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Effects of fin designs on the performance of concrete thermal energy storage 

 

Abstract 

Concrete thermal energy storage (CTES) is emerging as a cost-effective and scalable solution for 
large-scale energy applications. However, challenges remain in optimising heat storage and release 
while ensuring system efficiency. This study investigates the use of advanced fin geometries as heat 
exchangers in CTES systems through validated numerical modelling. Different fin designs—
longitudinal, triply periodic minimal surface (TPMS), and helical—were evaluated against key 
indicators, including temperature distribution, charge/discharge time, efficiency, manufacturing 
costs, and carbon emissions. Results show that helical and TPMS fins deliver the best performance, 
reducing charging and discharging times. The findings suggest that optimised fin configurations can 
enhance CTES performance as effectively as material innovations, providing a strong basis for 
further experimental validation. 

Design of CTES Unit  

Figure 1 presents the schematic of CTES unit investigated in this study. The CTES unit, based on 
the previous study of Tamme et al [1], consists of a hollow cylinder (0.5 m in length, outer diameter 
of 80 mm and inner diameter of 20 mm) and a steel tube (inner diameter of 20 mm and thickness of 
1.5 mm). The operation of CTES unit starts with an initial temperature of 350 °C as described in 
Tamme et al [1]. The charging process begins with an inlet oil temperature of 390 °C, lasting 3600 
s. Following this, a 3600 s break occurs where it is assumed no thermal losses occur. During this 
period, the inlet temperature is maintained at 390 °C. In the final phase, the inlet oil temperature 
drops back to 350 °C, initiating the discharging process. 

 
 

Figure 1. The isometric (left) and cross-sectional (right) views of the CTES unit 

To enhance the heat transfer in the CTES, innovative fins have been designed as heat exchangers, 
including the longitudinal fin, helical fin and TPMS fin, as depicted in Figure 2. The thickness of the 
fin is set as 1 mm. The surface area of each fin design and the relative surface area ratio compared 
to the longitudinal fin design (Sr) have been listed in Table 1. It should be noted that Sr values of 
helical and TPMS fin designs are identical to ensure robust comparison in the CTES performance. 

 

  

 
 

(a) No fin (C-0) (b) Longitudinal fin (C-L) (c) Helical fin (C-H) (d) TPMS fin (C-P) 

Figure 2. Different fin designs for CTES units in this study 

Table 1 Parameters of fin designs 

Fin Parameters Surface Area (mm2) Sr 

No fin (C-0) - - - 
Longitudinal fin (C-L) 500 mm x 27 mm 108000 1 
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Helical fin (C-H-1) L = 16, c = 0 151428 1.40 
Helical fin (C-H-2) L = 20, c = 0 190800 1.77 
Helical fin (C-H-3) L = 25, c = 0 238400 2.21 
TPMS fin (C-P-1) θr = 0.71 π, R = 17 mm 151428 1.40 
TPMS fin (C-P-2) θr = 0.90 π, R = 17 mm 190800 1.77 
TPMS fin (C-P-3) θr = 1.12 π, R = 17 mm 238400 2.21 

*Sr represents the relative surface area ratio compared to the longitudinal fin design. 

The fin parameters (Table 1) are used to design the geometry of fins as described. For the TPMS 
fin, the primitive lattice type is selected for this research due to its improved heat transfer 
performance among the other types of TPMS [2]. The primitive TPMS is generated by MATLAB 
using the following mathematical equation: 

 cos(𝑋) + cos(𝑌) + cos(𝑍) = 𝑐 (1) 
 

𝑋 =
2𝜋𝑥

𝐿
 (2) 

 
𝑌 =

2𝜋𝑦

𝐿
 (3) 

 
𝑍 =

2𝜋𝑧

𝐿
 (4) 

The mathematical equation of a helical fin in Cartesian coordinates (x, y, z) is given by: 

 𝑥 = (𝑟𝑖𝑛𝑛𝑒𝑟 + 𝑢) cos(𝜃) (5) 

 𝑦 = (𝑟𝑖𝑛𝑛𝑒𝑟 + 𝑢) sin(𝜃) (6) 

 𝑧 =
𝑃𝐻
2𝜋

𝜃 (7) 

Where rinner is the inner radius, u is the radial expansion from the inner radius, θ is the angular 
coordinate, θmax is the total number of turns × 2π, and PH is the pitch (vertical spacing per 
revolution). 

Table 2 presents the properties of concrete, steel and thermal oil (heat transfer fluid) materials 
used in the CTES unit in this study.  

Table 2 The material properties of concrete and steel 

Material Properties 

  
Concrete as storage media [1] Density: 2200 kg/m³  
 Specific heat capacity: 1000 J/kg·K 
 Thermal conductivity: 1.0 W/m·K  
Steel as tube and fins [3] Density: 7900 kg/m³  
 Specific heat capacity: 464 J/kg·K 
 Thermal conductivity: 60.4 W/m·K 
Thermal oil as HTF [4] Density: 761 kg/m3  
 Specific heat capacity: 2800 J/kg·K 
 Thermal conductivity: 0.12 W/m·K  
 Dynamic viscosity: 0.02 Pa·s 

Numerical Modelling 

In this study, the CTES units with different fin designs are developed using three-dimensional, 
double-precision transient modelling in LS-DYNA. The Incompressible Computational Fluid 
Dynamics (ICFD) solver handles incompressible flows of HTF by using a projection method to solve 
the Navier-Stokes (NS) equations. The numerical modelling includes three physical processes, 
including fluid flow, heat transfer through conduction in the solid, and convection. The development 
of numerical modelling is based on the following assumptions: i) The inlet velocity profile of the HTF 
is fully developed; ii) The outer boundary of the CTES module is adiabatic; iii) The solid domain is 
assumed to be isotropic; and iv) The radiative heat transfer is negligible. Conjugate heat transfer is 
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employed in this study to model heat transfer process between HTF and steel tubes. In LS-DYNA, 
the thermal coupling type is chosen where the temperature field is solved simultaneously between 
the fluid and the solid domains. 

Results and Discussion  

Figure 3 demonstrates that the numerical results are in close agreement with the whole charging 
and discharging cycle reported in the reference study of Tamme et al [1], confirming the reliability of 
the simulation approach. For the case of k = 1.0 W/K·m, there is a noticeable discrepancy during the 
maintaining stage from 3600 s to 7200 s. It can be explained that the heat source in the experiment 
was shut down, whereas in the simulation, the temperature of the fluid was maintained. Therefore, 
the temperature of the concrete in the experiment did not rise to 390 °C as observed in the simulation.  

 

Figure 3. Comparison of the results from present numerical study and Tamme et al [1] 

Fin Front view Cross-section  

No fin (C-0) 

  

 

Longitudinal 
fin (C-L) 

  

Helical fin 
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(C-P-1) 

  
Figure 4. Typical temperature distribution during charging (t = 1000 s)  

Figure 4 presents the typical temperature distribution during charging of the four design groups. The 
temperature distribution around the fin exhibits a distinct gradient due to conduction, with heat 
transferring from the high-temperature heat carrier fluid into the fin and subsequently into the 
surrounding concrete. During charging, near the bottom of the fin, where it connects with the heat 
source, the temperature is at its peak. As heat conducts along the length of the fin, the temperature 
decreases towards the fin tip. The temperature gradient within the fin is steeper near the base and 
gradually levels out toward the tip as the heat dissipates. In the surrounding concrete, the 
temperature is higher near the fin. It gradually decreases as the distance from the fin increases, 
resulting in a gentler temperature gradient due to the concrete’s lower thermal conductivity.  

In C-0 without fin, heat transfer relies solely on conduction through the concrete, which has a 
relatively low thermal conductivity. This results in slower charging (a longer time is required to reach 
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thermal equilibrium) and inefficient discharging. The concrete is charging faster with longitudinal fins 
(Figure 4), but the surface area is limited within the design. TPMS fins, with their interconnected 
porous structure, enhance both the charging by maximising surface area and promoting uniform heat 
distribution. Compared to longitudinal fins, charging is faster, and discharging is more gradual and 
controlled. It demonstrates that using TPMS fins as heat exchangers significantly improves heat 
transfer performance in CTES during the charging (1000 s) processes, compared to the no-fin 
design. 

  
(a) Charging stage (b) Discharging stage 

Figure 5. Comparison of concrete average temperature change for different fin designs  

Figure 5 compares the temperature variations during the charging and discharging processes for 
longitudinal, helical and TPMS fins. In addition, a scenario with concrete thermal conductivity k = 
2.0 W/m·K was included for further comparison. Many studies in the literature have been 
conducted to develop and optimise concrete mix design for thermal energy storage with the 
average thermal conductivity in the range of 2-2.5 W/m·K [5]. Therefore, the scenario of k = 2.0 
W/m·K was selected to assess the effectiveness of fin designs against optimal concrete mix 
development. Figure 5 shows that during the charging phase, the longitudinal, annular, curved, and 
bifurcated fins perform similarly to the k = 2.0 W/m·K scenario. However, it is very interesting to 
observe that the TPMS and helical fins demonstrate a significant enhancement in both charging 
and discharging efficiency. The results demonstrate that beyond optimising the concrete mix, the 
heat exchanger design can also play a crucial role in improving heat transfer between the fluid and 
concrete, offering a valuable alternative for enhancing CTES performance. 
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