2025 4

LA T ERRR B3 A B i

= R AR I B

::L';

o K Mg /R TR Kof
PP E Bt - R SRR B
LAV HEVRZ 7]

AR LT TR i 2 e

2025 £ 5 H



IH 5§ i BH

—\ AR BRI LIS Pt T2 TR AR BT 4% B4R
i, ZLHEE;

=, FIRBPESAEEN EAREE, mFESEH
REREE, R AR, 7 B0 20 A & A%

=, BB REAYITHE. BASEKE, RELS;

M. HR-BhRERENYSFES, w5 aesEmn
¥, A4 4RNTHFTER.



R L T2 b T2 PERFR R 8 BRI B

IR ARG R
" A M R HIE 15189438990
tHAEEH 200044 A 12 H BUHHSR H 3T
S 320682200004127454 ¥ g $322157020
LT I IR IE TR FTHE 2[5 BRI SRR
B s 7 73 AR k25 AEdRED 1
BREERER
e AR B IR FAEA
A A2 R ] 2023 F9 HRE2025F 6 H (3£21 HD
K3 i IrF5F T HAS% /BRRR Al R
ARl G i 5 TG4 R/ |28/ &% TEIG
Il H #R [ IoE HE HE P R a2 L5 S YR RE SE TR BT 50
DR ABCA BRI E O AR S5 Ih I B
T B iR
Of N EBIIIE O SIHEFGE DA b S sl




RIE I

PR 2 55 - ) Al HRBEE RO TG 85.19 4
W ERER R (AR —-T0)
o : 2 i S
TR o Al < 40 k4 B f R S I TT
BAeE1E
i H
HFR & [F & 8 4 IS FA RSLSR
HmEA (R 2 5t /4t e R A s
MH
HAY
G S ERRERLI I | A -
o B R A BIRAE
J.F#t?‘af&%ﬁ% RAT (42D Mk B AR HERISE )
e 1A B 2 R AR 2
w 2% (100 2 A)
ZE g -
ey
475 Al BHEE g | ggge | 8
B, EAE AR ] !
b el ] M)
Analysis of separation T
characteristics of v:.mable SCILit i D025 4E 3 Eigitiaeang & (E
plate-hook spacing H d Desi
corrugated plate separator ana e
KAl
(HL3E
e (ST
P 2R (REE R, R, T hEefE] | H4
\qEgD pER. W
K (B
£2) XK,




TR
LESEY)

TRk R a

— ] ESRIE S 0T IR
(il B 15 B b SRR BT 9T ORI o) EERUR S W Fe i S [ A MBI R B AT b R ERAR
78 500 FEAL)

B H [FAL 3 £ 7= HE (Medical Isotope Production Reactor, MIPR) 2 %[ 1H F4 &
AU R R RN, HEENRAF RS AR RETR, SR FaEH
BT R 5 R A E R B PE R 3R . e & R E R e S mm, HARER
K, EAEzetd; RMEREREEREN A

BE (EHREMEDPRKRBEBEMR (2021-20354F) ) 1, Bshi@® 1-2 BEHFE
LT A, I EAERRENEE B 2R, REEEHEMEEFSH#EFR
EE R, BT 7ORE AR, (A ARE BB A W, =t
0. HATPE AR, &, &, MRS REEFFEEEM 78T R KEB R N, (A
Lol AR B [ S A7 ™ 4% f BBl R 3kE

ARRDTEC I R AL FR OB ) {RPS R B el e 224, th [ERE) O st dt
Proe B H AR, EIhBF A BRA T4 B MR e, FeTERFGT
PR . T B~ EHR&FE 10 /1/ERH-99. 2 /778 Bl-131 W4r~aE 5, wT
V2 [ A R A e A2 i S e 9T F oK, MR I B [ o 35 K St 1 e i) R

AT E & T E s D SO PR O K TR R — DA S, MR A
R TR BURA B R PR R e AT, R TFRAERENREN
HFEZ—. BRiEASEE KSR HERE N R B RE T, AXERRAEA
SR FE R RN RS, R ARSI X R B FEA TR A HEM
REMEPRES .




T BRI CEER (300 FAEA)

fEREH EELE RN, HFRCERESEaLRER. 2R ALSYR
ih Aol ReAGFEE . RIRAENLIRERE. SARBME,; ERER TS
AR IR RN, NSRRI, RRIE LR R E el R R
QUL A E

I e R AT BEL P B g 28 S L AR GBI o FIRIR PR 4> B Y R ER A R
o S A O R B SR, AT B PR A R At I U PR RO, W OR
[ HE % AR 12T . FREE A, E4ER RS B AR AR TR T
ST ESEAFABE Ay, B T 0 HE A R ER SRR B A BELAS




= WS HT R AR AR
(ERBEHIRN S, ot ABORBE& IR, R R KN TERSERE, FH800
i)

AWt 92 LA S R TEOM 1 5] 30 38 A 7= 7K I W 7E 32 A7 1 78 o H B A I AR ) A
FOE R, W ERE AR 101 FRAURE I R AR ST AT, MR i 38 HE S N HE 25 8%
PN RCSCIABEZRAF, [ e AR R RS B U7 R IR HE U AR S, DA R R
HUHE P B as AL BT TR A B3, WA WALERN . TS DIEER %
AR, HRECRMEHA RN SIS B TR RS, EEEIERMEAR
TR R T ESK, 58 BOE A T 1R 32 HE A 3 TR B 2 R B i AR AL O BT o), L
k55T TR BT AR .

(7 B LA Bk i 48 28 1 o B9 AR S 4 B Je A Wl Fod B, B X AN [R] B 54 A (N
AAERAGHIGR /N RAFMEMESH REE. B SimENGEKE
B BEATHEMRE R, TERTEAR NS A, SRl E AR RGE, ST
= FE AT A RN A SR e S . AR RAENT:

- e ES e R e e e el T I T e —

1
; CFDE{H i’ : | £ Himtiik
| mecccrccc e e e === [ L e e T T —— I
L RN R AR } | NSGA-IIRHh 31 i
- =HERARY ! i | meswsumecs | '
I " P! 1l
i ! h
1 [Fmanke] [FRsess 3 it holins i
1 |: h J 2 i 4 1l
1 i SHHAE i B | 1
| i Vi | Rees | | an il
| = e e e a | L= === i
: l : ———F———-—--‘-f" ----------- :
"""""""""""""" 1 I
A B - ) BB ] i BB i
i : . ! i
____________ [ S e g —————— ] |
iaratE | e | AT [
g _ l Lot [meaaw | | [ szess )]
RV E-RIRER I RER 1 ] 1 i 22N |
| | ] [y LEREARE [ S I N I
i E A R X 1 1! 1 ] i
I : : ||| 8| ® E : 4541 A A : | |: : Wit Hit sy : : e ::l
| B e e e e LS e T gl 1 Hitk ; i HiE it 1
1 : N .| s oo | s 1) 1N
L:::::T:::::::::}:::::' Qi hfgminingrii’ it gl
TR f
o| BLEE |
W FLHE A e 2% 1)

(1) RSB EN B RXGEE, 8 1S HARPADSKRETE, &
B S AR ETEEN 0~60m*h, M 4 m¥h THFFLENE, AL LRSHKEE am¥h, 3
NGB EAR R E R SIS BARXT L, B0AF 7 BUE SRR B M A .

(2) ARG CRREMWRRIE . AR, ARSI A SN ER-EEE) L
SOARFY (ONGESERAVGRBS) » BT EUETS, bl AR P BRI I R AE
VLR B A~ 45 4 2 HO IR AR RE A 520

(3) B AR -E0 (8] BE AR 4540, 1 R 0401 2 F0 43 B RE1E 5 8 10 B8 4 R LBl IR T AU
Eeis, J#r B SR SO BN FE S i oy B L, IR HERRENHS R TR &0
BRAENSFANS.

(4) LA TEAR SUK 40 2525 B AR -5 (8] BE Z B RA R TN s, X 4% 45 ] e 18] BE 25 H) 7E 2 2
MR L LR B A G R, HE H et Bt i -5 e i 2 Bolk T ik iy . 4%




IR (ONO RO FH-H 1R BE R 43 9 = 4 58 LA 25 30—l Bra Am & B
(hy) . PEHKIEEE (hy) FORWEKE&EE (h) {EREiHER. @EdSEsE,
T REUEDUR (AP) 50BHE (p) XEM M. E0ame, XA
NSGA-II %7 £ HiFT 00, ERUT @R ts, 81 DUR i /3K fhe /I =Fivige
JEAR G4 -




. SRR
(ERFESHE. HEMMAZETH, RHBRRN, RESFH oM. RNXTL
A FR B R A4 R 45 T R BE A, % 200 F £ 4D
fERIE EE2E AT AT A TRRAG T AHuE. RRAFREE R, {5
JEMTHESE . BORMENEE; FREm T FHRICTRE . 2 BECENR, AR
PR BRI LR 7y B A I I T P e B 2 DA N A, SER T B IREE
L7 WAE RS, Jyeh ) it 5t ve it e BE F R Gr 28 e i i ol VP AR SR T A J1303% .
FIR S B EWER IR T RN OER M T RA BE S EREMBL AR -4
BE” AR S, JESL T ARAR -4 1a) BE B TEAR AN [F) fr B AL A AR - #8181 86 K /b 55 7 B A
2 s AR R 2 [R] S R OB B, JFIZ A2 B AR DL S0 S [R) A B AR - () 2 N AT
fute, AbRERBPICRAG N TIERE T 2%, xRN eRitAGHES
= X

AN

PAFEH: AN EAFOREREARLE R, mE R, BAE-UE, R

S C T Y]
H W wes. 502







L2 AR EIEER SERVE ]

(R PFRURAKIC S A RPFHEFI, R ZFEMFER, HETEERS

ST O ICHD
LR
O  OFER O
LKA T
a0
AT T AR 5 B R
A&

e JEILAE N ) B AR 2 (RIS T R L

.

AL

L\,\.




B+ 3

{EUER R
4 24 e iR AR TR
FRET | R SRS B
R H #
e PPR 47 8
RS HAT) ()

1 | RS (FREFEIEIEY)

2 | RAEE1EDE M

3 |EREKTHE

4 | BHERR R, RS

5 | HRAH

6 | EREU EIRE

AN R —RIT, MR RS L,

Mg ALy: At 1 25 Bt A

29v5.5. 1L




BBEZHIE WRETIZASWEE RS

HARBIN ENGINEERING LUNIVERSITY

¥ 5 $322157020 o A ZA
LR % N 202249 7
b EEEIb))
SRR it Bz 4 H)
Fria | FFREE/EH WERS WA WERR | %4 | FW | B& | &%
1 2022%kZ 202032020003 B vt o AFLBER 2.0 32 87
2 20228k 201910210501 PR )2 LAER 3.0 48 85
3 2022Fk 2 202011513006 CEIVIE S R Vb EBR 2.0 32 90
4 2022k % 202032013001 PR AL 4% T OGS AT AER | 2.0 48 78
5 2022Fk 2 202032013003 HHMEE ) AFLER 3.0 60 81
6 2022Fk % 202011513001 W% % R HE T gk 2.0 32 86
7 2023272 202032013002 H R BHIEVENE I AFMER 1.0 18 87
8 2023%:% 202032013020 RHIHE B3RS F LEAER 1.0 16 82
9 2023%F7F 201911510618 Seit R 5 ) S i kB 2.0 32 85
10 20234 % 201911510620 %5 )% B BAEAR bR | 2.0 38 BT
11 2023%F% 202011520001 WX E RS LB 1.0 16 85
12 2023%7 202032020016 NV EFR EBR 1.0 19 | MF
13 20234 % 202011513701 Rk SR BE R MBI 1.5 24 |
14 2023%% 202011513005 ¥sh T IK o H AR 2.0 32 76
15 2023%K7 202032012001 TFHe R AFLAER 1.0 18 94
MAEIy: 26.5
JRGR R A () « ik v -9/
BB :

EO IR IR R R RF5=90-100;  RAF=80-89; H14¥=70-79; JH=60-69;
T Page 1/1 WS IRV TRE R
2024-12-16
L G 22 5 EGUE: https://www. chsi. com. cn/cjdyz/index







=
#2101 N DT ACTRR
ﬁ SciengeDirect Jaurmals & Books @ Help 2 Myoccount @ ;

Title: Angtysis of seporotion chorocteratics of varmble plote-heok spocing cotrugaied plote separator X
¥ Advonced senrch

Fimd mrticle with (Pese berig

1 result found [0 T oownlood seicted artictes 1, Eapart

.ﬂ, St wearih olart
D Awearchartice & Full tet gorans
* o Analysis of separation characteristics of variable plate-hook spacing cormigated plate separator
Refine by: miucieos: Enginaaring and Desige, Moech 1005
QL Gin, Rutel Sun, — Sachoo Tan

(3 subcribed aurnalz o lew Pl AbeimEl v Tigees o Eapont v

i Get o parscnaliaed search axpanenca
D P Recommendations, reoding history, secrch & journsts alers, and rars regictrazion banefio.
Bp— i
[ ereras )
[[] ergimearing 14 Display: 25 50 |04 vesills pee page Puapgs lall
Abowrt Scimnoslizect = Bermole oooess Adyertize » Comtact and opparl & Terms ond condilioes = Privocy poficy = <. RELX™
o Crokies are wed by This 506, Coolkde Settings

e
CLAEVEER Al cetant an 10 SR: Copythght (0 2003 Elsder 04 15 lieanigen. ond cuntrntze, A2 rghas arw e tved, Inchading thiise fur tast nnd data mining, A1 nining, o similor tohnologlas, for a1l apam 1ETess sontart, |Pe rssnng eansing 18mms apety



Nuclear Engineering and Design 433 (2025) 113885

Contents lists available at ScienceDirect

Nuclear Engineering and Design

journal homepage: www.elsevier.com/locate/nucengdes

Analysis of separation characteristics of variable plate-hook spacing

corrugated plate separator

Check for
Updates

Qi Qin ", Rulei Sun """, Shouxu Qiao *"*, Ruifeng Tian *"*,

a,b,c

Sichao Tan

& State Key Laboratory of Marine Thermal Energy and Power, Harbin Engineering University, Harbin 150001, China
Y Heilongjiang Provincial Key Laboratory of Nuclear Power System & Equipment Engineering, Harbin Engineering University, Harbin 150001, China
¢ Key Laboratory of Nuclear Safety and Advanced Nuclear Energy Technology, Ministry of Industry and Information Technology Engineering, Harbin Engineering

University, Harbin 150001, China

ARTICLE INFO ABSTRACT

Keywords:
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Numerical calculation
Separation characteristic

As an important steam-water separation device in nuclear power steam generators, the corrugated plate sepa-
rator can separate water from steam, improve the dryness of the steam delivered, and ensure the safe operation of
steam turbines and other equipment. This paper designs a corrugated plate structure with variable plate-hook
spacing, and based on this structure, designs single-hook and double-hook corrugated plates with variable
plate-hook spacing. At the same time, using numerical calculation methods, the performance of the corrugated
plates with variable plate-hook spacing is compared with that of single-hook and double-hook corrugated plates
with fixed plate-hook spacing. The separation efficiency and pressure drop are evaluated from two aspects, and
the flow characteristics of internal airflow and the separation characteristics of droplets are discussed. Compared
with traditional single-hook and double-hook corrugated plates, the gradual increase in plate-hook spacing
promotes continuous acceleration of airflow, enhances inertial collisions between droplets and between droplets

and solid walls, and achieves higher separation efficiency at lower inlet airflow speeds.

1. Introduction

In nuclear power equipment, steam-water separators are mainly used
to separate steam-water mixture, improve the dryness and ensure the
quality of steam generated by generators (Zhao et al., 2018). According
to the structure, separators can be divided into corrugated plate sepa-
rators, wire mesh separators, cyclone separators, etc. Among them,
corrugated plate separators are the most commonly used secondary side
steam-water separation devices in nuclear power plants. Separation ef-
ficiency and pressure drop level are two important performance in-
dicators for measuring corrugated plate separators, and these two
parameters are closely related to the structural parameters and input
conditions. Therefore, designing a corrugated plate structure with su-
perior separation performance and lower pressure drop loss has great
academic and engineering value.

Many researchers have conducted theoretical research on the
corrugated plate separator. Pang et al. (1992) delineated the separation
process of the corrugated plate using a mathematical model, and sub-
sequently calculated its separation efficiency and flow loss. Venkatesan

et al. (2015) used the least squares method to perform regression anal-
ysis, established the correlation between the friction factor f and the
droplet separation efficiency 1 of the corrugated plate separation device,
and determined the optimal geometric parameters. Jia (2007) intro-
duced a formula for droplet diameter in steam generators, formulated a
mathematical model for the flow field of the corrugated plate separator,
and scrutinized the separation mechanism of droplets of varying sizes as
well as the influence of secondary carrying phenomena on separation
efficiency. Liu et al. (2023) integrated the moment method with the
population equilibrium model within the Lagrangian framework, pro-
posed a novel droplet collision model. Zhang and Hanliang (2015)
proposed a multi-droplet motion model predicated on the Lagrange-E-
uler method, analyzed the interaction mechanism between droplets and
the corrugated plate flow field.

Many scholars have conducted experimental studies on the structural
parameters and input parameters that affect the separation efficiency
and pressure drop of the corrugated plate steam-water separator. The
main purpose of these studies is to deeply explore the droplet distribu-
tion, the separation efficiency and the behavior of the liquid film and gas
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