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Abstract - Before starting any experimental work regarding droplet impact experiments, it is very important to verify and confirm
the droplet size and diameter. The main reason behind this would be to ensure that every single droplet is almost of the same
size before any scientific analysis is carried out. Therefore, the aim of this study is to perform a single water droplet diameter
measurement through experimental work, theoretical calculation and high-speed digital imaging technique. In the experimental
work, distilled water was used as a test liquid. A digital microscope was used to measure the inner and outer sizes of the droplet
dispenser nozzle. The water drop test was performed up to 1000 times (200x5). The average reading of a single droplet weight
was measured. The droplet diameter was also calculated using a theoretical calculation. On top of that, the droplet diameter
was also measured using a high-speed video camera. From the overall result, it was found that the droplet diameter calculated

using theoretical calculation and the one measured using high-speed video camera imaging closely agreed with each other.

Keywords - Droplet diameter, Nozzle size, Experimental measurement, Theoretical calculation, High-speed video camera.

1. Introduction

The droplet impact experiment is an interesting topic of
research in boiling heattransfer[1]. Topics of research that are
regularly conducted by researchers are nucleation [2],
transition [3-5], and film boiling [6-8]. These three (3) areas
are the important modes in the research area of boiling heat
transfer. In general, experimental work is conducted with the
use of high-speed video camerasto view sequentialimages of
droplets during impact on a test surface. The sequentialimages
obtained during the experimental work can be used to study
the evaporation characteristics, droplet size, droplet spreading
[9, 10],and bouncing[11, 12] of the droplet. Furthermore, the
research findings are broadly used in many engineering
applications such as spray cooling [13, 14], boilers [15], fuel
combustion [16], inkjet printing technology [17, 18], and
coatingtechnology [19, 20]. Moreover, the insight into droplet
interfacialdynamics is essential in controlling parameters like
wettability [21], impact speed,and surface temperature. Apart
from that, research on Leidenfrost [22-25] is also very
important in the field of heat transfer, which greatly influences
the heat transfer performance [26]. In boiling experiments,
preliminary tests on droplet size must be carried out first to
determine the accuracy of the final results of the experiment.

If the droplet size used is not uniform, it will have a very
significant impact on the final results. The novelty of this
research is the use of three (3) different methods in
determining the droplet size. After conducting two (2)
different tests (i.e., theoretical calculation and experiment),
the third test, which used a high-speed video camera, wasused
to determine the droplet size. Based on the observations and
literature review, no other researchers have used three
different approaches in determining droplet size before the
actualtest was carried out. Most researchers only carry out
size tests using a high-speed video camera to determine
droplet size. This is done via a comparison technique whereby
the size of the droplet falling onto a surface is compared to the
actualsize of a screw orotherobjects. However, forthis paper,
the final results obtained for each droplet size would be very
convincing because these three (3) different techniques had
been used to determine the droplet size.

2. Experimental Apparatus and Procedure

The schematic diagram of the experimental setup of the
drop test is shown in Figure 1. For the current experiment,
distilled water was used as the test liquid. The experimental
setup consisted of a droplet dispenser, beaker, retort stand, and
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digital weight (MH-100 pocket scale). The droplet dispenser
wasslowly and gently pressed to ensure the droplet fell slowly

into the glass beaker.
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Fig. 1 Schematic diagram of the drop test set-up

(a) Digital microscope
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Fig. 2 Digital microscope and measurement technique of the outer and

(b) Close-up image

inner nozzle dispenser

Meanwhile, Figure 2 shows the digital microscope setup
and a close-up image of the nozzle dispenser. The digital
microscope was connected to a laptop for digital visual
analysis. From the visual observation of Figure 2(b), the inner
nozzle size was approximately 0.413 mm.Meanwhile, Figure
3 shows the actual image of the outer nozzle measured using
the Quick-Mini Thickness Gage (Mitutoyo PK-0505). From
the digital measurement, the outer diameterof the nozzle was
approximately 0.71 mm. During the experimental work, a
high-speed video camera (i-SPEED 221) was used to record
the images of the droplet as it fell (Figure 4). The falling
droplet was recorded at 5,000 frames per second (fps).

Table 1. Experimental conditions

- Distilled

Type of liquid Water

Surface tension of distilled water, 6 (N/m) 0.0728
Density of distilled water, piiq (kg/m?3) 1000
Gravity, g (m/s?) 9.81
Boiling point of distilled water (°C) 100
Inner nozzle size diameter (mm) 0413
Outer nozzle size diameter (mm) 0.710

238 1IN

Fig. 3 Quick-mini thickness gage (Mitutoyo PK-0505)

Fig. 4 High-speed video camera set-up for digital imaging
measurements
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As shown in Figure 5, the Photron Fastcam Viewer (Ver.
3680 (x64)) software for high-speed digital imaging analysis
was used to measure the droplet diameter. Table 1 shows the
experimental conditions for the experimental work.
Subsequently, Equations (1) and (2) [27] were used to
calculate the droplet size experimentally and theoretically.
The percentage difference was calculated using Equation (3).
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Fig. 5 Photron Fastcam Viewer (high-speed imaging software)

Fig. 6 Close-up image of the water droplet diameter (2.625 mm)

V= (4/3) . 7[r3 (1)

d = (60dneedie/pliquid @))1/3 2

Percentage difference (%) = | (Ea- Ta) / (Ta) | x 100%
3)

3. Results and Discussion

Table 2 illustrates the data collected during the drop test
experiment. The experiments were repeated 5 times to
enhance the accuracy of the results. To determine a single
droplets average volume and weight, the drop test was
performed for every 50 drops up to 200 drops. Table 2 clearly
shows that a total of 1,000 drops were performed before
determining the average value. Table 2 shows thatthe average
value for single droplet diameter was around 2.9082 mm. At
the beginning of test 1 (50 drops), the weight of the droplet
was about 0.66 g, followed by 0.64 g for tests 2 and 3, and
0.62 and 0.65 g for tests 4 and 5, respectively. The weights of
the droplets seemed to increase to about 1.27 g for tests 1 and
2 when the number of drops was increased to 100 drops. For
the 150 drop, tests 1, 2 and 3, the data recorded were 1.93,
1.91, and 1.95 g, respectively. Finally, at 200 drops, tests
1-5 weight outputs represented an increase of approximately
2.58,2.55,2.60,2.58,and 2.59 g, respectively.

Table 2 also indicates that the average data calculated
from the drop tests were approximately 0.642 g (50 drops),
1.290 g (100 drops), 1.932 g (150 drops), and 2.580 g (200
drops). From the overall results of'tests 1-5, the average mass
per drop was approximately 0.01288 g. The value obtained in
Equation (2), which is a theoretical calculation, was about ~
2.637 mm. The surface tension of the water droplet, inner
nozzle size diameter, density of the liquid, and gravity were
used in the calculations based on Equation (2). Experimental
parametersand otherinformation are presented in Table 1 for
easy understanding. A high-speed video camera was used to
capture the actualsize of the droplet. By using a small screw
as a reference, the size of the droplet that falls from the
dispenser could be measured with a digital ruler.

Table 2. Overall result from the drop test

No of Mass of Drops (gram) Average Average Mass per Equation (1)
Drops Test 1 Test 2 Test 3 Test4 | Test5 (gram) Drop (gram) (mm)

50 0.66 0.64 0.64 0.62 0.65 0.642 0.01284 2.9052
100 1.27 1.27 1.30 1.28 1.33 1.290 0.01290 2.9097
150 1.93 191 1.95 1.92 1.95 1.932 0.01288 2.9082
200 2.58 2.55 2.60 2.58 2.59 2.580 0.01290 2.9097

Average 0.01288 2.9082

The close-up image of the fallen droplet can be seen in
Figure 6 as a reference. From the visual and digital analysis,
the water droplet diameter was approximately 2.625 mm.
Figures 7 (a)-(d) show the overall experimental results. The
average values for droplet weight for 50, 100, 150, and 200
drops were 0.642, 1.290, 1.932, and 2.580 g, respectively.
Figure 8 shows the average value for all the experiments.

50

From Figure 8, it was observed that the calculated droplet
diameter was approximately 2.9052, 2.9097, 2.9082, and
2.9097 mm for 50, 100, 150, and 200 drops, respectively.
Meanwhile, Figure 9 shows the comparison between
Equations (1) and (2) and high-speed video camem
observation results. Overall data from the experimental work
were tabulated in Table 2.
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Table 3. Comparison result between Equations (1) and (2) and a high-speed video camera

. . High-speed video camera Percentage difference
Formula Equation (1) (mm) Equation (2) (mm) (mm) Equation (3) (%)
Droplet diameter 2.908 2.637 2.625 0.455

Table 3 compares Equations (1) and (2) with the high- measured using high-speed imaging and theory being
speed video camera. From the overall results, it can be only 0.455 %.
concluded that the final value of the droplet diameter agrees (2) The droplet diameter was calculated using a theoretical
closely with the theoretical calculation, with a percentage calculation, and the one measured using high-speed video
difference of only 0.455 %. camera imaging closely agreed with each other.
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