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In partial evaporation Organic Rankine Cycles with wet–dry expansion, operating at off-design conditions can cause

droplet impingement on rotor blades, leading to erosion and potential reliability degradation. These failures occur with

small probabilities yet have a significant impact on overall system performance. To accurately and efficiently estimate such

rare failure probabilities involving multiple failure regions and an expensive-to-evaluate limit-state function, we propose

the Multi-Point Active-Kriging Improved-Expected-Improvement Subset-Simulation Importance-Sampling (MP-AK-IEI-

SSIS) method. This novel approach extends the AK-IEI-SSIS framework, which integrates active Kriging surrogate modeling

with an improved learning function and the Subset-Simulation Importance Sampling technique for efficient

approximation of the failure boundary. The proposed method leverages the multi-point enrichment algorithm inherited

from the conventional Active-Kriging Monte Carlo Simulation and employs an isoprobabilistic transformation to sample

from a centered isotropic Gaussian in the standard space. We demonstrate the method on a two-dimensional

convergent–divergent nozzle stator case using a computational fluid dynamics model in Ansys Fluent. The solver uses a

barotropic fluid model to predict vapor quality under uncertain off-design conditions to quantify the presence of droplets

at the inlet of the rotor. Results suggest effective detection of multiple failure regions without sacrificing the accuracy of

rare failure probability estimation. The proposed MP-AK-IEI-SSIS method provides a promising tool for reliability analysis,

maintenance planning, and reliability-based design optimization of turbomachinery.
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