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Abstract 

Heat-generating radiological material packages, such as the 9975 package and other 

packages, are stored in facilities managed by the National Nuclear Security Administration 

(NNSA). These packages must be stored in a ventilated facility to prevent the packages, 

internal components, and outer surfaces from reaching prescribed limits.  The objective of 

this work is to conduct steady-state computational fluid dynamics (CFD) simulations of a 

potential ventilated radiological-material-package staging facility to assess the surface 

temperatures of the packages using two CFD codes: ANSYS/Fluent finite volume and 

COMSOL finite element codes. The simulated facility contains 640 heat-generating 9975 

packages, arranged in four rows and eight levels, equipped with a ventilation system and 

lighting. The outer walls of the facility are assumed to be completely insulated.  The 

packages are modeled as Celotex insulation, each of them generating 19 W of heat.  Due 

to the computational demands of COMSOL, the simulations excluded the modeling of 

natural convection and the shelving structure supporting the packages in both ANSYS and 

COMSOL simulations.  For both CFD codes, three numerical meshes are generated and 

mesh sensitivities are conducted to determine the optimal meshes.  The package maximum 

temperatures obtained using the optimal mesh for each code are compared and the 

differences are analyzed. The results show that the temperatures and flows in the staging 

facility vary depending on the CFD code used. ANSYS/Fluent predicts maximum package 

surface temperatures that are on average 5°C higher than COMSOL. Also, ANSYS/Fluent 

predicts the location of the hottest package to be near the back of the facility, while 

COMSOL predicts it toward the front. Additional simulations using both codes, isolating 
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conduction, convection, and radiation heat transfers have been conducted. The results 

showed that the two codes predict the same package surface temperatures when only 

conduction heat transfer is considered. However, discrepancies emerged when convection 

and radiation were included. 
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1. Introduction 

Heat-generating radiological materials are stored in a variety of packages, like the 

9975-package, by the Department of Energy (DOE).  The 9975-package is a Type B, drum-

shaped package that offers secure and legally compliant packaging for shipments of solid 

fissile and other radiological materials.  It consists of a dual containment vessel made from 

304L stainless steel, sealed with thick stainless-steel plugs and fluorocarbon elastomer O-

rings. These vessels are encased in a lead shield and Celotex insulations, all placed within 

a stainless-steel drum [1]. The 9975 package was engineered to withstand thermal and 

structural loads for Normal Conditions of Transport (NCT) and Hypothetical Accident 

Conditions (HAC) to prevent the release of radiological materials into the environment and 

protect workers from harmful radiological effects. [1, 2]. The specific performance 

requirements for these packages are to (a) withstand structural loads under NCT and HAC, 

(b) maintain double containment under both NCT and HAC, (c) protect the containment 

vessels and lead shielding body from excessive heat in a regulatory fire event, and (d) 

provide impact protection in regulatory drop and puncture events to prevent mechanical 

damage to the containment vessels [2]. The regulatory requirements for all radiological 

packages that are designed and maintained for transport per the Code of Federal 

Regulations are to maintain accessible surfaces (outer surfaces) of packages below a 

temperature of 50°C in a “nonexclusive use” shipment, or 85°C in an “exclusive use” 

shipment [2]. “Exclusive use” means a single shipper transports the material and all initial, 

intermediate, and final loading and unloading are carried out in accordance with the 

direction of the shipper or receiver. 
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The 9975 package and other packages are stored in facilities managed by the National 

Nuclear Security Administration (NNSA). The NNSA has a broad mandate to safely store, 

ship, and dispose of radiological materials [3]. In order for these materials to remain in safe 

conditions, they must be placed in an environmentally controlled storage facility equipped 

with radiation and thermal monitoring [4]. The storage configuration must be accessible to 

meet programmatic needs and provide adequate cooling through forced convection, 

keeping package components, including outer surfaces, below prescribed temperature 

limits [1].  NNSA facilities typically store these packages on the floor. However, there is a 

growing interest in developing new types of staging facilities that can increase capacity, 

safety, and practicality [5].  The NNSA is currently exploring the use of steel racks for 

package storage. This new arrangement aims to facilitate easier retrieval of packages, 

reduce their temperature, and enhance worker safety [5]. 

Computational Fluid Dynamics (CFD) are used in food, building, and other industries 

to predict the performance of Heating, Ventilation, and Air Conditioning (HVAC) systems 

in maintaining facilities within prescribed temperature margins [6,7]. However, few works 

have considered the investigation of HVAC systems within the context of a staging facility 

for radiological packages. The only notable works that have been performed for a staging 

facility with radiological material packages are with heated boxes placed on racks [8, 9]. 

In these studies, a computational model for a radiological material staging building was 

created with adiabatic walls, heat-generating lights, and a large-scale rack system. For 

simplification, four packages were modeled as a single rectangular box-package generating 

heat equivalent to four 9975-type packages (4×19W). The facility included an HVAC 

system that provided cooling air into and out of the facility. A comparison was made 
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between two numerical solvers, Star CCM+ and ANSYS Fluent, and it was determined 

that both models were able to predict a similar location of the hottest box in the facility. 

Also, the models predicted the average surface temperature of the boxes within ±1°C. A 

complete comparison between the two solvers was unable to be performed due to the 

unknown conditions of the models created in STAR CCM+.  Furthermore, there are 

currently no experimental works in the open literature for radiological material staging 

facilities that can be used to validate the numerical models. 

The objective of the present study is to conduct three-dimensional (3D) CFD 

simulations of a hypothetical ventilated radiological-material-package staging facility to 

determine the surface temperatures of the packages using ANSYS/Fluent and COMSOL 

codes. The simulated staging facility contains 640 9975-type packages arranged in four 

rows, eight levels, and five bays. The air supply and return ducts, as well as the lighting 

system, are included in the model. Each of the packages generated 19 W of heat and is 

modeled as Celotex insulation (the internal components of the packages are not modeled). 

This study aims to assess the difference between ANSYS/Fluent, based on the finite 

volume method (FVM), and COMSOL, based on the finite element method, in predicting 

the package surface temperatures. 

2. Model Development  

Figure 1 shows a 3D isometric view of a hypothetical staging facility model constructed 

in SolidWorks. The facility has a rectangular shape with two indentations running the 

length of the long walls. This facility can store up to 640 packages in four rows.  Each row 

contains five bays, each bay contains eight levels, and on each level, there are 4 packages. 
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The rows are numbered from 1 to 4, starting from the lowest point and going towards the 

highest point on the x-axis. The bays are numbered from 1 to 5, corresponding to the order 

of the y-axis values. The levels are numbered from 1 to 8, ranging from the bottom to the 

top. The figure also illustrates the package position numbering system, wherein each 

package is assigned a unique identifier based on its placement in terms of rows, bays, 

levels, and position, denoted as {Row, Bay, Level, Position}. For instance, the package 

nearest to the reference frame (located in the front left side corner, See Fig. 1) is represented 

as {1111}, signifying its location in row 1, bay 1, level 1, and position 1. Conversely, the 

package farthest from the reference frame is identified as {4584}, reflecting its placement 

in row 4, bay 5, level 8, and position 4. For simplicity, and based on prior research from 

the author's group, the steel shelving supporting the packages is not included in the model. 

The previous study [9] indicated that excluding shelving resulted in a negligible package 

temperature deviation (within 0.6°C) compared to simulations with shelving. Furthermore, 

the current resources available to the researchers are insufficient to incorporate the shelving 

in the COMSOL model (as it requires far more resources than ANSYS), necessitating the 

packages to be modeled as if floating. 
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Figure 1: Three-dimensional model of a hypothetical staging facility for radiological 

packages. 

Figure 1 also shows that near the ceiling of the facility, there are 8 lights, modeled as a 

half sphere (air with solid walls) topped with an aluminum cylinder, and supply and return 

ducts for the HVAC system. The supply duct compromises three plenums, directing airflow 

over a diffuser designed to expand the airflow toward the ceiling. 

Figure 2 illustrates the dimensions of the proposed staging facility, which measures 

18.44 m (60.5 ft) in length, 9.14 m (30 ft) in width, and 8.99 m (29.5 ft) in height. The two 

indentations along the length of the longer walls are at a height of 5.64 m from the ground, 

each measuring 0.71 m in width and 0.76 m in height. Each of the 640 packages measures 

0.5334 m (21 in.) in diameter and 0.9144 m (36 in.) in length. Spatial arrangements within 
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the facility include a 0.20 m gap between the central rows, 1.88 m between the central rows 

and the side rows, and 0.76 m between the side rows and the facility side walls. The center-

to-center distance between adjacent packages in different bays is 1.07 m, while that 

distance within the same bay is 0.70 m. Vertically, superposed packages are spaced by a 

0.26 m gap, and the lowest package level is 0.26 m elevated from the floor. The distance 

from the door wall to the center of the first package along the x-direction is 3.20 m, and the 

distance from the back wall to the nearest package center in the same direction is 0.44 m. 

 

(a)                                                                                   (b) 

Figure 2: Schematic of the modeled staging facility with dimensions in meters. (a) xz 

plane view and (b) yz plane view. 

3. Mesh Refinement 

For each of the CFD codes considered, three computational meshes were generated and 

a mesh sensitivity analysis was performed to determine the optimal mesh. Details of the 

generated meshes and their respective qualities are discussed in this section, while the 

results of the mesh sensitivity analyses are presented in the Result Section.  
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3.1. COMSOL Meshes 

Figure 3 shows the three tetrahedral element meshes generated in COMSOL for the 

purpose of conducting a mesh sensitivity analysis. These meshes are named according to 

the number of elements they contain, i.e., 2.8 million (𝐶3𝑀), 5.1 million (𝐶5𝑀), and 10.0 

million (𝐶10𝑀), with the letter C denotes COMSOL. Each mesh incorporates five inflation 

layers at the air-solid interfaces to better represent the flow and thermal boundary layers. 

It can be seen that as the mesh element count increases, a more precise representation of 

the cylindrical package geometry is obtained, suggesting a more accurate volume 

approximation with the finest mesh (𝐶10𝑀). 

 

Figure 3:  Meshes generated for the COMSOL model. The top images show the mesh 

elements on the packages’ outer surfaces and the lower images show the mesh elements 

in the yz-plane passing through the center of packages for (a) 2.8 M, (b) 5.1 M and (c) 10 

M element meshes. 

Table 1 shows the number of fluid elements (NF), solid elements (Ns), and total 

elements (NT) for each of the three COMSL meshes. Solid elements constitute 
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approximately 9% to 13% of the total, with the remainder being fluid elements. The quality 

of the mesh elements assessed in terms of average skewness and orthogonal quality is also 

provided in Table 1.  These metrics indicate the quality of the average element in the 

meshes. Maintaining high orthogonality and a low skewness of the mesh elements is 

imperative for grid quality, contributing to the accuracy and stability of the numerical 

solution in CFD simulations. For all three meshes, the average skewness is approximately 

0.62, significantly below one, and the average orthogonal quality is 0.75, significantly 

above zero. The general rule of thumb is that the skewness should be less than 0.85 and the 

minimum orthogonal quality should be more than 0.1 to avoid instability in the simulations. 

Table 1: Number of solid and fluid elements and quality for the COMSOL meshes. 

 𝑪𝟑𝑴 𝑪𝟓𝑴 𝑪𝟏𝟎𝑴 

NF 2,510,679 4,524,949 8,678,712 

NS 257,805 562,764 1,271,260 

NT 2,768,484 5,087,713 9,949,972 

Average Skewness 0.60 0.62 0.64 

Average 

 Orthogonality 
0.75 0.75 0.75 

 

3.2. ANSYS Meshes 

Figure 4 illustrates the polyhedral cell meshes generated in ANSYS, named 𝐴15𝑀, 

𝐴22𝑀, and 𝐴34𝑀, compromising approximately 14.6 million, 21.6 million, and 33.6 million 

cells, respectively. The prefix “A” letter denotes ANSYS. Initially, tetrahedral cells were 

generated and subsequently converted into polyhedral cells to lower the cell count and 

enhance the mesh quality. One may notice that the coarsest ANSYS mesh, 𝐴15𝑀, has a 
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higher cell count than the finest COMSOL, with 10 million elements. This difference arises 

from ANSYS's utilization of the FVM which inherently requires a larger number of mesh 

cells. FVM uses a control volume approach to discretize the domain, where the 

conservation equations are solved at the center of the cells (control volumes). 

 

Figure 4: Meshes generated for the ANSYS model. The top images show the mesh 

elements on the packages outer surfaces and the lower images show the mesh elements in 

the yz-plane passing through the center of packages for (a) 14.6 M, (b) 21.6 M and (c) 

33.7 M element meshes. 

Table 2 provides the number of cells (NF, NS, NT) for each ANSYS mesh. The solid 

cells represent 24% to 34% of the total, which is a higher ratio compared to the COMSOL 

meshes. For all three ANSYS meshes, the average skewness is in the range of 0.068 to 

0.074, below the threshold of 0.85, and the average orthogonal quality ranges from 0.922 

to 0.929, above the recommended minimum of 0.10. These metrics indicate high-quality 

meshes, likely to yield stable and accurate simulation results.  
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Table 2: Number of solid and fluid elements and quality for the ANSYS meshes. 

 𝑨𝟏𝟓𝑴 𝑨𝟐𝟐𝑴 𝑨𝟑𝟒𝑴 

NS 3,568,445 6,281,625 11,407,678 

NF 11,065,853 15,348,120 22,319,434 

NT 14,634,298 21,629,745 33,727,112 

Average Skewness 0.074 0.072 0.068 

Average Orthogonality 0.922 0.925 0.929 

 

4. Boundary Conditions and Numerical Approaches 

Steady-state simulations that include conduction, radiation, and forced convection heat 

transfer, are conducted in both COMSOL and ANSYS/Fluent. Natural convection was not 

modeled because it requires considerable computational resources, particularly in 

COMSOL, beyond the available resources. For radiation heat transfer, the surface-to-

surface (S2S) model in COMSOL and the Discrete Ordinate (DO) model in ANSYS/Fluent 

were utilized.  A separate study (not presented here) comparing the S2S model with the 

DO model in ANSYS/Fluent indicated negligible differences. The k-ε turbulence model 

was employed to account for flow turbulence in the facility with automatic wall treatment 

used in COMSOL and the Standard Wall Function in ANSYS/Fluent. 

4.1. Boundary Conditions 

The facility’s 640 packages generate 19 W of heat each and are modeled as Celotex 

insulation [1], neglecting their internal components.  Additionally, the eight facility lights 

generate 100W of heat each, totaling 12,960 W of heat generation within the facility. The 

HVAC system supplies 0.78906 kg/s of air at a temperature of 17.78°C (64°F) through 

three diffusers and allows air to freely return through one return duct. The outer surfaces 
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of the packages radiate to the surrounding with an emissivity of 0.21 and the outer walls of 

the facility are assumed to be adiabatic (insulated) with an internal emissivity value of 1. 

Constant thermal properties are used for both the fluid and solid regions. The facility’s 

internal pressure is set initially at 1 atm, with a zero-gauge pressure maintained at the outlet.  

4.2. Numerical Approaches 

COMSOL and ANSYS/Fluent codes employ different numerical approaches, FEM and 

FVM, to solve the nonlinear partial differential equations (PDEs) of continuity, 

momentum, and energy conservation, respectively. Both methods use numerical 

approximations to solve the PDEs, however, they differ in their modeling approaches. To 

discretize the flow domain, FEM subdivides it into a finite number of small, interconnected 

elements. The connections between the elements are called nodes. The weak form of the 

governing equations is then applied to the discretized domain. This involves multiplying 

the equations by test functions and integrating over the entire domain, transforming the 

PDEs into integral equations. Compared to the equation's original strong form, this weak 

form features derivatives that are simpler and of lower order, suitable for numerical 

solution [11]. 

The FVM approach on the other hand is more intuitive for fluid and thermal 

applications. In FVM, the domain is divided into small control volumes (cells), and the 

conservation equations are integrated over the volume of each cell. By assuming that the 

flux varies linearly at the entry and exit of the cells, the fluxes at the cell boundaries (faces) 

are approximated, transforming the integral equations into a set of algebraic equations. 

These equations are interconnected, with the flux exiting one cell becoming the influx for 
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the adjacent cell. Solving these equations simultaneously, typically using matrix 

techniques, yields the flow and thermal fields throughout the domain [12]. 

Both FEM and FVM have distinct strengths and limitations in modeling flow and heat 

transfer problems. In general, FEM is advantageous for its flexibility in handling complex 

geometries and boundary conditions, offering high accuracy in targeted regions. However, 

this method is computationally intensive. On the other hand, FVM better conserves 

fundamental quantities like mass, momentum, and energy, making it ideal for fluid flow 

and heat transfer simulations. It is intuitive and straightforward, performing well even with 

coarser meshes, but faces challenges with complex geometries and may not achieve the 

localized accuracy of FEM. The choice between these methodologies typically depends on 

the specific requirements of the CFD problem, including the complexity of the geometry, 

the nature of the flow, and the computational resources available. 

5. Results 

In this section, the results of the mesh sensitivity analysis for each of the COMSOL 

and ANSYS/Fluent codes are first presented to determine the optimal meshes and the mesh 

independence. Then, a comparison between the results from the two codes is discussed. 

5.1. COMSOL Mesh Sensitivity Analysis 

Figure 5 and Table 3 present the results of the mesh sensitivity analysis for the three 

COMSOL meshes. Figure 5 shows the maximum package surface temperature differences, 

∆𝑇𝑚𝑎𝑥, and the average outlet temperature difference, ∆𝑇𝑜𝑢𝑡, as a function of the number 

of iterations. ∆𝑇𝑚𝑎𝑥 is defined as the maximum package surface temperature minus the 
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inlet temperature, 𝑇𝑖𝑛, and ∆𝑇𝑜𝑢𝑡 is defined as the average outlet temperature minus 𝑇𝑖𝑛. 

The energy balance outlet temperature difference, ∆𝑇𝑜𝑢𝑡,𝐸𝐵, calculated as 

∆𝑇𝑜𝑢𝑡,𝐸𝐵 =
 𝑄̇𝑡𝑜𝑡𝑎𝑙  

𝑚̇𝑜𝑢𝑡𝑐𝑝
, (1) 

where 𝑄̇𝑡𝑜𝑡𝑎𝑙 is the total heat generation rate and 𝑐𝑝 is the specific heat of air at constant 

pressure, is shown as a solid horizontal line. This figure shows that both temperature 

differences reach constant values at around 300 iterations. The average outlet temperature 

difference ∆𝑇𝑜𝑢𝑡 obtained from the different meshes is nearly the same and converges to 

the energy balance outlet value ∆𝑇𝑜𝑢𝑡,𝐸𝐵. This means that energy is accurately conserved 

in all meshes. The obtained maximum temperature differences, ∆𝑇𝑚𝑎𝑥, is higher for the 

coarse mesh, 𝐶3𝑀, compared to the other two meshes, which exhibit nearly the same values. 

The steady-state values of the temperature differences are listed in Table 3. 

Table 3 also shows the steady state values of the pressure difference between the inlet 

and outlet of the facility, Δ𝑃, and the outlet mass flow rate, 𝑚̇out, in addition to ∆𝑇𝑚𝑎𝑥, 

∆𝑇𝑜𝑢𝑡, ∆𝑇𝑜𝑢𝑡,𝐸𝐵, and ∆𝑇𝑎𝑣𝑔, which is defined as the packages’ average surface temperature 

minus 𝑇𝑖𝑛. These values were averaged over the last 100 iterations. Both the pressure 

difference and outlet mass flow rates predicted by the three meshes are the same. The outlet 

mass flow rate is identical to the inlet prescribed value, which means that the mass within 

the system is conserved.  ∆𝑇𝑎𝑣𝑔 for the coarse and fine mesh are similar but smaller than 

the coarse mesh. 

The total number of iterations to achieve the required energy and flow residuals of      

10-6 and the computational time are shown in Table 3 for each mesh. A workstation with 

64 cores and 512 GB of RAM was used for the simulations. The total number of iterations 
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is the sum of the iterations required for the flow and thermal simulations, as COMSOL was 

run in segregated mode to reduce the computational resources. The total number of 

iterations for all the meshes is nearly the same. Considering the small difference in the total 

number of iterations, one may notice that the total computational time increases almost 

linearly with the number of mesh elements. 

 
Figure 5: Temperature differences ∆𝑇𝑚𝑎𝑥, ∆𝑇𝑜𝑢𝑡, and ∆𝑇𝑜𝑢𝑡,𝐸𝐵 as function of iterations 

for the COMSOL meshes. 

Table 3: COMSOL steady state simulation results for all meshes. 

Mesh  
∆𝑃 

[Pa] 

𝑚̇ 

[kg/s] 

∆𝑇𝑜𝑢𝑡 

[°C] 

∆𝑇𝑜𝑢𝑡, 𝐸𝐵 

[°C] 

∆𝑇𝑚𝑎𝑥 

[°C] 

∆𝑇𝑎𝑣𝑔 

[°C] 

N° of 

Iterations 

Computational 

time  

𝐶3𝑀 50.0 0.7891 16.40 

16.32 

36.11 25.04 754 17 hrs 42 min 

𝐶5𝑀 50.0 0.7891 16.37 33.98 23.74 721 30 hrs 21 min 

𝐶10𝑀 50.0 0.7891 16.39 34.08 23.71 820 66 hrs 16 min 
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Figures 6a and 6b present a package-to-package maximum surface temperature 

comparison between the COMSOL meshes. Figure 6a compares the coarse 𝐶3𝑀 mesh to 

fine 𝐶10𝑀 mesh, and Fig. 6b compares the medium 𝐶5𝑀 mesh to the fine 𝐶10𝑀 mesh. The 

diagonal solid line represents the case where the lower element count meshes reproduce 

the data of the fine mesh perfectly. The dashed line represents the linear fit line of the data 

with its equation shown in the figures. The two dashed-dotted lines are the 95% standard 

error of the estimate, 𝑆95%, of the data calculated as 

𝑆95% = 2√∑(𝑇𝑚𝑎𝑥,𝑌 − [𝑎𝑇𝑚𝑎𝑥,𝑋 + 𝑏])
2

𝑛 − 2
, (2) 

where 𝑇𝑚𝑎𝑥,𝑌 and 𝑇𝑚𝑎𝑥,𝑋  are the maximum package surface temperatures for the y-axis 

and x-axis meshes, respectively.  Each mesh package location is plotted against the 

corresponding package location in the other mesh. This enables the assessment of the 

variance between two meshes.  

Figure 6a shows that the coarse 𝐶3𝑀 mesh systematically overpredicts the maximum 

surface package temperatures compared to the fine 𝐶10𝑀 mesh in almost all packages. 

However, the medium 𝐶5𝑀 mesh predicts the same maximum temperature as the fine 𝐶10𝑀 

mesh, within a 95% confidence interval of ± 2.27°C, See Fig. 6b. The spread of the 

temperature data may be due to different flow patterns within the facility for the different 

meshes. However, its effect on the results is not very significant, especially for the medium  

𝐶5𝑀 mesh. This result and those presented in Fig. 5 and Table 3 show that the coarse mesh 

𝐶5𝑀 is enough resolved to predict the same results as the fine mesh. This mesh will be used 

for subsequent comparisons with ANSYS/Fluent. 
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Figure 6: Package-to-package maximum surface temperature comparison between 

meshes. a) 𝑪𝟑𝑴 vs. 𝑪𝟏𝟎𝑴  b) 𝑪𝟓𝑴 vs. 𝑪𝟏𝟎𝑴. 
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5.2. ANSYS Mesh Sensitivity Results  

Figure 7 and Table 4 display the results of the mesh sensitivity for ANSYS/Fluent. 

Similar to Fig. 5, Fig. 7 shows the temperature differences ∆𝑇𝑚𝑎𝑥, ∆𝑇𝑜𝑢𝑡, and ∆𝑇𝑜𝑢𝑡,𝐸𝐵 as 

a function of iterations for the three ANSYS meshes 𝐴15𝑀, 𝐴22𝑀 and 𝐴34𝑀. All the three 

ANSYS meshes display an oscillatory behavior in the temperature differences. However, 

these oscillations are smaller for the average outlet temperature difference ∆𝑇𝑜𝑢𝑡 compared 

to the maximum package surface temperature difference, ∆𝑇𝑚𝑎𝑥. Comparing ∆𝑇𝑜𝑢𝑡 with 

∆𝑇𝑜𝑢𝑡,𝐸𝐵, one can deduce that all three meshes accurately conserve energy. The oscillations 

of the maximum and average temperature differences for the coarse 𝐴15𝑀 are lower than 

the coarse 𝐴22𝑀 and fine 𝐴34𝑀 meshes. After about 3000 iterations, a nearly repeating 

pattern is observed for all the temperature differences. By averaging the results over the 

last 2000 iterations, one can notice that the steady state values of ∆𝑇𝑚𝑎𝑥 obtained for the 

medium and fine meshes are nearly the same, while the values for the coarse mesh are 

lower. The values of the steady-state temperature differences are presented in Table 4. 

Table 4 also shows the pressure difference and the outlet mass flow rates for the three 

ANSYS meshes. The outlet mass flow rate remains consistent across all meshes, aligning 

with the specified inlet mass flow rate. However, the pressure difference between the inlet 

and outlet is similar for the two coarser meshes, but approximately 1.75 Pa higher for the 

finest mesh. This discrepancy is not well understood. 

The computational time required to run the ANSYS meshes for 5000 iterations is 

shown in Table 4. The same workstation used in COMSOL simulations is used for ANSYS 

simulations. The results show that the computational time increases almost linearly with 

the number of mesh elements. 
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Figure 7: Temperature differences ∆𝑇𝑚𝑎𝑥, ∆𝑇𝑜𝑢𝑡, and ∆𝑇𝑜𝑢𝑡,𝐸𝐵 as function of iterations 

for the ANSYS/Fluent meshes. 

Table 4: ANSYS steady state simulation results for all meshes. 

Mesh  
∆𝑃 

[Pa] 

𝑚̇ 

[kg/s] 

∆𝑇𝑜𝑢𝑡 

[°C] 

∆𝑇𝑜𝑢𝑡, 𝐸𝐵 

[°C] 

∆𝑇𝑚𝑎𝑥 

[°C] 

∆𝑇𝑎𝑣𝑔 

[°C] 

N° of 

Iterations 

Computational 

time  

𝐴15𝑀 45.1 0.7891 16.29 

16.32 
 

36.09 26.18 5000 54 hrs 29 min 

𝐴22𝑀 45.4 0.7891 16.42 37.92 26.84 5000 131 hrs 17 min 

𝐴34𝑀 47.0 0.7891 16.42 36.72 27.14 5000 170 hrs 53 min 

Figures 8a and 8b show package-to-package maximum surface temperature 

comparison between the 𝐴15𝑀 and 𝐴34𝑀 meshes, and 𝐴22𝑀 and 𝐴34𝑀 meshes, respectively. 

The solid, dashed, and dashed-dotted lines are the same lines defined in Figure 6. Most of 

the package maximum surface temperatures predicted by the coarse 𝐴15𝑀 mesh are lower 
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Tmax,A15M  = 0.91 Tmax,A34M + 3.39 °C
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Figure 8: Package-to-package maximum surface temperature comparison between 

meshes. a) 𝐴15𝑀 vs 𝐴34𝑀 b) 𝐴22𝑀 vs 𝐴34𝑀. 
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than fine 𝐴34𝑀 mesh.  However, the values predicted by the medium 𝐴22𝑀 mesh are closer 

to the fine mesh, with a 95% confidence interval of 3.11°C. The small difference between 

the 𝐴22𝑀 and 𝐴34𝑀 mesh suggests that the medium mesh has a sufficient resolution to 

capture the flow and thermal behaviors within the storage facility. This mesh will be used 

for all subsequent comparisons with COMSOL. 

5.3.Comparison and Discussions 

The medium meshes of COMSOL (𝐶5𝑀) and ANSYS (𝐴22𝑀) are used to conduct the 

comparison between the two codes as they demonstrated mesh independence. Tables 3 and 

4 show that the two models predict pressure differences within 5 Pa of each other, with 

COMSOL predicting the highest value. However, both models accurately conserve mass 

and energy, as shown in Sections 5.1 and 5.2. This table also shows that ANSYS predicts 

higher temperature difference ∆𝑇𝑚𝑎𝑥 and ∆𝑇𝑎𝑣𝑔 by about 3°C to 4°C.  

Figures 9a and 9b display a full isometric view of the temperature contours of the 

package surfaces for the COMSOL and ANSYS models, respectively. Both contours 

exhibit low temperatures at the packages close to the ceiling and higher temperatures at 

lower levels. The location of the coolest packages at the upper level is toward the back of 

the facility (high y-coordinate) in the COMSOL model and toward the front of the facility 

(low y-coordinate) in the ANSYS model. However, the location of the hottest packages in 

lower levels is toward the front of the facility in the COMSOL model and the back of the 

facility in the ANSYS model. This opposite behavior is due to the inverse flow direction 

in the COMSOL and ANSYS models. 
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Figure 9: Isometric package surface temperature contours for a) COMSOL model and b) 

ANSYS model. 
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Figures 10a and 10b display the temperature contours with airflow velocity vectors in 

the midplane between Rows 2 and 3 (at x = 4.572 m) for the COMSOL and ANSYS 

models, respectively. The velocity vectors shown are the tangential components of the air 

velocity in that plane.  

 

  
 

Figure 10:  Air temperature and velocity vectors midway between Rows 2 and 3 at plane 

x =4.572 m for a) COMSOL model 𝐶5𝑀 and b) ANSYS model 𝐴22𝑀. 

(a) 

(b) 
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Figure 10a shows that, for the COMSOL model, the airflow between the middle rows 

is predominately directed toward the front of the facility (negative y-direction) causing the 

packages in the back of the facility to be cooler than those in the front, where the highest 

temperatures occur. For the ANSYS model, Fig. 10b shows the opposite behavior, where 

the flow is mostly directed toward the back of the room (positive y-direction) causing the 

highest temperatures to concentrate in that region. Also, it can be noticed that the air near 

the front of the room (in the open region between the door and the first packages) is warmer 

in the COMSOL model than in the ANSYS model. This is again due to the opposite 

directions of the airflows. 

Figure 11 displays the package-to-package surface temperature comparison between 

the COMSOL and ANSYS models. Most of the data is above the diagonal solid line, 

representing the case where the ANSYS results perfectly reproduce the COSMOL data. 

This figure shows that, overall, the ANSYS model overpredicts the package maximum 

temperatures compared to COMSOL by as much as 13°C. On average, ANSYS predicts a 

hotter maximum package surface temperature by about 4.4°C higher than COSMOL. The 

maximum package surface temperatures obtained from the COMSOL and ANSYS models 

are 49.83°C and 54.4°C, respectively. The ANSYS value is about 5°C above the 

temperature limit of 50°C set by the 10 CFR 7.43(g) [2]. The location of the hottest package 

in COMSOL is 2231 (2nd Row, 2nd Bay, 3rd level, and 1st position), while this location in 

ANSYS is 3533 (3rd Row, 5th Bay, 3rd level, and 3rd position). This shows there is a 

significant discrepancy between the COMSOL and ANSYS models in predicting the 

location of the hottest package within the staging facility.    
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Figure 11: Package-to-package maximum surface temperature comparison between 

COMSOL and ANSYS models. 

To understand the source of the discrepancy in the temperature results and maximum 

package location between the two codes, simulations were conducted where one 

mechanism of heat transfer was neglected at a time. Since the previous simulations were 

conducted using adiabatic facility outer walls, neglecting forced convection heat transfer 

(by closing the inlet and outlet) would result in an infinite temperature. Therefore, for the 

subsequent verification simulations, a constant facility outer wall temperature of 17.78°C 

was used.  

Figure 12 shows the package-to-package maximum surface temperature comparison, 

between the COMSOL and ANSYS models for four different combinations of heat transfer 

mechanisms. Figure 12a shows three combinations a) all modes of heat transfer, b) 

conduction and radiation, and c) only radiation, while the “only conduction” case was 

plotted separately in Fig. 12b because of the large difference in scale. 
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Figure 12: Package-to-package maximum surface temperature comparison between 

COMSOL and ANSYS models for a) three combinations and b) one combination of heat 

transfer mechanisms. 
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The maximum package surface temperatures obtained for the case with “All Modes of 

Heat Transfer” shown in Fig. 12a are significantly lower than those obtained in Fig. 11 due 

to the constant outer wall temperature of 17.78°C used in those simulations. However, the 

overall trend is similar, where the ANSYS model predicts higher temperatures than the 

COSMOL model. Neglecting forced convection heat transfer (“conduction and radiation” 

case) causes the temperature of the packages to significantly increase. An opposite trend is 

observed in this case, where the ANSYS temperatures became lower than the COMSOL 

values. Also, the obtained maximum package temperature data lies within a narrow range 

with nearly a constant difference between the models. These results indicate the two 

models (COMSOL and ANSYS) simulate the flow within the facility differently. This 

difference could be caused by the use of different wall treatments in the k-ε turbulence 

model. The constant difference between the two models, when forced convection is 

neglected, means that there is a systematic difference between the two models in simulating 

radiation and conduction heat transfer. Two more simulations were conducted where only 

radiation (Fig. 12a) and only conduction (Fig. 12b) heat transfer were accounted for. The 

results obtained from the “only radiation” case are very similar to the “conduction and 

radiation” case, with very small differences. This suggests that the systematic difference 

between the two models is caused by the way each code solves for radiation heat transfer 

and that the contribution of conduction heat transfer is negligible. This result is further 

confirmed in Fig. 12b. This figure shows that when only conduction heat transfer is 

considered, the maximum temperature of the packages becomes very high, suggesting that 

the contribution of conduction heat transfer is negligible compared to the other mode of 
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heat transfer. This figure also shows that data lies closely on the diagonal solid line, 

indicating that the two codes model conduction heat transfer similarly.   

The above analysis showed that the two important mechanisms of heat transfer within 

the staging facility are forced convection and radiation heat transfer. However, the 

COMSOL and ANSYS codes solve both heat transfer mechanisms differently, which 

explains the significant difference between the models. It is hard to know the exact 

difference between the codes in modeling those heat transfer mechanisms because of the 

restricted access to their source codes. 

Conclusions 

The NNSA is interested in developing efficient and safe methods to stage radiological 

material that meets the requirements of 10 CFR 830 [4]. In this study, a hypothetical staging 

facility is designed to stage a high-density configuration of heat-generating radiological 

material packages.  Each of the 640 packages staged in this facility generates 19 W of heat. 

The facility has eight lights, generating a total of 800 W, and an HVAC system that supplies 

air through three diffusers at a temperature of 17.78°C.   CFD simulations were conducted 

to predict the maximum outer surface temperatures of the packages using COMSOL and 

ANSYS codes. The outer walls of the facility are assumed to be adiabatic. A mesh 

sensitivity analysis was conducted to determine the optimal mesh for each code. The results 

of the comparison between the two codes showed a significant discrepancy in the 

maximum package surface temperatures.  Specifically, ANSYS predicts higher package 

temperatures than COMSOL by as much as 13°C in a few locations. On average, ANSYS 

predicts the maximum package surface temperatures to be about 5°C higher than 
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COMSOL. Furthermore, the locations of the highest package temperatures predicted by 

the two codes are different, where ANSYS predicts them toward the back of the facility, 

while COMSOL predicts them toward the front. Additional simulations were conducted in 

both ANSYS and COMSOL to understand the source of the discrepancy between the 

codes. These simulations were conducted by neglecting the three mechanisms of heat 

transfer (conduction, forced convection, and radiation) one at a time. These simulations 

revealed that both codes model conduction heat transfer similarly but differ greatly in 

modeling radiation and forced convection heat transfers. Additionally, the results showed 

that radiation and forced convection are the most important heat transfer mechanisms in 

the facility and that the contribution of conduction heat transfer is negligible. While this 

work provides insights into the difference between ANSYS and COMSOL in modeling 

flow and heat transfer in a complex geometry, it does not ascertain which code is accurate. 

Experimental data are needed to validate the results from the CFD simulations. 
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Appendix A 

 

Figure A1: Individual Maximum Package Temperatures for COMSOL (𝐶5𝑀) and 

ANSYS (𝐴22𝑀) models in Row 1. 

 

Figure A2: Individual Maximum Package Temperatures for COMSOL (𝐶5𝑀) and 

ANSYS (𝐴22𝑀) models in Row 2. 
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Figure A3: Individual Maximum Package Temperatures for COMSOL (𝐶5𝑀) and 

ANSYS (𝐴22𝑀) models in Row 3. 

 

 

Figure A4: Individual Maximum Package Temperatures for COMSOL (𝐶5𝑀) and 

ANSYS (𝐴22𝑀) models in Row 4. 
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A5: Location of Coldest and Hottest Package Temperatures in 𝐶5𝑀 and 𝐴22𝑀 


