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fAbstract : This rarer analyzes the MEASUREMENT OF THE FRECIFITATION
rreciritation distribution in the test zones RATE OF ONE NOZZLE
on high voltadge wet tests. The horizontal and
vertical comronents of the rreciritation The asrraratus wused on this rarer rossesses
#roduced by one nozzle v were measured and 2 rnozzles according to IEC standard [81 » ture I
matrixes obtasined with this informstion. The of 0.9 mm in dizsmeter and its denersl
rreciritation distribution on the test =zone construction coincides with the descrirtion
was snalwzed by means of a8 comruter rrogram. contained in reference [101 . OQur rain
This rrodram surerroses the rain rroduced by s eaquirment was originalls conceived to rroduce
certain number of rnozzles by means of adding rreciritations of 3 mm/min . Notwithstanding
their rreciritation intensity matrixes. our work was carried out using averade
This studws concludes that lardge rain non rreciritations in the 1,0-1.5 mm/min randge »
uniformities mag arrear although the arraratus and extreme rreciritations of 0.5 mm/min and
is asddusted sccording to rresent standards. 2,0 mm/min s according to the revised
These lardge non uniformities are rrorosed as #rocedure of the standard rreviousls mentioned.
one of the causes of dgreat disrersions in General conditions of the tests were !

flashover voltadges on wet tests.

water overrresure { 2,0 kdgf/cm
INTRODUCTION flow rate {186 cm /min
The dreat disrersion in flashover voltades nozzle rosition ¢ horizontal
on wet tests is well known. It becomes a3
roblem when the same obJect is tested at distance between
different laborastories +» as mentioned in nozzle and test rlane P 4.4 m
several rarers [11 » [2], Many other rarers
L3 to 71 establish the influence of different
factors on flashover voltades, Some of these Measurements were taken with several
factors are the water resistivity s the collecting vesselss set simultaneousls side bu
rrewetting time s the rreciritation rate s the side on 8 horizontal row. Their orenings were
irifluerice of srevious flashovers s etc. Or 10 cm high and S cm wide. Changing orenindgs
rarers referenced in [21 and [931 the directions » both vertical and horizon@al rain
influence of preciritation non uniformity and COmFonents were  messured with this same
the measurement rrocedures are analszed., Thes  setting . While taking esch series of
conclude that the 1lack of rain uniformitys measurements over the test zone » the entire
along a vertical axis over the test obdects row of vessels was kert steadw » covering each
generates large variations on the flashover time 3 measuring zone of 10 cm hisgh,
voltadges, Meassurements were taken this waw at different
Our rarer focuses on these two last factors. hights covering the entire test rlane in short
Therefore a8 comruter Frrogram to simulste time.,
rain asrraratus addustments was develored. A suitable nozzle had to be chosen for this
Kriowins the Freciritastion distribution test + Seversl nozzles were discarded because
rroduced by one nozzle » and entering the thew rroduced unstable or irredgulsar srraugs. It
directions at which seraus are aimeds the rain was found that small irredgularities on the
distribution at the test ares is obtained. carillars conduct  were  cause of sudden
With this method » different addustments can deviations of as lardge as 3 dedrees » on
be simulated in few minutes. The rreciritation water Jet tradectories. These d9V13t1°“5 are
rorn uniformities and their influence on the big enoush as to overlar two addascent srraus
flashover voltages were analuzed in this wags over the test zone s leaving there some drs
for different rain arraratus addustments. areas.

It was stated that orticallw smooth conducts
#roduce fairly stable redular sFrass.

Tables I and II rresent resultindg rrecirits-
tiorn intensity matrixes., It should be noticed
that both matrixes are exactlw ssmmetrical in
resrect to 8 central vertical axis + This was
achieved by substituting slishtlg different
values summetricallw rositioned s for ‘their
averadge value. Each matrix value corresronds
to the rreciritstion intensits on 8 rectansgle
of S em wide and 10 cm hisgh on the test rlane.
It is worth roting that mauimum vzlues of both
matrixes do no coincide sratisally,



Mawimum of vertical comronent matrix values
(1,80 mm/min) lies 20 cm wunder maximum of
horizontal comronent matrix (2,73 mm/mind.

Figures 1 and 2 show the diadgrams of
greciritation intensitw slong the horizontal
snid vertical asxess slong the maximum value of
each matrix . Figure 1 corresronds to
horizontal rreciritation intensitwsy and fisure
2?2 to the vertical one.

Tt should 2lso be noted that valuess slong the
vertical cemtral axis over the maximum of the
horizontal matrix (fig, 1la)sy are meaningful to
as far a5 1.1 m of the maximum. Meanwhiles for

the vertical matrix (figure 28) wvalues are
mearningful still further » wuntil 2.4 m of the
maximum This is trues althoush the averade

rain angle observed remains 45 dedrees because
while loosing horizontal sreed the water Jet
is sccelerated downwards s resulting in a kind
of accumulation of vertical comronent of the
rreciritation » &8s noted on Frevious rFarers
E113s

0.05 0.08 0.15 0.08 0.05
0.09 0.39 1.41 0.39 0.08
0.12 0.67 2.73 0.67 0.12
0.14 0.96 2.30 0.96 0.14
0.16 1.08 1.44 1.08 0.16
0.17 0.65 0.93 0.65 0.17
0.17 0.49 0.61 0.49 0.17
0.16 0.37 0.47 0.37 0.16
0.14 0.31 0.37 0.31 0.14
0.13 0.27 0.33 0.27 0.13
0.11 0.20 0.24 0.20 0.11
0.08 0.17 0.19 0.17 0.08
0.07 0.14 0.15 0.14 0.07
0.05 0.10 0.13 0.10 0.05

ior-intensitye matrix

0.00 0.00 0.16 0.00 0.00
0.00 0.07 0.26 0.07 0.00
0.04 0.15 0.39 0.15 0.04
0.07 0.34 1.27 0.34 0.07
0.12 0.78 1.80 0.78 0.12
0.20 0.76 1.17 0.76 0.20
0.28 0.68 1.00 0.68 0.28
0.30 0.68 0.93 0.68 0.30
0.33 0.58 0.77 0.58 0.33
0.30 0.%2 0.73 0.52 0.30

0.23 0.53 0.72 ©:53 023
0.23 0.50 0.64 0.50 0.23
0.25 0.48 0.63 0.48 0.25%
0.22 0.44 0.57 0.44 0.22
0.18 0.40 0.50 0.40 0.18
0.17 0.38 0.49 0.38 0.17
0.16 0.36 0.48 0.36 0.16
0.18 0.34 0.46 0.34 0.18
0.20 '0.33 0.43 0.33 0,20
0.18 0.31 0.41 0.31 0.18
0.17 0.30 0.39 0.30 0.17
0.15 0.25 0.32 0.25 0.15
0.12 021 ©.:256 0.2k Q.le
0.11 0,21 ©0.25 0.21 0.11
0.11 0.22 0,26 .22 0411
0,10 0.22 .25 0,22 0.10
0,10 0.22 0.25 0.22 0.10
0.08 0.17 0.21 0.17 0.08
0.06 0.12 0.16 0.12 0.06
Table 1T
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distributions i and derending on the geometry

of the test obhdect different zornes of the
QhJect will be wetted with different
intensities » although both rains mau comrly

with rresent standards. Our rresent work deals
not with this 1last roint » which certasinly
needs further study to determine its incidernce
on wet tests results.,

COMFUTER ASSISTED SFRAY AFFARATUS SETTING

Kriowing the rreciritation matrixes of one
nozzle » the comruter rrodram simulates the
surerrosition of the seraus of several rozzles
over the test asres. Erntering the rositions of
the rreciritastion maxima of each serays on the
test zorne » the rrosgram caslculsates horizontal
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3. Vertical comronent.

Wwell uniform rain
sreay Froduc &

and vertical rfreciritation matrixes of totsl
rainy bw adding rreciritation matrixes of each
HETSY . At the same timey it Fprints shaded
diadrams rerresenting rreciritation intensi-
tiesy for cuickls visuslizing rain homodgeneits
and  verifging that certain limits are riot
Fassed. In this rarery limits rrorosed on IEC
already mentioned standard were sssumed.

Table III and fidgure 3 show 8 well
homogeneous rain comrluying with the standards.
On the figure s dark areas rerresent zones of
maximum rFreciritation of totsl rainy and the
adJdacent table shows rositions of wmaximum
Freciritation of each individusl srraw.

Table II1 shows the corresronding srecirita-
tion matriy values . It should be remembered

that each matrix value corresronds to an area
of S cm x 10 cm » so0 if standards measurins
criteria are to be met ( minimum collecting

100 cm2 3llowed) then
should be

vessels arrertures of
each addacent rair of matrix values
averadged, This could have beern avoided by
recalculating the Frreciritation intensitg
matrixes of the nozzle useds for 10 em x 10 cm
areas. Nevertheless this was not done Just in
order to do & better studws of rain non
uniformities, Thereafter » the test zore was
restricted to & rectansgle of Just S0 cm wide
and 1 m higsh » slthoush our rain ecuirment was
conceived for much larder areas.

Comruting time for s srraw arraratus setting
simulation is verw short because Frodgram
iterations run very fast . This a3llowed us to
study severasl settinsgs. Table IV and figure 4
show one of this settings » which in srite of
its obvious non uniformities » results to be
according to IEC standards if vessels with
arrertures of 30 cm x 25 cm are used for
meassuring Furroses as rermitted .

This rarticular arraratus setting » rroduces s
rreciritation with high 1lateral intensities
and roor central one . If we assume a central
rain  zorne of 20 cm wide then its averade
rreciritation intensity results of 0.6 mm/mir.

0.65 0.76 1.73 0.76 0.65 0.76 1.73 0.76 0.65 0.76
0.61 0.98 3.01 0.98 0.61 0.98 3.01 0.98 0.61 0.98
0.61 1.23 2,56 1.23 0.61 1.23 2,56 1,23 0.61 1.23
0.56 1.28 1.66 1,28 0.56 1.28 1.66 1.28 0.56 1.28
0.53 0.82 1.09 0.82 0.53 0.82 1.09 0.82 0.53 0.82
0.49 0.63 0.75 0.63 0.49 0.63 0.75 0.63 0.49 0.63
0.60 0.55 0.67 0.55 0.60 0.55 0.67 0.55 0.60 0.55
1.69 0.70 0.55 0,70 1.69 0.70 0.55 0.70 1.69 0.70
2.99 0.94 0.57 0.94 2,99 0.94 0.57 0.94 2.99 0.94
2:52 1.16 ©0.52 1.16 2,52 1,16 0,52 1,16 2,52 1.16

ITIs. Horizontal matris,

0.93 0.75 0.86 0.75 0,93 0.75 0.86 0.75 0.93 0.75
0.85 0.73 1.05 0.73 0.85 0.73 1.05 0.73 0.85 0.73
0.87 0.86 1.87 0.86 0.87 0.86 1.87 0.86 0.87 0.86
0.96 1.31 2.26 1.31 0.96 1,31 2,26 1.31 0.96 1.31
1.04 1.26 1.63 1.26 1.04 1.26 1.63 1.26 1.04 1.26
1.19 1.16 1.50 1.16 1.19 1.16 1.50 1.16 1.19 1.16
1,17 1.12 1.37 1,12 1,17 1:12 1.37 1.12 1.17 1.12
1.16 0.98 1.13 0.98 1.16 0.98 1.13 0.98 1.16 0.98
1.25 0.0 1.07 0.90 1.25 0.90 1.07 0.90 1.25 0.90
1.20 0.96 1.04 0.96 1.20 0.96 1,04 0.96 1.20 0.96

IIIb, Verticel matrix,

Teole III

Freciritation interisitw matrixess
mimsminy of & well uniform rein
zones rFroduced biw 10 ng




Similarle » for lastersl rain zones of
wides averase intensitys is of 1.9 mm/min.
Orrositelw v table V and figure 5 show an
eauslly comrluing setting that has hisgh
central intensities and roor lasteral ones
(1.8 mm/min  at the center zone andg 0.7 mm/min
at laterals).
This srraw arraratus settings » slthoush
ermitted » show sreat rain non uniformities
which can  rroduce lardge flashover voltade
varistions s derending rFrimarilys on the test
obidect dgeometrs. It should be noted that while
using larde collecting vessels (arrertures of

750 cm2) s sreat rain non uniformities like
those shown on fisures 4 and § mas not be
detected. The same will occurs if that common

measuring method of moving & small vessel over

the test zone is usedy averadging rreciritation

of areas larder than thast of the vessel.
According to Frevious works [13sy [5]1 on the
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inciderce of rreciritation rate on flashover
voltages » variations as large as 30 % on A.C.
flashover wvoltages should be exrected when
rain  changes from that of fidure 4 to that of
fidure S . This is because rreciritation
intensities wvarw from 0.6 to 1.2 mm/min »
arrrovimatelyy on corresronding  zones when
changing from one case to the other.

This lardge rredicted wvaristion of flashover
voltadge is due to the small rreciritation
intensitw recommended by the mentioned
standard ( 1.25% mm/min  3veradge ) . In the
rroximits of these values of rreciritation »
the slore of variation of flashover voltades
is steerer than for more intense rains + The
last mentioned works lead to the conclusion
that with higher rain intensities ( near
3 mm/min ) s but for similar rercentual
variations of rreciritation in 8 non uniform
rain » flashover voltage varistions would be
muich smaller.
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1.81 38.22 0.97 0.43 0.37 0.31 0,26 0.83 3.22 1l.81
2.29 2.75 1.23 0.41 0.33 0.27 0.27 1.10 2.75 2.29
2,54 1.9% 1.47 0.44 0,29 0.20 0.32 1.29 2,02 2.57
1.63 1.68 2.2% 0.73 0.28 0.17 0.34 131.185 2,71 1.:93
1.29 1.62 3.37 0.98 0.27 0.14 0.36 1.24 3.68 1.84
1.03 1.73 2.79 1.22 0.27 0.10 0.35 1.40 3.07 1.85
1.06 1.77 1.85 1.22 0.16 0.00 0.30 1.49 2.13 1.98
2,12 1.0 1.29 0.78 0.17 0.00 0.30 1.01 1.78 2.60
3.30 1.1 0.98 0.68 0.32 0.08 0.33 0.81 1.63 3.62
2.80 1.60 0.87 0.84 1,57 0.39 0.33 0.68 1,70 3.01
Ve matrix.
1.23 1.11 0.78 0.62 0.77 0.58 0.37 0.45 1.11 1.23
1.45 1.92 0,97 0,59 0.73 0.52 0.37 0.67 1.92 1.45
2.29 2,44 1.47 0.65 0,72 0.53 0.35 1.08 2.60 2.29
2.24 1.97 1.48 0.77 0.64 0.50 0.43 1.06 2.16 2.31
2.04 1,93 1,55 0,91 0,67 ©0.48 0,57 1,06 2.17 2.15
2.06 2.05 2.42 1,08 0.64 0.44 0,59 1.27 2.98 2.33
2.01. 2,32 2,78 1.6l 062 0,40 0,63 1.58 3.34 2.67
2,00 2.26 2.04 1,44 0.69 0.38 0.67 1.46 2.67 2.56
2.22 2416 1,90 1,27 0.92 0.36 0.67 1.42 2.48 2.62
3.05 2.25 1.84 1,32 1.02 0.41 0.71 1.41 2.50 3.43
T¢be Verticel mebyris.
Table IV
Rain matrixes exrressed in mm/miny for high-

lateral-intensities distribution.

CONCLUSIONS
A comruter assisted method for addusting
hiigh voltade wet tests equirments was introdu-—
ced . With it » several settings of the rain
arrFaratus  can quickly be simulsted and the
#ossibility of achieving a3 rain  according to
the standards can so be evaluated . It also
lets the user to visualize the rnon uniformitw
of the rreciritation and is an aid to the
final adiustment of the equirment.

Fresented dats is valid only for conditions
Freviously exFrressed . The rrorosed method
works onls 1f while addusting the rain
arraratus  the nozzles are kert horizontal »
hecause their rain distribution chandes if
thes sre moved verticallw.

Using other nozzles thsan
other test conditions »
exrerimental determination
tion matrixes . AnsSway i
essier than that of

those described or
would reauire the

of new rFrecirita-—
this work is much
blindly treing various
rain  arrarstus settings wuntil obtaining the
desired rain distribution.

It is recommended to use collecting vessels
with small arrertures of asrrroximately 100 cm2
and to do rFreciritation measurements with
fixed vessels for correct detection of rain
non uniformities . These are rrorosed as one
of the causes of dreat disrersions in hish
voltade wet tests results.
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