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AIRCRAFT RADIO LABORATORY, WRIGHT PIELD, DAYTON, OHIO

ARL MEMORANDUM REPORT WO, 167

TITLE: Corona Discharge from Antenna Wire
A Firet Partial Report

T0s Director, Airoraft Radio Laboratory

NOTICE: This‘idocument aontains information af-
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SUBJECTs. Corona Discharge from Antenna Wire

A,

Ce

D.

E.

A First Partial Report
DIRECTIVE:s Verbal Direotive from Branch Chief.
PURFOSE:

1. To examine the conditions for corona at the surface
of a wire,

DESCRIPTION s

1. This report is a theoretiocal discussion. No test
apparatus was used.

PROCEDURE:

1. This report is a theoretioal discussion. No test
procedure was usad.
RESULTS s

1. An analysis of the case of an insulated wirs placed
at the axis of a oonducting oylinder yields the following
equation (Appendix 1):

Egquation 1 E = GRplog _2 y_£C< 212 log
Rz Ry
where E = potential difference between the

wire and cylinder

G = potential gradisnt in the alr at the
outer surface of the insulation.

R; = outer radius of wire (single atrand)
Ry = outer radm*s of insulation

Ry = inner radius of oylinder

xl = dielectric constant ef insulation

Ke = digleotrioc oconstant of air.

el =
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2, For a bare wire of radius’ R (that is, for a wire in
whioh the thiokness of the insulation is zero, R, = Ra) equation
1 reduces tos

R
Equation 2 E = GRp log -
Rp
where G is now the potential gradient in the air at the surfaoce
of the wire.
3. An analysis of the oase of an insulated wire parallel

to, and at a distance H above a oonducting plane, yields the
following oquqyion (Appendix 2):

Equetion 3 B - onp log 2 & , E.Lz log iﬁ
Ry 1
where E = potential differsnce between the wire

and ths plane.

H = distance between the wire and the
plane

Rl. 22‘ xlp
Ko, and G = are defined as in par, E-l.

L. For a bare wire of radius R, (that is, for a wire in
whioch the thickness of insulation is zero or Rl R%) squation
3 reduces tos . f

Equation 4 E = G2 log 2
Rp

5¢ It has been found empiriocally (F. W. Peek, Dieleotrioc
Phenomena in High Voltage Engineering) that the potential gradi-
ent required to produce corona in the air about a wire depends
upon the radius of the wire, the density of the air, and the
surface ocondition of the wire. Humtdity has nc appreciable
. effect on the starting point of visual corona, provided the
' gonductor surface is dry. Change of the initial ionization of
"the air, even to a considerable extent, has no appreciasble
effect on the atarting point of corona. Initial ionization
has been found to reduce the time lag of breakdown, however,
and to introduce a steadying effeoct on the values of the
rupturing voltage. The visual corona gradient about a wire
has been found independent of the material of the wire, pro=
vided that the surface condition remains the same, The
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presence of water on the surface of a conduotor greatly lowers
the gradient required for onset of corona. The presence of oil
on the surface of a conduotor also lowers the gradient required
to produoce breakdown in the air at the surface of a conductor,
but to a much smaller extent than water. Dirt on the surface
of a oonduotor, or other surface irregularity, causes corona

to start at a lower apparent gradient by inoreasing local gradi-
ents, causing looal ocorona discharges.

6. The empirical equations given by Peek (loo. oit.)
relating the gradient required for ocorona in air at the surfaoce
of bare wire to the radius of the wire and to the temperature
and pressure of the air are:

Equation 5 ¢ = 30ma (*220 ) gi10volts per om.
( .{5§r )
X R
Equation 6 d 275 + ¢
where G = gralient required to produce visual

oorona in air at the surface of a
wire of radius r.

d = air demsity factor
r = radius of wire, in oms,

b = barometric pressure, in centimeters
of mecury

¢ = 4temperature, in degrees Centigrade

m = irregularity facter (m = 1 for smooth,
polished wire. For stranded cable
m varies from .70 to .87 depending
on the numben of strands and the
cable construction. For cablediwire
r is taken as half the outer diamster
of the ocmble),

7. The potential gradient required at the surface of bare
wire for corona may be ccsputed from equations 5 and 6, and the
potential difference required to achieve this gradient may bs
oalculated for a bare wire at the axis of a oonducting oylinder,
or for & bare wire above a plens by means of equations 2 and L,
respectively.

8. The osloulation of the oonditions for corona about an
insulated wire is oomplicated by oonsiderations of small air
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gaps at the bunnhary between the wire and the insulation, by
the collection of surface chargs on the insulation from the
jonised air in its vioinity, by the magnitude of the eleotrio
currents conduoted through the insulution, and by the dielect-
ric strength of the insulating material. The resistance of
insulating materials is generally not linear, An inoremaent
in potential difference is acoompanied by a greater inorement
in current at large potential diffarenoeg}than at small poten~
tial differences. No computations or measuyrements have been
made at ARL to date to predioct or determine the effect of
insulating coatinga on the oorona oharacteristios of wire.

9. An apalysis of some typiocal corona data was attempted
for bare ,040" diameter copperweld wire, and bare ,162" diemeter
copper wire obtained on the B-17 airplane at Kansas City
(Appendix 3). - Date were submitted giving the potential gradients
(measured at the top generating voltmeter on the B-17 airplaune)
at which antennas of the two wire sizes went into corona, st
specificjfltitudes aad outside air temperatures. Based on
these data the gradients at the surface of the ,0L0" diameter
wire requirsd to produce corona were conputed from equations
5 and 6, On the assungpion that the chargs on a bare wirs was,
for practioal purposes, independsnt of the wire size, and pro-
portional to the field intensity measured on the generating
voltmeter, the field intensity e® the generating voltmeter at
which the large diameter wire might be expeocted to go into
corona was computed. The predicted value was 886 volts per om.,
while the average measured value was 789 volts per cm. Much
more data must be obtained and analyzqd before any definite
conclusions can be drawn regarding the validity of the above
assumptions, Computations and data are contained in Appendix 3.
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1. Caloulation of the gradient at the surface of the
fixedewire ljaison antemna (bare copperweld, .OLO" diameter)
on the B-17 airplane indioates that it is of tke order of
200 times the gradient measured at the top generating volt-
meter.

2, Further work will be done by the Speslal Devices
Branch in an attempt to determine the conditions under whioh
insulated wire goes into corona.



G. RECOM(ENDATIONS:

1. None
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DERIVATION OF TRE EQUATION RELATING THE POTENTIAL DIFFERENCE
BETWEEN AR -INSULATED WIRE AND A CONCENTRIC CONDUCTING CYLINDER
TO THE GRADIENT AT THE SURFACE OF THE WIRE (NEGLECTING END
EFFECTS ).

Conducting Cylinder

Alr-Dielectric Con~

stant = K
+1 on-Dialeotr?o

Constant = Kl

If q is the charge per om. of length, the dielectric flux
density at radius r is D = 5_‘1_ lines/om?, and the electric field
L 2

strength in the medium is F = % dynes, where K has different
values in different media. The elsoc%riv fIeld strengs¥:n the air
dayer, Fp, is given by Fo --:g—;. The eleétric £I91d strength in

the insulating layer, Fy» is given by F1 - ﬁ_.

K
1
The drop of potential across the air layer, E2' is given by
' R
? 2 2 R
E, = 28 ar =29 10g B3
2 Kor Ko & Ry
B2

The drop of potential aoross the insulating layer, E;, is given by




The potential drop between the inner and outer oconduotor, E, is
given by

E-El+32-§‘llxog-2¢rlogr’t

The maximum potentisl gradient in the air layer (at Rp), G, is

equai to
G = 23 .
2

Substitution in the previous equation gives

_ GEgR R
E -—-éfa-‘log%iw»GRa log.ﬁ.%




YEEH)

o

R
APPENDIX IX

DERIVATION OF THE BQUATION RELATING THE POTENTIAL DIFFERENCE BE-
TWEEN A CONDUCTING PLANE AND A PARALLEL INSULATED WIRE TO YHE
POTENTIAL GRADIENT AT THE SURFACE OF THE WIRE (NEGLECTING END

EFFECTS ).

R Insulation
% Dielectrio

M

Wire

Air
Dielectric Constant=Kp

! conduutinﬁ Plane

“ Image Alr
Moo Tuage Wire
5 /" Image
R* Insulation

Conatnntuxl

An insulated wire at A is suse~
pended a distance H above and
parallel to a plane. The charge
on the wire per om. of length is
q. In socordance with the method
of images, a wire placed bansath
ths plane at' B, directly beneath
the wire at A, and a distance

H' = H below the plane, with a
charge ~q per om. of length,
will not distort the fileld.

The flux density at a point a
distance r om., from the center
of a wire is given by

p =24
r

The ejestnic field strength at
a pain‘b P, on the line oonnecting -
the -wire ocenterg, due to the

charge on the wire at A will be

=24

F, = o~
and that due to the image wire
at B will be

2

F
B E(2p-=)

The total fiald strength at D

will be
1
* (ﬁ-ri)

- -29 (3
Pofy+hy 'xig?
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Now

(

. r
log 2H - r

3

= % (1ogr-log(2}1-r)§
24
K

Hence, the potential difference between the wires will be

E' = B} + B} ¢ £

where ' Ro
E{ = S Far

R2

= 108 g



The electric fisld strength or the potential gradient at {he surface
of the insulation (a% Rp) will be, from the original equation for F,

_2 ,1 1
i S A = Rk

Bliminating q between the above equations

2G log «e-:—'-lsg

' _ 26K 1 R (PH-Ry ) e .
y Kla(r T 'R BER) ek . 2 )
(F, = 2H) R, ~ PR,

where B' is the potential difference between the wire and its image
and G is the potential gradient at the surface of the insulatio.

of the wire, The potential difference between the wire and the
plane (E} will be equsl tos

»= E'
E=z
G K2 1 Ro (2H=Ry)
E = lo xzjml.y
K € 1 2

and, when H is much greater then either R; or Rp,

p - 9Rek2 . R2 A
‘1‘ o R, + G Rp log Ry
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APPENDIX III

Apalysis of Flight Data:

1. The following summary of data, giving relative corona
onset fields for two sizea of wire used for the fixedswire liaison
antenpa on B=17G, #42-3129), was submitted by the TWA~GE-ARL preoci-
pitation static research group at Kansas City. Measurements
pertinent to the small wire (bare .0LO" diameter copperweld) were
made under straight charging conditions. leasurements pertinent
to the large wire (bare .162" diameter copper) were made under croag-
field oonditions, since straight charging conditions severe enouygh
to cause corona from the largzs diemeter wire werq not encountered.
The difference in these conditions of measurement may account for
the larger variation in values for the large wire (see Table 3,
below). Under cross-field conditions the reading on the top generat-
ing voltmeter (on the B=17 airplane) is not as good a reference as
it would be under straight charging oonditions, since wide varia-
tions in the ratios of gradtents measured at different parts of
the airplane are encountered. The reported valuus are indicated
in Tables 1, 2, and %,

2, Based on the average velueg of altitude and tempera-
ture, the wire diameter, and squations %kand.é (in the body of
this report), the gradients at the surface of the two wires at
which these might be expected to go into "visual corona"” were com-
puted. These computed values snd the ratio of the computed flisld
intensities at the surface of the wire to the average measured
field intensities at the top GVM are indicated in Tablse Lo

3. YAn attempt was made to caloulate the gradient indi-
cated by the top GVM for which the large diameter wire would go
into "visual corona” under the conditions of Table 3. The requlred
gradient for corona at the surface of ths wire ¥as caloulated to be
Ls,000 volts/%m. As a first approximation several simplifying
assumptions were mzde; theee weres 1) the irregularity factor m
(of equation 5) was unity (the results are not altered as long as
m is the same for both wires); 2) the charge distribution on the
airplane is constant, so that the gradient measured at the top GVM
is directly proportional to the charge on, and to the gradient at
the surface of the antenna wirej; 3) the linear charge density om '
the antenna wire is independent of the size of the wire {within
the limits of the acowyraoy of meagsursment ) for the two sizes con=-
sidered; and 4} Peek's equations 5 and 6 are valid. The relation .
between the gradient at the surface of a wire, its radiue and the
linear charge density on its surface in a medium of dieleotric

G'tvll.[.; e




oonstant equal to unity (air)iss
6~

—_— where G is the gradient at the surfage of
R a wire
Q is the linear charge density on a
wire .
R is the radius of a wire,
If we lets

Ry = radius of the small wire (.020" = ,0508 cm.)
Rp = rad’us of the large wire (,081" = ,205 om.)

Gy = computed gradient for "visual corona® at the surface
of the small wire (under the average conditions of
Tables 1 and 2, G, = 62,100 volts/am.)

82 = computed gradient for "visual corona™ at the surface
of the large wire (under the conditions of Table 3,
Gp = 145,000 volts‘om.)

X, = average measured gradient at the top GVM f-~r corona
onset from the small wire lisison antenna (303 volts/
Om.) .

- gradient at the top GVM for corona onset from the
large wire liaison antemna (to be computed)

Ql = linear oharge density on the surface of the small
wire (at the region of the liaison antenna of highest
charge density) for corona onset.

Q2 = linear charge density on the surface of the large wire
(at the region of the limison antennma of highest
charge density) for corona onset.

Then:s

R
ql‘z

.G
9, = =

MANGELL L,
)
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Assuming that:

Qy = [ . tant
f% X% constan

We obtain:
Q
X, = Gf X,
= 828
“2 GiR; “1
Hence :

X, = 886 volts/om,

The average measured gradient at the top GVM for corona onset from
the large diameter wire was 789 volts/cm.
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APFENDIX III

TABLE 1

Corona Data Obtained for the Fixed-Wire Liajson Antepna (.OLO" Diam.
Bare Copperweld Wire)} on B-1l7G, #2-3129);, on 10 Maroh 19LL.

ALTITUDE TEMPERATURE POTENTIAL GRADIENT AT
(DEGREES CENTIGRADE) TOP GENERATING VOLT=
METER AT WHICH LIAISON
ANTENNA WENT INTO CORONA
(Volts per Centimeter)

7300 -10 280

7300 -10 240

7200 =10 280

7000 =10 280

Average 7200 =10 270
TABLE I1

Corona Data Obtained for the Fixed-Wire Liaison Artemna (.0LO" Diam,
Bare Copperweld Wire) on B-17G, #42-3129L, on 11 larch 19LL.

ALTITUDE TEMFERATURE POTUNT IAL GRADIENT AT
(Feet) (DEGREES CENTIGRADE) TOP GENERATING VOLT-
METER AT WHICH LIAISON
ANTENRA WENT INTO CORONA
(va}ta. per Centimeter)

9100 ~16 320

9100 =16 360

9800 ~19 360

9800 «20 320

9600 ~19 3P0

Average 9L8O -18 336
- u -
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APPENDIX III

TABLE III

" Corona Data Obtained for the Fixed-Wire Liaison Antemna (.162" Diam.
Bare Copper Wire) on B-17G, #42-3129L, on 16 March 19Lk.

ALTITUDE TEMPERATURE POTENTIAL GRADIENT AT
(Feet) (DEGREES CENTIGRADE) TOP GENERATING VOLT-
(Bstidated) METER AT WHICH LIAISON

ANTENNA WENT INTO CORONA
(Volts per Centimeter)

6500 «3 L8o
61,00 -3 Lo
6,00 -3 640
6400 -3 610
5900 -3 1040
5900 -3 10Lo
6000 -3 1240

Average 6200 -3 789




Caloulated and Measured Conditions for Corona from the Lisiswn Antenns
on B-17G, #42-31294. All ocaloulations ars based on the averags values
indioated in Tables I, II, and III,

Table I Table II Table III
Wire diameter., ) .0)40" .OlcO" . 0162"

Average measured )

field intensity )]

at top GVM for ) £ 8 1%
onset of oorena 270 volts/cm 336 volts/em 789 volts/cm
from wire of the

diameter indicated.

)
)
)
Calculated field )
intensity at top )
GVM for onset of ) mevoeeen - S 886 volts/cm
corona from wire )
of the diameter );
)]
)
)
)
)
)

indicated,

Caloulated field
intensity at the
surface of the .
wires for "visual
gorona” in air,

63,300 volts/om 60,900 volts/om 45,000 volts/om

Ratio of oaleylated)
field intensity at
surface of wire to]) 234 18k 57
average measured
field intensity at
tOp GVM,

-

i)
)
}




It has been determined by the Army-Navy Preoipitation
Statio Project at Minneapolis, and by the THA-GE-ARL precipi- .
tation statio research group at Kansas City, that the primary
sourae of redio interference of preoipitation static origin
is corona discharge from the sntennas themselves. A larger di-
smeter bare wire or a sultably insulated wire substituted for
W-106 wire (bare copperweld, .0LO" diameter) was found to
reduce the tendenoy for corona to esour from the fixed-wire
antennas. In the attempt to understand better the mechanism
of corona disoharge from wires sn analysis of the potential
gradients at the surfaces of bare and insulated wire has been
made for two postulated conditionss first, the wire at the
axis of & oonducting oylinder, and, second, the wirs parallel
to a oonducting plane. In both oases end effects have been
neglected, and in the latter case a simplifying assumption
has beén made that the radius. of the wire is small in com-
parison with the separation between the wire and plane,

A working approximation, to simplify the considerations
governing the seleotion of a corona-resistent antenna wire
which must be substituted for the present Wel06 wire, is pro-
posed. This approximation = that the amount and distribution
of static charge along the fixed wire antennas on the airplane
is independent of the size of the wire and that the magnitude
of the charge on the antenna wire is proportional to the
olectric field messured at some point on the airplane - is
cheoked against the emall amount of flight data available for
a bare wire antenna.

Caloulations indloate that the electrio field intensity
at the surface of the present fixed wire liaiscn sntenna (W-106
wire) is ebout 200 times as great as the field msasured on the .
top generating voltmeter on the B-17G sirplans, serial no.
lle"’laghl
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