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Abstract

This research present steady state heat transfer and fluid flow characteristics in concentric pipe with coiled tube insert for turbulent flow
regime with metal oxide nanofluid using ANSYS-FLUENT 18.0 where the governing equations of mass, momentum and heat transfer
were solved simultaneously, using the k-e two equations turbulence model. Copper was chosen as the as metal for the construction of
pipe and the helical tube insert. Coiled tube with curvature to pitch ratio as 1 and 2.5 mm in diameter with 1% volume fractions of TiO,
and CuO Nanofluid with Reynolds number ranged from 4000-16000 were considered in this research. The heat generated from constant
water temperature (80 °C) with constant flow rates in helical coil (Re=4000). The Result shows that the heat and friction coefficients
conducted by vortex generator raised with Reynolds number and accretion of nanoparticle presence. Furthermore, the maximum rate of
heat transfer with significant intension in friction coefficient has been produced TiO2 nanofluid by as compared with CuO and water.
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1. Introduction

Heat transfer enhancement technique plays substantial role for
laminar flow regime, due to the deficiency of heat transfer coeffi-
cient in plain tubes. The enhancement technique can be labeled as
active and passive techniques [1, 2]. Active techniques require
external power source, such as electric field, surface vibration, or
Jet impingement. Whereas, passive techniques require fluid addi-
tives, surface modifications, or swirl/vortex flow devices to
enhance heat transfer. The swirl flow apparatus includes helical
coiled wire, and twist tape inserts. So, many published articles
related to experimental and numerical investigation on convective
heat transfer using helical coil and water as test fluid have been
reported in the literature [3-13]. The limitation of thermos-
physical properties and low thermal conductivity of water lead up
to innovative new fluid to enhance the heat transfers. Small
amount of nanoparticles was dispersed into base fluid to improve
its thermal conductivity. The resultant fluid of suspended nanopar-
ticles into base fluid was called nanofluid. Nanofluids were first
used by Choi and Eastman [14] in 1995 at Argonne National La-
boratory, USA. Subsequently, different types of metal and metal
oxides nanoparticles were utilized for nanofluid preparation; gold
(Au), copper (Cu), and silver (Ag) and TiO,, Fes0,4, Al,Oz and
CuO [15-21]. Metal oxides are prioritized for heat transfer appli-
cation based on their significantly lower cost as with metal nano-
particles.

In the present work a numerical investigation on heat transfer
enhancement in concentric pipe with coiled tube insert as vortex
generator with 1% v/v of CuO and TiO, and nanofluids is simulat-
ed using Computational Fluid Dynamic (CFD). The results
demonstrate around 10% augmentation in heat characteristics for
CuO nanofluid with a significant increase in friction characteris-
tics compared to TiO, nanofluid and water.

2. Materials and Method

2.1. Physical model

Geometry and Grid of 1000 mm of copper concentric pipe fitted
with coiled tube insert with curvature to pitch ratio as 1 and 2.5
mm in diameter was created using ANSYS-FLUENT 18.0 as
shown in Figuers 1, 2.Water, TiO, and CuO Nanofluid are se-
lected as working fluids.

D = 25mm

L = 1000mm |/

Figurel: Coiled tube Model
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Figure 2: Grid for concentric pipe with coiled tube model
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3.1. Text font of entire document

Nanofluids thermos-physical specification of this research was
calculated using equations [22] as follow:

Pnr=(1—0)gsr+ Qpy €
(pCplns = (1 — B)(pCp)s + Dy )
Where

pr, pop and ¢ are water, nanoparticles and nanoparticle volume
fraction.

(pCp)s and (pCp)np are heat capacities of specific heat of water and
nanoparticles.

Likewise, the effective thermal-conductivity calculated using
equations [22] below:

Kerr = Brearic T Kgrownian €)]
(Epp+ 2K ) —20(Kf —2Knn)
Koraric = Kp |70 = T ] 4)
(Bnp+2K ¢ )+ B(Ef+Epy)
4 | kT .
Herownian = 5% 10 ﬁmﬂf'fpwmf (T.8) ©)
where
£ =9.881(1000)""%4€ for CuO nanoparticle
k = Boltzman costant
Rnp = Nanoparticle radius
FT @)= (28217 = 10759 + 3917 = 1:"3[___%] + [—3.669 x 10759 — 391173 = 1077
Whereas, an effective viscosity of naofluids obtained using the
following equations [23]:
Hy
Heff = 1—!4.97|'?‘|_”le“ ©)
wdifd
EM
df - [:'.rr:.:l‘-:.] )
where:

M is the molecular mass water, N is Avogadro number
(N = 6.022x1023 mol ™), and p, is the mass density of water at
reference temperature (T,=20 °C).

3.3. Parameters and Numerical method

Commercial CFD software, ANSYS-FLUENT 18.0 was selected
to solve the following three-dimensional model equations of mass
converstion, momentum conversation and energy converstion for
turbulant steady state flow (Re= 4000-16000) of water and
Nanofluid at 25 °C through pipe whereas hot water at 80 °C in

turbulant flow Re=4000 through the coiled tube insert. .
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4. Result and Discussion

4.1. Mesh independence test

Three mesh volumes were observed the independence effect of
mesh sizes (789270, 776533 and 823866) on the simulated Nus-

selt number values at Re = 2000. Their results similar values for
Nusselt number with approximated error less than 0.3%. Therefore,
mish size of 775533 was selected to minimize the computation
time.

4.1. Effect of configuration

Nusselt number and friction characteristics with different Rey-
nolds number in plain pipe with coiled tube insert using water-
water system are depicted shown in Figs. 3 and 4. It’s obvious that
with Reynolds number increase, the heat transfer coefficient in-
creases whereas, friction factor decreases. Mainly, this phenome-
non is conducted due to the mutual effects of normal swirling flow
generated by the coil insert and turbulence flow due to Reynolds
number along the pipe. These effects lead to thermal boundary
layer annihilation with superior fluid mixing between at the core
of the pipe and inner pipe surface.
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Figure 3: Nusselt Number with at different Reynolds Numbers for water-
water system
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Figure 4: Friction factor with different Reynolds Numbers for water-water
system

3.3 Effect of nanofluid with model configuration

The simulated results of Nusselt number and friction factor versus
Reynolds number variation in a plain pipe with the coiled tube
insert using water- water, CuO-water and TiO,-water nanofluid
with 1% volume fraction system are presented in Figs. 5 and 6.
It’s can be observed from Fig. 5 that significant increases in Nus-
selt number with type of fluid and of nanoparticles volume frac-
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tion. This result is possibly occurred due to the thermal flow dis-
persion due to the random movements [24]. Fig. 6 shows the
variation of friction factor with the Reynolds number of water and
nanoparticles. It is obviously seen that the presence of nanoparti-
cles suspension increases of the shear stress nearby the pipe sur-
face which consequently causes a slight effect on friction coeffi-
cient [25].
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Figure 5: Nusselt number with different Reynolds Numbers
for water-nanofluid system
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Figure 6: Friction factor with different Reynolds Numbers

for water-nanofluid system

5. Conclusion

CFD simulation on heat transfer augmentation in a plain pipe with
coiled tube insert for turbulent flow regime of water and metal
oxide nanofluids using ANSYS-FLUENT 18.0 has been reported.
The results of simulation show that the Nusselt number enhanced
with accretion of nanoparticle volume fraction and Reynolds
number. The results also revealed that the combined nanoparticle
with presence of helical coil has superior dominant effect com-
pared with water-water system. Furthermore, water-CuO nan-
ofluid system offered highest enhancement in heat transfer coeffi-
cient with significant intension in friction factor compared with
water-CuO and water-water system.

It can be concluded that best heat transfer enhancement over heli-
cal coil insert was obtained by using TiO, as the working fluid
with 1% volume fraction at Reynolds number of 16000.

Nomenclature

CuO Copper oxide

Cp  Fluid specific heat, J/kg K

dp Diameter of Nanoparticle, nm
Dc  Coil turn diameter, mm

E Component of Energy, J

F Component of Force, N

f Friction factor
g Gravity acceleration, m/s2
keff ~ Thermal conductivity, W/m K

m Fluid mass flow rate, kg/s

Nu  Nusselt number, dimensionless

Re  Reynolds number, dimensionless

p Pressure component in momentum equation, N/m2
Pc  Coil pitch, mm

Sm  Mass accumulation, Kg

Sh Energy accumulation, J

TiO2 Titanium oxide

T Temperature. °C.

v Fluid velocity, m/s

Greek symbols
p  Fluid density

Tet Fuig stress, N/m2
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