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Abstract

This study compares heat transfer coefficients in Plain Tube andTwisted tube radiators utilizing Al2O3-water
and CuO-water nanofluids at different mass flow rates. The enhancement of heat transfer in automotive
cooling systems improves engine efficiency and performance. In present work, Al20s-water and CuO-water
nanofluids were prepared and tested in automobile radiator experimental set-up at varying mass flow rates.
Experimental results show nanofluids increase heat transfer coefficients over water-based coolants. CuO-
water outperformed Al20s-water at higher mass flow rates. The findings suggest that optimizing nanofluid and
flow conditions can improve automobile cooling systems. This study provides valuable inputs for the design
and operation of advanced radiator systems, improving thermal management tactics in automotive

applications.
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Introduction:

Automobile engine cooling relies on the radiator. It
ensures the engine operates within normal
temperatures [1]. Its heat transfer performance
affects engine life and vehicle stability.Cars employ
fin-and-tube radiators for heat transfer and ease
of production[2]. Researchers are focused on heat
transmission efficiency and vehicle radiator
capacity reduction to conserve energy and reduce
consumption. This can be solved actively or
passively[3, 4]. Active methods improve heat
transfer by using external force or equipment,
which increases energy use and expense[5].
Altering the cooling medium's thermophysical
characteristics or radiator tube flow field structure
implements the passive technique [6-8].

Ethylene glycol (C20eH2) and water (H20) are
common radiator coolants[9]. Due to higher
compression ratios and engine cylinders, radiator
efficiency has decreased. Thus, research on heat
transfer coolants that are more widely available,
environmentally friendly, and have a high specific
heat is growing [10-12]. However, nanofluid
coolants improve radiator efficiency [13-15].

radiator,Al,03nanofluid,CuOnanofluid, Mass flow

Ponangi, et. al.,[16] tested a liquid-air vehicle
radiator using new hybrid nanoparticles, graphene
oxide, and low-volume carboxyl graphene. The
results show that the liquid air automotive
radiator's effectiveness (232% improvement) and
pressure drop (66% reduction) have improved.
Hybrid nanoparticles and functionalized graphene
boost radiator efficiency[17]. Another study tested
an automotive radiator's heat transmission using
Multiwalled Carbon Nanotube Nanoparticles
(MWCNT) in a 50:50 volume ratio of water and
ethylene glycol. The results showed that
nanoparticle concentration improves radiator heat
transmission. After the experiment, nanoparticle
aggregation and  sedimentation increased
significantly[18]. Charyulu et al. [19] examined
how materials affect diesel engine radiator tube
and fin manufacture. They found that brass,
copper, and carbon steel exhibited comparable HT
and PD characteristics. The optimal engine radiator
size for equal operating conditions was examined
by Rahmatinejad et al. [20]. A genetic algorithm is
employed to verify the experimental results. The
heat exchanger's size, cost, and weight are
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considerably reduced when the number of fins is
436 and the size is 2.867 mm. The hybrid
nanofluid's HT efficacy in a circular conduit with
wire coil inserts was investigated by Hamid et al.
[21]. For TiO2-SiO2 hybrid nanofluids with a
volumetric concentration of 0.5-3.0%, a pitch ratio
of 0.83—-4.17, and a Re number of 2300-12000, the
results are presented. It is reported that the
optimal performance is achieved with a pitch ratio
of 1.5 and a concentration of 2.5%.For evaluatinga
temperature and velocity fluctuations of radiator
tubes, Akpobi et al. [22] implemented a finite
element method (FEM) analysis. They stated that
dense meshing is necessary intoarea of inlets and
outflows for achieving precise solutions. Bilen et
al. [23] examined a HT characteristics and grooved
tube friction in the turbulent flow regime. The
comparison of three distinct groove geometries
revealed that trapezoidal grooves outperformed
circular tubes upto Re=30000, while rectangular
grooves outperformed them upto Re=28000. For
all groove geometries, the optimal entropy
generation is reported at Re=17000. The PD and
HT of plane twisted and square cut twisted tube
inserts were studied in a turbulent flow regime by
Murugesan et al. [24]. The Reynolds number of the
tapes ranges from 2000 to 12000having three
twist ratios (y = 2.0, 4.4, and 6.0). While square cut
tape inserts performed far better in HT, they also
had a much higher PD than plain cut tape
inserts[25]. In the same vein, they presented the
formulae for the friction coefficient and the
Nusselt number as they pertain to plane and
square twisted tapes.Eiamsa-Ard et al. [26]
investigated a  turbulent  heat  transfer
characteristics of rib fluted tube flow under a
uniform heat flux. Triangular rib, crevice, and
rectangular rib were compared in order to modify
their configurations. The combination of the
rectangular rib and the triangular groove
outperformed other combinations when it came to
hydrothermal performance. Additionally, in order
to derive equations for the enhancement index,
friction coefficient andNusselt number, the effect
of pitch ratio was studied[27]. According to
Loahalertdecha et al. [28], experimental studies
are carried out to analyse the friction properties
and heat transfer of R-134a in heat exchanger with
corrugated pipes. The experimental conditions
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included Re numbers from 3500 to 18000 and a
constant hot water Re number of 5500. Changing
the arrangement of the convex and concave
corrugated tubes yields the best results for the
version of the pipe with the concave outer
corrugation and the convex inner
corrugation[29].In order to modify the mass flows
and pitch heights of R-134-3, Ji et al. [30]compared
heat exchangers with corrugated tubes and those
with flat tubes. Compared to the plain variant, the
corrugated pipe was shown to have better hydro-
thermal effectiveness. Mohammed et al. [31]
conducted a literature review that compared the
hydro-thermal performance of various pipe
geometries. Internally finned tubes fared better
than other tube designs, while corrugated and
dimpled pipes PD increase is minor related to
thermal enhancement[32]. Lastly, twisted tape
inserts performed poorly, especially during the
turbulent regime[33]. Ajeel et al. [34]numerically
investigate the zigzag and symmetry shape of
trapezoidal corrugated tubes. For a concentration
range of 1-4%, an aspect ratio of groove of 0.5-4,
and 500<Re<20000, four nanofluids (Al.0s3, CuO,
SiO2, and ZnO) are compared. Trapezoidal grooves
demonstrated superior thermal performance,
while SiO2 exhibited the greatest Nusselt's
number. Glycerin is the primary fluid that exhibits
the highest level of performance[35]. Kcheril and
Elias [36]conducted an experimental investigation
to compare the efficacy of nanosizedferro fluids
and aluminum-based nanofluids in automobile
engines.Ferrofluids demonstrated superior heat
transfer capabilities when contrasted with
aluminium nanofluids[37]. To enhance the
efficiency and minimise the weight and size of
radiator Salamon et al. [38]conducted an
experimental investigation of the TiOznano fluid.
The standard EG/water blend worked better at low
inlet coolant temperatures they found. The
TiO2nano fluid increased HT rate by 8.5% over the
EG/water mixture at higher temperatures.
Goudarziet al. [39]tested Al203-EG nanofluidupon
vehicle heat exchangers.Investigations are
conducted with three increasing concentrations of
nanofluids and two wire cross sections that are
dissimilar. The utilisation of nanofluids and wire
inserts in tandem resulted in a 5% improvement in
performance compared to the use of only wire
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inserts. The energy elimination requirements of
high-performance vehicle engines are significantly
higher. Said et al. [40] tested radiators using Al>0O3
and TiO2. They compared thermophysical
properties and long-term stability of the two
nanofluids. The AlbOs /EG:DW increased thermal
effectiveness by 24.21%. Shahsavani et al. [41]
used real data to develop a succinct correlation
function  of  particle  concentration and
temperature for F-MWCNTs/EG-water nanofluids.
The PD and HTC were assessed using the
correlations. It has been reported that the PD
decreases as the shear rate increases, while it
increases as the concentration and temperature
increase. They determined that F-MWCNTs/EG-
water nanofluids are an appropriate option for
operating conditions with increased shear rates.
Contreras et al. [42]examined flow and thermal
efficiency of nanofluids made of graphene and
silver dissolved in water for use in radiators of
vehicles. They reported a 4.1% increase in
pumping power at elevated temperatures and
mass flow rates. They determined that the HT was
enhanced by 4.4% with silver nanofluid, but the
thermo-hydraulic efficacy was degraded with
grapheme nanofluid. A research was carried out by
Abbas et al. [43] on use of Fe,0s-TiO2/water hybrid
nanofluids into heat exchangers for aluminium
tube vehicles. An experimental study was
conducted with a flow rate of 11-15 LPM, an inlet
temperature of 48 to 56°C, and operating
conditions of 0.005, 0.007, and 0.009 vol%. The HT
was reduced by 8% at the inlet temperature, and
the performance was significantly reduced at
higher concentrations owing to the unstable
mixture. Contreras et al. [44] conducted an
experimental study on radiators that operate at
high temperatures, utilising the MWCNT nanofluid
to adjust the concentration and inlet temperature.
They practically assessed HT rate and HTC. The
volume fraction increased heat transfer efficacy,
but the inlet temperature decreased it.

This research aims to compare HTC between Plain
Tube and twisted tube radiator the best nanofluid
for automobile cooling systems and understand
how operational circumstances like mass flow
rates affect their performance. Despite significant
advances in nanofluid research to increase vehicle
radiator heat transfer, several questions remain.
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Previous research has focused on the effects of
specific nanofluids on heat transfer coefficients,
without comparing different categories. In
addition, the effects of mass flow rates on these
nanofluids in car radiators are not well studied.
Most study has concentrated on steady-state
settings, ignoring dynamic mass flow rate
variations in automobile operations. Comparing
the heat transfer coefficients of Al.Os-water and
CuO-water nanofluids at different mass flow rates
will help build more efficient and dependable
automobile cooling systems. This study addresses
these gaps by comparing Al2Oz-water and CuO-
water nanofluids under different mass flow rates
to better understand their heat transfer effects in
vehicle radiators.

2. Experimental Setup and Experimentation:

Fig. 1 shows a systematic line diagram of an
experimental setup, while Fig. 2 shows the real
setup. This setup has been used to measure heat
transfer coefficient of car radiator. This
experimental setup includes a reservoir SS tank
with insulator, electrical heater, a centrifugal
pump, a flow meter, tubes, valves, a fan, a power
supply; 8 thermocouples for temperature
measurement, and two radiators, one
conventional radiator with plain tube and
anotherfitted withtwisted tube. The Twisted tube
radiator consists 12 vertical twisted tubes with
oval cross section with inner diameter of 8 mm. An
electrical heater of 1500W inside reservoir SS tank
with insulator put to represent the engine and to
heat the fluid. A flow meter of capacity 0 - 300 LPH
and two valves used to measure and control the
flow rate. The fluid flows through plastic tubes (8
mm.) By a centrifugal pump from the tank to the
radiator at the flow rate range 0.5-3 LPM. The
capacity of centrifugal pump is 0.5 HP. The total
volume of the circulating fluid is constant in all the
experimental steps. Two thermocouples have
been fixed on the flow line for determining inlet
and outlet fluid temperatures. Two thermocouples
have been fixed to the radiator surface to measure
wall temperature. The speed of a fan was kept
constant throughout the experiments.
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Figure 2. Actual Experimental Setup

3. Results and discussion:

The research was conducted to improve the
efficacy of the radiator, as previously mentioned.
The radiator's convective HTC is the most effective
parameter. The plain tube and twisted tube
radiator's convective heat transmission coefficient
was examined in this section. The investigation
was conducted on two distinct nanofluids: Al.Os
and CuO. The impact of mass flow rate upon a HTC
as a function of the inlet fluid temperature was
investigated in this section.

3.1 Effect of mass flow rate on heat transfer
Coefficient for Plain Tube Radiator.
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3.1.1 For Aluminum oxide + Water based Nano-
fluid

The radiator of the car underwent testing using
plain tubes, with experiments conducted using
aluminum oxide and water-based nanofluid.
Various mass flow rates of the nanofluid were
tested, ranging from 0.5 liters per minute (lpm) to
3 Ipm. The impact of mass flow rate upon
convective HTC was analyzed for nanofluid
concentrations of 0.3%, 0.5%, and 1% aluminum
oxide, as depicted in Figures 3, 4, and 5,
respectively. The inlet fluid temperature was
varied from 60°C to 120°C.

Figure 3 illustrates the influence of mass flow rate
and varying inlet fluid temperature upon a
convective HTC for 0.3% nanofluid. At an inlet
temperature of 60°C and a flow rate of 0.5 Ipm,
the minimum convective heat transfer observed
was 229.92 W/m2K. However, with increment into
mass flow rate at a same inlet temperature, a HTC
also increases, reaching a maximum of 2299.85
W/m2K. It was noted that, at the constant inlet
fluid temperature, an increase in mass flow rate
led to a corresponding increase in the convective
HTC. The highest heat transfer coefficients were
consistently observed at 3 Ipm across all inlet
temperatures. Additionally, Figure 3 indicates that
the maximum heat transfer coefficient among all
inlet temperatures was achieved at 80°C, reaching
3861.26 W/m?2K for a flow rate of 3 Ipm.
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Figure 3. Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.3% Al.OsNanofluid
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Figure 4 Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.5% Al.OsNanofluid
In Figure 4, the impact of mass flow rate upon a
convective HTC for a 0.5% nanofluid is examined,
considering varying inlet fluid temperatures. At an
inlet temperature of 60°C and a mass flow rate of
0.5 Ipm, the minimum convective HTC observed is
319.42 W/m2K. However, with an increase in mass
flow rate at the same inlet temperature, a HTC
also increases, reaching a maximum of 3446.11

W/m2K.

Consistent with the findings in Figure 3, it's
observed that at a constant inlet fluid
temperature, increasing the mass flow rate leads
to a higher convective HTC. Across all inlet
temperatures, the highest heat transfer
coefficients are achieved at a mass flow rate of 3
Ipm. Moreover, Figure 4 indicates that the
maximum heat transfer coefficient among all inlet
temperatures is attained at 80°C, reaching 4411.91
W/m?K for a flow rate of 3 lpm.

In Figure 5, the impact of mass flow rate upon a
convective HTC for a 1% nanofluid is analyzed
across varying inlet fluid temperatures. At an inlet
temperature of 60°C and a mass flow rate of 0.5
Ipm, the minimum convective HTC observed is
382.90 W/m2K. However, as the mass flow rate
increases at the same inlet temperature, a HTC
also increases, reaching a maximum of 4347.08
W/m3K.
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Figure 5 Effect of Mass Flow Rate with varying
inlet fluid temperature at a 1% Al.OsNanofluid
Consistent with the trends observed in Figures 3
and 4, it's noted that at a constant inlet fluid
temperature, increment in mass flow rate leads to
a higher convective HTC. Across all inlet
temperatures, the maximum heat transfer
coefficients are attained at a mass flow rate of 3
Iom. Additionally, Figure 5 highlights that among
all inlet temperatures, the highest heat transfer
coefficient is achieved at 80°C, reaching 7716.52

W/m?2K for a flow rate of 3 Ipm.

3.1.2For Copper oxide + Water based Nano-fluid
The radiator of the car underwent testing using
plain tubes, with experiments conducted using
copper oxide and water-based nanofluid. Various
mass flow rates of the nanofluid were tested,
ranging from 0.5 liters per minute (Ipm) to 3 Ipm.
The impact of mass flow rate upon convective HTC
was analyzed for nanofluid concentrations of 0.3%,
0.5%, and 1% copper oxide, as depicted in Figures
6, 7, and 8, respectively. The inlet fluid
temperature was varied from 60°C to 120°C.

In Figure 6, the impact of mass flow rate and
varying inlet fluid temperature upon a convective
HTC for a 0.3% nanofluid is analyzed.
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Figure 6. Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.3% CuONanofluid
At an inlet temperature of 60°C and a mass flow
rate of 0.5 Ipm, the minimum convective HTC
observed is 622.70 W/m2K. However, with an
increase in mass flow rate at the same inlet
temperature, a HTC also increases, reaching a

maximum of 4599.70 W/m?K.

Consistent with the findings in previous figures, it's
observed that at a constant inlet fluid
temperature, increment in mass flow rate leads to
a higher convective HTC. The maximum heat
transfer coefficients are consistently achieved at a
mass flow rate of 3 Ipm for all tested inlet
temperatures. Additionally, Figure 6highlights that
among all inlet temperatures, the maximum heat
transfer coefficient is attained at 80°C, reaching
6543.35 W/m?2K for a flow rate of 3 lpm.

In figure 7 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 Ipm is 830.51
W/m?K. But at a similar intake temperature, HTC
grows with mass flow rate and maximum HTC
observed is 6322.81 W/m?K. It has been observed
that, at a constant inlet fluid temperature, as mass
flow rate increases a convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 [pm. The figure 7, also shows that, among
all inlet temperature the maximum HTC obtain at
80°Ci.e. 7065.93 W/m?K for 3 lpm.
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Figure 7Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.5% CuONanofluid
In Figure 8 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 Ipm is 1531.67
W/m?2K. But at a similar intake temperature, HTC
grows with mass flow rate and maximum HTC
observed is 7232.41 W/mZK. It has been observed
that, at a constant inlet fluid temperature, as mass
flow rate increases the convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 Ilpm. The figure 8, also shows that, among
all inlet temperature the maximum HTC obtain at

80°Ci.e. 10181.09 W/m?K for 3 lpm.
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Figure 8. Effect of Mass Flow Rate with varying
inlet fluid temperature at a 1% CuONanofluid
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3.2Effect of mass flow rate on heat transfer
Coefficient for Twisted Tube Radiator

The research was conducted to improve the
efficacy of the radiator, as previously mentioned.
The radiator's convective heat transmission
coefficient is the most effective parameter. The
convective heat transmission coefficient for the
twisted tube radiator was examined in this section.
The investigation was conducted on two distinct
nanofluids: Al20s and CuO. A study was conducted
in this section to investigate the impact of mass
flow rate upon a HTC of a twisted tube radiator as
the inlet fluid temperature varied.

3.2.1. For Aluminum oxide + Water based Nano-
fluid

The radiator of car was tested with twisted tubes.
The testing was carried out for the Aluminum
oxide and water based nanofluid. The different
mass flow rates of nanofluid were consider for the
testing those were 0.5 Ipm, 1 Ilpm, 1.5 Ipm, 2 Ipm,
2.5 lpm and 3 lpm. The Effect of mass flow rate
upon a convective HTC for twisted tube radiator
were given in below Figure 9, 10 and 11 for 0.3%,
0.5% and 1% aluminum oxide nanofluid
respectively. The inlet temperature of fluid was
also varying from 60°C to 120°C.

In figure 9 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid.
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Figure 9. Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.3% Al.OzNanofluid
The minimum convective heat transfer observed at
an inlet temperature of 60°C and at 0.5 lpm is
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579.46 W/m?K. But at a similar intake
temperature, HTC grows with mass flow rate and
maximum HTC observed is 3617 W/m?K. It has
been observed that, at a constant inlet fluid
temperature, as mass flow rate increases a
convective HTC increases. The maximum HTC
obtain for all inlet temperature are for 3 Ipm. The
figure 9, also shows that, among all inlet
temperature the maximum HTC obtain at 80°C i.e.
8151.55 W/m2K for 3 lpm.

In figure 10 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 Ipm is 849.89
W/m?K. But at a similar intake temperature, HTC
grows with mass flow rate and maximum HTC
observed is 4519.87 W/m?3K. It has been observed
that, at a constant inlet fluid temperature, as mass
flow rate increases a convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 lpm. The figure 10, also shows that,
among all inlet temperature the maximum HTC
obtain at 80°Ci.e. 10478.29 W/m?ZK for 3 Ipm.
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Figure 10 Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.5% Al.OsNanofluid
In figure 11 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 Ipm is 1003.65
W/m2K. But at a similar intake temperature, HTC
grows with mass flow rate and maximum HTC
observed is 5558.69 W/m?2K. It has been observed
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that, at a constant inlet fluid temperature, as mass
flow rate increases a convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 Ipm. The figure 11, also shows that,
among all inlet temperature the maximum HTC
obtain at 80°C i.e. 13381.43 W/m?Kfor 3 Ipm.
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Figure 11 Effect of Mass Flow Rate with varying
inlet fluid temperature at a 1% Al.0sNanofluid
3.2.2. For Copper oxide + Water based Nano-fluid
The radiator of car was tested with twisted tubes.
The testing was carried out for the Copper oxide
and water based nanofluid. The different mass
flow rates of nanofluid were consider for the
testing those were 0.5 Ipm, 1 lpm, 1.5 Ipm, 2 Ipm,
2.5 Ipm and 3 Ipm. The Effect of mass flow rate
upon a convective HTC for twisted tube radiator
were given in below Figure 12, 13 and 14 for 0.3%,
0.5% and 1% copper oxide nanofluid respectively.
The inlet temperature of fluid was also varying
from 60°C to 120°C.

In figure 12 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 Ipm is 765.46
W/m?K. But at a similar intake temperature, HTC
grows with mass flow rate and maximum HTC
observed is 5615.95 W/m?K. It has been observed
that, at a constant inlet fluid temperature, as mass
flow rate increases a convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 lpm. The figure 12, also shows that,
among all inlet temperature the maximum HTC
obtain at 80°C i.e. 7988.07 W/m?K for 3 Ipm.
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Figure 12 Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.3% CuONanofluid

In figure 13 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 lpm is 1016
W/m2K. But at a similar intake temperature, HTC
grows with mass flow rate and maximum HTC
observed is 6008.07 W/m?K. It has been observed
that, at a constant inlet fluid temperature, as mass
flow rate increases a convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 lpm. The figure 13, also shows that,
among all inlet temperature the maximum HTC
obtain at 80°Ci.e. 8620.21 W/m?K for 3 Ipm.
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Figure 13 Effect of Mass Flow Rate with varying
inlet fluid temperature at a 0.5% CuONanofluid
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Figure 14. Effect of Mass Flow Rate with varying
inlet fluid temperature at a 1% CuONanofluid

In figure 14 it has observed that, the effect of mass
flow rate with varying inlet fluid temperature upon
convective HTC for 0.5% nanofluid. The minimum
convective heat transfer observed at an inlet
temperature of 60°C and at 0.5 Ipm is 1874.61
W/m?2K. But at a similar intake temperature, HTC
grows with mass flow rate.and maximum HTC
observed is 8827.98 W/m?K. It has been observed
that, at a constant inlet fluid temperature, as mass
flow rate increases a convective HTC increases.
The maximum HTC obtain for all inlet temperature
are for 3 Ipm. The figure 14, also shows that,
among all inlet temperature the maximum HTC
obtain at 80°C i.e. 12429.33 W/m?K for 3 Ipm.
3.3Validation for heat transfer Coefficient for
Twisted Tube Radiator
A multiple linear regression Mathematical model is
generated tocalculate the ratio of input to output
by formulating the regression equation. By
establishing a regression equation in this manner,
a correlation is established between the significant
conditions identified through ANOVA analysis,
including the Change in Temp, % Concentration
nanoparticle, Mass flow rate of nanofluid, Air
velocity, Density, Dynamic viscosity, Sp. Heat,and
Th. Conductivity.. Equation (1) and equation (2)
provides the regression equation that was devised
to determine a HTC forAl.0s and CuOnanofluid
respectively.
h= 121433.3+25770.61*C+1952.241*m+245.24*
Vair+73.7475* p-7X107 * u +4.644* Cp-290505*k-
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274.18* AT

(1)
h= 85669.65+4600.45*C+1980.65*m+191.965*
Vair-43.9393* p+3084627* | -8.54842* Cp-
13728.7*k-79.1875* AT

(2)

Figure 15 shows the comparison between
Experimental and Mathematical heat transfer
Coefficient for twisted tube radiator having
Al2Osnanofluid. It is observed from figure 15 that
Output produced by experimentation, and
mathematical model is very close to each other. At
few point they match with each other shows their
closeness is quite high. Hence the values of actual
experimentation conducted, and mathematical
model formed is validated.

Compaprison between Experimental and Mathematical HTC for twisted tube
radiator having AI203 nanofluid

#Experimentalh

HTC (W/m2 k)

# Predicted h

50 100 150 00 250

No. of sample reading

Figure 15. Comparison between Experimental and
Mathematical heat transfer Coefficient for
twisted tube radiator having Al20snanofluid
Figure 16 shows the comparison between
Experimental and Mathematical heat transfer
Coefficient for twisted tube radiator having
CuOnanofluid. It is observed from figure 16 that
Output produced by experimentation, and
mathematical model is very close to each other. At
few point they match with each other shows their
closeness is quite high. Hence the values of actual
experimentation conducted, and mathematical

model formed is validated.
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Compaprison between Experimental and Mathematical HTC for Twisted tube radiator
having Cu0 nanofluid

HTC (W/mz k)

Figure 16. Comparison between Experimental and
Mathematical heat transfer Coefficient for
twisted tube radiator having CuOnanofluid

Conclusions:

During the course of this study, a twisted tube
radiator was designed to facilitate all aspects of
cooling. During the course of the research, it was
discovered that there was a chance of improving
existing design of radiator. Because of this, the
following conclusions can be drawn from the
current research:

1. After studying the literature, it is found
that twisted tube type heat exchangers reveals
numerous advantages over traditional shell and
tube heat exchangers with segmental baffles.
These advantages include superior construction,
thermal properties, performance, and application
flexibility. Twisted tube heat exchangers offer
higher economic performance, as evidenced by
their cost-effectiveness per unit of heat load
compared to traditional equipment.

2. Experimental  Observation conducted
revilesthatcar radiator with Twisted tube has more
HTC than Car radiator with plane tube across all
nanofluid concentrations (0.3%, 0.5%, and 1%),
and the mass flow rates.

3. From literature survey it is also noted
that, the potential of nanofluids as coolant in
automobile radiators presents promising
opportunities for enhanced heat transfer, compact
design, improved fuel economy, and reduced
vehicle weight.
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4, Across all nanofluid concentrations (0.3%,
0.5%, and 1%), it is evident that increasing the
mass flow rate leads to a corresponding increase in
the convective HTC. This relationship holds true for
varying inlet fluid temperatures ranging from 60°C
to 120°C.

5. The highest convective HTCs are
consistently observed at a mass flow rate of 3
liters per minute (lpm) for all nanofluid
concentrations and across all tested inlet
temperatures. This suggests that higher flow rates
enhance heat transfer efficiency.

6. The maximum convective HTCs are found
at 80°C for all nanofluid concentrations and flow
rates in both plain and twisted tube car radiator.
This represents heat transfer efficiency's best
working condition.

7. Both CuO and Al;0snanofluids improve
heat transmission. CuOnanofluid outperforms
Al203 at greater air velocities, with an 8% higher
heat transfer coefficient.

8. These findings affect radiator design and
optimization in  vehicle cooling systems.
CuOnanofluid may improve heat transfer
efficiency, enhancing cooling and system
performance.

9. The study shows that nanofluids can
improve heat transfer and offers implications for
radiator design and thermal management systems.
Future research could optimize nanofluid
compositions, flow configurations, and operational
parameters to improve heat transfer performance
and efficiency.
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