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SYSTEM AND EQUIPMENT FOR
ATMOSPHERICS CONDITIONING

This application is a continuation-in-part of my co- 5
pending application Ser. No..651,922 filed Jan. 23, 1976,
now abandoned.

DESCRIPTION OF PRIOR ART

The subjects of this invention are improved systems
and elements of equipment utilizing various basic teach-
ings and component parts covered in my copending
application for patent, Ser. No. 651,922 filed Jan. 23,
1976 (now abandoned).

The field of atmospherics is almost totally void of
systems or concepts designed to deal with the general
problem area as a whole. Approaches toward dealing
with the problem have been limited to concern over
lightning and hail, respectively, and the dispensing of
chaff or silver iodide crystals into the atmosphere as a
prevention measure; or, at the other end of the applica-
tion spectrum, the use of haphazardly located lightning
rods as a remedial measure to deal with just one specific
manifestation, namely, lightning,.

The chaff and silver iodide crystals concepts were
devised to deal directly with the cloud cells and were
dispensed directly into the clouds from an overflying
aircraft. The chaff was devised to deal with the electri-
cal manifestations of the storm from within, while the
silver iodide salting technique was devised to deal with
the mechanical forces of the storm.

The use of such equipment as lightning rods was
established to deal with lightning only, one electrical
manifestation of atmospherics as it impacts the earth-
bound facilities within its sphere of influence. Originally
it was thought that the lightning rod served to release
and neutralize, selectively, the charge on a cloud at a
relatively slow rate. However, the fact that lightning
rods were struck frequently led to the realization that
although lightning rods did leak off some current, a
lightning rod soon reached saturation under prestroke '
conditions resulting in a breakdown at the point and a
subsequent upward moving streamer which joined with
the lightning leader already moving toward earth. The
result is a deluge of current, of a magnitude of 20 cou-
lombs on the average, flowing into the rod and through
the grounding system, all in a very short period of time.
Accompanying this discharge are both electrostatic and
electromagnetic atmospheric disturbances.

It is plausible that a preventative protection mode can
be made effective through the provision of a plurality of
adequately devised neutralizing elements together with
an appropriate charge collector and an interconnecting
system. This invention presents the respective improve-
ments required to accomplish this ol&;:lctive:However,
it should first be recognized that there have been several
other attempts made to achieve this objective. At least
five prior patents are known awarded to inventions in
this field. All of these were based on the “point dis-
charge” principle. None of them recognized most of the
factors influencing operational effectiveness. These
prior patents include: A U.S. Pat. No. 1,743,526, dated
Jan. 14, 1930; an Austrian Pat. No. 138,190, dated May
27, 1933; a German Pat. No. 264,571, dated in 1913; a
British Pat. No. 294,183, dated in 1929; and a British
Pat. No. 338,268, dated in 1930. The most comprehen-
sive of these, the U.S. Patent, is used as a basis of com-
parison to illustrate the commonalities and differences,
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respectively. All five patents were based on the “point
discharge” principle as is this invention. However, in
contrast to these others, this invention takes into ac-
count also all the other factors that influence the perfor-
mance of a multipoint dissipator to make it a successful
system for atmospherics conditioning.

SUMMARY OF INVENTION

The subject of this invention is a protection system
having preventative characteristics. This is accom-
plished through the provision of a plurality of ade-
quately devised and strategically positioned neutraliz-
ing elements, a ground current collector circuit and
inter-connecting wiring connecting the former with the
latter.

This invention was developed to provide any earth
associated body, structure or facility with protection
against the deleterious effects of atmospheric electricity
commonly known as atmospherics. The system concept
is preventative in that it deals with the cause rather than
the resulting manifestations. In principle, it is applicable
to any situation, facility and location on earth, and any
facility configuration, respectively. The specific appli-
cations take various forms since they are designed to
satisfy not only the protection requirement, but also. to
avoid compromising either the esthetics or the perfor-
mance of the facility it is designed to protect.

Atmospheric electricity produces four effects consid-
ered deleterious according to contemporary technol-
ogy. These effects include: (a) Cloud-to-cloud and
cloud-to-earth discharges, commonly known as light-
ning; (b) electrostatic field transients created by these -
discharges; (c) earth current transients created by dis-
charges to earth and (d) electromagnetic field transients
resulting from the high current flows within the light-
ning channel itself. This invention deals with all four of
these phenomena by reducing fields created by the
charged clouds, by significantly reducing the charge
induced into the earth by the cloud’s electrostatic field,
by reducing the potential difference between the site
and the cloud cells and by isolating the site from the
charged clouds with an ion screen. By reducing the
electrical charge it also holds promise of reducing or
eliminating the hail producing capability of these
clouds.

Further advantages of the subject improvements over
prior art will become apparent from the following de-
scription and the accompanying drawing wherein like
reference characters designate like or corresponding
parts.

In the drawing, forming a part of this application:

FIG. 1 is a schematic view, in front elevation, of a
charged cloud influence on facilities located on the
surface of the earth, indicating possible and typical
polarities of the prevailing electric charges;

FIG. 2 presents the equivalent electrical circuit for
the example conditions shown in FIG. 1, with the corre-
sponding electrical charge polarities;

FIG. 3 illustrates, in a schematic view and in front
elevation, a dissipation array in operation in accordance
with this invention and containing the then prevailing

electrical charge polarities;

FIG. 4 indicates, schematically and in front elevation,
the operational characteristics of a hemispherically-
shaped ionizer;

FIG. 5 shows, schematically and in front elevation,
the operational characteristics of a trapezoidally-shaped
ionizer;
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FIG. 6 presents the applicable geometry for the cal-
culation of the performance of the ionizer type shown in
FIG. 4

FIG. 7 indicates the applicable geometry for the cal-

* culation of the performance of the ionizer type shown in
FIG. §; '

FIG. 8 is a schematic view, in the direction of the
arrow “A” in FIG. 7, of a possible dissipator assembly
array; .

FIG. 9 portrays, in front elevation, a dissipator assem-
bly having dissipator members joined to a base conduc-
tor;

FIG. 10 shows, in front elevation, a dissipator assem-
bly having dissipator members formed integrally from a
base conductor;

FIG. 11 shows, in front elevation, a dissipator assem-
bly having dissipator members formed from severed
strands of a stranded wire type base conductor;

FIG. 12 is a schematic, isometric view of the ground
current collector system;

FIG. 13 shows, schematically, a typical union be-
tween the ground current collector wire and a rod,
viewed in the plane “XIII—XIII” of FIG. 12;

FIG. 14 portrays, in a schematic, isometric and ex-
ploded view, the floating ground current collector prin-
ciple employed in this invention, and

FIG. 15 is the equivalent electric circuit diagram for
the arrangement shown in FIG. 12.

To explain how the concept functions it is first neces-
sary to describe the situation with which it is con-
fronted. Little is known of the mechanisms which cre-
ate atmospheric electricity and which lead to the static
discharge known as lightning. However, for the pur-
pose of providing protection against and an assessment
of the resulting phenomena, respectively, the knowl-
edge of the creating forces is not required. It is, how-
ever, necessary to understand the resulting situation and
its manifestations as it exists prior to and during the
storm periods. As for this requirement, the available
data is quite extensive and in general agreement.

The thunderheads are electrically charged bodies
suspended in an atmosphere that may be considered, at
best, a poor conductor. During a storm situation the
charge will continue to build up within the cloud until
the field strength reaches a point where the insulation
quality of the air gap is no longer effective and break-
down takes place. The specific breakdown point varies
with atmospheric conditions. It is generally taken as 3
kilovolt per centimeter for negatively charged storm
cells and 5 kilovolt per centimeter for positively
charged cells. The charging action or charge separation
within the storm cell usually leaves the base of the cloud
with a strong negative charge. In about ten percent of
the cases the opposite seems true. This resulting charge
induces a similar charge of opposite potential into the
earth as illustrated by FIG. 1. The charge center 20 is
concentrated on the earth’s surface 22, just under the
cloud 24 and of the same size and shape as the cloud 24.
As structures 26 intervene between the earth and cells
they are likewise charged shorting out a portion of the
separating air space 28. The ultimate result can be either
a triggered strike because of the reduced air space or
because it was high enough to start an upwardly mov-
ing leader.

The equivalent electrical circuit for this phenomenon
is presented in simplified form by FIG. 2. The cloud
mechanism is represented by a very high voltage source

. 30, a first resistor 32 and one plate 34 of a capacitor 36.
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The value of the circuit elements vary from cloud to
cloud and establish the recharge time. The other plate
38 of the capacitor 36 is provided by the earth surface
22 directly beneath the cloud (not shown in FIG. 2).
The free ions in the air created by natural dissipation are
represented by the single second resistor 40 across the
gap of the capacitor 36. These ions constitute the cur-
rent flow from the earth 22.

The foremost objective of the invention is to reduce
the electrostatic potential between the area or facility of
concern and the passing cloud cells to a level where the
ongoing atmospherics induce no deleterious effects into
the facilities of concern. Some of these effects include,
but are not limited to: direct lightning strikes, or tran-
sients induced thereinto, communications circuits, me-
teorology sensors, process control equipment, status
sensors, power transmission and distribution lines, tele-
phone circuits, switchgear, substations, FM and AM
radio stations, television, cable television, microwave
and other like sensitive power and electronic equip-
ment. This invention also eliminates the bound charge
phenomena associated with, for example, petrochemical
storage and processing facilities.

The lightning strikes, or flashes, are created when a
cloud potential exceeds the breakdown potential of the
surrounding air. As a result, a step leader is formed and
moves rapidly earthward meeting an upward moving
leader a short way above the earth. The deleterious
transients are created by either the rapid change in the
elecrostatic field created by these discharges or by the
rapid movement of the earth charge from the point
where it was induced into the earth to the point where
the lightning strike terminated. This invention elimi-
nates or minimizes and, in many cases, eliminates the
root cause of these phenomena by significantly reducing
and suppressing, respectively, the electrostatic field and
conducting the charge away from the area of concern.

The invention is composed of three basic elements as
illustrated in FIG. 3 for one possible configuration: at
least one ionizer 42, a ground current collector 44, and
the correlated system connections 46.

The ionizer 42, which is in essence a space charge
generator, is an array of dissipator elements designed to
produce an abundance of air ions through use of the
point discharge effect, a well known physical phenom-
ena, without encouraging the formation of an upward
going leader. The ionizer 42 is designed, oriented, lo-
cated and elevated in such a way as to take maximum
advantage of the electrostatic field produced by any
charged clouds in the area as the motivating force. The
factors to be considered in the ionizer design include:
field orientation, elevation, potential wind velocity,
shape, size and character of the individual dissipator
elements shown in FIGS. 9, 10 and 11 for selective
installations 48 on the respective ionizers 42. All these
factors significantly influence system performance,
many of which were ignored in prior art. These ionizer
design factors influence performance in the following
manner:

(1) The field generated by any storm must impinge on
as much of the ionizer area as possible; regardless of the
direction from which it comes, the size of the storm cell,
its'elevation with respect to the average cloud base, or
whether it builds up locally or moves in from any other
adjacent area. ‘

(2) The ionizer must be elevated to the highest practi-
cal level. The higher it is elevated the greater the ion
current flow. The ion current flow is exponentially
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related to the field established by the storm cells and is
directly related to the height of the ionizer above the
surroundings, not just above the earth. Vegetation and
other nearby structures tend to elevate the zero poten-
tial line and lower the difference of potential between
the ionizer and the surrounding air; if they are at the
same height, the ionizer will be ineffective.

(3) The potential wind velocity must be taken into
account since ion mobility is directly related to wind
speed. The faster the ion flows, the higher the ion cur-
rent. However, the faster wind speeds tend to distort
the protected envelope in a2 downwind direction in
consonance with wind velocity. The result can be un-
protected areas on the upwind side. As a result, prevail-
ing wind conditions must be considered in the design
and the array must be located, oriented or configured to
compensate for wind effects.

(4) The ionizer shape must be configured such that
the face is always parallel with the lines of equal poten-
tial as generated by the storm and that the maximum
number of individual dissipators are touched by the
same potential line. Extreme caution must be taken to
prevent enhancement or reenforcement of these lines at
any single point on the ionizer. Conversely, they must
form evenly over the entire ionizer face 50, as shown in
FIG. 4. The known prior art failed because of the disre-
gard of this factor alone. The principle is illustrated by
both FIGS. 4 and 5, where two typical situations are
presented. The lines are equal potential 52 form around
the ionizer face 50 in FIG. 4 and the face 51 in FIG. 5,
respectively, so that they are parallel to the face and, as
a result, the lines of force 52 are always at or near. per-
pendicular with respect to the plane of the ionizer 50
and 51, respectively. There must be no sharp transitions
or bends when the lines 52 of equal potential are inter-
facing with the ionizer 50 and 51, respectively, other-
wise the formation of an upward going leader will be
encouraged and create weakness in the system.

(5) The ionizer size controls the area of protection;
however, this is also related to the height at which it is

deployed. These relationships are illustrated by FIGS. 6.

and 7 in each of which one typical ionizer configuration
is presented with its approximate area of protection,
expressed in probabilistic, percentile terms. It should be
noted that the size of the protected area increases di-
rectly with an increase in the ionizer area and its height.

The scope of protection of an array is somewhat
probabilistic in nature. This is due to wind influence and
variations in storm character. However, the scope of
coverage can be estimated with reasonable accuracy.

With reference to FIG. 6, whereon is illustrated the
application of a typical hemisphere array for the protec-
tion of tall towers and their surrounding area, the scope
of protection for this array can be approximated to a
percentile probability value by using the following rela-
tionship in conjunction with FIG. 6. r, the radius of the
array as measured from the centerline of the ionizer, is
approximately equal to:

r=(hd/30)

where: h is the height, expressed in feet, of the ionizer
80 above the average foliage or local terrain height; d,
expressed in feet, is the diameter 60 of the ionizer in plan
view and 30 is an experimentally observed constant
distance expressed in feet. The 32 degree angular slope
defines the approximate limit for the 0.999 percentile
area of protection; the 46 degree angular slope defines
the approximate limit for the 0.99 percentile area of
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protection; and, the 68 degree angular slope defines the
approximate limit for the 0.95 percentile area of protec-
tion. It should be noted that the angles of 32, 46 and 68
degrees, respectively, are not depicted in their actual
magnitudes.

With reference to FIG. 7, whereon is illustrated the
application criteria for a typical trapezoid array, the
scope of protection for this form of array is related to
different physical factors. First, the area within the
angle formed by the ionizer face 51 with respect to the
tower is completey protected. Of greater concern in
some applications is the scope of protection above the
ionizer superstructure h3 having a metal sphere and a
comparable structure, selectively, at its top to limit
emission of charges into the atmosphere (hs). This can
best be approximated by the following expression:

]

where: hy is the horizontal projection of the ionizer
length expressed in feet; h; is the height, expressed in
feet, of the ionizer base above the average local vegeta-
tion or terrain, whichever is highest; A is the area of the
trapezoid face 51 of FIG. 8; 300 is an experimentally
observed constant area expressed in square feet and, the
percentile probability factor P is about 6 for 0.999 prob-
ability of protection, 5.5 for 0.99 probability of protec-
tion and 4.9 for 0.95 probability of protection.

(6) The characteristics of the individual dissipator
elements markedly influence the dissipation current by
several orders of magnitude. FIGS. 9, 10 and 11 each
illustrate a different possible form of dissipator element
that may be used for the top surface configuration of
ionizers of, for example, the ionizer having the diameter
60 in FIG. 6, the ionizer 50 in FIG. 4 and the ionizer 51
in FIG. 8, depending on prevailing requirements and
conditions. '

Dissipator assemblies known in the art consist of a
hase conductor upon which the actual dissipator mem-
bers are mounted in discrete, predetermined distances
from each other. Each said dissipator member consists
of a comparatively short length of an electrically con-
ductive, preferably metallic, material and each of its
two ends is formed so as to terminate in a substantially
conical shape having a sharp-pointed apex. The installa-
tion of said dissipator members on the base conductor is
performed, for example, through winding of the former
around the latter with, say, two to four turns and under
considerable tension so that the resulting pressure of the
turns about the base conductor provides good electrical
conductivity between and across the surface of each
said dissipator member and the surface of said base
conductor. Suitable coatings are applied to said assem-
blies to make them resistant to environmental effects
and to impart a pleasant appearance, respectively.

The major disadvantage to those dissipator assem-
blies of prior art is the contact discontinuity which may

hy
h1+7—30
P

A4

k3 300

-exist between each said ionizer member and said base

conductor, and the lack of attention accorded the effect.

Another, considerable disadvantage is the compara-
tively short dissipator members which are of limited
effectiveness; former designs were two short to produce
enough free ions.






