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Abstract— In present study, double pipe helical heat exchanger is designed and developed for thermodynamic & 

hydrodynamic analysis.Helical coil heat exchanger offers an additional advantage over a straight tube by intensifying 

fluid mixing due to formation of secondary, Dean Vortices, when operated in laminar to transition region . An 

experimental study of two double pipe helical coil heat exchanger with counter flow arrangement, is conducted with 

different Reynolds number and Dean number range for inner and outer coil. Flow rates in the inner and annulus tubes 

was varied, and temperature data was recorded. Overall heat transfer coefficients, effectiveness and LMTD were 

calculated from experimental data. Experimental setup was investigated for constant annulus side flow rate and variable 

tube side flow and vice versa, for two designed and fabricated helical coil heat exchangers. Wilson Plot technique is used 

to determine heat transfer coefficients and Nusselt numbers.Inner tube Pressure Drop comparison is also done for two 

configurations of the heat exchanger. 
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I. INTRODUCTION 

 

Double Pipe helical coil tube heat exchanger is widely used in industry such as chemical plants, power generation plants, nuclear 

industry, food processing, cryogenic and medical equipment, etc. The steady flow in helically coiled tube has been studied by 

many researchers. The curved channel flow improves the enhancement of heat transfer in a helical coil. The centrifugal force in 

helical tube pushes the fluid particles toward the inner core region and produces a secondary flow field, which enhances the heat 

transfer in the helical tube. 

In straight double pipe heat exchangers, there is little mixing in the laminar flow region, thus the application of helical tubes in 

laminar flow heat exchange processes is  highly beneficial due to low pressure drop. So helical coil heat exchangers can be widely 

used in food processing applications, as in milk pasteurization ( James R. Lines 2008). 

 

Application:  

Applications include liquid heating/cooling, steam heaters, vaporizers, cryogenic cooling and vent condensing. Listed below are 

the details for standard services in which helical exchangers consideration. 

1. Sample Cooling. 

2. Analyzer Pre-cooling. 

3. Seal Coolers. 

4. Condensers. 

5. Cryogenic Vaporizers. 

 

II. LITERATURE REVIEW 

 

Experimental study of double pipe helical heat exchanger, to determine heat transfer coefficients using Wilson Plots has been area 

of interest of many researchers (Timothy J. Rennie, et al2006). Experimental results mainly include comparison of Overall heat 

transfer coefficients, Nusselt numbers with respect to Dean numbers for inner and outer Coils. 

Numerical study of heat transfer characteristics for a double-pipe helical heat exchanger using a suitable CFD package to 

determine the effect of fluid thermal properties on the heat transfer, show that Nusselt number is more sensitive to changes in 

Prandtl number at low Dean numbers than at high Dean numbers (Timothy J. Rennie , et al 2006). Also the Nusselt number 

depends on thermal dependency, of conductivities which change due to changing flow rate in a tube. 

Numerical modeling of a double-pipe helical heat exchanger for laminar fluid flow and heat transfer characteristics under 

different fluid flow rates and tube sizes, shows heat transfer coefficient increases as the Dean number increases (Vijaya G.S. et al 

2006) 
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Numerical Modeling of a tube-in-tube helically coiled  heat exchanger, for fluid flow and heat transfer characteristics for different 

fluid flow rates in the inner as well as outer tube shows that renormalization group (RNG) k–ε model gives better results for 

simulation (Vimal Kumar et al 2006). Also it was also observed that with the increase in operating pressure in the inner tube the 

overall operating pressure also increases. 

Study of  heat transfer and pressure drop for oscillating flow in helically coiled tube heat-exchanger and numerically using 

suitable CFD package,  that there are mainly two factors, frequency and velocity that affect oscillating flow in a helically coiled 

tube heat exchanger (ChangzhaoPan et al2014) 

Wilson Plot Method and its modifications are widely used to determine convection coefficients in heat exchange devices. Detailed 

calculation procedure for experimental convective heat transfer coefficients is important in designing and sizing of any heat 

exchange device. Wilson plot method and its modified versions constitute a favorable tool for analysis of convective heat transfer, 

in tubes and heat exchangers foe laboratory research work (Jose Fernandez et al 2007).  

  Experimental study of heat transfer in 2 helical tube coils with Laminar and Turbulent flow with different coil to tube diameter 

ratio, s hows that, for Laminar flow of oil the heat transfer coefficients depend on thermal entry length, therefore asymptotic 

values of heat transfer coefficients depend on Reynolds number  as per Leveque theory. For turbulent flow it was found that 

results for heat transfer coefficients vary peripherally and not longitudinally (R. A. Sebanet al 1963). 

Numerical simulation for the equations of motion, for incompressible fluid flow in a curved annular duct with circular cross 

section, for five pairs of Grid sizes show that for small radius ratios secondary flow does not depend on Dean number, whereas for 

large radius ratios secondary flow depends on Dean number. For large Dean number and  radius ratios , the vortices near to 

boundary are small, also net heat flux reduces with increase in Dean number(M.A Petrakis et al1999). 

 

 

In the present work double pipe helical heat exchanger is investigated with adiabatic boundary condition for outer coil, and 

constant wall temperature for inner coil details of which are given in succeeding chapters. 

 

 

III. OBJECTIVE 

 

1. Design and fabricate, and instrument two double-pipe helical Coil heat exchangers, with different size for inner coil. 

2. Experimentally evaluate the heat transfer, and fluid flow characteristics of a double-pipe helical coil heat exchanger for counter 

flow configuration. 

3. Compare the experimental results with past work from literature. 

 

IV. MATERIALS AND METHODS 

 

4.1 Heat Exchanger 

The heat exchanger was fabricated from standard copper tubes and stainless steel pipe. StandardT  connections were provided for 

cold and hot water. 

The standard steel tube has been fabricated on bending machine.Asbestos yarn (insulating material)wound on outer surface of 

heat exchanger so as to prevent heat transfer from surface of the coil to the surrounding. 

 

In detailed specifications are shown in figure 2 and 4. 

Heat Exchanger 1: 

Outer Coil: Diameter 25.4 mm, thickness 1.4 mm, material: stainless steel. 

Inner Coil: Nos 2, Diameter 9.6 mm, thickness 1.6 mm, material: copper. 

 

 
 

Fig. 2 Cross sectional view of heat exchanger 1 
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Fig. 3 Actual picture of inner coil 

 

Heat exchanger 2: 

Outer Coil: Diameter 25.4 mm, thickness 1.4 mm, material stainless steel. 

Inner Coil: Nos 2, Diameter 6.5 mm, Thickness 0.6 mm, material: copper. 

 

 
 

Fig. 4 Cross sectional view of heat exchanger 2 

 

End connections were fitted to heat exchanger by copper-silver brazing process. Also for pressure measurement suitable hose 

nipples were fitted, Mercury –U tube manometer was used to measure pressure drop across inner and outer Coil. Actual 

photograph of inner coil 1 is shown in figure 

 

 

 

 

 

 

4.2 Experimental apparatus. 

 

The heat Exchanger was tested in the experimental setup as shown in Fig 5. Cold tap water was used for the fluid flowing, in the 

annulus using a small capacity pump. The water in the annulus was not circulated, it was given to plants so as to save water. 

Hot water to the inner tube was provided from a tank in which three heaters (3KW) each are provided to heat water. Hot water 

was pumped by a 1 HP pump. Flexible PVC piping was used for all the connections.  Cold water flow was controlled by 

Rotameter with attached metering valve of range 60-600 lph (lph: Liters per hour). 
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Fig. 5Schematic of the experimental setup 

 

For hot water, Rotameter 0-1000lph (lph: Liters per hour) was used for metering with a, two way valve. 

RTD (Resistance temperature detectors) with PT-100 sensors, were inserted into the flexible PVC tubes using standard T 

connections, to measure the inlet and outlet temperatures. 

 

4.3 Experimental Procedure 

Flow rates in the annulus and in the inner tube were varied. For Annulus flow rate was varied from 60-195 lph with a division of 

15 lph. Flow rate for the inner tube was varied from 100-300 lph with a division of 20 lph each.  

 

 
 

Fig. 6 Actual Experimental setup 

 

For each heat exchanger, annulus flow rate was kept constant and inner tube flow rate was varied for different divisions. Similarly 

inner tube flow rate was kept constant and annulus flow rate was varied for different divisions. So for each heat exchanger coil 20 

sets of temperature data was obtained for counter flow configuration. The data used in calculations was from after system was 

stabilized. Stabilization time for the system was 150 sec, with temperature variation within  0.20
0
C. 

 

   

  
4.4 Calculation of heat transfer coefficients 

Detailed Experimental Calculations for a double pipe helical heat exchanger are given by (Timothy J. Rennieet al 2006). 

The overall heat transfer coefficient, 0U was calculated from the temperature data and theflow rates using the following equation. 

0

o
q

U
A LMTD


  (1) 

Where 0A  is the surface area; q  is the heat transfer rate; 
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And LMTD is the log mean temperature difference, based on the inlet temperature difference, 1T , and the outlet temperature 

difference, 2T , using the following equation : 

2 1

2

1

( )

ln( )

T T
LMTD

T

T

 






                                             (2) 

Heat transfer coefficients for the annulus side, 0h and for the inner tube side, ih , were calculated using traditional “Wilson Plot” 

as described by (Jose Fernandezet al 2007). Wilson Plots are widely  used in the heat exchanger studies. Wilson Plots facilitate 

calculation of the inner and heat transfer coefficients, without requirement of Wall temperatures.  

Wilson Plots are generated by calculating the overall heat transfer coefficients for a range of flow rstes,where one fluid flow is 

kept constant and the other is varied. In this work fluid flow for annulus was kept constant, and flow in the inner tube was varied 

for ten different flow rates and vice versa. The overall heat transfer can be related to the inner and outer heat transfer coefficients 

by the following equation (Jose Fernandez et al 2007). 

  

0 0

0 0

1 ln( / ) 1

2

i

i i

A A D d

U A h kL h
  


             (3) 

 

Where iD  is the inner diameter of the annulus; d  is the diameter of the inner tube; k  is the thermal conductivity of the wall; 

and L is the length of the heat exchanger. 

After calculating the overall heat transfer coefficients, the only variables in equation (3) that are unknown are, the inner or outer 

heat transfer coefficients. By keeping the mass flow rate in the annulus constant it isthen assumed that the outer heat transfer 

coefficient is constant. The inner and outer heat transfer coefficients are assumed to behave in following manner with the fluid 

flow velocity,  

 
 

 
Equation 4 and 5 are placed in equation 3 and the values of the constant C and exponent are determined from curve fitting. The 

inner and outer heat transfer coefficients were then calculated. This procedure was then repeated for each inner flow rate, for 2 

different helical coil heat exchangers and vice versa. This resulted in 20 Wilson Plots and 100 inner and outer heat transfer 

coefficients for each coil.   

Dean number for fluid flow in inner and outer tube is given as . 

Re
c

r
De

R
                                                                       (6) 

r =coil radius, cR =Radius of curvature 

 

V. RESULTS AND DISCUSSION 

 
5.1 Overall heat transfer coefficients 

Overall heat transfer coefficients for counter flow configuration are presented in Figure 7,8 for Coil 1 and in Figure 9,10 for Coil 

2. 

 The overall heat transfer coefficient is plotted against, the inner Dean number for each of the constant flow rates in the Annulus. 

Figure7shows that with increase in dean number overall heat transfer coefficient (Uo) also increases. As normal water flow rate 

increase for each trial overall heat transfer coefficient increases. Also as mass flow rate of hot water varied from 100 to 300 LPH 

with constant mass flow rate of normal water of 60 LPH, with increase in mass flow rate of hot water, Uo increases from 150 to 

180W/m
2
K. 

 

 
 

Fig.7Overall heat transfer coefficient vs Inner Dean Number for Coil 1. 
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Figure 8 shows that with increase in Annulus Dean number overall heat transfer coefficient (Uo) also increases. As hot water flow 

rate increase for each trial overall heat transfer coefficient increases significantly. Also as mass flow rate of normal water varied 

from 60 to 195 LPH with constant mass flow rate of hot water of 100 LPH, with increase in mass flow rate of hot water, Uo 

increases from 550 to 930 W/m
2
k.  

 
 

Fig. 8 Overall heat transfer coefficient VsAnnulus Dean Number for Coil1 . 

 

 
 

Fig. 9Overall heat transfer coefficient Vs Inner Dean Number for coil 2. 

 

In Figure 9 the overall heat transfer coefficient   plotted against the inner Dean number, for each of the constantflow rates in the 

annulus. It was observed that with the increase in mass flow rate of hot water and Dean Number overall heat transfer coefficient 

(Uo) also increases. Also As normal water flow rate increase for each trial overall heat transfer coefficient increases. 

 

 
 

Fig. 10Overall heat transfer coefficient Vs Annulus Dean Number for coil 2. 

  

 In Figure 10, the overall heat transfer coefficient is plotted against the Annulus Dean number for each of the flow rates in the 

inner coil. It is observed that with increase Annulus Dean Number, overall heat transfer coefficient (Uo) also increases. 

It was also observed that for a given annulus flow rate, increasing the inner flow, rate results in a asymptotic overall heat transfer 

coefficient. It also shows that this asymptotic value is reached at lower Dean number for Coil 2  than the Coil 1. 

 

All Overall heat transfer coefficient versus Dean number plots are in proper agreement with the work of (Rennieet al 2006), with 

percentage deviation between 10-15%. 

 

5.2 Inner Nusselt numbers and Pressure Drop 
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The inner Nusselt numbers are presented in Figure 11 at each Dean numbers. For Coil 1 and 2 inner Nusselt numbers are plotted 

at constant annulus flow rate of 90,120 lph. Nusselt number values for Coil2 I found higher than Coil 1.The Dean number range 

for (Rennieet al 2006) was from 100 to 2000 and the Prandtl number range was from 5 to 20. Prandtl numbers were evaluated at 

arithmetic mean temperature of the fluid.   

 
 

Fig. 11 Inner Nusselt number Vs inner Dean number for Coil 1,2 

 

Percentage deviation for pressure drop between current work and literature was found to be between 5-10 %, so pressure data is 

validated. 

 
 

Fig.12Pressure Drop Vs Reynolds number for Coil 1 and 2 for inner tube. 

 

Pressure Drop is a important consideration for helical coils since curvature effects add to the pressure drop. Since Annulus Dean 

Number range is small, so pressure drop in the annulus side is considerable. Whereas foe inner tube Pressure Drop is larger due to 

complicated cross section   

Figure 12 shows plot of inner tube Pressure Drop versus inner Reynolds number for Coil1 and 2. It is clear that Pressure drop 

range for Coil 2 is larger than for Coil 1 due to presence of three inner coils. 

Since inner Nusselt number for coil2 is larger than for Coil 1, so pressure losses are bearable. 

 

 

5.3 Annulus Nusselt numbers 

 

 
 

Fig. 13 Annulus Nusselt numbers VS annulus Dean number. 
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Figure 13 shows plot of Annulus Nusselt numbers Vs annulus Dean numbers. Annulus Nusselt numbers for Coil 2 are found to be 

large than for Coil 1. The data for Coil fits well with correlation of (Rennieet al 2006). However the effect of end connections was 

not considered since number coil has more than one loop. 

The low values of Nusselt number for the Coil 1 might be due to the nature of Wilson Plots. It was noted that small changes in the 

coefficients used in the Wilson Plots had a smaller effect on the inner Nusselt numbers, but larger effects in Annulus Nusselt 

numbers. 

 

5.4 Development of Nusselt Number correlation 

Nusselt Numbers in the inner coil and annulus are assumed to be in the form: 

                                              (7) 

Least Square Regression Analysis Technique,is used to find Nusselt number correlation for inner or Annulus Coil. 

Using Multiple Regression technique we find Best Fit Line, to fit all the data in a straight line. 

The correlation is similar to the one developed by Kumar et al(2006) for the Annulus Nusselt number. 

                       (8) 

For present work Annulus Nusselt Number correlation for present work, for 2 coil configuration is developed as: 

          (9)  

Percentage deviation between, Nusselt Number values of the experimental and Model was found to be between 10-15% which is 

acceptable. So experimentation is validated. 

 

VI. CONCLUSIONS 

 

An experimental study of two doublepipe helical heat exchangers,was performed using different configuration for the inner coil. 

The mass flow rates in the inner tube and in the annulus were both varied,for counter flow configuration .Boundary conditions 

were taken as thosein literature, namely adiabatic wall condition for outer tube, constant wall temperature for the inner tube. 

Overall heat transfer coefficients and Nusselt Numbers were found for both coils, in inner and outer tube using LMTD (Log Mean 

Temperature Difference). Heat Transfer Coefficients in inner tube were found to be larger for Coil 2 than that for Coil 1, due to 

more intense mixing of Fluid in Coil 2.  Similar trend is observed for annulus heat transfer coefficients. 

Inner and Outer heat transfer coefficients were found using Wilson Plots, eventually Nusselt numbers were found. The values of 

inner Nusselt numbers are larger for Coil 2 than that for coil 1 due to high heat transfer rates. Similarly Annulus Nusselt numbers 

are found to be larger for coil 2 than that for Coil 1. The Nusselt number in the Annulus was compared to that to literature, 

&deviation of about 10-15 % was found in the experimental and numerical data. This deviation may be due to negligence of the 

entrance region in numerical setup as compared to experimental. 

Inner tube Pressure drop as also compared for two coils, and it was found that inner Pressure drop is larger for Coil 2 due to 

increase in surface area. Pressure drop values were found in agreement with literature, percentage deviation for which was found 

to be between 5-10 %. 

 

VII. FUTURE SCOPE 

 

1. Influence of Pitch on Heat transfer characteristics on Double Pipe Helical Heat Exchanger can be studied. 

2. Effect of Fluid and Thermal properties on heat transfer characteristics of a Double Pipe Helical Heat Exchanger can be studied. 

3. Effect of Thermally dependent viscosity and non-Newtonian flow in a double-pipe helical heatExchanger can be studied. 
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