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Abstract - Enhancement of heat transfer in fin and tube 

heat exchangers using vortex generators has been carried 

out by many researchers because of the effectiveness of 

this method. Therefore, the present work is focused on 

observing the effect of varying the number of convex-strips 

vortex generators on heat transfer improvement and their 

impact on pressure losses in heat exchangers. Numerical 

simulations by varying the number of convex strips of 4, 8, 

12, 16, 20, 24, and 28 installed around the heated tubes 

were carried out. The k-ε turbulence model is determined 

by the Reynolds number range from 3,438 – 15,926. The 

results of this study conclude that fins with 24 convex-

strips show the most uniform temperature distribution 

than those of the other convex-strips. 

Keywords: Heat transfer enhancement, Convex-strips Vortex 
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I. INTODUCTION 

Energy efficiency in fin and tube heat exchangers can be 

achieved by increasing the rate of heat transfer through the 

addition of a geometry in the form of protrusions on the 

surface called vortex generators (VGs) [1-2]. VGs produce a 

longitudinal vortex (LV) which is able to enhance the mixing 

of hot fluids with cold fluids which has an impact on 

increasing the rate of heat transfer [3]. Therefore, 

improvements to increase heat transfer using various forms of 

VG have been of concern to researchers [4]. 

Recently, the impact of vortex generators on heat transfer 

performance has been extensively investigated. Deng et al. [5] 

optimizes rectangular and delta winglet pairs of VGs used in 

cooling cylindrical film holes. They studied it numerically by 

using k-ε turbulence in their modeling. From the results of 

their study it was found that the model using rectangular 

winglet VGs showed optimal results compared to the others. 

This model produces heat flux reduction 0.08-0.29 higher than 

the model that does not use VGs. This study also showed that 

the heat transfer coefficient of the cooling film with VG was 

11.45% higher than that of the cooling film without VG. 

Gonül et al. [6] also investigated the VGs by varying the 

angle of attack, the layout of the VGs, the distance between 

the VGs, the height and length of the geometry of the VGs, 

and variations of the Reynolds number. Their work found 

many differences between Nu/Nu0 and f/f0. They observe that 

the difference in the height of the VG is the most influential 

factor than the geometry variation factor. Many researchers 

studied the heat transfer rate increase by varying the VG 

geometry. Zheng et al. [7] simulated a trapezoidal cross-

section longitudinal vortex generator with variations in the 

length of the front longitudinal vortex generator (LVG), the 

length of the back of the LVG, and the height of the LVG. 

Geometry variation is one of the methods to increase heat 

transfer efficiency. Saiful et al. [8] conducted a numerical 

study to increase the rate of heat transfer by optimizing the 

number of convex strip vortex generator geometries, namely 

4, 8, 12, 16, 20, 24, and 28 convex strips. The k–ε turbulence 

model with a variation of the Reynolds number 3.438 to 

15.926 was determined in the numerical simulation. From 

their research it was found that VGs with a total of 24 convex 

strips increased the best heat transfer rate compared to the 

number of other convex strips. In another study, Syaiful et al 

[9] used VG variations in the form of delta winglet pairs and 

concave delta winglet pairs. This study obtained results of an 

increase in heat transfer of up to 53.58% in the installation of 

3 pairs of concave delta winglet pairs, compared to VG which 

did not use winglets. By considering the optimum number of 

convex-strips capable of producing the highest heat transfer, 

the current study is therefore focused on obtaining the best 

number of convex-strips portions in obtaining the highest 

increase in heat transfer. 
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II. RESEARCH METHOD 

This research was carried out by making a three-

dimensional model which was then simulated with certain 

boundary conditions. 

2.1 Model Description 

The present study was carried out by simulating three-

dimensional fluid flow at fin and tube in accordance with 

experiments conducted by Li et al. [10]. The tube material is 

copper which is staggered with the number of rows and 

columns 12 and 6 respectively. The dimensions in the case of 

the four convex-strips refer to previous studies. Whereas in the 

current work, the number of convex-strips is varied from 4, 8, 

12, 16, 20, 24, and 28 to determine the optimum number of 

convex-strips for the highest heat transfer improvement. 

Figures 1 and 2 are the geometry of the sides and top of the 

vortex generator with 24 convex-strips around the tube. Table 

1 shows the geometry of the fin and tube. 

 

Figure 1: 24 convex-strips side view 

 

Figure 2: 24 convex-strip top view 

Table 1: Fin and Tube Geometry 

Parameter Dimensions 

(mm) 

Fin pitch Fp (mm) 0.15 

Fin tickness δ (mm) 19.6 

Tube diameter Dc (mm) 42 

Tube pitch longitudinal Pl (mm) 36.4 

Tube pitch transverse Pt (mm) 536.5 

Length (mm) 42 

Width (mm) 0.15 

 
2.2 Mathematical Models 

In the current study, fluids are assumed to be 

incompressible with constant physical properties and steady 

state. The velocity of the fluid in the rectangular channel is 

varied over the Reynolds number range of 3.438 to 15.926. In 

this numerical simulation, conjugate heat transfer is calculated 

to determine the temperature distribution on the fin surface. 

The governing equations applied in the current modeling 

are 

Continuity equation 

𝝏

𝝏𝒙𝒊

 𝝆𝒖𝒊 = 𝟎 (1) 

Momentum equation 

𝝏
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Energy equation 
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2.3 Parameter Definition 

The parameters used for this study are as follows 

Reynolds Number 

𝑹𝒆 =
𝝆 𝒖𝒎𝑫𝒉

𝝁
 (4) 

Nusselt Number 

𝑵𝒖 =
𝒉 𝑫𝒉

𝝀
 (5) 

2.4 Independent Grid Test 

The independent grid test in this study was conducted to 

determine the optimum number of grids where the numerical 

simulation results are not affected by the number of grids. The 

simulation was carried out with 5 variations of the number of 

grids in the range 825,000 to 1,250,000 with a Reynolds 

number of 15,926. This simulation is carried out by 

calculating the Nusselt number for various numbers of grids. 

From the results of the independent grid test, it was found that 

1,200,000 grids were selected as independent grids in this 

study. 

III. RESULTS AND DISUCUSSION 

Numerical studies of heat transfer intensification in fin 

and tube heat exchangers with various number of convex-

strips portions around the tubes have been carried out. Some 

of the observed phenomena and some of the influential 

parameters are discussed in detail as follows, 

3.1 Validation 

Validation on the current work was carried out by 

comparing the calculation results of the current study with the 

experimental results of Li et al. [10]. The Nusselt number and 

pressure drop simulation results are compared with those from 

their experimental results for the case of four convex-strips at 
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various Reynolds number 3.438 to 15.926. However, the 

simulation results yield lower than those of Li et al. The 

simulation results show that the Reynolds number 13,412 and 

15,926 the deviation for the Nusselt number and pressure drop 

was observed to be less than 13% and 18%, respectively. 

3.2 The effect of convex-strips on the flow structure 

In this study, the area observed for plain fin cases, 24 and 

28 convex strips. Figure 3 shows that the flow structure in 

each convex strip model is observed to be different for cases 

20, 24 and 28 convex strips and plain fin at Reynolds number 

15.926. To analyze the differences in the streamlined structure 

in the addition of convex strips, the flow structure is observed 

in the streamwise plane at Y = 0.88 mm. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 3: Streamlined velocity of flow in the channel in Re 15.926 for: (a) 

plain fin; (b) 20 convex strips; (c) 24 convex strips; (d) 28 convex strips 

3.3 Effect of convex-strips on temperature distribution 

The vortex intensity generated by the convex strips 

affects the temperature distribution of the fins along the 

stream. The temperature distribution for each case is observed 

in the direction of flow plane (XZ plane) at Y = 0.88 mm, as 

shown in Figure 4. The highest fluid temperature for the plain 

case is found in the wake area due to recirculation flow which 

inhibits the rate of heat transfer from the surface of the tubes 

to the main flow. As for the case with the addition of convex 

strips, the wake area shrinks due to the induction of the cold 

fluid from the main stream by the hot fluid in the wake area 

which results in an increase in the heat transfer rate and a 

more uniformly distributed temperature. From Figure 4, it is 

found that the temperature distribution in cases of 24 convex 

strips obtains more uniform results than those of cases 20 and 

28 of convex strips due to the presence of LV.  

Temperature distribution for each case. The counter-

rotating vortices in the case of the 24 convex strips are larger 

than those of the others so that the high temperature fluid 

around the tube wall mixes with the low temperature fluid in 

the main stream. This results in a more uniform temperature 

distribution in the case of the 24 convex strips than in the 

other cases. Whereas in the plain fin case, the temperature is 

not distributed evenly because LV is not produced which 

results in slow fluid mixing. 

 

(a) 

 

(b) 
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(c) 

 

(d) 

 

Figure 4:The temperature distribution in the Y plane = 0.88 mm at Re 

15.926 for the case of (a) plain fin; (b) 20 convex strips; (c) 24 convex 

strips; (d) 28 convex strips 

IV. CONCLUSION 

In this study, numerical simulations have been carried out 

to determine the optimal number of portions of convex strips 

in increasing the heat transfer rate in a fin and tube-type heat 

exchanger. Some of the conclusions drawn from this study are 

as follows: 

1) The highest velocity of the fluid through the 24 convex-

strips was observed. 

2) A more uniform temperature distribution was observed 

in the installation of 24 convex-strips. 

REFERENCES 

[1] Song, K. W., Hu, D. L., Zhang, Q., Zhang, K., Wu, X., 

and Wang, L. B. (2022). Thermal-hydraulic 

characteristic of a novel wavy fin-and-circle tube heat 

exchanger with concave curved vortex generators. 

International Journal  of Heat andMass Transfer,194. 

https://doi.org/10.1016/j.ijheatmasstransfer.2022.12302

3. 

[2] Wu, J., Liu, P., Yu, M., Liu, Z., and Liu, W. (2022). 

Thermo-hydraulic performance and Exergy analysis of 

a fin-and-tube heat exchanger with sinusoidal wavy 

winglet type vortex generators. International Journal of 

 Thermal Sciences, 172. 

https://doi.org/10.1016/j.ijthermalsci.2021.107274. 

[3] Tepe, A. (2021) Heat transfer enhancement of fin-tube 

heat exchangers using punched triangular ramp vortex 

generator on the fin surface. Int. J. Heat Mass Transf., 

174.https://doi.org/10.1016/j.ijheatmasstransfer.2021.1

21326. 

[4] Oh, Y., and Kim, K. (2021). Effects of position and 

geometry of curved vortex generators on fin-tube heat-

exchanger performance characteristics. Appl. Therm. 

Eng., vol. 189, 

https://doi.org/10.1016/j.applthermaleng.2021.116736. 

[5] Deng, H., Teng, J., and Zhu, M. (2022). Overall 

cooling performance evaluation for film cooling with 

different winglet pairs vortex generators. Applied 

ThermalEngineering,201.https://doi.org/10.1016/j.applt

hermaleng.2021.117731. 

[6] Gonül, A., Okbaz, A., &amp; Kayaci, N. (2022). Flow 

optimization in a micro channel with vortex generators 

using genetic algorithm. Applied Thermal Engineering, 

201. 

https://doi.org/10.1016/j.applthermaleng.2021.117738. 

[7] Zheng, S., Feng, Z., and Lin, Q. (2022). Numerical 

investigation on thermal–hydraulic characteristics in a 

mini-channel with trapezoidal cross-section 

longitudinal vortex generators. Applied Thermal 

Engineering, 201. 

https://doi.org/10.1016/j.applthermaleng.2021.11731. 

[8] Syaiful, Kurniawan, H. A., and Utomo, M. S. (2022). 

Optimal convex-strip configuration for enhancing heat 

transfer in fin and tue heat exchanger with field 

synergy principle. http://ejournal-

s1.undip.ac.id/index.php/jtm. 

[9] Syaiful, Nabilah, H., Suryo Utomo, M. S. K. T., 

Suprihanto, A., and Soetanto, M. F. (2022). Numerical 

simulation of heat transfer enhancement from tubes 

surface to airflow using concave delta winglet vortex 

generators. Results in Engineering, 16, 100710. 

https://doi.org/10.1016/j.rineng.2022.100710. 

[10] Syaiful, Syarifudin, I., Soetanto, M. F., and Bae, M. W. 

(2018). Numerical simulation of heat transfer 

augmentation in fin-and-tube heat exchanger with 

various number of rows of concave rectangular winglet 

vortex generator. MATEC Web Conf., vol. 

159.https://doi.org/10.1051/matecconf/201815902012. 

[11] Li, X. Y., and Li, Z. H.. (2018). Experimental study on 

heat transfer and pressure drop characteristics of fin-

and-tube surface with four convex-strips around each 

tube. Int. J. Heat Mass Transf., vol. 116, pp. 1085–

1095. 

https://doi.org/10.1016/j.ijheatmasstransfer.2017.09.07

6. 

 

 

 

 

 

https://doi.org/10.1016/j.ijheatmasstransfer.2017.09.076
https://doi.org/10.1016/j.ijheatmasstransfer.2017.09.076


International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 11, pp 417-421, November-2023 

https://doi.org/10.47001/IRJIET/2023.711056  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                       421                                                                    
 

 

 

 

 

 

******* 

Citation of this Article: 

Syaiful, Bambang Yunianto, Muchammad, “Flow and Temperature Field in Fin Tube Heat Exchanger through the Addition of 

Convex Strip Vortex Generators” Published in International Research Journal of Innovations in Engineering and Technology - 

IRJIET, Volume 7, Issue 11, pp 417-421, November 2023. Article DOI https://doi.org/10.47001/IRJIET/2023.711056  

 

https://doi.org/10.47001/IRJIET/2023.711056

