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Abstract. The study of physics in accordance with the development of the students’ key
competences can bring an important contribution to the formation of a complex
personality. In the learning units, we have considered the application of the
constructivist theory [1, 2]. In this paper, we will present an experiment that takes into
account the condensation process which will be submitted to a modern technologies
analysis.
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1. INTRODUCTION
This article is part of several examples of experimental learning units which
are included in the chapter entitled “From Linear to Nonlinear Phenomena.” The
purpose of these experimental lessons is to develop some of the students’ key
competences [3], which may lead to the creation of human profiles that can
elementarily acknowledge the features of their environment.
To facilitate the understanding of some phenomena or theories, we use
models that often simplify the reality. For this, we use linear relationships such as
F
U
x = − , or R =
which are valid only with some limits. The nonlinear
I
k
phenomena are represented through relations of another order than 1. Natural
phenomena are usually complex ones, and they can be described by relations of
degree 1 only in certain limits or special conditions.
Next, we will deal with the processes of condensation and coalescence
(merging droplets), which can appear if you put a transparent plastic lid on a cup of
coffee or tea. We will carefully watch what happens under the plastic lid and we
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will use a device to get images and experimental data, such as time and
temperature. We achieved successive images by photographing and we determined
the surface area covered by condensation using light scattering [4].
2. A SIMPLE EXPERIMENT FOR THE OBSERVATION
OF SOME COMPLEX PHENOMENA
2.1. THE KINETICS OF THE CONDENSATION PROCESS:
FORMATION OF DROPLETS
Experiment: Make coffee using the kettle! Pour into a cup and cover it with
clear plastic lid that closes the vapor system under the cover.

a)

b)

Fig. 1 – a) The cup without a lid; b) the cup a few seconds after putting the lid. The colored versions
may be accessed at http://www.infim.ro/rrp/.

a)

b)

Fig. 2 – a) Stage 1; b) stage 2. The colored versions may be accessed at http://www.infim.ro/rrp/.
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b)

Fig. 3 – a) Stage 3; b) stage 4. The colored versions may be accessed at http://www.infim.ro/rrp/.

The second, the third and the fourth stage approximately correspond to the
increasing number of very small droplets, which gradually cover the entire surface.
The relative uniformity (equality) of very small droplets is highlighted. This is the
high temperature phase difference between indoors and outdoors; it is active in the
process of continuous evaporation of the hot water.
The stages 5, 6, 7 and 8 correspond to the growth of the coalescence droplet
size, caused by “swallowing” mutual droplets to form a smaller number of larger
size droplets. Evaporation continues, but at a smaller rate due to the water cooling.
The deposition speed decreases.

a)

b)

Fig. 4 – a) Stage 5; b) stage 6. The colored versions may be accessed at http://www.infim.ro/rrp/.

Finally, temperatures from inside and outside the cup are equal, and so the
evaporation process stops (the system has a constant volume – enclosure closed).
The stages 9 and 10 correspond to thermal equilibrium, complete cooling, situation
which can be also noticed after 24 hours. The two images are attempts to find the
optimal pictures, so that the droplets can be studied more precisely. These try-outs
are part of a methodology that realizes a number of conclusive and useful

566

N. Micescu et al.

4

experiments for the scientific processing. The presentation of these stages of
“kitchen” research is absolutely necessary for students, in order to know how to
work independently.
At the end, the volume of condensed vapor on the lid can be measured by
using an electronic balance of precision, as it is shown in Fig. 6.

b)

a)
Fig. 5 – a) Stage 7; b) stage 8 - final stage. The colored versions may be accessed at
http://www.infim.ro/rrp/.

a)

b)
Fig. 6 – a) Scale used; b) the scale with the lid. The colored versions may be accessed at
http://www.infim.ro/rrp/.

The mass is 13.7 g, as it is shown in Fig. 6a, measurement system plus the
lid = 16.4 g. The droplets of water with the lid weight 17.9 g, as it is shown in
Fig. 6b. The difference of 1.5 g corresponds to the volume of water condensed on
the lid, at thermodynamic equilibrium. Droplets are kept on the lid because of the
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adhesion forces and because of the superficial intensity that balance the weight of
each drop.
The distribution of droplets is shown on the image: there are many large
drops produced through coalescence and more droplets that have not yet had the
opportunity to fuse.
Because the images are digital, they may be studied with the help of some
image analysis software [4].

Fig. 7 – Detail of Fig. 4b analyzed on the horizontal line from the image.
The colored versions may be accessed at http://www.infim.ro/rrp/.

The image shown in Fig. 4b is analyzed on the line drawn and it shows the
light intensity profile explored with the shown line, meaning that the corresponding
memory of the image can be read. The line used for exploration is defined as a first
order equation, which reads the image matrix values (gray level) at the given
coordinates. The light intensity is vertical (OY) and the position is horizontal (OX).
With this image, we may experimentally determine the volume of the droplets
searched on a line.
A more eloquent image may be obtained by searching the figure on a certain
extent, line by line, and then representing the intensity of the curves side by side,
creating a pseudo-3D image, as in Fig. 8.
The image does not correspond to the “depth” of the “holes” – of the drops,
as to their adequate light intensity, which depends on how the light is reflected and
refracted by the lid, drop and background.
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Fig. 8 – Pseudo 3-D image of the intensity of the curves.

The phenomenon can be presented also in 3D using computer modeling, as in
Fig. 9.

Fig. 9 – Simulation of the droplet formation.

In Fig. 9 we can see large drops of different sizes surrounded by very small
others, some will condense in the big ones and others will disappear. The droplets
are mobile; they move and change their size with time. At a macroscopic scale and
in 3D, the situation is currently similar with the cloud formation [5]. General
methods of image and 3d graphs analysis can be found in [6].
2.2. THE EXPERIMENTAL SETUP
Fig. 10 shows the experimental setup used to obtain images and experimental
data like time and temperature.
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The used camera is Panasonic DMC-LS60 with a memory of 6.0-megapixels,
the temperature was measured with an electronic digital multimeter with a
calibrated temperature probe (the probe is immersed in liquid) of DT-21 Voltcraft
type, with a precision of 0.10 C and an electronic clock with timer. The whole
system is fixed on the desk and the camera is fixed on a tripod.

Fig. 10 – Image of the experimental device. The colored versions may be accessed at
http://www.infim.ro/rrp/.

3. ANALYSES OF IMAGES – THE AREA METHOD
3.1. THE BACKGROUND
In order to extract information from the interesting images, we used a method
of determining the area of a surface covered by condensation, using light
scattering.
The areas with drops will be brighter than those without drops of
condensation, because every drop efficiently scatters light (retro reflector effect),
while the free/empty zones have a dark shade (reflected as a weak light), due to
their transparency. This is due to the dark color of the liquid (coffee, tea) and to the
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shading of the internal area that becomes weakly bright. This contrast of brightness
can be measured on digital images, because each pixel of the image gives a gray
proportional value to the relative luminance of the seen area. Because in our case
each image is formed of a square frame size of 256×256 pixels on which one may
distinguish the (white) circle of the cup and two regions, the interior one – which
will be studied – and the exterior one of the cup. To avoid influence the luminance
measurements, it was built a circular “mask” inscribed in the image of white
(transparent) square inside and black (opaque) outside. Because in the analysis of
gray levels per pixel the black color is zero, it will not matter at the global
luminance analysis. Instead, each pixel that has a nonzero value of gray level
(between 1 and 255) will count toward the calculation, so that adding with a
suitable computer program of all levels of gray values will give an objective
numerical measure of the luminance.
For this purpose, the AF4 image processing program is used; it analyzes the
content of the data matrix given by the image, first on each horizontal line, and then
it summarizes the content of data points according to the given vertical column.
3.2. ANALYSIS OF THE IMAGES
Next, it will be presented the used method for realizing the analysis of the
studied condensed surface.
The figures present not only the images obtained by photographing, but also
the amount on lines of the image’s gray levels. Finally, there is a table of the
measured data. The average calculated by the program (drawn as the horizontal
line) on the graph determines the area described by the luminance curve. It is
explored line by line and reported to the total number of pixels. This provides a
measurement of the relative luminance, the size of interest for us. In the calculation
area of images, there are given data of the number of explored lines, the
coordinates of the studied image (the corners of the image relatively to its position
over the desktop, x and y) and media. The other data are uninteresting for this
assessment (sigma – average error; correlation coefficient C.ac.; Asim. – the
coefficient of asymmetry of the image from the vertical taken to the middle of it).
The useful functions are presented as Plot 1 which gives the presented graph, Plot
2 which reveals the correlation graph, Histo shows the histogram for the analyzed
line, and Save allows to save data for the chart viewed on the screen. The program
also allows the determination of fractal dimensions for cases of interest.
Successive images are obtained by photographic method and using light
scattering we determined the surface area covered by condensation. For this
purpose, we use the image processing program AF4 [4] that analyzes the content of
the image data matrix, first on each horizontal line, and then summarizes this
content with the corresponding points to vertical column of data1. Because this is
1

The method has been suggested in the analysis of histological images field and it was applied
for the image analysis [4] in order to analyze physical, metalurgical, atronomical and biological images.
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an original method, it will be presented in more detail. The following images
exemplify the image processing method and the extraction of data of interest in the
work schedules.

Fig. 11 – The corresponding image to file no. 19. The colored versions may be accessed at
http://www.infim.ro/rrp/.

Fig. 12 – The corresponding image to file no. 23. The colored versions may be accessed at
http://www.infim.ro/rrp/.
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Fig. 13 – The corresponding image to file no. 24. The colored versions may be accessed at
http://www.infim.ro/rrp/.

Fig. 14 – The corresponding image to file no. 25. The colored versions may be accessed at
http://www.infim.ro/rrp/.
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Fig. 15 – “Black File”. The colored versions may be accessed at http://www.infim.ro/rrp/.

Fig. 16 – “White File”. The colored versions may be accessed at http://www.infim.ro/rrp/.
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The main data of the processing image files through the AF4 program are
collected in Table 1. The images “black” and “white” are used for calibration.
Table 1
Experimental data (M - media)
Image
19
20
21
22
23
24
25
26
black
white

Area
252×252
255×255
254×254
256×256
255×255
255×255
255×255
257×255
253×253
255×255

Mean luminosity
30 804.94
40 437.70
40 614.38
40 606.85
38 401.21
37 142.64
36 632.49
37 589.12
852.43
50 441.14

The graph of the data and possible fitting curves are shown in Fig. 17:
3

2

1

y = +246x -3015x +9975x +3.15E4, R:1136, max dev:1717
42000
polinom de ord. 3
spline
date experimentale
39000

36000

33000

30000
0

2

4

6

Fig. 17 – Experimental data taken with the AF4 software.
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The curve of interpolation 'spleens' necessarily passes through all the
measured points and ensures equal derivates at the function, in the measurement
points. Polynomial interpolation function of the third order is chosen, because the
presence of only three inflection points. Both are just attempts to analytically
follow the variation of the brightness of the surface covered by condensation. A
more elaborate model that takes into account the light scattering and the kinetics of
condensation would provide a more accurate physical interpolation function. This
challenge is in progress.
3.3. DATA INTERPRETATION
The development of the experimental data graph shows three inflection
points of variation determined by three trends:
a) a growing one that corresponds to the initial stage of the vapor deposition
on the cold wall and condensation, which becomes denser with time; the droplets
formed have almost all the same size on this line, they only rapidly increase their
number; in this stage, increasing the number of drops of condensation has a
constant speed due to the homogeneous evaporation and random deposition on the
surface of the transparent lid;
b) a portion of saturation (after about 3 min), followed by an almost total loss
of coverage, due to the surface’s deposition with drops, which, for geometrical
reasons, cannot grow; the covering of the surface is maximum;
c) the decrease is related to the droplet’s changing size, respectively their
coalescence, which leads to the droplet’s number decrease, and to their increasing
dimensions; the process is related to the superficial tension’s effect that leads to the
drop’s size decrease when two or more drops connect; in this way, the surface is
related to the free energy of the drop.
d) this continuing decrease should tend to a bearing; the phenomenon is
determined by the fact that the liquid, once cooled, the vapor input is lower, so the
system of drops enters in a stationary state in which the number of drops becomes
minimal at the volume given by the condensed liquid state, and each drop has the
maxim dimension given by its weight and by the liquid’s superficial tension.
All these aspects can be seen in the above presented image analysis. It is
interesting to observe that the kinetic method of analyzing condensation through an
optical procedure is good enough. Because of the ambient lighting (i.e. diffuse and
not from a beam of light), the drops uniformly diffuse the light to all directions
through the retro-reflector effect (“Cat-eyes”– optical system that reflects the light
rays in their direction of incidence), which makes the spread light intensity to be
proportional with the number of such semispherical drops.
The detailed analysis of the initial portion is hard to do, because of the high
initial speed of condensation and formation of droplets. The speed is dependent on
temperature difference of the vapor and of the temperature condensation support.
When the difference of temperature is lower, the condensation speed decreases.
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The measured speed may be improved by the cooling process of the
evaporated liquid. The measurements have shown that, in the initial period when
condensation is rapid, the temperature does not significantly vary.
The values of the temperature variation with time for one of the experiments
are given in Table 2, in order to justify the approximation of the relatively constant
temperature of the initial portion of vaporization and condensation. The experiment
began at 18:30 and the ambient temperature was 30.10 C.
Table 2
Experimental data
Hour
18:30
18:32
18:34
18:40
15:55
19:02
20:15

Time
[seconds]
0
120
240
600
1500
1920
4500

Temperature
[0 C]
53.50 C
52.50 C
51.20 C
48.10 C
44.00 C
41.90 C
32.10 C

The data are graphically presented below. It may be seen that during
approximately 3 minutes, the decrease of the temperature is of about 2oC, which is
inessential within the measurement errors.

Time [seconds]

Fig. 18 – Temperature variations during one of the experiments.
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4. CONCLUSION
The experimental data taken through the described photographic method is
conclusive for the observation of the condensation phenomena and for the
verification of the kinetic processes that can be quantitatively monitored and
compared with existing kinetic models. Also, the measurements are quite accurate
and they allow the determination of the kinetic parameters of condensation. In this
study, we intended to show that this method is practical for science teaching, in
order to understand this type of phase transformation. Our method is a new one,
and we believe that it can be generalized for more cases.
The experiments present a case of phase transition phenomenon, the change
of the aggregation state, which can be seen on a macroscopic scale [8]. It is
demonstrated that the complex phenomena may be studied with simple tools,
involving stages of observation, photography, image analysis, data processing,
model and computer simulation. All these stages are available for students, so they
can lead them to have an attitude of active observation, curiosity for the
surrounding phenomena, but also to lead them to exercising the scientific research,
in order to satisfy the curiosity inherent of the age [1, 2].
As all the papers published in the Romanian Reports in Physics Journal,
under the Educational Physics frame, [9–13], show that the experiment has the
most important role in teaching and learning Physics today.
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