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Abstract—A numerical investigation on heat transfer enhancement in a constant heat-fluxed tube inserted with hexagonal 
cross-sectioned coiled wire inserts was performed.The computations were carried out by consideration of with three different 
pitch ratios (P/D=1, P/D=2 and P/D=3) and three different hexagon edge length ratios (a/d=0.08, a/d=0.1, a/d=0.12) for 
Reynolds numbers between 5000 and 17000, using air as a working fluid. The plain tube results were compared with the works 
available in literature for confirmation of the used numerical method. The usage of coiled wire inserts yielded a significant 
increase in heat transfer rate and flow friction over the plain tube. Numerical results revealed that Nusselt number and friction 
factorrise with the reduction of pitch ratio (P/D) and increment of hexagon edge length ratio (a/d). Eventually, the maximum 
thermal enhancement factor of 43% wasprovided for the wire with a/d=0.12 and P/D=1 at Reynolds number of 17000. 
 
Index Terms—Coiled Wire, Flow Friction, Heat Transfer, Thermal Enhancement Factor. 
 
I. INTRODUCTION 
 
Up to now, several heat transfer enhancement 
techniques are applied in order to improve the heat 
transfer or thermal performance of heat exchangers. 
Numerous attempts have been made to reduce the size 
and cost of heat exchangers. The aim of the heat 
transfer enhancement is to provide high heat fluxes or 
heat transfer coefficient. In general, heat transfer 
enhancement techniques can be divided into two 
groups (passive and active techniques). The passive 
techniques have been usually preferred by many 
researchers since no additional external power is 
required as extended surfaces, rough surfaces and 
swirl flow devices. Coiled wire insert is one of the 
passive heat transfer enhancement techniques, which 
is extensively used in various heat transfer 
applications such as, air conditioning and refrigeration 
systems, heat recovery processes, food and dairy 
processes, chemical process plants. The coiled wire is 
quite simple to manufacture, to insert and remove 
from the tube which, therefore, justifies its usage in 
heat transfer enhancement. 
Coiled wire, twisted tape or other swirl flow devices 
inserted into a flow provide swirling flow and periodic 
redevelopment of the boundary layer, increase the 
effective heat transfer area and the turbulence 
intensity. The swirl induced tangential flow velocity 
component causes improved fluid mixing between the 
tube core and the wall region nearby. Thus enhancing 
the heat transfer by rapid fluid mixing. On the other 
hand, the swirl induced heat transfer enhancement 
brings along inevitable shear stress and pressure loss 
in coiled wire or twisted tape inserted tube.  
For decades, many researches have been 
conductedrelated to the influence of wire coil inserts 
on the heat transfer and pressure drop [1-8]. Wang and 
Sunden [9] presented a comparative study on thermal 
and hydraulic performances of twisted tape and coiled 

wire inserts for both laminar and turbulent flow 
regimes. They reported that coiled wire inserts yielded 
higher overall enhancement than the twisted tape 
inserts. Gunes et al. [10, 11] investigated the 
characteristics of heat transfer and pressure drop in a 
tube with triangular cross sectioned coiled-wire 
inserts. Evidently, their results revealed that the usage 
of coiled wire inserts as a swirling flow generator has 
an important contribution on heat transfer 
improvement.Eimsa-ard et al. [12] conducted a study 
on the heat transfer and turbulent flow friction 
characteristics in a square duct which was equipped 
with tandem wire coil elements. It was reported that 
the heat transfer enhancement ability of full length 
wire was superior than tandem coiled-wire under the 
same conditions. An experimental work related to the 
improvement of heat transfer in a flat plate solar water 
collector with coiled-wire was carried out by Garcia et 
al. [13]. The experiments were performed for various 
mass flow rates in the range of 0.011 to 0.047 kg/s and 
a coiled wire model with the pitch ratio of p/D = 1, 
wire diameter ratio e/D = 0.0717. Roy and Saha[14] 
evaluated the thermohydraulic performance of laminar 
flow through a pipe with helical screw tape and wire 
coil inserts. Akhavan-Behabadi et al. [15] presented 
the results of the increasing heat transfer enhancement 
and pressure drop during flow boiling of R-134a in a 
coiled wire inserted horizontal evaporator while 
Agrawal et al. [16] experimentally studied the heat 
transfer enhancement by using coiled wire inserts 
during forced convection condensation of R-22 inside 
a horizontal tube. Promvonge [17] studied the effect of 
twisted tape and wire coil inserts on thermal 
augmentation in a round tube. The results 
demonstrated that the existence of wire coils together 
with twisted tapes provided higher heat transfer rate 
than the usage of wire coil/twisted tape alone.Naphon 
[18] investigated the effect of coil pitch and other 
corresponding parameters on heat transfer 
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enhancement and pressure drop of the horizontal 
concentric tubes with coiled wire insert, and 
consequently it is reported that the coiled wire inserts 
are particularly effective on laminar flow region in the 
meaning of heat transfer enhancement. Promvonge 
[19] presented the results of thermal performance of a 
tube with square cross sectioned coiled wire. 
Apparently, the results showed that the square coiled 
wire insert introducedhigher thermal performance than 
the circular one under the same conditions. The 
influence of snail entry on thermal enhancement of a 
tube fitted with circular and square cross sectioned 
coiled wire was also studied by Promvonge [20]. It 
wasfound that the coiled wire inserts with snail entry 
performs effectivelyin enhancing the heat transfer as 
compared to the inserts without snail entry. 
The literature survey shows that the coiled wire inserts 
are generally fabricated with circular, square or 
triangular cross sectioned. Therefore, the hexagonal 
cross-sectioned coiled wire was used to make the 
study different from those available in literature. The 
numerical analyses were performed with three 
different pitch ratios (P/D=1, P/D=2 and P/D=3) and 
three different hexagon edge length ratios (a/d=0.08, 
a/d=0.1, a/d=0.12)for Reynolds number ranging from 
5000 to 17000. Eventually, the results of Nusselt 
number, friction factor and thermal enhancement 
factor were presented for all investigated cases. 
 
II. NUMERICAL MODELLING 
 
A 3D model is composed to describe heat transfer and 
fluid flow characteristics in a plain circular tube under 
constant heat flux of 1 kW/m2 and velocity inlet (m/s) 
depends on Reynolds numbers in a turbulent flow 
regime. The model is selected as 50 mm diameter and 
an entrance section (L1) is considered as a 10D to 
supply fully developed flow at the inlet of the test 
region, test section (L2) is considered as 1m and an exit 
section (L3) from the test section is selected as 5D to 
defect the reverse flow effects. Boundary condition 
types and dimensions of the computational domain are 
depicted in Fig 1.As illustrated in Fig 1.,a represents 
an edge length of the hexagonal cross section, and c 
represents clearance between coiled wire and wall of 
the tube. Grid independence test has been performed 
for the physical model. The cooper type of the 
hex/wedge elements is used for meshing, as depicted 
in Fig. 2. Three grid systems with about 1,560,000, 
2,190,000, 2,500,000 cells are adopted to calculate a 
baseline case in which the Reynolds number is 10,000, 
P/D=1 and a/D is 0.1. The average Nusselt numbers 
(Nu) and the friction factors (f) of the baseline case are 
demonstrated that the difference between the 
calculated results of 2,190,000 and 2,500,000 cells is 
less than 2%. Therefore, the grid system with 
2,190,000 cells is adopted for the calculations. 
The numerical analyses were performed by using the 
computational fluid dynamics (CFD) commercial 
code, FLUENT 14.5 [21]. Segregated manner was 

selected as solver type. The second order upwind 
numerical scheme and SIMPLE algorithm are utilized 
to discretize the governing equations. In order to 
ensure accuracy of the numerical methodology, grid 
independence and turbulence model were 
tested.Standard k-ω turbulence model is selected in all 
considered cases.Air is selected as the working fluid. 
Heat conduction in the coiled wire elements is 
neglected. The thickness of solid wall is also not 
considered, since it does not affect the fluid area in 
terms of heat conduction. The convergence criterion is 
selected 10-6 for energy and 10-4 for other residual 
parameters. 
 
The analyses are based on the steady and 
three-dimensional continuity, momentum and energy 
equations. Used conversation equations in CFD 
program are as follows: 
Conservation of mass (continuity) equation[21]: 

+ 	∇. (ρu) = 0         (1) 
Conservation of momentum equation [21]: 

(ρv⃗) + ∇(ρv⃗v⃗) = −∇P + ∇(τ̅̅) + ρg⃗ + F⃗   (2) 
Energy equation [21]: 

(ρE) + ∇ v⃗(ρE + p) = ∇ k ∇T−∑ h J⃗ +
(τ̅̅ . v⃗) + Sh                
        (3) 
 

 
 

 

 
Figure 1. Schematic diagram of the computational domain 

 

 
Figure 2. Grid structure of the numerical model 
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III. CALCULATION OF HEAT TRANSFER AND 
FRICTION FACTOR 
 
The heat transfer coefficient between the fluid and 
wall is calculated as: 
 
h = "           (4) 

where bT is the bulk temperature of the fluid and it is 
the average of the inlet and outlet temperatures of air. 
The Nusselt Number can be calculated as: 
Nu = h            (5) 
Here, krepresents the thermal conductivity of air at 
bulb temperature. 
The friction factor is calculated as follows; 
f = ∆           (6) 

in whichUmis the mean velocity of the fluid and ΔP is 
pressure difference between inlet and outlet sections. 
The Reynolds number is defined by: 
Re =           (7) 
where   and   are density and dynamic-viscosity of 
fluid, respectively. 
The overall enhancement efficiency, η is expressed as 
the ratio of the,htof an enhanced tube with twisted tape 
insert to that of a plain tube, hp, at a constant pumping 
power is introduced by Webb [22]: 

3/1





















t

p

p

t
pp

p

t
pp

t

p

f
f

Nu
Nu

Nu
Nu

h
h

      (8) 

 
IV. RESULTS AND DISCUSSION 
 
The advantage of CFD simulations is to optimize 
system variations of models with shorter time and 
cheaper than experimental setup with ensured 
validation.The plain tube results were compared with 
commonly used equations that are Colburn Eq. (9) and 
Blasius Eq. (10) in terms of Nusselt number (5) and 
friction factor (6), respectively. 
Colburn Equation [23]: 
Nu = 0.023Re . Pr .      (9) 
Blasius Equation[24]: 
f = 0.316Re .       (10) 
The numerical results are evaluated and compared 
with these equations (9 and 10), as depicted in Fig 3. 

 
Figure 3.Verification of Nusselt number and friction factor for 

plain tube 

The variation of Nusselt number with Reynolds 
number for coiled wire inserts with three different 
pitch ratios (P/D=1, 2 and 3) and three different 
hexagon edge length ratios (a/d=0.08, a/d=0.1, 
a/d=0.12)is presented in Fig. 4. It is evident from this 
figure heat transfer increases significantly with the 
reduction of pitch ratio, this is because the turbulence 
intensity and flow path becomes greater and longer for 
small pitch ratios. However, Nusselt number is higher 
than P/D=2 and a/d=0.08 for the cases P/D=3 and 
a/d=0.1 and 0.12. This is related with these wire 
inserts (P/D=3)wire provide better fluid mixing in the 
flow field, causes an increase in turbulence intensity 
and as a result yields higher heat transfer rate. As seen 
in Fig. 6, Nusselt number increases with the increase 
of length ratio. This is because, the thicker wire inserts 
interrupt the development of the boundary layer of the 
fluid flow and increase the turbulence intensity in the 
flow field better than the thinner ones. The increase in 
Nusselt number for the cases (P/D=1, a/d=0.12) and 
(P/D=3, a/d=0.08) are in the range 241-276% and 
66-74% over that of the plain tube depending on 
Reynolds numbers, respectively. 

 
Figure 4. Variation of Nusselt number with Reynolds number 

for different coiled wire inserts. 
 

The variation of friction factor with Reynolds number 
for all investigated coiled wire inserts is also presented 
in Fig. 5. The friction factor tends to decrease with 
increasing Reynolds number. The coiled wire inserts 
cause a remarkable fluid friction as well, in 
comparison with the smooth tube because of the 
dissipation of the dynamic pressure of the fluid due to 
higher surface area and flow blockage of the coiled 
wire through the flow field. The fluid friction 
increases with the decrease in pitch ratio (P/D) and 
increase in length ratio (a/d). The number of coils 
increases by reducing the P/D ratio. Therefore, the 
highest pressure drop was observed for the coiled wire 
insert with (P/D=1, a/d=0.12) due to the fact that 
increasing the number of coils disturb the entire flow 
field and cause more friction, while the lowest 
pressure drop was obtained for the case of (P/D=3, 
a/d=0.08). The friction factor for the coiled wire insert 
with (P/D=1, a/d=0.12) and (P/D=3, a/d=0.08) are 
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averagely 32 and 3.5 times more than the plain tube, 
respectively.  

 
Figure 5. Variation of friction factor with Reynolds number for 

different coiled wire inserts. 
 

The variation of thermal enhancement factor(η),is 
plotted against Reynolds number for all cases in Fig. 6. 
Heat transfer enhancement is provided with the 
expense of increasing pressure drop caused by coiled 
wire inserts. Therefore, a performance analysis is 
necessary for the evaluation of the net energy gain to 
make a decision if the technique applied to increase 
the heat transfer is efficient from energy point of view. 
The comparison is made based on the same pumping 
power in order to determine the net final gain.  
There will be a net energy gain onlyηis greater than 
unity. So, it is clear from this figure that using coiled 
wire inserts except the case (P/D=2 and a/d=0.1) is 
advantageous over the plain tube. This can be 
explained by the fact that the heat transfer increase 
dominates the increase in friction loss. The highest 
thermal enhancement factor of 1.43 was obtained for 
the coiled wire with P/D=1, a/d=0.12. 

 
Figure 6. Variation of thermal enhancement factor with 

Reynolds number for different coiled wire inserts. 
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