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1. Introduction 

 
Use of a spent fuel dry storage system is a practical 

way to provide long-term (60 years) storage before 

permanent disposal. Due to the requirement for long-

term natural cooling and minimal management, the dry 

storage system necessitates to adopt passive decay heat 

cooling mechanism to assure integrity of fuel cladding 

with ample safety margin. 

Adopted passive heat removal process is natural 

circulation of backfill gas in the canister. Decay heat 

from the spent fuel assembly drives difference in gravity 

acceleration and generates buoyancy force, which 

promotes natural convective heat transfer of backfill gas.   

In the current commercial design, the canister of the 

dry storage system is mainly backfilled with helium gas. 

Helium gas shows very conductive behavior due to high 

thermal conductivity and small density change with 

temperature [1]. However, other gases such as air, argon, 

or nitrogen are expected to show effective convective 

behavior. Thus these are also considered as candidates 

for the backfill gas to provide effective coolability [2]. 

In this study, to compare the dominant cooling 

mechanism and effectiveness of cooling between helium 

gas and air, a computational fluid dynamics (CFD) 

analysis for the canister of spent fuel dry storage system 

with backfill gas of helium and air is carried out. 

 

2. Dry Storage System for Interim Storage  

of the Spent Fuel 

 

Spent fuel keeps generating heat due to decay of 

fission fragments emitting β and γ particles. Radioactive 

materials concealed inside the cladding could be 

released to environment if no appropriate cooling is 

provided. Therefore, spent fuels should be cooled down 

in the interim storage system until decay heat is reduced 

to acceptable and manageable levels. 

There are two ways to safely store the spent fuels. 

One is by putting spent fuels in the water reservoir (wet 

storage) and the other is dry storage system. Wet storage 

system is very efficient way to cool down the decay heat. 

However limitations in storage space and cost bring 

necessity of adopting a dry storage system. Dry storage 

system is not very efficient compared to wet storage but 

minimal management including no need of electrical 

power is an attractiveness for interim storage of the 

spent fuels. 

 

2.1 Description of dry storage system 

 

There are various types of spent fuel dry storage 

system model. TN-24P cask, HI-STORM 100S, etc. are 

frequently studied in many countries [3, 4]. These dry 

storage system models are designed to contain 21 to 32 

fuel assemblies in one system. Typically, dry storage 

system consists of stainless steel canister and concrete 

cask. Figure 1 shows the conceptual design of the HI-

STORM 100S. Natural circulation of backfill gas occurs 

inside the canister and air gap between the canister and 

the cask. 

 

 
 

Fig. 1. Conceptual design of HI-STORM 100S [4] 

 

    Abovementioned type of dry storage system capable 

of containing 24 spent fuel assemblies is considered in 

Korea [5]. 

   

3. CFD Modeling 

 

In this study, a commercial CFD analysis tool, 

namely ANSYS FLUENT 16.2, was employed to 

simulate buoyancy-induced flow in the canister of dry 

storage system and to investigate dominant heat removal 

mechanism depending on its backfill gas. The maximum 

cladding surface temperature inside the fuel assembly 

and Reynolds number in each sub-channels are major 

interests in this stage. 
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However, modeling full scale of dry storage system is 

too expensive to simulate. Thus down-scaling was 

performed. Height was down-scaled by ratio of 1/2 and 

only one quarter of a 16×16 fuel assembly was 

considered. Flow area was adjusted by scaling law for 

single phase natural circulation system [6].  

 

3.1 Modeling of the canister  

 

Figure 2 shows a schematic of the side and the cross-

sectional view of modeled geometry, 1/2 height down-

scaled canister with 8×8 partial fuel assembly with 

dimensions. For simplicity, the canister was modified to 

square shape and only a quarter of 8×8 assembly was 

modeled assuming symmetry. By the scaling law [6], 

inner edge length of the canister was determined to 80 

mm. Thickness of the canister was conserved. Free air 

space was modeled to apply convective boundary 

condition at the outer wall of the canister. 

 

 
 

Fig. 2. Schematic diagram (a) side view, (b) cross-sectional 

view of modeled geometry 

 

3.2 Grid generation 

 

 
 
Fig. 3. Generated grids for (a) free air space, (b) canister, (c) 

fluid region 

 

The modeled section was meshed using ANSYS 

Mesh program as shown in Figure 3. To reduce the 

number of high skewed cells generated near the narrow 

gap between the fuel rods, smaller cell size was utilized. 

The grid system generated contains about 15,000,000 

nodes. 
 

3.3 Solver settings 

 

   After the grid generation step, the generated mesh data 

was imported to FLUENT 16.2. Table I shows 

information about FLUENT 16.2 solver settings used 

for the simulation. All explored simulations were 

calculated under steady and gravitational condition.  

 
Table I. FLUENT solver settings 

 

Viscous model : 

Density model : 

Laminar 

Boussinesq  

 

 

Spatial 

Discretization 

Gradient : Least Squares 

Cell Based 

Pressure : Body force 

weighted 

Momentum : 1st order upwind 

Energy : 1st order upwind 

Pressure-velocity coupling : SIMPLE 

 

   Moreover, several initial and boundary conditions 

were considered. Zero velocity and gauge pressure 

condition was imposed at the inlet and outlet of the free 

air space to simulate free, unhindered state. A no-slip 

condition was applied to the fuel rods, guide tube, and 

walls of the canister. A symmetry condition was used at 

two side boundary surface. A coupled condition was 

used at fluid-solid interfaces. Walls of free air space 

were applied with adiabatic condition. Heat flux 

condition was used to simulate 6.23 W/rod, which 

corresponds to 45 MWd/KgU burned-up fuel. 

 

4. Results and Discussion 

 

ANSYS FLUENT enables us to investigate the flow 

motion of the fluid in the canister by solving the 

governing equations numerically. All the explored 

simulations continued until continuity and momentum 

residuals converged below 1×10-3 and that of energy 

below 1×10-7.  

  

4.1 Helium backfilled canister 

 

   Helium gas is most common backfill gas for the dry 

storage system because of its relatively high thermal 

conductivity. However, little difference in density with 

temperature makes helium gas show conductive 

behavior meaning little natural circulation flow. Figures 

4 and 5 show the obtained z-vector velocity distribution 

in the symmetry plane and axial Reynolds number 

distribution along FD and FR direction shown in Fig. 2.  
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Fig. 4. Z-vector velocity distribution in the (a) symmetry 

plane, (b) cross-section at interface of heated and plenum 

region 

 

 
 

Fig. 5. Axial Reynolds number distribution along FD, FR 

direction 

 

   As shown, natural circulation phenomenon is 

observed inside the canister. However, weak circulation 

is observed as Reynolds number range is only about 

2~12. Thus the most of heat is removed by conduction.   

   Figure 6 shows the temperature contour of cladding 

surface with maximum value of 447.2 K and at the 

interface of heated and plenum region. 

 

 
 

Fig. 6. Temperature distribution at the (a) cladding surface, 

(b) cross-section at the interface of heated and plenum region 

 

4.2 Air backfilled canister 

 

   Unlike helium gas, air shows relatively large density 

difference with temperature change. Thus, effective 

natural convection flow is expected. Figures 7 and 8 

show the z-vector velocity and axial Reynolds number, 

respectively for air. 

 

 

 
 

Fig. 7. Z-vector velocity distribution in the (a) symmetry 

plane, (b) cross-section at interface of heated and plenum 

region 
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Fig. 8. Axial Reynold number distribution along FD, FR   

 

   The stronger natural convection compared to the case 

of helium is observed inside the sub-channels while 

flow outside the canister is slower than that of helium. 

This indicates that less heat is transferred to outer wall 

of the canister and heat is removed more dominantly by 

convection. Also Reynolds number ranges 25~240, 

which is much higher than that of helium. 

 Figure 9 shows the temperature contour of cladding 

surface with maximum value of 444.31 K and at the 

interface of heated and plenum region. 

 

 
 

Fig. 9. Temperature distribution at the (a) cladding surface, 

(b) cross-section at the interface of heated and plenum region 

 

   Temperature is uniformly distributed inside the 

assembly unlike in the case of helium which shows 

temperature gradient. Also, maximum temperature is 

located in the plenum region while that of helium is 

located near the interface of heated region. These 

observations indicate that in the case of air, heat mixing 

inside the assembly occurs actively due to convection 

dominant flow.  

 

5. Concluding Remarks 

 

   In this study, CFD simulations for the helium and air 

backfilled gas for dry storage system canister were 

carried out using ANSYS FLUENT code. For the 

comparison work, two backfilled fluids were modeled 

with same initial and boundary conditions. The 

observed major difference can be summarized as 

follows. 

￭ The simulation results showed the difference in 

dominant heat removal mechanism. Conduction for 

helium, and convection for air considering Reynold 

number distribution. 

￭ The temperature gradient inside the fuel assembly 

showed that in case of air, more effective heat mixing 

occurred compared to helium. 

￭ There was no large difference in the maximum 

cladding temperature. However, if simulation was 

carried out with full assembly scale, the difference is 

expected to be larger.  

For more improved comparison work, an additional 

simulation is planned including different backfill gases 

such as argon and nitrogen. Furthermore, using this 

analysis, natural circulation experiments will be 

conducted to find structural effect on heat mixing and 

pressure drop along the sub-channels. 
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