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   Abstract  

 

Heat Exchangers are one of the most important engineering systems with various applications like power plants, nuclear reactors, 

refrigeration and air-conditioning, heat recovery systems; chemical processing and food industries. Basic advantage of helical Coil 

heat exchanger is its higher heat transfer with compact size, due to secondary flow generation in coil. One of the passive methods 

of heat transfer enhancement is used here, by changing the design of helical coil. Few investigators have introduced Critical 

Reynolds number to identify the transition from laminar to turbulent flow in helical coils which is given by Schmidts Co-relation. 

An attempt is made to change the curvature ratio continuously throughout the coil by using a conical shaped coil in order to 

decrease the critical Reynolds number. Numerical results of conical coil are compared with straight helical coil by using ANSYS 

fluent for mass flow rate through coil 0.07kg/s and 0.05 kg/s through shell. From Numerical analysis it is observed conical coil 

giving 8.71% more heat transfer than straight coil. The mass flow rate range through coil is taken 0.01 kg/s, 0.02 kg/s, 0.05 kg/s, 

0.07 kg/s, 0.09 kg/s, 0.1 kg/s keeping mass flow rate through shell 0.05 kg/s constant also tube inlet and shell inlet temperatures 

maintained same 42ºC and 27ºC respectively and for same mass flow rate heat transfer rate calculated numerically. 

Keywords- Helical Coil Heat Exchanger, Curvature Ratio, Critical Reynolds, ANSYS (Fluent), CFD  

 

I. INTRODUCTION 

Heat transfer between flowing fluids is one among the foremost necessary physical processes of concern, and a variety of heat 

exchangers are utilized in totally different kind of installations, like process industries, atomic power plant, HVACs, food 

processing, refrigeration, etc. In Helical coil heat exchanger, it is seen that Curved shape of the tube in heat exchangers is one of 

the passive methods of heat transfer enhancement. Curved coil causes the flowing fluid to experience centrifugal force. The extent 

of centrifugal force experienced depends on the local axial velocity of the fluid particle and the radius of curvature of the coil. The 

fluid particles flowing at the core of the pipe have higher velocities than those flowing near to the pipe wall. Thus, the fluid particles 

flowing close to the tube wall experience a lower centrifugal force than the fluid particles flowing in the tube core. This causes the 

fluid from the core region to be pushed towards the outer wall (away from the coil axis). This stream bifurcates at the wall and 

drives the fluid towards the inner wall along the tube periphery, causing generation of counter-rotating vortices called secondary 

flows. The secondary flows produce additional transport of the fluid over the cross section of the pipe. This additional convective 

transport can affect the heat transfer across the heat exchanger by considering a coil with continuously changing curvature ratio 

i.e. changing the geometry of the coil. Attempt has been made in this paper to numerically analyze and compare straight and conical 

helical coil heat exchanger. 

II. LITERATURE SURVEY 

N. Ghorbani et.al [1]: In this study the mixed convection heat transfers in a coil-in-shell heat exchanger for various Reynolds 

numbers, various tube-to-coil diameter ratios and different dimensionless coil pitch was experimentally investigated. Effects of 

coil pitch and tube diameters on heat transfer coefficient of the heat exchanger were studied 
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Abhinav Gupta et.al [2]: This article presents an experimental investigation of heat transfer and pressure drop 

characteristics of R-134a condensing inside a horizontal helical coil tube with the cooling water flowing in the shell in counter 

flow direction. Developed to predict two-phase Nusselt number and frictional pressure drop multiplier during condensation of R- 

134a inside horizontal helical coil tube. 

S.S. Pawar et.al [3]: Experimental studies on isothermal steady state and non-isothermal unsteady state conditions were 

carried out in helical coils for Newtonian and non-Newtonian fluids. It was also observed from experimental results that as helix 

diameter increases, overall heat transfer coefficient and Nusselt numbers of both fluids decreases for the same flow rates. 

T.A.Pimentaet.al [4]: carried out experimental work, for Newtonian and non-Newtonian fluids, to determine the friction 

factor with simultaneous heat transfer, at constant wall temperature as boundary condition, in fully developed laminar flow inside 

a vertical helical coil. 

Armand Fopah Lele et.al [5]: two different heat exchangers are studied in this paper. A plate fin and helical coil heat 

exchangers embedded in a magnesium chloride bed is modelled and solved using the software COMSOL 4.3a based on finite 

element method. 

M.R. Salimpour. et.al [6]: carried out experiment on. three heat exchangers with different coil pitches and same coil 

dimeter of with mass flow rate range 0.016 kg/s to 0.113 kg/s and temperature for tube 33.4 ˚C to 53.2 ˚C were selected as test 

section for both parallel flow and counter-flow configurations. All the required parameters like inlet and outlet temperatures of 

tube-side and shell-side fluids, flow rate of fluids, etc. were measured using appropriate instruments. 

N. D. Shirgire1 et.al [7]: studied the relative advantage of using a helically coiled heat exchanger against a straight tube 

heat exchanger. It is found that the heat transfer in helical circular tubes is higher as compared to Straight tube due to their shape. 

Pablo Coronelet.al [8]: The experiments were conducted in helical heat exchangers, with coils of two different curvature 

ratios (d/D = 0.114 and 0.078), and in straight tubular heat exchangers at various flow rates (1.89 x 10−4 - 6.31 x 10−4 m3/s) and 

for different end-point temperatures (92-149ºC).The results show that the overall heat transfer coefficient (U) in the helical heat 

exchanger is much higher than that in straight tubular heat exchangers. 

Pramod S. Purandare et.al [9]: This paper deals with the parametric analysis of the helical coiled heat exchanger with 

various correlations given by different researchers for specific conditions. The parametric analysis of these various correlations 

with specific data is presented in this paper. 

B. Chinna Ankanna et.al [10]: This paper focus on an increase in the effectiveness of a heat exchanger and analysis of 

various parameters that affect the effectiveness of a heat exchange rand also deals with the performance analysis of heat exchanger 

by varying various parameters like number of coils, flow rate and temperature. 

Harith Noori Mohammed et.al [11]: An experimental study has been conducted on steady-state natural convection heat 

transfer from helical coil tubes in vertical orientation. The data were correlated using tube diameter as the characteristic length. 

The results show that the overall heat transfer coefficient and Nusselt number increase when the flow rate of cool ant and curvature 

ratio increase. 

S.D.Sancheti et.al [12]: Experimental and theoretical analysis of a helically coiled heat exchanger considering fluid-to- 

fluid heat transfer is done. After validating the methodology of CFD analysis of a heat exchanger, the effect of considering the 

actual fluid properties instead of a constant value is established. It is found that the specification of a constant temperature or 

constant heat flux boundary condition for an actual heat exchanger does not yield proper modelling. 

J.S. Jayakumar et.al [13]: an experimental setup is fabricated for the estimation of the heat transfer characteristics. The 

experimental results are compared with the CFD calculation results using the CFD package FLUENT 6.2. Based on the 

experimental results a correlation is developed to calculate the inner heat transfer coefficient of the helical coil. It is decided to 

study experimentally heat transfer in straight helical coil and its comparison with conical coil. 

III. NUMERICAL ANALYSIS 

A. Geometry Creation 

Heat exchanger is built in the CATIA V5 workbench. It is a counter-flow heat exchanger. First, the fluid flow (FLUENT) module 

coils are constructed and then shell is drafted separately. 
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Fig. 1: CATIA models for Straight Helical Coil Heat Exchanger and Conical Helical Coil Heat Exchanger 

Initially one block is created which covers whole geometry along with fluid domain. As per the requirement main block can be 

split into number of blocks to capture the fluid domain. Unnecessary block can be eliminated from main block. Once block splitting 

is over then this block is fitted to geometry through association technique. Associating vertices to point and edges to line does 

association of block to geometry. Depending upon requiring mesh quality, number of nodes are set up for particular edge. If quality 

of pre-mesh is confirmed through different criteria given by software, Mesh created is fine. If quality of mesh is found poor then 

there are number of methods to improve quality of mesh by changing mesh density, by proper association, by changing mesh size 

etc  Since blocking technique is used for meshing, structured meshes are created. 

B. Grid Generation 

The three-dimensional model is then discretized in ANSYS workbench. In order to capture both the thermal and velocity boundary 

layers the entire model is discretized using tetrahedral mesh elements which are accurate and reliable. Fine control on the 

tetrahedral mesh near the wall surface allows capturing the boundary layer gradient accurately. The entire geometry is divided into 

three fluid domains Hot Fluid Inlet, Hot_Fluid_Outlet, Cold_Fluid_Inlet, Cold_Fluid_Outlet and other solid domains like 

Copper_Inner_Wall, Copper_Outer_Wall etc. 

The heat exchanger is discretized into solid and fluid domains in order to have better control over the number of nodes. 

The fluid mesh is made finer than solid mesh for simulating conjugate heat transfer phenomenon. The two fluid domains are 

maintained at 100 microns to capture the velocity and thermal boundary layers. The discretized model is checked for quality. Once 

the meshes are checked for free of errors and minimum required quality it is exported to ANSYS Fluent pre-processor. 

C. Meshing & Grid Independence Study 

Initially a relatively coarser mesh is generated. This mesh contains tetra cells having both triangular faces at the boundaries. Care 

is taken to use structured tetrahedral cells as much as possible. Careful meshing reduces numerical diffusion as much as possible 

by structuring the mesh in a good manner, particularly near the wall region. Later on, a fine mesh is generated. For this fine mesh, 

the edges and regions of high temperature and pressure gradients are finely meshed. The mesh details give us the following 

information. 
Table 1: Details of Meshing 

Sr. No. Details Straight Helical Coil Heat Exchanger Conical Helical Coil Heat Exchanger 

1. Relevance  Centre Fine Fine 

2. Smoothing High High 

3. Size 3.97 e-005 m 4.033 e-005 m 

4. Pinch Tolerance 3.8365e-005 3.6297e-005 

5. Node 387789 414550 

6. Element 1551156 1658200 
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Fig. 2: Meshing of Straight Helical Coil Heat Exchanger 

 
Fig. 3: Meshing of Conical Helical Coil Heat Exchanger 

D. Mesh Generation 

For better results, quality of mesh should be high. If quality of mesh is poor, then we cannot predict whether the results are correct 

or incorrect. Generally, 0.3 meshing quality is better for unstructured meshing. There are number of methods for meshing like 

structured meshing, unstructured meshing, hybrid meshing etc. For our problem structured tetrahedral meshing is prepared through 

blocking technique. Following are the steps follows during mesh generation technique. 

E. Solution 

The mesh is checked and quality is obtained. The analysis type is changed to Pressure based type. In this coupled solver is selected 

as it solves pressure and momentum simultaneously. For Models Energy is set to ON position, viscous model is selected as “k-ε 

model (2 equations). Model is changed to discrete ordinates. For materials, the create/edit option is clicked to add water-liquid and 

copper to the list of fluid and solid respectively from the fluent database. For name selection the different surfaces of the solid are 

named as per required material based on inlets and outlets for tube and shell with respect to their fluids as mentioned above. Save 

project again at this point and close the window. Refresh and update project on the workbench. Now open the setup. The ANSYS 

Fluent Launcher will open in a window. Set dimension as 3D, option as double precision, processing as serial type and click OK. 

The Fluent window will be ready for processing. The Boundary Conditions are used according to the need of the model. The inlet 

and outlet conditions are defined as velocity inlet and pressure outlet. As this is a flow with two inlets and two outlets. The walls 

are separately specified with respective boundary conditions. No slip condition is considered for each wall. Except the Shell walls, 

each wall is set to zero heat flux condition. The details about all boundary conditions can be seen in the table as given below. 
Table 2: Boundary Conditions 

Sr. No. Boundary Conditions Velocity Magnitude Mass Flow Rate Temperature 

1. Tube Inlet Velocity Inlet 0.07 (Kg/S) 315.5 K 

2. Tube Outlet Pressure Outlet - - 

3. Shell Inlet Velocity Inlet 0.05 (Kg/S) 309.1 K 

4. Shell Outlet Pressure Outlet - - 
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F. Computational Fluid Dynamics 

1) Boundary Conditions 

Initially models of both straight and conical helical coil heat exchangers were made using CATIA software. For comparison, coil 

length (L), pitch (P), internal and external diameter of tube (dci) and (dco) were kept same for straight helical coil and conical helical 

coil HE. No of turns (N), coil height (Hc), shell diameter (Ds), shell height (Hs) were varied for keeping the coil volume same for 

both straight and conical heat exchangers. Turbulent model (K-ε) was used for analysis. 

Applying the following boundary conditions to SHCHE and CHCHE models various parameter were studied; 

– Hot water mass flow rate through coil (ṁc) = 0.07 kg/sec 

– Temperature of hot water at the inlet of coil (Tci) = 42.5 ºC 

– Cold water mass flow rate in shell (ṁs) = 0.05 kg/sec 

– Temperature of cold water at the inlet of shell (Tsi) = 27.9 ºC 

2) Comparison of CFD Contours for Straight and Conical Helical Coil Heat Exchanger 

Methodology for CFD heat transfer analysis was developed and comparison was done between straight helical coil and conical 

helical coil heat exchanger for the above said boundary conditions. 

3) Residuals 

Solver residuals represent the absolute error in the solution of a particular variable. CFD analysis sums up the absolute value of 

this error over all the cells in the simulation and presents that information for each variable and for each iteration in the residual 

file. Because the error is not normalized by cell count or solution value, the residual value itself is generally dependent on the scale 

of the variable being solved. In our case, total 1000 iterations were done for both SHCHE and CHCHE, and residual plot was 

studied for convergence. It was found that the error for both heat exchanger models are in the range of 1E-4 and 1E-5 from the 

above figures. 

 
Fig. 4: Residual plot for Straight Helical Coil Heat Exchanger 
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Fig. 5: Residual plot for Conical Helical Coil Heat Exchanger 

4) Temperature Plot 

 
Fig. 6: Temperature Plot 

Static temperature plot displays the temperature variation taking place in the flow field as per the boundary conditions given for 

coil side mass flow rate 0.07kg/s and shell side mass flow rate 0.05kg/s with coil water and shell water inlet temperatures 315.5ºK 

and 300.9ºK respectively. Due to change in curvature ratio there is increase in temperature of shell water outlet in conical coil. In 

both heat exchangers inlet conditions are maintained same. From fig. 6 it is clearly indicating that here is increase in shell outlet 

temperature in case of heat exchanger with varying curvature ratio. For straight coil heat exchanger, the shell water outlet 

temperature is 302 ºK where as there is increase in temperature of shell water outlet temperature to 306 ºK. 
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5) Dynamic Pressure Plot 

      
Fig. 7: Dynamic Pressure Plot 

Dynamic Pressure represent kinetic energy of flowing fluid and it is a function of fluid velocity and density. This plot shows actual 

pressure distribution taking place along the heat exchangers with fluids at actual velocity. For straight helical coil heat exchanger, 

hot water inlet pressure is 504 Pa and outlet is 567 Pa whereas cold water inlet and outlet pressures are 252 Pa and 378 Pa 

respectively. For heat exchanger with varying curvature ratio coil has hot water inlet and outlet pressures are 442 Pa and 530 Pa 

and for cold water it is 236 Pa and 354 Pa respectively.   The pressure drop taking place in SHCHE is greater than CHCHE. Hence 

pump power is less than for CHCHE. 

6) Velocity Magnitude Plot 

Velocity magnitude plot represents the velocity of the fluid in flow field. Velocity distribution throughout the flow field could be 

easily observed in the plot. For straight helical coil heat exchanger inlet and outlet velocity for hot fluid is 0.908m/s and 0.1 m/s 

and that of for cold fluid is 0.713 m/s and 0.648 m/s. For heat exchanger with varying curvature ratio coil hot water inlet and outlet 

velocities are 0.8 m/s and 0.108 m/s respectively, whereas for cold water it is 0.652 m/s and 0.834 m/s. Velocity of hot fluid in 

CHCHE is observed to be high as compared to SHCHE from the above figure (3.8). Velocity is uniformly increasing for both the 

heat exchangers at the outer walls of the coil due to its geometry. 

 
Fig. 8: Velocity Magnitude Plot 

7) Reynolds Number Plot along Each Turn of the Coil 

Reynolds number is found to be higher for heat exchanger with varying curvature ratio coil   than heat exchanger with straight coil 

along the coil and the intensity is found to be maximum at the center of the coil for CHCHE and towards the outer edge of coil for 

SHCHE. 
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Fig. 9: Reynolds No. Plot along each turn of coil 

 
Fig. 10: Velocity Magnitude Contour for ṁc = 0.411 (kg/sec) 

IV. CONCLUSIONS 

– Temperature, Velocity Magnitude, Reynolds No, were plotted in the above work for both straight and helical coil heat 

exchanger. 

– Comparative Numerical Analysis shows helical coil heat exchanger greater heat transfer by 8.71% for same coil 0.07 kg/s and 

shell 0.05 kg/s mass flow rate. 

– Reynolds No. plot shows higher intensity of fluid with turbulence at the center if coil in helical coil heat exchanger as compared 

to straight helical coil heat exchanger. 
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