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Abstract: To address the issue of deformation and sticking in high-power steam turbine main
steam valves during frequent load-following operation caused by thermo-mechanical coupling,
which compromises unit safety, this paper comprehensively considers the effects of temperature
gradients and steam flow pressure on valve deformation. A fluid-thermal-structural coupling
model based on multiple reference frames and three-dimensional finite element analysis is
established. A contact algorithm is employed to address the contact problem in the clearance
between the valve housing and the valve stem, and the overset grid method is applied to simulate
the dynamic motion characteristics of the valve stem during rapid valve closure. This enables the

transient calculation and analysis of both structural strength and clearance deformation. The
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results indicate that under the stable full-open operating condition, the maximum equivalent

stresses on the valve stem and valve housing are 376 and 323 MPa, respectively. During cold

start-up, shutdown, and rapid closure processes, the maximum equivalent stresses on the valve

housing are 414 , 225 , and 276 MPa, respectively, while those on the valve stem are 376, 141,

and 102 MPa, respectively, all meeting the material strength design requirements. The clearance

between the valve stem and the valve plug under all conditions exhibits an asymmetric

distribution, ranging from 0.56 mm to 1. 04 mm, with no occurrence of contact interference or

valve sticking. The model developed in this study can accurately predict the dynamic response and

clearance characteristics of the valve under multi-field coupling, providing a reliable basis for the

strength assessment and anti-sticking design of steam turbine main steam valves.

Keywords: turbine main steam valve; fluid-thermal-solid coupling; transient computing; overlapping

meshes; stuck
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Fig. 1 Geometric structure of the main steam turbine valve
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Fig. 2 Geometrical model of the valve structure and the fully

open flow field of a steam turbine main valve
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Fig. 3 Fluid-heat-solid analyzing process of the strength

and structural characteristics of valves
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Table 1 Calculation results of the internal flow field of the
valve under different grid sizes
MAEE HJ1/MPa X iR/ % RE/C MHXFiRE/%
1064 732 24.42 590. 14

2198 451 24.56 0.57 594. 31 0.71
3485276  24.63 0. 30 597. 56 0.54
3758419  24.71 0. 29 599. 02 0. 24
4227518  24.76 0.22 599. 34 0. 06
4583 291 24. 80 0. 14 599. 51 0.03
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Fig. 4 Internal flow field grid of the steam turbine

high temperature main steam valve
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Table 2 Physical properties of GH901 valve stem material at

different temperatures

RS BN
400°C  500°C 600°C 700°C
/) (kg e m *) 8175
LWk RE/ (107 K™Y 16
e/ (J o kg ' e KD 498. 11
PP AR i/ GPa 188 180 173 164
YIS / GPa 73 70 67 63
PR/ (Wem '« K') 18.42 19.63 20.61 21.30
Jiti IR A% B / MPa 849 819 794 755
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Table 3 Physical properties of F92 valve casing material at

different temperatures

. BE

LRSS 3 : - . -

400°C  500°C  600°C 700°C
B/ (kg » m™?) 7777
LK RE/ (10 CK Y 12. 21

s /(J« kg '« K1) 527.41 548.43 573.50 612.41

AR i/ GPa 192. 41 180.93 167.54 152.70
YIAS #i4t / GPa 75.80 71.32 66.01 59.82
MER/(Wem '+ K ') 31.32 31.32 29.81 26.54
Jati R i B / MPa 480 447 350 265
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Table 4 Calculation results of the maximum equivalent stress of

the valve under different mesh sizes

4% %5 ERLS)/MPa MR/ %
458 201 362.18

892 545 371.45 2.57
1653311 376. 56 1.38
2158 997 377.89 0.35
3005 482 378.21 0.08
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Fig. 5 Solid domain grid and calculation model of the turbine

main steam valve
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Fig. 6 Pressure, temperature, and flow velocity distribution

in the middle plane of the valve when fully open
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Fig. 7 Solid domain temperature distribution of valves

in the fully open state (middle plane)
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part in the fully open state of the valve
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Fig. 9 Valve initial contact gap distribution
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