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I. INTRODUCTION 

 
Heat exchangers were used in a wide-ranging of 

applications including power generation plants, 

nuclear reactors for generation of electricity, 

Refrigeration & Air Conditioning (RAC) systems, self-

propelled industries, food industries, heat retrieval 

systems, and chemical handling.  

 

The upgrading methods can be distributed into two 

groups: active and passive methods. The active 

method requires peripheral forces. The passive 

methods need discrete surface geometries. Both 

methods have been commonly used to improve 

performance of heat exchangers. Due to their 

compact structure and high heat transfer coefficient 

helical tubes have been declared as one of the 

passive heat transfer improvement method and they 

are broadly used in many industrial applications. 

 

The development of high performance thermal 

systems has stimulated interest in methods to 

improve heat transfer. In heat exchangers, 

enhancement of heat transfer is achieved by 

increasing the convection heat transfer coefficient or 

by increasing the convection surface area. One of the 

method to increase the convection coefficient within  

a heat exchanger is by introduces inserts within the 

pipes/tubes.Heat Exchanger is a device in which the 

exchange of energy takes place between two fluids 

at different temperature. A heat exchanger utilizes  

 

 

the fact that, where ever there is a temperature 

difference, flow of energy occurs. So, that Heat will 

Flow from higher Temperature heat reservoir to the 

Lower Temperature heat Reservoir.  

 

The flowing fluids provide the necessary temperature 

difference and thus force the energy to flow between 

them. The energy flowing in a heat exchanger may 

be either sensible energy or latent heat of flowing 

fluids. The fluid which gives its energy is known as 

hot fluid. The fluid which receives energy is known as 

cold fluid. It is but obvious that, Temperature of hot 

fluid will decrease while the temperature of cold fluid 

will increase in heat exchanger. The purpose of heat 

exchanger is either to heat or cool the desired fluid. 

 

In a special case, when one of fluid undergoes 

change in its phase, its temperature remains 

unchanged. These types of heat exchanger are 

known as condensers or evaporators. Heat 

exchangers with the convective heat transfer of fluid 

inside the tubes are frequently used in many 

engineering application. The techniques of heat 

transfer enhancement to accommodate high heat 

flux i.e., to reduce size and cost of heat exchangers 

have received serious attention passed years. 

Enhancement of heat transfer Rate in all types of 

thermos-technical apparatus is of great significance 

for industry. Beside the savings of primary energy, it 

also leads to a reduction in size and weight. Up to 

the present, several heat transfer enhancement 

techniques have been developed. Twisted-tape is 
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one of the most important members of 

enhancement techniques, which employed 

extensively in heat exchangers. 

 

II. RESEARCH METHOD 

 
The experimental study is done in a double pipe heat 

exchanger having the specifications as shown in 

table below. 

 

Table 1: Structural parameters  

 

Fin material Aluminium 

Fin number, N 10 

Fin width, b 0.6 mm 

Inner tube internal diameter Di 8 mm 

Inner tube external diameter Do 10 mm 

annulus internal diameter Ds 20 mm 

Tube length, L 100 mm 

 

Heat Transfer Calculations 

Firstly, it should be noted that for all calculations, the 

thermos-physical properties of the water in the 

annulus and the internal tube were calculated at Ta
out

 

and Tb
out

 respectively. 

The Reynolds number determined by: 

Re = 
ρuDh

μ
 

With µ the dynamic viscosity in the annulus side, Dh 

equivalent hydraulic diameter, ρ water or air density. 

For the inner tube Dh= Di, while for the finned 

annulus, the hydraulic diameter is: 

 

Dh = 
4[

𝜋 𝐷𝑠
2−𝐷𝑎

2  −𝑁𝐵𝐻

4

𝑁 2𝐻+𝑏 +𝜋𝐷𝑜−𝑁𝑏
 

 

Ds is the annulus internal diameter, Do the inner 

tube external diameter, N the number of fins, b the 

fins width and H the fins height.Heat transfer rate: 

Heat transfer rate of the annulus side fluid (air): 

Qa = maCpa (Ta
out

 and Ta
in
) 

Heat transfer rate of the tube side fluid (water): 

Qt = mtbCp,tb (Ttb
in
 and Ttb

out
) 

m is the flow rate, T the temperature, cp the specific 

heat. The subscript a & b refers respectively to the 

annulus side and inner tube side; superscript ‘in’ and 

‘out’ stand for the values at the inlet and outlet 

respectively. The physical properties are evaluated at 

the average temperature of the inlet and outlet for 

each side of the heat exchanger. 

The Nusselt number for the annulus side is: 

Nu = 
ℎ𝑎𝐷ℎ

𝛾𝑎
 

Where, ha is the annulus side heat transfer 

coefficient, and ka the gas thermal conductivity. 

The Nusselt number for the tube side is: 

Nu = 
ℎ𝑖𝐷𝑖

𝛾𝑖
 

 

Where, hi is the tube side heat transfer coefficient, 

and ki the fluid thermal conductivity. 

Computational Domain 

The aim of this research to numerically study and 

compare different configurations of straight and 

helical fins in a double pipe heat exchanger. The 

working fluids are air and water, cold air flows in the 

annulus side while hot water flows in the inner tube 

side in counter-current configuration. Six double 

pipe heat exchangers are considered, three with 

longitudinal fins used to validate the numerical 

model, and three with helical fins with a variable fins. 

 

 
(a) 

 
(b) 

Fig. 1: CFD domain 

 

1. Taguchi Method 

The Taguchi method is being extensively used in 

industrial and engineering problems due to its wide 

range of applications. The Taguchi method is the 

commonly adopted approach for optimizing design 

parameters. The method was originally proposed as 

a means of improving the quality of products using 

the application of statistical and engineering 

concepts. This methodology is based on two 

fundamentals concepts: First, the quality losses must 
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be defined as deviations from the targets, not 

conformance to arbitrary specifications, and the 

second, achieving high system quality levels 

economically requires quality to be designed into the 

product. To achieve desirable product quality by 

design, Taguchi suggests a three-stage process: 

system design, parameter design and tolerance 

design.  

 

The final step in Taguchi's robust design approach is 

tolerance design; tolerance design occurs when the 

tolerances for the products or process are 

established to minimize the sum of the 

manufacturing and lifetime costs of the product or 

process. In the tolerance design stage, tolerances of 

factors that have the largest influence on variation 

are adjusted only if after the parameter design stage, 

the target values of quality have not yet been 

achieved. Since the experimental procedures are 

generally expensive and time consuming, the need 

to satisfy the design objectives with least number of 

tests is clearly an important requirement. Once the 

levels are taken with careful understanding four 

parameters with three levels are used for the 

established experiments. Table 2 shows the factors to 

be studied and the assignment of the corresponding 

levels. 

 

2.Selection of Objectives 

The first step of optimization by Taguchi method is 

to select proper objectives to be optimized 

(minimized or maximized). Heat transfer and flow 

friction are both important characteristics to describe 

the performance of heat exchangers. For the current 

problem, j and f are employed as two targets to 

quantify the heat transfer and flow friction 

performance for H-type finned tube heat exchangers, 

respectively. Meantime, it is well recognized that flow 

friction usually increases with the enhancement of 

heat transfer and it is difficult to simultaneously 

intensify the heat transfer and reduce the flow 

friction.  

In conclusion, three objectives are selected to 

facilitate optimization by Taguchi method. j and f, 

utilized to describe the two components of the 

thermal-hydraulic performance, assist to clarify how 

the heat and flow characteristics of the heat 

exchanger are influenced by various factors. 

 

3. Factors and Levels 

The control factors examined in this study are two 

parameters, i.e. Reynolds number and number of 

fins. The levels of each factor are tabulated in Table 

2. 

Table 2: The parameters and their values 

corresponding to their levels 

 

Parameters 
Level 

I II III 

Reynolds 

number 12700 14700 16700 

no. of fins 10 11 12 

 

These levels are selected uniformly within the 

rational ranges of control factors, which are given by 

Chen et al., 2014. It is noted that Taguchi method can 

only optimize the finned tube by discretely selecting 

the optimal value of each control factor. However, 

Taguchi method is necessary and advantageous 

when designing and optimizing finned tube roughly 

in the first step due to its low cost of time and strong 

robustness. The discrete optimization by Taguchi 

method lays foundation for further detailed and 

specific optimizations conducted continuously 

around the optimal levels in order to refine the 

optimization result. In this study, fin width for all 

numerical cases is set to be 0.6 mm with and the 

tube diameter D is set as a constant value of 20 mm. 

 

4. Orthogonal Array 

Orthogonal arrays are a vital part of Taguchi method. 

It can effectively reduce experimental runs through 

compounding different levels of different factors 

uniformly. The Taguchi Robust Design method uses a 

mathematical tool called Orthogonal Arrays (OAs) 

and signal to noise ratio (SNR) to study a large 

number of process variables with a small number of 

experiments. 

 

In the Taguchi method the orthogonal array 

facilitates the experimental design process and caters 

a method for fractional factorial experiments. The 

choice of the correct orthogonal array for the success 

of experimental design is essential and it depends on 

the degree of freedom required to study the main 

and interaction effects of control factors, objective of 

the experiment, resources and budget availability 

and the constraints for time. The orthogonal array 

contributes to study the effect of main and 

interacting parameters via minimizing the number of 

experimental trials. The Taguchi analysis is performed 

with Minitab 16.0 software. The array chosen for the 

present experimental design is L
9
. Four parameters 

each at three levels would require 9 runs in a full 
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factorial experiment, whereas Taguchi's factorial 

experiment approach reduces it to 9 runs only 

offering a great advantage. According to the Taguchi 

design concept L9 orthogonal array is chosen for the 

experiments as shown in Tables 3. Each trail is 

performed as per L9.  

 

Table 3: Simulation runs corresponding to their levels 

 

Simulation 

runs 

Reynolds 

number 

number of 

fins 

1 12700 10 

2 12700 10 

3 12700 10 

4 14700 11 

5 14700 11 

6 14700 11 

7 16700 12 

8 16700 12 

9 16700 12 

 

5. Sn Analysis 

When the raw data are obtained through 

experiments or numerical simulations, they are 

usually transformed into signal-to-noise ratios (SNR) 

based on a logarithmic data transformation in order 

to improve statistical properties for optimization 

purpose. There are three types of transformation 

formulae, namely nominal-the-best, larger-the-better 

and smaller-the-better.  

 

Nominal-the-best formula is applied to cases where 

the objective is expected to be kept as a specific 

value to gain the best performance. Larger-the-

better formula and Smaller-the-better formula are 

employed in situations where the objective is 

expected to be as large as possible and as small as 

possible, respectively. For the optimization of heat 

exchangers, it is well recognized that j are expected 

to be as large as possible while f is expected to be as 

small as possible. Hence, the Larger-the-better 

formula is used to transform the raw data of j and JF 

while the Smaller-the-better formula assists to 

transform the raw data of f. The Larger-the-better 

formula and the Smaller-the-better formula are 

presented below- 

 

 
 

Where, SNRL and SNRS represent the performance 

criteria for the Larger-the-better and Smaller-the-

better objectives respectively, Y is the raw data 

obtained from the numerical simulation (i.e. j and f in 

this study) and n represents repeated times of each 

test which is taken to be one in this study. It is noted 

that the largest SNR is always preferred whether the 

target is of the Larger-the-better type or the Smaller-

the-better type after the data transformation. 

 

IV. CFD MODELLING 

 
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 
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describe the motion of the turbulent flow. However, 

it is too costly and time-consuming to solve these 

equations for complex flow problems. 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). 

 

V. RESULTS AND DISCUSSION 
 

1. CFD Code Validation 

A numerical model was used to evaluate the heat 

transfer and pressure drop characteristics of a 

double-pipe heat exchanger with helical fins. This 

numerical model was validated by comparing its 

results with experimental data for a double-pipe heat 

exchanger with longitudinal fins as obtained using 

empirical correlations under turbulent flow 

conditions. 

 

The Reynolds number Re in the finned annulus (air) 

was varied from 12700 to 17700, while whereas that 

in the inner tube was kept constant at Re = 12000. 

The numerically obtained heat transfer and pressure 

drop characteristics were compared with previously 

reported experimental data for an annulus with 

longitudinal fins. Furthermore, the numerically 

obtained inner tube characteristics were compared 

with the correlations obtained from another study. 

Appropriate geometric parameters and hydraulic 

diameter were employed for the validation, which 

was performed using the following correlations. 

For an annulus with longitudinal fins: 

jh= (0.0263Re
0:9145

 + 4.9 - 7Re
2.618

)
1/3

 

f = 576 exp [0.08172(ln Re)
2
 – 1.7434lnRe – 0.6806] 

jh is the Colburn factor and f is the friction factor. It is 

worth noting that under turbulent flow conditions, 

and within the considered Re range, jh, and 

consequently h, is independent of the number of 

fins. 

Inner tube  

Nu = 0.023Re
0.8

Pr
1/3

 

f =(0.79 ln(Re) - 1.64)
-2 

 

Fig. 2 shows a comparison of the annulus side heat 

transfer coefficients obtained by the CFD model and 

the empirical correlations a function of Re for 

longitudinal fins. The average deviation of the 

finned-annulus-side heat transfer coefficient is 20%. 

Similarly, Fig. 3 shows a comparison of the pressure 

drops obtained by the CFD model and the empirical 

correlation as a function of Re. The maximum relative 

deviation of the pressure drop is 2%.Additionally, 

relative deviations of less than 3% and%1 are 

observed for the inner-tube heat transfer coefficient 

and pressure drop, respectively. 

 

 
 

Fig. 2: Plot of heat transfer coefficient versus Re for 

longitudinal fins. 

 
 

Fig 3: Plot of pressure drop versus Re for longitudinal 

fins 

2.Simulation Runs Corresponding to Fin Efficiency 

Data- Tube With Straight Fins 

It has been known that the level that has the largest 

SNR is the optimal level for the factor. If interaction 
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effects between all factors can be negligible, the 

combinations of levels showing the largest SNR-f for 

each factor are regarded as the optimal level 

combination for heat transfer characteristic 

respectively. 

 

 
 

Fig 4: Main-effect plots for Heat transfer coefficient. 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on Heat 

transfer coefficient. Although Heat transfer 

coefficient is associated with both Reynolds number 

and fin number. Fin Reynolds number. and fin 

number have dominant influence with contribution 

ratios of 49%, and 50% respectively From Fig. 4, the 

optimal combination for SNR- ƞf is determined as 

A3B3. 

 
Fig 5: Main-effect plots for Nusselt number. 

It is evident from the above graph that Reynolds 

number has comparatively less effect on Nusselt 

number. Although Nusselt number is associated 

with both Reynolds number and fin number. From 

Fig. 5, the optimal combination for SNR- ƞf is 

determined as A3B3. 

 

 
 

Fig 6: Main-effect plots for heat transfer rate 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on heat 

transfer rate. Although heat transfer rate is 

associated with both Reynolds number and fin 

number. From Fig. 6, the optimal combination for 

SNR- ƞf is determined as A2B1. 

 

 
Fig 7 Main-effect plots for pressure drop 

 

It is evident from the above graph that Reynolds 

number has comparatively less effect on pressure 

drop. Although pressure drop is associated with both 

Reynolds number. and fin number. From Fig. 7, the 

optimal combination for SNR- ƞf is determined as 

A3B3. 
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Fig 8: Main-effect plots for Thermal performance  

enhancement 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on Thermal 

performance enhancement. Although Thermal 

performance enhancement is associated with both 

Reynolds number and fin number. From Fig. 8, the 

optimal combination for SNR- ƞf is determined as 

A3B3. 

3. Tube With Helical Fins 

This section presents the simulation results for 

double pipe heat exchanger with Helical fins 

 

 
Fig 9: Main-effect plots for Heat transfer coefficient. 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on Heat 

transfer coefficient. Although Heat transfer 

coefficient is associated with both Reynolds number 

and fin number. From Fig. 9, the optimal 

combination for SNR- ƞf is determined as A3B3. 

 

 
Fig 10: Main-effect plots for Nusselt number 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on Nusselt 

number. Although Nusselt number is associated with 

both Reynolds number and fin number. From Fig. 10, 

the optimal combination for SNR- ƞf is determined 

as A3B3. 

 

 
Fig 11: Main-effect plots for heat transfer rate 

 

It is evident from the above graph that Reynolds 

number has comparatively less effect on heat 

transfer rate. Although heat transfer rate is 

associated with both Reynolds number and fin 
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number. From Fig. 11, the optimal combination for 

SNR- ƞf is determined as A2B1. 

 

 
 

Fig 12: Main-effect plots for pressure drop. 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on pressure 

drop. Although pressure drop is associated with both 

Reynolds number and fin number. From Fig. 12, the 

optimal combination for SNR- ƞf is determined as 

A3B3. 

 
 

Fig 13: Main-effect plots for Thermal performance 

enhancement 

 
It is evident from the above graph that Reynolds 

number has comparatively less effect on Thermal 

performance enhancement. Although Thermal 

performance enhancement is associated with both 

Reynolds number and fin number. From Fig. 13, the 

optimal combination for SNR- ƞf is determined as 

A1B1. 

 

VI. CONCLUSION 

 
In the present study, a numerical model using CFD 

was adopted to study the thermo hydraulic 

performance of different configurations of gas-to-

liquid double-pipe heat exchangers with helical fins. 

Configurations with helical fins and longitudinal fins 

were numerically simulated and compared in terms 

of the heat transfer, pressure drop, unit weight, and 

comprehensive performance. The influences of the 

number fin increasing and Reynolds number on the 

thermo hydraulic performance were also examined. 

The following conclusions were drawn from the 

obtained results. 

 

1. It is evident that Reynolds number has 

comparatively less effect than number of fins on all 

the factors i.e. Heat transfer coefficient, Nusselt 

number, heat transfer rate, pressure drop and 

Thermal performance enhancement. The optimal 

combination for SNR-ƞf for the factors is 

determined as A3B3. 

2. Helical fins result in a higher heat transfer surface 

area than longitudinal fins. 

3. Overall, the thermo hydraulic performance of 

double-pipe heat exchangers is better with helical 

fins than with longitudinal fins, which indicates that 

the pressure loss of helical fins is offset by the 

improvement in the heat transfer rate. 

4. The maximum thermal enhancement factor is 

obtained with a DPHE helical 12 fin. Thus, the 

thermo hydraulic performance improves with the 

helical fins configurations whereas it degrades with 

the 10 fin configuration.  

5. Although its η ranks last, the DPHE with helical 12 

fin configuration provides the best thermal 

enhancement, and it should be adopted when the 

heat transfer capability is considered to be 

important and the pressure drop is considered to 

be negligible.  

6. If the heat transfer capability can meet the 

requirement of a particular engineering 

application, DPHE with 12 fins configuration should 

be the first choice because of its best η value.  

Overall, it can be said that a double-pipe heat 

exchanger with helical fins shows better thermo 

hydraulic performance than that with longitudinal 

fins. 

7. This high local pressure drop causes a considerable 

increase in the average friction factor for the 
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annulus side. The signification impact of the 

entrance region is attributed to the short length of 

the studied tubes; the contribution of the entrance 

region for longer tubes is expected to be 

negligible. 

8. Additionally, with increase in helical path and 

consequently growths the swirl and secondary 

flows as a result of increasing the centrifugal force. 

These increase the turbulence level around the 

outer surface of the internal tube and break the 

water boundary layer. Consequently, a significant 

enhancement of heat transfer in addition to a 

significant increase in the pressure drop is resulted. 

9. Finally, the helical fin configuration for double-pipe 

heat exchangers is demonstrated to be effective in 

enhancing the heat transfer and improving the 

thermo hydraulic performance of this type of heat 

exchanger. 
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