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ABSTRACT 
The study deals with the CFD simulation of the shell and tube heat exchanger by using a straight tube and a helical tube and 
comparing both of its performance based on heat transfer. Straight tube heat exchanger (STHE) have large heat transfer surface 
area-to-volume ratios to provide high heat transfer efficiency which are mostly used in industries. But the Helical Coil Heat 
Exchanger (HCHE) is also widely used in industrial applications because it can accommodate greater heat transfer area in a less 
space, with higher heat transfer coefficients. So both of the STHE and HCHE performances are compared to prove that HCHE is 
better in usage and the analysis is done using ANSYS Fluent 14.5 software. The model is created using CATIA V5 software. 

 

KEYWORDS: – CATIA V5, Helical coil heat exchanger (HCHE), Straight tube heat exchanger (STHE), CFD (computational 

fluid dynamics), ANSYS Fluent, heat transfer coefficient.  
 

INTRODUCTION 

 

  Heat exchanger is a device for transferring heat from one medium to another. A shell and tube heat 

exchanger is a most common type of heat exchanger in oil refineries and other large chemical processes and is 

suited for higher pressure applications. As its name implies, this type of heat exchanger consists of a shell (a 

large pressure vessel) with a bundle of tubes inside it. One fluid flows through the tubes and another fluid flows 

over the tubes (through the shell to transfer heat between two fluids. The set of tubes is called a tube bundle. A 

Shell and Tube Heat Exchanger consists of tubes aligned in series. It is mostly used for applications involving 

high pressure conditions i.e. above 30 bar and temperatures more than 260 °C. Straight tube heat exchanger 

(STHE) have large heat transfer surface area-to-volume ratios to provide high heat transfer efficiency. There can 

be many variations on the design of Shell and Tube. Instead of using a straight tube heat exchangers the Double-

Pipe Heat Exchangers are simpler to design, but the better selection would be the Helical Coil Heat Exchangers 

(HCHE). Because it can accommodate greater heat transfer area in a less space, with higher heat transfer 

coefficients. The Helical Coils of Circular cross section have been used in variety of applications due to easiness 

in manufacture. Flow inside the curved tube is different from the straight tube because of the presence of 

centrifugal forces. These centrifugal forces help to generate a secondary flow and normal to the primary flow 

direction that increases the friction factor and Rate of Heat Transfer Coefficients. 

 

Literature Review: 

 Introduction: Literature survey of recent research effort such as journals and articles related to Shell and 

tube heat exchanger, Straight tube heat exchanger (STHE), helical coil heat exchanger (HCHE) and CFD 
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Analysis carried out. Moreover, review of other research studies is made to provide information in order to 

understand better on this research. 

 Digvendra Singh [1] has designed and studied the performance of a shell and tube heat exchanger using 

CFD. Three types of header for analysis which can provide a uniform velocity in the inlet of each tube. 

Modifying the heat exchanger the effectiveness of heat exchanger is increased by changing the shell side fluid 

(from water to methanol).The performance of a Straight tube heat exchanger is studied clearly by varying the 

design of header and coolant fluid. D.Bhanuchandrarao [2] has studied the performance of the concentric tube 

heat exchanger in parallel and counter flow conditions. It compares both of the flows performances in the design 

of the concentric tube in the form of a helical coil. Amol S. Niphade [3] has done a CFD analysis of a shell and 

tube heat exchanger used in dairy industries for getting pasteurised high volume of milk in a short span of time. 

Dr. B. Jayachandraiah [4] has designed a helical coil heat exchanger and has analysed it using CFD at varying 

volume flow rates 40, 60, 80, 100 and 140 LPH at Coil side and constant rate of 200 LPH at Shell side in both 

laminar and turbulent flow patterns under steady state conditions with perfect heat calculations. Pramod 

Deshmukh [5] has performed the CFD Analysis of Heat Transfer in Helical Coil Tube in Tube Heat Exchanger.  

 

Objective of The Paper: 

 An attempt is made in the paper to design a straight tube heat exchanger and a helical coil heat exchanger 

using CAIA V5. The models are meshed and analyzed using CFD ANSYS Fluent 14.5. The heat transfer rate of 

both the STHE and HCHE are compared to prove that the HCHE is better in effectiveness of performance. 

 

Data Collection: 
 

Table 1: Material and Fluid Properties 

S.No Material Density 

Kg/  

 

Specific 
Heat 

J/Kg-k 

Thermal conductiv-ity 
W/m-k 

1. Steel Shell 8030 502.48 16.27 

2. Helical coil /Straight tube 

(Copper) for hot water flow 

8978 381 387.6 

3. Hot Fluid (water) 

60℃ 

1000 4195 0.6544 

4. Cold Fluid (water) 

25℃ 

1000 4182 0.6129 

 

5. Baffle Steel Plates 8030 502.48 16.27 

 

Table 2: Geometrical Dimensions for Straight tube heat exchanger 

S.No Parameters Units Value 

1. Shell 

Diameter 

mm 100 

2. Shell 

Length 

mm 450 

3. Copper tube inner diameter mm 6 

4. Copper tube outer diameter mm 6.4 

5. Baffle plate thickness mm 4 

 

Table 3: Geometrical Dimensions for Helical coil heat exchanger 

S.No Parameters Units Value 

1. Shell 

Diameter 

mm 75 

2. Shell 
Length 

mm 450 

3. Copper tube inner diameter mm 6 

4. Copper tube outer diameter mm 6.4 

5. Copper coil diameter mm 50 

 

Modeling And Geometry: 

Modeling: 

 The Modelling of the straight tube heat exchanger and the helical tube heat exchanger is done successfully 

using CATIA V5 which is a parametric solid modeling system with many applications in Design and 

Manufacturing. After the design is modelled using CATIA V5 software, the modelled file will be a CATIA Part 

file so to be imported into the ANSYS Fluent 14.5 software it should be converted into IGES or a STEP file. So 

the shell and the straight 5 tubes for the Straight tube heat exchanger and the helical coil for helical coil heat 

exchanger are saved separately as a (.igs) file to be imported in the Geometry of ANSYS Fluent 14.5 Software. 
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Fig. 1: Design of Straight tube heat exchanger 

 

 
 

Fig. 2: Design of Helical coil heat exchanger 

 

Geometry: 

 The saved (.igs) format design of the shell and tube heat exchanger is imported in the geometry section of 

the ANSYS Fluent 14.5 software. The Boolean operations are done if needed. The naming of the parts are done 

for our convenience to check the interfaces formed easily in the meshing section. 

 

 
 

Fig. 3: STHE Design file imported in GEOMETRY section of the ANSYS Fluent 14.5 software 

 

Meshing: 

 Meshing is the discretization of a body into small parts. The grid designates the cells or elements on which 

the flow is solved. It is a discrete representation of the geometry of the problem. It has cells grouped into 

boundary zones where boundary Conditions are applied. The grid has a significant impact on Rate of 

convergence.The Straight tube heat exchanger and helical coil heat exchanger are meshed using ANSYS Fluent 

14.5. The interface checking is very significant before meshing. The meshing interfaces are formed between the 

fluid and the tube; another interface is formed between the tube and the shell. Another significant step is to 

create the named selection of the hot inlet, hot outlet, cold inlet and cold outlet before meshing. There is a 

feature of automatic mesh generation in this software. The no of cells is increased to gain accurate results by 

using fine mesh instead of coarse mesh. The smoothing property of the mesh generated is selected as high for 

more accuracy throughout the parts meshed. It is clearly notable that the mesh is very fine in the tube and the 

fluid region compared to the shell region. 
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Fig. 4: HCHE Design file imported in GEOMETRY section of the ANSYS Fluent 14.5 software 

 

 
 

Fig. 5: The Meshed Straight tube heat exchanger 

 

 
 

Fig. 6: The Meshed cross-section of the Straight tube heat exchanger 

 

 The below table shows the mesh count values for the fine mesh generated on the straight tube heat 

exchanger. 

 
Table 4: Mesh count values for the straight tube heat exchanger 

CONTENT MESH COUNT 

NO OF ELEMENTS 6,25,269 

NO OF NODES 20,73,572 

TETRAHEDRA 18,83,154 

WEDGES 5,790 

PYRAMID 0 

HEXAHEDRA 1,84,628 

POLYHEDRA 0 
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Fig. 7: The Meshed helical coil heat exchanger 

 

 
 

Fig. 8: The Meshed cross-section of the helical coil heat exchanger 

 

  The below table shows the mesh count values for the fine mesh generated on the straight tube heat 

exchanger.  

 

Setup: 

Steady State Condition: 

 Every process has a small initial transition period which is called the “Transient Condition”. So after the 

initial transition period the process attains a stable state. The stable state condition attained by the process is 

called the “Steady state” condition. The most performed CFD Analysis comes under the category of Steady state 

condition, because as the entire process is analysed the steady state condition is only used. But in some 

industries which prefer more importance to the initial transition of the process use the transient condition. So to 

see the technical difference between the steady and the transient state condition, in steady state problems the 

dependent variable value at all the points in a system or region of analysis is to be determined. But in the 

transient condition problems we need to define the initial condition of the process (should know the dependent 

variable at time t=0 initial conditions) and should determine how the dependent variable varies with respect to 

time. In this CFD Analysis also we select steady state condition for analysis. After switching on the steady state 

condition the “ENERGY” Equation is also switched on to carry on the heat transfer analysis occurring during 

the flow. The flow analysis of CFD is done using the Navier-Stokes Equation, but the heat transfer analysis is 

done using the Stefan-Boltzmann Equation. 

  
Table 5: Mesh count for the helical coil heat exchanger 

 CONTENTS MESH COUNT 

NO OF ELEMENTS 5,51,991 

NO OF NODES 22,48,132 

TETRAHEDRA 21,53,532 

WEDGES 0 

PYRAMID 0 

HEXAHEDRA 94,600 

POLYHEDRA 0 

  

 We can clearly see that the tetrahedral and hexahedra shape meshes are only generated throughout the 

helical coil heat exchanger.  
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MATERIALS AND MODELS 

 

 The most common turbulence models available are mixing length model (zero equation model), Spalart-

Almaras (one equation model), k-𝜀 model and k-𝜔 model (two equation models), Reynolds stress model (seven 

equation model). This CFD analysis is done using k-𝜀 model, where k is turbulent kinetic energy and 𝜀 is the 

rate of dissipation of turbulent kinetic energy. The ε is the dissipation rate of k. the k-𝜀 model focuses on the 

mechanisms that affect the turbulent kinetic energy (per unit mass) k. This model is chosen because it is 

relatively simple to implement, it leads to stable calculations that converges easily and it also has an added 

advantage to reasonably predict the various types of flows. The k-𝜀 model is selected where the realizable 

condition of the model is used along with the nearest wall function of scalable wall function for analysing the 

helical coil heat exchanger. The Straight tube heat exchanger is analysed by using the same k-𝜀 model with 

RNG condition (Renormalization group) by selecting the nearest wall function as standard wall function. The 

materials are selected later from the fluent database. The flowing liquid is selected for both hot and cold liquid 

as water. The hot water flowing pipe is chosen as a copper tube because it has a very good thermal conductivity 

value 387.6 W/m-k and compared to aluminium (316 W/m-k) it has more thermal conductivity and copper tubes 

have good heat transfer taking place at both sides of the tube and has exceptional heat transfer properties 

compared to other metals. The steel is selected as a material for the shell and the baffles used. After the selection 

of the material the mesh interfaces section is checked carefully for viewing the various interfaces formed. The 

coupled wall condition is used to couple the walls so that, There will be a contact between the walls of various 

interfaces formed. 

 

Cell Zone And Boundary Conditions: 

 The shell, straight/helical tube, fluid medium should be assigned their respective medium’s whether it’s a 

fluid or solid. Later the various boundary conditions are given for the heat exchanger. The fluid inlet condition 

is velocity inlet condition where the velocity inlet values for the hot inlet and cold inlet are entered in m/s. Then 

further we should assign the temperature of water at inlet and outlet .The fluid outlet conditions are based on the 

pressure-outlet boundary condition. The heat transfer coefficient, heat flux and the free stream temperature 

values are also defined under this boundary condition section.  

 

Solution: 

 The “SIMPLE” (Semi implicit method for pressure linked equation) solution method is used. The solution 

can be initialized using the standard or hybrid initialization. The convergence point should be reached after the 

initialization of solution. After initialization of the solution the calculation is run for many iterations till the 

convergence point is reached (convergence of solution). 

 

Graphics And Animation: 

 The Graphics and animation contours are checked to view the results immediately after the solution is run. 

The temperature, pressure, velocity etc., throughout the entire body can be checked easily. If we want see the 

varying parameters at specific points or faces or solids or surfaces then it can viewed easily. In the graphics and 

animation contours the cut-section planes of the heat exchanger can be viewed. The probe is used to check the 

various parameter values at different locations on the heat exchanger.  

 

 
 

Fig. 9: The temperature distribution of the Straight tube heat exchanger  
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Fig. 10: The temperature distribution of the helical coil heat exchanger 

 

Results: 

 The result is the last section for the CFD ANSYS Fluent Analysis. The results can be viewed better here 

compared to the graphics and animation contours. The cross section plane is cut and temperature variation along 

the plane is visualized. The flow can be visualized in the form of vectors, streamline etc. The type of flow is 

counter flow.  

 

 
 

Fig. 11: The temperature contour of the ZX cross-section plane of Straight tube heat exchanger  

 
Table 6: The temperature values for the hot and cold inlets and outlets 

LOCATION TEMPERATURE( ) 

HOT INLET 60 

HOT OUTLET 51 

COLD INLET 25 

COLD OUTLET 29 

 

 The below table gives the temperature values obtained at hot and cold (inlets and outlets) of Straight tube 

heat exchanger. 

  

 
 

Fig. 12: The velocity contour of the ZX cross-section plane for the Straight tube heat exchanger 

 

 The baffles are used to create turbulence in the flow of the cold water and to create an effective heat 

transfer. 
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Fig. 13: The initialization of flow in a Straight tube heat exchanger 

 

 So from the above figure we can clearly see the initialization of flow of cold water and how the baffle 

affects the flow of water and how it enhances the heat transfer of the Straight tube heat exchanger. 

  

 
 

Fig. 14: The Temperature contour of the ZX cross-section plane of a helical coil heat exchanger 

 
Table 7: The velocity values at hot and cold inlets and outlets.  

LOCATION VELOCITY(m/s) 

HOT INLET 0.35 

HOT OUTLET 0.36 to 0.37 

COLD INLET 0.25 

COLD INLET 0.32 

 

  The below table shows the velocity values at the hot and cold (inlets and outlets) for the Straight tube heat 

exchanger.  

 

 
  

Fig. 15: The temperature variation of the hot water flowing through the helical coil 
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Table 8: The temperature values at hot and cold inlets and outlets 

LOCATION TEMPERATURE( ) 

HOT INLET 60 

HOT OUTLET 38 

COLD INLET 25 

COLD OUTLET 42 

 

 The below table gives the temperature values for the hot and cold inlets and outlets of the helical coil heat 

exchanger.  

 

 
 

Fig. 16: The velocity contour for the ZX cross-section plane and the hot water flow 

 
Table 9: The velocity values for hot and cold inlets and outlets for helical coil heat exchanger 

LOCATION VELOCITY(m/s) 

HOT INLET 0.40 

HOT OUTLET 0.41 

COLD INLET 0.30 

COLD OUTLET 0.31 

 

 The below table shows the velocity values at the hot and cold inlets and outlets of the helical coil heat 

exchanger 

 

 
 

Fig. 17: The initialization of flow in a helical coil heat exchanger (streamline) 

 

Questions Arising: 

 So after the analysis we see that, helical tube designed is a single tube of 6.4mm outer diameter and the 

length of the shell is 450mm but the length of the helical tube is more as it is wounded from its total length of 

1500mm wounded inside a shell but still its mass flow rate is less compared to the straight tube heat exchanger 

because in the HCHE the hot water is flowing in a single tube only but in STHE the hot water flows through 5 

tubes at the same time. So obviously the mass flow rate of the STHE is more. Then the first question arising for 

everyone will be that more amount of water has to be cooled in the STHE but the HCHE has to cool only a less 

amount of water compared to STHE. So the single tube is used instead of 5 tubes in STHE and if it is analysed 

and compared with the HCHE. So I have designed the STHE with a single tube and the respective CFD 

Analysis is performed. 
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Fig. 18: The temperature variation distribution of the Straight tube heat exchanger (Parallel flow) 

 

 The STHE is analysed by taking hot inlet temperature as 75℃ and the cold inlet temperature as 10℃. The 

hot inlet velocity is 0.45m/s and the cold inlet velocity is 0.4m/s. The same velocities and temperatures at the 

inlet and outlet are taken for the boundary conditions of the HCHE.  

 
Table 10: The temperature values at hot and cold inlets and outlets of this (one tube) STHE 

LOCATION TEMPERATURE( ) 

HOT INLET 75 

HOT OUTLET 58 

COLD INLET 10 

COLD OUTLET 23 

  

 
 

Fig. 19: The temperature distribution of the helical coil heat exchanger (Parallel flow) 

 

 
 

Fig. 20: The temperature distribution of the helical coil heat exchanger 

 

 The above figure has the ZX cross-section plane and a hot water flow (both are temperature contours). 
 

 

 



433         R.Berlin Samuel Raj, 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 423-437 

Table 11: The temperature values at hot and cold inlets and Outlets of the HCHE 

LOCATION TEMPERATURE( ) 

HOT INLET 75 

HOT OUTLET 45 

COLD INLET 10 

COLD OUTLET 33 

  

 We can clearly see that the helical coil heat exchanger has better heat transfer rate compared to the Straight 

tube heat exchanger. The (one tube) straight tube heat exchanger (STHE) has the same mass flow rate as the 

HCHE, but still has a less heat transfer rate compared to the STHE from the above CFD Analysis tests. 

 So the second question arising in everyone’s mind is a very basic one, it’s that the length of the helical coil 

is more compared to the straight tube (550mm) used and as the length of the helical coil is more, the area of the 

helical coil is also more compared to the Straight tube used in (one tube) STHE. The total length of the helical 

coil is 1500mm and the total length of the straight 550mm. As area of heat transfer increases the heat transfer 

becomes more effective. So if the STHE tube length is changed to 1500mm and inserted into a shell of 1400mm 

length and the analysis is carried out, the result will show that the (1500mm single tube) STHE also has a less 

heat transfer rate compared to the HCHE. It is clearly seen that though both the helical and straight tubes are 

designed of the same length and area, but still the HCHE is more effective in performance.  

 The greatest advantage of a helical coil heat exchanger is that it can accommodate greater heat transfer area 

in a less Space, with higher heat Transfer coefficients. 

 In a helical coil heat exchanger there is an occurrence of turbulent flow of water due to the design nature of 

the helical coil, but in Straight tube heat exchanger there is a laminar flow of water taking place. So due to the 

turbulence effect in the HCHE there is more effective heat transfer taking place, compared to the STHE. 

Because the heat transfer takes place from the inner surface of the tube then the thickness of the tube conducts 

heat and the heat enters the outer surface of the tube of hot water and from the opposite direction the cold water 

cools the heat from the outer surface to the inner hot fluid core and therefore more the time of flow of the fluid 

before exiting through the shell, then more will be the heat transfer taking place.  

 

Heat Transfer Calculations: 

Straight Tube Heat Exchanger (Sthe): 

Area of flow of hot water =  ( L  

=  = 1.55  

Area of flow of water in 5 tubes = 5 ×1.55  

 = 7.775  

 
 

Fig. 21: Temperature variation of hot water in STHE 

 

 Mass flow rate of cold water ( ) =  ×A ×v 

= 1000×3.15× ×0.25 

= 0.78 Kg/s 
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Heat transfer rate of cold water Qc = mc Cpc (Tco-Tci) 

 = 0.78×4182× (29-25) 

 = 13048W 

 

 
 

Fig. 22: Temperature variation of cold water in STHE 

 

Mass flow rate of hot water ( ) =  ×A ×v 

= 1000 ×7.775 ×0.35 = 0.027 Kg/s 

 

Heat transfer rate of hot water Qh = mh Cph (Thi-Tho) 

 = 0.027×4195× (60 – 51) 

 = 1019.385W 

Area of flow of cold water = (Area of shell and cold fluid) – (Area of tube and hot fluid) – (Area of baffles) – 

(Area of shell) 

 

Area of 5 Baffles = 1.885× ×5  

 = 9.42×  

Area of tube and hot fluid = 7.24×  

Area of shell and cold water = 3.53×  

Area of flow of cold water = (3.53× ) – (7.24× ) – (9.42× ) – (2.08× ) = 

3.15×   

Average heat transfer rate ( ) =  

 

 = (1019.385+13048)/2 

 = 7034W 

Logarithmic Mean Temperature difference (LMTD) = (  

= Thi – Tco = 60 – 29 = 31 ℃ 

 

= Tho – Tci = 51 – 25 = 26 ℃ 

LMTD = (31-26)/ (ln (31/26)) =28.43  

Overall heat transfer coefficient  

(U) = (Heat transfer)/ (Area of flow × LMTD) 

 = (7034) / (π × 0.0064× 0.45×28.43)  
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 = 27345W/ k 

Maximum heat transfer rate  

( ) = mh Cph (Thi-Tci) 

= 0.027×4195× (60 – 25) = 3964.275W  

Actual heat transfer rate  

( ) = mh Cph (Thi-Tho) 

  

= 0.027×4195× (60-51) = 1019.385W 

Effectiveness ( ) = ( / ) 

= (1019.385/3964.275) 

= 0.25 

 

HELICAL COIL HEAT EXCHANGER (HCHE): 

 Area of flow of hot water =  ( L = × ×1.5= 4.24  

Mass flow rate of hot water ( ) =  ×A ×v 

=1000 ×4.24 ×0.40 = 0.017 Kg/s 

 

 
 

Fig. 23: Temperature variation of hot water in HCHE 

 

 Heat transfer rate of hot water Qh = mh Cph (Thi-Tho) 

 = 0.017×4195× (60 – 38) 

 = 1569W 

Area of flow of cold water = ((Area of the entire shell) – (Area of the flow of hot water and tube)) 

- (Area of shell only) 

Area of the entire shell = 1.98×  

Area of the hot water tube= 4.825×  

Area of flow of cold water = (1.98× ) – (4.825× ) – (1.56× ) = 1.77×  

Mass flow rate of cold water ( ) =  ×A ×v 

 = 1000×1.77× ×0.30 = 0.53 Kg/s 
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Fig. 24: Temperature variation of cold water in HCHE  

 

Heat transfer rate of cold water Qc = mc Cpc (Tco-Tci) 

 = 0.53×4182× (42-25) 

 = 37680W 

 

Average heat transfer rate ( ) =  

 

 = (1569+37680)/2 

 = 19624.5W 

Logarithmic Mean Temperature difference (LMTD) = (  

= Thi – Tco = 60 – 42 = 18 ℃ 

 

= Tho – Tci = 38 – 25 = 13 ℃ 

LMTD = (18-13)/ (ln (18/13)) =15.36  

Overall heat transfer coefficient  

(U) = (Heat transfer)/ (Area of flow × LMTD) 

 = (19624.5) / (π × 0.0064× 0.45×15.36)  

 = 141210W/ k 

Maximum heat transfer rate  

( ) = mh Cph (Thi-Tci) 

= 0.017×4195× (60 – 25) = 2496.025W  

Actual heat transfer rate  

( ) = mh Cph (Thi-Tho) 

  

= 0.017×4195× (60-38) = 1569W 

Effectiveness ( ) = ( / ) = (1569/2496.025) = 0.628 

Conclusions:  

1. The effectiveness of the HCHE is 0.628 and the effectiveness of the STHE is 0.25. So it is clearly proved 

that HCHE is more efficient in performance compared to STHE. 

2. The flow of water in the helical coil undergoes the turbulence effect and due to this effect there occurs a 

uniform heat transfer (uniform distribution of temperature in all the layers of the fluid). But in case of the 

laminar flow which occurs in the STHE there will not be a uniform distribution of temperature because the 

temperature distributed in each layer of the flow is different. So the water flowing through the helical coil takes 

more time to exit the shell compared to the laminar flowing water in STHE. More the time of flow of water 

inside the tube before exiting the shell, then more will be the heat transfer effect. 

3. The greatest advantage of the HCHE is that, the helical coil can accommodate greater heat transfer area in a 

less Space, with higher heat Transfer coefficients. 

4. Even though the area of the straight tube and helical coil (area of heat transfer) are the same, but still the 

helical coil has more heat transfer performance compared to the straight tube used in heat exchanger. 
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5. The effectiveness of the HCHE obtained is 0.628, so to increase the effectiveness of heat transfer, the no. of 

turns of the helical coil can be increased. So with the increase of the no. of turns the rate of heat transfer also 

increases.  

 

Future Work: 

 In the present paper CFD Analysis is carried out for comparing the heat transfer performances of both the 

STHE and HCHE. The extension of this work is to analyze the heat transfer performance of a HCHE with 

multiple helical tubes in a single shell in order to increase the mass flow rate and performance. 
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