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Abstract: To address the issue of lithium target melting caused by rapid temperature rise under
high-power beam irradiation in accelerator neutron sources, a beam spot homogenization scheme
combining “beam expansion + scanning” is proposed. First, the software MATLAB is used to
simulate the distribution of particles and temperature field on the target under different scanning
modes. Then, the software FLUENT is employed to analyze the impact of different initial beam
spot widths on the lithium target’ s temperature field. Finally, the variations in the lithium
target’s temperature field under different scanning frequencies are investigated. The simulation
results indicate that the “beam expansion + scanning” homogenization method effectively reduces

the peak surface temperature of the target during proton bombardment. The sawtooth wave mode
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achieves the most uniform particle distribution on the target, compared to sine and triangular

wave modes, reducing the peak surface temperature by 8% and 2%, respectively. Smaller initial

beam spot widths and higher scanning frequencies both contribute to lowering the peak surface

temperature of the lithium target under high-power beam irradiation. The optimal scanning

strategy involves using a sawtooth wave mode with a scanning frequency of 300 Hz and an initial

rectangular beam spot width of 30 mm. This study provides valuable insights for the design of

lithium targets in accelerator neutron sources.

Keywords: accelerator neutron source; lithium target; temperature field; beam spot; scanning
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Fig. 1 Schematic diagram of beam spot scanning on

solid-state lithium target
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Fig. 2 Normalized distribution of particles on the target

under different initial beam spot widths
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Fig. 3 Normalized distribution of particles on the target under

different scanning modes within 0. 1 s scanning time
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Fig. 4 Normalized distribution of particles on the target

under different initial beam spot widths within 0. 1 s

scanning time

3 RBEAH AR AR R A

3.1 AEAHEX THERERER

SRy T R G b PR A AR SRR A e AR e A o
X B AR A AT . AR S S
30 mm B BELE 0. 10,0, 38, 1. 51 s M 41 41 1) 5% 1fi 1
JEA AN 5 Frs . Herb, = ORI IE 5% 0% i 45 Al A
A 150 Hz, 8 05 I (09 $ 5 09 %6 300 Hz, X2
T U e SRV = A0 1/2 DR I Al AT AR N i
FEN =AU 2 65 AR RS sh s BE AR R L (8 T

| . O I
283 318 353 387 422
/K
0.10's 0.38s 151s

(a) = fa st

zkxb. xjtu. edu. cn

| 5009

0.10s 0.38s 1.51s
(b) IE 5% P A =

0.10s 0.38s 1.51s
Co) 4 o e A =X

5 AN R AR T B TS [R) B 220 43R B 3 40 A
Fig. 5 Temperature field distribution of lithium target surface at

different times under different scanning modes

H L5 AT L 76 RBE R S A0 A0 3% 1 I B A
W TE v AR A DX T B — S %0 1 R X B R
BER oy 7 ARBE A 2o X 5T AU 2% 31 45 4l i A2 BB
AR IR R . =M MmeE I s R L1 51 s B
1Y) 2 T Ui 8 37 43 A JL P — B0 BAE 0. 38 s I 1A i
AW =AU Y &R X B A %
515 It A A e I DM B A L . AR IR D AR X
8 2y ) SR < (R =) [ £ /5% 2 W
WBEAE « Jy i bHE T2 sh. RIS i o
A7 R 37 T U, o = Ik A R 1 I B T Y SRR
0.38 s Bf RII AR W Tr 101 . (A T3 05 3
12 Bl A P ORI 1 I A T I TR 3 00 A e
Kot TAIFE, mE S5 BT LLE A A &R X
B A R 0 3 S X R BE A A 7 S 3 ()
HOESE PR T R T A A — 3, IR X AR
T BRI K X B Sl R R 2
A RL T DT R AR 122 DX 3, PR T B o 4 il s
F O AT D S AN T4 4 A 2T 1 IR R 4 A A
%5,

F T A S AR DR L 4 A o R v R R T T
B R EE Z . K’ 6 JBaR T AFE R
ST R 2 T A e IR R i ) A AR Akl R AT O
F Ao b R SR T A v TR BE AN BT R L R AT
0.8 sZEAT IR B VMir, IEsZ PR, B i
TR B AR SE AR 429~ 467 K, T YR E AR
Bk 467 K, O T 7E B 25 T A JE 21 453 K,
RPN R R RS R AR ST
411~438 K, Fa ik P A A8 2T THR A%, 2% 1 ey




5% 10 B A AT AR SR b T DL IR ) R R 205

TR R AT AR 417~431 K, 3 Fha it T, i
AEIK 2 fe IR BE 20 91l 467,438,431 K, XK W24
WIHE HBETE B N 30 mm B, AHFER HI &0 T, =A%
IV 147 9l 4 1 5 X1 T ol P A0 5 T e o iR 2 AR R A
B A AL S AT Bl 1 A i AR BR S A 0 B8 T
FEIE 5% AT S R 1 J S8 XU 35K

500

450 -
N
Say
E
ZE 400
e
3
‘ —— EZ AR A
350 AR
—— B
300 1 1 1 1
0 0.5 1.0 1.5 2.0
I 1) /s

Pl 6 A ) 4 e 0 0 R T e o O B I ] 174 25 £
Fig. 6 Variation of the maximum temperature of the target

surface over time under different scanning modes

M & 6 30 AT LU L B e e i BE AN 6] 26, 3 B4
i 2 B TR R AV A X, T SK
BN TR A9 28 Ak 3 T B KGR 31 38 K, = 1 I A
TR 27 K, 48 4 A =X U B2 A2 Ak 3 Bl e /) 5 R
14 Ko 3 FWIHE 4 PR =X RE 0% 75 T 1 4T 38 i 2
AL R AR E M . DR, A A AR ST A R e
R, A T H = A S R A0 D DA T 1Y
T FE S AR AT DA & B, BRI DA AR [A) A9 3 R 247 1451
i, PR A A KRR S FEEREIREN2ZE S,

(R RAEEE R CE N E VAT HE
Y- 870 B () A 78 R 0 . FR R R A AR
2R IR B AR AR TT LA 0. 003~0. 004 s B, 14
i (=110 mm) M BEFE = ABEB T B % -
Tt 10 57— G A B (2= 10 mm) 1R E R FEA
AR IR IR T o 2 =110 mm & IR ERSA T
SRIG T B, 1« =10 mm Ab ¥R B 7 B AF 4 T Tt
0.006~0.007 s I L2 BRI Bl . X 2 o = £
P P WP AT & is ol Al AR v o B 2
MR 23t =10 mm 5 =110 mm i & &b, T Eh
S DX Bl DU A . A B, i 1A DA T SR B AE 2
NP0 2 J5 S B R 8] B ) 06 4 & R IR — IR E
S AT R A T OBUEE i PG . 3 i g R T RI
ol 0 1 R I 0 A O A X Y 2R T o o U AT
T =MW T R R, IR A

zkxb. xjtu. edu. cn

T i A E (2 =10 mm Fl 110 mm) A9 & 7+ B &
T HT AR AR TR R R Y b TV T R X R B
UE VAT R BEAE L 2R A0 75 S A1 | TRt i 2
DXl Y e B ORRTE 22, 5 BOHE #0040 ) B A
T DX

x=110 mm

x=60 mm

3400 Eapkha

320 F

x=10 mm

o 320 it

3200 B

0 0.002 0.004 0.006 0.008 0.010
N 1) /s

B 7 SRR R N [ 7 B0 2 1 35 1 R i e 1 g 2% £k
Fig. 7 Variation of line average temperature at different

positions under different scanning modes with time

3.2 AEAVIBRMEE THEMBER

B 4348 O A0 0 He AR B A 2 L S ) T
AT A R R R A R R IR L A A
T A ] 56 B 0 4 R BEAE 0. 1,0, 38,1, 51 s A 4
A2 T AR A A0 1R 8 BT . X e ) I ok B B
SN 30 mm A1 18 mm [ T, 7] & H R & 3 10 43 A A
L. YRIA TR INE] 60 mm B, 41 50 IR B 3 10 43
A1 55 77 7 A BH S AN [ e i DX B R A A A v )
FIVA = S = B o N RV 3 B R YA 101 o I

—
T i |
367 409 451
/K

283 329

0.10s 038s 151
() WA R BETE L 18 mm

1]

0.10s 038s 1.51s
(b) F 4y R BE 58 FE 4 30 mm




206 W % o M

PN S %59 &

0.10s

0.38s
(O VIR BE T E N 60 mm
B8 AN TR0 b o BE B B AR TR [ s 22 OB B 0 A

Fig. 8 Temperature field distribution of lithium target

1.51s

surface at different times under different initial beam

spot widths

X TN 6] 90 4 R BE T B O R 4 4 ok AR A R
AT S5 e ek BT L A B S R 9 PR, K
ALUL R b B Y 3R IR A R R B B[R] 1
T, T v 32 Bl ) B BRBE TE R A 4 O T 8 K, OF
I ARRELE—EEHE N . P14 R BE 5822 60 mm
By B TRl 463 KL Fa € J5 7E 448 ~ 463 K I
. VIR BETEE A 30 mm B, B IR E U sl
FIREZE 417 ~431 K, X+ 18 mm i 9] If 3R BE 9
FE RS 5 R 3R TR R S R EETE 401 ~416 K 2
] A2k . 3 3 B ) 46 O B T8 5 B /D, 49 H I R A
P 2% T F e e BE RRIG . e Ah, S E RS F MR K
T B AR Al TR 25 S O W3 6 W ) A R B B RE X
Tk 43 A1 0 52 Wl 570N

500
450 |-
M e A
-1311’( (e \
IE 400 ("
HE lw
i3 an
U
d
1\
350 1 MRS 918 mm
BIUACHE 55 13 930 mm
——— WIUE A BESE % 60 mm
300 ! \ . i
0 0.5 1.0 15 2.0
1) /s

P9 ONTRIB) I o B 58 B T 480 ML 2 T e 55 UL 2 I ) 1
Ak
Fig. 9 Variation of the maximum temperature of the target

surface over time under different initial beam spot

widths

10 &5 T AR 90 46 R BE 98 B2 T 4 B R T A
[Fi) (57 "B F) £ ~F- 4% L 88 Bt I 18] ) A2 k. el 18] DL, 9
U RBE T8 N 60 mm I 3t B T i 32 B R AR PG
DI, 300 % AR B W I . 2 0 4 R 9 D /) B

zkxb. xjtu. edu. cn

30 mum W, 10 G50 B B9 fi v F 4 TS R0 4 A
e P IR Y 25 S W R AR/ ) R R B B A
18 mm I, 320 2% {37 B 1) 3l B2 A8 Ak 55 rp O 07 F AR AL
FLIR A4 A 9 i W (i o 150 . X R DB
0 83 SRCBE ST I/ 31 7 3 P 2 DAL v DX B
RE DG A PR 1000 35 0 A 2 N 2
B IG HRBE B BE A 60 mum I, #7180 R i T IA
G EE PO M S Z A A AR W] 25 . X b
NPT il JEE o3 A T RE 8 A5 5 L A R AR T B
R DT HR B SR IR . PRI 326 % A/ B9 00 ik SR
Vi JEE A Bl T e AR R R T ) e v L

x=110 mm

x=60 mm

- HORESEE 18 mm *=10 mm

0

280 L
843201 SeRETE %930 mm
%580
320 ABEGEE N60 mm
300
280 — T — 1 — 1
0 0.002 0.004 0.006 0.008 0.010
I i) /s
B 10 R [R) ) 46 BB 58 B T A [R) 7 B 1 48 °F Y 1L

i s ] 114 722 4k
Fig. 10 Variation of line average temperature at different
positions under different initial beam spot widths

over time

3.3 AEAFMERTHIEREE S

RBEF A 5140 0 ZE b A R AR R A R G
R SR, AR ST A 0 IR B 3 1 5 e, AR AL
T R IR BE E O 30 mm Y HR BE DL [ A R
(100,200,300 Hz) 7E# 58 _F A9 49 4 o8 72 L 15 30 19 IR
JEG AR E 11 Fros . BB I, 3 R AR T
LR 1 R AL 3 4 AT AR AE A — 3, AN (R 4 A 0
T YU BE ) Z AR A A 2% S B AR R TR
JESr A A 5] A — B 20T i R R e A T R R 4
2 0 BN T RG . T R 0 0 R R B
FLA T PR 4 R K 2% {6 A5 R A A [ EE) PY
T8 1 DX BT BRL A7 ) ] P A (] 0BT RE 65
AR A NS SRS RO s S NG o Sl O3 R
T AR I I Iy 8 A VR BE 0 A B4 5




10 301 AT, 2 R R F T VB R 3L B 1 8 (A 207
[ . h . TEFTA RS | 5w T ARG T2 00 a5
283 321 358 396 433 . N
L /K 2Pk 300 Hz B}, i i 15 B8 e A1, 28 Ak IX A /)

0.10's 0.38s 1.51s

() FRM Ny 100 Hz

I B3

0.10's 0.38s 1.51s

(O AN 200 Hz

3 ] ]

0.10s 0.38s 1.51s
() FHH ATy 300 Hz
PRl 11 S [ o 400 3 T 0 2 TRT S () W 2 1% 30 2 3 43 T
Fig. 11 Temperature field distribution of lithium target
surface at different times under different scanning

frequencies

Bl 12 JoR T AN [l 49 4 050 232 T 430 0 3% T e 5 Ui
B B[R] AR Ak, FR AT DL, X A AR 100 Hz
A fe 1o R JEE e R A SE AE 419 ~ 445 K 2585 K Tt 2=
200 Hz B, 5 i i BE AL T 417 ~436 K 78 5 % ik |
300 Hz W, 5 ik BE7E 415~431 K Z [l 3 .

500
450
4
N
=
22 400
i
%
350 1Y —— FIISI% 4100 Hz
S 49200 Hy
—— FHSI 4300 Hz
300 : s . .
0 0.5 1.0 1.5 2.0

i) /s
[l 12 AN TRl 4 1 000 28 T 0 40 9% T e o IR B o ) ) 19 22 b

Fig. 12 Variation of the highest temperature on the target

surface over time under different scanning {requencies

zkxb. xjtu. edu. cn

0 16 K, 4734 ok A8 b d5c e TR B 00 B 3l 55 PR 3
ol il A G, TR Bz 3l o B 5 3 10 R 2 IE
AH OGS R SR B 3 (0 A I e T Y 38 30 )
PEE TIERE M. 3.1 XA [ 3 AR S T 5
SERALEDIE T X — W5, BN IE 2B T L i 2 A
TR A R AN R A T A R A R R
JEAALEL K,

13 IR T AR 500 3 T O [\ 47 & i 267
o705k I Bsf ] ) A8 Ak, F AT D A [ B ) PN A A
BN 23 2 BUF — 7 BB . G4
By 100 Hz 1,0, 01 s P =10 mm {3/ #& AT H
BT — RIS RS N #] 200 Hz B, W] — {7 &
Ab ) U TSN B PR IR s 2 T AR R 300 Hz B i
FER B 3 . BRI #E 0. 01 s B, LA 300 Hz #il
RT3 YL T A T 2 SF- 35 TR R AIG
F7E 100 Hz SR TN & — IR THE MR, X
S PR R A R A R B R Bl P (A5 [ — o7
)12 3 TS I T 2 B O N [ - R @ DA ] 4 ]
R 431 3 11 154 o T R ARG, R b B v R B TR
VAR R 2% TR ) e v L

x=110 mm

x=60 mm

30T gir 4100 Hz
x=10 mm

320
300 f

280
4 3201 9200 Hz
=
zE 300 F
£ M
& 280
3200 ik 49300 He
300
280 1 1 1 ]
0 0002 0004 0006 0008  0.010
I i) /s
B 13 TR 43 il 400 3 T AN ) o7 B 19 48 7 3% 1R 3 T B 1) 1
1k

Fig. 13 Variation of line average temperature at different

positions under different scanning frequencies over time

445 B

A% SCR A T G T 0 B o U 1
R IR B 0K T A 1 B2 55 A
ST T BRI 8 3 IR [ £ 9 28 744 i




208 [ 1T N S ¢ 59 %
[B] B AR AL A58 DL N 2458, p-Li reaction [J]. Applied Radiation and Isotopes,

R R F o A SR T2 1 694 45 47 2014, 88 195-197.

10 2 B A g R /N (B R B A [8] PHOENIX B, GREEN S, SCOTT M C, et al. Devel-

HORERY AT VE . 1 v A R R R S S R T opment of a higher power cooling system for lithium

4045 55 AR 6 targets [ J]. Applied Radiation and Isotopes, 2015,
o s N . 106: 49-52.

(2)m1iﬁf§*£fﬁ%fﬁ{gﬁ%ﬁ T’fﬁ{ﬂ%éj (90 Z=meid, WIMEAR. WM A, & WTEgmdss b T
D 05 L0 5 e 1 s S B 1) % S ot
o k2 B A 7 A A AR 7~ 36 Ko [l /)y 2023, 57(6): 160-171.

) ik TR IRE i FEE R 8 1 1 A0 24 4 Tl 4 2 T ) e LI Xiaobo, HU Yaocheng, FAN Jingjing, et al. Study
e T R FRAR of edge-cooling target structure for transportable accel-

(3)%’{% ’E{ o % N SERE A 30 mm WY ﬁ Bt LA erator-driven neutron source [ J]. Journal of Xi’ an
300 Hz #713 i 45 0 I 4 =X g 47 3 4, e Bk 8 40 26 Jiaotong University, 2023, 57(6): 160-171.

M ST E R 431 K, b MG & 453 KR T &4 [10] LEE BN, PARKJ A, LEE Y S, et al. Design of neu-
22 K WF5E 45 S5 A B T e Ak i i 28 v 7 6 48 80 1 tron targets with the 4 MeV cyclotron for BNCT [J].
IV 3 A 4 2 A R Journal of the Korean Physical Society, 2011, 59(23):
2032-2034.

%t [11] HU Yaocheng, LI Xiaobo, LV Yongsheng, et al.

. Simulations on the thermal and mechanical perform-
[1] DYMOVA M A, TASKAEV S Y. RICHTER V A, ance of the rotating target system of accelerator-driven

et al. Boron neutron capture therapy: current status

and future perspectives [J]. Cancer Communications, neutron source for boron neutron capture therapy

2020, 40(9) ; 406-421. (BNCT) [J]. Nuclear Instruments and Methods in
(o] HEfEHE. BEE. Bk, 45 ABBNCT -85 i i Physics Research: Section A Accelerators, Spec-

ST T BT AR A 2020, 54(5) s 804810, trometers, Detectors and Associated Equipment,

LIN Zuokang, YANG Pu, ZHAO Qiankun, et al. 2023, 1059 168340.

Analysis of physical design for AB-BNCT neutron tar- [12] LIN Ping. QIN Yuanshuai, HAQ Changwei. et al.

get [17. Atomic Energy Science and Technology. Thermal study of a scanning beam in granular flow

2020, 54(5): 804-810. target [ J]. Nuclear Engineering and Technology,
[3] LI Jinglun, XIE Yupeng, DU Xin, et al. Corrosion of 2022, 54(11); 4310-4321.

solid lithium on copper/tantalum/silicon carbide at ele- [13] CHUW T, LUDEWIGT B A, RENNER T R, et al.

vated temperatures for AB-BNCT target [J]. Nuclear Instrumentation for treatment of cancer using proton

Instruments and Methods in Physics Research: Section and lightion beams [J]. Review of Scientific Instru-

A Accelerators, Spectrometers, Detectors and Asso- ments, 1993, 64(8). 2055-2122.

ciated Equipment, 2024, 1061: 169108. [14] HABERER T, BECHER W, SCHARDT D, et al.
[4] KUMADA H., MATSUMURA A. SAKURAI H, et Magnetic scanning system for heavy ion therapy []].

al. Project for the development of the linac based NCT Nuclear Instruments and Methods in Physics Re-

facility in University of Tsukuba [J]. Applied Radia- search: Section A Accelerators, Spectrometers, De-

tion and Isotopes. 2014, 88 211-215. tectors and Associated Equipment, 1993, 330(1/2):
[5] KUMADA H. SAKAE T, SAKURAI H, et al. Cur- 296-305.

rent development status of accelerator-based neutron [15] PEDRONI E, BACHER R, BLATTMANNH, et al.

source for boron neutron capture therapy [J]. EPJ The 200 MeV proton therapy project at the Paul Scherrer

Techniques and Instrumentation, 2023, 10(1): 18. institute: conceptual design and practical realization []].
[6] BAYANOV B, BELOV V, KINDYUK V., et al Medical Physics, 1995, 22(1): 37-53.

Lithium neutron producing target for BINP accelerator- [16] RENNER T R, CHU W T. Wobbler facility for bio-

based neutron source [ J]. Applied Radiation and Iso- medical experiments [J]. Medical Physics, 1987, 14

topes, 2004, 61(5): 817-821. (5): 825-834.

[7] KAMADA S, TAKADA M, SUDA M, et al. Devel- [17] TANAKA K., YOKOBORI H, ENDO S, et al. Char-

opment of target system for intense neutron source of

zkxb. xjtu. edu. cn

acteristics of proton beam scanning dependent on Li




10 1

B A AT AR SR b T DL IR ) R R 209

[18]

[19]

[20]

[21]

target thickness from the viewpoint of heat removal

and material strength for accelerator-based BNCT [J].

Applied Radiation and Isotopes, 2009, 67 (2).
259-265.
NAKAMURA S, IGAKI H, ITO M, et al. Charac-

terization of the relationship between neutron produc-
tion and thermal load on a target material in an acceler-
ator-based boron neutron capture therapy system em-
ploying a solid-state Li target [J]. PLoS One, 2019,
14(11): €0225587.

BATYGIN Y K, KUSHIN V V, PLOTNIKOV S V.
Uniform target irradiation by circular beam sweeping [J].
Nuclear Instruments and Methods in Physics
Research: Section A Accelerators, Spectrometers,
Detectors and Associated Equipment, 1995, 363 (1/
2): 128-130.

SAVCHENKO I V, STANKUS S V. Thermal con-
ductivity and thermal diffusivity of tantalum in the
temperature range from 293 K to 1 800 K [J]. Ther-
mophysics and Aeromechanics, 2008, 15 (4). 679-
682.

ANWAR T, ASIFA, KUMAM P, et al. Comparative

thermal analysis of Nickel and Tantalum based hybrid

[22]

[23]

[24]

[25]

zkxb. xjtu. edu. cn

nanofluid using constant proportional Caputo and
Atangana-Baleanu operators with time-controlled con-
dition [J .
2023, 49: 103202.

YE Yonghuang, SAW L. H, SHI Yixiang, et al. Nu-

Case Studies in Thermal Engineering,

merical analyses on optimizing a heat pipe thermal
management system for lithium-ion batteries during
fast charging [J]. Applied Thermal Engineering, 2015,
86. 281-291.

LI Runlong, ZOU Xinyi, XU Tong, et al. Thermal
distribution evolution model of SEI in lithium metal
anodes [J]. Journal of Energy Storage, 2024, 88: 111664.
CHASE M W. NIST-JANAF thermochemical tables
[M]. 4th ed. Melville, NY, USA. AIP, 1998.
BARRAR, SR, B, A Dk U T 4 4 B
frh F IR PR [T, VO %38 RS M, 2024,
58(7) . 84-93.

HU Yaocheng, FAN Jingjing, XIE Yupeng. et al.
Heat transfer characteristics of transportable accelera-
tor neutron source targets under pulsed beam []].
Journal of Xi”an Jiaotong University, 2024, 58(7):
84-93.

(Gl FEHO




	未标题

