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HYDRAULICTURBINES

Twrbines zre dzfned a5 the himmlic machipes which cemvers Evdranlic eserpy @ o
mackaniral snerey. This markamical amsrzy is used in ruaning an slariric zensresar whick is
diracily coppled 1o the shah of Tarkine Thus mecharirs] ssarey js papvenied i i elerwical
acargy. Thi alacic power which i obtainid Fom the Erdrsulc soefgy i kbdwm &1 e
Hywdro-glaciric powear
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g MeachanicsFi¥firianey g,
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& Overall ESciency, He

s) Bydramlic Effcency (e & & defined ps the rane of power riven by the water 1o the
reEner s torbisd (roResr is & PolEtmE part of notdoe B=d an the rEnE vaoes e Gxed) o
thapewsr smpplied bribewaie & the mlet piletobine. Thepows # theElembfhetabme i
meere 2ed this powsr Zoss on deoeesing a: the water few over the venes ofthe iobEsdus to
hydrenbis lpssss gz the vamss are eot smooth Henre power deliversd m the rusmer
pftheturbine will be less thastie power availsble at the inlet oftie turboe
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shghily lessthamibe volumeofneter scpplied to thetwrtme Semsodhevokmeoihewmier iz
dischareed to the tmilrece wiheat sirfkise the roemer of the mrbdne Thus the mtis of the
velume aftks weter sapplied toths terleone & defised a3 Valumer: ESciency,

Vidiomw o7 vz ler sebic e girkioo the R umme

L1 '
wailmai D melon wiigerl i Lo Bb Pai b g

di ‘Orverall Eficency i It & defined 2= the retio of power mzilshle pr the sha® af the
turbiss 1o the pawer suppiiad byrhs weser 5o the inlst ofhe terthing

e Foaer avefs Tl ko slie o™ ibe inclone N, Bhiali prwees
"q T B wig il s iR e it ol e e e BT Lo
L IF iR
D T — —
u AT
s ar
i Er
M ™ Tgg ~ Ty

[faks fpower = Plstekesink', Theswaterpowershonlds lsobatskenink ' Shedpeiveris
reprasastsd by P

B — [ B - R

Waterpowerin LFF Tl Where=[000Kz '

Sl Fiwa 2 r

. J— . L
Ll Wakrr Porwer imkW  ERsrTE
[T

W herePe ks Dame



CLASSIFICATIONOFHYDRAULICTURBINES:

The Hyvdresld torhisss sre clasifed preaedies io the type of merey sesilehls 29 the ints of
the furbme, dEection of Sow theough the vine, head &t the inlet of the nobice e=d spacific
spead nithe haiine. The following zre the imporzm chssifcion ofke tobines
. Accerdmpothetypeo fmerpystizia
ix) Impubatorbseznd
v} Feacnomrbang
L AccordinstatsdirectonoSovine g barienes
i) Tezzetizfiowmrtane
iy Radisflonterbine
gy Anialfiawmmriang
iy Mimedfliowrerbse.
1 Arcordmeothabesdaninisofenriine
i) HizhhanSmriine
i) Adediumbapdmorhizazed
icy Lowheadmrbines,
4 Arrerdmeratbespsrifirapeadefhenrbme
ia) Lowzpacfirspeadrorhne
b} M=dmmspacifirspepdrorhine
iry Highspacifirspeadiurbine.
I = ke ml= of wbee the merzy avilehls i= oely kisstic emerzy, the morbme is
kmowe e Impube mrbine. A: the weter fows over the veres, the pressme s mesaspheric
from (it so sutier of the frbioe If o1 the mle of e rurbine, the wener possessss kinsic

apargy 2% wel a8 prasmure esargy, the thobize & known as Reaction turbine As the water

fiews through ruensr, the water & wedarpressursand the pressume sn=gy goes on changmg in
to kimeri emerry The manmer [x completelyesclssed = pm ax-timly casier pod the ronner pmd

cesimg i cossplesely fill of wetes

1f the water flonz alons the tansem of meesr, the nxbine 5 imows 2@ Tenzentis] flow
turbine [f the water Sowrs fm the mdinl diectiar theoush the rennsr, the nabime & called
Eadis] flew torbine, If the water fiona o outwand te ipwards radially, 1be tobms @
lmown 25 Inward mdal Sow talne. om the other hasd, if the water fow: rdizlly Som
rward o otwesds, the nrhise i kmowr 2y ountward rafizl few norhime. 1¥ the werer fows
theroezhtbenrmer plonr thedirectionparsfehe thesxis afrotssiossfherumrer, thaturbing b8
called axial fow tizbine. If the water Sown through the rummer in the radizl dactios
leaves mthedredionparalehnttemise Toetnoe themaper thenabine Bcalled mized flew
Tahine.



It is o tangaetial flow mpole turbine The water strikes the backet 2leng the tasgent
of the mnmer The snagy availablz ar the mlst of the furkine & only kinetic energy. Tha
pra=zare af the inlef and mor let of mrbme = prmaspherie This mrbine is used for hish bapdy
aed i novned sfher I 4 Pebam sp Amesiess spisss

Theweter Somtherscemor fowsthrouzhthesarsockear thesursr ofwhiche merrle i3
fimed The porele incresses the Idnstlc esarey of the wites fowies through the penstock A
tha eotist of the nozzle, the nater comes out i the form of 2 jat and strikms the bocken
(vanes)} withe mummar. The mam partsofife Pekon turbins are:

Toczlandfowngelatmgerram pament iper])
FumnemndBucksiz

Czsmzand

Breakingier

1 Norzle amd flow resulatng arreapement The asmoust of weter srkize the bucksts
(vanes) of the rosmer i comtrolled by providng & spesr o the sorsle The spear is & canical
meadwhick moparzied wtbar Trykand whedler sulomsticzlly mamxialérectiondepeading
upon the e of the wmit When the spesr & pushed forwerd in o the nezzle, the amouni
ofwatzruririne ths mopsar joradnred Cetkapther hond  ifths spesy joposbed back the amonen
of weter siriyies the roenss incresae
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L Rmnner with bucloets: It comsists ofa ciroaler disr om the periphervafichick 2 mumbar of
buciers evenbyspeced pre fixed The shape ofthe bockers fs ofs double hesmisphericaloen ar
bowl Each bucket i divided in 1o two ymmatriczlpart bye dividing wall, which is known



assplmer

Thsjenfwatarsrikspnthespitar Thesplmerdindesthejermistan
gigual peme and the = comes o & the puter adze of the bocket The bockets arz shamed In

soch 3 waythat the jer pets defected through an angls of160%s 170 . The buckets are madeof
cast Iroz, cast stedl Erozze or samless vied] depanding upon the bead = the @l of ke
Tariine

1. Coximg-Ths fnctiossfaing ateprevestibnplnhzngol rosterzndto dachapehorster o
tadlrace. It zlse 2cts as safegmrd agzinst acoidests. It & made of Cast Imem or Sbaicaied steal
plates. The casing of the Pelton whes] dos2 ot pariarm 2=y bvdranbic fosctien

4. Breakimg jet: Whae the nozzle & complstely closed by moving the spear m the forwerd
diractine, theamount pfweremtrininetharynnerradnrsats rang Butbarnnrardneg marriy Zpsy
perevalving for & lomx fime Te wopthe rommer ima ahort vime, & umall morsls B
provided, whickdsectvika jetof wetemn thebackof thevzam Thigjetefateicalis

Velocitytrianglesandworkd oneforP eltonw heel:

The jetofwaierfomths norrls sirieuhsbncketmhespliter whicheplitmprhe jer imn
twa pans Thess parrspfthe jer slidss gyerths fener spefaces and copsss gue amhe aimer sdes
The splister & the in Let tip 22d euter adpe of the bucket i the outlet tip of the buckst Tha
inlet velocEytriaegle & drwn af the splifier and owter velecitytrizngle & drawm ot the euter
pdze of the bodks
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RADIALFLOWREACTIONTURBINE
Radial flow turbines are those tabines in which the water flows in the radial direction. The water
may flow radially from outwards W inwands (Le., towards the mis of rotation) or from mwards to
outwards. If the water flows from outwards 0 inwards through the rnner, the turbine is known 25
inward radial flow turbine. And if the water flows from inwards o outwards, the tarbine is known &
outward radial flow rurbine.
Reaction turbine means that the water at the inlet of the tarbine possesses Kinetic encrgy as well a8

pressure energy, AS the water flows through the runner, a part of pressure encrgy goes o changing
imto kinetic energy. Thus the water through the rumner is under pressare. The nener & completely

enclosed in an air-tight casing and casing and the runner is always full of water.

MAINPARTSOFREACTIONTURBINE

1. Casing, 2. Guide mechanism,
3. Runner, and 4, Draft-tube.



1 Casing. As mentoned abeve thiat in case of reaction turbine, casing and rusner are abways full of
water. The water firom the pensencics eniers the casing wiich is of spirl shape in which area of cross.
secnon of the casing poes ow decreasng gracually. The cesing compleiely semomnds the runser of e
mrhime. The casing as shown in Fig. 1810 s made of spiral shape, so thall the water may enigr he
runmeT af constanl velocity droag sou the crcomisreace of the runmer. The casing [s made of concrete,
cast sieel o7 plate sheel.

L Guide Mechandsm. If consists of 2 stationary circslar wheel all roend the maner of the tarbine.
The ststionary guide vancs are fined on the geide mechamism. The guide vancs allow the watcr 1o
wribe the vancs fixod on the namncr withowt shock i ink1. Also by a suitable smanzcment, the width
betwoea o adjacent vmes of puide mechanism can be alterad so that the smomat of witer sriking the
mnneT cam b varicd.

A, Komaser. Ii 5 3 circubar wheel on which a scrics of radial curved vancs are fived, The surface of
the vunes are mude very smooth, The racial curved vases are s shaped that the water enters and leaves
the russcy without shock. The russcns s made of cast sieed, cast won or stiinkess sicel. They ame
kevail w0 the shadt,

4. Drafi-ube. The peessute al the exit of the funner of & rescBon usbise s pencially lsa S
atmnspheric prossure. The wabor at oxi casnot he directly discharped to the tmil rece. A b o pipe of
procusdly imeressing mea is wied fov dischanging wster from the et ol the mrbine o the wil race. This
tobe of incressing ares b calied didt mbe,



INWARD RADIAL FLOW TURBINE

Fig. fwward radiai flow owrfrine.
Inward Radial Flow Turbine. Fig. shows imward radial Mow tarbise, m which
cane e water frim the casing enters the stsfiosary geiding wheel The puiding wheel comsists of gaide
vomes whech disent the waler 10 enser the runner which consisin of movisg vanes. The waler flows over

the moving wanes in the inward radial direction and is dischanged ot the inner dismeter of the renmer,
The: caier diameter of ihe mmaner s e inbet and ithe nser dameter bs the omilet,






La R, = Radius of wheel at inlct of the vans,
R = Radis of the whecl af the outlet of the vane,
ta = Angular speed of the wheel.
Then uy = il | g = 0K,
The webocity triangles at indet and outiet sre drawn s shown in Fig.
The mass of waper swiking por socomd for & serics of vancs
= Mass of waler coming owl (imm mierk por oo
= pal’,, where a= Arcs of joi aml ¥, = Velocity of je1.
Momentum of waier siriking the vanes in ibe tanpential direcSion per =c ai miet
lﬂ-ﬂwmp“dxfwdﬂhﬁ:lﬂhﬂ_
=rpl'|-"|h['l"h1 (=~ Componeni of ¥, in tangenial directsn = Voos 0t = I"_h]-

Similarly, momcaiim of water @ oullel per sec
= pal’, w Componont all V, in e ingeatial dissction
= paV) - Wy con fl = - poW¥, =V i Wooos fi= V)
~vw uign in eakeiy e i vobingity ¥, B0 osthel |s im opposite directios
Mow . angulef mofeninm pol soond st mio
= Mo miam ot (nket =« Hadias ut inlet
I-FFJI."_I w R,
Angulsr neomentan per secosid 50 outlen
= Mloanecniam of ol = Balios 5 outhet
== paV, x W, wiy



Torgue exveried by the waler on e wheel,
s Rsie of change of snpulsr momesium
= [initial anpuisr momentum per second - Fimal angulat momentum per sccomd |
=paV, % V, =l -(-pa¥,x V, 5 R))=paV, [V, x &, + V, B)]
Work done per sevomd on the sheel
= Tongue = Angular velociy = T =
=pal, [V, =Ko ¥ R)lxmspaV, [V =K =@+ VR xm
=paV¥, [V, 5+ ¥ xu) (o w, = oo, and o, = i)
If the angle [ in Pig. 17.23 s an obtuse angle then work dose per second will be gives a5
= paV, [V, u - ¥, myl
The gemorml cupression for the work dons por secoind on ibe wheel
= paV [V, o £ ¥, @] et ;i
I the discharpe i rodial o outlel, ihen | = O mmd work dose becomes m
= paV [V, u] a v V. =m




The work dome per secosd on the runmer by water is given by equatia -
= paVy [V, u, 2 ¥, uyl
= POy, I.d:'i",rlf-,.] i~ a¥;=
The equation blso represenis the encrgy wanafer per socond io the runser.
where  V, = Velocity of whirl st inbet,
V,, = Valacity of whirl st outhel,
i = Tengential velocity of wheel at inlet

= ﬂ;ﬁ"m ¥ = Dhter dia, of munnecr,

#; = Tangential velocity of wheel at outhet

-ﬂnr—ﬁ,'hmﬂlllm:rﬂ of unner, &' = Speedl of fhe forbine in 5pom.

Tha work done p:r movond por unit wolght of wmer per seooml,
_ Work done per second
Weight of water siriking per second

& pe lv"\“' = F"’I-"]
pl =g

- ;f['f".,lﬂ. - 'l"...."'_:] ....... 1



The equalion §  mpresoats the energy tmasfer per sajl wekght's in the ruaner. This equation [
kngan by Euler's equatben of hydeodysamics machimes. This s als beosn as fusdamesinl eguatios
of hydnothynamic machines, This cquation was given by Swiss scicatia L. Ealer.

Iocquatbon 3 +vi skgn e taken if snghe b ae acule aagle IF ) is an obiuse angle then -ve

wgn s tiken, 1T J = 20°, ihen I’_.i-ﬂﬂtﬂ dome poi socomd per umil weight of waler strikingfi
bousmc as

| AR |

-; 'I-"._|-|
Hydrmslic effickency is obtained from cquation (18.2) 1
W
— ¥ m ¥
i RP. 100 Vem I-L.II- (Vom ¥, u) .
WP, = o

1000
where BP. = Renaes powcd L2, power dcliverad by waler io the rnser

WP om Waler nower
If the discharge is radial at outlet. them ¥, =0

LA
M= oH




Pennitions. The following torms are gemerally used m case of reaction radial fhow
lurbines which are delined as :
{f) Speed mmwmumu=3;”_
where a) = Tamgential velocity of wheel at infet.
(i) Flow Ratio. The ratio of the velocity of flow atinlet (V, ) 1o the velocity given 2l is known

a6 Flow rasio or it is given as v
-Wﬂ,mm Head on nrbine

{fii) Discharge of the Turbdne. The discharge throagh & reaction medial flow tarbine is givea by
QueDE <V, s, 8, %V,
where D, = Diameter of mmmer al inlet,
By = Wilih of muniner ot inlet,
V;, = Velocity of flow a inlet. and

D, B, V, = Corresponding valecs at outlet.
T the thickness of vancs afe taken mio comiideration, then the anen thiough which Mow wkes place

|5 given by (xD) —a x 1)
where &= Number of vames on mnoer and 7= Thickness of cach vame

The discharge (0, then is given by (= (xD, —-nx 0 B, =V}



I
{v) The: bead () on the tarbine is given by if = —B— 4 2L

CEF
where p, = Pressure o inlet.
iv) Radisml [Mecharge. This mcans the angle made by shsolutc velocity with the (aagonl on the
wihieel is 90" ad the comgonent of the wiibd velocity s pore. Radial dischange ot owtlot means [§ = 907
and V, = 0, while radial discharge at outlet means = 90" and ¥, = 0.

(vid I there in mo bos of engegy when watcr fows throuph the vancs then we have
|
Hoge g e EVml
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Francisturbine
Asnamesuggest thisisatypeofreactionturbinewhichis
developedbyanAmericanengineer,Sir).B.Francis.

Francis turbine is basically an inward flow reaction turbine
with radial discharge at its outlet.

InmodernFrancisturbine thewaterwillentertherunnerof the
turbine in the radial direction at outlet and will leave in the
axial direction at the inlet of the runner. Therefore, the
modern Francis turbine will be termed as mixed flow
turbine.
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PARTSOFFRANCISTURBINE

Spiral casing: The spiral casing around the runner of the turbine
is known as the volute casing or scroll case. Throughout its
length, it has numerous openings at regular intervals to allow
the working fluid to impinge on the blades of the runner. These
openings convert the pressure energy of the fluid into kinetic
energy just before the fluid impinges on the blades. This
maintains a constant velocity despite the fact that numerous
openings have been provided for the fluid to enter the blades,
as the cross-sectional area of this casing decreases uniformly
along the circumference.

Guide and stay vanes: The primary function of the guide and
stay vanes is to convert the pressure energy of the fluid into
kinetic energy. It also serves to direct the flow at design angles
to the runner blades.



Runner blades: Runner blades are the heart of any turbine. These are the
centers where the fluid strikes and the tangential force ofthe impact causes
the shaft of the turbine to rotate, producing torque. Close attention to
design of blade angles at inlet and outlet is necessary, as these are major
parameters affecting power production.

Draft tube: Thedrafttubeisaconduitthatconnectstherunner exittothe tail
race where the water is discharged from the turbine. ltsprimary function
istoreduce thevelocityofdischargedwater tominimize thelossof kinetic
energy at the outlet.This permits the turbine to be set above the tail water
without appreciable drop of available head.



VELOCITYTRIANGLEANDWORKDOMEDOFFRAMNCIS
TURBIME
- B=50

Vw2=0

=i |

Welocity triangle of francis turbines




The velocity trisngle of inlet and cwtlet of the Francis tarbine are deown (n the same way a5 in oo
of ivwand Tow resction neivise. As m case of Francis rbine, ibe discharpe s radial o) outlel, b
welogity of whirl at outlet (e, V, ) will be zero. Hence the work dome by water on the ruaner per
secomel will be

= pQIV, wid

Huutlu:punmdpuuunlndrmw--:-[rh-,]

V. m

Hydraulic efficendy Irhh-:hﬂir‘m-—llﬂ—.

mlmmrmm The following s e imporiang relabons
for Francis Terbimes :

I.ﬂurﬁndnhﬂﬂhwhlhhil-ﬂnlllhn-rr-% . The value ol & varies from (10

i
2. The Now ratho is given as,

v
Flow ratio = ;E.ﬂF and varies from 0,15 o 030,

3. The speed ratio = "ﬁ varies from 0.6 10 0.9.



PROBLEM 1 nrﬁmmmwﬁmqiﬂnmmwpm
148.25 kW power. It is working under a head of 7.62 m. The peripheral velocity = 0.26 [IgH and the

rafial welocity of flow af inlet is 96, 28H , The wheel rans at |50 r.pm. and the hvdraulic fosses in
thee Brbine are 2 1% of the available epemgy. Ammisg radial fischarge, delermine @

(i} The guwide biade angle. (il The whee! vane angle af e,
(Wi Dhameter of e wieel @b inket, and fivi Wideh of the wheel af fnlet.
Solution, Given :
Owerall elficieacy N=7%% =074
Power prodisced, SP = 4575 kW
Head, H=761m
Peripheral velocity, iy = 026 J2gH -ﬂ.!ﬁ-tﬁ:il:l:t?ﬂ =31, 17% mis
Velocity of fow ot inket,  V, = 0.96 JIgH = 096 x JIxGX1x 762 = 11.738 mis.
Spoed, N = | 50 r.pm.
Hydrmslic = 22% ol available crcrgy
Drischarge ot omtlet = Rolial
'I-"_,1I = [} anad I-"ﬁ = ¥y
Hydraulic cfficiency is given as
Tiotal hend s inler = Hydraolic ke HN-¥4 LM
= W e LT

Head ot inder T~ "



¥
B ].I—'ﬂ.l-:l-

¥
b = [L7H
gl

',.-.ﬂ.TI!!EH
M

. O7Ex Gl = T4 o« L3 A

um
i) The guide blade angle, Le., o From inket velogity irangle,

1.738
IR

= tm ' 064 = 31619 ar 327 57 Ans

¥
II-I'.I-FI'-I = e

-

(i} The wiheel vane angle at indet, iv., B

¥, 11.738
AR e B — . & DT
Y. ~a, M-

B=tan ' I74 = 3004 or 37" 444 Ans.



(##0) Diameter of wheel at infer (D).
Using the relation, .,.%."‘l

2 il 5 L &l o LTS
XN " s
{iw) Wiieh of the wivee] af inker (B0

b,

= 4T m. Ans.

S.P. 14835
= wr = wp
WH pxgx@xf _ 100D x 9Kl % Jx T7.62
- b 7 Sl T T
14825 14825 x 1000
n,= .
TOO ORI 0xT82 1000 x 951 = = .62
L]
2 148.2% x 1000 14825 x 1000 Y

T 1000 %981 x762%", 1000 x98l x TEZ X075

'ﬂ=lﬂ|{ﬂl|x'l":‘
2544 = m x AT = By x 11738

)

R, = =177 m. Amx.
' m AT %1738 i




Outward Radial Flow Reaction Turbine. Fig. . shows outwird radial flow meaction
turhine in which the water from casing enters the sistionary puide wheel The puide wheel consists of gaide



vamcs which dircoy waler wo cnier the rumner which is around (he stationary puide wheol. The waicr
flows through the vancs of the rasner in the outward radial direction asd is discharged at the outer
dimmeter of the mupner. The nner diameter of the renmer s mlet and owter diameter is the oatlet.
The velocity iriangles i inlet and outlet will be drawn by the same procedure as adopied for inwand
flow mrhine. The work dome by the water on the runmer per second, the horse power developed and
hydraulic efficiency will be obtained from the velocity triangles. In this case as indet of the ranmer is ot
the inner diameter of the renner, the tangential velocity af inlet will be less than that of at cutlet, ie.,

uy<uyas Dy < D




AXIALFLOW

TURBINE
(KAPLANTURBINE)



KAPLANTURBIMNE



I e waker floss parailcl 1o the avis of e miation of ihe shalt, the urine is bnown a5 axial Mow
tarbine, And if the head 0 the inlet of the turbine s the sum of pressure energy and kinetic anergy and
durimg the fow of waler through rumner o par of pressare epergy is coaverled mio kinetic energy. the
tirbing is known as reaction narhine.

For the axial flow resction turbine, the shaft of the turbine is vertical. The lower end of the shaft is
msde larper w hich is known as “heb” or ‘bosa”, The vanes are lixed on the b and henoe bub acs a5 a
rumsier (o0 auial M eacthon wrkiee, The followisg are the imporiant type of acial Mow fescton
tarhines
1. Propeller Turhime, nnd 2. Kaplom Tusisine, &

Wl thie vanes are fined to the hab and tiey ane oot odjust-
ible, e wrbm: s kncwn as propeler urbiee. Bun f the vines
on the hab am idju:l:d!lh, the turbine is ksivwin oy a Inpiu.rl
surbame, afer he name of v Kaplan, an Ausirian Engineer,
This tutbine is suitable where a largs quantity of water at low
bead is availahle, Fig. shows the nmner of a Kaplan
wrbine, which consists of o hub fixed oo the shafi. On the huk.
the adjustable vames e fixed as shown in Fig.




MainpartsofKaplanturbine

1. Seroll casing,

3. Uwide wpnes mechamism,

3. Hub with van=s of roemer of the worbine, wod
d. [Draft tabe.




Fig shows all main parts of a Kaplan turbinc. The waler from peastock enlens the scroll
casimg and then moves 10 the guide vanes. From the guide vanes, the waler tems through %0° and flows
axially through the ruance as shown in Fig. The discharge through the runncr is obtained as

e
g=_i5; - &)<y,
uhore 0, = Outer disnaes of the fmser,

L, = Diamcker of bus, md
¥, = Velecity of flow ot ialee

Some Important Point for Propeller (Kaplan Turbine). The lullowing are the
EmgETEng potnts For peopeller of Kaplan torise @
I. The periphersi velocly at inles and outler are cqual

u,-n,-%*ﬂ.whtbu-ﬂﬂrﬂuﬂn-ﬁ

1. Vielocity of Mow s inbet and outet are equal
Ve =V,
1. Area of flow & mier = Ares of Do o okt

=3l -n).



The inket and ouilet velocity irlaagles ae drien o e cutreme edge of B munser vane cormespond-
ing &2 the points | and I a5 shown in Fig.




DRAFTTUBE

The draft-tabe is a pipe of gradually increasing anca which comnects the cutlet of the rummer o the il
race. It is wsed for discharging water from the exit of the turhine o the tail race. This pipe of gradually
incresing arca is called a drafi-tube, One end of the draft-tube is connected to the outlet of the runnner
while the other end is sub-merged below the kevel of water in the 12il race. The drafi-tube, in addition
10 scrve 4 passage for water discharge, has the following two perposes also ©

1. It perimits a nopative hoad w0 be cstablished @ the owilet of the moner and there by morease the et
head on the tubine. The wrbine may be placed above the il mee without any loss of net bead and
hencw turbine may be inspecied properdy,

I v converts 8 large proportion of e kisefic emergy ( V,'/2g ) rejected o the outher of the turbine
into useful pressare encrgy. Withour the draft tube, the kinetie energy rejecicd ot the outler of the
turhing will go waste 1 the il rase.

Hence by using draft-tabe, (he med beod om the wrbise incresses, The terbine develops mose poser
mnd also the efficiency of the wibine increnss.

If & reaction wrhine is nol Nined with o deafi-lube, the pressure 8 the owilel of the unner will be
oguil 1o @mospheric pressare, The water from the owtlet of ihe ninner will discharge frosly inbo the il
rece. The net bead on the worbiee will be less than thet of & reaction urbine fised with o drafi-uebe.



TYPESOFDRAFTTUEE

1. Conical draft-tubes, 1. Smple clbow tabes,
3. Mooy spreading wbes, sl 4. Elbwre drafi-tubes with circular imkct and rectangular outlet.




CENTRIFUGALPUM
P


















The hydraulic maschises which convert the mechomical ssergy it hydraulic energy are called
puimips. The hydrailic energy i in the form of pressare energy. | the mechmical snefgy 18 cnaveniod

i pressare encrgy by means of ceatrilugal lorce acting on the Muid, e hvdraobic sischine is called
centrifugal pump.

The centrifugal pump acts as 4 reverse of an inward radial flow reaction surbine. This means that the
flow in centrifugal pumps s in the radisl cutward directions. The centrifugsl pamp works on the
principle of forced vories Mow which means thst whes & cerain mass of Liguid is rotsted by as
cuiemal iongee, the rise i pressane head of the rdating guid takes place. The rise in pressore hesd &
amy point of the rowting liquid is proportienal ie the square of tang eatial velocity of the Bquid at that

14
plnil[u..rhlhmlud -iﬂw%i—j].mnnhmmnmpﬂmrhmimu
L]
miode, e rise in pressare head will be more and the Bguid will e discharged af the outlel with o hiph
pressure hesd. Due to this bigh pressune bead, the Eguid can be [ifed 10 8 high level,



MAINPARTSOFCENTRIFUGALPUMP

The following are (be misin parts of & conigifugal pump
1. Impeller,
1. Casiag.

. Swctom pipe with a foot valve ansd 8 sfiner.

4. Delivery pipe.

All the main pams of the ceptrifagal pamsp @ shown in Fig.

1= Impeeileer. The rotastimg pan of & cestrifigal pump is oslled “mpeiler’. | comists of § sries of
hackowan] carvad vanes. The impelbar s moistad of @ shaf which s cosmackd 10 the sball of a0 elecine
TR

L Coxing. The casiag of & ceninfugal pamp s similr o e ciking of & resciion mrbine. (1% an @
ugh pesssge surmimbing e mpe e mad bs designed s sl s say sl the Lineic enongy of the wes
dingharged m ihe outlcd of the impclilor s comveniod im0 prossene onergy ol e waior berves the
cdng mnd enters the dobivery pipe. The folowimg theoe trpes of the cosmps are commwnly adopied -






(E} Vortex Casimg. I a circalar chamber is inmsbuoed botwees the casing and ihe impeiier
shown im Fig. fah, thee consng is ksown ss Vomey Casing. By introducisg the ciroulsr chamber,
the low of eoergy due 0 the formation of eddies n redoced 0 8 considerable extont. Thus. the
efMiciency of ibe penp b more than ke Mickscy when only solale caslng b provided.

ich Cosimg with Guide Blades. This casing is shews im Fig. ik) i which the impeller is
swrmnunded by 5 wries of gulde bades mownted on 8 Ang which i kmown os diffoser. The geide
v are designed in sich 0wy that the walcr from the impeller cuters ihe gulde vancs withoul stock.

Also the area of the gaide vapes incresses, thus reducing the velocity of flow throwgh gude venes asd
consequently increasing the pressare of water. The waker from the geide vanes thos passes throuph the
smproinding cosing which i bn most of he ©ases conootitrbe with the pingeller as slown in Fig. m).
A, Soction Fipe with s Fost valve snd o Struiner. A pipe whose one end is connected © the inlk
of e pump and ollver el dips indo water |5 4 samp & known 8 suctioa plpe. A fool valve which |s a
non-fetarn vl ve of osc-way tpe of valve i fited ot the lower ond of the saction pipe. The foot valve
opeas only in the upward dErection. A strainer iv also figed of the lewer ead of the suction pipe,

4 Delivery Plpe. A pipe whese ome end s conmecied 0 the outled of ihe pump and other end
delivers the wmer 8§ (eguired heiphy s ks s defivery pipe.






In case ot the centritugal pump, work is done by
the impeller on the water. The expression for the
work done by the impeller on the water is obtained by
drawing velocily riangles al inlet and ouwtlel ol the
impeller in the same way as for a mrhine. The water
enters the impeller radially at inlet for best efticiency
ol the pump, which means the absolule velocily of
water at inlet makes an angle of ™M1” with the direction
of motion of the impcller at inlct. Hence angle o = 901°
and V_ = 0. For drawing the velocity triangles, the
same notations are usad as that for arbhines.



Let A= Speed of the impeller ic r.pom.,
Oy = DMameeter of impelber an nked,
uw, = Tangential velxcity of impeller ab inlet,

...
50

B‘-E_-rﬂ_-lh'-‘-h.
#y = Tangentisl velocily of imgeller ot owthel
-
ol

V= Absalste selociy of water o inlet,

¥, = Relailve velocity of waicr st inbei,

a = Anghe made by sbsolute velocing (V) @ lnlel wigh the deection of motsen of vane,
8 = Angle made by refative velocity (V, | 01 mbet with the d@rection of mogion of vane, and ¥,



Ak the waser enbers e smpelier eadislly wivich mesms e shslaie vebocny of sser 8t ik s s the
radial direction and bemce angle o= 9° and ¥V, =L

A pentrifegsl pamp st evense of 5 endially inwasd Aow resciion nebing, et in cose of o redially
imward flre reacton lorhime. the wiwk done by the water om the funner per secomil |per umit weight
of e wniet siriking per secomd I8 glven hy equeiion {18.19) &

= —;=[I"_ #y = ¥, )
S Wailk dome by the lmpeller n the wabel er secomil per unll welghl of wiler uriking pef
s

= = Wik dope o case of arbine )

- [;'{".,-1 " -.'1}] . i{"n*': Vo]
|

- ;I"‘r-: i+ ¥, =Dhere)

Wik done by impeller an wabor per sscond
=X
‘.T. "1"’

W s Weight of waler = px g =

(= Volume of waler

0= Area ¥ Velocity of fow = =), ® ¥,
= ROE, % ¥y,

g1



where B, and B, are width of impeller at inlct and outlct and V, and V,, arc vebocitics of flow at inlet
] oaniled

DEFINITIONS OF HEADS AMD EFFICIENCIES OF A CENTRIFUGAL PUMP

1. Suction Heod ik || & the vertical heighi of the cinte line of the contrifugal pump abive e
water sarfsce i the mak ar pemp from which weser s © be lified s shown I Fig. This keight
b als calbsd suction i dnd is denoted by "%,

L Delivery Head ih,) The verical distince hetween e centre Bne of e pump and (he waber
surfase in ihe ok i which water s deliveisd is knirwn 8s delivery bead, This is densted by "5,
A Sigdlc Mesd (H ) The sam of suction head and delivery hesd is known s static bead, This is
ivpresented by "M, sl is writien as
H, o=k, ok,



& Manometric Head (H_ ). The manometric head s defined as she hesd agamst which a centrifagal
s has o wark. B s dencted by W 1 s given by the lollewing ¢ uprossions |
ia) H_ = Head impancd by the impelicr w the water — Loss of bead in e pump

¥
-—':'—‘ - Lona of head in impelier snd coning

¥
= —';i .f loms of pump is e

LY H, = Total hesd st outlet of the pemp — Total head ot the inket of the pamp
I[-"i rti-i !_]-[ﬁfi,ﬁ]
P I pe 2z
e &=F——I_-ﬂlﬂ-|—1:h

r:-‘il‘-ah'llnur_l_hdhjq

B
= Vieteizy heud in detivery pipe = L
E_ = Viertical heaght ol @e outlet of e posp eom desms Uee, sl
ﬂ—:‘; o &= Correngenliy vl of prossare head, veleciy hend and detum hesid ol S islet of
B rump,

[ ﬁ.;‘:—-ﬂ-lmﬂr



]
il '_-i.-l-i.lrﬂh-ilhl—::-

where &, = Suclion besl, b= Delivery head,
:;.W“ununmnh-nﬂuuum-umm o il

= Velocity of water in defivery pipe.



EFFICIENCYOFCENTRIFUGALPUMP

i@l Mansmetric Efficlncy i 1L The reo of the masomemic hesd o the besd impaned by the
impeiier i s waier is knows 5 masonwirs eifickency. Matbematically, it is wrimen &

Slanomsing besd
Head imparied by impeller io waier

Pl ™

The pavarer &t th mnpeller of e pump iz meore than the power Flven W the water a0 otlal of the
pamp. The ratie of ik power given o wsler 60 owtlel of e pump o e poser svailsbls 5 e
impeller, i known & manemciric cilicicacy,

mmwnwﬂlﬂnihm-%ﬂﬂ

.Ehlh‘!ﬂﬁhﬁlmiﬂ
it
¥
-E:l ey

(LLL]

Thee puvwed s ihe impelled W

‘H E hl’i 'p :.'I



i®h Mechonical Efficency in_). The power ot the shafi of the contrifugal pump is mone than the
pewer available an e mpeller of (be pump, The mtlo of the power pvailshie = the impeller o the
peerwier @i il shafl of the comirifugal pump s knoen & mechanbcal effichoncy. b s wriltn as
n__hmﬂ'hy-
Porwer al the shafft

The power ot B ngeller i LW « o S0c by :E‘“"m Pt seconid

W Vs

-
E 100
LA
£ | 10
%P

N ™



() Overall Effickncy (7,0 16 ks defined s rstio of poser outpat of the pamp io the power inpe 9
b pamp. The power owipei of the pump n L'W

o Welgheof water it <, _ Wik,
LI

W
Powst npit & the pump = Pevestt sipplicd by the cloviric motor
= 5. of the pump.
(1”!’.
n, = L1000

5P
Al M = M X A



MULTISTAGE CENTRIFUGAL PUMPS

¥ a centrifugnl pemp consists of ten or more mpellers, the pump is called o moltistape centrifegal
pamp. The peliers may be moused on e same shafl o on differem shaifis. A myhissge pump s
hawvang ithe following two mporns fancuons -

1. To peroduce & bgh e, snd Y To dischadpe 5 lige qustitioy of Rguid

If a high Bead is 0 be devcloped. the g |bers are consected o serics (o on the same shaft) whils
fior dinchargimg larpe quantity of ligoid, the impellers (or pumps) are conmectod m paradiel.



Multistape Ceatrifugal Pumps for High Heads.

PIPE COMRECTING -~
CUTLET OF isi IMSELLER TS
IMLET OF ind IMPELLER

Tarvctage pramps srith rpeflers an wries.

Lt i = Piun bet of kontical impelors mawnicd on the same shaf
H, = Heml developad by sach mpelie.
Then wial head developed
= m N,

The dischargs passing through cach mpeller is same



Multistage Centrifugal Pumps for High Discharge.




PRIMING OF A CENTRIFUGAL PLMP

Priming of a cenrifugsl pump s defined s the opcrancn @ which the suction pipe, casing of the
pump and & portion of the delivery plpe upio the delivery valve s completely fillled up from outside
sovarce with the [iguid w0 be raised by the pumg before starting e pump. Thos the sir from these pans
of the pump is removed and these parts are lilled with the liguid o be pamped.

The work dome by the impelher pet umit weight of quid per sec s ksown as the hesd goneniicd by
the puing. Eguation gives the hesd generasted by the pamp I=% v,y metre. This equation s
independent of the density of the lkusl. This meass thet whes pump & masniag & air, the bead
prosralod i e s of nestte of sie. 1 the pomgp s primed with wober, e hesd peseraiod is same
mectre of water. Bul as the density of air s vory low, ke pescriiod besd of alf m tcrms of oquivalost
matre of wabor bead s segligible ssd hence the water mnoy ot b scked from the pamp. To svold this
difficulty, primisg s meoessry.



CAVITATION

Cavilatioe is defined 8 the phontmontn of farmation of vapoar hubhbos of 3 Bowing Hquid s 3
Tegion where the pressure: of the hauid falls below i vapoar pressare sad the sodden collapsing of
ihete vapour bubblcs in & regioa of hipher presiane. When e vapour bubbles collapie, & very high
ressure 5 created. The metallic serfaces, shove which these vapoar bubbles collapse, is subjectad o
these hizh pressures, whick cous piiting scton oa ibe surface. Thas cavitics are fommed on the metallic
surface and alse comsiderable nore aml vibrabions are prodesed.

Covitatios inchedes. formation of vapoor bubbles of the flowing lagueid ad collapsng of the vapour
tabhibes. Pormsiion of vapous belises of die Mowing ligabd ke place only whenever (e prossses in
wny region fulls below vapowr pressere. When the pressere of the fowing Bguid is bess tham jis vapoar
pressine, the liquid wame boling ssd vapour bubkles sre formed. These vaposr bulhles sre carviad
mlong =it e Dowing (Sguid o logher pressare rones wisero these sopowrs condense asd bubshies
collapss. D 1o madden coll spsng of the babbles on e memlie sarfsce, kgh pressure is peodecod
wnad muetallic nuisces are sshjeciezd o high local smesses. Thus e sarfnces are damaged.



Precaution Against Cavitation.

(i} The pressure of the flowing ligued in any par of the ydroulc system should ot be alkowed o
fall bebow jes vapour pressare, I e Thowing liguid b wier, dien ibe absolute pressure e shosbd soi
b Bebow 25 m of waler,

[11]] mm“mhﬂmm.ﬂ“muﬂ“mwm-!
CovARRON reseant masemals, shoubd be ased

Effects of Cavitation.

i1 The metallic sufaces are damaped and cavithes are fomied on the serfaces.

(il Dwe o asiden collapse of vapour bubble, considerable noise and vibrasoas are prodeced.

i) The effciency of a turbine decieasss due io cavittbon. Due 10 pllting actlon, the sarfsce of the
ﬂuh“ﬂ-“ﬂhfﬁm:lﬂﬂhiﬁmmmuﬁ_ Hence,
the work dome by water of oulpul horse powed becomes less and s efficiency deoressrs.



Hydraulic Machines Subjected to Cavitation.

Cavitation in Terbines. In narbines, only resction furbines sre subjocted 0 cavies-
lhom, In pesction furbises the covitation may oocer ¢ thse oulbel of the umser or 5 the inket of the drafi-
ok where the pressare i considersbly redeced (e, which may be below the vapour pressure of the
Nl Mhovw ingg thurosuph Ehe furbine ). Dae o cavilation, @ motal of the rmanet vewos sd drafli-tohbe |5
pradimally caten away, which resalts n lowenng ibe cfficiency of ibe imrtsne, Hence, ibe cavitaie in
& rescrinn wrting can be ped by 4 sedden deop i elficency . In ordes o deleiming whether cayilsiam
willl occur im any portion of & resciion wrbine, ibe critical value of Thoma's cavitsion facior
(o, sigmap is caloalvied.

Thoma's Covitation Factor for Resctiom Turbimes. Frod. D Thoms segpesied &
ilamena iombosk sumibser, callomd e hes namse Teema s covilstson facin o dsipma), which can b el

for determaving the regem where coviosiis Bikes plice in rescemn o wrhmes The methemanics
anrRaken Fol W THoanE s o0 mson T g By

Al HI'-.'Hl 't"—_"d}_ M,
L N
where M, = Beomsine pressise e in m of saier,
H o = Asnpsphcric peiserc Boml i moof wmser,
H, = W it povisunn bl o of wsor.
N, = Sucties prossuic @ ibe ostlon of roscton lurkine 18 m of weer oF keaghi of wrbing
rusnes above e Lail wale slece.
H = Nl lead oa the RiBinc b i

o

Lt



Cavitation in Centrifugal Pumps.

Cavitation in Centrifugal Pumps. In contrifugal pamps the cavimasion myay oocus st
thar ket ol e impeller of the ”,wlhmﬁﬁh”.-ﬂﬂlhnmh_ﬂ
oiably todiced. Hame if e prossirs 88 the suction wde of the punip deops belie the vapous pressang
of the lhguid Sen the cavilanion may oocur. The cavilanon m & pemp can be saled by & sedden drop in
efficiency amd head. [n order (0 determine s hether covitaBon will oocar n ey posbon of e sectbon
adde of (e pump, the critical vales of Thoms's covilstion feoor (00 b calculatied.

Thoma's Cavitation Factor for Centrifugal Pumps. The mathematicsl eopression for
Thoma's caviratbon facior for comtrifugal pamp is given by

oo (Hu)=He by (Mo = Hy)= Hy <y,
H H
whape N, = Almnspheric pressn hesl in m of wter of absoluln pressarne hosid 58 e Figubil surfsoe
in pamp,

Ny = Vapoie pressaie hos) o m of w8ar,

M, = Swoviom pressure el in m of wer,

gy = Hicad lost duse 10 Fraction in ssction pepe, and

H = Hesd deveboped by the paimp.




RECIPROCATING
PUMP



Aeriprocaheg Penip Wirking

W1 e i



INTRODUCTION

In the lesa chapier, wo hve defined the pumps as fhe hvdrulic mechines which oosver e me-
chenbcal ey bnto hydrsullc encrgy wiich |s malnly m i form of presssne cnergy. 1 ibe mechssical
energy ks comveried into hydrsalic energy, by means of contrifugal force soning om i laguid. ihe pamp
is known ps cenrilugal pump, Bt if e mechanical osergy s comvened (wio bydraulic energy (or
pressure cnergy) by sscking e hguid inan a cylinder in which a pisioa is reciprocssing (movisg
backwards snd forwards), which cueris the thrusi on the lguid and mcresscs its bydrulic cncrgy
{essaire enargy ), the pump is knows as recl procating pemp.



1. A cylinder with a pdston, prsioen fod, connecting mod and a erank.
2, Suction pipd, A Delivery pije.
d. muction valve, and 5. Delivery valve.

DELIVERY PIPE
BELIVERY VALVE

Mg / CYLINDER

s

i

4]




WORKINGOFSINGLEACTINGRECIPROCATINGPUMP

Fig. shows o singhe scthng meciprocating pumg, which consises of a piston which moves
forwonils ssd heckwands in & closs NEiag cylinder. The movement of the plsion i obtained by
cosneciing the pdwion pod bo oreak by means of & connecting rod. The cask b rotated by mosas of
electiric miodor. Seitkon amsd delivery pipes with spction valve and delivery valve are comnecled o e
cyhmder. The suction snd delivery valves e ome way vilves or non-retem valves, which pllow the
ey o o i o directiom only. Secson velve ilbows waer fnoni secsion pips to the cylinder whikch
defivery vabve lbows water from cylimder o delivery pipe oaly.

When crank stanms rotating, e piston moves @ and fro in e cylinder. When oank s 01 A, he
lnson b ol dhe eaineine lel) posdlion e e cylinded. As the coank b robatieg Grom A e O, (Le.. from
= Fimnlds B e pison s moving oweids figh In the calimder. The movemont of the pisson
towards might creptes o partisl vacusm i the cyfinder, Buf on e surfyce of the lguid in the sump
sipmarspheric pressene is scling, shich i mwre thas (he prevsure bmbde e oy lisder, This, ihe Nguld s
fodoed i the suction pipe from e swomnp. This Hgaid apens the mection »alve and crer the oy lnder,

Wihon orsalk i rotaing from C 1o A (Le, fom 0= 180" 0 8 = 360 (b phston from 5 extreme right
posiion suts meving mwands (o n e oviinda, The movemenl of the pision levwands lofl increases de
prewane of e s imside the cybmider o than simosphorc pressans, Hence sustios valve closes. and
debivery valve opem. The Liguid i forced imo the delivery pipe and s raised io 8 reguieed height



Discharge Through a Reciprocating Pemp. Comsider 3 single® siing reciprocating
pemp s shown s Fig.
La D= Diamcicr of e cylimder
A= Cross-sectionsl sres of the phaon o cylisder

n
IIBT
rw Radimn of crask
& o= ppam. of ihe coank
L= Lemgih of the stroke = 2 5 r

b, = Height of the axie of the cylinder from waier suface in sump.

b, = Hetght of dolivery outles shove the cylindor axis (also callod delivery head )
Vidame of waier dolivered in ooe evolution of dischargs of walsr i ong pevolbution
= Arca x Lemgah of suoke = A x L
Number of revolithn per seoond, -&
- Diischarge of the pump per second,
(= Discharge m one revolution = Na. of revelution per socomd
N ALN

il 5 — e —
Iﬂmm

Welght of water delivered per seoomd,

W-pv{’:ﬁ' E—- ﬁ.

il



Work done by Reciprocating Pump. Work doss by the reciprocating pamp per
woml s given By the mactlin e
Wk dome pei seromil = W oight of woater lifted per second = Tolal height throsgh which waler is lified

u Wik, + kg =l i}
whicee (¢ k) = Tossl beight twouegh wiich waker is jilfied.
From equation Weight, W, is prven by
. LI
i

Smbsitliwtimg the vabes of W in equntios (), we gel
thm“lH;#l!l,+hl
Porwer peijuired o drive mhe pump. in KW

o Work done per second _ pEx ALN % (h, +h, )

B
T 5 60 = 1000

b
L PE ALY (%, bk, W
] O3







Discharpe, Work done and Pewer Reguired ta Drive s Double- acting Pump.

in case of doubde-acting pump, the water s acring
an loth sides of the piston as shown in Fg.
Thus, we reguire two suctlon pipes amd two
delivery papes for double-acong pump. When
there is a suction stroke on omne side of the piston ,
there is ot the same time a delivery stmoke on the
other side of the piston. Thus for one compleie
revolutlon of the crank thers ane two delivery
atrokcs and water is doelivencd oo the pipea by the
pump during thess twa delivery strokes.
Let &= Dimpmeter of the piston,
il = EXjanetoy afl the grlaton ol
<o dArea on one sikde of the piston, =
A m ! fia
4

Aucs on the other side of e piston, wiksre piston mod is comnecicd o e piston,

] 18 i
ﬂ.’;#-z#';.ﬁ-fl



Volume of weer delivercd im one revolution of crank
= A w0 Longih of srolie + A, = Longth of siroks

-uu-a,r.-uu.u-[;n‘ugfn‘ -d‘]]n’l‘.

Diischarge of pomp per secomd
= Vidume of waler delivercd im ope revolubos = Mo, of fevolulbin

per second
o R | BT

IF ' ihe dismicier of the piston fosdl is very small ss compared (o the dismcter af ihe piaton, then i
can be neglocicd and discharpe of pump per secomd,

ﬂ-[in’ +;n’lu "';:I - h:;.ll’ wiEN AN

il il
% " L F ww 2 Rl -
Eiguatpom: gives the discharge of & double-acting moiprocating pamp. This discharge is two
timcs the discharge of 3 singhe-scting pamp.



Waork dome by doshie-acting reciprocating pemp
Winrk dome per seooind = Welght of wiler deliverad w Total bebgha

& pig = Diacharge per second = Total keight

b TE ALN
=i S U ¢ b= g x S x4 )

* Power required o drive the doublc-actimg pemp in KW,
Work dane per second _ ALN (b + by}
10 il i
2 W ALN wih, v &)
- 0,000

Fm




SLIPOfReciprocatingPump

Slip of a pamp is defined = the difference between the themretical dischargs amd sciual discharpe of
the pump. The discharge of & single-scting pamp given by eqaation (20,1 ssd of & double-scting
pump given by cgeation (20.5) sro teorctical discherge. The sctual discharpe of a pumg is lcss than
the theorotical discharge dwe o leakage., The difference of the theoreiicsl discharpe and sciusl
dischadge is known & alip of the pump. Honoe, mothemalically,

H'#':'P-‘ﬂu
Baut slip is mostly exprossed s percemtage sip which is gives by,

mw-ﬁtﬁkxlm-[l-%}um

L]
= {1 - G, x 100 [-.-%-r,]
where O = Co-gfTicient of discharpe.

Megative Slip of the Reciprocating Pump. 5lip = squal w the differcmce of
ibenretical discharpe snd ncwal discharpe. 17 actusl discharze & more dhan ihe thearetical discharge,
tisz slip of the pemp will booome —ve. [n et case, the shp of te pump & Enown a5 negstive shp,

Megatlve slip omcurs wlhen delivery pipe ks shon, suction plpe i kg and pump s ransiag o bizh

el






DifferencebetweenCentrifugalpumpandReciprocatingpump

Centrifugal pumpis a rotodynamic pump that uses kinetic energy to transfer
fluid from low pressure to high pressure whilethe reciprocating pumpusesa
piston(suctionanddischargestroke)totransferfluid. Centrifugalpumpisthe most
popular pump as compared to thereciprocating pump. There are many
Differences between the Centrifugal pump and the reciprocating pump.

L Centrifugalipumpisaratarypumpusesthekineticenergyafimpellertotransfer lguid
Argdiprocatingpumplsapositvedisplacementtype pumpawhichisforcedthroughthepiston.
2. Centrifugalpumpprovidesasteadyfl o continuousdischarge).

The reciprocating pump provides pulsating flow.

3. Centrfugaipumpusesuniformiorgue.

4, Centrifugalpumpdischargeisinverselvproportionaliotheviscosityofworkingfiuid in
Reciprocating pump viscosity of working fluid does not affect the pump discharge

rate.



PneumaticSystem



> Pneumatic technology deals with the study of behaviour and applications of compressed air
in our daily life in general and manufaciunng sulomation in particular, Pneumatic systems
use air as the mediom which is abundantly available and can be exhausted into the
atmosphere after completion of the assigned task

* Anneumaticsysiemisasyslemthatsascomprassadainotransmitandionirolensrgy.

* Prneumaticsystemsareusedincontrollingtraindoors, automaticproductionlinegs,
mechanical damps, etc (Fig. 1).

o it

(2] Auttmobile production lines (b)Pneumaticsystemafansutomaticmad hing

Fig. L Common preumatic systams used in the industrial sector



1. BasicComponentsofPneumaticSystem
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a) Airfilters: Thaseareusedtofilteroutthecontaminantsfromthaair.

b} Compressor:Compressedainsgeneratediny usingairocompressors Aincompressorsans
gltherdicselorgdectrically operated. Bassdontherequirementofcompressedain suitable
capacity compréssors may be used.

¢} Alrcooler:Duringcompressionoperation airntemperaturaincreases. Thereforecoclersare
used to reduce the temperature of the compressad air.

d) Diryer: Thewatervapouromcistureéintheairiss2 paratedfromtheairbyusingadryer.
e}ﬂmunﬂﬁm&:{munhahuammeﬂwegume,mmmmmmm

direction flow, pressure etc

) AirActuator:Aircdindersandmotorsareusedtoobtaintherequiredmovementsof
mgchanical glements of pnaumatic system.

g} ElectricMotor: Trarsformselectrical energy into mechanical energy. Itisusedto drive
The COrmpressor,

h} Receivertank: Thecompressedaircomingfromthetompressorisstoredintheair

receivar



2. Receivertank

Safety reliaf
Storpge tank

Inlet

Figs Receivertank




The air is compressed slowly in the compressor, But since the pneumatic
system needs continuous supply of air, this compressed air has to be stored.
The compressed air is stored in an air receiver as shown in Figure 3. it also
helps the air to cool and condense the moisture present. The air receiver
should be large enough to hold all the air delivered by the compressor. The
pressure in the receiver is held higher than the system operating pressure to
compensate pressure loss in the pipes. Also the large surface area of the
receiver helps in dissipating the heat from the compressed air. Generally the
size of receiver depends on,

+ Delivernywolumeofcompressor.

= Airconsumption.

+ Pipelinenetwork

» Typeandnatureofon-offregulation

+ Permissiblepressuredifferenceinthepipelines



Mainpneumaticcomponents
Preumaticcomponentscanbedividedintotwocategorias:
1. Componentsthatproduceandtransportcompressedair.

2. Componentsthatconsumetom pressedair.
L. Theproductionandtransportationofcompressedair

Bxamplesofeamponentsthatproduceandiransportcompressedairing ude
compressors and pressure regulating conmponents.

[a)Compressor
Itisamechanicaldevicewhichcomvertsmechanicalenergyintofluidenargy. The
compressoninereasestheairpressurabyraducingitsvolumewhichalsoincreases the

temparature of the compressed air. The compressor is selected based on the
pressure it needs to operate and the delivery volume.

Thecompressoncanbedassifiedintotwomaintypes

a. Positivedisplacementcomprassorsand Positive displacement compressors includs

b. Dynamicdisplacemen iCompressor pistontype vanetype, diaphragmitypeand
SCTEwW Type,



Figdia)Compressorusedinschools (b)Compressorusedin {c)Pneumaticsymbaolof
laboratonss Compressar



Pistoncompressors

Hir inle) — m— AUF G TRT

Connecting

Crankshalt vod

g Spectoncompreszor

Piston compressors are commonly used in pneumatic systems. The simplest form is
single cylinder compressor (Fig.5).iproduces one pulse of air per pistonstroke.As the
piston moves down during the inlet stroke the inket valve opens and air is drawn into
the cylinder. As the pistonmoves upthe inlet valve closes andthe exhaust valve opens
which allows the air to be expelled. The valves are spring loaded. The single cylinder
compressorgivessignificantamountofpressurepulsesattheoutietport. The pressure
developed is about 3-40 bar.



Doubleactingcompressor

Inket valves

Cross slide

Outlet vakves
R A

The pulsation of air can be reduced by using double acting compressor as shown in
Figure & It has two sets of valves and a crosshead. As the piston moves, the air is
compressed on one side whilst on the other side of the piston, the air is sucked in.
Due to the reciprocating action of the piston, the air is compressed and delivered
twice in one piston stroke. Pressure higher than 30bar can be produced.



Multistagecompressor

First stage

{Lovwe prassure] {High presmire)

Connecling rods
|Dirwen by =ame motor)
Fif Trulbsia ge covmprer esaar

Az the pressure of the air increases, its temperature rises. It is essential to reduce the air
temperature to avoid damage of compressor and other mechanical elements. The
multistage compressor with intercooler in-between is shown in Fgure 7. It is used to
reduce the temperature of compressed air during the compression stages. The inter-
coolingreducesthe volumeofairwhich usedto increasedueto heat. Thecompressedair from
the first stage enters the intercooler where it i cooled. This air is given as input to
thesecondstagewhereitiscompressedagain. Themultistagecompressorcandevelop a
pressure of around S0bar .



Rotaryvanecompressors

Fighvenscomprasor

The principle of operation of vane compressor is similar to the hydraulic vane pumip.
Figure B shows the working principle of Rotary vane compressor. The unbalanced
vane compressor consists of spring loaded vanes seating in the slots of the rotor. The
pumping action ocours due to movement of the vanes along a cam ring. The rotor is
ectentric 1o the cam ring. As the rotor rotates, the vanes follow the inner surface of
the cam ring. The space between the vanes decreases near the outlet due to the
ectentricity. This causes compression of the air. These compressors are free from

pulsation. If the eccentricity is zero no flow takes place



Lobecompressor

nls

Fg#abscompreszor
The lobe compressor is used when high delivery volume but low pressure is needed.
It conzists of two lobes with one being driven and the other driving. Figure 9 shows
the constructionand working of Lobe compressor. It is similar tothe Lobe pumpused
inhydraulicsystems. Theoperating pressureislimitedbyleakagebetwesnrotorsand
housing.As the wear increases during the operation, theefficiency falls rapidly.



5. Dynamiccompressors

4

L — Blower(Centrifugaltype)
When very irge volume of compressed alr (& required in applications such as ventilators,
combustion system and pneumatic powder blower conveyors, the dynamic compressor can
be used, The pressure needed is very low in such applications. Fgure 10. shows 2 typical
Centrifugal type blower. The impeller rotates at a high speed. Large volume of low pressure
air can be provided by blowers. The blowers draw the air in and the impeller fiings it out due
to centrifugal force.



AirTreatment
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1. Airtreatmentstages

For satisfactory operationof the pneumaticsystem the compressedair needs tobe
cleanedanddried.Atmosphericainscontaminated withdust, smokeandishumid.
These particles can cause wear of the system components and presence of
moisture may cause corrosion. Hence it is essential to treat the air to get rid of
these impurities. The air treatment can be divided into three stages as shown in
Figure .11

SeCIrcary &0
Frimary clr treatment tredte ent
F # .*.l.lu.u.l.l.l.l...
C e i Aer Main fine Reczher tank Fand
lilllz
A in
Il IiLe Cacler M cerdicn

u=it



¥ In the first stage, the large sized particles are prevented from entering the
compressor by an intake filter. The air leaving the compressor may be
humid and may be at high temperature.

¥ The air from the compressor is treated in the second stage. In this stage
temperature of the compressed air is lowered using a cooler and the air is
dried using a dryer. Also an inlne flter = provided to remove any
contaminant particles present. This treatment s called primary air

treatment.

¥ In the third stage which is the secondary air treatment process, further
filtering is camried out. A lubricator introduces a fine mist of oil into the
compressed air. This will help in lubrication of the moving components of
the system to which the compressed air will be applied.



Filters

To prevent any damage to the compressor, the contaminants present in the air
need to be filkered out. This is done by using inlet filters. These can be dry or
wet filters. Dry filters use disposable cartridges. In the wet filter, the incoming
air is passed through an oil bath and then through a fine wire mesh filter. Dirt
particles cling to the oil drops during bubbling and are remowed by wire mesh
as they pass through it. In the dry filter the cartridges are replaced during
servicing. The wet filters are cleaned using detergent solution.

Cooler

As the air is compressed, the temperature of the air increases. Therefore the air
needs to be cooled. This is done by using a cooler. It is a type of heat exchanger.
There are two types of coolers commonly employed viz. air cooled and water
cooled. In the air cooled type, ambient air 5 used to cool the high temperature
compressed air, whereas in the water cooled type, water is used as cooling
medium, These are counter flow type coolers where the coolingmedium flows in
the direction opposite to the compressed air. During cooling, the water vapour
present will condense which can be drained away later.



2. Mainlinefilter

Thesefiltersareusedtoremovethewatervaporsorsolidcontaminantspresent inthe
pneumatic systems main lines. These filters are discussed in detail as follows.

Airfiterandwatertrap

Alrfilterandwatertrapisusedto
# preventanysolidcontaminantsfromenteringinthesystem.
* condenseandremovewatervaporthatispresentinthecompressedair.



Figl2Airfiltgrandwatertrap



The filter cartridge is made of sintered brass. The schematic of
the filter is shown in Fig. 12 . The thickness of sintered cartridge
provides randomzigzagpassage for the air to flow-inwhich helps
in arresting the solid particles. The air entering the filter swirls
around due to the deflector cone. The centrifugal action causes
the large contaminants and water vapour to be flung out, which
hit the glass bowl and get collected at the bottom. A baffle plate
is provided to prevent the turbulent air from splashing the water
intothefilter cartridge.At thebottomofthefilter bowl thereisa
drain plug which can be opened manually to drain off the settled
water and solid particles.



Refrigerateddryers

Bhcsial anr 1

‘Wiater out

Figlirefrigarateddnyer



it consists of two heat exchangers, refrigerant compressor and a
separator. The system circuitry is shown in Figure 12. The dryer
chills the air just aboveD "C which condenses the water vapour.

The condensate is collected by the separator. However such low
temperature air may not be needed at the application. Therefore
this chilled air is used to cool the high temperature air coming out
from the compressor at heat exchanger 2.

The moderate temperature dry air coming out from the heat
exchanger 2 is then used for actual application; whilst the reduced
temperature air from compressor will further be cooled at heat
exchanger 1. Thus, the efficiency of the system is increased by
employing a second heat exchanger.



3.Lubricators

04 clrops

™ Siphon tube

Fig14iubricator



Thecompressedairisfirstiilteredandthenpassedthroughalubricatorinorderto form a mist of
piland air to provide lubricationto the mating components.
Figureldshowstheschematicofatypicallubricator.

The principle of working of venturimeter is followed inthe operation of lubricator. The
compressed air from the dryer enters in the lubricator. Its velocty increases due to a
pressure differential between the upper and lower changer (oil reservoir). Due to the
low pressure in the upper chamber the oil is pushed into the upper chamber from the
oil reservoir through a siphon tube with check valve.

Themainfunction ofthe valvels tocontroltheamountofoilpassingthroughit.Theoil drops
inside the throttled zone wherethe velocity of air is much higher and this high velocity
air breaks the oil drops into ting partides.

Thus a mist of air and oil i5 generated. The pressure differential across chambers is
adjustedbyaneedle valvelt is difficulttohold ancilmixedairintheair receiverasoil may
settle down. Thus air is lubricated during secondary air treatment process. Low
viscosity ol forms better mist than high viscosity ol and hence ensures that oil is
always present in the air.



4. Pressureregulation
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Pressureregulation

Inpneumaticsystems, duringhighve locitycompressedairflow, thereis
flow-dependent pressure drop between the receiver and load
{application). Therefore the pressure in the receiver B always kept
higher than the system pressure. At the application site, the pressure is
regulated to keep it constant. There are three ways to control the local
pressure, these are shown in Figure

T 2 -
r“ﬁ- A _-




* In the first method, load X vents the air into atmosphere continuously. The
pressure regulator restricts the air flow to the load, thus controlling the air
pressure. In this type of pressure regulation, some minimum flow is
required to operate the regulator. if the load is a dead end type which
draws no air, the pressure in the receiver will rise to themanifold pressure.

Thesetypeofregulatorsare calledas “non-relievingregulators’ sincetheair
must pass through the load.

¥ #In thesecond type load Yisadead end load.However theregulator vents the
air intoatmosphere to reducethepressure.This type ofregulator is called as
‘relieving regulator’.

¥ sThethirdtypeofregulator has  avery largeload Z.Thereforeitsrequirementofair
wolume isveryhighandcan't befulfilled byusingasimpleregulator.insuchcases.a
control loop comprising of pressure transducer, controdier and vent valve is used.
Due to large load the system pressure mayrise above its critical value. It is detected
by a ransducer. Then the sipnalwillbe processed by the controller which willdirect
the valve to be opened to vent out the air. This technique can be also be used when
it is difficult to mount the pressure regulating valve cose to the point where
pressure regulation is nesded.



5. Reliefvalve

¥ Reliefvalveisthesimple sttypeofpressure

regulating device. The schematic of its
i e kinaisd intt

Figure

ttisusedasabackupdeviceifthemain

pressurecontrolails. toonsistsolball

adjusted by using the adjusting cap.
When the air pressure exceeds the spring
tension pressure the ball is displaced from
its seat,thus releasing the air andreducing
the pressure.

A relief is specified by its span of pressure
between the cracking and full flow,
pressure range and flow rate. Once the
valve opens (cracking pressure), flow rate
depends on the excess pressure., Once the
pressure falls below the cracking pressure,
the valve seals itself.



5. Non-relievingpressureregulator

At e >

In & non-relieving pressure regulator the
outlet pressure is sensed by a diaphragm
which is preloaded by a pressure setting
spring.

# If outlet pressure is too low, the spring

forces the diaphragm and poppet o Move
down thus opening the valve to admit
more air and raise outlel pressure.

¥ If the outlet pressure is too high the air

pressure forces the diaphragm up henoce

b o reduces the air flow and causing a
Lot B reduction in air pressure.
2 I * The air vents away through the load. At

steady state condition the walve will
balance the force on the diaphragm from
the outlet pressure with the present force

on the spring



F. Serviceunits

During the preparation of compressed air, various processes such as filtration,
regulation and lubrication are carried out by individual components. The
individualcomponentsare: separator ffilter, pressure regulator and lubricator.

Preparatoryfunctions can becombined intooneunit which is calledas ‘service
unit’. Figure symbolic representation of various processes involved in air
preparation and the service unit.
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Fig.|a}Sernviceunitcomponents [b)Serviceunitsymbol



PneumaticSystems

Actuators



Theconsumptionofcompressedair

Examplesofcomponentsthatconsumecompressedairincludeexeoution components
[cylinders), directional control valves and assistant valves.

(a) Executioncomponent
Actuators

Actuators are output dewvices which convert energy from pressurized
hydraulicoilorcompressedairintotherequiredtypeofactionor motion.ln
general, hydraulic or pneumatic systems are used for gripping and/for

moving operations in industry. These operations are carried out by using
actuators.

Actuatorscanbeclassifiedintothreetypes.

1. Llinearactuators:Thesedevicesconvert hydraulic/pneumaticenergyinto

linear motion.

2. Rotaryactuators:Thesedevicesconverthydraulic/pneumaticenergyintorotary
mation.



1. Actuators tooperate flow controlvalves:these are used to controfthe flow
and pressure of fluids such as gases, steam or liguid.

The construction of hydraulic and pneumatic linear actuators is similar. However
they differ at their operating pressure ranges. Typical pressure of hydraulic
cylinders is about 100 bar and of pneumatic system is around 10bar.

iaaia

| ]
[BIPnaumaticsymbolols
single acting cylinder

(2} Singhe acting cylindar



Singleactingcylinder

U-Cap Seal

Spring

Piston

These cylinders produce work in one direction of motion hence they are
named as single acting cylinders. Figure shows the construction of a single
acting cylinder. The compressed air pushes the piston located in the
cylindrical barrel causing the desired motion. The return stroke takes place
by the action of a spring. Generally the spring is provided on the rod side of
the cylinder.



2. Doubleacting cylinder

1
—

(biPneumatcsymbaolofa
double acting cylinder

a} Doubleactingoylinder
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#* The main parts of a hydraulic double acting cylinder are: piston, piston rod,
cylinder tube, and end caps.

# These are shown in Figure The piston rod is connected to piston head and the
other end extends out of the cylinder.

* The piston divides the cylinder into two chambers namely the rod end side and
piston end side. The seals prevent the leakage of oil between these two
chambers. The cylindrical tube is fitted with end caps. The pressurized oil, air
enters the cylinder chamber through the ports provided. In the rod end cover

plate, a wiper seal is provided to prevent the leakage of oil and entry of the
contaminants into the cylinder.

#* The combination of wiper seal, bearing and sealing ring is called as cartridge
assembly. The end caps may be attached to the tube by threaded connection,
welded connection or tie rod connection. The piston seal prevents metal to
metalcontactand wearofpistonhead andthetube.Thesesealsarereplaceable. End
cushioning is also provided toprevent the impact with end caps.



ib) Directionalcontrolvalve

Directional control valves ensure the flow of air between air ports by opening,
closing and switching their internal connections.

Their classification is determined by the number of ports, the number of
switching positions, the normal position of the walve and its method of
operation.

Commaon types of directional control valves include 2/2, 3/2, 5/2, etc. The first
number represents the number of ports; the second number represents the
number of positions.

A directional control wvalwe that has five ports and two positions can be
represented by the drawing in Fig. 8, as well as its own unigue pneumatic

.

The mmberaf pons  The nembr of positinns

Fig 8Describingas/ directionalcontrohvalve



(i) 2/2Directionalcontrolvalve

The 2/2 way valves has two ports and Two position [open closed). The structure
ofaZ [2directionalcontrolvalve isverysimple.ltusesthethrustfromthespring  to
open and close the valve, stopping compressed air from flowing towards
workingtube’ A'fromairinket P . Whenaforceisappliedtothecontrolaxis,the  valve
will be pushed open, connecting P with ‘A’ [Fig.). The force applied to the
control axis has 1o overcome both air pressure and the repulsive force of the
spring.Thecontrolvalvecanbedrivenmanuallyormechanically. andrestoredto  its
original position by thesp  *

A Workimg I i
Tishe

[} Preumaticsymibolofa
7 2/2 directional control
8 wahe
(a} 2/2directionalcontrobvahve P Indel

{B} Crossssction







(ii) 3/2Directionalcontrolvalve

A 32 directional control valve can be used to control & single acting cylnder [Fig.
10). The open valves in the middie will close untl P and “A" are connected
together. Then another wvalve will open the sealed base between “A' and 'R’
(exhawst). The wvahves can be driven manually, mechanically, electrically or
pheumatically. 3/2 directional control valves can further be divided into two
classes: Nomally open type [M.0.) and normally closed type [M.C) (Fig- 11).

i L - A Working
T

<P lnbet

Fig. 10{a)3/2directionalcontrolvalve({b)Crosssection
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(iii) 5/2Directionalcontrolvalve

Whenaprassure pulseisinput into thepressurecontrolportP thespoohwillmoveto the
left, connecting inlet P and work passage "B’ Work passage ‘A" will then maka 2
releaseofairthrough "R1'  and'RY Thedirectionalvahveswill remaininthisoperational
position undil signals of the contrary are received. Thereforg, this type of directional
contrsl vahses is said to have the function of ‘memicny’.







(c) Controlvalve

Acontrolvalvelsavalethatcontrolsthefiowolalr Examplesincludenon-returm
valves, flow controd valves, shuttle valves, etc.

(i) Non-returnvalve

Anon-returrvahwealowsalmoflow inonadirectiononty Whenairfiowsinthe
oppositedirection, thevahvewill close Another namefomon-retumvaleeis poppet
valva (Fig. 13).

Fig-13{a}Mon-returmvabve{bjCrosssection|cjPneumaticsymbiol



(ii) Flowcontrolvalve

Aflowcontrolvalvelsformedbyanon-returmvalveandavariablethrottie{ Fig. 14).

Fig. 14{a}Fowcontrolvalve(b)Crosssection(c jPreumaticsymbol




(ili) Shuttlevalve

Shuttlevalvesarealbo  knownasdoublecontrolor  singlecontrodnon-returmvatves. A
shuttle valve has two alr inlets “P1° and P2° and one air outlet "A'. When
compressed air enters through P1°, the sphere will seal and block the other inlet
P, AIr can then flow from P17 1o "A". When the contrary happens, the sphere will
black inlet "PL’, allowing air to flow from P27 1o A" only.

Fig. 15{a)Shuttievalve] b) Crosssection{c) Preumaticsymbol



Conditioners

Water separator with
manual drain

Water ssparatar with
Auiematic draimn
Flher with manual drain

Filter with auomade draln

Lubrieator
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Pressure regulators

& pressure regulator symbol reprezents a normal state with
the spring halding the regulator valve open to connect the

supply o the owthet

The dotied ling represents the feedback, this opposes the
apring and can vary the flow th rough the valve from full
flovwr, through shut off, o exhaust The symibael is usually
drawm in only this one state. The flowr path can be imagmed
ta bin e 2t the right hand end to first ahut off the 2. pply
then connect o the exhausc

Sdjustable Regulatar
simplitied o

z
Adjustable Regulotor with a..a'-—'*
pressure gauge simplified S



Filter Regulator Lubricator

s FAL Cambined unlt Ol

» FRL Snplifisnd zymbal | LAt =



Pressure relief valves

A pressure rellef valve bl represemnis a normal stae
with the spring hnld!nﬂﬁl vakhee closed.

The dotied line represents eed-fornwvard, this apposes the
=pring and can e dmaghined to lift the Tow peth. When the
pressure reaches an excess valus the fiow path will e up
wiith the poris amd fowr air to relisf

i
Adjustable reflef valve — _—
shrmpiifiecd e

=
Frasst ralmf valve ‘[_-

simpifisd



Single acting

Single actng sprung |

Single acting sprung 7y
cutstroued

Bingle noting sprundg I
instraked magnetic * L—“%

Singls 2zting sprung RY)
ouistrokod magmetic ©



Double acting
Deouble acting adjustable M;

Cushions

Dauble acting thraugh I~ |
rod L= 7

Double acting rodless © [H:



Simplified cylinder symbols
Single acting lead returns ”— _H

Sing e acting sanng e WD
retums 1 ¥ -
Dicaible acting non |‘|:

cushlaned I

Dowble acting adjustable |t—

cushionrs i

Double acting E |I

through rod i I



Valve symbaol structure

The operator for a particular state is illustratad
against that slate

Uperatsd state l Mormal sials
produced by 'f WA procheced by
pushing a button ﬂ_ 1 T .|" 'ﬁ' o Eprmg



Valve symbol structure

A S wvalva symbol iz constructed in a similar
way. A piclure ol the valve Now paths Tor each of
the two states s shown by the two boxes. The 5

ports are normally an inlet, 2 outiets and 2

exhausk=
|:r.*~. “ H.!T]



Valve symbol structure

= The lroxes can be joined at aither erd but the
operator must be drawn against the state that it
produces,. The boxes can alzo be Aipped

= A wvariety of symbol patberns are possible

. 1. . ) n-nrrn-r!v nrermnaslly
=8 [P ATV N
—— P 5 | Y% i (=P AN 7Y
T‘thTL"l.l"'q- . "'L]'r"i”T!‘-"hr*-

= My rliT ’



Valve functions

Basle valves hefore Examples, push bution aperated
operatois are adoed wilh spring returm
Kormal raaition

Funesion 2.7 | | | ; :I_‘__I‘]\M

a
Funcion 32 ||,/ ] = ;| s
YA



Valve functions
Bagic vahres before Ewvamphas, push hutton operated
operators are added with 3 pring return
Operstad pesitan

Function 88 |« et wn

Fancdcn 32 | |/ { ‘Ll:ﬂ‘m



Valves 5/3

All walves nypes shown in the nenmal position

Type 1. All ports sealed "n-'.lx ||| | AW

L }-l‘l-l

TVP® 2. Outiess o sxhaust '"*{W

Type 3. Supply tooutlets I\ | }T}- AW



Valves 5/3

All valves types shown In the first aparated positden

Type 1. Al pon= cealed T'"rlr W

i 1

Type 2. Qutiets 1o sxhaust r|'*.*;4rmuﬁ
amr

Typs 3. SupBply to outsts TW‘E" AT




Valves 5/3

All valves types shown in the second operated position

Type 1. ANl ports sealed T*hw W

' sl

Type 2. Outlets to exhaust |'A(F [T ‘+|J?| [?Ilw

Bk

? '
Type 3, Supply to outlets |.'|.'|."!Ti:'|. |EI-'.:;. T[! [?Iiw

ik
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4Principlesofpneumaticcontrol
{a) Pneumaticcircuit

Preumaticcontrolsystemscanbedesignedintheformofpne smaticcirouits. A
directional control vabees, flow control valves, &tc. Preumatic drcuits have the
following functions:

1. Tocontroltheinjectionandreleaseofcompressedairinthecylinders.,

2. Touseonevalvet occontrolanothenvalve.

b} Preumaticcircuitdiagram

Apnéumaticcircuitdiagramuses pnéumaticeymbaolstodescribeits design Some
basic ndes must be followed when drawing pneumatic diagrams



(i) Basicrules

1. Apneumaticcircuitdiagramrepresentsthedrcultinstaticformandassumestherets no
supply of pressure. The placement of the pneumatic components on the circuit also
follows this assumption,

2. Thepneumaticsymbolofadirectionalcontrol alveisformedbyoneormores quares.
Theinletandexhaustaredrawnundermeaththesquare whiletheoutietisdrawnonthe top,
Eachfunctionofthevahe(thepositionol thevalvejshallberepresentedbyasquareif thera
are two of more functions, the sguares should be arranged horizontally (Fig. 16).

Outlet ——,
TIT
TIT é-

ket and Exhanst — At It ——

Figl73/ 2directionalcontrolvalve
{normally closed type)

—— Exhaioni



3 Arrows" L K "areusedioindicatet hefliowdirectionofaircurrent Iftheextemal
portisnotconnectedio theinternalparts thesymbol " “isused Thesymbol (0"
underneaththesquarerepresentstheairnput, whilethesymbaol ™V “representsthe
exhaust. Fig. 17 shows an example of a typical pneumatic vahe.

Thepnewmnatic symbolsofoperational componentsshould  bedrawnontheoutsideo
thesquares. They canbedividedintotwoclasses: mechanical and manual{Fig. 18and 159).

() Vertical piston lever (b Pulley lever (clUnilataralpulleytavar

Fig. 18 Machanically oparated pneumatic componants

(&) Stamdard (b} Lever [c] Buttisn

Fig. 15 Manually operated pneumatic components



5 Pneumaticoperationsignalpressurelinesshoul dbedrawnononesideofthesguares, while triangles
are used 1o represent the direction of air flow (Fig. 20).

Fig 20Pneumaticoperationsignal pressuraline



(ii) Basicprinciples

Fig. 2L showssomgofthebasicprinciplesofdrawingpneumaticoincundiagrams, thanumbarsin
the disgram correspond to the following points:

(4)
|

R

ety

VeV (2)



1. Whenthemanualswitchisnotoperated thespringwillrestorethevalveto its
original

2. Fromthepositionofthespring, onecandeducethattheblockisoperating. The
other block will not operate until the switch is pushed.

3. Air pressure exists alongthisline because it isconnected to the source of
compressed air.

4. Asthis cylinder cavityand piston rod are under the influence of pressure,
the piston rod is in its restored position.

5. Therearcylindercavityandthislineareconnecteditotheexhaust, whereairis
release



{iii} Thesettingofcircuitdiagrams

Whendrawingacompletecircuitdiagram, oneshouldplacethepneumaticocomponentsondifferent
levelsandpositions, so therelationsbetweenthecomponentscanbeexpresseddlearty. Thisis called
the setting of circuit diagrams.

Acircuitdiagramisusuallydividedintothreekevels:

powerlevel logiclevelandsignalinputlevel(Fig 22).

Livger lewel | Functsna: imemors,
AND Ciate, UF G, Dielay, o)

Segmal input bevel
{Adr smipply unit]

Fig. 22Powerlevel ogicleveliandsignalinputlevel



Thebasicnulesofdroultdiagramsettingareasfollows:

mamn e e emm e = e e g e m e

SN

o 2 pematic cerwt, e Bow of eperpy w Gom the
botiom 1o the op Theeefnor, e ar wpply wna
thoald be pu at fhe haean le & coimer

il

=

I

| The work cycle shoald be diaws o lef o gt
| The first ooperanesg cylmder dhoeld be placed at the
_!'_nﬂl-l-rﬂruﬂr
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Pneumatic circuit to opoarate single acting cylinder
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HydraulicSystems

Introduction




The hydraulic system works on the principle of Pascal’s law which says that the pressure in
an enclosed fluidis uniforminall thedirections.ThePascal slawis illustratedin figure Theforce
given by fluid is given by the multiplication of pressure andareaoforosssection. As the
pressure ks same in all the direction, the smaller piston feels a smaller force and a large
piston feels a large force. Therefore, a large forcecan be generated with smallerforce input
by using hydraulic systems.

HydraulicSystems

The hydraulic systems consists a number of parts for its proper functioning.
These include storage tank, filter, hydraulic pump, pressure regulator, control
valve, hydraulic cylinder, piston and leak proof fluid flow pipelines. The
schematic of a simple hydraulic system is shown in figure 5.1.2






The output shaft transfers the motion or force howewer all other parts help to
control the system. The storage ffluid tank is a reservoir for the liguid used as a
transmission media. The liquid used is generally high density incompressibleoil.
itisfilteredtoremoved ustoranyotherunwantedparticlesandthenpumped by the
hydraulic pump. The capacity of pump depends on the hydraulic system design.
These pumps generally deliver constant wolume in each revolution of the pump
shaft. Therefore, the fluid pressure can increase indefinitely at the dead end of
the piston until the system fails. The pressure regulator is used to avoid such
circumstances which redirect the excess fluid back to the storage tank. The
movement of piston is controlled by changing liquid flow from port A and port B.
The cylinder movement iscontrolled byusingcontrolvalve whichdirects thefluid
flow.The fluid pressureline isconnected totheportB toraise thepiston and itis
connected to port A to lower down the piston. The valve can also stop the fluid
flow in any of the port. The leak proof piping is also important due to safety,
environmental hazards and economical aspects. Some accessories such as flow
control system, travel limit control, electric motor starter and owerload
protection may also be used in the hydraulic systems which are not shown in
figure 5.1.2.



Applicationsofhydraulicsystems
Thehydraulicsystemsaremainiyusedforprecisecontraloflargerforces.
Themamapplicationsoffydraulicsystemcanbeclassifiedinfive categories:

1 Industriak Plastic processing machineries, steel making and primary metal
extraction applications, automated production lines, machine tool industries, paper
industries, loaders. orushes, textile machineries. R & D eguipment and robotic
systems etc.

x Maobile hydraulics: Tractors, irrigation system, earthmoving equipment, material
handling equipment, commercial vehides, tunnel boring equipment, rail equipment,
building and construction machineries and drilling rigs etc.

3, Automiobiles: i is used in the systems like breaks, shock absorbers. steering
systen, wind shield, lift and deaning etc.

4. Marine applications: It mosthy oovers ocean going vessels, fishing boats and navel
equipmient.

5, Asrospace equipment: There are equipment and systems used for rudder control,
landing gear.breaks flightcontrolandtransmissionetc.whichare wsedin  airplanes,
rockets and spaceships.



¥ sThelwdraulicsystemusesincompressible fiuidwhichresultsinbigherefficiency.

¥ sipdeliversconsistentpoweroutputwhichisdifficultinpneumaticormechanicaldrive
Systems.

¥ sHydraulicsystemsemployhighdensityincompressiblefiuid, Possibilityofleakage
islessinfydraulicsystemastomparedtothatinpneumaticsystem_Themaintenancecost is
less

¥ _eTheseomtemsperformwelinhotenvironmentoonditions

Disadvantages

# sThematerialofstoragetank piping cylinderandpistoncanbecomodedwiththa
Fyydraulic fluid. Thereforsone miast be careful while selecting
rmaterialsandhydraulicfluid.
FaThestructurabwelghtandsizeofthesystemismorewhichmakesitunsuitablefor the
smaller instruments.

= aThesmallimpuritesinthebhydraulicfiuidcan permanentlydamagethecomplete
system, thereforeone should be careful andsuitable filter must be installed.

# sThelgakageofhydraulicfluidisalsoacriticalissueandsuitableprevention

rrethiod and seals must be adopted.

B aThehydrauliclluids, ifnotdisposedproperly, canbeharmfultotheemdronment .



HydraulicPumps
ClassificationofHydraulicPumps

Thasearemambyclassifiedinto twocategories:A. Mon-positivedisplacemient
pumps B, Positive displacement pumips.

HNon-PositiveDisplacementPumps

These pumps are abo known 2 hydro-dymamic pumps. In these pumps the fluid is
pressurized by the rotation of the propeller and the fluid pressure is proportional to the
rotorspeed.These pumpscan notwithstanding  highpressuresandgeneralbyused  forlow-
pressure and high-volume flow applications. The fluld pressure and flow generated due to
inertia effect of the fluid. The fluid motion is generated due to rotating propeller. These
pumpsprovides  smoothandoontinuowsflow  buttheflow outputdecreaseswithincrease in
system resistance (load). The flow output decreases because some of the fMuid slip back at
higher resistance. The fluid flow is completely stopped at very large system resistance and
thius the volumetric efficiency will become 2ero. Therefore, the flow rate not only depends
on the rotational speed but also on the resistance provided by the system. The important
advantages of non-positive displacement pumps are lower initial cost, less operating
maintenance because of less moving parts, simplicity of operation, higher reliability and
suitability with wide range of fluid etc. These pumps are primarily used for transporting
fluics and find little use in the hydraulic or fluid power industries. Centrifugal pump is the
comimaon examphe of non-positive displacemaent pumps. Details have already discussed i
the previous lecture.



B Positivedisplacementpump

These purmps deliver a constant volume of fluid in a cycle. The discharge quantity per
revolution is fixed in these pumps and they produce fluid flow proportional to thair
displacement and rotor speed. These pumps are used in most of the industrial fluid power
applications. The output fluid flow is constant and is independent of the system pressure
(load). Theimportantadvantageassodatedwiththesepumpsisthat thehigh-pressureand [ow-
pressure areas (means input and output region) are separated andhencethe fluid cannot
leak back due to higher pressure at the outlets. These features make the positive
displacement pump most suited and universally accepted for hydraddic systems.
Theimportantadvantagesofpositivedisplacemant pumpsover non-positivedisplacerment
pumips include capability 1o generate high pressures, high volumetric efficiency, high

power 1o welght ratio, change in effidency throughout the pressure range i small and
wider operating range pressure and speed. The fluid flow rate of these pumps ranges
from 0.1 and 15,000 gpm, the pressure head ranges between 10 and 100,000 psi and
specific speed is less than 500,



it is important to note that the positive displacernent pumps do not produce pressure but
they only produce fluid flow. The resistance 1o output fluld flow generates the pressure. It
mans that if the discharge port [output) of a positive displacement pump is opened to the
atmospharg, then fluid flow will not gengrate any output pressure above atmospheric
pressure. But, if the discharge port & partially blocked, then the pressure will rise due to the
increase influidflowresistance ifthe discharge portofthepump iscompletely blocked then an
infinite resistance will be penerated. This will result in the breskage of the weakest
component in the circuit. Therefore, the safety valves are provided in the hydraulic circuits
along with positive displacement pumps. Important positive displacement pumps arge gears
pumps, vane pumps and piston pumps. The details of these pumps are discussed in the
following sections.



GearPumps

Gear pump is a robust and simple positive displacement pump. It has two meshed
gears revolving about their respective axes. These gears are the only moving parts in
the pump. They are compact, relatively inexpensive and have few moving parts. The
rigid design of the gears and houses allow for very high pressures and the ability to
pump highly viscows Nuids. They are suitable for a wide range of Nukds and offer seif-
primimng performance. Sometimes gear pumps are designed to function as either a
motor or a pump. These pump includes helical and herringbone gear sets (instead of
spur gears), lobe shaped rotors similar to Roots blowers [commonly used as
superchargers), and mechanical designs that allow the stacking of pumps. Based upon
the design, the gear pumps are classified as:

- E:i:'[Eﬂ'ﬂl-EE'-'l rpumps«iniemalgeanumpss
Gerotor pumps

Geherallygesrpumpsarsussdtopump:
s Petrochemicals:Purearfilledbitumen, pitch, dieselail orudeadl fubeoil

atc.

& Chemmicals: Sodiurmsilicate scds plasties, mikedehermieals isocyanates
@tc

& Paintandink=Resinsandadhesives sPulpandpaper:acid, sosp, ve black
liguor, kaolin, Eme, latex, sludge &tc.

= Food-Chooolate cacacbutter fillers, sugar vegetablefatsandoils,
miclassas, animal food ete.



Exterralgearpumg




The external gear pump consists of externally meshed two gears housed in 3 pump case as
shown in figure 5.2.1. One of the gears is coupled with a prime mover and is called asdriving
Eear and another s called as driven gear. The rotating gear carries the fluid from the tank to
the outlet pipe. The suction side is towards the portion whergas the gearteethcome out of
the mesh. When the gears rotate, volume of the chamber expands leading to préssure drop
below atmospheric value, Thereforg the vacuum is created and the fiuid is pushed into the
woid due to atmospheric pressure. The fiuid is trappedbetween housing and rotating teethof
the gears, The discharge side of pump is towards the portion where the gear teeth run into
the mesh and the volume decresses between meshing teeth. The pump has a positive
internal seal against leakage; therefore, the fluid is forced into the outlet port. The gear
purmps are often equipped with the side wear plate 1o avoid the leakage. The clearance
between gear teethandhousing andbetween sideplateandgear faceisveryimportantand plays
an important role in preventing keakage. In general, the gap distance 5 less than 10
micrometers. The amount of fuid discharge s determinad by the numbser of gear testh, the
wvalume of fuid between each pair of teeth and the speed of rotation. The important
drawback of external gear pump is the unbalanced side load on its bearings. It is caused due
Lo high pressure at the outlet and low pressure at the inlet which results in slower speeds
and lowser pressure ratings in addition to reducing the bearing life. Gear pumps are rmost
commonky wsed for the bydraulic fuld power applications and are widely used in chemical
installations to pump Auid with & cértain viscosity



InternalGearPump

Internal gear pumps are exceptionally versatile. They are often or miediunm
wiscosity fluids such a5 solvents and fugd oil and wide range of temperature. This is non
pulsing, self-priming and can run dry for short periods. It is & variation of the basic gear
pumi. It comprises of an internal gear, a regular spur gear, & crescent-shaped seal and an
external housing. The schematic of internal gear pump i shown in figure 5.2.4. Liguid
enters the suction port between the rotor (large exterior gear) and idler {small interior
gear] teeth. Liguid travels through the pump between the teeth and crescent. Crescent
divides the liguid and acts as a seal between the suction and distharge ports. When the
teeth mesh on the side opposite 1o the crescent seal, the fluid is forced out through the
discharge port of the pump. This dearance bebween gears can be adjusted to
sccommodate high temperature, to handle high viscosity fluids and to accommodate the
waar, These pumps are bi-rotational so that they can be used 1o load and unicad the
vessels. As these purmps have only two moving parts and one stuffing boo, therefore they
arg reliable, simple to operate and easy o maintain, However, thaese pumps are not
suitable for high speed and high pressure applications. Only one bearing is used in the
pumip therefore overhung load on shaft bearing reduces the ife of the bearing.



ApplicationsSomecommonintemalgeanpumpapplications
afg.

» Albvarigtiesoffusloilandl ubaoil

* ResinsandPolymers

& Alcoholsandsohvents

# Azmhalr Bitemen andTar

» Polyurethanefoamilsocyanateandpolyol)

« Foodproductssuchascomsyrup,chocolate,and
peanut butter

* Paint,inks, andpigments

& Soapsandsurfactants
* Glycol



