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Abstract 
The present paper addresses the study of the effect of the topographical length scales on the wetting behaviour 
and on its consequences in the hydrodynamic and thermal behaviour of impinging droplets. This work is part of 
a broader investigation to establish a systematic approach to design of micro-textured surfaces for cooling appli-
cations based on spray and droplet impingement. The phenomena related to the wetting regime are strongly re-
lated to the boiling mechanisms of the lamella but are not directly related to the heat transfer calculations. How-
ever, controlling the droplet motion can be used to modify the contact area and residence time of the liquid over 
the surface, thus controlling the heat transfer mechanisms. This is the strategy followed here. For the set of sur-
faces tested so far, the results show that the main topographical characteristics, namely the amplitude of the 
rough peaks, h, the distance between them, λR and the characteristic size of the peaks a seem to govern the wet-
ting regimes and therefore the spreading and receding motion of the droplet, thus indirectly affecting the heat 
transfer to the surface. To cseparate the wetting from the heat transfer and boiling phenomena, complete wetting 
regime was promoted for all the surfaces tested here. So, while the characteristic dimensions of h, λR and a lead 
to a homogeneous wetting regime, (in this case the order of magnitude of h is much smaller than that of  a and 
λR) increasing the ratio h/λR decreases the spreading diameter but also reduces the receding velocity, thus keep-
ing the liquid for longer periods in contact with the surface. The averaged contact area of the lamella during the 
entire droplet/surface interaction is also larger. Consequently, the surface temperature is kept stabilized within 
lower values, for longer periods of time. However, these characteristic dimensions of the surface roughness will 
also interact with the boiling mechanisms of the lamella. The increase of h/λR performed at the expenses of a 
significant increase of h or a significant decrease of λR in may cause a strong effect in the nucleation mecha-
nisms which becomes dominant regarding the cooling performance of the droplet. So, if the ratio h/λR ap-
proaches a critical region for which, at sufficiently high heat fluxes, the cavities promote the formation of large 
vapour bubbles and/or strong interaction between them, a vapour blanket can be entrapped generating a dynamic 
droplet behaviour resembling that of the heterogeneous wetting and degrading the cooling performance. The 
characteristic size of a will act with the same trend of λR. In line with this, the cooling performance deterioration 
was correctly interpreted in previous works to be the result of the entrapment of a vapour blanket. However, this 
phenomenon is not a direct result of a heterogeneous wetting caused by surface topography, but instead is the 
consequence of the interaction of the roughness structures on the boiling mechanisms occurring within the la-
mella.  
 
Introduction 

The modification of surface wettability by altering its topography is becoming a common practice through 
the development of the so-called smart interfaces, i.e. fluid-solid boundary interfaces designed to achieve a 
specific purpose, which usually requires an enhancement of the controllability of mass, momentum and/or heat 
transfer. This practice encouraged a number of studies on droplet impact onto structured surfaces (e.g. [1]), 
although many of them only address droplet interaction with cold surfaces. For droplet and spray interactions 
over heated surfaces, the strategy followed by many researchers, such as Honda and Huei [2], consists in 
changing the surface structure “empirically”, to maximize the heat transfer performance. However, the 
phenomena occurring at liquid-solid interface are quite more complex and require a systematic approach which 
should focus on the identification of the topographical parameters affecting the wettability and the fluid motion 
(e.g. [3,4)]). In fact, the design of patterned surfaces with particular hydrophilic or hydrophobic behaviours 
(again, most of the work reported in the literature only address liquid interactions with cold surfaces) is often 
based on contact angle measurements. For instance, the patterning used for a hydrophobic surface must lead to 
static and dynamic contact angles, as well as large hysteresis. Several strategies can be followed to accomplish 
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this (e.g. [5, 6]). In a recent work, Moita and Moreira [7] associated particular wetting behaviours with the ratio 
between the height of the peaks h and the fundamental wavelength, for “large-scale” micro-structures. (of the 
order of hundreds of microns). Additionally, the authors observed an empirical relation between these 
topographical characteristics and the hydrodynamic and thermal behaviour of the impinging droplets, thus 
suggesting that this approach could be used in the design structured surfaces, to control the thermal induced 
atomization and the cooling performance of the impinging droplets. The present work proceeds with the study 
started in [7], exploring a wider range of roughness shapes and amplitudes. Particular emphasis is now given to 
structures within a smaller scale of the order of 5-50µm. According to the recent conclusions of Gao et al.[8] and 
McHale [9] who claim that the wettability should be only related with the effect of the roughness structures on 
the contact line and on the droplet perimeter (which are not always the same, specially for hydrophobic 
surfaces), and not on the contact areas, as stated in the classical theories of Wenzel and of Cassie and Baxter, the 
effect of the modified wettability of the structured surfaces on the spreading and on the receding motion of the 
lamella, should be governed by the phenomena occurring at the contact line. However, one must be aware of the 
several phenomena such as air/vapour entrapment during droplet impact, which combined with the structure of 
the surface may alter liquid/solid contact area and therefore the heat transfer mechanisms. Therefore, in the 
present work the wetting behaviour is analyzed in terms of the contact angle and contact line motion, to 
understand how this information can be used to interpret the spreading and receding mechanisms, within the 
various heat transfer regimes. Different liquids are used to explore the various wetting scenarios. Controlling the 
spreading and receding motion of the droplet will directly affect the heat transfer processes, so that quantitative 
and qualitative characterization of droplet dynamics are analysed together with local temperature measurements 
and heat transfer calculations, obtained during the period when the droplet is in contact with the surface. 
Additionally, several aspects of the boiling mechanisms are controlled by wettability and by surface topography 
(e.g. Jones et al. [10], Kim et al.[11]) further contributing to relate the topographical dimensions with the cooling 
performance of the liquid over the surface.  

Materials and Methodologies 
The experimental arrangement has been extensively described in previous publications (e.g. Moita and 

Moreira [12]), so that only the main working principles are briefly introduced here. The most important differ-
ence lays in the characteristics of the new patterned surfaces.  

Droplets are generated at the tip of a hypodermic needle and fall by action of gravity onto flat, dry and 
heated surfaces, which are accommodated on a copper based heated by a 264W cartridge heater. Although the 
surfaces can be are heated from room temperature up to 310ºC, thus covering the entire range of heat transfer 
regimes, particular emphasis is put within the single phase and nucleate boiling regimes, given their relevance in 
liquid cooling applications.  

The experiments reported here only address impacts normal to the surface (impaction angle α=90º). The 
flow rate into the needle is controlled by a syringe pump, inside which the liquid is kept at room temperature. 
The size of the droplets is varied by changing the diameter of the needle. Also, the release height of the droplets 
is adjustable in order to change the impact velocity of the drops. In this way, the present set-up allows to cover a 
large range of impact velocities, the only limitation being the non – sphericity, which may occur when the veloc-
ity of droplets is too large. Water and ethanol are the working fluids, which were selected to allow the investiga-
tion of dissimilar wetting scenarios.  

The operating conditions considered in the present work are summarized in Table1. 
 

Table 1. Operating conditions. 

Liquid D0 [mm] U0 [ms-1] Tw,0 [ºC] 

Water 2.9-3.1 1.40 – 2.58 Troom ÷ ≈135 

Ethanol 2.5 – 2.7 140 – 2,66 Troom ÷ 110 

 
The time history of the impinging droplets is recorded by a high-speed camera (a Phantom v4.2 from Vision 

Research Inc., with 512x512pixels@2100fps and a maximum frame rate of 90kfps). Image post-processing is 
then used to determine several quantities such as the spreading and receding diameters. Temperature 
measurements are taken during droplet impact, making use of fast-response type K thermocouples, allow 
complementing the study of fluid dynamics with the analysis of the heat transfer. For each experimental 
condition, the final temperature profile is averaged from 5 events, for similar impact conditions. Figure 1 
exemplifies the simultaneous analysis of the temporal evolution of the spreading diameter with the 
corresponding evolution of the instantaneous temperature measured at the region where the liquid contacts the 
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surface. 
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Figure 1. Sample result showing the simultaneous analysis of the temporal evolution of the spreading diameter with the cor-
responding evolution of the instantaneous temperature measured at the region where the liquid contacts the surface. In this 

case, a water droplet (D0=2.9mm, U0=1.4ms-1) impacts onto a smooth AISI316 stainless steel surface (Ra=0.311µm, 
Rz=2.32µm, Tw,0=110ºC). 

 
 

Characterization of the surfaces 
The surfaces were characterized, as in previous works, by the topography and by the wettability. The sur-

faces are made from silicon wafers and are micro-textured with regular patterns of square pillars. So topography 
is quantified by the amplitude of the pillars h, by the fundamental wavelength λR (the pitch, i.e. the distance be-
tween consecutive pillars) and by the side of the cross section of the pillar a. These quantities are measured with 
a mechanical and with an optical profilemeter. The customized patterns are further checked by SEM/EDS analy-
sis. Table 2 depicts a global overview of the materials and micro-textures used in this study. The dimensions a, l, 
h and λ

R are defined as shown in Figure 2. The Figure also shows an example of one roughness profile of a mi-
cro-textured surface. The customized patterns were obtained by plasma etching.  
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     a)            b) 
Figure 2. a) Detail of a micro-textured surface showing the definition of the dimensions a, h, and λR characterizing its topog-

raphy. b) Sample 1-D roughness profile of the surface. 
 

Table 2. Summary of the main range of the topographical characteristics (as defined in Figure 2) used in the customized 
micro-textured surfaces. The rough asperities are square pillars of length. 

 3



ILASS – Europe 2011, 24th Annual Conference on Liquid Atomization and Spray Systems, Estoril, Portugal, September 2011 

Surface a [µm] h [µm] λR [µm] h/λR

LISO 
(polished surface) 

0 0 0 0 

ARM1 85 1.2 230 0.005 

ARM2 282 7.6 342 0.02 

ARM3 224 13.5 446 0.03 

ARM4 127 12.8 177 0.07 

ARM5 130 23.4 185 0.1 

ARM6 306.5 23.7 334 0.07 

ARM7  356 23.3 159 0.15 

ARM8 290 23.3 337.5 0.06 

 
Contact angle measurements and wetting behaviour 

The wettability is quantified by the equilibrium contact angles which are measured using the Sessile Drop 
Method (at room temperatures, inside a thermostatted ambient chamber - Ramé-Hart Inc., USA, model 100-07-
00). The contact angles, measured with water on each tested surface are depicted in Table 3. These are mean 
values obtained from at least eight measures taken at different regions of the surface. The time evolution of the 
average contact angles is obtained by curve fitting and the final values are determined by extrapolation. Com-
plete wetting (θeq≈0º) is observed for all the surfaces when wetted by the ethanol droplets. The detailed proce-
dure can be found in (e.g. Moita and Moreira [12, 13]). Quasi-static and dynamic angles were only evaluated un-
der specific conditions (for instance, the dynamic contact angles were only measured by image post-processing 
at the maximum spreading diameter and for very low impact velocities), so that hysteresis will not be discussed 
here. A detailed analysis on this issue will be presented in a near future.  

 
Table 3.  Average equilibrium contact angles measured with water at room temperatures on each of the micro-textured 

surfaces used in the present study. 

Surface θ [º] 

LISO 
(polished surface) 

 
86 

ARM1 68.2 

ARM2 84.9 

ARM3 66.8 

ARM4 83.5 

ARM5 60.7 

ARM6 61.5 

ARM7 74.4 

ARM8 70.0 

 
Given this limitation, the authors take the equilibrium contact angles as reference values and the description 

of the wetting behaviour using them is made with care, following an approach similar to that reported for in-
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stance in He et al. [14]. Based on this approach, which relates the roughness factor rf=f(h/a, λR/a) with the equi-
librium angle to predict the wetting regime, following the classical approach of Wenzel and Cassie and Baxter, 
all the theoretical angles predicted by the Wenzel regime are significantly closer to those measured experimen-
tally. Additionally, during the measurement of the contact angles, a visual inspection of the droplets in contact 
with the surfaces was performed with an optical microscope, coupled with a CCD camera, also seems to confirm 
the occurrence of a homogeneous wetting regime for all the surfaces at room temperature. 

Results and discussion 
Surface topography alters the wetting behaviour and consequently the dynamic behaviour of the droplet by 

modifying the topology of the contact line during droplet/wall interactions. The phenomena related to the wet-
ting regime are strongly related to the boiling mechanisms of the lamella but are not directly related to the heat 
transfer calculations. However, controlling the droplet motion can be used to modify the contact area and resi-
dence time of the liquid over the surface, thus controlling the heat transfer mechanisms. This is the strategy fol-
lowed here. 

In this context, Figure 3 depicts the temporal evolution of the spreading diameter d(t), of water droplets im-
pacting onto micro-textured heated surfaces.  
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               b) 
Figure 3. Effect of the surface topography in the spreading diameter of a water droplet (D0=3.0mm, U0 = 1.4 m s-1) im-

pacting on the silicon micro-textured surfaces, heated at different temperatures: a) Tw,0=Troom, b) Tw,0= 110°C. 
  
The collapse of the curves within the earlier periods of the spreading stage (t<1.5ms) is the consequence of 

the dominating inertial effects which easily overcome the influence of wettability. At later stages of the spread-
ing, as the diameter of the lamella approaches its maximum value, the wetting effects are more noticeable, and 
the curves start to diverge. At this stage of spreading, the diameter of the lamella is smaller for increasing ratios 
of h/λR, which are mainly achieved by slowly increasing the high of the rough pillars, from one to ten microns. 
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Within this scale of roughness pillars, in which h is still much smaller that λR and a and λR are of the same order 
of magnitude, the hydraulic pressure is not enough to prevent the liquid to completely penetrate the rough 
grooves (e.g. Varanasi et al. [15]). So, the liquid-solid contact is enhanced and the pinning of the contact line 
further contributes to reduce the spreading velocity. Additionally, the rough pillars act to increase viscous dissi-
pation, decelerating the lamella. Similar trend is observed for the impact of ethanol droplets, depicted in Figure 
4. The lamella is thinner and completely wets the surface, being more sensitive to the surface structuring, so the 
influence of h/λR is already noticeable at earlier stages of the spreading (t≥0.5ms). As the surfaces are heated up 
to higher temperatures, the differences between the curves are lessened, which is attributed to the smaller value 
of the surface tension for higher temperatures. 
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            b)  

Figure 4. Effect of the surface topography in the spreading diameter of an ethanol droplet (D0=2.6mm, U0 = 1.4 m s-1) 
impacting on the silicon micro-textured surfaces, heated at different temperatures: a) Tw,0=Troom , b) Tw,0= 90°C. 

 
Given that the effect of the surface properties is evidenced at the later stages of spreading and during the re-

coiling, it is worth to analyse the whole deformation process of the droplet. This is shown in Figure 5, together 
with the temporal evolution of the surface instantaneous temperature. The trendline obtained by fitting the meas-
urements with a moving average is presented together with the experimental measurements only for the smooth 
surface, to illustrate how the temperature evolution is obtained. The experimental points were hidden for the rest 
of the surfaces. Relevant temperature variations occur in the early instants after impact, which are associated to 
the fast heat transfer occurring from the heated surface to the liquid, which is initially at room temperature. 
Therefore, a sudden decrease is observed in the surface temperature, as the droplet contacts the surface and starts 
to spread, (first 10-20ms after impact). The slope of the temperature decay is smaller than expected due to a “de-
lay” of the surface temperature measurements. This delay is associated to a temperature gradient in the surface in 
the axial direction, from the top face of the surface to the position of the thermocouple. In fact, contrarily to pre-
vious works, the mechanical properties of the silicon wafer did not allow the perfect alignment of the thermo-
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couple with the top face of the surface and even if the axial distance is smaller than 700mm, there can be a sig-
nificant temperature gradient for such small thicknesses (e.g. Moita et al. [16]). 

Part of the temperature decreases due to the sensitive heat removal from the surface, which can be as high as 
30%, which is in accordance to the estimations by Healy et al. [17]. Then, larger amount of heat is removed dur-
ing phase change. After this steep temperature decrease, the temperature is kept low, while the lamella continues 
to spread. Afterwards, the receding motion takes place (t>10ms) and d(t) decreases.  

For larger ratios h/λR, the spreading velocity is lessened as well as the receding velocity, as a consequence of 
the friction dissipation which is promoted by surface topography. Therefore, the receding diameter for the sur-
faces with larger h/λR is kept larger during the whole recoiling process. 

Since during this stage, an important parcel of heat transfer still occurs (e.g. Shen et al. [18], Strotos et al. 
[19]), the instantaneous surface temperature is kept stabilized at lower values within longer periods of time and 
does not recover. The temperature is stabilized around low values, within larger periods of time, fr the surfaces 
with higher h/λR. Given the temporal delay existing between the temporal measurements of the spreading diame-
ter of the lamella and the instantaneous surface temperature the surface temperature is still decreasing while the 
receding diameter has already reached equilibrium. However, it should be noticed that even at later stages of re-
coiling the liquid still remains over the surface for long periods while the liquid continues to boil over the sur-
face, so the temperature should indeed keep decreasing before it starts to recover. 
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                 b) 
Figure 5. Temporal evolution of a) the diameter of the lamella and b) the instantaneous surface temperature, Tw 
within the whole deformation process of the droplet during interaction with several different micro-textured sur-

faces. 
 
Droplet morphology illustrated in Figure 6 confirms this trend: the fast recoiling motion observed for the 

impact of the droplet on the smooth surface is clearly decelerated as h/λR increases. 
Further increasing h/λR, via increasing h from 10 to 20µm, the homogeneous wetting regime still occurs. 

The instantaneous surface temperature is depicted in Figure 7 for several surfaces with h of the order of 24µm, 
for which different dimensions of the side of the cross sectional area of the pillars a and of the fundamental 
wavelength λR are varied. There is a significant increase in the absolute value of sudden temperature decay for 
all the surfaces with higher h. These curves are not plotted together with those presented in Figure 5, for the sake 
of good plot reading. Comparing Figures 5 and 7 one may notice that the largest temperature decay occurs for 
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the surface with the highest h/λR, as the trend for the current wetting conditions is for the cooling performance to 
be increased for gradually higher h/λR, which is achieved by playing with the contact area and residence time of 
the liquid over the droplet, as discussed in the previous paragraphs. However, this trend is not perfectly mono-
tonic. In fact, surface ARM5 does not have a particularly good cooling performance, despite of its larger value of 
h/λR. However, it should be noticed that ARM5 is, together with ARM1, the surface with smallest cross sectional 
area of the pillars. These are the surfaces showing the smallest temperature decay (differences in the absolute 
temperature decay observed between these two surfaces are related to the increase of h from 1 to 20µm, occur-
ring from ARM1 and AMR5) and for which the surface temperature is stabilized within low values, over shorter 
periods of time.  
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τ = t0

τ = 0.84 

τ = 3.8 

τ = 5.9 

τ = 8.4 

τ = 10.9 

τ = 13 

Figure 6. Effect of the surface topography in the dynamic behaviour of a water droplet (D0=3.0mm, U0=1.4ms-1, 
Tw,0=110ºC). 
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Figure 7. Temporal evolution of the instantaneous surface temperature, Tw within the whole deformation process 

of the droplet during interaction with several different micro-textured surfaces. 
 
Therefore, the small dimension of the cross area may play an important role. Deng et al. [20] show that a 

high hydraulic pressure can be achieved with very small pillars, for an adequate spacing between them, which 
can promote heterogeneous wetting regime. The scales used here do not allow such behaviour, as discussed 
when analysing the wetting behaviour of the targets, but can interact with the boiling mechanism within the la-
mella. In fact, the boiling mechanisms seem to be significantly affected by the surface roughness, not only by the 
roughness amplitude h, but also by the distance between the rough peaks, which affects bubble dynamics. In fact, 
in recent work on pool boiling, Teodori et al. [21] observed for the same surfaces used here, that the heat transfer 
coefficient increased for increasing h/λR, but for high heat fluxes, the heat transfer coefficient started to decrease 
for the boiling of water. Detailed analysis of the boiling morphology performed by Teodori et al. [21] suggests 
that this trend of the heat transfer coefficient is due to the interaction of the rough pillars with bubble dynamics: 
high nucleation sites density is promoted for high heat fluxes. However, the roughness pillars are high enough to 
entrap the small bubbles which coalesce forming vapour blankets which are entrapped within the rough peaks, 
acting as insulators. In fact, for the scale of characteristic rough dimensions used here, the size of λR is always 
much larger than that of h, and the increase of h/λR is achieved by decreasing λR. Similar trend should be ob-
served when playing with the cross sectional area of the pillars, by altering the dimension a. This ratio is fairly 
away from the critical value where the amplitude of the roughness is large enough to promote the increase of 
bubble department size in the nucleation boiling process and the distance between the pillars is low enough to 
allow interaction between the large bubbles. Under these conditions the vapour entrapment will be promoted 
once the surface temperature (and the heat flux) is high enough to endorse fast phase change and vigorous boil-
ing allowing the formation of a vapour cushion which will simulate a “non-wetting” regime. This is the phe-
nomenon that should be occurring for the surfaces tested in Moita and Moreira [7]. In fact, the roughness scale 
used in that case is significantly different since h and λR are of the same order of magnitude (hundreds of mi-
crons), while a<<h and a<<λR. An estimative of the hydraulic pressure, together with the analysis of the wetting 
regime based on the classical Wenzel and Cassie and Baxter theories showed that for the surfaces used in Moita 
and Moreira [7], the surfaces with larger h/λR have a heterogeneous wetting behaviour with water, while the sur-
face with the smaller value of h/λR behaves within the homogeneous wetting regimes (although close to thetran-
sition). Given that the wetting behaviour of these surfaces was closer to the heterogeneous wetting, the hydrody-
namic and thermal behaviour of water droplet impinging on them was interpreted as being a direct result of this 
wetting regime. However, based on these new results it seems that, in fact, the surfaces with larger h/λR would be 
within the critical region where the high of the peaks h is large enough to promote bubble growing by coales-
cence and then λR is small enough to allow the interaction of the resulting vapour bubbles, allowing the entrap-
ment of the vapour blanket which altered the dynamic behaviour of the impinging droplets and deteriorated the 
cooling performance, acting as an insulator. So, the thermal and hydrodynamic behaviour observed for water 
droplet impacts over these surfaces is not in fact caused by the modification of the wetting regime caused by the 
surface topography, but instead is the indirect result of the influence of the surface topography on the boiling. 
Further investigation is however still required to confirm these findings, because the design of the surface will be 
a non-monotonic function of h/λR. As this ratio is far from the critical values leading to strong vapour entrap-
ment due to bubble dynamic interactions, the main goal is to enhance liquid-solid interaction, which is shown in 
to be advantageous in terms of residence time and average contact area, during droplet impact. When the ratio 
h/λR (and or the cross sectional area of the pillars) gets close to the critical value which promotes the interaction 
of the vapour bubbles at the nucleation regime, care must be taken because this effect can overcome the gains in 

 9



ILASS – Europe 2011, 24th Annual Conference on Liquid Atomization and Spray Systems, Estoril, Portugal, September 2011 

controlling the advancing and receding motion of the lamella, given that the vapour entrapment may lead to the 
significant formation of an insulator vapour blanket, which will deteriorate the cooling performance. It must also 
be analysed weather the critical relations h/λR leading to this vapour entrapment mechanism are also more likely 
to promote heterogeneous wetting behaviours, or if the wetting mechanisms are solely restricted to the motion 
and topology of the contact line.  

A more complete analysis will be presented in future work, addressing for a set of cross sectional areas of 
the pillars, which is representative of the variety of patterns reported in the literature, the systematic variation of 
h/λR to determine the critical topographical design scales leading to vapour blanket entrapment. Also an accu-
rately model the effect of surface topography on the heat transfer calculations must be considered, taking into 
account the boiling of the liquid.  
 
Final remarks 

The present paper addresses the study of the effect of the topographical length scales on the wetting behav-
iour and on its consequences in the hydrodynamic and thermal behaviour of impinging droplets. This work is 
part of a broader investigation to establish a systematic approach to design micro-textured surfaces for cooling 
applications, based on spray and droplet impingement. The phenomena establishing the wetting regime are not 
directly related to the heat transfer calculations. However, controlling the droplet motion can be used to modify 
the contact area and residence time of the liquid over the surface, thus controlling the heat transfer mechanisms. 
This is the strategy followed here. Then, additional effects can be obtained by the interaction of the roughness 
structures with the boiling mechanisms. 

For the set of surfaces tested so far, the results show that the main topographical characteristics, namely the 
amplitude of the rough peaks, h, the distance between them, λR and the characteristic size of the peaks a seem to 
govern the wetting regimes and therefore the spreading and receding motion of the droplet, thus indirectly affect-
ing the heat transfer to the surface. For the surfaces tested here, homogeneous wetting was always observed. Un-
der this scenario, increasing the ratio h/λR decreases the spreading diameter but also reduces the receding veloc-
ity of the lamella, thus keeping the liquid for longer periods in contact with the surface. The averaged contact 
area of the lamella during the entire droplet/surface interaction is also larger. Consequently, the surface tempera-
ture is kept stabilized within lower values, for longer periods of time and the overall heat flux removed from the 
surface is larger. However, the ratio h/λR also influences the boiling mechanisms and if it approaches a critical 
value which promotes the entrapment of the vapour bubbles, it will contribute to the formation of a vapour blan-
ket which, for high heat fluxes, will decline the cooling performance of the droplet. Therefore the optimization 
of the micro-texture design seems to be indeed a function of h/λR, as suggested by Moita and Moreira [7], al-
though the characteristic cross sectional area of the rough pillars cannot be disregarded. The effect of h/λR also 
shows a complex trend: h/λR should be increased as long as is far way from the critical value for which bubble 
dynamics and boiling morphology mechanisms start to play an important role. Further investigations are in pro-
gress in the search of such critical conditions. It must also be analysed weather the critical relations h/λR leading 
to this vapour entrapment mechanism are also more likely to promote heterogeneous wetting behaviours, or if 
the wetting mechanisms are solely restricted to the motion and topology of the contact line.  
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