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‘Centrifugal Pump Design  ajs ol 8ol cilaollal! o 11-

Symbols, Units and Designations  wlaagily cidglaglls j90,411-11-1

Jadaed Pl | cilaagdt
- Impeller diameter iy ol k3| D mm
- Nominal bore of pipe or pump | J>4s 3B pelald sl kil DN | mm
nozzle aadb)|
- Conversion factor for total head S B Jedl ol | Fy -
- Conversion factor for flow rate SN G yazll ] falae Fg -
- Conversion factor for efficiency 3 LiSU byl Jalna FT] -
L Gravitational constant = 9.81 Libdlel] g | m/s?
- Total head A ) H m
- Tolal system head AN oyl i, | Hy m
- Static head St )l Hyeo | m
- Shut-off head Gl ad, | He m
Head at best efficiency point 3 LS’ Loail aic A Hopel m
- Static suction lift SNl ot gy | Hapeg| M
- Static positive suction head. o yedl (St condl Hzpeof m
- Head loss C"J‘” 46| Hy m
- Head loss - suction side. wonadl le 4 U Hy, m
- Differential head sAG,L AH m
| Speed obsdl e | " | min!
1

2r .
: ol ———3 = | LY G S ey

Aw = 0906 r° (3)
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- Height difference between pump | condl mxtd o ¢ s )31 5,0 - Z1,2 m
suction and dischurge nozzle. Ldbll s kI, -

- Loss coefficient Sl Jalaa - T -

- pump elficiency dallalt 5 LS n -

- Friction coelticient B! halaa — -

- Kinematic viscosity Lyl - U mZ/s
- Density FHE/ o kg/m?

iy

- NPSII required A ol ol i |NPSIed
]

- NPSH available ridl lall coryudl camndt iz {NPSHuv m

- Specitic speed Lepllis iy 1/min

- Puimp power input bl dslaal 4 P kw

- Pressure at outlet suction of plant Lo glazall L s Laal Puv N/m-2(bar’
- Barometric pressure Srapt baall 4 Py {N/m2(bar)
- Pressure at pump discharge nozzle bl 3 )l it wie aiadl | P2 N/mZ(bar)
- Vapour pressure of liquid Sld bl ki P, [N/m2(bar)
- Pressure at inlet section of plant iobidl s s baall 4 P. |N/m3(bur)
- Pressure at pump suction nozzle Ldbl codlimsd s il P N/m2(bar}
- Differential capacity w4 Q (m3/h)

- Flow rate a4 Q (m3/h)

- Minimum flow rate o Gaidl 4 Qmin {m3/h)

- Optimum flow rate Sl Gzl - Qop[ (m3/h)

- Flow velocity - obdlicmd  V m/s

- Flow velocity at outlet section of plant, PO CJ""" e pbadlic - Vo, m/s

- Flow velocity at discharge nozzle sl i e gl dlis e | V2O /s

- Flow velocity at inlet section of plant Lophndl Jooa iie gl iz 4 Ve m/s

- Flow velocity at suction nozzie vl dmzs ais glodlic e V) m/s
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valve,

To prevent pressurs rise.

Mathod Fuspose Actual Apgplication #tc.
1} To select a slow velocity| To minimize the changs of the | A slowsr velocity of flow in the piping is bettar.
ol flow kn the piging, flow velocity, aboyt 1 m/s or loss.
To sow down the change of . " P
@ Vo " GD* targe. and mininize the A:'d l::crlnr:n l;nluu ni‘G'D 1a tha coupling. L il is not snaugh, pre
tiuetuation of the Howvaiocity.| 9% @ HiYwheel separsiely.
{3} To lasd water into the To psevent vacuum by pressurs | {1) Provide a surpe tank.
dischargs piping. drop. {2) Feed water Irom the suction water leval by s ssparste pips,
{4}  To lesd ais lnto the dis- To prévent vacuum by pressure | {1) Psovicle an air chamber.
charpe piping. arop. {2) Provide an air valve.
) To usk » sow cosing Chose [_hl chack \lflvl slowely -Thi ttructura of widaly sdoptad chack
. To prevant prossuwd risy. valvaz is that an il dash pot is providad and the valve is clossd by
chack valve.
ihe counter-flow of water.
{8  Forced contiol of the . Contro] the main vaive by force by meens of oil pmuurﬁ, pneumplic
muan valve. Ta prevant pr e e PrOEUTE OF walter pressure, eic. and a DC power supply.
7} Omimion of the check Fo provent pressura fise When the chack valvs and foot valve are nat provided, 1the pragsurs
v, . L P . ris8 js smaller than when they are provided. Bul, in that cose, revarss
running of the pump and motor may be caused.
This valve apens s tha same tima as the prime mover siops and pis-
8}  To usm an sutomatic . vents pressure changs in tha wransitional pariod, Aler a specifisd
To Lt
PrREsUne regulator valve. a-prevent pr o risa. time, it closes gradually . The dischargs flow Irom it doos not pass
theough the pump.
o To provide a safety This valve i1 1o releass water when the pressuse raaches a specified

value. There are tha balance woight type ang spring-leaded type of
safuty valves.
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Short circuit categories

[EC 157-1 has two categories of short-clrcult performance cutlined

heren

Short-circuit
performance
calegory

Rated operating sequance
for ashort-clrecult
making and breaking

capacity testsa

Condition after
short-circult teste

Pl

0 - t- Co

Reqgquired to be capabl
of performing reduced
garvice

134

0 -t -¢CO -t - CO

Required to be capabl
of performing normal
sarvice

¢] represents a

breaking operation.

€O represents a making operation followed, after the appropriate
opening time {or immediately, that is without any intentional
time delay, in the case of & clrcult-breaker not fitted with
integral overcurrent releases) by a breaking operation.

t represents a specified time interval.

VEo

Method of short circuit tests 3101 s ol ai b (o)

iyt oliiadly E)|J,J12;_-J;u.§tu.7)?1 S (&)

Temperature- rise limitations / Thermal ratings
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Thermal rating & Enchosed rating
WL Lol UL oy e s o 3 oea YU bl da iy

13 amslin 5L 8505 Jooldy Ba g5ty ddhin il g GRELD (g 2 LN 8y
ol (i Lodie Olelar A sl (il 05,0 058 A eail g oY1 L)
Jaadhl 5o T o skl e[V a5 s 8 30301 Sl o (0 il
wie oLl da e o ¥ AL L Gl el e oy Q3 ey - (0-¥) L]
enclosed rating g adl Jols Gt G ,my « Joaidl Oloy Jols 4S5
S il gy 1 T bl ol Gl 5L T e Ll (bl
Slislps 53 g ym J31 285 2 Lo oty Sleled Tl o] ol oS
Dokl k! 35,20 050 | e Likaiell w2y 5,1 i s i 5 ol 050 034
Rl e Ll ab i slaall JlSUF Jad |55t Y cond 3 hey . (0-Y)
Jerdels e Jpecanell s ado B g A RN 5 by Jie sl gl ] 3
Sl Do) Jls 655 ol s e YU b R 05 5L b8 LG
ooy bWl i Moyl oy &gl sty Sl sy ol il o s
el ki 3 S A b il e e daciay ool s il LS
U oz v U L U1 it Sl ey dr ] 1 sl
do ki Jols ade @l Yl el 4 daad ) Joiitidl U3y b a6 L
iS5 e A

g il g LS <l riisll ) oy o g S ey
rles A e S Lessl Bt = e o Sl (B el e ST L
ol Tad iz e L Ll by 2! (G5 01 ) 22y Lol ool il

y o _ ,
Ve WY VORI Y ST (PP e

tEC Olawlt 1ado o L 4.‘{;9 BV rupi(0 -8 ) Span

Tempetratura-riss
Typa of materlal, limit (measured by
description of part thexmiocoliple)
Contact parts in air (main, control and
auxiliary contacts): ’
copper 45¢C
silver or sllvar-faced" (8§
all other metals or sintered metals {2)
Contact parta in oil 654C
Bare conductors including non-insulated coils (1)
Metallic parts acting as springs &Y
Motallic parts in contacts with insulating
materialsn (4)
Parts of metal or of insulating material in
contact with oil &5*C
Terminals for extecnal insulated connactions 70°*C(5)
Manual oparating means:
parts of metal -15°C
parts of insulating material 25°C
0i% in oll-immersed apparatus (measursd 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 sndurance tests and
the short-circuit tests. Contacta faced with other materlials, the
contact reaistance of which is not significantly altered by oxidat-
jion, are treated as silver-faced contacts.

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

adjacent parts.

(2) To be apecified according to the properties of the metals used and
iimlted by the necesslity of not causing any damage to adjacent
parts. ,

{3) The resulting temperature 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 ia a valus based on the con-
ventional test A cb used or tested under
installation conditions may have connections the type. hatiure 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. v
{6) May be measured by thermometer.
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A Y-t

Yooz 3 A (1 _sVd & Vi s (V=8 dos
) Voo 5 SOV, BV 22 3 »hh.{,.\VL_ Cu i (V-8 do
]

Yo
Lossas in  kilowazis at operating temperature g
; 4
e 1/4 Loed /2 Load 3/4 Load Full loa
e ilcal 1/4 ﬂ
| ! i load 2.8
_ % load 2.8 | % lcad 2.8 %o load 2.8 | MO
o | “oad 3.6 m Toad 2.3 Load 5.2 N Load 9.1
o o o o ! 1 Toral 8.0 | Total 11.9
X Total 1.4 | Total 5.1 ! _
siLlicone H
| [ w0 load 3.2
50°C 3.2 vo load 3.2 | o load 3.2 No load 3.2 | : e
e . toad i Loa .
T Load 0.8 Load 3.3 Lcad 7.4 "
Total 4.0 Tozal 6.5 Total 10.6 Total 16.
No load 3.2
3.2 Mo load 3.2 No load 3.2 No load 3.2 o
e . Load 0.7 Load 3.0 Load 6.7 Load .
o . .0l
" Total 6.2 Total 9.9 Total 15
Total 3.9 e .
|

"31L = Basic insulation impulse level.

Aw_%_rut\‘\c m\t‘ m..\\u. 3 N_L...U.C. uhk..\ t(A-C) S

1
| ! 2 3 4
‘ Parc Zooling mechod Tasperature class Maxioum temperature rise
1 - . . x
i of insulation (*<)
‘windings /temperature rise Air, ratural or forced A 60
zeasured by the IesisTant = 75
sethod) 3 80
v 100
g 125
T
150
Zores and other carcts
2, Adjaczent o windings ALl ‘a) Same values as for windings
‘o; Not adjacent =z windinags iz) The tempearature shall, in
no tase, reach & value thart
will damage the core itself
other parts or wnuwnmun.
materials

ulating zaterials zay be used segarately or in combinaticn provided that in any application each .
zerial will not be subjected tz a tezperature in excess of that for whizh it is suitable, if operatec
under rated conditions.

In accordance with IEC Publication 23, Recommencations for zne Classificatizn of Materials for the Insulation “W
I Ziecgtrical Machinery and Apparatus in Relation to their Thermal Stability in fervice. -
ir gertain insularing materials, tecperature rises in axcess of 150°C may be afopted by agreement between

er and the purchaser,’
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Part Maximum temperature rise (°C) #

windings:

(remperature rise measured Dy the
resistance method)

65, when the oil circulaticn is ratural or forced non-

class of insulaticn A directed

70, when the cil circulation is forced and directed

Top oil (cemperature rise measured by 60, when the transformer is equipped with a conservator of
thermometer) sealed
55, when the transformer is neither equipped with a
conservator nor sealed
cores, metallic parts and adjacent The temperature shall, in no case, reach a value that will
materials damage the core ltself, other parts or adjacent Bhnnﬂwnm
Note The temperature rise limits of the windings (measured by the resistance method} are chosen to
The hot-spot

e rise with different types of oil girculation.
formers with farced-directed oil

hot-spot and the average temperature rise in the windings

which is smaller than that in transformers with natural or forced but not directed oil flow.
For this reason, the windings of transformers with forced-directed oil flow can have temperat-—
ure rise limits {measured by the resistance method) which are 5oC higher than in other

transformers.

give the same hot-spot temperatur
temperature rise cannot normally
flow have a difference between the

be meagured directly. Trans
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¥. = initial lead power as a fraction ol rated power
K, = permissible Jooad power as a fructlon of rated powor

greater than unity)

t = duration of K} in hours
01 = temperature of coeling medium (alr or water).
Note K, = Sl/Sr and K, - Sz/Sr where 5 is the énilln] foad power,

5, is the permissible load power and S5, is tho rated power,

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

K, = 0,25 n,-o.so}x,-o.vo K, = 0.80 |k, =0.90 | X ~1.0
L= 0.5 ' + 1.9 1,63 1,69 (.00
eoo0 | e | onoo | onge | one2 |nso ) o1.00
(S 2 _l__g? 1_5_} 1.46 1.4t 1.32 1.00
L4 1.34 1.31 1,27 1.24 116 £.00
L= 6 (.23 P2 £.18 116 1.12 1.00
£ - B 1.16 1.15 1.13° 1.12 1.09 i.00
- 12 1.10" 1.09 1.0 107 1.05 1.00
b~ 24 | 100 1.00 t.o0 | 100 }or.00 1.00

QMNAN and OMAF transformersa 0‘ = 20°C.

Note 1In normal cyclic duty the value of ¥, should not be greater
than 1.5. The values of K, greater than 1.5, underlined,
_apply to emorgency dutles.

The + sign indicates that ¥, ls higher than 2.0.
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Assuming the sama service lile as lor conlinuous operation o raled power nnd at oo
ambient afr temparabire of 207 G, the bansformers may bo subjected 1o a load cycla
as shoawn by tho curves below. ' '
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Ihe clitves ain in pecordance willi The 1CC racommendalion ol 1972 whith prrmiis a
hol-spol temperaline in tha windings of 1407 C.

in which:

Ky o inilial boad relened Lo 1atling
Ks = max permissible load relerred to rating
I = dwalion ol ¥ in I

Moin:

In cernin canes 1hin prrmissibie ovelnad ablnined [rom lhe above ctnves may be
limatedd by e Yo changer and Birzhinas, Thernlme, il 4 o intendad I epoerate (hn
Iansfonner wilh a lond cycle involving overtoads, the height of Ihe tatier and the
nalure of the toad cycln should be slated.
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Dry-pit instalistion, ball-bearing grease lubricated
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MIXED FLOW CENTRIFUGAL PUMPS
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List of Parts of vertical Section

MNa. 1tem Material
1 suction piece cast iron
2 |ecasing o Tcast iron
3 lock nut bronge
4 impeller o7 cast iron
5 main bush bronze
& shan - bronze
7 "1 cast iton
5 Jiock ring ool
9 bearig casing’mrwwr " Cast iron |
e “Cast jron
| sleel
1 cast iron
13 ball bearing bush § steel
14 bearing box, outside cast iron
5 casing joints [ruober |
16 stuffing box  packing colton
17 b'e'a;i;gi box,i - cast iron
18 |packing ring, inside | feit |
19 [roller bearing B sleel ]
0 shaft steel
Fil ball bearing [ sleel
1 |ball bearing steel ]
3 oy steel
24 packing ring, outside| feit

23 %

=

"
(ay
@"‘ vp b Casing
< R Y i‘ 2 Unper casing
@. ) | S | 3 Water nising pmpe
b 4, Suclon case
S it 58 tmpellar
@ —c 6 tmpaller bass
o - 7. Lower pisin
— - .
@—‘ - i bearing
i oy - ﬁ 8. tntermediate
plain bearing

9. Bali bearing

10, Muin shalt

T 11. Shaft enclosing
ube

12, imermediate
shafi coupling

13. Oil cover

14, Bearing cme

15, Spider

16. Motor base

17. Motor Base

18. Bearing adaprer

19. Shait eoupling

20. Sole plate

®

\

T
r

AXIAL FLOW PUMP
AXIAL Flow PUMP

Bowl case
Upper cosing
Water rraing pipe
Suctinn covar
Impslier
Liner ring
Lower rubber
bearing
Intermediate
rubber bearing
. Ball hesring
Q. Main thalt
11. Pratecting yube
12, intermediate
thait coupling
13. 5iudling box
14, Bearing cast
15. Mo1or hase
16 Bearing adsplier
17. Shaf1 coupling
18. Fiexible counling
19. Sole piate
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MIXED FLOW PUMP
MIXED FLOW PUMP
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Differances of Characteristics of Volute Pumps,
Mixed Flow Pumps and Axial Flow Pumps

The pump characteristic changes considerably by the iype
of the pump. Therefore, when selecting a pump, it is
essential to fully understand the characteristic of every
type of pump betorehand. 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 1otal head, capacity, shaft horsepower and
elficiancy at the maximum efficiency is 1007%).

(1} Total Head Curve

As shown in Fig. 1.7, Rising Character [ie., the
characteristic that the total head decreases as the capacity
increases] becomes stronger in the order of the valute
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 etficiency. But, it is 140~200% for the mixed
flow pump and it further increases 10 200% and over for
the axial flow pump.

{2)  Shatt 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
flow 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 paint of O capacityt
of the velute pump is about 30~50% ot the shaft harse.
power at the maximum efficiency. For the mixed flow
pump, it is about 80~ 120%. However, for the axial flow
purmp, it increases to about 1A0~250%. .
Of the efficiency curves, the volute pump has the most
gentle curve with the largest radius of curvature. bt 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 bare, the volute pumps show the most excellent
value in general.

YYy

Fig. 1.7 Head — Capacity Percentage Curves

Fig. 1.8 Shaft Horse Power — Capacity Parcentage Curves

5%

Fip. 1.9 Efficiency — Capacity Parcentage Curves
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Fig. 3 Dry installation with intermediate pipe

Dry 1nstaliation ) o .
With intermediate pipe (Fig. 3): |nstallauon_ in dry pit;
the rotor can be pullad out upwards withaut disconnecting
the suction and discharge piping. A suctir:m elbow copnm:!s
the pump to the horizontal suction line. ‘The driver is
located in the floodproof motor and switchgear rgom
situated above the pit. ) ] \
Depending on the nominal size, the pum.p casing with sole-
plate or with claw, is placed on & foundation.

Dry Installation o )
With cardan shaft {Fig. 4), for instaltation in dry pit.
Depending on the length of shaft the pump is equipped
with one or more cardan shafts. .

Underfloor |nstallation )
The pump and driver {Fig. 5} are a.rranged together in -a
room adjoining the collection tank, in cases where a hori-
zontal pump cannot ba accommodated l_Jecause of lack af
space, |t can howeaver only be adopted if the room wh_ere
the set is installed is dry, and there is no danger of flc_:odmg
the electrical equipment. The pump is cnnpecled duectl_v
to the driver via a flexible coupling and its footplate is
placed on a foundation.

Fig. 4 Dry instaliation with cardan shaft
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Fig. 5 Wnderfloor instatlation
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Specific Speed. If we give the following data
of a - centrifugal pump: — capacity (Q, — total
head 'H and — rotational speed n, the 5.5, af
said centrifugal pump is the true rotational speed
of a modef puamp {index q), similar in vane geo-
metry and in velocity planes (— velocity triang™ -
le}, having the following perfarmance data:

eapacity Qg = 1 m¥s,
totalhead Hy = I m.

From the relationships of sinulitude mechanics

{—  similarity conditions, - affinity  law,
— maddel laws) it follows:
Q _ D
Qy  Ding
H _ D%
- FI)
R, Dir;
Salved for ng we obtain:
(Q/Qy%
ng=mn- ——i
(H/H %
or, with Qy = 1 m/s ang Hy=1m:
QY%
fiz*=n H%
with
Q in m?s,
H inm,
a inmin,
ng inmin?,

In centrifugal pump techaology, it is usual to
quote the s.s. in relation to the uptimum vaiues
of capacity and total head (i.e. at the — operat-
ing paint of aptimem — efficiency Nopt ), and in

relation to the nominat (rated) rotational speed,
50 that we have:

"
n,=ny ggﬂ:;
Hyp
with
Mg specific speed in min !,
nN nrominal — rotational speed in min ™,
Qopt  Optimum — Capacity in m? /s,
Hopt  optimum — total head in m.

The 5.5, ng in the last-named version is a fre-
quentiy used characteristic magritude m centrif-
ugal pump technology, and it 15 characteristic of
the optimal - impeller shape required to a-
chieve optimum efficiency:

tadial impeller Ng =~ 12 to 35 min"',
mixed flow impefler Ng = 35 to 160 min ",

axial impelier Mg = 160 1o 400 min' and

over. !

YYa

Based on the dimensional magnitude ng, 4 nomn-
dimensional coefficient characterizing the type of
construction has also been adopted in centrifugal
pump technology, which, according to DIN
24260 is expressed as:

Q%
(g H)%

B

n,=331n

with

B — rotational speed,

Q — capacity,

g — gravitational constant,
H - total head,

in cuberent units

The numerical values of the magnitudes n and
1y are the sunme, The cenversion of the characte-
ristic factor 0y into the so-called “type number'

frequently used in English and American centrif-
ugal pump literature (see alsa 1SO 2540y is
given by

!
K= - .
52919 M4 -

N

Fig. 1.3 is to illustrate the relation bewween the impeller
design and ns. As the value of n; of the volute pump
becomes larger, the ratio of the impeller blade width and

Fig. 1.3
U] @ =1 w &
i
¥
S
£ —| 4 "
ns 120 o AL S0 1400
Clasnbakmn Valuly pumpi Mined finw Anigl how

inner diameter to the outer dimension of the impeller
becomes larger. As n; increases, the pump type changes
to the mixed flow type and then to the axial flow type.

Selection smong Volute, Mixed Flow and Axist

Flow Pumps
Comparison of Pump Types regarding To1al Head . .
B il Fl
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= ? . . o (1] O ygad
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 SUBMERSIBLE PUMPS ' = S

SUBMERSIBLE PUMPS (¢

7 -

Temperature Monitors
. Stator windlirg
. Lower bearing
- @ Uoperbearing

S Moisture Ingress
/ L Monitors

g @ Cil chamber

/ (B) Lower molor chamber

@ Connection chamber

=

Beuaring
Temperature
Monitors.

The temperature monitors fitted to
the upper and lower ball-bearings
give early indication it a critical tem-
perature has been reached and
switch off the unit automatically it
a limiting value is exceeded.

Motor Temperature
Monitors.

Az par ofthe thermo-control system
temperature monitors are embedd-
edin the upper and lower sections of
the stator winding. In%

of over-
heating, a warning piim topsignal
wiil be given prior to prevent éériii?.li\x
. - - j
damage occurring™~.. TR

.

< -~

Moisture Ingress
Monitors.

Electrodes of the electronic Dise]

ing monitor system are fitted to
seal ol chamber, cooling p mp 2
cavity, upper and lower sections: of.
the motor housing and the ter nina) ;
connection chamber. This system!
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SELECTION OF INCLINATION

Difference Scraw capacity In Ijs
In levsl FP-CP

20 100 500
0Im e 0 e
34 m 35° 35 30
4 m —-— 38 35¢
&8 m —_ —_ e
over B m -_— — s

Compact scraw 25° only

SELECTION OF SCREW DIAMETER WITH OFTIMUM

NUMBER OF STARTS
Screw dlametar Capacity In He with Inclination #
mm,
xr 33 ko
. 400 43 20 15
I 500 35 ko 3
600 0 45 40
Fo0 a3 45 50
300 120 95 80
00 1580 120 100
1000 250 200 170
1300 380 300 250
1400 540 40 350
1600 750 580 300
1800 980 7r 650
2000 1250 1000 900
2200 1559 1200 1000
2600 1900 1500 1300
2600 2300 1800 1500
2800 700 2100 1500
3000 200 2500 2200

Yé¢o

CARACTERISTIC LEVELS AND DIMENSIONS

FP = Filling point ~ Screw capacity 100%

TP = Touch point — Scraw capaciey 8

CP = Chute point = Discharge level at the end
of the trough.

MPP & Maximum
Pumping point - Maximum water level in
discharge chambar against
which pump will operata.
H = Lift - Used for sizing und selecton
of syitable drive unit.

REMARKS ON TABLES

1. The Information on screw diameters and angles is
glven far guldance only. More detailed Information is
avaitable on request.

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

3. Level difference CP to max. pumping point =
0.30 D — 0.30 O depanding on number of spirals atc.
When scraws are operating in parallel the chues
point must be arrangad to avoid water straaming
back down the non-operating scraw.

4. Minlmum Internal width of trough =
D + 400 mm.

5. Maximum parmlizsible angle of inclination = 38°
degrees. .
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Fig. 3. Parlormance curves of a iypical screw pump. The top
curve shows the relalionship between head and flow

depends on the capaciy required, whereas the length
depends mainly on 1he head. Hence if 1he quantity
required is small bul the head is large, a long 1hin screw
resulis, which may not be mechanicaily feastble,

As can be envisaged, fora screw of given diameter,
the greater the nunber ol starts the grealer the capagity
af the pump. However, increasing the number of siar(s
is subject 10 a law of diminishing returns. Three siarts
are more coshmon, but there are oceasions when the
use of a screw with fess 1han three starls is attraclive.

Allen Gwynnes has a range of screw pumps of stand-
ard diameters, Irom whicl a reguired duty can be met
by suitably adjusung the inclination and speed of onc
of Lhe pumps 1o provide the most tconomical design.
1t is therefore better if the cusiomer does not specify
the inclination, as an atiempt to do so can tesult in the
cost of the screw heing higher than would be the case if
the manulacturer is free 10 optimise his design.

Fig. 4. Two sciews fa meed tha same
duly. The scraw gn the lefl requiras 2
nan-return valve and 1hal an the right
doms not

Screw pump performance

Fig. 3 shows ihe performance obtained from an
Allen Gwynaes screw pump. The variations in head
were oblaaned by altering the inkel waler level only; the
oullc_l watet level was kept constanl, The curves show
the impartant propertics of a screw pump, and the
Tollowing points should be noted.

{1} Itis impagiane that the discharge specilicd with
the enquiry is the maxinum Lo be expected. Onee
it screw is submerged up 1o its “filling point’
(shown as ihe *duty point’ in Fig. 3) it cannot
deliver a larger quantily if the inlet fevel rises
any higher. This point is of considerable im-
porlance in the case of land drainage installations

_ which may be subject 1o flood conditions.

{n) The efficiency curve is very flat over a large
range of flows. Therefore, as previously men-
Lioned, it 13 perfectly economic fo run a screw
down to 25 per cent. to 30 per cent. of ils maxi-
muin discharge.

(it} The maximum power required from the motor
occurs when the inlet fevel is at the *filting point’,
The mator is sized on this basis, and hence it is
impossible to overload the motor under any
operating condition, willi the single exception
mentioned carlier of allowing the outlet fevel 10
rise above the *maximum pumping ievel' P

In conncciion with efliciency, some explanation re-

garding lhe outlet water level is necessary.

In Fig. 4 a screw is required 1o raise water throvgh a

height H. This can be done in two ways:

[th) f\ screw (1) with its *hilling point’ at I' and s
maximum  pumping  Jevel”  at Py, where
PPy - F == Ff. In this case a non-return valve must
be provided.

(i1} A somewhat longer scrow {2} with its *clinte point’
C, at a height H above its 'filling point™. 1n this
case no non-return valve is necessary, This screw
however will [t water to its maximum pumping
level, P, the cifecctive head thus  being
P, F =Kl and it is on (his basis thal the

power consumed must be caleulated.

Henece, when the term ‘elficiency’ is used Tor a screw
pumnping to some oullet level ather than the *maximum
pumping level’, il should be carelully slated 1o which
outet levef it is related.

As Lhe sk Jlevel at inlet nses, the pump delivery
increases froow zero At T 1o the maximum capacity of
the screw al (- The water level at ontlet has no influence
on e pump delivery, providad it does nat exceed (he
Jevel 1811 shie water inle level is raised wbove 1 he
pump delivery rentains sensibly vonstant s MLxi-
mem vidue C represents the marinsum outlet level a
which a screw pump should be sun without @ non-
relurn valve. This prevents back flow through the
clearance between screw and trough when the pump is
shut off. 11 this back Row is atlowed (0 take place thiere
is a danger ol the screw becoming choked by sediment
or solid mater, making it duficult or impossible Lo
restart. Level 1P is the oullet water level at which the
pump will operate at masimum efficiency. At outlet
levels greater thun this, water is thrown buck down the
screw, with the result 1hat the delivery and efficiency
drop sharply, wnd the required driving pawer INCrenses.
I the pump is run al this condition il is possible 1o
overlaad 1lie motor, and it should therelore be uvoided.

From these remarks it can he seen (hal carcful
specification of the relevint waier levels is necessary
when an engairy Fos o screw pump is oade. Once the
serew is designed, allerations in the levels are not casily
acconmelied far Lwer feasons:

(i} Asshe inclination o is generakly helween 307 and

A0°,  Tairly sowadl increase in ehe head 11 has a
Larger cifect an the bladed length 1, as can be
appweviated from Fig [ The feageh of the seiew
Between beasing cenlies s an Bnpuarbinl -
weter of the design, as s allowable vilue is lixed
by the ucceptable deflection of the screw. Heace
an increase in M may necessitale the use ol a
central tube with greaser wall thickness, Taken
in conjunction with the addivonal lengith of
both fube and blades, a marked increase i
weight, und hence in cost, may resull.

(i} As the head Fiis normally not high for a screw
pump, stight allerations 1o the waler levels may
inply a lurge percenlage variation i its value,
This may make it necessary 10 provile a larger
motor, gear unit, and bell dnve which, taken
together, represent o large proportion of the
cost ol u screw pump instatlition.

Finally, it should be noted 1hat of the four levels,
T, F, C and P, only two can be specitied. The other two
are then fixed by the diumeter of the screw and its
inclinstion. Mormally F is given and either C or P.IF
1he 10p outlet water level is specified as C rather than P
the expense of a reflux valve is avoided, but the screw
itsetl will be rather longer and (herefore mare expeasive.
Furthermore it will operate at a rather lower elficicney.

Deasign of screw pumps
The capacity of a serew pump depends o (he
following piramelers—
(i} The outside dinmeter of the blades (I3).

(i) The rotational speed (N},

(iii) The number of starts to the screw. (This term is
used as un anilogy with the terminology of
multiple screw Lhreads) (5).

{iv) The inclination of the screw axis Lo the hori-
zonial (a).

(v) The oulside diameter of the central tube (d).

{vi) The lead ol the blades (3).

(vit) The water level a1 milel Lo the screw.

Bul nele it is nol dependent on 1he head H, except
in 5o lar as tns varies with (vin) above, or on Lhe bluded
length L of the screw.

I can be shown Hhat 1hie capacity of o screw puamp,
like any olher pump, varies sccording 1 the Tollowing
liyw—

" Q = ND?

where € is 1he capacity of the pump, N and 1 have the
meanings assigned above, and g is u dimensionless
quantity called the specific capacity. This is constant for
geometrically similar screw pumps, i.e. thase for which
S, o, dfD) and 2/ are the same and which have sufficient
immersion at inlet 1o produce maximum quantity from
the screw. [t is Tound that there are certiin optimum
values for &/ and 313, and ibese are adopted as
standard. The speed is determined from an empirical
formubs giving the maximam speed which can be
employed wilhoul excessive losses due lo splashing;
the Earger the screw hapmeter The Jower Lhis nuIXimuimn
allowitble specid.

Of direct interest 1o the custamee s the munnee in
which 1he capaaity varics with serew melination. It is
readily apparent thal the stecper the inclination of the
screw thie shorter will be its lengily For a given head.
Howeser the capacity al o given dinmeler of screw
decteases waith inebiation as shown in Fig. 2,

[
[=]

o
(]
PERCENT

-
o]

GQUANTITY PUMPED

20

32 24 36 38 o

{NCLINATION OF SCREW TO HORIZONTAL o<
Fig. 2. The capacity at various anglas bosed on 1he cepacity o
x = 30 as a dalun

Although a screw foc i given lifi may be made shorter
by increasing Ihe inclination, Lo maintain the cupacity
it musi be increased in dinmerer, which will also increase
the widih of 1he pumping installation. 1t should also be
noted thut the eflicicney decreascs with inclination. For
(hese reasons it is [ound that the most sconomical range
of values for a is 307 1o 40°.

It cun now be seen that the diameter of m sCrew

Y
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Fig- 5. Four of the various alactiic motor/screw pump drive

atranyemants ate shown:

{Top leff) Flange-maunted maolor wilh paralel-shalt reduction
gear

{Top centre) An elactric mator mountad at the side of the
parallel-shalt reduction gea with belt drive. This resulls in
n rather wide arrangement which may be inconvenient i
several screws se to be installed afongside each olher

tTop right) An sleciric molor mounied on 1op of the parallel-
shall reductinn gear with belt driva. This amangement simpli-
ties ths foundations &1 the of an i in the
building height :

{(Right} An electric moar driving a right-angle reduction gear
through bells. This produces a raasonably narrow unit which
is convanient if several scraws are instaled in parallel, at the
axpense of an increased length of mator housa

Drive arrangemaents (Fig. 5)

As the solational speed of serew pumps is low, vary-
ing between approximalely 20 and 90 revfmin for most
applications generally, direct drne by eleclric motor
is out of the question and some mcans of speed reduc-
tion must always be provided. It is therelore usual lo
emplay d-pole motars. as Lhese are cheap amd smatl in
size. Whilst the required reduction in speed can be
achieved by iterposing it gear vnil directly hetween ihe
motor and the pump, it is vsually more ceonomical and
convenient 1o conncel dhe motar Lo the gear wnit by
means of a V-belt drive. Tn addition 1o enabling a gear
el with a smaller gear ratio to he used, the V-belt

drive arrangement has the fatlowing advamtages —

{ip Thedesired pump speed can e approached minre
closely (han i the limiled range of ratios avail-
able in proprictary gear units alone musi be used.

(1} W required, the eapacity of the serew punp ca
be adjusted relatively simply and cheaply by
aliering the pulley ratio and hence the pump
speed. The maximumn fow tequired must of
course be known al the design stage so that the
screw has been sized Tor the maximum duty.

{iit) The physical arrangement of the motor and gear
uhit within the motor housé is more Nlexible.

{iv) The coupling belween motor and gear is elimi-
nated, and a drive with good torsional flexibility
subshituted. will beneficial results, for example
when starling up or when solids are being lificd.

‘11 gear unil itsell can have a pasaliel shall layoul

or the high-speed shalt at right angles to the low-speed

shall. The latter arrangemeni is more expensive, bul
can have advantages in space-saving in the motor liouse

il several pumps are installed in parailel.

Enquiry information

Although it is beyond vhe scope of this arlicle Lo fully
discuss all aspects of the design and selection of screw
hoped that wseful guiclance has been given
lo their correct applicalion. However, it has drawn
attention to the need 1o include the following informa-
lion with cach enguiry for a screw pump.

pumps, 1 is

1ype of applhicative and fuitl 1o be pumped:

nmumber of pumps (1) duly ompe
(ii) stand-hy pumps.
maxinuun law per pump;
inlie tevel at which maximum Now is wequired;
minimim inlel level al which pnmping is required, or aller-
natively minimum fow per pump;

maximum putlcl waler Tevels, and whether 1hix it to correr
sporel to “chute poiat’ C or the ‘maximum pumping
level’ T

description, o drawing. of proposed inslallation ;

details of available clecirical supply, inchuding any restriction
on staciing currenl.

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 gquoted,
may make a complete redesign nccessary. This could
well alter both Lhe price and the spacc occupied by the
pumping plant, as even minor changes cannot be
accomnodated as easily as with an impeller pump.

it is generally known that Allen Gwynnes has long
and speciatised experience in the design and application
of pumping insiallations, and i able 1o advisc on
pumping schemes to suit the particular requirements of
nny installation.

YEA
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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 specilic gravity of
the liguid 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
settiing tanks [grit coltectors, primary
and secondary clarifiers} for the
purpose of fifting sand or sludge.

“The air lift pump does not contain any
moavalite parts, The cross—section of
its straight vertical {lifting) pipe is the
same along its complete length. This
makes the pump insensitive to
clogging or weareven when
coarse—grained materials are being
lifted. The design principte allows for
a gentle conveyance of fluids which
is of importance, for example, in
hanrdling activated sludge. When the
pump becomes clogged. the botiom
of the pump can be washed free by
closing the quick—-opening valve for

4 very short time.

ELEMENTS OF CONJTRUCTION

Air iR pump consisls of the following
elements:
Bottom of the pump with
connections for compressed air and,
il required, for Nushing wales;
riser pipe for lifting grit-water or
sludge-waler mixture with air.

All parts are adequalely protecied
aganst corrosion.

QPHONAL ACCESSORIES
AND EQUIPMENT

- Quick-apening valve for whirling
up Lhe liquid w1 1he pump bottom,
as a means against clogmag of the
pumpr mlet Lo g when dranspathing
ynt). It acts by clusing the verical
mpe for a very shor period ol lime

-~ Ajr compressor in normal oxecutinn,
or, il requested by the customer, an
air blower adapled 1o the air il
punpL

AIR LIFT PUMP TYPE MP

LEGEND: .

1. Battom of the pump

2 Lilting pips

3 Flushung waler pupn

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

{b) andd Lch for portaie pump

.

i

I | POSSIBLE EXECUTIONS
1 OF THE PUMP BOTTOM
. ! [a} or stalionary pemp

ORIENTATIONAL DATA ON CATACITY

Type M nND 400 - | no 128 :] ND 450 ND 200
Aavo hihe o2 12 | 02 42 | 02 12 |02endsoon]
A5 valuen usid 1% 151 | 20 -250 0 280 S 44g
Liting € agracty Uil € 1a w2 | 5 3w |73 sa
Rarquat e wialor r|u:|ul,lm‘lh) 1m w1 22 -
Flushing walee pressaon fharl 2 ot : - _:? (2
Air ;Drllll‘l‘.h(lll HD4O NDBG NDG5 ND SO AING BD
Fluslnng waler pnbnersoen NDag NDAG NOGS NDSO

Requiited uckon pressvee P = Pt §0.02 bar

Pt = prossure of U liguid eolmiwithy ihe haght Dt exprassed e bus

_—y -

Yo
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Types of Encloaurs DIN
Protecticn of Persons Againmt Coatact With Live or Moving Farts of

Electrical Machipes, 40050

Protection of Machines Against Ingress of So0lid Foreign Bodies and Water fort 2
al

Schutzarten; Berlihrupps-, Fremdkorper- und Wasaerschutz, ecleiktrische Maschinan
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See Explanatione for correlation with Publicatica 345, firat edition 1968, issusd by the Inter—
naticnel Electrotechnical Coamission (IEC),
S
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1. Beope

This Btandard applies to rotating slectrical machipnes as coversd by VDE 0530 "Bulas for Electrical
Machines™. The present Standard is cobcerned with the protestion of machines by means of casings
and covers end comprises the following:

1.1. Protection of permons apainet contact with live or moving companents ineide the c¢maings, and
protectiop of machines against ingress of molld forelign bodies {protection sgsinst accldental
contact and protection sgminet foreign bodiem)1);

9 = ¥, Barkin 30, g

4.2, Protection of machines mgainat the jngreas of water (protection agminat water);

1.3. Sywbols for the internationally agreed types of enclosurs and fox the dagress of protecticn.
Teating and ipspeciionp designed to verify that the machines conform with the reguirements of the
pregent Standard are laid down in DINK 403C51 Part 1, DIN 40052 Part 1 and DIN 43055 Part 1 to
FPart 4, Mny sdditiopal information required in the teetinga, will be found im this Standard.

With regard to flameprocf and explosioe proof machines, the gpeciml provisicuns of VDE 0170/0471
ghould be obaerved.

The testings are type teatings carried cut on batch-produced machiness or modela. They are parform-
ed on & new anchine ready for ssrvice, fitted with all attechmenta end inptailed in the manner
apecified by tha customer. If thiws is not practicable, the manner of testing shall bs agreed
betwesn manufmcturer and custogar.

antuf far M

- Compos

on of gymbol

The typea of enclosurs are desigpated by m syobol consisting of the two code lattere IP (which
appeal 1a this form jn every ayabol) followed by the two refersnce numbers designating the degree
of protection.

ddditional lettere may be included, if pecessary, as follows!

dus DIN Oy

B for pipe-ventiluted machines,
¥ for wasther-proc! machines,

. pur mit G

5 for pachines tested whilst stetionary for protection againat ingress of water,
M for machines tested while rusning for proteciion against ingresa of water.

The letters R and W are placed betwesn IF and the two reference nunbers; the lettsers & and M are
placed behind the two reference pumbers, The abgence of the letters § or M means that teeting
for protection against ingress of water 12 carried out with the machine atetionary mnd running.

The complete symbol (vode letters, reference numbers and any extre letters used) is %o be known
as an enclosure code.

—_—
J ha the proteition wguinst acsideutsl coatast and Lhe protection mgaiost iagress of foreign badies are
closoly reiated, u conoon sefercure Sumber Las beep allotied to these twe types of soclosurs.

Nachdruck, audh Swiiuy:

Continued on pages 2 to ©
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DIN 40050 Part 2 Fage 3
&, Protection agminst ingrepa of water

Second Scops of protection
referance
number Denomination Explanstion
0 Ko protaction No special protection
1 Protection agaipat ver- Water droplets falling vertically onto the machine wust net
tically falling drip adversely affsct thes opsration,
water
1 Protsction against drip Water droplets fwlling at sny angle up to 15° from the verticsl
water falling at a elant sunt not sdverasly affect tha oparation.
3 Protection against Watsr fmlling at any angle up to 60¢ from the vertical must not
aplash water ndverssly affect the opsration’t}.
4 Protaction agminst Water impinging as spray from all directions againat the machine
spray water sust not adverssly affect its operation®)5).
] Protection againat A water jet issuing from the nozzle of a hose aised at the wnchine
wvatsr juts from soy direction must oot adrerasly affect Lts opsration.
[ Protection against Io the svent of temporary flooding, #.£. in heavy ssas, watsr susi
flooding oot penstrate inte the machios in quagtities liable to ¢ .
damage.
Water must not penetrate lnte the gachiowe in quantities lisbls
P q
7 rotection againat to ceuss danage when it is immereed in water under the apecified
immeraion
pressurs and time conditicos.
H Protection against Water must oot peretrate into the opachine iz quantities liable
subasrsion to cause dabags when it is subderged in water under a apecified
preasurs for any leogth of time.

5, Iypas of preferred enclosurs

The Tabla bvelow contains the types of enclosure most commonly uged in Germany for slectrical
Eachinea; of theee, the types most commoniy used internatiorslly are emphasized by bold type.

Protection against Protectina againmt ingress of water
kootact and ingress of Second rafsrences oucher
forsign bodies

firat referencs nuabsr 0 1 i 3 d B 6 7 B
1P 0 11" 00 P oz
IP 1 IPtid [ 1P 1S | ir1gs
w2 IP21S | IP225 [1P238
1P 4 IP 44
H ) IP 54 IP 55 HIET )

Fi

Machines which are cooled by an external fan are to be protected agaiost mccidental contact with the
fan by the fingera. Generally mpeaking this requiremsnt is satimfiesd if contect with the Tanes or
blades of the fap by teat finger 1 DIN LOU51 im prevented. Notors driving agricultural mppliaoces,
swall machines used by traders, asd doasstis applisnces may require more extenalve precauticns sgainst
aocidentel contact.

3

[

The degres of protection apscified in this Standard against dust mnd the testings for such protactioen
conform to general practice. Whan the type of dust s stated {size of particlem and their characteris-
tica, e.g. fibrous particlss) the test conditions are to be esparately agreed betwean mapofmcturer
and custoser as necemsary.

For further details regerding weatier proof machines {additional lastter W) see under Bection 8.2

Yoo -

For further details regarding machines with pipe ventilation {(additional letter B) mes upder Gsction 8.1

Page 2 DIE 40050 Part 2

Coda latters IP

Protection against accidentel contact apd egainst
ingreas of foreign bodiss and of water

First referenca susber @, 1, 2, & apd 5
(oes Bection 3}

Dagresse! protection ngminat wccidentel contact and
against ingrees of foreign bodies

Bscond refersuce number O to B (sas Bection &) Degreasof protection againwt ingress of water

Exanplass of desigoation of a typs of enclosurel

Code latters

_F I“
First ref. oo.

Eac, ref. po.

L] ir w 2
Code letters —
Additional
latter

First ref. no.

Bac. ref. mo.
Additional letter

If, in AQascriptiona for exsmple, only cne refsrence Iumber for the dsgree of protection
ap;'au.r- uterptbn cods letters iP. & daeh should be inserted in lisu of the missing refefencs

nsumber, 4.8-

It the type
the type of

the compenent which

sure giving
differs has
$ 49,1,

Th

IP - &4,

of snclosure of ope compomsnt of the machine, e.g. of the terminale, differs from
snclosurs of the rest of the machine then the eymbol for the typs of enclosure of

differs shall be spscifiad separetely; in such cases, the type of emelo-

the lower degras of protection ahall be stated first. I the camponent that
a higher grads of eaclcaurs this will not be astated, aee VIE 0530 Fart 1/1.6%,

fensible, on the caaing.

The indications relate to the

type of enclosure abould preferably be fastursd on the rating plste, and if this is not

"ag-deliversd copdition™ of the machipe, and to its specified

or usual mode of installaticn. The type of snclosure may alter as a result of o different
type of inatallation or meunting or if the machine is operated upder sther conditions (s.g.
by the closing of apertures).

Degrees of protection agminat ac

dentapl contact 4 inpgregs o oreign bodi

First

Becope of proteaticn

refersnce
ousber

Denomination

Explanation

Q

Ho protection

No wpecisl protection of perscns aguinat mccidental or insdvart~
st contact with live or moviog cemponents. No protectien of the
nachine against the ingress of solid foreign bodise.

Protection againat large
foreign bodiea

Protection sgainet accidental or inadvertsnt large ares contect
with live or internal movigg components, ¢.g. with the hmsd, but
ne pretection mgainst voluntary wccass to thess coaponents.
Protection against the ingress of solid forsign bodies baving a
diametsr iz excess of 50 ma,

L]

Protectior against
madium-aized foreigs
bodisa

Protection sgainst ﬁunhc: by the fingsrs with live or intsrmal
moving componenta)t),

Protection agaiost the logress of solid forsign bodias baviag a
diau ster in excess of 12 am.

Protection mgainct
granular foreign bodiss

Protsction agsinst coptmct with live or intermnl moving compo-
menta by toola, wires or similar objects having s thickness iz
sxcens of 1 “é)5).

Protection againat the ingresa of solid foreigm bodiem Baving a
diameter iz excesp of 1 zmi excluded from thia ars coolimg sir
apartures (inlet snd outlet openinge of axtarnal fans) and
condansate drajn boles of totally enclosed machines which are
wllowsd to have No. 2 dsgrse of protaction.

Protection against
dust deposital}

Complate protection againat contact with live or internal moving
cosponental) .

Protection against injurious dust deposite. The ingress of dust
is pot tompletsly preventsd, but dust muat net be able to péne-
trate in mmeunts large ssough to adveraely affect the cperatien
of tbe pachine.

For Footnotes s¢s puge }

Yot




DIK 40050 Part 2 Page §

Mechanical tesating for protecticn szainat ingress of water

" Cecond I
reference | Teatiag
numher

Fage 4 LIN 4Co5C Part 2

6. Teating for protection szainst contact and ingress of foreign bodiep

i No temting

| Tested with the drip appliance & 1 DIN 40053

4 Tested with the drip mppliance A 1 DIN 40053

3 Toated with the awivelling pipe B 1-... DIN 40053"1%
) Tested with the awivelling pipe B 1-... DIN L0053%)%)
3 Tasted with the epray pips D 1 DIN 4DOS37)
o Tested with the spray pipa D 1 DIN L0OS537)

i For the jurpoms of tha testing the machine is toc be jommsrsed in water in such a mapnsr that
the aurface of the water is not leas than 1 m above the fixipg face of the machines and the
top of the machiine is not lese than 15 ¢m beleow the water. The duration nf the tasting im
20 miputen.

Subject to agreemant betwasn manufacturer and customer the above teating amy ba aupsrasded
by the following test method:

The casing {a tested with an internal air precsurs of not leas thap 0.1 bar (0,1 h‘p/l:la).
The duration of the testiog is % minutse,

The protection afforded is deemed adequate if not ailr emerges durinog the testing.

Energence of mir can ba detected mither by itmersion, im which came the water mumt completes-
ly cover the machine, or by applylang » =oap aclution to the machine.

B Tha temt vonditions are to ba ngrasd batween manufacturer and customsr.

d A3 enamant
Tue protection afforded is deemed mdequabe 1f the following conditlions are fulfilled after
completion of the testinge mccording to Eection 7.2:
iny wale: that has penstrated must not interfere with the operation of the machine; windings
and otr-. live parts muat not be wet and any accumulation of water inside ths casing shall
not re.ch such parts.
It is, hoewever, perwipsible for the bladem of fans insids the machine to be wet; ingrsas of

water alcng the shaft 1s also mccepladls provided that arrangements are made for draining
Buch water.

It the au'y‘hine has been teated while atatlcnary, it muast be run for 1% minutea at no load and
rated voltlage mnd then nublected to m high voltage teat, The teat voltage is 50 % ¢f the test
}?ltagn for a new machine ard not lesa than 125 af the rated voltaga,
the nachirs has been tested while running, ooly the high voltage test at th 1t
above shai’ be carried out. ' . & ¢ voltags stated
® A s essment

“he Lesatl. is deemed to be pasped 1f Lhere is no evidence of deaeke aa defined in the ¢ -
ing for L. -ilation in VDE G430 and in IEC Publicetion 341, " ariee e teet

_ _Types :; enclosure with additionsl ietlern
© _Bach s _with pipe ventilation (additional letter E)

The totu..~ enclomsd machins which has cooling eir flowiog through it, i,e. is internally
cooled, Lo coollag air apertures which are connected to pipas, ducta or pits; the pipes
ars ot L. communicetion with the apace whars the machine im installed.

Exampis:t 1P E 44

I

] Se» page 3
&

) Inatead of the teating with the swivelling pipe B 1-...DIK 40GST a tasting uaing the sprmy nozele C 4
; actording to DIN LCOS53 Fart 3 may also be egreed between sanufscturer snd customer.

For Nos. 5 and 6 the diatsnce from tha apray pipe D 1 DIN 40053 to the machine bes been Fixed &t 3 m
on the baeis of sxperisgce acquired 1o sctosl practice: in order to allow the apray to ba applied
to the machize from all directionms thia distance may be reduced.

YoV

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

Firat
referencs Teating
numbar
0 No temting
1 The teating is to be carried cut with a ball with & diameter of 52.5 mm which ls presssd
againat tha casing with » forcs pf 50 K ™ § kp.
The protaction is deened adequate if the ball dows not peastrate into the casing and does
not make contact with iptermal live or soviog parts.
] Testing performed with teat finger 1 and interpreted according to DIN LOOS51 Part 1.

For the purposs of the temting the rotor snall ba turpsd slowly by hand. Shafts and similer
savoth parts are excespted from the testing. Wheo the swchines have an extermal fan, foet-
zotel) Section ? ahall be observed. In addition, & ball with a diaseter of 12.5 am aust not
penstrate into ths caming.

The testing shall be carrisd out with a ateel wire with a diasetar of 1 mm. Excluded from
the teating are cooling apartures (inlet and outlet of external fans) and condenests drain
holes which are allowed to cenform to No. 2 dagres af protection. When tha machines have an
extarnal fan footnote2) in Section 3 shall be obmarved. The protection is deemsd sdeguate
1f the wire doem oot pepetrats into the cesing {s.g. at jointe).

- Tasting is parformed with the use of duat chamber 41 and im interpreted according to

DIN 40052 Part 1.

This teating is to be carrisd out oply on machinea with a shaft height up to 132 am. In the
came of machines with shaft heights greater than 132 na the outcoms of & testing carried out
on a machine of comparabls design but amaller shaft neight, ia regerded as adequate.

7, Teating for protection spaingt ingress of water

i i 11y
Mg, 1, 2, % mpd & degrees of protection, acrutiny of the drawing im genera
Eg:qﬁk::a.oln boréet 1ina cases the testing should be carried out on the linss indicated
‘I]*gi-ozie Ra. 5, 6 and 7 degrees of protection, the teating should ba carried out in mccord-
ance with the conditions stated for these lsvela of protection. e N
For No. 8 the conditiona for mcceptance and, whers becassary, Ior tesating shal o agree
facturer apd customsT. .

g;:w:gx;tr;:é: ;zr“nll degress of protection are to be ecarried out with the machioe stopped;
tor Nom. & to 6 they may alao be carried out with the machine ng. .

All testings are to Ds carried cut with fresh water unleas stated or agreed to the contrary.

tated for the testings and concarning water pressurs, quantity of water and test
dnt;;u::é:'!:asuzll am the dimensiona of the spray pipes have been apecifisd as ths outcome :fd
thoreough inyestigation. It should be noted that the quantity of water relates to a projecte
aresa of 1 |nE prellel with the axias of the shaft; thia area iaaaufriciant for the n;jnrtty
of machipes. 1f & machine has a praj ected area larger than 1 &2 the s=me guantity o u.iar
and test durption ie regarded ag adeguate if the testiog is zade at nll the critical points,

e.g. joints, aeals, bearingsa.

2, ¢ 5
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The degrees of protection used with three-phase molors are designated by a symbol consisting of
two letters and two numerals, some designations including an add itignal characteristic letter .

P {Imernatianal Protectian} ) )
Letiers designating lthe degree of protection against contact with hve or moving parts
inside the enclosure and the ingress of saiid foreign biodias and walar.

Otob The first characteristic numerals designate the degree af proteciion of persans against
centact with live or moving parts inside the endosure and the ingress of solid foreign
bodies.

0tod  The second characleristic numeral designates the degree of protection against liarmful
ingress of water (no prolection against oil).

W. S Supplementary code letters for special degrees of protection

and .

Principal degrees of prolection for elecirical machines:

Mutor Degree of 13l naner al i g rmeral
jrubet bion Prates sty ay anist utechion sujanst
twntact e
Interriaily k21 with the Lingers i sz bodiey i wealter
wentilated sl diametens Lasling vertially
gredter than 12 mm
P22 dnpng water bating at
anangle up ta 157 frum
[ et b
[ E] water spnayed at an
stgie up to R0 om the
vl i al
st face I*aa Ly Laoks o siell Lnadiebnath weator splastied Toim
vertilaled [SITEPYRFTRTON dannetery greation Anydbecnan
Than b ~ . .
1”54 wotnplete protection Protection against waler splastied leam
harmiul deposits of any dusiion
dust
[ wali projected by a
Auzle from any
diection
w56 watier frum lemporary
Loty Flaavy slizam
IF &4 Ve e T PEOLELTHGA L A sl water projected by s
pruteetion s of dusk furzgie from any
dhinech.on
a7 muolan submeryed under
bied pressure and tuneg
Londitons

T iy the case of heavy seas (:9.71;5;;}5{5} ilaédmg] only the nan ventilaled motor type P8
can be used

Special degrees of protection

W for weatherproof machines: )
The additional belter Wis inseiled between the letter symbol 12 and the charactenstic proteciion
tigures, e.g (PW 23, The lewter is apphicable to machines "tor use L.!_nder specified weather
condittons and with additional proteclive measures or equipment

S and M for protection against water ‘

For spearal applications (e.g open-type, apen-dircuit air-cooled machines onship decks, where air
inlet and outlet openings of the machines are closed during standstill) a tetter can follow the
characteristic figures indicating whether the protection against harmful water entry is
certificaled or lested with the machine at standstil ({etter S) or runmag (letter M)

13 this case the degres of protection for oth operating states of the machime muost be specified,
< IR SSNIP 24 M

Where the additional letters are omitled, the stated degree of protection is comphed with for
both states, i.e. rurning and at standstil|

In e withinternatienal agreements, the addilional letter R specified in the previous standards
for pipe cannected maclunes has been omitted in OIN IEC 34, Part 5

Yaq
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B,2. Wenther proof machines {mdditional letter W)

The IF W types of enclosure are intended for internally coolsd machines (degres of protection
ioferior te IP 44) with extra protective femtures for operating in the open under special
climpatie conditions, With regard to protection sgainst contact and ingress of foreign bodies,
these weather proof machines mre subject to the particulars in Sections 3, 4, 6 and ?, which
are guppledented by the undermenticoned guida lines relaticg to deaign, end are further
supplemented in the caes of the IP W 24 enclosure by gulde lines for mdditiocnal tesating.
Where necemsar’, arrangements to provide protection againat icing shell ba made.

Enclosure IP W 23 5 .

Guide lines for deaign:

Bafore it contacts the components to be cooled, the cooling air drawn in through the cooling
air apertures is mo routed that it undergoes at least one deflection by nat less than 900 gnd
experiances velocity reduction.

Insulated windings must be eble to withstend the effecta produced by molsturs when exposed to
alternated climatic conditions according te DIN S0C16.

Components made of iron and atesl muast be protected againat rustiog.

Bearing lubricants mvst bs sultad to the minimum and mexirum outalde temperature likely to
occur at the place o inatallation. The penetration of fine sand mnd vater inte the bearings
is made difficult by tha fitting of covera or by sppropriate design of the sealing arrangements.

Termioal box desigh conforma at least to the IP 55 type of enclosure,
Enclosure TP W 24

Guide lines for dasign:

Befare it comea into contact with the componenta to be tooled, the air drawn in and discharged
through the ventilating openinga is a¢ routed that it undergoes at least threa deflections
through not less tharn 309 egeh time; thia preventa the ingress through the ventlilsting opsn-
ibga of small 80lid foreign bodies, coarse dust particles, rain and snow driven by atrong or
gale-force winda. In addition, the inlet routs for tha c¢o0ling air mumt have a widened
portion so that the velocity of the mir at this polot does not exceed 2.8 n/s, thus enabling
any particles entrained in the air to mettle.

Inetead of thia settling chamber, removable or otherwlse ¢apily cleansd filtera may be
provided,

Insulated windings must be able to withstand the effects produced by molsture when exposed to
alternated climatic conditions eccording to DIN 50016,

Componente made of iron and steel mugt ba protected againat rusting.

Bearing lubricants must be suited to the minimun acd maximun outside temperature likely to
oceur at the place of inatgllation. The penetration of fine sand and water inte ths bearinga
is prevented by the titting of covers or by appropriate design of the sealing arrangements.
Terminal box design conforms gt least to the 1P 55 type of erclosure.

Guide lines for additional testiog:

When fine sand is freely thrawn at the machine no deletericus sffects shall ariase through
ingreas of mand.

For types ¢f enclosure; protection of electrical apparatus against accidentsl ¢ontact by
porsong, against ingress of foreign bodies and againet ingress of water, general, sea
DIN 40050 Part 1

Explanations
The contents of tha present Standard conform to a large extent with IEC Publication 24-5, lst Edition 1968:

Ro?ntiug eloctricel machines, part 5: degrees of pratection by enclosures for rotating machinery. The
wain points of difference are discussed below.

Under reference rumber ? Fublicatlon 24-% containa the s " ingh

n A . xpresaion "swall foreign bodies”. In conforait
vith the bamic standard DIN AGOSC Part 1 and with IEC Publication 4%, 1st Edition 1963, howevar thi.I
Standard refers to medium-sized foreign bedies. !

In the Secsticno decling with preferred typea of enclosure, 1EC Publicaticn 34-5 contai
) d - aine onl types. I
this Stapdard five furthesr types ars jdectifisd as in ca;mun ude. Y "

Tl:xe additional letter R for wachines with pipe ventilation io not contained in the IEC Fublication.

With regard \:9 weather proof machines, the IEC Publication does ot state any guide lines for deaign

;l"d :ur additional testing. These have bean taken over with only minor amendments from the former Extract
heet.

Tha pIace and manner ug %ns:ullation ag well a8 the question of access to the @achine, and poessibly,
special operating conditions are the <ritical factors determining which type of enclosure according to
this Standard ir necessary.

In general, reference should be mnde to the Explanationa in DIN LOOSO part 1.
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4. Protection of vquipment agsinst ingress of liquid

F Second
characterisuc Degree of protection
numeral

0 Mu prolection.

H Protection against dreps of condensed water
Drops of condeased water falling on the enciosure shill have ne hannful eflect.
See test Sub-clause 8.1.

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

3 Protection against ran:
Water falling in rair at an angle equal to or smalier than &1° with respect 1o the
vertical shall have no harmful effect.
See test Sub-clause §.3.

4 Protection against splashing:
Liguid splashed from any direction shall have no harmful effect.
See test Sub-clause 4.4,

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

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

7 Protecuion against immersion in walter:
It must nat be possible for water 1o enter the enclosure under stated conditions
of pressure and time,
See test Sub-clause 8.7,

g Protection against indefinite immersion in water under specified pressore:
It must nat be possible far water 1o enter the enclosure.
See test Sub-c Liuse 8.8,

BS 54207 1977

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 eaclosure is Limited 1o contact with moving
parts inside the enclosure whick mtight cause danger Lo persons

First .
characicrisuic Diegree of preteciion
numeral

0 No pratection of persons against contact with live or moving parls inside the
enclasure.

Mo pratection of equipment against ingress of solid foreign bodies.

1 Profeclion against zceidental 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 prolection against deliberate access 1o such parts.

Prolection zgainst imgress of large solid foreign bodies.
See test Sub-clause 7.1,

2 Prciection agaiast cortact with live or moving parts inside the enclosure by fingers,
Proteclion against ingress of medium size sofid faceign bodies.

See test Sub-clause 7.2

3 Proteciien against contact with live or moviag parts inside the encloypre by tools,
wires or suzh obiects of thickness greaser than 2.5 mm.

Protection against ingress of small sohd foreign hodies.
See test Sub-clause 7.3.

4 Protection against contact with live or moving parts inside the enclosure by lools,
wires or such objects of thickacss greater than | oo,

Protection against ingress of senall solid lorzign bodies,
See test Sub-clause 7.4.
-_—

5 Complete protecion against contact with live GF MOYIng parts inside the enclosure,
Protectzon against harmiu depusits of dust. Fhe ingress of dust is por totally
prevented, but dust cannot enter 1 an amount sufficient 1o irterfere with satis-
lactory operation of the equipment enclosed.

Set lest Sub-clause 7 5.
6 Complete proteciion: against contact with bve or moving puarts inside the enclosure.

Protection against ingress of dust.
Sec test Sub-clause 7.6. N

Y-



P X1 X IP PROTECTION DEGREES!:
172 THE MARKINGS USED TO INDICATE THE DEGREE OF PROTECTION CONSIST OF THE
LETTERS IP FOLLOWED BY TWO CHARACTERISTIC MUMERALS.
__uwo:n:oz AGATHST THGRESS OF SOLID FORELGH BGDILS PROTECTION AGATNST INGRESS OF LIGUID.
x_ TEST PROTECTION AGAINST CFE xm. TEST PROTECTICN AGALNST CEE
i Ito protection (] No protection
e . ingress of large salid
! _rﬁ..UL_.L:: toreign bodies (greater I drops of falling liquid ]
—— ~ 4 thae 50 gwa) -
ingress of medium size drops of falling ligquid
2 solid¢ fereign bodies 2 at any angle up to 15°
{qreater than 12 nm) from the vertical,
ingress of small solid vater failing in rain at
3 foreign bodies. Kl any angle up to 60° from
{greater than 2.5 nm} the vertical.
ingress of small solid liquid splashed from any
4 foreign bodies 4 directign {360°)
(gructer thep ) mm}
5 harmful deposits of dust b water-jets from any
direction {360°)
§ ingress of dust 116 conditions on ships®
decks
1 immersion in water, (N}
indefinite immersion in
8 water under specified
Dressyre
i DIH 40050 B1 1: aug. 1970
Standards ; TEC Publ. 144 : Ist ed. 1963 Marking : IP X3 X5

Table 1. Limits of Temperatare Rise for Industion Machines ideg.}

1 Class A insuta- | Class E insula- |Class B insula- | Class F insul ; i *
s - ss F insula- | Class H insula-
Item m..uzu of Type of tion tion tion tion tion e ,_
Induction Machin enclosure ||.ﬂ ~ W
p|{T|R|D|T|R]D|T|R]D | T R]|D,.
) o Open type 50 | 60 | 60 | 65 | 75 75 70 1 80 | 80 [ 8 100 |00 ] 105 1251 175
1. ['Stator winding Taotally-enclosed
type 33 60 | 60 | 70 | 75 75 75 | BO [ 80 | 90 | 100 | 100 ;110 | 125 | 175
0 t ) 3 ;
, Insulated rotor pen type 50 60 63 75 % | 80 85 | 10 165 | 125
: winding Totaliy-enclused
lype 55 | 60 7475 75 | 80 90 | 100 110 _ 125
Uninsulated
3 short-circuited The Lemperature rise of these parts shall in no case reach such a value that there i1s a
m &:&nn risk of injury to any insulating or other material on adjacent parts,
Iron cores and other 60 _ 73 _ 80 ﬁ 100 i
. ; , 125
. mechanical parts. Open type ﬁ ! w _
© lin contact with or a{ Tutally-enclosed | i _ _
diacent to insulated| type 8 1 17 80 10 | 125 |
winding _ _ | :
5 Commutators and M w . _ w |_ m ,
’ tollector rings m & | 70 ! ,ﬁ 80 _ 80 | 100
i i i [
6. Brushes and ! The temperature rise of these parts shall in no case reach such a value that there 15 a
brush holders _ risk of injury te.any insulating or other material on adjacent parts.
Beari 40 degrees when measured on surface of metal
7. rings 45 degrees when measured by thermometers embedded in metai. When water-cooled bear-
(Seli-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.

vy
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Tolerances of Induction Machines

Table 3.2 Limit ol Temperature Rise of Rotary Machines

tunit  deq)

Item Kinds

Tolerances

1 a) Conventional efliciency (7}%,

=00 x{100- 7) %

{See 6.3, 6.12, 6.13)

b) Measured efficiency ()% ~0.15x (100~ 7} %

Min. 0.7%;

Losses (total losses of an asya- +1/10 x (guaranteed

Cless A ClasE Class B Ciam F Clasy H
Ingulation Insulation 1nsulation Insulstion trsulation
Hem Mart of rotary machine el I S i e s e e
[E 15 I 8] o) (cl | fal (bl le) {e) bl dc) [ 1]
1| Stator winding of A % so 60 (65 75 75 | 70 80 80 | 85 100 100 | Jos 125 12%
LT - . T G - i —e— s
2A | Winding of srmatyre with commutator 0 — — | 85 — — mw - — a5 — - ‘1l'.5 _—
el - ] v T -z
28 | Insitated rator winding 50 60 — [65 75 — |70 80 — | 85 w0 -— | 106 138 —
B o g e — -
3A | Muidtiple layer field winding 50 60 — 65 75 — | 70 RO — | 85 W00 1086 126 —
Low resistance lietd winding and conpen. o
B sating winding 60 BO — % 15 — B0 BOD — 100 100 128 435 —
3¢ | Expasad singte leyer 85 65 — [ 80 B0 - |90 90 — |[416 16 — | 138 13
) | Fiela wlndi;uf synchronous machine with -
i mpssive cylindrical rotar (squirrel cage type ——em ——_ = — 80 — — g — — 75—
rotor}
7| Core or ather mechanical part adiscent e | o7 T [T e T
4 insulnted winding 60 15 BO 100 125
Short-circuil winding without insulation,
5 care or nther mechanical part nat Temperatura which does not cause mechanicsl hindrance snd does ot ceuss
adjacant 1o mnndated winding, brushes damaga to insuiators neathy .
and hrush holders o
"Commutator and siip ting [ R ] o = ]_au B 90 — [ [T, ——
T o N A0 deq. C when measured at surface. 45 deg G when mensured by tempsiatirs
7 Roaring [selt ied) <hgraciing elemnen embedited in bhraring metal When however, 8 waler-conled
caring lsell coo tiearing or heat-resisting lubricant is adopted, the temperature Hmit has to he
sgeaed upon 1or #very particular casd hetween the purchaser and manufacturer

i chronous phase modifier) value}
3 Power factor at the rated output - 1/6 (100— pf) &
(pf) % Min 2% . Max. 7%
1 No-load current +3/10 % (guaranteed
value) .
6] Ship + /5 x{guaranteed value)
6 Starting current + 1 /3% {guaranteed value)
7 Starting "I'nrquc - 1/10x (guaranteed value)
¥ Break-down torque —~1/10x(guaranteed value)
Remark ©  Tolerances of Hem | and ltems 3 to 8 shall be applied ta both the measured

values and calculated values (circle ciagram method, etc ),

o

{Noeel {a) Thermometer methad

tRemarkst |

5

(b1 Mesistance methexd (=} Cinbeddeed temperaturs deleclor snethod

Funry £¥ass ol insalation given in This table means the class of the insilation af tho part given in the calumn of the carras
pandig item For peanale, the odass B nsulation far ilem 6 means that the insolation of the commutialar ol stip ring 18
riass 1t and it does not mean Ihat 1ha insatalinn ol e winding 15 class 8

For the tmatty enclosed type coremponding (0 5 11 12). establish the fimil of tlernperature rise a1 5 dmg C higher tlan

figures marked by asterisks () in this table

. The nmber of the embredded 1emperature detecting elements shali he 3 o mnce ant 1hose elemments shall e enshacdceed 31

such pasitinng al adequate distances in the circimmierential dicection amid, v the anal dicection, al those places whers 1he
tmparahire seems 1a be the highes)

f:ven when a high chass inselation is adopled [or the eomamuiater nf sy g the et of lsmpecalure tse 100 1he tnw class
insulation shall be apptied if the law class instlatian is adopiel tn the winding whoh i wery close o il For example, even
when Ihe insfalinn nf the commutarme i4 class 11 the lionit el temperare ren nl s contennitalor has to e b deg € nl
ibr clasa Foingataniion if he elaas £ oosulalion v adopiod o0 the woading whic hoos witry Close 10l

. O the wandings of ilems 30 and 3C 1he resislance reathod s nol sitshile (e thase windings which have small pumbser ol

rng andd many connactinns,
The Inw resisiance licld wirtking o alen 3L mocans a feled soniding wits seal neebier ol layers and small resislance tor
which the whole ciccumference is insulated Tor pxample, an indripnie winging, seras winding, e1e

- J - A}
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CONTROLLTNG INRUSH

When an AC induction moltor is started across the line, the electrical

current demanded by the motor instantaencously reaches a
to six times its normal full load running current; this

value of five
iz true whether

the motor is fully loaded or unloaded.

This instantanpeous increase in

current is called inrush,
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[o 11
L=J
w - MOTOR TORQUE -~
nun
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T T
% UF SYHCHIFQHOUS SPEED
PG ) AU MUTOI ACROS S T 1IN
LT e N T FERS YRR Y TS U S TP T A crpreddasiee al b
ol ol winedineg 1 very lonw, Aothe moter bt tos e Terale e
impwl.m.v Pl e et Ul t o e Blae o vl sitan b G Ayl
Phe wbowves T tre cnly hecairie Tl vo b baae app ) ied to Ui ansl o wats hae
ol fixed valoe,  whercfore, it becomes obviows that §§ 1 he voltoage
applicd Lo the motor was peduced ar slart, The invosh euarient woald e
teduced,  crobetlor yvet, 31 we could graduid Ty apply Lhe voltage to Lhe
rater from zoro on up, the inrush would be wero,
Over the yeoro, many et hods Lave been developed and nacd Lo rcdmee the

inrush corvent. such as the actol ransformer, parl winditg wotor design,
Wye-iuelta motor design and in omore recent yoars the redoaced valtage solid
stale albl Lhwesioo merely reduce
FESENEEN I

starter, of

they cannot

However, the Tewvel of dncush,

elimanale e

At
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In contrast fo this, the variable torgue type loads, such as

foan

ol
Tosaed w5t ed
Ita method, ot
tonitant bor Lieds svach an v o

e are
{2y vacianle torgque, and {31 high inertia Youds with

AU Tnduction metor varies as o square of
nt o Ahat net gl dyvpees of loads can
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only three tyvpes of Toads,
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by Ul antotranstorme:s  the part
caly s Che cce e an b torague

bt most oo e breakaway

pumps, fans, cte,, the torgque reouired varies as a sguare of the speed.

It has a wvery

wo breasaway torogue (15

=3%% of full laad).

any one of the four reduced woltage means can be successful ly used to

ctart this Kived of Lo,

Whees hierr Or

Lo iarash P iat D cxint dnoa

determined by sl potor manese
Recp dnowin! that wotar cdeebgn
mantiactarer
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ot L wouldd gl low Slaving wilhin
natheyr guestion,
e the Rind o st by
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caprloyind,

tor drare size within

centritugal

Thi: cuan only be

L vary not only Between

thyronrily . the constand

Therefore, most

a

corlire Blat o the motor Wil ostart and

Ay redueed voltase methad is o
Fturer and have Lin provide his
vt busd 1At e cmeloyved, the
ctlon the wvoltage

Ling Is now available which solves

ol load and still stay within any

the convent tonat AC Tt ion motor

vil ol e ntate starter o the Twio
application,  The ond result is

111 slart the load and de it with

i i
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PICGURE 4
ULTRA TOR) START
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FIOUND ROTOR MOTOR CORNVENTIONAL SOLTD STATE STARTER

I TGRS 2,

2othat vach hees some deares of
slivhl iy

ate starter, has one lovel of

1L s appoarenl Prom the carven in Tigure
inrushe Three out of Ffour have Lwo st
ditfersent magnitude,  The fourth, the saljd
inrush and this Tevel being adjustabie mast bo wot at g level high cnough
Lo net only provide the power o break Clee Toeed o away, bl gl to acee] o=
Thiis Lrdous us Lo the yeal probloen,

ol inrush, coach of

rate tho load to full speced,

The probklem ls, Lhe machine puge be sterted and aceeleratoed up to full
speed and still stay within the power line and inrushrlimjtdtions.

It 1s thercfore apparent that only certain kinds of reduced voltage methods
can be used with any given kind of loads.

Ty-




SELECTION OF

REDUCED VOLTAGE STARTERS

Ta select a progper reduced voltapge otarler, won
sideration should be given 1o requirements of apph-
cation which may be divided into the following three:
I Limiting starting current throughout stacting.

Transition to full vollaje needs te be detayed
until jusl befare the motar oblans full speed
Whether accelerating is large enough lo accelarale
the load should be corsidered

2, Lomhing the duration of flaw of maximum current
during starting.

The man ¢onsideralion should be reducing line
disturbance by shortening maximum starting current
nterval ralher than by reslricling maximum slarting
current.

3. Prowviding cushioned starting.
Slarting lorque is lirst hinited, then increased
gradually with acceleralion

REDUMCED VOLITAGE STARIER SEVECTION TAdLE

. e e — ol S,
e REO.J\T:JEI LA STARTIG [uwnm‘. DURATION OF | PRovIibG
vee CURRERT THROUGH ' TIOW 01 MAX CURREME | CUSHICHE O APFUCA LIS
OF L0AD OUT STARMING DURIMNG, STARTIMG STARTING,
Maching Tanly
Lathes. dcilling moachie, borng endchines
spindle diives of milling machines, geor culling
machines. cultris of geer culting maochines,
grinders, bund sow mochines, poper grinder.
line shafl drives
Woe-deltn :
START Al | loodma. Unlanding und Transportalion
. Karadorfer
MO LOHAD R , Winches with ciulch, capslans, crushers,
caclor
unloaders
: Spinning and losming Machimes.
Gererol Industiinl Machines
#Molor-driven Machines.
|
P MG Sets
Flured Meachines
Sprral pumps. turbine pumpy, volute pumps,
SQUARED OF Korndiorien N IE"I" swath plote pumps. axiol-low pumps
. caclor
TORGUE LOAR Reartor Fomumabe Mochines:
Wye dallg
i Centeitugaltons, bawess and  compreison,
U awal low fans. blowers anrd -comprasion
Kuza Rewctor 1 Liting Lowermg Mach
GRAVIIY LOAD Korndorier « Heatto pro-Beacer ) Diting-towerng Machices
Korndorier Winchas, ilted canveyors, elevalory, eicoloton.
Fead Drives
K © Monraetal ronveyory, travelling Irucks,
FRICTIE S H Kornidarler Karnidanler k""'d ; mehine tools °
LGAD Reoclar Reaclar y o erndarter ’
' Reactor Crushers. Mixers. Feeders, Cofenders.
Eleetric Doars.
IMERTIA Wye-detla Wye-deitn Cenitifugal Seprratary, Hydig-enlrattors,
LOAD Korndodfer Korndorier Crank Presses
Reactor Raactor Iwith tmall vepuhion lorqus anlyl.
STARY AT Korndarler Karndarfer Kuza-Reoctar | Reoprocating Pumps. Reciprocaiing Compressors,
FULL LOAD Raoctar . Recclor Koindorier Rools-blowers, Entruders.
INFERMITTENT Kuro Reaclor | Loom Mochines. Winders, Pinch Rollers, Long
LOAD Belt Conveyars, Chain Conveyori.

J Korndorler

Mote: Revistor starier con be vsed inslend ol reaclor eacepl

vy

where opplicalions invelve inertin loed.

of all solid state devices and the power scection

Somade ap
ftve o phane) o A Tocdback loop neasuring VA

fower bedng supplicd to the molor <during the starting
casing

Tl control Loy i
‘

i

corusisty of gix
contzals the avount ol ‘
cycle (see figure 3),  The contiol is such as to altow an «-w'r.' {m:
amount of BEVA Lo 1low to the motor on o Lime basis, Lhuy providing a rate
e.f f:‘u:'mq(.’ GE KVA Lo the molor (see figure 4),

Lo the sitarloer da tirst coergized, The KA ondbpal ia ocevo, A the KVA
1he woior slarts 16 develop mare et wore torgue,
ical torgue to Ineak the

o docn The motar's torque,
up 1o
sturter

Qverednens ta the motar,
dososame point dnAime, Alos motor witl hove st

eased avag, i Phe FWa conl e Tar e, .
Chest el ying acceleratlon torgue Lo The lowd, wWhen the molor 2
salt spesad, the EVA denand decrcases 1o 1he runndng level and th
15 full v, This is showi in Tigure 4 where a pump type load is uscd as
tetally deperuds on motor

anoomanp e, The Jewel do which 1he WA Ti
design and the tonque characlterint ics ol the load,

10 15 e apparoll, Ly properly selocting the right sotor Lo omaleh the load
requirements and then mateh the starler Lo that motor, the motor will break

the load away accelerate it to full speed and do it all with g zero inrush,

YVvYy
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TYPES OF MOTOR STARTING

STARIING MEINMODS

ALY

PRIMART COMPIEL THOHS

FULL VOLTAGE STARFING

MOTOR

4%
e |
—————

VERY SIAPLE

STARNHG, CHARAC TLRISTICS

IYIC Al aPPHC ATIONS

- Bott slanting corrent and stactmy torgue lurge,

tesulling 10 shartesl starling Hine.
- Line disturbunce and intush current large.

- Shock 10 connecied mouchinery inewtabille al
staciing

General induslry use,

REDUCEC
YOLTAGE
STARTING

WYE'DE“*“ < Bl washing currentl ond staching lerque small
{Open hansitian)
MOTOR - Slarling cotrent awl udjustable Sorable for stuiling motars with
B ne 1oad o light load toonecied
—t - - Torque increase and moximum torque smull
] . - Muchine toals,
- Opening of cncuil duting Ieousilion la foll
volluge muy couse fine 1urge
—lt
SIMPLE idind
ST
KORNDORFER
- Sttty loies doos nob omuch decreane al
{Closad-transition) Muitug cocrenl norelooed
s budable Tar wee where reduehon
HOTOK | Sty conent dpestable by astot amte ol stochieg cunen 5ol prome
tups Lomiderolion

MOST COMFLICATED

Torgee inczease smul Lol faiger D wath
wye-della slurting

- Maximum jorque smoll.

- Smoolh arceleration

Fumps, blowers

REACTOR

_r_' MOTOR
D
S —

A ITLE COMPLICATED

- Reduring starting corrent sharply decieoses
slarhing torque

- Slunting curren) aduniable by reuclon lups
+ Tergue mcreuse exliemcly large

- Maaimum 1gique targest smang seduced
volluge slurters.

- Smoolh eccelerclion

- Sulable for use where wye-dello
fariing dees not provide ade-
quote ucceleruhan

Cthed where custmaned slarting o
reguiced

- Pumps, blowers.

KUZA

MOTCR
o
—
—

SIMPLE

- Ouly slarhing terque can be limiled.
- Starting torque adjuitable by reacrar taps
- Torque inciease remarkably lorge.

- Smagih uccelerulion

Suttable for uie w small molars
where cushioned stacting is de-
sired.

FRIMARY RESISTOR

MOrOa

il

A LVTLE COMPLICATED

- Reducing stoiing cweent sharply reduces starl-
ing lorque.

* $lorling curremt adjuvioble by residior taps.

- Tarque increase and maximum torque pretty
{arge.

- Smooth accelerulion

- Suttoble o1 vse where wys-della
statling dosk mol provide ade-
Quale uccaleralion.

- Ued where it is desiroble s
ekiminote shock Ig driven ma-
chines.

YV




- A
I Coetlicient O for roughness equai to:

Priamerer |

() e Bl Bt
[ 1 b mm | k - 05 mm ks 1Omm | k= 20 mm
%

[$SRIY) | 102 | 54 200 271
0 040 | 0-700 1-04 1-34 1-80
0050 -528 0-78 0985 1-30
0-070 r 035 0-300 0615 Q-80
0-080 0 290 G-413 0-512 0-664
G100 . 0222 0310 0-380 0-490
0125 | 0168 0232 0284 0-360
01350 ()-133 0182 0223 0-280
0178 G110 0-150 0180 0229
0200 00935 (-128 0153 a-150
0225 : Nnog il 0-129 0162
[TEARTY) | anTIn U046 0114 0141
0 1oy P DsTY 00T 0094 . 0L
0180 1 00478 I 00625 073 0-090¢
04010 N CRIR TV Powonsa 0 062s 00758
IR RTH [ANERRS! (e 00538 0 0650
SIRTE! 1 (308 (+ 040 0047 00566
SR 0Ho2s [SESRIRM LSRR 40477
3700 U204 0 (266 : 00307 00168
1) R00 0078 | 00225 Q0260 00310
[SIINTY) SRUY i 00134 a022s 00267
100 SEIRE! : Q0L anre? 00234
o Coadie L oo1w L0010 00177
i~ (HOORY7 G OI0g 00120 00140
170 0 00686 (0 00887 00008 00116
2 f 0 (H)1586 : 000735 00084 000980
RERIVY ' 000453 ‘ 0 0056 (-0064 0-00745

Range ofwneeds

Wit pood :

approsvimiition &1 3ms T Fia das | B 1IN = 05 mys

3 Tables of values of the loss of head ).

I pracoce the roughness coeflicients used most often are cither
O aam or 2mim, or an intermiediate value such that it s only necessary
to take the artthmetic mean of the two values of J vorresponding to
cach of these coetiicients k (see page 991} The diunicter of the metal
pipes is standardized. The foliowing tables give for current diameters
the value of the loss of head through friction J under the least
fuvourable assumption of water at a temperature aear 0°C with the
MaXimum viscosity.
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TABLE giving the loss of head J in metres i

TABLE giving the loss of head J in metres
as a function of the diameter of the pipe and the mean velocity 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 (1) For new pipes (k = 01 mm) and (2} for existing pipes
{k = 2 mm) (the temperature of the water being at 0°C.) (k = 2 mm) (the temperature of the water being at 0°C.)
PIPE DIAMETER : 006 m. PIPE DIAMETER : 0-08 m. PIPE DIAMETER - 0 04 m. FIPE DIAMETER ' 0-05 m.
Pipc section : 0-00282744 m* Pipe section : 0-0050265 m? ]’ipé section © 0-0012566 m?* Pipe section : 0-0019635 m?
Mean | - - — - — — — .. ; " . . -
velocity Head per metre Head per metre | ngg:lll]\ Head per meire : Head per metre
in of pipe length Floyw of pipe length Flow in of pipe length Flow of pipe length Flow
metres/ |-— .. e — in T S— in etres . in in
sec. New Existing litres/sec. MNew Existing litres /sec, sec. New Existing litres . sec. MNew Existing litres #sec.
pipes | pipes pipes ! pipes ‘ pipes ! pipes pipes pipes
0-01 00283 0-0503 0-01 0 0125 0-0196
0-05 0-1414 0-2513 005 | 00628 0-0982
0-10 0-2827 0- 000256 0- 5027 010 l 01254 01963
0-15 | 0000753 0-4241 0000520 0-7540 018 ; L 0 154 0-2945
0-20 | 0001249 0- 5655 0-000861 | 0001438 1-0053 020 | 0002015 ° L 0.2913 0-001 590 0-31927
0:25 | 0-001856 0- 7069 0-001280 | 0-002213 12566 035 | 0003138 C0 3D 0-002358 04909
0-30 | 0002557 | 0004713 0 8482 0-001775 | 0-001154 1-5080 035 | 0001 | 03769 0003238 0- 5890
0-35 | 0003364 | 0006354 0-9896 0-002336 | 0-004263 1-7553 035 | 0 005684 | 03306 0004281 0008337 06872
0-40 [ 0004277 | 0-008262 1-1310 0-002994 | 0005539 20106 040 | 0.007242 | & 5074 000545 0010600 0 7834
0-45 | 0-00528% | 0-DI0406 1-2713 0-003702 | 0006969 2-2620 0-35 | o.comote | 0-018576 03652 0006708 | 0 013468 08836
0-50 { 0006412 | 0-012803 1-4137 0004467 | 0008568 2:5133 0-50 | 0.010861 | 0022868 08380 0-008115 | D-016587 09817
i35 | 0-007633 | 0-0is466 3351 0:00533% | 0-010347 17646 0-55 | ©0.012895 © 0-027640 0- 6908 0000668 | 0-020046 1-0799
0-63 | O:00Boer | ODiEyne | 16965 | DO0GII4 | 0-012290 | 30159 0-60 | 0015116 | 0032856 ' 0-7538 | 0011340 | 0023826 | 11781
065 | 0-010388 | 0021530 L8178 0007280 | 0014396 3-2672 0-65 | 0.017493 | 0.018519 48754 0-013118 | 0027924 | 1-2763
072 1 Q01907 | 0024955 19782 b o083s] 8- 016680 33186 0-70 0020072 | 0044652 (%792 0-015013 | 0-032174 | 13744
0-75 | 0-013523 | 0 028612 21206 0-009450 | 0019120 3-7659 0. 0023791 0051313 0-9420 0.007030 | 0-017128 | 1.4726
080 | 0015223 | 0012322 2-2619 0 010646 | 0021713 4-0212 0-80 | 0.023643 | 0 0525 ! 0048 0019213 | 0042270 | 1-5708
0-85 | 0-017034 | 0036682 2-4033 G-011910 | 0-0245]5 4.2726 088 | O osaesl | 0.0as3ad 0678 0 021500 | G 047658 1-6690
090 1 0-016955 | 0041084 | 25447 | 0-013249 | 0027458 | 4.5239 090 | 0-031845 | 0-073703 | t-1304 | 0023948 | 0-053429 | 1.767I
0-95 | 0020968 | 0-045771 2-6361 0-014651 | 0030590 4-7752 0.95 | 0.035190 | 0.0831 18 1 1533 0026496 | 0059524 | 18653
1-00 § 0-023064 | 0050715 2-8274 0-016115 | 0033895 5-0266 100 | 0033546 . 0.080981 {2586 0.029155 | 0-06585% . 1-9635
P05 | (-025257 | 0055909 2-9688 0-017644 | 0-037367 52779 105 | 00104 | o 1003so T 0-031976 | 0-072710 . 2-0617
1’10 | 0-027556 | 0061361 3-1102 0-019241 | .0-04i011 5-5192 130 | ooodzos1 | o iTooat 13522 0-034782 | 0-0798G1 | 21598
1'115 | 0026941 0067073 3-2516 0-020906 | "0-044828 5-7805 115 | ooosenad 1 o 0%y 1 aast 5-037756 | 0-087229 | 2-2%80
1-20 | 0-0324i8 | 0073023 3-3929 0-022635 | 0-048811 6-0319 A | 30a09s o Q-tabaar 15099 0-040834 | 0-004980 | 2-1362
1-25 | 0-034975 | 0079242 3:5343 0-024420 | 0-052961 62832 ae bRt i giany 12707 0044152 | 0-103054 & 2-3544
1-30 | 0-037615 | 0085709 3-6757 0-026273 | 0-057283 65345 13 b ae o 153780 | 6315 0-047549 | 0-111465 | 2.5528
1-35 | 0.040392 | 0092426 3-8170 0-028181 | 0-06[772 6 7858 30} boedll | o iadie e 6051890 | 0. 120200 26507
140 | 0043257 | 0099401 39584 0 030145 | 0-066434 70372 135 RO S P o4 9% 0054745 | 012927 2-7339
1-45 0 046204 0 106624 40094 0032173 0071261 7 2883 1;:2 0077453 | 0191385 1 %320 0 038500 0138665 | 2-8471
150 | 0049255 1 0 114106 42412 0 034261 | 0-07a262 7-5398 pas o bernn Lot 1 Nuee 0 062186 | 0-148396 ©  2-9452
155 0-05219) 0-12184% 4-3825 0 036478 0-081436 7-7911 I < ¢ 0BIRAS . 021859 19474 0066373 0-158463 |  3-0434
160 | 0055606 | O [2982% 4-5239 0 038751 | 0-086769 E-0425 158 G omishs o O2ial e 0 070459 | 0 15841 | 3-1416
1-65 0- 058908 0138076 46653 0 041093 0-09228) 82917 1-60 0 ohoREI 0347704 30733 0074658 | O- 179568 3.2397
170 0062308 00146564 48066 0041490 | 0-097955 H-5451 BRI S R 21362 0978953 | 0- 190606 33379
1:75 | 0065796 0 155120 49480 0 043952 | 0 103807 87965 120 esar o 35 3 1990 0083420 | 0. 201993 32361
T80 | 0-0803%0 0164314 5-0894 0 048489 | 0109818 9-0478 175 0- 11059 0 278619 21990 et IS 3.5343
185 | 0-073003 ' 0171568 5-2168 0 051089 © O 116003 9-2991 180 | 0116671 0294775 2:2608 -ous0e0 | 930359 3 2324
190 | 0-076759 0 (83080 5372 0-05375) 0122160 9-5505 SRS IR A (L I SR S A 6007557 | 0213096 37306
1-95 | 0050625 092841 55135 0-DS6472 1 0 128884 9-8018 1-90 REFE 0 3isest | 3 a4os 0 102487 | 0-250790 3-3288
200 | 0 0B4576 020286 50540 0-039253 ¢ 0 135580 100531 L'9s | 013%ied 0 dsesi 2 Pt 0107526 | 0-263821 3-9270
205 | 0088607 0203129 57963 0-062018 | 0132443 103048 200 | 014240 e . 1 EREEE B R 30250
210 | 0092122 0 223656 50175 0-0650d6 | 0149479 | 10- 5558 s 0> 0ran2ad PSS TP 0.117920 ' 0290865 4-1233
2:15 | 0096914 0234432 6-0790 0-068002 | 0156680 [0- 8071 200 [ 0186222 DaniEs 35 0123271 0. 104870 4-1315
220 | 0-101266 i 0245457 6-2204 0-071078 | 0164049 110584 245 | 0163337 0-4203564 | 27016 TS cIA R o e £ 2.3193
2:25 | 0105710 | 0-256749 6-1617 0074187 | 0-171597 113097 220 | 0170586 0440342 3 7643 128772 | gdusnd 4.4179
230 | 0110234 | 0268282 6 503 0-077350 | 0179304 115610 2:25 | 0-178048 1 0460601 | 2 _ HERrEeS 4.5160
335 1 0-114844 | 0280072 6 6445 0 080574 | 0187184 11-8124 2-30 | 0-185708 | 0-481290 | 2-g813 0140046
2 i , ‘ 502442 29516 0 145863 | 0 164235 4-5142
2-40 0119540 0292122 67859 0-083857 0195238 i2-0637 2-35 0 193s5i8 0 50=.5§ 30158 0151788 0- 179305 4-7124
245 | 0124318 | 0304420 69272 0 087196 | 0201457 (23150 2:40 | D-301476 . 0324058 30138 Sams | 230sa0s 4.8106
250 | 0129176 | 0-316967 7-0686 0 080591 0-211842 125664 245 | 0209576 | 0-sa6iat | 3-0786 OISTEI0 | gidndee 4.9087
300 | 0183110 | 0356416 B-4813 0 128731 0-305056 | 15-0795 150 0213815 0568630 T 9 1e40s8 | B i < 8905
350 [ 0246100 [ 0621258 95960 0 172875 | 04152103 175928 3:00 | 0307027 0-818833 31608 S0 | ik 58723
. . ' 2 I3 1947 . ] 0. . - ;] J .
4-00 [ o873 0811442 103098 0 224268 | 0542321 26- 1060 380 | Siasn2 l 455703 | S 0364 0. 404498 1055283 7-8540
va YVA
[ T



FABLI giving the loss of head J in metres

aya junction of the duamicrer of the pipe and the mean velocity

(LY For new pipes (k

0} mm} and (2) lor exssting pipes

{k 2 mn) (the temperacure of the water being ar 0°C))

PIPE DIAMETER ;: 0 150 m.
Pipe section : 00176725 m®

PIPE NIAMETER : 0-200 m.
Pipe section ; 0-031416 m*

TABLE giving the loss of head J in metres

av a function of the didmeter of the pipe and the mean velocity

(1) For new pipes (k = 0-1 mm) and (2} for existing pipes
{k Tmm) (the temperature of the warer being at 0°C )

Mean e N — VR - —_ —

velocity Head per metre i Head per metre
in ) of pipe length ! Flow af pipe length Flow

metres e — . — et 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 0000024 0000030 1-5708
0-10 0-000114 0-000163 1-7671 0000079 0000110 31418
015 0-000212 0-000352 26307 0-000162 0000218 4-7424
020 00001487 0-000612 35343 0000270 0000413 6-2832
028 0000578 0-000094 | ‘ 4-4179 0000400 0-000636 7 8540
8- 30 0003801 0001316 5-3014 0 000557 - 000903 94248
0-35 0001059 0001810 6 1850 0-000736 G-001217 109956
0 40 0-00}351 0 002347 70686 O 0010940 0-001581 125664
0 45 0001674 0002948 79522 0001169 0-001989 14-1372
O-50 0002031 a-003622 ! B B157 0001421 {-002445 | 15-7080
O 55 3002421 00043714 9-7193 O-001692 0-002945 © 17-2788
@ 60 0002842 0-005187 . O 6029 00019846 0 DD349] 18-8496
0 65 0 0032493 . 0600 I1-4865 0 002298 - 004080 20-4204
0-70 0003777 ' 0-007028 12 30 0-002642 0 304734 21-99]2
n-7% 0004289 0008054 11 2536 0002996 O 005413 23-5620
(RN 1] 0 004834 L0 009155 14-1172 0003376 0006181 25-1328
0 RS 0-005411 - 010329 15 0208 0003784 0006979 26-7036
0 %0 0-006017 0011572 0 159043 0-004212 0007824 28-2744
i} 98 0 (HI66S? O 012883 1 16 7879 0004658 0 008717 29 5452
1 00 O- 007316 n-014268 | 07 6715 0-005122 ¢+ 0 009659 314160
b DS 0-00800% | 0 015722 ¢ [ 5550 0005619 0 010648 32-9868
i an O-Q0RTIY2 § 0 017247 | 19-4386 N-006134 O 011686 345576
115 D DOSIRT 0 OIERS2 0 01222 0-006ER0 G-012774 36 1284
120 01027 D-010527 | 2-20058 111724 (013909 376992
1258 0 O110KG 0 (22271 0 22 0893 00782 0015042 39-2700
1 30 O 019 0 024091 1 22 472y - 008424 0016324 40-8408
128 O o1y bogon2sory 23-4565 0006047 0 017603 424116
1 40 0 ErIe 0 027930 247401 0 00ueys 0018931 419824
1458 O (4067 0-029970 25-6217 - 00362 0020307 45-5532
1-50 0 01she2 00312072 265072 (-1 1049 U-021737 47 1240
1-55 0 056646 H-034248 273908 0011756 0-023206 48 6948
1-60 0 117684 00649l 0 282744 0 012480 -024726 ° 50-2656
1-65 O GIH7S2 O OMBOU 291540 Q013232 0-026297 51 8364
E-70 IURVIMS RS O 030195 ¢ 30 045 0 014000 1 4027913 33-4072
i-75 Q-020070 0043658 09258 0 014790 0 029581 | 549780
1-8D O-0221 249 0 46184 318087 0-015307 0031294 56- 5488
1-85 O 020547 1 ORTRS 326922 O 016424 - 0130386 58-1196
1-90 0 0Xfsit 0S54 il 8758 0017268 O NIIRER 596904
1-98 O sy [ERTLERNR 3ods0q [AITAES 0116727 6l-2612
200 O 0B27002 O OSTeE i5 3430 0019032 (0 QIRA3S 628120
2-08 O 0281474 i 55908 62365 0019942 0 040994 644028
210 00245700 O U62KAY 370101 0020882 ' 0-042596 6%-9736
215 O-0308s Uh SR 379937 0-021841 + 0 044548 675444
220 0032497 0 axha W 8T N-02283 © 0-045748 69-1152
2-25% [ VERDES| i 7216k TR 0-023I843 ;  0-048899 70-6BG0
230 (035411 AT Eans VLA Cowlgl "y 051095 722568
238 036810 v GoGRILG Ly AT g U-looL_v - 0 053340 73-8276
2-40 0-038441 ¢ 0 082107 ' 42 41458 0-(126981¢ 0-055633 75-3984
2-45 003999y 0 0BSSH4 43 2v51 0-02807¢ 0-057978 76-9692
250 0041580 | Q-9 ¢ 44-17%7 0-029180 0-060367 78 5400
3-00 0085021 ' 0 128291 5301445 N-041400 - 086929 94 - 2480
3-50 0-079296 1 0174618 61-840) 0355757 U- 118320 109956
4-00 0-{024%3 0 22803 M 6860 007205 0-1545%54] 125 664

PIPE IYAMETER @ 010 my.
Pipe section ; 0007854 m*

PIPLE DIAMETER : 0-125 m.
Pipe section : 0-0[2272 m?

Mean R
velouity licad per metre Head per metre
mn of pipe length Fiow af pipe length Flow
metres” I in —_ in
sec. New Existing litres /sec. MNew Existing litres/sec.
pipes pipes pipes pipes
0-01 0-0785 01227
0-05 013927 06136
010 0 009 7854 0-000144 0-000207 1-2272
015 0000188 0000604 1-1741 0000291 - 000449 1-8408
0-20 0000643 Q- 1054 1-5708 0-000486 0-0007383 2-4544
0-25 (IR CRD LT 0001622 1-9635 0000726 0-00E204 1-0680
-3 0-00]1315 0-002312 2-35A2 (- 0000 0001712 1-6816
035 O-0301763 {4-003120 2-748y -0)13130 0-0:0231] 4-2952
40 O 002248 - 004060 3-1416 O-001701 0003004 4-9088
0-45 0 002786 Q-oasent 3-5343 0002104 0-00378S 5-5224
0-50 001370 00062581 A2 0 002548 0-0N4656 O 1360
0 5% 0 (M4 0 007584 43197 0-Q03037 0-005618 67496
060 0-004707 0009006 4-7124 - 003560 0 - 006568 73632
0 65 0- 005447 0 0143413 So10st 1-004120 07804 7-9768
0 76 O 46245 00122158 5 44738 {4 004726 0-009017 35904
& 75 O 0O70W} - 014000 5 RUDS 015369 0-0106336 92040
080 0 007985 0-01301) G- 1830 Q-006059 0011769 9-8174
-85 0008931 a-017951 6-6754 0 006765 0-013279 10-4312
0-90 0009930 0020108 70686 0007531 0-014878 11-0448
0-9% 0 (HWEO 0022402 7 4613 0-008332 0-016567 11-6584
1-N0 O-012080 (024822 7 8540 3009166 0-018349 12-2720
L 0s O-013233 1-027365 ! 8- 2a67 O 010047 0-020228 12 B866
L 10 O- {44370 O-0:30033 $-6394 0010962 0-022201 13-4992
115 0 015671 O-0321829 9-032 0011913 0024268 14-1128
120 0 O1445S 0-015746 94248 0012091 0-026424 14-7264
125 0014301 O-0314788 9-8175 (F-Ql392] 0028670 15-8400
1-30 019692 0-041950 10-2102 0-014938 0-331010 15-9536
1-3§ 0-021142 5 0 Q45237 [0 6029 - 016089 0-033440 165672
1-40 0022617 0-04B651 1039955 a-0171231 0-035964 171808
I-45 0-024197 0-052187 11-38B3 0-018406 G-038578 177944
1-50 (015801 Q-055849 117810 0-Q19615 (0-041285 184080
1-55 -027456 0059618 12-1737 0- 020857 0044086 19-0216
160 0-029149 0 0633544 125664 0-022140 0046973 19:6352
1-65 0030890 0067581 129591 0-023458 0-049957 202488
170 0-031671 0-071735 13-3518 3-024805 0-053028 20-8624
1-78 Q-034514 0-076021 13-7445 0-026200 C-056196 21-4760
1-80 0016397 (-080423 14-1372 0-027625 {0-059450 220896
185 0018124 0 084952 14-5293 0029097 0062798 22-7032
1-90 0040294 Q- 089608 14-9226 00310588 (- 066240 233168
1 95 0-042347 0 094345 15-3153 (032126 0069772 239304
200 0044446 ' 0099290 15-7081 00331714 0-073197 24 5440
205 0-046589 0104318 16 1067 0-035334 0-077112 25-1576
2-10 0048777 0109468 16-49314 0-0316990 0-080921 25-7712
2-15 0-051010 0-114742 16-8861 0-038678 | {-084820 25- 3848
220 0053285 0120138 17-2788 0-040437 G- 088809 26-9984
2-25 0055608 (- 125665 17-6715 0-042236 0-092894 27-6120
2-30 0057970 Q-131310 18-0642 0-044068 G- 097067 28-2256
2-35 0 060177 0- 137081 1B-4569 0045960 0101313 28-8392
2-40 0-062828 0142978 18-8496 Q-047890 0- 105692 29-4538
2-45 065320 0-148998 192421 0-049858 0110142 30- 0664
2-50 0-065853 0-155139 19-6350 0-051862 0- 114682 306800
300 0-096133 0223402 23:5620 0-073580 0163043 36816
350 Q-129559 0-304073 27-4890 0- 098302 0-2247717 42952
4-00 0-167589 0-397152 31-4160 0-1238004 0-293587 49-088

YA-



TABLE giving the loss of head J in metres

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

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

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

PIPE DIAMETER : (-400 m,
Pipe section : 0-125664 m?

as a function of the digameter 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

Mean —
velocity Hg'e_;tq per metre Head per metre
in aof pipe length Flow " pi ¢ -
metres/ pig g iﬁ of pipe length ngw
5€C. New Existing litres/sec. New Existing litres/sec.
pipes pipes pipes pipes
00§ | 0.000011 | o0-c00014 8106 | o 63055
. : : . -Q00010 0- 000012 .

010 0-000039 0-000052 9-6211 0-000033 0-000044 lg : gggi
0-15 0-000081 0-000112 14-4317 0000068 0- 000094 18-8496
020 0-0001235 0-000195 19-2423 0-000115 0-000164 25-1328
25 0-000203 0-000298 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 0000317 0000485 43-9824
0-40 0-000477 0-000747 3184846 0000406 0-000631 502656
0-45% 0- 000594 0000941 43-2952 G- 000506 0-000795 56- 5488
0-50 0000721 Q-001157 48-1057 0-000615 0-000978 62-8320
0-55 0-000860 0:001396 52-9163 0-000732 0-001180 691152
060 0-001009 0-001657 57-7269 0000858 0-001400 75-3984
065 Q-001172 0:001942 62-5375 - 000996 0-001640 Bl-6816
0-70 0-001348 0-002252 67+ 3480 0-001146 0001899 B7-9648
075 0-001533 0-002584 721586 0-001305 0-002177 942480
080 0-001730 0-002940 76-9692 0001472 0002473 1005312
0-85 0001936 0-003320 817798 0-001648 0-002790 106-8144
0-90 0-002153 0-003722 86+ 5903 0-001832 0-003128 113-0976
095 0-002383 0-004147 91-4009 0- 002026 0-003485 1193808
1-00 0-002626 0-004595 96-2115 0-002233 0-003861 1256640
105 0-002878 0-005065 101-0221 0-002447 0-004257 1319472
110 0-003142 0-005559 105-8326 0-002672 0-004672 138-2304
115 0-003417 0-006077 110-6432 0002905 0-005106 144-5136
1-20 0-003701 0-006616 115-4538 0-003147 0-005560 150- 7968
1:28 0-003998 0-007179 1202644 (- 003399 0-006013 157-0800
1-30 0-004304 0-007765 125-0749 0003659 0-006525 163-3632
1:35 0-004623 0-008373 129-8855 0-003929 0-007037 169 - 6464
1-40 0- 004952 0-009005 [34-6961 0-004208 0-007567 175-9296
1-45 - 005291 Q- 009660 139- 5067 0-004498 0008117 182-2128
1-50 0-005642 0010338 1443172 0-004796 0-008687 1884960
1-55 0- 006004 a-011039 149-1278 0-005107 0009276 1947792
1-60 - 006375 0-011762 153:9384 0005428 0009884 2010-0624
1-65 0006760 0-012509 1587490 0-005752 0-010512 2073456
1-70 0-007155 0-013278 163- 5595 {0-006087 0-01L158 211-6288
1-75 0-007560 0:-014071 1683701 0:-006431 0-011825 219-9120
1-80 Q-007979 0-014886 1731807 0-006783 0-01250% 226-1952
1-85 0-008403 0-015725 177-9913 0007143 0-013214 232-4784
1-90 0-008842 0-016586 182R0O18 0-007516 0-013918 218-7616
1-95 0009286 0017470 187-6124 0-007898 0-0714181 2450448
2-00 Q0-009745 0-018178 192-4230 0-008288 0-0135444 251-3280
2-05 Q-0i0214 0019309 197-2336 0-008686 0-016226 2576112
2-10 0-010693 0-020262 202-0441 0-009092 d-017027 263 8944
2-15 0-011188 0-021239 2068547 0-009513 (-017848 2691776
220 Q-011693 0-022237 © 211-6651 0009942 O-018687 276 4608
2-25 0-0t2209 0-023261 vo216-4759 0-010380 0-019547 282+ 7440
2:30 0-012734 0-024305 1 221-2864 0-010826 0020425 289-0272
2-45 0-013270 0-025373 | 226-0970 0011280 0-021322 295-3104
2-40 0-C13816 0-026465 21090746 0-011744 0-022240 1015936
1-45 0-014371 0-027579 215-7182 0-012215 G-021176 307-B768
2-50) 0-014945 0028716 240- 5287 0-012695 0024131 3141600
3-00 Q-021167 0041351 288-6345 0017971 (- 034749 176-992
350 0028543 0056283 3367403 0024273 0-047297 439 824
4-00 0-036908 0-0735113 3184 - 3460 0-031296 0-061276 502656

PIPE DIAMETER ;: (:250 m.
Pipe section : 0-0490875 m*

PIPE DIAMETER : 0-300 m.
Pipe section : ¢-070686 m*

Mean
velacity Head per metre Head per metre
in of pipe length Flow ol pipe length Flow
metres/ in in
sec, New Existing litres/sec. New Existing litres/seg.
pipes pipes pipes pipes

0-01 D- 4909 0-7069
0-05 0-000017 0-000022 2-4544 0-000014 0-000018 33343
0-10 - 000060 0-000081 4-9087 0-000048 0-000064 7-0686
0-15 0-000122 0-000175 7-3611 0-000097 0-000139 106029
0-20 0-000204 0-000305 9-8175 0-000163 0- 000241 14-1372
0-25 0-000303 0-00046% 12-2719 0- 000244 0-000370 17-6715
0-30 0-000424 0- 000668 147262 0-000339 0-000527 21-2058
0-35 0-000563 0-000902 17- 1806 Q- 000450 Q-000711 24-740]
0-40 0-000720 0-001173 19-6350 0-000574 (- 000925 282744
0-45 0-000890 0-001477 22-0894 0-000712 Q-001164 31 -8087
0-50 0001080 0-001815 24- 5437 0-000864 0-001431 353430
0-55 0-001286 0-002188 26-9981 0-001011 0-001725 38-87173
0-60 0-00t512 0002594 29-4525 0-001215 - 002046 42-4116
0-65 0-001753 0- 003034 31-9069 Q-001411 0-002393 45-9459
0-70 0-002013 0-003511 34:3612 Q-001622 0-002769 49-4802
0-75 0-002294 0-004024 36-8156 0-001845 G-003170 33-0145
0-80 0-002586 0-004573 3%-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 44- 1787 0-002588 0-004556 61-6174
0-95 0-003571 0- 006440 46-6331 0-002866 0005076 67-1517
1-00 0-003935 0-007136 49-0875 Q-003157 Q- 005624 706860
1-05 0-004315 0-007867 51-5418 0003461 Q- 006200 74-2203
1-10 0-004712 0008634 53.9962 0-003778 0006804 77-7546
1-15 0-005123 0-009437 56-4506 0-004110 0-007438 B1:2889
1-20 0-005555 0-010276 58-9050 0-004433 0-008099 84-8232
1-25 0-006002 0-01115¢ 613593 0- 004808 0-008787 88-3575
1-30 G- 006464 0-01206Q 63-8137 0-005177 0-009504 91-8918
1-35 0006944 0-013005 662681 0-005561 0-010249 95-426l1
1-40 0-007441 0-013986 68-7225 0-005957 0-011022 989604
1-45 ¢-007956 0015002 71-1769 0-006165 0-011823 102 - 4947
1-50 0-008486 0-016055 73-6312 0-006785 0-012653 106-02%0
1-55 0-009033 0017144 76-08B56 0-007217 0-013511 109 5613
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 81-4487 0-008602 0-016252 120 1662
1-75 0-011364 0-021854 85-9031 0-009090 0-017223 1237005
1-80 G-011989 0-023120 Bg- 3575 0-009595 0-018221 1272348
1-85 0-012629 0-024422 90-8118 0-010106 0-019247 1307691
1-90 0-01328% 0-025760 93-2662 0-010615 0- 020302 1343034
1-95 0-013954 0027133 95-7206 0-011170 0-021384 1378377
2-00 0014619 0-028541 981750 0-011723 0-022495 141-3720
2-05 0-015345 0-029988 1006293 0-012288 0-023633 144 - 9063
210 0-016067 0-031469 103-0837 0-012865 G- 024801 148 - 4406
2-15 0-016804 (-032985 105- 5381 0-013461 0- 025996 1519749
2-20 0-017564 0-034537 107-9924 0-014070 0-027218 1555092
2:28 0-018341 0-036126 110-4468 0-014691 0-028470 156-0415
2-30 0-019111 0037743 112-9012 0-015324 0029749 162+ 5778
2-35 G- 019940 0039407 115-3555 0015969 G-031057 1661121
240 G-0207613 0-041103 1178099 0016627 0-032393 169 6464
2-45 -021600 0-042833 120 2643 0017296 0-033756 1751807
250 0022465 0044598 122-7187 0-017988 0-035(48 176-7150
3-00 0-031873 0-064222 1472628 0-025450 0-050613 212-058
3}-50 0042907 0-087411 171-8063 0-034341 0068890 247401
400 0-D55455 O-114173 196 3500 0-044827 0-089979% 282-T744




TABLE giving the loss of head J in metres

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

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

VABLE giving the loss of head J in metres

as a funciion of the diaemeter of the pipe and the mean velocity |

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

(k

PIPE IMMAMETER : 0-450 m.
Pipe section ; 01590435 m?

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

PIPE DIAMETER : 0-600 m. PIPE DIAMETER ;02700 m.
Pipe section ; 0-282744 m? Pipe section: 0384646 m?
Mean
velocity Head per metre Head per metre
in of pipe length Flow of pipe length Filgw
R —_—— in i .
rn:{l{::e.s, New Existing + litresssec, New Exn_slmg litres/sec,
pipes pipes { pipes pipes |
: 3-B484
¢-01 2-8274
. (- 000006 0- 000007 141372 0 000005 Q-000006 19-24213
g?(s] 8- 000020 0000026 281744 0-000017 (-000022 38;223
0-15 0- 000041 0000056 42-4116 0-000034 0- 000047 57 o
020 - 000068 0-000095 565488 0-000057 0- 000080 76'2?]5
0-25 0-000105 0-000149 70- 6860 0-000087 0:000123 96-4 I
0-30 0000146 0-000212 84-8232 0-000121 0-000175 lli 861
0-35 0-000193 0-000287 98 - 9604 0-000160 0-0002136 13 g ¢
&40 0000247 0-000372 1130976 0000205 0 000308 153 30;
0 45 0 000307 0 000469 127-2348 0 000255 0 Q00387 173 411230
0 50 0- 000372 0000577 141-3720 - 000309 0-0Q0047] 19 23
0-55 0000443 0 000697 155- 5092 0-0003168 0-000571 21 833
060 0-000521 0-000827 169 - 6464 0-000433 0000679 230 9‘1 s
0-65 0 000605 Q- 000969 181 7336 0-000502 0000795 250 ;932
070 0000695 a-Dorr22 1979208 0000576 Q-000921 269 bt
& 75 0- 600790 0-001287 2120580 0:000655 0-001057 283 g?iGB
0-80 0-600890 0 K463 2261952 0:000738 0-001202 klir) ;
0-8s - 000996 0-001651 2403324 0-000826 . 0-001358 327 H94
0-90 a-0010107 (- 001849 154 4696 0-000917 © 0-001521 3146 36!7
0-98 0-001221 0002059 268 - 60638 0-001015 0-001681 365-603
| -00 Q-001341 0002274 2827440 0-001117 0-0{) 1880 3184 - B460
1-05 Q-01472 0002513 2068812 0-D01224 0-002068 404 08(3)3
110 Q- 00 160% 0 Q02758 JIL-0184 0 001338 (-002272 423 3% 6
E-15 Q-001750 ( Q03014 325-1556 0 001454 G-0D2482 4425729
[ it} 0-0013897 (- 003282 3319-2928 Q001562 0- 002701 461-8152
1-25 (- 002044 0 003561 35134300 0 001688 0002934 481-0575
1-30 (0- 002208 003852 367 5672 0001817 0003175 500 2938
1-35 0002172 00041 54 1817044 0001946 (-003420 519 Sg ‘]1
1-40 0002541 0 0044587 395 -B416 0-002084 0-003680 538 3221
145 0-002715 0004792 409-9788 0002225 1 0-003950 558 o0
l-50 0002896 0-005128 4241160 0-002376 0004223 577 e
1-55 0-001082 0005476 438-2523 0-002528 i 0-0045]12 596 ‘?5]6
1-60 0-003271 0005835 452-3904 0-002681 0-004884 615‘ g
165 - 0D Y469 0 006205 466 5276 0 00284) 0005115 634‘3332
1-70 0003673 0 006587 480 6648 Q0-003012 0-005437 65; L
1-7§ 0 0031879 0006980 494 - 8020 0-003181 0-005750 67 :7223
1-80 0-0040G0 0007384 S0B-9392 0-003356 0-006079 692 2t
185 0 004109 J-007800 523-0764 0-003530 0006424 711 '%(6)74
190 Q-00453) 0-00R228 537-2116 0-003714 0-006775 73]'4497
1-95 0-004741 0 QDB6GH 551-1508 Q-0031901 0-007146 750.6920
200 0-D04u9 s 0T 565 4480 - 004088 0- 007508 78’;:9343
2-05 0-005234 0 00578 579 6252 0-004286 0-007895% 7 342
2-10 0005477 0010051 1 591-7624 0004484 0-0082717 8081 ¢
2-15 0005729 0010516 | 607-8996 0004636 0-008673 827-418
1-20 0005986 0-011031 ! 622-0368 (- 004889 0-009089 846- 6612
2-25 0-006249 0-011539 6161740 0-005103 0- 009502 865-903g
.30 0006516 0012057 6503122 0-005322 (G- 009944 835-145
2-35 0- 006788 0 012587 664- 4484 0-005547 0-010451 904.323;
2-40 0- 007066 0013128 678 5856 0-005773 Q-010806 923-6727
2-45 0007153 0-013681 692-7228 0-006010 0011268 942-8 :
2-50 0-007645 0-014245 706 8600 0-006248 0-011733 962- l:l‘g
300 0010841 Q-020513 848-232 0- 008867 0-016901 I, 1545380
3-50 Q0-014610 0-027920 389 604 0-011925 0-022997 1.346'9213
4-00 0 018893 3-036476 1,130-967 0-015436 I {-0304£0 1,539-384

Mean |- ——
velocity Head per metre Head per metre

in of pipe length Flow of pipe length Flow
metres .’ R in - in
s0C, New Existing litres/sec. New Existing litres/sec.

pipes pipes pipes pipes

0o j 15904 1-9635
0-05 i 0-000008  0-000010 79522 0000007 0- 000009 5-B175
010 0-000029 ;| 0-000037 159042 0-000025 0-000033 1%-6350
6-15 | 0000059 . 0-00008] 234565 Q- 000052 0- 060070 29-4525
020 | 0-0000%9 | 0-000141 31-8087 - 000088 Q-000123 39:2700
0-25 ¢ 0-000149 | 0-000217 39-7609 0-000131 0-000189 49-0875
0-30 | 0000207 | 0O 00D309 47-7130 0-000182 0-000270 589056
0:35 { 0000275 : 0000418 556652 0000242 0-000365 68-7225
D40 0000352 | 0-000543 631-6174 0-000310 0-000474 78 5400
G35 | 0 00438 0- 000684 715696 0- 000386 0-000597 88-3575
0 S0 j 0 000531 - 000841 79-5217 ¢ 000469 0000735 38-1750
0585 ¢ 000063 | 0001016 87-4739 - 000560 0000887 107-9925
060 | 0000746 0001205 95-4261 0-000658 | 0-001053 117-8100
065 - 0-000865 | 0-0014]2 101-3781 0-000763 0001233 127-6275
0-70 0000994 | G-001634 3304 (- 000875 0 001427 137-4450
& 75 0001131 001872 1192826 0-000995 ¢-001635 1472625
80 i 0001276 0-0n2t27 1 127-2348 0-001123 0001856 157-0800
045 | 0-00i{429 0-002399 . [35-1870 0-001258 0002093 1668975
90 0001589 0 D02688 ;o 14d-1391 0-001400 0-002343 176-7150
0-95 . 0001757 O DO29%1 | 1510913 0-001548 0-002606 1B6-5328
160 | 0001016 000331y 1 159.0415 Q-001704 0 002885 1963500
F-08 7 0002122 0 003652 I a6 9957 0 001869 0- 003180 206- 1675
L 1eg . 000246 N-004008 1 1749478 0-002040 0-00349) 215-9850
1S 1 0002520 -004382 1829000 0 002219 1003815 225-8025%
120 | 0002730 0-n04771 190-8522 4002405 ! 0-004154 235-6200
1-25 | 002948 08177 19R- 8044 - 002594 0-004508 245-4375
1-30 ) 6003174 0008599 1 2067564 0- 02794 0004876 255-2550
1 35 ' (003408 0 006018 214-7087 0- 003000 0-005258 265-0725
40 | 003650 0006494 2226609 0-003213 0-005654 2748900
1-45 0 0-003901 0 006965 230 6131 0-003436 0006065 2B84-7075
1°50 ' 0004162, © 007454 | 2385652 0-003665 0006491 2945250
1 58 0-0044 30 | G- 007969 246 5174 0 9031902 0-006931 3043425
I A0 0004706+ 0 QBR4R] 254 46496 0004144 0007345 314- 1600
165 | 0-004900 ! 0000020 2624218 0-00439) 0-007854 323-9775
170 i 0-005280 0009574 2703739 0004649 0-0083317 333-7950
1-75 i 0005578 010147+ 278 31261 0-00491] 0 D0OBAR3S 3436125
1 40 | 0 DO5BRY (3-010734 2862783 0 005179 0-009147 3153-4300
-85 | 00061484 0 011338 2G4- 2305 (- 005456 0-009873 363-2475%
190 ‘ 0-006518 | 0-011960 302- 1826 0005741 0-010414 3713-0650
1-95 | 0 00AR4E 13 012508 1348 0006031 ¢ 010970 382 8825
T 0 D786 f) 011252 R 0RO 0 HOK12R 01540 192-7000
205 o7 I R URA] 1260392 0 006632 0-012124 402-5175
2-10 0 0u7AR7 - Grand | 1339913 0006946 0012723 412-3350
15 0 ponngrs: G-018315 1 14719438 0007206 1 0013336 422-1525
2-20 0 DDRR62) 0-016015 1 1498957 0-00759) 1 0-013963 431-9700
2225 0 0008003 0016773 1 357 8479 0007927 1 0014605 441-7875
AR} -000389 007526 365 BOOO 0-008267 | 0-015261 451-6050
235 O 000783 | 0-018296 173-75822 0-008613 ' 0-015932 4614225
240 0-010184 | 11019083 1315044 0 00BY6H 0-016517 4712400
245 1 0 010593 1 (019887 J 189 6566 0-00%315 | 0-017317 481-0575
2250 | 001 10408 0-020706 397-6087 0009697 J 0018030 4908750
ARi] 0015607 , 0-029817 l 4771305 0-013762 | - 025964 589-0%
3-50 0-021035 1+ 0-040585 | 556 6523 0-018519 | D-D35340 687-225
4-00 i - 027034 -053009 | 536-174 0-023976 - O-046158 ‘ 7854

| |
YAL




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

TABLE giving the loss of head J in metres

{(k = 2 mm) (the temperature of the water being ar 0°C.)

PIPE DIAMETER : 1-000 mn,
Pipe section : 0-785398 m:*

PIPE DIAMETER : 1-250 m.
Pipe section : 1-22719 m?*

Mean s e it e -
velocity Head per metre Head per metre
in of pipe length Flow of pipe length Flow
metres;/ |— in in
sec. New Existing Jitres/sec. Mew Existing litres/sec,
pipes pipes pipes pipes
0-01 7-8539 12-2715
@-05 Q- 000003 0-000004 392694 0- 000002 Q0-000003 613575
4-10 0- 000010 0-000013 78-5389 0- 000008 0-000010 1227150
0-15 0-000022 0-000029 117-B083 0-000017 0-000022 184:0725
Q-20 0-000037 0- 000051 157-0778 0- 000028 0-000038 2454300
Q-25 0-000056 0000078 1963472 G- 000043 0-000059 3067875
0-30 0-000078 0-000111 235-6167 0- 000060 0-000084 36B- 1450
0-35 0-000103 0-000150 2748861 0-000079 0-000113 429-5025
0-49 0-000132 0000195 3t4-1556 0-000101 0-000147 4508600
0-45 0-000| 64 0-000246 351-4250 0-000125 0-000185 552.2175
0-50 0000200 0000302 392-6345 0-000152 0-000227 613-5755
0-55 0-00023% 0-0003165 431-9639 | 0000182 0000274 674-9325
0-60 0-000280 0-000433 471-2334 | ©-000213 0000326 736-2900
0-65 0-000325 0-000507 5105028 0000248 0-000382 797-6475
0-70 0-000372 0-000587 5497723 0-000285 0-000443 855-0050
0-75 G-000423 0-000673 589-0417 0-000324 0000509 920- 3625
0-80 0-000478 0-000765 628 3112 0-0003166 0-000579 9817200
0-85 0-000536 0-000863 667 - 5806 0-000409 0-000653 1,043-0775
0-90 0000596 0-Q00966 706-8501 0-00Q456 0-000732 1,104-4350
0-95 0-000660 0-001076 7461195 0-000505 0-000815 1,165-7925
1-00 0-000726 0-001193 785-3980 | 0000556 0- 000903 1,227-1500
1-05 0-000795 0-001315 824 6584 G- 000609 0000995 1,288 5075
1-10 0-000868 0001443 863:-9279 0- 000665 0-001092 1,349-8650
1-15 0- 000944 0-001577 9031973 0000723 0-001193 1,411-22158
1-20 001024 Q001718 942 - 4668 0-000783 0-001299 1,472- 5800
1-25 0001106 0001864 971-7362 | 0-000846 0-001409 1,533-9375
1-30 0001191 0-002016 1,021-0057 G- 000911 0-001524 1,595-2950
1-3§ 0-001280 0-002174 1,050-2751 0-000979 0-001644 1,656-6525
1-40 0-001372 0-002338 1,099-5446 | 0-001049 0-001767 1,718-0100
145 0-001486 0-002508 1,138-8140 | 0-00112¢ 0-001895 1,779- 3675
1-50 0-001563 0-002684 1,178-0835 ¢ 0-001196 0002028 1,840-7250
i-55 0-001663 0-002866 1,217-3529 1 0-001274 0-002166 1,902- 0825
160 0-001767 0-003053 1,256- 6224 0-001353 0002307 1,963-4400
1-65 0-001873 0-003247 1,295-8918 0-001434 0002454 2,024-7975
1-70 0-001983 0-003447 £,335-1613 0-001518 0002604 2,086- 1550
1-75 0- 002096 0-003653 1,374-4307 0-001603 0002760 2,147-5125
1-80 0-002213 0-003864 1,413-7002 0-001691 0-002920 2,208 -8700
1-85 0-002332 0-004082 1,452-9696 0:-001782 0003084 2,270-22715
1-90 0-002455 0-004306 1,492- 2381 G-001875 0-003253 2,331-5850
1-95 }- 002580 0-004535 1,531-5075 0-031971 0-003427 2,392-9425
2-00 0-002708 0-004771 1,570-7780 | 0002068 0- 003605 2,454 3000
2-05 G-002438 0-005012 1,610-0474 0-002168 0-003787 2,515-6575
2-10 0-002972 0-005260 1,649:3169 0-002269 0003974 2,577-0150
2-15 0-003108 0-005513 1,688 - 5863 0-002375 0-004166 2,638-3725
220 G-003246 0 005773 1,727-8538 - 002483 0 004361 2,699 7300
2-28 0-00D3I8E 0-006018 1,767-1252 0-002593 0-004562 2,761-0875
2-30 -003SA2 0-006309 1.80n-3947 0- 302705 0004767 2,822-4450
2-35 - 003679 - 006587 1.845- 6641 0-002819 - 004976 2,B83-8025
2-40 {(3-D03431 0006870 1. 8849136 0-002936 G-005191 2,945-1600
1-45 (- D(HIYRS 0007159 1,924-2030 0-003055 (- Q05409 3,006-5175
2-50 0-00414] ‘ 0-007454 [,963-4725 0-003178 0-005632 3,067-8750
3-00 0-005985  0-010734 2,156-194 0-004510 0008110 3,681-57
3-50 0037930 I 0014610 2,748 893 0- 006084 0-011039 4,295-165
4-00 0-010259 ‘ 0019083 3,141-592 0-007875 0-014418 4,908-76

o e—

TABLE giving the loss of head J in metres

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

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

PIPE DIAMETER : 0-800 m.

PIPE DIAMETER : 0-900 m.

M Pipe section : 0-50265%6 m? Pipe section : 0-636174 m+:
ean ot
velocity chq 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 r pipes
001 5:0205 -3617
D 05 Q000004 0- 000005 25-1328 0000004 - 000005 318047
0-10 0-000014 0- 000018 50-2656 0-00007 2 0-000015 6):6174
0-15 0-00002% 0-000039 | 75- 31984 0-000025 | 0-000034 94-4261
0-20 0- 000049 0000067 ;  100:5312 0-000043 | D 000058 129:2348
025 0- 000074 Q-000103 1256640 0000064 - OUOORT 15G-0435%
030 0- 000103 Q-000147 1507968 0-000U8Y . (- 0lK)Y 24 19()-8522
0- 38 0000137 O- 000198 1759296 0-000018 | O-000167 223 6609
0-40 G-000174 0-DO02SE 201-0614 0-000150 5 000214 2544696
045 0-000216 0-000324 2511952 0-000186 , 0-000274 2862783
0-50 0-000262 0-000398 251-3280 Q-000225 ; 0-000)36 318-0870
0-55 0-000312 0000481 2754608 0-000268 0-000406 349-8957
0-60 0-000367 0-000572 301-5936 G-000116 0-000443 3B!- 7044
0- 65 0000425 0-000670 326-7264 0000367 0- 000565 413-5131
0-70 0000489 0-000776 351-B592 0-00042) 0- 000654 4453218
075 0000557 0- 000890 376:9920 0-000479 0- 000749 4721308
0 B0 Q-000628 0001012 4021243 - 000540 0-000852 S0B-9392
0-85 0:000703 0-001142 427-2576 0000605 0-000961 540-7479
0:90 0-000781 0-001279 452- 3904 0000671 0-001077 5725566
0-95 0-000864 Q-001425 4775232 0-000743 0-001199 3653
1:00 0-000952 0-001579 502- 6560 0-000817 0-001327 636- 1740
1-05 0001044 0-001741 527- 7888 0-000826 0-00146! 6679827
i-10 0-001139 0-001910 552-9216 0- 000980 0001606 699 1914
1-15 G-001239 0- 002088 578-0544 3-001065 0-001752 731-6001
1-20 0-001341 G-002274 6031872 0-001144 0-001910 T63-4088
1«25 0-001448 0-002467 6283200 0-001237 0-002073 795-2175
1-30 0-001559 0002668 651-4528 0-001312 0-002241 827-0262
1-35 0-001673 0002877 678 5856 0-001428 0002420 858-8349
1-40 0001791 0-003045 703-7184 0001529 0- 002604 890 6436
1-45 0-0019i4 0-0033119 728-8512 0-001632 0-002787 9224523
1-50 0-002041 0-003552 7539840 0-001741 G-002983 9542610
1-5§ 0-002174 0-003793 7791168 0-001857 Q-001186 986 0697
1:60 0-002309 0004042 804 - 2496 - 001968 0-003398 1.017-8784
155 0-002449 0- 004298 8291824 0-002086 0-003610 [.04%- 6871
1-70 0-002593 0-004563 854-5152 ¢-002208 0003817 1,081 - 4958
1-75 0-002740 0-004815 R7Y9- 6480 0-002337 0- 004061 11133045
1-80 0-002890 0-005115 904 - 1808 0-002461 0004299 1.145-1132
1-85 0-003044 0005403 9299136 0002594 - ({4538 1,176-9219
-3 0-003202 0 GD5699 455-0464 0002726 0004792 1,208 - 7306
1-95 0:001362 4006003 YR - 1792 0002862 0-005044 1.240- 539}
2-00 0-003530 0-006315 1.005- 3120 - (03001 0-005307 1,272 3480
2-05 0003700 0006615 130 - 4448 0-0031144 0005578 1,304 - 1 367
2-10 0-00I875 1 0-006963 1.055- 5776 0-003296 0 005850 1,335-9654
115 0-004052 1 0-007204 FO8G- 7104 03445 0-006136 1.367-7141
220 0-004234 . (007641 [ 1135 8432 0-003598 0-06242 1,399 - 5828
2-25 0004419 | 0-0079931 | 1.130-9760 | 0-003757 0-006712 1,421-3975
230 0004651 ¢ 0008382 | 156 [ORY H-n0391s O- (07025 1,461 20012
2-18 - 04806 G-008719 | 1 KI-241n 0- 004074 0007419 1.495-0bRY
2-4n0 1} D 5006 | OO 4206 1744 0004240 0007041 1.526-817u
2:-45 0-005200  + D-MK477 12315072 0004419 - (H}TU6) 1,558 6261
150 0-0054i6 0- 009867 l 1,256 6400 0 004 590 (- (HIK28Y 1,590 4380
300 0-0076958 0-0H4200  © 1 507964 O-006S518 O-011923 1,908 - 5320
3-50 0-010357 | 0-01934¢0 1,759 296 0008782 0-016246 2,226 6000
400 0-013408 , 0025261 2,10-624 0-0!11367 0021204 2,544 - 6960
TAL



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 termperature of the water being at 0°C.)

PIPE DIAMETER : 2-000 m. PIPE DIAMETER : 2-500 m.
. Pipe section : 3-141592 m? Pipe section : 4-308738 m!
ean
velocity Head per metre Hcad per metre
in ol pipe length Flow of pipe length Flow
metres/ in in
SeC. Mew ‘ Existing litres /sec. New Existing litres/sec.
pipes pipes pipes pipes
0-01 31416 49-087
005 (- 00000t 0000002 157-080 0000001 0-00000) 245-437
010 0-000005 0000006 3i4-159 0-00{3003 0- 000004 490-874
0-15 0-000009 0-000012 471-239 0000007 0 000009 736-311
0-20 0-000016 0-000021 628318 0-000012 Q- 000016 981-748
0-28 0-000024 0-000032 785-398 0-000018 0-000025 1,227 185
0-30 0-000034 0-800046 942-478 0000026 0-0000315 1,472-621
0-35 Q- 000045 0000062 1.099- 557 G-000035 0-000048 1,718-058
0-40 0000058 0-000081 1,256-617 0-000044 0- 000062 1,963-495
0-45 0-000072 0-000102 1.413-716 0-000055 0-000078 1,208-932
0-50 0-000087 0-000126 1.570-796 0000067 - 000096 2,454-369
0-88§ 0000104 0-000152 1,727-876 0 000080 0-0001te 2,5699-806
0-60 0000122 0-000181 1.884-955 Q- 000094 0-000138 2,945-243
0-65 0000142 Q-000212 2,042-015 0-000109 a-000161 1,190 - 680
0-70 0000163 0-000246 2,199-114 0-000125 0-000187 3.436-117
0-75 000G 46 0000282 2.356- 194 0-000143 0000214 3.681-554
0-80 0000210 0-000321 Y.513-274 0000161 Q-000244 3.926-990
-85 0000238 0-000363 | 2670353 0-000181 0-000275 4,172-427
090 0000261 0 000406 i 2827433 Q- 000202 0-000308 4,417-864
095 0000289 0-000452 @ 2 UR4- 512 0-000223 0-000343 4.663-301
1-00 Q000119 0 000501 1.141-592 Q-000246 0000380 4.908-738
1-08 0003149 G-Q00552 31,294-672 0000270 0-000419 5,154-175
1-10 0000181 (- Q00605 3.455-751 0-000295 Q-000459 5,393-612
1-15 0000415 ‘ 0- 000662 1.612-831t 0-000321 0-000502 5,645-049
120 0000450 1 0000720 1.769-910 0-000348 0-000546 5,890-486
1-25 0-000487 | 0-0007TH2 3926990 G-000376 0-000593 5.135-923
-3 G-000524 0000845 4,084 070 - 000405 Q- 000641 6,381 359
1-35 G- 000563 ‘ G-000912 4241149 0- 000435 0- 000691 6.626° 796
1-40 0000603 0-000981 4,198-229 G- 000467 0-000743 6,872-23)
1-45 0-000645 i 0-001052 4,555-308 0-000498 0-000797 T.117-670
1-50 0-000688 ‘ 0-001126 4,712 188 0-000531 0-000852 7,363-107
1-55 0-000733 | 0001202 4 869468 (- 000566 0000911 7.608 - 544
i-60 0000779 0-00124¢t 5,026- 547 0- 000601 0-0009T1 7,853-981
1-65 0-000826 | 0-001362 5183627 - 000618 0-001032 8,099-418
170 0-000874 | 0-001446 5.140-706 0000675 0-001096 8,344 -855
I-75 0-000921 G-001532 5497 786 0000714 0-001161 8,590 292
1-80 0-000974 - (001621 5.654 866 0000753 0001229 8.835-728
i-85 0-001027 1 0-001712 S5810-945 D 000794 0-001298 9.081.165
1-50 0-001080 | 0001806 5969025 0-000816 0-001369 9,326 602
1-95 0040 ) 36 G- 001902 6.126-104 0 000878 0-00(442 9.572-039
2-00 0001192 0002001 6.28%-184 0 000922 0-001517 9.817:476
205 0001250 , 0002102 0,440 264 0000966 0-001594 10,062-9113
2-10 Q- 304 0002206 6,597 341 0001011 0-001672 10,308 - 350
215 QD036 0 0-0023]113 (754421 0001057 O9-001753 10,553-787
220 - (M 431 00024219 6,918 502 0001105 O-00183% 10,799 224
128 0-001494 0002533 7068 582 0001154 0-001920 11,044 - 661
2-30 0-.0{1559 0-002647 7.225-662 0-001204 0- 002006 11,2%0-097
2-35 0-001624 002763 7.382-74| 0-001254 0-002094 [ 11,535-534
2-40 0-001691 0002882 7.539 821 0-001307 O-002184 11,780-971
2-45 0-001759 0- 003003 7.696-900 0-0011361 0002276 | 12,026-408
2-50 0-001829 0003127 7.853-980 0-001416 0-002370 | 12,271-845
3-00 0-002592 0004503 $.424-776 0-002015 G-003413 :14,725-214
3-50 0-003497 0-006128 | 10.995-572 0-002712 0-004645 | 17,180 583
400 0-004526 0-008004 | 12,566 168 0-003517 0006068 | 19,634-952
YA
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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 = -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 : |-76715 m?

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

]\fi[ca_n Head tr Head per metre
velocit ea er metre 3
in Y of pi]:rl:: length Flow of pipe length Flow
metres,/ — . in — . in
5ec. New Existing litres/sec. New Existing litres/sec.
pipes pipes pipes pipes
B oomon | oooos | 2458
. 4000002 0-000002 . . . I3
3?3 ¢ 000006 0-000008 176-710 0 000003 Q- 0006007 240-528
0-15 0-000013 0-000018 265-065 0-000011 0-000014 366-792
0-20 0-000023 0-000030 353-420 0-000019 0-000025 481-036
0-25 0-000034 0-000047 441-775 0- 000028 0-000038 601-320
0-30 0-000048 0-000067 530-130 0- 000040 Q000055 721584
0-35 Q-000063 0- 000090 618-485 0- 000053 0-000074 84)-848
0-40 0-000081 0-000117 706- 840 0- 000068 0-000096 962-112
0-45 Q-000101 0-000148 795195 0- 000084 0-000121 1,082-376
050 0-000122 0-000!82 883-550 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 1,06Q-260 0-000144 0-000215 1,441 165
0-65 Q-000200 ' 0-000305 1,148-615 0-000167 ¢-00025] 1,563:433
0-70 0-000230 0-00035) 1,236-970 0-000191 0000291 1,68) 697
0-75 0-000261 0000405 1,325-325 0-000217 Q- 000134 {,803-961
080 0-000295 0-000461 1,413 680 0-000246 G- 0003180 1.924-225
-85 0-000310 0-000521 1,502-035 0-000276 0- 000429 2,044 -489
0-90 0-000368 0-000584 1.590- 190 0-000306 0-000481 2,164-73)
0-95 0000406 0000651 1,678-745 0-0003139 0-0005(36 2.285-017
1-00 - 000447 0-000721 1,767-100 0-000373 0- 000594 2,405+281
1-05 - 000490 0-000795 1,855-455 Q- 000409 0- 000654 2,52%-545
1-10 0-000535 0-000872 1,943:810 Q000447 0-000718 2.645;1309
1-15 - 000582 0-000951 2032165 0000486 0-000785 2.?66-p73
1-20 0- 000631 0-001038 2.120-520 0000327 0-000854 2.8867-;331
1-25 0-000682 0-001126 2208875 Q000570 0-000027 3,006-601
1:30 0000735 0-001218 2,297-230 0000614 0-001003 3.126-865
1-35 0000789 0-001314 2,385 585 0000659 0-001081 3,247+129
1-40 0000845 0-001412 2.471-940 0000706 0-001161 3,367-293
1-45 0000903 0 001515 2,562-295 0-000754 G-001247 3,4874657
1-50 0000963 0-001621 2,650 650 0- 000805 0001335 3,60‘1_-_92-2
1-55 0-001023 0001731 2,739-005 0-000857 0001425 1,728-186
1-60 0-001089 0:001844 2,827-360 Q-000911 0-001519 3,848 500
1-65 0-001155 0-001961 2915-715 0- 000966 0-001615 1968714
1-70 0-0012213 0-002082 3,004-070 0001023 Q001715 4,088-978
1-75 0-001292 0- 002206 3,092-425 0-001080 0001817 4,20%:242
1-80 0-001363 0 002334 3,180-780 0-001140 0-001922 4.329-.506
1-85 0-001436 0-002466 3,269-135 0-001201 0002030 4,:494772
1:-90 0-001512 0002601 3,357-490 0-001264 0-002142 4'6;0:‘2)38
195 0-001589 0-002739 3,445-845 0-001329 0-002256 4,690 P
2-00 0-001669 0-002882 3,534-200 0-001396 0-002371 4810 §
2-08 0-001749 0-003027 3,622-555 0-001463 0002493 4.920-8 8
210 0-001833 0-003177 3,710-910 0-001531 0002617 ‘S‘.O.l-q‘i‘
2:15 0001916 0-003330 3,799-265 0-001602 0-00‘2'743 ii"l:;;lj{s]s
2-20 0002003 0-003487 3887620 0-001675 0002872 —'5‘3 :-882
2-25 0002092 0-003647 3,975-975 0-001749 0001004 ”852-146
2-30 0- 002182 0-003811 4,064 330 0-001824 0-003138 2'35 ik
2-35 0002274 0003978 4,152-68B5 0-001901 0:003277 -'71%'6?4
2-40 06-002378 0-004149 4,241:-040 0-001980 0:003417 5. i
2-45 0-002462 0-004324 4,329 395 0-002058 0-003561 5,892 7
150 0002557 0004502 4417750 0002439 0-003708 6.013:203
3-00 0-003613 0-006483 5.301-45 0-003035 0-005340 7.215-842
3-50 0-004891 Q-008825 £,185-025 (. 004092 0-007268 8.4!__8,'48:
4-00 0-006350 0-011526 7,068 - 400 0-005303 0-009493 92,6211
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