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Comparison of CST and COMSOL multiphysics thermal –stress analysis results of Project X Buncher Cavity.
A. Kononov,  I. Gonin, T. Khabiboulline

ABSTRACT
The goal of this work is the comparison of the results of multiphysics thermal-stress analysis made using CST and COMSOL software. We calculate EM field distributions including resistive RF power losses, thermal analysis, related mechanical deformations and frequency shift in the Buncher Cavity with CST and COMSOL multiphysics software packages. This cavity will be a part of Medium Energy Beam Transport in Project X. We compare the results obtained in both software systems with different mesh densities and solver settings. We make some conclusions about suitability of current versions of these software systems for such calculations.
THE GOAL OF THE WORK
   The quarter-wave 162.5 MHz CW Buncher cavity has been developed as a part of MEBT of PIXE project at Fermilab. A series of COMSOL Multiphysics coupled RF and thermal stresses analyses have been performed to optimize the cooling scheme of the CW buncher main body and central drift tube with stem, figure 1. COMSOL is reliable software which was many times used for multiphysics analysis of different components of accelerators. In the last version of the CST it was announced the option which allows running multiphysics RF-Thermal-stresses coupled analysis. 
   The goal of this work was to benchmark the new options of CST software and compare the results with COMSOL data.







     Figure 1 Buncher cavity general view and cooling channel inside the stem
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Figure 2 Main steps in Multiphysics thermal-stress analysis of Buncher cavity. 
The analysis of influence of thermal stresses on the Buncher cavity resonance frequency consists of four steps:
1. At the first step the initial resonance frequency of the cavity and electromagnetic field distribution are calculated.
2. The RF power loss density on the cavity surface is proportional to surface resistance and squire of surface current density. Calculated RF power loss density applied as the boundary condition for second step – calculation the temperature distribution at the cavity walls.
3. The third step is the evaluation of the stresses and deformations in cavity walls caused by thermal expansion.
4. At the final – fourth step, the frequency shift due to the deformation of the cavity walls is calculated. 
Figure 2 shows the results of simulations chain described above. Pictures were taken from COMSOL simulations. The nominal operating voltage provided by the buncher cavity is V=70 kV. Upper right plot show the power losses distribution in initial (undeformed) cavity at operating voltage. Second plot shows the temperature distribution in the steady state case. The maximal temperature rise is 8K relative to initial temperature and located in the cylindrical shell of the cavity. Next plots shows the displacement of the buncher cavity walls due to thermal expansion. Maximal displacement is 50μm and located on top plate of the cavity. The last plot shows the power losses distribution in deformed cavity. The resonance frequency shift is ∆f=-7.8KHz.
The results of first 3 steps in CST and COMSOL software are identical.
The frequency shift if totally different. Figure 2 shows the dependence of frequency shift vs. finite elements number for both software.
[image: C:\Users\Артем\Desktop\Presentation final\Frequency.png]
                                    Figure 2. Frequency shift vs. finite elements number

In COMSOL the dependence df vs. Number_Element converges for a relatively small elements number and is close to expected value. In case of CST we don’t found the convergence even for very big elements numbers. Frequency shift varies from mesh to mesh and is much bigger than expected.
CONCLUSION
[bookmark: _GoBack]We compared the simulation results of a new multiphysics options of CST and well tested before COMSOL software. We conclude that the current status of mesh update procedure developed in CST isn’t enough accurate for high precision calculations like our case – calculation of the influence of thermal-stress deformation on the cavity frequency.
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