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Abstract The effects of the wettability of a droplet impact-
ing onto a hot solid surface under medium Weber numbers
were studied experimentally. The Weber numbers used in
the present experiment were 52.1, 57.6, and 63.1. Three
kinds of solid surfaces with different wettability were
used. These were normal stainless steel (NSS), TiO, coated
NSS, and TiO, coated NSS radiated with ultraviolet rays.
The surface temperatures were varied from 60 to 200 °C.
The image of side the view and 30° from horizontal were
taken to explain the spreading and the interfacial behavior
of a single droplet during impact the hot solid surfaces. It
was found that under medium Weber numbers, the surface
wettability plays an important role on the droplet spread-
ing and evaporation time during the impact on the hot solid
surfaces. The higher the wettability, the larger the droplet
spreading on the hot surface, and the lower the evaporation
time.
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List of symbols

A Surface area (m?)
D,d Diameter (m)

h Latent heat of evaporation (kJ/kg)
q Heat flux (W/m?)
T Temperature (°C, K)
(0] Heat (kJ)

u Droplet velocity (m/s)
We  Weber number

Greek symbols

B Spreading ratio
Density (kg/m?)
Surface tension (N/m)
Contact angle (°)
Evaporation time (s)
00 Surrounding/ambient

a © qa °

Subscripts

corr Correction

drop Drop

g Gas

KY  Kurabayashi—Yang
l Liquid

Leid Leidenfrost

max Maximum

0 Origin

s Solid; surface, spreading
w Wall

1 Introduction

The interaction of droplets with a heated solid surface
in the form of the impingement of the liquid droplets
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onto superheated solid surfaces have been used for many
engineering applications such as in, nuclear reactor
cooling, metal quenching, refrigeration cycle, electronics,
and flash evaporation system. Numerous researches
concerning the droplet dynamics have been carried out so
far [1-6], but the observed phenomena are still unclear.

The interaction between the fluid and surface is
determined by the Young-Dupree classical equation,
Os¢ = 0y + 0gcosf. Here 0 is the contact angle, which
is used to determine the wettability of fluid on a surface,
o is surface tension and the subscripts of sg, s/, and Ig
denote to solid—gas, solid-liquid, and liquid gas respec-
tively. This means, the dynamics of a droplet on a heated
surface depend not only on the fluid’s physical property,
but also on the condition of the heated solid surface and
the interaction between the fluid and the surface.

In general, the term of “wettability” is defined as the
interaction between the fluid and the solid surface. If the
interaction is weak, the fluid will create multiple droplets
on the surface and will only wet part of the surface [4].
Wettability can be categorized according to the contact
angle between the fluid and the solid surface [7]. In the case
of the contact angle near to zero, it is defined as perfect
wetting, and for near or equal 180° from the horizontal
plane, is defined as non-wetting. With water as the fluid,
the term “super-hydrophilic” is used for “perfect-wetting”
and “super-hydrophobic” used for “non-wetting”.

The other factor that influences the dynamic of droplet
during impact onto a solid surface is the Weber number
(We). This number is defined as the ratio of the inertia
energy to the surface tension energy. Bernardin et al. [8]
categorized the Weber number into three regions (a) low
We, which We < 30, (b) medium We, which 30 < We < 80,
and (c) high We, which We > 80.

Concerning the impingement of a droplet onto hot
surface, Bai and Gosman [9] identified the impingement
regimes for a single droplet, namely, stick, rebound,
spread, splash, boiling induced breakup, breakup, and
rebound with breakup. During the quenching process
of the metal production, the water is sprayed to the hot
metal surface under low velocity, when the Weber number
is near to the medium Weber number region. In this the
medium We, all the regimes mentioned previously could
occur for the droplet, except splashing. In some cases, due
to the velocity of the impacted droplet and/or its size, the
We is not high enough, but still has the effect on the cool-
ing process. For a droplet impinging a hot surface in dry-
wall regime, the Weber number equal to 30 is the criteria
of rebound to rebound with breakup, and We equal to 80 is
the criteria of rebound with breakup to splashing. There-
fore the medium Weber number range becomes interesting
to observe for the droplet impinged in wet and dry wall
regime.
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In the case of low We, Deendarlianto et al. [10] con-
ducted an experimental study to observe the effect of wet-
tability on the droplet spreading behavior during droplet
impingement on the hot solid surface. The parameters of
We were 5.17, 5.67, and 6.72, and the working fluid was
the water. Three kinds of stainless steel surfaces, which
were treated with TiO, and UV irradiation, were used to
explain the effect of wettability. They concluded that for
low Weber number, the higher the static contact angle, the
lower the wetting limit temperature. The ultraviolet irradi-
ated surface with TiO, did not change qualitative behavior
of the evolution of spreading diameter during the droplet
evaporation on a hot solid surface.

Ito et al. [11] reported the analytical and experimental
behavior of the droplet when impinged onto hot surface
with the temperature greater than 500 K with a Weber
number range from 10 to 120. From the analytical view
point, they considered that within medium We, there was
no disintegration of the droplet, and the droplet remains
nearly spherical after the first collision. Moreover, a
good visualization of droplet evaporation was presented
by The Chandra and Avedisian [3]. They used drop
of n-heptane impacted onto polished stainless steel at
24-240 °C [3]. With a Weber number equal of 43, it
is concluded that for temperature of hot solid surface
between ambient temperature and Leidenforst temperature
(Ty < Ty < T4q), the spreading ratio increases as the
droplet spreads out and then decreases as the liquid begins
to evaporate and/or recoil. According to their experiment,
the dynamics of the droplet are strongly influenced by
the solid surface temperature. Kandlikar and Steinke [12]
studied the effect of the contact angle on the spreading
and recoil of a droplet impinged onto hot surface. The
used Weber numbers were 10, 14, 19, 29, and 58, while
the surface temperatures were set from 50 to 250 °C.
They proposed a correction factor to predict the droplet
spreading, whereas the contact angle was taken as a
parameter. A comprehensive study of droplet impingement
was carried out by Lee and Ryu [9]. In their report the
mapping of droplet dynamics during impingement were
presented. The droplet with high Weber number tended to
splash at any surface temperature. While for low We and
low surface temperature, the droplet tended to stick to the
surface. For medium We and high surface temperature, the
droplet tended to rebound or breakup [9].

From the above facts, it is noticed that the droplet
dynamics during impacting onto the hot solid surface
under medium Weber number has received little attention
in the past, although it is a very significant process during
the metal cooling. The aim of present experimental study
is to investigate the dynamics of droplet during the impact
with a hot solid surface under medium Weber number. The
effects of surface wettability and temperature on the droplet
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spreading are presented in this present work as the main
parameters.

2 Experimental apparatus and procedure

Figure 1 shows a schematic diagram of the experimental
apparatus used in the present study. The heater (7), as a
heat source, is attached at the bottom of the heat transfer
block and insulated to avoid the heat loss. A thermostat was
used to maintain the surface temperature. The temperature
sensors used in the experiment are K-type thermocouples
which have an uncertainty of 0.75%. In the present experi-
ment, the variations of Weber number were obtained by
the change of the drop height. The droplet diameter was
2.4 mm and the droplet was dropped from the height of 76,
84, and 92 mm, which correspond to a Weber number of
52.1, 57.6, and 63.1 respectively.

Three kinds of solid materials of heat transfer block
were used: normal stainless steel (NSS), stainless steel with
TiO, coating (UVN), and stainless steel with TiO, coating
and radiated by ultraviolet ray (UVW). The purpose of the
surface treatment of using TiO, coating and combined with
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ultra violet radiation, is to obtain the different wettability
of materials. The solid surface was a cylinder with 30 mm
diameter, and drilled with 3 holes at the side, where the
thermocouples were placed. The distances of the holes
from the surface were 5, 10, and 15 mm. The surface
temperatures were varied from 60 up to 200 °C. Before
the experiment, the static contact angle of droplet on each
material was measured.

In each experimental run, the droplet behavior during
impact onto the hot solid surface was recorded by two
high speed video cameras with 1000 frame per second.
The cameras have a shutter speed of 1/10,000 s, and the
resolution of the video was 496 x 332 pixels. The side
view of droplet was taken by first camera, which zero
angle to the surface. The second video data was taken at
30° angle from the horizontal. The droplet dynamics can be
observed with a 30° angle of recording camera. Meanwhile
with the zero angle camera the spreading or bouncing and
other visual behavior can be observed. An image processing
technique was developed to analyze the video image. The
analysis was carried out on the sequential images with 0°
angle camera position by converting the images to binary
images and measuring the droplet spreading diameter. The

. Water reservoir

. Syringe (needle)

. Droplet controller

. Droplet counter

. Camera 0°and 30°
. Heat transfer block holder
. Heater

. Insulation

. Thermocouple

10. Micro-controller
11. Computer

12. Tested Surface
13. Lamp

u-Controler

59
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Fig. 1 Schematic diagram of experimental apparatus

@ Springer



Heat Mass Transfer

image processing technique used in the present study is
almost the same with that of Mitrakusuma et al. [13].

The uncertainty of the result is caused by the uncertain-
ties of measurements or processing data. The sensitivity of
sensors as mentioned are 0.75%. The data logger used to
measure the temperature is a Mini Logger GL820-UMS851,
and has an uncertainty of 0.05% for K-type thermocouple
in range —100 to 1370 °C. Other errors that should be con-
sidered is the resolution of image produced by the camera.
The errors were calculated by calibrating the pixel of certain
known object distance. The object with 30 mm distance has
365 pixels, then the resolution of the image is 0.082 mm/
pixel. The uncertainties of Weber numbers is calculated
based on the equation proposed by Taylor [14]:

For the g = f (x1x2, . . ., x,) then the uncertainty of ¢ is:

aq 2 8q 2 2
Ag = — A1) + | — Ax2) +---+ - Axy
x| dx2

(D
The definition of the Weber number is We = 2 VZD, then
the uncertainty of We is:

dq
X,

Then we have:

Lo v.D AV + (2. AD)?
AWe_G\/(Z v-D-Av)>+ (V- AD) 4)

The Av and AD are the uncertainty for velocity and
droplet diameter respectively. With the knowing parame-
ters, then uncertainty of We can be calculated and tabulated
as shown at Table 1.

3 Result and discussion

This work is concerned mainly with the effect of surface
temperature and the wettability, which is represented by the
static contact angle of fluid on the surface, on the droplet
dynamics during the impacting onto a hot solid surface.
The static contact angles of the tested solid surfaces were
measured at ambient temperature, and the results are shown
in Fig. 2. The UVW surface is near to the hydrophilic state,
shown by the static contact angle which is near to zero.
Meanwhile, the largest static contact angle is presented by
the NSS, which is about 85.7°.

o We

dp

oWe

do

o We

av

A%=¢( so) 4 (2 a)

2

The density and surface tension are assumed constant,
thus the Ap and Ao are equal to zero. The previous equa-
tion can be written as:

2
AD)

A%=¢< w) e

Table 1 The uncertainty of We

dWe

o We
av

aD ©)

When the droplet impacts onto the hot surfaces, the
shape of droplet is changed. The spreading of droplet on
the solid surface becomes larger due the static contact
angle. Figure 3 shows the droplet dynamics during impact
onto the hot solid surfaces with temperature of 60 °C. Here
We is equal to 52.1. There are two kinds of images, first

The height of syringe from surface, h (m) Ah (m) Droplet diameter, D (m) AD (m) Droplet velocity, V (m/s) AV (m/s) We AWe
0.078 0.001 0.0025 0.000082 1.2368 0.0043 53.1 1.8
0.084 0.001 0.0025 0.000082 1.2835 0.0042 57.6 1.9
0.092 0.001 0.0025 0.000082 1.3432 0.0040 63.1 2.1

Then Weber number can be written as 52.1 4+ 1.8, 57.6 + 1.9, and 63.1 + 2.1

(a)

(b)

Fig. 2 Static contact angle of surfaces, a NSS = 85.7°, b UVN = 35.0°, c UVW =~ 0°
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Fig. 3 Interfacial behavior at
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are the processed images from the side view, and second,
on the right side, are the images taken by camera with
view angle of 30° from the horizontal. After the drop-
let impact, the droplet experiences a change in the direc-
tion of momentum from the vertical to the radial direction.
The momentum in the radial direction becomes larger. The
droplet could be sticking, spreading radially, bouncing, or
splashing. Other factors which influence the spreading or
splashing of droplet during the impact is the wettability of
liquid to surface, which is represented by contact angle as
indicated by Deendarlianto et al. [10].

Still concerning Fig. 3, for NSS, the shape of the droplet
at the left and right side are different. It can be seen that the
droplet moves to right and left. On the first millisecond of
drop, the shape of droplet seems symmetrical, but at 7 ms
after the impact, the droplet tends to move to the left. On
the other hand, at 13 ms, the droplet tends to move to right.
This movement is repeated and become stable, due to the
inhomogeneous or imbalance of force/energy inside the
droplet. The forces can be from the pressure differential
between inside and outside the droplet and/or momentum.
This movement is clearly seen on NSS, but not at UVN or
UVW.

The droplet movement did not occurr when the surface
temperature is raised as shown in Fig. 4, which are 80,
100 and 120 °C. Observation of the figure indicates that
the movement of droplet disappears either for NSS, UVN

and UVW. Here, the wave of water droplet travels from
the center to the outside, and vice versa. This periodical
movement occurred for the several times after the impact,
and then become stable. Under this condition, the droplet
evaporation occurs only at the surface of the droplet, no
bubble is detected. Next, it is noticed that at Figs. 3 and 4,
no secondary droplet is produced. For the surface of NSS,
at the surface temperature of 120 °C, the radial or circular
ridges are formed at 3 ms after the impact. It is caused by
the temperature gradient within liquid which create the sur-
face tension gradient as reported by Chandra and Avedis-
ian [3]. The ridges were not observed at UVN and UVW.
When the surface temperature are higher than 120 °C, the
droplet movement occurred again. Here, the temperature is
higher than the critical heat flux (CHF) temperature, as can
be seen at Figs. 5 and 6.

Figures 5 and 6 present the boiling history of the drop-
let under the same Weber number of 52.1. Focusing on the
images at Figs. 5 and 6, whereas the surface temperatures
are more than 140 °C, the droplet at certain time become
unstable. This is due to the boiling process inside, espe-
cially at the bottom of the droplet contacted on surface.
At Fig. 5a—c, after the droplet impacted to the hot solid
surface, the secondary droplet is formed and dispersed
to surrounding of the droplet (cf. at t = 118 ms of NSS,
t = 104 ms of UVN, and t = 27 ms of UVW). During this
condition, the bubbles which are formed at the bottom, are
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Fig. 4 Interfacial behavior ] Vi VW
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Fig. 5 Interfacial behavior

at first 15 ms of the droplet
after the impact onto solid
surfaces (surface temperature
were 140, 160, and 180 °C and
We = 52.1) a Surface tempera-
ture = 140 °C. b Surface tem-
perature = 160 °C. ¢ Surface
temperature = 180 °C
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Fig. 6 Interfacial behavior at
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coalesced to each other, and fly to the upper part of drop-
let, and then collapsed, and produce small droplet. The
obtained results are in a good agreement with Mitrakusuma
et al. [15], who investigated the boiling phenomena around
the onset of nucleate boiling.

Furthermore, after the droplet break-up appeared, many
secondary droplets were produced and jetted from the
entire area of the surface. The time when the secondary
droplet, in the form of small water mist/particle, occurs is
earlier for higher surface temperature. This explanation, is
in a good agreement with those of McHale and Garimella
[16], Collier and Thome [17], which reported that the
bubble is formed when the surface temperature is higher
than saturation temperature. As the surface temperature
rises, the time of debris becomes earlier, e.g. at 160 °C,
t =8 ms of NSS, t = 8 ms of UVN, and t = 4 ms of
UVW. Moreover, the effect of surface wettability are not
significantly seen for a higher surface temperature, cf. at
200 °C, as can be seen clearly at Fig. 6.

Figure 7 shows the effect of the Weber number on the
spreading and the shape of the droplet on the NSS surface
at 200 °C. In the figures, only the main part of droplet is
shown for the side view. All the droplets for all the tested
surfaces begin to boil at 1 ms after the impact, and then the
secondary droplet appears, which mean the droplets were
broken up. Next, the secondary droplets splash around the
droplet. As the time goes by, the decrease of droplet vol-
ume can be seen clearly as shown by the droplet diameter.

@ Springer

For the higher We, the wetting diameters and the evap-
oration rate are higher than that of the lower We. It is
possible due to the larger contact area as shown in Fig. 7.
At a higher We, when the droplet impacts to the hot solid
surface, the droplet spreading diameter is larger than that
of the lower We. As an illustration, with the We = 52.1,
the diameter of droplet at 5 ms is 5.84 mm, and at
20 ms is 5.52 mm. The average diameter reducing rates
of droplet for this period is 0.027 mm/ms. Meanwhile,
the average diameter reducing rates from 5 to 20 ms,
are 0.125 mm/ms for We = 63.1 and 0.050 mm/ms for
We = 57.6. This can be concluded that the higher We, the
higher diameter reducing rate, the faster the evaporation
rate.

The history of droplet spread for the first ten millisec-
onds after impact is shown in Fig. 8. The figure shows
that the droplet spreading diameter increases with the
increase of We, especially for NSS. The maximum droplet
spreading diameter is 10 mm for We = 63.1, 8.5 mm for
We = 57.6 and 6.8 mm for We = 52.1, as shown at Fig. 8a.
Meanwhile for UVN, the effect of We on the droplet spread
is not significant, as shown at Fig. 8b. Figure 8b the data
from Deendarlianto et al. [10] at the low Weber number of
5.1. Observation of the figure indicates that at a higher We,
the droplet tends to oscillate, meanwhile it does not exist
at lower We. This figure proves that the inertia force, rep-
resented by We, plays an important role during the droplet
impact on the hot solid surface. On the other hand the effect
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Fig. 7 The behavior of droplet
after the impact onto solid
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of the surface temperature is also insignificant. According
to Lee and Ryu [9], for the low Weber number (<5), it has
low impact energy, and the droplet tends to stick to the sur-
face. The oscillation of droplet has been studied by Mang-
lik et al. [18]. The basic equation proposed by Manglik was
a second order differential equation, which had the general
solution of:

y(t) = e~ @D [A cos(yt) + B sin(y1)] 5)

where y(t) is the spreading of droplet, a = (c/m) is viscous
damping factor, c is damping coefficient, m is droplet mass,
y =vVow?— ((x/2)2, w is the frequency, A = y(0) is the
initial displacement, and B = L {3(0) + $y(0)} [18]. The
solutions proposed, did not included the effect of solid sur-
face temperature. Further investigation of the oscillation of
the droplet and the effect of surface temperature on droplet
dynamics should be carried out.

By comparing Fig. 8a, c, it can be seen that the
oscillation disappears at low static contact angle. After
the impact, it is observed that it behavior is similar, but
for higher temperatures, the droplet begins to boil and
evaporate. This can be seen by the irregular droplet
shape and the droplet spreading diameter. Therefore, it is
concluded that the surface temperature has a minor effect
on the droplet spread diameter during the droplet impacted
to hot solid surfaces if the static contact angle is low. For

UVW the droplet spread diameter is almost the same
as that of the other tested We. The obtained phenomena
appeared also for very low Weber number, as reported
by Deendarlianto et al. [10]. This means that the droplet
spread diameter is more influenced by wettability than We
for the solid surface near the super-hydrophilic condition.
On the other hand, for the surface with low wettability, the
We has a strong influence on the droplet spread.

The maximum droplet spread (D,,,,) is shown in Fig. 9,
and the remarks can be given as follow. For We = 52.1,
all the tested surfaces show a constant maximum droplet-
spreading diameter, even if the surface temperature is
changed. The D,,, of UVW reaches the highest value com-
pared to that of NSS and UVN. At the highest Weber num-
ber (We = 63.1), the maximum droplet spread is almost the
same for all the tested surfaces. Thus, it can be concluded
that for high We, the surface treatment has no significant
effecton D .

The spreading diameter is marked by the spreading ratio
(B), and is defined as:

D
B=1 ©)
Here D is the droplet spreading, and D, is the initial
diameter of droplet before impacted to the solid surface.
The maximum spreading ratio can be obtained at the
maximum droplet spreading diameter, and expressed as:

@ Springer



Heat Mass Transfer

Diameter, D [mm]
wm

We
Temp|

60 °C | 80 °C [100 °C|120 °C|140 °C| 160 °C| 180 °C| 200 °C|

21 |V |©@ |@|© | B8 |A|= |

1 & s76 | W | @O |[@ | O | M| A | | &
£ 631 |V |®@ |® | @ | B | A | % | @
o8
0 2.5 5 7.5 10 125
Time [ms]
(a)
12 N

10

Diameter, D [mm]
a

00 ° 160 °C|
5.1 [ +] o s | O
2 21|V |0 |® | © NEIR
s76 | | @ (@ | O | M |A|x |0
7 31 | V| @ @ @ H A % | o
(4 ]
0 2.5 5 7.5 10 12.5
Time [ms]

14

12

10

Diameter, D [mm]

4 120°c|
si |v|lo|@|o|0|A %
2 210 | V| @ | @ |© | B|A|%| &
s76 | | @ |@ | O | M| A ||
31 |V | @ @ (@ B A % | o
0
0 2.5 5 7.5 10 12.5
Time [ms]
(c)

Fig. 8 Droplet spreading at first 12.5 ms, for NSS, UVN, and UVW,
were compared to lower Weber number (We = 5.1, data taken from
Deendarlianto [10]). a NSS. b UVN. ¢ UVW
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B = 1 7
max — Do ( )
Several equations were proposed to predict the

maximum spreading diameter of a droplet impingement
onto a hot solid surface, as summarized in Table 2.
The available empirical correlations contain the Weber
number, fluid viscosity, fluid contact angle, and Reynolds
number as the parameters. The comparison of the available
correlations with the present experimental data is presented
in Fig. 9. It can be seen that for NSS, the B, obtained
from the present experimental study has a good agreement
with available correlations and the data from Kandlikar and
Steinke [12]. Meanwhile, for UVN and UVW the available
correlations over predicts the experimental results. This is
possibly due to the static contact angle playing an important
role while it is generally not considered in the available
correlations. Although Healy et al. correlation [22] includes
the static contact angle in their experimental correlation,
the correlation under predicts the experimental data. It
is possible due to their correlation base only under the
contact angle of 45° and 70°. Therefore, further systematic
experimental studies are needed to study the effect of static
contact angle in order to develop the understanding on their
influence on the boiling phenomena.

Figure 10 shows the evaporating time of single droplet
impacting onto hot solid surface. In the figure, the right
side is an enlargement of the graph for certain points where
the evaporating time is very small. The evaporating time is
defined as the time of the droplet still exists on the solid
surface during the evaporation. When a droplet is observed
to bounce or detach from surface, caused by the thin film
of vapor produced during evaporation at the bottom of the
droplet, the temperature at this condition is called wetting
limit temperature [23]. From the experiment, it is observed
that the wetting limit temperature is around 200 °C.



Heat Mass Transfer

Table 2 Different proposed
empirical correlation to predict
the maximum spreading ratio
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From Fig. 10, it can be seen that for the temperature
below 120 °C, evaporating time decreases immediately
but for the temperature higher than 120 °C the evaporating
time decreases slowly. The effect of We on the evaporation
time of NSS is significant, whereas the evaporation time
decrease as the We increases. At the surface temperature of
120 °C for NSS (We = 52.1; 57.6; and 63.3), the evaporat-
ing times are 4.3, 3.7, and 2.8 s respectively. Meanwhile,
for UVN the evaporating times are 4.21, 2.5, 2.26 s. These
data show that We number plays a significant role on evap-
orating time. For higher We, the droplet spread diameter is
larger, thus the contact area is also higher. This result is a
shorter time evaporation. On the other hand, this phenom-
ena did not occur for UVW, as discussed previously. There-
fore, the We has no significant effect on the droplet spread
diameter for the super hydrophilic surfaces.

From the view point of heat transfer, if Q is the heat to
evaporate a droplet, and ¢ is the evaporation heat transfer
rate, then the evaporating time can be defined as T = Q/g.
Here it is assumed that the heat transfer is convection heat
transfer, and it can be written as g =h-A - (Ts — Ty).
Here A is the droplet contact area to the surface, and then
evaporating time can be written as:

40
T =
nﬁzDgh(Ts —-Ty)

12)

The last equation shows that the evaporation time
becomes shorter with the increase of B, and that is the
reason why UVW has the shortest evaporation time.

4 Concluding remark

The experimental study on the dynamic of a droplet impact-
ing onto hot solid surfaces under medium Weber number
was carried out. The calculation of the surface wettability
was obtained by the coating of the stainless steel with TiO,
and ultraviolet irradiation. The surface temperature was var-
ied from 60 to 200 °C. Their effects on the droplet spreading
were studied, and the results are summarized as follows:

1. The wettability has a significant effect on the droplet
spreading. The higher the wettability, the larger the
droplet spreading during the droplet impacting onto hot
solid surface.

2. The effect of We is also significant on the drop-
let spreading ratio for NSS and UVN. The larger the
Weber number, the higher the droplet spreading ratio.
For the UVW, the effect of We is insignificant on the
droplet spreading.

3. For the medium Weber numbers, the surface tempera-
ture has a significant role on the evaporation time. The

@ Springer

higher the surface temperature, the shorter the evapo-
rating time.

4. The available experimental correlation could not cor-
relate the experimental data as the effect of the surface
wettability under medium Weber number was not con-
sidered. This means that further experimental works
are needed to clarify the effect of surface wettability in
some more detail, especially the effect of contact angle
on the spreading diameter.
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