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Abstract— This chapter will discuss the review related to heat 

transfer and pressure drop performance of different plate 

finned-tube heat exchangers under different thermal and 

operating conditions. The outcomes of recent studies, 

fundamental characteristics of different types of heat 

exchanger, effects of various performance parameters under 

different flow conditions will be discussed. 
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I. INTRODUCTION 

Plate fin-and-tube heat exchangers are employed in a wide 

variety of engineering applications for instance, in air-

conditioning equipment, process gas heaters, and coolers. 

They are quite compact, lightweight, and characterized by a 

relatively low cost fabrication. The heat exchanger consists 

of mechanically or hydraulically expanded plurality of 

equally spaced parallel tubes through which a heat transfer 

medium such as water, oil, or refrigerant is forced to flow 

while a second heat transfer medium such as air is directed 

across the tubes in a block of parallel fins. In such type of heat 

exchangers, continuous and plain or specially configured fins 

are used on the outside of the array of the round tubes of 

staggered or in-lined arrangement passing perpendicularly 

through the plates to improve the heat transfer coefficient on 

the gas side. The heat transfer between the gas, fins and the 

tube surfaces is determined by the flow structure which is in 

most case three-dimensional. In realistic applications the 

governing thermal resistance for an air-cooled heat exchanger 

is usually on the air side which may account for 85% or more 

of the total resistance. 

 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. RELATED LITERATURE 

P. Rajkumar (2017) presented the airside performance of fin 

and tube heat exchangers for perforated serrated spiral fin 

with twisted tap inserts, this research focus on heat and fluid 

flow analysis by various fin pitches. A steady –state three-

dimensional numerical model is going to be used to study the 

heat transfer and pressure drop characteristics of   spiral fin 

on the tube surfaces with Reynolds number in the range of 

1000-1600. A numerical study is going to be perform on 

compact fin and tube heat exchanger having circular tube 

with serrated spiral fins. The air side performance for heat 

exchanger with combination of with hydrophilic coating and 

without hydrophilic coating on a fin and different fin pitches 

and also different twist angle of fins. The increase in the heat 

transfer performance will be analyzed for various fin pitches 

of 2mm to 3mm with combined coating. The effect of number 

of tube rows, fin pitch on airside performance will be 

analyzed. 

 E. Martinez-Espinosa (2017) performed a numerical 

analysis is carried out in a small finned tube bank for several 

cutoff angles (30°, 45°, 60°, and 90°) at the rear part of helical 

segmented-tubes. Numerical simulations are undertaken 

using the Reynolds Averaged Navier-Stokes Equations 

approach. The turbulence effect is modeled with the Re-

Normalization Group k-ε model and the finned tube geometry 

is represented by means of cut-cell method. Numerical results 

of these proposals are compared to a benchmark case (uncut 

fin case). Predictions show transport properties (energy and 

momentum) similar for cutoff angles less than (or equal to) 

60°, since flow separation occurs nearly at this angle. 

Variations in heat transfer are less than 1% for 45° cutoff 

angle (fin material is reduced 25%) and less than 3.37% for 

60° cutoff angle (fin material is reduced 33%). Therefore, 

finned tubes with cutoff angles of either 60° or 45° are 

recommended because their heat transfer and aerodynamics 

are approximately equal to those of benchmark case. 

 
Fig. 2.1: CFD Domain 
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 Arafat A. Bhuiyan and A.K.M. Sadrul Islam (2016) 

reviewed different experimental/numerical studies performed 

grouped and summarized based on the types of heat 

exchangers, heat transfer and pressure drop performance, 

effects of geometrical parameters under different flow 

conditions. Overall, this work will highlight on the existing 

technologies and emerging trends in designing of finned-tube 

heat exchangers considering different arrangements and 

geometric parameters under variable flow conditions which 

will be helpful for selecting appropriate design depending on 

the requirement. 

 Shobhana Singh (2016) studied on a cross-flow type 

fin and tube heat exchanger design for a waste heat recovery 

application is conducted. The geometric profile of the fin is 

characterized by a dimensionless design variable named 

aspect ratio which is parametrically varied to obtain different 

profiles. Two cases, case-I, and case-II with constant fin-base 

thickness and variable fin base thickness, respectively, are 

studied considering the ‘rectangular’ fin profile as a 

‘reference’. Heat transfer and pressure loss characteristics 

based on the parametric fin profiles are investigated 

numerically for a Reynolds number range from 5000 to 13000 

using computational fluid dynamics. 

 
Fig. 2.2: Computational geometry and the geometric 

domains 

 Arafat A. Bhuiyan et al (2015) studied the effects of 

thermal and hydraulic characteristics of wavy fin and tube 

heat exchanger are investigated. Simulation has been carried 

out by a commercial computational fluid dynamics code, 

ANSYS CFX12.0. The main objective of this study is to 

investigate the flow characteristics in turbulent flow. Results 

are predicted for the turbulent flow regime (2100≤ Re ≤7000) 

and compared with author’s previous work for laminar (400 

≤Re≤1200) and transitional (1300≤Re≤2000) flow regime. 

Regarding turbulence, the k-ω model was used to predict the 

turbulent flow characteristics with 5% turbulence intensity. 

Predicted results were compared with the experimental data 

for the purpose of validation and the discrepancy is found 

within 10% in error range. Parametric study was conducted 

for different pitches and wavy angles. Flow characteristics 

obtained for the turbulent range is in line with the pattern 

observed in laminar and transitional ranges. This study 

demonstrates a clear understanding and relationship of among 

different flow ranges and the effects of different geometric 

parameters on the performance of heat exchanger. 

 
Fig. 2.3: A Typical 3D Computational Domain with 

different boundary conditions (for Laminar flow) considered 

in the present study 

 Parinya Kiatpachai et al (2015) investigated the 

effect of fin pitches on the air-side performance of serrated 

welded spiral fin-and-tube heat exchangers having Z-shape 

flow arrangement and the number of tube rows of 2 in range 

of high Reynolds numbers (4000–15,000). The test samples 

are made from steel (iron) with different fin pitches of 3.6, 

4.2, and 6.2 mm. The experimental results reveal that the fin 

pitch has a significant effect on the air-side performance. It is 

confirmed that the fin pitch of 3.6–6.2 mm has the same trend 

in heat transfer coefficient at the tested condition. For f-

friction factor, a detectable rise of the friction factor is found 

when the fin pitches increase to 6.2 mm. Moreover, the air-

side performance correlations of serrated welded spiral finned 

tube heat exchangers are proposed for practical industrial 

applications. The proposed air-side performance correlation 

describes 100% for j-Colburn factor and f-friction factor 

within 10%. 

 Pramod S.Purandare et al (2015) present 

investigation on thermal analysis of conical coil heat 

exchanger is presented in this paper. Fifteen conical coils of 

different cone angles (0° (helical), 45°, 90°, 135°, 180° 

(spiral)), with three different tube sizes (ID × OD, 8 × 10, 

10 × 12 and 12 × 15) are fabricated and analysed with, same 

average coil diameter (Dm = 200 mm) and tube length 

(L = 3 m). The experimentation is carried out with hot and 

cold water of flow rate 10–100 lph (Re – 500 to 5000) and 

30–90 lph respectively. The observations recorded were leads 

to analysis the heat exchanger for heat transfer and pressure 

drop characteristics at different flow rate of cold and hot fluid. 

The various parameters (heat transfer coefficient (hi), Nusselt 

number (Nu) effectiveness (ε) and friction factor (f)) are 

estimated for the heat exchanger. The analysis indicates that, 

Nu and f are the functions of flow rates, tube diameter, 

curvature ratio and cone angle. Nu increase with increase in 

tube side flow rate whereas it reduces with increase in shell 

side flow rate, increase in cone angle and increase in tube 

diameter. The effects of cone angle, tube diameter and fluid 

flow rates on heat transfer and pressure drop characteristics 

are detailed in this work. 
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Fig. 2.4: Variation of Nu with Qh with Coils of different 

tube Diameter 

 Sofia G. Mavridou (2015) considered a primal 

geometry of two unequally sized cylinders placed in tandem 

arrangement under cross-flow is initially examined in order 

to establish the effect on the wake fluctuations, compared to 

the single cylinder case. Three pairs of cylinders were 

considered with a diameter ratio of d/D = 0.5 and at different 

longitudinal pitches, SL/D = 1.5, 2.0 and 2.5, at the 

subcritical Reynolds number of ReD = 3900. The streamwise 

velocity fluctuations in the wake of the cylinders were found 

to be lower for the cylinder pairs as compared to the case of 

the single cylinder. The preferred primal arrangement with 

unequally sized cylinders was extended to form a heat 

exchanger tube bundle, where the effect of the transverse 

distance between the tubes (ST/D) was also studied. Three 

tube bundle configurations were examined with d/D = 0.5, 

SL/D = 1.5 and ST/D = 3.6 and ST/D = 2.5, and a common 

arrangement with d/D = 1.0, SL/D = 2.5 and ST/D = 3.6. 

Measurements were performed with regard to the heat 

transfer on the external surface of the tubes and the pressure 

drop across each configuration. When compared to the 

conventional tube bundle arrangement, the arrangement with 

d/D = 0.5, SL/D = 1.5 and ST/D = 3.6 led to specific (per unit 

volume) heat transfer enhancement by 40% with indications 

of a negligible penalty in pressure drop. 

 Heng Chen (2015) studied the heat transfer and 

resistance characteristics of Htype finned tube are by the 

experimental system of open high-temperature wind tunnel. 

The effects of fin width, fin height, fin pitch and air velocity 

on fin efficiency, convective heat transfer coefficient and 

pressure drop are examined. It is found that as air velocity, 

fin height and fin width increase, fin efficiency decreases. 

Convective heat transfer coefficient is proportional to fin 

pitch but inversely proportional to fin height and fin width. 

Pressure drop increases with the increase of fin height and fin 

width. Then the correlations of fin efficiency, Nu and Eu are 

fitted. 

 M. Eslami and A. Hozhabr (2015) four staggered 

rows of tubes with serrated fins are exposed to hot flue gas in 

cross flow. Three dimensional governing equations with 

RNG k-ε model for turbulence are solved using finite volume 

method. Velocity and temperature distribution is 

investigated. Results show that the second row has the best 

thermal performance while rate of heat transfer from the two 

last rows is approximately half. Distribution of local heat 

transfer coefficient is also different for the tubes which are 

due to the complex nature of three dimensional forced 

convection flows. 

 S.V. Jagtap (2014) designed heat exchanger 

according to procedure of design of serrated plate fin heat 

exchanger, correlation used for finding various heat transfer 

parameters having Reynolds number less than 200. 

Experimental setup was manufactured using calculated 

parameters of design. On this setup readings were taken by 

varying flow rate of hot oil, at constant air for different 

temperatures of selected materials. After getting readings 

calculations were done for heat transfer parameters like 

Reynolds number, Colburn factor and Fanning friction factor. 

 
Fig. 2.5: Experimental Setup 

 Arafat A. Bhuiyan et al (2013) investigated heat 

transfer and fluid flow characteristics of a four-row plain fin-

and-tube heat exchanger using the Commercial 

Computational Fluid Dynamics Code ANSYS CFX 12.0. 

Heat transfer and pressure drop characteristics of the heat 

exchanger are investigated for Reynolds numbers ranging 

from 400 to 2000. Fluid flow and heat transfer are simulated 

and results compared using both laminar and turbulent flow 

models (k-ω) with steady and incompressible fluid flow. 

Model validation is carried out by comparing the simulated 

case friction factor (f) and Colburn factor (j). Reasonable 

agreement is found between the simulations and experimental 

data. 

 
Fig. 2.6: Computational Domain and Coordinate System of 

fin configuration, (a) in-lined configuration, (b) staggered 

configuration 

 Arafat A. Bhuiyan et al (2012) presented the airside 

performance of a wavy fin-and-tube heat exchanger having 4 

row configurations considering steady, incompressible and 

3D flow using Commercial CFD Code ANSYS CFX 12.0. 

Results are presented in the form of friction factor (f), 

Colburn factor (j) and efficiency index (j/f). The numerical 

procedure has been validated by comparison with published 

numerical and experimental results and good agreement has 

been observed. A series of numerical calculations have been 

https://www.sciencedirect.com/science/article/pii/S0017931015006699#!
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carried out in order to analyse the influence of various 

geometric characteristics on different fields as well as on the 

heat transfer and pressure drop and efficiency within a heat 

exchanger.  The effects of longitudinal pitch (Ll), transverse 

pitch (Lt), Fin Pitch (Fp), wavy angle (Wa) and inlet flow 

angle (α) on wavy fin-and-tube heat exchanger are studied. 

Different inlet flow angles such as 0 ˚, + 17.5˚, -17.5˚, +35˚ 

and -35˚ are employed normal to the face of the heat 

exchanger in order to investigate the performance of inlet 

flow angles. There is a strong correlation between the 

response of the flow efficiency, pressure drop and heat 

transfer performance to these parameters. 

 
Fig. 2.7: Pressure Distribution for Staggered and in-Lined 

Arrangements 

 Youfu Ma (2012) investigated 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. For a constant fin height, an increase in the fin 

density resulted in an increase in the Euler number, and a 

gradual decrease in the Nusselt number was observed as the 

Reynolds number increased. An increase in the transversal 

tube spacing corresponded to a significant reduction in the 

Euler number, whereas the Nusselt number essentially 

remained unchanged. The longitudinal tube spacing had an 

insignificant effect on the Nusselt and Euler numbers, and the 

optimum ratio of the transversal tube spacing to longitudinal 

tube spacing increased with an increase in the transversal tube 

spacing. Scaling of the tube spacing had little effect on the 

Nusselt number but had a significant influence on the Euler 

number. Finally, predictive correlations for Nusselt and Euler 

numbers were developed based on the data presented here, 

and comparisons between the test data from this paper and the 

predictive values from previously published correlations 

were performed. 

 Arafat A. Bhuiyan et al (2011) determined the 

characteristics of fin and tube heat exchanger for the plain and 

wavy fin configurations considering in lined and staggered 

tube arrangements for laminar flow regime. This analysis has 

been conducted using Commercial Computational Fluid 

Dynamics Code ANSYS CFX-11. The results are expressed 

in terms of friction factor (f) and the Colburn factor (j) and 

efficiency index (j/f).The code was validated by comparing 

the results obtained with the previously investigated 

experimental data. The effects of different geometrical 

parameter such as Longitudinal pitch, Transverse Pitch, Fin 

Pitch, Wavy angle on the heat transfer and the pressure drop 

were investigated. This study reveals that the flow distinction 

between plain and wavy fin has a profound influence on the 

heat transfer and pressure drop performance. It was observed 

that, increasing the longitudinal and transverse pitch causes a 

decrease in the thermal and hydraulic performance of the heat 

exchanger for low Reynolds Number problem. The result for 

the fin pitch study indicated that decrease in the fin pitch 

causes a decrease in both heat transfer and friction 

characteristics significantly. 

 A. Lemoueddaa (2010) presents the results of 

numerical calculations carried out for the performance 

improvement of these devices. The work is divided into three 

main investigations conducted for Reynolds numbers 

between Re = 600 and 2600. The first investigation shows the 

eff ect of the fin serration, where a comparison between 

performances of finned tubes with and without fin serration is 

presented. Another main investigation is conducted on the 

eff ect of fin twisting of the outermost part of the fin on the 

performance of the serrated finned-tubes. Here, twisting 

angles considered are between β = 0◦ and 25◦. The third 

investigation deals with the eff ect of the number of fin 

segments per period. 

 
Fig. 2.8: Top view of the Simulation Model 

 Mahendra J. Sable (2010) examined the trend of heat 

transfer coefficient experimentally and by using CFD 

software for various types of elliptical fins with i) varying 

elliptical ratio, ii) changing orientation of mounting of heat 

exchanger tube with elliptical fins, iii) varying spacing  or fin 

density. 

 S. R. Mcilwain (2010) examined a number of 

characteristics previously explored in the special single row 

case.  The development of heat transfer in the bundle is 

discussed, paying particular attention to the special effects 

generated by the serrations and their influence on the heat 

transfer over the full fin surface. A comparison between a 

commercial pressure drop prediction method and the CFD 

results is then presented and a discussion of the difference in 

results given. A direction for a pressure drop prediction 

method for serrated finned tube bundles is also outlined from 

the results. 

III. CONCLUSION 

Fin tubes are vital components in various technical 

applications like modern heat exchangers, automotive 

radiators, automotive air conditioning evaporators, and 

condensers. In comparison to the round tube heat exchangers, 

flat tube heat exchangers are expected to have smaller air-side 

pressure drop and improved air-side heat transfer 

coefficients. For the above reasons, the optimum spacing 

(e.g., tube-to-tube, fin-to-fin) with the maximum overall heat 

conductance (heat transfer rate) and minimum pressure drop 

needs more focus and research in the future. In addition, more 

works are needed to develop the thermos-fluid correlations in 

tubes of this shape. 

 In most of the study, for the fin and tube heat 

exchanger, circular tube is used as the flow passage for the 
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liquid. The effect of the heat transfer and the friction 

characteristics were investigated for the laminar and turbulent 

flow regime. 

 The numerical investigation for the turbulent flow 

range can be considered using Reynolds Stress Turbulence 

Model or other suitable model. The different fluid flow can 

be allowed for the heat exchanger in place of air flow. This 

will affect the heat transfer and friction performance of the 

heat exchanger. 

 The wavy fin investigated in different studies can be 

replaced by using sinusoidal type fin to show the effects of 

heat transfer and pressure drop performance. The effects of 

longitudinal pitch (Ll) on the heat transfer and the pressure 

drop characteristics are significant. It was found that the 

increase in the longitudinal pitch (Ll) cause a decrease in the 

heat transfer and pressure drop performance as the flow 

becomes free and less compact with the increase in the tube 

pitch. 
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