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 
ABSTRACT 
 
The purpose of this research is to investigate the Critical Heat 
Flux (CHF) and its relationship with thermal inertia during 
impact of a droplet on hot horizontal surface. In the study, 
three (3) different types of material were used which were 
Aluminum, Brass and Stainless Steel (304). The materials 
dimension were 50.0 mm in diameter and 30.0 mm in height. 
The materials were polished until they became a mirror 
polished surface. Ethanol was used as the test liquid. The 
droplet diameter was approximately 3.528 mm. The impact 
height was approximately 65.0 mm corresponding to impact 
velocity of 1.129 m/s. The evaporation lifetime was measured 
in seconds by using a digital stopwatch. As a result, it was 
observed that the CHF occurred at the surface temperatures of 
105, 120 and 160 °C for aluminum, brass and stainless steel, 
respectively. It was also observed that all CHF data showed an 
evaporation lifetime below 1 sec order which is similar with 
other literatures. 
 
Key words: Droplet impact, Horizontal surface, Evaporation 
lifetime, Critical Heat Flux,   
 
1. INTRODUCTION 
 
Basically, boiling mode can be divided into three (3) main 
categories which are the nucleate [1-2], transition [3-4] and 
film boiling [5-7] regimes. Among these three, nucleate 
boiling is widely used in energy industries. During an 
evaporation process [8-10], droplets or liquid will release an 
amount of pressure that can be used to spin turbines in order 
to generate electricity. Therefore, boiling can be considered as 
one of the most important elements for energy industries 
around the world. The simplest method that can be used to 
study this complicated phenomena is by using a droplet 
impact experiment. Droplet impact experiment is widely used 
in boiling heat transfer to study the relation between contact 
angle and surface roughness [11], droplet characteristics on 
dry and wetted surfaces [12], steel making process, energy 
efficiency [13] and many others which are closely related to 
thermal engineering application. The new findings of this 
experimental work can enhance the capability of a material to 

 
 

absorb or release heat in thermal application industries. On 
top of that, it also gives benefits to power generation industry 
and power plant facilities especially cooling and thermal 
protection systems. There are a few scientists and researchers 
who have devoted their commitment and curiosity to study the 
complicated phenomena of droplet impact and boiling 
process. For instance, Fujimoto et al. [14] developed an 
experimental understanding of the collision and contact 
behavior of aqueous polymer solution droplets with a hot 
substrate. A transparent sapphire prism was used to observe 
the transient contact behavior of droplets with a hot solid. In 
the experimental work, the surface temperature varied from 
300 to 600 °C. As a result, they found that the Weber number 
considerably influenced the deformation behavior of droplets. 
For We ≈ 100, the droplet impacted onto the solid substrate, 
spread, and split into pieces because of the bursting of boiling 
bubbles at the free surface and/or large impact inertia. For We 
≈ 30 and high temperatures of the solid substrate, the droplet 
rebounded off the solid. Zhao et al. [15] experimentally 
investigated a droplet impact on porous surface using a wide 
range of Weber numbers and surface temperatures. They 
found that neither the existing capillary regime nor viscous 
regime identified for droplet impacts on impermeable 
surfaces (or a combination of these regimes) could describe 
βmax for droplet impact on a porous surface over a wide range 
of We. Other researchers such as Illias et al. [16-21], Rosman 
et al. [22], Mitsutake et al. [23], Tsuboyama et al. [24] and 
Hasan et al. [25-26] also conducted a few experimental works 
regarding droplet impact research in order to improve the 
understanding regarding the relationship between droplet 
impact and hot surfaces.  
In this paper, we focus our investigation in finding the 
Critical Heat Flux (CHF) by using three (3) different types of 
material. Aluminum, brass and stainless steel (304) have been 
chosen as the test materials. All the CHF results were 
compared with thermal inertia. Meanwhile, ethanol which 
has a low boiling point of 78°C was chosen as the test liquid. 
The droplet diameter was approximately 3.528 mm. The 
impact height was set to be around 65.0 mm corresponding to 
an impact velocity of 1.129 m/s. As a result, it was found that 
CHF occurred on all selected materials. For aluminum, brass 
and stainless steel, the CHF was 105, 120 and 160 °C, 
respectively. Furthermore, it was found that materials with 
low thermal inertia, β will have a much higher CHF.  
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2. EXPERIMENTAL APPARATUS 
 
Figure 1 shows the schematic diagram of the experimental 
apparatus. It consists of a hot plate, test material, retorts 
stand, manual droplet dispenser and temperature measuring 
device. Three different types of material were selected which 
were aluminum, brass and stainless steel. The dimensions of 
the test surface were 50.0 mm in diameter and 30.0 mm in 
height. The surface material was polished until it became a 
mirror polished surface. On top of that, the selection of this 
material was based on their thermal inertia or thermal 
properties, β. The thermal properties, β = (ρCpk)1/2  is an 
important parameter in boiling heat transfer studies. During 
the impact test, the material was directly heated using a 
digital hot plate. This digital hot plate has very high accuracy 
capabilities in maintaining the temperature fluctuation. The 
droplet dispenser was put on top of the hot plate and the 
droplet dispenser was attached to a retort stand. The droplet 
dispenser can be moved forward and backwards in order to 
minimize the radiation effect from the hot plate. It was only 
when the drop test was conducted that the droplet dispenser 
was placed at the drop impact point (drop zone). The drop 
impact point was set to be at the center of the surface material.  
The falling height of the droplet was set to around 65.0 mm 
corresponding to impact velocity of 1.129 m/s. This impact 
height was in the range that the droplets will not disintegrate 
with collision energy during the impact. In other words, the 
droplet will not splash away during the initial impact test at 
room temperature. The surface temperature ranged from a 
low temperature of 70 °C up to a high temperature of 200 °C.  
In order to measure the surface temperature, two (2) tiny holes 
were dug using conventional CNC milling on top of the test 
material. Then, two thermocouples type K were inserted 
carefully into the tiny holes. During experimental work, the 
temperature difference between both thermocouples was 
below 1 °C. During the drop test, the evaporation lifetime was 
recorded using a digital stop watch. As a backup, video 
smartphone also was used to record the evaporation process. 
The data was recorded for six (6) times and the average 
reading was also calculated.  The experimental apparatus is 
quite similar with our previous report [20-22]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 : Schematic diagram of the experimental apparatus 

 
2.1 EXPERIMENTAL CONDITIONS 
 
The experimental conditions are tabulated in Table 1 for easy 
understanding. The diameter of the droplet was calculated 
based on the droplet volume formula and theoretical 
calculation [22]. Instead of using distilled water, we used 
ethanol liquid in the experimental work. Due to the low 
boiling point and liquid properties of ethanol, it was chosen as 
a test liquid.  
 
Table 1: Experimental conditions 
 

Diameter of ethanol droplet, D0 (mm) 3. 528 
Ethanol density ρliq (kg/m3) 795 
Ethanol surface tension, σ (N/m) 0.0219 
Gravity, g (m/s2) 9.81 
Inner diameter of droplet dispenser, Ø (mm) 3.0 
Boiling point (°C) 78 

 
3. RESULT AND DISCUSSIONS 
 

 
Surface temperature Tw (°C) 

 
Figure 2: Relationship between surface temperature and 
evaporation lifetime for three (3) different types of material 
 
Figure 2 shows the relationship between surface temperature 
and evaporation lifetime of droplet during impact onto a hot 
surface for three (3) different types of material. The black 
circle, red box and green pyramid represent the aluminum, 
brass and stainless steel materials used in the experiment. 
From Fig. 2, it was observed that the evaporation lifetime for 
every material shows a decreasing pattern. It was also 
observed that CHF for aluminum, brass and stainless starts at 
the surface temperatures of 105, 120 and 160 °C, respectively. 
For aluminum, the evaporation lifetime was about 1.09 sec at 
the surface temperature of 105 °C. Meanwhile, the 
evaporation lifetimes during CHF for brass (120 °C) and 
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stainless steel (160 °C) were about 0.71 and 0.63 sec, 
respectively. During CHF, all materials showed an 
evaporation lifetime near 1 sec order which is similar with 
other literatures. Although the evaporation curve shows a 
similar decreasing pattern for all materials, the evaporation 
lifetime recorded was quite different. For instance, at the 
surface temperature of 100 °C, the evaporation lifetime for 
aluminum, brass and stainless were about 0.85, 7.3 and 15.34 
sec, respectively. It showed that an evaporation lifetime 
during liquid-solid contact on stainless steel was much higher 
compared to other materials. From Fig. 2, it can be concluded 
that the CHF temperature for stainless steel is the highest 
among all materials. Furthermore, it can be concluded that 
material with low thermal inertia, β will have much higher 
CHF. The details of the values of thermal properties are 
shown in Table 2 for reference.  
 
Table 2: Properties for materials [27]  

Aluminum (Al) properties at 300K 
Density, ρ (kg/m3) 2702 
Specific heat, Cp (J/kg∙K) 903 
Heat conductivity, k (W/m∙K) 237 

Brass (Br) properties at 300 K 
Density, ρ (kg/m3) 8530 
Specific heat, Cp (J/kg∙K) 396 
Heat conductivity, k (W/m∙K) 121 

Stainless steel (St) properties at 300K 
Density, ρ (kg/m3) 7900 
Specific heat, Cp (J/kg∙K) 477 
Heat conductivity, k (W/m∙K) 14.90 

 
Table 2 shows the properties for three (3) different types of 
materials at 300K. The thermal inertia or thermal property 

kpC   is an important parameter related to the 

interfacial temperature at the moment of contact between two 
bodies of different temperatures (ρ, Cp and k, represents the 
density, specific heat, and heat conductivity, respectively) 
[28]. 

4. CONCLUSION 
The experimental work has been conducted to investigate the 
Critical Heat Flux (CHF) during impact of an ethanol droplet 
on a heated surface. Aluminum, brass and stainless steel 
(304) have been used in the experimental work. Our major 
interest is the evaporation lifetime of the droplet during 
impact onto a hot surface. We also investigated the 
relationship between the CHF and thermal inertia, β. From 
the experimental work, several conclusions can be made 
based on the data analysed. 
 
(1) The Critical heat flux temperature for stainless steel is the 
highest among all the material (160 °C). 
(2) The CHF for aluminum and brass are about 105 and 120 
°C, respectively. 
(3) Materials which have low thermal properties, β are 
believed to have high Critical Heat Fluxes.  

(4) The evaporation lifetime for all materials is nearly below 1 
second order.  
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