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Abstract—This work attempts to predict the deposition rate of 

asphaltene particles in blockage tube through CFD simulation. The 
Euler-Lagrange equation has been applied during the flow of crude oil 
and asphaltene particles. The net gravitational force, virtual mass, 
pressure gradient, Saffman lift, and drag forces are incorporated in the 
simulations process. Validation of CFD simulation results is compared 
to the benchmark experiments from the previous literature. 
Furthermore, the effects of blockage location, blockage length, and 
blockage thickness on deposition rate are also analyzed. The 
simulation results indicate that the maximum deposition rate of 
asphaltene occurs in the blocked tube section, and the greater the 
deposition thickness, the greater the deposition rate. Moreover, the 
deposition amount and maximum deposition rate along the length of 
the tube have the same trend. Results of this study are in the ability to 
better understand the deposition of asphaltene particles in production 
and help achieve to deal with the asphaltene challenges. 
 

Keywords—Asphaltene deposition rate, blockage length, blockage 
thickness, blockage diameter, transient condition.  

I. INTRODUCTION 

SPHALTENE deposition is a more challenging flow 
assurance issue in the oil-gas production and 

transportation. Asphaltene can deposit in the reservoir, near the 
wellbore region, wellbore, production pipeline, and surface 
facilities since it is influenced by pressure, temperature, 
composition, and electrokinetic properties [1]-[3]. These 
adverse phenomena can partially or fully clog the available 
cross-sectional flow area of wellbores, but also lead to 
substantial monetary losses and safety problems [4]. It was 
reported that 2/3 of the tubing cross-sectional area was blocked 
by asphaltene deposits in the Hassi Messaoud field [5]. Some 
more efficient and cost-effective manners must therefore be 
chosen to remove or inhibit the asphaltene deposits in order to 
reduce the risk of production. Before selecting a scavenger or 
inhibitor, however, it is necessary to conduct a proper study of 
asphaltene deposits in the tubing. Based on the reservoir 
characteristics and well production parameters of the target 
well, we can study the transportation and deposition of 
asphaltene particles in tubing and determine the location and 
amount of deposition. 

To date, to better understand the characteristics of asphaltene 
deposition on interior wall of wellbores, a variety of methods 
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have been proposed to study asphaltene deposition. The first 
way is to utilize experimental methods, such as capillary 
deposition flow loop, quartz crystal microbalance, RealView 
deposition cell, and packed bed column [6]-[12]. Another 
approach to predict asphaltene deposition is the theoretical, 
simulation method. The main advantages of this method are 
lower cost, lower operational difficulty and easier 
implementation than experimental methods.  

Zhu et al. [13] utilized 3D CFD model to predict the 
distribution of asphaltene deposition in different diametral 
pipelines. The governing equations of oil-gas-water three-phase 
flow, realizable k-ε turbulence model and deposition model 
were combined to measure the deposition rate of asphaltene. 
They found that multiphase flow in sudden expansion, 
contraction and bent pipes was more likely to induce asphaltene 
deposition. Haghshenasfard and Hooman [14] investigated the 
deposition rate of asphaltene precipitation under forced 
convection in a vertical tube. Their model was also validated 
with the experimental data of Jamialahmadi et al. [15]. 
However, the effect of the particle size, different forces on 
asphaltene deposition rate were neglected.  

Subsequently, based on Eulerian-Lagrangian method, the 
aggregates with sizes in the range of 50-400 μm were selected 
to study asphaltene deposition by Seyyedbagheri and Mirzayi 
[16]. In that work the effect of crude oil velocity, surface 
roughness, and asphaltene particles number were investigated. 
The results demonstrated that higher crude oil velocity and 
particle number favor the deposition rate of asphaltene 
particles, while roughness enhancement only works for 
particles with sizes less than 20 μm. At the same time, they [17] 
also modeled asphaltene deposition process in turbulent 
production pipeline using Eulerian model. The diffusion, 
turbophoresis, and thermophoresis mechanisms were 
incorporated over a wide range of asphaltene particle (1 nm - 
100 μm). Another significant work was done by Emani & 
Ramasamy [18], the gravity, drag, Saffman lift as well as 
thermophoretic applied on asphaltene particle were considered. 
Their findings showed that gravitation was the main force for 
particle deposition on the heat surfaces, and Saffman lift was 
the dominant force for particles entrainment into the bulk fluid 
phase. Unfortunately, they did not take into account the 
interactions between particles. Bagherzadeh et al. [19] 
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developed a coupled CFD-DEM (Discrete Element Method) 
model to investigate the agglomeration and fragmentation of 
asphaltene particles in steady condition. The asphaltene 
particle-particle collisions, particle-floc collisions, and floc-
floc collisions were taken into consideration to determine 
corresponding collision efficiencies. Moreover, the effect of 
velocity, concentration of primary asphaltene particles, and the 
properties of asphaltene flocs were investigated. According to 
the obtained results, the contribution of particle-particle 
collisions decreased firstly and then reached a plateau 
condition. For particle-flocs collisions, the contribution 
increased initially and then kept decreasing; the contribution of 
floc-floc collision efficiency continuously increased. Based on 
the multi-fluid approach, Maddahian et al. [20] investigated the 
asphaltene deposition and the fouling layer growth in crude oil 
preheat trains. The numerical results showed that the growth of 
the fouling layer reduces the cross-sectional area of the pipe and 
heat transfer coefficient, resulting in an increase in the flow 
velocity. The key limitation of this research is that they 
simulated a tube with a 23.8 mm diameter, which is not a 
realistic tubing size.  

Gao et al. [21] carried out a numerical study for asphaltene 
particle deposition over a wide range of 10-200 μm within a 
vertical tube. A smooth vertical tube with an inner diameter of 
62 mm was developed. The results showed that the Saffman lift 
force, virtual mass force, and pressure gradient force played a 
critical role in the asphaltene deposition since the density (1100 
kg/m3) of asphaltenes particle is relatively close to that of crude 
oil (866 kg/m3). In addition, the increase in particle size, 
roughness increased the deposition rate. Mohammad et al. [22] 
presented an improved Eulerian deposition model that takes the 
gravity term into account in Guha's advection-diffusion model 
to predict solid deposition rate. In that work, the molecular, 
turbulent diffusion, turbophoresis, thermophoresis, and surface 
roughness were incorporated in inclined and horizontal pipes. 
They concluded that gravitational setting was the dominated 
mechanism for asphaltene deposition in laminar flow. 
Consideration of particle size distribution and aggregation 
function was beneficial for predicting high-precision asphaltene 
deposition profiles. These studies mentioned above laid the 
foundation for asphaltene particles transportation and 
deposition in production. 

Although many related theoretical researches [13], [14], [19], 
[21] have been conducted for the investigation of asphaltene 
particle deposition in smooth tubes, the study for investigating 
the deposition rate and deposition amount of asphaltene 
particles in blockage wellbores has not been well elucidated. 
This is particularly significant, since it is reported that 
asphaltene precipitation are more likely to deposit in shrink 
tubes [23]. Furthermore, the above studies focused on some 
stable flow patterns, which fail to consider the time-dependent 
effects. In this paper, a blockage tube in vertical orientation is 
established. The Eulerian-Lagrangian model is conducted to 
describe the motion and deposition of fluid and asphaltene 
particles at transient condition. In addition, the main factors 
affecting the deposition rate of asphaltene particle, such as 
blockage length, thickness, and location, are also studied.  

II. MATHEMATICAL MODEL OF BLOCKAGE 

A. Crude Oil Phase Model 

The deposition model is based on the following: (1) Heat 
transfer inside the tubing is not considered; (2) Since the 
volume fraction of the asphaltene particles is very low (≤ 10-6), 
the particle does not have the considerable influence on the 
turbulence, so the interactions between asphaltene particles and 
turbulence were treated as one-way coupling [24]; (3) The 
asphaltene particles are assumed to deposit onto a wall once 
they touch the wall. The mass and momentum equations in a 
transient state condition can be written as:  
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where the subscript f means crude oil; vf is the mean velocity of 
fluid phase; p is the pressure of crude oil; g is the acceleration 
of gravity; τ is the viscous pressure.  

B. Asphaltene Particles’ Movement 

In this paper, asphaltene particles are treated as a discrete 
phase, so the Lagrangian model is used to track the trajectory 
of asphaltene precipitation. The drag force, gravity force, 
buoyancy force, virtual mass force, pressure gradient force, and 
Saffman lift force are taken into consideration for each 
asphaltene particle injected into the tube. The velocity change 
is determined by the force balance on the asphaltene particle, 
which can be written as: 
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where mp is the asphaltene particles mass; up is the asphaltene 
particle phase velocity; ρp is the density of asphaltene particle; 
FD represents the drag force; Fvmf is the virtual mass force 
vector; Fpdf is the pressure gradient force vector and Fsaf is the 
Saffman lift force vector. 

The drag force was calculated as, 
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τp is the asphaltene particle relaxation time calculated by: 
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μ is the fluid viscosity, dp is the asphaltene particle diameter; Cd 
is the drag coefficient; Rep is the particle Reynolds number. The 
correlation of non-spherical asphaltene particles is developed 
by Haider and Levenspiel [25]. 
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The shape factor is defined as 
 

 
s

S
                                  (8) 

 
where s, S are the surface area of a sphere having the same 
volume as the particle, actual surface area of the particle, 
respectively. 

Gravitational and buoyancy forces are the opposite forces 
acting on asphaltene particles, which are expressed as:  
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The virtual mass force and pressure gradient force become 

significant and they are recommended since the density of 
asphaltene particle is close to the density of crude oil. The 
virtual mass force and pressure gradient force can be written as: 
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The expression of Saffman lift force can be defined as [26]: 
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C.  Turbulence Model 

Since the k-ω model is more advantageous for wall-restricted 
boundary layer and bulk flow, and can more accurately predict 
particle deposition, the transport equations adopted in this work 
are the Shear Stress Transport (SST) k-ω model [21]. The 
governing equations of the turbulence model can be written as:  
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where Gk is the turbulence kinetic energy caused by mean 
velocity gradients; YK is the dissipation of k due to turbulence; 
Gb is the turbulence generation due to buoyancy; Gωb is the 
buoyancy term; Yω are the dissipation of turbulence and ω; Dω 
means the cross-diffusion term; Gω means the generation of ω; 
σk and σω are the turbulent Prandtl numbers for k and ω, 
respectively.  

D. Discrete Random Walk Model 

We use discrete random walk (stochastic tracking) model to 
predict the dispersion of asphaltene particles caused due to 
turbulence and the effect of instantaneous turbulent velocity 
fluctuations is also considered. It is assumed that the 
parameters, such as random velocity fluctuation (uʹ, vʹ, wʹ), time 
scale (τe), obey a Gaussian probability distribution during the 
lifetime of the turbulent eddy. The fluctuating velocity 
component uʹ is expressed as: 

 
2u u                                 (15) 

 
2 2 2 2 / 3u v w k                           (16) 

 
where ζ is a normally distributed random number, and the 
second term on the right-hand is the local Reynolds Stress 
Model (RMS) value of the velocity fluctuations.  

The characteristic lifetime of the eddy is defined as a 
constant: 

 

2 0.6


 e L

k
T                    (17) 

III. NUMERICAL METHOD 

A. Geometry Generation and Mesh 

In this paper, a three-dimensional computational fluid 
dynamic simulation is used to investigate the deposition rate of 
asphaltene particle through the tube with the blockage. In order 
to simulate the physics of real-world blockage phenomenon, the 
inner diameter and length of the production tubing are set as 
0.062 m and 1 m, respectively. Based on the asphaltene 
deposition profile from caliper log in the Gulf of Mexico 
oilfield [27] and Rastgoo’s research [28], the shape of blockage 
in this paper is designed. The tube with blockage is divided into 
three sections, including the smooth segment at the entrance 
and outlet and a block section in the middle of the pipe length, 
as shown in Fig. 1. The detail parameters of CFD simulation are 
shown in Table I. 
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TABLE I 
SIMULATION PARAMETERS OF CFD 

Parameters Tube with the blockage 

Diameter, m 0.062 

Length, m 1 

Blockage length, m 0.1, 0.2, 0.3, 0.4, 0.5 

Blockage thickness, m 0, 0.005, 0.01, 0.015, 0.02 

Blockage position from the tube inlet, m 0.2, 0.3, 0.4, 0.5, 0.6 

 

Some details of unstructured mesh are shown in Fig. 2. A 
smooth transitional inflation layer mesh is constructed as a 
result of the asphaltene deposition near the wall. A fine twelve 
layers inflation mesh placed near the production wall is used 
and the growth rate is 1.2 during mesh generation. In addition, 
mesh independent studies are also performed, before the 
deposition simulation. To analyze the optimal grid 
independency, the max deposition rate of seven different grids 
ranging from 0.34 to 1.56 million are simulated in the tube 

without blockage. The inlet velocity is set as 3 m/s and 
asphaltene particle size is of 10 μm. Fig. 3 shows the plot of 
maximum deposition velocity variation against different 
number of mesh elements for the grid independency check. It 
can be seen that the finer mesh gives higher deposition rate, 
until the number of elements reached approximately 0.88 
million. The maximum deposition rate of asphaltene particles 
at 0.88 million mesh is 3.46 kg.m2/s whereas the deposition rate 
at 1.32 million mesh is 3.41 kg.m2/s. The mean absolute error 
of the maximum deposition rate corresponding to the two 
meshes is 1.6%. This indicates that the maximum deposition 
velocity tends to be consistent after post 0.88 million elements. 
Therefore, combined with calculating cost and time, the grid 
independency checks through the maximum deposition rate 
have proved that the mesh density with 0.88 million elements 
gives the optimized mesh element size. 

 

 

 

Fig. 1 Tube geometry of a tube with blockage 
 

 

Fig. 2 Tube mesh 
 

 

Fig. 3 Grid independence test 
 

B. Boundary Condition 

The inflow velocity is perpendicular to the inlet face and its 

value is equal to 3 m/s. The turbulent quantities at the tube inlet 
are calculated according to the turbulent intensity and the 
hydraulic diameter. The turbulent intensity and hydraulic 
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diameter are set to be 5% and 0.062 m, respectively. The inlet 
pressure and outlet pressure of the flow domain are equal to 20 
MPa and 19.5 MPa, respectively. In addition, asphaltene 
particles are released uniformly from the tube inlet surface and 
have a same velocity with crude oil. The diameter of asphaltene 
particles range from 1e-5 m to 4e-4 m, distributed according to 
the Rosin-Rammler diameter distribution method. The density 
of asphaltene particle is 1100 kg/m3 in all runs. Non-spherical 
drag law is adopted and the shape factor is set to 0.6. Moreover, 
the discrete random walk model and random eddy lifetime are 
used to track asphaltene particles. Since the asphaltene particles 
are deposited on the wall, the wall boundary condition is 
assumed to be trap. Such an assumption is realistic in light of 
the fact that the inner wall surface of wellbores retains 
depositing asphaltene particles. The effect of blocking segment 
on deposition rate is captured in the software by modifying the 
wall roughness. The wall motion and shear condition are set as 
‘stationary wall’ and ‘no-slip’, respectively. 

C. Calculation Method 

In this paper, the continuity equation, conservation equations 

for momentum and energy of fluid flow comprise the governing 
equation, which is solved using the finite volume method. The 
Euler-Lagrangian method is used to study the deposition 
process of crude oil and asphaltene particles in plugged tubes. 
First, the Euler method is used to simulate the flow of crude oil, 
followed by a Lagrangian tracking of asphaltene particles 
passing through the system. A stochastic tracking scheme is 
employed to model the effects of turbulence on the deposition 
rate of asphaltene particles. During the process of deposition 
simulations, the SIMPLE algorithm is used to solve the 
pressure–velocity coupling scheme [29]. The second-order 
upwind scheme is selected for spatial discretization of the 
convective terms. The scaled residuals for the continuity, 
momentum, and energy are set to be equal to 10-6. Each time, 
the steady-state calculation is performed for 200 steps, and then 
the particles are injected for transient calculation. In addition, 
each time step size is equal to 0.001, and the number of 
iterations reaches 1000. The simulation methodology is in the 
flow chat in Fig. 4. 

 

 

Fig. 4 Flow chart for simulation methodology 
 

IV. CFD SIMULATION RESULTS 

A. Numerical Validation 

Currently few experimental data sets are available for the 
dynamics of asphaltene deposition in wellbores blockage. 
Therefore, the smooth tube is selected for numerical simulation 

and the simulation results are compared with the experimental 
results to verify the accuracy of the simulation. The aerosol 
dynamic experiments from [30], [31], and [16] in a vertical tube 
were adopted to be validated. The verification results can be 
seen in Fig. 5. It can be seen clearly that the present deposition 
velocities show a good match with related literature results. 
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Therefore, the overall comparison indicates that the CFD 
simulation is accurate enough to predict deposition velocity of 
asphaltene particles. 

 

 

Fig. 5 Numerical validation of deposition velocity on a vertical wall 

B. Sensitivity Analysis  

1. Effect of Blockage Length of Blockage Tube 

The blockage length is a crucial influencing factor on the 
deposition rate of blocked tube. In order to analyze the effect of 
blockage length, five different blockage lengths, 100 mm, 200 
mm, 300 mm, 400 mm, and 500 mm, are selected in CFD 
simulation.  

Figs. 6-8 depict the deposition characteristic of CFD 
simulation in blockage tube. According to Fig. 6, the blockage 

tube presents following features: Firstly, the closer to the 
blocked pipe, the greater the deposition rate is. This is because 
the particles’ velocity increases with the shrinkage of the 
tubing, which makes it easier for the particles to deposit on the 
clogged pipe wall. Second, to more clearly identify the location 
of the maximum deposition rate, the upper limit of the 
maximum deposition rate in this paper is set to 2.5 E-5 
kg/(m2.s). According to the depth of the color, it can be clearly 
seen that the location where the deposition rate is greatest is a 
plugged tube of length 100 mm. Conversely, the lowest 
deposition rate is the blocked tube with a length of 300 mm. 
Finally, the asphaltene deposition distribution of clogged tube 
and near the outlet tube is higher than the inlet. This is because 
the large pressure gradient near the inlet reduces the deposition 
rate and amount.  

All of these phenomena can also be seen in Figs. 7 and 8. Fig. 
7 is the deposition rate distribution along the tube in various 
blockage length. The deposition distribution of asphaltenes 
becomes wider as the blockage length increases. Fig. 8 is the 
quantitative analysis of the maximum deposition rate and 
deposition amount in blockage tubes. It can be seen that along 
the length of the tube, the deposition amount and deposition rate 
corresponding to each plug length have the same trend. In 
addition, it is also found that the maximum deposition rate at 
the plugged length of 100 mm is greater than that at the plug 
length of 500 mm; however, the deposition amount at 100 mm 
is smaller than that at 500 mm. The reason is that the deposit 
thickness remains constant during the simulation, the ratio of 
plugged length to thickness decreases with plugged length 
increases, while the surface area of the plugging section 
increases. Consequently, it is extremely important to take into 
consideration the effect of blockage length on deposition rate. 

 

 

(a) 100 mm      (b) 200 mm      (c) 300 mm      (d) 400 mm       (e) 500 mm 

Fig. 6 CFD simulation results with various blockage lengths 
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Fig. 7 Deposition rate distribution along the tube in various blockage length 

 
Fig. 8 Quantitative analysis of deposition amount and maximum deposition rate 

 
2. Effect of Blockage Thickness of Blockage Tube 

Under the condition that the asphaltene particle size and inlet 
velocity are kept constant, a parameter study with various 
blockage thickness, 0 mm, 5 mm, 10 mm, 15 mm, 20 mm, is 
also performed in CFD simulation.  

Fig. 9 indicates the asphaltene deposition rate at different 
blockage thickness. According to Fig. 9, some conclusions can 
be drawn: Firstly, the greater the plugged thickness, the greater 
the deposition rate. Second, the deposition distribution of 
asphaltenes particle on the smooth pipe wall is relatively 
dispersed. While as the plugged thickness increases, so does the 
asphaltene deposition near the outlet end. The comparison of 

maximum deposition rate shows that the increase in blockage 
thickness significantly increases Max. deposition rate and 
deposition amount at the shrink tube and near the outlet tube 
end, which could require expensive intervention methods and 
associated production losses. Finally, we find that the Max. 
deposition rate of 20 mm thickness in the outlet tube is greater 
than that in the blocked section when the thickness is 0 and 5 
mm.  

In addition to the plots shown in Fig. 9, these phenomena can 
be also found in Figs. 10 and 11. Fig. 10 shows the Max. 
deposition rate distribution of asphaltene precipitation along the 
flow direction of the tube during the simulation. It can be clearly 
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seen that the Max. deposition of asphaltene particles in the 
plugging pipe and the outlet pipe section is abnormally 
significant when the blockage thickness is 20 mm. Specifically, 
the maximum deposition rate of the outlet pipe section of 20 
mm thickness is 4.4 times and 2.8 times the maximum 
deposition rate when the deposition thickness is 0 mm and 5 
mm, respectively. Fig. 11 displays the quantitative analysis of 

deposition amount and maximum deposition rate during 
simulation. The deposition rate and amount increase with the 
deposit thickness. This is because with the increase of the 
deposition thickness of the pipe wall, the effective flow channel 
of the oil flow decrease, and the asphaltene particles are more 
likely to deposit at the blockage tube, so that the deposition rate 
and deposition amount increase. 

 

 

(a) 0 mm         (b) 5mm        (c) 10 mm        (d) 15 mm        (d) 20mm 

Fig. 9 Effect of blockage thickness on asphaltene deposition rate 
 

 

Fig. 10 Max. deposition rate distribution along the tube in various blockage thickness 
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Fig. 11 Quantitative analysis of deposition amount and maximum deposition rate 

 

 

(a) Inlet 200 mm    (b) Inlet 300 mm    (c) Inlet 400 mm  (d) Inlet 500 mm (e) Inlet 600 mm 

Fig. 12 CFD simulation results with various blockage location 
 

3. Effect of Blockage Location of Blockage Tube 

The blockage location is also an important factor affecting 
asphaltene deposition. Because of the deposition location 
changes, the distribution of asphaltene deposits and the location 
of maximum deposition rates change. Therefore, we determine 
the deposition rate and deposition amount of asphaltene using 
CFD simulations under different blockage location, such as 200 
mm, 300 mm, 400 mm, 500 mm and 600 mm from the entrance. 

Fig. 12 indicates Max. deposition rate of asphaltene particles 
under different blockage position. As can be observed from Fig. 
12, the blockage tube presents following features: Firstly, the 
maximum deposition rate of asphaltenes in the shrink tube is 

relatively close, as shown in Figs. 12 (a)-(c). Subsequently, the 
maximum deposition rate decreases as the deposition location 
is further away, as shown in Figs. 12 (d), (e). Secondly, when 
the asphaltene deposition position is before 400 mm, there is 
almost no asphaltene deposition on the smooth tube wall near 
the inlet, and after that, the Max. asphaltene deposition rate on 
the smooth tube wall near the inlet increases. Finally, as the 
blockage segment moves away from the inlet, the thickest 
asphaltene deposition position moves away. Moreover, the 
asphaltene deposition in the smooth tube near the inlet is 
relatively low.  
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Fig. 13 Deposition rate distribution along the tube in various blockage locations 
 

 
Fig. 14 Quantitative analysis of deposition amount and maximum deposition rate 

 
In addition to the plots shown in Fig. 12, these phenomena 

can also be found in Figs. 13 and 14. Fig. 13 shows the 
distribution of asphaltene deposits along the length of the tube. 
It can be clearly seen that the position of the maximum 
deposition rate of asphaltenes moves towards the outlet. Fig. 14 
is the quantitative analysis of the deposition amount and 
deposition rate in the asphaltene tube. The deposition amount 
and deposition rate have a similar trend, first increasing and 
then decreasing.  

 

V. CONCLUSION 

In this paper, the deposition rates of asphaltene particles in 
tube with blockage were investigated. Subsequently, the 
validation and sensitivity analyses of CFD simulation results 
are carried out. The following are the resulting conclusions of 
this work: 
1. The closer to the blocked pipe, the greater the deposition 

rate is. Since the velocity of asphaltene particles increase 
with the tubing shrinks, resulting in particles more likely to 
deposit on the clogged pipe wall. 
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2. The asphaltene deposition distribution of clogged tube and 
near the outlet tube is higher than the inlet. This is because 
the large pressure gradient near the inlet reduces the 
deposition rate and amount.  

3. As for blockage length concerned, the maximum 
deposition rate and deposition amount decrease first and 
then increase with the increase of plug length. 

4. The maximum deposition rate of 20 mm thickness in the 
outlet tube is 4.4 times and 2.8 times the maximum 
deposition rate of 0 mm and 5 mm in the blocked section. 

5. The maximum deposition rate is closer to the outlet end as 
the distance of blockage location increase.  
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