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This paper presents a numerical study of the turbulent swirling flow in a horizontal 

tangential inlet tube. The commercial CFD code ANSYS FLUENT 15 was used for solving 

the set of governing equations using different turbulence models. Eight turbulence models 

are tested which are, standard k–ε, realizable k–ε, RNG k–ε, SST k–ω, Non-Linear k–ε, v2-

f, RSM (Quadratic Pressure-Strain Model), and RSM (Stress-Omega Model). All these 

turbulence models are available directly in the ANSYS FLUENT except the non-linear k–

ε which was implemented in the solver using User Defined Functions (UDF). The 

numerical predictions are compared with experimental measurements from literature for 

tangential, axial velocity profiles and Reynolds stresses profiles within the tested tube. The 

results indicated that the axial velocity is predicted fairly well by the standard k–ε model 

while the tangential velocity is well predicted by RSM. On the other hand, v2-f model 

predicts the Reynolds stresses better than the other tested models. The statistical analysis 

of turbulence model performance showed that, the RSM (Quadratic Pressure-Strain) model 

gives the best agreement with all data of experiments followed by non-linear k–ε and 

standard k–ε turbulence models. 
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1. INTRODUCTION

Swirling flows are important class of flows due to their 

widely used in many engineering applications such as heat 

exchangers, cyclone separation, mixing, combustion, cooling 

of gas turbine, etc., and has attracted a widely interest of 

research due to it’s the strong influence on the flow behavior. 

The utilization of swirl imposes rotation imposed on the 

flow therefore creates a recirculation area, which is essential 

for some application such as flame stabilization [1-3], 

reducing the energy losses in a diffuser [4], and heat transfer 

enhancement [5]. The swirl flow devices can be categorized 

into two kinds: the continuous swirl flow and decaying swirl 

flow devices. In the continuous swirl flow devices, the 

swirling exists over the whole length of the tube such as wire 

coil and twist tape inserts [5-14], while in the decaying swirl 

flow devices, the swirl is generated at the entrance of the tube 

and decays along the flow path such as the tangential flow 

injection devices, the radial guide vanes and the snail swirl 

generators [15-24]. 

In recent years, numerical simulation methods have become 

essential in many areas of engineering involving internal or 

external flows. Due to the importance of swirling flows in 

many engineering applications, it is necessary to identify a 

particular turbulence model to simulate these flows. Generally, 

the selection of a turbulence model for particular flow case is 

governed by the simulation performance and computational 

time. Despite of the robust performance and the relatively 

smaller computational effort of the standard k-ε model, it fails 

to predict the slow decay of eddy viscosity in swirling flows 

[25]. Kobayashi and Yoda [22] proposed a modified version 

of the standard k-ε model which considers the eddy viscosity 

as a tensor instead of scaler quantity. Their results showed that 

the modified k–ε model successfully predicts the axial and 

tangential velocity profiles. However, no comparisons were 

presented for the Reynolds stresses. Gupta and Kumar [23] 

studied the three-dimensional turbulent swirling flow in a 

cylinder with tangential inlet and tangential exit using particle 

tracking velocimetry (PTV) and compared the results with 

prediction from the standard k-ε and the RNG k-ε turbulence 

models. Tangential velocity results from the experiments and 

the RNG k-ε turbulence model were compared and the 

maximum error is found to be within 20% and these results 

were considered in reasonably good agreement. In general, the 

RNG k-ε turbulence model predicted much more accurate 

results than the standard k-ε model. Saqr et al. [24] used the 

standard k-ε, the RNG k-ε and a modified version of k-ε model 

and the results were compared to experimental measurements 

presented by Gupta and Kumar [23]. The modified k-ε model 

showed better agreement with the local tangential velocity 

measurements compared to the standard k-ε and the RNG k-ε 

turbulence models. Ibrahim et al. [26] compared the 

performance of standard k–ε model, RNG-based k–ε model, 

extended k–ε model and low-Reynolds number k–ε model. The 

results indicated that the RNG-based k–ε model predicted the 

swirl flow better than other tested models. Ridluan et al. [27] 

compared the performance of different first order turbulence 

models (linear eddy viscosity models) in addition to the 

Reynolds stress model (RSM) in predicting strongly swirling 

flow. They found that the RSM turbulent model can capture 

the swirl flow effects better than other models. Norwazan and 

Jaafar [28] studied high swirling flow using the realizable k–ε 

model and the results were satisfactory. The performance of 

the four cubic eddy-viscosity turbulence models for two 
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strongly swirling confined flows were investigated by Yang 

and Ma [29]. They found that the predicted Reynolds stresses 

and velocity profiles showed clearly that the superiority of 

cubic models over the standard k-ε model in the prediction of 

strongly swirling flows. Shamami and Birouk [30] compared 

the performance of four two-equation models including 

standard k–ε, realizable k–ε, RNG k–ε and SST k-ω models 

along with two Reynolds stress models with linear (RSM) and 

quadratic (SSG) pressure strain. The comparisons were carried 

out at two values of swirl number (S=0.4 and S=0.81). They 

reported that the SSG had the most accurate prediction of 

mean velocity profiles among the tested models. However, it 

couldn't predict the magnitude of Reynolds shear stresses. 

Gorman et al. [31] tested the performance of the standard k–ε, 

RNG k–ε, standard k-ω and SST k-ω turbulence models in 

predicting swirling flows. The results were compared to that 

obtained from LES. They found the SST k-ω turbulence model 

is the most effective model among the tested two-equation 

models. The results obtained from LES were closer to the 

experimental data than any RANS model. On the other hand, 

the CPU time was 155.3 days for LES and only 14.2 days for 

SST k-ω. Escue and Cui [32] investigated the swirling flow 

inside a straight pipe using the commercial CFD code 

FLUENT. Two-dimensional simulations were performed 

using the RNG k-ε model and the Reynolds stress model 

(RSM). The results showed that the RNG k-ε model is in better 

agreement with experimental velocity profiles for low swirl, 

while the Reynolds stress model becomes more appropriate as 

the swirl increases. However, both turbulence models predict 

an unrealistic decay of the turbulence quantities, indicating the 

inadequacy of such models in simulating developing pipe 

flows with swirl. Ćoćić et al. [33] analyzed the efficiency of 

RNG k-ε, Low-Re k-ε and SST k-ω turbulence models using 

OpenFOAM CFD software. All the tested eddy viscosity 

models failed to predict the circumferential velocity. They 

referred this deficiency to the scaler eddy viscosity of the eddy 

viscosity model. Therefore, they tested two Reynolds stress 

models in which the scaler eddy viscosity is not used. They 

found that the Reynolds stress model with quadratic pressure-

strain (SSG model) was more accurate in predicting the main 

velocity profiles. Unfortunately, no comparisons were made 

with Reynolds stresses profiles. Liu and Bai [34] investigated 

the swirl flow generated by short twist tape in a circular pipe 

using the RNG k-ε and RSM models. They compared the 

predicted mean flow velocity with measured profiles from 

literature and they found that the RMS agreed well with the 

experimental data. On the other hand, Hamdani et al. [35] 

compared the measured velocity profile with predictions using 

the RNG k-ε turbulence model and fair agreement was found. 

Díaz and Hinz [36] investigated the performance of five two-

equation turbulence models and they found that the models 

from k-ε family predicted the swirling flow better than the 

models from k-ω family. Chin and Philip [37] investigated the 

three-dimensional swirling flow in a pipe employing direct 

numerical simulation of the Navier–Stokes and continuity 

equations. The velocity–vorticity correlations were used that 

make up the turbulent inertia. Swirling the flow increased the 

drag and turbulence intensity, and the turbulent inertia 

decomposition showed that the velocity–vorticity correlations 

of the axial direction were similar to a 2-D channel flow in the 

near-wall region. Barakat et al. [38] using Detached Eddy 

Simulation (DES) calculations and experimental 

measurements to study the non-reacting swirling behavior 

through a new double swirl burner. The DES flow fields were 

compared with high-speed particle image velocimetry (PIV) 

measurements under different inlet air mass flow rates. It was 

found that there is a good agreement between the numerical 

and the experimental results, and the central annular 

recirculation zone and the corner recirculation zone are well 

captured. Alahmadi et al. [39] compared the performance of 

the standard k–ε, RNG k–ε, SST k-ω turbulence models, and 

the developed shear stress transport model with curvature 

correction modification (SSTCCM). These models were 

validated based on experimental data, which represented the 

flow in a confined cylinder with a rotating lid and the 3D 

swirling flow through a sudden expansion tube. They found 

that the SSTCCM model performed well in predicting the axial 

mean velocity distribution along the longitudinal axis and the 

axial velocity contours among the tested models. The 

SSTCCM model was more suitable for capturing the location 

and extent of the central recirculation zone in the swirling flow 

immediately after expansion, while other tested models were 

unable to capture the vortex breakdown phenomenon. 

From the previous review it was shown that several two-

equation eddy-viscosity models and Reynolds stress models 

had been evaluated in predicting turbulent swirling flows. 

Some researchers found the k-ω models especially the SST k-

ω turbulence can capture the turbulence swirling flow better 

than the k-ε models. Whereas, some researchers found the 

opposite, thus, the RNG k-ε turbulence model was found to 

perform well by many investigators. On the other hand, many 

investigators found that the Reynolds stress model can predict 

the swirling flow better than the eddy-viscosity models. In 

addition, the four-equation v2-f model was not evaluated in 

turbulent swirling flow despite of its good performance in flow 

cases subject to streamline curvature [40, 41]. For the 

Reynolds stress model, using the specific dissipation rate, ω to 

determine the length scale instead of the dissipation rate, ε was 

not evaluated for turbulent swirling flow. Therefore, the aim 

of present study is to assess the performance of eight 

turbulence models for turbulent swirling flow including the 

four-equation v2-f model and the stress-Omega Reynolds stress 

model. A part of the study is to implement the non-linear k-ε 

in the FLUENT code and compare its performance with other 

models. 

 

 

2. MATHEMATICAL MODEL AND 

COMPUTATIONAL METHOD 

 

The commercial computational fluid dynamics (CFD) code 

ANSYS FLUENT 15 [42] is used for solving the set of 

governing equations. Different turbulence models were used 

to predict the turbulent swirling flow in a horizontal tangential 

inlet tube, which was investigated experimentally by Chang 

and Dhir [18]. The experiment was conducted by injecting air 

through four injectors of 15.88 mm inside diameter located on 

the periphery of an 88.9 mm inside diameter and 1.5 m-long 

acrylic tube. Eight turbulence models are tested which are, 

standard k-ε, realizable k-ε, RNG k-ε, SST k-ω, Non-Linear k-

ε developed by Ehrhard and Moussiopoulos [43], v2-f, 

Quadratic pressure-strain Reynolds stress model (SSG), and 

Stress-Omega Reynolds stress model. All these turbulence 

models are available directly in the code except the non-linear 

k-ε model which was implemented in the solver using User 

Defined Functions (UDF), programmed in C-language. The 

control volume-based approach is used for discretization the 

set of governing equations using second order upwind scheme. 
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The SIMPLE algorithm is used for pressure-velocity coupling. 

The computations are assumed converged when the 

normalized residual of all governing equations drops below 

10-5. 

 

2.1 Governing equations 

 

The steady three-dimensional Reynolds-Average Navier-

Stokes (RANS) equations for turbulent incompressible fluid 

flow with constant properties are used in the present study. The 

governing equations are the continuity and momentum 

equations which are given by: 

Continuity Equation: 

 
𝜕𝑢𝑖

𝜕𝑥𝑖

= 0 (1) 

 

Momentum Equation: 

 

𝜌
𝜕(𝑢𝑖𝑢𝑗)

𝜕𝑥𝑗

= −
𝜕𝑝

𝜕𝑥𝑖

+
𝜕

𝜕𝑥𝑗

(𝜇
𝜕𝑢𝑖

𝜕𝑥𝑗

) +
𝜕

𝜕𝑥𝑗

(−𝜌𝑢́𝑖𝑢́𝑗) (2) 

 

The term, 𝑢́𝑖𝑢́𝑗 is called the Reynolds stress tensor and ui 

and 𝑢́𝑖 represent the mean and fluctuating velocity component 

in i-direction, respectively. These equations are not a closed 

set and turbulence model is required to model the Reynolds 

stress tensor. 

 

2.2 Turbulence modeling 

 

Some of the used turbulence models are based on the 

Boussinesq hypothesis which are, standard k-ε, realizable k-ε, 

RNG k-ε, SST k-ω and v2-f. The Boussinesq hypothesis 

assumes that the Reynolds stress tensor is proportional linearly 

to the velocity gradient and it is given by 

 

𝑢́𝑖𝑢́𝑗 = −𝜈𝑡 (
𝜕𝑢𝑖

𝜕𝑥𝑗

+
𝜕𝑢𝑗

𝜕𝑥𝑖

) +
2

3
𝑘𝛿𝑖𝑗 (3) 

 

The RSM models solve the Reynolds stresses transport 

equations individually. The term of the pressure strain in this 

model can be modelled according to Quadratic Pressure-Strain 

Model (SSG) or Stress-Omega Model which uses the specific 

dissipation rate equation for the length scale instead of the 

dissipation rate equation. To reserve space, one can refer to 

ANSYS theory guide [42] for detailed description of all above 

models. 

For the non-linear k-ε, the equations of turbulent kinetic 

energy, k and the dissipation rate, ε are the same as those of 

the standard k-ε model, while the relationship between the 

Reynolds stress and velocity gradient (strain rate) is non-linear, 

this model is based on quadratic stress-strain relationships and 

can be written as given by Ehrhard and Moussiopoulos [43] as 

follows: 

 

𝑢́𝑖𝑢́𝑗 = −2𝜈𝑡𝑆𝑖𝑗 +
2

3
𝑘𝛿𝑖𝑗 

+𝐶1𝜈𝑡

𝑘

𝜀
(𝑆𝑖𝑘𝑆𝑘𝑗 −

1

3
𝑆𝑘𝑙𝑆𝑘𝑙𝛿𝑖𝑗) 

+𝐶2𝜈𝑡

𝑘

𝜀
(𝛺𝑖𝑘𝑆𝑘𝑗 + 𝛺𝑗𝑘𝑆𝑘𝑖) 

+𝐶3𝜈𝑡

𝑘

𝜀
(𝛺𝑖𝑘𝛺𝑗𝑘 −

1

3
𝛺𝑙𝑘𝛺𝑙𝑘𝛿𝑖𝑗) 

(4) 

+𝐶4𝜈𝑡

𝑘2

𝜀2
(𝑆𝑘𝑖𝛺𝑙𝑗 + 𝑆𝑘𝑗𝛺𝑙𝑖)𝑆𝑘𝑙 

+𝐶5𝜈𝑡
𝑘2

𝜀2 (𝛺𝑖𝑙𝛺𝑙𝑚𝑆𝑚𝑗 + 𝑆𝑖𝑙𝛺𝑙𝑚𝛺𝑚𝑗 −
2

3
𝑆𝑙𝑚𝛺𝑚𝑛𝛺𝑛𝑙𝛿𝑖𝑗)  

+𝐶6𝜈𝑡

𝑘2

𝜀2
𝑆𝑖𝑗𝑆𝑘𝑙𝑆𝑘𝑙 + 𝐶7𝜈𝑡

𝑘2

𝜀2
𝑆𝑖𝑗𝛺𝑘𝑙𝛺𝑘𝑙 

 

where, Sij and Ωij are the strain and vorticity tensors and 

defined by: 

 

𝑆𝑖𝑗 =
1

2
(

𝜕𝑢𝑖

𝜕𝑥𝑗

+
𝜕𝑢𝑗

𝜕𝑥𝑖

)  𝑎𝑛𝑑 Ω𝑖𝑗 =
1

2
(

𝜕𝑢𝑖

𝜕𝑥𝑗

−
𝜕𝑢𝑗

𝜕𝑥𝑖

) (5) 

 

The eddy viscosity νt and the eddy viscosity coefficient Cµ 

can be written as follows: 

 

𝜈𝑡 = 𝐶𝜇

𝑘2

𝜀
 

𝐶𝜇 = 𝑚𝑖𝑛 (
1

0.9𝑆1.4 + 0.4Ω1.4 + 3.5
, 0.15) 

(6) 

 

𝑆 =
𝑘

𝜀
√2𝑆𝑖𝑗𝑆𝑖𝑗 , Ω =

𝑘

𝜀
√2Ω𝑖𝑗Ω𝑖𝑗  (7) 

 

The constants of the non-linear k-ε model are given in Table 

1. 

 

Table 1. Constants of the nonlinear turbulence model 

 
C1 C2 C3 −C4 C5 −C6 C7 

-0.2 0.4 2. −𝑒−(𝑆−Ω)2
 32.0 𝐶𝜇

2 0.0 16.0 𝐶𝜇
2 16.0 𝐶𝜇

2 

 

2.3 Geometry and computational grids 

 

 
(a) Three dimentional view 

 
(b) Front view 

 

Figure 1. 3-D geometry and details of injectors from the 

experiment of Ref. [18] 
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The test case examined in this study is a 3-D turbulent 

swirling flow in a horizontal tangential inlet tube, which was 

investigated experimentally by Chang and Dhir [18]. The 

experiment was conducted by injecting air through four 

injectors of 15.88 mm inside diameter placed on the periphery 

of an 88.9 mm inside diameter and 1.5 m-long tube. The 

validation results were taken at Reynolds number of 12500 

(based on the mean axial velocity and the tube diameter). The 

details of the geometry of the validation experiments and the 

mesh are shown in Figures 1 and 2, respectively. The 3-D 

geometry is modelled by ANSYS design modeller and the 

structured mesh (quadrilateral cells) is generated using 

ANSYS meshing. Three different mesh are tested for each 

turbulence model to ensure grid independent results. These 

meshes are 400000, 600000 and 900000 cells, respectively. 

Comparisons between predicted axial velocity profile and 

experimental results at Z/D=6.06 using the three grids shows 

that there is no significant difference between 600000 and 

900000 cells as shown in Figure 3. Therefore, the results 

obtained using a computational grid of 600000 cells are 

presented. 

 

 
 

Figure 2. Structured computational grid at mid-length of the 

tube 

 

 
 

Figure 3. Effect of grid resolution on axial velocity profile at 

Z/D=6.06 for standard k-ε model 

 

2.4 Boundary conditions and wall functions 

 

There are three boundary conditions used in this geometry 

domain. At the inlet: Velocity inlet boundary condition and is 

computed from Re=12500. At the outlet: Atmospheric 

pressure outlet condition is applied. At the wall: The no-slip 

boundary conditions are specified with wall function approach.  

The non-equilibrium wall functions are recommended for 

use in complex flows involving separation, reattachment, and 

impingement where the mean flow and turbulence are 

subjected to pressure gradients and rapid changes [44]. The 

non-equilibrium wall function is applied to the wall-adjacent 

cells for the standard k–ε, realizable k-ε, RNG k-ε, non-linear 

k-ε, RSM (Quadratic Pressure-Strain Model), and RSM 

(Stress-Omega Model), while the SST k-ω and v2-f models 

treat the near wall turbulence without the use of wall functions. 

 

 

3. RESULTS AND DISCUSSION 

  

The comparisons between present predictions using all the 

tested turbulence models and the experimental data given by 

Chang, and Dhir [18] at Re=12500 and Z/D=6.06 for 

tangential, axial velocities and Reynolds stresses profiles. The 

radial position is non-dimensionalized by the radius of the pipe, 

R, while the tangential and axial velocities are normalized by 

the bulk axial velocity, Uav, and the Reynolds stresses are 

normalized by 𝑈𝑎𝑣
2 . 

 

3.1 Tangential velocity 

 

Figure 4 shows a comparison between present predicted and 

measured radial distribution of tangential velocity profile for 

all the tested turbulence models. For all turbulence models, the 

trend of the curve is the same as in the experimental data. That 

is, the tangential velocity increases with radius in the core 

region which is characterized by forced vortex and reaches its 

highest value at about r/R=0.7. The RSM (Quadratic pressure 

strain) model is the only turbulent model which predicts this 

high value and its location while the other tested models failed 

to predict the radial location of the highest tangential velocity. 

Thereafter, for r/R>0.7, the velocity decreases as the radius 

increases in the annular region which characterized by free 

vortex type. Despite the modified dissipation rate equation in 

the RNG k–ε model and the use of four equations in the v2-f 

model, they are in a poor agreement with the experimental 

data. The most accurate model compared with the 

experimental data is the RSM (Quadratic pressure strain) 

model followed by standard k–ε and non-linear k–ε. This can 

be attributed to the anisotropy eddy viscosity in the RSM. 

 

 
 

Figure 4. Radial distribution of tangential velocity 
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3.2 Axial velocity  

 

The radial distribution of axial velocity profiles is presented 

in Figure 5 for different turbulence models. The figure 

indicated that the standard k–ε and non-linear k–ε models 

predict the axial velocity profiles in a good agreement with the 

experimental data across the entire pipe radius, especially in 

the region of recirculation (region of negative axial velocity). 

The rest of the models can be considered acceptable except the 

v2-f model to predict the profile of axial velocity. This figure 

indicates that the standard k–ε and non-linear k–ε models 

capture the characteristics of this profile very adequately. 
 

 
 

Figure 5. Radial distribution of axial velocity 
 

 
 

Figure 6. Radial distribution of axial Reynolds normal stress 
 

3.3 Turbulence quantities 

 

The development of Reynolds normal and shear stresses 

profiles are presented in Figures 6-11. In Fluent, the Reynolds 

stresses are available directly for RSM and the developed UDF 

for the non-linear k–ε model is used to store the calculated the 

Reynolds stresses in User Defined Memories (UDM). For the 

other models, a custom field function is used to calculate and 

store the Reynolds stresses. It can be seen that the RSM 

(Quadratic Pressure-Strain) and v2-f models predict the normal 

Reynolds stresses profiles fairly good, while the other models 

failed to predict it as a result of the isotropic flow, as shown in 

Figures 6-8. Figure 9 shows that the non-linear k–ε model 

predicts the axial-tangential Reynolds shear stress profile very 

well followed by RSM (Quadratic Pressure-Strain) while the 

other models are in poor agreement. Figure 10 indicates that 

the results of radial-tangential Reynolds shear stress for the 

non-linear k–ε, standard k–ε, RSM (Quadratic Pressure-Strain) 

and v2-f models better than other models. The standard k–ε and 

v2-f models predict the axial-radial Reynolds shear stress 

profiles better than other models as cab be seen in Figure 11. 

 

 
 

Figure 7. Radial distribution of tangential Reynolds normal 

stress 

 

 
 

Figure 8. Radial distribution of radial Reynolds normal stress 

 

 
 

Figure 9. Radial distribution of axial-tangential Reynolds 

shear stress 
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Table 2. The average deviation for all parameters 

 

Parameter 
Stand. 

k-ε 

RNG 

k-ε 

Realizable 

k-ε 

Non-linear 

k-ε 

SST k-

ω 
v2-f 

RSM (Quadratic 

Pressure- Strain) 

RSM (stress-

omega) 

Axial velocity 0.2677 1.1635 1.2448 0.3156 0.7131 1.3263 0.4002 0.5231 

Tangential 

velocity 
0.2493 0.3866 0.3022 0.2496 0.3470 0.3602 0.1681 0.2978 

Tangential normal 

stress 
0.6213 0.7590 0.7193 0.4046 0.6813 0.1263 0.1550 0.6699 

Radial normal 

stress 
0.5895 0.7278 0.6767 0.3379 0.6306 0.1260 0.1600 0.6313 

Axial normal 

stress 
0.6218 0.7510 0.7045 0.3616 0.6563 0.0532 0.0574 0.6174 

Radial-Tangential 

stress 
0.7546 0.9206 0.8081 0.7032 0.7632 1.9538 0.7407 0.8543 

Axial-Tangential 

stress 
0.9912 1.0179 1.0186 0.5912 0.9260 0.7773 0.7884 0.9363 

Axial-Radial stress 0.5710 0.9747 0.8768 0.8273 0.9739 1.2698 0.9348 1.1432 

overall average 

deviation 
0.5833 0.8376 0.7939 0.4739 0.7114 0.7491 0.4256* 0.7092 

 
 

Figure 10. Radial distribution of radial-tangential Reynolds 

shear stress 

 

 
 

Figure 11. Radial distribution of axial--radial Reynolds shear 

stress 

 

From the previous results, it is clear that the tested 

turbulence models differ in their prediction. Some models give 

acceptable results for some parameters and give unacceptable 

results for other. A statistical analysis is required to determine 

the most accurate turbulence model which gives the mean 

predicted results compared to the measured data. The average 

deviation error (AVDE) between prediction and experimental 

results for the tested turbulence models is calculated by: 
 

𝐴𝑉𝐷𝐸 =
1

𝑛
∑ 𝐴𝐵𝑆 (

𝛷𝑁𝑢𝑚 − 𝛷𝐸𝑥𝑝

𝛷𝐸𝑥𝑝

)

𝑖=𝑛

𝑖=1

 (8) 

 

where, ϕnum and ϕexp are the numerical and experimental values 

of parameter, ϕ, respectively. The statistical deviation results 

of all measured data for each turbulence model are shown in 

Table 2. The table indicates that the RSM (Quadratic Pressure-

Strain) model predict results with the smallest deviation and 

the largest deviation is given by RNG k–ε model. 

 

 

4. CONCLUSIONS 

 

The turbulent swirling flow in a horizontal tangential inlet 

tube was investigated numerically using the commercial CFD 

code ANSYS FLUENT 15. The performance of eight different 

turbulence models is compared with published experimental 

data of Chang and Dhir [18]. The standard k–ε, realizable k–ε, 

RNG k–ε, SST k–ω, Non-Linear k–ε, v2-f, RSM (Quadratic 

Pressure-Strain Model), and RSM (Stress-Omega Model) 

were used. All these turbulence models are available directly 

in the ANSYS FLUENT code except the non-linear k–ε, this 

model was implemented in the solver using User Defined 

Functions (UDF). Statistical analysis of turbulence model 

performance showed that the RSM (Quadratic Pressure-

Strain) model indicates the best agreement with all data of 

experiments followed by non-linear k–ε and standard k–ε 

turbulence models. 
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