1
o2
P 2 s

'\-.Jf"'lf""

gt pts  uiipe
Fl (]

o glay 5 0,m) uuigs
o gleyp

by Ui &y
I ledl s Silalllag dign 0,

\ [LEg = w

e



ot o Sl el syl gl T e e e fopng b ghacal 1 Ul g GA

el pellel
ATAY. gt pn A Sladts
g pa T1E Sl Silaskla
AWAAFFo P UATAF 3 L - e : AR
Y e |
T R e Epdaa
AFFA e la gl ey e Hjjﬂw
Jepeelf pullol pa ik glem i S50 sl sl
Thega, vivan P LR CIEN
FYUP . TR ey 8y

PITEPOA i e polid 5 o la

weag gl clatal, S Wl @

ko gl g g i (g lacir ploe podigr Jeilpe #

chlyat 2l ®

AT gy

e deerglg

JuPeeeenioad @

‘j}:di dalsld Jlﬂ-ﬁ_}t’ L

e Lo il oy e

(Ehasma ol I.l‘".i' .u_.'.'l_:,-l i W

R

el P S Ee e

sl bl Ml s el s Splba s @

AAAFF FATAF - S -

4 S 2 2 g sl sl ol B 6 ] L g sl ol g
i aarel e hittpifoww . acw inbook




i iz iy cdpty el 8 el Sl g T ey el S L el e
a8 T ATAS Jla tara Slallbie anag o], s gl dd e Sl atdy aulio g SLiSe

o #5a el S0 a8 S g e ey gle glatal; ol e g gl VTR g e
3 el el el il g e g S e B lya S g 0 pmle i g el R a2k
SIS U S P . N TR AL TR

gl el e Slallian g VTAY s 2 aTpe pilie il Coma g Jlate 2 Sabia by Sl g
Mt g by et e SR g Sl b e o oy

el Ll el g s 2md el clacal, DI e iy gl placaly LS o8 s uld il ) Baa il
A e o o el il st e pluis Gl pdy slp el ae B sl g e 0l ey i g b
PR M | PPPRINFPPRR PP ENRPRRY TSRS X SR PRS- LSS B Sy FOPRL ) B ISP P SR i P
kg atlascaspinn @ gmail.oom sl o e See jlags sl Sloliil y Sl 2l ) feds el AL
b e g TR TN bty 55

oS il Jll o s 4y
JJ!‘T-" L.b_,;._-u:u].'m#.u



£ el g dadds

il Lt iy b gt I g A0y a5 i B35 Gl |y (RS gt Bedyi A A b e | Iy il
protad Joggpe il piige g hip il e, ey pale rlasal) QT 293 el e Sy

<t o ilie glm ey o pasite | il gy o Se e Pene 0 gla anlt gl Sy

Sy o o g F g S bl 5 ] g e o e Ky et ity ol Gl i 4 Gl
o el el Slallie e s ol st 4y i tSy BE e 0 3T dalyd ol e gla a0 ) ot
climal, Clifian i ol alovad, o8 p ot el il fan g aabie L VFAY JLo s el pled ole g, il
A \F il peng gl

T B B e e L e LT TP R LT 0 S e
cazms glbd by

b LE oy ayne ] e i g 3 g el e o3 ok il eng pele glacal, o 0
phad ey e oly s alphily s gl ol By ey dad U pele g e Tl 2 o
il it anls gt ] kg s gl gla I8l ey el e e

erflnns g atla 28 aale sl g el e Gy el jgle p llinng palie L) af L and 2 Gy goile flacal) SA2F 5
b liel apt il e Jla b e ol g ot oty Sy 3t FEAPT D g ol b ol
B T e T ]
okl e 7 30 g F Rpar SAL Sy Sl lEUD e i o et gl ey

hoalgreg gl Lo o Jinl g s o men e 200 g e cpeeg Lol e ] ) gl LBl e e L o

¢yl i i g ekl
Lo sl ag o) i goladinr ptoa ediys
wrhid pala g pale iyl bl ST e LSl b



s o jailig dmas L

iy it Lo

Lo ey gty ande

gl il el sy

ST lmg aly 52 sl

(e E

gl gl

s g g glesal,

ot Lo

Jal e

iy

gt 3

il A



et 13 a5 ) e

{History Of Pumping Mechanism } . a0l ams 5

L |

( Shaduf)aysls 1-1=4

{Sakia ) L5 | A

(Norid) L. r-i-4

(Arashmidos screw ) osat gy 1-¥obel

(. Arashmidos Screw Structure) oot |y sl A=

(Evolution of pumps in modem eri) waie e 3l gy oo Foi-h
(Basics of hydraolics » Sy iab st pgr | Ao

{Introduction of pumping system) jla sle = e h-T
(Three forms of energy) o500 58 o r-r

(Relation between height , pressure, velocity in fluid) i e oo lts, gz oy alal, 1-T-T
(Relation between pressure, height & velocity) ce o g plas) o Ll o alad, ¥-r-r
(Relation between pressure & heighth gl y Lo o adad, r-1-1
(Relation between pressure & vVeloCity b w5 jLad o ala), t-r-1

{ The difference between pressure & head } w4 Lo o oyl T-r
{Fluid system) Jlw sls 22es f-r

{Driverinput for fMluid system) JL. = S, ey 1ty

{The components of total head ) 15 1 ols 4l &1

(Friction) 5l 1-4-7

({Equipment) ol g=o Y-A-r

(Velotity) ce r-4-T

(Height)glis f 4T

(Pressure vessels) Lab coms ;e T

(MNegative pressure) . \sh ¥-r

[ Siphon) s s Sl AT

(Special weight) spase 20 L 4

¢ Definition of pump) G ey ot aile s gy 25

iPositive Displacement Pumps) cote almle cla quag
(Piston & plan chary pumps) s sl sdeies  slies
{ Diaphragm pumps) e1a e sls ey
{ Gear pumps) gl skis cla e
o

T
iR
T=4-T
r-i-r



{Lobe pumps) oL el ooay
[ Screw PUMP) s oo
Vane PUmp) gl sp sls g

(Kinetic pumps ) e 5 gisin il 1 e gla g

{ Axial Mow centrifugal pumpl gma 4o efate i

i Important features of centrifugal pumps) sjsis sl slpesy 4y Sy as
(PEEENCTAtive PUMps) s sls e

(Comparison between displacement & kinelic s> 5 o2 sls ony o ool 4 lia

(pumps Electromapnelic) e, 250 gl coag

{Other types of pumMPsils wa S gl

{mineral Pulp carmier pumps b gses slys pces Bl ola e
(Rinse puinps) A50 cla ceeg

(Imigation pumpsls Ll el gy

(Carwash pumps) sl 0 cla ey

iy
a-1=F
F-A\-T

1
1-T-T
1=1=T-T
¥=¥=T
1=¥=Y-T
pumps}

r

fr
ifT
L X ]
r-fr
L

Centrifugal pumps It PO I I FECE

(Structure of centnfugal pumps) sei S sl oy msle

{Types of centrifugal pumps )i mile e oy gl

iDivided according 1o the pump shafl) o e g oldy o it
{Divided according to the suction flange) €. poli 2ge A, o
{Diivided according cutting chamber)siias & At s

{Divided according beaning placementiyplly oo L8 s ohod o e

{ Divided according placement on base) wly s, q 008 13 eami bl o pis
{Divided according shafl connection) s Jlal Joy ot

(Pumps usage) bs ooy b las

(Components of centrifugal pumps) sisis i sle gy gl
(Butterflyh aly .

(Type of butterfly)aty, st

{Suction butterfly) «ly,; 15

(Output flow from butterfly)wly; ) b o2

(Pump chamber | ., daine.

(Chamber concentric )5 alaste daim.

(Spiral casing) syl altism.

V-F

-f
1T ¥
LA
rorr
£-r-F
A-T-F
Foy-¥

r-f

YT
1-F-F
1-1-ff
Rt
T=y=T.T
T-f-F
R
¥t



{Ring afshonndh ) casledl dls

{Axial ring afshannd) s e sasiesl gla oy

iErosional Rings i 4L 4 gy,

(Stuffing box ) sas o ds

(Mechanical seals) 505 cla L

{Advantage of mechanical) Saf. cla Lo 2lha
(Misadvantage of mechanical seals) Sl cla Lo oole
{Types of mechanical seals) S5, cla L plyd
{Changes and reform in seal} L o Sl § Sl i
{Beaningsjls 5,

r-f.¥
LEfF
FF_F
A-F-F
BoF-F
-Ftof
F-p_F_F
TopfF
FR
y-Ff

i Ylony ey oKy ol sl = ey i

(Components of pump SYSIEM) sl jos aoly ofg suijle glil

(Prime Motors) ady ol =
(Electric motors] 5 2801 sl iss
(mngine) 5 2sl oo, s

{Steam turbines) e sl

(Couplings) ls oLyt

{ Rigid couplings) lbail s gle S Laf

{Flexible couplings for mechanical) Sl il Sllaal gls S ly?
{Material flexible coupling)_ois bl o by laad Lol

(Valves) la =

(The basic components of valve) pt bl gle iy
(Bonnet | pel | fey

(Yalve trim) & sl oless

{Disc and 5ea1 ) castd g Ka

(SIEMm) aa

(ACTUAIOT) pote eiss | [Lab

{Yalve packing ) 2 S5

{Introduction for types of valves) b gl b
(Gate valve) & ajlg,s -2

{Globe valve) a5~

(Ball valve) g =

{Plug valve) dey b s

(Daphragm valve) of4ls .5

(Pinch valve) ol a8

{Butterfly valvep sl alyy 2

(Needle valve) e o

-

Y
J=1-4-4
T-i-i-4
Pi-V-f

TVt
1-¥e Ny
T-X-Y-b
L A Y

LY
1-T-1-i
T-r-1-4
% 8 B
| X
B-F-t-is
Pr-1-4
V-T- 14

T8
1-¥-b
L
roros
for-4
a-T-4
FoYob
VoYl
A-T-8



(Check valves) Lol cla LB )

(Rocking corrosive check valve)es oo il ol ol 8 S-827.8
(Oscillating check valve) fus s jlald n Y-4-r-8

(Rising check valved sy, Yl oloald o2 415

(Piston check valve) bgey loald o5 F-4-T-5

{Butterfly check valve) gl iy oleald L8 A-3-Y-8

(5top check valves) st iy loald o5 FA-To5

(Relief & Safety Valves) -l y 252 s o VeoT-4

(Valve actuators) = sls sacf JLd i
(Activation of manual) s s Ld 1-T-4
{Electrical motor actuabor | 5 250 i gai oo Jlad Y-T-4

{Pneumatic actuator) oLl st (L =T
(Hydraulic actuators) oy s saad JLa forn
(Self —actuated valves huues i 345 gla ot 5-T-4

(Solenoid actuated valves) .l o suiet b olls gla.s P-T-i

{Velocity of self —actuated valves) = & claaas® Jub e, ta

il - gttty

(What does friction mean i pump?) § s e sy 3 Flilal V-
(Energy & head in pumping system) slay sle aieen 500 5 254 r-$
(Static Head § o) o Y=Tap

(The component of total head) 15 ie els s P

{Todal static head) & s s T-T-F

{Suction static head) 2. Sk aa f-T-F

(Net positive suction head availed) N.PSHA a8 cad o i 0y Zota da alls A-T-F

{Boiling liquids) ;i clol r-F

{Vapaor pressure and cavitation) ;e—llf ey L -#

(Requirement N.P.S.H) ;L2 b-F

{How pump manufactures can ¢ af e o filal | il 2 e NPSH g JF 8 i Y-a-F

measure N.P.5.H?)
(N.P.5.H.A manualy o= s NPSH 350 2l feall os r-4-F

{Critical point of the pump ) g 5 5les il oy abaii B-F

(Immersion pump suetion inlel gy A% e g e VP



(CH) aulss Sl aa
Calculate The Static Discharge Head And )5 ot s g adst S0k ana o gls Mo

A-F
V=h-F

(The Static Siction Head

{Caleulate The Static Discharpe Heady o las S50 s alons

(The difference velocity head) ce - ax Lo

WCHEQ ol jled an Lalis

{Resistance system & discharge requirements) g bl y oo colis

{Conirol valves) | =5 sla o=

{Equipment) olges

{Discharge pump) e o2

iMinimum Flow Rate Requirements) il oo =Ll

iMaximum Permissible Heat Increase s 208 jles 290

CAHpp) paiper ¥l 10 alyl FlSlasl an s

(Pipe Friction Heat DifTerence In Newtoman Fluids) e ol o dlyl S5kl 4a Jzsl
(Newton fluid) sees ¥

Head Difference Due To Pipe 1 jles cyz b gl 2l gl algl S8l 5 80 o el

T-A-#
i-#
LB
Yeof
Y=
V=hy=p
LCRRE S
T=14=F
T-14-F
a-hy-#
F=14-F
LR
A=1)=F

iFrictioni For Fluide Containing Fiber Suspense)

(Friction estimating ) Skl spatd sugy  T-¥-1T-F

iFitting Friction Loss In Pulp Related Issues ) ob U bod e o8 loe ol St Mkt oy jan 3-101-F
iInternal Loss) Ltsls Jaclils 4e-1h-F

{Loss De To Angular Deviation Vanes In The EXith peps 45 o ol sy el )l U clas 11-00-F
{Loss From fAcion) fee ooy s Sl )| 2l clils 17-40-F

(Loss from mechanic frction) Sulfe Skl | S0 ol 0-40-F

{The Disk Friction) fows S18hal VP-4 F

padiplizatia iy

TCavItation) s <l,lf sy bW

{When does cavitation 0ccur?jfass . gy, g8 fpe i 4 20 e dolf -

(Vapor pressure & cavitathon) el 5 Ly L4 -

(How 1o prevent cavitaion? fage ¢ ofale pdiggl 5l e oo aigfie -

(Relation between fluid pressure & suction inlet §gal | 25 wlsa o |l Lt alad, &

{ How cavitation can be predicted?faya o 2l Gadtagl® olat o aipfis Py

{ Specific velocity suction) a5 o o= ¥-¥

[ Specific advices) iy sla 4wep A-¥

i (33 Sl | T g

(Pump 12SUNE) Ly ;o8 s

{Test classification) s o3 gy azua

(Definitions) a3y & Lo

-M



{Yolume) o=

(Head) ax

{Flooded suction) ¥4 51 %

(Total suction ift) 15 a5, oL sl
(Total suction head) |5 25,
{Total discharge head) |5 4les 2
{Total head) 5 s

( Driver inputh £2, gag)9 o

{ Pump input) g 948 s

{ Liguid powerhauls s

( Efficiency} L,

{ Total efficiency) & L,

{ Accuracy & L0lerinces) o spse 5 Come
( Instrumentation ) 2yl o s

([ Test requisites) .y 2k g =

{ Cavitation tests) e—culs s o3

{ Measurement Units), tec. cleasd,
{ Dischargeha s

(AN fier) me at

I Weight 1008 o

{Volume ools) g pme

{ Flow toals)ais s

{Pressure 10015} La cla sui o8 ool
(Ventury) s sz

( Flowing nuzeles) bs sl |6
(Plan meter head)os z:o cal .

(Field estimate) . ousd

{Head Measurement)aa g o8 «lad

(Head measurement definitions)ae o8 ojlad & baypa slaslad 5 by s

{Head measurement by water gauge) of auf b as 5.8 lad

{Head measurement by mercury gauge) s sps pf b s g8 il

(Measuring the head by mercury BAUEE) paw S¥os g snce ole pof s g afuil
{Power measurement) ol s of o3tad

{Transmission power meter) il oo sl

(Power meter coil } fa po 4l

(Velocity 10018) o 28 o3lad

(Calculation) 2l_l=a

1T
V=Tl
r-T-A
£oroh
&-T-A
F-T-h
¥-T-A&
A-T-h
LB Y
VTl
-T-h
11 K Y
AT-T-A
1VE-T-A
V=Tl
VE-T-A

oA
1-F-h
TF-h
Tf-h
t-f-n
8-F-A
F-F-h
V-F-A
F =
A-T-A

P-A
[
ToFoh
TP
A

¥-h
(R
$¥-A

]

=N



(Power of pump) oy ol 184

{Velocity arranging) c. o =l e ALY

(Recording data) bt o 8 Yook

(Diata) eyl L

(Recording test resulls) os syl pey,  ¥-10-h

(Testing model) o o f es F1eh

{Routine testing) = I, 8 T §

{Testing other pumps not centrifugal) sjeie 2l 8 sle oy a7 oo LI
(Oaher tests) s ces ol AT

(Selecting & purchasing pumps) SRR L A S LT\ [EPLEY
(Stages for process)al b s sgmea el h-4

(Pumping System) e 22e o uana =44

(Head system curveshe o ss e t=ca ¥=1-1

{Operation stage of system jpe o lles ol r-i-a
(Limit head) s ;o oo £-1-4,

{Controd of pumppo. =8 A= 4=1,

(Future changing in systemj.= . ;o gl ol s F=b=
(Pump selection). .., e -4

(Types of pumpsle ., gl 1a¥eq

{Mecessity high headsl; 4 04 ¥-r-a

(Standard requirements)a lutal T-T-4

(Features for lguid) e sle fuy t-r-4

{Selecting of material pUMp o s lazd &-1-4
{Selecting of driver pump)o—y S0, lecd For-4
{Decisions relating 1o other equipment) S ohiges a4 by e cle s -9
{Inquiry for purchosing pUmp)wy 4 Cuwd Sl s -1
(INGUITY ) 2ed Zlys s =1

{Terms & conditions) gl lalys 5 b5 =T

(Inguiry form)oclys 3 5 b s r-f-1

(Technical information of pUmps) g & ol F-f-4,
(Pump datasheet) gy Sledlbl of 4 &4

{Other requitements)aosl y bl S -4,

(Energy costhesd sl h-p-t,



{Life cycle costl{LCC) s as 3 azje )l
(Vendor datn requirements form ) VDR jasy 5 clepdll 2Ll o 5

(Experimental check list ) sl 5 poj o f B
(Checklist formed Sz L b e gle g algad

{Preparing perform invoices)la sod algrey sl s

(Time for suggesting price)owd sy, L

(Meeting before suggesting PIS)PT) o slgasng ol by als

(P15 evaluation)(PIS)e cud sl s

(A brief listing of the offer price)is cadslges, o atme o s
(P15 evaluation of technical matter B O S FEE AR Y |

(Purchasing pumpho e o &)l
{The final decision to buy & purchase order)u = e e g s oy ply gt
(Summary of the pump cycleb APE6 10w 45 a5 o gl pan

[Sehecting & purchasing pumpsite oo o 5 e
{Communication between buyer and supplieriaass ali o Joss o aleslsl ol

{Strategies for improving selecting & purchasing ., 5 Sl sl b sy ol gl 2l

(Usage of modern technical information)  wliys <level gla g o 5l aaliz
(Pump svstem & it's selechng) | omad § ooy pmomem

(Systems of prices) ¢ |3 cnd e o

{Electronically communication) 5_s, 250 leylel Jsls

{Internet) =~

{ Summary ) e

r-pail
Yord

¥
1-¥-1

At
1-A-%
T-A-4
A4
fohed
A-h-4,

4.9
1-1-1
T-L-4

Y
Process)

Ty
-7
LA T
¥-17-9
T4

1F-4

[ Appendix )leinss L5y

{ Pump sOfWares Jo.ay o 5 il gla,lll o

PSIM

(Helix pump manager b Jsed adli,

(Omline pump Selection]) -3l o Chazil 8l e

(Pump Curving System) PCS oy e il o2
Builder lite I8 o2

{ Purchasing fom Jowy s 08

{ Installation form )y —ai a8

iCheck List Control OF PIe) 4 ol Sl |28 oo S
iStage For Starting The Float Pump) sl qeey il o, et
iconvert able) asly Lag Jeas

13

Y -1s
11—
L 15 AR T
oo B S
|
B-1-%=

LA
[ AP
L5 B B
8 ST
| 15 ASTS



Jlos p w0 azx ,U

History of pumping mechanism

i - -

I ‘ Mi .



ity o il o U 14

Cnl iy o g e aage ol g 0 F ol L elyfont s sin o P Ll Lglfie ga s L] guty alaod
i ol ol lead gt syl a b o | St Silsbazad oF wiage oy alas

ol pali oF el )i e b ey 8 ol B Tedpee s R e S g gt heiles (elyy oy kel 4
hece ot el o g il 2 ] Jlasd Nl ) T et e s ] iy
jak oF 2t oo file Shadul ol b el i cpdyl biaad land 21 5 uliiles §f LF Jla ¥e s e agase ol e
e o el g L bl Gl | p o 0 8

{ Shaduf hgsls1-1-1
g b by oF i oSy a8 Sl sl LRAT goped st b Syl Byald
S Sy 8 I pay o e 2 las 5] gy, g 2y
N L SR A E G =L e PR
I T = e [T LT [ I L S M ey e s
FAlE Coace gl pa a1 geate sl BN 0 8 Sl s
R L

v

PO il ol g s oF iy 3 Sl mpal il g o A
B R e e S
(Nt B8 bzl o gl g Wl o et g el i e Sl L g ol o gl g il U5t
JEH g e gl sl At e g0 e B o5 ) eSiilg! Lol B g b oyl o ot 4l ) 51 Ry o8 jadelea
F i g M et adad D Mo cnf o g ) om bl e et e salied Ben e e K ]
s b e e a0 ol A TR LB el sl Ly e e sl e U 4 e elal e 3 b
b ehisle g chyeln pasib Sl od ol a0 ol Tl tlig Jpmes g dimgie Gl il o8 e 0 0T Stlag
esakia) L9l MOMiBlly ) ssitd g iisf ool Sl 557 0as ly 5 patliy a3 Sl 24 i Fos
il e dait o w aale ) U bt WS ey ps 2 il sy ) e e feen 2
S e U M oy i gilal b By 3

iy 4 sl B Sy S 6 il g e
A 3 g e Lmdir e bl ol 4 st
= il i (PeETSiAN Wheel) Ayl 25 £ o L9
A8 B Al ot

{ Sakia J LS. T-1-1
agty pa anall 15 (Persian wheel) gl 250 = 2 oF LS
ol e i AT o0 4 s 0l e aeeS Ly

Ll 2 Uiy g ol 2B F R Uit 3 e 3 ] gl Ry

it il e ot ol gl ) il alptoy

S 1 g bma iy Lt 5 58 cliBla bl golind ol s o3 dallf L2 Bl s sy 48 S Jligd ol
0T ales 8 Vgt icile

15



st d gl Lol ot pa salid 25 lblyes 51 LS 0] 0 B8 o g sl A8 0 agn e g U g s g Tl 1B
2 e B g AT e I8 Sl ladlindd b oF GlTl agd e wlind o agylie S e s gl saee ) gleands
o e dids 2 ppoaaply U Ctn gyt glTlo af L 2 0l e adds

e (gt s 3 ey w08 2 e ] e g o LTl G o S il galS g Ll e il o
s G e s e bl Byals et T3 il ) iy & e o e 3

{ Noria Jl e T-1-1
ey gl 30 SAlS LTl &y g gl G ) g e gl el ey 300 3 1 e AT ol a8
Hourbem gt s o plabns it gt el o ha gl e S AT L Sl agile ] gl

03]

e e

el DT g g S el sl e L sl st s 4 e
W Ll g ey o ey B0 o o VOO Sl 3 ol 2l VAT ol gy 0l AT AT o e 338 0 | e
LN L S [ | PRSI I P PEPOR- G I L i = (PRSI [P oo | PR L R S TR A
il et g e e st e ) e e s g 2l e ) Sy o Tl s
=T St I501aF flay alada o ol 20 A0 wilgd oy agla g VYe i el

ol el e o g s i S b e el e 2t S U S e Bl e e
F i e g s Coglite sl g M 2 e e e erse ol Gl e g 28T e T e 0
Gl 0 e Sl sl st gl S o8 A U il Gl St el JUSE el gl ity Ly i sl
aredme e 5 gl Sl

{ Arashmidos Screw | uiwd | g P-4

R L I
el s w3l o iy |y o) ] g 2otla gl e e olgliT

(STUCIINe) poiend | g jLisla 1-F-1-1

Skl ol g ST 45 1B J g gl Gy 0 08 () g0 ke e e WD kS o et
A S b b oy it ey e gl o ] R W e il e e e T gl by A e



Ll o Uiy hfland bl ] mab S st iamade] i

-\_..."!'L_._Ij,'ln;_._.L.TJ,_'._JI_’..\'l, ‘-.'14—-"-7.1“5".3'..15"—"-" ;_._iAA|IJ}h;.J;q;.iJ. @'Fqﬂfﬂbﬁ

O-F gl B8N sad b ey i Caad ] a2y b o]

Al (et o ] Lol sy g e ol 4 i o il 2y ] e S 4 4 St e il
et oy Wty latmn y St el il e ) Sl el gl e 5l a8 g

et gy ol Gl age ik sl s e a8 L lee sl o)) e 4 G e i e
o gl gy Gl g])0 ST s o e S el g i el s g sl S o s
o i ok

{ Evolution of pumps in moden era Jaas pec 0 e Jaes 3-1-1

S pace WAL Byt g patee WA o3 Sl s JOhn smeaton e sl el sty ade SlEEa
Foumeyron " oymp cups” - il 52 2 gl 2op pfefat ol B T gl el 0 e I
oy gzt Ll s ) B i) e e bt o LT gt gt et 4 oF el b s Benoil
ot b oKy o] g e a0 e g B L ATY s gy oths Sl iy ol B e ol Sl VATY
el il et g aa e Al s b L g boaiie o G IS L s g e B8 N Lk g e
Ly iu_‘_,i Err A sl |y Sl rpl gy peaged Sl pogde s alBa on e TTe s g alF g Sbily mjud o L J Fe et
| JL:-!I e \;.'d.l'ﬂ".'lll -.F""..'.rﬂ..'!"' ARl 3 DVARY) Q.'-!rv":!'* ol ) g o ad pages Sk By g ._;"'J
At adly axland appe il ) alacdy G0 atyd gl

{ Twentieth century Jpie 4 F-1-%

o ) e gl dah ek g s plaealind o 51 a8 e g Ll i e g e gealicd bl o E o il e 5B G
ol et En 3 Jae g e salicl L2 Al gl SR s by e L g 05 2 aole g o] el gl S

gy 390 e I )T g o Rt 5 By 5 e



S g joud (Sl

Basics of hydraulics




iIntroduction of pumping system ) jla ole s e i-T

o gl o el gl 5 Sl g0 g0 Lo sl o AT flomg i iy 0 0] g g L8 ik i
B T I P T P O = I TP R
el el e e
e T e R T e LI
et b et e e ) g e By T el Jpene F e ) e Sy il S
ogd g PLtty gy o st Jlal JLod Lk b Bl i gt 2l 2l 2 s )
s d g gl i e e o e MBS e lnde e ey (e sl O ) gl STy Lt
iggr otk Pekor ol Fai b am 48 Als e g 0 Ml Sy 31 rmiar ket 3ls LS O] am U peoins

o p gl 20 bag sy L
ool 8 g 6 o i b e ) Sl pe 21 B2 0 o Bl e i s 2l o

syt 3l o ) ey o 38 00 et ST, e e 1 g5 s L Sl ol

E

Sy 8 g LA i

Logisd ol s o agle o i 8 L0 JLid ja oy o Wl sl a9 ) sle o gl B Ll
o el i sl gl g3 g3 o8 22 L Ly ol s g 3 e I ) sa s e g o
ol g0 aale e b Gl i il ey A e e 2
bod A7) mle s i)

F=pgV =yV =yzd since V =zA

oy b L8 48 glalaE 3 (A} e plas 5 (P Jles 5 e od (P L

p F yzA 7
ol L
Gl
Silule by 8l sy =F
pae =W

UsmisToTr v IS B) g s oka =G
,.,.1_-.-.-.:.:-|,,n,_.;|:|q_|.iﬂ -a,iiab:l-gﬂﬂ:r- P
e arly gl sy g o pile M = Y



kel 2l il 5 il e onSlaf S
Lasgi wd alyy Jtd Al e B lis 1T el i () mle ipn pliny (P) LB oy alal], a8ty 2505 anegs
o lpagls S o m ¥ e raatady Ll ema ¥ e D el gy
{ Three forms of energy )i 1SS asT-T

P et s o ) Sl s By b Ay st e b BT 3 48 il sary el ] e a
b il g ] e @ Sabilad ol L ays plon] e watls gl 25 ) o 08 i g s
et g o3 et s g B 3

-l

{Specific energy potential) Lt ke o84

By ol i omiy e 535

St ol s Sl glingd o oiloed B Losly ol

=3
v ﬁl

e ol ke S i Abuselge | maliaice Sl

( Kinetic energy } 2o 214

oL

vl
z_g:""-""J A s

_l_ {Specific energy push) Lad s g1
l o el il s 5350
=]

agtin Lol e it gy Ay LS e 8
Gl B 2 s gl L el YT
{ Related between height, pressure & velocity in a Muid)

20



ol gl Hal PPR | T L o EREVES P S SRRV S LR [ CIPHRR -t BT | P PCRPY sy P - Bt
Sl il 3 B A ol Baarne gt e AW Bhoepm 0 g5y (DY) L S0 L () sl )
ahatl ¥ ekl o o d bl ol ) el o BT Gl e Bs b e by e af e ol el
(st syl — i ol alE) (202 pa, TP R
1S e il Lt adedy ol Loy S gl a8 gl ) S e fpama
2
{ il 4-5-!- :—F:E:ﬂﬂH.STAHT
Dytgn ety el dmh e syl |, T-F 53 5,
P, vl
b2

=y b=t —

9
2g ¥ 29

el g pladyl o i g akal,

(Helated between pressure, height & velocity )i pm o g U1 LSS o alal, T-F-Y
B N e aade L L
Eapg adalyl kil ], ol LB T e apfa o S YR (R g atl ¥ et 3 gt T b e ) adais

gy 2P Lih Suppn ] 0 g f ol Sl Laaili s g s a2yl 0 S

{ Related between pressure & height b plasf oy id oy sk, F-7-1
mqhﬁlj?f.laieqﬁu.:ll}JL.:.S"*;.T.:JI:-G.;I}J.:H.I.:.{U.:.L‘..J:LBJ e .u_,]a dpy pieemi oy p3 8 Loy Lol

3 o 4 3l daary e g By L ey gty el e T e w3 e e il Do (T gy

EAR L AT

21



2y

L)

Ll |

Elai g Lk Lo bl

e e phtr st fe o g Loty gl alad, g alals

»?
P>P =Rt
S e Il e 3y Uty P 30 et oy St 10 i (L o s oS TR B

g sl i By L0 Py L) Sl s gl L s g L (adse

H R

ol ot

e 3 |
wiiad flag e o Sp gt Elasgl Ay as b Jie ol

(Relation Between Pressure And Velocity ) s o g Lid oo alad, FoY-T
S B e 2G0T e Sl bt a8 Sl il cas 305 dgmy alagd) Com e g Al oy ey a0 gl

e Py ) Y s o e el i L8 S 3 il sy 0 ()

vk g iR i | A ey a0 Sy A e by ) alslas
1 Lri.' F 22
B 4 P

o — — o —
U R TR 7

X2



Loii o jled sl b ) o b Sl 220 e Bl sl e e et el s ety oy
M pg T-8 s ol T 01

q_=K- PZ-F2

¥

S o ponesd oy b 2K

R e e e L e RO R
(ahee i T 10 ) o gy 3l 053 B e el )0, e

B e A e e S P P
e B 8 i L e S8 W g i e L e g sl o e

G () g st be aF e e et e glemd PR el e g TS I S g1 AT
b Gl 098 pn gl il o Byl S5t L plShapt o bt et (g g L2S 8 e gL Y
e L e el P o il g

b e flaled a2l e 45 (gl e 1 e e 4 a8 T 912 (Kimetic energy) 2o 5 40 -7

‘210

:‘.L'-i'hla--‘-i-ﬂ.l,rl

it gl A
ek oy ppaiair o ol 2l B i 3 F Gl S s

e sat fad e sl L 5 20 st Sl Gl o i sy gl LS

23



{ The difference between pressure & head )" Head" we g L3 o cglis ¥-7
e )3 50 e o8 0w e il el el dpt i F gl g2 il S i T g e B2
e Sl el e S g8 b S lins

tagad ol il A el e ol
mgz+ mg E + ;‘mﬁ = F = CONSTANT (=)

iy g2 5 o 5 3t (V) ot g (00 e 350,80 S 203 5 538 (Bl 13 5
sine &y (M) 2 LSlstas eslin an s s o MMVI2E) 2o 53y (MEPIT) 25 1 20 o3, (mg2)
s B ppnasly a0 et bl 25 ols 03,8 B Yl s o ol [Bernoulli), y, dalar ap chypus 4 5
Ol i el gt e anslt Hend e ap s S8yt dlibas s S 2 48 gl il Sis san apt
i

.-.'llla a,q-,i“ fzg:l._'.;._'_.m.,[Pf}'] JI_'i.-a,fZ.’J t'.'l?ﬂ.‘u\wl;h.hLJJ‘n

p v

Z+—+—=E = CONSTANT

Y 2§
wda gty lamy uin dlobne oy oFlilael AL DG g ey LT e dige g0 e plfia 4y ey el
S slp pegen il S T sl " sy L Sl g o o e L platislys
PV BN O - R T [ R ¥ YL L (ST S PR K BT T Sy VT [ 38 B B E P
e e T i gy e s (Z=PYPED alsbes ddoege g e e iy il i oy s o i

e g Tl o b gl pal Ly 250 g ammgd LA Sy 2g el | el g i g 3 il e L)

2-11

Hee ploses Sl

N.ET ‘I...-,,.;i-.a..n. PR E PP PR SRS A E PR R Py T AP it PP P e B 1 P g (LT L

gt afly o dacilyty agt L am iy Lot b lis lSa oA e s a8 S B aalit o e

[ Fluid systems ) Jue b g ¥-T



ok B g e el affod sagl o s 2 S 1 A h md (R i st By
Jo onm g0y salr i S T4 B 50T g Jae gl By g et S B ol 4y

b e L] agas
e e g Je plat 155 00l s
2200 AWl ppma ol sty A Gl eyl pa S e g ek 2T pla s auL(Equipment) slgad o lacsl

% 2l b g g ) st 1 e Ly e a0 g 2l s 2l e Lo tals

slaing® sy A 3 oF B afaelys [Bra wdid i ay alsd o

Tagd ol ate K aigfe

2yt fpeal g DL g iy 4 o (b Gl ]

el et e e g R e il y e

3% (a3 2 ool Slpan ajfuil 3 Sy fa b
ERCRIE O L F K N

iy i e o g et Gl el P8 Sty e degla gl

Al iy e led dpae Sy pe y Bai Jd nihil diilan ol g By T SalE

Pl e K Sl g £ad
3 dhrlal | s oS gl AT e gl i [ e dgae Dl | A et B Sl poded o e
e g 3ty el 8 oS b styyy Daly) gl palis bty S L gl LSt By A
eyt Al plee agy ™1 RS0 il antlas dpmy Sl gl fy o i alol L SES ga o
a8 e A e b el Ypeesod st uily A0 gt 3 dpege e plasga) a0 T dlai
bt o S e ol Sl gl gl aal s e T el ) el i) ek

Ql'ﬁl FUEL J__,.'...S']J T alais :_Jl.u -\.'l"aJL! gy l_.;|JJ',I i iyl J.:n..:'..|| sl éﬂ, i it Lo .JL_....-:L.J.}E albadi

2-12

s bty 5T e e o iy e el e ] e et b e et e i saly)
23 ety iyt

iDriver input for Muid system) s o S50, cgd 1-F-T

25



R I e
AT B adagn e Be Jlom by Sp, g bt allyy 0 300 o g s plae 48 S Sy A Ay
A

Y g o Ly e g B2 T ) e 3 e g e s S ) il a s A
ok EA4 S g Jom ol 10 LS Comyd g gl a3y s e L Y Sy g gyl Al
bt anly ¥ s 1) el Gl o 0 ol et iy oF amage Lo w gl I et
A e | s L e e n S ey o g st 0 e Lol T e deleils gl e Ltd o e
dpty Spgad gl it 3 o ST o e 0 o - Sl 2l S 42 gl Sl e g ey B8
e e Lol g g 2 Gl e eplin a0 o el Y 0 el el 3 ] e

(The components of total head ) 15 aa deailye -7
{Friction) Sl 1-5-7
tsnd o g Tl 2 o lfin oy S

o L RS P ) . L T U EVSTRIR P T B | | IR PLI LA _',LL.{PH-FF:-] PETRE ;LT RN R-E AR

2-13 |

B LA T Y PR R L2

e L AP) ) Sle & Bl MR TAT 50 2 (AP)and e sapelt SlElasd |26 kE Sl Lad
5 oyl ol S pyd ol Gl 3 e ey e e e sl Tl ) 2 e Sl e
A ot el gt Sl gl

(Equipment joligss T-5-T

Sl g S Ao 3 leaf gdinad Slob By bipd e LA e A e ale s 3 S s A 8
e |2 gle o tegl amle st e L0 ol el o Siged LE ol S claaieal (T-0F JS)aien Lol

2-14
#ls
!
& ———
i s g Ll

Al i ol P arna e AalE ] ol fo i n, cn dilibudgrgn 2 flpti S i gt gl sy S

T R R L

(Velotity s pu T-8-¥



ool 28wy ga 2l ] e (g3 A8 BT gy 2ty e (6 s b sl 4 2y
st o e g ol ey e o Y S ]l o gl e ol gt g 4 SR
b fabacsl ansly gob; omgp St aF 2t pe ool bl lE 5 glaptos af aie mapt oty
R g R

g LS ot S | Ty g Wl e gl | g A TN, RS

o pemlics s am g VD e e paldnend jpalag s el gl sl A s

sl o s i e ol Wit e el i [ add g sl B sl

el i WY o e am g V) e e el et el ) gl el 1000 S
(Height )gla,) F-a-1

P o et EUE i et J T LE e ol P s ety el Sl 0 T ey 3
a3 ) o o e i By 3 g ) A Wpna (T 1 F B2 303 apry (T adaillnimnes iy oY alndi)

gl ey T
217 1:16
|¢..
e
Audsei § il e e wjloes Al U g e Gt e Bl o LB
| Pressure vessels | Lo comi o e F-Y

B L B e T S L L LR IR

2-18

Ll e pald LS sl el sy 1y G i Sl g 35 LD ol it S 4 A 0
e 2 ey sl iy el s ma gt 08 LB Sl i S e o il
Copte g e opges & dhalbid Spie cpdyf LE Lad Cond gl pe  BalTeasd spali dgle ey 45 il aipe il

i



B e e e A e R I e
B B LY e T P P e
A e e pBly e o el aeg b il alotl w s el el e agle Ll ol agey
Wl bl o el ol 2 e Sl g S e sl L5 s 4l o8 ap ] ity gl Lt o Lidagny
el g S 3 gt e g e g e Gl ] Bl e g Sl gl 3 i e Sl s

P R ¥E BITCCIG T KPP S Y TP S PR EL P PEIORPES

(Negative Pressune) (.l Al L3 ¥-r

gy oSl Gl TR Y a2} g ! Y b3 S ) i e i gl it 700 R

Hy o Hy o iy g

iy iy -
4 T e

: tk_{:l

Ee "f p- ‘“v

B PR VIF LR L 1%
y
R e B BT SCFCI SR Ep L e P P S
() alai i e i 30l g 0T i g 5 ey g gl 12 0 T bl e g F e g ] e

Flls 13,105 a8 e 13 i st s et 3 o o Ll 1 g iy e AT F T i LS
Lt gl gl ety L ¥ P i Y ol b bl a2l P el 0 i i e
il n ol ALY alai

Sy e o o e ) Al e e e g e e 5 Al 238 A
ot e i aaly S VT ppanya o | kil cbllanil 0 galy) aige by ougiflf o lack it sl e} 0 50
LS

Capmd plamil |y g5 aale | tlailidal



g3 o] gl e gy W 51 S gy 14T 9 AL g o S5yl Sy Sy b S

e dle s

| -
L
‘l= ™ F
o
[
T H
Y
1 =u.
i

s Bl ag el g 39 po sl alyf iy 281 )

Sdde po aly) b gl 2 b B by e B s plofly 280 Las B slan o of g bl ] alyl <Y

el i Slng]

2 e | il e b 8 2,8 alys Y ki 3 3 sy b e s g 3y g o A g ¥ B 3 )Y

gl Aoy Foakadi o 5 1l plin) o

Y adtte gt 21 e e e B e sidBF LIS 3 aly)

ig—"l tl,,—e,fh{iila

-
L ]
A 1
1
)
(|
i
mg
;;m;._a L

; ap o5t alyl 55
34 plind oy s alyl oS o L s g 8 Ehic
il 0035 (i 1y o O ¢ i acaasd 3l

.t



i b e L]l L dalys e s ity 4 mele g L8 dals alydaly Ll sl B e
sgb St Ly af ] T sl el gl )L ) e sl B o sl L s ) e
tely ol ) g 4 ama e R L e T T T RSl el ol sl o e sy | gl sl
Bl g SR o vtlyd W 0 aad i LT ot el aly) YL i et Bl ] Wl e b e b gl
“ale gm0 apt ey e VL g e 0 b bl Ll el s gt sl
g e | Johe Gl 2 g i Sl

o R s Lo i PRI (e meelen i 2y LIPSIE Bl et 0 L0 o F il el il oy
Lot i Jlm gl s i Lo gl tham e ol s fuglad | i s ot Mgt e
gl 3 i Gt G e 28 i g e g pheea] 28 g B Lty e gl g el 3 iy e
il ghte ) el ety eyl il 2 e il Ll s e e ) s
LB, ERICE, R

Obes cnl vt e e g 4 lpe AT S0 e el Ol S el o floe gednlT peeme afaes 8 aE Sy
o gl PSIA gy L Tl sl ala gy s e Bl T-T0 8 0 F ke ey S8 ol
ke s gl 2

arnen ol g il pn Gl naly ) ki 2 e g il o5 00 ARG agle ille ol ] walicd b lid 2a palan
ol s Ll Jalas Ll obls 5 antl ol Bea LSS s gl

PSIAVEN U o Lo gl g g e Lth amd pr L5 ] ¢ e Lt il gl elin L Y-TT S8
e

el e B L s I e L
g A AR st a lBINPSHL sl plfn 4l (IR i e (ot T psia Ly
g e holona ol ay 28 Sl gl b 1 amgd e

RCLATIVE PROSSLUNRD ARSTHUTE PRESSURE
SCaLE SCALE

Pressusne Pressure mﬂ"

T

LA i

el e P e e

2l 1 ) NPSIZY oo L0 e S PiAL) s 128 0 el
Pipsia)=pi psig 4+ Pl psia)

Ao sk g oPsin Lk o e ol Stk Les Pyl 2 as
.]4.??9LI].]:I.1.=1.:J.1 Ldu..u A



Pap=Pg* Patm
Gllae = et ke al Lt

ot JE2 ¥ gle aly! | n sty g (SEPHON } oiphios 2 Slae AT
el gl Sl T B L G by g e D b ST e 3 R e s e e g 6l 2
o5y gl i, Wl e ey o dalr 5 g0 T e gl g Sl ) e S TOTT 2 i
bt 2T il WG Ly 2T S et Sonet et el rgd AR 2 T Ay sl
A Al o 2o el A8 slalslis Gl s Taale sy, J S B gt LT 305 e g, Faal

ub.h;h;nwm

Fop ol aas gls Lt Cod ile plas gy g et et Gl S B 4y oy o A i Y o
AT e g 2y a4 ol T T e s g e o s g ) il | Tl
e wlde oot g ler 5 B, alyd B 3 Tom S ot sl s i | ol acif LR Pl e,
ST APE0 PR AR e [P Y e i T DR SO . DRt P IRSEEAN. 4
e el 2l E g o Blen ol Ban® mmgd (bl 3l bh AHE et s e L pande 2 E
bland Byl Sogd iz 4y a8 s e pbEE ] AT T-TE 0 08 dad i |y e ol S e g5 e AE
gt at g s Led | 4 makalt o oyl driiiny afo | o ol alml g et I L e s 0
AOT-T bl ol D (58 w0 7 s a sk 1) adyl

RN O K L O VIS N [ PSS - O |- PSR g 1) R R P N [y AP

[224]

L

E
aiend naide Glue o byl %y o d

e 5y g Sy g e sl ) 5Vl s 3 ol o K e g ] VL e gl 2SS
Lol o e gt Jlosl g pabe v i e e S ol e e T e L T e
Sl e by e ¥ s a5 e e LS K YL @) e dF ol D
S e Sy g g el o g Tk a e S o) el g e i el e 2y
Lol ko oy o oy gl o e oonls iy agory | el 3 e 4l el e ciliya |,

|



orl et Il e e 2T 28 s el el ] L el o L8R T e
il al o gy g o Sl o T el alagal 0 e gyt Jlael y Sl apmy g el Lo S aF L0
TP pl) e ol e o ap calim 2Bl g ssles PSIE pae s L8 2 alRT dlen s K s
Sl E Y b e 2 e SReaf st el el apey oF Sl ety 8l )
5y section B v-rf 5s ool i ole | pd per aatle Sl gm0 Gobei eyl gl il pad 5
el sl s pos SECHON ol o sl glaaly mle S0 e o ale cgmy Toalal o anily 1 lo3

e i PR
Fy g walall Gl bl ol el oo el g sal sl az B apaly L8 sl aF als salyd L paey o]
by jlasbiad Gy las il ot e 2 ol ol s asls il g 28l Jpeas o2 sl

...'4,.!..::..-
Finar Sy 4 8 piaed et ol A Lo g @ Sl pgee gl S s bl ) plat wialeg!

m g il alyd beda o8 B ely S am il e e Sl sad sala lad Y- RS 0 aF jalailase cpaly Cape o
agly g ol i Blan e IV O] b gy e ) e g T e ] S folaT e o L i

5]

Bl Ty

A0 Joli o Wi sk

Lt ol

EEEL o i FY d,l_,'_f.';n,f.:.-_uj,.q'-@a.-l aasged 3l 5 sl J|FIH4H1'_‘J:J$AJ,]_‘_I.|'-L\,.:-|,@]J e
(il D gy ot Al (V=T 305, s © e i 3 1 Fi et S iyl 0 oo 20
il on A Lol s oo w2 g b W08 e 2 gl sl ol Pl gy P

el i il g ol

Ir-¥F paxA=pox Asyz Al ~— F=pxA  asFi=Fo+W
Py =Po + yz

dnlyse i gl 25 by drg? L Py gims el sl By 3 Sy Py Joha3 oty Sl S (sl ol
Py<P, au,

Byl g mily AL s gy bl gt
iy |3 2 bty Lad oo aigle 18 mhae Sy e a8 e 2ld e Sl ate Ry -1

i



bl n 0TS lagle =¥
o T damn o ad il o el ol a2t daey Lagpd e Al apllagle by sl 4 s e

e il gl 52 53,5 w3 g ) teba] ol el
¥ o e

TP S0 o5 gl et go plad Iy talos] Sl Gigas Sy 3y 055 sy ] 5l 5 ol 4 ) o
OO IPPYRCON NETTIR Y P PYYERRPOT Jyo EERPRTE S MRIGT i ERTRRIE . PO e g A

oy ki e i Uiy A0 g i 22 s Lyl L 1
gt i gy o] e gy 95 ooy i e g gy S e ey Al Y Sl g By e

2%

dils pasn

A8 s g Ayl e g e Nal il 2 oy

JE=

3 e 5 395 g el Sl i g a1 ol 68 gl i g ] U e g (T T-YY
TTP S8 8 i planlichs ouif Bl 55| ke g st g ) o0 i g Bl iy s il

23]

WROUUM SOLRCE
VACLUM SOURCE
Coned 39 uien gl Eos
-]
wZeal 3ile  glon My tﬁ&uuﬁjwhhmym

i3



g e SR

i <52 g3 5 LD i o 43 e S L Sl a3 e S, lpean (g oSy ngT-TA S

Ay podlys mobel ot Al pa a L2d s g aealma Sy Blgs sa fpead 8t piss

I I
R e i
e e " \'-_'.mﬁ.ll—“m‘

(Special weight ) e eame 5y 1-T

IRV EE I JPVRLE (MRRE I SAE T e LT Ry R T PRI P g KT VAR S TE PR R

s Sy e VL s ap il o e
Q38 e e Sigh a0 ey TRIVE iy S a8 Ml (0 Cand cantie Sinh g 0 digy PTITE S I8 i 5l
b Sl e T (55D pmpeain e i) Uyl 31l S 8 o I g Sl I o |y il g

sl Sl i g el ) St SG) i (g Lt da g L L g

PF )
SG=;F = Fluid w = water

iy e 3 Jitd a5 ol R PW gl i PRl o 4

PF
regpP=rf =, pf =sg pw -
P-_SG=% el



sl ottt ke o dmly e b p e M By anly e s gy s L e f s
Bo® g ol GlaPW GIBpW Jude oo ol ajen I oy g g il gy o e debl 5 000
Ay AFYTHIDMAL cod 1 oty i

PWg  6234(bm/FU3)<3217(f t/s%) 1(ft) 1 ¢ Ibf
gc  32.17(lbm—fijlbf —s%  1#4(in®) 231 (:n= = ft}

el Sl o e g 0 ARy Jls e LR il gl il iy

P(ESi) = u-}-—SG z( ftof fluid)
2.31
Sy ol 0baball s Ky 35k oy il dadBl gl Sy g3 ity g ol ol B ke Sl R
pfles Siafe s L el e Al s s it | bl o S Lt 1 i e e e S e i
gy 8 QA g Wy S S € T, L T sl S e 8 S ) e Sy s ke
P g o A Aly) e ] dilaia b pyama 35,0 e WSy Ay et gyl g0 Shas all Yol T 4y ]
il 0 sl sl Tl Sl achd b

2.30
—
. @p
s Ugiaw glil plp o ,lid

i



L ww s db

Pumps classification

7 B




iPositive displacement pumps)cws glals oo 1-F

o i et e i gy e S St bl Sl 48 s el e ey sl ) 2l 2
Lppg et b by PG e ) m e et gla il g e e WL LS )

ooy 0 el dowd gy Gl el ey Sl g e e ide BB AT Lt plaile gl
(rodary) 5 Jreciprocating) zaf

cdiaphragm pump 2Tl 5 (PlOnger pump) g =ol (PIsion pump) g, slel bls a8, 2d, rlag
VANE Jgly ASCTEW PUMP) oy lobe pump) aleg dgear pumplleas cloow it A slaea o
] AT PRTIPY Salaly g (P

(Piston & plunger pump) e i 5 dgmems islips 1-1-
P g S ey a0 p008 gy pla F gpmibly slagay
e Py ke ol gt 03 Il ey 4 el S ik
8 eas an ol (SRl o S e 1 it ey
b Py lany 38 T gs g3 2yl e o)y i (Seal) S &
S g 1y Sl g 3 o 25 O dlpen g S b F S iy Gy,

N R e e
Rl L R e TR
G bty gane o5 e  J y e AT i 3 dpm g e

Ol 8 350 &gl sgrpe Jlo e il Bl gy ST L gl ey il (S

e gl Jm amam g i e B e Ll 2l el 3

& iyt ol g ol et 3 e a B e ] Sleay St g Ay 0 D ]y g g g e
whny ks gt W gt A8 ) g S i Shoay S ¥ e 2o S b af )l L ladal 0 ity
2 5l 3 Sl e ity

b SR TV B2 Ay | ey a3 ol sl gl

Al alyl

3

il gl

LK 1T

¥



Ty 2l g I aged il w5 ey s A0 Ayl on ey S apt aaliial Hleay (el gty Cais ga f agplin
St TR e g aae gy sl s gt e cil (double acting)alecys s

B PR ST REREETEEE
-.-;mrma_.dn-f;. Y T
g - [ |
i B £ B
[ ] —
i H B
e s s v e Do e e
=y E e
alas 43
S TR R ]
?‘.rr:.'.p:.rr.u.':{lm;f.rn e e s
: " B
N ] |
g ) & .
P b
A A A R R AR
alog o5

B el 3 aERE 3 By ity

b iy sy flesy S 8 il e Pt 13008 daled iy A0l iy Sl S gl eatind il
TP T T - e I e e e R e TR
B S R S Sl g S L S Sy by et eln e b Lt o (R g
alps oF o 4k b A g 2 ST ]

Mgt waadll Sl il eay iy 008 L Solite Sl in la Sl glp o8 el =V sk eme iy, wung Fol g8
S |y Ry g i a3 R sl Dot e 3t Stliey ey s g s e g G Jend gl oF e
(2 a La, L

P ol acns bl o] lade I dolafpn 1y Jess e L0 gy 0 im Sl o Waame oo pmily o gfammct sl

|],.4|

gy any s

s e )

A el ary e e salinl il Wl o e U e 2 el gl el
HE ooall et Lol s end T e g ey eyl SR el Spe b b el e e Che
e g g e g 5l i gl 4T plangay e gy e plyaly g laded

sdadischsrge valve) gy oz s ot o e o ) gl il 50 oF ol o gy 0l 30 3 s e 0
o ol ol Cgapama Lol sag oVl SodS elyla (ogeay aplin g oS PRIMENE" sl ety (olppay gad ooty
e e oS Ll o Lyl o a8 il

T e T I T e o T

38



el L Ll 3 Bl e oy e Y

S e i a8 ol U &S pa® A Sl

B T TR e P S e

(Diaphragm pumps) o502 clec.g ¥-1-F

AT el L T B L] o o8 Sl sl b ) ey ey e b T gl 28
Fu gl P Gl baslie b | Sl LTl ppl sl ea ey Cele 00 i
by i Jom B g o il ddaddy o ey e gl Sl elan a2 e pTLdLs )
T [N oy 5 I P ST ey PO - S P SR |7 RO MU [PCRE PSRy g s
G g A Sl agdle sl LB e Sl gl Slabs f3 S i e 1AL iy S 1l ey
e R Tt I B e
il e Spllad gy Bk e Vel e gl e Tl glaceny

rear pumps) slesis oo T-1-1
cotie bl i ] gy gl Leais G ey 3 g pa ToF B8 (3 gl cpeny gl el 1
Gt g ot et 5t cng a3 A |y S a8 395 pn gl o 0 e b L a8 Laisis ) e e

| imlot oy
T e 00 | o el ey o ol e
r....:........thL_....-S.s,.:\_f. IE TR, [P EE e i P P PR ﬁugﬁﬁq.d‘#;ﬁpm,m&

P



PEPES, S N PO F ERRTEUPRPPR 1 T TV T P SN ST LI PR RRR R S -5 PR SRR, gy B I Y

-~ e by et e o8 Bl g a8 ol anis cleadais Loaf 0 gleadais Lo oogTy, mlly s e gasin gt e
Gl pp sl Sl ey eyl T e e ey a0 380 e e ) S Ghipr qeeg galiise (52
i el Syl ap dnly Wi Sy gl s e ag gy e 18 iy (gl SR}

75 N
Cotal)
S
e
NI S P

ool afil sl gl e Fages g il aiia dpea iy St ) 20 A T L sl Sl e ey
T e e S I T T T
G5 oy ALAL a i b s sliale sy 8l e
Ll 1 ) Sl gl Sy 33 Dlgpr gl ke K e

A salicad

flobe pumpsi Loyl cloe F-1-F

Sl ol sk glaeay & by gl i j plued slageay
il weatd gt 3 L Leaals -.'-'.'-'-" iy il J“.JI'\’ @L'J!".ﬁ.l 'u..,...:_ |'_H| g ':-'!L"“: .;aLI L -J~;1|-"

ity e s Uiling, 9 g g adaat o ile lobe e by o

Boi by nanlin pylen g Zodn iy goaliciad gl p il gty g o el gl b Al 0 e (A
» !'}.IL" lobe oy A 'I"hJ?"J'P""F Jwi L#I ~ o a= s (lobe mmsm” ..ptL-FuJ n.'FL":.!'—':r"S ‘L"‘—‘": .lnll ::!"'
e sl Il gl o Ty

(Serew pumps) gm. cloew 4-1-T
Sy g Ol plh g i ol 60 @ i ol A e Sl gl S 3 gl By S e e T 0
T ¥ ol 47 335 o ZBaa o8l 5 ol Sisly s gl 2 00 ol e dgieg 51 0 el i Ll s g Jlee

PR N PP E Y L QTP WP P Y L T N TR, TP | MR L p
44



aileanlid Lo cloal b g 2ph e iy b ey salaT plBia
e a0
A byl g | e AL e gl
s e o e el e A e 2 g il 2
o O

p sty Gl gt oS o gl Bl Ll
e ol 5 g | g e Slacle il s g
B I e S
Agls gl gpas g Ll iy 5 59b

(Vane pump)sh 2 oy #-1-F
a1y ) plS et

el sy et e s TUY B s ate sy e S
phaie olyd o 0 e plea gy e ash Pl B e 4y
phod HCEE ) B piy; v placy e o iy ap St il o
adaly] ois e e s 5 (SIOUIHES (€ nyin alea
alipd 5l el A ) 8 pgped A S e B Ll 2
daamn ol o mmaly b S RS0t gl ) e o s
A e Y gy A b e Sl e e
3T g g D03 gy s Sl syl ey S S
T e e i e
B I e L e
B ey b Cnl il ganie g et Sl sl b ol gl glaeey Sl pis L gy, Sl s
B T b L e e L T B L
Bl B af ek 2y sl Uiy g n eslitl L] 51 LGl 08 sy el o W ey s el

T el T I

(Kinetic pumps) 2> sleca 7-Y
2 regenerative ) e o Centrifugal ) jacd iy (e jlppfias s pe i J5 s g S oy

oz apSe had L e S an ol ) e B ke L g g2 e ol Sl it iy

g el 2ppe pF s i (B U i sl Ll e VARl dii 0 ek 2l g el

41



i g gy e g 50k 5 g g 0 e ] 65 S0 ] o B w0 e iy e il
g I g dgrg Al E e 0 4 el ol ed g e i ey o el T el g ]
aibe o8 b ol 28 o s gyl28 ol e e 1A AT 008 e ol il gl ey e e
ol g slalohr wspmaple saius s Lelh ehpd Sl iy At e ] (gagy LS b e gl

i s e g T — L= = =
Olepr hageay Bo ey ails pe geps Sl laeeg Bui tug ) las fl placeay Ghes a5 0

-

P Y e

ay adlialemg] &F | 28pe -‘;J.:'-..Ml,fu- Dl ey (galhiea j| el g dy g 0ad e -\JJlg i Ay S e oo Wl
i Bt g el A e sab o ai Sk e et g vy 512 g | i Sl e g
Al gy edagy oliaalel gl b il p ai e glaala Bl aemom ad i g Saaf b Jda gl lecay il it
oy e Jaie gyl a5 plole o8y Ll tasef ey | dddr Sl gyl Slagle il g gyt sack il gl
E Slale 5oy ol A ey il glainy s oo s Dol calucdpy Ll AR if e g it
a 298 salic d WERCONE ) gpilF lasle 3 8 as sl af  Tipes o il aiile fy o€ e fus lle i hosalie )

il o 2l s

Jls a8l ) sy gy e al o s (DRPPOSER) pigadrs lhgony o flas S Shacieiile lagen o gy
o Jew g adaf e iy |y Jl Wb ol 0,08 o ol ot LS8 S claap 1 af gladls pp 0 jl a8 I3, adyn

FTCEL S Mo N QT PR TS B CT R P e e, PRRCRRge SN J [ PR S T 3

42



ame e e il gl ey atANTA] Mow centrilugal PUMpP) s ob = ofeads mil glicay 1-T-F
waiad amy i (710 R il e e a0 gl S e oy el a0 e S i)

315

‘_'Ji;-‘.-q Jlﬂ.\.'-l‘li-'nihq1ﬁhgti|-! JC-—JH_’FJJ!}CJFJhrH_AI ;'S ’ﬁ'lui-"l &I!"f“ A'I.iu_d'-l'qlﬁ
wekiima il gela g g Bl g3 b o gt S ey b 28 silind o ol Rt ] ol e

(38

| bﬂ,js

iy umg e

ool dy glis pelis il ploat maliagd g Sl poy by St Sl flpes 38 pials iyt e adod gyl
gy n Ay g g Sk ) Sl i Sl

(Important features aof centrifugal pumps) ojeds sl s sos p olosgas 1-1-7-F

S 2l g T gl o e ki i Y

cTlad g el g b by ol o B = T

ey g pdy 2uls- 3

A slapine g (B mS ol aine b 000 Gl b 4

bl dn s sy ol -

43



Iy ol Zaay wgadys T g oo 5 31 ¥l wolal g lupl g gt o g5t ol afpp o il o il - B

kel g iy

i
=
=
=
3
|,_|.

iregenerativel  dls clye ¥-T-F

aF gl laad g g g8 e elian ey by sl et e el e flees b e ety S8 ey
A s A g el iy S bl g ey sl 0 2 il Sae

e pn b il oy Nl ikl b gl g gl M e

e 5 el clies o dealie 1YY

{ comparison between displacement & kinetic pumps |

gl e bl e e flef slim Gl plele g 1 Sl e ey

e ey AT Sl ypie i by g adgy Spna (asdy il Sialind slhcnay Jrengd e Sl (23 g5 251 2 Y
e 0 by g bl ey L 2Tl Wl 5 i s ey 4 (e Sl D) L 4 iy S
bl gt e (D e aF gl B g L ey ey 95 el

Tur e Lo pashed 3 placd g g Cogplen 3 e g ok ] st Lt o mtg Al gl Soralins sl 2 =T
g g ek b g b i3 ae g5 plale gl oo e 0 et

2 i e plemle plaga 2l e 2 ot pe sayidl ple w pladl e g e sl o Sl glany T
eyt Byl e syt glaay o

=k gl Sl glaceay v day e F 4 g Srlagle o WY e AR o sl Tl ol gl e ghae ey gl - T

AaXem b iRl By v s Aliscr ol gralie g Jepps- el
(Electromagnetic pumps | .. tliey G50 sl T-F
Lo Jamndy Pl il i e o, ey Rl el Y AL A LT i

ol g aat ety e 50 g 8l b floe o g 3 KB e Sy Sl el oy | gl e 3
A%



S Ll i sloud 525 15,000 olmnget o ol S g L5 ol el e y plape 07 1A 2D a5

318
ey iy i
i wlis m

wnlliod ety oSl
L}
P I PR

s He e
L
o8 = al byl gy

Ot e sl e g PR sy e S sl et L apt e sl gl 2l 2 el
N PR LI BTN | RO L TR S L | NI T L T B g PR 1

Aias fift 507 leauikd Other types of pumps Jlac.as Sz gl ¥-1

wpaly G Fuag Jad'l_.ﬂu_,..:.i kel a.il, _,.:}.:.ir.._..fl_l_.. A aalizad o jga alp a3 3 .:.L-._:L-._",.L_...:.fﬁ'l,- shp “*,-*;'d-."

£S5 L

Hluld andt mir sut -—— ‘\

e
S
A

Iy g 5 sale o oS b
ap Joe Ll e g tfeal Jlows 2t g pglif gt b sule g P a8 8 gameti AT-0 1B adeat Lk sla
Sl e 45 e o T il il ey @l T et iy poa o glaeiiRand pm agli g ] o Y e
..T.l &“;1‘-"‘1 I._.;I_,(!L‘.*l _;I sabis d as ad _,.3!..] ._'..;,,_'.I_‘..n.sli'_J_,'_..S ‘,.H_-.-L_!L-.- P :JI ,I,n.ﬁl.u_tﬁ.. _..'.,..!.u'l.i'_.'l il

ol oty gl Jlos S g adjpt

{Mineral Pulp carrier pumps | Jons slae pons B0 cld v 1-F-F
e i Fe 3 vi sty sl A6 Uy ol yppe B sl gladl AW 0 g ater gkt Bol G oy 0l 2

B LFR Py TR R W, ey [T VT LI | B R E

i Rinse pumps ) 250 cla oy ¥-F-F
45



ity 5l 5 o Wi 200G 5,8 o] ot ol L St gt wlid Ly ol ) Faly T il st
A eila gl s | Sale e 3 Sl e il aaln e Bl ety iy bl ala ol ag i ls 18
e e i e e e Tt

and e gall oAbl |.'.li 9 e ol gonl oy, ot Spges dy odd Coad Kl 0 af | agachs
e e e hani a8 Gl ol Ll L (3 ek gody gl el pabe g Wl gl a8 Lla Szl o
il ady! gl g sl s jpalegs Dl e g g e ge lioay alaSes o f s e )
dp oy gt e oty (Faad it ot el ol e el Wl b a8 e haal gt ey gl wids 1 tad 4y il
iy ot Pl Sl o g e sl eas M e ol L s By g g e ey o] e i

e S

[ Irrigation pumps § sl sl T-F-F

P 2 sl Uyl St ol Wi ST 3 o B3 sl on 5 &y ol il ¢ o8 glhpeny
iy a0 0 il e Uy ) iy o8 Ul i aalical i AU ol St b ablin niman y Yl
g e BB g am LS e ) Ll A5 s Sl ey ainf ol s papes Dbt gD a0l pa il adyy L 4
ra gl st a Dl e VL a8 AL g ey el e VL 8 Tl a8 il el

{ Carwash pump ) blylf e Fo¥or
ek glle g el o iy e Ol St SELS gl mptit) Bl e e e ey Bl ) R G
ST e L i e B a g e g el Lyl 2 e B sl s eyt optn gl g st e

sl apdd | a3

i

[PTRLY

(Structure of centrifugal pumps) jess Sk sl sl 1-F
gy aly o T Ay Y ey Mk B LA Sl e g sl gleoln Ly s ek Al ey
e L L R
Iy apeatd aF ot jpmming Mol jgina oS by b et e m Bl ppine oSy lapei ligay Jnl ddyl oF g 228 Sl
o A e bl g B e St e g b e el o e ms e B ey w LgE ilay
Ly agtipn 2ot ony gyt g8 oo sl 558 ot it Jlow 08l 00t (giladlely o (orlle ot b emy o
it it 3l gt b S Bty S e il | time o il 48 S Dl ol

46



(PR R 105 = SN S CRCR PR | Y SR DU - BRI RO i E L I PR LR P R EFE

samsd gy Sl mil

Sl ey o o gl Ll

ARk g Tl r B e oy e By 3 Sl g A S o Ny iy 2 g i 3 g T
NS

{Types of centrifugal pumps) jpds mils glieas plgd T-F

el gt 3 ] T i iy 3 i e TligS glhaget s 5 pn |y ORI 25 gy il (glgny
e pame g ol sl 1-FF

1 ity L sages e e g ] oy y S a3 ey i e & Sl oyt AL g e S
gt g il Bl 8 e e e e sl (Y

g g ok g ot | alee e B baans ) alaf e o g 0 Lagiacies g baaily g Bo slans o Jaed e alias 5l palica

43 |

i \

T ppeihastoa (g i i) plilee  aioe b g gliloe o g o ghadoe a5 CRNrITUEANY 2ty il 2y

47



i Divided aceording to the suction flange) 28 pild cge ol b e nST-F-F
S e 45 ) I A pm g 2 e e ey e plh g S A gy e B
(F-F paaiiosl (248 oo and® fdaans® 200l glh pages b (2e2

Jbﬂmdu_ﬁdq.ﬂjﬂif‘llbua A kg i

(Divided according cutting chamber) didme & p bl g gueis T-Y-F

s Sl oy g gma b g A2l CAD g g Ty LS S s T e o S s B o0 e T By el sl

K

1ﬂu_ﬂm=hﬂdlu4-ldwlhnﬂuhyt ity §
gl e gy ek o LS0e g iy ptlise B dad o ey gty ennis Cal B0 Gl 4y (P00 paiiatly o2
( Divided according bearing placement)yiiGl g8 ) 0 sami wlad o pecadi F-7-F

48



AT 2l las lBL Lagd | SRS 4y juTy, AT | T paall e B0 ey, i e QB e ay (L gt T ol
g B Bl Ay iy gy gladdyn A g el Fhee cia) lipey | ey Bl e L | sk X B2

iFoF _?._’_-:]J'_nliu_.- .Iu_,_, ‘,_ml_;,.'i';:_. ‘.J-;ﬁl I‘,.‘__....r_'..iJL'. ‘,‘.‘,i.;_._.ﬁj...h_,:--.‘l'_'..'.,_'...:...,L..r

(Divided according placement on base) 4l ca; 0 gyl B s bl gueedi F-T-3

S b il et a8l ot s T e e g S iy e e B L s e

4=T7

il i el B el gy

S e T

TP pppea) ally s oy 155 eyl B
(ivided according shaft connection)cid  Juail g L pudi #-T-F

49



iy Uy il Sl ol g o e e Fr e 28l (Close Couple) shap ol b o8F S slpeag ek P
Fages 5l g 4ok g 28 plymald (MONOBIOE] 202 e Sl oy as g 5] il o g0 3l 5 0 i g o
At Ryl gl o ATy Sl an pBly e oK) gl aST 05y

(Pumps usage |y e oo ¥-F

& e Sy e e W g Sy A e bl a0 S i g Ll W 5 Ly gy 40
e gl e e ol sl sl

i et ity 42l Sl S pagas slipay 4T e P

wreil 8 o gl e gy — Ay il il ey -

iy gheten gleLl g son il Lok el e Slpeny -

& el y A i 5lipay -

ey Ay gl -

e L T

{Components of centrifugal pumps) jed oite cliwss gl F-F

Pl g e ap wy Ll ale agey LS il (Centrifugalistsie sl slpey alita gy gl s LA

oy oo -|j.|_-|' 1_',._-| :._..E,Iq.,-uh”a abdly andla agey | olgaglis e _,.ﬁ.u —y

(Butterflyjaily g 1-F-F

gy el et B E e pd mly o g ST e B b ap o g A g ke e Lt 0
it a2 | e Sl ] gy gt S gl 205 e By A0 T lia 12 il 0 e et eng 3 ] e
omly S e by 20 F e el laag 4T S ) api e Silan iy ot b gt )l ey Ueap iy
dpd e aif adyy mn lF L (Shrowd) sges edlhol of ot o pes 28 deios b Yeana saief mulia gl y el
o s Sjalay g algh e s Koy, Lagar lnadyy g8 e 08 pgla Sl iS5 T o) g o pgle dnie 4

attl jle s b g dntlyaad gty o 3y oleaily 4

GBI o I L ol sleh g oty sl el sl amtly | Selite JRSH g biiatita Sl fas iy

B3 el Bolysden Lid daegd 4 Sl (g jame

g3 58 el s gl b bl g Vpama il gme e sgmge 3 Jlm g3 5 ) 20 S Sl i o
R ILT L PP A UK SPRUET ¥ N T2 P PRt Y PR PP L, L B SR L EFRL I B R-
ly iy Ml gl

B et sl e 4 S sl Wy oy By e ghelot L ) L e o8 Laadyy s fa
ot ok papn i By s ot il ind e 5y s n i e ] Al g e (Tl g i
it ASTM s ol oo o o e gy ommn e i i le By 2 slaadly y pa
el ol ) (Bl e e 0 gt TV L 0000 Psi ] oaf coaglia Blas) ozl A-48-40 o

50



i Lew 8 ilag ol of sk den s I: lay pilae g ol aid H_,.'...Mulngu PR 1 EEPL LR P PR S L
358 e deengs AT WOC g WAC 00 Ll o 31 sslicd ay, Pl E i B a T e

(Type {)I'Btllurl'l}‘]'l.-dlg_.; Elyil V-4-F-F
Bad e i T e AR Bl Loy il g ST L A AF Wl saes pai e laadyy ol s )

bl Blsel g Lis iy 15l

N T CRER IR % P G i (85 PR L BC 3

g

Ao s livaily
Far faae ¥ T Lagar ) oiger g oltd | omla by gilond ] any glaady
et llant pams 3pt e adcal 2y et ¥ cllal Ee G ALy Bl o
o S Fan g aijla e cade o iy il By K ladilyy sl (80

iy glndy g Ypame bl el Kigy S Gls o g g g0

dhd,ﬁjldml‘tﬁ._\:—tﬁaﬁ ‘_;'I_,I_u_'.:._,LL:J;._‘,I_’:L.;...._.j_,J.JS

J-)héf‘ﬂhﬂbaihaﬁdadd:JJﬁP;nﬁ%ﬁu;tq

3l desd sladily
y it S e Al S Sl e Sl gl das claadtyy
ol g yme L actos T oglbe 2t g o Blae 23 gle o s aF g

(80 e ppeathonanl aney claaily g 5l Yl Yamna il aasi glaadyyy 12 ead

51



A B fle nulyy

13k sladily

TN iy 3 o el o S U3l 3 ] i g D 4 s 4 Ul ol oty ST g a2

B e T T

L 1T

b B S s iy Fod ol Mg e S din e 0 e gl 48 L sty plete b Teilly g ol ag B
adle sl s g ol e o Ll AT el Sy e et 5 e

Sy aslitilygy by Sopmmd Ypmma £t (FNT prgeeh 2l Sty 3 GIIT g Yl oF ol (55l Blpgy dniilygy Lol pyms £

Sl af 5l m dyn plls e oo iy msil s a gl il e

Lopaw Epa) scasiiy o JalS o5l aibla) daiigy U L aulgu
cal gt el 2l el aned lesd Gl elaadyy alo baslis ol emto mpema Lol oo Ty pad 2l
ELAFLED | e S P P ) ."‘J,J I_._.ﬁ,.'l,;.l,.s_.l—"}l [T salic| = el J| Ll-u‘g_ﬂ_
T ) ] e Sl Bl Sl et olle gl claady g s s p e g elaally b e gLy

B R e e e B e e I L T T
Jo sl st e e ol sl aladd G L e B e pr g acan e lois ) sl e 8
el Dok &g A 3y Sl gyl Sy Wy 0 Y Wyl e e A n g ) T g s e i

R
52



RS FEV NG LN ER, S | SRS, S TP RSP PRS- T T K DRI T L I ) B

il e g w3 3l g i by

Sl pary ai S e iy, P A | il o S Sy
P9 PV PO 907 FPR WP [NRRC [ © PR POV R (e BTy 1 P
“ep poasde adyy pai oyl 0 el ilfys glisd glls wily ol glaey malae
(F-10 gl oo % s plne e b Ul Lly g dnlr g0 3 Ll gln
(Suction butterfly) wly, L5 )-7-F-F

_ L e L
rsnnetil 8 e 0 a5 g Al aady ol g o a8 S5 planily g slaie b lamly e S anf e
PP .‘;';q.:l,ﬂ_ .5| af ..FL!F‘W U |_"£" b ‘.:I‘.I:.;_..._. . " Lass

L5 I_;LIX.J_ l:l_.!.: IS?'d:IIL_I Jﬂl-l:l k| @l ...'|_||.:| _!').i ﬂ,x PR = lazé \Jl'!.":-" afsl J.J.: a ..'l.i.i.f‘_,..- salatd
gl o gy I ) eslingd g akomy e e Syt cl 3 Sl Wl e L g e el iy e b
sl ys iy o plpay st 20 S glls gl gy o leadlyy ol A8 Cupiely sl asl 28l cata s
b ol 2 caln a B0 51 W et e AF e )2 lagaidi o tBu B0 glaaily g Ay S 5 el MNFSH-r uija
(NP gy} Sod (0 g ot gt Sy oSy i bl gl 0 2l VAT G ber

b A 3

A

™
.~
e
0y
k"

[ 3

T

waiifa o il a3l ey

53



{Dutput Mow butterllylalyy 1 ob = maps F-1-F-F
Sileel B850 by et F g ol S 4 S il el 2 4 wild e e i e Sl Ce
30 e el 28 e bl g it Sk F e o P S M Gl et b Lsta Sl Sem
ek o B Ay et Bl gy Joale i Sl gl iy I g et S8 e g R S alles
salinl pelas glaailyy mon Dl am g ol Sl fly el Co gl 8 plieay sl Lapan (PVY pplons

et m sl (e s e laady g ey S g Wk by d WU e St s sl sl g 00

I =1 ™ _:- T —
e e Y s~ it AN e
cachit gy pnisand # 0 S e e il

SIS ol o e puils] o iy S

(Pump chamber) s ik ¥-F-F
I e T R o
ng it eyt dpege e 5l S Lot Sl b SiaT g Al Lol g als
il g el el e i bl el e e b gled gl 4 (RECUPETAIDN Jie oph il
g gl any gl o o1 oSl a2l dyan
i asile Lot gl o) 3 Lkl (e nge S P
{Concenrric Casing) & alince diis. -
{ Valute Casing) s diim, -
(DN ffuser Ring Vanes) sasilad cpile olasy -

{Axial Diffuser Vanes) o ene d0ilof olae

(Chamber concentric) jf allasis illise 1-Y-F-F

il i gl Sl 3 g lake e S CERITIIZAL sinek i ey 13 Yaame 35 pallioca slasliion.
Slaitil slipey il sl ol 3 APV pgatialed 0 2l
e By oy edlind 5jaa Wy glava gl 4 glale . 55
T e g A8 e st sadlidl claails (LY 3 gl lisH
B Glem s i el 5 Sy oy B 5y
B WY 5 ot 0 3 S MV | 8w ik 5 i
e S 3 e dama plr oAl mal aliie o
Ju il ool e kg s ga aliid sl G 2 o] I 48l

Aad g Sl g e el i) SRS enyly g ipme



maliion 4 S (20 ool pallamia cla aliiou 2l Wida o SR ) 2aF gl et i o ey 0
Bl e s

(Spiral casing) by fle aliame ¥-7-F-F

ol S e B pngy g g e G e G s e sl Gyl i ) o plgeey 2
saama o el ot iy o33k 50y

Bglj b sl 13 0008 e et M0y il sl ) g sl g sl iy o e e i e e
mg waen VA gt o of ansl atla iglice IRy i sl tpilen slaalidons S ars W BY s il
g

Syl o e 15 ] g ol glaBied st ol 55 Cmnge 2018 gt shaie e [ I8 g0

4-19

Q§IS. M

il whle akbaso walown gblas

;,J.ai,.éu-uuushlk?‘qdkhq,..ﬂrﬁjdtf&‘;lhﬁ Ja&_aul,h:_pchi.tlu..d{,hﬂdghqhh.
3 e et s colacll Wl Al e chps ayr gl o paf by g osals BS cotls Ll s laaliion
it on iyl 30 g Pyl ST glaaltime Ll a8 a0 f ey TyiCs gla Ll

gl e e g Wiy, el a laadhis o oyl Sl e Bai g sl gaie SO RS A ey i ol s
BT iz a ) sl dsa

wreple 53 b v 0 Bl dubyi Sl
..'..:I.rnlﬂ.u-u,b; ;_,||.JJ|.T.LLBHL| 23 ;—J\_hh;-iBEP:IﬂN;HFHM = Luiw#j,,;f,pmm&_.a
Obet b peny il g daail g o Ml g U Soedy 3 T St e S8 ggy g ptlat L be ) JLesl

inecd pha L 8T gilis

55



i S 2o T iy ol el O Sl e e L e e el sl
SEL S DRSS S 1 | PP PRI U WIS T - S M S O 1 YT B

Jhael ady e g ot Al dlam lamn VT ki ol slag sl a0 a3 e B s
Loy ol obld sl o Ll (ol s L aalie Ly et el Lol (ol ) e B i glsa 8
T L il g gl e A 5 i g 3 ] ] g g ot S g i gy R S e
ke B glaaliana (o (P T ) Sl and LIRS il g3 [ afly 0 s dasle daime Sy gl 93 Mada
el agiime iy el el ity Sl gl g pliklaiins o3 0 g o 098 pr Jhanl S oy (et et
ol iyl I ) R T gl a3 ) il i iyl B U il £95 il el Al y 3R les

421

| A

LV

P

7 X\
N \f/g"
gl s alacs vg o s g ks

ITh gy alaplbes ol ph F s Aabos gy ol s Lile o tagend 2L lles Lol ol s L
ey 2 el ek aalild | ey cladiiee ) oed S 21 i g dpded ARl Ll a4 iiies Cola 0 ceala
gt sl alypla g3 glaalaion Jatoan 2F 0

(Ring afshonndh) saslidl wils F-F-F

NN g S g ] i g S 1 il A8l R B i NG sl Bl
N TP PP Y N SO SOPE NP Sl PPy FEPLE
g g el vk clalyl Bpde g agd o g g

O DUCTR TGS 2 L SGSOn § o S-SR TIT (O (P T PCHUIRTY WAPEL| LY X R
bt sl st Bl 3 a8 il s Sl G & 4 sl Basiadl ol 593, cn st (Throat)

R ETE N

(da2n)

L

4-22

o e Skl




bt ns e gy b Bl a8 S e Ly il T g Ly T 1 0 o sl s gl e by gl
A g 0 Sl ol 2y o il 3] s i il i b g s A T (K Wt I 530
I_'JJ,!_,:HI;.E,‘_-.,._1JS.:.._.I4.|‘-”¢ ‘_;l.ln_d_.ﬂ.l.lij_,;!a.m ._'i.._".{j,...n..:.l.'_'l;il l'ngn_H_.'lLu: gt uli'_.ld,'_'"_,_',._.k_;h-hi_-n.-
UL T LU PRI L GG e IFE T X [ [ SREU R BV PR RN oL LI B S SN L S
EEE PR L P PRTT Y

{Axial ring afshannd ) s s 02050 glas y 1-T-F-F
.\.II’M‘ llr_" alaas (F-TF l..‘-,-l.'-] J.il,frﬂllqu_;'-,,l-u I-ll'i’-.l‘"- L;'n{'-s‘ i.i|’_-.a' el Jaq.'i LES ) d.ghlx A5 Sasilail Ijliln
Al el ey el il Sl e Dl oty U] it S e i Lpny o i Sl iz B D g

gl catnad o ALl g g mme ar ) gl gl g tlaas By oF ads Al ] mal el ol ol e R

;.‘...l'.J,._.-lf__'J.nJ .Lﬂhﬁ%&&mﬁ;hjﬂgﬁj’i{,@amj|bﬂﬁhnﬂmﬁ e ..'|J|ﬂ-n.1.i.i|ﬂ I‘;LIEJ_J'
sy wilial sale | Loy e bucdladl 5 Wl el 4 g oditea i baa gy ol il SYL aast,

el b gl ) B-F-F

S ksl ptle b et el 0T e gle g At 5l oy sl saste s Llad S gy
o st g il ety Al el Bl o il bl g amgi b bl g g dalal gn cl ey aleld
bl s g pmmsd dips e g T L il g B s b A b wis g Wy Funl J e gl
HE Tl Ly el LByl et e sl i ey s g g s R Sy il g ] il
st g oF [l albdons g ilyp gl el g gand BB g bl ] el oyl b plef ally e s g
3o 2pme Sylita gln =l e pa b Syl il Bl Cod @il g SYeS e Y R pol o
agla L alee ds atay gl o Tuagling ilisd

IR S e

o A o 5 25 N g gl =

g 2l -

57



(Stuffing Box) gats ol ams 4-F-F

it g ol L Ay a5 0l e andf can ] Al e e 18 5] 0 gusi] Sl O cldie o
ette ol e s pagar glad T 0T iy b ol il g ey Bl g0 it o8 o el 0 om0
s il 393 gty S A § B, Lale ol g d 4580 3 1y ik o8 S S5 ety i S, ol
il b i s ) e fale el gy ol Al 2 g st gl Loy sl R0 4 LRy o

i 355 N s B sl Mg g 4 0 2 iy et Ll (Gland) s iy WSS,
a5 g g il BBy ey g e lEh e 00t KR Al 13 g il S e | il gl Sl g ] 45
and oSl iy el doae a3 B et gy S e el iyl B g el g el e 0 BT

s g RiaBy glandle el g Foatles Sail oF 0T pn el Sy el B el il e Wl S
e o s il AT Al e ) gl B fed gt sis Tl il S gl Gl B ot 4T Sope
gl St ele o wiet sl el son ol sl e IR0 Gl 0 e o ey 2a LS
iy a2 Sy B b ) A el s S iy o ead [l S el lade ) lBilyy
455 et

Ll pal o ey s s 1 o Bl s e e o o St gl
gt o by ot g el B 3 | el 2 g 4y

bpia oS gl By oo (LANEEEN RINED oopld Ly 1 wolind Jacl 2 el (8 By o0 8 S el ol L5

=]

iy o e bk

JLIVRR FTFER Sy 8%, P

Pt e g S L e e ) e e e g e e sl BB b e Sua e a8 2 s 2l
3 il il e gl gy g et 3l e e a0 gy, g il S gl g AT Sy
S b LRer bol g el 08 g ey fR L3 0F gafaa 3 g el g My, | RSy g af e | Sy
sals BLas B0 ety | Jpama gy ol dar SOIAF 5 fale ey s s 0 2 RS g SRS 0

P LR

h1



(Mechanical Seals) S5 cll . 5-F-F
e ol walind sy gl il Py oK o el S T T Gl B e e e 2
s oy aF S0 dadad g apt pn st oy S g 48 g dadad i g LS00 walad g0 ) SIS eyl o SIS
azp o Sy pale B el pala ol i ey e WA pglan gllo claled ) Gl P a el bt ey
F e T T e S e P I S RS s SR =

(Fo¥F gl o om ol bopglas ot po o O Al g aztom miglize saiil alye | oo

B
=]

ln_ - l

LS S Y 1 O ] WS EY
orSarthe  Jaase 0l By By v Mt 1 s e i

(Advantage of mechanical seals ) So s ol 2 Sdlfs glados il V-F-F-F
Jhok Jus 2
clly W wn o L ay olf Loy aal ) AL lalod 0 o8 dpad e epnle e ]y Sl syl -
el

e g waerae Aladd g Sogem dle s pdde pete sl o b SIS sl Saee e s Dap pglie
g i gl e e g e Sy
5 g sl Sl Byl -

il S OVl i ey Bope  dul 5 S5 ) el s i S b ol Sl Sl
2y g Sy s o il pbiin g i Ll Pl 35 e 2 e e JE) Loy
gt Bl iy e 5 A 1S ) it g Tl e e il g gl -

{ Disadvantage of mechanical seals) S5 4l lee Y-F-F-F
e Al glaa e ag Sl -

e 5 el pae -

ot e g jloiga -

B et D= e o DR

3yt g T la 5 2l o TG 5



(Types of mechanical seals) S alfs cla Lo pled T-F-F-F

ag ol y AT s it aad e b sall ead e fnpedis S e il SR glalen
NVEI gy NPT A

(Single Internal Seal) 5 gy Jos

B R

et Do | e Bl el i 20

oty gl e b e b a8 Bla e o8 waled L gl ol 0 e ol L3 o8 g lpe e
i Ll sl g sadem gl Ll B 3 e sl

FTLTAPCE PRRCIEREN VTS FERRETTE SR 6 SO PR PSR ey me) L <) B N PR

Aaes snlis | WE ool a Sod dpame dpege clad of slale -

(Single External Seal) 55 Sy L

Ayt e S ol B g b e Bl Vpene e e I e e e B Slalad a2 s

i pt o g salind gl

e it 2 gikes] ay Solala oF g g bl ol g i -

bl ol 8 ) Bl kel 5l g et e s g2 0 e el i sanla b s e 4 a2 -

e el

(Double Seal) g lew

gt e sl il e e e e L s

pelind ellews f sobizad clilia

kil el et g3 e ey A A T T L e e Sl il -

S ) e el g b AT e 8-

S gl ja -

b Ay ol g e e B ef S gl DA i S ol e B ol ) i e g LB AR
Sl P 38 e r a2 00 g A8 G L e AT pilaiery 200 By Reen 80 it 00

S e g 15 fai i g oad el B b Rl gl R gl

(Changes & reforms in seal), ow 13 ol § ol i F-F-F-F

s{Face Lubrication) o o308 oy

edlind ao®y yady Lo e ole ol lan o 2ol Bl g o g M o8 il 3 L mgla s 8 gy el
ittt bhighe b g AT Gl bog wiS N Rl e e Ced e 4F e o e e Cpimuen a0 e
o (CO0lANEY eiifs e S shaie dp eali Slyy el J ol ol by oy il Sy 208 il L 20,8 sl

A g po by e pya 3 e 2 gk iy S e 1 By S0l 0 el s e



iFlashing) i
gy o iy ebad lga boaf glaj Sl (e o8 ed S wigfem o o )l L g e e (3T Sar Sl
S i) M By ey Sl et S S B aybe ACTySLallize) b e ¥ ol e el

Ll g gl Lo

d{Quenching) (o mdas

e e plie 53 I b i 3 Sl S A, 280 T A K03 1y bt b 4F g ol olite 4
e 3 a2 ey e 4 0,8 g odiEd ReenS ol F P Sl e b jlma 3 ana it (Crystallize) sz
S e Sl F g Bl e Alles bl ot 0 S R e S e silad S el
) oas St e SE 53, 45 U g ot ol il 53,8 K gl S M S 0) 00 iyl i
8 selitad S5 il

(Bearings) Wil ¥-F-f

st ek b s il o e kel segeme el CRMIATUZAD gk i ey Hy s Ll S
et Bl 1 g, s I el ] a1 et g s sl o g ] e sy
et epad (5 gaia Bl |y aTay Copade oF glcas g it g sapeli (Ling Bearings) Jder oWFE wd o e
asticd J(Centrifugal) slaci Sl slees 2 0L gyl plasiys oo sl (Thrust Bearing) e slylitly oof
s o aaliol pa by (G o gl izt )8 Ll L L0 ol me el by o ol o LIRS et e
s AT g AT e L g2 ] it e el papas a5l o gl S0 g i 0 gl o ] 1 Ve
poagla A B Ll g aliions oy o agh e dzif JOLL gy Japs LGS e salic ] W F e | ey Mk b
S LA g e ] e el s ) ey o e ey e il e o8 ol L e L
ettt DU vy s G i na UL g et e G i Bl Sl e iy g aF G gl L sl e
a gl gy el el el B0 g slaaasl lliBeanings) S b g e Glplblass . S
astm aalind agpe a8 (ROMEr) Bty pos ) Slgilibls aips ca solinal oyauis 2l slgony (o oF azdl e SHh
b G 1y Ll gl g wlinml pylie oF b (glgmds o Dol (0 gl )lo oF Ll ol me F s ga
B gl Sl g St 1 Jlp S iy g ) RS s T A iy, R Ll B 2 g o
Ly aF sl g had Ll kit Vp ia T stz o mlin o dFls a8 ilpey o (SlAVEN LUl ggi J olililily
12 & Sl el i W A sl e ] 2 W el R b e L ] sl Tl e T
e Ll bl e eyt ey 2 Ll e o e R 0B Bs e e TR e bagusn
ey o bl lgBol i oo b T et s el EEL 4 sl e stsas s sl
LiBall Bearing) Lou Jv py ol baas it o sabinad gold gl b ¥ 5 10 48 g il w5 g e
st ol ad gy

6l



oS jleod w19 S o jlw (51 3>

Components of pump system




(Components OF Puip Sys0em) sanf jlay asly o saijl glal1-4

ol hpa appe g 3T 4 g b Shoag et SFlagg ol oy e By b gl g b el
e el Leonccd ol Roa g apaipe o 5 a8k 28l g deny et il g Sl gl Sl Ren
e gt 9610 1 I a2 AT s Sy el o il g 0 4TS ity

(Prime Movers) aJdal sl o =18

L R PR N X UL ETL Sy TPV R L S L PN R TP S R T g e T
el aiae s ) k) Rt 2 e e L a8 sl g pagle 2 sl eente sl e gl ol R
bl gl By o clna g Ll el g i e el gl el g e sl el e R SR

e iy

{Electric Motors) Ko o8 clejgise 1-4-1-2
ot wadly i el b o il bl it sl e et b el e e B il e by 4 )

siaz oy ogr fe il glagaipe aias ylime St s 0 S SR glaggiee g nlate g Faptd D g et

taiyla
et phee W A-C s [ peiies by b 0L g el

ooy e o e | ldll ol DA gl gige il 2 g e TRC gy s oo gty LS AT gla gige
By ool s e i g gl D el AGT slajgiee gl a0me el b Jade 2alf sl
e ey e 5 LF'] LR ] !""-‘.IL" e Jl.i-"'-'ﬁ-l'.' [ a%y il o aige

e e |y ) bl Sl el 0l g T e e g 45 By 2 i

Zad L3l g5l ¢ 161 pen b T ghnaia T jalicaleal g 0 il L e g1 gige 5 -
atlaat szl gForging )

e Foglls (Ball Bearing s, o L gewe ol gleey atotl witls Sl on glafy -
2l e ] i gl

atloaztls pipe a8 ol gl eataala fee i e o plalil g Laadls -

ol mat sl Al s Tt Al 0 pibhe Sl U b e ol e ol -

il b 5 g eSS adlyy -

Al HY B o8 e g 38 ] 0 s aalina g, 15 3l -

B 8 e e g -

Y- VP S E SCY WS 0 [P PP I

Al i et oy s e e gl il gl e el -

63



RPN ERUTE R STRLIEH FARIET PSP LU | P SSCT R g TR PR ) AR N RPIRCAE I SPREE, g T S R
Al gl e g i Aeaazyl e

A2l el 1 gl g JE g o o 2

sl Jyina ] acly 3l < -

gt ol Ml g a8 Wl e g Ll g By T e il b a3 K8 cla e

:L.-.!L.‘.
laygin 2o alu s I8 fm 2 Al B s g

S g M e S P gl -

yld g bl glag e g a i -

aia amad BB elab a glo gl ple e sncma [l | elmenss g L aassf |2of i got -

bl Caagd Al gy Sl s L] kil g -

5y Jlai g3l 3ty ) i e 51 S ) (s 8 €l A e A st 0 e -

Ay g g e ] et L

Lele
e gl glada plosl yu w Jaa td

e o g SN Cagh A g 0 el gl i a1l g 0T e ang i e e e S S W s -

i gopalac® sl 4l fd Sy 220 WL

s patlis L3 LT b st ol g o Sliea 4l 4T 3

2 Jele |y ! ol el g g g il o) glglaama o -

B e L

(Engine) 1ol gloypige T-1-1-2

ol ol aeme Jal o gledl g3 S U el e S e el g T gy e 4 aF ] sle e
e i g peyilandl 08 ey | e patte plRe ol o 295 e sslind ilay Sy gl s i a0 Jee
el s Loy Hzl olglpn

L e ¥ o o I FT T S Ep |

(hidy g2 oga Vs ) WY ce Y
(Al b o Voo B¥er ) bgta Gk =T
Cadcds 13 ps Vo e pg) g es ¥

hagpine S el dinet dhps ap uplie od Cem g g kgl g AR by e Wl SR Bl glaggine

Als B el pas g Sy ligfi e s T St il b b dagta e s B 2o



ae Sy o bl i) ¥ gty b 2da y al Sl el sl el S S sl g b dslia 0
by s sy Bl gine g 5] glact e sl LaT 2gad gl ol 2alill g apigime Jasd o L L 4
e T fap anly K all plie ap s S 28N clayaips ) Seiemy gl algt UL pa bl oF g8
et ) A il e st ol S sl ) s gl e e

Al e py - Aot gl e 8l 1 gl s

bis o - pily Sliged —plid glaglie Lo F J 08 - glnis R, - sl e 508 Sl fy, tigd Alewd
St ) 3 e laail g Fagll 2 -l b G g s 5Tl eS0T

=t = ) iy 29 eolii] S e a T Sy g 10 ] g Aty sl by e e A
JEPPRTEL (P T PR P TP PO R P 1Y

i oo F il la e R 25 e sl apl el Cal [Fue e

A2l s 3 S el W e S o e e it el LB -

Sl A sl s e

ahaiE e MR o 0 il Sl | 255 g -

la e g p)) el -

b e e 8 i S8 e i e aled LTk -

gl |y g 2 b glly lileS pmonde S ol g g -

g Gl slaygina fastind pte Sl S T 4 Ry

e sla ol e s A8

et sl 0 0 A5

Shome Sy lasaly el b gl il poe -

(Steam turbines) i clyia,e T-4-1-2

ot e [t e el il sl s el el |y e e i o Sl iyl I e Syl
EETCATRE I E RSP S R PR LS T R R S L AP AR TEICR U (R oL R R
Sl A P st 4l L Y G b g aptge Sl Bl L 4 iy AT et ol 4 0
ay i gl e Uy Wl S gl o Sl g abe e o Seload Lot ouaw g s L o spmee {n)

'3:!‘.:':'-" G..'i'_,;- "‘f‘.l e '.S"“'.!t ':Is

gl oI g laee g gl e e 1 eslaaad gl
s malE el e e T e ey aaly S0 L il plan siar gl 2 e et ] Dl e -
T L B L s

bowslBe )2 s T a0 gt S e T mapd Sl g e e S sl e il 2
B e T e I T e P T O S e ST =L L
STy b T anf I8 et slate s o8 T pn ol e calind o 8 28 o gl Lo slmd 18 ailiey -
kg 208 o Sl eyl A P gy e 0l e g0 4T T Ailflae el S b gl e e e
Cod el sy ey BT e e 3 A S e U] ) sl g 23l e Sy D e e |y 395

el by (Sltenay? B dmmcr i ) st a0 G s 0l

65



B T R e e i R
ot ey A s I gl Siidy pnt o3l Gy el g il By ot oF s cl g amg 3 08 e
ik
Lop i eyl T e iy Bl sl L a8 sl oy gl e o s sl gl e e -
g el Ll ey S e o S gl Sty T 0 3wy e il g Al ey e 4y
Loy ol gt oF Gl s paond wlind 50250 jaipagl gansh ansli |yl fep® sl T jlw S lar ol
g A e (Sl g g s aly el S e sl g Uy e Sl a5 0T e i sate
3 sl g U g Yoy sl wa T Jick kBN e aF Pl B ule ool g gl ) g R
mopd gl Jlall g alr B S B gty e et Sl ey slaannd 12 -
o Tk slala 3 o e il sl 4]0 25 4 6l D e el gl sl 1 et
[l i g i Dt Sl Ml a8y oy 1 oyl 3 8 aslind oy
Al gl T el b mas sleee boodg e oo i LB ol b sl e e Bl s e
e e Sl ey s
3 wliid omy #ld gl 3 S8 g g il e M b -
et mlilam g oylagfi bl sida pa JLF 3 Cage sl s Ll il il eyl slef e S gyl e n -
e e, Sl g Ll ity gl Wl | B ey i

(Conplingsileody r-1-2
it T e sl e e )t e st iyl Tl L e e BT
T e i T T L R T R e
32l ol ] g b S g gnat g S e Rt el ety e Sl ansloan sy o elagld

i) e e et S T

(Rigid Couplings) bl jpu sle Sl 1-F-9-3
=ikt b gl aF M g Jlall gy el e gt Ryt ]
Sl g st gt ils 4B s RS0 b ow Lol
Eanrue Gl il A el | i b it 37 alen et ] gy

el (g4 Frden® £l Gl olin] o 4 2is g2 G0

tlial g sle Sl el

[52 ] Sl g S A, s il g gls B ) g s
FRNTETERTIE PP PPt SYERE TRIRTER TP

ARE e
. - . dagh g dimeg gabhie 2 pale palaad glls lapdld cpl (8- geead)
\‘ 3 ol e e 4 LT F gt SS) up Silf
o H R el S el el e g gl e

wbllani iy LilgS i e gle i 2 a8 gl e Kl el 20 f

il



g e sagals { Split Rigid) lafle Cilaad (gar il ccblland oy (ol Siliaf oo pyiaiicia Sk dgrga 5yt
el L B R L e e U LR e e T ]
=Y japeal) g

el g sl Balia sap lF L

Sy begar I} ey iyl o e 3l gl 0 a8 S pager A et 0 illanil gy gl et e 3l
A e GOUL K St el R e B g b e 20 o I ey 5l 0 ] e S alae
it aakin o g e Y

A dayd ) Sl gl o Sl ol 5l salicd plfea 4

il bl ilandl e Ll sl o 2s g e Sl ol g ol gy alines 0 sla L GBS g
S i |y SRS g3 paned s

ST P SICH I MO PAREL TS0 3 SCN [ I PR (i PR ST Qe PE S0 RSPt P
Sy el oS Jia shanlsty antls jlgeip oy T allane g oty w8 o) L8 paapmndis
i g g S g ol

{Flexible Couplings) : yidlaal la S LS

e adrdm pptle g ayl Foma gy 2 leal lisd 1 Slee o 1 s gyl kg ol illadd e S et
=] ot ey sl T e 5 aias e Pl 4

g il | LS g el Ll s

=i ol adgleigalyl Rl g ilball e Kyl kil laty)
B s 2 g0 |, e

(Mechanically Flexible) g, it 0
(Materially Flexible) o Jlai g piyosilad (¥

iFlexible _S3fe ply il ela Kilief T-T-1-T

couplings for material}

4 e Sk g2 e el il gdlanl gla Sl

st Lol b by ol calle o o lalyd ) salind L1y

Lt gl sl Sidie pu el S e e 2

(Gear or Ordental gladws § o gleais gla So Ly

== Coupling)

2 e LRs bl g ) e S8 DT )

B e Tt e U = S LI

bl o) byt cim 0y, g S L W ST

kgt mpn 8 Pt ot 4 LA STy 0 00T Lelgnid ) OBy e a Sy Sl

sl el ol s ey o Ky g Wt e TS ATy AL el b s s et L et 4T L]

ke pgtf S5 o FechieT £of vl g0 28 pn el 1) SBD g et oSl n et Sl g Sk R g0 Lane

lps litd gt P 3 il ) el sl | e g g (Lubricant) jdy, pma S g 205 0

(Constantly  suipsshy o pils gle ket 5 4 oot ald oilaily, ol 1) oy ppdss o8 by gple L
67

il iy ey ailnmd St



ol e Ly g Logeas of S8 siyudlbadl dla LT pal cpanaiee§ salizf Lubricated Couplings)
Roller-) Gl pomdi pdpabidaad ple Doyl Sy | 25l Conie 3 cgld o 3 I o5 oglaa
st LT oac®gm] railus & s o Sobiaf ool (0% ppal) aigt o azsln (ChainFlexible Couplings
By et ol i a Lt sy e il oy K iy sy 208 o e S S e ] )l S 2l
Gl g o5 gl 13 Taes la Balin pai ol apl e iy el g ke gl FoilBe Bllandl e i g

atmaalizd 5 s e

(Material-Flexible Couplings) s blel a pdsoblaed els iligf Tor-f-3
3 Sl e L]y il i s anily gt iyl ag Eat 5 emel posnai gl b Siphed
ol T O e B sl e ths LS e S Sl aal acle gl atl B L ey il sl e sale
238 el Ko lieS
Gt 3 P el oyt Lale el g pmuili g e e el AT syt Sl palas il T Bl LT ol
B Bagms Lo panly polii alge | ple diple gl Sonfh Bagoma Lt B alge | cBay anef lasd ooilyr e ) S lied
Sl gl e g2 KaayaF Sppa g3 o8 ) Bl i i ap Sadd (R 3pa (3 i pile g
LY LI Y LA, L P
gl s 158y el (Metal-Dise Coupling) epld - Sos Sy | oo Ll i ctlaris Sl gl 5l 5
crade Sl gl el pa it o o Ui 5l By 8 e A8 Celend LSid T L gl S 92 ] SindyeT

[35] ELE

ol Lales ads nbblamd Saglend s il

il o imald gl el cblland e lyay a3 adls el SOl lfloa laag 5l duF e g et LS5 L LY
S

FLAWNr TR T, e g I Y L LR PR R a'l gyl af dlasts i s il gilady; e Falia fab ol
& i Lol 4y iy bl gl Bl o B Kignd g il Bl Caalind Sl ) papd daim 2oply M ax b
] (Flexible s il bt el i 5 Ll
ol ailles i ) Lt ol (a-F R ol diaphragm)
Fagha® par oml oo e ol 4 s Sempe gla Faphief o ooy
i s’ Gl 2l ol gyl penal sl donie e
el i Jlaamy Wy S e L 1

3kt g s e e g ey slpe f 4F g pdpnillan] gla En LT

aalilf af ol gladle paaly et Rullos adila fus Tylate gle o=l

3‘ -,l-"%:
R

i1



sl g g By il agd add 5 4 Sopd 5 e e g ) oYl st g ol 2T
w ) Eaknd ol St pe aiys O-¥ pgesi 13 a8 Sl (Pin-and-Bushing Coupling) by - o ks os el
ol o Lt ] AT 8 ol iyt e g L ) S gy e Wt 51 P o8 it LSS (i) foud
cld Aty L Uoes oF S clptpw s gl daat a8l M St Cee gy e S w4 20
BT T T T T R T e IR e L R s
e et e B S e it g Sy o laagl) syl e siba wnels el LS sl gt a5l
Tl e T S B T e T T S e
ol Rt gyl o AN gt 1 g i R ety By [y el Gl 51y i i g 20
g e e aglton St g U lacdy L ot ke g e e e e 2 L L i gl glaged &

|58 |

Dl o s il S Somals by 131,13 Siukg
s apmy gy gl abady o fF gpdpdlhna Soals e 51 0RES Gy el Snhaf Fyd sl g5 ol sat
a1 Bl
sl gt o et antia g b Al o e 0 8 ey e o8 Sl g b BT ana g
Ay ol ol lopie o 1o g alilgle g pmcd dudad ool 3-8, 1050 as i Bs oat o cas o
NSNS PRI L S TR P~ J B S I LT I LS TR PRSI SRURCE . gl | M =
e Sl | haliy ciekd A 2 e JF satinal g golee o ik cul al8 e | LEid o wilesy

2l al o

o ol R a2 e st A5l 808 48 ST e 518 e 8 22008 gy gl S R0 g
[ 510 | o oS Rubber-Jaw Coupling) S dlacdy s Kb o 5 |

o (-1 - pgeallag s

@*ﬁ 3 g e ] gl slaas o oo o gy dlady e ol 8

Ay 15 o St g e S bty el kel Degline gl i B b

e ety RS 5 sy e gs il

aady 015 uiian g paaly ddady olaagly sbans by o ails KB angasna

bl e idand W ek oy i e 1 Sl e ey

w8pmaly abasly ol s S5 g S e L g it e B agle Tad l gl e iy
o JUE a5 y0n e T

&9



edyetllaadl gla Filiaf ) o s gl
(Spring-Grid Coupling) 5 ¢l glafis Lol
= shle g Sl o illaall et Ful g pm gllie g LT of Sl plydilaadl ple S LS gl pel Sy

511 |

]

e Sl s

e abia

o sl ot e Silgs
PO, YRR PP 1 S I gL S B S-S EPPI NS . T PP TV [P s o S OO S|
it i A gy o ey b el S s ] saile aduia glacdiES A5 000 sl | Ay R e e e e
SRS g el ) g ARl S o et Cupes e B e pPd Ayl S BT D IS gy o L
e o B gt st et e e b sl o8 Sl s e WL L el
33 glagga Lubricate) gy, 4 jlo hy¥ sy ol s pdgaiiland  pia pl gl il Sty NS AT i,
A% Safelr A AR Fanley LA D

(Valvesils oo T-9-8
i e G Gl g gl PR b st Ll e L il lagle g SIS il gl Lot sy o
ot e lnpet satulile sy g s b0l i T oF gt e slan Jhle lag e Wl y o tey il
il q.r_.lq_f-qfu.‘mrn] a i ay aaly plagy, Mol abiin @ lewgd (o le aly Sglice o o hailed oy o i)
gl Jayd it tne o ot bt Ml ) il s el by tagy gty Al sl Sals U
R L I T L PO < ISP S PO LT TSR WP AL [ S IR, PYS i [ Y g PR P Y- |

@ Sl -q.‘h,f.'..ir“.i‘,-' i ol D st i, LEUIC,
B T IV I S = - P L S - et
S il ]
E s
L‘.E.j"l Iy Lol s o ity o nlad 5 g e i g by el o ot g b 5y
Al il e Tl ; .
B §E - AT e ol Sl gl Sl 0 ey e b g A Syt 0T
W

e Jlos e et B 3l vags ) andl B i ol g0 Jls i
R I P T T I N P
Jem sl 2 el g 08 e

L e 350 iy St Sl et o
' Jom e g 2 -
Al A Ly sthg pieren 8T e -
il palall ab gl oF gl o Bl b g e il 0 127 BaT -

70



alaas ..u.ﬂl_,-ﬁ'h'l._n PR T PEY « IR I SPPCES P PRI PP L S LR % B PR S s e
b e glaa gy 5 g laa pilas gl S f bagaone pland gy (oM licadal W plaief g la et ol aged

(The basic components of valves) i ool clpios 1-T-1-4
s |l ) g bl st bt plad e e ] L
i g (Actuator) saus Meb o (Trim - lsls Slabd azgamel po i o (HBonmet) | Ges e o (Body)aia
g8 e ana2 BNY gl 3 85 Ll et (Packing)
Ml Gty b g iy LT Lol foal ol oty R il sl et ol dF Sl o ® 106 bl ) T
Ay R ol e gt g0 e wietll 5 gy ME S BN e il g D e 0 Sl t2pane
B i T e e B R I
sabin g, g o Fuiny alaly oy el Aoy i g Conglie 32 g )fy ] 4y e slaalyl ppde gl o e it
ey ol gy e 8 gt e amsl ggline 50 o, (ROPRING <l S0 gle pglie g ilepes b laS e sl
B e e e e L E L
e T e e e T e P

(Bonnet) ps g ¥-T-1-0

et El et el ) ale e g s (S als Lo g Ef e LD T nd o e
ety Al iy A Cod e el y Lt iy 4y gy ) v ey Pt ey T pten U g e

A Pl g et ol Sl g T e S mpaf e o] it B Lt o ) e o Bee
et LR e Ll sl g et ity el e A semy o8 won moifo ) alis g aand Rd ot S
ida oy Cancd el 30 gleas i g aime AL ek Bl il migie | la e aply dided e b R e Aa

STE P

(Yalve Trim) po 312 sleses T-T-4-8

#;‘L:::_I-J,:‘rl lfn;a_.|J__".uLu._._':-i.huJ,d._|..;J_.1[H[fmj drns[ifﬂt_l u..__‘la_i_..._.ﬁuhl_'.'!,m)._..:.‘__'hlh __'JLA_I.__':-
TR TSRO B E RS (I RS T O B0 - [P gL i N ISr- S S, i UL ok [ B B
e S et gy g g 3 S Wl e ST e a8 gla letoar o g e JLE Gt g 3 ol

AaT s Al pne ilay Sy oy g

(Dise & seath et y Sss F-T-1-2
gy e Syge s b ol S g et e salind ol e e e e a8 Sl B8 gl ple walad S s
e B LR dph iy et o alfom anF e g gjle gl ] Jles Gl wle e S nd les Sgee
Gyt g sl Wil 0y pt o8 S 2 3l iy 3 Bipd e U U Y e 50T e e s
e it by e s ST by o f et s alfos aden, et wal pls ool s B o0 JLL
R R el T P e P I ST

3ol Oetmas ipd e eils e by 4 by ad e 0 eb b glaile dapet ey 2l iy

T



ety Ky gl it o 45 I, gl e il iy gl 0,
PR CR-ERP (1 CPIPPL S PPN G B S C Y | FERRCREE PR S ENIEL N TR L ST S REET S 4

Al s S s et i

(Stem} als 8-T-1-3

e e T e I e B L
Sy e sl ] el el et 2 i S e ete Besa s S L g o)y A g sind e ) S
Sl faprd o 41 tin dlew Sl Beda S g8 e i s Ly

(Nonrising Stems)y; o b of pleala  (RIiSiNg S1eM5) cig ¥ plaala digS o o & a2 g3 4 Lot dla

T NENPRVE Y. T A i . R T L P T

(ACHBIOT) o suiif Jlab F-F-1-8
et byt il i o o gy A s I g o yakea by o e T sapd e o) glaly iy
L g ool S T prn oyl gl ot ol et 28 Ky Ced S 0t Jlabaig, o S oy dtey y b
Fa oSyt lfde gl 0 g S 3l 4N ol g ey sl b lae g 0 all Sy isea ey
e et e [ By as e waf pla et gl g agt e anths B b R 4 o (Yike)

s 3 b L2 dagams ) gl lsaast

(Valve packing) o S8y ¥-T-1-2
ol gl g LIS il e S aar 3 adle J62 il Sl AT sl 5l g el gty ol s b
8 a0 200 ) g fyle aline w0y g et el e ghapet g an ol et S Ly S
sl e o ain (palds B B0L RS Sl L (G ) gped et Bl Vg L 8By 08, a oslind |ty
(I EE PR PSP S K PRI 1 &L P B R e evil P T L L RO PR s L

T2



e atlooli g s s b e S aef ol ot Me el g e 2 gt 5l Bt s I
g 35 aly igad g 255 |, ot S A3 S g B LS B 1y o e ol L]l dalys b
3 ey il 55 e iy Yl

{Introduction types of valvesile .o glail 8 e Te8

F ool Bl et gl ghie iy ol el I Ll e sl o e g b o e e e e et
e e (Ball Valve) gy wein (Gate valve) glajlyye s o (Globe Valvel g8 b o o5 )le
pleadel o2 . (Diaphragm Valve) gof130s 5 . (Butterfly Valve) glalyy 2 . (Plug Valve)
i gl b sl alad La (Safety Valve) s ol g (Finch Valve) gl ol o (Check Valve)
e 8 g it de ) e e sl e LB s e o B o e radhas Sl el
e iy o |y Wl gk oy i g et ey o ot b ) Sty Wl 2 b e oF e
o P el £ - N L B U SR PRRE SR R ST S e
ey Dt 2l

s Mt T gl A aialine e o eeed G I e gt 0T U g Ly e Sl LS el i ot
38 A = e gl e el e

# ot ot Tt el wlas Gy S ol il e s (PlU R0 g ) i e b B S 25 )

— {abiam
(3H] bncd
sl dadlan Jalo o3 ppaa g S syl (o0 mlai Sy g S S5 Y

A gy glogly o plad it

w jaee adas Gl Gl A pame e e oo e G paild e T
Toms? g shilyy slaped Mta gl

JPIPSRESN TP [y ST PR J T LRGP V| O JRPIIE i ML JP
Al g ghe e

(Gate Valve) gl jlyge o8 1-7-2

daflie y Bapls gl g 0 pn ST e e D jne by 48 G e glajlygd e
syl el st aslyd ol gy g ke e 2 s B pie sl sl pl o sl s e o Sl s
# ot BT Ll e ) el ot B agd T B T g (e L gy o S 00 E
po W ol R ami e i g Glest a0 reaiBe et S gt aT plal 2k e il detcnd Cpes
51 g3 VP St ) il s st By Sy Sl g W e g ot 48 ) S g Sl
g s Sl 8 g S s 0 il it e g ] B L s 4 e 0 g s 2y
gl il ey et e ol B oaad e Srl S 0 aa fagribied e b S e e 0 et
R el g et g S ol Bl il WL S gt etlind ls 2 Fapame gl 28 Sl AT e
e il cm lalen pedtiaiind s g it g o Fagama ly slaglyn elaes Lo s 4 20 0 et

il aighes gloglysn e b i B gl sy Cpeie plfan |y s o )y apd ol Sl ) gha ot
el s e B s e -

T3



atom Al aatin a8 LS b de sl aal T e

S Cpaget g Sy Al 3 g et o iy ey -
e e L ) gy s S ] el -

gl sl 12 g2 Elad

Sope bl S sy bl e Ll anaile e Il s e ol alpes w slajlys sla s
(Flexible iy Gkl 54 ol Ko (Solid Wedpe) Sl oo 55 slay® Sos oz ls o gl a7,
gt #0130 et 4Tl et e B2 e sl pll (Parallel Disk} ilee Se Wedpe)
Gl pregie ol gl U Lt S Wpana a0p e aslind wids glee Gt af e 50 gl slyfany
g i jaetd wlas gma IR0 0l ) et el m e el UF a1l el UE el o e
Sly Sl [ 33 ey Wy S 5180 o gy sl S 5 gl 2 i ] et e s o 42 |y

[515

il b gVl s s ke el el gt S T35

(Globe Valve) gq,5 & ¥-r-2

et eyl e 28 o sl dipglay Ak oS od 5t sy 3
bt R0 gl ol e slaygy el 0 a8 o S ge)F dpise Lo
ol o U g o il el gl n et ) oed jleza
syt i3 D00 K5 18 (53,5 1ot oS s slad g aibiced
si43 5 53 65 pkian g 0 0053 0-VF pupe 0 JSSE )5 pot K4
o e by g g B ol el 1T g e g et S S e

e ol ST na T et apiles Sy g gl iy | Lo S
§ oSt e el lad S LRT el s gl s ety
Gatl g gn o g i i by g i 4y T 33 e Ry
=t A [t g 50 ety g U 8 B Sl s
e 2l e s et el o aale ) e o Bt sl ) 1l
b a0 g et el L salicl g jpe e T g fes 2 T30
wrbef A Ll cpl g gl pmetd Semed b g2 2 gl b ol
a3l et g 2 o Dee S g GIlE bl e feeti s S slif

i en ) i T g e
S b illine by S o AT dpd pliiF g gnle 2l e T gl et
Spties ey Glgr Sgr BE S Ol AR ey s plyr
ety pin o L oS el ol et b i 3 e i e
e a2 T ST e

l.f..‘.uJL'J.uLLn_sﬂan‘_ﬂJ!ﬁ,dJJifd-ﬂl:g'ﬂdnuLAijJﬁﬂthSJLq,ﬂ‘rlMHJMlluq-l:l‘JE_u

.J_‘Jgd,,,iwi.gl,_-uﬂ#dh,ﬁjﬂw

74



(517 W a0l sl 50,6 sl G 8RN S il 5,8 sl
il e g gilstyinn it o 5 Sl o ol sl sl el &
Gl 3 gy 2 lyn iy a0 a2 g0 20 (58, G f ity P
et el g o By i ag ] Sty il e S i e Lt
3 s s gy W Sl a b T g glaned adle el
A ot oy sl g e jledy laap 5 0 Lagas

i 5y B et s i 3 el e s et s el

e i il dy T Ll s

L e e g slat Uy =l
¥ i ol ol ol s Jaaggly g J58Y - 58 F agt il 58w o e, elapet by
Ly AFTE

Zoajlap g a3k K et p cal g2 (0-1F ppaniad 82 b b dilas sl o g 2l 8 e glaol
gl e s el Ry B B g sl T B S et el e R e R
Sl ot e e g et Sl S st A 3 W e g ] sy e e 25
e

S e gl ol el s s ot gt el a8 JERY g 0t G B g S Y by LSl
aa gl 3

B ek s ot oy e T Al e a3 TO Bl ey et
Sy e el af apt el g s i s gt e L
Y oons sl siany LSS5 Lib i o plie Madea By T Sl e
el ErTalad b e e Wl LR e gl S e T R
el et g g Lo o ol g gt el gl o
iyl gl £l e e 28 e ol o o8 B0 o bl

e gl ga e Uil

o dad -.:l_-.__l.ﬁ..‘.r-.'_..b;"_|.j,."-u. oy 814 pgead j3 ‘L!J.”hi.iq'.h_ﬂ;n.'.

A g e S o
s g Jadh o 2 el 3 m wllE gl mazse ] el oF a8l asle deios S ailyi e et rl w1k
) ol ol OF o i il oF ol et el S gt i g il e ] ol a8 gl Lo, 0
2pcf ) B sdlieed 390 ] g o e 4 4T 20 e

8T et glgFed £lgdl

75



itz 8B mansy somllati Bl S

i T (PHIB) U5 oy e Somgs 10555 g wolied Fmgs ol 4y |y i 55 a0 e i
e Ui e [t Sy gy g 8 Femadl 001 g X COMPOSILON) gl Seys o (Ball)
Llagls iy Sl 0 gama ol o Fwsalen d ol Sl g oy i sl 0 Jilas s 0 g0 T
g3 gy 4 el y S Ty oy 1 el St g vl ) e 9 g g 3l sl es
da b dafpe dlan o g a0 Sl slaRen st SRy B aladl sl Bl S e et st e
Ok il g gy ST Sl s g g i il e il e G pe ol il ol L
Hpw allad g R Lo g MRS g s e ind 4y e S0 5y s i ] S 4y a3
el I e gt sl et IR gl g ) I e s | Gl el s o
it ol il 00Ty gRgel] pen Bar 00 el LR shaa T gt Slaen ol S kiieen ey ey
Sler 1 ol Mk g 815 g K i sy o 3, Kas st i ol WS g 5 3 LD AT g3 0
At o el gl oy T sleat e Ll g Y ol e e el S pelay By LS

iy S Yl 0 ,Ld

(Ball Valve) s i T-T-3
el gl s T o ol dalef ol e gt el et
ol wilebly oy Bl gl S S Sl ot b [ Segmenited Ball}) Ll sani § g LT ep %

Sy aflor s i
b b sl | ey et e s 2R ek agd e sain K- S8 5 oF ol sl o e aalin]
ol et g oma y pangn sl 3 s a0 pems o8 e o] Al G g S il el o el
S g g vt e St il e e ey i e A 2By a3 LSS e por e e U R g ae
T



ol e 3 st slafllel Sl lea S e el Sl 0t i st s plE 4 sl
ot et lalildl e i e bae oy |y et s glam o e el s (Quiick-acting Type)
gt adland e L S T a0l et 8 ol e fahian e Les ais 2 alady
o b Ly Sl 3l ] et B e el | I ek B e gl Jlesl
ol 3l g aglad 38 ey kel eates e g g ia m i g ey b g i el e g el el
L R O T e B T e Ot o
Ay os e gl Gl ) AL Sl et s s e Jilis o S gl et g Sp aalind Wl 5l s o8
sefagis ol ey

{ERStomer) sheSon slye J aF i o pad ap Sl gl 3 Wil iy g s 02 Vi Ligos il ol 2lpa
e e T e
el Syl ) T Ly (NCOPTENE) oo paed ABUNA-NT prgin nt gl g Sl o il 2% e o
Sl ettt s N el 2 anlind LS Ll Sn W e aalin Ll et gl
A g e At g dlly Wil apd e Wil gl dmeeyd 4F galpe b g Cpeedi peas o uend iadue 1§ oaed
RUL [P R N LL RS T T ST e, FURRE U ChL e BT TR L NP SO LS C P QOISR R T TR e 1 T
Gty o gl oy s SIS et iy p d ol BT R i inla IF Jake g iy ams TR
ol iy ps by A2h T ool e jaiun | de 13 N0 n i AT gibel g Dol Sl e Bl gty

(Plug Valvel goy,xe pois F-7-2

bl olon piua g S el (S ] il e a8 il S gl Sl e oy e e iy 6
@ aahyf e gl cpr R385 Sga 8250 02 oyl ol

Sygs 00BN gl 15 S Gacdeas

ol iy 5 g waliil e IS s BT g il el )
Sl e gl 0 S Tl g S S g et
it Sl i 2 S g Sl g S ) g e
Al a8 gl Sl gt ataad ot els jpma sl 3y

e g gt g st e b et el S el el

e nhy 4y S a3 U S o By 08 e
S o g [y s g g SO St g ey
e gl sz gla bl b ol ey G ey e ot Fy et e gl ol a8 g
i e s slant st ey et pagle g o sl | Sl sl bt
8 i 48 (50lue 2 40y windipn ool S g ST g B gl AT bl 2 e oy olapeSiila g
Lo el 1 s el it oy s B g 1 gl e el i ot ol g sl b 3 F dpdon
el b iyl gl el i, Sy gl e sl il g ST apine b al el Sy bns gl
el elaim e s bl gl Sl e Ll e Y S 3 g e O e g Sed S e

g adlid ol 43 e gl S



e elages i et S stake e il e i b Lt gl 2 s s sl e i la et
P SO0 N OE QPR DO NOPOE ARS8 X B S PRI LR 0 OGRS PP AP P
8 g Jalf syt Sl g5 i 56 Lyt ol slass

(Diaphragm Valve) o1 0bs o2 8-F-8

e
FIRE X EEICHVREN EEPPL A T

3 0% ol oy g siid ol 5 Sl i el 3 5t 12553l il o gl S5 b2l L el ot

SR TRCTON0 N WWGRE S 11 7 PO ORCY FUF, T IT SR R TOPRPL RN Y TR SrCIRR (RO RPLTJL ) B[990 B F P

ol it w3ls DM BTT a5 380 ol e el o s

ol 13 iy g ppmin (500 el sl ot i) 3N lesef o i T pls slaet il 3 2505

P s 2 ol o)y 51 5 48 b od aid e 8 oSG s g gt g Ml 6 oS, St

a3 il pn S e Wl gy gl pF1 L WSl eyl nB Rl a8 ey sl e e ety g Yl et s Al Sd

i e i 3 3l 3l S et i S 33 8 AT s oy s 5

B T T e e R TN e PRV

L v @i b a8 pesi
O S ke iy A el 0

] it il L B-TT s 3 g ool (WP By ) wiy

Glepr S8 dpdema a Jlasy g o sl gl il fa Spdee w W8 lae T s pla ot Gl s e
s el A el e gy ) el el ol ] R i Dl e 0 g T e L iy
L | n._-—l]'-n-

T8



B I e T g
203 badi o] i figd g g g g 1 Sl o8 Sl i T s o e i e il g Jai
ot g ) aremd g g | B sla s ol o L ) gl oot adalis ) s Sles
o ke Bl o) oo 25 Jlatol y Sty ol S ol Lt ) 0 e s S sl g a8
o gl L g 2l apale ay LA e o g il 3 e plail 2 1Bl et ol e
dlys 3 Soaplin gl Sod (R wim acB Y o ) aF e T | g e s JHEH ot dasgd af 4l
ST R [ T A P D | UL P, ST E PR BCIPC. <R PR YN ST Y| RV P (|
FINRFTICHTCRIPSN IS IR NCT PP A ES e P PPCRCRIPON. O 2. RE IERURO gl [ [P
Jes plye g anF o s o W Sl 8 P i e e it g Syl a3 W0 g sles 2 plete
ag iy o Sl g 315 Sl S T 3 s el 3 ]y Wy et Zaaglia Ll 4 VilOR
cnl el af atas gy g ety Syl SeglRe sl g saeE alpe s b WL gy o sa ol
s e e e Bl S gl

(Pinch Valves) gl o8 cla 2 ¥-5-F-&

i i RS el Al o el e
STl g et e et el e e g T el e RS
T T o R
=t e g 300 et i Uy el i e ] el s il e
et i S 035 dyaee g el s o T e gl
st ot el i e e s MU gl Pt s
il gl peitet g dikale oy el gy oF Wl e iy
e Ly 2 Zalis (PREUMANC) Sl g a4 |, Sliel af
atn il I o sl gl gl e ot S y o
e T L N S L P e
55, Qs S5t PP S A P LA PR ST P s P e P
st ] Plas sttt sl B By e i
wigri ot aiy ot alyl J il by el b e el 3l e
e R e Y =
b faly  Fonlay S8y o5 Syl Sl af apd sy

o ag ol A gl area gl ki gla i sy gle gt gl
Sl alghyli ampn Y00 gles 8 ool ColghyB umn Voo 2z 3l
b e o mudl Sgline ol g iy T Lt cilyd e T
g e 1y V8 PSIE gl VT et g Ve PSIE gl ) e
sl ot Wl e g o g el gl slaet ¥ S
L T e e




(Butterfly valve) claily s pd ¥Y-7-24
il gy T ol g el e S e T G e e i b iy e e
A e et SE e et S il et et ek BT gl b gl et oKy e e SR 2 ame D
oLl e al L w il slam gt e aslied 01l Gl fo 8 pama L g sl mact ol
ey s petiacien ol g eall e gl 2T e i Gl Sl g i Sl Sl gl e e
S oh feate Sl ekis o o3l g 3 A8 glals sy le ARl g AT e CF e glaallh Al s o gl
gl gy pm i Koy sl 1 aF ilins o lagas g el g ghigrie wsyF oBlaage istanet w St Sladyy
el aRy] o aiaf e Jladl oF Sl g naF gl g Ay Cemed el e Wl e g il Y
aebe 3 3 e lpdom IR gl sty et o oy Wl T g et g e RS g o
e 2 ey Lk sl Sl i (SIUmY) g slade Janl gl e e oy Lo
el i Lt ] g e ) s e e 8l Fge Sy e el Sl AT s s e
o o2yl dggly [ i b T g Sl T el ot il gl e il S 4

RS PR P A PRE T N L DI PR [E AT ST A S PR LT N L

(Needle Valve) Jjgm ot 8-T-4

o B8 lad gl Bkt Ut il 05 a8 BTF gl 3 g ot s
p s et e S Sl i el el amg it e salind] J
ot i 2 e ok g oKy ol 4 g Gl el e o S 0 gl
A gl e O g e L b s gl ) e
e s g omman 2alS g bl sl il sl 008 el e e
sitomcg bt S Bl LR e glapet et e e b e g 3k e
gt o st eualf gt a3 Ll T gl s e g

S a4 gl el gl ] o T 5 Gl i plegd e
PR A PSSR ES: JeF B PR PSSR S S
st e 50 alaZ aiaild oF STl sl LA Gl plecs S
a2 et i g pefalull ol Jlaie 4 jpe sland il e saliad
o e el bt ol Sl s b ol a0 s b s sl Gl [ g faglad gla ot
il Lot SIS gy sl Lyl j0 y Sl 5 ey 2o ag Lot ol i Lyl oy 83 gn |y e
B e T e BT
e o e R T L

(Check Valves) loabl el 4-Y-8
Sy e o ! ity e ki) WDovorl mremom 3 e Dt e g STl L e ale gl kel glapes
o SsSB4 85 e 3l 1t ol i 8 9 68 e 6 1y g b ) Lol i B
Bl e Sppn Wl st ) ¥ L g b B oy Lo el e e A S i Sy sl



g gy ot (Tilting Disk) 2200 W 4 s ot Sn {SWINE) aaijes o o) e sleabl gla

(Swing Check Valve) saiy s ol slicadl o8 1-4-F-4
st malf g aaa ey ojlel Bl el w plipm et pul and o eid BTV pgedt 2 sl jpe il lalet ot S
Ol it e g ST Gl et e ey Yl S h i e AT gla) laped el dgd e diy WaaE el 4y

el e e R R

A Ll s 2 e oty A i n g glely et D pleet o pn ealind el Yaans flald gla et Bl
s Ls g aijfa 155 Y aiay ies By siogmege K aa 0 e ol bl glad e B laged nl s Jlad sl
R et el et et e Bl iy g2 L ey ey o bade g Sn ban cal e gt e s dile Ly
ey g Sl agm Jlo 2 23 S b ean¥1 00 AT 8l ol Vaeas Wils el S of lifas 2
et Fms )il e wioy 48 clai a0 il e et iad e solinalansd e e S0 Sl WF pue 5l Ay
sl e oy vabie by ety et gy A g bt ) g R ot Vgl e ede ) A 4 Wl AT et e
ol e bl [l i it ghigad L el 23 sl gl ldall glmed aB il e LEAT ], L5
4 S o gl Lol 2l o2 T Wl S e iy a3 gt e ) 4 Gl e et

ans s ol JF S lle i, ot t l (BTA ppalhalyt e 4ssl D

(528

RS fe  balel o 3 Sl agon

o gloglat 0 e ol b i pa eyt S oy il e S o glai ol i el claet
atioalys sati gl sl (I Lale gl Sl s g SLys S8 g 2 o s sl ap S sl il A sl

81



(Oscillating check valve) JSolr i bl 2 ¥-4-7-5
el 3 ol |y L pad Ll (2T pget] 2l Camleds siljem ol pliaded glaped e (PP [ lalid o
Ly, Foodad Ll b ol o e vl oyl a8 ot Wl g W 0 Gl S 45 giges o by A
s ) B 008 ol S bt Gl il WU o Gl pa e plagas alnfe sl ol w28

SR e wliabl i 3 Klas opoi

Wiy 3 45 Sy ety ey gt e 3 g 8 S5 sl S Sabigag ) 10 39, g0 LT rapts
e pe A8l 1 e cpagame o ul B I bl e iR e dlyy ks sl | S s T e
b s el S8 b Bl g ) L g e i b et B e 2Tl i s
amila apt sty Tl g ek Ly e et 5 e ST e ol e S by o o i ] et s ey e E

A e ol il g sl S a ot e a0 U sy 228 L

{Rising check valve)say, YU slabl o5 F-8-7-3
Sl SR glapd dls ap en S gland 5 4T o0 a8 S8 a8 Sl w2 s bade sady, W sl
3 i Saglas 3l e sty W plalel plapot ol g 5 pla et ot lape sl eact e sl et i

-iul-haﬂ#l*ﬂwqﬂllfwnw“uﬁh—“:—*-&
B e B L B L T e
4830 2R ], ey, Wl Slialel o8 K (BT e pallind oo arsd Wl oWl S a8
gy i b Sl e haly Gl 48 Cpad agd S 2y e et ] el e gt 2 W sl Bl
o S L g gt iyt Gl 4 fin gy on o iy it by A e S st s (I WU ey, Sl 0
Crretidetipe 038y conth iaer &0 AT 8 P T ey e (el gee y iy S gt e g St 38 g

82



_",5|‘.3..:....|.1L'.-J.=Eu‘.:u.a.:,£h}.!li ,5'.._1;.._“, _','II;_,.:...Jd_‘-L:.'i.lt.'..u.r'lrLl_ﬁJh ,_.;_',L-i’ui.u_d-',jlo.ﬂ”\'lgM ._;l-l,.:..h
artirel by o gl b W il o g sl T ghaget 0 S oAl st S el et

{Piston Check Valve) gpes oloab! o5 F-4-T-4

e B et il a e e sy Yo bl e o B Ll 2 salin 8T a0 4| iy et
R L LT R BRI =t L S O S L L e R P R R L
ot g o s 0 s il sl gt can s aalt g Wl bl el f o gl gl il
il gy W il

sl

wrdol lile g pipiacy Olieakl s
el g3 et g s Al at g et gl e At g WL el et il i gl e
S S ey glagpet LT o ol ten ety ity ikl elap o g WL el gla et wlts 8
I TR Y [PROVTE (NPTl PO i PN B PSR (P CSPPe 30 Y Y 1 PO PP

LIRS PO I P 6 P 1 15 P T (PP i TR SO N ST | DO N

(Butterfly Check Valve) gllyp olasbl oo 8-9-1-2
s g3 eetd Ghedor adde gl pleedd glaed 3 et liss
Sl gy stent st ptlapd pul e J pla gaee demd g 2o glady
ldeyg slanet e 0 08 gla i o glalyy Ghalel gla et anti
A o b e el i e il 2l Ly 298 e anlind
P i AL T VIRV
Sepraby ol Half’ Sopnady 1 I gl palig bl Sy Sl 28 F
B T B R e
ela s lmt GlAYY et af e o pfele st st (loeld elapt
gl paedae dragd il e e 0 BB g b g LT 0 Rl
o ot eyl Siladad gt ol 1o Ol ¥F 0 5 o ola el (3 o Sl it ecly Ll ol Pl
gt ezl g nelit el (Neoprene) el Bung-N) e o disaslye 5l als chasl gl s ol
3 T b gy (et 45 ol pn g Sy 10 g 30 el g by g AN D g e | iy lalel et

F L 395 181 o 0 Wyl S ) ey 53059 T 39 il ey g g 5 3,8 203 Sl o S a2l oy gy b

-""""'"JFI' T L T Y

83



S LBy llall L5 FoNTo8
iStop Check Valve)

e B Hale B Tl B B e
SR SR RN PRFL NN P i - T PR [ 5 o P B
A et b e il ) Bl paniitl K g e el et
TFE b e ! Al 3 Gl Soady 48l & plag g G e
e bt Bz s it ool bl 2T el Las sty Yl el o8 S
il S 2 et S S e o Fagama b et ela iy o
(g g Jh oo o

el g ol e 1e-T-0

{Relief and Safety Valve)

I o iy b ] o D AT Sl et g S et
st ok Sl e i spele St e sle sl ay
o s 3 i 4 Cd | plin T i 3l i 0 et e g SRR
by Slapes o aas wals G S -TF el (o o 58 LAd 5008 1l snt
st Sy st b ASetpoint) wat e s ) gayyy s, WY
23y o g gl Al y Do T ety 500 4T e T R

A att Al da ik 0S| A i S b g Sy o 8
il e (PESEL) o) Al g JltB a8 ey Ul ot B 208, e
(5L i | F oaiy LS8 gny ey Al Alad 4F Sl iy dile e
ekt g3 o Bl agt e g et ot s e poind)
R et e e e Blowdown) e Mk cy sy sy
a8 (Incompressible MOids) eab o515 ¥ b S o b e 13 Gee
w18 Wl b el dlae 3 Baee ol glapt g ol
ails a6 Soa elaglf b il s (Compressible Auids) oo
e T A o e P TP T R PR Y- T
ot A ol Sy Jllee ploodal ol a5 0 8 sy S o
Lot Jood gl o aead aidwals Sl zonad ok ) B-FB ypead b 3 f
PR A s T o R TIPT [ YRELLN [P UERPR g e P gee PR E
by Koot Sl i dllon. (g o ¥ (08 L0 My g g il gn el gl et
et e b Sen a8 g e LA A e o et
s g g L e 2 g e (L il |l aalal oy a1k
e R e

.h1ﬂ|ﬂ,duﬂ$ﬂm?fiﬂiljﬂﬂ4fdba&-¢aﬁﬁ



(Valve Actuatons ) -0 glesillf |l ¥-54

Elad g oo e glaafld | Labd a8 | gloa 2f cogasun Laeaicl fad o la jla eaicd fud OBy bl Cenady Cpeend gl
EOPS SRR T | P SPATEEL g PES, TP, PRRPRPC | JRCRE e AP (L P o8 [T R I PRSP A o
2o Al e e e el (ACTOr) s flad s QIS ) e gla e el a ey
b b g el gl e g e iy 0 e bl el ol o el ) el g e T g e
Sl pine et lappal o pes glaaill b ot plasant L plal Ciay aoalyd o med Elad e 4 bl 0
o (Self-actunted) asign Jlb ags g Sl glae . o blia, . Lol S 20

(Activation of manual) s sasss Jlad 170
st Rad Lol o Wl was I 6 0 il ) Sl g Sy o o 1 et a8 W ) Sl e mey olmaac L

ﬂy__g,_, ol u.'...:.l.lf‘,li'l_.;h-dﬁ Jals gt laafld Solfa soccf [l gl oo T el .mﬁi}lf}!_uj.:.i‘.-,ih:.”.p

597]

- l'-d-
o7 Y '

Ty ot W Ly
-- £ ) iy
Y _rr-."ﬁi T

il L
i | O e
b‘_ : | "l' % ] - ol
o
==
s B, e Ml U | g ol L o afls

St iy s e g ais F o dlacdyay a8 plaadli g S8e claallh S
et Wn gy a8 5l 4515 gl e apa BoTF gl o iy, oo 28U eyt gy, oo oo slnaSlS ] gl g2
RS PR Py | RRCHN PR PO RRIS B o IPCIO [ ) PO PR < L+20 FPURCPPRPTOR SR RNL g P BCS L SO UL Tl
Gl prpilia ol e 003 Gl O-TY g 3 A8 AL a9 5t Ul gl el 48 2 e Sy el Al Fans
i et g 4L T e 305 0 5Ll g a3 A T ) s el
L R L T e |

aptip bl athen o Bl e giee o path aline gy g aps

(Electrical Motor Actuator) S 250 jyise pod jlaaiss Jed ¥-T-3

AT e S5 a2 sy Saagi g s Slagi e 4 45 ey ekl ) ot 4 S e g
a8 08 i ) e e o o S Sl sl Loy 3 o s s lF 5o L
p el Yy S i g ) otiad afn ol iae fof ] Vaama ey el Jlab bed ol 3 il g b

gl pn eala ae Konwd 4y adkiide e g alans Aaedy



A sleiae s Lee s g Slegt] dasd o Sila B b o i e | 2l et B 2R sl T
2l et T T i |y gl g el e o i a il e Sl ey g gl shaegs glaa gl e Ll
gl e g g g2 ) atint pflae g gl Pal | Veana ppfea laanss L LS ol ol ctiene glalas
Sl gl b e aalie ] [l pm 6 e s et e Lt e s s palant iy
A e 8 S g o0 laedia by i |y et A5 G 3 e Cpeimen 298 pland i STl st IS 4y il e
.[;._J..\J.;:I:;JI_';&-TAM_,:.;.I.-MIJ_\.;f&:l...:_',._..:l_"_.:-.:.”,.p

]

i | | [
i | s fole || e =

e { wl
-
i |"'! 1

LT P PO RN = T TR 1.1 RO
g peasn S aly Sl

Elagy escaf | |Ls(Preumatic Acluator) S.ilesy sasf b T-T-2
oJlek bl |5 R eyl e Wy APl Sty R bty
ptlyn lid gy Leas ol s et ale 2 ap [y oy S laviast
i g de, g ey et Jhat] alondp Lol Syt b g w1 S s e &S
o mafes 2 md ey 0T g satfogae glapd 3 S Tley (sleesnd
3R g abi |y e lpa 28 AT T 3 g eslinnd Zod [l s 5 Rl
3 8t el (10T el o lnrl Soilapy eninf JLd 08 ey ot
lag g At ol alicen ) o o8 Rhea g 30l ]y gl LN ATT (T g
om0 g Ly sl ga plaeanal | (Ld jaaat e sl atian S ) Ltland
I ot b ety s e o e (LB S g 2l e sl Lo oL
il iy J et e g R Mgl hippen. dagooly (SRR A ey ¥ g el
riF e glapoisn Alge 1 Jlad o 0 e Silagl g 4y sl

B O B e PN By [y et ey YR [ g PR

(Hydraulic actuators) Sy jaee sleeacf Jlat F-To3

e Jlad ailie and e et 1) oS oy Sobendl e by Slagd e aF Sps et LG
g s gt ) et Al ST g L8 ) 80 bt sl et L LE ol s Sibegy
ol g ol ety ) Yemne agh pn i e o by Sl andi e 3 gy S Sy 4T a3 Ky e e
selad bl et gl ot Ly san e |y ot el Jo Sl (28 el g det e stlend Sy s T
e e R R e Y e L P
ap aalyt SoFlal degi



(Sell-actuated valves) saips Jlad 24 cls ol 5-T-4

8 meeal bt SR L0 gl et i e a2 e et Sy el il el L e et
Gt o= s 50 bl bt cul ol o e st S L 2t glant ) g Fas sl pla ot
e o gl el sl s i e et e e s e g T e i e

(Solenoid actuated valves) | —oblis baigs b sla i #-T-0
G g g gl B oy iyt e ] el Cps w iS el t
A o gt 0t o o ) Ut gl ol i g |y Selagd e
et e W il 10 B8F oml e et g | e Sty iy g A
UL LA LA PE SEIIRLY (RSP g LR TP SO RELE S
st Jlasl g i R 2 g oF Sy s B0 gt 0 i
witinf o syl g lapd oyl T ok b S e S g2 b b
o ey g anF gl boaaca Ll o s s a3yly gy 4F 2pd AT
e L O] e S ) et st el ey S

pisbliin g g Sl Jlsh e B o R O P P A T = I o)
wly b et el 06 QP ety Sla ) patimellia iy il 00F 3l ey 4T SWURL 30 G g L
gl gl iml gty slanieen jo iSOlen0idl sonsslon ola i b o 3 )0ee | B (ans o bt |y —ulliig Gaigd Jlad
Ly sl sl o Spmady s g (ol by 3 a0l od sl slaeandd [l gl i ol slys i e

SHEL ST & B

(Speed of self-actnated valves) ws o el sdiif b Cos pr F-08

& 2t e e Sl pn e 5 W (il il L R S L St A 30 s el Sl
Wl i s S g 2 [ ] B e 2l s o il 0 A e g i e S S
il b ot g syt by i Bl b Al e g et sl it e et Rl gl
et Jld Sl antls i ) o B 71 S 3l dd el or gy ik e %m0 crird 2 5 0 e pte
o aida |y e ol beliia elasacct | b ...u._u-ll_‘.a. et dy lasas¥  Jleb g Fas e 2als g Sadyyded o pedaliag
e Jlab oy salyd gl Jpens s 5l Sl dane g e g ol a8 Ll g cen sl B gl
et o5 SR e gtae il g Al galy g Slypiem 3T gl sl et gl Tl any STy la
s T IR L

g s o ealind U 5 S50 gla e 0 i sils o ST 4y o il Ce s et e d e ) 2

¥ ot Al it U g o cladgdomae pa | S g I dm e B S il

&7



] W) - 7

Calculation




(what does friction mean in pump?) ? cees cw y2 FEkhal 1-F
L S PO I g S T I P P L PE LT, | PR G L B L

=2 >

e
A5 e anglie S8 il i 8 pen S s]

) oot b 1 il e gty Ikl iy e ) ot gt S e sy e g g | e i ATl
sy gla gt o Ll 2d o Sl S5 e 3 SV 3 g0 5 gt e o S ns e s,
ey 3l o jed et o ol g WU ol e gl le oF a0t claalel o Sk recmas sed St ailed e SiSdad
L anles a2k

Sl pedy 2 st 0 s alyd fggs o8 il gl 4 F B glandy ) Tl 2l g2
R e e
Al B e S s e 213 e a8 Y (VISCOUS) 58 Sl 5 ST s

s, I o 1 L

iy =

P L ==
Ak e s T

i gla g L Sl 3 laalyl g o alyl Bplaaa U s filize

Pagfe a3 ylpe o e

Ay 2 43 s gt o s -

M it 29,50 -

gl pla ;-

ot by Sl Sl e e sl el gl B

Crl tgld e g i T WRhnl 5l Sl S ae 5w oande glp gl i 4 el e el g a0 e 4 pualyie 01
Ll s gl o s st et I s s glaes s a et b ey b
O ke 45 g g g i o el agt L e s VO spam o Sl s (6l a3 i

plad Jom ol b eaa laalyl s lad o8 5B et L yme |y e Saenaly g 8L e T ] 2t

89



2y |y ey gl aeape Vee el oS Tl g et ) s astew Sgldta BB b fleay olapten

i g g et g 2l 2 e Mg 5T 5T g el | g 5l e oF Sl e Shas Cl g aaa el
fp gl B T apae s slaial agd ) e e i et ik o B T T gla

ey ey ety o gy A iy Gy b slagkl

{Fitings) et Nllaal Los Sle nof oy gnf ey Fllaal 5 glall claalyl ap ool ol oF glaalyl af | Lhs ol
e gl o B ki g A a1 Pl il sl T sl g el g L onl s il L g e S o) el ain
T T TV RRC [Ty SR STy N SIICIE I A PSR PR T S I X ey
ans gn Sy glalof LS ) e S5 plfin 3 Sl 20 gy S et 4 o L S5, o
s il g and) i 1L Sl e aady S o il g pea e i e B | 3 e el g
Tl iy alyd g g ey b lautfind i Sl ol e AT jale o gy dalai sl W gt ) i e gt ealic]

Sms el LES3T, 5 S8kl 5 days

{Energy & head in pumping system) jles sl eie.w 5 a8 g g5 F=F
5 SVl SE o et sl A ) e sslind oy sl s LU oF i s 4o (Head) sa g 538
B o BT T e e B e i o BT L
O 45 s L S e Bl gl g ]y e e 4By s gt s g IRl L) L2 0 s sgmg g B2
wigaki wRaiiiael 3 lid pai ul g ce el bR ol el 13 4 i pm el ) e e (30 8 3 e el
[ VRRETE JpRE G ALY 11U s N B8 P L PR P L S R L (RN i S I SLT B R
S ] e e e 4 e 8 sl e il et M ) s ) e S el g0 s
ke B g g0 e 0 e e 53 e maliid T sk s 0 e [ 5 alfin g sma e L L
e LG ey aF 30 sy e ity el b e 48 8 A0 AL L sl o ) 1 e ol ansts B
s oF e gl B sy it ol plin| 5 5 A8 ey Jles 3 a8 o gl g i g5 2e 8 e anshan
o ol gl o e g3 ] S e Sl il T o el e i g 00 ol Sl e g0
o Sl st e S5 St gl g o Lot s it L g Lnaly) g 0 e SF e an gl L
ol g ey e e T e i | e Bl S Tl s s s 2 e e pls

e T T - LR e Up T R L



ol Lyl o | L oyl g i i n ) U g ol 1 e B (VL 0 e s S YL RS
) et b atg] gl g ¥ g sl 1 518 o o ) e gy e ) gt g M ey ] el e

[e4 ]
“hind

Wil
s g sl gl e Al

JERO PETIY IR QR PRPHES IS K FYee B gee. ot - RUpei N < ) R o B < pt g
b Al (a1 aly]
it o et o it 0 L e 4 B ) e i g 200 2
Ll g 2l ey 3 el et il placsd ol I a2 RSy gy it b w YL 3 sy Lt pl
o sl plrd il iy il 1y g gl 5 Mg e g inde oty i pn S g iy g

['E-?._

1
TrFrITIT

LR L
]

Sl 53 ol s L) S0 e e e sty 58

o el paliy] B bk Sl 55 S el il g A (sl gl g S M g ek SV by el
oed Bl g3 e a8 A apee g ) gl e

i) i+ Sl 5= ny g3

Feaipt g)ls Jom o Jipe 12 ] Tigler ot sl oF bl Frige ol ) S e 0 el ol 8
19 el b U g S i oy S Featy Dt bl e Bl |y ] Gl Ll bl Wl s R
3t S 4 b R e e et By 3 e e sl ] ST Gl g3 g e s e
Be 4 ¥y 1 Bl gl Sl Sy A ¥ g | Bl 0 S P RS 10 Al gl Sl L e e
bk T plailas Lol gl Joall iy g oF Sl 5l o e i (o 53l e e S S sy 3
i 8 o a2 el e e e

21



arnlrl gyl Lo A gl wslind (el 2l el salind a8 sl gl sloped aa ily o % sl [Heead] aaajga
atlog g m U 4 1,
2 et [l s s W sl 50 ELE gl i o500

EE=Wd

FE=FxL Skl g5 [FE] L alyl Jole b o s bl B o el e F Sl gy i b 2od
Gy 2 ] Sl 0t it e Kl ol o sl glake by g Sl 0 ki 5y e 17 L lpe 4y 0
gl g St tp BH s | o lis] 538 1 ealinad by o 3]
EH=W «d! w=d
e i ot e ST 3,3 2l 8 ] e s g FH S5t 30 St g3, 3 sl
HECE R ES
FH=FEMW=F=L./W
Tl 23 ol g i e 8 bl ol et o e g i (W] i iy o [P el g e
2l It 6 s e g 45 2ed S e Btz S
$atly 55 Ry ity n Sogb ol il 3,0 pan e ki Jnl e gn 50 Lo
55 o B85 3] 20 99 m Wl g 4 20 lne gL 5 ) 13 e by e o s e g ) 5 T
38 g o s 2 61l ) e S e g 2l it a0 80 syme ) ) 0 )
e g el 1) Ll s o o o il et S e

T

e

fLL- T

4
— '! ! o
L"'l'!""l‘l“"' B FEFEFFrT

.@ﬂgglﬁ-ﬂﬂdﬁ'ﬂﬂ

(Static head ) Sl ae)-T-F

Mimd sat wzls -\.ﬁ.i,El.iJJI Ja,aj.:'-u.i_-l,.}-lf\__J I'H'"E'-" ..:..-|¢.._..;_‘- ui-jl,,_jlﬁ_‘:....-_’&).;..:.i:a\_i“;.?



Sl ol e g gl 3l walind e et e e e e e 3 g S e bl s 3 28
B e R o L I e B R

Copal agy dalys gyt b A5 0 L 2l Sy e i 4 g gy Sl ] R i e 5 50 e
b e gl o e g ] 3 il ) £ A sicay Sy e 0 o S gl ppige ol s
fagd pem )P A pgeal ) gyl Sz

agle LERTT PEL Db Ve 3 agls LA FOPET b V8 gl Ld AR PSI Sgh T ol

=]

L

1
l ] W
5§ ]
d
£ ] adpw a3 4dps
T o
LY PP T P PR T BN Y 2 M prbn gl & sl conm ol ofgal s o

I8 o s Rl g G o Mk )3y pana 3 g 03l Ul i Sl ol 5l g K 5 i
g mede ol gl Bt b olapem sl g 4F A3 e dni ey 2 b 2a e wiel ] s o e e e e
57 K ]y 50 e a0 AP 2 ey a5 e Bagh o AL sl e 50 B 3 e

e L
3 ebaigs ol st 5ty 5180 3 A i o S g e A 5 S ¢ B (50 o5 1 e Ty

o

G pom i 0L sy 3 il

0 ot 3l e pald ey 38 Jaugs Wl L A e an W ey iyl S e S gy gl g5
34 (i g e il ELG] LB T 08y e o ) St ptld e e daegd A gl B 550

L



N7, R L RSP PN WU S TNC WP S S | L ok R 5 LI VIS ROt SO L AT PV S P

e N LR
udf.:....]mﬂ;l..,...-].:.‘JJm‘ﬁ.in_.:.ﬂdltzjQHG}LFLMHEH;M.SLJW|3|
PRSI K. L VSR PSP Y T P L i PR o L o RPN s Lo L B [NPOE P %L |

611

b o < i it 3 g b Sl 0 il algd ) Sl WIEPAT St Sl aly) sl
g by 2 e 13 e s g 42055 0y jm g8l gubaes )| LS

S e o g o s e sl o oy ol am

plas 54 e als asia ety a4 b e | e S pls g gl sl Jage i S 8 Ll
BT ol L 4ok e il ol g 38lg5 o3 pong 4 S 2 00l 83 3 s 3 40l m
A St 1l 5, g8l 400 A G T e 3 st a2 St e ol gl o

St 405 sl St i Ao sl S sipae ) e & i Uyl 5
v g plEin 445 o oy 4 S 2 el o S g o 450, 1 S 3 % ) g S

Ayl o5y Aplow gl sl Flad b
ﬁjﬂﬂwﬁﬁ.—lﬁ 'jud'ﬂ

94



(FAT Bthale o fle flpe 2ty

b g e e sl 458, 8 Sl ) Sl 45 8 el e o 2,0 VL, ST s e Lt

R 5 IRT SR O o PRSP I PO ) Y SR SRR 3

\—4,
I..1 - =g I

FEEFTF TRy

teed mahs g sl e M T kol i B

T gl

e tnn Loyl gt el s s Ll Bl 1 s 5 sl ol e | Sl a2y o 4 sl
Mo ol S LR daome Sl bt o gl gl cleil ool i el gy BB 4 S A 3R 2l
ela il e LBl iz ST e STE A ot o2y L Lk b L) gl b ) gt e kerlaa
il gy gl ey A Sl R ey plis | o

e oy oKl i Uy | AT g 8 e

nly oy o0 s wnh YL ) gt LT T gl Soplite SOl am 4 ey U o s il Slaat i 2
e 4 el S 2T il e et L Wl e S gy e e aFren B Sty b ) Syl
B skt ) e Tl timat g sl g B ilos TSIl ke ol I g o o ol sl d e b ki

s e By eyl oSlaidl Bl b

P10 Eahay] ceedy

Olren g 2 dmles ha bl Sl e ety S gl s el gl il y 2T e 0 e mla af e 2
] i b Bl o5y 0 g a3 gt B Doy bt rady ot b Al e (3 g ge Sl 4 Sy b
AP JRt)alo lpn Soaglin g odlr iy (o FlElaal e ap Bl gt e e

95



Ayl ey el i) w28 YL conan a0 it e AR ol U5 allaT algl slgnd BN (S8 s
617

¥

| e ot it g o |
Coil EM L ca gty b RathE
gl sty L o i b

——FFFFFTITITY

ol g o Ml Tt M S Ll L e T P T TR PP [,

1 AL o g by at Wt Sl G La) g s Ve 3 40 L2y 3 bl 5l 1 VL, s
ke Sld oty e (e 3l el 1 5 el )l AL 8 ] syl en 3y Sl 4

it e il i, i o S 2

5 g e el e 33 3 i KT a e 51 03F fyeF - UA gl i g4 S8 WL 5 g0 i
a9 el cong 4Bl i i Gt 3 Sl 25 (sl Sl sl s ) ] e F g L w2
o gl e s pmye oF jplalen cooaiy ppl boaslie o ol L8 Gl e s L e o ppie s pflee sl o I
ehd g JUB g a0 sl s g 60 ) 48 L g et 11 e at el BT g ] e ey
e R e R
ent 98 1y okl o5 S ni g Ty g g it e ) 2 T R G ackets Uyl Sl P VY RS 0 gt e 5
VA JEA o a6 o8 willl Sgd ]y L] R 1l L e 8

wng el g a0 gy b S i el e 0 e 2 ] 0 Ll T el e 4 ey i
e T e e
it s T sy ol 3 0o LT S gd s 3l ST Al 29 g el 35 IS ) 355 a3
o agr? et Domtly gl U 1 i pm PN RS 3 5 jpliilan a5 sl ) g8 Jlad 2Slis ey ool
Sy dalys AT Sl g U e o glestadl 4y Cagl pe sl 53 T ) b g S dalys L



(L2

T

vty oy g e i

Aot |y dlpd sl g e et el gl e W oyl e g Sl e gt ] e ] i el Y
s o 0 1 Tl gl 4223 gy o Sl e i 2 sgmge b T S B il
s e e e I

T ahdas ge A0l ], B iy oo aily

[620]

% |l
m’fi -'-':

Lv-.-r:-n-»!. BN ————-———

elilendl ai by byl ot flaid oo eskin o 10 b od e

By o0 (pen aramg b 5 sl o] el o) g e s s g i g g 4T | e S a2 plia
o Bl Sy g A e e e g g b et 0 50 BLE T 4y anly il Tt a9 L
O e ey ol U 0 Lt agh a it g KBl 0 plass g oS el ety 1 1t e it ps
Ot g3 bl i g anld el e A e B agle s sa caler Led Soalil da s o8 e Lt e
ol bt e o ailed ol gl g ) plem ly mepe R apaly e a8 g gl aaS e sland ALl g Lty
g oS ) salitd b acalys 71 ol asalys gy pa s Cunglin b Tl 2p0m g 2t aialys o S pla
Fdipe Feyipe 45 ld cal g 3 doalet b b aa b g R g (g S il Glas T Gl e L ol
Syry e glglin g sl o8 Gel ol e ey Ao Sad ol e L Gy glapeS b alie b g2t Songlaa y 2o
3ot Lad i gype o s b e BRBs auif e gy 5 om0 2l atly ety Lt g i
bl g gl pald o et e il g B gt 0 g e el B s g ey el Vsl
Lt it a g b gy B ey S S (S L S e S el i el sl aalind
SR JYCTIN NG P JFVPRRR ISP [PPEEt g R | IV [ e KUER LA LSt . BPE 1
ane® gy e agam

ool o Rl 4y sy 23 e



wo (ljem el AT Uaf B bl By A T T Wyl g gl iV b o e B elapten 2
=t Pl e e gl e walid e S 0 el Bl el Sl Lty e e 4y 2nls daled G

(F-¥Y JEapa,s
slulg) i g il gad 4 o3 S8 e ol i Uy g ey iy S S 1 g e S Wy

Adfun st Sy Sl bl

13 plmalel gl oF pila pis 3 dagre gttt o 2 Sl el e e et T ey Tt sl
e i el B ima AT b e §5lad

S gn ot 1 Sl it () G £ 0 1y e B 0 g D ey sl ) i) o] ey g 1l
Creads gl iy SRIST ) S e g 20l AU bl L2 ol S dlly) K g0 ke ) et i e
oyt o A B S e ol e St el 455 Sl A U e S S g

A g Sy i el e

(R sy

i S ] o 5 By APTY IS 593 e F b liom 3 Bagn Wiy Il ol g 4ekis U e o oin
PTH BN 2t ga i o0 ey ] e oty St

5 gl T sl 2l

el



{The component of total head) 15 o oleailis T-F-F

A g el e L i e I i ] e By a3 S il 3 eag el alida I aa
e s 1y Ll gl i ol i A als 00 L 3] i L e ay L i 5 athind d ey
o o s e LD e 95 g pater B il e el g ol e B ey AR 2
R My e G Y e 0 ey S gl i plad 2 | I el i B T e ey

e Y B BT PP S R P P R S [ UL O S S
=AH F1-24 AH EQ1-24{ o] HZ24H2HZ14H1)
AHP=AHF + AHE(Q) +AHv +AHTS
AHP=AHF +AHEQ +AH v +AHDS+ AH 52
A S Gl 3 e St 3l Sl Mlal sl b g dlalas 20 Sglice lgal, mas g Jy SYales

e ol Sl ) ol o s

(Total static head ). (AH1=) |5 Seilid s F-Y-F
3 Tars A s e 4 g BLE e LRl bond 20 Sl o gl S e JEi 5 Sl g
ead gt il aF jaleilaw i (Lidooa deMe 4y 2oy, gl
AH w=AHpx ~AHs=
=23+ Hi- (Zx+Hi)
T L P A PP CEL JRy S I B 1 P [T S PR U [ = i s LT ST QO ST | [ Y
L ol Zata Jhns 30ga 0 (AHpg) apbing sl am opd dzbe Jai sl ltd sl S a3 Ll a8 palys salicd
e e a5 Gl s Syl gl el e 30 g Sy e M) g g S e o s el (Hm D ) i
bl e el e 1 Sl (il e e ]l sl e S e e T el
il el g L 48 20 pgaa 0 8
iy gty gl A by e e 2 e g ey 3 e e gl g i [AHG) 2 Sk s

STE P TN PRCRLTRRY K Y | P L ORRR TSR SR U 5 0 PO K Y

(Suction static head! AH ) A5 S0l s ¥-4-F
foadal e g o8 el ey (e b Bl sl i sagy 2 Bl g Lo prama AR Sl ua
% gy it o 2 el e o Lth s By g o] 25 i 8 e i s & St oy

2y aalys Hp=loasl oo



(B S S ol g L8 g DA i Sl Al

Boper 2 gl 5 ot jldcm oy R At o ik sl LA 0 e 3 flay pages slapless
Sl B ol (3 i s 2B C Ylazad
:‘;!..;...J-.:.-‘,'I._.ziﬂ ,Af_,.dbajyrs}):d‘i.i;t..]u

AHss=Z+H-Zs
pg=ad g ﬁ‘mj’h}h&uﬁlﬁfhbﬂ-ﬁqh Jl,_-.:_gL__‘-ﬁJmJ- JM?MT\B{“}'S_‘-

G-26 |

e

Mot i cniy o 15y 5 il Sl | o iyl

Lt g wrg L Vpens B gl 5 am plicad am sl 298 0 g Suction Lift) 2. oo a€ 9 lpe o o] B
Gl oy g pma] gL by gl a8 o el ) ] e Ty =By blyalase Sl a8 1 G | i ket

iNet positive suction head availed) (INPS.HA) S8 cud 2 0 2 g ouiaan alls 4-F-F
JFia T pealyi izl PSS HA 5| ezl zoley Lfs ay oy 2yl 5T ey 88 e 0 gy 3 g Sl A el
AF Sl st b gedy e Byl Sl o o i ) S g e b 0 ey g ey g e et
§ ool gy g i g a8 Sl Pl Sy i gl el il ] Spaieh i SRR gl ey
g ks oy R gt 3 o oLl el e 3l o o VL] 3 iy Cania T 0 gl sl o st

OO PP TR WP PYR L PO R Y A B I U D I

S e e e e Sl gl syl s ) ke g Tl U NP HA w2
afles e place s il sl sile ol asler oo fele el 1wl Tl Las el L
ot iy 3 St e |y T a8 s i (LRSS H) A a5 ot st a3 s ity g et
33l 2 st 4 s required s R glansl s gl s glas of wnl o NPSHR) 28 e o
gy ablif pa [ pme Sy i e demlea B abli ol Al lts aa bzl NPSHA i olp ced 500
bl Tt 4y ) A By S i 3 Lt sa (PTY R st s 3 55 e 0 e e g ng A5

100



Hs(Jt of Fluid)=—( A HF1-5+AHEQI- 9}1["2—"“ +(Z1—Zs+ H1)

=2

Hy
PR

K,
T
h

I
:.:|":E_;
i = Han

i e widmt M B e
ey puees dp i

a0 JLo 1 Sealios g ol @il pone | ssla
Bl g5 i A g Lt S il AU B s e ol spis i o sl Bn b it 33
s il By ey ol s
E—I-I+—+.E
<k I J}H A hmy e Bat oo ae e i bl g (5 alal) qeey A5 2 2peee NPSH il ope o
Ay ) ) e et sl 5 s e AT g 48 S ol e (200008 et
Zad -L_.:.'||t,.5g. 4..1..-| ‘;_.'J ,...'.H.l .an!,i—
2
+ =L Es=Hs
g
e bl o | (M) s el am il o8 LTl bl gl g 1 aat i) B s il
.
ES(ft of fluid absol.)= Hs +~i"§+ HEB
bl g g e, W il e H g ke o e b
z
B,
ES(ft of fluid absol) = —(AHp, — 5 + AHgg, — 5) +$+ {(Z1—-Z5+ H1) + HB
{Buoiling liquids) Lies Slule TeF
PEREE PRCH LY PO SR s | RS PP ETH RSPy re v |- . FIPESCRTE L BT S g PR I
e B e gl s 2y e Ly il 2 2l ol e 0 it g0 sl o R i gla L
g ki) AEY PRI e L3 3 Syl A TIT gl 2 [ B P PR - g R T A
Sk "’1,. Aa + plazg s gl Jled sles of '|'| pr.s.|a Joloa (g led ja | Gt gl Ll g s plas
i e i el b il LAl e Gl Sl e YA Jolaa | ples s e Lga e
Bl il e 3 el g S elin ] o o gl ] Rt ST e e Al plea a8 el
by e peaTipia 8 Sod gple ek aly Toud S sipti pla) ds Zogtna o L Bee p T Re Sl sy
Y P TS T N PN O P [ [ PR VR N [P O (L FRILT VRN [ -
ot Eom i g gl i S e I deky S e gl 0 ol 0 e 0 g il St e 2 1
ol il Ay ol Bt e a e L gl e s T s ol gLl ma s s af aaled
i e Bl s ) i alBa B fpant By (| a3 el oF S Sl L

101



daprn 3 Mid aF | oy Sod it ome e b ddmn y spt pn a3l gLl ] e Ra ] o adle o g Ll 4
42 ey s g2 (g Cp i ot BRIl ) Sl g e il SIS e ] e i sy e 2l
P ol g B i 2 S e e oy e b D s T Ly L T L sl
Al 2l Lo ey Logpe oletllel 2L sl el et antls s el ] g Tl e ) s ey

(il 2 i g 25 ol pan gl 5lad 1 3 45 it i Ym0 ] e

(Vapor pressure & cavitaion) ; sl y Lo Lid F-5

AT S ol e e laa g e st g e ey e ld o L) S il et Saap Lod

ey

ey Az by maaglhs o oy L

alall 2 Led o8 Sl anlys 2l o ol g ot snales g 3l ga o Tl g e i e )l el
JeEas s e Leecllio 4 i Al 0 (S SEPTA R 1 i Ly il e 3 ol ke S
B e L 0 - N P S =
VL o e el al g L g e g1 S el 292 s e Lails e il st ol
el i el e 20 it e ST L g ol Sl it e B0y T S
A st o gy s g gl e e Jargs 4 o gl by 5 bene Tl sl oy g g il
Ay U pale o)l Lol g fipenlglT ) g Falee el 0 S B 0 i ted 2y Sote an all AT 2yt
teirly Popee gl i s 1 Y el g (G0 0 B g iy iy e Sl 3 [l Byl gl
E 5=Hva
gt e bale Loy led ey (B Doy i%m i it I (NP SHLAY ol iy Lt o bl 0 a8
N. P. 8. H. sait. =ES-Hsa
sl pw iy adady ol alilee sl o bFalsbee I By ok e cuifile L
it e ogh a3 Flin g 1 adilns ] 0 a8
EFHH:—i
e i Sl e 2198 4y ST ig o | (P8I) Bl g ol o 1o g eld g L gl Lo L
HifLof Fmid;:*sj—z‘- «P(Psia)
e (P10 Alsban & (910 ) sl 3 YL Al 53,5 ujile L
NP.S.H culft of Fluid absol, l=-{AHpl = 5 + AHEQ] = 5) +“u—“ +(2 =Z, +H Y+ Hy=H,, + ;’—E(F;{F;ia}l — P, (psia))
af Loyl md Jlos B o) Jire can cd i Bl ooy o ol Bs Blha S asly 8 2¥abes suls NPS.H
EPCRPR. [ I CTPORCON PN | ) L8 § [ e ST L LN PR | N PEPI i PN | S
102



N.P.5 .H avail 2 N.P.5H.req.
clwie o L gl S 5 Ry 0 Lk s (il siaile o aedoglE g ekt g mete 3 Rher jaliin 4 ey
ol £y S paite Bl i L st o b o e ) ey G o gt e e MPSHR

NSt e g il

Sl el g i prakin P[5 A bl gt sl spnmg (5 Ll A el i 4y a2n o ) st
Gy LT s e a8

i Requirement N.P.SH)jL 20 NPSH 8-

ol iy s el e gl il Bl b e iy 2 b 3 e a0 i e ) i 00 NPSH
als sl 2 il g 3 dalad l ng g Sl b S

(Dureo o puis faae) wang Jols o laish pess

PEE A ]l S e i il d ke 4G plh g A gl e LD A e LT S
B2l alie® el 3 a8 | Sl i i en i L g U e 17 e Jlia ksl s BTy s
A e ) Sy e pln s gl B e L Ul g ] il gl ey 25
Eywtngn Sl g Al g 0y e T el o e 10 mile By leer o laeg JSnlia gladdd apd e elpes mlad o ey
A pd g el e pdagn dgly pend Seh dlly g o Bgpp s sl 2l 2y gl A T oF e e st e
Erama sndgo By 38 13y o ot St et e ) b 4K LS il e gl L st Rkl
A gy oy Ly e o g Gl L S gl ol e ] 55 dan o a8 el bgbleay Lacal
sl col ey s A8 g i P ] a8 Sl g La A 8 el o Lad) it
et A gt sl T, e sty ey 4 0 Ly o g g0 Sl o fan im0 apt

ot gt At | Ry 0 L Ll e g Sl g iF

103



|5-31|.

i oty
___E__. T ipimdiigd e
“:’."FL] b B B —
. ]
| amdapesls iy

R E e e

B mm
{How pumpmanufactures can faaf o ¢ fajladl 1y 3l ajee MPSH cw slfaiile wefls 1-4-F
measure N.PS.H)

P LS F L B PR E P PR T PN s el il o2 sy S ) e PSS H ey Rl

6-32

wpillar aba; g gl 3je0 NPSHA e oS 5 i o8 1508 oglail

e gt dy el eade paefulad aaS hpme el g T 28 gk o) g0 4 T e ee iy aile S 0 R
g A e el ol el o apt el 20 s 08 a8 el el s e 5 L NP H
B IR IE T E RS L R P en P S L T B e
o gl i PSS H iy licl ol & alfin (g ol F-TTJ50 ) aobly

T e Bl e 2l sl e a0 f e ot pllee bl ]l e MRS H plpe oy g
acwa palf e 1, MPSH Lo pe oy aad iy Lod flH g o glaa

(NS HA manual) pepmws ;o NPSH 5550 35 ola faall jaies T-A-F
s el 0 il el o G e NPV i o s I s nss a2l ot antF 0 Rl
gl o ftenial Aol Sl gy ] sl 5 W e 2 PBH o o tadas gy p 7 itk 5 Sl
2 e g s 2 NPEH s gl ailys FYT IS0 2l 50 a0 MPSH 51 0 0804 o) glas ey
and o 1, et s NPSH a3 gl

104



— NPSHA=NPSHR ~ he=hv  NPSHA=0
syl s gy s bt NPSH saames
NPSHA gy 42l
s St e 18y i bl il
Gl 4 e e e g g Sl 1 s ) 8 GPM e L ol ety
g il |y s A NP H e o sl Bl g il i 31 ey i sy T Gl phid g 5y
M.P.5.H avail(ft of Fluid abs.)=-(AH f1—s+ ANEQI —s) +£1— 25 + ?xt?u{l’sta] — Pva(psia))

B L CAH oy o) a8 e S8k cdy e 15 AN pg o S50 ey gl lad ga ol b 8 0 ploabl 8
Zoptin ) oad Poe VEY P5Ia Lol Pe %0 Ll iy Lidg oo Py = /T8 PEIA b g g pma b it ond J il
S VML b e ol e b e sy dad oy Al a8 -

M .5 H avail{ ft Fluid abs.)=-(0.34+5)- 14+ llﬂ » (147 = 0.25) = 138/
st 30 NP b i g o8y (008 Ly 3 St ot e P 3lae 28 VF b e mge NP.S.H
g 3l Jlos llas Cpd VT Jolas
(Critical point of the pumpioss 2 Slee oo dadi F-F

(¢33

et
e

B

= .

Flow —=

MEEHA g oo <59y tpary i

NPSH 15 o x s llssdl ey 50l ool af o NPSH sl as lyis iy NPSHA 3 NPSHR La |5l
g o ¥ Mo gl ol Wl Caal pals i) sl Sded &8 gl dipa NPSH JLia ) o ey TG | pmrmis 53
gada il Gy g by 5 IS e p Vi T (il e ] g e BT T d iy I
s & a0 o )1 oy Jud W b wapioma g plys ] Ay ) iy SR s 5l
s llas ly o dp g - wiias 0 NPSH o sy salys L aJif o o5l 15 Slis dn o Gaedzals” s i

LRTE G PTA  PTE e thatl s e NPSH 8 BT ey sl ddall o mg 0 Bl



(Immersion pump suction inlet) cuws  afe feie sgabed ¥-F

rf e e e e e 8 Wl ot 1y ra ppalegt Jlow 2 AT B 2 el g e e
CPaTY Jitilaigl LEoTaclyl o Flics cliad y JIEA o lacda T ol aalas

3ol 395 3l ey R g g g Sl SR e 0 Sl el g g R e ey S s S

st Dok ey wlngS Pyl iiatin
T — 2
B o iy anasl LT L
VRS e A
s »
b [T Ty
L3
\ﬂ

¥ T g usis Ll sl 8 s and
20 mulin |yown 8 w05
Ly wiiln ol g0

. sl s ol A8

(Sl ied giiaail buogs ol ailyl) a8 IS

PR = S N R NES P S L R Y g el
gl j2 ol gl Sy Lo by A ol gl 3 203 Sy (5 e 3 Ja (8) 5 palegi Lk g g 0]
il il s S8 il i e Gl s e el Bl o spt e sl Sl
PETRTLE R - LR [SURSCOR I PR O S L NP N PSR P Lot B B RPSCI PSR D T S o N P e

e



i

L
230N
4 [

A allie
ool el o i Ul i en o i ot el e

i

13,5 o il (ol Gty ) gy 00 )BTRS 308 i 5y ke

i . qiLrsgpm)
Slink=[Min ) +0.574x« e

]
m %
i i
4 Wl b N
[ttt
} -
! m
i aran
-
L] L= B 1 reeer S B
Pyt

e - —
L]

- [ o

widovun WUl pass § oot wlp o o8y Aleas wolal Gl fias
Sy i gt b s e s g e g2

1a7



(AHpg) audas Sl an A-F

sl Sl Lol fd ey e o ) el i e 3 L aa g B e Ll alir S a2
I e T B T I I e S

(ontf e FoFr B ah od ada ie s Jlo plas ples an o oy el a8

Far BB 2 ) ol s alg) U e e ey A B0 g8 Bes 0 apdi aly LR AT e 0
Kl

an bl plad 20y aalys Hae0) ol sl el 4 gy (ie &F g 30 S ol 3 g2 Tlps el 52 ik i

gl gt Do Ay Dy gy el Sl

W ) el

ol g d e gl Slacd 4 il adic S
wimll gt kims Al g S o s g0

AH nps=(Z24+H2-%5)

o lawl e gn Nl 25 e 1 Sl il 5] 5ty SRS 3 g gt gm 4 e 3y Ve Sons 31 Loyl LI
S V- POPR-SUCRRPSIS, () - UL PERT, JCY .1

Calcnlate The Static Discharge Head | o8 000 ae g auls SGld as aadss gla Jlis V-A-F
iAnd The Static Siction Head

ol Al e 3y gt g e g o i SEE 5  S anT cgil) ae  esld T ptile
e L e L e s
g il ol 5l e ) ol lale gpnlar o] ool By 208 a0 iy BB S0 ) ) sl 1 el aule

S s ke e gy At bl dpn o o g



e g da Yl ada Tl
1 Pi=-10in of Hg and p:=2 psig

LEPEL O ENE S oy 0 T P PR LT )

L P 4 I TR E

AH ss=Z+HrZs

fapd ga Laes PEIA o Py lad

Pyipsia)=14.7-(py(in Hgh=0.4918)=09.8 psia

AB0 1) ol B L Y s VA PSR L it 2 s s e ol e egeniea iy
b i b 2 PSIA ek st

; l:!ﬂ.'."—pt[-::m]:lxzjl - 11-&1-913132.31 = 11.3ft of fluid

et ol gy gy alales o) Be st
AHss=( 102-11 -96)}=-5.3 FT OF Fluid
i LT o PR UL S 5T Y. )
iCaleulate The Static Discharge Heady adag Sl ab dowilons Y-A-F
AHps=Zr+Hr7s
ZM":..-"W'-;TJ'F""!"‘"J Pz F ]
Hi=m = 2252 = 46 ft of fluid
et ot il (PTT) alabee o) g8 pata
AH pe =( 108+4.6-%0)= 16.6 feet of Nuid
S Psagh VEIF Ly ol o Bl oiv g
{The dilference velocity head) (AHy e o an L2las -7

H

e et G418 8 PN (et e G i e T Cd it ey Sl S8 e 12 45 S s i
AH ps =( 108+4.6-96)= 16.6 Teet of Muid

Je plas b s dlnd atly st e e Ky 20 Lo o gafye 3 o et i VDR S jpe s e
PN P T PO NS FRLAPRARULE SR R N [FORY | PO SR PRREN BN WL gL L & LT NN S SRR
W20 = 0 iy e i o o ey Ve

-J-J;HJ;HIL,::.H,J:ILJJ;H:J;“_LL!“-ME_I..‘..r._,.._...'...'.lg-n..'._'._Ld:-_‘;‘,I.u_a Jn.-u'!.l..: ] ﬂ:i.‘-l..'u'l_,_.'.ﬂ.-_,a

T |

penn Al K ammy 5 B8 Sl G
109



e 23 ¥ 1y ) Lopas s o LS00, 7 ke f glaas 2 Wpme ot s i A 8 Y g o A 3 il
gdeidy pEs B g U it g ol o Mai 5 plE b b oy bl o Zm Bl a7
g o gt i o (head-bon) o mas daat o Gl sl e S 0 sl L e
sl pludlll o tle I S e e e e i g e LR L L s L B e ) AT st
B ¥ . o o SRy M & e ER Rl R e P e

e sy

(AH g holpapnd L2d i Juili 145

) 335 s Sl Syt oF S s L85 2 i 2 ke Sl ] S LD e s
s e sl Bl Sl e s il g L gl g il et llend ey L [0 o
e ol g BT g o 57 5l g e ] Yy Gl 56 0 it

e e e e e B L I P P
Y [P PORE

AH EQl-T= AH Egi+AH pget

(Resistance system & discharge requirements) s Sl g g cuglis 1o F

et el ol pagle apd ot pfeens sl gla i g gt it Gt nZs 13 o Bl sl dan
g gt iy g Dol 2l poenn 1 aF | gile) Do

boat e af a0 Tl pe ol 00 da b s ol o o2 s (A1 G 0 A 28l g
i iy oalf Vsl 2o g g 528l e g 03 e ey e o (e ity A1 Sl 0 sl it
A o v B 3 4l 030 il S ot it o W i ] gyl e g8 o ) e e
(F-FT Sshod

S et gt Jpena il gl 28 oo et sl Sy i o 0 nd e 2all e
ey ol b g e d e 2 o e g e Sl 0 Sl o g e

] [CF] [CE] e
L
A gt 0l g pnyr bl

110



(Control valves) =8 ols ol 1-F

D P e e L e e
g L i Sl e 3 il o b iy e alaa Rl L, e Sl e e e Sl
e e R e L s e P L
it i e 1 nd ] a8 Sl g R A et L8 S el sl ) S e e
P o o] b s Sl o e A s O i salyd e g 1 3 2l S g Ve L et el 0
e b sa 2l gl 2igh Vel g AP sl s yle wg il o Segh e b g pma 4 gl
e agins |y et bl el W e g R ] g el e 0 B et Bl T e gl G g glaal
SO RN [ ORI JCTY S PO [OPSPTRP. LI [ P SRR 0 J PR S LY PRt RN B
B e I

dely o oz b b oyl g2 ool 3hd gl 58 Sy by a 12T et by e 4T )10l 2 gl il
Bl 1 g3 e g L 2L ol 0 LA ot s 25l el s e ), 28 s g il s ases
e dptlms od F fim 2 pile Sope &y g 4 iy 2y et el R Sl i e ey e
T e e A e e e e e R s
2 laal 35 am dilen 0 1y ackal s g lafa af foas Lo sa mil ey

28t et Ferle Ll AT e i

(U-’?gpm) = i Sgpm)

psilz J’QE(EEE}

s bl s b i ot e S e et e 3 My e E P Sy e o S P 4

v

(Equipment) olppei $-11-#
Gole | AT dily guaicta LS S o g2 5 g2 gl bR gy T Rl e el T S Jeiyn AS Mg alyT o0
by it ol Pl B G e Sl damge Latel, glaam SR o bog 20 e et Sl bl 4yl
el e 3 had ol rppoad sl he gy ol b Gledel iy aid e e by gl e e g g O
e B Ld gl el Lk dype e L Sl g o0 LA T 2l il Al A AT g 2 it Sl
b ooty gl gl b 15 i dgly s i My Sl (e Dyl Bhlpa D 0 it ek Sy e by 2id
P i L a8 Ly et g g ) Sl 48 e ) B APl A it Bl L8 e gl
o
g d e ke gl ey s sy Ll (i WLl e e 0 8 a2l e A BT
le ol ollas ey [ i | pper 3p5 g ol Sl Sl I e 3t ot o A b e S
st ol 3 Wpemn 0 D o s L0 Sty Sl 05 5005 a0 oy e 2R et B L85 ol
ol iy b
{Discharge pumpho: oo 7-11-F
afny o ler o el dales g 0 aF 1 dal L 203 Sy qreag ot Sl T Badig 3 padana e o 2l S deara
et e gt Lol Ly es

111



B T B B
e it bt Aal 3 ks Lppandll g syl y 1 TR gt -
Ll by bk S el o i il Bty ] il o g2 iams b S by L i el
3 g L5 e
et 5 U 2o gy ailleona oy 3By, ) AT Sl S Sl pn et el e g el L 0 A i -
gy el g and ) AT n pn o et e L w) s e T g el Sl ) 22y
FIRCEE TEREEC A RPEIE | TN, JRPPL U LRttt Musd [t SLY I [1 PR - SRS UL PO | [PRR R N 1 B
e
atly s 3 o st e ey S sl o Pl sl pled gl b AU NCPSH -
St et 25 aalai 5 (g 2m) md g i B 13 3 ey o ) a3 el 8 WS S pplilaa -
R L e s L e e R
Antlanils WY paad dayps w2t il g 0L oayly gl ot
Minimum Flow Rate Requirements) jGlas ge <l F-11-F
a2l e gl e pacipel S U ainl S wle oF wido e et 4 e g e ppial i LT
ol 8 4T S0 e 8y e Va1 iy 20 B0 Sy a8 Sl Wl Syl g g L IR S
sl gl g il sl po e L e bl o le e watlsat e L oatiy 2l g
el L il g Zaba gy Tl g i 0 Dlalil] g g il g
le g apkid pode oK (b oy Dot 3 Sl e ey 5 By ] sy S ey sl 1
L T [N EPE IR £ L A
ot el Raa gl agef 8 ek g sl agne el Alae gr B et jaliin ap Sl pn gl i 1525 S
gl wle el sl ol ] ekl b g gl lepbine o e | (e el e sl el Lt i o
bos A e gaeld -
Sl oy o a1 Fenile 1 —
wontlt Qe o ajlags A g S 1 Sy Tl -
pobua MPSH il am pials 15 e b g giion Jpetl o a2 (2l flove 2l Bile 51 50 slymapanma
e bt gl g & et Lig e el WPSH-R J NPSH i 5508 oF sode I dblst o) 25,8 0
B gl gLty 8 i 12 Lot 52y Sl ot Lt R A8 e s S Jaitngg i ipind paty
Solablon gl oF il ol vmag g3 o Tl epdll sshas meidl ] epfale g Al SRl ol ke 4
it gyt ke bl Sl el y St e ) sl e e e e g 280 F doilin gy g el et g

H

1
T=Tgmwcry U

et gt S e ST
L Jadlia_'.,,.}';u‘ H

ol lada = VAN

0 gy Jlows s3as 1gle)f = CF

whirmy? ey gleaddy =

112



Uiy 935 32 Lo 2l
Crts

e p224°0Q

Bl o b e =P,

St ™ TS

iadeta | 2= CP

e P

i s B

(sl il gl Ailis n2)

il slas Al s ke gl s 4 gl at e Bl o ) L il Lo 8 e 2
gl et e 3 laen o L

A g e L2d )

el il e e ) g Sl dgpa ey 25 g0 8 ) il lns (T

(NPSHA-NPSHR)
e 3% S

Vg dyme pdadd Zoms s fase Lalse (T

(Maximum Permissible Heat Increase) bl bl e 25l Fo4i-f

PR ot AT e glsead Toagea joiaud (el 0 b e oF) B glas cpp RS Gl Res [l Sl A
Y| LU |

=aly b ow oy e el e e 3 i'h;‘.r'l S e B a8 il e AT ey (3 ey ek g el g
B Al gl bt S AT g e b 08 el e o ) B e Sl gm0 ey S gl
R g el MR a8 28 ) w0 o e i b GBI s it ] o S et
ey Sk sl plyd Al ol ol ol B aaled Al e 2 g Sy sl I e L
Sl ABEPY g plasdly dlats o Sl by Vb s o 0 g AL 2el ot aslen Jpens gl Bt e
(PFF 8300 alyd 2l g e Al a0 L i gl b pelat s elat

Ui e 5| g el By 45 Rdae s e s (PECireulation Jol e il ald 5 Sl i glacgagine

BigliS e ol amy 3ySlas g0 ol pie Slioliy = g Jdke 0 s

113



il el ot B i e i el

i by s CtB .

ol pdy plie STl W

g sl Jir o w

T IV S

Gy g3 8 peltyl @

Yol 2l @

tla acalym Sl gk W Blam e plaf Bl fead 2 shese W06 gl Lals s

| FFCN [ERRPOR bt 1y

el ey T

ity ol el el alde P

ailyyy iz salf(F

S sl

anli g P

BEP(Y
Sy 45, Spoade RASF g thon Ry g3 ol blaph 2Bl Fapd plah p - ollione ol gt gl pnay. S =l 8
o ol 4 o8 gy oF ol s el aindi o SR e Gty s nF e iy el AR daia
L - SPERPOREN P [ 17 FORERTE L 3 FIACL T EYE . RRCIREE TR, P TP IR TR SRR S | 01 5 )

< by o lag i

5 H'g
NFEHR/TS

JI.._.JH... -__-,IL._\JH’.‘_F... ﬁu#ig@mﬂuﬁﬁﬁtﬂJ’thL i g by Sl il (o
JSE PO [ R - K AP W Ll EPL SR Lt L P Y C TP VRIL L L, gL g P P RO J"'}l-l et byl

i g Al | Aoty il Alaki ) pom 0
Bgimy =t daly AT ey e (o Slilas g o Mile 2 AT b LG Al )| e dyge 2 T it B3l a5 R a
LTI B FRVE RIS EYRPRTTRCR SRRV oF i M L g PR L EREECI P ERE R T

s 5y il By g gFS IS 5] fn o

P Y P S Y PR Y -I  FRRTS- LRy 1 5 QT Y P [ PR SRR | I L gt | P P

a3 gm0t o g posn lgrag pon A0l ol LG e 2 sl ) o 30 13 a2l

114



PRI WL EN ERETCRon E LR PN PEF SRS JpEs, IR (e R P RCRPEE P TS N LW PP LR [ 1L SR
A gpbhie o 1, 150ty ol Lo i pase L aglpes i ol ooy sl g comni b dadpn ol y el bl s
- P S g [ SEEYR PO PR L LY P P P P R S P 1 RESICR TS N PR S K B, 'L P By [ KT 2

(PR Rt Gl [R8) s Pl el oty culy 3l a3 a8l St ol i e oy U

M % e W@ B @ i
= = = an s 0
- il L] Lt L] b Wik
L]
. —
"
"
=
e
e
i

B o ru - £ wiE

6-46

L i
55%
L
180
65%
160 T
NS

140 <l

BPSH

T
120
100

115



ety s ol g gl aigad s
e daatimn o Al el aday 5 pTlam g e g et ey Aali pa ) SR dani Cas e a2
5= gg03
A it wad o g Uy i) Jeelyn g
gt e Lt Lo gl 3 e agly <Y
e WA T ey gy Wl B =T
gl T glad g YA U YA ol o) e Soaa g =T
TR N JRRCD ESPORCTIN: 1 -t 7 Y T PPPL g CENR, |
BF TV GPM Lo g JHas oo amsi 2 =8
LA pp gt e i g TS sl i ] -V F
ey g Wy G S iy Sl Bl e G 3 b 28 ] AL Sl S
Sl e LS Sl palie s sl
{1 [ PR S g4 L T | ML [ . 4 P R T PV P e 0 L g . [ -4 P Y
P FRPRESR 1 NP e IR TRR, . N PN R, - P A S IR N U N LY Py K- W
Al
AHF =A Hee +4HFr
e ), 2L 1Ll 2y o FF ) gl g ol pml, oyl STl 2, ity FP oy e
(Newton Muid) 2dpd ol #-11-F
SVl e )t et e Ll T el ey o e s ) e e S
Sl B gl o dge g p e b BV By D g e i) a2y pTmy (keiF ol gy 0 e g0 8 e
sl pY aied oo s Aledy g a5 5T e iyt sl |l S B gy gk A g A Sd S
P a0l g0 S b S ol e el et o g gy o S g Sl Y R el 25
ol o s poisetille ploy cemild Saags o5 o foam bl 3pf L8 kel ayma glay o] 8 otz of L
Sl a550E sy sl sl iy B0l 2l g 20T QL
A e o alel S el P £ B8 3 Ceaglie (Darcy- weishach) 2y - )2
aHer oV
L D2y
Coad Ve m alildy Jm S ol T ) e i g Jglie L o] S0l ey gty (02518 O ] a8
gl e 1 ki Ry Ely s e il plaaaely ) salicl b a8 e il ialy!
v {f/5)"
D(in) = Zg(ftfs*)

Ay ( ftof fluid

L \100 ftof :N'ps) =105

A b VOVY-AAPY Saln, el el S it 3 D1 il se ) g ey ki 1Rl 2510
alenal wilh oy winfil alazy, s i (gt e dtslid lecs
Re=T745.8 w1 in)

v{cse)

16



e gy sae S galysy sae sl ) el By Bgte S iSlai ajiiy b ol "l us
S (S0 o gt (s 2 e (1) Bl sty gSy 2o (V) Siilen dnjaiy

vieSt=2220

Rg< Yoo Sdlely gl

Glerr Fror B ddgume b gt flad W pele Sty o el Dol glple e Gulyiy; 20 digdone foil i
gl g af 2o Sl S s sland w20 sl phllasl gt e 0 s 2ole g o e LS
St T 2l anlem amea Al ele S b (3 b ases ¥l Al b ases o slaV el
SE e b e b3 T 3 il Dgpr ag ) A gle —alyl e g ] e gl e e i e S
Pl Ky S50 polyh drgie potf 3OF Shpr aply S Ml Rl Tl By e -2
i | el S B 0 iy el g

iz A (il o8 3l 20 T BY 8 a8 sad e Sl FTY P Gl G e s ng 0 o8 Sl s
At sk o3, 0 2y Pordd b 5 St Sl Ao pn S S gt K ey
P VR e B ™ [ F PR R 3 P P

T e

(alilh corlpifs 3 waacd Gl corpns sl Jlba

a4
F=—
Re

ol Bhe alyiaigy § S o7 (0 30 BB LghingaSiny & ool Vs slhelanel 198y S L3 Wpas
st e SRmatl el WL s a T SNl e S sl gl et gt ) oy
ot el caly) g o S Cal SblaSy Gy dmy Gl gladea ) Sy sed e TRl 24 e s Ry ames
(3g2 g i o o il it e cnlpely o 0 alyd mha o g ol wh o Tl 2y s e e
Mol gl —Fone R <Fons

cod acitf b ey b o g ol Gl ol o)l po af aay e s g S el Sl il 0l
azidl sl -RE>Faes

iy oy iy Sd L apei e g b Sl S0 S8 g ot g [t Ced Foe e gl 2y Galaig, sae 45 e 2
B L s I P e S TR~ B Ay T
St gl talal gl e s e ) (milagl Gl e Gl AT o o ity e Gl By Soale buca
il e b e bl g dgend i S Ay ey § DB e b i 30 AT (il B by Sy 2 By el g
il Tl 2B s o P e et ) ) g Bl ana e 0 o anat]

ol altlne 1 5 o azhpdy "Colebrook” £y e Uoles

17



- HE— .Eﬁn( £ +:::51)
ﬁ EN
i lad g (e =AM J olh Sl gl 3l s € e g Pl LT 5 daaana Bl Ll a2
e ) fsin ot e st Sl o 45 o)) sy e el et 5 e ) ) N Tl bilpde (e
Sl g2 4T i e L o sl i L g g | S e o S (LEMOOY) o L ) 2
kel A5 by bapme 0 jalany Slael a8 e 3l das dad (ReE) jalezy; sae LT Slkasl 425l o)
o lopad 3 o Sl o 2L g eln aae wan g AUl e licin] L sl el TR g
Al g Vel slogliiabac il L Bagame (3 jalen ) alast oF | T ieee 10l iy (transition zonep iz Lel
ol oy gy g b i 3 B g o sy palany sie 4y Skl [yl Gazin] Ml sl T )
o Jalf B2is] Lol s
ol s ) ) alyl g0 8l ltipmi puliie 5l gl g i P-FA BB 2

(o]

o £ (1) e s 05

oot S pal by ezl caneld
dm?hqum1“hj wana®
(b o) udallf ol e

dslas o bl 2 gl 3,5 23id I3 o S3ydyS Uslan S 5l 1 Cpedly - et 10 SiS) i gy oS
e et iggd SVl ] F T e
JQMEJGA—JMhﬂJmeﬂ,uﬁ:ﬁ;iG—J azily aagd [ JAIN 4 SWAMEE ) > §pte eyt a8 o Bua alales

wyls Hethan Fy fof alolas b dusya
i 025
toBso 555 52

(AHEED 2k ok g o iies oVl ol etz d S8t un Stlsd
* oy

gl g Sty a3 A, e e | YLl FlElasl 2 a

i )

AH FFift I'L1.1||:I]=Clt2 i

e gl o a0 el AP P 5 e el ] mil Lazal) glaap tia o ks s gl K ppetla

Bl 1%k g gt s

o e s B

=

i Siiad dod s s K o8l 8l g eslin



i g b g el |y g s g Ul ) i s ey St i aaa e i ] ey e Ao
TS Al B S5 13 gage plFles gipailane Ja d) Sl 4hl ST oy 5 o ol B i 0l 12 g

K 4o sleace

ol ol ey e g amy il ool g andy Kl a8 oo an 8 mgles acfin gy, et e ]
s e I sl anin] g ol e g il slecaals o

K2 + ken

T 1Y | QRIS g PET [N SR PO R PRI EORE, | B [Ty L AL EESP RV RN S E SN R ¢

2l i wilizad 2K aza ol
II-!-II

Juail g

it e a2 aglpe il D07 gla gl

i LR ey (RID= s il
X4 e ot s ol (RID=1 0 liled
X e ielyil parWRID=1 .53l plat
.15 1000 90% _ze=Mitered
LT Aee 457 ¥ ty= Mitered
X Aee 30° Yty Mitered
ik A 225 ¥ ige Mitered
. X8 P 18% & = Mitered
45" sha ey

o s gyt plas (RSDr= 1 i
A8 b (glyil parWRID=1 572l glast
g R 457 fer St il Sl
+ M8 e 221.2° _ty> Mitered
180° sla sl

o F Y e RD=1s e
-} Yres e b el (RID=100 luld
X feea plyd L BD=1.5) ek plas
dipds g e gl i 4 45 AT gla al, e

¥ & ey At
% hee e Atk Elat
v h one JE-TES PR T LI K5
A ban asls pg o Stub

1%



aln pr edlicd alady oyt ag af JEoT oo ), ae

R LEE S T L
A e iy ik plat
1 asll pgi 2 Slub
e b el gyt

.3 Tas B=01 s Jfsl
18 B B=09%s |F .l
[ hex f=08 ks |5l
¥ Wb slae ) o8

T ¥ YL s a6y

Y L2 S am gl Tl

S ¥4 he ooty g
kel gla et

1 reo iy ¥
Va Neo sl
‘4 b T
iyt o o2 g Lo g2y

4 e Jlegh salyl sonp
i L Aoyl [Bla g alyl ooy,

4 dyl g




T FYER"

o

Carlgay jalginy 2aE pd g0 Sl gSlE . 15390 AS1 8L
Alilagar A0 ek o8 e laks b uilcs VU wisd 55 auk.Dly

Pipe Friction Heat Dilference § o wes pd ofls Sl ol o alg! I8kl 1 ool aa civlas! ¥-11-F
iln Newionian Fluids

(AHep) dyl TRl salilA

ap o ok ol 2y g it 9] el g Glaes 3 jaliin Lapneh Blen wn pocd gl el dpe 0 e sl eela
2 el o) o sl pleta ol Bl Beg a0 T et slaataal ol Ll b gl
LA PRVETE Jroor'. JLa oy PR ¥

652 653

£ -/ g /
I e 4 il o :
M R B A
[ Log v :'"‘I.;F'

bl [ =
o 3l b caltan 3 bt 3 S bl ol T g 2 A

PR T g TS R LR PR - PR S Es S 1L I WL I PR IO N TR .4 N 5 P T
g PRELT | ERET TR S G L gy .

! ldasls
(SENRURCN I NN SFCICPRSN=N L0 - Py o O DU /R0 I < 0% [ JURTSN BPUP o g TS SEMTOE 0. Y BTt
edart aa i Vg otfes o e iy (B alaiiy bk sl ol Wl 2 0

(T Al

121



il e bl Sl b st o gty s e Lt (Cdals B S8l 2 a8 gl 2alf BOD s
e gyt Al (DNaiadl ey ol S by ie e by 4 jene (Tl S ae peie 0 alilE | e
el e W b g a3 St 24 sl (220, Sl gl

H g™

od el Tkl i i ) el B ol g e Sl 3 s s o a2 DE
PPTTEIgS | dPUF [ YT Tt IR i (e [ N SR T GMPER [ (UNT TRSEW  t SUAL [ PORTE [ TR Y
i WV B ety s Tt K gt B B it b o T g 8 o il e a1
Sl 33 0 gl el wad et i PO 3 PoOT (gla RS jo oF plailan o Seilhe wolly o blaie SRkl 24 i g
2 oty o e g alelis By 0 T e b SRl oy i i il g ol 3 T g Y gl sl
e g ly Vi s

(Friction estimatinghay) Sl s dowgu A-11-F

5 ool B b e L e LY b el i (DY) ) L g e e g ey (V) e 22
ol o srp W SIS S e e Bl e e 0 il g ean] Sl 4 deg b anpe e
dlerr fer a8 g Ml e g 0 S U gl ol ol s B o8 Ly pl g Sl iyl g Slay 5 s

:.Lill_,-i..naq.:._lﬂﬁﬁ-..Jl;:.HEi.h.a,.H:-

qllsgal fmin e
14

XA 4

w2t ™M

St ol s g 4 4 S L Sts O

qi USgalimin)=2.45 w{ts) in))?

Al sl ghr A% e gl ol 48 iy ootls dalys 1 0S aled o] a Wl 0 a8 e ) Sy 8 e e
S sl (sl S A0 e | oy o 0 el g e R pelis Jedy iy ) e
g g sabined glolia By a a gl TSl

Y dasls

M Tons [ day)=

bl oy 2 o b (Vo e Srpm o] 0 aF ol aati Vo aals
a0 = Wy el o o
i ol i gy g ) (G g i =K
lomd Sl i gd oy By gl e =T
ol el e sle ity g SRl 2 i o el
e (oot )F Kivifus))® (c(%)” (D(in)"
loisl pa af
o ol i ol X sl e e 2T K
fas ol e S s g e Ly
g e e e I Y11
F =Fyulaslsfaxds

122



a5

(PR -

dly! ¢ ) el oy =F2

oy £ el w5 -FD

Sl el g Ay s gl b o gt <F

S PLEC P g R

1328t Aedima oy Bl [

Fi=1.35-0.011"C})

T aal

sl gy g s 3 (Vo ame S ol 0 af cod lag i ¥ Aol

W omas <Y<V o

V=™ el s

atl s Moy S b o o Gelabali 0 AHpplf L s ol il om alabon 2l 5l a2l By g Wy pe v 00
3 o I e il o 4y agama g g gl 1y ) SNy 2t g 03 Wl L8 s 0 sl
i

T awl

2,8 e e (Wions pme St Ay af 2ol ghioli, ¥ oacsls

VoY

=t G "BLASIUE" alslas Mg 25,8 2 fole o | tomra g asli ol af S8 ) e ke G100 it roashl

.ﬂﬂ;

ey frof Wit ) o (w(ft/s) ™
L \00ft of piped T (D{in))1 35
et cpeaT e 3 L el ol palie |y o agd, e salisd Cloberook Usle gl 4 Blasius doles ) e
b Sl fppaas 3 s lols 8 eyl (PVIC 3 s s ool sas salinad o) a3 e Ayl ) a8 208
EVERRL [T JPN (.14 PO PR S PSS - S T EUPRECH e
o=t fppad ik Ayl oy 53 (Hlna dlya b bafpe 2fpe 3y (Tl Syt dealo slp Gl gl R 4 ity
) ) g T gl i Al a5l g AT Sy a8 e o aials ) am b i ) sluilislim
id s L ol el g iyl 3yl gleliatle W 20 T e B 0 e
et
Sl il sV i) g 0 il gh 3 el gl aals Y
wiliats plice Gab baly, 3 el el Y
Sl R Sk epdellf | slaalyly G g b s o il el sl ey dy ol e B S oy ia -
e et b e pllad y Jpasl 0l gl o g BT 35 2 g sl
g aaled Gl s Sl gl s s sl Lt bl o sl L il L o8 e 2 <R
o el ag ot e B il ol e ) oy il ) Ul 7 4y B e Wy slagdly
Uyl % e my o iy laly fal i et werpa |y gt by raT ST o S B el el B

123



PR I IR N - P TR 5 RCR FRRPARCHIISRENS S L ST S Y RS I TR of 0 Y- ML S PP -
S ol ol 44 35 el i oy 5 M e ] Caln S5l e Gl i A g o e e 2
J.:-'-__.ulﬂ‘,:r |,§|_H h..ul'_liflll'g!d}l ln:l'-_l.i.il:’]u_.-#bﬂ;!!d:’:.d-ni&u:rqudJ_'.l'_d‘,inalfu-thngvﬂ*
ETEL ST R P AL & o1 BT g PR "0

Fitting Friction Loss In Pulp Related ) S0 b b e cbjlas p2 laufiod OISkl oy ue 41125
ilssues

ab ke o peda g ol el Sy e e | askinad Dinh STl DU Sy by b 08 pilpiieg dpet
TR N 2 DYST LI YN [CE e I NET T SIS 1P

wirefan?
% 2atrrsa = OH

e 3 ol gl Tl £y s g ] g Py e Bl 3 i B Sy e Bl 2 i s
ol ae s Tr e (K] YL | FiSlaal Syt oy AT gD ety e Bl e o D
(PO ojlas IS8ap aalys ol gl K o o Kip o8 Sl i oy ol sl oy il il a2 Y
B P B e e T BTN i L R
Sl s ] e S AL ] LS B e e el B T el L

el L of water,

it g Lot s fa 1y s Lyl Ly i 3 0 Vs i g e b Ll 00 3 e o i

[o=]

DB% =kl

K T
1.2K 3
1.4k F)
L.6K 5
L.RK 6

w5 Ky o e U 3 e g 3 S I e 3 e i ey Wzl Sl aa il
Ve (Jotan o b S o8 i il e ol (e L DT 3 e sl g 13 1y S5
o 3 B a4y e ) o sty il 5 o 3 e oS T et 1 Ll a2l o b
B ooy | Lappe all) adjls Langd o) 28 o5 g 0 Shar slapoms il Sl Fp ol ey b sl
sl by s s s ) el S Sl e 3 el S i ISl g 58 8 sl L e sy

vobpe el okl L WU A Sl g T il et gl 3

Aol

S gl & ol b da by el e Lo, 52 SUE Banin ln Womy 33 i BLG)| g 500 B0 IR T alay
e 3,55 ) g 3 AL dpmlonn sl B o ik e S Y Ay s st sy 515 3 e
ol a ol Ll ol Ll aa e salinnd T ) e o 8 ilisla )] e d sy Syl Ly s
B S San e S o i g 5 38,8 i TS i | iy oy <S9S B el 50 (B sl i
Had S e ke g aag mef (Hieed S et fla) ) i sl st sl ke plinlam 2 sa f ezl sy
il g s 5955

woa ) etlapy Bl g Sl T el dged seilme el pe bl el e | e g S Ll S s
et gl i ol LT g g e e s s i s Yl ] J1a8 Lol S T e

124



aa,f ca o] 0 ogd Sl A il g s e ey 0 D el g o idgs 2 ol 0 a0 e i
e e e
ilnternal Loss) { ame clalin dals gs Slali Ye-Yi-F

S S o Dy i g gl b g Bl e (P st 2 ] i e 0 (P g L8 ey
gl;ﬂ-tgl;ajﬂdna-i',hyu;:!,idha:.|Jl,_|1',1u'.-_i.l:d|-."l,bldgﬂl-du,}1,a c#\MAJ.-'\.I:I,',,_‘J-C.#,

il a8 g Sl g i Ceaed g o pled 20T b agk deandi cul by gly e F e SAD Gay eige g aail
7 PR P 8 PR S PP T TP SRS 15 TP P VUL N PR I S | PRRLT S P #1351 L B SLP I T e

il aat gy floi e ey b o bl PeBl RS s e ey oo e a ¥ IEY Al s il

g obedy alaly il F e o el W s DRAD G 2om Sl e 0 e AD il a3 e 0

Bt e ol ph S ot g L gl 200 e mlil

Creti e
_ @
= +aqQ

T""in.‘lﬁ)"
_Q-4Q
" =7

et s L CHANGD 0 o o ally g sl el el 8 S s ey I b 2 s e (DAL

g alys gD T i s o L St S i o ey A8y

AP =y AR QeAd)

ot aalys iy 2m3 o 80 et alel ol ol antila gy sgimmali aland by ] syl sy band st albsl o ( Hae ) 51
AP=y. AQH o

Ao gaple i 13 eat alemgl Sla7 Sl atly cetle jlaad A8 o 000 by gailee a0 Lt 2 M B ) YL
ily i g
125



AP = yh.Q
L] ..r"l'u M.rl
§=Q+4Q

B I LT R T e P e TaR - B
St g el ameti e ath e 2000y ey 00 Preme Fomte g ]l 08 s a0 diny g T e
T . . g e P oo [ PR g P I T PR o [ POt | B | PP PO oy C PO E e

e e

AQ=CA 2gH
_h:J.I_‘_rl‘.' Qljlﬁn,ﬂ]ﬂuﬂlnthllhﬁ’l.in_'l-;”.biqif.;..duy_\rb:[c}

Aot ety il i g (e Do Sk A ndiie i) L oy alth (0 o ki gt g i il 1 (A
(Fegy 33 alolh e ) IRy, ol dlll (S) 5 il e nuRy, s 8 Jasgia 1 D )l 3 45C 1 0DS) | 2o
T

2a g alone o g 050 i 2 e e el g gl oY G Bl gl B LBl et
S =001 + (D-6) x 0.001 (4-B)

A gl oAl 8 ke sl ol LBl g iy ol ulS g5t 0 o gm0 S sl ol
I

(FoOF i ama e all)] _eses sagly el OF turbo 5ol s ol 5 Jogas (il lly Fpunin)

Loss Due To Angular Deviation Vanes In The | pas 0 o0 shagly b 5l _Sb Slaly 11-4-F

Bor lbag bl 20 e omlds | hana Sty e 00 gl b 2y 00 8l e 8 Vgl (Exit

126



sl g g e it Loy gl bl i e bt T et Sl ey S S
el e Jam o1 lake yaa dgmpe Soppee 3 g SR gy g 5 Sl ag a3y 3 A g0 Al dalyd 4y a

fushiy o glacdl ) 2 sl gy B ) b ol o s selys sl 23 Ll ga i L Sy

3 ol igse n o] g e Sl T gl g alicl e plen o e sy e (WD e ot e ) i e
Gt 1ty Clada 33, o sl aiye S il gy sl 1ozl a1 30 Sl 003 i3 3y 0T S5
ool e g ey gl s e SRl e (50 Sk 3 02y ] 58 g Sl ] ST g R ey
e dlie ) o0 g ot Sl b il 0 mle (X SV T o aly 0 g ot e by St
§ i slaplr St GBS i b el ol wed glacdil L a8 anles sl sy B slacdl g sdgal i
St ooy lang g b | s St el e e M0 Sl e ) ey e sl ) e sl eils
S 3 g Byt a3 i ki Wl g 2 lepm sl gl vikly T Una g Sl 47 0 mil 3 S
by astls gy F e po sl e 0 o8 ol e el e S aleul sy ) e at ssles St ey
PV B o i el Loy fg Susph Sl e stan slete el el plie fl o E e o el e
edle phtd s bl b gl e Sl g e das boglagl) Ml mRE e s e a e SR S
i Bd e a2 e ol o augl; e g o (B2 gl ke e ey ol gl il 1 0 a8 gl e o il a2

e 2 ] ey sl e Sl 0 gl s Sl ey g,y plebie

agad Jpas piy Conctly Sl ca ) ghiagly il 2 53aut sy o3l 2alf s

U i i 2 20,8 o el ] Mg 5] B Jade g anila gl e sy g ey ol 4 B T e
el e et e bl ) s spioe Mo gl For Rl 4 et sala

Pthwtﬂm'Pm

{Loss From Friction) S0y ,0s Slils) oo coa gl § Skl i 306 ol 1W-11-F

B R L R T
Cobh o dn Tl g0 g S padon b Uil gl Lol atl e S Sl gy Ueay 150 0 e o8 o a8 Ll ] e
Joatiaales 208 TSl e s B ey ST e pm el i T el 0 i L
Lashaar o dprgn b 0 ol gla e 2amn 0 o ey AT 0 o el S 13 T e Eor L e
e o 20 8 e sl gl 2l L L b ey e E e Sl sl 2 e sl glia gyt sy

.J.y_,!.ul,:i-r.,flqiia:uh B R B T Tl o= PSR o PR |

ool e B U THD Jhm gy sty o T famgd end le o ke 00 0l U o8l a0
e gl s (H) e i) iy Tl iy aoly Sl Jaig? s cilir cafly 63 s o a3 salys i Hn
faiaf  Slypien glead | alle

127



bt e e
(1]
[ 5
a2
g
00§
] ] b 0

apimals gl dloas b |1 st sy Sacied aad alomgl g 0sF sl Hihw By oaag 30 damvas sl Jaar suds ol 2, iy

-

iy ol ol lal Hi b Lda asl

ooy iba i y s3y,p o for pomms g5 pa Ly il o8 gl Jal 21 0
b lgalf OF ) SKlaal cls S (T

S el alpas any Syt Sl o 223w alilna g 18 0 e Bl e g el ot 8 5 (7
Sl A el 4 gl ol Bl don aath T i T i Sl on il daid 1 0 5 g ol 2y
Pty gt e ol i 0y Ryt sy SY il aogte pyiles 4 gy ol ity Sl ly b0 Bl

Sl e e Sy o g e iy P S el

0-B

Nl — LD

m¥eee g B e alaB Y agas gd Slyas gl No=Ber ooals (Sdyas asl gy o o 2l mpasie 22 e
sty o Ny

sl gy g get OF Turbo ap 1o st sl (ol ion a3l (5121 001 oo el 28 2l s
(P08 J50) cama e 1)) | Sdy e el

128



(Loss from mechanical friction) S8 Sl )| b SLAEV-VF-F

i) e 338 gl S e a2ty nd ol st L pomg i oy ST
B by o m o wala 0 e g dales 2l ik e s e sl g s T g s a T T L
et sl ey Sl lesdly | e s

N Frhm + th + wjﬁlhm
M= = “pc Pc

gl iy pad o b e | S Ll

il
i Pe
b sl 5ot Pod cd cpoila ja llad Bl il g gl gl 4l AglBEL o Sodla Skl 5| Lol Jar =l (P1)
wretd ey S e g dm sl e e ol a g e (T jpee Ry 05ty el e b el

Lga o G Flilnal glaldl o Jyd atlyoe o colaglyd Poama b gl o e i Jogd Gy jpms ot aaly lys
elandl bpe oF et gt 220 plandl B oF il wnpd Sfe glandl e o A i o )] SLEL L
i et gy gt et e by Sl e el b aid e ol Gl e 2 sad sl dgde T g e Slaydon

gt auie i)
Py =yQH

il Jloe) s ygun st B daags ! e 48 i ik g8 S gt « pnng 5 o]

Pu

T
g e I p ) g gy S ATl Lol )
POH _ pl0+a0 i . @ H
o e LTINS oy My T
=% Pc Q#AT " Hepe e Tl T

129



e ey I ey et e ey Sl Sy e ik e sl il s S ol el
bty g el T e s ey gl g 3 g ed AT YL W 35

iThe Disk Friction | S Sl 1F-11-F

R T B R e T R =

oamel wihply

tagF ) ) gy e BT Jead Schulte-Grunow  clabeil slive ppoogs iuli ol o alé
P p=4-0T010-"1w" DY D+ 5e)

R PR JSC SPRNP I T T PV SO T DR T SRR L

il Al T R Gl s Sl ol ity omma fRE = TRIO gy e,

il gl WLl o AT gl L el gl
A28 e llj| 1y 5 ylagas CF Turbo

e e e b g | (Fral Sl Sy T Wl ] 2l g B e gy 0 A e i el sl

130



ol ols

Cavitation




(Cavitation ) ol gl suw ¥
ot 5y bt e b ) Tl e g gl 4T et 4 208 o e e 2B e b
e B0 ol plls o Wi s Foy [l il ag B o i Lal 15 By Bl e ) i Jalge iyl
bl st ol ol 10 i i gy il Lod b e ol s WO o1 2l
mop e Sl it e s gy ) el i e S W00k ol el Lt ] A L 0
s 30, o iy i s ly 8 Jlo 305l i L8 1 Sl s gy L ey e Blas 3 i s kg
Yy 2yt e (CONdense) o e st n o ol L iy AU I L g M ) e 2
il gn 2y
= e T Bl g ei T 3t ey il dyoly oy e ey M G g S g il 3 Sprge e
g ol sy ol 16w g sl S S gl ol S
(When does cavitation occur?}Tass g say 59 )lse 63 33 e oy plia gl ¥-¥
s g0 ol gL o8 0 el ol gt pm 16T il et 9 ey B0 o sle e LSS gy
soptd ol A 4F) 50 1B 0 Gy i By e oS3 1 U o (B0 el 10 T e T ey
ot el B I e B i ple il ol tE el pes Vo1 B8 s e LT G Ll
e300 ol g ik e jnpn a0 o8 i g ol ] g0 sy et ilmpin g 3,008 0 13U Wiy pelan gy, p AT S
3l ghis dagt o A g 05 T A Pl 3 a5) Mo T e iy el Sl a8 g at e e0S

l - é- ‘;-?-MJM
uap..m fm;u.u

m ﬂ.l-_.ull J.L,.H-

sy L5388 50 Jlaiid Lildg

T o F = PYPIP " LHL ELy ey

ol LG adais oF 0 pialad Sg ool A5 b a0- sy sangy o dgmee a8 waig e V-1 B g0 o pphilaa
e 4 5y o s [ Bl e L gl e S D iy ) g i iy S 4 e W ] Y-
iy el e Tl g aet Ly

§ e el lih Sl Ll sl AT g o L sty T o 15T gl 3 o e e Alhen gt
alsaslys Fp gt s L et W8 1T ot gy gy 8 LA e 8

132



(Vapor pressure & cavitation) sl 5 L Ll T-¥

58 o s S 5 L85 0 S e Sl s il o 05 sy e o5 pplligm sl g
Cagpen sy sy i o ke gl o | adali oF Let B Y- Y IS 0 asly S e ele oo el el a8 g Yl
EWELTESPRn Tt I PRETE S ) TR SV UL P A AL SN IEY SUSIN- R P R BUACL L R B EL LR A
ol ot ey B e e Gl Sl My sl s by Gt e Bar b g 0

othad sdalin ooy, e aalild

ey gl g b afs S Sl am s e BT led el sl sy ol Sy i tee el a s o)
12 o Lo ag g sy 0 ke 0 g2 ) el oSy et F1YSY 50 00 e o e o Sl gl 3 ks
# St dxrlpe i o i das Ll B v (el et 3 s S o ) e ST L A g
At g ey glesls Al g atead s tem w pgn s

Iy sl oF gy dunlyse olf ke o lnd  all L fuust olF5 V=T 58 4) autl andls Mok e oy e 2 iyl o5y 0
5 phemadl L 51 2 NI ST L o (VRIN-VIREHITY G WID PSIA L oy o el gl e & el Sl
il VT F Sl s ol Sl WA PST L o gl g el e M T Sl e el o
Al g G2 o T 50 Bk il gl U o LSS L) ey 20 a8 ) g s
T e e L B s

B I N e e

(73]

1T J 5 Tl fcih o el Syl ok
PRSI || B U T T U T e

I e W
i e - all S Y
5 i S com ® f 4

wratla it 3 gl el g
agla aggey L aly g sl cals £y e o cgeads 1 e o8 s WY i Al L Redad gl e il ol
g By ilaa s lad sl -1

133



Jls slan 2l
b B b oqilina g g atoam L0l g e wosles ol Lo clye 4 gt pe e ple ol g0 iS g LtS

i g gt ol Ll i el o A

(How to prevent cavitation?) fagei g o Fele el gl glyf o aighs F-V

iy jhoi g NUPSH 5 iy s 0 BLPLSLH o8 dgad izl pnpilzyglf 51 515 g 79 0
(NPSHA=NPSHR )

A gild ol e ey e 0 il O ) e 2ls INLPOSHLAD a8 a0 s 0 g e Ll a2
anhpds huped Sy il Jh i Lo e gt ailal atlans o8 G ) T e s o e g
Joalind ma g g pelid slajle wSdyios gl o wiily g5 Solyors gl gl olplof daugd aF Sl aan
vy 5 il g oy " el il el e gl el 2 ey Sl 3 0050 8 g csla it
ad ey el Sl oo 28l ol ) gt B o0 T e s s s s

gl i 3 gl 3 g palee g1y WPSHA i a8 s ol 4 T ls s NP S HA alow 4 e
oMl o8 S il wgiie oty e o 28 am gl L SR s o el sl el | e e s
e 0 45 | gl By I ae polie o ey e 38 sl B sl i 2gee NPSH Hlas s by
ey wiins "R Iyl o af il W NPSHR | lie ol guey G0 ke il il o sols oL sy dnte
e g8 4 b e glins 4 Required

2T g V- F DS W) |20 e K S ol 8 3R o | My L ss L) NPEHA s gl
e a0t s g by B AT o laB o o i S Tl e el g a5 50y bl

LAt fluid J=( &g o+ B85 15+ 5220 4 (2, 25+ Hy)

e it g iy ) i) Lt 659 paw s pt dlaki pa sl € B an b daita o3
Yo o B el e s e it 1 o i 53

E=H+E +Z

tlotad e 8 el o dahte gpdlaay

et + 2

3o 1A s A e e e e gl 08wkl 20 s ames s NPESH ook b w
i e S pr g a1y S iy ey e Ji ol 1F e Zs 508 ot (Z=()
V-F 5 a) Sod Gl ol o Sk ey g ol aly Ay RS B el 1 mh T alali g drgt b ] et
A pe

134



g o B0 sl 5l g

[74]

Hy
T IRz Iz LS
_.T ﬁ_ f#ﬂm
IR R
I il |
1T gy M it s 0 o
e
[

LTSRN I T W R [ R g T S |

2 il Hy ag Jlw llnn b 4y s b 1 BS Jua oy (Ha) st b an L1, BS
tama e e Bl (V-0 ) alilas Jﬂ-['lllllfﬂlule: Jhade o 2dy

E.(ft fuid absol,) = —(AHe s+AHgg s}-l-”—zj HE-ZarHib+Ha

Hy= s g sl i o i 1
il oy JLed am ) TV b ey s2g 2 a8 e ol g L Sl el alle B pelate 4
E, = H.
s Ll AN P.SHA) A5 fay 5 i dg octea s JLas ot L Joy loiom, Hog b 2a8
aagf e Lot (M) o 2 aa o (B8) oy s o
MN.P.5.H, ssa = E_.l = Hu
il ol AT Y wolme 10 B'5 e gie e |
MN.P.5.H. mea ift fluid absol.) = —(AH ps+AH pgis) +% + (Zy-Zs+Hi+Ha-Hea
PIELIST S | IORRPLIE RS WOy SRR, P B R [P 4
amly g led oo b ) i Lised i o ) (PSID) mypm gl 52 53 iy illaw ey oy Lt g sl Ltk
1d e P
HIft fluid ) =22 % p(psia)
D Sl bl il 1l 13 WY e 3 il |
N.P.S.H. svair{ ft fluid absol.} = - {AHn-+AHgg 'x}'l-%-"‘ (Z1-Zs+H +Hp- Hut % {Palpsial- Pud Psia))
s Jm M8 51 it 5 id a3l s o Sl o s S s B 5l ilas SN.P.SH
gl ca il | il g e Jl.ii NPSH e eif a salin] e lais 4 -__lijl ey il o8 I.!'-u.iiﬂ
jq'._..-'..llﬂ.pN.F.S-.H plil lage ol ol (s A s BBl g et ()l olita] g s 3 Bes gl ey B
TR TR T UL T SR U YN PP NCORPURStY FRUE LY U B T e R SR P e T
Alp et o NPSH L P IR, ¥ IR [P Lyt I P K L [P o B EEI P TR L [ g
sl L g N.P.SH Aty

135



MN.PSH 2N PSH.

HESH s silgs  pecs a0l

(Met Positive Suetion head )
facd e iy leamtlls ol 7 st modyd
{Met Positive Suction head Available WWPSHa
FUFEERCEN T I LTS L SRR Lo v ] L WL S PN P L PR O, SR TR S |

7%

ket gt By gt LB g
Al i T i L I e B e e | 2 Bl e e Lt sl il 5l eyl sl
foed Jlmd Jabes ) s Sl
[y = hatm = Ch, + he )]

FiEkael ke elic e
at s Jokae gl W
e i g3 S 8 Jobae gl B
A ka3 o L Jaban plic): B
[ E VN IEY [ PRSP E ST g R = W g 11 PR Y Yy (R B FY T L

MNPSH=hE -hv= h atm (kG +ho +hi +hw)
3 gt Aoy s ST RBhY g 3¢ Sotn S5 ) s 1 et o o BB 311, Sl ity L0 ki)
Ay ezl g et oyl ol hBchy 0 s o aedends

136



(Relation hetween Muid pressure & soction inlet) o b 25 ailes o |l (Lib alal, §-4
sadin o BBl sl Jlows ot 0 238y L e e el

Y- St 0 g S Lot gl il oy Lt Lol i ) IV ¥ o

aph pt po S 00 g g s oo alintla sl o o) 2 NPSHa | sl tha-hy) Jatis o o s

7-7
ha
LY
| .
w3 [ [
8 A

dp pn phon Sl ah Lslis

i i Jlaad sl o 25 plr | e Tl ) g

A o el sl s e 10l e 2 g

ety b e g3 o el el e

lasly s A5 ol pm 48 ST -1

sl g A5 e S e T

hes 3 ams pel 2y el i glosatl I Jbas WG 71 s alaal; phla i lagts o gl ol ¥
ikl ailF e Za T O 2 atnd A5 plis))

T g Bl e 8 g e g i A ) o pale e T Sl

s e 3y 1 g net o ST G T s E Ly, ol a2l 3T RO 2R el e s olye
ol g 1Yy

Pt s 32 1y s AT 5] ot e 4 o ] gl iy T e

ey 2gd nehi=D e 2t NPSHaz0 jlais af aolp aelsl sily a ple U 250 gL ) ails_a slys
il ey L ol g LGV O=h atm —(hGrho+hl+hv) e 20l

A Bl a3 g Sl S e g o gl S gy R o LR A wlad s Syl alf agd
Sl g g ke ale g it en £ oy (il o LaE g el il e i e el Bagy Cldis 3 i et
Ao o8 e B ot gl Gele g st ) TL ale a1 S g8 ey 3 S Ry (AT )
Ak 1y aBly st i o it Jom Bl il i a8 e Jlos e iy A R Sl s gl
ae s NPSH (5 uk o 2% Gleo o o 08 pe] Sl alfT Coaadey ol 518 il gty iy Sk gt ot g

J""..r-"'!:'

137



78

NPSHa=NPSHpr o as

3y0a day; A5 alyl om o Silaite 4y NPSHp oF acfs

308 By gy Al 4y NP5 He ¥ asfi

3 Sagf NPSHRogs g F ail

A gyt o L NPSHS abaas albogs of ST alf oo ot b azkd
X QL}.LI_,\_J._JLLJ;_—HT_J,;_&_ILH_,):*L.

(o g e iy dghid 0t s Wl o el L K] i)

(How cavitation can be predicted 17255 o 2 1y geloglf nlgi | o aigfiaF-i

ol ol 52 g | Sigfa g sigesliyglf 5 et Wl 5l S5 o e 18 ey 3gaa 1) paie 3o ol il
o iy glaa Blae  Fhfa 3,00 40 Slndgd o gy <

Ol gy F 2t glayet Jia @ peny Gl imes Syrge )8 £ o0 sl g il (Fylite ola il Lpay
e iy gl s 4T sl el e Sl fal g st aies 3 Al e gy Bl gl o | o il el
NS aaditin e e oy s Byl g 08 ST L g e ol el wntly Ml ool el ledl) am ol
g el o ilpeas lend, dealie 0 0 S Loy Slalia sl pled (0 tndtita Canp i f e deslia pa

Slaily bl y el de 00 diy ol eabome plaie a ica el Aaki e b euid salined gl s ) doaiida

33 o aslicd
O gailyys s Mg 17 iy s H sl (el 8 i e sl ny datin sl ] amlys oF lalales
e nirpm)= HUSgEm]

H{t fluid)a7s

138



o bt plpm My prme le g belme e ebet Gl st e e s b Ly Jpene ok
Mg 2 e Sl Wy 2o e ad o S | e e pldn L o] ki e 0 e ea
(VR S8 m3 g ul3i 2, 2y 3,5 Le

7-9

g e g [y o g |,
adb Claadly ~ ad Gy T il ey
f.w" “-._1\ f""‘,l -a-a.\_'J
| 1 o |
gyl gl

l-..uﬂH o o gy

g oo }...E.E Bl

il agl  weelph By Aol Bldecdga sl agos . G asl

(use lpo)yels Slgic,uw alas

ol e saliia] sctea aladoal deide gl & ol slely Gl sl g lese s 4 Ccmas daatte S
e b Ve At S g el el g il Y il e el b 2l 4T el 2l g
L e e e e T

7-10
u..:mum.-u In-Hd

139



(Specific velority suction) (25 ols oo ¥V-¥

B e e i e R e e L o

T ] aalizl \.'"'-"";":ﬂ'lj

_ nirpmi= HUSgpm)
T NPEH.afr fluld)? T3

ol NP S HA (ot dl) ol a8 ey Lahma St sl (0 eng 4y Blate |5 o 5l atlingd ele 4 byl 42
§ iy i g g g e i 0 g ey 1 Coimned gl e b eoliiad Gyge (AR Ay 0 et 3y Cenke b

';"'J""‘h..lrn.i"‘j:" "-".“":"')—l'n.f"‘“""l'."-—'1 '31__I_|..EI'J 2 ‘fn,::"":l-"‘;"‘ e o |'J|
i el ey A s NS HA Gt s LE L o ca e iyl
N.ES H. v ul flu::l absol.) = - [.ﬂHn.;l-fl.H[-_qrs:l‘i- '1';"2" + {2|-25+H.|:I+H.i.- Hw

cdyam g (HF-51 aly 5l 20 S0l odyom o o pl ppes Yl dlal, o= B g ey Hva 3 Ha
ol ad sl L gany 58 0 WL sl 0 e pite 5] e papie gt deons (HEQ-8) olges 1 20 S8k

wefapl b NPSHA fai 2f Clitad YU Sl sl phodl ) NPSH ool dg ol o fecpas
ek grlind LB syl a0 glafahnn 1 ealinnd g aay g3y 0 b

N.P.SH. sl ft fluid absol,) =2.31 % +Z: ﬁvzg+:%+|-|,.+ H..

% il g Al o St i gl pge Ll g3 e Al L ey e Rl a4 el e
NPSHA (3 sl e binioma gl slag b 25e badibn Cope i Sty potlas s 3gpe MUP.S.H 2ol
ot e datits Sl gl Tl paline ) aF A agt Solyyaem g e L LS 0 5

coheiiy ALYt g g gy



UL B NP PP TP 1 PR Lo P TRRCE B VL P, | PRI - Jp BEE R S | S J

=
¥

BT Callid] ) Vil =Ty Pl

S L B E. o e W
PTIRT T NEL U

alyp magyy adhane fa i lat B J ol L ass e 2l e NPSH aie 0 o8 2l 520

anles L ey iy oy Al oF s Spal glalai w3y NPSH e pals 2al8 1) seas 4l

e ] kel oy el lyiace ol a2 st Al fay ol bl e el aed bt pl al g s

J el el ot )t o Gl o 8 B ke gl sid kol bapaoa (33 o (Faet g il (igedadS

l:\'—\ﬁbml.:..al&hm|q#:._..m_|

B T e T e e v S R P
"_Jh.-.,ﬁh.l-q.‘..-‘ﬂjlq.c_d'f"' gToe wuﬂ-‘rﬁ- Hrﬂhib:#,#i—,.#éﬂn;_dﬁﬁ“
QEAT K20 s o RIS gmil om ity opione ol 1 5 45 ol g0 95

7-12
mwmmm-ﬂﬂ —
150 i

.08 e
one ERE R Tt DANGER REGION

My

Edry

W2 2% 0%
§ePesE F § P I GIE EE % &

VALUES OF SPECIFIC SPEED nj =

-

141



(Specific advices) sjs glaaay A-Y

Pyt fgl) JE3 g htd B deachilin S gy ) Baaiitos S Bl g0 ) (L et il B 1l
et |y el papt il o gl e st ol L 1 S S Lasil dnogd s pniis sy (placal, T
AT L N ‘;,_]Jh,‘.i;n‘ i salinad b ol e el gl gl (S ol s et B g g AT T g gy b

sThoma gedogl? 5o el legad

Lt sl ol l gt oo clon® om o oy placaly S ke 3 THOMA (sl Jlade 250 5 2o 2
:-.J'-,L‘-A.d ,_;‘Jh_ﬂl_,_,‘.i..‘_,-l.i-c.s,..,‘_,-I.i-.:.r,l,_.mﬂmahi,.-_,bi._,h;_,l,Jlaj,..iagi_]lmli'.'_lh_uql.;ial.:_ql
PSSV PRI B O PRPOE T Sy NPT [PEEFL LI S P O P TR |
aolone 4afs f osbid ) 15 ns 15 il 3,00 o sigl ooty 395 i Sl s 3 45 (58l ol 4y ]
A1 paai astical i oy ppolhe 5 1and 0 s il oy by ae sy UPLSUHLA, rpm Head sl e mie sl
iy 1y e el e el cm ) e e a8 wlinl ademe kBl gl g aoms ki 1) pealie ol a2
§ ol e Lt Sldoe 1 35 agmy gl 0k agal sl 5Ty e i g o8 plallen 2yl sy
T - 1 S LA LRI T NP O R [ TR PN R R S S R B P TS L P T
FLACR BN TIPS TG 1P P R I E S A L PO PP PR T - [ S PR

{V=AT JESLanid Gl pedoagl las aSn g agS ST fyccdoggl® alafl sl 8 el (K 0a

SR

o311

aaf—tt Ll
F a-i;.-- -
=s

na%

[

L]
Sinun

|42



a..qw

Pump testing




(Pump Testing) ey 25 cod -4

8 apegs st ol agmg ol s Sl pled o sl o ann b ey sl W R 4 ek Sl
8l o g ey ey S el iy g ol e T S R e g i Sy il
L ol sy sl S o S e 2 e P e e e g Bl s o e el 2l
338w salazal ey

o ool ) e A ok Gele i s ame | o] St a5 R cl e T bl g e B oy 8
plment az g 20 ped an il ol ot sl sagl g o) sl g L elr L) pn il el ol o s
wapef ey |y g ol o o Ypman g 2la e el dad oy sy 20 il

dpihaz g ol 13 gt i

[ PP IV PP, ST Ty P R LIRS R L <3 BRI B 4

2 las bt syl iF pn eyl |y amy 50 Fhas stilasitia y if e g St ] B aaii aly ape ol 2
A o eg 3 Sl g ey S Sy Wl s Ly Lelgd s s e | Sl LS 4 gl agile
s e g Ry ) A el 4 e s bl ey e e LT sy
Ay L sy lyd g3 g el Spmer s il Ml ap ply et e 2 i oF e Sl iy, 2
395 Il g P 3,5 kee 5

b slaasly ss 2 E gl elas el sl g Lty e ol od 2le el sl pese
g, e Sl y e g8 bl i 0 g] S 4 5l et

(Test classification )lym. sas aaat-A

A pAL a3 et dy G by ey Sl Fl

gD e wpdth i i JE by iy lm b e sy o el l] ol o g plpr -

B R e I
i o g gl i T pine s 44

15 il LS o g oy oF e 3 gl e sty pnlly dapm 8 et ot Yl daly gy 4 e -
T o Ty e e L T o
g aalia] dpdy sl Jlee w i slgied | e eaity 2 gl e aal ge Bl Sa ol i

il e s Ky e e Ypean o A et gl gl ) o R 5 findEX tBSTS), ple b st -
lygn 8l e oF e U, gl glm ol e T ey il sl al ot gl g il i a2
e el g el e lacligy g By ol g aable e pled DLl Send slaeaed g St il g ol Ly ) aslinal L
iy )y gl BB JalS g B e e o B i 0 ey 5

B e L Lal L B e
g s g Sl slear pida )2 e g ol sl o ety g Sl o i e g 0l i g
g slind S e ) S 3 il 30T el

el g e e slaasla Ll il -

T gl ey i e i 3 Ses 4F il -

s s ol e Coman 4y i ety 4T e -



(Definitions) 39 ol T-A

Sl T dabiallsi  felas g et b da e Shsmeigd okl g hats] | glaola 2jee o e el | o acles
pcad_gn Bla ) Bl glasaly y ASME

s Bl gl St 3 ey o sl g el vt |y aa e e e e pleaT yaa
(Volume) pos1-T-4

Iy e ere T bl ] il e ) e g ] 5 ) 2 e e e ) gladinely
LAY (LR R PRI -SSP U I RO SERUR PR g e o X R R L -
wpp P ol e 0 g e mh 2 Salglh A PA slaa o el T [ W] agai g 008 o il el
o pritis bty

d92 o E i b Sl e ey el gl i s Ll g abes gl

(Head)as r-1-a

Sl g s B e L D) e gl e iy s L el el G e o il sy
i oy aldy ol gy g

USCS sl 5

Head . ft = Ibfin®x—

St s

0.102

Head , m = kP‘arT

T ]y ey g b

ol any bl o5 UEAE iy

e DA 3l Ll o iy g s pmpaia g W sl o 08

i g 08 4 sl i a3 46) Lo g 0 5 L il g sl 0 128 o s
R g e b kil ss gl A S g 5] g i a3 a5 Joied g apeng
St 53 AT I8 Gond 530 gt b e L 0 0 Sk R o sl 19 (A IS S
AT B Sl el Moy A8l e S b g e L] e SRS AR 3

|45



o e gy A g |

Sl L |

3200 | A044) [ S0¢10) | olle) | TO21) | BON2Ty | 90{32) | 100(38)

%
-

kel

o 62.074] | 62,1821 | 62,1654 | 62.1227 | 62,0578 | 61.9729 | 61.3701 | 61.7514

=

62 1840 | 62,1921 | 621753 | 621325 | 62.0677 | 61.9828 | 61.3800 | 61.7612

622125 | 62.2206 | 622038 | 62.1610 | 62,0961 | 620112 | 61.9083 | 61.7895

62.2562 | 62.2643 | 62.2475 | 62.2046 | 62,1397 | 62.0547 | 61.9518 | 61.8328

62.3098 | 62.3179 [ 62.3011 | 62.2582 | 62,1932 | 62,1082 | 62.0051 | 61.8861 |

623670 | 62.3751 | 62.3582 | 62.3153 | 62.2503 | 62.1652 | 62.0620 | 61.9429

62,4208 | 624289 | 62,4120 | 62.36%1 | 62,3040 | 62.2188 | 62.1156 | 61.9%63

3|8 88 5L

624647 | 624718 | 62,4559 | 62.4130 | 62,3478 | 62,2626 | 61,1593 | 62,0399

lgh Yoo gliny] u

o 62,1665 | 62.1747 [ 62,1578 | 621151 | 620502 | 61,9554 | 61.8626 | 61,7438

=

62,0764 | 62.1846 | 62,1677 | 62.1250 | 62.0001 | 61.9752 | 61.8724 | 61.7537

62,2049 | 62,2130 | 62,1962 | 62.1534 | 62,0885 | 62.0036 | 61.9008 | 61.7819

(2.2486 | 62.2567 | 62,2390 | 62.1970 | 62,1321 | 620471 | 61.9442 | 61.8253

623022 | 62.3103 [ 62,2935 | 62.2506 | 62,1856 | 62.1006 | 61.9976 | 61,8766

62,3594 | 62,3675 | 62,3506 | 623078 | 62,2427 | 62.1576 | 62.0645 | 61,9354

624137 1624213 | 614044 | 623615 | 62,3964 | 622112 | 62,1060 | 61,9888

e

62.4571 | 62.4652 | 62.4484 | 62,4054 | 62.3402 | 62.2550 | 62.1517 | 62.0324 |

2lelg s gy

Zrgh Fove gl | 2

o° 621588 | 621688 | 62,1501 | 621073 | 620424 | 61.9576 | 618469 | 61,7282

621686 | 62.1867 | 62,1599 | 62.1172 | 62,0523 | 61.9675 | 61.3568 | 61,7380

621971 | 62.2052 | 62.1884 | 62.1456 | 620807 | 61.9959 | 61.8851 | 61.7663

622408 | 62.2489 [ 62,2321 | 621893 | 62,1243 | 62.0394 | 61,9286 | 61,8097

62.2%44 | 62,3025 | 62,2857 | 62.2427 | 62,1779 | 62,0929 | 6G1.9819 | 61,8630

623516 | 62.3597 | 62.3420 | 62.3000 | 62,3340 | 62.1498 | 62.0388 | 61.9198

624054 | 624135 | 623967 | 623537 | 622886 | 622035 | 620024 | 61.9732

2| &| 215|885

624493 | 624574 | 624406 | 62.3976 | 62,3335 | 622473 | 62.1361 | 61.0168 |

Sabhe e gl ]

n° 621426 | 621507 [ 62,1339 | 62,1912 | 62.0264 | 61.9416 | 618388 | 61.7201

62.1525 | 62.1606 | 62,1438 | 62.1011 | 62.0362 | 61.9514 | 61,8487 | 61.7300 |

8|3
o
=
=

621891 | 62,1723 | 62.1295 [ 62.0646 | 61.9798 [ 618770 | 61.7582

612246 | 62,2308 | 622150 | 62.1731 | 62,1082 | 620233 | 61.0205 | 61,8016

622783 | 622864 | 622696 | 62,2267 | 621816 | 620768 | 61,9738 | 618549

623267 | 622838 | 622188 | 621338 | 62.0307 | 61.9117

62 3893 | 623974 | 623805 | 623376 | 62.2725 | 621774 | 62.0843 | 61.965]

2(2/2/se
£
2
g

624332 | 62,1413 | 624244 | 623815 | 623164 | 622312 | 62,1280 | 620087

Segh Ve e gl

g 621343 | 62.1424 | 62.1256 | 620828 | 62,0180 | 61.9333 | 61.8305 | 61.7119

I — e — e

621442 | 62.1523 | 62.1355 | 62.1927 | 62,0279 | 619431 | 61.7404 | 61,7217

62,1630 | 62,1212 | 62.0563 | 61.0715 | 618687 | 61,7500

EE
=
3|
=3
B8
]

|46



62.2163 | 62.2244 | 62.2076 | 621648 | 62.0000 | 62.0150 | 61.912 [ 61.7934
62.2699 | 62.2781 [ 62.2612 | 62.2184 | 62.1534 | 62.0685 | 61.9556 | 61.B466 |
62.327] | 62.3352 [ 62.3184 | 62.2755 | 622105 | 62.1255 | 62.0224 | 61.9034
62.3809 | 62,3890 | 62,3722 | 62.3293 | 622642 | 62.1791 | 62.0750 | 61,9568
624248 | 62,4330 | 624161 | 62.3732 | 62,3080 | 62.2229 | 62,1190 | 62,0003

SRS EE

sy gm ool 2t ] g 2oy el s 8 3,5 e B o (V) bagie i 0,8 Bl
23,5 on Sty oS Mg 9 935 pm L {BOBEN ol Jlosil Mol 3 2oy i1

L

M=

Loyl a8

TS alyl j3 b s W

travfifsls i g kaap

(Flooded suction) yu ;| s t-T-A

2 o by laaga s Bl g ol gl ey et an gy g0 pe Ko el mile S o la 2P

el a8 ISy g el gyl 3 ey 4T g gl 4yl i S gl LS ey e e

{Total suction lift) Jr is. i gl F-T-A

o widly da e (R 25 ol B Yl g ] L g e kT 303 ey el 3 i ki sl

ot st e e g bt s e o el ey 2 [ L8 g e e g

il b8 5T 5

{Total suction head) |5 is..a8-T-a

et A e et sl sae I 28 s atl bt Ll VL 0D A s e s sy Pl A s

atd it Al o g g Patl A (5 s i g Eel ok LT e i g e s i e ]

(Total discharge head) |F alss s F-r-h

ETPRCs U L PRLEN P LR PRI S LA e W O F W ST RS A g B

ol s il o] e il i 4 o

(Total head) |5 ss¥-T-4

Pl 8 am e g codd st dled ceey Jogt a8 sl aiyy s 8 2l g ® aglad e (H ) E g

(Suction lift) ife .l plis ) b o Jauled o Zlla argd al cid F A% a2 g 15 Aled aa s e o530
147



ke JFaa ety sote 2R e o et oo 1T 28 se g 8 AT va e el Sbe I s an g
S B AR e gl [ Al e )

(Met positive suction head ) 2a5e may 5 codte ss alls

o e Bk s e pla e ] e e S e e e (o ) AT e s ot e s
o i o8 ] Bl g sy e o Lt g s

(Driver input) S, sas,8 g9 A-T-A

Gt S ey S el Tpmam 238 e iy o e e g o o By et DPYER oy e
Dyl e 5o

(Pump inpul) e & 52958 595 A-T-A

Sl (brake hﬂl":iﬂ]:iﬂ‘“'ﬂl}j_l,: TV I PP VPR Ry FRRPPLA L JP L LA B bhipi g Ap S 300 § 8
gl e aln BB ol

(liquid or water powerh ssls ol 1--T-4

s a ) s ea b g aMgama w el ok sl JUinl ey by oF sl g 5 Whph L s

USCS st ja
Whp= [spgrigs
i)
] %
whW= 9 80H(sp.gr.)
kgl o a8

id gl B 2 P s e gl by S = S T
EPM o e it - {4
Zigh e |5 2=
(Efficiency) qledl, -4
R B B T L T o = R T I R O
g ool (8083 Seppn g g e B il gl s e e
USCS A2y o

Ep=it x 100
S s

Fp= <100
(B 1S sheatly \W-¥-h
Ay 0 48ty Sl gy Ceaan gl and adl b guped n ey diergd ot 0ila U Gapei Shon Capem ] el 2l
T e
USCS a2

g,
E; myﬂm

Bl s it



E=2 100

Ly b 1 i |y alebpiie iy o ammaily ot 8 il S 0T e

Ly e ] glin!

e a r...:- Foaa Fran e oo ATsas
el ,

o TTAAYA | TT.AUF | TTLVAF | PTRAT | TTAPTY | TrLafl | Trea.a

10 Tr-ats | rreAry ‘ Troh-8 | TE-¥EF | rr-sav | TropT- | TT.o88A

20 [ wraavE | YNGR | PTLsAr | TS | TYLATY | TYLWEY | YT.¥.A

30| TrAT-r| TYAYFR| TYAVYY | TTANIG | TTA-af | FToAar| rrear-

a0 [ wroasvw | oreas [ rravtar | oeravar | oveoarre | oerarea | yvavey

50| TrAAYE | TYAAL. | TYAYTA | TYAPAY| TYAFYE| FTAGFT | FYAd-Y

60| vrrvee| rerea¥ | TraAst | rraasf | vraaev | rvaaRy | rravn

70| vereva| reees : rrriee | orrenas | orrrars | wreesy | orrrees

{Accuracy and tolerances) jlew sqie g come 1F-T-4A

P et g e S peaige D sl e el slaid s Ry 8 S et plaT e S
il B A i sl s s s il el il 5] M AT il i ekt gl
L af) ool g om g, i 8 (g L Sl gm gy el e e St L] g S a0 Py & Sl
A gl sy | ool gl il Uty sl Sl pla g lapf 2 aea S 28 e i
(Instrumentaion ) oyl LB Forah

wi il g 51 Comel el il 3 el sl pled g il s el S il 1 L Sy Syl
plad gl 3 a3 Sl fagy e Banas Gl a8 et B el S e K a3l A s oty
plodl gl  LF S0l i i i g el e 2yl I S sl Gy 8 et g el
A e yb iy e ag o) iy b o et Buled pland esle 5 gl | el

Pl sl ey (i Gl LS B ok g 508 ) B Skt ol 0 Vpeas sy (53, 50as o 2jae
Sl ion gt 208 oo el Ky dom ] by 0 i e sy || Vpman 2y 2ty T e dgam ol
Cocbir bl i Cd gy red faglyS (3 el g Sl Fin a0 it el pli dinT e o el aa S sl
Lig A5 e g 0 0 L2t el R 0 a8 tmd Ve 5l Bl e Sty 2 0 el S5
el i sl ony S i Byt el o Wl Sl oF -l e Bilad gl Rl g ey et
AL

(Test requisiles) ced ol g4 18-T-A

Jalpe e g (s g () g ) e 0 OF Sl 2 Sl gy, e g
g il FS] y gt g 1Ty 1l el ol y el 5 i ) 5 e g e 4 e agilt
Sl et s el e e de e g Pl ey B0 e Tl slee S 8 ey e gl pla L

| 4%



et e apfles ailen fapd St Bl el afile it s afe S s el e e Rt B el
35 oty A Lol ol g e g dagl e n gl et g S gl e g

o il i bl et e f sy B g S 08 e a ol patle ais b B gy slel e
age anlys jlona ik 02ga, T aetia o gl | 5 aa o Tl g gen ST e 0 el gl ded 2o 4 S
G5 D g mdisld pyby ol <5 (53l ;3 Loy i ol wad it e ) sl o (oS 30 ol 1 a9
§ o ot el Sl s aymge plin)) VRS Sl e 2od by e 5 P0G el s ELESL g e j02g o0
(SUClion a5 i i U o a,lse 3 et 4y 00,8 Bld ol liry] o] oaple JLa8 108 o5 b s line
S a2l gl ey gy i e aa y LfT
gt ally S plide Bpd e Sl ey

(Cavitation esis) byl ol 1F-F-A

Sy vigle e Jled g Bpr ol (e (5l gty i Bl Sl S i g3 o8 e 13 gl sl
Citemeliaglf g il n Cppnn (0 Dymemliglf g e ] pmn s (31 iy Sy g g 5y i Sl g

i et 8 g 8 ey 5 28 NPSHA o 3o | et plica )
NPSHA
H

e wkls aala s A o h-F SR pgpaad 10 aa;fu. saliz ;."._,...'l:“'.f sl gl el J;‘,d,dw B

(5]

a=

I = T N
0aq 3 ne el g b ol gl n Lanlod gl o M) g gl e 0 o g e B gy L e
Lok ol poagile g aof e e ool g 20 ot g o sl Boat] pless el ol e
Saly ) R A RS s el ey s ) RS] d ) y Se e oF S 4 sl aals gl
8¢ es oF o SUCTON T 5l ) ol )2 2l pensd gll o a8l sl Bale ol g3 o] e 07 0 S loms Bl
il il W g2l e
ped e s el led e age vl e B e a s glat Al o8 e B 2R AT R0 s
EL]
Ml 2 ) T AL g e sled ol Luple g2 2 ) 0 Y
o8 Rl a0 S sl sl ol e L8 LT b e ke el o R lasld
bl ] g i 50
Couction Tift) At b g} i § ol b g copm cnths i o) -
150



Lipeliaglf alas ) Lafot ay © anms i |y 25 el gl T b dpan g s gy Sl il g g 3 ) ey
e i aly Al (0 ) Al (2 gangy led g phead ) s ghe o A-A RS 3 e

oM g () i by Al iy Sl il e ey iy e pedlie et il A WL (0 ) il i A
LI Bl o Somdry ol 2ol X LB oy sl Sy o Ry T S S Lo Sl 5] A it oF ey gt
Bl agle st ey Jo bes g oeamia e el w i 0] e 0 sl Bl a0 Slas 2
wils 285 AP I8 5 il et aSlind ot 31 maly g VY (gl a8 e 5 ) i il g gt ) Sl
ol eas

2 e

;E —— g [ Qo

i

B, T PR NS B, [ | P ek i i b s g i e y s e

L

:

Pel Pal Psl Psd PalS

CAPACITY , % NORMAL
Wl ol i syl S il Ol L e

o i il y i el B g S Rl ol 2l T

Tomg ab o oo 28 i Pl o 0 sy Bl 2ol g o oladal Sl 2 B L) g Syl e e o ey
S A B o8 et 3,5l el |y giie s Sy T (] Bpatin A8 ga 25 e Sl e S
e

iy o o Bl 10 {0 ) ke s salys 2 gl ¥ S 20 Ll 2 5 e s b e 8 ey
el Jgemm LG Al lea M 15 a o WPSHA a5

I Measurement UNils) i slaasly P-4

(Discharge)alss 1-¥-A

8 loaged g Bl (e g (Rt dple e B L e 30T sl W i sl e a1 A A
el e sl e sle sl A st e e eyl oy e sl ot sl
b Bl R sl 4 e ey e T g gl e g e s 0 ] Ly, T sl W

g gl et 3 il gy o G Byl e g e el ] B cia e LMy S i T 0 g kil
151



Lo e e o it oyt AT s elasped f gl astl AT S suate clasged b alf ke
S walic] e

(Quantifier s g o T-F-A

e I e e L e
st gl i & e elaelat b (COURLET ) R0 Lt B ) pice Al ARy e g s pne
R FULR R ST er |

(weight tooks)la g o5 T-F-A

SR YLl et e g Bl T en e ol il Ay ey st gl e g sla S ats pud o L s
e Jilaie egils B el A5 A ) aiiem sl e SOE sl 4 e Bt a0 8 e B AL GRS
G g ol Ao e 1l S e e ey e oy ]y e g o e ealind S i
e L

(Volume tools)legiw pm= F-F-A

e el e 1 et e i e B e L F e ) e e el gl s laies e
5 g Zypi T Sy ey

e LSl e e e g ) e G T A aliles e L F sl ) e e el
p e gl ol BTl ly g e ol g e ] s gy BT g g Iy i e oy oF Sl 2 S
s r T e [ ) g g gl S ol afe ey ey et e 0y Wl il s e S
il i i el plie el el ) b alntl s al o a8 e ) e iy, YL e s
okl e | iy

PRRCH RSN JURGPES FU G0 [ TSRO (RSB | TS SURRTITSS [REPY JORCH TP O WCR (L g PR e
e e I e
oo aggild g achyl lalad e il g sl th ST okl a4l 2l optd Dlaled ol e

wlyptul g gty B 0 o Jul sty arp b K glle anf pe malind s ety 1 WF e T esld
procdly o5 chitgzad b g Qo 2o fhaa a8 laiy, ol 03l pn 5 Haes (elp s iy |y o g b8, n aa e
i | e Sl R by Dl e e b g by 0 e i e gldaned Badyof ol Abdiane WS a0
343 oF s Ll il biag sl Sl de s B g e e Tl Jlo Soaf el ppn 2 Laay glas s TS
o S ppliie s s sl i i ] e el gl ) e ) s s S st S e 2
Lawgg ohpd dtly Bod) (prle? olle gl el liimn Bilacd by ot e Wiegg Ol g sl fod 2 10 By 3 g0y, o
Bl e ), RS LS

(Flow toolshlegi o 5-F-A

A0 T 85 05 g e pafia Doppen dy o5y Wyl ol 0 46 gl gy 3 s 48l ol alis e 10 a0 il
el e e daasi il B cnl 8 00 e il A 38 b el gl AR s 5 e o ey e
A e A S (Saa Uy el il 2l Sl B el e ol et ey ol ey ot
ol T gl e e e el sl o atl Lpsdl pllai b dle i Sl ) datetia s ok claawinf sjlad
Tl ek 1) it el 2] ol A st e et | YT ) e g A e e | e A e

apll oy afpe S esam e by Sl oy ) e e g e aan® gl o cladg® e e ol

152



sl ¢ Rl Ll sl bl et et o g o e el e o Pl o) lid sl i
Az bty Sogee by (e - grad lah 4y amad Ul e Jladie aBly 2ad g R g s S gl Ay Bod 3 e Sy
g et i i ® el s Jan e i ol pagtie g a2

(Pressure tools)le g Lid #-F-A

ol e e g gl jind il i gl fm Gl e e e bl saie sl pul gl salinad plfca o
PURTSPRF  SCSN G JIU [ N1 - PRPCITSIEt N [RCR T S I TP © TSP SN PY B LT
e af led el o plie B gl Loel ol o s dpmg Dl t o B e s e e il
daple 5 e wlil i e gl ol Wl e iy s et g A e 4y e eplad eyl
Sy, b gl OHTICE ]l s wilidl e il i avs

i Ventury b iy ¥-F-4

slapi 2wl oF o L pfaplad 0l s e g e At agt e s e RS 1 o ey

3
g

w5.p0ig ol Sl

0ol ) gl g pn o 5l g e O bl 2l T e Ly e s e plly solicad 3y ] I
(D2 Jat 2 e s s 48 iolin o 13 4oy i a8 g o 2l el ol e 5 0 0
(D) syls 528 o gl o 4 o) ilolin ) imy

sl bty ol ey D2 g D Bl 0 5 o i o ol L iy g i LS Sl 0 a3
Sl o Sl e T D gagyy Al B gl palf o) Sl ce a8 T el E o
g2 it aludl g ) e n ke b et e a4 S pagg o 08 2al8 Cul sl mag L
et gm wnliond gl Cpenad gl e 03l b ol e el g Sl B

e pita VU lilad g Umen o AR bl syt g LagdsS ol «PARS alos Sagima 3 gty ISRE o5

Sl JF al ey b Jad e Aol

C&zm
J ;|_F
Qe}.ua%ﬁ{?

oyl a4
f5 o g Juia =}
ki ajlad dlaT s =C
153



FE gt ali maloun Ay

Frivy st sd s s op

flocalf g caan 3 aula am sl =h

algd Jad g gl o iR

gpm o2 -0

sl sal andy

iFlowing nuzeles) sl glylil A-F-A

o8 el ety g aieTeglad Sy gl Gl et el it o les gty el gl plea g sl Gl
R R L PO ST B % RN B P BT TR - s (PR

g2 s b ol il o b s e T el i L e el g g2y

— A — b

] Ak il

oy I oSk

5 Ty e g b gl 3 g Ry e O Sy 55 g e 3 sl iy (SRRET ol sl ol i
b, --Iqu- ey -Jk"":'l JarRd gy

CA, =
5, LT

3.11&:'.4;“.:‘“-"
A

Tl 3 a8

s .o a0

Jib gl o= C

i b gl coslen Az

ey fifet . adr ksl G

(DTH ) gaayn 4 b o= IR LB g g005y fow e s iblcs1=

BP0 Jaka <

0 gl domli cmla A,

154



My e oa b ambes ol .u_'..'l"_._...a:.lh:.dﬂl"lﬁct s o e ol deds 5 51T ola maa age

L P g I P [ P E ) I PR
Sy RP Eu Soy R EORRSTEL B SUR SR N E T JU AT TU UL RVPREIRS | SR et
ool s Al T alada o s o fagla bl dlece | Jowar oLl ol el a el cufivena contracta
N U RN Y OIS R P Y P TR 1 R A W (TR PPN (Y S
I_-.,.uﬁ'l._.u._uaiy_gl:( A=y JS_'._,: I".'L_..-J_.q.:lh ;:;u._]_;‘,.:._,_.;_.vcmmmm‘m I.Im..J...l _,}‘J'j......l‘"_..u

skt ol

| | 1 !

| 3 R
- 1
s |
[m e s ¥

ot o 15 28 gt ul 1

il ey ool el o i

el R q.'.NI # yﬁ'iﬁlr'ﬂ s o Jady,
cA

2358
Q Liead

FA18CA, o
Q™
[
s s Jata=)
it Al g i <O
{ STy T i
oYY st iy s g
11 i | i sl ;5 2 =y
(D2 D) oyl ey pglf oo =R
BPM - o o=
in? . i | ks m;
gt ) U e R g il Ll ey n O a3 e ] e e el
Al e ol e g sl il
PTECS VRO BV SRR BN P g e et g e Vi Y [PRTAPC E -SREY IR N P UV 5 U
el it ¥ () al g



{Pitot tube) myz, Ual 5| LIE dtl 80 sgmy o s L8 ool 3 2 oF ety 5 5 5l aalied I8 4 5 0 2
el g gl ol | g A8 Sl g Ve o gl gl I s (AT S any Al S o eal g e salind
23T, pn aiptlegd

ol g s Aoy gy Uy Copmiy il 10 20 18 Sl g g0 ) T g il ol g g0 o Sk 4T gl
Ml i S 3 S g S b e S gy 5 g ) s e S, e i s ) 8 50

S
A V2R s 3 20,8 e Sl g o Sy g S B 0 o8 ol b VL b 4 1) ] g g i)
A S5 a0 = TR o et Bl ol e 1 e ph B 3 (Y ol i o
3 St 15l By g L L L g2 b i i sy 5ot S g Sl gl b oF i Al

.Y R
whleed sl ol jly
ool b o8 ite
Rl ey algiall il iy gl
g gl £ gl

=il gl pp L o AT LS ot LB s ol gl L o s g S Sy Lt glaia Bpame 008 0l il 4
el el o s )l s e T W by 2 g gt il ) el ass o F
e ) 2 slflifiom Dol Zeppe g3 oF 2,8 aliiad L Jiee ) Lol g s 5 el gl anila  ealid
Apl e el g 1) an sl b L My S sl L e D iy

ol o Loy e s 8 by U e e i e Rl gl aF e lF ) g A el 18
medl gl 45 g 2 e [t g e Wl il Mgl g0 ] 48 e g el ol pl 0 L gl gl
s By St e aalind e SR gl S5 ) Sl sy gl g gl S s Kl gt
el

elic ] (SUCTON HNY 0iife G 5| Reaihe B ol ras ar dly) ol 3 4T Spame 3 wSrbid Sty W) 30 ol 13 o e 0
e il et R i Sl W S ey et g magile Bl 0 IACYT RS S T Ly 22
R e e e T
W Lo 0 e ot e ey R ) e ] e e o Wy il B G el S 4o Sy
ST PUENURT. (USSR -3y M J T I PR Ty PP NS FES § ST YR gt e, ), AR e

156



et e alyiy A e s e el sh iyt (Sl ey sk st 6 e s it g ¢ B )
e oo 3 8D ST Jon Sy
sl e gl Loyt e e ol a0 1 salind e WU 13 W slgne e el ol s ey claadyl

wten Y ey G slan g e Sl S ] O g g sy Gy gl et slale

gl prsis
] iy o ilanad ™ Eos
| = £
e UEET
1IE 3E
{E3E
LI st amap wassh unsai
(sl g paalf Pl L=
Bmstlalill Ay e

paogiln ol poad oy o gl ) aolas .l

sy el e gllas kel vl o ) g L il cly elire s el St e sl o T o sl
20 e pad domlees 3 gty clalatl ol gy el -l il g et sy Sl Gl s a8 23 e Ly gl
{Plan meter head)as poceslos4-F-A

Crrpl) & At e ALt s Planie Sl e o Vpeme sy pe By ik gglee 0 ohpe g pefeled gl ol
sl gl JUF S pe el o pgp sl )y e (FIUME Loyl agld o § WEIT 2o o ) g Ll
“iet e s B Ul 0l e il s bl s malalel (B g (oot B R e 35 g
bl e s g plal g 35 g L |y g8 Wl 08 oy Sl iy e el 8 e | MGl il il
gajad ol g Sldoe Jlie w sl g im0l e g g 2o 20 ) el e Tl
S R Cead 2 g atly atina g adaie B gl cal ey ealaibiad Jgoor ) aalisad ely o ety S
le wliitnd o b Sl o i st Lo 3] gy by s Bty I A ol L dpig g 5T
et aglig T g8 glaa g s AT ] MBI 4 (plekion gy gt e B A hhg 45 a8l | e
LR PR (Nappe ot il g 33 o e e £l AT u‘-l by DA 10y A-VEJSED digd e suali pasy milyar
ey el g S0 L i gl tgnad I A e ) g el g plent Ll S

il gt e aslicd lal b g pefailad gl o La gy plyd

3 4 (CIPOIET) gt slh s § 325 21 S slaey
JAV G har et ) gla,

FEby i ol ey,

ri el Ll cla, *

157



chhad e bz Zddd o 8 Bl 8 sl | o aF id Sladesa ol fa sy e 00 a8 g pyiea] Sl g fajlail g
edlinad gl aapa e RSN GBS L s Ko b ol iy gog o o g s e & e St o Sl 2
saclyr Ldee oy Ko Al Ll s g Kl gy ) I 2 e gl ma) gl g 3 e Sl 2

£

-4 E=-0h.a

[ ¥-blaak.

Vipele—s
End ‘Formr
o]
{ =—ft—= ]

povmg s g b in b oy Uy pyn TR 3 il i Sy

ol ot e g sl (e S e g Logl el gt S s o H s L e L

iy 3 e 4 | Seant g el J58 V BIES 8 0 0m e Lokt w ez 40 IR0V BIES Lo il g re>
Blanal Wl e 2y goag MRS G el b b it gl ] i g Ll ol S by W e T e e et
il alali o 2pd g Fatlall s il i M a0 a g amine 8 ol e gy, glalad 0 ol H s il
e e N L RE I L N
S e S 1 ool Vipans Sl A L oty ) a4 gy e ke g VD S

Ay

§ S glasad Joamle sl e Lt oy gy e Ol Ll o gl e depan g
J}h’;ﬂjdnhﬂ' umhlrﬁ;ﬁd1£|ﬁ#;“lﬁj1.lh:.ﬂliﬂjl.i:ﬁllﬂ%;'d L..,EJJ,-JJ-\.,.._‘JJ

158



‘I!J,.u digd caoaals a8 olid gl olee = ® ol ae Maag ol capas B S Jpapd amtioa a0 il e
P e Jpogh o e 15 A% 0l pi gy BTl i 45 ppllan Sl ATt B3 il il ed el

whed i Syt 28 Sl LG fat S0 St o
USCS alfess s

Q= 3.33H"L0.2H)
Sl 2

Q=1.837TH *Y(L-0.2H)
e T e e e e = T

USCS st o

'=333[(H «hy"*-h**)(L-0.2H)
Sl el 3

Q'=1.837[(H +h)*? -h"* )L -0.2H)
(ol g cunn D o g (oS Sy i by g e = Oy el o

(aile g ronon gen} il s g st gt St o e i gl b g e =
{fm) S e iy 5y 26 H

() Sgh s g el - L

{2al igh e (V2RY rapi e 5| lamah

it il g pyde Jgam ) i gy | dpdonn 45 ot SIS S il B3 ety 4 S o
1y somsigm ) ety b 5 i w53 Sl sl (HERY 037 Y e a1, 00T slaly
syt gl Lty a0 il 8 L el fpadndl Slg s slaleal, anif s
e (gla gy Slan aipded glan ol Sl gla Jpad 0 s ] gl g L o S salid
5 ol o Jalar g Sleone 3 abicd gl Un yagh ) Gl s 2SS e i g 30 ey 4155 3
el gty i S ) 2F e b sl gl Ll g (gl el B e i sl
USCS sfna 0

Q=3 33LH **
Sl alfes 2

0=1857LH*
) gy Sud S T A Ly

USCE ol ja

Q'=3.33L[(H +h1*%h 2
159



S g3

Q'=1.837L[(H +h)*-h 7

gt A s S Ctaal gl Gy o At sl e clapy gls g aden La Jgad s
8l ot et el oy it salin) e ldats gy 6l o ol el I gt et il by
b oty S e g et plad (VW) 2 B o) e by ey il U e bl Salied SOl s
B R e e L R T R R R
A B Al o iy g cslaad S elad ] on 2y gt SISl 4 o Lt e 0 el
S g Sod alad] W (S S g a0 Wl 2 2y gl e S ali sl

e
USCS alfzs o
0O=3367LH*?
$| alls s o
=1.558LH **
gl g Db e o R
USCS a8y 2
OF'=3.36TL{H+1.5h)%"
Sl
=1 858L(H+1.5h)**
Saly; ol g o

[P L. SUCHV - | PRI UL S A S A T e e
(AT g waia i) 4 g S ogh i 35 St 053 b iy e =
) ogd cim it sy te o= H

5l g e g oty o= L

o) b e V28D Sevy 2o 3l 2 da = h

sadg e stn g f ol sl Pl s s L oo ol g Pl sl el s oSl s
S 35 gy e Jough iy ATk Jpd W ol 0yn it B8 4T ey gl g Ll i V KE L
=y b gt wsliid g oledl g o a8 W) e Pl et sl VIS Ll s iy rar e Aol gl
bl gl e 0 ol gl o Y of laulo® gl g Soa¥ glamy lp 0F e i m a7 sla

:.:u.u|_H"| g ay i EE R P T ] J]ﬂl.n.'.ﬂ__u.; s b iql|’.-
160



USCS e

Q=240 H ¥
1 L I

Q=134 H*
(il crmnlin ) il maln Sagh o ey Sy e o Ol gl o o

ffeh Sod oo iy 5g, wnm H

S ety g al Bl AL b g T il 5 San et il S sy VS L el Vpane
lae s  SLE Loy by ol o atis g failudl t o el kol ol R 0 Lopa Laplagi g i ol
i astamslin y o, JLoh plagh agt e slol ama o L0 Fadly o oF Gt el LL U e
ol a4 el 58 L gy JUS e sl e o ) el el U 2 gt g agladl oyl

SR [N LT B [OOR [ | Re 1 S [ S g

I o ol 5, Sy 2 (T 0 0 L ol bl e 000 il e i gl sl
e st B pgalogs L L gt spselogt Loepsalogt s p o sleis nTalul o 2l 1) 2205
B aalind Jale o ulmihes o | Sl St Laly 15l Wy S0 aplacd iy 51 e Sk 0D s pled | ms il
Sy ol s o il e Gl ey g sl] o ) il e Gl SR g e Jln gl B L ] g st
2l e sl sl oF Wil 1 Ly p ngpedend i onn aae falf 1y om0 Sl LG
33 Ha oyl aa Lok bl i (sl tan 2alf' |y s il il 0 Canl oyl 6 ghi) ) 20l S afd 4y laghi
S e gl ey S sl Ly s phor B S g il plor e el S5
s 3 I i gy pagd e S Ve Sl (S o 2l et ] gl Salapa Sl e bn
A Ly A it Wl e iy BT e e i ) R e paleed e A B B T ol
il o g b gl Ll ol ap sty Sl b Ar B 00 g ppidest 209 syt bl el

AANE IS0 apt el gy i Sl ¥ Hi g Ha sl 4 il

o
=~/
.»'—‘F +| TRDaT —-\;u
| des |
O FLIOE WATER
LEvEL ELRFACE

Purihall Foaae
Jlinly wlisl slal

lal



—n i Sl il U pactie |l S Gl gl S e o1 SIS 5 LS eyl 8 s e 5
i Sl ol I i 0 Jaid s Sl ot e S dalh g Pl el e e e gl e e a0l
iy gl ol o Bl @ lagli e ool ol slagl ] Bus Suge agde LS 2l e gfle oy 8D Sl

e g JAF Mogr Sppe i ot e Bl B e - st sl b o e

wlp oy g o) apemy haglagl bl padle ol sl sloales ol e [opr il g walitd slaa il o la gl
] ot | el e 15300 gy il e el b ] i

Bl wiles 2 alangl paape — iy 50 glaodle o | gl e el 000 g aTle JLAL slaslegl el s
Dpelaigh wialed (T aiied jpalogd sl ek al b g bapens ) 500 Yaman (7] 205 aalinad gpfajlad g )2 slayld
wsl gl ot o 5 Mgl J B B 2 Sl | oyl Sl gl A g pale s (F) g ana Sy i
S ) B g sl pbor el (e TOT) gl 0 5l ajlad ol o 335 e ool WalRle 5e b s

e ZeghTr o il ay ey gl il e D0 B il B

e P PO JERRTRC [IL g [ DS P K S DR EP A g

s bty 1 slalole Sope & Sl (s Sy lalagl B gt e o le s Ypeas Iy glaplegl
0 A L siare ieten slaaiay Spae a lagfali gl e it el el e 0 s et sl
= pm wotinad ol clapl e s S sla JAS g aailiay, 0 o laplagl it e Sl g cdee o g L la e
mar R e gy St Sl e fald elp b Bl sens e el gl S slaplnl S

asyplegh ope o 2] Sl s s S g3 s il gl

AP 5S) ala S | S Ay 3t ek 2 Hi !_;...;,W.,:r,'.f_._,.,: g lhpn ey e e 3l e o

il gl pli) & cass ol g bndyy

ol o g 48 S g ot ¥ U e 0 ety g 3 T e gl g e laghi o ali] e el A1
gt g 48 gy i bl gl 0 e sy T

Al A ke Kl e el e Lt AT s Jlles 5 R gle gt ek e 2
had e Gl Sl e eils 2alf ] G o 08 Ml 4y g gy ST 2 e il g3 Camglie il e
il il g b)) T H il T ma agl o ap ol AR il pw et g ity ) Iy gl e afe o
Eplgh fad A A I e e o5 ama a1 e gl el a8 all a popd s e o

gy, i RAlS S fylees g il 5l (e e ) HinH

162



{iekea V8 ¢ 85 YAY gl ¥ g T 0 agn Ly clalagli olys dusyo &5
(ke ¥V o WOT) gl U o F e b ploghi gl g P

(ra TRG-Thopd A b Y o b gl gl s a W

[P VBT ETF) gl b goeboclaslagh oly ez br

ol Ho ol e s o adal, o eladsbn il e 5 S o Lepfagl oy, o)l e ke 2tlale

el g g s n T (TR L b A Y IW e O s

USCS oty 5
Q“"'WHi SETWO2
1 L i
He N Lstwome
Q=0.371W(==-)

i en i ghanlha et salind pad B0 G e boglanlab e e Sl domlen gl dliles al S

:;.....Jq.'._'.d.'ll_,l JJ_',._. __;I.t;,h,L‘. I._5I_,.! l'5_,.“_;,=.i.'| alalas @Iﬁq“ﬁ,ﬂ,ﬁdh&ﬁ _',I _,.'.S}_',.,-‘__..nu_'.-
USCSE alfs 2

Q=(3.6875W+25H"*

Sl alfens o

Q=2 293w+0.47THH" ,

gt s ) e Ve G e T g A e g alles go ) Lol it o g sla gl 0 0

Sl Jabime o2tabas ul f pdics saliial (o g leta el g pe e apl 2F 0 plagki slad 4T By DSl
e agm (e WAT Lo X0 iy B B e b glalagd sdlin) gl oy 5

iField estimate) il ;e -4

el b gl e B et Fllagas ol b e o gl asa LI

L . - LT ool i e PR

.

L) |- b i
LT JEO e



LB PP o (RN AP PO T R SRR I -, SRR T s DA L0 I LI U R LT (N R L el L
ol gl Lalyd 3 e ey ol g0 gl el R Gl Sl s gl s H, . e 8 aSl
L,iiﬂ,].i:_;aar.ﬂh-ﬁh‘]ﬂ:..;_dﬁj:-#‘._ﬂw l:.'.ﬂ_‘,luf.,__, I_'.,.,I.:..i:hj{_l_ﬂ.!.u:.::uL'r_J n],] .;..J_,,léJSf:I]J._'.L,
Pt gpafaglad ook wtiam oF o T ral wg agdh Faals wily e Glepe oYl s faglad Al ey cul s e slEG ]
praipt ol gl ey g i N Gl e g g @ VT bl Y

any s Gl | coger Myl S g3 2as cpfajlal Sy A= B

= Ty o= = §0EDT ALY

. 'y = LT O e

B e

= e Mg o wee pl E e

L = 5o, vpeg e 07w
Mizgmminte 3@ 8 el
LR L L]

wiapas algd Sy 0 caduds Lancd
(Head measurement)as ¢ oo jladl 1=F-A
bl o aalind - o lmnl BT S0 s L e Lol G amly S2 s ke g e o g o ] et e
) eshbles il g irly o G i GUCeal 8 e er e Glay g o3 g Cond Crppem o S0 S 4y drgd
ol ot S o 45 2 g e gl g3 0 gy aels g3 aad Sl M Gl ey Sl b e Feplad el s an
e 13l ) 235

LSCS oz L
ypgr 2 RIIREEY _ 2. 231
Head, fi=lbsin R 1hfin i
1 Y
l{ead_| 0.102=kPa
[EEF Ly

IV (K1), opmia g = W

S s AAF = SPET.

S sl g Sl e e 20 e i ey e ) Sy et g il e g e o e

S LT g

ot 2 5 5o 5 Sod 15 el i g 53l 23025 ol syl Ak 3 48 i 15,5

Sl oo s ol im0l e Sl el Jpam (sl el Sl g 2ol ke el 4F 228 S alyl

by At 435 o ] s st 345 slaalad ol g Jobiond o gy a0 | algl bl 10 G B

Bl ol o Ll JLaft Lt g (5 s g L e Sy o O ) astin  WiEes 5 sl e g a8 I

Gy e Gk el ol U OF Blga il olly, g alyl ] Sl Ela by G Syl o 4l 3 Orifice o g

b g Apmrny Sl pn S g 3 (e b el wigf o Orifice Gl galee gl VT Alalh 43 adl S alake i
164



il oty b Bl e i ] gl gty asls gl VA TN e ol b OmifiCE o il aalis BRI
apalyd A - (55 sl o Lh b ga bl ety e B g k2wl el A s e Sl gl o Oirifice e
S n et ) s e ol sl el et p bl b as plap S banas e
ot o sl ol Bae ol tagd @b ® A s ot el sl e ilflas g b gt 2Lt L s el

g walicad (g B g el
13 e sy Syl mgy o plaea o bad ly plilead g leal gl sl el lias ATT DACTS gl
) 4 g e eladlyl 3 dprge Do i et gl el a3 i e i ey e b iy

A TS

actlos aalind Ll cdesl o wilyy cate sanes Sl slpass 0os o) sy e dase 28l ikt g (0 L pla
ot wshaper gl gl St Wy Lid a8 g3 lee 0 g Sl Jleh 2B A gl 0 gl ol mapile b el plaign ol
IJ!FI'JLHI#‘JJMI}’I"&;IH__':JJIU};#J Jéli.fnlﬁhlln:_.‘ﬂ-dsi'_lrliuq._,Lt_iqL__,'_ﬂi_;'l‘L\.,..,L"’.t_,,

Bg=shio + 2t

Hi=thon + Za 4

Fuanial
Ceiem y—,/_




.a,.'.-.__J.L::g-|.:u.|ﬂJaa,s_-,...__;]=E:.f‘,ad

oy
——— S
Dimes ‘l T ——

Head Measuring Definitions And Symbols: s g o jlail clasle g o i 1-F-A

B eat sty ey led ST alidlsl (3 af ot p | oleales am ol g el gl 2oy ol s anti alied glasles
sl oy & pbaales ailasd salicd (7= 00 ale) Sy gfid bagd snd tnie ey las lailid y ASME
L PP - U FCRLY [ B g prov e o YR g R g U R NP

e Ll g Sl st sl L e b A e iy e 0 ant sagll g s e Was - H
Y PRPET AR O IS SR P (Poy Sy PR FCSC - St g NPt N [RL | VP oy (v
2y g oo

Tt HaO) ek o ant sndese i pa bs sas = Hya

ft HaD 25 pof el suilys 2 by 2am = Hgs

g kot e meple b g gt e sl adasdy oF gl ol sle agile o il e Sy ol e F g

533 |

SR gt RS el 28 lap T L g
vl g plis)| = Zy

fi e e i)« 2o

br i)ty 2wl e ol Bl gy WY e = Y
i RS g o 5 gLl Al 30 Wy e = Y
s e Jlt A 2 sl gl 3 ol Brge 2= W
ffs ot Jlod Aol o 280 dgl (3 ool Jasigma s = Wy

L 66



Bl s LT o g st i 4y B el I g Y e = B

P s i | o g o a2 g S 2 1 iy W e = s

i LV e ) o ot s g

AV i i) 2 ma s an = By

Sl b o Lo bl ey il I3l 3 A s AR A 3 e med 3 g e b el = NPSHA
(NPSHA=h-Hystha oo aas oF o1 jlamies ny Jls e by (Lo,

(hbh,) pllas S 250 sn = ey

s g o Jloe iy Lt = Hiopa

ke g g sl i

{Head measurement by water guage) ol lagfbas o Fajll T-F-A

e 0 gy g et L2 Ve T il g 2 - et iy g2 | 0 g o e L gl
L. g

i1 o ol e ) a2 Al L by i L ) () gLl Ak e AT 8 Jlia
ss® praabinad s olas 5l sl s o

N it
hu=-+hga +Z.HE

h o
=g+t

gt aalinal g Rakas ol gpdiad Jd 5 (0) 2 Rl Al o lid A-TY B2 Lag Jla
vi
h‘—+hﬁ+Y.+5
.'.J|.! J,i'.'.,.;hh.pﬂ:. 3 EE?L-J\.:.-_J.)J:._.'J;HHZ; alad gy | hoe
) Wl e g [ 20 b baclnd gl oy e g gl wtl lod ) pF L dad s Lok ASTE S Mie
g s g e o et
i
b=t +Y o2
=t + Yotk
=+ i
{Head measurement by mercury Buagel gleges pd b os g ufajlal T-F-4
am e 2, s ey et j3 ab g ol ol e elap f solitd | Rige il g 04T oyt
alsten it ant ol LSt la g ci ) Lad Gl YL () ot ] A o Lai ASFT JES sl
Bt N )
Won ¥?
fomayl o af
s gt jn s Win
i et e egasia je e W
it g AS mf oy sak silys Awam By
il 2l il gple s 25 g aplins aa e fuiladl gl il o gy 4F e 2V U ZLY palie

167



G 0, g Wy g dilr § Sl it g by Ll pbe iy Jlail dad g o g il b g LAl A-TA B s n s
T B e B L

W = ¥

h‘_—w hg =Y+ o
(Measuring the head by mercury guage) g Svas ._ql.H. b U s gl F-F-A
SOV O PO GO P TSRS 1 [ IO TRPE . E P SIS S AR [RSP. gh VO I ARG 4351 [ PP
EEPRRY PESU N JE I P gL PR N 1 (R, I T 9 FES R S L A

i -k + -1

...s,..'.-n'.i'....] -\.Jﬂ:..rm'l’i__‘..ﬂi‘_,‘.ﬂ.z,f&_.g_n ._l‘.u:.-l-|z._.f I,Ja,'}ls
(Power measurement) slsi g e il ¥-4
£ Ly (Transmissiondynamometer] Jad mes sly o eas ol jgips o af a tled i 1) oead 53mpn ol
slaaduled 5l sl o falid clangt E 8 38 e @is g L (Tomsiondynamometer)  tan ars ol
ayf, a eoliad (ANSIHI 20000 Sty jies smpmnil bawgi ands phiis oy
st T gla e
eefajlal e sle T o cagyy ol ol el sy g e Falal el o IT g o) sl ] pliia o
BT e e e L R ey |V S R P AT Y e s SR e L e T
et st el g ke e g ol e eIl il st ol e e Bt il e I sl e
Ly i o 0 f clizsl Cegly po gl Spa & l-'JL;_\;IJ T g L PR e P | LI KN R T P
355 e Lo g i 7 byl - A Bl B el R G gl it Sl g b plad o
(Transmission power meter) JES g slad 1-¥-4A
S Sl ot (S 9 SNt Sreacy 5 Sl g il SE AN Sl LR i F Sl Ry 0 AT )
N u,.-J'\.ﬂll.l |:l.u._r|.rl_" jad iSamd j| o akadily ans -j_r .i.mgl.ru.- ﬂJIJ.I-;"_J .\5'1*.-‘,’ L H,.u"ﬂ._. &J“ﬂ? '] ity akd \,“‘-'T‘!' .1#.7 =
=t S aly Lemel b o = g a5 o g g el ...'JL'F"U Syl gt pie 1 gl o 'JL'!‘ ...'.ull; )
NV LR CCE YRR L P N - STV I R TR e U B S -y KU P L A P
B gl oyli] aud aplsea gongn e ay Sledsee flais b2
(Power meter coil ) Seo mia ola T-¥-A
gl heaed g b S 2 liae e -] eteey T AT d ead o ale Sl B 1ty o g
ol g el W) e gy Ol el af By 29 peademin gl ] gla g o sl e pad slend
et el b el et el g e o Sl e ) il il ST ey e ety
N o
el T apl aeh I pasd St g2 Soalta Sy s Sl oo o2y @t T el y (LS alaliil
& e LY A j| Fotiag b S e S 'I,"- g2 sl -\._J,| ._'J,:.J_,.,._..I'lf R 5 TR Rt LA P e =il =
L By TR L T T g L PPN LTI I e PU CORE PR P PR R
|_‘.u.||a.l .1‘,; J,ua‘ll.l’.ﬂ-n_._uu_.tn_._u J.uL. I:H..J‘,.MJIJJ-TI.I n_-l}e.u.l-lsulmb.... J..'A .I..J.ln_i...nl.ud d,i_d_,.uj'l.fl_,...-
ket dialyie a3l adal 2 S ,;,|,.'|
(Velncity trls)is p g s Jladl A=A



R e

(Revolution counter) pa. -

{Tachometer) ;.-

iStroboscopic device )l 2 alf -

(Electromic counter) iy 58 L5 Lt -

At bab g ol Ll Sl 5B anal wt e U Sl et gl b el e s aalind oyl Yl aylgs alat o
ey St Syt oF el o] B0 mlpal ol Bad iy mda spl lele Sloabd witea L5 g 2R Bagass
g by Sm e B 3T S i glaj felyd b Sy Sy Bl el e S gl Sl By
(Calculation) ool 4-4

(Power pump) e oy 1-4-4

gl g i dy ol Bl 3l ey g sl plil st Iy ] s 2y il

USCS alfzs ;s

Whp= e b saly 3 JFamcaihs sy sly 13 odin® oy oo iy
33,000
Sl ol o

Wi ki of Nguid pumwr!.fm:r:::ﬂnl feead inom af [Hquid

L AT I I b e QM0 BBF sles 15 e pgine (g 3 28 ) b ol e mgenine 08 a8 30 5

e 8 3l 3 Jyp

USCS af—s 2
_gpmxkead in e
Whp= 3960
1 L 2
Whw=%.8m*h =head in m
e ol

Sl s e ) Jaa Bule ) eay 20 el LS 2gpa 3

USCS alfes 5
gpmustotal head in ft

Bhp = Fapoxpump ef ficlency
Slae o
S.8m3h stetal head Inm
W= A
Bk pump ef ficiency
gl o s g e e ey e
5 _output _ whp _ whw
pump cfficiency= T e v
gl sle pse s S Sl s
USCS alfzua o
Bl gpmhead in
ehp= =

weodor & f Flelency = Fsabmpump af Flciency = motor ef fleiency

16%



o 5.8m3 hhead (n meter
=
e i gy sty

g b ead w30 T 46
[ LT R —

bhpeD.T4E
ol e

¥ e,

Kwinput

Sloss g3

1 Sed e lr paipe g Sk

:wﬁ'ﬂ-ﬂ'd

wras  whp  owkw !
r bl = wH\}L‘:‘jJ o

S

el gy 8 ) e S iy Ky ] R, o8 Slay sy S IF e

M ke = ey e % et e

(Velocity arranginglos jo Sle BiE T-4-A

e b Jom g ol o e iy e pige Ky leslined ey Cm e B 3 Ry g sl g s
et et Pl peay g e | e e i S et [ el alele gl e eslyay
I PRI LA R S LI SR E O U g TP g W TR B PRUV..L FRURNS: SN | B P TSP LT PR g

o gt e e o e (| o et ks 8 D] 0Dty s S el g gl e 3y ey 48 2p Sl ol

sl T ma sl e

pretd il s s By gl i e 5 ki e 5, NPSH ) s ey 8 Jale gty 4500 ol

H:={:—::] 2« H1

170

S walind i eldaa b )l e

¢ i gl

Q=G

Ll 3 af

IR et s e = )
IYSIEPM | o Sz 3 e i O
TP w2 e Ny

TPM ¢ god oz = N5

A

[ e
frim) .ces s 3 an=Hy
TAm) o gl o 2 2 = Hz

USO8 oy



Sl s jasplys

Kw:={f—hi)’xi(w|
Loyl o 45
WP o e 2 i = i
Bp oo e s 2 g = B2
kW coes e e 0 e« KW
KW e 2 o lei = KW
St Snd 13 s el

NF&H;:{:—T}lxNPsH.

Loyl o o
fim) ot cor e 8 250 Cond 8 Sota o _alls = NPSH,)
FLMY o pmd 2 (5 25 2§ 3 Sta i alls ~NPSH;
Sy Gl g el prge R Aoyl et o el e il WS el g YL e 0 (ilien g Ay sl pladd
ol ot B 5 S g ]y ol 335 Bl y i S o Sl S gl el gt T b

B ) o
mpm s Ny aass Hi g g0 lades Q= o
pm=N saa=H g 0 lde= 0= i
(Recording data)oleslbl o -4
(Diata) oLl -4e-h
el s gl By g oo wabind c Slatilel o 8 Sy ) bl 2 e slelEila ] L g ey il
(PR 1SS P JSS IR ) PO 1 [P T GUTCEL G B J) R PSSR NP8 ) TS0 & SRRy ST L {1 P
3 2l U & gl opFale Upay gl bl it sl 16 ag Jas s il ca ) Bl g ey K il
AL s e et Rt Ll

5k al, alaus 1 T T t & ¥ ¥ A 4

ipsi s

il iy aglad

AR Al E

K s

ol i3l

e 3y

J.’J..I

ks

e 2] 2y9m ek 1 A e o Al S 3 8 gl g Sl L
171




e L

Fre el

g

e oy baily

5 s

(Recording test resulls) s gl g, T-10-A

S Sy o JolE e ol it sl t) Sl pRan glalad o a8 g olFT aly 2 gl §f alals glo; imee gy plfin a
P oty e i e e et e B e g A ppdd Sy aF el el e ) G e ] ) e
et afles ol aged o o (SE wigad S ATD S8 58 pend T o | Bl ke s e gt o it
e A jma 3l pa AR i [l g0 i gy S Uy plasily g 3ny T aa ol pea
il s iyl kg L (s La)

Ayl sl T itelaglalets syl e
wha sasly o,le saudiln 5 Lt 1 phEs I s
ol el ey 19 32 U e ol {m3hy o e
s alet ol sl gl 8 E¥ e el
ey Al e gl oAl gl s e e elad
A4,
gl ey 4 ity s el L
LA T g faukiih 5] e i

(Testing model) Jas 28 Cosd Tteeh

s g St B 5 S L e

Ay elacdgh dmail g Jtytud -

Dbl g 2 Slas Silads sigame gl 08 sy 4 gl e S -

St e, SN S Jag gl ]y -

$ e s LSy 0, Gl -

ok by 3 Rkag Syl -

by 35k ) Wl ialel 35 n S T bty ol g e 1 e A e sl s gl
AR 8 i Byt P

i gy Ftomih

b Ty a5 al i) A2 a2ty digad tp JIS alit s 5 5l Jau (Routine testing)
e Tl g3 g Al S S g3 8 2 gl dilled Dl ge e 050 0 g a4 5300 Dot o el
(o 5 D (A ol ) 5 i b A 3 et Ay Gl et 0 3 ot e e Sk
3 (NI) Jan o il a3 80y D 8 s 5y Dy 1 s e Ml atths L) e sl e

atly tls dytan j ladyy 4 (Hi) a2 s cos IND) o1 2y

172




= .. =
-
wr = 5

. T . ™
s i H .
L iTE :
E !- .l- - pon A l-u!
™ L QF=

T S =

i 4Rl R 22l peali sl W Sdppaen Salit ety Lilpd S Rt el b Jae Ky el s 4
A e Gy gl gl g e padas Jom b g il o (L ey b ety LS agibiione g adly gy plen
2 saler digai ol 5l

oS wdliid g5 Gy 5 ot S A g S s ] g 6 3 W ] 1 ey ey

1—g D)
1-e _(D\
A Geae g g e gl anlie A g pBll B ey g o5 B ey sl Sl 1 Sl i

._...J.'.I-Ja q.,....h]...._,.,‘,:f I'EL"'J_H}J-J:“]]LL_'}IHF“‘ na'l.:.i.d'a;lau. r'H.:h.i'.l”.L‘.L,:,."._i _g'l.t;ﬂ.u"n:_l
il e (a8l alp g g e g o8 plegh ITE L sl Lt e b

I PR g TR B, L < PR T [ NV L | LR L

an al o8y 10 ft 2e. €0 n L 450mm fe e o S00FE gl o 2006 ot oy slale e 8T oy
Bilgyg ol Jon oS o g Ay ATyt o el o il gl BB T ey gl il (et i S
b dm ol e ol gl e s g el B e P e e ) gl 0 B2 s Sl a2 1E-ID
Wl EMalae ot IR il

USCS wifzes 5

o _ 68y [320 _
Ni=Ng- |5 = 450 (3 LM--IEZSrpm

Q,Q{%}zﬁ =200(33) |52 =8.730%,=3920 gpm

173



Sl s s

N=450( 2% ]‘J;—mzs rpm

3
Q:—Mb m T —{Hnm /s

o il aigad bt e

USCS s 2
Ns=N-L% = 450 225 —71 2 in the ft", Sysiem
51 stz ja
MNs= % =3%inthem 3.!"5}'5[:"1
el e ey
USCS A 2
Nui=1 8252572 =71.2(or 1,510 in the gpm system)
51 s
MNai= |Eﬁm 29
ry gbika byl Ho= 328 MUy 20 f o 2 od Jacme Slige oW 10 BOF gloa 1o o ol gl (il a8
g iy
USCS 8o 2
Hyy, 328-10
S — i — ()L 05T
H 400
] B
10 -3
BT = 0.057
gl 3 af

bl jlo Lt - Bl g pdatl (LedyHl = has - Hipa
&Jém@ﬁy&‘ldg‘ldhﬂ:ll’“q%#L&MJJ@QJ.JM:&:L.ELLF‘:I i H,
_ My,
H,
LISCS s o

Hu=Hp-oH = 32.8 = (0.057)(320) = 146 ft

174



Sl s s
Hu=10—(0.057)(47.5) = 4.4m

L S Y RS VPR P LR PP CJTRORUINE B 1 | S PLISE PR L S FL IR ey FPSCOR [ I
Cals sgg il Glpadel e -l g pady gl plye 4 - Je gl 1 el plfis o S G Yeeas
ALY a8 el Ll pn 000 g R Sl B0 g s glaB pline pl g e sat ol Mgty e s pica

gt aBly B by S plnl ey 2 e by Sl e gy o e e it R Ll i
(Testing other pumps not centrifugal) g jeds mile 8 clpeas 287 codiih-4

3yt B ) bl Sl e Aot el it ol sl (S iaute A tbiomy ) ey ony Aot e ST
Hypana )l bl efeeds Sl Sl Sl el gl by Gl ol St o T e plyd gl g o 220
o] Cod Sy lpny Sl dedr o alall dami g et Ll o] s Sliia g Sl ey By el bl
= )y it iy e by B plar Tooe el (ANSEHID opnne slag a0 Sy jica

I [ e

e b g g Sod ol sy Wpaaa 3010 15 e ool g 18 ghaadtil Bat guny di b g 2 A8 il S8
kool g pmiay by ekl |L‘.--I.-:li--| ﬁb-\fl,:ﬁ o \',.u.- lpgag et "ﬂ| T T Ty P2 it EL T
PP S NSNS SERDICEN RS IS SV J T Y I P rr g S e

At g A el s e sl

(Oher tests)ls oed alAT-A

g o platay cl o DS g it Blod gl e A 500 Spay o g0 day W plaesly aey ST o 3
o i) g izl g ) | Sl pt e T

wad gl y el W s alie N T e gl a8 Tl F3 L Taw mlilesi] g sl oy coiod Aagde

33,8 Bl gl g o i dagl 2 gl ol dalase ar |l eyl 3 ey amdia 200 F e 5 ala ) o Y gamay

175



oy WS g W > sl

Selecting and purchasing pumps




iStages for purchasing pumps).u| 8 2 see e Jolei-4
S e e AT e s 5 ) e et By S e 0 4 ] e
ol AT s g5 Pl g ey i
g Slami y el o e
e e
e g Lo gl

ol gy e e

ly g B i fseead ) plamgen i gl i g e Slal il gl g By ST )7 ata a0
ity S et g i s by i e e A | g A o it | ey St s il
S ) s als 30 St agad st

w44 Lo Bl e ol oo Sl s gl i Y sl (8 alal g il ol pld )
criped oo sl p¥ lenllel et g sl il ey Sndd gl g o ] e i T ey
Sl s g ganl S Syl pie i Sl F it Sty S 7 il anlS gl S At gt e LS T, 2 gyt
sl sz | S

(Fumping sYSEm ) Fis pheew adige i=1=9

e gt i o g L gl et il

Vil g gy il gl Ty el Sl 20 e ) apd fike gl oF e | e ot b By
ol e e g il g Lot el e ey sl Lt Sl e e e o Lt
Bl el 2203 s e gl 150y b W T ol e Wl gy g Ty

B - e L

e b i iy Al il g3 e g ol i sl e gl il e Shile G e AT

a5 e ey Coed w oy ST Sl g p 3 P ar | Sl g el e S WY s ey g
g anlinsl o ilyg Jlpny il

Sier! e Sllioa |y g Sle el (s b Ciir) s K sl ool ol s S 390 o
I

0l 30 i 5 g ol g BN i ol s e sl

b g M8 I Lelee bl sud aintie piees Bd e g 5 I8 0 il e Sgped s mleand sla Sy

g gaiuin gl job i g e Sl g

(Head curves) poew as gla 2o T-1-4
gl s a3yl el pde il antla o F asaled ] 0 By Sl AT patee g anld  pdly 50wl eaiga
Sla e asia sl figad ol lly (2l 3 25U g P& ID Sy Jlioted ) S sl g s plnd
gl 3 S0 il galad 3 s it g £ n ) ) e 3 e Siedat 1ot e 5l i
Lalyl ol a3 i (st i By Ll gl s il i |, i m walind i i il (gl 5o

177



oo e by RIS s i gl i T e e Sl Lt sl salind B e s 2L
Sl U il g gl | piien o Sy et Al el 3 a8 Wl ) sna Tl o (3 Sy glacdl
s g e sl s b a0l i 3 sl Sy le Fa e

I TV UTE e e PR P B P A I T Bl PP U e R
et G ppn | pilad o8 dgad S gl eay, i g Dl Cdpal it plfia il des daita | gllas | eea
e B S i | ptees o gl Bblesl g Sl Lad Sl ol g 288 S o b et e e
BT g Sglid Lt g pts Zorglis ks S ) iy T e it ] g R s 8 e
et S i gl e gy T dagl S el g e 0 L el o ey s e L L s
syl Al by e S e bl

(Operation stages of system) w20 Jldes SVl F-1-9

ahaiie b pyle Sy pemg L] s D Sl Slakts ek s e gl e e 2
2 sfate Slblal U] Gy 8 R s L e e L sl e 4 gy L gl e salic
32 sl T Rt T g S i e g B LT ]l aggy s bl e )0 e b e Sl
diret gl il Sl Lo g agped ) U o s Sl SVl cul Tt cales salind Slics Loy 3yl
e U T
Gt i gt ol y 4il 1 aiblonn | Solyjuen Sl aF 28 L el CadtSS sales il g A icallt
il ey o gl 4K g3 b g ooy ik et ey i ) s LA g ey Sy I e
Ayl

e ot o [yl dna o i o |y Py e 5 R 3 g amba 43 Dot Jaima ila gl il pesige
cle it o U s sl sl e Sl S T Sl Gl g B 25
o tied e magn T lr T slad s gl L Ly Lol g alensl SUlE woF Sy oan e e Sl
et g oyt &0 T g o R i g e e ot p gt iy i gt s g g3 00 G Y gyl
Spad et 5l gl Gl | g 3 B0 BT i UF el mller g egfas g8 il 2T gl g oSy el
N IS JEOORNRC 5 . JOO 0 [PV 0 B T s SO M. I P T

(Limit head) w8 o s F-1-4

e e e el and B 2l af Sl e Sle o] S0 Al ainl e sl J.'..Jl,hl.:..ﬂ:l._i._lhy’mhﬁ
L #i ;',.'l' iy _'Hhul.n_-;ﬁ..]._ﬂ.}..u',.".u.;',ﬂﬂ ._;l-uhL'i'AhR:lu g A G et kAl S | ghe

L o e Wl 31 i 48 g T e sy S et (o 33 (5ol S e gl g 3
EVSLIE R UL SR

2l g gl s S oyl sl g8 S g | apolye e gy Ve s a5 inly pas a8z e o
A oy o]

cath splics Jlaade osb bl gal; s o) f8es b o tTalyl ool

T i pm g Fagee L o e o Syl clacdd

178



A A el s iy el et o e 2T b e gl STl ] e el
A plaatle oy s 4, 50l a Sl o ol ppn o 08 natle o m g s o 3= Sl g 0l e
& 3 o 53 lpe 53 ed iy S GO et 1 e gna ¥ atle i Ll i 0 e Ve
e b 8 e e St el e e el Sl g S B F e T e
e A dad ot o I qall g Sote | AR e Ty 0 A e o a0 R A T claaliy
2T e amlee il Lanis

ool e e il ) iy audig S g ol AT gl el B o 2 ol Jlasl el
e U e A1 et s I e ey e al sipione 0 Sl (e g ity ol S oy ety
Al ol ool e aps asly pes gl o hanapey sh 20 sl S p B S s gl 51 2 glalaatla
el i et [ 20 (sl 4 S 2l Gl endy ey e stsame T g0 e 0 ey pf Slles

el

(Control of pump) w255 3-1-1

At oy Myana paly 2Ty s iy el Sl o g e iy i Sl i ey sl S fe
Tt WV P e il St 08l Sac e st Sl T 2 AT et o e g R gl |y St
lopims 21 50 Gl J 2 el o i aaly aipr ok 3 ptm comna it ol (005 ol dal e aaijle
Spie il g Sy o S e e et 8 AT e 3 D S e o Sk i g
ey it Shoaiikis [0 g ol T 8 o B0 e et e Tl Sl el R R e L)
A ol o il ey R e ey el 5 g e sl Sk i ey 53 Bkt i g Sl e il
Al by o ey gl &

Ly g e s B [l Ly 00 Sl 2 o el ot 3 il e pin Las g plan F 2
sl Sl (S Spale alai e )5 lali s v gy T Yl b ek il by i e g
oty i il S dg Uegeng U S L g

a3 el ke Bt gl et o o el R S I gl e et ] e ey
ool a8 gl gl g e Ll acalyd s ) ldigge Sl Blis et ey Syl ey il S sy
et S Al o Sl Db ) ety e Gl ey S L e 4 LS i Ly

] ﬂl,l'?ﬁijaﬂb'ubﬂjaghdjh'guiu e :ﬂl.:rhhbnl,:a*.uzl)la‘,:uhﬁ,}h-

(Futures changing in systemp pic.o 3 7 ol edi #ood

el gt bl e o Pl il Ay s e e gl Ll B s il o Gl Ll
urflelen Bapisma  olyiiie baf g aalit] glon 4,7 ool yle sl d 0 patiga ol 20 8 s b, pleciin | Lyt
i agi glodas wmed glanl sogiman b a8 | 2F ) 3 il g b e |y 2 plad by aily g S 7 e T I g
e g Sl I e siy] o Al g i va SIS gl S b gy e g e Sl e
Sl Al L ey bl el Slafyy g 0 eyl Slis Ve g Ygans oy S sl heslap Slaassia a8
ik ol g i e pne 3 alanel LBy e gl a oF gy e U lany Syl iy Sl
Ao drt dype w it wpong il s Tyle o i,

179



ety kit T8 (P selection)

gl Slot i Slgn Sl Shompns (igman e 2l S al ST s ey B AR S NS W plailes
“iet el Gl il ol Sl g et 3 Dlpes 3 A 0 oSl jas il ipte oy A
g gy Lpny iy s Al gl aja gl s il

(Types of pumps) Lo gl 1-7-4

S vy gz 3l et e sh 10 b It e il 5 1S 0t gy Wbapny sl el 7l e £ e
o aaliied 5 Coglize gla a0 y wilisna ghaia gl 8 Gl |ty £ 1 AT (800 31 KD e 1 iz

Gl i g 4T S mialat Sl i 4 ey Ry ) Slergeat oo Sohple g i gy deppe Slline yoagte
A et il ke Sogem by gy sle A 2 ol il 3 P el AR el g

S T el et

Fars bl gl ey ol o8 Sty w0 Sl s ki phandl | e e ey R i s e ey T

et laa s Tl lmaagaome o bl glsls g by o ) sy S0 il St ol slag sl Kl

il ol gl af ala dgmy sl sl ol b s Tl A any Cpaimaa ity antly Tl I ay glE] ol af
LI B o I B L

180



e g sl I Sl glasa g Lepboe bosial jean S s eme i sleeey it ss 0l danty
ey B ey el it ey e | sy G B ol gl e e e i Sl el ey S g
hq-b.- ['I-TJS_'.]_],._..'I.-_J'_L

9-2

b el oy e g oy e gl el
2 s

sagima 3 e Al e g e g bl Spage I NPSH 1. ol il ojlid | Saohe i qony 5l i
gl e e i g (AT )tk e uu;n;'1JJaI;.Jﬂ4:1’:I}ﬂa|u—ugqsyL.ﬁ;.

B il iy S T L g e 5 T Al |y (e B T el

lodb glalor a5 Gy il ity Gl 31 et 25 28 g YT

(Necessity high head)

waple by W e s i b Sl e g ey L Sy ey B S e Gl e 0y iy
PERE I R PP C S J [FEV S TR, NN St A e o NCIE P
il ) S g Dol e i o e A Yl el e il ) S Sl

gy 1y St ol gl i L Pty sl e s gl iy ey S Gl Gl
Tagad 2aly=

L e Lt - L B e L e =

181



b boeay 2ol ) Al gl ool e gl saliind gl e i e b my K gl e L g e LSS
vl gt o ghed) Bl L5 S gl elet plaelle snmactil o8 il sy e placacd
A bl il

B3 el e b

g ol ol e i iy ] e e S S Y e B g gl 4 o8 o b el e

Tl g gapleed gl gl Ol eeld Bl )eR e ctman Sl i mite Sl dlal 4 2l Sl Res

A elied o pelart gy e Zutpn 1y MaT e 5 0) il Ly ol ek

(Standard requirements) 2 lailbid) Sl IT-7-4

TR PR LTI [ PRV, WY DU R [ GRINN Eet 0L " PSRN | o - SRRV | SRFLE B

P il Ae slnd) NFPA )y soa e il S0 e el ASME 0l o b A TP

2yt ool ol e el laied 51 g S gyl g gl st U e el IS0

Sy by 1ol leams 05wy fiagy 25 h Jangt NFPA glaa L 5l aslica] tesd Sas o Gy o quny 3j9a 53

gyl g el 2l g ampg LAIP Ly ABME gl lucl 5 o s o ploact ool b ol il

sy g 53 IS0 & (gl DibS o btz BS A DIN ahar 31 Ll e slma udid ot azalys ool 5200

po S g e b e ey e o b peltinay Siped palp baa gl ol as aipe 10 eslind o

Sy K s o el cfeed water) jlopl gy S sl ol 2 ok A o) iy aSh e Sl ) gl aslad

ma il ol brigd oF gl ot gl pletsbe o€ 4o ol aus® gl e ceay o5 V0 s ol gl

kit il b i Sl g il Loppe Do B el Sim blee gm0 i d g g sl gy
Syt i gl

(Features for liguid) e ol 5y F-7-4

g e ol y sl slee i bt gl paw S e e ety LS ) L ela Fry
e ey By S sy b gl SVler Bladl plad I gl ] e e o i g oSy A 2 g
3l el s ge el g sl e lals e 2T ey sl il s Progressive Cavily gyl o
e s g peite ol ity ipeny St s b Jleay sl o T T g ey 87l Ypana
silgi g Jya oF g gleng ey Ry 2l e Ul e daie s o e gl el o Syinn | e 5l
B0 e Shyy et 58 Papime 310 T b sl pagtle g 2 T 0 aslind appe Eo o B taged s lp ol
Al el

o S P sl Lol e S Sy 20 Ypman ol ly el B g il ey eyt i L
il 3148 lmangd g 2] Sy g e g 2l s it S Gl | SN o e
] A T

{Selecting of material pump) cuwy we sl §-7-9

i gl el Sl Sl g o o 8 S it g e g ntia S Seny T 3l A e il
B I
il plian ga e o il 50l wede g o8 )| sl g e Fplea Lot Sl sl 5 dlia L
B e e A e

182



S sl 3l o g g s dpmge T Yy S VG i S ke el e 0 ey Vpana
AR i e 3 il g hastelloy odls g 0 o aMonel ssl els glasld] ) o5 e alye
by Sl o LS el 8yge Sl s ey et Do iR w5l e ol elaay 2l i
o Lda o it e e e ] Sl L el s o ey e L S Wk 2 s
P et ol Sy o L i i 12l 1l 3 el S e 395 3y ]y e sy e
b el ey

(Selecting of driver pump) . 520, olesl F-7-4

52 n e aigzm gl Sl Sl S gl Lt el e mmy bl il fleny g Sl fo i
e Sl ania g g Mee Sl R S e

Al il iy Vpaas amn G 4 gl ol e s (S slagige 0 Bl wa e 5
bl L ay g Sl 2, sl g 1) b el i i e 3 ey By g3 )3 g
B e B R e e T
Al s |y agt e sl

Yl gy g [ S s 2y 6y oy il el y S0 S b i e Sy Firewaler glaay o
w3 Pl B S S g 4 e i St e A A 0T e Sy Sl g Sl ) e
At Jo T LS adna 2 piel BVl gl g i Loy yudy s

Py ey e iy 4F jalailen digde SR i 0 Covegly g g (B el P AT il dpimy el 5T edae
F a8 Kl b el gla ey Sl Wl A G diae AT Sk gy p ] el Az S
el ] ol gt aaga] L5 afles |l g e, Sl el gl eny s ool Wzl o il g
i g Brlond Cogly o o Col gy AT me T Ty U g il By gl apre iy S e
8t Uy ot S g S B gl Sl 0 0 e I T e b o a1 By ) ey
e ey gl L i 2 el ] s 8 e Lt L) ) gl s gl
kil

{ Decisions relating to other equipments) Sos Slpepmd agd a by e Sloweai -4

ST i ) R -y A pare il G e ) bl B S e i b g s s e Ly

s s b e g2 (e e ik S b s st ot g glas e alflam g Sl e R ey
o do e o by ey il g 5l el g e e b e ai g b Al e i L S LS
£ sl S g Glighs g ST g A g glaaty gy g0 R0, Ailflaz g e de S St gl S e 8 el
iy a2 ils ol pan g by oy Slaled gaprge E0E g AT slaacia

s by dain SHERL Bl g dylee cal o At Wl Ry oy e g by Do Sy 3 el g
O o el Pt e (g ign il ol el 2l 46 B g g e g sy Sl
gl o gl o |y Solalal dad e g 2 lenind Cdlad iany saidin

A i gt 3 g hF g Wl a3 1) L e Sl el s sy e o Bl amgd gyl g age

Ayl ety gt i g Ly g Bele sl

183



(nguiry for purchasing puiip) o 3 cod oy 2 F-1

e e ke sl o e gt b e I el pld sl an8 it cplhin Eaaa b sbpata AT Sl Y
s ol il e 1 e el a2l ai D p e Sl e b B 0 e S W g it Sl )l gl
il s g pdly S e e S e T e st bl e Ll e
(TRGUIEY | o ol g2 1—F4

ity ol dme By slp e e L st B e e A T Sl et n i e Sl
el RFQY sl jolo ay by o slgaty ol 3 g Lali i ) Smlys 3 el i e

S5 g ppan A3l g Sl 5| Slamkr Ky il S s ol Sk 33l Sl Cllr 5 G Calya
i g 50 g santigd SLIH ey e Dot Ll et My e Sl o Silamta bl W LS sl
P el e iy Shemg it <Sg B g Sy AT e e [y i Bye GV 2 ol Sl a5
SPTPRCY VN [ [P T

dadaadr o baglys g i 8 loasitie y Sletlial A o8 Gy dgs By B T Sl e Sl il 2l 8
g ag Sk e 5 F Sl b A 3,8 e it e o eyl eVl A 2l 0
58 solitd AR 1 a2 3 ge SIS

(Terms & conditions) s La balgs g bl 25 F-F-4

rly g o gbnd Al g Loyl e akd o p 12 gl g Coalyi g2

e pli-

238 sl Lol g sy ol ol -

e il a4y Lo Sl -
Aol a3 gl a3 02l3 i ol -

dailis ol 2 g ol -
by s gy -
o ol ol 3 il 1 =

ol el sl i g sl g Lt s )
ey g e el -
g Sl e st Sy ol galid ela oF alas ol Spmge aall alprty s LB s 2 Tl g g pletsl) -
st gy ead ) ey L sl BT ean g o Bl e Bl s B o Tl il ST f
PP TR SR PR, O SO
o Jed W ostey gl e el 5

“aigin e 4l san ) Ly e s il o saity b eage g a8 L Ly s gt
e il L3 gl |y G Sl By e gla

S g Wy LI

sega il Fagila Fas [y e Lladie fhl g s i n
e e ol ol el B0 g o retll abet i et st et g JelS il lasls A g gy Sladute Sl
O RSV S SR NS PSSt PO I RPCUE S O | & PR, ) [N [ORUITT UL o 1 TSI SPPRT SO R G T
e g, BT RS e el e Ll Ly s AL Sl o ) ey

184



nguiry Form oy ;s o 8 aigai T-F-4

=]

({caly g2 o B0
HER T JCRW :u'.)lj;..E’,'.
T g gglie e
! b el el Tl 3 0yl
t ok jles s 15 s pli
Sl St ot 4 e sy A eyl whady
Ty | s=ly
LI Jralaas - sladucl

(Technical information of pump) e 28 <l 5-F-4

A b5 o Senn Pkt y i SRS 5 )5 Sy Unnng 1t bl Sl i i 5 45 gl
solal ek gty sl ey a R ATy gt n gl 8 il Sl o el ol el
Sa 50 b Lol slagle bl | s S 0,5 aslid 3 il b 33 5l 0 i A i e
et gl jy e afgg el

|85



]

2 sl stk Sl iy g e W0 ot e 3 St | ey 028 ks 0y sl Ygann b A
Sl g aolind W ipag ) e ol gl o 3% e antgd gl 4 Ve o LIS sy Sy | 30
ol mt glalal Ll ay o sdalil o of aoms ) ]l ol 2 Sae Telal (naf s aaly

P RV, UL QRN EPU RS BRI SRR B N PRI RO, IRPCR 1 1 | Y PEPR TR St BT R T |4
iy g it g3 e Sl gl 4y e Sl A dina Sliniad By e gt (ligd 4 gh ey
gt aF o stad gl oSy i Sgley TabioaSles CLT AT Cocl -l b it gl aial Lok Sl 7 Rae
aBngl gl lag e st gl adie glasg a0 satanl slde aped b gpates lfactyd A aadlid
R ) EIE S VNN POy EUTICONE Y. g PRPY PRS0 | R E QS [ PUIYS SR [PTE
ity jugaglye Jala gl aly i il i Jie Ky lyay

A2 sl b Slatra ol e spt el g el el W Al il e 4 e elag Ly laaf =
dalics g Sl ay B b Slasmta cpl et ol plae | (pal e Blaae L) e laina] g Lol ay gl agd Sl s Wil
e ads plal A8 el el g cmlo s ool o w3l e Sl ) 8 L ]

gl ok g Sl 8 e 3 05 o 3 no kel llae Sl a2 - T

jaa e iyl o et iy i e g plas ldnd s g eak salic] Skt 0 48 b dadita s ) i T
Syl oLy g shhiy i g el ol 2l

gl g N 3] s g gty eag B L almn g g Tagd gl a5 galiad 2 F

iPump datasheet] s clelll of 4 4-4

Sl a3y ey Al e 0l ol S ) e A s T W 5 elalas
madlflas Sl oF el e e et ] o ety e a0 I AT gl L et
gl kil gy o gl A glaal 0 gl g el e B leie 4y Sl g

T Tt

It ales ey o8 DL LT et sl s e 50T palie g s mlle gl Bl e Y
el b e (g 1 gl gt

RO PR O R [T S PERCER L N IR P T 59 4% Y o T MG S

g Lo wBlg® Gl il futly a1 s el e alyiiy al) o sactyd o) ) st shadll ol P
ook cein!

s el a5 0

e ol pr i e Bty e i s F

i o S e gl ) Al gy sl W

oAy ela AR A

s Ayl A

e L T st PN

(el jlh gl g e LR NY

- et sl Al mn U T g m agglie Slebllel a0 s elale a8 g0 b saitiyd s
et At g iy ) o8 gl

| Bt



(Other requirements) colys o sl o clal 3l Sz 74
el o g Sl R Sl iy S ol Sy g g |y gdl Pl e Sl Res s oy
et by e gladl TN o B plaan i ) Sy et sllmed o dyd et

(Energy cost) g gl 1-#-4

295 s LN sl 5l Sl wY sntig gl jo il Dl gl 52 1) s Alee laanipa Sl 8l =
A ain iyl anie e gl AT e Sl o il | s el 48 el o
Sl el gl e B 5 ealedian ] g
uliygam ol 32 Jaia ]y golasll Lilpe oalad 2yt I7 29t ca dsdone oy ol 3 il Seppa g B o0 el
W g g el shiad g gl amly g ki ol e St bl l sl dad sslapm Sl e F il maste
Ay plls o 5 el W Sliged

(Life cvele) LOC e a8 e alipa sl T-7-1

i w gz sl ot b e s s o el s o g Faag Sty e as an )
iy g 2l asgza okl LOC gla gle | ailond ayama 5l sigim gyl sl o aglyf glagle o 2lioqeans

Loged g yuige p i s joign ola mng Jaldi) pmag AP paue by i Cuned

e L e L e B
(g0 )15 S0 20 ol ginn dgs Uing it a2 5 Ypama) 5 wigm

gl il g 03T o i, Sy, Lot b 2l i S o ol s glmatsjn ) (SaF Silaase
{nalipy 3l gyl lpenss y Gpelay otdmigpee Jolh (5 iR g presd

Capti o)y e S s o8 glopet 4 e ) o) b ) g 0T

':—'Ih-‘.._w.r‘.;l‘:‘ﬂ-"'-!u_-"'l.r‘.':—d L.;h.:.‘;.n‘_{‘..u.ﬂ!. m|_‘.|-.§|_ 'ﬂqu.'mal;iﬂ_,..s&ﬁ qj&-\l.ﬂ.u
l !'-4'

.0 CA LU L P Y

SUPET AWESHME (o2 a ol
lake Charles -_j=a s

biof S saaa Sy 50 Jlagi 2 Sl sl ns SOUIAVIBIC Ly 5105 L2808 | o 6l L d b dslingyigs

Biraiy A ity b s o
oty d
.. e Yo ihead point)_Ls,: BHP
= v ABHP
LR Fva-- (750%hpia e
il o

187



1t Vs Ju BHP
i ¥ ABHP
1# Ve 14 (LWBHP-hr) g e oliea
Th -E Lbhr oot esicd :l;._
b AENTE h AR £ {Tli.-'l_h.l'hu@_
SrAsA- Fraars [P, B, N T Y
e

el gy i) Jpama g )7 ahalis poled p giiages a3yl
sl Sl AT el et g sl 0 g0 ¥
L n 3 U pTma gl abta e | aasls Y

(Vendor data reguirements form) (VDR ) saidy b clell Sl o b T34

sl by 3 3 Vgana alid (il ) e 3y g oy iy Jm ) sl ghlon S 4T sy Sy 0
AT she I adily e b ol cmg e g o seetging dhiad S i 5 g ) e el iy el a2 e
b e APTE10 &) led ol oy g ol VDR slap il pls o 3-8

i Sl g ol 2 g lgEl g paal 0y, T gl ol g U agbga gl g Sl oF 0 Slaglale ol
D e R
el wgd s g laged glac el

{Experimental checklist) goll g s p St S ¥-1

Ay s 3 s g Sl sy T 8 et Al Sl (ks s g ol g e B 2
woin,d Jolai iladar oy NDE (Zlal Slys dalipalef® silag o s p5as 0 ol ally 8 alaly 8 Juilzd | elaciy,
il g ilesl SR cla bl g e e 2T ()

ety aln g s s g APRGI0 ASME oty sl oS of wias g glti ) 2ilail g papp alid gl sladgai
2y g B el | Sl T et a8 e e 1 B gl i sanlad g slad el gt sdlina] el il
talal L

Al g Sl -

gl gl y tasy, -

sty elfty 3 e el o, LT Pleake gslagpes] gl -

R e R

i alace i, -

et e il b

NPSH ) milsi-
Check List Form) ot S w by slo p 4 aiged 1-¥-4

e Sl g ) gl s 5 sl
dliaat 8 i ig 2 s ad gy XYZ: ot 165

| &8




3y Conals aly gty 3l g 45 g3 e

(5083 Seny

el daleaalyf wlade

alisl it g A4 all

s MM&I‘W&EJH

EERRE

S el sl

EJ}F § ki Gl‘l"-.ﬂ:lmhﬂ ¥ .,q{uﬂ

(e 2lallnel s g i

(npmth gy 2ty gad Sl gt

el by e

AT g e it

“dly 500 e sl g

2A

e Jogt o Tt AT

3A

ol e 0t hagalt il

e

by sl il

FYCEL S SN T 38 CP- 8

Crloe gt S

e T

o i e

B.1

ot s e (]

i i i

Tl s g pladads

Laalls ajluiki

B2

PHE-RITR SOR K (P T T

B.2

sl 2l 8 15

[+R

ERENREAr

sy Jalas 2 i

EXNOUS
(o) dlps malioalyTin

3 las S 81

| &S




il g g e el s C3
w0y Sl o8 C3
P PR C4

slgs gmadl el gla oF

[E4]

il Sl asly e ol
XYZPIABOL ol 5 o fuct

ot S8 0 gt ol

g 4l ool png e B

R PN [
P-LA/B 0l o las

bt STy il

A T

i

gl

alyaly

JENETERET

PR gl

E ERCE [N )

dyly asmdrd il

e

T E O [N

dadyl gty Sl F

clys walip il

L i P

il et gt Bl gl Ll

oyt i b e et

il aea il

WS i

e e TR R

& i L

T g el

gl il

e L Th s

o3 el F

g allgy Jotadtdll

190




| B hf Jobdte

sl el s Flam Sl s i il ol o F 220 e 1 a2 g S sl @ Sl S
i sl g e el 0 4 s W) ) g il W 8 o Gl el R e et ], e
Sl s o e il g sy o bl st e gl oy ey jew S o ol bl et ] e
sty B 3l s Jlake Ml 1t iyt Sl 51 Ao e ssls gl 4T g 3 u) b
ppe e 0 Caped g WP L gine sy o (obma siagd s ontd 2 lhiso o] omlle sl sl sl b clys

e Faar -V 52 oy el Sl o ) g o gl s a0 ]

]

i ekl 42
P YRS PR 1 bl S kg gl ali 8 o ol Ay
Sty g g P-IASE el = fat Sty

XYZ-P-1 ATB-D 2ol ph 30 Jlad

et 18 edli g 90 Slasita o 13 T e Ty il el e

artgdaag el lus g a et heaf o el
AF clenlisl
e i e
O d Al O iy O gl O J&b e
O Olik O ol gl
o e

s o

it O
e O
- O
g Lt e
L e e o
Aees | oo | e | v | e | owae | wral oee| vua| o e P T
(HZ) e
:jl.-g..._,‘_ﬂ_uo
85 sl gl ena O]
dba
B5 1 s Sl e Jona
dba
S i il [

(]




5]

wad gl

5 5 s g 0 ]y 4 g

st S8 0 A

XY Z-1AB-O] o g i fals

XYZ: Al J5 0
P-1A/B a3 s jal

| SRV

: R

A g ois

Silasmtg

sy

s g ey ol

J"‘l.r‘ "JI'*—"

i lr

s PR - P

RPM sz

R S

T

lepr SR

g Eg

L

b gDy

welatd £l

oo !

gl ppem i

JEL PR T PIE

T T

A g T

e

Jik

e

e wilad

shend]

e ajlad

SR s kel pe

o e

Bty e

A Sy

slga

192




(Preparing perform inviices) lecwd slyidey ot aigd A-4

el i3 ol pal 3)la P oy Skl g oK 42 S 290 Sliard sl b algitiy e i
als s ladal e e Sl _,,.J: Py P = R A VR S Y AL A - gTEE

s el il ol tlghe ol e s T LR

adite Slyagend el 2 0022 8 Biga oo

T s iy Sl Sl (s 3 szt Bl

e e e e e T PR

150 9001 walealyr

EPPIFEES S0 A L 1

apt g ol el s g sle e e

e s il Y eSSt st e el gl s 0

3 i Sl sl SUABSgd ) 8 g S0 Ypame Joded wpf ol 393 rtalan susiS i oyl
1y b sladanly o et plam iy Smlm !y ot d e it ey il e o e e ey e

| 90 !
Bl

A gl P b sl ol Ay e iy
A FALA 3y | slagny

Pty iyl AF e gl

oF o ppV Bl sl ohd b 1 et Sl o o Lyt S alaly 4 st oty e w0 e
P sl Aoyt ddaody b T o Ly ol TPl st g JHER deglad e Gl 0 me Dy Sl
atly antla ) il 3yee Sleloed g LGl 3 Gensy g,

laai sl st e s ey B b ey Mipasa A e il | e Sl clac ad s A 2 glaadady slas
byl g o S Sl Sl dpame ol ] atal o | gl Slalgnty Jaie g syl g demge |y U 2l
Leigad by 2ol 2gpe s odp ly e imalandy Sond Ced e spmpe Sl 530 plpoad 4 Tl ey e
P S TORE L AP PRI, SRy [ PRCSOF IS, S SR [ SURNELE I SR e

(Time lor suggesting price) cud sl ) 1-A-4

Sl azila) g o s sl 2y g a4 2l sy e Sy G Sy S L
s sl Cudytyn 3 4T ey sl g liaT 4 la vl et 2 By il plnd Sellad e (e
Spe oy el 5l Sl g ) Sk a2k Ry Sl el i e g gh sladlandy sl az o o oy ol
Glap S bl a8 sl ity ol gl 2ol SR gl Jeae (olazel, K e 4 g aals 2 bl
iy i ehizin

Seachalgitny oibalal g

193



O FE PP UPRAL g VLIRSS G SRR B, MPLIT g [ CEPRR B PETNTR Y PO YL U0 S SR Y I 1 PO T
ag aigs pllan T 5l s SR acas gt alas 2Tl R A gl ity et sk Sed ) pplan g sl agily
45 salid laolgitg | calef gy sl Sl on | Ml Slaj o gluse¥
il st ey By ile eip sl Re cege e ] SeE ety B a8 S ke gl 3
e o b g Ceah gty il Sl W) D o i | S ol el Dl el Sl e i)
Al fFastyd e g s g ol e s e g e el | Lnce B alieny 0D e P sl
(Meeting hefore suggesting PIS) (P cedalyiiy §l fo ol T-A-4
oo g agly agpi o 8 Gl lain® w0 afngp il o1 b Sl vatiog by e manpe 5l i ae Smged 1
sl lfansyd Ay sl ale ol agt oy agke Sl s Cand Slatoy ) L e 5 g g
yags Sl T doke o 0T I wid dogd S gty il il LBy whille |y S sl
sy d eyl 2 g Sty gl sl Sl S 58 e 1 2T 290 el g 12 g intie e
laad oo agmae i e Sl sl e e a1 wf i g o | s Sl o8 o 1]
Al o smled ode Sl 2 1l
gty 5l g g el gl Sl g g il e ool iy 4 et (e 4 _plaad oty ol ey
sy S S b o g 3 AT e Suone Soagd Slgitey il ) e S e e Sl g e i) nd
SR, | PSSO X SPOCH R SO LY FURCH [ T R, [ SO e G SINRPEE S i B
(PIS evaluation ) lecews slgiiog ol F-A-1
ol e e ailimsd bl slgitoy &1 g g My b gl g S sl Cangd Syt Sl WS 3 iy
3 Ol St oy, g dgr sl e ke g 2R il et A e G ) S St e sl AT 2
A sl gl el
il 3 e plaggtel
e Sty iy o Bl 3 gt T g g e BB gL LAl B g Lty e il s
Al g o gl 3 s gyl sl al 0 g on iajge g als i g b Sl 4 e g
Sl wdpalp ) o Sl Al s eyt gl GWalSy d e d alpiiyy W85 il amy iy e laatia s
oged Juaed oy gl 18 8 3 gy ) DA e Sl 23 e A 2 g g S g el
sl el ) Cond alntey AT ala i i ] e leiie il el ft gl Slagile
3l e Bmd Sty e b 8F pigh la gy e plpitny S b gl sled T el it
8l gy oo d slpmt s il o3 Yool (glockae SIS dr 08 it SB3 oy Al
ol dam gl S leslprng aluad w magas B ol o 18 sl g e aise BT b o8 olesanf ol sl
b beg Sl e 3 g el it S LT 5y e ek Bl By gty )] S et el
gt s iy laalys 2yl
(A brief listing of the offer prices) bscw.d slyide i g paitn comd i FoA-Y

o o 2t a7 Uil ) e gl g o s e LG tas s dads Sl el et S algnny 1Ry
3 e ol S ety ol ) i g gl | g T el it S 2l i
Soppr g3 il 2l S jple e algrtg plaf aSnyl el ol SO ) fotoma gy lasa B oty g LS
2t

194



(P15 evaluation of technical matter) b Blad i cud slyiiog ol 3-A-1

i e sl Bl e ladleniey njlalnnpte i Pl el SRl e il Cd ety
PP BUELPe SUNUIE, P NSO S T JHCORL P! [y 8 T PCSE ™ TR (PR [ U P PG JCTPCN L S gty
spmamyd Fatyd B g sk sannyd S B et S0 Gl

L R Ry B e R L
FULES PSP PR PR P TP [T o SOP S N P P A [P, ST R 1F PR AN ' FEITUS g g FET RIS g P
4l e gl f ol el R g 8 pni S e g g ) e iy s TS gy [y
g oo Ammylin o by

ENECIP Yy JCSPIPIPWRTIL RRYT SOV T JCPit RO, PP -y P
Sl el g alfs s o les

{oyeé s NPSHR s o o) bzl b jollas
(ot g A23) ol Sliin glag g

Akl der s il U oogh e flll gl e e A G Sl alad Sy ey R g F e sl
L
(ol sy g B by s e 0 Ee At T B el e aiil) S el e Ty

I L e o
i Cpome | lends it suidy b Canck St 13 ey 4 4 il b it pn sl | Wb amlyi
lilaips g Sl iplas il paip B ties aney il siityd el st Sn by pamie gla Ty o taes
il aad asls Lt Be 0 Ba A 0 APT-610 cany cadalypty s | 5l clatpad aipd ahos
il g

Sl g T Sugm il ol S e pe il o Sges 5 0l mliead ayles g eol 3 BEE b ey 2]
gt A8 il e by 2ol el e 5 2t bl sl ity b e ity (o S gt U gy sl |
arf gl gt e ) it 2Vl e daolre et il sany b ams sl e Sl y et sala

P oy el Sl g e

seadgipn gayla Jhis s ly e Sl ol pul it adls e T WL el it g sy Sl Sl 2
) N R LR - DRNE S B T T 4 ag b i v B o atly izsls e Sl il Sl aplad
a3 Ay
fin agjhedlid e

w5l gl ) G s s g ablyd gan s b ol A ale K T AR o 0 gl elys
o e s s el Sl T e | e L e e L) st sl b sl
i sl e dpme e r amg Tt jled WS T3y et gl aidin @ gl (e g sl By 5l
ol aalyd el o gl Ha s U i e Sy
{Purchasing pump) oy a5 5l 4-1

o eagd o] et el pd el Cod s gl ag olie il Bl s gl o8 Rl ] ey
L N L ARy [P T o ot B
195



g sliaiph g Sl (el ol sty eadalgitiy |l s 08 Eed
i dleppe glaasyia by iy Sode o by Billed ol o ety el placand slpitog il L labagend e Fied - T
and
il g Ty Silalal azyie =¥
P g Sl ) plaacpa - F
apet g e gt 4 g Wi iy e -0
e il i ol | -F
s il ey g Jlt aslie ¥
e aa i a8 gl bl gt i gl -
ool il il Ll ot gl -8
g ) sl Jod W 5o gD o 3] 48 slin Coned 5ty ol 1 Yy A g a5 il ] 2
(The Minal decision o buy & purchase order)ay & e jpbe g0 eln 2l psai 1-9-1

il el i ol o e g e el | i T e s e e
b fli g dii g sty S sl Wl a0 e e L il bs B st U 0t
e g el 1 3] glader (3 2 LA glacay ol F
P slth Sl ol e gt m dalt gl U oa, ol Bl 4 F g e ol e 0
PETJC JCPRRPEN Y PRCAPIR B U LK 5 I O S PO e e T P P S e [
e il 1y o g iy | e plancosbanly gl s 43 a2l Johm  wa sloms
S EE S PSR ISP O Y RO P TIUM) PO« § PO IG 1 001 & J
ol (S iy g S g 5 o by gl 45 g g bty [T il ey jlemg T pn e o o
bl ol Jpbe o g sthas e o e palg glaan B anl L g atl I LS pelen DL e 1E ae
B e e e R e e
e dpe b ok |y 2 e Bl ] sty o8 ltnd g a0 g bl of el sl gl
S g a5 aalys 2l ol i e L o 8 e g, St
Bl e 4 ol dngmgn mody s a il sl oy 2Bl et Tt e ulo fache L gy pasy i
3o g o g0 a8 2 T Jlag ol glaals e o cn Pl gt e 8l ale B aty e santg b
A8 Byt 1y 1 Tla e ey B 10 A8 et AT leddys s
g i i g ptlapas T-4-4 (API-610) (Summary of the pump cycle)

s sl s g g0 o gl 4T ey (09 mieia s sl sui i APT - 610 3 il
g g Sl ol gl Sl iy lade lo e oy g il b Gl e ) pledemeg Siopay e bl 3 le
af

5 g 005 Cpals S 0 il gt ny S L sl iy el (e B3 (g 1 L
S it ay A5l sad aoh Sy el gl p e wled ol o a8 glimie 5w E e G e ete

sy tales S asle e vl gl eiie ey el el

196



(Selecting & purchasing pumps) e o= g ol 1--4

Copad Sl S ey agpF g ol anlh a2 Glol)l jealbe sleisgalod oIS Jle 2 gol; sland
st I Sy e b Bng ol L gy el st TaT gl B L el gl s s 2 e byl
Ga el el (gt S w2l g 2n ) CATNCAM slae 2l sle il b gt g sslic ] ey
=0 einad il damg bodip e o el dpamma lall gt Gl aaliial b cas gleglaannd el el o el e
BoE i oot | g B L e il 8 S el ]

b il slaagogy (ol LE amn (500 (5 mepell pelagl sl w0 iy 5t 50l g gl i Vgana
O el e |y o gt iy Bl Ay ) T e g0 g ey A S
- Myt ke amy ity STl Lalyy g e Sl S S B s ) Sl s AT ol ey
Jeb 2 car et WS lanips SlILEeE] spens Slpgd wrgy il (LS alfags gl le Dl anfd ek s A.IJH,:-I:
s gyl e 12 gl Sl S o5 afiony SAgal | e Aty Sdlrennd 5 i g o lap Slpeged s
ol e e s alen by

waftil gty e i ol Sy plaptac dlap gl gl ola By ool gkt b 21 e g Sl e
Jolt y BLa)l aged bagama o laeay g g olbiad anlp e ol et Wl g oty peand bl Wi L
Syt 4 AT aalie G gl i e 2T R S e e el g S e il S
it nlys aals gt o 2B ey i g s I sl 0 e g e g 22T
{Communication hetween buyer & supplier) saar el o jla 3 s ol ol 11-9

B I N e B e L Y

SA y Sl oF a7 ) el g ey B A T D Ty s tien (1) g0 e 2] 00 e Lad
lagas astyd 5 sl o g emy iy (P g o T0e y et algnitg i 1 08) € Jljpaa ) Sosdyya g ooy (1) omy
(PR PO - Py - P JOS E0  PESURPRRPCE PGt A PR P= X [ X PR ST U SN, 1 = O g

B anls ool il e i ol el ) b ey ol g 2 ey b Sl gy gl Cilamts o ol el

eliagnd biass slaj g laCaogass g dalel oo 0 Ao i e gl ) oSiliaged a e adile dg e gl polie g OF

(23 ]

oaS paoli

uhgl Jaiecd
s 1 oaisS Lael SleMbl Jsls

197



JPERCNN PEVCNSUSI L 8 . oL S FO- G P JUY P, YIS i P PO o ey JRCH %1 NP BRICRe . RPN
e el i L g e e o 5 = e el ol el

) satoals Jtta 238 e ot ol s o dlidas 280 Gl g ledllel il ol g SIS0 S a
anly S dag? (sl T s o | g ol i gl ey oy S s | Jlles 258 S (A S8
N ali s ) ey S gl i A B ol 4] P e ) atas el algrs b s alfy
s

et iy Wi ol sl i e TV Fawma 0 e o) 5003 S i ay e e iz 8 1
it gl gy it el (gl Ll St 3wl B g el S Sy S G e o
At gn aloil i U lacoach gty g lacdyi 3 1 5 e d VY g gl T )y o T i el ey
o PSSt Do aen A aupn opd sl e dee o dipte sl e W e leage
ol el e ot i g e e ek Dt g Sag) e st allen B S0 e ] oSl
T e P P =TT Ty L P B Yzt wad, pn b |y satigibes gla e F aliar Fas s
BN PR L
S g il ail B ey gl g Sl A
(Sirategies for improving the process of selecting & purchasing)

A Gl e 2L L o g alpcliy B anf g S5 codys s 1 BT anld o aniil e g lay s e
elanalip ) e a0 L el g2 2 e e dinn 2l Sl e el s e e
alayl plafle R fapt 2 AT Ced Flanedl & dpdie s fonialy Jaa Dodle and sda LA h oy gl 200 pmdiga
sy Ot s e ol G AT i af liagy g Sl el gl el g 390

198



PP SN RN R E ER TR P LA N :_‘;L.-i-t.'n' e clanf s s ;.-II"'- ane #alfae el ol sasma b
A whiaph g b o o e gl e ol e by il D e e gl e S
il gs 1 o5

lacd o o 2ledlal ploar g Sy o o 2l o dee g ol gl agaladl L0

QM el g ket ] g ] degeme gl et b alph (3 AT 0S L sluar | mald

ol ol g e R glasali g i i el b | By i el e il ey S
A gl |y anls ol o U dnos | IRl Ly o g g e I

.J__‘ngH:_”JJf_‘ALE:U-I‘;hJ;ﬂIi,J.:M‘J‘_A'JLFl‘JL:_\._.'_fulé-‘,lzill_.h li.;._'l-,_'.ud.ulkwu!g',:r-

wpr Lo il ol ) s sl sl 8 il el 0 e s g ey O el
3 il aidlh o gl e slacalled spe o0 bewadt o s ol 1) S ol A e by e

AR oy Sl
{Usage of modern technical information) jsle Sl gla syl salical 17-1

dgf bt e sl lant g Sy Sl gy e g sl e Ll U e ol e gyl
i, g (1 1) 51 T i e s A AT e ] 0l ey e g il g 2l
S (R g iy o el L (T g 20 s B laan 1T e glaili g
{ Pump system & it's selecting) e bl slaailip g wuss oo 1-17-4

e and e pled g st g ARl gl o Fay e Sy gl Bl gl 2T B Ll

B iy sl e 8l ! i i 3 1Sl 1 2 sla i 3 o el e el s Syl
Bl 2 Sl g (ot i )3 Tty o eag aladl g 3l 03] CodS T d ) e Crglils | imia 24,
sl e T bt fana (fucy elebll lantee b fopd g oot glin] L Joe st laa Lad il
3 sl fhe g plodl mn g cp Ay ool il ol et g i dal s ) i e sy e ol
slaaalip g o Syl ool gledlital b a2 giluaiagy Slafllen gl ol y o3lide plondl sl dgmy Ly il oo 5 23y

ol 35 et g 5 g3ty (lli]

I_;|)J_ i n.'l.-.A.':},.'l.i .5'-';',#1 J’.-.l._l = |5LI-J;,¢=..|LT J,‘El LYAA- ams ln..lg o :,._.ﬂi-i i J’J}b JL‘L‘BH_ J'| e¥at
acredy salicel gly gl M m g daady g dad) 4F et gha pepalf o [alice jloms Biopay Slipgad plad e
bl 2N el 2 gy e mp g ke gl gl el oF it g3 g ) el e ey e

o bl s g laaay o 25 ale) dento o maejladl | atda aF ad chebus | coatpe Sladaliy A S g Cai iy 3

il y e o anilys po oF 2o sgmge T o LU e g S A g le s i il I s
it wy il g ailyT, e a8 il agmy jui ol wlipty elbaaliy dcll st JRaE ] sl y ot Al slanta .
CA-‘L,:J,.T,-.HJL:IHJ.: ln-u'\.iﬂ;x!mu..u:.fq__..ln-h aM,dQQ,JamKLIJhL,th,HJ;fdgM

199



ah gy laalip Gl T e e o slas o Ly Lt ganls .4'.1],1“*,_,.,}'-51*:] et g aglade ] Saset oy

anad pe Al cpiog | meed gl 4 S g i ey il g T e ey 0 e

— i laaaliye rpl g acfis ey AR as LS walin K aila g a0 28l I__‘_-.-J‘,].an'j__.]lii lmaalip ol p
b oamd g aals (| F adi s (3 g st gkl Jmomnd S dy S g e lad by et 48 23 Sler gl
‘_;l.ilf_l_d,i‘ _'?1 § 3ty adamey Loy sl __,5.._1 liq,nlJJ._. __'.‘| _'I'_'l-‘}_u.. |J .'_..:_‘__.PuJ.i.d 35l 4 L‘.'r-|_|,h 1:.|.-|_# _ﬂ’:f dali
b g (endl T alnjafiny oo htd MNPSHA | ols o e chltsen al o ceny 3 Slae fpaid gl Bl ol

JENEL PO

S TR T P SR R T T R P T
52 g Al iy T gl i gl o sas e L SliEe anf i el e Ty S by el glesl
J oy oad st aalsy dncd ceey AT el b cnn ol cleaalin cul ebittd are feows Sl pul) pasy Sata

JEETL JUPRPEY PR PR ETL 00 P LN B RS U LT (AP N P

St losis a3l 3ype oF lmasliy b Ygana g 4 qeag 008 oyl il St s oo g lnaaliy
sy adesd ader (Thind-partyd adlt bt Jood oF dils apmy i oo gladabin Al o phafy S sasifa s
eat ] s bty Ry dagd f leaaliy alie sleaid A g b it le las Sad e g
el gy LS Smnd Bl ol podiag od

b ot bty g o e el s ol et Al ) e bl ey ARy g e plaaalin
Jhm gl Shapas o Blal by ey gite glace s o ogBles Gl Slle Ll ol ) aslind
SShT g ol faf dlou g oalde slallas il s W ool (Sl ela 2] gl g (laE Las oy
e ally B gl e T ey i gl b

(System of prices) g Nfcad cloaia F-5-1

Glpis 4 lagas aims 15 aalizal jpe el fpdlaiad wngld g0 i Sappes g emy Ml oS gl lal
el et e o1 Slan gln tomta ] plan f® e ful® amde® ol et wzslet ( Price book) s amder
y Fanf ool glia Bkl balind 7 el S bt plai ey il ila gt dly g i Sl
&l A iy i Sl glaal, o giige e olaal, wond aaies L o) g i S Sl
ol 2pefpm lE sl appe Rl Sl 4l E St il gl e matte g s el i g
e s e e R e T T I e T e
St o 550 oS SN i pm b St 3ype 3 gl W sl A 0 e

ol o gt e S il el o e iy et IF Sl il gty ey U

s [Computer-aided) su a8 Fasissme S50 Kl akind b sl p b dndl a8 Silass

200



S L ECRAPRPE FEICAPIGF PL IR N [ IR T N [ FRPS L LT I . g YN [T SRR T S R L
o lagel da T g a8 gla | gea Lob ) AL el dmey el by ol B e sl o et e
u;.._..'l._.fs,a.'lh LF"'I'!'-I}";""-J l.']_'| o= .;;.L"_'J La ul:.ﬁ;,._:.q;#rl_,.‘,'l_,iuu-_.l .'Iﬂ.i-;;\l.'l._n_‘:- | & I_._.:.i.'l._l_'-l-lll_’_.'_ﬂ-j::.' I_‘lf

CTTC 11T | VI SO [ PPt JUA P U g 1

{Electronically communication) cleylb Sy o500 Jold T-17-4

L bl B3 e e Ll s cenB sl g pbacal g Feld sl aaliend Sl asit syl s e

ekl s Sp by ey b 2L L s e 2 plaeset p tenS L dat ety b L
Data-poleilel el saiiyd pa g iy o Gy cnl 3 S92 Lal (Data-sheet) ol 2l clasf .
S g2 e Ml R g iy el anajld Wl JolT (0 ki 3 0008, e st liags el (sheet

Pt l,igad','qJ_,.g

e Sy ol g = P 3l 1 gl a3 e e o i oy iy, (ol e e el
ot el ol gl aF sty el el e iy it Ol i sl s et S i S S
e wdls Jals g st gl S g e 1F i g paal 1y i g s gl WS e ey e
oy ol e ) ol alpage FasT sl g e Gl e e g gl et gl B ey

AL e alizd Laadls Jals

(Intermel) ol F-AT-4

ol g e e Sl Zead wzily sbidl e Sase abe ay opnd faslinal 199 daa byl o ey e A5 s L
(ORI [ BRSNSy TR T TS SN K IRV S PR S JETH S PPN S g PR PPy RECH -, 1 P [PCHS [
sk Jmad 4 e sanli sl o i) s il saliodd 30m milie Sloag Sligad 5 g e gl 8 8

Apad m S cay Centenl sy ol | gl il el e adlbelises [l ol b o sy salitd LIS i

g gyt oo gloasil B e by Charlh  Foaly i S gl waliial by Sl gy g gMe g euni B e pans ST

et |y g ledebiue oty e bigms s Wepleg Jal Lt Sol o okl 5 g g bl il o
PPN 5.4 I PIN TP g ) [VPd) Y YO S P SR PSS (A PRI P AP o ML+ KR QT 4
oy gy et g ey Jl i G 3 SN e el () g Tl ) a8 S QU e

ATl | anted el o Bl 5l Camn

ER [ESTCPRR ST, LN P . Y-S KT K, PR 11 L TP U N S L] I PN R |
Al e g b sl hle WIS g dnde e e ) sl 50l AR St 4 e e cule )
Al (g pn walh ot Ly 8] S0 B Sl el iy 0 Sadeany s Syl o s g Ll

01



Lo 51t g S Sl gl (B-TO-BY 5y o (el s g a2 ool 0 2y 25200
pland Srmnl B gl gl alhatha LB e & sinia ot sals mpt b ppl o o ey g it sl o sagle
Plo g ety acalys ot sg Sy e ) 5050 b o aal aal 3 ad g sy g g5

by azalys Sy iynd 3,0 0 Sladl JolT g Sl il acle 00, | "agay” sla 0

o s e by Sl ey e Gl aasla m e 1 a8 Gl ey ey Sl sl ] LS
ols Jab7 sla gy otz b 48 il el 3 (S 25N AR o3 iy, iz o izl g |, e ]
gl | pr B | cllosin ol g oy b S placal) Sioe e Ty it e pland g e s

TP PP AP L JUEN - ST [ PR (R Y S L S, LI I N - R R, RS N

it aaly g Sl ) geicmey Bl el el 5 g 0 als ) e G g ) ey a3 3 sy,
A .ui,_- L 3 d-_,l.-g.‘. Al g sl it },.'l'::..- i _,S.,a I_i_i el _HL- § Saad Silesls] Cleaali I_fll}fJ.I:b’.-..
o e Msbes 2 Sy 0 AT - gl el b e Sl (aifile g e e g g s gl alind

dgn -l o aia g gla i

(Summary) e sl 4-4
e 4y o w0 Wlazm y o 00,5 gl 2 U w el L] g ey il by g sl (i
Sl e e 5] e 2 e sslind Wl sl o ) 1 et g el el L Ly sl
3t gy 2 Fotly sla g g Pl Sk el il at g wle ar Jf ls Sl st it o
Lol g i by 0 e ey el 2 et (5t 5 ot 2y B 5 gl g Sy ol
Aa Il e elacidlet ol by and Aol ol T s s At et gla Sl sl L

a8 aalys "‘,._.u|llq.u.ﬂ_,aﬁ.:u.;.a.:.l_,.=._..ii.:.l_,.. m.s.ﬂ-’a'-.:ml:-.u,|_,.i¢e|_,a-qfui|ﬁ__.ﬂ

g L ey ol gl iy S e e gl Sl sls ] ol slin gl el ] e
dal azalys o izl s gagae Bl w aan] o bl actom salind aee Letalesf sl o 8 s 2zl o el
1 ety bl B almgl pbiier sy AW e [ pnie g e S popdd il b ol b St et e I elE jade oy
wlien S g ARl ol lal SLIGE b le Gl e 20T GLed Sl Yay Sl Ay 4 il
el csnms | F aes 2ty men L sl catey s gl e WE e o plonll W WL 2l
g calyd Sylam o L 2y

2



o bowd

Appendex




(Puip SOTIWATE) e caaln 12 20l cla 580 0 0 110
(Simulation software) PSIM 1-1-4.
R P 5O Y S D S PN T [P RS LI S S PP [ R, TP [ [PL L [ - ||
e
odrag and dropi i Jee ¢ Wk ST
16, bkl s il g gl e

e

it giglys S

sl gty

BEP ol sl

NPSH ailds plnd

i sl gny sl pimin il gy 2!

g o

Ay e gl

‘hslzireplacementlules coy ol

2 dslinn

goed el

S dypn alyph g e b

JE e et i g e el il

e 5 e (VED 0l ey

it il eladl gl el e

gl i VT gy AT gl el Ll

(Helix pump manager) o sl al o F-1-1

O A Ay e g el g e el g e S o e sl s sk ) Helin delta-Q)
PSR-, VG PP PSR U 8 P BR[O I M GO o/ % BCK - 1S S0 P TS| DR 5 PR T LMY R
e ke s sl e g e nnd lagd s g e e Sl hale b el a8 ol G el L 1
A i) b e et sy U e g sl | 2 S e ol g sl e |y ULy

a3 aary e o o lesalamd o GRS et efy el il g 0 e sl | el S Bl el sl
g el a8 dals S IE e e salina) Sl o e [pe h g iy led L Glles e Sy e )
0 oaof e o Lot omy oy oagd o g s bet ol adeltn-Quwindows l slisd L 8058 5 Al 3k gl
hadd malE ]y gl ay e g Slelasidle

il ar g Sl

B et el

Jom e

ey 8uE deniline



e 2yad dolne

B

adoasr) pglly ) 12 LB

R

Ly J3h oplact

NPSHe—loe

palgd 1) el el o mge oF colebrooke-white formula 4 darcy weisbach 3 sslicd L Siesl Sl 4l

..Li_'l-u_.-

el i g e Sl e LT Ll e

ko 3 e i e 3y oF Sl g Ay il i et gaan e wi R  mle l
s ol gl g e ele alyl B s ¥ sy s 2 ) am e sy Sl i alalBY saslia
g el gl gl 2o e g il gl i petmen ot e n T sl el e

39 gl g a9 waly Sl S e Sl i dayl e 2T L i 2050 58 A e i e

online pump selection) s Wl s wlsl 1580 s 5 T-1-1s

Tab e A5 ) e Gt et 17 ama e ajlel et wy af ol sl ey el 3y0a g0 gl aaliCirisworld
b an Cilin T andigeng alle wipd bl ks el olalir g 15 Al coung il 0l gl
e Sl St e

AR i Sl Gl 3 4T il ey dnn OISWOTT audlip o 203, 3y |y ung 3 30 Ll 2B 5l sy

dgt Gl et e i b et pan iide 3 e g plead NPSHR e b S iy e el o
345 on Eapt g o8 gl gl S 2 Slee gl NPSHE oy ol lendinn il oo a5,
aama i

e A L e VI e
ol ey 2 0 s DAl Lt 4 et il

wrn Uil e AT e e A el ey i g gy e i Sl S e 2y T
o a3 Sl e y ol i iy

e S e Sy Il s sl

httpe/fwww. atlascaspian. asin/downtoad
| Pump Selection)  gjss wiler ghs o

F PUMP-FLO wyr bsned ol ey a sl il oy o A8 e B sty ajladl o s on, FUTMP-FLAOY
clajlagemy dulef do pal g2 cmagls e VT C oGl g 0t LT s el g 2lyT e 0 iigaTAe o ]ty
sl sty 3 ey s ey B lilicdy o g s pylace 4 PUMP-FIO) 3 sslind b Ls s s
LI O VK B [ R LR i L B

Gl i el PUMP-FLO s o5 iy 5 g Sl wital sy ay V4AF L 5 PUMP-FLO 1l 2 salig
e g sshind ) e gele s 0 ATE o0 gl 2l

05



g Lkl gt eolie et lagho o il oo jalas afl o il ofalacS ool g aglns St AF Gotie aca ae Lot 2

pglad dazl gy S
hitpe/fwww. atlascaspian. asia/download

PumpCurveSoftware.com - Mezilla Fﬁ'ln'fux

& file-jiibomejclambake150- 1a/pd-u150-18-dy ntmi ) CIEEY
Pump & Valve ratational speeds .ﬁ
SO ICTATNON waOH
Pumpll a5 oftwans.com
IGO0 ol
waluct; family & slom (FZ) L1t steph : o
¥ | W farvibyr marvw oty GREMN 3 m[‘-pﬁlﬂ
Sk o sy i e bt
Fogerias; GNE {5 o 3
- _ e — 500 (8-pale)
W | Rip ;
)
-} o
L= -
|- LR T —
I | 1 & = | |

ol * composile APM |
.
= 1c0 300 w0 1,000 2,008 @O0 ; .47
B e W |RPME FORES Hal @ Il

Applet started, =

(Pump curving system) PUS o o 54 o 0 Folots

ity ol 4F Sl s s e A2l cn iy e 4T g e 5 G e s B |, P
e by o e il o 3 g g ol el 2 SRee ] R8I 28 e gl o] ] o s
el e il g anaty pibal LS s g e Sl itk pecnlil e T fhe o I pladl sl
s g o Sl o Sy ooy ela i Lot oS et o Lot PDE LS b i) Sl 4
elhags e wals Sl g e liged ryy g e oF ol AT sinea s cles Gl gl ek e o i ol
et e ST el a ) ey ]l o et el e dlati ] a f2et o lOgxlOgE
b e alond a8 3l el iR bl a ] e e 0 gl eala piled SO ke By 0 cal dead lares

et et Zod ] Ay i e iy

el JoaS3 I 330 g s ol el 3 p Y1



Standard s luitd Operating Conditions. £ 15 L)+
Applicable =y s ladz o Bt AypanaMormal { gt o] 2o 5
Standard {m3hri Ruted {mhr)
S adals
Sited Uity Data s y gt e Shedld Differential im [
Head
SITE el s | Suct, Pressune AfuaMaximun 1 b} oy
Location (barg) il {harg
A et i MK dogma glas
3 Rated
TEH'F-PL] {DC]
Service I T Dhisch . Maximun 1 aal Ly fid
Pressung Rated Al {harg)
{harg) o it
(hperation Contimuus P g P KPSH-A () Eota | A plis )
rmfii!d ._-._.’__.‘
]
Intermintent
Mo of Py I Pamp Design T i
P o ' ' Conktruction
Pump lem enp et | Constroction | zu Hurizontal -
Mo
s o paralkel 25 5 syl =
umn el . i Wertical
in: Series
e F
Wrltage V) yizty Foot
Frequency {HZ) Lol b :
Cemerline
Phase T
#wm | Casing Brackei LN e
Mume of Laguid Jms pls Mounting aliione
Pumping Temp. CO [ toms Femsios s
peasl In-line
W apir pressune {barAp Jir g J2d
Submersihle
Submerged
Sump
Sp. Gr mpeadha fty Radial P
o | casing split daf g2 aliima
wapms Aial
Ll




Wiscosily (CP) gy Singhe Violute aliioa £yl
T Casing
" Type Double Wolute
Diffuser Type
Comosive/Erosive [ ati g alga Impeller Overhung | aiyy o ff 15 epms
Agent el Mounting {la)
Between Bearing
Chionde Content PPN} ad,iF Jada Sems Open Py
Sgmge i ea
Solid Content (PPM) | sl 2 bt Clazed
L
Double  Suction
PEL P
- Customer/Company | : o 40 Ju & WL
Pump Casing iy Contact Person : | g ol
Impeller adyy Adddipss o .o
Shaft il TelephoneFax: % .0 ab
Email
Packing
Shafi Sealing i
Single Mech, il
Seal
Dowble Mech .
szl
Elegtn Motor
Diriver Type -
Diesel Engine
Turbane
Hazardous adbua s Jads
Lone st
Enchosun: dlise |
Class
Inzulation St le S
Class
...................... i g5
. ey,
................ o Ml nglad




(Builder lite) ;30 » 5 &-1-14

e ey el bl o S Lty af o g e sl ey el S ) K Builder lite
ol g s (2 iy ke 8 e i a1 el el e Bam o Cy e g omailer e
fala plsctbuiilder lite 4 g aaf |, ale)s

202 oo NPSH. i - gign piloss 5l o530k il 518 pumg 0 ) il o 5 282 e w3led Builder lite
g gl gt wace 2 led el o ol e qeny S e 5o Bles gl

catf sl bl e e el i e

e e e S i ) Sline e e

s apn gl e e i ol ey

30 el ) o Gl gy e iyl DA 3 | L ey
gl e Skl dat e palh g gl 4F e e

Tl 1y ppliae sy g 35 i L g e 0 ol e b
MR L S M PR [N g ORET P P E S I L DL 1.0 1.0 . L i [ S P o g

(Purchasing Pump) wu &= 08 T-1:
e plod oods bl 2yl fol cony s sl
L s 8 g R T alad ] 2a8
-------- L8y U ign S S il ) S o8 s S
............ 18l anth sl ol LIS A8 walbed ]2y
dfimets gy Fielal B g et ggpnlieh L ae F dled 505 5 evmet Lst peme Sppa | e g ey T
S —— Ly jipn Caie
ity azily cal T ojladt g ylie jgips 4 alai J;mut- B
.......... ally et T et ey ) atl lag®s ] el aglad 2R
sbly e Bl wpmag 1595 Salad |25
Aptlad llasle ey ke 539055 T ajlull "anl 184" Bl e e iaar Bl a0 b iy plEla e

(MEY) il < e o s 3t i |
LI+W LI+%W LI+W W+E Y+E LU+E

S ey 1 |

S ey B e

S0 gty a0 glom




g el e 18 5l e

S Gl Ve o

s Joia 33 53 1 5

(80=V Sly L g ) @l Be Sl o Al Songlin ine gt e el gl e ] g it
3355 et et 33 el e ol o 9 il )Vl Sk 8, b ghile Somglhe 5 ol

et o F alails pli g gl :

iy bkl 5 RN ULV 26 -1 1) 321 i

{Installation form) e sl s b 4-Fote

PR | | | F VPRt SR T T SRS R 0 L T R— T
_..._._..:J,,j,.l Jh_\f IJLl_'l el JLI__-,AH IJ,Lu:l

o jladl 1 sl aala ol slel aulf laie Lidsl } .;4 A |
heaal iy il g g i 3 - E y
EI‘I i '_.. =
1l
7] L
; :
# 4 =
[ ¥ [ i _'!.a | =
EEE
i —
H i H
L —jH 1
} 1
3 i
i aleile pli g ali | SEEE——
rleaai el g g 1
.-J.JI,H.%,-U“-U
sy b sl y g
= 1
|T! "lr
8 LT
b -
1 L3




(Check List Control OF Ple) § 5 oLl Sl 1208 o S ¥-T-1.

T Geiiseaess ———
_______________ t(hp) gige oopad b g T
--------------------------- pes U e gled I L ]
Ciladals g sk e sdilla | 3l ajks
o _*Js ; Ly o
5 yplaian
TR
i 2 il s g TR
S -, |
ey 8 el 0 sl aly
.................... | s
s 5
ple
id i aile
=y ol 5 s
St ajladl ajll
i alaile sl g b s alade ali g pli
it gl chodial g pgs L T



e e 6

.................. LUhp ) g g i fnd | Jokt
sl T et e vty oo guee il

e plandl o 3 g 1y 350 Ll iy g 3001 0l gl

bl it e 1 A e T gl b s lad | Y

J’ﬂ,‘_lri-'ns mul:uu o - .nky_higpﬁiuhyq"jlaﬂahﬂk_ﬁ"r
chasbad Sy |y scans Caad Gl Sl ol 8l g0 e aSallee ya 4T

ol s s e g el plales o F

e Camilaols g eailes g Lo g4 11y g5 ol e

chatlad dilies 3l s Sl 1y g il 03, 300 o d g aFHT GHI polie jlsalinad b+
iy b= HI+HTH I L i o pis sl ik i)

J.iﬁ.l.i-,jlijh_l.\ Eﬁj'rmh.uyﬁﬂﬁnﬂﬁi ,1]]._]'?1_&4.‘._-7”.-_1:#"
.ﬂ-_H_Lii HEH- |, e

Pt (SRR gl Gl |t ety o

crlad Cadilaaly 1y oy Jyas Fo 380 cla saby palderh

[T 3T 13 |

(A Jparl glide

(V) ey glade

sl bty |y g 3518 ol )1 ks o 355 51 et

¥ Y. L — gy il

ok by v F Pagla sgrg ol 42 duidn
T alails sl g aU 1 T alaile sl g pli
iy b claial § g et il gy pfn

212



Convert Table) asly Jiay Jgas -F-¥-1e

1 a4 3 e
A6 fdels 33 a2 MY ladt g 2y LIS
0.0k (ke 3 a2} m'h {adds ey Limin
&0 {mel otz mith tafda g oafe s mimin
0.227 (ke 33 sz M 2 il AT GPM 3 Galimin
[EEY]

3600 {ebs b afa zmifh facill o aSa =y S
100.9 {43 uafia 2a) MY [ uafia gd) S
1.7 [N Y | (832 5 wpeae i) 1Y M
00283 foiekes 3 ot =y mih [EE———

FEEe “ e
e wal ta L bur
1+ il st { il atm

AT il 32i (ager il Om Hg
FaL o e (e el 2 ing) DN (i}
i al s (JELyPa
LT3 - i el Mpa

X il e il g
“PAL (k) bar (pen gl o aoag) Ihfin'(psi)

A 1k bar i JEsbisaMpa

P & I s
At {3y sy Hip flyals Kw
- ¥R Gyl T {jl= s Hp

213



RN | TP
el 2k ot gl B el s g ey gl B -

IPAT Ll 38 e o Pl et el Bl ol e iy 2 )] gl
iyt b lpley S iy 2 ) g ppay g e -

English

= Pump handbook, lgor 1. Karassik, MeGraw-Hill, third editon

- Practical centrifugal pumps, PareshGirdhar&OctoMoniz, Elsevier, 2003

- Mechanical science{vol 2), U.S. Depariment of Energy

- Pump Systern Analysis and Sizing, JacquesChaurette, Fluide Design Inc, 2003
- Centrifugal Pump Handbook (vol 3),Sulzer Pumps

- Design OF Piping Systems, m.w.Kellog Company
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