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Figure 3. Volt-ampere characteristics of a single crystal silicon-based solar panel. 

 

In the experiment, the short-circuit current of the 

solar panel was 4.5A, the rated ignition voltage was 

22.18V, the current at the maximum power point was 

4.2A and the voltage was 16.9 V, and the fill factor was 

0.71. The experiment was conducted at 13:00. Due to 

the fact that the time of the experiment coincided with 

the winter, its current was lower. In winter, the intensity 

of sunlight in Uzbekistan is low. 
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Abstract 

Foam formation is unavoidable part in various technological processes. The extensive formation of foam 

might cause serious problems so special additives are used called “defoaming agents” or “defoamers” to subdue 

the formation of foam or eliminate the foam formed.  

The aim of the present work is to study experimentally the influence of the anti-foam agent SIHA Silicone 

SE on the height of the gas-liquid layer, the change of the surface tension and, respectively, the degree of separation 

by the rectification of binary mixture methyl alcohol – water in laboratory column with one sieve plate.  

As a result from the experimental and calculation procedures carried out, it was found that the presence of 

anti-foam agent gives decrease of the foam height 2 – 2.5 times while the values of the local efficiency are by 10% 

lower. This certainly confirms the fact that the lower foam height, i.e. the smaller interphase results in lower 
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separation efficiency. Besides, it was found that in presence of defoamer, the values of the local efficiency decrease 

(from 87,3% to 84,65%) with the increase of the M-index. Thus, it can be assumed that the surface tension does 

not exert significant effect on the degree of separation. 

 

Keywords: rectification, surface tension, defoaming agent, local efficiency  

 

Rectification is one of the most widely spread 

methods for separation of liquid homogeneous multi-

component mixtures. In broad interpretation, it in-

volves partial evaporation of an individual mixture fol-

lowed by condensation of the vapor obtained, carried 

out repeatedly in various types of rectification columns. 

A characteristic of the operation of these columns is the 

formation of stable foam which might cause ineffective 

performance of the column. The control and regulation 

of the foam is a key issue for producers in many indus-

tries and this is why special additives called “defoam-

ing agents” or “defoamers” are used to subdue the for-

mation of foam or eliminate the already formed one. 

[1,2,3] 

By the rectification of some mixtures (e.g. of so 

called positive mixtures where, according to Zuiderweg 

and Harmens [4], the easily volatile component of the 

mixture has lower value of the surface tension com-

pared to the hardly volatile one, i.e. 0 ), the 

foam height observed is quite high (developed inter-

phase area) and the use of defoamer in the initial mix-

ture affects the separation efficiency.  

The aim of the present work was to study the in-

fluence of the defoamer on the height of the gas-liquid 

layer, the change of the surface tension and, hence, the 

degree of separation by rectification. For this purpose, 

experiments were carried out in a laboratory glass col-

umn with one sieve plate with mixture of methyl alco-

hol – water in presence and absence of defoaming agent 

at the same concentration of the volatile component in 

the initial mixture.  

The experimental studies of the model mixture 

methyl alcohol – water in preence and absence of 

defoamer were carried out in laboratory glass column 

with one sieve plate [5] 

For these experiments, defoaming agent SIHA Sil-

icone SE was used. This defoamer is a white liquid 

emulsion containing poly-dimethylsiloxane (alpha-oc-

tadecyl-omega-hydroxy-polyglycol-ether) with chemi-

cal name: Octadecan-1-ol, ethoxylated. The criterion 

for the choice of defoamer was made with respect to 

safety (should be non-flammable and should not con-

tain hazardous substances) and taking into account the 

action mechanisms of silicon defoamers [6].  

On the basis of the experimental data obtained, the 

local efficiency was calculated by the formula [7]: 
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yn, yn-1 – average composition of the vapor flows 

outgoing and incoming at the nth plate, respectivly 

y* - composition of the vapor in equilibrium with 

the liquid with composition xn going out of the plate  

To estimate the effect of surface tension of the lo-

cal efficiency (EOG), stabilization index was selected 

called M-index. It is the product of the process driving 

force for the liquid phase and the gradient of the surface 

tension for the composition of the liquid phase. It is cal-

culated by the formula [8]: 
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х – concentration of the volatile component in the 

mixture, mol/mol 

x* - equilibrium concentration 

x /  - change of the surface tension by the 

change of volatile component content in the liquid 

phase  

 

Fig.1 shows the experimental data for the height 

of the gas-liquid layer as function of the content of the 

volatile components. As can be seen from the figure, 

the foam height varied in the interval form 24 to 50 mm 

in presence of defoamer while, at the same concentra-

tions but without defoamer, foam height varied from 30 

to 80 mm. it mans that the presence of defoamer signif-

icantly decreased the foam height at comparatively the 

same vapor velocity.  
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Fig. 1. Dependence of foam height on the composition of the binary mixture methyl alcohol – water with and 

without defoaming agent in column cube хw and the velocity of the vapor in the column (wп) 

 

In Fig.2, a comparative analysis of the foam height 

of the gas-liquid layer as function of the vapor velocity 

in the column is made for the model mixture studied 

with and without defoamer. It is obvious from the fig-

ure that the foam height varied from 17 to 76 mm in 

presence of defoamer while, at the same concentra-

tions, foam height varied from 20 to 95 mm. the pres-

ence of defoaming agent resulted in decrease of foam 

height about 2 – 2.5 tims at approximately the same va-

por velocity in the column.  

 
Fig. 2. Dependence of the height of the gas-liquid layer on the apparent velocity of the vapor in the column (wп) 

with and without defoamer 
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Fig. 3. Dependence of the local efficiency on the composition of the binary mixture Methanol – Water without 

defoamer incolumn cube xw 

 

Fig.3 shows the dependence of the local efficiency 

on the composition of the binary mixture methyl alco-

hol – water in presence and absence of defoamer at 

given velocities. As can be seen from the plot, in the 

range of velocities studied from 0.14 m/s to 0,2 m/s he 

change of the concentration of the volatile component 

exerts substantial influence on efficiency of separation 

in absence of defoamer. In the concentration interval 

1,5%, 2,1%, 41,5%, 47,6% and 60,3%, the local effi-

ciency significantly increased with the increase of vol-

atile component content in the initial mixture. For the 

model mixture studied, the change of the content of me-

thyl alcohol in the initial mixture from 1,5 to 60,3% re-

sulted in change of the local efficiency from 85,61% to 

98,89%. 

In the same range of velocities 0.14 m/s to 0,2 m/s 

and concentration interval 1,7%, 2,2%, 41,6%, 47,4% 

and 60,3% for the mixture methanol – water in presence 

of defoamer, the change of volatile component concen-

tration in the mixture had negligible effect on the effi-

ciency of separation (the change of the local efficiency 

was from 81,24% to 86,83%). 

Fig.4 shows the experimental data for the influ-

ence of vapor velocity (wп) on the local efficiency (

OGE ) where a comparison is made between model 

mixtures methanol – water with and without defoamer. 
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Fig. 4. Dependence of the local efficiency on the vapor velocity in the column wп and composition of the binary 

mixture in the column: 

 

xW =41,6 mol/% и xW =47,4 mol/% in presence of defoamer;  

xW =41,5 mol/% и xW =47,6 mol/% without defoamer 

 

Obviously, at volatile component concentration in 

the initial mixture 41,6 mol% and 47,4 mol%, the val-

ues of the local efficiency in presence of defoamer are 

by 10% lower. This certainly confirms the fact that the 

lower foam height in the presence of defoamer, i.e. the 

smaller interphase area, leads to decrease of the effi-

ciency of the process.  

An attempt was made to obtain quantitative esti-

mation of the effect of surface tension on the local effi-

ciency (ЕOG). The results are presented in Fig. 5 for the 

mixture methanol – water in presence and absence of 

defoamer.  

 
Fig.5. Dependence of local efficiency on the m-index for the mixture methanol – water in presence and absence 

of defoamer  
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The values of the local efficiency for the mixture 

methanol – water without defoamer increased with the 

increase of M-index and a linear dependence was ob-

served between the change of the local efficiency and 

the M-index. In presence of defoamer, however, the in-

crease of the M-index caused decrease of the local effi-

ciency from 87,3% to 84,65%, i.e. it can be assumed 

that when defoamer is added then the surface tension 

does not exert significant effect on the degree of sepa-

ration.  
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Abstract 

In this article provides information about digital modeling programs and programming languages, besides 

models and programs which are created based on them.  

Keywords: TCAD, solar cell, model, program 

 

Until the twentieth century, there were two differ-

ent methods of studying the object in science, theoreti-

cal and practical methods. In the middle of the twenti-

eth century, computer technology flourished. This led 

to a new approach to science and a new style of re-

search. In the process of complex computing, it is pref-

erable to use computer technology. Because it increases 

the speed and accuracy of the calculation. 

 
Figure 1. 2D model of a silicon-based solar cell embedded in a nanoparticle generated in Sentaurus TCAD. 
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