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Investigation of Mesh Independence in Magnetohydrodynamic Flow Simulations: Circular 

Cross-Sectional Pipe Example 
 
Abstract: This study focuses on two significant topics in the scientific and engineering fields: mesh independence and 
magnetohydrodynamics (MHD). Mesh independence is a method used in numerical analyses to determine the 
computational mesh's resolution weight. This concept is vital for understanding how simulation results may vary 
depending on the resolution. Magnetohydrodynamics (MHD) is a field that examines the interactions between 
electromagnetic effects and fluid dynamics, particularly the interaction of fluids with magnetic fields. Research in this 
area helps us understand the impact of magnetic fields on fluid behavior and analyze magnetohydrodynamic 
phenomena. In this context, the study numerically examines the flow properties (velocity and temperature) of a flow of 
liquid lithium, which has electrical conductivity, in a three-dimensional circular cross-section channel under the 
influence of a magnetic field. The analysis is carried out using the finite volume technique with the commercial software 
package ANSYS. 
 
The research creates mesh independence for four different magnetic field values (B=0 T – 0.05 T – 0.1 T – 0.15 T) 
using the MHD module, and the results are examined. The findings indicate that at each magnetic field value, the results 
are influenced by the cell size in the mesh structure - a similar outcome was reported in a study conducted in a 
rectangular cross-section channel. Therefore, it is essential to consider the combined effect of all magnetic field values 
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a dense mesh. Furthermore, it is observed that different mesh structures maintain a constant difference of approximately 
19% compared to the reference value, indicating that this mesh structure is more suitable for analysis. 
 
This study provides a significant contribution by analyzing the behavior of fluid under the influence of a magnetic field 
in circular cross-section channels and emphasizing the importance of mesh independence. The obtained results, 
supported by similar studies, will improve our understanding of the significant effects of mesh independence in 
simulating fluid dynamics with magnetohydrodynamic interactions and facilitate its application in future engineering 
practices. 
 
Keywords: Mesh independence, ANSYS, Fluent, Magnetic field, Magnetohydrodynamics (MHD). 
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SEMBOLLER 
 
D   
  : Kinematik viskozite [m2/s] 

Re    [V D/ ] 
  : 3] 

Cp   
k   

  : Dinamik viskozite [kg/m.s] 
1/ e : Elektriksel iletkenlik [S/m] 

e   
r   

Re=1000 x/D=16

u*

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

r*

0.0

0.1

0.2

0.3

0.4

0.5

B=0 T
B=0.05 T
B=0.1 T
B=0.15 T

Re=1000 x/D=16

564 566 568 570 572

r*

0.0

0.1

0.2

0.3

0.4

0.5

B=0 T
B=0.05 T
B=0.1 T
B=0.15 T



167

24th Congress on Thermal Science and Technology with International Participation (ULIBTK’23)
Bİ

LD
İR

İL
ER

 | P
AP
ER
S  

Pr   [ ] 
Lt   
Lh   
u*   [ ] 

  
   [ ] 

 
KAYNAKLAR 
 

, 2020, 
 

 
Mousavi, S. M., Farhadi, M., Sedighi, K., 2016, Effect 
Of Non-Uniform Magnetic Field On Biomagnetic Fluid 
Flow In A 3d Channel, Applied Mathematical Modelling, 
40, 7336–7348. 
 
Rinaldi, C., Latorre M., 2009, Applications Of Magnetic 
Nanoparticles In Medicine: Magnetic Fluid 
Hyperthermia. PRHSJ, 28(3), 227-238. 
 
Selimli, S., 2015, ic And 
Heat Transfer Analysis Of Magnetohydrodynamic 
Internal Flow. 

 
 

, 2021, 

ncelenmesi. Doktora Tezi, 

 
 
URL-1, 2022, 
https://alarga.uskudar.biz/kemere/b%c3%a2li-
kaptan.html. 
 
URL-2, 2022, 
https://tr.wikipedia.org/wiki/Manyetik_hidrodinamik. 
 
URL-3, 2022, https://en.wikipedia.org/wiki/Yamato_1. 
 
URL-4, 2023, https://www.darpa.mil/news-events/-
2023-05-18. 
 

, 2016, , 

 
 

, 2003, -
. 

niversitesi Fen Bilimleri 
 

 
EKLER 
 

 
 
/define/models> addon-module 
Fluent Addon Modules: 
 0. None 

 1. MHD Model 
 2. Fiber Model 
 3. Fuel Cell and Electrolysis Model 
 4. SOFC Model with Unresolved Electrolyte 
 5. Population Balance Model 
 6. Adjoint Solver 
 7. Single-Potential Battery Model 
 8. MSMD Battery Model 
 9. PEM Fuel Cell Model 
 10. Macroscopic Particle Model 
 11. Reduced Order Model 
 12. PCB Model 
Enter Module Number: [0] 1 
 


