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ABSTRACT

The electric field exists in the clouds. The maximum electric field produced near the lightning
channel affects the rate of condensation of water. The formation of the same size of critical nucleus in
absence and presence of electric field is considered. An equivalence between supersaturation ratio and external
electric field shows that the supersaturation ratio decreases exponentially with increase in external electric field. The
increase in polarizability of water vapour molecules in the nucleation of water vapour condensation and ice
glaciations, result in increase of Gibbs free energy and henceforth the increase in nucleation rate, but at the
same time decrease in relaxation time, the effective polarizability varies nearly inversely as the absolute
temperature.
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INTRODUCTION

There exists electric field in the clouds and the rate of condensation of water is affected due to the
maximum electric field produced near the lightning channel.

The effective role of the electric field on the production of ice crystals in cloud chambers was
experimentally demonstrated due to the accumulation of accelerated charged water molecules to the
crystals tips, thereby increasing the rate of nucleation.

The effect of electric field on the condensation of water vapour is demonstrated theoretically. It
shows that under similar temperature conditions a bigger size of drop can be produced in a given time than the
one obtained in absence of an electric field. The polarization of water vapour molecules in the electric field of the
central dipole — the embryo of water alone is discussed.?

Singh et al. >considered the resultant effect due to an extrinsic electric field and the electric field due

to the central dipole. The theoretical aspects applied to the nucleation process in water vapour condensation
and ice glaciations shows that the critical size of the nucleus is attained in a time less than that in electric
field free nucleation. In the presence of an extrinsic electric field the nucleation rate is enhanced
considerably.

The polarizability of the water vapour molecules in the presence of extrinsic electric field plays an
effective role in the nucleation rate of water vapour condensation and ice glaciation. The increase in

polarizability results in the increase in Gibbs’s free energy and henceforth the increase in nucleation rate,
simultaneously decreases the relaxation time4’ >

The formulation of the relaxation time required for the attainment of the steady state concentration of
embryos of critical size has been discussed %9 Collins® deduced that the relaxation time is independent of

the free energy of formation of the nucleus, but it varies as the square of the critical radius.

Aerosols present in the atmosphere affect the climate of the Earth by changing cloud properties®.
Various researches show that the presence of the ions may increase the aerosol formations. The role of the
ions in the formation of aerosols is an important process in the atmosphere. The rate of nucleation is
generally proportional to the ion densities and the negative ions are essential in nucleation'*. Evidence for
microphysical mechanisms have been reported experimentally in various papers'*™®.

Atmospheric aerosols affect the climate of Earth by scattering sunlight and serve as cloud
condensation nuclei (CCN). Various enhanced aerosol formation events are explained on the basis of the
presence of Sulphate ions. These sulphate aerosols are formed partly during the oxidation of the oceanic
emissions and partly from volcanoes and various combustion processes. Various laboratory researches on
warm cloud formation show reduction in the cloud lifetime on increasing the density of Sulphate ions.'

Clouds are essential in the Earth’s radiation budget and hydrology. Any change in cloud properties

have effective impacts on climate'’. Aerosol effects on clouds can transform cloud properties on climate®®,
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The dust particles have an effective role of in cold cloud processes and can also affect warm clouds by
acting as Cloud Condensation Nuclei (CCN) changes of which affect their radiative as well as precipitation
properties™®?

The effect of an extrinsic electric field on the relaxation time through the calculations for the critical
size of the nucleus in homogeneous nucleation is discussed. The comparison with homogeneous nucleation
for relaxation times and the rate of nucleation exposes that the electric field even in electrically active

clouds is insufficient to make the homogeneous processes as effective as the heterogeneous process. Further

extrinsic electric field is theoretically applied to suppress the hail formation.10

THEORETICAL CONSIDERATION

(i)  Inabsence of electric field

The fundamental quantity of significance in the nucleation process of water vapour condensation and ice
glaciation is the Gibbs free energy of germ formation. The relaxation time is found to be independent of
Gibbs free energy. Therefore, we consider only relaxation time of germ formation and hereby study the
effect of an electric field on the process of self nucleation and we also investigate the heterogeneous case for
comparison.

The relaxation time is the characteristic time to achieve the quasi steady state (germ concentration

equilibrium). In the absence of an electric field CoIIins9 evaluated the relaxation time

_9akT(n,)’

all ()
Hw ﬁwo-v%

0

Where k, the Boltzmann constant; T, the temperature of the system; ny*, the number of water
molecules in a critical nucleus; pw, the frequency of collision of single molecule per unit area; oy, the

surface tension of water vapour interface and Y’y is a constant given by

%
= 471(ij ] (2
P,

Where, myy, is the molecular mass and py, the density of water. The number of water molecules

in a critical nucleus is given by

* 3
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where, ryy is the radius of critical nucleus with
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In this expression Sy is the supersaturation ratio of the water vapour over the plane water surface;

My, is the molecules weight of water and R is the universal gas constant.

(i) In presence of electric field

The increase in radius with respect to time

dr, (p 9aLE? % )
dt | p, \ m,r,

where, p being density of water vapour molecules, a is the polarizability (5 x 10_23 Cm3) ; A is the

mean free path (~10° cm) and E is the extrinsic inducing electric field.
Integrating eqn (5) within the limits ry, = 0 to rw* (critical radius of the nucleus) and t = 0 to t = 1N

(relaxation time) , we get

r 1%
(9OME2 ]% ’
3p - Ty
r, = W ....(6)
2p,,

Putting A = 10° cm, 0=5 x 10% cm®, my, =5 x 102%gm, pw=1 and p=10" (at ~10°C), we get

r, =(3.18x107Ez, )? (7)

From Eqgn. (7), the relaxation time in presence of electric field is
2
IN T S rgoinie
3.18x107'E
Thus, the relaxation time for the growth of a nucleus in the presence of an electric field varies

..(8)

inversely with the applied electric field. Under the combined effect of an electric field and diffusion, the

reduced relaxation time top IS given by

T,T
Ty = ——"— ...(9)

Ty + (2N
Murino2 obtained an expression for the drop growth in presence of electric field without considering

the dipole contribution. By taking the growth time as relaxation time, his expression can be written as
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(ii1) Equivalence between electric field and supersaturation ratio

. : . . P
If the same size of nucleus is obtained in two cases: in absence and presence of electric field ™, we

get

(rw*) in absence of electric field = (ry, *) in presence of electric field
which reduces to
"

E,InS,, =—
' Tt

€q

(11)

Where Egq is the equivalent electric field and k™ is a constant given by

aM

o

5
(2

For a given value of temperature and relaxation time, Egn (10) becomes
E,InS,, =k ...(12)
Where, k"= X
Tr
From Eqn. (11) we have

Suw= exp{g} ...(13)

€q
which shows that the supersaturation ratio Sy Vvaries exponentially with equivalent electric field

Eeq. .Awasthi and Pathak25 have also shown that in presence of pollutants and electric field nucleation is
sensitive to supersaturation ratio.
(iv) Polarizability of water vapour molecules

The polarizability of water vapour molecules in presence of external electric field plays an important

role in the nucleation rate of water vapour condensation and ice glaciations. The polarizability decreases

with increase in the temperature and hence there is decrease in Gibbs’ free energy and hence nucleation
rate is decreased.

The moment induced on water embryo is

M= Ery’

Where, ry is the radius of water embryo and E is the inducing electric field.

IUSRR, 8(2) April. — June., 2019 Page 942



R. S. Chauhan et al., IJSRR 2019, 8(2), 938-945

The moment induced on a water vapour molecule (following Kittel26) is given by
M1=a E
where, a (=5xlO'23cm3 ) is the polarizability neglecting the vibrational motion.

Recently, the value of polarizability a has been modified4 by as introducing vibration motion,

2

" o+ Po
fe] + R 14
e 3kT (14)

where, pg is the dipole moment of water molecule; k, the Boltzmann constant and T, the temperature.

RESULTS AND DISCUSSIONS

Typical values of relaxation times tg, T\m, TN and ton in water vapour condensation at 273k and

electric field 5 esu as a function of supersaturation ratio, are calculated using Eqn.
(1), (8), (9) and shown in Table 1.

Tablel: Variation of Ty, T\, Tn, and Toy as the function of S, ,

Svu N (A”) 7o (US) ™ (1S) v (1S) Ton (S)
1.005 2225.00 258300 11664.50 66008.200 52580.00
1.050 227.50 26400 3812.67 2158.120 1995.00
1.500 27.37 3177 159.10 90.056 87.59
2.000 16.01 1859 84.92 40.289 39.44

Thus, for the homogeneous nucleation in the presence of an electric field of 5 esu, our present
modification provides a decrease of 43.98% in the relaxation time compared to the values estimated

following Murinoz, and 98.8% compared to the wvalues in the absence of an electric field. The

nucleation is achieved more quickly and hence there is a marked enhancement in nucleation rate in

presence of an electric field.

The effective polarizability oeff Of water varies nearly inversely as the absolute

temperature. Using Eqn. (14), the values of aeff of water molecules varying with temperature are shown in

Table2

Table2: Calculated values of ae; varying for different temperatures using o.=5x10cm?® k=1.38x10"%rg k™ and
po=1.81x10"% esu.

T (K) et (X102 cm?)
243 8.254
253 8.125
263 8.006
273 7.896

Thus, we observe that with increase in temperature, the values of effective polarizability decreases.
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CONCLUSIONS

From above study it is concluded that the polarizability decreases with increase in
temperature and hence there is decrease in Gibbs’ free energy and nucleation rate. Also, relaxation
time for the growth of nucleus in the presence of an external electric field varies inversely with the applied
electric field. An equivalence between supersaturation ratio and external electric field shows that the

supersaturation ratio decreases exponentially with increase in extrinsic electric field.

REFERENCES;

1. Evans L. F., Growth and fragmentation of ice crystals in an electric field, J. Atmos. Sci., 1973;30:
1657-1664.

2. Murino, G., Influence of electric fields on condensation of water vapour, Suid. Afrk. Tydskr.
Fis.,1979; 2: 113-115.

3. Singh, N., Rai, J. and Varshneya, N. C., The effect of external electric field on relaxation times in
nucleation process of water vapour condensation and ice glaciation, Ann. Geophys., 1986; 4(B) (1):
37-44,

4. Singh, N. and Singh, D., Polarizability affecting nucleation of water vapour condensation and ice
glaciation in presence of external field, Ind. J. Radio &Space Phys., 2004; 33: 43-49.

5. Singh, N., Singh, D. Mishra, V. and Mishra, P., Effect of Polarizability on nucleation phenomenon
during ice glaciation due to external electric field, J. Nat. & Phys. Sci., 2004; 18(2): 77-88.

6. Kantrowitz, Nucleation in very rapid vapour expansions, A.J. Chem. Phys., 1951; 19: 1097-1100.

7. Probstein, R. F., Time lag in self nucleation of a super-saturated vapour, J. Chem. Phys. 1951; 19:
619-626.

8. Wakeshima, H., Time lag in the self nucleation, J. Chem. Phys., 1954; 22: 1614-1615.

9. Collins, F. C., Time lag in spontaneous nucleation due to non steady state effects, Z. Elektrochemie,
1955; 59: 404-407.

10. Forster, P., Ramaswamy, V., Artaxo, P., Berntsen, T., Betts, R., Fahey, D. W., ... & Van Dorland, R.
Changes in atmospheric constituents and in radiative forcing. Climate change 2007; 20.

11. Svensmark, H., Pedersen, J. O. P., Marsh, N. D., Enghoff, M. B., & Uggerhgj, U. I. Experimental
evidence for the role of ions in particle nucleation under atmospheric conditions. Proceedings of the
Royal Society A: Mathematical, Physical and Engineering Science 2006; 463(2078): 385-396.

12. Pedersen, M. B., J. O. P, U. I., S. M. Paling, and H. Svensmark, Aerosol nucleation induced by a
high energy particle beam. Geophysical Research Letters 2011; 38 L09805.

13. Kirkby, J., Curtius, J., Almeida, J., Dunne, E., Duplissy, J., Ehrhart, S., Franchin, A., Gagn’e, S.,
Ickes, L., K'urten, A., et al., Role of sulphuric acid, ammonia and galactic cosmic rays in
atmospheric aerosol nucleation. Nature, 2011; 476(7361): 429-433.

IUSRR, 8(2) April. — June., 2019 Page 944



R. S. Chauhan et al., IJSRR 2019, 8(2), 938-945

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.
27,

Sullivan, R. C., Moore, M. J. K., Petters, M. D., Kreidenweis, S. M., Roberts, G. C., & Prather, K.
A. Effect of chemical mixing state on the hygroscopicity and cloud nucleation properties of calcium
mineral dust particles. Atmospheric Chemistry and Physics, 2009; 9(10): 3303-3316.

Svensmark, H., Enghoff, M. B., and Pedersen, J. O. P. Response of Cloud Condensation Nuclei (>
50 nm) to changes in ion nucleation. arXiv preprint 2012; 1202:51-56.

Moradi, Sh., Bidokhti, A. A., Gharaylou, M, Jalaie, Sh., and Shoushtari, M. H., Study of the Effects
of Acidic lons on Cloud Droplet Formation Using Laboratory Experiments, Elsevier, 2014; 10: 246-
250.

Collins, W. D., Conant, W. C., and Ramanathan, V.: Earth radiation budget, clouds, and climate
sensitivity, in: The chemistry of the atmosphere: Its impact on global change, edited by: Calvert, J.
G., Blackwell Scientific Publishers, Oxford, UK, 1994; 207-215.

Forster, P., Ramaswamy, V., Artaxo, P., Berntsen, T., Betts, R., Fahey, D. W., Haywood, J., Lean,
J., Lowe, D. C., Myhre, G., Nganga, J., Prinn, R., Raga, G., Schulz, M., and Van Dorland, R.:
Changes in Atmospheric Constituents and in Radiative Forcing, in: Climate Change 2007: The
Physical Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by: Solomon, S., Qin, D., Manning, M., Chen,
Z., Marquis, M., Averyt, K. B., Tignor, M., and Miller, H. L., Cambridge University Press,
Cambridge, UK, and New York, NY, USA, 2007; 129-234.

DeMott, P. J., Sassen, K., Poellot, M. R., Baumgardner, D., Rogers, D. C., Brooks, S. D., Prenni, A.
J., and Kreidenweis, S. M.: African dust aerosols as atmospheric ice nuclei, Geophys. Res. Lett.,
2003;30(14): 17-32.

Field, P. R., M ohler, O., Connolly, P., Kr'amer, M., Cotton, R., Heymsfield, A. J., Saathoff, H., and
Schnaiter, M.: Some ice nucleation characteristics of Asian and Saharan desert dust, Atmos. Chem.
Phys., 2006; 6: 2991-3006.

Twomey, S.: Pollution and the planetary albedo, Atmos. Environ., 1974; 8: 1251-1256.

Rosenfeld, D., Rudich, Y., and Lahav, R.: Desert dust suppressing precipitation: A possible
desertification feedback loop, P. Natl. Acad. Sci. USA, 2001; 98(11): 5975-5980.

Singh, N., Hail suppression by application of external electric field, Intl. J. of Scientific Res. and
Reviews, 2013; 2 (1): 42-53.

Kishore, N., Singh, N. and Rathi, S.K., For hail suppression: Equivalence between supersaturation
ratio and external electric fields, Acta Ciencia Indica, 2009; 34(3): 579-585.

Awasthi, S. and Pathak, P. P., Influence of pollutant partcles and electric field in water vapour
condensation, J. Pure and Appl. Sci. & Technol., 2011;1(2): 1-8.

Kittel, C., Introduction to Solid State Physics, John Wiley and Sons, New York, 1966; 388-412.

IUSRR, 8(2) April. — June., 2019 Page 945



