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Table1 Radon concentration,radon daughter concentration and balance factor in the air of sealed space in hot spring facilities

i ¥ / (Bg/m’) A FIRHTE /(Bg/m’) AT
FHIH RSN EHIME MG
MG E % 25.6+15.4 12.7+2.9~62.8+ 7.3 10.8+5.6 34+04~225+1.6" 0.5+0.2
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Table 2 Radon concentration,radon daughter concentration and balance factor in the air of semi-open space in hot

spring facilities
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Table 3 The concentration of radon in the air, the concentration of radon progeny and the balance factor in the open

space of the hot spring
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Investigation on the Equilibrium Factor of Radon and Its
Progeny in Typical Hot Spring Facilities in Hainan

Zhang Linwei, Wang Xin', Xie Donghai, Tang Yu, Wang Ye, Fu Yifan

(Hainan Province radiation environment monitoring station, Haikou 571126, China)

Abstract: The equilibrium factor of radon and its progeny is an important parameter for estimation and
evaluation of radiation doses contributed by radon progeny. In order to understand the level and distribution
range of the equilibrium factors in different spaces inside hot spring facilities in Hainan Province, field
investigation was carried out by this study. continuous measurement methods were used to measure radon and
radon progeny concentrations simultaneously in different spaces in hot spring facilities in different regions in
Hainan, and the hot water filling process of indoor hot spring pools was also investigated.The measurement
results show that the equilibrium factor is distributed in a wide range, and ventilation conditions are an
important factor affecting the equilibrium factor. In general indoors it could be concluded that the better
the ventilation, the smaller the equilibrium factor. After the introduction of hot spring water indoors, the
concentration of both radon and radon progeny increases, and the equilibrium factor also appeared in slight
increased tend.

Key words: hot spring facilities; radon and radon progeny; equilibrium factor
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Establishment and Optimization of Anti—counterfeiting
Management System for Engineering Project of Nuclear
Power Plants

Shi Jianhua, Ji Tao, Wang Shuo, Chen Bo

(Jiangsu Nuclear Power Co., Ltd., Lianyungang 222000, China)

Abstract: In recent years, some counterfeit phenomenon have been found during nuclear power construction
at home and abroad, resulting in economic losses, risks of quality and public sentiment. This paper describes
the general idea of establishing and optimizing the anti-counterfeiting management system of the expansion
project in the Nuclear Power Plant, identifies, analyzes and evaluates the counterfeit risks within the nuclear
power industry. In allusion to the counterfeit risks, corresponding prevention and control measures against the
fraud risks are be formulated, and the optimization direction of subsequent anti—counterfeiting management
system is be researched and discussed, which is of great significance for improving the anti—counterfeiting
management ability of nuclear power plant engineering projects.

Key words : nuclear power plants; nuclear safety; anti—counterfeiting; counterfeiting risks; supervision
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Table 3 All previous weld impact test data of welding test pieces
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PRI

Supervision Experience Feedback and Research of Main
Steam Pipe Welding Witness Unqualified in HTR-PM

Mou Tong, Chen Wei
(Eastern Office of the National Nuclear Safety Administration, MEE, Shanghai 200233, China)

Abstract: This paper mainly introduces the unqualified problem of steam pipe welding in High Temperature
gas cooled Reactor. The purpose is to get a kind of similar problem handling experience that can be used for
reference by combing and summarizing the events and on—site supervision activities. Promote the related units
to better carry out nuclear power plant construction activities under the requirements of laws, regulations and
related standards. Operators should further enhance their awareness of nuclear safety culture and communicate
with regulatory authorities and report timely meanwhile the cause analysis and experience feedback should be
strengthened to avoid the recurrence of similar problems.

Key words : Nuclear power plant welding; Nuclear safety; Experience feedback
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Research on the Planning of Quality Assurance
Requirements for Commercial Grade Dedication Units

Wang Meiying', Zhang Jin', Wang Jianjun’, Chen Fangqiang’, Zhao Xudong"’

(1. China Machinery Productivity Promotion Center Co., Ltd, Beijing 100044, China; 2. Nuclear Power
Operations Research Institute Co. Ltd., Shanghai 310000, China; 3. Nuclear and Radiation Safety Center,
MEE, Beijing 100082, China)

Abstract: With the interesting of operating nuclear power unit in China, commercial grade dedication has
gradually become the focus of the industrial. How to carry out quality assurance work during its implementation
is the core work of commercial grade dedication units. On the basis of analyzing the core differences between ISO
9000 and HAF 003, this article conducts research on how to determine quality assurance requirements during
the dedication process of commercial grade dedication units.Analysis suggests that sufficient commercial
grade surveys is an important way to plan the input information source of the quality assurance requirements
of commercial grade dedication; The process management method based on the analysis of the core differences
between ISO 9001 and HAF 003 and the determination and formation of critical characteristics is the main
method for formulating quality assurance requirements for commercial grade dedication.

Key words:commercial grade dedication; nuclear safety function; commercial grade survey; critical

characteristics; quality assurance requirements
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Table 1 Special measures for the training of masters and masters in Yantai Research Institute of Harbin Engineering

University
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Table 2 Curriculum design for HMNPPS

HARN%

A% P LA R RO S TR « A% S I 1) A i R A 3l ) 2L R g AR AR U, R S o 47 45
HERRITR

SR 157 AR ) R R BG5S 0 S AR S BRI A, DA I 5 R 2 R A BRE M
LS e

55 At 5 M 0 J R R < A 8 A (kR ) ) R AR T A e R M 38 A B0 R AR i
B, LA RAHR IR R AR KA SATEOR

N5 ¥ SR TR R AE R B 0 ) 25 07 R AEOR IRl A 00 107 S 7 2 S
A ELAE LU N S AN S PR AR

i DS Ak B A - DA A D0 S0 ) AR B A D7 T A R 0 A B AR BRI S A
HEWrENE

LERPEAL S B < A RS R TRl B D7 P5 R A | A0 45 2 T I s ) S5 A B A L 7 i T A
ATEEPEIHTAF N AR

I FR G5 2 A B A AR A A A R M D R e AL G AT B 4 e PR R A T TR R,
B W R GER A B R B A S AR B YR S R A

B RGN AL E S 5SRO A SR A R D 0T, HEAT S B AN SE A .
SRR RGBT A TP T2 A S BR AR BE 1 ANk D IR T

BT AR 5 e SR R HA A R v 45 f e i D s ) T B AR 1 JR i 3, 4 TE B A D) R
I B 3BT SR A B AR B BRA RN BE

=Sl
At AR

LA LR

R
(R AR PR AR

30

A Ml Y AR R T U B T 4 B )l
Nt fATTRERS Dy o A R A S B4 & U H
8 L RAT M 3 25 Y SR A5 0 10 SCRF.
AT DA B ELAT A% F A SR fit BRI s
b HR R 2 5 B O U A BA Y 2%
B A5 A% L A5 A TR B R Bk B A
UL g M AT % R A H R D R R
S S SR HBRE Ty gL Al 4
SO B 5 AT BRI R i 8 3R T
B PR 2 A B9 2 ) RS2 BRBE 68 5 A7 ) 75 SR A
INC

(4) P A DA &

FESLAZ AR L 2 B FRITHILA 22 [6]
It E X (P S Wase 2l R EN AL 5
FEae B AL SRS PR i AR 37 5 A R]
1o A B AL BRI AR GE Y Tl R B SR B
WEHLF S et B R TN )7 3% .l S AR
TiH 52 LA Tr 3, ke R A S e R
FEL A SR B A A B RE AR . R A A SR

i R W I A5 B LR B as IR A 2 RHaUs pg Al
BT ik, T IR A A B 2 U R R
BB R YE B E R SRS SR
A BHIF ST H 0BT S B, 15 7R A AT A% e e R
PRI TP S ) A0 A= VA
WIS Z S5 S5, A R At i s 4L
Y G =2 AR S AL 2, [R5 AR AL
I b AR AR 7 S AR SC R TP e
((RUEDRIINE IVSE 32 57 P S HE 7 N LKA
KIEFH .

(5) B Al FRp 2 ik

Jo e A AR 2 i S A A A SR
5 M 0 0N A 5% R SRS A R Y R B
ARSCIN g IO S ST — A2 S PPAS LR, %o A%
HE) SR A B M 00 e BTN A B 3% 05 S AT VA
VAL AT RLALSR A A A = AR T
MIZRE VAL S BEPEA Hh A B AR ek 21
ZUHEAT , A AL AT L ATl Birs AH G Al ak
FoA Bt AT . PRAG A ELR PR AR I B B



Vol.23, No.1, Feb.2024

Re%: hLAENZITTROMAHRELNEFALEAGRE S L4

=S on= N AN S Z3e N ]
Tl A PAR B F R T Ao A X R B
e USRI AT I R LA, nT LA
3 3 [ A 8] AT | 2 A AR R s m A ] T Rk A 7 =
AT o AR B T B e A M R
TN EAAEENSENE. @l LR
DAl RSk SR, FAT AT AAS B B
He) SR fit Bt D00 e A0 A A 15 97 05 56, B
BRI FRACR, B AT S AT Lok s &R
JRAA

4 ZEig

ASCIER AR SRR 5 R 3 TR 3
it R M e N A 85 7 1A O ik B S it A
A A A% R A SR f BRI A B 3R 1Y
KRG Z — . W SR KSR, 4
R IR BRI I MR B
P A USSR A S, T LA IR 8 ATl 75 3R
(e 2 TN AT, - I A S0 £t BRE 1 £
AR K5 0 35 S AT ST PP R T
VB, B OR AN A S5 IR 7 S8 10 B i MR Rk e
VRS ERT LA S0CHR T A% F A SR fet BRE M
RN A B B SR R S R RE T, S B A
SRR H AR XAk 1R AR A RE A% B i i A2
R AT MR N A B 50K, e AT L 1 A e 5
BB,

S 30k

(1] A S, e, S dumr, 55 SRR BRTHRR Il ) %
SFTaE AR M ITAL ik [T]. EAEEH, 2022, 52(S1):
2205-2209.

(2] BEGEMS, SeJukom . A% bRk s s He K e 2 55 PERE DT X
REHERE (1] mEER S, 2018, 38 (6): 511-
516.

[3]4EMAR, s, TEME . B B0 3R SR R AR T
[Cl/hEEES  hEERRFREAR I ERS (BRE) —
A% 2 43 2019 4F 2 RAE SR SRS 101 (% 2504
AR ) . PR UL, 2019 254-258.

(4] 5kBMh, BE, Blas, & ) muk R A
AL Iy JEE ) B [ 3] . op g LR A 4R, 2021, 41 (9):
3259-3273.

(5] 82, Rttt iR, b, 55 B 22 25e 8 i
HARMBTEG R (1] B aed s 5 8 &, 2022 (2):
10-12.

[6] A4, PMBEFE, s . LA TR L sl il A A B s
KBS (7] BT s, 2014 (3): 157-159.

(7] 4, M5, X7, 5. BAEEILIE & SR IR 3R
MHRER ST —— LI et S A sk el ) [T
HpITRF, 2022, 13 (13): 159-161.

(8] R . 72 WH 5t PR G AE AT l” B iise 5 92
B L) ] AR TIMAERE A, 2022, 44 (3): 1-3.

(O] e & . RALHL 208 7= 2ol & B A G AR A T 1) Y L5
(1] B E SRR, 2022, 21 (1): 1-7.

[10] #1vste, ERE, & . REREMAEMATHEREGRA
AREFRBE L] P EICAEEE, 2022 (3): 43-50+57.
(1] Froiss, W, TR . RS RN R A ARt
HOPFRET [T] . #1db @5 b i (NS R R ),

2009, 6 (8): 55-57.

31



¥ %% Vol.23, No.1, Feb.2024

32

Exploration and Practice of Professional Master’s Talent

Cultivation in Health Monitoring for Nuclear Power Plant

Structures under the Background of University—Industry
Cooperation

He Min, Wang Yuzhu, Hou Gangling’, Chen Yueyao

(Yantai Research Institute of Harbin Engineering University, Harbin 150001, China)

Abstract: As an important part of clean energy, the demand for health monitoring of nuclear power plant
structures (HMNPPS) is increasing. However, traditional professional master’s degree education models
are unable to meet the needs of the nuclear power industry for talents with practical abilities and industry
background. Therefore, university—industry cooperation is inevitably becoming an important way to cultivate
professional master’s degree talents in HMNPPS. This study analyzes the urgent demand for structural health
monitoring in the safe development of the nuclear power industry, identifies the limitations of the current
professional master’s degree training model in HMNPPS, and explores the connotation and significance of
university—industry cooperation. By drawing on the distinctive measures of talent cultivation at the Yantai
Research Institute of Harbin Engineering University, this study discusses the implementation path of
professional master’s degree talent cultivation in HMNPPS, focusing on curriculum development, practical
platform establishment, dual mentor guidance, integration of facademia, indusiry, and research, as well as
quality assessment and continuous improvement. This study provides valuable insights and references for the
cultivation of professional master’s degree talents in HMNPPS.

Key words: university—industry cooperation; nuclear power plant structures; structural health monitoring;

professional master’s degree; talent cultivation

(FTiEHRE . FRT)



FosBE 1M ¥ % &

i Lods Dl

2024 42 H NUCLEAR SAFETY

FU, A B F A S AR TOU T AR — B ARG BRI AT ] ] k4, 2024,23(1):33-47.
Xia Fan,Liu Shuyong,Li Taosheng,et al. Flow Blockage Phenomenon of LBE—argon Two Phase Flow in a Wire—wrapped Fuel Assembly [ ] J.
Nuclear Safety,2024,23 (1):33-47.

PARLA MR T T - R SR G R R R4

AL, R BF Y, EHk D, BER 2 R, REES

(1. FEHFRAIEHRAFH R R ESRARI R, A0 230031; 2. PEAFHRKKFE,
ARE 2300265 3. FHERT K FIRIAZR, FH)

WE: FToRLMAAM AR FERAE LR oHNEZINZ—, BT AESHAE
R AL B AR R A R AARIE IR A RVASR A T AR — RAW WAL, THES
ARALAAE R T T 69 B3 TR A s T AL, R S@ 3 F AR A F 34 Fluent, &
WAL 19 A RORAFLAAF AT B AL, BIMSAT T WA T T 694548k — SR AR R
A, FFxTEARRAER AT T AR, A FEK, Wk E AAREABEFA
FRITABBBM . BREW . EHALFHTRARBHASITAH GIERE | R
ZFR, EAAABRRRG REZH 0 RIBA T AR MOE R R AT RIS BE LS R T 455t

R F R SIS,

EEER . ASA B, MOHEAR; R WARRL; CED HAAAEHL
FESES: TL33 XEREBL: A XEHS: 1672-5360 (2024 ) 01-0033-15

SRS P LA e MR K &y /A
PIPEEA, 7850 A AL G 5 °F & SR OUS A T
e[S N TG O o e QS LTI Wy op e 1 ST W
JEth T, B A A EE L T, WA
FHIE T RN EE RS TEEART
EEALAEA BT B B T BT
(LSRR RHRE B HIFRIA A 3 L 1 P A b
Wi BUBHLIE P 3EI A& AE Ja i 5 | A ad A
SRR T R Y 2 s AT

X T YR A RIS F AR 25 U S 9T, Pacio
JEETFRE T HURIE PS8, il o I IR R
B AR IE B, B T S TRIE I T80T /Y 3

Wi BEH: 2023-07-21  BEBH: 2023-11-12

TR, BV S, SEPRHEIE AT g
2 h Z AL B, BT 2 FLIEH R T v A7 A
PRIXE , DA I 122 52 560 SR 1 1) 3 B o 95 14 B LR
R, 2019 4E, B AF| ENEA JETHy 564 51 [l g%
(NACIE-UP) H & T ¥ SL gt o0, 45 R K,
BRI G T T 18 8 ek B W, B O 3 3 7
X ARSI I 4 IR A X T AL
%%,2014 4, Di Piazza % # 37 CFD £ K1 X} TG 4%
22 T 0L R BB S T B G AT T AR (AL,
W L5 R X F 2 Tl iE I, 7R3 T
{18 ] 7 DX 4 08 Gk 0 {5 % /i T A
e W (R 1 B T 1 I R 3 L 2019 4, B

EE&TH: RHEEEFEOH LI, WHSS: Grant No. 2022YFB1902503
TeZ A HIL (1996—), %, WHBiga, Wit i i R Tk )2

* BWAEE : XI5, E-mail: shuyongliu@inest.cas.cn



¥R &

Vol.23, No.1, Feb.2024

34

Y AS T A SO A T KIT S 8 R £
FE R T AT TR, 45 R B L il
B T L s TR R 2020 4,
BRH S 0y 58 24 19 BE A S 2 LAY T AR
PEAT TR, 45 0 AL 7S A7 B R I A Al
L IRBE ST BT A H B IR, R W AR
TRIONTR T aut =8

X TR T 7, 8 R RS A
SARERTE SN [ ARIEFR IR S R
PRI A4S / B — S AR T 0 A
SO TR A4 B — A I R B A
FCIE AN T P 7 T WEGE . — 7 T % T
B [ SRABER T 00207, S Y FE 5 78 T A e as
WL S R AR Z R e R B 5
— 5 ], (E AR IR B BB IR IR TOL R, [0 BB AT
R Se TR SOK 28 Ak s, B AR UK A
(VA BT FEE A 5K 2025 225K P 114
B84 X Sl e L FE G L R R R R W B
7E 1 6 P T 1R 3 “FE X, 7T R R S HOR )
SRR WA SRR R A, T RE 2 R
T

DRI i, A% S st B fE R DL 40 Hh AT — S
AR BT, 3 1 43 X)) 35 B4
JE A

1 HARAE

1.1 BRERITERZ

T H AR LA P VRS A B 1 B 3 Bl T
DI AT i A , i /e 2t s ~F e
AE B ST E 5 . SCHRL 33 141X 2R A 4R T
FmE H ARG TH0, X T e K o Ui I
PR R A X iR 22, 75 1 standard k- TR 2248
/NHATE TR IR, A SCR H standard k-¢
Tt AT AN AT LS 0L ANSYS FLUENT
theory guide ™', X F LA FrdE it , 15 28 X 4k
BE N S IR, WX (1) ~ X (3), Hir,

Sporous %g?leiﬂjiijjiﬂ?Iﬁ 5
1
S omus: - &uhetr.-'_ ConSt‘inerl»x ? X p X | u ‘ thelf- (1)

Kb, THR hetr. WL i,j,k = A5 B4

i, RN TR H] x,y,z b2 m ARk

ZALIX A B R R [ RIS (D 58

— X5 R SRR (1) &5 0 TR R

K (D) AR B AT AKYE, @ L (2),
a0

B=150(1 - 0)* 2

A, d, BPR E A, mm, 0 LK%,
PR K Ergun F 1952 4E8E 1 2 3 HLAT
DARE I TS s 2 LA il 27, () o
R PR 2 O SON R 1 R BRI R AR 1 L
{1, o=t 3) frs.

A ric.
COnSt. inert. = p = f)—
A P, 4, (3)
L,pf_ —u
2

B T VAR S Bl AV A PO R SRR, B TR AS
By ALK A B R G RET, 1
ANSYS FLUENT #ff: v, BROA Y X 3 46 P4 A
it T PR B0 S X RS K SR TSR A 1, R ik
TE R i #5 80 A BT B 237 R 1% 25, Lyu Kefeng
SEEEXT PID Oy 114 G SR 22 R BNV IR
PR T 00, SR A2 3K (4) P8 R (3
MR (Pr) C RS, A5 T 8 & B 43 B
grmlil

0.7

v (4)

t
Pr—
v

Pr,=0.85 +

1.2 FWHERTERE

PHAH 3 B9 A0 37V 93 2 - — 2R JE X A
DAY, 3 T B i LRI, I EL P AR AR X
A KNG O 5 3 —F 2o AR A A, R GT
SRR 53 AT AL B X g — AR Y
Yy #E 2R, ANSYS FLUENT $#2 {1 i £ 4 3 b
H 7 ¥4 VOF (Volume of Fraction) #25 JR &
¥ (Mixture) #5 1 F1RK 47 ( Eulerian) #5 %1, §ij 4
PR & T YA A Y, ) Eulerian #5281 J& T
ALY, %5 T A 0K B Y 5 38 91 R AN i
HAREI TOLT, T R, e - R
AH T R BE N K, G AT LR H VOF B8, SR H
CSF (Continuum Surface Force) J7 i #& 11 % 1]
B



Vol.23, No.1, Feb.2024 BA%. BAAtHALRTH — 804 ke d % AR & ot

) KRR RIS £1 BBAETESY
Table 1 Main parameters of the fuel assembly
2.1 SEENSAMRIAR RERRE

[32]

FCCUEE KIT B IS = A
T R N T 2 T T el - 9
SEUE, SR O R w1y mm 8:20
TRRBHE I EESROLE 1. RSk M SRR mm 1049
TN B 19 50 T PR, FA Ty 394 + 4 kW, B et (PID) - 1.279
BN IR E R 200+ 02°C, i i & 0 18.7 + VAL mm 2.20
0.2kg-s"' 2, Lesr il mm 328

AP B 52 T IE BB 17 T.00 F 42 3% LR mm 24.65
T B A% AR N A TG G M B IE, 25 R R RS | mm 870
IR R RIS RS A BMIRHE S e - 172
16 +4.9%, B AR 5 I MR 200 6 Rl N s
M IRZETE +9.2% P AHXHRZE I EITIER - , o

K HAR mm 5.20

CBUERAITRE - KRS HH) SRS H{H.

filié 32 ~955 dpl6

6013 820 kybefyim

B 1 MREGTREENAE (EEEHRE N EREE) "
Fig.1 Side view of the testing platform ( blockages are highlighted in yellow)[ R

22 $h% - SKFERER ) A 1 U (R E, T00) PP T

e TR0 OR AL R S5 M, AR SCR A B, 3 T HEAT T LA 5 R S K A 4] o, I AE K
FLUENT #X {4 # [ 4% ) FLUENT Meshing #% P b s — D EDE S R bR A, G A 2
e, g5t 1 A 6 Il B (RFR C T FiR o

(a) CGIEA (b) El:l:mt

2 ERESIERAMERBMES
Fig.2 Mesh display for the blockage regions and gas bubbles

35



¥R &

Vol.23, No.1, Feb.2024

36

TR (14 BE T 30 S A5 AR S R 1 3 s
B — SR SRR R 6T /NE B B, T8, A
0.93 MW -m™ ; Xf F K8 C T4, % jE & 1)
AP R E N E, THAY 1/4, 80 023 MW m™,
BB A SR A IR B 5T 9 ot O i
MR R 47315 K DA B R RS 0, &
SREL 0 Pa, SRS IO B B E AR X
AT 10 mm &b, B4Rk 1.0~2.0 mm (WL 3 26
2 5, XU AT R 20 1 X IRatE AT RS
AR FLUENT Sk 445t i it f i tq Ak, 18
B S X 3838 1 patch 72U SR A, 7
WEAS TR 5 B St RS A 107 B
9, ofi IR FRISIAR IR 107 4, %18
SR A/ NS R IR ER 1 x 107s,

kg 65 E R AR R AR, AR S ) A 3 i e
BB E T S B R R AT B IE
Himi# e Tam R EHE TR E
71N, B R YR X6 R e S 6 B N SR ) R 05
Y, A SCEUE R SR ] VOF J7 k)8 T WA
KA TS LS AT R S AR T
FE—JF FH TP AH G BB T RR . SR
VOF J5 545 BB E AL 45 R S 2 0 KR
220 5 Z2 3SRl 45 SR A — 20, W B VOF Jr
T - TR O TR RE A

X LA L, pE g de L iR G
= ML Fr,Eo,Mo 1 Nf % (Nf %5~ Eo . Mo 1)
) W LAAS 20 PAH B VE T g g il 24
Eo>70 i}, & Ta 5K J1 0] DA % &5 24 Nf>550
B, BRI AR /N 24 Fr<0.05 B, 15 H:AE
JHAT AR 2 4R ANSYS BEig T,
XFT Re=>1 ) T, We i (I M1 sk 1 2 L)
ANA] 20, 2 We=s>1 I, 7k Sy 520 n] DL 20

TP RAX (R 2 211 5
ARSCTH A 1~6 (WLE 4) 158 25 R4 25051
TR 25 347, MitESR A, BT Rk
I R R R R S R Y
T RER 7 3 AR SR 34 TR A
L N LR IV 2386 2w =Const. x Uit U,
Horr U AR 3, /s U, o B 4 A8 iF S
oS HR R I /s, X T i, Const.
2B (EE 1.2, H T VOF #5541 B3R i ik
SRR, PR, B AR v SRR A B U,
TG (ULIE 3), 15 5 Const. #°4 1.05, % (E
R/NF2WME AR R N 09997, X5
HA A 5T 5 B 4518 — 20, I AT DA 4y
LERE AT DUIFEAZ I

HERLAIZ (5000<Re<40000 )
2.50
2 2.00
— 1.50

1%( 1.00

=
12 0.50

u=1.05U,+0.03, R*=0.9997

0.00
0.50 1.00 1.50 2.00

WAL/ (/s )

3 REAESTRIEEEMHEEREDSHER
Fig. 3 The fitting curve for inertial force dominated
velocities between two—phase flow and the liquid LBE

Xt TR E T A BRSO, AR S
W1 T 0T A 6 A T 0 A R
FEXT G, Horp 1~2 WF 52 i EAR I 52, 3~6
GBI R R, T 00 5 45 2 BOBUE L3 3.
DR 6 T % DX 358 ) TR K 9 3 R RS AH B A B R
FLUENT K ffas it , 0 5 UL 3% 3 45 4 50 ] 55 5

®2 AEMPBHREIXRARBGIHELER

Table 2 Expressions for dimensionless numbers and calculation results

To AL Fr Eo Mo Nf We
Fik " ul\/gD g(prp)dis’lo g (pp,pia’ (Eo’/Mo)" pu’Dic
T 1~6 1.19~8.49 0.25~1.00 474-107" 425.59~1203.92 9.72~494.67

* U R AHEE /(mes™), g R FIIIGEEE /(mes), 1 BN IIBHE / (kg-m™+s7), D WFEIEREE /m, dy,, FSIEAR /m,p, IHEGRZS

FVELIY p, 1T 5 AR/, BRI HT py 15



Vol.23, No.1, Feb.2024 BA%. BAAtHALRTH — 804 ke d % AR & ot

51, Mo ¥ Eo ¥t Re $uiE XA (5)~ 2t 10° T m
(7) 19 50 3 IO = A TR 40500 T35 3 :
J5 392 1. i FLUENT B/ )5, 3RS 0 b T
S s L g , . S ——
VY T ik 2O A R 5 I E T 25 B IR 4 7 3 ]
y e N . - i
B ISE ST R G S Grace Z830 16 7% Wb S
(UL 5) VE R 3EUETE A4S, 26 3 SH00 R 5 Ak 2 -
B T T 1~6 45 U0 LR 5 SR i f g
FRARIE S TS I4r, T00A 1 75 7ERRiR(Spherical) £
=
X, HoAy 5 AT 496 AE Bk (Wobbling) 2 X
DIk, o el 4 AR g R R TS, L glo // _ '
B S ORI A AR SOR R i | Aég
F VOF J7 i BN S S 2 A A £ | £y '
g/ (p,=p,) 03 ]
MO = T (5) ‘AA
pio 107
107 10! 1 10 10? 10°
_ dz JERFRAH 3 (Eotvos number, Eo)
Fo = g(p, pg) bub. 6) -~
o #kJE ( Spherical ) ;
#ERIZ (Ellipsoid) ;
plu“(len.\'edbuh ﬁ% (Skirted) H
Re,,=——— (7) WEHMERTY (Wobbling ) ;
M BRI —iE4R ( Spherical cap) ;

[T (BRI —iEMR ( Dimpled Ellipsoidal-cap )

El 5 Grace ZWER THIERES
Fig.5 The stable shapes for gas bubbles under Grace

THEL TIAE2 THE3 correlation
3 EBRIATHMERSES T

ARG A B I RO, 2T P

B4 BB TR A 16 SR LI TR B UE 25 52, % C T 00 E, T35 Y Joi 3

.:IL ) s A bi :u\fE-‘. " HY 2:&\ . NITAEaN N (RN

Fie- o el of o BRI R e 5 AT VI A0, DX A 1
ig.'4 The numerical results of rising bubbles for E, ) ) . -

blockage conditions ;(!ﬁ \?L@%&/—T@EﬁﬁﬁTi‘?&ﬁﬁ@ﬁﬁj\*ﬁo

IOI

Tisi4 TS THKG6

*3 SESRLERSHELPRELANESHIVE(E, TRT, FLEER0.2)
Table 3 Values of parameters for steady rising bubbles for E, blockage

[E}](;@qu- /ﬁ‘@ﬁfiﬁé / LBE A O Re 3k 7’:'?;321];/[)(%?&?) TS Re Bt Mo #i(log(Mo))  Eo 8
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Flow Blockage Phenomenon of LBE-argon Two Phase
Flow in a Wire—wrapped Fuel Assembly

Xia Fan"**, Liu Shuyong"", Li Taosheng'?, Mei Huaping', Wang Zhen', Zhao Jiyun’
(1. Institute of Nuclear Energy Safety Technology, Hefei Institute of Physical Science, Chinese Academy

of Sciences, Hefei 230031, China; 2. University of Science and Technology of China, Hefei 230026, China;
3. Department of Mechanical Engineering, City University of Hong Kong, Hong Kong, China)

Abstract:The flow blockage phenomenon is one of the most important safety issues for wire—wrapped fuel
assemblies in lead—based reactors. The LBE—argon two phase flow can occur at bubble—carried free surfaces
or in gas—enhanced natural circulations, which may in turn cause local thermal hydraulic change at blockage
regions in the assembly. In this paper, numerical models for the 19—pins wire—wrapped fuel assembly are
being built using Fluent software, heat transfer and pressure drops of LBE—argon two phase flow are studied
under blockage conditions. And the numerical model for two phase flow is validated through comparisons.
Parameter—sensitivity analysis are given including the inlet Reynold number, porosities for the blockage
regions and bubble diameters. It is concluded that:the behaviors for gas bubbles including escape, dispersion
and being sealed. Local pressure increases and overheating are discovered at regions with high volume
fraction of gas phase. This work can be a reference of safety analysis for the flow blockage in LBE—cooled fuel
assemblies.

Key words:lead based reactors; fuel assembly; flow blockage; two—phase flow; CFD numerical analysis
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Fig.1 Structure diagram of thrust disc and thrust disc
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Fig.2 Schematic diagram of temperature distribution at parallel interfaces
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Analysis of Lubrication Characteristics of Thrust Bearings
with Inclined Axis in Nuclear Power Plant

Xu Xi', Pan Weilong', Xie Jianghong', He Shaohua', Fan Xueqing’, Cai Liang’

(1. Jiangsu Nuclear Power Co., Ltd., Lianyungang 222042, China; 2. School of Energy and Environment,
Southeast University, Nanjing 210046, China)

Abstract: As a key component of the nuclear main pump to bear the axial load, the lubrication performance
of thrust bearings is related to the safety production of nuclear power plant. During actual operation, thrust
bearings may experience axis tilt due to manufacturing, installation, and other factors, which can affect the
distribution of oil film temperature difference and pressure field. In this paper, oil is selected as the lubricant,
a three—dimensional physical model of oil film in thrust bearing clearance is established, and the temperature
and pressure of oil film in thrust bearing clearance are numerically simulated by using FLUENT software.
The results indicate that the tilt of the axis causes uneven distribution of film thickness, changes in velocity
gradient along the axis, and changes in oil film temperature and pressure. When the inclination degree changes
from 0° to 0.02° , the maximum temperature and pressure changes of the thrust bearing are 100%-155% and
100% —155%, and the dynamic viscosity at the highest temperature of the bearing oil film is 82.79% of that
when parallel. The research results have certain reference value for the design and use of thrust bearings in
engineering practice.

Key words: thrust bearing; axis inclination; lubrication characteristics; FLUENT
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Fig.2 Self-shielding factor f and flux depression factor
F of Rh detector emitter in light water reactor varies

with emitter diameter
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Table 2 K factor of Rh detector in light water reactor

KHHAEAE /mm 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
fiF, 0.8591 0.7317  0.6244 05350 04618  0.4023 0.3543 0.3170
Ky r/T/T, =0.03 0.7990  0.6685 0.5672  0.4853 0.4198 03667 03237  0.2901

r/T/T, =0.06 0.7580 0.6252 0.5279 0.4511 0.3910 0.3422 0.3028 0.2718
r/T/T, =0.09 0.7272 0.5927 0.4985 0.4255 0.3694 0.3239 0.2871 0.2580
r/T/T, =0.15 0.6846 0.5479 0.4579 0.3902 0.3396 0.2986 0.2654 0.2390

LF, 0.5209 0.3753 0.3019 0.2543 0.2250 0.2014 0.1820 0.1663

32 KyupPI it EERRAEE
321 KgyuyliHEZR (R 3. Bl4)

Table 3 Kg,. factor of Rh detector in light water reactor

KHHAHAE /mm 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
) G~ 0.8418 07299  0.6536  0.6033  0.5778  0.5629  0.5525  0.5446
Koy r+/T/T, =015 08137 06660 05528 04637  0.4091 03724 03472 0.3265

r/T/Ty =0.09  0.8086 0.6556 0.5352 0.4422 0.3826 0.3419 0.3125 0.2904
r/T/Ty =0.06  0.8053 0.6491 0.5242 0.4287 0.3660 0.3225 0.2912 0.2674
r/T/Ty =0.03  0.8011 0.6412 0.5111 0.4128 0.3462 0.2995 0.2656 0.2398

Koy ms 0.7961 0.6317 0.4954 0.3939 0.3224 0.2719 0.2347 0.2062
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Fig.4 K, factor of Rh detector in light water reactor
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330 BRI BRI T Ky p g T2
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T4 SEIRNBIEAKE K pan

Table 4 K, s . factor of Rh detector in light water reactor

BEHA R Y 2K E /mm

mm 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.2 0.7961 0.7588 0.7319 0.7070 0.6842 0.6614 0.6365 0.6157 0.5950 0.5764 0.5556
0.4 0.6317 0.5921 0.5623 0.5361 0.5124 0.4899 0.4686 0.4473 0.4284 0.4095 0.3919
0.6 0.4954 0.4577 0.4295 0.4047 03825 0.3623 0.3436 0.3258 0.3090 0.2935 0.2786
0.8 0.3939  0.3595 0.3346 0.3135 0.2946 0.2773 0.2617 0.2490 0.2334 0.2207 0.2087
1.0 0.3224  0.2923  0.2710 0.2528 0.2369 0.2224 0.2092 0.1968 0.1856 0.1748 0.1647
1.2 0.2719 0.2453 0.2267 0.2111 0.1972 0.1847 0.1732 0.1627 0.1528 0.1443 0.1356
1.4 0.2347 0.2112  0.1947 0.1808 0.1686 0.1575 0.1475 0.1384 0.1295 0.1214 0.1138
1.6 0.2062 0.1850 0.1703 0.1578 0.1468 0.1370 0.1278 0.1195 0.1117 0.1045 0.0979

3.3.2 BRSSO PIEIR T Ky 6
g (WFks. K6)

RS BEERNBBKE Kagpax

Table 5 K, merresonpere. factor of Rh detector in light water reactor)

R EAR / Y2 A JEE /mm
mm 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.2 0.8418 0.8057 0.7796 0.7526 0.7309 0.7088 0.6885 0.6668 0.6470 0.6263  0.6085
0.4 0.7299  0.6906 0.6629 0.6361 0.6148 0.5926 0.5718 0.5519 0.5329 0.5138 0.4955
0.6 0.6536  0.6161 0.5890 0.5649 0.5429 0.5222 0.5023 0.4839 0.4662 0.4490 0.4324
0.8 0.6033  0.5678 0.5422 0.5199 0.4995 0.4804 0.4620 0.4452 04286 0.4127 0.4010
1.0 0.5778 0.5434 0.5188 0.4974 0.4773 0.4590 0.4451 04281 04118 0.3962 0.3809
1.2 0.5629 0.5289 0.5047 0.4811 0.4666 0.4493 0.4306 0.4132 03970 03810 0.3658
1.4 0.5525 0.5188 0.4948 0.4754 0.4557 0.4368 0.4188 04016 03855 03698 0.3548
1.6 0.5446 05109 04873 0.4667 0.4464 04278 0.4099 03931 03768 0.3612 0.3461
333 HERIROK ST T K, YRS S PRI (7 L TR AL, R B
(1) BRI g 32K HE 221 T Ky 4TRSS e ey G R AT A TR SR RIVES
ROLE 6. K7 KKl R) A -

FEARM A B K HE T8 T K on MM
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Ro6 BEEKBEER 03 mm B, RIRWER K, o [BBRSE (r/TT,) REFGEERNEUTERL
Table 6 K4, of Rh detector in light reactor varies with the change of epi—thermal parameters (r,/7/T,) and emitter
diameter When its insulator thickness =0.3 mm.

K HHAEAE /mm 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

K i o 4 0.7526 0.6361 0.5649 0.5199 0.4974 0.4811 0.4754 0.4667

Ko r/T/T, =0.15 0.7246 0.5712 0.4576 0.3823 0.3360 0.3042 0.2846 0.2676
r/T/Ty =0.09  0.7192 0.5606 0.4414 0.3611 0.3106 0.2759 0.2533 0.2346
r/T/T, =0.06  0.7162 0.5539 0.4312 0.3479 0.2946 0.2580 0.2334 0.2136

r/T/Ty =0.03 0.7121 0.5458 0.4191 0.3322 0.2756 0.2367 0.2097 0.1884
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Fig.5 K pere. factor of Rh detector in light water
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Fig.6 K. qerresonpene. factor of Rh detector in light water
reactor
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Fig.13 K factor of Rh detector in heavy water reactor
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Table 7 Comparison between Kp ... 0f Rh detector in heavy water reactor and K g, of Rh detector in light water

reactor
ARFlr /T/T, T Ky
RN AR HERI R FLIOAL Kop e K s p 1
0.03 0.06 0.09 0.15
E4£ 0.5 mm K 0.4704 0.4823 0.4923 0.5007 0.5141 0.5989
Hk I 0.3 mm Bk 0.4704 0.4824 0.4925 0.5010 0.5144 0.5989
s 1.0 0.9997 0.9995 0.9994 0.9994 1.0
Fi4% 1.0 mm GV 0.2528 0.2740 0.2920 0.3073 0.3319 0.4974
AR 03 mm Bk HE 0.2528 0.2756 0.2946 0.3106 0.3361 0.4974
s 1.0 0.9941 0.9911 0.9893 0.9877 1.0
BA% 1.4 mm ik 0.1808 0.2064 0.2280 0.2463 0.2758 0.4754
B 03 mm BRoKHE 0.1808 0.2097 0.2334 0.2533 0.2846 0.4754
s 1.0 1.015 1.023 1.028 1.031 1.0

T TR BORIITSE I I , S0 P A S AR 5 ) 20 20 PR B R/ N Tl 55T 0.3 mm, BEDLSCHRL 1135 438 5 BOCHRL 3 13 4.
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Table 8 The K of Rh detectors varies with neutron
temperature when Rh detectors with an emitter
diameter of 1 mm and in a neutron field with epi-
thermal parameter r m=0.06

T/°C 20 100 200 300 420
g 1.023 1.041 1.066 1.093 1.128
Ky 0.3910 0.3919 0.3930 0.3942 0.3958

FfE 1.00  1.0023 1.005 1.008 1.012
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x99 ZHFERA 1 mm. BEEEEH 0.3 mm B
SIRMEE, EBHRBE r /[TIT,=0.06 HE2KHEHFI5,
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Table9 The K, of Rh detectors varies with neutron
temperature when Rh detectors with an emitter diameter
of 1 mm and an insulator thickness of 0.3 mm,and in a

neutron field with epi—thermal parameter r./7/7,=0.06

7/°C 20 100 200 300 420
g 1.023 1.041 1.066 1.093 1.128
Kpyme 02947 02941  0.2933  0.2923  0.2913

b8 1.00 0.9979 0.9952 0.9918 0.9884
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Table 10 The K;; of Rh detectors varies with neutron
temperature when Rh detectors with an emitter diameter
of 1 mm and an insulator thickness of 0.3 mm,and in a

neutron field with epi-thermal parameter r ./ 7/7,=0.06

T/°C 20 100 200 300 420
g 1.023  1.041 1.066  1.093  1.128
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I AH G R K T # 2 #oh v+ R 0% K A
+, e, Tk b AR TR R K A
FZ Al Ee s (3R 13 BRAR)
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8.1.1  EERIgsE AT AR g (DL 11)

1 ERMNSHPTFERRT S
Table 11 Thermal neutron self-shielding factor f; of Rh detector

KPR EAR /mm SCERD 1] ASCCEAR /mm) SCERL7 ] SCHKL 10 ] (x=r. ) HuAg
0.254 0.85 0.85 0.85 0.86(0.1384) 1.0:1.0:1.0: 1.01
0.508 0.73 0.7391(0.5) 0.73 0.74(0.2768) 0.987: 1.0 : 0.987 : 1.001
0.762 0.64 0.639 0.64 0.64(0.4152) 1.001 : 1.0 : 1.001 : 1.001
1.016 0.57 0.5758(1.0) 0.57 0.57(0.5537) 0.989 : 1.0 : 0.989 : 0.989
1.270 0.51 0.515 0.52 0.51(0.6921) 0.99 : 1.0 : 1.009 : 0.99

R, 45 5 50 x=r, SHOYIBEPSE W SCHR] 10 ).
8.1.2 HEEIAR A BT fHE: (WA 12)

* 12 PERNFERETF S
Table 12 Thermal neutron self—shielding factor f of V detector

2 7 Sk G SCHRL 10 SCHik[ 2
k%fmﬁ 4 ELlﬁ? (E?;jr(nm) XL 7] (E);_Z[/mrj) (gz(/[mn]l) e
0.508 0.988  0.9885(0.5) 0.987  0.9882(0.5) 0.988 0.999: 1.0 :0.998 : 1.0 : 0.999
1.016 0.976  0.9774(1.0) 0.975  0.9767(1.0) 0.998 : 1.0 : 0.997 : 0.999 :2%
1.524 0.964  0.9665(1.5) 0.9654(1.5) 0.997 : 1.0 :%5: 0.999 : %3
2.032 0.953  0.9559(2.0) 0.9543(2.0)  0.954(2.0)0.952  0.997 : 1.0 :25: 0.998 : 0.998
2.540 0.941  0.9477(2.5) 0.9434(2.5) 0.993 : 1.0 :45: 0.995 :4%
SCHEL 10 HEH, 2 x (1Y) << 1 £ AT RUTREBIRG) (F () =1- (4/3) x +1.246x7) 1142 It , 2 12 Sk [ 10 I8 2 3 ikl 10
1= 3) THEREUY

8.1.3 fERIMZSHEPILIRTFABRREF £ g (W 13)

® 13 gRNRBAMIKRPFERET £,

Table 13 epi-thermal resonance neutrons self-shielding factor f, of Rh detector

KR EAE /mm AL /mm SCERC 11 1P 11 SCRRL 11 IRk E 2 T B
0.2 0.5455 0.55 0.547 1.0 : 1.008 : 1.002
0.4 0.4080 0.41 0.409 1.0 : 1.005 : 1.004
0.6 0.3396 0.34 0.339 1.0 : 1.001 : 1.00

FHEESCIRL 11 B E e I = 3. e (TR, B 'R (IR (T M 4500b, 2206 LB .
8.1.4 AU g Frp FIEE R EKA 7 F g (L3 14)

R 14 JURNSAPFRFEERRERF F

Table 14 Thermal neutron flux depression factor F for vanadium detectors

SCiik A3 scEkl2] Skl 10] (T r) A3 ScEkl2] SaEl10](Er)
RIHK B /mm 0.50 0.508 0.50(0.0088) 2.0 2.0 2.0(0.0354)
F 0.9960 0.996 0.9960 0.9569 0.957 0.9569
Mo 1.0 1.0 1.0 1.0 1.0001 1.0

SCHRE 10 Jity e 7w R AR 1 F 2R S0k 10 12X (3). 30 (5) 2K (6) 5/ . Ry v AOM BRI WL SCHKT 10 1.
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8.1.5 FRIMEF K pp N T HE (IR 15)

R 15 DS Ky pppBEF
Table 15 K, emap escape. O detector

FEIRINAS Ky g N T FLERIES K g KT
KA AL . KA . AL -
wier O e ™ g e O e 0 ek
[1] i [7] [1] . [7]
mm 1% /mm) mm 1% /mm)

0.254  0.787 0.746 0.79 1.055:1.0:1.059  0.508 0.768 0.805(0.5) 0.77 0.954:1.0:0.956

0.508  0.623 0.5635(0.5) 0.63 1.105:1.0:1.118 1.016 0.597 0.6243(1.0) 0.61 0.956:1.0:0.977

0.762 0496 0.3939(0.8) 0.51 1.259:1.0:1.294 1.524 0.469 0.4808(1.5) 0.975: 1.0 : %%
1.016  0.401 0.3224(1.0) 0.41 1.243:1.0:1.271 2.032 0.375 0.3768(2.0) 0.995: 1.0 : %8
1270 0331 0.2719(1.2) 034 1.217:1.0:1.250  2.540 0.309 0.3189(2.5) 0.968 : 1.0 : %5

8.1.6  HUIFM AR FEEM AT K e N T HUEL (MLFE 16)

F 16 FURMFZFEERMEE Ko 5B F
Table 16 K emaip pass irougn ©f V and Rh detector

PRI AR BRI 2% BRI &5
SCHiR A k(7] A SER[7] A ekl 7] A ScEkl 7]
KSR ER /mm 0.5 0.508 1.0 1.016 0.5 0.508 1.0 1.016
Y LRI /mm 0.25 0.254 0.25 0.254 0.25 0.254 0.25 0.254
Y2 R ALO, MgO ALO, MgO ALO, MgO ALO, MgO
K g om 0.90 0.85 0.85 0.81 0.8556 0.83 0.8124 0.78
Lz 1.0 0.944 1.0 0.953 1.0 0.97 1.0 0.96

8.1.7 IR G ARG K p o N T (WL 17)

F17 JURNSFZFEEIRNEE Ko p 5B F
Table 17 Keomap efiecive 0f V and Rh detector

R 2L FIA FEEEI 2 LRI
- T . T S
i 7 B gy B gy By gy BB

KEHEEA /mm 0508 0.5 1.016 1.0 0508 0.5 0.508 1.016 1.0 2.0 2.0

ALRARIERE /mm 0.254 0.25 0.254 0.25 0.254 0.25 0.254 0.254 0.25 0.35 0.35

AL AR R MgO  ALO, MgO ALO, MgO ALO, ALO, MgO ALO, ALO, ALO;,
K g 0.5229 0.4831 0.3198 02619 0.6545 0.725 0.649 0.4941 0.5344 0286 0.262
I 1.082 1.0 1.221 1.0 0.903 1.0 0.895 0.924 1.0 1.0 0916
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8.2 f#FNFE K EFHELEREREERE
N TR A R AR I TR, LK
FHEZ B BIWA 1 | F T, 3 B R B 4% K
WA R T — 0 [ A B AR
BAaR g 77 20 Ik an T (1) Hee i
RAGEAG) , BV E AR 2 1) & SR B AR A R AR
JiE, AR BTk (s 80 rh 3 8% (r ST/ T );
(2) e 6.1 45 PURA [F] BT PRI % R BUEE
AR ) —F 5 (3) S S 401 Bk e O 2, A

®18 HHARMNERE. TEH,

ALK AT LR P AR AR K
K 5(4) X200, ASCHRL 3 Jrh A R g— 2241
1 a, b A :(5) 2B AR A XA — 2R 0
AP R IR R R . AR IR 18, TSR
FEW)E, -,

83 H#HENMFKEFERTELEREETE
WHEEEHMN K BFHEEILR (ERARIRZ
EZH)

U EHEEZ B &R

Table 18 Verification of accuracy, credibility and consistency of calculation results

KPR EAE 1 mm ZZARJERE 0.3 mm.,

RGHAEAE 1.6 mm A 2R 0.3 mm

Z )
& r /T/T, =0.09 /K HE r /T/T, =0.06 27Kk
N (28) (31) (8) (29) (30) (8)
HXK K;=0.3694 fiF=0.4618 afli=1.639  K,=02718 fiF=0.3170 afi=1.798
?ﬁ% KB Hi =0.3106 Ki%&ﬁjikﬂ;ézo-3224 Kﬁ ,M,t02674 Ki%&ﬁﬁ&i=0'1578
Kypuu=07842  bAH=11.14  K,;40.7988  fF,=0.1663 b {8 =19.78
£ F,=0.2250 K 55 p 1124 =0.4664
Kﬂﬁ B bl :05778
K»lﬁﬂfx B 2l 208608
ZEA 2.6383%x 107 2.6411 x 107 26416 x 107" 2.9737x 10" 2.9842x 107 2.9848 x 107!
Mo 0.9987 0.9998 1.0 0.9962 0.9997 1.0
N KB HRN KB gﬁz‘,l‘mﬁj‘uj&{u*ﬁﬁ{ﬁﬁﬁo éi%*?
9 Zig

(D ARSCX B AR [ 25 REHEIN #% RBUE K
71T T8 am IRA RGNS, #3 T
BRI AR A 7 K 7 ISR T K T
et K N FRYSEEHISIR R .

(2) AR SC AN 1 B AN [0 7 6] 748 SC 465 1
4% BLERIN &8 RASE K [R5 g Rk
5 (55 8 19). SRR, A SCRHUE K K+
WAV A XRRE AT RS R
AIER .

(3) AR LR P T Koy g Kanp e
Ky g 5 OB PR P T K e p oo K aae p stme ~
K i p g FNHERY Ko v 130 B TG OC, HURI & A
HARRAEARIEE MR K, HaiEh T 1
Ky Kppmu Kp o MIHERLA & (HEZ MK
FEAKHERT K g K i K oo FTELKHERY K g

(9 Ky s Ko Kp s PP FIRIEA O, 25007
IR AR SCR B K 3345 R AN AT
TR R 20°C I 737, i wT DL AR
FTFHAMIRE T (20°C ~420°C) (I 137, I K
FRHRZEAH IS 1% (5 5 795),

(4) FLER I 5 1) 5 7K HE Kyptrm~ Kap o
K a3 IR K g g Ko sein K s
HHIA], B 5 b T,

(5) TS5 AT & T« LB IR I 25 A 191]
D K gy p s KIERK T 0.5 5 QFF EARAH R IO
?5rmﬁj{,Kgﬁ%ﬂik;®Kﬁyﬁgﬁﬁj{ﬂ:
Kg;gggﬁ;ﬁ, E’Tﬁ—éﬁj{, %%Uﬂz%ﬁ 5 @ Kg g;&%%
r ST/ Ty 3G AS K OFE & SR B AR 4%
R FEAH R K g p s LU K gy g R
B ©) Ky Bl o/ T/ Ty BIHE NN AE KA, X
SERRAT T
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10 Z5i%

ASCH R B IR EE N 20°C, 1R AE
"Rh ) g(20°C ) =1.023,5,=s (20 °C ) =7.255, %
E ALO, I K 3.2 g-em™, ' “Rh Hy LR IG (4
A% 4500 FE% i, HAB KR IR R o

AR R I LB B R ) K
PR P X AR SCR FH IR R KB F
AU Rp S AT AT A SR AT AR A T
— LI, AN SR R

S [ i e e S K TR A B L R
WS 5L B FE T A Bl ST R T R 2 1 S
FEE I
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Study on Sensitivity K Factor of Self-powered
Detector with  Decay

(Part 1: Theoretical analysis, calculation model and calculation results)
Yu Jiasi
(Ministry of Ecology and Environment of the People’s Republic of China, Beljing 100006, China)

Abstract:In this paper, the sensitivity K factor of self-powered detector with B decay is studied
comprehensively, deeply and systematically. A complete theoretical systems of thermal neutron K factor, epi—
thermal resonance neutron K factor and neutron field full spectrum neutron K factor are established. The
mathematical models and formulas for calculating these K factors are given, and the calculation results of each
K factor are provided. The relationship between K factor of light water reactor and K factor of heavy water
reactor with detectors of the same kind is demonstrated. By comparing with sensitivity K factor published
in other literatures, it is verified that the theoretical model of sensitivity K factor proposed in this paper is
scientific, and the calculation results of sensitivity K factor given in this paper are credible.

Key words: self-powered; detector; sensitivity; K factor.
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Fig.1 Primary hydraulic test pressure device
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Fig.2 Implementation process of primary hydraulic test
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Fig.3 Key risks of primary hydraulic test
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Risk Identification and Management of AP Series Pressurized

Water Reactor Nuclear Power Plant Cold Performance Test

Zhang Zhenqiang, He Xianhua, Zhang Deliang

(1 State Nuclear Power Demonstration Plant Co.Ltd, Shandong Weihai 264200 China)

Abstract: Compared with cold performance test of M310 unit, AP series pressurized water reactor unit (such

as AP1000, GUOHE ONE, etc.) is quite different in test pressure and temperature, hydrostatic test boundary,

test process arrangement, etc. This paper combs and analyzes the risks and countermeasures of AP series

pressurized water reactor cold test preparation and implementation based on the experience feedback of

Sanmen and Haiyang AP1000 cold test preparation and implementation and the results of Guohe No.l sand

table exercise, so as to provide reference for the subsequent AP series pressurized water reactor cold test

preparation and implementation safety, quality and schedule management improvement.

Key words: cold performance test; AP series pressurized water reactor unit; risk identification and control
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Recent Progress of Cr,AlC Coating of Max Phase Material
for Accident-tolerant Fuel Zirconium Alloy Cladding

Qin Ziming', Ji Chenlong', Yin Hongbu®™’

(1. Naval Equipment Department of PLA, Beijing 100841, China; 2. Science and Technology on Reactor
System Design Technology Laboratory, Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: Max phase material is a kind of carbon / nitride of ternary layered structure cermet like materials,
which has excellent properties of metals and ceramics. Max phase Cr,AlC material has the potential to be
used in accident tolerant fuel zirconium alloy cladding due to its excellent oxidation resistance, corrosion
resistance, oxidation resistance and radiation resistance. This article reviews the recent research progresses
in this field and summarizes the oxidation behavior, corrosion behavior, progress of failure mechanism and
improvement direction. The survey of the current literatures could contribute to concerning on the advantages
and disadvantages of Cr,AlC coating material and provide references for further engineering applications in
aerospace, chemical and nuclear industries.

Key words: Max phase material; Cr,AlC; accident tolerant fuel; review
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Study on Approximate Calculation Method of Circulation Ratio
for Vertical U-tube Natural Circulation Steam Generator

Huang Jun', Ying Bingbin, Chao Mengke, Li Jinghuai

(Shanghai Nuclear Engineering Research and Design Institute Co., Ltd, Shanghai 200233, China)

Abstract: In order to calculate circulation ratio approximately and conveniently, which is a key parameter for

stable operation of vertical U-tube natural circulation steam generator in nuclear power plant, a simple and

complete approximate calculation method is proposed. The calculation method is developed by summarizing

the calculation formulas related to the natural circulation of the steam generator in the public publications.

Taking a vertical U-tube natural circulation steam generator with typical structure for example, given some

structural parameters and a few thermal parameters of the steam generator, the circulation driving head and the

circulation loop pressure drop of the steam generator can be calculated approximately step by step, and then

the circulation ratio can be solved. The formulas adopted for the calculation are from public publications, and

the calculation can be completed with the help of water property table. The error of the calculation result of the

circulation ratio by this approximate method is relatively small compared with that given by professional steam

generator thermal calculation program.

Key words: steam generator; circulation ratio; approximate calculation
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