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Abstract

The heavy ion accelerator that will be built in Daejeon, Korea utilizes superconducting cavities operating in 2 K. The cavities are
QWR (quarter wave resonator), HWR (half wave resonator), SSR1 (sing spoke resonatorl) and SSR2. The main role of the
cryomodule is supplying thermal insulation for cryogenic operation of the cavities and maintaining cavities’ alignment. Thermal
and structural consideration such as thermal load by heat leak and heat generation, cryogenic fluid management, thermal
contraction, and so on. This paper describes detailed design considerations and current results have being done including thermal
load estimation, cryogenic flow piping, pressure relief system, and so on.
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Fig. 1. Schematic diagram of accelerator RAON.
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TABLE I
SPECIFICATION OF CRYOMODULES FOR RAON.
SCL1/SCL3 SCL2
Parameter
SCL11 SCL12 SCL21 SCL22
Cavity QWR HWR SSR1 SSR2
Frequency
(MHz) 81.25 162.5 325 325
Beta 0.047 0.12 0.30 0.51
No. of CM 21 13 18 23 23
No. of cavity
per CM 1 2 4 3 6
Aperture
diameter 40 40 50 50
(mm)
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TABLE II
PERFORMANCE OF HELIUM REFRIGERATOR FOR ACCELERATORS.
Ref. [1] Ref. [5] Ref. [6]
cor COP* Copr CO.P COP ratio
ratio ratio

2K 0.00125 32 0.0014 3.66 3

4.5K 0.004 1 0.005 1 1

40K 0.04 0.1 0.1

77K 0.07 0.056 0.061 0.08

COP ratio= COP4s5k/ (COPm T)
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Fig. 2. P&ID for SSR1 cryomodule.
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Fig. 3. Cross section view of HWR cryomodule.

TABLE Il
DYNAMIC LOAD OF CAVITIES.
QWR HWR SSR1 SSR2
Dynamic load 23 2.7 4.4 11.6
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Fig. 4. 1/8 model of SSR2 cryomodule and warm section
for calculating radiation through beam pipe.

TABLE IV
RADIATION THERMAL LOAD FOR CRYOMODULES.
Radiation QWR HWRI HWR2 SSRI  SSR2
o 2K 02 04 08 06 18

ML ok 86 132 203 116 298
Through = 445 045 045 075 075
beam pipe
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Fig. 5. Conceptual design of coupler for SSR2 cavity.

TABLE V
THERMAL LOAD BY COUPLER IN CRYOMODULE.

T(K) QWR  HWRlI HWR2  SSRI SSR2
2 0.1 0.3 0.6 1.05 2.1
45 0.81 2.06 4.12 6.21 12.42
40 2.35 5.36 10.72 12.75 255

40 K thermal intey
300 K contact
0.00 100.00 {mm}
50.00

Fig. 6. Conduction calculation result for the support post.
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TABLE VI
THERMAL LOAD ESTIMATION OF CRYOMODULES.
T(K) QWR HWRI HWR2 SSRI SSR2
Dynamic
2K 2.6 5.9 11.8 14.0 71.1
(W)
2K 1.4 1.5 2.4 2.9 5.5
Static
45K 3.0 5.2 9.4 10.7 20.9
W)
40K 25.8 38.8 62.8 51.6  107.0
Total (W) 45K 16.8 30.2 56.5 64.8 2582
Linac total
(W) 11.1
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TABLE VII
REQUIRED MASS FLOW RATE FOR CRYOMDOULES.
QWR HWR1 HWR2 SSR1 SSR2

2K evap.(g/s) 012 036 071 074 627

J-Tinlet (g/s)®  0.14  0.43 084 087 738

4.5 K thermal
intercept (g/s)®

4.5 K LHe total
(A+B) (g/s)

0.06 0.34 0.65 0.66 1.31

0.26 0.76 1.49 1.53 8.69

40K GHe (g/s) 055  0.67 090 081 153
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Fig. 10. Calculated pressure drop according to the diameter
of pipe and relief pressure for SSR2 cryomdoule.

TABLE VIII
CALCULATED RELIEF VALVE SIZE FOR CRYOMODULES.
W (kg/h) A (mm?) D (mm)
QWR 6091.3 582.4 272
HWRI1 14056.9 1344.1 414
HWR2 28113.8 2688.1 58.5
SSR1 20257.2 1936.9 49.7
SSR2 63252.2 6047.9 87.8
13160W~TZ
= (6)
CKP\NM
o Aol A el B o] G d mmd), WE EEF
Z (kg/h), TE 71A1 9 BF &% (K), 2= ¢F973}, C= 315,
KL W B o] EE AlG (0.9<K<0.98), P =&Y (kPa), M
S EZHE fAY E50th

3.3 &
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