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Abstract: Coalescence of water droplets with the easiest coordination and in the fewest steps is presented in
light of alignment energy.
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1. INTRODUCTION

Let us see how water droplets can coalesce with the easiest coordination and in the fewest steps in light
of alignment energy [1].

2. ALIGNMENT ENERGY

Conceptual alignment energy [1] - enabling the alignment of the electron with its cluster nature - is
given by the next formula:

R .

_ unaligned 2

Ealignment - ( R -1 MejectronC”- (1)
aligned

Where Runaiigned 1S the unaligned ratio of mass of the cluster to mass of the electron modified by the

factor (2 - \/%7) to obey double surface geometry [1] as follows:
_ Mciuster _ 1 >
Runaligned B Meiectron <2 m . (2)

And round down value of Rynaiigned — justified in particular for large numbers in the case of huge clusters
- is a good approximation of Ruaiigned:

Raligned ~ ROUNDDOWN(Runaligned)' (3)

Therefore, the following formula is useful for calculating the alignment energy of water droplets, too:
~ Runaligned _ 2

Ealignment ~ (ROUNDDOWN(Runaligned) 1) MeiectronC” - (4’)

With the help of key data:

m, = 0,000 548 579 909 065 Da

Mmy,o = 18,010 564 683 053 Da

MetectronC> = 510 998,950 0 eV = h. 1,235 589 964 x 102° Hz
Da = 1,660 539 066 6 10~%*g

h = Planck constant

Of course, in order to recognize tiny differences between alignment energies, an exact equation has to
be used [1]:

R Li d
Ealignment = (% - 1) melectroncz- (5a)
1
sn)=n|2- ,m = ROUNDDOWN (Rynaiignea)- (5b)

n—Z
’1+ﬁ
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If the calculator fails at calculations with large numbers, a friendlier approximation formula for this
occasion (See appendix 1) comes in handy:

1 mw?
s(n) = n (1 + 5 ﬁ) (5¢)

3. DISCRETE MASS

The mass of a droplet can take only discrete values because it can only consist of a natural number of
molecules:

mdrop =N X Mpoleculer N e N. (6)
4. COALESCENCE RELATED TO ALIGNMENT ENERGY

Coalesced droplets in principle need lower energy for the alignment their essential Part with the Whole
[1]. Breakup droplets need lower alignment energy only exceptionally what in general supports the
coalescence of droplets and only in rare cases the breakup. Prudent forming of a huge droplet is realised
by gradually merging two equal water droplets into one entity because coalescing of only two droplets
requires the easiest coordination and for coalescing equal droplets the least steps are needed.

5. PRUDENT COALESCENCE OF WATER DROPLETS

We can start with the water droplet made of 1313 water molecules possessing practically the same
alignment energy as the cluster made of 13 water molecules. [2] This energy equals the smallest
alignment energy amongst energies of first 106 water clusters, expressed in frequency as follows:

d E
% = 1,687 THz ~ 1,688 THz = % .

By coalescing gradually two equal water droplets in one entity a huge water droplet - even of a mass of
the heaviest raindrop [3] - can be formed from the droplet (H,0)1313 in n steps:

Myater aroplet = Nu2o X Myzo = 2" x 1313 my;0. (8
The findings are presented in Tablel:

Tablel. Coalescence of two water droplets in one entity starting with the droplet consisted of 1313 water
molecules what yields in n steps the droplet consisted of 2" x 1313 water molecules

2" x 1313 Runaiignea Eqiignment (H2) Maroptet(9) | Taroplet sphere | TeNENCY
(neN) "

2% x 1313 | 73139756,9993 1,688 . 10% 3,927.10% | r=2,1nm l
21 x 1313 | 146279513,9986 8,435 . 101 7,854.10% | r=2,7nm l
22 x1313 292559027,9972 4,212 . 101 1,571.10% | r=3,3nm l
23 x1313 585118055,9945 2,100, 10™ 3,141.10%° | r=4,2nm l
24 x 1313 1170236111,9890 1,044 . 101 6,283.101° | r=5,3nm l
25x 1313 2340472223,9780 5,163 . 10%° 1,257.1018 | r=6,7 nm l
26 x 1313 | 4680944447,9559 2,523 .10% 2,513.101® | r=8,4nm l
27 x 1313 9361888895,9118 1,203 . 1010 5,026 .10 | r=11nm l
28 x 1313 18723777791,8236 5,435 . 10° 1,005.10Y | r=13nm l
2% x 1313 37447555583,6473 2,136 . 10° 2,011.10Y | r=17nm l
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108

10-17

210 x 1313 | 74895111167,2946 4,859 . 4,021 . r=21nm o
211 x 1313 | 149790222334,5891 4,859 . 108 8,042. 101 | r=27nm T
212 x 1313 | 299580444669,1782 7,350 . 107 1,608.101 | r=34nm o
213 x 1313 | 599160889338,3564 7,350 . 107 3,217. 10 | r=43nm T
2% x 1313 | 1198321778676,7128 7,350 . 107 6,434 .101% | r=54 nm T
215 x 1313 | 2396643557353,4256 2,194 . 107 1,287 .10 | r=68 nm o
216 x 1313 | 4793287114706,8513 2,194 . 107 2,573.10% | r=85nm T
217 x 1313 | 9586574229413,7026 9,055 . 108 5147.10% | r=0,11 um l
218 x 1313 | 19173148458827,4051 2,611 . 108 1,029.10% | r=0,13 pm o
2%9 x 1313 | 38346296917654,8103 2,611 . 108 2,059.10% | r=0,17 pm l
220 x 1313 | 76692593835309,6205 9,997 . 10° 4,118.10% | r=0,21 um l
221 x 1313 | 153385187670619,2411 1,942 . 10° 8,235.10 | r=0,27 pm o
222 x 1313 | 306770375341238,4822 1,942 . 10° 1,647 .10 | r=0,34 um T
223 x 1313 | 613540750682476,9643 1,942 . 10° 3,294 .10 | r=0,43 um T
224 x 1313 | 1227081501364953,9286 9,350 . 10* 6,588 .10 | r=0,54 pm l
225 x 1313 | 2454163002729907,8572 4,316 . 104 1,318.10% | r=0,68 pm l
226 x 1313 | 4908326005459815,7144 1,798 . 10* 2,635.10%2 | r=0,86 pm l
227 x 1313 | 9816652010919631,4288 5,398 . 10° 5,270.10% | r=1,1 um o
228 x 1313 | 19633304021839262,8577 5,398 . 103 1,054 . 101 | r=1,4pum T
22% x 1313 | 39266608043678525,7153 2,251 .10° 2,108. 10 | r=1,7 um l
230 x 1313 | 78533216087357051,4307 6,776 . 102 4,216.10 | r=2,2um o
231 x 1313 | 157066432174714102,8613 6,776 . 102 8,433. 101 | r=2,7um T
232 x 1313 | 314132864349428205,7227 2,843 . 102 1,687.101 | r=3,4pum l
233 x 1313 | 628265728698856411,4454 8,759 . 10¢ 3,373.101° | r=4,3 um o
23% x 1313 | 1256531457397712822,8908 8,759 . 10¢ 6,746.101° | r=5,4um T
235 x 1313 | 2513062914795425645,7815 3,842 .10t 1,349.10° | r=6,9pum l
236 x 1313 | 5026125829590851291,5630 1,384 . 10° 2,698.10° | r=8,6 um l
237 x 1313 | 10052251659181702583,1260 1,549 5397.10° | r=11pum o
238 x 1313 | 20104503318363405166,2520 1,549 1,079.10% | r=14pm T
23% x 1313 | 40209006636726810332,5041 1,549 2,159.108% | r=17 um T
240 x 1313 | 80418013273453620665,0082 1,260 . 10 4,318.10% | r=22pum o
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241 x 1313 | 160836026546907241330,0164 1,260 . 10 8,635.10% | r=27pum T
242 x 1313 | 321672053093814482660,0328 1,260 . 10 1,727 .107 | r=35pum T
243 x 1313 | 643344106187628965320,0656 1,260 . 10 3,454.107 | r=44pum T
2% x 1313 | 1286688212375257930640,1312 1,260 . 10 6,908.107 | r=55um T
245 x 1313 | 2573376424750515861280,2624 1,260 . 10 1,382.10% | r=69 um T
246 x 1313 | 5146752849501031722560,5248 1,260 . 10 2,763.10% | r=87pum )
247 x 1313 | 10293505699002063445121,0495 5,943 . 104 5527.10% | r=0,11mm o
248 x 1313 | 20587011398004126890242,0990 5,943 .10 1,105.10% | r=0,14 mm T
249 x 1313 | 41174022796008253780484,1980 5,943 . 104 2,211.10% | r=0,17 mm T
250 x 1313 | 82348045592016507560968,3961 5,943 . 104 4,421.10° | r=0,22mm T
251 x 1313 | 164696091184033015121936,7921 5,943 .10* 8,842.10% | r=0,28 mm 7
252 x 1313 | 329392182368066030243873,5843 2,192 . 10 1,768.10* | r=0,35mm l
253 x 1313 | 658784364736132060487747,1686 3,162.10° 3,537.10% | r=0,44 mm o
25% x 1313 | 1317568729472264120975494,3372 3,162.10° 7,074.10% | r=0,55 mm T
255 x 1313 | 2635137458944528241950988,6744 3,162.10° 1,415.10% | r=0,70 mm )
256 x 1313 | 5270274917889056483901977,3487 8,176 . 10 2,830.10° | r=0,88mm o
257 x 1313 | 10540549835778112967803954,6975 8,176 .10 5659.10° | r=1,1mm !
258 x 1313 | 21081099.671556225935607909,3949 2,315. 10 1,132.10% |r=14mm o
259 x 1313 | 42162199343112451871215818,7898 2,315.10° 2,264.102 | r=1,8mm l
260 x 1313 | 84324398686224903742431637,5796 8,493. 107 4,527.102% | r=2,2mm l
261 x 1313 | 168648797372449807484863275,1593 1,167 . 107 9,055.102 | r=2,8mm o
262 x 1313 | 337297594744899614969726550,3185 1,167 . 107 1,811.101 | r=35mm T
293 x 1313 | 674595189489799229939453100,6371 1,167 . 107 3,622.101 | r=44mm )
264 x 1313 | 1349190378979598459878906201,2741 | 2,510.10® 7,244 .10 | r=56mm o

We can see that the process of prudent coalescence of water droplets follows a trend of decreasing
alignment energy with local exceptions which become more frequent at higher steps. Tiny differences
in the alignment energy, unfortunately hidden in the third column, are taken into account in the sixth
column. Arrows shown in Tendency are directed according to (5a, 5b, 5¢) from higher to lower energy.
(See appendix 2) Water droplets thus find themselves in different circumstances: | Coalescing is
preferred. T Breakup is preferred. { Coalescing as well as breakup is preferred. < Neither coalescing
nor breakup is preferred. Anyway, the water droplet of about 0,36 g (equivalent in volume to a sphere
of radius 4,4 mm) can be coalesced from water droplet (H,0),313 in 63 steps. And water droplet of
about 0,72 g (equivalent in volume to a sphere of radius 5,6 mm) can be coalesced in 64 steps. The
largest till now recorded water droplet is 8.8 mm in diameter (equivalent in volume to a sphere of radius
little less than 4,4 mmm). It was a raindrop coincidentally located in two places: at the cumulus
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congestus clouds spawned by biomass fires in the Amazon (September 1995) as well as at the base of
a cumulus congestus cloud over the Marshall Islands (July 1999). [3]

6. CONCLUSION

In the light of alignment energy both attractive and repulsive tendency at coalescence of water droplets
is recognized.

DEDICATION

To Amazon and Marshall Islands

i

(a) Photograph of cumulus congestus clouds spawned by biomass fires in the Amazon. (Photo: A.
Rangno.)

(b) Photograph of cumulus congestus clouds over the Marshall Islands. (Photo: P. V. Hobbs.) [3]
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APPENDIX 1
For small x it holds:

14+ x)%*=1+ ax. (1a)

2
Then for x = % when n is large holds:

f - < nz)_% < < ; nz)) < ; nz)
sn)=n|2- =n|2-(1+— ~n|2—-(1-5 = ||=n|ll+5 =) (1b)
1+n—2 n 2 n 2n

nZ

. Rynaligned . : H H :
Ratio —22297ed i< 2 measure of alignment energy. Applying the approximation
aligned

rounddown (Runaligned )=Raiignes We have, for instance at the 62th and 63th step, the next equality:
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E2 . 62
Hur.,c.':gns-:f _ Hun:.:gnen (2a)

rounddown fﬁgéu!!gn?ﬂ] ~ rounddown ngﬁu!!gne:ﬂjl

Since
FITIGTEOLTALEOSE140697I6550, 3185 _ I IITIOTEOLTALEOGE 14969726550, 3 185 (2.{?_\]
3ETIOT504744B8996 14969726550 I xBETIOTSOATALED9614969726550

But with the help of the more exact calculation (5a, 5b, 5c) the next non-equation is given:

&2 53
R‘.mﬂil’gﬂerj Rzngii;ned -
e = RE . (Ze)
aligned aligned
Since

237297504744B556 149697 26550,2LES 2 x3372575947448906 L4065726550,3 1

=13
<L
ITIGTIIATLALI06 14060726550 + 146, L0 Ix3ITISTIILTILA906L40E8726550 +T7 3.1

(2d)

(=1 )
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