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ABSTRACT 

The oil and gas is a very vast industry. The production well is the crucial thing in oil 

and gas because it is the measurement of the profitability of the reservoir itself. It is a 

common thing that the production system will undergo multiphase condition due to 

the condition of the reservoir. Besides oil, other substance such as gas, water, sand, 

hydrates and waxes will be produce through the tubing string. The simultaneous flow 

of those substances will occur from the reservoir until the chrismas tree. It is very 

crucial to have a prediction tool so that optimum flow rate can be achieved with less 

pressure gradient and liquid holdup. Theoretically, a zero friction factor in a flowing 

fluid in a pipe cannot be achieved because it is only applicable to static fluid. 

Recovery from the wells need special challenges and requires accurate multiphase 

flow prediction tool for several applications, such as the design and schematic of the 

production systems, separation of phases in vertical wells, and multiple separation 

(topside, seabed or bottom-hole). As for any multiphase flow, the inlet condition 

such as flow rates, flow patterns, volume fractions of the fluids and the pressure need 

to be known. Due to that, it is crucial to have more accurate and efficient multiphase 

flow prediction tool.    

The method that being used now separates flow pattern and flow behaviour 

prediction modelling. Due to that, the results that being produced was inaccurate. As 

an example, a multiphase flow of oil and gas are treated as both single phase, and 

ignoring the interactions between both of the fluids such as the slippage. However, 

the improved prediction tools now will allow such interaction and more accurate 

result can be obtained. 
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CHAPTER 1 

Introduction 

1. Background 

Almost 100% wells in Malaysia are at the 

offshore. After the completion part has 

been assembled, the transportation of the 

oil n gas from the seabed to the christmas 

tree is one of the main part that need to be 

looked for. This study will show the liquid 

holdup due to the pressure drop inside of 

the tubing and the flow pattern itself. The 

study is being done on this particular part; 

seabed to the chrismas tree is because 

there are no restrictions in the string here.  

Pressure gradient can be defined as the 

difference of pressure between to point. 

The pressure gradient prediction for a single phase flow inside tubing is pretty easy 

compared to the multiphase flow fluid. However, the prediction of the pressure 

gradient for the multiphase fluids is basically based on the single phase flow 

prediction method. The pressure gradient equation for a single-phase flow can be 

modified for the multiphase flow by considering the fluids to be a homogeneous 

mixture. The pressure gradient for the multiphase flow can be simplified by: 

 
  

  
    

  

  
    

  

  
     

  

  
     

 

which is the total pressure gradient inside the tubing for a multiphase flow is a sum 

of the pressure drop due to the friction losses, pressure drop due the elevation of the 

tubing and the pressure drop due to the acceleration of the fluids. 

Figure 1: Example of an oil rig 
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The pressure drop component caused by friction losses requires evaluation of a two-

phase friction factor. The pressure drop caused by elevation depends on the density 

of the two-phase mixture which is usually calculated. Except for conditions of high 

velocity, most of the pressure drop in vertical flow is caused by this component. The 

pressure drop component caused by acceleration is normally negligible and is 

considered only for cases of high velocities.  

Liquid holdup is defined as the fraction of an element of pipe which is occupied by 

liquid at the same instant. It is necessary to be able to determine liquid holdup to 

calculate such things as mixture density, actual gas and liquid velocities, effective 

viscosity and heat transfer. The value of liquid holdup varies from zero for single 

phase gas flow to one for single phase liquid flow. Liquid holdup may be measured 

experimentally by several methods, such as resistivity or capacitance probes or 

trapping a segment of the flow stream between quick closing valves and measuring 

the volume of liquid trapped. The liquid holdup cannot be calculated analytically. It 

must be determined from empirical correlations and is a function of variables such as 

fluids properties, flow patterns, pipe diameter and pipe inclination. The liquid holdup 

equations are functions of dimensionless liquid and gas velocity numbers in addition 

to liquid viscosity number and angle of inclination. 

The flow pattern prediction is crucial for a specific location in the well. The 

empirical correlation or mechanistic model used to predict flow behavior varies with 

flow pattern. Basically all the flow pattern prediction is based on data from low 

pressure system, with negligible mass transfer between the phases and with a single 

liquid phase. Consequently, these predictions may be adequate for high pressure, 

high temperature wells and for wells producing oil and water or crude oils with 

foaming tendencies.  

The prediction methods to predict the occurrence of the various flow patterns in 

wells have divided by two categories. The conventional method is to observe the 

experimental tests in the small diameter pipes at low pressures with air and water. 

The values of the various flow parameters at the transition between flow patterns 

were determined. Empirical flow pattern maps were drawn that could be used to 

predict the transition. The other method to predict the flow patterns considers the 

basic mechanisms that are important in causing a flow pattern change. This approach 
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is not restricted to a narrow range of flow parameters and has proved to be highly 

successful. 

 

Figure 2: Vertical flows type 
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2. Problem Statement 

An effective well completion needs a proper tubing string design so that the well will 

produce the optimum flow rate of oil. The pressure drop and the liquid hold up in the 

tubing string need to be calculated as it involves a 2 phase fluids; oil and gas. This 

study will estimate the pressure drop of a 2 phase oil-gas flow in a 3.0 inch diameter 

with 20 feet long vertical tubing string without any restrictions.  

 

 

 

 

3. Objective 

• To simulate the flow of multiphase oil-gas flow in the vertical tubing  

• To determine the liquid holdup and the friction factor of the flow inside 3.0 

inch diameter with 20 feet long tubing string 

• To compare the difference of the result obtain from the simulation and Aziz 

et al correlation 

However, few assumptions are being made to simulate a basic flow due to several 

limitations. 

Those assumptions are: 

1. Steady flow 

2. Isothermal flow 

3. Constant compressibility factor 

4. Horizontal flow 

5. No kinetic energy change 

6. No vibration in the pipe 
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CHAPTER 2 

LITERATURE REVIEW  

A hydrocarbon compounds or components can be a complex mixture and can exist 

as a single-phase liquid, a single-phase gas, or as a two-phase mixture, depending on 

the pressure, temperature, and the composition of the mixture. It is very different 

compared to a single component or compound, such as water or carbon dioxide; on 

the contrary a multicomponent mixture will exhibit an envelope rather than a single 

line on a pressure-temperature diagram when two phase exist simultaneously. 

A typical oil reservoir has temperatures below the critical temperature of the 

hydrocarbon mixture. Volatile oil and condensate reservoir normally have 

temperatures between the critical temperature and the cricondentherm for the 

hydrocarbon mixture. Dry gas reservoir have temperatures above the 

cricondentherm.

 

Figure 3 : Typical Phase Diagram 
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As for the condensate fluids, the fluids will exhibit retrograde condensation, a 

condition where the condensation occurs during pressure reduction rather than with 

pressure increase, as for most gases. This abnormal or retrograde behaviour occurs in 

a region between the critical point and the cricondentherm, and is bounded by the 

dewpoint curve above and a curve below formed by connecting the maximum 

temperature for each liquid volume percentage.  

Mass transfer occurs continuously between the gas and the liquid phases within the 

two phase envelope as the pressure and the temperature change. As to describe the 

mass transfer assume that equilibrium exist between the phases. Two approaches 

have been used to simulate mass transfer for hydrocarbon system; the black oil or the 

contant-composition model and the compositional model or variables.  

The black oil can be defined as a misnomer and refers to any black liquid phase that 

contains dissolved gas, such as hydrocarbons produced from oil reservoirs. These 

oils are typically dark in color, have gravities less than 40° API, and undergo 

relatively small changes in composition within the two phase envelope. For a better 

description of the black oil, it has a constant composition model. 

The black oil that has associated gas, a simplified parameter has been defined to 

consider for gas that dissolves (condenses) or evolves from solution in the oil. This 

gas that condenses, known as Rs, can be measured experimentally or determined 

using empirical correlations. Due to the black oil model cannot predict retrograde 

condensation phenomena, it should not be used for temperatures approaching the 

critical point temperature.  

The other parameter is the oil formation volume factor, Bo, is defined as the 

shrinkage or expansion of the oil phase. The oil volume may change as a result of 

changes in dissolved gas and because of the compressibility and thermal expansion 

of the oil. The crucial factor that affected the volume changes is the dissolved gas. 

The oil formation volume factor also can be measured experimentally or determined 

using empirical correlations. Once the black oil model parameters are known, oil 

density and the other physical properties of the two phases can be determined.  

As for volatile and condensate fluids, vapour/liquid equilibrium (VLE) or “flash” 

calculations are more accurate to determined mass transfer than black oil model 
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parameters. A VLE calculation will determine the amount of the feed that exist in the 

vapour liquid phases and the composition of each phase when given the composition 

of a fluid mixture or feed. From here, it is possible to determine the quality or mass 

fraction of gas in the mixture. Once the composition of each phase is known, it is 

also possible to calculate the interfacial tension and densities, enthalpies and 

viscosities of each phase.  

Compared to the black oil model parameters, VLE calculations are considered more 

accurate to describe mass transfer. However, VLE are much more difficult to 

perform. It is only possible to generate black oil parameters from VLE calculations if 

the detailed composition is available for gas/oil system. However, the nearly 

constant composition those results for the liquid phase and the increased 

computation requirements make the black oil model more attractive for non-volatile 

oil.  

Basically, the same principles are used for the pressure gradient calculation for 

multiphase flow as for a single phase flow; conservation of mass and linear 

momentum. However, the presence of additional phase makes the prediction so 

much complicated than single phase flow. The liquid hold up and friction effect were 

dependent on the flow pattern predicted by the empirical flow patterns map, and 

those properties cannot assume that the fluids used were homogeneous mixture.  
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1. Empirical Correlation Categories 

The pressure gradient prediction used in the simulation was one of the empirical 

correlations. Basically, there are three types of empirical correlations 

1.1  Category A 

These types of correlations basically ignore slip and flow patterns. The density of the 

mixture is calculated based on the input liquid-gas ratio. Those fluids are considered 

to travel at the same velocity in the pipe. The only correlation required is for the two 

phase friction factor. It is to be assumed that this pressure gradient prediction method 

can be used for all flow patterns. 

1.2  Category B 

As for this type of correlation, slip will be considered but the flow pattern will be 

ignored. The correlations are required for both liquid holdup and friction factor. a 

method need to be known to predict the portion of the pipe occupied by liquid at any 

location due to liquid and gas can travel at different velocities. However, the same 

correlations are used for all flow patterns 

1.3  Category C 

These type of correlations considered slip and flow patterns. It is necessary to have 

methods to predict the flow pattern inside the pipe as well as the method to predict 

liquid holdup and friction factor. The methods used also depend on the flow pattern. 

In the other hand, the correlations also considered the acceleration pressure gradient 

to particular flow pattern. 
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THEORY 

1. Aziz et al. Method 

As for the calculation of liquid holdup, Aziz et al. Method is being use. This 

correlation is under category C. The flow pattern needs to be determined using 

equation [1] [2] 

      (
  

      
)
  ⁄

[(
  

  
) (

  

    
)]

  ⁄

 

and 

      [(
  

  
) (

  

    
)]

  ⁄

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

…………………………..…[1] 

 

………………………………………..….[2] 
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The flow pattern is determined using the following figure. 

 

 

Figure 4: Aziz et al. flow pattern map 

 

These equations [3][4][5] represent the flow pattern transitions in Figure 5 

       (     )
     

 

             

     (     )
      

 

 

 

 

 

 

……..……………………………………………...…[3] 
 

………………………………………………………….…[4] 
 

……..…………………………………………..…...…[5] 
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2.1 Flow patterns 

There are several flow patterns that being proposed by Alves [1954] that covered all 

types of flow patterns in horizontal flow.  

2.1.1 Bubble flow 

This flow is always referred to dispersed bubble 

flow, and being defined by a train of discrete gas 

bubbles moving mainly close to the upper wall of 

the pipe, at almost the same velocity as the 

liquid. The higher the flow rate in the pipeline, 

the bubbles becomes more evenly distributed 

over the cross-section of the pipe. 

2.1.2 Plug flow 

If the volume of gas is increased, the bubbles will 

interact and coalesce to give rise a large bullet 

shaped plugs occupying the most of the pipe 

cross-section, except for a thin liquid film at the 

wall of the pipe which is thicker towards the 

bottom of the pipe. 

2.1.3 Stratified-wavy flow 

The gravitational forces dominate and the gas phase flows in the upper part of the 

pie. At a relatively low flowrates, the gas-liquid interface is smooth, but becomes 

ripply or wavy at higher gas rates thereby giving rise to the so-called wavy-flow.  

2.1.4 Slug flow 

The liquid will carrying entrained gas bubbles alternate with gas slugs surrounded 

by thin films for the flow. 

 

 

 

 

 

Figure 5: Types of flow 

pattern 
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2.1.5 Annular flow 

Here, most of the liquid is carried along the inner wall of the pipe as a thin film, 

while the gas forms a central core occupying a substantial portion of the pipe cross-

section. Some liquid is usually entrained as fine droplets within the gas core.  

2.1.6 Mist flow 

This flow will occur when a significant amount of liquid is carried along the inner 

wall of the pipe as a thin film, while gas forms a central core occupying a substantial 

portion of the pipe cross-section. 
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2.2 Bubble Flow 

The liquid holdup [6] for the bubble flow is calculated from equation 

     
   

   
 

where    [7] is the rise velocity of small gas bubbles in a flowing liquid. As for the 

velocity, it can be calculated from equation 

              

where the first term is the approximate velocity of fluid mixture, and    [8] is the 

rise velocity of a continuous swarm of bubbles in a static liquid column. The rise 

velocity can be calculated using equation 

        [
   (     )

  
 ]

  ⁄

 

The friction component of the pressure gradient [9] is determined from  

  

  
 

     
 

  
 

where   [10] is determined from equation 

                 

 

 

 

 

 

 

 

 

 

……..………………………………………………………....…[6] 

 

……..………………………………….…………..…......…[7] 

 

……..……………………………………….......…[8] 

 

……..………………………………………………………......…[9] 

 

……..………………………………………….......…[10] 
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and   is obtained from the figure below  for a Reynolds number [11] given by 

    
     

  
 

 

 

 

 

 

 

 

 

 

 

The acceleration component of the pressure gradient is considered to be negligible 

for bubble flow. 

 

 

 

 

 

 

 

 

 

Figure 6: Moody Diagram 
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2.3 Slug Flow 

The liquid hold up calculation for slug flow is using equation [6] but using the 

bubble-rise velocity [12] in a static liquid column based on a Taylor bubble. 

     √
  (     )

  
 

where  [13] was given as 

       [             ] [   (
       

 
)] 

where the dimensionless number [14] and the dimensionless velocity number [15] 

are determined with 

   
   (     )

  
 

   

√     (     )

  
 

and m is determined from  

     

        

              
      

       

Table 1: ‘m’ values 

 

 

 

 

 

 

 

……..……………………………………………....…[12] 

 

…….……………………......…[13] 

 

……..…………………………………………………….[14] 

 

 

 

……..…………………………………………………[15] 
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The friction pressure gradient [16] component for slug flow is determined from 

(
  

  
)
 
 

       
 

  
 

and the friction factor is obtained from Moody diagram, and a Reynolds number [17] 

is given by 

    
     

  
 

The acceleration pressure gradient component was considered negligible for slug 

flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

……..………………………………………………......…[16] 

 

……..……………………………………………………….....…[17] 
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2.4 Mist Flow 

As for the pressure gradient for mist flow, Aziz et al. recommended the Duns and 

Ros mist-flow method [18]. 

(
  

  
)
      

 

(
  

  
)
  

 (
  

  
)
 

    
 

Where   [19] is a dimensionless kinetic energy 

   
       

 
 

and the friction component of the pressure gradient [20] is determined from 

(
  

  
)
 
 

      
 

  
 

and the value of  [21] for the mist-flow pattern can be found from 

   {
 

[      (    
 

 
)]

       (
 

 
)
    

} 

 

 

 

 

 

 

 

 

 

 

 

………………………………………..........…[18] 

 

……..…………………………………………..…..………..…[19] 

 

……..………………………………………….……….....…[20] 

 

……………………….………[21] 
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2.5 Transition region 

The pressure gradient [22] for transition region can be calculated using 

  

  
  (

  

  
)
    

      (
  

  
)
    

 

where 

  
     

     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

……..……………………......…[22] 
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CHAPTER 3 

METHODOLOGY 

1. The case study consists of a 3 inch diameter tubing string with a 20 feet long. 

The boundary condition and the fluids rheological properties are determined.  

The test fluids used in this experiment consists of oil and air. Tulco Tech 80 oil is 

used as the oil phase due to its good separability. The physical properties of the 

oil are as below: 

 33.2 API gravity 

 Density: 858.75 kg/m
3 

@ 15.6°C 

 Viscosity: 13.5 cp @ 40°C 

 Surface tension: 29.14 dynes/cm @ 25.1°C 

 Interfacial tension with water: 16.38 dynes/cm @ 25.1°C 

 Pour point temperature: -12.2°C 

 Flash point temperature: 185°C 

 

As for the gas phase, air @ 25°C properties is being used. 

As for the well properties;  

a) Oil production rate: 2000 bbl/day 

b) Gas production rate: 3.53 MMscf/day 

c) Water production: 0 bbl/day 
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2. The pressure gradient and the liquid holdup for the case is being calculated using 

Aziz et al method. 

3. The simulation was run with Wellflo software and the pressure gradient and the 

liquid holdup are being determined. 

i. The well and flow type is being set up 

 

ii. The flow correlation is being set up at the Configuration tab. 
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iii. The reference depth is being set at the Configuration tab and offshore 

well type is being selected. 

 

iv. All the fluids properties being filled in at the Fluid Parameter set up. 

v. The configuration of the tubing and casing is being filled in at the 

Wellbore tab. 

vi. After all the parameters are being set up properly, and there is no error at 

the Dashboard, the simulation is run. 

 

4. The calculation and the simulation is repeated using different value of oil flow 

rate.  

5. Both of the result is being calculated and compared. 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1 Aziz et al Method 

4.1.1 For Qo= 2000 bbl/d 

Liquid Holdup Calculation  
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Pressure Gradient Calculation 
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4.1.2 For Qo= 2500 bbl/d 

Liquid Holdup Calculation  
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Pressure Gradient Calculation 
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4.1.3 For Qo= 3000 bbl/d 

Liquid Holdup Calculation  
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Pressure Gradient Calculation 
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4.1.4 For Qo= 3500 bbl/d 

Liquid Holdup Calculation  
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Pressure Gradient Calculation 
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4.2 Wellflo 

The simulation was run and the pressure vs length profile is as follow. 

4.2.1 For Qo= 2000 bbl/day 

Length Pressure 

Accumulated 

0 0.00 

2 0.60 

4 1.21 

6 1.84 

8 2.57 

10 3.37 

12 4.04 

14 4.86 

16 5.52 

18 6.19 

20 6.80 

 

Table 2: Length vs Pressure Difference (Qo= 2000 bbl/day) 

 

 

Figure 7 : Pressure Difference vs Tubing Length (Qo= 2000 bbl/day) 

 

As for the liquid holdup, the value is 0.1953 from the Wellflo simulation using 20 

feet of length of study with a 3.0 inch diameter. 
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4.2.2 For Qo= 2500 bbl/day 

Length Pressure 

Accumulated 

0 0.00 

2 0.76 

4 1.47 

6 2.35 

8 3.12 

10 3.90 

12 4.68 

14 5.43 

16 6.25 

18 7.05 

20 7.84 

Table 3 : Length vs Pressure Difference (Qo= 2500 bbl/day) 

 

 

Figure 8 : Pressure Difference vs Tubing Length (Qo= 2500 bbl/day) 

 

As for the liquid holdup, the value is 0.1894 from the Wellflo simulation using 20 

feet of length of study with a 3.0 inch diameter. 
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4.2.3 For Qo= 3000 bbl/day 

Length Pressure 

Accumulated 

0 0.00 

2 0.90 

4 1.83 

6 2.73 

8 3.54 

10 4.46 

12 5.37 

14 6.31 

16 7.18 

18 8.10 

20 9.02 

Table 4 : Length vs Pressure Difference (Qo= 3000 bbl/day) 

 

 

Figure 9 : Pressure Difference vs Tubing Length (Qo= 3000 bbl/day) 

 

As for the liquid holdup, the value is 0.1873 from the Wellflo simulation using 20 

feet of length of study with a 3.0 inch diameter. 
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4.2.4 For Qo= 3500 bbl/day 

Length Pressure 

Accumulated 

0 0.00 

2 0.95 

4 1.82 

6 2.81 

8 4.01 

10 5.41 

12 6.27 

14 7.22 

16 8.55 

18 9.53 

20 10.44 

Table 5 : Length vs Pressure Difference (Qo= 3500 bbl/day) 

 

 

Figure 10 : Pressure Difference vs Tubing Length (Qo= 3500 bbl/day) 

 

As for the liquid holdup, the value is 0.1848 from the Wellflo simulation using 20 

feet of length of study with a 3.0 inch diameter. 
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4.3 Error calculation 

                 |
                               

               
|      

 

 

4.4 Comparison between Simulation data and Aziz et al Correlation 

4.4.1 Liquid Hold up 

Oil Flow Rate, 

bbl/d 

Wellflo Data Aziz et al Method Error Percentage, 

% 

2000 0.1935 0.164013 17.97 

2500 0.1894 0.163569 15.79 

3000 0.1873 0.162679 15.13 

3500 0.1848 0.161788 14.22 
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4.4.2 Pressure Gradient 

Oil Flow Rate, 

bbl/d 

Wellflo Data,  

psi/ft 

Aziz et al Method, 

psi/ft 

Error Percentage, 

% 

2000 0.340 0.303263 12.11 

2500 0.392 0.35595 10.12 

3000 0.451 0.408364 10.44 

3500 0.522 0.459891 13.51 
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4.4 Discussion 

From the simulation, the pressure inside the tubing string increases with an almost 

the same rate. The flow pattern that being determined using Aziz et al Method is 

apparently a mist flow. Thus, it is significant that the pressure inside the tubing string 

increases gradually because the pressure distribution along the tubing string is almost 

the same.  

There are slightly difference between the simulation data and the calculation using 

Aziz et al Method. As for the pressure difference for 2000 bbl/d oil flow rate, the 

error percentage is about 12.11%. This error maybe due to lack of the field data that 

need to be analysed in the first place. The simulation may consider the occurrence of 

the condensate inside the tubing string.  

As for the liquid holdup for 2000 bbl/d oil flow rate, the Wellflo data came out with 

0.1935 and the calculation with the Aziz et al Method come out with 0.164013. The 

small value at the liquid holdup is due to the high production of gas from the well 

itself. As for the liquid holdup, the study obtained about 17.97% error due to the 

consideration for the study. 

The errors that being obtained because the study only focusing at the middle of about 

2000 feet tubing string as the control system. The result may be different if the study 

simulates the whole tubing string. However, the study is unable to be achieved due to 

the time constraint of the study.  
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CHAPTER 5 

CONCLUSION 

As a conclusion, the liquid holdup of a 20 feet length tubing string of a 2 phase oil-

gas flow is gradually decrease as the oil flow rate increase. However, the pressure 

gradient will gradually decrease as the oil flow rate increase.  

The flow that being simulated is just a basic flow due to several limitations for the 

study. As for the assumptions: 

1. Steady flow 

2. Isothermal flow 

3. Constant compressibility factor 

4. Horizontal flow 

5. No kinetic energy change 

6. No vibration in the pipe 

 

The result that can be obtained will be accurate after assuming all the conditions 

from the simulation. However, those conditions can be considered crucial due to 

industry limitations. As for example, the industry can never prevent the vibration of 

the pipe inside the casing. The vibration effect can only be minimized by inserting 

packers.  

However, the result that the study obtained can be used as a basic flow of a 2 phase 

oil-gas flow inside the tubing string. 
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