
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 10, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 296 

Numerical Investigation of Heat Transfer & Pressure Drop in Serrated 

Finned Tube Banks with in-Line Layout 

Shashi Ranjan Kumar1 Gaurav Chauhan2 
1Research Scholar 2Professor 

1,2Department of Mechanical Engineering 
1,2PCST, Bhopal, India 

Abstract— Now-a-days fin-and-tube heat exchangers are 

employed in a wide variety of engineering applications such 

as modern heat exchangers, automotive radiators, automotive 

air conditioning evaporators and condensers. In order to 

improve the performance, further innovative designs, 

additional applications, and advanced geometries are 

expected. Researchers and academicians had been working 

on this topic for last few decades. A number of experimental 

and numerical studies have been conducted and various 

correlations were developed. In this work study was 

performed to investigate the heat transfer and pressure drop 

characteristics of serrated finned tube banks with staggered 

layouts. The influences of varied fin densities, transversal 

tube spacing and longitudinal tube spacing were presented. 
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I. INTRODUCTION 

One of the important processes in engineering is the heat 

exchange between flowing fluids, and many types of heat 

exchangers are employed in various types of installations, as 

power plants, petro-chemical plants, building heating, 

ventilating, air conditioning and refrigeration (HVAC/R) 

systems. As far as construction design is concerned, (1) the 

tubular or shell and tube type and, (2) the extended surface or 

finned tube type heat exchangers are widely in use. Finned-

tube heat exchangers are used for the processes in which a 

liquid or gas is required to be either cooled or heated. 

Generally, a liquid flows within the tubes while gas is 

directed across the finned-tubes. Because of the poor thermal 

conductivity and thus the heat transfer coefficient of the 

gases, it is necessary to apply the extended surfaces on the 

gas side to enhance the heat transfer without losing its 

compactness. As a result to effectively improve the thermal 

performance and to significantly reduce the size and weight 

of air cooled heat exchangers that is to improve the overall 

heat transfer performance, the use of enhanced surfaces is 

very popular in air cooled heat exchangers, although a 

continuous plain fin is still a commonly used configuration 

where low pressure drop characteristics are desired. Common 

types of specially configured fin types used in these heat 

exchangers are plain fin, wavy or corrugated fin, Louvered 

fin, offset strip fin and perforated fin. Wavy or corrugated fin 

are very popular fin patterns that are developed to improve 

the heat transfer performance .The wavy surface can lengthen 

the flow path of the airflow and cause better air flow mixing. 

Therefore, higher heat transfer performance is expected 

compared to the plain plate fin surface. However the higher 

heat transfer performance of the wavy fin surface is 

accompanied by the higher pressure drop as compared to the 

plain fin type. 

II. GOVERNING EQUATION 

The steady-state fluid flow characteristic in the three-

dimensional computational domain can be described using 

the following governing incompressible fluid flow equations. 

Continuity equation: 

 
Momentum balance without gravity force: 

 
Energy equation: 

 
In conservative form, the partial differential equations for the 

RNG 𝑘−ε model are 

Turbulent kinetic equation: 

 
Turbulent kinetic dissipation equation 

 
 The above Reynolds Averaged Navier-Stokes 

(RANS) turbulence models offer the most economic 

approach for computing complex turbulent industrial flows. 

 Generally, the Navier-Stokes equations describe the 

motion of the turbulent flow. However, it is too costly and 

time-consuming to solve these equations for complex flow 

problems [26]. Alternatively, two methods have been 

suggested in the past: (i) Large Eddy Simulation (LES) where 

the large energy containing eddies are simulated directly 

while the small eddies are accounted for by averaging. The 

separation of large and small eddies requires following, (ii) 

Reynolds averaging (RANS) where all eddies are accounted 

for by Reynolds stresses obtained by averaging the Navier-

Stokes equations (time averaging for statistically steady 

flows, ensemble averaging for unsteady flows). 

III. COMPUTATIONAL DOMAIN 

A sketch of the test section is shown in Fig. 1. The test section 

width was 5 mm, and the section height was 30 mm. The test 

section consisted of forty active tubes for heat transfer (four 

transversal and ten longitudinal tube rows), and ten dummy 

half-tubes were located at the section walls to obtain 

hydraulic similitude. As confirmed by most previous 

experiments on finned tube banks with cross flow, fully 

developed conditions for heat transfer and pressure drop were 

reached within four tube rows for staggered layouts. Hence, 
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six longitudinal tube rows were considered sufficient to 

obtain representative heat transfer and pressure drop data. 

 
Fig. 1: Isometric View of Computational Domain 

IV. TESTING TUBE BANKS 

The tubes and fins were made from carbon steel. The fin root 

was resistance-welded to the tubes, providing negligible 

thermal contact resistance between the fin and the outer 

surface of the tube. The outer diameter of the tube, fin 

thickness, fins height, segment width and segment height was 

specified in below table, respectively, remained constant for 

all testing tube banks. The main features of the testing tube 

banks are shown in Table 1, and the geometric variables are 

explained in Fig. 3.3. All finned tubes and tube spacing 

geometries were selected from several operating combined 

cycle HRSGs. 

 A total of 9 tube banks were tested. Banks 1-4 

consisted of tubes with different fin densities (i.e., varied fin 

pitch or spacing), but the tube spacing and other finned tube 

geometries were identical. Banks 4- 12 consisted of tubes 

with different transversal or longitudinal tube spacing, but 

with identical finned tube geometries. Therefore, banks 1- 4 

were used to explore the effect of the fin height-spacing ratio 

(hf/sf), and banks 4- 12 were used to explore the effects of the 

relative transversal tube spacing (ST/do) in the range of 2.5 – 

2.83, the relative longitudinal tube spacing (SL/do) in the 

range of 2.5 – 3.6 and the effects of the transversal 

longitudinal tube spacing ratio (ST/SL) in the range of 0.83- 

0.77. 
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1 15 15 6 35 0.35 1.99 0.7 

2 15 15 6 30 0.35 1.99 0.7 

3 15 15 6 22 0.35 1.99 0.7 

4 15 18 6 20 0.35 1.99 0.7 

5 15 20 6 20 0.35 1.99 0.7 

6 15 22 6 20 0.35 1.99 0.7 

7 16 18 6 20 0.35 1.99 0.7 

8 16 20 6 20 0.35 1.99 0.7 

9 16 22 6 20 0.35 1.99 0.7 

10 17 18 6 20 0.35 1.99 0.7 

11 17 20 6 20 0.35 1.99 0.7 

12 17 22 6 20 0.35 1.99 0.7 

Table 1: Main Geometry Data for Testing Tube Banks 

V. BOUNDARY CONDITIONS 

In order to evaluate the heat and momentum transfer of 

finned-tube bundles, some preliminary conditions of the 

physical model have to be defined appropriately. For the 

numerical approach to the problem, the boundary conditions 

are required to set for all boundaries of the computational 

domain. At the upstream boundary conditions, the air 

entering the computational domain is assumed to have 

uniform velocity Uin, temperature Tin (300 K) and turbulent 

intensity I (1 %). The velocity components in the y and z 

directions are considered to be zero. The fluid region consists 

of the entrance, outlet, and bundle zone. The solid region 

includes the fin. At the solid surfaces, no-slip conditions for 

the velocity are specified. Heat convection to the fin and heat 

conduction in the fin is considered. 

 Constant temperature Tw (473 K) is assigned at the 

tube surface and all velocity components are considered to be 

zero. To simplify the calculation, the flow and thermal fields 

are assumed to be symmetric in the mid plane between the 

fins, mid plane of the fin itself, centre plane of tube and at the 

half of the transverse pitch from this tube as shown in Figure 

4.2. At the symmetry planes assume a zero heat flux. The 

normal velocity component at the symmetry plane is zero, i.e. 

no convective flux across that symmetry plane. Thus, the 

temperature gradients and tangential components of the 

velocity gradients in normal direction are set to be zero. 

VI. DATA PROCESSING 

FLUENT evaluates the Nusselt number as follows 

The outlet air temperature Tout was calculated as a mass 

average temperature at the outlet position of the calculation 

domain. 

 
 By this air-side heat transfer flow rate, the heat 

transfer coefficient of the air-side h can be evaluated by 

means of the below equation where At is the tube surface area, 

Af is the fin surface area and η is the fin efficiency. 

 
 The base-tube surface area, At, and the fin surface 

area, Af were calculated as 

 

 
 The dimensionless number for air-side heat transfer 

in the finned-tube bank was defined and calculated depending 

on the Reynolds number and geometric parameters. For many 

cases the Nusselt number, the Colburn j factor, Stanton 
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number are used to express the heat transfer coefficient and 

the characteristic length is not the same. 

In here the Nu number was used as 

 
 The static pressure at the inlet and outlet of the 

computational domain were evaluated as 

 
 For the comparison of the thermal- hydraulic 

performance of the tube banks, the Colburn-Fanning ratio (j), 

representing the heat transfer efficiency of a surface with a 

given resistance coefficient, was used for the tested tube 

banks. 

VII. RESULTS & DISCUSSION 

A. Effect of the Fin Density 

The Nusselt numbers of banks 2, 3 and 4 were larger than that 

of bank, demonstrating a quantitative increase in the Nusselt 

numbers with decreasing fin density under the same Reynolds 

number. This result is qualitatively consistent with the 

corresponding results obtained for solid finned tube banks 

with staggered layouts and can be attributed to the enhanced 

action of gases penetrating into fin gaps due to a decrease in 

the fin height spacing ratio or a decrease in the fin density 

with a constant fin height. 

 As shown in Fig. 1, a smaller decrease in the Nusselt 

number due to differences in the fin density occurred as the 

Reynolds number increased; similar results were also 

observed for the solid finned tube banks. This trend is mainly 

attributed to the thinning of the gas boundary layer such that 

the influence of the fin spacing on heat transfer tends to 

weaken with an increase in the Reynolds number. 

 
Fig. 2: Fin-side Nu vs. Re in terms of the various fin 

densities 

B. Effects of Tube Spacing 

Changes in the transversal tube spacing resulted in a heat 

transfer difference of less than 3%, and therefore, the effects 

were negligible. In contrast, the longitudinal tube spacing had 

a greater effect on the heat transfer. The Nusselt numbers for 

the tube banks with SL 18 mm were always approximately 

5% higher than those of the tube banks with SL 20 mm and 

SL 22 mm. Thus, for typical tube arrangements, the 

longitudinal tube spacing had a more distinct effect on the 

heat transfer, which was mainly due to the influence of the 

longitudinal tube spacing on the reflow region on the leeward 

side of the tube. 

 
Fig. 3: Fin-side Nu vs. Re in terms of the various tube 

spacing 

VIII. CONCLUSION 

A set of experiments was performed to evaluate the influence 

of the tube layout and fin density on the heat transfer, pressure 

drop and thermal- hydraulic performance of serrated finned 

tube banks with in-line layouts. Based on the simulation 

results, the following conclusions were drawn. 

 It is observed that the average gas temperature 

decreases gradually as it passes through the tubes. In this in-

line arrangement, row of tube is exposed to hot gas at inlet 

temperature and therefore experiences a larger heat transfer 

rate. The flue gas reaching the last tubes is rather hotter which 

results in more convection heat transfer. 

 Details of temperature distribution inside the solid 

fins are shown in figures for each row. Larger temperature 

gradients at base of the fins in first and second row 

correspond to higher heat flux in comparison to the two tubes 

downstream. It is also observed that a thermal boundary layer 

is formed around fins and its thickness increases toward the 

base of each fin. As a rule of thumb, a good design is the one 

in which the thickness of the boundary layer at the base is half 

of the fins spacing. 

 Changes in the transversal tube spacing resulted in a 

heat transfer difference of less than 3%, and therefore, the 

effects were negligible. In contrast, the longitudinal tube 

spacing had a greater effect on the heat transfer. The Nusselt 

numbers for the tube banks with SL 18 mm were always 

approximately 5% higher than those of the tube banks with 

SL 20 mm and SL 22 mm. Thus, for typical tube 

arrangements, the longitudinal tube spacing had a more 

distinct effect on the heat transfer, which was mainly due to 

the influence of the longitudinal tube spacing on the reflow 

region on the leeward side of the tube. 

 The comparison of banks 4-12 indicated that the 

optimum transversal longitudinal tube spacing ratio for 

achieving the maximum heat transfer increased with an 

increase in the relative transversal tube spacing. 

 The Nusselt number is expected to increase with an 

increase in the transversal longitudinal tube spacing ratio, 

which is generally attributed to an increase in the average gas 

velocity or level of turbulence at the same Reynolds number 

(i.e., the Reynolds number is usually defined by the gas 

velocity in the narrowest flow area, and in most cases, the 

area is dependent on the transversal tube spacing). On the 

other hand, an increase in the transversal-longitudinal tube 

spacing ratio shortens the travel distance of the gas and also 

increases the proportion of free longitudinal flow; these 
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effects tend to cause a decrease in the Nusselt number with 

an increase in the transversal longitudinal tube spacing ratio. 

Therefore, the overall effect is that there must be an optimum 

transversal longitudinal tube spacing ratio for a certain 

relative transversal tube spacing to maximize heat transfer. 

However, there was only an approximately 5% variation in 

the Nusselt number with varied transversal longitudinal tube 

spacing ratios in this work, and thus, this type of active 

mechanism for the tube spacing needs to be confirmed by 

further experimental data. 

 The Nusselt numbers of banks 2, 3 and 4 were larger 

than that of bank, demonstrating a quantitative increase in the 

Nusselt numbers with decreasing fin density under the same 

Reynolds number. This result is qualitatively consistent with 

the corresponding results obtained for solid finned tube banks 

with staggered layouts and can be attributed to the enhanced 

action of gases penetrating into fin gaps due to a decrease in 

the fin height spacing ratio or a decrease in the fin density 

with a constant fin height. 

REFERENCES 

[1] E. Martinez-Espinosa (2017), Numerical Analysis for 

Saving Fin Material in Helical Segmented-Tubes, 

Applied Thermal Engineering, 113, 48-52. 

[2] Arafat A. Bhuiyan, A.K.M. Sadrul Islam (2016), 

Thermal and hydraulic performance of finned-tube heat 

exchangers under different flow ranges: A review on 

modeling and experiment, International Journal of Heat 

and Mass Transfer, International Journal of Heat and 

Mass Transfer 101, 38–59. 

[3] Parinya Kiatpachai, Santi Pikulkajorn, Somchai 

Wongwises (2015), Air-side performance of serrated 

welded spiral fin-and-tube heat exchangers, 89, 724-732. 

[4] Pramod S.Purandare Mandar M.Lele, Raj Kumar Gupta 

(2015), Investigation on thermal analysis of conical coil 

heat exchanger, International Journal of Heat and Mass 

Transfer, 90, 1188- 1196. 

[5] Sofia G. Mavridou (2015), Experimental Evaluation of 

Pairs of inline tube of Different Size as Components for 

Heat Exchanger Tube Bundles, International Journal of 

Heat and Mass Transfer, 90, 280- 290. 

[6] Heng Chen (2015), Experimental Study on Heat Transfer 

and Resistance Characteristics of H-type Finned Tube, 

AASRI International Conference on Industrial 

Electronics and Applications, 362-366. 

[7] M. Eslami, A. Hozhabr (2015), Numerical Study of 

Convection Heat Transfer in Staggered Tube Banks with 

Serrated Fins, The 23rdAnnual International Conference 

on Mechanical Engineering-ISME2015, 12-14 May, 

2015, Mech. Eng. Dept., Amirkabir University of 

Technology, Tehran, Iran. 

[8] S.V. Jagtap (2014), Review of Heat Transfer Parameters 

of Serrated Plate Fin Heat Exchanger for Different 

Materials, International Journal of Innovations in 

Engineering Research and Technology, 1(1), 1-5. 

[9] Arafat A. Bhuiyan, M. Ruhul Amin, A.K.M. Sadrul 

Islam (2013), Three-dimensional performance analysis 

of plain fin tube heat exchangers in transitional regime, 

Applied Thermal Engineering, 50(1), 445-454. 

[10] Arafat A. Bhuiyan, M. Ruhul Amin, A.K.M. Sadrul 

Islam (2013), Numerical Study of 3D Thermal and 

Hydraulic Characteristics of Wavy Fin and Tube Heat 

Exchanger, 3, 1-9. 

[11] Arafat A. Bhuiyan, M. Ruhul Amin, A.K.M. Sadrul 

Islam (2011), Numerical Prediction of Laminar 

Characteristics of Fluid Flow and Heat Transfer in 

Finned-Tube Heat Exchangers, Innovative Systems 

Design and Engineering, 2(6), 1-12. 

[12] P. Rajkumar (2017), A Numerical Investigation of 

Compact Serrated Spiral Fin Heat Exchanger for 

Circular Tubes with Twisted Tap Inserts, International 

Conference on Latest Innovations in Applied Science, 

Engineering and Technology, 11- 16. 

[13] Lemoueddaa (2010), Numerical Investigations for the 

Optimization of Serrated Finned-Tube Heat Exchangers, 

International Journal of Heat and Mass Transfer, 85, 118- 

196. 

[14] Mahendra J. Sable (2010), Analysis of Natural 

Convention Heat Transfer Enhancement in Finned Tube 

Heat Exchangers, 1(7), 1-11. 

[15] S. R. Mcilwain (2010), A CFD Comparison of Heat 

Transfer and Pressure Drop Across Inline Arrangement 

Serrated Finned Tube Heat Exchangers with an 

Increasing Number of Rows, International Journal of 

Innovations in Engineering Research and Technology, 

4(2), 162- 169. 


