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"This invernition relates to a. process for effecting .

changes in weather conditions and more speci~
fically to a process for dissipating clouds and fog

by clearing the atmosphere of moisture particles -
that are large enough to bé visible and yet not

large enough to fall out of suspension in the gases
of the atmosphere. The overall object of the
present invention is directed to the coritrol of
-weather conditions generally.

Specifically, an object of this invention is
to maintain contact weather conditions at air-
ports, air traffic zones and centers and on air-
ways by reducing economically the amount of
visible water vapor causing the particular unde-
sirable weather.’

Another object of this invention is to control -

weather which causes hail damage, lightning and
interferences with wave transmissions by the re-
duction of visible water vapor through the dlSSI-
pation of cumulonimbus clouds.

‘Another object of this invention is the control
of weather by dissipating typhoons, hurricanes,
and other storm centers by the dissipation of the
convective - clouds forming the weather phé-
nomena, ’

Another object of the present invention is the
control of weather causing snow and sleet in
heavily populated areas where large quantities
are particularly undesirable because of its effect
on traffic conditions. ‘

Another object of the present invention is the
process of dissipating -weéather frontal systems
which cause floods due to continuous rains.

Another object of the present invention is to
provide rain in designsted ‘areas by use of my
weather control processes.

Another object of the present invention is to
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provide desirable weather for sport events and

all other outdoor ;ecreatmnal activities wh1ch
require good weather,

Angther object of the present invention is to
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previde desirable weather for businesses now -

effected during adverse weather periods.

A further object of the present invention is to
provide sunshine for areas where overcast sky
cover conditions slow down the growth of vegeta-
tion particularly in these areas which have a
comparatively short growing period.

A further object.of this invention is the crea-
tion of & guasi frontolysis and quasi cyclosis and
quiasi-anticyclogenesis. ‘

A further enumerabion of the specific: objects
of this invention is deemed unnecessary as it will
be:obvious-to ‘those skilled in the art that the
flexibility . of “these .processes in’ this' application
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to weather control generally is limited only by
the number of different types of Weather con- .
ditions. g
In order that there be a complete understand-
ing of the present invention it will be necessary
to explain the. causes of certain weather phe-
nomena and the effect of the practice  of the’
processes in the instant invention on' those
weather phenomena.
Meteorologically speaking a cloud is the forma-

‘tion of a body of moisture particles that has been

lifted adiabatically until they have reached the’
dew point of the body of air in which they aré -
found. The particle size of the water vapor -de- -
velops upon condensation to the point where ”
they become visible to the eye and yet their
particle size is' not sufficiently great so as to”
effect their stability in the atmosphere by caus-
ing them to feel the effects of gravity pulling
them out of suspension. This latter effect would -
cause them to fall in the nature of precipitation

.out of the atmosphere and onto the earth below.

A parcel of air at the surface containing a given
moisture content and at a given relative humid-
ity less than 100% will when subjected to surface
heating cause the parcel of air to rise, dry adia-
batically until' it reaches the saturation point.
At this point the moisture particles become visible
to the eye and form what is commonly known as
a cloud. - The continuous surface heating causes
this cloud to continue to devélop in substantial’
proportions depending first on the additional
amount of surface heating that is given to the air
mass generally and depending on the moisture
content and the stability of the upper air layers.
Pressure decreases with increased elevation ac- -
cording to a fixed rate.  'This is a variable factor
but the decrease is continuous. Temperature on -
the other hand generally decreases with increased
elevation according to a variable adiabatic lapse ~
rate. The lapse rate in a stable layer of dry air
is approximately 16° C. per kilometer. (This is
called the dry adiabatic lapse rate.) If the air
is not saturated at any point within this first -
kilometer of air measured from the ground up-
ward, that layer of the air within that parcel
will be considered to be relatively stable. A de-
crease in temperature exceeding 10° C. per kilo- -
meter in the dry state, by that I mean short of
complete saturation at any point within a given
layer, would prove the existence of an unstable
condition in ‘the upper air structure. Thus it~
appears that if the decrease in temperature with
increased elevation is less than 10° C.-per kilo- -
meter and if the ‘air mass were comparatively
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dry throughout that layer of air, then that layer
of air would be comparitively more stable.  When
- the moisture content in a given air mass has

reached the saturation point, the decline in tem-
perature with increased elevation assumes a dif-
ferent proportion. It now follows what is com-
monly referred to as the moist adiabatic lapse
rate which is. approximately one-half the dry
adiabatic lapse- rate. Specifically, this is ap-
proximately 5° C. per kilometer. The moist

adiabatic lapse rate which showed a decline of.

greater than 5° C. per kilometer.in the moist
- state would prove to be an unstable layer of air

whereas a moist adiabatic lapse rate which was:

less than 5° C. per kilometer would prove to be a
more stable layer of air.
perature declines will serve to give us an insight
as to the approximate stability of the upper air

structure and will indicate to us when: clouds.

will tend to form and when clouds will tend to
dissipate:
perature: with -increased elevation from 10° C.

per kilometer in the unsaturated state to ap--

proximately- 5° C. per kilometer in the moist
state is occasioned by the heat given off by the
condensation of moisture particles- which on cool-
ing will .yield approximately 600 calories of heat
for:.each -gram .of ‘water condensed .out. This
latent heat of condensation is absorbed by the
air. - A specific example would serve to indicate
what would happen to a parcel of air, let us say
taken at the surface where the surface pressure
was 1000 millibars of pressure and atemperature
of.-20° C.- surface temperature and-a -moisture

content of. 10 .grams per kilogram of water.

Since the saturation mixing ratio at the surface

under these:conditions of temperature and. pres-.

sure-is approximately 15 grams per kilogram, it
can be readily seen that the relative humidity
at the surface.is-approximately 66%.. If this
parcel of air were-to be lifted’ dry.adiabatically
until it reached the saturation point it: would be
lifted to approximately 910 millibars of . pres-

These upper air tem-:

.This change in-the decline_in tem-
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sure, and to a temperature of about 12° C..ab

which point the relative humidity would reach
100 % and clouds would form at that point. - That
height above the surface of the ground would
be approximately 800 meters or roughly, about
2500 feet. That would be the cloud base and
contlnuous ‘heating beyond that would develop
the. cloud into whatever proportions the stability
or..unstability of the upper air structure beyond
the 2500 feet level would permit. If the upper

air structure were one of stabiliby then the de-.

Ve»lo,pment,of, clouds and cloud formation would
be limited. :However, on the other hand, if the
upper. air structure were one of instability then
the upper air structure would be such as to cause
formatlon of well developed cumulus clouds de-
veloplng possibly into thunderstorm clouds; com-~
monly -referred to as cumulonimbus.  When
these thunderstorm clouds develop they -are
oftent1mes a threat to safe flying conditions and
are further a threat to crops and other properties
because of the poss1b111ty of falling- hail whlch
sometlmes develops in- thunderstorms
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The present 1nvent10n proposes- to utlhze a -

process in which thls type of cloud can be dissi=
pated and comp]etely dlssolved before it ‘has had
the opportunity. to complete its violent activity
and.after having been removed it will increase
the’ amount of safety W1th which ﬂlghts can be
made.. .It will also reduce the amount of damage

70

that will ‘be done by such a storm elther through -

the_ xecss1ve1y hlgh wmds that precede or -ac-

i
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company such a storm and further serve to re-
duce the amount. of rain and hail that will fall
therefrom.

It has often been said that one man’s cloud
is another man’s fog. To the observer down in
a valley looking up on a mountainside and ob-
serving a cloud formation, an observer might say
“Look at that cloud development resting on that
mountain top.” The observer who is up on the
mountain top will report “This is fog.” Fog
basically is nothing more than a cloud on the
ground.. There are a great many different types
of fogs that do not vary greatly in their actual
characteristics but. rather in their method of
formation... To name a few, there are—frontal
fogs, air-mass fogs of the advective type, the
radiation or ground fog type, the sea fog type
and up-slope fogs. All of these fogs create some
of -the most serious hazards to aerial flight in so
far as they create hazardous take-off and land-
ing :conditions- which have. caused innumerable
accidents in the past. The present.invention will
serve to dissipate a great number of these fogs
and will increase the safety element of flight par-
ticularly from  the standpoint of take-off and
landing.

By the practice of the process in the instant
invention, it will be possible to accomplish the
quasi-frontolysis of certain types of frontal con-
ditions. For  instance, if a front moves down
into a given barrier and finds itself locked be-
tween two . different circulation systems it be-
comes:what is commonly referred to as a quasi-
stationaty front.. This frontal development gen-
erally does not cause any great amount.of pre-
cipitation but it does cause cloud formation which
will stand in a compartively fixed position and -
cut off a considerable area from the effects of
sunshine over a long period of time.

By the use of the process herein to be described,
such cloud formation in a quasi-stationary front
can-be completely dissipated in a very economical
manner and cause. sunshine again to break
through without waiting for this quasi-stationary
frontal system to dissipate by the eventual loss
of:its own energy.

Still further, frontal systems that are more
active, such as the warm front, the cold front,
the occluded front and its two submembers, the
warm front occlusion and the cold front ccclu-
sion, can be dissipated or at least reduced in
force by the application of the process of the
instant invention.

Still further, it would be possible to induce
anti-cyclogenesis, by that I mean the generation
of an anticyclone or high pressure cell, and by
so doing create better weather conditions. It
often occurs that a low pressure cell at the sur-
face extends aloft and is so locked in its circu-
lation that it has little or no tendency to move
to other areas, this results in poor weather con-
ditions for-a given area over an extended period
of time. By practice of the present invention,
the. low pressure cells can be dissipated some-
what by induced subsidence caused by the prac-
tice of this process which gives a simulated cy-
closis which is the disintegration of the cycione
or low pressure cell.

In the practice of the process of my invention,
I make use of any of the following substances,
manufactured flake ice, natural flake ice, manu-
factured snow and natural snow. These can be
used collectively or-individually. These can also
be used with such condensation nuclei as salts,
e. g., sodium chloride, potassium iodide, and cal-
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cium chloride. I ecould also use for condensa-
tion nuclei, cement in the ‘powdered form and
micronized carbon particles. It must be remem-
bered that the former group of ingredients; name-
1y, flake ice, ete., do nhot necessarily have to be
used with these condensation nuclei as tests prove
that the: process- is quite as effective in certain
- instances ‘when the manufactured flaked ice and
the like are used without the condensation nuclei.
However, instances will arise in which it would

be ‘more advantageous- o use the flake ice to-:

gether with - condensation nuclei to perform a

particular operation, whereas in other:operations

it may be -advisable to use the flake ice alone

depending upon the result desired. The use of

flaked ice, either natural flaked ice or the manu-

factured- flake ice stands out. as completely dif-

ferent in result-and effect from. the result accom-

plished by use of Dry Ice-because the Dry Ice

being solid:-carbon dioxide and having very low

melting and boiling points will undergo the tran-

sition. from a solid state to the.gaseous state

without actually becoming a.liquid. Because of

its. very low. boiling point® Dry Ice will cool a

mass - of air considerably more in a given layer

and to a greater extent than will the flake ice

used in my ihvention. Furthermore, Dry Ice does

not add any moisture to the air at all because it

contains no moisture. The flake ice, of course,

will melt at the 0° C. and above and the result

is that a slower melting takes place with the flake

ice becoming first cold water and eventually.dis-

solvinig in theé air as water vapor. ‘These flake

ice particles in theéir- downward descent in' the

wake of an airship will flutter much in the same

- mMAanner as falling leaves and will slowly give off
their moistiireé and will slowly absord heat from

the air, thus, hot upsetting the comparative sta-

bility of the air and not tending to cause violent

weather activity. The injection of Dry Ice into

a  cloud cools off ‘a fixed layer in a matter of

minutes and upsets the equilibrium of the upper

air structure to such a point that the forces of

nature in its efforts to maintain equilibrium: will

cause a -down draft of the colder air above and

updraft of the warmer air below that great con-

vective clouds develop. Tremendous rains and

‘hail can develop from -an artificially created up-

per air unstable condition.” The gradual cooling

that is accomplished by the injection.of the flake

ice into a-given air mass upsets the equilibrium

of.the air but does not so upset that equilibrium

as to induce violent convective activity so com-

monly experienced in:the cumulonimbus type of

a cloud. Another effect that this flake ice has

on stability and cloud structure is, as the flakes

begin their downward descent and they begin to

cool the layers of air successively as they fall

from top downwaidly toward the earth, moisture

developing from the melting flake ice will dis-

perse itself into the cloud proper creating water

droplets which will collide with water droplets

-.-already existing within the clouds and cause them
to increase in size by coalition.” Such increase
being sufﬁment to. cause them to-feel the effects
of gravity. in its downward pull toward the earth
and will cause these water droplets to begin to
fall. As these moisture particles start their down-
ward fall they will pass through layers of air
below the cloud leével where the. air is not satu-
rated and will cause the water droplets to begin
to ‘disperse and to incréase the moisture content
of the lower levels and ultimately will result in
complete dissipation of the cloud structure. Spe-

cific ‘€xamples of ‘my - experithents wul tend to 7
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further illustrate the factors which I have al-
ready outlined.

Example T was an experiment which I formed
on g cumulo~type cloud which had a base ap-
proximately at 2500 feet and a top between 6 and
7 thousand feet. The surface temperature was
about 80° F, and I injected into that cloud some
condensation nuclei in the nature of sodium chlo~
ride and on returning to see the effect of this
condensation nuclei on the cloud I found that it
had pancaked the. cloud down to the point where
it was only about 200 feet-deep but still had its
cloud base at 2500 feet and a cloud top at 2700
feet and was more in the nature of stratocumulus
cloud. No-rain was developed from this cloud.

My second experiment was performed on a bank
of clouds which amounted to a complete over-
cast with breaks. The cloud bhank itself was
about 2500 feet at the base, about 1000 feet thick
with a cloud top at 3500 feet.. I flew through the
cloud structure at about the top level and -dis-
persed therein a quantity of flake ice alone. T
found that I cut a virtual path through the cloud
and dissipated a complete area of clouds and
actually produced no rain. The surface temper-
ature at the time of the experiment was about
82° F. and I noticed that those clouds, which
were not immediately effected by the flake ice, but
which were adjacent to the cnes which were
effected, were caused to be drawn in as though
pulled into a down-draft and ultimately dissi-
pated.

My third experiment was performed on a
cumulonimbus cloud with a fairly well de-
veloped anvil top. The cloud base was at approxi~-
mately 2500 feet. The surface temperature was
about 80° F. The anvil top began at about freez-
ing level, 12,000 feetf, and extended beyond to the
top of the anvil at.15,000 feet. I flew around the
outer periphery of the cloud and dispersed there-
in flaked ice, about 1 pound injection at a time,
and I flew at approximately 12,000 feet which
was at the freezing level, and I dispersed this
flaked ice about three-fourths of the way around
the cloud. Almost immediately the lower. part of
the cloud suddenly turned black and boiled con-
siderably toward the bottom. Shortly-thereafter
heavy continuous rain began to fall out of the
cloud. The surface temperature at the time of
the experiment was approximately 80° ¥. No
hail developed from the cloud but in a matter
of a few minutes the cloud began to disintegrate
and finally dissipated completely. In this pro-
cess a smaller cumulo congestus type cloud was
noticed to be pulled in to that area which was
once occupied by the cumulonimbus cloud and
this smaller cumulo-form cloud finally dis-
sipated.

My fourth experiment was performed on a
bank of clouds which had developed on the wind-
ward side of a mounfain top and which extended
about 500 feet above the side of the mountain
in a coutinuous layer extending about 1500 feet
upwardly making a cloud top at about 3500 feet
to 4000 feet. I dropped a gquantity of flaked ice
into the center portion of this cloud bank ex-
tending around the mountain rim. On retracing
the path of flight, I found that the cloud had
dissipated- except for a few fragmentary parts

-which dissipated completely after a few addi-

tional minutes. No rain was seen to fall from
this cloud in its dissipation.

In the treatment of fogs by my methed, it has
been found that the dropping of the flake ice in
the'relatively thin layer of Tog, which is actially
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a.cloud-on theground, that the cooling caused by:
the ice itself together with the moisture particles
added by the ice in an impact with moisture par-

ticlescexisting in the fog, that sufficiently large .

particles would . develop to the point where they
would; by force of ‘gravity, drop.out of the fog
to the earth below.
drier layer of air beneath its base in which- to
drop and dissipate, the moisture particles visible
in the fog layer would drop out as rain. Dispersal
of the fog layer could be accomplished by the
pattern method of dropping the flake ice. ‘This

. would cause sufficiently. dissipated water vapor
areas, for the solar radiation to reach the earth’s
surface causing solar heating of the surface and
inducing the convective currents to begin, ulti-
mately resulting in a complete dissipation of the
fog bank. It is conceivably possible to perform
this process from an aircraft of any type or by
the use of a projector of an explosive type which
would disperse the flake ice into a given cloud at
a predetermined altitude, or by the use of such
other devices as bombs, or balloons with an ex-
ploding unit contained therein fto distribute the
flake ice at a predetermined altitude w1th1n the
given cloud.

PFogs, which are due to a temperature 1nversmn
near the surface resulting from nocturnal radia-
tion, would present an upyper air structure of
complete stability in its lower layers because the
adiabatic lapse rate would indicate an increase in
temperature with increased elevation. This is
due to the cooler air settling to the earth because
of its greater density. The injection of flake ice
into such a layer of fog would not cause con-
vective activity but would reduce the stability of
that layer of air at the surface. 'The most ef-
fective feature in this operation would be in
providing collisions between the suspended mois-
ture droplets so as tc form larger water droplets,
ultimately causing them to become sufficiently
heavy so as to drop out of suspension in the
gaseous mixture, namely, the atmospheric air.
These temperature inversions, although formed
at night, continue to persist generally in the
early morning and sometimes into a considerable
portion of the day, particularly when the fog
layer is so thick that the solar radiation cannot
penetrate the fog layer. In such an instance,
the solar radiation cannot reach the ground in
its full effect. - Surface heating is, as a conse-
quence, almost negligible. By the injection of
flake ice into such a fog bank, the moisture drop-
lets will be caused to condense ouf-and to fall.
The result is that the solar radiation in the early
part of the day will be able to cut through and
cause some surface heating which will accelerate
the dissipation of the fog. It can be readily seen
that the clearing of areas where aircraft take-
“offs and landings are to be accomplished within
g, matter of minutes with an inexpensive in-
gredient such as flake ice, would increase air
traffic considerably and would facilitate landing
and take-off operations to the point where the
element of hazard is at least reduced if not com-
pletely eliminated. The utilization of such a
process would eliminate one of the most hazard-
ous of all flying weather conditions. The injec-
tion of the flake ice in such a fog should be ac-
complished just above the top layer  of the fog
bank. This is egually true in the instance of
dissipating clouds generally, as the flaked ice will
have it fullest effect when it is injected into the
uppermost layers of the cloud formation.

It is obvious to those skilled in the art that the

Since fog does not have a-
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use of ‘this process is not limited to the dispersion
of “atmospheric clouds -and. fog “alone but: could
readily be- utilized to disperse. other types of
cloud -formation, such -as dust . clouds, smoke
clouds and the like, since the action of the flake
ice-on’ the smoke ‘and dust particles will only
help to accelerate the dispersion thereof.

In the practice of the process in this invention-
the type of clouds which can be dissipated by in-
jecting the flake ice are not limited to low clouds
but can be extended so as to include middle and
high clouds. In the low-clouds, I refer specifically
to cumulo form clouds such as the cumulonimbus
and other cumulo form clouds. I also can. di-
reet this process to the dissipation of stratus and
stratocumulus type clouds.

Tn the middle class of clouds all types can be
dissipated but more specifically, I refer to the
altocumulus and the altostratus:.

In the high clouds, I refer specifically to cirro-
cumulus and cirrostratus.

Frontal weather systems are divided. into three
principal groups. The warm front which is best
described as being the divisionalline between two
distinguishable air masses in which the warmer
air behind the front is pushing up over the ¢older
air in advance of the front. In the cold front
the distinguishing features are that the air in
advance of the front is riding up ‘and over the
mass of cold air behind the front. The occluded
front which has two sub-members, the cold front
occlusion and the warm front occlusion, cccur
in- weather when the -warm-front portion of an
unstable wave is reached by the faster moving
cold front portion of the same unsfable wave, so
that the two fronts are united to form a single
but complex frontal picture. - If the cold air in ad-
vance of the warm front is actually colder than
the cold air behind the cold front then the mass
of air behind the cold front will ride up and over
the cold air in advance of the warm front and it
will become a warm front occlusion. On the
other hand, if the air in advance of the warm
front is not as cold as the cold air behind the
cold front then the cool air in advance of the
warm front will ride up and over the colder
air behind the cold front and will form what is
referred to as thé cold front occlusion. In both
instances the warmer air in the warm sector will
push up over both the cooler air masses in ad-
vance of the warm front and behind the cold
front. »

‘The amount of flake ice which-may be dispersed
within a given atmospheric system depends on
the size of air mass to be affected. This may be
anything from a single well-developed cumulo
type cloud to an extensive frontal system and the
amounts vary accordingly.

Although most of the discussion in the detailed
explanation of this invention has been directed
to improving weather -when poorer conditions ex-
ist it is possible to deteriorate weather conditions
by the practice of this invention. . If good weather
conditions existed and it were desired to have
cooler or cloudier weather by the practice of the
process of this invention cloud forms could be
developed so that some measure of sunshine and
solar radiation would be cut off. This could be
accomplished by injecting a sufficient amount of
flake ice into the upper atmosphere. This would
increase the relative humidity in the upper layers
to the point where cloud formations, due to con-
vective activity established by the change in the
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stability in the upper air, would cause overcast
or cloudy conditions.

By ‘flake ice I mean water in the solid state
which has the physical attributes of a flat wafer-
like particle enjoying a substantial maximum flat
surface area and a substantial minimum cross-
sectional areg as opposed to ice-crystals, hail, ice
pellets, ice cubes and the like which fail to settle
gradually in their downward descent in the man-
nerin which these flake ice particles settle. Flake
ice is sometimes referred to as flak ice.

Iclaim:

1. A process for altering weather conditions in
the unconfined, non-vacuous atmosphere which
comprises dispersing therein flake ice at an ele-
vation such that said flake ice settles in at least
a partially horizontal direction and a substantial
maximum surface area per volume of said flake
ice contacts a maximum volume of said atmos-
phere per volume of said flake ice and such that
said flake ice in its gradual downward descent
contributes. its moisture content to said atmos-
phere and changes the stability structure and
moisture content of said atmosphere.

2. The process set forth in claim 1 wherein
said atmosphere is in a weather frontal system.

3. The process set forth in claim 1 wherein said
atmosphere is in an anticyclone,

4, The process set forth in claim 1 wherein said
atmosphere is in a cyclone,

5. A process for dissipating clouds which com-
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prises dispersing therein flake ice at an elevation
such that said flake ice settles in at least a par-
tially horizontal direction and a substantial max~
imum surface area per volume of said flake ice
contacts a maximum volume of said clouds per
volume of said flake ice and such that said flake
ice in its gradual downward descent contributes
its moisture content to said atmosphere and
changes the stability structure and moisture con-
tent of said clouds.

6. A process for dissipating fog which com-
prises dispersing therein flake ice at an eleva-
tion such that said flake ice settles in at least a
partially horizontal direction and a substantial
maximum surface area per volume of said flake
ice contacts a maximum volume of said fog per
volume of said flake ice and such that said flake
ice in its gradual downward descent contributes
its moisture content to said atmosphere and
changes the stability structure and moisture con-
tent of said fog.

HARVEY M. BRANDAU.
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