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P = (Safety Factor = 1.15) kpn®d’
where

p: is the water density at 20 °C = 1000 Kg/m®
d: is the propeller diameter in meters

n: is the number of revolution per second

P: is the theortical Power in J/sec (watt)

k : is impeller coefficient

G=(P/pV)*
where

G: is the velocity Gradient (s™)

P: is the theoretical power input in (J/sec) (w)

V: is the tank volume (m®)

u : is water kinematic (dynamic) viscosity. (n = 1.14 x 10
kg/m.s at 20 °C)

Kinematic (dynamic) viscosity = (Viscosity / Density)
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=
where
R, is the Reynolds number
d is the propeller diameter in meters
n is the number of revolution per second
u is the water kinematic (dynamic) viscosity. (u = 1.14 x
10 kg/m.s at 20 °C)
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P= CpAp(Vp)/2

P . power imparted, KW

Cp :paddles drag coefficient

p  :denisty of fluid kg/m*

A : cross sectional area of paddles, m?
\%

o -relative velocity of paddles with respect to fluid, m/s
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G=(P/pV)"?

G: is the velocity Gradient (s™)
P: is the theoretical power input in (J/sec) (w)

=Cd A (Vr)®/2 = Fd Vrwhere Fd is Drag Force

V: is the tank volume (m°)

u : is water kinematic (dynamic) viscosity. (p = 1.14 x 10 kg/m.s at
20 °C)

Cd : Drag Coefficient of Paddle = 1.00 for flat up to 1.80 for angle
A: Area of Paddle

Vm: Mean Velocity of flow of water = 0.45 - 0.7 m/s

Vr: Relative Velocity of Paddle to water = Vm/ Vp

Vp =2 (22/7) rn/60 where n is RPM and r is disctance from shaft to
center of paddle.

dua jlatial) ) gidl) asaa

Gz\/ng [t

gravity constant (m/sec?)

density of water (kg/m°)

head loss through basin (m)

is water kinematic (dynamic) viscosity. (u = 1.14 x 10 kg/m.s
at 20 °C)
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7 : retention time (sec)
H= hl + h2
h,=LV?*/C’R

length of mixing channel (m)

(chezy coefficient ) =70

Hydraulic radius (m) = wet Area of channel/ wet perimeter
mean flow velocity (m/sec)
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h, = 3.2 *n* (V? / 20)
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Short-Circuit_Categories
IEC 157-1 has two categories of short-circuit performance outline in table12.2

Short-circuit performance Rated Operating Condition after short-

category sequence for short-circuit circuit tests

making and breaking
capacity tests

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

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

o Represents a breaking operation

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

t Represents a specified time interval

@=his [EC clialsal Tk sall day0 (8 gy apon (8¢ ) Jaall 2y =
Bl Sl Qe Gllae) ) oY Gladlall slall dajs 3 gl of Ll
comadlall 6y slaall
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Temperature-rise
Type of material description of part limit (measured by
thermocouple)

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

Copper 45° C
silver or sillver-faced (1)
All other metals or sintered metals (2)
Contact parts in oil 65° C
Bare conductors including non-insulated coils (1)
Metallic parts acting as springs (3)
Metallic parts in contacts with insulating materials 4)
Parts of metal or of insulating material in contact with oil 65° C
Terminal for external insulated connections 70° C (5)
Manual operating means :
Parts of metal 15°C
Parts of insulating material 25°C

Oil in oil-immersed apparatus (measured at the upper part of the

oil)

60° C (6)

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

1.
2.

3.

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

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

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

Limited solely by the neceasity of not causing any damage to insulatin materials
The temperatureriae limit of 70° c is a value bassed on the conventional test a C.B
used or tasted under installation conditions may have connection the type, hature
and disposition of which will not be the asmeas those adopted for the test a
different temperature rise of terminals may resuit and this will have to be agreed
May be measured by thermometer.
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KVA | KVA KVA
5.0 31.5 200
6.8 40 250

8 50 315
10 63 400
125 80 500
16 100 630
20 125 800
25 160 1000 etc.
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Losses In Kilowatts at operating tamperature

No load 1/4 Load 1/2 Load 3/4 Load Full Load
Oil No load | 2.8 | Noload | 2.8 | Noload | 2.8 | Noload | 2.8
Askarel 2.6 Load |06 | Load |23 | Load | 52 | Load | 9.1
Silicone Total |34 | Total |51 | Total | 80 | Total |11.9
dry — type, 3.2 Noload | 3.2 | Noload | 3.2 | Noload | 3.2 | Noload | 3.2
150° Load |08 | Load |33 | Load | 7.4 | Load | 13.2
Total 40 | Total 6.5 | Total 10.6 | Total 16.4
Epoxy dry- 3.2 Noload | 3.2 | Noload | 3.2 | Noload | 3.2 | Noload | 3.2
type Load 0.7 Load 3.0 Load 6.7 Load 11.8
Total | 39| Total | 6.2 | Total 9.9 Total | 15.0
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1 2 3 4
Coolin Tesperature Maximum
Parts methog class of temperature rise
insulation (°C)
A 60
o E 75
W_mdmgs (temperature Air. natural or B 30
rise measured by the forced = 100
istance method) orce
resis H 125
150+
Cores and other parts
(a) adjacent to windings All (@) Same va_lues as
for windings
(b) the

(b) Not adjacent to
windings

temperature shall,
In no case, reach a
value that will
damage the core
itself other parts or
adjacent matertials
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1

2

Part

Maximum temperature rise (°C)

Windings:

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

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

70, when the oil circulation is forced and
directed

Top oil (temperature rise

measured by thermometer)

60. when the transformer is equipped with
conservator or sealed

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

Cores, metallic parts and adjacent
materials

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

Note :

The temperature rise limits of the windings (measured by the resistance
method) are chosen to give the same hot-spot temperature rise cannot normally
be measured directly. Transformers with forced directec oil flow have a
difference between the hot spot and the average temperature rise in the
windings which is smaller than that in transformers with natural or forced but
not directed oil flow for this reason, the windings of transformers with forced
directed oil flow can have temperature rise limits (measured by the resistance
method) which are 5°C higher than in other transformers.
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K, = Initial load power as a fraction of rated pwoer

Permissible load power as a fraction of rated power greated
than unity)

T = Duration of K, in hours

O, = Temperature of cooling medium (air or water)
Note
Kiy= (54 5)) and K, - S,/ S, where S, is the initial load power
S, = Isthe permisable load power and S, is the rated power

Values of K, for given values K, and t

K:1=025 | K;=050 | K1 =0.70 | K1 =0.80 | K; =0.90 | K; =1.00

t=05 + + 1.93 1.83 1.69 1.00

t=1 1.89 1.80 1.70 1.62 1.50 1.00
t=2 1.59 1.53 1.46 1.41 1.32 1.00
t=4 1.34 131 1.27 1.24 1.10 1.00
t=6 1.23 121 1.10 1.16 1.12 1.00
t=8 1.16 115 1.13 1.12 1.09 1.00
t=12 | 1.10 1.09 1.00 1.07 1.05 1.00
t=24 | 1.00 1.00 1.00 1.00 1.00 1.00

ONAN and ONAF transformer : ©, =20°C

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

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

K2
v 1.4 1 .

6 |
-

l.2—8 - I_
L ] |
li.-:fl . i !
24

1.0—— -

0.9

0.2 0.4 0.6 0.8 1.0 1.2
K1

The curves airin accordance with the IEC recommendation of 1972 which permits a hot-
spot temperature in the windings of 140° C

In which :
Kl1: initial load referred to rating
K2: max, permissible load referred to rating
I : duration of K2 in h

Note:

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

t Jaanil) il A8NAl adl) aie K1 K2 (p A8 Aada (A-¢) (84

(Fire Resistance) sl 4aglia qa-y—¢
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Material* Fire point (°C)
Silicone liquid 360
Midel 7131 310
Cast resien 350
Class (1) +

* For comparison purposcs mineral oil is 170°C Askarel is non-flammable

+ These designs are virtually lire proof

Gaall Laglial) dgall (and 5hadl (e Galddll e 2 (VY =) A Jsaa

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

Code Connection . .
Prmary Secondary Prmary Secondary
vinding

;
]
;

B h ABC ahc
b0 | A | A | 148 | i
0 ABC ahc
Yyl
Aepne | aghe | AR | AN
Dz0 E&C a-"?_c m E
B a ABC
Dy5 ﬂ%c c_(h % m
a
5 YdS A,#c c<lp H’-:i: m
a
vis | gl | oKy | R | BF
B C a ARBC
Dd6 m%c ? iid m
C a ARBC
o | 5 ade| f, | | N
Db | Ac| | ik | 583

=
[—a
o
u ]
2
[T P
= |=r
& |m

DAL | (Ac | ° | A | idd
Ydll i e iﬁ i'mh'f
11
e 2 ABC | ape
¥zl1 e a_(r\c T &
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Current ratings and protection for cables laid in air with rubber, PVCX or paper
insulated conductors, in accordance with NEN 1010 (2nd edition). Art. 152°

Nominal Single—core cables Twin—core Cables There and four core
Cross Cables
g:::;’;?l Highest Highest Highest
Current nominal Current nominal Current nominal
copper ) ) )
conductor rating value of rating value of rating value of
the fuse the fuse the fuse
mm? A A A A A A
1.5 27 25 24 20 20 16
2.5 40 35 31 25 27 25
4 52 30 40 35 36 35
6 65 63 52 30 46 35
10 88 80 72 63 2 50
16 115 100 96 80 80 63
25 130 125 -- -- 105 100
35 185 160 -- -- 125 100
30 230 200 -- -- 1355 125
70 280 250 -- -- 195 160
95 335 315 -- -- 235 225
120 385 355 -- -- 270 250
150 440 400 -- -- 310 250
185 500 450 -- -- 345 315
240 585 500 -- -- 385 355
300 670 630 -- -- 425 400
400 790 710 -- -- 490 450
500 900 800 -- -- -- --
625 1040 1000 -- -- -- --
800 1200 -- -- -- -- --
1000 1360 -- -- -- -- --
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Current ratings and protection for cables laid in the ground with rubber, PVC or
paper insulated conductors, in accordance with NEN 1010 (2nd edition). Art. 153°

Nominal Single—core cables Twin—core Cables There and four core
Cross Cables
g:::;u;:l Highest Highest Highest
Current nominal Current nominal Current nominal
copper . . .
conductor rating value of rating value of rating value of
the fuse the fuse the fuse
mm- A A A A A A
1.5 34 35 30 25 25 20
2.5 50 50 38 35 35 33
4 635 63 50 50 45 33
6 82 80 65 63 57 50
10 110 100 a0 80 76 63
16 143 125 120 100 100 80
25 190 0 -- -- 130 125
35 230 225 -- -- 155 125
50 205 25 -- -- 195 160
70 350 315 -- -- 245 225
a5 420 400 -- -- 295 280
120 0 450 -- -- 340 315
150 550 500 -- -- 385 355
185 25 300 -- -- 430 400
240 T30 710 -- -- 480 400
300 g§35 710 -- -- 580 500
400 ) Q00 -- -- 615 500
500 1130 1000 -- -- -- --
625 1300 -- -- -- -- --
800 500 -- -- -- -- --
1000 1700 -- -- -- -- --
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Current ridings and protection for cables laid in air with (cross — Linked

polyethylene) insulated conductors

ACLED Single—core cables Twin—core Cables There m,]d four core
Cross Cables
BEOE AN Highest Highest Highest
area of . : . . : .
_ Cuirent nominal Cuirent nominal Current nominal
(:{;:)(Illll::tlor rating value of rating value of rating value of
the fuse the fuse the fuse
min’ A A A A A A
1.5 30 25 30 25 25 20
2.5 45 33 40 33 33 25
4 55 50 52 50 45 35
10 75 62 70 63 60 50
6 100 80 95 80 80 63
16 135 100 125 100 105 80
25 185 160 -- -- 135 100
35 225 200 -- -- 165 125
50 270 250 - - 205 160
70 340 315 - -- 255 200
95 400 355 -- -- 310 250
120 480 400 -- -- 355 315
150 550 450 -- -- 405 355
185 615 500 -- -- 450 400
240 745 630 -- -- 505 450
300 850 710 -- -- -- -
400 1000 800 -- -- -- -
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Current ratings and protection for cables laid in the ground with cross linked
polyvethylene) insulated conductors

Nominal Single—core cables Twin—core Cables There and four core
Cross Cables
g::;u;z;l Highest Highest Highest
Current nominal Current nominal Current nominal
copper . . .
rating value of rating value of rating value of
FILITEIE the fuse the fuse the fuse
mm? A A A A A A
1.5 43 35 38 25 31 25
2.5 63 50 48 335 44 35
4 82 63 63 50 57 50
6 103 80 82 63 72 63
10 138 125 13 100 96 80
16 182 160 151 125 126 100
25 240 200 -- -- 163 125
35 290 250 -- -- 195 160
50 360 315 -- -- 245 200
70 440 335 -- -- 3210 250
95 530 4350 -- -- 370 315
120 600 500 -- -- 430 355
150 690 630 -- -- 435 400
185 790 710 -- -- 540 450
240 920 800 -- -- 600 500
200 10350 900 -- -- 670 630
400 1240 1000 -- -- 775 710
500 1420 -- -- -- -- --
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a° Yo lasall
Current rating in multi-core cables laid in air at an ambient temperature of
25°C
Current per core in A
Number of
cores Rubber or PVC — Insulated cables (XLPE) Insulated cables
1.5 mm? 2.5 mm? 1.5 mm? 2.5 mm?
6 15 21 18 25
7 14 19 17 24
8 13 18 16 23
10 12 16 14 20
12 11 15 13 19
14 10 14 12 18
16 10 13 12 17
19 9 12 1 16
24 8 11 10 14
30 7 10 9 13
37 7 8 8 11
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De-rating factors for the variation in ambient temperature exceeding 25°C

Temperature (°C) 25 30 35 40 45 50 60 70
D?'ratlng XLPE| 11| 1 005 | 0,01 | 0.87 | 0.82 | 0.76 | 0.65 | 0.50
actor
De-rating | pye | 12| 1 093 | 085 | 0.76 | 0.65 | 0.50
factor
De-rating factors for grouping of cables lay in air
Number of cables 2 3 4 5 ]
uem“i’? equal to cable XLPE 13| 094 | 000 | 0.87 | 0.85 | 0.83
1ameter
Cables type PVC 14081 [ 078077 075 | 0.73

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

Number of cores and
size of the conductor
Three
Single | and

Number of cables

Core four 2 7 4 . 6 § ?
COres
15 | XLPE | 0.90 | 0.82 | 0.78 | 0.74 | 0.72 | 0.70 | 0.68 | 0.66
16 and | 088 | 0.80 | 0.75 | 0.71 | 0.68 | 0.66 | 0.64 | 0.62
17| PVC | 087 | 0.78 | 0.72 | 0.68 | 0.64 | 0.62 | 0.60 | 0.58

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

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