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‘Centrifugal Pump Design  ajs yeft 8ajuafl Gilsolial! muasad 1-)

Symbols, Units and Designations claagfly &iglaelty e 1-14-1

Jadaell ot | ctaagdt
- Impeller diameter isyadl B3| D | mm
- Nominal bore of pipe or pump | Joe s byelell oW LD DN | mm
hozzle ’ | Lbll
- Conversion factor for total head S Joymddl Jalas | Fy -
- Conversion factor for flow rate | MG patll byl Jolaa] Fo -
- Conversion factor for efficiency 3 WS Jo ol Julas | Fpy -
. Gravitaﬁonal constant = 9.81 wibdlet| g | m/s?
- Total head S H | m
- Total system head S aphdiad,] Hy | m
| Static head STl G I Heeo| m
L Shut-off head Fated,| Ho m
Head at best efficiency point LA J.‘a:'i s=wi i Hop | m
- Static suction lift Sl cowdl ad) | Hspeol M
- Static positive suction head. el (STl el 1d) | Hzgegl M
- Head loss Gl su Hy m
- Head loss - suction side. ol ile Jpd MM 3G Hy m
| Differential head ghau| A1 m
- Speed ol 19;-? " | min!

S -




- NPSH required Slall oyl ol baxs ANPSHueq m

o slaad
- NPSH available bl Glall o gl el L NPSHav m
- Specific speed Lelic, o g I/min
- Pump power input Lodbl sl 4 P kw
- Pressure at outlet suction of plant sca gzl [ s Loaall - Pav N/m2(bar)
- Barometric pressure oWl bazll 4 Py |N/m2(bar)
- Pressure at pumip discharge nozzle Ladbal) 3 L)) imis aie Ladl P2 N/m2(bar)
- Vapour pressure of liquid Sl Ll ka4 Py |N/m2(bar)
- Pressure at inlet section of plant bl Jode e baali - P, N/m?2(bar)
- Pressure at pump suction nozzle Lol condlios wie bzl P N/m?(bar)
- Differential capacity w4 Q (m3/h)
- Flow rate Jadl4 Q (m3/h)
- Minimum flow rate s G,adl 4 Qmin (m3/h)
- Optimum flow rate Sl U padi - Qopt (m3/h)
- Flow velocity ohdlicmd  V nys
- Flow velocity at outlet section of plant. FOIN ] G)"‘ e ol el de o A Vav m/s
- Flow velocity at discharge nozzle. sl i e gl ie w { V2 /s
- Flow velocity at inlet section ot plant Lozl Joae wie oLl e Ve m/s
- Flow velocity at suction nozzle ol dod wie plymdl iem 4 V] m/s

-1y -




- Height difference between pump | condl o g g i ¥ 6,6 - 21,2 m
suction and discharge nozzle. Lalbld 5 bl -
- Loss coefficient siddl Jolas ~ T -
- pump efficiency Lalladl 5 LS - -
- Friction coefficient Iy Jolas - A -
- Kinematic viscosity iyt - v m?/s
- Density Bey-l p kg/m3
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Pump Percipients rleoklad! il aaamg - Y-11-
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(Pump absorbed power) Avollal) dSigauad 1§ ekl el -0-Y-11-
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AT o8 (NPSHav) plad! ilall conpadl condl Jaiss -
ol Sall el o i gyl 5 e
NPSHyeq

ddbl) SISV WSS Pl -
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(System (Piping ) characteristic) (5 ygatelt i) augiaialt jusa-V-Y-11-1
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Suction characteristic sl | a9 -V~ 119

NPSH required | clicad! vt 0 il daea V- Y'-14-
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iolliwdl e NPSHreq wsbll SLall cosll condl bhis ,on,
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 osS Bl o paie Laphite plasialy Rdall oLl o LI ol Hlzely

P, = 1| bar (105 N/m2)

Pe = O bar

p = 1000 kg/m3
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. 2
Lebal oSt ol 3155 g6 il o o YE aad Jlaals
2g
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Guide-values for surface
roughness (k) for pipes

- . new pipe | old pipe
Pipe loss nomogram pipe maniat | "G00 | Sy |
f n olastic 0.01 0.5

l a C orawn sweel | 0.05 1.0
or clean water 20 e T 01T 10
orawn stainiess steel 005 | 02 |
Q =flowll/s weiged stainiess steal 0.1 025
D =pipe inner diameter mm cast iron 02 | 1.0
; =surfafe rouqm;eg; mm | oalvanizedstesl | 0.15
Hy =pipe losses m/100 m biturineo cast.iron 0.12
Example C=121/s D =100 mm ~_ concrete | 0.2..2.0
. k=0amm M, =25m/100 n | aspestos cement 0.025
N
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Guide values for head losses in bends, vaives etc.
: -

Nomogram e oes ,-
for head losses oo ™7 18 i wit ecersin

. — Ball check vaive 1,5—25 .
in bends = Samvare N
h 7 = Oblique globe vaive 1—=2
valves etc. = Salhae =
. - . e [] asz
g =tiow l/s T-pieca Jl b‘ ova o= el
=pine inner dlameter mm 1 AR A
v :ﬂowvdocitymls i § -gl:é .g -‘Cg f&
$ =xloss coefficient ~ Y-piecs 03 | omlon | 35 S
My =head losses m al 10,00 JL=d,
Example Q =121/s D =100 :nm g ﬁ (I
v =155mis 3=5 Bl
Hy; =0,8 m N\ Ex] | el
1 T o ::‘ "
n
NN
T
' ]
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A'lll
-
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Tne values histed below are guiaehne values ang 2ppiv 0
vaives with 3 unitorm Istnbulion of the approach tiow
ana which are iully open. The 1osses wnich arnise in the
wake of the vaive over 3 length of piping equal to 12 x ON
(neminal bore) as a result of the smootning out ot tne
Qisturped Hlow i1n tne pipe are inciucea in tnese values
1see VOI/VDE 2173 Recommenaauon).

Variations may occur gepenaing on the approach flow
ana outfiow conostions ang type of gesign.

Type ot vaive DN I4

Gate valves

tutl port

with guige ptpe all sizes 0.1100.15

without guioe pioe ali sizes 0.21t00.3

Hard-faced high pressure gate valve

1contraction rato

1:0.45100.74) 6510500 0.3t008

Cocks .

full port all sizes 0.1100.15

Throughway giobe valves :

30A-H (metai-to-metal sealing) 10to300  3.0106.0

30A-W (soft matenatsealing) 1010200 3.0t0%.5

Hard-taced tuli-bore valve 2510200 1.0t01.3

Forged hara-faced vaive 251030 6.0

Casti steel haro-facea vaive 6510200 3.01040

Angie valves ’

B80A-H (metal-1o metal sealing) 1010 150 4.5

20010300 6.0

Non-return vaives o

Fulli-pore (Y valves) - 2010300 30

80A-R (trougnway panern) 10tc 300 5.5

Suctlon strainer b

with {00t vaive

conventionai type ) 221025
. KSB borenoie strainer baskets 111019

Walter separators .

wilhoul/with Dalfle plate aw07

Non-return flap vaives:

The { values tor non-return flap valves vary accoraing (o
tne velocity of Hiow o e pipe ana the position of the pipe
ne — Nocizontal or verncal. At a given velocity vy (honz-
ontal) of vy {verucal) tne flap attains its maximum opemng
ang lowest { vatue, wnich i1s vaid 1or even higner How
veioctiies. Wnen the velocity arops below v, Or vy . the {
value increases progressively. The vaiues tadulated beiow
apply 10 swing cneck vaives not fitted with a lever ana
wegnt for 100 %. 50 %. and 25 % vy, Or vy.

Nomunaipore DN 40 50 &85 80 100125 150175
Vi VS 44331 39 23 1.6 28 16 22
v, ms 3128 23 20 1628 1.6 22
{at va 100% 0304 03 07 056 1.0 09 05
0% 0709 05 1112131513
25% 1225 14 35 4023 - -
Jat vy, 100% 0504 03 07 06100903
30% 0606 08 1.3 12 13153
25% 0.8 2.0 100 120 60 35 — -

With non-raturn H12p vaives fittea with 3 iever ang weicht,
tne ; vaiues May de several imes tne values apove J&-
J2NQINg ON INe D0S1LoN Of the weignt.
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Branches

{Brancn of equal bore)

The tricuon coefficient {, for 1ne divenga fiow O, anc {s
for the main flow Q-Q, retate to the veiocity of tne 1oial
fiow Qinthe nozzle.

Q,/Q= 0.2 04 06 08 1

=== (,~ —04 008 047 - 072 0.9
{o~ 017 030 021 051 —

Bends:
Castoengs. 9C°R=D-100mm,
allnominal pores { =0.5

Fipepencs&0°R=2104xD

Nomunaibore DN 50 100 200 300 300
{ =025 023 027 019 Qa8

80°  af® 30° 1E°

itangle s only

= {i = 0.88 0.88 085 1,10 .28 the above { values Should be
! {c ~ —008B —005 007 021 — multiplied by 085 07 0.45 03
=== (,~ —038 0 022 037 037 .
{o~ 017 019 003 =017 — Elbows:

=F {a 0.68 030 028 035 G.48”
aliel {c = — 006 —0.04 007 0.20 —

Negauve { vaiues signify that tnere ts a pressure rise.

Spnerical T pieces:
{Nozzies of equai bore)
{=2.5104.5relaleq 1o velocity of 1013l llow in the nzzie.

inlets:
A}
1 O 7
Inletecge = " T " P
snarp {= 08 2 ot b= 437
Chamtereo (=~ 0,25 0.55 0.20 0.05 .~ 0.3
Outiais:

5 = ZJownsiream of an acequale iengtn oi straign: Side
with an approximately unitorm velog:iv OISksiSuion
nothe gullel secton.

=2 w~ilh very unecual velocity CISINSLLOrN £ 3 mmas

Siately gownstream Of an @idow 2 vaive 205

v
'

Detlectionangie 80° 80° 45° 30° 1
=13 07 035 02 08

Combinations of benas: -

The { value of the singie 90“ bend snowio not be 0OUDIed
butl multiplied by the tactors ingicated 10 obiain the pres-
sure 10ss of the combination dbenas illusiralea:

= == e
G AR ARy
— P 2
33 Je) - —1
1.4 18 7.8
Expansitn joints:
Bellows expansion joint with/without
guioe pipe {=~(03/0.2
Straight pipe harp bend {=081008
Beliows pipe harp beng {=13w16
Corrugatec pipe harp bend {(=32103
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F I e ey V£V Y-
AF |

HJF] = A w HJW

(Friction coefficient)  JiLul JIKiayl Julas o Adua

id | alyal) A ISyl Jalan o (F2=Y) (3, Sl oy

B Gyl T yhas )

Changing the pump performance dollad! glai i -0-91-9
Changing the speed a6 ! paak 1-0-14-1

s U & L Lilise oliomia sie e Jpadl Ko ioalbll it

FH QL&J.«I
5 cols 36 (Similarity law) Jlasdl oyl olasall sds Jas 5y

ol Nj Taue Al dis Ly pae P,

padly Hp pdly Qp Gpad
S e k| 05 1y ikl o ke kil i) S )
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How to P Water H ing
Method Purpose Actual A etc. '
{1)  To select a slow velocity| To minimize the change of the | A slower velocity of flow in the piping is better.
of flow in the piping. flow velocity. about 1 m/s or less.
To slow down the change of . 2 " P -
(2) To make GD* large. wpeed and minimize the cg l;u:hm.‘vduo of G'D to the pling. If it is not gh, pro-
fluctuation of the flow velocity. # flvwhee! soparately. ‘
{3) To lead water into the Top by p! (1) Provide 8 surge tank.
discharge piping. drop. . {2) Feed water from the suction water level by a separate pipe.
(4) Tolead airinto the dis- | Top by p (1) Provide an air chamber.
charge piping. drop, (2) Provide an air valve.
(5)  To use a slow closi Close the check valve siowly. The o of widely adopted check
4 "l v.I e To prevent pressure rise. valves is that an oil dash pot is provided and the valve is closed by
: the counter-flow of water.
(680  Fosced control of the . Control the main valve by force by mnns'o( oil prcuurQ, pneumatic
main valve. To pr t pressure rise. pressure or water pressure, etc. and a DC power supply.
{7)  Omission of the check Tﬁ " re rise. When the check vaive and foot valve are not provided, the pressure
valve. . ¢ s riss. rise is smaller than when they are provided. But, in that cass, reverse
running of the pump and motor may be caused.
This valve opens at the same time as the prime mover stops and pre-
(8} Yo use an automatic . vents hange in the period. After a specified
pressure regutator valve. Tor TP ve rise. time, it closes gradually. The discharge flow from it does not pass
through the pump.
© To ide @ safety ) . This valve is t0 release water when the p h ifi
valve, To prevent pressure rise. value. There are the batance weight type and spring- loadod type of
. safoty valves.
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Short-circuit categories

IEC 157-1 has two categories of short-circuit performance outlined

herein

Short-circuit
per formance
category

Rated operating sequence
for short-circuit
making and breaking

capacity tests

Condition after
short-circult tests

Pl

O - t- CO

Required to be capable
of performing reduced
service

p2

O-¢t-CO-~-t ~-CO

Required to be capabl
of performing normal
service

0 represents a

CcO

breaking operation.

represents a making operation followed, after the appropriate

opening time (or immediately, that is without any intentional
time delay, in the case of a circuit-breaker not fitted with
integral overcurrent releases) by a breaking operation.

represents a specified time interval.

=\ -
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Temperaturo~riae'
Type of material, limit (measured by
description of part therriocouple)

Contact parts in air (main, control and
auxiliary contacts):

copper 45°C

silver or silver-faced" (1)

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
Terminals for external insulated connections 70°C(5)
Manual operating means:

parts of metal -15°C

parts of insulating material 25°C
O0ii in oil-immersed apparatus (measured at the
upper part of the oil) : 60°C(6)

*

The expression 'silver-faced' includes solid silver inserts as well
as electrolytically deposited silver, provided that a continuous
layer of silver remains on the contacts after the endurance tests and
the short-circuit tests. Contacts faced with other materials, the
contact resistance of which is not significantly altered by oxidat-

ion, are treated as silver-faced contacts.

(1) Limited solely by the necessity of not causing any damage to

adjacent parts.

(2) To be specified according to the properties of the metals used and
limited by the necessity of not causing any damage to adjacent

parts.

(3) The resulting tempetatute shall not reach a value such that the

elasticity of the material is impaired.

(4) Limited solely by the necessity of not causing any damage to

insulating materials,

(5) The temperature-rise limit of 70°C is a value based on the con-
ventional test A cb used or tested under
installation conditions may have connections the type, hature and
disposition of which will not be the same as those adopted for the
test; a different temperature rise of terminals may result and

this will have to-be agreed.
(6) May be measured by thermometer.
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KVA KVA KVA
5.0 31.5 200
6.8 40 250
8 50 315
10 63 400
12.5 80 500
16 100 630
20 125 800
25 160 1000 etc.
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Losses in kilowatts at operating temperature
No load 1/4 Load 1/2 Load 3/4 Load Full load
0il ! No load 2.8 No load 2.8 No load 2.8 No load 2.8
Asxarel 2.8 Load 0.6 Load 2.3 Load 5.2 Load 9.1
Silicone Total 3.4 Total S.1 Total 8.0 Total 11.9
Dry-type, 150°C 3.2 No load 3.2 No load 3.2 No load 3.2 No load 3.2
Load 0.8 Load 3.3 Load 7.4 Load 13.2
Total 4.0 Total 6.5 Total 10.6 Total 16.4
Epoxy dry-type 3.2 No load 3.2 No load 3.2 No load 3.2 No load 3.2
Load 0.7 Load 3.0 Load 6.7 Load 11.8
Total 3.9 '~ Total 6.2 Total 9.9 Total 15.0

»
BIL = Basic insulation impulse level.
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1 2 3 4
Part Cooling method Tezperature class Maximum temperature rise

of insulation” (°C)

Windings (temperature rise Air, natural or forced A 60
measured by the resistance E 75
me thod) B 80
F 100

-8 125
1507

Cores and other parts

(a) Adjacent to windings All {a) Same values as for windings

(b) Not adjacent to windings {s) The temperature shall, in
no case, reach a value that
will damage the core itself}
other parts or adjacent .
materials

Note. 1Insulating materials may be used separately or in combination provided that in any application each-
material will not be subjected to a temperature in excess of that for whizh it is suitable, if operatecd
under rated conditions.

- .
In accordance with IEC Publication 85, Recommendations for the Classificaticn ¢ Materials for the Insulation
of Electrical Machinery and Apparatus in Relation to their Thermal Stability in Service.

"For certain insulating materials, temperature rises in excess cf 150°C may be aZopted by agreement between
the manufacturer and the purchaser.-’
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2

Part

Maximum temperature rise (°C)

Wwindings:
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 a conservator or
sealed

55, when the transformer is neither equipped with a
conservator nor sealed

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 materifij

Note The temperature rise limits of the windings (measured by the resistance method) are chosen to
give the same hot-spot temperature rise with different types of oil circulation. The hot-spot
temperature rise cannot normally be measured directly. Transformers with forced-directed 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 farced-directed oil flow can have temperat-
ure rise limits (measured by the resistance method) which are 5°C higher than in other

transformers.
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K, = initial load power as a fractlon of rated power

K, = permissible load power as a fractlon of rn;cd powor
greater than unity)

t = duration 6f K, in hours

= temperature of cooling medium (alr or water).

Note K, = S’/Sr and K, = S2/Sr where S

, is the initial load power,

1
S, is the permissible load power and Sr is tho rated power.

values of K, For given valves of K, and ¢

Ky =0.25 K = 0.50 |K; =0.70| K, =0.80 |K, =0.90 | x, =1.0d
£ = 0.5 ¥ 1.93 1,83 1.69 1.00
b= 1 1.89 1.00 1.70 1.62 1.50 1.00
b= 2 1.59 1.53 1.46 1.41 1.32 1.00
L= 4 .34 1.31 1.27 1.24 1.18 1.00
t= 6 1.23 1.21 1.18 | 1.16 1.12 1.00
t = 8 1.16 1.15 1.13° 1.12 1.09 1.00
=12 |"1.10~ 1.09 1.08 1.07 1.05 1.00
= 24 1.00 .00 t.00 | 100 | t.00 } 1.00

ONAN and ONAF transformers: 0‘ = 20°C.
o

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

The + sign indicates that K, is higﬁer than 2.0.
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Assuming the same service life as lor conlinuous operalion at raled power and at an
ambient air lemperattire of 207 C, the transformers may bo subjecled to a load cycle

as shown by the curves below. - 1
?
1.5 P
. ' \
1.4
4
T \\\ o
K, . —— Sy
P —
1,2 {—q -}—— __’t.%--._‘__',
.
12 B
F\
24
1.0
0.9
0.2 0.4 0.6 °

The cirves are in accordance with the 1EC recommendalion of 1972 which permits a
hol-spol lemperature in the windings of 1407 C.

in which:

Ky = initial load relerred to rating
I, == max. permissible load referred to raling
t = duration ol K; inh

Note:

In cerlain casen the permissible overload oblnined from the above cuives may be
limited by the tap changer and bushings, Theteloie, il 1L is intonded 1o operale the
Iransformer with a load cycle involving overtoads, the height of the laller and the
nature of the load cycin should be staled.

Wrnd,,‘n K2¢ Ki Ot aspsd a— (31— ¢ ) 5
M' &.’J‘-‘J
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- - _
,_".EZES£EAL‘ Fire polnt (°C
Silicone liquid 360
Midel 7131 310
Cast resin 350
“lass H +

, A ;
For comparison purposes mineral oil is
170°C. Askarel isg non-flammable.

rT}\ese designs arxe virtually fire proof

c:%géb:dllig)l;%,{l’{g)tbfjfkﬂf%¢342)¢ﬂ;;?L2J2,:"{j’: (¥-¢) L!z,{f “

RHR
Material convective -radiativel
, (kW/m ) ikw/m*) .
Silicone 561 53 25
iigh fire point hydrocarbon 546 361
Fpoxy resin - -
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Designation Vector Vector diagram Wiring diagram @
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@ U the nelmnl ls brought out, the lelter “N* must be added lollowing the symbol for the h.v.

winding, or "n" following that ol the l.v. winding; e

@ itlis assumed that windings are wound In the same sense.

e.g. I.v. neulral brought out = Yyno.

C)Ja/d(ﬁ}w 4."1,.;15./ (w-v)h
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¥ind of coecling medium Symbol
Mineral cil or eguivalent flammable synthetic
insulating liquid o]
Non-flammable synthetic insulating liquid L
Gas G
Water W
Alr A
Kind of circulation
Natural N
Forced (0il not directed)
rorced-directed oifl ‘ D
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Current rating and protection for cables
laid in air with rubber, PVC or paper-
insulated conductors, in accordance
with NEN 1010 (2nd edition), Art. 152')

Nomi 1 Single.core c: bles? Twin-core cablos Three- and four-core
ominal | Single-core cables?) win-core cables cables
cross e e e
Ss:;'aog?l Highest Highest ) Highest
) Current nominal Current nominal Current nominal
copper ) ; . .
N X rating valun of rating value of rating value of
conductor i
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 50 46 35
10 88 80 72 63 62 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
g5 3356 315 -— — 235 225
120 385 355 — — 270 250
150 440 100 — — 310 250
185 500 450 — — 345 315
240 585 500 -— — 385 355
300 670 630 — —_ 425 400
4100 730 710 — — 490 450
500 900 800 — — — —
625 1040 1000 — — - —_
800 1200 — — — — —
1000 1360 — — —_ — —
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Current ratings and protection for

cables, laid in the ground with rubber,

PVC or paper-insutated conductors, in
accordance with NEN 1010 (2nd edition),

Art. 1531),
. . , Three- and four-core
Nominal | Single-core cables?) Twin-core cables
cables
cross _ e e T
sectional
q:rce;og: Highest Highest Highest
copper Current nominal Current nominal Current nominal
N | rating value of. rating value of rating value of
conductor
the fuse the fuse the fuse
mm? A A A A A A
1.5 34 35. 30 25 25 29
2.5 50 50 38 35 35 35
4 65 63 50 50 45 35
6 82 80 65 63 57 50
10 110 100 90 80 76 63
16 145 125 120 100 100 80
25 190 160 — — 130 125
35 230 225 — — 155 125
50 285 250 —_ —_— 195 160
70 350 315 — — 245 225
95 420 400 — — 295 280
120 480 450 —_ — 340 315
150 550 500 -—_ — 385 355
185 625 500 -_— — 430 400
240 730 710 — —_— 480 400
300 835 710 — —_— 530 500
100 985 900 —_ — 615 500
500 1130 1000 —_ — —_— —
625 1300 . — — — — —
800 1500 —_ — —_ — —
1000 1700 —_ — — —_ —
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Current rutings and protection for
cables laid in air with

(cross-linked polyethylene) insulated
conductors.

1 oes N , Three- and four-core
Nominal | Single-core cables Twin-core cables cabies
(9] Lo
cross ; . L
sectional
'(-)(-,ll()l\'\ Highest Highest Highest
area of o L . o
copper Current nominal Current nominal Current norinal
PP rating value of rating value of raling value of~
conduclor E <
[ the fuse the fuse the fus
mm? COA i A A A A A -
1.5 30 25 30 l 25 25 20
2.5 - 45 35 10 35 35 25
4 “ 55 50 52 50 15 3!
10 75 63 70 63 60 50
6 100 80 a5 80 80 63
16 135 100 125 | 100 105 80
1
25 185 160 — — 135 100
35 225 200 — ' — 165 125
50 270 250 — : e 205 160
70 340 | 315 — . — 255 200
95 a00 | ;
; 355 R B — 310 250
120 480 400 - - 355 315
150 550 ’ 450 —_— : —_ 405 355
185 615 | 500 - : — 450 400
. 240 745 | 630 — : — 505 450
300 850 | 710 - = - —
400 1000 | 800 —_ — —
| :
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Current ratings and protection for
cables, laid in the ground with
‘<ross-linked
polyethylene) insulated conductors?).

Nominal | Single-core cables?) Twin-core cables Three- and four-core
i cables
cross
se;:t:m;;l Highest Highest Highest
area or Current nominal | Current nominal | Current nominal
coppe rating value of rating value of ratin value of
conductor g
the fuse the fuse the fuse
mm? A A A A A A
\
1.5 43 35 38 25 31 25
25 63 50 48 35 44 35
4 82 63 63 50 57 50
6 103 80 82 63 72 63
10 138 125 113 100 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 ass - — 310 250
95 530 450 — — 370 315
120 600 500 _— —_ 430 355
150 690 630 — — 485 400
185 790 710 —_ — 540 450
240 920 800 - — 600 500
300 1050 900 — — 6?0 630
400 1240 1000 —_ — 775 710
500 1420 -— — —_ —_— —
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Current rating in multicore cables laid
in air at an ambient temperature of

25°C.
Current per core in A
Number of Rubber or PVC-insulated (XLPE)-
cores cables 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 i8
16 10 13 12 17
i9 9 12 11 16
24 8 11 10 14
30 7 10 9 13
37 7 9 8 11
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Derating factors lor the vorlation in
amblent lemperaltite exceeding 25 °C.

temperisture 750 C " C kidde] 40°C 457 C 50" C 60" C 70" C
derating factor | XLPE| 11 1.00 0.95 0.91 0.87 002 0‘.7G 0.65 0.50
deraling tactor | PVC | 12 100 0.93 085 0.76 0.65 0.53

Derating factors for grouping of cables Inid in air

number of cables l 2 "o 4 5 6
U PE

clearance squial 1o XUPE . " 00 0.90 on 085 083

colile dmneter o PV

eables tald aide by sldo XLPE

y X 0.75 0.73
without inlerapace and PVC 0.0 07 0.17 !

4

(')(‘rnling faclors (or gmuplnq of cables taid ditect in the ound (depth nppr. 70 em, distance between the cables appr. 10 em)

number of cores and crogs scctinnol aren mimber of eobles
of the conducior T
. theee and lowr { '
single care | cores | 2 k] 4 ' 5 6 7 0 : i 9
|
5 mm? and less i A5 mm? aad bnss 15 XtLPE 0.90 0.82 0.0 074 n.72 0.70 068 | 066
1203200 mm? incl 1 50 and 70 mm? [Xd] angd 089 0.80 075 on 0.68 0.66 0 (‘j"‘ 0-27
A00 mm? and inore i 95 mim? jind more " Pve 007 0.70 | 0.72 l .60 0.64 0.62 O.GQ 0.58
L . )
Oerating Inctor = for variations In thermal vesistivity of the soll v
epecilic heal resistance 50 100 150 ?O-O
ofthe soil in “C.emfW (damp) (very dry)
’ LPE . 07 0.6
detating factor and PVC b} 1.0 08 . :
Orrating Inctors for cables onipels
numtier af lnyers onieels 1 2 3 4 l 5
ire - 4
i 3 0.32 0.27 0.2
derating faclor and PVC tg 0.56 0.38
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Voltage drop in a 3-core cable Cross-sectional area of the conductor

3-phase alternaling current, cos o == 0.8 in mm?
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. Casing

. Upper casing

3. Water rising pipe
. Suction case

. Impelier

. Impetler boss

1. Bowl case

2. Upper casing

3. Water rising pipe
4. Suction cover

. Lower plain 5. impeller
bearing 6. Liner ring

. Intermediate 7. Lower rubber
plain bearing bearing

. Ball bearing 8. Intermediate

. Main shaft rubber bearing

9. Ball hearing
10. Main shaft
11. Protecting tube

. Shaft enclosing
tube

. Intermediate
shatt coupling 12. Intermediate
. Oil cover shaft coupling
. Bearing case 13. Stuffing box
. Spider 14. Bearing case
. Motor base 15. Motor base
. Motor Base 16. Bearing adapier

17. Shaft coupling
18. Flexible coupling
19. Sole plate

. Bearing adapter
. Shatt coupling
. Sole plate

AXIAL FLOW PUMP MIXED FLOW PUMP
AXIAL FLOW PUMP  MIXED FLOW PUMP
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MIXED FLOW CENTRIFUGAL PUMPS

List of Parts of vertical Section
No. ltem Material

1 suction piece cast iron

2 |casing cast iron |

3 lock nut bronze

4 |impelier - cast iron

5 main bush bronze

6 shaftsleeve bronze
(7 stuffing box cast iron

8 lock ring steel

9 bearing casing cast iron
10 throttle piece cast iron
1" distance bush steel |
12 regulating ring cast iron |
13 ball bearing bush steel |
14 bearing box, outside | cast iron
15 casing joints rubber

16 stuffing box packing colton

17 bearing box,inside cast iron
1B packing ring, Win_siﬁdfeﬂl Cfelt
19 roller bearing steel

20 shaft steel

21 ball bearing . steel

22 ball bearing steel

23 nut steel

24 packing ring, outside| felt
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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, }he 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 instalied is dry, and there is no danger of flooding
the electrical equipment. The pump is connected directly
to the driver via a fiexible coupling and its footplate is
placed on a foundation.

-y

— v -

% 7

me

Fig. 4 Dry installation with cardan shaft

I

2382:28

Fig. 5 Underfloor installation



Differences of Characteristics of Volute Pumps,
Mixed Flow Pumps and Axial Flow Pumps

The pump characteristic changes considerably by the type
of the pump. Therefore, when selecting a pump, it is
essential to fully - understand the characteristic of every
type of pump beforehand. Fig. 1.7, Fig. 1.8 and Fig. 1.9
show the pump characteristics of a volute pump, mixed
flow pump and axial flow pump, for which the difference
in characteristics is the largest among various pump types,
in percentage curves. (The percentage curves are to show
the pump characteristic curves on the basis that every
one of the total head, capacity, shaft horsepower and
efficiency at the maximum efficiency is 100%).

(1) Total Head Curve

As shown in Fig. 1.7, Rising Character (i.e., the
characteristic that the total head decreases as the capacity
increases) becomes stronger in the order of the volute
pumps, mixed flow pumps and axial flow pumps.
The shut-off head {head at the point of O capacity)
of the volute pump is about 120~140% of the head at the
maximum efficiency. But, it is 140~200% for the mixed
flow pump and it further increases to 200% and over for
the axial flow pump.

(2)  Shaft Horsepower Curve and Efficiency Curve

For the volute pump, the shaft horsepower curve drops
as the capacity decreases as illustrated by Fig. 1.8.
But, in case of the axial flow pump, the curve rises on the
contrary. Therefore, in case of the volute pump, it is
better to start it by fully closing the valve beforehand in

order to minimize the starting torque. But, for the axial

fiow pump, shut-off operation is impossible because the
shaft horsepower increases. When planning, it is necessary
to take this fact into consideration. The shut-off horse-
power (shaft horsepower ‘at the point of 0 capacity)
of the volute pump is about 30~60% of the shaft horse-
power at the maximum efficiency. For the mixed flow
pump, it is about 80~ 120%. However, for the axial flow
pump, it increases to about 180~250%.

Of the efficiency curves, the volute pump has the most
gentle curve with the largest radius of curvature. it sug-
gests that the volute pump shows the smallest decrease of
efficiency by change of the capacity. Besides, when
compared with the maximum efficiency of the pumps of
the same bore, the volute pumps show the most excellent
value in general.

Fig. 1.7 Head — Capacity Percentage Curves

w=—=ee= Axial floy

—— e Mixed flow

Volute
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Fig. 1.8 Shaft Horse Power — Capacity Parcentage Curves
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Fig. 1.9 Efficiency — Capacity Percentage Curves
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Selection among Volute, Mixed Flow and Axial
Flow Pumps

" Comparison of Pump Types regarding Total Head

—0%

vYA

- Volute pump
—= Turbine pump

Tots! Head Suction Lift Centrifugal Mixed Flow Axial Fl‘;w Remarks
Less than 3m - X o] © ©used widely.
Lessthan 3m A} O (3] OuUsed. i
3-4m More than 4m - A Q A A Not used frequently but can be
used.
Less than 2m A @ 0] X Better to avoid.
4-5m {or cannot be used.)
More than 3m A @ X
Less than 4m (] @ X For those which sre not in this
§-8m More than Sm © % X range, consult with the manufsc-
More than 8 m - (9} X X urer.
Comparison of Pumps Types regarding Fluctuation of Head
Permissible Fluctumtion to Centrifugal Mixed Flow Axisl Flow Remarks
+5~-30% ] © @ Osuitsble  OCan be used
+10~-30% (o] (<] © A Better to svoid. X Not suitable
+15~-30% A (] ® As for cavitstion, sludy; uplr'llelv.
+20~ ~30 % X (o] @
Comparison of Pump Types regarding Operation, etc.
ttems Centrifugat Mixed Flow Axisl Flow Verticel Remarks
Operstion snd control A A 8 A For every item, marks A, Bend C
Price c 8 A - As for the speed, marks A, Band C
Speed BorC B A - ore given from the quicker one to
Efficiency A e c _ siower one.
Floor Space BorC ] 8 A
Differences of Characteristics of Volute Pumps .
and Turbine Pumps Fig. 1.10
Iin the paragraph abeve . differences of characteristics 120 e 3
of the centrigugal pumps, mixed flow pumps and axial S o T
flow pumps are described. Of centrifugal pumps, however, ' . R,
the performance of the volute type pumps differs from m Total hea ‘\
that of the turbine type pumps. Fig. 1.10 shows the “: N
difference between them by percentage curves. The
-turbine pumps tend to show a convex characteristic for sr 100 =
the total head curve (total head curve for which the s
maximum value of the head is at a point of capacity o= Shaft horsepows
other than the shut-off point) and the operation character- o] ——
istic at the time of parallel running sometimes becomes "% // RN
unstable. Generally, the shut-off head of the volute pump ' - /” N
is 120~140% of the head at the maximum efficiency =T ///
point and that of the turbine pump is 110~120%. - 0 /; T ettitiones
. Il
00[—-23 40 60 80 100 120 140 160




Specific Speed. If we give the following data
of a — centrifugal pump: — capacity Q, — total
head 'H and — rotational speed n, the s.s. of
said centrifugal pump is the true rotational speed
of a model pump (index q), similar in vane geo-

“metry and in velocity planes (= velocity triang=
le), having the following performance data:
capacity Qg = 1m?s,
totalhead Hq= 1m.
From the relationships of similitude mechanics
(— similarity conditions, — affinity law,
~ model laws) it follows: '

Q _Dn |
Q Diyng’
. H D2n2

H, DIn2’

Solved for nq we obtain:
C %
a (H/H)%

or, withQq = 1m3/sand Hg = 1 m:

Q%
ng=n "~
H%
with
Q inm¥s,
H inm,
n inmin?,
ng inmin?.

In centrifugal pump technology, it is usual to
quote the s.s. in relation to the optimum values
of capacity and total head (i.e. at the — operat-
ing point of optimum — efficiency nopt ), and in
relation to the nominal (rated) rotational speed,
so that we have:

with

Rq.  specific speed in min™,

nN nominal — rotational speed in min™,
Qopt  optimum —s capacity in m3/s,

Hopt optimum — total head in m.

The s.s. nq in the last-named version is a fre-
quently used characteristic magnitude in centrif-
ugal pump technology, and it is characteristic of
the optimal — impeller shape required to a-
chieve optimum efficiency:

radial impeller . nj~ 12 to 35 min™!,

mixed flow impeller ng = 35 to 160 min,",

axial impeller ng =160 to 400 min! and
Co over. '

Based on the dimensional magnitude ng, a non-
dimensional coefficient characterizing the type of
construction has also been adopted in centrifugal
pump technology, which, according to DIN
24260 is expressed as:

Q%

ng=333n (gH)’/‘

with

n - rotational speed,

Q — capacity,

g - gravitational constant,
H — total head,

in coherent units

The numerical values of the magnitudes nq and
ny are the same. The conversion of the characte-
ristic factor n'y into the so-called “type number*

P o LI
K=2=n n(g.H) 7
frequently used in English and American centrif-
ugal pump literature (see also ISO 2540) is
given by
=_1_
52919 M-

Fig. 1.3 is to illustrate the relation between the impelier
design and ns. As the value of ns of the volut.e pump
becomes larger, the ratio of the impeller blade width and

Fig. 1.3
0] @ @ @ ©®
c
2
8
<
&
g
§ e -
1400
ns 120 180 400 300
I} Axial How
Classification Volute pumps Mixed flow Xial

inner diameter to the outer dimension of the impeller
becomes larger. As ns increases, the pump type changes
to the mixed flow type and then to the axial flow type.
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SUBMERSIBLE PUMPS
‘SUBMERSIBLE _ PUMBS

Temperature Monitors B v.nv
Stator winding

{ ower bearing

Upper bearing

Moisture Ingress
Monitors

" Oil chamber

Lower motor chamber

Connection chamber

e 5

Bearing '- 0
Temperature gh==dy
Monitors.

The temperature monitors fitted to
the upper and lower ball-beariigs
give early indication if a critical tem- . —
perature has been reached and ) . | -
switch off the unit automatically if s
a limiting value is exceeded.

Motor Temperature
Moniiors.

Aspart ofthe thermo-cantrol system
temperature monitors are embedd-
ed in the upper and lower sections of
the stator winding. In‘ga:

heating, a warning plimp sto,
will be given priorto prevent seri
damage occurring=<.. 7

Moisture Ingress
Monitors.

_Electrodes of the electronic Dise
Ing monitor system are fitted to
seal oil chamber, cooling p
cavity, upper and lower section
the motor housing and the term
connection chamber. This systel
gives prior warning of water i 4gre§

before serious damage occurs™to
the unit. foiE
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" SELECTION OF INCLINATION

Difference Screw capacity In Ifs
in level FP-CP

20 100 500
todm 30° 30° 30°
34 m 35° 35° 30°
&6 m _— 38° 35°
68 m — —_ 38°
over 8 m —_ - 38°

Compact screw 35° only

NUMBER OF STARTS

SELECTION OF SCREW DIAMETER WITH OPTIMUM

Screw diameter Capacity in I/s with inclination g
mm.
30° as° 38°
400 25 20 15
i s00 35 3 25
600 60 45 40
700 85 65 60
800 120 95 80
900 160 120 100
1000 250 200 170
1200 380 300 250
1400 540 430 360
1600 750 580 500
1800 980 770 650
2000 1250 1000 900
2200 1550 1200 1000
2400 1900 1500 1300
2600 2300 1800 1500
2800 2700 2100 1800
3000 3200 2500 2200

CARACTERISTIC LEVELS AND DIMENSIONS

FP == Filling point — Screw capacity 1009,
TP == Touch point ~ Screw capacity 0
CP = Chute point - Discharge level at the end

of the trough.

MPP & Maximum

Pumping point — Maximum water level in
discharge chamber against
which pump will operate.

H = Life = Used for sizing and selection

of suitable drive unit.

REMARKS ON TABLES

1. The information on screw diameters and angles is
given for guidance only. More detailed information is
available on request.

2. Level difference FP to TP = approx. 0.75 D cos .

3. Level difference CP to max. pumping point =
0.10 D — 0.30 D depending on number of spirals etc.
When screws are operating in parallel the chute
point must be arranged to avoid water streaming
back down the non-operating screw.

4. Minimum internal width of trough =
D + 400 mm.

5. Maximum permissible angle of inclination = 38°
degrees. .



As the winer level at inlet rises, the pump delivery
increases trom zero at T (o the maximum capacity of
the screw at [, The waler level at outlet has no influence
on the pump delivery, provided it does not exceed the
level P. If the water inlet level is raised above F the
pump delivery remains sensibly constant at its maxi-
mum value. C represents the maximuin outlet level at
which a screw puinp should be run without a non-
return valve. This prevents back flow through the
clearance between screw and trough when the pump is
shut off. If this back flow is allowed to take place there
is a danger of the screw becoming choked by sediment
or solid matter, making it difficult or impossible to
restart. Level P is the outlet water level at which the
pump will operate at maximum efficiency. At outlet
levels greater than this, water is thrown back down the
screw, with the result that the delivery and efficiency
drop sharply, und the required driving power increases.
If the pump is run at this condition it is possible to
overload the motor, and it should therefore be avoided.

From these remarks it can be scen that careful
specification of the relevant water levels is necessary
when an enquiry for a screw pump is made. Once the
screw is designed, alterations in the levels arc not easily
acconinodated for two reasons:

(i) As the inclination « is generally between 30° and
40°, a fuirly small increase in the head I has a
larger effect on the bladed length L, as can be
appreciated from Fig. 1. The length of the screw
between bearing centres is an important parit-
meter of the design, as its allowable value is fixed
by the acceptable deflection of the screw. Hence
an increase in H may necessitate the use of a
ceniril tube with greater wall thickness. Taken
in conjunction with the additional length of
both tube and blades, a marked increase in
weight, and hence in cost, may result.

(i) As the head H is normally not high for a screw
pump, slight alterations to the water levels may
imply a large percentage voriation in its value.
This may make it necessary to provide a lurger
motor, gear unit, and belt drive which, taken
together, represent a large proportion of the
cost of a screw pump instaflation,

Finally, it should be noted that of the four levels,
T, F, C and P, only two can be specified. The other two
are then fixed by the diameter of the screw and its
inclination. Normally F is given and either C or P. I
the top outlet water level is specified as C rather than P
the expense of a reflux valve is avoided, but the screw
itself will be rather longer and therefore more expcasive.
Furthermore it will operate ut a rather lower efficiency.

Design of screw pumps

The capacity of a screw pump depends on the
following parameters—

(i) The outside diameter of the blades (D).
(ii) The rotational speed (N).

(iii) The number of starts to the screw. (This term is '

used as an analogy with the terminology of
multiple screw threads) (S).

(iv) The inclination of the screw axis to the hori-
zontal («).

— et -

(v) The outside diameter of the central tube (d).
(vi) The lead of the blades (3).
(vit) The water level at inlet to the screw,

But nole it is not dependent on the head H, except
in so far as this varies with (vii) above, or on the bladed
length L of the screw.

It can be shown that the capacity of a screw pump,
like any other pump, varies according to the following

law— Q = q,ND?

where Q is the capacity of the pump, N and D have the
meanings assigned above, and q is a dimensionless
quantity called the specific capacity. This is constant for
geometrically simifar screw pumps, i.e. those for which
S, o, d/D and A/D are the same and which have sufficient
immersion at inlet to produce maximum quantity from
the screw. It is found that there are certain optimum
values for d/D and A/D, and these are adopted as
standard. The speed is determined from an empirical
formula giving the maximum speed which can be
employed without excessive losses due to splashing;
the Jarger the screw diameter the lower this maximum
altowable speed.

Of direct interest 1o the customer is the manner in
which the capacity varies with screw inclination. It is
readily apparent that the steeper the inclination of the
screw the shorter will be its length for a given head.
However the capacity of a given diameter of screw
decreases with inclination as shown in Fig. 2.

100

®
[e]

3
PERCENT

QUANTITY PUMPED
»
[e]

20|

30 32 YN 36 38 "
INCLINATION OF SCREW TO HORIZONTAL oK

Fig. 2. The capacity at various angles based on the capacity a

« = 30° as a datum R

Although a screw for a given lift may be made shorter
by increasing the inclination, to maintain the capacity
it must be increased in diameter, which will also increase
the width of the pumping installation. 1t should also be
noted that the efliciency decreases with inclination. For
these reasons it is found that the most economical range
of values for a is 30° 1o 40°.

It can now be seen that the diameter of a screw

A
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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 smalil but the head is large, a long thin screw
reswlts, 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, increasing the number of starts
is subject to a law of diminishing rcturns. Three starts
are more common, but there arc occasions when the
use of a screw with less than three starts is allractive.

Allen Gwynnes has a range of screw pumps of stand-
ard diamelers, from which a requircd duty can be met
by suitably adjusting the inclination and speed of one
of the pumps to provide thc most cconomicat design.
It is therefore Letter if the customer does not specify
the inclination, as an attempt to do so can result in the
cost of the screw being higher than would be the case if
the manufactuser is free to optimisc his design.

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

Screw pump performance

Fig. 3 shows the performancc obtained from an
Allen Gwynnes screw pump. The variations in head
were obtained by altering the inlct water levei 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 level rises
any higher. This point is of considerable im-
portance in the case of land drainage installations
which may be subject to flood conditions.

(i) The cfliciency curve is very flat over a large
range of flows. Therefore, as previously men-
tioned, it is perfectly economic to run a screw
down 1o 25 per cent. to 30 per cent. of its maxi-
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 to 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 conncction with efficiency, 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:

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

(i) A somewhat longer screw (2) withits ‘chute point’
C. at a height H above its ‘filling point’. Tn this
casc no non-return valve is nccessary. This screw
however will lift water to its maximum pumping
level, P, the ecffective head thus being

P, F = H’, and it is on this basis that the
power consunted must be calculated.

Hence, when the term “efliciency’ is used for a screw
pumping to some outlet level other than the ‘maximum
pumping level’, it should be carefuily 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-shaft reduction
gear

(Top centre) An electric motor mounted at the side of the
parallel-shaft reduction gear with belt drive. This results 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 parallel-
shaft 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 paralliel, 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 approximaitely 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. 1t is thercfore usual to
employ 4-pole motors, as these are cheap and small in
size. Whilst the required reduction in speed can he
achicved by interposing a gear unit directly between the
motor and the pump, it is usually more economical and
convenient to connect the motor to the gear unit by
means of a V-belt drive. In addition (o 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 specd can be approached more
closely than if the limited range of ratios avail-

able in proprictary gear units alone must be uscd. .

(i) If required, the capacity of the screw pump can
be adjusted rclatively simply and cheaply by
altering the pulicy 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.

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

(iv) 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 paraliel 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.

. .

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 useful guidance has been given
to their correct application, However, it has drawn
atlention to the need to include the following informa-
tion with each 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;
inlct level at which maximum flow is required:
minimum inlet level at which pumping is required, or alter-
natively minimum flow per pump;

maximum outict water levels, and whether this is to corre-
spond to ‘chute point’ C or the ‘maximum pumping
level® P;

description, or drawing, of proposed installation;

details of available electrical 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 fong
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 PUMPS

AIR LIFT PUMP
DESCRIPTION

Air lift pump is a pneumatic device for
lifting of liquids.

The mechanism is based on the
decrease of the specific gravity of
the liquid by injecting air into the
bottom of the pump. Due to this the
liquid-air mixture becomes lighter
than the surrounding liquid and rises
in the vertical pipe.

The air lift pump is mainly applied in
settling tanks (grit collectors, primary
and secondary clarifiers) for the
purpose of lifting sand or sludge.

The air lift pump does not contain any
movable parts. The cross-section of
its straight vertica! (lifting) pipe is the
same along its complete length. This
makes the pump insensitive to
clogging or wearweven when
coarse—grained materials are being
lifted. The design principle allows for
a gentle conveyance of fluids which
is of importance, far example, in
nandling activated sludge. When the
pump becomes clogged, the bottom
of the pump can be washed free by
closing the quick~opening valve for

a very short time.

ELEMENTS OF CONJTRUCTION

Air lift pump consists of the following
elements:
Bottom of the pump with
connections for compressed air and,
if required, for flushing water;
riser pipe for lifting grit-water or
sludge-water mixture with air.

All parts are adequately protected
against corrosion.

OPTIONAL ACCESSORIES
AND EQUIPMENT

== Quick-opening valve for whirling
up the liquid in the pump bottom,
as a means aqainst clogging of the
pump nlet {e.g. when transporting
grit). It acts by closing the vertical
pipe for a very short period of time

= Air compressor in normal execution,
or, if requested by the customer, an
air blower adapted to the air lift
pump.

AIR LIFT PUMP TYPE MP

1.4

Tifa ]

B

LEGEND: :

1. Bottom of the pump

2. Lifting pipe

3 Flushing water pipe

4. Compressed air supply line
5. Quick-opening valve

aIl

POSSIBLE EXECUTIONS

OFf THE PUMP BOTTOM

(a) for stationary pump

{L) and (c) for portable pump

ORIENTATIONAL DATA ON CAPACITY

Type MP ND 100 ND 426 | NO 150 ND 260
Rato hfjt 02 12 02 )2 02 12 }0.,2andsoon |
Air volume used (ij[hl 15 150 20 - 250 30 280
Litung capacrty Ui f3) 6 14 10 24 15 3‘»__
Requirnd veater quant, ‘m"[ ) 8 18 N 22 30
Flushing watee peessare thar 2 - _.5"-___'_ ]
Air Zonm-cl-uu HD4O ND65 ND65 IND 50 anid NDBO
Flushug water coraeetion ND40O ND4O NDGS ND50

Required suctvon

essure P = Pt + 0.02 bar

Pt = pressure of the linuid cohin with the height bt expressed in bars

-Yo.



B8yl Gilan ja o EM 19 dbeadl wla)a = (Y) ad) Gt
il paSr S ad |

- Yo\ -



UDC 62-75 1 62-78 1 621,313 dEUTSCHE NORMEN _ June 1972

-
("3
[ 3
Q
v

k]
£
c
[

2
o,
o

£0
[
o
v
[
[
2
f=4

c
2
=
X}
r
c
o
&£
2
£
£
-«
[

No guara

In oll cases the lot

o
Heary G. Freeman, Dissaldorf

&

Translatlon

2
£
k]
£
s
H
3
$
°
&
g
3
3
£
3
&
H
E
H
o

be taken as outhoritative

standord shy

Institut for Normung e. V., Berlin 30, gestatiet.
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Nachdruck, auch

Types of Enclosure ) DIN
Protection of Persons Against Contact With lLive or Moving Parta o

Electrical Machines, - 40050

Protection of Machines Against Ingress of Solid Foreign Bodies and Water Port 2

Schutzarten; Beriibrungs-, Fremdkdrper- und Wasserschutz, elektrische Maschinen

See Explanations for correlation with Publication 34-5, first edition 1968, issued by the Inter-
national Electrotechnical Commission (IEC).
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1. _Scope

This Standard applies to rotating electrical machines as covered by VDE 0530 “Rules for Electrical
Machines™. The present Standard is concerned with the protection of machines by means of casingse
and covers and comprises the following:

1.1. Protection of persons against contact with live or moving components inside the casings, and
protection of machines against ingress of solid foreign bodies (protection against accidental
contact and protection against foreign bodies) )

1.2. Protection of machines against the ingress of water (protection against water);

1.3, Symbols for the internationally agreed types of enclosure and for the degrees of protection.
Teating and inspections designed to verify that the machines conform with the requirements of the
present Standard are laid down in DIN 40051 Part 1, DIN 40052 Part 4 and DIN 53 Part 1 to
Part 4. Any additional information required in the testings, will be found in this Standard.
With regard to flameproof and explosion proof machines, the special provisions of VDE 0170/0171
should be observed.

The testings are type testings carried out on batch-produced machines or models. They are perform-
ed on a new machine ready for service, fitted with all attachments and instelled in the manner
specified by the customer. If this is not practicable, the manner of testing shall be agreed
between manufacturer and customer. .

2. Composition of symbol

The types of enclosure are designated by a symbol consisting of the two code letters IP (which
appear in this form in every symbol) followed by the two reference numbers designating the degree
of protection.

Additional letters may be included, if necessary, as follows:

R for pipe-ventilated machines,

W for weather-proof machines,

S for machines tested whilst stationary for protection against ingress of water,
M for machines tested while running for protection against ipgress of water.

The letters R and W are placed between IP and the two reference numbers; the letters S and M are
placed behind the two reference numbers, The absence of the letters S or M means that testipg
for protection against ingress of water is carried out with the machine stationary and running.

The complete symbol (code letters, reference numbers and any extra letters used) is to bde known
as an enclosure code.

1 .
) As the protection againat accidental contact and the protection against ingress of foreign bodies are
closely related, a common reference number has been allotted to these two types of enclosure.

Continued on pages 2 to 6
Explanations on page &

Alleinverkauf der Normen durch Beutn Veriag GmbH, Berlin 33 und Koln 1

DIN 40050 Bl.2 engl. Preisgr.5
Vertr -Nr. 0105
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Page 2 DIN 40050 Part 2

Protection against accidental contact and againat

Code lettors IP ingress of foreign bodies and of water

First reference number O, 1, 2, 4 and 5

Degreesof protection againast accidental contact and
(see Section 3)

against ingress of foreign bodies

Second reference number O to 8 (see Section 4) Degreesof protection against ingress of water

Examples of designation of a type of enclosure:

0 4 4 : 1P w 2 3 S
Code letters — _ T Code letters —T
First ref. no.——-——————_______J Additional
letter

Bec. ref. no.

Firat ref. no.

Sec. ref. no.
Additional letter

If, in Qescriptions for example, only one reference number for the degree of protection
appears after the code letters IP, a dash should be inserted in lieu of the missing reference
number, e.g. IP - &4,

If the type of enclosure of one component of the machine, e.g. of the terminala, differs from
the type of ‘enclosure of the rest of the machine then the symbol for the type of enclosure of
the component which differs shall be specified geparately; in such cases, the type of enclo-

sure giving the lower degree of protection shall be stated first. If the component that
differs has a higher grade of enclosure this will not be stated, see VDE 0530 Part 1/1.69,

§ 48,1,
The

feasible, on the casing.

The indications relate to the "as-delivered condition™ of the machine, and to its specified
or ususl mode of installation. The type of enclosure may alter as a result of a different

type of installation or mounting or if the machine is operated under other conditions (e.g.
by the closing of aperturea).

3. Degrees of protection against accidental contact and ingress of foreign bodies

type of enclosure should preferably be featured on the rating plate, and if this is not

First
reference
aumber

Scope of protection

Denomination

Explanation

0

No protection

No special protection of persons against accidental or inadvert-
ent contact with live or moving components. No protection of the
machine against the ingress of solid foreign bodies.

Protection against large
foreign bodies

Protection against accidental or inadvertent large area comtact
with live or internal moving components, e.g. with the hand, but
no protection against voluntary access to these components.
Protection against the ingress of solid foreign bodies having a
diameter in excess of 50 mm.

Protection against
medium-sized foreign
bodies

Protection against contact by the fingers with live or internal
moving components2)4).

Protection against the ingress of solid foreign bodies having a
dian ster in excess of 12 mm.

Protection against
granular foreign bodies

Protection againat contact with live or internal moving compo-
nents by tools, wires or similar objects having a thickness in
excess of 1 nné)s).

Protection against the ingress of soclid foreign bodies having a
diameter in excess of 1 mm; excluded from this are cooling air
apertures (inlet and outlet openings of external fans) and
condensate drain holes of totally enclosed machines which are
allowed to have No. 2 degree of protection.

-

Protection against
dust deposits3)

Complete protection against contact with live or internal moving
components2).

Protection against injurious dust deposits. The ingress of dust

is not completely prevented, but dust must not be able to pene-

trate in amounts large enough to adversely affect the operation

of the machine.

For Footnotes see page 3
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DIN 40050 Part 2 Page 3

4, Protection against ingress of water

Second Scope of protection
reference
number Denomination Explanation
0 No protection No special protection
1 Protection against ver- Water droplets falling vertically omto the machine must not
tically falling drip adversely affect the operation.
water
2 Protection against drip Water droplets falling at any angle up to 15° from the vertical

water falling at a alant must not adversely affect the operation.

3 Protection against Water falling at any angle up to 60° from the vertical must not
splash water adversely affect the operation ).
4 Protection against Water impinging as spray from all directions against the machine
spray water must not adversely affect its operation)5).
5 Protection against A water jet issuing from the nozzle of a hose aimed at the machine
water jets from any direction must not adversely affect its operation.
6 Protection against In the event of temporary flooding, e.g. inm heavy seas, water musy
flooding got penetrate into the machine in quantities liable to cause
amage.
Water must not penetrate into the machine in quantities liable
7 i:::;::i:n againat to cause damage when it is immersed in water under the specified
pressure and time conditions.
8 Protection against Water must not penetrate into the machine in quantities liable
submersion to cause damage when it is submerged ia water under a specified

pressure for any length of time.

5. Types of preferred enclosure

The Table below containa the types of enclosure most commonly used in Germany for electrical
machines; of these, the types most commonly used internationally are emphasized by bold type.

Protection against Protection against ingress of water
icontact and ingress of Second reference number
foreign bodies
Code letters and
first reference aoumber 0 1 2 3 4 5 6 7 8
PO 1P 00 IP 02
P1 IP11S | IP12S | IP13S
P2 1P21S | 1P22S | 1P238S
IP 4 IP 44
1P 5 IP 54 1P 55 1P 56

2) Machines which are cooled by an external fan are to be protscted against accidental contact with the
fan by the fingers. Generally speaking this requiresmeat is satisfied if contact with the vanes or
blades of the fan by test finger 1 DIN 40051 is prevented. Motors driving agricultural appliances
small machines used by traders, and domestic appliances may require more extensive precautions against
accidental contact.

3) The degree of protection specified in this Standard against dust and the testings for such protection
conform to general practice. When the type of dust is stated (size of particles and their characterie-
tics, e.g. fibrous particles) the test conditions are to be asparately agreed between manufacturer
and customer as necessary.

“) For further details regarding veather procf machines (additional letter W) see under Section 8.2
5) For further detaile regarding machines with pipe ventilation (additional letter R) see under Section 8.1

{=)

-Yoo -



Page 4 DIN 40050 Part 2

6. Testing for protection against contact and ingress of foreign bodies

The testings for all degrees of protection are to be carried out with the machine stationary.

First
reference Testing
number
(o] No testing
1 The testing is to be carried out with a ball with a diameter of 52.5 mm which is pressed

against the casing with a force of 50 N ~ 5 kp.
The protection is deemed adequate if the ball does not penetrate into the casing and does
not make contact with internal live or moving parts.

[+

Testing performed with test finger 1 and interpreted accordiag to DIN 40051 Part 1.

For the purpose of the testing the rotor shall be turned slowly by hand. Shafts and similar
smooth parts are excepted from the testing. When the machinee have an external fan, foot-
note2) Section 3 shall be observed. In addition, a ball with a diameter of 12.5 mm must not
penetrate into the casing.

4 The testing shall be carried out with a steel wire with a diameter of 1 mm. Excluded from
the testing are cooling apertures (inlet and outlet of external fans) and condensate drain
holes which are allowed to conform to No. 2 degree of protection. When the machines have an
external fan footnoted) in Section 3 shall be observed. The protection is deemed adequate
if the wire does not penetrate into the casing (e.g. at joints).

2

Testing is performed with the use of dust chamber 1 and is interpreted according to

DIN 40052 Part 1.

This testing is to be carried out only on machines with a shaft height up to 132 mm. In the
case of machines with shaft heights greater than 132 mm the outcome of a testing carried ou
on a machine of comparable design but smaller shaft height, is regarded as adequate.

7. Testing for protection apminst ingress of water

2:1:_Genersl

For the No., 1, 2, 3 and 4 degrees of protection, scrutiny of the drawing is generally
adequate. In border line cases the testing should be carried out on the lines indicated
below.

For the No. 5, 6 and 7 degrees of protection, the testing should be carried out in accord-
ance with the conditions stated for these levels of protection.

For No. 8 the conditions for acceptance and, where necessary, for testing shall be agreed
between manufacturer and customer.

The testings for all degrees of protection are to be carried out with the machine stopped;
for Noa. 4 to 6 they may also be carried out with the machine running.

All testings are to be carried out with fresh water unless stated or agreed to the contrary.

The values stated for the testings and concerning water pressure, quantity of water and test
duration as well as the dimensions of the spray pipes have been specified as the outcome of
thorough inyestigation. It should be noted that the quantity of water relates to a projected
area of 1 m< parallel with the axis of the shaft; this area is_sufficient for the majority
of machines. gr a machine has a projected area larger than 1 m2 the same quantity of water
and test duration is regarded as sdequate if the testing is made at all the critical points,
e.g. joints, seals, bearings.

For 2), *) and ) ses page 3

- You -



" DIN 40050 Part 2 Page 5

Mechanical testing for protection against ingress of water

| Secoma |

reference Testing
number

0 No testing

1 Tested with the drip appliance A 1 DIN 40053

2 Tested with the drip appliance A 1 DIN LOOS3

3 Tested with the swivelling pipe B 1-... DIN hOOS}“)G)

4 Tested with the swivelling pipe B 1-... DIN 40053%)6)

5 Tested with the spray pipe D 1 DIN k00537)

6 Tested with the spray pips D 1 DIN 400537)

7 For the purpose of the testing the machine is to be immersed in water in such a manner that
the surface of the water is not less than 1 m above the fixing face of the machine and the
top of the machine is not less than 15 cm belov the water. The duration of the testing is
30 minutes.

Subject to agreement between manufacturer and customer the above testing may be superseded
by the following test methed: 2
The casing is tested with an internal air pressure of not less than 0.1 bar (0.1 kp/ca®).
The duration of the tesating is 1 minute.

The protection afforded is deemed adequate if not air emerges during the testing.

Emergence of air can be detected sither by immersion, im which case the water must complete-
1y cover the machine, or by applying a soap solution to the machine.

8 The test conditions are to be agreed betweean manufacturer and customer.

- brnessment

The protection afforded is deemed adequate if the following conditions are fulfilled after
completion of the testings according to Bection 7.2:
Any wate” that has penetrated muat not interfere with the operation of the machine; windings
and oth~: live parts must not be wet and any accumulation of water inside the casing shall
not reich such parts.

It is, however, permissible for the blades of fans inside the machine to be wet; ingress of
vat;r along the shaft is also acceptable provided that arrangements are made for draining
such water.

Electrical testing

If the machine has been tested while stationary, it must be run for 15 minutes at no load and
rated voltage and then subjected to a high voltage test. The test voltage is 50 % of the test
voltage for a new machine and not less than 125 of the rated voltage.

If the nmachine has been tested while running, only the high voltage test at the voltage stated
above shall be carried out.

LT A->sessment
"he testii.. is deemed to be passed if there is no evidence of damage as defined in the test-
icg for i,:ulation in VDE 0520 and in IEC Publication 34-1,
-.Types :;_ enclosure with additionsl letters

© Mach:.i.es with pipe ventilation (additional letter R)

The totaii~” enclosed machine which has cooling air flowing through it, i.e. is internally
cooled, ©Lu+ cooling air aperturss which are comnected to pipes, ducts or pits; the pipes
are not . communication with the space where the machine is installed.

Example: 1P R 44 :

%
6

See page 3
Instead of the testing with the swivelling pipe B 1-...DIN 40053 a testing using the spray nozzle C 1
according to DIN 40053 Part 3 may also be agreed between manufacturer and customer.

For Nos. 5 and 6 the distance from the spray pipes D 1 DIN 40053 to the machine has been fixed at 3 =
on the basis of experience acquired in actual practice; in order to allow the spray to be applied
to the machine from all directions this distance may be reduced.

~

7

~
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Page 6 DIN 40050 Part 2

8.2. Weather proof machines (additional letter W)

The IP W types of enclosure are intended for internally cooled machines (degree of protection
inferior to IP 44) with extra protective features for operating in the open under special
climatic conditions. With regard to protection against contact and ingress of foreign bodies,
these weather proof machines are subject to the particulars in Sections 3, 4, 6 and 7, which
are supplemented by the undermentioned guide lines relating to design, and are further
supplemented in the case of the IP W 24 enclosure by guide lines for additional testing.
Where necessar, arrangements to provide protection against icing shall be made.

Enclosure IJP W 23 S

Guide lines for design:

Before it contacts the components to be cooled, the cooling air drawn in through the cooling
air apertures is so routed that it undergoes at least one deflection by not less than 900 and
experiences velocity reduction.

Insulated windings must be able to withstand the effects produced by moisture when exposed to
alternated climatic conditions according to DIN 50016.

Components made of iron and steel must be protected against rusting.

Bearing lubricants must be suited to the minimum and maximum outside temperature likely to
occur at the place o7 installation. The penetration of fine sand and water into the bearings

is made difficult by the fitting of covers or by appropriate design of the sealing arrangements.

Terminal box design conformas at least to the IP 55 type of enclosure.
Enclosure IP W 24

Guide lines for design: .

Before it comes into contact with the components to be cooled, the air drawn in and discharged
through the ventilating openings is so routed that it undergoes at least three deflections
through not less than 900 each time; this prevents the ingress through the ventilating open-
ings of small solid foreign bodies, coarse dust particles, rain and snow driven by strong -
gale-force winds. In addition, the inlet route for the cooling air must have s widened
portion so that the velocity of the air at this point does not exceed 2.8 n/8s, thus enab’ ._g
any particles entrained in the air to settle.

Instead of this settling chamber, removable or otherwise easily cleaned filters may be
provided.

Insulated windings must be able to withstand the effects produced by moisture when exposed to
alternated climatic conditions according to DIN 50016.

Components made of iron and steel must be protected against rusting.

Bearing lubricants must be suited to the minimum and maximum outside temperature likely to
occur at the place of installation. The penetration of fine sand and water into the bearings
is prevented by the fitting of covers or by appropriate design of the sealing arrangements.
Terminal box design conforms at least to the IP 55 type of enclosure.

Guide lines for additional testing:

Vhen fine gand is freely thrown at the machine no deleterious effects shall arise through
ingress of sand.

For types of enclosure; protection of electrical apparatus against accidental contact by
persons, against ingress of foreign bodies and against ingress of water, general, see
DIN 40050 Part 1

Explanations

The c?ntents‘of the present Standard conform to a large extent with IEC Publication 34.5, 18t Edition 1968:
Ro?atxng electrical machines, part 5: degrees of protection by enclosures for rotating machinery. The
main points of difference are discussed below.

Ugder referegce number 2, Publication 34-5 containa the expression "small foreign bodies'". In conformity
with the basic standard DIN 40050 Part 1 and with IEC Publication 144, 1st Edition 1963, however, th:
Standard refers to medium-sized foreign bodies.

In'the Section dealing with preferred types of enclosure, IEC Publication 34-5 contains only 7 types. In
this Standard five further types are identified as in common use.

T§e additional letter R for machines with pipe ventilation is not contained in the IEC Publication.
With regard to weather proof machines, the IEC Publication does not state any guide lines for design

;nd for additional testing. These have been taken over with only minor amendments from the former Extract
heet.

The place and manner of installation as well as the question of access to the machine, and poesibly,

special operating conditions are the critical factors determining which type of enclosure according to
this Standard ie necessary.

In general, reference should be made to the Explanations in DIN 40050 Part 1.
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The degrees of protection used with three-phase motors are designated by a symbol consisting of
two letters and two numerals, some designations including an additional characteristic letter:

P (International Protection) .
Letters designating the degree of protection against contact with live or moving parts
inside the enclosure and the ingress of solid foreign bodies and water.

0to 6 The first characteristic numerals designate the degree of protection of persons against
f)or:jt_act with live or moving parts inside the enclosure and the ingress of solid foreign
odies.

0to8 The second characteristic numeral designates the degree of protection against harmful
ingress of water (no protection against oil).

W,dS Supplementary code letters for special degrees of protection
and M ’

Principal degrees of protection for electrical machines:

Motor Degree of 1st numeral 2nd numeral
protection Protection against Protection aiganst
contact foreign bodies water
Internally P21 with the fingers medium-size bodies dripping water
ventilated with diameters failing vertically
greater than 12 mm
P22 dripping water falling at
an angle up to 15” from
the vertical
P23 water sprayed at an
' angle up to 60" from the
vettical
surface- P aa by tools or small bodies with water splashed from
ventilated similar objects diameters greater any direction
than 1 mm
1254 complete protection Protection against water splashed from
harmful deposits of any direction
dust
i? 5% water projected by a
nozzle from any
direcuion
P56 water from temporary
tlouding ) heavy stieam
1P 65 compiete protection against water projected by a
protection ingress of dust nozzle from any
direction
P67 motor submerged under
fixed pressure and time
conditions

D Inthe case of heavy seas (temporary flooding) only the non-ventilated motor type 1P8
can be used.

Special degrees of protection

W for weatherproof machines: ]
The additional letter W is inserted between the letter symbol IP and the characteristic protection
figures, e.g. IP W 23. The letter is applicable to machines “for use under specified weather
conditions and with additional protective measures or equipment”.

S and M for protection against water: ) .
For special applications (e.g. open-type, open-circuit air-cooled machines on ship decks, where air
inlet and outiet openings of the machines are closed during standstill) a letter can follow the

characteristic figures indicating whether the protection against harmful water entry is
certificated or tested with the machine at standstill {letter S} or running {letter M).

In this case the degree of protection for both operating states of the machine must be specified,
e.q.IP555/1P 23 M.
Where the additional letters are omitted, the stated degree of protection is complied with for

both states, i.e. running and at standstill.

In line with international agreements, the additional letter R specified in the previous standards
for pipe connected machines has been omitted in DIN IEC 34, Part 5.
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3. Protection of persons. against contact with live or moving parts inside the .enclosure and protection of
equipment against ingress of solid foreign bodies

Protection against contact with moving parts inside the enclosure is limited to contact with moving
parts inside the enclosure whick might cause danger to persons.

First .
characieristic Degree of protection
numeral

0 No protection of persons against contact with live or moving parts inside the
enclosure. _
No protection of equipment against ingress of solid foreign bodies.

1 Protection against accidental or inadvertent contact with live or moving parts
inside the enclosure by a large surface of the human body, for example, a hand,
but not protection against deliberate dccess to such parts.

Protection against ingress of large solid foreign bodies.
See test Sub-clause 7.1.

2 Pretection against cortact with live or moving parts inside the enclosure by fingers.
Protection against ingress of medium size solid foreign bodies.

See test Sub-clause 7.2.

3 Protecticn against contact with live or moving parts inside the enclosure by tools,
wires or such objects-of thickness greater than 2.5 mm.

Protection against ingress of small solid foreign bodies.
See test Sub-clause 7.3.

4 Protection against contact with live or moving parts inside the enclosure by tools.
wires or such objects of thickness greater than | mm.

Protection against ingress of small solid forsign bodics.
See test Sub-clause 7.4.

5 ‘Complete protection against contact wit's live or moving parts inside the enclosure.

Protection against harmiui deposits of dust. The ingress of dust is not totalI'y
prevented, but dust cannot enter in an amount sufficient to interfere with satis-
factory operation of the equipment enclosed.

See test Sub-clause 7.5.

6 Complete proteciion against contact with live or moving parts inside the enclosure.

Protection against ingress of dust.
See test Sub-clause 7.6.

-7 —
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BS 5420 : 1977

4. Protection of equipment agsinst ingress of liquid

Second
characteristic Degree of protection
numeral

0 No protection.

i Protection against drops of condensed water:
Drops of condenscd water falling on the enclosure shall have no harmful effect.
See test Sub-clause 8.1.

2 Protection against drops of liquid:
Drops of falling liquid shall have no harmful effect when the enclosure is tilted
at any angle up to 15° from the vertical.
See test Sub-clause 8.2.

3 Protection against rain:
Water falling in rain at zn angle equal to or smaller than €0)° with respect. to the
vertical shall have no harmful effect.
See test Sub-clause 8.3.

4 Protection against splashing:
Liquid splashed from any direction shall have no harmful effect.
See test Sub-clause 8.4.

5 Protection against water-jets:
Water projected by a nozzle from any direction under stated conditions shall have
no harmful effect.
See test Sub-clause 8.5.

6 Protection against conditions on ships’ decks (deck watertight equipment):
Water from heavy seas shall not enter the enclosures under prescribed conditions.
See test Sub-clause 8.6.

7 Protection against immersion in water:
It must not be possible for water to enter the enclosure under stated conditions
of pressure and time. '
See test Sub-clause 8.7.

8 Protection against indefinite immersion in water under specified pressure:
It must not be possible for water to enter the enclosure.
See test Sub-clause 8.8.

— T
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P X1 X {P PROTECTION DEGREES: -
172 THE MARKINGS USED TO INDICATE THE DEGREE OF PROTECTION CONSIST OF THE
LETTERS IP FOLLOWED BY TWO CHARACTERISTIC NUMERALS.
—vaAan_oz AGAINST INGRESS OF SOLID FORETGH BODICS PROTECTION AGATNST THGRESS OF LIQUID.
\Nw TEST PROTECTION AGAINST CEE % TEST PROTECTION AGAINST CEE
0 Ho protection 0 No protection
et ingress of large solid .
1 ] o foreign bodies (greater ! drops of falling liquid )
_— thar 50 pua) i
ingress of medium size ' drops of falling liquid
2 solid foreign bodies 2 at any angle up to 15°
{greater than 12 mm) from the vertical.
ingress of small solid u;, water falling in rain at
3 foreign bodies- K| “3 any angle up to 60° from
(greater than 2.5 nm) the vertical.
ingress of small solid =TT liquid splashed from any
4 foreign bodies LN Y direction (360°)
(greater thap 1 mm) diid
5 harmful deposits of dust 51 viater-jets from any
direction (360°)
b ingress of dust b ‘ conditions on ships'
: decks
i 1 immersion in water. ()
,
indefinite immersion in
8 water under specified
pressure,
. DiN 40950 81 1: aug. 1970
Stondards : IEC Publ. 144 : Ist ed. 1963 Marking : IP X1 X»
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Table 1. Limits of Temperature Rise for Induction Machines (deg.)

R Class A insula- | Class E insula- | Class B insula- | Class F insula- | Class H insula. !
lem |, Parts %N N ._.v._vm of tion tion tion tion tion !
nduction Machin enclosure :
TR T][wrR][D[T[R|{OD][T[R]OD!IT|R|DI
. Open type 50 | 60 [ 60 | 65 | 75 75 | 70 | 80 | 80 | 8 | 100 | 100 | 105 | 125 | 125
1. | Stator winding Totally-enclosed | o
type 55 | 60 { 60 | 70 | 75 75 | 75 | 80 | 80 | 90 | 100 { 100 { 110 } 125 | 125
Open type 50 | 60 65 | 75 70 | 80 85 | 100 105 | 125
Insulated rotor
2, winding Totally-enclused i
type 55 | 60 0 | 75 75 | 80 90 | 100 110 _ 125 |
3 M_“__‘“m”u”w& The temperature rise of these parts shall in no case reach such a value that there is a
) [ risk of injury to any insulating or other material on adjacent parts.
0 winding
T a _ _
Iron cores and other Open type 60 ! 75 80 100 125
mechanical parts, *
4. lin contact with or a{ Totally-enclosed |
diacent to insulated| type 60 75 80 100 125 _
winding -| A
5 OoBBENG«m and 60 20 80 %0 100 |
collector rings . _
6 Brushes and The temperature rise of these parts shall in no case reach such a value that there is a
’ brush holders risk of injury to.any insulating or other material on adjacent parts.
. 40 degrees when measured on surface of metal
{ 7 Bearings 45 degrees when measured by thermometers embedded in metal. When water-cooled bear-
: (Self-cooled) ing or heat-resisting lubrication oil is used, aggreement shall be made between purchaser
: : and manufacturer case by case.

+In above Table, "T" represents thermometer method. "R resistance method. “D.' embedded temperature detector method.
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Table 3.2 Limit of Temperature Rise of Rotary Machines

{unit  deg)
Class A Class E Class B Class F Ciass H
Insulation Insulati 1nsulation 1nsul 1 Insulation
item Part of rotary machine - - PRURTITY S D
fa) (b) (c) {s) b) (c} | {a} (b} (c) fal (b)) (c) ta) (b} (c)
1| Stator winding of AC machine %0 60 60 | 65 75 75 | 70 80 80 | 85 100 100 | Y05 125 125
T 0 . 0] )
2A | Winding of armature with commutator !")0 —_ = 65 — — 0 — — 85 — — 105 — —
0 3 0
28 tnsulated rotor winding 50 60 — 65 75 — ;0 80 — 85 100 — 106 126 —
0 7 5 3
3A Multiple tayer field winding 50 60 — 65 75 — 70 80 — 85 100 — 105 126 —
Low resistance field winding and compen- —
38 sating winding 60 60 — | 75 75 — | 80 80 — 100 100 — 125 125
3C | Exposed single layer field winding 65 665 — | BO 80 — |90 90 — | 110 110 — | 135 135 —
Field winding of synchronous machine with
30 massive cylindrical rotor (squirrel cage type _——-— = —_ - - — 90 — — 110 — — 175 —
rotor)
Core or othe anical pavf adjacent to — — — —
4 insulated wmdmg 60 — — |75 — — |80 100 125
Short-circuit wmdmg ‘without msulaluon N : .
5 core or nther mechanical part not Temperature which does not cause mechanical hindrance snd does not cause
adjacent to insulated winding, brushes damage to insulators nearby.
and brush holders
6 Commutator and stip ring 60 = ' 7 — — |80 —
- “a0 rieq -Cnv;i;en measured at surface, a5 Y
: detecting element embedded in bearing metal. When, however, a wmov cooled
7 Bearing {self-cooted) hearing or heat-resisting lubricant is adopted, the temperature limit has to be
agreed upon for every particular case between the purchaser and manufacturer,
((Nmel: {a}: Thermometer method {b) Resistance method {c): Embedded temperature detector method
{Remarks) 1. Every class ol insulation given in this table means the class of the insulation of the part given in the column of ‘the corres-

ponding item. For example, the ctass B insulation for ilem 6 means that the insulation of the commutator of slip ring is
class B and it does not mean thal the insulation of the winding is class B

For the totally enclosed type coresponding to 5.11 {2), establish the limit of temperature rise as § deg. C higher
figures marked by asterisks (*} in this table,

The number of the embedded temperature detecting elements shall be 3 or more and thase elements shall he embedded at
such positions at adequate distances in the circumlerential direction and, in the axial direction, at those places where the
temperature seems 10 be the highest.

Even when a high class insuwlation is adopted for the commutator of slip ring, the {imit of temperature rise for the low class
insulation shall be applied if the low class insulation is adopted to the winding which is very close to it. For example, even
when the insulation of the commutator is class H, the limit af temperature rise nl the commutator has to be 70 deqg C of
the class F insulation if the class E insulation is adopted for the winding which is very clnse to it

Of the windings of items 38 and 3C the resistance mathod is nat suitable for those windings which have small number of
turns and many connections.

than

The low resistance lield winding in item 3B means a field winding with small number of layers and small resistance for
which the whole circumference is insulated, for exampte, an interpole winding, series winding, etc
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'olerances of Induction Machines

F Item | Kinds Tolerances
1 a) Conventional efficiency (27)% —0.I1x(100— 7) %
(See 6.3, 6.12, 6.13)
b) Measured efficiency (7)% —0.15%(100— 7} %
Min. 0.7%;
2 Losses (total losses of an asyn- +1/10 x(guaranteed
chronous phase modifier) value)
¥ Power factor at the rated output —-1/6 (100— pf) %
(pf) % Min. 2% . Max.7%
4 No-load current -+3/10 x (guaranteed
value)
) Slip - +1/5 x(guaranteed value)
6 Starting current + 1/5x(guaranteed value)
7 Starting Torque —1/10x (guaranteed value)
8 Break-down torque —1/10x(guaranteed value)
Remark :  Tolerances of ltem | and Items 3 to 8 shall be applied to both the measured

values and calculated values (circle diagram method. etc.).
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CONTROLLING INRUSH

When an AC induction motor is started across the line, the electrical
current demanded by the motor instantaneously reaches a value of five
to six times its normal full load running current; this is true whether
the motor is fully loaded or unloaded. This instantaneous increase in
current is called inrush,

600-
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=
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L 400
3
&< KVA
[
(=]
at 300
<
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-d
-d
=
[T //
&5 _ -
-
LS — MOTOR IORQUE___,//
oo PUMP ‘LOAD
0 [ 7 30 do 50 60 7 g0 0 ©
% OF SYNCHRONOUS SPEED
FIGURE 1, A,C. MOTOR ACROSS THE LINE
Inrush occurs because al the instant ol starting the impedance of  the
motor winding is very low, Ax Lhe motor starts to acceelerato, the
fwpedance increases and theretfore the corrent starts to diminish,
The above is true only because the voltage applied to the motor was held

at a fixed value, Thercfore, it becomes obvious that if the voltage
applied to the motor was reduced at start, the inrush current would be
reduced, Or better yet, if we could gradually apply the voltage to the
motor from zero on up, the inrush would be zero.

Over the years, many methods have been developed and used to reduce the
inrush current, such as the autotransformer, part winding motor design,
Wye-Delta mutor design and in more recent years the reduced voltage solid
state starter. However, all of these merely reduce the level of inrush,
they cannot eliminate the inrush.
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FIGURE 2.

1t is apparcut from the curves in figure 2 that each has some degree of
inrush, Three out of four have two steps of inrush, each of a slightly
different magnitude. The fourth, the solid state starter, has one level of
inrush and this level being adjustable must be set at a level high enough
to not only provide the power to hreak the toad away, but also to accele-
rate the load to full spced, This brings us to the real problem.

The problem is, the machine must be started and accelerated up to full
speed and still stay within the power line and inrush limitations.

It is therefore apparent that only certain kinds of reduced voltage methods
can be used with any given kind of loads.
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For all practical purposes, there are only three types of loads.
(1) constant torque, (2) variable torque, and (3) high inertia loads with
;+oh we have to be concerned.

since the starting torque of an AC induction motor varies as a square of
the applied voltage, it becomes apparent that not all types of loads can
be successfully started by fixed step functions. Obviously,  the constant
torque type of load cannot be started by the autotransformer the part
winding or the Wye-Delta method. Not only ig. the accelenallnq torque
constant for loads such as Conveyor§, but in most caseS the bxeakaway
torques (stiction) can be quite high,

In contrast to this, the variable torque type loads, such as centrifugal
pumps, fans, etc., the torque required varies as a square of the speed.

It has a very low breakaway torque (15-35% of full load). Therefore, most
any one of the four reduced voltage means can be successfully used to
start this kind of load. Whether or not it would allow: staying within
whatever inrush limitations exist is another question, This can only be
determined by the motor manufacturer and the kind of starting cmployed,
Keep in mind that motor design and characteristics vary not only boetween
manufacturers but also from motor frame size to motor frame size within a
given manufacturer, The only way to be sure that the motor will start and
accelerate the load to full speed with any reduced voltage method is te
out the full problem on the motor manufacturer and have him provide his
recommendations. If the autotransformer method is to be employed, the
motor manufacturer should know and sanction the voltage steps,

A completely new concept in motor starting is now available which solves
the problem of starting most any type of load and still stay within any
inrush limitations. The concept uses the conventional AC induction motor
in conjunction with a specially-designed solid state starter, the two
matched to each other for the specific application, The end result is
the assurance that the drive package will start the load and do it with
zero inrush,
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FIGURE 3 FIGURE 4
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The controller is made up of all solid state devices and the power section
consists of six SCR's (two per phase). A feedback loop measuring KVA
controls the amount of power being supplied to the motor during the starting
cycle (sce figure 3), The control is such as to allow an ever increasing
amount of KVA to flow to the motor on a time basis, thus providing a rate

of change of KVA to the motor (see figurce 4),

Vihen the starter is first encrgized, the KVA output is zero, As the Kva
increases to the motor, the motor starts to develop more and more torque,

A sowe point in time, the motor will have sufficient torque to break the
Toad away,  Gince the KA continues to incrcase, so does Lhe motor's torque,
thus applying acceleration torque to the load., When the motor is up to

full speed, the KVA demand decreases to the running level and the starter
is full on, This is shown in figurc 4 where a pump type load is used as

an example, The level to which the KVA rises totally depends on motor
design and the torque characteristics of the load,

It is now apparent, by properly selecting the right motor to match the load

requirements and then match the starter to that motor, the motor will break
the load away accelerate it to full speed and do it all with a zero inrush,
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SELECTION OF
REDUCED VOLTAGE STARTERS

To select a proper reduced voitage starter, con-
sideration should be given to requirements of appli-
cation which may be divided into the following three:
I, Limiting starting current throughout starting.

Transition to full voltage needs to be delayed
until just before the motor obtains full speed.
Whether accelerating is large enough to accelerate
the load should be considered.

2. Limiting the duration of flow of maximum current
during starting.

The main consideration should be reducing line
disturbance by shortening maximum starting current
interval rather than by restricting maximum starting
current.

3. Providing cushioned starting.
Starting torque is first limited, then increased
gradually with acceleration. -

REDUCED VOLTAGE STARTER SELECTION TABLE

REQUIRE | LMITING STARTING | UMITING DURATION OF | PROVIDING
TYPE CURRENT THROUGH- | FLOW OF MAX.CURRENT | CUSHIONED APPLICATIONS
OF LOAD OUT STARTING DURING STARTING STARTING
Machine Tools:
tothes, driling machines, boring machines,
spindle drives of milling machines, geor culting
mochines, cutiers of gecr culting machines,
grinders, bond sow machines, paper grinders,
line shaft drives.
START AT :’"’:""" B B Looding. Unloading ‘and Transportation:
NO LOAD orndorter Winches with clutch, copstans, crushers,
Reactor
unloaders.
Spinning and lLooming Machines.
Generol Industrial Machines.
Motor-driven Machines.
MG Sets,
Fluid Machines:
Spiral pumps, turbine pumps, volute pumps,
SQUARED OF Korndorfer §°"‘d°"°' swash plate pumps, oxiol-flow pumps.
TORQUE LOAD Reactor eactor Pneumalic Machines:
Wye-delto
Centrifugal-fons, -blowers and -compressors,
axial-flow-fans, -blowers and -compressors.
Kuzo-Reactor | lifting-lowering Machines:
GRAVITY LOAD Korndorfer - Reoctor Korndorfer Winches, tilted conveyors, elevators, escalators.
Feed Drives:
Horizontal conveyors, travelling trucks,
FRICTION Korndorfer Korndorfer Kuza 'h' 4 9
Korndorfer machine tools,
LOAD Reoctor Reactor
Reactor Crushers, Mixers, Feeders, Calenders.
Electric Doors.
Wye-delta Wye-delta Centrifugol Seporators, Hydro-exiractors,
INERTIA
Korndorfer Korndorfer — Cronk Presses
LOAD . .
Reactor Reactor {with small repulsion torque only}.
START AT Korndorfer Korndorfer Kuza-Reactor | Reciprocating Pumps, Reciprocaling Compressors,
FULL LOAD Reactor Reactor Korndorfer Roots-blowers, Extruders.

INTERMITTENT
LtOAD

Loom Machines, Winders. Pinch Rollers, Long
Belt Conveyors, Chain Conveyors.

Kuza-Reactor
Korndorfer

Note: Resistor starter can be used instead of reactor except where opplications involve inertia load.
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TYPES OF MOTOR STARTING

STARTING METHODS

AND

PRIMARY CONNECTIONS

STARTING CHARACTERISTICS

TYPICAL APPLICATIONS

FULL YOLTAGE STARTING

MOTOR

‘3)
—
—_—

VERY SIMPLE

- Both starling current and starting torque lorge,

resulting in shortest slarting time.
- Line disturbance and inrush curren! large.

- Shack
starhing.

to connected machinery inevitable ol

General industry use.

REDUCED
VOLTAGE
STARTING

WYE-DELTA. . - Both starling current and starting torque small.
{Open Iransition)
MOTOR - Starting cutrent not adjustable. - Suitable for starting motors with
3 . . no load or light load connected.
— - Torque increase and moximum torque smoli.
7 . R - - Machine tools.
' 1 - Opening of aircuil during transition to fill
volluge may couse line surge.
SIMPLE t:%
-
KORNDORFER . . .
- - Starting torque does not much decrease il
{Closed-iransition) Marting corrent is reduced ]
. - Suituble for use whoere reduction
MOTOR - Starling current udjustable by aulotranstormer

MOST COMPLICATED

taps

- Torque increase smabl but than  with

wye-delta starting.

farger

- Maximum torque small.

« Smooth acceleration.

of starting curcent is ol prime

consideration

- Pumps, blowers.

REACTOR

L=
L=

N o

A LITTLE COMPLICATED

MOTOR

- Reducing slarting current sharply decreases
slarking torque.

- Starting currenl adjustable by reactor taps.
- Torque increase extremely large.

« Maximum lorque largest among reduced

voltage starters.

- Smooth acceleration.

- Suitable for use where wye-delta
starting does not provide ade-
quate acceleralion.

- Used where cushioned slarting is
required.

- Pumps, blowers.

KUZA
- Only starting torque can be limited.
’—‘ MOTOR - Starting torque adjustable by reactor taps. - Suitable for use in small motors
. rarti . )
{ - Torque increase remorkably lorge. vfhere cushioned starting is de
sired.
{ - Smoolh acceleration.
—
SIMPLE
PRIMARY RESIST - R tat ki -
Y STOR ined\::'ngu: atling current sharply reduces start . Suitable for use where wye-delia
9 que starting does nol provide ade-
| ' MOTOR + Starting current adjustable by resistor taps. Quate acceleration.

e

A LITTLE COMPLICATED

- Torque increase and maximum torque preily
farge.

- Smooth acceleration.

- Used where it is desirable to
eliminate shock to driven ma-
chines.

-G~
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Coefficient % for roughness equal to:
Diameter
(m)
k=01mm | k=05mm =10mm | k =20 mm

0-030 102 1-54 2-00 2:71
0-040 0-700 1:04 1-34 1-80
0-050 0-528 0-78 0-985 1-30
0-070 0-35 0-500 0615 0-80
0-080 0-:290 0-413 0-512 0-660
0-100 0-222 0-310 0-380 0-490
0-125 0-168 0-232 0-284 0-360
0-150 0-133 0-182 0-223 0-280
0-175 0-110 0-150 0-180 0229
0-200 0-0935 0-128 0-153 0-190
0-225 0-0813 0-110 0-129 0-162
0-250 0-0710 0-096 0-114 0-141
0-300 0-0573 0-076 0-090 0-110
0-350 0-0475 0-0625 0-0735 0-0900
0-400 0-0400 0-0530 0-0625 0-0758
0-450 00351 0-0460 0-0538 0-0650
0-500 0-0308 0-040 0-047 0-0566
0-600 0-0245 0-0322 00371 0-0477
0-700 0-0206 0-0266 0-0307 0-0368
0-800 0-0175 0-0225 0-0260 0-0310
0-900 00151 0-0194 0-0225 00267
1-000 00134 0-0170 0-0197 0-0234
1:250 0-0102 0-0130 0-0150 0-0177
1-500 0-00827 0-0104 0-0120 0-0140
1-750 0-00686 0-00857 0-0098 0-0116
2-000 0-00586 0-00735 0-0084 0-00980
2:500 0-00453 0-0056 0-0064 0-00745

Range of speeds

with good

approximation 1to3 m/s 1to 3 m/s > 1 my/s = 05 m/s

3—Tables of values of the loss of head J.

In practice the roughness coefficients used most often are either
0:1 mm or 2 mm, or an intermediate value such that it is only necessary
to take the arithmetic mean of the two values of J corresponding to
each of these coefficients k (see page 991). The diameter of the metal
pipes is standardized. The following tables give for current diameters
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.
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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 = 01 mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C.)

PIPE DIAMETER : 0-04 m. PIPE DIAMETER : 0-05 m.
Pipe section : 0-0012566 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. New Existing litres/sec. New Existing litres/sec.
pipes pipes pipes pipes
0-01 i 0-0125 0-0196
0-05 0-0628 0-0982
0-10 0-1256 01963
0-15 0-1884 0-2945
0-20 0-002115 0-2513 0-001590 0-3927
0-25 0-003138 0-3140 0-002358 0-4909
0-30 0-004329 0-3769 0-003248 0-5890
0-35 0-005694 0-4396 0-004281 0-008237 0-6872
0-40 0-007242 0-5024 0-005451 0-010690 0-7854
0-45 0-008966 0-018576 0-5652 0-006708 0-013468 0-8836
0-50 0-010861 0-022868 0-6280 0-008115 0-016587 0-9817
0-55 0-012895 0-027640 0-6908 0-009668 0-020046 1-0799
0-60 0-015116 | 0-032856 0-7538 0-011340 0-023826 11781
0-65 0-017493 I 0-038512 0-8164 0-013118 0-027924 1-2763
0-70 0-020072 ' 0-044652 0-8792 0-015013 0-032374 1-3744
0-75 0-022793 0-051212 0-9420 0-017030 0-037128 1-4726
0-80 0-025647 0-058227 1-0048 0-019213 0-042210 1-5708
0-85 0-028681 0-065742 1-0676 0-021509 0-047658 1-6690
0-90 0-031845 0-073703 1-1304 0-023948  0-053429 1-7671
0-95 0-035190 0-082110 1-1932 0-026496 0-059524 1-8653
1-00 0-038546 0-090981 1-2566 0029155 0-065955 1-9635
1-08 0-042143 0-100299 1-3194 0-031916 0-072710 2:0617
1-10 0-046021 0-110081 1-3822 0-034782 0-079801 2-1598
1-15 0-050052 0-120327 1-4451 0-037750 0-087229 2-2580
120 0-054224 0-131019 1-5079 0-040884 0-094980 2-3562
1-25 0-058535 0-142157 1-5707 0-044152 0-103054 2-4544
1.30 0-063011 0-153760 1-6335 0-047549 0-111465 2-5525
1:35 0-067647 | 0-165809 16963 0-051090 0-120200 2:6507
1-40 0-072428 | 0-178322 1-7592 0-054745 0-129271 2-7489
1-45 0-077423 i 0-191281 1-8220 0-058509 0-138665 2-8471
1-50 0-082570 : 0-204704 1-8846 0-062386 0-148396 2-9452
1-58 0-087865 + 0-218591 1:9474 0-066373 0-158463 3-0434
1-60 0-093293 | 0-232907 2-0105 0-070459 0-168841 | 3-1416
1-65 0-098874 | 0-247704 2-0733 0-074658 0-179568 | 3:2397
1-70 0-104657 | 0-262931 | 2-1362 0-978953 0190606 3-3379
1-75 0-110597 0-278639 2-1990 0-083420 0-201993 3-4361
1-80 0-116671 : 0-:294775 22608 0-088020 0-213691 3-5343
1-85 0-122893 i 0-311375 2-3236 0-092732 0-225725 3-6324
1-90 0-129260 : 0-328440 | 2-3864 0-097557 0-238096 3-7306
1-95 0-135764 0-345951 | 2-4499 0-102487 0-250790 3-8288
2-00 0-142410 0-363926 2-5132 0107526 0-263821 3-9270
2-05 0149244 0-382347 i 2-5760 0-112669 0-277175 4-0251
2-10 0-156222 0-401232 | 2-6388 0-117920 0-290865 4:1233
2-15 0-163337 0-420564 : 2-7016 0-123271 0-304879 4-2215
2:20 0-170586 0-440342 @ 2-7645 0-128772 0-319217 4-3197
2-25 0-178048 0-460601 2-8273 0-134336 0-333904 4-4179
2-30 0-185708 0-481290 2-8888 0-140046 0-348901 . 4-5160
2-35 0193518 0502442 2-9516 0-145863 0-1364235 4-6142
2-40 0-201476 0-524058 3-0158 0-151786 0-379905 4-7124
2-45 0-209576 0-546121 3-0786 0157870 0-395899 4-8106
2-50 0-217815 0-568630 3-1412 0-164058 0-412217 4-9087
3-00 0-307923 : 0-818833 3:7698 0-133035 0-593597 5-890S5
3.50 0-414432 1114518 4-3981 0-312190 0-807948 6-8723
4-00 0-536204 1-455703 5-0264 0-404498 1-055283 7-8540
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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 0°C.)

PIPE DIAMETER : 0:06 m. PIPE DIAMETER : 0-08 m.
M Pipe section : 000282744 m? Pipe section : 0:0050265 m?*
ean
velpcity 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 0-0283 0-0503
0-05 0-1414 0-2513
0-10 0-2827 0-000256 0-5027
0-15 0-000753 0-4241 0-000520 0-7540
0-20 0-001249 0-5655 0-000863 0-001438 1-0053
0-25 0-001856 0-7069 0-001280 0-002213 1-2566
0-30 0-002557 0-004713 0-8482 0-001775 0-003154 1-5080
0-35 0-003364 0-006354 0-9896 0-002336 0-004263 1-7593
0-40 0-004277 0-008262 1-1310 0:002994 0-005539 2-0106
0-45 0-005289 0:010406 1-2723 0:003702 0-006969 2-2620
0-50 0-006412 0-012803 1-4137 0-004467 0-008568 2-5133
0-55 0-007633 0-015466 1-5551 0-005339 0-010347 2-7646
0-60 0-008961 0-018374 1-6965 0-006274 0-012290 3-0159
0-65 0-010388 0-021530 1-8378 0-007280 0-014396 3-2672
0-70 0-011907 - 0-024955 1-9792 0-008353 0-016680 3-5186
0-75 0-013523 0-028612 2-1206 0-009450 0-019120 3-7699
0-80 0-015223 0-032522 2:2619 0-010646 0-021733 4-0212
0-85 0-017034 0-036682 2:4033 0011910 0-024515 4-2726
0-90 0-018959 0-041084 2-5447 0-013249 0-027458 4-5239
0-95 0-020968 0-045771 2-6861 0-014651 0-030590 4-7752
1-00 0-023064 0-050715 2-8274 0:-016119 0-033895 5-0266
1-08 0-025257 0-055909 2-9688 0-017644 0-037367 5-2779
1-10 0-027556 0-061361 3-1102 0-019241 0-041011 5-5192
1-15 0-029941 0:067073 3-2516 0-020906 0-044828 5-7805
1-20 0-032418 0-073033 3-3929 0-022635 0-048811 6-0319
1-25 0-034975 0-079242 3-5343 0-024420 0-052961 6-2832
1-30 0:037615 0-085709 3-6757 0-026273 0-057283 6-5345
1-35 0-040392 0-092426 3-8170 0-02818t 0-061772 6-7858
1-40 0-043257 0-099401 3-9584 0-030145 0-066434 7-0372
1-45 0-046204 0-106624 4-0998 0-032175 0-071261 7-2885
1-50 0-049255 0-114106 4:2412 0-034261 0-076262 7-5398
1-55 0-052392 0-121848 4-3825 0-036478 0-081436 7-7911
1-60 0-055606 0-129828 45239 0-038753 0-086769 80425
1-65 0-058908 0-138076 4-6653 0:041093 0-092283 8:2937
1-70 0-062308 0-146564 48066 0-043490 0-097955 85451
1-78 0065796 0-155320 4-9480 0-045952 0-103807 8-7965
1-80 0-069359 0164314 5-0894 0-048489 0-109818 9-0478
1-85 0-073003 0-173568 5-2368 0-051089 0-116003 9-2991
1-90 0-076759 0- 183080 5-3721 0-053751 0-122360 9-5505
1-95 0-080625 0-192841 5-5135 0-056472 0-128884 9-8018
2-00 0-084576 0-202861 5-6549 0-059253 0-135580 10-0531
2-08 0-088607 0-213129 5:7963 0-062118 0-142443 10-3044
2-10 0-092722 0-223656 5-9376 0-065046 0149479 10-5558
2-15 0-096914 0-234432 6-0790 0-068032 0-156680 10-8071
2-20 0101266 0:245457 6-2204 0-071078 0-164049 11-0584
2:25 0-105710 0-256749 6-3617 0-074187 0-171597 11-3097
2-30 0-110234 0-268282 6-5031 0-077350 0-179304 115610
2-35 0-114844. 0-280072 6-6445 0-080574 0-187184 11-8124
2-40 0-119540 0-292122 6-7859 0-083857 0-195238 12-0637
2-45 0-124318 < 0304420 6:9272 0-087196 0-203457 12-3150
2-50 0-129176 0-316967 7-0686 0-090591 0-211842 125664
3-00 0-183110 0456436 8-4823 0-128731 0-305056 15-0795
3-50 0-246110 0-621258 9-8960 0-172875 0-415213 17-5928
4:00 0-318732 0-811442 11-3098 0-224268 0-542321 20- 1060
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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 0°C.)

PIPE DIAMETER : 0-10 m. PIPE DIAMETER : 0-125 m.

M Pipe section : 0007854 m? Pipe section : 0-012272 m?

can

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 0-0785 01227
0-0s 0-3927 0-6136
0-10 0-000191 0-7854 0-000144 0-000207 1:2272
0-15 0-000388 0-000604 1-1781 0-000291 0-000449 1-8408
0-20 0-000643 0-001054 1-5708 0-000486 0-000783 2-4544
0-25 0-000956 0-001622 1-9635 0-000726 0-001204 3-0680
0-30 0-001335 0-002312 2-3562 0-001009 0-001712 3:-6816
0-35 0-001763 0-003120 2-7489 0-001330 0-002311 4-2952
0-40 0-002248 0- 004060 3-1416 0-001701 0-003004 4-9088
0-45 0-002786 0-005111 3-5343 0-002104 0-003785 5-5224
0-50 0-003370 0-006281 3:9270 0-002548 0-004656 6-1360
0-55 0-004009 0-007584 4-3197 0-003037 0-005618 6-7496
0-60 0-004707 0-009006 4-7124 0-003560 0-006568 7-3632
0-65S 0-005447 0-010543 5-1051 0-004120 0-007804 7-9768
0-70 0-006245 0-012215 5-4978 0-004726 0-009037 8-5904
075 0-007090 0014000 5-8905 0-005369 0-010356 9-2040
0-80 0-007985S 0-015911 6-1830 0-006059 0-011769 9-8176
0-85 0-008931 0-017951 66759 0-006765 0-013279 10-4312
0-90 0-009930 0-020108 7-0686 0-007531 0-014878 11-0448
0-95 0-010980 0-022402 7-4613 0-008332 0-016567 11-6584
1-00 0-012080 0024822 7-8540 0-009166 0-018349 12:2720
1:05 0-013233 0-027365 82467 0-010047 0-020228 12-8866 "
1-10 0-014431 0-030033 8-6394 0-010962 0-022201 13-4992
1-18 0-015673 0-032829 9-0321 0-011913 0-024268 14-1128
1-20 0-016955 0-035746 9-4248 0-012091 0-026424 14-7264
1-25 0-018301 0-038785 9-8175 0-01392t 0-028670 15-8400
1-30 0-019692 0-041950 10-2102 0-014988 0-031010 15-9536
1-35 0-021142 0-045237 10-6029 0-016089 0-033440 16-5672
1-40 0-022637 0-048651 10-9956 0-017231 0-035964 17-1808
1-45 0-024197 0-052187 11-3883 0-018406 0-038578 17-7944
1-50 0-025803 0-055849 11-7810 0-019615 0-041285 18-4080
1-55 0-027456 0-059638 12-1737 0-020857 0-044086 19:0216
1:60 0-029149 0-063544 12-5664 0-022140 0-046973 19-6352
1-65 0-030890 0-067581 12-9591 0-023458 0-049957 20-2488
1-70 0-032671 0-071735 13-3518 0-024805 0-053028 20-8624
1-75 0-034514 0-076021 13-7445 0-026200 0-056196 21-4760
1-80 0-036397 0-080423 14-1372 0-027625 0-059450 22-0896
1-85 0-038324 0-084952 14-5293 0-029097 0-062798 22-7032
1-90 0-040296 0-089608 14-9226 0-030588 0-066240 23-3168
1-95 0-042347 0-094385 15-3153 0-032126 0-069772 23-9304
2:00 0-044446 0-099290 15-7081 0-033714 0-073397 24- 5440
2-08 0-046589 0-104315 16-1007 0-035334 0-077112 25:1576
2-10 0-048777 0-109468 16-4934 0:036990 0-080921 25-7712
2-15 0-051010 0-114742 16-8861 0-038678 0-084820 26-3848
2-20 0-053285 0-120138 17-2788 0-040437 0-088809 26-9984
2-258 0-055608 0-125665 17-6715 0-042236 0-092894 27-6120
2-30 0-057970 0-131310 18-0642 0-044068 0-097067 28-2256
2-35 0-060377 0-137081 18-4569 0-045960 0-101333 28-8392
2:40 0-062828 0-142978 18-8496 0-047890 0-105692 | 29-4538
2-45 0-065320 0-148998 19-2423 0-049858 0-110142 30-0664
2-50 0-065853 0-155139 19-6350 0-051862 0-114682 306800
3-00 0-096333 0-223402 23-5620 0073580 0-165143 36-816
3-50 0-129559 0-304073 27-4890 0-098802 0-224777 42-952
4-00 0-167589 0-397152 31-4160 0-128004 0-293587 49-088
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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 0°C.)

-019846
-020970
-022129
023317
024533
025777
-027062
028374
-029716
031085
-032497
033941
035411
036911
-038441
039998
041583
059023
079296
-102483

041195 30-0415
043656 30-9251
046184 31-8087
-048785 32-6922
-051459 33-5758
054202 34-4594
-057018 35-3430
-059905 36-2265
-062863 37-1101
-065892 37-9937
068991 38-8772
072165 39-7608
-075406 40- 6444
078720 41-5279
082107 42-4115
085564 43-2551
-089090 44-1787
- 128291 53-0145
174618 61-8503
228073 70- 6860

014001
014790
015597
016424
017268
018141
019032
019942
020882
-021841
+022831
023843
-024873
1025924
1026981
028071
-029180
041400
-055757
-072051

027913 53-4072
029581 54-9780
031294 56- 5488
033056 58-1196
034868 59-6904
036727 61-2612
038635 62-8320
040591 644028
-042596 65:-9736
044548 675444
-046748 69-1152
048899 70-6860
-051095 72-2568
053340 73-8276
-055635 75-3984
057978 76-9692
060367 785400
086929 94-2480
-118320 109-956

-154541 | 125-664

PIPE DIAMETER : 0-150 m. PIPE DIAMETER : 0-200 m.
Me Pipe section : 0-0176725 m? Pipe section : 0-031416 m?
an
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 0-1767 0-3142
0-05 0-000034 0-8836 0-000024 0-000030 1-5708
0-10 0-000114 0-000163 1-7671 0-000079 0-000110 31416
0-15 0-000232 0-000352 2:6507 0-000162 0-000238 4-7424
0-20 0-000387 0-000612 3-5343 0-000270 0-000413 6-2832
0-25 0-000578 0-000941 4-4179 0-000400 0-000636 7-8540
0-30 0-000801 0-001336 5-3014 0-000557 0-000903 9-4248
0-35 0-001059 0-001810 6-1850 0-000736 0-001217 10-9956
0-40 0-00135! 0-002347 7-0686 0-000940 0-001581 125664
0-45 0-001674 0-002948 7-9522 0-001169 0-001989 14-1372
0-50 0-002031 0-003622 8-8357 0-001421 0-002445 15-7080
0-55 0-002421 0-004374 9:7193 0-001692 0-002945 17-2788
0-60 0-002842 0-005187 10-6029 0-001986 0-003491 18-8496
0-65 0-003293 0-006070 11-4865 0:002298 0-004080 20-4204
0-70 0-003777 0:007028 12-3700 0-002642 0:004734 21-9912
0-75 0-004289 0-008054 13-2536 0-002996 0-005433 23-5620
0-80 0-004834 0-009155 14-1372 0-003376 0-006181 25-1328
0-85 0-005411 0-010329 15-0208 0-003784 0-006979 26-7036
0-90 0-006017 0-011572 15-9043 0-004212 0-007824 28-2744
0-95 0-006652 0-012883 16-7879 0-004658 0-008717 29-8452
1-00 0-007316 0-014268 17-6715 0-005122 0-009659 31-4160
1-05 0-008009 0-015722 I18-5550 0-005619 0-010648 32-9868
1-10 0-008732 0-017247 19-4386 0-006139 0-011686 34-5576
1-18 0-009487 0-018852 20-3222 0-006680 0-012774 36-1284
1-20 0-010271 0-020527 21-2058 0-007241 0-013909 37-6992
1:25 0-011086 0-022273 22-0893 0-007821 0-015092 39-2700
1-30 0-011933 0-024091 22-9729 0-008424 0-016324 40-8408
1-35 0-012813 0:025978 23-8565 0-009047 0-017603 “42-4116
1-40 0-013726 0-027939 24-7401 0-009695 0-018931 43-9824
1-4S5 0-014667 0-029970 25-6237 0-010362 0-020307 45-5532
1-50 0-015642 0-032072 265072 0-011049 0-021737 47-1240
1-55 0-016646 0034248 27-3908 0-011756 0-023206 48-6948
1-60 0-017684 0-036491 28-2744 0-012480 0-024726 50-2656
}-65 g~018752 0-038809 291580 0-013232 8-026297 51-8364
. 0- 0
1- 0 0 0 0
1 0 0: 0 0
1 0- 0 0 0
1 0 0 0 0
1- 0 0 0 0
2 0 0 0 0
2 0 0 0 0
2 0 0 0 0
2- 0 0 0 0
2- 0 0 0 0
2 0 4] 0 0
2 0 0 0 0
2 0 0 0 0
2. 0 0 0 0
2 0 0 0 0
2- 0 0 0 0
3- 0 0 0 0
3 0 0 0 0
4 0 0 0 0
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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 : 0-250 m.
Pipe section : 0:0490875 m?

PIPE DIAMETER : 0-300 m.
Pipe section : 0-070686 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 0-4909 0-7069
0-05 0-000017 0-000022 2-4544 0-000014 0-000018 3-5343
0-10 0-000060 0-000081 4-9087 0-000048 0-000064 7-0686
0-15 0-000122 0-000175 7-3631 0-000097 0-000139 10-6029
0-20 0-000204 0-000305 9-8175 0-000163 0-000241 14-1372
0-25 0-000303 0-000469 12-2719 0-000244 0-000370 17-6715
0-30 0-000424 0-000668 14-7262 0-000339 0-000527 21-2058
0-35 0-000563 0-000902 17-1806 0-000450 0-000711 24-7401
0-40 0-000720 0-001173 19-6350 0-000574 0-000925 28-2744
0-45 0-000890 0-001477 22-0894 0-000712 | 0-001164 31-8087
0-50 0-001080 0-001815 245437 0-000864 0-001431 35-3430
0-55 0-001286 0-002188 26-9981 0-001031 0:-001725 38-8773
0-60 0-001512 0-002594 29-4525 0-001215 0-002046 42-4116
0-65 0-001753 0-003034 31-9069 0-001411 0-002393 45-9459
0-70 0-002013 0-003511 34-3612 0-001622 0-002769 49-4802
0-75 0-002294 0-004024 36-8156 0001845 0-003170 53-0145
0-80 0-002586 0-004573 39-2700 0-002079 0-003603 56-5488
0-85 0-002896 0-005159 41-7244 0-002326 0-004064 60-0831
0-90 0-003226 0-005781 441787 0-002588 0-004556 63-6174
0-95 0-003571 0-006440 46-6331 0-002866 0-005076 67-1517
1-00 0-003935 0-007136 49-0875 Q-003157 0-005624 70-6860
1-05 0-004315 0-007867 51-5418 0-003461 0-006200 74-2203
1-10 0-004712 0-008634 53-9962 0-003778 0-006804 77-7546
1-15 0-005123 0-009437 56-4506 0-004110 0-007438 81-2889
1-20 0-005555 0-010276 58-9050 0-004453 0-008099 84-8232
1-25 0-006002 0-011150 61-3593 0-004808 0-008787 88-3575
1-30 0-006464 0-012060 63-8137 0-005177 0009504 91-8918
1-35 0-006944 0-013005 662681 0-005561 0-010249 95-4261
1-40 0007441 0-013986 68-7225 0-005957 0-011022 98- 9604
1-45 0-007956 0-015002 711769 0-006365 0-011823 102-4947
1-50 0-008486 0-016055 736312 0-006785 0-012653 106-0290
1-55 0-009033 0-017144 76-0856 0-007217 0-013511 1095633
1-60 0-009593 0-018267 78 - 5400 0-007659 0-014397 113-0976
1-65 0-010169 0-019428 80-9944 0-008123 0-015311 116-6319
1-70 0-010759 0-020622 83-4487 0-008602 0-016252 120- 1662
1-75 0-011364 0-021854 85:9031 0-009090 0-017223 123-7005
1-80 0-011989 0-023120 88-3575 0-009595 0-018221 127-2348
1-85 0:-012629 0-024422 90-8118 0:010106 0-019247 130-7691
1-90 0-013285 0-025760 93-2662 0-010635 0-020302 134-3034
1-95 0-013954 0-027133 95-7206 0-011170 0-021384 137-8377
2:00 0-014639 0-028543 98-1750 0-011723 0022495 141-3720
2058 0-015345 0029988 100-6293 0-012288 0-023633 1449063
2:10 0-016067 0-031469 103-0837 0-012865 0-024801 1484406
2-15 0-016804 0-032985 105-5381 0-013461 0-025996 151-9749
2-20 0017564 0-034537 107-9924 0-014070 0-027218 155-5092
2-258 0:-018341 0036126 110-4468 0-014691 0028470 1590435
2-30 0:019133 0-037748 112-9012 0-015324 0-029749 1625778
2-35 0:019940 0:039407 115-3555 0-015969 0-031057 166-1121
2-40 0-020763 0-041103 117-8099 0-016627 0-032393 169 - 6464
2-45 0-021600 . 0-042833 120-2643 0-017296 0-033756 173-1807
2-50 0-022465 0-044598 122-7187 0-017988 0-035148 176-7150
3-00 0-031873 0-064222 147-2625 0-025490 0-050613 212-058
3-50 0-042907 0-087413 171-8063 0-034341 0-068890 247401
4-00 0-055455 0-114173 1963500 0-044527 0-089979 282-744

— FAY -




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 DIAMETER : 0-400 m.

M Pipe section : 0-0962115 m? Pipe section : 0-125664 m?

ean

velocity Head_ per metre Head per metre
in of pipe length Flow of pipe length Flow
metres/ in in
sec. New Existing fitres/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 0-000039 0-000052 9-6211 0-000033 0-000044 12-5664
0-15 0-000081 0-000112 14-4317 0-000068 0-000094 188496
0-20 0-000135 0-000195 19-2423 0-000115 0-000164 25-1328
0-25 0-000203 0000298 . 24-0529 0-000172 0-000253 31-4160
0-30 0-000282 0-000425 28-8634 0-000239 0-000360 37-6992
0-35 0:000374 0-000574 33-6740 0-000317 0-000485 43-9824
0-40 0-000477 0:000747 38-4846 0-000406 0-000631 50-2656
0-45 0-000594 0-000941 43-2952 0-000506 0-000795 56-5488
0-50 0-000721 0-001157 48-1057 0-000615 0-000978 62-8320
0-55 0-000860 0-001396 52:9163 0-000732 0-001180 69-1152
0-60 0-001009 0-001657 57-7269 0-000858 0-001400 753984
0-65 0-001172 0:001942 62-5375 0000996 0-001640 81-6816
0-70 0-001348 0-002252 673480 0-001146 0-001899 879648
0-75 0-001533 0-002584 72-1586 0-001305 0-002177 94-2480
0-80 0-001730 0-002940 76-9692 0-001472 0-002473 100-5312
0-85 0-001936 0:003320 81-7798 0-001648 0:002790 106-8144
0-90 0-002153 0-003722 86-5903 0:001832 0-003128 113-0976
0-95 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
1:05 0-002878 0-005065 101-0221 0002447 0-004257 1319472
1-10 0-003142 0-005559 105-8326 0-002672 0-004672 138-2304
1-15 0-003417 0-006077 110- 6432 0-002905 0-005106 144-5136
120 0-003701 0-006616 115-4538 0-003147 0-005560 150-7968
1-25 0-003998 0-007179 120-2644 0-003399 0-006033 1570800
1-30 0-004304 0-007765 125-0749 0-003659 0-006525 163-3632
1-35 0-004623 0-008373 129-8855 0-003929 0007037 1696464
1-40 0-004952 0-009005 1346961 0-004208 0-007567 1759296
1-45 0005291 0-009660 1395067 0-004498 0008117 182-2128
1-50 0-005642 0-010338 1443172 0-004796 0-008687 188-4960
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 158-7490 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 173-1807 0-006783 0-012509 2261952
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 187-6124 0007898 0-014181 245-0448
2-00 0009745 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 202-0441 0-009092 0-017027 263-8944
2418 0-011188 0-021239 206-8547 0-009513 0-017848 2691776
2:20 0-011693 0:022237 2116653 0-009942 0-018687 276-4608
2-25 0-012209 0-023261 216-4759 0-010380 0-019547 2827440
2-30 0-012734 0-024305 221-2864 0-010826 0-020425 289:0272
2-35 0-013270 0-025373 226-0970 0-011280 0021322 295-3104
2-40 0-013816 0-026465 230-9076 0-011744 0-022240 301-5936
2-4S 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 376992
3-50 0-028543 0-056283 336-7403 0-024273 0-047297 439-824
4-00 0-036908 0-073513 384-8460 0-031296 0-061276 502656




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 : 0-450 m.
Pipe section : 01590435 m?

PIPE DIAMETER : 0-500 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
0-05 0-000008 : 0-000010 7-9522 0-000007 0000009 5-8175
0-10 0-000029 0-000037 15-9043 0-000025 0-000033 19-6350
0-15 0-000059 0-000081 23-8565 0-000052 0-000070 29-4525
0-20 | 0-000099 0-000141 31-8087 0-000088 0-000123 39-2700
0-25 ;| 0-000149 0-000217 39-7609 0-000131 0-000189 49-0875
0-30 0-000207 0-000309 47-7130 0-000182 0-000270 58-9056
0-35 0-000275 0-000418 55:6652 0-000242 0-000365 68-7225
0-40 0-000352 0-000543 63-6174 0-000310 0-000474 785400
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
0-55 0-000636 0-001016 87-4739 0-000560 0-000887 107-9925
0-60 0-000746 0-001205 95-4261 0-000658 0-001053 117-8100
065 0-000865 0-001412 103-3783 0-000763 0-001233 1276275
0-70 0-000994 0-001634 111-3304 0-000875 0-001427 137-4450
0-75 0-001131 0-001872 119-2826 0-000995 0-001635 147-2625
0-80 0-001276 0-002127 127-2348 0-001123 0-001856 157-0800
0-85 | 0-001429 | 0-002399 135-1870 0-001258 0-002093 166-8975
0-90 | 0-001589 : 0002688 1431391 0-001400 0-002343 1767150
0-95  0-001757 0-002991 151-0913 0-001548 0-002606 1865325
1-:00 | 0001936 0-003313 159-0435 0-001704 0-002885 196-3500
1-05 ¢+ 0-002122 0-003652 | 166-9957 0-001869 0-003180 206-1675
1-10 { 0-002316 . 0004008 1 174-9478 0-002040 0-003491 215-9850
1-15 1 0-002520 : 0-004382 ; 182-9000 0-002219 0-003815 225-8025
1-20 ; 0-002730 . 0-004771 © 190-8522 0-002405 0-004154 235-6200
1-25 | 0002948 i 0-005177 1988044 0-002596 0-004508 245-4375
1-30 ¢ 0-003174 ' 0-005599 | 206-7565 0-002794 0-004876 255-2550
1-35 1 0-003408 | 0006038 ] 214-7087 0-003000 0-005258 265-0725
1-40 0-003650 | 0-006494 | 222-6609 0-003213 0-005654 274-8900
1-45 0-003901 0-006965 ¢ 230-6131 0-003436 0-006065 284-7075
1-50 0-004162 | 0-007454 2385652 0-003665 0-006491 294-5250
1-55 0-004430 | 0-007960 246-5174 0-003902 0-006931 304- 3425
1-60 0-004706 <‘ 0-008481 254-4696 0-004144 0-007385 314-1600
1-65 0-004990 | 0-009020 262-4218 0-004393 0-007854 323:9775
1-70 0-005280 ' 0-009574 270-3739 0-004649 0-008337 333-7950
1-75 0-005578 . 0-010147 278-3261 0-004911 0-008835 343-6125
1-80 0-005883 | 0-010734 | 286-278) 0-005179 0-009347 353-4300
185 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
2-05 0-007530 | 0-013923 326-0392 0-006632 0-012124 402-5175
2-10 0-007887 0-014611 333-9913 0-006946 0-012723 412-3350
2-15 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 4417875
2-30 0-009389 0-017526 365-8000 0-008267 0-015261 451-6050
2-35% 0-009783 0-018296 373-7522 0-008613 0-015932 461-4225
2-40 0-010184 0-019083 3815044 0-008966 0-016517 4712400
2-45 0-010593 0-019887 389-6566 0-009315 0-017317 4810575
2-50 0-011008 0-020706 397-6087 0-009697 0-018030 490-8750
3-00 0-015607 0:029817 4771305 0-013762 0-025964 589:05
3-50 0-021035 0-040585 556-6523 0-018519 0-035340 687-225
4-00 0027034 0-053009 636-174 0-023976 0-046158 785-4

- VAL -




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 0°C.)

PIPE DIAMETER : 0:600 m.
Pipe section : 0-282744 m?

PIPE DIAMETER : 0-700 m.
Pipe section: 0-384646 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 2-8274 3-8484
0-08 0-000006 0000007 14-1372 0-000005 0- 000006 19-2423
0-10 0-000020 0-000026 28-2744 0-000017 0-000022 38-4846
0-18 0-000041 0000056 42-4116 0-000034 0-000047 57-7269
0-20 0-000068 0-000095 56- 5488 0-000057 0-000080 76-9692
0-25 0-000105 0-000149 70- 6860 0-000087 0-000123 96-2115
0-30 0-000146 0-000212 84-8232 0-000121 0-000175 115-4538
035 0-000193 0000287 98-9604 0-000160 0-000236 134- 6961
0-40 0-000247 0-000372 113-0976 0- 000205 0-000308 153-9384
0-45 0-000307 0-000469 127-2348 0-000255 0-000387 173-1807
0-50 0-000372 0-000577 141-3720 0-000309 0000473 192-4230
055 0-000443 0000697 1555092 0-000368 0-000571 211-6653
0-60 0000521 0-000827 169-6464 0000433 0-000679 230-9076
0-65 0000605 0-000969 183-7836 0000502 0-000795 250- 1499
0-70 0-000695 0-001122 197-9208 0-000576 0-000921 269-3922
0-75 0-000790 0-001287 2120580 0000655 0-001057 288-6345
0-80 0-000890 0-001463 226-1952 0-000738 0-001202 307-8768
0-85 0- 000996 0-001651 240-3324 0-000826 0-001358 327-1191
0-90 0-001107 0-001849 254-4696 0-000917 0-001521 346-3614
0-95 0-001221 0-002059 268- 6068 0-001015 0-001681 365-6037
1-00 0-001341 0-002279 282-7440 0-001117 0-001880 384-8460
1-08 0-001472 0-002513 296-8812 0-001224 0-002068 404-0883
110 0-001609 0-002758 311-0184 0-001338 0-002272 423-3306
1-15 0-001750 0-003014 325-1556 0-001454 0-002482 442-5729
1-20 0-001897 0-003282 339-2928 0-001562 0-002701 461-8152
1-25 0-002049 0-003561 353-4300 0-001688 0-002934 481-0575
1-30 0-002208 0-003852 367-5672 0-001817 0-003175 500-2998
1-35 0-002372 0004154 381-7044 0-001946 0-003420 519-5421
1-40 0-002541 0-004467 395-8416 0-002084 0-003680 5387844
1-45 0-002715 0-004792 409-9788 0-002225 0-003950 5580267
1-50 0-002896 0-005128 424-1160 0-002376 0-004223 577-2690
1-58 0003082 0-005476 438-2523 0-002528 0-004512 596-5113
1-60 0-003273 0-005835 452-3904 0-002681 0-004884 615-7536
1:65 0-003469 0-006205 466-5276 0-002843 0-005115 634-9959
1-70 0-003673 0-006587 4806648 0-003012 0-005437 654:2382
175 0-003879 0-006980 494-8020 0-00318t 0-005750 6734805
1-80 0-004090 0-007384 508-9392 0-003356 0-006079 692-7228
1-85 0-004309 0-007800 523-0764 0-003530 0006424 711-9651
1:90 0-004533 0-008228 537-2136 0-003714 0-006775 731-2074
1:95 0-004761 0-008666 551-3508 0-003901 0-007146 7504497
2-00 0-004995 0-009117 565-4880 0-004088 0-007508 7696920
2-05 0-005234 0-009578 5796252 0004286 0-007895 788-9343
210 0-005477 0-010051 593-7624 0-004484 0-008277 808-1766
2-15 0-005729 0-010536 607-8996 0-004686 0-008673 827-4189
2-20 0005986 0-011031 622-0368 0-004889 0-009089 846-6612
2-25 0-006249 0-011539 636-1740 0-005103 0-009502 865-9035
2-30 0-006516 0-012057 650-3122 0-005322 0-009944 885-1458
2-38 0-006788 0-012587 664-4484 0-005547 0-010451 904- 3881
2-40 0-007066 0-013128 6785856 0-005773 0010806 923-6304
2-45 0:007353 0:-013681 692-7228 0-006010 0-011268 942-8727
2-50 0-007645 0-014245 706- 8600 0-006248 0-011733 962-1150
3-00 0-010841 0020513 848-232 0-008867 0-016901 1,154-5380
3-50 0-014610 0-027920 989604 0-011925 0:022997 |1,346-9610
4-00 0-018893 0-036476 | 1,130-967 0:015436 0-030410 |1,539-3840
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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 0°C.)

PIPE DIAMETER : 0-800 m. PIPE DIAMETER : 0-900 m.
Pipe section : 0502656 m? Pipe section : 0-636174 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 1 pipes

0-01 1 5-0205 1 63617
0 0S5 0-000004 0-000005 25-1328 0000004 0- 000005 31-8087
0-10 0-000014 0-000018 50-2656 0-000012 | 0-000015 X 63:6174
0-15 0-000029 0-000039 | 75-3984 0-000025 ! 0-000034 95-4261
0-20 0-000049 0-000067 | 100-5312 0-000043 | 0 000058 | 127-2348
0-25 0-000074 0-000103 | 1256640 0000064 0- 000087 159-0435
0-30 0-000103 0-000147 | 1507968 0-00008Y . 0-000124 1908522
0-35 0-000137 0-000198 175-9296 0-000118 | 0-000167 2226609
0-40 0-000174 0-000258 201-0624 0000150 0-000218 ! 254-4696
0-45 0-000216 0-000324 251-1952 0-000186 E 0-000274 286-2783
0-50 0-000262 0-000398 251-3280 0-000225 | 0-000336 318-0870
0-55 0-000312 0-000481 2754608 0-000268 0-000406 349-8957
0-60 0-000367 0-000572 301-5936 0-000316 0000483 381-7044
0-65 0-000425 0-000670 326-7264 0-000367 0-000565 413-5131
0-70 0-000489 0-000776 351-8592 0-000421 0- 000654 445-3218
0-75 0-000557 0-000890 376-9920 0-000479 0-000749 477-1305
0-80 0-000628 0-001012 402-1248 0-000540 0-000852 508-9392
0-85 0-000703 0-001142 427-2576 0-000605 0-000961 540-7479
0-90 0-000781 0-001279 452-3904 0-000671 0-001077 5725566
0-95 0-000864 0-001425 4775232 0-000743 0-001199 604-3653
1-00 0-000952 0-001579 5026560 0-000817 0-001327 636-1740
105 0-001044 0-001741 527-7888 0-000896 0-001461 6679827
1-10 0-001139 0-001910 552-9216 0-000980 0-001606 699-7914
1-15 0-001239 0-002088 578-0544 0-001065 0-001752 731-6001
1-20 0-001341 0-002274 603-1872 0-001144 0-001910 7634088
125 0-001448 0-002467 6283200 0-001237 0-002073 795-2175
1-30 0-001559 0-002668 653-4528 0:-001332 0-002241 827-0262
1-35 0-001673 0-002877 678 - 5856 0-001428 0:002420 858-8349
1-40 0-001791 0-003095 703-7184 0-001529 0-002604 8906436
1-45 0-001914 0-003319 728-8512 0-001632 0-002787 922-4523
1-50 0-002041 0-003552 753-9840 0-001741 0:002983 954-2610
1-55 0-002174 0-003793 7791168 0-001857 0-003186 986-0697
1-60 0-002309 0-004042 804 - 2496 0-001968 0-003398 1,017-8784
1-65 0-002449 0-004298 829-3824 0-002086 0-003610 1,049 6871
1-70 0-002593 0-004563 854-5152 0-002208 0-003837 1,081-4958
1-75 0-002740 0-004835 879-6480 0-002337 0-004061 1,113-3045
1-80 0-002890 0-005115 904 - 7808 (0-002461 0-004299 1.145-1132
1-85 0-003044 0005403 929-9136 0-002594 0-004538 1,176-9219
1-90 0-003202 0-005699 955-0464 0-002726 0-004792 1,208-7306
1-95 0-003363 0-006003 980-1792 0-002862 0-005044 1,240-5393
2-00 0-003530 0-006315 1,005-3120 0003001 0-005307 1,272- 3480
2-08 0-003700 0006635 1.030-4448 0-003144 0-005578 1,304 - 1567
2:10 0-003875 0006963 1,055-5776 0003296 0005850 1.335-9654
2-15 0-004052 ! 0-007298 1.080-7104 0-003445 0006136 1,367-7741
2-20 0-004234 0007641 1.105-8432 (- 003598 0-006242 1,399 5828
2-25 0-004419 | 0-007993 | 1,130-9760 0-003757 0006712 1.421-3915
2-30 0-004611 1 0-008352 | 1,156 1088 0-003915 0007025 1,463 2002
2-38 0-004806 | 0-008719 J 118124106 0-004074 0-007319 1.495-0089
2-40 0- 005006 ] 0-000004 | 1.206-3744 0004240 0-007641 1.526-8170
2-45 0-005209 1 0-009477 i 1.231-5072 0-004419 0-007960 [.558-6263
2-50 0-005416 | 0-009867 i 1,256-6400 0004590 0-008288 1,590-4350
300 0-007695 ,‘ 0-014209 | 1,507-968 0 006518 0-011923 1,908-5220
350 0-010357 0-019340 1,759 296 0-008782 0-016246 2,226 6090
4-00 0-013405 l 0025261 2,010-624 0011367 0:-021204 2,544 - 6960
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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 = 0-1mm) and (2) for existing pipes
(k = 2 mm) (the temperature of the water being at 0°C.)

PIPE DIAMETER :

1:000 m.

Pipe section : 0-785398 m?

Pl PE DIAMETER : 1-250 m.
Pipe section : 122719 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 7-8539 12-2715
0-05 0-000003 0-000004 39-2694 0000002 0-000003 61-3575
0-10 0-000010 0-000013 78-5389 0-000008 0-000010 122-7150
0-15 0-000022 0-000029 117-8083 0-000017 0-000022 184-0725
0-20 0-000037 0-000051 157-0778 0-000028 0-000038 245-4300
025 0-000056 0000078 1963472 0-000043 0-000059 306-7875
030 0-000078 0-000111 235-6167 0000060 0-000084 3681450
0-35 0-000103 0-000150 274-8861 0-000079 0-000113 429-5025
0-40 0-000132 0-000195 314-1556 0-000101 0-000147 490-8600
0-45 0-000164 0-000246 353-4250 0-000125 0-000185 552-2175
0-50 0-000200 0-000302 392-6945 0-000152 0-000227 613-5755
055 0-000239 0-000365 431-9639 0-000182 0-000274 674-9325
0-60 0-000280 0-000433 471-2334 0-000213 0-000326 736-2900
0-65 0-000325 0-000507 510-5028 0-000248 0-000382 7976475
0-70 0-000372 0-000587 5497723 0-000285 0-000443 859-0050
0-75 0-000423 0-000673 589-0417 0-000324 0000509 920-3625
0-80 0-000478 0-000765 628-3112 0-000366 0-000579 981-7200
0-85 '0-000536 0-000863 6675806 0000409 0-000653 1,043-0775
0-90 0-000596 0-000966 706-8501 0-000456 0-000732 1,104-4350
0-95 0- 000660 0-001076 746-1195 0-000505 0-000815 1,165-7925
1-00 0-000726 0-001193 785-3980 0-000556 0-000903 1,227-1500
1-05 0-000795 0-001315 824-6584 0-000609 0-000995 1,288-5075
1-10 0-000868 0-001443 863:9279 0000665 0-001092 1,349-8650
1-15 0000944 0-001577 903-1973 0-000723 0-001193 1,411-2215
1-20 0-001024 0-001718 942-4668 0-000783 0-001299 1,472- 5800
1-25 0-001106 0-001864 971-7362 0-000846 0-001409 1,533-9375
1-30 0-001191 0-002016 1,021-0057 0-000911 0-001524 1,595-2950
1-35 0-001280 0-002174 1,050-2751 0:000979 0:001644 1,656-6525
1-40 o 001372 0-002338 1,099 5446 0-001049 0-001767 1,718-0100
1-45 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
1-55 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 0-002454 2,024-7975
1-70 0-001983 0-003447 1,335-1613 0-001518 0-002604 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 0-003084 2,270-2275
1-90 0-002455 0-004306 1,492-2381 0-001875 0-003253 2,331-5850
1-95 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
2:10 0-002972 0-005260 1.649-3169 0-002269 0-003974 2,577-0150
2-15 0-003108 0-005513 1,688 5863 0-002375 0-004166 2,638-3725
2-20 0-003246 0-005773 1,727-8558 0-002483 0:004361 2,699 7300
2-25 0-003388 0006038 1,767 1252 0-002593 0-004562 2,761-0875
2-30 0-003532 0-006309 1.806-3947 0-002705 0-004767 2,822-4450
2-35 0-003679 0-006587 1.845-6641 0002819 0-004976 2,883-8025
2-40 0-003831 (- 006870 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 0-003178 0-005632 3,067-8750
3-00 0005985 0-010734 2,356-194 0-004510 0-008110 3,681-57
3-50 0-007930 0-014610 2,748 - 893 0-006084 0-011039 4,295-165
4-00 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 0°C.)

PIPE DIAMETER : 1:500 m.
Pipe section : 1:76715 m?

PIPE DIAMETER : 1-750 m.
Pipe section : 2-405281 m?

Mean
velocity Heaq 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 17-671 24-053
0-05 0000002 0-000002 88-355 0-000002 0-000002 120-264
0-10 0-000006 0- 000008 176-710 0-000005 0-000007 240-528
0-15 0-000013 0-000018 265-065 0-000011 0-000014 360-792
0-20 0-000023 0-000030 353-420 0-000019 0-000025 481-056
0-25 0-000034 0-000047 441-775 0-000028 0-000038 601-320
0-30 0-000048 0-000067 530-130 0-000040 0-000055 721-584
0-35 0-000063 0-000090 618-485 0-000053 0-000074 841-848
0-40 0-000081 0-000117 706-840 0-000068 0-000096 962112
0-45 0-000101 0-000148 795-195 0-000084 0-000121 1,082-376
0-50 0-000122 0-000182 883-550 0-000102 0-000149 1,202 641
0-55 0-000146 0-000219 971-905 0-000122 0-000181 1,322-905
0-60 0-000172 0-000260 1,060-260 0-000144 0-000215 1,443-169
0-65 0-000200 0-000305 1,148-615 0-000167 0-000251 1,563-433
0-70 0-000230 0-000353 1,236-970 0-000191 0-000291 1,683-697
0-75 0-000261 0-000405 1,325-325 0-000217 0-000334 1,803-961
0-80 0-000295 0-000461 1,413-680 0-000246 0-000380 1,924-225
0-85 0-000330 0-000521 1,502-035 0-000276 0-000429 2,044 - 4389
0-90 0-000368 0-000584 1,590 390 0-000306 0-000481 2,164-753
0-95 0000406 0-000651 1,678-745 0-000339 0-000536 2,285-017
1-00 0-000447 0-000721 1,767- 100 0-000373 0-000594 2,405-281
1-05 0-060490 0-000795 1,855-455 0-000409 0-000654 2,525-545
1-10 0-000535 0-000872 1,943-810 0-000447 0-000718 2,645-809
1-15 0-000582 0-000953 2,032-165 0-000486 0-000785 2,766 073
1:20 0-000631 0-001038 2,120-520 0-000527 0-000854 2,886-337
1-25 0-000682 0-001126 2,208-875 0-000570 0-000927 3,006 601
1-30 0-000735 0-001218 2,297-230 0-000614 0-001003 3.126-865
1-35 0000789 0-001314 2,385-585 0-000659 0-001081 3,247-129
1-40 0-000845 0-001412 2,473-940 0-000706 0-001163 3,367-393
1-45 0-000903 0-001515 2,562:295 0-000754 0-001247 3,487-657
1-50 0-000963 0-001621 2,650-650 0-000805 0-001335 3,607-922
1-55 0-001025 0-001731 2,739-005 0-000857 0-001425 3,728-186
1-60 0-001089 0-001844 2,827-360 0-000911t 0-001519 3,848-500
1-65 0-001155 0:001961 2,915-715 0-000966 0-001615 3,968-714
1-70 0-001223 0-002082 3,004-070 0-001023 0-001715 4,088-978
1-75 0-001292 0-002206 3,092-425 0-001080 0-001817 4,209-242
1-80 0-001363 0002334 3,180-780 0-001140 0-001922 4,329-506
1-85 0-001436 0-002466 3,269 135 0-001201 0-002030 4,449-770
1-90 0-001512 0-002601 3,357-490 0-001264 0-002142 4,570-034
1-95 0-001589 0-002739 3,445-845 0-001329 0-002256 4,690-298
2-00 0-001669 0-002882 3,534-200 0-001396 0-002373 4810562
2-05 0-001749 0-003027 3,622-555 0-001463 0-002493 4,930-826
2:10 0-001833 0-003177 3,710-910 0-001531 0-002617 5,051-090
2-15 0-001916 0-003330 3,799-265 0-001602 0-002742 SH71-354
2-20 0-002003 0-003487 3,887-620 0:001675 0-002872 5,291-618
2-25 0-002092 0-003647 3,975-975 0-001749 0-003004 5.411-882
2-30 0-002182 0-003811 4,064-330 0-001824 0-003138 5,532-146
2-35 0-002274 0-003978 4,152-685 0-001901 0-003277 5,652-410
2-40 0-002378 0-004149 4,241-040 0-001980 0-003417 $.772-674
2-45 0-002462 0-004324 4,329-395 0-002058 0-003561 5,892-938
2-50 0-002557 0-004502 4,417-750 0-002139 0-003708 6,013-203
3-00 0-003633 0-006483 5,301-45 0-003035 0-005340 7,215-843
350 0-004891 0-008825 6,185-025 0:004092 0-007268 8,418-484
4-00 0-006350 0-011526 7,068 -400 0-005303 0-009493 9,621-124
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TABLE giving the.lo'ss 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 0°C.)

PIPE DIAMETER : 2:000 m,
Pipe section : 3-141592 m?

PIPE DIAMETER : 2-500 m.
Pipe section : 4-908738 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 31-416 49-087
0-05 0-000001 0-000002 157-080 0000001 0-000001 245-437
0-10 0-000005 0-000006 314-159 0000003 0-000004 490-874
0-18 0-000009 0-000012 471-239 0- 000007 0- 000009 736-311
0-20 0-000016 0-000021 628-318 0-000012 0000016 981748
0-25 0-000024 0-000032 785-398 | 0-000018 0-000025 1,227-185
0-30 0-000034 0-000046 942-478 0-000026 0-000035 1,472-621
0-35 0-000045 0-000062 1,099 557 0000035 0-000048 1,718-058
0-40 0-000058 0-000081 1,256-637 0-000044 0000062 1,963-495
0-45 0-000072 0-000102 1,413-716 0-0000S55 0-000078 1,208-932
0-50 0-000087 0-000126 1,570-796 0-000067 0000096 2,454-369
0-55 0-000104 0-000152 1,727-876 0-000080 0-000t16 2,699 - 806
0-60 0-000122 0-000181 1,884-955 0-000094 0-000138 2,945-243
065 0-000142 0-000212 2,042-035 0-000109 0-000161 3,190-680
0-70 0:000163 0-000246 2,199-114 0-000125 0-000187 3,436-117
0-75 0-000186 0-000282 2,.356- 194 0-000143 0-000214 3,681-554
0-80 0-000210 0-000321 2,513-274 0-000161 0-000244 3,926-990
085 0-000235 0:000363 2,670-353 0-000181 0-000275 4,172-427
0-90 0-000261 0- 000406 2,827-4133 0-000202 0-000308 4417-864
0-95 0-000289 0-000452 2984-512 0-000223 0000343 4.663-301
1-00 0-000319 0-000501 3.141-592 0-000246 0-000380 4.908-738
1-0S 0000349 0000552 3.298-672 0-000270 0-000419 5,154-175
1-10 0-000381 , 0-000605 3.455-751 0000295 0-000459 5,399-612
115 0-000415 | 0-000662 3.612-831 0-000321 0000502 5.645-049
1-20 0-000450 | 0-000720 3,769-910 0-000348 0-000546 5,890-486
1-25 0-000487 | 0000782 3.926-990 0-000376 0-000593 6,135-923
1-30 0-000524 0-000845 4,084-070 0-000405 0000641 6,381-359
1-35 0-000563 0-000912 4241149 0-000435 0-000691 6,626°796
1-40 0-000603 0-000981 4,398-229 0000467 0000743 6,872-233
1-45 0-000645 0-001052 4,555-308 0-000498 0-000797 7,117-670
1-50 0-000688 0-001126 4,712 388 0-000531 0-000853 7,363-107
1-55 0-000733 0-001202 4,869 468 0-000566 0-000911 7,608 - 544
1-60 0-000779 0-001281 5.026- 547 0-000601 0000971 7,853-981
1-65 0-000826 0-001362 5.183-627 0-000638 0-001032 8,099-418
1-70 0-000874 0-001446 5.340-706 0-000675 0-001096 8,344-855
1-78 0000923 0-001532 5,497-786 0-000714 0-001161 8,590-292
1-80 0-000974 0-001621 5.654-866 0-000753 0-001229 8,835-728
1-85 0-001027 0-001712 5.811-945 0-000794 0-001298 9,081.165
1-90 0-001080 0-001806 5.969-025 0-000836 0-001369 9,326+ 602
1-95 0-001136 0-001902 6.126-104 0-000878 0-001442 9,572-039
2-00 0-001193 0002001 6,283 184 0-000922 0-001517 9.817-476
2-05 0-001250 0-002102 6.440-264 0- 000966 0-0015%4 10,062-913
2-10 0-001308 0002206 6.597- 343 0-001011 0-001672 10,308 350
2-18 0-001369 0-002313 6.754-4213 0-001057 0-001753 10,553-787
2:20 0-001431 0002421 6.911-502 0-001105 0-00183S 10,799 - 224
2-25 0-001494 0-002533 7.068 - 582 0-001154 0-001920 11,044-661
2-30 0-001559 0-002647 7.225-662 0-001204 0-002006 | 11,290-097
2-35 0-001624 0-002763 7.382-741 0-001254 0-002094 | 11,535-534
2-40 0-001691 0-002882 7.539-821 0-001307 0-002184 11,780-971
2-45 0-001759 0-003003 7.696-900 0-001361 0-002276 12,026-408
2-50 0-001829 0-003127 7.853-980 0:001416 0-002370 | 12,271-845
3-00 0-002592 0-004503 9.424-776 0-00201S 0-003413 14,726-214
3-50 0-003497 0-006128 10,995-572 0-002712 0-004645 | 17,180-583
4:00 0-004526 0-008004 | 12,566 368 0-003517 0-006068 | 19,634-952
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