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ABSTRACT 
The extracted oil reservoir does not have any practical application. It is necessary to separate it into different fractions themselves 

are useful. This process is done in refineries. Distillation is the fundamental operation for petroleum refining. Its aim is to separate 

the various components of crude oil by heating. The simulation of this process is especially important because it is one of the largest 

consumers of energy in industrial processes. This hinders accurate prediction of process results. In this paper the model of 

operation of the distillation column of oil, resulting from mass balances, energy and thermodynamic relations is presented. The most 

important result is the behavior of the distillation unit estimation, which enables the model to be evaluated according to the 

characteristics of crude, plus acontextualization of the elaborate models is performed and simulation allows the evaluation of model  
results very close to realit 
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INTRODUCTION 
 

The distillation is to separate the components of a mixture, based on the different boiling points. This 
process is used mostly in petrochemical processes [1][2] . In oil refineries, crude oil is a complex mixture of 
components that need to be separated into groups according to a range of volatility [3][4].  The crude 
distillation systems include the distillation columns and heat recovery systems, it is the first process in an oil 
refinery [5]. It is a process that consumes an equivalent of 1% to 2% of processed crude [6][7]. Due to rising 
energy costs, it has made considerable efforts to reduce energy consumption [8]. 

Modeling and simulation of this process has been of great attention from industry and research entities, 
developing procedures and methods salient in recent decades [9][10]. The equations describing the steady-state 
process, although they represent a basic equilibrium model is extended to a highly nonlinear and 
interdependent [11]. Amundson in [12] first proposed set of equations, simultaneous nonlinear for processing 
multicomponent, through the matrix method, separating relations enthalpy and mass for each course, this 
provided an effective simulation became a reference point for developed works.  

Due to technological and industrial development and increased products that require oil processes, it is 
necessary to identify the model, to make simulations that achieve represent the behavior of the distillation units 
used in industry, reducing research costs and development[13]. The presence of the different chemicals in the 
oil determine their chemical and physical characteristics, such as density, viscosity, etc. [14]. Given these 
differences can determine various classification systems. Mostly used criteria are its chemical composition, 
density, the presence of sulfur, geographical location[15][16]. 

Some of the work related, is the presented by [17] where the optimization of an oil distillation column is 
studied using linear programming, based on the  model of the Port-Harcourt refinery, as main result validated 
solutions to improve the distillation process through validation Matlab. In [18] adjusting the parameters of the 
predictive control of oil distillation unit with real characteristics of the industry, so the approach stands out with 
the goal of addressing a real problem is done. The main result of simulation and analysis of the results obtained 
in applying this type of control is highlighted.  
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Regarding the application of neural networks is [19], the Baiji oil distillation unit is modeled, using data 
from Aspen HYSYS main result implementation of the neural network using MATLAB toolbox is made, and 
identify the advantages of handling nonlinear models with strategies diffuse Control. 

Furthermore, [20] where research on existing distillation unit was made, setting the low efficiency and the 
potential for improved performance. Techniques developed had an increase in efficiency of 1.6% and capital 
savings and a proportional reducing energy consumption. Based on the above, in this paper the modeling and 
simulation of a distillation column of oil with 7 compounds like outputs, but the mathematical model proposed 
can be implemented with n number of products with features concentration variables and relative volatility, and 
operating properties of the distillation unit variables. 

 
MATERIALS AND METHODS 

 
Crude oil distillation is a fundamental process in the refinery, so the development of the mathematical 

model is very important, which faithfully represents the characteristics of the separation unit, through which 
passes a preheated oil[21]. Given the size of the model according to the inputs and outputs of the system, choose 
to use the mathematical relationships from the MESH method, which consists of four series of mass equations 
(M), balance (E), conservation (S) and enthalpy (H). In addition to the considerations for this it is considered 
more rigorous and this makes it suitable for the type of process being modeled 

 
 

 
Fig. 1: Diagram of crude oil distillation 

 
For a typical distillation column shown in Figure 1, is processed to implement the equations (MESH), mass 

and energy balance for each state i j each component steady state[22].  
 

 
Fig. 2: General schematic representation of a stage j 

 
To raise the balance of each plate the general diagram shown in Figure 2 follows. 
Mass Balance equation (Equation M) ������,��� + 	�
���,�
� + ���,� 

=  ��,���,� + ����,� + 	���,� + ����,� 
(1≤j≤NT, 1≤i≤n)           (1) 

The equation           (1) is the general 
model to predict the mass flux of component i, in and out of the plate j.  
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������,��� − ��� + �����,� 

−�	� + �����,� + 	�
���,�
� + ���,� = 0 
(1≤j≤NT, 1≤i≤n)           (2) 

Rearranging the equation           (1) equation 
          (2) is obtained. 

Phase equilibrium equation (Equation E) ��,� = ��,���,� 
(1≤j≤NT, 1≤i≤n)           (3) 

 
To estimate the behavior of the substance in the column is necessary verify the relationship of states, 

described in equation           (3) 
Sum of molar fraction (Equation S) 
 

� ��,� = 1�
���  , � ��,� = 1�

���  

(1≤i≤n)              (4) 
Respecting the composition of the food that matches the products obtained equation applies   

           (4) 
Enthalpy balance (Equation H) 
 

����H�,���� + 	�
�H�,�
�� + ��H�,�� − 

��� + ���H�,�� − �	� + ���H�,�� −  ! = 0            (5) 
With equation           (5) the heat balance equation 

arises considering enthalpies. 
 
The model is developed according to some estimates. 
 �� = ����            (6) 
The time of flow in each dish is sufficient to reach equilibrium between liquid and vapor according to the 

equation            (6) 
 �� = ��
� = ���� �� = K��            (7) 
Following the equation            (7) It is 

considering the relative volatility on each plate as constant. 
 #� = #� = #            (8) 
Considering the balance between the phases, the temperature of the liquid and vapor streams is the same, 

according to the equation            (8). 
 �� = L 	� = V           (9) 
The flow rate of liquid and steam are constant, as evidenced by the equation    

       (9) 
 &� = H ℎ� = h          (10) 
Since the flow rate of liquid and vapor into and out of each plate is constant, the retention of liquid and 

vapor will also be constant according to the equation        
  (10). Furthermore it is considered that there is no heat loss through the column structure. 

 H�� = H�
�� = &� H���� = H�� = &� H�,�� = )�,�H�,��           (11) 
Furthermore ideal systems for the molar heat of vaporization can be considered constant and independent of 

the fluid composition, temperature change also from one tray to another is small thus it arises equation  
        (11) 
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������,��� − ��� + �� + �	� + ��� �*���,� 
+	�
���
���,�
� + ���,� = 0          (12) 

Taking into account the considerations and the equation       
    (3), the simplified model shown in equation      
    (12) 

 	� + ���� + �+ + �� 
=  ���� + ���� + ���� + �+ + �+ + �� + �� + 	�        (13) 

The mass balance for the dish j-1 is brought into the equation      
  (13) 

 ���� =  	� + ���� + �+ + �� 
−���� − �+ − �� − ���� − �+ − �� − 	�          (14) 

From equation        (13) reorganizes for ���� leaving this as 
a subject, which corresponds to the equation         (14) 

 
���� =  	� + ∑ -�. − �. − �./ − 	����.��   
2 ≤ ! ≤ 2#          (15) 

The equation          (14) is written 
generally in equation          (15). 

 ���� =  	� + ���� + �+ + �� − ���� − �+ − �� − ���� − �+ − �� − 	�     (16) 
Likewise the equation          (15) extends 

to obtain expression to Lj, described in equation     (16) 
 

3	� + � -�. − �. − �./ − 	�
���
.�� 4 ��,��� − 

5	�
� + ∑ -�. − �. − �./�.�� − 	� + �� + �	� + �����,�6��,� + 	�
�����,�
� + ���,� = 0   (17) 
Substituting equations          (15) and 

    (16) in the equation        
  (14) equation is obtained   (17). 

 
7�,� = 	� + ∑ -�. − �. − �./ − 	����.��           (18) 

8�,� = 	�
� + ∑ -�. − �. − �./�.�� − 	� + �� + �	� + �����,�      (19) 
9�,� = 	�
���          (20) 
:�,� = ���,�          (21) 

Considering the equations          (18),  
    (19),          (20) and 
         (21) Can rewrite the equation   (17) 
compactly. 

 7�,���,��� − 8�,���,� + 9�,���,�
� + :�,� = 0        (22) 
In this way obtains the equation        (22), and also the 

energy balance is simplified using assumptions. 
 ����C<�,���� T�,���� − 

>�� + �� + �	� + ���)�,�? 
C<�,�� T�,�� + 	�
�)�,�
�C<�,�
�� T�,�
��  
+��C<�,�� T�,�� −  @  = 0          (23) 

 
The equation          (23) represents the 

general model that predicts the temperature of each plate due to temperature change through the column. 
 

3	� + � -�. − �. − �./ − 	�
���
.�� 4 9A�,���#�,��� − 



128-122) March 2016, Pages: 3(12. esearchRciences Spplied Aournal of J 2016/ .,et al Juan Sebastian Useche         126 

 

3	�
� + � -�. − �. − �./�
.�� − 	� + �� + �� + �	� + ���)�,�4 9A�,�#�,� + 	�
�)�,�
�9A�,�
�#�,�
� −  @ = 0 

                                                                                                         (24) 
 
Substituting equation          (15) and  

   (16) in equation          (23) and 
ignoring the superscript and the equation is obtained                                                                                                         
(24) 

 
B�,� = 5	� + ∑ -�. − �. − �./ − 	����.�� 69A�,���        (25) 

C�,� = 5	�
� + ∑ -�. − �. − �./�.�� − 	� + �� + �� + �	� + ���)�,�69A�,�     (26) 
D�,� = 	�
�)�,�
�9A�,�
�           (27) 

 
Considering the equations       (25),    (26) and  

        (27), can be replaced in the equation                                                                                                         
(24) to write this in a compact manner. 

 B�,�#�,��� − C�,�#�,� + D�,�#�,�
� −  @ = 0          (28) 
 
Thus arises the equation          (28). 
 
 

Table 1: Properties of Crude Oil 
 STAGE FLOW  

(m3/h) 
Mole Fraction  Kij 

Feed 40 1092.4   
Gases 65 81.2 0.312 0.13 
Petrol 58 110.2 0.047 0.2 
Naphtha 43 190.1 0.122 0.39 
Kerosene 35 167.1 0.139 0.39 
Diesel 25 215.3 0.190 0.24 
Fuel Oil 12 52.3 0.1 1.0 
Residue 1 276.2 0.09 0.44 

 
The proposed model equations are described for any component that is of interest to a system of algebraic 

equations Nt (Nt be the number of dishes). The benchmark performance data are taken from the plant oil 
refinery Port-Harcourt[23], shown in Table 1, in which the flow and characteristics of each component are 
described, which are used to obtain the unknowns in the modeling. 

Table 1 shows the characteristics of the crude oil that is processed in the most important refinery in Nigeria 
are specified. Stressing that the proposed model poses obtaining 7 products considering that most distillation 
processes aim five compounds. 
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Fig. 3: Graph showing the operation of the column described steady state responses obtained by the proposed 
model. 

 
The proposed model is solved by Matlab software and so the behavior at steady state is obtained from the 

distillation column. The graph representing the trend shown in Figure 3. Representing the composition 
according to the plates of the column. 

 

 
 
Fig. 4: Graph of the composition of the compounds in the capacitor oil through time. 

 
Considering that the objective are all products individually further condensation of the compounds is 

simulated for this composition it is plotted against time, especially important in the condensation because it is 
responsible for obtaining the final product from the more volatile elements of crude which is evident in Figure 4. 

 
 
Fig. 5: Graph of the composition of the compounds in the reboiler oil over time. 

 
Furthermore in Figure 5 the dynamic component in the reboiler shown, through this graph shows the 

process over time and as behavior difference components of crude. 
 

Conclusions: 
The MESH method by which the model is proposed, allows for more dynamic characteristics of the column 

so the simulation obtained corresponds to the behavior of these units in the industry. 
Due to the relative volatility between more than two substances by the oil composition, it is important 

recognition of the steady-state performance of each dish to distinguish the difficulties of the separation process 
and designate the best way the products leaving. 

Through time-dependent modeling of the critical stages of condensation and reboiling energy expenditure 
and the proper use of the equipment for the process to exit the distillation column is analyzed, so estimating 
techniques and solutions for improvement current behavior of the unit. 
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