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Fin and tube heat exchanger (FTHE) has attracted attention among 

technicians and researchers due to its performance. This research was 

conducted to determine the effect of variations in the number of grids and 

viscous models on FTHE on its thermal performance using the Fluent 

application in the Computational Fluid Dynamics computer program 

which was varied against the number of grids and viscous models at 

various fluid flow speeds with a constant heat flux of 100 W. This 

optimization study was conducted to find the best settings in numerical 

studies. The best results of this research were obtained that the variation 

of the longitudinal pitch ratio of 14.5 mm with a heat transfer coefficient 

value of 97.24 W/m²K, while the transverse pitch ratio of 11.7 mm with a 

heat transfer coefficient value of 107.82 W/m²K. The best results of this 

study were obtained at a variation of the number of grids of 358456 in the 

variation of the viscous k-ω Standard model with an average FTHE 

temperature value of 21.35ºC and a maximum heat transfer coefficient 

value of 101.74 W/m²K. These results confirm that the variation of the 

number of grids of 358456 in the variation of the viscous k-ω Standard 

model allows that the numerical study model can be recommended and 

used for practical applications in machine devices and can be applied 

directly in the field such as petrochemical processing devices, HVAC&R, 

and other devices. 
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1. Introduction 

Fin and tube heat exchangers (FTHE) 

have attracted attention among engineers and 

researchers due to their performance [1]. 

Generally, fin and tube heat exchangers (FTHE) 

are applied in refrigeration, petrochemical, and 

HVAC&R systems, due to their easy fabrication, 

simple construction, low cost, and ease of 

maintenance [2, 3, 4]. Improving the thermal and 

hydraulic performance of FTHEs is a major 

concern due to increased energy efficiency, the 

ability to control pressure drops, and the ability to 

improve effective cooling performance [4, 5]. 

The installation of tubes in FTHEs has been 

proven to effectively improve thermal and 

hydraulic performance with high efficiency [6]. 

However, the accumulation of dirt due to the 

close proximity of the tubes causes blocking in 

the FTHE, which in turn can cause blocking, thus 

reducing its thermal performance [7]. Therefore, 

a series of maintenance and repairs is required [8]. 

However, modifications in various ways, such as 

embossing, mounting, or punching, are carried 

out to improve thermal and hydraulic 

performance [9]. The type H with an inline and 

staggered tube arrangement is characterized to 

improve thermal and hydraulic performance, 

resulting in an increase in Nusselt number by 7% 

in the inline arrangement and 5% and staggered 

arrangement [10]. The duct length ratio was 

developed with dimension variation of 44.3 m to 

48.7 m in the FTHE air-to-ground heat 

exchanger; the result is that the duct length ratio 

of 44.3 m to 48.7 m can increase efficiency and 

thermal performance by 70% [11]. 

Axial and radial FTHE with circle tube 

geometry were studied considering its pitch ratio 

of 10% mm. As a result, a decrease in the tube 

surface temperature value of 2ºC was obtained, so 

that the effectiveness could be increased by 10% 

[12]. The shape of wedge-shaped fins with a 

shape angle ratio of 0º and 60º was studied. The 

best results were found in wedge-shaped fins with 

a shape angle ratio of 60º, with a substantial 

temperature reduction value of 80% [13]. The 

shape of bow-shaped vortex generators in FTHE 

was studied using numerical methods by 

considering variations in the thickness of the 

vortex generator of 1 mm, 3 mm, and 5 mm, as 

well as a viscous model during the numerical 

study. It was proven that the Nusselt number of 1 

can be increased by 8% [14]. The wavy fin 

spacing of 1.3 mm and 2.3 mm, arranged in line 

and staggered, was studied regarding the 

characteristics of fluid flow and heat transfer at 

various Reynolds numbers. The geometric shapes 

of the tube in the form of a circle, oval, and airfoil 

shape with wavy fin spacing ratio were 

considered in this research. The best results were 

obtained in FTHE with a circle-shaped tube with 

a fin spacing ratio of 2.3 mm arranged inline with 

an increase in Nusselt number of 30% to 40% 

[15]. 

FTHE with trapezoidal slit fin geometry 

was characterized by numerical studies. 

Variations in slit fin heights of 0.98 mm, 1.225 

mm, 1.47 mm, and 1.715 mm were proposed in 

this study. Optimal results were obtained in 

FTHE with 1.47 mm trapezoidal slit fins with a 

heat transfer coefficient of 130 W.m².K and the 

highest Nusselt number of 70 [16]. The use of 

PCM materials has attracted attention for cooling 

fluid applications in FTHE. It is expected that 

PCM materials can improve the heat transfer and 

efficiency of FTHE [17]. PCM types A27 and 

RT35 were applied to FTHE to cool the device. It 

is known that variations of twisted and straight 

fins were proposed and considered in FTHE by 

experimental and numerical methods. The best 

results were obtained when the PCM RT35 

material was able to improve the heat transfer by 

14% for twisted and 40% for straight fins. These 

results confirm that the PCM RT35 material is an 

ideal PCM material for application in FTHE [18]. 

Air flow velocities of 7 m/s, 8.56 m/s, 9 

m/s, and 10.56 m/s were proposed in 

experimental and numerical studies on FTHE. 

The goal was to improve the heat transfer 

performance. The results of experimental and 

numerical studies found that the tube surface 

temperature could be reduced by up to 10ºC, and 

the Nusselt number value was obtained up to 7% 

[10, 19]. FTHE with helically coiled copper tube 

geometry was studied regarding its heat transfer 

performance by applying organic PCM material 

as a cooling fluid. Variations in pump rpm of 200 

rpm and 400 rpm were proposed. The results 

showed that the tube surface temperature could be 

reduced by 2º for 200 rpm and 3.5ºC for 400 rpm. 

These results were also able to increase the heat 

transfer coefficient value by around 39.6% [20]. 
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A computational domain with dimensions 

of 72.2 x 25.4 x 1.96 mm was created considering 

grid numbers of 1000000, 2000000, and 3000000 

as optimization material for the thermal 

performance of FTHE. In the setup of the 

numerical study, the k-ɷ BSL model was applied. 

As a result, a 20% increase in the Nusselt number 

made it the optimal setting in the numerical study 

being studied [3]. Variations in grid numbers of 

1000000, 1500000, 2000000, 2500000, and 

3000000 in the numerical study of finned shell 

and coil heat exchangers were developed to 

determine their performance. The viscous k-ɷ 

Standard model was applied in this numerical 

study. As a result, the variation in grid numbers 

of 3000000 had the best results in this study. It 

was found that the maximum heat transfer 

coefficient value was 780 W.m²K [21]. Grids of 

1350000, 1670000, and 2010000 were developed 

to characterize the thermal and hydraulic 

performance of finned-curved tubes compact heat 

exchanger. The viscous k-ɷ Standard, k-ω SST, 

and k-ω BSL models were also considered in this 

research. The results showed that the number of 

grids of 2010000 with the viscous k-ɷ Standard 

model had good thermal and hydraulic 

performance. It was found that the Nusselt 

number could be increased by 8%, namely 12.5, 

so that the PEC value increased and the highest 

value was obtained with a value of 1.5 [22]. 

Many studies have been conducted on 

FTHE, both experimental and numerical, to 

understand the increase in heat transfer with 

various geometry variations, such as circular, 

oval, egg-shaped tubes, arrays of tubes in rows, 

spread arrays, geometric ratios, fluid flow 

velocities, heat fluxes, and others. However, until 

now, there has been no research using numerical 

methods with Computational Fluid Dynamics 

(CFD) software on FTHE with elliptical tube 

shapes. Variations in the number of grids and the 

viscous model k-ω are proposed in this study by 

considering variations in fluid flow velocities of 

0.5, 1, 1.5, 2, 2.5, 3, and 3.5 m/s with a constant 

heat flux of 100 W to determine the optimum 

number of grids, a suitable viscous model, and the 

optimum thermal and hydraulic performance. For 

this reason, a numerical study on FTHE was 

conducted. The results of this study are expected 

to obtain the optimum number of grids and the 

most suitable viscous model for numerical studies 

in terms of thermal and hydraulic performance, 

where the results of this research are expected to 

be used as recommendations and applied for 

practical applications in the field. 

 

2. Methods 

2.1. Physical Model  

 

 

 

 

 

 

 

Figure 1. FTHE Geometry. 

 

Figure 1 depicts the FTHE structure 

created using SolidWorks software, referring to 

previous research [3], with the dimensions of the 

FTHE test section being length x width x height 

72.2 x 25.4 x 1.96 mm. Furthermore, we 

introduce innovations in this research in the form 

of variations in the number of grids of 157653, 

257892, and 358456 with variations in fluid flow 

velocity between 0.5 m/s, 1 m/s, 1.5 m/s, 2 m/s, 

2.5 m/s, 3 m/s, and 3.5 m/s, as well as a fixed heat 

flux of 100 W. The viscous k-ω Standard, k-ω 

SST, and k-ω BSL models are also considered in 

this research. 
 

2.2. Materials 

Aluminum alloy 6061 was selected for the 

FTHE module. Its thermal conductivity was 

estimated at k = 168 (W/m.K). The surrounding 

air that functions as a coolant with a temperature 

of 25ºC in this study has material characteristics 

with a density of ρ = 1.2096 kg/m³, a specific heat 

capacity of Cp = 1005 J/kg.K, viscosity of μ = 

1,915×10−5 kg/ms, a thermal conductivity of k = 

0.0261 W/m.K, and a molecular weight of m = 

28.966 kg/kmol. These parameters were entered 

based on the Ansys database found in the settings 

menu of the Fluent application in the 

Computational Fluid Dynamics (CFD) program. 

 

2.3. Numerical Study 

Figure 2 shows the numerical analysis 

boundary conditions for single-phase flow 

through an FTHE in a steady state. The 

computational domain was created using the 

modeler design menu in the Fluent application 

included in the Computational Fluid Dynamics 
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(CFD) program, with dimensions of 28.8 x 25.4 x 

1.96 mm for the water inlet area and 216.6 x 25.4 

x 1.96 mm for the water outlet area. The 

computational domain is divided into three zones: 

the upstream region, the test section, and the 

downstream region. The upstream region aims to 

ensure that the air flow entering the test section is 

even. After that, the air enters the test section, 

which consists of two rows of elliptical pipes in a 

longitudinal and transverse arrangement. When 

the air passes through the test section, it enters the 

downstream region, which functions to prevent 

the flow back into the test section. 
 

 

 

 

 

 

 

 

 

Figure 2. Computational Domain of FTHE. 

 

2.4. Meshing 

The computational mesh applied in the 

numerical analysis is shown in Figure 3. The 

control volume method is used to discretize the 

equations governing the first-order upwind 

scheme to provide more precise calculation 

results generated in the mesh setup menu. The 

computational area is created with a fully 

structured tetrahedral mesh and has a high 

resolution near the wall to capture the effects of 

the bat layer. 

 

 

 

 

 

 

 

 

Figure 3. Tetrahedral Mesh Structure in FTHE. 

 

The continuity, momentum, and energy 

equations for numerical studies on OFHS with the 

forced convection method are shown by: 

 

Continuity equation: 

 

𝜕𝑢
𝜕𝑥̅̅ ̅ +

𝜕𝑣
𝜕𝑦̅̅̅̅ +

𝜕𝑤
𝜕𝑧̅̅ ̅ = 0 

(1) 

 

𝜌 (𝑢
𝜕𝑢

𝜕𝑥
+

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
) =

−𝜕𝑃
𝜕𝑥̅̅ ̅ + 𝜇 (

𝜕²𝑢

𝜕𝑥²
+

𝜕²𝑢

𝜕𝑦²
+

𝜕²𝑢

𝜕𝑧²
)                                                           

(2) 

 

𝜌 (𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
+

𝜕𝑣

𝜕𝑧
) =

−𝜕𝑃
𝜕𝑥̅̅ ̅ + 𝜇 (

𝜕2𝑣

𝜕𝑥2 +

𝜕2𝑣

𝜕𝑦2 +
𝜕2𝑣

𝜕𝑧2)                                                          

(3) 

 

Momentum equation: 

 

𝜌 (𝑢
𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
)

=
−𝜕𝑃
𝜕𝑥̅̅ ̅

+ 𝜇 (
𝜕2𝑤

𝜕𝑥2
+

𝜕2𝑤

𝜕𝑦2

+
𝜕2𝑤

𝜕𝑧2
) 

(4) 

 

Persamaan energi: 

 

𝜌𝐶𝑝 (𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
+

𝜕𝑇

𝜕𝑧
) = 𝑘 (

𝜕²𝑇

𝜕𝑥²
+

𝜕²𝑇

𝜕𝑦²
+

𝜕²𝑇

𝜕𝑧²
)     

(5)                                                           

 

2.5. Grid Independent Test 

A grid test was conducted to determine the 

optimal number of grids in analyzing the impact 

of longitudinal and transverse pitch variations on 

the thermal performance of FTHE. In this 

process, the mesh size with element size 

variations of 157653, 257892, and 358456 was 

known. The grid test results are shown in Figure 

4. There is a relationship between the grid number 

and the Colburn Factor, J value. From the 

calculation in the numerical study on the grid test, 

the relative error between grids 157653 and 

257892 was obtained at ±3% with a Colburn 

Factor, J value of 0.0061; while for grids 257892 

and 358456, the error was ±1% with a Colburn 

Factor, J value of 0.0065. 

 

Up stream Down stream 

Air inlet Air outlet Tube Test section 

Symmetry wall 



 

 

112 
 

 

Safi’i et al. Numerical Study of the Effect of Grid Number… 

 
Figure 4. Grid Test Graph. 

 

The mesh count of 358456 was chosen 

because, in independent grid testing, when the 

mesh count was increased from 257892 to 

358456, a very small difference was obtained in 

the Colburn Factor, J value of 0.00012. If the 

mesh count was increased again from 358456 to 

400000, it is likely that the Colburn Factor, J 

value would only increase by about 5% from the 

value of 0.00012, and there would be no 

significant difference. Therefore, the mesh count 

of 358456 is considered the most ideal number. 

 

2.6. Validation 

Validation was conducted using 

numerical methods against experiments found in 

the literature [3] on FTHE specimens through 

forced convection. In this study, the parameters to 

be sought are the tube surface temperature to 

calculate the heat transfer coefficient, Nusselt 

number, and Colburn Factor, J, on the newly 

proposed FTHE. This validation process involves 

a comparison between variations in the number of 

grids and the Colburn Factor, J value of the 

FTHE. The results of the validation can be seen 

in Figure 4, which shows the relationship between 

Reynolds number and Colburn Factor, J. From the 

graph, the experimental results listed in the 

literature [3] show that the Colburn Factor, J 

value is 0.0092, while the Colburn Factor, J value 

obtained in the current study is 0.0094 for a 

Reynolds number of 1300. When comparing the 

numerical results with the forced convection 

method on FTHE against the experimental data 

from the literature, it was found that the largest 

relative error (or uncertainty of the numerical 

results compared to the experiments in the 

literature) was 0.9%. The validation results 

showed the largest relative error with a value of 

1.1% and a Colburn Factor, J of 0.0078 at a 

Reynolds number of 1650. These findings 

indicate a good agreement between the 

experimental results from the literature [3] and 

the numerical study currently in the validation 

process. 

 

 
Figure 5. Relationship between Reynolds Number and 

Colburn Factor, J. 

 

Validation was conducted using a 

numerical approach and comparing with 

experiments conducted in the literature [3] on 

FTHE specimens through the forced convection 

method. The focus of this study was to obtain the 

pipe surface temperature parameters to determine 

the heat transfer coefficient, Nusselt number, 

Colburn Factor, and J values in the newly 

proposed FTHE. The validation process was 

conducted by comparing the variation of the 

number of grids with the Colburn Factor, J value 

of the FTHE. The results of the validation process 

are shown in Figure 5, which shows the 

relationship between the Reynolds number and 

the Colburn Factor, J value. From the graph, it can 

be seen that the experimental results from the 

literature [3] produced a Colburn Factor, J value 

of 0.0092, while the value being studied is 0.0094 

at a Reynolds number of 1300. When comparing 

the numerical results with the forced convection 

method on FTHE with experiments from the 

literature based on the Colburn Factor, J value, 

the largest relative error (uncertainty of the 

numerical results compared to the experiment) 

was found to be 0.9%. Validation shows that the 

largest relative error is 1.1% with a Colburn 

Factor, J of 0.0078 at a Reynolds number of 1650. 

This finding shows good consistency between the 

experimental results from the literature [3] and 

the numerical study being validated. 

 

2.7. Numerical Data Reduction 

The operating conditions of the FTHE 

during the numerical study were based on the 

experimental study of [3]. In this research, it was 

assumed that the specific heat is defined as the 
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amount of heat required to raise the temperature 

of a sample of a substance by one degree, thus 

obtaining the following equation: 

 

Cp =  
𝑄

𝑚𝑇
 (6) 

                             

Where Pin is the inlet pressure, and the 

heat flux is calculated using the equation: 

 

𝑄 = ṁ(𝑇 − 𝑇𝑖𝑛) = ρ.U.Ac.c(𝑇 − 𝑇𝑖𝑛) (7) 

  

           Logarithmic Mean Temperature 

Difference is defined by the equation: 

 

𝐿𝑀𝑇𝐷 =
((𝑇𝑤𝑎𝑙𝑙 − 𝑇) − (𝑇𝑤𝑎𝑙𝑙 − 𝑇𝑖𝑛))

𝑙𝑛 (
(𝑇𝑤𝑎𝑙𝑙 − 𝑇)

(𝑇𝑤𝑎𝑙𝑙 − 𝑇𝑖𝑛)
)

 
(8) 

 

           The local heat transfer coefficient is 

considered based on the heat flux input and the 

LMTD calculation results on the FTHE, so that 

the heat transfer coefficient can be calculated 

using the equation: 

 

ℎ =
𝑄

𝐴𝑎 × 𝐿𝑀𝑇𝐷
 

(9) 

 

           The local heat transfer coefficient values 

can be correlated to calculate the Nusselt number 

value, so that: 

 

𝑁𝑢 =
ℎ. 𝐻

𝑘
 

(10) 

 

         The friction factor and Colburn Factor, J, 

are calculated using the equation: 

 

f =
(𝑃𝑖𝑛−𝑃)

1

2
.𝜌𝑢𝑖𝑛

2
.

𝐻

4𝐿
 (11) 

 

j = 
𝑁𝑢

𝑅𝑒.𝑃𝑟1/3 (12) 

 

         Heat transfer equation per unit fan: 

 

𝑄
𝑃𝑓

⁄ =
𝑄

∆𝑝 × ṁ (𝜌 × 𝜂𝑓)⁄
 

(13) 

 

3. Result and Discussion 

3.1. Effect of Grid Number on FTHE 

Performance 

Essentially, the examination of the impact 

of varying grid numbers during the numerical 

study on FTHE performance begins with airflow 

entering through the air inlet in the upstream 

domain with varying airflow velocities: 0.5 m/s, 

1 m/s, 1.5 m/s, 2 m/s, 2.5 m/s, 3 m/s, and 3.5 m/s 

at a temperature of 25ºC and a constant flux of 

100 W. This air then serves to cool the tube in the 

test section and gradually flows out into the 

downstream domain channel. 

Variations in grid numbers of 157653, 

257892, and 358456 are proposed and 

characterized against various viscous models in 

the numerical study being studied to analyze the 

thermal performance of the FTHE. Only the best 

results are presented in this research. Variations 

in grid numbers play a significant role in the 

thermal performance of the FTHE. A higher grid 

number improves the accuracy of the calculation 

of the convective heat transfer coefficient and 

temperature distribution. A denser mesh, 

especially near the boundary layer, is essential to 

capture sharp temperature gradients, which are 

crucial for predicting the effectiveness of the 

FTHE. Figure 6 illustrates the FTHE temperature 

contours with respect to the variation of the grid 

number with respect to the variation of the 

Standard viscous k-ω model. 

It can be seen that with a variation in air 

flow velocity of 3.5 m/s with a constant heat flux 

at a grid number of 157653, there are obstacles or 

structures in the channel that cause flow 

disturbances, resulting in a thin thermal boundary 

layer. It is possible that the grid number of 

157653 has a meeting of low-temperature air near 

the tube wall caused by centrifugal force, which 

has less significant effect on increasing the heat 

transfer rate. At a grid number variation of 

257892, it can be seen that the thermal boundary 

layer tends to develop; this is due to the effect of 

mesh density, which allows the capture of the 

thermal boundary layer to be almost accurate. At 

a grid number variation of 358456, it is proven to 

have high thermal boundary layer characteristics. 

The cause is the high mesh cell number that 
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allows numerical studies on FTHE to show 

maximum results due to mesh density. 

 

  

 

 

 

 

 

 

 

 

 

 

 
Figure 6. FTHE Temperature Contour with 

Variations in the Number of Grids of 157653, 257892, 

and 358456 and Variations in Flow Velocity of 3.5 m/s. 

 

So that the thermal performance effect is 

good. With too many grids (too fine), the 

numerical study conducted will drastically 

increase the computation time and memory 

requirements, and provide a significant increase 

in accuracy after reaching the optimal point. 

Finer grids are needed in FTHE areas with high 

temperature gradients or velocities, such as 

around the tube or near the tube wall, to more 

accurately model the boundary layer, which is 

characterized by a significant decrease in the 

tube surface temperature. The large number of 

grids in the FTHE numerical study causes the 

temperature distribution contour to experience 

resistance, which leads to the formation of 

temperature swirl flow. This swirl flow may be 

considered as randomizing the temperature 

contour. However, when the numerical process 

takes place, this phenomenon actually increases 

the thermal boundary layer around the tube, 

resulting in more even tube cooling. 

 

 
Figure 7. Graph of Temperature Values and Reynolds 

Numbers on Grid Variations 358456. 

 

Figure 7 shows that overall, the graph 

shows a decreasing temperature trend with 

increasing Reynolds number. At low Reynolds 

numbers (around 1300), the average surface 

temperature of the FTHE is highest (around 

28ºC), and at high Reynolds numbers (around 

2500), the average surface temperature of the 

FTHE drops to its lowest point (around 21ºC-

22ºC). An increase in Reynolds number typically 

indicates an increase in flow velocity or a 

transition from laminar to turbulent flow. Faster 

or more turbulent flow increases the convective 

heat transfer coefficient (h). Consequently, heat 

loss from the system to the fluid becomes more 

effective, resulting in a decrease in the 

temperature of the object or fluid being measured. 

This shows that for the Reynolds number 

range of 1300 to 2500, the simulation results are 

quite consistent and stable regardless of the 

variations in the viscous model used. Small 

differences between the three models may be due 

to how each model handles calculations near 

walls (wall functions) or in the boundary layer. 

These results confirm that increasing the flow rate 

(represented by the Reynolds Number) directly 

increases the cooling efficiency in the simulated 

system, with variations in the turbulence model 

giving very similar results to each other. 

Figure 8 explains that as the Reynolds 

Number increases (which reflects an increase in 

fluid flow velocity), the intensity of turbulence in 

the fluid also increases. The impact of higher 

turbulence increases fluid particle mixing and 

thins the thermal boundary layer. As a result, the 

resistance to heat transfer is reduced, so that the 

heat transfer coefficient value increases 

significantly. k-ω Standard (Blue): Shows a 

slightly higher coefficient value than the other 

two models in almost the entire range. This model 

is very good for near-wall flow (near-wall 

treatment). k-ω SST (Shear Stress Transport) 

(Orange): Is a development of the Standard 

model. This model is usually more accurate in 

predicting the occurrence of flow separation 

because it combines the advantages of the near-

wall model and the free-stream model. k-ω BSL 

(Baseline) (Gray): Shows results very similar to 

the SST model. This model serves as a link 

between the k-ω Standard model and the k-ε 

model. All three models show consistent and very 

close trends. This indicates that for this flow case, 

the selection of the k-ω variant does not produce 

drastic differences in the data, so that the 
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simulation results can be said to be quite stable 

and reliable. 

 

 
 Figure 8. Graph of Heat Transfer Coefficient and 

Reynolds Number Values on Grid Variations 

358456. 

 

At Reynolds number 1300, the heat 

transfer coefficient value is in the range of 35-40 

W/m²K, and at Reynolds number 2500, the heat 

transfer coefficient value increases sharply to 

reach the range of 95-100 W/m²K. However, 

strangely, there is a fairly steep increase at the 

beginning at Reynolds number 1300-1800 with a 

heat transfer coefficient value of around 80 

W/m²K, which may indicate a transition from 

laminar to turbulent flow or a change in the 

thermal characteristics of the geometry. Overall, 

this graph proves that increasing the flow velocity 

(Reynolds Number) effectively increases the heat 

transfer efficiency. The Standard k-ω model tends 

to provide slightly more optimistic (higher) 

estimates than the SST k-ω and BSL k-ω models 

in predicting the thermal performance of this 

system. 

 

3.2. Effect of Viscous Model on FTHE 

Performance 

With the varying grid size and viscous 

model in the FTHE numerical study, it is apparent 

that the airflow encounters resistance, resulting in 

the formation of vortices around the tube. These 

vortices could potentially be considered reverse 

flow during simulation, but curiously, this 

phenomenon results in an increase in the thermal 

and hydraulic boundary layer around the tube, 

allowing for more even tube cooling. The airflow 

rate observed as it passes through the test section 

domain, as seen in Figure 9, shows that the FTHE 

with 358,456 grids and the standard viscous k-ω 

model averaged approximately 1.96 m/s at a flow 

velocity of 0.5 m/s and 7.76 m/s at a flow velocity 

of 3.5 m/s. 

Figure 8 demonstrates the presence of 

flow separation in each geometry. The transverse 

geometry appears to have a more dominant wake 

region than the longitudinal geometry. The 

presence of a larger wake region results in less 

well-distributed heat transfer between the cold 

and hot fluids. The minimum velocity is shown in 

the geometry with a grid variation of 157653 with 

a minimum value of 1.4 m/s. This is indicated due 

to the variation of the viscous k-ω BSL (Baseline) 

model and allows for a higher swirl flow effect. 

 

    

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Velocity Streamline Contour of FTHE with 

Variations in the Number of Grids of 157653, 257892, 

and 358456 and a Flow Velocity Variation of 3.5 m/s 

 

Figure 10 shows that stagnation and wake 

regions are visible, with the highest pressure 

contour appearing at the initial air-tube contact 

point, while the lowest contour is located behind 

the tube due to flow separation. This occurs 

precisely with a grid variation of 157,653 with a 

variation of the viscous k-ω BSL (Baseline) 

model, with the lowest pressure value of 69.45 Pa 

and the highest with 87.86 Pa. Furthermore, 

viscosity and drag at high speeds, friction 

between the air and the fin surface, cause a 

dominant pressure drop (high-pressure loss) in 

the FTHE with a grid number of 358,456 with a 

viscous k-ω Standard model with a lowest 

pressure value of 63.15 Pa and a highest value of 

81.56 Pa. Thus, in the FTHE, increasing air 

velocity forces a more significant pressure drop, 

resulting in a pressure contour distribution with a 

high-pressure stagnation point at the front and a 

low-pressure wake region behind the tube. 

However, when the velocity is not 

uniform across the FTHE surface, it will cause an 

uneven pressure contour distribution, potentially 

reducing heat transfer efficiency. The pressure 

contours in Figure 10 also visualize the fluid 
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pressure drop during flow, which is crucial for 

heat transfer efficiency. Numerical studies have 

shown that the highest pressure is often found at 

the inlet boundary conditions and drops 

dramatically at the outlet due to friction and 

velocity changes. These contours identify areas of 

high pressure drop in the FTHE geometry, which 

we will discuss in the next section. 

 

    

 

 

 

 

 

 

 
 

 

 

 

Figure 10. Velocity Streamline Contour of FTHE with 

Variations in the Number of Grids of 157653, 257892, 

and 358456 and a Flow Velocity Variation of 3.5 m/s. 

 

Figure 11 presents a comparison between 

three turbulence models in simulating the 

relationship between Reynolds Number and 

Velocity. The graph shows a positive linear 

relationship for all three tested models. As the 

Reynolds Number increases from 1300 to 2500, 

velocity values also increase proportionally from 

around 1.5 m/s to nearly 8 m/s. The Standard k-ω 

model consistently produces the highest velocity 

estimates compared to the other two models at 

each Reynolds Number point, with a value of 7.76 

m/s. The SST (Shear Stress Transport) k-ω model 

falls in the middle, showing a slightly lower 

velocity prediction than the Standard model, with 

a value of 7.48 m/s. The BSL (Baseline) k-ω 

model provides the lowest velocity prediction of 

the three, with a value of 7.2 m/s. 

 

 
Figure 11. Graph of Velocity Values and Reynolds 

Numbers on Grid Variations 358456. 

 

At Reynolds Numbers above 2000, 

turbulent flow characteristics (high velocities) 

increase fluid mixing, thereby increasing the rate 

of convective heat transfer (Nusselt number). The 

result is an increase in the heat transfer efficiency 

of the FTHE due to the increased heat transfer 

coefficient. However, increasing the speed can 

increase friction, which proportionally increases 

the heat transfer efficiency. Therefore, high speed 

(high Re) is desirable to maximize FTHE 

performance, despite increasing pressure drop. 

 

 
Figure 12. Graph of Pressure Values and Reynolds 

Numbers on Grid Variations 358456. 

 

In Figure 12, it is explained that the graph 

shows a positive linear correlation between 

Reynolds Number and Pressure. As the Reynolds 

Number increases (from the range of 1300 to 

2500), the resulting pressure also increases in the 

three simulation models. This is consistent with 

the principles of fluid mechanics, where 

increasing flow velocity (which usually causes a 

greater pressure drop or pressure loss due to 

friction and turbulence. Air pressure ranges from 

63.15 Pa to 81.56 in the Standard k-ω model, 

which makes it the best result in this research. 

 

Conclusions 

Numerical studies on FTHE with the 

proposed variations in the number of grids and 

viscous models resulted in flow separation around 

the FTHE specimen, causing wakes and vortices 

around the tube, this phenomenon validates the 

differences in the number of grids and viscous 

models. The best results of this study were 

obtained at a variation of the number of grids of 

358456 in the variation of the Standard viscous k-

ω model with an average FTHE temperature 

value of 21.35ºC and a maximum heat transfer 

coefficient value of 101.74 W/m²K. The large 
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variation in the number of grids allows the 

computational network to be built with a high 

resolution so that it can capture the effects of 

thermal and hydraulic boundary layers 

accurately. The choice of the Standard viscous k-

ɷ model in this research is because it has a 

suitability in numerical studies reviewed in terms 

of reductional costs during simulation and has 

accurate calculation results compared to other 

viscous models. These results confirm that the 

variation of the number of grids of 358456 in the 

variation of the Standard viscous k-ω model 

allows that the numerical study model can be 

recommended and used for practical applications 

in petrochemical processing, HVAC&R, and 

other machine devices because it is energy and 

cost efficient, as well as easy in production and 

maintenance aspects so that it can be applied 

directly in the field. 
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