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Abstract. This study presents a numerical investigation of turbulent flow over a backward-facing 
step using the RANS-GEKO turbulence model implemented in ANSYS Fluent. Simulations were 
performed in both two-dimensional (2D) and three-dimensional (3D) configurations to assess the 
influence of flow dimensionality on separation and reattachment characteristics. The distributions 
of pressure coefficient (Cp) and skin friction coefficient (Cf) were analyzed and compared with 
experimental data from the NASA Turbulence Modeling Resource. The results demonstrate good 
agreement with experiments, with the 3D model providing more accurate predictions of the 
recirculation region and reattachment length. The findings confirm that the GEKO model is an 
effective and reliable approach for simulating complex separated turbulent flows.  
Keywords: Navier-Stokes equations, separated flow, RANS, GEKO, ANSYS fluent. 

1. Introduction 

Flow over a backward-facing step (BFS) is a classical benchmark problem widely used for 
investigating turbulent separated flows. A sudden expansion in channel geometry leads to 
boundary layer separation, the formation of a recirculation zone, and subsequent flow 
reattachment. This type of flow is characterized by strong velocity and pressure gradients, 
unsteady behavior, and the presence of complex three-dimensional vortex structures [1]. 

BFS flows are of significant importance in various engineering applications, including 
aerodynamics, heat transfer, turbomachinery, and pipeline systems. Accurate prediction of 
separation and reattachment processes is essential for reliable estimation of pressure distribution 
and wall shear stress, as well as for optimizing engineering designs to reduce aerodynamic losses 
[2]. 

Despite extensive experimental and numerical studies, accurate prediction of turbulent 
separated flows remains a challenging task. High-quality experimental datasets, such as those 
provided by the NASA Turbulence Modeling Resource, are commonly used for validation of 
numerical models. However, conventional turbulence models, including 𝑘-𝜀, 𝑘-𝜔, and SST, often 
exhibit sensitivity to mesh resolution, boundary conditions, and empirical constants, which may 
limit their predictive accuracy [3-5]. 

To enhance modeling capability, the GEKO (Generalized 𝑘-𝜔) turbulence model is employed 
in this study. This two-equation model extends Menter’s 𝑘-𝜔 formulation by introducing 
adjustable coefficients, allowing greater flexibility in capturing different flow regimes. 
Implemented within the RANS framework in ANSYS Fluent, the GEKO model offers a practical 
balance between computational efficiency and predictive accuracy [6-10]. 
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In the present work, turbulent flow over a backward-facing step is simulated using the 
RANS-GEKO model in both two-dimensional (2D) and three-dimensional (3D) configurations. 
The distributions of the pressure coefficient (𝐶௣) and skin friction coefficient (𝐶௙) are analyzed 
and compared with experimental data from the NASA database. The objective is to evaluate the 
capability of the GEKO model in predicting separated turbulent flows and to assess the influence 
of three-dimensional effects on flow structure and accuracy of the results. This study provides a 
systematic comparison of 2D and 3D simulations using the GEKO model without additional 
parameter tuning, highlighting its robustness for complex separated flows. 

2. Physical formulation of the problem 

The data used in this study are taken from the work of Driver, D. M., and Seegmiller, H. L [3]. 
This case is a classical benchmark from the ERCOFTAC database and is widely used in studies 
of turbulent flow modeling. In this configuration, a turbulent boundary layer interacts with a 
sudden step, leading to flow separation, formation of a recirculation zone, and subsequent flow 
reattachment. The Reynolds number based on the boundary layer momentum thickness upstream 
of the step is about 5000, which corresponds to approximately 36,000 when calculated using the 
step height 𝐻. The boundary layer thickness upstream of the step is about 1.5𝐻 (see Fig. 1). The 
boundary conditions applied in the CFD simulation are shown in Fig. 1. 

 
Fig. 1. Boundary conditions for the 3D backward-facing step 

3. Mathematical formulation of the problem 

For the numerical simulation of flow in a channel with sudden expansion, the Reynolds-
Averaged Navier–Stokes (RANS) equations were used. In this approach, flow variables are 
decomposed into mean and fluctuating components, allowing turbulence effects to be modeled 
without resolving all turbulent scales. After time-averaging the Navier-Stokes equations, 
additional terms called Reynolds stresses appear in the momentum equations, representing the 
influence of turbulent fluctuations on the mean flow [6]. To close the equations, the 𝑘-𝜔 GEKO 
(Generalized 𝑘-𝜔) turbulence model implemented in ANSYS Fluent was applied. This model 
extends Menter’s 𝑘-𝜔 formulation with adjustable coefficients, enabling accurate simulation of 
boundary layers and separated flows. Thus, the RANS+GEKO approach allows analysis of key 
features of backward-facing step flow, including recirculation zones, vortex structures, and flow 
reattachment. 

The conservation equations of mass and momentum, which describe the variation of fluid 
velocity under the influence of external and internal forces, are expressed as follows: 



A COMPARATIVE STUDY OF 2D AND 3D MODELING OF TURBULENT FLOW OVER A BACKWARD-FACING STEP USING THE GEKO TURBULENCE 
MODEL. MURODIL MADALIEV, MUXAYYO TUXTASINOVA, ZUXRAXON XASHIMOVA, FARANGIZ ABDUXAKIMOVA, ET AL. 

 VIBROENGINEERING PROCEDIA. JUNE 2026, VOLUME 62 561 

⎩⎪⎨
⎪⎧𝜕𝑢̄௜𝜕𝑥௜ = 0,𝜕𝑢̄௜𝜕𝑡 + 𝑢̄௝ 𝜕𝑢̄௜𝜕𝑥௝ = − 1𝜌 𝜕𝑝̄𝜕𝑥௜ + 𝜈 𝜕ଶ𝑢̄௜𝜕𝑥௝𝜕𝑥௜ + 1𝜌 𝜕𝜕𝑥௜ ൬2𝜇௧ ൬𝑆௜௝ − ൬ 𝜕𝑢௞3𝜕𝑥௞൰ 𝛿௜௝൰ − 23𝜌𝑘𝛿௜௝൰ , (1)

where 𝑢̄௜ are the components of the mean velocity field, 𝑝̄ is the mean pressure, 𝜈 is the kinematic 
viscosity, 𝜏௜௝ are the components of the stress tensor, and 𝜌 is the fluid density. 

3.1. 𝒌-𝝎 GEKO (Generalized 𝒌-𝝎) turbulence model 

The 𝑘-𝜔 GEKO (Generalized 𝑘-𝜔) model is an advanced version of the classical two-equation 𝑘-𝜔 turbulence model. It was developed by Siemens and implemented in modern CFD packages 
such as ANSYS Fluent. The main objective of the GEKO model is to combine the advantages of 
traditional turbulence models while providing flexibility for tuning to different types of flows. In 
the present study, the default GEKO model coefficients available in ANSYS Fluent were used 
without additional calibration. This choice ensures robustness and reproducibility of the results 
while maintaining the general applicability of the model. The use of default parameters also allows 
a consistent assessment of the GEKO model performance for the backward-facing step (BFS) flow 
without case-specific tuning [9]: 

⎩⎪⎨
⎪⎧𝜕ሺ𝜌𝑘ሻ𝜕𝑡 + 𝜕൫𝜌𝑈ሜ௝𝑘൯𝜕𝑥௝ = 𝑃௞ − 𝐶ఓ𝜌𝑘𝜔 + 𝜕𝜕𝑥௝ ቈ൬𝜇 + 𝜇௧𝜎௞൰ 𝜕𝑘𝜕𝑥௝቉ ,𝜕ሺ𝜌𝜔ሻ𝜕𝑡 + 𝜕൫𝜌𝑈ሜ௝𝜔൯𝜕𝑥௝ = 𝐶ఠଵ𝐹ଵ 𝜔𝑘 𝑃௞ − 𝐶ఠଶ𝐹ଶ𝜌𝜔ଶ + 𝜌𝐹ଷ𝐶𝐷 + 𝜕𝜕𝑥௝ ቈ൬𝜇 + 𝜇௧𝜎ఠ൰ 𝜕𝜔𝜕𝑥௝቉ . (2)

The turbulent eddy viscosity is calculated as follows: 𝜇௧ = 𝜌𝑣௧ = 𝜌 ௞௠௔௫ሺఠ,ௌ/஼ೃ೐ೌ೗೔೥೐ሻ. 
The GEKO model relies on several free parameters that allow for the adjustment of the model 

to specific flow regimes. These include 𝐶ௌா௉ (influencing flow separation), 𝐶ேௐ௅ (affecting the 
near-wall treatment), 𝐶ெூ௑ (controlling the mixing layer growth), and 𝐶௃ா் (adjusting the jet 
spreading rate). Among these, the 𝐶ோ௘௔௟௜௭௘ parameter is specifically utilized to enforce the 
realizability constraint. This constraint ensures that the predicted Reynolds stress tensor remains 
positive semi-definite, preventing non-physical results in regions of high strain rates, which is 
crucial for accurately capturing the flow physics in the recirculation zone of a backward-facing 
step. 

In the present study, the default coefficients of the GEKO turbulence model available in 
ANSYS Fluent were used without additional calibration or tuning. This approach was 
intentionally adopted to evaluate the baseline predictive capability of the GEKO model for the 
backward-facing step (BFS) flow. It is well known that the GEKO model allows adjustment of 
several coefficients that can influence separation, reattachment, and turbulence development. 
However, no case-specific parameter optimization was performed in this work in order to maintain 
model generality and avoid overfitting to a particular dataset. Therefore, the results presented in 
this study reflect the inherent performance of the GEKO model under standard settings, providing 
an objective assessment of its applicability to separated turbulent flows. 

3.2. Computational mesh 

For the numerical simulation, a multi-block structured computational mesh was generated, as 
shown in Fig. 2. The computational domain is divided into two main blocks. 

The computational domain was divided into two blocks: Block 1 (upstream of the step) and 
Block 2 (downstream of the step). This block-structured approach allows better control of mesh 
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density in regions with strong gradients, particularly near separation and reattachment zones. The 
mesh consists of hexahedral elements refined near the walls and the step to resolve the boundary 
layer. Wall-normal refinement ensured 𝑦ା < 1, allowing the GEKO turbulence model to be used 
without wall functions. In the 2D simulation (RANS GEKO 2D), the mesh contained 72,500 
nodes, with block sizes 𝑖୫ୟ୶ = 150, 𝑗௠௔௫ = 150 (upstream) and 𝑖୫ୟ୶ = 200, 𝑗௠௔௫ = 250 
(downstream). In the 3D case (RANS GEKO 3D), the mesh was extended in the spanwise 
direction with 𝑘௠௔௫ = 25, resulting in about 1,812,500 nodes, enabling better representation of 
three-dimensional vortex structures. Mesh quality (orthogonality, skewness, aspect ratio) was 
within acceptable limits, ensuring reliable simulation of the backward-facing step flow in both 2D 
and 3D cases. In addition to residual reduction, convergence was confirmed by monitoring 
stabilization of 𝐶௣ and 𝐶௙ values. 

 
Fig. 2. Three-dimensional hexahedral computational mesh 

Table 1. The computational domain information 

Case Inflow (𝑥 = 𝐻) 
Block 1 

Upstream of step 
Block 2 

Downstream of step Total Pts. 𝑖௠௔௫   𝑗௠௔௫   𝑘௠௔௫   𝑖௠௔௫   𝑗௠௔௫   𝑘௠௔௫   
RANS GEKO 2D –110 150 150 – 200 250 – 72 500 
ANS GEKO 3D –110 150 150 25 200 250 25 1 812 500 

3.3. Solution method 

For both the 2D and 3D cases, the same numerical scheme was used in ANSYS Fluent with a 
steady pressure-based solver, suitable for incompressible subsonic flows. Pressure–velocity 
coupling was performed using the SIMPLE algorithm, ensuring stable convergence. Spatial 
discretization employed Second Order Upwind schemes, while gradients were calculated using 
the Least Squares Cell-Based method. The governing equations for pressure, momentum, 
turbulent kinetic energy 𝑘, and specific dissipation rate 𝜔 were all solved using second-order 
schemes. Standard under-relaxation factors were applied (Pressure = 0.3, Momentum = 0.7,  𝑘 = 0.8, 𝜔 = 0.8), In this numerical study, the model constants 𝐶ேௐ௅ and 𝐶ெூ௑ were maintained 
at their default value of 1.0. The physical reasoning for this choice is based on the fact that these 
default settings have been extensively calibrated and validated by the model developers across a 
wide range of canonical wall-bounded and free shear flows. By keeping these parameters at unity, 
the model provides a robust baseline performance that ensures consistency with established 
turbulent flow physics, allowing the study to focus specifically on the sensitivity of the 𝐶ௌா௉ 
parameter in capturing the reattachment point. Gravity was neglected due to its minimal effect on 
the flow. Simulations were run in steady-state mode with 2000 iterations, achieving residual 
convergence of 10⁻5. Convergence was also monitored using integral parameters such as forces 
and pressure and friction coefficients. Calculations were performed in a planar domain for 2D and 
a full 3D domain for the three-dimensional case, enabling accurate prediction of the recirculation 
zone and flow reattachment. 
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4. Results of the simulation and their discussion 

Fig. 3 presents the distribution of the pressure coefficient 𝐶௣ along the lower (Bottom wall) 
and upper (Top wall) walls of the channel downstream of the backward-facing step, obtained using 
the two-dimensional and three-dimensional GEKO models within the RANS framework. For 
comparison, the experimental data of Driver and Seegmiller [3] are also included. 

 
a) Lower wall 

 
b) Upper wall 

Fig. 3. Distribution of the pressure coefficient 𝐶௣ along the lower and upper walls  
of the channel downstream of the backward-facing step 

 
Fig. 4. Distribution of the skin friction coefficient (𝐶௙) along the lower  

wall downstream of the backward-facing step 

On the lower wall, a sharp pressure drop occurs immediately after the step due to the formation 
of a recirculation zone. As the flow reattaches, the pressure coefficient gradually increases. The 
3D GEKO model shows better agreement with experimental data, especially in the pressure 
recovery region, indicating improved representation of three-dimensional effects. On the upper 
wall, the variation of 𝐶௣ is smoother, with pressure gradually increasing along the streamwise 
direction due to velocity redistribution after the step. In both cases, the GEKO model captures the 
general pressure trend, while the 3D simulation shows smaller deviations from the experimental 
data. These results indicate that the three-dimensional configuration provides more accurate 
prediction of the flow field and wall pressure distribution downstream of the step [11-16]. 

Fig. 4 presents the distribution of the skin friction coefficient 𝐶௙ along the lower wall of the 
channel downstream of the backward-facing step for the two-dimensional and three-dimensional 
GEKO models in comparison with the experimental data of Driver and Seegmiller [3]. 

Immediately downstream of the step, the skin friction coefficient 𝐶௙ becomes negative, 
indicating boundary layer separation and the formation of a recirculation zone. The minimum 
value occurs near 𝑥/𝐻 ≈ 4-5, where separation is strongest. Further downstream, 𝐶௙ increases 
and crosses zero, corresponding to the flow reattachment point. Both GEKO models show good 
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agreement with experimental data; however, the 3D model predicts the recirculation region and 
boundary layer recovery more accurately. The differences between 2D and 3D results become 
more noticeable in the region 𝑥/𝐻 = 8-15, where the 3D simulation better reproduces the 
experimental 𝐶௙ distribution. These results indicate that 3D modeling provides a more accurate 
representation of separated flow structures and wall shear stress distribution. Although the 
three-dimensional (3D) simulation shows improved agreement with the experimental data, small 
deviations are still observed in the recovery region downstream of the reattachment point. These 
discrepancies can be attributed to several factors. First, the GEKO turbulence model, as a 
two-equation RANS model, relies on modeled Reynolds stresses and may have limited capability 
in accurately capturing complex turbulence structures in regions with strong flow recovery and 
re-development of the boundary layer. In particular, the prediction of turbulent mixing and energy 
redistribution in the recovery region remains sensitive to model assumptions. Second, the GEKO 
model includes adjustable coefficients that influence separation and reattachment behavior. Even 
when default parameters are used, the solution can be sensitive to these coefficients, especially in 
regions where the flow transitions from separated to attached states. Finally, additional sources of 
discrepancy may include mesh resolution limitations in the downstream region and the inherent 
unsteadiness of the flow, which is approximated by a steady RANS approach. These factors can 
contribute to small differences between numerical and experimental results. Overall, despite these 
deviations, the 3D GEKO model provides a satisfactory prediction of the main flow features and 
demonstrates improved accuracy compared to the two-dimensional simulation. 

5. Conclusions 

The numerical investigation of turbulent flow over a backward-facing step using the 
RANS-GEKO turbulence model has demonstrated that the model is capable of accurately 
predicting key features of separated flows. Quantitative comparison with experimental data shows 
that the three-dimensional (3D) simulation improves prediction accuracy by approximately  
10-15 % compared to the two-dimensional (2D) model, particularly in the recovery region. The 
predicted reattachment length for the 3D case is approximately 𝑥/𝐻 ≈ 6.5-7.0, which is in close 
agreement with experimental values, while the 2D model shows a larger deviation. In addition, 
the distribution of the skin friction coefficient (𝐶௙) indicates that the 3D model more accurately 
captures the zero-crossing point corresponding to flow reattachment. The differences between 2D 
and 3D simulations become more pronounced in the downstream region (𝑥/𝐻 = 8-15), where the 
3D model provides a better representation of pressure recovery and wall shear stress distribution. 
This improvement is attributed to the ability of the 3D model to resolve spanwise flow structures 
and vortex interactions that are absent in 2D simulations. Overall, the results confirm that 
accounting for three-dimensional effects significantly enhances the predictive accuracy of 
numerical simulations of separated turbulent flows. The GEKO turbulence model, even with 
default coefficients, proves to be a reliable and computationally efficient tool for engineering 
applications involving complex flow separation. 
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