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In this research, the effect of using three Nano fluids contain graphene 

oxide (GO), titanium oxide (TiO2) and aluminum oxide (Al2O3) was 

analyzed on the heat transfer of the car radiator by experiment in physical 

conditions on the car engine. Distilled water and ethylene glycol (60:40) 

as the base fluid was companied with three nanoparticles contain graphene 

oxide, titanium oxide and aluminum oxide that each one separately with 

0.1, 0.2 and 0.3 weight percent and flow rates of 10, 20, 32 and 40 liters 

per minute were used at normal engine temperature. After the temperature 

of the radiator cooling fluid reached 90 degrees Celsius and the fan was 

turned on for one minute, the results showed that increasing the weight 

percentage of nanoparticles to the base fluid increases the displacement 

heat transfer coefficient and most increase in the coefficient of heat 

transfer at 0.3 weight percent to an approximate value of 5.2% in 

aluminum oxide, 11.9% for titanium oxide and 28.7% for graphene oxide 

compared to the base fluid was received. With the increase in weight 

percentage, the pressure drop and Nusselt number increased.  The highest 

percentage increase in the radiator pressure drop for all three Nano fluids 

with 0.3 weight percentage and 2.2% for   aluminum oxide, 3.5% for 

titanium oxide and 5.24% for graphene oxide were received. 
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1. Introduction  

Nanoparticles are particles whose sizes are 

between 1 and 100 nanometers. In nanotechnology, 

a particle is defined as a small object that behaves 

as a complete unit due to its transport and 

properties. Nanoparticles used in nanocooling are 

usually made of metals, oxides, carbides or carbon 

nanotubes. They can be classified as metal oxides, 

metal-non-metal, carbon nanotubes and 

nanodroplets, which are currently used with base 

fluids to increase the thermal performance of 

cooling systems. The most common fluids are 

water, ethylene glycol and oil.  

Nanoparticles cause a significant increase in 

fluid heat transfer. According to Figure 1, the 

interesting properties of nanofluids and the great 

potential they show to increase heat transfer have 

caused this group of fluids to be the focus of 

researchers' attention in recent years [1]. Nano 

coolants are considered as alternative and new 

generation liquids for thermal energy transfer and 

can be used as heat transfer fluids in heat 

exchangers instead of pure single phase fluids. 

Among the applications of nano in cooling heat 

transfer, radiators in automobile manufacturing, 

chemical engineering and process industries, solar 
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water heater, refrigeration, cooling of electronic 

devices can be mentioned. 

   In recent decades, nanocooling has been 

implemented to overcome the need for better heat 

transfer due to the low thermal conductivity of 

common fluids such as water and ethylene glycol 

[2]. In continuation of the research on nanofluids, 

currently researchers have also used hybrid 

nanofluids that are synthesized by suspending 

dissimilar nano particles in a mixed or composite 

form.  

Sinaq and Hamyaran [3]  put the effect of using 

nanofluids in the radiator of vehicles as a 

monitoring option. According to their studies, the 

use of nanofluid instead of water can reduce the 

required front surface of the radiator by 10%. This 

order causes a reduction in aerodynamic resistance 

force and ultimately a reduction in fuel 

consumption up to 5%.  

Sarpila and Hamyaran  [4] in a numerical studied 

using the impact software of CuO-water-ethylene 

glycol nanofluid (50:50) with volume fractions of 

2% and 4% in the radiator of a truck. The result of 

their research was a 40% increase in the Nusselt 

number and a 5% increase in engine power on the 

one hand and a 2.5% reduction in vehicle fuel 

consumption.  

Putra and Maulana [5] numerically investigated 

the effect of using alumina water nanofluid with 

volume fractions of 1% and 4% in car radiators. 

Their results showed a 31 to 48 percent 

improvement in heat transfer coefficient for a 

volume fraction of 1% and an improvement of 52 

to 79 percent for a volume fraction of 4%. The 

temperature period of their processing option was 

50 to 70 °C.  

Su and Hamyaran, thermal test and pressure drop 

of an example radiator for water, water-ethylene 

glycol (50:50) and water-alumina nanofluid with 

volume fractions of 1%-4% using the appeal option 

numerically. Their results indicated that the 

cooling capacity, total heat transfer coefficient and 

cooling pressure drop for water-alumina nanofluid 

with a volume fraction of 4% were 38.7%, 74% and 

110.3%, respectively, compared to pure water for 

flow conditions. The cooling fluid and air are 12 

kg/s and 8000 kg/hr, and the temperature of the 

cooling fluid and air is 80 and 20 70 °C.  

Vaja and Hamyaran [6]  studied numerically the 

heat transfer of nanofluids under a slow flow in a 

flat tube of a car radiator without the assumption of 

fins. They carried out their investigation for 

Reynolds numbers 100 to 2000 and inlet cooling 

fluid temperature 70 °C. The results showed that 

the heat transfer coefficient of the nanofluid 

compared to the base fluid at a Reynolds number 

of 1000 increases by 91% by adding 10% 

aluminum oxide nanoparticles and 86% by adding 

6% copper oxide nanoparticles [7]. 

Kiaei et al. [8] the thermal performance of hybrid 

nanofluid   with mono nanofluid and pure water 

base fluid compared.The heat transfer 

 

Figure 1: The number of scientific journal articles presented in the Science Direct database published between 

January 2002 and 2022 regarding nanofluids. 
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performances of mono and hybrid nanofluids were 

determined using Nusselt number, overall heat 

transfer coefficient, convective heat transfer 

coefficient, and heat transfer rate. They showed an 

enhancement in the thermal performances of the 

radiator with an increase in Reynolds number and 

volume concentration. 

Fakhari and Sheikhzadeh [9] studied heat 

transfer and pressure drop, ΔP, of a coolant 

nanofluid, obtained by adding alumina 

nanoparticles to an Ethylene Glycol-water mixture 

(60:40 by mass), in an automotive radiator. They 

indicated the performance evaluation using 

nanofluid in the car radiator and   thermal 

efficiency enhanced. 

Zhi et al. [10] reported the improvement of heat 

transfer with the help of aluminum oxide, titanium 

oxide and magnesium oxide nanofluids with a 

mixture of water and ethylene glycol with a ratio of 

55% to 45% respectively. Aluminum oxide, 

magnesium oxide and tin oxide nanofluids had a 

high improvement in heat transfer compared to 

titanium oxide nanofluid which was the lowest 

value, less than 10% improvement compared to the 

base fluid. Regarding the magnesium oxide 

nanofluid at 1000 Reynolds number, a 252% 

improvement in heat transfer was reported.  

Leung et al. [11]  monitored the car radiator by 

using copper nanoparticles in ethylene glycol as a 

coolant. They monitored the effect of the volume 

fraction of copper nanoparticles and the Reynolds 

number effect of air and coolant on the thermal 

efficiency of the radiator as well as the pressure 

drop of the coolant and the power of the pump and 

found that the intensity of heat transfer increases 

with the increase in the volume concentration of 

nanofluids. During this thermal effort, the radiator 

is upgraded using nanofluid with ethylene glycol 

cooling with air and cooling Reynolds numbers. 

They also reported that about 12.13% increase in 

the pump limit at a concentration of 2% of copper 

nanoparticles at a volumetric flow rate of 0.2 m3/s 

is required compared to the fluid axis.  

Peyghambarzadeh and Hamyaran [12]  tested the 

car radiator with aluminum oxide nanofluid with 

water base fluid. Volume concentration was 

variable at0.1% -1. The highest heat transfer 

improvement of 45% was reported with a volume 

concentration of 1%. Peyghambarzadeh and 

Hamyaran [13]  tested a car radiator with copper 

oxide and iron oxide nanofluids with water-based 

fluid in three volume concentrations of 0.15%, 

0.4% and 0.65%. The Reynolds number varied 

from 50 to 1000 and the cooling inlet temperature 

varied from 50 to 80 degrees Celsius. Both 

nanofluids showed a 9% improvement in the 

overall heat transfer coefficient compared to pure 

water.  

Naraki and Hamyaran [14]  reported the 

experimental results for the nanofluid of water and 

copper oxide, tested under the condition of laminar 

flow in the car radiator. The volumetric 

concentration varied from zero to 0.4% and the 

inlet temperature varied from 50 to 80 degrees 

Celsius. An 8% improvement in the overall heat 

transfer coefficient compared to pure water was 

reported for 0.4% nanofluid volume fraction.  

Hossein and Hamyaran [15]  tested titanium 

oxide and silicon oxide nanofluids with water-

based fluid in a car radiator under sheet flow 

conditions. Volumetric concentration and inlet 

temperature were variable at 1-2% and 60-80 70 

°C. The highest improvement of 11% and 22.5% 

compared to the pure fluid was obtained for 

titanium oxide and silicon oxide nanofluids, 

respectively.  

Hafiz and Hamyaran [16]  investigated the effect 

of water/zinc oxide nanofluid on car radiator. This 

treatment was performed for different volume 

percentages. The most appropriate improvement in 

heat transfer in this process was reported as 46%. 

This upgrade value was approved for a volume 

percentage of 0.2%. 

Raja and Hamyaran [17]  reviewed the 

characteristics of nanofluids, thermal transfer 

characteristics and its applications. They realized 

that different aspects of nanofluids, for example, 

thermal conductivity, viscosity, experimental 

studies, numerical studies of heat transfer, and 

applications of nanofluids have been an option.  

Ta'ala Bigdali and Hamyaran [18]  reviewed the 

phenomenon of heat and mass transfer of cooling 

nanofluid with special care for use in automotive. 

They indicated that nanoparticle engineering 

suspension is able to improve the thermal property 

characteristic. Taking into consideration the need 

for cooling systems with extremely high efficiency, 

recently nanofluids are known as car radiator 

coolants. However, at present, the nature of a 

nanofluid scale series implies micro-relationships, 

although with care among the implementation 

features, in favor of thermal physical properties 

that are not fully known.  

Heydarbeigi [19]  researched the effect of copper 

nanofluid, silver nanofluid, and aluminum oxide on 

the heat transfer measurement unit of the Ferguson 

285 copper tractor engine radiator and awarded the 
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logo in the working position of the engine and 

plowing field with a plow to a depth of 20 cm. Heat 

transfer with concentrations of 8 and 12% of 

copper and silver nanofluid and aluminum dioxide 

was improved by 16, 32, 11.3 and 13%, 

respectively.  

Rahmatinejad et al. [20]  applied the 

experimental heat transfer analysis of MF 285 

radiator using nanofluid (Al2O3+water). For this 

purpose, a laboratory style was implemented and 

built. 20 nm particles were used with volume 

percentages of 1 to 4%. The temperature of the 

fluid entering the radiator was 85 degrees Celsius, 

and the flow rate of the cooling fluid was 3.18 liters 

per minute to 15.08 liters per minute, and the air 

flow rate was from varied from 3.3 m/s to 6.4 m/s. 

The results showed that increasing the coolant flow 

rate and air flow rate can improve the heat transfer 

effort, as well as increasing the volume fraction of 

nanoparticles in the base fluid, it improves the heat 

transfer rate and The output temperature decreases. 

In this way, by increasing the speed of the electric 

motor from 20 Hz to 40 Hz, the heat transfer 

coefficient of pure water is on average 26% and 

that of nanofluid is 29%. By adding 4 percent by 

volume Nanoparticles in the base fluid can improve 

the heat transfer rate by 37% on average and the 

transfer heat transfer coefficient by 28% compared 

to the base fluid.  

Izadkhah et al. [21]  researched the 

thermophysical coordinates of nanofluids based on 

water-ethylene glycol by using non-equilibrium 

molecular dynamics and computational fluid 

dynamics simulation methods. The result of the 

given symbol is that the addition of nanoparticles 

to the base fluid leads to the improvement of the 

thermal conductivity of the nanofluid, as well as 

the increase of the density and viscosity of the base 

fluid. The theoretical studies applied in this regard 

show a high regard for molecular dynamics 

simulations.  

Ali Ahmad et al. [22]  made the effect of TiO2 

nanocoolant with weight percentages of 0.1%, 

0.2% and 0.3% with water and ethylene glycol on 

improving the performance of the car radiator a 

research option. The result indicated that nanosi 

water-ethylene glycol-based and TiO2 nanofluid 

with a concentration of 0.2% can increase the effort 

of the car radiator by 47% compared to other 

concentrations.  

Shankara, Sajan and Hamyaran [23]  investigated 

the effect of graphene oxide with a weight 

percentage of 0.1% in water-based fluid and 

ethylene glycol with concentrations of (20:80, 

30:70, and 60:60). The results showed that the 

nanofluid Graphene oxide with water-based fluid 

and ethylene glycol in the ratio (40:60) causes the 

improvement of heat transfer by 42.77% in 300 

LPH flow rate and 18.14% in 360 LPH flow rate 

and 71.1% in flow rate. 240 LPH has been 

obtained.  

In this present study, the effect of using 

nanoparticles of aluminum oxide (Al2O3), titanium 

oxide (TiO2), and graphene oxide (GO) dissolved 

in distilled water and ethylene glycol with a ratio 

of 40% ethylene glycol and 60% (distilled water) 

in the car radiator system was investigated 

experimentally. This novel study test started with 

distilled water as the main fluid and then with 

distilled water and ethylene glycol (60:40) in the 

radiator of a TU7 engine in the distance when 

starting and finishing the circuit. It should be 

applied at a temperature of 90 degrees Celsius after 

one minute with a key at the normal engine 

temperature (after the string is activated after the 

start of the engine) and the temperature changes 

with fluid flow in 10, 21, 32 and 40 liter modes. 

Also with weight percentages of 0.1%, 0.2% and 

0.3% of nanoparticles of aluminum oxide, titanium 

oxide and graphene oxide each dissolved 

separately in distilled water base fluid and Ethylene 

glycol with a ratio of (40% ethylene glycol and 

60% distilled water) was applied in the distance 

between the bright light and the silence of the 

string, with flow rates of 10, 21, 32 and 40 liters 

per minute. 

2- Materials and methods 

Here we describe the type of nano materials and the 

method of preparing and mixing the nanofluid 

solution and explain about the materials and 

equipment used in this experiment and how they 

are used in the research process. 

2-1- Preparation of nanofluid 

 In this investigation, we have purchased nano 

materials from Nano Sani Company with the brand 

(US Research Nanomaterials). The first nano 

particle used in this investigation was gamma 

aluminum oxide nano powder  
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 (hydrophilic), whose purity was +99% and the 

size of nano aluminum oxide particles was 20 

nanometers and its specific surface area was 138 

m2 per gram and the morphology (particles shape) 

is relatively spherical. The color of nano aluminum 

oxide powder was white and the specific heat 

capacity of nano aluminum oxide gamma was 880 

J/(kg-K) and its actual density was 3890 kg/m3. 
The second nanoparticle used in  

This study is titanium oxide nano powder (80% 

anatase + 20% rutile), which has an average 

particle size of titanium oxide (D50) of 20 

nanometers and a purity of +99% and a specific 

surface area of 10-45 m2 per gram and is white in 

color with a bulk density of 0.46 grams per cubic 

centimeter, the pH value of this nanoparticle is 5-

6.5 and the weight loss is due to the effect of 

dehydration. 0.48% and weight loss was 0.99% on 

the effect of burning. The third nano particle used 

was nano oxide graphene with a size of 3.4-7 

nanometers and a purity of 99% and the number of 

layers between 6-10 layers and a specific surface 

area of 100-300 m2 per gram. The lateral 

dimensions of the particles (the diameter of 

graphene nano oxide plates) was 5-10 micrometers. 

Figure 2 show pictures of nanoparticles.  

 Clumping or the lack of desired suspension of 

nanoparticles in the liquid can be a multiple error 

in the measurement. There are different methods to 

avoid this phenomenon. The use of surfactant is 

one of the effective solutions in this case to the 

scale, a one-to-one ratio with the nanoparticle 

weight percentage to the surfactant titer for 

recording and dispersing nanoparticles into the 

axial fluid was added Gum arabic is a natural and 

edible gum that is obtained from a tree called Gum 

Senegal and is white in color and soluble in water. 

Figure 3 indicates the example of Gum arabic used 

in this experiment. 

Figure 3: Gum arabic 

Figure 4 digital scale gives the option to be used 

in this study After separating and weighing the 

nanoparticles and surfactants, an electric magnetic 

stirrer with a revolution of 1350 revolutions per 

minute is used for a period of 20 minutes to 

integrate the surfactant and nanoparticles with the 

foundation fluid (60% water and 40% ethylene 

glycol). 

 Figure 4: Digital scale 

Figure 5 symbolizes the used magnetic stirrer 

Then, in order to disperse and separate small and 

nanometer particles and homogenize well, an 

ultrasonic device with a probe, W400 W400 

ultrasonic homogenizer, which is prepared and set 

at a working frequency of 20 KHz, is used for a 

period of 20 minutes. It is used.

 

Figure 2: Pictures of nanoparticles a) aluminum oxide b) titanium oxide c) graphene oxide [10] 

c b a 
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Figure 5: Magnetic stirrer 

 For example, the features of this device are 

preparation and self-adjustment of the frequency 

in the range of ± 1 KHz, the ability and possibility 

to prepare and adjust the encounter opportunity, 

and the ability and possibility to use the period 

opportunity position (pulse). Figure 6 is the 

ultrasonic device with probe used in this appeal 

so far, nanofluids have been available for testing 

in the XU7 engine radiator, and for each nano 

material, three weight percent of 0.1, 0.2, and 0.3 

have been considered, and the amount of 

surfactant for all weight percentages has a one-to-

one ratio with nanoparticles. 

 

 

 

 

 

 

 

 Figure 6: Ultrasonic with probe 

 It has been taken into account and the base 

fluid is ethylene glycol and distilled water with a 

ratio of 40% ethylene glycol (2.8 liters) and 60% 

distilled water (4.2 liters), totaling 6.6 liters. 

Figure 7 represents the effect of the passage of 

time at different time distances (at the moment of 

mixing, after 3 hours, after 3 days, and after a 

month) on the sedimentation of nanofluids of the 

test item. 

 2-2- Instructions for testing and collecting 

data 

We installed the rotameter and 

thermomanometers and thermocouple 

thermometer on the XU7 engine. We installed the 

rotameter in the middle of the water outlet of the 

engine towards the top of the radiator after the 

thermostat and one of the thermomanometers 

after the rotameter and the inlet to the radiator. 

 

     (a)                (b)                   (c)                     (d)                                    (a)                     (b)                     (c)                     (d)                          (a)                   (b)                  (c)                (d) 

Figure 7:  Sedimentation of nano fluids of this experiment due to the passage of time((a): At the moment of 

composition (b): After 3 hours(c): After 3 days (d): After a month) 
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We installed the wheel thermomanometer at the 

outlet. We installed water under the radiator 

towards the engine .For a more accurate 

temperature study, we installed three 

thermocouple thermometers in one of the water 

inlet to the radiator, the second on the body of the 

radiator, and finally the third in the outlet of the 

water from the radiator. Figure 8 indicates the 

measurement possibilities installed on the engine 

to carry out the experiments, the prepared nano 

fluid with several weight percentages were 

poured independently into the radiator of the 

XU7 engine and after a full load, it was run by 

increasing the engine speed by gassing and 

holding it by the diag device. 

 Figure 8: Measuring equipment installed on 

the XU7 engine 

 In flow rates of 32, 20, 10 and 40 liters per 

minute, we record the temperatures in the 

distance when the string rotates in between and 

the string is interrupted.  

After connecting the motor to a normal 

temperature at 90 70 °C, the filament will rotate 

for a period of one minute, and after it has passed, 

we note the temperature. In the distance between 

the delivery of the nano fluid and the replacement 

of the future nano fluid, the water paths and water 

channels of the engine and radiator are washed 

and cleaned with a unique salt-filled radiator 

device in order to wash the remaining possible 

sediments in the water paths.  

Figure 9 shows the radiator washing 

machine. 

 

 

 

Figure 9: Radiator washing device connected to 

the water path between the engine and the radiator. 

2-3- Thermophysical properties of 

nanofluid 

Assuming that the nanoparticles are well 

dispersed in the interior of the base fluid and the 

concentration of the particles in the overall 

system is uniform, the useful physical property of 

the composition of the treatment item can be 

determined by using some of the classical 

formulas that are usually used for two-phase 

liquids. The density of nanofluids can be 

calculated according to the rule of compositions 

from the relationship between Tamiz and Chu 

[24].  

𝜌𝑛𝑓 = (1 − 𝜑𝑝)𝜌𝑏 + 𝜑𝑏𝜌𝑝                    (1)                                  

In this relation, φ is the volume fraction of 

nano particles, 𝝆𝒏𝒇  Density of nanofluid  ، ρ is the 

density and index p represents the nanoparticles 

and b represents the base fluid. Equation 2 can be 

used to determine the specific heat capacity [25]. 

(2) (𝐶𝑝)
𝑛𝑓

= (1 − 𝜑𝑝)(𝜌𝐶𝑝)
𝑏

+ 𝜑𝑝(𝜌𝐶𝑝)
𝑝
 

 

which can be written as relation 3 

      )3 ( 
𝐶𝑝،𝑛𝑓 =

(1 − 𝜑𝑝)(𝜌𝐶𝑝)
𝑏

+ 𝜑𝑝(𝜌𝐶𝑝)
𝑝

(1 − 𝜑𝑝)𝜌𝑏 + 𝜑𝑝𝜌𝑝

 

𝐶𝑝،𝑛𝑓  the constant pressure specific heat of 

nanofluid is P index for nanoparticles and b index 

for base fluid. Equation 4 can be used to calculate 

the viscosity of nanofluids, [26]. 
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                       (4) 𝜇𝑛𝑓

𝜇𝑓
= 1 + 2.5𝜑 

φ is the volume fraction of nano particles, 𝜇𝑓 

is the dynamic viscosity of the base fluid and 𝜇𝑛𝑓   

is the dynamic viscosity of the nano fluid [26-30]. 

Table3 shows thermophysical properties of base 

fluids and nanoparticles. 

 

Table3: Thermophysical properties of base fluids and nanoparticles𝐴𝑙2𝑂3  ،𝑇𝑖𝑂2 و  𝐺𝑂[31]

 

Hamilton-Krosser relationship was used to 

determine the thermal conductivity coefficient of 

nanofluid [32]. 

𝐾𝑛𝑓 = [
𝐾𝑝+(𝑛−1)𝐾𝑏𝑓−𝜑(𝑛−1)(𝐾𝑏𝑓−𝐾𝑝)

𝐾𝑝+(𝑛−1)𝐾𝑏𝑓+𝜑(𝐾𝑏𝑓−𝐾𝑝)
] × 𝐾𝑏𝑓   (5)          

In this relation, k is the thermal conductivity 

coefficient, and n is the particle shape coefficient, 

which is obtained from the relation 𝑛 =
3

𝜓
. 𝜓 is 

the coefficient of sphericity and for spherical 

particles 𝜓 = 1 and n=3 and for cylindrical 

particles n=6. 

The displacement heat transfer coefficient is 

presented in the form of equation 6 [33]. 

  ℎ =
𝑞

𝐴∆𝑇𝑏
                                                         (6) 

In this formula q is the heat transfer 

coefficient, A surface area and ∆𝑇𝑏  is difference 

temperature The dissipated thermal energy was 

calculated from equation (7).  

                    )7) 𝑞 = �̇�𝐶𝑃𝑛𝑓
(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡) 

The bulk temperature (𝑇𝑏)  is defined as the 

average temperature of the inlet and outlet of the 

radiator fluid 

                          (8) 𝑇𝑏 =
𝑇𝑖𝑛+𝑇𝑜𝑢𝑡

2
         

In this regard, 𝑇𝑖𝑛and 𝑇𝑜𝑢𝑡are the fluid 

temperatures at the inlet and outlet of the radiator, 

respectively. The displacement coefficient was 

calculated from equation 13. 

               (9) 
ℎ =

�̇�𝐶𝑝𝑛𝑓
(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡)

𝐴(𝑇𝑏 − 𝑇𝑤)
 

In this regard, 𝑇𝑤  is the temperature of the 

pipe wall 

For fully developed laminar flow, the 

Nusselt number was calculated from the Keyes 

equation [34]. 

(10)                                                                                                  
𝑁𝑢 = 3.66 +

0.0668 (
𝐷
𝐿

) 𝑅𝑒 × 𝑃𝑟

1 + 0.04 [(
𝐷
𝐿

) 𝑅𝑒 × 𝑃𝑟]

2
3

 

Prandtl number was calculated from 

equation 11 

Ethylene 

glycol 

Distilled 

water 

Gum 

arabic  

𝐺𝑂 𝑇𝑖𝑂2 𝐴𝑙2𝑂3   characteristic 

2420 4179 1400 2100 6890 765 𝑐𝑝(𝐽𝑘𝑔−1𝐾−1) 

1110.2 997.1 1350 440 4260 3970 𝜌(𝑘𝑔𝑚−3) 

0.253 0.613 190 1.89 11.7 40 𝐾(𝑊𝑚−1𝑘−1) 
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                    (11) 
𝑃𝑟 =

𝐶𝜇

𝑘
 

Equation 12 can be used to calculate the 

Reynolds number of nanofluid flow 

                                                                                         

(12) 
𝑅𝑒 =

4𝑚𝑛𝑓̇

𝜋𝑑ℎ𝑦𝜇𝑛𝑓
 

where 𝑚𝑛𝑓̇    is the mass flow rate of 

nanofluid and 𝑑ℎ𝑦   is the hydraulic diameter of 

the heat exchanger. 

 

3-Results and discussion 

In the current research, the effect of using 

three nanofluids of aluminum oxide, titanium 

oxide and graphene oxide homogenized in the 

base fluid of distilled water and ethylene glycol 

(40:60) on the heat transfer of the car radiator, 

experimentally and in a real state. It was run on 

the XU7 engine. Experiments in eleven distilled 

water conditions; Distilled water and ethylene 

glycol (40:60) and finally b Aluminum oxide, 

titanium oxide, and graphene oxide nanofluids 

with weight fractions of 0.1, 0.2, and 0.3% and 

flow rates of 10, 20, 32, and 40 liters per minute 

will be removed from the cool filament. applied. 

Give a sign by adding Gum arabic surfactant to 

graphene oxide for up to 30 days, titanium oxide 

for up to 25 days and aluminum oxide for up to 

22 days. 

By increasing the flow rate, the heat transfer 

coefficient is improved, and adding nanoparticles 

to the base fluid increases the heat transfer 

coefficient. As you can see, the highest heat 

transfer coefficient measurement unit associated 

with graphene oxide with a concentration of 0.3% 

by weight in the base fluid is at a flow rate of 40 

liters per minute and it was calculated as 2570 

W/(m2 K), which is about 28.7% of the 

measurement unit of improving the heat transfer 

coefficient compared to the base fluid (distilled 

water 60% + ethylene glycol 40%). . It can be 

seen here that both increasing the flow rate and 

increasing the concentration of nanoparticles 

have a positive effect on improving the heat 

transfer coefficient of fluid transfer.  

It can be seen that the Nusselt number 

increases with increasing Reynolds number. 

Also, increasing the weight fraction of 

nanoparticles to the fluid axis causes Nusselt to 

increase. In the following flow rates, with the 

small Reynolds number, the heat transfer 

measurement unit for nano fluid does not go up 

much compared to the base fluid, but with the 

increase of fluid flow rate, the kinetic energy of 

nanoparticles increased and the heat transfer is 

improved by them. The highest Nusselt number 

improvement scale compared to the axial fluid 

related to graphene oxide with 0.3% by weight at 

a flow rate of 40 liters per minute and the 

measurement unit is 234.2%. 

Tests showed that the highest radiator 

pressure drop associated with graphene oxide at a 

weight fraction of 0.3% compared to the fluid 

axis at a proof flow rate of 40 liters per minute 

was calculated as 5.24%. The percentage of 

increase in Nusselt number and pressure drop of 

nanofluid compared to water at the highest 

Reynolds number in the Table 4 have been 

brought 

Taking into account the percentage 

improvement of Nusselt number compared to the 

base fluid from formula (14), it can be seen that 

by increasing the concentration of nano materials 

in the fluid, with the increase in concentration 

from 0.1 to 0.3, the percentage increase of Nusselt 

number compared to the base fluid in Aluminum 

oxide has changed from 4.4 to 11.84, in titanium 

oxide from 11.67 to 17.26 and in graphene oxide 

from 53.94 to 234.2.  

Experiments showed that the maximum 

pressure drop of the radiator related to graphene 

oxide at a weight fraction of 0.3% compared to 

the base fluid at a constant flow rate of 40 liters 

per minute was calculated as 5.24%. The 

percentage of increase in Nusselt number and 

pressure drop of nanofluid compared to water at 

the highest Reynolds number in the table (1-3) are 

given
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Table 4: comparison of the percent increase in heat transfer coefficient of displacement of tested nano fluids 

a) 0.1% by weight b) 0.2% by weight c) 0.3% by weight 

 

percentage increase in thermal conductivity nanofluid  

19.73 Graphene oxide (GO) 

a) 16.9 )2TiOTitanium oxide ( 
5.5 )3O2AlAluminum oxide ( 

25 Graphene oxide (GO) 

b) 17.5 )2TiOTitanium oxide ( 

4.2 )3O2AlAluminum oxide ( 

28.7 Graphene oxide (GO) 

c) 11.9 )2TiOTitanium oxide ( 

5.2 )3O2AlAluminum oxide ( 

By calculating the percentage increase in Nusselt 

number compared to the base fluid from formula 

(14), it can be seen that with the increase in the 

concentration of nano materials in the base fluid, 

with the increase in concentration from 0.1 to 0.3, 

the percentage increase in the Nusselt number 

compared to the base fluid in oxide Aluminum 

has changed from 4.4 to 11.84, in titanium oxide 

from 11.67 to 17.26, and in graphene oxide from 

53.94 to 234.2.   

𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 =
𝑁𝑢𝑛𝑓−𝑁𝑢𝑏𝑓

𝑁𝑢𝑛𝑓
× 100         (14) 

Here, 𝑁𝑢𝑛𝑓   is the Nusselt number of the nano 

fluid, 𝑁𝑢𝑏𝑓is the Nusselt number of the base 

fluid. The graph (10) shows the percentage 

increase in Nusselt number according to the 

increase in concentration in three nanofluids 

compared to the Nusselt number of the base fluid 

i.e. distilled water and ethylene glycol (40-

60).                     

Here, by calculating the efficiency value of η 

from formula (15) at the highest concentration 

and highest flow rate of nanofluids, which 

performed best for us during the experiments, we 

can compare this index.  

                                                                                                         

η =

ℎ𝑛𝑓

ℎ𝑏𝑓
Δ𝑃𝑛𝑓

Δ𝑃𝑏𝑓

                                                         (15) 

(c)                                                (b)                                                   (a)                                   

Figure 10:  Comparative diagram of the percentage increase in the Nusselt number of nanofluids compared to the 

Nusselt number of the base fluid. 

a) Aluminum oxide b) Titanium oxide c) Graphene oxide 
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Here, ℎ𝑛𝑓   is the displacement heat transfer 

coefficient of the nanofluid, ℎ𝑏𝑓is the heat 

transfer coefficient of the base fluid, Δ𝑃𝑛𝑓  is the 

pressure drop of the nanofluid and Δ𝑃𝑏𝑓is the 

pressure drop of the base fluid. If the value of this 

index is higher than one, the beneficial effect of 

nanoparticles on increasing the heat transfer 

efficiency of the radiator can be confirmed.   

Figure 11 shows the comparison of efficiency in 

three nanofluids. As can be seen, the highest  

 

 

 

 

 

Figure 11: Shows the comparison of efficiency in 

three nanofluids with a concentration of 0.3 at a flow 

rate of 40 liters per minute.value of efficiency is 

related to graphene oxide with a concentration of 0.3% 

at a flow rate of 40 liters per minute with a value of 

1.225. 

Tables 5-7 compare the effect of increasing the 

weight percentage of three nanofluids separately 

on Nusselt and pressure drop at the highest 

Reynolds number.

 

 

Table 5: Comparing the effect of increasing the weight percentage of titanium oxide on Nusselt and pressure drop at 

the highest Reynolds number 

weight percentage of nanofluid Nusselt number increase 

percentage 

Percentage increase in pressure 

drop 

TiO2(0.1 %wt) 11.67 1.1 

TiO2(0.2 %wt) 15.13 2.2 

TiO2(0.3 %wt) 17.26 3.5 

 
Table 6: comparing the effect of increasing the weight percentage of aluminum oxide on Nusselt and pressure drop 

at the highest Reynolds number 

 
weight percentage of nanofluid Nusselt number increase 

percentage 

Percentage increase in pressure 

drop 

Al2O3(0.1 %wt) 4.4 0.55 

Al2O3(0.2 %wt) 8.55 1.38 

Al2O3(0.3 %wt) 11.84 2.2 

 
Table 7: comparing the effect of increasing the weight percentage of graphene oxide on Nusselt and pressure drop 

at the highest Reynolds number 

 
weight percentage of nanofluid Nusselt number increase 

percentage 

Percentage increase in pressure 

drop 

GO(0.1 %wt) 53.94 1.65 

GO(0.2 %wt) 109.3 2.7 

GO(0.3 %wt) 234.2 5.24 

To measure the fluid pressure drop inside the 

radiator, two pressure gauges were used at the 

inlet and outlet of the radiator. According to the 

tests, it was found that the best mode for 

measuring the pressure drop is at a flow rate of 40 

liters per minute and in the slow mode of the 

cooling fan.  

0

0.5

1

1.5

2

Al2O3 TiO2 GO

η

η
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The radiator pressure drop with weight fractions 

of 0.1, 0.2 and 0.3% compared to the base fluid at 

a constant flow rate of 40 liters per minute was 

the highest for all three nanofluids, and the 

maximum value among the three nanomaterials 

was related to Graphene oxide was calculated 

with a value of 5.24%. Figure 12 shows the 

radiator pressure drop versus the percentage of 

nanoparticles. 

 

 

Figure 12: Radiator pressure drop at a flow rate of 40 

liters per minute in terms of the percentage of 

nanoparticles 

4-Conclusion 

In the present study, the effect of using three 

nanofluids of aluminum oxide, titanium oxide 

and graphene oxide homogenized in the base 

fluid of distilled water and ethylene glycol 

(40:60) on the heat transfer of the car radiator, 

experimentally and in real conditions on XU7 

engine was done. Tests in eleven cases of distilled 

water; distilled water and ethylene glycol (40:60) 

and finally with aluminum oxide, titanium oxide 

and graphene oxide nanofluids with weight 

fractions of 0.1, 0.2 and 0.3% and flow rates of 

10 and 20, 32 and 40 liters per minute, in the slow 

speed of the cooling fan. The results showed that 

good stability was observed by adding Gum 

arabic surfactant to graphene oxide for up to 30 

days, titanium oxide for up to 25 days and 

aluminum oxide for up to 22 days. 

With the increase in flow rate, the heat transfer 

coefficient increases and adding nanoparticles to 

the base fluid increases the displacement heat 

transfer coefficient. So it was observed that the 

highest amount of heat transfer coefficient is 

related to graphene oxide with a concentration of 

0.3% by weight in the base fluid. The flow rate 

was 40 liters per minute and it was calculated as 

2570 W/(m^2 K), which showed an increase in 

the displacement heat transfer coefficient of 

about 28.7% compared to the base fluid (distilled 

water 60% + ethylene glycol 40%). was given 

Here, it was observed that both increasing the 

flow rate and increasing the concentration of 

nanoparticles have a positive effect on increasing 

the heat transfer coefficient of fluid displacement.  

It was observed that the Nusselt number increases 

with the increase of Reynolds number. Also, the 

increase in the weight fraction of nanoparticles to 

the base fluid increases Nusselt. At low flow 

rates, as the Reynolds number is small, the 

amount of heat transfer for nanofluid does not 

increase much compared to the base fluid, but 

with the increase of fluid flow rate, the kinetic 

energy of nanoparticles increases and The heat 

transfer is increased by them. The maximum 

increase in Nusselt number compared to the base 

fluid related to graphene oxide with 0.3% by 

weight at a flow rate of 40 liters per minute was 

calculated as 234.2%. 

Experiments showed that the highest pressure 

drop of the radiator related to graphene oxide in 

the weight fraction of 0.3% compared to the base 

fluid at a constant flow rate of 40 liters per minute 

was calculated as 5.24%.  

 

References: 

[1]S.U.S.Choi,“Enhancin  thermal  conductivity of 

fluids with nanoparticles”,Developments and   

Applications   of Non-Newtonian  Flows Vol. 231, 

No.66, pp. 99-105,)1995(.  

[2]I.Gonçalves,R.Souza,G. Coutinho, J. Miranda, 

A. Moita, JE. Pereira, A. Moreira, R. Lima. 

Thermal Conductivity of Nanofluids:“A Review 

on Prediction Models, Controversies and 

Challenges”. Applied Sciences.; 

11(6):2525,(2021).  

 [3] H. Ahmad, K. Al khaled, S.A. Sowayan, 

“Experimental investigation for automotive 

radiator heat transfer performance with ZnO–

Al2O3/water-based hybird nanoparticles: An 

improved thermal model”, International Journal 

35

35.5

36

36.5

37

37.5

38

38.5

0 1 2 3 4

∆
P

(m
 b

ar
)

)%(Φ

Al2O3 TiO2 GO

4178 

 [
 D

O
I:

 1
0.

22
06

8/
as

e.
20

23
.6

44
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ae

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                            12 / 14

http://dx.doi.org/10.22068/ase.2023.644
http://ijae.iust.ac.ir/article-1-644-en.html


                                                                                                                                                Ghiasi Noghabi et al. 

Automotive Science and Engineering (ASE)       4169 
 
 

of modern physics B,Vol.37,No.05,2350050 

(2023). 

 [4] S.K. Saripella, W. Yu, J.L. Routbort, D.M. 

France, “Effect of nanofluid coolant in a class 8 

truck engine”, Sae Technical paper series, (2007).  

[5]R.Ghimire,P.Mehta,N.Aryal,D.R.Sah, 

“Thermal Performance of Car Radiator Operated 

by Al2O3–Ethylene Glycol/Water-Based 

Nanofluids: A Computational Fluid Dynamics 

Study”, Journal of Thermal Science and 

Engineering Applications,  15(1): 011012 (2023). 

[6] V. Vasu, K.R. Krishna, A.C.S. Kumar, 

“Thermal design analysis of compact heat 

exchanger using nanofluids”, International 

Journal of Nanomanufacturing, 2(2008). 

 [7] R.S. Vajjha, D.K. Das, P.K. Namburu, 

“Numerical study of fluid dynamic and heat 

transfer performance of Al2O3 and CuO 

nanofluids in the flat tubes of a radiator”, 

International Journal of Heat and Fluid Flow, 31, 

613-621(2010).  

[8] Kiaei, Mohammad Bagher, Pouyan Adibi, 

and Ehsan Abedini. "Heat transfer evaluation of 

single and hybrid nanofluids as cooling media in 

car radiators: A 3D-CFD approach in flat 

tubes." Proceedings of the Institution of 

Mechanical Engineers, Part E: Journal of Process 

Mechanical Engineering   09544089231156053 

,(2023). 

[9] Fakhari, M. M., and G. A. Sheikhzadeh. "Heat 

Transfer and Pressure Drop of Al2O3-Ethylene 

Glycol-water Nanofluid as the Coolant in an 

Automotive Radiator." Automotive Science and 

Engineering,  3188-3201, (2020). 

 [10] H. Xie, Y. Li, W. Yu, “Intriguingly high 

convective heat transfer enhancement of 

nanofluid coolants in laminar flows”, Phys Lett 

A;374:2566-8, (2010).  

[11] W.K.Y.Leong, R.Saidur, S. N. Kazi, A. H. 

Mamun. “ Performance  investigation  of  an  

automotive  car  radiator  operated  with  

nanofluid-based  coolants  (nanofluid  as  a  

coolant  in  a  radiator) ”. Applied Thermal 

Engineering 30: 2685-2692(2010). 

 

[12]S.M.Peyghambarzadeh,SH.Hashemabadi,S.

M. Hoseini, JM. Seifi, “Experimental study of 

heat transfer enhancement using water/ethylene 

glycol based nanofluids as a new coolant for car 

radiators”, International Communities Heat Mass 

Transfer;38:1283e90, (2011). 

[13]  S.M.Peyghambarzadeh, SH.Hashemabadi, 

M. Naraki, Y. Vermahmoudi, “Experimental 

study of overall heat transfer coefficient in the 

application of dilute nanofluids in the car 

radiator”, Appl Therm Eng;52:8e16, (2013).  

[14]M.Naraki,S.M.Peyghambarzadeh,SH.Hashe

mabadi,Y.Vermahmoudi,“Parametric study of 

overall heat transfer coefficient of CuO/water 

nanofluids in a car radiator”, International 

Journal in Thermal Science;66:82e90, (2013).  

[15]A.M.Hussein,R.ABakar,K.Kadirgama,K.V.

Sharma,“Heat transfer enhancement using 

nanofluids in an automotive cooling system”, Int 

Commun Heat Mass Transfer;53:195e202, 

(2014).  

[16]H. M. Ali, H. Ali, H. T. 

B.Maqsood,M.A.Nadir,“Experimental 

Investigation of Convective Heat Transfer 

Augmentation for Car Radiator Using ZnOWater 

Nanofluids”, Journal of Elsevier, Energy, 1-8, 

(2015).  

[17]M.Raja,R.Vijayan,P.Dineshkumar,M.Venka

tesan. “Review on nanofluids characterization, 

heat transfer characteristics and applications. 

Renewable and Sustainable Energy Reviews”, 

64:163-173(2016).  

[18]M.Bozorgbigdeli,M.Fasano,A.Cardellini,E.

Chiavazzo,P.Asinari.“A review on the heat and 

mass transfer phenomena in nanofluid coolants 

with special focus on automotive applications. 

Renewable and Sustainable Energy Reviews”   

60: 1615-1633(2016). 

[19] G.Heydarbeigi,“Investigation of the effect of 

using copper nanofluid, silver nanofluid and 

aluminum oxide on the heat transfer rate of 

Ferguson 285 copper tractor engine radiator”. 

First International Conference on Applied 

Research in Agricultural Sciences, Natural 

Resources and Environment (2017).  

[20]B.Rahmatinejad,M.Abbasqalipour and 

B.Mohammadi,"Experimental evaluation of heat 

transfer of MF 285 tractor radiator using nano 

4179 

 [
 D

O
I:

 1
0.

22
06

8/
as

e.
20

23
.6

44
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ae

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
16

 ]
 

                            13 / 14

http://dx.doi.org/10.22068/ase.2023.644
http://ijae.iust.ac.ir/article-1-644-en.html


Experimental comparison of heat transfer coefficient and pressure drop of graphene oxide, titanium oxide 

and aluminum oxide in the radiator of a car  

4168       Automotive Science and Engineering (ASE) 
 

fluid Al2O3+water". Agricultural machines, Vol. 

12, No. 3 (2022)  

[21] Y.Chen, A.Alizadeh," The combustion 

process of methyl ester-biodiesel in the presence 

of different nanoparticles: A molecular dynamics 

approach",Journal of Molecular Liquids,vol 

373(2023)  

[22]S.Ali Ahmed,M.Ozkaymak, “Improving car 

radiator performance by using TiO2-water 

nanofluid”,Engineering Science and 

International Journal ,21,996-1005(2018) 

 [23] R.Prasanna Shankara ,N.R.Banapurmath, 

“An insight into the performance of radiator 

system using ethylene glycol-water based 

graphene oxide nanofluids”Alexandria 

Engineering Journal ,61,5155-5167(2022)  

[24]M.A.Hussein,R.A.Bakar,K.Kadirgama, 

“Study of forced convection nanofluid heat 

transfer in the automotive cooling system”Case 

Studies in Thermal Engineering,2,50-61 (2014) 

[25] B. C. Pak and Y.I.Cho, “Hydraulic  and  heat  

transfer  study  of  dispersed  fluids  with  

submicron metallic oxide particles”, 

Experimental Heat Transfer, vol. 11(2), pp. 151-

170, 1998/04/01 1998.  

[26] C.Ho,W.Liu, Y.Chang, C.Lin, “Natural 

convection heat transfer of alumina-water 

nanofluid in vertical square enclosures: an 

experimental study”. Int J Therm Sci;49:1345–

53, (2010). 

 [27] M.M. Heyhat, F.Kowsary, A.M.Rashidi, 

S.Alem Varzane Esfehani, A.Amrollahi. 

“Experimental investigation of turbulent flow and 

convective heat transfercharacteristics of alumina 

water nanofluids in fully developed flow regime” 

.Int Commun Heat Mass Transf;39:1272–8, 

(2012). 

 

[28]A.Turgut,I.Tavman,M.Chirtoc,H.P.Schuchm

ann,C.Sauter,S.Tavman. “Thermal conductivity 

and viscosity measurements of water based TiO2 

nanofluids ”. International Journal of 

Thermophysics30 (4):1213–1226,(2009).  

[29] M.Bahiraei,S.M.Hosseinalipour,K. Zabihi “ 

Using neural network for determination of 

viscosity in water- TiO2 nanofluid”. Advances in 

Mechanical Engineering 4:742-680,(2012). 

 [30] X.Fan, H.Chen,Y. 

Ding,P.K.Plucinski,A.A.Lapkin.“Potential of 

‘nanofluids’ to further intensify microreactors”. 

Green Chemistry 10 (6): 670–677,(2008). 

[31] A.Ghadimi,I.H.Metselaar,“The influence  of 

surfactant and ultrasonic processing on 

improvement of stability. thermal conductivity 

and viscosity of titania nanofluid”. Experimental 

Thermal and Fluid Science51:1–9,(2013).  

[32]T.Yiamsawas,A.S.Dalkilic,O.Mahian,A.Wo

ngwises. “Measurement and correlation of the 

viscosity of waterbased Al2O3 and TiO2 

nanofluids in high temperatures and comparisons 

with literature reports”. Journal of Dispersion 

Science and Technology 34 (12): 1697–1703. 

(2013).  

[33]D.Wen,G.Lin,S.Vafaei,K.Zhang.“Review of 

nanofluids for heat transfer applications” 

,Particuology;7:141–50, (2009).  

[34]R.L.Hamilton,O.K.Crosser,“Industrial and 

Engineering Chemistry Fundamental”,ACS 

Publications, 1(3), 187 (1962).  

[35] J. P. Holman, “Heat Transfer”, Mcgraw-Hill 

Co, 8th edition, (1997). 

[34] W.M. Kays, “Numerical solutions for 

laminar-flow heat transfer in circular tubes”, 

Trans. ASME, 77, 1265(1955).  

[36] W.Yu,D.France,D.smith, “Nanofluids for 

Thermal Conditions-Under hood Heat Transfer”, 

Argonne National Laboratory, (2009). 

 

 

 

 

 

 

 

 

4180 

 [
 D

O
I:

 1
0.

22
06

8/
as

e.
20

23
.6

44
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ae

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.22068/ase.2023.644
http://ijae.iust.ac.ir/article-1-644-en.html
http://www.tcpdf.org

