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Abstract – In the study, it was investigated air in rectangular channel with jet impingement. It was 

examined numerically air flow under constant inlet temperature, and constant target surface wall 

boundary condition. All analyzes have been carried out by using Ansys Fluent software. It was used SST 

k-w turbulent model in the study. Basic parameters of the study is nozzle spacing, jet diameter, Reynolds 

number, Nusselt number, and pressure difference. It was examined turbulent air flow in the range of 

15000Re≤35000. On the other hand, it was discussed flow behavior in the rectangular channel and local 

Nusselt number. As a result, it was observed that finding obtained compatible with well-known 

correlations. Average Nusselt number increased with increasing Reynolds number and decreasing target 

surface-to-nozzle spacing. In addition to, pressure difference increase logarithmically with Reynolds 

number.  
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I. INTRODUCTION 

Most of new designed energy storage devices 

have more efficiency according to traditional 

systems. Therefore, better heating or cooling 

performances are needed. For this aim, the jet 

impingement technique, which is one of the most 

substantial active heat transfer methods, is 

generally used in some industrial areas such as 

mini electronic card cooling [1], enhance of 

nanofluid’s heating and cooling performance [2], 

gas turbine blade [3], cryosurgery [4]. Flow and 

heat transfer properties of impinging jets; It is 

known that it varies depending on many 

parameters from the jet exit geometry to the 

velocity profile at the jet exit, from the distance 

between the jet and the plate to the turbulence in 

the jet, from the striking plate geometry to the 

temperature difference between the jet and the 

plate [5]. 

 

II. SOLVER SETUP 

In the this study, the numerical analyzes are 

implemented using Ansys Fluent program. A three‐

dimensional channel flow is setup with double 

precision, utilizing pressure‐based solver 

neglecting body forces. The channel structure has 

been showed in figure 1 and figure 2. It was used 

turbulent model as SST k-w in the study. 
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Fig. 1. Geometry, mesh, dimensions. 
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 Fig. 2. Geometric parameters of the channel with 

jet. 

The geometric dimensions of the impinging jet and 

the channel, properties of air, and mesh adaptation 

structure are presented in table 1, table 2, and table 

3, respectively. 

Table 1. Summary of geometric parameters 
 

Table 2. Thermophysical properties of Air 
Material ρ(kg/m3) k(W/m2) µ(Pa.s) cp(J/kgK) 

Air 996.24 0.6158 0.0008206 4179 

 

On the other hand, it was solved base contiunity, 

momentum, and energy conservation equation by 

using Navier-Stokes balance with finite volume 

method. These equations have been presented 

Eq.(1), Eq.(2), and Eq.(3) as follows. Also, other 

important parameters was given Eq.(4), Eq.(5), and 

Eq.(6) with [6] reference. 

Contiunity [7]: 
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Momentum [7]: 
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Energy [8]:  
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Table 2. Mesh adaptation of the study 
Mesh Grid1 Grid2 Grid3 Grid4 Grid5 

Cells 1435360 1522563 1697592 1871596 2155379 

Nu 96.25 98.54 101.544 103.347 103.987 

y+ 1.37 1.01 0.98 0.86 0.83 

III. RESULTS 

Firstly, it has been validation with study which 

well-known correlations in literature as follows in 

figure 3. As result, it was observed that local 

Nusselt number suitable with literature. Then, 

variation of Nusselt number with Reynolds number 

have been examined in figure 4. When they were 

investigated in this graphics, it was observed that 

the Nusselt number linearly increase with 

increasing Reynolds number. 
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Fig. 3.Validation of local Nusselt number with the 

literature. 

Also, pressure difference tends to increase 

logarithmically with increasing Reynolds number and 

decreasing G/D ratio as seen in figure 5. It was showed 

velocity distribution and surface Nusselt number at 

Re=35000 as seen in figure 6 and figure 7.  

D X/D G/D Y/D S/D Exit  n 

10 mm 52.5 4 5 5 75 mm 9 

10 mm 52.5 3 5 5 75 mm 9 

10 mm 52.5 2 5 5 75 mm 9 
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 Fig. 4. Variation of average Nusselt number with 

Reynolds number. 
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 Fig. 5.Variation of pressure difference with Reynolds 

number. 

 

Fig. 6.Velocity distribution at Re=35000. 

 

Fig. 7. Surface Nusselt number at Re=35000. 

IV. CONCLUSIONS 

 

The conclusions gained from the analyzes carried out by 

using the Ansys Fluent software are as follows: 

• The average Nusselt number was obtained the 

highest value for G/D=3.0.  

• It was observed that pressure difference decrease 

with increasing target surface-to-nozzle spacing. 

Therefore, pump power required for cooling or 

heating systems is to be less. 

• It was observed that optimum target surface-to-

nozzle spacing and maximum heat convection is 

G=3D. 

• Maximum vortex and secondary flow observed in 

case G/D=3.  
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