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ABSTRACT 

 

The objective of this paper is to investigate the properties of oil-based nanofluids and 

produce stable and biodegradable oil-based nanofluids by metal oxide nanoparticles. The 

cooking oil was used as a base for the nanofluid preparation. Titanium oxide was 

embedded as the nanoparticles, mixed with cooking oil volume concentration of 

nanofluids specimens, and labelled as 0.01, 0.03, 0.05, 0.07, and 0.09. The study 

explained the analysis techniques applied to determine the enhancement of thermal 

properties of nanofluids. The thermal conductivity of nanofluids was studied by heat 

transfer rate and the overall heat transfer coefficient gained. The metal oxide 

nanomaterials were mixed with the oil-based fluids in order to prepare the specimens. 

This research focused on the usage of vegetable oil and titanium oxide nanoparticles 

mixture to form nanofluids. The results obtained indicated that the nanofluid gave better 

thermal conductivity than oil-based fluids. The results significantly increased the thermal 

properties limitation and improved the product reliability. The enhancement of heat 

transfer rate for 0.09% of nanofluid volume concentration was increased by 36.25% 

 

Keywords: Ethylene Glycol; Long life coolant; Aluminium Oxide; nanoparticles; car 

radiator. 

 

INTRODUCTION 

 

Malaysia is a fast developing country with an average of seven percent annual economic 

growth [1]. Energy consumption is growing rapidly in line with the increase in population 

and economy [2]. Statistics from Malaysia Energy Commission depicted that the average 

energy consumption in 1980 increased from 2500 ktoe to 22000 ktoe in 2010. The rapid 

growth in energy consumption raises the usage of fossil fuels and also creates climatic 

concerns including global warming, greenhouse emission and air pollutants. The natural 

resources such as coal, natural gas, and petroleum which are currently available are also 

depleting. Therefore, we are in a red alert situation where the resources should be utilised 

to sustain a better living environment for future generations. Energy conservation is a 

vital objective of the national economy and will continue to be one in the future. The most 

effective manner to decrease energy demand is to utilise energy more efficiently [3-6] as 

in Figure 1. The importance of heat exchangers has increased enormously from the 

perspective of energy conservation, conversion, recovery, and successful implementation 

of new energy sources. According to Shah and Sekulic [7], its importance is also 

increasing from the stance of environmental concerns such as air, water, and thermal 
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pollution as well as waste disposal. Heat exchangers are commonly found in the 

manufacturing industries, transportation, and industrial products [8-10]. Heat exchangers 

are devices used to transfer heat energy from one fluid to another. Heat exchangers and 

evaporators in air conditioners and refrigerators are types of heat exchangers commonly 

found in everyday lives. Boilers and heat exchangers in thermal power plants are 

examples of large industrial heat exchangers. There are heat exchangers in our 

automobiles in the form of radiators and oil coolers. Heat exchangers are also abundant 

in chemical industries as stated by Shah and Sekulic [7]. The cooler fluid absorbs heat 

from the hotter fluid to reduce its temperature. Heat exchangers differ from mixing 

chambers in that they prevent the mixture of two fluids involved. In a car radiator, for 

example, heat is transferred from the hot water flowing through the radiator tubes to the 

air flowing through the closely spaced thin plates attached to the tubes outside. Heat 

exchangers are classified according to the transfer processes, number of fluids, degree of 

surface compactness, construction features, flow arrangements, and heat transfer 

mechanisms as proved by Shah and Sekulic [7]. 

 

 
Figure 1. Energy consumption statistics for year 1980 – 2010 [3]. 

 

 The appropriate design, operation, and maintenance of heat exchangers will 

ensure energy efficiency and decrease energy loss. Heat exchanger performance may 

deteriorate with time due to design operations and other interferences such as fouling or 

scaling. It is necessary to assess the heat exchanger performance periodically to maintain 

a high efficiency level. Unfortunately, heat exchangers are prone to fouling, since its 

nature depends on the fluids flowing in and over the tubes. Reduction in heat transfer that 

is almost consistent has an impact on product cost. Fouling can be defined as 

accumulation of undesirable substances on a surface. It is classified into the following 

categories such as particulate fouling, crystallisation fouling, corrosion fouling, bio 

fouling and chemical reaction fouling [11-14]. Since the 1950s, some efforts have been 

done on the variation in geometry of heat exchanger apparatus. Although improvement 

in energy efficiency is possible from the topological and configuration points of view, 

much more is needed from the perspective of the heat transfer fluid. Further enhancement 

in heat transfer is always in demand as the operational speed of these devices depends on 
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the cooling rate. New technology and advanced fluids with greater potential to improve 

the flow and thermal characteristics are two options to enhance the heat transfer rate [15]. 

Working fluid selection is one of most important factors of the effectiveness of a heat 

exchanger [3]. Current types of fluid that are being used as in heat exchangers are water, 

ethylene glycol with water, propylene glycol water, seawater, fresh water from lakes, 

reservoir or river, carbon dioxide, calcium chloride with water, sodium chloride with 

water, glycerin with water, Freon, mineral oils, and ammonia. The fluid selection is 

mainly dependent on the condensation temperature. However, the current types of fluids 

are not efficient as they have low thermal conductivity values and cause problems such 

as corrosion and bio-fouling. An evolving and new type which is nanofluids is produced 

by dispersing nano scaled particles into a carrier liquid such as water and ethyl glycol [16-

19]. Nanofluids can be best suited in heat transfer applications as fluid [20-23]. Friction 

and heat loss are the main causes of energy loss in mechanical systems. Usage of 

nanofluid will significantly improve the input energy of the mechanical system. 

Generally, the base fluid is mixed with metal nano particles such as zinc oxide, titanium 

dioxide, aluminium oxide, and silicon powder. The thermal conductivity of metal 

nanoparticles is higher than the base fluid. Metal nanoparticles enhance the thermal 

properties, especially the thermal conductivity, k of the base fluids they are mixed with. 

Thermal properties of the nanofluid are mainly dependent on the metal nanoparticle 

properties. When metal nanoparticles are dispersed into the carrier liquids, the heat 

transfer efficiency of the fluid compared to the carrier liquid by itself increases [24-28]. 

Theoretically, the improvement can be up to 350% because compared to liquid such as 

water or other organic fluids, metal has a much higher thermal conductivity, no matter 

what state it stays at. Thus, if using a certain liquid metal or its alloys with low melting 

point as the fluid, a much higher cooling capability will be achieved. Although current 

experiments could not prove such high thermal conductivity enhancements, significant 

increase in the critical heat flux of the fluid has been found [29, 30]. The objectives of the 

paper are to investigate the properties of oil-based nanofluids, produce a stable 

biodegradable oil-based nanofluids by using metal oxide nanoparticles, and investigate 

the thermal properties of the newly produced nanofluid. 

 

METHODS AND MATERIALS 

 

Experimental Method 

Nano-particle powders used in this research are titanium dioxide and metal oxide powder. 

Cooking oil was used as the oil based fluid. The mass of titanium dioxide powder was 

measured and the cooking oil was mixed together. Then, the mixture was stirred with a 

magnetic stirrer until the solvent was completely mixed. The mixture was left for a few 

hours up to one day and its stability was observed. The volume concentration of nanofluid 

specimens were labelled as 0.01, 0.03, 0.05, 0.07, and 0.09, while three litres of oil were 

prepared for every volume of concentration. A heat exchanger test rig experiment was 

carried out. Figure 2 shows the details of the nanofluid preparation. 
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Figrue 2. Nanofluid preparation flowchart. 

 

Experimental Data Analysis 

In this research, the volume of cooking oil used was three litres. Preparation of a large 

volume of oil is challenging, hence the volume of sample of 500ml oil was prepared 6 

times. Based on the properties of nanoparticles and cooking oil, the volume concentration 

of nanoparticles was calculated. Volume concentration ()can be calculated by, 
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(3.1)  

here,  = mass of nanoparticle;  = mass of based fluid;  = density of nanoparticle; 

 = density of base fluid. 

 

Table 1. Mass of nanoparticles powder for 50 ml samples. 

 

Volume concentration,% 0.01 0.03 0.05 0.07 0.09 

Nanoparticles Mass, mp, g 0.0195 0.0585 0.0975 0.1366 0.1756 

 

The schematic set up of the test rig is shown in Figure 3. Hot flow referred to the 

water flow where the heat source was from the transformer, whereas the cold flow 

referred to nanofluids flow that acted as the coolant agent. Then, the heat transfer rate was 

determined. The counter flow was chosen due to the difference in temperature between 
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the two fluids throughout the exchanger. The outlet temperature of the cold flow was 

facing the high temperature of the hot flow. This ensured a more uniform heat transfer 

rate throughout the heat exchanger. Figure 4 shows the heat exchanger used. The 

calibration was done using known temperatures for the thermocouples in ice water and 

boilng water. 

 
Figure 3. Schematic design of heat exchanger test rig set up. 

 

 

Heat transfer rate, 

      (3.2)  

 

Log mean temperature difference, LMTD, 

 

        (3.3)  

Heat transfer coefficient, 

 ;        (3.4)  

 

 
 

Figure 4. Heat exchanger that will used. 

Intake Fluid 1 

Intake Fluid 2 Exit Fluid 2 

Exit Fluid 1 
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In this experiment, the temperature reading was sensed by thermocouples of the 

Measurement Computing USB-5203 device. The device was used to record the reading 

of temperature. The nanofluid was left to run throughout the test rig, while the temperature 

reading was recorded by the device for 30 minutes, after the test rig was switched on. 

Then, the data collected was analysed by using TracerDAQ and Excel worksheet. This 

heat exchanger has two inlet and outlet flows for hot flow, thus the thermocouples were 

installed before the entrance. Besides, there were three more thermocouples that were 

thermos-pasted at the fin assumed as the surface.  

 

Table 3. Specification of measurement devices 

 

 

 

 

 

RESULTS AND DISCUSSION 

 

From Figure 5, thermal conductivity of the nanofluids was approximately the same. This 

was due to the proper mixing obtained while stabilising the fluid in the methodolgy. The 

stabilised fluid behaved as per the baseline; however, the thermal parts are to be further 

experimented [31]. There were higher volume concentrations or heat applied, thus clear 

results can be gained. The trendline demonstrated the inclination of thermal conductivity 

reading, and this explained that the volume fraction of nanoparticles was the principle 

factor affecting the thermal conductivity of nanofluids. The TiO2/palm oil nanofluids 

were newly developed and improved thermal conductivity, which has the potential in heat 

transfer fluids performance [32-34]. 

 

 
Figure 5. Graph of thermal conductivity, k against nanofluid volume concentration 

 

Figure 6 illustrates the graph of viscosity against different concentrations of 

nanofluids. The results indicated that the nanoparticles’ volume fractions increased with 

the viscosity of nanofluids as a result of the friction formed between nanoparticles and 

wall surface. Addition of nanoparticles changed the properties of nanofluids, where more 

surface friction of nanoparticles existed in palm oil. The main reduction reducing thermal 
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heat and a protective layer was created on the surface of the friction materials [24, 35, 

36]. This increased the particle torque and friction loss in the system.  

 

 
 

Figure 6. Graph of viscosity against different concentrations of nanofluid. 

 

Figure 7 outlines the seven points of thermocouples that detected the temperatures 

at a particular point. It was clearly explained that the inlet temperature of hot flow was 

rapidly higher than the other points. The outlet temperature of hot flow was traced to be 

lower than inlet flow. This indicated the presence of heat transfer in the heat exchanger. 

The heat energy was released to the cold flow and surrounding. While for the cold flow, 

the outlet temperature was sensed to be slightly higher than the inlet temperature. This 

was as a consequence of heat absorption from the heat sources. Subsequently, the other 

three points of temperature were detected to vary from each other as the heat was 

transferring among hot flow and cold flow. However, the three points of mid surface of 

the heat exchanger were neglected because the results were unstable [37]. The continuous 

rise was in tandem with heat exchanger operations. 

 

 
 

Figure 7.  Effect of temperature against time based oil. 
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Figure 8 represents the results of the relative heat transfer rate against the 

TiO2/Palm oil nanofluids concentration. The heat transfer rate relatively increased with 

the increase in concentration of nanofluids. The increase was because the surface area of 

the nanoparticle  increased as the concentration was increased [38]. The heat transported 

by this addition was enhanced and used for improvements. The enhancement of heat 

transfer rate for 0.09% of nanofluid volume concentration was increased by 36.25% than 

the base oil. This result proved that there was more heat energy transfer from the 

nanofluids. There was better heat conductivity in the nanofluids compared to base oil,  

because the nanoparticles were within it. The heat energy can be easily absorbed and 

released from the metal molecules [39]. 

 

 
 

Figure 8. Graph of UA against different concentrations of nanofluids 

 

CONCLUSIONS 

 

There were limitations in this research, where the fabrication of heat exchanger test rig 

needed to be refined by better designs. The pumps should be exchanged to a higher flow 

rate pump, thus the variant of flow rate of nanofluids can be investigated. Besides that, 

the friction of the nanofluids in the heat exchanger can be studied if the flow rate was 

faster and turbulent. Since the tank was used to heat up at high temperature, it might be 

damaged.Thus, the tank needed to be changed to a metal tank that can withstand high 

temperature. In the research, the heater was used for only five minutes because it was 

unable to go higher than that, since the heater’s handle has started to melt. The heater 

needed a dipped heater coil in order to allow constant heat distribution inside the tank. If 

the heater was able to function for a longer period of time, extra results can be investigated 

and studied. The enhancement of heat transfer rate for 0.09% of nanofluid volume 

concentration was increased by 36.25%. 
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