International Journal of Advanced Biotechnology and Research (IJBR)
ISSN 0976-2612, Online ISSN 2278–599X,
Vol-8, Issue-4, 2017, pp73-80
http://www.bipublication.com
Research Article

Experimental study of heat transfer surface texture over frequency of boiling
bubble in the Acetone-Water Solution and the analysis of the results with
genetic algorithm
M.Taghipoorbirgania, A. R. Zahedipoorb*,
M. Khoshechinc and A. Jelvegarfilbandd
a

Department of Chemical Engineering, Mahshahr branch,
Islamic Azad University, Mahshahr, Iran
b
Department of Chemical Engineering, Gachsaran branch,
Islamic Azad University, Gachsaran, Iran
c
Department of Chemical Engineering, Kermanshah branch,
Islamic Azad University, Kermanshah, Iran
d
Department of Oil Engineering, Gachsaran branch,
Islamic Azad University, Gachsaran, Iran
*Corresponding author:Ahmad.Zahedipoor@gmail.com

ABSTRACT
One of the key parameters affecting the rate of heat transfer is the separation bubble frequency to level, which is
closely associated with the diameter of the bubble and the mechanism ruling over the bubble growth way. In this
project, pool boiling of saturation in pure water and pure acetone and the solution of 60% by the volume at constant
density and atmospheric pressure on the horizontal surfaces of copper, aluminum, steel, bronze, and by paying
attention to the levels in the scale of heat flux from 2,000 to 80,000 watts per square meter, It was during pool
boiling, in every heat flux, videos and pictures taken by the video camera at 1200 frames power, and then after
analyzing the frequency produced, the bubble producing were measured. Also, comparison between experimental
results and the theory models predicting bubble producing frequency, have been registered. The results show that
with increasing heat flux, the frequency of bubble producing will increase. The experimental results with estimated
data from the existed models for the frequency of bubble producing were compared, and the best model was
introduced by using the database of the project that includes experimental data in a wide range of operating
parameters, change of the heat flux, and change of surface texture collected, and also the analysis of this database
were introduced by using a genetic algorithm technique, an empirical model that overlap very well with the data
compare to the other equations.
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1. Introduction
When solid-liquid level evaporation occurs, it is
called boiling. In general, the boiling process
occurs when the vapor pressure of a liquid as a
result of temperature increase or decrease in
atmospheric pressure, equivalent to atmospheric
pressure, and the heat will transfer from solid
level to the fluid level.
1-1-frequency separation bubble

One of the key parameters influencing the heat
transfer rate is the frequency separation of
bubbles from level, which has a close
relationship with the diameter of the bubble and
the mechanisms ruling over bubble growth way.
The key parameters is defined for equation (1).
(1)
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The tg is the time duration required for the
growth of a bubble from the nucleation moment
to moment of separation of bubbles from the
surface, and the tw is the time needed for heating
the liquid layer replaced, until the next bubble
nucleation on the same bubble producing point.
Author

Models to predict the frequency of bubble
generation of other researchers are shown in
Table 1.
The predictive models of frequency, table (1),
Bubble [1], [2], [3], [4], [5], [6]
Correlation

Stephan
Pebeles and Garber
Cole

Malenkov
Zuber
Ivey

2. Tester machine
This machine is very important in determining
the dynamic amounts of precision bubble of the
experiment device. The selective device must be
in a way that show the environment of the
laboratory realistically, and the rate of error be in
the least amount. In this device, the layer of the
selected liquid is higher than the hot level. In this
research, the device used is the improved version
of Pool boiling device, Garenflo [7]. This device
contains of cylinder with a smooth surface made
of bronze, stainless steel, copper, and aluminum

built inside a chamber of glass with the
capability of high heat. On the surface of this
cylinder, there are four thermocouple, which
indicates, at any moment, the arithmetic mean of
the four thermocouples temperature, after the
final correction, showing the surface temperature
of the cylinder. In the center of this cylinder, the
main heater cylinder is located, in which it is
near the boiling point, and the pool boiling
phenomena occurring, by the aid of these heaters,
(Figure 1) shows the complete scheme of these
devices.

Figure (1): The total scheme of the experiment device

Taghipoorbirgani, et al.

74

Diatomite alleviates the adverse effects of salinity stress on growth and yield of Stevia rebaudiana

To reduce the thermal contact resistance between
the thermocouples and chapters, the silicone
paste is used. The needed voltage is supplied by
the AC power source and is regulated by an auto
transformer to eliminate roughness of the
cylinder surface by using a uniformed sandpaper
with 400 micrometers roughness was refined.
And also it was refined by a micro-polishing oil.
And to a correct function of temperature sensors,
the diameter of this sensors were considered to
be 2 mm and a length of 100 mm. The
experiment container is approximately 5 liters.
Also a condenser for recycling the steams from
the boiling process were located on top of it. The
base of this experiment is built at Newton's law
of cooling:
(2)

The temperature difference between the Ts - Tsst
is called the surplus temperature. Also to
calculate the frequency of bubbles produced
from images taken by a camera with the power of
shooting 1200 frames per second and an EDIUS
software is used.
3. Laboratory Results
Tests are for pure acetone, pure water, and a
solution of 60% volume. And water were
performed at the atmospheric pressure in the
range of 2,000 to 80,000 watts per square meter
for the heaters made from bronze, aluminum,
copper, stainless steel. And the necessary images
in each stage were recorded and then analyzed.
In the figure (2), the impact of texture on the
producing frequency of pure acetone bubble is
showed:

Figure 2: Study of the effects of texture, on the producing frequency of bubbles for pure acetone

Figure (3) and (4), the impact on the frequency
level of boiling pure water and the solution of

60% by the volume of acetone and water is
showed

Figure (3): The effect of texture on the producing frequency of bubbles for pure water
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Figure (4): The study of effects of texture on the producing frequency of bubbles for the solution by 60% volume of
acetone and water

4- Comparison of experimental data on the
existed models on the different intensities
Various models for calculating and predicting the
frequency of bubbles in the boiling pool were
provided. Other than quality and other variables
in this relationship, the overlapping and matching
them with the empirical equations, is the most
important factor for this equations in this

research. Although, there are many models to
calculate the bubble frequency, but the models
that have the least error, were used, because
some of these models are applicable only for
some specific solutions. Figure (4) shows the
Comparison of experimental data with the
models for the solution of 60% volume of
acetone and water with aluminium heater.

Figure (4): Comparison of experimental data with models for solution of 60% by volume of aluminum
Table (2): Average error of the models with experimental results to a solution of 60% by volume of aluminum
heater
Model
Ivey(2)
Zuber
Stephan
Malenkov
Average error

36.24

48.62

47.35

44.11

Figure (5) and (6), comparison between the
experimental data with the models for pure water
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with the stainless steel and acetone heater and

copper Heater is shown

Figure 5: Comparison of the experimental data with the models for pure water with the stainless steel heaters
Model

Ivey(2)

Zuber

Stephan

Malenkov

Average error

40.5

33.3

45.8

44.7

Figure (6): Comparison of experimental data with the models of pure acetone with copper heater
Table (4): Average error for the models with experimental results to pure acetone with copper heater
Model

Ivey(2)

Zuber

Stephan

Malenkov

Average error

34.6

35.5

48.8

49.7

5- Presentation of Boiling bubble frequencies
model
Physical models are simple models of complex
structures offering the main sample. Today, the
construction of physical models in the studies, is
a very necessary and inevitable task. To
understand the impact of various factors on
practical works, there is a need for introduction
to the methods of dimensional analysis. Using
dimensional analysis, we can identify the
phenomenon pretty well, between the a few
variables from the equation. The indicator of the
presented model is that all the numbers were
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used which had no dimension. In general, the
presented sample contains of five coefficients,
being under studies for improving parameters. In
fact, we find here the optimal values for these
parameters such that the total average error
between the model and the experimental results
are minimized to optimize the use of Genetic
Meta-initiated Algorithm. The selected model to
determine the frequency of bubbles contained of
five without dimensionless parameters, which
actually contains a nonlinear function and are
defined as follows:
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The equation (4) shows the relative roughness
per

diameter:

(4)

After

performing

Table 5: Optimizer parameters of genetic algorithm
g0
g1
g3
0
-0.132
0.321

Relationship of presenting the final model of the
whole experimental data, in terms of
dimensionless numbers, is showed: Equation (5),
the final relationship of the equation is as
follows:
=

optimization function, the results of computer
simulation are presented as follows:
The parameters of design, resulted from
optimization, are as follows:
g4
-0.942

g5
0

In figure (7), the convergence rate of genetic
algorithm in the optimization process is showed.
It is observed that in less than 500 repetition and
optimum generation, it is closed to the optimized
result.

(5)

Figure 7: The rate of convergence of genetic algorithm (error’s average total: 21.23%)

In figure (8), the convergence rate and stability
of the 13 optimization parameters, which is then
convertible to 5 dimensionless parameters.

During the process, 3000 generations are
showed.

Figure (8): The rate of convergence and achievement to the steady state design and optimization.
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In Figure (9), the overlapping of the presented
model is showed with the total data of 4 levels, 3
intensities, 8 flux, which shows 96 possible sates:

Figure (9): Overlaying of the model, presented with the total achieved data

CONCLUSION
Experimental results of separation frequency of
bubbles for the pure water and pure acetone, and
the solution of 0.6 (6.) by volume in the constant
intensity and atmospheric pressure on the
horizontal surfaces by the texture of copper,
aluminum, steel and brass, and with regards to
the extent of the heat flux from 2 kw to 80 kw,
were performed, and the amount of bubble
frequency was recorded and analyzed, and it was
found that:
1- Analysis of the boiling is necessary to the
understanding of these processes, such as bubble
diameter, density positions of the bubble
producing and the bubbles frequency that affect
the intensity of the heat transfer coefficient.
2- Increased frequency of bubble producing by
increasing in thermal flux
3- Changes in the surface texture of the heaters,
thermo-physical properties of the level. And also,
the interaction between the fluid and the surface
of the heater, affecting the boiling process, has
changed. And in general, among 4 different
textures of the heater on 3 different intensities,
being studied in this project, the bubble
frequency of the copper texture heater is more
than other heaters.
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4- Among former relationship, for Zuber model’s
water, for the pure acetone, and the solution of
60% by the volume of the Ivy model (2), they
had the lowest error.
5-Overlapping of the new model, with
experimental data and the existed models, and
the reduction in the new model.
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LEGENDS
Subtitles

Parameters

Parameters

Liquid, L

The bubble producing
frequency, f1/s

Gass, g

Bubble diameter, Dm
Thermal

Saturation, S

Wall, w
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conductivity,
Temperature, Tc
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