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ABSTRACT: Experimental researchhas been carried out on heat transfer, steady state natural convection fora 

helical coil. The water utilized as a bath fluid, which insulated via employing fiberglass at the exterior surface to 

decrease the thermal losses without mixing and as a coolant fluid air was utilized. Straight tube copper with 10 

mm inner dimension, 12 mm outer dimension and 1900 mm length that was curvature to manufacture the helical 

coil. Three coils were used in the conducted experiment with various geometry shapes. The outcomes exhibit the 

total heat transfer coefficient, drop of pressure and Nusselt number enhanced during the coolant flow rate and the 

degree of difficulty to the flow pattern of the basic geometry of a helical pipe also increased. The heat transfer 

was analyzed and simulated using ANSYS Workbench 19.0, package. A comparison of thermal performance for 

the types of coiled tubes was implemented and gave a great balance between the experimental and numerical 

outcomes with 12% as the highest deviation. 
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INTRODUCTION 

Heat Exchangers of the helically coiled tube used extensively in industrial applications like in condensers, 

refrigeration, as well evaporators in heat recovery systems, food industry, power station, process plants, and 

nuclear business that heat exchangers of helically coiled utilized for remaining heat elimination systems. This is 

because of the fact heat exchangers consist of helically coiled have a greater rate of heat transfer and furthermore 

a small design opposed to straight tube heat exchangers [1]. For many years, scientists and engineers have made 

great efforts to enhance the thermal conductivity of fluids by using passive techniques as these are economical 

and no external additions are required. There are many researches study the effect of changing coiled patterns to 

enhance the thermal conductivity, as coronel, et al. done researches to evaluate the convection heat transfer 

coefficient for two kinds of helical tubular heat, and straight tubular heat [2]. The outcomes revealed that the 

total heat transfer coefficient in the heat exchanger of the helical tube is greater compared to the straight tubular 

heat exchanger. A relation to calculate the inner convective heat transfer coefficient as a function of Prandtl 

number, Reynolds number, and d/D was formed. Pawar, et al. experimentally assessed a helically coiled tube, 

convection heat transfer coefficient to with numerous geometries: number one model tested was a helically 

coiled tube, number two model of the coiled tube was a conical coil and number three model was finned helical 

coil [1].  

The experiment coils carried through a different surround temperatures bath, which acts like a heating medium. 

Air was pumped up into the tube coil by way of coolant at various volumetric flow velocities. The outcomes 

revealed that the total heat transfer coefficient improved during the type of design enhancing the secondary 
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eddies. Prasad, et al. CFD simulations to define the heat transfer features for heat exchangers consist of helically 

double pipes via shifting flow velocities [3].  The difficulty was described, and the meshing arranged in 

GAMBIT 2.4.6 and FLUENT 6.3.26, which utilized to forecast the temperature and flow contours of the two 

heat exchangers. The outcomes reveal a notable reduction in temperature along the duct in the test of the helical 

tube as opposed to the straight geometry for different mass flow velocities. Seyyedvalilu et al. numerically 

studied the impact of various parameters which are connected to the designing of the helically dual tube on the 

heat transfer and hydrodynamic properties of heat exchangers consist of helical double tube utilizing CFD 

software which is recognized on the rules of fluid mechanics, thermodynamics, and heat transfer [4]. Following 

simulation using CFD software, it was obvious that through increasing the radius of coils, auxiliary flow effects 

because of centrifugal force decrease and flow of fluid into the coils tend to flow in a straight track and because 

of that, the friction coefficient reduces accordingly. Prabhanjan et al. carried out an examination to define the 

corresponding benefit of utilizing heat exchangers consist of helically coiled against a heat exchanger consist of 

straight tube for fluids heating [5].  Following the tests, the outcomes revealed, heat transfer coefficient 

influenced by the heat exchanger geometry and the water bath temperature encompassing the heat exchanger.  

 

Moreover, the insignificant impacts of flow rate are frequently because of the great flow rate. In all the study 

cases the flow follows two regimes; either in the turbulent regime or in transitional regime, the Reynolds 

numbers which were starting from 8300.0 - 41 400.0 and 7700.0 - 38 300.0, for flows in the coil as well as the 

straight pipe, sequentially. Shirgire et al. Proportional research done between the heat exchangers helically coiled 

and heat exchangers consist of a straight tube, the efficiency of heat exchanger significantly determine via the 

flow rates [6]. Concerning the helical coil heat exchanger and straight tube heat exchanger with parallel flow and 

counter flow arrangement. The results were achieved, Helical coil counter flow is common and straight tube 

parallel flow heat exchanger is limited sufficient, total heat transfer coefficient improved together with the 

improvement of mass flow rate .it was noticed that the heat exchangers consist of a helically coiled heat transfer 

coefficient improved compared to an alike measurements heat exchanger consist of straight tube. Conte et al. 

experimental and numerical studies carried out in the direction of comprehending convection heat transfer of a 

solo round pipe coiled in a rectangular model [7].  

 

The results revealed the properties of geometric organization with improved heat transfer by using CFD software 

Fluent V6. In addition, the numerical and experimental outcomes qualitatively agree fine by each other. That 

specified that coiling a pipe can assist to create turbulence unaccompanied by intensifying the velocity. 

Figueiredo and Raimundo experimentally examined the hot water storage thermal response and the thermal 

removal properties from the coils of a heat exchanger located within it [8]. Two distinct geometric systems of the 

examined heat exchanger coils, specifically, the flat spiral coil and the classic cylindrical coil, the first one 

showing a higher heat transfer efficiency, which achieved via a numerical design, the conclusions concerning the 

model and experiments were in excellent balance. Mote.ET al. accomplish research about developing the 

equations characterizing the conducts of heat exchangers distinct models when each one separately sunken in a 

filled water tank [9]. The heat exchangers needed to cool a tank filled with hot water, the water state in the tank 

was in a free convection state. The outcomes revealed the importance of changing the layered design and the 

shape geometry of the heat exchangers to improve the heat transfer coefficient performance. Purandare et al. 

coordinated a comparative examination of the separate relationships presented by multiple researchers for heat 

exchangers consist of helically coiled for distinct conditions [10].   

 

The calculations were carried out as via the data reduction method for the helical coil to several equations 

managed various parameters for the investigation. The investigation revealed that, for low Reynolds number, the 

graphs of Nusselt number versus Reynolds number and hi vs Reynolds number is sharped than for high Reynolds 

number of secondaries created in fluid flow. The increase in the intensity of secondaries developed in fluid flow 

improves Nu. Elsayed carried out theoretically and experimentally examinations on the performance of helical 

coiled tubes with small diameter for the evaporator of small refrigeration systems [11]. Experimental equipment 

built and instrumented to examine the refrigerant flow boiling in helically coiled tubes. The relationships shaped 
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to estimate the flow boiling heat transfer coefficients within of the helical coiled tubes. The ANN method 

provided a superior forecast of the investigational outcomes with ±30.00%. Andrzejczyk et al. experimentally 

estimated the impact of the performance coefficient and influence of helical coil heat exchangers [12]. The 

investigations have been done with two models of coils made with a small, smooth copper midi channel. The 

outcomes revealed that the agreement of the experimental and numerical estimation of Nusselt number values 

was around 30%, as well the heat exchanger with surface alteration, average out higher effectiveness compared 

to reference construction. 

Thus, the present study was undertaken in order to study theoretically and experimentally the heat transfer 

characteristics and drops of pressure in helical coiled tubes together with new different geometry types of several 

flow rates. 

EXPERIMENTAL SETUP AND PROCEDURE 

The experimental structure, which is schematically described in Figure 1, made essentially of test coils which 

carried out in various ambient temperatures separated bath (40.0×40.0×38.0 cm3), which acts like a heating 

medium, the ambient bath has a water heat transfer which insulated by using fiberglass at the outer surface to 

reduce the thermal losses. The copper-constantan thermocouples are immersed in different locations of the bath 

and digital temperature meter used to measure the temperatures in order to reach the steady state case then 

evaluated average ambient temperature.  

 

Figure 1. Experimental setup flow diagram 

There are three types of helical coils were tested, everyone with 2 turns, 10 mm ID, wall depth of 1mmand a 

stretched length of 1900 mm (the details of these types of helical coils are illustrated in table 1). The copper oils 

initially made  by straight tube and then twisting on a  mild steel case to form the models of helically coiled 

tubes with distinct dimensions, while twisting attention needed to maintain the cross-section of the coil  

circularity during the bending procedure, before twisting fine sand loaded into the tube  to secure the sleekness 

of the internal surface and then the sand  cleaned up with hot water. The copper constantan thermocouples joined 
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and digital temperature meter employed to measure the coil wall temperature at three distinct sections and then 

assessed average wall temperature (Taw). The air used as coolant pumped into the tube coil with varying 

volumetric flow velocities (4-8-10-16-20 L/min) was measured with flow meter ranging of (2.0 – 20.0 L/min). 

The washing temperature (inlet, and outlet) recorded with a digital temperature meter. The drop of pressure 

within the coil measured by digital manometer. In every experiment, the bath was supplied with water 

submerging the coil entirely. Heating accomplished by inundation coil and concurrently cooling air entered via 

any end of the coil. In steady state condition, air temperature and bath temperature (inlet sections and outlet 

sections) recorded. The wall temperatures recorded as well. The tests carried out at five distinct flow rates. 

Table 1. Various geometry used 

EXPERIMENT ANALYSIS 

The physical characteristics of the air moving within the tube coil experiment segment expected steady alongside 

the coil length and assessed at the average bulk temperature for every test. The total heat transfer rate within the 

coil could be assessed by: 

Type No. Geometry Figs. Dimensions 
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                                                                                                                                          (1)  

Where Q is the inside coil total heat transfer rate, m. is the air mass flow rate, Tb1 is the temperature for the coil 

inlet, Tb2is the coil outlet temperature for, and Cp is the air specific heat. The heat transfer rate Qvalue is 

calculated by: 

2 1

 

0 1

2

 ,    
 

b b

o lm

lm b

b

T TQ
U T

A T T T
ln

T T





−


 

−

=
−

 
 

                                                                                                                       (2) 

And Uo is defined as: 

1

ln
1

       
2

o

o
o

io

i i o

U
d

A
dA

A h kL h

 
 
 
 
 

  
  
  + +



=

 

                                                                                                                                (3) 

Where hi is the coil inside heat transfer coefficient ho is the outer heat transfer coefficient. Once Uo is calculated 

from Eq. (2), ho is evaluated of this equation: 

( )
o

o aw

Q

A T T
h

 −
=                                                                                                                                                   (4) 

T∞ is ambient temperature, Taw is the average wall temperature. The inside heat transfer coefficient hi could be 

calculated by Eq.(3). The physical characteristics of air are evaluated from Holman (14). The average Nusselt 

number and Rayleigh number created using the tube diameter as a feature dimension to define the scope of Re 

and Nu and its relationship to the natural convection region, which are calculated from Eq. (5) and Eq. (6): 

  /o o oNu h d k=                                                                                                                                                          (5) 

( ) 3 1 1      aw oRa g T T d  − −

= −                                                                                                                              (6) 

Also, The Rei  and Nui created for air region using the inner tube diameter, are calculated from Eq.(7) and Eq.(8). 

: 

  /iRe di u =                                                                                                                                                      (7) 

  /i i iNu h d k=                                                                                                                                                            (8) 

RESULTS AND DISCUSSION 

The wall temperature variation according to the length of the coiled tubes for each type is shown in figure )2(. 

The experimental results in figure (2) shows that the hexagonal coiled tube has the highest temperature 

compared to other coiled tubes, the helical and triangle coiled tubes having slightly difference in the wall 

temperature. The temperature increase as the flow progress from tube inlet to the tube outlet for all the coiled 

tube shapes, the bends in the coiled tube increase the turbulence in the tube, which increases the heat, exchanged 

between water and air increasing by that the temperature inside the coiled tube. 

 



Experimental And Numerical Investigation Of Heat Transfer Enhancement By Using Different Geometry Coiled Tubes 

97 

 

The results showed a noble agreement with the numerical outcomes obtained from using finite volume method 

by commercial CFD program ANSYS-Workbench 19.0, package. Figure (3, 4, and 5) shows the temperature 

contour for helical coiled tube, triangle coiled tube, and hexagonal coiled tube respectively. The temperature 

contour generated from the results of the numerical simulations displays the temperature distributions through 

the tube. It is noticed that the effect of the geometric shape has a considerable impact on the temperature gradient 

along the coiled tubes especially on the third type (hexagonal coiled tube), i.e. the temperature gradient was 

increase when the Disorders resulting from irregular geometry are increased to increase secondary eddies and 

thus increase heat transfer between the fluid and the coil wall. 

 

The total heat transfer coefficient behavior of every type of coiled tubes at various volumetric flow rates could 

be perceived in figure (6). As anticipated the overall heat transfer coefficient is immediately proportional to the 

mass flow rate of the fluid inside the coil at a fixed bath temperature, the geometric shape has a significant 

influence on the total heat transfer coefficient. The hexagonal coiled tube provides a greater value of the total 

heat transfer coefficient compared to the triangle coiled tube, moreover the triangle coiled tube provides a greater 

values of the total heat transfer coefficient compared to the helically coiled tube, the total heat transfer 

coefficient improved at the disorders resulting from abnormal geometry developed to increase secondary eddies, 

therefore improve heat transfer between the coil wall and the fluid. Figure (7) show the experimental results for 

the variant of the average internal Nusselt number determined from this research with Reynolds number. This is 

due to the Nusselt number contingent on directly on the heat elimination ability of cold air. Also the hexagonal 

coiled tube provided greater values of Nusselt number compared to the triangle coiled tube, in addition, the 

triangle coiled tube provided greater values of Nusselt number compared to the helical coiled tube, due to the 

centrifugal force increase when the geometry shape become progressively complex, and the heat dissipated 

amountinto the ambient medium of water will be amplified as well. Yet, the outside heat transfer coefficient 

could be noticed in a non-dimensional of Nusselt number of outer diameter and Rayleigh number in figure (8) 

for three forms of a coiled tube with Rayleigh number ranging from 2.9×104- 5×105. The outer Nusselt number 

increases as the Rayleigh number increased for all the shapes of coiled tubes. Figure 8 also shows comparison 

between helical, triangle, and hexagonal coiled tubes outer Nusselt number, the comparison displays that the 

helical coiled tube has higher outer Nusselt number compared to the other shaped coiled tubes, due to the high 

turbulence and the secondary eddies performed in the tube. 

 

The experimental results for pressure drop characteristic of the coil is shown in figure (9). It represents that 

increase in the flow rate of air leads to an increase in the pressure drop; also, the geometric shape has been the 

great effect on the pressure drop. Figure (9) shows that the helical shape has the most pressure drop compared to 

the other shapes followed by the triangle and the hexagonal shaped tubes. The secondary eddies in the helical 

shaped tube are much less than the other shaped tubes which lead to higher pressure drop. Figure (10, 11, and 

12) shows the coiled tube velocity volume-rendering contour for helical, triangle, and hexagonal shaped tubes 

respectively. The contours were generate with Ansys fluent model simulations. It shows the increasing in the 

turbulence of the flow due to vortexes. The bends in the coiled tubes increases the velocity of the flow, which 

lead to increase in the vortexes and thereby increase the turbulence. 

CONCLUSIONS 

Experimentally and numerically studies about steady state natural convection heat transfer in helical coiled tubes 

in water bath accomplished. The conclusion arrived from the present work are: 

 

1- The overall Nusselt number and heat transfer coefficient increased when the coolant flow rate increases. 

2- The hexagonal coiled tube provides greater values of the total heat transfer coefficient compared to the 

triangle and helically coiled tube; beside when the degree of Complexity of the geometry shape of the coiled 

tube increase the Nusselt number values increase also. 
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3- Increasing in the degree of Complexity of the geometry shape of the coiled tube and flow rate leads to an 

increase in the pressure drop in the helically coil. 

4- Indicating that a triangle coiled tube is efficient and much better than a helically coiled tube. In addition, the 

hexagonal coiled tube is efficient than a triangle coiled tube. 

There are some recommendations for future researches, which are: 

1- Improve the performance of the coiled tubes by creating new forms. 

2- Studying the effect of turbulator and fins on the types of the coiled tubes. 

3- Studying addition an orifice on the coiled tubes to improve their performance. 

4- Changing the curvature ratios of every coiled tube to study their effects on the performance of the coiled 

tubes. 

 

 

 

Figure 2. The wall temperature variation according to the length of the coiled tubes. 

 
Figure 3. The helical coiled tube temperature contour characteristics. 
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Figure 4. The triangle coiled tube temperature contour characteristics. 

 

Figure 5. The hexagonal coiled tube temperature contour characteristics. 
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Figure 6. The total heat transfer coefficient of every type of the coiled tubes at various volumetric flow rates. 

 

 

Figure 7. The variation of the average inner Nusselt number with Reynolds number. 

 

Figure 8. Nusselt and Rayleigh numbers behavior for all types of coiled tubes. 
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Figure 9. The characteristic of pressure drop for all the types of coiled tube. 

 

Figure 10. The helical coiled tube velocity volume rendering. 
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Figure 11. The triangle coiled tube velocity volume rendering. 

 

Figure 12. The hexagonal coiled tube velocity volume rendering. 

LIST OF ABBREVIATIONS 

 

D Diameter of helix coil m 

d Diameter of tube m 

T Temperature oC 

Q Rate of heat transfer W 

m Rate of mass flow kg/s 

Cp Specific heat kJ/kg oC 

U Total heat transfer coefficient W/m2 oC 

A Surface area m2 

ΔTlm log mean temperature oC 
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h Heat transfer coefficient W/m2 oC 

k Thermal conductivity W/m oC 

L Length of the coil m 

Nu Nusselt number - 

Re Reynolds number - 

Ra Rayleigh number - 

 

Greek Symbols 

 

 

 

Superscript 

 

i Inner 

aw Average wall 

o Outer 

b Bulk 
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