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0. Introduction 
A jet impinging a surface is an important phenomenon in the fields of 
fluid mechanics and heat transfer. This technique can be used to 
increase heat transfer between the fluid and the surface. [2] 
 

1. Motivation 
The main goal of these calculations is to present results of impinging jet 
(Fig.1) analysis in Ansys CFX software, where different models were 
tested. Obtained results were then compared with the ones obtained 
using Star CCM+ presented in [1].  Results that are compared are 
obtained for following conditions:  

• Distance to plate to Diameter ratio L/D ratio equal 2 
• Diameter D = 25 mm  
• Reynolds number Re=20 000 

• Velocity profile v (x) = 𝑣𝑚𝑎𝑥  (1 −
𝑟

𝑅
)

1

𝛼 

• 𝑣𝑚𝑎𝑥 − velocity for which Re=20 000 

• 𝛼 =
1

√𝑓
= 6.1307 (Coefficient for velocity profile) 

• 𝑓 = 4𝑐𝑓 =  0.0266 (x4 friction coefficient) 

• 𝑐𝑓 = 0.0791 𝑅𝑒−
1

4 =  0.00665  (Blasius solution) 

• Heat flux 𝑞 = 100
𝑊

𝑚2
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Fig.1 Scheme of a Impinging jet testing station [1] 

 
 
 
 
 

2. Star CCM+ Results 
Analysis conducted in Star CCM+ was performed by Siemens company, 
and the results were provided in the article [1]. Results for L/D=2 are 
presented in Fig.2. 



5 
 

 

 

Fig.2 Results obtained by Siemens company in [1] 

Main results of interest are presented as a pink line, where dots 
represent results that are expected to be obtained. One can denote that 
there are 2 peaks noticeable in the L/D<4 region, which are the main 
thing of interest to be observed during the analysis.  
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3. CFX calculations 
a. Geometry 

Geometry on which the analysis are made is imported and 
adjusted in the Ansys Design Modeler. 
Due to the fact that CFX is mainly used for 3D cases, the creation 
of pure 2D geometry is impossible. To create a body that would act 
as a 2D body there is a need to create 3D body, which is 1 cell 
deep so it would act as a two-dimensional model. A 5 degree 
section of the cylinder structure was used in further studies.  
Main geometry (Fig.3) was provided by the Framatome company, 
where it is same as the one used in [1].  

 
Fig. 3 Whole geometry analised in the studies 

  Moreover, to ensure good quality of results close to the outlet of  

  the pipe, the body of influence where mesh will be denser, is also  

created (Fig. 4). 
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Fig.4 Body of Influence where mesh is set to be denser 

b. k-ε model 
The biggest expectations are put on the k-epsilon model, which is 
used as a main model to be checked.. For every turbulence 
model, there is a need to adjust the mesh to needs of a model. In 
the k-ε model the one of the values that is important to be 
observed is y+ value, which is expected to be y+~30. To obtain 
that, the boundary layers at the heated wall were introduced 
(Fig.5). Many different boundary layers sizes were tested, as to 
check Nusselt number dependency on y+. 

 
Fig. 5 Main mesh with later modified boundary layer 
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To present these results (Fig. 7), they were put next to the results 
obtained by Siemens in [1] on one graph, moreover with their y+ 
values. The graphs are presented as a Local Nusselt number on 
the plate, as a function of radial distance from the impingement 
point. 

Case 1 2 3 4 5 
#nodes 341941 340138 348811 345542 262277 
#Layers  10 8 14 12 4 
Max layer 
thickness [mm] 

5 5 5 5 5 

Y+ max at 
heated surface 

38.85 54.26 19.83 28.59 126.7 

Nu max at 
heated surface 

235 226.9 230.8 234.7 183.8 

Element size 
[mm] 

3.75 3.75 3.75 3.75 5 
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Fig. 7a Y+ value results obtained for different boundary layer 
settings on the heated wall 
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Fig. 7b Nu value results obtained for different boundary layer 

settings on the heated wall 
 

One can denote that expected two peaks are not as clearly visible 
as in [1] and the values differ.   
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c. CFX manual  
Directly from CFX manual guide 
 
Due to the calculation errors obtained in the case of Y+ of 1, the 
theory of scalable wall functions was introduced. 
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Moreover CFX uses a cell-centered FVM (Finite Volume Method) and ‘In 
CFX, Scalable Wall Functions are used for all turbulence models based 
on the ε-equation. For  k-ω based models (including the SST model), an 
Automatic near-wall treatment method is applied’ as stated in Ansys 
CFX manual. 
 

4. Summation 
After simulation impinging jet conditions in the Ansys CFX and 
comparing them with experimental results, one can state that this 
software is not the most accurate approach, as the characteristic of 
Nusselt number is not as desired. Moreover choice of k-epsilon model 
was challenging, as the only wall function available for this model is a 
scalable wall function. 

Appendix 
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