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Nature Just Does His Works

Insight into Condensation and

Convection



Abstract

I have tried to ask a famous math professor if he can create a formula
describing the ordered array of water droplets » “Then, I should study Physics

first !” He said °

Condensation is the thing we live with , being found everywhere, passing

without notice < But we never know0 when it does start ?

This experiment presented here is actually the diary of the growth of water
droplets through condensation - Through convection and vortex ring, it
discusses the self assembly mechanism of water droplets and peep into the

uniformity of the size of water droplets °

Here, vortex ring plays an important role in the self assembly mechanism of

water droplets which is not triggered in the daily life o

By coalescence, water droplets grow bigger, but are not round again - We used
the polymer film as template and designed the solution lighter than water, so
the minute droplets will sink to the bottom and layer by layer - After seconds

we may have multilayers of ordered array

This is the first step in discovering the uniformity of water droplets, besides, I
made some correction to the Vortex-Ruler o Vortex-Ruler will be useful in
researching the flying mechanism of butterfly and dragonfly as to judge

which one induces more vortices °
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¥~ 18R Free Vortex Rings

Mt M«%MWMMOMMW, ....by Reynolds

AR R 2 ERL 2 HIFCE 4 Free vortex ring » B AR I o
Tﬂ%’?‘} Free Vortex Ring °

Free vortex rings can develop through differences of temperature and density
in a fluid and have been cited in connection with Benard cells °

When a drop hits the surface of a liquid » a vortex ring develops ° This vortex
ring obtains additional kinetic energy from gravity °

= - El;{ﬁ@;—g;a [~ Vortex Ring

Heavier
Lighter
Heavier
Lighter
Heavier
Lighter
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Heavier

Vortex Ring

Lighter

B 2 BN vortex ring FRPEE

= B h [p) R = A [E YRR
Vertical Density Flow

g TG > IR R S LR i B U IR
B Mo

At the surface > the condensed water droplets collected to give a higher density than that of
polystylene liquid ° This layer 1s unstable and moves downward °

AFTECAZEI FiRL (vortex ring) 7R 5AH (Self Assembly ) » AFIISRFEEet 70 » S
BELTR -

The water droplets contained in the down movement and the vortex rings reached the bottom
together much more quickly than would the single droplet °

BT 0= SR e
The layers could be distinguished from each other °

Flows generated by the density difference of two media can behave in a way
similar to_heat convection °
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BRSSP RL - B AP 3R & 5 (by self assembly ) fx > 70— Fgﬁﬁ[ﬁ?ﬁff R

=~ o) HEET

In convection * Hexagonal vortex cells are called Benard cells °

Hexagonal Lattice formed by Cellular Convection ( vortex

rings )
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o R HRRE > A RS PR RO SRR EORVR T Al (R R
(S~ P QREI$E T ) 75553 B8R (Cellular Convection) »
T =" PASRY[RYEY vortex rings BEBAEHT! » #)R5 0" L3R IPR [REMAY =
SEFH] (Hexagonally packed ordered array ) °

- F 'ﬂﬁ’é’%@lﬁ?ﬁ]ﬂ ( Self Assembly Mechanism )

i1 Bioconvection 12} vortex ring IV » [ ISR TRV HTE -

Bioconvection :

d R EF LR HR G RERLE ERREFFRE L A2 A4S
Bt td REFRES DwMCRF > € RRa » ) 2 TR > 518 HIT o
(...concentrated to an unstable layer and cellular convection then be initiated » ) 3 2L _:

B o g

¥ d 3TOR ZEF B S iR IRST polystylene i & 0 i# = polymer film % & 3% 4 %

fv » ¥ 32 Marangoni Convection & # -

d PR A AR B DA PRI BT kzkeh

poav e s o
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Hi (ekEst % (template ) ikl (polymer film) 74 T[] - #1) &3¢ !

FEF R
(coalescence) 72k (water droplet) 'R o
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Uniform Size of Water Droplet

AEReL | {0 (building block ) fY-J<ZRRLE - [ERLE: polystylene (polymer film) F<J=1
] 2585 (hexagonally packed ) i JMFEU (ordered array ) » FHE[F )
@lxys\:fﬂ gﬁﬁ 57 P FILJ = “é[iﬁ‘[ /“
= %’LFBF? A AR 1 fe S I 2N APV 5 Cuniform size of the water

L. ﬂﬁjﬁiﬁf VEIS P AR o R P AHED lﬁ'ixﬁ“‘é'r [ hjﬁl—ﬁl -
S R i E%‘E'J?E‘&‘f Bl R TR AT ATRIP R 2F

2. SRR [ AR R X PRI ) fhF e
S BRI SRR NS RO o FE R IR R

e RS

Self Assembly Mechanism of Water

AR EZS AT SERS I Self Assembly Mechanism )” [ 1E 1SR Free Vortex
Ring ) 7 AR ESRFE™ JBERAFHT & F (hexagonally packed ) :E[f eHetAf b ( by

bio-convection in vertical density flow ) » 755 = #&ffij]] o
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