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ABSTRACT

In the present work an attempt is made to optimize the heat transfer parameters of an engine radiator which has
water-based Aluminum oxide nanofluid and air as coolants using MiniTab17.0. Taguchi method is adopted to
optimize the heat transfer parameters like the outlet nanofluid temperature and outlet air temperature. The input
parameters considered are the % concentration of the nanofluid, air velocity at the inlet of the radiator, Engine
speed. Regression equations are developed for the responses like the outlet nanofluid temperature, outlet air
velocity. S/N ratios, Main effects plots are developed, contours for the responses have been generated, significant
contribution of the parameter for optimization is found. Contours for normal probability, histogram have been
done. Annova is used to arrive at the significant contribution of parameters of heat transfer.

Keywords: Taguchi method, S/N ratio, mean, regression equation, normal probability, significant contribution.

I.  INTRODUCTION

Around 30-35% of the total heat from the internal combustion engines is being removed by the cooling system.
Most of the internal combustion engines uses either air or liquid run through a heat exchanger (Radiator) cooled by
air. One key requirement is to serve the entire engine as the whole engine fails if just one part overheats. Therefore,
it is necessary for the cooling system keep all parts at suitably low temperatures. Radiators are widely used to cool
the components of internal combustion engines. Not only in automobiles but also in piston-engine aircraft, railway
locomotives, motorcycles, stationary generating plants and other places where such engines are used. Heat is
absorbed from the engine block as the coolant passes from the radiator to the engine by forced circulation. The hot
coolant controlled by thermostat is then fed into the inlet tank of the radiator located on the top of the radiator, or
along one side. The coolant is circulated across the tubes where it gets cooled by convection. Fins are provided on
the periphery of the tubes to increase the heat transfer. Ethylene glycol is added in order to prevent the water to
freeze in cold areas and avoid corrosion. Fins increase the area of contact and thus enhance the heat transfer rate.
Normally, the radiator does not reduce the temperature of the coolant back to ambient air temperature, but it is still
sufficiently cooled to keep the engine from overheating. The coolant which is now cooled will be sent back to the
engine to remove further heat.

This coolant is usually water-based, with the addition of glycols to prevent freezing and other additives to limit
corrosion, erosion and cavitation. However, the coolant may also be an oil. Early engines used thermo-siphons to
circulate the coolant; today, however, all but the smallest engines use pumps. With the advent of Nano fluids, which
are colloidal suspensions of Nano-sized particles suspended in base fluids like water etc., there is a possibility for
the improvement of the radiator performance. In the present work CFD is used to simulate the effect of Aluminum
oxide Nano fluid on the performance of a car radiator. Many Researchers carried out their work to improve the
performance of the Radiator. Some of them have been mention below:

V. Niveditha et.al. [1] Analyzed the performance of a radiator with Aluminum oxide, silicon oxide, ethylene glycol

and copper oxide. They found that copper oxide Nano fluid provided better performance properties for the
improvement of radiator performance.
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Toure Ismael et.al [2] studied heat dissipation performance of about five different geometry of radiators by varying
the fin pitch wave distance, simulated them and then compared with that of the experimental results. The results
showed that as the fin phase is increased, the better performance will be achieved.

JP Yadav et.al [3] presented a set of numerical parametric studies on automotive radiator using finite difference
method and thermal resistance method. They compared the performance of radiator for different mass flow rates and
two different coolants, one of which is water and other one propylene glycol —water mixture (40-60). From the
results it is found that the performance increases when the coolant is changed from water to mixture it is concluded
that water is the best coolant despite its corrosive nature.

Aditya Choure[4] carried out experimental investigation for the improvement of performance of automotive radiator
using water and ethylene -based Aluminum oxide Nano fluid. It is found that Nano fluids perform better than
conventional fluids like water, ethylene glycol etc.

P. Suganya et.al [5] carried out experimental investigation on radiators using water and copper oxide Nano fluids as
cooling medium. The results indicated that copper oxide Nano fluid offers more thermal conductivity and
convective properties than compared to that of water. There is an improvement in performance of the Radiator by
45% for copper oxide Nano fluid when compared to that of the water.

P. Sai Sasank et.al.[6] tested an automotive Radiator with water and Aluminum oxide Nano fluid at low volume
concentrations of 0.025%,0.5%,0.1%.Heat transfer enhancement from the obtained results is found to be augmented
when the concentration of the Nano particles is increased.

Tushargaidhane et.al[7] hybrid Nano fluid at concentrations of 0.5%,1% and 1.5% as a coolant in the automobile
radiator and compared the heat transfer by hybrid Nano fluid with that of the conventional coolants like water and
green coolant experimentally. The experimental results are compared with that of the CFD values. It is found that
there is an enhancement in heat transfer coefficient up to 41% for hybrid Nano fluid (Cuo+Fe,05).

J.R. Patel etal. [8] Presented CFD simulation of a Maruthi van Radiator using commercial software CCM+.
Analysis is carried out for water +ethylene glycol solution, CUO/water and Tl/water Nano fluids. Comparative
Analysis is carried out between these and from the results, it showed that CUO/water Nano fluid provides optimum
results for the air temperatures.

Paresh Machhar et.al.[9] carried out experimental investigation for the enhancement of forced convective heat
transfer in anAutomobile radiator using TiO2 Nano fluids and water as the cooling medium with concentrations of
0.1-1%. Test section consisted of 34 tubes of elliptical cross section. The effect of inlet temperature to the radiator
on heat transfer is also analyzed. Increasing the fluid rate increased the heat transfer. The Nano fluid increased the
rate of heat transfer by an amount of 45%.

P. Gopal et.al. [10] carried out experiments with water -based copper oxide nanofluids and found out that the
convective heat transfer and pressure drop increases.

K.P. VasudevanNambeesan et.al [11] carried out experimental analysis of Al,O3- ethylene glycol nanofluids for
enhancement of heat transfer in a radiator. The results showed a decrease in UA. The results showed a decrease of
the radiator performance with the addition of EG and increase with the addition of EG and nanoparticles.

M. Gajendiran et.al [12] conducted experiments on radiator with Al,Oznanofluid and transformer oil and found that
the performance of the radiator is more with the nanofluid compared to transformer oil.

John Babu Male et.al[13] tried to improve the performance of the radiator using louverd fins. CFD analysis is

carried out to analyze the rate of heat transfer. It is found that the radiator fitted with louvered tapes provide more
heat transfer than the one without them.
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ThirumalaVenkateswar Reddy K et.al [14]carried out his experiments with a radiator fitted with louvered fins and
considered the material as Aluminium 6061 for the fins. The thermal flux is found to be increased for the radiator
fitted with louvered fins.

S.Krishna, et.al. [15] carried out CFD analysis of a radiator with Al,O; and TiOynanofluids with different
concentrations and copper and aluminum as fin materials. The fins considered are louvered fins. It is found that
Al,OsProvides better heat transfer compared to TiO..

Monika R. Kohale et.al. [16]carried out experimental investigation on Al,Oswith different concentrations. The result
show that nano particle concentration play a major role in the enhancement of heat transfer.

M. Sabeel Khan et.al [17] carried out experimental investigations on Al,O3 TiO,and CUO nano particles and found
that CUO nano particles provide better heat transfer than the other nanofluids. The rate of heat transfer increases
with increase in the nano particle concentration.

NavidBozorgan, [18] carried out experimental investigations on an automotive radiator using CUO nanofluids.The
results showed that the heat transfer coefficient and pumping power are more for CUO nanofluid when compared to
base fluid.

Il.  DOE ANALYSIS FOR NANO FLUID TEMPERATUREANDAIRTEMPERATURE

In general, the experimental analysis becomes difficult with the increase in process parameters increase. Moreover,
the process parameters when there are controllable factors and the uncontrollable factors in the process, Taguchi
method is used to study the behavior of the process with least number of experiments. S/N ratio, statistical Analysis
of variance can be employed to indicate the significance of each parameter on the performance of the radiator. The
steps adopted in this study are: select noise and control factors, Select Taguchi Orthogonal Array, analyze results
and predict optimum performance. Table.l. shows the different parameters considered and their levels as used for
the design of experiments. Table2. Shows the L9 Taguchi orthogonal Array

Tablel Parameters for Design of Analysis

S.No Parameters Level 1 Level2 Level 3
1 Speed 1000 1300 1500
2 %Conc NF 0.2 0.4 0.6
3 Air velocity 3 6 9

Table2 Taguchi L9 Orthogonal Array

EXP No A B C
1 1000 0.2 3
2 1000 0.4 6
3 1000 0.6 9
4 1300 0.2 6
5 1300 0.4 9
6 1300 0.6 3
7 1500 0.2 9
8 1500 0.4 3
9 1500 0.6 6

After performing the DOE using the L9 orthogonal Array, the responses/results are tabulated as shown in the Table3
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I11.  RESULTS AND DISCUSSION

Effect of parameters on nano fluid temperature

The Taguchi method stresses the importance of the analysis of response variables using signal to noise ratio i.e., S/N
ratio resulting in minimization of quality characteristics. To enhance the performance of the radiator, it is needed to
have nano fluid temperature on lower side, so with the concept of “Smaller is the better” as quality characteristics
for Nanofluid temperature is considered. From main effect plot and S/N graph as shown in the Fig.1 (a) and (b) It is
observed that the nano fluid temperature decreases with the increase in air velocity and minimum at level one and
three.

" Main Effects Plot for SN ratios E@ + Main Effects Plot for Means E@

Main Effects Plot for SN ratios Main Effects Plot for Means
Data Means Data Means

speed %Conc NF Air Velocity speed %Conc NF Air Velocity

o //

-37.2 69.0
1000 1300 1500 0.2 04 06 3 6 9

Mean of SN ratios
|
5

Mean of Means
=
E

Signal-to-noise: Smaller is better 1000 1300 1500 02 0.4 06 3 6 9

Fig.1. (@) Mean of S/N ratios for NFT 1 (b) Mean of means for NFT

It is also observed that the nanofluid temperature decrease with increase in nano fluid concentration and engine
speed. It is also observed from S/N graph that for optimum nano fluid temperature, the speed should be 1500 Rpm,
%concentration of NF should be 0.6% and Air velocity should be 3m/s. Therefore, A3 B3 C1 is defined as the
optimum condition for parameters related to the nano fluid temperature.

Table 3 Parameters and their responses

Parameters NFT Air Temperature
and Levels Res SIN Ratio Means | Res S/IN Ratio
Means
1000 0.2 3 70.5 36.96 70.5 44.6 32.98 44.6
1000 0.4 6 70.0 36.90 70.0 46.0 33.25 46.0
1000 0.6 9 69.5 36.83 69.5 48.3 33.67 48.3
1300 0.2 6 71.0 37.02 71.0 48.4 33.69 48.4
1300 0.4 9 68.0 36.65 68.0 48.8 33.76 48.8
1300 0.6 3 72.0 37.14 72.0 47.4 33.51 47.4
1500 0.2 9 69.5 36.83 69.5 48.9 33.78 48.9
1500 0.4 3 735 37.32 735 47.9 33.60 47.9
1500 0.6 6 71.5 37.08 71.5 49.4 33.87 49.4
- 164

Al EsR (C)Global Journal Of Engineering Science And Researches



THOMSON REUTERS
[ICAME-2018] ISSN 2348 - 8034
Impact Factor- 5.070
Contour plots for nano fluid temperature
Contour plots are used to express the three -dimensional relationship in two dimensions with x and y
factors(predictors) plotted on the x- & y-scales & response values represented by contours.
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" Contour Plat of NFT vs %Canc NF, speed

G T Contour Plot of NFT vs Air Velocity, %Conc NF

Canc NF

Fig.2(@)NFT vs % conc. NF, speed (b) NFT vs Air velocity, %conc NF
Fig.2(a) & (b) show the contour plot of the Nanofluid temperature vs %conc NF, speed and Nanofluid Temperature
vs Air velocity, %conc NF. Fig.3(a) & (b) show the Normal probability plot and histogram for Nano fluid
Temperature. Blue colour shows the low value and the green colour in the contour shows the higher value.

Table 4: Response Table for Signal to Noise Ratios for NFT (smaller is better)

Level Speed % conc NF Air velocity

1 36.90 36.94 37.15

2 36.94 36.96 37.00

3 37.08 37.02 36.78

Delta 0.18 0.08 0.37

Rank 2 3 1

Table.5. Response Table for means for NFT

Level Speed % conc NF Air velocitiy
1 70.00 70.33 72.00
2 70.33 70.50 70.83
3 71.50 71.00 69.00
Delta 15 0.67 3.00
Rank 2 3 1

Analysis of variance for nanofluid temperature

Analysis of Variance (ANOVA) is done to find out significant process parameter at 95% confidence level, p-value
for this factor is less than 0.05. The ANOVA table 6 shows that the engine speed is the most significant parameter
which contributes to 47.98%. Next significant process parameter is Air Velocity which contributes up to 33.52%.
The last one is the % concentration of nano fluid which contributes to 17.64%.

Regression Equation
Regression Equation for Nano fluid temperature

NFT =69.33 + 0.00285 speed + 1.67 %Conc NF - 0.500 Air Velocity
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Effect of Parameters on Air Temperature
As per the expectation that the air temperature should be higher, so the criteria of selection for the Air temperature
would be “Larger is the better for this study. From the Fig 4(a) and (b) Mean of S/N ratios and Mean of Means plots
it is observed that the air temperature increases with the increase in speed and Air velocity. It is also observed that
the air temperature also increases with increase in concentration of the nano fluid. But not as much compared to the
speed and air velocity. Here the optimum condition for the maximization of the Air Temperature is A3B3C3.

Table.6. General Liner Model Table for Nano fluid Temperature

Level Speed %conc NF Air velocity
1 3331 33.41 33.37

2 33.58 33.54 33.53

3 33.76 33.69 33.74
Delta 0.45 0.28 0.37

Rank 1 3 2

Table.7. Response Table for Signal to Noise Ratios Larger is better

Source DF Seq SS Cont Adj SS Adj MS F-value P-value
Speed 2 8.63 47.98 8.63 4.31 55.53 0.018
%conc NF 2 3.15 17.64 3.17 1.58 20.42 0.047
Air velocity 2 6.03 33.52 6.03 3.01 38.8 0.025
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Fig. 4(a) Mean of Signal to Noise Ratios for AT (b) Mean of Means for AT
Table.8: Response Table for Means
Level Speed %conc NF Air velocity
1 46.3 46.87 46.63
2 47.77 47.57 47.50
3 48.73 48.37 48.67
Delta 2.43 15 2.03
Rank 1 3 2

From the tables of Response for Signal to Noise Ratios and Response to Means for Air Temperature Table 6 and
Table 7 it is found that the Engine Speed plays a major role for the maximization of the Air temperature then the Air
Velocity plays the key role and then % concentration of the Nanofluid.

Contour Plots for Air Temperature

The following Fig(a) and (b) show the Contour plot of AT vs %conc NF, speed and Contour plot of AT vs %conc
NF, speed respectively. The blue colour regions show the low values of the Air Temperature and the green colour
region shows the higher value of the Air Temperature. Table.3 shows the response table for the signal to noise ratio
and Table.4 shows the response table for mean of means. From Table 3 and 4 it is found that the engine speed has a
greater effect and it is the significant parameter for higher Air Temperature where Air velocity is the next one.
Nanofluid concentration is having the least contribution.
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Contour Plot of AT vs %Conc NF, speed
06

% . % -
5 Air Velocity & = speed 1266.66666666667
S 3
® =
02
1000 1100 1200 1300 1400 1500
speed Air Velocity

Fig.5 (a) Contour plot of AT vs %conc NF, speed (b) contour plot of AT vs %conc NF, Air velocity

Normal Probability and Histogram Plots
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Fig.6 (a) Normal probability plot for AT (b) Histogram plot for AT

Table.8. Work sheet for the Taguchi method

T C1 c2 Cc3 c4 C5 cé6 c7
speed | %Conc NF| Air Velocity NFT AT SNRA1 MEANT1

3 1000 0.6 9 69.5 48.3 33.6789 48.3
4 1300 0.2 6 71.0 471 33.4604 471
5 1300 0.4 9 68.0 458.8 33.7684 48.8
] 1300 0.6 3 2.0 47.4 33.5156 47.4
7 1500 0.2 9 69.5 489 33.7862 48.9
8 1500 0.4 3 73.5 479 33.6067 47.9
] 1500 0.6 6 71.5 494 33.8745 49.4

e ” 168
-
a JESR (C)Global Journal Of Engineering Science And Researches



THOMSOMN REUTERS

ISSN 2348 - 8034
Impact Factor- 5.070

[ICAME-2018]

Analysis of variance for air temperature

Table 8 shows the significance of the contribution of the various parameters on the response Air Temperature. The
table shows that the contribution of the parameter Air velocity has got the maximum significance. The contribution
of the parameter Air velocity is around 66.82%. Then the other parameter which is contributes to greater extent is
the Engine speed. The least contribution is by the % concentration of the Nanofluid.

Table.8. General Linear model Table for Air Temperature

Source DF Seq ss Cont Adj SS Adj MS F-value P-value
Speed 2 3.43 16.6 3.43 1.71 1.3 0.435
%conc NF 2 0.78 3.79 0.78 0.39 0.3 0.771
Air velocity 2 13.82 66.82 13.82 6.91 5.23 0.161

Regression Equation for Air Temperature
AT =37.900 + 0.004868 speed + 3.750 %Conc NF + 0.3389 Air Velocity
Table.9. Analysis of Variance for Air Temperature

IV.  CONCLUSIONS

In this analysis the optimal performance parameters are designed to have maximum Air temperature and minimum
Nanofluid temperature by Taguchi method. The parameters considered are Engine speed, % Concentration of
Nanofluid and Inlet Air velocity. The results obtained from the present study are discussed as shown below:

For optimization of Nanofluid temperature the most effective parameter is the Air velocity. Other parameters that
contributed are engine speed and the %concentration of Nanofluid. Their contributions are 47.98% and 33.52%
respectively. It is observed that for the minimization of the Nanofluid temperature, only two factors that are to be
controlled are Air velocity and engine speed. Optimum combination found is A3 B3 C1. Optimum values are Air
velocity 3m/s, Engine speed 1500 RPM and % concentration of Nanofluid as 0.6%.

Similarly, for maximization of outlet Air Temperature the most effective parameter is Engine speed. Other
parameters which contribute to this response are Air velocity and % concentration of Nanofluid. The contribution of
these parameters is Air velocity 66.82% Engine speed 16.6% and %concentration of Nanofluid 3.79%. Optimum
combination found for this response is A3B3C3. Optimum values for the above said parameters are Air velocity
9m/s, Engine speed 1500RPM, %concentration of Nanofluid 0.6.
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