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Hleaal Jalse

Skl ¢LaY Aalidl (ay¥) dalis — )

aic 05K of Sar s (Waliales colaallall) ad)l class Sl Casllaal) mdawsall = Y
Bkl bl paa% 8 "fise

Ya/y
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Adasall )l V) i Jsia aguia — ¥

dapla sle by AALY) Aalll e Sl g @ Gslhaall Qpuiall A Jsagll 40lKa) - €
el Ay Bkl e Balje A5 lie dpabiandyl) Al 208 gall oLuall (g5iuna g 4y il
Byslaall

s gie VO v A e agaadl (8 Gl Jedill osete G H g Y1 68 sale
Adaaal) das

B piaal) ) a5 garal) 3)Lud) daie aai 4V Y

L " aaall 130 ¢ AR H o WY masty Vi 3)lall Jledll oaill aas ot ey
2 T gl W Vi oylull e A 3
A (e By garall Bl mlanie Glua Sy 438 Asia g (G

\Y
AW: FH ............. (1)

Vi) Ay Gala ATy serae eia (8Ll s aliall (e 43l 5ptiall ylal) Al iy
Ll e syl hd e YiY ]

S siss b g Jsbs H g il 8ol dalie (e dadad Jiay 3ysanall )bl mhanse off g
PADa a2 Ay dxdadl) dalise bl

A\NZEr——(r—h) ................... (2)

Sypdiwall 3ylul) a8 Caat=
gyl dadadll g @iyl = h

. 2r " :
gL 3 =h gy oS Laie
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Ay =0.906 r?
B yadieal) Byl kb calua Y -V
(3) Uslaall basi 8y saiall Blull prlases ilin aay

A (e (R8s + 3y3a0a) (D) Bputineal) lal) kb lun ¢Sy 4l

—o | AW
0.906
:ji
D=21JAw
b
! h
S
D

Centrifugal Pump LS sa)Uall cleallall § Y=V =¥

ol ey dalal) cliglaill b lesas o151 ST o 40l syl claallal) of Cu
tliallal) (pe e i) 53g] Aalad) il gall Gians L Lah )58 Leils 55 oanal) il

e S et L3S 50 3yUall liallall s
Specific Speed. el eyl — |
Impeller Type . aagall g8 —

Gagyall (dagite Cial ol dagite dag e —

VA
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e sl e a3 -
Stages. daball 2 —a
daaly Als o i il —
cdalyall Baaaia —
Casing <l g5 s S 53jUal) ciluallall apnsi (Say LS = 2
Diffuser .l culd caluadlall —

Bl ) Aol 8l Jipnd e Gl il i Gdd) asmgll Gy desd Cus

Volute gilall cadlall culd caluallall —

S gl e sl el Aol isni 8 sl Gy plie ig3lal) Jenss -
Jara 43l

( Single suction with a single inlet on one side). 1t s 3 Apalla -
Double suction sl daaie dualh -

Aaalhy @l dsalbs Jie 2lasind) Ayl b L3S se 52)Uall colualball danss (Sayy -
Uidie OlSa (o 4ad) Coglhaall Tasl) (8 duallal) jesd Cus Gleed dsalhy i)
(palecll) aylall Jad Jals Jasha 3gany 3530 daallall (5S35

L3S e ylal) Aallal) ¢ f3al

td B3Spe 5)Uall dsallall Gl el oSl
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(D) Ll pn =

Aag el -
.:L\A.U:J\ Qe T
.d:m;ﬂ\ G.m\)s - a

Casing «idallgl Aallall acn —
(Volute) Js&l) Agita — )

(Aepmall) ASpall A8l Jsmgs Aagyall (o sl Jilull 48 eaty Cum dagjall Jaimy o4
(pas) b ddla )

Diffuser &l Js& Je o — ¥

T Ay de e sl say L) 50 US 5aly) o Jeny s dagpall e ag
delual il day 23 dsgpall e il

Double Volute zgiye Agis DS - ¥

Jumdl W) i UL, Radial thrust aplill a8al o8 oo Lo byl Jass
Adle LAy senll Sl gy dsellal

Multi-stage pump casing Jalyall saaia dsallall CiME — ¢

Aage JS 0n Al Ehlua 550 4 3 @AY Ll dilel e Gilide L G,
S (i = sle) el e ale piay sag (A) ) Alaye e Jilad) U i g3
cdaball e cava dlysh by juelise Ay leaseat oy dladio Alaje S

(Impeller) dag el —
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.Single Suction sl 33)30 dag e —
.Double Suction sl dasaie dagye —

) Wk ATy Baals den (e Wysma Aag el ) i) Ay i) o) @3 duallal
b Ll 55 (saall) alad) pdal) 358 ()5S claallall (e psil) 138 e gkl Cadll)
JAy duny Gl ola) A Gl sSaa el (e zg) Alia Gl zeaiell il ld dallal)

0S8 s ¢ AV (gnall) alall ada 38 e JS LIDE Lysae Aag e JS ) JiL)
L) T 4l

NS A pall S8 G U] dpallal) Lyanss a3y
Straight-vane impeller diagive Gy Gl dag e —
Francis—vane impeller _uualg (fhy Gl dsg e —

Mixed Flow impeller Lbida flbyw cilddsgpe —

Propeller or axial flow impeller céq!\ dagp —
L3S sl ciliathall cilisial Cag

o3y (Al Aagyed @ Ll cdagie Choal) dagidl dagd @3 el
cilon sl aals il Ganla e Aalae dagsall O ) aag daansl

Y/¥
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sl Capal) dallas ilans G ) Aialll — wdyll s

clanglly cNslially Jeal V=Y V=) —Y

Jslaall el claagl
- Impeller diameter dagydl D mm
- Nominal bore of pipe or S 5yelall 1alall DN mm
pump nozzle 1odll) s
. 3 JA
- Conversion factor for SIS il Jysill Jalea Fh _
total head
- Conversion factor for SN oyl Jygatl Jalas Fo _
flow rate
- Conversion factor for 5o L€l Jygnill Jalee Fn _
efficiency
- Gravitationl constant Ldlall el g mﬁZ
=9.81
- Total head SIS H m
- Total system head SIS Aaslaiall ok Ha m
- Static head S a3l H geo m
- Shut —off head Sl g, Ho m
- Head at best efficiency 3618 Jundl e o)) Hopr m
point
- Static suction lift Sty Cnd) 1 Hsgeo
- Static positive suction S ) g HZgeo
head
G sall
- Head loss i sl Hj m
- Head loss — suction side RO IR - Hy, m
- Differential head &l )l AH m
- Speed Syl e pus n min™
-NPSH required bl ) Lk NPSHeq m
st
-NPSH available ngall Conadd) Jaaa— NPSH,, m
) alall
- Specific speed e gl de yudi Nq 1/min
- Pump power input Asallall A2} 5,080 p kw
Jshaall s Cilasgl)

Yo/




ol Capally (ol 3l 485 Cillase 2% dag plg aranal Gun (5 peaall 361 Enaail Al Ziall)
sl Capal) dallas ilans G ) Aialll — wdyll s

- Pressure atoutlet of | 2 7 jaa vie Ll Do | N/m*(bar)
plant
-Brometric pressure e g sl haall- Do N/m?(bar)
- Pressure at pump 3yhall 4% die laauall- P, N/m¢(bar)
discharge N
FEVIAL
- Vapor pressure of liquid Sl el b Dy N/m?(bar)
- Pressure at inlet of plant | i, i) Jase vie Licali- Do N/m?(bar)
- Pressure at pump suction | . i 4a% sie Ll P, N/m?(bar)
nozzle
FEVIAL
- Differential capacity ) 3l Q (m?/h)
- Flow rate oyl Q (m?/h)
- Minimum flow rate N Gyl Qmin | (M*/h)
- Optimum flow rate Al Gyl Qopr (m*/h)
- Flow velocity Syl de o Vv m/s
- Flow velocity at outlet zrae e Lyl e Vav m/s
section of plant
L slaial)
- Flow velocity at dat die el de V2 m/s
discharge nozzle
Jykall
- Flow velocity at inlet Jane e Gld) Ay A m/s
section of plant
L slaial)
- Flow velocity at suction dat die ljeallie o V, m/s
nozzle
&?\;.u]\
- Height difference i g LY )l Zis m
between pump )
Laallall 3,k Cand)
suction

- Loss coefficient 5l Jalea T -

- Pump efficiency Loallall s li&— n -
-Friction coefficient Ay Jelae A -
-Kinematic viscosity Ao U1 U m?/s

-Density sk P Kg/m®

AYAl
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Pump percepients clallall cijaaaa Y=Y V=V -¥
Pump Flow Rate 4kl Gipai Y—Y—Y V-1

& Al Aol 8 CanSall iy Guling el Bang b opladl Jilull aas s Q Capl
gt

Pump Head 4dsalhll ad; Y—Y—1V-3-¥

) Aalhall dau)e Adangd) Al ( @433\ aall, ) Al ddldall e dlll H CA)S\
Bl o gil) 35l iy jally a5 adia el Jilud)

System Head 4aghiall ad) ¥—¥—1 Y-\ —¥
e OsSh HA dashaiall IS £8)1)

ClS 13 L Ll plalls Comdl geie o g WY1 8 Gl sa Hggo (Suliu) ad)ll -
osaall b ) Gy (Sl a8l ol Bl g el e ol 3kl Byule
.L_b.an g)}.u:u

alaall Clesiall 8 QL] 5y ) Cusnlia G liall 3 gl -

Pu — P
P-g

Call aulge (B lldy Laldl) adadlly Gulaall 28sllg 3)gulall A i) 81 sa
Lkl

il zgyall 5 Jsaall b clepull (34 e gl Jaaal) —

viav —vie
29
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i slaiall IS ad)l () ey e

2 2
HA = hgeo + P&V—Pe VAZVE s
p.9 29

zoals Jsaall b clesudl (34 G ) daall Jlaa) (e dleall ciliplail) i
agiall cilegliial) 3 (2) a8y Aslaally aslial cilagliall 8 (1) o8y Alsbal) adsi

pav — pe

Ha= ngo +
p-g

+ 2H; (1)
HA = ngo + > HJ (2)
Speed  hgall Aspw £-Y—1 V-V

sl clild) Gl s o G Aol ol Aile<) Sl Jaiiy Al b
2:\31.1\)@53\ u\S‘)AALv u.au\ Jadll ‘:J! & QLC)J\ c&ﬁguW} Q\S);.A\

(pump absorbed power) dsalhll Al<gtiall 5,08l Gluwa 6=Y—1 1=V =¥
Pump power input 4allall 41341 5,81 —

AS)nal A e daiead) dddlall dgale o 4SS0l d8lall & P odsadhall 4305000 5,0l
Ay Aalad) aladinds sass ag Ll

p=POQH Ky
1000.7

Lae ¢ jaally daallall 200K 3. Y 8 1) G

Over All Efficiency of Pump — Motor System

YA/Y
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Dirve power s al) 4%} 5,48 —

ataraill 3oasall Gl e el ddasy yiad GJ\IJLU ol Capan o ol Jlaay dam
COlalee A2t Wl Aleadl el 8 sl Aalllll A1 5l el e oy
V) asaall e D Lalaall o328 JE Y5 .l iaal) )38 ot xie Safety margins gl

%Y o g d Er e Ji Gl aall —
%Y g d Ve g e S Al el -
%)\ e Ll AV e e ap Al Al -

G e dudhll ssle o aSlgiie 5y il (e 30l o328 Caudiali
t ) lelye ae (Q- H cUrve) dualhall ¢l Jimie s L i ial) Jeiil

ostlaall g pall s -

Candl i glunsl e ST (58 (NPSHay) el ilal)l aasall Canad) dakia —
NPSHgeq wsthdl lall Cagall

gallll SISY1 S P/ il -
Pump Curve  dualhll gla) dade W=Y=1 -3 -¥

H o)l s WS alay Q dadhall Copad 8 4338 all s)Uall ilaallall 456 4oy v -

aiady (Self-Regulating) dadl 1A Janal) dpals W ciludhall oda o8 lly e

Colladl  dlall Cagdl condl Jaicay 1 selill UL, Podsllall dlalall g8l
Aadl e NPSHq

g sy allall iniey Copele o yial) o3 aaen Ty il 38 i sy -
Nl Janl) ljsae

Y4/



ol Capally (ol 3l 485 Cillase 2% dag plg aranal Gun (5 peaall 361 Enaail Al Ziall)

Lol Gy el DA e g 13 Y) sluall g dag3llly p 486 el ciliniall s —
Al gl Galsis 1S5 b Nidie Capall sbia

2083 43< 5l ayUall cilsallally alall cuhuril) G ARl o34 (VYY) Ay JSEN G -
a8 isiegl Flat curve e Jiaie ahadin) cadY) GlS13) dullall Jaiall cag )l
il 8ypemy st dnallall Aas l lasdy) aad sl Al g Steep Curve lassy)

O h ad)ll Gl cagyla i Cnd Janiall Jisiall Al A Lgie

A ladY) pad i) G mly diey Guiaiall S (VASY) a8y JSE <y
cJaadl 2S5 s
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sl Capal) dallas ilans G ) Aialll — wdyll s
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Total Head

M flat curve

steepcurve

Capacity
DY) Buadiy dagiall Agallall ciliada (YA-Y) JS&

Piping System Characteristic _swlsall dashis Gailad V=YY=V 1=\ -¥

(@wa\) M}M\ G.i;.m &LJ:Q:)! Q :Lmuan Q_Q‘).\A.! Aa HA Q‘JSM M}Ja.\.d\ c.‘.) e
Loghidl Saalinally S3ULY) adyll (10 MS il 13a Jiays Piping System Curve

-(System)

(gadlll dan e CEBEY U ) Heo oSmndl gl (o Sulin) siall oSy
Ala a iy ) P TP g bl 2y s e o Tkl b 3l 4d) "lias

p-g
.(open System)da sidall cleshaiall dla 8 a2ainy Yy dath daleall il ghaial)
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O Gl 4 Cilima e pudl pe e 35 53y Hy gl 88 (n Saalisal) a3l )55y

Viav-Ve . . T

.(E)}uu\) M)L.LAM UASLAA (\ ‘l—\’) eﬁ) d&..d\ Oy

I< ’/
<O( . _ V& - Ve
Lf] ynamicpart = H,, + 5
g
> v
= t
wn
>
Static part = Hgeo + p;gpe
r .

CAPACITY Q

ahal) 3y guula daia (V4-Y) U8
Duty (operating) Point Jadall ddads A—Y—1 Y-\ —Y

iy (Q — H CURVE) duallall Jiaie g adalél) Adass a9 B Jiands ddads JSI 2aaty
13 ) Aaadlall (H &8y Q apeaill JUillg) ddadill sda iV ( 8ysmlall ) daglaidll

Gashiall Gaae gl D dag el ki ol N dualhall o))en de s oy

(YY=Y) &8 JRA Gaw WS (N) Aol 3aly Jurdal) Adads puas (Yo —Y) o8y JREN Cans
LBE Guaa pladi) Gk oo Jedil) ddadi
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Totel head H

Capacty Q

dsallat) :\.Q)uééﬁ yhll 3 gule Asia Ao B3 A Bl M\Mﬂ(* ~—Y) Je&
n3.AN1 &

A

Gate valve

Furtner closed .
piping curve H,

Qplines
Gate valve open

B operating point

P-

llig adlly cipail) dada o B3 ) Bl g Jedal) A olSa 43 (YV-Y) J8&
cwaall dad ity

A
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s sl el (gl e e Jexdd cladlall S5 oSy )iyl amas 1
Sles Al Je Gladhall aaadll Glaass 35 b lady dllaall dagaally culd il
sl

Parallel Operation (gl Ao Jalall 4-¥-1 V-1 -

ald B Judill 3k vie (igllaell Capaill elac) e saalgll dualkall 3080 a2e s & —

i (8 Lgmaen iy (sl (e Jaad ST Giaalle Jaaoiy aile Jgeanll (Saall (4

o e lsallal) 6 G (Apabad) L ) Alall oda 3 Juadys sl sl skt
(Al ) (uladl)

Cai Lagie MS ot (g3l o opifilaia iisalls Juani (1 YY=Y) o8y ISl gy -
Lagd Oialls alaains) (YF=Y) o) O3 can WS H pdl) i die Q casthaall Capusil
geais B Jianti Ak sie el dagliia i (A laazmy QI ¢ QI Gt Capess
Gsbug) Q SN oyl o Jgemall 11 dpallal QI Copeatlly | dpallal QI iyl
H S wdl e xie ((QIHQIN gslas) H S 28 (i ie (QI+QI

Series Operation gl Ao Jaddl) Y o —Y-1 1V -¥

Q a0 Capail H dasall Gglhadll ad)ll clac) e 3aalgll duallall 3)laa p2e Alls 4 -

dpallall g Mgl e 51 ) opsalls Jinis Gl oo Gusllaall adyl) Gaias (Say 4sld

Slo Vady Luallall Hy JSH adl pamys .o 130 s A0l dpallall Conas o 6 1Y)
Q Gyl i die H o JISH ad )l e Jgeanll 13685 .00 Y 2y Auallall Hy o))

VA
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TOTAL READH

5
A Pump (or Pump™ ) curve

Pump 1 + Pump 2

Piping Curve

B Operating point

Hg Shut - off head

sl o ouililata civalls Jaads (i YY-Y) Jgi
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80 AN

\Sel ies Combond

60 \
\

& N
=
]
5
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Discharge m’sec
sl e oiileie alls JAS (o Y YY) JS
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sl Capal) dallas ilans G ) Aialll — wdyll s

Hg A
Pump I +Pump 11
I
Pump [
H
o
B
= I
EL. Piping curve
B Operating Point
H,, Shut - off head

CAPACITY Q

Gl Ao Cijalll il cpialh Jadd (YF-Y) JS4
Suction Characteristic cadl galgd F-Y Y-y -y
NPSH required «sihall Alall cagal) caad) B V-F—1 V-V —Y

2lb ey duallll Jala b s Y Lexie ) bl 43585al 530l cluallall Jaxs Y
Lial  (Datum level point) ulall (ulul (4 ) Ciswie e Lkl a3 VI a3l
ool (A ) Gsuie iy Jlll Al b e NPSH ilall aagall cand)

cObel JalaaS fia +.0 Aaill oda e Caliays dpallall ciliaie e pdgy Yl

§A/Y
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NPSH availalable zUall Alall caagall caud) il Y-¥—1 V-1

oadll dai e a el dlall Casad) ) Lkl el elaf ddais e
iai e O (Volute Casing ) addll awall cold 4681 cluadlall Al iy Akl
G 3m ol wl Al DA dla IS 1 Gl ol e el dagally ol

bl

o3 8 (Suction lift)casw adly asay la 8~ bl bl Gl Coadl Jaziza =
adcn el JLd) Gisaia e el dudhall jeaa o6 Al

2
pe + pb + p2+£_

NPSH ,,
p-9 29

H,, — Hsgeo

F0sSs 43l Aagide agliia pladiulyy kel slaall sa Bl o il
P, = 1 bar (105 N/m?)
P. =0 bar
p = 1000 kg /m°

g = 10 m/s’ (including 2% error)

2

eblad o ol G4 el of im0
g

NPSH 4 = 10 — Hj1 — Hggeo
.(\‘ Z—Y) )y JS&N (e el Y

(POSitive age aw deag Ada ‘_g Ctml\ @LA\ g._a.;yd\ ) Lria Aaald —
suction)

tadcn Ayl Jild) gt Jind duallall (&5 Al 520 &

2
Pe + pb—p2+£

NPSH,, =
P9 29

— Hi1— Hsgeo

£4/Y



ol Capally (ol 3l 485 Cillase 2% dag plg aranal Gun (5 peaall 361 Enaail Al Ziall)

t b ALl clal gyl s aalg

NPSHaV ~ 10 - HJ1+Hsge0

(YOmY) oy JCa (pa b ey

P ]

datum level

Hsgeo
Open Closed
Tank Tank
Pb Pe + Py,
Pe=o

Gl ages o zlal) ilall cagall Gad) i (Y- Y) (S

Open Closed
Tank Tank
Pb Pe + Pb

Hsgeo

datum level

Ceagal) aud) as Ll Plall Gagall Gl s (Yo—Y) Je&

On/\"
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(Head loss) (HJ) (ad)) hiuall 2818 ¢ -y 1 -y —¥

daiiviall jaulgall A& Jaal) 3818 Y\ —¢—1 V-V -

H=7— Al (e Haulsall 8 daraiall 28l oy

29

s a3l udsall e ie) « o S H) Tkl 86 ahasass (Y1-Y) a8y JSA g
A o3g] lee 3alai€ Gllyy jaudgal) o3¢ Aaliaall U 8 5)Lall dabid) ¢ ld pall

dapn de( Ade ) didai ol Hladin) Al 8 alasesdl) 138 e A Al aill alai
Shadl saloll el e Acsiasy Lla sles ulsd) o Jliels oY 3a
O sially

panl Hy laaall 8l 21 (YY-Y) &) JS8IL mcagall abagasill alaind (Sa
L< Surface roughness (k) W dahdl £siall Jobed s (58Y) el & 153l
Wy = S Alae o diall bl Sl Jglaall alasin) (e

lsh e JSI Takal) 3506 ynt) (sdaall Vs Galall) Galdly 2l Jphasll plasind 2 -
( Alee AaplS ) 58k 8yem Hy p mhASY audsall (16

dalil) adailly Guslaall & haval) $Bgd Y—£—) Y-\ ¥

Onal abasagill aladin) (Say aild (V=112 -Y) 6 AGL) ADL i Gaday —
Hy Latall 8l Gad zlhanu) (Y-Y) (V=) Al Jglaadl Gy (YA-Y) &8, Jall

uageaiall adailly Gula) b 2 Jalaas
D) o3¢l (b lae (3uliiS adivy (Y4-Y) JSAIL prasal) ahasasil) —

LAY 8 e %)+ daalall adaill Giay) ) 38 e (Sas

oy /Y



o) Cipeally iyl Blsa A il 365 Lag iy apanc Gl (gl 3580 Eyanl L1 Ainll

calaall B 288l Jalaa (V) Joa

Globe, fully open 10
Angle, fully open 2
Gate, fully open 0.15
Gate, § closed 0.26
Gate,  closed 2.1
Gate, 3 closed 17
Swing check. forward flow 2
Swing check, backward flow E
Ball valve, fully open 0.05
Ball valve, ¢ closed 55
Ball valve, # closed 210

dualdl) adadl) A i) Jalea (Y-¥) Jsia

Fitting K
Well rounded inlet 0.05
90 elbow, threaded

Regular 1.4

Long radius 0.75
9" elbow, flanged

Regular 0.31

Long radius 0.22
45" elbow, threaded, regular 0.35
45" elbow, flanged, regular 0.17
Return bend, threaded, regular 1.5
Return bend, flanped

Regular 0.3

Long radius 0.2
T-joint, threaded '

Through flow 0.9

Branch flow L9 |
T-joint, flanged

Through flow 0.14

Branch flow 0.69
Sudden expansion
dy/dy=0.5 0.75
difdy = 0.7 0.51
d|.'ld3;0‘.9 0.19
Sudden contraction
dy/d; = 0.5 0.3
dy/d = 0.7 0.2
dy/d; = 0.9 0.1
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Short-Circuit Categories
IEC 157-1 has two categories of short-circuit performance outline in table12.2

Short-circuit performance Rated Operating Condition after short-

category sequence for short-circuit circuit tests

making and breaking
capacity tests

P1 o-t-co Required to be capable
of performing reduced
service

P2 o-t-co-t-co Required to be capable
of performing normal
service

o Represents a breaking operation

co Represents a making operation followed, after the appropriate opening time
(or immediately, that is without any international time delay, in the case of a
circuit-breaker not fitted with integral overcurrent releases) by a breaking
operation.

t Represents a specified time interval
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Temperature-rise
Type of material description of part limit (measured
by thermocouple)
Contact parts in air (main, control and auxillary contacts):
Copper 45° C
silver or sillver-faced Q)
All other metals or sintered metals (2)
Contact parts in oil 65° C
Bare conductors including non-insulated coils (1)
Metallic parts acting as springs (3)
Metallic parts in contacts with insulating materials 4)
Parts of metal or of insulating material in contact with oil 65° C
Terminal for external insulated connections 70° C (5)
Manual operating means :
Parts of metal 15°C
Parts of insulating material 25°C
Oil in oil-immersed apparatus (measured at the upper part of the o
oil) 60° C (6)

The experession “silver — faced” includes solid silver inserts as well as electrolytically
depostited silver, provided that a continuous layer of silver remains on the contacts after
the endurance tests and the short-circult tests. Contacts faced with other materials, the
contact reaictance of which is not significantly altered by oxidation, are treated as silver-
laced contacts.

1.
2.

3.

B

Limited solely by the necessity of not causing any damage to adjacent parts.

To be specified according to the properaties of the metals used and limited by the
neceaslty of not causing any damage to adjacent parts

The resulting temperature shall not reach a value such that the elasticity of the
material la impaired

Limited solely by the neceasity of not causing any damage to insulatin materials
The temperatureriae limit of 70° ¢ is a value bassed on the conventional test a C.B
used or tasted under installation conditions may have connection the type, hature
and disposition of which will not be the asmeas those adopted for the test a
different temperature rise of terminals may resuit and this will have to be agreed
May be measured by thermometer.
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CAT . NO.

DIA (Inch) (mm) DIA (A) DIA (B) PER ROD
5/8 1200 5/8 14.2 1.53 RB 205
5/8 1500 5/8 14.2 1.88 RB 210
5/8 3000 5/8 14.2 3.79 RB 235
3/4 1200 3/4 17.2 2.19 RB 305
3/4 1500 3/4 17.2 2.73 RB 310
3/4 3000 3/4 17.2 5.44 RB 335
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(V.. y o) Bl i cygaall AGAA 1951 G B8l A3)Ba c (V= F) St

Losses In Kilowatts at operating tamperature

No load 1/4 Load 1/2 Load 3/4 Load Full Load
Oil No load | 2.8 | Noload | 2.8 | Noload | 2.8 | Noload | 2.8
Askarel 2.6 Load |06 | Load |23 | Load | 52 | Load | 9.1
Silicone Total |34 | Total |51 | Total | 80 | Total |11.9
dry — type, 3.2 Noload | 3.2 | Noload | 3.2 | Noload | 3.2 | Noload | 3.2
150° Load |08 | Load |33 | Load | 7.4 | Load | 13.2
Total | 40| Total | 65| Total |10.6 | Total | 16.4
Epoxy dry- 3.2 Noload | 3.2 | Noload | 3.2 | Noload | 3.2 | Noload | 3.2
type Load | 0.7 | Load | 3.0 | Load 6.7 Load | 11.8
Total 39 | Total 6.2 | Total 9.9 Total 15.0
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1

2 3 4

Parts

Cooling
method

Tesperature Maximum
class of temperature rise
insulation (°C)

Windings (temperature
rise measured by the
resistance method)

Air, natural or
forced

60

75

80

100

T\ MW m|>

125

150+

Cores and other parts

(a) adjacent to windings

(a) same values as

Al for windings

(b) Not adjacent to
windings

(b) the
temperature shall,
In no case, reach a

value that will
damage the core
itself other parts or
adjacent matertials

il A B gaial) cigaall §yal)

A b ULy agaa (4-Y) Jeaa

1

2

Part

Maximum temperature rise (°C)

Windings:

Temperature class of insulation A
(temperature rise measured by the
resistance method)

65, when the oil circulation is natural or
forced (non-directed)

70, when the oil circulation is forced and
directed

Top oil (temperature rise
measured by thermometer)

60. when the transformer is equipped with
conservator or sealed

55. when the transformer is neither
equipped with a conservator nor seald

Cores, metallic parts and adjacent
materials

The temperature shall, in no case, reach a
value that will damage the core itself,
other parts or adjacent materials

Note :
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1 2

The temperature rise limits of the windings (measured by the resistance
method) are chosen to give the same hot-spot temperature rise cannot normally
be measured directly. Transformers with forced directec oil flow have a
difference between the hot spot and the average temperature rise in the
windings which is smaller than that in transformers with natural or forced but
not directed oil flow for this reason, the windings of transformers with forced
directed oil flow can have temperature rise limits (measured by the resistance
method) which are 5°C higher than in other transformers.
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il A oy gaiall Iigaall Jala (V0 —Y) Jgaa

Ki= Initial load power as a fraction of rated pwoer
Permissible load power as a fraction of rated power greated

K2= than unity)
= Duration of K, in hours
.= Temperature of cooling medium (air or water)
Note

Ki= (54 Sy)and K, - Sy/ S;where S; is the initial load power
S,= Is the permisable load power and S, is the rated power
Values of K, for given values K,and t

K1=0.25 | K1 =050 | K;1=0.70 | K1 =0.80 | K1 =0.90 | K; =1.00

t=05 + + 1.93 1.83 1.69 1.00

—+
]

1.89 1.80 1.70 162 1.50 1.00

1.59 1.53 1.46 1.41 1.32 1.00

1.34 1.31 1.27 1.24 1.10 1.00

1.23 1.21 1.10 1.16 1.12 1.00

~ |~ |- | ~+
1
OO | IDN |-

1.16 1.15 1.13 1.12 1.09 1.00

t=12 1.10 1.09 1.00 1.07 1.05 1.00

t=24 1.00 1.00 1.00 1.00 1.00 1.00

ONAN and ONAF transformer : ©, =20°C

Note | In normal cyclic duty the value of K, should not be greater
than 1.5. the values or K, greater than 1.5, underlined, apply to
emergency duties

The + sign indicates that K, is higher than 2.0.
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Assuming the same service life as for continuous operations at rated power and at an
ambient air temperature of 20° C, the transformers may be subjected to a load eycele as
shown by the curves below:

L

. : 1 0.5
15— o=

K2

Yon

o
e
(e

i

The curves airin accordance with the [EC recommendation of 1972 which permitsa hot-
spot temperature in the windings of 140° C

In which :
Kl: initial load referred to rating
K2: max, permissible load referred to rating
I : duration of K2 in h

Note:

In certain Cases the permissible overload obtained from the above carves may be limited
by the tap changer and bushings, therefore if it is intended to opera in the Transformer
with aload cyele involving overloads, the height of the latterand the nature of the load
cyele should be stated

Gaoall dagliall dgall Gy ciligSall 03a add (£1-Y) JS
(Fire Resistance) (sl daglia Vo —Y—Y-¥

i Y Sl (Slg Gaall Aaglia (Agaea) syl lae ) 5y sanally ilal) CNsaall yiiad

S Bhal day s ) i) Al slsall 03] O e Laty Gl ALE e sall Gl

v agall Jalall yoiagg (leadaw e el (e Ladie 3alall jaiuddl GlpaY) lavie a3

e e S e b salall Jlaia) ddadi &8 ofs Gyl salall daglie lie¥) b 32
Adaine dyga Cigl 4l daead ol vie Jeny Jsad Lal) Jsasll (Sa Bha dass

Mafind 2ay ) Goall egliadl dsall (e JlaisV) dhis (VI-Y) L8y Jsaadl
H ) oo ledn S (38 asay pde die iy (Al o Lgh)shaad G50 KUl LSl
DU Al Ll HlaeY) 88 Cad Gl ey . apall sliae Llee ojlie ) (Say 3l

Y £4)Y
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a0yl e O EAE 3.3 . P ,J . . . 3 b...\ﬁ wl e LT S
Aglead)

3

aan e Caigy ail G "Ly Dlale A iaall 30kl )hal) e (alddll Jaee e

OsSally oot AVl uasi Laaaal (pisSe e Jonal) 138 (5Sis c¥aall (g5le daslay

Nl o3gd 6y Slae ity Galy A el ol "Wilia yoeg dagdll 3 5T J5))
cdsaally Al Glagally Lilsad) Jo Gpall (gyexill 530N SEY ¢ sSall (L

Al Laglial) dgal) (land Jaidd) AL (VY- Y) Jsaa

Material* Fire point (°C)
Silicone liquid 360
Midel 7131 310
Cast resien 350
Class (1) +

* For comparison purposcs mineral oil is 170°C Askarel is non-flammable
+ These designs are virtually lire proof

Gl Laglial) dgal) Gand Slal (e paldil) cN¥ e ad (Y Y-Y) g2

RHR
Material Convactive .
(Kw/m) Radiative (Kw/m)
Silicone 561 53 25
High fire point hydrocarbon 546 361
Epoxy resin -- --

(Connections) CDluagill VY -r-Y-—¥

Db Apa gy (addiall baaall cuila oy asll E¥gaal 2l Gl Juag o4 -
Slo dsanll Say ga dllyy ol 3y 3k e a2 & e (Y)
RPRPY VN

DG Sy aa (B) Gl Apasiy el Jarall cula a 480 Glild) Juag Ly -
DU ) )

You/Y
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Ay ) ) b ansl) Gud e Al ke VIS alasiuy) A3lal cDagll -

S "esd SSY) o Lebley Lasf Dy11 dluagill ,axi5 Dy 11, Dy5 Or Dy7 sl
allal)

sanll (Sadl gAY cDlpagll ) dilayl cdluagall sda (£V-Y) JG) cuus -

Aele

sl Catyy Jaa) 4aie el Jaall cililay (alald) aniall Aagy JS 138 3

el lie sl "k agl) midiell baall Gilile & Siledl)

(Umiiial) Laruall) 4ysillls (bl Jaiall) Adlay) clildl angl) o dalyl las) -
Slo 3l calas] 13 o<l L Aakial A0 aaly Jeae aladin) Alls 8 daal 53 e
Y ald Vg angll ADle (i Lgd c¥sall aren 5S5 Of oy 4ld aals Jsme e S

AT U Jsme e 300 40l Jysat ol sl e c¥saall oda Jexd ) (S
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sl Capal) dallas ilans G ) Aialll — wdyll s

Synihols Conneciions

Code Connection . .
B h ABC ahc
D0 | A [ LA | 8
0 ARBC ahec
Yy0
ﬂf{]\\c a'Jh\c H'E ahc
DO | s Ac¢ | ard, ks
B 1 ABC
Dy ﬂ%ﬂ I:_<|], ABC m
a
5 Yds a.J]?c “ﬂh s m
a
Y5 |4 e .;‘,E,h pr
B Cr—d ABC
ow LAVl
Co, o2 ABC
ﬁ Y}PB ;':'!.JBLC ETE H-(i: ahe
D | Ac| ¥ B9
B h ABC ahec
oot [ A |
B h ABC ahe
11 Ydll :
ape | 0 | | Y
Vel o Lo | odne | URE | &5

sl cgaa B aladial) Asild clegana (£V-Y) US4
(Terminals)  Juagill cililgd Y Y-r¥—Y—¥

SsaY) =0 e Gl A e cl¥sad) b il larall Juagl) aille oS8 -
pabisally COLIS L ge ikl Ly dasi Jaasi ol A sana (g5a
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sslas COUS Govia b e (58 o) W) gl el daiall Jua gl e Gy —
Ala 3 o COUS Govia (sl Algiaall Mall Jaial) <DUIS Alla 3 3iglaaSIL

Sl (LD AL Ll o Cila @l (& PVLC S XLPE il

(Cooling)  cisaall oy VYF—Y—Y—¥

Aglagll Coa) (V7-Y) 8y Joaad) Gy Aerdioaall ) Akl Wk c¥sadl) Capas =

a3 e s k) elsell i) wyi Gk e GsS apill Gyl el -

Gk 0e dsaall hmall alsell ) glall JE5 Cys Jpaall Gy il sl

(AN.) slsgly Apmaiha sl Tl 038 Ciaa iy g Laiyly Alsua 5l

Sy alh slgdl Gl e ghall Jll QB ) g ) Bl e il -
2all AV e 33k Byhall Gl st Gy Glilall 028 (358 £s8aa cloa aladia)

bl ) il dllyy Al c¥mall Al b bl ola e WA oS -

Lags e Ve Bhall daps glin) Ala 3 A0kl dagpe dordi pe olselly
(AN/AF) 23.3))::3\ Y gnuﬂj Balinall
SV @al) e ficsens aladiu) cany ald Jilu) 3 5)serall <Vl Alla

o Adls Gl ey B plan aps Ayl Caoagl Al Gl as Al Cua
Lk 3 Cuill 138 (b gl ety Laads laagdl il 8 5yseiall cililal) Al

oe by Al GlS 13, ONAN & @l e dllall Can) oli slsell Gl (e Lad

Gob e ofiphll o LAl (Say ONAF (585 28l Ayl (8 g sdaall elsell 505k

JLll 5l Aaya sl Alla & S5l mdaws (358 o lsgd) adal AS5lagil Aag e i
Jsnall (e 3,38 3015 (Say Sty ONAN / ONAF (il diyylall Cagatig cpuma 2a (e

A guna daiy

£ dagye U ALaYL Joaddl Jab cyll gl o sacluall  ulh sadin) ve -

OFAF zausis &bl (o o1sgll

ayill 4 daanlll Agplall Gl ST ad Yo vchall @l Vel Al b -

¢ bl 13 galall mdandl (e il had Apailly 581 38 mhaw ) a3 ONAN
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Jesi Al has Aasale canlil alasiny L) s ol 138 e Jsaanll (Sas
2l alaainly o paldl 8 aadiy oS LS adaud ) ol el e caldl cydl)
(Banks)le seas 4 dle g Al ALl olull dediiiall Gl ABleall oyl
iy Ll aladin) Alla 8 Lie Aalall Qi 4yl 50 LS ad )l Ghal) s e
zoll digee (ae),Y) Amdyl) zlall Zl (e Ao gias cyy cliba ) cdgll b

sy Galad) 2yl il Agepde 235 5 el e Jsaaall

st cigaal 4yl A8k o AL G ga)S Aardiceal) Ailagd) Cijall) (VF-Y) Josa

Kind of Cooling medium Sympol

Mineral oil or equivalent flammable synthetic

insulating liquid ©
Non- Flammable synthetic insulating liquid. L
Gas G
Water w
Air A

Kind of Circulation

Natural . N
Forced (Oil not directed).

Forced — directed Oil. D

(Ventilation of transformer enclosure) ¥ saal) ssle dypgs Y E-T—Y—¥

o die el Bha dapn ) desi o diaall e Bl glSe Jals Jexd ) ¥l -
CYsaall jae ALY (gyspall (e lld oy Bllall elsel) (A o Al &l (o Jaal
Csaall i avaa vie P Ll dae s JlaeY) 8 Adgall o3a 335 O
Bagana hall dayy A sabll sda (6 Y
gl AShe e 2all (8 o) 03] Ay05 sl plasin) Clies G Alsall dee gy -
zshall o3a Ailuay o1df 3 o adiad Y ) dpmpdal) Ay sl Claan Gy yhall day

Uadl e alial Leiig e i Ly
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) o cagn cVsaall ol plall dapy Asalll -
cJsaall LK 88l =1
(5025 Jsdd) dysedll colandl dgliall dalall —
Asgll g pally Joaall clatd o Alledl) Apud ) Adlsal) —a

Jsaall by CoL Bilall lad Jaudy Liaddie ()6 Lysedll Jodo damdl i) pasll —
Neie Sy Lo il sl puag s

Lilall b st Js 5pdle snal) (358 0S5 YT ool Alle ()68 Gseil g2 438 —
Joaal) 4% e 0)g e ol Jonall 358 B lsell o Cumy Joaal) daid e 2l
oAl st )

Caaig bye "lglue A Al 4 06 Jadll 43 o zoyal) dadl glayl B -
sl ¢ i)

tAEY) Aga ) Al e g Al At ) Jsaal) dadl Aglall Aaliall sl -

A =0.06P

ccly LI haie c¥snal (e el K sl = P
canal il 3y dalaall = A

sl aha das oo 25 Y donall b elsel yall da ol KLl Loyl Gdasy -
Aste oy AV e Sl il

ool zods Jsdo Jalise 2aad ahases g (£A-Y) &8, JSall

e gsbe (8 CNVsall (S5 g (£9Y) Q8 ISl
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(Insulation Strength) <Mgaall Jjal) (52%) 858 Yo—¥—Y-¥

de apaaill e e 335 o g Gilly cisaall Jiall 38 (ssie LR S

oo e el oLl Juad Ly cappll Jaly oS5 Al Vel Gl LS VO (ghina

Sl g saeeY) e (S5 Al cNgaall Cild IS 90 shie diey . DS Gyl
Aflsel) Jashall 3k e led (peS)) LAl duas Sy

8 0.8
7 0.7
6 0.6 T
Al (m2)
i 5 05f ; /
4 0.4 /
5 0.3 |
2 0.2
1.5 0.15
1 0.1
0.9 0.09
0.8 0.08
1 4 5 6 7 8 910
10 40 50 60 70 80 90100
—P (W)

doaall £15g Zody Joda Aadd dalua yaad alagagl (EA-Y) JSd
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H
=H=l=

—% AL

G »
" [ ANE

Lr 1

Gl ggle A ¥l s (£4-Y) JS4
(Parallel Operation) gLl Ae <hsaall Jads VR-¥-Y-¥

PN

deall Ayl Al i -
gl dal) s -
Anileall Gad it —

Lol Ly aBlaia Gl Led illy Aag¥) A gl o e 6] 8 s e
Dyll oiluasil) i @y JBa ) hsil) o lae Sland o (S Jpnasill J5ay ol
(ol sl e e Slexs off (S0 YAIT

o3 A g Jome S Lelaaty ) JSI) Jead) 3 385U A Anilaal) da oSS
Allie 32y JS daslia (sSa of Al

tsts sl e Jenl) xie laey) 8 il ey g)al Lalis elua
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Current ratings and protection for cables laid in air with rubber, PVCX or paper
insulated conductors, in accordance with NEN 1010 (2nd edition). Art. 152°

Nominal Single—core cables Twin—core Cables There and four core
Cross Cables
g:::;u;?l Highest Highest Highest
Current nominal Current nominal Current nominal
copper . . .
rating value of rating value of rating value of
SELITELS the fuse the fuse the fuse
mm? A A A A A A
1.5 27 25 24 20 20 16
2.5 40 35 31 25 27 25
4 52 50 40 35 36 35
6 65 63 52 30 46 35
10 88 80 72 63 2 50
16 115 100 96 80 80 63
25 150 125 -- -- 105 100
35 185 160 -- -- 125 100
50 230 200 -- -- 155 125
70 280 250 -- -- 195 160
95 333 315 -- -- 2353 225
120 383 335 -- -- 270 250
150 440 400 -- -- 310 250
185 500 450 -- -- 343 315
240 583 500 -- -- 383 355
300 670 630 -- -- 425 400
400 790 710 -- -- 490 450
500 00 800 -- -- -- --
625 1040 1000 -- -- -- --
300 1200 -- -- -- -- --
1000 1360 -- -- -- -- --
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Current ratings and protection for cables laid in the ground with rubber, PVC or
paper insulated conductors, in accordance with NEN 1010 (2nd edition). Art. 153°

Nominal Single—core cables Twin—core Cables There and four core
Cross Cables
g:::;u;?l Highest Highest Highest
Current nominal Current nominal Current nominal
copper ) . .
conductor rating value of rating value of rating value of
the fuse the fuse the fuse
mm? A A A A A A
1.5 34 35 30 25 25 20
2.5 30 50 38 35 35 35
4 65 63 50 50 45 35
6 82 8 65 63 57 30
10 110 100 90 80 76 63
16 145 25 120 100 100 80
25 190 160 -- -- 130 125
3s 230 225 -- -- 155 125
50 205 250 -- -- 195 160
70 350 315 -- -- 245 225
935 420 400 -- -- 295 280
120 480 450 -- -- 340 315
150 550 500 -- -- 385 355
185 625 500 -- -- 430 400
240 T30 T10 -- -- 480 400
300 g35 710 -- -- 580 500
400 985 900 -- -- 615 500
500 1130 1000 -- -- -- --
625 300 -- -- -- -- --
800 500 -- -- -- -- --
1000 1700 -- -- -- -- --
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Current ridings and protection for cables laid in air with (cross — Linked
polyvethylene) insulated conductors
ACGILED Single—core cables Twin—core Cables There m,]d four core
Cross Cables
g::_)ec:lﬂl Highest Highest Highest
) Cwirent nominal Cuirent nominal Current nominal
C(flf:(lljll:;tlor rating value of rating value of rating value of
the fuse the fuse the fuse
min? A A A A A A
1.5 30 25 30 25 25 20
2.5 45 35 40 35 33 25
4 35 50 52 50 45 35
10 75 62 7 63 60 50
6 100 80 95 80 80 63
16 135 100 125 100 105 g0
25 185 160 -- -- 135 100
35 225 200 -- -- 165 125
50 270 250 -- -- 205 160
70 340 315 -- -- 255 200
95 400 355 -- -- 310 250
120 480 400 -- -- 55 315
150 55 450 -- -- 5 355
185 615 500 -- -- 5 0
240 745 630 -- -- 505 450
300 850 710 -- -- --
400 1000 800 -- -- -- --

YIA/Y




ol Capally (ol 3l 485 Cillase 2% dag plg aranal Gun (5 peaall 361 Enaail Al Ziall)

o) b Baaally XLPE 5alay Ag jaal) dpaladl) cBUISH L) cliia (YV-Y) 0

Current ratings and protection for cables laid in the ground with cross linked
polyethylene) insulated conductors

Nominal Single—core cables Twin—core Cables There and four core
Cross Cables
geoclinal Highest Highest Highest
area of . . .
Current nominal Current nominal Current nominal
copper . i . _ : .
ductor rating value of rating value of rating value of
con the fuse the fuse the fuse
mm- A A A A A A
1.5 43 3s 38 25 31 25
2.5 63 50 48 35 44 3s
4 82 63 63 50 57 30
6 103 80 82 63 72 63
10 138 125 13 100 96 80
16 182 160 151 125 126 100
25 240 200 -- -- 163 125
35 290 250 -- -- 195 160
50 360 315 -- -- 245 200
70 440 355 -- -- 310 250
93 530 430 -- -- 370 315
120 600 500 -- -- 430 355
150 690 630 -- -- 485 400
185 790 T10 -- -- 540 450
240 920 800 -- -- 600 500
300 1050 900 -- -- 670 630
400 1240 1000 -- -- 775 T10
500 1420 -- -- -- -- --
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Current rating in multi-core cables laid in air at an ambient temperature of
25°C
Current per core in A
Number of

cores Rubber or PVC — Insulated cables (XLPE) Insulated cables
1.5 mm?* 2.5 mm? 1.5 mm?* 2.5 mm?

6 15 21 18 25

7 14 19 17 24

8 13 18 16 23

10 12 16 14 20

12 11 15 13 19

14 10 14 12 18

16 10 13 12 17

19 9 12 11 16

24 8 11 10 14

30 7 10 9 13

37 7 3 8 11

(Voltage Drop) gl 4 a8dl) y¥—¢—¥
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De-rating factors for the variation in ambient temperature exceeding 25°C
Temperature (°C) 25 30 3 40 45 50 60 70

D"E'mtmg XLPE|[11| 1 | 095 | 091 | 0.87 | 0.82 | 0.76 | 0.65 | 0.50
actor

L

De-rating

£ PvC | 12 1 093 | 0.85 | 0.76 | 0.65 | 0.
actor

Lh

0

De-rating factors for grouping of cables lay in air

Number of cables 2 3 4 5 6
u"'m““f equal to cable XLPE 13| 094 | 090 | 0.87 | 0.85 | 0.83
l1ameter
Cables tvpe PVC 14 081 | 078 [ 077 ] 0.75 | 0.73

De-rating factors for grouping of cables laid direct in the ground (depth up to 70 cm,
distance between cables up to 10 cm)

Number of cores and

. Number of cabl
size of the conductor Uber of cables

Three
Single | and . . -
Core four 2 . 4 . 6 8 o
cores
15 | XLPE | 0.90 | 0.82 | 0.78 | 0.74 | 0.72 | 0.70 | 0.68 | 0.66
16 and 0.88 | 0.80 | 0.75 | 0.71 | 0.68 | 0.66 | 0.64 | 0.62
17| PVC | 087 | 0.78 | 0.72 | 0.68 | 0.64 | 0.62 | 0.60 | 0.58

De-rating factors for variation to the heat resistivity of the soil

Specific heat resistivity of the soil | . \ < 200 (very
(°C.cm/W) 50 (damp) 100 130 day)
D?'m““g XLPE and PVC | 18 1 0.8 0.7 0.6
actor
De-rating factors for cables on racks
Number layers on racks 1 2 3 4 5
De-rating | XLPE and < . - - 5
factor PVC 19 0.56 0.38 0.32 0.27 0.24
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3-—Tables of values of the loss of head J.

In practice the roughness coeflicients used most often are either
O-tmmor2mm,oran intermediate value such that it is only necessar
to take the arithmetic mean of the two values of J correspor ding t
each of these coefficients k (see page 991). The diameter of the meta!
pipes is standardized. The following tables give for current dizmeters
the value of the loss of head through friction J under the least
favourable assumption of water at a temperature near (0°C with the
maximum viscosity. :

YVY




as a function of the diameter of the pipe and the mean velocity -

(1) For new pipes (k = 0-1 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C.)

TABLE giving the loss of head J in metres

PIPE DIAMETER : 004 m.
Pipe section @ 0-0012566 m*

PIPE DIAMETER : 0-05 m.
Pipe section : 0-0019635 m?

Mean
velocity Head per metre ‘ Head per metre :
in of pipe length Flow of pipe length Flow

metres,” in in

seC, MNew i Existing fitres /sec. New Existing Hitres /sec,
pipes { pipes pipes pipes

001 ! L 00125 0-0196
0-05 | 00628 0-0982
0-10 i 0-1256 G- 1963
0-15 : O 1884 0-29458
020 0-00211s 0-2513 0001590 03927
0-25 0-003138 | 0-3140 0-002358 0-4909
0-30 0-004329 { 03769 0-003248 (- 5890
0-38 0-005694 | 04396 0-004281 0-008237 0-6872
0-40 0-007242 | 0-5024 00054514 0-010690 Q- 7854
048 0-008966 | 0-018576 05652 0006708 0-013468 0-8836
0-50 0-010861 | 0-022868 0-6280 0-008115 0-016587 0-9817
0-88 0-012895 © 0-027640 G- 6908 0-009668 0-020046 10799
0-60 0-015116 | “0-032856 ©  (-7538 0-011340 0-023826 1- 1781
(-85 0-017493 1 0-038512 | 0-8164 0013118 0-027924 {2763
0-70 0-020072 0044652 { 08792 0-015013 0032374 P-3744
4-75 0-022793 © 0051212 0-9420 0-017030 0037128 14728
0-80 0-025647 0-058227 10048 0-019213 0-042210 13708
088 0028681 0 065742 10676 0-021509 0-047658 {6690
0-90 0-031845 0-073703 i-1304 0-023948 0-053429 176714
0-95 G-035190 | 0-082110 1-1932 0026496 0059524 1-8653
1-00 0038546 0-090981 1-2566 0029155 0-065955 1-9635
1-08 0042143 0-100299 13194 0-031916 0072710 2:-0617
110 0046021 | 0-110081 13822 0-034782 0-079801 21598
115 0-050052 | 0-120327 P 1-4451 G-037750 0-087229 2-2580
™20 0-054224 0131019 1-5079 0- 040884 0094980 23562
1-28 0-058535 0-142157 15707 0-044152 0-103054 2-4544
1.30 0063011 0-153760 16338 0-047549 0- 111468 1-5525
135 0-067647 ' 0-165809 | 16963 0-051090 0120200 2-6507
1-40 0-072428 © 0D-178322 1-7592 0-054745 0-1292714 217489
1-45 0-077423 | 0-191281 {8220 0-058509 - 138665 2-8471
1-50 0-082570 | 0-204704 1-8846 0-062386 0- 148396 2-9452
1-88 0087865 0-218591 19474 0066373 0-158463 3-0434
1-60 0-093293  0-232907  2.0105 0-070459 - 168841 31416
1-65 0-098874 1 0247704 20733 0-074658 O- 179568 3-2397
170 0-104657  0-262931 21362 0-978953 0 190606 3-3379
1-78 0-110597 0-278639 21990 0083420 0-201993 34361
1-80 O- 116671 0-294775 22608 0088020 0-21369) 35343
1-85 0-122893 1 0-311375 23236 0092732 (G-225725% 3-6324
1-90 0129260 0-328440 | 2-3864 0-097557 0238096 37306
1-98 0-135764 0-345951 @ 24499 0102487 0250790 3-8288
2-00 0-142410 0-363926 2-5132 0- 107526 0263821 3-9270
205 0-149244 0382347 25760 0112669 0277175 4-0251
2-10 0- 156222 0-401232 26388 0117920 0290865 4-1233
2-15 0163337 0420564 2:7016 0-123271 0- 304879 4-2215%
220 0-170586 | 0-440342 27645 0128772 0-319217 4-3197
2-25 0-178048 | 0460601 2-8273 0-134336 0-333904 44179
2-30 0- 185708 ] 0- 481290 2-8888 0- 140046 - 348901 - 45160
238 0-193518 © 0-502442 29516 0- 145863 0-364235 4-6142
2-40 0-201476 6-524058 3-0158 0151786 0379905 4-7124
2458 0-209576 ! 0-546121 30786 Q- 157870 0-3935899 4-8106
2-50 G-217815 1 0568630 31412 0164058 O-412217 4-9087
3-00 0-307923 | 0-818833 37698 0-133038 0-593597 5-8908
380 0-414432  1-114518 4- 3981 G-312190 0-807948 6-8723
4-00 0-536204 i 1-455703 50264 - 404498 1085283 7-8540




TABLE giving the Yoss of head J in metres

as a function of the diameter of the pipe and the mean velocity -

(1) For new pipes (k = 0-{ mmy) and (2) for existing pipes
(k = 2 mm) (she temperature of the water being at 0°C.)

PIPE DIAMETER : §-06 m. PIPE DIAMETER : §-08 .
Pipe section : 0 00282744 m* Pipe section : 0-0030265% m*
Mean o - S S
velocity Head per metre Head per metre |
in of pipe length Flow of pipe length Fiow
metres/ - in e e b in
58, New % Existing litres/sec. New Existing litres/sec.
pipes i pipes pipes pipes
801 0-0283 -0303
0-08 01414 0-2513
210 0-2827 0-000256 - 3027
015 G-000753 34241 0-000520 G- 7540
0-20 0-001249 05655 0000863 0-00143% 10053
0-28 0-001856 07069 0001280 9-002213 1-2568
9-30 0-002557 0004713 0-8482 0061775 0-003154 1+ 5080
35 0-003364 O-006354 0-58%¢6 0-002336 0-004263 17593
@40 0-004277 G- 008262 11310 0002994 0-005539 | 2.D106
0-45 0-005289 0010406 1-2721 0-003702 0006969 | 2-2620
0-50 G-006412 0-012803 14137 0004457 0-008568 2-5133
g-88 G-007633 0-013466 15551 0005339 0010347 2-7648
060 - 008961 0-018374 16965 0-006274 0-012290 3-0159
G- 65 G-010388 0-021530 1-8378 0-007280 0014396 | 3.2672
076 0011907 | 0-024955 19792 0-008353 0016680 |  3.%5i8g
075 0-0613523 0-028612 2-1206 - 009450 ¢-019120 | 3.7699
0-80 $-015223 0-032822 2-2619 G-010646 0-021733 1 40212
0-85 0-017034 0036682 2-4033 011910 0-024515% 4-2726
090 0-018955 0-041084 2-5447 0:013249 0-027458 4-523%
G958 G-020968 0-045771 2-6861 0-01465) G- 030590 47752
1-00 G-023064 0-050718 2-8274 G-G16119 0D-033895 5-0266
1-08 G-025257 0-055900 2-9688 G-017644 0-037367 5-2779
i-1p 0-02755¢ 0-051361 35102 0-019241 O- 041011 5-5192
i-15 -025941 0-067073 3-2516 0-020906 0044828 5-780%
120 0-032418 G-073033 3-3929 0-022635 0048811 &-0319
1-2% 0-034975 0-079242 3-5343 0-024420 -052961 62832
1-30 0-037618 - 085709 36757 0-026273 0-057283 65345
1-35 0-040392 0-092426 38170 0-028181 0061772 67858
i-4¢ 0-043257 0099401 1-9584 0-0301458 0066434 70372
1-48 0-046204 0106624 4-0998 0-032175 0-071261 7-2885
1-5¢ 0-0492558 0114106 4-2412 0-034261 I 0-076262 75398
1-3% 0-052392 0-121848 4-3825 0-036478 | 0-081436 77911
160 0055606 -12082% 45239 0-038753 0086769 80425
1-65 0-058908 0138076 4-6653 0-041093 0:092283 8-2937
170 G- 062308 0- 146564 48066 0-043490 | 0097955 854514
178 0-065796 - 155320 4-9480 0045952 0103807 8-7965
i-80 0-069359 0164314 50894 0-048489 0-109818 90478
1-85 0-073003 O- 173568 5-2368 0-051089 0116003 92991
1-90 0-076759 Q- 183080 537214 3-053754 0-122360 G- 5505
1-85 0-080625 0192841 5-5138 0-056472 (- 128884 9-8018
2-00 0-08457¢ 0202861 56549 G- 059253 0135580 10-0331
2-08 0088607 0-213129 5-7963 0-062118 0142443 133044
210 0-092722 0-223656 59378 0065046 0149479 105558
2-15. 0-096914 0-234432 6-0790 0-068032 0-156680 t0-8071
220 0-101266 0-245457 62204 0-071078 0 164049 110584
228 0-108710 0-256745 6-3617 0-074187 0171597 11-3097
2-30 0-110234 0268282 65031 0-077350 0-179304 i1-5610
2-35 0114844, 0280072 66445 0-080574 0- 187184 118124
240 0-119540 0-292122 6-7859 0-083857 0-195238 12-0637
2-45 0-124318 |- 0304420 69272 0-087196 (-203457 12-3150
250 0-129178 0316967 7-0686 0-090591 O-211842 12-5664
3-00 0-183110 0-456436 84823 0-128721 03035036 15-0795
3-50 0-246110 0-621258 9-8960 0-172875 0415213 17-5928
4-00 G-318732 0-811442 11-3008 3-224268 05423214 20- 1060




TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity :

(1) For new pipes (k = 0-1 mm) and (2) for existing pipes
(k = 2 mim) (the temperature of the water being at 0°C.)

IPE DIAMETER @ ¢-10 m. PIPE DIAMETER : ¢-125 m.
Pipe section @ O 007854 m» Pipe section ; 0-012272 m*
Mean | —
velocity Head per metre Head per metre
in of pipe length Flow of pipe length Flow
metres/ . in in
sec. New Existing litres/sec. MNew Existing litres/sec.
pipes pipes pipes pipes
G-01 0-0785 0-1227
005 03927 ‘ 0-6136
0-10 0-000191 0-7854 0-000144 0-000207 1-2272
g-15 0-000388 0- 000604 11781 U-000291 0-000449 1+ 8408
0-20 0-000643 0001054 1-5708 0-000486 0-000783 2-4544
025 0-000956 - 001622 1-9635 0-000726 0-001204 3-0680
0-30 0-001335 0-002312 2-3562 0-001009 0001712 36816
035 0-001763 0-003120 27489 0-001330 0-002311 42952
0-40 0-002248 0-004060 3-1416 0-001701 0-003004 4-9088
0-45 0-002786 0-005111 35343 0-002104 0-003785 5-5224
0-50 0-003370 0-006281 3-9270 0002548 0-004636 61360
055 0- 004009 3-007584 4-3197 0003037 0005618 67496
0-60 0-004707 009006 4-7124 0-003560 0-006568 73632
065 0005447 0010543 51051 0-004120 0007804 7-9768
070 0-006245 0-012215 C 54978 0004726 0009037 8-35904
0-75 0-007090 | 0014000 5-8905 0005369 0010356 9-2040
080 0-007985 0-015911 6- 1830 (- 006059 0011769 9-8176
085 0008931 0017951 66759 0006765 0-013279 10-4312
0-90 0-009930 G-020108 70686 0-007531 0:014878 11-0448
095 (O-010980 0022402 74613 0-008332 0016567 11-6584
100 0-012080 0-024822 78540 G-009166 0-018349 12:2720
105 0-013233 0-027365 B 2467 0-010047 0-020228 12-8Bé6 -
i-10 0-014431 0-030033 86394 0-01 0@62 0-022201 13-4992
115 0015673 0-032829 9-0321 0-011913 (-024268 14-1128
1-20 0-016955 (-035746 94248 G~612091 0-026424 14-7264
125 0-018301 0-0318785 9-8175 0-013921 0-028670 15-8400
1-30 0-019692 0-041950 10-2102 0-014988 3-031010 13-9536
t-35 0-021142 0-0452137 10-6029 0-016089 0-033440 16-5672
1-40 0022637 0-048651 109956 0-017231 0035964 17- 1808
1-45 0024167 0 052187 11-3883 0-018406 0-0383578 17-7944
1-50 0-025803 (-055849 117810 0-019615 0-041285 18-4080
1-55 0027456 0059638 12-1737 0-020857 (-044086 19-0216
160 0-029149 0063544 125664 0-022140 0-046973 19-6352
1-65 0-030890 0-067581 12-9591 0-023458 0-049957 20- 2488
170 0-032671 0-0717358 13-3518 0-024805 0-053028 20-8624
i-75 0-034514 0076021 137445 0026200 0-056196 21-4760
1-80 0-036397 0-080423 14-1372 0-027625 0059450 22-0896
1-85 0-038324 0-084952 14-5293 0-029097 0-062798 227032
1-90 (-040296 0-089608 14-9226 0-0303588 0-066240 23-3168
1-95 0-042347 0-094385 15-3153 0-032126 0-069772 23-9304
200 0-044446 0-099290 157081 0-033714 0073397 245440
2058 0-046589 0-104315 161007 0-035334 0-077112 25-1576
2-10 (-048777 0- 109468 16-4934 0-036990 0080921 25-7112
2-15 0-051010 0-114742 16-8861 0038678 0-084820 26-3848
2-20 0-053285 0- 120138 172788 0-040437 0-088809 269984
1-25 0-055608 0125665 176715 (-042236 0-092894 27-6120
2-30 0-057970 0-131310 18-0642 0- 044068 0097067 28-2256
2-35 0-060377 - 137081 184569 (- 043960 0101333 28-8392
2-40 0-062828 0-142978 18-8496 0-047890 0-105692 | 29-4538
2-45 0-065320 0- 148998 19-2423 0049858 0110142 300664
2-50 0-065853 0-155139 19-6350 0-051862 0114682 306800
3-060 0-096333 0-223402 235620 G-073580 G-165143 36-816
3-50 - 129559 0-304073 27-4890 0098802 0-224777 47952
4-00 0-16758% 0-397152 31-4160 0-128004 0-293587 49088

YA-



TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity -

(1) For new pipes (k = 0} mm} and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C.)

PIPE DIAMETER : 0150 m. PIPE DIAMETER ; 0-200 m.

M Pipe seciion : 0-0176725 m® Pipe section : 0-031416 m?
ean

velocity Head per metre Head per metre
in - of pipe fength Flow of pipe length Flow

metres/ in - in
sec, New Existing titres/sec, New l Existing litres/sec,

pipes pipes pipes i pipes

0-01 0-1767 0-31 2
G-05 0-000034 8838 0000024 0000030 1-857 8
g-10 0-000114 G-000163 1-7671 0000079 0-000110 31418
G- 15 0000232 0-000352 2-6507 -000162 9000238 4-74124
0-20 G-000387 0-000612 35343 0-000270 0-000413 62832
§-28 ¢-000578 0-000941 4-4179 G- 000400 0-000636 78540
030 0000801 0-001338 53014 0000557 0000903 94248
35 0-00105¢ 0-001810 61850 0000736 0-001217 10-9938
0-40 0-001351 3-002347 70686 0000940 0-001581 i2-5664
§-45 $-001674 0-002948 79522 0-00116% 0-001{989 141372
G50 0-002031 0-003622 8-8357 5-001421 G-002445 i5-7080
{55 0-002421 0-004374 9.7183 0-001652 0002945 17 2788
&80 3002842 0-005187 1G- 6029 0-001988 G-003491 188496
085 0003293 - 006070 i1-4865 0-002298 0- 004080 20-4204
G6-70 9-003777 0-007028 12-3700 0-002642 3-004734 21-9912
678 0-004289 0008054 132536 0002994 0005433 238820
G-80 0004834 G-009153 141372 0-00337¢ 0-006181 23-1328
G- 8% 0-003411 0-010329 15-0208 0-001784 G-006979 26-703¢6
0-90 3006017 0011872 i5-9042 0004212 0-007824 28-2744
95 0-0066352 0-012883 16-7879 0-004658 ¢-008717 29-84352
1-00 0-007116 0014268 17-6715 0-005122 0009659 31-4160
i-08 O G0OB00Y 0-015722 i8- 5350 0-005619 0010648 32-9868
i-10 0-008732 0-017247 19-4386 0-006139 0-011686 34-5576
i-18 0-009487 G-O18852 2013222 0006680 0-012774 35- 1284
120 0-010271 0-020827 212058 0-007241 0-013509 376992
1-25% G-011086 G-022273 22-0893 3-007821 G-015092 392700
{30 0011933 0-024091 22-972¢% 0-008424 0-016324 40-8408
1-35 0012813 0-025978 238563 0-009047 0-017603 “42-4116
£-40 0013726 0027539 24- 7401 0009695 0018931 43-9824
1-48 0 014667 0-029970 256237 0-010362 0-020307 455532
150 O 015642 0-032072 265072 0-011049 0021737 471240
i85 0016646 0-034248 273908 0-011736 0-02320%6 48:6948
160 0017684 0036461 28-2744 0012480 0-024726 502656
1-65 0-018752 0-038809 261580 0-013232 0026297 518364
170 0019846 0-041195 30-0418 0-014001 0027913 53-4072
175 0020970 0043656 309251 0-014790 G-029581 54-9780
1-80 0-022129 0-046184 31-8087 0-015597 0031294 56 5488
1-85 0-023317 0-048785 32-6922 0-016424 0-033056 581196
1-9¢ 0-024533 0-051459 33-5758 0-017268 0034868 59-6%04
1-98 G-025777 0-054202 34-4504 0018141 G-03672 512612
200 0027062 0-057018 35-3430 0-019032 0-018635 628320
2-05 0028374 0-059905 362268 0-019942 0-040591 64-4028
210 0029716 0-062863 37-1101 0-020882 0042596 65-973¢6
2-15 ¢-03108s3 0-065892 37-9937 0-021841 (-044548 675444
2-20 0-032497 0-068991 38-8772 0-022831 G-046748 691152
2-28 0-033941 0-072165 397608 0-023843 0-048859 70 6860
2-30 0:035411 0075406 40- 6444 4-024873 0-051095 722568
2-38 0-036511 0078720 41-527% 0-025924 0-053240 73-8276
2-40 G- 038441 0-082107 42-4118 0-026981 0 055635 75-3984
2-45% 0-0339998 0-0B5564 432651 0 028071 0057978 76-9692
2-50 0041383 G- 089090 441787 029180 0060387 785400
3-00 0059023 - 128291 53-0143 G 041400 086929 G4 - 2480
3-50 G-07929¢6 0-174618 618503 6055757 O- 118320 10%-956
4-00 O 102483 @-228073 706880 0-072051 0. 15454 1258684




TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity :

{1} For new pipes (k = 01 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being ar 0°C)

PIPE DIAMETER : §-250 m.
Pipe section 1 - 0490875 m#

PIPE DIAMETER © 0-306 m.
Pipe section : 0-07068¢ m?

Mean - -
velogity Head per metre Head per metre
in of pipe length Flow of pipe length Flow
metres/ in — in
LI MNew Existing fitres/seq, Mew | Existing Hires/sec,
pipes pipes pipes i pipes

G061 - 4909 07069
G035 G- 000017 3000022 24544 0000014 9 00G018 3-5343
416 0000080 0000081 49687 - 000048 G- 000084 7-0686
0-15 G-0006122 0000178 7363 {-000057 0-0001 18 106028
§-20 0-000204 0000305 25173 0000163 0-000241 41372
028 0-00030% G- 000465 12:2719 000244 0-000376 1767138
4.3 8- 600424 0000668 1472632 0-00033¢ O-000527 212038
§-35 0O- 000563 0000802 171806 G- 000430 G-00071 247408
444 G-000720 G- 001173 19-6350 0000574 G-00092s% 282744
G- a5 O O00RSO G-001477 220894 0-000712 1 00011648 318087
050 G-001080 0001815 245437 0000864 0001431 353430
G- 85 G 001286 &-0021838 269981 S-001031 0-00172% 38-8773
8- 60 000152 0-002504 29-4525 30218 - 002046 42-4118
G- 65 G-001733 3-003034 318068 8001414 0002393 4549459
67 G-002013 G-003511 34-3612 0001622 G-002768 49- 4802
478 G-002294 G- 004024 36-8156 00018435 0063170 53:0143
-80 0-0023586 0-004573 352700 9002072 0003603 36- 5488
488 0002896 0-0081359 41-7244 0-002326 0004064 600831
4-90 3-003226 2005781 441787 G- 002588 4004536 63-6174
HER 0-0033571 0006440 46-6331 0002866 G- 005076 5701517
1-00 0-003938 4007118 49-0873% 0-003157 005828 706860
108 0-004313 G-007867 51-5418 -003461 O- 006200 742203
1-10 0-004712 0-008634 53-9962 0-003778 - 006804 777548
118 0-005123 G- 009437 56-4306 0-004110 0007438 g1-2889
126 0-005353 0-010276 589050 0-004453 0008099 84-8322
125 - 006002 0-011150 613593 O-0D4808 0008787 $8-3375
1-39 - 006464 0012080 538137 0003177 0006504 918918
1-35 - 006944 0-013005 562681 0005361 3010249 G5 4261
i-40 - 007441 3013986 68-722% 0003957 Q011022 989604
145 ¢ 007958 0-015002 TH 1769 G-006365 G-011823 1024947
i-50 O-008486 - 0160353 736312 §- 006785 $-012653% 1060290
1-55 G-009033 0-017144 7608356 0007217 G-013541 1095613
160 0-009593 G-0i8287 785400 0007639 G-014397 113:0976
i 65 G-010169 00194238 §0-9944 G-008123 D-015311 1ig- 6319
170 G- Q10759 §-020622 83-4487 - 008802 G- 016252 P20 1662
178 0-011364 G- G21834 85-9031 - 002060 80172223 123-700%8
1-80 0011984 $-023120 88-1573 3009393 0018221 1272348
1-8% G-012629 3024422 S6-8118 G- 010106 0-019247 £30- 7691
1-90 G-013285 G-023760 93-2662 0-0{0635 0-020302 1343034
108 0-013954 0027133 98.7206 001170 0-021384 137-8377
00 0-014639 $- 028541 9B 1750 0011723 0-02249% 1443720
2-08 0-0i53458 3-0290858 1006293 00123288 G-023633 1449083
2-10 ¢ 016067 - 031459 1030837 (-012865 3-024801 1484406
215 0-016804 -032985 1055381 G-013463 0-023956 £51-9749
220 0017564 0-034537 107-9924 O-014070 G 027248 135- 5092
225 O-018341 0-036126 i10-4468 3014691 0-028470 139-04338
230 D:019133 3-037748 §12-9012 0015324 0029749 162-5778
235 G-019940 0-030407 115-355% 0013969 0-031057 1661121
240 0-020763 0-0471103 1178099 G-018627 6-032393 169- 6464
2-45 5-021600 G-042833 {20 2643 G-017296 G-033756 1731807
2:5¢ 0022463 Q- 044564 122-7187 3017988 2-035148 1767150
3 00 0-031873 0642322 147-2628 3025490 G-050613 212-058
3-50 0- 042907 0-087413 1718083 0-034%41¢ - 0688940 247401
400 0035455 G-134173 156 3500 3044527 G- GR9GTY 282-744

-ty
P
ol




as a function of the diameter of the pipe and the mean velocity :

(1) For new pipes (k = 0-1 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C.)

TABLE giving the loss of head J in metres

PIPE DIAMETER : 0-350 m.
Pipe section : 0-0962115 m?*

PIPE DIAMETER : 0-400 m.

Pipe section : 0125664 m*

Mean

velocity Head per metre Head per metre
in of pipe length Flow of pipe length Flow

metres/ in in
sec. © New Ex@sting litres/sec. New Existing litres/sec.
pipes pipes pipes pipes

0-01 0-0621 1-2566
0-05 0-000011 0-000014 4-8106 0-000010 0-000012 6-2832
0-10 0000039 0000052 9-6211 0-000033 0-000044 125664
9-15 0-000081 0-000112 14-4317 0-000068 0000094 18-8496
020 0-000135 0-000195 19-2423 0-000115 0-000164 25-1328
028 0000203 0-000298 24-0529 0-000172 0-000253 31-4160
0-30 0-000282 0-000425 28-8634 0-000239 0-000360 376992
0-35 0-000374 0000574 33-6740 0-000317 0-000485 439824
0-40 0-000477 0-000747 38-4846 0-000406 0-000631 502656
0-45 0-000594 0-000941 43-2952 0-000506 0-000795 565488
0-50 0-000721 0-001157 48-1057 0-000615 0-000978 628320
0-58 0000860 0-001396 52:9163 0-000732 0-001180 69-1152
0-60 0-001009 0-001657 57-7269 0-000858 0-001400 75-3984
0-65. 0-001172 0-001942 62-5375 0- 000996 0-001640 81:6816
0-70 0-001348 0-002252 673480 0001146 0-001899 87-9648
8-78 0-001533 0-002584 721586 0-001305 0-002177 942480
0-80 0-001730 0002940 76-9692 0-001472 0-002473 100-5312
0-85 0-001936 0-003320 81-7798 0-001648 0-002790 106-8144
9-90 0-002153 0-003722 865903 0-001832 0-003128 113:0976
9-95 0-002383 0-004147 91-4009 0-002026 0-003485 119-3808
1-00 0-002626 0-004595 96-2115 0-002233 0-003861 125-6640
1-08 0-002878 0-005065 101-0221 0-002447 0-004257 131-9472
1-10 0-003142 0-005559 105-8326 0-002672 0-004672 138-2304
1-18 0-003417 0-006077 110-6432 0-002903 0-005106 144-5136
1-20 0-003701 0-006616 115-4538 0-003147 0-005560 150-7968
1-25 0-003998 0-007179 1202644 0-003399 0-006033 157-0800
1:30 0-004304 0-007765 125-0749 0-003659 0-006525 163-3632
1-35 0-004623 0-008373 129-8855 0-003929 0-007037 169- 6464
1-40 0-004952 0009005 134-6961 0-004208 0-007567 175:9296
1-45 0-005291 0- 009660 1395067 0004498 0:008117 182-2128
1-50 0-005642 0-010338 1443172 0-004796 0-008687 1884960
1-55 0-006004 0-011039 149-1278 0-005107 0-009276 194-7792
1-60 0-006375 0-011762 153-9384 0-005425 0-009884 201-0624
1-65 0-006760 0-012509 1587490 0-005752 0-010512 207-3456
1-70 0-007155 0-013278 163-5595 0-006087 0-011158 213-6288
1-75 0-007560 0-014071 168-3701 0-006431 0-011825 219-9120
1-80 0-007979 0-014886 1731807 0-006783 0-012509 226-1952
1-85 0-008403 0-015725 177-9913 0-007143 0-013214 232:4784
1-90 0-008842 0-016586 182-8018 0-007516 0-013938 238-7616
1-95 0-009286 0-017470 1876124 0-007898 0-014181 245-0448
200 0-009745 0-018378 192-4230 0-008288 0-015444 251-3280
2-05 0-010214 0-019309 197-2336 0- 008686 0-016226 257-6112
2-10 0-010693 0-020262 2020441 0-009092 0-017027 263-8944
2-15 0-011188 0-021239 206-8547 0-009513 0-017848 269-1776
2-20 0-011693 0022237 211-6653 0-009942 0-018687 2764608
2-25 0-012209 0-023261 216-4759 0-010380 0-019547 282-7440
2:30 0-012734 0-024305 221-2864 0-010826 0-020425 2890272
235 0-013270 0-025373 226-0970 0-011280 0-021322 295-3104
2-40 0-013816 0-026465 230-9076 0-011744 0-022240 3015936
2-45 0-014371 0-027579 235-7182 0-012215 0-023176 307-8768
2-50 0-014945 0-028716 240-5287 0-012695 0-024131 314- 1600
3-00 0-021167 0-041351 288-6345 0-017971 0-034749 376-992
3.-50 0-028543 0-056283 336-7403 0-024273 0-047297 439-824
4-00 0-036908 0-073513 3848460 0-031296 0-061276 502-656




TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity :

(1) For new pipes (k = 01 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C.)

PIPE DIAMETER : 0-450 m, PIPE DIAMETER : 0-500 m.
Pipe section : 0-1590435 m? Pipe section : 0-19635 m?

Mean - -

velocity Head per metre Head per metre
in of pipe length Flow of pipe length Flow

metres/ in in
sec. New Existing litres/sec. New Existing litres/sec,
pipes pipes pipes pipes

0-01 | 1-5904 1-9635
005 0-000008 . 0000010 7-9522 0'%3827 0- 000009 5-8175
0-10 0-000029 | 0000037 15:9043 0 5 0-000033 19-6350
015 0-000059 : 0-000081 23-8565 | 0-000052 0-000070 29-4325
0-20 0-000099 0-000141 31-8087 0-000088 0-000123 392700
0-25 0-000149 0-000217 397609 0-000131 0:000189 49-0875
0-30 0-000207 | 0-000309 47-7130 0-000182 0-000270 58-9056
0-35 0-000275 = 0-900418 55-6652 0000242 0-000365 68-7225
0-40 0-000352 0-000543 63-6174 0-000310 0-000474 78- 5400
0-45 0-000438 0-000684 71-5696 0-000386 0-000597 88-3575
0-50 0-000533 0-000841 79-5217 0-000469 0-000735 98-1750
-85 0-000636 0-001016 874739 0000560 0000887 107-9925
060 0-000746 .| 0-00120S 95-4261 0000658 0-001053 117-8100
065 0-000865 | 0-001412 103-3783 0-000763 0-001233 127-6275
0-70 0-000994 | 0-001634 1113304 0-000875 0-001427 137-4450
075 0-001131 .1 0-001872 119-2826 0-000995 0-001635 1472625
0-80 0-001276 & 0-002127 127-2348 0-001123 0-001856 1570800
085 0-001429 | 0-002399 135-1870 0-001258 0-002093 166-8975
0-90 0-001589 °© 0-002688 143-1391 0-001400 0-002343 1767150
0-95  0-001757 1 0-00299] 1510913 0-001548 0-002606 186-5325
100 0-001936 : 0-003313 159-0435 0-001704 0-002885 196-3500
105 0-002122 0-003652 1669957 0-001869 0-003180 206-1675
110 0-002316 0004008 174-9478 0-002040 0-003491 215-9850
115 0-002520 - - 0-004382 182-9000 0-002219 0-003815 225-8028
120 0002730 0004771 | 190-8522 0-002405 0-004154 235-6200
125 i 3-002948 | 0-005177 | 1988044 0-0025%6 0-004508 245-4375
1-30 0-003174 1 0-005599 | 206-7565 0-002794 0-004876 255-2550
1-35 I 0-003408 | 0006038 214-7087 0-003000 0-0052538 265-0725
140 0-003650 | 0006494 222-6609 0-003213 0-005654 274-8900
1-45 0- 003901 0-006965 230-6131 0-003436 0006065 284-7075
1-50 0-004162 0-007454 238-5652 0-003665 0-006491 294- 5250
1-55 0-004430 0-007960 246-5174 0-003902 0-006931 3043425
1-60 0004706 0-008481 254-4696 0-004144 0-007385 314-1600
1-65 0-004990 I 0-009020 262-4218 0-004393 0-007854 323-9775
170 0-005280 | 0-009574 270-3739 0-004649 0-008337 333-7950
1-78 0-005578 | 0-010147 278-3261 0-004911 0-008835 343-6125
180 0-005883 0-010734 286-2783 0-005179 0-009347 353-4300
1-85 0-006194 0-011338 294-2305 0:005456 0-009873 363-2475
1-90 0-006518 0-011960 302:1826 0-005741 0-010414 373-0650
1-95 0-006848 0-012598 310-1348 0-006031 0-010970 382-8825
2:00 0-007186 0-013252 318-0870 0-006328 0-011540 392-7000
205 0-007530 0-013923 326-0392 0-006632 0-012124 402-5175
210 0-007887 0-014611 333-9913 0006946 0-012723 412-3350
215 0-008252 0-015315 341-9435 0-007266 0-013336 4221525
2-20 0-008623 0-016035 349-8957 0-007593 0-013963 431-9700
2:25 0-009003 0-016773 357-8479 0-007927 0-014605 441-7875
2-30 0-009389 0-017526 365-8000 0-008267 0-015261 4516050
2-38 0-009783 0-018296 373-7522 0-008613 0-015932 461-4225
2-40 0-010184 0-019083 381-5044 0-008966 0-016517 4712400
2-45 0-010593 0-019887 3896566 0-009315 0-017317 481-0575
2-50 Q0-011008 0-020706 397-6087 0-009697 0-018030 490-8750
300 0-015607 0-029817 4771305 0-013762 0-025964 589-05 -
350 0-021035 0-040585 556-6523 0-018519 -0-035340 687225
4-00 0-027034 0-053009 636-174 0-023976 0-046158 785-4




TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity :

(1) For new pipes (k = 01 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C)

PIPE DIAMETER : 0-600 m, PIPE DIAMETER : ¢ 700 m,
" Pipe section : 0-283744 m® Pipe section: §-384646 m®
ean :
velocity Head per metre Head per metre
in of pipe length Flow of pipe fength Flow
metres/ in - in
sec. New Existing fitres/sec. New Existing litres/sec,
pipes pipes pipes pipes |
0-01 2-8274 3-8484
0-08 G- 000006 0000007 14-1372 {- 000005 G- 000006 19-2423
0-10 0- 000020 G-000026 28-2744 8-000017 | 0000022 38-484¢
615 0000041 0- 000056 42-4116 0-000034 0000047 577269
020 0000068 0000093 86- 5488 0000057 0000080 76-9892
025 0-000108 0-000149 70 6860 G- 000087 ¢-000123 96:2115
8- 30 0-000146 0-000212 84-8232 0-000121 G-000173 115-4538
0-35 0-000193 0000287 989604 0000160 0000236 1346961
040 0000247 0-000372 113-0976 0-000205 0-000308 153-9384
0-45 0000307 8- 000469 127-2348 0-0002355 0-000387 1731807
0-50 0-000372 0-000577 141:3720 0-000309 0-000473 192-4230
085 3000443 0000697 1553092 0-000358 0-000571 2116653
-60 G-000521 0-000827 1696464 0-000433 0000679 230-907¢
0-65 G- 000605 0000969 1837836 0-000302 0000795 2501499
§-70 0- 000695 0001122 197-9208 $-000376 0-000921 269-3922
975 3-000790 0-001287 212-0580 G 0006355 0-0010357 2886345
080 0000850 0-001463 226-1952 G-000738 9-001202 307-8768
485 0000996 0001651 240-3324 0-000826 0001338 3271191
098 0-001107 0001849 2544696 0000917 0001521 346-3614
@95 0-001221 G- 002059 268 6068 0-001015 G-001681 3656037
1-60 00012341 0-002279 2827440 ¢-001117 G-001880 384-8460
105 0-001472 0 002513 296-8812 G-001224 0002068 4040883
110 0- 001609 0002758 311-0184 3-001338 0-002272 423-3306
P15 4001750 §-003014 3251556 0001454 -002482 4425729
120 0-001897 0-003282 3392928 0-001562 Q-002701 461-81352
1-25 -002049 (- 003361 3534300 0-001688 0002934 481-03575
{30 0-002208 0003852 3675672 0-001817 0-003175 500-2998
1-38 002372 0004154 381-7044 0-001946 00013420 519542
1-40 0-002541 0004467 395-8416 0-002084 3003680 538-7844
i-48 0-002715 0004792 409-9788 §-002223 0-003950 538-0267
1-50 0-002896 005128 424 1160 0-002376 0004223 577-2690
i858 0-003082 (-005476 4382523 0002528 0-004512 596-5113
160 0-003273 0005835 4523904 0002681 0-004884 615-7536
i858 0-003469 0006205 466- 5276 0-002843 G-005113 634-9959
1-70 0-003673 0-006587 480 6648 0003012 0005437 6542382
178 0-003879 G- 006980 494-8020 -003181 0-005750 67348053
180 - 004090 G-007384 5089392 0-003356 0-006079 6927228
185 0004309 0007800 5230764 0-003330 0006424 711-9651
190 0-004533 $-008228 537-2136 0-003714 0006775 731-2074
1-98 0-004761 0008666 $51-3508 0003901 0-007146 750-4497
200 0-004995% G-009117 565-4880 G- 004088 0-007308 7696920
2-05 0-005234 0009578 579-6252 0-004286 0-007895 788-9343
210 0-005477 0-010051 393-7624 0-004484 G-008277 8081766
218 0005729 0010536 6078996 0-004686 0008673 §27-4189
2:20 0-003986 G-011031 622-0368 (-004889 0- 009089 8466612
2:25 0-006249 0-011539 6361740 0005103 009502 865-0035
2-30 0-006516 0-012057 650-3122 0-005322 0-009944 8851458
2-35 0006788 0012587 6644484 0-005547 0010451 504 - 3881
2-40 G- 007066 0-013128 678 5856 0-005773 0010806 9236304
2-45 0-007353 0-013681 692-7228 G-006010 0-011268 942-8727
2-50 G-007645 0-014245 706 8600 0-006248 0-011733 962-1150
300 0-010841 . 0-020513 §48-232 0-008867 0-016901 | 1,154-5380
356 0-014610 027920 989604 0-011925 0-022997 1,346-9610
4-00 0 018893 0036476 | 1,130-967 0015436 0-030410  |1,539-3840




as a function of the diameter of the pipe and the mean velocity :

(1) For new pipes (k = 0-1 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the warer being ar 0°C.)

TABLE giving the loss of head J in metres

PIPE DIAMETER : 0-800 m.
Pipe section : 0502656 m?

PIPE DIAMETER : §-900 m.
Pipe section : 0 636174 m:

Mean a —
velocity Head_ per metre Head per metre
in. of pipe length t Flow of pipe tength Flow
metres/ : in . in
sec. New Existing litres/sec. New Existing litres ‘sec.
pipes pipes pipes pipes

401 t 50205 | &-3617
0 05 G- 000004 0-000005 | 25-1328 0-000004 | 0-000003 31-8087
G-10 0000014 0000018 . 502686 0000012 - 1 0-000015 616174
§-15 0000029 0-000039 | 753984 0000025 1 0000034 95-4261
0-20 - 000049 G- 000067 . 100-5312 0-000043 | 0 000038 127-2348
025 G- 000074 9-000101 1256640 0000064 000087 §59-0438
-39 0000103 3-000147 P50 7968 O- 30008y - 000124 190 8822
§-35 0-000137 0-000198 1759296 O-0001H8 | 0000167 2226609
340 0-000174 0000258 2010624 0-000150 | 00002148 2544696
45 00002156 0-000324 2511952 0-000186 | 0-000274 28627823
§-50 0-000262 0000398 2503280 1 0000225 | 0-000336 3180870
G3-55 0000312 0000481 2754608 Q000268 0000406 349 8957
880 0000367 0-000572 3015936 0000316 3000482 3817044
G-65 0-000425 0500670 326-7264 0000367 0-000563% 413-5131
8-70 0- 000489 0-000776 3518592 0000421 8- 000654 4453218
078 0000557 0000830 376-9920 G- 000479 0-000749 477-1303
080 0-000628 G-001012 4021244 Q0003540 G- 000852 508-9392
8% 0000703 0-001142 4272576 - 000605 0000961 5407479
390 0-000781 001279 4523904 0000671 4001077 5723566
398 0-000864 0-001425 4775232 0-000743 0-001199 604 3653
100 0-000952 0001579 5026360 0-000817 0-001327 636 1740
108 0-001044 0-00174 527 7888 - 000896 0-001461 667 9827
1-10 0001139 0-001910 552:9216 - 000980 0001606 699:7514
1-18 0-001239 0-002088 5780544 0-001065 0001752 7316001
1-26 - G-001341 0-002274 603 1872 0-001144 0001910 763 4088
1425 0-001448 0-002467 628 3200 G-001237 0002073 79821758
1-30 §-001539 0-002668 6534528 6-001332 0-00224] 8270262
1-35 0001673 0-002877 §78- 3856 0-001428 0002420 858-8349
1-40 0-001791 0-003095 T03-7184 9-001529 Q- 002604 8906436
1-45 0-0019i4 0-003319 T28-8512 G-001632 0-002787 9224523
1-50 0-002041 G-003582 753-9840 0-001741 0-002983 9542610
i-55 0-002174 0003793 7791168 0-0018357 | 0-003i86 98608697
160 3-002309 0-004042 804 - 2496 0001968 0-003398 1,.017-8784
1-65 0-002449 (-004298 8293824 G-002086 Q-003610 1,049 6871
1-70 0-002593 0-004563 854-5152 0-002208 0003837 1.081-4958
178 0002740 00048358 8796480 0002337 0004061 1133045
1-80 0002890 0-005118 904 - 7808 0002461 2-004299 11451132
188 0-003044 O-005403 929-9136 3-002594 0-004538 11769219
190 0-003202 - 005699 955-0464 0002726 0-004792 1,208 7306
1-95 3-003363 4006003 9801792 4002862 0- 005044 1,240 5393
2-00 0-003530 0006318 10053120 0-003001 @ 0-005307 1,272 3480
2-08 0003700 (- 006635 FO30-4448 G-003144 0-00557% 1,304 1567
2-10 0-003875 G- 006963 1,0535-3776 0003296 0 005850 13359654
2-15 0-004052 1 0-007298 OB 7104 000314458 O-0061 16 1,367-7741
2-20 0-004234 1 0007641 11058412 0- 003598 0006242 1,399 5828
225 0-004410 | o 007993 | 11309760 G-003787 G-006712 1,421-3918
238 0-004611 0008352 © 1456 JORY -H0391s8 00067025 1,463 2002
235 G-004806 0 0008719 f P8 2416 - 304074 0007319 1445 008y
2-40 0-005006 1+ 0-0090v4 1,206 3744 - 004240 i 0007641 §.526 8170
2-458 G-005209 0 (008477 1.231-5072 0-004419 0007960 1558 6263
2-584 0-005416 | 0 009867 1,256 6400 0004590 - BOR2EB 15004350
3-00 0007695 ! 00314200 §.507 068 O-006518 0-01i923 1, U0R- 5220
350 0-010357 G- 019340 §.759- 208 0-008782 00162406 2,226 6050
400 G-013408% 0-025261 2,010-624 0011367 8-021204 2,544 6960




TABLE giving :h; loss of head J in metres

as a function of the diameter of the pipe and the mean velocity :

(1) For new pipes (k = 0-1mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being ar 0°C.)

PIPE DIAMETER : 1-000 m. PIPE DIAMETER : 1-250 m.
M Pipe section : 0-785398 m? Pipe section : 1:22719 m?
ean
velocity Head* per metre Head per metre
in of pipe length Flow of pipe length Flow
metres/ |- in in
sec. New Exgsxing litres/sec. New Existing litres/sec.
pipes pipes pipes pipes '
0-01 7-8539 12-2718
005 0000003 0- 000004 39-2694 0000002 0000003 61-3575
0-10 0000010 0-000013 785389 0000008 0-000010 122-7150
G- 15 0-000022 0000029 117-8083 0-000017 0-000022 184-0725
020 0-000037 (- 000051 157-0778 0-000028 0-000038 245-4300
028 0000056 0-000078 196-3472 0000043 G- 000059 306-7875%
0-30 0-000078 0000111 235-6167 0- 000060 0000084 3681450
635 0-000103 0-000150 274-8861 0-000079 0-000113 429-5025
040 0000132 0-000195 3141556 0-000101 0-000147 490- 8600
0-45 0000164 0-000246 353-4250 0-000125 0-000185 552:2175
050 0000200 0000302 3926945 0-000152 0000227 613-575%
0-55 0-000239 0-000365 431-9639% 0-000182 0-000274 6749325
G-60 0-000280 0-000433 471-2434 0-000213 0-000326 7362900
0-65 0000325 0-000507 510-5028 0000248 0-000382 7976475
6-70 0-000372 0000587 549-7723 (-000285 0-000443 8590050
078 0-000423 0-000673 589-0417 0-000324 0000509 9203625
0-80 0000478 0-000765 628-3112 0000366 0000579 9817200
0-88 ‘0-000536 0-000863 667 5806 Q- 000409 0-000653 1,043-0778
0-90 0-000596 0-000966 706-8501 0- 000456 0-000732 1,104-4350
0-95 0000660 0-001076 746-1195 0- 000505 0-000815 1,165-792%
1-00 0-000726 0001193 7853980 § 0-000556 0-000903 1,227-1500
1-08 0-000795 0-001315 824-6584 (- 000609 0000995 1,288-5075
110 (- 000868 0-001443 863-9279 Q- 000665 0-001092 1,349-8650
115 0-000944 0-001577 903-1973 0000723 0-001193 §,411-2215
120 0-001024 0-001718 9424668 0000783 0-001299 1,472- 5800
1-25 0-001106 0-001864 971-7362 0000846 0001409 1,533-9375
1-30 0-001191 0-002016 1,021-0057 0-000911 0-001524 1,595-2950
i-35 0-001280 0-002174 1,050-2751 G-00097% 0-001644 1,656-6525
1-40 0-001372 0-002338 1,099 5446 0-001049 0-001767 1,718-0100
145 0-001486 0-002508 1,138-8140 § 0-001121 0-001895 1,779- 3675
1-50 0-001563 0-002684 1,178-0835 0-001196 0-002028 1,840-7250
1-588 0-001663 0-002866 1,217-3529 0-001274 0-002166 1,902-0825
1-60 0-001767 0-003053 1,256-6224 0-001353 0-002307 1,963-4400
1-65 0-001873 0-003247 1,295-8918 0-001434 0002454 2,024-7975
1-70 0-001983 0-003447 1,335-1613 0-001518 0002604 2,086-1550
1-78 0002096 0-003653 1,374-4307 0-001603 0-002760 2,147-5125
1-80 0-002213 0-003864 1,413-7002 0-001691 0-002920 2,208-8700
1-85 0-002332 0-004082 1,452-9696 0-001782 0003084 2,270-2275
1-90 0-002455 0-004306 1,492-2381 0-001875 0-003253 2,331-5850
195 0-002580 0-004535 1,531-5075 0-001971 0-003427 2,392-9425
2-00 0-002708 0-004771 1,570-7780 0-002068 0-003605 2,454-3000
2-05 0-002838 0-005012 1,610-0474 0-002168 0-003787 2,515-6575
210 0-002972 0-005260 1,649- 3169 0-002269 0-003974 2,577-0150
215 0-003108 0-005513 1,688 5863 0:002375 0004166 2,638-3728
220 0-003246 0-005773 1,727-8558 0002483 0-004361 2,699-7300
2-25 0-003388 0006038 1,767 1252 0-002593 0-004562 2,761-0875
2-30 0-003532 0006309 1,806-3947 0-002705 0004767 2,822-4450
2-35 -003679 0-006587 1,845-6641 0-002819 0004976 2,883-8025
2-40 0-003831 0006870 1,884-9336 0-002936 0-005191 2,945 1600
2-45 0-003985 0-007159 1,924-2030 0003055 0-005409 3,006-5175
2-50 0-004141 0-007454 1,963-4725 06-003178 0-005632 3,067-8750
3-00 0-005985 0-010734 2356194 0-004510 0-008110 3,681-57
350 0-007930 0-014610 2,748-893 0006084 0-011039 4,295-165
400 0-010259 0-019083 3,141-592 0-007875 0-014418 4,908-76

@
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TABLE giving the loss of head J in metres

as a function of the diameter of the pipe and the mean velocity

(1) For new pipes (k = 0-1 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 4°C)

PIPE DIAMETER : 1500 m. PIPE DIAMETER : 1750 m.
Pipe section : 1-767i5 m® Pipe section : 2-408281 me
Mean s e et e | e -
velogity Head per mstre ; Head per metr
in of pipe length ! Flow of pipe length Flow
metres/ j ! in in
sec. New | Existing | litres/sec. New Existing litres/sec,
pipes | pipes § pipes pipes
8-01 i7-671 24-053
008 0- 000002 G- 000002 88355 G- 300002 G- 000002 120264 j
0-10 0- (00008 0- 000008 176-710 O-000005 | 0 000007 240-528 i
815 0000013 §-000018 263065 3-00001 G- 000014 360792 1
020 0-000023 G- 000030 353-420 0-000019 G-000025 481-0356
8§25 G- 000034 (- 000047 441-775 1+ 000028 3 600038 $01-320
0-30 0000048 - 000087 530130 0000040 G-000055 721-584
0-35 0-000063 - 000030 G618 485 0000053 4000074 841-843
G-40 0-000081 G-000117 706 8B40 0000068 - 000096 962-112
45 0000101 0-000148 795195 0- 000084 0-000121 i,082-378
<50 0-000§22 0-000182 883-550 0- 000102 0-000149 1,202 841
-85 0-0001486 2-000219 9731-605% O-000122 G-000184 1,322-503

- 60 0-600172 0000260 1,060-260 G-000144 3:-000215 f.443- 169
65 G- 500200 0-000305 613 0000167 0000231 1,563-433

N
(£~

620
975
330

26

G0 Uiy e e S o B o L% ek

20 0-002003 0-003487
25 - 002092 0-003647
-3¢ 0-002182 0-003811
0-002274 9003978
40 0-602378 G-004149
45 0-002462 0-004324
50 0-002557 0004502
00 3003623 0-006483
50 0-004891 - 008828
06 (-006350 0-01152¢

00{675 3-002872
‘001749 - 003004
001824 0-003138
001901 0003277
-001980 0-003417
02058 0003561
002139 0-003708
-003035 3-005340
004092 {3-007288
005303 0009491

683
-D40

€ e 2 B T B0 e 2 B G O

70 0-000230 0000353 1,236-970 0000191 G- 000293 1683657
-5 0- 000261 0-000405 1,325-323 0000217 0-000334 1,803-981
80 G-000293 Q- 000461 1413680 $-000246 - 000380 1,924-225
85 0000330 0-000521 1,502-035 0-000278 G-000429 2,044 488
S0 G- 000368 - 000584 1.390-390 0-000306 0000481 2,16
95 3000406 0000651 1,678 745 0000339 - 000536
00 - 000447 G-0007214 1,767 100 4-000373 G- 000594
05 0000490 0-000795 1,855-453 0000409 3-0006354
10 40003533 0000872 1.943-810 0-000447 0000718
i5 0-000582 0000953 2,032- 165 0- 000486 0000785 i
20 0-000631 0001038 2,120-520 0-0G00527 $-000854 f
-8 0000682 0-061126 2,208-875 G- 000570 G- 000927 |
30 0-000735 G-001218 2,297-230 G-000614 G- 001603 ‘
s 0-600789 0-001314 2,383 585 G- 000659 0001081
46 5-000843 0-001412 2.473-540 0-000708 G-001163
43 0000903 0-0015:5 2,562-295 0000754 0001247
3¢ 0-000963 0-001621 2,650-650 - 000805 3-001335
58 G- 001023 0-001731 2,735-00% 0-000857 0-001425
G-001089 4-001844 2827360 3-00091 1 G:-001519
65 G- 001155 8-001961 2,915-715 0000965 0-001615
76 9-001223 0-002082 3,004-070 001023 G-001713
78 0-001292 0-0602206 3,092-425 -001080 6-00i817
80 0-001363 0002334 3,180-780 001140 0001922
85 0-001434 0002466 3,269-135 -001201 0002030
8¢ 0-001512 0-002601 3,357-490 001264 0-002142
25 0-001389 0-002739 3.445-845 001329 0-002236
00 0-001669 0-002882 3,534:200 001398 0-002372
88 0001749 0-003027 3,622-555 -001463 0-002493
10 G-001833 G-003177 3.750-910 001531 0-002617
- 15 0-001916 0-003330 3,799-265 001602 0-002742
3
3,
4
4,
4
4
4,
3,
5,
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{1) For new pipes (k

TABLE giving the loss of head J in mefres

= 0-1 mm)} and (2) for existing pipes
2 mm) (the remperature of the water being ar 0°C.)

as a funcrion of the diameter of the pipe and the mean velocity

PIPE DIAMETER : 2-000 m.

Pipe section :

3-141592 me

PIPE DIAMETER : 2-300 m.

Pipe section ¢

4908738 m*

Mean .
velocity Head per metre Head per meire
in of pipe length Fiow of pipe length Flow
metres/ in in
8¢, MNew Existing litres/sec. New Existing litres/sec.
pipes pipes pipes pipes
401 31-418 45087
0-05 0 000001 0-000002 157080 0-000001 - 000001 245437
610 000005 G- 000006 314-139 - 000003 (- 000004 450874
§-15 3- 000009 0-000012 471-239 0- 000007 Q- 000009 736-311
0-20 0-000016 0-000025 628-318 {-000012 G-000016 581-748
025 000024 4-000032 785-398 1 0000018 G-000025 1,227 185
§-30 0-000034 3-000046 942-478 - 000026 - 000033 §,472-621
035 0-000045 0000062 1,099 857 0000013 0000048 1,718-058
G40 Q00058 0000081 1,256-637 0000044 0000082 1,963-49%
G-45 3000072 0-000102 1413716 (- 000085 000078 1,208-932
880 Q00087 0-000126 1.570-796 0000067 - 000096 2,454-369
{85 000104 0-000152 1,727-876 0-0800080 0-00011s 2,699 806
G860 000122 G-000181 1.884-955 0-500094 G-000138 2,943-243
065 000142 0-000212 2,042-035 3-000109 0-000161 3,190 680
0-70 0000163 0000246 2,190 114 0-000128 G-000187 3436117
078 - 000186 3-000282 2.356-194 0-000143 G-000214 3.681-354
088 000210 0000321 2.513-274 4-000161 0000244 3,926-9%0
(-85 3- 000235 0-000363 2,670-353 0-000181 G-D00275 4,172-427
990 G-000261 (- 000406 2.827 43} {3-000202 0000308 4,417:864
$ 98 V00289 G-000482 2984 512 (-000223 0-000343 4.663-301
100 0-000319 | 0-0005¢ 3141592 0-000246 O- 000380 4.808-738
105 $-000349 1 O 0008 3,298:6 G- 000270 0-000419 3,184-175
110 000381 | 0-000605 3483 0-000293 0000459 5,399-612
115 -DOD41 5 § - 00066, 3612 G-000321 0000502 5.645-049
120 3000450 1 G-000720 3,769 0-000148 0000546 5,890 486
P28 DOC48T7 | 0000732 102 3-000376 0000593 5,135-923
1-30 000524 G- 000845 4.084-070 (- 000405 - 000641 5,381 359
1-38 000563 ¢-000912 4,241 149 3-000435 G- 000691 6,626 7986
140 0 000603 - 000981 4,398 229 0000467 0-000743 6,872-233
1-45 300645 0-001052 4,555-308 (- 000498 0-0007%7 7,147-670
1-50 0- 000688 6-001126 4,712 388 G- 000531 0-000853 7,363 107
§-5% (000733 0-001202 | 4,869 468 0000566 0-000911 7,608 544
160 000779 0-001281 | 5026 547 0 000601 0000971 7,853-981
1-68 0000826 0-001362 | 5,183-627 -000638 0-001032 5,099-418
i-7 -D00R74 0-001446 | 5340706 3000675 0001096 8,344-855
1-78 000923 0-001532 5,497-786 G-000714 0-001161 8,590-292
i-80 0000974 0-001621 5.654 866 0-000753 0-001229 8,835-728
i-8% SG01027 0-001712 5811945 0-000794 0-001298 9,081,165
190 0- 001080 0-001806 | 5969-025 0-0008136 G-001369 G,326-602
1-9% 0-001136 0-001902 | 6126104 (- 000878 0001442 9.5872-039
2-00 001191 G-002001 | 6.283-184 0000922 0001517 9817-476
2-08 3-GOT250 0-002102 % 6440264 -000966 0-001594 | 10,062-913
210 - 001308 0-002206 | 6.597- 343 G-001011 0-001672 10,308- 350
2-15 3-001369 0-002313 | 6.754-423 -001057 O-001753 10,553-787
2-20 001431 0-002421 6,911-502 001105 G-001835 i&’?@‘?v?ﬁs’i
225 3001494 0:002533 7.068- 582 0-001154 0-001920 | 11,044 661
2-30 D01559 0-002647 7.225-662 *;)-G()I"{M O-002006 11,290-097
23 (001624 0-002763 7.382-741 G-001254 0-002094 | 11,535.524
2 DOTET 0 éﬂm@ 7.539-821 0-001307 0-002184 11,780-971
3 0-001759 . K 7.696- 900 0-001361 0-002276 | 12,026-408
2 3001829 7.853-98 Q-001416 0-002370 1 12,271-845
300 3002592 $.424- 0-002 m 0-003413 1 14,726-214
350 3003497 1‘%3‘)6!“ 10.595-572 0-00271 0-004645 | 17,180 583
4-00 3004526 0008004 2,566 368 0 “)i}?"if 0-006068 | 19,634-932
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1. Caura
2, Upper eming
3. Waler rising pipe
4, Suctien eose
5. Impeliae
6. Impalier boss
7. Lower plgin
buaring
8. Infermadipt®
pliin beartng
9. 8ol bearlng
10. Main shall
31. Shah eneloxing
whe
12. \naer medtiate
shal eoupling
11, Oili caver
14, Bearing cas
15. Spider
16. Motar base
17. Mator Bmse
19, Bearing sdapter
19. Shall coupling
20, Soleplate

1. Bowl eme

2. Uppt cating

4, Waler vizing pipe

4, Sucilon caver

B, impratier

6. Linar ring

7. Lower rubbier
bearing

8. inwermediale
rubber bearing

9. Ball heaing

10. Main shell

11, Protecling lube

13, imarmediale
whaft couplirg

13, Siufling bon

14, Beating cord

15. Meter hase

16. Bearing actaptar

17. Shaft coupling

18. Flenible coupling

19. Sode plate

MIXED FLOW PUMP
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List of Parts of vertical Section
We, fiem Material
4 suction piece cast iron
2 casing cast iron
3 fock nut bronze
4 impelier cast iron
5 main bush bronze
A shaft sleeve bronze
7 stuffing box cast iron
8 lock ring steel
9 bearing casing cast iron
10 throttie piece cast iron
11 distance bush steel T
12 regulating ring cast iron
13 ball bearing bush steel |
14 bearing box, oulside cast iron
15 casing joints rubber
16 stuffing box packing colton
17 bearing box,inside cast iron
i8 packing ring, inside felt
19 |rollier bearing | steel
20 shaft steel
21 ball bearing steel
22 bali bearing steel
23 nut steel
24 packing ring, outside] felt

. o




Fig. 3 Dry installation with intermediate pipe

Dry Installation

With intermediate pipe (Fig. 3); installation in dry pit;
the rotor can be pulled out upwards without disconnecting
the suction and discharge piping. A suction elbow connects
the pump to the horizontal suction line. The driver is
located in the flood-proof motor and switchgear room
situated above the pit.

Depending on the nominal size, the pump casing with sole-
plate or with claw, is placed on a foundation.

Dry Installation )

With cardan shaft (Fig. 4), for installation in dry pit.
Depending on the length of shaft the pump is equipped
with one or more cardan shafts. .

Underfloor Installation

The pump and driver (Fig. 5) are arranged together in a
room adjoining the collection tank, in cases where a hori-
zontal pump cannot be accommodated because of lack of
space. It can however only be adopted if the room where
the set is installed is dry, and there is no danger of flooding
the electrical equipment. The pump is connected directly
to the driver via a flexible coupling and its footplate is
placed on a foundation.

7 7

P TY

Fig. 4 Dry installation with cardan shaft
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Fig. 5 Underfloor installation



Fig- 1.7 Head — Capacity Pefoentege Curves
Ditferances of Chorecleristics of Yelule Pumps,

.. 1 S

Mixed Flow Pumps snd Axial Flow Pumps : m - P ;
The pump charaeteristic changes considerably by the type m '.\ e Wi Mo :
of the pump, Therefore, when slecting & purnp, it is 1 T g
esseniial 1o fully understand the charagteristic of every Lo =3 “-\l i
type of pump betarehsnd, Fig, 1.7, Fig. 1.8 and Fig. 1.8 = \\. :
show the pump charzcteristics of & volule pump, mixed ) AN 1
flow pump and” axisl flow pump. for which the difference :
in characteristics is the largest smong varous pump types, - 3 :
in percentage cupves, (The percentage curves afe 1o show s KW
the pump charagterlstic curves on the hass that overy 1 ':J Wb
one af the 1atai head, capacity, shalt horsepower and o
efticiency et the maximum efliciency is 100%). |
('u Total Hepd Curve ‘: W W B0 &1 W A WD ALY

As shown in Fig. 1.7, Rising Characker (ie., the

tharacteristic that the totsl head decreeses as the capacity . TR

increases) becomes stronger fn tha order of the volute

purmps, mixed Hlow pumps end axial Tlow pumps.

The shutotf head (head al the point of O capacity) Fig. 1.8 Shaft Harsa Powsr — Capacity Parcentapa Curves
of 1the voiute pump is about 120~140% of 1he head at the

maxfmum efficiency,-Bur, It Is 140~200% for the mixed

flaw pump and ft furthar increases 1o 200% and over for : )

tha axial flow pump, ) : %

{3)  Shelt Honepowsr Curvd end Efficiency Curve |;a W

For the volute pump, the shalt hprsepewer curve draps ,mr i

a1 the eapacity decresses as lilustrated by Fig. 1.B. = )
But, in case of the axial flow pump, the curve rises on the 3 5% ‘: ,I/' Wi
cantrary. Therefore, in ¢ase of tha veluta pump, it Ts ] A

berter 1o s1art it by fully tlosing the walve beforehand in

ordar ‘te minimize tha sterting torqua. Bur, for the axie) Y

flow pump, shutoff operation 15 imposible because the % “W-‘rﬁrﬂma

shalt horsepower increases, When planning, 1t |s necessary

- to teke this fact into consideration. The dhuroff harse O
power {ihats horsepower st the point of O capocity) Fig. 1.9 E#ficiency — Capacity Percantaga Curyas
of the voluta pump Is abouit 30~60% of the shaft horse: 2 : cy — Capacity 2 :

power gt the man_imum afficiency, For the mixed fiow -

pump, itis about 83~ 120%. Hawéver, for the axial Tiow |
pump, it increases 1o ahout 180~250%, 5 ik
Of tha sfficiency curvos, the volute pump hes the most = [ )
gentle curva with the lorgast radlus of cutvature, itsug- . ‘ .
gests that the valuta pump shows the smafiest decreasa of 4
eiciéncy by change af the capacity. Besides, when "
compared with tha meximum affidancy of the pumps of d

3 W) g T
the s2ma bore, the voiute pumps show the most excallent -
value fn genaral,

i

A ]
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Selection among Woluta, Mixed Flow and Axial
Flow Pumps

: ' Comparisan of Pump Typer regarding Tatal Head

Tate! Hend Sumiion Ll Conrltugs) Mised Fiow Ainl Fiom | Remarks
Leg phan Am - x o] €] D dsed widsly,
Leéssthen 3m A o} e QOlieed, .
a-4m Kore then Am LY L] Fil A Nt used fiegquently but can be
s,
Lexs than Zm A 1=} Q Xaener 1o mvid.
(or eannot ba ugsd ]
A-6m
Mare than Im Y @ x
Lersthendm @ @ X Far thae whith ara pavin shin
L More than Sm & X % fange, chunsliwith:the manutec:
1urer,
More than Bm - 3] X b ¢

Campsrisen of Pumps Typrs regarding Flugtuetion of Head

P‘"“"E’:E"I:‘:""“;“’:;Lm i Canttifugn Ltimer Flow Axinl Fiew Remmhs
+ 5-—30% =] [c] 1=} @Sultsoln G Conbe ued
+10~=30% Q @ o & astter to svodd. X Mol witeble
-5~ ~30% il @ L= Ag lor covithtion, study Specately.
AT~ =30 % X o] a

Corparisan of Pump Types reparding Operation, ate.,

e Ceantritupsl Mixed Flow Anisl Flow Wergesd Heamarks
Operpaizn end contral A A B A For wvery item, mwrks A, Band £
3 sra glunn from fmvon: rebit ome e
Maimsnamce: £ . B & unievoursbiy one In this arder,
Frice c -} A = A1 for the spasd, marks A, BandC
Speed BorcC B A = I Qrvdn I10m th quiches ane te
dlower oo
EHiclincy A 3] c i
Floar Soece BorC B ] A

Differences of Characteristics of Voluts Pumps
and Turhine Pumps

la the paragraph abavie  differences of characteristics
of the centrigugal pumps, mixed flow pumps and axial
flow purnps ara described. Of centrifugal pumps, however,
the performance of the valute type pumps differs from
that of the turbine type pumps. Fin. 1.10 shows the
difference between them by percentage curves, The
-turbing' pumps tend 1o show a convex charecteristic for
the total head curve [total head curve for which the
maximum vatue of the head is at @ point of capacity
ather than the shut-off paint) and the operation character-
istlz at the time of parailel running sometimes becames
unstebia. Ganerally, the shut-off head of the voiute pump
s 120~140% of the head a1 the maximum efficiency
paint end that of the turbine pump is 110~120%. -

Fig. 1.10
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Specific Speed. I we give the followhg data
of a —» centrifugal pump: —+ capacity G, —~ total
head 'H and -+ rotational speed n, the s5 of ~
said centrifugal pump is the true rowtional speed
of a model pump (index q), similar in vane geg-
“mémry and in vélooity planes = Vélocily fiang
Ie), having the Ioltowing perfarmance data:
capacity Q= Im'ss,
total hegd Hgoe= Lm,
Fram the relationships of similitude mechanics

(" simllarity conditions, — affinity law,
—+ model laws) it fallows: *

Q _D'n
Qg Dymy’
H D
Hy, Ding.
Salved for ng we oltain;
\ %
— (00
WS AR %
of, withQy = ITmi/sand Hy = | me
Q¥
a,=n w5
with
Q inm'fs,
H inm,
n fnmin?,
£, inmint,

In cenerifugal pump technology, it is uwsual to
quote the 5.5, in relatioa to the optimum values
of capacity and total head (Le. at tha - nperal-
ing point of optinumm — efficiency neg ), and in
melation to the nominal {rated) rolational speed,
2a that we: have:

= M—-—
n‘I n“HapIK

Ay specilic spead in min®,

Ny nominal-s rotaticna) speed in mind,

optimum — capacity in m* /s,

aptimum -+ tolal head fam, ¢

The s5. nq in the last-named varsioniis a fre-

quently wsed characteristic magnttude in centril-

ugal pump techdology, mnd 1 is characferistic of

the optimal — impeller shape required to a-

chigva optimum etficiency:

mdial impeller  ng = 120 35 min ¥,

ntixed fiow impelier ng == 35 o 160 min;?,

axial impelter Ng =160 1n 400 min™ and
s ey over, i

Based ‘o Lhe dimensional magnitude ng, 2 non-
dimeénsional coelficient characterizing the lype of
construction has also been adopted in centrifugal
pump lechnology, which, according to DIN
24260 is expressed as:

‘w=13330 L
Pa (zHy¥
with
. n -+ rolalional speed,
Q - eapacity, in coherest units

g -~ gravitational constant,
H == total head,

The numerical values of the magnitudes my and
ny are the same. The.conversion of the cheracte-
ristic facler ny inte the so-called “type number™

[/
: @B :
frequently used in English and American cenlsif-
ugal pump literature {see also 1SQ 2540) is
piven by

K=ix'n

1
Re —b— . o
N TR

Fig. 1.3 is 1o illustrate the relation biarween the impeller
design and .. As the value of n, of the uulut.e purip
becomes larger, the ratio of the impailer blade width and

Fig. 1.3
@ Y @ o @ ]
;
. 723 L i 2l o
Simsitenin) Valutz pumgs sbiaed i | Aol Moy

inner diamatar to the outer dimensian of the impeller
becomes larger, As n, increasas, the pump typs changes
1o the mixed How typa and then to the axtal fnw type.
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@ Loworbearing : = :
@ Upper bearing = o 4

T Molslure Ingress H e L M
“~w.. _ Monltors

i =
., (@ Ofl chamber [ T
&) Lower motor chamber ;
@ Connaclion ¢hamber
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=,
S

'\-..L__“'

-

- Beuring '-
Temperature
Moniiors.

The temperature monitors fitted to

the upper and lower ball-bearirigs

give early indication ifa crilical tem-

perature has been reached and

switch off the unit autormnatically if i i £
" a limiting value is exceeded. BHo)

iWotor Temperature
Monitors,

iﬂa:pariof‘ﬂ:eﬂlennmmntmlsystem
temperature monitars are embedd-
ed inthe upperand lowersections of
the stator winding, | xase_of aver-
heating, a warning mp $to
will be given priarto Breve;

damage occurriggi.: &

#oisture Ingress v
Monitors.

iNg monitor systerm are fitted to
seal oil chamber, cooling p
cavity, upper and Jowar sections
the motor housing and the ters
COnnection chamber.
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" SELECTION OF INCLINATION
Difference Screw capadey In lfs
In laval FP-CP
20 1" so0
trdm "3 S0e HP
34 m 3 e 3
‘—6 m — ag* 5=
8-& m — s aso
aoyer 8 m — -— .g°

Compact screw 35° only

SELECTION OF SCREW DIAMETER WITH OPTIMUM

MNUMBER OF STARTS
Screw dismeter Capacity In Ijs with inclinatlon §
mink. :
30° 350 s
400 25 20 15
500 35 30 25
&00 &0 &5 £0
700 a5 45 60
800 12n 95 ' 80
P00 140 120 100
1000 250 200 170
1200 180 200 250
1400 540 &30 30
1600 750 580 500
1800 980 770 650
2000 1250 1000 200
2200 1550 1200 1000
2400 1900 1500 1300
2600 2304 1800 1500
2800 27040 2100 1800
36400 3200 2500 7200

—

CARACTERISTIC LEVELS AND DIMENSIONS

FP == Filling point = Screw capaclty 100%
TP = Touth point ~ Screw capacity O
CP = Chute palnt = Discharge lavel at the and

of the traugh.

MPP e Maxlmum
Pumping point  — Maxilmum water ievel in
discharge chamber aguinst
which pump will operata.
H = Lilt = Used for siziag and selection
ol suitable drive unit.

REMARKS ON TABLES

1. The information on screw dlameters and angles b
glven lar guldance anly. Mare deralled information i
avallable on raquest.

4. Level diffarencs FP to TP = apprax. 0.75 D cos §.

3. Leval difference CF to max. pumpling pelint m
0.10 D — 0.30 D depanding on number of splraiy a¢e,
When scraws ara operating In parallel the chute
peint must be arranged to aveld water streaming
back down the non-oparacing screw.

4, Minimum Intermi width of trough =
D 4+ 400 mm.

5. MaxImum permlssible angle of Intlination == 38°
degrees. .



ure .-

As the phter Tevel al jnlet rises, the pump delivery
inceeases [rom zeco at T to tha mnaximum capaeity of
the screw of 1. The water level i outler has no inMfuence
on Lke pump delivery, pravided it doey nul excemd the
level ¥, If the water inlch level s raised above T the
pump defivery femains sensibly constanl ai its maxi-
mum ¥alue, € represents the maximum outlzl level ul
wlhich o serew pump showld be rin witheut & non-
return valve. ‘This prevents buck dow through the
eleneance hetween serew ond trosgh when Ure pump is
shut off. 1§ this back low is allowed to tuke place there
i o danger ol the screw beeoming choked by saliment
ot solid mutter, making it Jifficult or dmpossible 10
restart. [evel I* is the oullet water Tevel a1 which the
pump will operate st maximum efficieney. Al owlel
levels preater tham this, walter is thrown hack down Lhe
screw, with the result thay she delivery und cllicicacy
drap shitrply, s the required driving power incresses.
IF the pumsp is run @t this condition it s possible 1o
overlood the mator, and it should hecelere be avoided.

From these remasks it can be sgen that carchul
specificution all the vclevant water levels s necessiry
wiien o cuptiny lor oo serew pump is made, Onee the
serew i desigtl, aMerations in the levels uro nou ensily
accommodnted or Lwa reasons:

(i) Asihe inclination o ix genernlly between J0° aud
40°_ w Lairly small inecease in the head 11 bas a
Lkurper cifeer on the Dladed jenpth L, ws can be
apprecisied fram Fig, 1 The kenpth of the serew
betwews hearing conires i o fiportaint par-
ineter bf the desipn, us its allowalibe value is liacd
by the sceeptable defiection of the serew, Henec
an increase in 4 may necassitate the use of g
cemil tube with greater wall thickness, Tuken
in cotjunciion with \he addilional leagth ol
both [uhe amd blodes, @ woarked incrzase in
weipld, and hence in cosl, oiny vesult,

(i) As e head H is nermally not high [oc n serew
pump, sHght allerations Lo Lhe water levels may
imply o larpe percenlage Yurintion in its vakie,
‘Thiy muy make il necessary o provide o larper
matoe, gear unit, and belt drive which, Laken
topetlicr, cepeesent a large proponion of the
cost of n serew pemp installation,

Finally, it shosld be noted thit of the our lovels,
T, F, Cand 7, oply [wo cun be specified. The otikr twa
are Lhen fized by the diameter of the screw zud its
inclinuion. Mormaully F is given and either Coor P AF
the top autle: walet level is speciticd as C ratlice than I

~ “the expeuse of 3 reflux valve js avoided, but the screw
27 qesedl wiil he gather longer und therelore wore cr.pcnswa.

Furthermoru it will operate at a rather Tower elficiency.

"Dosipn of screw pumps

The capacity of o strew pump deponds on the
I'nﬂu-wmg parameters—

. i) The outside diamster of the hiades {D).
ro_ (i) The rotational speed (M),

{ifli} The pamhe ol'_slafls to the screw, (This termn is '

{v) The putside diameter of tie cenigal Lube (d).
{vi) The lend af the biodes (1),
(vii} The water level a1 inlet 10 the serew.

Uut note it is not depeademt on the head H, exeepl
in 50 [ar a5 this varies with (vii) above, or on the bladed
lengih L of the sérew.

It e De shown that (e eapacity of a serew pamp,
like any other pump, vaaes according Lo th following

Tuw— Q == q, ND?

whers 35 the capaczity of the pump, N and [ have the
meanings assigned above, and q 15 a dimensionless
guaptity called the specific capacity. This is constant for
peoetrically similar screw pomps, i.e. those [or which
5, 2, 4D and M are the sanvt and whick have suffisient
immersion gt inlel lo produce makimum gquantity from
the seeew. btois found that there are ceruin aptimum
values tor dfD and XD, and these are adopted as
standard. The speed Is determined from in empirical
formuls piving the maximum speed which can be
employed swilhoul cacessive losses due lo splashing;
the Lrgee tho seeew tinmeter Lhe bower this inaximtm
allnwable specd,

OF direet interest to (he custamer is the manner in
which the capueity varies with serew inelination. IL is
readily apparenn that e steeper 1he inclination of the
seeew the shorter will be it Tength for a given head.
Flowever the capacily of 4 givea diameiler aof serew
degrcasey with Inglizatiom 45 shown in Fig, 3,

{wlp]

-1=

3
FERCENT

)

QUANTITY FUMPED

0

vl |

2 EYy as g 40"
lucuumon OF SCREW TO HORIZONTAL &%

Fig. 2. Tho capazity al yarinus angles based on the upa::l'.' ut
&= 30" px @ Jdatum

Abthough a screw [or a given 1ifk muy'l:n: made shorler
hy increasing the inclination, to muintain the tapacity
it must be increased inaliameter, which will ofso inereage
the width of the puaping itstallatiow. L should plso be
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Fig. 3. Performance curves of a typical screw pump. The top
curve shows the relationship between head and flow

depends on the capacity required, whereas the length
depends mainly on the head. Hence if the quantity
required is small but the head is large, a long thin screw
results, which may not be mechanically feasible.

As can be envisaged, for a screw of given diameter,
the greater the number of starts the greater the capacity
of the pump. However, incrcasing the number of starts
is subject to a law of diminishing returns, Three starts
are more common, but there are occasions when (he
use of a screw with less than three starts is altractive,

Allen Gwynnes has a range of screw pumps of stand-
ard diameters, from which a required duty can be met
by suitably adjusting the inclination and speed of one
of the pumps 10 provide the most cconomical design.
It is therefore better if the customer does not specify
the inclination, as an atlempt to do so can result jn the
cost of the screw being higher than would be the case if
the manufacturer is free to optimisc his design.

Fig. 4. Two screws to meet the same
duty. The screw on the lelt requires a
non-return vaive and that on the right
does not

Screw pump performance

Fig. 3 shows the performance obtained from an
Allen Gwynnes screw pump. The variations in head
were obtained by altering the inlet water level only; the
outlet water level was kept constant. The curves show
the important properties of a screw pump, and the
following points should be noted,

(i) It is important that the discharge specificd with
the enquiry is the maximum to be expected. Once
a screw is submerged up to its ‘filling point’
(shown as the ‘duty point’ in Fig. 3) it cannot
deliver a larger quantity if the inlet jovel rises
any higher. This point is of considerable im-
portance in the case of land drainage installations
which may be subject to flood conditions.

(ii) The efliciency curve is very flat over a large

range of flows. Therefore, as previously men-
tioned, it is perfectly economic to run a screw

mum discharge.

(iii) The maximum power required from the motor
occurs when the inlet level is at the ‘filling point’.
The motor is sized on this basis, and hence it is
impossible 1o overload the motor under any
operating condition, with the single exception
mentioned earlier of allowing the outlet level to
rise above the ‘maximum pumping level’ P,

In connection with efliciency, some explanation re-

garding the outlet water level is necessary.

In Fig. 4 a screw is required to raise water through a
height H. This can be done in two ways:

() A screw (1) with its ‘filling point’ at ¥ and its
‘maximum pumping level’ at Py, where
Py—F = H. In this casc a non-return valve must
be provided.

(i) A somewhat longer screw (2) withiits ‘chute point®
Coata height H above its ‘filling point’, In this
€ase no non-return valve is necessary. This screw
however will lift water (o its maximum pumping
level, P..  the effective head thus being
P;~F = H', and it is on this basis that the
power consumed must be calculated,

Hence, when the term ‘efficiency’ is used for a screw
pumping to some outlet level other than the ‘maximum
pumping level’, it should be carefully stated to which
outlet level it is related.




Fig. 5. Four of the various electric motor/screw pump drive
arrangements are shown:

{Top left) Flange-mounted motor with parallel-shalt reduction
gear

{Top centre) An electric motor mounted at the side of the
parallel-shaft reduction gear with belt drive. This resuits in
a rather wide arrangement which may be inconvenient if
several screws are to be installed alongside each other

(Top right) An electric motor mounted on top of the paralilei-
shaflt reduction gear with belt drive. This arrangement simpli-
fies the foundations at the expense of an increase in the
building height .

(Right) An electric motor driving a right-angle reduction gear
through belts. This produces a reasonably narrow unit which
is convenient if several screws are installed in parallel, at the
expense of an increased length of motor house

Drive arrangements (Fig. 5)

As the rotational speed of screw pumps is low, vary-
ing between approximately 20 and 90 rev/min for most
applications generally, direct drive by clectric motor
is out of the question and some means of speed reduc-
tion must always be provided. It is thercfore usual to
employ 4-pole motors, as these are cheap and small in
size. Whilst the required reduction in speed can be
achicved by interposing a gear unit directly between the
motor and the pump, it is usually more cconomical and
convenient to connect the motor to the gear unit by
means of a V-belt drive. In addition to cnabling a gear
unit with a smaller gear ratio to be used, the V-belt
drive arrangement has the following advantages —

(i) The desired pump speed can be approached more
closely than if the Hmited range of ratios avail-
able in proprictary gear units alone must be used.
If required, the capacity of the screw pump can
be adjusted relatively simply and cheaply by
altering the pulley ratio and hence the pump
speed. The maximum flow required must of
course be known at the design stage so that the
screw has been sized for the maximum duty.

The physical arrangement of the motor and gear
unit within the motor housé is more flexible.

The coupling between motor and gear is elimi-
nated, and a drive with good torsional flexibility
substituted, with beneficial results, for example
when starting up or when solids are being lifted.
The gear unit itself can have a parallel shaft layout
or the high-speed shaft at right angles to the low-speed
shaft. The latter arrangement is more expensive, but
can have advantages in space-saving in the motor house
il several pumps are installed in parallel.

(1)

(iii)
(iv)

Enquiry information

Although it is beyond the scope of this article to fully
discuss all aspects of the design and selection of screw
pumps, it is hoped that uselul guidance has been given
to their correct application. However, it has drawn
attention to the need to include the following informa-
tion with cach enquiry for a screw pump:

type of application and fluid to be pumped;
number of pumps (i) duty pumps
(ii) stand-by pumps;
maximum flow per pump;
inlet fevel at which maximum flow is required;
minimum inlet level at which pumping is required, or alter-
natively minimum flow per pump;

maximum outlet water fevels, and whether this is to corre-
spond to ‘chute point® C or the ‘maximum pumping
fevel’ P

description, or drawing, of proposed instaliation;

details of available clectrical supply, including any restriction
on starting current.

Because of the characteristics of screw pumps it is
important that this information, on which the design
will be based, is final and accurate. Changes in flow
or head figures, once the screw pump has been quoted,
may make a complete redesign necessary. This could
well alter both the price and the space occupied by the
pumping plant, as even minor changes cannot be
accommodated as easily as with an impeller pump.

It is generally known that Allen Gwynnes has long
and specialised experience in the design and application
of pumping installations, and is able to advise on
pumping schemes to suit the particular requirements of
any installation.
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AIR LIFT PUMP
DESCRIFTION

Air Kft punnp is a pnaumatic device for
lifting of liquids.

The mechanism is basad on tha
decrease of the spacifie gravily of
the liquid by injecting air inlo the
baltom of lhe pump. Due 1o this the
liquid-air-mixture becomes lighter
than the surrounding liguid and rises
in the vertical pipe.

The air lift pump is mainly applied in
settling 1anks {grit collectars. primary
and secandary cleriliers) for the
purpose of fifting sand or sludge,

“The gir lift pump does not contain any
movable parts. The cross—section of
its straight vertical {ifting) pipe is lhe
same along 15 complele langth. This
makes 1tha pump insansitive to
clogging or wesreven when
caarse-grained materials are baing
lified. The design principle allows for
8 gentle conveyance of fluids vwhich
is of imporance, for example, in
- - handling aclivated sludge, When Lhe
pump becames clogged, tha botlom
-of the permp can be washed free by
“¢losing the guick-opening valve lor
Qé-'.rerr short lima.

ERR LY ]
r

- B EMENTS OF CONJTRUCTION

"Air Jift pump consists of the following
lements:

_-Batiorn of the pump with

~"r ‘sonnections for compressed air and,
* iFrequired, lar flushing watar;

‘riser pipe for lifting grit—water ar

. sludge -water mixiura with air.

L A :
% FOPTIONAL ACCESSORIES
1 AND;EQUIPMENT

k-0pening valve for whirling
hetiquid in e pump botiom,
aans againsd clogouiy ol the
! el (egy. when transym b
Irﬁ_pls by cloasing Whe verlical
ria virry short petiod of 1ima

AIR LIFT PUMP TYPE MFP
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LEGEND: ;
1. Bottem of the pump
2. Lifiing pipe

3 Flushivg waler pupWe,
3. Compressed air supply line
5. Quick-gpening valva

ORIENTATIONAL DATJ';. ON CAPACITY

POSSIBLE EXECUTIONS
OF THE PUMP BODTTOIM
1a] lar slat@nary panp
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