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Abstract: Steam injection is the thermal method in enhanced oil recovery (EOR) that adds heat 

to the reservoir to reduce oil viscosity and improve oil recovery. Simulation programs are 

important tools to monitor and evaluate steam distribution network especially unequal splitting 

of the liquid and vapor phases may occur at (tee junction) distribution network. This paper 

presents two empirical models of phase splitting through T-junction (Seeger and Chien). These 

two models are evaluated numerically using computational fluid dynamic (CFD) calculation by 

ANSYS FLUENT software. These evaluation techniques show that Seeger model more 

representative for the phase splitting prediction of the T-junction.

Key words: Steam Distribution Network, T-junction, Two-phase Flow, CFD, EOR.

 

1. Introduction 

The most insisting problem in two phase distribution networks is how to measure, predict and 

control the ratio between vapor and liquid (quality). This problem will be more significant if 

large network is installed with unknown the value of the steam quality used. First, the 

effectiveness of wet steam injection systems for enhanced oil recovery depended on 

efficiency of steam network [1]. Unfortunately, at T-junction, unequal splitting of the liquid 

and vapor phases in distribution network. Therefore, Individual wells will receive uneven and 

unpredictable distribution of the steam quality. Unequal liquid and vapor phase distribution 

results in volumetric sweep and poor displacement efficiency of the reservoir. Unknown 

liquid and vapor phase distributions leads to inefficient project management and increased 

operating expenses. Therefore, it is important to develop a stimulating program to predict or 

control the qualities of the split streams. Neglecting the effect of Tee-junction on the steam 
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network has a negative effect of reliable evaluation for wells performance. This problem will 

lead to inaccurate performance of the process which will come to the detriment of wells‟ 

production [2].

The T- junction is a pipe fitting to divide one flow stream into two. Depending on the 

orientation, it can be used either as an impacting tee or a branching tee, as shown in Figure.1. 

An impacting tee divides the inlet stream into two streams that exit perpendicular to the inlet. 

A branching tee also divides the inlet into two streams: one stream follows the inlet flow 

direction, which is generally called the ''run stream'' and other stream flows perpendicular to 

the inlet, which is called the ''branch stream'' furthermore, a tee can be used in various 

inclination, from vertical or horizontal [3].  

When a two-phase fluid flows through a tee junction, the quality of the fluid in the two 

outlets could be different from each other and from that at the inlet stream. Such a 

phenomenon is known as phase splitting.

There are general approaches have been used to describe the phase redistribution in T-

junctions such as, empirical correlation and numerical simulation [4]. 

In this paper considered that the empirical correlation models can be applied to describe the 

phase redistribution in T-junctions. The empirical correlations are easy to use and the 

predicted results are usually reasonable if they are used in their appropriate range of 

conditions.

Numerical studies related to two phase flow through T junction have been started long back. 

Experiments have been conducted for the investigation of the two-phase flow structure in the 

vicinity of the junction using the void probe technique developed by Herringe and Davis to 

investigate velocity, void fraction and bubble size distributions within the flow [5]. When a 

two phase flow enters a T junction, phase separation will often occurs. The lighter 

phasepreferably gets diverted into the side arm and the heavier phase will flow towards the 

main arm. Hence the side armof the dividing T-junction will carry a higher proportion of the 

gas than the straight arm [6]. 
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Figure1. Tee Junction

2. Phase Splitting Model Formulations

As the phase splitting problem has been extensively studied, various models have been 

developed.  These models are based on a variety of approaches such as experimental models 

and numerical models. In this work, Seeger et al. (1986) [7] and Chien (1996) [8] models had 

been used as empirical correlations. 

 

2.1. Empirical Correlation Models

2.1.1The First Model (Seeger)

For horizontal branch T-junction:

𝑥3

𝑥1
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𝑢3
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The parameter 'a' relates the peak of the phase separation curve, (𝑥3/𝑥1) max, to the ratio of 

the gas to liquid momentum flux 
𝜌𝑔𝑢𝑔2

𝜌𝑙𝑢𝑙2  in the inlet section. Fromtheir experiments, 

equal separation was approached as the ratio of momentum fluxes approaches unity. The 

value of 'a' was determined from an empirical fit of their data as, a = 14.6 for bubbly flow and 

for all other flow patterns. 

a = 13.9  (
𝑣𝑔1

𝑣𝑓1𝑆12
)0.26 − 1 ………………………………………. (2) 

𝑆1 Is the ratio of the vapor-phase velocity to the liquid-phase velocity? 

𝑆1 =   1 + 0.12 1 − 𝑥1  𝑣1 +
V̄𝑔1

𝑈1
− 𝑥1𝑣𝑔1 

1

 1−𝑥1 𝑣𝑓1
 ……….. (3) 

Where 𝑣1the specific volume of steam and V̄𝑔1 is the weighted mean drift velocity of the 

vapor phase both at the inlet of the tee, 
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V̄𝑔1= 1.18 𝑣𝑓10.5   𝑔𝜎(
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2.1.2. The Second Model (Chien)

The liquid-extraction ratio of the experimental data was correlated as a function of the vapor-

extraction ratio.

𝐹𝑓2 = 𝐹𝑔2𝑚………………………………………………………………..       (5)

Where m is a polynomial function of inlet quality and dimensionless vapor velocity.

𝑚 = 𝐴0 + 𝐴1  
𝑣𝑔1

𝑣∗g1
 + 𝐴2(

𝑣𝑔1

𝑣∗𝑔1
)2 + 𝐴3(

𝑣𝑔1

𝑣∗𝑔1
)3 + 𝐴4(

𝑣𝑔1

𝑣∗𝑔1
)4…………………… (6)

𝐴0 = −0.0803 + 0.792𝑋1……………………………………………………….(7) 

𝐴1 = 18.571 + 15.390𝑋1……………………………………………………….. (8) 

𝐴2 = −371.660 + 89.403𝑋1……………………………………………………. (9) 

𝐴3 = 3225.433 + 663.833𝑋1……………………………………………………(10) 

𝐴4 = −10288.330 − 6148.333𝑋1…………………………………………….... (11) 

 

𝑣𝑔1 Is the superficial velocity of the vapor at the inlet 𝑣𝑔1
∗  is the critical velocity of saturated 

at inlet pressure. The value of 𝑣𝑔1
∗  depends on the steam pressure. For steam 400 to 800 psi 

range, a value of 1500 𝑓𝑡/𝑠𝑒𝑐 had been used.

𝑋2

𝑋1
=

1

𝑋1+ 1−𝑋1 𝐹𝑔2𝑚−1…………………………………………      (12)

Which shows that 𝑥2/𝑥1 can be solved for a prescribed𝐹𝑔2, 𝑥1 and know value of m. 
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Eq.14 will have to be solved either trial and error or by numerical iterative method. For those 

who prefer to solve 𝑥2/𝑥1 for a prescribed𝑢3/𝑢1, simply replaced them 𝑢2/𝑢1 term in 

Eq.14 with (1-u3/u1).           

Once the value of 𝑥2/𝑥1 is obtained, the value of other phase-splitting parameters can be 

readily determined.
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3. The CFD Modeling 

 In ANSYS FLUENT [9], three different Euler-Euler multiphase models are available: the 

Volume of Fluid (VOF) model, the Mixture model, and the Eulerian model. The Eulerian 
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model is the most complex of the multiphase models in ANSYS FLUENT. It solves a set of 

momentum and continuity equations for each phase.The current study used commercial CFD 

code, FLUENT, to solve the balance equation set via domain discretization, using control 

volume approach. These equations are solved by converting the complex partial differential 

equations into simple algebraic equations. The к-omega turbulence model with shear stress 

transport SST were used due to their proven accuracies in solving mixture problems. The 

gravitational acceleration of 9.81 m/s2 in upward flow direction was used [10]. 

 

3.1 Geometry and Mesh

The geometry of fluid domain of T junction was created on ANSYS FLUENT to study the 

phase splitting phenomenon occurring on fluid when multiphase flow enters a T junction. The 

cross sectional area of inlet run arm was named as inlet1 and the cross sectional areas of 

branch arm and outlet part of run arm was named as outlet3 and outlet2 respectively. The 

geometry of pipe is shown in Figure 2. In this study a horizontal T junction is used with inner 

diameter 50 mm. The geometry of pipe created proper meshing (fine) was provided on the 

ANSYS Meshing stage as per the requirement of the also the distribution of cells at the inlet 

and around the junction can be seen in Figure 3. 

 

 

Figure 2. The geometry of T-junction 
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Figure 3. Mesh  

3.2 Boundary Conditions

For the phase materials the primary phase was taken as water and secondary phase as air. For 

the inlet both the velocities of air and water must be given. The velocities of air and water at 

inlet were given as 10 m/s and 0.2m/s respectively. At the outlet since the value of pressure 

was unknown, outflow boundary condition was given for both the outlets. Flow rate 

weighting factor in outlet2 was given from 0.1 to 0.9. Flow rate weighting factor in outlet3 

was given from 0.9 to 0.1. Volume fraction was given as 0.4 .The bubble size diameter of air 

was taken as 2 mm. Simulations were performed on the geometry created as mentioned above 

by applying the boundary conditions. Simulation for fluid domain was performed on ANSYS 

FLUENT. Eulerian model was chosen as the Multiphase Model dialog box. K-omega model 

was taken as the turbulence model (SST). Schiller- Naumann drag law was used for the 

calculation of drag law for the solution parameters Phase Coupled Semi-Implicit Method for 

Pressure Linked (SIMPLE) was selected as the Solution scheme. Discretizing scheme for 

GVF equation as used High Resolution Interface Capturing (HRIC), first order upwind 

scheme was used for discretization. 

 

3.3 Phase separation phenomenon

Figure 4.Shows a representative contour plot of static pressure in vicinity of the junction. The 

pressure is high at the downstream corner of the junction and low at the leading edge corner. 
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The air phase is lighter and possesses less inertia than the water phase and thus responses 

easier to the local pressure gradient at the junction. Figure 5.Shows representative contours of 

gas volume fraction for the Eulerian models in Fluent. By observing the contour we can see 

that air is diverted into the branch arm. This is because the air phase is lighter and possesses 

less inertia and hence air travels faster than water and occupies the space at branch arm.  

 

 

Figure 4. Contour of static pressure 

 

Figure 5. Contour of Volume Fraction 
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4. Comparisons 

These two models are evaluated numerically using computational fluid dynamic (CFD) 

calculation by ANSYS FLUENT software. These evaluation techniques show that Seeger 

model more representative for the phase splitting prediction of the T-junction. Those results 

are shown in Figures (6, 7, and 8). Simulation had been performed depending on different 

inlet quality (x1=0.3, 0.5 and 0.6).

 

Figure 6. Models Comparison With x1=0.3

Figure 7. Models Comparison with x1=0.5 
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Figure 8. Models Comparison with x1=0.6 

 

5. Conclusions

Simulation programs are important tools to monitor and evaluate steam distribution network. 

There are general approaches have been used to describe the phase redistribution in T-

junctions such as, Experimental models and numerical models. In this work two empirical 

correlations for steam quality evaluation are considered. These two correlations were 

produced based on experimental work by Seeger and Chien. These two models are evaluated 

using computational fluid dynamic (CFD) calculation by ANSYS FLUENT software.These 

evaluation techniques show that Seeger model more representative for the phase splitting 

prediction of the T-junction. Based on the Seeger model will develop a computer program for 

simulating the behavior of a large steam injection network is developed with a MATLAB 

Graphical User Interface (GUI). 

 

Nomenclature 

a = coefficient in Seeger et al.'s quality ratio equation 

A0, A1, A2, A3, A4= coefficient in Eq.6 

Fg2= vapor-extraction ratio in the run stream, fraction 

Fg3= vapor-extraction ratio in the branch stream, fraction 

Ff2= liquid-extraction ratio in the run stream, fraction 

Ff3= liquid-extraction ratio in the branch stream, fraction 
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Ff2/Fg2= liquid-/vapor-extraction ratio of the run stream, dimensionless 

g=gravitational acceleration, ft/sec2 

m= exponent in liquid-extraction ratio equation 

p1= steam pressure of the inlet stream, psig 

S1= velocity ratio in Seeger et al.'s correlation, dimensionless 

u1= mass flux of steam in the inlet stream, Ibm/(𝑓𝑡2-s) 

u2= mass flux of steam in the run stream, Ibm/(𝑓𝑡2-s) 

u3= mass flux of steam in the branch stream, Ibm/(𝑓𝑡2-s) 

ug1= mass flux of vapor phase in the inlet stream, Ibm/(𝑓𝑡2-s) 

ug2= mass flux of vapor phase in the run stream, Ibm/(𝑓𝑡2-s) 

ug3= mass flux of the vapor phase in the branch stream, Ibm/(𝑓𝑡2-s) 

u2/u1= mass-flux ratio of the run stream, dimensionless 

u3/u1= mass-flux ratio of the branch stream, dimensionless 

𝑣𝑓1= specific volume of saturated liquid at the inlet pressure,𝑓𝑡3/Ibm 

𝑣𝑔1= specific volume of saturated vapor at the inlet pressure, 𝑓𝑡3/Ib 

ѵ1= specific volume of steam at the inlet pressure, 𝑓𝑡3/Ibm 

Ѵ
∗𝑔1= critical velocity of saturated vapor at the inlet pressure, ft/sec 

Ѵ̄g1= superficial vapor velocity at the inlet, ft/sec 

𝑥1= steam quality of the inlet stream, fraction 

𝑥2= steam quality of the run stream, fraction 

𝑥3= steam quality of the branch stream, fraction 

𝑥2/𝑥1= quality ratio of the run stream, dimensionless 

𝑥3/𝑥1= quality ratio of the branch stream, dimensionless 

σ= interfacial tension, Ibm/sec. 
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