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Abstract

This article's primary goal is to provide a presentation on the validation of heat
exchangers using nickel alloys that employ metaphysical COMSOL’s. The COMSOL
program is used to simulate the operation of heat exchangers in power production
systems, and it does so by using the comparative verification that you provided between
the change in length and temperatures. Moreover, heat exchangers are an important
component in power generation systems, where the task is to convert heat generated by
fuel combustion, nuclear reactions, or by concentrating the output of solar collectors
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into mechanical energy. Heat exchangers simplify the processes that are at the heart of
the equipment. Heat exchanger designs constrain the heat transfer patterns and fluid
flow behavior that occur in the system. The COMSOL program was used to create a
3D finite element model of the heat transfer process. Experimental data was used to
validate the model's predictions. By calculating the temperature equation for heat
transmission along the metal, the simulation displays the heat transfer model together
with the temperature distribution from 273.15 to 373.15 K, as well as the distribution
of velocity (0 to 0.07 m/s) and length (0 to 15 cm) over time. The temperature equation
was solved for heat transfer along the nickel, which experiences a pressure range of
0.02 to 3.12 Pa. Nickel was used for this test since it conducts heat more effectively
than other metals. Because of its thin and lightweight nature, it is simple to design as
an excellent refractory conductor.

Keywords: Nickle, Heat Exchanger, COMSOL Multiphysics

1  Introduction
Heat exchangers are incredibly integrated devices that are widely used in temperature
control systems. Their primary function is to facilitate the transfer of energy between
two or more fluid flows, each of which has different temperatures. The diversity of
heat exchangers extends to various applications; moreover, they represent an
important component in power generation systems, performing the task of converting
heat generated from fuel combustion, nuclear reactions, or by concentrating the output
of solar collectors into mechanical energy. Subsequently, this mechanical force is
harnessed to drive electric generators, embodying the indispensable role that heat
exchangers play in such systems. The heat exchanger is quite complicated. It should
be noted that heat exchangers usually represent large investments in the field of power
plant services. The process of building heat exchangers can be complex, often
requiring distinctive approaches to overcoming challenges in their design and
operation. Heat exchangers operate within the temperature limits dictated by the wall
material, and they must transmit maximum energy with minimal pressure loss. Design
optimization is an effective way to achieve this. Heat exchanger optimization is a key
area of application in many fields.[3].

Heat exchangers are fluid transfer components that are part of heat-generating
equipment. The refrigeration and air conditioning industries, for example, use a wide
range of heat exchangers. Heat exchangers simplify the processes that are at the heart
of the equipment. Heat exchanger designs constrain the heat transfer patterns and fluid
flow behavior that occur in the system. In this study, we used nickel as the material for
heat exchangers, which is a metal with a silvery-white and shiny appearance. It is the
fifth most common element used in heat exchangers made of nickel. Because of its
special qualities and benefits, nickel is increasingly utilized in heat exchangers. Here
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are some key points regarding nickel's application in heat exchangers, particularly in
light of the research.

Nickel sheet is an excellent material for heat exchangers since it is lightweight and
possesses good strength and hardness, which enhance thermal performance and are
important for heat exchangers, especially those made of nickel. The high thermal
conductivity of nickel allows for efficient heat transfer, which is critical in applications
involving high temperatures. Additionally, nickel can be machined into various
configurations, allowing for customization in the design of the heat exchanger
discussed in this paper using COMSOL software, which enables us to evaluate the heat
transfer performance under realistic conditions.

Nickel, like iron, is also a common element in meteorites and is found naturally in soil
and water. The selected heat exchanger and its components have the necessary
resistance and operating time to cope with internal service conditions. In general, nickel
alloys are used at 100 °C in the processes discussed in the study. The approach to
temperature applications makes heat exchange systems essential, especially in high-
temperature situations. The solution is to use nickel alloys. In this paper, we describe
the research approach to the COMSOL problem. This section also discusses the heat
exchanger made of nickel metal in this simulator, along with simulation results and
explanations using the multi-physics COMSOL program.

2 Mathematical Modeling

Based on this paper, it calculates and analyzes the temperatures of nickel-
based heat exchangers and solve the relevant equations. These equations are
processed using the COMSOL Multiphysics program. The size, geometry of
the block, and the meshed Dblock are shown in Figure 1.
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Figure .1. (a) 2D geometry of block Figure.1.(b) Meshed block
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The following equations were used during data entry through the controller application,
and some equations were specifically used for nickel in the heat exchanger industry.
Liu, Xinyan, et al. (2024) conducted an experimental study of aluminum composites
using COMSOL software, which provides effective guidance for the design and
operation of alternative aluminum components.

2.1 Laminar Flow Equations
p(uviu = [5]
V.[pl + p(Vu+ D]+ F  [6]
pv(u)=0 [7]
Here, p is the density, u is the velocity field, p is the pressure, p is the viscosity
2.2 Fluid Properties 1 Equations
p(uV)u = [5]
V. [-pl +pVu+ VuH]+F [8]
pv(u) =0 [7]
2.3 Wall 1 Equations
u=o [9]
2.4 Inlet 1 Equations
u=-Uyn [10]
2.5 Outlet 1 Equations
[=pl + pn(Fu+ (T w)H]n = —pen [11]
Po < Po
where po (Pa) is pressure .
2.6 Heat Transfer in Fluids 1 Equations

pCouVT +V.q =0+ Qp+ Q.d [12]
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q=—-kvT [13]

where p (kg/m®) is density, Cp (J/kg.K) is heat capacity, and k (W/m.K) represents
thermal conductivity. Q (W/m?®), T (K) temperature, source inside the computational
domain.

2.7 Thermal Insulation 1 Equations

-nq=0 [14]

2.8 Heat Transfer in Solids 1 Equations

pCouv T +V.q =Q + Qted [15]

q=-kvVT [13]

where Cp, is the specific heat, and k is the thermal conductivity. Here, Vt is the tangential
derivative.

2.9 Temperature 1 Equations and 2 Equations
T =T, [16]
2.10 Outflow 1 Equations

—n.q=0 [14]

3 Results and Discussions

Significant values are used in each scenario to validate the simulation results against
temperature measurements ranging from 25 to 100 °C and changes in length from 0 to
15 cm. The use of nickel-plated heat exchangers for this model is featured in the
COMSOL program. This method allows calculations to be performed using COMSOL,
but its accuracy depends on the heat transfer. It clearly shows that the simulation is
performed..
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Figure. 2. (a) Data set: Cut Line 2D 1 Figure. 2. (b) Data set: Revolution 2D1

Figure 2 (a, b) above shows the solution to the query dataset: Study solution and cut
line 2D through the temperature variation during the heat exchanger process in the
nickel block .

3.1 Plot Group

COMSOL generates several plots, which are graphs of the results from the nickel
process in the heat exchanger. The findings are divided into the following sections. The
velocity magnitude is shown in the figures below in both 2D and 3D dimensions. The
distribution ranges from a velocity of 0 to 0.07 m/s and a length of 0 to 15 cm. The plot
is shown in blue at 0, rising to 0.07 m/s, represented by dark red.
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Figure. 3. (a) surface2D velocity magnitude Figure 3. (b) surface3D velocity magnitude

3.3 Pressure (Spf)
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At this stage, the researcher demonstrates the effect of pressure on the length of the heat
exchanger. From this data, we notice that initially, the effect shown in blue is 0.02 Pa,
then it rises to 3.12 Pa, with the dark red color represented below.
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Figure. 4. Contour: Pressure (Pa)
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Figure. 5. Surface 2D : Temperature (degC)

The final drawing duration, with a temperature range of 273.15-373.15 K, shows the
simulation lifting process in both 2D and 3D modes in the figures below. In 2D, dark
red represents areas with lower temperatures, while blue in 3D indicates the same.
Yellow in 2D and dark red in 3D represent areas with higher temperatures. This is the
last stage of the term. As shown in Figure 6 below, the temperature distribution in the
heat exchanger is broad. Nguyen, Trung Kim, et al. (2021) extended this model to
simulate the total heat coefficient and pressure drop of water flow in such
a heat exchanger.
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Fig. 6(a). Surface: Temperature (degC) Fig. 6 (b). Contour: Temperature (K)

3.4 1D Plot Group

The relationship between temperature (°C) and arc length (Arc) is depicted in this
graph. The relationship between temperature and height shows that heat constancy
increases with height from 0 to 0.7 cm and that temperature rises from 0.71 to 0.86
cm in height. After that, stability returns to heat as height increases from 0.87 to 1.2
cm, with heat increasing from 0.8 cm to 1.2 cm. Finally, we observe an increase in
temperature up to 100 °C as length increases.
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Figure. 7. Line Graph: length (Arc) and temperature (degC)
4 Conclusion

This study aims to simulate the operation of a nickel-metal heat exchanger using the
software COMSOL. A three-dimensional finite element model was developed to
predict the heat transfer process. The model was validated through experimental
measurements. The simulation provides a heat transfer model that includes the
temperature distribution from 273.15 K to 373.15 K, as well as the distribution of
velocity (0 to 0.07 m/s) and length (0 to 15 cm) over time. The temperature equation
was solved for heat transfer along the nickel, which experiences a pressure range of
0.02 to 3.12 Pa. Nickel was chosen for this study due to its high thermal conductivity
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and suitability for modeling as a thin, lightweight metal. It is considered the fifth best
metal for thermal conductivity, making it a valuable material for heat exchangers. It is
important to conduct similar studies on a larger range of metals in both laboratory
experiments and simulation programs, as heat exchangers are commonly used in
various fields, particularly in the oil industry.

References
[1]. Pandya, Naimish S., et al. "Heat transfer enhancement with nanofluids in plate
heat exchangers: A comprehensive review." European Journal of Mechanics-
B/Fluids 81 (2020): 173-190.

[2]. Nazari, Navid. An experimental study of transient torque and power
number for heat generator design in wind thermal energy conversion. Diss.
Memorial University of Newfoundland, 2023.

[3]. Klemes, Jifi Jaromir, et al. "Heat transfer enhancement, intensification
and optimisation in  heat exchanger network retrofit and
operation." Renewable and Sustainable Energy Reviews 120 (2020): 109644.

[4].Genchi, Giuseppe, et al. "Nickel: Human health and environmental
toxicology." International journal of environmental research and public
health 17.3 (2020): 679.

[5]. Faust, Oliver, et al. "Algorithms for the automated detection of diabetic
retinopathy using digital fundus images: a review." Journal of medical
systems 36 (2012): 145-157.

[6]. Lagerstrom, Paco Axel. Laminar flow theory. Princeton University Press,
1996.

[7]. Lagerstrom, Paco Axel. Laminar flow theory. Princeton University Press,
1996.

[8].Huber, Marcia L., et al. "The NIST REFPROP database for highly
accurate properties of industrially important fluids." Industrial &
Engineering Chemistry Research 61.42 (2022): 15449-15472.

[9].Indelicato, G., and F. Creta. "Assessment of an algebraic equilibrium wall-
function for supercritical flows.” International Journal of Heat and Mass
Transfer 197 (2022): 123350.

[10].Yao, Yuge, et al. "Effects of the inlet duct length on the flow field and
performance of a cyclone separator with a contracted inlet duct." Powder
Technology 393 (2021): 12-22.

[11].Ding, Hongchang, Tao Chang, and Fanyun Lin. "The influence of the
blade outlet angle on the flow field and pressure pulsation in a centrifugal

748
Volume 4 - Issue One - 2025


file:///C:/Users/DELL/Downloads/www.sebhau.edu.ly/journal/index.php/jopas

FEZZAN UNIVERSITY SCIENTIFIC JOURNAL VOL.4 NO.12025

n
| =
YEAY

N_FUSI_/
‘x@;‘;&f’

drelatl 038 daels dAlza
Fezzan University scientific Journal

Journal homepage: wwwhttps://fezzanu.edu.ly/

fan.” Processes 8.11 (2020): 1422.

[12].A. Trp, “An experimental and numerical investigation of heat transfer
during technicalgrade paraffin melting and solidification in a shell-and-tube
latent thermal energy storage unit,” Solar Energy 79(6), 648— 660 (2005).

[13]. R. Kalbasi, and M. Afrand, “Which one is more effective to add to
building envelope: Phase change material, thermal insulation, or their
combination to meet zero-carbon- ready buildings?,” Journal of Cleaner
Production 367, 133032 (2022).

[14].M. Ghodbane, E. Bellos, Z. Said, B. Boumeddane, A.K. Hussein, and L.
Kolsi,“Evaluating energy efficiency and economic effect of heat transfer in
copper tube for small solar linear Fresnel reflector,” Journal of Thermal
Analysis and Calorimetry 143,4197-4215 (2021).

[15].Zobeiry, Navid, and Keith D. Humfeld. "A physics-informed
machine learning approach for solving heat transfer equation in advanced
manufacturing and engineering applications." Engineering Applications of
Artificial Intelligence 101 (2021): 104232.

[16].Goeritno, Arief. "Ordinary Differential Equations Models for Observing
the Phenomena of Temperature Changes on a Single Rectangular Plate
Fin." Mathematical Modelling of Engineering Problems 8.1 (2021).

749

Volume 4 - Issue One - 2025


file:///C:/Users/DELL/Downloads/www.sebhau.edu.ly/journal/index.php/jopas

