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Numerical Analysis on Sealing Performance of Aluminum
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Abstract: In order to study the sealing performance of aluminum gasket sealing structure for cryogenic
valve of a liquid rocket engine under low temperature environment, a two—dimensional axisymmetric model of the
sealing structure was established by ABAQUS software. Contact pressure of aluminum gasket seal surface under
low temperature working condition was calculated, and the mechanism of contact pressure drop of aluminum gas-
ket under cyclic temperature load was studied. The results show that the contact pressure on the sealing surface
decreases at low temperature due to the different linear expansion coefficient between the sealing gasket and vari-
ous parts of the valve, while the complex stress—strain state on the sealing surface of aluminum gasket leads to the
failure of contact pressure recovery under temperature load. The ratchet effect is produced on the sealing surface
of aluminum gasket under the cyclic temperature load. The plastic strain of the gasket accumulates in the ratchet-
ing effect, and the maximum stress decreases in the ratcheting effect. The contact force decreases gradually with
the increase of temperature recycle times, and remains stable after a few period. In addition, an improved struc-

ture of sealing gasket by using conical gasket is proposed, and the effectiveness of the structure to maintain the
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sealing pressure under the cyclic temperature load is verified by simulation.

Key words: Liquid rocket engine; Cryogenic valve; Sealing gasket; Contact pressure; Temperature load
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(b) Sealing structure of cryogenic valve

Fig. 1 Structure of sealing gasket for a cryogenic valve
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Fig. 2 Results of grid independence analysis
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Fig.3 Meshed model

B AR B AR P 9 1) i B A g i — A TR
VEFRAE IR 1] 5 1 7= A2 B R/ 41.6MPa 1 5528003 7

03 BB 1 25 A B A P 4 7
A a4 R B R 10355705 2 H L, W]
Fe k5 1] 55 f B3 51 TCA BK5 42 5 1Cr18Ni9Ti
AW, XL R PERE S EUIL R 1,
Axial displacement constraint

|
i AAAAAAZZZ
|

; Working pressure:
16.5MPa

Cryogenic valve

l— Sealing gasket

|

| .
Equivalent

| separation force

i produced by

|

|

|

' working load on
valve cover:
41.6MPa

Valve cover

T
Axial displacement: 0.6mm

Symmetry axis

Fig. 4 Boundary condition
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Table 1 Material parameters™"*
Elastic modulus/ Li ansion coefficient/K™'

Part Material aatchr;: YU poisson’s ratio ln?;EBKXF;ZZ;OZ;O;;;TS) 0y,/MPa o /MPa 8/%
Valve TC4 117 0.34 8.40 x107° 930 1140 15
Gasket 1035-0 71 0.31 1.86x107 30 80 37

Valve cover 1Cr18Ni9Ti 198 0.30 1.35%x107° 196 540 45
Table 2 Load step setting for working conditions
Step Description
1 Loading
2~11 Repeated the temperature cycle load for 5 times (300K-35K-300K)
12 Unloading

Max: 407.5MPa

(b) After a 265K
temperature cycle

Max: 512.6MPa

(a) Preload at room
temperature

Contact pressure/MPa \
512.6
4272 Max: 325.7MPa
341.7
256.3
170.9
85.44
0.00

(c) At 35K

Fig. 5 Contact pressure on the sealing surface
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Fig. 7 Contact force with the load step
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Fig. 8 Axial displacement of aluminum gasket after

preloading
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Fig. 9 Maximum principal strain distribution of aluminum

gasket after preloading
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Fig. 10 Distribution of maximum principal strain under

temperature cycling
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Fig. 12 Cyclic stress-strain curves of key nodes

Table 3 Load step setting for repeated tightening conditions

Step Description
1 Loading

2~3 Cyclic temperature load
4 Reload

5~15 Repeat step 2~4 for 4 times
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(b) Wedge gasket with wedge sealing surface
Fig. 15 Axial displacement distribution of conical gasket

under preloading condition
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Fig. 16 Maximum principal strain distribution of wedge

gasket under pre tightening condition
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