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experiments. After the device was successfully fabricated, experiments were
carried out to obtain temperature data of the hot and cold fluids at both the inlet
and outlet. These experimental data were then compared with the results of
numerical simulations using ANSYS Fluent software based on the
Computational Fluid Dynamics (CFD) method. The simulation was used to
visualize the flow pattern and temperature distribution within the heat
exchanger, as well as to calculate heat transfer efficiency. The results showed
good agreement between the simulation and experimental data, the deviation is
15%, where the inlet temperature of the hot fluid was 65°C and the outlet
temperature was 38°C, indicating the validity of the numerical model used.
From this study, it can be concluded that the combination of experimental
design and CFD simulation analysis provides a more comprehensive
understanding of the temperature distribution and efficiency of a shell and tube
heat exchanger with a parallel flow configuration.
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1. INTRODUCTION

Heat transfer is an essential element in various engineering processes, including in industries that utilize heating,
cooling, and power generation systems[1]-[6]. One of the key tools that supports this process is the heat
exchanger[7]-[13]The type of heat exchanger commonly used in industry is the shell and tube type, due to its
ability to handle various types of fluids and high operating pressures. Hot fluid flows through the tubes, while cold
fluid moves within the shell around the tubes. This system has several variations in fluid flow direction: parallel
flow, counterflow, and crossflow[14]-[17]. The parallel flow configuration is characterized by fluids flowing from
the inlet to the outlet side in parallel, both in the tubes and the shell. The main advantage of this design is its
simplicity, but its drawback is the rapid decrease in temperature difference between the two fluids, resulting in
relatively low heat transfer efficiency[17], [18]. A study by [11] discussed the design of shell and tube heat
exchangers. In this research, the shell tube has an outer diameter of 300 mm and an inner diameter of 293.65 mm
with a length of 1000 mm. The obtained heat transfer rate is 7117.5 watts. Based on TEMA standards and the
application of HTRI, the required surface area is 8.27 m?, while actual calculations show a surface area of 9.09 m?.
The research by [19]discusses a design with one shell pass and two tube passes. The tube length is 2.7 m with a
diameter of 13 mm, while the shell measures 1.35 m in length and 70 mm in diameter. The material for the tube is
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copper with a conductivity of 385 W/mK, whereas the shell is made of aluminum with a conductivity of 205
W/mK. The results of this study show a maximum efficiency of 35.4040%. The research conducted by [14]focused
more on the design of the heat exchanger dimensions. In that study, a tube length of 1.2 m, a shell length of 70 cm,
and a total of 6 tubes were obtained. In the mixed temperature tests, the measured values ranged from 50°C to
25°C. Testing using CFD Ansys is often applied to understand temperature distribution and efficiency in heat
exchangers [20]-[27]. The aim of this study is to design and evaluate the performance of a shell-and-tube type
heat exchanger with parallel flow on a laboratory scale. This research includes the design of dimensions and main
elements so that the device can operate optimally, experimental testing to obtain temperature data of hot and cold
fluids, as well as numerical analysis using ANSY'S Fluent based on CFD to visualize flow patterns and temperature
distribution[28], [29]. The simulation results are then compared with experimental data to verify the numerical
model and assess heat transfer efficiency, with the aim of obtaining a comprehensive understanding of the thermal
performance of the heat exchanger.

2. METHODS

This research was conducted through three main stages: design, fabrication, and experimental testing of a
laboratory-scale shell-and-tube heat exchanger with a parallel flow configuration. During the design stage, the
primary geometric parameters were determined, including tube length, shell diameter, number of tubes, and
material selection. These parameters were defined based on heat transfer considerations, structural integrity, and
ease of assembly. The complete configuration was modeled using three-dimensional CAD software to ensure
dimensional consistency and proper alignment of the parallel flow direction between shell- and tube-side fluids..

Figure 1. Heat Exchanger Design

Experimental testing was conducted using the dual-reservoir circulation system shown in Figure 1. The setup
consists of two elevated tanks serving as hot- and cold-water supply reservoirs and two lower tanks for fluid
collection and recirculation. Hot water was prepared in the upper reservoir using an electric heater prior to testing,
while cold water was supplied from a separate reservoir to maintain controlled inlet conditions. The fluids were
circulated through the shell-and-tube heat exchanger via a closed-loop piping system equipped with control valves,
and the volumetric flow rate was maintained at 800 L/h as monitored by a calibrated flowmeter. After passing
through the heat exchanger, both fluids were collected in the lower tanks and recirculated to ensure continuous
operation.

Table 1. Shell and Tube Specifications

Description Shell Tube
Diameter 22 mm 6,35 mm
Length 3400 mm 3400 mm
Material Pipe Acrylic Aluminum
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Temperature measurements at the hot and cold fluid inlets and outlets were obtained using calibrated K-type
thermocouples installed at the respective pipe sections. The thermocouple readings were recorded manually at 5-
minute intervals using a digital temperature display, while a stopwatch was used to ensure consistent time tracking
throughout the 45-minute experimental duration. This procedure ensured systematic data collection while
maintaining stable operating conditions for evaluating the thermal performance of the parallel-flow heat
exchanger.

Although the system is referred to as a shell-and-tube heat exchanger, the laboratory-scale configuration
used in this study consists of a single small copper tube in the inner section through which hot water flows, while
cold water flows directly in contact with the outer surface of the inner tube within the surrounding cylindrical outer
pipe. Geometrically, this arrangement more closely resembles a concentric (double-pipe) heat exchanger rather
than a conventional multi-tube shell-and-tube system equipped with baffles for flow distribution. In the present
study, no thermal insulation was applied to the outer surface of the external pipe, allowing heat transfer to occur
primarily through conduction across the copper tube wall and convection on both fluid sides, with potential natural
heat loss to the surrounding environment. The term “shell” is retained due to the presence of the external cylindrical
enclosure; however, only a single tube pass is employed without the complex flow distribution characteristics
typical of industrial shell-and-tube exchangers. This clarification is important to avoid ambiguity in interpreting
flow distribution behavior, effective heat transfer area, and performance comparisons with industrial-scale shell-
and-tube heat exchangers.

Both working fluids were modeled as incompressible water under steady-state and single-phase
conditions. Thermophysical properties were assumed constant and evaluated at the respective mean bulk
temperatures (p = 997 kg/m?, Cp = 4182 J/kg'K, k =0.6 W/m'K, p=0.001 Pa-s). The realizable k—¢ turbulence
model with enhanced wall treatment was employed to accurately resolve near-wall thermal gradients. The
computational mesh was refined in the boundary-layer region to maintain y* values below 5, ensuring appropriate
resolution of the viscous sublayer and improved prediction of convective heat transfer coefficients. A conjugate
heat transfer (CHT) approach was implemented by explicitly modeling the aluminum tube wall as a solid domain,
allowing conductive heat transfer between the hot and cold fluid regions to be simultaneously solved with the
governing energy equations. This approach improves thermodynamic consistency and provides a more realistic
representation of the coupled convection—conduction mechanism within the heat exchanger.

/ W

<\/ ?é;w

Figure 2. Meshing in ANSYS

Figure 2 shows the meshing results in ANSYS with inlet and outlet conditions, along with a total of 3,754,832
faces and 928,676 nodes. Figure 3 illustrates the schematic flow of fluid in the heat exchanger system with a
parallel flow configuration. The cold fluid and hot fluid flow in opposite directions through two different paths,
each marked by blue and red colors respectively. The cold fluid enters from the top left and exits at the bottom
right, while the hot fluid also enters from the top left but exits at the bottom right through a different path. This
schematic is equipped with temperature measurement points numbered 1 to 17, depicting the locations of
temperature monitoring along the flow. This design allows for a more efficient heat transfer process through a
consistent temperature difference between the two fluids. The realizable k—¢ turbulence model with enhanced wall
treatment was applied. Velocity inlet boundary conditions were specified according to the experimental flow rate
(800 L/h) and measured inlet temperatures, while pressure outlet conditions were imposed at both exits.
Convergence criteria were set to 107° for the energy equation and 10™* for continuity and momentum equations.
Mesh quality Ansys Metric in this simulation is 0.9 that means acceptable. The thermal performance of the heat
exchanger was evaluated using the effectiveness—NTU method and the Log Mean Temperature Difference
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(LMTD) approach[2]. The actual heat transfer rate was calculated from the energy balance:
Q= mhcp,h(Th,in - Th,out) (1)
Q= mccp,c(Tc,out - Tc,in) )

where 77; is the mass flow rate (kg/s), ¢ » is the specific heat capacity (J/kg-K), and T represents fluid temperatures
(°Cor K).
The heat exchanger effectiveness (¢) is defined as:

& = Qactual 3)
Qmax
where
Qmax = Cmin (Th,in - Tc,in) )
and
C =mc, (5)
Crnin = min (G, C,) (6)

The number of transfer units (NTU) is calculated as:
NTU =24 @)

Cmin

where [J is the overall heat transfer coefficient (W/m?-K) and Ais the total heat transfer area (m?).
For a parallel-flow heat exchanger, the analytical effectiveness relation is:

£ = 1-exp [-NTU(1+Cp)] (8)
1+Cr
with
C, = Smin )
Cmax

The overall heat transfer coefficient ywas determined using the LMTD [1]method:
Q = UAAT,, (10)

where the log mean temperature difference for parallel flow is:

AT - (Th in=Tcin)=(Thout=Tc out) (1 1)
tm ln( Thin=Tcin )
Thout=Tcout

These formulations provide a rigorous thermodynamic basis for evaluating the experimental results and validating
the CFD predictions of the parallel-flow shell-and-tube heat exchanger.

Figure 3. Fluid flow rate scheme

Figure 3 illustrates the schematic configuration of the parallel-flow heat exchanger. Both hot and cold fluids enter

Journal of Engineering Design and Technology 42



LOGIC
Jurnal Rancang Bangun dan Teknologi Vol. 26 No. 1 March 2026

from the same axial direction and flow parallel along separate channels. Temperature measurement points (1-17)
indicate monitoring locations used for experimental validation and numerical comparison. The red inner passage
represents the hot fluid, while the surrounding blue domain corresponds to the cold fluid, separated by a solid wall
that facilitates heat transfer primarily through conduction across the wall and convection within each fluid stream.

3. RESULTS AND DISCUSSION
The test results of the shell and tube type heat exchanger with a parallel flow configuration that has been completed,
as shown in Figure 4. The testing was carried out to observe how well this device transfers heat by monitoring the
temperature changes of the hot and cold fluids at the inlet and outlet at certain time intervals. The data in Table 2
show a significant temperature change in both fluids, indicating that the heat transfer process occurred as expected
during the tests. These temperature changes were then analyzed to determine the effectiveness of the device, the
thermal behavior of the system during operation, and serve as a basis for comparison with theoretical calculations
and CFD simulation results in the following section.

Figure 4. Fabrication of heat exchanger

Figure 4 shows the heat exchanger that has been fabricated. The fabrication was carried out according to the design
that had been calculated.

Table 2. Test result data

Temperature (°C)

Time (m) Cold Hot
Inlet Outlet Inlet Outlet

5 19.3 26.3 54.8 45.7
10 20.2 25.9 59.7 44.6
15 19.6 254 59.6 43.2
20 22.3 27.6 65.6 42.2
25 21.1 26.1 69.3 38.4
30 20.1 26.9 54.7 38.3
35 22.8 27.4 55.6 37.6
40 23.6 26.5 62.4 36.7
45 20.8 26.3 67.3 45.7

Table 2 shows how the temperatures of cold water and hot water changed during testing from the 5th minute to
the 45th minute. The cold water, which initially ranged from 19-23°C, appeared to rise to around 25-27°C as it
exited the device, indicating that the cold water successfully absorbed heat. Meanwhile, the hot water entering at
54-69°C dropped to 37-46°C upon exit, showing that the heat transferred to the cold water. Although there were
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slight fluctuations in some data points, the overall pattern remained clear: the cold water became warmer, the hot
water became cooler, indicating that the heat exchanger worked effectively.

Table 3. Calculated Thermal Performance Parameters

Parameter Symbol Equation Value Unit
Heat Capacity Rate C =mc, 0.222 x 4180 92796 W/K
Actual Heat Transfer Rate Quctual mcp (T our — Teim) 5,010 W
Maximum Heat Transfer Rate Qumax Conin(Thin — Tein) 37,000 W
Effectiveness € Qactu(;l /Qma; 0.135 -
Temperature Difference 1 AT, Thin — Tein 39.89 °C
Temperature Difference 2 AT, Thout — Teout 14.88 °C
Log Mean Temperature Difference AT, LMTD formula 25.34 °C
Overall Heat Transfer Coefficient U Q/(AAT,,) 2916 W/m2K
Number of Transfer Units NTU UA/Cpin 0.21 -
Capacity Ratio C, Cmin/ Comax 1.0 —

Table 3 summarizes the calculated thermal performance parameters of the parallel-flow shell-and-tube heat
exchanger under laboratory-scale operation. The heat capacity rate was determined as 927.96 W/K, resulting in an
actual heat transfer rate of 5,010 W compared to a theoretical maximum of 37,000 W, yielding an effectiveness of
0.135. The measured terminal temperature differences (AT: = 39.89°C and AT: = 14.88°C) produced an LMTD
of 25.34°C. Based on these values, the overall heat transfer coefficient was calculated as 2,916 W/m?K, with an
NTU of 0.21 and a capacity ratio (C;) of 1.0. A comparison with CFD simulation results can be seen in Figure 5
below.
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Figure 5. Temperature distribution in ANSYS software

Figure 5 shows the simulation results of the temperature distribution in a shell and tube type heat exchanger with
a parallel flow configuration using ANSYS Fluent software. The color contours illustrate the decrease in
temperature of the hot fluid from around 60°C at the inlet side (red color) to about 19.3°C at the outlet side (blue
color). The uniform color gradient pattern indicates that an effective heat transfer process occurs along the fluid
flow path. Experimental test results show that the heat transfer process in the shell and tube type heat exchanger
with a parallel flow configuration is effective, as indicated by significant temperature changes in both the hot and
cold fluids at each observation interval. The inlet temperature of the hot fluid ranges from 54.8°C to 69.3°C, while
its outlet decreases to the range of 36.7-45.7°C. Meanwhile, the temperature of the cold fluid increased from 19.3C
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to about 27.6°C by the end of the test. The average temperature difference between the hot and cold fluids indicates
that the conduction mechanism through the tube wall and convection on both sides of the fluid are working
simultaneously and efficiently. Numerical simulations using ANSYS Fluent show a stable flow pattern and
temperature distribution consistent with experimental results. The model, using the standard k-epsilon turbulence
and second-order upwind discretization, is capable of accurately representing heat transfer phenomena. Simulation
results indicate a temperature difference of 38°C at the hot fluid outlet and 26°C at the cold fluid outlet, with only
about a 15.7% deviation from experimental results. The temperature contour from the simulation shows a linearly
decreasing temperature gradient along the flow direction, indicating that the heat transfer rate is dominated by
forced convection mechanisms.

The temperature contour presented in Figure 5 indicates localized regions where the hot-fluid temperature
approaches the lower temperature range. It is important to emphasize that these values correspond to local minima
within the computational domain rather than the mass-averaged outlet temperature. The bulk outlet temperature
predicted numerically was approximately 38°C, which is in close agreement with experimental measurements and
remains thermodynamically consistent with parallel-flow heat exchanger theory. Since no external heat loss was
imposed in the numerical model, the reduction in hot-fluid temperature corresponds directly to the heat absorbed
by the cold fluid, satisfying overall energy conservation. Furthermore, considering the relatively low NTU value
(0.21) and effectiveness (0.135), the moderate outlet temperature difference observed is physically reasonable and
aligns with established heat exchanger performance relations for parallel-flow configurations.

4. CONCLUSION

This study successfully designed and evaluated a laboratory-scale shell-and-tube heat exchanger with a parallel-
flow configuration using experimental testing and CFD simulation in ANSY'S Fluent. The results showed that the
hot-fluid temperature decreased from approximately 65°C to around 38—41°C, while the cold-fluid temperature
increased to about 26-27°C, confirming effective heat exchange. Thermal analysis yielded an average heat transfer
rate of 5.01 kW, effectiveness (g) of 13.5%, overall heat transfer coefficient (U) 0£2916 W/m?K, and NTU of 0.21,
indicating moderate thermal performance under the tested conditions. The deviation between experimental and
numerical results was approximately 15.7%, demonstrating good model validation. For future research, it is
recommended to vary the mass flow rate and compare other flow configurations, such as counter flow and cross
flow, to obtain a broader range of heat transfer characteristics. Additionally, the use of tube materials with different
thermal conductivities and variations in the number of baffles can be analyzed to optimize system efficiency.
Further validation can be conducted by expanding the simulation domain and using more complex turbulence
models, such as Realizable k-¢ or k-« SST, so that the simulation results more closely approximate real conditions.
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