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The energy degrader is the most fragile part of the security of a target, has been newly designed to improve the
performance of the gas target. Also, the numerical analysis of the heat movement and mechanical movement during
the operation of the target has been accomplished. The heat analysis and structure analysis which are using the cooling
water flow and pressure in the energy degrader and the finite element analysis program, has been considered with
the heat movement and mechanical movement according to the current capacity of proton beam which determines
the production yield of the radioactive isotope. Also the possible use range has been determined and at the same

time the most suitable running condition according to the current capacity of proton beam has been suggested.
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Fig. 1 Overview of gas target

Fig. 2 Dimension of energy degrader
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Fig. 4 FEA model of energy degrader

Fig. 5 FVM model of energy degrader
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Table 2 Properties of N’ gas

Molecular weight 18.015
Gas constant(kJ/kg-K) 0.2968
Specific heat at static volume(kl/kg-K) 0.745
Mass(g) 1.33
Initial pressure(bar) 13
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Fig. 6 Boundary condition of energy degrader
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Fig. 8 Flow fields of cooling water in different flow
rate(cooling water flow rate : 14 £ /min)
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Fig. 11 Pressure distribution of cooling water in different
flow rate(cooling water flow rate : 14 £ /min)
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Table 3 Thermal properties of Al 2024-T81 at normal

temperature
Density(kg/m’) 2780
Thermal conductivity(W/m-K) 121
Specific heat(J/kg*K) 963
Melting point(K) 775
Reference temperature(K) 293
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Fig. 12 Maximum temperature distribution in the eenergy
degrader according to time variance(Proton beam
current : 20pA)
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Fig. 13 Maximum temperature distribution in the energy
degrader according to time variance(Proton beam
current : 60pA)
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Fig. 14 Maximum temperature of aluminum foil by
volume flow rate change of cooling water

Fig. 15 Temperature map of the energy degrader by
volume flow rate change of cooling water
(Proton beam current : 100pA)
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Fig. 20 Temperature requirement of N? gas chamber by
current change of proton beam
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