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ABSTRACT

Compact heat exchangers are used in various industries due to its good efficiency and
compactness. The fluid used in heat exchanger has significant effect in augmentation of heat
transfer characteristics of heat exchangers. In recent years, researchers have shown keen
interest in uses of nanofluids for heat exchangers due to its good thermo-physical properties.
The present study explores the application of ZnO /water nanofluid on compact heat exchanger
with circular tubes using techniques of Computational Fluid Dynamics (CFD). The CAD
model is developed in Creo design software and CFD analysis is conducted using ANSY'S
CFX. The volume concentration of nanoparticles used for analysis are .02,.04 and .07. The
CFD analysis is conducted for both laminar and turbulent flow regime using SSG shear stress
turbulence model. The temperature distribution, Nusselt number and pressure plots are
generated to determine heat transfer characteristics. The results are encouraging, and
significant enhancement of heat transfer is achieved using ZnO/water nanofluid. However, the

pumping power requirement also increased with increase in nanoparticle concentration.
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INTRODUCTION

In finned tube heat exchange, the liquid side has higher heat transfer coefficient as compared
to gas side. The fins are used on gas side to increase surface area A. The condensing liquid is
on one side and gas on other side (Paria et al., 2015). The geometry of finned tube heat
exchanger has mostly circular tubes, rectangular tubes but sometimes elliptical tubes are also
used. The fins are placed on outside and are attached using tension winding or mechanical fits

as shown in figure 1.
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Figure 1 Finned tube heat exchanger (Pariaetal. 2015)

Nanofluid, which is a “term used to describe fluids containing dispersed particles of nanoscale,
can be formed from nano particles of single element (e.g. Cu, Fe, and Ag), single element
oxide (e.g., CuO, Cu20, AI203, and Tio 2,), alloys (e.g., Cu-Zn, Fe-Ni, and Ag-Cu),
multielement oxides (e.g., CuZnFe40O4, Ni Fe 204, and ZnFe 204), metal carbides (e.g., SiC,
B4C, and ZrC ), metal nitrides (e.g., SiN, TiN, and AIN),and carbon materials (e.g., graphite,
carbon nanotubes, and diamond) suspended in water, ethanol, EG, oil, and refrigerants” (Gupta
etal., 2017; Gupta, Tiwari,and Ghosh, 2018; Sundar etal., 2017). Commonly used base fluids
for nano fluid formulation are water, ethylene glycol (EG), EG— H,O mixtures, and oils
(Suganthi and Rajan, 2017).

The nanofluids are used in sunscreen products (Burnett and Wang, 2011), medicine (Lapotko,
2009; Maier-Hauff et al., 2007), reducing buildings pollution (Kulkarni, Das, and Vajjha,
2009), magnetic sealing (\Vekas, Bica, and Avdeev, 2007), microbial fuel cells (Sharma et al.,
2008), anti-bacterial activity, and many other applications (Taylor et al., 2013). (Wen and Ho
2009) has investigated compounded fin, wavy fin, and plate fin for Re number ranging from
2000 to 6000 and air velocity ranging from 1nvs to 3 mv/s. (Kusworo et al. 2020)Conducted
experimental research to improve the perm-selectivity of nanohybrid polyether-sulfone
membrane using NIPS method. The study shows the good results in the attachment of nano
particles. The Coburn factor and fanning factor along with heat transfer coefficient and
pressure drop are determined and compounded fin has shown best results among all other
types. Pongsoi et al. (2013) conducted investigation on spiral fin and tube heat exchanger (L
footed) with varying fin pitches. The HTC of air side and friction factor was determined for
Re number ranging from 4000 to 15000. The hot water was used as fluid and findings have

shown significance of fin pitch on average HTC. Afzal, Mohammed, and Abdul (2019) has
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performed numerical investigation on shell-tube heat exchanger in parallel flow conditions.
The fluids used for analysis was engine oil and water and results have shown good effectives.

Nuntaphan, Kiatsiriroat, and Wang (2005) conducted investigation on 23 heat exchangers
having crimpled spiral configurations with varying tube diameter, fin spacing. The findings
have shown that increasing tube diameter causes increase of pressure drop and average HTC
and both variables reduce with increased fin height. These results hold for inline arrangement.
Su et al. (2019) has conducted CFD multiphase modelling of ANSYS fluent to simulate spray
towers used in heat exchanger. The software gave reasonably accurate solutions of phase

change with different turbulence models.

Pongsoi et al. (2011) investigates the crimpled finned tube heat exchanger having multi pass
parallel configuration for Re number ranging from 4000 to 13000. The effect of fin materials
i.e., copper and aluminum and fin pitches on performance of air side performance is evaluated.
The experimental findings have shown that fin pitch does not have any significant effect on

Colburn j factor. The increase in friction factor is however observed at fin pitch of 6.2mm.

Mohammad (2021)investigated the model combustor with three struts using 2-D governing
equations & turbulence model in CFD. Sahnoune et al. (2020) performed the numerical
simulation of a Newtonian Drilling Mud stream CFD based k-& model was used to study the
flow properties.

In the current study ZnO water nanofluid is analyzed in finned tube heat exchanger using
CFD. The turbulence model considered for analysis is shear stress transport and CFD analysis
is conducted using ANSYS CFX software. (Agarwal and Mthembu, 2020)

METHODOLOGY

The numerical analysis of finned tube heat exchanger is conducted using techniques of
computational fluid dynamics which is based on conservation of mass momentum and energy.
These equations are described - Continuity Equation (Agarwal and Pitso, 2020)
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“I:  Local change with time, Il: Momentum convection, Ill: Surface force, IV Molecular-

dependent momentum exchange (diffusion), V: Mass force” (Agarwal, Molwane, and
Pitso, 2021)

Energy Equation (Agarwal, Molwane, and Pitso, 2021)
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“l: Local energy change with time, Il: Convective term, Ill: Pressure work, 1V: Heat flux

(diffusion),V: Irreversible transfer of mechanical energy into heat” (Agarwal and Pitso, 2020)

The CAD design of finned tube heat exchanger is modelled with 2D symmetry and converted
in .iges file format. The discretization of finned tube CAD model is accomplished with fine

relevance setting and using hexahedral element type as shown in figure 2.
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Figure 2 Meshed model in ANSYS and parameter setting.

Due to symmetric geometry, the loading conditions include symmetrical wall on side faces

(shown by red arrows) as shown in figure 3.
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Figure 3 Boundary conditions

The wall on left face is applied with inlet boundary condition and wall on right face is applied
with outlet boundary condition. The turbulence intensity and relative pressure difference is
defined.

RESULT AND DISCUSSION
For this case we have used water as fluid without incorporating aluminum oxide nano particles
and results are shown below. From temperature contour plotted in fig 4 (a) shows that fluid in
contact with tube shows higher temperature as compared to fluid away from tube. There is
non-uniformity in temperature distribution of fluid due to flow across tube banks. The heat
transfer is due to turbulence and above tube banks uniform temperature with blue colored
contours. The pressure distribution is shown in figure 4(b) and variation of temperature is

shown in figure 4(a).

(a) (b)

Figure 4 Plot for water, Temperature plot (a) and Pressure Contour (b)
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For other points negative pressure is developed and ranges from -65.3 Pa to 83.5 Pa max value.
The temperature plot obtained for ZnO is very different as that of using water as fluid. Here
maximum temperature shown by red colour is developed across entire fluid exit. The presence
of dispersed ZnO particles in water causes low temperature near inlet. The maximum
temperature obtained is 369K which is much higher as compared to water as fluid as shown in
fig. 5 (a). The pressure contour as shown in fig. 5 (b) is similar as that of water, but difference

lies in maximum and minimum values.

(a) (b)
Figure 5 Plot for ZnO / water .02, Temperature contour (a) and Pressure Contour (b)

The region near inlet shows higher pressure with magnitude of 91Pa compressive (red color).
The upper portion of tube experiences tensile pressure of magnitude 71Pa (blue color).

The Nusselt number rises linearly with growth in Reynolds number as shown in fig. 6 (a) and

fig. 6 (b) respectively.
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Figure 6 Nusselt number vs Re number for Water (a) for ZnO / water .02 (b)
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The Nusselt number of water increased linearly up-to .6m/s fluid velocity and maximum
Nusselt number is observed at 1m/s. The pressure drop increases parabolicallywith increase
in Reynolds number asshown infig. 7 (a). The highest-pressure drop is of magnitude 775.35Pa
at 1m/s fluid velocity. Nusselt number vs Reynolds number for ZnO / water .04 is indicated in

fig. 7 (b).
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Figure 7 Plot for ZnO / water .02, Pressure drops vs Re (a) and Nu vs Re
The heat transfer rate increases with increase in fluid velocity. The increase in Nusselt number
can be attributed to higher heat transfer with increase in fluid velocity. Pressure drop vs

Reynolds number graph for ZnO / water .04 is shown in fig. 8 (a) while Fig. 8 (b) shows

Nusselt number vs Reynolds number for ZnO / water .07.
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Figure 8 Plot for ZnO / water .04, Pressure drops vs Re (a) and Nu vs Re for ZnO / water .07

Figure 9 shows pressure drop vs Reynolds number graph for ZnO / water .07. The Nusselt

number comparison between different volume fractions of nanofluids is shown in figure 10.



Journal of Engg. Research, ICIPPSD Special Issue

Pressure drop (Pa)

1000
o 800
o
S 600
L
>
3 400
o
%200
0
0 2000 4000 6000 8000 10000
Reynolds number
Figure 9 Pressure drop vs Re for ZnO / water .07
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Figure 10 Nusselt number comparison for different volume fraction.

The minimum Nusselt number is observed using water as base fluid which increased with
increase involume fraction of nano fluids. The increase in concentration of nanoparticles helps
to achieve higher rate of heat transfer. Drop in pressure with any concentration of nanofluids
is higher than base fluid i.e., water for all Reynolds number as shown in figure 11.
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Figure 11 Pressure drop comparison for different volume fraction of ZnO
CONCLUSION

The results obtained from CFD simulation of finned tube heat exchanger are encouraging. The
use of nanofluids for heat exchangers have shown enhancement in heat transfer characteristics.
By increasing volume fraction of ZnO, the Nusselt number increased. The maximum Nusselt
number is obtained for ZnO/water .07 composition and minimum Nusselt number is obtained
for water (without any nanoparticles). However, the increase in heat transfer rate is
accompanied with increase in pressure drop which increases pumping power requirement. The
ZnO/water nanofluid with .02 volume faction has shown highest pumping power requirement.
The SSG shear stress transport turbulence model has given reasonably good fluid flow

predictions.

With the technological advancement in synthesis process of nanofluids the other type of
nanofluids like CuO/water, TiO2/water can be investigated for various types of heat
exchangers. The turbulence model used for numerical analysis has significant effect on results
generated i.e., temperature distribution, flow pattern and pressure plot. Different types of
turbulence model available in CFD can be investigated for finned tube heat exchanger

application.
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