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Abstract— Continuous research is going on exchanger 

design and development to fulfill the demand of power 

sector, refrigeration and air conditioning, chemical industry, 

nuclear sectors this lead to evolution of helical coil tube heat 

exchanger. Higher performance and compactness are 

primary requirements of heat and mass transfer devices 

hence researchers are endeavor towards heat enhancement 

techniques with reduction in size of heat exchanger. An 

attempt is made here to elaborate the effect of constructional 

feature on these parameters by experimentally and using 

CFD technique. From several studies of previous authors it 

has been noted that curvature ratio is most predominant 

factor in helically coiled tube that affect heat transfer 

characteristics, hence main objective behind present study is 

to investigate the effect different curvature ratio helical 

tubes on single phase fluid flow and convective heat transfer 

characteristics. CFD simulation and experimental analysis 

indicates that compactness i.e. surface area density increases 

with curvature ratios, it is observed that heat flux increase 

with increase curvature ratio but at the expense of pressure 

drop in helical tube. 

Key words:  CFD technique, Geometric Feature of Helical 

Coil Tube, Compactness  

I. INTRODUCTION 

The main purpose of heat exchanger is to exchange heat 

energy between one medium to another in order to carry a 

process. After study from several literatures it was noted 

that various active and passive heat enhancement techniques 

has been tried in straight tube heat exchanger some of these 

are use of electric field, surface vibration use of tape insert, 

coil insert in tube etc, but these techniques proves less 

beneficial due to additional material increases overall cost 

and also causes reduction in mass flow rate. Natural 

convection is a phenomenon that governs the exchange of 

heat between medium in heat exchanger is considered here. 

Since a complex flow pattern exist inside helically tube, as 

fluid flow through helical tube due curvature nature 

centrifugal force of fluid causes development the secondary 

flow pattern inside tube this led to improvement in heat 

transfer rate [6]. Instead of Reynolds number Dean number 

used in analysis as it take into account effect of curvature of 

helical pipe. [4]. An attempt is made here to analyze the 

effect of geometric features like curvature ratio on 

compactness, heat transfer coefficient etc. parameters using 

ANSYS Fluent and experimentally methodology [8]. 

II. LITERATURE REVIEW 

Xin et al, (1997) has explored experimental study for 

curvature ratio of d=0.05 and d=0.08 and Reynolds no. 

5*103  to 1.1*105  for three different fluid air water and 

ethanol and they had proposed a correlation for Nusselt no. 

but it is covered narrow range of curvature ratio. Raghavan 

et al, (2005) have done heat transfer analysis for hot fluid to 

cold fluid using PHOENICS 3.3 (a CFD package) and found 

out the overall heat transfer coefficient for countercurrent 

and parallel flows. However, no correlation for estimation of 

Nu was given in the paper. T.H. KO. et al, (2006). In their 

analysis for optimum curvature ratio and also study of 

entropy analysis he has found that the heat transfer 

enhancement in the flow fields is always achieved at the 

expense of an increase in friction loss. Jayakumar et al, 

(2008), have developed a correlation for estimation of inside 

heat transfer coefficient for flow of single-phase water 

through helically coiled heat exchangers. The correlation, 

which is validated against experiments, is applicable to only 

specific configuration of helical coils. Also the results 

presented in the paper describe only the overall heat transfer 

coefficient. The local variation of the Nusselt number was 

not reported.N.  

Ghorbani et al,(2010)  The experiments were 

conducted for both laminar and turbulent flow inside coil. 

Effects of coil pitch and tube diameters on shell-side heat 

transfer coefficient of the heat exchanger were studied 

Different characteristic lengths were used in various Nusselt 

number calculations to determine which length best it’s the 

data and several equations were proposed The results 

indicate that the equivalent diameter of shell is the best 

characteristic length. J.S. Jayakumar et al, has done analysis  

for different curvature only for two coil turns and for 

curvature ratio 0.0-0.1 but above 0.1  they have given 

straight line graph without experimental validation hence 

there is scope to find out nature of graph i.e. effect of 

curvature ratio on Nusselt. Y.M. Ferng et al, A 

computational fluid dynamics (CFD) methodology is 

proposed in this paper to investigate effects of different 

Dean (De) number and pitch size on the thermal-hydraulic 

characteristics in a helically coil-tube heat exchanger. Three 

values of De number and four sizes of pitch are considered 

herein. Nusselt. No. increases with pitch. Shiva Kumara et 

al, (Dec 2013) Results indicated that helical heat exchangers 

showed 11% increase in the heat transfer rate over the 

straight tube. Simulation results also showed 10% increase 

in Nusselt number for the helical coils whereas pressure 

drop in case of helical coils is higher when compared to the 

straight tube. Siddharth D. Mhaske et al, (2014) From the 

simulation results heat transfer coefficient, pressure drop 

and Nusselt number are calculated. The heat transfer 

characteristics of the same are compared with that of a 

counter flow tube in tube straight tube heat exchanger of 

same length under same temperature and flow conditions. 

CFD simulation results showed that the helical tube in tube 

heat exchanger is more effective than the straight tube in 

tube heat exchanger. R. Thundil Karuppa et al,, (2014)From 

result it has been observed heat transfer characteristics of a 

60 mm coil pitch are better compared to a 30 mm coil pitch 
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at higher Dean Number with limitation in space and more 

loss in pressure drop. Validation of result from previous 

literature. Zhongyuan Shi et al,(2014). The circumferential 

heat transfer is most significantly enhanced within the 

vicinity of the outermost point of the tube by rotation Within 

the range of De and Ro under discussion, the impact of 

stream wise inertial force is the factor of heat transfer 

enhancement for co-rotational cases while the effect of 

reversed flow and accompanied Dean vortex for counter 

rotational cases cannot be neglected. 

III. METHODOLOGY 

A. Geometric Feature of Helical Coil Tube: 

Copper tubes of 8mm internal diameter and 1370mm length 

are used for analysis as it has higher thermal conductivity as 

compare to steel, aluminum etc. In first attempt straight tube 

analysis done after that analysis for helical tube is made by 

changing flow rate. Analysis made for different no of turn’s 

coils but in experimental analysis pitch of coil and tube 

diameter made constant and curvature ratio varied by 

changing only PCD of helical pipe and correspondingly 

surface area density was calculated, all these geometric 

details given in below table. 

Sr. 

no. 

Curvature 

ratio 

Number of 

turns. 

Surface area 

density (β) 

1. 0.095 5 45.186 

2. 0.111 6 50.114 

3. 0.166 7 95.139 

4. 0.2 8 104.381 

Table 3.1: Geometric Parameters 

B. Compactness: 

Compactness is important factor in heat exchange it 

importance has been recognized in Power plant, aerospace, 

automobile, nuclear industries. Main concept behind 

compactness is to increase heat load with reduce size of heat 

exchanger. Surface area density (β) is measure of 

compactness and it given by, 

β = 
  

 
 

Commonly accepted value of β = 300 m2/m3 for 

hydraulic dia. is between 8-10 mm. From the detail analysis 

it was noted that surface area density increase with increase 

in curvature ratios, it means as the curvature ratio increases 

heat exchanger become compact one and also heat 

enhancement has been noted. 

C. Experimental Setup and Description: 

 
Fig. 4.1: Experimental Setup 

 

Where: TC = cold water temp. Thermocouple=constant, Th1 

= hot water inlet temp. Thermocouple, Th2 = hot water 

outlet temp. Thermocouple, P1 = inlet pressure gauge, P2= 

outlet pressure = ambient pressure, CV= flow control valve. 

Fig.4.1 shows the experimental setup of helical tube heat 

exchanger Helical tube made of copper is completely 

immersed in G.I. sheet shell which contains cold water at 

constant temperature of 297 k. Water is heated in a hot 

water tank with the help of electric heater up to 353 k and 

then flow through PVC pipe from tank to inlet of heat 

exchanger, In order to measure various parameters various 

devices fitted at inlet of heat exchanger i.e. Temperature 

Th1 using inlet thermocouple, Pressure P1 using inlet 

temperature gauge, Flow rate is control by flow control 

valve an  measure  using flow meter  at inlet .similarly 

temperature and pressure measure at outlet condition using 

devices at outlet. In proposed work hot water is flow 

through the helical coil tube from inlet to outlet of tube and 

then dischargers into storage tank. In shell cold water is 

entre from main source at two locations circulate 

continuously around tube in order to maintain constant 

temperature of helical tube and then discharge to storage 

tank. By varying flow rate for single tube number of 

readings are taken and then change and again reading are 

taken similar procedures repeated for four helical tube 

configurations. 

D. Boundary Conditions and Heat Transfer Analysis: 

In this paper natural convection method is used under 

normal operating condition to study the heat transfer 

characteristics. By varying velocity inlet with constant wall 

temperature boundary conditions are assumed to analysis 

convective heat transfer. Three velocities i.e. 0.995m/s, 

0.796m/s,0.567m/s etc. was used for analysis. Different 

correlation and formulae used are given blow, 

Reynolds no. =  
   

 
        

Dean no. = Re √    

Heat transfer coefficient = 
    

 
  W/m

2
K                                      

Pressure drop = (Phi – Pho)      

Friction factor =  
    

    
 

IV. EXPERIMENTAL RESULTS 

Sr

. 

n

o. 

Curvat

ure 

ratio( ) 

Mas

s 

flow 

rate 

(kg/s

) 

Heat transfer 

coefficient(W/

m
2
K) 

Dean 

numb

er 

Pressu

re 

drop 

(pa) 

1. 0 

0.02

85 
6563.1 11387 853 

0.04 8754.14 15987 961 

0.05 10587.8 19984 1099 

2. 0.095 

0.02

85 
6437.85 3510 1491 

0.04 8592.15 4928 1618 

0.05 10387.4 6160 1717 

3. 0.111 
0.02

85 
6179 3794 1648 
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0.04 8249.8 5327 1736 

0.05 9978.25 6658 1844 

4. 0.166 

0.02

85 
6092.16 4640 1785 

0.04 8124.55 6514 1913 

0.05 9827.115 8142 2040 

5. 0.2 

0.02

85 
4134.08 5093 1893 

0.04 5423.32 7150 2119 

0.05 8021.65 8937 2207 

Table 5.1: Experimental results 

Experimental analysis was done for using three different 

mass flow rate i.e. 0.0285kg/s, 0.04 kg/s,005 kg/s. and heat 

transfer and fluid flow characteristics of four helical tubes of 

different curvature ratios and one straight pipe are compared 

using different plots as given below, 

 
Fig. 5.1: Mass Flow Rate Vs Dean Number 

 
Fig. 5.2: Mass Flow Rate Vs Heat Transfer Coefficient 

 
Fig. 5.3: Mass Flow Rate Vs Pressure Drop 

It has been observed from fig.5.1 dean number 

increase with mass flow rate because dean no. is depends on 

Reynolds no. and it increases with mass flow rate. Fig.5.2 

shows that heat transfer coefficient increases with mass flow 

rate as curvature ratio increases. It has been also indicates 

that dean no. and heat transfer coefficient increases by 31% 

and 9. 5% respectively as curvature ratio increases from 

0.095 -0.2 for, but these increments are lesser for low mass 

flow rate and greater for higher mass flow rates. Fig 5.4 

indicates pressure drop by 19 % as curvature ratio increases 

from 0.095 to 0.2, this show that pressure drop cannot be 

neglected in helical pipes. While comparing results against 

helical pipe, it was noted that Nusselt no. heat flux, pressure 

drop increases by 26.43%, 17.3%, and 49.5% respectively 

for 0.05 kg /s mass flow rate. 

V. VALIDATION OF RESULTS 

Models were generated using CATIA V5 R19 modeling 

software and then simulation was done using computational 

fluid dynamic method in ANSYS using FLUENT -14. 

Tetrahedral Meshing is done using fluent. Heat and mass 

flow governing equations with K-℮ turbulence model 

neglecting viscous effect were used for analysis.  

Pressure and velocity compounding with second 

order up wind scheme, velocity inlet and pressure outlet 

with constant wall temperature of 297K were the boundary 

conditions used for analysis, 

 
Fig. 6.1: Heat Transfer Coefficient 

 
Fig. 6.2: Pressure Drop 

The contours of heat transfer coefficient and 

Pressure drop are given in fig. 6.1 and fig.6.2. Simulation 

results shows that heat transfer coefficient and pressure drop 

increases with increases in curvature ratio, but increment in 

heat flux is more is i.e.17% and other hand increment in 
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absolute pressure is less i.e. 4.8% as compare to 

experimental results when curvature ratio of tube increase 

from 0.095 to 0.2 for 0.05kg/s mass flow rate. 

VI. CONCLUSION 

After experimental study and CFD methodology to find out 

the effect of different curvature ratios of helical tubes on 

fluid flow and heat transfer characteristic several 

conclusions have been arises these are given below: 

1) From detail study of compact heat exchanger it has 

been observed that in surface area density factor 

increase from 45.186*103 to 104.318*103 for 

increase in curvature ratio of helical tube from 

0.095 to 0.2, it shows that compactness increases 

by 56%. 

2) Experimental study shows increase in Dean no. is 

about 31%, heat transfer coefficient by 9.5%, , but 

all these increments are on compromise of pressure 

drop of 19%. In comparison of helical tube against 

straight tube it has been proved that helical coil 

tube is superior to straight tube. 

3) At the end CFD simulation results partially match 

with experimental results i.e. heat transfer 

coefficient and absolute pressure are partially 

match with experimental results. 
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