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• Computational fluid dynamics (CFD) vs Thermal-hydraulics (TH) system code

D. Park et al., Steady-State Modeling and Verification of the i-SMR Using MELCOR, 2025 KNS Autumn Meeting.
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Introduction of MELCOR code
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OPR1000 Nodalization by HYU

CVH Package

HS Package

CAV Package

SPRAY, PAR Package

COR Package
FL Package

RN Package

• MELCOR: a system code to analyze nuclear reactor severe accident (SNL/US NRC) 

• Rougher, faster, multi-physics code (but, explicit coupling).

• Explicit coupling limits accurate modeling of fission product behaviors.

from MELCOR guide

TH

COR

𝜙!

explicit coupling
Introduction of MELCOR code
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Introduction of MELCOR code
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Mass:

1) 2) 

5)

3)

4) 6)

3)

1) Transient term
2) Pressure gradient
3) Body force
4) Wall fraction
5) Interface frictional drag
6) Acceleration force 

Momentum:

Energy:

CV_i CV_kFL_j

• First principles

MELCOR manual, Sandia National Laboratories
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• MELCOR CORE modeling

Introduction of MELCOR code

from MELCOR manual

MELCOR manual, Sandia National Laboratories
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• Example of accident analysis

Introduction of MELCOR code
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• Logic of momentum calculation

Semi-implicit Numerical Scheme

𝑣!,#)'

𝑣!,#)

Scheme for semi-implicit method

T+1

T

LL-1 L+1
Momentum equation

Explicit method 

Implicit method 

Explicit method calculating the future value through information given in the present status. 

Implicit method predicting the future value with current value and the future surrounding values 

Semi-implicit method adopts both methods by treating some values as implicit method and other in 
explicit method thereby bring the stability and accuracy in the calculation
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• Logic of momentum calculation: that’s why MELCOR uses old boundary method

Semi-implicit Numerical Scheme

Logic of the MELCOR Calculation

Scheme for semi-implicit method
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MELCOR VS PINN
How to solve governing Equations

Equation Comparison
- Two of the main equations used in this scenario displayed. 
- MELCOR utilizes the FDM, whereas PINNs employ the continuous form of PDEs.
- FDM is alternative form of PDE equation with linear approximation and MELCOR’s experience
- Future PINN validation and sensitivity analysis requires understanding FDM-form equations.

How to solve Momentum Conservation Equation Mass Conservation Equation

PINN
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Crucial!

Shin et al., Physics-informed neural networks for thermal-hydraulic system simulation: CVH/FL/HS module, Progress in Nuclear Energy (2026).
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Physics-informed neural networks

기계인공지능연구회 강습회, 고승찬, 2025
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Physics-informed neural networks

기계인공지능연구회 강습회, 고승찬, 2025
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Physics-informed neural networks

기계인공지능연구회 강습회, 고승찬, 2025
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Physics-informed neural networks

기계인공지능연구회 강습회, 고승찬, 2025
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Physics-informed neural networks

기계인공지능연구회 강습회, 고승찬, 2025
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Vanilla PINN
Vanilla PINN Architecture

Based on MELCOR characteristics, the input is 1D (time), and the output is 2𝑁5 − 1  
(𝑁5 = number of CV)

There are 𝑁5 continuity equations for the CVs and 𝑁5 − 1 momentum equations for the FLs.

Shin et al., Physics-informed neural networks for thermal-hydraulic system simulation: CVH/FL/HS module, Progress in Nuclear Energy (2026).



161) calculate 𝑣(𝑡), ℎ(𝑡)	!
(universal approximation theorem)

2) do differentiate over time!

3) find optimal 𝑊, 𝑏	
to satisfy PDEs! 𝐿!
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• We are developing AI-based MELCOR code for implicit coupled multi-physics analysis.
v Physics-informed neural networks (PINNs)

v We proposed a node assigned PINNs (NA-PINN) suitable for control volume approach TH code.
v This is the first study to develop TH code in a multi-node environment (without data ).

No training data !!

1 node – 1 NNs
: spatial variations of PDEs.

NA-PINN (Node-assigned PINN)

Shin et al., Physics-informed neural networks for thermal-hydraulic system simulation: CVH/FL/HS module, Progress in Nuclear Energy (2026).
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NA-PINN (Node-assigned PINN)
NA-PINN Training Process

1. Initialize parameters 
of all neural networks in 

the set, 𝜣 =
{𝜽!𝒗𝟏 , … , 𝜽!𝒗𝒏4𝟏 , 𝜽𝑯𝟏 , … , 𝜽𝑯𝒏}

2. Collocation points are 
sampled within the 
physical domain.

3. Predict (𝒗𝒋 𝒕% 𝒋&𝟏
𝒏)𝟏 and 

𝑯𝒊 𝒕% 𝒊&𝟏
𝒏  using each 

neural network

4. Compute temporal 
derivatives via 

automatic differentiation

5. Compute residuals of 
governing equations, 

then construct the loss 
function 𝓛𝑷𝑫𝑬.

6. Update parameters 
using a learning rate:
𝜣 ← 𝜣− 𝜼𝒔𝒄𝒉𝒆𝒅𝜵𝜣𝓛𝑷𝑫𝑬

Shin et al., Physics-informed neural networks for thermal-hydraulic system simulation: CVH/FL/HS module, Progress in Nuclear Energy (2026).
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FDM: time stepping PINN: epoch stepping 

Solve PDEs! Learn PDEs!

H
ei

gh
t

H
ei

gh
t

Timestep Timestep

• Super fast (no inference time).

• How to solve the single instance problem?

- use surrogate manner

NA-PINN (Node-assigned PINN)

Check the paper!

Shin et al., Physics-informed neural networks for thermal-hydraulic system simulation: CVH/FL/HS module, Progress in Nuclear Energy (2026).


