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ABSTRACT  

T-junction, or commonly known as stand pipe appendage, is used by oil/gas industries to tap gas from existing 
production header for the purpose of downstream pipeline instrumentation. The appendage is either pre-design or 
retrofitted with minimum internals for maximum reliability for remote deployment. The motivation for this research 
originated from the lack of stand-pipe design method to correctly account for the separation of multiphase fluid at the T-
junction. Consequently, sizable amount of liquid holdup occurs in the side arm, resulting in the so-called carryover issue. 
This situation is further aggravated by the different flow regimes in the production header which are not taken into account 
by the design practice. The negative consequences of this carryover on the operation of downstream unit have often led to 
frequent trip and maintenance issues. This paper presents the finding of the two phase oil/gas separation in T-junction 
using a simplified one-dimensional model. The effect of operating pressure, gas-oil ratio (GOR), oil flow rate and arm 
length on gas fraction in side arm is reported. The computed solutions are compared with experimental data and a good 
agreement is achieved. The results show that operating pressure is the most influential parameter in ensuring efficient 
separation.  
 
Keywords: two-phase flow, gas-liquid flow, T-junction. 
 
INTRODUCTION 

Gas-liquid two-phase flow in pipes is a common 
occurrence in the production and transportation of oil and 
gas industry. Precise expectation of the flow regime, 
pressure drop and liquid holdup is extremely important for 
the support and continuous operation of the facilities. 
Two-phase flow problem presents a complex flow 
configuration. Flow behavior is a function of flow 
variables such as gas and liquid flow rates, pipe diameter, 
inclination angle and fluid properties (densities, viscosities 
and surface tension) [1]. In the petroleum industry 
application, phase separation in T-junctions has been 
observed as early as 1973 by Oranje [2]. He noticed that 
condensate in gas lines did not appear equally at all 
terminal points on branched pipelines. 

The most useful methods of representing the 
phase split data is a plot of the fraction of the inlet liquid 
diverted into the branch arm against the fraction of the 
inlet gas diverted into the same branch. The fraction of 
gas/liquid taken off could be obtained based on the 
formulas in Equation (1) and (2) [3-20]. 
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As indicated by Wren, Baker and Baker et al., [3-
5] there are numerous physical components and dominant 
forces that influence how the two-phase flow approaching 
the junction might be divided between the outlets. These 
are considered to be gravity, inertia and pressure. Altering 
the orientation of the side arm will influence the phase 
separation, as it will change the orientation of the 
gravitational force acting on the fluid [3-5]. Studies [3, 5, 

6, 21] have concluded that when the side arm is oriented 
vertically upward pointing at 12 o’clock, more gas is 
found in the side arm. At 3/9 o’clock, phase splitting is 
equal and when the side arm is oriented vertically 
downward at 6 o’clock, more liquid is discovered at the 
side arm. Conte and Azzopardi [7] studied experimentally 
the division of gas/liquid flow at a large diameter T-
junction. The phase separation has been quantified for 
horizontal semi-annular flow. Film thickness variations 
about the circumference of the inlet and outlet pipes have 
been obtained using conductivity techniques. Furthermore, 
liquid depth profiles within the junction have been 
measured. It has shown that the phase split of semi-
annular flow at a large diameter T-junction is liquid 
dominated with less than 20% of the liquid is taken off for 
80% gas take off. 

In horizontal T-junction, the associated pressure 
drop along the side arm and axial distance available for 
take-off into the side arm will be altered by the reduced 
side arm diameter (reduced T-junction) [3-5, 8, 9]. Studies 
undertaken by [3-5, 10, 11] compared the pressure drops 
for both a regular and reduced diameter fully horizontal T-
junction with similar inlet flow rates. The pressure drop 
between the inlet and the run arm is relatively small and 
unaffected by the diameter of the side-arm. However, the 
inlet to side-arm pressure drop increases significantly with 
a decrease in the side-arm diameter ratio. So, for the same 
inlet conditions, a higher pressure drop is associated with 
the reduced T-junction. This is due to the higher gas 
velocities within the reduced diameter pipe for the same 
mass fraction extracted through the branch, as 
demonstrated by Bernoulli’s equation. 

Hong [12] studied the effect of liquid viscosity on 
the phase separation in horizontal T-junction, where the 
viscosity of the liquids were 1 cP for water and 5 ~ 10 cP 
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for mixture of water and hydroxyethyl cellulose. His result 
showed that the amount of liquid diverting into the side 
arm increases with the increase in liquid viscosity and this 
can be explained by the inertial and centripetal forces 
model. The velocity of the liquid flow decreased as the 
liquid viscosity increased for the fixed inlet of gas 
velocity. Thus, the low liquid velocity will have lower 
inertial effect on the liquid. At the same time, the two 
phase flow through the T-junction will be subjected to the 
centripetal force at the bending corner. The effect of the 
centripetal force will remain constant and unaffected by 
the liquid viscosity. Hence, for the fixed value of inlet gas 
velocity and increasing liquid viscosity, the centripetal 
force will overcome low liquid inertial, drawing more 
liquid into the side arm. Brito et al., [1] studied the effect 
of medium oil viscosity on two-phase oil-gas flow 
behavior in horizontal pipes, experimental program on 
medium oil viscosities (39 cP < µoil < 166 cP). The 
experiments are carried out utilizing a flow loop with a 
pipe diameter of 50.8-mm ID and 18.9-m-long horizontal 
pipe. The liquid superficial velocity is 0.01 to 3.0 m/s and 
gas superficial velocity is 0 to 7.0 m/s. The flow patterns: 
stratified smooth, stratified wavy, elongated bubble, slug, 
dispersed bubble and annular flow were observed for the 
studied flow conditions. Most of the experimental points 
observed in this study correspond to slug flow. The effect 
of viscosity on pressure gradient, liquid holdup and flow 
pattern is reported. The stratified smooth region decreases 
when the oil viscosity increases. Liquid viscosity increase 
delays the formation of an eddy at the liquid slug front, 
thus increasing the region of the elongated bubble flow. 
Gas bubble entrainment in the elongated bubble region 
increases when oil viscosity increases. In case of lower oil 
viscosities (39 cP and 60 cP), compared to higher oil 
viscosities (108 cP and 166 cP), the flow pattern change 
from intermittent flow to dispersed bubble flow at higher 
gas superficial velocities. Annular flow was only observed 
for the highest oil viscosity (166 cP). 

Studies [3-5, 21] have shown that the flow pattern 
approaching T-junction would affect the phase separation. 
The type of flow pattern in the pipe is dependent on the 
superficial velocity of gas and liquid. The effect of the 
flow pattern onto the phase separation in vertically upward 
and downward T-junction was firstly noticed that the flow 
at the top section of the pipe would be influenced by the 
vertical upward side arm.  

This paper presents a dynamic two-fluid model, 
in detail, stressing the basic equations and the two-fluid 
models applied. The SINTEF experimental data [22] are 
used for validation and predictions of steady-state pressure 
drop, liquid hold-up, and flow-regime transitions. This 
study also presents the preliminary finding of the two 
phase oil/gas separation in T-junction. The results show 
that the operating pressure as the most influential 
parameter in ensuring efficient separation. 
 
METHODOLOGY 

This simulation applies OLGA Extended Two-
Fluid Model to simulate two-phase flow by separately 

solving three separate continuity equations for liquid bulk, 
gas, and liquid droplets, which are coupled through 
interphasial mass transfer [22].  
 
Conservation of mass for the gas phase reads, 
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Conservation of the liquid phase is given by, 
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For Liquid droplets,  
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VG, VL, VD = gas, liquid-film, and liquid droplet 

volume fractions, ρ = density, v = velocity, p = pressure, 
and A = pipe cross-sectional area. ψG = Mass-transfer rate 
between the phases, ψe, ψd = the entrainment and 
deposition rates, and Cf = possible mass source of Phase f. 
Subscripts G, L, i and D indicate gas, liquid, interface, and 
droplets, respectively. 

Conservation of momentum is expressed for three 
different fields, yielding the following separate 1D 
momentum equations for the gas, liquid droplets, and 
liquid bulk or film. 
 
For the gas phase, 
 

21 1
( ) ( )

2G G G G G G G G G G G

p
V v V AV v v v

t z A z
             

 

1
cos

4 2 4
G i

i G r r G G G a D

S S
v v V g v F

A A
           (6) 

 

 
For the liquid droplets,  
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Equations. (6) and (7) were combined to yield a 
combined momentum equation, where the gas/droplet drag 
terms, FD, cancels out: 
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For the liquid at the wall, 
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α = pipe inclination with the vertical and SG, SL, Si 

= wetted perimeters of the gas, liquid, and interface. The 
internal source, Cf , is assumed to enter at a 90° angle to 
the pipe wall, carrying no net momentum. 

The above conservation and momentum 
equations can be applied for all flow regimes. However, 
certain terms may drop out for certain flow regimes; e.g., 
in slug or dispersed bubble flow, all the droplet terms 
disappear. 

Figure-1 shows there are many variables beyond 
the physical geometry of the T-junction that must be 
considered when trying to predict what is likely to happen 
for a given flow pattern approaching the junction. The 
geometry includes the angles associated with the junction - 
the angle of the main pipe forms the horizontal (α); the 
angle of the side arm from the main pipe (if β is 90o the 
junction is classed as a T-junction) and the orientation of 
the side arm, whether it lies in the horizontal plane at 3/9 
o’clock (θ = 0o), vertically upwards pointing 12 o’clock (θ 
= +90o), vertically downwards at 6 o’clock (θ = -90o) or at 
an angle in-between. There are eight other variables that 
also define the flow split - the mass flowrates of the gas 
and liquid, ṁ1, ṁ2 and ṁ3 plus the quality, x1, x2 x3 of each 
arm of the junction and the two associated pressure drops, 
∆P12 and ∆P13. For all variables subscripts 1, 2 and 3 
denote the inlet, run and side arms respectively. 
 

 
Figure-1. Schematic diagram of T-junction. 

 
A two phase mixture enters through the main arm 

with a liquid and gas mass flow rate of ṁL1 and ṁG1. At the 
T-junction, inlet mass flow rate, ṁ1 will split into run arm 
and side arm which are defined as mass flow rate of ṁ2 
and ṁ3 respectively. The two phase mixture in run arm 
consists of ṁL2 and ṁG2 and similarly the two phase 
mixture in side arm consists of ṁL3 and ṁG3. The following 
equations will be used in presenting the phase-
redistribution data in this investigation; 

 

Total inlet mass flow rate: ṁ1 = ṁ2 + ṁ3   (10) 
 

Overall mass flow rate: ṁi = ṁLi + ṁGi i = 1, 2 and 3  (11) 

 

The quality: xi = ṁGi/ṁi i = 1, 2 and 3   (12) 
 

Overall mass split ratio at side arm: ṁ3/ṁ1   (13) 
 

The geometry of T-junction will be varied in 
terms of: The diameter ratio (D3/D1) – the side arm 
diameter, D3 will be fixed at 1”, but main and run arm 
diameter, D1 = D2 = 6” & 8”. The length ratio (L3/L1) – the 
main and run arm length, L1 & L2 will be varied from 5, 
10, 15, 20m and side arm length L3 will be within 0.2635, 
0.3048, 0.7795m (see Table-1) 

 
Table-1. Input parameter for the study. 

 

 
 
VALIDATION 

The validation of the two-phase flow set up is 
based on the experimental data published by SINTEF flow 
laboratory. The experiment consists of an 8” (0.2032 m) 
diameter pipe extending 400 m out and back, with a 55 m 
riser tower. The inlet conditions are the gas-oil ratio, oil 
flow rate, operating pressure and temperature, oil API 
gravity [22, 23]. For the transient inlet flow, a time-
dependent inlet flow rates were applied on the experiment 
setup as in Figure-2, where the inlet liquid superficial 
velocity is kept constant at 1.08 m/s, while gas superficial 
velocity was increased from 1.0 m/s to 4.2 m/s in a period 
of 20 seconds. 

 

 
 

Figure-2. Test section of the SINTEF Two-Phase Flow 
Laboratory for the dynamic inlet experiment (  liquid 
holdup measurement;  absolute pressure recordings). 
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Figure-3. Superficial-gas-velocity recording for the 
dynamic inlet-flow experiments at the SINTEF Two-phase 

flow laboratory. 
 

 
 

Figure-4. Liquid-holdup recordings in the horizontal pipe 
at location 299 m from the mixing point. 

 

 
 

Figure-5. Pressure difference over a part of the horizontal 
line. 

Figure-3 shows that the inlet liquid superficial 
velocity was kept constant at 1.08 m/s, while the 
superficial gas velocity was increased from 1.0 to about 
4.2 m/s in a period of 20 seconds. A very good agreement 
can be observed between the present model and the 
experimental data. Figures-4 and 5 illustrates that the 
increase in the gas flow rate results in a decrease in the 
liquid holdup. This discontinuity in liquid holdup tends to 
be smeared out and broken up into slugs as it travels along 
the pipeline. It is noteworthy that the simulation model 
applies a mean-slug-flow description, but it is able to 
simulate the time evolution of holdup and the pressure 
responses (see Figure-5) to the inlet conditions. The 
predicted time response is good, but it is slightly too slow. 
 

RESULTS AND DISCUSSION 
 
Effect of operating pressure 

The effect of operating pressure is studied by 
prescribing pressures of the nodes at the end of side arm, 
P3 and run arm, P2 then observe the separation 
performance of the T-junction in terms of gas fraction in 
the side arm. The pressure correlation is denoted as P_r 
where P_r = P3/P2. 

Figures-6 through 8 shows the effect of operating 
pressure on the gas fraction inside the side arm, for 
different GOR (scf/stb) in different oil rate. High gas 
fraction in side arm can be observed for P_r = 0.1 to 0.4, 
then declined before increases again after P_r = 0.75.  
 

 
 

Figure-6. Effect of P_r on gas fraction in side arm for 
different GOR and oil rate for oil rate of 10,000 bbl/day. 

 

 
 

Figure-7. Effect of P_r on gas fraction in side arm for 
different GOR and oil rate for oil rate of 5000 bbl/day. 

 

 
 

Figure-8. Effect of P_r on gas fraction in side arm for 
different GOR and oil rate for oil rate of 1000 bbl/day. 
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This trend can be observed on all cases for the oil 
rate of 1000 to 10000 bbl/day. However, when the P_r 
ratio exceeds 1, the gas fraction in side arm will have a 
negative value, which indicates backflow in the side arm. 

Generally, ideal P_r value for effective 
separation is within the range of 0.1-0.4, and 0.75-1. This 
value can be determined by considering the operating 
envelope (Oil rate & GOR). 
 
Effect of GOR 

The effect of GOR is analyzed in two 
perspectives; by keeping the oil rate (bbl/day) constant, 
and by keeping the P_r ratio constant. Figure-9 reflects the 
gas fraction in side arm in different GOR under different 
P_r ratio with oil rate of 5000 bbl/day.  We can observe 
that generally, gas fraction in side arm increases in the 
increment of GOR. However, the almost-flattened lines on 
the graph in Figure-9 indicate the GOR effects on the gas 
fraction in side arm are that of low-significant. 
 

 
 

Figure 9. Effect of GOR on gas fraction in side arm for oil 
rate of 5000 bbl/day. 

 
Effect of Oil Flow Rate 

From Figure-10, we can observe that in general, 
gas fraction in side arm decreases as the oil rate is 
increased. This effect is more significant when coupled 
with low GOR of the oil. However, as the GOR increased, 
the effect of changing oil rate towards gas fraction in side 
arm are diminished. 

 

 
 

Figure-10. Effect of oil rate on gas fraction in side arm for 
P_r = 0.4. 

 

 
 
 

Effect of arm length 
The effect of arm length ratio is studied by 

keeping the side arm length, L3 = 0.8m and varying the 
main arm length, L1 = 10m, 15m. It is then expressed in 
term of length ratio L_r = L3/L1. Figure-11 illustrates 
effect of arm length ratio, L_r on gas fraction in side arm, 
where the gas fraction in side arm is slightly decreased as 
the L_r ratio increased. However, the effect of arm length 
on gas fraction in side arm are that of very low significant. 
The arm length affects the flow regime and the pressure 
approaching the junction. However, for the arm length that 
is within the scope of study, its effect towards gas fraction 
in side are low significant. 
 

 
 

Figure 11. Effect of arm length ratio, L_r on gas fraction 
in side arm. 

 
CONCLUSIONS 

The operating conditions and geometry are 
affecting the efficiency of T-junction as a partial phase 
separator. Using the developed T-junction model, effect of 
arm length ratio, operating pressure, GOR, and oil rate on 
separation efficiency are studied. The operating pressure 
was found to have the highest significant effect on the 
separation efficiency. With the generated data, the 
behaviour of a two phase flow in a T-junction can be 
predicted and a suitable operating envelope for efficient 
separation can be developed based on individual 
application. These generated data will be utilized for 
further detail study using three-dimensional CFD model. 
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