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Abstract: An extensive comparative analysis of the application of the 
SST turbulence model to study an axisymmetric subsonic cold jet was 
carried out. The study analyzed the results of numerical simulations in 
comparison with experimental data regarding the propagation of velocity 
and stresses at different values of the Reynolds number. This analysis 
allowed us to evaluate the effectiveness of the SST model in predicting the 
characteristics of jet streams over a wide range of conditions, which has 
important implications for the development of turbulence models and 
optimization of technological processes. Key words: Reynolds-averaged 
Navier-Stokes equations, SST model, turbulent stress. 

1 Introduction

Numerous phenomena in the dynamics of liquids and gases give rise to regions with 
tangential discontinuities, where characteristic movements called jets occur [1–2]. Jets can 
be either co-propelled or counter-propelled, depending on the relative directions of 
movement. These rupture regions affect parameters such as flow velocity, temperature and 
impurity concentration, while the static pressure remains continuous. The instability of such 
discontinuity surfaces generates vortices that move along and across the flow, which leads 
to the exchange of momentum, heat and impurities between neighboring jets. As a result, a 
region of finite thickness with continuous values of speed, temperature and impurity 
concentration is formed, which is called a jet turbulent boundary layer. At very low 
Reynolds numbers, the jet boundary layer can be laminar, but this is relatively rare. The 
most studied type of turbulent jet is a submerged jet propagating in a quiescent medium. In 
the initial section of such a jet, the boundaries of the boundary layer are divergent surfaces 
intersecting at the edge of the nozzle. On the outside, the jet boundary layer is in contact 
with the stationary fluid, where the x-axis velocity is zero (U = 0), while on the inside it 
transitions to a constant velocity core, where the flow velocity is equal to the outflow 
velocity (U = U0). 
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In this work, a comparative test of the SST model was carried out on the problem of an 
axisymmetric cold jet. This problem is of interest both from the point of view of 
applications, for example, in calculating jets in aircraft engine turbines, and from the point 
of view of the availability of detailed experimental data [3]. 

2 Mathematical model

Since the flow is turbulent in nature, we will use the Navier-Stokes system of equations as a 
mathematical model. The Navier-Stokes equations are a system of differential equations 
that describe the motion of an incompressible fluid [4]: 
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Where: 
- v is the fluid velocity vector, 
- t - time, 
- p - pressure, 
- ρ - density, 
- ν - kinematic viscosity, 
- F - external force acting on the fluid, 
- ∇ is the nabla operator that determines the gradient and divergence of the vector field. 
The Navier-Stokes equations, the second of which is known as the continuity equation, 

play a key role in describing the movement of a liquid or gas. The first equation, the 
Navier-Stokes equation of motion, describes the change in speed over time under the 
influence of external forces, viscosity and pressure. These equations are a system of 
nonlinear differential equations used in various fields of science and technology, such as 
aerodynamics, hydrodynamics, oceanography and others. They provide a mathematical 
basis for modeling laminar flows. However, many real flows are characterized by 
turbulence, which requires additional models to describe them [5]. 

3 Turbulence Simulation

Menter's shear stress transfer (SST) model [5-6] is a combination of the k-ε and k-ω 
models. For the wall layer, k-ω is used, for the outer region - k-ε. This model is currently 
very popular and is included in many CFD packages. 
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Here k is the specific turbulent kinetic energy (m2 s−2), ω is the specific rate of turbulent 
dissipation (s−1). Other values are presented in works [5-7]. 

4 Solution method

Standard COMSOL Multiphysics solvers were used for the standard SST turbulence model. 

2

E3S Web of Conferences 538, 01019 (2024)	 https://doi.org/10.1051/e3sconf/202453801019
IPFA 2024

RETRACTED



4.1 ASJ: Axisymmetric Subsonic Jet

The experiment used a jet (Acoustic Research Nozzle 2, or ARN2) with a radius of 1 inch 
(25.4 mm). The exit Mach number for the particular case here is approximately 
Mjet=ujet/ajet=0.51, while the "acoustic Mach number" ujet/aref is approximately 0.5. In 
the experiment, an axisymmetric jet emerges into still (stationary) air. However, since flow 
into still air is difficult to achieve for some CFD codes, here the CFD is calculated with 
very low background environmental conditions (Mref = 0.01, moving from left to right in 
the same direction as the jet). This difference in boundary conditions has some effect, but 
testing has shown that the effect is relatively small and Mref=0.01 represents a reasonable 
compromise. Appropriate jet conditions are achieved by setting the total pressure and 
temperature at the inlet surface of the jet, as shown in Fig. 1a and fig. Figure 1b shows the 
calculation grid [8–9]. 

 
 

а) b) 

Fig. 1. Axisymmetric Subsonic Jet. a) boundary conditions and b) computational mesh. 

5 Calculation results

Let us give some specific examples illustrating the properties of the SST model briefly 
described above. All experimental data were taken from the database [3,10]. 

  In Fig. Figure 2 compares the results of an axisymmetric subsonic cold jet using the 
SST model with experimental data from the dimensionless axial velocity from the distance 
to the nozzle. 

 
Fig. 2. Comparison of an axisymmetric subsonic cold jet using the SST model with experimental data 
for dimensionless axial velocity from the distance to the nozzle. 
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In Fig. Figure 3 compares the results of an axisymmetric subsonic cold jet using the 
SST model with experimental data for turbulent stress profiles for various sections. 

 

  
x/Djet=2 x/Djet=5 

 
 

x/Djet=10 x/Djet=15 

Fig.3. Comparison of the results of an axisymmetric subsonic cold jet using the SST model with 
experimental data, turbulent stress profiles for various sections under experimental conditions. 

In Fig. Figure 4 shows a comparison of the results of an axisymmetric subsonic cold jet 
using the SST model with experimental data for profiles of dimensionless longitudinal 
velocities at various distances from the nozzle. 

 

  
x/Djet=2 x/Djet=5 

  
x/Djet=10 x/Djet=15 
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x/Djet=20 
 

Fig.4. Comparison of the results of an axisymmetric subsonic cold jet using the SST model with 
experimental data, longitudinal velocity profiles for various sections under experimental conditions. 

Indeed, as the above figures show, the SST model may exhibit limited effectiveness in 
simulating jet motions. This may be due to limitations of the model itself or to insufficient 
accuracy of the input data and parameters used in the calculations. It may be worth 
considering other turbulence models or additional modifications to the SST model to 
improve its ability to describe jet streams [11–20]. It may also be useful to compare 
simulation results with additional experimental data to evaluate the accuracy of the model. 
In any case, further research and refinement of model parameters may be useful to achieve 
better results when simulating jet motions [21–32]. 

Fig. 5 shows isolines of flow parameters. 
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Fig. 5. Isolines of flow parameters. 
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6 Conclusions

The results of numerical simulations using the SST model to describe jet motions indicate 
some limitations of this model. 

The observed discrepancies between numerical and experimental data highlight the need 
for additional research and refinement of the model. 

It is possible that improved parameterization or modification of the SST model could 
improve its ability to accurately describe jet streams. 

Future studies, including comparisons with additional experimental data and analysis of 
alternative turbulence models, will be useful to further understand and improve the 
modeling of jet motions. 
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