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1) https://www.iaea.org/topics/small-modular-reactors/smr-regulators-forum 

Small Modular Reactor 
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An advanced reactor that produces electrical power up to 300 MWe. 
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1) https://www.nuscalepower.com/technology/design-innovations 

Double Vessel Structure 
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Double Vessel Structure 
Reactor Pressure Vessel & Metal Containment Vessel 

CNV RPV 

NuScale GAP 
1. To retain unwanted loss of coolant and FP 
2. Acts as an insulator 

Characteristic 
structure 

NuScale i-SMR ATOM 
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1) https://www.nuscalepower.com/technology/design-innovations 

Double Vessel Structure 
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1. Dry containment vessel 
2. Filling the gap with gas material 

ATOM and i-SMR 
1. Submerged containment vessel 
2. Maintaining vacuumed containment 

NuScale 

Air 
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Overview 
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Inside gap space 

1. Vacuum 

2. Gas-type filler 

- Only radiation heat transfer (Ideally) 

- Convection and Radiation 
- Candidates: Air, Argon, Xenon, Carbon dioxide 

1. To understand the heat transfer mechanism of the ATOM 
2. To make a quantitative comparison of heat loss according to gap conditions. 
3. To identify the possibility of replacing the vacuum condition with the gas filler 

Purposes 

CFD simulation 
Ansys Fluent 
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Geometry and Boundary Condition 
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Steady-State, Constant coolant temperature 
Divided into 3 parts: Pressurizer, SG, Core 
Area: 56.78 m2, 84 m2, 70m2 (respectively) 

RPV Temperature B.C 

 Geometry and Boundary Condition 

Core 

Steam 
Generator 

Pressurizer Coolant 

Inlet Temp 
260°C 

Outlet Temp 
320°C 
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Fluent Solver Setting and Convergence Criteria 
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 Solver Setting 

Viscous Model k-epsilon Realizable 

Density Model Boussinesq approximation 

Radiation Model DO Model (Gray-radiation) 

Spatial 
Discretization 

Gradient Least Squares Cell Based 
Pressure Body Force Weighted 

Momentum 2nd Order Upwind 
Energy 2nd Order Upwind 

Pressure-Velocity Coupling Coupled 

Flow Courant Number 1 

 Convergence Criteria 
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 Mesh sensitivity 

The difference in the results according to the mesh size is not large. 

Generated mesh (2,135,664#) 

Temperature gradient Temperature distribution 

cm mm 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑟𝑟′𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙:  𝑞𝑞′′ = −𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑  (𝑘𝑘𝑀𝑀𝑀𝑀𝑀𝑀 = 13 𝑊𝑊 𝑚𝑚 ∙ 𝐾𝐾)⁄  

In this study, mesh size: 2,135,664# 
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Results and Discussion 
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 Heat transfer Mechanism 

Natural convection: active 
 Small temperature difference 

With radiation, More heat transferred 
However, convection is too weak to stir 

With radiation: more heat transferred 
 Minimum temperature (near the MCV wall) is higher 

GAP 

Radial temperature difference 
Vacuumed condition > Gas-type 
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 Natural Circulation 

7m 

Flow velocity 

Without Radiation (vs with radiation) 
Less energy is transferred to the CNV→ 
Flow is faster than with radiation case 

Flow direction 

RPV/CNV outer wall 
- The gas rises along the wall 

CNV inner wall 
- The gas descends along the wall 

Vacuumed condition 
Very low density → viscosity dominant 

Flow is slower than in a gas-filled condition. 
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 The total heat loss 

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 = 𝒒𝒒𝒑𝒑′′𝑨𝑨𝒑𝒑 + 𝒒𝒒𝒔𝒔𝒔𝒔′′ 𝑨𝑨𝒔𝒔𝒔𝒔 + 𝒒𝒒𝒄𝒄′′𝑨𝑨𝒄𝒄 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑟𝑟′𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙:  𝑞𝑞′′ = −𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑  (𝑘𝑘𝑀𝑀𝑀𝑀𝑀𝑀 = 13 𝑊𝑊 𝑚𝑚 ∙ 𝐾𝐾)⁄  

CNV Temperature gradient 

To reflect the different RPV temperatures 

Calculate the representative heat flux for each 

The heights: 12m, 7m, and 2.5m. 
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Air > CO2 > Ar > Xe (x 14.9) >> Vacuum 
In the case of vacuum, relatively little heat loss occurs. 

Air > CO2 > Ar > Xe (x 1.1) > Vacuum 
The difference with gas fillers is reduced to a level of 10-20%. 

without Radiation 

with Radiation  

x1.1 Very low density Convection are 
difficult to occur  

Reach the maximum 
temperature in 

a short rise 

Vacuum 

Gas fillers According to the properties forementioned (hnature) 

x14.9 

Vacuum Most of the heat loss is due to radiation. 
Radiation heat transfer: dominant heat loss mechanism 

Xenon The best gas-type filler among the candidates 

 The total heat loss 
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 Gap: Enclosed space, natural convection 

 Nu=h ∙ L/ k ~ Ra1/4 → hnatural ∝ k3/4, Cp
1/4, ρ1/2, -1/4 

 Natural convection   Ra=Gr∙Pr ∝Cp∙ρ2/ k-1 ∙ μ-1 

hnatual: Air ≃ CO2 > Ar > Xe > Vacuum 

1 mbar, Air (NuScale Operating Temperature: 37°C)  

 Vacuum condition  Comparison of the thermo-physical properties 
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Radiation shielding 
Reduce the radiation heat loss 

Compare the cost of 
a. Maintaining the vacuum condition 

b. due to increased heat loss in the gas filler 

Natural 
convection 

Heat transfer 
Mechanism 

1. Radiation heat transfer the dominant heat loss mechanism 
2. The total heat loss: Air > Carbon dioxide > Argon > Xenon (best insulation performance) 
3. Xenon Difference in heat loss: within 10% enough possible 

Total heat loss 

The possibility 
of replacing 

1. The heat transfer mechanism 
2. A quantitative comparison of heat loss 
3. The possibility of replacing the vacuum condition with the gas filler 

Purposes 



Thank you for your attention 
E-mail: ghlee9605@hanyang.ac.kr 
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 Xenon (Best gap filler) 
Difference in heat loss: within 10% enough possible 

Radiation shielding 
Reduce the radiation heat loss 

Compare the cost of 
a. Maintaining the vacuum condition 

b. due to increased heat loss in the gas filler 

Natural 
convection 

 Flow velocity 
a. Gas-type filler is faster than vacuumed condition 
b. Without radiation case is faster than with radiation case 

Heat transfer 
Mechanism 

 Radiation heat transfer 
Considering the vacuumed condition, the dominant heat loss mechanism 

Total heat loss  with/without radiation model 
Air > Carbon dioxide > Argon > Xenon (Best gas-type filler) 

The possibility 
of replacing 
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(b) Vacuum 
with radiation 

(a) Vacuum 
without radiation 

(b) Vacuum 
with radiation 

(a) Vacuum 
without radiation 
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Double Vessel Structure 

22 NuScale 

Design and Manufacturer: NuScalepower 
 77 MWe/module, 12 modules, 924MWe 
 
Innovative characteristics 
1. No pump to circulate water (natural circulation) 
2. Helical Coil Steam Generators (HCSG) 
3. Immersed containment vessel 
4. Maintaining vacuumed containment during normal operation. 

Double Vessel 
Reactor Pressure Vessel & Metal Containment Vessel 

Buffer space (gap): Vacuumed condition 

2. Prevent component corrosion 
3. Not require reactor vessel insulation 
4. Not require H2 recombiner 

Buffer space 

CNV RPV 
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Design Characteristics 
1. supercritical-CO2 cycle system (with air-cooling system) 
2. Autonomous operation 
3. Soluble boron-free coolant system 
4. Nano-material and ATF 

Backgrounds & Motivation 

 

Double Vessel Structure 
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Autonomous Transportable  
On-Demand Reactor Module (Korea) Design: Multi-university research team centered through the KAIST 

 conceptual design reactor 
 ~150MWe (450MWth) 

+ Double vessel structure  

Gap material: Inert gas, stagnant 
 Not require vacuum maintenance cost 
 Generating additional heat loss Need to 

confirm! 
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