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The goal of this work was to design a simple and cost-effective technique for improving 

the performance of heat exchangers, and the emphasis was on the experimental side 

while not neglecting the necessity of validating our findings with theoretical results 

using CFD. A new method was used to enhance the heat transfer inside the heat 

exchanger by using a coil with modified steps, as the published papers did not previously 

address this method, which proved its effectiveness. For varied coil pitches, the 

numerical findings were in good agreement with the experimentally obtained results, 

with an error rate of less than 8%. To compare results and confirm effective correlation 

between pitch changes, a double coil tube is manufactured with a fixed pitch and a 

double coil tube with modified pitches, while maintaining the basic design parameters 

of tube diameter (𝑑𝑐), shell diameter (𝐷𝑠ℎ), height of shell (𝐻𝑠ℎ), and coil height (𝐻𝑐) in 

order to try to increase the overall heat transfer coefficient and heat transfer. This new 

design enhanced heat transfer and total heat transfer coefficient at Reynolds number 

(400<𝑅𝑒𝑠ℎ<2000), with a 22% improvement in overall heat transfer coefficient. The 

new design of the coil (modified pitch) also gave an improvement in the flow 

distribution, which generated a higher secondary flow than the traditional pitch coil. 
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1. Introduction and Background  

The most acceptable definition and formulas 

for heat transfer in recent published papers and 

books is the definition that states that " heat 

transfer is the science that seeks to predict the 

energy transfer that may occur between physical 

bodies as a result of the temperature difference" 

[1]. Because of their huge heat transfer surfaces 

and capacity to promote good liquid mixing, 

which enhances heat transfer coefficients, 

helical coiled tubes are widely used [2]. Because 

of their high heat transfer coefficient and small 

size when compared to straight tubes, helical 

coil tube heat exchangers have been widely 

investigated as one of the passive heat transfer 

improvements [3-4]. A numerical investigation 
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of the influence of laminar flows on coil friction 

factor and wall shear stress was given by Anwar 

et al [5]. The maximum pressure was observed 

to drop from 71 Pa for a 0.01 m pitch coil to 68.8 

Pa for a 0.05 m pitch coil. According to Etghani 

et al [6], the tube diameter and cold flow rate are 

the most essential design parameters for heat 

transmission and energy loss via the heat 

exchanger, respectively.  

Ahmadloo et al [7] conducted a 

computational fluid dynamics investigation of 

isothermal single-phase laminar water flow in a 

hollow helical tube with various Reynolds 

values. During the study, it was discovered that 

centrifugal forces formed a high velocity zone 

on the outer side of the hollow helical tubes' 

walls, where the friction factor fell with a 
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propensity to enhance turbulence. Also, when 

the number of turns through a double-tube 

helical heat exchanger is altered, the findings 

revealed that as the number of rotations 

increases, the rate of heat transmission increases 

[8]. Fouda et al [9] analyze the heat transfer 

properties and performance of a multitube in 

tube helically coiled heat exchanger statistically 

and it has been found that with increasing 

Reynolds numbers of hot and cold water, the 

total heat transfer coefficient (Uo) increased by 

23% and 28%, respectively. Huttl et al [10] 

investigated the influence of curvature and 

torsion on fully developed turbulent flow in 

straight, curved, and helically coiled pipes. The 

results revealed that pipe curvature, which 

creates a secondary flow, has a significant 

impact on flow amounts, whereas the torsion 

effect is smaller. Kushwaha et al [11] examined 

the heat transfer and fluid flow properties of 

Newtonian and non-Newtonian fluids in helical 

coil heat exchangers computationally. The 

results demonstrated that in helical coil heat 

exchanger with baffles in the annulus, f and Nu 

are greater than in a helix coil heat exchanger 

without baffles. Furthermore, the baffles have a 

substantial impact on heat transport at low 

Prandtl numbers. 

 
Figure 1. a) Tube in tube helical coil heat exchanger, and b) Grid topology [11] 

Kurnia et al [12] found that adding twisted 

tape insert in helical heat exchanger can enhance 

heat transfer performance by up to four times as 

compared to traditional straight tube heat 

exchanger. The results of other practical 

experiments also indicated the possibility of 

increasing the heat transfer through the heat 

exchanger by inserting baffle in the heat 

exchanger shell-type coil [13].  Shokouhmand et 

al. [14] conducted experiments on shell and 

coiled tube heat exchangers by changing the coil 

pitches and curvature ratios. Experiments were 

carried out for heat exchangers with three 

different coil pitches. The results showed that 

the shell-side heat transfer coefficients of the 

coils with smaller pitches are less than the ones 

with larger pitches. Kongkaitpaiboon et al. [15] 

carried out the experiments for a round tube 

fitted with circular ring turbulators at various 

diameters ratio, pitch ratio and varied range of 

Reynolds number for constant heat flux 

condition with air as working fluid. The results 

reported that the smallest pitch ratio and 

diameter ratios exhibit the highest heat transfer 

rate. Kareem [16] conducted a numerical study 

to compare four shapes of double helical coil 

(circular, triangle, square, and rectangle). It was 

found that the rectangular shape has the best 
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heat transfer properties. At the same time, the 

rectangular shape has a higher pressure drop 

than the other shapes. It was also found that the 

increase in taper angle of the double helical coil 

increases the heat transfer rate significantly and 

the pressure drop also increases. 

 

 

Figure 2. Optimized shape of double coil in terms of shape and taper angle [16] 

Al-damook, and Azzawi [17] performed 

numerical simulations of six geometric shapes 

(circular, square, diamond, triangular, 

rectangular, and elliptical) to study heat transfer 

by natural convection in a concentric annular 

horizontal pipe. The results indicated that the 

heat transfer rate of elliptical tubes increased by 

40% compared to the other shapes, and the heat 

transfer rate of circular tubes increased by 37% 

compared to the other shapes. The same 

researchers conducted research to address the 

ability of radial porous heat sink solutions to 

enhance thermo hydraulic properties and reduce 

the effect of the second law of thermodynamics. 

It is observed that in terms of flow direction, the 

optimal radial porous heat sink for the 100% PM 

model is recognized as providing the best results 

and the best choice (fully saturated porous 

media) [18]. 

Faraj et al [19] found during numerical 

simulation that the dean number has a stronger 

effect in reducing the coil friction factor 

compared to the increase in pitch dimension 

during turbulent flows. Another research by the 

same researchers was conducted to study the 

effect of changing the pitch size on laminar 

flows numerically. The results indicated that the 

model (P = 0.01m) gave good results and has a 

similar behavior to the annular tube in its 

conduction compared to the model (P = 0.05m) 

[20]. 

Kh. Ali et al [21] conducted a numerical 

study to determine the effect of a double coil on 

improving heat transfer. The results showed that 

by 18.2%, the Nusselt number for the casing 

side of the double tube was higher than that of 

the single tube. Kowalski et al [22] 

experimentally studied the effect of Reynolds 

number and operating temperature on heat 

transfer coefficients and pressure drop at 

laminar flow. The results showed that the heat 

transfer performance of the spiral tube at the 

same dimensions is higher than that of the 

straight tube. 

Nikheel Joshi [23] has theoretically 

attempted to improve thermal conductivity by 

adding nanoparticles in a double-tube heat 

exchanger. The results showed that the 

nanofluid with a concentration of 2% has a heat 

transfer coefficient more than that of 0.5%, 1%. 

Safari et al [24] experimentally found that the 

use of water-titanium oxide nano fluid in the 

spiral tube with greater curvature increases heat 

transfer more effectively compared to the use of 

pure water. Sivalakshmi et al [25] conducted an 

experimental study on the effect of helical fins 
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on the performance of double tube heat 

exchanger. Found at a high flow rate, the 

introduction of the fins increases the heat 

transfer coefficient by 38.46% and the 

efficiency of the heat exchanger by 35%. 

According to previous studies, most of the 

researchers conducted their experiments using a 

single-shell and single-helical coil heat 

exchanger to enhance the heat transfer rate and 

thermal efficiency at different operating 

parameters.  

The overall heat transfer coefficient, which 

is one of the most important parameters to know 

the improvement of the new design, is improved 

by increasing the contact area of the coil surface 

using double coil heat exchanger instead of 

single coil. As a result, the total heat transfer 

coefficient of two double coils, one with a 

constant pitch and the other with a changing 

pitch, was compared. Furthermore, numerous 

papers focused on modifying the coil diameter, 

adding nanofluids, or employing fins to improve 

heat transfer in heat exchangers, but no more 

than one pitch will be employed in the same coil. 

By determining the overall heat transfer 

coefficient, the modified pitch technique will be 

compared to the conventional pitch in this study. 

Figure 3 shows the major structures of the 

present study. 

 
Figure 3. Diagram showing the work carried out during this paper

2. Numerical methodology  

2.1 Problem description and boundary 

conditions 

Three-dimensional models are created using 

SolidWorks as shown in Figure 4, these models 

were transferred to ANSYS R16.1 to evaluate 

the flow and heat transfer efficiency. Various 

boundary conditions were simulated for the 

shell and coil regions at various mass flow rate 

((1L/min for hot water), (2, 4, 6, and 8 L/min for 

cold water)) and constant temperatures of 36°C 

to cold water and 65°C to hot water. 
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Figure 4. Schematic of shell and double coil tube (baseline case) 

 

Figure 5. The design of double coil heat exchanger a) modified pitch, b) conventional pitch 

The new design of the coil shown in Figure 

5a is proposed to try to improve the performance 

of the heat exchanger under the same conditions 

of mass flow quantity of water on both sides of 

the shell and coil and also under the same coil 

height and main and secondary diameter of the 

double coil. This optimization attempt, which 

has proven to be effective, can be applied to 

single coils, and the performance of the heat 

exchanger can be improved by changing only 

pitch. 

2.2 Mathematical formulation and assumptions  

The governing equations were the 

continuity, momentum, and energy equations, 

and the turbulent RNG k-model was utilized to 

simulate the turbulent flow during the present 
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study. These equations are mentioned in detail 

[26].  

To determine the effect of heat transfer 

through the shell and coil, the following 

relationships were used for numerical and 

experimental analysis: 

𝑄𝑠ℎ = 𝑚𝑠ℎ. 𝑐𝑝𝑠ℎ.(𝑇𝑐𝑜,𝑜 − 𝑇𝑐𝑜,𝑖)                     (1) 

 𝑄𝑐 = 𝑚𝑐. 𝑐𝑝𝑐.(𝑇ℎ,𝑖 − 𝑇ℎ,𝑜)                            (2)                                                  

To calculate the effect of overall heat 

transfer coefficient through heat exchanger, the 

following relationship was used: 

𝑈𝑜 =
𝑄𝑎𝑣𝑔

𝐴𝑜.𝛥𝑇𝐿𝑀𝑇𝐷
                                              (3)                                                                                                   

where 𝑄𝑎𝑣𝑔 =
𝑄𝑠ℎ+𝑄𝑐

2
                                    (4) 

The average binary conversion value 𝑄𝑎𝑣𝑔 

was used because the deviation between the heat 

transfer rate of the shell and the coil side is not 

more than 2.37%. 

 𝐴𝑜 Represent the outer surface area of the coil 

while the logarithmic mean temperature 

difference can be calculated by the following 

relationship: 

∆𝑇𝐿𝑀𝑇𝐷 =
∆𝑇𝑖𝑛−∆𝑇𝑜𝑢𝑡

𝑙𝑛
∆𝑇𝑖𝑛

∆𝑇𝑜𝑢𝑡

                                     (5) 

The boundary conditions were set as seen in 

Table 1. The inlet boundary condition was set as 

the mass flow rate for both cold and hot water, 

the outlet boundary condition was select as 

pressure outlet with zero back flow pressure.  

Semi Implicit Method for Pressure Related 

Equations was utilized to solve coupling 

between pressure and velocity fields. For 

discretization pressure, momentum, energy and 

RNG k-ε turbulence equations, the first order 

upwind system was used. 

Table 1: Boundary conditions during numerical validation 

Parameters Shell side Coil side 

Working fluid water water 

Material Acrylic Copper 

Inlet temperature 36 ℃ 65 ℃ 

Inlet mass flow rate 2-8 L/min 1 L/min 

Outlet Pressure Pressure 

Wall No slip, No heat flux Coupled 

2.3 Grid structure study 

During the present investigation, five 

different numbers of Quadrilateral Dominant 

cells were produced (see Figure 6). The mesh 

size for the study is determined by which mesh 

has the best capacity to capture the majority of 

the flow characteristics. In grid numbers G4 and 

G5 of Figure 7, the tiniest difference in the 

temperature of the departing water is detected. 

As a result, the G4 grid was employed in the 

study since increasing the mesh size had no 

discernible influence on the monitoring data. 
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Figure 6. Generated mesh for shell and, double coil heat exchanger 

 

Figure 7. Number of cells versus Temperature 

Table 2: The study of mesh independency 

Grids Total mesh 𝑇𝑐𝑜,𝑜 𝑇ℎ,𝑜 

G1 1934762 40 45.7 

G2 2434640 40.1 45.6 

G3 3357188 40.1 45.4 

G4 4789894 40.2 45.3 

G5 5023730 40.2 45.3 

3. Experimental setup  

3.1 Model setup and materials 

Figure 8 (a, and b) displays an image and a 

schematic design of the experimental setup used 

in the present study. The present study 

employed two distinct types of heat exchangers: 

double coils with variable pitch and double coil 

with fixed pitch. The present helical coil was 

made of copper tube and was inserted in an 
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acrylic sleeve with a diameter of 175 mm that 

was placed vertically during experiments. 

Experimental system consisted of shell and coil, 

with four K thermocouples (uncertainty of ±1.5 

°C) linked to a manual data logger of HT-9815 

type, pump, ball valves, and two flow meters of 

LZM (uncertainty of 0.25 L / min) used to 

calculate volumetric flow rates for both hot and 

cold water. The four thermocouples were 

distributed at the inlet, outlet of hot water and 

inlet and outlet of cold water to determine the 

hot water inlet and outlet (𝑇ℎ,𝑖, 𝑇ℎ,𝑜) as well as 

the cold-water inlet and outlet (𝑇𝑐𝑜,𝑖, 𝑇𝑐𝑜,𝑜). 

 

 

Figure 8. a) Image setup experimental work of double coil, b) Schematic for experimental setup 
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4. Results and discussion  

This section explains the experimental and 

computational results of studying helical coil 

heat exchangers in detail. 

4.1 Numerical study results  

The Numerical model created in ANSYS 

Fluent was validated by comparing the 

Numerical findings for hot water output 

temperature with experimental data for two 

different models. The numerical and 

experimental findings for the hot water outlet 

temperatures are in good agreement, as shown 

in Figures 9 and 10, with an error of 1.30 % for 

double coil with conventional pitch and 2.83 % 

for double coil with modified pitch.  

 

Figure 9. Validation study for a double coil (conventional pitch) inside the shell 

 

Figure 10. Validation study for a double coil (modified pitch) inside the shell 

Figure 11 shows the temperature 

distribution in the shell side of a double coil heat 

exchanger (conventional pitch) and a double 

coil heat exchanger with a modified pitch. 

Figure 11 depicts how cold water enters and 

exits the heat exchanger. Cold water in the 

modified heat exchanger acquired more energy 

than cold water in the conventional heat 

exchanger. The major reason for getting more 

energy from cold water in a modified heat 

exchanger is increased secondary flow (Dean 

vortices) in the coil side due to increased coil 

curvature diameter and flow distribution 

adjustment. 
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Figure 11. Temperature distribution in shell side from side view; a) Conventional pitch, b) Modified pitch 

Velocity distribution in the shell side of 

shell and helically coiled heat exchanger from 

the side view is demonstrated in Figure 12. 

Figure 12 a depicts the velocity distribution in 

the shell side of the shell and helically coiled 

heat exchanger for cold water at a mass flow rate 

of 2 l/min, while Figure 12b depicts the velocity 

distribution in the shell side of the shell and 

helically coiled heat exchanger for cold water at 

a mass flow rate of 8 l/min. It is clear from the 

figure that the distribution of water flow on the 

side of the shell did not vary between the two 

cases, but the increase in the mass flow rate of 

cold water modified the water flow pattern and 

increased the heat exchange rate, implying an 

increase in the heat exchanger's thermal 

efficiency. 

 

Figure 12. Velocity distribution in shell side from side view at a) 𝑚𝑠ℎ = 2 l/min. b) 𝑚𝑠ℎ = 8 l/min
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4.2 Experimental study results  

The overall heat transfer coefficient is one 

of the most important main parameters through 

which to compare the amount of improvement 

between heat exchangers of different designs. 

The overall heat transfer coefficient has been 

discussed in previous publications as one of the 

critical parameters to determine the amount of 

improvement in the heat transfer process of the 

heat exchanger [27-34]. Figure 13 presents a 

comparison of the overall heat transfer 

coefficient of a conventional pitch double coil 

tube with a modified pitch. These results at a 

mass flow rate of 1 L/min for the tube side and 

a Reynolds number of Re= 11100. From the 

figure, we notice that the overall heat transfer 

coefficient increases with the increase in the 

mass flow rate of the cold water for shell side. 

We also note that the use of modified pitch P-

2P-P of the double coil has increased the overall 

heat transfer coefficient in the heat exchanger by 

22% compared to the conventional heat 

exchanger, which indicates that the simulation 

results support the effective design of the 

modified helical tube. By using more than one 

step of the double coil the secondary flow rate 

through the heat exchanger is increased which 

means a higher heat transfer rate. 

 

Figure 13. Overall heat transfer of two double helical coil models 

The overall heat transfer coefficient in 

double helical coil heat exchanger with more 

than one pitch (P-2P-P) was estimated during 

this research of 400-1200 W/𝑚2𝑘 indicating 

that a good agreement between the present 

findings and previous papers [27-34] which are 

illustrated through the Table 3. 

Table 3: A general comparison between this work and similar studies in the literature 

Ref �̇� U (W/𝐦𝟐𝐤) 

Jamshidi [27] 1-4 l/min 625-1500 

Bahrehmand [28] 6.78- 18 l/min 1000-1550 

Salem [29] 1.7-11.158 l/min 100-1600 

Mirgolbabaei [30] 1.8- 7.8 l/min 100-500 

Salem [31] 1.7-11.158 l/min 100-2500 

Tuncer [32] 1.5-3.5 l/min 1600-3150 

Kumar [33] 1800-2500 l/hours 500-1000 

Moosavi [34] 1-5 l/m 400-2200 

Present study 1-8 l/m 400-1200 
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5. Conclusions  

The influence of operational parameters (hot 

and cold flow rate) on the overall heat transfer 

coefficient is investigated experimentally and 

numerically in the present study for a shell and 

double coil (fixed and modified pitch) heat 

exchanger. The experimental and numerical 

findings illustrated that the temperatures of 

outlet cold water and outlet hot water were in 

good agreement. The use of modified pitch 

across the double coil has a substantial influence 

on the secondary flow through the coil, resulting 

in an increase in the heat transfer rate and overall 

heat transfer coefficient. Finally, the pitch 

correlation and investigate the improvements in 

the evaluation of double coil and shell heat 

exchangers cab be studied in the future research. 

Nomenclature 

A Area, m2 

𝑐𝑝 Specific heat, J/ (kg. K) 

𝐷𝑐 Curvature diameter, m 

De  Dean Number 

𝐷ℎ  Hydraulic diameter, m 

f friction factor 

H Height, m 

h  heat transfer coefficient, W/m2 

k thermal conductivity, W/(m ◦C) 

L Length, m 

m ̇ mass flow rate, kg/s 

N number of turns 

Nu Nusselt number 

P coil pitch, m 

Pr Prandtl number 

Re Reynolds number 

T water temperature, ℃ 

t thickness, m 

U overall heat transfer coefficient, W/(m2 

K) 

V Velocity, (m/s) 

Greek letters 

γ dimensionless pitch ratio 

𝜌 density, kg/m3 

μ dynamic viscosity, kg/(m s) 

ε effectiveness 

Δ𝑇𝐿𝑀𝑇𝐷 logarithmic mean temperature 

difference, K 

Subscripts 

Avg Average 

c Coil side 

co Cold 

h Hot 

i Inlet 

o Outlet 

     sh Shell side 
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