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ABSTRACT : The multiphase flow is part of oil and gas industry, as well as in other industrial branches and It 

is extremely important to know and model it, to avoid environmental and labor risks during the processes. Even 

so, researches in this area are rare, and that makes it difficult to recognize the flow patterns and to detect the 

changes among these standards efficiently. Thus, this paper aims to create a model of a gas-liquid flow in a 

stratified standard, through the Excel® / Visual Basic Action (VBA) tool, with demonstration and checking of 

the results through Taitel and Dukler (1976) horizontal flow map. Achieving positive results regarding 

functionality of this model, once the results obtained were compatible. Making visible the facility and viability to 

create models and simulate multiphase flow through a free and accessible tool, allowing to intensify knowledge 

in this area, not requiring an expensive and advanced industrial software. 
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I. INTRODUCTION 

 The multiphase flow is often found in nature as well in industrial processes, being defined as 

simultaneous flow composed of two phases or more with different and immiscible properties in a pipe. In this 

type of flow the concept of phase and component is not strictly distinguished, but rather the number of interface 

present in the flow [1]. The most important parameter to characterize a multiphase flow is the ratio between the 

steam flow and liquid flow. This ratio determines the type of flow configuration which significantly influences 

the parameters of project [2].. 

 This paper aims the modeling and simulation of a gas-liquid multiphase flow in a horizontal pipe, 

through the Excel® / Visual Basic Action (VBA). In this context, the behavior of gas-liquid mixture in a separate 

steady state stratified isothermal flow will be demonstrated through correlations created based on the Taitel and 

Ducker (1976) equations. Making visible the facility and viability to create model and simulate multiphase flow 

through a free and accessible tool, allowing to intensify knowledge in this area, not requiring and expensive and 

advanced industrial software.  

 

II. MATERIAL AND METHODS 

 The stratified multiphase flow pattern occurs when there are phases going through in a pipe with 

continuous interface between them. Figure. 1 below, represents a flow map developed by Taitel and Dukler 

(1976), which determines the transitions between flows. 

 
Figure 1 – Two-Phases Flow Map by Taitel and Dukler (1976) 
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 The model of Taitel and Dukler (1976) will be used to determinate the pressure differential in each 

phase. The starting point is to find the steam area, which in turn inferred using geometrics relations with the 

pipe. Thenceforward, the fluid flow pattern and the transition between stratified flow and another one can be 

identified. The inclination angle (θ), of the pipe is an important factor to consider during the process of 

determining a multiphase flow, thus, it was considered in the approach of this article. 

In this model, some characteristics were adopted for the flow to simplify the calculations. Therefore, the flow 

presented is stratified, multiphase, isothermal, in steady state. Fig. 2 allows show the frontal and transverse 

cross-section to evaluate its variables. 

 

 
Figure 2 – Pipe section with smooth stratified fluid flow 

  

 Analyzing the models below, make visible that it can be solved in function of geometrics relations, 

being: Ag gas area, Al liquid area, τwg shear stress between the gas and the pipe, τwl shear stress between the 

liquid and the pipe, τi shear stress at gas-liquid interface, sg surface wetted by gas, sl surface wetted by liquid, si 

surface at gas-liquid interface, ρg specific gas  mass, ρl specific liquid mass, g gravity (9,8m/s), sinθ inclination 

angle of pipe.  

Assuming a steady state flow, the balance of forces in the phases acquires the following configuration: 

−Al
dPl

dx
− τwlSl + τiSi − ρlAlg sin(θ) = 0                                                                                                           (1)             

−Ag
dPg

dx
− τwgSg − τiSi − ρgAgg sin(θ) = 0                                                                        (2)     

 

dPl dx = dPg dx⁄⁄ Being, is admissible: 

−τwl
sl

Al
+ τi

si

Al
− ρlg sin θ + τwg

sg

Ag
+ τi

si

Ag
+ ρgg sin θ = 0                                                                               (3) 

 

 According to Taitel and Dukler (1976), the gas area (Ag) is defined by ratio between the height of 

liquid (hl) and the total pipe diameter (D): 

Ag = 0,25. D2. [cos−1 (2
hl

D
− 1) − (2

hl

D
− 1) √1 − (2

hl

D
)

2

]                                                                            (4) 

Al =  A − Ag                                                                                                                                                        (5) 

According to Taitel and Dukler (1976), the value of liquid height required to find gas area in the Equation (4), is 

determined by an initial estimate, which in article was calculated by a numerical approach by a computational 

tool Excel® / Visual Basic Action (VBA). 

The shear stresses are calculated by Fanning’s friction factor (ƒ), mean velocity (V) and a specific phases mass 

(ρ): 

τwg = fg

ρg|Vg|Vg

2
                                                                                                                                                    (6) 

τwl = fl

ρl|Vl|Vl

2
                                                                                                                                                       (7) 

τi =  fi 

ρg|Vg−Vl|(Vg−Vl)

2
                                                                                                                                           (8) 
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The phases slip velocity (V ) is obtained by the ratio between the surface velocity (Vs) of each one of the phases 

on the void fraction (α) of the same: 

Vf =
Vsf

αf
                                                                                                                                                 (9) 

The hold up of liquid is calculated by the ration of the volume of liquid in a stretch of the section to the 

total volume of that section. Is admissible that empty fraction is calculated by the ration of the liquid area in this 

transverse cross-section to the total area of the pipe. 

𝛼𝑔 =
𝐴𝑔

𝐴
                                                                                                                                              (10) 

𝛼𝑙 =
𝐴𝑙

𝐴
                                                                                                                                                (11) 

 To define the Reynolds Number (𝑅𝑒), It is necessary to have a relation between some fluids properties, 

as: specific mass (𝜌𝑔, 𝜌𝑙), slip velocity (𝑉𝑠𝑔,𝑉𝑙), viscosity (μ
g
, 𝜇𝑙). And the hydraulic pipe diameter (𝐷ℎ).  

𝑅𝑒𝑔 =  
𝐷ℎ𝑔|𝑉𝑔|𝜌𝑔

𝜇𝑔
                                                                                                                                                 (12) 

𝑅𝑒𝑙 =  
𝐷ℎ𝑙|𝑉𝑙|𝜌𝑙

𝜇𝑙
                                                                                                                                                   (13) 

According to Taitel and Barnea (1976), the hydraulic diameter (𝐷ℎ) can be calculated by: 

𝐷ℎ𝑔 =
4 𝐴𝑔

𝑆𝑔+𝑆𝑖
                                                                                                                                        (14) 

𝐷ℎ𝑙 =
4 𝐴𝑙

𝑆𝑙
                                                                                                                                            (15) 

The surfaces of pipe wetted by each phase (𝑆𝑔, 𝑆𝑙) and the surface at gas-liquid interface (𝑆𝑖), are obtained by:  

  𝑆𝑔 = 𝐷. 𝑐𝑜𝑠−1 (2
ℎ𝑙

𝐷
− 1)                                                                                                                                 (16) 

𝑆𝑖 = 𝐷. √1 − (2
ℎ𝑙

𝐷
− 1)

2

                                                                                                                                  (17) 

𝑆𝑙 = 𝐷. [𝜋 − 𝑐𝑜𝑠−1 (2
ℎ𝑙

𝐷
− 1)]                                                                                                                         (18) 

The friction factors between the phases and pipe (𝑓𝑔, 𝑓𝑙), were defined according to Taitel and Dukler (1976), 

through a relation with the Reynolds Number of the fluid:  

𝑓𝑔 = 𝐶𝑔(𝑅𝑒𝑔)−𝑚                                                                                                                                                (19)  

𝑓𝑙 = 𝐶𝑙(𝑅𝑒𝑙)
−𝑛                                                                                                                                                   (20) 

𝑅𝑒𝑙 ≤ 2300 → 1     𝑅𝑒𝑔 ≤ 2300 → 16 

Where, Cg and Cl is 16 if, else 0,046; m and n is 1 if else 0,2. 

According to Taitel and Dukler (1976), the friction factor at gas-liquid interface (𝑓𝑖) is equal to the gas. 

However, it was calculated by [3] in this paper. It created satisfactory results as soft stratified flow as wavy 

stratified flow. 

𝑓𝑖 = 𝑓𝑔,   𝑡𝑜𝑉𝑠𝑔 ≤ 5 𝑚/𝑠                                                                                                                                    (21)    

𝑓𝑖 = 𝑓𝑔 (1 + 15 (
𝑉𝑠𝑔

5
− 1) (

ℎ𝑙

𝐷
))

0,5

,   𝑡𝑜 𝑉𝑠𝑔 > 5 𝑚/𝑠                                                                                      (22)  

 

II.1 Determination Of Stratified Flow Pattern 

 According to Kelvin-Helmholtz’s theory, Taitel and Dukler (1976) created an equation to determine 

the stability of flow in a tubular section, considering the inclination angle of pipe (𝜃), the Froud Number of gas 

(𝐹𝑟𝑔) and the critical Froud Number of gas (𝐹𝑟𝑔𝑐), where: 
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𝐹𝑟𝑔 < 𝐹𝑟𝑔𝑐√𝑐𝑜𝑠(𝜃) ⇒ 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑 

𝐹𝑟𝑔 ≥ 𝐹𝑟𝑔𝑐√𝑐𝑜𝑠(𝜃) ⇒ 𝑁𝑜𝑡 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑 

 

Being: 

𝐹𝑟𝑔 = (
𝜌𝑔

(𝜌𝑙−𝜌𝑔)𝑔.𝐷
)

0,5

𝑉𝑠𝑔                                                                                                                                   (23) 

𝐹𝑟𝑔𝑐 = (1 −
ℎ𝑙

𝐷
) (𝛼𝑔

  3 𝜋𝐷

4𝑆𝑖
)

0,5

                                                                                                                             (24) 

 

 Once classified as stratified, the flow can be a soft flow with continuous gas-liquid interface or a wavy 

flow with waves on the gas-liquid interface, indicating a change in the flow pattern. Being the inclination angle 

𝜃 ≥ 0, it can be a horizontal or an ascending flow. According to Taitel and Dukler (1976) the criterion to 

determinate this is: 

𝜃 ≥ 0 {
𝐾 < 𝐾𝐶 ⟹ 𝑆𝑜𝑓𝑡 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑
𝐾 ≥ 𝐾𝐶 ⇒ 𝑊𝑎𝑣𝑦 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑

} 

 

Else 𝜃 < 0  is a downward flow. Thus, the criterion adopted in this paper is Barnea et al (1982a): 

𝜃 < 0 {
𝐹𝑟𝑙 ≤ 1,5 ⟹ 𝑆𝑜𝑓𝑡 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑

𝐹𝑟𝑙 > 1,5 ⟹ 𝑊𝑎𝑣𝑦 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑
} 

Being:  

𝐾 = 𝐹𝑟𝑔 𝑅𝑒𝑠𝑙
   0,5

                                                                                                                                                   (25) 

𝐾𝑐 = 2𝛼𝑔 (
𝛼𝑙 𝑐𝑜𝑠(𝜃)

0,01
)

0,5

                                                                                                                                       (26) 

𝐹𝑟𝑙 =
𝑉𝑙

√𝑔ℎ𝑙
                                                                                                                                                          (27) 

 

The diagram below summarizes the criteria to determine the stratified flow pattern: 

 

𝐹𝑟𝑔 < 𝐹𝑟𝑔𝑐√𝑐𝑜𝑠 𝜃 {
𝜃 ≥ 0 {

𝐾 < 𝐾𝑐 ⟹  𝑆𝑜𝑓𝑡 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑
𝐾 ≥ 𝐾𝑐 ⟹ 𝑊𝑎𝑣𝑦 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑

𝜃 < 0 {
𝐹𝑟𝑙 ≤ 1,5 ⟹ 𝑆𝑜𝑓𝑡 𝑆𝑡𝑟atified
Frl > 1,5 ⟹ Wavy Stratified

 

Frg ≥ Frgc√cos θ ⟹ Not Stratified 

 

III. SIMULATION&RESULTS 

 The Equation (3) created by Taitel and Dukler (1976) was reproduced in Excel®/VBA. This allowed 

the modeling of gas-liquid flow in a horizontal tubular section as a function of the liquid height (hl ), checking if 

the flow is not stratified or soft and wavy stratified. The correlation adopted was validated through the flow map 

created by Taitel and Dukler (1976), showed in the Fig. 1. Where, it has means for checking the horizontal flow 

pattern in a tubular section through the slip velocity of gas (Vsg) and slip velocity of liquid (Vsl). Table 1 show 

the input data and their respective values adopted, necessary to modeling the flow through this tool.  

 

Table 1 - Distribution of values to input data flow 

 

 

 

 

 

 

 

 

 

 

 

 The Table 2 presents tests for validation of the model, comparing the results obtained with the flow 

map of Taitel and Dukler (1976). Where, it is necessary to vary the slip velocity of the phases on the same scale. 

𝑉𝑠𝑔 10.0 m/s 

𝑉𝑠𝑙 0.1 m/s 

ρg 1.14 kg/m³ 

ρ𝑙 993 kg/m³ 

𝜇𝑔 0.000019 Pa/s 

𝜇𝑙 0.00068 Pa/s 

D 0.05 m 

𝜃 0 
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Table 2 – Table comparing the results obtained with the flow map created by Taitel and Dukler (1976) 

 
 

 The results obtained using the correlations created by Taitel and Dukler (1976), applied to the Excel® 

computational tool, were satisfactory and showed compatibility with the flow map of Fig. 1, mostly. Except for 

the test with Vsg being 0,01 m/s and Vsl being 0,1 m/s, which showed incompatibility with the original flow map, 

but this inconsistency is justified because it is an area close to transition between standards, as showed in Table 

2. 

 

IV. CONCLUSION 

 The multiphase flow is present in many industrial branches. All existing flow types are susceptible to 

appear at any times during industrial process, regardless of the follow-up. Making it necessary to know, 

dominate and predict the behavior of these flows efficiently avoiding situations of risk generation and financial 

loss. Nevertheless, there are few effective words in this area, which serve to model and simulate a multiphase 

flow, determining their flow patterns. That comes, mostly, to the difficulty of correlating the number of 

equations in the field of fluid mechanics of the real conditions of multiphase flow, as well as the limited 

conditions for laboratory tests, which, often, the empirical tests performed in laboratories usually have a 

different scale from the real conditions, to which these flows are submitted in industry.  

 Many industrial simulators used to classify flow patterns are costly. Thus, it can be seenthis study has a 

significant contribution, both for the literature and for practical application, and it makes possible future studies, 

especially regarding the application of this tool to other types of multiphase flow pattern. 
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