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Abstract

Heat transfer and applications are among the most important research topics of the industry. The most important factor investigated in
this paper is to achieve high heat transfer with less energy. Efforts to improve heat transfer in heat exchangers are an example of this.
In this study, the effect of the length of the square helical wires placed in the circular pipe on the heat transfer and pressure drop was
investigated numerically. All results were obtained using the k-& turbulence model in the ANSYS FLUENT module. The equations used
in the verification were compared with the Dittus-Boelter equation and the Nusselt number friction factor in the turbulent regime with
numerical results. It has been observed that the results of the smooth pipe obtained numerically and the results of the empirical relations
are quite close to each other. The cross-sectional length of the inserted helical wires is 3, 4, and 5 mm. The pitch ratio of the placed
helical wires is 1. The Reynolds number research range is between 5175 and 24,575. According to the obtained results, both the Nusselt
number and the friction factor increase with increasing edge length. In addition, higher efficiency is obtained at a low Reynolds number
according to the thermo-hydraulic thermal performance criterion (PEC). The highest PEC was seen in the helical wire with a cross-
section length of 3 mm, with a value of 1.25. However, it is observed that the PEC of 5 is greater than 4 and 3 with increasing Reynolds
number.
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Kare Kesitteki Helisel Tellerin Kenar Uzunlugunun Is1 Transferi ve
Basin¢ Diisimiine Etkisinin Sayisal Incelenmesi

Oz

Is1 transferi uygulamalar1 endiistrinin en énemli arastirma konular1 arasindadir. Sunulan makalede incelenen en 6nemli faktor, daha az
enerji ile yiiksek 1s1 transferi elde etmektir. Is1 esanjorlerinde 1s1 transferini iyilestirme ¢abalar1 da buna 6rnektir. Bu ¢alismada dairesel
boru igerisine yerlestirilen kare kesitteki helisel tellerin kenar uzunlugunun 1s1 transferi ve basing diisiisiine etkisi sayisal olarak
incelenmistir. Analizler ANSYS FLUENT modiiliinde k-& tiirbiilans modeli kullanilarak elde edilmistir. Dogrulamada kullanilan
denklemler, tiirbiilanshi rejimdeki kullanilan Dittus-Boelter denklemiyle Nusselt sayisi ve tiirbiilansh rejimde kullanilan siirtiinme
faktorii ile sayisal sonuglarla karsilastirilmistir. Sayisal olarak elde edilen bos boru sonuglari ile ampirik iligkilerin sonuglarinin birbirine
oldukga yakin oldugu goriilmiistiir. Yerlestirilen sarmal/helisel tellerin kesit uzunlugu 3, 4 ve 5 mm'dir. Yerlestirilen sarmal tellerin
hatve orani 1'dir. Reynolds sayisi arastirma araligi 5175 ila 24,575 arasindadir. Elde edilen sonuglara gére kenar uzunlugu arttikga hem
Nusselt sayist hem de siirtiinme faktorii artmaktadir. Ayrica termo-hidrolik olarak ele alanan termal performans kriterine (PEC) gore
diisiik Reynolds sayisinda daha yiiksek verim elde edilmistir. En yiliksek PEC, 1,25 degeri ile 3 mm kesit uzunluguna sahip sarmal telde
goriildii. Ancak artan Reynolds sayisi ile kesit uzunlugu 5 mm'nin PEC'nin 4 ve 3'ten biiyiik oldugu goriilmektedir.

Anahtar Kelimeler: Is1 Transfer Iyilestirmesi, FLUENT, Helisel Tel, PEC, Kesit geometrisi.
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1. Introduction

Placing the external element inside the heat exchanger, which
is one of the passive heat transfer improvement techniques, has an
important role in improving the heat transfer. The main reason for
this is that it does not bring extra costs. The most important
elements or geometries that come to the fore at this point are
external elements such as twisted tape or helical wires.

The thermal and hydraulic characteristics of different types
of twisted band and helical wires were investigated in both
laminar and turbulent regimes. It has been found that helical wire
performs better than twisted tape (Wang & Sundén, 2002).

The analysis of heat transfers and flow-induced vibration in
the case of conical rings placed inside the pipe has been
experimentally investigated. The pitches of the placed external
elements are 10, 20, and 30 mm. The conical ring with a pitch of
10 mm increased the heat transfer by 250% in the case of constant
pump power (Yakut & Sahin, 2004).

The effect of helical wire in 3 different pitches, where the
fluid is water, on the heat transfer when placed in the pipe was
numerically investigated. According to the results obtained, the
maximum thermal stress was observed when the pitch ratio (p/D)
was 2 and the speed was 3 m/s (Ozceyhan, 2005).

The effect of helical wires on heat transfer and pressure drop
in circular cross-section, 6 different geometries, p/D ratio in the
range of 1.17 to 2.68, and also the ratio of cross-section diameter
to pipe diameter (e/D) 0.07 to 0.1 were investigated
experimentally. Helical wire placed at constant pumping power
and in the transition zone increased the heat transfer by 200%. The
placed helical wires showed the highest efficiency in the transition
region (Garcia et al., 2005).

The effect of geometric parameters such as pitch effect on
heat transfer when helical wire elements are placed inside the
double pass heat exchanger has been investigated. According to
the results of the experiments, they observed the effect of placing
an external element/turbulator on heat transfer, especially in the
laminar region (Gunes et al., 2010).

The effect of conical-nozzle and combined type swirl
generator (the use of conical nozzle and volute geometry together)
on the heat transfer improvement when placed in the pipe at
different pitch ratios was experimentally investigated. According
to the experimental results obtained, they observed that the
conical nozzle or volute type combined turbulator increased the
heat transfer by 278% and 206%, respectively (Promvonge &
Eiamsa-ard, 2006, p.).

The properties of the boiling heat transfer of nitrogen were
investigated experimentally when the helical wires were placed
inside the tube. The inserted helical wire has a circular cross-
section geometry. The realized heat transfer improvement
increased by 174% compared to the smooth pipe (Yun et al.,
2007).

The effect of conical turbulators with converging and
diverging geometry on heat transfer has been experimentally
investigated. Pitch ratios are p/D=2.0, 4.0 and 7.0. According to
the results obtained, an increase of 315%, 300% and 285% was
observed for the specified pitch ratios compared to the Nusselt
number smooth pipe, respectively (Promvonge & Eiamsa-ard,
2007).
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The thermal and hydraulic characteristics of the twisted tape
and wire nails type geometries placed on the twisted tape were
experimentally investigated. Twisting ratios (Y) of the placed
twisted tape or spiked twisted tape are Y=2, 4.4 and 6. According
to the experimental results obtained, the highest Thermal
Performance Factor (PEC) was observed as 1.33 in the spiked
twisted tape. They obtained this value at low Reynolds number
and Y=2. The lowest PEC was observed in the case of Y=6 and in
the straight twisted band, but at a high Reynolds
number(Murugesan et al., 2010) .

The effect on heat transfer was investigated by placing the
fin-type turbulators in the channel with a Reynolds number of
4,000 to 23,000. Working pitch values are 1, 2 and 3. The highest
PEC=1.8 was obtained at low Reynolds number and
p/D=1(Promvonge et al., 2012) .

Energy and exergy analysis were made by placing twisted
tape or strip and their derivatives integrated into the
humidification-dehumidification desalination system
(Muthusamy & Srithar, 2015).

The variation in the heat transfer coefficient when the bent
strip is placed in the pipe at different pitch ratios (6-9) has been
numerically investigated. Results showed that the heat transfer
performance or Thermal Performance Factor (PEC) is 0.90—1.02,
0.89-1.00, 0.91-0.96, and 0.92—0.96, respectively, depending on
the increase in twist rate (Goksu & Yilmaz, 2019).

In this study, the effect of the edge length of the helical wire
on the heat transfer improvement was investigated. The cross-
section of the studied geometry is square. The section lengths
whose effects on heat transfer were investigated are 3, 4, and 5
mm. The Reynolds number research range is between 5175 and
24,575.

2. Numerical Approach
2.1. Geometry

Figure 1 shows the geometry of helical insert placed in a plain
tube. The inlet diameter of the pipe is 60.3 mm and the thickness
of the pipe is 3.5 mm. The geometry of helical wire with a pipe
was modeled periodically. Figure 1 shows the periodical geometry
of the pipe with placed helical coil/wire. The geometrical cross-
section of the helical coil is square and each side of a square is
a=3, 4, and 5 mm. Pitch ratio of whole geometries are equal to
p/D=1.

A

Fig.1. Geometry of periodical model
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2.2. Mesh

Plain tube mesh, mesh for a=3, 4, and 5 mm were applied to
the geometry for analysis. The full model geometry meshed for
the plain tube analysis, and for the geometries where the edge
length effect of square wire coil was investigated, less mesh was
applied because the periodic model was used. Tetra mesh was
applied to all geometries first. Then all meshes were converted to
polyhedral meshes. The lowest quality (for orthogonal quality) for
all analyzes was obtained as 0.125, and this value is very
important to get accurate results in the program.

Tetrahedral mesh numbers are 240097, 246154, and 250470 for
a=3, 4, and 5 mm, respectively. The number of elements was
increased up to 3 times and tested again, and the specified mesh
numbers were used after it was seen that the deviation amount
obtained was below 0.98%. Figure 2 and 3 show the tetra mesh of
domain, converted mesh for polyhedral meshes, respectively.
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Fig.2. Tetrahedral mesh for domain

Fig.3. Tetrahedral mesh converted to polyhedral mesh

2.3. Boundary condition

The flow direction is specified as normal to the tube cross-
section. Uniform heat flux was performed on the pipe wall as 500
W/m2. The air was selected to be the working fluid. The flow
regime is considered to be turbulent where the Reynolds number
varies from 5175 to 24,556.
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2.4. Numerical solution

The commercial computational fluid dynamics(CFD) solver
Ansys Fluent was used. SIMPLE algorithm for pressure-velocity
coupling, spatial discretization for gradient (least square cell-
based), pressure (second-order), turbulent kinetic energy and
dissipation rate (first-order upwind), momentum, and energy
(second-order upwind) and k-¢ turbulence model with enhanced
wall treatment option were applied. The y+ value was lower than
1 for all analyses. The solution convergence criterion was satisfied
as to the scaled residuals less than 10—7 for energy, and 10—4 for
momentum, continuity, k, and €.

2.5. Calculation of Thermo-Hydraulic Fluid
Properties

The following equations were used for the calculation of
numerical results:

Reynolds Number (Re):

— p- Uort- Dh
u

Re

€y

Darcy’s friction factor (f):

(_ _2AP.D @
p' Urznean' L

Blasius equation for plain tube friction under turbulent flow:

0.316
~ Re0.25 3)
Nusselt number(Nu):
Nu = h.Dy, .
u=— (4)

Dittus-Boelter equation for plain tube:
Nu = 0.023.Re%8pr04 (5)

Performance evaluation criteria (PEC):
_ (Nua) (fa _1/ 3 6
= () () ®

3. Results and Discussion
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Figures 4 and 5 show the smooth pipe comparisons of the
numerical with experimental results of Reynolds number versus
Nusselt number and friction factor. Figures shows that, the results
of the Nusselt number and Darcy’s friction factor are close for the
Reynolds number range of 5175 and 24,575. While the deviation
of the numerical results for the Nusselt number varies between
2.3—12.8%, it is between 4.3—14.3% for the friction factor.
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Fig.5. Friction factor comparison with Numerical and
Experimental

Figures 6, 7, and 8 show the variation of Nusselt number,
friction factor, and PEC with respect to Reynolds number,
respectively. It was observed that Nusselt number of a=5 mm were
higher than a=4 mm and a=3 mm, respectively, throughout the
entire Reynolds number. The highest Nusselt number was
obtained as Nu=134.7 in Re=24,564, and the lowest Nu=103.29
in this Reynolds number was obtained at a=3 mm.

The highest friction factor for all Reynolds numbers was
observed at a=5 mm. followed by a=4 and a=3 mm, respectively.
the highest friction factor was obtained as f=0.522 at low
Reynolds number.

When the graph of Reynolds number against PEC is
examined, the highest PEC=1.25 is seen at low Reynolds number
and a=3 mm, while a=5 mm outperforms the other two length a=3,
4 mm as the Reynolds number increases.

e-ISSN: 2148-2683

160
a3 ®a4 Aab
140
120
100 °

80 ®

Nu

60 al
40

20

0 5 10 15 20 25 30
Re (x103)

Fig.5. Nusselt number variation with edge length
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4. Conclusions

This paper presents the thermo-hydraulic performance of
helical coil placed in pipe with length of coil. A numerical model
has been developed periodically. Each side of square helical coil
is 3, 4, and 5 mm. pitch ratio is p/D=1 for the Reynolds number
range of 5175 to 24,575. The findings of the numerical study
which reveal how efficiently this insert is to be utilized for
enhancing the heat transfer against pressure drop are as follows:

» The highest friction factor and Nusselt number for
all Reynolds numbers were found at a=5 mm.

» The best thermal performance was observed at a=5
mm in all tests except the low Reynolds number.

» The highest PEC=1.25 was obtained at low
Reynolds number.

» The effect of the helical wire of the specified cross-
section on the heat transfer was observed when the
Reynolds number is less than =10,000.
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