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Abstract – During atmospheric distillation after injection of the previously vaporized oil into the furnace, the rise of steam in the column 

generates heat and mass transfer phenomena. 

The aim of this article is to study the thermal conduction in the column in order to determine theoretically the thermal resistance of the 

different oil cuts as well as the heat released in each cut that will later be used to heat the crude. 

But also, to study, using the Navier–stokes equation, the rise of vapours along the cylindrical column as well as the velocity and pressure 

fields of the vapours in the column. 

This study showed that after injection the temperature in the column decreases considerably as well as the heat flux as the steam 

progresses through the column despite almost zero thermal resistance. 

The results also showed that the pressure of the vaporized crude varies slightly with increasing flow velocity. On the other hand, the flow 
velocity within the cylinder is very little influenced by pressure. 

The interest of this study of heat and mass transfer phenomena will later be used to evaluate and then quantify certain notions depending 

on the temperature, pressure or flow velocity of the fluid such as corrosion within the column as well as energy management techniques 

in thermal industries and in the management of industrial equipment. 

 

Nomenclature 
C: Mass heat capacity of the material (J.Kg-1.k-1). 

g: Intensity of gravity (m.s-2). 

(h1..........hn) : Thermal convection coefficients from 1 to n ( W.m-2. K-2). 

K: Thermal conductivity (W.m-1. K-1). 

P: pressure (Pa). 
P1............... Pn: Tray 1 to n. 

Pth: Thermal energy density (W.m-3). 

Rcv1............... Rcvn: Convection thermal resistance from medium 1 to medium n (W-1. K). 

Rcd: Conduction thermal resistance (m.W-1. K). 

S: Surface area of a tray (m2). 

T1......... Tn: Temperature 1 up to temperature n (K). 

T'1 ......... T'n : Temperature 1 up to a temperature n "ends of the trays" (K). 

Tp : Temperature of a tray (K). 

V: Fluid velocity (m.s-1). 

Greek Letters: 
𝜑1⃗⃗ ⃗⃗  …… . . 𝜑𝑛⃗⃗ ⃗⃗   : Heat flux density vector 1 up to n (W.m-2). 

∅𝑚1...............∅𝑚𝑛: Heat flux from medium 1 to medium n (W.k-1 ). 
 : Density (Kg.m-3). 
 : Angular velocity (rad.s-1). 
  : Dynamic viscosity (Kg.m-1.s-1). 

 

Keywords: flow velocity - heat flow- pressure - temperature - thermal resistance. 
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Heat and mass exchanges phenomena are observed in various industries. 

However, if left unchecked, these phenomena can have disastrous consequences in terms of material life and safety 
within these industries. 

In applied physics, the determination of thermal and mass exchanges, as well as the flow velocity of fluids, is very 

useful in the study of turbulence and corrosion of materials. 
This study involves using physical and computational tools to characterize and then quantify heat and mass 

exchanges, as well as the pressure and flow velocity of fluids within the atmospheric distillation column of crude oil. 

In the literature, many authors have worked on the measurement of heat and mass exchanges and the phenomena 
that can impact these exchanges, including thermal resistance and possible physical factors. 

P. P. Singh and D. E. Maier [1] have demonstrated by simulation that hot spots arise due to the flow of heat in three 

dimensions from the source to the roller ends and the curved surface. But also, an estimated heat flux value of 56 kW/m2 

gave surface temperature values close to the observed values. Perturbations of the baseline values showed that a 10% 
increase in thermal conductivity caused a 6-8% reduction in the peak thermal gradient, whereas a 20% increase in the 

heat transfer coefficient caused less than 2% reduction in the peak thermal gradient therefore, thermal conductivity is a 

more sensitive parameter affecting thermal gradients than the heat transfer coefficient. It is extremely difficult to obtain 
an analytical solution when the heat flow travels along a curved surface and convection takes place at the ends of a 

roller. In such cases, the use of the digital method becomes essential. Ootao et al. [2] performed a theoretical analysis of 

a three-dimensional transitive thermal tension problem for a non-homogeneous circular cylinder subjected to a moving 

heat source in the inner axial direction and/or the outer surface. A mass balance approach was employed to analyse the 
effect of nanoparticle migration on laminar convection and proposed that shear forces and viscosity gradient induce the 

motion of nanoparticles will change the distribution and thus vary the viscosity and thermal conductivity of the fluid 

[3]. The increase in the heat transfer coefficient did not decrease the peak temperature to a smaller portion of the curved 
surface. The disturbance resulted in a 0.5°C decrease in peak temperature but less than 2% variation in thermal gradient 

value, indicating that surface heat transfer coefficient is a less sensitive parameter than thermal conductivity in affecting 

thermal gradients and high-temperature corrections [1]. 
In thermal conduction oils and gases can be considered as thermal resistances to heat conduction [4]. 

The effective thermal resistance (or thermal conductivity) of the heat pipe is one of the most important parameters 

and is not constant but is a function of a large number of variables, such as the geometry of the heat pipe, the length of 

the evaporator and condenser, and the nature of the fluid in question [5]. The total thermal resistance of a heat pipe is 
the sum of the resistances due to conduction through the wall (heat pipe casing) and the wick, evaporation or boiling, 

axial steam fluid, condensation, and conduction losses through the wick, in the condenser and heat pipe. The heat flux 

depends on the distance between the condenser area and the evaporator, the overheating of the walls and the subcooling 
of the liquid, the thermal contact between the heater and the wick, and the conditions at the surface boundaries of the 

wick [5]. 

The internal heat source by viscous dissipation and the temperature-dependent heat source increases the temperature 
of the fluid, thus decreasing the temperature difference between the fluid and the heated plate, hence the observed 

decrease in heat transfer on the heated plate [6]. 

The use and examination of mass transfer resistances in the process domain is an effective method to understand 

the process and identify ways to improve it [7]. 
The studies of Schaaf et al. and Chiekar et al. [8,9] on the gas-liquid mass transfer in a 0.15m diameter bubble 

column with a pressure of 0.1 to 1.3 MPa and presented the correlation of the mass transfer coefficient.  

Analysis of Prantl numbers shows that velocity fields decrease while temperature distributions increase [10]. 
To study heat fluxes and heat transport mechanisms in structured reactors, it is more convenient to use the numerical 

method of fluid dynamics [11]. 

The simulation allows to efficiently study the three mechanisms of heat transfer: conduction, convection and 

radiation in open-cell foams but also other influencing parameters such as surface velocity, wall coupling, thermal 
conductivity and geometric influence on heat transport [12-20]. 

The objective of this article is to characterize the phenomena of heat transfer and mass but also to evaluate the 

pressure and flow velocity of the fluid within the atmospheric distillation column in order to better maintain refining 
equipment and in industries with the same operating principle. 
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The rest of this article is divided into three parts. We will first define the materials and methods used and then present 

and discuss the results obtained before summarizing them and giving the perspectives of this study. 
 

2.Material and method: 
2.1. Material: 

The study is carried out by modelling the atmospheric distillation column with cylindrical geometry. 

In the models defined, we will adopt the equations of the fourrier's law and the continuity of heat flows, in particular 

conduction and convection, in order to determine the equation of temperature, heat quantities and finally the thermal 
resistances characteristic of this type of flow. 

For the mass transfer, the Navier-Stockes equation will be applied to this study in order to determine the characteristic 

pressure and velocity of this flow.  

In the study of mass and heat transfer phenomena, the difficult access to equipment makes it more convenient to use a 
computational or numerical method rather than experimental methods. 

After defining the characteristic equations for this model, we will use computer programming to model them and obtain 

the results of this study. 
 

2.2. Method: 

2.2.1. Study of thermal conduction in the atmospheric distillation column: theoretical determination of the thermal resistance 

and heat exchange: 
The atmospheric distillation column is a vertical cylindrical device with a height of between 40 and 50 m, it is equipped 

with horizontal partitions called trays whose role is to ensure intimate contact between the liquid and the vapor in order to 
allow the balance of the phases following the transfer of heat and materials. However, this after heating the crude oil and 

injecting it into the column; The constituents of the crude oil previously heated in the furnace are dispersed in the horizontal 

column in the form of vapours. 
Each tray has a temperature that decreases as you go up the column. 

There is a heat transfer phenomenon that takes place throughout the column; Each tray is placed between two fluids of 

different temperatures. 

 

Figure 1: Simplified representation of the spatial and thermal dimensions of an atmospheric distillation. 

The flux density vector in each section is given by: 

𝜑1⃗⃗ ⃗⃗ = h1 (T1 – T’1)𝑁⃗⃗  (1) ;     𝜑2⃗⃗ ⃗⃗  = h2 (T’2 – T’3)𝑁⃗⃗  (2); 𝜑3⃗⃗ ⃗⃗  = h3 (T’4- T’5) 𝑁⃗⃗  (3)    …………    𝜑𝑛⃗⃗⃗⃗  ⃗ = hn (T’n- T’n+1)𝑁⃗⃗  (4) n 

= 2……..∞. 

NB: if the tray is thin enough, then: T’n= T’n+1=Tn : n=2………∞ ; T’1=T2. 
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2.2.1.1 Study of the heat balance in the column: 
 

According to the law of variation of the internal energy of the system: 

∭𝒑𝒕𝒉𝒅𝒗= ∭𝝆𝒄
𝝏𝑻

𝝏𝒕
𝒅𝑽 - ∬𝑲𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ 𝑻 ds (5) 

 

According to Green Ostrogratsky's theorem:  

∭𝒑𝒕𝒉𝒅𝒗=∭𝝆𝒄
𝝏𝑻

𝝏𝒕
𝒅𝑽 - ∭𝒅𝒊𝒗 (𝒌𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ 𝑻)𝒅𝒗 (6). 

The integration limits being any: 

Pth= 𝝆𝒄
𝝏𝑻

𝝏𝒕
  - div (k𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗T) (7). 

K being uniform in the trays of the column: 

Pth= 𝝆𝒄
𝝏𝑻

𝝏𝒕
  - k∆𝑻  (8) 

With: 

Pth: Thermal energy density. 

𝝆𝒄
𝝏𝑻

𝝏𝒕
 : term of exchange. 

K∆𝑻 : term for thermal energy storage. 

In our study there is no energy production at the spine level, energy exchanges with the external environment are also 
negligible. 

So, the equation becomes:              

∆𝑻 = 𝟎 (9) 
𝝏𝟐𝑻

𝝏𝟐𝒙𝟐=0      =>     
𝝏𝑻

𝝏𝒙
 = A => T(x) = Ax + B 

 

Boundary Conditions : X=0 => T (0) = T’1=B 

X=L => T(L)=T’2= AL +T’1 => A = 
𝑻′𝟐−𝑻′𝟏

𝑳
 

 

Tp(x) = [
𝑻′𝟐−𝑻′𝟏

𝑳
] x + T’1      (10) 

  

This equation is valid in a tray only if it is of a thickness L. 
Otherwise: x=0 and Tp(0)=T2=T’1. 
 

2.2.1.2. Study of the evolution of the temperature parameter of the steam:  

2.2.1.2.1. Determination of temperature equations: 
 

Based on the continuity of the heat flow: 

In medium 1 we have: 

     -k 
𝒅𝑻

𝒅𝒙
 = h1 (T1-T’1) => Tm1(x)= 

𝒉𝟏

𝒌
(𝑻′𝟏 – T1) x +A or Tm1(0) = T’1 

 

Then:  Tm1(x)= 
𝒉𝟏

𝒌
(𝑻′𝟏 – T1) x+ T’1  (11) 

In the medium 2:  

-k 
𝒅𝑻

𝒅𝒙
=h2 (T’2-T’3)     => Tm2(x)= 

𝒉𝟐

𝒌
 (T’3-T’2) x +B    or Tm2(L)= 

𝒉𝟐

𝒌
 (T’3-T’2) L+B= T’2 

As a result, B= T’2-
𝒉𝟐

𝒌
 (T’3-T’2) L so Tm2(x) =  

𝒉𝟐

𝒌
 (T’3-T’2) x + T’2-

𝒉𝟐

𝒌
 (T’3-T’2) L =  

𝒉𝟐

𝒌
 (T’3-T’2) (x-L) + T’2 

Tm2(x)=  
𝒉𝟐

𝒌
 (T’3-T’2) (x-L) + T’2 (12) 

2.2.1.3. Determination of heat flux and densities: 

In the medium 1: 
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The flow is given by the relation   ∅ =∬𝝋⃗⃗  𝒅𝒔⃗⃗ ⃗⃗   

Where 𝝋𝒎𝟏 = −𝒌
𝒅𝑻𝒎𝟏(𝒙)

𝒅𝒙
= h1 (T1– T’1)  => ∅𝒎𝟏= h1 (T1– T’1) S 

 

∅𝒎𝟏= h1 (T1– T’1) S (13) 
For the tray: 

𝝋𝒑 = −𝒌
𝒅𝑻𝒑(𝒙)

𝒅𝒙
= k [

𝑻′𝟏−𝑻′𝟐

𝑳
] 

∅𝒑= k [
𝑻′𝟏−𝑻′𝟐

𝑳
] S (14) 

For the medium 2: 

𝝋𝒎𝟐 = −𝒌
𝒅𝑻𝒎𝟐(𝒙)

𝒅𝒙
= h2 (T’2– T’3)  => ∅𝒎𝟐= h2 (T’2– T’3) S 

 

∅𝒎𝟐= h2 (T’2– T’3) S (15) 

 

For any medium:  

∅𝒎𝒏= hn (T’n– T’n+1) S (16) 

 

n = 2………………∞       S: the surface of the tray. 

NB: The flux of the medium n (oil cut) is the amount of heat released by this cut; This heat will be recovered after 
cooling the corresponding cut and then used to heat the crude. 

 

2.2.1.4. Determination of thermal resistance in the trays and at the oil cuts: 
 

By electrical correlation we have:  

For the medium 1: 

∅𝒎𝟏=
∆𝑻

𝑹𝒄𝒗𝟏
= 

(𝐓𝟏– 𝐓’𝟏)
𝟏

𝑺𝒉𝟏

 

 

By identification, the convection resistance of medium 1 is:  

𝑹𝒄𝒗𝟏=
𝟏

𝑺𝒉𝟏
  (17) 

For the medium 2: 

∅𝒎𝟐=
∆𝑻

𝑹𝒄𝒗𝟐
= 

(𝐓′𝟐– 𝐓’𝟑)
𝟏

𝑺𝒉𝟐

 

By identification the convection resistance of the medium 2 is: 

 

𝑹𝒄𝒗𝟐=
𝟏

𝑺𝒉𝟐
     (18) 

 

For a medium n the thermal resistance of convection is:   

 

𝑹𝒄𝒗𝒏=
𝟏

𝑺𝒉𝒏
 (19) 

 

NB: thermal resistance 𝑹𝒄𝒗𝒏 in reality the thermal resistance of the n oil cuts constituting the column. 

For the tray: 

The ∅𝑝 of a tray is given by :  

 ∅𝒑= k [
𝑻′𝟏−𝑻′𝟐

𝑳
] S = 

∆𝑻

𝑹𝒄𝒅
 = 

∆𝑻
𝑳

𝑲𝑺

 

𝑹𝒄𝒅=
𝑳

𝑲𝑺
 (20) 

  Rcd: Conduction resistance of the plate, K: Thermal conductivity of a plate. 

 

2.2.2. Dynamic study of the steam rise, determination of the velocity and pressure of the fluid: 
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A distillation column is a cylinder through which a heavy, viscous vapour rises from the base to the head of the column. 

In this section, we propose to study mass transfer using the Navier-stokes equation to determine the velocity and pressure fields. 

This rise is all the more important thanks to the stripping steam injected at the bottom of the column to first vaporize the heavy   

molecules contained in the atmospheric residue but also to promote the rise of the vapor contained in the column. 

The rising steam is assumed to have an angular velocity (𝜔). 

To study the velocity and pressure field, we make a theoretical study on the upward flow of two distinct vapours contained in two 

coaxial cylinders and which have the respective radius and angular velocities: (𝜔1, 𝑅1), (𝜔2, 𝑅2). 

 

Figure 2: Representation of the cylindrical coordinates of the atmospheric distillation column [21]. 

 

The Navier-Stokes equation gives:  

𝝆 [
𝝏𝒗⃗⃗ 

𝝏𝒕
+ (𝒗⃗⃗ 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗)𝒗⃗⃗ ]=-𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗P+𝝁∆𝒗⃗⃗ +𝝆𝒈⃗⃗  (21) 

 

𝒗⃗⃗ = 𝒗⃗⃗ (𝒓,𝜽, 𝒛) 

The motion is assumed to be permanent 
𝜕

𝜕𝑡
≡ 0  and revolutionarily symmetrical according to 𝜃 the unknown functions 

of the flow field are:  𝒗𝒓 (r, z) ; 𝒗𝜽(r, z) ; 𝒗𝒛(r, z) ; P(r, z) 

Using the cylindrical coordinates we obtain: 

For (𝒗⃗⃗ 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗)𝒗⃗⃗  : 

(𝒗⃗⃗ 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗) = (𝒗𝜽𝒆𝜽⃗⃗⃗⃗ ) (
𝟏

𝒓

𝝏

𝝏𝜽
𝒆⃗ 𝜽) ; 𝒗𝒛 ≅ 𝟎 Because the rotational flow is much greater: the size of the column is very 

large in relation to its radius.  

𝒗⃗⃗ 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗=
𝒗𝜽

𝒓

𝝏

𝝏𝜽
 (22) 

(𝒗⃗⃗ 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗)𝒗⃗⃗  =
𝒗𝜽

𝒓

𝝏(𝒗𝜽𝒆𝜽⃗⃗ ⃗⃗ )

𝝏𝜽
 = −

𝒗𝟐

𝒓
𝒆⃗ 𝒓 (23) 

For 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗𝑷 : 

𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗𝑷 = 
𝝏𝑷

𝝏𝒓
𝒆⃗ 𝒓 +

𝟏

𝒓

𝝏𝑷

𝝏𝜽
𝒆⃗ 𝜽 +

𝝏𝑷

𝝏𝒛
𝒆⃗ 𝒛(24) 

For: ∆𝒗⃗⃗  

∆𝒗⃗⃗  = 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ (div𝒗⃗⃗  )-𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ (𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ 𝒗⃗⃗ ) in wich div 𝒗⃗⃗ =0 because the fluid is incompressible. 

𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ 𝒗⃗⃗ =𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ (𝒗𝒆𝜽)⃗⃗⃗⃗ ⃗⃗ = 𝒗𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ 𝒆⃗ 𝜽 + 𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗𝒗⋀𝒆⃗ 𝜽 =  
𝒗

𝒓
𝒆⃗ 𝒛 +

𝝏𝒗

𝝏𝒓
𝒆⃗ 𝒛 =

𝟏

𝒓
[𝒗

𝝏𝒓

𝝏𝒓
+ 𝒓

𝝏𝒗

𝝏𝒓
] 𝒆⃗ 𝒛 

𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ (𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ 𝒗⃗⃗ ) = 𝒓𝒐𝒕⃗⃗ ⃗⃗ ⃗⃗ [
𝟏

𝒓
[𝒗

𝝏𝒓

𝝏𝒓
+ 𝒓

𝝏𝒗

𝝏𝒓
] 𝒆⃗ 𝒛]=𝒈𝒓𝒂𝒅⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ [

𝟏

𝒓
[𝒗

𝝏𝒓

𝝏𝒓
+ 𝒓

𝝏𝒗

𝝏𝒓
]] ⋀ 𝒆⃗ 𝒛=

𝝏

𝝏𝒓
[
𝟏

𝒓
[𝒗

𝝏𝒓

𝝏𝒓
+ 𝒓

𝝏𝒗

𝝏𝒓
]] 𝒆⃗ 𝒓 ∧ 𝒆⃗ 𝒛 

=−
𝝏

𝝏𝒓
[
𝟏

𝒓
[𝒗

𝝏𝒓

𝝏𝒓
+ 𝒓

𝝏𝒗

𝝏𝒓
]] 𝒆⃗ 𝜽=−

𝝏

𝝏𝒓
[
𝟏

𝒓

𝝏

𝝏𝒓
(𝒓. 𝒗)] 𝒆⃗ 𝜽 

∆𝒗⃗⃗ =
𝝏

𝝏𝒓
[
𝟏

𝒓

𝝏

𝝏𝒓
(𝒓. 𝒗)] 𝒆⃗ 𝜽(25) 
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If we project the Navier-stokes equation: 

According to r we have:   

−
𝝆𝒗𝟐

𝒓
= −

𝝏𝑷

𝝏𝒓
  (26) 

According to 𝜃  

:
−𝟏

𝒓

𝝏𝑷

𝝏𝜽
+ 𝝁

𝝏

𝝏𝒓
[
𝟏

𝒓

𝝏

𝝏𝒓
(𝒓. 𝒗)] = 𝟎  (27) 

 

According to z:   

−
𝝏𝑷

𝝏𝒛
 – 𝝆g=0    (28) 

The integration of the equation in z axis gives: 

P (r, z) =  −𝝆𝒈𝒛 + 𝒇(𝒓)  (29) Where the function f(r) of the radial distance remains to be determined. We can already 
conclude that on any circular cylinder r = constant; The expression obeys a law of hydrostatic distribution according to the 

vertical. 

Introducing this result into the equation following r we deduce that: 

𝒗𝟐
𝜽 =

𝒓

𝝆

𝒅𝒇

𝒅𝒓
  (30) 

Which shows that the component is only a function of r. In the following, and to lighten we have:  𝒗𝜽(𝒓) = 𝒗(𝒓). 
The following equation according to the component 𝜃 gives: 

𝒅

𝒅𝒓
[
𝟏

𝒓

𝒅

𝒅𝒓
(𝒓. 𝒗)] = 𝟎 <=> 

𝒅𝒗

𝒅𝒓
+

𝒗

𝒓
= 𝑨 (31) 

 

2.2.2.1. Calculation of the velocity field: 
If we consider two ascending steam vortices of respective radius and angular velocities (R1, 𝜔1) ;( R2, 𝜔2)  we have after integration:  

𝑣(𝑟) =
𝐴

2
𝑟 +

𝐵

𝑟
    (32)    

  𝐴 = 
2𝜔2𝑅2

2−𝜔1𝑅1
2

𝑅2
2−𝑅1

2   𝐵 = (𝜔1 − 𝜔2)
𝑅1

2𝑅2
2

𝑅2
2−𝑅1

2 

2.2.2.2. Calculation of the pressure field: 

We have according to equation (30): 

𝒗𝟐
𝜽 =

𝒓

𝝆

𝒅𝒇

𝒅𝒓
=>

𝒅𝒇

𝒅𝒓
= 𝝆[

𝑨𝟐𝒓

𝟒
+

𝑨𝑩

𝒓
+

𝑩𝟐

𝒓𝟑] (33) 

 The integration gives: 

𝒇(𝒓) = 𝝆 [
𝑨𝟐𝒓𝟐

𝟖
+ 𝑨𝑩𝒍𝒏(𝒓) −

𝑩𝟐

𝟐𝒓𝟐
] + 𝑷𝟎 (34) 

 Where  𝑷𝟎 is a fixed pressure reference (atmospheric pressure). The definitive expression of the pressure field is: 

𝑷(𝒓,𝒛) = 𝑷𝟎 − 𝝆𝒈𝒛 + 𝝆[
𝑨𝟐

𝟖
𝒓𝟐 + 𝑨𝑩𝒍𝒏(𝒓) −

𝑩𝟐

𝟐𝒓
] (35) 

If we apply these results to our distillation column containing a single ascending steam that contains all the vaporized hydrocarbons. 
The steam has a radius of vortex R and angular velocity, so we have a viscous fluid contained in a circular column in which, it is set in 

motion of rotation in this column and around its axis. 

For this situation we have A = 2 𝝎 et B =0, the velocity field therefore follows a linear growth law  
;   

 𝒗 = 𝒓𝝎 (36) 

The pressure-velocity relationship is therefore expressed by: 𝑷 −
𝟏

𝟐
𝝆𝒗𝟐 + 𝝆𝒈𝒛 = 𝒌 (37). 

The components of the rotational vector are 𝛀𝒓 = 𝛀𝜽 = 𝟎 ; 𝛀𝒛=𝝎,  it is therefore uniform throughout the fluid [19]. 

For the numerical study of the phenomena described, we have taken specific numerical values compatible with the study conditions. 

The thermal conductivity of carbon steels will be considered in this study, the value of which is K= 3650.254 W.m-1. K-1 . 

The value of the convection coefficient for forced convection of oils is between 50 and 2000 W.m-2.K-1, we will take h= 1000 W.m-

2.K-1  for this study. 
For the thickness of the plates, L= 0.5 m will be taken for this study. 

 

 

 

3. Results and discussions: 
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3.1. Results  
3.1.1. Temperature distribution on a tray: 

Equation (10) shows through Figure 3 representing the longitudinal distribution of temperature on a plate shows that it decreases 

considerably from the base to the head of the column. In other words, the trays cool from the base to the head of the atmospheric 

distillation column.   

 

Figure 3: Longitudinal distribution of temperature on a tray. 

 

3.1.2. Distribution of the steam temperature along the column: 
 

Equation (11) shows through Figure 4 representative of the longitudinal evolution of the temperature in the base of the column 

shows that it decreases considerably.  

 

 

 

 

Figure 4: Distribution of the steam temperature along the column 
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3.1.3. The heat flow exchanged in the column:  
 

Equation (13) representing the heat flux as a function of the surface shows through Figure 5 that it decreases considerably along 

the column like temperature. This drop in heat flow is due to the reduction in the temperature of the vapors rising towards the head of the 

atmospheric distillation column. 

 
Figure 5: Evolution of the heat flux as a function of the surface of the flow. 

 
3.1.4. The thermal resistance of the fluid in the column: 

Equation (17) shows through Figure 6 a very low thermal resistance of the vaporized fluid. In fact, vapors have very 

low thermal resistance.  

 

 

 

Figure 6: evolution of the thermal resistance of vaporized crude oil 

 

 

 

 

3.1.5. The evolution of the pressure as a function of the flow velocity and the height of the column: 
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Equation (37) allows us to obtain through Figure 7 the evolution of the fluid pressure in this study, which decreases slightly as a 

function of the fluid velocity and increases considerably as a function of the height of the column. The pressure of the vaporized crude 

increases as it rises towards the head of the atmospheric distillation column, regardless of its speed during this rise.  

 

 
 

Figure 7: Evolution of the fluid pressure as a function of the velocity and height of the column. 

 

3.1.5. The evolution of the fluid velocity as a function of the pressure and the height of the column: 
Equation (37) allows us to obtain through Figure 8 the evolution of the square of the velocity which increases considerably with the 

height of the column and hardly changes with the pressure of the fluid. The velocity of the steam as it rises towards the heat of the column 

increases considerably and independently of its pressure. 

 

Figure 8: the evolution of the square of the velocity as a function of the fluid pressure and the height of the column. 

 

3.2. Discussion: 
 

3.2.1. Study of thermal conduction, heat transfer and thermal resistance in the atmospheric distillation column: 
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This study shows that vaporized crude oil experiences a drop in temperature (Figures 3 and 4), a decrease in the heat exchanged 

(Figure 5) but also a very low thermal resistance (Figure 6) when it rises to the head of the column. 

Some authors who have done similar studies have made the same observations: 

  P.P. Singh and D.E Maier [1] performed simulations on some baseline values of their study and found that a 10% increase in 

thermal conductivity caused a 6-8% reduction in the peak thermal gradient, whereas a 20% increase in the heat transfer coefficient caused 

less than a 2% reduction in the peak thermal gradient. Therefore, thermal conductivity is a more sensitive parameter affecting thermal 

gradients than heat transfer coefficients. Pandey A. K., Kumar M. [22] concluded in their research that the velocity of nanofluids increases 
with natural convection parameters, while the temperature profile decreases with increasing the value of these parameters. 

Majeed et al. [23] considered simultaneously the impact of partial slip and heat transfer in the study of non-Newtonian Casson 

fluid flows outside of an elastic tube with a given value of heat exchanged, they found that if Casson fluid parameters increase this leads 

to a decrease in the heat exchanged.  

For the temperature drop along the column, Tsung [24] studied the effects of transferring the walls by natural convection in a 

vertical hollow cylinder, he concluded that the convective transfer effects of the walls are not negligible. 

The effect of the thermal conductivity of the wall on the conjugate free convection of the flow through a vertical finite wall was 

studied by Abdennacer [25], he found that the conduction through the wall emanates from a very large free convection with the section 

of the fluid. 

Vasiliev L.L. [4] in his work found that the effective thermal resistance (or thermal conductivity) in a heat-conducting tube is one 

of the most important parameters and is not constant but as a function of a very large number of variables such as the geometry of the 
tube, the evaporator and the size of the condenser, the structure of the wick and the fluid in question. The total thermal resistance in a 

heat-carrying tube is the sum of the resistances caused by conduction through the walls (column envelope), the evaporator source of the 

vaporized fluid wick, the axial flow of the vapor, condensation, and conduction losses through the walls. The thermal resistance in the 

condensing tubes is very small or even negligible, simulations have shown that the temperature drops throughout the condenser.  

Increasing the volume of air or the volume of vapor in a tube greatly decreases conductive heat transfer [6].  

 

3.2.2. The evolution of the pressure and velocity of the fluid in the column: 
The application of the Navier-Stocks equation (21) made it possible to establish the variations in pressure and velocity within the 

atmospheric distillation column. However, the results have shown through Figure (7) that the pressure of the vaporized crude decreases 

slightly with increasing flow velocity but increases considerably towards the top of the column. On the other hand, the flow velocity 

within the cylinder is very little influenced by pressure but increases with the progression of the fluid towards the head of the column. 

Indeed, Pandey and Kumar [22] concluded in their research that the velocity of nanofluids increases with natural convection 
parameters, while the temperature profile decreases with increasing the value of these parameters. 

Haibo Jin et al. [26] conclude in their work on mass transfers in columns under high temperature and high pressure that mass transfers 

in these columns are only affected by gas velocity, temperature, solid particle concentration but weakly by pressure, which justifies the 

small impact of pressure on flow velocities and mass transfers in the column. 

According to Li S. et al. [27], larger columns would help to decrease the operating pressure but slightly increase the impact velocity 

of the fluid. In addition, in order to have a properly expanded cylinder where losses due to shock waves and shear interactions are 

negligible, Rokni et al.[28] propose that the operating pressure should be adjusted rather than the operating temperature, as they argue 

that the operating temperature has little effect on the output pressures. But on the other hand, the operating temperature is more efficient 

than the operating pressure at different output speeds.  

Zhang B. et al. [29] show that the difference in axial velocity is not significant at different operating pressures, indicating that the 

velocity of the liquid is not greatly affected by pressure.  And the simulation results on the pressure at other apparent gas velocities (0.215; 
0.253; 0.317 m/s) are similar by 0.160 m/s. 

So, this confirms the small impact of pressure on the increase in velocity in the free flow of a fluid in a cylindrical geometry.  

Fang X. et al. [30] conclude that as the length of the tube increases, the pressure drops decrease. But also, that even at high pressure, 

it is possible to measure the viscosity of gases in tubes with low flow velocities if the high-pressure microdifferential pressure gauge and 

the microflow meter are used. This shows that the increase in pressure does not necessarily lead to an increase in the flow speed of the 

fluid.  

Ning D. Z. [31] states that the hydrodynamic efficiency and air pressure inside the wall of a column increases with increasing vertical 

duct height and wall thickness. 

Wu C. et al.[32] did a study on the interdependence of the flow velocity, temperature, and pressure parameters of a fluid in a column. 

They conclude that at high surface velocities of gases (turbulent flow regime), the differences in heat transfer coefficients between low 

and high pressure become smaller compared to the surface velocities of gases at low surface velocities (bubbling flow regime). This 

means that the flow regime (the velocity) has a greater impact on the heat transfer coefficient, while the pressure has a small impact on 
the regime and therefore on the heat transfer coefficient in a turbulent regime. 
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The rise of the vapours in the column is done in a compact way, thus facilitating the individual recovery of the oil cuts in the trays. 

Indeed, the use of strain rate expressions in cylindrical coordinates shows that all components are zero. The movement of the fluid is thus 

made in the same way as that of a solid of the same shape; This is why it is referred to as <<block>> or solidifying motion [19]. 

The little impact of pressure in the evolution of the parameters like velocity and heat exchanges in the column make the engineers 

use a constant pressure (1 atm) in the distillation process. 

 

4. Conclusion: 
The objective of this paper was to physically study the atmospheric distillation system in order to simulate the behaviour of the fluid 

in order to evaluate heat and mass exchanges and the influence of pressure and flow velocity parameters on these exchanges. This study 

showed that heat exchange and temperature decrease as you move up to the head of the column in accordance with the principle of 

atmospheric distillation. In addition, the velocity of the fluid increases considerably towards the head of the column and this increase is 

weakly related to that of the pressure, which decreases slightly with the flow velocity, but increases considerably with the length of the 

column. 

In the fight against corrosion of industrial equipment, the control of these parameters remains essential. The same goes for the safety 
aspect in the thermal industries. 
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	The flux density vector in each section is given by:
	,,𝜑-1..= h1 (T1 – T’1),𝑁. (1) ;     ,,𝜑-2.. = h2 (T’2 – T’3),𝑁. (2); ,,𝜑-3.. = h3 (T’4- T’5) ,𝑁. (3)    …………    ,,𝜑-𝑛.. = hn (T’n- T’n+1),𝑁. (4) n = 2……..∞.
	NB: if the tray is thin enough, then: T’n= T’n+1=Tn : n=2………∞ ; T’1=T2.

