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)et)
l0nrvln1non00!1,1n'r,rfluunB1.t r!00 nHnnnl{B0 n LUolullt.r3.{nnou10.rflt1J tul{otl.n:iJriI,u

) a - - Ztrut.,ruiulflfllegurinB1.r fio:lrsaB nulflaBouuxrdu:0u?.r o*{rix1ufi-o6{drrflueioloqjlu6ouill
). e) - .ir.,(Casing rfiorirufirfi: u:rr:un:n'ura.!ruB?rxdlf,l qinlrdru lDischarge Opening) rli0eioldT n"!yia

)--J"..e;e,t./
f, ilt:B::lJU LIn'ruoo ttJ un1lt?u:1lrrJ0.rrltn1?1nnHnnou00nx1utTtllul:60.'ltuoulllo tolouu.t

r q - -Z d ) ) t ! -'lJurfl1{:0 u?.t!0 n tlJyro o iuul:tr1oxu.r.tr,rrJu{n'ru Lll?r B.$:01r1llrHr1lJl!o n:Jx0!n 0.: tullo!1n 10

n-rnrirrdlSunirduto{fioufru (Tongue of the casing; n-nunr:Iouvtrr j 1 lo.:r5ou:iuo:qkio'rn
,)

TUn 1.3

x a !r, t z
n'rnnulaJrTBurjlj llJo'[,7lflyt']nn'r:x{ll1j0.i l1jflo 0!xljB{rnfl? l R0a nulIlnlluo'']ra.t.tl,

- c ,);2 -Z , , a a, L
u'r1n0,]lflu:0111.t1Jan [!y{orrfltJ1u o,t1l1rra.J11{5nr!uY!'l.IL6ru1a{10.trun']: tu't't,tr.tt{n1a.JLT81{ u

; X e r ; Z ) e - ))q-
n L lLflO ntr!n0.trt{lr11r.roljuolu louu n n n'r luR't0 elT''r n1': r?llJyiu?]lru'too 0:n {'}lrfl D L},1n 1'rlJr, r10 t

ri)d,r;
n''r:'[xBfli'']raxB6{e :riJurenhiiinr:grprf,unn"r,rrufiounriura.: ad1.r'[r fio1u a1lu!5r:lo.rn']rl n

j-,,/
o: Ro n.rrf,ornl nl,{ n-n{T ux1.tri1uqn! 6uuulrilunfl-.r.r''rufl"nri (Porential Energy; lul ta.lnrrlo-u
(Pressure head) llflu

uuuir{ 1 tolffruil:rrnnr$u nirCnoa
nlr1ild r.r ilrJ::rnvrrruni{nof,n.rrlrnr,rrunoonl 166nxnluru!60

1. lluufiosld{ (voture type-JrJd r.r) rflruru#unuro.rilrJ::rnvrd nri, r6oriluuuu

ilo,rrunrilunrfruldqurinsl,rlo,rluyr-oiiarrlrurufirnuro,,ryrRl u(rlllnoonrirp so o,rar

OIFFUSER



1 t

\

t._

firur:r:uuruir

(a) (b)

1tl i t. e iumnirlnoauuumoulds ( voture) ii6auiriiouur6urawalror
rfia.rio'rr6ur (r) uocso.riol (b)

.,lr ^ : - Lal)w-i, .
flul1flYnnn []tnt!n !0,t7t1, nu10.tlr0,rLLB2e'rnnu'l0ntl0ullllu7{1t?1}tu100Llruuuo1xa11uu1?1,0,t1ffu

:0u?n1ufif,n1,rni1ulun0.i1!n-n ui,rtturin.rirfir,do.rnr.rr6uldlrn{urriulu:rJd r.qtul nr: o-o

, J ?-- .aX
uUa'tn.tnn12gt:!?u !rll1n nouutfl n110.!tJtllto'2111ff u0 0uo'll1{

1a u tc

2. uuuiiiiuriutit 1Dirrr.", rype-;rJd r.s; fruuu:.rdin-nuulnonluv{-oun:l i1{
t Z tz -in'ruuon' o'rri0uil! (Casing) rxij0un-uuu:Jltrnln ::n']1 e:ioniufirf,u,ruci'jrrlullrr:IniuH-sri''

(cuide vanes) tf,r{ulr niuri,rnrirrd.rioo{fi'uri ouilr:rirulfila.rrrnrfinnHe'no-uoonrrriou i
, - ) - , rwrrf ,,1

tuuYlflYn.t L1jgn0.t?t1{rou6{r ufl?uLor'lon'lu Yr''r [$! n1T fr0]riul,{fl,r.r'rullauf,., lrn:LtlqHn [unltrtlnuun !v

Hs'{{1rrisf (Kineric Energy) rliuyia-r.,l$f,ndlul x0,rfl?lro-u (Pres5ure Ueaat i ::-snintr6du

s. lluutfloflurl (Turbine Type-grJd r.o) frluuudu, .rof.rtiun'jruu:r Vorter, Perip-

3 tl fi t . s iutrunirlnooulriaiuru-urfi ( Dtf f user Type)
) a a , .t ,)iliiaiuiru}inr:r duufi anrrnr:hola{tort

i.3rfio1l fla{qugu'lldrDaau

5

1



6 iuur:lruretri.

,,---6.\/-\\

U
3tli t.a iluruairJnaauuurmoihri

(Regenerative Turbine)

hery uio Regenerarive Turbine n"nnruf,lsr*rolrlr6oLLn-or:rfluuduuuunnliazrrrur oiuloiux-o

rfiomnnr:rrr:io.:usrlouao.rueiu1uv{-o rirlfiifinrflruniuairuo, j nor#ul*ur:-ai lRadiat Direc-

rion) rnr:i:ro.tunrllnrfil'roT nrnrnn1j:io.r'ir,:::r'jrroilno,rlua-or-ur:qnmCuroondruu:,ruiquri

nn'r,: ueirfiormnHri.c:roliouiri-lorYuo{ ro.:runro-,:nrhr6o:i,rrYounn-urrhur{:ioljr.rt:rir un'oun:

nnruiu,!oon't 6n r::lunr:o-.:nsi'rlr:drriuo{rriufiounirn:6.::io.:vrrrdru (Discharge opening)
) tv- , ,-. Y) ; v

1'{d,r.rlunn0nrxn1 !o:un:1ua3n:Jrlulufrt.rYrl0.ruf,??{r?1u1[r0n?1nr:x?1,t0:u110,t l:.r1{oIn: In
,J r..l t' t , t Z .. Z - . / r,.

tn1u,t00n luiirxfno.Ju'l 2 nt 50 0:.t nlt1u?llflt.trlnflRn,t1rflnul,a,tl,B,tt1l0?ni:u'rnnlu rtuo?u

4. tllJu vertical Turbine (vertical Turbine Iype-::.Jd r.r) friuluir6llfi16urHin{ulr

riru:*'ugrrlornriorrora o'.:rfuurrof,r6uirLn'jr:ilrirrroln (Deep well uiB Deep wett rurbine
pump) louurioilrfrrhyr-o:ro,rfrlruuillr:1.ririluur.,urvrofllri ueirfluuul Radiat Ftow uio Nrixed

pto* d.ro; nn''rr d.rlurirrioriotJ rdororndru::nou#.rrroro.rfrr:o:60.:!:;noun*r{riluyiouyr:.r
)co i ' , ! re ,. - t z a .

n::u0ntHoltrtfi'r!1tn!1t18.t tuYlBuoullnilR to tls:u0u''rnlRfl?ulxlulJ::n!1{18nrr]n u lotou?
ZSa-L,yo-rv-.X

D1r lllnn{.r']uflnu Lx]r0 r..lurruulrt.ro0,r00nl'l!u lvr luHnl'ln:r: BurlxxB1ul000rrJ10?llnu [otlufu J

Iouora'uurnurluluioviox6urn-u rSouril (( asing) fir:riorrinurJnlbi:'lrirernlu,r-nudrri.rduhld

7r1.r!!oxonLJlr-ori'2uu16'un:ria.rornn'nunr::ro.rriou:ilunncir.rornuuuuorLi.r lvolutel iaro.r

eirui6+rJduulilriun'irluio tB,,',tr nrululu5no:!::nouo'runi:J,.l-uirdlin-nBrl:la,ruuuiniuliu

rL (o;tturcrt Linrd,uoo:rfiuu16'n-r:ir r roior rirurr \'.rricat Turbinc lou*r 1lJilu{nunn.ir
)!,.. e vr .),1< . Z ^ )i.ex1{t5u (5tagc) t0unll tunt r2'tunBlci']tl.llao0nua nilu?u!-uftlug'Lr.ln:Jn.t:!iuni0lJ!d?u tdlr

Single-srage Verrical Turbinc, Three-slage Deep wcll Turbine druilfrldfiluinfur6ur In:fl1!rsrr
rflu6'u

6. Mixed Ftow friroluuuu: ndnrirrfi.lrir.r6'u 5ouuunouLjo (volure) trs:nuuiaitl
e-urir (Diffuser) riiuuuudrirn6oorln-nrru::ro.lrioufridrirurird:ru:rluSor-g:lo,rrunrfi'luaaa n
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ad Shafl Adiusling Nut

Motor Driv€ Coupling

(Non.Revelse or Self.nelease)

-\/erlical 

Hollow Shaft llolor

kinS Follolrer

cking
cking Hub

ead Discharge Flang,

Jead Shall

Lineshall CouDling

0uler Column

0uler Column CouDling

[insshalt Column Sprd.r

Lineshalt Beariflg

Lineslalt Sleeve

tineshafl

ischarSe Slage Sand Cap

Bowl Assembly Dischar8e Flange

ischarge Slage Bearing

arge Stage

Bowl Shaft jtli t.z iuuu, verlical rurbine trrn s iu
(srage) llor lrJauruto.rluia r 1o

(Stage) Bearing
(lmpeller Stage)

npeller

mpeller Taper lock

Eearang Slage Sand Cap

Bearing Stage

Eearing Slage BearinS

Assembly Suclion Flange

Skairer



I
MIXED FLOW

iurl'r:trugnh

AXIAL FLOW

oo

RADIAL f LOIfl

ts 1o 8Oo900
f

f

, (a) (b) (c)

;ir/r' l.a fianrrnr:luararlawaroane rnlut"c (a) lrururiaii (Rrdial rbw)
(b) luuueirqu6u.rrYurvror (Mixed Flow) ua! (c) luuuzlurun'u

l ol (Axial Flow)

rrnl:.rn'alil$rio,rvrr,riru luvr-edliriufilvr&.rno.ruurdruluqjr:fin-nnnr:rflu Radiat Flow 6o,uo.rrunl

lnnrrh{gurinnr,rlo r.rr-cluuraurun-us,rnrudrlunoondruu:,rr#u,rufipgruiner'rrf,u.rodu6ur

fi rtnrrnrrhaoonr;rirpr eo orarriufi ayrrldriullrnrrira-.rgrJd r.aa

du:-uiluuu Mixed Flow fufl uion'riunorrn-nror::roiun-c niofiaynrnr:tunao,r
r - 3 rr - J .i < - Y ) tr,0{l n?a0nfln luvtt IJU$'0llJritruulrt:! lJrn.rn']u !uBn1E,[rn? lcu01f,un'rtrr.'ln?u'tuxlcquu

-.Jtnm. 8!Llr,l}l8nn.tl10{unr[u]ro !1.{11{?rM'runuBflulBnrflR'r ,Jo.rr}tnlyl Lrnoon t:?lirlt,4s n.r Eo o{fn

n-uunulo,rurm (grJi r.au; frrurrdlti,ro (Head) rioun'j1[uu Radial Flow ucir:1rta-o:rnr:su

srn'ir luvt"nulu Mixed Flow lin-urrnluuuu verrical Turbine

iruuu Mixed rlo* dr:Liraontrud s 6.r so rln:riolurre r 1n o-n:rnr:gulrnld6,r
c , .i t - , -7,000 8nu1frnruf,ln0!? tlr{ f}21utt']rJnon0.r llJr{e 1,450 tauo0l{,1?i1tt0lr1fln?l

6. Axist Ftow (g:Jd r.e"1 lufrluut Axial Flow lo.rrunrilrsr:Trun:oonrrnluilafi

fianruurun-uunuro.rnrnr u:rdrf,u,rn-lmubin-ulortrnlrfluu:,nn-no-ulufianrlnr:1 nrf,u,r
) t c L lc. V ',0u1{rcu2 tulrul,rrx?uirnu1rq1runm.r UBUUI{ lurlcn.rBour:ulnr 50 rtuflrri:ti.! 7 ruo:dolu i

. ' ir
1 1A oirlnllqu0'nuln [eo.t 10o,00o $nulflnrtjo:f0!? Lll.t fr?1ur:?uno10,r lu?ri 1,'r60 touoou't?i

}'tt 0 !1fl n?1

f,nu svlun-nt o r iuuuurru ni r! n o a
,l ,i v 3ruo.r11n21lur{i10. rJuuutnuot'ln0n !ilurnt0anltuu LLrxrn:nrrti!rn1[tinu!1nl,1u

narulfin nr:iruBn ::urorre:f,mrorrldrrnn'nuru:lolul.iuluyr-n rruJ::n-u (shroud) n-nrnrt

nrrlxn:r0.rr0.rrnnl:irun:oonrrnlllue uioinqrJ::a,rdli.rrulolriu lurn-ndntdr-un.r:uuhrl::rnvr



ilnr:r=lugurb I

- . ---t-iMannlTllitoul|i{ll n0

t. Tuiniln (open Impeller) Ioufir j LJu{roiuaorlun-n r:fioino{riurru ::n-u

(Shroud) dtir.rturi-adr-cog1u:J:;urrdr:iuiuoiuur.:riruiuoonr...n.',u 6aiai:io'rorur:
,)tann11ttlt'l0.! lu'vte e,ltUt4 t.gat.

. -i-,2. Nltanlun 6emi-open tmpette4 tflw,;urtiairs{rrurl:;n-utrirn-u:-aiaa.tlun'o
t' ) ' - ' ''drioo'.r:rJi r.gutuvlotJ::m 1{r111l'tJ::fiu${uitdltrrou2 anilunq.rr]B{ luvlil: Iuu

s. lun"ailn (Closed Impelter) (grJd r.s. un: a; rfluur.rr.rdlun-cioo{6'rurrurJ:: riu

z uill lugil r.sc im.thiro,rrunrlnorfirionr.rgarf,u,rirur6u'r riun'jrrfluuuuluvr-eie qndrlr6ur

(Closed, single suction impeller) rilliu3rJ r,sd ivrr,rqn z dr$riun'jrrfluru:.r1ux-eia qalolfrru
(Ctosed, double suction impeller)

4. Poper-stock Imalter (p)d r.ee1 rflu1ur-ndldiurn:oonuuutfluf,tanlilf,riulo'r
)tlrunrfiiiorrlihrue2 (consistency) g.r rf,riiriiazlun-nuuuioanuuutil#lul:.touqoarun::ruio

)o .i -n::i1t o0u'ttt1u-t lnn n0{tllnlolri':uuonu{l1untotil,0fl

5, Propeller (Jil# r.s4 rflulur{edrf,rvrn-,r.lrubYurilolrunrlnunrtr{nduluiarr't

r6urn-t riufinrnrrn:lnarfirn{1ur{nrf,u,rorh,r!6u2 lrjiu:r#uodpgwint.r ti#ilr*",.ttt,tt#
riunir Axial Flow Pump.

6. M*ed Flow (gJi r.sg; rfluu::udrolunrhorrirlr{1ur,r-a1uu[?t ulsn-uunur0,t
.Y

tfln't ltfioou tnn00nt:Y1'ttl! 45 n.t E0 nljnfiYl't,ltflu nm1flo n1t1!fiu10{r}if,1ljYt.[11{luouLumnml{
)troulnununlr l nff118LU oun:lt1.'llt1ur$ulng$unslir

z. Radial flow rfl*1ux-cur.rudla+unrgnn-uc-uoonl:Jlcuara'uurrxiuolilnqrtinnrr

$llJ.rolj't ntiu? ?tftYl1.tn1t !TaoB n'l!.luol n nunl : tlt Rtltl

'-<laRUBtillaYRl:il't{llt,uoltulllluu !tn1:

ilulrn-ti rfluuuudrirrrulnulolrunrnnqorrirus:o'e liouo0nleunr:rr1u:ouloguri
) - ) 1'

nR1{10nro: D.ru0nf,i{!n0.,21i, [1110.,lui1 l]rnr11Yr1{01trBiIB!tnu0gr:u?1{Hun1,0n a{RUnu

iurirudnluuiol:rfl0{ (Rotor) run'ilr:6.d'iuilu nr:nr4uroltrrnoir:riabirfionr:unuddr u

nr :rfi r irrn:lo,tto,rnrs2 (Positive Displacemen0 bivrr,rdruiru
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(r)

(f)

0pen Impeller

Semi-opeo Impeller

Closed, single suclion

Closcd, double suclion

(b)

(e)

(s)

Poper Stock

Propeller (Axirl tlow imPeller)

Mixed flow lmpellel

(d)

(a)

(b)

(c)

(d)

(e)

(f)

(c)

;/z' L e dnuo:lurYnrcliluttuuttuairJnoo (centrif usal Pump)

D

I

(c)



fir.nrn rpt tir 1l

u-nr.r., grru,riuuuud{uo{niudn:., n',runrdroo,rnttorl:raofd.rlcurtr 91Jufrr
i , i - t ,-

o:drn'jruuu6u rJ::Rrimnrornr:rirmuiuoqiriual6J::nounaruod'tr rriu dol'jl't (clearance)

::n'ir.ll:roo jn"unri.lro,rrio.rgu nrrtlunncirrlolnlle"u::u'jrldruguriudruiru orrlrluuflttr

(viscosity) ,,on!D{rra? ua:nltrritlalnrrnlu rilufi'u riluurir:birJ::inirnrT5.rlffi.r eo-asro
)t

n1 [n n u tl 0 {r1,1 s2n !o11! nurvtuu 2 [.!
3 . s,

liHFnl600nuuulJtiUt:mrrn1.t I lluljlnrluunluulJ'u anuor:m:Yl1inrl0nInIuu
^ -.-: ' ). e) .i ,rv- ) I a-4-4--' .- --of,luannnu t:Fnn=uR60it'BR1l{tinlnglYlullltl,{0n0lutnnn1:[l1u?1ti0{urlR2 rn:ttunn0lirttunfrll,

.J- , 3 , Jrg 'nnrifl:trlt.r.r,l0,rn?uurtju dn fi1Btl1.t!,0.J!!lJt:m u [o[n

r. ilul:nriuuutfl ol (cear rumo-grJd r. r o) rfl xu:r:rd1f,n-uuniunrulr ndqo il
uuud:J::noudru$lurflo,rriorfiuisoln-rululrnalurio'rgu 1o'totn?rr nn{iar:1$0lri1liloqilu

iou:[udr:n1uun:nr:ra,rrnnrr:ir1 limr.riru dro,tilurfiordlo{icn-urri'rao.rrio.rguilo.rn-ulJbi
, tv ) t c t ,/ t ,t )v

x0,rr 8? I1lnuolrxlsnln8or0 r!0!1n.t7r1.trluui2:0dr{r{r}i0{,tr,[110'r n2!t:lagnr:0nlnunnlu

r{um nrflo16ndrud'rd.rrun-usfinrun0'rruB?lrln'r!llnhnilrur{ruflo.tlil{druqel6'

z. illLnriuuuniu (vane pump.;rJi r.r r 1 iruuui6rlo.t[u!flutrJrrnn::uonun:
r) - I .r* t .- e u e v )1

! l:rf,aii,l!Iiunrnntsu0flrMunuTritur0.tSuU tvtH2uBnx0ir lttG0:cuHlnu}luilll0ln0nSuYln{nfr].t

rlignrYu l.rilu
-) ) t

:D1J I trrOBrt:llo:ui{ra0u!eluuu2rxl0Bntlnlegwntl{lllnunuH${no.r B.r$u

liol:rooiulunirrudrdfir:nlcror:ro.lunrd.ro{::uir.rI:rooiriuriorgutJ(nr.riru it urrd
lddisulrrurflar (Gear Pump) o:.rd'ir nr:iinruaraurilriolgu#cdars#ue;lJiiraiaJ:geri-
lt1nnr:di.riurrnr?rilounr:iinmara.rilulflcl rx:r:oiusr!1rnrdou00n!lruluri:.renirlo.rrio.lg:.r

Ief,1l

fli r.to frul:ariuuurflol (Gear pump)



12 il nr:uurtth

nfln'l.rullx
rfln''l I:rooi

Yll,rio tl1,tt1u

fli t.t t ill:ariluuniu (vane) (a) Swing-vane Pump uo! (b) sllde-vane Pump.

(a)

(a)

yli r. t z irl:nririruoau

(a)

t:0uu!

(b) N'U

(b)

(a) !o{!au (TwoJobe) (b) !]u!cu (ThreeJobe)

(b)

fli t.t s iul:r#uuua-iru (Scrtw Pump) (a) q'irur6ut (Singhscrcw) (b) !o{!:itu

llr/l
'ilIil|

e

o

(Two-screw)
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r. ilLariuuuoon (Inbe pumpJ:Ji r., z; iu,uudienuoetriuiurn-un-uuuurfl o.:

(Gea Pump) uril:roo{fio-nrnr:r uoo*uiortreol6rdnou :io'rir.r::u'irlao*ia-nnu:uuuro:nir.t
-Z, ,) la, - -d.rguornt1n1l[ui{!{n?1[uuutn u goitmnn1ln1unoin1nn lut 0.l ttli0:ulJuulrul:intrn?l
i t c ) A , ty- r .Y e etv I
o1rr1n t{llrrJxioir!rll0inran$0irIu0nlixiND'r0!?u llri{x?trn:nrlu10il t:t30:Yli,s0illl,']nr lc 0i

r. illurimuucitu (scrcw Pumn-trrJd r.r o) ilur:rilirr*fioo.ubiudlo.trunrlau
t)t- .,1 . - ,l ft,

01+lu IttioliiittignDu:ltlut2lnnx{r lr{8nuol::tuc [r,lt 0'!rre2rog0un Iu::]1?1'tt0.ttn0u?i21u

n-urriltoof,olgurlnm.r!.tJdil1.ti1u ir$ruc'jru$ioI:rno{orr!1##.rudnd.r6.rrrloir

.rv
anxolsllo Jnl:il1{'lrl.ra{uutlrruengutn

iulluupguin (Rccip]ocartng pump) rfl uuuudrf, urn-r'rubiurilo'rrnnlliuni:
rnCoudmr6ngurfilrJda:lo.rurnrliluatJ{rruiru irno:touro.run:dguliluudn:nf.rr:uhfu

I ) - - - z -- - lr - < .l .lr
fl8tnal,0\t?tul$ulni10.rn::u0nEUnut1ntnl0{n:3u0nIuuu uxllreu {RUlluu l:nltitlll21
nrrraicunlcriu dlumn!-.r{lu,rc{uuul:rrirflunr:rnflrcurmu uiiuuugnprfnrflunrlaCou#
luura&urrl r-:orhuorir ::,nndldnd

1. uuun-uiulnaafi (Direcr-actins) rfluriltrngul-ndfifruilfie lrmnrnio,rr-n:1orir

nrtrf, !ne-{ouLiurilotrariifnru:rfl unr: o-cuiornndurr nfrufi T a-.rlnuo:,r

r i a ) - )t ) av ) t
a UUlrU!0nIurou?t.nuuuuu inumqarinE$:n1rr1.nufl 81lj nr:uBn$ux0illfl ra{u$n

nrit6o rdoinr:o-ero.rrrartJ(vrr,riruudrfir:fro.r!nr:g"r,o.,,nnrddsonr:$urli'rt lr ud lud?.t

a-lndrrdnr:tralo'trra+norfir::trscoulthun'hr:6{r-,ru?:a-elr.roudotJ nr:luamniuuuud

o
d

=
C

rE

r]al (O

jili t. t e nnr{rrcrdrrrnr:lnorarillnguinuuugnguriluruo:a'n
dlnrcr6s: (Simplcx, Single rcaing
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nr:u0ngu

r6?r:ur!rs'rfl1

rluur:rsruturir

o''rn1B 01n1n

llar (r)

u1.ti1u

onuutnr:2
inIu

2',te?n't.t3c

Y11.!Of,

(a) O)

jtli t.t s iulnguinuuua-nacldlurc (Double Acllns) (r) n::uongu#ruiruio
. vJ Y)u -- t Y .. e)t ulnqa 61ul21u0nrflu'lron (b) nt:uong!f,1ui'lutlallltlulll
o I Y,lan e1tlr2lrDnlflurniln

>,<

?''t B?rlnT] u

(a)

-T' nt:u0n
)

(b)

;,,<:

gtl i t. t e a-radrrn:rdusnrc'n:rnr:horariu gn guin {a) lnguriior-anccr

o
o

-6

a

=
G

o
o

=

t)>'<

l+- nt!uDn8
.lt

uYl I __}1)
:JYI 1

t--
l2or 0)

)
n::u0n[lm 2

)r<..

n1:u0n$un 2

x(

l+- n::uon[ rlor (t)

(c)

r"{tl1! (Simpl€x, double-rcting), 1U; aolgu-calclc"urv (Duplex,

double-acting) tto; 1c; lugu-dnilue:r6iurltriptex, single-acling)

,i,--J l--nrrrungrd.--1
F-- nI:uongu 2 ---+l



ilurrr=uur,urir to

,.J,r.),q,.).l:InnE :iilrluluYl 1.14 0u1.t l:nnllj tuo{mnJlunlu LllEoB{n1:0ol1r1: tvtnYl(ulrntjo r.! Lat|

firn:n'nu'rJnrn::uonguLirir'truli#,r1ut',rur:o-oun:lur',rur:gc Iourf,unrrru..ruonrrrunordu

{lur;o-oro,: nrun::uongudrurdrfit:nnrrrflur'.rur:nnlo{rJnrsn::uongulo,16ndrurd,:o-,rrriu
,) '- )t- ' la

? fr r.r5:JxfriininEru:rrigfiriun'jruluo"nro.rc-.:ul: (Double-acring) drsuulu: nriJuluuo-or-.rr1:

16u? (Single acring) nlrfau:Jn,rn-.rnrirrirbinr:lunaorlo.lrunrriordoln-u6iue-.rrri*: # r.ro (a)

uci6ri.llririrbisilrroldrYrnrnriln-.rnrhrin::uongurf,u.l1or6u? (Simplex) nT :rirbiarlro-urio
o-nrrnT :hnrrilrloareri, l6'lounrrrf,uirurun::rongudruiJuso,r o., dou (Duptex, Triptex

Quadruplex) uiolrnnirufrrbii,lrl:nr:s-olu6orrilfio::iruuri':Irpurl6'e-.rrdug:Jd r.ro (b) ua: (c)

Zd r E v )a
u0n11nuun01olrnuqlt1 !ounlru!?a{! R?}rlurxl Lrl luxu0Bxn0utlu00n turl,'r::uu 01n1fl.tr{ll

r ,i al
n11!U1Uttf, !U091 !OOt3!1Un1 [?t00tln1: [rnBll1rRU00lJu

fl2'ruflrty{-rrf,:rn'j']lo-n:tnt:1rtnn-urrn1 (Discharge Curve) lo,t: d t.r6 uond't,rfln

lo.rlild 1.14 o:nd'jl ftiugu {Riston nod) louillugrJd ,.,o ,odoudlt*urnrnuslin"1r,ri?silrnra
- r i -L - r ,,' ,) , . -[eua1f,uu:{i vln [oul enuuoorlnlT []tRllnlJltnu0oR0en2Jt{ll1t0n g'tu]Uvt 1.16 nltn{n1n.t

niulo,rrrlalirlculiroio,ruuduiotJoroo{riru:ioluCu,r (crank shafr) n'rfu o-n:rnr:lunr:riou j
.i I - ) ) e ) ur s ) Z - -:-rlrulluun:nea,ro,]ue{$?:nltrnnauila{nlxguYr 0nn1l toul,0llir2u,r 1,llJ$n$u!nIuu1180urtun?1

Power Pump

SnlUU? lEccentric )

n1{t'lu

n1.rii

E

AJfi t.tl iluuuulnorur{:r (Diaphrogm prmp)



triI

r6 rhur:r:uuani,r

AxidRadid Axial Radial

(a) (b)

glfr t.ta ituuu (e) Rolary-pislon 114! (b) Rolsaing block.

z. uuulaeuilan (Diophragm Pump) t wldnt:uongld,nirrrirfrnua:o-nlo,:unr

16:-unr:c-nurln.r1:Jrfluuiuolm:drdow,iulde-.:g:Jd r.rz uriuolnu:nndcino{n-ud Inur:iduriru
torillrn-uus:5.rrirb{rficif.ur:qauuro-"nrtu .1 iluuudliritiuoo:rnr:grriou 1 rvirriu

8. tt lu Rotory-Pisron r luuldEngurr{riu.ln-u1uluri1 (Axial) uiouurrou (Radia.l)

rflurrnnro-.:3 dr.re nr:qnue:onrfieduld'leuil:rnoirluriobirfiorn:nors!ooluuugn[urou J

riuuriutl nr:rir.:rurorudn:n::::onguin-nrnr:rfluu:.ruo-oe-rur:r6u': (Single-acting) lurrmr.r
n-urirlrirrrnrirui6n#rn::uongurirrririurlulnuiiudrudrirnfirinnnr:uongurf-rlillur#ogu

,- ) 3 . l, -0lirI:Ji r:iflrtung!!t:rnnI'i1lij ruu Rorating-block

ffurfinuoruruu (special)

frudlin"uo{Ioun"r i tlrirun-,r,rruLiuri:ra.crrnrlouorfuu:.ruiu,rufilngurinnrr nia
r ,,1 y i .,1 ^' , i , r . -aL )
tnunl:tlylunrJ0{ruR? lx1r0.!8uo2un17rfln0uYr10ntuH?unt0,rE1., EU'r,r Ir nfllu u,'rrrjlru']nuu!?l

rir.r'ruuonruf,on4rnru+in-,rndrrfi,rrYu ildr:ndr:6.r1uvr'dfii l"t ru-p, Air-Llfi Pump un3

Hydrrullc Rrm,

r. Jet pump louuviri.rudriluuudriunfi Jet Pump 
turh:noudu6'ruiuuuurtuni

i -t .l t , , ) t ,

{nBnyl1,r11{:?rn!!iloo ult']n$?oor,r!ut{nu${r3vl,rH1un0nuau10,!n0i{rJrr.lYrr.ruJllr10fl0oBn

(verruri) druolrrirlo,rirrirdri,roonrrnr-':dn rirbirirdrudod:ou 1 lnnrnlrrurir,hu?isoonoc

liir't dru riooonoor:rioo:,r}Ju-mlqoro,:Juuuurtuoi{noa rliurnrdrfiri,roanrrnrluflrirsrf,.,

r:qnd,rr:hvioriounn"utlr:hrrrdolrlSn rirudrufiofiiruoonlillirrudati n'nnrusun:rn:fir.nural

Jet Pump ucerlilutrrJ# r.r s

rr
lr
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::tJ
lmiI!

ifuuuu m{rnru q!fl21!iu
ir{nor

rlomes

alxln7lutr?l.rll

rirrudrhnqrmu#rtJ

l)
x,]ngumnu0t?lJflu
rcr31n$2{re

lnio'nlrilrJdru

)
!:u!'l0nr,r

Y)nt,]$ltil,lul11

[,rrlmr?ot

rfluorr!Cs

I --r.,-r
rll.rnu! ru[n?oc

n:01

l.l
$.tnluYr

fli t.te dnrol:nl:ixrutto:ord t:ncurc! Jct Pump

)- A lv < l
uroyrt'r:tLlr1n0nEru5n1:r1inur0{:Jltuulll{ln? r;ruuir ::'lrinr !10{ Jet Pump

' 3i rrr e irriufiadtiirh:Lrfi'turnufir6ur t :1!iullnidi!'unM:nt:ogtur:nunl ltnn u tn$mun7l!'

rirruli6niruur.r5u loutorn:od'ua,rtiguirriarn:q:Jlnouilnoluriru {aarirmiuiurruldfiaa

tu lfl66riiniaurcro#iiurntinuo;6n lun:dd::durfi c{iinrulriarrrroioil"d

rjrmialfi uocriaiirumrSo riu rurc z dr rurnti'lndrrdosrinriuurhuiuilurl1r1"1o (v.r,irt

IOO0$

tl000'o0i

r10i

iarl
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Turttnc) rir 1tl #auuuihr{r (Submersible) uicrur:oli Jet Pump ld
Av

(z) d2 Jrrnoufida.quodll{inurflurJ::iroliuuir6u rirl#our:oquoinrrldJru
'- -. )" )a vJ r J t

(s) uulrunlqn0anululllaljuuuu[::Inla{u:rRlqn n{uuflr0{Tuffr{llrnll0snl

u11{rnuro, luq{un

1n 1 irurri'rdCriu.{unirCnoolridriludor oqidrhnriou rnro6ld

otjr,rl:finlriluuudll'mlr:tiu:*:.1-iournrniinr:ulduuu:luorro-uri.n.rqqrnor.n j
a): - 1)- ' I A ..e . I - " t--xtatunt nulu'to'tf,uiltrfltJ nont0ulfln: t{n!n1lltljl.llfl1J0,ttl?oolJUluni1{run'an't lt{ m

oaqonutc

z. Air-Lift runp riJufrldri:ulnrlf ilu,:rugurirolniouloln rir,:rulounr: dounn
) - - Yr ,

?1nrfliD{0'e n!n'n!o-ug,r}i'rilyi0s,rl:Jlirilriourrnn r,lorornlflHf,!n't.trirlu 0r:irlforrrrir.:6rnrr:

n0n!
nhic

.!noiulll
uvllulinDii

* aanJourarn

n:un:rnlrjo

ndrro.rvio
n!1nr:fluu''l

o''tu'|l!l.m0.tY]0
lnr:ldrrru'
B0ntlnnuuB

fli t.zo dnrogua;nr:drrruro.r Air-tifr pump
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r . - , ,) I
aolrirnonrus:e: gnlla.rornraoiuiulr(rJr nilo n-.1: fi r.zo rio.lern :;irinrnnr:rirlrulo,r
friur.ludcirr.,nirlf,ierufior-on ::rrriorir,r1oadr.rrd.rlouror,r'r:rvirfu r:iulr.nr:r,riourJourors
) . - )v , qo .,t e. oz- r ,.- -)lyr0n']onn:1uYrn1{u8 lnllrJo [lJ 11{1']: n'r [!1.luuuur:tlJ01l'rn2n:1utufl']ut:x't [1] luflennnlBuun:

tfluu'ru aul{:20r:1 L unu

s. Hydraulic Ram uion::iurlrrflufrifirir'rrulouorfuu:.rn::uvrnno.rti1luYi0iInl]i

uqol'nnadr.ln:r-ulr-u (water Hammer) IJilnn-nurl:xa.: Hydraulic nam unnllflutrrJd r,zt a

nltrii,r''rulo{ Hydraul.ic Ram lir6'slourirlrnmnuuri.rrirdeuviorilua=1$Bo0n?l'1.,?16'l
-xn?ufl!n?'ruri?'r,o{u'r (lmpuls€ va.lve) ri1fl1''lrrt?:J0{n1:1118r.111r?'rB2n'rn8']2[fl{0 ft11ul:?un:u:{

- I ^ J . rgY.l . -r ^ Z
o1rrnt:n1Lx?''rn? onunviulo m7 0ut:Y!1tuu1.r.tn1f,,t lunlltntJYt0nr3uY1nnu?,lu.rn0 tu!:l2lullu

run:rirbiolloiurf,lduatjr.r:rnrir nr.,uo-#rf,ududrirbirrdri, Udr (Delivery Valve; dn-lnn

(At chamb€r) r-rJeLirirtanrri'rtilun:lrndruriod.rtJljn-,rrfiurir rioriehnurirl lun-rnlu{rnrrudu

fio:non.:nio!n-urtq[r.,n:!ttnn?0{ri''l (water Hammer) fir]n!it'ounn-u :r6rirorirf,o un;rrir
nluornrrrrfr (lmpulse valve) onf,,roiur6u riro:lunairulnJ6nn#lun:r:riuurflur.trtod0di.rd

anool'

ltnJntn'uu'l

n-?rlrJ +

u1ln{u''l
o.rsu

1',18?fr?un!
ft?"trJt1') rr dr:::.nr

:tB.J ll"l 01tnft

u'1n., l{,liruT]

5

-5
E
Grt

-rF
(F
E

,.9

,

l-

L

ri'rAi
-.-..---

il''t n'1fl

fli t.zt (a) c.riJrloaluo:oncolsnr:tir{ruaoit Hydraulic Rrm
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firlz-r6r
qramurir t i.!

udum6rriovio

::iUiI,

fiunrrrt trprrb

ll1t1n[]'l nnu,]

YtDt,'llll'lt'lull

*r r-
rirsuirmnrio..-

n0Yl 1
fipn!l1

?1n2
:lnu

01nlft.,1--r'
21t2t1UU1-

lmrn$ /

urluulnrntr-

:iooc

glfi r.z t (b) Hydreutic n". drJ::ncu{ulnuliqrln:oiriodirrdhfic{aorn

6,rui'irlulurunr: trurle:ro,rfrluuuddo.rinr:g ryrtiurirdrurr{:orrqrnrlui?r u

t'tu?lt!1n llonrton oluaul{n2unu ao

, i ,la t v -,t - i - r I <(1) lllrolNruolnll a{ r loqlto2 lrio{nl:ra{{ lulllllnlltlnlt$aitauafittos llllt
drlidrorJ::drlunr116uraioqriaut rurrC,

(2) iiiuri2xdinlrraoaariiuogiinr:iinrualdrfislsaliu ilarrdraruqrarurir 1I,,-

potse Vdvc) uocrrdrdrsJr (Dclivcry vrtvc) rirccliuitrmBnlla:dorxtuldiru

1s1 driinr:rliuilnisn!:if,r' nrc{zrdrauquarruri:ldnaruursccl$J::ariarn
lu nr:rirtu g lrii cu a o tni2{ o-rlrfl rrlx o

1ry rrurrorl:;ncu{uidrmqJn:oiriadituc{udzluficuorn uo!lri;a{nr:raicriia

rCcJ::nauurnfn uuururdro{iruuudurarlTtulJd r.zr t
.u.'.'-l.a.tr.d.t.llfiillial!trra{ llllruu onr uoelountrqqllgxt}nx2to2i2ulun2llllrll uelu'llr

u1n.li2 (a'arld :;uirrfiurn:nrgqrfiaiorJiurn:dguldo;o{::udrl o:r 6r z:r fic{riuracror
r ! - '. )v )'- . - .

rma{u l1lo3n2rr{{ro{rreuurltnc{nrrs{) lulor!rrrrnloittl'r!11rc!ur!otnlc{natnl2ol

H*



4,

unn Fie,
T e)

?vuu?ru?u?ollav
namdnluo{uo{ 'lma

tyuu?lu'lt ?9r

- -:* .:r xe - c 'A a
!n lUutlu n?ytu 1fl1flsll 0''] n! Tgrrfln.r n .l vr't t0 n Loer n fl ',u 8u: lllrulu'lo 1: u1J l'],111{.1t: u n ) -

ItUU St (Sysleine Inlernalional d'unitei) n^':r nrlr+r a.soi.o n ii rrfio:fiH nlu'n.: riruraoun nr duu

;,1 - .ir
lvro[ulauo1n.] fl:o 1nu.:lru[?rr '']:[Ll1lMJlJrou1nu ug]vrlLnn 0u1'r['tno1 n]lui:,:!!fl1:iuljfil{)u
- d< a J , , i,iofr :rngrvrrorn:sulrun:-nrir.uo,r usirvirff rulrnr:ld.lrudauir.ra;s-t:suloutavrr:aur'r0rsriru
ir v- -t -y11[f1Tou1n (Mass) niurirullnuiatl.,.: (Force) 6I,r{u aJnn.]t .]n:11 ff1nfl (lnternational Organiza-

tion of StandardizationJSO; 6.:leiriruuo::t-trvriruiotilulr,trioii

r v 4 , -l )) y - An. fi 39?n tlll nu?u?nv{urun8{i:u'u 5l rq lia?ufilnu?ra{nuluox'1llo.r 1.J(0

utonun0

t u .lty , )a a ) , ,,,1 -1r. l,lll2t 2'lll lnoloflllal 20l uJutluluY[Jr.lsfrurl{o.[J111nnr:fl'ru?rlrr]rl[0lrx1n
, -luu2u?sflu!"tu !!u fll1lrt?ruu?utlJu Brnl,/ ?u''rYr (m,/s) n?'u.lvrl{ltt1{ull11u1ul!u n tnn:ljsaInLngn

1 ) e - ) ^ ) t-fz
lufl1 (kglmJ ) 6.,a81uoh.tn!::uu!!n:n0{tl8? ttol,tt{lu'loruono1.l !un']nloxYlfl?tl:nr'']uuoJunB

-!1. lll,$11u1nun rs2U10'ru1{xtou'rxun ln!'rl.rn B8rul:li!?'r'rulBnufll,rlJr:.r 1,rr0

irurtotrrrut 21
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eudr

r!l.t = lJ?s (kg) x n?.turi,, (m,/s2)

-! ! - - ) A -, t -n.rul{flB1u10, a:.,rta1l1xrno0 kg m,/s- un:tv{0uJunutnInu?nl,lun?IU1fllflot

olr.iliruxo.rlfln Iso 6,r16'duuoLi kg - mzs2 rilqrdruL,r!'riunirfi:iu un:lf,dnntdoi1 N

- ) at , i
LLa: n''t111{0 ht 1.0 N lJft'IYllnul,?B 1 n tBnl utflnBuYto2unl'tlJt:,ttr1nufl?''ttJt:ntuB.ll''tnu,no{8010n

Inn6o s.ar m/s2 :nia

l.0N = 9.81 kg - m/s2

2. nxvriu 16'uriu:.lrliorirrrinciord,:rlirudui ci.riurr.irur-onruriulu::ru st 6o

' )z) - t .' -N/m'$':oui6r$oon1:'r.r!rn: 6nuro!: u n tu!r!1lloulnu?1 tJrdnra (Pascal) rrn:ldsirtioir Pa

Pa = N/m2

s. imino'ttlrtv 6orirnrinciand,:rri?u ir.J''rn, r,rrirura.rrirurindrryir:1u::uu St

n0 N/mJ x f oulnl{nB n n !]fl ntr n 1
tJ

1un:d#drri-rrnaixulnlnuSorfinl,n rdu rirurin:ro.rinoriourd,rr rn-u 12.500 N i0
12.5 x 103 N fioroo:riuuir 12.5 kN lou t< rijuo-nu:rioildrduuirufir {ru N loudorrorn kilo

, )qr, .-1.
10 10J 0 nl,lu1lltl']uu'tuYt MJou 1 llonu a0

r - .l J - - ,i, ra. fiu?u2nou n{ulj111:uu sl rir u::uxYru0urunu?il l8nnnlr uoljllu$u.ro.! !!
,YY^-,,1-rv-

n1.agtov{''r: tu?.:n1t1!']n1frYt1llu r0n0lnuut::JUr!0: nu1,t'}tulunu.to.ttlJuYluur Innu0g In!
frr!1:on-o!! s.rrJ'rliu::urj Sl ldiru rriu nulo?i8rJ8nr uisdrln: (ll.) o-nrrnr:lunusntiJuf,n:

. ' L 'S -n0?B'rm $tB8nulflnruotooi? llr.t fl't1!ouu0ntuu!nBtJ'r: uluou vtu?unln 9 txnlut:u'tR{ tn0{
. -A.X. - e,). - r ..,i. . )e )
Lulrll.lcou (1 1u1:!u0nnqDo: LrlYl1Yt1'Illu [outqfl']30u't,tu., tufl1wt00.t!nu110,tnua't:n (chafl)

uiaor:rriirJ::lunicio nr:lirrudlu-,rilci[nr:r-orirlu::u st uiorsuurunindu nr:urjn$riru
,lr,r A tv J. ire, - -.5a'int!uultu.t !u0 n't:uuxu.t0110 Lotlnnl:'t{uun,,?tuluYt l,lt l1Y11ufr1tutu1,0.t l.nf,0u!

qorautmxo{xo{lfia

rlutat:!:tIu

--.-...r:.4-.v \ )u - I . - f . ,
qnrfl !uoLU0iolrx0n1B.J t]1nylLl,1x1tnu?r0.Jn:Ju!!0gxs.tuorj1.rdlu ni1l 6o
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t) alwnuruiu lunsity,p / 6odo:rrirum'rlrncioudoliru iuro: t:iu Rlrru'ururiu
! , - ) -^ -:ro.rulrfllnu 1 n:ro80n!'rfi nrnuoruol n 4"c t:Juou

z) itnindwtv (specirtc weisht,l:7 6oo-n:rdru::uir.rrirrrincioud,ruriruJilro:
,| L-rirrirurinirrnr:iuoqjriuu: rdlqnlo,rlanun:orrrrrurudr. Inusunr:

Y = PE .......... (2.1)

t ) -, ,r-
lxrti0 g ruur2?xlrt',lna0lfturrnl?a!r'St l0n

rirurin{T rvn::ro.rri,,iri'lrir riu gar o irfudonu.r!or (N/m3)

a) azlutilxilmls nio o.n. gpecific srarilyT fi6oo'n:rdu::niroi'mfinirrnr: lnio
arunurudu) :ro.rr-oqdorirnrinirum: (uionrurururiul :rorrldqnrurtrilro:5ru IourJnfili

l'c rio ae.2' r dlnrruuururiu:ro lrilvir n-u r.o

r l,ln) aztuiunilaz Uiscosi,y) rfluqrullrjirorlnnfiriiounernnr:rrn:n-u::u,jr,rlurnqa

linr6urrtr (cotresivey udrrioLirficn:ruinuvnuriorn:hn{u qn alfiriodr:iHnfliarficfi.ldfiriodo
,9, r i - ,

!n11 $lsr?r1uu o11!llu(}ll{u110J10.r tnst:8es{!!0q ur]ri$.rxu
r - ).vorrriiuuf,urfilino{ z uuu 6o Dynamic viscosiry tp) iurirurilufiInn:-lrioun: -

iurfi (fgZm-s) uii Kinematic viscosity 1u) d.rryirn-u Dynamic viscosity tai:6'?un?1t lrrrtttrilr

( v = 11/p) ua:fiurirur Bnrrrllo:rioiurfi (m2ls)

s) alwiuTa (vapor pre$ure) otrue-uloaouro.rnsrfi6onrrriudrfie rrnLrnrlalugrJ

lo6lrir (saturated vapor) uf,ofirnrirru.,ruo,rordquunidriruucbi rdoorruiulolourortrnr
- ) , Z. er !

tmnuo?,]unadlll8.!uttulrnfi1l:0o21lneiunBt:0'll I 10.[]102uunl:re aa rn n?]riu !010.t1l'l

^ tl ) -!utqntnq$x{! 'r@ c us:fi:3i1JL1Yr:rf,t:$nnun7)lJninsloJxt?ulrnnruuou a-rrnsl? laonou'ln
), -t.1 -,1 d.

1t1r,r21 n2lunu lon?ol?rrJu u{nnrarrududuq:oi {eusolule prcssure) cre;rirl#rc{uarr6cnd
-r , ) - I

qor {urlr fi?'rucutat:tJa1[{nur!Bq$utlJw"u

q$nufino{rl0.rrflnr:iodinrrrrirdqodrurnrionr:rirlrulor:ilmr.rdrugn (suction

Side) Iarrorfl:orh,r[i.rin:ro.lun#iorrn:guiqnnr4figoriorflura{rrnrd::r$rldiru nsoivr:r:'irrh

Rrruo-uro,r:ro.rrnnrlu:irrirudnea'rru6'rnzrrnirlou{rr:ri'rbi.ro$unl6sonsrut slo un:r:rflr+rnLi

u-nr.n',rgurooiraon.ruiohii:ro,rrunrlunlT rfiiurnu ri,rfui.16'orriruuoLiorrle'urnuluiouil

(Casing) glnirorlro:irloaouo.:rrnro{nnoorrnr

| )) . 3 )
qortrJuol,oitL1 tnu?'lo,rnun1:nlu?o$lrlufle{ !? luolt'riYt 2.1 un3 2.2
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nlr't,ri 2., i2udz{drfir! (sp.g) uo!ri2ruc'r:cJldqou4irurndu I drau rua'ulaiitriruritu

ia6ur{ (-u) uaca.rugrlcluriolrd r'c iir rurflurunr

T. P.
sp.8r.

T.lIlp.
sP.8l

mb H o, mb m.HO

0
1

2
3
4

5
6
7

I
I

10
1l
12
13
14

l5
16
17
18
19

20

22
23
24

26
27
2A
29

30
31

32
3r)
34

35
36
37
38
39

40
41
42
43
44

15
46
47
48
49

50

.99987
993
997
999

.00000

.99999
997
993
988
981

1

.99973
963
952
940
927

.99913
897
e80
862
843

.99823
802
7AO
757
733

.99708
682
655
627
598

.99568
537
506
413
440

.99406
371
336
300
263

99225
187
147
107
066

.99025

.98982
940
896
852

.98807

6.10?8
6.5662
7.0547
7.5753
8.1294

0.7192
9.3465
10.013
10.722
11.414

12.272
i 3.1i9
14.017
14.969
15.977

11,O44
18.173
19.367
20.630
21.964

23.373
24.861
26.430
28.086
29.831

31.671
33.6b9
35.649
37.796
40.055

42.430
44.927
47.551
50.307
53.200

56.236
59.422
62.762
66.264
69,934

73.777
77.802
82.0r5
86.423
91.034

95,855
100.E9
106.16
1 i 1.66
1r7.40

123.40

9.06
0.07
0.07
0
0

08
o8

0.09
0.09
0.10
0.1 I

0.t2

o,12
0.r 3
0.14
0.15
0.16

0.17
0.18
0.20
o.21
0.22

o.24
0.25
o.27
o.29
0.30

o.32
o.34
0.36
0.38
0.41

0.43
0.46
0.48
0.51
o,54

0.57
0,60
0,64
0.67
0.7r

0.75
0.79
0,84
0.88
0.93

0,98
1,03
1.08
1.14
'1,20

1,26

50
51

52
53
54

55
56

58
59

60
61
62
63
64

65
66
67
68
69

70
11
72

74

15
76
77
7a
79

80
8'l
82
83
84

85
86
87
88
89

9o
91
92
93
94

95
96
91
98
99

ro0

.98807
142
715
569
621

.98573
523
473
124
374

,94324
271
2.18
165
112

.98059
o03

.97948
892
E37

.9778r
723
664
506
547

97489
42A
367
305
244

.97r83
119

056
.96992

928

96865
799
732
606
600

,96534
466
397
329
260

.96192
121
o50

.95980
909

.95838

123.40
129.6s
136.17
fi2.94
150.07

r57.46
r65.16
173,r 8
181.53
190,22

199.26
208.67
218.45
22A.61
239.18

250.r 6
26r.56
273.40
2A5.70
298.,15

31r.69
325.12
339.6s
354.,(t
369.71

385,s5
40r.98
418.98
436,59
454.81

473.61
493.17
513.35
534.22
555.80

578.09
601.13
621.94
649.53
671.92

701.13
729.19
756.11
744.92
814.53

845.28
876.88
909.45
943.02
977.61

1013.25

1.26
32
39
46
53

1.60
1.68
1.76
1.85
r.94

2.03
2.13
2,23
2.33
2.44

2.55
2.67
2,79
2.91
3.04

3.r8
3.32
3.46
3.61
3.77

3.93
4.10
4,27
4.45
4.64

4.83
5,03
5.23
5.45
5,67

5.89
6.13
6.31
6.62
6.88

7.15
1.42
7.11
8.OO
E.31

4.62
8.94
9.27
9,62
9.97

r0.33

- i t< ,i,.,-
al1vnu U,tu1flndun1nun2wf,tlt0 tWU1 lntnlflU I0. t97 Wnl
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i - 11
n'l11tn 2.2 qollu nra{urrqo. qrnl{ 1

qon0u murmur,lu Vis.oltly (p) Xilcmrlia viscosily (l )

c gmlcmt slugVltl kglm-sac lbfs.c/fl2 ^2/u Ir2lser

0

4

5

't0

15

20

30

40

5o

60

70

80

90

100

32

39

41

50

59

6E

86

104

122

140

158

't 76

194

212

0,99987

1.00000

0.99999

0.99973

0.999r 3

0.998

0.996

0.992

0.988

0.983

0,978

o.972

0.965

0.958

1,940

'r,94r

1.941

1.940

r.940

't.937

1.932

1.925

1.917

'1.907

1.897

't.885

1.A72

1.858

1.794

1.568

1.519

1.310

'1.145

1.009

0.800

0.654

0.549

0.470

0.407

0.357

0.317

o.284

x 10 '

x l0 '

3.746 x 10 '
3.27 4

3.172

2.735

2.391

2,107

1.670

1.366

1.146

0.981

0.850

0.745

0.662

0.593

1.794

r.568

1 .519

1.310

1.146

1.0,l1

0.803

0.659

0.556

0.414

0.4r 6

0.367

0.328

0.296

r 10 "

x 10-6

1.930

1.687

1.634

1.407

1.233

1.088

0.864

0,?09

0.598

0.514

0.448

0.395

0,353

0.318

10 "

fl2lUnilllaclEo

r) n2luduto{urtulR1fl (Atmospheric Pressure) 6ao-n:rdru::uilulrurinlo':
, ) , I ) ,) -2, i -q.u::uln1f,o0},tu.,ltu?u],{unuw.,J1Lin u,ot1{0 {t1n?'t nnu :n1t10011uoulJ 2 ltulJ o{uu tyloNLl,l

, , J rg- .J
riuf,u [un17u0 nolr nlurj0 [11]n1lru1qr1niuY! 2.1

oltrr orruo-uron:Jrrulniaiiriif,udatjrrurioi,:uiohiinrrldurnud.trfiodul6'lounr:

?oal n1froo nruoour ugrgryr nradufiri iun'jr a2ludxqudf,x{roi (absolute zero pressure)

rirnrrrn-ulo 9 #r-orrnnrrlniudufudriun'jl ntrudxiurJro, (Absotute pressure, P"or) : u#l
- ) a, ,

fl?1!nocl{1a.tut:u1n1flr{ltftlu:!tJ']orrnlnu 101.325 n l8u?nt{ooo111,trunt (kN/m2) nio 14.7

i -- ,) <J s- ,orddorn:r$rfir un2'r!duf,ilUrr[d?u udrf,o.rrrnirq:Jn:rfifilf,ioriun'jrurI:firaoi (Baromerer]
i- rt' r a

01o?1unniu,l0.IJ:lu1nlnnin1ain!:un?1 i2lrnuolnul ltura: (Barometric pressure. P6)
. rJr r- .1 ..-, ) t . - - , )q!nl$n l!?no?1tlnu lcun? J Ltjttjrln:0'!lJ0fl1lt1u?nmnuflnft1'r l,ullnn?1!nceu1o.t
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.t,n11luln 9 ns{n?']o?rl,nuuo.turru'rnTn

- - Ii
::nuo21reun01 nTlu: :u1n1ft

nrrduguri 1i:r1:r[1

(Absolute Zero Pressure)

gilfr z. t anu&r clurralori

| .l- t eru:rmn1n rhfrrTnlSriun'jr nruiluonrnd (Gauge Prtssun, Pa) d,rorrichldn&ru:nui:nu fini
,)-r:rriuld'jl:rarrr duunrrleiurrnrnflrirfl un':rrn-rfir1:rfl frIart

orrun'ul!1:ni - nlllo-umnurl:irnoi * fli'rr,dumn.nit

Pab, = Pb + Pg ---.(z.z)

cit n zt r nn a"u:r o.r u:: ur nra uioorrrnoo-umnurl:irooiorr+irurruldrrnrrnr:

..........(z.g)

o.or ls ou6

e

2

-

Pb r 013 - o.ross EL

i 0.33 - o.ooloS EL

qrUO
- .l-

n)Ya?1afinnuldtullu1n1flanu2aulut!da, it u:r,:r,RaUlt ryrl nLP1
b

. i , t,l ._rw, -cioor:r.rfir uioFolflunrugr:ro,ruvioirff dC 'ldrvirn-u o.ororsz rro: uR: EL ,,i)lruaiualwgntet
i - ie - !
taul7r|f,8Ifl 11nt1ua 11afloounuaIJftuu tnJt0tl1una 1, Nt u2dttluunl

) - ^ ZL Ak ,

!$nlroll{?tunu?nunltano,tut, fl']n?ltJnedlrl0{ulimnlflYl [!lJ]11{2uluun?1lJ$'txBn
,! A

ttyr.rsllri0rrorrJBrun: nrernnrrr:6ruruldrr nnr nr:

H ..........(2.+)p

Iou Ho t uarnrn nn-utetwntntarfituTriihntwgnatuiriti t "c iniuiluunt

, , / , ,)2) ttoRT rxdu (Pressure Head, H) rirorlro-quonflnr:ro ntijuur.rrioufi.lnrirofiuff
j

IAU U?OUn0O'l:''l.rlUo: (N/m') X10UoUOfl0n'lt'l.lU2 (psi) [aBl ml Ufl?1!9u10nl0.tt}tn1nUnl:UUll

E.-
FS
:q

). .r-

=ai. _!-

o.

.6 la
,5,FiA'rt Eiv

G IY oT]!cgri0Ju:1u'ln1n

I

I

I
t
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) ,.e- -). - ') Y

u0ntuurm{omuIit10{!,0itl1tt1?il!no l]itninTt!r$nnltuclj fl?]tu1r{r0.!:ulnilaoilttlt2llll o21ll

a-ud,ruontfl nuvi,ro?1uIirr0irrs.lxr2ill un'ir rrnrzrudu (Prrssure Herd)

nrrlf,lr{uf,::r'irrn:rrdu P ua:rsnnlrln-u H 5o

P
Te ) ..- (2.s)

lqdo y 6o;r,r,r-10' 1$1rra= p 6o atwnutulurawetonz g 6a arllnrilantnutfrga
wtTon

s) tlniz'lrf 2 Ocloci.y Herd, Hr) lo+rardlualuviouiovnoirrlairtnmuirla i
t,a - la
raxrylli't.nuteuog ?ro'r.r1ur?uuru0u0rxulUl0{rrn o0

H., : E ..........(2.6)v 2g

lurdo v rflur:T r hw,tl,nlna ua: g rflur??urir lennuxitgstefion

um z mhe toTii t,it iaa z wli6 neixrilru r rfl uarrugrdrcqrorrnllurdrou:16lqn
ralloneul6mruri:rrirrYur:-urirlunr:luororroqtozr?u

4) of,(6ad (sbtic He.d) lurn:rir.nulo.riuhur-r .1 l ro+narr:nnrf,una-lsru

rdobirhrlmmqnnd.rttfi6npd,rdro$g.rn'irr-rgrJi z.z nlld-udricrflsuvi':o?luEirno{10$nn?
) ., t '-z t ,t .
nn::n1o0qu!n81it10\r:Juri.rYrl{i'ruEiun:o1gt1u tl{xor:nn21!tt?t 0{n1, txaHll.:ruuruugrau

riun'ir roe s6nd (srs$c He-rd)

orrgd ::a:rr'rtuuur6'rduonrfluri.rnel![l]0ilt 0'!rne2 liotar rrngwinar'rto.riu

6uJarurloryio$uriun'ir rrac6rd#rudru (strtic Discherge Heed)

t!irntJ
:?!

s=B=
v

lEirniu
Srsi'ru

trttniu
,?lt

rarr6rri
ilutlJ

ttu1nuu l'itniu
i-r$t]unnrrrorr]lt tti

rhd
Tttz
!iun

(a) (b) (c)

fli z.z riritdarzurcrrrnc6ed (srrtic Herd)

llirniu
,2ll

7'-'lz

!!un
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r:u!mnliq$riniruo.rfii6.r::a-rfi.r,ooro,r,r,,urd nruroryioind.:oli[,rn.jr (3:J b)

riun'ir rrnc6adfir qn (Shric Suctlon Heed) rYrfi.:no.::lolrunro{drn.ir (1:J a ua: c; o'lrldud

qurinnr,rlolilr:iicirrflunu lsn:6dr:riunir :lu:tFgn (srraic suc.iotr Lifr) unu

uas6rd:ru (Tor"t srrric Herd) fi6oradrmr.rf,lnriolo,rrsnlGorifrrudlu (Staric

Discharge neaal riiranafinf#ruio (sratic Suction Head) rhc-.rnrhrdrfluundqndilluiauiuli
I I r -flfi]lt{rfl o20cu'lt!uo'll l otnniu

0) lcnn2tu'iln Gricrton Hcad, H1) luarl:dao.rnrnrlrnshu::uurio#rvrrlfiruqnua:

lhrCrurf,:.lrunioruclurn:lnodrurdlr:gqriulJrdo.rmnntrlflcr:u'irlrolrnnrfiurri.rrolvia
,)

ue!d2utJ::no:JdT n I iinr?uiun'j1laonrrlfia (Fricrion Head)

lu:rur gurLr', i l nr:riuranrfi orrrm no'lrliln omrfi cduldu nruln c-.r grJd z.s

t t ll , ) t, ; I ) inltttut!iYl.r lJcllxtao$nu0il1tnt tl.nlnul:ulryl0trtt!ufnrHUl ur0ao:'rn1: t$nrfiu
I -tt )'-. -. )^l ^liu i]-.rinrl$ml!frgralsi.tilflu t3u:!iunt?rfrrfriiur3.n!ryhrlu::o:Bnun (Staric Sucrion Lifr)

e z z , ) t)r2rm-usrmtflrrn#rlqnrfulnf.nrdpfi r 6,r s lunr6firo.rurazvn,l#rutroo1jg.rn'irglrinar.r:ro,r

ir ranfrujn:rl Crotal suction ueaal drfindlri.rr:rhn-urcorfinffirxti (static Suaion Head)

raaor-urir, H
rrno:rlflo, H

a
-E,

F
:.ir

E

.E
es

-
Ea
E

l-",;{;"
::u!!iun?1!_l_

,o"or.rA*, "$rlinfilltr?, H,

t tlunttrumzwiztdetotnnnlnoritie (Entrance tossl

idue liu gl lnwro, q tl n xli il o trri e p
z fl untilouatletoTnn2ufrlnrrri 1trl ot.noTiuxttta tis
t fiunfildunlamtnin:nnlidtfianNntlno
t iluntdauaTurihiauleryai z

s fiunttrduaiqtlnnlnNitnptatlu

,l
lnn

,l
$lr
r#

,l
linI
tin

----o

f,JH?

gti z.s rirunrirdrinnngqdordrr.ruuicrralur;uudauo:qrlnroi
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Zo

nuc2ur!c'l21lJ9,lcYritlr!in1{iluii
t))tlltrlfinitilutlufltrutiulr'm nao1tt:t2!rntlnutriYllirl 6 n., I rtne 2unuruurriorx

flc un:rao: ruriruilu (Total Discharge Head)*fiiin ri.rlulru:#ilrirnu r:uhriuraerfirri*lu
all1ul1l,nurefl21r,Hin lnn1{illltlu

0) ltf,r2Urclitl (To.rl Dynrmic Head) nio Totsl Dischsrg€ Head (TDD fi60

i.rms#.r unduonlu::Jlolscdilr:iolilhiurilo.r!$a1!Cabin0.!r$n?fuhariru::uwioi'ru!t
- ,t.0ir1mn1r$i xt0

rait?ulDni! (TDH) - rtitfinri:1! (Total Static Head) +

rsio?1uAir?! (Friction Head) ..........(2.7)

' ^tlt, ,lr, -Vl:tn$ tml lrt2u10{lacgnf,ulllujo']onn lculluo|JnuSnuorSnltotoillo.!13uu ui
!!io i1 uAfrr !H-nurl :LJ or u dn : r nr :1r aCru

lv . a
rirollrufr ialnuttalJr Jailinrnrotilr

firn-lnunrnu6ro-r11n1rri1.n x$dflrirurrrr nrirulolrirf.lrudiullin-un-r j tJ
/ e.t t eAoltrfih xg{ur.rrh&iruirrTr 74s.1 irrd O$.7 N-m/s) uio sso {i-rJ0udriol$1fi

l.r. . ) - ? r ,nlA{in fl l, l$n1to1u2tunU?ntJut[lBgn0{0m,te?Unu n0

r) ltu{SrtlNnquii{rmorcncrl Horsepower)riour,ro{.rriun'jlwater Horsepower,

whp tfluiru:uur.rrhdilr:io.Eiubllrim+ror rCoLYto,rrnarlrarhur:uui?us'irldinxxi rh

wtrp +iu, oifrrrnqr:

whp P. O. TDH-
550 ---.(z.a)

lurdo whp - uxitnuqrj (water Horsepower)
iy . itnini:ns'ts lspeciic weight) nlflo nlt iluiletfia au.dn

a - lsnnqwetia flu ou.fla ieiutfr

TDH . ,rnrroorria (Total Dynomic Hea| ilutln

. -/ - Ilsn:fifir,olunrrfluriruo:o-o:rnr:glin rur uouirinunanoudouri lgpmy ltf,i

roH iurirurilu{n u:.riln1,r qufir:ri,urrulilcugn:

whp - gPm'TDH 
..........(2.e)

3960
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?[tt1

ilur:rr*rrurh

^ ) ' - . Li
a11,r: ut!uurunr nr.JBn:1s:.nnrrrlurilu nl.ruo: ciof,rhL.l rrn: tDH irri:urflulrro:!

whp Q.TDH .........(2.10)
273

,a lt 9 !' __ - __ - -, " _ ) ) .2) ttl{rirao{6urira1 lnroke Horsepower, Bhp,) rilufi'rn1,,1ufr!ornoi uSoraSo.ruud
e. -- ; 3 ars,3 , a - ) <,. - A-- ) Z ). -:, i . -ounln.r,Iutfin0trtJlJljl:0 tulln ! nm1Bnuu1,tu.'l un.rn.!.n]ryl lrlurflRau urfloIl1 Un{xn1RJ.r11{Ltun

ao.rusrrrir n-u wtrp. o-,rriu

Bhp
tJ::fl tn1fl1a,rtlu

.......... (z.r r)

::Rniaryr:rl

1un:6vr'6'uirn-,:riJularooi nn-.rrrulr.lfrriuornai6'orne:rilufiInr-o6' ltwy rirurnileiarn

kw 0.746 Bhp
.......... (z.tz)

rJ : : -r yri nr ur o.: r o rEr o f
!,.

:J :: itf nrn'uo.lrJrt i rJ::Rninrxlo,ruoroo {

a 120 AOt,/ tulYr

120 x 3600
= 432 BLJ.lN9T,/ !lJ.

(1) whp

1000

Q.TDH

......... (2.r3)

n'?ad1!i 2.1

dolnr:grrirLJltlunl:rn :iynrd?u0-o:r 120 6n:z iurfi loui rog a.so rla: rird

u-rrln.rgrri.uu= TDH o-,rnd1? frlfirJ::imirnvr zs uJafl6uci lornoiirJ::ininrfl es uJoir6u6

i,,ul (i) whp (2) arrp to,rroroaifilf,rlurodouril 1s; rn-r,rru},lnrd6'o.rnr: un: (r) rJ:=Rninrn

:1!n0nrnr 0{suul

273

432 x 4,50 = 7.l2 llr{Ul
213

whp
(2) Bhp

!:: Rr inrrrrio r riu
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1.12Bhp 9.40 ltt.lul
0.75

(3) rw ddo.rn.:
o.746 Bhp

rJ:;fininu:ro,lrornoi

0.?46 x 9.49
E.ss kw

0.85

(a) rJ::frninrx:rl rl::firGnrr,rlar:Jl, ::ininrviao.watooi
0.75 x 0.85

A I.C Jo-6,t ta 64 t alttuc

t. Nlnnflu$irla,ruvioir (pressure t 
"ao; 

*fiuuuhn-un"rlr-t 420 t<N zm2 ftqnnrniru"ll,thti,

n) a"C x) 2o'C rn! n) 35'C

2. romartrdulu ori.rrir e drr-edTulrlsirno{ :orf.rulcrluJil rlrlirlriqnnr40 20"c un!

o:r!ne a-ulo.ru::urnr;trhn-u 101.325 kN/m2 uonn'rrufrudr-n1d#.rortrn-uiuyniun:omr

n-urn{ lrli'ir n.n. xo{rhomryhn-! 13.57

_T
0.30 u

__t

1 -T
Ah

_I

jilia s

rruu?ln#o

ilia z

0.75 l,



32 ir.n...urrurl.

3. n-ru/hd.urcr1u3::#.rog$::c-u t,so uro:rnia::c-urirn:rarJrrnar.r r*irnrnro'nrfwnulun-.r
rfl uo':rlr-ur"lg:r[to:nrlrc'unifr ranrvirriu

n) 125 !r,.dron t) r rln:rird l'c

8
P = 275.8 kN/m2

Pabc = 48.3 kN/m2

T
3.0 !.

I
0.s0 lt

8.0 u.

10.0 lJ

l-
2.5 X

glio e n. flia t t
4. r''1numfi*i#rtrli 6atic Suction Head) rsttfird#-ruCnu (Suric Discharge Head) ue:toirinti

.t?r, 
(Total Static Head) ron! 4 n. ui: 4 n.

5. drrarorrlfla:r! (Total Fricrion Head Loss) lutr:J + n. tvhn-u 3.5 ur: rdogurhiruo-rtr zso

0o:z iurfi ua! 7 run: riruf4il a l. rdoguiriruo'orl 400 er:/ irifi t{ 1 TDH, whp,

Btrp un:nfl.lrudio{m7 (kw) rir r:irinrxlorilrvirn-u zo riloiyiuSua:rJr!enirnruo.!

uorro{rYhn-u ao r.rlo{riud

I
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4{

unn 3
nmulmalurioflo

atilutuuo{nl: tila
t )t rw'- , )t,-t ) , t , tAo- )tuilur!n1: lrrJ!1uf,{,t 0{r1ln?flnlovlut tuu.r0nlox1r{ aruBqun: ?r tnnutJ'lnnqo

ruorrr:ndrrld'ir viorflurirund.rlo,ril nr:lunrourolrunrluviorriolf,irrniuiudtirulrnr:r u

nr:lrnrdrviod.rin4rnrutflunr:+irurrruonrirll mnnr:lunlunr.rirria n-nnru:nr:1nnluvio
,,1 , )-- )

01tt:tluuno8n le lis?n'rt0a1t1nn1:rlJ0u$nlJ0,tn.)1rt:1110{n11 lrnlllorvruunur?41 nnluYr lt8,

uroduu (Fo."., of iner a) 4.riuoqjrYuollnururiulsrao.rrunlrdorfiuun-uu:'rriie (Forces of

viscosity)

rionluiraornr:lundloloprdoLirJduut ortrrnr nr:lunrtr.uiun'jr slcedv Ftow

frrrrjduutJorrrrnrfiriuniT unslerdy Ftow

frrorr lri'::rornr:1rnlrr:r$:1nrtB:rd.rhiuJCuu#rluraun:fi anr.rnnoc ::u:?ri.ro1rr

riurrurir(Strorr,tir.) rn:lnariuiun'j, rilu Unifonn Ftow frirn:uJduuurJn.rftflu Nonunifonn FIow

) - - z -) , ,Jr a , znl TUn.]rrrJlUlInUUUt.$OoUnUU?itl'miuUnty{01!3?1U2nrJo,rlt0illLR??] !$n8g luytoqu
i t Z- ) a - )rnlt t$n?utlo:n::u nn:!?rrntr!1nu0u0ul.t t, rn?llnut,rulloInl[{llt0lylurJn:Jttt. o0u n1r1uR

rolro.:urotfir:ln-nrnr:nf,rurfluueiulururiutJ nr:lunlufngrurilndrrfiriunirrflu rmina Flow
it-l:-,.

uon'tr,t'rnur.r raf,unruosr!arnuuniuu:.116ou nr:1rafir:ilu :u lrnlo,rlo.lrunre:inr:lunru
nrrlrnlun-nrar;iriunir rurbutent Ftow

nr:dr:uon'jrrn:luetuvioln 9 rflu Lamina lio Turbutent frlfif,rr:nnmn Reynolds

Number, R" 6o

pvD vD (3.1)R
e

iru...,uuarti.

p

33



34 trna,o.rt rrtia

lutlro p = aTlUnUlUiUXAt!/f,l,J'{/OT

= a,l,adTxatnlrlno

= wtaduhluioottratie

= Dynamic viscosiry tatx,ttlla?
: Kinemalic viscosily llol!r'arlno'l

lunxrlfrrlir:riia:ir 6r n" iirirlririu 2,000 orrl .lflulrn Lamina drurnn'iri rilu

TllIDulenl

nr:u0fln-ntor:nl:lunlo.rrolurnrluriodrul:nir:do,ruona:::nuwrlii rriu nrrl n

tfluuuu Steady, uniform ui: Lamina uio Unsteady, uniform uB: Turbulent rljudu nr:urnr:
gqriunn-rrulunr:lnolou*r i l ufrrr:r6o'jrnr:lusriluuuu Steady rlni Uniform uoir:r u
Lamina 'nio Turbulent l:io.lnmn R.

.a4nl:ltuttna2lrtla
riludualiurfirufr:'irnr:rdsrsor.ioyra'urwf,o.rmnnrrrfli (Fricrion head lossl lluf,u

rioo:.r hiirnr:lunrfur:rfluuuu Lamina uio Turbulent 6rurnrldt-rngn:ta{ Darcy-weisbach 60

v2 (3.2)

D

lt
v

...... (3.3)

h !
D

f

EU

azruollttotia

1 I 1 AUt U tl1d U d n f' 1fi 't 0 I UX I t n I
az:ruiazennTnaTuie

n z tutili o to t oumit gm o tla o

t t -t '- Z
olRurJr:nYrtr1B{fr11ll o t x1l0qnuxnq nrufl,!0.r?r0Ltn:Rn$ :n1r LrnllrrJu[uu

Lamina nio Turbulent lun:ddnr:lunrfluttuu Lamina rirfu:J:=il#e-lndrrorrr:lrl6rrngn:

64

R
(Lamina flow, Re S 2,000)

d)

rohii[.rrnoir i rn:dffnr:luotilruu! Lamina nr:rduraoe:iuo{n-l Reynolds Number
- r 'lrf, u{odr{16ur hi6lo{n-uorrl:rp:3 (Roughness) xs,txli,tyi0

16o Reynolds Number !rirrrnn'jtl::rrru 3,000 nr:lunr:rfluu:J! Turbulenr riu0
t J . aS-, ^t a L-Z

[!7tHU.t?lBl3t:uuiu.[i1,0lYn [anf,au []an:$uauu::Rxnlo{fr7-lxllelSrMolntni,, Re u0!0911R1u

r:u'j'r.!a?1!nlx::no.lltrfnyiori0fi?1uu1ino{rfrur.i1g insr,:neu1u 1 
o7p1

1 hf

29

fl1idsuntdafi1nt1tu a uenfluatwgtxltxmfio2
- t ^ttt,j tuttnfi1t0|f,71u nf

L

D

f



il o.rrtn rt,i. 35

rT nnr:neas.rL(rirluolhuvioyrui'r 6.lur7'irnr:lrnr:lfl urJU Turbutent fi*-ru urir:i
#uurr j 6e niunrri.rvioinr:luarfluuu! Lamina or',rnu.ruo#ud.rurao,i, Reynolds Number
.|. , )) , E .,1 rll,[rtnr rnuln?lR11I[nxo.tfr?1!nlnr:nuuo0nmmnHu.rYt0L0un?1i o21lrl,lr{1mn1r l]laruuluu

Lamina o-irldzu r zp fir:Liianriorirf,irJ::'svr#la,ra?1rfii f Bn:fiodlviofurfluriadsunrl

r!nl(oi (Hydrrulically Smooth Pipe)
t e! ! )-' 'r#udnr:harilnuuu Lamina[Bn1{Ornnsl1r nlom![ir10{n11!xlxt:nHt{.tna$.tn']'

')trulunr:lunlrn{uua:r:iHaLicirs-urlr:inl'ro.rorrlflal1lrn sirn11nl:n0 txrnco?1ltull
; rr t t - I

rt{u1u lnuot.t ltn!o'ttlu.rvr0llnr:ulnfl']nllu::a?lrl0itfi?'rurloflt:11r0Bnuoo:1n1u €/L, t]llj{
r,I - -ou'l.lliul trrurflu Re

riril ::'anftolo, irlAi f rro.lnunnol n: ddrirurul#rr n5o:

n. denitieiau (Hydraulically smooth)

. l lR.fi-- = 2losl .. I .....'..". (3.4)

\/f -\ 2.s l I
a -,t NaflWn'llllllru?f,oun1lln1, lnauu Turbulent 0'1tun0'l,

t / D\
--= ztos\t.t i) """""' (3'5)

Vr

a. Tunnlintlnatflutnr rurbutent uiatwpttwotnfiieag/alnhraotntrtindtzixiu
ririlrJr:in#lorollilc f r:iuo{n-u#,r n. un:do:rdru c/D 6a

I / { 2.51 \
-= -Ztos( * -::::--l ......-.." (3.6)

\/r -\3.1 D R.y'f /

t).u,-tr:$ urc21 runr0rnrntl$srflu&urJ Turbulent r:fr0{icrrn:lri,I:un'1u20ltnnuu1:ffi1,
a) - , t A - ,

1r0.Io21!&lOOni',ltlfrtjn1t O0 lUn:nrnHu.tYtot:ulJ Huirnoxlxl!rnn m:uaHu.rn8ogt!1r21its0{n:rlr

rir{iu uonrrnfun!nii#tiriiu2$ r:iu srnr: (3.4) ua! (3.6) firiourh.rrj.ru, n lunxrlfiriiutr
i:,rldrudrorn Moody Diagram Clucnlririril:;tmirom:rnflnrorrlnnr6i#nrirzrrutrirliu
lnccunrudndrrdrrn{litulJd 3.1

riroztup::aouri,rriolnrid,rirrflui'odf irlrY:.r Mooay Diagra- hilihrlrrli 3. t

) ,t r -, , . - , t
rtjo?r0ua]q li.nu!.]nrM Hu,tl]o01tt:1nror$tornr{l,nl t$n?1rrxlxr:[nn$ flfll:1m081

). o . ) - c. i , , re
?lYrlo?urvlnn n?1u1,1111!rl,B!0'rq !r.rlur{!1Ju01llJ1:ulfia Iot1n

e = co + at ........... (3.7)

lurn'o e iluat:llnlltt:;fieieietqlinu t il
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n1r'tt 3.1
) - t. ti2llltltlSlo!utc{IU.llto t I

fi?1ttu1?10{raur0!2n
D

co iluattur1rrdeiuTimu
a iluduthclnf,iTio',no',rnoortito"fldn/tritto.ooo2 6t0.oo7

nr:riuranludolrinou
Moody Diagram lugr.td r.r srlr:nlf,tdn-uviodLinnl rriu drudur {rruduu rio't,ri

dl,idromnr.rnal-nrin lcurn:ulduuduirgudnarwio o Liu-roqlugrj Hydraulic Radius, R uyru

Iou R
l) v-
i,t}Yll,l u1n o 1 0.t Yl I (,rD2/4)

('. D)

4

rio D +n d.lriounurir D nrlusunr: l.t un: l.z r:ld
4 pRV

p

$fl: L
f

4R

R.

hf
v2

29

(3.8)

(3.e)

t tl o
rrlnto. rnrnt tnalrJluluu Turbulent m:ldnlnr::h.rruo:Lirhnnio,:6noalor: rrcifir

nr:lunrfluuuu Lamina nruqni'o'tr:Re n.rri0I nrildc:io.rvioohmrnr.rnurr.niu

rflu unrrl rli

viourl'r vioinrnro.r116o.: no.ruo.t un: n: n"r

?l0t$ n nt]'luu':

iorrf, nrdooruur.:r:oou

Yl0t$0ntua'tn:g

ilorrdnrdoc::!nr

n0 t!
n0i0ufl10
, . - ,e I

'lDrl'ltn!?un0r?ul,1rnuT
riolan:6nrln

qLxrl::urohd orai'ruaounin uiotuin
t.)

o t!.rnYrt1:o1unT:'r:t!n u 2

rlu!

3

trur.l

2

4

6

4,0 .>. l(



38 firur:rnrururL

17Ao',rtn 3.1

llrmrn:fiiuranmnnr:lunurir r zo 6o:z iur6 iruyiorllinur{odriurnrfiuhgwina,r.r

300 rl. riourr 3m.!o, c!1f,'i, qnlrr;ilo.rrirrrirrlu zo'c

2tln

A : ;l

,doooln R. unnir z,ooo n'ltfunr:hoe zrflurnru Turbul€nt

l)e-
t{uIll,ru1ie10n?l0

nrrlri':nolnr:1ua

Reynolds number,

r',nor:r.rd 2. t

t't nn't:1{n 3.1

oln Moody Dirgrrm riruir.r

o:16'

erngn:

unurir

300 ) : 0.071 il.ttlit

R

v

1000

t20
l00O x 0.071

VD

: 1.69 r./ ix'lii

!-/ 2ta17l

e 1)

R
e

h

l.0 x I0- 6

1.69 x 0.3
r.or t i ro- 6

5.014 x ld

e

c/D

e/D

f

hf

0.260 r,u.

0.2@/3N = 0.000t66

0.0@865 u8! R = 5.014 x ld
e

0.0196

L
f . -.D

2

2g

0.0196 x 30 x
0.3

(1.69)2

2 x 9.81

us a An{uufntradraerua{clnallrtln

= 2.85 !uo:

= 2.t6 llt9l

itaini t.z
- ' ) ry, ! ,-

0,t1l1Xtalotf,ua'tiuun81.rla,!Yrrr1lifl$nai,!l: tnR,!u1 l0 au.y{o/ 2ta1Yl touuoljl$un11

rf,uraald1rirfiu z0 r{oio rooo r{n sl16'hririqrur4i so'n

Ly2 I

29;(: )
ff D2g

2!ll1

A

f

"-D2 ufrrqrullir:ld
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= 2.34

ps 8fL

!rl{6 f = 0.oz u$rumucirlug

nzg- ht

8x0.02x1000x100
otlrl,tlJu 3! lo

D):

oln Moody Diagram :

riruror'lnrilnuli

orn Moody Diagram r:lfr
- A r )vo{uu,t 1l10li0{YroYto0,rn1:

7r2 x. 32.2 x2O

1.20 40
n 0.2q2 = l.l3 flt.4o
4

lo = 8.85 r^loz iuri
l.l3 I

VD = 8.85 x 1.20

' l.4l x ro- 5

7.53 x 105

0.00085 = 0.00071
1.20

O.Ot8o 7in riuri ti atwiTi

0.01t6

8x0.0186x1000x100
n2x32.2x2O

l. t8s {fl
1.103 nr.4n

9.07 r,{oz iurfi
9.0? x 1.185 = 7 .62 x l}s

D

A

R
e

e/D

f

f
D5

D

R"

e/D

f

xme Yiornfinfiiil lilu6o 14 un! 16 d?

l.4l x I0- 5

= 0.00085/1.185 = 0.W72

= 0.0186 7f,li
= 1.185 x 12

= A.22 it
r6an1i ro dr

clnltfllfiuolulnxo{no
- ' ' -u)' d' et "' urinnruo,rvionsuloud,$Bo11fl 010u1{ tultzl0nr.llult'tit:t?m tc11 nllyr1,t lt10liull1fr

a ) a toL
0n:1n1: tl1Ru8:nlttnutrerBo{c1nfl?1!Ho$rafl21uriuoYr1u rruu cltuiinB{t!?[ on0{f,!10

1 a -l t Z av' ).
frlfrxUt:nntr1a.rfr2lu e I t!{ tla1fi1u28lulr,t{lotf,uenguunn']{ t'tnuun LnmYtnlg2nr louBunBU

Z o , ltt A -lr ' - ) -rw a
lr'[,r']fl1 t 0nat.r n'rn1fi te oln?tR.Il tltitnn! ntrln t?fl?{l,i,tnnn0{s!10m t tylu?un?1i: tonl



40 nru.xsurilurll

) -t ' ) - ' S,
fior,rnui.:o011le olrgur.llguunnln:l0nYr0nIno0n ?tn']1o{n81?uflallm.rq.tmnltn:lRUllRlll1n

ilogluldiinr:ri'nurlor Moody oiagram dulnritiaurrodr 2ortulnrf,udrgurinorl

lfrlnua:r oiagrsm erndrrdu!n{1ilulild 3.2 nrrfl'rrulnrcrdolnoiidirrilu#osilulodri{d
nrxu{ ic

gs t/5
(3.10)

e2

lurio e atrudrr atotouniqnrarlon = sz.z {n(ini)2h. , i' = Anr10?UiJn21lfl 'lltflAMnn0fiUlnU7AA71AA1?1Aln0
L

e = dnttnnTnai:rl.io ih ou.Nnriuti

uonfln Moody Diagram dou nr4.rt uHnmuro.r Wen-Hsiung Li ufrr fiu-.rfi Di.gram

driuri, dod, .rr6ur riludflifl ur{ulou K. c. Asrhana o-,rurn,rli1u: ild r.r

nlBqltn 3.3

uur:ru'rnrdruhgutinnr'rlorriolun-roth'rao.u-r:iodufrr Inuli tuooay oiagram n-eu nl

xo.r Li un: Diagram 10., Asthana

0.50

0.54

0.56

0.54

o.52

-- o.5o

0 '18

0.46

o.44

o.42

0./O4 6 8!0ir.s 2 34 6 r'1 
1"1,,10.4 

6I ro5r.52 34 681d

lal n

fli l.z uooay Diegram n'nttrlollc{ wen-Hsiung Li rinriutrrurnrolrlo

I r l---l-
o

ti
\l

\ L

s
0

R

0.02

0.0r5

i\
I I\

0.(Ix
0.003

o

0.m@2

IIlIII

s

tlli
I

I

N
N
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ltml
n. Inuli Moody Diagram e"nurJarror Li

a= l0

hr=20
L = 1000

'u'r q0ln{r, 50'F

rllur:r:uuarrri,t

20
1000

= 0.02

0.0008s 4i
I.4l x l0-5 n:.r{oz iurfi

( ";3 X ?ti')"' = o:05

0.365 x lox 105 = 2.586x rd
l 4l

0.365 x 0.00085 = 0.00031

o.432

o.432 1.r84 qo

nu.{nz iurfi
r,lo

r{o

= t=
L

s

gs

Q2

t/5

€

l)

r/5

a
t)

gs

Q2

gs

Q2

(f; )'"
e

ern:rjd r.z

(2) drurru Q

zo
l@0

32.2 x (8.5 x lo a)l 
I

(r- " ,-,P I

t/5
D

D
0.365

t4.20 u2

r. iru:orlnsli nirgrrm !c{ Aslhrnr

(l) rirurnr hr

L D2(

o.o2 x 32.2 x 614.13 x lo- 12

1.988 x l0-lo
1.989

l0 X

l.4l x l0- s E.5 x lo- a

ve

8.34 x loE

ge3
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(3t rrn: = 0.00075

0.000E5 l l3 rln
0.00075

f.s6 dr

lumrrr.lfrr)fi Moody Diagram ri'nuJorrar r,i liiruuo;l#drqn#cliinir Dirsrrm lort

Asthana r6nriou

gn:t0{ Hazen-Williams

nr:rirurruo'o:rnr:l'naun:nr:riiuronluriolculiqo:lB.r Darcy-weisbach ilrn-u
Moody Diagram ugu6o'irriluifd6un:rdo6otdurndqc uddui.ri{1iuri,:ircirnrrul:l::la,:ari,rrio

duri'riofunrlfru, n uanmniurhi-,rnrhrriluiCuutlorrorulf,.nudru n-flfu lu.nuyr{orhilcorsr{r:

onhrilmu::rurio ::rJr iarn:riru1nq5,rr6onldgn:ao,r Hazen-Williams d,rrflugo:roulninon
' lt . )uYllr r:1!21[0tll!!1tnfinM:ou1!'rli\r1u!nfr:o?n!!qnu1ntnrl0u8o:[Tnuf,:lr4o10no0.,

0a!n?t

In:x0,r Haz en-williams lirYulclruorririlu;lrdrtil nlrrrro!iu$lliag1utrrJn!n1t

Bt

V = 0.1090 g P0.63 5 o.sa

t21Ut12tAtn1' lna luno l ltuntl2t1n

durt*tniiduagjnurirn,a e

Hrdraulic Radius tilu aa.

iluuafie,totnazfl nianitnizaatuatzwtia

cirror c lugn:la.r Hazen-wittiams l6lri15lunr:rr# 3.2 or:rm'rnd'rrdliriru;u

violuri rdovioiarqlf,irlriuiurh c r:oef,., lunr:oonuuurir i tJ uioriodo'rrn:$14-ni1n1:l$n

ro,rrirluriorrirl-nfiulli c = rm Ie urolt-r:otir.t0.r1i.n:ddrfluvioru6nurio rirrfluviorurcrdnrio

inr:qniouunfiorm:noa'rru6orfirr 80 6.r 60 riludu ucirirriluvio6rruSlJfiu (Asbestos cemenr)

cir c e:hiana.trlrnri,!fi oudorn6n$da

riao-o:rnr:lundrurio 1Q; iurirulflufio:cioiurfi un:rurclo'tvio (D) riluiinirlo:

$orro{ Hazen-williams o:o{luJrJ

e = 3.587 x lo- 6 c D2.63 s0.54 ........... (3.12)

€

5
D

(3.1l)

1 l,OV

C

R

S fl1fl
hf
L
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nlnri 3.2 rirfilJ:y?nf c ro.rgo: Hazen-wittiams rirriuriarfieirr 1

lrivrdu:-u6ru':niorn.rd (l.tz) lqn:6frfn:T rnrl$niurirurfluunnnoudaurfi un:

lurordudrgurinor,:lo.rviorijudrlduso,rlilu::Jd r.+ ,uonri, rrirludd6ro*oi'', gnrru.t urr"r-
wittiams rtuliriuiunrrlnoro'rrfidqorrgirlni (70"F 16o 2o.cl rrirfu uoztol#fiunn'irluqn:

nrndrrlrild: urorqorrrrhrarrolrilo zlidru

lrnto{no c

rioirlu6lufiu

Yl0Yl0 {r$ n 0.,

n00anE

n0trRn$n0

1ni uoclintn

n\ uatlinn
nlnnlqauun

ataitoliw:"uiv

nlnluulNunu

r000$nTo 100'tno2ufr0un'ro

0anlBuuutxnn

ttiarizauuuli

wi a I n m t s u u rit t u t t uri t t
YtB Yt0.t nl B0 n

crun'urlrii (nrn6'ru ur.: )

Yl0lrnn!!nin:fl

nDlln')

raq:n')

ria nrr6n

flBITBNIfiUU?

n'lna2ddu tuunu

1ni Tintn

u lun0n2uiao0l

u00! n

Ylo o'tltLllu 2

140

130 - 140

100

t30

40 - t20

130 - 150

l,to - 150

llJ - 135

l4{)

t20

r35

130 - r40

t35

r20

I40

130 , 140

140 - t50

I45 - r50

140, )50

It0

130

:00 t 4{)
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Ha vcD

2,@

m

500
4m
3o0

ND

0.3

.9

6

7

I

l0

40,qx)

30,CID

z),(m

10,0(x)

8,m

6,(m
5.(m

4,qD

3,(m

96
84

72

60
54
,aa

42

36

a)

-9

0.to1m
80

60
50
40

30

*zo

-to
_F .,
3o
s14.

0.4

f o.u

F o.s

F o.z

a o.g

- 0.9
I

F

o.o2

0.01

o.o@1

0.ooq)r

@I

J

3

.l
o

,1 1

-o.8
E 0..
-0.5rEo.l

0.3

o.2

0
E-

Lzo ---E I9< -
L =E 3
l-m E E ;
E E=.e
FIA1E H -
E rso l'E- E

Lrmif;
's q

=-

5
_el
rl
^t

-=l
Fc
Z

a:
A
't

!!

-3

!P

E

o

m
18
t6
l4
t2

2a

t0

th

E

IF
:q-E

ZG
'E9
3)E
c-:a
so
la,
EF

C 4

r,@o

gx)

6CI)

5@

4oo

ex)
0.1

0.@
o.06
0.os
0.(x
o.(x,

6

5

4

3h

7A

2

0.01
o.0@
0.(x)6
0.005

l5

20

25

rm
g)

60

50

fl i l.l rrimdrrildru:olgntlo{ Hezcn-williams
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n1401;ln 3.4
. , : _^^ , ) a
oo,rni:d.rBl 50no:/lulfr rilsyiaii{nlslflii&i1nu0nn1., 250 !u. u1? 1200 rurl

A,i.,d1u?$nlrrfruruor[orrrnorrr"r]olnulign::ra.: Hazen-williams elr16'irrir C ro,rrio

or-,r n dl irYii n"u 100

?t'|r

tlnf,o,

a
D

a

= )U 8Gt/ zgln

= 250 u.
= 3.587 x 10-6 CD2.63 50.54

=50
3.58? x lO- 6, tgO, 1259;263

= 0.0688

= (0.0688)r/0 54 = 7.03? x l0'r

= 7.037 x l0- 3

= 7.031 x l0- 3 x l20O = 8.,14 r!o1

= t.,14 tnn,

S0.54

S

hy'L

hr

vZ I I {. ro{utr nlfllultnruc{otnn2lI n tu'lo

nr:riiuranrdolornqiln:du!!uurio
L , | )t t q 4

n1r$qrf,uv{a''tnirrriio.lrrnq n:oilu::uu?io triu :io'ro rJ::gri, 6'r6oilflunr:gqr6iu

druriou (Minor loss) oltt:dlu? 16'leulf,sunr:

K. v2
29

h (3.l3)L

Ieu hL -- nlrdudafia,to.ri,a firiTurvuuia
- , - t ;-'

= dA lvdnilAnT Nlt 1un1ufl 11 lflAll1lUqlflUlUnUA1M1lA,t'Unt0t

= f,z'tuti?xs,tn1ilno
,.

= f, ) 1Ull,tlUA,tA lflllrlnf,n'/ O't lA n

e, ^t )t ,zau,lt:nnt10{fi21r|mun1un1t ll|0n0itqun:oro1,r g ylrlnltn0liiruuutnnu2 (screw)

unluuunrilrlu lFlangel gtdrrn:rJ g.s lobil-lrno'j'rlugrJdie-urJ::f,n#ri'ruiunr.:lrorfiuo:nr:

rf, lluron-ufi (Sudden Enlargemeng frru rirut'lrJr:irf,lo{nlltriiucnrulun: 66u .1 
nlfrrr n

g:Jd l.o

K

c
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Use the equation h. = kazl2g unless otherwise indicated. Ener8y loss EL equals h,
head loss in feet-

t.". Prrpendicular squarc entrance:

t = 0.50 if edge is sharpr
Perpendicular rounded entrance:

p1a=lo.oslo.r lo.z lo.r lo.r I
!-.

-'a-t'r
'l
I d

k ; lo 25lo r 7la.o8Toouo.o4 
|

a.

J--Y
Perpendicular reentranl entrance:

t = 0.8

u/.
:r(o

Additional loss due to skewed entrance:

I = 0.505 + 0.303 sin a + 0.226 sin': d

-.D5 --l F

Suclion pipe in sump with conical mouthpiece

g,=p1 56Q -r:-' - {2eD" 7P
I

D Without mouthpiece:

E.=053D+

Width of sump shown: 3.5D

0.?50 4Q
,/-2eD" 2s

Srraincr bucket
a t *= l0

I=5.5
with {oot va.lvc

u,ithout foor valve

o
Sundard Tee, entrance to minor linc

i=t.8
_l

I
r

Sudden expansion

ti .,....

\-= -u2 of '=(,-t)'
t'= (,,t- ')'

U;

!:-

l
Sudden contmction:

(d/D)'=10.0r10.r10.2 10.4 lq.5 10.8 I
t)2 I rl o-tfoiT-o.atfo.xl-:510. 15 |I

:-
ol ,;- F

fli t.o iurJr;trfiarazrrirunrunrrluo
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Confusor
E.= k(a,'- o1'll2c

d.= 1 20 110160 1 80 I

r-;l;o.m|r.rTl[......lz|I.ls]

o
ol\-'99?az

fliffusor:

EL = *Q) ,' - 0,'1128

6 l0 20 40 60 m tm 120 l,l0

D=3d 0.r6

D = l.5d 0.t2 0.r5 0.39 0.!x t.22 t.t6 l.t0 1.06 1.04

o.

%
Sharp elbow

t =57.6x l01a')'2r'

/4, Bends

l = (o.ll + t.t5('/R )"lVivreo"

o Closc relurn bend

=)
G

H;E-
Gate valvc:

clD =l o I t/1 l3/EI tt2lsttl\l4l7t8l
r = 10.1510.26 J0.8t l2.06lj.5zll70le.8 J

Globc valve

t = l0 when fully opcn
fully opcn

Rotary valvc:

"'=l s I ro l2o I 3S L4o I 5q l60 l7qlml1=7,*-.4.4-
,4d

6ir
Chcck valvcs:

Swing rype

Ball lyp.
Lift tyDe

t = 2.5

It = 70.0

t = 12.0

Whcn fully op€n

Aogle valvc

t - 5.0 if fully open

0.39 0.80 t.0 1.06trtrtr@

m
fli l.c hnhsinficmrrul'runrunrrho lric;
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Scgment gate in rectangular conduit:

* =o.a r:[fi)-,]'
whcre a = 9/9o = the rate oI opcnint with respecl to thc ccntial

angle.
w-.

@

)98"
Sluice tatc in rectangular conduit:

* =o.r r.r[(])-,]'
whcrc a = i/H.

@

McaEuritrS Dozzlc:

Et = O-3 Ap for d = O-ED

Er- = 0.95 Ap for d =0-2D

whcrc Ap is thc maasurcd pressurc drop.
;ffi-

@
vcnturi mcter:

Er = 0.1 Ap to 0.2 Ap

wherc Ap is lhc mcasurcd prcssurc drop.

Mcaruring orificc, square cdged
@

e.=a,(r-($)')Io '-Td-

whcrc Ap is thc mcasurcd pressurc drop

Corlusor outlct:
@ dlD = lo.s I 0.6l 0.r | 0.e IW*! r ;l5JI 4 I 2.55 Il.rl

ralJ.4

I

Exit from pipc into rcscrvoir:

*=1.0

@
Difiusor outlct lot Dld > 2l

a.-l 8 | rs |3o ff
a'ft1tfT1o -l-=Io--0tlalBroSroa

fli l.a durl::tnircrarruirurrrnrrlnr lricy
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nr!f,''ru2ornrleurenluri olnslinr:rr
mnnr:urcliinr:rirurrunr:riuracluvioolro-rorirrd rulrr:rfiuldir n1:+iruru

mrirfircioufirrj,rurn lirrnr un:ilonrafinvrnrcld.hu rdcl#rcn:odonulirruiirliii{inrimr:rr
rrasdrnr:riit ren renn:rurir loz;:rurl:ralnr:lno drniuin:rnr:ha uo:riarurnirr 1 {u
drrdudusnrlflunrrr A-1 r!! A-2 lo{nrmrurn un:ldrirur,rriiur0{n1r'r.! e-t rirr:-uvio

luro o dlnbiqrflufrodr,rn-,rusar1flrr.r.oi 3.3 m:l.r A-l un: a-2 dr-arirlnu Hydraulic

Insritute ralmlilorrinr :roocr6oedlTlunr:druromtrdlnrirrif,id io
,.1 .l. ricfrrirfirndrniurr:x A-l rfluriouSnrriiurl d (wrough. iron nio schedutc

,() sr€et pipc) C$irirrrrlqr:; € Jrlllor 0.00015 r{n d:urr:rr e-z rflurirrirniuricrudnnria

.ruor{r3rcu (Asphrlr-dipped csst hon pipe) diidrr:ruqr:;Jr!urot 0.fixxrlt

z. qoqiralrirdlnoriruricrirrYu oo'F ilii xinemrrtc viscost.y, , = 0,txxt0l2t6

{a26u{i drflrr:rrrftscrdrnnr:s1fl#n-utalrrorCt #irirnrrlirmiisarirrYurirdrndrrddzu

3. o-rlnrrhariruric#Htiimi:arfl ualirYurnoocrriaurii (u.s.gpm) alurfucl
nr:tmihnirorilur{riaiurii m:nr:gqdurenarrlfla {nr) irnirurflu{ariaaruurrrcrria 100 {n

l. lun:6idlim:x A-I rYudodiii2rrrp:zucnrniiaernririruunli l#rJiurrfirir n,

ddrulCrrnar:u e.r deurYu qonliuufiClrsnrlthrr:rrd 3.1

s. druearrrfln r, lunr:rrdrno'rrflrilfiinrdaHdrrfuazrufl edidrir{r"rro,q
nr:lil'ru nrnrlrirniuaurcwurnriudrguu'norurulu #carrufinrJniaduCuernriadlfiurr:pu

n1nti i.3 n-zorirrnr:rluscrrirnr:riiurrnrirniunr:lualuriar 6nrriisr

lurn 6d2 rir:iruiuriarurnCuqlfiornnr:u A-l lunrax zn

6u
6.065" tDside dia,

u3.
O.L.
Par

DllD

val.
f

,.D!

Llct.
Iotr
hr

t!.t

u.s.
c!b.
Per

Urn.

vll.
,.9r

y,t2
l.a

,rl.L
lolt
h,

l.ct
h..dhcrd

v!l
yt/21
ta.t

I
t

200
220
2t0
200
2t0

0.0t
0.og
0.11
0.13
0.15

0.30
0.35t
0.{t9
0.o7
0.5t

2.22
2.41
2.60
2,89
3.11

t00
t50
000
950

t000

8t8
9.13
9.90

10.55
11.10

1.25
139
1.55
1.73
1.92

t.03
t50
5.05
5.0t
6.17

300
350
100
450
500

3.33
3.89
1.11
5.00
i.it

0.17
0.2t
0.31
0.39
0.1E

0.837
0.851
1.09
t.u
1.00

lr00
1200
1300
1400
1500

13.30
1{.40
15.50
16.70

2.32
2.74
3.21
t.76
d.3l

1.lL
a.7t

r0.2
u.8
13.5

12.20

000
650
?00
?50

6.86
7.21

8.92

0.80
0.81
0.94
1,08

2.94
2.72
3.t3
3.50

1800
t700
It00
1000
2000

1?.80
18.90
20.00
21.10
22.20

1.91
5.5{
6.21
6.92
7.81

l5.r
I?J
l9.l
21.6
23.t
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nnui l.t firqorrinrilrliuudrilannrrlilnddruldornnr:r.r l-r sitriuriarfindu

ftrfirdumildiinr:d.u:srlnuocr6acrdr rirunaluflcdrirurli.run::r:riallernri#irulfi6n
rsnJcidild

) . Z e )e
lurnl l!i1t1.ll on1u2 tnmrliulafiatr nln']noitlrnT l1liYli0{tntnlu?$ tuit.tnu

,.1 .rn nlr$irrr$i1:rl nrrruunorlfiirJ::lrrurhlaulirrnrr

hrr = hn Qr

Qz( I (3.l4)

tl{urD
. .i.n. = UAATlu ndlnruSorlftlt lno Qr nn0fi11A1U2OI

ht^ = oaazrtiaifnuliotnnn,rjlaianntlnad:l,iu erladdt gron
n :rli i t7nrtiafiu Q, a tnf, qn

n'l0u1tn 3.5

tolrnr:rf,uraomnnr:1unao.:rir t@ f,o:z iuri eieuviotudntufiorlurn 6 de violt

tso r!o: Iouldnr:rr# :.:

ri':gor fulfitufl 0

riodou o:onruludruur.r
-)110.iutllo rno to u n't:1ll1u02!] u r,t!112 u !

n8n'tsn')!au1!uou

tl0iill{1t!n!tuulJ

nor0.r$nn$: 0r0.!trnB.:

riou6nrrfiurli6o;rir
n8$i?

otlfinrrflur (Schedule 40 1.1i0 wroughr iron)

Ylo ul

fiot 8n$40

nBnu$uu?
I

n atlt R n!v[lu ?u ?llln RU100e 2u'r!nu']

- tt a0vr00)8n1uu1

- tvoaatauaSfi'tuu't

l_40

1.70

0.12

0,-16

0.16

0.8)

0.86

0.66

r.00

l.r5

1.22

r.36
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n lnt i 3.4 n-rqori'rriurlYuufrrilaon:rlfl adriruldornnux e-r drriuriarfi edu

aldudnrmildinrrdrurolnao;r6onrdz rirunarrrfledrirurliruar:rcdaHomrirddrrld6n
rsnjciriui

) . E . )tturn: l!o1t1{l'}r0011{20afnn1ttnullcuu n1$1noit]n1t ll,lRnno,tm:fl 1u1lnlLtot,rnu

rirdrirrunlrtlunr:r,r fi {1fl uior1fi iT J::rrrurirloolisl nr:

hl=hn Qr

Qz(
2

)
(3. r4)

t1{!u0 hrt = .ttnTufltitniudsnnnlna e, iienuitutu
hr- = E;az.l,,lsidrulionsnNdefnnoulnodttiu er laoa't q, otn

nttxidtTn&iniu Q, aniqa

n10d1!n 3.5

r{urnr:rf,rlaomnnr:lrnto.rrir too 6n:z iurn' eiruviorrdnruf,orauln 6 d'l yiBU12

tso rlo: Inalinr:rld :.3

rio:iou nronrulud:uur.r
e)

Tlo.trtlrxn $R0 loun tlulJuolull:.!r1l1ui
, , -, --Yl00''rno?uRu']]]uflu

non{u1D:a!tuu!

ll8r10.:lr9 nr 10r B,$]t8 B.t

rlorrf,nrnilrLiio:riu
ra$n')

vigrndnsflur (schedule 40 $i0 wrough! iron)

710 $l

nStltSn$n0

t]00 a],!$rJl
!rot$enluuuMutnn,llorel,]vlltou.]

- t a8ulBun8nlttu1

- otdepzetiaituit

o.12

0.76

0.76

0.81

0.86

0.86

0.86

r.00

t.t5

1.36

1.40

L70



a4 fir,,r.rruurrri,

2t l
rir too 6n:z iurfibir uunnnouriourfi 1t unnnou = 3.785 6oi)

= ,T.+f : 1585.2 unnnouz*rfi

clnrrrrld 3.3 #a l-t luarnruzndrn:-wiolurn o dr ciro-o:rnr:1rnvi1nfrr6u.lriu

1585.2 unnnouioulfidqeio rooo unnnsuriourfi dl n, virfi:.r 15.4r.|n cioorruuruo.rvio too r{n

uio ts.e un:donrruurria.r o too rlo:rTtdrriudurriu

fln hrr = r,o rtl,
-zi.Jllll

nr:gqriiurandru:-uviourr t50 rrn:

1585.2
h., = 15.4" '1500.0'

2

15.12 rlor/ 100 uo:

150 x 15.12 = 22.6t .ua1
lm

tA
dru:'urn:r-eurger o,rrrnqrJn:oi1u::uuyiB (Minor losses; rriu io.ro ::nrir erur,r

t c v, )a ' ) 't9R9 n01l MItnuu lllttJun1:tnutrfl ! n$nBo:.Jtlltril{'tnf]?'tllu'tlflluu.t fr'rn?1ulJ1ltnuutY'l']u

srur:nrirU:rrn-ro'rruurr,rouf,uviorrlo:rrturnr:gqriiuranrl.,vlroao,r::uu old

ni:n1fi1a?rrJU'I2rfi uurrirdrrl:-uqrJn:niviotiooir.r i orer:qldrrno-r:1,r A-3 lunio
rurn rirrnrdlfilfluor:r*fluarrru'rrro.:viornf,nrufiur (Steel) vrioyiaru6nua'o (C.l.Cast lron)

c-iurirurflur{o n"rrflunr:ciouuurndrr (screwed) nioriau:.ruufirrru (Flanged) uoilobic-.trnnir

nr:riouuurndurl:litirr:-rqrJ n: nidirurohirfi u + ilvirrtu

fl"lad1tfi 3.6

rlnsi?adT.d 3.5 ll16'jrqJn:niviolu::uurJ:: nou6'ru rio.:o 90' (Regular 90' Elbow)

tz dr rJ::nriruuu Gate Valve I o-r rlolr {r I o-r tortozrrmrrfiuuvhlo,rqrJn:rflucia:o-l orrutnl
, tE ) t,

lYluu!?t110nqun: lun.tt!uu BB:n1ttf, utroYl.rl{Jou0,tt:uu

,.hya , t !viofiki'riJuviaufinlrffur lurarfrugl'rgurinsr,r 6 iir nr:dorfluuuurrirrlu nlrumr
rfiuurrirla.rq:Jn:niurin:o-r rfi ooornor:1.r A-J lunrnzuqrn io".rd

2t 1
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orJn:oi n11ltU1-ranuulnl etulut
(t{nl

aruurrriiuurrir:ru
0{rr

:io.lo 90"

ul:0rr'l

rlo rr6r

8.9

3.2

63.0

t2 106.8

3.2

63.0

: ?IJ 173.0 n

- z 
flrnYr::llr = 173 r,loc{111r fl ?1uu1?rY[rutYrl !0nqU n : r

= 52.73 run,

rrno-rodr,:d 3.5 nzrrutlo.rrf,uyio 150 r!o: nr:lf,utanryirri! 15.12 uio:io lm tlor
tu0:2uo21t u1'}YllJ ut?11r,0 {qiln:ni6n 52.73 ruoi nr: ggr'runn-r.rrufi uro:ro't::uurirurrul6'lnu

py (rso + s2.73)
100

= 30.65 llnt

IJ
2OlnOtllEUlUOi (Water Hammer)

2olnaiututr0{ (wsler Hemmer) rfluJ:rnlnr:nidolln-ulBvioinr:uJduuurln.c
e t a -:t - - ' inr*or:rfluniiu{unrsn'uriulJ0u1{lult:{BB:ou?tnu Iouuo?1rour?{u'r1{rn:noR{01no?']lrfllllolr[u(

rflrotnlr
. - ).tv- t t da a ,)arnrqririEfirirlfirinzarnairnuruai diatnr:rd6auurJoralurirrornr:lnoluric

! , ta ,,,1 ,oul{olnI rtu uiu::t910u1.!n:fl$rllr HJlrotr rrj8rn''rr[]RUuuun{n21xrt? luf,nEru:i{n811

Iruuririrorl,o.rrrnrr:nnrrJduutJneruriur:rn::unnuurJ::nrLun:rri.raowi0 u:nntsurndrfii

durYrurnur nrfiun'jrolr!rrrr:n!o.rvisr:iulflfrfio:rirbivia::rin u i ari rbi:: uuvio un: q rJ n: ni
I r. ) t tl

tgunlu0u't{1l{u:nrJu Io ::oun?1!rflu?l1urll0,rlln?aloa:Ir![xarnu0gnufl?1llu1,{ut{llnifl?1lJ

0nu{u (Elasticity; xa{yio a?lxrilxornr:1rn do:rnr:rJduulr n.rnrrurirnr:lun f,nnrtr:nr:
) r t)^ Zrv-, tuinat 0gnuYl u8!1!u:JlJ0JnulornBrLtrllru8l?rooo.,[2 rusou

q t)* , t . ' )I 1l:llaYltll1{?t0t1,10ntll$u']lt:0Yl0a}tInrB0.!,to?1uil,vt1{rt:lt?1.to21Lttf[l-fl21!tn1uo

(sress-strain) r uf,un:un;lor,unrilnnluyiarfluir a?1uc-uluiuyis$nqadrf,liumnorrlaiur6r:

lcuieruqltrnroroo{uurrrof riruruldrrnga:

P 1485 p V (3. r 5)
I + (Kd/Eo

Icu p - ..tt: -anafiqtqafufiuiuotn:.siuattanltha louieluqrtrn,lorroiualrro{



56 i!ue:s:uuaudr

tuull?duno 0111{r!nr N/m'
, Y.,-t

= nzllnlllUUXrf,J? ttlsn[AntU00$nulf,ntrr$:

= n2T l2XAtntt Ir0 arlrA llJllili?/ ?$1Yl

= Ialdatentruiln du (Modulus ol EtosticitD 1tN;1rflu N/m2

= wlndtiqudod?r?a{rlia r rl r,!.
= Iulaanarnnxinntiu (Modutus of Etasticiryl wtiaqil,iilrb rflu N/m2

= alla ultat/-itrb rflu ll.

= 1485 (3.l6)

P

K

d

E

fliirri?xo,,odBnlrlcu (Pressure wave) riulrordaisrfi drfic{un,Uluvio +irurru

louso:

16'lou

I + (KdlEo
A - -ctf,o.:rrnorruillr-nir: 'hnnflrrfixn"un2'tlrniun (Stress-strain) no.rfl01rnioildrflx

rf,uo:.: n-.rrfunr:lf,irnr:riwor:irruun-uviooouninii,rlfcirlaurj::lrngrirfu

o-oridiu xu E rirni:.rnr:lunx0'ti11uvi0dri16?uilqdr'r 9 unfi'tli1uo'rt1{d 3.4

i^2, !.x .i, !e,i -a^,rn tu L ruqr??&a??10tna01n7ntfrn ru*0u1 luoqnmloultt ?rrtuurro: flz1lrGu?Bnc l
Iouroroofuauroi r:irirgrqnvirri'u#,i.ur*161orurn.r (3.15) riliJnrJ:3$rirlaulirrarlrirfiu

nolinqi (Criticot Time) r. iuri Inu

2L (3. r 7)T.=

lun:ddierJ:rni, IculirrnT !rnnil T. nrrrc'r*domrnroraoiualrlafdrfio{ue:rr

P
r
T

P (3. r8)

n'nr'li 3.4 fln:rdru xzsriruYunr:horooirluriadrirdruirqirr 1

K/E

l1.lsnll,1tr

r},lRn1rln0

flaunro

l!
iuiu6llfil

0.010

0.025

0.100

0.020

0.088
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Icu P" rfluazlra-r Tuiadailath"nitladlitzatdtiu r 
^, 

e rflunrrva'r6trqn inn'iufia
ilarhslitladlina ttaanhriadnunoringd' lcritical Time) T" drurnrleulirlnr: (:. t s)

izedxi t.z
. ) - zrr - -.-.!-.--!-.--.,.-.--- -- q,.-!,_ -( lrl 750 lu. ialoulirrsr fOtnlnln'ti{Gco.t t1 tul:u:Jyl0tnnnlnuu?ux1elfl urn glrlJ nt

iurfi rlrviodrnrimul? 3350 !!o1 un:lirirrldru0'n: 1 25rm u3 / a.u. uulirnr:ilnrlore{ri, bi
-. ,.i

ozrua-uluyiorfilmnr:ciurduyhla alli'irriouinuf,u?nu'r 7.5 r,!. ua:rninruiiorc-,rnrhritlja-a

lo,rnrruiinrqiu ltvtodulus of Elasticity) rrirn-u 2.2 x tO? iro'udonr:1{rlcr (N/m2)

2t'|l

"rng"rd 
s.ro 1485

I + (KdlEo

d = 750 uu,

t = 7.5 uri.

rrnn',r.rd 3.4 o-o:rdru K/E lo,riorndnrriolvirn-u o.ot

-zoiru$

us: A = aD2
4

v = q=
A

P = 1485 P v

1485
r + (0.01 x 750/1.5)

toso trror/ iurfi
- n (o.jr2 = 0.442 i?.!un:

4

zsoo
0.442x@xfi

= 1.5? I !xo:/ iuifi
t

T +]Kaztt

t?n1?nqo

-z -): I )iilgu n2luouYfl ljita$lo{tlnlotio:BEUtu0:
T

1000 x 1.571 x 1050

t.os x io6 N/m2 = 1.65 MN/m2
2L

2 x 3350 = 6.38 iurfi
1050

P
Ta

6.3E 1 1.65 MN,/m2 = 0.351 MN/m2
30

T
c
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ited,r,ft s.a
, ' !-yror{s1tu,lro !ul,r u1? 3,000 un: orur5rrornr:t'nnlsyiorTirriu t.65 uo:z iurfi

o-n:rdru K/E no.rvisrvhriu o.oas un:o-orrdru::n'jrlrfrr+hgurinor,roioorrruurra,rvio d/t vhn':r

14.7 r.! f iT rihth:0ti.da"##n'oru.oorrrurr:rouioiaod'udurn-u or',rdudrf,rdumnnmrfil6l

c:rvhrlurvirl: un:odunrrun-ur:i.rrioucrnrJ::nrir1il{riltoulirrnrrvirl:

1500

2tlll

3000 ll

1485olnqni

-Yi{uu
K/E =

r + (Kd/Et)

0.088; d/t = 14.7

l4E5

vffi
980.5 r!o:z isrfi

1000x1.65x980.5

P

t.62 x 106 N/m2

t:u:r281YIfl
2L

2 x 1500 = 3.oo iurii
980.5

avaanltilo{nil20rnotllollltJol
t)- l t t!. ,- -r--A-.1t 0.tn-lr!t'[20loaiuE!lxBinlnonuuoll!1xu:n!lnnuYl']n?lulnuulu [1][n1!uunauu

- )- l q. - 'r -,1 .r^
yl1 lcun'r:nnoilud!lY[ne1u trlrl,t800q [u1:ounu0tJ tll leu

.l . Z-..1l) rf,r::u:rrnrlunr:iJerJ::gri, uior:JduuurJnrnrrlrirleulf,rrnrbirnnn'j, rroT inqi
(Critical Tim€) Tc urn I

z) Icsnrrlliirlun0onrlrln?iori1.tlurru:irfi eorrloiurrn 1
r r vl3) loul!?r{ao{?rxl'rou:2!n1{

) -: , 3r,,"-
nuo?lueu?,tt'r n!t:fl 1r1 l1JIulJ
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1 , -.J.1 Iruonol ni''lfli1uoun! !l,umnlroufl2.txoul6urrJBsod.tu [ouot,tnufl?1xri?t 0,trn:'[xR

luvio (arnr:d 3.t51 a-rfunr:oonurub(orrurirrirr::irunnnrrr?uurua,:rornoiualuofld

arj n: oirJ o.r ffu z orn o ;ueilrrl o CI

nr:rlo.rn-uroroo{uolrro{lrnnr:urlor6uroiargurlrorr rlilounr: sonrrlrirro.t
) t a o - Z ) r. ))e. -tnlB.tuuoR{nn:uaulultl,u I t1lon11n11 lu8ll0uulnu82t{nutnr0.ruun lllnltll?lounloituJtalloloot

) t Jaqer- , , X d r - Z - L-r.rr:0umrl,tlufinnn l$ L!?rlJoul!flxlur.r18{Yrf,:llauruul,u .J !!ure u2nu r'}ant:rl.rrJoRlrYMl0
. i - ,ri ! r. c - Y

tn0ufigYlun2l.r.lofl ? i n11r:!reulfl t0{fl uulnr''r lu8n1, !roulntrunu0ulj1ro0u
z'

oli1.r1:fif,1u u'rdoin01cio11r,,irriJu6'o,rn11nr6ura5o'rotjrln:n-ur-u uiootirtuq
) tt -2. )z<

lt')t'tnn1tu,fi tt{7i11er,0,t totB,ruuotnu tll{oll eJuu tu::uuYl! la n1fitno1oto0:urllllt0t tn,t1u

6':or:fiqJn:nir1o.:n-u:iru orJn:ni ::rnvriiusruorir,r riu Pressure Relief valve, Air Inlet-relief

Valve, Air Chamber, Surge Suppressor un: Surge'fank rfludtt

! j1.rs-nunr:ron Pressure Relief valve, Air Inlet-Relief valve uR:n-nEfl:nr:iooilugnl

lilugrJd 3.7 J i1.tf,-nB !no{q n:ni6u I unn.,lfluirJd 3.8

t. Pressure Retief vrlve rflurr6rdrirurirdlun'ngu:r6uliuni:Jrr {ri:riu (safety

valve) nrir:5orda62udul doq{o'irdririlualiiTuiecrif,Ril{aanr6lrcuruJ'r*tCcona.ruduoo
-)Lr- ". - -te I . - t.1-

a21!dUYIO,' L20lifrluqlJ LouBtJt.tu:ou'tl.unn [o qUn:oau!1jutntJ''r:n']$tumonurJuli u, [s!1n
) t: a
tJ n'r r::ulus1Yt.t0:lJH n!1u L'n Bon21!01{ !l{Yt0 B.t !n !1.t

2. Air Inhr-Rctief vatve flu:dide ;rXn1#ornraluorirlilurialaac'slurlf,rioi2rulru
r , I ) ., , J-r-.luflaf,rn2ti2lroura{r:ru 1n]fi int:r!un11:J0nnuu lrytBIul{B.J qun:![d,tnfi1?ilur.! lrglufl,
t:rrluornlfloonmnviodrulnunr:6nns,,liuf,-ryioluuirrrudo{rln'jruurriorirudu.ornradieUr

n-uir fir;lu n rrYrtJluq rJ n: rfldun: ri rLin n n o a n o:: du n.r rr6ti]oun:ornrafir:qn::uruoonLl
nlrd6lriJu6'0.tt!!'ruoinif,luyioasnl firx:r:'ir frrortlfrrolnr:lunLiurnno In:.lornrsluyio

r:tflue{fiex11{n1:lnnlnurirbinr:lunlurir.rd,rnrirrin-nr*ru:rirnl:l olunr.rrir0cunudr:r u

nr:lunr6rdo

1u3# l.z c ucc liniu6,rrn:6eoY,rrr6lTtrsourud rf,o'r1orniurornoiualurai rhrJ::grir
J - - )- , )fi B ilcodr{n:vr-uu-i. orrln-ufirfioluruo{ n?orno:r[a!!!0tni:BnBnldfrhi Pressure Relief valve
- t.r- - ! e e )! . -t ,t : )
ooo,r L?x$'rJ:i?ul L1{711.rot,tnr11lr n1!ru:Yru1n18.J ! nr9lJYrooguuul!0 1 A $nun8m{n:1l1r$u

,),1!t ' - ,
1ufinr*rurrriufi 'jriirirluvior:u-,rorlnndotJun:fi rLirfi os q rgr nraiuluvio

reiti'ri Air Intet-Retief valve qrJn:niilir:rinLio1n1fll 0tlT1u'run!riruurirlqurdld
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r ll luur.rnclt

ilurtr:utrurh

mSz6nnon

dar::rnural\

- ' .., ' !
n0f0tA1nljn0f,nr'l

(a) o)

(c)

gli l. z qiln:oirlalfiumruriiortoonrauair[urrci (.) prcssurc Reuef yrtve

(b) Atr Inhr Rdbf yrtvc uo! (c) mn{nu;ijrqilntoirftscuruud

icoanug ,,- tirnorauB

(a) (b)

(c) (d)

Pli l.a qdn:oirhniuf,cllfurcrrairmluci (") Atr Chember (b), (c) ulc (d) rflx

r

1

r,

Surge Tanh uuuirl 1
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3. Air chamber rfllqdn:niri'luannrrlul:{no,rlorooiualuoi6nuur.rliudin'nrr,.:
rflutiu.r:rlarnradorfiriuus-wio arnuluo'lCl6nnna-r16fin'irrir6wrinnirdricunoroaerrqurnl

t t - : I ! z . - .l-t-,ouiofrn:ue-urfrrilorir.rdlnor-u uonmnrfu qrJn:liriei*r-,r1idorfirirL#-ruirulolifuuuuguz-n
, , i e, )cv r ,J

n0l.n\tu1r1,15:]uu tyr0 lltnlt tllanlJ'trtlr0s00n12810n9'2u

4. surge suppressor rfluqiln:oiiin-nuu!fldlun-! Air Chamber uciuvrudr:liornra

t ur-lr,iounnruu:,raufirdduulillistJi.runu qrJn:oirficdlin-uvio:rurcrf,n rril riorll.iluriru
t ) .ev

u1nn21n1: l!nu1:uuYl0nuln !nq

5. surye Trnk rfluri.r:iruncolle-#rf,lduernrorooiugurroflu::r.lunulolrqid,:i
z - t 

irr:iounnyrode :ll1ririrllrnYNIJ1:U',tYlr:JniluuulB{nnu8:lruu n nlu'uBulJrljouuo?1rrfl,'lJo{r

nraonrn tn n?utlluuulJir:rnnu :of,1ufiJ Air Chamber udivio:nnnr6u:n-un-uyioriofirfluri'riru
i -.,. -1 - /riliirl lr.n-.r6nfi fl.r nr:anaeru1uu:wcraruduevlnn, uqulnunr:horalrfir{rulu surge

Trnk u.;nrri!.fi airrararn-liluo'r

r ,, !.rr a I 3 r ,r,
Lur:uuilon.tulY[ro11llt 1?ulnun:uo7lrlamrr[{r,!.mnuu t0 0 lrjtJ1?lJlnuoufl?1lj

L - ^ Y ^. .l rh ,l
B.li!flc1n'u!ruu1n mroio,rrrfl7r6? ::urvllnten:n-uuir(Non-Slam)ii.:oonuurilrionrioorrtjrir

rflupui 6olrj0clanrsbiri, luilolnnriosnn-rl,rfir;riruni?oroofurrruoinlld uonrrnfu rhrrn
) l. , ); - ) - , ,

rio1116ruoio.rirluyiou-rn'o{hi16l riorir16uioio.rorir:rilnJr:0ilurilrfiun 3/4 n0.!o-o:1n1:EU
)v , )t! !;l ^.),1nioirfnt oouJorrulut:1iuYl0uB?l,roou J uJcur:tMln{ultu lr ni1?lrr:t?uaia7llJcu?1n1oroar

, ,,1 . -)y.-a .)t )
ltrrrt!B:0.t lo l9utox't:0u1.JU.t lun: florn18. uullBto0lt.rll:0lJo.tnoRao!?,tn']tn'l,t'tu

luuu uil niai a ltl iliauqi h i ti q w ngi z o " c t iuuis v it n u n 1 ifl u o tind u7 ulo n f
viorrdnuriolnrlurr 3@ tu;r ixularduilgurinsrurulu tso rl. 1iri.:rirdruo-o:1 45.0 eor/

iuri rotr Reynolds number un:nr:r'aurr6!i0.!i1no'rit anluviolouligorto,r

a) Darcy-Weisbach b) Hazen-Wiltiams

rruu?lntYo



o2 ilur:rrurlanh

2. rioRauniorurnrir*irgruinmr lm url. :r.rhuir:o-#rJ*-rrrlonnno 1.75 ruo:doflt-rlu1lxs,ryio

t fitnrlo: orrrn-#fiuvio 25.0 kNzm2 rho-n:rnr:ri.:rirluriorvirn-u t.2?5 nu.uo:/ ix'rfi r{xl
-. , ) .l

omlduluriofi 1a6ro{virroontJnr.rrJnruyio 2.25 fi Iaruo:

3. lc A uB: B o{rirrn-u 1.0 fiInrrrnrnrruurisdoirdruufinrriiur:rurnriurlrgxrin0'r{ 250 r!.

1c n o{g,rnir1c A 65 !!o7 ri'rdornr:ri.rririruo'o:r 90 f,n:r iurimna lil s nru'im:fr0,t

:-nnr::c-un:rua-# e rvir n-urvirl:rYrio.:nrrbin:rlc-ud B r rn-u 350.0 kN/m2

r 3 , l-a. lunrrgufr I,400 unnaoudosrfiri.rrirurioruilnnrio ri,iquuqi so'r ri'ruollffnr:rf,urae

riiorrrnnrrnflnlwiurioirirlrirfiu ro :Joudz c:.dr doorrumloryio l,ooo {, t,rfl1 .1irr0{

rioun;u:.rrirddo,rn1: (whp) dootlurrrrowio t,000 r{o

n) Inuli Diagram no,r Li

:r; iouldgn:ao.r Hazen-Williams

s. onrimriolnrirnnerfirirm,uinar.: 300 !r. u1r t.o filnuro: :-rnLrrnrh.:rfirnirufrr:irursmsori
, ! r , t ^ t ,i , - 3 r ,riuirlnu nruyioo{ufiofitir rYrurninrioo{rirn'jr::n-urirlueirr 3.0 rro: un:viorrluufiriu

Ieuiorrlsrorn 2 uo:rio l00o lrtor truro-n:rnr:lundruvio

o. illugilgurirmnd'r,rrfirrlr d1o e nrwioqofin#rurluirooi'rJnrurilnliurc,rrhg{errnarirn-u

orrrg.raoruvir :on:t ul. rirudlo g rflioiT sirn{innrrlnud,rdruld oo kN/m2 ll16'ir
,2,

rioyr-.rroldrlrfluyioudnruf,ur (Commercial Steel Pip€) un:ia,ro r = D firo-n:rrn:guriruirn-u
) qwe Z I)) Re:/ ?r.'ryr u:=rnrnrruo.rrllrvirn-u 80 r o{r6ud t,rurlurnlo.ruorsolTrti trnuurll

B

3.01J.

2.5 11. 3,0 ll.

1.5 u

A
1.5 lt.

t.5lt,

7. o-n:rnr:gu:ro,ril T uviorrf,nnrirurlureriueirguinnl'r 200 uu. nnrJ:-udrurj::nird a ru
n::*rorrurirrornr:lnnluriorvi'rn-u z.ts u.ritt'ti orruc-ud1c n d,:og'5.rqnic1duhn-u



irug:uuartl,r 63

- g.o *rrrl", ru1i'irdrJnrwio jahiiq:Jnrrilo 9 rrdrurmorRrruilr (Pressure Head) d1e

l, 2, TDH, whp riuu Hydraulic ua: Energy Grade Line ua:hirirdprirfiq 9

+ 30.50 l,

lt
A

+ 24.40 ,J

-+-11.

"cP
r$\

+ 0.00 !.
2

0 150 1[J.

o

0

a. iurnioori.rgurird:uo-c:r 12.5 6r:z iuriua:d.l:hriorr5nnrisrrnnc l0o lr,. nflr,i-umndiu

iru (Discharse Side) ro{ir,lyilriu 685.0 kN/m2 o:rrriu1uriod1nd,,0liri1.roont 550 uol
[n:aiE.rn'j1fr! 45 un: ar:r:rflxvirln riuu Hydraulic u0: Energy crade Line

- / i ) ) | , - ! / - - t ,i ,9. rnio.rguirrnia,nrfi.rtrrnirmnrh.rrfirnirii.:ii::o-rniro{drn'irquincruro.r'tJr, 3 uol ?i0tiun:

rioiruirfi':uruinruiarirurnrdunirgurina'l,r 350 us: 300 u.aruirc-u rn{ioorrue"unr,rdorhu

d.rodgrniril 2.50 u,i1 riruld zss kNzm2 rdoo-n:rrnr[lrryhn-u 225 f,r:doiurii rnrliiuroe
)-

riio,rurrrnorrlflnyn.r?ioiayhn-u 0.15 rui: nr:riiurocrnrriofiumnrJu6+niicozruc-rsyhn"u

1.20 rro: ua:drn-.r.rrudrorooflriuriirgirn-u t2l u:.rrYr rlurrl:;iyrinrnao.rin

t0. ilao.c::rugurird,rue n.rlu:rJgurird'ruo'o:r 3t5 nu.ruorrioflll,r ru16'Jrvioilirfluvioru6n
) / a- , ^ 4 e i.ruflurii.,i]ilJ::im6lornrruilo f !7i'rn"u 0.018 (n) rrurraoun:u:.rrir:lorill (:r) o.rriuu

Energy Grade Line rto.l:!u'ud

o 300 lJ.-25 !.

+52.50 !,

.tf
\5.

+12,60 !.

20 ll.
+10.00 lr.



a4 rluur:r:uutr.nla

I r. viorninrrioo:.rluroriueirgudnar,r 150 ur. !n? 600 uit rdoudsr:n'irldrlrfiurh z rir.rd,r

::c-ufirrhuonrir,rn-u 4.50 uor rJar#.rro,rlo.wioo{drn'irfiair 3.0 um ialrn:lfioir.rgrti
Gcor,:::rir.nJnT uviovru.rso*Corf,lo-o:rrnrlunr s 3 lyhrloro-n:rdlrndoiiudr:$.rqnm.rTnnrf,ur

odrlr6ur

n1 n:rr:Geos.liuluirurrhlcfrrtriio.rrn;lrtnrruduluvioilnlqrrdoara.rdrn,ir - +.oo

tuo:u']

l) 6rurru rou us:u:.rrirdirr:fro,rrfilbluririr

o) riuu Hydraulic gradient lculrj6c Minor losses

ts' i ) t
12. yiorndn! Ir,?nulcriudlguunnlr 1200uu. $1 l0urJ. u1l 3.05 nlttrlor lid.rrllii.ttiqn wlli

20'c unra?1ui1lunr:lrnwirn-u 1.8 rlor,/iu1fi rir:Jr:nrirdrJnrurioflolculf,nnr 2.s iurfi
-): / - - - )

t{$1n11!nuntyrrlut't nt!nufi?luiuti!$totm n20lo0rtlaurrr0l

t3. vioruinruiiurlurti*irgurinnr{ 3oo u!. xm 5 urr. s1? 320 ruor ri,rrlrr ndr.rrfiurir a
dd::c-ufirir + 2@.00u. tJ{dr,rrfiurfi sd.ri::n-ufid1 + 72.50r,. rl1fi.iril::trrirdrlaru
rioilelnulir:nr 30 iurfi r.rurnmrfug.rqedrfiadurdolrrnroroo{uslrro{

- i / - - 3 ,)
14. yiorninr?rflulxqrolfrurirflurl nnr,: 200 r. uu1 8 xu. d.rrirorneir.rrfilfri.rij::ri'uiro{fi

+ 14.2o u.rJnruria4,rirl:':grl6oos,,o(iodd::o-u + 35.50 u. yi0u1? 2650 r!n: (n) t,rnlo-nrl
r ' ,.i, :-, r.l -) ;l Yl,

n1: [nBr.i'ru?r0[r0Ut:?u'rljornrJn (n) rnnlolllJou?n:tl,rulutlnrornlu::fiB']nrJ8'run0un

loulilraT z iurfi ua: 2o iuri

+14.2o l.

s 200 u&. - 2650 &.

+35.50 !'



t
4J

unn 4
R31?,1 [AO.l,O{tUUU
(System Head Curue)

nurisun:rr{ranro{rsuu

ntt{onrcuvuu (sysrem Heed curve) 6onrrdduscror-us-lrfirf,:;$'i1.ro'n:rtn:

haeirur:uurlurac:?u (TDH) nio na-.r.rrudilr:iolrf,lblud:ro':nralf,orioblrfinnr:1rrafu

xn-.rnudirr:froiridruonrfluozrugwo.ruvi'ttro+um riorsn irir[hfuHn::uaofln-r'n rarorhl

n1llnrao0

(r) nmlrirr::c-ulooruo,ro.itJo'rrro.rrioqcun:rioiru nis rracGrd (strtic Head)

121 r'ra-rrudgqr'rutJlunrrhnirurrrrduor...nollinlurduvio (Friction Head

t,os) r?un-urntgq,rf;uluqJn:nila,r::uwio un:rn:gqriiudu i g'tinor Head lrss€s) uiu rn:5qr6iu
), s t ), , h i , , J
Ylulmn{ti1[n31n{0Bn rnr[qtrtnii2ilaa urnrruRullutJ8,nMlono lumlr rntlqlfluvl8.t.nua?]lll

t2llt:un21 ltni2lrtl,

Inun-r 9 tJu{rnrrlrirl::c-ulouolnu.dtJ*#.rnorror:;uur:icho# unrluirn:
rilCusuJar::f#ilnrufi.rlofilrliuiorirro.rrh'r r:iu nr:gurirmnuririr4riririu-rirn.r rflui'u

d nT uao.rvioiruorrr:hildo91i'::iu:ro.r:lolrunruridolnr:lfiozrue-uordr;e'urd,rfiorrr:60'jr

ogli'::o-utouro'rmar16' r:iu fralrn:1ffinzruc-ufr-re rJi+naoi (sprinkler) rhn-uomug.rlo.ruvioir
.- r 'i ' - !

10 ruo: fl01to011n?cut{rna8:agr1nl1r?u1 r0 ruo: rlJllitr

nr:riuun:rr{runronr:uu0itr:uunriuu frlfludi!r:io.rrf,lhiuriro.rnrarnrr:io (t)
t) ) . - , l. - vlla: (2) fi ul ntoaYln7luolnl:ctn oimo{run2lfnoirn ntT{:,0in4a,rJrufr?lrutn:lu1r.flrlur,1l1t.

1 n-uunu x d.runso-nrrrn:lna drr:-urn:gqriu'xn-{'truuioraclBio (z) f,ur:rflur-rrdrurilfirn-'r

rorrolo-nrrrn:lun n''rf,irfnro.:r,o.rn:rr,h:rflurfoIfriytr:rl:.rrr doirn:riuxurnrir n:rr{tooio

(r ) riun'ir n:rr{rms6nri (sredc He.d curve) ra:n:rr.l:io (z) riun'jr n:rr{rrnarrufln Griction

65ilue:l.uupurh



66 rllur:r:uuautir

flrlvlrlilo.t:!uu
(SysrcB Head Curve)

rararrrir
(Friction Head)

t8itorrl
(St tic H€ad)

darrorrluo;hu::uu (e) o'almnlnorirur:uu (e)

fli l.t mnlrlarcrrsuu (sysrem Held cury€)

Had Cunc rfc Dynemic Hced Cune) rda:lrnrrr{newo,rrrhfrrufufir:ldrflu nndualolr;uu
(Syctem HGed Curvc) fi3ild +.r

n11r{l!i!0,rr:uudidr.ro-r:rrn:lleotouoqrtlnnrn?:rnrir.nur:rirulfislnlnt6on
-rtv 

' ).
ult liotfl,tll|l11:tl, nt1?o0 llr01l1nt1 a.!nal2lutnuxuutlnslaulmrnuntlr{llti.to21utltl.tllli

r:x'i1{0'ir1rn:[uriuuanian:l{ rt-q,uoi, pdn:rri H-Q o-nriun:l{uixo{r:lur:rfl$lii
iurirmu ft 3rJd l.z Inu nin:rr{ H-q to.rilr:iriruualrJr:imirnndo-r:1n1iIulu1irh.! I
17i:lu *l* nnrl u au t E u u o s iz oTia'nn md e niulin ni tr l ux a rfra riui th v ilni o l n s gl n

. .J-ft ;u 0n o o rimn trt n tuiian nl i
it rueitrn"o urll ullrurttal !2

nr,rd HQ (H{ curv.)

nrr{ H-e
(H-Q Curve)

lir'r,]J1u

rli,O{::UU lr'li0.l::uu

rl;nnrrhorhurcuu (e) Crrrnr:lnl rg::uu (e)

ca

Ga lEa

lfirlrl

gli I z nnrtsrlnrrgurorreCirrsdrlrulcol{n:rr{uerclrcurlrognrrr{ H-e



trnr:.:uuSrrL 37

. .) . Lt ilunlotytsry {mtrn.nun0{lJulrnnUairulrl8.r rri'r. rliut0.r1o.ru0-J7nJybtarioyioi,xfl
,l , , ! )t--rnlrutul$:Jan $t0!tnru:urrl{'lit0.ll ino{u::tlr'lynJ]10t'luM0 tlior?1fn:um0$rn:nua7lu

iolrn:duldmtj nlrr{ronm.!r::r:Jfir::hubim:ru:run:r6un6*ran::nulo.rrnrujrtnlrJe.rifr.rio

rn:rir.rrurarfrir

, ) v r,,i. . ,) , ,t'-
nl1vl18ir,0ilt:UUYt$nf,0iltuulnmlUu Olos{n,]tntluolul'lu{n0ni0rt1tuut:n1fiUUU

nlT r,,l H-Q u,r:r:'irlce rndmdrvirriudr::iillfiiMiordaniuirx!r;lridqnur:iirJ::irirnlrg,r
)o . 3 ) -tdrr:-u.nuffd'o.rrn: ibFmsrclurnmlr$GloiriIr,fi rrsrls I ffio rnrn'xmran GDID lflJ:lr:rn

u{rurn "ira:urdoaen-u'(safery Factor) rfiri#.ro'n:rrnr$u (Q) un: mn dnrlfr iirnrn-urhr
iLinnio.r nfir6o fili rharru aonfirdr ur:a!n-u q uio TDH rf,uroth*iiu:fiarm:Liihswhlc

rinrr:r:ilatr:u-,rfl{ri1fluhri2#!il1lerirnfl$roli udfrr:lrrhn-lndtd,,f-rrt-l Q uo: TDH

o#rfrdfroornr-r.:fuurnlrqidrunn fiLfthesvJunfinnqr u*riurirndxrudfio.rlirtrniocr*5

iurirfiuis!orroflr,lihq.rurnhulriirflu uonrrnfuildr6onlrfuorrr:lrluur:srtguiro.r
rnn"rnii nrrr:'iriurnnchqjrdmitnlf,.rndo-n:1mr$ui1n'hrnni orrullmftrnnn 9 rrhbi

) t '- Jt - Jr r ,r
Snilauircrt 0t11.!]tnmr, lto. cutmn unltMliln fi0t!4u1:u lutluut.'llllloutntflltu08iHt,rinu

r' tr'r ' rrg rr:1u*rhrf#Co,rrn: 1un:6n{r1!un 11 li lcurnr0ilnu?uraumrlrl}oit$rn13n{ li tti ritooorlr
- , t'- ''- )/ lJ 'a.tnsllBulrtlnlfl1rleuutlclrruimouflmurml,ltMlnttltr):cuaguon uolirru$uo$nno u'3taErn

lunrrrirmur:irrrn

o"Rroct al n:rr{ tgnrc l: c uu

e-J{nrhrudrfi n:rr4uc:ro.r::uu rilnr.la:rrrorn:t4raal6td lsutic ueao Curve) n-u

n:r*sonllfln (Friction Head curve) ttrlo.rorh.rdiua4n-ua-nunr:rnricrf.ue:dTlJ::noum.r
) , tv't t

,iuutitl{0t:uu,ruun0Bn aii{lt nB
,Jr,r

1. :IUUI tUutritnoll
,J,r

z. ::uufi racdrulnqjrfl uranl6nd
)tZ

3. i:uuiiil-,ltacr 6nrluo:raaarruf, a
)t)

4. t:uuffIrrflfro.r11nurir6{iino{I0n (Cravity Head)
)t,

5. 1:lju?llJno 2 
''Uli).

6. :!u:Jinfiruirfiirl (Sratic Head)norcir
)t

7. u, orJ fllt:J t u oi tl nl rlx nYrl.rYlo i1u
)- .l .

s. riioiinlrlrJfiu$urln{rcatfi nti

t) rru#ldiof,s6ad n-nru:rii 1 1illo.r::uufiln.:1ift3rJ *e (a) toblf.nnr.ir



68 rllur:r:utaurir

ttta0.!1:uu
(System Head)

a'mrnrrlnarhur:uu (e)

(b)

g)i l. a *rrltri,argutn:n:rr{trnlal::uudlriiirtnc6ad

::r-uno,rlo,rrnaT n#T uprvhriurirmrdruira c-.niulra-,r,rrudiur:io.rLiurilo*rnrfir:iuridfro,r

orrsnrtrflrrf,umrh.n6ur lwrrJniudrlhdo:rrn:gulo'ril,irho#fitiirrfludo'rlir.rn:t{unro,r

::uu nrhriprflusdriro-orrrn:guf,iwrinurnrm:gqriiuan (Head r,N€s) :rrnf,onnmnrJsrwiop
1 t fi rpuddrurnrl#fic1lr:nirlr6onlurolo,rill6oth.rl:fintumtm0ialu i1n0i71tntIuu8:

z' irnu oTlfrflio{tnTrj:uoirrrn: l *r rlrflnlllurno{Yrl'rlrri rarn{0iT1fn1[u5{qa$a:rnqa

rf,or:lirrrrrnr:rrsouliirlurir,ra-,rnritf,uoglurourannr:dr.rruro,riudrurr:ruuioLi

n70d1tn 41

rllihm:rr,lunro.r:::ruguriro-rurn,r\rJ elrlf irrirlqnrw$ 2o'c un:o-ofl mrgu['lqc

Lirfiu rso 6o:z iuri riodlirfluviorlrfinrniiur

re 150 !lt.
0 150 lJlJ.

6U. 65 lt.

n0txSnt1luu?

(E
a

(a)

2ttl1
e

D

e/D

A

L

0.045 IlJ.

150 UlJ,

0,045/ 150 - 0.0003

3 r !!9 r2 = o.otzz tl.2
4 \tood

6+65 = 7t ll.

nrrllol'n lrrSuulto

n. drJrnvrrlrir (grJd e.s1

I

p

o.u I
2g

P



iurr:r:uuarrrll

1 711t1.t0 0 n

fl. llltfl1tt4 B

nr:riiuree 
o run TDH

Reynolds number, R.

, 1,2
(o.s + r.o. t.-i) ;
11.5 * -JL.f ) f Q )2, 1

' 0.150 ' 'O.O177' 2 x g.E'l

69

-LV2I- 
- 

_ 
-D2s

v2
2g

TDH 162.6e (t.s + a73.3f) Q2

VD

............(1)

u'rYr 200c, v 1.011 x to-6 m2ls

o'tuB R
e

Rc E.362 x 106 Q (2)

otoiituturinu Ren1d1 lu0r;1u1r TDHTwtanli (t) Inmnauqih g fiaiun'ru

dtn'uotn o fu tso inttiuti n'rudnrTuntnt

rirrhift#hornlrio,rqrihuuiliuunir ulc.:nn lcllrirf,n-urho-o:T rn:gulurio{uinr,oi,

, Q \ o.lso
\ oorT? / ,"r, , a"

q-uttiurii Rc- !.!!8 x lo' Q f
mH. tos.og (t.5 . rzr.rD Q2

luit

0.oo

0.02

0.04

0.00

0.08

0.10

o.12

o.r 4

0.r5

r.676

3,353

5.029

6.706

8.382

1.006

1.173

1.25f

0

1o'

to'

tou

tot

1o'

100

to'

106

0.olao

0.0166

0,0161

0,0159

0,0156

0,0155

0,0154

0.0153

0

0.65

2.13

5.34

9.40

11.45

20.70

25.O3

32.0O

n1 71{t:l#n:1r,{rrinoitr!:JU i-,rtr



70 ritrur:r:uultd,r

C

ca

60

60

{o

80

20

to

tri10n1:uu
(Sysrem Head)

00 Eo 100 120 lao

frlmrr'luoi.tu::uu liru liuriiy

'.1fl tlfl rrnl0{:suuio{920ul{ ,1. I

160 lro 200

tgi1t0.!t:1Ju

rgccfiori tt

o-n:rnr:l oiru:cuu (e)

(b)

o
200 to

. z) truudrendrult{rfluranc6nti n-ntru;fr ghho'r::uudueo'r1flu:Jd r.+

(a) [f,:ntl tanxorr:u:.luso,:1ilu1J a.a 1b;

I
aougon

H

I c

(a)

I
I

fli a.a
I:!uurito ,)

r guuo:n:rr{rerar:;uufi rradrlrlndrfl uraa16ad



tr,.r=r.rrrettir 71

raosfinri n

fl2Atl'ltn 4.2

GE

tDirr0,t::uu

H

ifirnr:hodrtr::uu (e)

(b)(.)

; l)ac^l .r
j il fi l. s tztntaio{f ufi iii{tesii.tittogtrnatlunn ..osnrlv{laelo'tt JUU

) , I - - -z0nEfl;1'0,t1:uulrt{flns.1.}lltllllaonnout:J nn imonuoIUm2lrlrnm{n d.tr$r nl1 l'an
t L )cu- )t- :

t s.t:!rJUt:douih,ruuu nlr160niltJrf,oli'niu::r.l::ff!nnun :uu!fiorrr:ri1161nun1:6'tu?.uf,u.rli

16uruun:ry{racro,rr:uu riul6u?nilri:.r::rlilrjfi raesfi nri

s) lcuudi#.lms6ndltasooaluilo n'nuu:aorr:u:.rfi !vre.:raesfi ori luno2luAi

uaorlilu;ild a.s 1a; un:n:l{raaxo.lr:ulunn.,1{lutrild 4.5 (b)

a s-, ae- ) r) , )::uuro:onsluuulluJu::uln llnurnnnEo xoYrBonol,rrlnullYl 2 nflBro?1uu1?10,! 0
: / L a,r,, t L

ryru,rlltun::nJrae o?'lurlo t!o1rs'rnrrcnooErln nltrf,BnuuBllYr'r ln tnurntfl'tu?utl{u.tlctnu?u1{

n:t4rsororr:ur riuucii'rrrnnlo.r::ulrilduulil uio6'ornr::J:-uo'nrnr:luavr, .rdruriru!0.!:il
t t , lt . .i -!1.ntulrllunB1ll1tlju90t!n1: n1u?rBtfl utfl lr1,0,tufl n: n: rB0 n

rnvrln11l,{rEgno{1:uuguiro-runn.rlugrJ rur16'irvioilf,riluviorudnurio nrlnrduFil

gruinnr.r zoo lr. Ieunnoe qrJn:rirn#aqn:J::nou6'rur{flr6': (Foot valve K = 0.8) qrJn:nivrrwio

iru,J:: no!6'rutlo?i{? (Check Valve K : 2.0) un3 Gare Valve (K = O.O8) 0"nr1nr:EUfl,rqn
1! d , tz

o.20 x3/ au1fi ilriiqruqi zs'C nr : cioyioun: qrJ n: nivr'.lulorfl u[uuufi1o1u

e

2rm1

Yror nn$00 :

e/D

0.260 uu.

0.260/ 200 0.0013



72 drur:r:tuanlr

+35.OO !.

5ll

40 u.

15 !,

m!.

,* 200 2n - 0.0314 nf.tUOl44 't000

6 + 5 + 20 + '15 + 40 . 86 allti

+ l,l.@ I.

6 ll.

A

L

nrr6olra Glced loss):

),
1. nunlumotn

2. itoito 90 3 [r,l't

y2
0.a -29 y2 y2
3x0.26--0.78-29 29
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n1'rr{ H-Q
(H-Q Curve)

nr-rr{ H-Q
(H-Q Curvc)

I
raumnrrirnu

(Pump Envelop)

I
I
I

Ca ca

I
.l

ialnr:luo (e)

(.)

a'a:rnr:Iua (Q)

(b)

fli t. t o n:rrllaarcl::uurdainT :rlludr:rnr:lnonxriadro

ni1v{ H-Q (H-Q curve) 1u3 4.10 (a) rflunsniuruurnusi{nof, lugJurnr:rouraorn:
.1 " Jr,i

?r"l,r1u?tllru'r3ru r2i2u na12no nnuti'ilJlls']!llorirrruuonrour1nfi1dud r:Rnin1lrr:rirlrn
-s#n:rr.trurhduceilrtrfiu6noth.rrd.rfii0 rn:$qrf,unn-inudrfin{ulunr:rJ:-ro-ar1rn:luadrit:0til

Z tlt- , .l-, Y -, ,J-r,.J
lulon:or-{ n'r1[qraiBliqli?']nn7ru8onfi1.rt:1r?1{olraonr:Jo1J7!0rnruqon!o']ltnnruo llJtlllJ lJa't

urio:r,ulc

lun:ddrfluirrJ::rryro1fruefrnn1?trfl 
]r0{r$n? 

(Posirive Displac€meng n'r:tli:J r3?
! ) Et
rirrfiooruquo-o:rnr:lunll"tdernrufiorttruurrBei{noB rftiinr:r:'jrn:rr{ H-Q fin-nu$:f,xnirtlrn
) , , ! , ,;l

16oae:rurcrio.rrJ::nrirnldo:rnr:tunr:hiRea.rrnn uriracr:rffrtuor.j1,rrlsri? nr:onc"r:rnrrlfia

Inanr:iliuil::qrirrirriuiuruudamriludua:rsiaiul#drnrnlJiiqJn:oilarrfoincoaarruduor
a-lralo lgnuu!aend

)t A ,
ol riiofinr:rJiiuurnjowns6nri luu1.rn:d$ronAf,rI (Stattc tlead; :rorirnjCuuuJnr

liltulor:dilriro-rri, ,rruod nr:uJduuu n.rdirnrionr:rirmulorfiudlurerlsluSrJd r.r r

n:rr,,l u-q 1uJil l.r r 1a; rflu:ra.riluuuriunir{nan nr:rf,lronafiorio:tirbifrine o-n:r

rnt[us.tili0rhlfilodiurir.nun:r uu H-q rdoul:Jvn.cdru rirn, nin, :ulduuurJn.rranciorimni!

ortt:ritltuuonrour:r#rulr:rlrflfr a-.niu lun'u16onil6,r{rrflrdowr:runT :rilnruuurin,rd uf,rrir
. B . , .l .!. - - -)!111U1?n11Or1 t:fl0Un',rrri0n liu lym0urlnnl,yl't,r1l{,rj0,r!r|0u tx!?nnt: ttirJt3Frtnl nfrqn0g

INUE

d'u:-uiluuuunudlonlun? (Positive Displacemenry dlintld H-Q f,ir n-'r;rJd l.rrtut
,,J , Le ) )nrrr f,uuu n+accfiorh:iilnrionr:rir,rruro.rihriourrnriiorfiouniurluuuurluo?r4naa

fi
5
2
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N:l H.Q
(H-Q CuNe) nrlT{ H-Q

(H-Q CuFe)

A

Q2 Q2 Ql

daflorrluo (e) drtrnr:ho (e)

(a) (b)

fli n. t t nunJCuurnJoqcna6rddirodcnr:rirrurcriuruusuairJnco tn:uuu

tmudraqto: (Poslive Disphcement)

Rrrfi ouonn2rilrilurcsuro{iuornn:T v{ n-Q

Iounr:f, m:nnmn nt1r,l H-Q loo:i,,:.mtrruonldirilfu j rrlr:rrriumuuiolri
lug:J +ra ura.rn:rrlao,luu 601u3 (a) riluuuudinm,{ n4 :ru un:lugrJ @) f,un'ir udfruriraodi

. -z o )
l0?1',]fi Un0?1ir0n:1n11[UUS:lgitrlnU (1On 1 )

n:11,,1 H-e
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Q2 Ql Q2 Ql

drrrorrluo (e) o'rrror:luo (e)

(.) (b)

fli a.rz rJimriiuunr:dNru:ciliriuC$n:rrl n{ :rurYudulun:riidiinr:nJCuumlor
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n:'rr{ H-e
ni1l,l H-e

Ql Q2

c'irrrnrl ! (Q)

(b)

c
EGa

I
4H

T
Ql Q2

drrm.rlro (e)

(r)

fli u e r#auriisunr:rirlrrr:crjr{SrC$nrn{ H-e :.urYufir luo:#n:rr{onm.r

';Iru:'lUUM

rrnnr:rJiuurfiuuSrJntrlo,rrdoinr:uJduu s.!raa(aH) rilrriu r:u{ulfr'jr lun:6d
ntlr{ H-Q ro,ril:rr.rnr:ulduuu n,lrrir:6lsrioo-n:1mr[:Jrrrn udrirrfluildin:t{ H-e r-u

,,1 , -zrn'truauull'ljnil.ro luttrlcrcuznulnoutS llllJHnoooorlrnlsurau d u alrnlu li71 oltiRUolrrn u

nr:nJCuuu olunlrrn n2liicnirdinnr{ n-q fu

;rJrr.nroln:rr{ueloo:u:: fiihariorn:doniuuiourfu lun:dd:::.ruoia,rgurfluuu#

in:T vlraerorr:uuuuu n1:uJduuurJ0,lrclxr:uur;iirnionr:rirruunnrirrn-uurndrur-ufrid

inrrr{ H-q :ru n-uildi n:rv,h-un'jr

lugrJ +.ra riioirn:uiduuila,rracr6nJ iudiin:ryl H-Q uu r:lrnrr duuurJnro-nlrn:

guu-rnriiorfiuun-uildimrr.t,it otnrhtflun4rnnrdrir r lillddr 6ricrnul#da:rnrrgrrrooi,
srilsuardr rr:*,iiaoitr#iinlr{ H-g fi#qnnhdwnrlfi nthr6a rho-n:rrn:g:.rtig.ninfinr:r:
-2,,)t6onifutl::urrtir.nulearn:umufiroqnnz (Posirive Displacern€nt) udriho-r:rrn:gug.lfiar:r:lfiIu

)tuuurruoi{nonfiiorrrf'l{run:5.r (Hish Specific Speed) rriu ::mn Mixed Flow rio exial

Flow rflui'u
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riSnxdo

rird zo'c
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t 200 ljll.
230 U.

riarf,rd 1r- o.zo)

rio r/ 2 (K = s.6)
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l. tia tzr (K - 24.0)

I
0 r50 lJlJ.

200 u.
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10'11 e?

e 200 ljlr.
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ronn:r ranro.r:::rr ua;o-nr'rnlrhnglqodLifo,rliiu ririornr:riuo-n:rnr:1narflu
- a | ,- ,

r0o 80t/ ?ulyl t.ru't?11:a0,trnttrr{rn10.[otoitflu[1!YnnurTrl lc tlrli?,r unrrnrrrutui tB

q n:oi (Minor losses)

..1 -, , z
mn;u?r 4.s nr,lo?'rt:uuron.rrlnrfluriornfinruiiu2 (Commercial Steel Pipe) grnird.riqnuqi

zo'c::c-ufirrlludrr A, Bun: C rr'hn-u + 3o,oo + 42.00 !ra: + 6s.oo ru:rrlrirn-r.r riomn (r)

6,r (z) lurc soo lu. urr 40 trrir (2) 6.r (s) lurn 2so ru. u12 l5o rtrt Ba: (z) iir (l) urc
'r50 lJlJ. rn? 2so ua: rirltlnrlr,ltaelor::ulrira-ntin11[urilr1,0{i:uulrirfiu oo ir:z iurfi

7. mnl :lo'trio z rs iuutiuun:rr{taalo.t::uu finrnJ::ntiruuu Cate valve tihlur-nrrui{do
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n-nror:ro.cn:tl u-q iuo{riu3rJ'irrf,nnru::ro,rluyr-o rriuollnirllolriolrin::u'ir.r
r.J,,lrrJ::riu frsrnlrn:lun:ro'rnolnnrinnuriu,roonmnlu,r-n nrlrlfiiun:irulrniulo.tlur-c rflufru

n:rr{ H-q':roliurruoir{n0nuuudli 9 unerliluJilnr s.r

n:li H-Q lugrJ (n) rflufrnnru:nr:rirlruro.rildlilux-cfln-ni-unorua2oonlrlufianr't

efisrnfuunulo'rrum Gadial Flow) pJ (l) i#.ruuudrfirnrn-.r.rruLfurilo.rr$nrlnusrfuu:lnn-nc-u

rorlufl-nrurun-uunurio*r,rnrrfiuladr$6ui (,Audal Flow) lr0:uuudfinml,rmrl noonlo.rro{!$n?

i'ryr +s 6.1 so o.rarn-uunuao.rfln1 (Mixed Flow) dru:-u3rJ (o) rflue-nrru:nr:rirruloliluuu
Regenerative Turbine driun-nnr:rriulra-.r,rrslliurilo,rrrorhjdourniouriumuuudndT r:irrdu
nteu2un

n:rr4lugrJi s.r ufle .,a?1!flyr'uf,::u'l'no'o:rnr:gun-utandioo-o:tnr:nlulorlura-nold

drldrrrrnnr:rnnollrtilri, ,rrurirlurio.tnonor orirll:fiotr 6.ruri'irn:rr{rurirdr:uri.ta-ngo.:

nr:rir{ruou.rudo-o:rnrrgur ugudru6'ro-n:rnr:gug.rqnriruiuirifu ucifftrilfinurlorT u'jrir
drnrimsrur:ndrtJli,rrr.l6tinoonrir.riure rlun:rr,lf,u nuliln:r:do-o:rnr:guir.r 9 urirdil
rir,rruldorir.ri ::ininrxLirrirniu nouiicnlilu ,:'re ,,6unilntrirrnuo:dnrrnrrguddaln-n
.' ! ! - ,,1r, - - r .l a 1leudlil{ac{.r{nulerrrJrs!ninlrt{qn firc lnaliu{oulenrnor2rlor{n lii{nmlruulivr
{rfinoonuuubYriurir,rru (Design operating Point) tJ::f,ninrvrnr:rir.rrulo.tilr:aralrdolf
rir.rrudledra{vi, .rrlnlei-.rnrh?oonl

g irla-nru:lorn:rr{ x-q tirr:-uiuuuu Radial rtow dun-u3rJir.rfnnar:rorluvt-c

c-ruaerlilugrJd s.z tril (n) ule,rbirfiu'jrdioortrnirrro,rrio+ic::r'ir,rcrrl::n-urrn nrr{
H-e rsuuur'ruua:r:L{o"n:rnr:gugrnir nrruI6'rao.raiululr-nfi6r.lariotrrJir.rlorn:rr{ H-Q

- -. -) . .i .)rtutcll2nB o:ulultc?t?1.t tuuu22it00nmngurrnalitt:t Ha lfltt$ntlflurr n?1n:8all21il lllltll2
-) - t -)tt- ,t -)anuHfnuno,'llJi qrunnl.r (3u n) ua: lu"rcfirlnllnrall: llltllrn:1vlnun2l lurin!f,T'.u1ni.l.t$

1up-l (o) ortrur.rlun:o?rnl-u:iorn:rll n-Q r:iaariodo:rnr:guun:rucdtirlnilJuindl.rniu

rdon:rr,hanro.r::uur duuu n.rtrlmn#oonuuultil nrir:60 ildin:rr.l u-q fur:iin, rr duu

rsnurnn'iruJduuu nlo-a:rnr:gu lun, .ro:rniurirlrirdirdun:rr{ H-e uuur:!nrrr duuurJa.,
,)

0o:1n1:sux'rnn21rrJ8ul{urJn.rr!i

n:rr.l H4 lo.riuuulr ltadia.t Ftow ir-,rsrrn:nuJ.ugnoontJliiin'jtillrnnrifutl tsr.ucl
ua: lririuar (umobtc) irdfin:r* H-q riuom:birong.rqcrdoa-rrrnr:gurflugrui (riun'l'r

shut-off Head) un:r:ciau j ena+6oo-o:rnr:gr,irdt rirn:-unrrr{dtrirhra.r rae:rorfrio:rf,u{u
), :l z , )- :tua8atlm:[utr{tJlrutlnEllU ro{ariinqs flnllurriou, f,r8{utooit']n1tEu!?a!1$ n:1 tln

z, L).IaJn.lnoJuuu$llinJ li Lu: n 5-3

ildin:rvt H-O l'rirhoo.rCu-n:rnr:guldaorrirdrang.rndtiorrirriu Shut-off Head
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riui{ (srrbh)
Shu!-off Head

lrhlurr ruuru.t
Shut-off Hcad

frlmrgu (Q) iiflougu (e)

fli s.s nfitnfiounrld H-Q (H-Q curve) uuu#dili{ (strbtc) u.tlrhirri{ (unrtrblc)

rYrbliuir,nul$d2'rC.rndrT orexu'jrinr::tulnurJduuurJa.ro-orrnr:gulCrorlaurrnlrrn:ir.nu

lo.riuri*n6ourf,qnorh.l orhil:fim! nr:rirfluts.riur:riuo,rrrrrlnirdo TDH drn.ir Shut-off

Head Honllfr?:

.: r ,.:orrrriuorun:'trjriunrlunr:rirrulo'rlux-oiHal*n-nrn:a21r,fia'tn11d1f{.nxdlirrlu

lun-aunndr,rriuoontJr-.rrriutrrJd s.l iliin:rrt u-q riuororruio.rnr:firrt'r.nur:rirdurdo
- :l ton:1n11[umUnurun.rlnoonuurLltilfiuu luesign opcrating roing nn'.r1cil arrudolnr:

irn-lmur:ciou j eia.! Unidlfllfiidin:rr{ rt-e lririun': orrriornr: irn-r,trur:u-'tnrf,lil
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n:rr{ H4 rnru

uliulllltllJttriua?r
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a) )
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;nrrnr:gx (e)

:t/ll' s. o fnuolznrrrit.nuteliuuuu Mixed Flow

, ,J : J J
'll0 llrtR{tnn?1 :utl 5.6 rn't1fltlflo{nnH$:n1:vl1.rlu1r0,Jllll[1{llllult.]rn 2 tfru fl0nl1yl

rufl6,t r!ex;n1r,rnr:ir.rru lEfficiency) un=n:rr',lurn,lu:rrirfid'0.:nr:riofir'rruio-n:r nr:glun:
,. , f, ta

Lrofl1tofl'rnu.0 n:l?t'|{dlurnu::116onir Characteristic Cunes nio Performrnce Curvcs totil!
, S -- - ^ - . t Lc-

nt1yl0\tnn1?uutl*yl Hnni:loyt'tra't !?rH:1:i1nluo0.I lr LllnltHn''t: lLaonux tllt}M:g!nun1u
n

nt'r H-Q no.rfruttlJu Axial Flow n!!'lr!''] nni.rt0.cltru Mixed Flow o-.:uro,:luJ fi s.zn
- ). . r.!. a. S
liltrgflu'r!1[rulrhoL uttJ0iltxonantgoyllnBa nltu:J 1L:Jxy]''r.t''rB a n B fll: n'r r yr1.J'rr{uB iUlJuuuu

uonchnflnnan Mixed Flow o:.ri'jrorrrriornr:irn-.l.rlur:[.tfiEgio-n:'rm:Iurilu[uliun:r!sos.r
, ; - rv!. ' )a, ^au'r,,1?nl:1 Loutol,r''r:0 ul nunuflnloa a nIuu ltl rl lrYrT .i ''r1{ a2{n!U::flrrn']}rn11n'r.tlu['tf\4u1,1,,

3.
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n1., $uYloln?1?t00nl'r:JU l?u.]n J nnlttJuoo.J l,rnun1R.:n lo]t0 uTalg3gut:90.tr.,n11ulnu.tnna6 n

'l :irl6rrgniirir!rnrfiun'ir::o-utlnooriu

n:1 H-Q ro.uiulrru Regeneratiye Turbine Touvir g Llo:in-nr*nurflutiuo:.tun:rioufr.,
- ; ,) 2- S ; - , ,) -Znu [uDJn1nfl1t .lRUt{tttlR.traol0,t !LLLluuo:Intjlntx0tYruun:Jn1:r nuullun.r0ol1n1tglJ o'tBu

ie iv a I vn{!xLllu'r:n'rutui'ruYro0inl::uBn:1n11s:.1 1.1, B linu.rluYro0.r!n1:ljoul:1111n1{olullu
^ ) ^ E -)nru:16uroio', riuud! n1: ll0.tn--u [ounr:6no'.rqrJn: niflool.]uo-uitulJl:sx ttiu 11{?noa?1!d'u

(Pressure Relief Valve) n'nBnr: nr:rir.rrulorfruuuu Regenerative Turbine usollflu;rJd s.e
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:J::irirnn GrD
n:1d H-Q .{-

ta

c
E

ca

;i:rnrrgu (e)

fli s.z druuznr:rirrrurariuuuu Axtrt trtos

nrl H-Q

Bhp Ui:erirn (Eff.).....--=

EI

E

laa

I \.\

c'a:rnr:g:r te)

;,/ri s.a a-nrrrn,:rirlrularirttuu Regcnerrttve Turblne

Bhp



iuu..rtuugurl 9T

n:d H-e rdofruaosrniorrixru jarurYu

i y ie !r ,
lU0n'l1llo0.ln1t tn{1un0{ult l,lrn?{t!u:L?Bls']n I rru dfl:1n1rs!}1:0!gn!fl11!uone1,t

- Z ryE . ) , Ylnllllln lJt,tft:'tnlt trultltllletnnfl0.ttfi:0.t?l:0!1nn?1r1,t1111?unBl:n:e2nuf,3ui3t!uen11 n,ru

rl,{:1:'i1!i0n?irfro,rn1r1i,r1unon.r rrlslm:!6anr6u!oio.r,f,ulurro-rdbirJ::ivrinrlrgrlurir,r
. t ) . L) a z. ,

rntYrl{1u$u ltn: ltt?ftlnn{eYllinulo,rrJUYll1l80uun']n1:n0rlu:BUl1.r: nEl tnog tunrnr{oogrR!0

luvrrro:.rniu:irlrirliilrnio.rluqjrfiu.rroiolr6ur rion:ud'0.:nr: onnrfioreriolaonreuriruio
. ! q -tL - . ,. , .,r.U. - - i t. - o .

nffn0{tuono{u:!tu1nn I n:oruurflt:nln1g0$ ttl!?,rYt !1 Jt:f, trnv{01 lt83n111r!uo0irnlnll
v

T0unt0ul1n: nrrlnrrn0\rnqounun.r'r1l?r,rulJo

rfl o lrrnn'nr nr: nr :fi r.crulouildrqm n nllvl u-e ihirorr:rdofrlrirlrurfi u'rroiort6ur
)tLriioiiilusoro-ruiorrnn'jrir.rruirlniufiirrfludo.rur n:rr4 H-q ro.r::u:.rHnlhltjIou0lfuiatn

rrnn:tl H4 :ro,rfiiudn=,nio#ri.r,T lf,ilrn-ultu uonr, nrtrur-.ri'rrflu6'o.ryl:1unr1r{rretarttJUU

(System Heed Curvc) rfioriurToXnri,uiuuro-n:rnr:grun:ran riioriurlnro{o,rrir'rruriou i riu

0ne 'tu

r-E .m:llirIrrrilmui?lriuiio{lo'ruuuo(ru 9 fl"un'rlgioR2lrdrunrul r{r 6oirrruirlniu
qvi v I - t l r.,v i ,

Ituululutt$:urJljotntl, lllJutt1n lttuBo0nnl:lv{u0n11n1:lx8leu tuoa{n17ll'lrtan f,2$ttulJrnn

tfilaio.rnr:rf,lrue0d1,r16ui n-nns:nT rsccilrfiobirilfirrruirln-u ueorlilx;:Ji s.s

A'- "o. tlrcllulr{lut2ufiullulrlulll 1un: ddiUrirfl si'r! fiiruuuruis n:1 H-Q xo{

r:uuoerurldlosnr::rua*o:rnr:guirirran16rtrniurro.lucin:rirrirdruniri n-.r1 d s.ro lutrilrflu
- L ) ) )t- - zJtL

n1tYll,tlu1?unlll0iluut]lu,t 2 tfl:0,ttfl0 !]tn:o?no0n1:0tru1u n'111{t1tna1a1l,tlun: nIUU!1n
, t--

n?1unu{o.t ttn0tnt}.mtiu2nu

(.) (b)

EE-

;ir/i s.e dntor;nr:infiilurCalirir$ i?llrYuxuu (r) rur (b) o{n:u
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n:rr.| n-q luJ

,{
n:rr{ H-q lrlri

lla

IEO:JA.'1:UU

2Q

tDc!0.!t:lJU

QB

c

4en*
;.:rnr:!u (e) a"n:rnr:gr 1qy

(s) (b)

Stli s.tonrrr{ H-e lo.rirlcolnio.rrirs rujrurYuuuuru ru (al rdoiurtrso{rniar

laro riu (u) rdoilaiturolnqinirrfu n

1*pJ 1ay ildri'ur, rirmuilrn-uuuuaururilufrrrrrurnr6u?nixdin'nu :!Li0uriur n:J::nr:

nrirr6oin:rr.,l u-q rf,ur6urriu o'lrfu a-n:rnr:guto.l::uunsur:rirriJuso,rrvirlun:dfiranrvir16l

uriorrarrurfluri,ru6ro-o:rn'r:g::e:Liriuso,lvir vrtrdrn:'r:'jlioo'n:T nr:hnrf,rdune:qqriu
.r J"

rrn".r.nulur:ruviofir:rf,uouiudrurun::m".oraogrnirriorJlrirrrulfiu.loi a.rr6ue o-n:rnr:gu

fir:noriounrn'jrro,:rviruo:oreuelfior nlnein,uo.rn:tl H-q hri:ra.l::rursrn-un:rr4raoro.r::r.r:.r

(System Head Curve) n-.,ung't1ui

t -)2- Z - L)t )-'tunrfifi rIln-.rso.riiturnunneir,rriu ftiiraofi o"o:rnrrSrJ!fluqwiuio Shuu-off Head

fioonit:hjsrlr: nLinr:lrnl6'rqnirraoro.rriuroio.rluqjoonorirnir Strut-off Head rio.lriru

roio{r6n liiorgnnon,rrir n'ird o'nrr nr:lunta.r::u:Jirfl!fir:ryi''rn-!irn:luro.la-o:rnrtl RrTniu
, ) ) r .,Jr 'lln8:rnr0{?lruofi'lrnu':nu o.rilJ (b) n1t 10o:1nl: lvlfl71l,orT n'r:u!Harnn:o0n}1nlnlnnonBn

n:1l.hanno{lrurln-unti}'{ H-Q ri o:ilri r.:eu i:l niu rriur6urniu

lurn:ririlrrrir.rruilrriruur,uurt{dflr:r:16onlf,frrL#in:'nl H-q ciaufrrfu #ofilrlr.t
fifiT 1f,rI#in:rrluruuirr:1dn:rr,{ H-Q lnrj (combined H-e curve) #ur.rd:urfiar.ro{1uuur:ru
)-
6roT orflucrrrqlrto"o:rnr:guurJ: :rurtin (unstable) Ieurorn:orirr0rrirn:rylraoro.r::r.r:r
(System Head Curve) uuudru

n1,nlrJ1 :f, nin1'Huo't1: uu3.la

Eff. = l'7(QA + Qr. H (s.l)
0 (Bhp at QA + Bhp at QB)

lurdo rff rilu ::f,rinryrlo.!?:u:Jnrldti1{'ruiurYuuuururu Qo uo: q, r uo-o:r

drirmuirrlfiuuu:.rnulr (Eff) ororirldlouligo:

a <2Q

\e'
d

r ?r.'

I
A o a



irurr.=uuari. 99

n,,rgrroo,i, a un: B orudeciuicirran H der6urn'u deu:,:feddornr: (Brake Horsepower) iriJrr

cirdn:rriuriu QA un: QB, / rilurirnrin{rrnr!1anto,rl1la1 us: R rflun-rurJsotirrdrn-.c.lru

birfluu:,:fT

n'tqa1tn 5.1

1n'l'l

ria:ilso.uoio,rrir.rruir!niuu:.:ururuo*.r:rJ r.rfiserii, ::-rlinrnlar::uulsr 6o!n

Eff
I (Qn + Qs). H

0 (Bhp at Qo+Bhp at Qg)

QA

a Q=Q^+q"

Qs

1# en r fluo-n:e nr: g u:r a.ltiu A

Qs rfluo'o:rnr:5ura'rtilB

Q lfludo:rn1t$u:1ri Q = Q6 + q"
Hl riluraofirr.:uu nyr',Jaruyioon,lo lfrlrY.: ro.:xu riu

H2 rilura o6 rJ nr uvio de u l a l:iur".r s o orn, n-u

oiriu rou la,:frrrs.rsaio:,rir ril 6o rt lurfio

H = Hz-Hr
ru:.:ird::uurf, rlfiuriro'rrrnr (outpu0 +irurrul6'lou

HPoutput = --IQ:I{
B

P (Qe +QdH
R

luri o o rfl udr r il d uuuli? u il n il B-.r.rT ubir iluu:'rrir

u:'rrirdril A us! B li (Input; +iru:rulfrIou

HP InDut^ = lQeH
R EffA

= Bhp at ee
lurio Eff^ rflu ::i farfllo,riurdogrdrudo:r qo
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luf,ua.o16urn"u

HP InputB = TQgH
R EffB

= Bhp at eB

e)L Z
Hnr?uranur,'lii?rilrJn.rn0,r li = Bhp at Q6 + Bhp at Qg

::f,ninru:rraor::uu Output
Input

l'(QA + Qil H

6 (Bhp at Qa + Bhp at Q")

n"1orhfi 5.2

d rpH rrirn-u zo ,rnr fr, e guirld6'ruo-o:r zeo nu.u,o:rior%Ilr Ie ufirJ::-rrirnn
zs uJof.6ud i, n qrti.ld u* u:.r.rlo:riafillr un:i:J::inimn zz r:Joiriud r'rur ::f,nirnlr

)L Z
t?!uouunnno.lyrln1[t?xn lluut u'ruloo toH u-'ro.rrvir riu zo ruo:

2!n'l

HP Output ,,0.t::uu

HP Input laoi, e

HP Input larilu B

QH= (Qe+QdH
273 273

(780+600)x20
273

= 101.'l ttr{fi1

= QeH
273 Eff 

^_ ?E0 x 20

273 x 0.'19

= ?2.3 ut.cril

esH
273 EffB

600 x 20

273 x 0.12

= 61.0 U':.rti1

_ output
lnputA + InputB

nitlu ::ininrx:ruro,r::uu

l0l .l
72.3 + 6l.0

- t a. a

= 0.758 lrlrB 76.E lu0tlil'ln



iun:r:uurtrri,r l0l
, )'-

:,0 !r{t.r.no?lrt orJlrolrniolrfl urJulfi o16u': n-u i n:rr,,l u-q rn6oun-ua: ::iminrrr
-!,,1rnlnu u1!tntnly$r0,rt:lJUt{nut: llrltono'l{l1nut:nYltn1}ltl0,DJU[o8:tfr10,t

a '- . . -)z )t. rfr 0ilrdlrrilizuti'uttuuarlnrl 1un:dfr frlro*nio,ruiolrnnirirmuilrn-u
' 7. ) , o- L ) ) , C. )tluu01ntlJ nnl?oBYt1{t'1u1,0{lJU!nt0ntr: no0r11n!fl1JBf,n0{uuror0,r?n0.r yr1,n1u10{'r]uror0.r

.t , r - 3 ) )filo.rriorrirn-unr.rgironfuroi0.rfiri! .,n., r:rriuld'jroif,:rnr:ll,taCrurfulnroiolrrirn-lrrln uri
; I lt , -- I -U y. e'- ) )1rEct:r !rrui0 tunrnuuu!1n1u c,tu$rn l'Iluun0ntal0.rxuqornllUnr$!0$nuln0u'lnyl1inu?2un.t{

BU!oln:u nllvl H-Q x0i,r:uuerrudt:ur1d'le un1:rf,urae{urfluro.crvirm'riro'n:tn'tr1}r0fi'l
,)

re ulnu o.t:ut1 5-'t 1,-
nr:irrillrrir,:ruirln-udo:rflurnlrtlrur: nrf,rraelfrnrufiolnr: nn-nnr:riodrirrrlf,

drn:-ufrlrirurernuuu D€ep wclt rurbinc d.rdo{n1rlsol'rn lunrddirvlnro{o.riqrumruiruiou

n-urlnorJrr rl::itrinrnro,r::uut{EUr:hidl,tltJrrnrh:enin'Tlr0,rrilrniorlnroio'rudl udrir
zz
rJlriuunnrirrrYu tJr:Antn1fl r0n1:uuHru (Eff) 0T rnrldr1fl

Eff lr.Q(HA+HB)
B (Bhp at HA + Bhp at HB)

I*r q rfluo-n:rrn:tuniruil Ho un: H, rflr+anlovil a rn: B rdoifotlrn:lun Q vhrfir

riru:.rrirddo.rnr: nrrp rfludr#n:'rril HA [R: HB, P rilurierrin{rrrr:1o.t1onlna1 un: R tflu

o-rurJ n,rlrri:u rir {r rr ubirfl uu: r r7r

nrr{ a-q luri nrlvi H-e lurj

......... (s.2)

2H

Ga

H

rri!0.tt:!JU

H.Q \
(-
a

(H.Q),
triri0n::uu

imrnrrgl 1q1 ;i:rnrrgu (e)

jtli s.t t n:rr{ n-q rarilla{liio{drrrur'lu uuuuoln:u (r) riailuricsoriiqor

outiirri cun-uqnadr { ua s o) rd oiluriraodru rnunnrix rlu

(H-Q)r



1o2 fiun:l:uurtrh

o?0d1tn 5.8
)z ,l .

tlogltt0''lnt0.!n1{1u12ut1rurruolnlue 'ti:J r{ [r[21:Jt:RYltrn r,0irl:rjuHnr R0

Eff = P. Q (HA + HB)

B (Bhp at HA + Bhp at H,

a a

2rlll

a

H,HH

Li e,c, rfluo-n:rnr:guao.lil e
Qs rfluo-n:rnr:gurolfiuB

Q rfluo"n:rnir$ulo.!r:uu
2 2.. , - -C.tlr0irfl nuInl{1ut?unuuuu0ln:u e.Juu

Q =Qr=Qs
Li H, rfluruodrJnruvioqnis{fr! A

H2 rflrrrasd:Jnrurioirulolil e d r r: ryir n-ur a orirJ nr uvio q

un: H3 rflurand nrurioirrru,rfr, s
drfu TnH loril a6o H^ = Hz - Hr

TDH loriu n 6o H, = Hr - Hz

TDH ro,r::uurnrt 6o tt = Hr - Hr = Ha + Hs
o) ..lrw,u:{lnnt:uurfi tt lllunla{r},tR2

olo.rfru B d:u

HP Output 7QH
B

/.Q (HA + HB)

B

u:,rrirdfil e un: B liri, urrlldtou

HP InputA
7.QHr

HP InputB

B EffA

= Bhp at He

_ TQHg
B EffB

= Bhp at Hs

_ 7Q (HA + HB)

B (Bhp at HA + Bhp at HB)

Outout::nntnlfl :21J10{t!ulj = -:i-lnput
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a?ad1tn 5.4

- Lt- - l,i
u1u n. d0,rn1r[urilmnudrild?uo"ori ,rso au.uor/ i''] trr loui mu lilrioun'h so $n:
tZ)irs)-a),t-t)

ulu n. !uui\t[u$ll'lnaor'ri,,nt1? trolrlljrrrnrrn inqflmnu 80 uJo:ril.o llr0rlilYnnu

3s unr u1u n. i,rlildoillr6nroiornd.rd.rr:Lirae 24 ue: riiao-nrrnr:gu 4so au.rro:/ n-2lr{
, i.3z .ni: 1ler;rnfiryhniu zl rJoir,iud rllli'il liiolililm-{fro{u1infiui?rn-uru:rolntu rJ::inirnn

1?rrlo{::uul:lriln-u]ri11t

2tll1

Q = €o au.rlot/ t'?L,'t

H =He+Hs
= 35 + 24 - 59 tlr0:

=QH
273

480 x 59

d.ofu HP output to.t::uu

273

= '103.7 (lr{lll

HP Input tro.!frrtloio'ttr: n QH
273 Ett

480 x 35 = 75.9 u:'t!1
273 x 0.80

$0x2l
HP Input :ro,r:ild{olrri

-zo.tuu'u:3fl [nlnt?u1on::uu

= 57.0 tlt{Il
273 x 0.14

Output
Input

t 03.7 :0.774
76.9 + 51 .0

t l. I
= 77.,l lllotltui

Aflinity Laws

a?1t n'u -uii:!u'i1,ro-fi:'rflirSrru&:rreri0nil H-Q xo.riudl6'oiurulilun-rrioiufrr

1d!rInunT :rono.rbiild.dluyr-olure udirirfludru:suo?1urf2o,r# rvirn-uarrrrirmr:!1q{s{.

rornoiuuuril{ I e',rrriudule.rli1ur.r',od ,., arir'r1:fiorulunerri,ilurirdl:Jlirrrrinnn'l
. .!. , ). , t

n'lrn1{1u]l0{tllr01tt:lur},ui0lrnunn1n1:rn00,t l2 01''llJuonfilnnilnnl?gB'ltt:uu't00nluu 2

n"nvs:drun"u 6o
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n1, 1li 5. I :ouarruri:uoyrird{.nutoslorno{

- ).w- ). :0un?1!t:1Yl Itnur,'lnYlqS

n. fi u n', :rutiwr atlu r.rnulii auTrJ riouondr,rirfi o{uo{raro16oliroio.ruu6!fl uiuirn-.t
tI / tZ / 't]Jl&vt:T:91800i2'tn'ttn1flu:/0.'lflt0nuunBuTBUft?1u!:20'tluinol.lnu tn!1n n1:tlJSuuuuni

zinro.ruorno ifi orrrirLi:ounllrf lrJ6uutlldr:iur6urfi'u

x. llrnnduilguinaNuatTufnuldou ?/ riio,rernri:.rnr:irrruro,riruu:.lr ni{non
z e rv,zuun?1.r1?1{uln ull,tlr.lHno luillJltnnlnotu o [!,ll{Drn!']:nufl?,[ro0.tn']r ltfiulntulc [n ii 1l

3 _ ,Jr
dru:"uriou,Ju (casing) :ruroui.rniru6nr:oonuuulfilftdn"rlu,r"eirnru J 1um tdu 1f,16riu1ur'n

: -, e i -,Jd,lulotngH1g1unnT,, 8 n.t i 2 u2 tuunu In:n1n1rn1{']uia{ luyrenx'lrtux']!nuo21uo0,tnit tflr
fia'n:rnr:grnurnud,r lulr-cru,n ro dre:lu'ranurnrfiulil rriri1lf,lur-oxu1o e d?fir:ldlanfiou

rfiulil lun:ddfiitilucio.rdrurnurrurnirrur:srudrriri 1rriml lun-nlu, o ro dra.crrbiro6
nufl?1uo0{n1t Iuunu

nr:uri:IrXrlfion-nBrlrrnl:rii'r'rulo{iruoncirrl:Jrrnn:rr.1 n-q duitrvr{Hhnvronolli

rirniuiof urulirir,ruu rir16loulf,n4rnruddriu nir Affi nity Laws : 6o

n. ru'orurer&udrEudno1{r6{lun-afi irnrdusifi nrrnJduuurJar:ounirurix

(5.3 a)

(5.3 b)

Qr

a,

Hr

H2

Bhpl

Bhp,
(

Nl
N2

(+
2

)

+i .......... (s.3 c)

n:;ualrli[r

so rivrd (ttz)

oo riyr{ (xz)

I
:olrozrrri: :oudaurfi (on)

I

125

870

2900

3500

960

1160

1450.

1750.

dra-ururaucraci 
I

n::lallhhiiarnr:

1rjrfiu s rw (z I'p)

5 - 20 kw (7-2J hp)

rJlnnfi 20 kw (25 hp)

I l0 v f.i8 220 v

22n v
,r40 v

nlcr6rn

lr!n{c
c't!t r
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lurio Q,, H, un: Bhpr riluo-o:rnr:gu racun:u:.rrirido.lnr: (Brake Horsepower) tdo

luyr-onludrua-orlir N, un: e: , Hz un: Bhp2 r uo-o:rnr:tru racun:ur.trirdfioon., ,door',,

rirnr :rrlurarlur{auJduutr.lrfl u N,

- - d.l. d, Z X A r 'n?']uf,xfluin [$1i lunxnll 5.3 n{fr1ufi!n1191{n0'l''lu1!(nrnlfin']lvllirlulo.rutJl: tx

r:JdustrJou:ounrT lrirduJduul:J rionllfic-.rnrirrde:lnfrriuoriuollrilurirrhurn:auorrltir
,,J r,- . )rv

UIRUU trrnu 25 r.rjatrnunl0,rt0uo?1llLt'tfl [n00nltuu L?

gunmlirsru{rruurfulfldrYuifuuuurtunirlnaorlnrh;rnn lri:irlun-nocriluttuu Rrdiel

Flow, Mixed flow, Adrl llow nia Rcgcnendve Turbhe drriusunr: to.s 
"l 

lftfinuilulruuLari
ruo;rruuqnguin {nedproceting 6ru

rio:ounr:n1u:rorlur,r-orf,ldu nrir'l H-Q i:u-'to.r:-nurSrJir.ln-ntru::to'ttiuo'tthludtaa
: t ) I t) : v . t e t tr:ryrrs.riri nd1?norRunrl t:t80u[{xu}l'l0lnouo']nl n.l10uo11lJtt?n0't tu itn1|gvll0neE.t

a-nrnr: nr:rirmurorirrio:orRlr,5ly'duutJuro.rlflu;ild s.rz 1un:ddirioXarriuglfroqi

nr:$1Hnnt! lmorne:tJduuu nlolltiliollur,-or:rirl6'qncio.16nirnr:lict nr:n' s.e

300

&

t6

26

E

z

i

o

0
f, t n

u, s. o^t(o|5 rtl l,{Nult

- -- NOTSY,
, -aa

R I

t
25@_

T I

I
?aq,-,-t.-. I

I t. a
2@

//I
|l00 {

47I,ra@- / as
,,L-

I

t 4io

r2( o I
r@tF

J

ltt rc-
I
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-,anladltn 5.5

irn-'rorir,rlugrJ# s.rz g:.rrirld r,zoo unnnoudourfi draa rao r{o un:u:.rrirdilfio.rnr:
(Bhp) r?i1n-u ea u:lrir riolun-cnrludruorrurir z,ooo:ouiorrfi rruro'n:rnr:g::raeun: Bhp

urro:ounrrrrf rr duultJrfl u r,ooo :ouriourfi

2tln

nlnlt 5.3a :

nrnlr 5.3b :

Nl
N2

- l'600 x l.?oo
2,000

= r,c6o llnaoaxio rii

x 180

Qr

a,

Qr

-E!
H2

Hr

(il)'
(rr**)'

r rr.z r{a

arrnit 5.3c :

Bhpl xE4

riorirrirdlS'rrnrn:drurnrtJuJiuurfiirrrriu::Jnr s.rz d,rlfrrrnrn:ne oo.rr:rfiu'irdrrf{co',
. e. tl iv',]
lnntou.tn.Irmn uno,r11n0rn finnnlul0{num: s.3 lna1n0no0nsu0:ft1uln!n1:olu2fle.ro20ul,t
.,J
rh,ruuii$nrlt I li fir!nrmtnnfrrn:rr4usn.lrnrir,rru:rooJudrr:"u:ounmlrirlrrili riruiu
-,I .hr r ,h- ) - ,)o?0u1{u ntl n tctlnn'ttn'tu't8t tnu tnaunll 5.3 un:fi ti11nn'tttliRo{llt0021urr2r nugl1n

,)
2,000 t0uo0l.1rl turu.Ir 1,600 l0t o0ulYr nfro.rtlluiun s.14

Ieulin4rnrurilo,rntJn'r, s.3 rtinlul: nutn-nrru:nr:rir,nuro.rriuriorounrrrrirr duu
)rrn r,ooo lJriju z,ooo:ouriourfi 'tdrriure-urriu Hnrrnnr:riruluiB,rrilurfrq ::lu:rJ s.14 usn.!

bilriu6nof.r'jr n4rnnrt{lorlrnrr s.o uia Affinity I-ao, rfuLirienndo.rriofiold

riruiun4rnr*tfluurn.,rd s.o dllf,rio:suomlrfriciro'rduirturnriueirgufnnT'r:ro'r

1un-nirilrlduutJfur:Liblarrun:r6ucnndo.r6uiouflunl: 5.3 vrtrdrn:r:'jrinr:r dauu o'r
/ ..e , .l .e .l r - Z - e i

!Ul{C liurt.t Sn ll qOafrUUOUl,l0Ul.tm0OnUUU t2llJnuu I s.t!{U nlO0nnl:tUAUUUIJS't1L1Orl0.t

1ux-oiruou.orudrnr:r:rlinuruiutr{at6or'curiou

BhP'
Bhp2 (ili

_ /,,um\'- \ z,ooo/

: .s lt:{il



108 tlur,.:uurrrl.r

nllrir{rrvir: *- vi!6r r.o 

- 

H 8l1n n''l til A 00.t--oraF- 
-.-d1u?n r'rn 2ooo nerfls rooo :ouriourfi

x.' laao itL ---- O"lU?
,l-,tln 1600 ryirlrilu 2000 :8un0u1u

I

E

z

t

I

!I EE

"l ' ulnuli ernnity r,".. n-udldornRrtiaoo{ rioiinr:lun 5- II ltJ:oultlouHon'ltilll2!

r dgx:au n1rur5:orn z,ooo urflu r,0oo lro!orn r,ooo lJtflu z,ooo rouioxlii
vi6, rrlo

fl?TlJt:1nTtfl'r: ie- --?-- 

-HnoTfln,tt7l9R0.:
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,) ,- )rv ! -.1ry:un 5. 1 5 rlj:uurnuu [],tr uHoyl lel'] nn'r: n'ru2ru lofl tn(x n1: 5.4 nltm lotlnnl: e80.t
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nllul:?OllU'lt (Specific Speed)

1u:iruuurtuoir{non la,rrnar#luardrlr(gurinnrura.:1ur-or:nnrrirxn-rlruleuu:l
i. .,1 -,)n13ttY]n10,totu!'Ut{oun!tl1.trtl2u.tllu1otxu0nf,T{ 0 o 11 n1: t!,{ u}t H.r.Jl un o1'lu,tyll.t1u tJ: !1n t 1a,!

t ,-, , ))
x0 iflxn2t: ljl{o$nu8 nrrorti uYrt {1,0{ llJyrcu,R:Bnt1n1:,]lrlu o2u :nrn0'tit0.rnuiunt.ttl0.r luyte
)t " J,lr.fiioonuurriruuoixrlohdrrur:sln-rn1:rilnlufiii lurorfrudrgurinnr.l :io,rrflo::r'jrleh ::rYu

1r: Bfl?.uJ1rU1u0.' lur{o nfln1.rn']1 tu88anflnlu n t1u2uu8:ft21x lo.tionniu lulto 989 t ltiu
r -Jr-at ' )
1un-nfiii:-aiIoun::io+in::r'ir.:Cr:!riu[fl!r:1f1,{d-.r.r1uri0}rfi{$ri?utJirlorlJ0,rn0.t!1,rR2uin

,. -))-ad e -Z - )-
n'i1luv{-ofrii:-fllrfinus:ds.rr!onii.r n-,!riu i.rrr,tr,1:dlxirrufrd'o.rnr:raog.rurio"o:rnr:gulu'lrn

finriiqriu lu,r-odriuolrraroonlruurlurufiuurm (Ardal Flow) r:Lido:rn, :gug.ludranir

) t coL )-. - - r Zni:fi i:!60nliJxfifi'luyr-nsnnru: tuuuu r{rlrrul !otlnailrri?i'rr1.{1: (Sxcilic Speed)

i.tfl'1u?tu !ou

Ns
rpm \,6;; (5.5a)

H0.75

lur6o Ns

rpm

gpm

H

lun:dfrfrliunrurh (staee) rir g r:rflu .roH dord.rth du:-unr:+irlrnrlu::r-ru sI

f,un'r:n1111ufl?1lll:?l'lt 1! fla

= nlru.ild:l lriniuilnauieufi
= Ant lfrltlrUW A l lU llfllUUrA U n0 U ln

= in nnndut ailutfl uuno a a utie ni
= Gni2ttnll Totat Dtnamic Heod (TDH)

iierntTitfuintufluln

- t.633 rpm r/El
' rg',

N (5.5 b)

Ior N, un: rpm firrirurflu:audourfisiu rdurn-ufurr n.:d 5.5" uci lpsr uo-n:rnr:

gurfluin:rioiurfi us: Hm rflrlre:?x (TDH) doiu r #uiurirurflsr o:

Inuufrri.cudrazruiro'rurrclril6lilun2ruti2hn2urxuudlin-ulourY2 1 l uirflun-rrot

,'lirjodnrrrn,rucnuuurollurYnulonir !,,iu fiu4,riarrlririrrrr:::r'jrr soo 6.r 3,ooo r:i
z,-

ficmrrnr:1'nnoono':ornniurxnr (Radial Flow) i1n 3,ooo 6i s,ooo fiair,rnr:llooonr:rie1r
::u'jrr +s 6{ eo o,rarriurnn'r (Mixed Flow) un:frriinrruriri'lfli:flnrJr3xlru 8,ooo 6r r s,ooo
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Is i2lttl:1ollfi 'tJ (tounoulll)

D.P ?{
C.nrrilug.l 7, ttt,..n '/, P,oe.tt .

Z, lo_ //,

-1lfi s. t z arrufrurYui:;r'irrnlrurirril rs grliutol'luu"e o'n:rnr:qu" 
,,urrjrrtrinrrlor uia:uuu

r:ifialrlnrrlrnaonrutsn-urrsr (Axial Flow) riJuri'u tru:dorrrrir6rurr:icilf,udu:-airo.r
r..lrY

tuvtol!Lnnn.tlrn:?lf,Yt1,tn1t t]1000nt:rlJRUutT n tuuu?fi.Jo'r nnurfln''rlr''lulr{r,u'runurflq''r tuTlo
)- ,, 

' 
,: . i v,(0.rl[tlon!1u1']nnn1, !tnu0unu ltotl{t vl:08e1u10 lugnn2l{rnu?nuYlnolut:lJfi2't!r1?t'll].t't!llt

rvi, niu

orr!iriyr-irf,r:yl'il.rorurilirrxr: g:J:'ruro,rlun-e dn:rnr:guun: ::inirnlrloluin:
,)

LruutlRo.! ll tu: n 5-17
n

nlaaltn 5.6

e16onriruuu,rr.oilnondr:ligurirdtuo-n:r s,ooo unenorriourfi Iouiraewirn-u a r'ln
) t) c-- a. l e . )

uB:t,tltllulc'u0nto10{ullaylt: ttnu !u mgu{r?']10un?1rt:?'t 0.,lolB.tuuotY]ln! 6@ lauoouln

*-. y'*r-
H0.7s

? tftl

o1u? $n't'tut: ?l1tvt'1i Ns-
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'lt l

fir,.rtrn rprh

N 800 y'-l,ooo
: 9,2'12 :0UttoUlYl

80.75

orntrld s.rz ildrrflr;cun-lsrrrdnr:ocrilurluu Artal Fbw rio Pmpelter un::J::f,ri-

nrn:rorile:irir ::lrnr ze ujo{l6ud

wt., = Q'TDH
' 3960

3,000 x 8 = 6,06 ttl.rlj1
3960

whp

::f,nGnenrorilr
6.06

7.77 U1.llt1
0.78

-Y v tv A t , cs ). o.,lluoggto{ l'ilRlotuuni, lo 7.5 affi.tttl fl1o lo llt.rulnl t aannl: tutft:0.:uunn']'r']uln1l
- )r-) , ^ ^ ) c ),to X

aT Bi ?r?0ltl0'liril0:J::Ryrtrnlfl 10, .fl :B'ruufl 0:non'tLU0 lrnl1{u']ll1j1{

nla 1fn 5.7

,iri',r.,o.,ouu vertical Turbine ru.o u ,t.r surird:ua-o:r sso n!.ruo:rio#Lr c.rfirlU

n?1u15?6'rrl,{''r3 ri.r l nxarooinuu6'luartlr5t raso :oreiauei [!ai TDH ryil n-u 3oo rrint

e ) .)v
ll1'ru11l0{tala.ruuonn0.tnlf

Ns
1.633 rpm

HS75

rpm 1450 t0ueta[1Y]

/G

Q = 350 3,/ !u.

35O x '1000
= 

60 , 60 = 91'22 49,7/ lrtf,ll

Hm : rgotiofr! r lgu

= 300/ 6 = 50 IrJO:

1.633 x 1450 vG.n
(50)0 75

= 1242 TOUOOU'ltl

o.t u Ns



aladltn 5.8

iolnr:guird':uo-o:r ooo nu.rrn:doi'rlu'r Inui rog rvir n-u so uro: ournr:r:rl'jt
' I . .lY' - -n!40.r lu tul{oxrluo?ufl 21t rt2rYr1 [e0nt! txu::f, Yrtnlr{${qo

?tfl1

Q = ooo nu.trn:,, l":Iu = 600 x 4.403 unonouciourfi

= 2642 unnnoudoulfi

H = 50 Lllot = 50 x 3.28 = 164 YIOI

,) ) z . -?1nIlln 5.17 rriofruu''lo1uafl11 2,642 unRRollglouln o10?']uttltllvl']!1fl'lnuu::ultL

z,loo :ouciourfi ::Rrinru:io.rilli!${qo 60 :!!1 eo r oir6ud

= rpm /;;
H0.75

Ns. Ho'75

rlltur:r:uul,udr 113

rpm =

'/t ^
2,400 (164)0 75

2642

= 2l4O:ODnOUltl

-z 7. ) .e,
o''lriu :o:-rnr:ululolrJlfi c:hirJ::f,vrGnrrrg.rqo6a ztao :or.rciourfi

Net Positive Suction Head (NPSH)

luiiorJ::iriulvru'jrao.rrunlo:16oeun:nnrurilulorirqnruqig'rrro ucinuorut uril
., l )

In??J0{r}.1n101nro0onB1llu]u'!0yrqrux{u1x$.rgnn10 n1}Tnfl?1ro1luut{210n?0{rvln?nGn{!']n?i0

. !r ,i.nr:rir.nutorrlrlloun-r i LJo:rflurn:noarrro,uluriorgunrbitiT n'jrorrunnn"u:ro.ru::rt-
, ,,1 ; , -x. . L ,r

n1fln0 nl:tl,lu'Hn.t.t1B !unu1B,!rllB? i,ruBn1n0,r!un?0qt:outsulnllnugt.Unalnl0,t:Jl, ul,ttl

n-uolrb{lo.rrunrlrarrirtJ{riorgufir:iudorrunonisro,ru::urnrsrfiurotir.rr6ur ui o rY'r:: o"u:t ol

ro.rrusro{grn'jrfio:iu:loiurrntolrusrlr:irudru lunr,rn:.rriurirl rirrrn,uo,runro{rirn'jrfrl
)tu:{l,uiunl3Bnn,t ruo,t11nr:'r lun0{n1: [1110.r[nfl?nf,1urljll L0 n?'']rnonu [r10'trxn? tvlntll tu

.Jd, , r - ) o s , ) ' v t
tuu0.l$uYltullu:= llJ!u0u1'!uYtlt.rnn0n?1u noolrylxuln0.rIJurol{'t:R2u !1nn2''lfi?.ruou t0'rJ0{

tln \

lA.ttuB?u1{
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NPSH 6iiaa:rlrYufo{roitexou," pnsslro rfinm Inuuanriluurirarrug$owo{l a2
a ) v t 1r.v-u:'ormfiurirrialgufirictirinnr:harc{ra{r o2rirlJlu#a.rgutolifu oufirsarudulotor

lo{ttla2ult

us'nnr:lo.r upsn lf,ldri'uiuvlnrJ::rnnlrj'lrr:rfluulurluoir{non Irori risuu:L

InSUf'n rh NrSn iorrurirriqrionr:rir.cru:rorrirrrnrn:T :'jrri, ci, d\irnnr,rolo.rrnnrlurio.rgu

r:nnrsrflulod,riHnbirl::ivrinrxnr:irrrunon'lrrrn i!r:rfionr:ius:rfiouod, .rpu:r oT erfie
lr rg,3rs ^tt )nll nont auluo !i}lr110.r luy{eul0110.ilJlJrr8:Yrlo?'r!rf,uulu lxttn:Jx lo n1lnon7Buruo t0u3ru0,t

rr nsrrrne',rn drrdriu n'ir nriroiu (crdrrdon)

NPSn io{ z utudruriu6a msn ni#olnt: 6equired NpSH, NpSHr) ns: NpsHdiei
(Available NPSH, NPSH) rirriudru: nriluciri{uo{fi'un.rou nurufrrdoe:ulduutJsrln-nru:

o-o:rnr:qu orrlrSr gng cird'.rnsirrduiri'vrilior:lonrrniorn-,u:run:r6ue odrrdu:ro,rfrl riru
--^-- J . )a Z - Z ' )t , ^ - ^ Z y
NPSHa rr1l0gn!nrnr{n11Yr']\t11r11lJlJlluflon.Joq nnl?oaruurrnnrtogrrnm!nnr$:n'r:9oo,, olllrR

o;l#iurirrruoduiirJ:;ininrnud: NpsH iicioi{c:de.rlririoun:irirddarnr:rirniuiuriu

nr:drururiurriu NPSH olri:f,mirurl6'lou6oirozu6'uglqoiriabirfinne:1unr:irtJ

{gurinoe.rlo.rlurioidrLirfiuorrloisriruufirro'rro*rnr rioorrro-lrro,tr.r::ur nrariofiua,t

:rolunrriJo(u: ruenra ( ::rru 101.325 kN/m2 uiofiorilunrrln.rro,:uvi.rrir. r o.ss uro: d::riu

irn:rn runnrl) rioinr:lunluvianoro.rilfio:inr:grgrdllrn-.r.rruluviad'lr:rYolrirtorurfnoon
) r,v -Y ,l

lr8:ruo,tt1nlt1 !!n0.trn: l]t10,t!]n?nf,']uuJu l0 0'rltll t 0a?ll, aonul:o0nu1r0102'llJolt l0u0|

ro,rruouru-noonliriuriou ru6orvirloilflunmloiuiru6ooqjfiurirfio,rgr (NPSH;lun: d#::o"u

to.:lo+rnlryirriu::o-uguJnne.rro.rlux'o ueifrr r a,: ru n r i:: niud r n ir fir:6'o 'rrir ror olt u eh r:: n-lr

riur, fnoon6nru6o#r1:6*flu NPSHa lunl.rnrrniu:irr rirro.uunroqjg.:n'jrgurinn, .raa'rlul'o
, -Y

fi a: d'o,rr o r o rr ucir., r: iI:JrIu! 1ul n6 n e :kirilu NPSHu

. a)., ^ EL )
LunloaYlrijunl:hoo.rilxinr'rrJ NPSHr fl?1uttsn9i'r,r::r,lilnfl?']rou,!0.!u11u1n1flnu

HRr?uro.rnlrinirnur{i.rnlunl.rnoon (Head losses) NPSH- ttn:n?1!riulae:riluf,,rronbivr:ru'ie!tu
- ZL.e, ' - rw )

13f,'rll1: noon,rrJ! 1110u[{n?1::ouxBn!0{r}r81lotnnnEornl !o rlu n']n?'runulDJU:tuln1f,!fl1

grnirHn:uo-.rnrie? 5 !xo:fin!u0n1diro:og.rfrlg.,nir::riufi:rolto.llunrldtjrfiu s urn: uririr
, I v ^ ZLcv,;

fi2.urou1a.!uTTUln']fllrfi11r0un?'rHn:?unnn''r? 3 I'rro: nl:oo{no0{:.lu lua{o'']n1'rH11,0ix0,'lylnl

hiriou nir s r!f, : fru?i{r: i NPSH hirio u n'irddo,r nr : rils6'u

5.19

- )rv A . .c t.' I ) - ,,1
udnfll:n'!n0tu'rur,],rnuuR'llllf nnlfr?1lrl'rj''t t0 ln,!''1uIur1nr!Dt{r'r:lll''l11ni!n 5.18 ll'n:
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I
n. tuo -rrvur0glJrn2lrvnua0{to{ltro2rl{arutn

(5.6)

Hp=

Hrp =
Hr:
H"=

a t wniudugnl 1A bsolute pressutg) uurtfl atiatfi a2nltitugn Inauanfl uuit
.j -< - - z t <.jd

n ? N0 t1t 8t1t 8 fl,o 7n q al fi $un 0nunut 
'tu0 

? itt un mimlun 2 Nnulr qtu lrd 1ft' ,

- -.,i -H p ortvw1fl 21afl,lnu0t,tntuau N0t1tIt1t0 n0 2

a 1 1a iul a x 0 fl s I u 0 z fi q wn qii ti t n w u 0 fl tfl uuit n 2 1N 0r 1t a;t7t 0 t.n a 2

Holluxsrunid|hl (Head loss) Tuiognitnua

a21u0tdN:l; fi 2hrlr;iurt n aw etmat iugudnoxt etiu nia *atgnan (Sroric

Suction Lifi)

= Hp-Hup-Hr-H,NPSHA

lJ0ur1

l'- rl t u yr. ruouroqnrnzlllnu{o{iro{rfia2nr{e1 qo

NPSHA Hro Hf (s.7)

,,1 -- !l , L- y ,fl1n21!nec !r0.rlj:ruln1fl?r1:nuH1u1.!{n0qo,u0.tuuooo,rBq01tt:fl1l{? tol1nnxn1:

Hp = 10.33 - 0.00108 El .......... (5.8)

lno H, rilunzlrna iurlotunatnnriuulrtriluranao.:rird +'c inrirurfluwo: El t trRz]r/
- ! . -,fltllafi1i nisrriuitnvn ruoatt 6u rurilurrjn:

z) ) -i , -. !.1 - :.t )
tsn:flYl10n!x82n[!uJr{11'r o''lo?1utrlr t0l{lnquxr]!x0.ru1nsu01rr:B taflnm:1nI 5.2

n10u1tn 5.9

Npsg d6'arn, :rirufufruroioord+yirriu s.rs wo: ,io5url.,do-n:r#,iluuo r:o-rri1oli

r.rrrn::durirr:rn runnr{ soo trto: Hntlrtrto{nr:riiurgeallflnrr,rioan#,ntreryhn-u o.oo urn:
) YL r ^ !r- -, t -1,ru1::u:s{qenl!orrJUr}rgo}r': 1 te nurlo2lulllqoau{u 30.c

Hp+Hz-

?t l
) t -: - )-fforrlg,l soo un: rrflo::o-':.nirn:rn fl?1unno-ulo,rur:ur nradiodorfluorrl$.r (rao) n0.,

= 10.33 - 0.00108 El

: 10.33 - 0.00108 x 30O = 10.01 tr]ot

uviolrvr' n'c
Hp
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uvi.nir#:o"c

f,?od'lrn 5.10

zllll

trr,.rtr:urrr,rrrl,

) Z! t ^ i rvt:u:i{fl nnt:n{u!tl'lu0H'}uT lo

H = 10.05 - 0.60 ' 0.43 - 5.lt = 3.t4|!fl:z

tIon n1nYl0 3e - 0.60 r.

NPSHr = 5.lE !

Hrp X0.:1{171 30"C = 0.43 !.

n11riri?.r,i11 1:n0,riri SO"C = 0.9957

a?irJo-ulsli1fi 30'C = 0.43 rrn:fi 4"c

rrlduursoorr! noo-xiro':x:JU'ln''rfl (Hr) un:raoomuoiuloir 1H"oy Lillilufli''ruB{rJ0{

E
cq

=

.,
r-c
a
G

Hp

H*

-Z s'-tv t '- !.q
a-rriu r:n'rilulf; o{qr n ifi rrirlill Jrnu s. 6 4 run r

= 10.01/0.995'1 =

= 0.43/0.9957 =

I0.05 rufl:

0.43 rxo:

Bnurhl qrn.rr

NPSH

5.18

Hz

= Hp-Hr-Hr-H,p
= 10.05 - Hz - 0.60 - 0.43

= 10.05 - 0.60 - 0.43 - 5.18 = 3.84 troi

rT no-rodr,riu$r rirqnrunltali, rfilrflu 90"C riul:!u![lqoin:nu.rirrriofirrirl6'

mno't:1nn s.2

fl11Un2{11t1{Mt0.rul

a?'rrle1llollrd 90"c

90'C = 0.%5

= ?.15 lrotlild 4"C

= 7.15/0,965 = Z.+t rUo:rir

)
?l

d so.c
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Hr = o6oI - ,l )- ) t o
a2''r!ouo''r{oYlo0.rn'l:Ylnu'rn0.tdu

(0.60+5.1t +7.4t)- 10.11 = 2.t2r

NPSHr = J,lt r,.

H'p : LOt .rnrriai m"c

I
E
c

-

-

I

lt

tl

all!nnn1{10.tur tu'] n'rfl tu0tnuutlluo?'tl,

10.01

0.%5

NPSH Hp + +a

floruoti.d so'c

10.37 rrloT

unufi'rnxn'rr NPSH = Hp - H, - Hr - H*p

5.18 = t0.37 - Hz - 0.60 - 7.4t

Hz = 10.37 - 0.60 - 7.41 -5.18= -2.82 IUot

-Z t J'tcv,L , -- !rry
o.tuu 0!no{n{uu lfioqn ln2rtreuH?u1 lrroun21 2.t2 luBt

q t)Z t ^ Zt- - .,L , - x6 - g
Lt{n:orfl:JrJuuoofl.r t?[nl L:10TtltTfl't NPSH hu0q0:n lo lounltoon. no?nn?1tJou (Pres-

), :, - - t)-t-)
sure gage) fivioqn:rolifu nn',rlrufrnriffr*o'ldriiaurJn.:biriluorrroiuri'r:1: ni': rufi'rxn'lrrurni (ve-

locity head, v2z2g; rir=rflunn-,r.rrufin-uo-uLira,rnrnrlnnrdrl:Jluriorgu riosur{nrirrdiuo?rltoals

fi r:rfl u Npss dio{ci.rdt:-urilriu n rirr 6a

,, _H
2g

H (5.8)
vp

n t w n'u du u t rtt a t u fi a 1 n 1fl n; a n 2'tN riufr A, o, nr ro ro o,

-.,t-.".
a l ttrounln nn 2 lnonaz tuoru'ru It ihaztliuiauinotwailu

na't,nusa inieonat 1N62 Uetnitr Hed) xafi lrlnaltarx atfla2dlll i
flatdu

..1 .t
a7wnu ldt8t1Jd n02n8otnqulatlaflno7uu

e

1ulu0 H=p

H,

Vr=
2g

Hrp =
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a'zadnfr s.r t
. ! , ) Y ') - ! :

soifi$uiluviiufi{o',ro{fi::oiu 3oo unr L}rfror:n1rim:rn ririqnrn4i 25'c rn6'r-noruoiu

d.rie #,rdvionolu::n-:.l6urn-uriuqurinnr.l,lo.rrildT uld oo kN/m2 [qqln1fl orrrrirrolnr:lnn
luyioacrvi, n-u 3.6 uis:/ iu1fi r.rnr NPSH dio{ei'rriuiuilrtu

1tfl'l
o2'tIneeul0ilJtrulnl flYl1lnu 300 Wnl = 10.33 - 0.00108 x 300

= to.ot rln:riri +.c
: 0.9971

= 10.01/0.9971 = lo.Ot rtrf,:

- 60 x 1000

n.'H.10nu't vl

n?lxou1aul vp

ri.rrfu uo 11qoril{}!

2s"c

25'C

ftlllJo$rn {H,
1m0 x 9.81 x 0.9971

= - 6.13lrlot
(3.6)2

= r,.r_ = 0.66r!flt

= 0.32 lunld 4.c

= 0.32/0.9971 = 0.32 L!n:d 25"C

NPSH 6i Hp+Hs*E-H,e
zg

10.04 - 6.13 + 0.66 - O.32 = 1.25 $!a7

aritnfu (Crvitation)

^ J 4 , t)- f,.nlzrnl luuuzrnonr:orflrnonl:nnn:oul alo !rar lurefitaxo{qu lnu!! ll!,tqll1arn

nr:i n rsn dio{oi.riiirn'rnir xrsn ddacnr:ritriuiuriu 1uirilluurqun?rlnan:rr*:dto.:runr
r ' . . r .lJ ) -ttlnHluYl8?iH,l tuung unnlnnBi,tuyto fl?1lJt:?.t 0{n1: !L8l3ty{lt1 Bu1{t?ott1 t,Bo{11nfldn{1ll
,J'iv- r v ) ; e ,Jmn0l tninlt lyrno{n01llJolann n1:!t{!n?']ltr:?0:tluHn l n?lunl{8oBn nl0?1uotrnoB,t01n?1

-r,l - Eorruoiulofiqnrrl4ilouo.rrusrriu aolrunrfio:nnruriJu'[oun:rfforflur.lo,,$qq1n1flfifin11ueiu

nruluryirn-uorruoirloun;lrerju:ul n-rroo,rorriu lua :n'ds,rrr{1uo1s1ur.r-nrf,rt:lure du

olrrrrirrornr:1rar:nonlrrior j n-rrf,lnzu{udu druozuo-u#rrirduduntdlS'r*re.,nur.
. t ! , r.a t ' i a Ltnt:[Yln10na:! tlJ]to 1{0d!0.t [0i.'lJfl?'ttjolro'Mnnt:ttl]no1y!1l,LtnorFu{xta01n.t:(u,!rr 1.onnln

V - . ,)uun'rruono?l|0ir 0{[qqln1flnl l rne [:{n::u,?!n0uld1liut{ x2x1l1 lB?r:nB.r llJyrhii,r0q0sfiu

ylBrc{n81?nt!rnen1:nnnl0 LUolu

e - L r,^ I w L Zto, ^ Yqa------
lo0lrme lirui2fi'1?Lo!u0! L!rnolun1 1n1Jtjult !ot!nl100 n[uufloo.t lvtu NPSH $,tn?1

V2

E
H

oljri,,
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)e ,- - , - ) , ! -a0,tn1t lria1tnatnu81H0?1011[t1ou']{lll$aounfl0u:!nnttnfiu0{uul38c8.l nltninTourut?u

lo'tl:.l,r-comrficduuiohifl6{uo{n"u'irorirol-ufuflu:urnnisriouun:tfinicrioriurflunnruru

rvirlo

!r :uullluulrun:qnca
lirruludncorcn'rdotrlurlfu rndqn,rirdecrrnld6o

r. lfiillfrsrudunirnjusnto.riudorlrtJr;?ninrrqqorrn tiu iludrrrul6rJ:;tmi-
) " z 'uuli.rruriirsnrf ul s run: rilu#uar grqnmate so runr ltnutunu'

z. l#ifu riNrudda:rnr: guqrndrc-n:rn r:qu#oz1#rl::ininugrqarrn
s. :!usqnun (Suctton lifr) urnn:ir uio NPSH. iounirarru#crnr:rariunruduic-m

,lxainlflun l2

4. qorfiqura{ro{rflo2glnirrirdlfl unr:oanruurrn
I { -- Y - .

5. illult2ra{ lullnq{n2rnurullllxoinlfl 116 l2!ln

lun:ddrflsfirruuu Axial flow vrio Propeller 'rioinr:udnrdurr:uonrir'rn-u ndrr6o 1ua$3
l:, . - . , ) ,
ffrJr rirn*rrir.rruro+uarr:'[unriirl rrlux-nlnuirr'rr:irrflu;rJodeurJrnuo:ii'rcioa i fln1u']en{

)2. - ) a , ) c ) . ^ I o t , - I I
rr.A,rur!'rn nin (ul,rhii,rrrlrat?u rRnnqs fi?1!111x0'tn1t !uB !uu:12mul:n0{ t!$.tr'1ntr.tn$ tu

.J. ., -, ,J . ---r.9 i 'i -^rE-uot:aB{x'rnv{0no: hrlS L rntlrn?u $ntur,{nluoq Lu11,t'}11ll Lo?tuolu rua'r?-]n?1tul{or LnrBnB !
' 'irrilunnuifr?11.0no0mrlrJ n1:xuoun0.ctu8?S?u luvrni'tni lofraui'r.t11nc lnutovft:0u''l.ruJ lunt

)'-L t' - ) ' 'lo.rruarlnniulrJrrilrirudn trtluuuusnlx:ulacn['rri1n ] 0o:1n'r1$!l3aeR{tlR!ruuruq tx

nnn-un'utJriouufirhiriu 6r:lfior ur,lalgqqrnrauuuriulun-oiu 16or.la,rgqqT nT adrnruo-rlu
1-
rRrrlurftciorrfre:rfrou:ln::unn,ua.c:lo.rrunruuuciulurieodrrluu:run:rfinrf,ule''rdu

nr:dorrYuarireiulaonr:n6nrdsrrirniriuuuu exiet nor riu idrdio
r. r6nrCurnrrliiluriruiurrudricrnr:renglnirraerarirdo;hirJrstminrnglqgnrn

,. niin,af oon'rrqri o'n:r girniro'n:rnr:quro.rfrudo;l#rl:rinin rn gurn
s. ,!u!q6r,o (srcoon llfrlq{nit ric lrsH, n'rni#uii'n{liaduueli
.. qofi{irc{roflfi a2grn jrirdlflunr:oanlluulnn

o.azrurierarluringrnirduir-n{r6ndtrunliurn
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r. oirlunr:r.criJuHnildo'',nn'',rrooo:r'rilroia.:nd.r 6o

ilurr.:uut &

niloIIUU?I

q g3tru.1

H (u.)

Eff (%)

0

11.10

0

16.34

58.2

463.7

15.70

14.3

670.6

14.84

80.3

144.2

14.14

EO.E

897.5

13.14

79.0

1135.5

9.72

64.7

1451.2

2.36

20.1

n. l,rriiuun:rr.lusnoofirilriuf,:;u'jr.lraon"l Q, Eff n-! Q un: Bhp ri,J Q

l. uurrirrn'r:firo.rd,rr',:orrooird frr'irrio'irrJ::f,vrinenr:6'o.rlridrn'ir u ggs

n. r,rnrloifruir.rruld6i qn ln: nhp lo.rrirfi locir n rir r

-Lc o ! ,
z. rieilllurio r lf,guri, vrnei'r.: A l d'r{ B o"{: r.ruro"o:rnr:gu rB! Bhp xoifrr rlrliirrio

,Jr ga ,
filf,rihviorudnruflurluroriudrgutinBT,! 2oo uu. ryir riurr:o un:ririqruuqi zs'C

+ r8,00 lJ

25!

+ IO.OO !.

3ll

3!.

7t/

3. ln lo-o?1n1:gu rro unllhleninrlrdlorie.rru rYr:::.rug::rirluio z rir.rrule ulf,irrlu'rio r

i0ntfl:B,t

n. n1n't t? n Lluljo{ntr 1. n1,r'tutlunruuu!u']ll

a. il6 nrnio.rud,rin-nu nr: nr : f r muni'rriolrtfi

Q (rrs/r!.)

H 0r.)

Efi( )

o

10.67

0

344.1

10.1,

71.0

499.2

9.60

596.1

9.17

79.3

688.8

8.60

79.7

833.7

7.32

73.0

1046.5

4.15

49.2

1265,0

0.18

2,7

o.rnrn:rr,l H-e x0.::!uuHB!rfi ofrlroio.rdri'',.rruirr:n-ufrilurio r

n. Ltuu0ln:x
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1. UUUll{1U
eLX. , -3. t. ro. n1 u$flldlsr?rln! rlu10 1 uurJolnt! u8: lnnul:uusur.l tl{r,o 2

?{yt'rfn1tn1:f,u lso ua: t:exini ljo,,::uu

z, ) ). ) t
s. ifuroiorufr$irdlqfrfl21rj!; ? 1450 rourior{']fr'td'0-orinrr $u i40 13/ iu. trn:rro 22.0 tuot

rYrlrr nrf,rorrlrirriu 1750:0uri0u1fi olrro-o:rnr:gr raouni whp dnrrlrfrlurid

'- ) ) - : - ) t ) ) . lry
6. 'r]uro:8.ruu{,rjur.ftRBuo?urnto,tutr0 uJotflla.tuun luolun?1!r:1 1600 t0uo01l']fl EUl{'l t9

r 80 !3,/ n!. Loo 36.6 rror ttR! Bhp ryhn-L 32.2 ttt.rfi tirrYo.tnr:tfirortlliriulrrflr r zso

iouriou'rfi o,r1r1 Bhp rs.:!n5o.ruu6#6'o.r1f,d'rn:-u.rrud o-nt1n1tSUrrB:rselntj

e a ,/o Z) -:,.,17. t11UUX11UXU.JO0.Jn1:1'rUUU'r1r1J',',rUag tUtlU t$!ln$nA1 l!1{6]f,',',rU., LltJUYrr1',]U0glJ1$1nr(Ugl',r-

^))vgujnm,, 30o lJu. ao:1n'tt$u 275 ut/ au. nrro 18.5 uror: ruo rlue?ufiru:'t 1770 lounoulYl

un: Bhp ddorn'rtlyiln-:r 24.2 u:.:ri1 ucio-n:rnr:gudgndrd'o.lnr:rvhn-u 22o u3/ au. nilriu{trr
011ltn!qx1 t0R0,ryr1,ro?u nunB nn o?.]ltr:1,!a{ l y{o utottu:u1{1n10.t lu?ln l}ltnnn,t

d )e i rrre-n. n1{?1utn0nztrBoftl1llt:? n.,fllu? fr?'rxl:lyro8,rnlr!}ra l11 loootlnltsut ln!
^ir220 u3/ aN. raofi'ld' ufl3 Bhp ao.:Jr:

- q 
- )pn. flqTrtlurdanliriuiluflIo r,r rnulonanlu -ofidalnr: ran616'rtn: Bhp no,rrJt

-,-tz:fl. n1 1ul'Ugett8'Uuuu']tl1!!n0n?tr lyrul atu'tu l]ltl'oHniJr

g. frrloia{ud.,i1ur.r-nluroriurirsutina'rn 2so ur. riorludruorrrrii iTso :oudou1fild;1

272.i u3/ au. us:rao i2,s r!n: dloril.rlun-ind'rrilirJ::inin1fl 83 ! oiriud un;do.rn1:

Bhp vieriu 1s rtr.rril rild'ornirf,n Bhp B.rrjrrudorfiu.r ro u:.rtr r!6'o,raoxuierfrireiliwinnl,tt
na,,LJl.r-of,.,rn6oryirlo l:16'o-o:rnr:$:J!!R:trotyiilo rYru'ln.lrludrunrrlrirryir16n

e. r{n1ri'rfl?'rxri261rfl1! (Specific Speed) la.r:ir:u:rtt slngte stage eiol i tiou&ruonliolo'r
v )v

Iu]tottn:u:.llJ']nno{ n''t :

:ouno ln Q (us/rr.) l'a oni!)ilu

n

n

n

.l

1 150

8E5

675

625

795

2725

4540

2040

30.0

il.5

5.5

ro. frrilulnlnuuu vertical Turbine l,uro o l'u turirrrnriaulnlBd?u0-o:'r s45.0 u3/ 5u. filgo

480 tlJn: r.,r1'rfli'rrr;?i1r 1: (Specific Speed) rirrhnlud'ruorr tf r so:ouciourfi
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L 2 ,/ lo ) e
1 r. urJrotB.rnB.r8uu1e ?uontl 272.5 f / au. Ylrre 92.5 r or uR:nrl!.o?ufl1']ur:? r r 50 ,0us0u1n

, , i, z-Ernxl'jlrr il.rilu z r=urYul=nr6ur (SinEIe Stage) Ltuul u ir:1]irjr:ivriaryrlune:irmu6
ndrriu birunHnI

r2. NPSH ddo.rnr:riuiufriroio.rrd.rrrirn-u 2.7s uror ,ioguri',do-o:r ras.o r3z lr. uo:inr:
riiurannrrvioqorvi'riu +.oo rln: rlrliieriruuil,rd#,rilo{g,rn'ir::c-uri1?1!rf, 12so uroi un!

ri, iqnr4i 20"C n.!x1i!u:qnung,rgn (Max.suction lift) ir:uolbirieriuili
e-E)!,-)t-i,i

13. t1?11'ln0.Jn1tl!non'rln10.t8Uq10''lnUav{nEiIr:0Ull']tllRUl.lLtllf,.l0g:!U2'],t + 750.00 n{ + 752.75

urn: rnio:=o-r-rrirvr:rn rlrirnso.rryui, uuurtuni{nand.ri NrSu, ryirn-r z.+s rro: rioo-o:r

nr:qutvien-l tg5or3,zrr. tl'r nr: rf,ora orr.:via qorrir n:r 1.6e Ll ei :'r":-Y, io1,l1ii'.316.3
a .J s,..'^ - L t

UYl0: lLYt.lYtnetfl rlrn)-,{ !

n. rirfiqruunfi zt-t'c
t-

n. 111!q$ur! 40oC

- ! , ) z ,) - I - ) s
14. flrnU[Uu1l'rn,tuU{nn0{ntln'U + '1000.0 tUnt l l.l8t:ol 1Yl:lR lntloo?1llell 1lulll1ryll{a.]u

qolu::e-ur6rrniuniugurinnT 'rlo.rfrldT uld zz t<Nu mz olurfuo.rnr:lunluviogorvirn-u r.oo

rln:ciaiurfi d'rrir i qruqi 38.c n.r?ri NpsH di0{ri.rri1u:-urilrtu
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rurunr:lunr:oonruu::urtruri',rfiorirrirornuuri'rrllo 1 lrlf,orourJ,roontilqro.tliuoou
)' '' e 'u taanuuulornr:iruunl['roolunu o0 Rrlnut2ut2Ito{oYnlr. uoo'' Lr Lunl:8o nuu! un:nll

- Z t ) , .l .e I Y .1[nlroen{ nnantunlnuequnl0$a:0{alrJq!r!1.r I r},i0 tx::uu$uu1rrunl'r'ru ten:,r11t ?oq-

tJ::f, iro0ul,DJtJ::RYltnl In!rJ::uuo

49)..-,-l,tu)tn. nllout2ut2rtao{o m:00nuuu ar'trijur:68{6.10liuufru!1un0,rio{Bn$nna.r
. : - -,r,itlrnl:B0nLtuutruusur{'r t00nttuul:fio'rnt']:JlJo{nonoa tuu o0

t. in H orv ua r fl n un o t un d t i fi o z gu rriu uuri':rirdr: guduu, lifxfl lio uririr

dTonor uioriourcrn ::o-urlg'rqnun:6rqo ::6':.rrirnrrrJn6 o'n:rnr:lrn orutirlornr:lun
.i .l - 3 r .)a , ' 2 , c-t

[R:R{nRBDU',',]nU$1 [Un' nrvlr]JUr0UlOlSlln:UEnUOlto:Yl:1 0Ot1n1: l]tu',t[.:q9lln:nl:aS1:O:J
!r , i i c t)!) / J-ulhtuo (Draw Down) n :[ul{'r qlunlfl,/o.lu1 lunl Yru1rIuxutJluulq fllJuoYIr',ra!$:0

,!
vlfl n R[n nn''].!ll nu']tr t, 1,n'tolJ1n

- 4t2. olnyr riirxafifl 'tigui'tuovuuarb lun:ddordo{os.,sorf,gu;rnrr:ernurjrir
-;dronorudrdo a'[ 1i'fiirriludo.rvr:rr0-nu$r10nn1oo6.r ai.r!$i ufl:J sionrlurlonoosurvio

.l , )v .l rvl ).cir::o-uoreugrfilocirr i uuraoficio.rnr:fi1olf,ri'r rfio riruunlffi qrJn:r[ls::uuyiolfiruur:srt
, ,,J-, , I at,f -r- Jrtu ul{?n0 not{1 10{u111:0 HnnurTrltuaH?nua.]tt1r:llto0{rn::ou lus,rluun: l,ltylotu8n ult?$

) 'i../ , - ^ z
fruurvio lSliunie::d'u n601rr:dB.r6oo-.rrrdr::uruo1n1fl (Air Retief valve) rfioilo.rniuiLi

r lr
h,r:lornrafi or:rr.rnr:lunlo.rrirlqyio rilud'u

s. a'na u v n l ilitlu ldurio-n:r nr: gu n6 o-n:r nr: gu g,rqc filloir'nuluurin:iu
drriuo-o:rnr:g:rrYrrfru rir.rrrnrdurudqndr:uorbirqnriolld orrlirrfluddo.riroio'rrir:o.rti

tr,.r:r:uurtni,, 12C
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rirur nirrq:r-crYa r rfl udu

a. iuitoliTfifutna'ortirdrdarnr:biflurnio,ruuci lorooi nia6'uirn-.r6u lunrd
irflulornoir:do,rm1'nrollu'r?1ro,rul{:eru\.lir:rior:hlr1f ooorruoluio6old'uo.rn::lsl},hih

Z t.,i ) qo) !rw.l .Irr
tuu:r'tnruB Lrn:lju1ollB.!f,1u ['H1T lnflBYln] lutR:0'tIuu1 t!Ln xt{ tosn$:0 LU

s. o'tu'turiuottlutrtEnio;?fiulannrr}i rf,o.rrrn:rnr:ro,r:ilun:qrJn:ni:ro,:::u:.r.
t. , , t:t , -xriuoreo:uonrir.cn"ulrn ririiiuo{n'uqnrnrlr ::mm qnrnliirorr: [n:q nroifirf,Ed1.!,J ri.lliu

{o o nuuunr:r:n:rulurl::rrurolln:.rnr:drurfia#o:1d'r6o nlifrlun:qiln:oilrto{luxriui
) ,'u t )cqul

ruul!f, r nlttnu:?utllJlt0I8tfl 0nl10Bnuuu011l3 Lrll!!]{0tun lr [?u
!U

x. fllraootluu lunr:sonuuu::urgrri. {uo nuurr:ti'o,rrJinurn-ur{uolIR:,lnr:
3 , .i rlrg !t rgB , t)

tt8ilJ:gntlrnon:0n1xu1uuriIn:qunl nln 9 r]10 tx tol:uuIutl.] lou ln:J!rr8:q! nlflnBlull n

urdold Iouiuoorirlf,drr#.ruuoo{lu.rr.r ::lrnrdrfludxolaro.rr{rao.tIo:.:nr:
. Zl . :, -'r,J.nuo0nltuu tuu{lil:t unlr?rl'tt lu'ttnon n11!l{n [B: []t1'lun!t0lJoinnl', I nnootuu

6o

r. 16ondryruo ::rn unilulolo nyio ri.rrlro no oruq:J n: nieir.r i 1u::lrria
i,.2. LRrnrlt:m rBJrlltyt:BlJoun18.t Lutllul:n! nuB0:'ln1t$u Ito u,n:u, nn$ni.r11{

)a,t)on'io{niofi i'o,rnr:ld ononruqrJn:rio?uqrrrii.r 9 rriu rnleivrf Rr.r.:nlrornoi liJudu

s. ituoaurororrio3nun:q n:rfiirurr:ru
a. lun:ddriluiuu!ursrni{nsnfia'roo:16onrirluoiinirrio;1 Griming) unliulu

t)-, ). - e ,r ! - , !nrflililurnl{o-{nBRuuun tufih6o,rtu0$ lBui u-0!r:.r:Jf,0u']!0n1n (Self Primine)

s. 16oniluqoaurotrn;n'nu :rJa.!rio{u (Pump Sump)

s. 1f:run:r6uonlr6o#rqrJn:rflcirr 9 inrirrrYrr6'u

Bonr$f,orlnni1f,11: nr'l6on druuo un:lfi:run:L6uociln l o"lrru nr::ir.::tuudr {oan-,)ttuu0ltt:16tun11xai0., trLoruxn'ltn'lllrun''1, [un?u t lrnul'lYl'l:.1lu!:'lun'rlq ntluun:?nqn

dorld 6T u*n:runr::run:16un (Specification) rr,'ao-odauioi'r'rrrrrriorier6'ra riuri'u

n1:rirfl unilrrrRilr!ayrulotorriodulr
, , : ). e- :- t,-a, d 1n8(,tuli trtiun? 1-L nnnAlnofl AA (Cost lron) nqlflnnlnUn (Steel Pipe) nAlNUn

Taiu viaia ,qC Asbesros Cement) *azia cvc lcolyvinyl Chloride)

drufu:J::unglfls,viadlirdfiuu'l{fi'lurndqn6oriodruuoiluf,urfinrua:run-u viarind
- t i -, , )-! -Bn?ulln{ugttun B1l,ul,ru [n!u1 rllun8n LBBrouln$onBo LTo:rlru llJHjl{iuu runonlt
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tluu.frr?odo{ A
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r.rCola:rnr:.....

r.s irqJ::urr{ralln:.rnr:

rCoqr.llnnuilnnrirril . .n

e.Itlao'lttou:!r'lu glu:uttt

r#olilul:rlruqnaun::r

flt2t:ou

e1r2 ....... .-...-........ ti

2. ,r,o{alnuxnullfia{u]

- ' : '1 natar ,,rirt, ,iod,2.1 aOXOrJar lXO.!Urno;{U

l=lrialrsra -, o:: . Cu 1

z.z :;a-urirrirsn...,.... ..... rrn: :;rilriljnf,

2-3 ::nuUrnr{groljgrrxr (r]x:lrxonu xoulola arzs)

u a .h)2.{ 6a:rnrrfuqrqanr: lr ln

2.s a r ruri norn:yusrirluaoa.riurir:r

2.0 BOnl toul'l';lo;EU oomnll ,C pH
.t- -: -a| :nlnornnartnutrl, ?t tlllltolnt1i

ant/rJ1!l

/2Ur

v I )1 ,
2.? ao{aou l nlnJ.lao.r

- AJ 4 :
3. anaol!fln{ao{nol duu lltatv[1{ Jlto

v A& A '. ;
3.1 OntAt!flr:nfin.llntolgu r otzt t2fl:12

- ,i .lc ,a :

s.s :!u:nl{tlfllo ru[uutotenolur loen I

nq2 .l
run: ln 3

-tre)3.4 :rnuro{laeroxrlor r: .. .lrn: lon 2
.,1

tan s : .......... ................ . .. . . .. llrot
;r ,l t i f

s.5 a'lurnui,l:Dl'enna{nrtnlntruurlnr r: . [lnt
.,1 i

3.6 
'tr[r:I10lltntaatool 

quu]uaiflu2llo lln6!nfl{lo.ltnlur no]uguur ll lotrulloll (llcr'ttlt olrot n

lulJ:;nolrrludr:zo)
- I I r : - l

s.z finuq:rorfiufinruuu rrio rrca.t3 a"ot rtworntuitrir rorfio:riluoorfigurir llnnrrrwarouu q tta:
, :.ato{urruu2ttannxrx ua!::nurraunoonrltto.ttio (rtEor:t?ro:t6oattuuJ::nauttuuc'r:m)
) A .la e

a.6 ioroau q tltrllt tlr6l

...... . tlJn:
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n. iiuorvnr:1#{ru

{.r 0r-n:1flrr{urlnn .. nn:/)ultl:iull:o'lll.llu irll'vil

r.s ro:narnr:ritrug.rqnrodll
, .a ) a '. Ir.r izmorfi urufi qafi t:nqn quirrf, ariallruli

...r-rlurliu

' izlu

r. #uriro".ruocr!fl drY{o'{.rru

s.r iurirardda.rnr:lidurn6ouiu -uornoflr{flr. rniarsud6rro - ,nialuud,riuiu

s.z riru:ur sroln::rrat{rhdio{1uu?r:orriu
j rolr{a Li grutr{s

a,

s.l aruric6oldra.rn::lEt{irdwli
ru:rdun::uEt{rtnn '- rjouai.r ! uru 1ail
n::lat{irieior I rioua{.r Jurulail

o. {rjrrrrulorllnsnr:rirtfi nl,

o.s riruuaiuuirrrirrorla:rnt:
6 4 rrnllelruunt:na!:11ln: lnlt

L nnar:rar - lou:rnt i,l rJ:;nra:rar

o.o :ruo;,6und16ltarIa:lnr:dornr:rJ::noufi r?rrtuutto;

; :raor::rua:rSuarariu

r :rUnr::roo;t6un (specificrtion) r,u't::ut-,dlrir
, - it

. :ronr:qr.ln:oirto: iaqfi 6ornr:'li
.AL ax 1... ..

?f,xnr?JnlRlltr:2s

a.o ruttiltlfl

drtl lxl

,\
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nnnt0u u8300 lf,n:c2n Lflu L!:1ofl01!:irr'te ?u.[L!llfl lgLutilltou?nu u10lJ000n1e2llt$8n]tB0

iiororr:iriIuofi (Gibault) vio6rru51ufiudr.{6n{ulouuifvrn::rio,rn::nrulvruirn-odufls

uifirluroioro.ruif,vr:ludrlu6lnuii s ::du#uqnrnu 6o pp ts, pp 20 rn: pp zs d,:drunr:
) o ) t coa , ! , , J.

ne n0utlfl?1lJe ui.lwrux tur sfl21ll$.'ljo'rllYr,ru'r 1s0, 200 [B: 2s0 llrorfll!nlc'r.J n0rus']unluuo

lfli.rruhirfiu so r:Joiriudlo,romudure so:.r riorvirriuraa 75, 1oo uB: rzs rrn: duf,u'rr,ro
,! -

r1111 !'r'run.,u1rn0uI nrsn!
) ' d a ^ Z a ) .- . - -. - )
tlt0{llnn0.trlllLo !uuutlultfl?1Itut1:t\t IlJtytul:nt: lrtuuBH?o Ltlutt20rylalt$nnltunn

1d,hu un:riio.lmnirludi4lirirviolourir j tJrflurur type t d,rhinumrudos-nu,,ln e-.ofu6.rh.inr:

liuirrrutrur:rnuiouirrru#6sin'nrv{nHaloq,jgllrn or:o:l:ldaulrliviodrirS'ruiiruuci rype v
),iinlrltnnuoDr.r?nrnf, 0nnrfl fl

drr:-uvioru6nruiiurarRo{ulnunr:drrnFnu ulrriruriiu:rJviou(rriolr:irdrun-utfluuur!U

o:rn:riur6ur uiorflrrn6ur:orryio (spiral welded) fftd nrrlui.ou:,rlo.rvioiuoqjn-uolururun:

qnrnluTro.rrudnu Bd.rr6onld n-.rriuirhifiilquliornrrrufru:*iorilnlirfluriori.rrir orjrrl:
,:- , ,Jr ,tfinru vioru*'r[i]:rorun.rus:orrrfiorfil16'iruriofll1flri6u rirubdi.ilironr:rizufilsrliiilu,tuffo

)v ' , Z,
H',lou ltt0utt? no0.t:utt:.!fl ntlnn'tuu0nu1nlYl'luu

, f-. e, .ilorufinuriofiiilitirulrdriluqrJn:ni r:iu riolo dolrY,r srlrr.r rfllrrYu riruiuyio pvC
orrS.i,t

i?ux'r n tinu{lululornn rls rijuYl0n{ulrfl0q! tnnut tnn tsuuinulln'rut ulet8n tl}lra$ n0

PYC o?r nolJ to9r2nurlllrou?nununBnrlJuo tuuu

nr:r6onturnrowior{lilui,rdn-ciuhldurnrirLiinr:+irur iuurfiuu:rormwio:ru
- Z - .lw ri. ! - EiioiruR:rlfr1 0n{ll.YlnBn t! tunl:BUu''t tll:1:n,tuu1't?1011t'tf,t0nl3I:1a1:?rrononBfln?1YtB

) -, , -z t ,l
1ru1o t qllst:un1lsqrnu R,t,r']ur 0,nlnn21u o${n?1 o'rul{t!so,r liounln{ lous:rtualtloN{R{

uionfi,xrul ihrioud,ruriru ilro::,ooirgrni., d'rrirfiLi.rnr:ri'r.rrularrilqrno drlf,iru
q | )t' , 

' 
)a' 

'lun'r:Iult']1']tlfllinu:01,0'r::!unlln0nnul''lo !ulunl! Bnn?''l:Suunrna({'lju'le IRn

nr:druruuJiuurfiru:rororrl:rirlounr:16anruroyio?'rnorrlrirg.lioluriBgeu0syiori,,

duoltriltldriruse ,:1u:rji o.r rrnrfi*6onviaiirnnor6urni:.rci'ririrurnrld'un:dlnn'irur s-a xu, o1

ri'rorrrlu&rrirurru:ror:rlq n:niun:cir6nnurlo,rucis:luro dru:-u:rnrrioun:q n:nir:un,r{u
t)t.],,^Y/.,olululornu ''lf,uunnl.tyt !fl?1{ B?t{o']o0o,t0'tct: Lrltrono'r{nBU''rflt,t0'ttlia?ttyt'tmal0n1nulo

Liuonrirln-ulrn

- ) -, , cp, )l .l r ,^ I
n111:Ufrl n.rnlui,rr ufll !!11uYrlsoqnuu:1r'rnrnr:$u tous:,rno1u?rurl n rll191Yr

. .J ) ,Saonltulu:onl uo t1?11:sunlu Lul:u:r2R1 n1]tuo rtu '[Ja:6 nll.Ru.ttlol rlJuo.Il txo$tufi1lt
a.e, ) i.t

e'1ufl nn{''rltyl [io0ltu{l,luzuulrnnru1rl

nunuol 0un:q:Jnl
{:Jua: :lrnriBvu.iiun n'.xru6r:lfrdrlf,iru1un"nuu: rriur6ur
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) - rr:lnafl$fluuu Turbulentrion:ruo-nrrnr:guun:amuuururiulo.tttollun.l ua:tiot

rurolo.rvio#tnur:llluujra:r*Jarlo{ lEconomic Pipe Diameter) orrt6onldodr'roi1 9 rrn

lrivrtugrJd o.s lr{nc-.rnrirrifirfrurnilrirr s riudrudu 6o rf,unr.rdruiruioqerfludo:rnrrlrn

a'o:rnr:1rln
r,r-nrjoudlrnriol"rfu .r

',V.ight tlow,
lhourofib ol
pound! itols
p€r hou.

rooo

500

200

roo

50
roo

50

20

to

20

o
5

2

t

rlutrro{rloirr!r:l!
lugirapJnxoi

u?
Eco6omrc
dionl.le.,
incha!

0i

ntr!$Bruds'Jo.tra.ttrat
Uou6lrn rio nu.r{r

Flud dcnJlY,
,ounda m6s
per cu tl

oooot

0.o002

0.0005

ooor

osoz

o.oo5

o.or

oa2

oo5

o.l

o2

0.5

I

2

5

r0

20

50

r00

200

o5

o.2

or

oo5

o.o2

0.or

ooo5

o.o02

o.o0r

2

5

05

o2

0.r

'iltt).JUn 6.3 t17']t!fiiUfl]1 lnrlulnllUunol{10{llO!{nun21I1l0J1:lUnl{

r;:f ga-rlnf 6coootnic Plpe Dirmeter)



132 irrurr:uuprti,r

iurirurilulr'u ouClro (Mass) rio*rll,r r&udruamfioqoriluolrnrururiulo.,to.lun? irdrurflu
oudlrn (Mass) cio nu.r,|n rionrnrf,uriolcio::rir,rlono,rlouur&u#,:eo.rfio:o-cshuf,uuonluro

,,t z e -:rorvio6.ro{o:,rnor.r r:iu rlrliirglrirdruo-o:r g,ooo [nnsourio$rfr (o.oa nr:.r{nrioiu1fi) 0-n11

nr:lune:rvirn-urrf, 46.68 x rooo rlouddol-rll.c omunururiutorrilyir ri! r.s+ oudlrn l5o
,91

slug 90 nu.Io B1lllf,urlolro0r:?r?1{le 46.68 uxnu0otlnll lvr86']1r.i1uu0 trn: 1.94 ljllri a?1u
j

u!.ittriulo.!10nr$Brfr r:ld:rurcrdurhgurinnruo.rriorrirn"rt r o fir riludu

tf
oltooRiluuiloil{t{1

- t. ,t.-,r.t.oflnlttu8,lout n110ontruuman.rului{o0 tuu n0
, , ! , 2.. )- r-! - z,1. [Un']: nlyluculr2flan{u1fl1:l:nluuo l}luu2r0t1nilun,r1ona0{n1: tiult,lluruzo: {Ru

i i ) ,)
ll8!03 !U1!OU lAtJfl ?lInlnrfl IlUlrRU0UlnrqnrYl',r?]1:Yr11O

z. r:6'osirii.l6,rartlr:ornsrnrlunr:6ons,run:i'11.,:-nurlieirsr r,tiulun:dnrriluvio166u
) , , rva, A e , Z

l'lu?n0t!o0d l.lnJoYluo?uuHuoBunlo?tu1i.tn11i0lJt:Yl1 tono0tu0ylu$Iufl0un:nIn?tYl'tuu
. a) ) - co, , ) z

3. lunlnrYlllu?llonornun$U n?tltlnalrt:0tJn0nnu]t.t[:.r ,t00onuuun? !ll?r0n{i{rlrJu']o
, l l)

rn n n21ri1l lun0n,tfl812BnYlull,t

4. q:Jn:r[no{t!!:rvioor:irvird6lflrun:r:dru1rqji:rorur,uun:rf,unn-.rn']ulun1rlun
' .J t)z- t ).- ),.l11Mn n1:t!auunaYn,t!tu?Y10fl?: [!q!n: Ytu:f,xa?1u Io,ru']1Ly{B LltnlrBqriul,{ti.t{1uyiqunl

L$n,'luuaunae
r r,.l ,l . -, )+v I

5. lsn:lllnul{? 0lJn1:runuuulj8.rr:nulu 9 f,n ] ,l\rnaR?um Lonlll8llr:u lflr,ro1n'rfl
, .ry!r t ^ ^ !

BU!1n ln1lllU'] l]le l!lolm0 i.ruu fl?11:7n1ttuloofl.r21n?1::.i'tu0T ntfl tl luo'tttuu{o,tnnl?n2u

o. vioor:r:ll'uu6uluio.:in::fiiuriuuiouumu:rnirulr:rrrioflo.rn-uilfirfioomlrfru
t o , t) w ! i
lllliun0vrtonvrtrl]'lll1J0{ulJ tuo.tilnn1:Y]:ool IlJlyt'] nlr

q z)., 'a ,), uL -Z-re- -7. [Unl YltlUnoirlJuo !u u yr0r10Br110?un]uulJ louoflonuuulrl uflaurouln uljarmo
- -t ,)-, ,,r . r , ,J

r1lRn n.tl{lru:nnun!nolJullnnT:tljf,rjuuunJ [!rlununlu lunBB']nt:Yr1llt:0uo0!xf,']u qo00ntln
-to '! ) a .l . -nuLo n.ruu txo n'rlr nuurt R,:nf,n1.rnT: lllRnn']r:lun0{lJrrmunounlfluolnu { nnEru:1onu1lu

o0unio60q nrririarfiosir,,.l ai ool6'ol nu:J:Jrilo r drul B.r nr r r;rJrdru4finrodrlrililunro
3.1u2 fl

. -), , )
8. lun: yt70g{uo?1uu'tllj'rn

urx!!of (Water Hammer) riru

fioonu::ur:d'arirnr1:liun:f, i1: $luT x1.rflo.rnirr2olooi-

a--y.unlflaonullllocounl0it

ol,rldndrrlfluuvrd 1 rfr2il rr101ir .,uunirrosnrflu 4:J::rnnluqj I 6'runiu6o rtuni-
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{nan I:nri nngrr-nuio Reciprogatins Bn:uonBru ,rto.o rnirdlilr.ruqurirrt: 1 tl:rurir
! nrro' :rflr uarrrulurh.i2xlfidlflulrurxixnirlnao dlriullrririoiolJu'o:,rirl,or.rriruuu

tAlr nrrtnoolrrux

c - .-
LOU$Rnn1ttti?n1tr80n xulur.tr ottln0n l?[n!ltgrnun']7 t!,t1uo't3fln1:rB''r ln 3 Rnuru:

druniu 6o fionwtotnz"nqiltadTimu fionutotnattutiziitfitcituiut"sryaafl ,,su'tion

t yt1 uaz fi o n uto 1 n n n tl uf, N in E or v n 1 r iN 1ux a r iu

n. nrtf,ruo.rerninqrJrlalililru rh1:.riuuir'w[HinlfrH6orlllffiqrusu5ruur:ru
lr -Zn-u,nulo,nBufi,rlnuron1:uin!1urn1uuu! a'r r rflu'rug?r:iu?'n:url lilruo:1:un:rtlunn1l'l

. ),nlt ln'tunno{n1?oulnn?l{ I nt:nlmlnllnoSnuor:ltnluul.lR,t!1t?lRotvtun 2-3 ouT.t till n0.inll

iugurirrrnriornnrsdr:dorlifriri::un vertical Turbine d{u-,roreuri.:osn1ri6n'jrriro-n:T nr:

gulrjg,rrinorro:liuu#tiruu=ro,naiuroglurir lsuu-"rsibte Pump) nioilil uciriro-n:rnr:

gugrdr:do.r1i verticat rubinc didufin-,,odrJ, nrio lsn:6ddo.rnr:fr!drr:-unr:::!ruriT Iou

')' Z- ' t hlt#:Ildloonuuuliriruirufn:n2!qu:: J lutll8irn71nn1nu9 l? tra0nu!nl:r$0n tiut.rpcra
! . ) . s ta - <^ ,l ) - tnlil:u'rur.tl uqun: nanluqrj nl:nl.rlu tnu tt8nnour|tlvlllrl{1rruen2nnre rnl0,'lu0T!oull']

: t . - ) ). 3 r.
tuu0$u11{u1u:ilnnT:ounnlnui It r!BG1l iEHaTultl'l lrooiu llrs0nuuulB{1Jl,r1: lorlnnl:

. x.. ,
:?u:2!10!ntu0iro1lallJl: u0anuuu

tti:1n1t(u R21rr:2nl tirllt{1 0{ lu n ltn:rrc110'rlJl,t:riJ$o2!R1i.rlJ0 ni$nn0.rurr0u']'rn?1'r j
lc-?

ni1?fio n1fl?1rJrr?t1ui1! ololl::n'jll soo 6,t g,ooo lur.r-oun:ftr:rihrtio Radiat Flow nruril
irum:mn s,ooo fil s,ooo lulr-nun:ifur:rfluuuu Mixed Flow tro3ri']n':1rttirilrnr:rrn e,ooo 6.,

r s,ooo lun-nr:rflurrJu Axial flow riJuiu uonrrnr:slniuf,n"uricrarluvioudr orurizilnr:
u-.rsryr-uf,n-un-lr::u!ioun[{qn rioraonrrdruqe (suction Head) rirqoto'niuir:lrhirbirfiooT i-
totllo?u

Ioun-r j }Jufrri#inrllirirrrr:6, uiorilrJ::lnn Radial Flow r:liriurudfi::u:qoun
ru ' 3.1 r r-L.l- q )a

Ir te on?1:.J!.d.rrJR?']!r:?t'r]1''r!$.r n'rr lrrJtlntjft?11[:?t1r?{''r:[,r lu.tlu rJr:u:Bnun[,r0!xl tn
- - i - ..ea 1 ,l iire.rnool'ltoill lir:0!rnu{e,ru8:B1lYtl ltl xrRU!t1u le n'rn?1!r,:2t'1r1{1:[,tqn t:lntonlx:u::u:

gounr:uroci'r,r i aeor:q16'o, n:rJd u.o uu= u.t

,) -, . -g.l - :.
trrJn 6.4 (n3 6.s u.lr{fl1o?'uJ!1?l'r1{'r:['rEe (1n1!utinlSn']{1!r toD Lxrnofll?t0au ,1171
. , : ) d, i . ) ^ 3 ^ Z ,))) - l

o.rnnl?nlrrtuo?']u.rn$u uu.r t( !q {u E5"F Lrn:!lJoon'toq nntr::nutnlnut:oul{1n3t8

rjru nnr.r

- .. I . ).t. fl1r oltol1olni21ult20-lllllJr2unur!uSqngR fiz1lllt?r1lvr1:,i{olrl Lorln
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drur6o:uoyaa{Hru liguJrlodqomgfi os.r d::durirrro (Hydndic

Institute, u.s.A.)

g d e.l r:o:omqufl?1r,Li?ilrm3#.ruci r,soo 6.r o,ooo riru:-uriu:J::unqotfl?re.rn0'tnfii

ro{luvr"o (Double Suction Pump) unlmn l,ioo 6.1 4,ooo riu:-rrJ::mlnnr:iruril6ur (Single

Suction Pump) irr",,ooonrrd.r1i,:rqido.,nr:rao't rno 1$ns1{ru6{riaufr.rg.r .

3 d o.s r:o:ouoqrfrluu Mixed Row r!f,: ,A,xiat Flow d.riortlfrilxr:oglurirl#ruei
t L Z t c-- )o

4,000 O,t 20,000 uunnBBntl:JlJuo: linuJluYlo0{fl ']:rao tlJ['tun

n1001tn 6. t
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l5 Fr. Suction Lift u(rnrnriu:ruernlociel nrunuotrnr,r{ruiod.!riluto,rfl4rfilur-ouuuqn

!1UltnU?t! [On?1Ur:?tlryt']3tnl nu 2250
u a t t'- .lt
drriunzre;liihrfrfra:rurirdrrrt:lrir6u zzso uiaulu Radtat Ftow iiro:lririnnrirnr-u

nlaaltn 6.2

- , ) e rv3 .lrr - e Z
mnoT20ri1.rfrudh ri'rdo.rnr:lirJlfiiiluyr-ennrrirtiisolurir oruririlnr:[.rEe no,,fx

nr:rflurvirl:

2t 1

,))i'rntr fi 6.4 rionrnrduluuur6.lo1nri'r Total Head rvhriu roo r{nn.ruro-nn-un:rr,l Suction
t)-, L )-. -Lift t t nu 15 llottf,': ll,l8'rn!nu:1ul'rntooe ulYt'],t1?'uJBd,'lllurJ0n'ulJnI tuy{oootI1n0,t11B't l!!olU

n ? l rt t't l ''l tl,t1: tnl n u 3200
v J tv'o la - ,;n{u a2:er lturJllUn2lul:20'lllll! lurnu sgoo e{o!lurncf,lllnlu

n2aalrn 6.3
w lv - ) '-o0.tn't:quu10?u0nt1 150 801/ 11{1yl ?ttDotynnu 32.5 tlJnt lnu Lroirnl8.trtjulloroat h{r4.l

) w - ) .d,. - z. sg.tlll,uo?ufl ?1lJtr? t450 :BUn0.IllYt i,r?tlt:u!fl oung{Rn7ll: [t10fl1?tru]Juu

2tfl1

rirurnrorrurSrirrln: N.= 1.633 rpm t;
H0.75

rpm = 1450:01uei lps = 150 nn:ziuri H = 32.5 t ot

N,: l.633xlasox rli
O2.ro 15

= 2t30:ouciouefi

rinl i 6.4 rir :-u Ns = 2130 un:laolyi' iu 32.5 r!fl: uio 106.640

1ry lun:6drilulurYnuuueedru16o: ::u;Soungrqo#rirulcirrnt, inloulierno
N. 6'ru{raiioo:rri1n-u i s 4oni0 4.s? r!e,

rzr drrfluluficuuuqnna{dru (Double sucrion) ::u:?nundd'ruldrrnlriyrloulirrnn

N. drurlioo;rrirn-r zs r{ouio 7,or uJo:

rioli'oirorrurir6rrfll:[,rqnii:1.i16'rdr nr:16on1f,frlrauoir{nonLirulr:i-u.rruorrr:

f,m:tueloll no']1'rnI 6.1
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ilrr|ll'to'tl rt
eIl?ntor

lrrfia
6auill
(Crstug) luria

oltl2!ltll
(ShCe)

nolguun
tn li

700 - 2,500

700 - 2,000

1,250 - 4,500

1,250 - 2,500

drx6u,l

o'lurou?

co'!5rg

ia,tn,ll{

i'tutnu?

i,]tatiu2

t0.relu

fiurou'l

nouLil

iB1rnruurxn')

tflu1

rorld.r

nou&i.r

fiouI:i.t

fl:!iluu'llrulu
riurnnt

rouhir

o, utlul{'] 
"r.r'ru

n"lrnst

Radial

Radial

Mixed Flo\ry

A'(ial

!''tnn21 I

YA
!urnu')

lllnn?t 1

0'rn!lrnl'r 1

Radial

Radial

Mixed Flow

Mixed Flow

AI

A2

3,000 - 6.000

BI

B2

CI

c2

DI

EI

5,000 - 7,500

7,000 - 12,500

' )' -- ro?i1uxonolrild 6.r uno.rluqnrfl !unrorl:Rlxt lrlJlJu !n'r,! .J r lvl f, n nBr}{ L1 luno{tr
)

911't.tYt 6.3

nr:r iurfiruorrr,ln!1!flxlqlrris:dTslrs::rrrln r 6'1x lou nr:lfro:uuurrn o 6.r s

o'ruo21lJ[fi lJ1:Rsiarnrioul urrrnuno.:lflunr:r.:d o.z

n1r1'rfi 6.2 nJ'iiuuriiaunararnursd!:rrr.irfiiufrurlunirJnoorfi e uuu

-.1 , -qolsuuinu:Jr!
ifuuur

A1 A2 BI 82 C1 c2 Dl f,l

,1n1

rl:;ininlr
o21!nTX1tn00un

n:1r,1 H-e n"u

Ia nrsrir.rrutfi udr n-.r

fl t1llr]ufl{ lun rrnrl

nttr:trrr:nldo.nurao g.r

,uaorooi,
nrrlirurianr: naodarun:

r.l::nou

nr: qoriulul ux"o

4

5

1-3

1-3

o-3

2-3

3-4

1-2

l

3-4

12

1.2

a-2

5

2

1

3

4-5

4-3

3-4

3-4

1-3

4

3

5

2

4-5

4

3-4

3-4

1-2

2

4

2

4

2

4

3

4

3

4

2

4

4

3

4

2

2

5

2

2

3

4

4-5

3-4

0

5

5

5

0

5

4-5

30 34 3 32

avltuu:1!l 24-36 lE-2$ S8-3E 3t-35 34 81 34-37
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rJl C

rir:ir:un:lorno{ (urn1

rirn::ual r{rdo (mn1
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ilu s
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373,634

toE,6tt
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411,233
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r ? &''r tyt u.r1J ro u ?
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crnn-radr.rfi o.o rir:JliinT :1f,,rrurf,u.rtrn: rooo r'r [u,r un:rirn::uc'lr.hilrgfinn: r.oo urn
a rg3 i r

e:lf,0 n tr!lurnt0{ [e

2t 1

g , I -ln1u?rufl1nt:uR Lvlfl10 0 tl lr 0.t rJ ltuo 0! !fl 10,tn n

fra = 0.746 x 49.0 x 1000 x

= 36,554 uln
: 0.746 x 47.7 x 1000 x

= 35,584 ulYl

l m

ilu B 1.00
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frrc : 0.746 x sz.s x looo x l.oo

= 39,165 mvl

riiouliuurfiuu:rnriuun:rornoiun:cirn::uslv{rih Inuriruuobi:rrnirqnvirn-ugr*iun:
J,: I i & - r.-Jftoln 1:n2 mry{urJ llnal lnllunlqnlonur B l:l6onu
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drn::urt{rhdo d g.rn'ir:rorrirqn
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,.-. J.,l , .l: -)01 trtlunrYr!1$rr0nu{iun 5

,.-. ,J.,l f ,if -)o1tttluY[ rlff{rJo rqiun 6
,.-, ):, ): -)01ttllgvr${rlu !0truqiuYl r0
,.i, );l ): -,101tn11!nrfl!'lJurrl0ruqtur1 1 r

ite
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9?O

10,970

12,910

r3,880
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15,820

19,70o
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ill r
20,0o0

t,c
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3,581
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17,9O7

21,486
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20,o00

20.0o0

20,000

20,0O0
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20,m0
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t'tnn'ttrlJtuurfi uufil l!t1u0u1{ar12 j leuulonoo0ntuu.,1{nut:tllu t0?1
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s. 6rarqlorln:.rnr:riu rofl iL nortlrrro-rdq,
' r - Z S6 , , Z - .t

0u1,r !:nn1! nnruoBruunltynltorlryru,tflt'1? I rn1l.u r11!nlrfr6c0ntuuun:a1[!llu

lunr:riolutrlir1,:inurr:rirLllCi'riro-rrn:rorqIo:rnr:unnrir,rrrnd6ru:rul#:ir,riurinriou

n1ag1fit 6.8

- , ,'l t Lr.v i ir ,

irnd'xorj1,rff 6.? daJrJlffiuin! 1ooo f,2lu,,u8:riln::un'[ r{rgion; i.oo ulyr 01r{r0n

Io:,rnT : s i. urie'rnn1:oonuuuAossllS' Nesu" rf,u.r 3.so rrror rirue:16onliilroio.rlo

?t'l1
, ) -'tt1nnlt8lJ nto20 uliyl 6.4 tt8: 6.5 uo,'l.

ilu ilu s ilu c
NPst+ (or:1,!x0,rn?0th,ri o.a1-! s.oo 2.ts 4.oo
,.r, .J,i J .i: -tfl1ltt lu?1$m!1lut0iuqe un 5 - u171 14,850 20,000 17.907
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roio,rrdur riBurir:ldfinr:r duuuJnrnr:oo nuuuinntsrfrl c lild NpsH" odrlriouryir n'u o.oo
,),ruo: u9n1!!rlu llln'rlru8uuu a{onfln1?3:o0\t lulnu 20,000- 1 7.907 uro 2,093 uln i8nlt:ldon
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il a r:6o,rufi't:rbi NeSn" ldoth,rfiou s.oo urnr louidrlii, uLirfiu zo,ooo-rl,gso rio s,r50 ulyr

rudlun:diiu s ilre:rilr.irryirr!r:slurndqorrr:'r: NpsHr 2.75 un:gtufiounir NpsHa 3.so rltnt
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s.,rnrirn:!l!t{ih: :ldrtoinntlni.uro r-,o',ruori.,r7ur{arn6luo;rriadu
I . r tA
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ilau i uSohi 1!u:r2f,1[{qnfiualhifluqorirnuriorrrnn::usL,,lf,rrio:iol rianqer6uroio,rrfio
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s. IR:rnr:rurur.rumtonr:l.iffuluourae

r r,l ^ Z j . r- ,tqw! )
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qrBB!!irq 1:rro.r!aro0irn:roio.ruuriiei'rd 6o

fl. ttornoi riluduiT n-.cdiorqne:lf,irun'rnlun;Li6'o.tnr:ir1l:-nrlmnrlliournis{uud
<)z t- -^ Zt s ) - .e!0rosifr!q n: rlfrtriuAon-.rlusn1viu2n{o!frtnm:E! ufl3tln1l Lr'tlulf,:u''lldt nrrl lultiuuns

. - Z . ,'l er, ' tt ))z
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) y - . - .,1 : . , Zt , ,l .i , ,
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Lflta.ruuor !!nu:Jlr !oun? I [rJr, 2 uuuao uuulnl3riJnn']u ll&nosue 2un?lnuu (spark

Ignition) [B:uuulflliriolouo'rfl'uu:'to-o (Compression Ignition) rioroio16rln luuris:uu:.rdnri1?
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rJaruriog drudul n:lnnnnlouir
(b)(a) (c)

jili e.r t Jororioqauo;qrln:oi trl lriiqrjn:ol'lirrujra:rr (b) n:Iflln
'.Ja,n:clriri.riir{arrriinlulx (c) rJrnrrn:iaul#nr:lnorirriaii{u

$irsrJou
?1n?u,uu

o?11n?

$i,
E.'l$n0

n:tnnn
!

fl10.Il1

lt!,i1'Lua

r uurl
u1r0.t

riru au

(a) (b) (c) (d)

jtli e. t z o'nuor;raln;honn:alrivriarrlnrro'r (a) rdorJ::nourqiofiouiao

(u) {udrmruluta.rlJ (d (c) nslmnn:orJrC.riir{arro':nrulu z 1n
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,.,1 r , : . - i )tco, z:rlyr 6- 1 3 r uuHunl$uno,r2t nl 1 B0u1n1}tt uljllltuut.truotrlnof, iin t1i nu fi B
'.,,r,t,2--z)-'

iilfi 6.13 (a) ::o"uri1y!1,rd1 goo{g,rndrihr n",rriuriorio ::nril r.,druvioinre:riefion

:!u1u01nlnd.rolinrrdruuu'no,rriouiu rir6r:hnrrirl lurio.cguourSl

3ili o.rs 1u; rilun:6drJnrurioiruo{1d::o'rn0.c1,0.lr.s?d.r0{[.rnirfrlrfioinr.*-rJobi
r !r t ) , tr -.J1,0.[?t0?ll:0lllulflu0unf,,lu1 !o 1B.'1LB?nt! tlJtnrltMttYtuna'] n1fl Lgnoir5u lo n'r:n0l{1tou2tu

), t ) 1
fi:Jnruriaqni'orir{nrrdr un:iyianiou ::qir6,rriunie Bypass ciooiorrrnrrdiun!rl:rflti'r (cate

valve) rnwiad.r rio6'o.rnr:r:riorirfiliorl::grirdvio Bypass un:liorion::mumn1fl1qfio't$r,oon

rLfir:lrnrfirdurto,rEU rioilcrsonun:rtr:nrirr'via Bypass firu'r:or6uroio'rld rnol161:Jlnr:ru
') oto Jai nypass oqjlurir6,rdrliuuufi fi1ilcio,rivio Bypass rYrruon

grJi o.rs 1cy riJunr: dorirlun-nr*ru:r6urn-un-ugrJ 6.r3 (b) r:Ann-x!fiulueiiT irirrirrrrld
,-3,,i,!,,-i)--

Bln'rfl lll loltlllnYlDnn untu$11'1i'] nllvl8,!ou rru u']rl::rl''l x:8u'rmulJIu titt82lrun lutnlJ1i !$
j ,i ^ i r ,-^ xJ a ., vvtz zn{[{ $ou !lJor:r:urouliro., L}luntuoralun,r!1 [801mf, r!B$u lntta?nfluns! t 1!ot,0not.,

gild o.rs (d) r unl:Bo0ln1n00nrlnli0lgubuo:.rinulf,frigqry, nra nr:riorirlauiid

r:ciolSeornrarhull{?::u1u01n1f, (Air Relief Valve) #orrqrn.:::uruainlf,o'?u$nnou nn'1?

6a rr{r::uruornrao-rndr:r:ilnlounnsourioor nragn$:r00 nl nuoud? io:f,uri',0*:irLlluiu

{ r!rUrnrarirLirf,uuruld nr: riorirIrri6qoo.r',orgnuuuirrilul:6'orirJ::pirriortnrr{rnr':
..,t-

Yra f, Jryi 0 rl o,! n uu lyl0'rnlfr,I'r!'r Lun0iSu toolu

3rJri o.ra (e) rflunlr1n01nlflao nrl nfio.r$ulnan:lri*6urriun-rJrJd o.rs 1o; nr:go

slnT floonlixn-nnr:r6urriuriu Jet Pump uciuvrufir:liriru:.:ciug.rri.rrirurio.ruouxo,ryiodfiI yrr.r

rilsoaoon (venturi) f,lf,toriiuornrnio,ruuciuvtu qrJn:niqoarnraoo nr1nfio.rfirrdriun'j1 Exhaust

Primer nr:darirleuiidr:f i1dfiriorio6'urirn-.rriuroio,:uudryirfB

JrJi o.rs 1g rflBnr:liofrloulf,n-.rriori, e.irning Tanky d.:in-nr*nr:rflun-rfln z rio,rrr.r
' ?' ! ' - t ' - z ' - ni"'lil,tttireruilenvrsdr:bit0Bnuoq u!i:Iuu19r1l{h0,tau81,tun:mu00nHlul,r0.!nuuulrit:LnL

3 . r-i .i i Z
u!n1J'ru Ie !u0rll, s uulYlnfi l.i

trild o.ra 1gy riJunr:riorirlouliilgqer nrauuriolun (Hand erimery riariarirfio:do.r

iJerJ::nrLnT.ldruiruua:fion::uraornrs16uriou ernrfuLnfrroeornraoun::ntrilirlunoo norn
C ^ . )' ^ i ! v!ugn01n1fl !n?182 n09o0'rnlf, ro al0{ un?1.lltjour:01r17tTinlutlu

g:Jd o.rs 1tr; rflunrr riarirlun'nrnr:r6u.: rir.igrJ 6.13 (s) rei[rgqinral6'rrnviolo6 ltntate

Manifold) ro*nio.raueilo::rionruludrurirriuudfirf,ruci o qudt lil viaoeoT nrelrrnviolo6d'a,r

lllttsa:nu
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B

Stli a. t e o-nro:tor#orquuo;nrrrir{ruro{iruuudorldrunuro.r (sctf EttntnS)

(s) ucntnrrtirrrurorEnorn;ria0nornriaqn ua;rdarix',u,dirtdndlorn

rireoornrraonrlnudr (b)

ehurr6r::rruarn',a#oruqldrrgnnaurrit{r6urn-uuu:Jti o.r s (d)

:-,i-,,a
tlritiunt{n0n:J1.crr:J:Jf,1u1r nnBu'ro?uouro.t [0 !ou!n1tB0nuuu 0n$ullJu?ltflrro.tiun

o.r + iurluori{noouuud6unilriluuurdarlfirunurar (self Primlng)

-i':''-.ruro.r1u:rjr6orillfof,ru:nliAiSUXo.r ![!1JU0:UUn0a nLuU 2 fl?ll flDfl?Un r Un: 2I
- - lr

r:i'a.:16lrirlurto.rgrrriur6urniuniuuur6u i ucilil6rriludorlsiarnraoonor nvioqoeuulo rioreu
)q-)a!',,f,-!

rfrr0., tljy{nr.'rJ1r'rTrluagnn!(1''r.rIturu']n'r6l,uun:8o0''rn1flu1tlnn03n aln1flvIn86 uxlnllul
) ) ,, ,x.) )

no!0nfl.to8n L lufl?l{Yl 2 01n1fid.fl,uln?1nt:80u0qn'tu! [nql.tlnqnn11l: l]tnu0ultlt!1n?uYt 1

v , i ,t -^ . ,, j j i , a . d )
tts:rrnlJlrBarRU,r Lu1,{oBn lu2uu0grluui1{n::n.t01n1fl L1{r0qn0n lnBBnlunuolrn:uun1{lursuYl
t ,t - -, ) ! r e , , L , - - Y , r r ,.

Rl1lYt r lln:2 not nBlultlu7n ?u1r1t,] n l, ?ton.00a n [:J[Yl'],tl'tu10.'!J!t!1{tou?nunJno,ti0.t leu lt,u

nr:lunriuqnnu!r6 n riouqor6ruoiolfir:irirrirurd.:ru6oo{lurio,rgr:un:nis#r:rirmuLifirfi
- r.

LOU [!O0drnru10n

\
it
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r. rorror.urirroda:ro'rnT:hnluvionoun:riori'riuollrtfildriluurn:rioiurfilauliSrJd o.r rrio

-z,ri0,tm81!ut{u1tln:n0l|1u1o 100, 150, 200 un; 300 lJlJ. f,1u81olJ

i .l .rr,i - ! , -2. tirlr'1fln91rB.tr10qnu8:n0n,ro1qen?: !! [6!rr00o:1n1rsuu1nnnu l5 f,nr/ 2u1Y1, 50 nnt/?u1n

r so n::.rro:z l-rlui, un! 2so nu,un:z l-rll.t

'- ) ))
s. iIuroio,rufi,:iilutorrittrurrlrisd,: rzs rrL. :rurourirrrurrrrioqi iso rr,. lurolo.rlun-a

325 rtl, (12s x 150 x 325) r;lf,gurirdruo-n:r zso su.un:z fill.:drcc sz u,o: r.,nllu1i
, , , i ,l ..x-

18,!n0qeuB3Yl0n,rnlqnrn: tr tn

a. c,ruraurnviodrr!1:nrrlurirnrursranfode.:oim i loulf,irirlutr# os frrioo',rnrhrr:1i

ri.rrldruo-o:r roo, r50, 2oo ttn: 250 nu.r!o:/ d'1I {

s. ilrnia.rud.rriiolig:.lfii TDH ryirn-u ss rtin: lfirirnrrurir{txr;rhriu 2soo t.tx1t:u:Bn

un$',qg (Max. suction lift) riorannr'rgntirqn (Min. suction head) #r:ioilriuriilrdoito'rn-u

ilf!fi onrirnt-srirqrn'ir:i!rirnrirrilur,r-o#ur5ur (single Stase) trn:

n. gorirdrru6ar (Single suction)

l. gorireo.rdru (Double suction)

- ,' oL ) ) ! v - ' ir ,J z ),
6. fonnl: lttJlllfrton 't{uu1c2u80:1 120 81j.!ti0:nEi?!lJ't?lt0ufl?1llt?2'!450 tBllooll'l?t Ylo'l

d,rnrirriur:birao 35 rro: r,ru1r:u3Roun[,rqodr:lf,tfrlou1 rficarirnf,uririlc-.rnrir':rfll
t-

tlullufl-ereurrta!Boraldrurdui (Single stage, single suction)

. t l'- ) / )qu I e - , I
z. do.rnl1160niioilurnioufrlrffoliguirdrua-o:r 3oo ou.!uo:riof,?Iu.! ramyi'rn-u 20 ruot ua:

.)durirn-,rriluroroof6urludruomlrir zsoo :oudourff r'rfl1i1n?rt!r6onliilluuuln ua:r:
- A< rsind.rInulffi r :o:geu n[{qildr?illc

.'i rrre. - A J t e - ' !r8. r.r1r1::u=?oun$.rqnnn; t! toFrn7rJux.rn{! 1s'tut ol'r 4so nu.tuortiot? l!,r rai 6.5 uJi:
r ,ir -lu0 lul,roultlo1un']1ur1': 30oo r0unotnn

3 i ) ) ! )- , ,i- r I-s, tIlroio.rufiufio[x lfio-orl 250 nu,ruel:cior-i ll.lloran go r!n: r,:r iuurfiulchliirulurn:
E-lf,iruriof,rirurn ::f,niatrlsnr:rir.rrulo,r:ho-lnsi-nrvir n-u os, 70, 7s u0: ao rriofriud

-' ae - ir 'Rt rl0?''r lr{1lru8: 1500 7? !!nu8:otnr:Ltf, l14fl1guoR3 2.50 U,tyl

rruu?lntr-o
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ro. luvrugurlrdrun::urth:l, Io:rnr:ndrio-n:rnr:grddo.rnr:rrirriu zzs au.run:riot'rlu't
)r L )r e re I

rli?1f,o.rn1:rnlnrJ 30 unr toonuuut.r lo!80nurnuq illJoollroo.tnl:r'r lo 4 lrjtoR u0&:

Iurnniqnrllr.riorr,-r..riuuu lllfiirilr:do'rrir,nuis: r 2oo ,-?Iu'! drn::urb.lilhginn:

1.25 ulYl

u:rr{'lci A c DB

turn n:ro.ril

,0Un'ltn\n (rprn)

nx.)irtrl,t'r(runa1,t tulri (l1rl.)

dn:rnr:gu (r3z ll.)
ran#1# 1rlor1

r:?n;rn (,6)

NPsr+ (!.)

:rorilu*roroai lurvr;

125/ 400

r450

362

275

32

4.10

50,ooo

125/ 210

2900

190

215

30

68

6.00

40,0O0

125/ 315

r450

328

275

30

78

5.20

55,000

150/ 315

1450

310

215

30

84

2.00

70,00o

n. r,ruiriln::usI4{rdoilo.rilude:roio.crfioli.r, uo'rrrrrr,.u',dri.r,,u"

,t. r,rlr'ti:u:r?01:rollo:rnr:dirurin:loio.rr:J::ru-oniriu6u f ar116'jrcirrlr 1o

:-nuraariruria:toio.ttvirn-uun:lri6oconriu
n. firer1i'ir xrsu.rvirriu s.o rrn: r,rrrdrlf,irrlun.r: :-urJ1rnrriool.rdo;rirbl

'-,,i , -? !, .' I : - ,,uuolru::llu n1 I nuu! B msurlo2l0lqn0n tntnnllIul{lc{nn']2tyl1nu 4 !
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unn 7
I

flffiOORIIUUUOflU (sump)

riogu lsumpy

dogu {sunp) nlru6.rrjod.r:Jnruviaqc:roriuilo{ nr:oonuuuriogur:do'rrirlffinll
t)t' r vr'| ' ree frorrn:Ioutirficorrurllhu$tu1:H!r11,ri8 1not r 0 nllr0,rtlta? luatm[lJ81tmote tnngnlun?1u

Ev
lun'rt lltn $t0t:irJrJ0it!0nrltR't tru0icS't lnlunl l$ut:cnrnl n1l?11't1ll10,tlJlJo0't0inn

, t) ) ct
r-oq:J::r rdrn-n1unr:oonuuuriogudrris6r:bila.rrunrlunrrir1irJnruvioqnorjrrerlrrglo

ln:LiiornrslrarJufil riuro*nnr firlo*unrluntJ(rJnruviosohierlrre ls rflud'u'irur',reil

tunrir uruvi,rlnoir aerurnndrwcrarrlrirdrsrirl#ricilrirzu wortol {u d,rftinrn nruror

riogco{drnir::c'ufitrorao,rrunrhilrnxo i,:irrufir:nrrararnrar:ir1:J1u:il tirLio-o:rnr:5u

un:rl:;f,vrinunr:rir.nuoe n.c grti,rLi{u rfinr'eu.la-.r rn:orrri,rnr:6inu:alu:iuLiry.r{uotir,r

:rarfrld

Rl'tuuondrlrornrrlrf rlunr:lnnlurjo gun-utnrudua:rrnrr uo'rnr:drri'qdrirlfiifi o
,! L -, , )firiiiuix o21rtuond, .rd'nndrrore e :iiarruqlrmri: n:lao,rJoguun:n--nrru:fflo.rruilrlnuxd,t

-! )^ Ilrl{lunrfiur{riogu i.rirrufirfioiiuoruolriuldi'aononrrnruuFl:rouro.rruorrioore uurul
rfluo#ro:m u..rrogn-rdrio,o6oudl*nfi^td orir.rl:6orl rirr-lirruinnoir:rnrorornrsrrhtJ

lufri1dufrr fi r:riJurnriiurio nr :rir,rrslo.rirn'o*t

nr:irn-norrrri:aoraouun:ilunr:irrr{rioguhidrnir o.oo urn:cioiuri un:nrrurir
luilogutr{o{lu::eiuirn'jr o.so rrn:doiurfi o::irunelo nradr:rfiar'rrlerulrtrioun,r urifilril6'

.l r )- r. lJnlruarrl'jr ogufirolruarlunirr:rfluilogufi6rrlo1 n"lf, u,r:r:'jrrirurio:lnnruluriogui
v iie . .,1 ,i , ^ - | I ro

o21l,I?2UOnOldnUU,]nUi lltO?1Urt1!OnUn1U0SUi.rnd',',l2fl 01 nei{u1?gruti

, ,htt , ).- I +.lr
ilogu66fi6oilogufiin"nr*ol:rilu:r,tuiortruiltrofrriltruuta:r rirlolrrn:rr nurrilhqj

1O8 ilur=r=rrg"tl
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,iZ,rx,er,trr , j-. 1)dntJx1fl onljonYlotlo loll lunanL$Rr.r1ltR.Inr]nt1.t[o.] rsu un:1! tunillunotloaud?u LunTrll,nlltJ IJ

viaoounruvialurjogur6urriu n1:u-n!..ru10.,r''r.Jfliar''ri;1rfluf,.:6or:u6nr6u.rrx:r:r:rirLiRrrrr5r
t l, J r ae- ! i tc u. 4 e a / d10.in.D l n l!Bll'Ifixaufl:yr1l rn0?.tu'tlutn n'ti''rt ltnB{ l,$lJaJtunl LnnRTu?t000,r.t.2.t.Jt5u.rnu

r e - , -, - ^ Z , :. i z.
l,urlt{11ulun!nfl'n''}.J n'rt []ra!8.1,18,'l n? na1tt1tlJllo0,rfino,'ltH,tuu.ru1h{tr[?o.tria [u[tr11'tu

16'viooorfioLinr:1$flhJd flluyiafloLLcin:viahiduurin-lr nr:rirbirirueir., q rs{riBfluliurflrl.tfluatltti
-t

lJ nl l nn!uuoul:!2u |l,lfl rufluuoYrl.:nflfl'rflo: rJan!0a olutrt/

olntrnl u9tt ulaxo{uoctuI
. ). r. , / - . J trirffldliruuorurnun:i6ri1n .l 10.: oguilinriliulou Hydraulic lnstiture ro.reu:-9.

,; t ltv- , ,Jd, e va!!:n1 [&o.r[?tulun 7.1 lrrmu lrfiuuaquflu o?nl utllorcu llro:fioru arl{ru :aunu lla]
C r,

druYuo'n:rnr:gud.rudrJ:rurol s,ooo 6{ soo,ooo rlnooouoiourfr loeo 6r 6s,ooo ou.ruerrioillu{)
, ).o-: -uaguli lrtflutll]11l']ornnl! [0 n01'] n.r lux?nBna I

--Au, ,i .l L ) ro? . - '. I e .e
ijilylt$1ituJlln 7.r xuaqnu8n:ln'rl guxan r,nlooanuu'rJlrl rnlnluo:.J nli1rrlufl0nt!

) , S-, Z L Z aq .l - , )
nu0o11n.n $un[.tn?lurtJun i,rfll'']?!?::u:r?fl]flu I n [, to [n nlxn''] 1tfluooT1n'rt$ulT nalYr

riruuolirilu ::irufrr6or: c:ria nruro agrLlouf,rr:ru'riTndg:'rn1t$ug.rqoi:Ind0.tni1

n) nrrulJrt'r,o{rJorurioqoornCurioqu 1fi6 c) drfililfluteirrilurirdrqoro6ufil6'
- cz ,) ----3 .e <4<.'<v

n1nnltaln:'r3LJ x8'rulJu'ro rilfrendo.rnlnoldninuSgrri floJx n21 llllrnUNA luvlldv nn

nz101flUtAnHNAn

t t --.]. !d. , .l , ) Z ,a) tsuvornquunor{ oqoo{nrtt {uoqu (I9r B) xoyr tulllufr'][,rqor 0?o5.rn',aH
. I c ^ Z - , ). ,ZS, ,
luttu10doun']in''t nnlwlJ Lun't: ooo,!l: .!a'tlQ: lTn.]uau n ?lYl n't]4llo uonnutl0!lgaunu1Ju'ln10.Jn!

. i./ t 3
orJn:nifirJnruriaoo rriu rnun: uion:lusnn:0.:rir (Strainer) rn:ylol1d1 (Foot Valve) riluciu

1r0u'i,8.!rhnlroiR?ro:odiori!riirr,{., uciri'rLJsrlr: nrirld riolornnnri.rriulnrluroao.rroiargl
.i - . -, e ^ u . ; , ^ / q oxl0a n:0r8tr noltt']luuno\rnonJn']tr .r$nonu]€anu']1'rnn1[v{.fl.out?r0 trxouxoJ lnltotaqao
) , .e .Zn!n rllfl nr],{Bnlu Lunl: l$nL1J''rnanools

tJ

n) n?tunilurouiogu 1fi6 sy rflucirnrunir.rrirqorililiurjoIuiiyiooerfiunyio!6u?
edL ) . e -- e ;/ );, ^^- , S)X
n1!ulluB'luLflla,rnTn''ru?r:01,9 n1{n0:nB{!t{l,ljuol!n1u1trn0toYtrl{lr1u In0nnfi']lur$rJrJutl n
, i. ie ). teS

fl1Yln1}lun tnn.t ufl l'llJoB,t n't: tto9B.t LIaoa.lnl nnnllluo t1u

a !" '{) attrAn'uo.ttirluriaqu 1fi6 Hy riJucir6rqofiuolLilnuinorn::eiuirrirqorirrnr
- lq , ,l. L Z

n'runBSo nl''ruf,nlo.rlr'] l1lu0slJ01an:u0un1''rfr''rYrn1?rllo Ion'']u'r n?''rL un''rIBnBinl::u:r1B1fru.J
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ilul:s:uurud,r

n'raa1'rn 7.1

e ^t )
n0nn1:no${tor0,t

)t - t tfi.t!::o"'uirdrqolsqeuf,iryilriu + I o.so tuor t,rLr'j'l

n. rJnruriogoe:d'o.lo{rirnir:ra-urirdT qeodrrrioolrirlo
, -!j:r. nuu0$ulrn0irognnn2llti:Jlrln1Eoaul.tlt8Uty]1 Lo

o. rlLirir:: n"u ao.l nrurioqeun: riuriogu

2tnl
. ,i. r .v-

m1 1100 nu.tllotl i1!!,t luuJuun8Bo$/ u1n

= 1,100 x 4.403 : 4,843.3 Bnnnou/ u'li

! ; ) / a- . r-r , !
fluslral0.rnu.rr.rx0o:1rnr$ug{qn 1 100 BlJ.lrJnrooi? Lu,r llnu nn$1

161

Bn! Lilun:s.rn:r?

toLisrrnnirorru6nlo.:rielur-ioqudil:iorrl6nra'r:lnruvi4ndirogluir (submergence)

d+virn":.r 1u - c;

o) R2luut2t o{riogu 1fi6 A) 11., i0yr1,r;lrilodr:rirfrU{viotofl?:eiu1r!'rn}ro#
r ,J , a )l , ). ie-, , i ,1 i J rg

1:r41[$n']: t]'rRRlJlrRrAnAUO{nO,n 0.tY]0?O ft',:1!U1?nnlXUO lXulUfl1n',rqn.[{0',',r0tyr!1U IOSnO,'lU
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Yi ) ,) .l X,Jx
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r/zi z. o nr:ufiilrgnrirrh:u (vortex) dtniurjogutrrnrdn
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z. i tn uiluitiatnnunv iannngul otilauiovniat
- L i. ..i -,a. * iut aw armoz gqnuovi4niiarnttbiiluEauoynqnintu riuiu::riudrqo

t ' & g r,,i , - )c . a
lJ0{lJ0{t?tR? lltu0(ulll{ltoBn t!o1n?1t:olJYloa.tn1t il tuo?1!dnn1f,e18n nluyt00od{uno{1i,utn

.) !tunl:r1la,t:lln 7.5 010

ii nr: riru':nlrtonriliuro:rirsolo,:rionrotf, rrr nnlde-.rriotJd 6ot!t

1fi ee ilua'nnnnguaanotniagu

Qr iluinnntlnodtutluiegu
v iluliunnariaau
T ih*uvtzatrvnixntilnainiriunior (Tianfiunit rs fu zo niiaa*)

-z - t, ,
n{uu an:1n.rt L$nl1.]u0nnr:uuhqoYll nll{ = Qr

o-n:r nr:lrnoa nornrjo (qni) lru:frrir.lru = ep - Qr

- i - r ie Vnflnlln xxqon'rtluu8luoglJl:rntJ lou [!!?n''] = -af

jrv t . t . -.)r V
t 1f, ''rYl l!$u0a nlln!0$un'l nloxuBlun't::ouY] n'rullo

' Qo-Qr

r,r,r.rorfr. :iu:12n1:!uii.rn1:rilorinf,r6urnio.lucio:n:slrfioo'n:rnr:lunr:ilun:guaon

flnr aa

T (a)+
Qr Qe Qr

riosunr::ir.ruuriulurje:'tdsunr:rirrl:-u+irurru:Jilrn:la,trja gu 6o

(,0-ff) o,,
QrQp-Q?

(7.1)

un: .. (b)

lufid Iur 6onrtr6lrnr:r6u.oio.rriJuirurunficioui.ru rurror uialilnu6'rudrgdnrrfi r

v,i,)-)
Differentiate flr| n11r'r{!ur}r0$''r nu']ox0 nuB 

$ uyroyrqo ii 16

df Qr - 2Qr

dQr ,.Qo

df

l_
T u.eo

oL. , t)
n1u$r1'rn1u!0un: nvrqo

dQr
: O elnr:o:lsY
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vJ 6s

0rur:r:rrr.tcurir

A,-,ev..l')))
fiouvnrohclnrhrrhiSna$usIm:ff 7.i l!15 irr:no'tilogufrfrfrqi (oplimum volume,

Qp = 2Qr't, q, = )

er.T
2.O

Qr = 2s u3/ ,rr., Qp = @ r,3/ !r,., r = f *ill,r
flnFt,mtll 7.1

( ,, - ff,; o,.,

.......... (7.2)

.......... (7.3)

luriruo.rt6urn-u rYrumurh a, = + fir:16::u:rrnrirqa (T6n) :;n'jr.rnr:tiosivrf,

rcutRtoit flo

Tmin
4V (1.4)
Qe

f,2A0'ttn 7.3
r r 3 . - , ;.rmoot1nlt tn0fl{qiloitulnlltl $auoHnt3ululr1r?r1nu 2s.0 nu.rrJo:s0r2 tu.r 0o1']n11

3 jg t , - , ir rw3 . ir Y
nxl8{lllt?1[!?:u1u$1ltl,.lnrJ 60 ou.uto:o0!1 lun o'lo0.rnl: nlUllYt'],r1ut? llr.t8: l!tnu 3 ftt.t l,t
. i zz.n'rul.elulcolqc!0nu0[u u0:enrl1?1Bin:o:,!!JUnln,rBulurn''] le

2!lt-l

-t ,- i
ii'.ttiu tJ i uro : d r qclo ui o g urrir niu 4. E 6 ou.llat

lurru:iirrir'rru o-r:rnr:lnnoanqmimnriogu = ep - er

= (l.o- 25t"zs, I
' 60' 3

t:u:l1a1 lm't.llLuiR:otn
Qe

= 4.E6 nu.ruol

= 6G25 = 35 0,rr.r!orl f,2l!.,

Qr

-t )2.i{uu t:u:r201tlu!n1Jlu = E.E8 UIll

4.86
35

60
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n10a1tn 7.4

orno-rorirlnr z.s tir q, = 2Qr 6oo-n:rnr:gulo.rirnvirrir.r so nu.rra:do*rlun tityr''l
)L ' ' z" r:birili,.r,,r.rhlu.rnr.oriou:x'1f, : x0.tu08utr8:t:u:r2nlnuu?1'rnlurin:nt{n1n-r$ui21o0,rrr

r:iru6r

?t'lr

?tln

tla0{31n

ull

= 2er

: Qr't 25xl
Qe

2.0 2.0 x 3

= 4.17 ru.tr,it

lutrudiuir,ns o-o:rnr:lraoonqrirrnriogur:uhril q, - Q1 nio zs nu.uro:/ l"rlr,.r

9,tllu 7:u!t?a1nu!Yl1iluuf, 8:o1n
Qe Qr

4.17
25

o
::u:t?81?1!lU?11{1U = lo UIll

nlaalttn 7.5

- ! , | - - ) --tnEtlt ntflB.tn1tr2Ur?Ulll11nBll0{ll'l'iUti'tt11'ritll0O11n1t lltit?l'lnU 2.5 $i:/ ?U1Yl

tJlidrrnr:rirn-.nfnufrrgul:Jlirru rirrirlluo'jrio,rnr:Lliurir,nudruaindlnaoulau6rn:vn.t-ru
lr Y .

l=r lll,rn:lrirfru r o:-.r tldrnuoluta:rar on-nun:o"n:rnr: guto.rflrlu

a.t

Qr = 2.5 6r:z iurfi
=2.5xfix(o = 9.0 nl.rln:z fill,r

rm0

rirufuau, oao.niog
)

UYITUTl!SU

In3

Qr.T _ 9.0 _ l
- 2.0 ^ 42.O

= 1.125 OU.lllO!

Qp = 2Qr

:2x9 = lE.o nu.rlo:z l-rl!.t
-z - z)
nnguon:1ntr nua0.tiluntrtJ13nuR0 r 6.o ourunt/12 llttl
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n?ad1tn 7.6

in,.rrrruttrl,r

' : e ). to-l
t{o0nuuuu0$ulBn::uu::u1uu1l1nx0t8rn1l,tur t$e{u

, t )e y ri
1. ::nuu1'l08irn1ro?uqIn0{09n1n21:3cur.r2eu o.7s ruo,

Z )o !r
2. 0n:1n1: l n!o,t l o0nn1t::1j1u 45.0 nu.lltotl !1!tt.,

- L )t r Lr
3. 0ot1n1t$rJ,D0n!3JYttJ0ufi0 110 RlJ.txflt/ !? [ll,t ,lu1o1,0,tYl0oo 100 utj. un3:Ju1o1,0.t

rnuo:vionc r so rr,!

e. io.rn, :biirrir.rru*rlu,rn:lririu s o:1

2tlll

Qr = 45 i:J'lun:/ n'?Ixn

Qe = I lo au'un:/ !'?I!'t

T = l,/3 n-?I!i

tintlun1t?t.r 7.r uf i lorno't o[:J

v : (ro_ *) o,

= (,0- #) ,"
= 8.86 8:r.tuo:

wrorrl6nirqnlo.rrJoruvione

n.n.urirn-nlolrhnuaz : f, i#r'
orrrtilro,rnr:hnrirr. rnuo: = : =

T

: 0.0177 or.trJet

lr0
0.0177x60x60

= 1.726 u./ i111i

= t.726 x 3.28 = 5.66 r{nz iurfi

= 3 tio = 0.91 ulfiI

D = t50/2
2

= ?5 utr. rio o.ozs rln: (lio.ol rlo:)

Ix-
3

orn;rJfi z.s o:u6ndrqe ,uo,:viona

nrrlguor r nun:rrnriuriogu (ri, qa)

-Z . : f , -:jo.tslr n21tJRn0lf, O'lJ0,t'Hl{U0iUllnttOlJUlO'liOt!!

= 0.91 + 0.09 trlnt

= l.00 txn:
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0.75 ! ::iuu1c{il

::iull'Ifl'lflc

H

I
IJ.00

rJi lrn: aa.rrlrfi6'o,rg uoo n

f,!!n11Lnlu10ua

nrT 16n:ro.rrirn'ri'a lqr u

= 8.E6 rxnl

= 3.0 x 3.0 o']?rn!uot

= 8.E6

9.0

= 0.98 ruor 1i I.o rln:
vJ a -an{uu uoguo;rrruailada6{

l. llltola{ua n-I{ S rtnl ul2 3 tunt on 2.75llJn:
- i:

2. trnuurnrqoogg{D2rnuua l.oo luet
-i ,

a. :vdurirqlqeoqigrnirduda z.oo rus: lora{drotn, rn oo.?b!uo,
,J. - I4. UOronOSnAqE!n2lnUUO O.o0 l&qr nOlflrlnflr:oc1 g{o2rlr le unlton:3ou U

riaquo.rSn rCarla.rn-uil#a;naudCuriolxon uru:rrirtlluriorjold.iru
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a /_ St. olrnl2ofloultoJulrttfitl'|ft 0 tnotl ue.ru

t'L
1. n1t lnfi u t 311?1,t r.l lJ LtB: n l{ n1 n,t!l

- ! - r r I y- )
2. n'ttrotlu'luuL:0 tu tunu:a.rnu

a. Rlrn!?eccuuosrilriotrrhvo'til nei.cil

.: , . e:.
1. n1:r2o,]llrY{n,]uf,:n1:tD 1J11.tnur?

2. nr:6i nra r:Jno nrn nr
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3. rB{'l1n1t!t'l'rn l!},io nulll41unufr n

4. vrofl a :JLIB: t-:.lrtrit n{r-o eir.: i fi lfiorirun: n': :rrr!4vlr
,) t - ,i ,,i )

5. L nurulUUURantr[fl: Llnt 0.tnu

Aa
rfrololn:rua;rduorro,r-;nrlsrr2o6ourro:nr:dolritllorrrnnsit.rriuuourrinro.r{rrtuay

uiil'wlein rYrrfutol#6ns rornqifi o{1#.irnYuilrrtu 1 lounvr r;

? r u n u sr: ?od ourd oilufi {Icy nr
- .)- t r r-3
:JrXurfirfioiulunrrldrJuuuurqufli non orouri.raa nriJu ro u"rdolur! 1d'runiu ueirirulrru

, YS e )${1uinn;IfriL$qu''rornnr.ldruyioqto r.cuu n11ufl1't !,ro1o nnl n!fi: a n n n?l aJrJl n-nuru:tolrJourllr
" ^; 

d, )
11l0fi't'tlJlJ01a.ILunlrn1nlultn]fr.31r0''r0r:JuR'rtl1nntoLon1fl01t'1.fi.t 9.1

n nNi e. t alilotnrllo3olfi qnldrJrrunir{noolririrlrlniaiilqnr

01n11 I armolouJ dlnrel 0lntt I ::
| { n o roll.luo lr?rsr

1 . U LUtrlUUl

z. :Iiiruriroanlr
uau

1, 2, 3, 4,6, 11, 14, 16,

11, 22, 23

2,3, 4, 5,6, 7, 8, 9, 10,

11, 14, 17, 20, 22, 23,

29, 30, 31

6. n{rJfo n"sr"? (Stuf-

--Ltlng box) :,) n

HOUnO

13, 24, 2q 32, s3, 34,

35,36,38,39,40

7. Bl u n.r:li.J']ux s r

riuir (Packing)
g^ -fl]{lto n6t

12, 13t 24, 26, 28, 32,

33, 34, 35, 36, 37 38,

39, 40

irbiutreiuirfiou 5, 14, 't6, 17, 20, 22,

29.30.31

8. tlllfl ul,t: 0lirfl u.to.t 2, 3, 4, 9, 10, 11, 21,

23, 24t 25, 26, 27 ,24,

30, 35, 36, 41,42, 43,

44,45,46,47iv' i w
4. t:xoui'ru1{1LlB?

rrorrul
2, 3, 5, 6, 7, 8, 11,

12, 13

ss (Bearing) Ru

fior.Jni

24, 26, 27, 28, 35, 36,

41, 42, 43, 44, 45, 46,

47
5. 1JUO8.rnTln',rni

r'ru u.r ngto tl no

15, 16, 17, 18, 't9, 20,

23, 24, 26, 21, 29, 3s,

34. 3? 10. ur:a$te12fl1Yt1

,ri$ xioxr{u?lo
1, 4, 21, 22, 24, 27,

28,35,41
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nnui s.r (ria)

arrnnditllririr.nu

'. Irl totollul nAUlOl.[rr]1 i'l J ]l I tl tUtul,lleru lLyA,fr L
-: u, -2- Lu$eNfl lrlt'ifl Ytitoouu-r llr,ou11 1r

3. :3U:ooUn (Suction liirt s.:rFu1ltls
4. NPSHa fiouni'r NPSHr

s. ina ror nrauSo rirrluro.rnrnru r nrfitU
o. iln:,rarnra (Air Pockeg luyioqo

,J
7. YldooTl 01n1flr11 LULUYTO lO

s. or nrafirrjrlJlur{o.rFr ruo uo-o n-L:-r (Srulfing box)

s- '!r1o1.'rRlrnnLnu I

ro. r,lorrS:qon-u

1 1. unlUrBOnBUn1t1 n9.r 21J0,r1r8 JL n? tr '',r nv{A
,!-i - gr, . riro.r- .: e{.. e

12.7taU1n1rr1000u u1 tuR1u1: n t$RIU1 I nlutrlnt0 7r-] Lua.rn]fit1m'r LlJ lr.r']la.tflutu
r:. 6o#r S"al cage h*irruil#\jnn6'0.:ltroflrfon'uir (Stuffing Box) rirhirir riu:-rkjn rur: ntr n

o )t-
r1r1 tUYt "rv!'!r'tYt Io

r i -.,14. fl1',',tUtt?n. n1,l I

rs. o rrlr5:g.rrfir.tlu

r o. lulr-ouuufionr.r

r 7. Laot?ulJo,rr:rJr:grni.ranro,:ildoo nulrli
J , i.)

1 8. !DOtzU'ron:3run1 n11rAO10irJlJyr00nllull L?

rg. o':r l rir.r,i r ryr t:1a.r z o.o ru n r cir.J tr nfi16'ao nrurlt
zo. nrrruflo (viscosity) rJB.:ro.nus?ri1ni'rnil6'oanrurr.rti

r-4. ;- ,;

21. Lfl tl Ut4',t.t't uvt B el: 1n't: fl uo 1u ''t n
.e3,1r,

22. l'I,ltJ u7l lllttalJl: f,IYl1.t1Ut 1tu nUl[!:l rJ1r-]u

i.'
23. lJRnLtllSn:.lflBUrrj.r I1JOOBU LU lUlrO

! y . -r,rv .2 -?4. tr aTl0nlJllun:ounTfl,t Lu [0fluu{nnuun:nu
, 3. g . -r,.i25. llYrUljlrtl8!nUn]Rn IU Ultf].CLtl nUT n

26. tv{f,lne
: , ) - , .,1 ,e J

27. trUi?l{Yl1'lllUuOnUR1',l{YrBUnLYl

2E, ra.rdu (Bearing) in
2s, uxlsn"uf,n (Wearing ring; f;nlrn
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'?tni 
e.t (da)

arrnqiifulrhir'rru

:0. lr-rr{nrirlo
-.: ,i. r

31. nt{t2 (casket)'u0.Ju8Jflu1-'r:0 yrllv n''rr:rnluh.t

oz. rns*ia nanr),ra.r (Shaft sleeveg rir:ofin-u:i (Packing)

- y- L
33. OOnJnlr:? (Packins) tu n rlflB.l

, - .i,,
34. 1J::tnr1lB inU: I IUtvllt ]: n!fln 'tvtn-l'tYt't.J'tu

ss. rr,{nrfiNul ldauririo ror n: o.ro'uri ': o yri orrn..r, a :rh*a:d;rir *-lkikiourin-u
r - -^' .j

36. lUv{Ofi: AtUfl lUYllllluaL tllfl Onu llMtnOn r:flL

37. 6iaursia6u (Gland) *riurfiu'h r uH nbi'[rjfiR.ruiio fir"'[un'[:J{ riu:r: (Packins)
u,rl r o I

38. lUUu'rlllnL ::1r ruf'r'r-tu'taugrfllJagrnu't r (Sralfing box) U1:lnr1!L]Uo1''rUraLfillu,)

39. do.r jT .J (Clearance).I:u:rJrrT n-frurior..fri (Casing) fi6Y'unr.r?onoB-Ld-o niut-?lr'rntAu1il fi,1S'
-Lnu't tnnourll't ttl Lu1l B.l fl:r
a; I - ; -40. fr-fl,Jffnu'tnfl5an:ro'n:rulr.rirlrnir":-r (Sealins I iquidt yr^1!i[ ffo: al{or:ulr...n n^yio non

tvi 0''l
o;,ra'. fiu:rnoo-urirnrfrr.'[:]ieufisrruqrrrornnr:rr:oto:6udrunrulu raSon-':rit1oro,:aln:r[

ft'lu6trJft'l''t fl tJ o fl u 1a. t:.i 61ull0,J 10.J tu a'l
rr^:-,1',r,^^Y-42. 'luu; ari'ruiun no uludo.ri6o6m:d 3FL virron"Le niuru ,"'ir.trl*i,rir r'r'::1riuflr-rJi"du

tuo i.JYl'r tllti 0 tullrr fl J

43. 1TO1f,OUnonU

- Z ,i x, . - & rv .i{,
44. non,r:a.tRll lunnnD J rT1.t nnLuuont4t0T't:nlJ :eloo.J La,]uloYl lull[r1:R1rn!
qs. ii,rsn ', nuirliloq]luerfrr.l nniJuuia ro,r6l

- J r a ; a i - er,rt
46. RUUlJU tl{onunntJLrt d':a Jnlrluo.J0 1 nul : :t1J''r tll to

IJ

^ x; - .r* I ;,-. l'r
47. otU nlJri8iu"lnfl1ltuU!.l nn'] l lAU.lnnUnlt L}1UAU']tutaJfl nn ulnt]!,
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.t ! L.- -L )t- - ) Z -Znl:?n:t0lJ!l xqauRt unnlJn'ruo0nn11u8: touxnoq!nutlal?lqnuu !'l,uo0utunl1
-l ). - Y .olruunl: lot0nRlnqfr 0.tnxn0uo2unu fl 0

(r) finr:i'nunnnr :un::1un:r6uo (Specification) ao.rfrifi6'a.rnr:ad1.llirr1:nr

(z) l$fier:nnriliurriuuun:n-of,uhinrrlf,un:riurnun-ui6 nr:f,r'r: $l6onilriJuorjr.r6

iudnuarrldiunr:f,or:orl6ondalflstririrrfludolflrildiir,o tgndq",orou ldn::
,iluindiinrrlunrn:ruluu.irarn t:orr1u ndrr6o duvluun:cirlidrulunr:li.nunnooarqrorl-u
e ) 1 ) . t6 , .t e r , ) . n .
rioufiqo inrrr:rio6oldluuir:o.rnreuytuvrlu untoii!n:or nlsnr:iorra:1urirfio{rriludo'rtjol

nl:oo.rouu
-xL),--- ,r i

nl:l9.trolJUrluflrJnnuou touYr? I tuo1lBu.t00fl lorut|nonnnuor:o?ununo ?tu:nHoo.tnl,
.-L - 7. -[.rlllru0,ro?'']rJ!..1::R.rfl[n:cn']fln'rTn'r,t1ltL utBYI{11llu'tu?tt''ru ll83 0lJ t]rHtlxulutn0 n !?t:0lt

.2-,.,wt1--)
qunrlllo1,t J Lut:'lJUln gt.trot'LluHooRu [tt8on l,ou]tclltu101nlarnuB[u:10nt1'lu g2u0n?t]11l.!

-t- L)tt,li0rn1l00n$uuut0n1'1[o1:ulj l?L:uu10uttn2 Lra:!0! ll,tt,t'u''lurcuol1nlurYlljoorn!uoollJu!l
t )pl .

llxR:t0uonr{dBnlr1ro
yeae .t ,

n1lJl1:J2trU: nUUO',tU9.lrfrU01r',',tUytR1UUlt yl ,uU101A.!1!UUttRSt',tn'ryltfl1t00'1it!Bnnol.,nu
IJ

, ) ..e r , .,1 - -, o )-
LouBlutrltnnl l?lulnttnn1:]r01:nr1 Louro]r1!0u1tunn'rtt't]ru'tu lx!fi?']uI [1rn1:00n[uuyt0$0

rioiieurirrorrdoo n'',r r'',rrir6iu4lssdanrr nnirir:rnuolfilf,rilfiiqnisuhrurr:mrn'jruci
v :. e . , - V e 4 )' Y e .
n0,t B,tr,lllrl t14u o,ruu n.]rllun'r: nJylunn0unl{[{unlo?rt: [oun1:0anlluuyl.t:::JU ui2n,]xuo

- i, , .)v - rs3 )t ,
11UB:toUO10nU!Un:0Un1rBnO0.rn.r1n1! LolJtJuR:t:xu on?'')

212 ilm:r:uururh
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.41
nltnlilun:luattoun

Z. - e)
n1r ilxunriun:Lduen-ur unr:llirioXnuri{ieuilrufirf,oblilrurrlr:nreuoiudrfio:.1

-l)r.lnuo?1tJlr0,rn'r: [1.r'1u10.rtn0ulnflqe tounl:n1 1{o11un:r0uoo{nn']1 ti0n1!'rr nulnua1l0't

$nluuifntrir iuurfi uurir.rf, of, rr:ur16o n{o:ild!qnrnlrt.tiulxl:n!u1ni{G

lunr:da{ciururnlr{InorYz 1 trJ rrunlrdrs;o{rin'tunttue!t6uncrec:toncintilu

,l ttu2o lllq 1 e 2UnU no

r. n'rir (Pump)

z. rludto-r (oavc)

s. qr.ln:oitra:a:1nd
!A

4. lAinolau 1

.-
nlrnrfiuorl00crounto{ilu

1).-,-)--Lt-,r,ftrlun:lo en?,]r uso{l:urnllznuo?utjlinno lug o0

t. nirruarilu 'jtfluuuurruoirlnon SU!-n (Reciprocatint) riolr&,r::rliruzu*'u
(stage) rioirurunngldru

z. dnvwwatilila ililuriuuu,rn, otr rnnliou lielo.n-s#ir1:.1,r-aua:rioufrl orln:oi
, )e

ut0f, 2t{u1: n0uno0nnl1 tLu rnuu}t2gnunn ruuiu
i -- i3. An1 n11n1t1U trUaUnvdvun7tqt1tl n lnic|u qaut0a Anrlnlqu u rwnn

e " -i . . I i ---natn'rt NPsHa ,Bua?1ut1?10tnun10tn0y l1 ,rdnfrn1flfl1 1t1un?danogdaaiu li al'ra
, a ."

dafl u6rv n? 1t 0n'r'tn't qunuda fia lul ? tnor l1 t'tu

:,
4.2fruAtnUn11tl

, . < at?5. 1rfr1fi0u1n0311

.i rqvw ) Z
r1,{0 t}l tn?0!nt''ru8:r0llo'tro{uurl1n'wollnn1:ntllnal t;$0{nlrua t illlluulaul1untrouo,ut

touildr:rnuolrunioluffnnrf,onun:n:1 unn,rn-nrrn :nr:rir,r'ru (characteristic curves) dn

^ o )s
use .rnrruiitl -ui::n'irro-a:rnr:guniurso :!An;nln u:.rri1ffd'0nn11 ua: HPSHr tJl r:no!
n1rfiflt0a1c2u

'i- - A -,r,ltnlu!0.rn0'12 !nlun't7rnan.tr01:o0,tn1$gol n.t!0uv{:0!nu$!Ee,to0 tlJu a0

n. ollouu: 1n1, L!,t'l

I
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1l tu o [u: ul n'] 7 u1 : t: n rr'1

o. r1n:eunr:o:luri

o .a Y .9
fl l:nliluetluoYtcuf, xo{nunl0{t

fi8firn-.riiu!1f,n-uill$ ::rialyrufio{ z rfio6o ua.naililih rf,:rnia{auri :'run:r6un
,tv t-t -n0Bn:!IE111tUnunl8n[nn!u!:]l,o.ru fl 0

n. uornoflr${r
1. nfi oxo.rn ?:unlililrdli irurrur4n ur {n-ulvh:h rn!o?1! d

z. tio:to'rrotooi
s. :ouorrlrfrg.rqo uB:urnrild6'0,!n1:

a. rj::-sninrlrnr:fi'urudnr:: (Load) r 0096

5. ulol!1u1onnlroonlruu (Design)

6. i:n"u!10r!1u10'rou?l{ (Insulation Class)

z. uer,reinf nr:.rqu n1:i't.t'tu uo: ::tiuorrrt nonn"u

Atl. lafo{uui
r. uuu BBlnfri18.rroio,ruuri r#orx6.rd1i

e, ) )
2. ur'rri1dorfr o,rfr rourluro lrlr

.A
3. ?t nltnetol0.,

4. nlrr;u1unl1riau
s, qrJn: niua:::uln?rJfl! ilu?uun:rurnro,ruunrooi rnrr-eomun-un: :ual flr

' < 
rjn:oirrocosliltinlrnlilunrluavlounxo{q'

rf, obifrlfi qrJn:r[o:rrYru rloldr:J::nouli,rrulfr or:r:1frr-rdoilua:qrJn:ainialriu
c -l ld r ,.J - --l-lunllte|tront.ttou? qunt (B:0:tunnozrl:n1t.uc:1uq3t0uen?ure,t oa

- ) ) zz,
1. nnErlr:'t 0{llurfita{iiroitullllnrnllnlR{ t?n?lJnu

2. s-nBnr:xs.t,fio?i0 (couplins) driruriririruu:.rficro.rti'urirfriLJ$:ild.rlourln6o:r u

foiotiou (Flexible Coupling; un:nr:ldguriao,rurar

o. qrJn:nivrr.:vioqc rriu rionnuunr,lnl viaqe rioLi.r n:Iunnn:o,rrir louriruunlic
:ra.rirq luro 6ru:u un:ii nr : rr, : gurimeulidru

r. q:Jn:ninr.r6'ruriodru r:iu rionn rrorr6r J::nrlr rirrue:eun:r5uerdur6ur rYurYu

q rln: ninr .rriogc



ilrlur:r:uunnil

s. qil n: niri, n:-uriorir

6. BUntlu?Ofr?llJnunl,tnaGn[B:n0t1utn
r .,1 te. )z

7. tlun1t03 tl.nnfl?:1:lJ('110n l?R'tl.::J(?gYlt(uv!'tuu:Ba11o.t'tu rlu tuYio lru?ununn
- L , - J,.i ^n1r:ulut{ou0:r1a$ul, :in0nrfln1 lonurlnu:r? n1.r I

) a.
8. lOtO t 0,t!a B 111: 

'l'U',t: 
n: nElUnSi0lJUBU

vAl<rr.r
{onflo{ou 1 iln?:uofJ lutlunl:r1uac!ouo

)^q--.*..q - .-X . i r.i rg
rvt0u[Lrno1a lruu,t [1u11uxn.t titono0'']tl: n1uuor.t0ll l1r0u J !2 lullun1::'1us:loueolu

!liU
)t

1. n1: nlUUnU1.:'',tnltlH1'tUtBU0
- tv-q Lt

2. nl UOn1:f, .tlJ0u(l1fl ''rvrR'n1n lol:J Lu('r.00

3. m:iluriu
^Y4. n11fl 1?rf, 0un't:fr ntrrriouli.rruIou{::ru

5. n'r: :-! :: niwr?uriunrrirfi oer n nr :lirruoel n6

utvclLati2aul{iaRlilunt1ua;rouel,0{iluruof, 'l{ Gl

^ ?, -) t r
iio drruo:run:rduouioqtrn-nu nr:ror,{1:n o.JiluLnuoirl nonun:t}luuugr.rf,nii.*iuulou

, ro-t atluniruut:u'ltB leulll1tuuf,louln t2nnu o0

-lltn. qnrfrntru:lolr1r laio.qudlr u ouldc !,uroyiori'r 1oo i06rxot (o 0r) guirld r,soo

6o :ciou, fi tirrirldg,: 1 3.s run i iu61ur arnafl vhlr
-)?. q.u0"nrrq:!ov{''l: lf,ia.lgxrirl unoulil zurnyiod,r 80 in6run, (s ir) gurirld r,r oo

t , I rw A .inloou1n n'r[1 le E,t r3.5 turl lu92oralaluuf,ruu.lu

fl. q fnr :!ofl'r; raiorglrirnrunould.r uroyiori., i so ln6rrro: (o ir; gurirld s.eoo
r , f re v t A tannloollltl n.,u1 tn[{ 'r3.5 r!n: rrn2urnraquuonlio

- a z - , ! . , t tv
.r. q nnBoa3rol{'r: lita{guulllxullnutn !u1on0n.r s0 rn0r!or (2 u?) n'ru1lf,${ 60

r!o: $uri116'ioo in:ciosrfi dudruuarnoil rh

o-20tililiailluoilunlr i'ruB!16uodruiuroia.:gurie:nr101$qju'rnslir:815'11n "ia
rirfiun:ruovr5usraiolgurir In:rnr:qudr#zul ilrto{nr:nfr.r{ruuri{ni" d.rld:rr:rrli1ri
o'ruufrr
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r4illgt
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rionruuoolud'o{rnrluiioff 2.6.4.3 6.:r:l'h "...firroio.rgurir uornofldilh un:qilnrni

du 9 rinazrlrisflruilioie;UorrJ:vnrrlo dil6,6"olnn.,rlirrunrlrJnf,nrulu r iJ
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uuoirun2uRiDJ0u Hlr'rur:o0ir:ud1rfiunr:urilnuiauJdrJuliln.tlilurirulinr:1i5 nrulu,u
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,1
qoronf,o|Jlo rllrlqlotI 4330026

rulurorn"sq !t38o-oo1-oo26

aordnrolvrotrlsI
A i rEr r r j

tnr0{gunIluil?toul.I{ Iulnilofl{ loo uoaluf,: (4 u2)

rld rooo 6n:iourii rinirl#gr 18.6 riln: ,rYud:uuornoflr{rlhguu

drfinluil::lrs - <U
1{l,yto t.,Yr 't -lt.u. 25
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lluu n 3.6

Itc

ltu2uuu

llulgro! dq

)
ioronrrol,lolrlsfi !llorlr a83oo26
. -.1 -ullnli or 2ull r uqrtuu 25t6

.l-.4
'|oronlol!ttltl! 

!nt!'tllln!'|Unt!n
rh;nu o iuC

)!
!fl:o{[u$1uulJrt0s tl,.t nu1inon., 100 unnttjot (4 L?)

gurirld rsoo io:douri riuirl6'g'r 13.s lunt

lUn2U!0tO0t ['Ht{1

tfl:0.t

4330-001 -0025

r. rourratro:J:grRn

t.i iaqthvniTuonTiw
lirdurn'u,nlguJrn"r1#lo.rnr:rJiurnnhilirrurn I d,rrJimurirdgr.rl*iorlJioun'ir r soo f,n:da
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Trnrolo.:uLr (qhausl pdmine) nun?urn:0nuunflri8 md,Jru llrlloun?"r 20 [:.ru1 n:0uulul0nratE.J$uu"]

. ,!::u:olr!lllunr:d.tti1 (toral dynamic head uio toHl uuru6.: ::u::rua.rnrrrFrfrroiar(urirr:6or
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iuus:t.ru1tun,, liu::rJfr1'llriirrflnt''lnn rlurtruoyrlu lunl: Innl0.ru'] l2i2u
- .,1- " "2.2.2d,,nllil11t

), - ) iri?u ::n0uff ri1d'o1o+niornurir6'o.r:.1::nou6'ru
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z.z.s :0.:du (b."ang)
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2.s irtauri?hl
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Yl10?t t'rRnns0

n'rc-ru11.Rnnn0n:0 u10u.i

rlelur nnlrnD$:tur0u.!
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.J ,- re

oo.JltJlluuuYl nDnun:rJ: u lal

urirrluir$rqquir
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(r ) rnio.:r-oqr*rniro.:irneioriu 11un:6::uruoluiou6'ruir;
- ) - -: - ,a
(2) !O:0':,)On11!OlrUlrllrn0nU

(a) roior{o:orrnia':uu6

(c) aio6r; guodm'i-u6ornia,:ruci
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2.4 d
i!).
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11n nr!fl 8 n'r n:[uullrlurlldrr:ou
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l? l'llUUreolu
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3.2 ft'En1?lnn0al

- J..r i9 . .'^ - ,i a
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r,ronSuRlJr:nu:n0r

v1

) l, !re,- i ).
ln: E Jn uul ?"1c.tu"t t n fl uu'] Ln:l: ljl tuu'] ol lJr n1r[o I a lu!] o 2.3.1
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3. fi2lllnc{nlt

3.1 UAIU

toutratto;d:;rnr
1.I Tiov*dtfi lunl' lnrlu

." ] - : ir,re , i t ,/ l .- :.J re, r.e .ltrnulnu.t'L[uuln1lurio.!n1ltnxl:run!.! n.tu:rnn$aTliu tcf,o.t llr]uon?1 rm arloau1rrlo

::rru zo unaaou (ouirix) douri lurnr:d6::u:nll6,r1*nr:d,rrir (toral dynudc head) Lj;1nil
oo ru:nio r:lrnr zoo {r

zt.2 utron uuu nun uavluq nl',
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a1att1ut0ln u0lt.
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3.1,2 r0r$nnur:ul ?l 2 u!1un.t nolxann*to1ut.tn;tn!ttrlnrgulnal{rnij$ont!1lalt0liuna0i

lur.riir:riuur:uuulrJilo:riiu iinrurlrlo.rriwioUlrnnr.l
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3.2. 1d2n lndtlt
). - ) | r , e

n?uur:n0uYr!lorurJo{rnr0.rIuu1o0nur:n0un?u
,

3.2.1 lco$u (cylindn)

3.2.2 nSn$U (cylindcr lincr)

-2.2.3 8n[u (piston)

3,2.4 lrnu$U (pi$on rod)

3.2.5 8 (valvc)

- J-,3.3 nv yn2 I

3.3.r glrllou:!0.!to:o.tIuu1

rllur:r:uulrn&

riri'urrdnrrio
- ,,J rvlUuuuunofl nuuli

IUUUUUln0nnlr$4t00nU1.! (piston cup)

n1c?url.iRnnn'r l:nur

t nuuulirr.lirneun:ur:du lratre seats; io.l uuurinonr duul5
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z,llJlnll 30o ,ruioulYln1ol1ll?Utn ($,orling strolc) lljlnU 150 fl:n$0l.lYl
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3.3.2,2 [$n1n.' lltuSln?1 2.2 nlR'lor]uo 3 ll:. ,']us:lt:0u {Iltrnu 15oo louo0ll'r]

s.e.z.s lotnafl ilrrfllrlia squirrel-cagc motor
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lz,r nr:;:':tf,ir r nnr:r:rrrnrxn"rlrJlculirrum un:ortrasorlnunr:lfiionioroio.riaodr,rjru j
---,r.Jlitotl rrrti,riol u

- - l.e e .!(r) o:tilqfi1irir.r hir lLlnlrt'o s.z

(2) ii?ruuu lficla.urauofl flr L[ ulrJorrdo 3.3.2.r lo: 3.3.2.3

(3) o:2rqrJnrrfl ::nau,niolgurir L[ ltJarlrio s.s.a

(r) o:rrq Jn:nirJ:: nouroroofl r{f,r lrtr utJml:io s.e.r

-z(s) o:mnr:rioun:6no'llaroofl ilr lfirfl u1:Jolr:ia s.e.s

(s) r:rr'r l#rflul orlr'a s.l
i . --(7) or2toionxrllu birfluhlolrt'o s.s

1e1 n:mdu 1Lirflul orufo e.o

4.2.2 n1:YrgnOU
) r, !re,- z ).ngtSutll:: nu:l|0$nt 0.tEUn'r?'ltlril: nluul liulll''[Lta'']i1l,l1n1ruc I? lrr10 3.3.1

vt43 ninlo rrnllatl?tu

l.s.r nr:rtrtiuio,rirnforirnunnr:iutl::ninqnurrwrf,nniur{ rur'o l.r ln:drunr:o:xf,imrr
J)
1,0 1.2.i Ylntn:B':

I - -. ) . ) )
43.2 n1:rin0u;'11t10 4.2.2 x'tnlinoo:'r2rou?nuYluz$$nlurolor l']ll1llto:0Jrt:Ylgnou txog tuqol ar

r o., nB.: n::! n''r r ol ? r:"r uri5o.llnnno.*iulorooflilrh (t.st run)ylni',l

4.3.3 rnllr,il0Grl{
) ' - ., .l ,

!!0or?lno80{un?tuu llJol!ln.l.nnnl$uerlntTUn11 t.tl:n0?lt1lrnrtollltu

u1{1 4 LuCllllU 4 lllll',',)
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{orirruorruov16rr,oiooguth
< lrr rIa:lnrrgurird:u1r{rh

Jrvoourrdcalurj:cnrcrrard n.a. tlztz6zs

Jr. ziqur3!{i
rf,orhCoroio,rtrurLluumll:j.rn rcr, z ir niolqrJn:r[drniulilrlsruln:.rnr:gurirtrut{rih leurfls

I | )-- tr.-
rniorgurirfi iia-nrnr: guirlJriounir 1,ooo us.cpM ilnu so 1n

z. {criruun:roocrSua
iiyz.t laniatguiuiauaanaflilih euup AND MoroR sErs)

roio.rgurlr oo 1c urie:1crJ::noudruroio.rgurir pumpl:iur:.druromoflr{rh 6roto4Imliiodoriol
(Flcxibl. couplinS) ic*lr.tu;liuSnr6urriu 6unlorlqlnr:ri''rn1r (conrol pao4 drniuu-lo-u1#uorooflr{rh

(Motor) ti,r.t'tuniD qmirlrurCoilo':rYunluiurrilo-urio.r!rmnltorooflr{r{r ltvtoro4 rir{tlfisirl.! i:run:r6uc

i'tooluu
t..

2.r.r lilo{fUlr'l (P0DD)

..ai-z.r.r.lfluraiclgurirtinncoldl (Ccrtritrgd Punp) urru Singlc s.gc, Douuc rudiorl, Horizootaly

splir c,.ing ir xfleon-$rirnr:Ir. (staodard Prcducls) xo{I:,r{luiireonrilrJ::rm ql:rJ nri5ouinr ootrr:6t
ue:rJ::rvn{r]l riorinrT nl:.:nunrulfr Liccnsc lcuio.trirnrrlrhroiorgurlruuuur:nmLjirni#drlinsu

t-
fisi.nuurl{n.rAdD{m:lio rilrurnrlrjriorn'ir s loado.!61ur-utolun:tdnlunr:rumnt:llrur{rlo.: Licensc

uurorftu tnll:.r.nl{e6o1dInr:ncaouqrrllu?nrrilrnr:un:{crir ch{acrcrirtic crrrcs rfluirio6ous:

luln:dlrwrnr:-lr6oirnriruo{r urJ::ir ri{irnriunr:r dusu auiou/ftt :-urJ1 urfh r6n 1 riol 1
(Modifi cation) rf, oL{roi o.r gulriqnunn6du

'. -t- a
2,1.r.2 (lruofuurlinrx

-loorln1:$uu'] 4,000 us.cPM

o?lltlutrlrlr (TDH) 2s llto,

t:irin'] 'lrifruni,] 8r,qb

Nct Positivc sucrioa H.ad lrirfirr z.z urn:

z.r.r.s lYr calir (cArirNcs)

n. ronlic Horizoolal-Split Casing Type

'r. io.ri wearlng Rings

n. rird:a Cast lron ASTM A 4t Class 258 '}liorfiaulrir

.t. iiilO,rlfiru nu (Dimensioo of Fl.nge) o']urJ,1o:!"lta (St rdard) ANSI t25 tb

z.r.r.r lur{a (IMPELLEnS)

n, f,0.16 wcari"g Ri"gs
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r. rirdrr Bronzc ASTttl g Sel ria Cafl IroD ASTM A ,18 Ckls 25 B $io!fiUurti,]

n. r:dorinr:cir.: (Balancing) !'rufr?0d1r6mnI:.mu{nf, r
2.r.t.s lrat (sHAfTS)

n. ririr!, stcct ASTM lt4o riorfiuurvir

:r. i stratt stcc"c" riri'rl sreel llio BroDzc

z.r.r.o J:;r6sfiuir (sTUETNG Box)

t ulit eachng ad QucEch Typ€s

z.r.r.z lntu tlEAruNGs)

n. tflulin H.avy dury

:r, C.casc lrio Oil Lubricarion

z.r.r.s rirtctiiic (f,ooxsl ..D),
unx.,r00r,0?0n l: n.nuBrnn 2 qi r,!uon:lirJ::n0uilu
fl. Operation Manual

'!. Scrvica Manual

o. Parts Book

z.r.r.s rsuaflol:r5ontlic! Crr.totc lla! Cb.rxt rtlltc Cor".. o-rrirrrnl:lru{rir lo't

,oluo6rni. formlonm:umllan:r6ornr: ir 1*dtroio,rgurLlln:6iroioqurir#raror0uraio#uifm
{r6ol6JiurJ1.rlfrtr ronm:iinr:ufihr:6oirfinriairnua:run:16ucun:r:1rjlfr:-unr:f,m:nn

z.r.z uaraoil{flr (trroroRs)
r --.,1 .- - )) -2.1.2.1 rurlrnon$ !.)i:rI10nt:.:.n {HAOn,r t6!nl:r1en0uq8rnrunfl1.!?r'rn1:trJ$nri0n0

t.- - .
lls:!na:1lfl u{ri0ol11'lu']u0gtuuul!11

z.t.z.z t uli; 3-ph.!c, 3m Volt, 50 Hz, Totally-Enclos.d, Fanool.d, Squirel cage, Induction Motor!.

2.r.2.3 DESIGN U 6efal uiorSuuwir

2.1.2.4 lDsuLtion clsss n 1erct1 niorfiuurrir

z.r.z.s uludruolu5rlrirfiu rsoo :our ur6

z. r.z.o ilurcirn'ln-tt (ourpu0Ljioun'i1 I so u:,!ti1
)-

2.r.2.7 ruDrinl:: rrvrlr,rnnii 50* Motor r:6rl::ininrvrLiioun'ir so96

z.r.z,s rauo:rus:t6untll8! catalogue

z.r.s iadr (couPLrNG)

z.r.:.r rfluli,oriodoriou (FLEXIBLE coupI-lNc)

z.r.s.z murtoiu[:lier:o':rorooflr{{r (Motor) un:tMtoiiiu Nign-*t ::r'ir.rroio.rguir

(Pump) sa:rroroofl r{r 1voto4 lilufrrrllrn:Jrunrlilr nr:

z.r.s.s rrtao:run:r6unrfol Catalogue
a

2.1.{ tluli:ar 0EDPIjTE)

z,t,r.t rirdru Casr Iron rio Fabricated Steel

z.r.+.2 6 eye uotts liduiuunrnio.:tr&.r1c un: Foundation holcs duiudc5ruroio.r

z.r.4.s rauo:lun:t6ucriotr Caralogue ua:zlio Drawing tltlin:ll.1e (Dimensionsl rir.l .1 tio

rl::Iulilunr:6o#r
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r.r.o umruqrnrrrirr (@NTRoLpANErs)
.l .-' -r.r.s.r rrioliduiuoruqrnT :rir.nlrrlouoroo{un:ilo.rrirorrlriurroo-nrdoltrnuorrofiirnu

rfiurirr-r C,rrru:d1in-ulorro{dinrrlridrnir tso up, 3to v, 3-pha!6, i0 Hz.

z,r.s.zfl ruwcr{ueurnr"rzuqunr:rixru
z.t.sz., rm:-uniovl-nua:qrJn:niorl durunJs. rJflh Drewing #ulurhuro.rirfinnu

) --- z Z,lnfri.nuuvi.rlri 1{orrorrrrrrr:rr iimnr:n::lnr:r:rfllif,rr:nn (orrluur:ll) 6noiln$.l

z.r.s.z.z rilimdnil6r*it i"*o-r*n01fi1:uuuKcy.tockcd 6$.rn (Dioadon) lrifru
n'jr rao x zs x so rt f,uJi: un:fioJn'ur.! 1s"at; riurirua:n:oo,rrfirflnotir,r6

z.r.s.z.g rirf,rourlr$,rini arce rrlxrlririoun'hruoi ro nri:ord$filirir z fr. ufei.,

nriirnuuon i.lnrun::rrn:r:irrn:n:rrrorlnunr:lcirnuronrnsrimonCogfiimulu Im$no:rrnr:ia.r
, .)

uo.rtnxco0 n l$tnu 8.!n1ril?tru

z.r.s.s qrloroitlf,r
2.r.5.3.1 No-furc Circuit Brrakd fo.rinx'riLjriaunt rso lrz4m ef, 380 Voh 3-ph8c, 50 Hz

A.C. INTERRUPTINO CAPACI'TT ITJiOUN'h 30 XA

2.1.5.3.2 Automatic Stardclta Surrcr dol ::noultu 3 Magnaic Contador, rio! lihermsl

Ovdload Rday ua! M.ch8licsl Tioc-Ir8 R.lay IiUi
2.r.5.g.2.r Main contactor ua: Detta conractor dolilulnnranr:gtt{JlrlflrJtorn'ir

I@ Amp, 180 Volts, 50 Hz (AC 3)

2.1.5.3.2.2 slar cotrt8cto. io{i.lJurensn::urL{ldtrjiounir to A.op, 3mvolt, fl]Hz

(Ac 3)

2.1.5.3.3 Rctlotc Stanstop push Buttotr

2.t,5.3.4 Volrmctq O5OO V, accurscy 1.5 trfou Volt Sclccror switch

2.1.53.5 AEElaa (}4q) A o.curacy 1.5 filo! AEp Sd..td snit b ul: ofir.at rI 6faE'tm'ti
6/5 Antp. {ruru s 1r

2.1.5.3-6 Auromatic Eraitr failue and utrdct voltagc protcctiotr 1 Ia
2.r,5.3.7 Poucr fusc lrurnlrifioun'jr 400 Amp, 3-ph6c t{lou52u fus.link xrali 315 AInp.

2.1.5.3.8 Signal lamp, Rcd ed Crcctr

z.t.s.s.s ir.n:t4thutw'irl nfor No-hlsc brcak r l,u'ri 220 vott, SiDgle Dhrlc a,]o 20AED.

2.t.5.3.10 Compl.t. Poscr lnd Control wiring

z.r.s.s.rr {rmro:rrnuds::rudo.luu c.trlogE Hlou:1urlr6ueroqJn:rfl{rih un: *iring

ainealr drn:d#f,0.!rn:r Curu argrJuuulou'r{ $mro:rn'-n:to.luu ara*iog ro,r*rf,u.lr?nd rfalmorr6or
nr:m'rqrJn:duu pancl board lrxiolira)

,.T.6 PNDSSUNE GUAGES

z.r.o.r {lnu r 1o
z.r.o.z iliomucluncrir+irguinn-r.r 6.25 lrrr. (1/a iirl xlolfrd#*r#.rsorfiurlriiarin'ir

lin: 3 $ro1

z,r.o.o aurcurirrJmri roo rr. 1l d'11

z.r.o.l lrrnrnlil-cnrrmirldtrjrioln'jr z nn./ or.r!. (ttn p6i)
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2.r,6.s clrn:od1uo2l,iirl5a:r5ui ?o nfu,/ ir.t!. (l p6D

2.T.7 YACTruM GUAGE

2.1.7.r i']ra2x 1Ie
2.r.7.2 iriomo.ue .rrn.lcrf,ueirinJnnr,r 6.2s !!. (1/ 4 ir1 xloldododr.tnrtni,rm.#r.r ur?Liiasni')

I'lo: 3 u,at

z.r.r.s ixrc filrhrt rm ur. (+ dr)
- )a :

2.i.z.a m!1?olitrn?''r!d'xfrd1ni1u::uln1fllafi.r 760 !!. (36 [1) o?1lg.r :on

2.1.E TOOrs

z.r.a.r lidrniudorrinioul* rir rrJCuu scat, B.adns ua: Packing r0ndl r,oio,ru: , 1"
z.t,e.z tltro:tun:r5sonlor Caraloguc

z.z evltci (Sprc Prtu)

z.z.r rfluo:hdd.r1in-u Pump o'lrtio z.r.r iruru so 1e urin:1e lurrnlf,dorrnio,rgurfilC r roio,r

::nouira

t1ta21r

l1u?ta

t,'lta?ll

l'llt?l,t

t1ll?u
rt,')t{21{

i1tl2tr

2.2.1.1 hlpcllcr

2,2, I .2 Casing Waring Rint

2.2.1.3 lhp€llcr *cadng Ring

2.2,1.4 Shaft slccves

2.2.1.5 S.als and Gring Sct

2.2,1,6 PackinS s.t

2,2.1.7 Oask.t sct

1Ii
rT3

1Ie

1In
lre
1Ii
11r

2.B q rnoi rrnautaiaquit

2.8.1 Foot Vdvc rtrd Brll.t StIllrc]r

z.s.r.r {ruru lo 1c
z.s.r.z aurnriuirgwinnl.r 3so lJlJ. 1rl dr; niru eumruiir!'ru usAs B 16.l class tso

z.s.r.s dnficnirldlculi sott. a l.,rrt5

z.g.r.l 1#rcuo:rua:r6rnviior cataloglc us:z uio Drawing ulnuurnrir.: 1 (Dimcnsions) llo.!
r !^ i
l: .N.r${H nrllflou:: n 0u n'] IYi t'r: na'r

2.8.2 V.lv6.nd Flflltr8s
):1unr:yr 2.3.2.1, z,3.z.zt 2.3.2.3 un: 2.3.2.4 rirdru cast Iroo Inur:fioi#t{luri (Dimcruions)

ollllllot!1u USAS B 16.l clsss 125 (Casr lron)

:ranr:i z.s.z.s irdru Stcet Inur:5'o.rLi1dr}ri (Dimcnsions) f,1u1,']o:!'ru USAS B 16.5 Class I5o
).ttlnl.otlua;uuftil0! caraloSu. [n:/ x:0 Drawing unintn{rifrl.r r) (Dimcnsions) us;to[:nnlra

e- .l . ,.:
6HAttfi01J:!nAUn',',t:flil: rnl U:: noui?u(.t,uo.to, .t I 5 :'ru n'r: nB

2.3.2.r Rctdrr Fhn8.d 90.- FIbow

lurnriuriegurinnrr 3so r,!. (r4 i'11 iruru so 1o
2.3,2.2 R.tuhr Fhtr8cd ,l5o- Elbow

rlxler&usilg jnn,r 3oo rl!. (r2 irl iruru so 1e
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2.3.2.3 G.lc VrlY6

llroriwirgruinnrl 3oo !!. (r2 dr1 iruu eo 1c
2.3.2.4 Clecl V.la.s

-, -)1 . : .riJuluiyl! By - Pass Valv. !1ra'reri$rlguunnln 300 !!. (r2 1{2) tlu'lu 30 re
2.3.2.5 Flmt.i s.t!

(udn:1nrJ::noudru rrirrru r o'u rJ:;rfiu r o-u Bolr & Nut 12 o'1)

.-i - ,

n. liriorriurialurn 35o rtrt. (i4 ir) {ruru rzo qc
.-) - ,

:r. lt'rioln-uviomnn 3oo !!, (r2 fi,l) iruru e 1n

2.E.E PiDlrt PIDFI

z.s.s.r teuru ao 1c

2..::z urin:lotJ::norm"'u pu-p :liro:m'rr uotor Inuli rtxiutc coupting un:iorfio{wJruuin
0uT .![,t iB:.!

z.s.s.s nludruo-o:rnmrrirlJrfiu r,soo :oudourfi

2.3.3.4 PuErp r ulic ccntrifu$t Pumps glrrirlilritoun'jr r.zo 6orz iuri (20 us.cPM) i TDH

6 uo: (20 {o)
2.3.3.5 Motor lflurfie Totally EncloscdJarFcool€d Induc on Motor lJu1i,ila-ifu (out Puo hjioun'jl

3/ it u:.tlt''l

2.3.3.0 i circuit Brcakcr d iuoruq!nr:ilnlulo.r Moror ilrlitnr,l:t!tiuasrlo.! Moror i
rillolltn

' 2.3.3.7 i Foot valve un: Suction srrsiE.r

2.3.3.8 rrua:ran:r6rnxiar catatoguc riotJ::nounr:f,m:nn
l .l:

2.$.a noltlao!{Xl (St.l suc{otr Plp.)

z.s.l.r iruru eo Yiou
.:

z.s,r.z riluriorndnsrfirl (sleo r ifliui,fl{infii., 35o ul,. (rl ir) rlrldriarnt r.g uri. u'tzioxn:

6 urfl.,

z.g.r.s n'nuosrof,io (n) riolh:riu (sizml.ss) rl;o (:r1 ia:riu*uuurumrowiolrjrfiu r :ou uo:

n:riumruu:l:r.rrolvioLjrfiu r :ou orjrrle orjr.ruduio#,rao.r urifro,rhti spira type

2.S.6 Cbdn Elocl

z.s.s,r irurl ro 1o
! , rs ,e

2.3.5,2 nT!'r:nUnrlltun [i llru8un1,] 3 ;u
z.s.s.s 1*rsuo'rrua:16unviiou caratog,rc

3. ntflluo:1nl
a. r {ranor:d'o.rrauoro nar:rir.: 1 rio : :nounr:f, rr : urc'.:d

3.r.t charact.ristic culcs xs.! Purnps o-itin d.rr-nrirlnuuiri-nfiirurn.:irnltlr-ut:nua: ::inirnr
. t) -llun'] 1s lrr'ln nl'ruixu'l crDm o1.! .)

. -.1 - -;. ) , t ),
3.r.2 lun:flfirnuoltnnioiuro#unndr.rl mnurr:pufidrulc lrtrnoi'l:r*r.ltuufilua-r:;irig:ro.r
) ) - ).

!T O:!1Untgrao u0!!1i:l'tunnl ui t?0u1.!!cnu r,yto tun:trnl:flt1ttn1
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.i)-t
3.1.3 ::ll.lu?trt rJo.r:.lln11o: tl.n un:tn:0.:ll0t0llu"rlnoMtD 2.2 un:10 2-1.a oulirorsu

e.z Li::qnrirun:r::n-clu c"ta.logr. dlrnr:rua:16ucro.ri.:rorirs*o:rnrmlrio z 11n:runr:otjrl!-crru

a,a birsua:rnlnio.rgurirn'rrdo 2., un:o:lnri rnlio z.z r u:rorlen: [n;rlrn:?! r 1n :ro,lnio.rgr-niuiol
r , lJ' - - I - ) | o ) a

1: lran nJu(''runinufln.ti']uu$in1oe:11:8nt0t'rnttnuDl1ft1:'rr,ln:0{$uuly{lolt0:l nll'os:1nnInfl0nmll10
,

n"t$uef luR:loui liu luuun.tro
! ,t , .t I e

3.4 tllrnuErln.ro: t,|,lnn1r10 2.2 .d{rfllrB:',]o1io1n91lJi8 3.3 U8:q ntAsAiS.!$UU1O1ut0 2.3 Urin0'r!:TUnl'

Lial royrr::rrnr:mr z.s drrin.lr nn'.ldiuurisr6souinidr:nnniorf,riruruuriru uioio:rurn:lo:runr:rdl
- .,-l Z q a- ,XS - : Z ) Z

ruut'ru?urn, lo x:01: lulG.loYt.r:"tunlt lnn [o uoYlJunlrni lowlrJlltlt: llrnu 25 rllo:r.iunllD{1'rfn7[(rarlrl{ll.nc

s.s lrtrnuo:rnrloun:on:rua:16unhuur:1un1rrnuo:''rnlrto,:drrin{ru n'.!.!ruu ,rlriuuufirr
- - -.,t r .- e) )

3.6 R''rgnniuyin-n.!luuriuroslrunmifio:hif,m:nn{firnuoronar:nrrfi::qlflin:urirwn:hjo:Jor!orrr

fi0.: nr: ro,: d rin rur n'rruu .:116 or#::qli1udo s.r

- , -,,t a .l ^ , ).e
3.7 tr(u0:ro.n3o0.t:ulJ::nue.txo,tInt1un1:(i'yttun?i!rnunru t.:tnnx u,o tt.!'1ufl1! nous:$n40., t x

::a:rrnrLifiornir r i

4. nl:Ol2o:u

qmniotguitniaauamliT il't (Pump and Motor Sets)
e ) -a - e z e- ,a4.' 

',lrilroTlm 
lcl:io.tuul| .tflo:ula{ yirDurnllun:ouinl:o:2lnouua:m:riaorlont:.r.nu{tlni tnunn{7l

Pumps un: Motors nnio.roM.lun:6ue1u1ueu:ror drfiralo:rrnli[rsoul::nre:rnrlifiudrrin,:rurn'r.nu
Zi 'l ) ^ ) .;llvl\:r10 Y],rul]r0fl n:1I n''t: n:?t: !e: louo n0ruur8nn11.d.:Iro.:1'']ttflu0 lofl{:i0.t! no0.:cr1u lurEu0:1n1un?

^ - -,1 ! ^ a Z iuonlun{''lul|in.r.r1llull.l. flE.!'tunrtYll:e ltl.un'trnin0uonniil tu00t?til., ll1nflt'l:nr'Il,tll21lJo')1l,tlnjll
. 1)- - - .l.z 1un:f,firijnaGfln-rn.rimnir.: ::rma frram:rarldr:io.ruuuronm:nr: trir ua:pnar:n-r:rirnrf,orn:

w ) | a.r i
1111/1r'0.JrO:8.:$ UUl$n:llErO0r lflyl',] 1B.:fl: !q n n',',t n: !1tyt01.l:: n0unl:y{tT: $rlnt?oiuo?u
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