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Thermal Stress Analysis of High-Pressure First Stage Blade under
Valve Movability Test Condition of Steam Turbine
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(1. School of Power and Mechanical Engineering, Wuhan University , Wuhan , China, Post Code ;430072 ;
2. Yangjiang Nuclear Power Co. ,Ltd. , Yangjiang, China, Post Code:529500)

Abstract; Aiming at the safety problems of the blade under valve movability test condition,a 1 000 MW
nuclear steam turbine unit’s high-pressure cylinder inlet cavity and its first stage blade were taken as re-
search target,and the valve movability test conditions under rated operating conditions and 95% and 85%
operating conditions were numerically simulated by commercial simulation software ANSYS. The thermal
stress and deformation analysis of first stage blade at the rear of steam inlet cavity was carried out by using
the transient fluid-thermal-structural coupling method. The results show that under the full-arc admission,
the closing of the regulating valve causes a non-uniform flow field after the steam inlet cavity, and the
thermal stress of the blade is influenced by the flow field with large fluctuations,and the extreme thermal
stress of the blade under the three operating conditions is within 18 MPa to 55 MPa, and the maximum
transient deformation of the blade is within 0.498 mm to 0. 52 mm. The average exireme thermal stresses
of the blade for valve test rise 15. 1% and 23.2% respectively under 95% and 85% platform power,due

to the extreme value of thermal stress is less than the fatigue limit of the blade material,it is considered
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that valve movability test under 95% and 85% platform power pose little threat to the safe operation of

the blades.

Key words: nuclear steam turbine ,valve movability test,fluid-thermal-structural coupling,blade thermal stress
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Fig. 1 Meshes of the high-pressure steam inlet

1
cavity and the first stage
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Tab. 1 Comparison of torques of blade with different

mesh numbers

AR R TT SRR B T B i AE/N - mo JIREIR2E/ %

57.90 44.43 545.7 -
49.28 39.31 544.88 -0.0015
18.55 14.68 548.56 0.0052
12.41 13.64 549.39 0.680
8.43 7.18 564.25 3.40
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Fig. 2 Numerical simulation model of the steam

inlet cavity and the first stage
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Fig. 3 First stage nozzle outlet flow velocity distribution

under rated working condition and 95 % platform power
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Fig. 4 Variation of high-pressure first stage nozzle inlet

boundary conditions with time under 95 % platform power
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Tab. 2 Characteristics of the variation of first stage nozzle inlet boundary conditions under typical working conditions

BiE D13/ % e /K FE AL/ MPa WG kg - 57 il 2 AR R AR 1]/ TR /IMEI R/
100 552 -553 5.90 -5.96 2.76 -6.44 0.024 0.020
95 550 -554 5.44 -5.64 1.39 -6.56 0.016 0.020
85 549 -554 4.78 -4.96 1.31-5.78 0.016 0.020
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Fig. 5 Steady-state simulated flow field velocity

streamline distribution under 95 % platform power
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cross-section of blade under 95 % platform power
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Fig. 7 Blade constraint setting in thermal stress analysis
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with time under different working conditions
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Fig. 12 Variation of the extreme value of thermal stress

of blade with time under different working conditions
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