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Water Distribution Networks (WDN’s) are used for providing water to residential 

areas. These networks have various junctions and interconnections spanning 

hundreds of kilometers. In the current work CFD simulation is carried out initially to 

determine the location of flow separation and recirculation inside a T-junction. 

Furthermore a parametric study is carried out to reduce this separation by 

implementing Vortex Generators (VG’s). VG’s are most commonly used in aircrafts to 

reduce the flow separation. A parametric analysis is carried out considering three VG 

configurations and later an upgrade is carried out. Simulations are carried out using 

ANSYS Fluent. The results show that, implementation of VG’s effectively reduces the 

reverse flow and thus provides a solution to existing problem in Water Distribution 

Networks (WDN). 
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1. Introduction 

 

Underground pipeline is used to distribute clean water from the water treatment plant to 

houses and buildings for domestic consumption. One of major problems associated with this 

distribution system arises, when the pipe branches into a network for supplying water to multiple 

areas. Few of the previous studies focused on solute mixing at the junction. Waanders et al., [1] 

investigated the accuracy of network model and CFD simulation in predicting the mixing behaviour. 

The results show that network models are better for simulating the operation behaviour but lack 

the capability of predicting the contamination behaviour.  Ho et al., [2] used RANS turbulence 

model to simulate solute mixing in single joint and multi joint water transport network Figure 1. The 

simulation results matched with the experimental results. The results of cross joint indicated that 

smaller diameter pipes had prominent mixing compared to larger diameter pipes. The 3×3 network 

simulation showed difference in inlet flow rates and showed changes in downstream concentration. 
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Fig. 1. 3×3 network and Cross and T- Junction [2] 

 

Ho [3] compared solute mixing in cross joints, using CFD and other complete mixing models 

such as EPANET and bulk mixing model.  It was concluded that complete mixing and bulk mixing 

models did provide an upper and lower bound. CFD models are more accurate, but are 

computationally expensive in studying large WDN. Song et al., [4] conducted an experimental study 

and compared it with, EPANET complete and incomplete mixing models. It was found that 

incomplete mixing model provided better results, with an error of 15% compared to 66% error in 

case of complete mixing model. Thus, usage of CFD is only limited to gain insight into the 

fundamentals of the mixing in case of individual pipe junctions [3-5]. 

Gomez et al., [6] also investigated the solute mixing in cross flow junction. Four different 

scenarios were tested (i) equal inflow and outflow (ii) equal outflow, varying inflow (iii) equal inflow 

and varying outflow (iv) varying inflow and varying outflow. The CFD study was carried out using k-ε 

turbulence model. The results indicate that incomplete mixing is due to bifurcating inlet flows, 

which reflect off with minimum contact. Ho et al., [7] and Sun et al., [8] further used double tee 

junction configurations to study the solute mixing. Shao et al., [9] used simulations to study the 

mixing in double tee junction and later proposed an analytical model to predict the solute 

concentration at the outlet. The study helped in improving predicting capabilities of EPANET 

incorporating the Bulk Advection Model. Webb [10] utilised LES approach using Fluent to predict 

the mixing behaviour. Two scenarios were studied one with cross flow/double T and other with T 

separated by a distance of 2.5 diameters of the pipe. Later the T separation is increased to 10 D to 

visualise the effect of mixing. A double-sided T-Junction, T with 2.5D and 10 D separation is used to 

carry out the simulations. The Reynolds number is set to 40,000. Clean fluid enters from the north 

inlet and contaminated fluid enters from the west. Their results showed the transient nature of the 

mixing which was not observed by Ho et al., [2] as they used RANS model to predict the mixing 
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behaviour. Webb [11] further studied the effect of mixing at unequal flow rates in a cross junction, 

distribution network. It was found that mixing occurred near the wall due to large difference in 

momentum. A scaled experimental water distribution network model is designed by Summeren et 

al., [12] to investigate the water quality and contamination in real world conditions and verify the 

numerical results.  

The current work focuses on CFD simulations considering a T-junction in order to determine the 

initial flow separation. Later a solution to the separation problem at the junction is provided by 

incorporating Vortex Generators (VG’s) [13-17], inside the pipe. The VG’s helps by creating 

turbulence, their by eliminating backflow inside the pipe. Figure 2 shows a typical split i.e. T-

junction with one inlet and two outlets, which is commonly used in water distribution networks.  

   

 

 
 

Fig. 2. T-junction  

 

 

2. Turbulence Model Theory  

2.1 Reynolds Average Navier Stokes (RANS) 

 

In CFD, RANS is the most widely used turbulence modelling approach [19]. In this approach, the 

Navier Stokes equations are split into mean and fluctuating components. The total velocity Ui is a 

function of the mean velocity	Uı�  and the fluctuating velocity Ui� as shown in the equation below 
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The continuity and momentum equations incorporating these instantaneous flow variables are 

given by 
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These above equations (in Cartesian tensor form) are known as RANS equations, and the additional 

Reynolds stress terms ���$��%�





 need to be modelled. The Boussinesq hypothesis is applied in 
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relating the Reynolds stress and mean velocity 
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2.1 k-ε turbulence model 

The following transport equations are used to determine the turbulent kinetic energy k and rate 

of dissipation ε. 
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where GK is the turbulence kinetic energy generation term which is due to mean velocity gradients, 

Gb represents the turbulence kinetic energy due to buoyancy, YM represents effects of 

compressibility on turbulence and Sk and Sε represent the source terms. C1ε, C2ε, and Ceε are 

constants, σk and σε are the turbulent prandtl number for k and ε. The turbulent viscosity, μt is 

calculated as shown in the equation below 

 

�� 	 �:, /<
9                                        (7)     

 

The k-ε is one of the most widely used turbulence models in predicting the flow behaviour in pipes.  

 

3. Case Setup 

 

The geometry of the pipe is designed using Solid works 3D CAD software. The dimensions of the 

T-junction are 15m in length and 1.5m in diameter for the inlet and outlet 1. The outlet 2 diameter 

is 1m. There is a diffuser located before outlet 2 at a distance of 8m from the inlet of the pipe, as 

shown in Figure 2. 

 

3.1 Numerical Methodology 

 

The Numerical Methodology followed in the current study is as shown in the flow chart Figure 

3. Initially the model is created using CAD software Solid Works. Later the solid model is imported 

into ANSYS for meshing. ANSYS meshing is utilized to mesh the model. A tetrahedral mesh is 

generated and the meshed model is imported to FLUENT for solving the flow. Later the results are 

analyzed using post processing in FLUENT. 

 

3.2 Domain Details & Boundary Conditions 

 

The boundary condition at the left surface is given as inlet and the right as outlet 2. The top 

surface of the T-junction is defined as outlet 1. The other surfaces of the pipe are defined as walls. 

Standard K-ε turbulence model is used for simulation and the convergence criterion is set to 10
-6

. 
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SIMPLE pressure velocity coupling is implemented. Spatial discritization of the gradients is done 

using the Least Square Cell Based Gradient Evaluation (LSCB), as it is requires less computational 

time. The steady state simulation was carried out for an inlet flow velocity of 10 ms
-1

. 
 

 
 

Fig. 3. Numerical Methodology flow chart 

 

3.3 Grid Independency Check 

 

Grid Independency check is carried out varying the no of elements and further accuracy of 

simulation is determined considering first and second order discritization of pressure and 

momentum.  The Figure 4 (a) shows the overall mesh on the T-junction pipe. Three mesh cases 

were studied varying the element size from 0.06m, 0.03m and 0.015m which resulted in mesh size 

of 500k, 800k and 1.8million. The results indicated that element size of 0.015m provide good 

results. 

 

 
 

Fig. 4.Tetrahedral mesh on the T-Junction (a), Inflation layers at the inlet and two outlets (b) 
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Figure 4 (b) shows tetrahedral mesh elements along with 10 inflation layers, applied with 

growth ratio of 1.05 on the inlet and two outlets.  

 

4. Results and Discussion 

 

The Initial study without VG’s inside the T-junction, showed that separation both in the 

horizontal as well as the vertical pipe Figure 5. A recirculation and separation zone is observed in 

the horizontal and vertical pipe of the T-junction. This baseline simulation provides the initial data, 

which is utilized in order to determine the VG placement. 

 

 

 

 

 

 
 

 

 

Fig. 5. velocity vectors (a) and contours (b) representing reverse flow region in the horizontal pipe and 

velocity vectors (c) and contours (d) in the vertical pipe 

 

The following aspects are essentially important while considering the placement of VG’s., initial 

location of separation, followed by the number of VG’s required and the shape of the VG. 

For the current study rectangular VG’s shape is used. The location is determined by the baseline 

study and the only parameter which has been varied is the no of VG’s and its height. Aerodynamic 

Studies have shown that VG’s reduce separation by inducing momentum in the fluid [13]-[18]. Thus, 
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an attempt has been made to reduce the reverse flow in T-junction using VG’s at the location of 

flow separation. The separation is initially noticed just before the diffuser. Parametric studies 

carried out varying the number of VG’s needed and the height of the VG’s.  

The following VG case studies are carried out to determine the best VG configuration. 

Case 1 Four VG setup, VG height 60mm. 

Case 2 Six VG setup, VG height 60mm. 

 Case3 Eight VG setup, VG height 60mm and 

Case 4 Eight VG setup with VG height 75mm. 

The VG dimensions are fixed at (length) 300mm x (height) 60mm x (width) 5mm from case 1 to 

case 3. All four cases show very interesting results. The flow improvement is noticeable in all the 

cases. First three cases will determine the number of VG’s required. The results of each case are 

further elaborated, highlighting the contour and vector plots. 

 

4.1 Case 1 

 

In the first case four rectangular VG’s are used. Two VGs are placed inside the vertical pipe and 

another two inside the horizontal pipe before the diffuser as shown in Figure 6. The results showed 

an improvement in flow on the horizontal pipe compared to the vertical pipe. The change in the 

circulation at the horizontal pipe is better. Meanwhile, the vertical area seems to get worse. This 

may be due to insufficient number of VG’s on the vertical pipe.  

 

 

 
Fig. 6. Position of VG’s in hhorizontal (a) and vertical (b) pipes 

 

 

  

Fig. 7. Velocity vectors (a) and contours (b) for case 1 
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Figure 7 clearly shows a reduced turbulent zone in case of pipe with VG compared to without 

VG. The flow splits at the T-Junction but there is a reduced zone or recirculation due to the 

presence of VG. The horizontal pipe shows a reduction in separated flow compared to vertical pipe. 

The results clearly show that further improvement is needed for the vertical pipe.   

 

4.2 Case 2 

 

The second case is similar to the first one, with a slight improvement. In case 2 more VG’s are 

added on the vertical pipe in order to improve the flow behaviour, compared to case 1. The VG’s 

are oriented with an angle of 45 degrees to the flow direction Figure 8.  

 

 

Fig. 8. Position of 4 VG’s in vertical pipe 

 

 

 

 

 

 

 

 
Fig. 9. Velocity vectors (a) and contours (b) for case 2 
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As mentioned earlier for Case 2 two more VG’s are added for the vertical pipe. These additional 

VG’s improve the flow behaviour. The VG’s create a vortex which drastically reduces the separation 

zone as seen in Figure 9.  

 

4.3 Case 3 

 

In this case four VG’s are placed on the vertical pipe and four on the horizontal pipe. The Figure 

10 shows eight rectangular VG’s inside the T-Junction.  

 

 

Fig. 10. Position of 8 VG’s  

The Figure 11 shows that this case has the best results. The VG’s are effective in reducing the 

separation/backflow in both the horizontal and vertical pipes, thus effectively increasing the mixing 

at the junction. 

 
 

 

 

 

 
Fig. 11. Velocity vectors (a) and contours (b) for case 3 
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4.4 Case 4  

 

Case 3 showed a drastic improvement compared to other cases. In case 4 a slight modification 

is carried out by increasing the VG height from 60mm to 75mm.  Figure 12 shows the reduction in 

separation region for both the horizontal and vertical pipe. But the increase in VG height from 

60mm to 75mm doesn’t improve the mixing substantially.  

 

 

 

 

 
 

 
 

Fig. 12. Velocity vectors horizontal (a) and vertical (b) pipe case 4 

 

5. Conclusion 

 

All the above cases show reduction in the backflow region. The best results are obtained for 

case 3, where in 4 VG’s each are placed for the horizontal as well as the vertical pipe. The VG’s 

increase the mixing and flow rate throughout the pipes. This qualitative CFD study shows that 

implementing VG can drastically improve the mixing in T-Junction in water distribution networks. 
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