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Hybrid nanofluid is important as it has many applications in thermal related 
technology. The performance of a nanofluid is determined by its thermal properties. 
The thermal properties of the hybrid nanofluid are affected by many factors such as 
mixing ratio and temperature. The purpose of the study is to study the effect of 
different ratio concentration of hybrid nanofluid and temperature on the thermal 
properties. The thermal properties to be studied were thermal conductivity, viscosity, 
specific heat capacity and density. For this study, the mixing ratio concentration of 
Al2O3/TiO2 hybrid nanofluid samples was varied in order to see the difference between 
the thermal properties of each sample. The effect of temperature toward the samples 
was also tested. Results showed that samples with the highest ratio concentration of 
Al2O3 have the highest thermal conductivity and density while also having the lowest 
measurement of viscosity. However, samples with the highest value of specific heat 
capacity were unable to be determined due to the minimal difference between the 
results of the sample. The other results show that the increase in temperature causes 
the thermal conductivity and specific heat capacity to increase while the viscosity and 
density decrease. From the findings, this research can help future studies regarding the 
preparation and thermal properties of the Al2O3/TiO2. This research also can be a proof 
that this nanofluid be an alternative in any thermal related application. 
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1. Introduction 
 

Nanofluid are fluids that have been used in many applications such as electronic cooling, engine 
cooling and vehicle thermal management, generator cooling, in machining coolants, welding, power 
systems, lubrication, thermal storage, solar heating, cooling and heating in buildings, biomedical, 
spacecraft devices and defense equipment [1]. Nanofluid is a base fluid such as water and ethylene 
glycol mixed with a nano-sized particle called a nanoparticle [6,7]. It will then mixed to form a 
nanofluid.  

Research have been conducted by Moldoveanu et al., [2] regarding the thermal properties of 
Al2O3 and SiO2 and their hybrid. It was found that the hybrid nanofluid has better thermal 
conductivity enhancement than alumina nanofluid but lower thermal conductivity enhancement 
than silica nanofluid. The result shows that hybrid nanofluid with higher volume concentration ratio 
compares to silica volume concentration have the highest thermal conductivity in all temperatures. 
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The result was also supported by another study by Shah et al., [10]. Madhesh and Kalaiselvam [3] 
have conducted an experiment analysis on a hybrid nanofluid as a coolant. Cu/TiO2 hybrid nanofluid 
with base fluid of de-ionized double distilled water from the Millipore distiller with different 
volumetric concentrations ranging from 0.1 - 1.0 %. From the study, the lower volume concentrations 
of less than 0.7 % hybrid nanofluid display better heat transfer behaviour compared to the higher 
volume concentrations of greater than 0.7 %.  

Recently, hybrid nanofluid has had many applications and improving thermal properties can 
improve its performance. One of the usage of nanofluid is to enhance the coolant of a car radiator 
[15]. In another instance, by increasing the volume concentration of Al2O3/TiO2 hybrid nanofluid to 
1.5 %, it increases the energy efficiency of a double heat exchanger because thermal properties and 
viscosity also increased [14]. 

The thermal properties of nanofluid are affected by multiple factors. One of them is the volume 
concentration of nanoparticles inside the base fluids which can affect the thermal properties [8,9]. 
Another factor that can be considered is the ratio between the nanoparticles of the nanofluid [11,12]. 
Since a hybrid nanofluid consists of two or more nanoparticles inside, it is vital to determine which 
of the nanoparticles will be the major nanoparticle inside of a nanofluid since every nanoparticle has 
its thermal properties. By controlling the ratio between the nanoparticles, is it possible to create a 
sample of nanofluid with good thermal properties that can benefit the industry. 

Hence, this study aimed to enhance the thermal properties of the base fluid by adding 
nanoparticles. Next, this study will investigate the effect of the different mixing ratios of hybrid 
nanofluid on the thermal properties. Lastly, this study also analyses the effect of temperature to 
thermal properties.  
 
2. Methodology  
2.1 Hybrid Nanofluid Preparation 
 

In this experiment, the nanofluid samples that were prepared were Al2O3 / TiO2 hybrid with the 
base fluid of water and ethylene glycol (75:25). The volume concentration of each hybrid nanofluid 
was fixed at 0.5 % while the mixing ratio concentration between the two different nanoparticles of 
Al2O3 and TiO2 for each nanofluid were controlled. The reason for fixing the volume concentration is 
to focus more on the effect of the mixing ratio concentration of the hybrid nanofluid. Table 1 shows 
the details of the hybrid nanofluid sample. 

 
Table 1 
Hybrid nanofluid details 
Base Fluid Nanoparticle Volume concentration (%) Nanoparticle mixing Ratio 

Water (75) + EG (25) Al2O3/TiO2 0.5 50:50 
Water (75) + EG (25) Al2O3/TiO2 0.5 50:50 
Water (75) + EG (25) Al2O3/TiO2 0.5 60:40 
Water (75) + EG (25) Al2O3/TiO2 0.5 20:80 
Water (75) + EG (25) Al2O3/TiO2 0.5 80:20 

 
In order to ensure the stability of the nanofluid sample, sodium dodecylbenzene sulfonate (SDBS) 

surfactant was added into all the nanofluid samples. First, both of the nanoparticles will be mixed 
into the base fluid. After that, the SDBS surfactant was added. Then, the sample was mixed together 
using a mechanical stirrer with a speed of 350 rpm for 30 mins. The next step was to use the ultrasonic 
homogenizer to sonicate the sample for a total of two hours with a frequency of 20 KHz. Both of the 
equipment used are shown in Figure 1. 
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2.2 Hybrid Nanofluid Stability 
 

The stability of nanofluid is an important factor to consider when making a nanofluid. Nanofluid 
can have sedimentation leads to a reduction in the thermal conductivity of nanofluid. It is also very 
difficult to clean if the hybrid nanofluid sediment inside an enclosed space such as inside a radiator. 
However, the duration of the sedimentation is dependent on the stability of the nanofluid. 
 

  
     (a) (b) 

Fig. 1. (a) Magnetic stirrer and (b) Ultrasonic homogenizer 

 
The stability of nanofluid can be increased using the process of ultrasonication. In this 

experiment, the nanofluid undergoes an ultrasonication process using the ultrasonic homogenizer 
for two hours. During this process, the nanofluid is cooled down using cold water to ensure the probe 
of the ultrasonic homogenizer does not get too hot during the duration of the process as the constant 
vibration generates heat quickly. 

Another method of enhancing the hybrid nanofluid is by adding surfactant to the samples. 
Surfactant helps to increase contact between two nanoparticles by reducing the surface tension of 
the base fluid and increasing the suspension time of nanoparticles. In this experiment, the SDBS 
surfactant was used. 

By combining both stability enhancement methods, it helps to increase the stability of the 
samples. The duration of the samples to sediment becomes longer. The samples were monitored 
every week for any sedimentation. 
 
2.3 Thermal Conductivity Measurement 
 

For the measurement of thermal conductivity, a KD2 Pro was used. The KD2 Pro has a sensor that 
can measure the thermal conductivity of fluids. Figure 2 shows the equipment which is the KD2 pro. 
 

 
Fig. 2. KD2 Pro 
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In order to fix the temperature for each sample, a water bath was used for the range temperature 
of 30 - 60 °C. The measurement was taken with the sample inside the water bath. 

The measurement of thermal conductivity was very difficult especially when the samples were 
inside the water bath. This is perhaps due to the presence of a heating element causing unneeded 
interference to the reading of KD2 pro and also the gap open on an enclosed water bath causing heat 
to come out from the water bath. Therefore, it is important for the setup inside the water bath is 
controlled first before starting reading. If the reading starts to become illogical, the experiment will 
be halted for 15 mins before continuing on. 

The measurement for thermal conductivity was fixed at the same temperature and in order to 
ensure the accuracy of the result, multiple measurements were taken and the average value was 
calculated. After a measurement for one specific temperature was done, the temperature 
measurement was changed in order to study the effect of increased temperature on the thermal 
conductivity of hybrid nanofluid samples. 
 
2.4 Viscosity Measurement 
 

For the measurement of viscosity, a viscometer was applied. The viscometer is simple to use for 
the measurement of viscosity however the challenge is to measure the viscosity at a fixed 
temperature.  

Figure 3 shows the viscometer in the experiment. To measure the viscosity of the sample, the 
equipment uses the turning of a spindle in a cup. The viscosity is then determined through the 
measurement of the torque on a vertical shaft that rotates a spindle. 
 

 
Fig. 3. Viscometer 

 
The sample was first rinsed into a water bath at the desired temperature for a minimum of 5 mins 

in order to ensure the temperature of the nanofluid reached the desired temperature. After that, the 
samples then was quickly measured around 1 min using the viscometer to ensure minimal heat loss. 
The sample was rinsed again into the water bath. 

The measurement for viscosity was fixed at the same temperature and in order to ensure the 
accuracy of the result, multiple measurements were taken and the average value was calculated. 
After a measurement for one specific temperature was done, the temperature measurement was 
changed in order to study the effect of increased temperature on the viscosity of hybrid nanofluid 
samples. 

 
2.5 Theoretical Value of Specific Heat Capacity and Density 
 

The measurement for specific heat capacity and density cannot be done due to the lack of proper 
equipment to measure both properties. The measurement for specific heat capacity is usually done 
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by micro DSC. The equipment was not available nearby during the duration of the project. Another 
reason is that there is a lack of reference that relates to measuring the specific heat capacity of 
nanofluid. 

Meanwhile, the density of nanofluid can be determined by finding its mass of a specific volume, 
the precise reading of volume cannot be obtained by using a measuring cylinder. The results were 
too similar and hard to distinguish which have the highest and lowest density. 

To estimate the value of specific heat capacity and density of the samples, the formulae used by 
Sundar et al., [16] were applied. The temperature range was determined to be from 30 - 60 °C. The 
result used a few data from the Engineering ToolBox website (2003) as a reference.  

Table 2 shows the density and heat capacity for the Al2O3 and TiO2 nanoparticle which were 
obtained from the seller of the nanoparticle, US Research Nanomaterials, Inc.  

 
Table 2 
Nanoparticle specific heat capacity and density 
Nanoparticle Average Particle size (nm) Density (Kg/m3) Heat capacity (J/Kg.K) 

Al2O3 20 3890 880 
TiO2 5 180 683 

 
3. Results and Discussion 
3.1 Thermal Conductivity of Samples 
 

Figure 4 shows the result for thermal conductivity among the samples. For this result, the 
temperature was set at 35 °C. 

 

 
The result shows that all of the hybrid nanofluid samples managed to enhance the thermal 

conductivity of the base fluid which is the mixture of water and ethylene glycol. The result also shows 
the Al2O3/TiO2 (80:20) hybrid nanofluid have the highest thermal conductivity while the Al2O3/TiO2 
(20:80) hybrid nanofluid has the lowest thermal conductivity. It is shown that the hybrid nanofluid 
with higher ratio concentration of Al2O3 compared to TiO2 have higher thermal conductivity from 
hybrid nanofluid with lower ratio concentration of Al2O3 compared to TiO2. This is because the 

 
Fig. 4. Thermal conductivity of hybrid nanofluid and base fluid graph 
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thermal conductivity for Al2O3 nanoparticle was higher compared to TiO2 nanoparticles therefore 
increasing the ratio for Al2O3 will increase the thermal conductivity of hybrid nanofluid. 
 
3.2 Effect of Temperature to the Thermal Conductivity 
 

Figure 5 shows the result for the thermal conductivity of all the sample vs temperature. The 
temperature ranged between 30 - 60 °C and multiple measurements were taken. The result shows 
that the thermal conductivity of all of the samples steadily increases as the temperature increase. 
The explanation for why the temperature increase was due to the Brownian motion of particles 
increases. This, in turn increases the thermal conductivity as the temperature increase. This reason 
was supported by the fact that each of the thermal conductivity increased by the temperature. 

From the graph, the thermal conductivity of Al2O3/TiO2 (80:20) continuously remained as the 
sample with the highest thermal conductivity. This further confirms that the Al2O3/TiO2 (80:20) hybrid 
nanofluid has the best thermal conductivity. 
 

 
Fig. 5. Thermal conductivity vs. temperature graph 

 
3.3 Viscosity of Samples 

 
Figure 6 shows the result for viscosity between samples. For this result, the temperature was set 

at 35 °𝐶. 
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Fig. 6. Viscosity of hybrid nanofluid and base fluid graph 

 
The results show that all hybrid nanofluid samples have higher viscosity than the base fluid. The 

result also shows the Al2O3/TiO2 (20:80) hybrid nanofluid has the highest viscosity while the 
Al2O3/TiO2 (80:20) hybrid nanofluid has the lowest viscosity. The reason is probably because of the 
particle size of Al2O3 is bigger than TiO2. Therefore, with the same mass of Al2O3 and TiO2, the latter 
will have more particles inside if compared to the former. However, the difference between all the 
hybrid nanofluid samples is minimal. 
 
3.4 Effects of the Temperature to the Viscosity 
 

Figure 7 shows the result for the viscosity of all the sample vs. temperature. The temperature 
range of 30 - 60 °C and multiple measurements was taken. The result shows that the thermal 
conductivity of all of the samples steadily decreased as the temperature increase. According to 
Baghbanzadeh et al., [4] one of the reasons for this is that as the temperature increase, the molecular 
attractive forces decreases. From the graph, the viscosity of Al2O3/TiO2 (80:20) continuously 
remained as the hybrid nanofluid sample with the lowest viscosity.  Because hybrid nanofluid with 
lower viscosity is considered as a good hybrid nanofluid, the Al2O3/TiO2 (80:20) can be considered as 
the base sample in terms of lower viscosity. 
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Fig. 7. Viscosity vs. temperature graph 

 
3.5 Specific Heat Capacity of Samples 
 

Figure 8 shows the result for specific heat between samples. For this result, the temperature was 
compared at 30 °C. The result shows that all hybrid nanofluid samples have lower specific heat 
capacity than the base fluid. This result was consistent with a study done by Tiwari et al., [13]. 
According to Yarmand et al., [5], because the surface area of hybrid nanoparticles is larger, the 
surface free energy has a greater impact on the overall heat capacity affecting the specific heat of 
the hybrid nanofluid. However, it is difficult to differentiate between all the hybrid nanofluid samples 
since all the readings are almost the same.  
 

 
Fig. 8. Specific heat of hybrid nanofluid and base fluid graph 

 
3.6 Effect of Temperature to the Specific Heat Capacity 
 

Figure 9 shows the result for the specific heat of all the samples vs. temperature. The temperature 
range of 30 - 60 °C. The result shows that the thermal conductivity of all of the samples gradually 
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increases as the temperature increases. There were six lines inside the graph, however, the due 
values of all the hybrid nanofluids were all almost the same and it was difficult to tell them apart. 

 

 
Fig. 9. Specific heat vs. temperature graph 

 
3.7 Effect of Temperature to the Specific Heat Capacity 
 

Figure 10 shows the result for the density of all the samples vs. temperature. The temperature 
range of 30 - 60 °C. The result shows that the density of all of the samples decreases as the 
temperature increases. The explanation for this is that as the temperature increases, the volume of 
the sample also increases. The increased amount of volume causes the density to decrease. 

 

 
Fig. 10. Density vs. temperature graph 

 
 
 
 



Journal of Advanced Research Design 

Volume 81, Issue 1 (2021) 1-11 

10 
 

4. Conclusions 
 

Sample of Al2O3/TiO2 (80:20) had the highest thermal conductivity. Meanwhile, the measured 
thermal conductivity increases as the temperature increased. Al2O3/TiO2 (80:20) hybrid nanofluid 
sample had the lowest thermal conductivity. Then, the viscosity of all the samples decreased as the 
temperature rose. For the specific heat capacity, all the hybrid nanofluid showed lower specific heat 
capacity compared to the base fluid. The Al2O3/TiO2 (80:20) hybrid nanofluid had the highest density 
while the hybrid nanofluid sample of Al2O3/TiO2 (20:80) resulted in the lowest density even lower 
than the base fluid. The density of the samples decreased with the escalating of the temperature. 

From the findings, this research can help the future studies regarding the preparation and 
thermal properties of the Al2O3/TiO2. This research can also be a proof that this nanofluid is good to 
be used in any thermal related application. 
 
References  
[1] Sundar, L. Syam, Korada Viswanatha Sharma, Manoj K. Singh, and A. C. M. Sousa. "Hybrid nanofluids preparation, 

thermal properties, heat transfer and friction factor–a review." Renewable and Sustainable Energy Reviews 68 
(2017): 185-198. https://doi.org/10.1016/j.rser.2016.09.108  

[2] Moldoveanu, Georgiana Madalina, Gabriela Huminic, Alina Adriana Minea, and Angel Huminic. "Experimental 
study on thermal conductivity of stabilized Al2O3 and SiO2 nanofluids and their hybrid." International Journal of 
Heat and Mass Transfer 127 (2018): 450-457. https://doi.org/10.1016/j.ijheatmasstransfer.2018.07.024  

[3] Madhesh, D., and S. Kalaiselvam. "Experimental analysis of hybrid nanofluid as a coolant." Procedia engineering 97 
(2014): 1667-1675. https://doi.org/10.1016/j.proeng.2014.12.317  

[4] Baghbanzadeh, Mohammadali, Alimorad Rashidi, Amir Hassan Soleimanisalim, and Davood Rashtchian. 
"Investigating the rheological properties of nanofluids of water/hybrid nanostructure of spherical 
silica/MWCNT." Thermochimica Acta 578 (2014): 53-58. https://doi.org/10.1016/j.tca.2014.01.004  

[5] Yarmand, Hooman, Samira Gharehkhani, Seyed Farid Seyed Shirazi, Marjan Goodarzi, Ahmad Amiri, Wail Sami 
Sarsam, Maryam Sadat Alehashem, Mahidzal Dahari, and S. N. Kazi. "Study of synthesis, stability and thermo-
physical properties of graphene nanoplatelet/platinum hybrid nanofluid." International Communications in Heat 
and Mass Transfer 77 (2016): 15-21. https://doi.org/10.1016/j.icheatmasstransfer.2016.07.010  

[6] Ali, Abu Raihan Ibna, and Bodius Salam. "A review on nanofluid: preparation, stability, thermophysical properties, 
heat transfer characteristics and application." SN Applied Sciences 2, no. 10 (2020): 1636. 
https://doi.org/10.1007/s42452-020-03427-1  

[7] Dandoutiyaa, Bhrant Kumar, and Arvind Kumarb. "A review on thermal conductivity of ethylene glycol/water based 
nanofluid." PalArch's Journal of Archaeology of Egypt/Egyptology 17, no. 9 (2020): 8247-8259. 

[8] Ansarpour, Meisam, Elnaz Danesh, and Masoud Mofarahi. "Investigation the effect of various factors in a 
convective heat transfer performance by ionic liquid, ethylene glycol, and water as the base fluids for Al2O3 
nanofluid in a horizontal tube: A numerical study." International Communications in Heat and Mass Transfer 113 
(2020): 104556. https://doi.org/10.1016/j.icheatmasstransfer.2020.104556  

[9] Al-Waeli, Ali HA, Miqdam T. Chaichan, K. Sopian, and Hussein A. Kazem. "Influence of the base fluid on the thermo-
physical properties of PV/T nanofluids with surfactant." Case Studies in Thermal Engineering 13 (2019): 100340. 
https://doi.org/10.1016/j.csite.2018.10.001  

[10] Shah, Tayyab Raza, Hasan Koten, and Hafiz Muhammad Ali. "Performance effecting parameters of hybrid 
nanofluids." In Hybrid nanofluids for convection heat transfer, pp. 179-213. Academic Press, 2020. 
https://doi.org/10.1016/B978-0-12-819280-1.00005-7  

[11] Leong, Kin Yuen, Idayu Razali, KZ Ku Ahmad, Hwai Chyuan Ong, Mariyam Jameelah Ghazali, and Mohd Rosdzimin 
Abdul Rahman. "Thermal conductivity of an ethylene glycol/water-based nanofluid with copper-titanium dioxide 
nanoparticles: An experimental approach." International Communications in Heat and Mass Transfer 90 (2018): 
23-28. https://doi.org/10.1016/j.icheatmasstransfer.2017.10.005  

[12] Wanatasanappan, V. Vicki, M. Z. Abdullah, and P. Gunnasegaran. "Thermophysical properties of Al2O3-CuO hybrid 
nanofluid at different nanoparticle mixture ratio: An experimental approach." Journal of Molecular Liquids 313 
(2020): 113458. https://doi.org/10.1016/j.molliq.2020.113458  

[13] Tiwari, Arun Kumar, Naimish S. Pandya, Harshang Shah, and Zafar Said. "Experimental comparison of specific heat 
capacity of three different metal oxides with MWCNT/water-based hybrid nanofluids: proposing a new 
correlation." Applied Nanoscience (2020): 1-11. https://doi.org/10.1007/s13204-020-01578-6  

https://doi.org/10.1016/j.rser.2016.09.108
https://doi.org/10.1016/j.ijheatmasstransfer.2018.07.024
https://doi.org/10.1016/j.proeng.2014.12.317
https://doi.org/10.1016/j.tca.2014.01.004
https://doi.org/10.1016/j.icheatmasstransfer.2016.07.010
https://doi.org/10.1007/s42452-020-03427-1
https://doi.org/10.1016/j.icheatmasstransfer.2020.104556
https://doi.org/10.1016/j.csite.2018.10.001
https://doi.org/10.1016/B978-0-12-819280-1.00005-7
https://doi.org/10.1016/j.icheatmasstransfer.2017.10.005
https://doi.org/10.1016/j.molliq.2020.113458
https://doi.org/10.1007/s13204-020-01578-6


Journal of Advanced Research Design 

Volume 81, Issue 1 (2021) 1-11 

11 
 

[14] Maddah, Heydar, Reza Aghayari, Mojtaba Mirzaee, Mohammad Hossein Ahmadi, Milad Sadeghzadeh, and Ali J. 
Chamkha. "Factorial experimental design for the thermal performance of a double pipe heat exchanger using 
Al2O3-TiO2 hybrid nanofluid." International Communications in Heat and Mass Transfer 97 (2018): 92-102. 
https://doi.org/10.1016/j.icheatmasstransfer.2018.07.002  

[15] Arora, Neeti, and Munish Gupta. "An updated review on application of nanofluids in flat tubes radiators for 
improving cooling performance." Renewable and Sustainable Energy Reviews 134 (2020): 110242. 
https://doi.org/10.1016/j.rser.2020.110242  

[16] Sundar, L. Syam, Manoj K. Singh, and Antonio CM Sousa. "Enhanced heat transfer and friction factor of MWCNT–
Fe3O4/water hybrid nanofluids." International Communications in Heat and Mass Transfer 52 (2014): 73-83. 
https://doi.org/10.1016/j.icheatmasstransfer.2014.01.012  

 
 
 
 

https://doi.org/10.1016/j.icheatmasstransfer.2018.07.002
https://doi.org/10.1016/j.rser.2020.110242
https://doi.org/10.1016/j.icheatmasstransfer.2014.01.012

