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Thermal stress analysis of a special valve used in high-temperature and
high-pressure experiment
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Abstract: In order to adapt the extreme work environment for the experimental system of hydrothermal fluid and solid
interaction at high-temperature (600 ‘C) and high-pressure (100 MPa) and to ensure safe and effective of the valve, taking
the HTHP cut-off valve as a researching subject, we have designed and established 3D finite element model using the
SolidWorks, and analyzed the temperature and stress distributions of this valve in actual working state using the Ansys
software. 4 kinds of materials were selected for comparative analyzing the influences of the thermal conductivity
coefficient, thermal expansion coefficient, and elasticity modulus on the temperature and stress distributions of those
materials. The sealing structure and performance of valves at operation condition have been discussed. The results show
that valve made with the selected nickel-based alloy material can maintain the enough strength at high temperature to
satisfy the demand of experimental device working in the ultrahigh temperature and ultrahigh pressure environment. In a
certain range, the temperature and stress of the valve are decreased along with the decrease of thermal conductivity
coefficient and thermal expansion coefficient but the increase of elasticity modulus.
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Fig. 1. The diagram of experimental system for
hydrothermal fluid and solid interaction at high-temperature
and high-pressure.
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Table 1. Technical parameters of the HTHP valve
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Fig. 2. The structure of the HTHP valve.
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Table 2. Main material parameters of the nickel-based
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Fig. 4. Grid graph of the valve. Fig. 5. Stress distribution in the valve body and stem.
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Fig. 6. Enlarged stress distribution graph of the sealing surface. Fig. 7. Variation stresses charts for the valve.

3 LN IR R

FEM R AR, #uit 3 R BRI RO, AE AL 2 AK 2R SO B 1 13 11
Rkl RIS Sk E . BIE DA A TR, A Tk AR IR R, ik
LR R il A 5 B A AT 0 AT EU AL



230 [N // = 3 2019 4¢

LR R R B Q235 45

=A% | %
6. 304 FHEHN. 316L FHEH 3 Fir. B3 SHRLHBEIRSHE
3 RO L E M INE 3 Fir. i Table 3. Main parameters of three comparative materials
T, = /No  {m
— i3 R Ak R 5 HEA R/
555 B4 B 4% S R i W o, o
B b ot ] Wl 22 3 e 3 R Q235 60.50 12.0 200
SR RTR, SGIR S BRI 304 16.32 154 193
S N 316L 20.90 18.8 206
Sl R ABRATG s X T 7 U T U 3
PERTEBOR, NN, Bk R F4 XUMRRES T
A, AN, R R B Table 4. Temperature distribution of comparative materials
Filt 28 B0 5 S 0 A2 oy Bl I B AR Ak it R RAGIEE/C R/ C K5 XA/ °C
" = w N N e Q235 361 600 580-390
MR SH, Fi A trF " o o e
G T 316L 193 600 560-230
4 EEERERITiE ks LR
Table 5. Stress distribution of comparative materials
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