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ABSTRACT

The APR1000 (Advanced Power Reactor 1000) is a next-generation pressurized water reactor (PWR) developed from the
APR1400 design, featuring enhanced safety and compliance with European Utility Requirements (EUR) for European market
entry. Accurate flow distribution at the reactor core inlet is essential for maintaining safety indicators such as cooling
performance, DNBR, and thermal margin. This study establishes and validates a computational fluid dynamics (CFD)
methodology to predict the core inlet flow distribution of the APR1000 reactor. A 1/5 scaled experimental model was
constructed, and CFD simulations were conducted using ANSYS FLUENT and ANSYS CFX software. Various grid densities
and turbulence models—including Standard k-e, SST, RNG k-¢, and Reynolds Stress Model (RSM)—were evaluated for their
impact on flow accuracy. Grid sensitivity analysis showed that even coarse grids provided reliable results, enhancing
computational efficiency without significant loss of accuracy. Among the turbulence models, SST and RNG k-e showed the
best agreement with experimental data. Notably, the SST model in ANSYS CFX achieved the highest correlation with
experimental results, demonstrating the lowest RMSE and MAE values compared to ANSYS FLUENT. These findings confirm
the robustness of the developed CFD methodology for APR1000 design and safety assessments, supporting optimized reactor
design and reducing the risk of intellectual property disputes during international expansion. Future research will explore a wider
range of operating conditions and emergency scenarios to further enhance CFD-based safety analyses for advanced nuclear

reactors.
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Fig. 1 3D CAD model of the APR1000 reactor
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Fig. 2 Schematic of coolant flow path
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Fig. 3 Grid system for 1/5 scaled model (Coarse)
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Table 1 Operating conditions for original and 1/5 scaled models of APR1000 reactor
Original Model 1/5 Scaled Model (Experiment'”)
Location Flow Rate Temp. Pressure Flow Rate Temp. Pressure
[kg/s] [kg/s] [C] [MPa] [kg/s] [kg/s] [C] [MPa]
CL1A 3,827 100
CL2A 3,827 100
Cold Leg. 15,308 295.8 15.5 400 60.0 0.2

CL1B 3,827 100

CL2B 3,827 100

HL1 7,654 200

Hot Leg. 15,308 - - 400 - -

HL2 7,654 200
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Table 2 Grid Density for each region
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Table 3 Comparison of core inlet flow distribution results
according to grid system
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1.385
16.28
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15.80

Classification
Min. Flow Rate [-]
Max. Flow Rate [-]
Coefficient Of Variation (COV) [%]
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Fig. 10 Comparison of core inlet flow distribution according to turbulence model (FLUENT)
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Fig. 12 Comparison of core inlet flow distribution according to turbulence model (CFX)

Table 4 Comparison of core inlet flow distribution according to turbulence model and FLUENT/CFX, including the experiment results

FLUENT CFX
Classification Exp.”
k-e SST | RNG k-e | RSM k-e SST RNG k-e | RSM
Min. Flow Rate [-] 0.685 0.632 0.561 0.683 0.838 0.846 0.837 0.834 0.878
Max. Flow Rate [-] 1.389 1.364 1.299 1411 1.166 1.162 1.191 1.192 1121
Coefficient Of Variation (COV) [%] 15.802 14.145 13.908 13.408 8214 7.773 7.832 7760 5.690
RD [-] 0.105 0.093 0.085 0.085 0.047 0.045 0.046 0.046 -
RMSE [-] 0.122 0.110 0.107 0.103 0.064 0.062 0.062 0.063 -
Similarity
MAE [-] 0.104 0.092 0.085 0.084 0.046 0.045 0.045 0.045 -
r[-] 0.737 0.686 0.704 0.695 0.631 0.609 0.624 0.597 -
© oefeh AR deet W Wd, 8|5l AL CFD £ZE  H&Ssal SRSl 4| 7] gl Sat A%s & A
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