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. irourtnnr:lilrun{utzrr ri.rluuitordo:rnt:{u uoElsn (Head) riaarrn

- tvo llf,O{n1t
. fi rJ:vlninrngqro:5n: rnr:luooirrsla
. iirurcr6nuoc:rnrlrjuruiorfi uufrue'n:rnr:guuor,rrdlC

:,. iuri:uuovnt:J:cnourfl u6'rirulri{wrn rir il'rooionrrlirruuovr!rllinur
I r.- g Jr. z ,! i. r

? B.t tuR?Yt fl'l u1:n lnnuuxlJ:3tnnu lo R:ou nnto{ uflli't f,1010 eunt:yl.Jn,:D: !t
filoi#rrlrrnlra n rirurjlleirriu irrJfinn rr:rni nr:riurraf,ur un:r o.rrnr::n'jr.rr o.ruir
n":.r:rorrnnr rijudu

1.1 $a'nnrflaofiluraiTu

( 1 ) !n1r"o0oouraa{ lruble eqrraonl

1u1ln"o:ro,::il6.n{r.nuIo uarciuu:lrriurrfiur odrl15ur r orrunro:nnrudu,:Iou

r r -, Z
rmn lr.lniifrBflunoJil! I



+l+ w2

z

u 2

fz

oirluvio (vane) Lilunornaudnor,:dru:io.:'j'r,r::u'jr'roru :;n-u (shroud) 1u3r1d r . r
t . - ) ), ) I a

tultnvllun2uo2l utt2tTt't nu o ,,0nt$0'l trautilrl't lutufln.r{uno.Jruolflu rl t4onuosr

o'r',r,5ir',r,foruu?n (Perlpheral velocity) rrirfii U1 = 11o un:nrrrtirilu:ni (Absolute

volocity) c1 lou c, riluomrrir:ruo.: u, un:nrrrriralr-vrfira':nir1u{o w, luriruo.l

r6urriudrouuonluvr-e ro.rrnnrlunoonornlun"oeirunmurSrilr:n[ c, Iou c, tfluo?1!

ti:rrrno.l U2 = r20) un:nrrltird nruniulu}r-o W,

u:{#n::rtrcioounrnrarrunrloulurlofirLirfi oIlruuo"l nrrn4lo.:fu trudr nt:
r:JnruuurJnlllrlun-rlururrf,u:aur.ro:irir rvirn-u u:'t ruCu'r raio

?

U,,

:rJd r . t arurSer oir orf nl arao r ar'lu a rrir ua:lu a o on

T = pq (r2C2 cos dz - r,Cr cos cr1)

IerJ T = rr,rrxdrr,, (N-m)

p = a11ut u'tlliu!/onlJarlnal (kg/m3)

q = o"rtlnlr?t n (m3ls)

)-, /
drn-r.nufirfioiuornur.ruyriu.rTnrrr:nurkiornHnR$::r'ilJTua:nmurit:olt

Tor = pq (U2Cu2 - Uloul)

lnu (D = r,?'trJl;?rau (s-!)

(1.2)

(1 1)

0) 1,110

2 n'r:11JlrHlrUA:Aa nUUU.l1lli1rtl1



cu r, cuz = all u Li 1 iu ur dlv uuz t iw au t t i o a d nt o t m a z7n a Lil ua !7t a a o n

etrn'roi.r (mzs)

.,1 x uv
n1f,.1.c1u0:n a.J 'ttnl nuttoml a.t t'yl R1 to:uo'tn [u]lnn runiu fr u rint a':10.r uvl n ?

,,lr
Yl [118 &t1lltUlr O n 02 Ul Yl ltto

PgQHe = pq (U2Cr2 - UrCrr) ( 1.3 )

Iou H. = nadtla.tmatTiiuotnluia (m)
,,1g = anud,trfrauornurudloozo; lnn (mzs'z)

oln i!n1r ( t . s) raodur a,rrr nrkiiuornlun-o H" o:irir rrirfi'u

H" = 1(u2cr, - Urcrr) (1 4)

nunr: ( t .+) m'urlifriln i't auntnto.taounai lEutets Equation)

fl !n1:1o.co0u!aai arlr:nlrtkiniuilrrofl uyrnlfin hiirnr:lunoanolnlur,r-n
o:tfluuutt Badiat Ftow, Mixed Ftow uio Axiat rrow orii,rl:finrulujurnoflurir.l l:J :ra.r

Jr - -Zruarfilu n rrir rr dlur{oo:hiinl r rir nr r uur rfru:o:Jr.r (cur -- o) o",:riuo:1d'jr

UzC uz (1.s)H"=
(,

tee '- - "rh urdr tar *,aoi, ao,u n,'!Bntflttno11 fl2't lt tt? itJlJTtu un:o?'t x ti? nxllyltyi
o:to'i.ror nlu n"n x" rilunrrr ririurioir:ralounrnr o.lr o.rrra:lulurinr."r, drrur.ontu,r
luyt-n nrrrrirorluur rf,u:or.n.rnrlollrijuoi.ro:irirrioun'irduan,:lflu:rldlrirurruorn
l ld:l nr rniuluyio ryir riu p, n".rdfi m uqor nnr:dulr nr o.r urlr', o, ooi,u.r,, nrd:l nr u

niulur{o rsndurioi.ld,:lo,rrunrleiiuornlu}r"o (Ha) 6.ririrrioun'irraornr.lnqr*4'd.r
drur nrornsrnrtl a,roa urn oi 1tl";

lrn:rl# t.z urnr1u"rfiu6.l:rlnrurnduunrrlrir rdouufrrJnr uoiulun-nlyilriu p2
) , ) r- - Z ) t-- . - J --ItR:trafllrltY rYloli[7lln! p2 01lJfl']nu n,tuutre rla,ltllnl totu 01n tu]l nr LtniT,t

6a H" = u2c'u2tg o-o:rdru::u'ir.rrao#triiuoi,rn-urilrrlnqr*fi HElHe o:adr:u'j'r,r 0.6

6.r o.a

(2)a-nErr!n.t'lxrYrrYnd:=u' jroraan"ufrolrn.lr{u

,io cr, = o raodrir ur ruldnl n nunl::l ono o urn o{6 o x" = Uzcuzl9 unli1n
rrrrrdunorrurirlugrJd 1r.21 cuz = uz - c.nz /tan p, d.rriuornrunr:d 1r.s; o:ld'ir

3rnoluls6Cugrruo.rril



Cnz

du,
Cuz

grJii r.z rrurrdsrn2lrr;2xnr!a$n1nro0ro0. ar'luaoonornlurin

H

2
2U UzC.z (1.6)
g gtan P2

rudrdo,rorn c., riluioriruriu io:r nr:su e ua:ri1ro,: p, rino:qnrianlrii
rirriaun'jr 9oo f,rn1: ( r .o) uao.:b'rfiu'i'rrEooiaoRnriluiodruloro:rnirnr:tfilfnrrnr:
iUQ

- &.r.- ) e^ .- ) t' v
n21 !ilrvrl{tr:!?r?1 J Ian nu a n1'] n'ttf, uu !! !o nu tdofl l.t7101{ Ha t.t ll R'1 uB u

n'jrrirmr.rnqug' H" rir rao o-r neirrdr:nnrirlfinoriou n.Jl 6ni'r n n'lrargrf,unn-rmunrulu
-cnl ljto,: 1rt:o

H Etr H" (1.7)

Inu En rfluat/rfrnintxntsaatsoitotTuio
Aa

ruBirolnnr:Ho,rrf,ufln.r.r'ruolnnlrr6iuom$n1u1ura.!ih rilufortruriufir n-':rar1a.,
a/),9

00Ttn1t l n ualn1tf,oflflurgo{c1nn1fnla{rvrR? {a0n01n luvle n:!llmnHuil1lonttauuul3
l U a - .'l re. - i Z ' Z -lllll:tutuaonTlnlT tltB uonnl.tolnan:"lnl: t$f,7100n$uu tl ti']?lru:Juuuuln onuuRnHau:

n?T xf,ur{uf,rlvril.rraon-udnflnlrnu6lrflurriun-.r:rJd r.s lu::Jdr{u oP uf,o',nr::-rn1u
t , t & . - .l ""t^ i . . q
tu::n21n rt0url x u8: [uvlo {.rli1l,ritno n']tu!ut1uul anla{rnf,?u1itfl?u0 unl u lutl0u!!

(3) n0 uliro.rlln#rsedo (Aff,nlty Laws)

nlnnlrot?of,ouinl,rurn2l rnx Tuf,T:u'ir.rraq n-u o''ort'r nllnu (H-O Curve) rdo

ruTo!fir.rirflurina1.trR:nlrrri?loulo{lutdnrilduuuiln.rlil kinr.r'irlulinao,rlu6.:kiiu
lr- g 1

n1:oBn UIJU Ll{!n11!fli1Un R{nUm1.: t:110 ltln 8nDl1l:it1U?l [OOl nU UO3llft2',]UnR1Ufln.l

n$ouun n 0tuuna tn$.ll lo

4 n'tt2''t{llHuun:a 0nuuu'!11{ruu'l



H H'= Hi - ht

H=H'-oP
h, = hy6* h.

h;

3rJd r .e a-nr+nr:nerr irriud:clriroraaua;oemnr:gulo.rfi rrm oflu

o B.Ifi 01 :ru'r 01 nlu x"o sa rlulu:rJ# r . a rirbiLr x-o ciuruu fi rul o !f,ui, audn nr i
o, irio.rrio::u'h.rdr:J::riu b, un:urudr unrrurir tt, rirulurfod.:,ir no.rolnn'1r$ux!

^ - -E'ljll1ol,f,uH1fluunn1,t lo.tttlo u,8:fr11lrrt?t0urYl1n! 02, b2 ttfl3 N2 nlllti'tolt o.tllll
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ae
tua.tolnR?lIflnlunanYll.JtTltlRulo

o1

b2 D

cm.t u1 DrNr

crz u2 DzNz

i1 niun1:' 'litollo: Lo?1

b1

2

Q1 D N1

o2 o2 N2( (1.E)

( 1.1 o)

(1.11a)

(r.11b)

(1.11c)

rhriuranro.rin H1/H2 = u.1cu1/u2cr2 luria c /cuz = u1/u2 = DrNl/D2N2

In3

H1 D

H o2
(1.e)

ihriirfirn"lmuornryrnldudln"n bi L, un: L, rflulir .:.rrurhuiilult"nciuuuuln:
t !. - q - Z , - -Jlufled10a'tnlx{1oU lil Rurio2'llJt:aixtnly{14{ [:J]loYl.Jr0'lt'vl1nu oJl{u LrlL2 = p1Q1H1z

p2o2H2 Inu pr un: p2 ,iuoa',rrrl.n ir.rann0,rrr4a?dfruloulur-od r un: e nrldro"r
o-.rriuorneunr:d (1.E) rn! (r.s) o:lei'jr

2 )' (il)'

Lr P1

L2 P2
(+)' N

N2

) c z -u orldtuolJu'yl{na{ll1u'tn [uy{e lYlln1l unu Iufi2 uo?1uttl unn01.Jn

01 Nl

02 N2

H1 N
2

H2 N2

$ta
L1 q

p2 (il)'

6

L2

n'lt2''l.t Utl'llU8:0 0 n UU U.t',lllSUtt1



)ai,
o'rn(xn1:fi (1.11a). (1.11b) LLn! (t.t tc) o: rfiu'loi'jr rirl:.r r=o !'uur o n rvr- uoi

e - A , - Jx.. ,
11lJ1lo2uR1'rur:??rLlonor.rnuaanl a"or:rnr:gr tao ua: rir i.r.lr ut a.l rr arfildh tio;

riln'uulilriluao rieulo uo:,t {odrula,:rir a-,raar ua:dra-.:err r o,rfo dru:;nir.:nrrlril:au
i .utlll uR ?1 lJ r,l'tTa u to ! et1 u a1 0:l

(4) n21 lt'lo1tn13 (Speclfic Spesd)

riounurirdor:rdr \ o1/D21uslnr:d (t.s) arlurlnr:# 1r .a; un'r,l''o 6u,rhio"r
ll e'

Llu:1Jai tullo to u't nuoull1.t Lo u? nuIa.Jf, nl: n; Lol'r

2 2
2N o1 o2N

1

3/2
2

.... (1.12)
H H

-r-A -
n't trtl ltottlt]lu ffuol u aoll 1 .o f,u.1r. oaulyl toraorillnu 'l .o tuo: tour:a!

n11U t:? t?l',]nu Ns n3 to't1

NrJo,
N
2N
s

H

2
2Q2

2

Ns -- 3/4
2H

u:ta
ru-.,6

s 3/4
H

N (1.13)

t .. , i d , a . -)
toU Ns luuo'l.r,ttTUn?1 n21rl1:T 011l.l1! (Specific Spe€d) ,EJnrnUn,tO'11!lil:aUlaJ

. -./lulrini,:o:ei6oii"ofln1:'lnn t.o n ']u (t.o u'zurfi) rao 1 n ?u (t.o rlo:) nlu1gif,n1fl
--g -

n1:?1',t.t1uto u? n1{nu]l ltoltu,uu
r e Jdlulioff ilnrr ln dr unElriumrr r:gr n fiotrnluo:firi1orr l r5r,ir u n:rir 16urriu o".r

Y,- XA
uun'r o? r,R1Jui,t n n txuJutu a:tiu fo air uun:: yt:.tn 0,r1ur.l-o

r { , ^ l)" etunl:aa nltuurJxr,r at Lu ft']fl u!T:amrrailnIU J lunl:aanuuun:n nnTnuo t$
e , ^ t- - ) ., g

fllJvtuf nunl n?1u t:10't ty{'t: flTf,u :Efiyt[qnnn1'] lo0't nT 0rnt{ rUuH R01nni1rofl a.rU !
,)outtuu fl1l\tu n1o1'r lllJln1LflT3nTuu.r :!rTntlnr od']uTan luHo al0n3[Lonol.r nuaan t]J

)-ftM,'n1:a a n ttl]1lm tn a n La

:rJd t.s uao,:1firfiufi,r:rl aiolrr,ror nsufn a1,,r a.r1,rlioi! ryl afl!diril n'ri u
. .1. !..

r:?n'r []r1:1ru'r o01,r I (xu'rurlaruu rJ'lu111 rxoT [n;1r1Yr) tu:tJ touflo.r t'nruun,truq
_.1

n o.tlur-oir riJuuux 0'rflYur,rr.Jryriu.r otirlrrn"oi.r (naaiat Ftow) rluu,.rnn6iuluiuri! ular (Axiat

Flow) uiou:rrruau (Mixed Ftow) rd or ana o! Lro n1:1d.Jlu1a,: rtain:urr.rliair r

7rnoItIa6{uouro,riu
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Pump

rrJd r.s inrrrlr:J 6'aa o,rluriadoiiner l ririir rnr:z*re iro 1

r i n , i lr, E " ; - )etounl sJ tu ullYlllflln?1x t:l0'1tlt1:o1nlt?llJ'tJnutlltYto0.I n1:tao fl.t uR:an:'l
,i r . g )- )e :nlTAUnl lUYt',t{O1,:11U lJ !fl U010?'t l[110'r lvt13 fl.J03 tl'r ll1!n! ilUYlO A{ nlTtaOO',] tLO

, 7 )a,ao11nllfl]J .j !n1 N. fl'rO3rj1u'rorf, nn11

1s1 i6nrtoonuuu
)v

rir rir uuolrid'n :r nr :nufi da r nr :ld,r r urvir nir o rao rvir n"u H un:n rr r til:ou
- , - J. J ryrytlnu N t yt:{1Ja., [ulte tlRlni]lo:nnn']vruo to uflutll:flylt lun1loan ltu:J.tr.t loi1n an1l

o ) ^ JJ. r,nonanciurruufi!J13flljfi2'lxli1rio fl!:J::lirtt1[rtunl:0anlt]JUi?u[1,1t-xlr xntyrtli
J,)ulu0nrl fl 21l1l a{fl 211r.:20'r r14']:fl1ylTUn1 Il|Ylno! a1 uotlJ tuItonlxu.l

-, ^ti'u ::ivrilunr:oonu:.r'rJ ::no:Joiru

- iutJ*frnfattuizdtilutautt : xu = v" r JzgH
(Peripheral Velocity Coetficient)

- iutl:xfrnf,attuitluuutiafi : K2,= c^z/Jzgn
(Meridianal Velocity Coetficient)

^ t 4.1 ,- f,uullf,nna71ull1nA AJn'ltL1l1 : K1r= c.1/ J2gH

(Entrance Velocity Coetficient)
, l- ,t, a . -o?'tltflll14uirrx2't.0n1tun1iin!R1't!t:?o'1t14't:li"llrt:ufl'luxnunluntuluylolYll

iy zz.s o.rnr use ,:lflu:

Ns

E

Radial Flow

Mixod Flow

Axial Flow

YI 1.6
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z) nrrlrirluuur:*ai cr, ua:Rrrrnitu a.r'ria.rrflo o,

c,2= K2,J[f

b2 ^ Q/60t 
"c ^ror^

Ior c = atdtiuffuanututlataiultnhdtota Tvit.t 1.05 frr 1.t s

s) nrrl r5rdlu a rrirLvr"o c., un: rduairaurin nr,rrr.roo D,. lollurio

C.1 = K1. Jzgx

Q/60
"161- TIblCmr

druiunr:rrluroufrqior o,:'rio.l:ru:r u ar rv nrlu6ouriririr ri'lrJ;;amf,d1;6a

\ = ca/ J2gH Iou c. 6arirnrrlrirrodulurroia;tirrl o.lrio.lrrllu nnr ulu6au:il rial

vrrrri,: n rirrdo:idudnriro"orfi uduriluio rirulo uo:.rriunlr!um!urflu:orr.u a.lt oul:r
-) e ) ) u

Itot,rto.JJUl a.i t1,l n?rnn r1,l? u.I a a nrr1 l nlu

1 .2 nrxiruunil:crnmilurma{Tu
Crs
!J u r7l al [u r u1 n lJl ur nl u!1.t01 r n!1lor11 J1u !o u aT fl ulrl 8 n nlTo'r r ff u n1tl an

. , ) q , ! rwaautaa: [o r afl1'rlrfl:o1n !:.] rlrR1ual0nluu n!..1:srnfl lo 6t1! f, n Enl3m'tntrRfllf,en tto:/
- I *e-

uianr:oio rirlluvrToua:Gauill n1rn1trun!r::rny]fl Lnnurtlnruunr:uunnrra-nr*runr:lun

! a.r1a,! nrRl aanornllu"o niirr6a

1. uuu R.dtat rtow ria uur ora-u u:r rrCu.ruioosufnnrr a rir.r urioi.l finnr'r
Ir-g

n1t tyrf, oannln tul'ron!qn01 nn! tfl a1

2. lruu Mlxed Eow fiarrr nr:lua aono1n1uviofi1lrt6ur 45 6.1 80 o.tfllniutl,{n1

3. uuu Axtat Eow fisrr.:nr:l, nr a.n,rar*orrillua rrirua:luaaonrurun-l tu nr
) .l r -Yar,ruBnnln:llt1:{1a,: !u}ionsruRUu [1]01!nln?1ull?0111,{1: o{uui.r l$a1n n1 unla:J

neruriuou'ir rfluriltfioluuluu::or s rfiodn.irrdrrqiu nrr urvr6 aldr::v'ir.:rirnrrltir
,ir urr:uno.rtflu::Jd r.s oir o dr.r:rJir,: o''nuru::r a.r1:l fio g rfiodnrirruaoilfl*:ild t.g

^A<,rhuiubr.iotfiou:nfrrriluuuu Fadiat Ftow aroo:utndouoia'l:J6n'[cl''ir ti.]uuuue o

dr1116sr (singte suction) r,riaee aa.rdru (Double suction) d":rraollflupJd 1.9 nr:rirurru

n1r'r''t.t rtl.J'[ufl;a a n $,J lJ.t']uflll1r''ll0



Mixed llowCentrifugal

3rJd r .e ;rJiroa-nrnrszaoluria g rfia

o9l0''tutou'l

:Jfi t .9 vrroce rao'l

Axial llow

ooa0Jo''tu

Ul'lnuUU Radl.l Flow

- g .J-i
orr r tilir tnr:lu(x nl: ( 1 .'l s) riruiurJlfiiluy{-ooofl0.Jo"''lu o:1drira"o:rnr:nu o rfiu.l

fl.',trou')
. v 

^ . J r r .r z a . e A[1J]roul.rauo n alu to u t! !0'tutj:3nu (shroud) 6auuon-! luy{ouuaa n 11nl n

a ondo:erlrrirn-urr r nr r{.rdr a'.t 1ln-o:l::rnmdriun'irluviouuuria (open) drrrlr:riular
)a q , )dtuarfriilo,rui,:un?unauari luyi on I n rl I r:l nt rlris fl,,!no: riiu1tlrio uuu riJo o-.1rriull

,r*or a.uir uu u Axial Flow lumr,:or:rn-u1-rlluyi-nd,riniuun:no-?oriT:x'i1no'tu :;n-u#.lnol

oir uo : 6u n irlu l,{"o uu ufl e ( ctoseo ) rft rril::l n' t . t o

rd a ilur-o rfi urlu 16 ur a {1uir r:r Gu n'jr rfl uir#Brds1 (singte srage) uei rd olri
r' - i
LO rAO ff.In',t UR',ll ltO A.l n1J [r.I'tu t:auU u 0']0 n n 0a n [u]l lytnlul:nglralluflnl.tRlu Iu lJ1qla

- g l-. - . , ) :- g ! ..Joun:!r1r'ro?unu !lltlu tul,ioualu Lu riu?lna'tzllliun?1uu a1gtL (Multi-stage) o{:uyt

1.1'l
&rt",'i.iuutno: tI0100301truntv{!rorioa I ano1!f,nEru:1ai tr]lo ttn3:'tlt1:,r1a,rt:au r

+ )- : - i c-a- . d
U lrYr ltfl?1lt t:ln1[]r1: oi ! nn:fl:'].t t:0u !tuxanr*nr3nn1urault 0 (Volute Casing) tua

i, a ,l - I - ! . .,/rirorurirdr rrr;rfrriuarofinr:rfiur6rniuinfr (oittuser) 6.rriJuuduoilur,: .1 riiuo"r:Jiu

rmnluln d dutrut o rriu ll



OpenClosed Clogless

JrJfi r.t o lun-nuuufln (crosed) ua:lfle (open)
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rrlfi 1.1 1 iirr.r:r.ri'ru asiln

!'1n'ttru

4r
frflrt.tn1:1$oxB.Jolnno.Jt n?-[xn tu0an!1otn [u o tttix n']:ri'llun:ltrtnflUr to uv{o'lTtu']

01n f,nl*nr:Io u:? rrrt a'tl!v{-ortn36auil uaorhluorr:r.:r! t . t

J - - t E ' d- la
n'la6r,rulns?fl uan$nr3?r10naf{1ioflra0urtl6a3t]uult6il$ na

t . luilruu Fadiat Flow ts'ttxnrtunaanornlun-olr.uur:rur:-,doo,tlo'tnn! ttnsro.r
)a.),r-

tlt R1 LO U A1fi U U:.t tl'll U.J?tlto 0flUtln 01n trOtnu Luvlo a a n 11tla110.J t14 azntn n:']uT? 1] ttn3
.J - A s - I r At a .r auufrfl 1,r't]] drl'r.Io1u?r a{rl rl LouRu.Jnl u [1]$au]Ju L'lllj I'ui?l !1,'r R0 u tuaanfll{tor{nlu [u

fiautil nrr u rirurr riruo:q n r:J d uut rfluol r eiu 1u:.nln: fi 0:iniu r-ufr ( oittuser) :ol
1ur-o ui alfnr:1$n oanornluviolilririaorr,rdr u rfl utJadr.r:r:.r4uii'rdu

z. luriluuu Mixed Ftow 'ua.,rvralnllxaaanoinlu -olulrulfill a.rnr? unardlfirnu

irrrir unuro.rrxnl A?1a{nfl un:?i1!!ir:u1or 45 6., Bo a'rfl1duuu?ttnur a.Jr f,1
r C u . . -/ . q

3. lu:Juuuu Axial Flow 1t0'lrun10i'[ n lutu?to't nau lullu?nuunBl{1l anltauurJ

'r:lm:nnlru0n nrulu6ouilaroiniunTurirrdariruinrrnrrlriul{
i .1' o r - q .i - t,
!ryrai lxo't0n3nnd1ttun [o unffm1{14{ty{n1 ! 1110: t]Jtlntuofl']u1:n 0Bnttuu tl'l
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rJ::mn Ior.rairl sflrfl!rn$n!

a(L
l(L
o
co
E,
l
F

=
C,s
elr:

io
65(!
(r

u ould.r

(votute)

Di scharge

Impel I er
Yol ute

LirJ : : f, n in r u 61uri r.r fn :r
n1tfllJY1n?1.:

ll ft:u 9l ull']
(Dittuser

Turbine)

0i s chargel

Di ffuser
InpeI I er

ol ute

-c.,r:aB ! rL.1llul.lu au 11':aau:au
a -:- z )ft:lJ u l annuru{

rJ::-minrxnr:fi 't.r.r.r.an:l ur,roi
aanttuu lze: t1l oun
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p
o
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=

u a uld.r
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Impel I erl
VoI ute

)- ! -
Lao Mun?'t a?il ull'l nuYl ltat

)e
n.l aJ tlufio atn.ttua n1''t tmlllt

flTUr.tull'l

iIa nr e ao ariuria on'ir

lr fr l al uu1
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Impel I e

I
ida x-x

vane

L
r

).)--
lrlru'roranrraIr?lun ltuu$au !1n

Axial llow

Impel lerl

Guide vanel x-x

a -e)!1U10n:ro101lflo

.- -. Ar
rir.nu [o uiu,rar o dluuurrru uur6r uialuuurr6u.l rdu r]llu,rrurnrj:;mruria::urudr
diraoLilrnrin rijuqiu nr:lfirurjl rr oflu uuueir.r .l u(o.,1fltro1rrld 1.2

C .t " .. - d: ) A
n0un1: [g.J1u'lJ l.L10: tuol uJuoa,rlJ ''r ria1a,, Llro']yr?! lr.i]ro ruorJu0uruuar3ou

l - ^ i a & t a 1.r...'B1nnJOA,tUn1:rn!1r10Ur,OUl]000UnJtT0'IltJlr L]loYrol!']rtlrnlutodsq2nluon[ouH
- q , ! t I . . - q . - ,a, ,- * - r

HnnU!uUUaa$1e2sn2tai, (Sell-pdming) mlt:UUrjlulolnno.tflJm 1 .1 2 Uuruoun:trn{8q-
rgrnraluriaoo Io ulf,rirdrrd a rdulluyio a dnr u1u rilun*rdr uoo arnlflnr nyiaoer rli1ur1u

. "r.l . . d !.tu n ttB?HRno aan tu ra.!fll.In1unufil [ng101nfl1uuan t$arr'rx'rtl{ aooouto nlnuu
'u 1l n n: fl1ltlTnyt't,t1lt too't! no
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orrl'rd 1. 2 fi lrnai[ufildriurir 1'lrJua;zaurrenr:rirlru

!f,r o1'1rlt21nt 1: nr$n (ur) rm ($fi:)

Single suction, single stage radial

flow volute pump

100 - 600 32 - 1 ,200 4- 80

Oouble suction, single stage radial

flow volute pump

120 - 600 't50 - 1,500 4 - 'too

Multi-stage volute pump 't 20 - 300 40 - 300 15 - 3,000

Multi-stage ditfuser pump 200 - 500 40 - 300 r5 -r50

Mixed llow pump Horizontal

V6rtical

600 - 1 ,400
600 - 1,400

200'2,000
200 - 4,600

2

3

15

30

Axial flow pump Horizonlal

Vertical

1,300-2,000
1,300-2,OOO

300 - 2,ooo
300 - 4,600

1'5
't.5 - 7

dd 't .t z riluuuriorir'tdie!,o1rroi, (sotr-prrmrng pump)

il drulra nio:eio rrirrir nr uru nrr a.r l o ro aflr,,h{ruia rnia.r uueisiurir n-.r dr vriu
C -.Jiluiir (suumersibte Pump) firiufir f,.rriJul o rn aitrlflr drui rflul arcr aio;qrnaonuuulfi

/ a i ).- Zi
riJuriruuf,ura.rrSouill ri ald.rruvr'.rihua:la ro oio:o nrilnrlillurlagruiar-iorror a Iou

- C - l -, z) q-
f,nnlusn'rtU13na t.rJ1olunu uguoun:rUurLUu rv{ar o.rt,ro: Llrrfl11rJf,!o2 no anl: tr.l11l

,)
on21 o.ltru:tlm 1 .1 3

I .3 a-nrfi[cnlrirorur aofir ]yr a {[u

11;nrtra-ln-nd:cu'irodo:1auua!rl$'ln!a0rir
-Jx.CA,aor't n1tflllu ltl u n.J tj:ut tll]JB.n o,t t?la?11 txn luuuo ouu.Dllt? u[2fl1 uul,l?ot]lu

t4 n't:?'r,, uHuun:B 0 nuuunluRUu'l

C'



aaa=

I

J
,'!
iii,

nnu'tflntrn:n au1'tl :aRo:oa?u1Yt

,lro!lluut6aa$g1u n

- .]g " .,h, q vaotlyl ! ri1.J1u ton: r.lutlutnu tEfiYt toolnu!uu

LU n : l]t ! 1 U n.r1 U1 0 L 1{r.r1 fl U U n A',r.t 1 a n I a.r Yl l't o o

( Di sctr arg e ope n i n g ) rr u't o o-J n 6i't't di i il ri'uf niu

rrtd r.r s ri i

g)i
1Ju1n1a{ rrl,ion.t Lo uYrl s)

(Suction opening) u a: z vri a:io.l mr.r d r u

oo:rnr:rulourunr# 1t.r a;

o 60 1l

4
2

o (1 .14)

Ior Q= iofln1fiu (m'zmin)

o = tiutitquinattt avia,tnttqtaniadta (n)
v = a71uLi,7ualnttl$athun'wgoniant.ttha (mts)

- ) " --:--.-,.-----4 - - "---uoLi,ariludr.: 2_3 rlor:zR?llrttlmla{r R? Llt R 9.1't uI oo o},1iat100't u 030 n rl1}l ,q-- * aiurfi [o rrrirnrr urir slo:1f,ri'rr]lrurolud ornalnr:fi (r.ra) orlei'jr

D = 1 000 (0.1 o - o.o8) Jo ......... ( 1 .1 5)

turoria.rriJo D ri anuror nrdurirsudnar.lnr rluornor:r,:rirrro:mur a':uritotu
- g J.-

ua:mo au1.J [:nn1!d1u:url lJY] l,1,rraofin 1 lju1ona,t tll n7l1nolu01uo:rf, nn2lra.J uJoTt'r,:
-1),,...inluoo fllttruu!trnou0uluronruaitta:t]rRraulutruro.r r ror o.riho;::rln uld:ruro

rflulll ftuu n n1,:Yt1.to1un1u
,i , ) .

a't.tfn ll,totilul anao'11n1:flu fl't DTUrJlJ1Ju'roo1{ g yrfl'ru11n [at]Jutlll?Yt1{ tun1,
a qe x y )

rnan lr.I1u0:o lonlnnlrlnfl 1 .3

r r r.l C
tnfl [utnu un']u:la,:ull l5



: o.. dol:'titlr 1.3 e1l alfl1{u61vfl21'rxu'tol'lacaollnl:dura{u

a$1c

l.lrl,

.asTlnl:tlj

1." /lrlfi
!ll1f

!lL

, o9flmtfiu
rl.'/1r1?l

65 0.3 5 -0.4 5 600 36-50

80 0.4 5 -0.7 0 700 50-70

100 0.70-1.20 800 70-9 o

125 1 .20- 1 .80 900 90-1r5

150 r.80-3.00 I 000 115-'150

200 3.OO"5.OO 1 200 150-200

250 5-8 1350 200-225

300 a-12 1 500 255-325

350 12-18 1650 325-400

400 r 8-23 1800 4 00-4 80

2 000 480-600450 23-24

500 28-36 2200 600-740

(2) lder:tx (roH rl€aa) zaoill

rao:tru ut u6':x dr.r'',u:r ld:iloriar rir uvra olfiri'uir o't rr a? n{.r':'ruo-lndrri
,'lr. , r-..

o: n4'r nu H a1? lllj a.J"{ B.t.J1Ufln d n11!OU rrR:O?1U lr1?1 LO U',u R,t hrt L!Ult',l':R21rn.Jl,0n1a.t

rrar nr:r d uuurl a.rorr uo'uor n lnn1o (Nzm'?) lfrflurao (rln:) arlr:nrirld'[n u1d

arnr: ( 't . 't o)

p
H .......... (1.16)

Ps

Inu p = aTluuulu rzalzo,lrrnr (kgum3)

g = azturitdototnntdnotat Inn (9.8t mus'?)

^ - C ..1 I r.
i"llrr:u !u]lutltoluautrutu:U7l 1 .1 4 tanno{ r1:u1 ton1nflufl'l:

6{
29 29

(1.17)

16

H H6-H.+

n'tt1'liuHuttn:a Bnuuu.i''t$Ruu']



H Hd

:rlii r . r + ,aor.uruoriuurlrna1rrou

oottulatiu (m)
g.

LAOnltOlUnlA lOATOtn LnUflv nAlJl1JUU \m)
L donl $i1 uo o la t io fi au iu auin axt atJ u (m)

n o a t t u ti t nt rit ud't l (n)

LZOll21UL71n'1nO"l BOO ( m )

H=Ha-Hs+ Va2 _ v"2
29 29

Iou H=
Ho=

H"=

29=

2s=

2Ya/

v!,

fl!n1T

H Hd*Hs+

. - q A i ,t i . - ,r-i
fl1 l,r:uu u5n! tlr n1 a u Llrrtu?o,r rLRs tu ]r on ! a u lorul rao:1 lt03nlu? u to01 n

{
29

(r.18)

d

\'2
H=Ha+H"*9

r vr nlul n d durr u:r o r il

:rjd t. t s raa:rlloofldoiirnaras't*urr6o

t7



Iou Hd= Laanltdjuijtaloaiootnauinaxtatiadtu (m)

Hs = Lfl o n1 J oi1 ua o ioa t n fi zt a n a.t M at 6 t fl uin at at a,ti adt a (m)
,vj r2g = naattutiznttdtlora (m)

qev . A-
1J B llrrf,itno2']n1:ffalJ tflu taonln)l R't uYtaoon,lnorln taonluo''t u0:!R1ua u!1nnu

arlr:n un r{u1ri

( 3) rJ:rinlnrnuac,ira'oor$ddoonr:
i a - )g - x' J fu:!nmrnl}ilt 0. l ullLt1 n.llaun!1a.Inln{{11{nurlBrno [o t! a tr uununl0']{'tu'r4

dr uLiriul a.rru nrlo ueiruur nror neiudr o-r ua:1uyr-o rir n-r.lrudfilru6oleiar lr:nrirur nrki
n'lnffun'rt

L*= Pg (:)
H

1 000
(1.1e)

.... ( 1 .20)

- )r-lou t* = rir n',r,rr 1filo'o r nrfu (*w)
p = ft?ltrr,ulu*,fiai,tatmal (kgtm')

g = attutitda.rornu:,l6loozallan (s.a t mzs')

Q = a"oi1n1iriu 
-(m'zmin)tt = tao:alzaufu (m)

)arnr:fi (t.ts) er lr:n nolrirr.ria ollulrJtl nr:

L= 0.163yO.H

Iou f = i'rutndtmtttautatmat (kglt t)
e

rr o::J:: ?vr -rn r yrt a,:ihi arlr:n 16 uulf

Ep= 0.163yO. H/Le

orilu::lalnr:

................. (1.2 1 )

e )j " 
e, ,lou h= n'l RJ.r'l xrtlxr?n,re',fl?xlt{41 (kW)

rJ::f,vr^rnrul a.liro:duodf::rirnrrlr5r,ir rur:uario:1n'r:fluo-'r rt o']lflurrj
J - - r lt- g ) i
?r 1. 1 6 (d) [ouo?tnro,:nn1?L'Uunl?r Lonrn umaantL]JUott8: l,!fl:Ju'rf,talo

(4) fl anrvnurrNa21ilr+lii.lUnrdaa-nB,flt!n1fli101r.t o0fiN

- Jg e ,a
nlnsru:.rrufiih n6o a a n rt er rt:nu anleieir u rf,un:rr,,lfix f,an:;u'irr frn:rnr:ru

18 n1:'r1.t uHuIa!00 n[u!r.t1ufl uu']
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Iilii 1.1 6 a'nurucnr:fi ror*loofilfi 6eetrGr,irtnrrlurnoiro 1

uuttnu x firao dr{r,:ru un: ::Sminrrruuunu y:rJirrro'ttfrun:rrlo:finrrlilriuf,odr'r
1n ii?o niunrrr rir,ir ryrr:o-lueorlflug:Jd r. r o (a), (u) ua: (c) rirddr lru6 ao tflurir

drfiuuri'urirdrrilo-lndrrogl#::f,rinrulunr:firrur.rro riaoo bep (Best Efriciency

Point) o: rfiuleia dr,:io roulu:rJd t. t o 'jr i'n r*r*: nr:rir rut a'::illurrqin:d'rfo io"'':d

ft0

1 . n:rr{ ron:eu-5o:r nr:au rhriiln:rfl#n:lliliru,n:riaurfun:tylo:ttlurtu
, ,; -t i : t

ufl 3!n1 anrldlu.ljo.Jtao6i''l rflunrfl n:lulj$LUan?1 xt:?01 t'tttltlllju

z5 zv \

N.l= 9oo-
u"= i1oo./,fr,/

///,///////
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2. n:1r,ld1a-{.r1$o1nr a1 ier:rairuro,:drir.rruornrraro:irirsir aordoflorr{r
,i d, ;, ) e r ; Iiirrrir aiir (o = o) ua:ntrririrdr rvrrscir ua:o:Inrrfrrtturlaor-o:rnlrluarfrrliu.heilr

riluuu Mixeo Ftow rir an:r drur a,:dr a-,:.rruo:irir rfiorn.rdoraaorir.r ueirYrrijuuu:.r Axiat

rtow a'o:r iiruoi.t n drro: firir ar rr n ri a ior:r iirul o.l nr:tu n rdrlndnuri

g. n:rr{rl:ciyrGnrr nr:r:laruuu a.ra''o:r drur o.r:l:;f,nirryro:rijulilluairud
" - i aa ,i
fl1r,r1u u 1l Yr uft?'1lr t1? nl tll1: n1

)e
01un1:tR a n n1$uon'lR?''lut:?0'l tll'tlfl'tll:lj onfl n1Tffu Lrfl3 tao oo,tnl: anunl3

" g f,-
n1:yl'r.Irur a.,rJ ufio a{ n1:n:u:: ur nrlei'lo llfriol aor n:rli t.t o rirorrl rili.,r.t'',rdo=

Lirirrl::?rinrr rr qo rirr:-r do:r nr:auauroeirr I arogkiorn;rJd 1.1 6 (d)

^i( 5) 61iloirr (Cavttauon) uasn21x.l1x1ro'(un,ltno!aoilx
A - - . i a x i ' f, J .-

tu an2''l uouflllu: n1u[1lr:au !aoa.J n,t:30]rfrl'1lro1{ toa!o?5.t1ua u n! 0I[1ln u

1onro,rulfl'r r a':ua nro;r6 oo un: rialflrfio anrr:rioniou (cavitation) dunr uluril nriror-
a. . At . u Y j -r ) " e\ ! t e!u ?uJlu nn(nl?:r1/ nl:Lno uorf,n1ucr11j 0.t1,{ 0.1 laul a!o1Lulja{ tua'l9.ln1a.: !1ll0r.l1u L:Jllo

- ed
a-urijuHabirfforisnoi.l lluiia1n1:f,u ua;nr:rir rrur orillrar nr n1:!fio flr1'rro"'ln6i11nt

c-i ru ahiEu riu a.:1u yrh un: Inr:nr uluGau:]l rfio nr:rio niaurfiuur rloi

;rJd r.rz (a) rfluri'r adrrdlcior nnr:noaarnr:fir.rrur o.rrilrnnruaurulo 2oo
A ai - r J " q.* a -!u. 5,'ll L]11{o u!uoooluto u2 unl:moflauu 0:n1nuo tvllJl[tT:o)l fl21roltflu]]:nruu'l

i e d Itt I
nl,rqo.l|0n ruv{o1u'too't.r q nu osrliuki'irriianrrrd'unnB,r rfrrnr H-Q o:onn'rari1{Tuu:{
) t ,) a v :<,

uJ 0tlluu nI tflun:1fl.r.t !fl11lJourvl u.Ifl a fl1u::flYt6n1flno:an a.I01rlj101u Yl't1r[lollul'It
a)-L

,Jnflurua.rI101nfl 11 tfl 5u
^ - A . ,) - )
ti'lllJUlJurruu Axial Flow lurlfr 1 .1 7 (b) rx a13oufl?1xo1l61ufloRoa'] tf,un:.l]l

H-O n: n or 6i'r n,r o n o o rir r do:r nr: nu
A A rv{ . * ^ Zqva

rvramn: L$!!ri'rn1u t6io0ltUuei0nooo,l tlixR1'txoui ! ttu'Irrlll lu1,{6rrlnvio
- - !r ) a

o2'llJouo.rnf,'rl an1/l:un1:ooo't Luf,n1?3ufi.I6un'i1 Available Net Positive Suction Head llia
ruesH" drrir urruloi'[orrrnr:

NPSHA (1.22)

)z -= NPSH fiiiaiuia Avairabre NPSH (m)

= at't usiul a t"utr a1n'ifl Lfi auTilil xar't rJfl tit o n ui nlta',(xf, ? (m)

oq1'tlnn 1-4

L d o n1 r ei1 ug o Lfr a u iLrt t oiu q u in arr llrdo ( m ) o z fi ri t fi u a u

itJu atimfiafrtt ant an tna')

H"+h"-hl -h,

Iou ruPsu"

Ha

hs

20 n''r r') ''t,t ttH u( R: B a n u u{'luflu111
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(a) Centritugal pump O) Axial flow pump

dd 1 .17 nltf'r,t1$t oofi& fi'liiu n:rr nt:nu n:!tfia$o1ne1a ton"

cr:r'ri 1.4
,IJ

a21rclJ!a{u::gtnrFlruu lxltlu62'lx{{zatux{ullllJeu62'lr ln1{ 1

rrir :.vr.n (ruo:) o 200 400 800 1000 1500 2 000 3000

( ru ei:)fll',',llJou 10.33 10.20 9.8 5 9.3 8 9. ',t 7 8.64 4.12 7.16

) r r .".i -.J ^et:'ritD 1.5 alll|o laularS2Doolll{ tU]Ce]{1

anruni (arar 'c) 0 10 20 30 40 60 80 100

omloiu (rlo:) 0.0 6 0.13 o.24 0.4 3 0.7 5 2.0 3 4.8 3 10.30

nt = n1'tgryLfrt)LaotiatotnnttTuail'tuiaoo (n)

hu = .aaat'tuolulaitiudt (m) oor:rrrd I s

o:tfiulti'j1 NPSHan:tiiurilnmld'ul'tX:nidrriTllr[olo'ril riro-'rnrirrddu

a rini:.r nr:6o #.r (nr) ,iruruorJ n:nieir.r 1 nrlairurioeo (hr) un3 o nrnnix a{rr0'I tl't 01 (\)
:r un: 15uor orarn'r: ( 1 .22) uaorlfluJrJd 1r .l a;

o

o.l4

o.r2

oto

o.06

o06

o.04

o02

- 
Normol----4 = tos

--%'o'ss
--- os = 075

\
,..-

'\ t\
* \T \

6

.,nnlulnidu3ruro'rfru 2l

I

\ \
\



'--.-.--

HA

ll

I

i

I

z

Vocuum

I

vwL

NPSH.= xo-6r- 6, - 1't,

Vocu

vwL

n1T1',]nuHulln:a0nuuun'luflu''r

o
I.. i ^ L r- i(n) u!ono., a u rr u0(1u1

vwL

NPSI-to: Ho+ hs hr-

(t):lliilorilurlr

.)Iilfi 1 .1 8 ltet Posltlve Suctlon Head (NPSH) r,a,rilN

Hl

t
oz

/

!

22



&.+
luvroro.rlJur 0i lrlmntfioo:fir.lruln'6rdairir NPSHa ri'rlx v{-o !1nfl o ugitdon

olnnlraon!r:ru cir ttpsH i lr nr.r a rir uirluvio urinzuuuoti rrir ri'u o-.rriufa6o6't,ir
.J.-.

riludo.r:3:Jfl1 NPSH fr tuv{o urinsuuurio.!n1r nio NPSHr (Required ruesx) 'jrfirirrrirlo
-.t.,r- o -z- r ,-

ruesH, riJurirfirfiool nnl:ffq r6iunil!6iun $:10.r rnnrlun r.rir{1urio o-.rriufuo:6 uo qjn"u

drmrn:Sueiru lunr:aonuuuGeotofiliirriJ*doohiir tasx. mnnir NpsH, rilo
" 

O', 
"r"r, 

aroo:rirurrulcior nnrrr.trir.ir rnr:oiruoo (Suction Specific Speed) d,t

ue n.rlflurlnr:d 1t.zs1

JoN
S ..... ( 1 .23)

(
3/4

)NPSH

Iou s=
N=
o=

NPSHr =

o

a11UL''1n1Lfl1tO'tUOO

a tt u tit n ul a tTux"o ( revu min )

aonnttau (mtzmin)

NPSH drislnrr (m)

Li'irnrr l rilir rur::r o,rlur-oo:idr rflurrirln dond.rluyr-of r rulo"rJ::ivrt -

nlv{flnflo (bep) ri1 s o:ori::u'jr.r 1 ,2oo fi.I 1 ,5oo o1nf,;1:# 1t .zs; o:lei'jr

NPSHi = (1.24)

) I -lr t)-,qrua,rnln NPSHr 1lraunuaorlnl:(u oJuulunrrlfrr u[u ouuuooaan6']u
(Double Suction lmpeller) rir NPSH. o!0on.lrnn (non.rtu6o ::u.r ru 63% la.ln:ddrflu
nT:oorrirurdur) rtod,doool nt o.ru nro:lra rrirn",:ao,:ufrr o.rlun-o cir o dlflusrnr:
( r.z+) 6.r rilurriu.rni.rudu, ao iorrnr:au,u oririrrirriu

rir cavitation constant 10,r Thoma, o, druro.rlfluaunr:d 1r .zs; mrtrln 1x1

ldur ruesx, leirriur6urfu

NPSH
o ( 1.2s)

H

o1n ffnir a,rn?1u rir,ir rur: un:nllrilir tur:oir

(*)1"'

( )Ns

rnolllnfidtgru:ro,ril

S
4/3

uooos to21

23



,)r fr 1.19 [fln.J1ftfiudin11!fl!flui:;?li1.r Thoma s cavitation constanl, o nu
A A,fl'r!rird1rfl1:rfia S iirililn 1,2oo fi.J 1,40o

lurnrnor rRrrr rfluo-:.r firdaof.l{o'ro o:Litcirir rui i'o:r nr:euuio taod

o:1rir-l:;ftr?nrnJrqo rnlatJ o-':riu ruesu, ovniuu:l:olrLlriru rii NPSH. ldo'dor',n.tg,

ruJduutJornlo ip (eest Efiiciency eoint) thuilnrrltiriir tnr:lurori'rl 1 u*rolflr.3jd
1 .20

i . - !g ^ * I a Y
rfialarnlunr:6od'rrlldr rfluaiairi ruPSH" unnir NPSHr Lflua 6'rri*6'r oiaoo:ro

aau'ir rpsx" o;daohiriarrn'ir t.2 r rlao drdirue ru'tdor n alnr:d ( r.za) 6oufi

'irfiuo:rirmla gluuire r*1n dr6s,, n-u u.p fi or r

c
.o
.9

oo
c
.9
o.:
o

-o
Eo
E
F

b

2.OO

r.50

r .oo
o.80

o.60

0.40

o.30

o.20

I,/
I

I

I 7
7

7

b
II

I 7)l
/// I

I

v" i/lit
200 400 600

Specific speed

rooo 2000
t500

0. to
o.o8

o.06

0.04

o.o3
roo

800
Ns

'rJd r . r s arrlilvi*drcu'iro o ua:etrtirrirtyrr:

24 n'r11''r.t trHuttB:a afl lruun1ufl uu1

//,



I
U)
Lz

zfi

50

0 lm 0 I

,=350

N, = 800

, = 1600

Q9650 60

Io
o-z

rtl# 1 .2o n2lNgiuutllla0 NpsH, n-uo-oi1n1l.rrl

Cavi tat ion
range

NPSHT

NPSHA

Capac ity
'r rJ A 1 . 2 1 d r s n r : ri r o r ul a o ril fi a r o r fi n er i r n i'u

rnol*IniCutrutoril 25



(r,/a
u%l1n

26 n1:11lUiJUIn:aanuuu.Jlu lJlil



o

m
I

nrscru[ngrrnrgruotDou1

2. 1 nr:fi or:r*rm.rfn:onr:
n1ua u1LuuJ1unuhu1nllaJunu1nnf,1a lu La'Jfr,1tn1tflatul',.a-1ao1u oa

r,)., - q.Eq !ao,^
LrJuLUu@7 a alnl al nTt LilJu lun1rfllJ'l't'l,urJiu'1 u1n7

. t'tutlt:tl'tti'tuiuntafia.td.toiasltiuori',6, ,itl,,Juirtflui'tt|tztl't uattnndtt

Tviriu tttltu
. n1 UL 1 lJ O U1 L f, UA Ji i U ) AUl tlln l nX tll$L U A J Ln A n1 7 1 1l O LLA Jl : 11'1 u U' l

.l , ! ) ! 2- -:,. Lfi AnllnE@J LXU J1udu'/1t fl An1'rAA rinlU n1Uiiu1Au1lfl ArJAJnullnlU T A

.1 '- , r'-
Lfl O n17 tJ 1 U rJ 7 t f, n1 fl n OU LlJ UfitU
.,qlr. luaotr1',|nt',u tau LuJluf,utllfia aLaul a.t 17JJ1uaaf,1ytn1Iu

in. o , ,t , g a ,.v
J1llflUU1 !U tll U,t UOetA,tnl:Ju'l::lJl IUr A f,,rrUn a flt1,t tYtl'BU UO UnO 0J tffUnT LX

e .t ) , -Zn1u L'lJuR1yrfl{n1u tunl:flu Lt03t.t1;.J:nE1r!0n1:n0 6I:1.IIa? tfl]n anolu oJuunl:]r0't: '1'r1.1

r .e . I
tn:{n1tn{oa.In::t11au1Jtauna!Bn3H01:tu1fl :aunnIm.!l!uu

- " - ; e i."fi0nnl:fllnor ogno{fllu.ttt.t m'tD lltR l12 r{ ln: {nl:llas ntl Bonllur tl5cdnfflo lt

t. n ? 1 u rJ r s x flo rir o r1u usil#fi n r r l r i o 601 dor r r io q rJ : a s.r ril u n r :1 #.r r u

g{q n

2. scel nrionltl$.nuuo; f r1'rinrrfloaoorqli{ r to{Inr.rnr:
-;s. rJ:vu nrrr d'lr rurr,r'oh{irirliiiru :r6rcirqo

-re)n1:HO'l:ru1LnT.rn1:n't rUun:n0.t:1lJ:?!ra1fl11urxu1r1t-ljYt1{o1u?f,1n:1!ua1ua..l11
lr

1l'llJ::naur1102unu rtu olu1fl1n::! tn:a.Ina Luf't t14}l1 ?fl1nTtlJn'tufllJ uJuou nRnnl:
l. -), e C r A

Yl.lf,1lJ1ann R1?n:OAJU1L1j1U1$ti1:Iu',t lUYrnlUerAUla{n',tt11J tnrinlTIA:n',]:aanU!! ${0
!,e

tlrr I R In n 1 TUUU :: f, ? Or n :l :r f, .I n a u1.1 r ! 5: fl r tr H a fl ,t o

olnt R o

nr:rr.rIo:lnrrrf olsiu )1



2.2 nr:tfi a nfi otofn:onr:ua en1:o:1ofl au

nr:fi or: rurrr.:Ioron'',rorrl., Grorn nll16o ndsrtrlnr':n',, d""0d,r r',: aro:rir
d :"hianriiaurirrir'rru'[o''a;ornun::.1::r.ru-orirriaair.l n ?''r lJ lyr lrl i fll.ryl1.r rrofinnl:o;finrr n

-)fll frIlJ ruu0uoutttn tto tuljlll:to u'] nu0:o0nflluJn{fln1yl ttloaaxIR::J Qu1111.ifl,]RllYlo:fl1r|
J^ e ' ' A . t )Ad , , e

u't02u tau n1t001rr'tYto11 nllrrnul unu lfl1,rn1: flu1aulu]rllYtruUnoutto? ]l:rT'tx
avi)

u q qn ltn:nrT: r]J u!1o.r?10.rnunn!o a.0u0uoq1r Luuoru

t r I rdou'tzrtr r }Jrdurn-unr:r6ondn1ild
J r . x,J-, - J t rL,tau110laI utUufl{rn:o anul triM nl:(u1[un']:1't,J Ln:.r nlT

t1 anrnnfirl:rrma qir rrl,rri.ld ors,rr ar rnrfia:Lrir\ior:o: fire n1frfio raorr.:
'q.^lAa),A.o'r1{ooyl:001uol u6r.trnu [! n a1']fl 0t!ou ounlta u Ln n H'tu1t'Il0$ I n Ln u.Jn't:1loll oflul]8n

- f ,i I " re t q.fr )u1n rnoo'ruoo?'r or o: ra a orul uhiar rr:n ri o nldillfi:r ortriar lr nlei
...ica2) n11INl.le0Urrnu:{,la091tll1n fln']v{ouftlmy!R?1ut?\lJ't:flljo0n1rfl 0fitl.t

d t - .i o J r .a Y -nlut1n ltflr a']o.nfln1u vtuouLta:n n{n]n a.! llun.t [lJ n1:7rToo1lt:an nul no t.[1ifl.r a1u

to.t1 u

3) dnlntr?odo ua:flqrrrnro aoe&

' * 'ir.loi trifio,l o:ro1un',rrir rfiunr:rio air.r oir ornr:do;sir.ro f,'llJllnio$a11( .
2 t ,^ . i . - )a , -T u Lr u rJ a n:: ?t u LuLt,t a u o 0 fl.I n 0 fl:'t.t 11! a u n auu,f, ?

J.-). ! nUuUll0 O nm lyl1]'l: flll fl1ltTU nllol tUUnlln A fl:lnl'ln:1UUl U tflTan! a

, )a - x .- Jo 0uLIrRf,1u6r,tYllJrrl.IounlEtrflLl,{yl1Ytrlrru13nunl']Ina.tn1:'toiflnlu n't

' r:: ualyh{rdi o d rda fi atciria u aro,ir rilueia.rfior:rur ri a nR't1Ullufl,ll a.: I

e " eJ-, iounl nnr L!utn:0,:uuql

^ : ] ,i )) v i , ,a !a r, ) ,. nlu u u10r9r a,t a u tuflnluYrrn;111 UJURUo.IluLofi:o'tntuanl;na

fl:lnt(.'0 ufl?

.'i r riJ uoia.r i n r :6 n vr ai r r u rir 6 r rirldii r u d a r o r fi o or n ru a n:: vr u r r.r i.l n r
r o,rI n:,r nr.llioir u

. nr:o o n trur ri a air l ua:sir rfi ufi uln:.: nr:o :eio.l:.J $u"6or U n 4 vr rr u ua::: -
.-:tuuulanra.:nu

a.)ataJ-. 0!oa\rflnBl nnH a n::Yru LuHa.t r6ru{ n1"rlJfllt :tYlau l,ta: nn1?3Yla1nlno
,l, ^ s Y
Tuo'r nn1:6il rgunr: Ln:.:n'r:uu

( 2) n'lrf,o1:ome1rJa'nrrr*:o'l$

nr.lfi01:or1o'r xo-n uil:.nuluria{d rirn"rg 1 fira'"rd 6a

n''t t?''t.: ufl uua:B 0 n lluu'r1unuu128



- )- )z
1),rlrrdurilolnuririr,irrfluoia,rfior:rur::oiurirfiaiuurl:'l:Jorlqonra fid'r

o ,q " ,! i. .J I . :
110Jflolun?:o3au Lnal'tuu1 tt6]nn'ttuua0,tfl'lunnnol'tlJ!un{la,ronJu0:}lull0,lu'l

rn:n au!1i1u1o no lluvia rSoiardrrir uirlr d:.ias:.llurnrud01u110rtn1lnor5'r; lt1afl oln0t:nautI1u10n0! tuyta }to:a
I -n'.r,, -: ", 

e e.eat e
YluolJlll !olrt:a tI n1!')3nau?l:''tu Lvla!1n!u'tItJutlrlrlIu!1nna'tnoa.Ino Llt!uaon

o; n ouri auurirri o au ril uoiu

z; ,rrnrroriad.rrir vioii,rrirornir:nllo:fi::oiuaroduorxn?1xu.l? rfr ofl oifi'u
,,1,nr:a:auoryla,:ornraluyio::o"rll,ta-.:yiao:ria,trflu[uxo;,trr03odrirn'ir::oiurlaruvia rir

E.& ) ,J -,ir rijusiar6od'.rillrfiadr u rfir u:.ro,u (Booster Pump) lutixlorir.lrd.:l a,ryio n'r1!oiur1,,

eiruoor orfuo:eio.r riJul: nralohiir o"o:r nr:tra o: rijuryirlsr

3) itlra:ru1uri1 ia,rrir rirfioia.r nr:'::111u!1dflniflau rir o'::a; rfluuur or:,:
)-,tlul LoJy\u1fln1ua10na LutnonllurL!: T1uLunl: l,lrt 5.:n:I ur{a Lv!111:fl14trfl'ty{ nl:r'1.!''tu

q ":J i J tr ^ )la.tu!aoR.t:aJululytu''r1u.a:LlflualnnalyltnoflauLIa[:!rtfl:1,,tuotoutn:a,!
_ . - Y 1 a e a ir . - i d
4) itllluluo$1talu rrao0,r!n1:dur.i1 [u:31Jx1r']uo1l'ttdu ni:?1J9J.:TsuuUluo

e e t w a : .. ee Y 
n 

) , ! ,0loa'r00Llrflo''runuulauInanu00r?lJ1l'11]'rnrflo o't[t]tu.to.rn01'tn;oa.Itaaoanll
il firj6or lniuo aut a.:lu':unr:rirl"oriurir u

51 o"rr.arri"rrr.arCa nr:ua'a rEr.rza.rfro.r1r.[a6d1u n::l yr]rimo.renrfltrinr:
AAE.,-

0:n n n:rY]!J nti tYr au0l n f]?1uilltD,t110.Ifl auIa: arEJn]rLluo?U1mlt u lt1flaniu oa.J 1J
t - t! - q ) " - r-.*r"U4.,nututu uau ltr.J n:]l:uuia flo 1g1L'r'r xi [ur:! xs{ a1n1i1n?1x rduxl u L tl'n ut6l

( 3) :'l u n.rifioiao ot:tod au
rr:-
LUJ1U11.' lfl:{ n1:U,n3 0anl'luUtiuu fluu1 1lT1un1:yt'rJlyrRufl tlfl:l11nrflTt ffilno:

J. .r g j . rr e y i 
t 

a , .j j
mn't[!una.ter:20flaurHaLuLo.l1llflult'trrn1]136t!l.t1n7]flo nauylnst:I0anuuu:1uf,3-

- s ,J -t0uo n1uJuoa,r!1a! Ro't l,:'t un1:o,toa [].lu na

1 ) rruacrSsnrnroraeran{ o:eia.lfi nr:6nErollxriuuJrn an::oi!riryrr.loiru
oo ua;airudr rd.ruJduutJorlqonra nrrlrnncirura,:::rirri.raaru':a rae d6o!t (static Head)
4q ; i - J r , - YYtu1J0:oaJ:!n1t:r!ulj::0''t nTlaofi,: oLtfl:o'tfloyta'tnrnoruLllT?J:!u:t1a'tqt't,tdl::o'lJtl1

r y J . r.y ." ' - 'y
al.t f, o [unou't]ta't n7l a'r0711 l?lu]yt1 ! fl nlufluu't L uou,i' n

2) 6$n1n?aJrir o:eia.r i nr:i ro:r:rio ornrynir mr.:rR i rni aurRrr r rur:r;
allunr:rirtllf, un;1frfluria ln iiruiu ri a nrfiol o.:iaofirJ:; noldurijuo-:ilua:a'! n:ni
)y ": - ! - A - - : , )mflllHf,nuu1 oln 0J o:?0 flau:l:lJ']IulJaJ tl1,]mn30nflo]t1x1nurl1 tru rflu t.Ja100n0!

luriaau un:lu a rrirlilrio f,rir ar ui'uiirur o,lrir: uas'irruLdrf,uur rlai
.'i ! Y - ai - - Y an.

3) alitll?l?rlaasr|lfi ral ria,rer:1oflau'ji!nu:n5aA.runll{oauoornnu'[1$50 [!
) rea e )

Lv{0n: Lora0ntuol[83a0n[t:J!o:rtnlJ a,rnumL xlsn!
- J -. ;.e y
4) lrHl{mnxU:!rnd r}r a L?td1lr1:n ri1ruooil trlru,r1r a.J f,n1u6r]J1i1 tta!0'rR'r:

n r :r r rIo :.: nr :rf a r a'u 29



J,l j a, r i
ln u?10.t a u1,t tltlt1:f,u a:o a.c! n1:fl'l T?0 ttB:yn LtH]rfifl ru13 rl1fl$rraul'! 6rn1?1J LoulJ

A-:'tunrt0uottn! 1q:']fl?u t?1 1; n u n1:o a n tl']l uo? u

5) (n1ilfr*ner. rd o rijun-a l n rh raii nr :a o n ttuu llrr n,ir rij urio.r i nr :o :r o ra u
&^ i - J * )n flru olt0.Ixllou tuljrr? nrflnsti'r n1:n 0 fli1,t.tr,t:1lt nn n1:r1a,tfl!T: n 0u1J0nou tuuo Rt

t - . - ! - ire,u fll'] lllrlu'l$llll1l a.rou n11!fl'tltltn lun1:tuu1ltun Lo ttR:o1uu1l{1a.t::oll1l1 tooll t)lu
etlt

. E /, e '/ c !
u'ntuuan?n71un1'nn'/ltonna'ni1nslud.lo3aan flannulyJ1uflui1nnlJtLnn t

d 2 )/atl anlTaunLn lnL?ootl,i f,naLawlJlJannlu LtludtuTlni@an LTl auan1J aou uln l
) ./ z) -ttnaudzaitilu.tlyfiLfi Ttiunltaa irnlu lnlanttl;utaly''t fludu luntfifitilu.t'ryoh

: ,l ,f ar a . -: a . C. ;n1 1tfianlta lnarJTlna $7an11 1uoi1lflfl tililunzaatnflun11ln1uzanrJu LultuJLTu
t ,1 , ^ lt
afl ,,rn?, 4aJrfl 1a71nJlnolu L$oulaa

2.3 :iluuugooda1fi a{uri'l
, )! d ! " -, e - , a)

nl1ltB A nO''l [lrlUnmO{14.J (n1U UU'l OlllJUOan O'lTtlllt? U n:l:]J Ll]lUll0't flnlU7l

o:16on1d n1toanuuuTl'rnrflfl1fln{1a.Jyr'r,r:-xiTrn-Trianrio:eianlfrila'q:1n1tflunnflo
,. e" a a u ) , Y )ln I n1unn.ta0:11rffLlu0ufl :nylfl oo1u

I A) ) , . .r !lU1nl A.tIlUIn0: n A fi'1,! f,nlU 1:qa.t n1T 1o',t !:1UR: t0 UOYIl:n nll ni lUl'l?
e ! L , , A - a - )tc- , -lano tu H11{H.rIA:a0nlluuf,n1un1:orfrnn101no?au1.Jtlnfl1uRa.tn:Jnultouun?

t) Y ,i . , . : - ., ! ) tflo'tllYtflull'tnlnurqlrtaalntnuulrnn3t:Ju.J'ru(lJu'ttllanl:tntl:lYt11l .J'tllflu
:- ) , t ! I

1110U rr B nl:ur:rl1 )tra.Ilu'rrlB a ruBli"r?ltu ttniluaof,lyrnt:u 01R1tfln1uflu1l'l01n u,u0nu
re . , " i - I - ! ,!,1nltn!aantluuL1ln1:flunf:r7r0uo0li1q1uaumflo n?ou1if,n1uflu1l1n1nuu'].inauun.t

riruuGuuao.rlfluril# 2.1 lrnrrinuir? f,n1f,d.rr..l::naroir ueft 0rRirnorfi rrn;e{rioflfi,t
I r d r '' 2.3 rflunnrf,ruri'rtur o ri nd.r nruyiooodrarilun:lfii0u1 uf,e i tl tuflln 2.2 7:Jn

VHWL

vLWL

GL

+

n1:1'].tu9Juun:Banu u.t''l$fl $1

grJd z.r inr+rr:rtr 1 [Jrooarertilri"uo,r nlf,{uri,r

Intske conduit 4

V HWL

Scr€en
s!E!

30

GL



lntake iv€r

Be.nk

E t

Equrpment

\
Boundary

YO"n
\.2

: 71 2.2 uH$Hitaln'I$3luill

Screen

Screenopen canal

vLwL

GL

+

E

s!

Suction rump

hrrnp

Housc

IilrI

Pump

o1fl1nI flT.1n1:LU0nnU

CL

: fi z.g o-ea drs rorfiaurirlurnrin

31

mri\

P



n) or or:ii-rrlr o r n ijr.tr fir rlr

WL Intale

Bark
Stop Suction
log Screen sumP CL

L

r) ar orriudr ornurirh

Suctron sump Discharge rcs€.voir
Bank

HWL

CL

VLWL

GL

trlfi z.+ : uuuarnlriurilr,o0dnlii.tulil

J-!a:L..n:In'r{]lannulu3mflauu1n:1 1 6In1uf,uu1a1n 030n 0 unl u tul.T0n1uu0nr1u'lJ oll oi
ruso.rlflu:ilnr 2.4 nirrio nflnlfiaurir uuuoir':.r alnordlradniuflnlflr a{flnludo&l odil

A )" - aa u Ja , )
L1 n 01 x fl { y] d'r fl fl n n a o ! n a.J n o tvr ! nl : !'vl 0 Yl tT u u ttn : o 0 rua.t L1l'l f, !J o du

t -) - !tun: ?t:rouu1 i.Iff o tta!d1 aoinl'r u Ltoneil'IiurJ1 n Iatio3n0uYl:1 u11nlu
: -r - - : - A A tee

no1l111f,1n nl:In'!0.]lt'to.tnn11m1 [9r Lou00 t14lti0']tlJo:uu'lRa{T:olJtv{ar0! totu
Y J. , Z ,J q ) ! -

U1fr lflf,: o'rormiuu o.rLruLu: r 2.5 rxvrr rsaJnl1r$q ncil.r1o.t'5:o!ri1er1lJnon']n aloun
- Y I r - . ,J

Lo [o u n1r6lo oJU! [uR nDrB]oln 1 o.tuflqt.r !2turun 2.6

lu,r',r.auir,d a:;ur urir dud,: rino:idr dsia': nr:rilr"o a anlilor ndudriiuililrru
d , A, X" ., e ' f a A.,!1n n: rtrur'tluilulun:fianoo L]lxa1nvtnlll'lju'ro txquulu:t? dn1u L]|0 [unll

ruir rilulil a dr,: cia rda.:Io uhjriohdrfi o nr:u.ld uuril 0{fiflm1.ru0rn?l xrirt arnr:1ua rn;
. J A ), - I ,

nrqla{0o t$rjn1o?nfr'lfloi (Hydraulic Gradient) Ylt'}tu1:flll t}l0Yl?14 fll'l n1T t?If,u1fl
,),)

u a Rlr f,{?{ ayro:11'r [n n']1f,11ol rllu !u 0 u1.lo 0 tu0J

- : d t aJ l- : a, ) )a
n1:o ol{il ai1 Jfl n*1 o uu g1 fi n1[ !o u iJfr ufr ? li'r ril nll a fl un?: t]lui',1'l o

rlr:''r:i'uirhdr'rri., u',n ooororrli? rt a dnril anlf,rflurI:lrqr:rvirril ilrqr:'u a':iir.: rir

biarlr:nldiltulorfinai rn:ril rluda tda': futiju:: u: t': ar u'r? ui lo utrifiai tflo -flo

UOURTJ

4 Ptrmp

IflI

Pump

32 nrt11,: rtl,.luIn:a 0 nlluun']llfluu']



MoLor

GL

WL

+

LWL

rrjfi 2.5 a1o'r:uuuiuli1'[d 2 r3n'u

c -A " - : - xrtr t , - itunt$?if,M:n n10 oti10 0 n01nu:rl ul [o [o ualflutl:.JoJoola.t !nn ttut:olJu1

nl uus nxirl $il a,:riuo d dr nir fiaroo:ra-:lvio::!1uflio!:rn[d1tJ un:bidllundru
' ) - )' h un:fl orj::or rd a,ir rilusia':1dir: n'nuru:nr:rr.lril'l:uttt10tra06l:lmoaltru''lu lll lll nu

rriudn ritfuaer.rlfl u:ild z. z

+

+

Pump

wwL

Gatr

il

ir-
n''rr2'r{ tnr',n11ua{n$ 33



. - gg
n) ono{ uuut:1,

l ; 6nntlriruuarnnfiorur rdauki
rbdr

ld.{..

GL

LWL

GL

oLWL

_gHwL:

HWL

h-p

Rril

. ^ Z g ,- ) i
o I nooJrl ! uull0 unu uua'loonn

VHWL

h..p

-: - EZ c
flln 2.6 nroooirutlt ta1e lanuuusilit 1

,lo.!

G

34 n1111i!rn$un;0anuuu'r'lun u']



, d& . e . ) ?
n ) nluoJ a uuuglno''ltl1lu.r1ano fl a.tt:t.l't u u't

Grovity floy, +
+

Pump house

1) flnlfirrun o onxlo'r noaan:r!1uri1

Flood goto

.+

Pump hou se

lnlet

Condu t

:rJfi z.z anrfi aur!u1uli1

o
o
o

!
!!l;

aI

+ o

nr:IlI ,-
fl1{n'ttru0{nr 35



al, a
u}tmn

36 n'r:1''tJItHuua:aantruu.!1ueuf1



3[Dl]

o rs rii o ls nrl nrrD u e fl r dGl5
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orr leia,rnr;drJduuu nll riur'rnr firriada:eia.lrir rrirlrfior:nnlunr:d111uod1u'lu [a:
- g , A 1- I
a o:'l nl: fllJ 1a.I lJttftfl;tRtaJ!o.t1l

( I ) n2'lrJfl lrlrnlunrdiuoietrirr?rriuo'rudaonr#rdtrjood
r Y - .-: - , ,-!u.t1uflur{1 ao:1nl: ln.lll xn0rtl'u:!r?uol u1;u;L?f, 1 Ltn:nonl a l.tf, sliuaunu
t ! z A - r-j- i "r?onll:!f,.lfl1ain1uflu'B't ull Lllaao:1n1:Lru'rxo21!u 1 1?1{u1n .I1uflulllo'roo:Yt't tou

gAa)
rluunrurRiar un:zria nrululo n1:f,xfii :!-arinrrrun: ::l riorirld'lo unr:Liihi
. J 2 t ^j .-, - -n1.I'runoot{n raov,l ro ao11n1:flu o:{ nuoo 7to3 L}r'll t, flyltrn1yt fl,r nolo uhioia,:1frr {rg6a
, I x I . ! I , ,Ju:lnullJ'l]ITI0 6t11n1t llrrR t! aR21UO 0,t n1:1i1yl:: U: L',] n101,t .] XBnlt :OntIU:un 3.1

I " t S ) - Ir .n1:f,'uli'rR?:o!'ri1[ou tunrurnia.I o?.lxct''a,r nt:f1ludxn:;u:12atgi1n sJ olno;dMoo6u.!
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tounl:lruxnulorf,n 1 rnfaJ[n31u1o tlt rufiuaoIl nl:fl]t !111nuan 2 ro5a.r aa Pl, P2

uw Pa ortutito"u
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l-als-!1a{f,n1u rua{n1nu! r$aluo3lrr1a'r n n uR3vlla3
Ltr

n1ruuo a.Jfl,rsa Io uor{nl null*YlHHBn

lrlR'!i1ntaan01u?l{ult Io Ia? nn:flMtntfl anan:1 n1T6lll !l0]n1$uo11ua!tauo
, ) g )a

o ri1.r 6ux a{il! u,oi a::r ur ofi ri o nf iloi

3.2 nlril1lao:,)il ( Totat Head )
&uLaor2rl1an!lro:r,11'[6io1n,{0:?rira.Jlao fiof (Static UeaO) ri'uraon':rrilo

(Friction Head) d tfioor n nr:lu al a.rrta,! ryra'r ii'ruyiarlflra n:ni Ldu 1i0,, a x1{2 efle ri1

taon?1rtfl o riluioeirulo uo:r n"r dr n',:fl a.irt a.Jo'r'rxriirofi rrornr:1ua

H = H"+Hs ...(3.1)
Iou H = rror?r/ (m)

Ha = Lnaf,Ae)i (m)

\ = Lffianufla (m)

A^ * c
Lao an o u'I,[J1un.]n?1xo1.J:rou1a{1a., L1l B?'t41.001uoo Ia!o'tu01un tnolu [1{1J Iu:

ji ' - , r
Ylu!n1fl.lYl1'r11{ LUnllLRann',]VtUOllOU1l a{1la.ltyrf,1Yt't.tol 0n n:oa{fin1r 1n1:tf,urao[u

.,1 x
r nr:fi1altn nr'tuanl n rrl,r 6ii!1d].; a flurii u luril aJrAu?du n'r:ril xun:!n"!r a{1a,,rv\nl

J --. , - : a e e.e
Yl1.ro11l0'tu n:oa\tllnl:u1n1n:;o'rJ1a,11a.r rlrfl?7r rr11n1,r tu atuullrrro:loun?1l]ou l,!.J1u

, tA ,
lJ A{ 0:J nt$7lu nl u'n ao ? u

t of ,l , )i " - " - A ,L nlt]r'n::ou1a.J1a{rIa1unl:ruauuttua.IlIu3Yluun1aJ11 1.tlu :30u.r,tn.rau
4 ) ^ r/riju:3u:[?aru1?u']ufi noo:nnrAanldrijuraoefi orirfi ani:oanttuu adr.:1:fi orlo:eia.r

,j i i- )i Z
!n1:?ofl']6r.Jflotta:01do ry{ 0 [?o:? n fla!10u tl0yl:l uuunsa a{111J1uo 1u

) ) ' re -[ rduni tfl! nlnriaii.tltj iir! al a,r rlt a 2 ?1'u al um ao oy\-a7t anl u o unl u [on?1! o

nrtu:io ni1u0iu6l-.ln6i'l?o:ria.ldr rrfior: rurlo u r:Jd uuLiriluraora,!10.r !xnirtu

:r u a:t6 uol a{i;n1:ri1u? urao:1! n1ulqinn1?:nr:rir rrul ariuuuucili .j fi
oiora [!1r

1 f 1 rilriroruuuue oun (suctton Lift)

rd oril6osrtrorirufio::oiur orr a.r ruar o-.rrtiu:rjd 3.3 raor2!oiri'rur rulo"tou

, g . ,)
L$a Lo.r1 n?1'rllrltu10 llttI].tr,r410

H

n1:lli1Inrln'tnInalnot

H"" * H"d * h1" * hrd t Vj tZg (3 2)
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trjfi 3.3 nr:6n 6',rill ruiolEorJ!a,rz a.r rfi a2mr.r d1$oo

H

H

vwl

Suction sump

Iqu Ha" =

Haa =

hr" =

hra =

naf,ioinroilyoo (m)

Ldaflno n1no1t01, (m)

.aaa1:,r/flofi lncilrigo (m)

Lz o fi 7 1 ufl o n1 n ci1 uti't u (n)
d / ), , ,

fl?1ULl2LAAUnrJA? nln1 (m)

a:nulintdannlntnndrlonanlfrn (= 9.8 mzs')

( 2) n1:ri1,"'trrrdaiu:od'nmrodr$oo (suctton Preseure)

rdo6on&.::ilrir ndr::o-u10.I1a., r a?r'r.roiluoo o-.Idd 3.4 raor?rlorri'ru?.Bld1o u

H Had - Ha" * hl" * hrd * Vi tZg (3.3 )

t 3 I nr :6o ofo fi N ur a 1 d:0 uu uii N (verticat wet Ptt)

-xn1:oon.l
g z ) -C
lJ rl lH n1o,rvlrar al rou.J5n01U!d !a riluilasuci.l:rJd 3.5 raoflula.lirl

d.:i l oir ayr r: vrr.r oir uiir u ri r ur nrl cil o u

.. .. ..(3 4)
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3.3 n:rv,l tasz o0:!uu 1ra cooriroru?,aofIil

11; n:rr'lraolaoTluu (systom Head Curves)

ion' :: a.r rir a'r nr:6 o oirril rd ooro o'r, o.r,r,r aror n::aiuyrd.r ua'rrfilyrn-.rrulf
-Zrlutortu:nmroir,:::oiu a,:l a.: rynr:;r,r'ir.: aruyiaoorra;yiadru:llnr-{nr:r-rur'{a-,r.rrulu

r-r 
" "..: 

e e ae
ltlllsY|llu lun lufiatLf,satJnJu nudlxl:n lxa t fl nl uyl ao'] u 00:1ttnJn1't lJol.tr0 a.J n1.,

iJg a)")^!un1lYln3'l11lllJtnla.l?lllJ0:Lv!aotln'tttuau.a:IaotYll[ofl1uLoflfll1:n1:Y]1.t1utitno

o r n n r : 6 o eY.r : : r u vi a u n : o J n'r nid o a n ur u l{,i r rij uo : qia r fi n :r r l r a o l a.r :: u r trir l r
fior:nn:J::nar fu n:rylurora-nuru:nr:rir rru (n:1il H-o) ro.rirtit

:A
ahuru:vn rxn sr aoir o.r::r.rr atrir6.l ueo.r [o un:rvlraol a{r!uu (System Head

curve) o:riJuo-rua nRlrlo-lumrunr:hnluJ ra.rrao rdar a.r rlrartvroriru::urorn nruvio
./,4

oonnunluYr00'1uo1u00T11luJ n't't lJstluYtlul{i3lJ:E na!o1un11x01.Jt:oula.J1l a.Itua?Yl'tt
- ) , a) , , !

6r'tuoo un!01u0'r u n11ll In nolnTo.!R11!olty]tl al uyt 0oo tt03yt aol u lunTOrflrl al u7t0Ylnffa.l

oiorrirritrnrru:ilo un:nr:arurf,uyi n-rlrulunr:lr nor n:Jnr uyioool ri nruviaiiru ar:nr:
,)

fl1ljt:I nl',lll ttolj BJ:!U!l tI a [1u1] Lu f,lt urnu ao'"l nlT [u f, na

HR *Po-Pr*^.on"v .. .. .(3.5)

Iou u" = fl1'tud1un1untt7na? awtuu rtiataat anruu (m)

= aoafioi (m)

= a71udli ffiaiaiita (xgttm")
-/= aTluoiufi ai iaoa (xgt tn')

= ilnlindrtnttlt anltant nal (kgt/m')
t-= a1 urJltf,nnl aJa11NLf,uqtnlu

= tonnttTua tuttuu (m" tmin)

= Lax nrtldr fiat l.'u'tu Z.O

rirla.r ao,: rraru:nrrrrirumriala.r alnr: (s.s) fuLi:r'uniua-orrnr:gu 1un:rfl
), -, J r eyt]la'tuyl0oo[a:yla01u l! [ooat1l1nrrlxu!!o rra!nda.Jo3rn1ru[flllu [a:tua'ro1n

d ) -, e, -z A a a,o1'l tt?tof,ultluf,ofl?'u [o unt,]nuaot1nl, h4R o.tu1{traum 3 1aJf,un'l:s.Jt:JurJn:?ll1j 0{n1t

rEiu rao nl riflolu::rufio:riJuio rirulo uo:rniudr n-r ro.rr a'r do:r nr:lu n

,)
n:1fl rao'! an1:rJlJt':unu:ru rfl ud'o:rnr:tran ua: unuo".r tiiurir tuodltiorncun',,

.-/a,)

1s.s1 rioriuuaruun:rvl6.r uao.rahurunil!ffurrrulirsnir.rtaon-ua-et:rn1rf,u (H-Q curve)
c - r- - ,z ) -, ac . t )

n o,,Juii0:'[d0ooo:3111']nrdunfl Yr'rfloi6.lrrJu oe?i xtl1n1u (operating Point) x:olnYl
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:rJfi g.o nmr{rgarao::uuua:onri.o.r.roori,

e J r, r-C ! - t
Ino,t 0n:rn1:flu !r03taoro: [onrnn']: ltrJ uuunur:uus., ttrulo u ni']r,ltaot aJ::uu gr".t

ufle,rlu:rl# 3.6

(2) onti101$!o0f,{ (Op€ratlng Pornt)
/ t .!
rilar:ruunrr raorta.JrirJUi2!n":Jntrvl H-e ra.rill oodoro.lriunrrr.lrirno.J niaoo

iran (u) un:fn:rtun (o) iririrlfi'uo:rilulon'rilrirrru ilo: rir,rr ulri6# qn rir
, : - )z
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Mixed Flow yrio exiat Ftow) odrlnirr.l uumr.rnr:,6 anrjldugru#rher,itarirrlo un'r.1 l:J
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uon01nuu?n1.Jyl lu t? t nli'r,J nl:ta anR?:0: [or{01:nr101 n1 0unyl1.Irmnufl
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r00nlt uonl tuu:Ju1u1onR1.J11t0nu1o [naIJ nournonl]da.rrnlTy{o't:altl1"l uB:!a,uo a u1.r
/ .i - ) c.- i L ^ Z
olllylutouon tuunu2't fltuffuuo,uo.Jl,0.l tx8l?in! Itnu uuu t Ltuxn'tlooo.J tru ttuutflnl

al
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lr1u un: n1::3u', uti.lrilri1flurr n rur nd z
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'lg -rlu[e=arlnsniI

lualuuurioi
(Badial Florv)

100 - 600 !1.UOU1 10 - 150x

nmuru , 50 !Z

L.llllOUI 10 - 200 X

naluru , 10 !z

lunrhur6urniuryrar
(Mired Flow)

400 - 1 ,400 4 - 15 rJ l"urdura-oor.r
z.

vrnlulu > 10 x

lltf,ti1{1unu tvt a'1

(Arial Flow)

1 ,300 -2,000 <6rJ <8x

>40uu

> 200 r,t

, 300 !!
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(2) n1:r6ona?l rirrou
Io u nr:r6 a n druuoeir nrr r rilir rnr:d ry rr: rr truiu ao:r ntl

nr: orr r rir:oulo,:fir oroo:rirur nrrrleilo ulirrnr:d 1t.ts; 6a
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(4.1 )N 1/2o
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d 16 o nteioronn,ir rYolo u:: u:oo un (suction t-itt) d.ldun*unr:6nn"': uo:a-o;rnr:rudsior

n1:
)C, ) r - C

r!auuoaol,J nuua ro ar t},lfl1urarflio,! uuo o1'rLtr:1:0t.t1J 0Jtl uo:o 0.t(00Rfl0nnu
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Np

(4 2)
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Np = dlutuittt atu ari,a{
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cir::u (Rated)-revzmin
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(o) 50Hz Copocity for double suction (ln3/rnin)
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fiorr r tyr rt;sr eio nr:lf,r uun:rir:.lin ur

( 1) n.lflaono$n1ao

loro aflr,lflr riluciudr n.rdiuuldlr-u,od ouirr. ndr" rda,cor n iol r s:orn1u
. ))nr:li'.rruus:rir:.linrr adrll:fiorl luanrufi6.: i n:: ua'[yh{rL.ilr nr a ria!n::ur

r 'e 
g , A €, .l " ., re,l}lltllvl0llnl|o'U0.JUBU1 l'l,n3n']:?1'1.11U10{uUAU1{nALUA.Jt Un.to',ttllU nalltnanlr0U

. -J.. ) r
n1fl.t Yl tlj1{[n: D.I UUO UmU

t ra,q Jrr , .) - )lutl : t o 1 x 0 r o 0 r tl4 yl l I tn a u ! o r o a :yl a1 fl u tl:.t rlt llu 1 ll't $u ]l n:.J n :!T a n

(Squirrel cage tnduction uotor) Iouldn::uaan'u s rlls riluruudfirllf,urndqowr;r:
f r:.rinrrir u un:fi :rorn nnirrfi odu la roaiuuu orfu [:.rrrdur rlo uI:rnailonro
(wound Rotor tnduction Motor) fno:liniusiurir R.rrurolurlrdononrrreia,:nr:n::us1v,lflr

lJtUrf,OltO
. - e " ' A 4 ) . ) ta - . e ) )fl1yl:uounlaifirrlurn:0{uuo Lo:0.J Ult6to L{ Ro:ltu ll trul nn (o tua n nl n ! o'r

te. I .re ,; - A . r.- & a )-
1501u tunl: trnluol ua:un11!YtuYtlu tfl7an uufttuu,ruu no: lrn uu !1Ju10 rR nr n 0,t

n1:n1At,t1U Lltu'tnun

( 2) n1ril'ld1 a-oo'luddao n1t
/ r -a t ) . Z , r,.

tua to rn a nruorl 0noud1B".J ufrli1o:1fl a reraflr lfl1'I,r:o rn:a.J uno luna !uni:
e " -la r A "r:run'rrnllillo !!r.IUlurani B,lnlu'rl a.rd'[d1ri-{firA an tor rfi arirtlli.nuttd?n:hirfioililn1

A . Ap ! o v o x rJft:0.tYl1.t1lrnun1a.I n1:R1u? n1R.t.t1uYtfr0in1:i1no[n1n.lYll tn to un']:tRofln1uunfl'r

rl:lftvrint^r:ra,:il (eo) unr ::frm-lnrrlunr:ri.:rir fri::u'irrriurirn-,rri'urYl (q)

Lw
(r. a) (4.3)

Iou

Ld

t{
L
@p

q

ep'€,

= drn-,rrr (outpu) doiaunrr?'rntisri?f,l (kw )

= d'tfi.nudTdornir (rw) cilu'tulaaaun'ttd 1t.zo1
C)= UlJflnffi1filoJuAnnOn1t1L

= ,l,, nin'txntrsurirni.rJl.l

= chtfral'to (Allowance Factor)

= 0.1 - o.z daoiuinfifiuuarl,oi
= 0.15 - o.zs dailuilittifunlotaui

a
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79?,

I396

I3.5e6

E4tl,

84.5 s
85e6

69fi

71%

73%

75$

76$

79%

E0%

8'l%

E2%

600

700

800

900

1,000

1,200

1,350

1,500

I,650

1,800

2,000

2,200

79%

80%

81%

E2%

83%

84%

a4.5

85%

E 5.5eb

86%

E 696

77%

78%

79%

E0%

E1%

82*

a2.5%

E 396

E3.595

84$

84*

7 gqo

79%

8096

81%

82%

6 396

83.5e6

84%

84.5$

85%

E596

86e6

76*

77s

78$

79*

E 096

A1%

81.5e6

a2%

82.5%

83%

a3s

84co
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).^
nr:1.rfi 4.4 rJ:ctn6nrflnr:drrirdrrru (e1)

(3) ilo.eo{ua;i6:lorin
lo rn oitilflrdldfuril oroo: uu n a a n riJurfio rudurdl (tnducrion Motor) tfin

i.rln:rir (Synchronous tr,,totor) uo:l0nlr,,lflrn::ran:.:luu::nrlotnaitrrirdtinrudur
' '/ ' '- r " la rflutfiorifiulldfr'rriurrndao n".ldrdorlrornidruu1$n tin!..t tylnt:[fli8U 3 rfl tl]u5uoytuux trnu u!1n' .

rl::naudiru li.rrur:nrn un::rnr ::urin l o rn ai6,:In:rinfne : 16 o nldriurirlur o

1ur!rdo.rorniriolrirriiuulu#a.rur,lnrooirir nr (Power Factor)

r a rn a{rudulh urJ U niir nr:: o n ( squirret cage ) riJutfl odlf,riua dr.r n {r.rmr.r

dlurirurn dr o-.rruriroudrdlfrir {rrurrn.1 riruiurier rndulirlo ulriT:rnaf:rn oro

(wound Sotor lnduclion Motor) o3txxliliruilrrudcio.rnr:dr n-rrrunr .1 rda'rorni:iolo"
,r r ,l .a.e

ruruu rur,:0nfl2'r uo a.cnr:n::u flr:rnr:rnrinLianur n 1un1t!6onl arnoirf, olirruniu
q . - ).e , , ) , Zull n anfll u{ n.c n1a J.J'tu7t l},t 0 u'l{n atua.JtYt'tuu

n.rr16onroroDisfielczfieudi o;sio,rf, or: rornrie#adordoUd ao

1. u:.rn-ul a.J n:: unlilfl1ddol nrr riro-.r n drrdrfluirnluou dr n-.1.1'lut.l rol al
ir

uoroBr louyl2 3l !u n::uflflnululo 3SO l?aff rio a+O Lnci o:1f,furlornai#1firirii'.r

ruhi rfi u z s o fi Inr'n d *r u:-u l a rn airur olu ni n'ir dor:o :lf,lild.: i u:r riulur o s

fi.r z.z fiInhnci

urh'ifl rdi ad rda.ror n rir2. 1Dn1:nn1:nr o In are:o a'r ru !'r: nul u10r, airnT:

Rlr rdor nr:n::uslvlflr:rnr: rnrinelurn o:i nsLiu:.:c-ulurr ud.rn nnr atir.c:uu:lld

n 0 0:.t 100

- r.l - -
o0fl1urng: (!uroul)

Helical Gears

Bevel Gears

Planetary Gear

s5-97

94-96

95-98

tn u: laotaan 95 - 97

'tul{'tuttuu 90-93

fluvtlu:tlo1') 93-95
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3. :3A-U!'re:!.lUnOnOUIU n'r:ilOnniUnlUUAn Ua3n1:',nrrJ1Un21XiaUlO.rUO!OAi d't
r e ' )) .J ^ L0rnonnlrun tl4fl DoR R 0,:nufl n'tIt [?o n aul 0nfl n1uYtfl !a toatuun!ooo,]

4. n-nr*rrr;nr:lf,.:ruo:rio,rsooRn'0,:rirrild16anld rijuciu'ir rflunr:ld.:ruriu:il
)a a -* i.r.JUtfla1uou utan:Ju ll ty{ a10J

s. 1un:rfli orr u sia.: nr: rfl uuu u orr r rir: ou dr urilfirir o-lmus.l nr:16onld
<)t t). e

u a tn o:Yl ll n21! t:ltall u n o o D r.l'lutn utRoo?'t l.t t:ltar 0 ! U1:l.t uo n2l ttuo tn otYl tlt
nllr5r;audr

! .,1 . - .) ^ ..- i - - , r..J0nrjalrsn(1nq J la.Jr0roar.r.ruuttrnu rlrJonoa tulr

t A -,1n. na1oloitxfrt rri1tluun:{n:!ran (Squkrel Cage lnduction Motor) riluxfrofr
A tre & x ' I ' lr,.uu!tinunl sl tu luonnlnHf,ot1u n1Il11.tinB1 tll u.t u't n lln3!c1?r1r'] u112 L!f,'ru1]l1ru1o

a- ,/
t!r{f1n50d'r i,t.r1ufffluu1f reirfio.:ornorrrriarnT:n:vur'[yh{tru:snr{oo:riluranrutrir

.r ' ^ -, . i
n 0{1ru3 t!,t'tuu no n{uun{i1ullln a{ tn a n1trn1tflo1:n 0 u1.J:3lto:rln lo utsl,{'l3 0lJ1.ru.l
A ^ Z .. o , ) al!00no.iu0 tn a:n1a,l\t1ufl.t [o u ti]r a{J1u01n ttuf,.rs.Itnt3ufl L ]l1ii1no 2tn1:netlTo$ulj

an'rf-roari'r (Star-detta) o:ldriu l a ro airtlirir a"rrruair iir uiuu a r0r a{rlu1o1u d nr:
noR'rluriodnrtnEttflth{11ru:flo1ion-na:rirIouli Starting compensator (Auto Translormer)

[03 Starting Beactor nr: iun?urizrouronuoroaittuudrilIn un']rn?uqunlrxdn annt:uff

lrtflr
r,. r a tno{tudurrirfe u[:rooiana?n (wound Rotor lnduction Motor) rflutfiod

1f,d'ub,lfl r u:l nr rd odo" n o nrr rL ria.r nr:n:: u aL,,h{rr ru: aor {o n.r lrlfrrai o1n dr6 ur nl:r

- -) ) r
R?'lIOann1:UnO [U1l !tO Ul nUn [U U:JIJOtlrln a[rl0RO1'O nlt 1Un1MJ1ta!m1 tO

In unr:1f,d'rdrurru46 u4 i (secondary Resistors) uuueiorda.l rirlf,ia.r unrrilueireiru

No.

I
2 St6tor windins

3

I Sheft
5 B...in{
6 Hou!inr

gild +.2 loraa{rniiurriluuunt'tntllon (squlrrel cago lndrctlon Motor)

6 3
I

-

t:
4
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No
I
2 | Srator *rndrn*
3

{
5 Sh!ft
6 8€!rin8
7 8ru!h ind hold€r
8 Slip ring

3Jd 4.3 r o rn o {rxfu2ti1[esftraoizaaea (wornd Roto] tnducuon Motor)

m1ufio:flMrn n o R21u ri?rou R.!lo-a rir.ldo rdo.lou6,r os rrl ofriusi:r anrir:r! .i'r u:"!
!atn0inu1o1x.! nr:1:ii6 Stationary Scherbius o:Lirioleirrliuulu#o.ll al nr: rra'r

, i xer
Tl n.Jnlun su nuf,u n{Yl!'l lo0nt 

,^ a .). -- - &a. a In o iBo In tri6l (Synchronous Motor) rilulorooifildnlunlt6ool-nnu1o

1uqjd,:rJ::inint{n1r 1.!1u1,0.J!-uo:inrrrL rh rirg riluf,uriuu:n riru nrnairirn.r (eower

Factor) rorroroaiuurdsrlr:ndo:oruallfodlu::d'u t.o lrionoorirrnlrril.rlu
a dr,:1:fior r rorno
ffn1TO

.l re .).--
t2,, R',t n't a{.:1[Ylo: lo01n! 0 to air!a lnnu tI:{o1r L r{111.t''lofl1n ] o:n lnnln

3rJ# a.+ rir.rd.rrilur{ur6lo:rilurir{d1dfi'$Iourt'r j tJ un:riJu,rir.rdx0!noio:fi:1n1
u::$uous: lnuTrnmtrnlytf,.I

:il# +. s unnoLirfi u6.rf,nr*u:nr:rh.lrulo.rxarno{rruu!$durfrlu:irudrirn-r
atflo1in n:'rr,luflon0-nrrun1rfi1fiu ::naueirunmlilr{uf,:;u'jrl:ounr1!6? (N) riuu:,t

in (T) un:n::ufl1ilfl1#1i' (r) rdorilunrlrJiuurfiu:.r luJrJlo-uso.rriru:.c0odilda.rnr:
ree , : ". ^lol l?e ?u R10n n a12u0,t:Juio i?unu fl1nn na.I10.rfi21! ri':tau !!t.tue 10.!! 0 tn 0flImJ
r , )e t g ) sflel1rft0:lt'tnn?1Yl0B{n'lltoutJx nlyt n.J nl1ilo!n n t6i'l14ru l:{ n?'t u t:21t 0\tlt o to 0: [11

! { . , .) ,' t, - )&n.tlu 0un:rfln t11fln1?: (!n n u [lJ Dn1l.t:nu010itlJ 0 tn 0ttrl n!yltJ I n 0.J n1t onflun au
.rg "o.!n R12flR A e n7lUlt7t1.t1U

1utru:dlornaiflolin oilliri1rrlio i:rr1 1.0 6,r 1.5 ryi'r'r o.rririrlr.nu
nu:Jn6 uiorir#irU (Rated) du:.rdulvlflr#dr$uo ualrdonorn'jr u:.riol :rcrriorflu

t ^ lt ) ,e.e - At![nllfl an n']T0u n: ]t rfl t n{ 0u tu !1,t tuufl11 ! tt1.tr.t IR7u6ll1l a

3

7

6

'l

5o I
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?oo /2?ov

6000/6600 v

380/440 v

3000/3300 v

L------

---J

--"l

---.1

I
L---

I

o.r o.75 37 75 250 500 1500 5000 7500 kw

r fi +.+ riesuruel*ltD'lnrlu. r{fl1uacfirioornt oorrotoo{

Curronl Motot
lorqug

Pump r6quired
t orqu€

o

------> 

Speed (N) lOOo/o

rJd a.s ceuiln-*f,t:u'irou:oic nr:ualvlfi 6aonrtn-uceutirrou
a)

,OrtllOlaOfUUUl rru2$1

inrhufillrhn-.:so.rxanu:no-ublfl1 n".rrfu 6':,ir riluio.rerrlnfloululnlo'tuud.tnr:ufllrlfl1'j.l

o:fl'r x1:nri1u11.i1irlrnria u rvirlc 1u1n uaso?1u u1?1r srf,i ud.rff'rr1lnlo.J;uru1o u83i;

n r r(o'r ffl r o.r lr o r o o iri o:lfu'r oLi ntiirdaudnrdurilrguruT.reiuL'lflron

- v X ,q
nlrrn an1frfl'rrnnlin tc u$iellnn01n ulnnu t rll u:'ruo un!n21!na{nltn:3ufl

t^lflr:rru:anrin oroo:glior n nrt',od a.s o-nrrn=d,i'', f,g, a.liinr:norin ucia: u:J u

uo{oo Itlll

ee
@c,o
orL
OtF()

1
Tst : Storling lorquo

Tmox. locked rotor lorque
To : rot6d lorqug

I$ : Slorting currcnl

Io : rotsd curront

oxAccole rot ing
lorqus

6 n1:?11 trgruuR:B 8ntluut1ll&uu1



)--nl:l{ll 4.5 26dnltnllal9a:

lrrr''rurun' dn:rdru::uir,: u:reiu#l!'iou:.1i'ulur-ruri,r

.l .llOlnOttl.illltaU?ll1 1lUUnt0n:!:Dn (Squlrr.l C.8c lnductlon iloto.)

TS

(100-1s0%

of rated)

ls

(400-70o%

of rated)

Direct on-line

r.cc8
)

uc
1.0

Starting

compgnsator

(aub transformer)

0.80

0.65

0.50

0.64 Ts

0.42 Ts

0.25 Ts

0.64 ls

0.42 ls

0.25 ls
scJ

r,tc I

lrccE

St-Tt

uc2

ucl

0.50 0.25 Ts 0.50 ls

uctE

uc?
I

0.E0

0.65

0.64 Ts

0.42 Ts

0.80 ls

0.65 ls

Starting

reactor

0.575 0.333 Ts 0.333 ls

uct

r,rc2

r/cc8
)

ucf,

Star-delta

(Y- a)

.l .
IO l9 O:ttaitllLU2lll UUU l:lnDl!na2n (Wollnd Rotor lnducuql itotor)

Starting 1.0 (100-150% 1OO%

resistor o, rated) of rated)

lrccS
)

uc

nl:ta0n !tr8:8 nr$ 67



1. n'rltiaei.r (Direct on-tine) rfluiidirr 1dq:J n:nirio u un::ror n n Ldr:.r
) .' .-dX" d, euolj$:nnl:of,\:.tritulllr.rRllltoaot1r.l,:fin aul,r[:n01! n']:r8 a n la2truollljl{na{ot?e

A - -t, A -, -a)-f,0u'jlozillrUul rio.r u:.rolun nuiohi rfioror n riluiifieia.rnr:n:: uaL.lflrr rrr:aor{n 1.r

2. Starting compensater (Auto Transformer) riluiidLin"nno;n1:ff n1{o (n?lrt

a-lniuf,::u'jrr ur.rio un!n13 rrlddlfn"u nr.l,5r:ou; do'rdo.rornn:surlr,,lihdlf,
ror{no:lror nu rio u nld.rno u:reiuudr ri onr:aorin slu:oifior uJduunn'rtlldn:;ua
) - , t -rJ, - .l - ,? r:.lou:Jno n1:flo110 toulfllfl'tnl:u,flltn: tlt.tuon3RoflJ tultiof,?un!n1f,nfla.:10.JnTr[fl
Jx , .). '" t,
Yl !u B 9l11l1l U A tt A{ ttn:1n110\:O]l n:Ium tnilyl:Unltfl OltSlttu!UR AU11,ln,t

3. Starting Reator rfl uii# ru lr:sl niu il uia rnia,ro nrrirriu (Turbomachines )
v.e , f ,i , ,,'l - Z r,q[1nou10,tn:! ufl0:n n uu{ a 0 n u02 trffo1tno1ufl1yt01n11fl1yt::u o{uun::llff t]lll11,I1l3

-,)nn1:o03fl ofl .t r.uufl oR?unr fl 1{.rnn [u.tlt'1 t!fl o'110

4. ffoii-ronn-l (srar-detra) rfl uiinr:aor io l o,o ai#1dfi'ut^h{r u:.rdr un:
. e : ) ,) e ). '- txoroai[rnri1d1 :iuufir:J6uuornfrfl'ririJuroa6i']filiri'urir I 1 riJuuuurflo o;finr:

rf,lnr:ldnruet,lflrotir.:duxfrulutirrnr:r duuo-rndrr nr:ila.rfuilrUnlf?i11o'1o un1:
,i re ) Aul8uultl ti:3u]lt.t tljfl uu01n o'rirr]uroao'] uux o

5. sraning Resistor rfl uiidliriu l a ro airfi o rrdulirlo ulrrn ailn nr o rfl u
-- ). -iifihiu:.:iinr ru:e nrioe.r ueiar rr:nnrr n lhilr,rldn:: urtlr{'r lr n n1:n?ufl rrn11u

tir:out a.r r a rn oi rr lrrorir kirirlf,er-r qiruyn uu:J:rir (Rheostat) iriJurla.lrrard.!i
)"

tnto.tYl'tR11utuu!trnDUozu

- Z .)i30rJrlll0.Iou?uuo to oTn! tl'un Iu n 0 a nnl Inl a l,tnlJfln(q10{!aroat7l03ualJ
cv,i t ! xr. J l' .".;" ] ) .. 'Lurlrlrlrll o{$no{ ll LuolrlJn 4.0 olqan$n! Jnoxu0ll luty{lrllrltm!t1I0tna:n18n
u r . A )):u lfinn rorl11r|:u 0 tru1u t2 llMnrt1untnull an

) q& to1:1{n 4.6 :veuiuou2 la{llaloa:

-ztlolJrllou? u A E B F H

0nr$nllfl.tfln "c 105 120 130 155 160

.J.rr,- : - & .lie! t i r, -, g 
-fl1l|:U U O tn A:n l' !flfl',]tt:.Jo',] ::OUtUl A.I0ll?llr trnU lo uYl2 3) t:l tlluru E

ilolu-u::n'ufu r rilur"udrirruolfil:iInrn'r I LJn'rlornoi#f i}lflru:.rn': ueiuan
- i t t-t - Ytu0 unrrlllrrlru lo tYl uu tYt'] n:J T:nugu B

n1:16 a nx aro 0irir rflucia.rd'r $un::n"r nr:fl ar fru Inin']:::lJ1uR'rlliauhitoo
e )- - g- - c). e- !a. t'4fl8a,tnunnl tt?n a o!fl!u13noo'Jol u :30u nltu 0't null 0 tel0:?t [5nu{1ufluu1Y]? .l lu u

6t n111't,Iu.l$u0!aBnuuu.tlBnu$.l



ei I
1l

- Drip-proot open Protectod rype: tflurotoafuuurflo 1d6on".rnr rLluarRr: ar-

lr :nil o,rriuyr uorirdln n a.l utir l lLi rfi u t 5 ar sr or n uur 6,:

- Ducr ventitated open Type: rlluroterafuuurilnlurnlu{ d.rnllfauornl atoa{

o:nnonaant rto., uuo na',o',rd6ofo
-, -. ): ),- Totally Enclosed Fan cooled Type: rrluuuunoii.ld.Ju a nll n aurn?1'lfilauu'l

n'jr I ul. h,isr lr:n rrirl:l sl a"rn-uduiirudulunr ulul o ro oflei rirulu rllfrirl o rn a{
- )- - Zc )t

1U1n tB nt1n A,tOOO.t tU7til{11:AnlUU0 n al R',r:

-, 1r-- &- Submersible Type: L! uuux'tlrnuulJou o?rolq aro:nn]lofluYl frllj1:n !!n1u
q.! -ki'rir ui o nr uldn 11x or-u6 n eia n;uLiiur? n'r u.r u

l. r-, ) , ) )
fl?1rn unllr:Jo -tJo u:a n1tf,o1tn!a rn alt'tJllt.t au tn m fiq a n a u'l.lxll.IYlo:o a.t

Z I A " &r r. , Jr t ' - /ll1lt'tll01: 1Yt.Jl{t}lt1!llljodlnotuttan?ro.tlilt{?unt.ltunl:do1tooa5'llll'lll:aoa'lulfla
.).J.:nlt't:re unl'[t:au10.t!0toattvraututnnr mo:uar!']t n1Tn1$1rofl2']un tun'l'l(f,1lfl

o: ria,rrt n'rrru1n2urilil riu n1:fi1nuo fl21rr d1sn1r1fflfir.:ru nr ldleioiur ulfluu"rrio
n 3.6

l. r .) c - I
R?1x 61un1: flcrr i n l a ro oifi u o 11rio:dua { i'u a-n:1d?ut:xi1'tI! tuu610.i

/ ) r ) r j r, '.,n?lrroauyru0lJllrl,o.r!0rnoioouu?utxr!usi1a.rn11rlro0u toux?61 tu o.[uu aroo:

rurnrfindldu:.rdutlr{rriro:uorLiinr:enriotsilrnoi.rcia.rhllr uririrrilularoai
turo1uqjf itlu:nfln n'rrflo1{o aroo: rir uuolfiloiria rroi'tfiaiu

. r-l , q / ^- e ^nlnilula{!aroati:uan L2m tI!{ulj1ux a n al n ]r vl l.tl u tR'! tfr:0.t1a{utlrllH fl R n
c)t i ., -r e d rt rr )n1ri1R,t1'Ull'lor!'rul0nx0roaifruuu'rurIuRlnlngiLtflo,t [a lun'111.r7i 4.7

J ,. -eo1m{fi 4.7 irrird'riulrn:grura{xaroa{-kw

0.4 0.7 5 1.5 2.2 3.7 5.5 7.5 11

15 't 8.5 22 30 37 45 55 75

90 1 ',lo 132 160 200 250

A.(4) taiaou$duar.i2$tjtrnou

luu::orr rn':o.r rusio o iuorrJnr u1u rnial uurf6 rrariu'ir rflu#Guuldrirril rr n
A ) - / .a,nro u{ir.ro1nn?lunurru n?rrn:n?nlunr: r:':inur uf,3llRll a.ttRionuudhiuv{.t!1n

1 . - ) t q -- i d . t ) t A "ro10.r uuo rulr.Iu{nulu't o r0 n n?']! nos lrnuu xlu'] o rnn lunlrtn 0 n lfl:an uun lv{ aul u']
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. -- g e , , t ,s alinru Ufi?1y{01:nno1nn2100.to0 [ u na

t . iinrr::uruomuioud.ro:darrrrr:arf,urntrn-r:lf,.lru rnioruui6rsnfn
r.Yo:tru1 u fill lt :o1l to u lru't
.:-L..)2. ae :1n1: tnrl1rllr!0 r,]r R.Ii:n an0 u turn alla]m u 0 urlr to u8:o]oa{ fl1ll11non

E,:- I - y- ,) ) , ^Uul7t{ul UUti A tfl I n tt 0:111 lJ 1{11 0 a nur'] t! to }r a nufll1lto 0 { n1t !i,r 111Y1fl 10 ? 10l lnolu
. A A a rt ) - , q ,

3. ?En'ttffnliorR:B.rl:ii a{fi1 td.r'l u rrR;rra n 0 t6i 11,r 0 rrJuvta nul:nu?1rJlrlluo3

m!ltorhnluld Io ursxr:o ?.ir,r0.:rdosiollf.:ru1udd.:otjyirrlnn
i--/4. 9l a{ ! n112 r,flr1:1 f,1.r1,tu11'lo: tlJUn'ttfluf,! rm autu[t.t 0utllonu101n ttlnun

r..i,lrv-g J)-
lou lolt't:0u'l{untu 0 [!nu]J x ttuu t]l fll91.tt. , t]l fl1u'12

a. . A- I r. ^ . ,l5. n a.J x n'ltn:10 ff0:J21T;ou tnu.t u8:frl1ltf,uR! nlollntnolu0: [!uln tnunl1'vl
)g z - z ,nruu1ul:uaut m tufln12lu2nnall :Jlluunoonou

6. cia.ro:rosaulriuriloiro:rrlr:nutarlnd
- )r
7nE1tlJ 0Ufl21rn 0 n n']t

A.- ) ) e , .)
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(230 hp)
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11n 1,8nfl n nn lul:lJlJ fl:Ju101n 0! u:J.l Iu n01lJn n l, Ilr! lrr ll1Yl toonu
. y ) - -: y r e , . )q J- ?l1UU1llU nnlUUaAn0'tnYlol4:Anlr1,l3Yll.tOlUOertAOlUOlU lUlrUsYlUUllU

. J-r - t CLu[o 1.t111 11nle{nRllttlrL2t ooao]luaan.ualllltou't:it:n1,1
. .l- ! r r - A I .- ?1'luu'l7l a.Jnun1t [1rrf,u01lnRU ut olJultuotl'].t']u
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!un1T rt?1a? rvr oR?u R uo-nfln1:lxR o!fiann:?n flourir r :J::-tmf,llo.Jn1i r9;u
(cavitation coetlicienr) drlflflualnr:d 1a.s; n"lf,rdoufinrdu.rilrgrarrnrir uo1nn1'trfio

- ir ,,1 , a .
R1? tfi!u tuu m:t1n ni0.! tlJo.tt0.t?182 f,n

10+Hw
... (4 5)K

h

Iou x = iutJttfrn{taraliLoiu
Hvd = Ldaallua'udturh ai'nt olrl't dz

hu = a71 ugry fi t) Lao1t tLra a n n77na rh vzt dt dn titi'ttitiuatl uuonsi'tt

a a n $ a i J vt i't n d1 uvt ti1 t a J d1 uvt R-t a a't 7 1 d2

Inun"r.1 1:l K o:n'a,,iri'rLi{0un'ir s 1un:d#rflum{rilnfirdo (Bunemy vatue)

uf,lo1of,on.lu1rlrfia r.s leirirrilufl(rdfid'uruilo - rilorilum:.roIu rriurilum:rnrru (cone

vatve) niom:.rnnl (Batl vatve) rir n, drrilunr:arur6iurrorrrsnonrnn?luod1u?1{? m!1:n

vrrldernnrr r unnd'r.r1on rae nrl uo-udurir uo:un'.:rr{r lun:nido"'orrnlril uxariu (o)
r . ) - t .- - g

n n n2u n x [o u2l riril6o d'.r o dniu sirillnr,reirurir u rir h, aroo:urlcior nnrr u uoneir':tatl

1o,t nrlvlrrol a.rr:'uudood.r ieir il"nt1n1:1$n ryil riu o-.!rie {lfluiilrr 3.7

fzl riorjt;rru
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1'',t R',t u''rut8 01{

(Sluice Value)

'uunihoanorn::uu
* ria -ie o'r uiauior o rnaflvlflr

l^-)
' n1:rf, lJtao$0u!1nr!artlnuTuro!Yt

z ,/
' lnltun ljBBnnln:luuroln

IJfl?''IIJOUAU
. Lii nnr:riru ri o ri aLiiluri-r.nu

.Alla: onau$untnutn:ai

':''t n? ngttfla

(Buttertty value)

.- i 2 , ) -' tnuorvt0uunu!0ano'tn1:uuYlai{!
n21!nuttR: tifl lun! ae:'']n''t: LllB

- rfln -ilnrir uiauiar o rnaflvlfl-r
.A/

' nlttnutaoR.tn':'t?'t8lttuuu''tutnautua

rllorolrYl

t tu r:r: dr u:"u n r r o r: a-nlt nr:1u n

r!0r ounirlolJu
z* tnuun !aanoln::uuYlB

?'r n ? Yl1,: nfl u

(Rohry Cone Valve)

* urni, o ono'rnrrrrun:n-ruoro-ntr
nr:lnn

* r'rjo -'ri o rir u::uu1ae:ainliolv{flr-;--)' l!!n't:tRUrtet!0r e tn!n

.;
' r1,11]''t;n''t14:un:$Ytt,orJo.:

rlririrs.r
' 0Jnun']:[uau0unRU[o

n1m1.!1UC2U1;UU lrOt88fl

rlo't1n?

(Check Valve)

+ a{nun']: trnuaunRU
.1 .. :

' Yl'ln,]$o?uouro,ll8 0fl?1t t:? luYl0n1!'']n
ir

' ! n't:tiu trctu a'lD { trnl t}t agr''t u
* i n-.r urrioo'rr iuun:i of,r

..- !r ln n o 0.r v't 1.J o 1un 1tJ t:1111{

!l!tln:2'']n2i.:uun ua0niln
::UU

.-^ g
' lnnnn., nlur0n'tun 15| lyt ru

)a :i.t!taoo1
* orrririrta.rnt unluvio

J:;!r0r 1.5 n.zisrfr

- !.-,.t. --. g
:nD1U1lrAU [U aUR,: n:.lU

- z), , a .oSnir a'trmaoot arnu

- linirrillluen r6n

11n?U',tUn::en

(Flap Valve)

-\

r ua,tnlrnl: tlrSuauna
i .. ,l' Yl1tlUn',:!JIUrotu,t0011lJt:? lunao']!1n

.i.' nltuoulsl!auYl u n''r:r2u'r,:

vlnrr{r (root Vatue)

1

- a.r ua{nunl:lltsuounaufl nluna39
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* oro6onlutrior riun:sn:lriu'r u:
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riluriarufinnf,r (Steet Pipe) rni auqir uer:riuefil usiril;l.r o d1ffiufi oro1f,il o ruf; nuri o

drn:"uriarii6 (Potyvinyt chtoride) rirulr qjlf,nir.rrudria,:nr:lurorioLirfiu so ll.
a -Zn'titR0nt:o:JTu!tn:R?1ltuu1T0nm00:Iin1:'tn1nn?1uo.n1u[uuf,Jn1:ln,to?to{

,- A
vioor-urf,ourornu:,:ne niuun-rrio nn onourlrrrinra.r:ro,:rrnrun:drnrinta.rn'ryiarol ririo.r

)-i.
n1:rJ,:Yl0 l,'t |,fl nu o: n o.t ot?o f,a! o2 u?1Hunr auu't yt 0mn3:0,t:u uT.l noouo'l.t I nn'12
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71ouu5l x']IJT:naInl:yl01t0l']tflIa
). - - r IRll llvrl.l'l1a.J rJu.JYl a o:.1Yl o 0.!tt.to11lt o un't u LlrYl nl uuo fl1lr1tnR1u?lu tnnln

f,!n1t

p'd

-+c26
.. .... .. (4.6)

lnu I = a2:,utltu:.ta,rrJx-lra (mm)

p = Ll:,tdunl 7uiag,tqodaanuuultiiaiuld 1uea1
a = duri't1ufnat,tntuTwatia (mm)

o = allulriudt)olrh" (tuea)
, ) r-"c = rhfia'lidluiuatanttldnuultulu (tJttu'tu 1 61 3 uil.)

l,-^!-a
n1:ln a n?tnltfr a n a0:1110 unuuul0 tto3flnl?i nlTetoo{ ?rnl:o aYl0 BlJ1Jflln J

uner.rlfl uJ:.ld 4. 1 7 mld o uuuuriro'rulo ui udurJ: rfi un-uir rfl uuuudl;n'ufi 1 trJ rhuiu
rioruronnr.r un:nuroln r! nr:eiair u rn6 ur o;ldfruyioluro rdudrgurinar.rLirfiu t oo

UIJ.
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lJ10Tn1:Yltl't lt'1r fl!.lrn3:a.JTll u,:.I o u ft1 lt ttlll u1?1,0,tyt0 0? u

(31 noeo (suctlon Plplng)

nr:do:lfiilrir.lruleio dr,r r5l:i:;f,ninrro:eiar G o or'',ryiao oLinnsio.r n1:no
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Int eg ral Bu E t-!Je1d

Slip-on (1) slip-on (2)

Threaded Socket-lreld

BuEt-weld Socket-weld

Parallel threa.d TaPered thread Union

,)dfi +.r z iaeioilo

Jr 'g ) -dryiaqo uR'r1rt u1r o:oio.ldolfyio nr oiu'[ rrd'rillrfi ailo.ln-unr:alalr,,la.l

01nlfl1urio (3rJd t.r e;
i r . g --Cn1fia0nrJ1u1o mq n?1uu't 01un 0{:J ! n1: t,ttiafloo0ylaHi,tn!.lJun!fia.I [,1i

rianou'uunrul (Eccentric Reducer) o-.1:rJi +. t g

r
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t--
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Air pocket

Correct IncorrecE

pJd +.r e nrthnfrorioqn

Air pocker Air pockeE

IncorrecE IncorrecE

Correc t Correct

3rJd +.r s nr:t#io a n uuu nlitlt! (Eccontrtc R.ducar)

^z- d1!n1ihn n11r drurutdou (stuice vatve) or:o:6o#rrr{rLia {lurruruou
ru{:r:o::iraf, a.rfunr:a:ruo.:r,,lo'ra1n1fl1ti6n'i1 (gnd a.zo;

g ., , J j - Y.\,
n'tt tlrr 81t oilJ 4., tlt R2 t'u1f, !ultolj 0,r11ltfl?t0: tuunl: t$nmnulIR!a oJullo.t tll

- g-
n?:ooo.:iJo,ro !ouor{n uu1o1r.r1l0,:t]rt nlrrmr o,rriaoo::u'ir':'tt"oraniuurirorulo.rifuo:
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6a{ lluoun11 3 rYlln o{llu1o?lll'tn'tu nnttJTt 4.2'l
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Air pocke c

Correct

Incorrect
Co rrec E lncorrect

3rJd +.zo nr:6ansrrrdr uuuururdou zid +.zt nrr6an'oia.ra fiurioaaloofil
a1$nona

Single port Double port

F loat

float

grJd c.zz rrdr::u1ua1n16

1+1 riaiir u (Dtlchargo Ptprng)
. ) ,1 r,rg-

ao'l u0:n0iIl,u'rn tfluH1fl uunnlnnrfi r1:fl tltyt 0 llr tllrnen1:riurtoulne$
- r, I gr. -rfiu'lrl riiorurorrirorudruiir urorillhjrvirriuzurnrio nr:cioe :ldi-onofl:.rnr? u (con-

centric Reducer)

A .l^ - : i, ty J rtua{01na1n1flYlnex1n:J 1e:u1(:nri0utuultlnrmmDtn{{allu n{:Jaln1flo.l
. ;. .'l - U - . r.,i ^ Z

no't20ituuf,{no121.rn111r48 llrmB o{llun1fl21uo1lLufi0 Llroll nl'lftuu fl?rono.t?1a1::lJ'lu

ornlflluuir? d'.:nd1? d'ntnsno.J?r{r::uruornra (Air Release valve; uaelliluJ:Jd a.zz
r - & t i r. . ,:- - - ! t rlunr:6ei':rionelnurir 1 l:J nr urioono;d ra{ki::oiuFrriruian Erutlfl? [nun:,t

uririrriooocioornrlnr u6neiru'lo.rvioltylou (sipnon) uionrn-nrir :!u:i1nA?li16{00nnno
. Jg . r ,l

lr0it?ro [n Bu e!aa{ Lx!T nn11t: u!oe u nf,,tioyl:Juo:?11.11u la u t$ 0n7]n1, tn R rl nv{0n
- -Y1it.o:tnon1fl nu1 tu0Uutrut11.t1ll
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-zn1: la 0 ntlu un:0!l nt0r 85



^Ae!(5) n'lrtrol: 't lioit n'l rn tsYtn 001{1 (water Hammer)

' )d I A . r xaht*nr:ffr-unilnlrnrrfnno,ni'r (water Hammer) rfioiurilanrrrrirlunr:lunlo.c
.J.-/-,),)

1a{ t$R1[UYlaInlrttl B ultutlf,it0u't{ou au $JLtlll!.lR L?llnoflnunltu]RUl{u. n{n?l!oun1u

lu ootir.r:uur.r lu'r"uugurir nr:n::riua.niro:rfio:l'urdo (t ) rfloun:iler3l (z) r0oun:

florr{r ra: (s) i nr:r:Jd uuurl n.:Rrr r rir:oul o.lril luu::orf,ir q?ilrrodndl? n1i
e) , ^ t ) a ^. c , , , e )

n::fi,rfir,rurio u.; o:rfiniuri afinr:iloill o rjr.l n:miuu,-uo"urfial uornn::unlyh{rliolioi
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rr aro:u a{ nuR?r r r6iurr r uri::uuyiolo u fi ar tn o !r01n rrr,r n::?inn orrlr Rr:
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J nruviaiir urr n

- lJ n1:ruo -uo11a? a ulnoull Bu
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-:nr0!n21ucunl n ? 1fl21lt o ll?t o itu:: u 1n 1fl

:1u n: t6 uolufla.trr a,rnirn::ri.Jr a.rfr un:nr;il a,:riulcl'lflflunr n rur ni a

- ) -, i ^ < aon1:tfl0nn1 1lo? ffo Ytt]l llfl2 uljt3 n ouu ! n:]10'1TI]l101nfl?1rJ u1J,t u:.i7lo 0i n11
-))eR?',]uvluTtlus 0n1rnentallflt0fln ta 0utuo,:lt101no rufluuo,! 0{1a,: tlrr$2'noroonf,u uR]

e,t : , J, ., -g L .*.'r" t -ltu't7l[R:'Iu1o1t 0.Jlllfl?tr14:Jt3n au tUun2rJuult !un?uTrailotu tru [u]loIn:t:01{]Jrrno:
xe ! I I " , )'[ri*rr or n nr:u d a In n: rf,ar or n or ruun on ryrraJfllnml ai rr Brlxa riluii:rJm:r roxt:or l
) r-naontluu L2

)
o1r1.r!4 4. r 'r 4.1 2 uo: 4.'l 3 0:x onrfiol o{Inn:dlf,li1dudru1a.lirjrdado.l

q-9 - " - : -ttu llflul on[$a?xufioln sJ m :ull1u.t$u.Jl|'u naan tuu
: ) a ! ! ,3n. rlr ssornir:rlfi.nir o:Jlnouilnfl flolnurifl usrflrlu
! -- lt t a i . , 2

]t. ll'lYl,t 1l'l tf,[n:n :ou1tf,un1nn1t,luLti au

n. rlrn:rn un:rh nia u

O!
( 1) tutre (lmpellor)

o?r!tti.:u:nno{lur{no:o:rosouornnllrriu (stress) durfiqornu:{r Cu#,:riuriu
fi v. . A a h,l ,

n21U11?TaU 1(nrtirl!!flOfl?Ulr4 0: uJUYtA,t rU fl A.C tUa.COl n ! O rBnUUOTr,:1Un 0n1'

4.5 nrzf,or:ru.tr6ianido
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r R n fltYt''l

(Gray lron)

FC250 35 mzs
t,iIrnu.t'tu7]ttool u1(:a'to

rnHnrufiur

(Ductile lron)

FCD400 45 m,/s iu u:r1n"a':

?1UYt1UO0n',r1flnlJl10

rlrs:arn

tu an lfltIlJU llfl,t

(High Cr lron)

35 m,/s ?luYll1roan1rflnnr0

Ylur4'runanltnonlau

rlr r:aro
,i'' rlr,, t'', , uo 

=

olnau Ttu

tuRnfl1:1JBU

(Carbon Steel)

sc450 65 m,/s J', IIJt IO flt

numBoaBl.tn::unn

rg:aro

rird.:c',ndu

flaJtlrlaa,,

(Bronze)

BC2 45 m,/s YluYll[o a n']:no nlau rlr e:oro

rarrr6a,raau-
r.laerllaia

( Ptrosptnous Bronze)

PBC 45 m,/s YlllYll1lOAn1lnnn:au

nuYllun0nlrflnr:a

ti',otu.o
ti',fiirti'IuIorn

t f,nlT llll
(Stainless Steel)

SCSl 70 m,/s YtllYt'tuoanl:nont0u

numl[oanlt n$:a

rhs:aro
ri',i-orti',IoIotn

t a n l:f,'uu

(stainless Steel)

scsl3 65 m,/s nun'r$$0n1lnnntalt

YluYl'] oanltRnu:a

rlr a:arn

ti',fi-orti',IoIorn

rhn:ra

t$an t:fllru
(Stainless Sleel)

SCSI4 65 m./s YlUt11UOAn',tlnnnl0

Ylltnlunanl: n :0
rhn:ra

e r:r.rfi +.1 r lanriildrirlurio

uf,a uf,3 turuuflurl

(Z) rioufrl (caarng)
) - g -. J . )L u

tfio.rornriaurllriluiurirufieio':iuu:.rriunr ulua'r 6.r'il tflurionn:?oflau:3riufl?'lx
o) . - J r !
oiufiorn'jro: rfin:iu loun-r 1 tJo-r riauuTno:ud aorn tud nfitnr (Gray lron) ucitir riluill
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r$dniirml

(Gray hon)

FC50
lr

lrnu'r1lrYr2l tu
!:un:{1uuln.t

rha;orn

M6nr$iui

(Ductile lron)

FCD400 iu u:rkirr
t'l u?l't uo 0 n11frnvl:0

rg:oro

rirfi",rzrirIiln:n

aDonfl'lTU0u

(Carbon Steel)

sc450

Ytu?l1uo0ut.,n::uYln

lia.rtuu:d ra:0rc

rfi,rorndu

t 8n t:f,llll
(Slalnless Steel)

scsl 3 numlunanl:nnnt0u tirito nirlslo:n

t Rn ltf,ull

(Stainless Stssl)

scsl4 nuYrlufl0nl:ncnt0u rm:tn

t$anu3llln']:u0u

(ca6on Sl6al Plats)

SS4OO

(ilu:rurolnqi)

rhr:ororJ::naurflueirGauilu

Inunr:rdol

,1r1{d 4.12 Invvdldrirrtiaufl

,r:'rod +.r e lcxcfilf,irrilarfrr

t14onflltuBll

(Ca6on Steel)

s35C
&.

Itnu{1ur1? I llJ rhr:ore

tunn Itiull
(Stainless Steel)

sus403

sus42oJ 1

iu u:.r1is,t

!'lu?l1uo0n1:non:0u rirfiizrirlslo:n

rltr:oto

tltRn [tiux
(Stainless Steel)

SUS3O4 tl1ll11Uf,An11nOn:0U tird.zrirldnrn

r$Rn LTRUX

(Stainless Steel)

su31 6 mBm1un0n1:nent0ll rhn;tn

tE n1:?'t't ttrttq&!oonu!uirra&!rir

-i,r-,



)- ., I .1. -fido,rilu:.roiua.:ur n un: rilurlrrur olr,rni riaofildnr:o: riJuIn u: u:r rr

(3) rna'l (Shaft)
-' i , Ae' " - ,. u )

tflfl1trJllillfl?ttYt[nfl{n'] R.l,:1uo1nnun1R,llt1fltuv{n .tr,:o3nBiro.tTUuT.Jlluol.l1l0',

tun? a 0n?1n lulr n uRlll't fi$n1o.,ruar2uylrrllu|rnnoona u:Jun? rv{ R'] ?noruu!l5n1t n'l
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L = oTlr,allzo.ttioinatnau (m)
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Iou a= {anmtTnn (m3zs)

W = aTltnii$tattiaanatnau (m)

ornrrn',rd (s.s) nni ( 5.9)

o

L.W
) - t-, t - r ,l.r,rn:rulr !o?'r R?'r ur:11un1:o no u o.ror:nauo: tiiuio sru to uo:.Inuflumr anu o

un:o:trird urriar n-uorr ui nl a':rir rlnr:d 1s. t o; doroo:hinrrur,,lr uleiir riluil3-
: ., r A . .l ) at A r

l]1o:T o.!!l1rt]un nu'tfln ttnlytn: u a lJ L]ilu n H1u:J 0o noi n auE'tu]lun 1 n'l11\tluo: lou
) 1- a ! Ie' -i .l

nsnBu6,rn0oTlnlionnrf,.Jni'r v ornnnnrnu [.j [u:J 0L-0a1n riunflu I lozltuurll:t lranlt

iun:noruao o un:rino:ri'ruuoLiiurir urilu nu.ruo:cia n:.trn:eiaiu (m'tm2 - day)

nmurirlunr:n no:n auo:dua drirrurot{u rsufnnrr un;rirurin,ir um;l o':niu

n".:r:iu$uro.rlflt o,,r'',o# 5.3 01nn1r1.rri1,ir rfluo:sia':i nr:orllnrtbir:r u (nmlrir'r
,i1t 1i 2.65) rurordurirsurinnr.rrrrn'ir 0.2 ini rro:onollu orinn:nau o:lri'irnr::
lunrriuo:nouro.r ao:r rrir.r 0.021 (m/s) x (3600 s/h) x 24 (t') = t,aoo m"/m"- day

uioo;u or1lili1lun ilruriatjti1rirfiu t,Boo n:r.rrroldoiu eiodudriari'notnor 1 o1r1.r
,/ ., - )- " - ! I U )- rvt! cttd.t r uoz rR1lfi !no: lil ttnx.l']uri1 0 orl1 tf, u lm'tor a.I]lllro nn:n 0u03111 !onl fl

f,In1t

L.W

nr:oonuurl:':rurir

(s.1 o)

(5.1 1 )9

I a. .,
n1:1'tti 5.3 62'rrlr2[unr:nnerta{auR16n!nau{{r62'rrol{1'r1 1c 2-65

*W),',',,,f, 7,.;.,;$!@);,r,,,,,v,(ry,,r),,, ,,.,.,41{.9.4..-:.,:.r;.,lr, tz),t,,
1 .00 100 o.20 21 .O o.o4 1.10

o.90 92 0.1 5 r 5.0 0.0 3 o.62

o.80 83 o.10 7.4 0.02 0.2 3

o.70 72 o. o9 5.6 0.015 0.155

0.6 0 63 o.o8 4.8 0.010 0.o69

0.50 53 o.o7 3.7 0.008 o.o44

0.4 0 42 o.o6 2.5 o.oo5 o.ol7

o.30 32 o.0 5 1.7 o.002 o.oo28

raltlur$n : d = nxlnriugi'riuiinnr,nor ounrorln o'tr: v = nrruti:lunr:nnen

l15



rirnllririnq6 (criricar vetocity) fro:firLin:nounnoulildfiuilori'rlnrulciorn

(sp/0s(s-1)dc (s.12)

Inr = a71att77n?a (m/s)

= thaztudaam x = O.003
,)= a?O',71 = O.O6

= tl'tulln,drmttxornJnou (kgt/ ()

= nulaaiurhf,uinaNtatoznou

thu:-un:naurure rfrrciraurtnnr.r o.z iini rln:d.lioi'turiiiril rl,t1! 2.o5 nt.lx
ririnq6o:irir:Ji:r,'r ru o.2 3 n-rriulunrrrJ!ilho:drnunLinrrlrirrodulunr:lunlo.r
rirluriae-nn;naurir n'ir o.z 6.r o.s rln: rioiurfi

v .lt o . J..olnloun?l!oo1n t!flun1Tu o:n1 uo:: u3 t2a1m tuflgnouBx?l{a o unnoulu 0

lfiirirLiioun'ir 3o 6.1 6o iurfi a.:r16ntor oo:yrrlriorn

(5.1 3)
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H = T'v
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uRr ru0.t01 no?l lrnnn 0.JU aonn:n0uo!r,u0 unuT!olJg1 yl'l{01unol 0nu aflue2u
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om r ri: ra6u:lo.rnr:l,unlurjoo-no:n ou v o:sio.lirirhirfiunrr lririnq6 v" #::n"urirrir

.l . )f,onnlvrllot aaonu,uu

(3) IrJuuuroolioenn;no*
A , - e . ! ],ftlllou00no3n0tl0unnnuu0flJn1nn1uty[lEu1 ll17t tl'lf, t,t 1u1nu00nf, :nout:oo.:

rilunr:trndsllrn: (Symmetry) n-utfud.lnnr.lnruuu?m?n0irrio rColrtrfinnrrlun#rrir
rnu0 ouo:lrJurRrylnllonorro.In:noulilutjodT,rirl::iyrtnrx un:riodc:Lderur:n
r'lrnr:dro-on:noulu ooonl:ititouLicio.cuuonr: r.I1uno.rix ocino:nauoroo!ttri.:0an

tflusold'run-.ruso.rlflu:rJn'(s.ss) Io uiidnr:dr o-oo;n ouo:rhfi n: riru rirudLjlei
r I "-0 n! e ril anlrons n oune: ttlrud ol:Jnr liln6

)- c -a),nGrio d'n n: n ouo: riluor nr:n ouninffoie lliilf ir I dr u:-u o: n aullo nort ua:
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rirlurioannllrnrfi ul:J

- A Ery y ,
o11:Un1:n0f,Tl.JU00nn3n0u n:unTitn1l1u:l.lf, !tnt0itnIlu:n:nnnn l?1llll1u0

onnsnau
r lJr

fl?'t u t7?10nu171 lun luo:u,n:{nulu;03n1yluo Lllrnl [!tnu o.30 tuo:oo
iurfirdarflunr:rfiuloulf,u:.l.nu $a! o.5o r,xoreioiulfirdarilunr:liroio.rrfir n:rr

e ).sttze{ nf,11n1u1luol n an i1n1:ffu11ti0 0n tl]JU

( 1) nlunroritrrs!
) qe , .e I .

rfl 0 tl,ln:o? ner0n1T l!l't:nn']uRr'lol u31rull1tn! nrl'lnTnnul u]un0:11't olur1,lRn

rduuuu{ol.rluuurihuu 45 6.1 75 0., fl1n-ul,trufl:J n:ttn:no:riolinmltu6.lu:.rflade :
!-:uutn0ulo.tu1 nlrti:uR?1uuljilut,l,| 0Jn3[nliYl1le u tifl1u2'r{111.t [u[1l2t1ue1ulJlo{t o.t

o:unr.r 1,u'r nl olrior rino:do,: o onuuulu'irir nr:rf,u trnn urfilila riluRnflnhirfiu 0.6

fi,: 1.0 rrn: un:nr:uduirro.r! f;nn:un:{osriruunbiirirnlnohirfiu 1,/600 6,,

t /Boo lo.rn?1r,n{r.rria::u:mrr::r'ir.rooiurirurinl0.r rn6nfl iun:.Jliu

1u'rndo.r rinno.rn: un:lo;16ondrnuo0Mulon o.riudr6oo".:otiyrr.ro'rurirurir
Z )r i r.ls.rn:untuiu 6.:Icuvr-r 1 tJo:oqilurirl 1/15 n',r 1z3o louuroilu :tu'torl'tnr!"run0.t

!0{runflllltulJ Lrlru'l cn1.r J o:nlo01no17tnn 5.4 o?1un21{1a{ [H{n3 unrio] rn 0n tr
iluroldrfiu 5 61 6 run: loudruuobin:.rn-u::u:yir.ld1f,6on&rriuraorir druiufil
xulolondr 1,800 fi.r 2,ooo in6run: aroo;riruuobiiorun:,:riur u: z ur.reiailud.r

tR'r0n

(21rn{oorfiura=
)<)!uell8!:tofi21u&-|ln1n10ntflto,:tnu]JU:n:o0ntrrlSnunuiunufl]!JrlJlllll urt.te:

riuu:J:tlnrlrnrnro.rrio,:#:-Filrrrru:dcio,:rfiuo:r[Juiorirulouon.rriuo'otrnr:au:rlri,:

u ro,u o.rl:.rsurirrtu rjilr ru:r u:ei,:ndrr srrr:n ::lrnrlcl'In uldslnr:

(s.1 4)

n1:11.t UlluIa!00nuuuJ1llsut$llt

V = K'a



31:1.rii s.4 turodarrtlad 6!a{nsun:{riu!a!

Iou
,- /e z it_
i u1 nia a,fl ,JZirr. nrl RU. tllo:/ii IlJ,:
, ))

a'tfi,tiiqnoarlvt11n o.o5 dn o.25

o oTl nlt f, u t7 u RU. utol./1u1tl

, ) : ,/ - - ! , ) .^ ) - y
n1 K Ytf,.to: tnnu{1u::u'r ugl rv{a'u a.Inuqln? ut{n3ljutlt1ml u:fl n a urln:Ju1

!

rt,n drurildfou n'ire :1f,rir.:rururirornuririruiar:rn m! rC 0n1r :r lu0:n'urn:J:!-
7nu

-)tUn11lfl 0nrUnlA't tR:A.t tnlJTU: UOnl}1U0nlnUtIltlllU:tifl1 Un03gl0.tfl '111'tO'r!1l0

un::rlfl:,rran1u:rir u t u:#nouhe riurr rfluunurrnfioro iriufn zoo 6.r soo fiInnir
un:nir.rtfiun'ir 1 rln: lu;:l::mrirrit rriu e-nourrro:nouotiuufirrird.rxun'rtilluuuri.r
: . , /, ), ).ult1lol0ll tts'r, u3.tr.rut:n au9? uou?]1u2nn tu'ttu0u [n3? u:o1ne2 r! 0{!n0:u,l?ua a u

odlurir un:rdoulunt'rlnrlduria.rfr rfl uriu
A d e ,1.. r- , ,'l-lo:0,:tnu1,u3ttu19:l,tntiylu linuauB10nu.l00n to tlJu 2 nn!o D nf, !7lon

,' )) r . , I 
n 

a ' 
' ,l0un:J7ltlvlu1n:unr{[on:l'ta.t uR!nIurn1r1TntRRouu'luylltllt?uui'lnet!unt,:uHn un

t..d ) te w Ae .e ) ,- A -luffanuH.illu.l l,o o'l'u u:7to 0,t tnu llutlt't t1n n1:o: tilfl:o.t tnul u: uu:J nn 0 u nuTl ft?-
, ) . 1- t -

a u1.J tnta,J rnul u:!ons o0

n. uUUln lsfi,rta (Endle33 Rotary Chaln Type)
., )- & -t.,1 r Z ,,i ,l Iul1$tuudiooniflll0nu [.r6t$ltu:au tnl{ {no{n1ututtll20.t 07]n03tflRollntln3

f-.)A
nl1nlJUrlUU1nl n$U10rUnf{ n1T'nUlllj 0,, t.tr0'tou lnn0.r't4ftm1.t nB1?n0 lluuflnT]nlRnau
) e a ! a )t : , , . )nn.Jrlutlt[0 1 un: rRR BufriuTr']{61uri1uli1uri0 uriln]unr{ i't1 ru o nuuull$'!n:1c

K

o

,iit +.: ..,

ft!

.:1\_:. '{td,}/ ''(tf$
200 20 700 30 r,650 60

250 20 800 30 7o1,800

300 20 90 40 2,000 70

752,200350 25 1 ,000 40

400 25 1,200 50 2,400 75

500 25 1,350 50 2,6 00 80

600 30 1,500 60 902,8 00

nr:oonuuul:rruir 119



o:rndourn'nlmr.rsirurir urir:ro.rnrun:.: n-.::rld 5.35 n'.rciruuuun;eirudr'taolrnio':tfirlu;
- E ,) -- - 

' 
) r

e 3 r n a rfl o,riio,t o u rr au.rnu tritritj6rnrrn lrinmot u:uriro: un:,:t llll1 !uo\:olnrlo
i

fe)dl-)t
e1neYl1{ tn:,!nTln tnta,ttnuuuulle !t u13nu{'tll'vllt u!u1u1n tnnuR:lllJtlt'l lu l!mn tru
lu.nururir rC o ilrfcrir rf, u rfl udu

tl. uuutltryllr.{,rtltJltin (HoaW Duty Rota]y fypo)

rfluuuud,:lf,fi'ulu: u1:J or'lolrulnlraqjd.rn-:.r rndouloul.rim unruo:t6utlnrl
-- )- E , I y

1',t.tu.tnu.E.:nnn{0uY't't.:o't1l!'l.ttl.tn0{nlu o11003l1ll1t0']nn'tuuf,.:?airn:un:.[l1ffo1ullu1tt

Ft_

tvLtyL

n. fl tl n lnul u ! u81lt uu8,rnlir
e -!n1ut1,lu01ll

iild s.35 reioorfi

1. fl tl n tnul u: uRlll !118.t nlu
Ytlu111

urgcuuulddrunr$

H.ake
en

uide

Drlvln unlt

conve or

ril# s.se,"ioorfiurnruuurlunl$,r1r. rin

120 nTr21.tltlluun:00nuuu{rugu r

I



)t r : - z - I . : I
,.r1llljf,1U01Un1nm Uranul 0,rul{uun:!U::intrn1yr Lunlrrnul u:n1n}luYl aiu11Jllu't n,l
- ! )A . !. . A o r)q erlie
l.t?11'l nlrlln 0nu1nlu?lu1fllu1,t11lo;1tfl3 unl.t 0nte nu{fi'l vlulY|l10,t nu lll l],l]tu:1.,1floH']u

:io.r'ir.lrr ru:dr n:rou uurr do'rurrir roia,: rfiut u: nurd,ituuurd,do6 aleiun:ruur:riu
- ) : lt.nutfi lau:uuturilu:Jilrrulrn 1 6ro:xuld'[u.l'ruxur urirrfi oi]0.:riuriryirl

I
e. uuue llaJt.-ait (Roclplocatlng Rake Type)

))l . x-J^VnlTtfl0au luR,m 0itfrT10 0'10fi1 [o u l1tf,'t ufl1u ?lT0n::!an laoTaf,frYlfloo.iau
A - : - ,) ) , - - t i

l$uaT:nuq1 0.ttut1 5.37 tuan01n11fl'tfiT]on:n1101tu:t]J'rll'rfll1ul03Llnt.Jltn1n?101,utv{a
J .t

Yl'l nl:[nu 1u1er10.l1t u37ln: tnu [on3 n n01no to u?t1{101a{n110 raJ

)Ail. LUUOcUfl:0tAAO$n (Travelllng Scroen)
)aJ,eA

rfr:0itnu1Jur[]ttiuo:UT!n0u6?ua?nn3[n:.!t.] uu.J0antUufl?u rl [ululfiuuf,iqro
ntruultiar unrun&.rflanri1u rfluttuudrulr:riunr:rfiur u!n:16 uol]inroll a rir.r'iuri.l lor

-x,, .l - , ).e- r.] e Alru:uu1:J0:nntnu l.lJnouuuluun? rnu ri,r 0 ttnx J1u tlig'r rruu nu:.I rn aT ruuoru 1ru:rl

fie a ddoroo:un:nn:n n diio a antlllo l nr:lf,rfi 6o 6'n rru:l o.rrnia.r rfiut u: urrduao.r

l? lurrl'r,r 5.3E

).
o. uuue rlit0nlil1l.lnga2calai, (wre Ropo oporated Rake)

,/ ^ Arr r A ) t . r A .t
R1',t9t5.tOn el{ [2lJUn n n 003 tR a auYletl l,l:1JltltR.tvrll10: tln:{ aog.J0ulutl'tn3nn

) , tJ - E ) )
e .! [1ln un?n f,RituBsn?1u t!BB n:Ium.inonn n.tullu1u]t1lrru3yltflnouu1 u lo n0:flM:n

Guide Moto r
Motor

Rake( B)

Wiper
convayor

Arm rlii,

Rake

ree
------J\l\ Sc rEen

'i,

nr:oonuuulrlru{r

:Jd 5.g 7 reioo rfiu! s: uuu 611ndn.no

nake (A)

t2t

tlHltl



I

t: Fr me
Chai

r rJ d s.3B raiarrfi u!ucuuuosunrnlado$d

rir utJf r.rruLiuar u uli.r ro3ar rfiun uruuud! r,1:riryr:-r,:rudl u:Lirr n ra:eia.r tfiu tflu
z , z ,, e ) - ! ..Jnt,tfifrzrtlluu t :1Jnfl$tu:T a.Jlnia{ rnu1u:uurjilu.f,on t,) turrlyr 5.39

lle s hed
screen -+-

c+

1sy ra4ooiirtiuoaul
)d v )

uu!rtnuBon01no3un7,:030a.tnn1uu1u00n t'unlnutt2Iut:irnuo? uu1lllnljlls tllo
t cv A ^ C ) . t .l . r A -!nlr[iln:0{rnulu:no?:o:oon,:tnta.t!i1t8u.t1lu3 !1n?u 1u:mnntnuloutfl:oit!nn:

ad
nnnlulYtf, .IJuT1Jfl1tau{ff]uy{'tll 00n luo'tnu:t? tRT0, n:J

) .. )-, .r .x,
ltu3Yl o n 01t8 u.J 0 0n 110'tooiufl't ufl'tuti't tB un anrorlr.ttu!?Joa !n unru'l tu n a.t

rfiuli:iro:rr rio u::1n,r1un",:flau (Hopper) rirhifidrirui:.rno.r adr.r1:fiorr :r.t

I{ir e

ra I e

Conve or

e I

I'Ilre ro e

Rake

-+-- Bar screen

BeIt conve or

-r+-
+

Sc reen
Rake

(a) Trash car type (b) Suspended type

3rJd s.ss rc4a.r rSur u:uuueflad1.r1r.Insa1n rta't

7

122 n1:llJltHUUB:oAnI U{1UflUU'l



.l , J r. - )a a " - t'dlrnu.run:n.t aufr'nR1?[n:'[xt1,lr1!nutu]mun?'[Ju't? o?0u'].iln:0.!n1tnu't1lul to

unn.rlflurild s.4o

H3C IBC

HBC IBC Hopper

H3C Skip hoist and hopper

HBC : Horizontal belt conveyor

IBC : Inclined belt conveyor

:rjd 5.4o reiao:ir ra'uolus

--r-

n17o o nuuul:{ 
Eru 

li1 123



a/a
u%mn

124 n11?'r.ruHuu,R:D angulJ.n,IrR!rl'l



E

arm[D

ort os nil ul uil re 
= 
nrs o cu rr urI

o. r arj n:nftllfl r dr d-o

Ttntsialifi nt r.a7 f,t ua n tu u at u a u ntti't.t't ut a t u a t da t fi n1't 0 a n LN 1r

a e I au
au d Boaa o J nuaTluoaJ n1', nl annlu lfl7,1ua:1En17a)uflunn: la uonlounlaJLuu

/ . e , ,s , &
LAlOn Lgt A11 U O Dtn17 n7sllfl Lylfl1Alnnln1 nO tafi1J 1|17 AtJn'r rJTJnaLLnlUU

n1: a a n ru urruutlflro:eio.rlfinl u rdafi oldluriu., uo nt uodorrir rrli i
n11(rutffuuou f,:o2nfl 0nltu0 t.tn.J1u un:!fll1lJtJ8 aonu [un1:u'11,]:nl,'] tuljllutou'tnu

,YJ
ounrttr!u n1rrlro:o a,: u:rnrrrl:;ra-ott o grn::

t r I rir do'tdf rdldiu uarnr:anu:on-u

nr:rniurnr:ioyrr n::uaL,,lflro:cio,::J!uhnrln4::rfiul un:iruioriunr:lvlflr
m'rdurdor u:.ro,uI4flrdo:to'iuornsrud.ro:nndrnuoIoudrn".rlilflrddarnr:dl:.r
auri'r n:: uat4 u:,:n"ueh o:1tti1ur or rro fir n-r,:rud,ir n-o drriuloroa{rurnnnrrun:
l ur nlu qjo:cio.r1.i1il flr u:r n,ugr ua:rir u:.rnuh.lf,rluar rr.i.r dlo':"u 1.:ndrdrio.rnr:

) . d" ., - - Zf,lntulutRnB1l 0to01 nalr un:nB.rooo{uuatl''R.JBor.r.t{ou[lLuu:t']n$oulnun'lfln1u
:.

nu1l']e ?u

rd adr rfludarf it^lflr u:r ar rr n drriu.nuauirluroluni fio;rIo.rianrf,an u:.r

dun:: usth{r a.lrrr d::o"ud r o ro afsio.r nr: oir a dr.r fi anrino u:,:riuuao rhlu::Jd o.r

1 z I nr:riranr;uab{flr

::ruir un::ualdf, rnr uluanrieurirorrialrurrrn'rnr:ldlru un:n1rfl zununlr
)a):,)

YllllUlAnUOR:OO 5.t12 lln{ tRrA{flUll1r.to n:tftTo,t aUnrnr :!nau :;uu nf,\tK21.t1J 0,to')

ornr: rniarLilylfir g n..l

:rjd o.z rflun"'rodrln-luaolrfrurrrnr:irun::ualt.lflrnrsluornr:un=dru:J::nou

'ua.rrinf,rfiui (Switchgear) ldo.ro.,nr,r.,,otaoq n:nioion::ua (circuit Breaker) na.:ult{

iu!.lo:nndruuolnurioul:rro.rn::unlr^,lflrornuurirdlr rihiu rurod.rniirrdo:dooriruuo

Io ulio uu:rlrr o,rnr:t^Iflr

o n:nflvlflrua:nr:oruo! 125



(MOF)

N MI S
UNI

N A
AN M

CONTROL PANEL

UNITS
MOF

_s_w]IeHr_NG_
UNITS

x

r

gild o.r ir s d'roe-oanriiaa uro c-*L{f r

( 3) n1rdo210.tinf,riis{ (swuchgear)
Y r ,,/.-

f,1r,r:u r:.Jfluu1trrrnnfl 1.tun::tu1n !uo.r.r [irornaflilflrriluiurirn.r arln:ni
b{flrrirrnruo:nn,l''oLioriluria,,nlululriflu riord.:ld6nsi,rarJnrrfh.lf,rnr:o:itltl
, e.Y-nnl,nl:e{u fio

lJ ,. e' )t r / t
1- nataDtf,)daLn 7a27o tnanunal?J otu a ta a7 tfl aaanltf,{alf, n,"tf,

E* & ..
(LRJUTJOU ltlil't ilU71",UJUn1flJ,:Vt OA?.LAUtr1 l Alu v,nTlmllA?tltfi.lrn
6 $ z't u a :a z nlunltiu nt ualvl o1 n tr1 a ri n m au o n ail tn d 01 a1tdl a

z. tio t a tJ nt n[7vl f, t a't te t i] uly'la t dTiiu ntt il nil a t a tit t d d aTilinttnu
-l)q:,,,.,nTilno'JqlnaTluauaalo1n1flnat,J?.n utayn lnTu rluazaon un;nlriu

.,/
aitnoyl1nLa,0nln'tna

3. asatnci anlflrvit a ni a.t fi a d'tltJ 5a & ua:il fiii.nu uazultatai'to tfi nlr a
z , r: a Lt / ttvo.ta n7 .xutf,uan nlioonloirJuflunt{oto? a7a7a

viorarln:nitlflro:cio,:kiilnr:oonuuullin1'1.rr{orirniuhn#rrnio.rioun:
, .)e - ^ 

Z u s t), "0unt Ylo0,tn1: yl Biol noo nn l.tf,10:o a{ r?111nu a Ei11,l:u n1: 1f{rnu1 l.lfl!n1$:uo21lJ

:j n anriu:r a,:rirJ!u'h.rruir u SrJd o.s un; o.a rilu::Jdliuurnr,rrTr 1 l:J rir u'l-u rir ruo
, t.il6cirr l :olaintrfiui ::dulorf,urio.rnr:o:o!nrn'ir::d-ufir6u:l::u1or o.5o rucrl$n:

t .t tt
uo21un,:ln uv{ 0nllR?1ml,ltun111'r{n"lurotufluR:n'rt1:u1u01n1fl n20u1itlurnl2'r.ill0.l

rio,:orjnrnitv'|fl r uso.rlfl u:rjd o. sii

nJd o.o rfluorodr.ualnr:{nl,rniof,rfiuflufa,:dln:lriun-uur.ruri.rune irfiirm.r

126 n1:1',',ltulrrun:o8nuuufl ululit



J.t55ro/

J
7.2]f12fiA

-- mA

i{Cr.NG PA{FI

RICTMNG PATII

zcI

c8
1.2(v @^
r 25lq

I'OTOR STTRIER
PNB.5

l&
7:r(v 20r

YAll lmTfi
5m|{l

56

t.{to

t-v rR PllrELs fDsm5

l.m zn

J&r/

I 
'TR

ffi/2?oJ

rct8

o-(l

ucHTrr*c

COMTRoL CTXTER

2,Cl

sc

zcI

!c!8

2Icr

l

lrc

fua

n
rc

rr'2.2 0.2 O-2 r.s J-7 0.75 J.' SPARE

&lurftts coaRoL
s0uRct

lJfi e.z irorirua{usufiouaaoriunronrfiirun:cudt{f r

raf

2rCT

I

Ir

T

o n:rflvlilrus:nr:nrun! 127

t

6-6 6-6



00

U

c
o.,{

t{ (.)
o0,

.,8
dp.
!)

o
o

e,
+

=

Bac k

I00

o,

d
9.
ll)

oCub CI s

(Space for rnain Lenauc e )

Front Total width

q
o

(,
r.Poul

4

rrld o.s nrtdarrlir uuri{r, o,! srie f,1fi u{ ( swttchgoar ) fnunrcfi t

88atI +

o 6e0

o
Front

(Space for
lilointenance ) oo

.) - ) -rrjfr 6.4 n1:oa210d1un*{J Oo 3119i ln rri ( Swltchgoar } anl,$!n 2

n1:d'run:3rfl1 flrlu:rjd 0.2 nTtAori.r6niiud':ororirli'lounl:d'tuutr.rnor{nIotnai
A^ t i - . a), 4or:uuft2 n! 9R9 LtJ [a tulia.J ro uznuri a.JYlhnonu t nlvl a.to.t nol2 uTll'].tfl 4 ufl3! flnlvl

u? o 0 0uYltl,r lt1! f,lt

(4) r64oo ri'r riin'trlf 1

rdaLiin::uslrlfl rornerrdrrrniurodaulornaidrriludurirn.trlo.lriu fio:dal

6n et: rniar rir rfiolvlflr ueirirriurir o-rriJurnCa{uuci n?1rdo.rn1:n:!unh'lflTfio:,i1n-o0!j
, . !,1t c.. 1y

rofl1rli'tl,ltuij 0ut1,1flauntol:l::n au t:uuuf,.:fl?1J 9n9 tun1ufluu1l'lxR?'lufflnqt.Jou

firn-lrilurornoflilflr uTrnf':o:inr:6nne.rrnia.rrirtfiolvlfl1riTr0.Itarl{ rC 41f,.:r ul ru:

30c

oo
{-

Bat tery
PaneI

Cub i Ies

o

oo.
arc
d

<n

N

r2t n1r1.rr ur.,rutrR:0 0nuuu'11$nlJ$'l



Ceiling

t0r

150 = without ventilator
400 : ventilator

High tension

switchgear

s-'g

E

o

o

I

1500 +

+
o+oo

@

\ Space for withdrawal
Space for handling

3rJd o.s gilnlatrlo,oorfooo nirfltlf1

,750+8 +

3ld o.o i'es rirr nrro'eeroir urari'rlooainf,rfiu{ (swtcngear}

o

'|l

IIIIIII

(,
=
o(-)
z,

(,
z.

=o
e,

d,

CEoFo
=

Fq
F

o
o

+2
-f,

eF
(J.

==:c<(.ir cL

=

o

r,750

(J
eq

o
CONT,ROL PANEL RELAY PANTL

|,000 4,750 600

o n:rflvlflrun:nr:nruou t29

\

oo



nt:uf n{fl111nnluuon, ela.J

rniolrir rf,elilflrrhur.un6nn::urlylflrrh:orfno;fiullf:r-u rndaulnuroialuud
6rrn rurolo.rroiorrir rfiolilflro:nrln-ornomun'ornr:n.l:urt4flr:rr olldo.:nr:rrsnIti

rirniurnrinuornoi#lu4dqontie n'.rliud.:rnio\: un: nl:ao n{r o.r u:.re-ul flrdual
qe o e ix' A . - L )tn nl nn{1un [c01n rfl:0,: uun0 ]fl 0.t l]t u.lyt 0 6l't u:u nlTH n n n1t3 nIfloi2l, ru:10.r lfl1a.c

^ Y .l - - r .-. ' Jurd r
nlruo ryryrl niou1.lnlronni,rniorrirrfiot^lflr1ufo,:do"o1flul:.:rurh usortflu:rld o.z

tr Ganarolor Sal
gotlaaias

600

G.n.Pon.l

LJ
500

ulrunrn: ldii-urniorirriaL,lflr Ac u:,reiud'r 4-;i
z 6 o nrr r s'ra a.rrio.r

.i - ^ & .tflJfi 6.7 a-nrrgtrlnr:f, ndrreioorirrfialv{fr

e.z t6uasrfnnor.tnfl 1rn?uBxnlr?i101u
r I ) ^ Al ) e a, Z
lu.tl$nuu1|tr{oe nirxutuunl:n11t n1:lcutntBr!fllj0:ea{nt:t11au1.Jlrju?unau ufl:

r e,li e lr t ! )- - ^ ) - .e
to u itYlultu't7t tc u tol{1: 1ut! no'tunuulylYrlriu u n1:ro llrfrrD.r lr n0: tnt:uufrluoLtrir
o-olurlh rC olfr:nrnrionr: iu dn:r nr:rubirao n dolniunrrudo.r nrrd uJd uuuil n.rtrl

40

75

100

200

250

300

2,200

2,500

2,600

3,300

3,700

4,300

900

900

1 ,000

1 ,O0o

1 ,200

1 ,400

5,500

6,O00

6,500

7,000

7,000

7,500

4,5 00

4,5 00

5,000

5,500

5,500

5,500

4,OOO

4,OOO

4,000

4.000

4.OOO

4,000

ffiffiffi

r30 n1t?1.tttHult8!00nttuu.t't'Bfruul

Yre
"=€ilG:.ss



g )- z & -.rll6.16oni.larl n:nioruRrriun ounr:rijoziloun;arln:n[i] o,r riuRrrurfiurru'[i nr:rirrruo:
f,-riluuru oln Iui6n1ufuo aurii u::uunrunllr'{flr

( 1 ) ifrnrnrunl
"gnlrrn0n'ttrn1TR?IfllJn1t111.!1 1a,J'tl Xo:O 0.Jfln1TIU't nJl O nu:3 fl.Jn1lA.J.11llfflj

: t , )- - u - g
uluu nnurll3n1lfl2unIIfla.tn1l n1tU0{nun11! Lflu1r1uaua100:Ino,l]unuuIttn]fl?uul: -

, , lg , - )nau eir uvrrilfioi.ll al a:l n:ninruR r un:rJruruxun.lrufrorofa{iufiqraulunr:rJfilr3.rru

i int n tu a u at o uti t ua n a a n il u

- atuauaizafra (Manual Control)

- atuquo'tudtauiuoau (Sequentiat Controt)

- atuqulorialuifl (Autonatic Controt)

n.26n,)rera?uua
^ ) Y,,he- i ) - .A)

nl:rour,flT0nflug17l Itnuxl s) trl! un1:0o n1:oarfl:a.Iriantaq:J n: 7ltnu11a.l
) . . t . - Z ). xe-
6.r:r rffrmdr un:a:l n:ni ::nau ollal ouluo arryrnr$uo r?fln;oo nr:no ruiarlrarir'l
A ) t , -, Z -. .-g - .r
0uroaluoR.Jnunlutil0uaul,Jrrruluoaun:r!llrBrR[ru![nulnt0.t:J:u?1n2n2ufl!on71n1l

tua riainiu r,:o:trh{r rir uiu nr:nlunu ::rnrdo:iru ucinrinnun?uorn:o'alnauld

lolunr:lJ!116nrliuooulunrt6urnialun:r,runadr.rrnilnio rdorflunr:f,a.rn-uRrrrrf,uuru

do: rfinduuriril un; o n:ni o: ia.rd'nllii si nf,no o oufnlun:6 riryr-un-n n::unlv,h{ron

taunz u

.-J
?. ?6n1UnXn1lJa19UzltnA$
r ] r .l -9r,u.J1rrfluu'r1ru1o n fl1,r $fl:nu101 ni6.riilrJ un: a:l nrni rrnounaluto n1:n?r

n rrino;rirIo ur{otb'Ifl'rd,rrh$ri'r#o''nLinr:rir.:r un 0.r rnian ua: arJ n:nid rd urriol riJu

1:.Jnrlriun ouln u foluih rir::uunr::o lra.rriluein;eirn n::ltfluriauforun l nr:rir
g v t'-.J.nula.rUum{1,\uoo:R-.lulrnnlunu'[6 [ouflun,riutl"r u.Inu!6u1 ii"[,ri!n1Tn?un! toulltu n1:

tilnzioo:nn;rrt#aurinrunl Io:(nirn1rfi '],rrulurru:1ntru:ld,tornntoiarn:roo"u
<, x, A e A .

uRrfl.t f,ru nJ1u:'l unlut uu .t lll u:otlll Lnta{Tl u.t11lu'[uH,tflllufl?lJRll

n.2fielueIlnuaol1llln
" Z . : ' J x-- - ) ] I

n1rfi'r 111r.l| anu r uuu on !ureduurnluuxo!rixriuru 0 !otu f,ruq1nr.r.In::ou Io u
) - -i - :

tR:o,t2n:rouul fl1'tuoulan[']n1uluma ia0n'lnl:I]tR 9fl.r nlrfr?untnl:uJo/u01,0.121n?

louri'n tunE ua:nr:tl:-:r:or-iR11r,ri'uo,!rarerairflurnrrornnr:drn{::to'rf,rgrgrrlorntnia':
, ) " - J .- " 

g I - r B ,l . w
1cr01,t 5l rtnrsuuRiuf[t,EJosrl']$g1t1tl:un1:fi1.ilura{!lllou0eluxnt}talrnaoflao.l
! .l .l xnuinlu!n1T Ytt R ull ttl

n 1, a rr a af a a ;af ui6 e z m u't z iu n t frd s o'r i s u i't 6 a it a ilvd d t i t'tl n a

a n: nflrlflr un:nr:ar unu 131



uarli m a'17 n n ofl in n1un2 u a u tll a LL a a dtJ', :.n17d ua n1 frin.: fi 2 u a u dt a fi a7i m u'rz
- / - ! d ,1 , /

nL t1 uq t a71 u o o J n17 11 u n1', Lu a uLLu a n a 1 n o o Lua.t

)- - :.1 ,. ),1
f,111:Ut:UU14flUf,ll U [1l!nO!U n',]tfr?!o!.:lunuultnau [u?]lrllJ tnni;Yl''l lfl ut:uu

l-orr.:1na (Tete-metering) nirr=rr'orrorr',.tlnu 1r"u-"ontrot)"::uuai.:niirrosrir.trulo u
.t ee , ft,f,qru'l ,.r1uf,l u tm:n yi ?11,1:0 fl r-! rI ''r rul Yru

-g(2) H0 P&l ua3![ooun1lm10'l$
A.e J ^at!0!an'ttn?1Jfluo't lusrou 1!'n1:o1'u nun: nl uuo [r f,aoo f, a.Jn:J 0.In:lT; n 0u

Ia: u']7ln 0n0:J nrruufl n:xu o? 0 u1.t1j0,t In nTr)llun't:tta!tR:onua [Process and lnslru-
Yr)

ments (P & l) Diagraml un:luooun1raluflx teilflo.r titunlflHulnYr 3

6.3 rn+o.rq2uniluauil16l-.r rnotn'l:ri1.r1ut
) -- ..:"

tn50.Jn?uo!ttnst ri.ltno (tritonitoring) nr:rirmuo:riluR.tiirurunrrrs:oln lunt:
nruRrua:r r r-,r rnn arrr: nr:rir,:run a,rri! [ar o n:ni rniorfi o rrrirdoreia':Lid.r urnun:
d A - ta J
lJn211,t5an a to lufl2'lun nn 0.J]J0nljatnm:1u.!'tu

11I urotiodeeun nlrri, olu
a ) " - C c ^ Zru-

tuTluuR?uflrnl ur ar tlu n to]l't! f,11rr:uljU tto olro n? otfr?u fi ro:noo.t t?nu
, ) - i o ^ ta t^ ! A ,n?eitnu:ltetn3!o .tr.iou ln f, .] nuulJ n1i?ortnulnoo.!a u Lura'r.tr.ttlunaanrlol{

- g t \e ;,vrln nlrrllri:gl4\:uu,r.r{fl?oio1)lnu0u Lnn J nutJu t}I0 Lll flro l no a n1'r7l1,l'rl{u.t1,u tln3
) , ^ - r) i- Yrq - - I

rv{ a fl1''r u'u fl aon u Lun1l7r1nl1l ? ntYl ttH,tn'tu fr xYlooo., t? tn o J nuuuorultlu]llJ ?oi
v.l

f,n1uJduufr flr1J (Chang-over Switch)

- I . ,A ., " - Z
dlUTUnl:60n{1jU1n [Uqifr,:n1:fl?UnXrIUrrUUn?!RXrilOUlUOaU (sequential con -

.. o r . A q
tol) rln:ri1luffurin?lJnx6{ orjvil,roln !oonrlr LrH.Jn?uflrorrn (Supervisory Control Panel)

- & u..r - / , A
0:noo.I l,? lll'n ans.t uu n o1nu1n i a{o.tna'r2R?:n:au!uo1tl111{'rY]0lf,1ll'l:oR?ufluun3

e'.:rnn nr:rir lrut a.riu ua: ail n:nid rdurria,ryr&ruloki er-r arir.nto.lnrunuahuir.rrua:.irir

nu1olunirfro.rb1u::l# o.a

(z) rn4aorilriornonl:ri1ir1rr

rd abiuilloir nr:rhrul a.rriu un: a'rJ n: nio: rilul'rJ a dr.ln nsio r rn:irJ::f,ri-
, .tJn1fl o!da.riinlitoua:Tr u,r1uf,n1fluorflnn1fli1,r'nro1nnori1,r J firfiu:ria.r tiluti'u'jr ::oiu

!z
1.1'tYl{t1't{ol1,lnaoo u,a:ranl u u:nou lum a anfl n11 luf, 9 f, I

a - -vII. lGtA0?rlr!cuL1
- ! ) - - Y f- &u.e . , j

::olt1l1t1't.Jo'tllYt000 unsm 001un:'t o Io u t n;0 t 1 013 0'U'll1 Yto fi 9t.J t2 luol [lrr u.t Yl

.lvr' . -1" , ) ^ Z )tlrfr1:flll f]'[1?o tonsnnflir]luflninilllrnBU ['tlf,ua{nluftlt ]l nonol llnu{.r.Joo o.l tRT0.,

132 n'r't?'1,t ueruun:0 0 ntruu.l']ltfl uu1



Craphic pancl

lE*-ri.n
irm,o-

r€ley plnel
contrcl

Au!o contml
p""d

5900 +, + r

Nota : q, P and y are additional dimensions and they
must be determined by reviewing required space
for Eansportation, inspcction and lighting.

1ild o.e 6'eariroraoriaoarunllurnluqj

- - : t ^ z , - ! t-
? o::nu u1n l I n1:no n,t u9lufltn nu 0 n:rnuu't t01 tl0:?0 flauo? u

A-
,r. 16:Dn?AATltJOL

g . - A ^ v n.,]- Q - . J.
taonanu!1Iu311't{'lun!?oo1utnn100?1 0ut.Inoo'l !1rel?:J!?ll0naYloaoln

'g a ),i"ril rir orr ld'uuia raofi riruleio:irl::l urdlunr:r r fr,r rno fln1v{ n'r:ri'r.Jlux anrlrliu

a. r1orl-na"otln1rhn
/--)^Vr

IU a O a.In11nt1U 0 0:1 n1Tff lJ7t n n O A,: n03q A J n1:flOO.ill',l O1? O AO:1 nl: !$n
) t - Z v i!

tua,tnl n u!1q|:?o an:1n1t [$au nT utrlro o.r1{1{i:o ai ra an l$ tvuJlrnu nunl: [!J1u fl']11:u
C : ) , , -d)r-- ) a, a ^a ) )
u!raon'r.tr.rYr00'rur uanrl ?tr.tr.r !notr!1u L? llllr1lavl 3.3(2) 0: rUua n?!'ull'tYr d'r lJltn
ie - g x-ltfl:?n dou a n:1n't: uno.nl! tfi

,l t lqa s 4 r,,t,,t,e
71An1'' A7AA1J'/0Jtat OJUOn Ltr lUn1lLrl1.dnLnAn17n',lJ1U1i AtUU LA aU 17 Lln'lfl

HuTnd 3 ci'titnlnt.to\ulvlf,t iludui't hari uauwJi ntud uazuvlrt.oa*itil (Power

F actor ) a t til uri'rd t ih uTdo t n ui'r o u uua t a t u q t
a A a lrr- q . -a A

u 0 n t'Ir 11 0 01 n rn i 0 n u 0 Yr l, r rl1 dn r n o nl :fi 1 nl u1j 0 n:J r u B ? u { u tn : 0 J u a r : a

arln:nldu.r Snlrnlr rdrair rrirtil rdolrinr:nrunxrflulilIo u;oluri6 un;rd ai]arriunrrr
) ) ^ I -.oa ;

rfl uxl umo:In01u adlJ-[rno1! nlroo L x Ln-a.J?ou.f, ir.'] fl.J!no0!o0nruu hJollJ'1trn1:

nuqld16anld fi.rudnrdurnr:6o6'rdhitrrflurdaiLio-arriiunr::1unr:rir:.rintr
e .lr -- !r. -

$ 8.In1nYl tOOOO.r t Un',)

+

o :.1 n: oilrl fl'r u a: n1rfl r x n ! 133



6.4 i6nr:rrs[r9n{r!asoon$u
::uulyh{r rir uiu.r',t *u ti. o-.iloia-r:Jr ulil rdrfu o;Eiorfi nr:rrr uruuun: a a n

g'
rr1JUt?rrnuniraanuruurun:a n:ni ::nou lunr:oour or] n:nid i ryroluln fidrlusriu
rdarirlrlfn"urir,irriluria.rfio'r:nnornunoorianlrrll d,l''orlrdulouuifn{n6n vr".:d

tlrtt1:1T1n1:m1{?fl1n1t! t}lv{1n11$U',r [u a U1r11clr,:M n

:ild o. g uao.rlfrfi udrorr l ilyrTuf,:;r,r'ir,r m u.numrri sl n::ld rd urria,: 6 0

-/-)isrn::lrn5o.:nn 'h,lf,r ua:iqrn::l ln:,:sirl fio:ciorir!iiadulunlr?1.!u,.muR:aan [u!
i i:r.- )a a re.t1'Ilfl]JU1 ,r',]uflUU1Yl l,O::J n1:0 0 n ltuUmO n] tnn [o01no11lj12 uu a nua ul{ l|:: !u uu ll:JU

)a v a ,l , - y
IrJulsu?'t{fr'IU?!l nlTYltnu']1,0.J r!n;tua,to't ntlJ 0n'tTn 0flI't.JrtR'l tfllo nlunuBln!7u tr011l

,,tY'
? nout:fl.!010n tot,t n't:au1.Jnalua,t tlJur:uit? n1u1?u1u o,tllu n11u fl301n tunlt tr.t1u

. 4 A J 9 i' . u.t - A) -[B: n1:U',]:.JTn U1 0.3t1lUt:0inn:o 0,t l,?l fl21ll i1n fl lun n ff1,t 110.I?fl? nTTIyl In u21a{

134 n111',]iuHultn:00nuuui'] iu1l''r



0rflnlttu n1:taonllotno:

n1:aonuuura+o,!na n1:aonuuulv{fT nlroonuuule:0.1i1't

- ), e
n1:311:10in1$nnDtrl't

oonltuulllEirn$

. flut1n

oonlluutlua=toua

.lo:rnir.r

. nltti':Munn

. -a.tdrurunrrll:crnluatotr

. for\,lflr

. t1flr''l{:,0i,|fl A1

. lltl'lilJai!ato0:

. al'rrr;r:auno.rriorno{

nr::rr rfuI:,r ru

.10!nullrlunult'hn

t!!ue?uilt
t.^)a$na$lxn'rrritrratoit

. iUOlAi!OtnO:

. lli\: ell lY{ fl'] m t ai nT t

n111-t,,uItarun1!urlo'rnd1utl,,

. ll1{ nu lvilalT ?1r: lolu

. {rururru

.lrr1inOJn!'0uJn.,

. l,U]elJA{ CB

, r)) ia ntlllrlno,tnaJnurotaal

. ?tn1:fl9,10

. n''r:aianl,A{u1{n"ulYlf, 1

. fl1llr1tti0:

rai o,r dr rielr{ fr

r-,r nr:iir s n:: urL{fr

.2tn1t!O{nU
r i-rurl::no!ll0Ji-)nrntnut

orJnroialu6r

. drr!::naulor::u:l,/-. AnU,nei,nl:li11n!fl:Dn!0

. UUUTTUIn

. nrrrioria

. n1:rhu?$llIlnmurntin

.Yla:0UmUltA:[U].1

n'r7n1xraiTr0n1tt1un!lolrfl

rrjd o.g rinnaul$n1r'r10llrrruasoonurJU.tlndurila!

o n:n(rl::nau nrri-trnrrrnr;;L{f r

nr:rl ir uti.rnT:o'lT,lnta a,t&at -zn1:9nn,ttla!':1,tt1!]ntua

s nr nflv{flr un:n'r:fli u o! 135



q/a
u%?1n

136 nl11.l.:IIHUUA:A AnUUU.r'lXnU 1



rtz
nrs Us= r u u lnsunrslu I Eu

-rllsulllrdos9r

7.1 n,.lrttolt ,.llnr0n'rl
c ! " -t . -lun1 t71 J Lt{utl ufr u i1 ffi nl u ta i t n1 i fl ar ul 01 J.l i 1 uJuw o a n rJ nlt gtt) n fl a aultr t

c , < ';tf,iEnf,1fldtiLf, nau'}'t lfl'rnnituualrJ2:fluHRahLinLuniio'tLu14n,,,u'ra Lu tJitLounannl!
.:..- - ..e icn a y'a,.e, i r aoalali$inFia nJcia,tn'l ly.niiatnuuul1IHaolarJ unuflJflgt lo nuallanl tunl,o1Luu

ntxttuTattnttdtsa
/a-ri/-t.,qt)o

t ! a r n 1 Tll n 1 I u'] [ R :.J n 1 I fl 'u li't t 1.1 a'] o n U :: in n a u 1 J t o a u''l'l u 1l.I n 3 o 0.J ll n 1 :
a t e A f d, rflnl,1ru a,toull,t aoti 0 6ra! turt,tlxr n1]tIn3 tI.t tfltlJrfl16In:t]t 0x1n 11r llll T: I uxul a',

In:.rnr: dl rflul:lluanr*nr:16urriurilln:lnr:rinrurdu.J n1:n:ioflauo'rnairrn-nor6un'jr

nrrfflnu,lsrrr!flntJ'tilaoln:rn1: (Feasiutity study; d'rrilunrrdnurniabirfiooruriulo'jr

In:,:nr:flre :iJ::Iunioi.: Io uo:da.::l:: riuorr l riJulillilunr:a,:nula.rIn:.rnr:aon
t 'd *lorra ::Iutddo:1ei:-uornln:.rnr:eiarirn':muntrruo:rn!1 tn u nltruruu r?1ur anfl a2uljonHou:r lufllYll! tnTUlln lfl

Y ' r.. r
tl.lfr1 l!01u [un1ro'r rllunlT uB ! n1:ul TnTn 810? u

r3
dr uiu nr::J:: riiuluui ro:u3or anf'r o.rIo:.r nr:slrir nn-nrJ!uTorrrJ n6o:eiar

a)!nr:rrliuuLmuuo1Lno']ura{rn1u rJ yr1.I!n0ni'ifl1ut:nn0u 'Ba.roa2onU:! .rntoulnu
-C"r^Yl1.llaaflo.tnn't?0100:ntaunf, !nJ luola.luu olulutnlB.t ruoljo.Jounla.I'l,u'lo1tB'lma ?tr

nlifl?unr en., lunr:r iuu rfi u:.rrirlddr ul o.rln:.lnr: o:aio,r uu n a an rijurirlf,dr ulunrr
), ^-.J-.1 . "--Cn,tYlu{,IJ:3nauo2 ufl1liol uR,lu:'ti?10uu.a]f,{naflTt{ un:n'] [ro1uf,1lrt:]lo?lJlJ![n: au n:

,)
u73n Alrr''l{ [nlarn n un3 l,1|lv{1 fl?ltfl1Lan1umyr:u n1:o't tllun1:[fl:nltu1l,l:n1,10:T1un.!

i.^):,af
ft't fl a.t'r''t1tfl L, [un'] fl.o uIn:0.] ft11flof,llt!fla,t u.n:o'Lri'1ufl']1.1:uunf,'ln:Ylo:fl?uRU

o In fln1llflu ''t

^tti1t47un1fll1?7 lLUAJAU A1LA11,lrJltAnUOf,'n1JtAAnlJOn 1U1a 1AULn U

- 2 a .Ja/ - / ./q v.nulfi o$1n1nIa annon fla a 1n L,na1u n1tLB annnna0J0rro',o??nr?f,1n laul
;-to'tanttTit'tvl at dtuth:nautor Io:lnrr ua:,ianaantialotfiuatnudot.l'tu'tli

- ,&
lula'r.tn17u1fl1'1, ot171aA1 Lnluu

nr: ::riulo:lnrrlurtlra:rcflrsoi 137



z.z i6nr:rJ:srIiuTn:snr:

1 1 1 nrtrJr;rinTn:onr:
1n:.r nr:nrird,.ir riluoiarldrtqn,rrudrururr n nr:o;lriiunr:rJ::tiuluuito.r

t. vl l:Jt:nYlrHa l,tn'tltJll !un1t11.trtBru.t1uflug1ii"'lltlx Lnl{n1r}rf,ru1 T! u.'LU?JB.r Io1.rnlralno:
./r

vrB1n a1u.[{iJuo u nril o o.! nrro:1li'[n:,r nr:riurilurj::Iunin{rrlrlur nfau ryr'u,r1o
.Ir,J-,-Ll...enlrf, nul LU AnAUl AlTrJ LtlJU lATJnltnLA An h n! A rJUUfl U61U'J A:tLJ OU Lll a l l A

/ - , t ,l
nutonoq Ltlu

)a,.r, ; /. LflanTrJLLIJ nUA1!7n'1 01dlqnq AL f,UAno.AfnlUO Atn]'' LOLfl'JnUlJfl7U

. fa a n t uy u d,t o rl tu a il *I a r i a.,r &o o r n l r r3ra r r ud rh n ual'f

. tttl1tu1 o1l a n[a^t n1tfi r$u'ttcu[o aoa't nnts nJd auwJ niI,t a tn a *Ianiuaz
rhatnu

r , r .J x-- r Ylunl:ltlHa!ti tutrl.tYt0: to:ll0'tn tn:{n1:nuli't Ha]J:!turrlo.Jnf,1?0:nanau
! - .ax!u:ur a.roi r.Iurn !ou1o1n nlrn ou iua{ciaioo :inJdr arln:.rnr: oi'radr,:rriu lu.lrusu

i ) , : .)a -- - ): I
u1tll0 nllxnuT:Yt1llLto:T!u't utl't nuts Iuxurl Iolu01nrJ n flomrflrlu n1:nofl1[Tn']u

lunr:f r:.rinnroa a,r ttarnlrnonlrtr6iuuruor narnn-u .roe rfl uHa ::Ltr[drir lr6orilg
sr-r riulri uonr$fion1nliu lunr: ::riu,.ra ::lurrinr.rrirurn:urfin tto3ino!n a,JIor.Jnl:
' r )t

lJ:r turllt11,:aauyllJr{B nr:11uoanrinlflno3nnli1tltM [t:J::ruu tn:l n1: a u1.J n3touo

12; nr:irnrrrrdoo:rd:ufl arJ::Iutr{dairaour.r
' - r tl a " -aAf,1U:U n1:tlr: r.UU LO:{ n1t llrrtn tfl:rrjfl1do: lJltn1:n1u?nr n1u2trflnnuM

t6 ,llt?tflt'13'Iro?1uu'tn.tnula.Inlntanxu 1fn11[xn1un3g1 I! fln1:2 rot131,r t1fl]l:: t uTu
A cv" : d

n anl nnnury{o rrfl1yr:u !n Bn tt,.runr:a.rnu nr::l:: ri uln:l nr:nu ui n fl"] ur rn r!? 6n'rr
Erw-. )A e Z

o'l.t I ln nluu to nlq'l tal rJ nu:: lunuuazRl SJrrrr rn u1'lta.l't4,rl,ruou1lttolt$la uli tllll1:
U

Oan. l!g!12f,1tl.n1:e$7ltl (Payback Perlod)

rirldiir uz arln:rnr:o'roo:rl:: riu0 an!11u::.ln a,r:3 u: 12 f,r#or1f,6umu drir-),a10u0ntuua1uluuYln1n.Iflu0:nn[rouLou n r:Luau:1url1a{Lo:.Jnl:!\nfluo1un1
ie. i : d, - , X ,
[ro1u tunl:o'r tllun1:un;!1:{Tn$1!:3i'r'lJ o? tRlto.! nfll']1r0:tLluolu{rau1.JRT1? s) 0,t

::ou nrr l:J a ao n'u1unr:nlnu ri,:dryr:rrorrilt*n1ru1nfro:yl't,il urudd u a lllild6unu

l|. rlAe.l oOU$ nd (Nst Pt€sstrt Value, NPV)

1 n ririlolriuriluoi rfl .tt nr? rr an nr: ufl Gufl o fl yri ( Net cash rtow) r o.rfl luaurn o

dr.',r.rri',ir.,u.,u1,lo1oron',r un:,irururiunrrirriurJlruirilrrilurnrirluilolriulouldo-r
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fl$noundr (Discount ractor) d.:lciornn1:d'r undnfloanrfuduur:sl flunTrd,nr-u

o'tu?lultRfll luUooull fl a

F
P (7.r)

n

Inu P

(t+i)

= uadtilootu
,)= UAAlnntL ULlAUlAqt

-t4= AEITIOAqLL OAU

=,i'tuzyf,

F

n

riro-rro,llo.l 1 /( r +i)n 6unir ornnrae Xair un:o:irirriaun'jr t .o n::uariuao
)t ea "f,Ylrlai[ofl3:losnnRl]lo?uo?Rmno!oR1 l'la:Ham[otllau1 ''11? u llr10? un[t]1lJnl u?u

r o,: or uIn:l nr:fi0:lsiriJul n rir:hl liuqn-l (ruev) :rarlo:.rnr: uia

(7.2)

Iou Br = tra tt[atiildiuotnlattnttlufld t

c, = ci'tlid'r alufl d t nui,trilatnuliz u
i = ianoontitoail
n = alq:/an[ar,tntt (fl)

rdarir trtpv rfJurrn fiyrrr unrrrirlo:rnr:riue:arur:ndrudurir n.:1u rirrirrfiu
nr: un:fr:,:inrr (o a u cost) onooor ul orlnr.rnr:lei rir Npv O,rgnxlnryi'rln In:.rnr:
a..,ia,^^Lz
uun 0: u.J uu:3 fltltrH fl u1nl u tyt'r'tlu

n. dn:rieurarl::tulriioira,r4u (Bonofit - cet Ratto)

inndru::u'jr.r NPv to.lla ::Iurf ei0rirnlrunanlo:.rnr: u':o BCR (Benetit -
cost Ratio) n"no:1drfl urnnrcilunr:eio'ru1o1unr:a,l1u

IB, (t*i

NPV = +(Br 
-cr)

r=o (r+i)'

BCR = I c, (r * i)-t .. .......(7.3)
n

t=0
)-t

n

l=0

rflunuri

rJln:lnr:firira,rruo;iidr BcR lrnn'ir t.o rul:rir BcR rfirriu t.o rir Npv o:

it. OG:.lHanAUUYl$ (lntom.l Rato of Rotum - IRR)

- S )..-
d'n:rnanriufirlrhiXarirfloll,"uqrni (r.rev) riluguri 6un'jr o-ntrHanauumn x30

nr: ::riulo:rnr:luri.: rn:rrrarsn{ 139
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(1+i) -1
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' 2;r

alatnuLuaLTu La7nn17

BOTI0AnLUA

at a7 111U1J 0n Io r.r n r:

c

, i(t+i)' -R't(xtlT:K't1tt . .n _ Fun?''l Capital Recovery Factor, CRF(1+i) _1

ar uld.rru:ro r rirueir.r .; r a rIo:.r nr:o:dua r.irirtfin un:o nrruutdro: icirLi
'e')"aio':nnuarb'lflro:rirnuernlnu tuYrlitlJIunal01u!i.t'lultairtnla,tta ta0un: m'tJtt
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r- J.lumfiriaafrrriJunr:nrr:o:iorqld.rru +o 6.r so fl

z
or uld,:ru:r rrTlnror o.cIn:.1nr:o:urleior n arnr:

(lrtnr*lr/nz+...) (7 s)

Iou ci

n

n

Inu lt,12 = tiltrtiaa?r,rn'lra\rt?l.l
t.nr,n' = Al lAnlUAAlfl')U A 1UU

' E , i'! I .
d.rrlu rirLi'iir url::,l"rflt o.rln:.r nr:o:r,r1ld'lo u n1::r rrirn.rfiursdu ::dri n"u
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Iou c

= Ci + M ... .. .....(7.6)

= citTtii't ailtzd't t at[attntt
, ) , "a= A1f,nnULflfl l.lrl'r:n1

= A?.AlLUUnlTUnsUlrJtnIJl

rir nr:u::ninn:J:: n.r 6n onlnr,r n1:fl'l urinrl'rld'[o uu n1um1.r ri 0n n']ird on

I o:,r n r:vrt i rirtf,d r u rl::,1"r fl d r a o o 3 rilur l n 16 a n d 6 n'j'r

lunr:rr o cr:r rtrr*"u,Jrrlrrr(riarirn,:mu (ecn) :;,iri rirnnrJ:;Iulrisrnir:
urkior n slnrr

(7.7)

c

ci

M

Iou B

B-M

eatJtt[iltirJtsdtf,

o'n:r dlu::u'ir,:r nrJ::Iutr[mnirj:;,iri (o) ciorirn.:nuroduil::,ir c, o:ria'r
L.

x1nn21 1.O tfltnn1t$lltitoln ll1: ill n 0 n1: n.t Ytll
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b

F
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i

ci (1+ i) -1
n

) (7.8)
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oonaanwa

,2.t,
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(7.10)
n(1+i) -,|

d.r rilusl nr:r6 ur riun-u sl nr:d ( z. a ) runr:# ( 7. t o ) nr lr:oe"o g:Jlrrio:ld

nr:rl:: riiula:,lnl:lsrir ra:rlar so{ t4l



ci i+-L
(t+t)n-t

(7.1 1 )

nxnlrd ( 7. 1 t ) o;b{nmlul, ule''j1 a?f,,r?il nda ttd'r latla:l,ntnrtil
- L .t - , / &n HdTlUAAnAAnLUflUTzn] nUAlLf,OU,"tAl TsTlUAAtnltRJnUUU

z.g o'rodronr:il:cri$In:on'trraJrrnl$
. 9r ! A
n1u:u tfl:.In1Tnru1tlt a nltnnutrll'tu o1ruun30 0{!nltolufruo'l ttol uut!nT

iLirio u#ro rfr odo:trilcinn o ar uvrufrriun"urirldiir ulunr:sui1liloou f,$0.reiafl?'ru

eio.:ntrls,:fitdr:JdruurJnll:Jorrlqgn'rff o-?adlngiolildo:uao,rLirfiu6.rnr:iinurr iuu
a ) t aa

tYtuu trn tfl:1t3fl1no::l'tit?1.Ju nl uYllntfl an fflra{ n a2o olJ:;ff.IR lo u? nu

( r ) dor.rll'tnnrtoonuuuuncCe* rrn uuruo,"iuo
r Y - - t,lln:.:nr:rurh rf, an1:ra 13m1uo:dold,:rh rirurioor lnmurio.rnr:d'.rcio'[:1fi

- a1tt1nlr ufln&a

- Ldol1U
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n
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su iu un:orln:nirl::n oulo uora-uur.rud.r usorlflu:rji z. t 7l un:r6uoro.rrroln o.rfl!lr
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(3) n1' ilrl1or'ln1i1i1tf,rln1t

lunr: ::rrrurrnrrirdr r0unr: o:don16oni;n'rrn?uflurCaLiilrurirn:,rn'uo'r1u
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),n1:'t{ll 7.2 61fil$asarJn:nirl:cnau
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W
r0ro0: 9 3.0 I4.0

r 02.o

I7.0
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orJn:nilvlflr 160.0 170.0
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9 2.0

TIU 472.O 4 76.5 533.0
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cir riu ua; orJ n:o[rqd u riai
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0.0802

3 7.8

4 76.5

0.0802

3 8.7
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0.0 8 02

42.7

4)

5)

6)

rir ri o a'i-r.l

r 1r -,)' , [(r. D" - r]

u ) ,2,
nln0n:'tntoSuna

7 3.9

0.0583

4.3

0.0583

72.2

4.2

0.0583
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5.1

i . I .-.nl:'t{D 7.5 61a{ UrOAA9aUla{ 3 1l'r{aAan
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rn4a.lrirrfio\,lflrluro1ur! rirnrmuradueiaflr,a.ryrrr,6andfirirfoun'irmr,:16ondurdo,r

01nTtn11a{!rlnnn21
) ) .! A 2tl\am03tyrn11r:lTUUttluultflllltnn0ia,txlnli.tlu nloa.tun't:li'tt0''tR1n.,

, / y I Y s ,1 )
Ylu0u'l.Jou t?u olnaflt1.I l7naIul lln:,t1u tut']Yt tn u21a,t t1,1lt'tt?ltt0''l t20?u fl'l],1:uYl''l.I

16ond 1s; riuorootLjoiaonlrdt ilulrop,da6ontrfr uoio:qiarnr;rfadrnirulora.I
r l. , , A g J - - Z , Z -et:.rfiutltvr n?1tuo.io1n!01u?ullu110!o0,rooo,t!1nn?1 uanoln uuJo0,tn1:01R1:
" ' ^ 

b rl o a x ,e d rm :uooo.ttfll0.tnl tuo []11{1ano1u

a ),. ) A g
n101ruunlTd11,l:uYr'l{tn 0nm (3) 0;fl,tn't'tfilntn anauruan0ln:Jtrflr[n1Yr]Jo.,,Jlr

i.e)/
01n?1 Lln:rn1:f, tf,u]l n.r.J1u7r rflt0{ nl ruo [1,{1,{1a nol u nltno f,u Ln?103tR Bn tt7t1.t tn an
t v . ! re, Z X , "!on:o 0nu1to'1fl1 l,to 1 u'vl.t )t ll o t't ltYlnflllj1:.J:nl,10l u u1yt l1t tu1 ul t u u rTtu!

l:t,::gtY::lla ';;:::$),1 t'w.rl.,:il

n't a{ nutl lJ 523 630 49.3

aru1f,,rru 25 25 24.1

i(r-,)",[(r.i)" -r] 0.o746 0.o746 o.0759

, ),a
fl''tRn utof,uoa:l 39 47 37 .4

-)-% 1'0{Yt't{taann ('l ) 100 120.5 96.0

l4t n''t:11n $rl.u8:B0n uur.t1ufl ull''l
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( 1) ur.1o! a0inrf,6urir riia nr:!a r;trru
nrrrsiornr:rfiturLrrr,,'',n arlr:n ::urrukior nrn:ruornt:grg rfluri',o',ndr.#

rrr::Jn nler unr::!r$u (Evaporation; ornfi.r 1u ua:or nir6uuiafitir riudoruoanornb
(Transpiration) r,t-nnurir u iurruti,rtt #firrt l:.tlilei uonornriuu-,ro:rio.rriah'rhuiunr:

gqr6iulunr:ri,:\lri.lfudrnr::lon ua: gr-l riua ru:Lirir 6 n eir u anrrriru::u'jrrrJilrru#fit
n'r lr:nrirhjf i1rido:Jirr rur"lr loio:rio.ro-n ri,:biudf,r6un'ir :virGnulalnrtta
rJ:;mru ltagaton EfrGtoncy)

.^:lJ:u1tuu1i0ll13fl1un

10,000 A.D tO A.D
(8.1 )

1 ,O00 E

-)t -?lr7tlrto o,t nl:oru1 to0l nnllnlt

E

Iou v = tkl.ruitdfirdatntt(m"ra)
l)e = f,tfita ttrrt (hectare)

O = a?ludannritla,tfrt (mnrc)
E = tlt?nin.,r'ntttra tntu

= t.O lhr.riutrJnlr.n

= o.5-o.7 d'tuiun'rt7ii'ttLuuiana
= o.7-o.9 dlliuntrbii'tuuudarlaa

" -. / Ar ,.,e r-l , Z
f,1lttu1,{r0un l!lr1l1? n1:l ul unn:flt{n: t}t u.t Bn afl'l1un 0.rn1110n?tttlJu

::u:rrnruoruiu lunr:lririr dudurla.:1uqjo:nnuri.raonriluurln.rdouuf,'rlfiriTfin:

rurJ n ru luri uun-utj rliur nrdlfuoiuroioo=r', nn ooun'iro:6.rdruuo nr:lririr nir ri'ollt
- : )eaotln'l:fluu1nn an nlTo!yr't lo0'tn lJnl:

Iou

op

Qp

K.V K.D.A
60T 6T.E

/ : )e
lr ui olr a n ni B n u td'r fi do,r ntz (m" t s)
- ,1 r. ,:fl7A L{An1,frryLeUtrttuuf,nrJl

I .z atuiuaaatdu
1 .o5- 1 .1 o thuiuaaatataaounia
" ir ! -71U2Ut7LUJflUU1AA?U

t a - zz iz} J xi a iu th uiu u'r i't t
t z - t a izlu t ci aiuh niufi #u

(6.2)

o?10:

n1t11,tur.lu[8:o0nuuu'ttnau r

K

T

Ll xerf,offo:1nir:ru 6,: rir n r r l do.l nr: t.r e n dru:"lurlurnl o.: rnio.: surir

rs0



rirurruurnrlrcioon',rti'trn t o iu uiao rir,rfaurn16ouernaoqo nrnrxr: nn n:rr,ld,ruao,:
! ,1 . { / r. ^nnn?1!oa.JnlTul Ytrl u: t? nl o'1.I I o R 0 nu03 uut! lullli11,lru rf, a n01u?ulJu.tr.J to a!'u1u

bluu-rfad s.t uo:lu:rjd 7.2 na,rur# 7

( 2) il$'rot ot 3lorfi rCo nrrr;ur uri,r
. : : ) , /r,lu.nu::rrurh rirfirrnrfiulr oornunri.reir.r l 6rhimrr:n::ur uleiro.rnrrm:r -

tr 61udo;r rir d ur nn o fie:cio,r;:ur uIo rlf,ilrir u lunr:ur o-nr n'',:rru', udrio o n'',.t
t!s.1To{nnrf,::urud1 n1rioo"ofl n1:'[ua rfiaurnrr rrio,]nrfirur uhdl.rrru:r?n1gi1n J oiriju

2 rYl o 'tl io
rir ilil::Ryrf,i a'l n',r:rrr rri', rir}Jdrflurirr'l.i'riruiunr:::ur urir o. ndud

rfl1:rl R n

!o- n1fi tu'ruthluqgdlil o. 2 o - o. 5 o fr u.Luo:- /ivtfi tstt.nu.
!. , /- n1t7JLJ1uU1lUAltaU1 0.o2-o.1o AU.LUO7,nU1fl/O1.n .

druiu nr:f, o.rriurirviruor nrr udu fln1inud1oifir nrirdrir d'orir rird lr n rfiu

xoaonlrJorndud n.rrortirlt {nEil:o-,rnd'rtfo:lf,rour:riruiu#u#nnrqenrod.tn',,
::u1uo'r uf ::lrir6Li:rerirr,roryirrfu

- , )" ,^ t , )
nnutlr:l,0nvi1u u7tu1 ll1 l, tunl:0 Bnu!uo3tRon0l n (no!tu''l u1 Hunn(n!4

nroiro:rfioduuiu.rnd.r (1) 6.rarl (s) nfilurir.r zo f, (Iou:Jn6o:1f,ud.rnir1urir.r to
fl) iidfiu u1f,ri'udtr:-u nr:ur io:r nr:lu n s.r snl s.lrir rir (eear nunott) riruiu#u##
!n?'lun1nnuu1unn1.t flo Rational Formula

Qp 0.278 Re . A (8.3)

Ieu q = iannttTtagtaola.titil (m"ts)

R. = ch att u rirlfl't uiua fi ot a.t tluaalt fi u ( Excess Rainf all -mm/h )

Tuti z,t n a't d'r iu r r r r n o', dTiTrrt tlvt a u t t t u riul u, i'r r', n n,
yluiud (Time ol Concentration, Tc)
I )- -A = f,nfiiutll (xm")

lunr:ldan:d (o.s) rir::u:rr nrlunr:lnn lr:rrri'ulalrir (Time oI concentra-

tion, T") un:Rrtunururiurodul o.rrlurirurfiuo:cio,:lriiu n'r:fior:nn adrl:auaau rir R"

o:urkiornarnrr

B" = lr.R

nlta!tl1tll0n']lin r:Yl'tBua!n'tTM'tuu']

(8.4)
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Ing f,
B

-t v,= A1f,UltlJf,nnA,t 1n'l

= a21ut'tu1uiuira,t uc,,calutau 10-15 il dtfits ztzatan
),-nlnlnU Ic \mm/h)

u ,, u )0:luaunufl n'lItn!ut:ttlfl1 a.:lIllYluS!n2'tlrltll1 [ull]a.r]lu u0:n1oltnlllo.t fp
o:iirir,:rirorn o.ao rirniuduinrlr 6.r o.so druiudud:ru#lfrir nrrrur: nn

rirhinrrurirr:u:rr nrdlf,riruiuhirirern4nlolududlunlr:rltiu nia r"
fioroo:urlciornsn:

o.o 1 g5 L0'77 s-0'38s (8.s)

lou Tc = ,Jtana:.ralrjr (rime of concentration, min)

I = rtsrnlnditi'rotnpTnaqahnlrSrnrlaan (m)

S = fl??r,R?o.rza.raudr (mzm)

. - I )1
ff11'l:UytuYlSitufl?1lt fl10 t n'tlltr::ui'tst lutnu 1.o lljBrt.[uo ltu'te10.tnn'tu

I r.
7:1J1IJU1 a1tO: 1 le01nB!n1:

Tc

c . M5'6 (8.6)

:lwt al a.t a ntfitzut ait (1. rc)
, - , - t)t

;i't dutJtzdnGfitiiuo tiiu inlrrusnfi :;tnauaz
at'tunu'tuiula,tdu

u = iudttnadi 1r.';
- , )a

R',t c f,'l],lruvluYlYl uuu,1uoln1 Intlnflxn1t

C = 210 +7.444 B"

lou Re = a1'nJtuluiutatdutizutfiu (mmn)

-.ed r ! a ! ,)nl to o lyt lJ ff t: tu ll't lt'B1 e tyr ulll f, nl unu tl1 0 3n? u n z u fl ll ll [$ u n'] t tll f, uu
, - l. . , . I -'trr s\nrouul luu ofru a u1,r:? o rr? r! B anrr n']innr onHuuntrr u:Jt rru d.:o:ri.unlfril

..2rg.flMto7l1{1u lo aul.Jnoruo{ tn IJ lun0{un'tlrrln -uouaunl.t
uA I Z e , J t ! , ,nltnn f,u lcfl1.1ie Yll un auYle :n1'lrruntnnzl!f,.l ro1a,:nn1u1:u1ug10:1u0 utt

rir nnnr:n:losou'ir o: u o lbifiriryi: lrirludud#o;riarf, or riuo rilu::n-ufln r?i'rlo uRt!r
tilu::u:t?n1u1uurilru (o:1df,or:rurluu"r,rio# a.s) un:rdo.rorn::riunr: olniuRmlriiu

l , , ,- . i d'i - Z
u1u0'l nul Yl? ll031,u0unu n1:n1uuolnn?'tufl1u1:n [un1:flu1111a,:nn1u [ounr{ o.:1lue3

t r )-
nan! n1:fln E1a u"tit:au oou tuut,ttfl:rtfl1f,ni1a.!iiou nltrl a{ nutirh an ti

n't:11JUHltU0!00nuulJi1$tulll

o=
lou o=

c=

(8.7)
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- , - : .) ,r .* ti- y x ,
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uR:]t B tflul aJnl: Iu nrum a a n t]J1li0n (?uIn: L ltnl:6t1Ju1flain1.t

:AZ.,.o,Aa-;.lA)(1}'t:)J,t'tltT31J1Ull',l tlOJla{fln1UUnn:AUtUeil[!tU,r5il.tl:OUOliO[1t]lUYlYl
- ) ), :,1 , y .i J
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y)
(2) rvduri1racrde o0 in1iinurir rfianr:ta r;r'l
q d) , I J I q.., ,Y r - Y - : ,i l. r^lunluY[t n.Ju't YtflulJultl Lx t']l1lLutu1$Ta aT { tn uu1 :30ultl0'tfloYttxlunl:

a 0 n uu uoi rilu:i n-r do:.: frir ru:d i a''er:r nr:ly ndr aolurir,r qo u{,: Iourtr 1 trJo:ldrir
A - : )d , ,/

raf, u'! a.r:!q un1flon l|n1:? o l,20ulnnotuaJruut:u:11R''l 10 tlr?{(on1u tunl:n1 uo

::o"urJnAl a.ldrlu oar (Normal Water Level, tlwL) ihli:.i nr:a on [:JU oicia{d1r0'rril

fl'rornfl1no{ (Hydraulic Gradient) dr:rr,ornr:aqr6iuraorna rir,:ornrl,]nvrr,:iurirar nru,riir
, 'A( lnlake ) tToU!1OUn{Uaf,U!']}l011nnO?U
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ll u ttR : 01 fllt fl n1 ur tn u?l a nYl n 0 u1 n o : n a.I a a n tt:J U tnll l.tl u Lo a ul.J IIJT: -

. I - Y.(rrn'ur rulJnl:'n'r3ouu't ruuoffufloa.Jdlno (LWL)::n--uo-rnri1,)do:ri'ru?un'rnfi'rr!o-ud1
), v )tr -:rofi rnmr,:r'fr filleior nnr:nron:rum1.rnfiA rloiurhflnflorllyiseo (HWL) n:lyilriu:r6iu
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- ! - lr !) - ^ EQ.

aantl:JUYlln:]Jli',tuR![un1TI]111lln::er10,t]lll[:tf,uu'tmi!oainoo.l xolu

::oiurir:rouja:-urir dil ar uviart.ld.rrh rrlda a n uru (NWu) o:urlo'ol nrtn-u fl.t

1
)
m 8.1UT
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'.Julf,lunr:oanuru (NWL) il1lyiogo unzviodr u lu.nurn:J::vrru::o-urirvrr.reirurioriruo:i
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Spindte Casing

Valve

Ssat

(a) autertty vatve (metat contact)

(c) satt vatve

(o) Rotary cone valve

(d) Sleeve valve

Covsl

Piston

Cylinder

Seat

Body

)

(e) Ar.rto valve

..1...
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. ). .e/ - . tl- ) , . ,l
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(a) Swing type (U) Swing type with weight

(c) Slow closing - valve disc

Bypass valve Dashpoint

Spring
Valve

(d) Slow closing - bypass
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(e) ouicr closing - litt type
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rjnlrurur0.fl:Jo?1f, ?un:n11lJrr2:0u1,0,rfl un1B.l tufl :ax 1 nu
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n?1uol,[n11rue - o'tu0unu?J1l1n]jan]llJIR!an:1n17l1rrfl1a{u1t1J'lll1fluaffu
/ , Z d )) q er,re

uJ00102'10:un't:uJo-uo u0unt,, no:oa,:!nltot?of,auR2lunt 0tt1Yt1{ annutlJtlt
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IOln atuns 0u nTlllnolrnno,rTtl,:lullunnurnu tlj rl lrosfloltouaun:,t7l ot!0aofln1lllltn
,- ) ) - I r , J f.

tn1u1fllJ afl:J tYl'l nufi:,tl,lun10,lo0tT1n1:tr!1ja,ru! lunt onnBl?u n?1! n lunllflo'r:9o:
111 tOOl n fl! n',t:

VR
T 4 ....... ( r o.2)

op

lon T = fi rLla1:Jzu)t.tnttsat{oaaJni,, (min)

va = rJiutntTtnlza,ni Ddlt (m3)

Qp = ionn'narlrariu (m3 /min)

':lr n:ldnr:r o.rrio s:.rhinr:o: i1u1o r fi n n'j'r 2.5 ryi'r1an 3r:1er:dilo:a:r
lcilurrar t.o urfi rda iilrir.rrurfi ur rn4o.r 16 rr rd ad'irrir.lr: u:'I,i111a.I n1:ffo1{oo!

r?i,ri:r 1o urfi d.rrflurirdrro!1fi1d1d1un:6drfluloroai#lf,n:;ueL{u:l(iu6il
,i, ., , .r-t ) - - . At3u:lililriairnl:fln1rn0:tl{ululljuf,a,tlt4lnl [$U!f,a{[nra.IfRUnuYll.Jlu TluR3touo !ulTa,,

d:r obin rfilr6lornrirriad 3.6 un:nunrrd 3.10 rn3 3.'r 1
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6 0.0
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3 0.1
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rJ:"urior ri o

:,0t118',)

1 8.0 (lOo)
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3 8.5
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3 7.5

41 .8
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8 760 361 ,058
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Signal setters

Signal convedea

Level meler

On

o,t

VHWL
Operation Command
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On
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.P
VLWL

Suction Sump
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-+-'--'-"-"-'-'-','0+ Set Level

I setlers

9

tr
Signal converter

9HWL Level meter

VLWL

Operation Command

k
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l.)
Flow meler

:(
Suction Sump
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Permissible WL

Gale closure wL
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H(m) HWL (m)
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3
anor
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(i1t!u : 18O mlmtn x 3.4 m x 28O mtn'i x 150 kw)
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iirl::Iutflunr:annlTxdlunT:riln-florilrlririorrn,! rro31un1rrniul:oirdror nnr udu
i. - ^ I s - 3r .y ,,;
fl n'laIo:Inonuto n1tno::ouu1 tuflt: !fi au0i1flo

lulrusu::urorlrxurolnnidrio.Jn?unur:o-!ri1lunfloir!!TumullRnfno:li:iu
) t *l: . r .l J,uolJ:uullla.i [ut{o [e tua{o1nun f,rU oylo n?1 L'Bi?r 0 011n1rflum n11.I ul n ( otlulr \t

n:16unlufirriofr a.s) lun:do".rnri1?r:6i 1i1lunnon:lulunin'rr1:noruquLio{d::d'urtr). rv , , .a r ) -: 4 I1|n'luuolna 1.:na rua,: [o u n1:u:rJ uu1t0,t [ur,{ o rrl a:3nuu't Yllnoluo'r u't 0,:lJlllJi,1uo;lr

nm urio{n'rrri'r n',r.r1u!1ndu fio: sr lr:n:Jir r xn a,rlxfl-olillf,rir a-.r.:ru#n.r#rvirfurir a-.r

,l] . r .rr'. - C i ,l- A e ) .a{lUn.tin ouIi18.Jortu tn i] :utlltlulnI niTllutnR ounlutfrto.JUuno t,ro nl: ruft1']u

1

I

---Ly-

System he ad curve rang

H-Q

perati

Lp

224 n11?',',t{BHuUR:B 0nUUU{',1UiUll1

_/



rirtor.nro,:iuo:rirlo ulf,rnia,rnruqunrurir (Governor) u':o1oulf,!fiuftao:o6o (Vari-
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M[Effi!
rio gaCr riu rir uc nr nrs r du r do

l1 .1 nr:rilstaoluyiauavarln:n[

lunr:drur nlant o.:rilo:darinr:drurrunr:riiuraoluriaun:o:Jn:n[o1ufl!n1:
j , r ,tun:lBlrf,oa I u

1 1 ; nrtfluronn:trflnt*rionro
fntrrsrniilnluyiod.rdooanornfue : o {lu:ir.r d.r 6 u n'j r ln a uu uilnile n (Turbu -

tent rto,r,) d.:nr:r6iuraoo:rfluiorhulouo:ln-urirn-.1'sa.nro.rnrlrrirlunr:lunIrrrrJ::rru nr:
drurrrlnrrr6iuraeloun"r 1 trJo:ld s gn:i'reiotld 6o
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ant, o.t Dancy - Weisbacn d.rfi r.rllf,n-uri a #u 1 iri a::r'ir.ril rirri o gu uioil
-,-:nuu0:uu']yt't.:c1un1 u ou tu:unun1:

2LV
D2g (A1 .1 )

Icu hr = nnfiaoaattuf,a (m)
^ o, -ll, = iutll:-?nitotaztuf,a
L = aztaatno,tia (m)

D = tiuthauinaxntuTwatio (n)
v = anaitndato.tnrthnllra (mzs)

',1att uri tfi atotnuro'.looza.llnn ( 9.4 t mzs'z)

rir s-1il::inf,.u o,:nrrlfio 1. I orrio ru f,no:urlrier n rlnrro".:ciol:Jd

- iotyrdnuda l, = 1.5 lo.oz + i/ (2,oooD )l
- iomdnnffi l. = t.s [ 0.0144 + e.s/ ( 1,ooo Jt ) I

. t a ) ) te. e )tlurTrsa,:n:diriluorrrf,ofi rEa'[idruir nrrfiiiar ulf,.rruuruIo s nr:o rucir u

hl 1.

t . so f,r uirnr:ri",t r*#ioon',ro.r luriudro:n'o.rnrrir A, Ie ulduruarn:l o

run.# at.t
A1 .1 n:J

10!4fr'rxrumrfl 1u't $nlliutai
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#=_,r"(#r,#F)
K s Surface roughness
Re: Reynoldr s number
(after Colebrook's Equatlon)
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0.01
20 I{OS

ht

L

hl

L

o
c
o

70 l@ axo
dla.neEer D

{@n
(m)

70 lm &,
Plpe lnslde

lnr

grJd lr.r irf,lrJrcindlooeml?ln l, rhuiuriar*re irr 1

tt. SlOt?ait Hazon-Wllllam3

nnrzo., Hazen-Wiltiams o:fiuUldriufi omjiRrr I urrlr n.1

o ' €s

10.666 
;,3' F

= n1rlfr raoa7tafla (n)
= allu .nxanio (m)

= o-nlnr:?rn (mtzs)
'- ' ^t , )= a]guu,3 ntlO\,r4a (e n1:,],rfr A1.1 )

= tiuthauinattntalutotia (m)

(^1 .2)

rirnr:rf,urao rilurln:do t oo run:dfl".rua ruloriflnrz a,, Hazen_wi,iams o:glri
ern:rj# nr.rz 6.: Ar.1s . i

I l T-tr lr
A: r.ldcd .t..1 plP. ol (0 Y.ar! ut.

C.at lr6ll plp. ol 20 y..rr ur.
Old concrct. plp!

l: g.ld.d rt..l plp. of 20 y.rrt u..
ll.e c.tr Lron plp.
Concr6t. plp.

C: Arphrlt dlpp.d ptp.
Soooth .uEf.cc concr.t. plp.
ll.t v.ld.d .t.!l ,lp.

-Ll
\

--{
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.t . - . -t6'tl1{tt A1.1 6lilttjtv6lrdta,tfla c d'r$lu linudsrna{ Hazen-Williams

a. dnr'la0 Mannlng

flo:ro.t Manning Io u:J n6o:lfn"urr,rrir r-rlo un:rion ao

nhl

L

hl

L

n

R

2 2
(A 1 .3)

INU

R
4/3

= nl:,td1c,rdaaltufla (m)

= aruarxania (m)
U,.r= f,Au,J&nfilll Manning

= anuitroda (mts)
r -l ) - -= iafitaalsoi (f,ufiuildoultdtadnaufiun) (m)

) ,- -1n]:'llll A1.2 alillulUdI0na\t Manning, n

1 2; nr:riluraetnqrlnm(rio

nr:rf,uraoluo:i n:nlria un;rr {ro:duodn-l;:Jn:rl ar q:J n:niriu 1 un:o:rirulu
Inuldsrnrrd n t .a dr:;uirnr:rf, uraoluarJn:niviaogrfl uf,odrun-ri ra.trolro.rnmltir

v)
Yl0 tuRnnaltta!o;tlju

rio u,r6nnirlt'r, uudr zo i
vioru6nniiolnri

viorrdnuriold.lruudr zo i

140

100

130

r00

Ylao100?uitultfl

Yt aol0n? uu1,tltro0u

ria6rlurilufiu

maflaufl:oaour.t

viar,rara6n FRP

140

'140

130

130

150

tlt n nnf,1

t nnuRo

o0un:9

H
0d

0.010 - 0.01 6

0.010 - 0.015

0.o1 1 - 0.o17

0.010 - 0.015

0.01 1 - 0.01 7
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rla

Iou

lnu

!

0.2 5

2

hl
2g

n17 Lf, A LdA LUAUnrfl 
'?A 

(m)

att u tit:l o.t n'rtlnad tialdd qtJ nt riiu (n r s)

attu ti t tdato'rntrre'lgozrrloi ( s.a t mzs')

(A1.4)

(A1.s)

0.1 o.2

(A1.6)

a ).
fl. n'lttiulann 1nr10lt't ht (m)

h,

s

fi

2

hi
29

- , - t / ),= dutJ;igfrninlilialaofr lnnr.rrrir (m)

= aTlutiltiardntJtnn'Ntit (mts)

STRAIGHT

t= 0.s

CHAMFERREO ROUNOED BELLMOUTH BELLMOUTH

o.1 (crRcuLAR)

0.2 (RECTANGULAR)

:Jd er.z rYrrJtcifi #!srnrrriluraafi rjrnnrorrir

l. nr:rElurand .tnrlooofl ho (m)

ho

Inu fo
e , - l z ),= flUtJiJgnnnlllf,ALAAnUlnnlnAAn

= t.o rdolunoon{ri.rruroluqj

= alluliTdauin tnnt.soon (mrs)

t v2
29
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1)d4f
nl:n ul u1lul0nai'i n:1la un 0un.t7r']{ a 0 no:!? u Rn nlTliu taotilo; r H no lo u

..J--. g
ror.r1:ad1.I0,rrh riluyiaornill ranrir

n. nrlElsranornnr:lstnJureyioodroduna'r.r n- {m)

h""
(v, - v, )' (A1.7)

29 '"" *

lou v, =

Yz =

f"" =

azt u 6n a.tnttTn aTui ai aul u'1 atlro (mzs)

aztu tilnt a.tnttTnaluiodlanh (n t s)
-, -tf,a IJfrntlalnlraf,aldo71nn1l1t 1a1u10nal 1na flau
(g3:J# nr.s1

v1 v2

rrJd lr.s irirJ:;amd!oonrrrilsraeolnn.rfl,ulusLlariooriroo-una-*

nrt6lsranornnrmarnreyiaodr,raYunaiu n- {m)

o1/D2 0.1 0 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

f"" o.98 0.92 0.A2 0.70 0.56 0.41 0.26 0.13 0.04

0

v:
hsc = t** (A1.8)

leu rsc

2

-, -t= f,UlJr!f,nnn1,lf, tnATlnnlTAA,/UlAnAOultAUfiAl/

= allulillra.tnrrhnllfiorn-lnozrro (mzs)

(33:J# nr.a;
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v2

rrJd a t.+ ir:iurl:cindgaonrliluroaornnr:anrsrarioadr'rdunar"u

o. nl:r6luranornnr:rurg?rarnyiafi arriau trr. (m)

-)_

D2/D1 0.'t 0 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

fsc 0.50 0.49 0.49 0.46 0.43 0.38 0.29 0.18 0.07

2

hg"
(v -vr)

t
se 2g

,-, 
^.( 

. / d
= AlflUUliflnlnllt&AL1OL AIJ IAIUlOnAJUA

= o.01 1 0'"
= a?4uliTtalnl:T1/,anounlflJ7l ifii'to (m/s)

= a71uti7t otnlilna$isnrtalslrno (m /s)

= uulta1alu1lla(o.lar)

.... (Ar .e)

Iou tne

v2

e

v2

0 orar 5.0 7C 1 0.0 't2.5 '15.0 17.5 20.0 22.5

lg" 0.07E 0j26 0.183 0.240 0.299 0.361 0.425 0.491

:rjd lr.s <rlrJr:inf,nr:rilsranrdDinlt!!,1rrnmnriofi a:ria g
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hb (Ar.1o)

,lriuo.r to o:iuoririu f,n riru::r,r'jrr:-air o,:nlllri,:lalrio.ra (n) rillurnrf,udr
autin nr.:z o.ryio (o) un:lrdro (0) d.:o:urlo-or n aunll

t )t,
o. nltt utanr"D0o hb (m)

Iou rb

,r*

iutJ*Rn{n.rfi Ldodiara
aztutinatnttTna (mts)

fb [0.1 31 + O.1 847

R

2R
fo

!ro
3.5

D

, ) .Jn1lan lb Ylnlu? 1,?1,11lla20:o !onlnluyl 41.6

(A1.11)

(A1.12)

0

0

A/O
l5o 22.5o 3oo 450 6oo 9oo

0.7 5

1 .00

1.50

2.OO

4.00

o.24

0.13

0.o7

0.06

o.o4

0.2I

0.15

0.08

0.0 7

o.o5

o.33

0.1 7

0.1 0

0.o8

o.o6

0.40

o.21

0.13

0.1 0

o.o 8

o.47

o.25

0.1 4

o.12

o.10

0.5 6

0.30

o.17

o.14

o.1 1

o

:rJfi lr.o irilrJ::indroonrtrfl uraadriaoo

a )t
u. n.lrl uraemllaoauuu nrlx h,r (m)

2

hrt frb

tr0!omITUn1lnl$lnan'rrrfl urSll

29

Iou tr = iuilttinfn.i,dar,odia.tauuuvfnuu

V = aztuhtatnttlna (mrs)

. a)1 ,)tuntunrnl:$n!rtvtU.Iltutou'tn1 lrb tfi tti !'] tu:tJ7r A1.7 uR:nlr unltvln

Illfl o.rr1ut'lulilri1 t. orrlrio',nlJd' n r.a
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rrjd rr.z irrj:cimdnrrrisrandiooauuufrnrrlr16ur

' "l- ' zfl1ri!Ytunuoa:n1,, 22.50 300 200 450 22.50 300

0lullrlJUYl$n 2 2 3 4

0 450 600 600 900 goo 90"

ttb o.2a4 0.268 0.236 o.377 0.250 0.299

Jild lt .e rirrJrcin#nr:r6hirdnfi ,io{afi inlr -nrprotou,irooryr,l:i*Irl

t)i. nlfl iuranYr3l1xnl,r3rJo?11 q(m)

e 4.,fl1 15 30 45 60 90

f,t 0.0.1 7 0.07 3 0.183 0.365 0.9 9

hr

2

29

^l a )
= f,lJll71flfinfi1.ILf, LnOnfllUn1nlUO1n

= a11uL;Ttannr:bn(m,ts)

(A1 . r 3)q

fr
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rirto,: r, truiufiflrlr.lnr:l nluuurcirr 1 unn,:lflu3rJd nt .s

!r
I = o.o97 tr = 1.50

grJii r r . s ir il r: irn fnrtrl u raci mlmr,r gJo-zii

- ), -Ol. n.rtlalsrOOmUa{OrJ (Orlflco) hor(m)

fv
I

s

2

L 2g
(Ar.14)

Iou ro, ^ I t ,/,= f,utJtz nrnlrtg gldanaanou

= A7?Ul'r1?Annl't AtA $nAnAu$7ar&'rroJrU (m/s)

lat)
u1,tft:\t3!!n1: tnto.inu tfl D noo?'tl,to1ltufl a t ytoll,tul:n!n?1!no.tn1to1u7l'l u

:)L--.u'r n1:Yro:B o R?1uou to xl nu0 u ttR tlrru0:,t u0 unu 00r't fl2utr14?1\r1r1110 rnuH'|fl1lunB1J
..1

1' 0ilr0,touo Bltll'to tfluH1fluun81{n1u 11110{?1an{ ltRo,J t? tu:rjn 41.10

(D2/D1)2 0.1 0 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

for 226 47.A 1 7.5 7.A 3.75 1 .EO 0.80 O.29 0.06

grJ# er.r o irirrl:cir#nrliluruadriooiiu

,l| au R $'11111JnTn1B1r|tn1:lflU trn

ho,

..>

I

Ii
D

D

!

I
-1

D

DIII
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a)
ru. nlflialanYln.lilugn
/r

rfi o nr:lra nluria n n tta n o o nlo uyia sa.r ar u uiolyrnornyioso.:rr urr:un-uluriotour
.,tl.-,J

n1:tf,u taem00 u.unl:1u0 unu1u1010.tYt0u,fl:0nT1n?ut:lt2'tn 00:'ln1t tu BlJ 0itfl0.tYtollu

13; nr:rilurae firrdr
A a - ! cr.)i i . ) ,

ruo u nltooo.l?1R? t?11lJ uuRtYt00 [ooo1lu{n1lJft11rJ u121J B.tm a nlttnutaolnl3
r . - ) I - . ).-lllflHlll?'ln? (htv) .E.J1UoU nunue l a{?1n??1Llt 0:61u? Loo1nf,rnlT

hto (A1.1s)

Ieu l, = iuth1.;p1n{ntt6aldaltarTliT
v = attutina,tnttlualuianrhttdt (nts)

ri r t, r o,: r r {r u ei n : rfi n u n : uci n :r ur n o ; i ri.r ei atJ d

n. 118 1u1$ldo$ (Slulco or cat. vetvel

rir r, rirrrriul {r:.nurd ourd orioouqonrglrinlno'r:1.rd at.s

orrrrd lt.g iirrj:sllmCnr:riaruorolrrdrururdaurdarilcoune

turo::u (mm) 50 100 150 200 250 > 3oo

I o.1 I 0.1 6 0.15 0.1 1 o.o 5 ll0uu'ln

ta d!!. ?14?un{tdo (Buttorrly Valyo)

rir r, druiul{rilnfi r{oriarilooufl nolnlfio1no1:'xd n t . t a

) '' '^t darsnralerdrilnfirdardarflaeuaan.|:lrtn 41.14 6ldltut!dtrtfillttl6tEn!at2'tS2UntlldaallalUel tt

xulo:3q (mm) 100-200 300-450 500-600 700-900 1,000

lv 3.20- 1.80 1.40-O.70 0.60-0.45 0.40-O.35 0.30-0.25

n. rn921{2uuurniun (swtng chock vatue)

rir t, nr ulinnr2: n'r1ln no'r ! n6osol5ior nnr:r.ri nr . t s dru:-urtnl{r
. J.{tluutlot:? fv osllfilinn?1Yl lvr t2 tuo1t1,,

lv
v2
29
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nltr.ttrj A 1. I 5 ir iilrj:;furdnrlilaranrar rta:rdruuu,riar

luro::q (mm) roo 150 200 2s0 300 350 400 450 500 600 700 800

fv 1.32 1.27 1.21 1.16 r.11 '1.05 1.OO 0.99 0.98 0.96 0.94 0.92

0. 114
c

1rlUUU,lt'lnttC nm1 n2 U l]l n n (Stsol Fabrlcatod Flap Valvc)

rir t" nr uln'nr:rir rr uor u n 6o: nleior nnr:r,l# at 10

nr:r,rfi lt.lo ir dnrj:cdr #nr: rfl rl raer alrr drurunlso n

rulor:ui (mm) 800 900 1 ,000 1,200 I ,350 I ,500 1,650 1 ,800 2,OOO

tv o.92 0.89 0.85 0.78 0.73 0.68 0.62 0.57 0.50

(+) nrniluraedo:un:orYrut :
) ) - Y I , ) e d / !,

tfl a'no:1l11:nuu't n1u luuof,lJYlnnf, 8,, n3n aJ1l1t01n1:tflu tao llJ 0u'l ttrr $nH1U

o:unt.lnlr1u:I'I,{01:tu101u nltlf, uraor!aul I'r 8!.r11{o:u.nri

le'er nnr:mnn ol:toi, Kirshmer iwunr:

4/3
psn0 !

b
t
29

Ieu

t\

ht

p

e

(A1 .1 6)

a zt u d'r n t a ul o tit tniN atlunil uatdt.ri,l, dt az unt t iul lz (n)
, - , - t.t,sitiutlt?nid.tiuaiiuT datttt:ran.nflnaruni.t (q3'rJ nt . t t ;

u u td a tl a t a z unt t riu uyt t'tu
altauuntatmdnn;un:u (mm)

unala.tiotrfla (mm)
.!

aztu til'l otnt ugtl'tui,l.laz unx (m t s)

b

v1

r i, -J t )
n'l ro21u tuuor,ro: lllJ u:r'l non?1.tn1: !rsl B,ni't tt'1un:unT,t enuunlTtnulreTl

rfinduoi.ro:firirg.rn'iririrurruln"lourunrr# (A1.16) lun;rii#ilu:lr6na{urir
n:un:.c nrt6iuraJn'ur:nrirurr,rliorncunr:

hf 6.69 sin 0
vi!

b

1t0!8ff'tlll,lJfl 1t'l1B2omlttnUtAi

4/3
. 

"rp 1o.oz+y* .fi) 29
............. (A1 .1 7)
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leu ht = a 11 u ci,,l,ttiul o ti'tt:ni'r.ty,tirunvln-uo;rntu ria ntntt uz (m)

a = a71trgn1lantaznttatunt.t
! -.T* = thu:lind'ttxltlottatf,an (- 2oo kgfzm")

z!,H = allaflnaaudr (m)

orir,:1:fi nru lunr:f, or:rurrr.rln:':nr: alooitianlf,rilo-nclatLd 6o
,td- osL|n'nfiaiu?/aJdTumnfiU hr = 0.20 - 0.40 runr

- alunlnlfiulJsJao tuia hr = 0.10 - 0.15 t!o:

hr

v,+
e

p 1 .6?

u
T-=1.83 =2.42 =1.79

gild lr.r r irililr;fln# p ua:nr:rilstaadncun:"ri$ru:
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A 1 .2 ufl rrR'lndruiuur nr:t6lu raoTo uao:?a0 Hazen - williams
rirnr:rduraociaollurrza.lyia , oo ,]r, rhu:-udr c ri'.ruai go fil t ao o:o'lri

orn:rJdnt.tzfi.rnr.rs
DlaEeter @ d.d.qf$C.drdp,p .rs.rrp 4t .e{0

18
15

1'
l2
10

LE

h26
2.a

1.6

l.a

r.2

0.2 o! o. 0506 081.0 2.0 10 {.0 506,0 t.0 l0 20

Loss head per 100u plpe lengch m

3rJd rr.r z irnr:r6luracTcu.tor?ao Hazaltwtltame rda c = Eo

DlaEeEer m d-C-"+d$Cdpd^e.f.fgf4e.f 4t d {t {?

1.8

t.5

t..

1.2

t.o
ol 0.2 dl 0:. o 1.0 2.0 t.0 ..0 1060 a0 l0

s

_e

,\5.9
(,
o
{,

nl

2

z0

s r.a

0

a.0

t8
16
J.{
l2
1o
2.6

x26u
r{2.aq
o?-2

3r.o

.e

{?

m/s

Loss head per 100n pipe length o
.Jfilfi A1.1 3 ir nrrr6lursntnsdnrloo Haz€n-wulam3 riio c = t oo

riaunrhnitrn:rirrrr $nr:riiurao

/l

/,
I ,/ /

/,
,/ot ///y/ /, ,/ t 7/

t '//v /,
2 ,/,/ //V//
,/ ,l / //Y/

,77,I , lfi/
nI 7 //V,

/), 7
7//, 7r /: ,/L
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7,u t
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Z

n / /,lt / ,/
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a.o
J.8
t6
la
l2
3.0

>r28u
!25
32.
S:.2

ols to

Dlameter m f-d.dtrj19.Cpgppgg9.e +r '€ s.e

0.2 0l or 0506 0 1.0 zo 10 ..0 3.060 a0 lo

0.2 0l o. 0505 08 r.o zo l0 (0 to 6,0 &0 l0

n't:11,t ttt{$u8:0an uuut1ltflull'')

a

+

a

1.8

1.6

l.a

t-2

1.0
ol

Loss head per l00o plpe lengCh rr

3rJd lt.r + ir nrrriluraafn uatntrro\r Hazon-wtllams rda c = 120

Di€.E1erer ffii d.S-6+€S<f-Cpf^e ,c fscp trdp €f -o

(.,
o
o

a.0

18
t6
3a
t2
1o

> 2.8

z6

2.a

.o/s ?o

t.8

1.6

l.a

1.2

z

o
Loss head per 100n plpe length tr

3rJ# nr.t 5 irnr:r6lu ranla ugnrl oo Haz.n-wlllams .da c = r +o
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J^
mlm@uomm 2

iiuilrr;rrriru

A2.1 ?aursonr:rirorn
ilrroflurfluil#nnrirtJlflu.nuIn:rri'r.rdupu:rornr:r,rhurun:luanffrrnrru

1,lB1umr1 laurtnnr:frl lf,irul orriltfioeir.r l mlr:nu a nkiorn ran un:o-orlnlrirJ
eir orirl:r ourrnnr:rirruao.::irrrofl:l uqin:rfioo:oln-cr n::Jyr' ne. t

r@0

500

300

200

lm

50
gso
Ezoo

*ro
5t5

3

2

1

0.1 0.20.3 0.5 1 2 3 5 10 20 30 50 10O 200 500 10Oo

Capacity (m / min)

pld ee.r rouunnrr'tiotuo.rfilrno{[u

12.2 illdrniurao<o
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fiurvraflutfio Radiar Frow arlr:nrirtJlf,n-u,',u#rio.n',r,oo o,r rir rflutiulur n

rH n o: ii jurr n:g1u (standard Moder ) d.r uei n:iuo.:iu nr ururo rin ua:drurir ulo uu3fvr
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,i, n"ai"t Frow .tuur nluau lur.r-n

Pump)

z. il naoiat Ftow uuuuouLi.l lux-nyrnru#u (Muti-stage centritugat Votute pump)

s. ri! Raoiat Ftow uuuoetroro-ru (Double Suction centritugat pump) trR!

4. tiutflnros.Juuuiniue-urir 1ux-nnoro#r. 1l',,lrti-"t"g" Verticat Shatr Dittuser pump)

( 1 ) rjl Radlat Ftow uuut alron lufrodurdrlr
f .t, .f v a lr-- , o ) en. ln:t t1it : tllfl nossoo.t l?nuunlu6luufi.I?Ja.Jlfl a11a.][un?irnnoo!1h

f,urdur (EnO Suction Single Stage Centrifugal

03 0a uuo L5 2
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!11uuu? ttnru onnra'] ttR:dna onri'ruuu1a,:n"i 6ouilr

t. z o u rln nr:rirlrn : iuuo:puorituroa.rso:l:=rn $ 1 50 iRA !uo: rro#

lrilrirfiu ao rlo:rdalilar;,aS z it raurronr:rirmurre,:gruddrruolnu uts (Japa-

nese lndustial Standard) usnrlflu:rJi nz.z

n. f,nr*rrrcro r: : Iourir 1 1:liro:eian:.rrr-rriularoa{uuu q rir urluuudo
t ZX

tfinTulorooi z rir illudn:lurnnruluiuo;nnoonuuubirarulr:n"udr fi.lrulrn:mula,:
l o ro aidLi1r.lu:.: rir ilrfiodirrr',onrr-oio luyr-oGnos.,riu rx a',ru.rro,nuflo rn'r. no,

liriu:",r ri.:nn (Mechanicat Seat)

o. ort dli : mu r:Jr rumtrl:lluornr: ,:rulni::nru en.,

))
o. rrn:grnfirfiu?iDn : tso 2B5E,Jts 88313

rrj# lz.s s-zotirotJdaro,rfi, n.an no* nrurnar$o* luria#$r5sr

u l, Yt l,t t't r $'t u

--r-=-I

rild lz.+ :rJrirutuofiu n"dr"t Fro* ouunratra* luria#nr6ur
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1 z1 fil naam now uuur.r a u&io lun-nfi a1 u#r
f r/ 4 o, r! !a

n. lnl0 t.ln : ott:0llSnluuttuull0u Lll.tl'lo0rliauosttu.roar{102unulul'lutInu

:rolrxnrun:do6oriudrrrn-nrn6ur rirurinr orryrnr un:1ur-oo::ali.rTou:a.rdu (Bearing) d
I z ./ . f )

:J fl',t u'D B. lt R't7l.l nanI1,r 03lJ au nTollu tl:J:u (Thrust) 1t.r13!? U 0nU:{fr n::f1tiAIa.:nU
iuu:.::u

r. r autrnnt:riror* : rhui:.riulrn:orun'r I'[ .ttar gonrn4r.nud;:uo;ad

lurir,r o.to fi.1 3.0 nu.rro:eiourfi ua:rao nr ao :llrru 130 ruor nr:rdanlf,talfo
o',nr,nur.,nd A2.5 iru'l-udurir n'.rfrrflularcrai +:ir raoaroo:r.:ki6.r s,ooo rln:rirrflu
n1tff.cYl'tlt tfllt

n. inr*urranr: : iurrnrtrun'l.1 trJo:eioer:,:rdrriuloroai + uio z rilrr.r
o o o: o rimr.l eir urir I un:mrldt uo: a ririrulut o.ro-rtil
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(3) i'll Radtal How uuuqnaaodrn

n. In:orti-r.t : hlr-nd.r rijuuuuonaorairuo;6o#radd.rnnr.rnmrur?r 0Jtllfl1
: - er / ), l e r .i
li1 un10n lufle rfln1 uo:i?urlt!nau0i:0.11u [oulo.rEiuti)lR']un0':tvrnl 'tnonnlu touYll 3l

e -- a,'tUn?l-Du u0:uu{uunoon0lnnul,uuu2T1! lour0{uloi'rlrl:uooo.tYtBooua:llBo1u0:auYl'l'J

fl?llnl.t],0nn? tT0ll

r.Dout nnl:Yt1o1lt iuuro:3nuo:fi:rure #.ruci zoo 61 5oo !nhtrn: aru:n
Liranleif.r so rrror us:m rrr1o rfi u ff ,rduleilrnfi 'r t zo rlor:Io uf i1ufior6 ur

e . a-nrru;ronrc : nr:rh.nuo:riun.rrdo.torninrrlrrontiza.ru:'t:u (Thrust)
) ,/ Z e . . Jt..yrrlraRl luanolnI unltnntr1 .]aai$u1Ia{ [u e flr::nu! tun11000nt$u0n?l uuuYl tT

lull"ooorfiu.Jriru16ur nrrusiornr: ttpsH o:riounir
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rrld lz.r o o-eadro:rJ6'nlaofir Radt8t Ftow rruueada0dl$a-''_-- a {

c )1.rlxn!01tt$1u

grJd lz. f r grJrirulaofi Radlal Flow uuuea.lo{d1$
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S, Z aa e !., o C(4) rl x I'l a1o0 lruur atu fl$$'r lu nfialu!$
g / J ,lr4 -n. lnr.rtlfln : xng{t'Bo!:lt3n0uci?u tu}lo 1 auuouro?un'l ltout':ufltuilu

rir loitrrs"r; ild.rilur{nunrutloroo:nnl-utndouriruriudr n-.!d'tod#u on'u o':txnr triu
t - t'tsY

lunrrln 0.r LiBUl o'r R rroti'r['riuE]ro0iuuu1rJrIuoufl1n{ llatoBlo:non{ t?n1us1.J'll0.t
e ) ), ) ) 1
1l U|trin: U.l|a !n tu:uu Yt1''l i: luoantfful,{fl.tJ''luYl:0{auan

: ,/,
1l. ?au r?o n1fli1it1lr : [t [u',1uru 1 01 nu 0u1o'] n q't1ul]1cl:r1u0:x xTtnu3ff ':

1d6.:5 al.un:riaurfi un:ranrrnir 2oo runl

n. a-nr lro 1! : 1ru1o t{uei'lfl ufn nrur a.ltito:qio.lilrL{n::rToio rd oLi

nru:n6on&rlu ouro'rnleilurlooriurirrflunr:rurir ruoroo:fiuuIin-utndouriruuornaiuuu
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o. r r r.dl# : nlunuri'ru1o'rardanr:rj::rjr ra,..h:yl1u rfl :ao lrnrru
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az.s fiil drriu Ida?r$1ona1ir
g"
ih drr:-u raorurn nnrldruhqjo:lfluyr"n ul:.r Mixed Ftow n-rriJuuuurxnruou

.r, llrr,^ & .en:lriranldhitfrrr 'l 2 r!o: uririr rfluuuu rr,r nr o1o:lfranlei 2o rlo:uiaurnn.ir

(r ) frLluogtriouuul nlnoululr-ouuu Mtxed Ftow

(Horlzontal Shaft Votute Type Mtxod Ftow pump)

.;
n. tnro3t?10 : t:.ilonuu Mixed Ftow o:6oei.lriuilnrurirulrd,rlorurnr rirurin

),/g-
1a.t hJl{O UB3 rfl A',tO::0n1u Io ula.,dusa.lgoii.r otinr uuan i:ou:]l frarr.ll a.lyiodr lo: adlu

a;l,e'
Bll?uallu:0ull']o,lun3n,t01nnu[u2 unu1J0,trfl f, 1

r. raurznnr:rirm* : ril r:rnfldi:fitqroa,rao 5oo io6ruo, biraoa.rno
12 rro: riaorrlrir:orloroiuriri.rhio:r,i'rorrr,i.rurdcia,rlfri:rrir n.rr*orl.,iorin

le
or 15n1u 1u: rJ o 11

a. o-nr*m;ratr; : iidru ::no:.rdLiri.rurnun;irucianr:1ir:,rinrrr raounl
rir n".r.lru#eio,rn'r:rd oio:r {rafiyrzru:dr n-.rr6urnio.l (Snut-ott head and shut-otf power)

4, e ore ^, - { "r-,0: llfi'r1lo u yt't tl,ln1:rtJo-tJo uli1't6ii1
Jqw , Y{. 01xr4 tt : .IlUnnu'3ytlll {'tutru,tu1i1 l,rn: tunr]u?unltytliranmunTt!
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( z) fi rn a uT?io urr,t, u.do trrr-o ltuu Mlxod Flow

(Vertlcal Shaft Volute fyPo mlxod Flow Pump)

n. Ie:sairl : 1un-nuu:.r Mixed Ftow osaooull{dilarueirusir.ll olr,.nrdl'ra,t

il eir u:o.ldunr uuo n rilil:, rnnda on u:-rulflfryrlr: ril nr:6e #.r uuu auri.sd.llarna{

o: a uYMllJ 1l1l 0 { l:.i fl u

r. rouuont:rirotu : iulro:3ruo:itrurolrrlkigr6'l zoo io6rUn:Liraolei

fln 2o ruol adr.ll:finrl ilrfiodaroiluro1u{ki!rnfi,r 2.ooo i n6 rUer:rir rilunr:

i.lfirf,rnr
a. a*nrot:ror1:: fin rualriado'ndr ri arrl'iiuu rfi uuriuu'ldioiu tTt*ti'"do

ldn-u.nurird'orirrf,u da rn..r 16 ur]arrir nr ulu6auf ro:loiiu nr:o o n uuuLitii nr.loo

oll

o. o r * n't# : .lru:l:vrlr rurotjtmru lruriro-orir r6iu nuro.urrr', o,i.'
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(s) fiu,ru.#onuuiniunuri-r lun-e uuu Mtxed Ftow

(vortlcal Shalt Dlftusei Caslng Mlxed Flow Pump)

-)rfn. ln:sniro :'hrioo:nnziuroiaulourvrnr6.rror:r:nairu:iaraza.nJnruviadru
) ,. ) a 7 ) - ^ - : A Acu

H',r ufluun n1.:1a.!Yl aol ut{ a u [uuu? o{ ua:rla1|rl11|[.JUflruarlluT:onnuvllT03Yl101nu1.J

e'r rn:r;riuSon:: rfo,: (ceramic) un:ra ri oduair urir a: or odrrirLiar lr:nld':ruloirhlri
I ef al

[T.JT'Il tUUlll $nU10.J t]l R103:a.t:U tO U! a rAa:YlrlJUOUn10{

r. rourlonr:rirsru : laiuso,rlflu di ez.zz doorrl,onrrr,',"ntruei 3oo 6':

- J i rg900 rlnflruof r.rR:rroR.ron 20 r o: olr unl: tr [u]ron R1uru03111tu fl1!1Tn tfl !tao lo

s,:6,: 1 50 rro:

n. dnDarlton1! : ldrhu:-:.r nrr6oot'ruuuriarfl un (wet Pir) nr:soriorir'lei
- i - t I ru -- /.-" - i.i.t1uttR:unaonuolnu 'n1n1?roau ulnuuuoooJlllt Ll tun.J]lotll0 !!nlllulYltn!n?1lJou

. rJ 9 <. ). ' -, Aa
tunl$?lr8grRu 20 ruo: I! au ['iN6.r lufior urru:J Radial Flow n: lnulsfl tn1rlnn
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3rtd rz.zs 3rJ6'eza,rfil
y)d az.z a rdo rilunr:6a#ot*fi'.r

rColi1*otrrf,larrrdu

lz.+ illdruiurae sir

Io un'r .1 t}il raodr o:lf,rh raiu.nui i io:r nr:gu g.rd.r r-no :1fl ufio Mixed Ftow

rio nxiat rro,n rvirfu rhuiu.rrururirlurolraqjrino:r6an1i'ird.,r-r,ndor.los,r,n',o".da

n-nilrgnrrio.: upsx ua:dqdddo,:nr:eitriu6o#0 r.,oioo',oo:ldn-rGauildriiu
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( f ) filwnirlurinuuu Mtxed Ftow

n. Tc:,rai-rs : T Jn6o:1i1ulr-fl ruurfl o rirrljuuuuuraruaudr6ou:iro:rfl oaan
lra .1 . r i ) )
to tu[u?t1u.r.to:yt1 [14 f,3o2 no on1:u']r.J:nrlt olt a1rl'n: [xyin0st8n:! [o u:0.rnu6{ ad
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Mn = 97 4 pnlNp (kg-m)

P (kw)
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12O m3 tmin

EL 25.O0 m
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60-25 = 35 m

,,u1e tiut{1fluunR1.t

R?1u$rnna{Yia 12

fl?'uJu12 1 ,000 m
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o
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gJd 44.2o riruraoroee:urilirleua:roqa

n-r a ri r r n r :1 f, u n u n r r n r : n : : ri.n, o o ti. i 
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ri u hJ d

n. rioladtriunl:aafl uuu

1 ,2O0 mm

m

r-sorio : rufinn{rslru (Mitd steet)

rlr urfn,ir rnr:r a.rrir n-nl : ,l=1kgl/[

t, A -Z .,l. !ora tn ulflullrua!raroa:
tfio:ro.:ill : ilurroruau ooflonrilu nulo 7oo u!.
oo:rnr:gu : 60 m3/min taortlt : 46 tuot

oilur?)1au : 730 lou/ulfi ::f,vr-lnrx : e3.5e6

dlu2lulu : 2 r.fl:o.:
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rh n-.rrrudlri : 650 kw olrrir:au : 730 roulu1fi
ru:ln"u1r.Iflr : 3,ooo Lari nrrrnJ : 50 Hz
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011{?Utfl:An

tae t'tu
olurir:oula,:iln

g
Trmtnl la.JIu

111 t,l U n O',t llrl:1J B.i lr',r

nl n {{'t 1l7l o 0,t n1:

u:lfinroliln
nl n.tnlul a,ltoto 0:

Ar
tlr{raaula.tuE toDT

u:.llooul0nul,l

uT{tq0uT?lJ

Qn = 60 mtzmin

N=2
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Ep = o'835
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0.163 x 1 x 60 x 48 ,z 0.835 = 562.2 kW

Mn = 974 x 5O2.2 / 730 = 75O kgf-m

P=650kW
(cD'z ),, = 160 kgl-m'? (3rld na.sl
(GD')p = o.1 x (GD'z), = 16 kgf-m'?

6P'? = (GD'?);6 + (GD'?)p = 1 7O kgf -m'?

( z ) iutJ trF,nf,it a r ui n Lda

K = 375 Mn / (GD'?Ne) = 375 x 750 / (176x73o) = 2.19

( e ) at't u th nd al a tn:nTua

vn = N (On/60) / lO./4) o2l

=2x(60/60) /lO./4) (1.2)1 = 1.768 m/s
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( 4 ) a71 u Lr 11 0 n a a tfnl uau
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/-
( 6 ) t a!11 a1LOUn1n?/ AJAAUAI1UOU

2L 2x 1,ooo

= 3.79

p 1.98
1,00Ea

(7) ri1 Klt

Kp = Z.tSx 1.98 = 4.34

-i{. laa62lInBn'I319]lasiJde

( 1 ) ri't \/Hn,i,uri,iri
(H,zHn) x 100 = [(48-35)/481x 1oo = 27.1%

e".:r.fuo:io,rltiinrr:J:: rr rurir or n: ili aq. I q (H, r Hn = 29 *1 rn: t:Jd A4. 1 5

(HrlHn = 30%)

(z) citnaaztaouhqo

orn:rJ# na. t a uu, oo., u rird.rnaoodorriuri 't zp = 3.7g $43 Klr = 4.34 i
-sniru

ttuns2

.) - I ) , , ) - - - !
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lir.rornf,l o5o !!nr uao.rLirfiuirrir rilueia,:ilrer:nr:il o.rn-urfr afl o.rn-uiLirh rfin nr:
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oetll1llre

ca-% - 13%

48 x (-0.13)

=-6.0m

- 1O.sqo

4E x (-0.105)

= - 5.0 m

- 19.5%

4E x (-0.1e5)

=-9.4m
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raofl'r'r!6iud1flo - %

6nrflurao

10.5 %

48 x 0.1 05

= 5.O m

27%

48 \ O.27

= 13 m

40%

48 x 0.40

= 19.2 m
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K = O.76/lt = 0.7621.98 = 0.3E
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GD, = 375 Mn,/(K . Ne)

= 375 x 75o / (o.38 x 730) = 'l ,01 4 kgt-m'?
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(cD")r =Go'- (cD').n - (GD')p

= 't,O4O - 160 - 16 = 838 kgf-m'z
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F = (booo/Hri)rLl(9A)
= (O.95 x 1.016)2 x 1,OOO / (9.81 x O.5o3)

= 5.09 m2

lju1o rf,udlf,utin n1.,1to.Iilria.Id1i1ei = z.so ruo:

- a)^ g
(2 ) e1$runr nLUarJuoalaufiau

-.e - Yr ,, :,
ff uu6hir:d'uf11urj ri o.r rfi liuo rir.rduu niu'ldhj rfi u Sg = 9.0 rrn;

A'',i'rr', ri'rr. Hr2lHr1 ttfl:n?']r ur.J:rl:rur o.rfirrir sB/H. ri,rn{ rui ouni'u ntd
)-, -. g
rtuunl:llouuau1in: ultu

,a I ) . -n1n:uYt A4. 2 3 b oslJfil rmlnu O. 7 2 uR:ls1o}ruyt?lll1on1 0{Uaa,t1:fi'tu?au

tri'[ou

F = (bQo /\1)2 t/ (gA)

= (o.72 x 1.o / 6.0)2 x 1,ooo / (9.81 x o.so3)

= 2.92 m2

ruiordgrilflurinR1.rrron d o.l dlfleirrir riu 2.o lxot
Inur:rl rl d a,,,ir rioodunm uariu (Surge Tanr) n?:o!inu1o riurir sulin nr,t

2.5o r!or doornrur:nounlbinrrl url:rl:rul o.rfirrhlurJri a.ro dlu::6iuiuorriulri fl",:
r r,'l i -lun: n tulln1ta o$:0t1{ rn?l uoll

Surge Tank

Et2e

Hrr=6m

\r Dlschargo Chamb.r

F---l=199!!E--{

Sucllon Surp

9ooI
E
C'
F

0mE113.

z i ac.zq
., " - I - Ae t

uatNolfl ana$n21Nn$uuuET'Nnln t!n.)unrnnnl?nnaitua!,it ,t -a lIlt$!a0na$n21!n$

n1:11{UHUUR!00nUUU.t1$f,UU1

l.2m

=14,0m
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LfiALrJ'ln17nf,7U11tJUniUf,U7InUZ l[nlIfi1J1UO1 nn1nUO HgAA11IA t,{.Ul, r,
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a7fld1 tflu nlratTi, a Li ou'htTunttil nuatortth)nia u 1 nuiu aan nu;7ll,nltrh nlu w

- . /. - - .1 "oatNn1lllaTlitluaJtlulluHanlTno a,Jtfi a !4IJunltTutJ'rinu urTiuJnnluuo
)A

:1UA3taUn1|at?rn1r7lof,oun3 Ll,r l? !1{18 n't yruoyr:a !1o1!'l um tn u?'u 0.: rru
lnternational Standard (lSO), Hydraulic lnstitute Standard (HlS), Japanese lndustrial Standard

(Jts) iRe lunr:::un'o 6ruuo (specificarion; rCanr:,i'n#aril rir iinr:rirruobida,ri
) t - e ) - q.ln'l: onoItlrtBuu uflu:rnu3o!oD,:::ur0n0.tuqqnyto:oa,:ttr urn$.me2u ?ffl'r:

fio nou tiolildd2u1ur!o:6,:nrlrirgrlhl o.r lr er:gruoo fl1$n:ru1r o.i rrrnfldrlun;a JtS

ls. r rCan1rll$n,r:Trgdauua;raiaofi afit#
lor

( 1 ) ootna2?i llmn ou

il o rrirln uldrirlsi i o ruu n iil n6Io uLirir fi.r 6 'riro:tou n n nlTYr o fla ur

rir l:J1f, n"r :r o,: r u a r s :1: lu n r ri#r a n ru fl ? o-,r n Ei l r i n nreu ilh fr u n n rir l o r n rir r r n o :
do.r i :ia n n n l riuliri r.r u {r'i r o : i n r : 6 R r r r n n n r : yr o n a.r a d1.:1:

(2) n?1ilri?dlir6dau
- tr ).- - - ).R21! t71:0rJ10nU !71lrYlO HOUnI:O!tljllfl',t tO U2nUnUYlnl1lUO aU',t.t ttnnlr n1:

no flou# n?1! ri'lroudn uo nd'rJ01n o1'r rr ril#r:uhirfiu zo uJ oiriuciaro o; u a u1tfld
a,),!-r).t.t,-)t,a,!e nt tiul,lzlut!rnnllr[!afl?'1rnn0.tn::un ly{r,l'rnuautflBnl:Ylo o]J[on01J01n
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,:ru riruiutiluu! Radiat Ftow nr:ioovdarri'rda''n:r nr:a:.rdttnnd'].tn-uLifoun'ir s cir

:r r m'.r rir #o o snut - ott ( ril rir 'tr uI o u tr {r rirudr u'rJ o rfi m ) eir u

A - )nt
( 4) rn:o0 an lrne arJ
g A e ^ J ) a .,lr.

ufio3 n nYl n fla uo3ei 0{ eln n{uunnm o fl 0u.trnuR $fllJuo ol lJ ll10:n1um te onn.t

fi'uli :rjd 45.'r uR! As.z riluerrodr,:lomnsoudlf,nirliuuuu Badiar Frow $Rr Axiat Ftow

orrdr o"lr

Outlet vdve

Pump under te6t

Pump unde! test

Discharge
measurilrg
device

Preaaure
cgntrol valve

weir

J
_ _ t_r-_-tl

gr.ld rs. r ranaaaudrrirfluuu R"orr not

To vacuum
PUEP

Outlet vslve

weir

--l - r--1---lI r_-_ | 't

l{Bter level
'l

liatcr level

IIr-
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To

PU'EP
Pump undcr tett

l{.1.r
3au8!

Vlcuud
tanx

To ali8chrtgc
rheesudng
deYlce

lJd es.g orJn:n[d't#naaoudrrrau;nrrir*r.r,aoii.

A t . i e .1 e
tfi oilnr:fi trunlfin, ri1 NPSH noa,rnl: n1:nr?i (au HU:rnu:min6i'ruooo:ri1

Inunr:o"oLiio:Jnrn[fl?uRuo?1un:unrlirunoro,r:ilri'rurn,rlflu:rJn'ns.s d.rrhlo u

lrn.:flni o1n1fl
t,runlr n noue ro o.ryrrLinrrlun rrirthiria,:r ovrrronr o.rill rilunr:lun uuurrir

rsuordoLinr:ioiiolluriurir nr:lundurj:rl:ruluuirrnrd6ofirndionlrlo-uorourib
ti/l eaeat .l .
to Lo u n1 :n n ['y\ :.t yt o fl :{ i1 u'r 2 }'l B nu R? : n oun i o o o{ n fl I 1

ls.e i6rn:rnaau
f , - .'lg " - " . d ).elou nonlr? no'In1.t 5l o:ti'l tu1,nrsti I rjl a{fi'tn1ud? unl1x rt?:ouyl ttTlo nou

,Afl10nfl n11(u1ll1n01,r 1 7ln:no.r7tnfl0u0! lorlnnl:u:u!0.Jtuo,! 0,r?1n?n1nq1uo1u n0u
o !r " C

7r1n1:?O lllrroRsnl0 nt't n'11nu030 0.r:B t$ nn1?: n1:fiT.t'l u,I B.Ju lt ril nT:ou:J nn l6IUn 0u
z

LtR]0ro0n?l't n1:01llfl1t,l R'l uf]r.I

(1) lsefl!
dr. q.. ) "raofildornill66 ofi?'r un nn'rn:r14?'r,rfln{.rluoouunn ?u 1 rinra.J10.tr n')

) ,l t e r A , h- tr IffonBrto.rruorlun rrir un:'tun oonolnilu ri'r rrnfildor nillfio:u on rfluuvi.rRrt r a.trt a'r
. a) - C q

?l0.tt$n? tuntuYtfl1r1tn20 rEoyl't,t01uon lfi tlu[un:0$a{u!t}tf,1uau trnT2ullo,tul]
)lrn1 lnolnf,un'r:14 (45.1 )

v: v"'?

"29zg

t{.t.r lcvcl

H HH

n'',-"our*rro-roi,

d
(Ab.1 )
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Inu nattulatiu (^)
c,t-

adonl na1u1l a1J onrJ uau a2o11n7!oua'tJaJ (m )
- g /-

Ld on'l n 01 uaa? a Ju u N a7 a7?.m i au a1 n a J to a1 nu lm )
. ) ) /-all U Lr? tOfr ul An" A J L,r,A 1n1,.ln1 ALA An1J O1rn1 A \m / s )
-)./)all u Li1 Lod at snx an ii/n1fi ffiqn'io Laonlra\uao (m / s)
,/a11ad frano1nur,re ozallnn (s.8 t mzs'?)

vo2 _ v"2
29 29

Hd

:rjd ls.+ rannrluofi u,rru',r.0*

. - 4 Za , . .,1rhniuih rr nrd''.riilrJ nr uvioooadrir nirr:olu firrto.r:ro.ruB? rag'r?ulro.riho:lr

leiornrrnrrnt 1ls.z;

H
v!
29

(As.2)

Ieu E o nl t d't uii't u1J a t u io on:,: du o a a uin at'n a't i aoru ( m )
-gna nt,tcituaat atfl uiaot ntdula auin altr! ati aora (m)

a)),1attu ti tafr ut a tt a.t mazftQ ad.tion ant.tolueit a (m r s)

H=
Ha=
Hs=
vo=

$
!l=Ha-H"*

\

Hd *H"

H

H

d

s

d

H= ,0.,". #
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& - - " e e -Al$n'rrul rao?11{o1uo1uBn3m1,to'luoolt0,'lJlJ o:oa,t! nltnl1]luo:Jou a'l.ta,:${0:

un ndl.rf,uao nlJor lrfiol arrilei,rusorlflu:ild A5.6 ri'r NpsH d 6io.r n1:fin3oia.r dl,r
aa

0.tn1nlroUo,tnn12utrutou?fl u

(r) (b)

Rctc!anc€
phr.

(c) (d)

R€tcr.nce
platl.

(.)

i

( ()

I
pl.n

I

I

t
I

t

JrJd ls.o r:a-u dro6oaoofiltsntdro 1

rtenl.rilucnun:irudru'lo.rfi lo:iolu::ll ornrrlo-uloult-roiariao-,rsiattJil 6s

( t ) tndioaztuduuuu Bourdon Ttiaattuduitiluuz n uatgryEt nta
( z ) nlnfi na{nianaaaurituttlitorn fl')

(s) naaauitgtlit gutt1tJt an
-/(4 ) LnTlo,'l.lluaxuulJrtucl

A -, )- Z ,.1
n17tn1:TYtflUnm 0 tfl a nn 0.rau n:u?o n21rouo3qla.Jou tuel1[111t.1t1t]t ll1: (ll

,l t ) , ,) " , J.D{fl'r1lr t:lYro o 01.r q uu uiohno,ryi0oJLiifllT xrr r :?u Tilfi A5.7 ufi6r.ld1und,tfi
)-t$rl'r:nu6h iu ror;:rfi arionluoiu Iou D riluluro rdudrsurinarll a.lria

) a . t,, - - I e Z
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n?l xriudiorii u rndioom uoludrio u luanrilrilu kgf./cm2 dM:nurjslllirilu
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.ln.

Position of dlschtlge
Dischargr
valve

Elde preasure
tsppiItg

Posltion of Euction side
pressure tapPlng

:rjd r s. z ir uurir u*ri o do;1#6n #o rndin n e'r l a-u

(a) Thick wall (b) Thin wall

d

l>2d where d=2to 6mmorlq]
of pipe diameter, whichever is smaller.

tJ # e s. g inu*crr oo : ror : rC a 6 a ns,r a rJ n rn[ia nt r du

H 10 . p/y (A5.3)

Ieu H=rae (m)
- )- t - *p = aT..u ufiio'ldrflu kgl tcm'

! -"I = itn,rn1d?tnlnronltanfla7 (kgt/l.)

= 1 Ntrl rirrilurir

o'rinuri.ruuvrririlon 0nrn{ion?1xo''uriJu Mpa rir raoo:rrtitoulf,runr:# es.a

(As.4)

n11)1.1 UtlUllS:00nUUUrllllf,lJtl''l

I I

T
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Iou H = rao (m)

p = alluiludialdilu upa
p = a11ur1u1uriu!/at:/awat (kgrm")

= 1 ,ooo xgzm' n'r rilurir
g = aztutittdatotnwtdtqotat Inn (s.8 t mus')

raorr.rrir uo o un:oir udr u o: cia.r::ulo u rfi uuor n::o-u dr r 6.r eir riud1fi1flutr.J

d ns.o duhlo"loonr:u a rrir nrr lo"ud airulo"ufrrrirl :rln"uolra.rra.rrndt"onln
, a -,), a -e -outuuoTro! 01.I0.In1tnn 0uff.rn?1 11:0r nnlm uJ a,r un ?o? ufl?1lJ f,.JYtt!nu alno.ta u rltllo

n?1tn0?ofl?1uou

(2) dofln'r:{il
-Jr g ) I -i!n 0.!r n1:10tlIulo:flm6?1 Llt fl9t11t1J! o av\uJvlu? u t? Bl tll au'l a9Tl n'l: llll R nl:

io o errr nr:lunInun:rsr rr:n rirlsi'[o uldrni o'r fi ooileiolild

n. ul.lrata"dlJ u2iia l]a!?ioe o!1n (O?lflce Plato, ozzle, Venturl Tubo)

- Z , .) " . -U ) e -n1l?o ao:'t nl:'[n nri''r [o uh oon a n:oifro:ri'] tl,it'iu?i1rll100nlu Lu1l0.: alnnBi
) a c-a I

ft?1ur:? lun1T l1,laH1ufl1u,la.r?larnnu]i L rRnf,nu03vr't [o01nfl2'tu[nne]1nla.Jrann0u
J

un:u n1a:J n:nid-r nrirr a--n:r nr:'[u Roirii ul ld'o1nn!nTiff (A5.5)

o 60.c.A\Ee; (As.5)

Iou o = tannltlua (m'zmin)
- l)t -= ci't iutlt:frnififrurlurfrotat a ntn[

! ) --= fiuFnftohlalzalr f,o (m")

= I+ 'tarJ d tilututatiutilauina'wtatdattfio (m)
4

= ft7'tuLlonshtlla,,lao (m)

,.1 , .). - I ) - - i .

:lJyr 45.9 n.r 45. 1 1 r'Urrn2 a u1J10.J aU nrnlyi lrRofluYrlru1oon1u tuno
x t .,1 r,.[un']: [xaun7 20 ao:1 n1: [uar{ fl'r lr$uulr'r.rou 0:na.tufl ao:'rYru1? t!uau

,l. , rZ - lr- y : r
n21Yln1$UOO1rU1n:i'lUff']UlUa nr UU3r OOO{ [2vnJO'rUrl,tUa tlnrr',] Uu1 IOUUnOR?'lX

unn ei1{l ano?'r uoiuo:iolo uliu a 0n ttfi?u:rn ron: n*? u

, -l!nt|1e$1

anrnrrnut oriuff-lurrnio6i? uehu'l-ori'r lun1rri1u? rudnrr nr:tvrno:da':inr:r-n

c
A

h

nrrhacou ru::ntl;ao.tilu 3t5



+
(Cllcul.r co P. .nt)

(Stnglc hol.)

OrI6c. pl.l.

(Circular
corn pa lt men t )Flow+ a+ (Single hole)

lild 5.9 ududooiu (ortttce Ptato) gild rs. r o rtz6a (tozzte)

(Long tub. typ.)

Flow

4

(Short tub. type)

!

frlii s.f r rioeollea (Yenturl ruD€)

raot$fiot:iun-udiuadl':nnd0.t n1rsfi.iun:6otitdrur-nriro:eio'rrilul:.lorllro:-qrudrdur
-i|

:io.r :rjir.:tor rudlf,usnrlflu:rJfr as.te rhu:'ua,husrlrudul drudruduliurir.: un;
rtr

, ) ) t ,t v
'l unt$n ur utulJ:t1'l

mr.lrirurir druo:rio':tiluuurn:lun:iinrrln{r':nrluro:Srutilu::u;mr'r{utJmr't

rrafiorir urru orrorr rdainr:r:Jduuu s{ in:1n1:luno:dol:o1ffilL inr:rliun-rou
)d ,

Loo10,:t1tf, n 0$0.t lln']141un1tEo
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D B

IB

h

B

n) drurrr:rudun a)))
1r) f lU tUnUUUUXl,t A) 111U(rXnUrr lrrUU!'1.r

rtjfi A5.1 2 ahuiarir

).1
fl'lltTU ',tUfr'lUnlflultTllruljo.JffutlluttJllltuol n aoT]n1t I1480:fi'tu2tu ltiolnfl!n1T

d 1ns.o;

o K . h"'" (As.6)

Inu e = ianntt7lnn (m'zmin)

x = riliutJtz?n{l olrhaa.rumdau
n = oomfiaiuillu (m)

))Jt)
n1u:u gt'r ufittt B uuyl.:ulJU:JU uBl Luuu1t1.t oo:1n1: Ilrtf,o!611.t? loo'tnflun17yt

(As.7)

o K.B.h3" (As.7)

Iou e = iot-tnttlna (m3zmin)

x = ci'tiutJttRn{diuotiiurfiaxandla
B = alTJ .t71ta.rrl,]tr (m)

n = naniaiudta (m)

.. | ^ f .-. Z ^ ry .l)flllut:nmf K fl111:ull'tunnF'rxruo0:111 loolnranffl:71!nu21J0n n11'tooffTrn1:

lilnIn rjlf,rlr uo:iorl r rurr:rrn-un',rro norrjrrr,l n n Rrn uR::rll'r olrrgdn'raodr

elt. ! - -a. aN2n !nu$11lltn$talnul.l!ill1n:

nr:r-orhIo uio:!u! r2 s1fri1ln0 n.r o-.rinrlurliulo:n ur5rrd.!o! rr,! !1rn-u n1i
q . -al, ,,-.rnsourJururordn iEfio;lirhniurfi uu!'tn:!1u (catibrate) na,r0rlnroiino'o:1n1:1x0

ur,:lfiosiru

b
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it. ln:oitr|o2nonTlfnll aolr.j

) -- r i
rRr0.J? o 0n:1 n1: lu f, Bu s) 0'rou'l u'r l! to nlnl n tn ! n1lrYl u1J rJ1 nrr1uau'ln

,t)
$,[t13f, !n1 I1 0nlUUn1 A,rI19r:[1ltmtnU?14,'

I
(3) a'n rr2rau

olr! ri2rou'u oJfixu x1u 6{dru'lu:ou1annirx !uriaurfid.rr"oIo u rnio.riorou

(Tachometer) dinlr l uriurir s.r rnia.:ier:auuru5rnovr:afin{srlT:nrirrnLildrirurn
w A t ,A )

tnunl:r7ruul,1n:t1uau'tnnn6an r!0un1120011!r:2r0un1nT1un1urno:rurln1ronul0't
- Z r r.J9 ) ^ Z - - f

n1r?oxB1u 1 n1{ lun: 71:J!7lnn nau no n.rll''r}r:a ll n! r a to ar n'r:? nfl?'r lJol0in:!tlfl
L{fl rdilouhiri'uriB ro o{lun$irir nlryro f, o!fi ni rfi u.rfl adlx;unlryrofl aurtu

)t(4) n,lA001$noo.tn1:

rirn-.l.rruiiulfo:lriornnr:iorira-.r.rruh,lflrdflaurrirrilornairirrlnmrlu
.Y L - " .1.o,ur:flmrn'rfl1a.r! B roa:uurrR:1l uoaor.r r.1r1n! raro at dln:uratoatfl t! Lrln:3uflflf,u

)-^.))
n18.J.J1uYlll0ut1t1u 0 toa:o:?o Iou !!1elflllro0t R1:lt:n'n!'n1fllja{r0tflatmfl:l0uoln
9B.JvtORltfrll0: [oel nHH a o

tr
A. Aq . reil lrrt nl tYto flBUYlo0{ nltfl21uo! t0 uo n nn 0nfln 01n1R{.r'r u?lu !o o.J nlto: !o

01nri1nlr ! riirau rn3 u:nfio (Torque) Io uLilourlli rnaid rulr;al
) . - )- .d 4 ,

tu olll Rt.rluYlltutfiRol{lJrf,.Ir.r1urnutRofi11lt r:?1au 0300nrn1:n noJnuf,?{1,ru'l
ri A . z
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...... (A5.e)
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n = laanutatiu (^)

h = rirn-.rrrldr anafilouhiriuiu (xw1
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p (r-v)+r.o ,r( D

D,

-o.18

Ep 1- 1-E ) (As.12)

(As.1 4)

(4) nlrurJo0illrtfl uarr:n*c1$nr:rir'rruaaofir#nuuu

o-om nr:iu e rao H rn rrir o'lr u#da.r nr: p r olriuuuuo:r,rrleior ncirl o.r uu:r
, r,l , ) -- - . , h-

01R 0.t9'l In!n1:o'JO A IUU RldnUOIUUU (Superscript) l,i!'lUn.tn'l7l [O1'lnUUU0']n0n

o (As.1 3)
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r5.5 #o riruuora!rl'rnrg1riitfd1o6{

"'(#)(s)'

,'(#)'(&)'(H

(#)'(&)'(i)

s )(
E

E
P

a

(A5.1 s)

Iou N attutiztou (revzmin)

attadtdotttn urudloozal Inn (m

at't anutuiul atzo,lrn: (kgzm3)

( 1 ) Japan€e ltldu3trl.l Stand,.rds

- JIS B 8301 -199O "Testing Methods tor Centritugal Pumps, Mixed Flow
Pump and Axial Flow Pumps"

- JIS B 8327-1990 "Measuring Methods ol Pump Discharge"

- JIS B 8327-1989 "Testing Method for Pump Perlormance using Model"

( 2) lnt€matlonal Standaflb

- ISO 2548- 1973 "Cenlrilugal, Mixed Flow and Axial pumps Code tor
acceptance test - Class C"

- ISO 3555- 1 977 "Centrirugal, Mixed Flow and Axial pumps Code lor
Acceptance test - Class B"

- ISO 5 1 98- 1 987 "Centrifugal, Mixed Flow and Axial Pumps Code lor
Hydraulic Perlormance Test - Precision Class"

- IEC Publicatlon 497 -1976 "lnternational Code for Model Accoptance Tests of
Storage Pumps"

(3) HydEullc lnrfrtuto St ndards - 14th Edluon

- "Centrifugal Pumps Test Code"
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( 1) Prersure

l Pa= 1Nzm'z

(2) Stror3

(3) Work/Eno?gyltlolt

'lJ=1N.m 1W.h= 36O0J

.:.i.-:h - : .:^ ]t:. .- ] !r {:,Ff*-:.i" .n.. : .,.,,:.1.1@r.;..'.'j |,:. ;:.s6,!&u 3*ryBi.Iq!:
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(4) Pow../Hoat Flow

1W=1Jls 1 HP = 0.7355 kW

I
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,|
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