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ABSTRACT 
This paper aims to apply the CFD technique to show the evolution of the vortex structures seen in jet 
in a crossflow (JICF) by using Reynolds Stress Turbulence Model (RSTM). The flow is considered 3-
Dimensional (3-D) and fully turbulent because of its nature. The Reynolds number of flow is 45347 
and 90694 for two different velocity ratios. The numerical results are compared by an experimental 
data found in open literature and it is seen that the velocity components and turbulent kinetic energy 
variations are in good agreement. 
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1. INTRODUCTION 
The study of JICF has many applications, such as vertical/short take off/landing aircraft exhaust and 
chimney flows, gas turbine engines, etc. Up to now, many researchers have experimentally and 
numerically studied a jet issued into a confined rectangular crossflow. The majority of past studies 
have been performed to understand the flow structures such as jet trajectory, velocity and temperature 
fields and dominant vortex structures. Beside experimental researches [1, 2, 3] some recent numerical 
papers [4, 5, 6] are reported on evolution and growth of counter-rotating vortex pair (CVP). When a 
jet issuing into a channel, it stroll around the jet as if it encounters with an obstacle and then it is 
deflected both in vertically and laterally. Close to the wall and upstream of the jet exit, a reverse flow 
is seen because of the blockage of the main flow and a vortex structure called horseshoe vortex is 
seen. Downstream of the jet, another vortex namely CVP is occurred. When the crossflow skirts 
around laterally the jet, it shears the jet fluid along its edges and then folds the face of the jet over 
itself to form the CVP [7]. The most important feature in JICF phenomena is jet-to-crossflow velocity 
ratio, R. In present study two different velocity ratios are investigated to show how CVP and other 
vortices are occurred.  
 
2. MATHEMATICAL MODEL 
In this work, a single round JICF is studied. The Reynolds (Re) number based on jet velocity and pipe 
diameter is 45347 and 90694 for two different jet velocity values of 6.95 m/s and 13 m/s. The channel 
velocity value is kept as 13 m/s. Based on these assumptions there are two different jet-to-velocity 
ratio, R=0.5 and R=1.0. Validation of the present study is done by making a comparison with 
experimental data of Ref. [8] as can be seen in Fig. 1. Comparisons are made for mean U, V and W-
velocity components and turbulent kinetic energy at z/D=0 for R=0.5. It is seen that both present 
numerical and experimental data are in good agreement. Working domain which main dimensions is 
given in Fig. 2a are divided finite volumes as shown in Figure 2b. Totally 262000 mesh elements are 
generated. Mesh elements are graded from the vicinity of the jet to the far field. Grid sensitivity study 
is performed with three different meshes, namely; coarse, normal and fine meshes by checking U-
velocity changes and it is seen that changes in velocity not greater than 1%. According to this result 
all the analyses are made with normal mesh.  
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Figure 1.U-velocity (a), V-velocity (b) and W-velocity (c) comparisons  of RSTM data with 
experimental results of Ref. [8] for z/D=0, R=0.5, Circle: exp., solid: CFD. 

 
The channel and jet nozzle inlets are specified as velocity inlet while channel outlet is depicted as 
pressure outlet. All of the regions left are defined as wall type. At the inlets uniform velocity, 
temperature, turbulent kinetic energy and its dissipation values are speficied. 3-D steady-state 
Reynolds averaged Navier-Stokes equations and RSTM are used in the simulation. Detailed 
information about RSTM can be obtained from Ref. [9-10]. At the inlets, turbulence kinetic energy 
and its dissipation rate for jet nozzle and crossflow channel inlets were calculated by using Eq.1-Eq-4 
[11]; 
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Figure 2.Working domain and coordinate system (a), grid structure (b). 
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3. RESULTS AND DISCUSSION 
In this study, it is aimed to generate vortices seen in JICF phenomena numerically. Some of the 
obtained figures are seen in Fig.3-Fig.5. Longitudinal size and evolution of CVP for two different 
streamwise stations can be seen in Fig. 3. While jet velocity increased two times, CVP increases both 
in lateral and normal directions and occupy almost the whole channel at higher velocity ratio (R=1.0) 
especially towards the channel exit.  
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Figure 3. CVP evolution at different streamwise stations for a) R=0.5 and b) R=1.0. 
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Figure 4. CVP evolution at different normal stations for a) R=0.5 and b) R=1.0. 
 

As can be seen the striking feature of CVP is that it occurs near the jet pipe. The same result can be 
observed in normal stations as in Fig. 4. This figures revealed that CVP is more dominant at lower 
stations than that of higher ones for both two velocity ratios.  Lateral sections of domain are shown in 
Fig. 5. In this figures it is seen that CVP getting weaker from the jet pipe centre to the side walls.  
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Beside the increment in the lateral and spanwise directions, the height of this vortices increases by 
increment in jet-to-crossflow velocity ratio. It is known that the wake vortices occur due to incoming 
boundary layer and origin in fluid at the back of the jet close to the wall. Wake vortices seen at 
downstream directions as can be seen in Fig. 5 
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Figure 5. CVP evolution at different spanwise stations for a) R=0.5 and b) R=1.0 
 

As a conclusion, a CFD investigation is performed to reveal one of the most dominant vortex 
structures, namely counter-rotating vortex pair. A validation of the study is done by making a 
comparison with experimental data. Results are obtained for two different jet-to-crossflow velocity 
ratio, R=0.5 and R=1.0 and it is seen that CVP is formed close to the jet exit and its strength is 
initially proportional to the jet-to-crossflow velocity ratios, R.  
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