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Abstract: The production and transportation of petroleum fluids will be severely affected by the deposition of suspended 

particles (i.e. asphaltenes, diamondoids, paraffin/wax, sand, etc.) in petroleum fluid production wells and/or transfer 

pipelines. Viscosity variations of petroleum fluid are an important phenomenon that could have significant effect on 

different properties related to petroleum fluid. Therefore, it is important to understand the effect of viscosity variations of 

petroleum fluid onthe deposition rate of suspended particles on the walls of the flowing channel. In this study, the 

analytical model for the prefouling behavior of suspended particles in production lines ischallenged in terms of viscosity 

changes that occur during the production in oil wells/tubings fora typical fluid sample experiencing particle deposition. 

Calculations of particle deposition rate inoil wells/tubings considering the change in viscosity for this typical oil sample is 

taken into consideration. The analysis presented in this report shows that rates of particle deposition (during petroleum fluid 

production) on the walls of the oil well/tubing is slightly effected by the viscosity variations that occur during the 

production conditions and it is also shown that the assumption of constant viscosity while deriving the analytical model for 

the deposition rate of particles on the walls of fluid conduits is quite a reasonable and valid assumption. 
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1. Introduction 

An oil mixture is assumed to be a complex polydisperse 

mixture such as light and heavy paraffins, aromatics, resins 

and asphaltenes. Asphaltene can be defined as the fraction 

of crude oil that is insoluble in normal alkanes but soluble 

in toluene and benzene [1]. Asphaltene is recognized as the 

heavy fraction of petroleum mixture, which is insoluble in 

some species such as paraffins but soluble in others such as 

aromatics (benzene, toluene, etc.) [2]. The liquid state of oil 

is the results of the equilibrium of these components in the 

liquid and vapor phases. Change in some of the 

environmental parameters, such as pressure and 

composition, can change stable condition in an oil mixture 

to some other condition in which the oil mixture will be 

unstable and finally heavy organics, such as asphaltenes or 

waxes flocculate and deposit [3,10]. Asphaltene 

precipitation is animportant and serious problem with 

which the oil industry has encountered for a long time 

[1,11,12,13]. Suspended asphaltenic heavy organic 

particles in petroleum fluids may stick to the inner walls of 

oil wells and pipelines and this is the major reason for 

fouling and arterial blockage in the petroleum industry. 

Phase behavior, viscosity and interface properties of crude 

oil are strongly influenced by asphaltene components 

[1,9,14]. The study of the behavior of suspended heavy-

organic particles during flow conditions has been focused 

on the production well and an analysis of the effect of 

viscosity variations on the deposition rate of heavy particles 

has been taken into consideration. This study considers 

variations of viscosity in a typical reservoir fluid due to 

pressure change and how it could affect the overall 

deposition rate. The goal of this study is to find out whether 
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the viscosity variations caused by pressure change in the 

crude oil under production is significant enough to have a 

major effect on the overall deposition rate coefficient on 

the walls of the production well.  

2. Theoretical Analysis 

The analysis in this study relies on the work done in[1] 

which has derived the analytical model for rate of heavy 

particle deposition on the walls of production wells in 

turbulent flow. The theoretical analysis presented in [1] is 

done for a system of constant density and viscosity. This 

assumption makes the analysis applicable to one-phase 

region above the bubble point where only the liquid is 

present. The assumptions of constant viscosity and constant 

density could be partially justified since density changes 

are not appreciable until the bubble point pressure is 

reached inside the well. The main objective is to study the 

behavior of a typical crude oil experiencing heavy particle 

deposition during production operations and find out how 

the variation of viscosity due to pressure changes could 

affect the overall deposition rate of heavy particles on the 

walls of the production well. 

3. Experimental Data and Fluid 

Characteristics 

The representative single-phase bottom-hole sample used 

in this work has been collected from aMexican reservoir 

(light crude oil from the Southeast region of Mexico), 

which has a serious asphaltene deposition problem during 

its primary production stage [4]. Table 1 shows properties 

of the oil sample.  

Table 1.Oil sample characteristics at reservoir temperature [4] 

Property Value 

P (Saturation) 45 MPa 

P (Onset) N/A 

GOR 365 (m3/m3) 

Heavy Particles 2.7 wt% 

API 34 

ν×106 6.7 m2 

Density 833 kg/m3 

Reservoir temperature and pressure conditions of a 

single-phase bottom-hole sample have been reproduced in 

laboratory in order to get the best possible and most 

representative sample using a bulk apparatus with details of 

the apparatus and laboratory experiment well demonstrated 

[4]. To determine the viscosity behavior of the reservoir 

fluid, at the study temperature and different pressures, a 

constant forced electromagnetic viscometer has been used 

[4]. The onset of asphaltene precipitation as well as the 

bubble point pressure curve of the reservoir fluid has been 

identified to be as fig.1. 
Due to conditions of an oil well, particle deposition and 

precipitation are considered to happen simultaneously in 

the oil well and therefore fig. 1 could be a representative of 

what a reservoir fluid undergoes when entering the oil well 

to the point where the single-phase region of the oil well 

ends, correspondent to the point where pressure of the 

reservoir fluid falls below the bubble point pressure. The 

illustration of different flow regimes in an oil well is 
presented in fig. 2, in which, the area of main interest is 

well demonstrated. In this region of the wellbore, there is a 

single-phase fluid flow and major problem of blockage is 

considered to be in this zone of the wellbore.  

4. Modeling and Calculations 

From data of fig. 1, it is observed that the data fall on a 

straight line with a slope of 0.0022 Cpper MPa of pressure 

drop as depicted in fig. 3.The trend follows a linear 

relationship with the slope of viscosity variation of the 

crude oil to be so small compared to the unit pressure drop 

across the pipe. Considering the variation of the viscosity  

 

Figure1. Viscosity isotherm of the live crude oil from reservoir 

pressure to bubble-point pressure at reservoir temperature 

for the specified pressure range and using the experimental  

Data of Friedlander [2] and Beal [5], and assuming a 

typical value for the average radius of the particles, the rate 

of deposition of asphalting particles on oil well walls has 

been calculated. Expression used for deposition rate 

coefficient calculation is [1]: 
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��
       (1) 

Where Vavg is the average velocity of fluid in the well, f is 

the pipe friction factor and Di 
* 

is the dimensionless inner 

well diameter. Parameters F1, F2, F3, F5,θ, and φ in this 

equation are defined as follows [1,9]: 

 (2) 
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Figure 3. Analysis of viscosity isotherm of the live crude oil 

 

Figure 2. Illustration of different flow regimes in single-phase turbulent 

flow condition in the oil well[1]. 
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In above equation Nsch is the Schmidt number defined as: 

Nsch ! γ

+,(8) 

Parameters Sd* is the dimensionless stopping distance 

defined as follows: 

     (9) 

Pipe friction factor for smooth pipes is also defined as 

[6]: 

f = 0.3164 / Re
0.25

              (10) 

For the calculations, a set of assumption have been made, 

like the suspended particles are all the same diameter and 

that particle-particle interactions between them are 

ignorable [1,7,8]. 

Using above expressions and considering experimental 

values for all the variables appearing in above expressions, 

a MATLAB computer code was developed to calculate the 

effect of viscosity variation on deposition rate coefficient. 

The calculation procedure implemented is mentioned here 

step by step: 

1- Inputs of the program are: 

• Reservoir Temperature 

• Typical particle diameter  

• Oil sample characteristics from table 1 

• Average velocity of fluid in pipe  

• Typical inner well diameter 

• friction factor  

2- Using two viscosities (once for the crude at reservoir 

pressure and once for the crude is at bubble point pressure), 

Reynolds number is measured according to various fluid 

average velocities and using expressions 1 to 8 the rate of 

deposition coefficient of heavy particles is computed. 

3- Outputs are the values of rate of deposition at two 

mentioned viscosities versus the different Reynolds 

numbers. 

5. Results and Discussion 

Table 2 shows results of calculations for the deposition 

rate coefficient at two different viscosities, first column the 

viscosity of the fluid at reservoir pressure and second 

column the viscosity of the fluid at bubble point pressure 

which is equivalent to the pressure of the crude oil leaving 

the single phase region of the wellbore. 

Table 2. Calculation of deposition rate coefficient at different Reynolds 

number with different viscosities, µ1 is the viscosity of oil at reservoir 

pressure, µ2 is the viscosity of oil at bubble point pressure 

Re k @µ1 k @µ2 

7450 0.1648 0.1725 

9700 2.6603 2.7701 

9700 2.1532 2.2111 

7450 1.5512 1.6104 

11900 5.5123 5.6276 

11900 6.4932 6.5588 

11900 22.0132 22.1523 

11900 33.10123 33.3002 

3000 41.5023 41.7643 
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4800 56.0765 56.1923 

11950 61.10139 61.9027 

6950 85.1092 85.7882 

14600 390.8889 391.888 

Fig. 4 depicts this comparison. Presenting data of table 2 

on a single graph makes it possible to make a good 

comparison between the variations caused in the deposition 

rate coefficient calculations. 

 

Figure 4. Deposition rate coefficient data at two different viscosities 

according to table 1 

The relative error percent of the tabulated data have been 

compared through the following well known expression: 

Relative error = (k
new

 – k / k) × 100            (11) 

Using the above expression, the following table for the 

relative error percent is obtained, which shows to what 

extent the deposition rate coefficient has been altered by the 

viscosity. 

Table 3. Relative error percent of deposition rate coefficient calculations 

at two different viscosities 

Re Error % 

7450 4.672330097 

9700 4.127354058 

9700 2.689020992 

7450 3.816400206 

11900 2.091685866 

11900 1.010287686 

11900 0.631893591 

11900 0.601095488 

3000 0.631290314 

4800 0.206503616 

11950 1.31144316 

6950 0.797798593 

14600 0.255596923 

Showing data of table 2 on a bar graph could depict a 

better comparison between the calculated values of the 

deposition rate coefficients at two different viscosities of 

the crude entering the wellbore and the crude exiting the 

single-phase region of the wellbore as in fig. 5. 

 

Figure 5. Bar Graph representation of relative error percent of deposition 

rate coefficient calculations 

As can be seen in fig. 5, contribution of change in 

viscosity leads to literally ignorable variation on asphaltene 

deposition of a single phase flow of a typical real oil 

sample data.  

6. Conclusion 

As can be seen from table 2, although we have 

implemented the maximum possible amount of the 

viscosity variation for the calculation of deposition rate 

coefficient, the amount of error percent appearing in the 

calculations seems to be so insignificant that causes a very 

small change in the final result of the calculations. 

Variation of the viscosity itself in the whole single-phase 

region of the oil well is so small that when contributing to 

the overall deposition rate coefficient, it would have a 

negligible effect on our calculations. Relative error percent 

of deposition rate coefficient calculations according to the 

variation in viscosity has been well demonstrated in fig.5 as 

a bar graph. 

Therefore, it can be well assumed that the viscosity for 

the single-phase region of the oil well is a constant value 

and calculations of deposition rate coefficient based on this 

assumption fall within an acceptable accuracy. 
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Nomenclature 

P= Pressure (Pa) 

GOR = Gas oil ratio (m
3
/m

3
) 

ν = Velocity (m
2
) 

Vavg= Average velocity of fluid in the well, m
2
 

µ = Density (kg/m
3
) 
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k = asphaltene deposition rate (cm/min) 

RE = Reynolds Number 

f= Pipe friction factor 

Di 
* 
= Dimensionless inner well diameter 

Nsch= Schmidt number 

Sd
*
= Dimensionless stopping distance 
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