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Considering the importance of using nanofluids in internal combustion engines, it is important to design
an optimal cooling system to reduce the temperature to improve engine performance. Previous studies
have shown that the thermal conductivity of nanoparticles can be changed by preparing hybrid
nanoparticles. In this study, the ability to increase the heat transfer rate of hybrid nanofluid in internal
combustion engines has been investigated numerically for single-phase flow. Hybrid nanofluid is
composed of Si02-TiOz on water-ethylene glycol based with different concentrations of nanoparticles in
equal volume fraction of the base fluid. The results show that hybrid nanofluids improve the heat
transfer rate, reduce the thermal resistance and increase the coefficient of friction. For concentrations of
1 and 2% SiO2-TiOz-water-ethylene glycol hybrid nanofluid, the heat transfer coefficient compared to
the base fluid increased by 8.26 and 13%, respectively. An increase in Nusselt number for hybrid
nanofluids compared to base fluid was recorded at 11.23 and 19.18%. In this study, the values of
pressure drop, pumping power and average coefficient of friction are also investigated.
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Fig. 2. Geometry of the problem.
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Fig. 6. Model validation diagram with reference simulation results [17], in

the presence of CuO nanoparticles with a concentration of 2%.
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Table 2. Mesh independence studies.

Number of Speed Temperature
Mesh elements (ms™1) (K)
Mesh 1 360000 0.628076 362.997192
Mesh 2 477750 0.630197 362.998169
Mesh 3 616000 0.630056 362.998291
Mesh 4 776250 0.6306318 362.998505
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Table 3. Heat transfer coefficient, average Nusselt number, and pumping

power.

Type of nanofluid (volume W/EG Si0,-TiO, Si0,-TiO,

percentage)/ Parameter (50:50) (1) (2)

Heat transfer coefficient 78.114 84.566 88.243

Average Nusselt number 0.03750 0.04172 0.04469

Pumping power (W) 0.00434 0.00491 0.00609
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Table 4. Heat transfer coefficient, average friction coefficient and pressure
drop of hybrid nanofluid and single nanofluid.

Type of Volume Average friction Pressure drop
nanofluid percentage coefficient (Pa)
W/EG 50:50 0.019641 681.218
SiO,-TiO, 1 0.021949 770.623
Si0,-TiO, 2 0.028438 956.075
SiO, 1 0.0243273 842.071
SiO, 2 0.0379684 1302.74
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