2020 £ 8 7 ﬁ3'£r544%#ilt %54 EE S

7 EL]
IR L T BE TG T T 25 B A IE o veevveveeeenemmeme s een e e e e B fE BE AR 28 K (1345)
A=

B s ERBLK LX) Wb e MR EIER ARG BHRT-(1855)

KRR HET 72
JLA 25 g S e e ) e L 65 TG B BRI B e AT N E T ik (1361
BHIF 5 S K PRI IR AP HT  woveevreee e e e ThER 2 ARSI (1371)
TR I i BT b B BB RIS oe e e eeem s 1 0B B /NS MR I (1378)
JEF CFD 7 Bk B BV B SR I B TR I BRI T oo 3D W BRSTAEL5E B 5 (1386)
(R B it 22 VK T TE B I M VS BE T S B MERIT ST cv o veevoeeeeme oo eee st eee it e ettt st et e e st et e e e
oA BOMEM.H O BLE LA BGEEE (1395
/E\_ﬁﬁﬁﬁﬁﬁﬂﬁﬁ%ﬁ%ﬁﬁiﬂéﬁ(ﬁf}fj{% e ] %yﬁ%%ﬁﬁy{ﬂ@%ﬁ»%ﬂﬁm(lﬂ)@
BET 07 22 43 AR (MO BRI M AL U A BT e VRN MELBTULRRAS . A BRI (1409)
9% Pk 3R B2 40 T LY FR-Sdaso B8P SEBOBTF B 5000 -+ oo 45 L BOUG L 4 BESE . F BRI (1418)
49-2 YR HE AR AEAR 2T ot ATWS SBUMHT oo IBTEEE XD BB AR T 5.3k A (1426)
0 DR SR T AN B AT B AR TE oo MR, BERIE AR M B W (1433)
BB R IID B2 A BE T S5 A3 7 <+ v e eee eee eeeee et ce e et e ek et e e et e et e e e e e
e BELR RS VSR XU TE SRR B A L R B KPR (1441)
4 BB R W) B 37 JEL AU GY woevveervvevenveemnneesvnesnveenneennee s veenneenee e IR, 52 56T B X 22 (1448)
H T R A HF SCALE 6.1 [ 45 FE 5 CENDL-TMSR- V1 LI oo veeveeveereereereeneenieneiieierenens e
WA L E NS AR L T A e L R AR (1453)
5 IR RO HE DRI 5 R BRI BT SRR GE ee e e AR TR LB W R AR KR A B (1460)
TR TV AT S AR AR ARE ) B AT BETE oeoeeeeee e ARG EBERKL R J0 L I L I (1468)
b 52 W) 0T AZ LA T T S5 A SO S LEAF G o eeeeer e BRI BT, TR A H (1476)
BB R EAAT EE G AP oeeveeeee e B HE WL E 2B AR SR, 1, BRBR (1487)
FOK W T PAE AT SR BRI P A F 5T oo e SRR BB R Z L MG PR L EZITUK (1494)

AR KA
e GRS ARSI ATV B L RS MR A L IR F R L INEI L 54 9L 3 (1500)



I B 2 I 08 L T 1B ST ov e v ereeenmenem e mneoenen e e e e SEFREE L ER A8 S 2 [ L B 380 (1508)

LT 2 BUM 2 [ 26 BT Gy O, /6061 AL ¥ T BRI I J1 22 FEBE TR+ +vr +ev e ereennensee e eeeens sesne e euenees

e B 8L E L T SCHE L BTG L BT AR SCHR (1513)

FIT 2 Ge V'[85 375 58 A8 s 2 T 10032 4 059 423 ot SO0 PR 280 3 0 B L 200 S TR A AU IS LT e v

s LA BA T IKR BB J6(1519)

NI NaK $EL 25 B2 B FE T BTSN AT oveeeee oo oo B WL X L BERTBH ., 2%, X1 A (1525)

AL EST R R IIFGE v eervveerveemneennnemneeenneene s E2E 4 MEMERY , FEH 2, 408 A4 2(1532)
BATIRA S : CN 11-2044/TL % 1959 % m % Ad % 192 x zh x P x ¥ 40. 00 x 1200 % 26 x 2020-08

APRERE HREK EFEL ERE ERM AR O KETP



ATOMIC ENERGY SCIENCE AND TECHNOLOGY
Vol. 54, No. 8 Aug. 2020

CONTENTS

PHYSICS
Calculation and Preliminary High-order Correction of Geo-neutrino Energy Spectrum -« ceceeeeeeceiniiiini.
- MAO Xin, HAN Ran, LI Yufeng(1345)
CHEMISTRY
Radioactive Environment Evaluation of Surface Water of A Uranium Mine in Hunan Based on Ostracod Ecological
CRATACLETISTICS  #++vesrs teeresmemue ent tenete et st et ten ettt et te sttt st eneesee e st eeveeee e e een .. CHEN Liang
XIA Liangshu, LIU Jiang, LIU Shan, HUANG Wei, WANG Zhengqing, XIE Yanshi, TANG Zhenping(1355)
REACTOR ENGINEERING
Geometrical Structure Effect on Entry-tube Flow Characteristic of Fast Reactor Control Assembly
ceeeeeeees QIN Haiqi, LU Daogang, LIU Shaohua, WANG Yu, TANG Jiaxuan, ZHONG Dawen(1361)
Multi-field Coupling Analysis on Coolant and Fuel Rod Bundle with Grid Spacer =+« reerereriniiin
- MA Yuzhuo, HUANG Mei, HUANG Jiyuan, ZHANG Peijian(1371)
Numerical Simulation of Impingement of Liquid Film on Attached Plate on Large-scale Plate =+ e+ coeeeeveeeeenenennn.
- HU Zhen, HU Po, YANG Xiaojie, DU Kashuai(1378)
Thermal Hydraulic Analysis of LBE-cooled Rod Bundle Based on CFD Method
- SUN Chang, JIAO Shouhua, CHAI Xiang, YANG Yun(1386)
Investigation on Acoustic Characteristic of Direct Contact Condensation of Steam Injected into Water under Low
Sub-cooled Water «--«----- LI Yong, LIN Yuansheng, XIAO Qi, WANG Wei, LI Shaodan, WEI Zhiguo(1395)
Surface Temperature Calculation of Heat Generation Element with Outer Casing =+« «toerererereaeiiiiiiii
- MING Chun, HAN Zhijie, HE Xiaojun, CHU Quanli(1403)
Sensitivity Analysis of Core Lower Head Molten Pool Model Based on Variance Decomposition
- LI Zhigang. AN Ping, MING Pingzhou, PAN Junjie, LU Wei. YU Hongxing(1409)
Development and Validation of Decay Heat Model for Sodium-cooled Fast Reactor System Code FR-Sdaso -+«
- YANG Jun, JIA Hongyu, YANG Xiaoyan, WANG Xiaokun(1418)
Analysis of SBO-ATWS Accident of 49-2 Pool Type Low Temperature Heating Reactor
- YUE Zhiting, LIU Xingmin, GUO Chunqiu, ZOU Jiaxun, YIN Hao, ZHANG Yan(1426)
Research on Shutdown Protection of Sodium-cooled Fast Reactor for Reactivity Accident Introduction «:«eeeeeeeee
- XU Weidong, DUAN Tianying, FENG Weiwei, FU Hao(1433)
Preliminary Analysis of Safety Performance for Accident-tolerant Fuel
- YANG Hongfa, WU Yingwei, YIN Shasha,
LIU Minghao, WANG Yu, LAI Jianyong, LIAO Xianwei, XIE Haiyan, WANG Jiarui, OUYANG Bin(1441)
Research of Primary Knock-on Atom Simulation under Neutron Radiation

- LIU Shichang, WU Yuxuan, CHEN Yixue(1448)



Comparison between SCALE 6. 1 Built-in Library and CENDL-TMSR-V1 Library with Sensitivity Analysis -
- HU Jifeng, WANG Xiaohe, ZOU Chunyan. HAN Jianlong. CHEN Jingen(1453)
Research on Calculation of Ex-core Detector Response Function with Ray Effect Elimination -« eseeeeeeveeeeeenenenn.
- XU Longfei, SHEN Huayun, WEI Junxia, CAO Liangzhi, ZHENG Youqi(1460)
Collision Mechanical Behavior of Graphite Components in HTGR
ceeeeeeees QI Zhiwei, WANG Xiaoxin, SHI Li, WANG Hongtao, SUN Libin(1468)
Comparative Study on Method of Inversion Analysis of Structure Parameter in Nuclear Power Pipeline System Using
Seismic Response  «w«-++ s eesveevresiesseeeieenieeniieneeenenee. XUE Ruiyuan, YU Shurong, ZHANG Xiheng(1476)
Observation and Analysis of Secondary Hydriding Behavior of Failure Fuel Rod
-+ QIAN Jin, GUO Yifan, WANG Xin, CHU Fengmin, GUO Lina, BIAN Wei, LIANG Zhengqiang(1487)
Release of Graphite Stored Energy in Thermal Column of Heavy Water Research Reactor «::eceeeveeeereiiineinnnn.
- GUO Yifan, QIAN Jin, LI Ruizhi, NIE Peng, XIA Zhongliang, PENG Shunmi(1494)
TECHNIQUES AND APPLICATIONS
Development of New Front-end Readout Electronics for y-y Coincidence Measurement System
- YAN Junwei, NIU Xiaoyang, KE Lingyun,
YANG Haibo, CHEN Jinda, DU Chengming, ZHANG Xiuling, SUN Zhipeng. SU Hong, KONG Jie(1500)
Study on Macroscopic Field Enhancement Factor of Annulus Cathode
- HUANG Zhongliang, XU Qifu, LAI Dingguo, QIU Mengtong(1508)
Prediction of Mechanical Property of Gd;O;/6061Al Neutron Shielding Material Based on Convolutional Neural
T ) gt SRR
- ZHANG Peng, LI Jing, WANG Wenxian, JIA Chengpeng, MA Yingfeng, XU Wenrui(1513)
Design on High Quality Factor and High Shunt Impedance Waveguide-type RF Cavity for 2 GeV FFAG Proton
Accelerator -« «seeeveeeeerieeeiiniieiiieeeeeeeeeee. PET Shilun, YIN Zhiguo, ZHANG Tianjue, YANG Guang(1519)
Thermal Control Measure Analysis on Small NaK Thermal Vacuum Electromagnetic Pump
- CHEN Shuo, LIU Feng, Bl Keming, WANG Jianjun, LIU Tiancai(1525)
Study on Sodium Atomization Spray Technology
- WANG Rongdong. DU Haiou, WANG Guozhi, SHI Wentao, XU Yongxing, LIU Chen(1532)
Editors HAN Cuie, WANG Baojin, WANG Tiaoxia, HOU Cuimei, TANG Xiaohao, ZHANG Xiuping



(IR FRE R AR &

D Xh %SRS, SCFERS, BT,
2)  SUBE 20 ATUFLAPD ;s S SO E AT H AR k4 VEE AL I & L 4 R B I S
BURPESCH (A BEIE B Y5 s VR0 s SR 3~8 1>,
3)  CRARLR BRI F AT BT . S S AR  BAE ST FHE,
4 FEETH B RIE ST SEE A CGE 1 AEE S CGHAE— VR R DUBR B 8 BT IURR 2 00 A
BADOTRHEE I EEAXEH,
5)  SCHE AN SCFBE FF S AU E R NG 5 LT A SRR RO AT S A Y AR X W) 5 B TR I A S0
B A S TEHE 1 U BURS R T B SR .
6 SCH Y RS RE [ DL AR R R, RBBRE 5 — 5 SR I o o i 0 W B i RV & A5 5 R R s FE LA
Frh a5 AL L E R B BB 5 B AL 8] I BR S/ 7 AR B . G E/keV
7 ZEICRCGRIL 15 M ARG S % SCHRE KN D T F 550 H F% 2000 A T 3G .
8) WKW MAS T M 3k 5% F o U AE http: / www. aest. org. cn,
9) SR T I 2 201 [ ) 4 R AR 2 B (2 R 2R G 2 0l 55 B8 1) X SCRR N A I 2 Rk VLS L R R B A MR LA
KNS TOOR % ) ) o A kWY . o A TR YA 2 U A ) R 3
10) T Ji A= T 37 B ) VF 35 & 32 WO 38 40 50 5 25 o o AL ST (R R 5 4 S AR T el 52 L R 3 T el e T IR B ad
ARG [ 3 A T B B SR R Al 2 SRR — S HERNL . 7E 3 ZE SRR R 5 B0 0 A A SR R R R U L 2k
1) SR — 28 TR A TR 2 B0 B BOR I 1 08 33 A2 & 2 IR FRERE = BARD L . AR RIS AP [ 22 AR
TIOGERED ) J7 IE Apabi B 83T ) b SCRERC BB 2 ) L CCEPS Hr SCH 3 T IR 55 ) 13 A= B = 38 70 )
AT T3 J5 B —— B AR PURE” A I AT R IS & B3k 6 TR .
12) W — R Pt .
REFeERIZHR ATOMIC ENERGY SCIENCE AND TECHNOLOGY
(H T 1959 4F 4 D (Monthly Started in 1959)
2020 - 8 H 45 54 B S W Vol. 54 No.8 Aug. 2020
FE: PEZTIERAFRA A Responsible Institution: China National Nuclear Corporation
Eh. PEIETFERZEDFR B Sponsored by China Institute of Atomic Energy
HAR: (JETRERIEFAR)Y) it ak Published by Editorial Board of Atomic Energy Science and Technology
(JbmeTi 275-65 {54, HBZ% 102413) (P. O. Box 275-65, Beijing 102413, China)
Hiifi . (010) 69358024, 69357285 Tel: 8610-69358024, 69357285
E-mail: yznkxjs7285@ciae. ac. cn E-mail: yznkxjs7285(@ciae. ac. cn
http: // www. aest. org. cn http: // www. aest. org. cn
E4. BEANNI Editor in Chief: XUE Xiaogang
EMRI 6501 T 7 & Bl A B2 ) Printed by Beijing BOHS Colour Printing Co., Ltd.
E R &1T: SELHILE Distributed Inland by Local Post Offices
e & F5. 82-161 Postal Issue No. 82-161
EsE1T: PEERERRS BAF Distributed Abroad by China International Book Trading Corporation
(AL 5T T 399 {546 . MRBL TS 100044) (P. O. Box 399, Beijing 100044, China)
KATLS . BM 4130 Issue No. BM 4130

ISSN 1000-6931

b T 3 4 iy B o Y00 EM It
o e R RS s 112041/ TL 2020 4 8 20 H IR . 40.00 J6





