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Abstract:  The contact angle has a major impact on nucleation pool boiling and heat transfer. The 
purpose of this study is to determine the impact of contact angle on single bubble behavior during the 
water pool boiling nucleation. Numerical simulations are done using Ansys-13.0, a commercial 
Computational Fluid Dynamics (CFD) tool Fluent. For two-dimensional fluid flow, the numerical 
setup is chosen The Navier-Stokes equations, as well as the continuity and energy equations, are all 
solved by using the SIMPLE method. The liquid-vapor interface is captured using the multiphase 
model's finite volume technique. The only half domain is modeled to take advantage of symmetry 
boundary conditions and simulations are initialized from the saturated condition of water for 
reducing computational time. To understand the associated convective mechanisms, the bubble 
growth and its departure from a horizontal heated surface have been numerically simulated by 
varying excess temperature (Texcess=Ts- Tsat ). Also, the contact angles are altered from 0° to 180° to 
analyze its effect on bubble dynamics. The result emphasizes the impact of contact angle on bubble 
diameter before to leaving as well as the time necessary to leave. A research of grid independence 
and temporal independence is carried out to see if they have any effect on the outcomes. 
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1. INTRODUCTION 

  The heat transfer rate in nucleation boiling is heavily influenced by its types 
such as the number of surface active nucleation sites and the bubble formation rate 
at each site are difficult to estimate. The heat transfer have highly influenced by the 
quality of the heated surface. On this surface, bubble formation, growth, and 
detachment are taking place. Theoretical heat transfer relations are difficult to build 
because of these problems.We must rely on relationships based on experimental 
and numerical data in the nucleate boiling regime. An attempt is made in this paper 
to numerically capture bubble behavior using the Computation Fluid Dynamics 
(CFD) code Ansys-Fluent-13 for 2D configurations.  

The numerical analysis of single bubble have performed by many investigators 
by mentioning initial release bubble size and behavior of bubble is simulated but in 
this study bubble created automatically by using Volume of Fluid (VOF) 
multiphase model. 
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2. STATE OF ART 

The phenomenon of nucleate boiling is fundamentally complicated. 
Nonetheless, researchers have attempted to explore such complexity under certain 
assumptions, and we have had some success.  

The studies were carried out by Hai Trieu Phan et al. [1][2] in order to know 
the effect of the wettability of surface on nucleate boiling. To alter the contact 
angles, the author used nano-coating techniques. To explain the observed behavior, 
they also develop the concept of micro and macro contact angles. Igor Pioro et al. 
[3] in Parametric Effects of Boiling focuses on surface material thermophysical 
properties. John McHale et al. [4] use high-speed visualization techniques to 
capture nucleate boiling on smooth and rough surfaces. Sphurti Sweta [5] 
numerically analyses nucleate boiling using the CFD tool Fluent. To determine the 
influence of contact angle, Eduardo Aktinol & Vijay  Dhir [6] employ a numerical 
model. Damien Serret et al. [7] carried out experimentation and observed 
remarkable behavior of contact angle in the fundamental study of growth bubble. 
Gihun Son et al. [8] explored numerically high heat flux nucleation boiling and the 
influence of wall super-heat, nucleation site frequency, and waiting duration of 
bubble and heat transfer rate in nucleation boiling.J. F. Zhao et al. [9] performed 
numerically single bubble behavior study by changing gravity conditions. Nitin 
Korde et al. [10] have done CFD study to analyze flow on the tube surface. Sameer 
Gajghate et al. [11, 12] have done experimentation for improvement and 
enhancement to transfer heat. 

3. PROBLEM MODELING 

A small heating element is fixed on the base wall of the domain and away 
from the heater; two vertical walls are fixed on the base wall such that they will not 
affect the bubble behavior. This becomes like a small tank is filled with water. The 
surface of the water is described as a free surface. The free surface of the water is 
in contact with air. The problem is modeled by considering the bulk of the water is 
saturated. So, we can see the bubble throughout the bulk of water. A saturated 
boundary condition is also helpful to reduce the computational time. For numerical 
study of nucleate boiling, assumptions are applied, which aids in a better 
understanding of the true situation. The thermo physical properties are assumed as 
constant in this model. This numerical study uses mass, momentum, and energy 
equations. The boundary conditions for the heating element and the sidewall of the 
domain are both wall. The pressure outlet condition is used for the free water 
surface. At the symmetry plane, there is zero normal velocity, pressure, and 
temperature gradient of all variables.  

4. METHOD OF SOLUTION 

For the solution of this problem, the numerical method is applied. ANSYS-
ICEM-CFD tool is used for the generation of the 2D model. Also, mesh generation 
is done as well as  the boundary conditions applied to  the model in the same tool. 
Domain has symmetry condition, due to which only ½ domain is modeled. This is 
helpful to reduce the model cell count results in decrease in computational time.                                   
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Figure 1. Mesh generation and the  
computational domain 

Figure 2. Close view of mesh 
generation 

Rectangular grid elements have been generated with maximum aspect ratio 
1.46 and quality 1 by using the blocking method in the ICEM-CFD tool. To capture 
the complex phenomenon in the nucleate boiling very fine mesh has been 
produced. Grid independence study is carried out for 99678, 66452 and 49839 cell 
count and temporal independence study for 0.00001, 0.0005 and 0.0001 time steps. 
Both studies observe nearly same results. Figure1. Describe the computational 
domain and mesh generation used for CFD analysis and Figure 2. Represents close 
view of grid generation. Changing the contact angle of water vapor with saturated 
water from 0o to 180o is used in the numerical analysis. For varying contact angles, 
the temperature is kept constant. Table1. Show the thermo physical characteristics 
used in this numerical analysis, which are obtained from the standard. 

Table 1. Thermo-Physical properties of a Fluid 

Flui
d 

Thermo-Physical properties 

Density, 
 

(Kg/m3) 

Dynamic 
Viscosity, 

µ 

(Kg/m-s) 

Specific 
Heat, 

Cp 

(J/KgK) 

Temperatu
re, 
T 

(K) 

Thermal 
Conductivit

y,K 

(w/m-k) 

Wat
er 

Vap
or 

0.55
42 

1.34x1
0-5 2014 

373.
15 

0.026
1 

Wat
er 

Liq
uid 

957.
9 

0.0002
82 

4217 373 0.679 

By changing the contact angles of water vapor with water liquid, such as 0o, 
30o, 60o, 90o, 120o, 135o, 150o, and 180o, the single bubble dynamics in nucleate 
boiling can be observed. The parameters are configured to run for 0.00001 second 
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time steps. For the analysis a Volume-of-fluid (VOF) model with 2D double-
precision transient pressure-based solver is used. The multiphase model includes 
wall adhesion. With the Geo-Reconstruct formulation, an explicit volume fraction 
technique is applied. Pressure, momentum, and energy discretization are set to 
Body force weighted, QUICK, and First-order upwind using the first-order implicit 
transient formulation, respectively. The SIMPLE algorithm for pressure-velocity 
coupling is employed, and the first-order technique is used for all discretization 
schemes. To achieve the requisite accuracy, relaxation factors of 0.1, 0.8, 0.3, 1, 
and 1 are utilized for pressure, density, body forces, momentum, vaporization mass, 
and energy. The grid used for solution settings is examined for grid and time step, 
both of which have the same profile. In FLUENT, video clips of volume fraction 
contour plots are made for the single bubble dynamic investigation. In the study of 
bubble dynamics, these clips proved to be quite useful in detecting nucleation, 
bubble growth, and bubble detachment. These videos are again turned to pictures 
for further analysis. 

5. RESULTS AND DISCUSSION 

Numerical analysis of single bubble dynamics in nucleate boiling is carried 
out by varying contact angles of water vapor with saturated water. 

The bubble dynamics behavior captured numerically for various contact 
angles is shown in Figure 2.                   In numerical analysis, it is observed that 
when the contact angle is 300 the bubbles are strongly restricted to detach from the 
surface and the size of the bubble is increases. After a certain amount of time has 
passed, the bubble adhering to the surface begins to detach in the form of little 
bubbles from the bubble surface's top. When the contact angle is 600, the size of the 
attached bubble is smaller than when it is 300, and the frequency of small bubbles 
detaching from attached bubbles increases. 

The unstable bubble behavior and irregular shape of the bubble can be seen at 
the contact angle of 900. In comparison to 300 and 600 contact angles, the diameter 
of the detached bubble from the attached bubble is larger.  

The process of detachment of a bubble begins from the surface of heater when 
the value of contact angle exceeds 900. At 1200 contact angle the bubble takes place 
more time to form and grow and also detachment frequency is less. But the bubble 
size is more, also more nucleation sites on the heated surface are observed. 

At 1350 contact angle the continued bubble formation and detachment of 
bubble process is observed with bubble size greater than the 1500 contact angle. For 
1500 contact angle, bubble formation and detachment takes place with bubble size 
less than 1300 and with the increase in detachment frequency with an increase in 
departure sites 
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a.  Contact angle: 30o 

 
b. Contact angle: 60o 

 
c. Contact angle: 90o 

 
d. Contact angle: 120o 

 
e. Contact angle: 135o 

 
f. Contact angle: 1500 

Figure 2. Single bubble dynamics behavior for different contact angles in nucleation 
pool boiling 

.  

For analyzing the excess temperature (Texcess=Ts- Tsat), it is observed that if we 
increase the value of excess temperature the bubble detachment frequency get 
increases and the bubble size get decreases. 
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a. Texcess=Ts- Tsat= 327 k 

 

      

b. Texcess=Ts- Tsat =527k 

 

      

c. Texcess=Ts- Tsat = 727k 

Figure 3. Effect of excess temperature variation on single bubble dynamics in nucleation 
pool boiling when contact angle 30o 

To describe the effect of excess temperature, numerical simulation is 
performed using contact angle: 30o for the three different values 327 K, 527 K and 
727 K for the same time interval of 0.12 sec. This effect of excess temperature is 
shown in Figure. 3. The excess temperature is raised further higher, resulting in an 
increase of nucleation sites. The bubbles created on the heater surface are 
dissipated in the liquid water after separation. The nature of bubble formation, 
growth and detachment are validated by previous available experimental and 
numerical results which show close agreement [13][14]. 

6. CONCLUSIONS 

The nucleate boiling phenomenon was anticipated using a numerical model in 
2D configuration; the study's precise conclusions are as follows: 

1. A successful numerical simulation of single bubble dynamics for changing 
contact angles has been completed. 

2. The effective nucleate boiling occurs at a contact angle of 130o to 150o, 
according to numerical simulations. 
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3. The contact angle has an impact on the size and leaving frequency of the 
bubbles. 

4. Excess temperature variation has an effect on bubble size and frequency of 
departure. 
 

Further study is needed to predict the actual change in diameters of bubbles and to 
know the actual departure time. 
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