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Abstract 
In the present numerical investigation, the thermal hydraulic 

performances of the fin and tube heat exchangers (FTHEs) 

have been evaluated and compared. Two types of FTHEs have 

been considered, one with oval tubes and another one with 

circular tubes having rectangular vortex generators (RVGs) 

for the comparison with baseline case i.e. circular tube and 

plain fin heat exchanger. Area goodness ratio (j/f factor) and 

heat transfer rate per unit fan power consumption (Q/Pf factor) 

are considered as performance evaluation criteria (PEC). The 

results show that both the enhanced cases exhibit higher 

thermal performance compared to the baseline case. 

Moreover, on the basis of area goodness factor, it can be 

concluded that at low Reynolds number (Re) range (400-600) 

heat exchanger with circular tubes having RVGs requires less 

frontal area whereas at higher Re range (700-900) oval tube 

heat exchanger requires less frontal area. Furthermore, multi-

objective optimization by ratio analysis (MOORA) applied to 

get the performance order of the considered configurations of 

the fin and tube heat exchangers. In the first case of MOORA 

method, heat transfer coefficient (h) is considered as a 

beneficial attribute (which is to be maximized) and pressure 

drop (Δp) as a non-beneficial attribute (which is to be 

minimized), in the second case j/f and Q/Pf factors are 

considered as  beneficial attributes whereas pressure drop (Δp) 

considered as a non-beneficial attribute. It is found in the 

ranking obtained by the MOORA method that fin and oval 

tube heat exchanger provides the best performance among 

other considered configurations. The fin and oval tube heat 

exchanger provides 13.96%  and 5.40% increased heat 

transfer coefficient (h) at Re=400 and Re=900, respectively. It 

is the point worthy to note that the oval tube heat exchanger 

reduces pressure drop penalty by 31.92% at Re=400 and 

39.70% at Re=900. 
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Introduction 
The performance of thermal systems in the various industries 

can be enhanced by improving the heat transfer characteristics 

of the thermal engineering systems. Fin and tube heat FTHEs 

are broadly used in the various industrial as well as human 

comfort applications. HVAC (heating ventilation and air 

conditioning), Refrigeration, food process industries, power 

generation etc. are the prominent fields where FTHEs play 

vital role. Air side thermal resistance contributes the largest 

part in total thermal resistance, hence efforts have been made 

to reduce the airside resistance to get higher performance of 

the FTHE. Geometric modifications in the tubes (i.e. use of 

oval tubes, flat tubes, tubes inclinations, and spatial 

orientations) or in the fins (use of wavy, perforated, louvered, 

and implementation of vortex generators) provides the higher 

heat transfer rate but might be accompanied with a significant 

amount of pressure drop penalty. 

Reduction in the pressure drop penalty ultimately increases 

the overall performance of the FTHEs. Implementation of the 

oval or flat reduces the wake zone behind the tubes and thus 

increases the heat transfer rate with a significant reduction in 

the pressure drop. There exist a number of studies which are 

evident that implementation of oval tubes in the FTHE 

provides reduced pressure drop due to its aerodynamic shape. 

Jang and Yang [1] experimentally investigated that heat 

transfer coefficient per unit pressure drop can be increased up 

to 1.5 times by implementation of oval tubes in place of 

circular one. Erek et al. [2], Sun and Zhang [3] and Zeeshan et 

al. [4] carried a numerical investigation on axis ratio effect of 

the oval tubes and found that higher axis ratio provide better 

thermal hydraulic performance. Moreover, arrangement of the 

tubes also contribute in affecting the overall performance of 

FTHEs. Zeeshan et al. [4] and Chen et al. [5] numerically 

found that staggered arrangement of oval tubes enhanced heat 

transfer coefficient but with significant pressure drop penalty. 

Kim and Kim [6] studied 22 models of FTHEs having inline 

and staggered arrangements. It is found in the study that the 

staggered arrangement enhanced heat transfer performance by 

10% in comparison to the inline arrangement. Yogesh et al. 

[7] performed a numerical study and found that inclined oval 

tube arrangement can provide enhanced thermal hydraulic 
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performance compared to the conventional arrangement of the 

oval tubes. Tahseen et al. [8] presented a comprehensive 

review on the geometrical modifications in the FTHEs which 

provides the ground and scope for the further research to 

enhance the performance of the fin and oval tube heat 

exchanger. Apart from oval tubes, flat tubes also have been 

utilized as an alternative of circular tubes to reduce the 

pressure drop penalty by various researchers i.e. Zeeshan et al. 

[4], Fiebig et al. [9] and Yoo et al. [10]. 

Another technique to improve the performance of the FTHEs 

is the establishment of secondary flows in the flow domain. 

The secondary flows in the flow domain improve the mixing 

of the hot and cold fluid and provide a favorable temperature 

gradient in the domain to increase the heat transfer rate. 

Vortex generators (VGs) promises the augmented 

performance of FTHEs by establishment of the secondary 

flows. Placement strategy, attack angle fin pitch, vortices 

direction and orientation of VGs affect the effectiveness of 

vortices generation and thus heat transfer enhancement. There 

exist a number of numerical as well as experimental works for 

the optimization of the geometric parameters of VGs. He et al. 

[11] performed a numerical study on rectangular winglet VGs 

and found that altering the placement of the same number of 

rectangular winglet pairs (RWPs) from inline array to 

staggered array reduces the pressure loss penalty without 

decreasing the heat transfer. Sinha et al. [12] performed 

numerical analysis to obtain the position, and combinations of 

CFU (common flow up) and CFD (common flow down) 

manner arrangements. It is found that in terms of heat transfer 

as well as quality factor, performance of CFU–CFU 

configuration is best amongst the different types of 

arrangements of the VGs. Zeeshan et al. [13-14] performed 

numerical investigations and optimized the angle of attack and 

span angle of RWPs by using MOORA method to get high 

heat transfer rate per unit fan power consumption, high area 

goodness factor and low fan power consumption. Tiwari et al. 

[15] performed experimental investigations and found that 

using oval tubes with longitudinal vortex generators enhance 

the heat transfer rate with lesser pressure drop penalty in 

comparison to the round tubes. Furthermore, apart from the 

rectangular and delta winglet type VGs, recently researches 

have also been carried out on the new type of VGs. Song et al. 

[20] experimentally studied the thermal behavior of the round 

tube-and-fin heat exchangers using curved delta winglet VGs 

with different geometric sizes and found better thermal 

hydraulic performance of curved winglets compared to the 

conventional winglets. Moreover, full dimples, semi dimples 

by Valentino et al. [16] and Wang et al. [17], wavy up, wavy 

down by Gholami et al. [18], inclined projected winglet pair 

(IPWP) by Oneissi et al. [19], have also been studied and 

compared with conventional VGs. It is found that the 

enhancement in the thermal performance is associated with 

penalty of pressure drop.  

The preceding literature survey reveals that very few studies 

are available in the context of performance comparison 

between oval tube heat exchangers and circular tube heat 

exchangers having RWPs. In the current numerical 

investigation performance of oval tube heat exchangers and 

circular tube heat exchangers with RWPs have been evaluated 

and compared comprehensively. Two performance evaluation 

criteria have been considered namely area goodness factor (j/f 
factor i.e. colburn factor/friction factor) and heat transfer rate 

per unit fan power consumption (Q/Pf factor) for the 

comparison of different FTHEs. Furthermore, MOORA 

method has been implemented to obtain the performance 

ranking of the considered configurations of the FTHEs. 
 

Model Description: 

Physical Model 

In this numerical study, two types of FTHEs are considered one 

with oval tube and plain fin, and another one is having circular 

tubes and plain fin with RWPs mounted adjacent to the tubes for 

the performance comparison with the baseline case i.e. circular 

tube and plain fin heat exchanger. Figure 1 (a) shows the 

geometrical parameters of the considered oval tube. It is worthy 

to note that the perimeter of the considered tubes (oval and 

circular) are equal in all cases. The top view and side view of the 

RWP can be seen in Figure 1(b) and 1(c) respectively. Two 

adjacent fins form a channel of height H = 3.63 mm, having 

width B = 12.7 mm, and length L = 177.8 mm. Diameter of the 

circular tube is D = 10.67 mm. The transverse and longitudinal 

tube pitches, Ps and Pl are of 25.4 mm. Height of the winglet is 

equal to 60% of the channel height (Hw =0.6H) and length of the 

winglet is equal to the diameter of the circular tube (Lw=D). The 

attack angle (α) is taken as 5° in the current analysis as the lower 

attack angle provides better thermal hydraulic performance [13, 

14].  

   
(a) 

 
(b) 

 
(c) 

 

Figure 1: Geometrical parameters of oval tube and vortex 

generators with their placement adjacent to the tube (in 

mm); (a) Dimensions of the oval tube (b) Top view of RWP  

(c) Side view of the RWPs 
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Because of the symmetry character of the considered 

geometry, only 1/8th part of the FTHE plate is selected as the 

computational domain. An extension of 5H at the inlet and 

30H at the outlet is provided in the computational domain to 

maintain the uniformity of the inlet velocity and a 

recirculation-free flow at the outlet [4, 13 and 14]. Figure 2 

shows the 3-d computational domain of the considered model 

with boundary conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 3-dimensional model of the computational domain 

with boundary conditions 

 

Numerical Methods 

In the current numerical study as the fin pitch is small and the 

inlet velocity is low, the flow can be assumed as a laminar and 

steady flow [11]. Fin and tube material is taken as aluminum 

(Al) and air is considered as incompressible fluid with 

constant properties. Fin thickness and heat conduction in the 

fins and vortex generators are taken into consideration. The 

solution of the conjugate heat transfer problem in the 

computational domain provide the distribution of the 

temperature over the fins. Figure 2 shows the 3-D model of 

interest and a detailed description of governing equations 

(mass, momentum, and energy conservations) and boundary 

condition can be seen in Zeeshan et al. [4, 14].  

 
Figure 3: Depiction of the mesh generations in the considered 

computational domain 

 

The computational domain of the FTHE is modelled in Design 

Modeler ANSYS 14.0. A structured hexahedral mesh is 

generated at inlet and outlet extended region, and near the 

tube wall and RWPs an unstructured hexahedral mesh is 

generated as shown in Figure 3. Grid has been generated by 

workbench ANSYS 14.0 (ICEM CFD). FLUENT ANSYS 

14.0 is used for solving the governing equations along with 

the boundary conditions. The second order upwind scheme is 

employed for the discretization of the convective terms in the 

governing equations for momentum and energy. The coupling 

of velocity and pressure has been done by The SIMPLE 

algorithm. 
 

Grid Independency and Validation of Numerical 

Results 
The simulation parameters are summarized as: Inlet temperature: 

310.6 K; Reynolds number (Re): ranges from 400 to 900; and Tube 

wall temperature: 291.77 K. 

A numerical solution should be free from the grid effects. Hence, 

the baseline case i.e circular tube and plain fin heat exchanger 

without RWPs, is investigated with three grid systems having 

850950, 1179341 and 1681899 elements. The predicted heat 

transfer coefficient of air (h) for three grid systems are shown in 

Figure 4. As the change between the predictions obtained by 

1179341 and 1681899 grid system is very less and also to reduce 

the computational efforts, the grid system with 1179341 elements is 

selected finally. The grid independency test are also carried out for 

other considered cases.  
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 Figure 4: Variation of the predicted h  with different grid 

number 
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Figure 5: Validation of the current numerical model by 

comparing the predicted numerical results with the 

experimental results[21] for the  h and Δp. 
The present predictions for the h and Δp are compared with 

existed experimental results given by Joardar and Jacobi [21] for 

the validation of the numerical method. The numerical 
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investigation has been conducted with the same geometrical 

configurations and physical conditions, as presented by Joardar 

and Jacobi [21]. There is a little difference between the predicted 

results and the experimental results for airside heat transfer 

coefficient (h) is 5.93% (at Re=500) to −12.18% (at Re=900) 

and that for pressure drop (Δp) is 10.13% (at Re=500) to 

−15.04% (at Re=900) as shown in Figure 5.  This difference 

exist mainly due to the closeness of the numerical solution to the 

ideal conditions. Furthermore, experimental studies are also 

associated with leakage of test specimen and contact resistance 

up to some extent which is inevitable. A Fair agreement between 

the experimental and numerical results, and grid independency 

shows the reliability of numerical model to predict thermal 

hydraulic behaviour of the compact heat exchanger [11, 14]. 

 

Results and Discussion 
Effect of the oval tube incorporation and implementation of 

RWPs with circular tubes have been explored in this numerical 

investigation. The large wake zone formation behind the tubes 

and insufficient mixing of the both cold and hot fluid lead to 

poor heat transfer rate in the FTHEs. Utilization of the oval tube 

in place of the circular one reduces the wake zone behind the 

tubes significantly as shown in the Figure 6. The flow separation 

point in the oval tube is closer to the rear part, which reduces the 

wake zone and form drag as well. It is also significant to note 

that the mean flow velocity between the two tubes of circular 

shape is higher due to less area of this passage. The higher 

velocity stream striking on the fin surfaces results the increased 

pressure drop penalty which is found contrary in the oval tubes 

due to their aerodynamic shape. Hence, a significant increase in 

heat transfer rate and reduction in the pressure drop penalty has 

been achieved by incorporation of the oval tubes in place of the 

circular tubes.  

 
(a) 

 
(b) 

Figure 6: Variation of (a) Temperature distribution and (b) 

Velocity distribution in the flow domain at Re=900 for 

different cases.  

Furthermore, establishment of the secondary flows in the main 

flow domain significantly increase the heat transfer rate. The 

longitudinal vortices generated by the RWPs enhance the mixing 

of the cold and hot fluid in the main flow domain which results 

enhanced heat transfer. The swirls generated by the RWPs 

interrupt the thermal boundary layers on the fin surfaces which 

result an enhanced heat transfer rate. Moreover, nozzle like 

passage created by the RWPs impinge the flow streams on the 

second tube and significantly reduce the wake zone behind the 

tubes as shown in the Figure 6. For the clarity of the 

representation of velocity and temperature distribution and for 

brevity only Re =900 case is shown in the Figure 6.  The RWPs 

are placed in the CFU (common flow up) manner with attack 

angle of 5° that can be seen in Figure 6. The longitudinal 

vortices, generated by the RWPs due to the upstream and 

downstream side pressure difference drag the cold fluid from the 

wake zone to the main flow stream which enhances mixing and 

thus heat transfer rate. The enhanced mixing of both the fluids, 

separation delay and reduction of the wake zone are some 

responsible factors to enhance the thermal performance of the 

FTHEs by utilization of the RWPs. 
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Figure 7: Variation of heat transfer coefficient of air (h) and 

pressure drop (Δp) versus Re for different cases of FTHEs 

Figure 7 shows the variation of h and pressure drop penalty (Δp) 

over the Re range (400-900). It can be seen in the depiction that 

the configuration of the FTHEs having RWPs provides the 

maximum heat transfer rate. It is mainly due to the enhanced 

mixing and weak wake zone attainment in the flow domain by 

the RWPs. The establishment of the secondary flows in the main 

stream flow significantly enhance the thermal performance but 

with a pressure drop penalty. The pressure drop is higher in the 

RWPs with circular tube case due to the strong longitudinal 

vortex generation in the flow. It is important to note that both the 

enhanced cases provide better thermal performance in 

comparison to the baseline case (i.e. circular tube and plain fin 

heat exchanger). It is interesting to note that oval tube heat 

exchanger provides lesser pressure drop penalty even compared 

to the baseline case, due to its aerodynamic shape and lesser 

form drag. The fin and oval tube heat exchanger provides 

13.96%  and 5.40% increased heat transfer coefficient (h) at 

Re=400 and Re=900, respectively and reduces pressure drop 

penalty by 31.92% at Re=400 and 39.70% at Re=900, 

compared to the baseline case. Moreover, the circular tubes 
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and fin with RWPs provide highest heat transfer rate with 

highest pressure drop penalty as the pressure drop is increased 

by 21.11% at the Re=400 and 29.42% at Re=900. Whereas, a 

significant increment in heat transfer coefficient (h) is 

achieved, i.e. 24.14% at Re=400 and 35.65% at Re=900, 

compared to the baseline case. 
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Figure 8: Variation of PEC1 (j/f factor) versus Re for 

different cases of FTHEs 
 

From the above results and discussion, it is clear that circular 

tubes with RWPs enhances the heat transfer rate but with 

significant pressure drop, whereas oval tube and fin 

configuration reduces the Δp but with a noticeable reduction 

in the h compared to the circular tubes with RWPs. Hence, 

PEC1 (performance evaluation criterion 1, i.e. j/f factor) is 

introduced for the performance evaluation and to have a 

comparison with the baseline case. Figure 8 shows the 

variations of the area goodness factor over the considered Re 

range. The thermal hydraulic performance of the FTHEs can 

be evaluated by the area goodness factor, as the higher values 

of j/f factor represents less requirement of the frontal area that 

means higher performance in terms of compactness of the 

FTHEs. It is evident from the Figure 8 that both the enhanced 

cases i.e. oval tube heat exchanger and circular tube with 

RWPs heat exchanger have the higher performance compared 

to the baseline case. It is interesting to note that for the lower 

range of Re (400-600) heat exchanger having circular tubes 

and RWPs show the highest performance whereas for the 

higher range of Re (700-900) oval tube heat exchanger shows 

the higher performance according to the area goodness factor 

in comparison to the other considered cases. 

Figure 9 shows the variation of the PEC 2 i.e. heat transfer 

rate per unit fan power consumption. For the different 

considered cases. It can be appreciated that oval tube heat 

exchanger provides higher heat transfer rate per unit fan 

power consumption over the considered Re range in 

comparison to the other analyzed configurations. As the 

pressure drop in case of oval tube is very much less due to less 

wake zone and aerodynamic shape of the tube, it provides 

higher values of PEC2 even after having lesser heat transfer 

coefficient values in comparison to the circular tube with 

RWPs configuration. It also point worthy to note that RWPs 

with circular tube heat exchanger provide least performance in 

terms of Q/Pf factor, even after having the highest values of h. 

This is mainly due to high pressure drop penalty as the strong 

swirling flow does exist in the main flow stream due to 

longitudinal vortices generation. 
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Figure 9: Variation of  the PEC2 (Q/Pf factor) versus Re for 

different cases of FTHEs 

 

Furthermore, performance ranking is obtained by MOORA 

method for the different configurations of the FTHEs. Table 1 

represented the assessment values (yi) considering h as a 

beneficial attribute and Δp as a non-beneficial attribute, 

keeping equal importance level to each attribute. It is evident 

that oval tube heat exchanger is the optimized configuration to 

have high h with low Δp. It is also interesting to have a 

performance ranking by optimizing the considered PECs for 

the different configurations of FTHEs. Table 2 shows the 

assessment values (yi) considering j/f and Q/Pf factors as the 

beneficial attributes and Δp as a non-beneficial attribute, 

having equal importance level to each attribute. It can be seen 

in the Table 2 that oval tube heat exchanger showing the 

highest assessment values and can be designated as an 

optimized configuration. 

 

Table 1: Assessment values (yi) by MOORA method when h 

is considered as a beneficial attribute and Δp as a non-

beneficial attribute for different cases of FTHEs. 

Re RWPs with 

circular 

tube 

Oval tube Baseline 

case 

400 -0.02501 0.050838 -0.02582 

500 -0.02738 0.049532 -0.02216 

600 -0.03017 0.049746 -0.01957 

700 -0.02764 0.05249 -0.02485 

800 -0.0278 0.050157 -0.02235 

900 -0.02598 0.050462 -0.02448 
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Table 2: Assessment values (y) by MOORA method when j/f 
and Q/Pf is considered as the beneficial attributes and Δp as a 

non-beneficial attribute for different cases of FTHEs. 

Re RWPs with 

circular 

tube 

Oval tube Baseline 

case 

400 0.08654 0.18342 0.06002 

500 0.07965 0.19018 0.06016 

600 0.07140 0.19744 0.06115 

700 0.07648 0.19996 0.05355 

800 0.07539 0.20091 0.05368 

900 0.07874 0.20306 0.04818 

 

Conclusions 
In the current numerical analysis two enhanced FTHEs are 

analyzed and compared with the circular tube plain fin heat 

exchanger. The major conclusions of the study are as follows: 

 Replacement of the circular tube by the oval tube 

significantly enhances the thermal hydraulic 

performance of the FTHE, whereas incorporation of 

the RWPs with circular tube enhances the heat 

transfer coefficient of the air but with a substantial 

pressure drop penalty. 

 Values of PEC1 i.e. j/f factor show that at low Re 

range (400-600) heat exchanger with circular tubes 

having RWPs requires less frontal area whereas at 

higher Re range (700-900) oval tube heat exchanger 

requires less frontal area. 

 Oval tube heat exchanger provides the higher values 

of the PEC2 (Q/Pf factor) among all the other 

considered configurations of the FTHEs which 

means that it shows higher heat transfer rate at the 

minimum expense of the fan power.  

 Ranking obtained by the MOORA analysis shows 

that oval tube heat exchanger can be selected as the 

optimized configuration of the FTHEs which 

provides 13.96% and 5.40% increased heat transfer 

coefficient (h) at Re=400 and Re=900 respectively, 

and reduces pressure drop penalty by 31.92% at 

Re=400 and 39.70% at Re=900 in comparison to the 

baseline case. 
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