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The paper presents experimental investigations to
study the effect of enviromental moisture and pollution on
the visual corona voltage for parallel wires of different
diameters and at various distances from each other. It
has been found experimentally that enviromental meoisture
and wet pollution have a reduction effect on visual corons
voltage.

The empirical equation given by Peek for such voltage
is modified with the aid of the obtained experimental resu-
lts. The proposed modification takes into consideration
the effect of enviromental moisture and pollution on the
voltage of visual corona formed between parallel conductors.
The results using this modification match those obtained
experimentally for both solid and stranded conductors. The
maximum percentage error attained on applying the proposed
modification does not exceed + 8% of the experimental values.

Discusegion of the results and corona modes in atmos-
pheric air are alsgo included and explained according to the
-modern concepts of this phenomenon.

I. INTRODUCTION:

- — T ———

In high voltage transmission systems, corona dischargesg
may be formed on conductors, high voltage equipment and
insulators as a field sustained electrical breakdown of
atmosphéric air. Such discharges result in energy loss,
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radio interference, chemical action and mechsnical vib-
rations. All these effects are undisirable for electrical
power systeme. On & long high voltage tran smiseion line
the loss due to corona formation may be high as that wasted
die to the repistance of the line conductors. Therefore,
corona has been studied intensively.

Corona discharges in air take several distinciive
forms, depending on many factors including gap distance,
conductor diameter and weather conditions. The present
work is aimed to study the effect of these factors on the
voltage at which the visual corona is formed along metal
wires, With the ald of experimental investigatiouns, &
modification for Peek's emperical equation is proposed
to consider the effect of enviromental moisture and peollu-
tion. This modification can be used in practice to deter-~
mine the visual corona voltage in transmission systems
under different weather conditions.

II. EXPERIMENTAL INVESTIGATIONS:

1. Test Set-Up:

Corona discharges are investigated in atmospheric
air between two rectangular loops of wire having different
diameters and each measuring 5x15 cm. The wire diameters
are choosen in the range from 0.3 mm to 4.5 mm. Both solid
and stranded conductors are used in this work to investi-
gate their effect on corona voltage in air. The two loops
are arranged such that the lower ome is fixed and the other
is movable to form gap distances up to 15 cm. The two
loope are contained within a glass container to control
the surrounding atmospheric conditions. When perform ing
corona test under moistened conditions, a hand operated
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sprayer of 500 cubic cm. in capacity is used. The artifi-
cial pollution used here is a solution of 50 gram gypsum
dissolved in 500 c.cm of distilled water.

" 411 tests are carried out in atmospheric air under
normal temperature and pressure (N.T.P.); namely 20°C and
760 mm Hg. The test A.C. voltage is obtained from & high
voltage generating circuit consisting mainly of a low volt-
age control unit, high voltage transformer and electrostatic
voltmeter. The applied voltage can be increased smoothly up
to 80 kv (R.M.S.) and measured by means of a resistive pot-
ential divider and electrostatic voltmeter. The voltage is
raised smoothly to that value at which the visual corona is
formed. The formation of visual corona is acertained visu-
ally and by means of an osciloscope connected across a 300
Ohm resistor with the earthed wire loop. Many osciloscope
current traces are recorded during tests and investigations
of corona modes in aeir under different conditions.

2. Obgervations : -

When the voltage across the gap is gradually increased
to & certain value, depending on the gap length and wire
diameter, a glow starts to appear. This glow is known as
burst pulses and takes the form of unstable irregular lu-~
minous dots wandering along the wire. Increasing the applied
\voltage beyond this value the dots are increased in both
luminous intensity and number. A partial transition from
dots to streamers is observed to start at a higher value of
the applied voltage. Any slight increase in tne applied
voltage causes some of the dots to take the form of stable
glow and a single-channel spark may occur across the gap.
This discussion briefly explains the sequence of events of
corona modes in air.
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3. Hesults:

The experimental results of the visual corona voltage
presented here are obtained from 25 voltage applications
for« each reading. Thue each value mentioned or given on a
curve, represents the mean value of these applications with
a standard deviation of up to 10%, depending on the values
of gap digtance and wire diameter.

The gap distance between the two wire loops affects
the voltage of the visual corona and is found to have a
great effect on this voltage. PFigure (1) shows the experi-
mental values of the voltage (R.M.S5.) at which the visual
corona is formed in air between wire loops of different
dismeters and for gap distances of up to 15 cm (golid lines).
It is clearly seen that the thicker conductor gives higher
visual corona voltage at the same gap distances.

The enviromental moisture and pollution affect the
voltage of visual corona formed between parallel wires.,
This alsc¢ 1s investigated and found to have a strongly
reduction effect on the voltage of visual corona. It is
found that the wet pollution has higher reduction effect
on this vultage than pure moisture only. The effect of the
enviromental moisture and pollution is shown clearly in
Figures (2) and (3), solid lines, indicating the voltage
of wisuel corona versus the percentage relative humidity.
As a comparative exemple, the visual corona voltage is
reduced from 20 kv to 15 kv asg the relative humidity is
raised to 60% sbout conductor of diameter 2 mm. The
corresponding value under wet pollution conditions is 10
kv under the same relative humidity.
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III. COMPUTED CORONA VOLTAGE:

T gl it St e sl ke el e W S Al e W U B e B

l. Peek's Formula:

The vigual corona voltage between two parallel ocondu~
ctors cen be calculated by Peek's emperical equation. This
equation is well known for elecirical engineers and has the
following form: |

v, = 30 mg; (1 + Qs :l ) 1n —%r e Gl

where,
V. = vigual corona voltage to neutral, kV (peak)
m = gurface condition factor
= 0.9 for solid comductors
= 0,8 for stranded conductors
§ = alr dengity factor = 1 at N.T.P.
r = gonductor radius in cm
D gap distance in cm.

2. Computed Vigual Corona Voltages:

Ag a comparison, Peek's emperical equation is applied
to caloulate the visual corona voltage for the mentioned
conductor diametere and gap distances. The oomputed values
cbtained on applying Peek's equation are also illustrated
in Pig.(1l) by the dotted lines. The percentage error obta-
ined on applying Peek's equation does not exceed + 8% of
the experimental values for the mentioned conductors and
gap distances. This error is resulted from factors related
to both the measuring technique and Peek's formula. In
the former, visual corona is oheocked visually end by means
of an ocaclloscope while in the second only visually. There-
fore the experimental values of corona voltage may be oon=-
sidered as more exact values than those given by FPeek's
formula.
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IV. PROPOSED MODIFPICATION:

S S D e e i i o Sl i S W Y i e

The effect of enviromental conditions are not consi-
dered in Peek's equation to compute the voltage of visual
corona formed between parallel wires. Therefore this for-
mula gives higher corona voltages than the actual values.
As a proposed modification for Peek's equation, the envi-
romental conditions are considered to give exact values
of visual corona voltage between parallel wires. The pro-
posed modification can be applied in two cases namely pure
moigture and wet pollution as follows.

l. Pure Moisture:

In this case the modified equation gives the voltage
of visual corong as & function of the relative humidity of
air in exponential form as follows:

V, = 30 mbr w® (1 + 22391y 3 D . (2)

Vo ¥

where,

the percentage relative humidity

a congtant depending on the power system.

n

The value of thig constant is found to be a = 0,18 under
the experimental conditions and for the prementioned con-
Iductors.

As & comparlison, the proposed modification is checked
by computing the corona voltage at different relative hu-
midities. Figure (3) illustrates these values (dotted cur-
ves) compared with those obtained experimentally (solid
curves). The percentage error is calculated for different
values of relative humidity for the given conductor dia-
meters and found to be of comparatively low values. The
maximum percentage error attained om applying Eqn. (2) is
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sprayer of 500 cubic cm. in capacity is used. The artifi-
cial pollution used here is a solution of 50 gram gypsum
dissolved in 500 c¢.cm of distilled water.

' A1l tests are carried out in atmospheric air under
normal temperature and pressure (N.T.P.); namely 20°C and
760 mm Hg. The test A.C. voltage is obtained from & high
voltage generating circuit coneisting mainly of a low volt-
age control unit, high voltage transformer and electrostatic
voltmeter. The applied voltage can be increased smoothly up
to 80 kv (R.M.S.) and measured by means of a reaistive pot-
ential divider and electrostatic voltmeter. The voltage is
raised smoothly to that value at which the visual corona is
formed. The formation of visual corona is ascertained visu-
ally and by means of an osciloscope connected across a 300
Ohm resistor with the earthed wire loop. Many osciloscope
current traces are recorded during tests and investigations
of corona modes in eir under different conditions.

2. Obgervations ; —

When the voltage acroes the gap is gradually increased
to a certain value, depending on the gap length and wire
diameter, a glow starts to appear. This glow is known as
burst pulses and takes the form of unstable irregular lu-
minous dots wandering along the wire. Increasing the applied
Lvoltage beyond this value the dots are increaged in both
luminous intensity and number. A partial transition from
dots to streamers is observed to start at a higher value of
the applied voltage. Any glight increase in tne applied
voltege causes some of the dots to take the foxrm of stable
glow and a single-channel spark may occur across the gap.
This discussion briefly explains the sequence of events of
corona modes in air.
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3., Regults:

The experimental results of the visual corona voltage
presented here are obtained from 25 voltage applications
for each reading. Thus each vaelue mentioned or given on a
curve, represents the mean value of these applicationg with
a standard deviation of up to 10%, depending on the values
of gap distance and wire diameter.

The gap distance between the two wire loops affects
the voltage of the visual corona and is found to have a
great effect on this voltage. Figure (1) shows the experi-
mental values of the voltage (R.M.S.) at which the visual
corona is formed in air bketween wire loops of different
diameters and for gap distances of up to 15 em (solid lines).
It is clearly seen that the thicker conductor gives higher
visual corona voltage at the same gap distances.

The enviromental moigture and pollution affect the
voltage of visuel corona formed between parallel wires.
This alsc is investigated and found to have a strongly
reduction effect on the voltage of visual corona. It is
found that the wet pollution has higher reduction effect
on this voltage than pure moisture only. The effect of the
enviromental moisture and pollution is shown clearly in
Pigures (2) and (3), solid lines, indicating the voltage
of wisual corona versus the percentage relative humidity.
As e comparative example, the visual corone voltage is
reduced from 20 kv to 15 kv ag the relative humidity is
raised to 60% about conductor of diameter 2 mm. The
corresgponding value under wet pollution conditions is 10
kv under the same relative humidity.
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not higher than 8%, which can be considered as good accep-
ted value.

2. Wet Pollution:

Here, the proposed modification can be also used to
eatimate the voltage of visual corona in air between the
parallel conductors. This voltage can be expressed under
wet pollution as:

V, = 30 mbr wP (1 + 2381 1p Do SoelD)
\|Er T
where,
b = congtant depending on the power system and type

of pollution.

The constant (b) is found to be b = 0.22 under the experi-
mental conditions discussed before.

Figure (3) illusitrates both the experimental and com-
puted values of the voltage of the vieual corona formed
in humid polluted air between parallel wires of different
diameters and at 15 cm spacing from each other. Here,
elso the thicker conductor gives higher voltages of visual
corona under the same relative humidity. As a numerical
example at 50% relative humidity under artificial polluted
~conditions, the visual corona voltage is 25 kV for gap 15
cm long and conductor diameter 4.5 mm while the corregpon-
ding value is only 10 kV for conductor diameter 0.3 mm
under the same conditions. The percentage error attained
on applying the proposed modification under wet polluted
conditions is comparatively higher than under dry condit-
ions. The maximum error in this case does not exceed +
10% of the experimental values of the visual corona voltage.
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V. CONCLUSIONS:

S — T —  ——y -

The vipual corona voltage of atmoaspheric air is stron-
gly reduced by the environmental moisture and pollution.
This reduction effect is taken into account and a proposed
modification for Peek's equation is given. The visual
corona voltage can be calculated in terme of the percentage
relative humidity of air between parallel wires. Under
polluted humid conditions the reduction effect will be
higher. The proposed modification gives values of vigual
corong voltage close to thoge obtained experimentally in
high voltage laboratory. The maximum percentage error
attained on applying this modification does not exceed +
10% of the corresponding experimental values.
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Fig. 21 The effect of moimture on visual corona voltage of air gap

15 cm long beatween paralle]l wires of different diameters.
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Fig. 3t The effect of molastened pollution on visual corona voltage
of alr between parallel wires of different diameters at 15
cm spacing from each other,
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in Fig.(3), for switching impulses a critical rige-time is
found for which the sparkover voltage is a minimum. This
critical rise-time increases with gap length. Similar resu-
1ts were obtained by Harada, Ailhara, and Aoshima7. It is
worthy of eomment that this is also approximatly the rate

of increase of formative timelag with gap length. For
impulses of rise-time shorter than the value of the criti-
cal rise-time, sparkover occurs on the decaying tail of the
impulse. In this case the sparkover voltage 1s normally s
defined as the prospective peak value.
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