT dalrd S0 SR FifAS! SeMArat dval Sirdl.

Maharashtra State Board of Technical Education 19
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¢) fFrfed Ui -aed O &1 Xad ald Hioro! TfoT fhforsiierdt aramdl s S,

1.3.2 918 egd URR IS

SIS ogd URR IoHed Ueh afdeh ogd 31 it UehT STo[el HiheHe S Sid fdhar dess dall
ST, ST Id URR 161 3Td GEaed] M HRaedT JeTesaed [dhal SdadeaiaR Urds cqaq s
Tl Saa Bl AT SiETST o3 BT Hd. § A1 TR 318 1 URR fEedrar Iuet Fe! Irrad:
forel MaTepR a1 URd fHesad.

0.6 - 7,000 IR GRETTAT AU GIET<AT HTIRITG! Sie- cgd YRR ol aTaR &l Sffdl. § Jiid
TR AR SUHRO TGO avfipd 3HTed 3101 WUH d HIUATe! fdggd Ierdl ardR 7 $HRdl B
IR

T 3for St

Bourdon
tube

W iy

\ /
Ml 15002

0810 ~ N

Tip

Adjustable Link

Segment lever

Socket

www.InstrumentationToday.com

E:

Bourdon Tube Pressure Gauge
die ogd U=R T
3THdIL.3.4

qTd Yeld: H-Hics S Uldhed ed] Sd, S Ueb Cldb R 3l 3101 IR SIUTRA Ssdia 3l
RGN TP HIHS Jrad ofd, BT GRIGITIHTL. TN HIG-HaRMd U ATIGBIPR
3{T8. SIgT 31§ AN Hdl Ildl 0] AEagBIBHR AfId! ([dhdl S8 egd) MAT®R HIg-SHe
s fquaTe Tod ®Rd. 3= TP, Mg FH{ur gl 31fiT ogd TRes givaral Uad Hxd. AR,
ISTAT fARITAdaR Sfacisd, SIadl o <l oAl &R fihdl. AR] deiell GId Tod el gad-aa
ST fARUTIATRR SfuTfcres HeeTd Sd). Ueh faaftd (deflection)STTOT Fferd HRUMRT T=0T Wi
TSN SSdd 3T St Uigex fhad SfftT garg ReT aRiad aruReld! Sl FHT=ad: B
Fie, fUdes Sfor aRferd SIIR /. Hi-cgaa aF-89 TR0l AT, Jad cldbal Sugd

Maharashtra State Board of Technical Education 20
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1)

2)

e a1 31 3], TUTY, T-eT3U g a1 qaTd AH-I90) aT9RedT STTdTd, aTTaiTeadT SR
o1, JETeRUNY, B, drdcied fdhaT At Te ¢aid aToRedT STdrd.

The right limb of a simple U tube manometer containing mercury is open to the atmosphere while the
left limb is connected to a pipe in which a fluid of specific gravity of 0.9 is flowing. The center of pipe
is 12cm below the level of mercury in right limb. Find pressure of fluid in the pipe if the difference of
mercury level in the two limbs is 20cm.

Given-

Sp.Gravity of fluid S1=0.9

Density of fluid p1 = S1x1000 = 0.9 x 1000 = 900 kg/m?
Sp.Gravity of mercury S; =13.6

Density of mercury p2 = S2x1000 = 13.6 x 1000 = 13600 kg/m?
Difference of mercury level h, =20cm = 0.2 m

Height of fluid from A-A hy=20-12 =8 cm = 0.08m

Let p = pressure of fluid in pipe

Equating the pressure above A-Awe get

p + p1gh1 = paghy
p +900x9.81x0.08 = 13.6x1000x9.81x2
p = 25977 N/m? = 2.597 N/cm?

A simple U-tube manometer containing mercury is connected to a pipe in which a fluid of sp. gr. 0.8
and having vacuum pressure is flowing. The other end of the manometer is open to atmosphere. Find
the vacuum pressure in pipe, if the difference of mercury level in the two limbs is 40 cm and the
height of fluid in the left from the centre of pipe is 15 cm below.

Given-

Sp.gravity of fluid S1=0.8

Sp.gravity of mercury S,=13.6

Density of fluid p1 = 800

Density of mercury p2 = 13.6x1000

Difference of mercury level h,=40 cm = 0.4 m
Height of liquid in left limb hy =15 cm = 0.15m
Let the pressure in pipe = p

Equating pressure above datum line A-A

p + p1ghit paghz = 0
p = - [ pighit paghz]
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- [13.6x1000x9.81x0.4+800x9.81x0.15]

[53366.4+1177.2]

-54543.6 N/m? = - 5.454N/cm?

1.4.1 YPHUT &GdTd (Total Pressure)
ST %d JEHNTIAT HUhid Jal degl Uk THdd fdhdl agh JEHTTIAR fRR gaueriigR ar] sad
§d UH THUT &1 URYTNT el SiTdl. § §d AeH! JSHTFTOR I 1 HRd

1.4.2 qdld g (Pressure Center)
YRYTGR UHUT a6 AR HRUATT foga g dg wurdTd.

1.4.3 3rsaAT U wggs gl faafsla frafia ggumT (wear) T gaa

fafRIy aom w =1 Sara fRRR IRgHMd Ui gead &5 A 1 IHAd JEHETET R & |
THAA JEUTT STHdHe GRideed] Sare Jad YSHTTT WTall h @R e [¥Udid (g
R3S GSUFTTAT JHAR) ST SIT.

Free liquid surface

h

!3

Horizontal Plane
surface of area A

l/l/f—-" _____

TS YA GG UHUT GId
3TPetL.4.1

TS gEUNARIA Ud® foig Sara gad YSHRTAT Wial h 99 FieiaR e, gl
IYYTTTERIS URR diierdl p =1 kiR fRR 3118,

TUH, JEHTTIAR ST HRUIR UHUT G1d 9 F R fad o

F = JSYITIAT 01 gEHFTERId GId diadl x 8Ahd

=pxA

:?Wh)A:WAh

F = pgAh

THU T1§ et &S THad YS9 (@) 3’9 &1 . § JEHTTT=AT Feaynft 3w
QT feRM SR $d.
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144 3T fRUd wgs wea fawfola fFrafia ggum (@ear) teporgama

TTeite 3Tt R STBR T 8has A T THad YHFT <=ifaq, fafRiy o  w = garen
FRR IXgAMIT QU0 gSad 3R, JHad GEHFT 33T 3=1 UHR eRET STl &I JEHFTRT dhafag
TKIZS Tord YSHITIAT Wil 337 Wiclax (U 3RIa. 31T T GEHRTTAR HIA B0 THul
VIR §areAT aroRTAT fogd afRaron o & fAfgd o,

Free liquid surface

dP —¥

/'L ___________ Vertical plane surface

Edge view of vertical
plane surface

I THAA YEHTTTARIA THUT YRR GaTd Yool §8q-
STPel1.4.2

Y, YUl gRURTERIA qraTdt digdl fRR T9d, g df gBHRTaRId fegugd fagudd Saad.
ST Wl YEHTTARId S gury fagudd sead e, grard! diadr Ig01 JEHTTER fRUR 9.

1) A Rectangular plane surface is 2 m wide and 3m deep It lies in vertical plane in water. Determine the
total pressure and position of center of pressure on plane surface when upper edge is horizontal and
coincides with water surface

Width of plane surface b=2m
Depth of plane surfaced =3 m

Total pressure is given by

F = pgAh
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p = 1000kg/m® g = 9.81 m/s?
A=3x2=6m?
=>x3=15m

F =1000x9.81x6x1.5
=88290 N
Depth of center of pressure is given by equation

*__IG
h=2Sih
Ah

where Ig = M.O.l about C.G of the area of surface

bxd3 2x33
= = =45m?
12 12
. 45
h™= +15=2m
6X1.5

FREE WATER SURFACE

1‘- Ge l Im

2) Determine the total pressure on a circular plate of diameter 1.5 m which is placed vertically in water
in such a way that center of plate is 3 m below the free surface of water

Find the position of center of pressure also.
Given-

Dia of plate, d=1.5m

A :§><1.52 =1.767 m?

h=3m
F = pgAh
=1000%9.81x1.767%3
=52002.81N
h"="4h
Ah
Txd* mx1.5%
Ig= = = 0.2485 m*
64 64
* 0.24
- —85 +
1.767%X3
h* = 3.0468m

Maharashtra State Board of Technical Education
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Mo

10.

Exercise:

TLO 1.1 Explain various properties of fluids

Define mass density and write its SI unit. (R)

Define specific weight of fluid along with its unit. (R)
Explain the concept of specific volume. (U)

Define compressibility and the bulk modulus of elasticity (R)

TLO 1.2 Explain different types of fluids

List and define the different types of fluids (R)
Compare Newtonian fluid and Non Newtonian fluid (U)

TLO 1.3 Compare given fluids based on the required physical properties

Compare physical properties such as Density, specific weight, viscosity, specific gravity of water and
mercury(U)

TLO 1.4 Select suitable pressure measuring device for the given application with
Justification

Choose suitable pressure measuring device for given application (A)
a) blood pressure b) pressure of water in pump

TLO 1.5 Calculate fluid pressure, total pressure and center of pressure on given immersed
body for given position in specified liquid

Determine the total pressure, center of pressure on a circular plate of diameter 1.5m which is placed
vertically in water in such way that the center of plate is 3m below the free surface of water.(A)

A rectangular plate surface is 2m wide and 3m deep. It lies in vertical plane in water. Determine total
pressure and center of pressure on the plane surface when its upper edge is horizontal and coincides
with water surface.(A)
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2. %d YaTgTdl Yeda<d SATOT YaTg |19

(Fundamentals of Fluid Flow and Flow Measurement)

o fresit: deiviteR, siffeftra wiex anfr fieie eqe g fafay vaTe A SusRUIieR sfc=
RIgidrel RL R, (Apply Bernoulli’s theorem to various flow measuring devices like venturimeter,
orifice meter and pitot tube, etc).

geod freit:
TLO 2.1: fafay yeR=an %a yareia aife<ul #x1. (Classify different types of fluid flows).

TLO 2.2: fafay Udre ATOH IUHRUMaR ATdd FHIHRUT (Continuity Equation) STTOT TGl THIHROT
(Bernoulli's Equation) W] ®R1.(Apply Continuity equation and Bernoulli’s equation to the various flow
measuring devices).

TLO 2.3: faaiedn YaTg A SUSHRUMET aTR He YaTg [a¥l (Discharge) TOMT HRUGTE! UishdT quiH
DRI, (Describe procedure to calculate discharge using the given flow measuring device)

TLO 2.4: fdciedT Uarg HIIH SUSBRUITET dTiR H UaTg &R (Flow Rate) TTUMT &1, (Calculate the flow
rate using given flow measuring device).

2.1 <d UdTlg( Fluid Flow):

R ( Introduction): %d 4T &1 Mfdm R SftT e iadta Ue qayd ddhedr 3. St
&4 311 Iz gTadTeld auiF ®xd. Jite, AFRI, RS T gafarer sim@ifea!, aud
HifahRId, STTa=ed ST 3wy areg fafay &= %a udTe o 9ol Agwaqul 8%,

%d U4TeR UPR: A3y URT 5d JaTe 3ed S WIeiauHT Rd:

1. R aifor 31@4?( Steady and Unsteady)

2. gﬁﬁﬁ &Wﬁrqﬁ-qﬁﬁﬁ( Uniform and Non-uniform)

3. e SHTIUT SRACYHA( Rotational and Irrotational)

4.T®, g &Fﬁﬁrﬁﬁ?ﬂﬂ( One, two and three dimensional)

5. AR &rrﬁwscj?i-c'( Laminar and Turbulent)

1. FRUR 37for 31T WaTS:( Steady and Unsteady)

RR YR : STUdE 99 9, g 3101 iy AR TRAT A1 Rl fdvar UaTeT ¥R dgad Aleid
, 3= YaTeTell fRR YaTg Wordrd
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(a) Steady, smooth flow
t Parameter, P,
palzlr?nv;ter ---- Parameter, P,
Time, ¢ g
RR yarg
3Tl 2.1.1
Steady Flow
constant
level
constant velocity S
qrogTET fRR Udrg

3Tl 2.1.2
SRR YaTg: 3R YdTE BT WAl Udh UHR 3Tg, ST 3, T1d fddl g-7a1 a3 JaR Saad.

(b) Unsteady, smooth flow

4

Parameter, P,

———— Parameter, P,
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Unsteady flow

dropping
level
( variable velocity h__._

qTogTe SRR a8

3Tl 2.1.4
2. gFAB1H 3for Ai4- gwid yars:
eI yaTg: 1 YaTeTd YaTere feRma dfsta deuid HIordrg! dot a Saad ATe! el
MBI UaTg WUIAI. IeTex0 : Sig] 5d YdTg THhARSAT AN Sfcied] rsy Je Sl

- D -

Constant (Same Velocity)
PIELAERCI
3Tt 2.1.5

Uniform Flow

qTogTaT gAY aTg
3Tpdl 2.1.6
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A-gFeTH T

||||0l,||
b

o - High Velocity

Low Velocity
A-g(thIH FdTe
3Tl 2.1.7
T YaTgld vaTeTedn e dfdi=ar deuid HIvdme! dd! a1 Sead! drdl A4-g-mh el
UG G
IaTERVI ; SIegT 4 UaTg s fdhal et < SRio @l Uied HYyd ST,

Non-Uniform Flow

UTugrET AH-gAhH Jae
3{Tepail 2.1.8

3. IR ST RIS
AT TeAl: ST UATeTd §d HUI YATgT=aT YN dIgdl, ATl Wad:-2T H&THId eard fihal
I NIREE N NIRAYGIGE
JGIexN : Sig] %d UdTg S ALHTN MadR fUhd Sl fdhar du=ar BRI Je MAThR
i,
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I Tl ST YaTeTd &9 U YdTeTed] YNiaRe argdid , el -2l 3ieMHiadr fthed
Teid ITcl S Ul g UIdId.

4. TP, g4 31fur Bifedia:

- TR §a W18 (One-dimensional fluid flow): STeET GaTd TOTeR ST9: T, T STfOT
&9 UahT faRM Seadid dag] IreT Th- ST §d FaTg oI,

fgfreia g watg(two-dimensional fluid flow): SI&T &a ‘IUT%Iff ST I, YT 31107 ard
S fezAe deadid del ITel fgHdia % UdTe Weurard

e ga Ydrg(three-dimensional fluid flow): @I%TQH{IUTW{[ o a'lT, LERIRINUEAE]
I ez Seadid deel ITel By %d Jarg B

5. AR 3TIOT e=die
AR Wl SIceT 4d AR WA agd), SOTHed YRIAS HIUdal U0 8id 1! Tl areR
Tl IUIATd.  3aTg<ul ; Gl AlSdhdi® Uarg , BT Udlg

Laminar Flow

Y

\

—_—

SR Tl
3Tl 2.1.10
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Tde Tl cedic AR BEl 44 WA i@ 9 fhRd SRdl gl el ejde
Tl TeUMATd. 3aTeRul : R har ursy ededn Y JYH UTudre JaTs.

Turbulent Flow
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2.1 FTeS T PHIPTH! HBET- Concept of Reynold's number
IRSAT- A SaTd STed 9d MU Fauarid fade 9a I TUIRR GUH T SARSAT ot ST,
UdTE AR o esdde sRauaa! ¥Hice <l shHfdm e Yabed-T aTaRe SiTd.
SR YHlegdl AT 2000 Y&l HHI 3 IR YdTglell AR YdTg WUIdId.oR Alesdl SBAT 4000
T&fT SR 3 R TaTeTdl ejdic dTg Wurdrd.
2.2 amae wHreRwor( continuity equation): AT B JEHTATAT YRETUAT fAgareR snutfa
TP dId GRIGITIHTY UISTAT GIH h19-HaRdT [daR &
SR, V 1 = $h1G-HaRM 1-1 TR TR T
P 1 =TaUNT 1-1 R g
A1 = f3umT 1-1 30 UEUR 9w
TP 2 A2V 2§ o 2-2 AdieT Tefeid el 3med
1:pqAqV A9 sauIEI R
fayrT 2 2 D G WSWEIR: p, A,V

Continuity Equation
T HHIBT

3Tpdl 2.2.2
TRGAATAT HaeHreat AR
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faUTT 1 -1 7l gaueryET &R = fAHTT 2 -2 7 gauery Hsvamr

o AV
P1ALV1 Py Yy

T THIBRUT § BRI (QIEUaEART) a9 HIRed (GIEUarg) a9 %d YderNTd]
Id JHIHRUT 3Tg.

DRI (QTEUIRINY) THAT SIS, p 1 = p 30T WG FHIDBRU HHI bl 38
A1V1=AsV)

eI UHY: SiogT GIedT -1 JUIRT 10T fadhe aid &d Ul fE@m1ung gu-a1 f3@uft yarfga
T a8, T T U Ul fagar TRl Sl Uid giHe 9hes fRIR 3.

S,
@UTWT % + g + 7 = RR(Constant)

K %, Z = potential energy per unit weight or potential head.

2

<

= Kinetic enrgy per unit weight or kinetic head

2£_9= pressure energy per unit weight or pressure head
e IHiER:
:= dx,
A
Y F=

(I y, I >
Flow
CRINIERSEICRY

3Tl 2.2.3
S faUmT ( 1-1) 31T (2-2) fa=RTa =&, fAumT (1-1) URH faunT (2-2) Se SUIRT HdTg oIS
S CIEZRRSSEIEaST
3T AT THg aTReH -
AU TR U1 T (1-1) SHolf = FAUTTI T U1 T (2-2) SHoll

Py V2 P, . V,?
—+=+z==+2+2z
w 2g w 2g
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CRIGIE IR PG R A GRS ICIC] B
i) %a 3MTeR 3HTe WUt Raverdl( fRaRich) T TR,
i) JaTg R 3118,
iii) TATE SBT3, HIOREd (Sravara) e,
iv) UdT8 Teh g 3118 .
v) @B YU g ST &I §at Fird faaR ol S,

mmm
i) % 3MeRl A HILRIEd (7 SEUIRNY) TaeRITe! AN 31T
i) Sd g fobaT STex IWIdT §EdTcRUN YL ST,
iii) AT fRR I8 Soiee+ Siavfd Soif sad ATl

S TelaT TRATET SUGNT: S <1 UHATE STa! SUGNT TIeiidyaTo 3Rd,
1.ggRHeR

2. 3NNBI Hiex

3ficlc =@

2.3 FRAtex . TG Hiex g UaTe U9 35 3118 of S ol GHIBRUIA] dalaR aTdd, o Saral
I AT SR Feftd ofe. IRl Hiek § UlsUgR UTuit fdhdl SouRe Sauayidl Uarg
HISTUGTATS} TORT SATUMR SUBRUT 3T, AT Bi-doiT (AU, e SATOT FEafSiT faumT SR,

YT
Converging Throat Diverging
Upstream __ 45 nbd _Downstream
Manometer
3Tl 2.3.1
I Hiex i YT faURTS T 31T oiY i:

DI-ATONT AU, 31T SHTFOT SRS fqumT,
HBTATHT FAUTT: B B TR e YaRgR 318 o s YaiT bl ol faHIIT=IT o4 g8}
S gIdl, TS AEAT Sardl av dleal.
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ii) 3Te: BT BRI HiexdT vard 3f¥e YT 31Tg , o) SardT o ST SR UTg gl AT fpam
G193, RATCTAT 1O Rqewar TTRTUET Y dT S HH! Sl

iii) STAGRISIT fAURT : Areamed IRt Hiex 61 $¢ gial. 81 [qUNT sauerdfan 3 ot axva™
30T g1d IR Hesfquar Ted ol

PRI

i) ST SaUGTIET UaTg & HISTel STUMR 31Tg df &1 P1 98 & ogRHICI Sl (AU Ta=T
Hl.
ii) S gREe HaT faUTTIiTa Sauary SRRl faUTTIiTa ard &Ht gid Tgd! S1fo 3ie 7ed
TA= HedIaR P2 fBHM e M3, degl Gaucryia ard P2 HHid HH! 3.
iii) RN TSt 31T e faurmaed g femRrrd IR IR & B (P1-P2)
iaad! of Biersic Pedrar USUHET &d YaTere ax aRifdd.,

BaS:
i)dg} Hiex a8 AU 3o SEehdl aard.
i) TR W RBAT IR Y18 HIUH IUBRUITT Jod AT s DHHl-gIaTd JHAM gid.

gt fEwrsia urie (@eu®) (Cq).
QY8 Hiee fSwarste Ui (HTurP) 8 URHIEH WRHTER 318 .
Ui (HGIUI®) WU Sard] dRdfdd fSwars! 1o Rifedhd fSxamord oM.

SIS U (@EIUI®) (C q) =—2ocual

Q Theoretical

W %ﬁ'ﬁf _ Volume of Water collected V
-_ Q ?cﬂ': =

Time t

_ _aqax,/2gh
W%ﬁr\_’f - Q th _\/W

V= AISTUgTAT eIt HET
t = TP HRUGMTA] ANTUMRT 9
aq =t"€-q%am,
a, = Uic &
h = A A da ST e
g = THATHYUITHS FIUMRT T,

1.A venturimeter 100mm x 50mm size is used to measure the flow of liquid of specific gravity 0.8, if
the mercury differential manometer head is 200mm. find discharge through the venturimeter.

Given- di=100m=0.1m
ar= 50.12 =7.854 x 1073 m?

d2=50mm = 0.05m
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a= §0.052= 1.963 x 1073 m?
S.=0.8, Sw=13.6
X=200mm =0.2m

Sm > SL

Pressure head =h =y x (Ss_m — )

L
_ 13.6
=02x (T2 -1)
h=3.2 m of oil

aia,+/2gh
Vai 2—a22

7.854 x 1073 x1.963 x 1073 1/2x9.81x3.2

Discharge = Q = Cq x

=0.98 x

\/(7.854 X 10~3 )2—(1.963 X 10~3 )2
Q=10.98 x0.016
Q=0.01574 o
Q =157.4 lit./sec.

2.A venturimeter having throat diameter 6.3 cm is provided on a pipe of 15cm diameter if oil of
specific gravity 0.88 is flowing in the upward direction ,determine the ventury head and the discharge
if the manometer shows 12.80 cm of mercury deflection . if the vertical distance between inlet and
throat is 22 cm. determine the actual head of the venturimeter. assumed Cq4 =0.65

Given- dia. Of throat,, d2=6.3cm=6.3x 102 m

a_TL’
2 4

dia. Of pipe, di=15cm=15 X 1072 m

(6.3 x 1072)2 =3.117 x 1073 m?

a1=7(15x 1072)2=0.0176 m?
soil =0.88

Manometric reading x = 12.8 cm of Hg

v =12.8 X 1072 m of Hq
=y x (32 _
h=y x (51 1)

=12.8 x 1072 (%— 1)

h=1.85 m of oil
aiax./2gh
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0.0176 x3.117 X103 X /2x9.81x1.85

=0.65 x
J(0.0176)2—(3.117 x1073 )2

Q=0.0124 =

Actual venturi head if Z, —Z1=22cm =22 x 107?m

P. P

h=C = =)+ (Z1—Z;)=h
h=1.85m of oil

Z>—7Z1=22cm=22x 107%m

h=(2 — 2 + (2, — Z,)

=185+ (22 x 1072)
(@): 2.07 m of oil
w

2.4 NPT Hiex: gauerun yarg <R HISUaTat 54 iffe el Ue iRty Hiex g
THTI: aTURd SITUIR 3SR 3Tg.

- 2D = D2 VENA CONTRACTA
' ORIFICE PLATE Pl
T | ——
I1 I- C >
- X
| |
| |
=
2 . :
. /f_:—\
DIRECTION OF FLOW
|
b 4
| DIFFERENTIAL MANOMETER

3{Tepell 2.4.1

T

R HexAed Wetd IR HIT ST
i ) Scc AR

i) 3MRhT wie

iii) TRl hISTR

iv) 3T3cale faymT

i) gTde fAUTT: gaie Ya=r—=a1 a3 3T 3M1R o1 5d 3aie fAUTTgR RfhY Hexusd
a2 .
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i ) 3MRTPT wie: SRy Tic, 3 3T 3M3cdie ax: YT 31T 31701 I7 WiedT aTuR &g
$1q FHfor HRUGITET aT STdl STHes UdTe &% H&H gidl. SR Wed 391 § Ude STaRE
A MY e s 3r&d ST aroft fg S,

iii ) el PSR : Tl ISR AR HIeX S[EAT $cie (U X1 TaTg( linear flow)
qIGAUITITST Bl SITdl. Tl HISIFR Hier =T Sidesiaed g-cie f[AHTTd SHad SiTd

iv ) fT3ede fAUNT: 3m3cdie fAUTTd, SauanidT ara Aisar srarl i uiia dar S,

PrIad: S 3T il UIg Fbal [ U UTsY 3Tg ST &4 U] ST g1 SIo[H Srd
3{Tg ST Ueh ZaIC ¢ 3M3caic Mg, aH-fagadd( two-point) GIETdIT hReh HISTUARITT HAHIeR
Y SISl 378, T 3G U (855 i Sad! St BRI Uldes Mg M0 ATHE Ueh g fevg
3{Te ST &d S5 d. STAT Sieg] o dled! dagl aId HHT gIdl M1 d Iae gid. uRgdHdid fox
Qicd R $hde I f[3HI YT o fdhar fewams Ruia s, fewarsid! oMt THrgR ol
SIS, Q.

B Ifere OITH (HEVID) :
1. fewmmsta unie( HisfRite 3w fewars): fswmd e @eTuid) Bor! Sarl
JRdfae fearet 3NftT Y ife fewamord iR,

2. 37T T[UTI® ( C v )( PIZIBRITE AT QaAlRIC) : § Gl Dlcdelarid sicHl dRdidd did
Jgifae a7 Ui 3178 .

3. 3THT VNP (C..) : § AT Hicaelardl oied &hes T fesgrean &= UK 318,

AT Bic el "I Hi-cdel " g sg WU §d FaTgTaid A faga Jiad HRdl oY Jargr
Y- YIRS & HHIADHH! 3.

1.An orificemeter with orifice diameter 10 cm is inserted in a pipe of 20 cm diameter.the pressure
gauges fitted upstream and downstream of the orifice meter shows readings 19.62 N/cm? and 9.81
N/cm? respectively.The coefficient of discharge for meter is 0.6.Find the discharge of water through

pipe.
Given- d2=10 cm = 0.1 m (orifice), d1 =20 cm = 0.2 m (pipe)
P»=9.81 N/cm?, P1=19.62 N/cm?, Cq = 0.6

. Py—P, _ P;—P
Pressure difference, h=—+—2==2-2
w pPg

_ ((19.62—9.81)><104)
1000%9.81

=10m
ar= %0.22 =0.03142 m?2

A= 20.12 =0.007854 m?2
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1N

Discharge = Q = Cq x a1az,/2gh

a; 2—ay?

0.03142 xX0.007854 X v2X9.81X10

=0.6 x

\/(0.03142)2—(0.007854)2

Q=0.0682 —

2.An orifice with orifice diameter 12 cm is inserted in a pipe of 20 cm diameter.The pressure
difference between upstream and downstream of the orifice is 9.81 N/cm?. The coefficient of
discharge for meter is 0.6.Find the discharge of water through pipe.

Given- d2=12 cm = 0.12 m (orifice), d1 =20 cm = 0.2 m (pipe)
P1- P2=9.81 N/cm? = 9.81 x 10%, C4=0.6

: P;—P, _ P;—P
Pressure difference, h = % = ﬁ

_ 9.81x10*
1000%9.81

=10m

ar= %0.22 =0.03142 m?

a = §0.122 =0.0113 m?

Discharge = Q = Cq x a1az,/2gh

aq 2—(122

=06 x 0.03142 x0.0113 X vV2X9.81X10

J(0.03142)2—(0.0113)2

Q=0.1018 -

2.5 fiele og@: fUcic =@ § Ue A9 Uur guTd! TeH 3HTg of 59 YdTeral av HISugra! aiaRd
AT

. ogq : fUdlc aue U Urdes ogd 31d, H-Id: o Wid fdhdl SR fesrs, ardturgA
Il 3. Tl GIF U 3MTed: Ueh ¥R U dhal THId Ui AT UaTgiieRIdbs 301
T ie® Ui Jaeral HlchHd 31T favA

. WM UIE : § SUSU, TEAT TIBIAR R 3178, UT YATgTAT YaTgTdhs S Hxd. & Sauardian
THUI G4 HIUgrTe! fSgme dad 37, STl WL URR ¢did BUrdd.
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3. Wfed Uid : Wied UIC oy SIoldl, YaTera RN o) fRUd 318, § Sauadi@r RR ge
HISTd, S sara o fabeia! srerel ol fRRR g,

4. PR : fUcic o q/d AU JARM Siedd! 3/d, S &t H-dieR fdhdl IR ISR, o
fRRar 3foT RR tidaehd e e dield.

Stagnation pressure

H 2
Static pressure N
1 L
V
—:;. e |

stagnation point

3Tpdl  2.5.1

» Hdd:

1. TP 19 AU ; RURT §&x AT JU=AT Jarglen dis odl, Saucrdfar gul gura sryadl. amn
UIRUMH WCURM Ulscdr Ga1d AT gidl , SATel UHUT G1d TUIId. 81 GId S-HG &I (SaTel
FTHR) 30T FRRR 16 (SaTed YU FHroige) Tret aiet a=fa.

2. Wfe® YRR HIYA : Xed UIC, YareT fRidT dF SlehHIa SRIcie, Sardl Hhad (R ad
3{JYaal. Gardl a7 fabile! SRIAT ol 81 &1 FRR g,

3. URR fEw=7 Aorde : fUcic Sgaar IR AU 39RM |G, THUN G1F (TR UIcar Aofd
SIUIR) 30T Wiew IR (K fedh Uidar Aioial SUIR) TieTeiid BRep (MUTRd e ol

1.A pitot tube directed into a water stream having a velocity of 2.7 m/sec. it has gauge difference
of 30 mm on the mercury manometer, find it’s coefficient.

Given- V=2.7 m/sec., y=30 mm of Hg
= 378 mm of water

=0.378 m of water

Vact = CV X v zgh
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C - Vact
v J2gh
_ 2.7
V2X%9.81x0.378
2.7
C, ===
voo27
C,=1

2.If the pitot tube shows 15.5 cm of water determine the velocity of water.If area of flow is 5.88
cm?,determine the discharge of water in lit/sec.

Given- h=15.5 cm=0.155 m, A= 5.88 cm? = 5.88x10™* m?
Cy =0.98.....assume

Vact = CV X vV Zgh

=0.98x V2 X 9.81 x 0.155

Vet = 1.7089 m/sec
Discharge, Q=AV
=5.88x107* x 1.71

=10.055%10~*

3
=1.005x10% =

sec

Exercise:

TLO 2.1: Classify different types of fluid flows.

1. List types of fluid flow (R)
2. Define Laminar and Turbulent flow (R)
3. Explain Different types of fluid flow. (8))
4. Define and distinguish between (R)

1) Steady and unsteady flow ii) Uniform and non-uniform flow.

TLO 2.2: Apply Continuity equation and Bernoulli’s equation to the various flow measuring
devices

1. Explain Continuity Equation (9))
2. Explain Bernoulli’s Theorem. V)
3. List the Various flow measuring devices (R)
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TLO 2.3: Describe procedure to calculate discharge using the given flow measuring device

1. Explain with sketch, construction and working principle of venturimeter. (9)]
2. llustrate the equation for coefficient of discharge [Cd] for Venturimeter. (8))
3. Solve Derivation for discharge through Venturimeter (A)

TLO 2.4: Calculate the flow rate using given flow measuring device.
Explain with neat sketch construction and working of pitot tube. (8))
. Illustrate equation for actual discharge through Orifice meter by applying Bernoulli’s equation.

(V)

Define Vena-contracta in orifice. (R)
Explain the working principle of orifice meter with a neat sketch. V)
Define Hydraulic Coefficient. Name them. (R)
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3 urswHd yarg
(Flow Through Pipes)
fawg fArwsit: uEundia o fafay Sof die (Losses) TUMT BT, (Calculate the various losses in
flow through pipes).

g it
TLO 3.1: dFFAR 311 T UaeNdt &a Oy a9 THg 1. (State laws of fluid friction for

laminar and turbulent flow).

TLO 3.2: Sif e (Darcy's Equation) 3foT <l TR (Chezy's Equation) AT+ EfﬁfUﬂHéF
BIUIR 1< (Frictional Losses) TTOMT &1 (Calculate frictional losses using Darcy’s equation and Chezy’s
equation).

TLO 3.3: %d YdTeTdid fafde @g dic (Minor Losses) 90 @31, (Describe various minor losses in fluid
flow.)

TLO 3.4: grgifere e ArS SNfoT THUT Sulf X1 T RS H1. (Interpret hydraulic gradient line
and total energy line).

TLO 3.5: URUAYH gASITeId Jekil TRUT (Hydraulic Power Transmission) 30T RIS HIA&d
(Hydraulic Efficiency) TT0THT R1.(Calculate hydraulic power transmission, hydraulic efficiency through

pipes.)
TLO 3.6: dlex AR - quH &1 ATIOT AT Uideeiss IUTaie! Aifedt @1 (Describe water hammer

phenomenon with remedial measures.)
3.0 UT49HT:

%d gYUI: UISU g1 QIEIaTelt &d dTg- "UaTe! aToRdl SURY 8¢ A 318, AHRId: grsead]
TS B¢ MATPR . SigT TRUHY %d argdl degl Usu=AT T gEHRT 30T &a Tiamdia
Y] JAEN UfAPHR $HRdl. Sd YAgre a1 UAdbRIa 9901 UieRlY Tordrd. g0 bR,
ATETeT fGRIH P16t Soll A BId TN AT Soredl GHIN "UNUNE® Jha" 3 UK. g1 gt
O YaTeTedl UHRIGR SHadgd 3¥d. TRUAHd Saucrifar ydg TdhaR aiiR fdhar Si=iid
(EXgaIe) 3R bl

gragliere fdhar gHieHRT (arg/ed) R e UISsgR gd UHIRd BRI, Ut 3 UrgfuiT fdbar
e demecHd RER@R, HUfcl, d8 9 AR FAfdeT TRARIoNg Sedd 3dld. Hid
TRMALNT I&d [T HargT a7/ IGaiges $ord! g1 gid SO T GRuTH RIS i
TRI/R T2 SRigHdeR 8IS b,
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3Tl 3.0.1
3.1 AR SATIOT 3I=Iid (eXgdic) YaTTHTd! &4 ayu fam:

3.1.1 AHFR YaTgRIT3! &d ayud fad:

AR TaTerTa!, Oy iR (Frictional resistance):

1. FaTgT=AT QT THTOM 3.

2. TEGTET UM §d 9l

3. AUTdd YSHRTTAT 8Ah e e THIUNT 3R,

4. WU ie GEHRTAT WG TT URUMH id .

5. TG SaUGIY T AuHF=T fFdge J&d: THTad gidl.

3.1.2 3MRId (EIgeic) UATeITS! d Ty fra:
SNIRCCIRNIEE U] GiddhR (Frictional resistance):
1. 9T 1T THTOMS 39,

2. GETATAT GROTH gid 9al.

3. AUaidial YEHURTIAT SAh e <Al THIUIT 3.

4. AT GaTAT g-c<a1 JHTUNA e,

5. YD GEHNTIAT WREUTaR Saaq rdl.

6. ATET GATHT ATYHTAT BRI HHI gHTfad i,

3.2 yrsegH e 3wt w4 ghor:
SIgT UTSUHYA %d d1gd 3rdl, degl Sauardial Hrel UfdeR gl Sae Sauaruie Hral Sl
8 BId. Hord! gl T WTACTHHTO Jiidhd dell 3HTg:
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Sord! g
| | |
™ o
YOS Srordt g1 sy &g es SHord! g
(3faTd d g9 OTSy Y HTTT=AT 31Td) (P14 aRA/vaTer=A faR e 9ga)
1. SNf-aze® G 1. 3[AH® TG
PAEEIEKE] 2. 3D 3T
3. UIUAeid Fa=1
4. TTSUHY STex Ul
5. OIS OHEd 3TSYBT
6. TT3U AT (33)
7. 94 Ursy fibfds

3.2.1 TE Sl g

T Sl g1 g UTuaTe 4R STfOT Ureu=an Siicid YSHIT dieardid a8umge gid. a1 81 ureu=l
3{Taitel HRT fhal JEURTIER SRl RMSR UM (R¢Hdes) gid. WTdid Uegd- g g1 Htsfal!
SIS, Qahd:

1. SRif-d39e® G
2. < g
1. SNI-ag 9 O:

YU TRWHEN Sora gt TUHT SRiT-d3dad WAR Bl oiid. § THIDHRUT HIvTTa!
AT UTS TS STTOT AR SMIFOT 31=Id (turbulent) UATETITAT aTURG ST,

_4flv?
£ 2gd

39,

h; = TSUTHGS Folf §HT (m)

f = 99U 9o

| = TTSU=R @rel (m)

v = OTSUHY JdTeTal a7 (m/s)
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d = IS U= I (m)
2.%311%@3:

V = CVmi
39,

V = UISUHY YdTgTal o (mis)
C = ogiar fRRI®.
m:mmﬁ@ﬁ(m)

= GRACaT JaTgTeaT shig-[aHRi &= UMk,

_A i _d

P md 4
i = Sord! g1 Ufd e @St (m)
hf

1

T HRUMD,

4 1

Example 1: A pipe is used for energy transmission. Length and diameter of pipe are 80 m and 50
cm respectively. Flow rate is 105 lit/s. Calculate friction loss using Darcy's formula. Take
f=0.03.

Solution:
fadt afre:
I=80m,d=05m, Q=105x 10 m?%s, f=0.03 Find - hs
U UTg &,
A=Ig2
4

== (05

=0.1963 m?
¥dld (Discharge), Q=Av

_Q _105x107
V= A 01963
=0.5347 m/s
gy g, hy = 40V
2gd
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_ 4x0.03 x 80 x (0.5347)?
0.5x2x9.81

hy = 0.2797 m

Example 2: Calculate the discharge through a pipe of 200 mm when the difference of pressure head
between two ends of pipe 500 m apart is 4 m of water. Take value of f = 0.009 in Darcy's

formula.
Solution:
ﬁﬁ 3ﬂ%:

d=0.2m,1=500m, hf=4m, f=0.009 Find - Q
S'Iﬁﬂﬁ, hf:4ﬂv2

2gd

__4X0.009 X 500 X v?
2X9.81x0.2

v =0.9338 m/s

4

¥dld,(Discharge) Q=Ayv

TC
=—d2 v
4

= } (0.2)2 x 0.9338

Q =0.02934 m3/s

Example 3: Calculate the head lost due to friction in a pipe of diameter 25cm and length 65 m
through which water is flowing at a velocity of 4 m/s using

i) Darcy's formula. Take f=0.009 ii) Chezy’s formula. Take C =55

Solution:

faat aime:

d=0.25m,1=65m,v=4m/s, f=0.009, C=55 Find - h¢ using both equations

SRR, h = 21V

2gd

_ 4X 0.009 X 65 X 42

2X9.81%x0.25
he=7.633m
EEIEKER V=C+vVmi
m=2=225_00625m
4 4
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he _ by
1 ~ 65

V =55 /0.0625 x M
65

b= 65X16
£~ (55)2x0.0625

hf =55m
3.2.2 f&R®IS (minor) Sl B

TGO AT ofl fohd faRId Sad STedTde IVl Srord JH AT [hRah i 8T 3
TR,

fafae fhreples BT WelleryHTor 318 d. —
1. TS U1 AT 3EA® dle STeies 3ol HHT gIor:

3Tl 3.2.1 SRITATIHIO TG AT UIRY gu=aT HIddT AT UTRuRl Sireet Tedrs S
UHRA! I BId.

Small pipe  Pipe dia. enlarged

UL U= SOITd S dIe
3{Tepail 3.2.1
V1-V2)?
h, _( ! )

39,
v = UaTeT ol fdHTT 1-1 4Y (m/s)
v, = T8l of f[dHTT 2-2 3y (m/s)

2. URRU=] AT ST 3Ga- HTedies Soll HH! gIur:

APpdl 3.2.1 CAAIHT Hicdl ANMET URY Ul @M ANl URUR Sisdl
T 3R YRl gL Bidl.
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10) [©)
| 5 |
| L
P.A; S 1 PoA R
_’:. ——————————————— r, V
| | g
: : '
' ContractioSof |
. ontraction of !
@ flow area i@
Large Dia. pipe Small Dia. pipe
OTsU AN 3AM® TG

3Tl 3.2.2

he = 05
c— Y z_g
3. UTEU=AT YATGRIGR Foll HHI gIov
SEEEEEEEEEEEE N
Tank—=FZ2222222222300@
- CC-C--C-ZZZZZod) :
FCIIIIIIIICZIIT——F
CCCCIIIIZCIICO .
i E Pipe
OF

YIS YAGRIGR 3ol BHI §Iol
3Tl 3.2.3

VZ
hent == 0.5 E

39,
V= UTRUHd TaTgT= o, (m)

4. UTSYHLYA qTeR TSI SHoli Bl ghor:
MFHT 3.2.4 AL TAITIHIO T TARMTS! 3M3edc SRed] DIl & Blg- CIHUIRITS!
SIogT UTSY SIS iel Sd dagT 31=1 YehRa g gid.
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(-1 bttty

e i

E::::::::::::::::::_—.*.::$>To atmosphe
—————— Pipe
UTSUHYA S8R TS Soll dHl gIor
3Tl 3.2.4
hexit =_2
2g
39,

v = TIRUAYH STex USdHT YaTeTal ol (m/s)

5. MRS SrSYUHTS Sl HUl gIUI:
3T 3.2.5 AL SRITIATHHTT! STegT Wi WeMSeHe] SaadhdaR yarg Fafd Hruarmst
fohar faafid HRugrTe!, Ursy ared fdhdT SIRIH I Sigdd S dagT 3=1 YR g1 gld.

‘ Obstruction
Pipe having—, in pipe having
cross-sectional area '

area'A'

|®

..'_______
'
'
i

<<

® FULLY CLOSED
rsuHdie rSYeHTHe Soll HHI gIul.
3Tt 3.2.5
Robs = :\2/—9<Cc g7 T 1)
39,
A= TIRTd 870 (m?)
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a = ST SR 3SYT & (m?)

C. = (T UM
6. UTRUHfd Y SHoll HHI oL
: l e Elbow/bend
—_— )
Diameter
of pipe
Id!
T3y AL §S.
TPl 3.2.6
hb:k—v2
2g
39,
k = SS9 OIS - &1 DHIH, SSAT Iehda!
o4 SMIfOT U U T ATaR Sade SR,
7. fafay argu ffees Sord Jar:
hyr =
EQ
k= U1y fhfeTan urie
3.4 BTISITAId UfSTT A ST UHUT STl g (F):
V2 TEL
: %
( P,V +z> HGL
g’ 29 l -
g 4
IS UfSde AT 30T UHUT Soll g
3Tl 3.4.1
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3.4.1 RIS Ufede drg (H.G.L.):

IS Ufgde Az ol U N1 TgU URHTNT el offd off Tl SaH o= dgufd
uyaeie yarfed saueruf are Ful 9 fufas e o 8w 34,
eTgSIfore AfShe A1z = g Sl + fRUfas S

HGL =<+Z
g

3.4.2 THUT Sell 13+ (T.E.L.):

TR Sl AT3 81 U X8 WU URHTIIT dreit oiTd oft et HaH o= Seuid arsunefia varfea
Saueryi g Soif, fRufas Suit @ 37 Sl gl e

U UT Sroll TS = GTd Fpoll + A Sl + FRUferst Heif

2
TEL=2+YX4+7
Pg 2g

3.5 UTS W HY &d YargTdid Aadl (Irax) TATRd H0L:
TepT fSiquRET g9-a1 figqudd aramareit urofl arge umam Ursw= aroR gragiied el TR

PRGNS el ST, Y], 3D GG 1eIdh AR HIATe ! ArHad: aroft fdhar 3av &d argH
AT UIRWER RIkit JHIRA bl SId. TRUgR URd gIUMRT gragiiae kil TaR Sfaeig

3d-
(i) UTSTHEY ATEUI=aT UTodTd gor.

(ii) UTSUHE STex TSI g1odTd 39dsy THUT S,

SRR TGV T 1Al S ciedT Ty AB T 3{Tdhl! 3.5.1

—Tank

|

| .

| A FPipe
—h.- ]_'_.-"

-

3Tt 3.5.1

UISUHYT %d UdTeId 81d 3ramI, TaTgredl Uyl YfdbRe 3ord! 8T 8id. SR 'H' 81 Uyl
JaRTSIaa [ THUT 3o, hy  THUTHSS BIUTR 3ot g1, d ST SATIOT I Sieli=aT Usuaed 5

UdIfed aid Ed T 38d d)
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ST SRR TSaMT SUAS 3ol = H - hy

SR 'V BT UrRued YaTgTE af 3R, ok TyUMes GIUIR Jord! gl SRif-dgued YR fad
ST

_ 4flv?
£ 2gd

UTSUHYA STeR TSI ddid SUarsd -
P = TGO UTUT aoi U Tahg. x TRUAYT STeR TSl (Hode Judasd Sroll

=(WxQ)xh
=W (AxV)xh

4flv?
2gd

3.5.1 ST ST ekt THRUITHETS I 3¢

H
3

=W (AXV)H -

hf =
Y,
h = SYUTYS Iord! T (M)
H=TRUT il (m)

SicgT YYUIMeS BIUMRT Jord! g1 THUT QRAced] Soredl Udh qaaiRl $Md dagl TIsugi weid
BIOMRY Tt SR SRt 3T,

3.5.2 il YHRUM HHTA PTISTHT:

P TRAT: TRUAY SToR TSaHl SUds Soll d UrRy=dl Ya=l Sfacdid THul SHoll g
IR U Tt SR b SiTdl.
_ USUHE STeR TS Juers Foif
= TEu ey ok dsar SuTE o

_ W(H-hp
W H

n=66.7 %

Example 1: A horizontal pipe, 4000 m long supplies water to a hydraulic machine through a 200
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mm diameter pipe. Find the maximum power transmitted, if the pressure at inlet to the  pipe
is 8000 kPa, f = 0.007.
Solution:

fael e

I=400 m, d = 200 mm, P = 8000 x 103 N/m?, f = 0.007

OIS U] Yol Sdedtel afdl, H = — = 20%0x10
w 9810

= 815.49 m of water

QT THRUM=AT SR STRd BTI&HAITS !,

H _ 815.49
hf ===
3 3

=271.83m

_ Aflv?
£~ 2gd

V2 = 2gd X h¢
411

_2x9.81x 0.2 x 271.83
4x0.007x4000

=9.5237
v =3.086 m/s

A:Edz

4

=0.0314 m2
Q=Axv=0.093 m3s

TSY YA TR USaMT Suast SHolf
:§x815.49
= 543.66 m
TR 0T} a1 !

= WQ (H — hy) = 9810 x 0.097 x 543.66
= 517330 Wiatts

Example 2: A pipe of diameter 300 mm and length 3500 m is used for transmission of power by
water. The total head at the inlet of pipe is 500 m. Calculate the maximum power available at
the outlet of the pipe, if the value of f =0.006.
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Solution:
ﬁﬁ 3ﬂ%:
d =300 mm, I= 3500 m, H =500 m, f = 0.007
ot YURUTTAT ST SR BTa&rHdaTa!,
H _ 500
hf = g -_—
=166.67 m
TS Iofi B,
_ aflv?
£~ 2gd
166.67 = 4% 0.006% 3500 X v?
2%X9.81x0.3
v =3.4126 m/s.

¥dld (Discharge), Q=Axv
=+ dxv, =2 (0.3 x 34126
=0.2412 m3/s

HHTd ekl = WQ (H — hy)
= 9810 x 0.2412 x (500 — 166.67)

=788716.11 watts.

Example 3: Find maximum power that can be transmitted by a power station through a
hydraulic pipe 3 km long and 0.2 m diameter. The pressure at power station is 60 bars.  Take
f=0.0075

Solution:
faol arme;
1=3000m,d=0.2 m, f=0.0075, P = 60x10°> N/m?
W'T _ P _ 60x10°
L H=% =%
=611.62m
Uil THRUITAT SR ST STIHAATST, by = g
_611.62
h¢ = .
=203.87m
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__ Aflv?

tRﬂ' he = 2gd

4% 0.0075% 3000 x v?
2x9.81%0.2

V =2.98 m/s

203.87 =

Q=Av
= } d2xv,= } (0.2)2x 2.98
= 0.09362 m?/s
ST YKt = WQ (H - hy)
=9810 x 0.09362 x (611.62 — 203.87)

= 374482.57 watts.
3.6 UTS W Held giey gAY gedT:
) ( 1-Valve Closed r
2-Valve Open é Water Movement
H NValve =5
J 3-Valve Closes wige  WaterHammer

8 A A AA AA T

 _Jx 0B W
dlex gHR U
3Tl 3.6.1

dicx gAY ATET:

Jic TR &1 U 3= U1 3118 STt hIurcdTe] UIfiiT YUl e 3vad [dhd, Sicg] dleddl (SUH)
JIR a yaTe a1 yargr fa= srame Yiafauaria! ool Sifdl. diex 8HR 81 Gl dle T (3fae
a1e) fdhar S-gTa Tesian URumH 31T Sl UTfUiT YumeiigR TuRdl, SiagT TaH Gauaryiar fa=m
SEAUaTY fdhar SaM® YTTuar YT Ured ST,

3Tl 3.6.1 AL STRITATYHTY! U ie UT5Y AB FHT,ITd Ueh <Idh TS U<l HE XU H STaR
ol 3RIAT T =T Uehl ClbTdll STedid 31Tg d gu=dT cIbIdl Tugrdl Yarg fdfld eruamrsdt
T 999 IS U(valve) TS el 3. SiegT 38U QU0 SUSd degT TregH e Trouft 'v' 37 aTed,
3T FSY AMD dg Hed algcd UTuar] ST 7Y glad 10T IS TSUHE S-alard! aex
AT gi5a. 8 Sw-a1d AeR UIgUwl dI9[H oV URIIRd el Sed SHATFOT A raraT Sfarst
@B AR™E] 3f7are) Ao .

a4d 1 IA-g1d dgiges grsue diaR gidrel ARCINIRET TR gidl, BUH J=-a1§
=T UMY dTex gHR g1 31 WgUrdrd.

3.6.1 gTcY GHANA PRI
1. B SU 3AMH dc Hedies 8Id, S T16 el = UTd UeUHed YUl Uruard UeRd,
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2. % UIU0OMEI o YU IR, UIRUdEd Heul, dieyRdal dfed gIul, Uy &g usul Irige
3.6.2 die} U UHTT:
1. SIS SIS (Slsc) STSS TS Bldl.

2. 14 ATeed WRed UREH - §-aid Urgd Heur,

3.6.3 91 gHR CTBUGTHTS! UMY
1. ISY B8 YS! 0T &g B,
2. ST R YU BT HRUIRITS FSUSIAcs Tl chdl aRaa.

3. T4 DHH! HIUIRT dlead] dToR.

3.6.4 dic} GHR d<dTET dIUR:

diex AR el dTR gRISIfoe X9 A1l YT UTudTe U0 qUR HRUMIE! Hl Sl XIdhdl.
Sl alex TR AU 5! MYDT SS> 2.

BISIG® Wd B § dIQd AM® §¢ Hoad JRAs] USUsRIqde GgH JHUNd bR
GG dleR GHAT YHTATAR TR 3118, BISIod YHd B YRIST URUAL faHRid diex
TR fdhal TS ad T dwarar TR 31T,

I-:;:lj

o>
1
|
1
1
I
1
I
1

—————

——small high tank

. to be filled

large reservoir (lake) lift
/ height

long inclined
approach pipe
e ey

O SR T B R B R O B R T

BASIod IH UU
3Tl 3.6.2
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Exercise:

TLO 3.1 State laws of fluid friction for laminar and turbulent flow.

1. State any four laws of fluid friction for laminar flow. (R)

2. State any four laws of fluid friction for turbulent flow. (R)

3. State the effect on head loss due to friction if diameter of pipe is doubled considering Darcy’s
equation. (assume other parameters same) (A)

TLO 3.2 Calculate frictional losses using Darcy’s equation and Chezy’s equation.

4. Write Darcy's formula for head loss due to friction with meaning of each term. (R)

5. Write Chezy’s formula for head loss due to friction with meaning of each term. (R)

6. Calculate the head lost due to friction in a pipe of diameter 200 mm and length 60 m, through which
water is flowing at a velocity of 2-5 m/s using Darcy-Weisbach formula (Take f = 0-005) (A)

7. Calculate head lost due to friction in a pipe of diameter 300 mm and length 50 m, through which
water is flowing at a velocity of 3 m/s. Using

(i) Darcy's formula. Take f =0.0256 (i) Chezy’s formula for which C=60. ) (A)

TLO 3.3 Describe various minor losses in fluid flow

8. Define the terms: Major energy losses and minor energy losses in pipes. (R)
9. State any four minor losses with neat sketch and formulae V)
10. List various types of minor losses. (R)

TLO 3.4 Interpret hydraulic gradient line and total energy line

11. Define HGL and TEL (R)
12. Explain hydraulic gradient line and total energy line with neat sketch. V)

TLO 3.5 Calculate hydraulic power transmission, hydraulic efficiency through pipes.

13. A pipe of diameter 340 mm and length 4000 m is used for the transmission of power by water.
The total head at the inlet of pipe is 600 m. Calculate the maximum power available at the outlet
of the pipe, if the value of f = 0.006 (A)

14. Calculate the maximum power that can be transmitted by a power station through a hydraulic pipe
of 200 mm diameter and 3km length. Pressure of water at power station is 1500 kPa. Take f = 0.01

(A)

15. Calculate the power transmitted by 250 mm diameter pipe of length 500 m carrying water under a
head of 100 m. Take f= 0.0015. Also calculate efficiency of power transmission if the discharge
through the pipe is 500 Ips. (A)

TLO 3.6 Describe water hammer phenomenon with remedial measures.

16. Explain water hammer phenomenon in pipe with neat sketch (L)
17. Write two effects of water hammer with their remedial measures. (V)
18. List causes of water hammer. (R)
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4. grogifere eafe

(Hydraulic Turbines)

fawa frsoit -
o fadIeT SIS} i TS icrd caisH 3MfoT Ug fAaeT (Select a suitable hydraulic turbine

and pump for the given application)

o BISI® TalgA 3 UU T HRVGRH edid Hl. (Evaluate the performance of

hydraulic turbines and pumps)

o fsai
TLO 4.1 lGaean & (Vane) USRS} Sier ANTUIRT 4, dhaid B 30T SRIGHTT (Efficiency) TTOMHT &

(Calculate the force exerted by a jet, work done and efficiency for the given vane condition)
TLO 4.2 SAfdgygd UdhedTe! HIAYUTer T§ &1, (Explain the working of a hydroelectric power plant)
TLO 4.3 fededr geiiae calgdl -1 30T HRVUMET 377 RTHE WP HI. (Explain the

construction and working of a given hydraulic turbine along with velocity diagrams)

TLO 4.4 feoiedn SISt arg gl cals (asl Mo &re TSI &l. (Select the suitable

hydraulic turbine for a given application with justification)
TLO 4.5 fededr gsiiae cafsd ®rieR Jedid- 1. (Evaluate the performance of the given

hydraulic turbine).

4.1 9f=g

AT TTeR TSUIAT Sauerdia a7 SR Sl 3107 T Hla! [ARIY THTO TTaitsl SHoll 3.,
SR g SIc Tl ARG SaiedT 3SYeTaR 3G aR o SSYeTaR didha (force) ATAd. T UHTAd
I Siedl YU U 3iesdd Sld AT d gAgRCIcd qlare §IM-AT ekiiurg dldid
PR HRUYMTS! T TSI SIS IS S §d BUH JHiwa (Falfeid) ol S,

IGTEXUT : TIUT A WA T ST YT YTudTal SR Tl Sic ariRdTd arges el [

a TIUGMETICATAIIR b, HUTE WC(Flat Plate) 3RT0A ¢dis— TR
3Tl 4.0
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SOHH® BRI § T3S AIRMT TYRTER IR SITd ed™, T HgH! TTdl seard JHa<
SIegR I gVHITIER 8T8 ST NG I (R1dc)d Jedidh SRUATITa! 3TaT-q7 dardl dToR &l
1S, X!,

4.2 fRR 31 JUTE Wear Siedl UHTd
a TURic Wie Sicdl |§d (PIehIHTd )Tl :

Stationary plate

fRR 3171 qUIE WieaR Siedl y1d
3Nl 4.1 (a)
3T 4.1 (a) AED SRITIATIHTOT d T SATIOT AT V SUIRT U SIc ArSTade {+1g a1 31for
UhT UTC TicaR dl UeR Hd (3G d). Wie YR 30T Sie=ar Hed I8l dF (HIeh ) U4
Saell SId. WeaR GBS 90° gR It gisd. SR Wi 3RTa! [ [31d 3¥d @ oic
3101 wiereia avur Teld eRugm TR ATel. e SR s Sl YHTa YdTeTd 3ol HH! ald
A W YUK ST SMUR Seaqedia SHHehd B gafard b Sial; SHiaredT SH o]
TR GRIfAd! B e FHH AT WeH &R S5@ 30T dTex 815d. a1y, SR el SHolf HHT et
TR TICHYA dTex USUIRT SaTal ofT V U UTST ST 3.

@IC aR 3TETd HRUMAT Sard JHI0T (HET, Q = (rd/4) x V = aV (mP/s)

a g el BII-HaRMd 8Th & 3. (m?)

3T UHR SiegR Ufd Ydhe dTeR JUMTAT SaUGTIIT TgHM m = pQ = paV 3Tg;

WY p § ZauCTyh gaT g2faq.

p = (wg), S w g GauGTUT fAfRIy ao (specific weight) 3,

TIHAM m ST m = (waV/g) U Tdd bdl §IT3s e,

WITdR Sicdl ST dhedHdR Sic 90° gR fA&fud gid, dTges dTgR AUMRAT Sicdl oIl U Sl
e R T 3Rd. AT TAT-aT THIHRUT A1) Heed, Wiel A G- Sauariier sicar
QR wegR dacd 99 F 3/ Fuivd a 913 964,
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-F =(waV/g).(0-V) or F = (waV?/g
99 P d forg 0 ([dv faRd 3red=) e T 3T HRUTEIE gR AR el oic 30 X - faraed
31T 4 O WeaR o 9 dlad o JHM 3 SO SleaR WegR W dhaedl Jara [a, BUH
d 3P (positive) X fa=H w1 HIUMAT F =01 SRS 318,
b. Tie Wie SiedT fe=Id <0’ diATd fardt (@aae)

Inclined

Flat Plate
foRE HecedT guTe Wear Siedl U4
3Tl 4.1 (b)
el G fGR Sl dadd 9d 3% dd &dl SiiS, Udhd
F:“’%V)[(VSine)—O] or F:(p‘fTvz)sine

S YT F o fAURTOR SF gchiAe] Hd §1g Wdhd 341, Uch Fx T GHIAR Siea fe=m
3T Ueh Fy BIedHTd SiedT fGRA. 3= UsR

F, =FSin@ = %stmz 0

Fy =FCos@ =="V2SinfCos

4.3 T3S 9 gR vie =T f3Rd Y& Sl 3wdr JuTe Wiear daad ad
(a) TRIC Wie Sic & 6id HdrT :.
SHTATT-aTT FHIDHRUT AN H& TIeaR SicgR Wedl HIedhHd [aRH feadl ST Ue U i),

F= [wa("g%”)] [ (V-u) - 0]

Or
F= wa(V-u)2
g
Ufd Ydog Wedr Sied dbad BRI (work done)
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:(qu) - wa(V—u)Zu
(a) Vertical
SiceT faRid g SIuMRt 3171 JUTe WieaR sicdl HTd
3Tl 4.2 (a)

(b) Sie=aT faRId Y& SRl Stedr o Si91d fordl Faddl Jure we

(b) Inclined f

Siced feRd Y& SRt Siedl ¢ S favd} WiedR Siear uHE

3Tl 4.2 (b)
TS HTAT-AT THHRUT AF] H& Kiedl HICh [GRId Wiear aracid ad ArgR fad S,

F = [ [ (V-u)Sin 6 - 0]

wa(V-u)?

F=[""] sing

MY YRC GIH UehiAe read SIS, Adhd!; Fx siewd faRIe THiaR 30T Fy dhlchIHId St

fe=e.
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3R UHN,
—_ a2
Fx=F Sin @ = [@] Sin? @

—a)2
Fy = F Cos 6 = [*“C"2] sin 6 Cos 6

Sie Ufd ¥ dardd BRI (Work Done),

wa(V-u)?

W.D=(FXXU):[T]USin20

4.4 9% fRR Wear sicdr U4

b T OO TR
3Nl 4.3 (a)

a g% e AT Sier yHTg

3Tt 4.3 A SRIAITIHTO! UT04T Sic AHHTT ThT FRRR I WedR 3MGes d1. SR Wie [oaid
3R 10T Ioh Wee Wikies G2 Seea STarare Ioi HIUkie! g1 8id T9d o) o @l

MBI AT AT 78R USd.

Qe AT3cACaId AT 2 gehiae fTaURTON e Teadl oiis,; Ydhdl, Th SieAT faxA Sfor
IR I BICHIHTT Sear fom,

Giedl 3caeasid a7 G- UehiHe Higadl SiTs, e,
3f) Uh Wi faR 311 gErT

b) Sic HET BICHIIT [eR.

TIC = -V cos 0 =T fG2H 7T geh

SieedT fGRM IR 9edh = -V cos 0
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O™ m

TN Uh fRR I Wi ARUIRT oic
3elt 4.3 (b)

(- ve ToI7g Udel ST HRUT T3CAcaRId o ASTAHYH STex TS UIRIT UTudr=a siee [d%g fa=m
3{Tg) Sl dd Il 9T e = V Sin 0
Sie e fGRH iR e,
Fx = GSgHT Ufd WG X [ Vi - Voy ]
V,, —otce faRF IR 9= v
Vo —Sfe= feRA SifdH 9T = -V Cos 0

Fx=paV[V —(=VCos 6)=paV[V+VCos 0)
Fx = paV?[1+Cos 0]
Fy = SRgAM Ui Yha x [V, - Vyy ]

TIYHTO,
S vy, = y AT TG RN a1

V,, ==V Sin 0 =T f&=I 3ifdw a1
A,

Fy=paV[0— (VSin 8)=paV2Sin@
3 fargTa sif 3T 31T 1 Tkt Wielt e Hrd B 3M1”. T UHRUId ez fI&gum &I =
(180° — 9)

b. SIgT We GHAG I (symmetrical) 3G S UHT e IbTAT I W dT TRl Hd.

3P 4.4 (a) Y SRIGATIHTO Sl UHT SIHTal ab [RR Wedl Y% H&d Wed
AT STl 95 WIT x — fefTaed THHIT 38, Adv Wi (tangent) GIF Sl T ST B
YRGS 3.

Y, V = GIogr=a] SiedT o (mfs)

0 = Ih AT STC CIBIER X — 3&THG Sied gaadl B,

SR Wie T@ad 3R I U Soidl 81 Y 38d, IR ab e 3cacdl
CIPpTaRId UTogTE a7 V AR 3. x HTfOT y =01 A= grugra) Sie araRaddl Qidkdl 3Tad.
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Fx = (mass/sec) X [ Viy - Vax ]
=paV [V Cos 6 — (—Vcos 6)]
=paV [V Cos 6 + (Vcos 6)]
Fx =2pAV? Cos 6

Fy =pAV [V1y,-Vyy ]

Fy=paV[VSin 8 + (VSin 6)]=0

g%h WicHl U1 Il Siedl [Teid]

3Thdl 4.4 (a)

a ﬁ%’TlﬂEGW&H(Unsymmetrical) amﬁﬁzmamwmwm

SIGET T Wi X ETIEd SHHT 3RTd, I x — &N e 3cc 3T 3T3ede feuiar
Wh T Beadl B ITeT 3.

Y, 0 = x- &I STdC SIbIaRd Wi ITaaie B,
¢ = WRIPH y- H&TTE FdIc CIBIAR g B,

SAICHYTA AT &I Uee 3Mied

Vix=V Cos 8 and V;,,=V Sin 6

Maharashtra State Board of Technical Education 65



Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

ve Vsind

v cos P

doh We AT UD] TIPS ol dT LISfhil

3Tl 4.4 (b)

3M3CACARId AT GIF U 3ATed

Vox =V Cos ¢ and V,,, =V Sin ¢
TUH x 11O y 2T fa=IHT Urugr=An Sie aiiRed §d Mg d

3M3eAeaRId dIE §IF U 3Ted

Vax =V Cos ¢ and V,,, = V Sin ¢

UL x SMIOT y =T {1 Uruaredy Sew aiReld 9 $fod
FX = pAV [ Vi - Vax ]

= paV [V Cos 6 — (~Vcos )]

=paV [V Cos 6 + (Vcos ¢)]

Fx=V2pa [ Cos 0 + (cos ¢)]

Fy =pAV [Viy-Vyy]

=paV [V Sin 6 — (V Sin ¢)]

Fy=V2pa [ Sin 6 — (Sin ¢)]

4.6 Numerical:

1. Find the force exerted by the Jet of water of diameter 75 mm on a stationary flat plate, when
the jet strikes the plate normally with the velocity of 20m/s.

Solution- Given : Diameter of Jet = 75mm = 0.075m
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1N

Therefore area = a= %dz = %0.0752 = 0.00417m?

Velocity, V = 20m/s
The force exerted by the jet is given by,
F=V2pa =1000 x 0.04417 x 20° N

F=1766.8 N Answer

2. A jet of water of diameter 75 mm moving with a velocity of 25 m/s strikes a fixed plate in such
a way that the angle between the jet and the plate is 60°. Find the force exerted by the jet on
the plate a) in the direction normal to the plate b) in the direction of the jet.

Solution- Given : Diameter of Jet = 75mm = 0.075m

Therefore area = a= %dz = %0.0752 = 0.00417m?

V =25m/s and 8 =60

a) The force exerted by the jet on the plate in the direction normal to the plate
Fn=V?pa Sin @

=1000 x 0.004417 x 25 x 25 x Sin 60

=2390.7N

b) Force exerted in the direction of the jet.

=V?2pa Sin @ x Sin 6

=1000 x 0.004417 x sin 60 x Sin 60

=2070.4 N

3. A jet of water of diameter 50 mm moving with a velocity of 40 m/s strikes a curved fixed
symmetrical plate at the centre. Find the force exerted by the jet of water in the direction of
jet, if the jet is deflected through an angle of 120° at the outlet of the curved plate.

Solution- Given : Diameter of Jet = 50 mm = 0.05 m
Therefore area = a= %dz = %0.052 = 0.001963m?

V =40 m/s and 8 =120

The angle of deflection = 180 - 6
180 — @ = 120 therefore 6 = 60°

Force exerted = Fx = V2 pa [ 1 + cos 6]

=1000 x 0.001963 x 40 x 40 x [1 + Cos 60]

=4711.15N

4. A jet of water of diameter 75 mm moving with a velocity of 30 m/s, strikes a curved fixed
plate tangentially at one end at an angle of 30° to the horizontal. The jet leaves the plate at an
angle of 20° to the horizontal. Find the force exerted by the jet on the plate in the horizontal
and vertical direction.

Solution- Given : Diameter of Jet = 75mm = 0.075m
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Therefore area = a= %dz = %0.0752 = 0.004417m?

V =30m/sand @ =30°, ¢ = 20°

Therefore Force Exerted,

Fx=V2?pa [ Cos 0 + (cos ¢)]

= 1000 x 0.004417 x 302 x (cos 30 + Cos 20)
=7178.2N

Fy=V2pa [ Sin 8 — (Sin ¢)]

=1000 x 0.004417 x 30% x (Sin 30 — Sin 20)
=628.13 N

5. A jet of water of diameter 10cm strikes a flat plate normally with a velocity of 15m/s. the plate
is moving with a velocity of 6 m/s in the direction of jet. Find a) the force exerted by the jet
on moving plate b) work done by jet on plate per second.

Given:d=10cm=0.1m,V =15m/s,u=6m/s
Area of Jet = a= %dz =a= %(0.1)2 =7.8x103m?
Force exerted by jet on the moving plate :

F = pa (V-u)?

=1000 x 7.853 x 10 2 x (5-6)?

=636.09 N

6. A jet of water 100 mm in diameter having a velocity of 20 m/s strikes a flat plate normally.
Calculate the force exerted on the plate, when: a) the plate is stationary b) it is moving with
a velocity of 5 m/s in the direction of the jet and calculate the work done.

Given:d=100mm=0.1 mand V =20 m/s
Area of Jet = a= %dz =a= %(0.1)2 =7.8x1073m?

a) When the plate is stationary force exerted F = pa (V-u)?
=1000 x 7.853 x 10 3 x (20-5)?
=1766.925 N

b) Work done=W=Fxu
=1766.925 x 5 = 8834.625 N.m/s
Work done per sec per unit wt of water = (8834.625/ m x Q)
=5.734 N.m/s

c) Efficiency :np =

Work done _ 8834.625
kinetic energy of jet 05XpxaxV3

=28.125%
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d)

7. A7 cm diameter jet having a velocity of 30 m/s strikes a flat plate, the normal to which is
inclined at 45° to the axis of Jet. Find the normal pressure on the plate when a) plate is
stationary, b) plate is moving with velocity of 15 m/s and away from the jet. also determine
the power and efficiency of jet.

Given:d=7cm=0.07mand V =30 m/s, u =15 m/s
Angle between jet and plate = 8 = 90 — 45 = 45°

Area of Jet = a= %dz =a= %(0.07)2 =3.8x 10 3m?

Force on stationary plate:

Fn=pa V2Sin 6 =1000 x 3.848 x 10 2 x Sin 45"
=2448.85N

Plate is moving with a velocity of 15 m/s:

F = pa (V-u)’Sin @
=1000 x 3.8 x 10 ® x (30-15)? x Sin 45°
=612.21 N

Work done or power:

Fx=FnSin 6

=612.21 x Sin 45°

=4329N

Work done or power in the direction of jet =W = Fxx u
=432.9x15

= 6493.5 wattts

Work done _ 6493.5
kinetic energy of jet 05XpxaxV3

Efficiency n = =0.1250r 125 %

4.7 . Turbines E’El'fs"'-l
uf=a:
TqIgd TRSAT : TSI AR St §TISITe1d Sordll A SorHe FUTART HRdl ST IS

s 31 UM, 1 ifAdh Soll [dggd S-ReR AIadUaTTa! aTuRd! SiTd oif 4 Tag-T<aT e a

SiTgerelt 3.

3R YHR FifAd Iord faggd Io e TR Bid. FIASICrd SoURI (YTUgTE! 351 T B0t
faqgd Sl STafdedd 3ol WU SHI@Wa Siid. T dd, DIl IATCIGIR H0T ST Sor
qa-d STatdggd M g1 Jald wWwd 3%,

4.8 STAfdgyd Yhedrd ATHTY Higof:
P 4.5 SATdggd Yhedrd! ATH- HiS Ul gRifdd s areid Tsiar TH1aRT 31
(i) TToft ArEauaTITa! AETarR Siedd SR,
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(if) UFRE T ATaTH HIGYT T TSW, S I3 qUT SIARMAT caigTHed GIaT UTof aTg- =dTd. §
TS Wil foha Yaferd dishled A SRyaTd.

(iii) TTHTT AT YhR=T 9 ST Taig.

(iv) <9 X9, B U a1t 31T Sif cag-aR UIul HIH dhedaR calgTHYd aTofl ag —d. <
JAera e UTuar=aT g URTTET ¢d X9 38! BUrdld.

HEADRACE 7
ooy ez, . ___In
U PENSTOCK
- TURBINE
//////////////A L VANE
GROSS HEAD W NN
(Hy)

g

|

Y TAIL RACE

SOOI

Saldggd ehedrd! Y= Higult
3T 4.5 (a)

4.9 YRS gedhrd B
1. €RT:
eRUT TEUTS! YTugT YdTe Fifd exvarindt Ad! fdsar garg shiaig sl Syl 3lg. § U
ST dOR ®d, S U7l Hioad. SRl Wyfie Ie- TN Il Hdh 101 ATddeied
0Tl Ueh HI3T HIT TR RO g1 31TE Sl HAEd UGd die HiHdre! aredr Sihs b,
2. SIdIRIY:
SR TEUTS! RO T IS el UTuardl HidT YT, g YTl S dul &5 U $H1H Hd of B Re]
Fraadia fdhar fastear HHT AU BB aTIRd SIS, [, GiaR WicdT grugrar Jradyqul
RIST YATYT HRUGTIST SR YT GTde] SAd=ATId el ST, e,
3. U< T:
U-RCid g1 U HIGT UIsY fdhal 165 318 ST SR calg-qe) gTof g —dl. § 3 ald g+
HRUGNTS! fSEga dhaid 3fg AT AHFId: WKid fdhal UEfeld ®ishIcURA daR ohdl ST,
UReIpHLH UTugT=T UdTg dled fdhdl TicgR fdfa dar Sirdl.
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3elt 4.5 (b)
4.2313?:
TEis § U FifAcs SUBRUT 3T o ATgcdT UTuaTed Tifas S1fO7 HTT Jord i IofHed TUTdR

. coﬁsdwl SIS ae TN AT d 3ed eaig fhd. AR caig-a1 SR (3T, IR,

et fobdl Hch-I)tITUEI'I%f%E'&I'Iﬁ[ g &R gra’ 31qc1q;1 &m?r
e ﬁ-——

._
3Tl 4.5 (c)

5. SFIvCN:

SR THIRRN Sieadl 3RIa! ST FaacHilcd SSaRMgR calgHed JiAd Iord fagga
JorH TR BRI, TS SIReeT 3Td e fthrad SRIdaT, TeR f[dfémme fagygd uarg TR
Eﬁ?ﬁ;

6. qTdRelhd:

UIaREI$H Y Bl 31=M 5T 3178 HE Taigd, SReR T aiel AT STaxde SRyl 3av
SUHRUN I, § UlaR Wicdl die AT Saifaemd e Fara STl ¢ed HRUgNI6!
fdfAd ardravor ueE s

7. m:
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ST IHR SFREgR A dhaoed] faor Glecoldl Uiar dre-gar Cr-uiRHYre! g SRydedn
I Fleeoludd dread!. geedt [3awTuft CufiR g Sell JHa HH! SRS § HTa%ad
3R,

8. Pgial TIgH:

UIogTe JHTOT. o UTUgTE] YdTg &) QeI S Wicd Ul $i3cye afAd euard Hed
HRANd.

9. fRrera:

el AT fdhar SRa Udrgran wraadd (3al. ffageh) saRmarga sifalked goft
ArevarTe! fuad Fad Ant vem wxar. g sifafed groft JRI[uoT Wreft aegd Ror 3fir av
IR BIUMR JHHT TS0 Had HRd.

10. TAX:

A gt ot anfeft 3R Sht cafgmy umlt fieumaR snfor i Fafor e R agT A9, 8
AT ®Hrd Bt arolt FRIGuor <! fdhar yaTeTd IRd A5d, SRR JTATaRvaR §IoTRI $Ivrdie!
YUTd HH! B,

3T 4.5 (C)

4.10 TASIAP eaigd qffHRor

caETaT SceHY SUAS ATl SHordl YhR, I-THY YdTeTd! fa=M, caigT gidcaid 68
30T TalgT=ar fafRy TdaR Sagiad calgTd aiidmRul dhal Sid. 3R UHR caig-d Qeid
HE<dr aiifemRu 3Ted:

1. FTdeaiId Sorl YPRIIIAR:

(a) SUTH aIgT SHTTOT (b) R0 eaiig.

2. YTGUIT=ATEAT YaTgTeAT feRIaR:

(a) WP YaTg TalsH, (b) Ysad weh eaig,

() 3ifRT3IeT TaTg eais 31T (d) fis varg eafs.

3. THIgAT sHdCHT SIFFIR:

(a) S-8S TEIA, (b) HLH-BS cdisH, 3T

(c) M-S TaiZH.

4. eqig-Taa fafRry TdgaR:
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(a) HH TS eafsd, (b) Teoy Tiis eafgq sfor

(c) 3 Ty 7Tt eaigA.

SUCH CdIg ;oR calgTdl STdcHe, IUAS FHoll Hhdcs Tfael Sl 3d, IR caisTe S
TS 3 BUrArd. 3-gqaR gToft argd ST, TS STCURH ST3caeudd aid aIaravuyg
3l

Rrafa=r eafgm: SR cale= gdensd, urvame Tfas SoTl aerd ald Sl 3d, aR earg—ar
fr3fa=r Tafsy B siiewd Sd. STHo U107 AR aTgd aady UTuft GIERaTel SRTd Tfor
SId Sl Tcitol IoHe FGad. IR YUiuU! gaTsie STaRUITd s SRId 70T IR SIfOr 3M1avur guigoy
TTog HReel Sl

SATSIRISE WATE TqT5 : IR Wi ST UTult aTgd 3RIedy, Caig-dl caTolf=RI3rd
(Tagential) YUdlg I ER] U 3fiesad ST

IETa vl edfg: SR IRAYA aroft MSgaEw) iR ared, &R caigan ASaa vl eaigT
TEUMH i@ oid, gURIdbs, SR g7l 3T S g ale faRA sads a1gd, a) caig-al
TR (ST UaTg Tals WU Hiwwd .

SRS AT TqIS : SR IFRAT AT &N THIR fGRH UToR TARAYA aTgd, R caigdl
31T TaT8 (axial flow) CaZ UM

iy warg edlsT (Radial and Axial flow):SR 0T TR\ MSTqa foRA a8d R TR
AT ST FHTR G2 e R eafear iy yarg eafs W

4.11 T YIRATd aT9RedT SITOM=T STd S99+ YOITel (1KS)

YT HRAH ST STaRATI SATFOT JrSaur JuMeliAed Ieaa-ta d1qy aradd, of ot ST aRdt
TRl f[CHauarITaT Hg@yul Bid. I WOTTehi- STeidxT AT SEifAd e Taia Anfgdl aifaq,
St UG SKta fafqy gam™ URRRUTTTIR TaR & T,

3Tl 4.6

g fafest, Sain arsiiett fsat ara U siiewd S, a1 Haid sfaTyf-d gTofl Jraaur yumelive!
T i, i1 @l fafgian TH1a=T e UTuaredl UTraas Iudd IRt JaRed], ST ay+R Uroft
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ol SUas gid, faRod: ToRTd ST ISRIM ARSI ToH YeNTd. Ludd AT SIfor
Tl &g TUH! B HRANd, Sdbal Ydrid DIRIdHH 31 IRgH e RN B,
2. TR (P8 SO dTaTa):

ST, ST $8 ST ATeld WA Hagd STd, o Irasrd ot Qreauarra! Aafiid STarsd
BId. Ss WHd: g HTOT fUugran uroariTd aruRed Sifd 3RYd, aR drasdr diaa gidl, Rie
STFOT URIEATA 3MYR TdTd. a1 TIHRT deddba- Uradrd groft MedT HRugridt 3o dRférd
HRUGTTS TS Hedl I, HRSAT Boda! [RR YRAST YATYd HRard.

TJITiﬁ-'-IETa?JT
3Tl 4.7

i uroft JequarTdl SfOr WIEIUITST eROr 01 SR fdvar siey diered el A1 IR

3. RO} U1 §YR (FY):

=0T S1fOT RigTd Aeare YiHdT Soad. SRIRMRERRE WrH Jiid a1 groft Jréaur yormet
TIR HR0 3T il SWHIE ol JIfawdt qURiAaR a1 Svard HTedT 3ffed ST Hst
TG did Aegwd HURRIT bl 3G

4. HfARTd STeaTie=aT ()

eRUT
3Tl 4.8

FHlcd ST B TRTAT USRI, YR fdhar FITar AR Y siasiaid e <0 SRSt
HAT I 3. T A TS WSHHYT AR UTuRt Squarara!, Act 3nfor e arrmardt o
JEHTTIAR dIgUaNTe! SITRTGR WIGUATd 3MTd id.
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ﬁl@?@%eﬂﬁr\msls%&\w gﬁﬁwaﬁﬁmﬁmﬂﬁﬁ@ﬁ%nﬁ%%@ﬁﬁ PIERIEsI]
YTUTTT YdTg S e, A1 AT grogrelt SfE-Td i3RY fadl, STermaT GeaT HRdTd Sfor 2myd

YIUigRAST GHATHd Hdld .

RIEIN
3Tl 4.10

6. ¥ dlex grareeT RIEI:

TifGd YEUNTIARIT U0 ¥ald SRTcedT YT, Sdrasid Tl S18aol YulTel! aroRuard el a1
YUl Sdrasia grawrd gToft et el 10T o Aaqur ere fdsar YfPrTd eraaimed e &,
& Ugd TRIATS! W 3T 3y Sereiid grAfera Hruard! fa=ima: T gl

7. dleygied:

UM YRdTd, ITogrt 91 S RigAmmer $ifor fafgst snfor seriyeq aroft Saavarmadt
IR ST Bl Teh Ieaia-i1d I&IeR0N U "HIfh1" 8 T bRl UTUaTd dTdh 3118 of Fg sl
o fdhaT SaR MTUATgR ATead SiTd. AiGATAl dheR siread Ue 3 a1 Bid, of R TedT araRNa
groft 39 SR ITad Bid. 8 I3 Taifed Toi-aqH e UoRMd Tgw@yul gid, Sarges
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AdHT e Hrdeman Riga wa1 Aa onftr oot Idewmdr feg Igq. araafalad, &
0T AT TAIaRITIATd Hed HRUATHIS ! UTuaTeaT Tekial SUART Be- & Joral URINS
UHR BIdl.

4.12 Pelton Wheel :ﬁ?ﬁ[%ﬂﬁ:

Uee ®id fohal Ueed cais- U TR (tangential) TATE AT a3 T8, UTUT IR<AT TRIH0g
I YT MATBR Fhe R MGHd. CAITH FAdCH IUA Holl & Hacs ol SHoll 3.
TEI3T e 30T 3f3caedild GId aIaraRUM(atmospheric) 3TN, IT Calg—dT aTdR 39
SSUIA] ol STl ATOT ARG ST T, U, Uce gidT A1aTae g -1d quard 3iTal 378,
3T, 4.12 STAfAGId Uheardl A33C GRITAd SUTHE Taig Uced ®id 3HTg. SR e groft
URCTh e dTgd STl JT3CacaR AlNTdd SHdad 3H¥d. Ao YR UL drgun=am uruardt
TSt Sl aTedd. FisTeredT 3T3eaedy, UTufl el &uTd dTe? dd 3101 = g 37e/f Marer
Fhe (I) | 3HTeDd. Yo cdis-Td &I U 3Med:

|. =TTt 31O yaTg fAae- saawT,

2. TR STf0T Fope,

3. HIRIT, 3fOr

4. ST SIe,

1. Trorer SATFOT WRelt XTgQfeTT AT,

3Tl 4.12 FED GRIGATIHTO AR STeedT (3-9) G HRUIAT UT0gTe! YHT0T AIoTerded HIaT G
fafd det ST, YT 81 Ueh el DRI g 318 il gTeTedl ArbTgR fdhdl WAty siefta
fa=A arafael ST, gicar bR, SR Spear (S1HaR) ASad e e adhadl Sal degl Udlfed
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PENSTOCK
NOZZLE

‘ M

WHEEL SPFAR
water
UargTe fAgHT STt fRUsRyg Aed
3Tl 4.12

2. 9bc HE TN .

T IRETIR T MATHR fS¥® 3 d S T aRTaR 3RIedT 3{Hd dobe Hid Hedl STdld.
garedl ATHR goxt Mend &U a1 arcian sRydl. YA dTgalt e SHHdg YRTHe faurord
fdgR faumTelt ST waTer fReer urdTd. grodm sie fRderar sl Raex siedl aF 9d M
HITHE fAUTIIT Sl 1107 S STR-IS BToTaR agh 37¢f MATBR ddhe TR Adl. STGeurdl 3THR
3T YT Bl Sl B Sic 1600 o 1700 WA faaferd gid. Talg-T=aT cesl SIamar Saae
JIGed] HRC TG, PRE W Id B hal WAay W Iadl sl .

PENSTOCK

UeeH cared
3Tl 4.13
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3. START casing

3Tl 4.13 BRI Uee s GRIAd. JTARUTY ST T UUaT fRIssTa 0T SAOT Tail
race @1 TTON AISUL. § SUETAURE IRE0 TUH WA B HRdl. § HRE AT [hal Bisdhes
I Qe S0 3115, Ueed GIad 3Rl HIUlde! RASd B B TG,

5. dfdbTT Se.

SiegT fUSR Ye=am faRH &1 sed Aierd quigl dig g1, AT IRAT ST vaT=aT UTudre FTo]
YR Id. YU SIS A YTAUIRT ST 93 fhd g all. IR AT AT YU, Ueh A8
ISTe U™ ohdll ST Sif sl AR STo UToareT siedl (HafRid Q=1 gdl. IR fthroarsn
v fa=M aToamT YaTees IR dadR Uidd!. 0Tl 31 Siedl Sifd T i IUKdId.

4.1 97 Bior (Velocity Traingle) 31T Uee FradTd! Fad .

TP, 4.14 UeeA mia - fdhdl dTgedial HHR GRifddl. AiadT rogra sie Rdear
R JHTeadl, SIS SIed GIF U §IdTd. Sied g U, TdTd JEUTTER IRabard 3MfoT sresid
PHIGTAR SR UdTd. TP 4.14 (b) Z-Z IR dbe a1 fGUTT g=iTadl. fRaer 81 3l U 318 Mo
bl dTe fhIR B Sdhed! 3T3Cae iU 3T, FAcC daliRic! b0 feexar diaal Sral ST
3T3caic o FABI ddbe =T dleid HISIaR Hledl S,

Y, H = ¢ 88 Uced BIdaR B HRd = Hy — Hy

4 fLV?
2gDx*

@rﬁ, Hg = Gross head and Hf =

oY,

D* = UReishdT AN (m)

D = ITH T &Y (m)
N = r.p.m TS BT AT
d = Sieal AN (m)

dR,  V1=3AdeaR Sledidil = /2gH (m/s)

DNII

gdcald avl 3 U Uh Tes WoT 318d Sy

Vi=Vi—u1=Vi—-uU

Vwi=Vi;a=0and 8 =0
3T3cTca’Id AT FABIVIURH, IS 318
Vr2 =V and Ve = Vr2 C0SO - U2

Tl fa=m TugT=an Sieq sad 9 gR fgd 9,
Fx = pAV1[Vw1 + Vu2]
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THIS IS
CONNECTED TO
RUNNER

Z Z

A A

I f
%z/ —~//  SPLITTER

(a)

ANGLE OF
~._ DEFLECTION

~
~
-~

- D - -

(b)
e 30T AT FABIUTET (Velocity Traingle) 3THIR

3Tl 4.14
P B AT A1 DI +ve T g Udel TIgS!. d9d § a=TAT ATl d U&7 3{Tg, Yrogrdl

TRT pAV1 318, pAVrl ATal

I FHIBRUN 'a’ § e 89 38 o 3 fadt Mg

2
A = Area of jet = %.

HTdT Ufd Tdb e YUTIUNTAR Sied b BTH
=Fx X U= pAVi[Vwi + Vwz] X u Nm/s

TR Sleq faarel wraedt

_pAV1[Vwl+Vw2]Xu K
1000

qruft i ufd gie wt &1 o

pAV1 [Vwl +Vw2] X u
weight of water striking per sec

W

AV1 [Vwl +Vw2]| X u 1
= P [ ] = —[le + sz] Xu
pAV1lg g

SICCHY el qRAde Soll sl i WEUTd 3RTd SO o %4 mv2 =41 RISk 3.

TS Ui Tehg Sl K.E =~ pAV1 X V12

_ work done per second

3107 BTrargiicieh HTAHT, 7y, =

K.E of Jet per second
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_ PAV1[Vw1l+Vw2] X u
= PAV1 X V2

_2[Vw1 + Vw2] X u

%453

HIAL. Vw1 = V1,V =V1—u1 = (V1 —Uu1)

G{TﬁTVrz =(V1-u),
Vw2 =VrCos¢p—-u=VrCos¢p—-u=(Vi—u) Cos ¢ —u
JHIHRUMTA el dGaul 6.5,
h :2[V1 +(V;;12).Cos ¢—ul X u

N :2[V1—u+ (Vz—u)Cos ¢l X u

V12,

h :2[(V1—u3[112+C05 ¢l X u
V1 =1 feaiedn Gearidl HrIGHar Skdid SR $8d o]
d_ _
2uh =0
iz[(Vl—u)[l;Cos o1 Xu=0
du V14,
[[1+Cos ¢]] iZuVl—ZuZ -0

4¢3 du

2vi—4u=0 oru=Vi/2

THIHROT 3 AT P Ueed BicT STASITdh BIAGHT ST ST 3d SiagT ATl i
SIcicHT UTUITAT Sieedl ATMue i 3Rid. JHIHR0 A u = V1/2 9 G Sgad S
FHIAHIATS! ST U bl STed.

2(v1-2)a+cosp )x(2)

|V|aX Nn = VlZ_
_ 2(%)(1+Cosq§ )X (%)
- V12

- (1+Cos¢)

2,
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Problem 1. A pelton wheel having semicircular buckets is 1 m in diameter. Pressure head at
nozzle when it is closed is 15 bar. The discharge when nozzle is open is 3.5 m3 per min. if speed
is 600 rpm, calculate the power developed by the wheel and its hydraulic efficiency. Take Cv =
0.98, No = 85%

Given: D = 1m, P = 15 bar, Q = 3.5 m3/min = 0.05833 m3/sec, N = 600 rpm, No = 85%

The pressure head at the nozzle is given as 15 bar, which needs to be converted to meters of water
column. We know that 1 bar = 10 meters of water column, so:

(P) _ (15x105)
pg 1000 X 9.81

Pressure head = H = = 152.905 m of water

Velocity of jet =V = ¢,v29h =0.98 x V2 X 9.81 X 152.905 = 53.67 m/s

Shaft
Power Developed = n, =—2a/tpower
water power,

0.85 = % , Shaft power = 0.85 X 1000 X 9.81 X 0.05833 X 152.905 = 74.37kW

To find Hydraulic Efficiency,

IIDN _ 3.14X1X 600
60

=31.41 m/s

We have, u =

Also for semi circular bucket, ¢ = 0 degree

We know,
_2[(V1i-u)[1+Cos ¢]] _ 2X(53.67-31.41)X (1+Co0s 0)X 31.41 _
n= ) Xu = 53,672 =0.97
N, =97%

Problem 2. A pelton wheel having 2.5 m diameter operates under the following conditions: net
available head = 300 m, speed = 300 rpm, coefficient of velocity = 0.95, blade angle = 165°,
diameter of the jet = 20 cm, mechanical efficiency = 0.95, Determine, shaft power, specific speed
and hydraulic efficiency.

Given: D=2.5m, H=300m, N =300 rpm, ¢, = 0.95, ¢ = 180 - 65 =15°

IIDN _ 3.14 X 2.5 X 300
60

=39.27 m/s

We have u =

Velocity of jet =V = ¢,v29h =0.98 x V2 X 9.81 X 300 = 72.88 m/s
Q=" XV =2289 m¥s
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Power developed by the runner = work done by the water jet striking per sec

=§(V-u)X(1+Cosqb)u

:%x (V-u) X (1+Cos ¢)u

= 1000 X 2.289 X (72.88 — 39.27) X (1 + Cos 15) X 39.27
=5939.39 KW
Shaft Power:

Shaft power

Nmech = power dev by runner

Shaft power = 0.95 X 5939.39

=5642.42 kW
:2[(V1—u)[21+COS ol Xu = 2 X (72.88-3.27)X (12+COS 15)X 39.27 _ 097 %
V2 72.882

Specific Head :
ns =(N\/p )/ H/*
=(300/56.42 ) / 3005/4

=18.05

Problem 3. A pelton wheel turbine is to operate under a head of 42m, at 430 rpm, if the discharge
is 11.5 m%s and turbine efficiency is 90%, calculate the power generated by the turbine.

Given Data: H = 42 m, N =430 rpm, Q =11.5m3/s

We have,

_Shaftpower

Mo “water power

Shaft power = n, X water power
=0.9 X pgQH

=0.9 X 1000 X 9.81 X 11.5X 42

= 4264404 W

=4.264 MW
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4.14 FRANCIS TURBINE - WIf=49 cafga

Scroll casing
Stay vane l
'!/shaﬂ p ,,_.l

o ettt ; I
{1 ) e do)e

i | ,J‘\- N~ .

- 3

! 1 runner vané

Guide vane
Or

Wicket gate ~draft tune

_tail race

speed ring
or
stay ring
stay vane

from penstock

guide vane

scroll casing -

ATy Tafe

3Tl 4.15
3Tl 4.15 I Caigd U R of [T UaTe UHR RIaRM iz 8. SR o, B

(2L3U-]R) TT AN e T § A1d SUTd 316 31T, SO $C¥R Hel 3o IsTs
o] RS JhRd! Caig b RId B! I, AR, ITd 966 HRUATT ST T STYFAH Tor-ad
TS T 3R, T (mixed Flow) TaTE UHR, SATHED UTUR Tq0T=aTed] STe<i® URGTd Hodaor
T3 HRd 1101 ATt AAHTT effaunr Tred. Ueieadie arft Thie SR (areT aite
Spiral 3MTERU] SV @ FEUIAT) T B o TARHTA 3T, HRATAT I Talg IR garHiadt
YTugT AT faR 01 UgM R0, A faaid doaar uruarn siars! fRUR 9T IRGul g1 317g. IRl
FHIadre WUl AR AToarEl 31 fRR SquariTe!, BRI Hig-UaRMe & §Re®R HH ho
S, 3TSTE (Cover/Housing) SIEIAR TG 3, HRE WIS, We TIB, BIdIc [hdl Hidhic
3T Tod TG0 3R, WIS WE IS T FHRI: 30 Hiex fdhar ATg $1fdie Jdi=ar @re!
PR SO GT CHST3] UG e oI,

ThI® PHIRTTHY UTuft Tite 1 fohar ® R S, wits Remmed axe Siifor o= R
THTART 3! ST RR AT Al Tha eRGOT ! AT I G- TUIT. ¥ G-ad! el
YT AN aRId(guide) A< FHH T=AT TUH Ud! SiTd. Wie el 3 &1 3ed. d ¥hio
HRITIRE d Me S o fdhar e Teqaddd uroh R #d. e, UTuar Siavid aIe 31T eaig-
3T SSfAch e ARSI IoHM TR FGHGIT HRET d UdPR HId 301 7 BISSIHAR
TR HRd. TS R ThaR HRe 3 [hdl BRE K@ (dhdl higdcs Wiad! 3 Fdhd. Te
fmme uroft eafzs IR ufvErdiadt UM dooar ArlaRid(guide) 99 fdar fade e

Maharashtra State Board of Technical Education 83



Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

o

AT SiTd. ATIGaIS &-d B UIS! IARGT YRAGAT SIToT=dT UTodTe JHT0] Hifd HR01 Sfor
fSSEToT 9 3R aaT HIHTd IRAR urvft AR w5,

TS o USRBISHHAT ATHRM SR ST d HRE, oY [hdl We Wiod §T00 31
FHAd. TP MRS d101 G W G0 3dId, aa1 W 88 HRRIY Sl T Wroar el
W FTHe] SR, Sl ST fbaaen UuIdtgR, e Anteaier 3= i o fhasar
RATITS THT0T YTI0T-ITaR YSEH 2. ANIGRID a4 ThaR AIDHIGR (Al B gHcHTan)

RUNNER

VW\ |

I E‘@ﬁ%‘ﬁﬂ CUREEALI (Velocity Triangle)
3T, 4.16
3fTaqdd guia Soear fafay T T- Iea1 BUS! HHId HHT Sord! g B IO
groft 0. IR caigTel IRAY aF WeuHdIe ddunddr oiid aRerHiadt S99 JdH
HiSSSAT deh d-Tdl HIfeehT (IRSAT 16 d 24) 3. 3=l HHR FADT 3! DI dlg<Io YR
groft TREE AUl gaz dRd Sfor Sagar uReraR Si&fiuul disd. urugr Jargren fazA
50, XeTe d e udd, IR ST, IR Uh URHTT 96 AT $HRd) Sanes YTaumRT fhdl
31O AT IR IUGE IATEN BIAHR BT, IR Tedl HRE B8, FRE To, g Ko
fhar WG WIod 00 SRIAI. §ATEE] WAod TIedl YUl IR Jauamidel, TR sbed T
& U, S UidheaT FHTT 819, HAI, T Ao TIod 700 SN, I ARd! fhad &l
BId SHTIO1 AT ded] HHITHH! U NG IR SRR YARAd Bld. IRST MU A1dt Sae!
ST St T84T §19¢ WK 3. IRGR TR SR Cleh MG STHReH TR BT il
S THRId: SFRER ZMUCH] SI0C HoGal Foul HaRMGR SISeT Sdl. IR TR ruft
S0 cgag i T (tail race) S dTgd.
TTOTER YTAUT=ATaR Wid Yoha dhaldl B JHHRUNGR fad S,

= (pAV1 [Vwlul + VwZ2u2] )

=(pQ [Vw1lul £ VwZ2u2] )
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Vi and Vi = IC STT0T 3T3Ceiedar Tl ofl 3hH
U and U, = Saic STTOT 3T3cacar A1l il
ufd Qebe urogr ufd gfe ao ufd Jdg Haid D,

work done per second

_weight of water striking per second

_ pQ[Vwlult Vw2u2]
pQg

— [Vw1lul+ Vw2u2]

g
Ra FHHO IRAT U0 e g Ufd e ol gXAiaR0l GRiad. § FTHIHR0
TSISIATHR HRIF=T gad IHieRu 3fiedd Sld. il gSSHHTHa AR
TAYT THIHROT 38! U, § THIHRU1 Iy YRS T, geR gt faa.

R FHIHRONT I B BT dld DI AN + Fog Oddl S, SR DI R A R BT forg
ddd SITd. SR B = 900, TR Vw2 = 0 0T Ufd Yobg dbeiel B Ufd AT UIvdT goi- Ufd Yavg
3 B,

1
== Vwou1
g

BTSIToTeh HIT&HT UT I,

_ [Vw1lult Vw2u2]Xx (w/1000g)
Mn (wxH /1000

[Vwiul+ Vw2u2]
(gH)

R fe=me 3r3cacar ISad 38d @R,

VW2:0

_ Vwlul
Nh="gn
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4.15 KAPLAN TURBINE - #@+ gdaig

CANE NSIEE S

3Tl 4.17 (a)

HAFT
/S SCROLL CASING

GUIDE VANES

In INLET OF RUNNER VANES
v i~ OUTLET OF VANE
TAIL RACE

RUNNER — | 4
VANES

CARE NG IEE S

3{Tehell 4.17 (b)
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S calg g1 UUGR caie-d1 U UHR TR Sl SReT S ddl & HWTH (1876-1934)
it fIBRid HoT Bidl. 81 U 31elld UaTg Tais 3, St go-- BH geuia! drg 3T, 0T
TEUH a1 YHTU ZTakt faeh RId HRUARITST HiaAT THTUNG YTudTe Sazgdhdl 3.

81 R3faRM caigd USRI Arsal M1 BUHT o 3821 IR IR $ifad Tuad IR udd
qufgol g Afedd A6, 3Tdd 4.17 (b) T 3R fogd 35@ & WO caiz-Td Jod ged o Bt
THIG DHiiT, T T, M ot Ta=AT AT STUe ed I cdis- JHIUN 3Ted. Tee ®~d
3TIOT TR AT BT (fdar UIUeR) caigareN® Urol Hled g 3fefid fa2m aesd it 4R
IRAYT Od. P (har UiuoR) calgTar IR IR a1 g1 (a1 @@l suareds
UHRUTH 3M13) 5SS TN o TSIl MUSRIRY fadd.

g4 a1 diel digde e (fhdl d) Sdo BRI SdId ! ARG Yol feftau
JEd. ATYRUMYU!, TUGR THISTd IR 58 [MIRId Hos SATd, TR Do caigd IR o8 ATl
SfeTHIad! TS ST, RADHTd, SIUhn Tais TTQ AT Fidl FobTd b FHIINT BT
TS AHAL. IR SSUd § THEISH g9l caig 30 SFRex MUl Uihad HUGTAT 3d
PR TR HICgR WIS AI0l e oild.

ST MRS HT-AH ST SIfOT RS B lal 1Ml S XD lld, degl SHTORTET URRcii=an
faqa SUiHe S HRIEHdT IGo! SIS, . §U-I1 A IEd R, UIE 318 SRIAHTa], O]
TRAYT HH fSTITS dargd SIdl, degl WM caigTT dadid 3= Bl U Hot SIS
(. B M 4.17 (b) T e T B SIS, 2Adhd, ST HWH caig YIGUTANI! S0
31T 3redre A1 Fdhiur guf Blsar onfdr siefae Srear Yad sew@red! fRR TilA & & 3.
? G IS® P o] caig I RAT YATEIISG HaUd 960 a7 HBIUTAT THRIGR GRUMH FHRdId,
WRIel BSd B UDHId I3 AR HGITHeS, Td B TSI TR UTuft 2iid = Bl IR
SHSHYA AT, TS IR IO YIUGR calsTHe NS 3o Ua! 61 M caisTqe
SIgeoiges quigul g elehe SidId.

g "

o
o Yi—* v, |
1

S TEI3 IR sASATa! 97 BT (Velocity Triangle)

3{Tepel 4.18
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. Ui=Up =

Q = 2(Da? — Dv?) X Vi (M¥/s)

Where, Da = A1 TR AN ()

Dy - ST N (m)

Vi= 3T CaR JaTer™I ail (m/s)

WSS Plal Hgw@rd e 3MTad.

_ DN

1. FSC 3T M3coeANS uReNg o IHH 3ied

" 60’

where D = X[ dlgl HTH

¢ 3T eI ARG UdTgT=T o JHM 318

Vi = Vg

FTOCHI® FATETd & = 3TICTeail® dTgTd &= 7(Ds? — D?)

dddT 4.15 (a) Impulse Turbine 3O Reaction Turbine A B

HIPHET MTUR Impulse Turbine Reaction Turbine
R calsTal UBR SUTHY had | UTugTr=l eaig-dl UdhR
g oS Soll (GHed | SaTHe TTfdst Syelt ST
) cais fhauarrdt | urvar e e gl
qORE STTd ATl S TaTg fthRauarTal arRet
[ EEREAURI A ST rer RefaRr eafsA
LrUGIGH
qT0aTE UaT8 ST cdisAAe, aTon fY3faer cafgHy,
AT aTgd 30T cqigaR uroft agTae]
calsT Sl YShd. rieefe ey (has
&1e) gR MaRd &l o,
IS A BIY T caig T, T fYafa=r cafsTmen,
3MaTYi(high velocity) RGN | SIGTARIE TTfarot SO URR
cqfe fhRad. It casH fthrad.
S a9, qogTr fYefau TalgTa, yrvarn
ITAAT KIS dredHl @mwwﬁl aﬁwﬁgﬁrwa
- ﬂoslﬁscwl ISR AT | SIS A
SEACISIERYIEIKARIRS RS
3.
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HIGHET MY Impulse Turbine Reaction Turbine
U cdiz Y, TalgTre | RfaRM calgane,
BIEZIEIRACKC I PENE RS RS KIGYAR aTgamT UTuar
0T &g HH paT Sdl, | aTe HH g,
U cdigTqY, Taigd 3R calgH, Talgd
qTugTd GleTd dad IST el Yl UG | SISl SSput i
BERACKI G RCS g UTOgTT GIaTd DIvldTal
SR cdis- Hica o | R3faRM algd gom-
MU B ERICRCIGRI ARG 2SS UTUgT=aT I8t Ay
3fTed.
SR CaIg ga HH R3fa= caig rodman
Uil JdTg & groft UaTg RiTdt Ay a8 X SR SRcied]
U calgTd &S GHEAN | RSaRM calsTd &S
; MBS ST, SIHTHT ST, ST
IS RIBIgd WHRd (ATHR)
3.,
S el 9y, caigda | RfaRM calgTaed, urof
ot Rt AIHTAREA AT <o xqH YT STHS q&H STOT
qroft Sred rd. HaR sifaw Tw@Td (tail race)
SISNEIG!
T UleR $3cYcHTaT, R 3faRM el AR
T PR 3T TN HHR AGH | FHH GleR HT3TYCHT3!
3. g HIST 3l
ZIC calsTd UG RefaRH TagTd! Ui
3 JaTERU 3Ted: Ueed @1l 3CIEXU! 31Ted: Wl
g, e carg Mo g 30T HH eafs.
PHI-Udl Tare.
4.15 (b) WTAS
a.ﬁmaaig‘rr:
U®cd eaig-d Brae

I BTIECT: UGc cals- grogred] YU Sord diAe SoiHe TR HRUATd Sfdd HIa&H
3MTed, faRIvd: I=d-g 5= R,

qreft AT I o A1eh [T O ST T HH UG TR Hored 30T fazarmg

44
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W fAfed): UG Tafzar IR 8 Haw!-gas! R THURE Miaa sheifie ufagmudd
3D Wb ST BT SIS, bl
SafIPdl: d UaT8 i fawqd JuiaR SRigHd SR B dhdld, SaHes o a6 aroft
RAST RISt Ay §ara.

b. I caig-d Brae

- JPAFE: B 10T yare IR faxga Aviierdt ar, @i fafay Sefdgyd srydmiam!
3IH S §ad.

- I HTAEHT: faxd RIS Juiiied I=a Hrierd U HRUar Hed, S SRl S Gra}
33TYCHT! HTTRTD 3T,

- GO fSSITE: WM caigd! a1 go-- Tl ST Aoigd 3¥d, IR HH gaHTe
S{TIZIH AT ST 1Y SIS SIS 3.

- BAFIBAT: YU YaT8 31101 R TFATdTe TR gTdTes 21dhdl, of R i it rauarardt
BRIGER 318,

v.%@ﬂqﬁﬁq:

P Tdigd Bae

1. HH gSR I HIUHT

2. JHAY &g 3107 fadse e
3. SATRFET (Y areht faxga goft
4. B (HH! STHId) S
5. 3= UdTle &Hdl

6. BIgeH (HRITST B Hie &%) Fafor grvaren et Bt
7. UOTaRui Brie

8. Tholafeel

9. fazaa-a SifRzA

4.16 CaIgTd IUANT

1. Sofdggd Yoy

2. 3renfies fafaamT

3. ST &ATd I

4. 3URARSE FHoll UHaU

5. JA 3M1OT =Ny fafamT

4.17 ST ogd
S0 °Jd BT govgos dIGUIRIT &l Ueh UT3U 3HTg Sl IRAT M3CHCal <o 93N shisdl. §

CqISTT dTex USUATARIT RIUCIAN <o {qudd Ul MSTarNTe! aIiRe Siid. 8088 dle Ul

AT TT UTS U] S0 ed FeUIdId. STUC cgdd Ud <idh YTGUIATA JT3CHeRN SIga o 3¥d
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W GM TP <& AT UTugTA] lded =1 Wio! fadi gld. STUe &d, A&, grof Ssuarrdt
T RAVIITS, WSS G I ST 3R

1. 8 TR TICHCR AHRIHD 88 RITUT HRUIE! TRATHT Gl T ATHS CARZAIRIS -IE 88
qledd. oa® §€d DIUAG! JHUM - ial cais AUCIAT AT IR a0 SIS 2ADhd ST
T8UH caiz-dl araikdr qurult Hot SIS, 2Mahd.

2. ¢ TR HTICHER D! G GT TTciiol Soredl HiGAT YHTUN (V 2/2g) U a1 S
FUIGRT B, STUC SERIAT, T3 3cHear HH FSG! kinetic SHoll <& YTH qrT
0.

BUH S0 FAT dTR 6, TR0 I 58 dled. caigd HiUD ekl f[adbRa dHrd SMfir
g HREHA GEI® aled.

SR R 3faRM Taigd SIUe oga HRoo! e, IR IRAT ATICHCARI® a1 dIdTaRuTAT Grarsddl
3G, IRAT H3cceddie Urfl <o W I8 Jaauul W JRe. CAgIaRIo Had 88 SIUe
EYE Safdodr Uidfshal Tafs-Tuen ST sRie.

a4 STUC CEIRIaT, TIRAT A3CHCaR TS ! kinetic 3ol (V22/2g) 3HfdH T (tail race) I

4.18 STUE YA YR
+ D j
: ET Yl H R |
\\ A
TAIL RACE /) T, -

(b) SIMPLE ELBOW (c) MOODY SPREADING

(a) CONICAL DRAFT-TUBE , TUBE TUBE
f_fj\ H,
\ \\_ / - _L i

S o sk

(d) DRAFT-TUBE V\IITH CIRCULAR
INLET AND RECTANGULAR OUTLET

ST ad YhR

3{Teell. 4.19

SILCICER eI
1. ®be &d
2. Tl &d

3. go! QST e e
4. §O-ARSY (YR) STUC Y
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3Tt 4.19 fafae TRz STUe &4 ezifad ST WiesHeE RiTu-=a fafry uRFRUGIR arRearn
ST, AU (a) ST (c) TR TaTd BRIEH 3Md, U (b) ST (d) FHRIET Ueh BT 3T B
AT RIS AT FH ST HTZTD 3116, 3 GRS 318 Pl WD SARIC
YHRT JTIE TS AT KHdl I 8° UG SR TN1dl. § 3 3¢ HRUT SR g1 b 8° U
SR 3RS TR SIUC SgEHYT dTgUMR UTuft AT SHciie gEHRTAT Yudhid ASUMR ATg!, UM
TSI TR ST 0T 10 egasit Briemdr 4t 8.

1. PP d

qui:

« T UHRAT STUC A IRB, G AT BRI HTHR SR, Sl CaSTHT SMSCHCURA dTeR
USUYTS! §obga fadRdl.

P

- §B5 [AXARTESS UTUTTET I ST BI0IR Had Bid, TTdiel $ord &l $oid TR Bid.

IUANT:

« § UTHRIA: S8 0T HH HHRIAT TS 1dgdd GATHE RS S 91 STUE SIS UG
it Fyifed g AT,

'CFITI%:

- 19 fEgITE 31T Sigyvary 9,

. Soid TR TASIHE TR HRUATd HIUEH.

die:

« SR I SHTARTD AT 3R, ST d HH g6 THauITHRdl HH! A1 i,

2. @l &

quiA:

- 7 ST IEHY Ieh fhdl HIIR-SHTHRIT T 3d, faRIva: 90-F&H i1 fbar a1fdres.

P

- Ih MTHR TT0LTT YaTe Afdeiear YAHERI HRoar ded Hra), o fafRiy gt dsmsensd
WEeaR 3& FHd 9 ST Haffed 3.

IUANT:

« 7 fEepTult TaigT ToNT S el Sacs YT 38 fhdl SiegT &fast fexams! oz 3@ 37N
YISO aTReS S,

U’TITI%:

o SIT-UfE T SHSTHE THUIRIS! [STST B T3> Zehdl.

die:

« AH AT TYU] TH U TGUATT ZTRII.

« WS JTUC REHT To-d fSS 0T Sieoitard! i wfce.

3. g3t WS g1 egd
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qui:

« I YR T YRS TS AHAT BRI FAUTT SRI 101 AR 3 R fdar
IRUMRT faURT S,

P

« RIS ZiGedT ATHRMET [THRT UTUgT=r 37 TRER HH! HRUTN Had Hal T g TAuw
JIGadT UERUIRT [AHRT 37 HH! Hdl.

IUANT:

o 1 fEHION Sft 301 Hdem Hol FUIGRU ATANIS THAG MaI® 3T ST RITT-ATe!
3Maal.

tb‘l'ﬂ%:

- T ST STIRIDH NG IS &I GAUTGL,

« TR STUC TJF THIU BHIAEH 3ol ST,

die:

« I P HTAT Jod 31D Sifes fSgme.

- TR TSR 7 HGART UaTg dTTes GIUT SATIOT SRTclcraT ST SR 2h.

4. IB-ATSY (TRM) TTHE eqq

qui:
- I YR e UAl-MPRME fhdl S dleaol gToc 3, Sl Jdcochs Gl
ﬁﬁmﬁswsw OB Agdd Ypfard gIe.

El‘c°r AT SHR UTTATAT YRS [BId HehHUI UG Hed, TYoc TN Sorat gt
S A GId YAITG! dread.
SUANT:
« Soordt gTT HHT HROT AT GIE GAUTGIT SIRTd SfRd R0 HewaTd 3MTg 3121 SUANTHe aTRe
EIGH
'CFITI%:
« 3G &S YA 30T HRI&HT.
- T 30T UaTeTd JUd Ul BT .
die:
- fEgms anfor fAfdfare aiftres wifew sifdr wgm.
- VG DTS HRUANIS! S HTIEHD! HTTZTH 3T,

4.19 TaTgTHN FaTEIeyur fAwfur HrugRt SHFGu-T

TATE ANTIT HIUTATE! U a9 aTgc SaTedl a1 GIaTqdd Uigiad! degl T aTh ghss G
30T ST S8 Jege Hicdl YA GIR gldid. § §egs (fhal ST 1RGe oW fhar didha)
aTgIIad dTgH SITdTd 3110 Sw-g1d AT d TR IaGaTeR § §egs 3aMd HIesdrd HRUT &y
U8 5d §d.
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Q! AP HSGAS TSN Sd AT HRUITITS 3M1d Sl 99 G211 o &4
Qiehos T TEURT JHedl, e JU SR RS g FHiur gidl. IRIRTde Sivrdiagl o
EHTT GHTS 1 Tl aIaiA e 3Tg.

I GSTS B GIH AT TR G101 30T H 15U AT GEHFTE TR THH 813 21hd of RAac
fhes 3 ST YEUTT WRIEUU! Wh13R Bl 3101 WgT gidl. a7 geeT UidheadT fH{ur g0 oA
3@ e SId St caisTae] a8d URei®, 11y, ®lowm, [ued sard! fafay grgiios dReme
3T e,

fYafarM calgTaed Uiwat fFAHTur B0l TR=T dTeR USamT fohdl STUT SJadl STocHY 38q.
[dHd oY AT SEUTIRIAT HH BIdl. Tided FHU FGAS a1 I IR T 10T JTHE
SIS YT SRR MGG O], SMes Caig-Ta! BRI HH! BId. 3 UHR, THSTd geh 3

fEe B0 uIgud @ 21 fadean SHt Gieean AHi 81 2 dle,

cafsTHe Bigew  (HRAT I=gar dgM 7S &) Fafurgo
3Tl 4.20

4.20 TSI ® cals—a Rasardt fAey

SO ded Ulak WicHIa! aid eI od caigd MasdHI 3 Moyl faaR HRor sffor
JITATeH YHReAT Calg-Td! BIIEHAT dfRTSe TS ol TH1ay oM. Fas Fey oftr srivez=
R quaiiedr fagmasied 3 s

&S 3101 yaTe ox:

I B3 (300 HIeUE SI): Ude carz.

T 83 (30 d 300 HicR): W1 eafsH.

HH §S (30 Hicxue HHT): HH [ TUex cargH.

YTUYTT Udlg GX:

HH! JaTg: Uged g,

AEgH YATE: 1= cals.
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o I YUATE: WO fdhal UoR .

3. wge fRy:

e ST SUGSHAN: UG Cag—edl qo-d Wi~ 30 HoM ezl JMEFd: Jisal b
TR DT 3.

o TTUGTET TUERT: TEi3 UIamdie Aisdls ST MRSt Uik SRy 31azad 38, Used

4, oIt JaTE MfOr R

o RRYR: FM 301 HiueR ez RR YRm=A gk FiTe! SRR BT,

o BPRTTS BIS: UGc 3T IR oz TRUGS B8 S HR&H Al AT,

5. PTAEHT:

o THU HIULHAL B cdis~ HH o8 dTURUINS! 3 d BIAEH 3TRd, IR UG caied 3 88
G,

6. ST T JfTORFeT T

o THUTE TSN UG caigTae] HIG: I 3 W oz Jod HHl caHTS
TTRG DT 3.

o SHTRIETTd: ol g, GOl SN TS TAg HURRMS WaTaT faaR B,

7. TAfaRuig YYTa:

o IDIRRCH FIY: RIS WIS TRIARIGR 3107 TT=M=T RIGTARTER SI0m=aT GRUmarET faar
&S] Uligel. HWH calgH, IaIeRUNY, ARINI3! %o (S8 azdd GGl [SHTul Wem=a
f&e ST,

8. difA® SAfewdr:

o IO A HIG: (G AT Helo RReHT! diH® Scodl Tdd UHRAT CalgTIaR
SCod. IaeRUNY, HWH calgTe FHRING HRUGAN &8 AT of AT Sfcadraed R
BIMEIEIG

4.21 BTCI@W Eﬁf’&'ﬁ'tﬁ Wﬂﬂ'ﬁﬁ afired (Characteristic curves of a hydraulic turbine)
gSio® caigTd afareayul &d § B 3HTed, STl AgaH dTavTel ST e IR
caISTd 3g® da- 3N HRUGI ST SIS, 2D, § Hd AT HIHGTTAT TR
THIIaR Hoodl ArAugil URUHGET Wic dho SIdld. ol calgd e fid sfoe

o THU HRIEHT

o Tic3USY
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& ada Wrfledtat (N. H. Q) Te WRiler fRR 3aaT St 3nfdr IdRd S ads aoite]
TS el afRred g 3MMed:

|. T df2rseaquf fhdT died /8 &d

1. TR Ifdmed wd (curve) fhar fRRR et wd (curve)

. HRIS Pd fehal fRR HRIGHAT Hd

4.21 (a) 7 dfRrecayuf fhar died 38 $d
TSI calg-TaTe! dfRedyul %d Curve HIGUIRIS!, 38 fRR 3T TANT &l SITdTd: B8 SOl
e 3fufw fRRR SaedT SITdTd ST CaigaaiId AI8 ST ol YHIINIT Bl SiTd!. Tdd Wi

= H= CONSTANT |

% #FULL GATE OPENING H= CONSTANT

1) 434 G.O. -~

< L - FULL G.O.
AS % G.O. o / _3/4 G.O.

O+ * i i :

5 § / % G.O.

E , »1/4 G.O. e/ — o

= 7l

UNIT SPEED (N

UNIT SPEED (N,) —
H= CONSTANT

3 FULL G.O.

3/4 G.O.

T %G.O.
W\

UNIT SPEED (N,) *
U&e R B arared
3Tl 4.21

T U edTTa!, Ridkd! 31foT fSwarord! afid Jod UTed dhel! STdrd. Td el Tdd
TS THUT HIAEHAT JISTeR SiTd. Qu, Py, 3MTOT (17,) HATIOT N, I e SUSUR TIE Faed 301
NuFlTabscissal%Ufr‘aW, Qu, Py, 3rfor (o) Eﬁl—g\ca @I ol SITdTd.
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= 3 H= CONSTANT
H= CONSTANT
g S FULL G.O.
O cO: & \%\
g et e & /4 GO
e 1§ o
o / a Y
= = 1/4 G.O.
= 2
- =
UNIT SPEED (N,) —= UNII SPEED (N,) —
(a) FOR KAPLAN TURBINE (b) FOR FRANCIS TURBINE
s H= CONSTANT
o H= CONSTANT
14
FULL G.O.
‘é‘ FULL G.O. ULLR.O
T 8 3/8 g;oo < 0.75 G.O.
= - G'O-T 0.50 G.0.
=z
25G.0.
= 1/0.25G.0. D
UNIT SPEED (N,) = UNIT SPEED (N,) —

R3fRM cafgd wd aRred
3{Tepail. 4.22

b) 3iTaRfe Afdreed wd fhar fRR 1 +d

o)

EFFICIENCY(n
™ POWER (P)

H= CONST.
N=CONST. p

N,

\

A fo—:
/ — . DISCHARGE (Q)
DISCHARGE FOR OVERCOMING FRICTION

HTqRfET afdred) %d forar fRR Tt wd
3Tl 4.23

TS I AT AT SRIATT ArI0] ST ST e AT JHRATO e (R Tl W

HO! AN, D IS TGod A caigTHYT UTugTET YaTg IGod!.

- 33 FRR 390 1S T [T d 98¢ FAwhd. ATRfET IRt N, H, 8ifdr @ § dF Wda

ATUES 3MTed, N 30T H RR 3ired 3o WU fewarst Q 21 HeHid 2rad! SATiOr drierdas fimar
Wic Hot Y. TiaR ST HRIEHT ah x SETARIE ITUURE fdhiod g SdIe BRI oAl
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YYUITR AT HRUGITS! TAFRTE THTUNT T1d 3Tazadh 3. Mg 4.23 fETareiean deHid e
31O BRIEHAITG HReb G2,

0)FRI® Pd fdhar fRR Srigar &d

8 B4 o7 [a5g BRI 30T o fov fears dd i Tie Sufaé! Ui &o Siard. Nu fa.
no ashTAYH fEear HTIGHAAISY, &H Tt 3MTed. Nu fd. Qu od Ted, = & gl Heifdra
STt 3H g3 3ied. UM fGoadl drigHare!, [y e siufmare! fewmd! o god
3. aran 3 fedaar srigmaurs! T aF gad offtr fedean e sfufmard! fewmsid!
S @ 31T, SR BT SR SR 30 R had U J@T 3118, e &1 §F J& 3Mfor
fafry e Sfiufimzht Jefid fewmeidl aF god U b (@R Wic) A SRIAQITHT WIE Bho!
3{Ted. JITATTeH T SUHTTST UfehdT TARIGT B! Sl 30T Hd Q favg N Wie & Jrard.
JA HRGHA GO [ag SNee Sdld. A HRGH AFSSAT Il iso-BHIRIEHdT Hd
RUIA. § d R SRi&HAd & MiRad Hrugrra! $itn fafdy srierdar catg—=ar srigmad
3IETS YT SUGad 3MTed. iso-PTIEHdl Hd WICTRTS!, A Srieddd Hiafiia Hrom=
TS X 1 ~ 7Tl B AR HleRdT SITdld. o0 fagax a1 Xo fafae ey iuf-TeR SrRigwHdr &d
HIUATd o HETEId Q ~ TS THd A BXATANRA P o> SIIdId. THM BIULHAT 3RIG S [6g AR BRI
®d gR SIS SAN. § BB Hd iso-BTIHd &d giadrd.

- 0.75 G.O.
— 0.50 G.O.
L 025 G.0.

4 d

V/ |
ISO-EFFICIENCY‘CURVES
(b) —> SPEED(N)

FULL G.O. 075‘
G.O.
|
I 0.50 G.
‘ F |
| 025 6.0 C?NSL/:JI\ET EFFICIENCY
1 ' -

0.2 / DV A
— SPEED (N)

R Brdemd od
3MTepell 4.24
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4.22 TSI caigx) Hriuea= ARk
l.ﬁ?ﬁ?ﬁf’s’ﬁ[;

TS V9I: TS SIS HIA-TATS! AT (300 o 1500 HICR).

UQTE &3: HH! d HeIH UdTg gTat JaraH.

PTIHAT: I 3SR I HIAGH.

fafRry 7Y wft fafry o (3-30).

JHTIRIAS GAfaHAl: TRITS BISHUS IPHY.

f&=Ims: UTvah 31TaT ek AR dfeR Sl caigTa sedl Y8,
SEHTS: T HHI TIHTS,

2.ua‘|ﬁmaa1's‘-r:

TS ¥oT: H0H g8 U ha-ia! Irg (30 o 300 HIeR).

AT &3: HIH UdTE X gTaIed Jahaldl.

PTAEHAT: B8 30T TaTg e faxqa g = SRl

faf3ry et Hegm A1y o (60-300).

TS Baraddl: BRUTS HRIHTS! AT, TR BRI QU HH! fdhal U SR TaTg aridR
HH B4

f&=ms=: s vatg caig; uroft FAsarqd uazt sxd Snfor srefiaaur a1ek usd.

SEUT: HH TTHTS 3Tazgehl.

3.Wﬁﬁf§7{:
TS ¥1: B! 88 U@ oma-uama! Iy (2 d 30 Hie).

UaTg &3 3 YaTg SRIT3] qarH.

PTILHCT: HH goaR GU I HIUGH.

fafry wwet: 3= falRy w1t (300-1000).

TS FafIPdr: F&ufig varg e SIS YrEerd! el o8 $IF JHINT o
TS 21,

f&=meA: siefty yarg cafg; Ul eais MU a1 YHIR argd.

STYTE: AR S S 3d caHTo.
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YRATdIA Safdggd Yot
BT JadT YR Plal THE Siadedd eRUTHE aTaRed] SITUM=il SIS caig-al ARIgT &l

T 4.25
Safdggd eRUT calgd| At R TP &t
(MW)
UTehT &RUT Taal || fRArd uawr Snfor 1,325
i Iy g
fegt erRUT WR| e IR e 1000
TRER ARG &R0 FHa D ST TR 1450
JoTd GCIER|
1T ST YROT 9IS | fyree v I Tafzs 1500
1S R TEM | s FEH Tafe 348
SR AR ROT SECI N [ HITR7Y Taig 1000
DITAT eRT DI TERTY HI0Y Targa 1960
AT AR 4ROT PN | e oifdr aife oey| I Caiig 816
@WW IR P J@e cargd 780
Ree wror Ree | grmy FAICCEIEE 300
TR EROT It RUEd TR IR s 1071
GBIl Safdggd EEIC] JRPS— IR caig 390
e S
SR eROT FHWM . DS SHIOT BT 1670
3y U= c
o7 11 YT oyl %Wm ﬁww‘g:r 300
dldhdd Saidgyd ENEZ R y c 105

UdheY
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Exercise:

TLO 4.1 Calculate the force exerted by a jet, work done and efficiency for the given
vane condition

1 Calculate the force exerted by the Jet of water of diameter 75 mm on a  (A)
stationary flat plate, when the jet strikes the plate normally with the velocity
of 20m/s.

2 A jet of water of diameter 70 mm moving with a velocity of 20 m/s strikesa  (A)

fixed plate in such a way that the angle between the jet and the plate is 60°.
Calculate the force exerted by the jet on the plate a) in the direction normal to
the plate b) in the direction of the jet.

3 A jet of water of diameter 60 mm moving with a velocity of 40 m/s strikesa  (A)
curved fixed symmetrical plate at the centre. Calculate the force exerted by
the jet of water in the direction of jet, if the jet is deflected through an angle
of 120° at the outlet of the curved plate.

4 A jet of water of diameter 20cm strikes a flat plate normally with a velocity of  (A)
15m/s. the plate is moving with a velocity of 6 m/s in the direction of jet.
Calculate a) the force exerted by the jet on moving plate b) work done by jet
on plate per second.

5 A jet of water 120 mm in diameter having a velocity of 20 m/s strikes a flat ~ (A)
plate normally. Calculate the force exerted on the plate, when: a) the plate is
stationary b) it is moving with a velocity of 5 m/s in the direction of the jet
and calculate the work done.

6 A 8 cm diameter jet having a velocity of 40 m/s strikes a flat plate, the normal
to which is inclined at 45° to the axis of Jet. Calculate the normal pressure on (A)
the plate when a) plate is stationary, b) plate is moving with velocity of 15 m/s
and away from the jet. also determine the power and efficiency of jet.

TLO 4.2 Explain the working of a hydroelectric power plant

7 Explain the working of a hydroelectric power plant with sketch. (8))
8 Classify Hydraulic Turbines. (9))
9 Explain the functions of various components of Hydraulic Turbines. (8))
10 Explain water storage systems and water wheel used in ancient India (IKS). (8))
11 Draw the general layout of hydraulic power plant. (A)

TLO 4.3 Explain the construction and working of a given hydraulic turbine along with
velocity diagrams

12 Explain the construction and working of a Pelton Turbine along with its  (U)
velocity diagram.

13 Explain the construction and working of a Francis Turbine along with its  (U)
velocity diagram.

14 State the function of Breaking jet and draft tube V)

15 Explain the construction and working of a Kaplan Turbine along with its  (U)

velocity diagram.
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16 Compare Impulse and Reaction turbine on the basis of input energy, flow (U)
direction, head and efficiency

17 List any four applications of Turbines. (R)

18 Explain any two Draft tubes with a neat sketch. (9))

TLO 4.4 Select the suitable hydraulic turbine for a given application with justification

19 Select the turbine for a High-head, low-discharge hydroelectric power plant  (A)
and explain the criteria used to make this selection.

20 Select the turbine for a High Discharge, low head hydroelectric power plant ~ (A)
and explain the criteria used to make this selection.

21 Explain the Criteria for Selection of Hydraulic Turbines (V)

22 Explain Cavitation in Turbines. (8))

TLO 4.5 Evaluate the performance of the given hydraulic turbine.

23 A pelton wheel having semicircular buckets is 0.5 m in diameter. Pressure  (A)
head at nozzle when it is closed is 12 bar. The discharge when nozzle is open
is 3.5 m® per min. if speed is 600 rpm, calculate the power developed by the
wheel and its hydraulic efficiency. Take Cv = 0.98, No = 85%

24 A pelton wheel having 1.5 m diameter operates under the following (A)
conditions: net available head = 300 m, speed = 300 rpm, coefficient of
velocity = 0.95, blade angle = 165°, diameter of the jet = 20 cm, mechanical
efficiency = 0.95, Determine, shaft power, specific speed and hydraulic
efficiency.

25 A pelton wheel turbine is to operate under a head of 40 m, at 430 rpm, if the  (A)
discharge is 11.5 m%s and turbine efficiency is 90%, calculate the power
generated by the turbine.
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5. HTwqarer Srfor IR e Uy

(Centrifugal and Reciprocating Pumps)

fawg feoedt: feoien syt 9l gragiiere eatg Sfor uu fasT. (Select suitable hydraulic
turbine and pump for the given application).

gISIoId cdig- 31 Ug i HRAUGRHR Hedid- @1, (Evaluate the performance of hydraulic

turbines and pumps).

Hed ra

TLO 5.1: fafay UeR=ar grrgiiad Guid! Ia-T T SRV quiH &1, (Describe the construction
and working of different types of hydraulic pumps)

TLO 5.2: fdcedn SIuIISt Uiy gragiicies Uy fHasT 3101 el TSTh T 2. (Select the suitable
hydraulic pump for given application with justification)

TLO 5.3: fededn grogifad U HRUGRH edidd &1, (Evaluate the performance of given
hydraulic pump)

TLO 5.4: YSRITel Uil Sfiesciel G Go&d PRUTIHIST o)t Ufshar A 1. (Apply the

troubleshooting procedure to rectify identified fault in centrifugal pump)
TLO 5.5: ASTHRATA 0T IRISop 71 4T Aiercdiad B WY &1L (Distinguish between centrifugal and
reciprocating pump)

5.1. AT U (Centrifugal Pump)
? 3 USRI 3ATg of qifAH Gﬁ%(mechanical Energy) B'ITI@W GT;ﬁ:[%a(HydrauliC Energy) far

[ACRESE L] (Pressure Energy) HEAIIRS dcflJHR}(centrifugal force) TR B,

HERET U
TPl 5.1

(Source:https://www.serfilco.com/products/pumps/magnetic-coupled-pumps/uc-centrifugal-pump/)
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5.1.1 YT HTeTd HRATd araarelt Irofl Savarst A8+ (Water lifting devices used in

Ancient India (IKS)
YTl YRAT 3 YR Urofl STudrel Qie aruRe! Srd gidt off Y, eI, 3101 $ark
fafay Fratardt ITarTa Id i, AU HTe! Hgard ATeH faea 3ed.

Pivot Lever %

Counterweight

1. TG (Shaduf)
MgWH & U I HTOT AU w1 31 < Suan fafgst fobhar dergq aroft Saevararsdt

Dl ST giaT AL UHT Aid Jdeel Ubl CIbTal JIGal bl Uis TfOT g1 TidhTal aoi
3T A ao 3ig WIdll HRard dIGal Uruard gedal S i1 O digell o) aad]
S,

2. UIeyd
I YA GSob fdhar YS! GRT fba1 Iraasten Sisaldl !, Sit Ul drepTean fdvar ga=
Uiaclt fthraet! Srad. 91 fihaed™ Hedh UIudrd gedd S 0T aR Ae Sird, ford aroft
3 S

3. ?-]T-ITcﬁ(Lever System)
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Il B AP TRWT T THaR SATHTRA TTeH 3R, T o Heep 1Y 3. THed T A
el JB% 31, ST U] CIDIA JTGa SO gH=T CIpbTal goi 3id. gebsdl Hqsfa
(manually) eI Yol Idell S,

4. SffbffEa= P (Archimedean Screw)
8 SUDHRU GBTd SR Wbt e 3l a1, Ui HRdTdg! A/l dIiR bl Sild 3. arHed T
Qihes URTHY Uh gididd W 34dl. ¥f Whraed UTof WTeredT WRIae+ aiedl WRIaR —d

EIG
5. ifeaT (Persian Wheel)

——

ifean (Persian Wheel)
3Tl 5.4

AT 3 v uroiiane 3 STt e dl Hig! siigad! SRIdTd. I fhyaed™, His! Wrer<dn
TaRTaR= U} ITaerdra ATOT 9= TRTER d Siiddrd.

6. YgIc (Water Wheel)

gIC © AT THT0IE 34 d, TR © T WIS SHIaR! {thrdd STd. HiS! AT edl hedl 3l
3101 o Troft e oR Sderdrd.
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¥ o LSV
XeIC (Water Wheel)

3Tl 5.5

E?ﬂ e (pulley system)
3Tl 5.6

1eft geft et S araReR SiTd g, SR Ueh GIRY 3101 U dgal araed fafgdqd gkt
3{Ig UTuR ITeTel ST Bl .STG el UTuaTd gead! Sird SHTfOT T o Iaael ST,

8. gA-UF QNI ATIOT Tgen)

GA-47 g fafgd fdhar ST Ul STauarrd! GRY SfoT STcet aTu=eT Ueh JaHd 91 3g.
B UGd 9H-hlad 3118 URg deTH YHTUI ITugrA] TRSTTS T THTET T8,
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512 '\ﬁﬂ'ﬂ*{ﬂﬁ U FffeRT (Classification of centrifugal Pump)
. RTINS Uy:
IS JuHe, SHoll ITdaid dle &l bR 3eli(Centrifugal Energy), &I il TTOT
TSt Sl aredT YN Bl
feud yarg uu
3ffRTge Udrg uu
AT yarg yu

b.uTRIcIee fexw e uu.
2.afRrSeaqut afeTseaieT SRR
. DRI IIR :
() ®lege Uy
(i) <Tdigd Uy fdhar fEB(Diffusion) UT.

b.afH7T B8 TIR:

() @ (e FSwETa U - 8199 15 Hiex 34 wdd uroh fadRd HRugré! $qur arae
Tehall.
(i) HeaH forde ETwRpTa Uy - g1 4Y 15 Hiex d 40 Hiex It gifd faafka sxoamra! smaur e
QTehall.
(i) B forre ASTRgETat Y g1 Uy 40 Hiexan oiRd Sdiar uroft faaid srugmrdt smgur arae
RGN
c. 3Ud TR
(i) 30 TR 1.
(i) TH-3NTT SUTR Ua) fdhaT Ai--aaaiT du.
(ifi) TS IUTR U4
d. SR Ufd T TSR
(i) RITe T ol WSTRET 1Y -a7d Uoh SUTR 3R, 8T Jgd1 il fofte UU UhRId S,
(i) Aot ASTRETS UU -graed g fobar 31fe SUTR SRIATT 3101 ol Twd U (Stages)
TR &Hdl al; R S HRRD gedlol aiRd SiTdl. SaRd W fabdl JdiaR &d
ITATIT 3T TR fAcig A

e. SUTRAT YARIgRIH! H&AT TAR:
(i) RTeT TR UU- Rt YR 4U-arae SO U §TS[ uroft gaer &,
(i) Gox! YR UY - Gox! HaRH UU - G SUTRAT alva! STl UToil YAl Hxd
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f. SUTRGR YdTer=A feIguR:

(i) ST Tl 1Y - I 4 S TRpTa duiHe ST Tl SUTR aTuRa Sl

(ii) SfPTae yaTe Uy -3ifRygd UdTe Uy - 1 U9 o+ HH! St 9dd ST JHToTd groft oot
HRUGIATS! ST0T RiT 8TT3! TR0 IUgad fegis dhad $rda

(i) TeRTS UdTg Uy - g1 UU rea: Riw IeRi9rat aroRea Sirdl.

»  5.1.3 SSTRITA UudT HRIRTGIT (Working Principle)

ST U BT U TRl gTAgIad UU 3118 S SaucriT=T T SM1fOT SIaTal dieauardrat
HSTRAT T ATOR HRd1: 3T JIeTAvHT0 RIGideTd @ |

IEHITa U9 gauery = Tdier SeTRpTe Sared GeTa aleiddl ST &Td greTd iR
HE- GAUGIY aRID ST STox USUAR W& Hrdl Uit Saucriia TATud Jieal arges .
SN fafaer Sfor I HraT, FO SO BRI ATRIATST ST Bl

Discharge

Impeller

Volute
casing

<~ Liquid enters at
the impeller eye

HEwRETE YU HrRifRigid
3Tl 5.7

(Source: https://yesyen.com/centrifugal_pump_working_principle.php)

TEHRITa U9 gaueryf=a Tdiar SERETd Sared TeTa i ddl ST &rd greTd iR
He ZAUGIYT STIRID GIE STox USUIN Hefd FHRd! Ui Saugrui JHIuNG Hiédm I .
3N fafaer Smfdr A wHrar, Fo ST BRI AR Iugad 3l

5.1.4. YEIRTA YU ¥=AT (Construction of a centrifugal pump)

1) SUTR: T A1 G a9 T, SUTR TehT YMICAR S9IAal 3l Sl UrsH o=l QMaedl
EISSNIEERGIN

2) HRIT: BRI oS SR GHIIdTed galee I HRITEYT Yol Si1d SRYdr1, aroft
AreuaTgal ST feferegsl UrsuHe o= SHRUATqd! el Jord ald SorHe Ui gid.

Maharashtra State Board of Technical Education 108


https://yesyen.com/centrifugal_pump_working_principle.php

Fluid Mechanics and Machinery (313309) Qs T o CREUR T (313309)

3) YR UTRY: BT U UTsY 318 SO axd el Fa= STofedl YU Sisad 3d 3for |red e
%d WA (Tank/reservoir)) @3@@[ 3.

4) feforegdt urgu: feferest urstm WreR el tu=dt sfSeded Siead 3d AT UTsy 3Tavdd
Sdtqdd groft g Sfor HaR o faafd &

5) WARYE e @Ble: Fe @le 81 9 d Fleeg 31T SN Y- Uru=l WAl SIolal S9adl
STl UTS U= ATl Siblel R S9gad SRTd S Ta-H Usude) ®arl AT SHEawI®
Ty Ya=T IGUATITS T ftheeR T HTH Hd.

6) UTSH Hoex: Tl SUGNT Gu= SUeR fhRauardrd! e o). Jgd 1 SEIS! galides Hier

‘[
[
1 ? DELIVERY
) PIPE

| . DELIVERY

l VALVE

PIPE

___________________

_-.4{:}; AND STRAINER
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Components of a Centrifugal Pump

Discharge

Diffuser Passage
Impeller

Suction Port

Packing

Diffuser Plates

Diffuser

Casing

IQSdirectory.com

(Source: https://www.igsdirectory.com/articles/centrifugal-pump.html)

@@Wﬂ'ﬂ%ﬂﬂﬁ (Working of centrifugal pump)

HI (T8 P! AATGH T WA il STd &1 UfchaT WIS T BU 3fies@al! oid .

. T SURRICS UTOR ITqUITEIST YR 5§ FHHI0 BIUIR 15t HIRUT GdT gadl g=aT UToarA
AU GUd HHT 377G

. T G BT, T AT B8 TR Bl S UT0Tel I TifersT it SM1f0T Srare) 88 et 1oy
qTuft aTeR= faRM B fowifid g1oar QRaTd gid, S SUeRw HEHRT 3aaR 3fiflid
fafd(Partial Vacuum) TR Bid SaTges UToft STE0aR Hed Bid SHTIOT YaTgTe UTde! 1e 18,

. SUTR § PRAAICSH 58 M0 IR TS el G, AT BRI 3Td IUGE URR gSHE UiaRd
gld.

5.1.5 ASTRETA YUl SUeRY UHR

7
NA

Open Semi-open Closed
3Tl 5.10
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IR YU, SUTR 81U Hewardl U 3M1g Sl Uu=a drderdd S srferaue Hewaquf
YftrerT Forad). fafdy TR SueR fafay sauard grareswamrd! feems wad sied. SR
TUHe qIORedT ST SUeRd UTYfie TR AY 3Med:

1. 399 U

T A gl SSaed a0 SRIATd SATH GIg! STSiT PHIUIG! SHTBIG fdhal STaRUT v,
SUGardT: S THTUNT O $HeR] fohal SIRd fefae RATedT ( Sriaed Sauard grarasuara! am
3R,

BRIG: AT HR0! SO S/ BRI AU 375, HaRT 3SH+1 o 810! (clogging) BIUATH Lerqdl HHT
3Mme

dIc: SR USRI Jad B BRI THd 30 HRR Al TS SRIeHes SR f3reT Bidl.

——
=

g
3Tl 5.12

SSTS: T UhT SIo[QT STBTG A g Gk ST SuS! 3Td
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Jugarddr: fobferd faehe ga Srgaiedl SaiTa! aTRd Sild.
WAS: 30 SHAYUST T BRAGH], FANT (FaR] 3SH o gron) UfeRIY AT wreferd
qredTd AT T 3RId

dre: amed Aegd f3re ga a9 Sfiu= S0aRue rRUdTd Saar fhfad ¢ifie sfed errd .
3. TS SR

s SUTR
3Tl 5.13
SSE: WM TF STSTeH fhal WeqHY o Yafad dheledT SR
YAl 3-G1d AT 3TH gIATes Uil T d.
BTIIC - Ut SIS d99 TR SR ST 3R,
dic: SIS 31t Yag-1ed, IRTUATHTS! IO W HRUANTS! SHfU® Sfcd SRIdTa.

5.1.6 AR UUATSt BRI YPR

. Blege HRIT:

IJARTT THed BT SR Yald g UHR 3R 8 O fUma smerm dftnedied
S{TARUT 3MTg o §B5eR UNUHL favdRd . Fiege BRI HRIEH SO ITEATH Y SR,
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Z.WW'I:

g HRTHE TaRUT 10T SUTR TFATHE Th adslbR Héf feaidl S-idl J1 IGBTHR deRHD
weStor i R THu w4 SIdUER 3121, ®iege BRI ga-d el SrieHdr
I 3rd
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Vortex chamber

— - -

- -

Impeller

FICRT BRI
3{Tdhdll 5.16

o vortex Casing |

Centrifugal Rotor

Inlet

Vortex Rotor
1QSdirectory.com

FIH BRI
3Tl 5.17

)https://www.igsdirectory.com/articles/centrifugal-pump.html)

S.WWW:

1 HRHL TUR TeT IR T Me8 a4 deaal SRId! SaTe f[SRER Ui, ame
M58 a4 &FHS ATed o TTid SHord ald IoHed JUTdRd HRd. =g T 37=M UHTR el et
318 B SUaRAY UToft Rk 7 HAT ANTCRIS G THE T HRd.
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Guide vane

Impeller

Volute
casing

Liquid enters at
the impeller eye

TS S I8 BRAT
3{Tehil 5.19
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5.1.7 HEIWREITe YU UTg i
? 31 TR 31T ST Ta-H UTsy, Uu iR 3nfor feferagst sleaguda=a ffereg<t urgumn
HTa! HIT gUior gam Rl Sl
DCI_“‘E!'.V - plpc~ ! @ Small Wiler Vesgd
Air vent valve \\\ Funnel
_Suction pipe
3Tl 5.20

JER: T YT g1 Plg Tdhall STd TIOT 4T HRUATATST WUl ST Ga Rt Sl
U WU HIvdTs! Ugai-! UIgH bl S ehdld.

1. 98 (self priming )

2. GIHgH UUg

3. Sic UU 98

4. faurs® I8

5.1.8 TqH e ATATS gd PR

1. GORM 58 TR 88 U SUTRAT HeHad YNURLT HaRH ey [igel cldb

2 f&fiemd 88 (h)Tefeieed) B T ShaRea Heaad X8R o s uruuda s,

3. TP TS(Hy): TaRM 7S 3Nfdr feferesst g it wfew 3 WU Tiews &S

A IOTAEAR, WKCP 88 (Hs) = TIRM 88 (hs) + SRR 8S (ha).

4. TAAREH B8 (Hn): ol aafae® St wid U4 ST (Liquid) ST v 0o HAHCd 88
3. g Ul gcie U7 sT3ecicadid URR geddd TR NIRY 3ig.

5. Uhd UHTA! 8. UHTH! §S U Wiedh 88 (Hs) Ta-H 30T faferesdt ursu wehia dmaesan
AR (ST At SISO akiol 3R,

6. A UlfIfee TR g8 (NPSH): UU JaRHATd Sd grdl 31101 Sd WUTAT SR e dbaidl
Sd 9T g1 i1 Ie B WU ATe! ARSAT Bt 9IS, [ehdl. & -c 88 AR o fos
TR UEH Gd TUTTTS HTTRIE 3 .
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TiordTaese, Ae uififce JaRM g8 FeUlS UuT=dl sHaeHed fARU8 a1 88 (Absolutue Pressure
head) 3for wifa %E(Velocity head) a4d FRUe 9 g (absolute vapour pressure head ) i
JolTah! 3 .

5.1.9 ASIRETA YU HAA BRI (work done)

HSTRETS GUTTAT 97T 10T (Velocity Traingle)

ISR U0 BRI UT0TaR SUARGR hdl Sild. adhe- TaIURM T FAhIu1 S fiesaar ad.
HETRETS UY qroardl

Hm = H-HAfc® g8 Hied Ad

N= @FREH rpm He A

D1= SUTRAT Scicar AN HicH AL

B;= SUTRT! Sdcar $al Hiey g
D,=313cdical ™ Hicy ge

B,=8fl3ccicdl $al Hicd A

o=3dcaR o 3hTd fSulier A
D=3I3cdcaR o W feiie ued

ulziﬂadd‘{ i;DIQRdI IR a"T(Tangential velocity at inlet)
Vlzg:l?ﬁt’?ﬂ qrugrl tlﬁ'cl,;Uf a"‘T(Absolute velocity at inlet)

Vr;=3ccd? UTogTdT JTU& a7 (Relative velocity at inlet)
U;=3T3CTCaR SUTRHT W I (Tangential velocity at outlet)
V, = 3fT3ccicar gruard] tI'F\"q:UTa"'[(Relative velocity at outlet)
Vro=3{T3caicar UTogrET Tuef af (Relative velocity at outlet)
D41 N
60
V1=VfH
\%

1
tan© = ——
\% 2

fS@mS (Q) = nD1B1VH

fS=mt (Q) = wD2B.VH:
Vf,

u,—Vw,

Ui =

tan O=

T[DZ N
60
V= (U2- VW) xtan O

N . N ¢ V
TT0g I RaR U e, Ufd gHe aommar dad dri= (%)
U V=0 3Tdl HRUN 3ce IR fead fs=at srar .

Ux=
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I:_ i Uy —— |

Outlet

o) o= 90°
Inlet i,
CUREEAL|
3Tt 5.21

5.1.10 A IRTe Uueat fafa e wrIGMTET (Efficiency)
i TAACH g HRIeHd: HAc® g 30T grudrel SUTRA fdd g aredT uaRTd Haicd
HIAEHAT T SHi@aa ol .
Tt U,
___ Hivftres
™~ oG Tel S0eR e 88

gHm

Nmano =
VWZ U,

i) TifA® HRIGHAT STRATA Ul SUTRAL IUdsy 3Reall Tlax AT0r ]MUe UTaR. A
TUIRTA Ai® SIS UM S S,

T HTSHe,

_ ggrenT UeRA IUA 3Rgell Uy

- M YlaR

MNm
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W Vwaujp
g( 1000 )
S.P

Nm =

iii)THUT BRI YuHdid M3eye UraR YT YuHdid g9ge UraR giedl TUiRIal THUl
P (Overall efficiency) WU[T 3B S,
T YT,

NO = MNmano X Mm

TR UUT=aT HRIGHAER STYRId 3aTexul

Example 1: A centrifugal pump delivers water against a net head of 15m and a design speed of 1440
rpm. The vanes are curved back at an angle of 30° with the periphery. The impeller
diameter is 300 mm and outlet width is 50 mm. Determine the discharge of the pump and
power required to drive the pump if manometric efficiency is 96%.

JUTd(Solution):
feeieft mnfee:
TcgS =154
Tl = 1440 rpm e
33cciedr o+ WId @ = 30°
9Tl AT (D2) = 300mm = 0.3m
3M3cdied! 91l ¥l (B2)= 50 mm = 0.05 m
AR STRIEHT = 96% = 0.96
e 1. femmst
2. UY ITAfquaTTdt ANTUIRT laR(P)
I ;1. fewm™ (Q)
3{T3Cic IR SUARET WRId o,

T[DzN
60
1X0.3X1440

60
Uz= 22.61 m/s ......33CAC aR SUTRTT Wi oI
gHm

U=

U=

TMmano=
Vw 2U9

9.81%x15

Vw,X%x22.61
9.81X15
SVwe =

T 0.96x22.61
VW, = 6.77 m/s

0.96 =
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iUy
v T

Outlet

EUNECANIGE]
Vf,
u,—Vw,
Vf,
(22.61-6.77)
3T3TTIc aR SUTRET UdTg a¥l(Flow velocty at outlet)
Vf,

15.84
Vfy = 15.84 x tan 30

V> =9.84m/s ............ 33l aRguaRdl Ydig o
&=t (Q) = 7 D2 B2 Vi
fSE (Q) = nx 0.3%0.05 x9.84
STt (Q) = 0.46 ms

207 rAfqugrTdt ARTOMRT UlaR (P) = pxgxQxHim
UiaR (P) =1000%9.81x0.46x15
JiaR (P) = 67689 W
JiaR (P) = 67.68kW

tan ® =

tan 30 =

SV =
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Example 2: The impeller of a centrifugal pump having external and internal diameters 600 mm and
300 mm respectively, width at outlet is 50 mm and running at 1200 rpm works against a
head of 80 m. The velocity of flow through the impeller is constant and equal to 3 m/s. The
vanes are set back at an angle of 25° at outlet. Determine: (i) Work done by the impeller on
water per second, (ii) Manometric efficiency.

JUl(Solution):
feareht mfecdtAc 88 =80 m
T = 1200 rpm
33eciedl a1 WId ¢ = 25°
dTgl U (D2) = 600 mm = 0.6m
3fa¥id &Y (D1) = 300 mm = 0.3m
3T3cdear $at = 50 i = 0.05m
3M3CAedR UaTg a7 (Vi) = 3 m/s
TNYT: (i) SYTRA Ul Tahg ITUgTaR dHardd B (if) AR D BIAEH

A . Vv
I 1.HH Ufd b = w22

3{T3CIc IR SUARET Wi o,
T[DzN

60
TX0.6X1200

60
W=37.91m/s ...... 33 R SUARTT WRID I

U=

U=

CURECALIGS]

Vf,

tindP=—"—"

Uy —VW2

3
taindp= ——————
37.91-Vw,
3
37.91-Vw, =
tan 25
37.91-Vw, = 6.43
Vw; = 31.48 m/s
VWZUZ

ufd Yhe bad B =

(31.48x37.91)
9.81
HTH Ulfd g = 121.65 Nm/s

Ufd Ybe dad HH =

gHm
2. TAATCH BT (nmanc) =
VWZUZ
AR 9.81X80
= Gk (nma"°)_31.48><37.91

Ilzhm m&lﬂ?ﬂ (Tlmano): 65.76%
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Outlet

Example 3: The centrifugal pump has an outer diameter equal to the two times the inner diameter
which is running at 1100 RPM when working against the head of 45m. The velocity of
flow through the impeller is constant and is equal to 2.7m/s. The vanes are set back at an
angle of 35° at the outlet if the outer diameter of impeller is 500mm and width at outlet is
45mm find-i) Work done per second ii) Vane angle at inlet iii) Discharge

JUIY(Solution):
feaeh afeelt: e g8 =45m
Tt = 1100 rpm
3M3eded? o Wd (@) = 35°
dTgl U (D2) = 500 mm = 0.5m
3fd¥id &Y (Dy) = 250 mm = 0.25m
3T3CACR Bal (B2) = 45 mm= 0.045m
UdTg a7 (V1) = (Vf2) = 2.7 mis.
TMT:: (i) SUARA UTUGTaR Ul Fabhg ahaial B, (i) Sciedr a1 W (jii) fewamet
IR 1.7l Tehg deld] B = %
3T3caie IR SUTRal WRid aT,
D, N
60
1X0.5%1100

60
U= 2617 /S ooooeeeeeeeeeee ) 33 R SUARTT WRIb AT

U=

U=

CURECALIG]
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I::——V"Q e Uy —— |

Outlet

Inlet i,
Vf
tan @ = —Zz
uZ—VWZ
2.7
tan36 = ——m
26.17-Vw,
Y 2.7
- VWo=
26.17 2 tan 35
26.17- Vwz= 3.85
VW,=22.32 m/s
T U N A%
Ufd Ybe Hald HH = %
N . N NN 22.32X26.17
Ufd ddrg Had BH = =
Ufd ddreg Held B = 59.54 Nm/s
i) Scicar o Wd(0)
gcicaR SURET WRiP AT
gIdCaR IR SUTRET WRid o,
T[D]_N
ui=
60
1rX0.250%X1100
ui=
60
U1=14.39m/s ......... ORI WRID I TR
tan GZV—fl
Uy
tan © _ 27
14.39

N . 0
gcicar a9 WA(0) = 10.62
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iii) U f$%mSt (Q) = n D2 B2 VE
STt (Q) = nx 0.5x0.045 x2.7
fe=mst (Q) = 0.19 m¥s

Example 4: A centrifugal pump is to discharge 120 liters/sec at the speed of 1300 rpm against the head
of 30m. Impeller diameter at outlet is 350mm; its width at outlet is 40mm and manometric
head if manometric efficiency is 90%. Determine vane angle at the outlet by considering

radial entry of water at inlet.

JUId(Solution):
faeh mfgd: TP 38 =30 m

Tl = 1440 rpm
dTgl AMH(D2) = 350 mm = 0.35m
3M3cACa W(Bz) =40 mm= 0.04m
HAfCH BRI = 90% = 0.90
&St (Q)=120 lit/sec=120/1000= 0.12m°/s
MYT: HT3ceiedr a4 Td
JR:1. 3ccicar a- B

CURECALIGR

tan ® =

uZ—VWZ

— i [ T[D N
SOERAT JTITAT IR Wb AT Uy = 6(2)
Tx0.35%1300

u =
? 60
Up=23.82 /S oooooeeen SUCRTT Wi T A3cale a

124
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mifed 38 &t fS=S (Q) = 7 D2 B2 Vi

0.120 = x 0.35%0.040 x V{2

B 0.120
V2= 5 35%0.040
~0.120
V=013
V= 279108 oo SUCRIT UdTg a7 3H3cale &R
gHm
3T, FAAICH BIIGHAT (manc) =
VWZ uZ
9.81x30
TR BTIEIAT (1mane) = 0.90 = —————
(nano) = Vw,X23.82
9.81%30
W= ——————
0.90x23.82

. Vw,=13.72 m/s

CURECALIG]
2.79
tan @ =
23.82—13.72
D=15.44° ..o 3M3ccied? SUARdT a9 B
5.1.11 AT RETe vuih wrfuese= ke

WWWWWWQWHT@@%WWW
PHRAYCR T TCRg 3R TUIATd. SiegT UY didiTeadT a8 &, 3t HATM0T Tl i HH &d
Al AT UT=AT daHrEl T SRigHdaT gl AUaNTe! § 9ch 3o A 3dId.
UOTIT3T Weitd Agard arRreeaqul agh 3Taa TR d:

1. & qfreeaqul s ST

2. AHTRFET I 3@

3. R wrderan forar 7RI o STa@

5.1.11.1 Y= afreeayqut aw SmaE
TSTRETE YU JRe dfRreeayul agh ST A 88 (HATAICH 88- Hm), Td 31foT avrear Seufd
fSTaTst i THTaRT S,

o TIHRE TS favg Wiean o e w@iieTae!, fewarst RR Saar .

o T fovg fEo O 3o WIS, HAMAC® g8 (Hm) R daa S SMfYl Uiak favg
TolTa Ioh 31TeRd Wie HRUINITST, B H 5 30T fEarst R daa i,
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P(Q AND H CONSTANTS)
Ha N’

H(Q = CONSTANT)
PxN’
Q«N

— > POWER(P)
—— HEAD, (H_)
———» DISCHARGE

Q
(H, = CONSTANT)

—— SPEED (N)
SARETA Uue e afreeaqul agh 3ierd

3Tl 5.22
Hm fa® 37T (N) T 3R TR SHRUTMT3 T, feams! fRUR g SiTdl. SR VAm « DN 81 fRRi®
318,
H o« N2, T 31 U fawhRd deiel Sids N2 =41 THIUIG 316, U Hm v/s N a1 agb URTa o1
I TG 31T,
3{TdT, § TV 3178 P P/DSNE BT FRRI® 3118, T P o« NE. AT 31 3T H1 ek P v/s N § TPt
T GRIGATIHI T dsh 3G
Q/ DN = fRR. g 31 faciedn YUt Q o« N. TS Q v/s N B agh 3HTeRd AR YN 31
5.1.11.2 3TRfE afRrseayut aw smea
- T RR Saeam, FETarsi=an deuid HHfed §s, TlaR 301 HrigHd! e U=t R
afred 7.

HEAD (H)
-
§ 3 EFFICIENCY, 4
Ou g
w3 q
wlow
Wax

INPUT

POWER, P SPEED = CONSTANT
OUTPUT POWER

~—— DISCHARGE, Q

TR AfRreeayquf g Sirera
3Tl 5.23

- TURT3Y $99¢ UlaR deh STHRIMIGA SIIUR ATel. o y-SfefTaRid U s g1 3d, BRI
R ST SAMTe! AifA® JHaMHiaR I SO Bla! Rdd! STaRad SR,
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- SicgT FEaT] Y Sd AT 88 ah 3ed A 88 d HHIA Hed 3. 3T3TYC UiaR agh Terd

TBURE Q = 0 UH &= BIad, 3M3eYC UTaR (pgQH) X SR, HIAEHA Ieh 3R HSURA
Q=0,n =0 IR I glad

5.1.12 AESTRATA U FHIATHGROT
- SEITe dun e gy Sfor @id Sur
9T 5.1 ARpETd tun e Sty T e Sura
3. | < (Faults) JUTT (Remedies)
(Sr.
no)
1 U GftHT o= 3= Qb ATRT | 31) UU Y81 UTsH .
) SUTR WS B,
P) GRM el HHl P
8) AT dleal
2 T HTH R0 Jioad 38 | 3f) UISRITER gaT dblgd eTdbl
§) g fooe & H1
3 U0 &Aqudd ool I9ad | 3f) W Tadt dieal
e §) BRI Tl fobar Sitof girerel YRT See
4 O SIS U HH! 31T | 31) I HH BT
§) SUARAT IS (G- Ib BRI
%) f&Tarst HHt 1 fdhal THIfdd HIT god BT
5.1.13 A IRpTa Aeie Ao RefoiT:

TO DELIVERY
PIPE

FROM Q
SUCTION PIPE P

'1,'
&
b k”/’///////lll:

s
SHAFT i

IMPELLER
NUMBER 1

N
S
O
S
S ‘
AANONANNNNY

"> ./ IMPELLER

“~---" NUMBE|
PIPE CONNECTING i

OUTLET OF 1st IMPELLER TO
INLET OF 2nd IMPELLER

RIS 7ed Siead g
3{Tehil 5.24
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SR AT guge giF fdhar Siftie SUCR Srdidl ok Uud ASTRETd UUd HeeResl WUrdrd.
SUTR UhTd YMUCAR fdhdT Ao QMR S¥aeiel ST,

1. THd- o U0 QUl = Qohd ATel 3R 3 &1d av UTull fefie droamrat,

2. 3 FETTS] U HRUGTTS! WUoTd SIRd &4 fSTTs] SRuame!,

i) RIS (W1 911 Uh) 7 Sisaidd 9g (Pumps Connected in Series)

SR 31 TR GHH fSwTS! [ae Rid HRugre!, SUeR TeaT A d fdhal g JMeeR Saiaa
ST, SUTRAYA FSTaTS Ui SUTR HYH gU=a1 SUTRAL YR xal. GOl SUTREAT $3cdca’
UT0gTT &1 Ufgedl SUTREAT SH3Ccicaiid UTuaTal GIeTUET Sk e, RIS sga®idid Uy
ST Jt @R e HH! THTUMT &4 fdaRid ruareradt aruRel Sl

i) 3 FSTaTol-UuiRTa Hee Reol S TRETA FHiaR Ud (Pumps Connected in Parallel)

Collecting pipe
—> 0,+0,
Delivery
pipes
Suction . : Suction
ipe ump-
PIpe —a P pipe Sump

I fers! s fauarard! TR 1M 38 U JHiaR shiedd STdd. AT Tdd UY Waaqu) BT
HA AT T AUAYA S Iaadl AT T Adhad arsuded faalka sxal sargR df
3MaLH Sdd aTg= Adt. SR Q &) UepT UuTelt fEaret eman 3 3Mfor ThaR™ YU n Tl
TS (THIARUY HARIT dheleh) THUT fSTS = n.Q 3d

5.2 ¥RIMSBTET U

5.2.1 Rirer wfeda IRy e vt 3= snfor wrd

. IRM URY AR UTd ardl did IRER UureT Rielerar Sisdl iR Ridexudd ar
UISUgR S 3{Td Hed 3T Sl ST,

. JaRH Flecg IR @ieeg FUN AT--Red wgleeg U 1 Uh R GlegHed had U fGRTdd
UdTe X 31TE .§ TR U1y Scic TN Rieier S daad 3 .59 TR a3  d Susd
ST STTOT fSarst g™ d &G gidl.
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3. feforedt ursy feferest ursy du=ar Ridear sM3dede WiaRlt shed a1 Usugk %d 3fsd
13T RIFTR faaRd dval ST,

4. fefaed gl fefuad Slee c@ia AM-Re ®lexg Ricier sMfir fSferest uRy sM3edie
IR Saaiell SR,

5. Rcex Uiame My fhar HRe MU s-acdl Uidhe Riciex a1 Ricievad] fike ofor
e Ve a1 318 Al G- 1T fafebs Wed Sid, Arges a1 Ridear darH for
fefore ursws dred S e,

DELIVERY PIPE

T . 1S

DELIVERY VALVE
hy / CYLINDER
CRANK

PR h ROD )
J

p— = e !)“ -::h_
= I; A \ ' IC

- —\-\J PISTON ROD ' _ .- /!

h. ~ SUCTION VALVE “In
~— SUCTION PIPE f<—L = 2r —
! ,SUMP LEVEL
T ufaeT IR T du
3Tl 5.26

Ri7et wfed T IRwIs i Uy
3Tl 5.27
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6. T 3f1fUr fiRe JMe e 81 U U YRl e URT 3l Sl Uldhes Riciex=am 3id 4Rl
3101 4& ARl ST 59 S8R Tl .fUe e fUedr re 3@ T Ted o,

7. T AT BTG AS b &l Uh I TNATHR (S 3MTg Sit AT AIAAS! HIex, oM gt
T el Fuaid g

8. ¥R Rydeme Uvgr Wdiq o9 Ygidid Uax1 JGUARITS! HaRM URywl Rac! R
(e .

9. USR I :UYU G HRUANIG! 3 THuHH STl ¢ SUara! argare-t Ja=M il
feferegsl ursw Igie SiScel SR,

1,58 3T T b2l SIS aT ST, degT shah R U RATd B d ST hh g HlaeT A8 ST/
farfua gisa.

2. BTG ASAT Shreaal RS- IR INd YWY faRH SRd. o dexa (G e e
Joldidrs TRl HTOr Riciexu e Fagd TIR .

3.1 FagHY TR lecg JTSdl U WA &d RicieAe] TR URUGIR SeRG - Qe
EiGH

45T b 3T fobar Riciex=an G2 Wepdl, degl fie Srdibs Wbl 10T Ricievadial sa
5.51cg] fiReH T=T Sfdd STl RIFIER Uighad! degl Rifdisadia Wl 5a fefirast Slcmanr
ICGIRGEZSIRSIG]A

6. R T % aTea G/ fhedl 31U fiRe TaRM TR FHRUARIS! Ioldidhs IRl AT
Tquf gfehar g1 ohet! S

5.2.2 RivTar ufadsr YRwIB T dust T= enfor vt
1. iUl JarH AT feferest e Tahra dedt gldrd U JTell S 3iiaedT IurdTd.
2. A aH fefiest glesg SN0 I aRH ®iecg SRIATd .U UgHT &d UTdes 1 o sdall Sl
3. Sl b IDC AYT gedresre Gl fhRd degT fiRe-T STeT S1e[dl U ®agd daR gl
30T & U S1 GR ASUIGH STd Iadl Sirall.
4. 9 dob! ORI IoTeHT SIS &d Gl Sl 101 3o glarges fSfeigs) &iee D2 Susd)
3{TIOT 54 FETaTS] TP IaR SiTdll, § SHURRM e ODC Td Ui tid aTe I8,
5. ol Yeid UG, YoM RFieag S2 g YUHYH Sd INear Sirar 3for fefaed ®ies D1
gR et e me faaid dar ST,
. @I %® IDC R Ugrd! dagl fURe 3fcdd STaam fRUdd 3dl, 1= YR U I quf gid
3T e G TR SrIdTHT dshid! GoRIGRIT Bicl.

(o3}
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DELIVERY
~~ PIPES CONNECTING

l ROD

|~ iy
SUCTION
PIPES SUMP LEVEL
R e
Sod Tfad RSB Uy
3Tl 5.28

5.2.3 f&g anfor fFARifess e
&y . Agifas fewms nfor ardfae fesams ardia B 3re.
5|Ip = Qth— Qac

- (ch_Qac)
% Slip = T om

. Q h
% Slip=1— Q—;C

% Slip = (1-Ca) x 100
frifee . IRMSET dug daRafds fem Agifde fewmter SRd ™ 3=

IR fewamid RRIE T tar oRd Sid SNftT Yeftd Rauer du=h fFifee f&qa wom
fizEa .

5.2.4 T3R a4d

THIHH &M &9 Jdd GRAST HRUGNIS! A0 JaRH 11 fSfeieyt uswaed ga yargrn
THIAM &R GRS ITET TR Dl Al § YaTTd g8 30T Tyl JHAH HHT e ug
ITAAUIATITS! SHTARGSH (UTaR) Tkl HH! AT,
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AR

—

AR [
VESSEL [

3Tl 5.29

IRIABIET dumed TSR a¥d o S 3Md

i THaEH (ST U exuaa,

i gaRM ST St UEwHed &a UdTeTal UhHH & IRGUNo!.

i VAT &S 30T I THuH HHI HTeITHS UT AAQUITITST SHTIRgeh UTaR XMekil HHT AT
iv Ul U7 gSYed UdTg diTes grogred] HiaRiar Ud $fdids avT aTuRell i3 e,
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5.2.5 Wb T tynefia JURE gUTHROT

& eI iiere ged 3g Sft T Urgy fdhar TR yu=r feferedt urugR urvarean yargTd
35dd. g YATgTexT AR08 SId UTudT= a1 SIeTue Wil dal dagl 39 gld.
GDWUEEWI’O'QT Hsep = Hatm - (Hs + Has) = 2.5 Hiex e Troft

a)ﬁawwréqﬂm- Hsep = Hatm + (Hd - Had) < 2.51ﬂETIIUhITUﬁ

5.2.6 HSTRIATA GuHed BHige = BIul,

T USRI SdTal G AT T GIETUET B! ial ST SIRd aId 3Ricied USRI & a1 Bl
3{AD DHIGesUl, ST UG A8 SdTd 9T Bl g g8 TR gIvgTE! geHT =0 ATl ure
Dol ST, A8 Sard a1 Bl JIR 10 degTd USd Sicgl HIUIdTe! USRIl ald ST GTaTaar
HH! BIdl. Sieg] ATl SaTdl &I Tl TS GITUET il 3! deg] §d Ihos ANTdl SHTIOT STy
Bil TR BIdd. 8 99 g8 g8 Bl diecdl SdMlad 3= Gl Saed d Sidid oY § o9
IAEY glard 301 §8 §s Pl DhIesdld. ST a1 Bl hIjesdld degl YU 3o e daR gidl.
YT GEUTT, SUTAT R 8 ST Bl HIYesdld, d 1 3o el 37efi SdTd, sarded Y§HNTER
g TSATd. SRMYHR, YT EHRTER Qidhes! daR grdrd 3for deofia smars, su- fAafor gaa
SATFOT AT YEHTTTAR S3<d RATf+es aror A, JEHTT WRTd giard.

527 SIGAANRM AT i e-d g8 T YHTT aedT fAdRe 3 fAeeie

YRuesTeT dussyar smeel $Stdber ame@
DELIVERY STROKE
& )
2 h
L.I.-J d
- |
> E el |
O ——T------- {-=m===- '
N A 2
& |
o A B
T H,,, SUCTION STROKE ' iam
—l
|¢ STROKE LENGTH =1
= y

— > STROKE LENGTH
IR T duesRar sexf Setdher 3akg
3{Tehil 5.31

1. $hop TH Jul et Rfeadia IR g8 oftr kel Wie dfell aieardia arba
3TERT MR 3RE WU IaRM Tidh o, Rifdeadid IR g8 fRR syl ffor
AR ITIh) hs) SRR 3, ST AGHSTAN GIE) Harm) U&T hs TT A T SR,
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2. R I I &1 AB T STSHT XUGR SR STl St EF XHUET 'hy' T ST @reit
3.

3. feforedt 39) hy) M, Rifciszudia g e fRR srar siftr f3fied 88) hd) /R
ST, Sl ARIHE AT &I TET) hygm) TT ST AR ST AT RN Wb GeHd1 &1 R
CD TT 31T YWGR SISl S EF IVU&T *hs’ TT I IR 3/,

4. TgUM, shaa UahT quf et Rifeisvadia a9 A-B-C-D-A a1 3R@TgR axffad o
ST 3TER R SHRY KN,

5.2.8 YU fasuarrdl faarTa gaad ges @)

- GI9: ST TROIAR YoMl Sauar Geuarmdt Uoam iR oal )

- UUTET oFT: SR UUTET oFT AT=AT YT dhatedT aTUET dlgad aR YidbeadT (AT SIUaRIRSHT Sl
3adId. Bl T gASITeIdh UMA =l HRIGHIAR S0 HHTER dT GRUMH .

- UUTl BRI YUl FaS 3Tadd SRR Saag S ol &1 Glegaicd BRI,
gifAeh SrIeHdr, THUl HIA&H

- T, g 3 WpIRarg HIEg! ATel. U UU §raSIeied dengil JETd 38 Wy
e I TR U FiTel! BT HRUIR e,

- GO} fohia: STTRTG fafae TR UU IUasd 3MTed, TTIHR 3907 d GureT [ hraa<ik UdaR
fAag Hdl 3101 A/ Yo BT 3™Ta.

SlegT TETel SfRidl STSRIH IR U0 Wel ST [T $H3d 3-dl, degl U dife
30T SUANT-fafRIy Sa=gendT Yol Frd! AT Wi HRUARITS! dURNAdR dquRid avdd
HYdTd:
1. YSTRATE YU UhRR:
0 US-HaRH 4y
0 3184 U
0 A Ieo UY
o Yep-ursfii dy
2. U &HdT (UdTg &3) TR:
o I ferer ufd g (L/s) A& Aielel S,
3. 39
o U foelt it flresq Travel! f e fohar Hiexwred Hietel Silal,
0 SR Td SR STaLI® g8 ey o1, 34T, 50-200 m.
4. 9IS STIID T
0 Salfaedhd UlaR: &lecl (3al. 220V, 380V), Urol (RiTTet fdbar sft-the).
o Hex UiaR fET: Ifuiar (HP) fdrar frdided (kw), faRiva: siienfiies sruaTagt 1 d 50 HP
Tdd.
5. HT%?I:
0 BRI 3T SUTR: HRE AT, WA K Id, B fhar A=y fgerduRy wfed.
o YT Aoy Wid fohdT IR Ti9-ufaRigs e,
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6. PTIEHT;

0 UH U 40 HRIGH, FHTI: bR Ay oveft S,

0 SHordl AR HH! BRGNS S-SRI U9 UgT, fa=ivd: 70% el S,

7. 04U 9 3101 SriueRi Ser:

0 TAT8 &R, SIdh, HIUEH 30T divl TR Treaiia Yot SRIAUIR qURAaR UY Igh SUas/dl.
0 TIRTD TRIT o YU BRIVERH TATid B,

8. Ui UhNR:

o TS Hia: Thd fdhaT gasl ifAd Hia.

o ft Uk et iR SrgvanTNTe!.

o et e cd: UU dHen STum=AT Sar=it O,

9. ST UPR:

0 Wi foafesT foar ST S die HIfOT SaUTe SaRgahdiaR SeTRd gy .
o d TSI STOT SiTeRfcT gAY v sraeart @t &,

10. GAIg AT

0 pH, AU 3107 RATAT AT UH ST IAfeh T,

0 UU ST UaTTa! dradT Suft Gy .

11. TG S{TOT GHT:

0 SR JaHdT: ARSI Taid Sfor SN sTaxadhdr foaRTd =@,

0 TIUTA HTARAHT: TRARGT TN GEHTS BT FaHeT.

0 W3R UICHd! JUAKIAT: Fealt YNTTS!T FaH Ta=1 JHfdd .

12. {RP&‘R‘HT%@TGE%[

0 TS YHd 3ficgRelis TR,

0 RIEITAT THTOTGS SHTFOT ITNT A UTer (34T 1SO, ANSI).

13. fdoa afor g4t:

o AT It THUT e, TR /R, RITTT 31T Sfqfe wafes.

0 It raash 3for 3t (I, 1-ay, 2-a8 grie),

14. 518 famT 3for Iwed=:

o fayrardar 3 ureRTd} s S 518 s,

o A% THA, JaT g 30T ARG Al ARG D Ta! ST,

g1 queiidar afrearn foaR &, Sifidd te AwpTa gu fAag ddard ot e fafy
SIIYART SfTa=Iehl Yui bl 10T fayeita i sprier o= gRfea .

52.8 JSIwRpTa for IRwB e uuht gan s
T . 5.2 HeTRETE STIOT IRTUHG T YUt ger-ir

3. | Tt IRpETE Uy IRyIBTET Uy
(Sr. (Parameter)
no)
1 | fRRA(Flow) | I YaTg UdTe (R 3t I UdT8 YaTg RRA¥)
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clh (Torque) | MY Cldh THTHM S, L Tl THIHM A9,
S I I femmeiael 3 FHH S GUTTS! HH! BRI
(Efficiency) | opTemar SR, 3rd

4 | W (Cost) el HH YRS WD 3. W@Bﬂuﬁ%@#m

5 | ursf T TIRIENT STa=T® SR, | A WIS STa=adhdl el

(Priming)

6 | q@Yd Y TTHTT T9 HH S, | THE STHA T oIRd 3.

(Maintenance)

No gk~

10.

11.

12

13.

14.
15.
16.

17.

Exercise:

TLO 5.1: Describe the construction and working of different types of hydraulic pumps
Classify centrifugal pumps. [R]

List the main component parts of a centrifugal pump and explain them briefly. [R]
Explain the working of a centrifugal pump with a neat sketch [U]

Explain volute and vortex casing centrifugal pump with a neat sketch [U]

Describe construction and working of a single acting reciprocating pump[U]

Describe construction and working of a double acting reciprocating pump [U]

Explain the following terms (i) Static head, (ii) Manometric head, and (iii) Total head. [R]

TLO 5.2: Select the suitable hydraulic pump for given application with justification
State the selection parameters of pumps (U)
Select pump for a) lifting water in a two storage building with head of 15 m (A)

TLO 5.3: Evaluate the performance of given hydraulic pump

Define in given terms with respect to centrifugal pump: (i) Manometric efficiency (ii) Mechanical
efficiency (iit) Overall efficiency (iv) Net positive suction head .[R]

Define slip, percentage slip and negative slip of a reciprocating pump. [R]

. The centrifugal pump has an outer diameter equal to the two times the inner diameter which is running

at 1250 RPM when working against the head of 45m. The velocity of flow through the impeller is
constant and is equal to 2.5m/s. The vanes are set back at an angle of 30° at the outlet if the outer
diameter of impeller is 400mm and width at outlet is 32mm find-i) Work done per second ii) Vane
angles iii) Discharge [A]

A centrifugal pump is running at the 1300 RPM, the outlet vane angle of impeller is 400 and the
velocity of flow at the outlet is 3.5 m/s.The discharge through the pump is 260litre/s when the pump is
working against total head is 24m.the manometric efficiency of the pump is 90% determine-i) Diameter
of the impeller ii) the width of impeller at the outlet.[A]

State the significance of characteristic curves [A]

Explain the use of Air vessel [U]

State the applications of Air vessels[A]

TLO 5.4: Apply the troubleshooting procedure to rectify identified fault in centrifugal pump
State the significance of characteristic curves [A]
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18. State the methods of priming of the centrifugal pumps. [R]
19. Write the procedure of priming in centrifugal pumps[U]

TLO 5.5: Distinguish between centrifugal and reciprocating pump
20. Differentiate between centrifugal pump and reciprocating pump (U)
21. State the difference between single stage and multi-stage pumps[A]
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animation
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are% 20equal,side%20because%20P1%20equals%20P2 principle
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19 | http://ecoursesonline.iasri.res.in/mod/page/view.php?id=1086 Hydraulic Losses
Through Pipes And
Fitting
20 | http://ecoursesonline.iasri.res.in/course/view.php?id=27 Fluid Mechanics Course
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http://www.youtube.com/watch?v=iRdJHPFVHwM
http://www.youtube.com/watch?v=3zEdtkuNYLU
http://www.youtube.com/watch?v=Rwl1mu0TJmE
http://www.youtube.com/watch
http://www.youtube.com/watch?v=tOoBx4-ieyU&list=PLdoIhVhbPQ
http://www.youtube.com/watch?v=tOoBx4-ieyU&list=PLdoIhVhbPQ
http://www.youtube.com/watch?v=cpM6hF23eeQ&list=PLdoIhVhbPQ
http://www.youtube.com/watch?v=cpM6hF23eeQ&list=PLdoIhVhbPQ
http://www.youtube.com/watch?v=Jd5BN7SPkqI
http://www.youtube.com/watch?v=0p03UTgpnDU
http://www.youtube.com/watch?v=3BCiFeykRzo
http://www.youtube.com/watch?v=IiE8skW8btE
http://www.youtube.com/watch?v=41vb6T42_Tk
http://www.youtube.com/watch?v=xqGyPdxLlRg
http://www.energy.gov/eere/water/types-hydropower-turbines
http://www.energy.gov/eere/water/types-hydropower-turbines
http://www.realpars.com/blog/manometer#%3A~%3Atext%3DMeasuring%20
http://www.realpars.com/blog/manometer#%3A~%3Atext%3DMeasuring%20
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=1086
http://ecoursesonline.iasri.res.in/course/view.php?id=27
http://www.chaitanyaproducts.com/blog/ancient-indian-water-
http://www.chaitanyaproducts.com/blog/ancient-indian-water-

Fluid Mechanics and Machinery (313309) TGS Hobi-ag U8 HRM-RT (313309)

Water Lifting Devices
23 | https://www.youtube.com/watch?v=hQr50p4S5q4 &t=83s (Araghatta) used in

Ancient India (IKS)

i Water Lifting Devices
. = =
24 | https:/iww.youtube.com/watch?v=uTrajlJ79ME &t=49s (Chadas) used in Ancient

India (IKS)
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http://www.youtube.com/watch?v=hQr5Op4S5q4&t=83s
http://www.youtube.com/watch?v=uTrajIJ79ME&t=49s




