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Abstract

Aiming at the sealing structure of the air valve in the harsh environment of nuclear power plants, in order to improve the sealing
performance and durability and ensure the safe and stable operation of nuclear power plants. This paper conducts a theoretical
analysis of the existing sealing structure of air valves and identifies the key factors affecting the sealing performance. Based on
the results of theoretical analysis, experimental samples with different sealing structures were designed and fabricated. Through
comparative analysis of experiments and numerical simulations, the optimal sealing structure scheme is determined. The optimized
sealing structure of the air valve has been significantly improved in terms of sealing performance, durability and corrosion resistance.
The experimental results show that the optimized sealing structure has better sealing performance than the traditional structure in
harsh environments such as high temperature, high pressure and high humidity, and the sealing life is prolonged.

Keywords
Nuclear power plant; harsh environment Air valve sealing structure; Optimization strategy

. 2 A H- = Yy b >
TE [ 4% FE o 7T S B XL 8 2R R A SR B
=P FEE TR
WL MR M EIRAR], I - T 2824 312300
m =
AR AT 0 UR 5, DR T A A, AR b % SRR AT, RSO I U 5 24
HATRANAT, R P FHERQ AL, ATRAMNAR, WA HER R EH A0 KBS, DL R

{EAREBAITYE T, A RAR B H LM I R HRACIE B9 RUIR 25 3 2 M 2B 3Rk | W KOt Ao B AR M A T B 39 17 2] T R F R
I FREEREAY, RAUGHEHEMAERE, FE, FRFSTHRRT, FHEBETHEALEHN, LERFFEL,

KHEiA
Mol 3E R RS KU B M AR

R B ST AR EE, WRAGIRTEEIT, BHIEE
RN, RSB EE AR, FEACHARE.
2.2 ZEEREE K

R AERZ Bk T Y B PR S5 0 T, KU 5 454

158

R 3 2 b e R B P B SN B —, Heaid i
HE BN R ) A e R B TR . A
SRR, TR R R | TSI | (&

AR, A T RS i notege, AFocst
SHAZ G H AR, MATERERE . SRkt mEEHSE S
I THAL, DIIHE o XUR s 45 R s i BE R A
2 1% FR ik PR IS X X i 25 £ R A O ok
2.1 ZBEINEE S

HEIGETHESY, R&eSE A ElE, SRR
EET S SIS IS B AL, IR R ERE .
A RN SNt = W a2 g 1Y 2 i T N LY L o

[EEBN] A (1997-) , B, PEZH2INA, K
R, BETRI, MBHEBHE CGBNIRE) iR,

20

TR BRIFHREIERE, DRSO, i ssEr
e, RIRBEETRER RSN, HERZHED
FarE, B R E R SERRER TR, BEMEERER
FHOMTANE, RERS RS IERET BSIE . A
S8
2.3 ATEMEX

R 2 23 R E A R i B T o KU B e s h T B
BRUNETR TR, WA TAE B T B
B TR ANE . RENS AR F I E R & PR 32,
KA A, KRB R T4, MR,

R NG N S &



HRIWEREAR - F02% - F 024 - 2025 £ 02 A

3 X Z S R E&
3.1 MRlERE

HME TR, R NHR RS, RibssEb
B R &RV SREERE. RIUSE 2 (PTFE) AT
ST IRERE, A7E -200°C & 260°C HY TR 270 Fl N 1
. it SRR B R EiR G, AT4E -60°CE
200°CHYREEVERINGE . MEuhsfrdiEd, EEIrEe
AEZR, FEMEIT RS —E MRS R, S8 (FPM)
B RIFOMHESTERE, A TAZ R SENIAGE . KRl
figz (P1) BA LR AIMHRS AL, 1 TAZ ISR
IR TR, & NEN A RE R G IS b, &t
Bl B RIS ae. Fgkk (FPM) B RIFHImT
EOERE, ST &R EN . RIUMZMF (PTFE)
HAERFOMEERE, EHTSREEN R KR
iR TSRS, IR T E S, DRSS RS
(RPERE. RIEZRINEREKR T, WitA& 0%
¥, tnRARENA. O MBS, DIRSEEER, =5
SETAOIN LRSS, Wi shm 2 ONG A, BRI X
6o X XRS S SE TE iR E 546, FRER IR
BTe
3.2 Mgtk

KBS TR E ST, MR R RN TR
M, R ETE TR, REEERER. 5] AR
Rutist, SRR RS, KRR
RAZ D EH ST, fEEsEmrEmi, s
MeRE. ERABEENEEM L, Ein— ZE EEE bk,

PEEEEHNR . RAESEHL, KRR SR

PO, LIESHINY, RerErEt. Erdm by
s, SRR, MFIRHRER. RO,

LSRR, SRRl Bt HEE T, R
LR IETASIAS), fEamEERE. MEEm
INLLZ, REFEHMmOREE, FEIGIIHRE. R
B, WD, PR NG, 5 ISR IEEsEf),
(R EEZ R A AT, fRm s Rl &S
HENEREZANEE X R, WIREEEEs TR AR
SRR, SREEEECR.

SRR R e it — R 2 ek, T
AT B R R EHB RS AIRVEE, DI
JtHS o CEAZFIEEA TR, M T PR S I T A i
ik R TN, e do T AR TR
UV R, AN RIS AR RGE . HeTE ARG F .
HEZRE A R A= FH, s S S D
B, PERSEitE . Zefd T RREIE TR
EoR: (1) BAanlfEtt, HRERSE T aES A fE
UMrEE; (2) B REFIBEIERE, B LEREH IRt
(3) &N Sl Sk B R

R TR I EE A TR AR & A%
o, IR AR RS BilASSE . HEEIRERIEIER Th
T, RBEEE, IEARRR A58 R0
HARRERFFHELLTER: (1) B&—EmEIEhE,
Bt (2) @i @k IR (3)
LERfEE, T

ISR AR AT, 22 4O T AP S 1 FH T v
. @k, R E e, mBIREREN. REaE5F;
{FZ IO T A RRES S R T, SREERGSIR R, b
W, REWE . LT PREER A EE R, RIS
HEMNEE . SVEHRHeREHE, BaRFNiEE.
EENERE ;s NEERAMNE I EEA R, asE . RIS
LI MAh, RIHEINEETIE ), ReE TR, FEe
P T RS IR R ER S A, SE MRS Ik . SRAEES = Y
HEIIEL TR AR, TR E RS
PEACR AIFR T, 980 NGB, FRmsiidl IR [,
WBUNEIARIERE, FERHIERA . [FmS it eR R AR
o, fEEiE SRR RS TR ER NS 1,
TEEDURIERE. SIXAZFBE AT, R R S EhIE)
Bk, ERIE e S RSO AT SEshiE.

3.3 FEH IR
KSR mER SRRk, BA IR

Ml MR Mfh . IEEACEERE, ST & MERT
Blo RABAIEL, WReT4EEpniikl | B4 mn ik}
%5, BAREFAVRIERERIMRI thiEsE, &M T RE R
FINE M. EHAEN. sheaeFeErE, B
SREL. MHRSth. MR A, ST SR, SESRHRL
Blo RFMEERBTZ, k8., Biih . WB%, MtrEs
PR RCHB AT AR E M, e E R X Rmt
TTRIERALCIR, IR | IRE . RS, SR M e |
MBS P AT LR . SRR T a, =R |
BOCUIENAE, WREEEINTRE, fEasEEt. 5IA
BREMEIEOR , =4 . BOCWES, R tT
FEURI, FAER R AR R BT EOK . TECIEREERER
BT, U iailt, BRI, =% Ertn
AR,

et SR 0 N R N 22 I 8 Y R P
BERFEERE . AR AT I BR AT 0 S5 S Sl
B2 R, ZRisl SRR . AR RS RRES IR A T iR
VESR N TR, BARERIED 5 s TS, FANERE
SN ERERE, HECEIERE, FTEESEREE
B TRTTIRE s R AR A I R, ERT
TEIEAEMI BRI RIS 0L, BRI IR S —
MR, B PR S I E SR BRI, Mifn
SRR, dEfnfEHlE TSR . ARSI
KA ZHFRTTRAT, 2R RSB PO

21



HRIWEREAR - F02% - F 024 - 2025 £ 02 A

FsEBRRAG, R B e PO LA Se Rk . 7Em
Fr ORISR R E 4, Mifn PRIER TR R EDK o
Rt tg N T VR ORI, BORIE IR R T $H
HEN RS HEIRX I, (ERE RN 7B
FRARTEI P (SR TR AR N AR AR &

F+—3 + + —+—+— ¢ ]

»———8— 4 — &

e

B 2 lRE R4

ZAYIEITIEZERIRA. AL . B EE. S
BB E. EFNLM. A (XX 3EVR106. 107VAL,
4EVRI07VAD) . PRI (B BROLITF 0=t ) 4 k.
WEFoR, I R EE RN ZAT RS RS
PSR TFahEE. FaRE NEWIR: — Mo FARRI S
X, BEFARE R IO ESEE, HSEEEEN
BUENU, AR IRTETIIhEE; BBl IRAT Y
TR R, bR R TR A E SR ERS S, )
() =5 ZhR AT — FEATARE, MR & 2R — A Ik
FF, (RS, shi|l Ireoe. 1Z AR50 1RAZM

22

TR, 2R B sl e — TP LRk
SCERRY, TR RS E RRE— I RIPUAF AR SEER Y o ZEHF
HUPI IS AR s o4, MBI TE AR ESK .
P hn TR RS R, BERIRT R RS T EHH
ENRMS IR IR, e EIN TEEE .
LA B (AR TR AR N AR A . sl (Lkis
i, REAFHEANRE T HEERE, FEIR T RN,
MeiE . Mk IR R R, K TR
A, PR 74P LIEE . MEERER T R, 2
= 1A

4 #5ig

FEE ST A O PRIR S A L e, EfEER . Sk
TSRS, SO KRB S MR T K. R
VEANZEIEE N A W E A, B se EREm
P ET TR e ek . g YR (U S e ot |
it RS BRI, AN, &85, DIEEX
P B SRR ANERE . R Z B EEEE , $eE B E
KA RS, ENARE T FERTER It RE
M2 )5, PSR RR e . R A eE S T2,
RSN T | HUbIRS , SR R E S R BT R
AR NIRE BRI T I B RsCEkie S, A
A—ERHET UME.

5% 3k
[1] =i G EBEL B 0N, S R e S 2y s B B 4

Tt S A ] B AR S-S5 1,2023,59(11):32-34+37.

[2] (Fdas 20 5, % IGCCA SR N R AR B AL (3]0

T T R2I,2023,(01):132-135.

[3] ki, 254, TEEE FlowMaster7EAZFE VSIS Z0m X A 5 KU TR

TR R T[T A28 21)H,2022,52(82):297-301.

[4] VEIEHE, KT = Rl re KR A 5 S e [ ] B8 18251, 2020,
50(S2):122-124.

[5] BRKE Ed e RIS MRt S [D] AL R R
2£,2020.



