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Multi-physics field coupling analysis of radio frequency quadrupole cavity
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Abstract [Background] Radio frequency quadrupole (RFQ) field accelerator causes temperature rise and thermal
deformation during high power operation. Among many multi-physical analysis methods for RFQ cavity, these
models are limited to 2D RFQ section or 3D RFQ local structures whilst the fluid flow motion was ignored.
[Purpose] This study aims to propose a noval three-dimensional multi physical field numerical method for coupling
analysis of RFQ cavity. [Methods] Combined with computational fluid dynamics (CFD) and heat flow coupling,
electromagnetic, fluid, thermal, structure were integrated into electromagnetic multi physical field coupling analysis.
A 81.25 MHz RFQ cavity was taken as sample for verification and the heat transfer effects of three (Standard, RNG,
Realizable) k- ¢ turbulence models under the same experimental conditions were analyzed. [Results &
Conclusions] The results show that the CFD numerical simulation method can better simulate the steady-state heat
transfer of RFQ accelerator. The feasibility and reliability of the method were verified by comparison with the
experimental results. The variation of cavity temperature, structure and frequency under different parameters were
analyzed using a suitable turbulence model. Hence this study provides an effective numerical simulation platform for

the structural optimization and performance improvement of the accelerators in future.
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Fig.1 The structure of RFQ cavity
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Table 1 The cooling water velocity of different RFQs (m-s™)
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Table 2 The parameters of cooling water
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Parameters Velocity /m-s™  Temperature / °C
PIfSAT PISL 2 20

B¥Ji1E Wall channels 2 20

FYIE Vane channels 1.5 20.5
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Table.3 Comparisons between measured and simulated values of outlet water temperatures at steady state analysis

RSN S Standard k& FHXTIRZE RNG k-¢ AT % 22 Realizable k-¢ FHXf 1R 2

Parts Measured/°C /°C Relative error / % /°C Relative error / % /°C Relative error / %
PISL 203 20.421 0.590 20.420 0.591 20.412 0.551

W-UR 20.2 20.384 0.910 20.383 0.905 20.360 0.792

V-L1  20.7~20.79 20.764 0.309 20.762 0.299 20.781 0.391

V-L2  20.7~20.79 20.878 0.859 20.879 0.864 21.248 2.647

V-L3 209 21.015 0.550 21.034 0.641 23.201 11.009

V-Ul 20.6~20.7 20.663 0.305 20.662 0.301 20.678 0.378

V-U2  20.6~20.7 20.656 0.271 20.655 0.266 21.024 2.058

V-U3 209 20.771 0.617 20.773 0.607 22.873 9.440
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