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Abstract — This paper presents the design safety of metal seals in pressure vessels. For a high-pressure
vessel, a metal seal is usually used as a primary sealing, and an elastomeric rubber O-ring is adopted as
a secondary sealing unit. The FEM computed results show that an aluminium material for sealing a gas
leakage is superior to a steel one because of the thermal expansion rate. The deformation and stress
distributions on the metal seal and pressure vessel structures are mainly dominated by transferred temperature
compared to those of the gas pressure in which is supplied by an external pump. Thus, the temperature

A Study on the Design Safety of Metal Seals in High Pressure Vessels

of a metal seal material should be restricted to under 200°C.
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Fig. 1. General view of pressure vessels with sealing units.
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Fig. 3. Gas pressure and temperature conditions.

KIGAS Vol. 9, No. 1, March, 2005

9] FFzde] Tedh. o[t 3o AF7
A 2AZF AeE A FABEE 2EE 0~11°C/
ming] YEE2 258 AX3F "ol FA)
4L 0~22.2 bar/min®] AYEER A4H-E WAL o
2A gL 2B xFoE 2x9 ¢He A
<3l 2oz AP T a2 LA AAAZH
A Wi 7R 2738 wEA 2719 o)
7143 A E HEole s AUETAL wHEEH
Ho}

IV. siMZz 2 0F

4.1. HeIE=E

87 MY 253 ool o8| W
e &Y, & 2898 YA E F23 24
dejulglo|n), weha] ¢e87] b dA o)l e Ee
F935 s ZALAR F2EY e 254
2 FA3] FAE F UEF Al AR HA LA
= AH38| x3E o|Foiof di}.

Fig. 13} 7t& 4847 nde H49 FexAS
HH, g7 2B 283 § 82T 100°C0]
T, H319=E L 1,000~2,000 baro|Th. FHg-7)0 g
B A 2 A}o)FLS Fig. 3904 AAE AXEH 7}
G5, A2 /A TYH JX), Wy A
£ 107l AN Aok FPgsty A A
EAE skt

Fig. 42] ¥9]¥](displacement ratio) a4 A3+ Fig.
1914 BAIGE oA 7hAagbe =) 100°Ce] BH2 %
7} 2HgatmA] wAle SR ShRe] UEsdA A}
487 B FRE Alele] UB7H Wste hE Als}

1.02 T T T T g T T T T

Gas pressure : 1000bar
10t L ~ =~ Gas pressure : 1300bar | |
&; R N Gas pressure : 1500bar
= -+ =--Gas pressure : 1700bar
S 100t ==+ Gas pressure : 2000bar § |
=
e "
= AT
5 i
:
E‘ 0.98 | -
=)
0.87 |- -
0.98 L . L 2 i L L L L

1 2 3 4 5 & 7 8 9 10
Working time, hr
Fig. 4. Displacement ratio, hy/h; of sealing material, Al at

I zone of Fig. 1 as functions of gas pressure and
working time.

—28—



235t 487104 wigA o) A Aol Bg AT

FZE Alo]9] 2717+ hZE Uro] FAeR
Ebd Zojt}. Fig. 304 AAISH hH-871¢] =dazh
10774l ARA e T dw9Y) hyhe Fig. 4
oA 0.986~0.998% AATE AT o) g W] 34 F
I FUA @AY DB AMES 4FuEe 7k
¢+8(1,000~2,000 baryg ol 27je] HE7=Fo=z A
AE h=10 mmolA 2~14 um JE=7F EAvhE L
ongitt, &, 27l H&shd LR *xdlEd
7H2=9tEol) o] EOJEHA °olE F &ALl FE
AL AF oz wolxd WBATLS 2 BF ZvhH
Atk RAolth. Fig. 4914 7k229be] 1,000~1,500 bar &
=2 Zgsid, DRSS v wE v2A EEsh] <
A=Eo] AA R, 7F2Ste] 1,500 bar o) FLE 227
9 Figdez Bgdd FFA ASEEHE vER
ot F2 Y] hyheol EFLEA EXde AL
W3 Ao] A A (steel)ell BBt LRu)E LA
@o A E wWETgo| Badsd B HEA
5 54 w&oitt

Fig. 55 10A7H] ZAAIZ F2tel 48719 iR
o 7HIA = S 1,500 bar2 QA FAE 2, o
Herle Agd FALws) Hile A9l tid 73
2 ey hyhd] ANAAE RoF, e &
238 £535150] 100~500°CE H3g u), 42y
YA BElS} G487 F2E B Alele] 2E7= A
Hul& hyhol g atol] ojstd, "B A 257t
A EA GFujFge G o) soluEAs A
A7 G oA dAH FALFE 097~
0992 Waly, AR T 27|73 Fo]Eo] YR
zZ2S ALY &, 271743 h=10mmolA 1~
3um AE7F E9ths AL g

1.10 T T T T T T T ¥

1.08 Transferred Temp. : 100°C [ 4

sl - = = Transferred Temp. : 200°C | ]
-r ... Transferred Temp. : 300°C
104 —-~--Transferred Temp. : 400°C |4

102 - Transferred Temp. : 500°C 1

i

RN
Pl S
R A

1.00

098] ¥

it
0.96 | .

Displacement ratio, h /h,

0.94 | E

0.92 - p

090 Il 1 i 1 L L 1 A L
1 2 3 4 5 [ 7 8 9 10

Working time, hr
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Fig. 8. Maximum von Mises stress distributions of pressure
vessel with temperature variations after 5 working
hours.
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