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ABSTRACT 

This paper presents the development of a strategy using ABAQUS code and python 

scripting for the efficient use of high-resolution computational fluid dynamics (CFD) results 

data in thermo-mechanical analyses of structural components. The potential use of the strategy 

resides in inter-disciplinary applications with long transient simulations, such as fatigue 

assessments, or big structural models where high computational resources are required. The 

strategy allows the use of arbitrary meshes in structural analyses with the aim to perform mesh 

sensitivity analyses and diminish the computational resources while keeping the required 

accuracy of the results. The expected benefits of the strategy are demonstrated in the paper 

using time-dependent temperature fields from a CFD simulation of turbulently mixing fluids in 

a T-junction performed within the ATLAS+ project. The complex stress-state of the T-junction 

is also discussed using separately pressure and mean temperature loads in the analyses. 

1 INTRODUCTION 

The work package (WP) 3 of the European Commission ATLAS+ project has the 

objective to develop advanced defect assessment tools for long term safe operation of nuclear 

power plants [1]. In turn, the WP 3.1 aims at improved methods for evaluating fatigue crack 

growth caused by flow mixing. Within WP 3.1, a high-resolution computational fluid dynamics 

(CFD) simulation of turbulently mixing fluids at different temperatures in a T-junction has been 

carried out to provide credible thermal loads for the subsequent thermo-mechanical and crack 

growth analyses [2]. 

Detailed CFD simulations are possible in recent years due to the increase of 

computational power and the development of dedicated computer codes. Nowadays, the CFD 

simulations resolve the complex fluid flow while capturing simultaneously the temperatures in 

the structures surrounding the fluid, i.e., the so-called conjugate heat transfer (CHT) simulations 

[3]. One drawback of such simulations is the very stringent mesh requirements in the fluid and 

structure and large computational times. The temperatures in the structure, once calculated, are 

typically used in the subsequent thermo-mechanical analyses to anticipate the deformations and 

stresses and, ultimately, perform fatigue analyses [4-6]. In order to facilitate the transfer of 

structural temperatures between CFD and finite element (FE) codes, the thermo-mechanical 

analyses typically employ the same meshes used in the detailed CFD-CHT simulation. 

However, this strategy may unnecessarily increase the computational costs of the mechanical 

analyses substantially. From the structural mechanics point of view, denser meshes may be 

required at locations of interest and/or structural discontinuities while coarser meshes may 

suffice elsewhere in the structure. 
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This paper presents the development of a strategy using ABAQUS code [7] and python 

scripting for the efficient use of detailed temperature data from a CFD-CHT simulation in the 

thermo-mechanical analyses of a T-junction with arbitrary FE meshes. The T-junction model 

and CFD-CHT simulation are described in Section 2 and the strategy is presented in Section 3. 

The use of the strategy is demonstrated in Section 4 through the results of a mesh sensitivity 

analysis and the complex stress-state of the T-junction. Finally, the conclusions are given in 

Section 5. 

2 ATLAS+ CASE OF FLUIDS MIXING IN A T-JUNCTION 

Within the WP 3.1 of the ATLAS+ project, the T-junction geometry of the WATLON 

experimental facility [4] shown in Fig. 1 was selected as the case study. 

 
Figure 1. Sketch of the ATLAS+ T-junction case and boundary conditions 

2.1 Brief description of the CFD simulation 

In order to provide credible thermal loads on the T-junction pipes for the structural 

analyses, a high-resolution CFD using Large Eddy simulation (LES) scheme with conjugate 

heat transfer (CHT) has been carried out with STAR-CCM+ code [8]. The specific fluid mixing 

case considered in ATLAS+ includes the fluid velocities and temperatures for the main and 

branch fluids entering the T-junction shown in Fig. 1. A 250 K temperature difference between 

the cold and hot fluids was selected to achieve fatigue conditions in the surrounding pipes. The 

CFD simulation was initiated from the results of an Unsteady Reynolds Average Navier-Stokes 

(URANS) simulation presented in [2]. Water properties varying with temperature (e.g. non-

negligible buoyancy effects) and constant properties for the steel pipe wall were considered. 

Approximately 120 seconds of the turbulent mixing transient were simulated with a time 

increment of 7.5x10-4 s. 

2.2 Structural model, loads and boundary conditions 

The structural model developed in the ABAQUS code [7] consists of the T-junction (main 

and branch) steel pipes shown in Fig. 1, with the physical and material constant properties at 

150°C, as the approximate average of the fluid inlet temperatures. These include the density 

7850 kg/m3, conductivity 15.8 W/mK, specific heat 511 J/kgK, elastic modulus 188 GPa, 

Poisson’s ratio 0.3 and thermal expansion coefficient 1.63x10-5 K-1. 
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The available data from the CFD simulation for the structural analyses include the 

temperature fields of the T-junction’s inner surface for the last 105 seconds, approximately, at 

time increments of 3.75x10-3 s, i.e. every 5th increment of the CFD simulation. From the 28,060 

ASCII data files provided, the first 5000 time increments are used in this paper as thermal 

boundary conditions for the heat transfer transient analyses. The transient analysis is initiated 

after a steady-state step using the inner surface mean temperatures shown in Fig. 2 as boundary 

conditions. The mean temperatures, also provided from the CFD simulations, were calculated 

from the last 60 seconds of the surface temperature data. The strategy to import this data into 

ABAQUS is explained in Section 3. 

 
Figure 2. Mean temperatures [K] of the T-junction’s inner surface from the CFD simulation 

Figure 3 shows the temperature history at the P1 point located on the main pipe’s inner 

surface at 45 mm upstream of the T-junction. This point is used to present the paper’s results. 

 
Figure 3. Temperature history at P1 point (see Fig. 2) for 5000 time increments (18.75 s) 

The structural temperatures obtained in the heat transfer analysis are used as inputs in the 

mechanical analysis to obtain the structural displacements and stresses. As shown in Fig. 1, the 
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mechanical boundary conditions on the T-junction pipes include a zero displacement in vertical 

direction (𝑈𝑦=0) and two edges parallel to z direction with zero displacements in x direction 

(𝑈𝑥=0), both applied on the upper cross section of the branch pipe, and a zero displacement in 

the flow direction (𝑈𝑧=0) on the upstream cross section of the main pipe. Additionally, a 

pressure load of 𝑃 = 10 MPa (100 bar) is applied on the inner surface of the T-junction pipes 

and about 47 MPa pressure load (𝑃𝑐) on the downstream cross section of the main pipe, 

representing the axial force (𝐹𝑖) due to the system pressure 𝑃 on a closed piping system: 

𝑃𝑐 =
𝐹𝑖

𝐴𝑐
=

𝑃 ∙  𝐴𝑖

𝐴𝑜 − 𝐴𝑖
=

𝑃 ∙ 𝑑𝑚
2

𝐷𝑚
2 − 𝑑𝑚

2
. (1) 

In Eq. (1), 𝐴𝑖, 𝑑𝑚 and 𝐴𝑜, 𝐷𝑚 are, respectively, the inner and outer cross sectional areas and 

diameters of the main pipe and 𝐴𝑐 is the solid cross sectional area (ring) also of the main pipe 

where the final load 𝑃𝑐 is applied (see Fig. 1). 

 
Figure 4. Finite element meshes 1, 2 and 3 of the T-junction 

The T-junction is discretized with three FE meshes with quadratic elements shown in 

Fig. 4, employed in both, the heat transfer and mechanical, models. These are used in a mesh 

sensitivity analysis to demonstrate the strategy presented below. The number of elements and 

their size near the P1 point for the 3 meshes are given in Table 1. 

Table 1. Description of the finite element meshes considered in the sensitivity analyses 

 Mesh 1 Mesh 2 Mesh 3 

Total number of elements 37920 32750 9693 

Total number of nodes 175849 152611 49261 

Number of elements of main pipe’s inner surface 7168 6180 3031 

Approximate element size around P1 [mm] 4 x 4 1 x 1 2 x 2 

3 STRATEGY FOR THE USE OF CFD DATA IN STRUCTURAL ANALYSES 

The aim to develop the strategy presented in Fig. 5 is to be able to use arbitrary FE meshes 

with a unique set of CFD mesh data. To that end, the mean and time-dependent surface 
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temperature fields of the T-junction’s inner surface available from CFD are imported using the 

analytical mapped field interpolation tool in ABAQUS CAE. The interpolation of the CFD 

temperatures onto the FE mesh is performed at the surface level and requires one step in 

ABAQUS for each time increment of the CFD data. After interpolation, the surface 

temperatures are imposed as boundary conditions in the heat transfer analysis. Because several 

time increments are available, this operation is performed with an ABAQUS CAE python script 

that also creates the input files with the appropriate step definitions needed to run the heat 

transfer and mechanical analyses in ABAQUS. This script allows parallelization to avoid the 

long times required for input file creation if more than 1000 steps (CFD time increments) are 

available. The reason for these long times (if not, in fact, failure to create the input files) is 

because, in ABAQUS, a transient analysis should be defined within a single transient step using 

nodal temperature histories (nodal amplitudes) as boundary conditions. Since the interpolated 

FE nodal temperatures are stored within the input files’ step data, another python script is used 

to extract these temperatures and write new input files with the required nodal boundary and 

temperature (amplitude) definitions within a single-step transient analysis. Finally, the heat 

transfer and mechanical simulations can be run with the newly generated input files. 

 
Figure 5. Sketch of the strategy for the use of CFD data in structural analysis 

4 RESULTS OF THE THERMO-MECHANICAL SIMULATIONS 

In this section, the use of the strategy is demonstrated in a mesh sensitivity analysis with 

the aim to obtain accurate stresses while minimizing the needed computational resources in 

terms of simulation time and disk space. Before that, the basic analyses of the T-junction with 

pressure load and steady-state temperatures obtained with the mean temperatures are presented 

to analyse the complex stress-state of the T-junction. 

4.1 Pressure load only 

The mechanical analysis assumes only the mechanical boundary conditions and pressure 

loads described in Section 2.2 and Fig. 1, and the mesh 3 in Fig. 4 is employed. 
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Figure 6. Displacements [m] in y-direction with pressure load only 

Figures 6 and 7 present, respectively, the displacements in y-direction and the axial 

stresses in z-direction at the T-junction’s inner surface. One can observe that, due to pressure 

loads, the maximum displacement is about 50 µm and the axial stress-state near the T-junction 

is that expected around the holes. The axial stress at P1 is 79.68 MPa. 

 
Figure 7. Axial stresses [Pa] in z-direction with pressure load only 

4.2 Mean temperature load only (steady-state analysis) 

The steady-state thermal analysis with the mean temperatures of the T-junction’s inner 

surface as boundary conditions (see Fig. 2) is followed by the mechanical analysis with the 

mechanical boundary conditions described in Section 2.2 and Fig. 1 without pressure loads. 

Note that mesh 3 in Fig. 4 is also employed here. 

 
Figure 8. Displacements [m] in y-direction with mean temperature load only 
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Figures 8 and 9 show also here the displacements in y-direction and the axial stresses in 

z-direction at the T-junction’s inner surface. Due to mean temperature load only, the maximum 

displacement is now about 2 cm and the axial stress at P1 is 98.31 MPa. 

 

 
Figure 9. Axial stresses [Pa] in z-direction with mean temperature load only 

4.3 Mesh sensitivity analysis with results of transient analyses 

The thermo-mechanical analyses presented in this section employ as boundary conditions 

the inner surface mean temperatures in the steady-state heat transfer step followed by the first 

5000 time increments of the T-junction’s inner surface temperatures in the transient step. The 

pipe wall temperatures are then employed in the mechanical analyses together with the 

boundary conditions and pressure loads described in Section 2.2 and Fig. 1. A sensitivity 

analysis is performed with the results obtained using the three meshes presented in Fig. 4. 

 
Figure 10. Axial stress (𝜎𝑧) history at P1 for 5000 increments (18.75 s) 
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Figure 10 shows the axial stress history at P1 obtained with the three meshes. One can 

only notice the rather small differences among the three stress histories. For meshes 1 and 3, 

i.e. the finer and courser meshes considered, Figure 11 presents the size of the ABAQUS odb 

(results) file and cpu-times for increasing number of time increments considered in the heat 

transfer (HT) and mechanical (MC) simulations. The expected linear dependency with number 

of time increments proves an important reduction of the computational resources needed when 

mesh 3 (blue colour) is used instead of mesh 1 (red colour) in the simulations. 

 
Figure 11. Abaqus odb (results) file size and cpu time required for the heat transfer (HT) and 

mechanical (MC) transient simulations for increasing number of time increments 

Table 2 presents the comparison for the three meshes of the stress history statistics at P1 

and the computational resources needed for the simulations with 5000 time-increments. Note 

that the temperature statistics also shown in Table 2 are mesh independent since the temperature 

fields from CFD are imposed as boundary conditions. These results show that changes in mean 

stress (<𝜎𝑧>) are less than 0.5% and therefore not significant. A decrease of about 2.0 MPa 

(7%) and 0.6 MPa (2%) in standard deviation std(𝜎𝑧) for mesh 3 is observed, respectively, with 

respect to the values with mesh 1 and 2. However, the denser meshes around P1 for mesh 2 (see 

Table 1) may indicate that the results for this mesh are the most accurate. The improvement of 

the computational resources is clear. If mesh 3 is used in the HT analysis instead of the other 

meshes, a decrease of about 70% in odb size and more than 50% in cpu time is obtained. The 

use of mesh 3 in the MC analysis reduces about 70% of both, odb size and cpu time. 

Table 2. Statistics at P1 and resources for 5000 increment transient using the 3 meshes 

Mesh 

<T> 

[K] 

std(T) 

[K] 

<𝜎𝑧> 

[MPa] 

std(𝜎𝑧) 

[MPa] 

HT analysis MC analysis 

odb size [GB] cpu time [h] odb size [GB] cpu time [h] 

1 

431.4 8.3 

179.3 30.0 62.0 21.9 100.9 33.7 

2 179.1 28.6 53.6 19.8 87.3 31.7 

3 179.8 28.0 16.2 9.1 26.7 8.6 

The linear extrapolation of the required computational resources for the complete 

simulation with 28,060 time-increments from CFD is shown in Table 3. The improvement 

allowed by the developed strategy in terms of disk space and cpu time clearly outweighs the 

expected 2% loss of accuracy in std(𝜎𝑧). 

Table 3. Linearly extrapolated resources for full simulation with 28060 increments 

Mesh 

HT analysis MC analysis 

odb size [GB] cpu time [h] odb size [GB] cpu time [h] 

1 347.5 123.0 565.7 189.5 

2 300.5 112.4 489.5 183.9 

3 90.8 55.3 149.5 49.1 
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5 CONCLUSIONS 

A strategy for the efficient use of CFD data in structural analyses of components has been 

presented in this paper. The mesh sensitivity analyses with arbitrary FE meshes has shown clear 

benefits of the strategy, which include important reductions in computational time and disk 

space requirements while keeping the accuracy of the results. For the ATLAS+ T-junction case, 

a 2% decrease of axial stress fluctuation (0.6 MPa) has allowed about 50% and 70% reduction 

in cpu time in HT and MC analyses, respectively, and, for both, about 70% reduction of disk 

space. Therefore, these results clearly demonstrate the potential use of the strategy for inter-

disciplinary applications with long transients and/or big structural models. Finally, the complex 

stress-state of the T-junction has been shown also by separate analyses. 
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