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Structure design and optimization analysis of proton beam
window in target station for CSNS-II
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Ning Changjun'?,  Yu Jiebing'?,  Chen Jiaxin'?
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Abstract: The proton beam window of the CSNS target station is located at the interface between the
Ring to Target Beam Transport (RTBT) line and the target station, which can isolate the high vacuum of the
accelerator and the helium environment of the target station. With the increase of the beam power of CSNS-II, the
single-layer film structure of the proton beam window can no longer meet the high power of 500 kW, so the upgrading
and development of the CSNS-II proton beam window are carried out. The structure design of the CSNS-II proton
beam window is emphasized, and the cooling structure with water in the middle of the double-layer membrane is
designed. The influence of the parameters of proton beam window, such as film radius, film thickness, length and
width of water cooling tank, and convection heat transfer coefficient, on the temperature rise and thermal stress of the
proton beam window was analyzed. Analysis on cooling water demand shows that the cooling water flow rate should
be greater than 15 L/min. Through the fluid structure coupling analysis of the main body of the proton beam window,
the dead water area inside the box is eliminated. The maximum temperature of the optimized proton beam window
film is 47.8 °C. The maximum thermal stress at the film position is 30.758 MPa. The radiation damage performance of
proton beam window material is analyzed by FLUKA software. Under the irradiation of 5000 h of operation per year
and 500 kW high power beam current, the calculated value of DPA of radiation damage per year is 1.285 DPA, and
the life of proton beam window is more than 7 years.

Key words:  proton beam window, thermal analysis, fluid structure coupling analysis, irradiation damage

* WrAE E#8:2023-06-12;  1£1T H#H:2023-10-31
BB F IR AR RATRRYPK I L R G B850 H (12105308)
BEZAR: T, gywang@ihep.ac.cn,
BIEEE: X %, liu@ihep.ac.cn,

124005-1


https://doi.org/10.11884/HPLPB202335.230176
mailto:gywang@ihep.ac.cn
mailto:lliu@ihep.ac.cn

#oW ok 5 BT K

] I R TR (CSNS) S < - — 07 0 I o o5 A 08 19 KRR B SRRl A0 030 I, 2 e SR DU R B b R 2
—, EXEH—5 80 MeV AR T HLMEL . — 5 1.6 GeV PRIGFR T TR g g5 . L3 H iz (LRBT) |
ARG (RTBT) . — MRS . 2 A iU AR OB B il . 7 %08 T ol T e 25 ik & 80 MeV,
2¢ LRBT %z £ i AP R 50 7[5 25 i 25 (RCS), Jili# & 1.6 GeV J5 4 RTBT fiiiz 2651 H 35 #40, Bl b7,
B P RS2 BT 5T b 1, HE P OT SR SIS 0, RTBT 2K A% iy MR AR 35 5] A5 0 3 g8 2R 5| A4 5 D R 7 o)
T BN RO, RTBT 4538 P by e B 45 BRER, A0S R G0 N A3 EE . BEUE 0T % (PBW) i T RTBT % £k 5 ¥ 58
He i Ak, i 2 B 2 0 e LS ARG SRR VE T . T A, 2 30 S g v s R s SRR PR

1 CSNS-II R FRE KL

B3k JOUF R B 7F CSNS H 2235 & AN I&L 1 B, R [ i b iis 42 RTBT #0 AT 24 m B, T Ui 5 ¥0 b A4 4%
AR o S BT R B T B v (0 27 T AT AN R 2 TR, R T A 1 S SO T R P R R T e T, TR
3 3 R 0 TR B N AT A . T SR I A S A S T T A T 1 s im0 R R
S 5 T % 5t A5 R 0 B TG A %, S ) R R SO S RO 2 R N A I BT A ) o R T
by B, X B R AT A R

[T AR B RGN ANE 3 PR, o e 1 o BT A B A AR A, ARl 4 PR, R AOR AR A 4 AS083-
O, HH PN 78 T BUE 4R T S31603, O 1 #& K4 B i, 0 1 4K 5 5 808 Z 18] 5k T S31603-A5083-0 &2
B AR AT U v 2 AR

shield
system

proton beam
window

tunnel track

<.

vacuum sealing
mirror

5l g i { quick disassembly
; ] \ - — \ device
Fig. 1 Installation position of proton beam window (PBW) @

PL TR 0 o —_—

installation positioning
box of the PBW

Fig. 2 Installation channel of PBW

] B2 B A 2 e A PR
7 y \ f composite pipe
. S31603-A5083-0
counterweight : >

block \ B transition flange
S31603-A5083-O

water and gas
pipeline system transition flange

S31603-A5083-0O

AN

optical vacuum tube

frame ‘ | <
V < i
) £ \ ~ cover
\ i . inflatable [ - plateA5083-O
{ bellows at \ water tank
target station side ,/ A5083-0
inflatable bellows on welding window composite pipe
accelerator side S31603-A5083-O
Fig. 3 Structure of the PBW Fig. 4 Material composition of welding window
P30 BT R R LA P 4 JRFEGT DS SRR R A

124005-2



EJTUR, 5. CSNS-IIHE S BT & 45 M e it S5 A 2 Hr

2 FEEMERIET

CSNS — I Jii 5 7 SR FH B2 25 4 1 3, 7K ¥ R A IS 1) 1 WA, 32202 30 O 2R X I R 7 1) [ 4232 12 20
2, WE 5(a) FR®, CSNS —H R T35 YT N 100 kW, ik DR B AR T, CSNS-IT D506 15 5] 500 kW,
53 M S I 25 A8 7R 37 (R D) R AR B, EAT AR 4 70 A7 . 33 Bethe-Bloch 22U BE B 0, A XKk R/

_(((11_5) — 47TNar:meCZZ,-2(§)(B—12) [ln(ZmeczrzBZ)_’Bz _ g] (1)

1

s N W BT AR A 2 5 55 r o 8 B TR A48 5 me o L
1Tt ¢ G z o AR F R 8 Z0 A 5300 R A R
50 5T A T Y B Bl UKL T Y R S OLER Y L
{8 r AR T BIRAE 2% N T, r= 1/ 1= T BB W8,
FFRERAT 200K, Ix(10eV+1eV)XZ; 6 H % ERL
R, 6 =1gr,

RN R D 23 AR AE BT AR b A g sk, R4
PO IR, X (2) PR

E= npd—Et — ﬂ(d_E)pt (2) (a) single film structure (b) double film structure
dX E,\dx )
Fig. 5 Two structures of CSNS PBW
Kb n, BT REG PRI T3 E, A RE i ool S 9 B ST 042 I U IS F % L
SR WAL B, ¢ O TR R
M ANSY'S B3 5 5 b B 22 5 B0 7E A [ D0 38T oA ) e e B M B e BV g, LR 1
F1 FENBEREHHERK BB

Table1 Power loss and thermal stress of PBWs under different beam power

beam power/kW lost power/W maximum temperature/ C maximum stress/MPa
100 67.5 61.7 58.9
170 114.0 83.8 80.1
200 135.0 93.4 93.4
240 162.0 106.1 110.4
300 202.0 125.0 136.0
500 337.5 195.1 230.6
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Fig. 7 Single factor analysis of PBW double film structure
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P8 X i A A R B PR B S A B9 AFE S 3R RO R
TR RO
Cplt
Pr=-"- (3)
A
P e, AR HIK LR w3l JIREIE s A K AR
TIRECH
itpd,
Re = % (4)
M
s @Ry v HRE N AP X 5 o SR BUZ A RAOK T AR
SIRRMERAT R AN
6x10°
0.023Re°‘8Pr°‘4(1 - = ) (2300 < Re < 10 000)
Nu = Re™ ( 5 )
0.023Re%® Pr4 (Re > 10 000)
X R B
ANu
K= (6)

5 CSNS-II RFRERERE T

Xt I - SR ATV HI K R 15 L/min B (4 58 BSR40 BT 001, A3 B 4 SR AN 18] 10 FE 13 TR o JF 57 A
78 I = R E 47.8 C GRTE 17.8 °C), WAL B 5 = A 71 30.758 MPa, BUZ HEIE 0 - B354 0.961 mys, [
HRL X S B A R B ELME R 5450 W/(m*K), 552 S5 a5 AR . A2k Bl i, BUZ B K 3R 2 FOIRES, i
PR (RIS AF AR AR TR Bl IR L, 28 5 B BEACIRAS, R 7 A 7 A T w8 i i X3, K IX 8 25 5 3

C: steady-state thermal
imported convection
time: 1.8
data: convection coefficient
unit: W/(m?-K)
2023/10/30 17:14
10 209 max
9100.9
7993.1
6 885.4
5777.7
4670.0
bt
1.873E—-00: ’ 13268
239.1 min  imported

5450 W/(m*K)

Fig. 10  Streamline diagram Fig. 11  Convective heat transfer coefficient distribution diagram

P10 TSR A R K R A P11 X e R B A

124005-5



oW

5

BT R

C: steady-state thermal

figure

type: temperature

unit: °C

time: 1

2023/10/30 16:45
47.805 max
45.627
43.448

-~ 41.270
39.092
36.913
34.735
32.557
30.379
28.200 min

Fig. 12 Temperature distribution diagram of the PBW
P12 B SR L 2 A

G S 7 14 R, 3 o 4 K AR JER ¥R s ] A KoK
FIE 15 Bz, KA H i TR B o

| | |28 ALt |

Fig. 14 Streamline diagram before volume reduction

P 14 AR TR A BRI B K I £k P

6 CSNS-II iFREEBRGOM

D: static structural
figure
type: equivalent (von-Mises) stress
unit: MPa
time: 1
2023/10/30 16:44
30.758 max
. ‘27.341
23.924
20.508 [
- 17.091 {
13.674 [
10.257
6.840 4
34236
0.006 826 7 min

Fig. 13 Stress distribution diagram of the PBW
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