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Abstract: [ Objectives ] This study focuses on the sealing performance of lifting hatches applied to nuclear
power plants under accidental working conditions. [ Methods | An experimental setup is built to achieve the
quantitative measurement of steam micro-leakage. In this device, saturated steam at 0.66 MPa is charged into a
pressurized chamber to simulate accident conditions, the leaking steam is collected through a collection cham-
ber with an insulation layer, and no condensation occurs. The changes in temperature, humidity and pressure in
the collection chamber are monitored in real time to estimate the steam leakage rate. [ Results ] The experi-
mental results show that the steam leakage rates of the lifting hatch models with 1.5 mm and 3.0 mm compos-
ite gaskets are 13.93 g/24h and 11.91 g/24h respectively, both meeting the low leakage design requirements,
with the 3.0 mm gasket providing superior sealing performance. An analysis of the dry air and steam measure-
ments with the same gasket and at the same pressure shows that the sealing coefficients nd' obtained for both
are very close, which verifies the accuracy of the experimental device for steam microleakage measurements.
[ Conclusions ] The proposed steam microleakage measurement method can be extended to various sealing
structures and pressure systems, and provides a new measurement idea for evaluating the sealability of stack
chambers under accident conditions.
Key words: lifting hatch; accident conditions; steam; micro-leakage; measurement
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Fig. 2 Diagram of lifting hatch seal structure

R PR LIRS y FIE 7 28 m #5E

W, = gDép+2anGmp (1)

W,z = brDgy 2)

AP W 9 HRAE TR A ) R A
W 9 TR R 5 B de/NRAR BT 5 Do B
Ji BN g R BRI AR B BLAR 5 b S R B RO
YL p AR A IR ST o P P B dR R fE R
Oy IR B B B W, BR8N FL=

Ws
— =135 kN,
10 kN

SISy R WS A IE SN . TS 5 IE A
SIS R A TR, SZER A A R IR R A A
1B S B BRI AR ZE R . PR AR
THRESEWME R,

F1 WXNRRIRSE

Table 1 Test medium and operating parameters

BT WRAR LOUEJ(HE)YMPa LOUREE/C
WSEI TH TR 0.66 30.00
FTH HIFNZEIR 0.66 162.59

2 BETHFERENMIREE

ES W R E (N ES LT PR e i
R, R TEE R B EE B A 3

TRo EEIEIBRTUE I MAERT, % Bz E
R R AR S, AR 3(b) s o N T B
TR B0 ) A 205k 38— 2 B0 fH, A RE (4 A8
W, B % B 1w B AL TR B A B/ L B
Wi, TR B o T T B R R T AR A AR R
[ 85 5 L TR, B0 ) MPa. 88 %t Fb JE E B Bk
O b T, (R S8R AR BE | vk 22 RO g e
B DR 28 A 2 % 28 5 L R R AR R e

Zm

Ll
A, -
_4 .
(a) %% (b) FUE4R
—
—— /§@
— "

(OREE/S
B3 Sy s )
Fig. 3 Gasket static sealing principle

FHTLT, ZeMHNNTRIEI TR SR
PR HS 2 RGP b ) 73 0 AR 57 A, 5 T 5 A0
W53 S 1 T 1) A 2l I AR S 1T 5 1 R 22 TR A
BN ST o A BN T AS BRI AL A B R AR
e PECRE R iR F T B
P, 1 2 FL Ry IR 0058 0 R/ AR 3 e e A A
WL A R R B A TR Y
WEERE . T T AR B /N B A B AR
B AR B bR, DA It i O S 56 2 A 4 1) 4 R BE
K ik

AR At R DR, ot O A R RN S A
TET P P Bl i O 3 ) R /N RV A O
R /I 1 Tt s 0 T AR B IO RN, AR
BAE T sh BLE, Al 15 18 o o i 1 A B 2 Ok
Ky i i A (M

d
Gn =12 (01— p2) ©
n

P g Mt BRI o BB A B4 1 mm
HARKE LN BMERH; d 9B HE K HE;
b % B I Ml VR 5 p N9 U B s m Ol iU O
JH B 1 BB 5 (py—po) O B I PN A9 1R ) 2%
HPBHEHREn SEMEHR I 4 WRITZH
(e TR nd' B D T 45 fioh 5 0 AR 7 A IR ek,



104 BOEOMm O B %R

519 4%

i SRR ARG o P, ST O SRR TARRY
i e S 6 i R A6 T s 7 ) 13 2R AL ) R0
A FEEZ L.

3 mkFLEHXR

3.1 LIRS

AR ST R A M s 7% 1O R I AR T 1R A
4N e RGBSR — A | IR
B ZRVURAEAS L BUERIE T R GV LA TR
JE TR Ty AR I R . B TOL T AR AN
ZER M ZRVRR R AR A 5, A R T %

AT I o IR 0 5 7 20 L T2 R 38 4208 i st
ey He Z3 (8], (ol 9 28 PO i e AL L 22 SR A
SRR TEL STV E S e W K S R
v, SN R R SO BACR  RAE R G
AN FR ST, SO P 5 R Al R — B
AR O3 3 AR 3t HCR ISR i P 4 it e 7895
AV Bl MR IOIRLEE | T ) RO 5 X D it
T 1) 28 0T 2 R AR A, T S8 b R R i P JEE
AR MR 1 R4, HF AL 18 AR 0 Hr &
G AT AR B, T 5 o> 2B A 2 0 g
AV R . SEER AU, n] U T R
X s AR W s R AT S )

&y R

e ST TR
W |
e BOER
Fn BE / SR
ARE AR AR Py R s X

il

4 MHRARTUE RN ERERER

Fig. 4 Schematic diagram of leakage vapor quantitative measuring device
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Table 2 Numerical linear regression analysis of pre-
experimental leakage rate
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Table 3 Numerical linear regression analysis of accidental
working condition experimental leakage rate
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Table 4 Capillary coefficient nd' calculation table for different working conditions
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