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ABSTRACT  
Many researchers are heading towards innovations and experiments on different fin geometries.  A consistent 

heat transfer coefficient is often expected to calculate the temperature conduction along a long surface. This 

suspicion allows the utilization of a deeply grounded, structured scientific arrangement, hence working on the 

numerical intricacy of the preservation energy condition. For specific fin calculations, this supposition will 

prompt an unfortunate expectation of the warm presentation of the drawn-out surface, particularly for tightened 

and three-sided fins. In this review, a summed-up scientific arrangement that allows the calculation of heat loss 

from expanded surface given variable heat transfer coefficient, fin math, and surface ebb and flow was created. 

A consistent heat transfer coefficient is much of the time expected in the calculation of the temperature 

conveyance along a lengthy surface. This presumption allows the utilization of deep-rooted structural insight 

arrangement, subsequently improving on the numerical intricacy of the protection energy condition. For specific 

fin calculations, this suspicion will prompt an unfortunate expectation of the warm exhibition of the lengthy 

surface, particularly for tapered and triangular fins. A parametric investigation of the impact of these boundaries 

on fin effectiveness was performed for different limit layer conditions. 

Keyword: Fin, Heat Transfer, Surface, Fin geometry, Material 

 

1. INTRODUCTION 

 A few scientific methods are accessible for forecasting the temperature circulation along the length of the 

broadened surface. These arrangements depend on the understanding that the heat transfer coefficient is steady, the 

irrelevant impact of the fin math, and that the surface arch is solidarity [ 1,2]. These glorifications grant the 

utilization of deep-rooted structure insightful arrangements, hence improving on the intricacy of the numerical 

examination while keeping a serious level of exactness for fins of uniform cross-section. Be that as it may, for of 

non-uniform cross-sectional region, these suspicions are ridiculous. That is what exploratory and hypothetical proof 

shows: the heat transfer coefficient isn't invariant. The heat transfer coefficient has fundamentally more noteworthy 

worth zit the fin tip than at the fin base; thus, the assumption of a uniform A lot of unused or squander heat might be 

created during numerous modern production processes [1]. Heat recuperation units have acquired significance over 

the world since they can recuperate a lot of energy [2], and the improvement of heat recuperation technology plays a 

significant part in further developing the energy use rate of the whole society, consequently diminishing the 

emission of ozone-depleting substances [3]. The heat exchanger is the critical gear for squander heat recuperation, 

and improved heat exchange technologies can productively work with energy preservation and emission reduction. 

Numerous modern areas, including nuclear energy stations, squander heat recovery, and sun powered energy use, 

have significant areas of strength for improved heat transfer. Subsequently, different improved heat exchange 

innovations are created [4], for example, the coarse surface [5], broadened surface [ 6, 7], miniature/nano designed 

upgraded surface [8], metal froth wrapped tube Among different improved heat trade innovations, expanded 

surfaces are generally utilized as a result of their benefits of monetary, helpful and inconvenience free [18]. Three-

layered (3D) finned-tubes, as a sort of improved heat transfer innovation with expanded surface, reinforce the stream 

aggravation on the heat transfer surface simultaneously of developing the heat transfer zone, so it, with brilliant 

performance in streaming and heat transfer, is widely applied in the business. In recent years, scientists have led 

broad experimental and mathematical studies that concentrate on the stream and heat exchange performance of the 

3D finned-tube. Regarding the experiment, Liao et al. [19] investigated the heat transfer and stream resistance 

property of a 3D inward finned cylinder and found that the heat transfer performance of a 3D internal finned 

cylinder can be 2.8 times that of the smooth cylinder. Liao et al. [ 20, 21] concentrated on the stream and heat trade 
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execution of water and glycol inside the 3D inward finned tube. Their examination results showed that the heat trade 

execution of a 3D finned cylinder could be north to 4 times that of the smooth cylinder. Furthermore, Liao et al. 

additionally tracked down that the 3D internal finned tube and Contorted strip, under their composite reinforcing 

capability, further developed the convective heat transfer of the great consistency liquid at laminar conditions.  

 

2. FIN STRUCTURES 
 

 
  

 Fig no. 1 Structure diagram of 3D finned-tube and 3D fins: (a) finned-tube; (b) fins.(For visualisation 

purposes only) 

 

3. LITERATURE REVIEW 

Zhu et al. [23] compared the condensation and heat transfer performance of the vapors at different 

air contents outside the smooth tube and 3D finned tube through trial, and their results showed that the 

condensation and heat transfer measure of 3D finned tube is 1.7-2.9 times of that of the smooth tube 

under the same working condition.  

Tong et al. [4], through trial, studied the heat junking capability of the perpendicular leg-fin tube at 

natural convection and set up that the condensation and heat exchange measure of the leg-fin tube was 

larger than that of the smooth tube under advanced wall subcooling.  

Chen et al. [5] delved into the flow and heat transfer performance of the staggered 3D finned tube 

bundle through trial, and the results showed that the Nusselt number and Euler number of 3D finned 

tube packets increased by 26%-35% and 22%-34%, independently, than those of the smooth tube 

packets. The 3D finned-tube heat exchanger performs better than other types of finned tube bundles due 

to its lower friction pressure drop. 

Zhang et al. [6] studied the influence of the fin structure parameters on the heat exchange 

performance and pressure drop of 3D finned tubes and set up that the fin height and the axial fin 

distance have a great influence. According to their research, the 3D finned tube's performance 

evaluation criterion is 2.7–2.9 times higher than that of the smooth tube. 

The trial in Gu et al. [7] also showed that a 3D finned tube has a better comprehensive heat 

exchange performance than a smooth tube. It’s well-known that the experimental study costs a lot, lasts 

a long period, and has other paucities. also, it’s veritably hard to gain the detailed distribution of the 

inflow field and temperature field through experimental dimension. With the development of computer 

technology and computational fluid dynamics (CFD), numerical simulation plays a decreasingly 

important part in the study of the inflow and heat exchange performance and optimization design of 3D 

finned tubes.  

He et al. [8] carried out numerical analyses of the plate fin-and-tube heat exchanger's heat transfer 

and fluid inflow properties, analyzing the effects of Reynolds number, fin pitch, tube row number, and 

spanwise and longitudinal tube pitch. In addition, the numerical results were anatomized from the 

standpoint of the field community principle. 
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 Lemouedda et al. [9], through simulation, set up that the saw-toothed fin tubes had better 

performance than the full fin tube. The saw-toothed fin tube can damage the boundary subcaste on the 

heat exchange face and grease mixing of the hot and cold overflows. They also set up that the fin 

wringing performing from the product process does not always negatively impact the heat exchange 

performance.,  

The fin-and-tube heat exchanger based on the volume containing proposal (Handbasket) was 

examined by Zhou and Catton [10]. They employed the CFD system to close the original disunion 

factor and heat transfer measure of the Representative Elementary Volume in the Volume Comprising 

Theory., 

Cleirigh and Smith [11] studied the heat-transfer and pressure-drop performance of finned-tube 

packets in cross flow with CFX14.5, and the Nusselt number and pressure drop prognosticated by CFD 

are well identical to those prognosticated by the empirical correlation. Their exploration also set up that 

the Nusselt number between the incompletely saw-toothed fin and fully serrated fin increases by 23%, 

and the numerical simulation can capture. 

 Kumar et al. [12] studied the thermal-hydraulic performance of different fin types (various circular 

and plate fins) through numerical simulation. Under the fixed Reynolds number, they discovered that 

the circular fin had a higher heat transfer coefficient than the plate fin. The circular fin's heat transfer per 

unit pumping power is 140–170 percent greater than the plate fin's. Furthermore, the fin designs 

influence the growth of the tube surface's wake region as well as flow separation. 

Lindqvist and Naess [13] proposed and verified the calculation model for thermal-hydraulic 

performance calculation of the helically wound fin tube bundles. They lowered processing costs by 

reducing the computing domain and utilizing the heat exchanger's geometrical periodicity. 

Xu et al. The exterior thermal-hydraulic properties of inline 3D finned tube bundles were studied. 

who discovered that the 3D finned tube bundles had better heat transfer performance and friction loss 

than the smooth tube bundles. A numerical simulation analysis of a 3D finned-tube heat exchanger is 

often conducted on a single tube or one period of the tube bundles in the heat exchanger because of the 

computational limitations. The full 3D finned-tube heat exchanger at industry level is rarely subjected to 

numerical analysis. This is because, when performing a full-scale numerical simulation for the entire 

heat exchanger, a considerable number of grids will be present because 3D fins for the heat exchanger 

are often modest in size. A large number of grids are needed to grid the area surrounding the fin and 

capture the local flowing structure, particularly for dispersed 3D finned tubes like the rectangle and pin 

fins [12, 14]. In order to examine the impact of the tube bundle, fin, support, and other solid structures 

on the shell-side fluid flow and heat transfer performance, if the appropriate amount is estimated, the 

heat exchanger is often investigated using a simulation method based on the porous media model.  

  This approach has been widely used in the numerical modeling of the heat exchanger since 

Patanka and Spalding [15] introduced the idea of porous media into the heat exchanger calculation. 

Theoretical analysis and technical applications of massive heat exchangers can also benefit from the 

approach that views the heat exchanger bundles as a porous medium.  

 A porous media transport method was put up by Hooman and Gurgenci [16] to examine the 

finned tube heat exchanger's performance in an air-cooled condenser. This method was discovered to be 

sufficiently accurate to replace pore-scale simulations.  

Hooman and Gurgenci's porous media transport approach [17] was also applied and validated in 

the scale analysis of a dry natural draft cooling tower [18] and the theoretical investigation of the effects 

of crosswind [19]. When the porous media model is employed to examine the heat exchanger, the fluid 

flow through the heat exchange tube bundle is typically interpreted as flow in the porous medium. The 

distribution resistance describes how the tubes and fins retard fluid velocity. 

This model can calculate the heat exchanger's overall heat exchange and pressure drop 

performance. However, because the inner core of the heat exchanger is often considered a porous 

medium [20], the flow structures around the heat exchanger tube are difficult to account for in the 
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calculation. As a result, when considering the flow structures and heat transfer qualities within the heat 

exchanger, this technique is insufficient. In the numerical modeling of a 3D finned-tube heat exchanger, 

how to get as much flow and heat exchange information as feasible with fewer grids and lower 

computation costs remains a challenge. 

Nuntaphan et al. [22] investigated the effects of cylinder measurement, fin division, cross-over tube 

pitch, and cylinder orchestration on the airside performance of the creased twisting fin heat exchanger. 

Through research, they determined that increasing the fin level under inline organization will result in a 

critical in-wrinkle of the tension drop and a reduction in the heat transmission coefficient. Furthermore, 

they discovered that the effect of fin dispersion on airside performance was closely related to the 

crossover tube pitch for both inline and staggered arrangements. 

 

4. CONCLUSION 

The exploration of innovative fin geometries, particularly three-dimensional (3D) and non-

uniform fins such as tapered and triangular profiles, significantly enhances heat transfer performance in 

thermal systems. Traditional analytical models that assume a constant heat transfer coefficient and 

simplified fin geometry often yield inaccurate predictions, especially for complex geometries. This study 

underscores the importance of considering variable heat transfer coefficients, surface curvature, and 

advanced fin structures for precise thermal performance evaluations. 

Experimental and numerical investigations have shown that 3D finned tubes can significantly 

outperform smooth tubes in both heat transfer rate and energy efficiency, with improvements ranging 

from 1.7 to 4 times. However, experimental approaches are often time-consuming and costly. 

Computational Fluid Dynamics (CFD) and porous media models provide valuable alternatives for 

analyzing flow and heat transfer characteristics, albeit with their respective limitations in scale and detail. 

To address these challenges, a generalized analytical framework was developed to calculate heat 

loss from extended surfaces, considering variable heat transfer coefficients and complex fin geometries. 

This approach enables more accurate thermal predictions and supports the optimization of fin structures 

for industrial applications such as waste heat recovery, solar energy utilization, and air-cooled condensers. 

In summary, advancing fin design through numerical modeling and experimental validation remains 

crucial for enhancing the efficiency of heat exchangers, reducing energy waste, and meeting modern 

thermal management demands. 
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