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Abstract: the nucleation rate is the parameter to judge the
effect of electric field on nucleation of water vapour and ice
glaciation. In the presence of electric field the total nucleation is
the sum of nucleation due to electric field and nucleation due to
diffusion of water molecules. Thus we can say the nucleation rate
is enhanced by the factor of Rg. This is known as factor of
enhancement in nucleation rate. In the present work we will
calculate the factor of enhancement in nucleation rate for water
vapour and ice on temperature 268 K at different electric fields as
a function of super saturation ratio.
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I.INTRODUCTION

In The process of nucleation of water vapour, the small
water drops sudden form the cloud. The nucleation rate J
may be explained as the number of drops appearing per unit
volume per unit time. It may aso be explained as the rate of
germ formation.

Pruppacher and Klett[1] obtain an expression for nucleation
rate a

AGy,

7 D

Jw = Csata W L0y Z exp [ 22

Where Z is zeldovitch factor, and W 1 is the flux of water
molecules to the germs.

The equation (1) only holds for non-spherical germs.For
spherical germs the nucleation rate equation is given below.

I = a (2 NSMWUW/V)l/Z (esat.w)z Sv.w exp [— %] (2)

 pw T RT

Where

AG), is the Gibb’s free energy for formation of water germs
or nucleus,

o, is the condensation coefficient,

p,, isthe density of water.

Wilson [2] demonstrated that the condensation may occurs
without condensation centres like soluble and insoluble dust
particles. He proposed that the condensation may occurs on
ions. Bigg et a [3] and Bigg and Miles [4] indirectly
supported the theory of ice formation on charged particle on
the basis of his experiments.
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At the ground the concentration of cloud ice particles are
lower while in upper and lower atmosphere it is sufficiently
higher about 10°.

Where 1oy = ;‘f;VN(s)

is known as reduced relaxation time for electric field
induced homogeneous nucleation.

The nucleation rate is enhanced by a factor Ry is given by

JoN
Ry =2
E Jo

= —(6)

Substituting the value of z,, from equation (5) in equation
(6). .

Ry =1+ -

Re =1+ f(EX(7)

Where functionf (E) = KE
with

*1/2
K = 2.128 X102t TW;—W (8

w

for given temperature and radius of embryo.

By using equation (7) and (8) the calculated values of the
factor of enhancement in nucleation rate with electric field
as the function of supersaturation ratio for water and ice
phaseis shown in table-l and table-I1.

Table-l Calculated Values of Factor of Enhancement for
Nucleation Rate of Water Nuclel asa Function of Super
Saturation Ratio at Temperature 268 K
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S WmEt 10%) (Re,

1.001 2 7.0980
1.002 4 9.6260
1.003 6 11.5673
1.004 8 13.2051
1.005 10 14.6491
1.006 12 15.9556
1.007 14 17.1579
1.008 16 18.2778
1.009 18 19.3304
1.010 20 20.3268

Table1l Calculated Values of Factor of Enhancement
for ice glaciation asa Function of Super Saturation Ratio
at Temperature 268 K

Sei V/m ::; 104 (Re)i
1.001 2 58872
1.002 4 79139
1.003 6 9.4691
004 g 10.7817
1.005 10 11.9390
1.006 12 12.9861
1.007 14 13,9497
1.008 16 14 8472
1.009 18 15.6909
1.010 20 16.4894

And the variation of the factor of enhancement in nucleation
rate with electric field as the function of supersaturation
ratio for water and ice phase is shown in Figure 1 and Figure
2 respectively.
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Fig.-1 Dependence of (Rg),on eectric field Eat

temperature 268 K asthe function of super saturation
ratio.
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Electric field E v/m (x 10%)
Fig.-2 Dependence of (Rg)on eectric field E at
temperature 268 K asthe function of super saturation
ratio

[I.RESULT AND DISCUSSION

The rate of nucleation is very sensitive to super saturation
ratio. The factor of enhancement for water vapour and ice
nucleation is calculated by using equation (7) and (8) and
shown in Table-l and Table-1l respectively. In the presence
of an external electric field the nucleation process is largely
enhanced in condensation and glaciations.
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1. CONCLUSION

The present study provides a basis to conclude that the ions
play an important role in cloud condensation and ice
nucleation.The relaxation time is found to vary inversely
with the externally applied electric field. In the presence of
an electric field the relaxation time is very much lowered, at
273 K and for E = 15 x 10* V/m. The relaxation time is
lowered by about 82 times as compared to that in the electric
field free homogeneous nucleation.

Thus from the Table and Figure we conclude that nucleation
process is enhanced in the presence of an electric field and
the enhancement depends linearly on the magnitude of the
electric field.
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