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Abstract: The method of considerable decrease the CO2 concentration in atmosphere based on precipitation enchainment is 

considered. Nowadays approaches for cloud reorganization are very important, because the sum of CO2 and water vapor that 

collected in clouds makes 95% mass of greenhouse gases. Usage of helicopter for free flight inside natural clouds is considered 

in comparison with traditional airplanes. The method for anti-icing coating for helicopter and laboratory experiments with 

formulas for the cloud droplets adhesion/separation are presented. New technology for fast drying of air in medium near 

helicopter rotor is outlined. 
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1. Introduction and Background 

Development of new technical methods for free 

atmosphere purification from greenhouse gases is very 

important in modern world and mitigation approach is 

necessary in order to combat the imminent dangers related to 

climate changes. Our climate is changing; this fact was 

proved by IPCC reports based on detailed world’s science [1]. 

The global warming was caused by exceed of greenhouse 

gases, and annual CO2 emission producing by world industry 

provide evident concentration increase in atmosphere at each 

year. The sum of CO2and water vapor that collected in clouds 

makes 95% mass of greenhouse gases nowadays. Currently 

the role of clouds becomes important, so the methods of 

cloud reorganization are needed. Traditionally, humans tried 

use the natural clouds to produce a lot of water for 

agriculture at the necessary moments. The development of 

these methods are based on the fact that a typical cloud can 

contain thousands tons of water. Modern methods for 

precipitation enhancements have been developed in different 

countries around the world with wide practice [2]. The most 

popular current technologies for precipitation enhancement 

are based on airplanes those are sprinkling a chemical 

reagents into cloud. Note that a helicopter can serve to this 

purpose much better, because it is less speedy and more 

maneuverable in comparison with an airplane. 

Our approach incorporates the possibility of stepwise CO2 

purification by cloud modification [3]. The first stage 

involves spraying of alkaline compounds, such as KOH or etc. 

inside cloud via an airplane or helicopter. The alkaline 

reagents significantly increase the solubility of СО2 in water 

droplets due to increase the pH in cloud droplets, and rain 

droplets become saturated by atmospheric CO2 during their 

gravitational fall from cloud to the ground. The СО2 

solubility significantly grows due to increase of pH, therefore 

ions concentrations of [HCO3
-
] and [CO3

2-
] increase in 10 

and 100 times accordingly by each unit of pH. This method 

can be conducted in areas of the free atmosphere step by step, 

so its application on the global scale was analyzed for the 

whole Earth. The future technology can compensate for 

annual carbon emission by method application at 0.4 % – 

0.08 % of our planet surface then pH = 10 – 11, [4]. The 

advantage of proposed approach is a good response in plant 

growth to the precipitation from modified clouds; one can see 

the strong vegetation growth by enriched watering at Fig.1 

here and in [5]. To emulate the process of СО2 absorption in 

water droplets during an indoor experiment, the similar 

changes were made in alkaline solution during long-time 

diffusion according to formula LD≈ (D⋅t)1/2
, there a diffusion 

coefficient in water is D, and L is a water layer depth. The 
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KOH was dissolved in water and resulting mixture was kept 

indoors during several hours t = LD
2
/D, as a result the 

solution has carbon ions of HCO3
-
, CO3

2-
 and K+. The initial 

pH=12 was kept in these experiments. After saturation time t, 

the plants in brown pot were given the resulting solution and 

pure water was added to control blue pot (right side) with the 

same plants. These two watering processes were repeated 

regularly every day during one month. The experimental 

plants are beetroots (10 grains), carrots (20 grains), and 

parsley (2 grams) in each of plant pots. One can see a strong 

vegetation growth by enriched watering according to 

proposed method for all studied plants, Fig.1. Nowadays 

precipitation in industrial regions have led to soil 

deterioration up to pH = 4 or less. 

 

Figure 1. The indoor plants after 30 days correspondingly; plants in a right 

(brown) flower pot were watered by solution with carbon ions CO3
2-, 

HCO3
-and K+. 

Other advantages of the method are based on a substantial 

joint use of surface of all small droplets in the current 

precipitation volume. The joint set of water droplets increases 

the available surface for gas/liquid interactions for fast and 

complete CO2 absorption in the air volume under cloud. The 

process can be simulated in advance to take out from the 

atmospheric volume the desirable mass of carbon. 

The idea of regional weather modification by precipitation 

enhancement was described earlier [6]. Nowadays the most 

popular methods are the sprinkling of hygroscopic particles 

or special solutions for warm clouds [7] and the introduction 

of glaciogenic substances into cold clouds [8] from an 

airplane. In addition to it, special acoustic devices could be 

used to accelerate the coalescence of water droplets in clouds. 

The background is the fact that acoustics provides high 

mobility for droplets, because they become involved in air 

vibrations inside sound waves with the best coalescence as a 

result. Previous acoustical experiments [9] and further 

analysis were carried out to show efficiency for acoustics 

inside clouds directly in the region with oversaturated water 

steam by using a modern airplanes or helicopter. The most 

effective is a joint utilization of two methods at the same 

time, which means that hygroscopic particles and acoustic 

influence would be directly applied inside one cloud area. 

This result depends on different areas of both considered 

methods. Dynamics of different hygroscopic particles show 

that only first 15 - 20 seconds demonstrate fast changes in the 

main cloud characteristics such as super saturation and 

spectrum dispersion. This is accompanied by an increase of 

the radii inside small drops from 0.01 - 0.1 µm up to 1 - 3 µm. 

So after the first major variations these parameters increase 

very slowly, hence significant changes in spectrum of cloud 

and precipitation increase up to 50 minutes [7]. Later the 

droplets should be triggered by sound waves in the form of 

vibrations to provide wide condensation and coalescence up 

to a drop size of 100 µm, and after this point gravity can 

predominate. Acoustic method was analyzed to obtain fast 

droplets coalescence inside nature clouds up to precipitation 

with big droplet sizes and gravity sedimentation [10]. 

Optimal acoustic generator is proposed; also optimal regimes 

of acoustical powers for typical cloud droplets are calculated 

in [10] and presented here at Fig.2. The Figure 2 

demonstrates examples of the three acoustical ranges, as 

follows: (1) f = 20 Hz with lowest power Q = 175 W/m
2
; (2) f 

= 50 Hz with Q = 800 W/m
2
 and (3) f = 100 Hz with Q = 

2500 W/m
2
. We investigated the low frequency range from f 

= 50 - 100 Hz in order to provide droplet amplitude in a 

range L∼ 0.5 – 2.5 mm for coalescence possibility for typical 

clouds. Additional analysis was performed and introduced the 

appropriate altitude changes relative to the main physical 

parameters in the model, as follows: air density (ρa), viscosity 

(η), sound velocity (Ca), and air temperature depending on 

km-altitudes, and an improvement decrease in necessary 

acoustic power was observed. Usage of sound source at the 

altitude of 2 – 6 km within the cloud by airplane or helicopter 

provides the high droplet coalescence to get precipitation. 

 

Figure 2. Amplitudes L for vibrated droplets in acoustic field; droplet’s radii 

are r = 5 – 50 µm and clouds are located at altitudes H = 0, 2, 4, or 6 km. 

Acoustic regimes are: f = 100 Hz and Q =2.5 kW/m2; f = 50 Hz and Q =800 

W/m2; f = 20 Hz and Q = 175 W/m2. 

The additional acoustic action can be effectively 

performed done by helicopter. The main advantage is the 

following. Rotor blade of the helicopter rotates with maximal 

angular velocity, so the linear velocity at the end of each 

blade reaches the speed of sound. Typical helicopters blade 

has a length of 10 meters and its partial speed varies linearly 

from 0 to 300 m/sec for further estimation here. Note that 

helicopter is moving forward with some speed, for example 

100 m/sec; then supersonic motion of one blade is produced 
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in small time periods. This effect takes place because there 

are the same directions of helicopter motion and one of its 

blades moving in the same direction with its own speed. It 

means that each of the blades overcomes the supersonic 

regimes and produces the shock wave. The shock wave has a 

steep front and bigger difference of pressure and local 

temperature comparable to surroundings. A shock way is a 

very best acoustical source for droplets in a cloud, such wave 

pushes the droplets to effective coalesce. Fast condensation 

inside the shock wave can be seen many times directly and 

also in photographs when airplane breaks the sound barrier. 

The helicopter has multiple advantages in comparison with 

airplane, and its icing immunity can be used successfully for 

meteorological applications, in particular for precipitation 

advantages. Techniques for anti-icing usage and 

improvement will be considered here in parts 3 and 4. 

The modified precipitation droplets provide effective 

transport of СО2 from the under-cloud atmospheric volumes 

to the ground and further more to soil, ground water and 

plants. Therefore, new systems for cloud management and 

regularly precipitation enhancement are necessary for 

recovery the atmosphere, soil, ocean and climate as a result. 

2. The Precipitation Method for Carbon 

Transport from Atmosphere 

The effect strongly relates to artificial changes of pH level 

in cloud water content. In nature also the ocean waters keeps 

significant masses of dissolved СО2 due to its alkaline 

pH-level that is about pH = 8.3. There are known description 

for the insoluble and dissociated portions of the weak acid 

that remains after attaining the equilibrium of saturation for 

water by СО2 as follows: 

3222 COHOHCO ⇔+ , +−− +⇔ HCOНСO 2
33  

+− +⇔ HHCOСOН 332
              (1) 

The natural rain can’t provide the carbon transport from 

atmosphere to the ground. In typical natural precipitation at 

the level pH≈ 5.6 the concentrations of the dissolved and 

dissociated portions are titled as follows: [H2CO3], [HCO3
-
], 

[CO3
2-

], that are very small in this case. The gas solubility 

strongly increases with higher levels of pH. The effect in a 

cloud with 3 mkg / m
3
 of NH3 was shown by Yunge [11] and 

Rasool [12], so the medium has neutral pH = 7 but with 

appropriate increase for the concentration of dissolved ions. 

The partial concentrations are [H2CO3] = 0.71 mg/l; [HCO3
-
] 

= 3.3 mg/l, [CO3
2-

]= 10
-3

 mg/l. The ratios of carbon in the 

first, second and third of the listed compounds are 0.1935; 

0.1967; 0.20, correspondingly, that should be multiplied to 

concentration to find partial carbon masses and total one. The 

masses of carbon in 1 liter of water then pH = 7 are as 

follows: 0.1373 mg/l,0.6491 mg/L, 2⋅10
-4

 mg/l, and their sum 

is CpH7 = 0.7866 mg/l. The ionic concentrations of [HCO3
-
] 

and [CO3
2-

] increase in 10 and 100 times accordingly by each 

unit of pH. We performed similar calculations assuming that 

we increase pH in atmospheric water droplets up to 10, 11, 

etc [3-5]. The total mass of carbon in 1 liter of water with pH 

= 10 is CpH10= 849.1 mg/l, see row 2 in Table 1.The carbon 

compound culd be measured in water using one of standard 

methods, see [14] or ets. 

Let’s assume the initial cloud modification to pH = 10, and 

precipitation layer hw = 10 mm at surface S = 1 km
2
, then it 

gives 10
7
 liters. The total removed carbon mass will be M = 

CpH!0hwS = 8.5 tons in such modified precipitation water 

during one rain. Then pH = 11 the same rain will transport 

the 265 tons of carbon ions that is equal to 972 tons of CO2 to 

the ground during this one rain. 

Now, let’s analyze the example volume of purified air in the 

atmosphere U = 1 km
3
 under rain, where h = 1 km is the 

altitude of the cloud over land and the unit square of the 

surface is 1 km
2
. The reduced СО2 concentration was estimated 

by dissolving the carbon mass in alkaline rain using an 

assumption that the initial concentration of СО2 was even 

under the cloud. The molar mass of CO2 is 44, so the share of 

carbon in it is 0.2727. Using previous calculations, the 

atmospheric concentrations could be reduced to the following 

values: Са-= (CpH10 /0.2727)⋅(hw /h). Similar calculations with 

different pH-level, water layer hw, and cloud altitude, h, show 

different possible warrants for utilization. For example, the 

concentration of removed CO2 in this air volume should be 

approximately 420 ppm if the pH = 10.3 in rain water then hw / 

h = 10
-4

. If the height of the clouds over the land was greater 

than 1 km, for example h = 6 km, then all of the data of 

concentrations should be divided by 6 due to the increase in 

purified air volume. For this case and for a pH = 10.8, 

atmospheric purification will be complete again with removing 

concentration Ca- = 403 ppm, and the same precipitation layer 

is hw = 10
-1 

m. It is suggested the uniform CO2 vertical 

distributions, of cause the local effect is persists up to the 

moment of new injections or winds. 

Key advantages for proposed method should be eliminated 

for alkaline rains in comparison with ocean water. First, due to 

small dimensions of precipitation droplets the falling time 

exceed the saturation time for the gas molecules inside 

precipitation droplets. The largest radius has been estimated as 

3 mm up to drop disintegration. However, at the beginning of 

the precipitation the droplets have grown up to a radius of 

more then r> 100 μm the stated values for gravitational 

sedimentation. The fall velocity Vg(r) can be approximated 

roughly using the stationary speed of droplet gravitation 

sedimentation as follows: ( ) awg rrgrrV /2= , where ρa and 

ρware the density for air and water respectively, and g is the 

acceleration due to gravity. The falling time for droplet can be 

estimated as th ≈ h / Vg(r) at the initial minimal altitude of h = 1 

km. During CO2 solubility, the next step demands estimations 

for the saturation time taw in falling droplets. The process of a 

concentration establishment described by the law: 

( ) ( ) ( )awawaw KrrKrt 3/4/3/4 23 =≈ ππ , the time depends on the 

ration of the aerated volume U1 for a drop to the area of its 

surface S1 in a gas flow [13].The process also depends on the 
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gas exchange constant Kawat the gas-liquid interface, the 

constant Kaw(V) depends on the flow speed V = Vg(r). In the 

past, the intensity of CO2 gas exchange has been measured 

depending on the velocity of air flow V over the water surface 

[15-17] that gives Kaw(5) ≈ 6.4⋅10
-3

 cm/ssthen V = 5m/s, and 

etc. Unifying the previous equation with measured constraint 

yields the saturation time taw= 6.3 sec, but falling time is th1= 

257 sec for droplet radius r = 1 mm, and the similar for other 

sizes of droplets. Since taw<< th there is enough time for the 

saturation of typical rain droplets by CO2 molecules during 

their flight to the ground from a 1 km altitude. 

Analyses and calculations demonstrate the big total 

number of droplets in unit volume and their big summarized 

surface to contact with air during droplets flight. The analysis 

is based on the Marshall-Palmer approximation for the 

droplets spectrum with radii interval rm = 0.05 - 3 mm during 

precipitation [3]. The volume of received water UIwas 

calculated as a sum of all of the falling droplets of the water 

layer I = 3 mm on a ground surface A = 1 m
2
 during T = 1 

hour. The calculations provide the total number of falling 

droplets in mentioned water unit, for a rain this number is 

Nr= 4.02⋅10
11

, but for a drizzle Nd≈ 6.76⋅10
11 

inside 3 liters of 

precipitation water. These results prove that a set of rain 

droplets have a large surface for gas/liquid interactions as 

compared to the ocean’s plane surface. Then, each falling 

droplet runs at an air cylinder with a minimal volume length 

h and a ground area πrm
2
. The cylinder surface Sm ≈ h2πrm 

means that air/water interface increases the contact for 

rainwater and purified air. The total sum of this surface for all 

droplets in considered water unit is Sr = 2⋅10
8
 m

2
 for rain, but 

the same units for a box of air volume has 4⋅10
3
 m

2
 with a 

vertical altitude of h = 1 km and a background A = 1 m
2
. 

Important note is that due to the small concentration of СО2 

molecules (400 ppm), the probability of their collision with 

small water drops is low within clouds due to their small 

sizes. Therefore, a strong decrease in the concentration of 

СО2 within clouds will not be achieved at the first step, and 

the alkaline reserve of a reagent introduced into the clouds 

will not be spent. The erosion of СО2 as well as a significant 

reduction in air concentration will certainly occur in the 

sub-cloud volume via precipitation. 

The KOH substance has hygroscopic properties such as that 

it absorb water around aerosol droplets due to condensation in 

the supersaturated media of clouds. The initial KOH aerosol 

droplets contain an alkaline saturated solution with a 

concentration n0. Further analyses and calculations were 

performed in order to provide the average pH–levels in cloud 

water. The KOH reacts in water as follows: 

−+ +→ OHKKOH               (2) 

 

Formulas for the quantity mass of KOH are the following: 

[ ]−= OHnmol                 (3) 

The choice of a pH = 10, for example, demands that [OH
-
] 

= 10
-4

, and the molar concentration now becomes10
-4

 mol/L 

according to last equation in (2). The mass concentration 

yields the value nKOH
(pH10)

 = 56⋅10
-4

 g/L, by taking into 

account the KOH molar mass of 56. The data can be used in 

the following manner: if the liquid water content in the 

medium of a unit cloud is W = 1 g/m
3
, whereas 1 m

3
 of an air 

cloud contains 1 cm
3
 of pure water, and 5.6 mkg of masses 

should be introduced into a 1 m
3
 of air within the cloud in 

order to ensure the appropriate pH= 10. The cloud volume 

with 1 km
3
 of volume and W = 1 g/m

3 
need 5.6 kg to get pH 

= 10 in a volume about 1 km
3
 of cloud. The 56 kg provides 

pH = 11 in the same cloud. For more accuracy the aerosol 

dynamics in cloud media was calculated in [3]. 

The proposed method can be applied for the whole Earth 

on the global scale. The surface area of our planet is AE = 

5,1⋅10
8
 km

2
 and the average annual layer of precipitation is 

hw= 1,000 mm. Using algorithm and equations in [3-5] one 

can estimate the mass of removed atmospheric carbon (mC
1
) 

in 1 meter of precipitation water measured per surface 1 m
2
, 

these are presented at 2
nd

 row of Table 1, and pH = 10 - 11 is 

indicated at 1
st
row. The estimated masses of CO2 in 1m

3
 of 

water are presented at 3
th

 row, so the carbon ratio in CO2 is 

0.2727. The calculated mass of formed carbon at the surface 

AE of the whole planet is M
A

C = mC
1⋅AE = 4.3⋅10

14 
kg then pH 

= 10, as listed at the 4
th

 row of the Table 1. Hence the amount 

of carbon oxide is M
A

С02 = M
A

C / 0.2727 and its value listed at 

the 5
th

 row of the Table. In 2010 the global CO2emission 

reached an amount of 3.06⋅10
13

 kg. For further calculations 

let’s assume the global annual emission of CO2 as the AE = 

3.2⋅10
13

 kg. To compensate an annual CO2emission from the 

ratio AE / M
A

С02 we estimate the minimal area at the Earth’s 

surface, P(A) %, to be used for proposed technology and the 

corresponding details are given at the 6
th

 row of the Table. 

For our approach the method has to be applied on 2% - 0.08% 

of planet surface, the proposed method can completely 

compensate the annual carbon emission. To sum up let’s 

estimate the mass of alkali to add for desired modifications in 

clouds. The mass KOH (QKOH) can be estimated using 

previous data for nKOH = 5.6⋅10
-3 

mg/l then 

pH=10.Considering the precipitation layer of 1 m/year for the 

planet surface A its necessary percent, P(A), can be estimated 

from the Table. The added mass of alkali at pH = 10 level is 

calculated here: QKOH
10

= nKOH1AP(A) = 5.7⋅10
10 

kg. Note that 

similar estimations are presented at the bottom row of the 

Table 1. In comparison with the fertilizers for soil the added 

mass of alkali for clouds is relatively small. 

Table 1. The carbon mass (MA
С) and CO2 mass (MA

СО2) at the Earth’s 

surface A = 5.1⋅108 km2; the minimal required surface P(A) and mass QKOH 

of KOH to compensate an annual carbon emission. 

1) pH 5.6 10 11 

2) mC
1, kg/m3 1.6⋅10-4 0.849 26.5 

3) mCO2
1, kg/m3 5.9⋅10-4 3.11 97.2 

4) MA
С, kg 8.2⋅1010 4.3⋅1014 1.35⋅1016 

5) MA
СО2, kg 3⋅1011 1.6⋅1015 5⋅1016 

6) P(A), %  No possible 2% 0.06% 

7) QKOH mil.tons  57 22.8 

[ ] [ ]−+−+ ⋅=⇔+ OHHKOHOHH w,2
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3. The Study for Helicopter Coating and 

Protection 

The main principles for the laboratory measurements of 

surface properties for helicopter coating for its improvement 

are listed below. The purpose is to calculate forces acting on 

the cloud droplets of different sizes at different surfaces. The 

water drops were placed at different samples to study and 

make photographs of the contact area, and then photos were 

analyzed by computer. The angle θ and diameter dk of contact 

of droplets with the surfaces were measured, these 

parameters are included in the following formula: 

l

F1cos =⋅ θσ                  (4) 

here θ is a contact angle of surface and drop of water in 

contact point, F1 is wetting force, l is a wetted perimeter. The 

surface tension of the water is σ = 75.50 mN/m for 

temperature T = 0°C. The force required to tear the drop from 

the surface is F2, it can be calculated as follows: 

σθ lF
F

F
≈≈ 2

2

1 ,cos          (5) 

The surface area of contact Sk and perimeter of this area l 

are calculated as follows: 

Sk = π(dk/2)
2 

, l = πdk           (6) 

Volumes for different drops in experiments were created 

by medical syringe with high accuracy. The largest drop has 

volume U5 = 0.05 ml with the weight 0.05g. The smallest 

drop has the volume of U1 = 0.01 ml and 0.01 g in weight. 

Also drops were produced and measured for the following 

volumes: U2= 0.02 ml; U3= 0.03 ml; U4= 0.04 ml. One can 

estimate the radius of the drop from known formula for 

volume as follows: 

3/1

4

3







=
π
U

r                    (7) 

From the formula (7) the free drop radii are r1 =1.337; r2= 

1.684, r3 = 1.928, r4 = 2.122, r5 = 2.229 mm respectively, and 

complete surface area S = 4πr
2 

of droplet were calculated 

taking into account the droplet radius. Subtracting the surface 

area of Sof the droplet and excluding its contact area we obtain 

the surface area Sa that air flow can blow up by the motion: 

Sа ≈ 4πr
2 

- π(dk/2)
2
            (8) 

The series of measurements were done as well as 

calculations using the above procedure. A few typical 

photographs of water droplets on the surface which were 

analyzed are shown below in Fig. 3a, b. 

The data for duralumin or Teflon surface are shown in 

Table 2a,b. One can see that large droplets can easily be 

eliminated from the surface because it takes small value of 

unified force F2/Sato do it. 

 

Figure 3a. Water droplets on duralumin surface. 

 

Figure 3b. Droplets on Teflon, their masses are 0.01g; 0.02 g. 

Table 2a. Droplet measurements on duralumin surface. 

М, G θθθθ, °°°° dk,mm F2,mN F2 / Sa, N/m2 

0.01 60.2 3.42 0.811 61.1 

0.05 68 6.5 1.542 47.13 

Table 2b. Droplet measurements on Teflon surface. 

М, G θθθθ, °°°° dk,mm F2,mN F2 / Sa, N/m2 

0.01 144.77 1.35 0.32 15.2 

0.02 146.59 2.03 0.48 14.9 

0.03 152.21 2.48 0.588 14.0 

0.04 161.15 2.80 0.664 13.2 

Usually, clouds droplets have the radiuses ri= 1 - 100 

microns, such a small droplets can’t be easily obtained in 

experiments, and further analysis aim to simulate the cloud 

medium. Let’s use the algorithm for laboratory photos as at 

Fig.3a,b withlarge droplets on the surface to simulate small 

cloud droplets by approximation, Figure 4. Conversation to 

very small radii is shown in Fig. 4 by arrow. One can see that 

the ration is r/rk≈ 1 for water/duralumin, so the area of 

contact of the micro drops is taken here equal to the cross 

section of the smallest droplets with of Si(r)= π(ri)
2
 due to 

their good adhesion. The experimental measurement of the 

quantities F2/Sa and F2/Skin Table 2a was used to calculate the 

droplet/duralumin dynamics. The force F2(ri) for smallest 

droplets in clouds with radius ri, measured in meters, can be 

calculated as follow: 

(F2/ Sk)⋅Si(r) = 88.3Si(r) = F2(ri)         (9) 
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For hydrophobic Teflon surfaces, the contact area sure 

decreases with droplet mass. According to approximation at 

Fig.4 the small droplets with radius r exhibit much smaller 

radius in contact rk on the Teflon-type surface, and ratio rk/r = 

0.3 of the contact radius to the radius of the drop decreased 

here. Simulation with the arrow on the experimental plot in 

Fig.4 indicates the greatest reliability of 0.3. The breakout 

force for small cloud droplets can be calculated using the 

coefficient of proportionality K: 

F2 (ri)= (F2/ Sk)⋅ K ⋅S(ir)= 22.4⋅S(ir)      (10) 

( )
( ) 1.03.0

4

4 2

2

,
2
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2

=≈


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Figure 4. The experimental ratio rk/r of the contact radius as a function of 

decreasing droplet masses, M. The graph 1 displays duralumin surfaces, and 

the graph 2 is for Teflon. 

The results of calculation of forces required for separation 

of small droplets in typical cloud are shown in Table3. 

Table 3. The separation forces F2 for droplets with radii r. 

, r,µµµµm F2, N, in (9) for duralumin F2, N,from (10) for Teflon 

1 2.8⋅10-10 7⋅10-11 

2 1.1⋅10-9 2.8⋅10-10 

10 2.8⋅10-8 7⋅10-9 

100 2.8⋅10-6 7⋅10-7 

Let’s analyze different acted forces for tearing droplets 

from the surface on rotating helicopter blades. Firstly, the 

centrifugal force F3acts on droplets of different sizes, r, on 

the blades at various distances from the axis of rotation Lb 

and creates the range of droplet speeds, respectively. 

Typically the velocity V at the end of the blade must not 

exceed 300 m/sec, so V= 2πLb f = 300 m/s, with the rotor 

frequency is f3 = V/(2πLb) = 4.775 s
-1

, and centrifugal power 

for the droplet with mass, M, used for calculations: 

F3 = M(r)ω
2
Lb= (4πr

3
/3)ρw(2π)

2
f3 

2
Lb           (11) 

This relation show that the smaller droplets r = 1 micron 

cannot be removed by centrifugal force over the entire 

surface, even at a speed at the end of the helicopter blades Vb 

= 300 m/sec for both considered materials, because this value 

is too small, F3(Lb=10)=3.76⋅10
-11

N, see Table 3 for 

comparison with F2. Droplets of radius r = 2 µm can be 

removed by centrifugal force from rotating blade with Teflon 

coating only from the 0.7-meters at the end of its length, 

because this force is F3(Lb=10)= 3⋅10
-10

N. Droplets with 

radius r = 2 µm can not be removed from rotating blade with 

duralumin surface. Droplets of radius r = 10 µm and more 

ones can be removed by centrifugal force for the length Lb= 

10 m from rotating blade with Teflon surface in reality due to 

5 times for exceeds of F2, so the force F3(Lb=10)= 3.76⋅10
-8

N. 

There is partial water removing from duralumin and other 

no-Teflon coatings according to this algorithm. 

In addition, the gravitational force F4 = M(r)g acts on a 

droplets. Calculations show that gravitational force is very 

small for all considered cloud droplets; this force can exceed 

the separation force only for big rainy droplets with radius 

r >1 mm.  

The force created by flow of air is best for water/surface 

separation. For large drops on a moving surface one can use 

the following formula to estimate the drag force: 

2

2

5 2
w

r C
F V

π ρ
=              (12) 

Taking into account speed the estimate for the Reynolds 

number here is Re ~ 50 (for V = 100m/s and r = 10µm), so 

coefficient was set C = 0.4 in (12). Air drag force in a form 

(12) can act effectively on the typical cloud droplets with r> 

10 µm to provide the F5> F2. For example then r = 10 µm, 

using equations (12) and (10) one can confirm the last 

statement for Teflon surface with speed V>0.3 m/s. These 

droplets ensure their separation from duralumin surface at 

speeds over 0.7 m/sec due to equations (12) with (9). In 

aerosol theory, in particular in the cloud theory of the motion 

of smallest particles of aerosol, it is assumed that the small 

droplets are moved by Stokes friction force into the air 

stream, this force can be determined by the formula: 

6
6

a
F rVπ η=                 (13) 

hereηа is a dynamic viscosity of air. This force can tear the 

small cloud droplets from a moving surface effectively. The 

smallest droplets can be deleted from the body of the 

helicopter blades only then F2> F6. It means that in practice 

the smallest droplets are present always at rotating blades of 

helicopter. For example, from equations (9) and (13) it 

follows that then r = 5 µm the surface speed should be larger 

then V= 147 m/s for duralumin surface. Also this means that 

half of rotating blades keep such droplets on its surface. On 

another hand, the Teflon coating was analyzed by comparison 

of forces in equations (10) and (13), so the speed should be V 

= 37 m/s and this means that more then 10% percent in a 

blade length will be free from there droplets. 

Developed algorithm and calculations demonstrate that the 

helicopter body with hydrophobic Teflon-type coating does 

no hold the most of cloud droplets on its surface. Therefore 

hydrophobic coating provides a number of benefits and 

relieves the helicopter no-icing when driving in the clouds 

with greater conductivity. And additional to it, the smooth 
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surface provides reflection of many droplets in comparison 

with rough one. The additional strong effect is the water 

vapor condensation and freezing at any moved surface in 

oversaturated medium at super cooled temperatures. The best 

way to stop this condensation is to dry of initial wet air as it 

is considered below. 

4. New Approach for Helicopter to Form 

Dry Surroundings Around Itself 

A method for reducing aircraft icing involves injecting the 

calculated amount of absorbent particles (e.g., salts) strictly in 

the space between the rotating blades [19]. Particles enlarge and 

get watered by cloud to safe big sizes of droplets. Then particles 

fall out of the field or screws under gravity or fall to the next 

blade due to the rotation of the ice-saline droplets. Afterwards 

particles are removed from the surface by centrifugal force or air 

stream, since these forces increase with increasing radius drops 

as ~r
3
, ~r

2
 respectively. These processes deliver the 

technological result of the complete removal of icing from the 

blades or/and tail rotor of the helicopter or prevention of its 

increase after the proposed system in flight. This method 

provides a significant reduction of energy consumption for anti- 

icing and easy technical implementation. 

This technology protects the most important part of aircraft 

such as the main helicopter rotor providing the moving force. 

A helicopter is usually located in supersaturated and 

super-cooled areas of the cloud, so water vapor and droplets 

deposited on the metal can crystallize very fast. In 

comparison with airplanes, the greatest difficulty to affect 

helicopter flight is icing because helicopter flight altitude 

frequently coincides with the height of the clouds localization. 

Despite recent progress in designing methods for aircraft, this 

problem still is relevant, but the main advantages of 

helicopters compared to the plane is their good 

maneuverability in flight, in many respects due to the ability 

to hang in certain points of space. At low speeds the 

movement of the helicopter reduces the impact force of the 

flow of water drops in the air near the body and screw 

machine, which at high speeds can lead to failure. Therefore, 

the aim of the proposed method is to eliminate and prevent 

the icing of rotating blades of helicopters. To prove the 

efficiency of the proposed method the general principles of a 

mechanical device are used in analysis. Other systems related 

to the known methods and devices of this purpose are 

described in patents [20, 21, 22]. The most famous and 

widely used technologies include thermal method employing 

electric heaters of the front parts of rotating blades located 

inside them. It is widely used in the current system, but the 

main disadvantage of all electric systems is high power 

consumption of on-board power supply of the helicopter [20]. 

There are known the liquid systems, pneumatic, and other 

systems. The principle for the application of liquids for 

mentioned purpose, such as in the patent [23], is icing fluid. 

In practice for helicopters alcohol is used to act on the 

windshield of the cockpit. The principal disadvantage of 

mentioned liquid method is taking large mass of liquid 

required on board of the aircraft, so in practice it is 

impossible for the helicopters. The closest to the proposed 

approach is the method outlined in patent [21]. This method 

is too complicated; it comprises determining prior using radio 

measuring and active-passive radar meteorological sensing 

for vertical and horizontal dimensions recognition of the 

zones of supercooled clouds. The next step of preparations 

includes determining the average water content in the radial 

direction and other characteristics in order to detect the 

potentially dangerous areas of the cloud. The next step of this 

method involves an additional airplane fly firstly to do an 

active influence on these areas of potential helicopter icing 

by injecting into them the standard reagents that are AgI or 

CO2 ice-forming solid reagents to get wet channel in cloud. 

It is known that the liquid water content of clouds, W, is a 

basic physical parameter that determines the intensity of 

icing, I, measured in mm/min [25]. The mentioned value is 

proportional to the flight speed U, the coefficients of the 

surface material and its form β1 and β2; the icing intensity is I 

~ WUβ1β2. 

According to the proposed method the small calculated 

amounts of salt having hygroscopic properties should be 

injected in the area between the rotor blades. The simple core 

experiment was performed with small helicopter’s detail 

manufactured from duralumin material. The detail was 

placed in saturated solution of NaCl to the time period more 

the one year. No considerable changes at the detailed surface 

were observed. 

The physical mechanism is as follow. Each hygroscopic 

particle quickly increased in its size absorbing the water 

vapor around itself directly into the space between the blades 

of a helicopter rotor. It changes the properties in the falling 

droplets and air so that the icing of blades no available. Each 

particle of salt should be watered for the time before next 

rotating blades that is equal to th = 1/f ≈ 0.2 sec, where f is a 

frequency of rotation of the rotor. The small salt particle is 

transformed into a large droplet size, absorbing all the excess 

moisture from the surrounding volume of air with radius Lhp. 

Large drops are safe, they are either fall out from the region 

under gravitational forces [21], or removed from the blades 

by centrifugal force or air stream, since these forces increase 

with increasing droplet radius as r
3
and r

2
 respectively. These 

saline droplets fall on the blade that releases salt due to the 

rotation of the screw of the helicopter and do not cause 

surface icing of blades. Note that the freezing point of an 

aqueous salt solution, which the hygroscopic salt materially 

reduced [26], for NaCl-26°C; for KCl-55°C. In the patent [22] 

the optimal composition of hygroscopic salts for anti icing 

agents is given for civiler application that could be used 

partially here, because magnesium metal and oxides were 

introduced in this mixture to prevent the corrosion for Fe. 

Compared to [20] in the proposed method the main effect 

of anti-icing is achieved while reducing power consumption 

in a thousand times, which increases the reliability of piloting 

of helicopter. Compared to [22], the proposed method is 

significantly easier to use and require only a small amount of 
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reagent 10 - 30 kg/hr. Compared to [22], this method 

provides accurate calculation of the required size and weight 

of hygroscopic particles related to cloud environments. 

Usage the proposed method in the industry delivers positive 

technical and economic effect and significantly increases the 

reliability of piloting a helicopter in bad weather. 

Calculation of basic parameters of the proposed system is 

shown in example below. It was shown and calculated in [27] 

that it is sufficient to introduce a small amount, n, of 

hygroscopic salt for a substantial reduction of water content 

of the treated area. Estimations of watering hygroscopic solid 

particles such as salts NaCl, KCl show that particles from the 

initial range of r = 10 microns increased to 22 microns during 

the time between the release of salt into space and the arrival 

of the next blade due to rotation at an average water content 

of the cloud space of W = 1 g/m
3
. As a result droplets of 

NaCl will have concentration ≈10% and determine the 

concentration of solution droplets when the follow-blade 

propeller rotating at freezing temperature -13°C. In the 

techniques of active influence on the cloud developed now 

are a large number of hygroscopic particles, which can also 

be used for purposes of this method. Calculation of the 

minimal concentration, n, and summand mass, M, of 

hygroscopic particles to enter into rotating blade region 

allows for the diffusion of water supply to the salt particles 

from its individual volume of radius, Lhp. This calculation can 

be carried out by the next formulas: 

/
hp
L D f=                  (14) 

{ ( ) }2 3/
b hp

n L h Lπ=            (15) 

1
3

3

4
tKnrM ss ⋅⋅⋅⋅= ρπ            (16) 

Here, the coefficient of diffusion for small hygroscopic 

particles and air molecules in a turbulent air was D = 2 

cm
2
/sec, while the diffusion time in an individual particle 

volume between the arrival of the rotating blades th = 1/f = 

0.21 sec. The acted are is (π Lb
2
h), then Lb = 10 m is a length 

of the blades of a helicopter, and h = 1 m is a thickness 

entrained air vane. The K (= 4) is number of blades. The ρs = 

2 g/cm
3
 is a density of salts, so Lhp = 6.5 mm is a 

characteristic diameter of the individual volume of each 

hygroscopic particle. The t1 = 1 h is a time fly unit of one 

hour. In the example we get the estimated mass of salt M = 

33 kg /h that can be easy placed into helicopter in advance. 

The required mass may be reduced as a result of experiments 

taking into account long time of freezing brine. 

Structurally, the system of delivering the air/salt mixture can 

be organized on the principle of dynamic sirens [3]. The stator 

is a stationary part with openings of the holes through which 

compressed air is periodically goes from central stator into the 

duct blade. The stator holes located outside of the rotating 

rotor holes that provide periodic coincidence holes, so 

compressed air can fall to the resonator with strong sound. The 

scope of the stator can have here a low power pump about 100 

W and it is injected an air/salt mixture under pressure 

exceeding with 3 and to 5 atmospheres.This procedure 

provides the directional movement of the air. The resulting 

mass of hygroscopic particles emitted can easily be adjusted 

directly in the air in a controlled manner by varying the 

pressure in the volume of air/salt mixture during fly. The one 

implementation of the method to put particles is presented at 

Fig.5, where salty particles go away from small holes to 

opposite side in front of each blade. Another implementation is 

a common hole from additional tube located at the upper 

rotating blades to put particles to common area in particular in 

the back half of this spherical area. 

 

Figure 5. Schematic representation of the method for removing ice from a 

helicopter rotor;  

1 - rotating the rotor blade at a frequency f, 0 is the place of rotation of the 

blades; 

2 - duct for supplying the hygroscopic particles; 

3 - holes in the duct; 

4 - hygroscopic salt particles, flooded in the cloud space between the blades. 

5. Conclusion 

Helicopter is a very convenient instrument for 

precipitation enhancement, and additional proposed methods 

for reducing icing provide the freely fly inside natural clouds. 
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