@ engineering
proceedings

Proceeding Paper

CFD Evaluation of the Thermal-Hydraulic Performance of
Molten Salt Shell-and-Tube Heat Exchangers with Different
Numbers of Baffles

Burak Tiirkoz 1-*

M) Check for updates

Academic Editors: Stimer Sahin and

Bekir Dursun

Published: 29 October 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

and Hac1t Mehmet Sahin 2

Energy Systems Engineering Department, Graduate School of Natural and Applied Sciences, Gazi University,
06560 Ankara, Turkey

Energy Systems Engineering Department, Faculty of Technology, Gazi University, 06560 Ankara, Turkey;
hmsahin@gazi.edu.tr

*  Correspondence: brk.trkz.2000@gmail.com

Presented at the 8th International Conference on Nuclear and Renewable Energy Resources (NURER 2026),
Almaty, Kazakhstan, 10-12 September 2026.

Abstract

This paper numerically investigates the effect of baffle number on the thermal and hydraulic
performance of a shell-and-tube heat exchanger using molten salts as heat transfer fluids.
Lithium fluoride (LiF) and FLiBe (LiF-BeF,) were used as the working fluids due to their
favorable thermophysical properties and suitability for high-temperature energy systems.
Four different shell-and-tube heat exchanger geometries are considered: a configuration
without baffles and configurations containing two-, three-, and four-row baffles. Computa-
tional fluid dynamics (CFD) simulations were carried out using ANSYS Fluent to evaluate
the influence of the baffle arrangement on the flow and heat transfer characteristics of the
heat exchanger. In this study, heat transfer rate, temperature distribution, velocity distribu-
tion, turbulence characteristics, and pressure drop were investigated. The numerical results
showed that increasing the number of baffles enhanced flow disturbance and turbulence
intensity, resulting in an increase in the heat transfer rate. However, the improvement in
thermal performance was accompanied by an increase in pressure drop.

Keywords: molten salt; thermal-hydraulic performance; Computational Fluid Dynamics
(CFD); heat transfer; pressure drop

1. Introduction

Heat transfer between two or more fluids at different temperatures is one of the most
common processes encountered in engineering applications. This heat transfer can be
carried out through direct or indirect contact between the fluids, and the devices used to
perform this process are called heat exchangers.

Molten salts are considered promising heat transfer fluids for nuclear and solar energy
applications thanks to their outstanding properties, such as high volumetric heat capacity,
These
characteristics enable molten salts to operate safely and efficiently at high temperatures,

elevated boiling point, low vapor pressure, and excellent thermal stability [1].

making them suitable for advanced thermal energy storage and heat transfer systems. In
particular, their ability to store and transport large amounts of thermal energy contributes
to improving the overall efficiency and reliability of energy conversion processes. Therefore,
molten salts are used widely in heat exchanger systems. Heat exchangers play a critical role
in the efficient and sustainable operation of energy systems. They are widely used in power
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plants for waste heat recovery, in the chemical and petrochemical industries for controlling
process temperatures, in the food industry for pasteurization and cooling processes, and
in HVAC systems for air-conditioning, heating, and cooling applications [2]. Since heat
exchangers are used extensively in different sectors, the development of efficiency and
heat transfer performance has become an important research topic for improving energy
utilization and reducing operational costs. In conventional power plants, such as coal- and
natural gas-fired plants, as well as in nuclear power plants, heat exchangers operate as
condensers, evaporators, and economizers. Even a 1% increase in thermal efficiency can
result in substantial fuel savings and significant reductions in emissions [3].

In the open literature, there are many studies that focus on improving the heat trans-
fer performance of heat exchanger systems. Mahmudah et al. numerically investigated
the thermal performance of four different working fluids—water, molten salt, LBE, and
FLiBe—in a shell-and-tube heat exchanger under transient conditions. In the simulations
performed using OpenFOAM V12 software, each fluid was evaluated at four different mass
flow rates ranging from 0.01 to 0.5 kg/s [4]. Khaliquzzama et al. used three different
molten salts—Hitec, NaK-CaNQOj, and Solar Salt—instead of water in a shell-and-tube heat
exchanger (STHE) and compared their heat transfer and pressure drop performances. The
simulations covered mass flow rates of 0.5, 1.0, and 2.0 kg/s, and both modified and original
baffle designs were investigated [5]. Wang and co-workers comparatively investigated the
effects of different molten salts on heat transfer and hydraulic performance on the straight-
channel side of printed compact heat exchangers (PCHEs). In their study, chloride-based
MgCl,-KCl and carbonate-based K,CO;-Li,CO;-Na,COj; salts were examined for high-
temperature applications [6]. Cun Du et al. experimentally investigated the convective
heat transfer performance of molten salt in shell-and-tube heat exchangers with segmental
baffles (STHE-SBs), which are critical components in solar and nuclear power plants. The
experiments were conducted using HITEC salt in the temperature range of 209-241 °C and
under transitional flow conditions (6142 < Re < 9125). Based on the obtained data, the
researchers derived a new and accurate empirical correlation to describe the shell-side heat
transfer of molten salt [1]. Hoffman et al. experimentally investigated the heat transfer
of mixed molten salts, including LiF-NaF-KF and NaNO,-KNO;-NaNO;, and derived
heat transfer coefficients for different molten salts [7]. Mohammadzadeh et al. investigated
the effects of baffle inclination angle and number on the thermal-hydraulic performance
of shell-and-tube heat exchangers using CFD. Increasing the number of baffles from 4
to 10 increased the overall heat transfer coefficient by 14.5-17%, while the pressure drop
increased by approximately 139-142%. According to the PEC evaluation, the configuration
with eight inclined baffles was identified as the optimum design [8]. Zheng et al. experi-
mentally investigated heat transfer enhancement using SiO,-based molten salt nanofluids
in twisted tubes. The results showed that twisted tube geometries significantly improved
heat transfer compared with conventional tubes, but also caused an increase in pressure
drop [9]. He et al. experimentally investigated the turbulent heat transfer characteristics
of HITEC molten salt in a shell-and-tube heat exchanger using thermal oil as the cooling
fluid. Water experiments were also conducted in the same system to validate the heat
transfer performance. The results showed that molten salt provided comparable convective
heat transfer behavior to water, with a difference of about 14.1% in the heat transfer coeffi-
cient [10]. Jianfeng et al. showed that transverse grooves significantly enhanced molten
salt heat transfer, increasing the Nusselt number by about 1.2-1.65 times compared with a
smooth tube [11].

Differing from the above studies, the originality of this study lies in comparing heat
transfer, turbulence, and pressure drop in a shell-and-tube heat exchanger using Flibe and
LiF molten salts under different baffle configurations. Four different geometries with 0,
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2, 3, and 4 baffles were designed and analyzed with Ansys Fluent 2025 program. The
effects of increasing the number of baffles on heat transfer enhancement and pressure
drop were comparatively evaluated. Based on these results, the optimum design among
the four configurations were identified by considering the balance between heat transfer
performance and pressure drop.

2. Material and Method

In this study, 4 different shell-and-tube heat exchanger geometries with different
baffle numbers were designed and analyzed. In this study, shell-and-tube heat exchanger
geometries were designed using the Solidworks 2023 program. Then, the meshing process
was done using the ANSYS 2025 program. After that, boundary conditions were determined.
When boundary conditions were arranged, thermophysical properties of molten salt, inlet
and outlet temperature, material, heat transfer coefficient, and flow rate were determined.
The heat exchangers were assumed to be perfectly insulated and treated as adiabatic systems.

2.1. System Description

The shell-and-tube heat exchangers were made of stainless steel. The high-temperature
molten salt flows outside the tube bundle with 0, 2, 3, or 4 baffles, while the other molten
salt flows inside the tube without baffles. The heat exchangers had a total length of 140 cm
and an inner shell diameter of 6 cm. They contained 25 tubes, each with a diameter of 6 cm,
tube length of 60 cm, and wall thickness of 2.5 mm; the main geometrical characteristics of
the heat exchangers are shown in Figures 1 and 2.

Figure 1. Shell-and-tube heat exchanger geometry, as designed in Solidworks 2023.

t

Figure 2. Geometry of shell-and-tube heat exchanger from tube side.

To minimize heat loss, each heat exchanger was assumed to be perfectly insulated and
treated as an adiabatic system, and 10 mm thick insulation material was used. In these
systems, molten FLiBe salt flows through the tubes and serves as the cold fluid, while
molten LiF salt flows outside the tube bundle and serves as the hot fluid. In this study, inlet
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temperature of molten FliBe salt is 650 °C. While inlet temperature of molten LiF salt is
1000 °C. Dimensions of heat exchanger geometry was given in Table 1.

Table 1. Dimensions of the designed heat exchanger geometry.

Symbol Parameter Value
L Total Length 140 cm
d; Tube Diameter 6 cm
Ny Number of Tubes 25
Pr Center-to-Center Distance Between Tubes 8.25 cm
C Space Between Tubes 2.25cm
Do Tube Inner Diameter 30 cm
Dga Inlet and Outlet Diameter of Shell-Side Pipe 6 cm

In this study, 4 different shell-and-tube heat exchanger geometries were designed.
These geometries had 0, 2,3, and 4 baffles. The different geometries, which were designed
in the Solidworks 2023 program, are shown below. Different heat exchanger designs with
different baffle numbers were given in Figure 3.

()

Figure 3. Heat exchanger designs with different numbers of baffles: (a) 2-row baffle heat exchanger,
(b) 3-row baffle heat exchanger, (c) 4-row baffle heat exchanger.

2.2. Data Analysis

Thermophysical properties of various molten salts, that were used in heat exchangers
were given in Table 2.

https://doi.org/10.3390/engpr0c2026160046
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Table 2. Thermophysical properties of various molten salts [12].
Salt Name Melting Point Heat Capacity Viscosity Density Conductivity
[°C] [kJ/kg K] [mPa:s] [kg/m?] [W/m K]
Solar salt 246.3 1.54-1.60 2-4 1712.33 0.50-0.60
LiF 848.2 2.42-2.51 1.38-2.21 1632-1820 1.20-2.22
FLiBe 459 2324 5.6 1900-2000 1

2.3. Governing Equations

In pipe flows, the continuity, momentum and energy equations are given by
Equations (1) and (5).
Continuity equation:
dp
2+ 9(ou) =0, (1)
Momentum equations:

X — momentum:

Ju Ju Ju du  1ap X @)
§+M§+Ua—y+w$— 5&4‘ ,

Yy — momentum:

zZ — momentum:
—+u—x+v—+w—=———+Z, (4)

Energy equations:

. ) dE . .
Qkh - miefi = d_?h + mcefc + th/ (5)

2.4. Boundary Conditions

In this study, molten FLiBe salt flows through the tubes and serves as cold fluid, while
molten LiF salt flows outside the tube bundle and serve as the hot fluid. The FLiBe salt
inlet temperature is 650 °C, while LiF is used as the hot fluid, and its inlet temperature is
1000 °C; the flow is counter-current. Assuming ideal insulation of the heat exchangers, they
were treated as adiabatic systems.

2.5. Mesh Selection

In this study, numerical analysis was performed using five different numerical models.
The outlet temperature of the molten salt was taken as the reference point and compared
with the experimental results. To ensure the grid independence of the numerical results, a
mesh sensitivity analysis was performed using five different models with element counts
of 1520400, 3450120, 5810650, 7963807, and 9840300 respectively. The mesh refinement
process demonstrated that variations in the monitored physical parameters diminished and
reached a stable plateau beyond the model with 7963807 elements. Consequently, the grid
configuration with 7963807 elements was selected as the optimal mesh, providing a trade-off
between computational accuracy and simulation time. Therefore, all subsequent numerical
analyses were performed using this optimal configuration. The mesh structure of heat
exchanger geometry was given in Figure 4. And, mesh quality was given in Figures 5 and 6.
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Figure 4. Shell-and-tube heat exchanger after meshing.
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Figure 5. Number of nodes and elements in heat exchanger.

Figure 6. Problematic meshes over 0.80 skewness.
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2.6. Turbulence Model

In this study, the Standard k — € Turbulence Model was selected to model the turbulent
flow and thermal behavior within the molten salt shell-and-tube heat exchangers. This
two-equation model was chosen for its high stability in capturing main-stream turbulence
around complex baffle geometries, its low computational cost providing fast convergence,
and its proven reliability in high-temperature molten salt applications across the literature.
Furthermore, under the high-Prandtl -number thermophysical conditions of molten salts, it
provides an optimal balance between reliable predictions of turbulent heat transfer in the
core flow region and reasonable computational time.

3. Results and Discussion

In this study, the hydrodynamic and thermal performance—specifically the heat trans-
fer, pressure drop, Nusselt number, and turbulence levels—of LiF and FLiBe molten salts
were comparatively analyzed across four different shell-and-tube heat exchanger geometries:
unbaffled, and two, three, and four baffles.

The numerical results demonstrate that increasing the number of baffles significantly
enhances the turbulence kinetic energy of the flow, thereby leading to a notable rise in the
Nusselt number and total heat transfer. However, this thermal enhancement comes at the
expense of a considerable increase in shell-side pressure drop. Across the performance
evaluation for both molten salts, the three-baffle geometry provided the most optimal
thermohydraulic balance by substantially enhancing heat transfer and turbulent mixing
while maintaining the pressure drop within acceptable limits. Regarding the fluid media,
FLiBe exhibited superior overall heat transfer values, whereas LiF presented operational
cost advantages owing to lower pressure losses.

4. Conclusions

In this study, the thermohydraulic performance of LiF and FLiBe molten salts in
shell-and-tube heat exchangers with zero, two, three, and four baffles was numerically
investigated. The obtained results indicate that the increased turbulence resulting from a
higher baffle count directly enhances heat transfer and Nusselt number, albeit at the cost of
an increased shell-side pressure drop. Overall, the three-baffle geometry provided the most
optimal thermohydraulic balance, delivering high turbulence and heat transfer alongside
an acceptable pressure drop penalty.

Consequently, the followings are obtained:

e  Heat Transfer and Nusselt Number: Increasing the baffle count from zero to four
enhanced turbulent mixing, resulting in a continuous rise in the Nusselt number and
total heat transfer for both LiF and FLiBe.

e  Pressure Drop: In parallel with the enhanced heat transfer, the shell-side pressure
drop and the required pumping power increased as the number of baffles increased.

e  Optimum Geometry Selection: Considering the trade-off between turbulence enhance-
ment and pressure drop penalty, the three-baffle configuration emerged as the optimal
design yielding the best thermohydraulic performance.

e  Fluid Comparison (LiF vs. FLiBe): FLiBe exhibited superior heat transfer coefficients
and Nusselt numbers due to its thermophysical characteristics, whereas LiF demon-
strated lower pressure drops, offering operational cost advantages.

Author Contributions: Conceptualization, HM.S. and B.T.; methodology, HM.S. and B.T.; software,
B.T,; validation, HM.S. and B.T.; formal analysis, HM.S. and B.T.; investigation, B.T.; resources,
H.M.$.; data curation, H.M.S.; writing—original draft preparation, H.M.S.; writing—review and

https://doi.org/10.3390/engproc2026160046


https://doi.org/10.3390/engproc2026160046

Eng. Proc. 2026, 160, 46 80f8

editing, H.M.S.; visualization, H.M.$.; supervision, H.M.S.; project administration, H.M.S.; funding
acquisition, H.M.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations

CFD Computational Fluid Dynamics

FLiBe Lithium Fluoride-Beryllium Fluoride (LiF-BeF,)
HVAC Heating, Ventilation, and Air Conditioning

LBE Lead-Bismuth Eutectic

STHE Shell-and-Tube Heat Exchanger

PCHE Printed Compact Heat Exchanger
STHE-SB  Shell-and-Tube Heat Exchanger with Segmental Baffles

PEC Performance Evaluation Criterion
Re Reynolds number
Nu Nusselt number
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