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Abstract:

In this study, the effects of different turbulence models on the decay characteristics of round jets
were studied. The turbulence models considered for the current study is SST, k-¢, k-w, RNG ke. For the
entire turbulence model mesh density and boundary conditions were mentioned same. By comparing the
simulated results with the experiments interesting results were obtained. SST predicts the flow better than
the other models in this flow regime.

Introduction:

Round jets emerging from the round nozzles were long been employed in various
industrial applications. It has been acted as an important flow phenomenon in the engineering
research. It has been widely used in combustion, cooling process, chemical process, mixing and
drying processes. The mixing of round jets was studied extensively by many researches in the
past few decades [1, 2, 3]. Some studies were exclusively on the near field development of
turbulent jets [4, 5]. Round jets were extremely sensitive to the initial conditions and boundary
conditions. Nozzle geometry was important parameters that influence the initial conditions of the

jet [6]. These effects were reported many researchers in the past decade.

Effect of Reynolds number is also studied and reported by few researchers [6]. Some
studies suggest that the length of the potential core decreases with increase in Reynolds number
[7]. Numerical modeling was extensively applied to predict the flow dynamics of jets. In these
numerical simulations, turbulent models play a vital role. For a wall jet configuration, RNG ke
gives the flow field of 10% error with the experiments. On the same case LES predicted with less
error. If the flow is compressible and involves high temperature flow then this error may grow
according to the turbulence model selected. In this study, the relative accuracy of a turbulence
models such as SST, k-¢, k-0 and RNG ke were explored by using a round jet with a exit
velocity of 50m/s as a testing model. Simulated results were compared with the experimental
data.
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Geometry and model:

Round jet emerging from a circular nozzle with the exit diameter of 10mm is designed.
The typical layout of the domain is shown in figurel. Sufficient amount of length and breadth
were fixed for the domain. At inlet, total pressure is specified and it’s calculated using the
Bernoulli’s equation by fixing the exit velocity of set as 50 m/s. For all the configurations the
mesh density and the inlet and outlet boundary conditions were kept constant. Only thing that

varies across the model is the turbulence equation. The reference pressure is fixed a 1 atm

pressure.
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Fig 1 Domain dimensions and boundary conditions

k-¢ Model:

In this model k is the turbulent kinetic energy. Cy, is a function of mean velocity and
turbulence. This equation is designed such that the unphysical solutions are not given. The ¢ is
the dissipation rate. It performs poorly at pressure gradients. This model is proposed by Launder
& Sharma [7,8].

k- Model:

It is one of the most common models. k is the turbulent kinetic energy and o is the
specific dissipation rate. k-o has better performance in predicting the wall physics than the SST,

k-g. It is proposed by Wilcox [9].

SST k-® model:
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It is a combined model of k-¢ and k-® model. In near wall region k-o is applied and in

free shear stress flows k-¢ is applied. This blending factor makes the SST ko a versatile model to

go.
RNG Kke:

It is called renormalization group theory k-¢ model. It’s derived by using different
analytical technique than the standard k-¢ model. so it has different constants and has additional

terms in transport equations.
Results &Discussions:

A standard round jet model is used to predict the accuracy of turbulence models such as
SST, k-g, k-, RNG ke. The simulated centerline velocities were compared with the
experimental data in figure 2. The curves with larger circular dots represent the experimental
values. By observing the plot there is a huge difference in the centerline decay were observed.
The length of the potential cone is also significantly different for each model. By comparing the
figure RNG ke model is the least accurate model. It has the jet core length ofAD, =10 which is 2
times higher than the experimental values. k-o performs poorly in the simulation. k-¢ yields

moderately good results and has predicted the core length almost accurately.
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Fig 2 Centerline velocity distribution
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SST model predicts the flow accurately than the other models. The length of the potential
core length is also well in agreement with the experimental result. From the centerline plot it can
be seen that the SST ko has good accuracy than the other models considered for the study. All

the other models over predicts the values when compared with the experiments.
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Fig 3 Centerline turbulent kinetic energy distribution

To explain further, the turbulent Kkinetic energy of different models was compared in
figure 3. By observing the plots, the maximum turbulent kinetic energy is observed in the RNG
kewhich extremely over predicts the model. k-o shows very low turbulent kinetic energy. A
cross over between SST & k-¢ were observed at X=0.15 which is not in the case of centerline

velocity plot.

Conclusions:

In this study, different turbulent models were used to simulate the flow field of the jet
emerging from the round nozzle. The results were compared with the experimentally derived
results. The SST k-o model predicts better than k-¢, k-o, RNGKe.
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