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ABSTRACT  ARTICLE INFO 

Although many manifold shapes have been studied, research on venturi-
shaped manifolds with holes smaller than the inner diameter of the 
pipe, hereinafter referred to as T-reducer, has so far not been found. 
This research studies the effect of hole diameter and Reynolds number 
on the debit that comes out of the branch pipe. The venturi hole 
diameter is varied from 40% to 80% of the main pipe diameter, while 
the bulk velocity is varied from 2 to 10 m/s. The research started by 
creating a 3D T-reducer model, followed by CFD simulation using Fluent 
software. From the simulation results, curve fitting is performed using 
multiple regression to obtain an equation which is the correlation of 
dimensionless numbers. The maximum difference between the flow 
coefficient obtained from the curve fitting equation and the CFD 
simulation results is 3.35%. 
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1. INTRODUCTION 

Different types of flow dividers and manifolds are used in industries, such as power plants, 

process industries, water treatment plants, etc. Manifolds can be divided into dividers and combiners 

(unifiers) [1, 2]. The flow dividing manifold is used to divide a flow into several streams with a 

smaller debit, while the combining manifold is used to combine or unite several small streams into one 

stream with a larger flowrate [3-5]. 

Figure 1 shows some of the shapes and directions of flow in a pipe. In terms of the number of 

output streams, the split manifold can be divided into manifolds with two outlets, and a manifold with 

three or more outlets. And also the combining manifold can be divided into manifolds with two inlets, 

three or more outlets. In terms of the direction of the outlet flow, the manifold can also be divided into 

three, namely direct flow (parallel), perpendicular flow, and reverse flow. In a unidirectional manifold, 

the outflow is in the direction of the inflow, the outflow is perpendicular to the inflow, and in reverse 

flow, the outflow is opposite to the inflow. In terms of shape, manifolds can be divided into two, 

namely Y (or fork) and T forms. In terms of laying, manifolds can generally be divided into 2, namely 

horizontal and vertical. 

Distribution manifolds are usually used to obtain an even flow distribution, such as in heat 

exchangers [6, 7]. In general, the manifold has the same diameter between the main pipe (header) and 

the branch pipe. It's just that for the need for greater discharge reduction, the manifold neck can be 

reduced [8-10]. In this work, a numerical study of a dividing venturi-shaped manifold with holes 

smaller than the inner diameter of the pipe, hereinafter referred to as T-reducers, with 2 T-shaped 

outlets with a perpendicular output direction will be presented. The manifold is in horizontal 

placement, with a neck diameter smaller than the diameter of the main pipe, as shown in Figure 2. To 

improve flow properties and avoid cavitation, the diameter of the neck will be gradually increased to 

produce a conical neck shape. The neck diameter is varied from 30% to 80%. 

https://creativecommons.org/licenses/by/4.0/
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Figure 1. Types of manifold. 

Manifold flow has been studied by many researchers. Hassan et al. (2014) have researched on 

a splitting manifold with 5 T-shaped outputs, with horizontal placement, uniform diameter. The study 

was carried out numerically and experimentally. The results of the study show that there is a 

maldistribution of the five output pipes. The flow distribution value at Re 150,000,  for the first outlet 

pipe to the 5th pipe respectively, are 14%, 17%, 20%, 20%, 24%, and 25%. The research was also 

carried out on Re 100,000 and 200,000. In both Re numbers, the flow distribution does not change 

much. In addition, it is also concluded that the simulation results with CFD are quite close to the 

experimental results. Furthermore, the research was continued by using a cone manifold. This 

manifold provides a more even distribution [11]. 

Phase maldistribution has negative and positive consequences for the equipment used. The 

negative side of the occurrence of phase maldistribution will cause a decrease in the efficiency of the 

equipment used in the downstream section of the T-junction [12] and the positive side of the phase 

maldistribution that occurs in the T-junction can be used as a useful tool in industrial processes, 

namely phase separation. The phase separation process using a T-junction was first introduced by 

Oranje in 1973 which investigated the separation of the flow of two liquid gas phases [13] and the T-

junction as a partial phase separator [14]. 

A lot of research on T-Junction has been done. Sugianto et al. (2010), studied the use of T-

Junction for water-kerosene separation, focusing on the effect of branch pipe diameter. The study was 

conducted using CFD and validated by experiment. Kerosene tends to flow into the branch pipe that 

leads vertically. The larger the diameter of the branch pipe, it tends to produce a larger kerosene 

fraction [15]. Tran et al. (2018) also investigated the separation of the two-phase water-air flow at the 

T-Junction, in the slug-flow regime. Numerical modeling shows that the reduced T-junction gives 

better results than the regular T-junction [16]. Wu et al. (2019) investigated the characteristics of the 

two-phase separation of viscous oil from water in the T manifold with multiple outputs. The results of 

this study indicate that the number of outputs and the distance between the outputs (spacing) have a 

major effect on the efficiency of separation. A larger number of outputs tends to increase the 
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efficiency of the separation. The output height has no significant effect on efficiency. Meanwhile, the 

wider the spacing, the efficiency of the separation increases, and tends to lose its effect at 7D spacings 

or more [17]. Yang et al. (2019) investigated the double layer T-junction for the separation of water 

and oil. Research shows that the effect of oil fraction is less significant than the inlet velocity. The 

separation efficiency tends to decrease with increasing water velocity [18]. Berman et al. (2018) 

investigated the effect of using a T-junction flash gas bypass refrigerant on the performance of the AC 

system. The use of T-junctions can increase the COP and reduce the electric power consumption for 

the compressor [19]. 

T-junction problems also occur in the aircraft's hydraulic system. There is a decrease in 

pressure at the T-junction which can affect the work of the hydraulic system. This research was 

conducted by Li and Wang (2013) using the shear stress transport (SST) model in ANSYS/CFX 

software. The investigated T-junction has a curvature at the branch pipe. The curvature radius was 

varied. The results showed that a certain radius of curvature resulted in the smallest pressure drop [20]. 

Other studies that utilize the T-junction as a fluid phase separator include the process of 

separating the two-phase gas-liquid flow in an annular flow pattern [21], the effect of flow patterns on 

gas-liquid separation [22], the process of analysis and determination of related variables. with fluid 

flow separation namely gas flow rate, quality in each branch and pressure drops associated with 

branching [23], separation of liquid-liquid phases namely kerosene and water with a stratified flow 

pattern [24], and separation of liquid-liquid phases namely kerosene and water with a stratified flow 

pattern with mixture interface (ST & MI) and a dispersed flow pattern [25]. 

Research on the two-phase flow pattern in the pipe or in the T-junction has also been carried 

out by many researchers, including; flow prediction scheme in a horizontal T-junction, a grouping of 

two-phase liquid-liquid flow patterns into stratified - stratified flow patterns with mixing interface and 

dispersed, a grouping of two-phase water-oil flow patterns through horizontal pipes into stratified 

smooth (ST) - stratified wavy (SW) - stratified flow with mixing at the interface [26], as well as 

visualization studies and two-phase air-water flow patterns in horizontal pipes and branching pipes 

that have varying angles at the branching points [27]. 

Many researchers have conducted research on mathematical modeling and/or numerical 

simulation of two-phase flow in a pipe or T-junction, including numerical simulation of two-phase 

water-oil flow in a T-junction using the turbulent mixture κ-ε model [28], numerical simulation of the 

gas-oil two-phase flow pattern in a horizontal pipe using the volume of fluid (VOF) technique [27], 

numerical simulation of the gas-oil two-phase flow in a narrowed T-junction at the branching angle 

using the principle of pressure equilibrium , mass, momentum and energy [28], numerical simulation 

of two-phase water-tetradecane flow drop formation in the T-junction using VOF technique [29], CFD 

analysis for pressure drop prediction of two-phase refrigerant flow using a two-phase model Fluent 

[30], modeling the flow of two-phase refrigerant in a short orifice tube [31], as well as a comparison of 

the commercial computational multi fluid dynamics (CMFD) tracking interface capacity namely VOF 

method-Fluent and level set method-TransAT [32]. Based on the results of research which conducted a 

comparative study of the VOF and LS models, it was found that VOF meets mass conservation and is 

not good for the results of a two-phase tracking interface and vice versa LS does not meet mass 

conservation and is very good at producing a two-phase tracking interface. From the studies above, it 

can be concluded that the T-junction can be used to separate two-phase flows, and of course, it can be 

used as a divider in single-phase flows. 

2. MATERIALS AND METHOD 

Figure 2 shows an isometric cross-section of the T-reduce junction, which the characteristics 

will be studied in this study, namely the effect of flow velocity and orifice diameter on the distribution 

of discharge. Pipes of inner diameter D have branches in a perpendicular horizontal direction of the 

same diameter. Diameter D, this remains at 247 mm, obtained from a pipe with a nominal diameter of 

10 in, schedule 80. The branch mouth is venturi-shaped with diameter d, with a conical section of 1.86 

D long. This venturi shape is intended to reduce the possibility of cavitation. Water enters with a Q1 

debit, exits towards the front with a Q2  and to the side with a Q3. The venturi neck is given a 5 mm 

radius. 
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The flow rate was varied from 0.0927 m
3
/s to 0.4635 m

3
/s (or at a bulk velocity of 2 m/s to 10 

m/s), which corresponded to the Reynolds number, Re between 4.83 × 10
5
 to 2.41 × 10

6
. While the 

diameter of the neck of the venturi d, varied from about 30% to 80%, which became slightly larger due 

to the increase in the radius of the neck. Both ends of the outlet pipe are not pressurized. The junction 

is in a horizontal position. 

 

Figure 2. T-reduce junction. 

To solve this problem, the CFD software of Fluent was employed. The solver was 3D steady 

flow, single phase. Cylindrical pipes were added at the inlet and outlet, to ensure that near steady flow 

condition has been reached. The working fluid was water. The turbulence model was κ – ε. The 

boundaryconditions weredefined velocity at inlet,constant pressure at the two outlets. 

Figure 3 shows meshing to the model. The mesh was hexagonal brick for the cylinder part, 

polygonal around neck of the venturi. A special mesh polygonal form was employed for the transition 

region. 

 

   

Figure 3. Meshing. 
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3. RESULTS AND DISCUSSION 

Figure 4 shows velocity and turbulence kinetic energy for CD of 0.7 with 10 m/s bulk velocity, 

from CFD simulation result. From the velocity field, it is known that velocity at branch pipe is around 

1 – 2 m/s, while velocity at the main pipe is around 11 m/s. The turbulence kinetic energy reach is 

1.32 m
2
/s

2
, while in the main pipe is near zero. These phenomena indicate thathigh turbulence occurs 

around the neck of the venturi. 

       

Figure 4. Velocity and turbulence kinetic energy for CD of 0.7 with 10 m/s bulk velocity. 

Figure 5 shows flow coefficient Cf (branch outlet to inlet debit ratio, Q3/Q1) against inlet 

velocity and Reynolds number (ReD) for various diameter coefficient CD (d/D). The figure shows that, 

the higher the diameter coefficient, the higher the flow coefficient. And the higher Reynolds number 

(ReD), the higher the flow coefficient. And the higher velocity at the inlet pipe, the higher the flow 

coefficient. The effect of the Reynolds number tends to diminish at high Reynolds numbers. 

       

Figure 5. Flow coefficient against velocity and ReD. 

From Figure 5, it is known, that Cf is a function of ReD and CD. For convenience, the flow 

coefficient, Cf will be presented in the form of a non-dimensional variable group equation, as shown 

by Equation (1), as suggested by dimensional analysis. 

        
   

  (1) 

Natural logarithmic is applied to both sides of the equation. Equation (1) then turns to 

Equation (2). 

                      (2) 
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To find a, b, and c, multiple regression from commercial Microsoft Excel was used. With a 

confidence level of 95%, the result of the last step is presented in Table 1, the regression statistic 

presented in Table 2. 

Table 1. Obtained parameters. 

Parameters Coefficients Standard Error 

Intercept (ln a) -4.427 0.102 

ln ReD 0.111 0.007 

ln CD 1.589 0.017 

Table 2. Regression statistics. 

Parameters Value 

Multiple R 0.999 

R square 0.998 

Adjusted R square 0.997 

Standard error 0.021 

Observations 25 

Therefore, Equation (1) turn to: 

               
       

      (3) 

Comparing the original CFD simulation result with Cf value obtained from Equation (3), the 

maximum residual was 0.00159. It is 3.35% of the CFD simulation result. 

4. CONCLUSION 

From the simulation results, an equation correlation of dimensionless group of variables was 

constructed using multiple regression. The equation is shown by Equation (3). The maximum 

difference between the flow coefficient obtained from the curve fitting equation and the CFD 

simulation results is 3.35%. 
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