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TÓM TẮT 
Trong bài viết đã trình bày nghiên cứu những yếu tố chính ảnh hưởng đến cường độ của sự tạo 

bọt của dầu diesel và nước. Những yếu tố đó được xác định sơ bộ bằng thực nghiệm đơn yếu tố và 
đánh giá bởi các chuyên gia và đã đi đến kết luận: các yếu tố ảnh hưởng đến quá trình này nhưng 
không ảnh hưởng đến những quá trình khác. Từ kết quả nghiên cứu xây dựng được phương trình 
hồi qui mô tả quá trình tạo dạng bọt bằng tiến hành thực nghiệm đa yếu tố hạng 23 và đưa ra phương 
trình hồi qui tương thích mô tả quá trình tạo bọt của diesel để ứng dụng nghiên cứu trong qua trình 
đốt cháy nhiên liệu. 

Từ khóa: Cường độ, diesel, nhiên liệu, sự tạo bọt, yếu tố ảnh hưởng. 

SUMMАRY 
The main factors, influencing the intensity of the emulsification of diesel fuel and water through 

cavitation, have been described in the present paper. The factors are defined by preliminary single-
factorial experiments and expert evaluation. It has been concluded that the factors influence the 
process but have no influence on each other. As a result of the research, we have got regressive 
equations, describing the process of emulsion achievement. In the present work a full factorial 
experiment of the kind 23 has been done and the result is an adequate regressive equation which 
describes the cavitation emulsification process for research  combustion process of diesel. 

Key words: Cavitation, diesel, emulsification, factor influence, intensity. 

1. INTRODUCTION  

Recently, we have used of cavitational 
treatment for intensification of various processes. 
We have studied the possibility of applying 
cavitational treatment for achieving an emulsion of 
non-mixable liquids - diesel fuel and water. A well-
known method for achieving emulsions (e. g. food 
industry) is by adding emulsifiers and then, mixing. 
To intensify the process of an emulsion 
achievement and to provide stability of the 
emulsion, we have used cavitation (Bodurova and 
Angelov, 2003; Bodurova and Angelov, 2004; 
Pandit A., 2002; Stoeva and Angelov, 2009). 

2. MATERIALS AND METHODS 
During cavitational treatment of diesel fuel 

and water, the main value that determines the 
emulsion quality, is the average diameter dm [μm] 
of water drops in the fuel. Samples of the cavitated 
emulsion have been taken from the laboratory 
cavitation unit in intervals (Bodurova and Angelov, 
2003; Lin and Chen, 2006; Stoeva and Angelov, 
2009). Then the water drops in every sample were 
counted and the average value of all water drop 
diameters was calculated. The optimization 
parameter is the average drop diameter dm [μm]. 
This is a result from the complex influence of the 
defined factors.  
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3. RESULTS AND DISCUSSION  
On the base of preliminary single-factorial 

experiments and expert evaluation, the following 
independent factors, which influence the process of 
emulsification of diesel fuel by cavitation have 
been determined (Lambrev 1994). 

1. Cavitation treatment time -  t [min] X1 

2. Added water -             Н2О [l or %] X2 

3. Cavitation number -          σ   X3 
A full factorial two-level 23 experiment with 

three repetitions in every point of the plan (from the 
factorial area) has been carried out, aiming to 
achieve the adequate regressive equation, which 
describes the process of the cavitation treatment 
and determine the influence and connections 
between the factors. 

For emulsion achievement we have used diesel 
fuel and deionised water, used in Heat Power 
Plants. The water - diesel fuel mixture is treated 
with a cavitation treatment unit. There is 
opportunity for generation of a different intensity 
cavitation by flowing the mixture through 
cavitators, which have specific geometric shape. 

(Cornel, 1981; Chen and Daniel, 2005; Pandit, 
2002). 

Natural values of the factors are shown in the 
following table 1. 

The factors coding is necessary for 
transforming the natural values into non-
dimensional values, so that we can create a 
standard orthogonal plan-matrix of the experiment. 

In table 2, the amended values of the average 
diameter dm [μm] of the dispersed water after 
cavitation treatment in different combinations of 
the factor levels can be seen. The average value of 
the diameter (Y in the table 2) for the eight 
combinations on the base of the three repetitions is 
defined. 

The definition of the average diameter of the 
drops and process of counting the number of drops 
with defined size is done by microscope analysis. 
The analysis is carried out according to a method, 
described in (Chen and Daniel, 2005; Lin and 
Chen, 2006; Stoeva and Angelov, 2009). A matrix 
of performing the experiment with additional 
column X0 for calculating b0 coefficient can be seen 
in table 2. 

Table 1  

X1 X2 X3 
Observed factors 

Time, t [min] Water, [l] Cavitation number, σ 

Upper level, ( + ) zu 6 6 0.8 

Lower, ( - ) zl 2 3.6 0.6 

Base level, z0 4 4.8 0.7 

Variation interval, Δz 2 1.2 0.1 

Coding 1
1

x 4x
2
−

=  2
2

x 4,8x
2
−

=  3
3

x 0,7x
2
−

=  

Table 2  

№ X0 X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3 Y1 Y2 Y3 Y  

1 + - - - + + + - 21.60 13.36 23.1 19.35 

2 + - + - - + - + 15.20 17.80 16.2 16.40 

3 + + - - - - + + 13.44 9.60 12.2 11.74 

4 + + + - + - - - 8.72 10.20 12.4 10.44 

5 + - - + + - - + 24.16 22.20 20.1 22.15 

6 + - + + - - + - 26.40 24.64 23.1 24.71 

7 + + - + - + - - 10.88 9.80 11.2 10.63 

8 + + + + + + + + 11.76 11.44 12.2 11.80 
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On the basis of the full factorial experiment 
and results, processed by program 
STATGRAPHICS 5.1, an equation has been 
achieved, that describes the mathematical model for 
obtaining an emulsion of diesel fuel and water. 

The function of the result for the average 
diameter (Y ) is shown in the following equation: 

Y = 15.9 - 4.75 * X1 - 0.066 * X2 - 1.42 * X3 + 
           0.033 * X1 * X2 + 1.36 * X1 * X3 - 0.99 * X2 
           * X3 + 0.38 * X1 * X2 * X3                       (1) 

In equation (1), the numbers are the 
regression coefficients and X1, X2, X3 are 
independent factors that influence the process. 

The most influential factors for the diesel fuel 
hydrating are X1, X2 and X3. In figures 1, 2 and 3 
the reflection surfaces and the lines of equal exit 
for the change of the average diameter (dm) 
depending on X2X3, X1X3 and X1X2 can be seen. 
Both factor combinations have similar characters, 
but the stronger influence of X1 (time for 
cavitation treatment) than X3 can be seen. 

With these coefficient values, the correlation 
coefficient is R2 = 89.97 %, standard error = 2.32%, 
average absolute error = 1.36%. 

Considering the condition G = 0.1979 < GT = 
0.2108 the latter means that the dispersions are 
similar. Considering the other condition F = 0.27 < 
Fт = 2.7, the model is adequate. 
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Fig. 1. Reflection surface and isolines for the change of the average diameter dm of 
the emulsion drops, depending on X2 (added water) and X3 (cavitation number) 
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Fig. 2. Reflection surface and isolines for the change of the average diameter dm of 
the emulsion drops, depending on X1 (treatment time) and X3 (cavitation number) 
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Fig. 3. Reflection surface and isolines for the change of the average diameter dm of 
the emulsion drops, depending on X1 (treatment time) and X2 (added water) 
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The experiment has been carried out in the 
same initial conditions. When increasing the 
treatment time (X1), the average drop diameter 
(dm) decreases significantly. A significant 
decrease of the drops’ average diameter after two 
minutes of treatment can be seen. The main 
criterion for evaluation of the cavitation intensity 
is the cavitation number, σ  (X3). The intensity of 
the cavitation destructions depends mostly on the 
cavitation number. After the performed analysis it 
can be stated, that σ  (X3) influences significantly 
the process. The cavitation number must be at the 
lower level σ = 0.6. This is explained by the 
reaching maximal speed, respectively minimal 
pressure. Therefore, the most significant 
influence in the emulsion is achieved in the 
cavitation zone.  

Comparing the two other factors, the influence 
of X2 is weaker then X1 and X3, but it is still a 
significant factor, and it also influences the 
observed process. To achieve the optimal effect 
from the interaction and influence of the factors on 
the process, X2 must have the highest value at the 
upper level.  

In order to use the regression equation (1) to 
define the change of the average diameter in 
practice, the equation must be presented in natural 
aspect.  

dm = 15.9042 - 4.75083 * t - 0.0658333 * H2O -  
            1.41917 *σ  + 0.0325 * t * H20 + 1.35917 * 
             t * σ - 0.999167 * H2O *σ  + 0.379167 * t  
             * H2O *σ                        (2) 

In the equation (2), the plus and minus signs 
show the influence direction. The linear 
coefficients in the equation of regression entirely 
characterize the influence of the corresponding 
factor on the result. To intensify the process, the 
average diameter, Y must be minimal. Therefore all 
the members of the equation that have minus sign 
must be increased and those, who have plus sign, 
must be decreased. 

From the analysis of diesel fuel emulsification 
by cavitation treatment, the influence of the factors 
combination Х1Х2 and Х1Х2Х3 can be stated.  

4. CONCLUSIONS 
Considering the experimental research carried 

out and the achieved regressive equations (for the 

influence of the factors on the average diameter), it 
can be concluded: 

1. The most significant influence on the 
emulsification process of diesel fuel through 
cavitation is the treatment time.  

2. Treatment time and cavitation number have 
combined influence. 

3. Treatment time and the combination of 
added water and cavitation number decrease the 
average diameter. 

4. By the achieved regression equations and 
functions for changing emulsion drops average 
diameter, the proper regime for various cases can 
be searched for. Depending on the demanded 
results, the best working condition for achieving the 
best effects can be chosen. 

5. When analyzing the experiment, the 
significantly influencing factors can be stated and 
they are arranged according to their significance: 
X1 →  X3 →  X2. The possible interactions between 
the factors can also be stated.  

6. By the above describe method a new 
physical method for homogenizing and hydrating 
diesel fuel is presented. This method is robust, 
cheap and safe for the consumers, as well as for the 
environment. 
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