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granular-flow target

YANG Guanghui', ~ ZHANG Sheng’, ~ TIAN Yuan',  YANG Yangyang',  YANG Lei'

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China; 2. Interdisciplinary Center for Fundamental
and Frontier Sciences, Nanjing University of Science and Technology, Jiangyin 214000, China)

Abstract: As an intense neutron sources, the high power spallation targets have important application
value in the nuclear transmutation, nuclear synthesis, material research and so on. Dense granular-flow
targets have the advantages of both solid and liquid targets, and make them become one of the most
candidate promising solutions for the future high power targets. Here, the proposal and development of
the concept of dense particle flow targets were reviewed. Then, several key issues related to flowability
in the design of the targets were reviewed, including the establishment and optimization of coupling
algorithms for the beam target, the exploration of the prediction algorithms for the particle material and
flow characteristics, and the optimization of the overall flow rate and local flow field. Finally, the future

direction of the dense granular-flow in high power target research was prospected.

Keywords: high power target; dense granular-flow; flowability; neutron source

%4 v -5 ( spallation neutron source, SNS) & K TR ARG PR TH, # ZNHT
—MHT T ERERD FRARE, EE-MET  MERE. PR e MR a R AR, B

We#s H #A: 2023-09-22

ESWR: FH5 A RPHAREE R IIIH (12205351)

E—EE AEME(1988-), B, W TRIG. 5K PP, E-mail: yangguanghui@impcas.ac.cn
BEMEE: K RO1987-), B, AIEE. W5 IHHEYEE. E-mail: zhangsheng@njust.edu.cn


mailto:yangguanghui@impcas.ac.cn
mailto:zhangsheng@njust.edu.cn

% 6 1

WOLHE, 45 54 MURL R L Sl P B BT SR M e 22 561

S&rh Y538 2R = AR B B B R R A R
AT, e S EAERR, Sk
AR, A KR IR GOk (LG h ) .
TS e A B Y RE R A TR BB RS L, AT
VTR B 4540 . Pk B sl 714 %8k . B
A, ESMEFEE T B a8 A 58
FE ) SNS. H A Ay J-PARC., H [H Ay ISIS F1 K
) ESS &%, " EHEZL P T (CSNS) & T 2018 4F
AT .

B IR — MR 3 . a. N R
45 . SNS il Hl B £k fini# 4% (linac) 1 FAJE i 3 £
(ring) R BT F B B TR B &g, B &
T B S LA s, SRS HEARIE N
B UE— 25 I MY o b, . Rt AR
BT N =R 20 A =l o v VAR R W N R
M, dm A HO RO A R, I R A AR
8 A BGE G o e kb A
WHESE(WESE) M, BAR&ENhTT
Wi, ooyl bR kR, Sk
A F LR, FESL s, BFSE N BRT DUR A
o 5 SR B A AR, TR i AT A
S, bR PO &b R A

in A IR Bl IR I A e R 42 (accelerator
driven subcritical system, ADS ) # 1A} /& H A [E fx [
INFT ) B A I AR 6 8, B s .
SARO TS HE 3o 2 N o D R 3 e
T ke A R RE R T R SR o R AR e
. TEREIE M, R A s IR Bl A A TR
I 50 S g 3 o iy AT L ke 2 N = R 43
WoRB K Ay . IR Y, HEATEAR LR, )
Ab, WIS HETT LA A i e, R, —
BBy e i R AR e 24217, AR RE S AT LA H
WA

g LTk, %8 (Chigh power target) J2 48
FH T H2 WO b 21 R oA i I A, R S IR
0 Rl oSNNS RSIE O 1 YA w1161 K el o R VAE A VA R )
KAz —, E ADS MRSy . )
T BB K AZ R AR SR Y /= RR TR RN
S, I AR TR S R . B =
FIRGHZ AN, L, %
RGN B

AL (B BOR A kR 4y, B ETC 8
Ty 80 32 T W A A R T SR 2 Ah . WA
M SR AE RS B B b A R e, A

O R AL PR RE s BRoRUR RS &R T e LD,
TSR AE PR , AT AR S A JE ol R RS B
I S SRR 30 8 P B VR SRR L R A
B s PR SRR IR BREE T 2%,
BRI T DR — AR T e [ A A A —
TEFEIE iR DR AL BRI A, H A 2 R T A
(SR SS E

1 BEEFNRENIESS

T E Rl AR T B4 ORI X — A &,
R 8 T A g — R PR L X R A 2
W T 25 U A 1 R R, 3L T A AN
ASELEOE L I A BURE AN B T LLRE B 1 bR R
G5, DML TE SR | R R ER AL
EFFVELE MR RN, Y ORI ST
RN, AU SRR A X BT S
LA PR R TR A ORI — 4R E B
TEINAN 2T, 78X 4 TR 1 R
g, HMEA WA R T ORIWHEL .

% ADS 2 G615 10 U 1 250 % 45 IURL A A
G LA R o — A R MR 10 T U 3 AN
SR SRR T 2R 7 R B R Y OB (RS
2K ) JE A ) WA BRI A A S 22 ) ) PR X
TR, FER AR E F LR (& 1) . #ish
TR, AR ORI 0 R B O T U
H A 2 S T WS (SR, T S A BT AR A2
B AR /N Han 25" 5 BT A 0B RE B b
F RS A S . Gu 2T FER R T2 E
S TR TR S AL B PR E SE B . o T AR Uk
VLM 69 R SRR BB ST D, L BIE IR E &
T} £ T AR A — 35 ) PR BT, 76 = 2k TR S B
2 i ™, e st A b 1 R I
PSRN, B R AR, AhEm LA
G R A7 7 B AT Ry, TR S K T3k 2 R 7
A DX 02 B 0 IR, T S R A 1 S 5
WIER RS, Ma 220 B gl T — £ 7E 48 1 W0k:
6B S50 B I 25 B, ) T S R A G L T R A
$00 725 B TR SR BT R BE 0 S 0 0 45 (1
RO IR TS BUE BT L, U TR B
(45 5 . Pang 25" PEANRIFSY T 7E 250 °C 44T,
0 MURY (1) E 8 S BUREME . Deng 4517 BT HRAL T
EEXF AT E AR S T E . Lu G T
— i 5 5 A UL L S £ 4 2 M 83T



562 o B TR 2 2 R

2023 4F 5 45 4%

; ks
: 5
it B
B
‘ A
L !’
."l*%_
A
X
il
R

|

(a) BP0 ADS B 5 UL ) ] AR

B 7 SR ORI AL, [ e S AR e A S 5
SR TRORBATRL (] 1)), KR —RhBERZ
W LR AR EEAT TR,
FOAE A A B 2R B O K42 /N T 100 pm 7Y 45 & By
Ao HT R A G S I A 8 B2 B T UK S A
SRS, RO T by A i SRS 5 DX i ek
[, A5 AR AT AT LA T o Y D R

AR Y R A e Bl AR AT A K R AR TR
RSB AITT 1], [RIINE, T3k SEAR Y A TR AT
e A 2 A UKL HE MABE & 8e it 1) T RE I AL,
TR T AT T SR Ay O LA AL 4 PR

2 BEMMRERINERNILADKE

o] FR

DA Y <1 70 2 5 ORI O 491, R AELA B AL
IBAT AP RLR BB, AL BRI R R
RAAEIRLIE Bl , 5 2 A DR 9 B P e, R
FURBE SE M S AL s b, SRR BURLAE A R T
O CGIRLEE SR 45 ) T A RE AN IR 8l o 1 T 5%
c. BEpAL R FRFRIR A B A -

21 REMBEEEWEIMLL
DA SRR B H0 A SO I B I A R A

(b) BIASL A S AR S SR B
B 2 FE Sk A RS TR

Fig.1 Two types of high-power targets composed of granular media

WA 02 o DI R AR R A% O () I 22— o X6 T [
SRS E RS R is ok
S AR R A BT rh 7 A 0 BT R R 5 1 4
Ao HY I AR B AR B S A S AL B Y TR) R,
I75] 285 A ) A 28 12 20 RINR S S A X i s B, ) 43 i)
KA BRICANH A T 2 7 ke el

T RS 5 7 A 0 25 oL 3 B A O v T
WURLIZ Bl 3 B B R4, PR 50 %% A UKL I 119 %%
(8 O RIOREL (7 A 23 [l Y Lo A9 ) 78 25 [ rh A Ak
/N, Zhang “55 s 5 S ORI N A S5
AR A A, TS I O b 7 R R 5 A
R A AT . T AORE A Y R A AR R
Hh MR BUR R 2, Cai 2517 F 2R 58 15 (ray
tracking ) F1 Delta 18 £ B9 575, 1H8 T BURAK R 7
AR TR A

5 A 5% JR It 7 %5 4R URL U b AT AR Y BF Y
o, W TR R RS, T IR BRI I8
3y, UKL 2 R B EOT R 7 AT AL
— T A Ay TR A ) 7 8 R Al A P U A AR R B X
JE R T —1> 815 1Y 25 TR BGE,  in #R 2802% X Y
PR AR [l BAIR AT L 5% I Geantd (952
R i SO RO 7 A A0 R A Y AT R
Gy A R ARAT o SR MTX Ty 58 [RI AR T %% M 52



% 6 1

WOLHE, 45 54 MURL R L Sl P B BT SR M e 22 563

EIX—HIHE, e AR & A ZF A BT R A
CHNIURL L 18] BR FEAT RO B0 ) o 2 T 18T 2 PR
%A, Sun S5 HE JURL I S 241 S A K AR o
AW, IF AR T R T AR ORI HE P Ay TR
£ 3 IR R A AR T L. Tan 25 4% s 2R38
EREOTTIE AR TR EOCRIE R (WA 2), Ko

B A Y RE SR US40

x/m fEfE 2 /(MeV + m™)
—0.049 750 2.603 060e+05
~0.049 250 2.433 590e+05
—0.048 750 2.465 040e+05
—0.048 250 2.335 170e+05
—0.047 750 2.273 170e+05
—0.047 250 2.560 400e+05
—0.046 750 2.533 380e+05

—0.046 250 2.668 100e+05

[ A B REHHICRR

At |:>
y

B A P B 2 2R AR, BRI A Y
Yy PR FIAR L A 22 AT BE S, IR i LA AR A
FLO FE R B TR0 A, ST TR A
UKLz 2 A [R] 358 R A b i A BADTRL . ORE it
JPE VAT R, ] U R RO i 20 BURG
LUK VP2

TR ZR P AE e TORR O

2 REBEREZENEGNTRPEHEERN RPTH

Fig.2 Implementation of ray tracking algorithm from solid medium to spherical discrete medium
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Fig.3 Embedding neural network into existing discrete element method

S o U 21 28 1) %5 4 UKL, Zhang 25 F
BRI FE T BE T 488 %0 T U S 0 4 S
U S R LA SR T EORR R TR
BRI XOF AT R R, Lin 400
FIH B B IR E T BOR e 2 . =26 TS IR <
RS AL, BT B R R B O 1
D7 E R R LT AGa)) (9 . BRIT G SRR
WY, 7EGeiEE R, AR, T
R I 0 TR 17 TR (AR 50 AR AL 4% R T 1
% - 2 () %% 42 JORL B0 B0 O RSE L TR I |

PRI T Y e AT RN LA IR (DL & 4(b)) %556
BESBGEATIAL, DASR 7R 3 5 I R AR i 2
[i) HUAS- A

B X oAy 50 AR e T R R T A A AR 4 A R
TS A HR B IR T A e B R R i A A
(WL 4(c)), Zhang %" #1 Wang 45 38 13 K
PEEAE AL, 43 590 Z0 1 7 2 A A e 8 ORI A
WY R AR S AR OCHEE B, IR T R
T b Al 7R 2 A ORI R P 1 (e K B e
FEPICILIE 4(d)) L LK 2 T I SR IR A o



%6 WAICHE, 4 AU S P i B ST IR 2 2 565
BB —s
[ e—siewiein
ﬂ:
. - | I sk
[FEESN -
AL ! — LR
4 i
[E .
Bl R AR I‘ﬂ"l i PR (e

() = -0 1 P AR PR R 2
v,/(m - s
3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6

—20 -10 0 10 20
yid

(c) BRAE MR i

(b) WP A IO T 8 ) )

v/(m+s™)

S =N WAk U

(d) RIS EVERT Y

4 BMBARRITATRR

Fig.4 Research on the flow behavior in various target types
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