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Study of the Effect of Dissipation Points on
the Lightning Protection
Prof.Dr.Ahmed A.Hossam-Eldin, Mahmoud I.Houssin
Abstract— The study is concentrated on the different possible protection systems for lightning. Two experimental tests (in high voltage Laboratory) were
made to give the answers if delaying streamer air terminal is effective than franklin rod or not. Experimental test was made to reach the effective number
of dissipation point in delaying streamer air terminal. One empirical equation was developed to determining the relationship between the flashover voltage and the number of dissipation points. Another experimental test for breakdown voltage to different air gaps are measured and compared between
franklin rod and delaying streamer air terminal.. The experimental results are consistent with the theoretical and the practice.
Index Terms— Air gap, Air terminal, Delaying streamer, Protection, Flashover voltage, Lightning dissipation point,Lightning, Experiment test.
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1 INTRODUCTION

2 CONVENTIONAL AIR TERMINALS (FRANKLIN ROD)

Since the dawn of civilization, lightning has inflicted a great
deal of damage on the structures built by mankind. About 250
years ago, an effective method of protection became available
when Benjamin Franklin invented the lightning rod. A great
deal of the research done since then was regarding how to
best place the lightning rods so as to provide effective protection at a reasonable cost. In recent years, the marketplace has
been flooded with products for alternative protection methods.
These include gadgets that claims to eliminate lightning [also
called Charge Transfer Systems (CTS)], and rods that claim to
emit giant early streamers that vastly extend their protective
range (ESE devices) [1]. Three types of lightning protection
systems are in common use today conventional systems,
Charge Transfer Systems, and systems based on Early
Streamer Emission air terminals.
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The science of lightning protection was born when Franklin
discovered that lightning was a form of electricity. The conventional protection method consists of the following:
a) Deploying “air terminals” at suitable points above the structure to act as sacrificial termination points for the lightning
strokes.
b) Dissipating the collected lightning charges safely into the
ground via ground rods that are connected to the air terminals
via “down conductors”.
c) Bonding the down conductors to any nearby conducting
objects in the building to prevent side flashes.
d) Installing suitable surge protection devices on the electric
and electronic systems of the building [1].
The conventional lightning protection technique has proven its
effectiveness as evidenced by the comparative statistics of
lightning damage to protected and unprotected structures. The
rolling sphere method commonly used in the design of such
systems is relatively crude, in part, because of our insufficient
understanding of the lightning attachment process [2]. A useful
engineering tool (matlab program) for determining the number
and positions of air terminals are developed by this [3]. In
1889, F. Pashchen published a paper which set out what has
become known as Paschen's Law. The law essentially states
that the breakdown characteristics of a gap are a function
(generally not linear) of the product of the gas pressure and
the gap length, usually written as:
V= f (Pd)
Where p is the pressure and d is the gap distance. In actuality,
the pressure should be replaced by the gas density. For air,
and gaps on the order of a millimeter, the breakdown is roughly a linear function of the gap length:
V = 30pd + 1.35 kV
(1)
Where d is in centimeters, and p is in atmospheres.
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TABLE 1 :- Critical Flashover Voltage With Different Air Gap
Distance For Plan Surface
Air Gap Distance
(cm)
5
7.5
10
12.5
15
16.5
17.5
18.5
20
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for the net-to-umbrella configuration compared to the net to
rod configuration.
b) The maximum voltage available from the LEC test set is
high enough to break down the net-to-rod gap but below that
needed to break down the net-to-umbrella gap [5].

Flashover Voltage
(KV)
151.35
226.35
301.35
376.35
451.35
496.35
526.35
556.35
601.35

4 Dissipation Points
The underlying theory of CTS’s described in Zipse’s article [6]
claims that a CTS will inject several coulombs of positive
charge into the air above the protected structure, and that this
charge will neutralize an approaching lightning leader. The
article presents the equation for determining the number of
points, N, needed to provide this charge:

This table and the previous equation (1) for homogenous fields
or nearly homogenous fields. Much research has been done
since then to provide a theoretical basis for the law and to develop a greater understanding of the mechanisms of breakdown. But it should be realized that there are many, many factors which have an effect on the breakdown of a gap, such as
radiation, dust, surface irregularities. Excessive theoretical
analysis might help understanding why a gap breaks down,
but won't necessarily provide a more accurate value for the
breakdown
voltage
in
any
given
situation.

3.Lightning Elimination Devices
While the concept itself is much older, the commercialization of
CTS started in the early 1970s. Shortly thereafter, studies
were commissioned by several departments of the US government to evaluate their effectiveness, and the results were
presented in a report edited by J. Hughes [4]. The conclusion
was that lightning cannot be eliminated and that the subject
gadgets did not work. This was confirmed by several subsequent studies. Recently, a comprehensive review of CTS was
conducted by Professors Uman and Rakov [2]. Again, the
conclusion was that the lightning elimination claim was unfounded. The above work is of special significance as it was
widely endorsed by the scientific community, including ICLP
(International Conference on Lightning Protection), the American Geophysical Union and the American Meteorological Society. Visitors to the LEC factory in Boulder, Colorado, are
usually shown a lab test which is claimed to prove that dissipaters prevent lightning. In that test, an energized overhead net
is used to represent the cloud. The net is initially energized at
a low dc voltage to represent the pre-strike condition. The applied voltage is then increased via a regulator that supplies the
transformer of the test set. With a grounded Franklin rod in the
test gap, flashover occurs at a certain voltage [5]. When this is
replaced by an umbrella dissipator while maintaining the same
length of the air gap, flashover does not occur when the regulator is made to apply the maximum available voltage. The
lack of flashover to the umbrella dissipator in the LEC test has
nothing to do with the claimed ability to prevent lightning. It is
rather a consequence of the following:
a) As a result of the well-known effect of the gap factor, the
flashover voltage for a given gap length is significantly higher

N = (Q / (Ip) (t)) = (2.5 / (10)(17 x 10^5)) = 1500

(2)

Where Q is the amount of charge needed to neutralize the
leader, Ip is the amount of corona current (often called St. Elmo’s fire) emitted by a single point under a thunderstorm, and t
is the amount of time needed to accumulate charge Q . The
numbers in the formula imply that, in order to provide 2.5 C of
charge to neutralize a leader, the system needs 1,500 points
which each emit 170 micro ampere of current for 10 seconds.
This is physically impossible, as the next paragraph demonstrates [6]. Discussion the formula in Equation (2) A CTS cannot produce anywhere near the amount of charge claimed in
Zipse’s article. However, the simple formula in Equation (2)
would indicate that it could. What is wrong with Equation (2)?
There are two things wrong [7] - one minor and one major.
The minor error is that Eq. indicates that a single point will
emit 170 micro ampere of current under a thunderstorm. Many
measurements have been made on corona currents beneath
thunderstorms, and these show typical currents of a few to
perhaps 10 micro amperes. Changing Ip to 10 micro ampere in
Eq. (2) would change the number of points to 25,000 instead
of 1,500, so one would need to build an array with at least
25,000 points, if Eq. (2) were correct [7]. The major problem
with Eq. (2) is that it assumes that the current from an array of
points is simply the current from a single isolated point multiplied by the number of points in the array. This is simply not the
case. As an analogy, consider the water delivered from a system of fire hydrants. During a fire, one or a few hydrants can
produce a prodigious flow of water under high pressure. However, if many fire hydrants are open (perhaps opened by kids
cooling off on a hot summer day) the flow of water out of a
single hydrant is considerably less than the flow when only a
few hydrants are active. This is because there are physical
constraints (water pressure and size of pipes) which limit the
total amount of water which can be delivered through a system
of hydrants [7]. Similarly there are physical constraints which
limit the amount of current which can be emitted from an array
of points. As one point releases positive charge into the air
above the array, the field from this positive charge offsets the
driving field from the charge in the thundercloud, and reduces
the amount of charge emitted by itself and neighboring points.
Studies have been done on current emissions from multipoint
arrays at the Langmuir Laboratory for Atmospheric Research,
New Mexico Tech’s mountain-top thunderstorm research la47
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boratory. In our experiments we have found, for example, that
an array of 80 points emits a corona current about twice the
value of that from a single isolated point. Use of Eq. (2) would
indicate the current should be 80 times as large Eq. (2) is incorrect [7].

TABLE 2:- CRITICAL FLASHOVER VOLTAGE FOR AIR GAP (10 CM)
WITH DIFFERENT NUMBER OF DISSIPATION POINT FOR DELAYING
STREAMER AIR TERMINAL
Number of dissipation
point

Flashover Voltage (KV)

1

148.5

250

157.5

500

166.5

750

174

1000

184

5 Experimental Study
Objective
From the previous there is a question shall be having answered:
What is the relationship between the number of dissipater
point and the time of streamer formation?

5.1 Experiment Number (1)
The main goal of this experiment is create a relationship between the number of points, N, for dissipation array system
and the flashover voltage. To create this relationship we will
energize an overhead net that used to represent the cloud.
The net is initially energized by impulse voltages generators to
certain voltage to represent the pre-strike condition. A
grounded delaying streamer air terminal in the test gap is fixed
on two side wooden ladder were we can control the distance
between the tip of the rod and the net (air gap distance), then
The applied voltage is increased via a regulator that supplies
the transformer of the test set, flashover occurs at a certain
voltage. See figure 1 We record the critical flashover voltage
for constant air gap distance (10 cm) and for difference numbers of dissipation point. See table 2

Experiment conditions
Rod diameter = 1/2ً = 1.27 cm
Rod length = 60 cm
Temperature = 26 º C
Pressure
= 760 Torr = 1013 hPa

Delaying streamer rod
For air gap distance (10 cm)
Flashover voltage (kv)

This question shall be answered by experimental in high voltage Laboratory.
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240
220
200
180
160
140
120
100
1

250

500

750

1000

Number of point

Fig.2 the Relationship between the Number of Points,
N, For Dissipation Array System and the flashover
Voltage
Repeat the same experiment for different air gap distance and
record the critical flashover voltage for difference numbers of
dissipation point. See table 3
TABLE 3 :- CRITICAL FLASHOVER VOLTAGE FOR DIFFERENT AIR
GAP DISTANCE WITH DIFFERENT NUMBER OF DISSIPATION POINT FOR
DELAYING STREAMER AIR TERMINAL
Air gap
distance
( cm )

Fig.1 A Grounded Dissipator Rod In The Test Gap

Flashover Voltage(KV)/ Number of discharge points
1
250
500
750
1000

5

99

100

100.5

101.5

102

7.5

121.5

124.5

127.5

130.5

133.5

10

148.5

157

166

174.5

183

12.5

180

190

200

210

220.5

15

220.5

238.5

256.5

274.5

292.5

16.5

230

250.5

271.5

292

312.5

17.5

234.5

259

284

308.5

333

18.5

238.5

269

299

330

360
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A correction factor must be multiply for any other condition.

Fig. 3.the Relationship between the Number of Points,
N, For Dissipation Array System and the flashover
Voltage at different air gap distance

Fig. 4 the Relationship between equation constant factor, S, for
different air gap distance

5.2 Results Comparison for Experiment Number (1)
5.3 Experiment Number (2)
Observation on Experimental Work & Results:
The relationship between the critical flashover voltage and
number of dissipation points N is approximately linear. The
critical flashover voltage increases with the number of dissipation points N increase with constant factor for each air gap
distance. Empirical equations are developed to determining
the relationship between the flashover voltage and the number
of dissipation points

The main goal of the experiment to answer the following question: Is delaying streamer air terminal take time for forming
streamer more than conventional system (Franklin rod) or not?
To answer this question we use the same arrangement for the
previous experimental.

N=

The net is initially energized by impulse voltages generators to
certain voltage to represent the pre-strike condition. A
grounded Franklin rod in the test gap is fixed on two side
wooden ladder were we can control the distance between the
tip of the rod and the net (air gap distance), then The applied
voltage is increased via a regulator that supplies the transformer of the test set, flashover occurs at a certain voltage. See
figure 5, 6

[(250/S) X (V - V1)] + 1

(3)

S

constant factor

V

flashover voltage (KV)

V1

flashover voltage (KV) at N=1

N

number of dissipation point

5.3.1 Franklin Rod

This empirical equation for:
Rod diameter = 1/2 inch = 1.27 cm
Rod length

= 60 cm

Temperature = 26 º C
Pressure

= 760 Torr = 1013 hPa

Fig 5. A Grounded Franklin Rod in the Test Gap
The following table gives the recorded reading for the critical
flashover voltage in different air gap distance.
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TABLE 4 :- CRITICAL FLASHOVER VOLTAGE WITH DIFFERENT AIR
GAP DISTANCE FOR FRANKLIN ROD AIR TERMINAL
Air Gap
Distance
cm
5
7.5
10
12.5
15
16.5

99
121.5
148.5
180
220.5
230
234.5

18.5
20

238.5
265.5

5.3.2 Delaying Streamer Rod
When a grounded Franklin rod is replaced by an umbrella dissipator while maintaining the same arrangement of experiment, and control the distance between the tip of the dissipator
rod and the net (air gap distance), then the applied voltage is
increased via a regulator that supplies the transformer of the
test set, flashover occurs at a certain voltage. See figure 8, 9

Flashover
Voltage (KV)

17.5

ISSN 2277-8616

Experiment conditions
Rod diameter = 5/8ً = 1.6 cm
Rod length

= 50 cm

Temperature = 30 º C
Pressure

Fig. 8. A Grounded Dissipator Rod In The Test Gap

= 760 Torr = 1013 hPa

The following table gives the recorded reading for the critical
flashover voltage in different air gap distance.
TABLE 5 :- CRITICAL FLASHOVER VOLTAGE WITH DIFFERENT AIR
GAP DISTANCE FOR DELAYING STREAMER AIR TERMINAL

5 EQUATIONS

Air Gap
Distance
cm
5
7.5
10
12.5
15
16.5
17.5
18.5
20

Fig. 6. A Flashover Spark for Franklin Rod In The Test
Gap

li g h t n in g v o lt a g e ( K V )

Franklin Rod
400
350
300
250
200
150
100
50
0

Flashover
Voltage (KV)
102
133.5
183
220.5
292.5
312.5
333
360
-

Experiment conditions
Rod diameter = 1/2 inch = 1.27 cm
Rod length

= 60 cm

Temperature = 30 º C
Pressure
5

7.5

10

12.5

15

17.5

= 760 Torr = 1013 hPa

20

Air Gap (cm)

Fig. 7. Critical Flashover Voltages with Different Air
Gap Distance for Franklin Rod Air Terminal
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Lightning Voltage(KV)

Comparisons between Franklin Rod & Delaying
Streamer Air Terminal
450
400
350
300
250
200
150
100
50
0
5

7.5

10

12.5

15

17.5

20

Air Gap (cm)
Franklin Rod

Fig. 9. A Flashover Spark for Delaying Streamer Air
Terminal In The Test Gap

Fig.11. Comparisons between Franklin Rod & Delaying Streamer Air Terminal

5.3.4. Results Comparison for Experiment Number (1)

Delaying Streamer Air Terminal

lig h t n in g v o lt a g e ( K V )

Delaying Streamer Air Terminal

Observation on Experimental Work & Results:

400
350
300
250
200
150
100
50
0
5

7.5

10

12.5

15

17.5

1.

For all air gap distance the critical flashover voltage for
delaying streamer air terminal is greater than flashover
voltage for Franklin rod.

2.

The difference voltage between the two flashover voltage
increases with air gap distance increase.

3.

The relationship between the critical flashover voltage and
air gap distance is approximately linear for the two type of
air terminal, but the slope of those is different.

4.

The slope for delaying streamer air terminal is greater
than for Franklin rod.

6

References

Air gap(cm)

Fig. 10. Critical Flashover Voltages with Different Air
Gap Distance for Delaying Streamer Air Terminal

5.3.3 Comparisons between Franklin Rod & Delaying
Streamer Air Terminal
TABLE 6:- CRITICAL FLASHOVER VOLTAGE WITH DIFFERENT AIR
GAP DISTANCE FOR FRANKLIN ROD & DELAYING STREAMER AIR
TERMINAL
Air Gap
Distance
cm

Flashover
Voltage for
Franklin Rod
(KV)

5
7.5
10
12.5
15
16.5

99
121.5
148.5
180
220.5
230

Flashover
Voltage for
Delaying
Streamer Air
Terminal (KV)
102
133.5
183
220.5
292.5
312.5

17.5

234.5

333

18.5

238.5

360

20

265.5
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