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Abstract: This numerical investigation is made to estimate
the effect of Al2O3 and Cu nanofluids on heat transfer rate,
friction factor and thermal performance factor of a shell and
tube heat exchanger. Mass flow rates of shell side (water)
fluid are varied. Water based nanofluids are used inside the
tubes with 0.01, 0.03, and 0.05% volume concentrations of
Al2O3 and Cu nanofluids. Nusselt number obtained from the
present investigation is compared with Dittus–Bolter equa-
tion and Pongjet Pomvonge et al. and found to be in good
agreement with a maximum deviation of 3%. The Nusselt
number of the dispersed nanofluids increased with the in-
crease of nanofluids volume concentrations and shell side
mass flow rate. In this study, maximum enhancement in
Nusselt number is 7.50%, 8.65%, and 9.61% for Al2O3, and
1.46%, 2.23%, and 3.18% for Cu nanofluid respectively at 0.01,
0.03, and 0.05% volume concentrations were compared to
base fluid as water. Friction factor is highest by 58.00% at
0.05% volume concentration of Cu/H2O nanofluid when
relate to Al2O3/H2O nanofluid. Thermal Enhancement factor
achieved is highest for Al2O3/H2O nanofluid.

Keywords: friction factor; heat exchangers; heat transfer
techniques; nanofluids; thermal performance factor.

1 Introduction

Energy and water are the two major things in this modern
century to develop any country (Gugulothu et al. 2017a),
each and every country facing a problem with huge scarcity
of the above two things (Somanchi et al. 2015a). Due to
tremendous growing of population and industries, demand
of energy is growing more and more to supply sufficient
energy to the world energy hunger only option is conser-
vation of energy (Thakur et al. 2021). A Heat exchanger (HE)
is an apparatus that can transfer heat from hot to cold fluids
between two or more fluids (Gugulothu et al. 2022a; Reddy
et al. 2017). Many industries are using shell and tube heat
exchangers (STHX) in engineering practice to exchange heat
for heating and cooling processes, due to reliability, versa-
tility, technological up-gradation, ease of manufacturing,
and operating at a higher pressure and temperature
(Ahmed et al. 2021c). Beyond this STHX are the most popular
equipment in oil, food, and chemical processing industries
which can help to save and produce energy from the waste in
the form of reheat (Gugulothu et al. 2021; Somanchi et al.
2014a; Somanchi et al. 2015b). For design engineers and uti-
lizers, it is a prime motto to design optimum STHX by
considering design parameters (Gugulothu et al. 2022b). Baf-
fles are playing a key role to enhance heat transfer rate, i.e.
segmental, helical, and ladder-type baffles induce cross-fluid
flowover the tubes to improve their performance of it. Among
these heat exchangers, helical-shaped heat exchanger offers
more advantages like service life, fewer vibrations, and heat
transfer coefficient (HTC) (Reddy et al. 2017).

According to Ahmed et al. (2022) industries are facing
problems improving thermal performance which can boost
the energy systematic methods to augment the heat transfer
rate by reducing the installation price and maintenance of
the industry. Gugulothu et al. (2019) numerically studied the
40° helical baffles STHX based on TEMA standards, further
continued by Gugulothu et al. (2022b) designed 40° helical
baffles STHX based on TEMA standards using RSM methods.
Gugulothu et al. (2017b) and Somanchi et al. (2014b) listed
three different methods to enhance heat transfer rate active,
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passive, and compound techniques to minimize heat
exchanger area, and to improve energy generation and fuel
efficiency. The difference, advantages, and disadvantages
between active and passive techniques are listed/given by
Niwalkar et al. (2019). The passive method is an attractive
one for research, among the heat transfer enhancement
techniques (Gugulothu et al. 2017c; Sarada et al. 2014).

Common heat transfer (HT) aqueous, such as oil, pro-
pylene, ethylene glycol, and water are utmost popular fluids
for industries (Gupta et al. 2014; Said et al. 2014; Reddy et al.
2015). The heat transfer rate is lesser, adequate to the poor
thermal conductivity of conventional fluids. Many re-
searchers have reported that to move towards a new engi-
neering fluid which is nano (<100 nm) in size called
nanofluids, due to greater potential for HT enhancements by
being suspended in base fluid (Gugulothu et al. 2017d; Shilpi
and Aggarwal 2020; Sundar et al. 2013). Nanofluids become
attractive to innumerable researchers since they are
observed to enhance numerous physical and chemical
properties like thermal conductivity, diffusivity, viscosity,
and stronger and more attested thermal performances than
regular fluids due to the occurrence of suspended nano-
particles (Shilpi and Aggarwal 2020). These advantagesmake
nanofluids promising heat transfer fluids to be used for heat
transfer enhancement (Fares et al. 2020). Zeinali et al. (2007)
noticed that adding nanoparticles to base fluid generates
considerable enhancement of HT. Thakur et al. (2020) listed
nanospheres uniformly dispersed when compared to the
nanocapsules.

Ahmed et al. (2021b) numerically explore the entropy
generation, thermal-hydraulic, and turbulence characteristics
of a nuclear rod ina triangular rodarrayusingTiO2, Al2O3, and
Graphene Oxide water-based nanofluids at various volume
concentrations. They found that the entropy decreases, and
increases kinetic energy with an enhancement in the volume
fraction of nanofluids. They concluded that TiO2 has the
highest entropy, then Al2O3 is the second highest and Gra-
phene Oxide has the truncated entropy generation among the
studied nanofluids. Ahmed et al. (2021a) numerically explore
the thermohydraulic performance of TiO2, Al2O3, and Gra-
phene Oxide/water as a coolant by using 1%, 2%, and 4%
volume fractions of nanofluids to evaluate both global and
local parameters. They found that the Al2O3 nanofluids at 4%
volume fraction show the potential candidates. Zeinali-Heris
et al. (2012) numerically investigated HT in a square cross-
section duct using CuO, Al2O3, and Cu nanofluids. They noticed
that the Nusselt number is enhanced by increasing volume
concentration and decreasing the size of nanoparticles, the
enhancement in Nusselt number is up to 77% for Cu, 68% for
CuO, and 59% for Al2O3 nanofluids at 4% volume concentra-
tions of 10 nm nanoparticles.

Niwalkar et al. (2019) experimentally explore the
enhancement of HT coefficient in a shell and helically coiled
tube HE utilizing SiO2/water nanofluids by varying volume
concentrations differing from 0.05 to 0.25% with different
hot fluid flow rates, were cold fluid flow rate is constant.
They found that theHTC of SiO2/water nanofluidswas 28.71%
elevated than the base fluid, 52.61% elevated friction factor,
and 62.60% elevated pressure drop compared to the base
fluid. Gugulothu and Sanke (2022a) numerically studied
STHX with 22% cut baffles (segmental) using Al2O3, CuO, and
SiO2 nanofluids by varying 1, 3, and 5% volume concentra-
tions. Further, Gugulothu and Sanke (2022b) continued with
the same nanofluids using segmental (22% Cut baffles), and
helical baffles (HB) (20°, 30°, and 40°). They noticed that 40°
HB proved higher HT and Al2O3 is shown best nanofluid
among the studied nanofluids. Kaleru et al. (2022a) theoret-
ically and numerically studied the STHX with Al2O3, Gra-
phene Oxide, TiO2, single wall carbon nanotube, and MXene
water-based nanofluids for 1, 3, and 5% volume concentra-
tion. They found that graphene oxide provided the highest
HTC among the studied nanofluids.

Maghrabie et al. (2021) experimentally studied the ef-
fects of the inclination angle (0°, 30°, 60°, and 90°) of a shell
and helically coiled tube HE utilizing SiO2/water, and Al2O3/
water nanofluids by varying 0.1%, 0.2%, and 0.3% volume
flow. They found 11%, 8.3%, and 7.5% enhancement in coil
Nusselt number for water, SiO2/water, and Al2O3/water
nanofluids with 0.1% volume flow. Heris et al. (2011)
numerically explored the convective HT in a triangular duct
using Al2O3/water nanofluids parameters effects like di-
ameters, and volume concentrations. They concluded that
the Nusselt number the increases with the increase of vol-
ume concentrations and decrease of nanoparticle diameter.
Velagapudi et al. (2008) experimentally explore the ther-
mophysical characteristics of Al2O3, Cu, CuO, TiO2, etc.
nanofluids for various base fluids like engine oil, ethylene
glycol, and water. From their study, they developed new
correlations and compared them with existing literature
models. Pak and Cho (2007) experimentally investigated HT
and friction behaviors of dispersed fluids in turbulent fluid
flow regimes through the circular pipe, and suggested higher
thermal conductivity and larger size nanoparticles are good
for better HT.

Malika and Sonawane (2021) investigated the efficiency
of a 3D artificial illuminated sono photocatalytic reactor
using hybrid nanofluid to remove toxic fragments from in-
dustrial waste, using response surface methodology (RSM)
and artificial neural network (ANN)method. They found that
the reactor time is less than 60 min for 0.5% vol. nanofluid
concentration at 60 °C nanofluid temperature. Kanti et al.
(2021a) numerically investigated the heat transfer and fluid
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flow characteristics of fly ashwater based nanofluid ranging
from 0.1 to 1.5% vol. concentration under constant heat flux.
They found that 9.4%, 36% friction factor and the Nusselt
number respectively at 1.5% vol. concentration when
comparedwith base fluid. Kanti et al. (2021b) experimentally
studied the heat transfer coefficient and friction factor for
the flow of fly ash nanofluid ranging from 0.5 to 2.0% vol.
under constant heat flux at 30 °C of fluid temperature. They
found that the 1.21, 1.18, and 1.42 are the highest thermal
conductivity ratio, viscosity ratio, and maximum perfor-
mance evaluation criteria respectively for a 2% vol. con-
centration at 30 °C when compared to the base fluid.

Kanti et al. (2021c) experimentally evaluated the heat
transfer coefficient and friction factor using fly ash and fly
ash-Cu hybrid nanofluid ranging from 0.5 to 2.0% vol. con-
centrations under constant heat flux by varying 30–60 °C of
temperature. They found that the viscosity, thermal con-
ductivity, and the heat transfer rate of hybrid nanofluid are
higher than the base fluid (water), and fly ash nanofluid. The
maximum Nusselt number augmentation is 15.6%, 93.5% for
fly ash-Cu hybrid nanofluid, fly ash nanofluid when
compared with base fluid, and 1.65, 1.87 are the maximum
thermal performance factor for fly ash and hybrid nanofluid
respectively at 2% vol. at inlet temperature of 60 °C. Kanti
et al. (2021d) numerically and experimentally studied fluid
flow and heat transfer characteristics of fly ash-Cu/water
hybrid nanofluid ranging from 0.5 to 2.0% vol. at a 30 °C of
fluid inlet temperature under constant heat flux. They found
that the 57.1%, 8.95% are the maximum augmentation in
Nusselt number for fly ash-Cu hybrid nanofluid, fly ash
nanofluid respectively at a 2.0% volume concentrations,
higher pressure drop in case of hybrid nanofluid were
compared with fly ash and water. They noticed 1.52 is the
maximum thermal performance factor value at 2.0% vol.
concentrations.

Malika et al. (2021) numerically and experimentally
investigated the heat transfer performance in STHX using
0.01% vol. concentration of CuO–ZnO/water hybrid nano-
fluid under turbulent fluid flow condition. They found that
13%, 33%, and 7% enhancement in pressure drop, the Nusselt
number, and thermal efficiency respectively. They noticed
1.45 is the maximum thermal performance factor. Malika
and Sonawane (2022) used Fe2O3–TiO2/water hybrid nano-
fluids ranging from 1 to 2% vol. concentration in the pres-
ence of RSM tool to improve the photocatalytic degradation.
Nowadays computational fluid dynamics (CFD) simulations
are accomplish to avoid the greater cost on experimental
works; most of the literature investigations are accomplish
numerical simulations on single phase nanofluids and found
good results by considering nanofluids are homogenous

fluids (Mashayekhi et al. 2017). Numerous researchers
evaluated the HT characteristics of nanofluids in different
heat exchangers numerically as well as experimentally.
Similar studies on inclined helical baffles STHX are scarce.
Hence, in the present work, numerical investigations are
carried out with inclined helical baffle heat exchanger using
Al2O3 and Cu nanofluids with water as base fluid.

2 Geometry

Figure 1 is showing the assembly of STHX with segmental
and helical baffles, Figure 2 is indicating 40° helical baffles
with 832mm length, and 31.75mm tube pitchwhich is used in
this study. Figure 3 shows themeshed geometry of 40°helical
baffles STHX described in literature Gugulothu and Sanke
(2022a), which contains outlet and inlet of cold, hot fluid inlet
and outlet valves, four numbers of tubes with 25.40 mm of
outer diameters to carry the cold fluid as well as nanofluids
inside the tubes which is calculated using Equation (1).

3 Governing equation and
boundary conditions

Governing equation and boundary conditions are given in
literature Gugulothu and Sanke (2022a), Gugulothu and
Sanke (2022b), Kaleru et al. (2022a), and Kaleru et al. (2022b).
In this research paper author used Al2O3/H2O, and Cu/H2O
nanofluids ranging from 1 to 5% volume concentrations
which are passing through tubes at constant mass flow rate
as 0.22 kg/s, and hot water is travelling in shell side ranging
from 0.23 to 0.43 kg/s. The fluid properties are given in
Table 1 which is calculated using equations in literature
Kaleru et al. (2022a) for base fluid, and Equations (7)–(10) for
nanofluids at 343.15 K for hot fluid and 301.15 K for cold fluid
temperatures. Grid independent test is done in previous
research paper which is cited in literature Gugulothu and
Sanke (2022b).

4 Data reduction

Tube inner diameter is (Kaleru et al. 2022a):

di = 0.8 × d0 (1)

Friction factor is (Mohammadiun et al. 2016)

ft = 2ΔP
ρv2

di
L

(2)
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Blasius equation is (Kanti et al. 2021a; Mohammadiun
et al. 2016)

ft = 0.316
Re0.25t

(3)

Darcy friction factor is (Moradi et al. 2019)

ft = 1
(1.82 log(Ret) − 1.64)2 (4)

Reynolds number of tube fluid (Kaleru et al. 2022a):

Ret = ρϑtdi

μt
(5)

Prandtl number for base fluid (Kanti et al. 2021a; Kaleru
et al. 2022a):

Prt = (μCp)t
kt

(6)

The Density of nanofluid is computed from
mixture theory (Ahmed et al. 2021b; Gugulothu and Sanke
2022b)

Figure 1: STHX with segmental baffle (Kaleru et al. 2022b).

Figure 3: 40° helical baffle withmesh geometry
(Kaleru et al. 2022b).

Table : Thermophysical properties of base fluid and nanofluids.

Nanofluid Volume fraction Density in kg
m Cp in J

kg K Thermal conductivity in W
m K Dynamic viscosity in Pa s

Hot fluid (hot water) . . . .
Base fluid (cold water) . . . .
AlO .% . . . .

.% . . . .
.% . . . .

Cu .% . . . .
.% . . . .
.% . . . .

Figure 2: 40° helical baffle (Kaleru et al. 2022b).
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ρnf = φρnp + ρbf (1 − φ) (7)

Specific heat of nanofluid is (Gugulothu and Sanke
2022a)

(ρCp)nf = φ(ρCp)np + (1 − φ)(ρCp)bf (8)

Maxwell model (Gugulothu and Sanke 2022b)

knf = kbf
knp + (m − 1)kbf + (m − 1)φ(knp − kbf )

knp + (m − 1)kbf − φ(knp − kbf ) (9)

According to literature Timofeeva et al. (2007) listed that
spherical particles are better to enhance the greater thermal
conductivity. So, for same particles empirical shape factor
i.e. m = 3 taken by pioneer’s in their research works (Gugu-
lothu and Sanke, 2022b; Keblinski et al. 2002; Vajjha and Das
2009).

Brinkman equation (Gugulothu and Sanke, 2022b;
Kaleru et al. 2022a)

μnf =
μbf

(1 − φ)2.5 (10)

Nusselt number is (Gugulothu and Sanke 2022a; Gugu-
lothu and Sanke 2022b)

Nut = htdi
kbf

(11)

Nusselt number for Dittus–Boelter equation is (Kanti
et al. 2021a; Kaleru et al. 2022a)

Nuc = 0.023Re0.8c Pr0.4c (12)

Nusselt number for Promvonge and Skullong (2019)

Nuc = 0.0327Re0.755c Pr0.4c (13)

Thermal Performance Enhancement Factor (Dalkilic
et al. 2020; Kaleru et al. 2022b; Mustafa et al. 2022):

TEF =
(Nuimproved

Nubase
)

(fimproved
fbase

)
1
3

(14)

Table 1 depicts the physical properties of cold, hot fluid,
and nanofluids of Al2O3, and Cu. The physical properties of
cold and hot fluids are computed utilizing literature Gugu-
lothu and Sanke (2022a), Gugulothu and Sanke (2022b), and
Kaleru et al. (2022a) those are listed in Equations (7)–(10).

5 Validation

Gugulothu and Sanke (2022a) validated this by comparing
the shell side friction factor, tube side Nusselt number and

friction factor, and Overall HTC with the literature that ex-
plores the work of Chen et al. (2015). After that Gugulothu
and Sanke (2022b) validated using numerical calculation of
Nusselt number, and friction factor with Chen et al. (2015)
experimental work and found good agreement. For further
validation done by Kaleru et al. (2022a) using tube side
Nusselt number of literature models like Dittus–Boelter (12),
Syam Sundar et al., Notter Rouse, and Gnielinski equation
and found favorable agreement in their studies. In this
research paper, the friction factor data of water is validated
with tube side friction factor of Blasius equation and Darcy
friction factor (4) and noticed good agreement in trend fol-
lows and deviation is 2.77–2.80% for Darcy friction factor (4),
0.35–1.02% for present geometry which is shown in Figure 4.

Figure 5 gives the variation of tube side Nusselt number
with shell side mass flow rate, in comparison with the
Promvonge and Skullong (2019) Equation (13), Dittus–Boelter
Equation (12), and pressure study of a plain tube. From
Figure 5 it is clear that this study is a favorable agreement
with the Dittus–Boelter Equation (12), and the Promvonge
and Skullong (2019) Equation (13). The maximum enhance-
ment of the Nusselt number is 3% when compared with the
Promvonge and Skullong (2019) Equation (13), and closed
with the Dittus–Boelter Equation (12).

6 Results and discussions

Figure 6 shows the tube side Nusselt number of Al2O3

nanofluid by varying shell side mass flow rate. In Figure 6,
the Nusselt number is premeditated using Equation (11). In
Figure 6, the Nusselt number increases with the increase of

Figure 4: Tube side friction factor.
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shell side mass flow rate as well as the volume fraction of
nanofluids. Higher the Nusselt number for higher mass flow
rate and higher volume fraction. The Nusselt number
enhancement is 3.45–7.47%, 5.45–8.64%, and 6.01–9.60% for
0.01, 0.03, and 0.05% volume concentration of Al2O3/H2O
nanofluid respectively when compared with base fluid.

Figure 7 indicates the tube side Nusselt number with a
variation of shell side mass flow rate extended from 0.23 to
0.43 kg/s along with a variation of nanofluids volume con-
centrations from 1 to 5%. The tube side Nuselt number is
premeditated using Equation (11). The tube side Nusselt
number increases with an increase of shell side mass flow
rate and volume concentration of Cu/H2O nanofluid which is
passing through tubes. The reason for the same is themixing
of Cu/H2O nanoparticles in a base fluid to improve thermal
conductivity. The enhancement of Nusselt number is 0.86–
1.44%, 1.72–2.21%, and 2.42–3.18% for 0.01, 0.03, and 0.05%
volume concentration of Cu nanofluid respectively although
examine to the base fluid.

In Figure 8 tube side Nusselt number of Al2O3/H2O and
Cu/H2O in terms of shell side mass flow rate is investigated.
In Figure 8 values of the tube side, the Nusselt number is
premeditated utilizing Equation (11). By increasing the shell
side mass flow rate, the tube side Nusselt number increases
and showing that higher mass flow rates give a higher tube
side Nusselt number. Due to lower density, Al2O3/H2O
nanofluids travel with more velocity. The Nusselt number
enhancement is 3.68–6.63% at 0.05% volume concentration
of Al2O3/H2O nanofluid although examine to 0.05% volume
concentration of Cu/H2O nanofluid.

Figure 9 depicts the tube side friction factor with the
shell side mass flow rate as well as volume concentrations of
Al2O3 nanofluid. Figure 9 is calculated using Equation (2),
which follows the decreasing trend by increasing the shell
side fluid flow rate and increases with the increase of vol-
ume concentrations of Al2O3 nanofluid. The maximum pen-
alty in tube side friction factor is 3.23%, 15.54%, and 14.76%
for 0.01, 0.03, and 0.05% volume concentrations of Al2O3/H2O
nanofluid respectively.

In Figure 10 the tube side friction factor is compared
with base fluid and Cu/H2O nanofluid at different volume
concentrations ranging from 0.01 to 0.05%. In Figure 10 the
tube side friction factor enhances with the enhancement of

Figure 5: Tube side Nusselt number.
Figure 6: Tube side Nusselt number with Al2O3 nanofluid.

Figure 7: Tube side Nusselt number with Cu nanofluid.
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Cu/H2O nanofluid volume concentrations and slightly de-
creases with the increased shell side mass flow rate. The
maximum penalty in friction factor is 16.56%, 44.26%, and
58.00% for 0.01, 0.03, and 0.05%volume concentrations of Cu/
H2O nanofluid.

Figure 11 shows the friction factor along with the mass
flow rate of shell fluid and 5% volume concentrations of
Al2O3, and Cu/H2O nanofluids. In Figure 11, the friction factor
of 0.05% nanofluid is computed by utilizing Equation (2). The
friction factor slightly decreases with the enhancement of
the shell sidemass flow rate ranging from 0.23 to 0.43 kg/s. In
Figure 10, 0.05% Cu/H2O nanofluid shows a higher friction
factor when compared to 0.05% Al2O3 nanofluid. The
maximum penalty in friction factor is 39.86% with Cu/H2O

nanofluid when compared with Al2O3/H2O nanofluid at 5%
volume concentrations.

Figure 12 shows the Thermal Performance Enhancement
Factor (TEF) of Al2O3 nanofluids at different volume concen-
trations by diverse shell side mass flow rates. This TEF value is
calculated using Equation (14). The TEF values are increasing
with the increase of shell side mass flow rate in addition to the
volume concentration of Al2O3/water nanofluids. From
Figure 12, it is clear that thehigherTEFvaluesathigher shell side
mass flow rates, and higher volume concentrations. The justi-
fication for this is the addition of nanoparticles in the basefluid.

Figure 13 shows the thermal performance enhancement
factor for 0.01, 0.03, and 0.05% volume concentrations of Cu/
H2O nanofluid. This TEF value is calculated using Equa-
tion (14). From Figure 13, the maximum enhancement in TEF
is 12.50% for a 0.05% volume concentration of Cu/H2O

Figure 9: Tube side friction with Al2O3 nanofluid.

Figure 10: Tube side friction with Cu nanofluid.

Figure 11: Tube side friction with Al2O3 and Cu nanofluid.

Figure 8: Tube side Nusselt number with Al2O3 and Cu nanofluids.
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nanofluid at a higher shell side mass flow rate when
compared to a 0.01% volume concentration of Cu/H2O
nanofluid. According to Nohooji et al. (2020), this nanofluid is
not suggestible/acceptable for research.

Figure 14 shows the comparison plot of TEF values
among the Al2O3, and Cu nanofluids at 0.05% volume con-
centrations with shell-side mass flow rates fluctuating from
0.23 to 0.43 kg/s. The TEF values are computed using Equa-
tion (14). In Figure 14, TEF values for Al2O3/H2O are more
than unity and Cu/H2O is less than unity. The thermal per-
formance enhancement factor takes account of two
competing factors as Nusselt number and the friction factor
was used. The enhancements in Nusselt number, due to the
improvement of thermo physical properties of Al2O3/H2O is
the main reason for it. The maximum value of TEF is ach-
ieved at a higher shell side mass flow rate and the value is
1.07 for 0.05% Al2O3/H2O nanofluid. Figures 11–13 obey the
trends of literature Liang et al. (2019) and Liang et al. (2018).

7 Conclusions

A numerical analysis is conducted to estimate the effect of
Al2O3 and Cu nanofluids on the HT rate, friction factor, and
thermal performance factor of 40° helical baffles STHX. Shell
side (hot water) mass flow rate varied from 0.23 to 0.43 kg/s.
Water-based nanofluids are used inside the tubes with 0.01,
0.03, and 0.05% volume concentrations of Al2O3 and Cu
nanofluids. Nusselt number acquired from the present
investigation is compared with the Dittus–Bolter equation
and Pongjet Pomvonge et al. and established to be in good

agreement with a maximum deviation of 3%. The friction
factor acquired from this study is compared with existing
correlations in the literature and the maximum deviation is
found to be within reasonable limits (2.88%).

The Nusselt number of the dispersed nanofluids
increased with the increase of nanofluids volume concentra-
tions and shell side mass flow rate. The maximum Nusselt
number is 7.47%, 8.64%, and9.60% for 0.01%, 0.03%, and0.05%
volume concentration of Al2O3, and 1.44%, 2.21%, and 3.18% for
0.01, 0.03, and 0.05% volume concentration of Cu nanofluids
respectively. In this study, maximum enhancement in NusseltFigure 12: Thermal performance enhancement factor Al2O3 nanofluid.

Figure 13: Thermal performance enhancement factor of Cu nanofluid.

Figure 14: Thermal performance enhancement factor.
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number is 7.50%, 8.65%, and 9.61% for Al2O3, and 1.46%, 2.23%,
and 3.18% for Cu nanofluid respectively at 1, 3, and 5% volume
concentrations were compared to base fluid as water. The
maximum friction factor penalty is 3.23%, 15.54%, and 14.76%
for 0.01%, 0.03%, and 0.05% of Al2O3, and 16.56%, 44.26%, and
58.00% for 0.01%, 0.03%, and 0.05%Cunanofluids respectively.
Friction factor is highest by 58.00% at 5% volume concentra-
tion of Cu/H2O nanofluid when compared to 40° helical baffles
plain tube. Thermal Enhancement factor achieved is highest
for Al2O3/H2O nanofluid.

Nomenclature
HE heat exchanger
STHX shell and tube heat exchangers
HTC heat transfer coefficient
HT heat transfer
HB helical baffles
vol. volume
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