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ABSTRACT. In packed fractionation, the liquid phase can be forced to become 
continuous, and the vapor phase dispersed, realizing emulsification regime. The 
paper presents the efficiency comparing results of packed fractionation with 
respect to the fractionation in an empty flooded column, as well as the influence 
of the heat flux and of the temperature inside the column’s jacket. Experiments 
for determining the boiling heat transfer of the different methanol – ethanol 
concentration mixtures were performed. The variation of the boiling heat transfer 
coefficient at different concentrations of methanol-ethanol mixtures has a 
minimum, corresponding to the maximum of the difference between 
concentrations of vapor phase in equilibrium with the liquid phase. 
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INTRODUCTION  

 
In chemical industry columns are apparatus used in many different 

technologies, such as fractionation [1-3], polymerization [4-7] or esterification [8, 9]. 
The main separating process in chemical industry represents fractionation, and 
it is very important to find means to improve the process or to make it more 
economic efficient [10] or safety [11]. 

One of the main reasons of the low efficiency in operating packed 
columns, under ordinary hydrodynamic conditions, is the non-uniform distribution 
of the liquid phase over the packing surface. The liquid phase preferred 
channels when fowling through the packing, which determines a deep 
decrease of the interfacial area, a growth of the fowling liquid layer thickness 
and the heat and mass transfer deteriorate. 
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When operating a packed column with a large diameter, the liquid can’t 
be uniform distributed on the entire packing surface, causing a decrease of the 
column’s performance, with respect to a smaller diameter packed column, so 
the height equivalent to a theoretical plate (HETP) is also small [12]. 

The optimum operating conditions for a packed column are situated 
in the emulsification regime, which can be observed only in a narrow range 
of velocities of the liquid and gaseous phases. The upper limit is the column’s 
flooding and the lower limit is when the emulsification disappears. During the 
emulsification regime, the HETP increases abruptly and the column operates at 
constant flow velocity. That is why the emulsification regime must be stabilized. 

The literature [13-16] presents models for determining the flooding 
point for different packing. For several decades, the Sherwood-Leva-Eckert 
correlation chart had been the standard of the industry for predicting flood 
points and pressure drops for fractionation packed columns. The gas – liquid 
interaction [13] influences the pressure drop and the flooding, being connected 
to the maximum of velocity. The point limited by the maximum superficial gas 
mass flow rate and the superficial liquid mass flow rate is the “limit operating 
point”, and the linking of all these points in the Sherwood-Leva-Eckert diagram 
represents the “limit operating line” – “flooding line”. Many researchers [3, 17-
21] tried to establish optimal conditions for fractionating columns. 

The boiling heat transfer coefficients are used routinely in calculations 
and design of industrial boiling equipment. Many researchers calculate 
boiling heat transfer coefficients using different types of heat surface [22-28]. 
The literature also presents aspects regarding the control performances 
improvements [29, 30]. Some of the papers deal with the improvement and 
optimization of the separation process [30]. 

Although the heat transfer under flooding conditions and measurements 
for the holdup are important, only few researchers published in this area [31, 32]. 

To the best of our knowledge fractionation in flooded packed columns 
with the study of the influence of the liquid stopper and the calculation of the 
heat transfer at boiling was not yet been proposed. This is why the present 
paper proposed to study the separation efficiency when using a flooded 
column with or without packing material and to evaluate the partial boiling 
heat transfer coefficient () during the process as well as the dependence of 
boiling heat transfer coefficient on heat flux (q). 
 
 
RESULTS AND DISCUSSION 

 
In the first part of the experiments, when the efficiency of the flooded 

column was studied, it was established that, for the same heat flux, the jacket 
temperature influences the process performance, determining a greater or a 
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smaller liquid reflux ratio [27]. Empiric equations for the proposed dependences 
are presented in Table 1. It can be seen that with the increase of the 
temperature inside the jacket, the concentration of the distillate decreases 
and the distillate flow rate increases. 

Using Fenske relations the height equivalent of a theoretical plate 
(HETP) was established. The results are presented in Table 2. At 47 and        
62 ºC, the results are similar to the ones reported in literature [27]. 
 

Table 1. Proposed empiric equations for the dependences of the distillate 
concentration and distillate flow rate on the jacket temperature for  

methanol-ethanol mixture in the packed column 
 

Empiric equation of the distillate 
concentration on the jacket 

temperature 

Empiric equation of the distillate 
flow rate on the jacket 

temperature 
y = -1.057x + 136.36 y = 1.8876x - 71.6 

 
Table 2. The height equivalent to a theoretical plate (HETP) at different 

temperatures 
 

Temperature, ºC HETP, cm 
47  7.7 
50 7 
55 6.4 
60 5.2 
62  4.7 

 
 
In the second part of experiments, the efficiency in the flooded 

column with no packing material was calculated based on Fenske relation. 
The results are presented in Table 3. It can be observed that the efficiency 
of a flooded empty column is better than that of a packed column of the same 
diameter. When the height of the liquid stopper is bigger, the efficiency of the 
column is also better. 

 
Table 3. Separation efficiency in flooded column with two heights of the liquid 

stopper for the methanol-ethanol mixture 
 

Height of the liquid stopper (cm) HETP (cm) 
5.5 5.5 
7 5.1 
10 4.9 
14 4.5 
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When the density of the heat flux (q) at the bottom of the column was 
increased, the separation efficiency in the flooded column with the liquid 
stopper of 14 cm increased as well. The performance of the column in this 
case is presented in Figure 1. It can be seen once more, that the separation 
process is more efficient by intensifying the heat transfer at the bottom of the 
fractionating column. 

 

 
 

Figure 1. Dependence of the efficiency of a flooded column with the liquid stopper 
of 14 cm on the thermal flux (q) at separation methanol-ethanol mixture  

 
In order to correlate the efficiency of the column, not only with the heat 

flux (q), but also with the partial boiling heat transfer coefficient (), experiments 
for establishing the variation of  with the heat flux were performed. The 
experimental results for different concentrations of methanol-ethanol 
mixtures are presented in Figure 2. 
 

Table 4. Dependent equations between  and q  
 

C, % mol  = a . q0.56 
0  = 13.68 . q0.56 
42  = 12.06 . q0.56 
55  = 10.40 . q0.56 
65  = 11.13 . q0.56 
100  = 13.27 . q0.56 
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Figure 2. Dependence of boiling heat transfer coefficient () on heat flux (q) 
 
 
 The obtained dependences (Table 4) have the general equation: 

α  =  a  q0.56                                                                     (1) 

where: a is concentration depending parameter. 

The boiling heat transfer coefficient values decrease at the beginning, 
but then increase when the concentration increase. This phenomenon was 
observed even at the different concentrations of boiling ethanol-water 
mixture [36]. 

The explanation may be linked to the boiling mechanism. On the 
basis of the equilibrium data for the methanol-ethanol system, it was 
established that the variation of the concentration difference between vapor 
phase in equilibrium to the liquid phase, (y-x), as a function of concentration, 
has a maximum where the value of the boiling heat transfer coefficient () 
has a minimum. These are represented in Figure 3 and in Figure 4. 

It is known that the value for boiling heat transfer coefficient () 
depends on the limit surface phenomena. Thus, if the heat transfer from the 
boiling surface to the liquid next to it determines a concentration in the low 
volatility liquid, which is greater if the difference  (y-x) increases, the effect is 
a decrease in the value of  until (y-x) reaches the maximum value, 
afterwards a new increase of the -value appears, when (y-x) decreases. 
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Figure 3. Variation of coefficient α with the concentration 
 
 

 
 

Figure 4. Variation of (y-x) with the concentration 
 
 
CONCLUSIONS 

 
Experiments show that, during separation of a methanol-ethanol 

mixture, by raising temperature inside the jacket of a packed flooded column, 
at the same heat flux, separation efficiency increases. Attempts were made 
to separate the same mixture of methanol-ethanol into a column with a liquid 
stopper of different heights, showing an increase in fractional efficiency 
compared to the filler column. 
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At the same time, by increasing the thermal flow in the column flap it 
was once again proved the beneficial influence of the increase of the boiling 
heat transfer on the performance of the fractionation columns. 

Empirical equations for correlating the process parameters are proposed. 
The variation of the boiling heat transfer coefficient at different 

concentrations of methanol-ethanol mixtures has a minimum, corresponding 
to the maximum of the difference between concentrations of vapor phase in 
equilibrium with the liquid phase (y-x). 

 
 

EXPERIMENTAL SECTION 
 
In order to study the fractionation process in flooded columns, an 

installation, where most of the influencing parameters can be maintained constant 
was realized [27, 28, 30, 34] (Figure 5). This facilitates the obtaining of constant 
values for the gas flow rates, corresponding to the mixture concentration.  

 

 
 

Figure 5. Experimental installation: 1-boiling vessel; 2-heat device; 3-column; 
4-pipette; 5-thermostat; 6-dropper separator; 7-refrigerator; 

8-current intensity measurement system 
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Experimental equipment includes a boiling vessel with an inside heater, 
a packed column provided with a refrigerator and a drops separator.  

The boiler is heated by a heating system with internal source, made 
by a short circuit heating metal, where the heat flux can be measured and 
reproduced.  

The packing material which was in glass Rashig rings ( = 776 m2/m3;                      
Vf = 0.71 m3/m3) having a height Hp = 0.3 m.  

The inside heater is an horizontal cylindrical stainless steel tube, 
having the external diameter of 0.01065 m, and the length of 0.0504 m. High 
amperage alternating current is supplied through thick copper connectors 
attached to the heating tube. The control of the thermal flux resulting from 
the Joule — Lenz effect is achieved by adjusting the amperage of the 
electrical current supplied. 

In order to study the efficiency of the flooded column, it was necessary 
to compare the effectiveness of this column with one whose operation and 
parameters are established under identical operating conditions. So, at first, 
the column was performed at total reflux ratio with an ideal methanol-ethanol 
mixture [35], which has the relative volatility value close to one.  

For determining of height equivalent to a theoretical plate (HETP) 
Fenske relations (1-3) were used [36]: 
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where: x is mole fraction of the more volatile component in the liquid phase, 
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where: N is the minimum number of theoretical plates, xD, xW represent mole 
fraction of the more volatile component in the distillate, and in the still pot 
respectively and αmed is average volatility. 

WDmed                                                            (4) 
where: αD, αW are relative volatilities in the distillate, and in the still pot 
respectively. 

During the first part of the experiments the temperature ranged 
between 47 and 62ºC. 
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In the second part, the experiments were performed at 47ºC with an 
empty column of the same diameter, at an identical heat flux, where the liquid 
was maintained at flooding, working with the height of the liquid stopper 
between 5.5 cm and of 14 cm respectively.  
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