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Witnessing the Drops Evaporating Event
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Abstract

The objective of this investigation is to observe the evaporation of liquid drop and find out the
factors that could affect it. A digital camera with micro lens is used to film the process of the
evaporation. And a close-up of the sample drop is taken with backlight. The results are analyzed
with a personal computer. The magnified images of the drops are projected on grid papers for
measuring the changes on contact angles, and heights of drops.

We classify the evaporation of a drop into three types:

I. The contact angle is greater than 90 degrees. At first, the contact line will spread outwardly till
the contact angle decrease to the 90 degrees and then be pinned until the evaporation reach its
terminal. At last the contact line quickly contract inwardly, and a solid stain remain.

II. The contact angle is less than 90 degrees. The contact line will spread slightly and then be
pinned. At the terminal the liquid contract inward, and a ring-like stain is formed.

III. The contact angle is equal to 90 degrees. The contact line will always be pinned, and no ring,
but spot stain is left.

During the evaporation, we discover that the contact angle and the height of the drop do not
change continuously but alternatively decrease by steps.

The results of our investigation can be applied to the aspects of paint-spraying and jet printers.
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Witnessing the Drops Evaporating Event

Liu, Cheng-hua
Tsoying Senior High School, Kaohsiung , Taiwan

Introduction

Beads of dew cling to the leaves swinging in the
breeze. They will soon be evaporated under the morning
sunshine. Have you ever noticed what happened to those
drops during their evaporation? Do the contact lines
where drops meet the leaves shrink? Do the coffee drops

spilled on the table evaporate in a similar way? How

many models of liquid drops evaporation are there?

Experimental

A digital video camera (DV) was used to take close-ups of the sample drop (Fig. 1). The
pictures taken by DV were transferred to a personal computer by an interface card of image capture.

The images were retrieved at fixed period to convert them to a fast motion animation.

DV —
/ with Micro lens —
= T
T
Platform ————————
which can be [ T I —
finely adjusted mtﬁ
, l el

e

Fig.1 (a) Equipments used for drop (b) Schematic drawing of experimental
observing setup



The magnified image of the drop (Fig. 2)
was projected on the grid paper by a liquid
crystal display projector, so that the changes

on contact angles and heights of drops could

be measured easily and precisely.

For the processing of large numbers of
evaporating drops pictures, a computer

program had been developed. The algorithm

is stated as Fig. 3.

Fig. 2 Measuring contact angles and
heights of drop

Searching for A(x1,v1) , B(X2,¥2)

] ! B(X2,vz2)
Height h= | v2-y1 |
x= | Xp-%1 |
a =tan-1(x/h)

Contact angle @ =7-2q

Fig. 3 Calculation of contact angles 6 and heights h

Results

(1) Evaporation process of water drop
1 —_
0.8 |

06 |

A/

04 |

02

0 1 1 1 1 J

0 0.2 0.4 0.6 0.8 1
At/

(a) Decrease of drop height during evaporation



0.8 |
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0.2 |
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(b) Decrease of drop contact angle during evaporation
1 —
A
08 [~ -
3
< 0.6 . : *
_C -* -
< 04 | :
:0
02 F .
0 1 1 1 1
0 0.2 0.4 0.6 0.8
AGclfc

(c) Decrease of drop height verses contact angle
Fig. 4 Measurement of contact angle and height of water drop (20mg) at 24°C and
78% humidity

The contact angle and the height of the evaporating drop do not change continuously but

decrease in steps (Fig. 4).

During initial phase of evaporation, the decreasing ratio in contact angle, A8c/Oc, is larger than
the decreasing ratio in height, Ah/h, where A@c is the decrease from initial contact angle Oc and Ah
is the decrease from initial height /& of the drop. When ABc/Oc is higher than 0.5, it becomes smaller
than that in height.



The contact line where the drop meets glass is pinned to the initial position throughout the

evaporation.

(2) Evaporation on distinct solid surfaces

® Liquid drop evaporating images of non-crystal solution

- M M A
ol e A
00'00” 09'41" 1732 15%47" 25'27"
v AR AR M N
00'00” 05'01” 11'42" 1823" 25'15"
| i
(©) £ P P L_J [_J
0000” 17'57" 35'04" 43'44" 46'40"

Fig. 5 Liquid drop images shot at varied exposure time indicating on figure(a) 6c>90°,
Parafilm; (b) 6c=90°, Steel ;(c) 6¢c<90°, Glass; where Oc is the contact angle between different
solid surface and water drop.

0.15

— parafilm
— steel

— glass

20

t(min)

40

(a)Changing of liquid-drop heights (h)

60




120 — parafilm
100 — steel
’;3* S0 —glass
o>
S 60
[}
= 40
20
0 ]
O 20 40 60
t(min)
(b) Changing of liquid-drop contact angles(6c)
0.6 — parafilm
— steel
—glass
— 0-4 B
e
=
-
02 F
O [ [ J
0 20 40 6(
T(min)

(c) Changing of the diameter of contacting
Fig. 6 The physical parameter h ,6c and d, against the evaporation time at 240C and
humidity 76%

Table 1 Evaporating models of liquid drops of non-crystal solution

Contact line
6c
First Medium Last
>90°  Pinned until 90°  Shrink in steps Contrathd. spot-like S
stain parafilm glass
=90° Pinned Pinned Spot-like stain

<90° Pinned Shrink slightly Ring-like stain



® Liquid drop evaporating images of crystal solution
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Fig. 7 Liquid drop images shot at varied exposure time indicating on figure(a) 6¢c>90°,
Parafilm; (b) 6¢c=90°, Steel ;(c) 6¢c<90°, Glass; Where 6c is the contact angle
between different solid surface and water drop.
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Fig. 8 The physical parameter h,6c and d, against the evaporation time at 240C and
humidity 76%

Table 2 Evaporating models of liquid drops of crystal solution

Contact line
6c
First Medium Last
~90° Pinned Pinned Spotlike crystal
stain
= 90° Pinned Pinned Spetile ezl -
stain
0 . . . Expanded ring-like
<90 Pinned Shrink slightly crystal stain
Discussion

A drop is considered a part of certain sphere with radius R as shown in fig. 9(a). The
remaining volume V illustrated in Figure 9(b) is given by the integral of the cross-section area A

from r=R-h to R, where h is the remaining height of the drop. This is written as

R
V= [A(r)dr or v=mh*(R-h/3)

R-h

The formula above is applied to the previous experiments to obtain the reducing volume of the

evaporating drop. Fig. 10 shows the reducing volume V"’ as a function of time z. The best-fit line for
8



the data is stated as

V'=-1291F+13243 ¢
The evaporation speed is the slope of the line,

dVvdt=—2582t+ 13243,
which is not constant, but decreases slowly during evaporation.

The liquid-air contact area § can be calculated by the formula that obtained by the similar
way as previous, that is

S =2nRh

Apply this equation to the previous experiments, and then we have the result shown in fig.11. The
evaporation speed is not directly proportional to the liquid-air contact area. The evaporation speed

becomes much slower while the liquid-air contact area is getting small.

Why does the evaporation speed slow down when time is passing? The possible variables that
affect the evaporation speed of a drop are temperature, humidity of the surrounding, contact area
with air, and drop material that presented with cohesive and adhesive forces. The given drop was
experimented at the constant temperature and humidity. According to the discussion above, there
are more related variables, besides that of contact area. The adhesive force becomes more obvious
than the cohesive force while the drop gets smaller and smaller. An assumption that the adhesive
force slows down the evaporation speed was raised and supported with the evidences shown as Fig.
11.

Fig.9 (a)fitting the shape of the drop wirh a certain circle
(b)Integating to obtain the volume of the drop
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Fig. 10 The reducing volume of the evaporating
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Fig. 11The evaporation speed vs. drop surface area contacted with air

Conclusion

It was found that the contact angle and the height do not change continuously but continually
in steps during the process of the evaporation. The contact line is pinned at the initial stage, but the

ending of the evaporation can be classified into three categories:

First, the adhesive forces that are larger than the cohesive forces cause outward capillary flows
carrying the solutes to the edge of the drop. The ring-like stain is formed at the initial position of the
contact line. Second, as explained above, if the capillary flows carry the crystal solutes to the edge
of the drop and crystallize, there will be “capillaries” between crystals. Because of the capillarity,
the contact line spread outwardly. Third, the cohesive forces that are larger the adhesive forces

cause the contact line to be contracted and a spot-like stain remains.
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Application & Prospective

The results of present investigation can be applied to the improvement of the technologies of
DNA micro-array and the ink jet used in ink-jet printer.

The DNA micro-array base is usually made of glass-like material. The probes in array are
fixed on the base, and then the target can be reacted on the micro-array. If we control the variables
of drop evaporation and lower the evaporation speed of the target, we can increase the hybridization
time to react more completely.

We expect ink-jet printers to have a higher resolution, so the ink drops should not expand and
should form solid spots when they are air-dried. Therefore, the contact angle between the ink drop

and the paper should be designed at about 90 degrees.

References

1. Amirfazli, A., Kwok, D. Y., Gaydos, J., and Neumann, A. W., J. Colloid Interface Sci. 205,
1(1998).

2. Deegan, R. D. , Nature 389,.827(1997).

3. Lin, Hsing-wen, J. Tsoying S.High School .2, 75 (2000).

4. Zen, Bai-yi, J. Tsoying S.High School .2, 75 (2000).

5. Kwok, D.Y., Ng, H. and Neumann, A. W., J. Colloid Interface Sci. 225, 323(2000).

6. van den Doel,L.R., Hjelt,K.T., Young,I.T.,and van Vliet L.J. ASCI99, Proc. 5" Annual
conference of the Advanced School for Computing and Imaging, 58 (1999).

7. Chebbi, R., Selim, M. S., J. Colloid Interface Sci. 195, 66(1997).

11



—

H AR

(1) AMESA B - BL A FENSFEE AUACSIRA 28 FEEAE - rREd SR
T2 A RN A et e > 90 FEBRG A —J7REE 720 - SRR e
B KRR )~ SRRy R IR -

(2) EHFrEE B e BT B LA - HEmaRSG B - (BRI -

(3) &SI EARIE B > WOREL S 2 (F P AR > S seis B 2 H A e A
ENIEE



	液滴在我眼前蒸發
	作者簡介
	摘要
	Abstract
	前言
	研究方法
	研究過程與結果
	結論
	討論
	應用與展望
	參考文獻
	英文版本
	Introduction
	Experimental
	Results
	Discussion
	Conclusion
	Application & Prospective
	References

	評語


