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Nomenclature 

 𝐶 𝑝     Specific heat [J/kg K]                   𝑄        Heat transfer [W]                 

d         Diameter [m]                                 ℎ  Heat transfer coefficient [W/𝑚2𝐾] 

D        Diameter of the tube [m]               𝐴        Surface area [𝑚2] 

K         Thermal conductivity [W/m K]    𝑇1        Temperature of the wall [K] 

Nu       Nusselt number                             𝑇2       Temperature of air [K] 

Pr        Prandtl number                              𝑚̇          Mass flow rate [Kg/s] 

q''        Heat flux [W/𝑚2] 

Re       Reynolds number  

T          Temperature [K]  

Greek letters  

η           Viscosity (Pa .s)                          ρ          Density [Kg/𝑚3]                                      

Φ          Volume fraction                           μ       Dynamic viscosity [Kg/ms] 

 Subscripts 

bf         Base fluid 

f           Fluid 

H         Constant heat flux 

In         Inlet 

nf         Nanofluid  

p           Particle 

w          Wall 
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ABSTRACT 

In today’s rapidly changing world, design engineers face challenges never 

encountered. With desires for higher efficiency at reduced size, operating 

machines at ideal conditions is a major bottleneck. Machines designed with such 

ambitious requirements produce immense heat. Therefore, the heat exchange 

system plays the most vital part for any machine to perform optimally. In order 

to maintain the ideal atmosphere, heat exchange systems are constantly 

operating with a failure possibility. The design of heat exchange systems has 

evolved throughout history to meet the necessities of that particular era.  In the 

last few decades, the research community has focused on nanofluids and their 

contribution to maximizing the heat transfer rate compared to traditional 

coolants. Using nanoparticles in the base fluid as a coolant in automobile 

radiators is an essential topic for engine manufacturers due to the excellent 

enhancement in the cooling process. This research is undertaken to analyze the 

radiator performance and simulate the process using different coolant fluids. In 

the current work automobile radiator working principle was simulated, and the 

obtained results are in excellent agreement with the available literature for 

traditional coolants. The work was extended to perform a parametric study of 

adding nanoparticles into conventional coolants. The results of adding 

nanofluids in the engine radiator predicted that the heat transfer increased by 

increasing the volumetric concentration of nanoparticles in the base fluid. The 

outlet temperature of the coolant also increases by increasing the flow rate of 

the coolant. 8 percent volume fraction of 𝐴𝑙2𝑂3and 𝐶𝑢𝑂 nanoparticles in base 

fluid results in maximum heat transfer, and hence minimum outlet temperature 

of the automobile radiator. The temperature reduction achieved with traditional 

coolant, water is 1.4%  and improved to  1.74% and 1.9% for   𝐴𝑙2𝑂3  and 𝐶𝑢𝑂 

at 4 L⁄min flow rate, respectively. Therefore,  𝐴𝑙2𝑂3and 𝐶𝑢𝑂 based nanofluids 

are 24.9% and 36.7% more efficient than water. 
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CHAPTER 1 

Introduction 

 

Modern machines are designed with ambitious requirements of high efficiency 

and compact size produce immense heat. Therefore, heat exchange system plays 

the most vital part for any machine to perform optimally. To serve the ideal 

environment heat exchange systems are nonstop under threat of likely failures 

during process. The design of heat exchange systems has evolved throughout 

history to meet necessities of that particular era. 

1.1 Cooling System  

Cooling system controls the automobile engine temperature. The following 

parameters have a direct impact on engine performance: 

i. The temperature of engine rises up to 1500 to 2000 ℃  due to the 

combustion of gasoline. The melting point of metals, that are used to 

make engines achieve at that temperature. Therefore, if the heat is not 

transfer to the atmosphere, it would affect the engine working. 

ii. At very high temperature, there is a chance of piston seizure 

There are two main reasons to have an efficient cooling system:  

i. Cooling system must be capable of removing 30% heat that is generated 

during engine work. Too much removing of heat from system cause the 

inefficiency of combustion engine. 

ii. At the starting of engine, the temperature of engine is very low. So at 

the starting the cooling system should be very slow, because the engine 

parts achieve their optimum temperature to do work.  

1.2 Types of Cooling Systems 

in many industrial, automobile application there are two main basic types of 

cooling system. 
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i. Cooling system who uses air  

ii. Cooling system who uses water 

1.2.1 Air Cooling System  

In air cooling system, the heat of the engine, that is conducted to the outer body 

of the engine, is removed away from the engine by the air. The air stream gets 

from the atmosphere. To increase the cooling by air, the fins are attached to the 

outer body of the engine to increase the surface area of engine body. During the 

manufacturing of cylinder, the fins are formed, basically the fins are metal 

surfaces. The following parameters have direct impact on the working of air-

cooling system: 

i. The total surface area of fins 

ii. The velocity of cooling air 

iii. The amount of cooling air, that is bumping on the surface of engine 

iv. The temperature of cooling air 

Air cooling system mostly use in small tractors (having less horsepower), small 

cars, motorcycles, small airplanes where the motions of the automobile gives 

very good velocity to air for cooling. The following are advantages of air cooled 

engines: 

i. The designs of air cooled engines are very simple 

ii. The weight of air cooled engine is light as compare to water cooled 

engine, due to the absence of water tank, water pump, cooling liquid 

weight, and radiator 

iii. Cost of air cooled engine is cheaper than water cooled 

iv. Less maintenance required for air cooled engines 

v. In air cooled engine there is no chance of corrosion, that’s produce 

trouble for cooling liquid in radiator tubes  

1.2.2 Water Cooling System 

In the working of automobile engines water cooling system has two purpose: 

i. It removes excessive amount of heat away from the engine and saves the 

engine from overheating 
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ii. For economical and efficient working it stay the engine at optimum 

temperature 

The water cooled system has two types: 

i. Non return/direct water cooled systems 

ii. Pump forced water cooled system  

The Non Return/Direct Water Cooled System is suitable for large industries, 

and where the bulk of water is available for cooling. The water directly supplies 

from the water tank to engine where it absorbs heat from engine. The hot water 

is from the engine is not reuses and discharge from industry. Injection molding 

machines, tube well is an example of these systems.  

The Pump Forced Water Cooled System is made with centrifugal pump that 

circulate the water from water tank to radiator, and the water flows from lower 

portion of the radiator to water tank through the water pump. These types of 

systems are used in trucks, cars, and tractors. 

 

Figure 1.1 Pump forced cooling system. 
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The main parts of liquid/water cooling system are Hose pipes, Temperature 

gauge, Water jacket, Thermostat valve, Water pump, Radiator, Pressure cap, 

and Fan. The Fan has two purposes in the water cooling system: 

i. It throws the atmospheric air at radiator, to increase the heat transfer rate 

of a radiator 

ii. It throws the atmospheric air at the surface of the engine cylinder, and 

increase the heat transfer rate at outer surface of engine 

1.2.3 Radiator 

The basic purpose of a radiator is to cool the water that is coming from the 

engine. There are three main parts of radiator. 

i. Upper tank 

ii. Tubes/main core 

iii. Lower tank 

 

Figure 1.2 3D model of radiator 

 

The radiators can be divided into three types; Honey comb radiator, Gilled tube 

radiator and Tabular radiator. Honey comb radiator consist of large number of 

air cells which are enclosed by water tubes. In this type of radiator, the block of 

any water passage affect the small part of radiator. 
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Figure 1.3 Honey comb radiator [1] 

 

In Gilled Tube Radiator the water flows inside the main core. Each tube of the 

radiator consists of large number of fins that are connected to the outer surface 

of tube. 

 

Figure 1.4 Gilled tube radiator [2] 

 

Tabular Radiator is same as gilled tube radiator. In this type of radiator there is 

no unconnected fin for tubes. Tubes of the radiator fits in horizontal metallic 

sheet. 

 

Figure 1.5 Tabular radiator [3] 
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1.2.4 Radiator Performance 

Engine durability, reliability and maximum fuel efficiency achieved once it 

operates at optimum temperature. Therefore, the following parameters have 

direct impact on engine performance. 

i. Radiator size  

ii. Types of coolant 

iii. Coolant flow rate  

iv. Air temperature 

There are many types of coolant that’s are used in radiator. Water is the base 

coolant that is usually used in radiators. Another one is ethylene glycol used as 

a coolant in engines, the mixture of ethylene glycol and water using in car 

radiator as coolant. After the founding of nanofluids, scientists are working on 

the use of nanofluids in radiator. 

Coolant flow rate is a basic parameter in heat transfer rate. From the literature 

it is observe that when the coolant flow rate increase the heat transfer rate is 

increase. So coolant flow rate is an important parameter for heat transfer 

coefficient. 

Atmospheric air temperature has direct relation with heat transfer coefficient of 

an automobile radiator [4].  

𝑄 = ℎ𝐴(𝑇2 − 𝑇1) 1.1 

1.3 Nanofluids  

In improving the compactness and performance of applied engineering 

equipment’s the low thermal properties of traditional coolant fluid has serious 

limitations. Nanofluids are a new world of nanotechnology. Nanofluids are heat 

transfer fluids, made by dispersing and suspending of nanoparticles in 

conventional heat transfer fluids. Nanoparticles diameter is in between 1-50 nm 

dispersed in base fluid (water) called nanofluids. In the past few decades, 

engineers and scientists have made remarkable discoveries in the field of 

nanotechnology. At a very low concentration of nanoparticles (less than 1 vol%) 
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can provide reasonable enhancement of thermal properties of base fluid. Some 

nanofluids provide high thermal properties such as high thermal conductivity at 

low volume fraction of nanoparticles. We can apply these discoveries in the 

field of medical and engineering applications. As a result, we can say that 

nanofluids technology emerged as a new area of science and engineering 

applications. Hence, nanofluids is a new field of research in applied sciences 

[5]. 

We can use nanofluids as a smart liquid, where heat transfer rate can be 

enhanced or reduced as per requirement [6]. In 2008 Routbort et al. started a 

project that used nanofluids for industrial applications. In the results they 

achieved good energy savings. The replacement of nanofluids with 

conventional coolant had save 1 trillion BTU of energy for U.S industry [7]. For 

cooling of microchips of electronic systems, nanofluids are used. The electronic 

application which we use fluids to control the heat nanofluids are also used. It 

is possible that, in the future, computer microchips will produce heat flux 10
𝑀𝑊

𝑚2  

. we will use nanofluids to remove heat flux from computer microchips [8-9]. 

For the cooling of engine oil, engine cylinder conventional coolant has low 

thermal conductivity. To increase the heat transfer rate in the radiator of an 

automobile we will use nanofluids. In this research I will work on heat transfer 

enhancement of an automobile radiator using nanofluids. So I will explain the 

use of nanofluids in automotive in this research. 

1.4 Literature Review 

Stephen U.S. Choi et al, proposed that a new group of heat transfer fluids. These 

fluids are more thermal conductive as compared to conventional fluids. In many 

industrial applications less thermal conductivity is a basic problem in the 

development of heat exchange fluids. The nanofluids are engineered with 

suspension of metallic oxide nanoparticles in fluids.  As the result these 

nanofluids are highly thermal conductive, so the nanofluids are new hope in 

heat exchange system that are used in many industrial applications and 

automobiles. They found the one of the benefit of nanofluid that is reduction of 

pumping power in heat exchange system. To double the heat transfer rate, the 
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pumping power required to increase 10 times for conventional fluid. But in case 

of nanofluids at the same pumping power the heat transfer rate was double [10]. 

Nanofluids-a basic word of the arising universe of nanotechnology-are 

suspensions of nanoparticles (significantly 1-100 nm in size) in regular base 

liquids like water, oils, or glycols. Nanofluids have seen tremendous 

development in prevalence since they were proposed by Choi in 1995. In the 

year 2011 alone, there were almost 700 exploration articles where the term 

nanofluid was utilized in the title, showing fast development from 2006 (175) 

and 2001 (10). The main ten years of nanofluid research was basically centered 

around estimating and displaying key thermophysical properties of nanofluids. 

Ongoing examination, be that as it may, investigates the presentation of 

nanofluids in a wide assortment of different applications [11]. 

The Heat exchange system is very important for automobile engine 

performance. Conventional coolant liquids, such as water, ethylene glycol, has 

poor heat transfer performance. For the enhancement of heat transfer, Nano 

fluids are the new window. Nano fluids are liquid suspensions containing 

metallic or nonmetallic oxide nanoparticles. Nanoparticles are significantly 

smaller than 100nm. Al2O3 nanoparticles were added into the water and made 

five different concentrations in the range of 0.1 to 1vol%. These five different 

concentrations flows through the automobile radiator. The flow rate has been 

changing from 2 to 5 l/min. The fluid inlet temperature has been changing from 

37 to 49 C, heat transfer coefficient had also analyzed. At 1vol% the Nano fluids 

in automobile radiator can enhance the heat transfer up to 45% as compared to 

pure water [12]. 

The performance of automobile radiators can be enhanced by using Nano fluids. 

Four different nanoparticles (Al2O3, TiO2, ZnO, and SiO2) mixed in water are 

used in an automobile radiator to check the heat transfer rate.  CFD simulation 

is performed on Ansys fluent to check the effect of their properties on heat 

transfer rate. ZnO and Al2O3 have better thermal properties as compared to 

TiO2 and SiO2. For ZnO, the increase in heat transfer rate is maximum from 
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4.9% to 19%. The second option is Al2O3 gives a heat transfer rate from 4% to 

13%. TiO2 and SiO2 do not enhance the heat transfer rate [13].  

In this study, the hydraulic and thermal properties of Nano fluids in radiator 

tubes were checked numerically. To calculate the thermal conductivity and 

viscosity of Nano fluid empirical correlation was used. Reynolds numbers were 

compared with different concentrations of nanoparticles in water and ethylene 

glycol at the same time Nussle numbers for those single and two-phase models 

were compared with experimental data. When the concentration of 

nanoparticles in water or ethylene glycol increases the heat transfer rate and 

Nussle number is increase. The effect of inlet temperature on Nussle number is 

shown that a two-phase model is better than a single phase for experimental data 

[14]. 

Due to the use of nanoparticles in base fluids (water or ethylene glycol) the 

process of resizing the automobile radiator is performed. In this process four (1, 

3, 5, and 7%) different concentrations of Nano fluids were used at Reynolds 

number changes from 250 to 1750. In automotive radiator flat tubes (high 

surface to cross-sectional area ratio) has been recently introduced. Higher length 

(11.7%) reduction of the flat tube of car radiator achieves by using the 

Al2O37%) nanoparticles in the base fluid. While by using CuO nanoparticles 

in base fluid (water or ethylene glycol) 9.8% reduction of tube lengths is 

achieved. 75 to 80% of the pumping power is required when Nano fluid was 

used due to the friction of nanoparticles [15]. 

In this article, the heat transfer performance and the flow characteristic in a flat 

tube of a car radiator have been checked computationally with three distinct 

fluids: base fluid(water) and two water based Nano fluids (Al2O3 and CuO 

nanoparticles in water) at different concentrations. This research addresses the 

drawbacks of high pumping power and benefits of enhanced heat transfer rate 

due to the use of Nano fluids. Nano fluids are not cost free Most previous studies 

used non-dimensional parameters that do not highlight about that. Addition of 

Al2O3 and CuO nanoparticles in base fluid(water) can increase the heat transfer 

rate of the car radiator as compared to base fluid(water). The enhancement rate 
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of heat transfer coefficient is dependent on the amount of nanoparticles Al2O3 

and CuO added to base fluid(water). The enhancement in heat transfer 

coefficient reached 38 % and 45 % for CuO/water and Al2O3, respectively 

compared to the values of the base fluid(water). By increasing nanoparticles 

(Al2O3 and CuO) concentration the pumping power and Pressure drop increase. 

By Adding nanoparticles (Al2O3 and CuO) to a base fluid contributed to 

increase required pumping power in automobile radiator compared to the 

expected heat transfer coefficient enhancement. With more added particles to 

the fluid this preceding increases. Nano particles(Al2O3) in base fluid(water) 

achieves a higher length reduction than Nano particles(CuO) in base fluid, it is 

estimated that 9.8 % and 11.7 % reduction of tube length are achieved for CuO 

and Al2O3 nanoparticles, respectively for same temperature difference and the 

cooling rate. where more 75 % and 80 % of the pumping power is needed for 

an automobile radiator so using of Nano fluids is not always beneficial. 7 % of 

Al2O3 and CuO nanoparticles in base fluid(water) in an automobile radiator 

having flat tube with reduced length 9% and 12%, respectively removes same 

amount of heat as compared to base fluid(water) flowing in the radiator having 

original tube length. The ideal nanoparticle volume concentration which gives 

a reasonable heat transfer improvement with moderate pumping power rise is 

examined and approximately found to be 4.5 % for both Al2O3 and CuO [16]. 

S.M. Peyghambarzadeh et al. compared the heat transfer performance of 

ethylene glycol and water and their different mixtures. Additionally, different 

concentrations of Al2O3(nanoparticles) was added into these base fluids water 

and ethylene glycol. Then the effects of Nano fluids on heat transfer 

performance of automobile radiator was determined experimentally. five 

different flow rates 2, 3, 4, 5, and 6 l/m was checked and the fluid inlet 

temperature was changed for all times when experiment was performed. With 

nanoparticles addition in base fluid the heat transfer rates had increased. 

Enhancement of nusselt number observed at best conditions up to 40% for both 

Nano fluids. He observed that heat transfer rate of Nano fluids is strongly 

dependent on Nano particle concentration in water and ethylene glycol and 

weakly dependent on inlet temperature [17]. 
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K.B. Anoop et al. performed an experiment in which they studied the convective 

heat transfer. For that purpose, they applied the constant heat flux at the wall of 

tube. In this experiment the nanofluid was Alumina-water. The first objective 

of this research is to check the effect of nanoparticle size on convective heat 

transfer in the laminar regime. Two different sizes of nanoparticles were used 

45nm and 150nm. In both cases the heat transfer rate increased as compared to 

base fluid like water and ethylene glycol. But the particle having size 45nm 

increase more heat transfer than the particle having size 150nm. It was also 

observed that when the particle concentration in base fluid increased the heat 

transfer coefficient increased. By using the nanoparticle in base fluid a 

correlation is was suggested in the developing region [18].   

Mostafa et al. investigated that the convective heat transfer effect with constant 

heat flux on the Nano fluid flow in the developing region of a tube using CFD. 

For this purpose, four particle concentrations (1,2,4, and 6 wt %) of Nano 

particles Al2O3 in water as a base fluid single phase with two average particle 

sizes (45 nm were used and 150 nm) were used. Five different axial location on 

the tube were selected. At different Reynold numbers(500<Re<2500) the 

convective heat transfer coefficient was investigated by changing the particle 

size. Data obtained from simulations in a very good agreement with 

experimental data that was obtained from literature. The results showed that 

with increasing the Nano particle concentration in base fluid and Reynold 

number the heat transfer coefficient was increased. Further, with increasing the 

Nano particle concentration in base fluid and particle diameter the heat transfer 

coefficient decreased [19]. 

S. Zeinali heris et al. studied that conventional coolant such as ethylene glycol 

and water are used in automobile radiators for heat transfer from engine to 

atmosphere, and these coolant fluid has relatively poor heat transfer rate. In their 

study, CuO nanoparticles were added into the mixture of ethylene glycol/water. 

And then the heat transfer performance of a radiator calculated. The thermal 

performance of a car radiator checked at different flow rates (4-8 liter/min), 

different concentrations (0.05-0.8vol%) of nanoparticles in base fluid and 

different inlet temperature. In the results of this study, the enhancement of NU 
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number achieved up to 55% when the concentration of nanoparticles is 0.8vol% 

in water-EG mixture. The NU number increases with the increase of volumetric 

concentration of Nanoparticles and flow rate. The heat transfer rate increase by 

using the nanofluid. Therefore, use of nanofluids provide a new way to 

engineers for development of effective radiators for automobiles [20]. 

Parashurama M S. et al. performed an experiment to check the thermal 

properties of single phase flow in army tank diesel engine radiator. For heat 

transfer in automobile engines radiator is important. In this study they attempt 

to study that, the thermal properties of CuO nanoparticles in water as a coolant. 

Heat transfer rate of automobile radiator checked at 10% concentration of 

copper oxide. In the results the heat transfer rate is maximum for copper oxide 

and heat transfer rate is lower for water. Furthermore, three different flow rates 

checked for optimum results of radiator. The results show that nanofluids have 

batter thermophysical properties as compared to water [21].   

Mohd Muzammil Zubair et al. studied the convective heat transfer coefficient 

of TIO2, EG and water Nano coolant. The base nanofluid made with 25% 

ethylene glycol, 75% water and low volume fraction of TIO2 nanoparticles. 

When this experiment has performed the flow rate of coolant is changing from 

30 to 180 LPH. The results get from nanofluids are better than the mixture of 

water and ethylene glycol. At 0.03% of TIO2 nanoparticles concentration the 

heat transfer rate is maximum that is 29.5%. these results are obtained due to 

increase of heat transfer coefficient and thermal conductivity of nanofluid. For 

nanofluid the temperature difference is maximum of outlet and inlet of radiator 

than the mixture of water and ethylene glycol. We can clearly say that the 

thermal conductivity of nanofluids is better than the water and ethylene glycol. 

The temperature at outlet of the radiator is minimum when they used 

nanoparticles. This increase in heat transfer rate leads to the manufacturers of 

car radiator to develop smaller size and low cost radiator [22]. 

Dorin Lelea. Presented the numerical study of fluid flow of AL2O3 

nanoparticles in base fluid(water) and conjugate heat transfer rate. For this study 

laminar regime has considered. For the microchannel heat sink a square 
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microchannel has considered with hydraulic diameter that is 50 micro meter. In 

case of cooling and heating the heat flux was fixed 35 𝑊/𝑚2. The volume 

concentration of 𝐴𝐿2𝑂3  nanoparticles is varying from 1 to 9%. For this 

numerical study three different particles diameter has selected that is 𝑑𝑝 =  13, 

28 and 47 nm. For numerical prediction the homogenous model is used. Along 

the microchannel the heat transfer increased. When the particle diameter is 

increases the heat transfer rate increase. Moreover, for the low pumping power 

in case of heating the heat transfer rate is greater than the cooling case. The heat 

transfer rate is higher in case of nanofluid is cooled for high pumping power. In 

case of cooling along the microchannel the heat transfer rate decreased. When 

the particle diameter increases the heat transfer rate decreases [23]. 

Ravikanth, presented the new correlations. These correlations used for friction 

factor and convective heat transfer. The nanoparticles are mixture of silicon 

dioxide, aluminum oxide and copper oxide mixed in 40% water and 60% 

ethylene glycol mixture. The experimental results are obtained at fully 

developed turbulent regime. The thermophysical properties of nanofluids 

density, viscosity, thermal conductivity and specific heat were find by varying 

different volume concentration and temperature. For the development of heat 

transfer coefficient correlation from experiment these properties are used, as a 

function of volumetric concentration and these properties. The new correlation 

developed for friction factor of nanofluid and the pressure loss was also 

measure. When the volumetric concentration of nanofluids increase its increases 

the heat transfer coefficient. For example, when the Reynold number is 7240, 

for 10% volumetric concentration of aluminum oxide in base fluid the 

percentage increase in heat transfer coefficient is 81.74%. with an increase in 

volumetric concentrations of particle in base fluid the pressure drop increased. 

The pressure drop achieved 4.7 times greater than the base fluid when the 

particle concentration in the base fluid was 10% and the Reynold number was 

6700. For single phase approach the new correlation developed for nusselt 

number similar to Gnielinski correlation. The new correlation is a function of 

prandtl number, volumetric correlation and Reynold number. For the friction 

factor the new equation developed [24]. 
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Hossein Fatahian, studied the thermal effect of Nanoparticles in the water and 

fuel oil based fluid. These effects are studied in the channel by using fuel-oil-

alumina and water-alumina nanofluids. For the solutions of equations, the 

second order method used. For pressure velocity coupling the simple algorithm 

was applied in fluent. At different Reynold number 900-2100, the effect of 

nanoparticle concentration and particle size on convective heat transfer 

coefficient was studied. The simulations performed for the different volume 

concentrations and nanoparticle size under constant heat flux in fully laminar 

regime. The results of these simulations showed that by increasing the 

volumetric concentration of nanofluid in base fluid results increase in the 

thermal conductivity of fluid. The increase in thermal conductivity ratio smaller 

degree in water alumina nanofluid than the fuel oil alumina nanofluid. The 

nusselt number increase by increasing the volume concentration of 

nanoparticles. It’s also showed by increasing the volume fraction of 

nanoparticle the heat transfer coefficient of nanofluid also increased. In the 

same volume concentration, the effect of adding alumina nanoparticles in the 

water base flued has less effect than the adding alumina nanoparticles in fuel-

oil base nanofluid. At the same volume concentration and Reynold number, 

when the particle size increase the heat transfer coefficient decreased [25]. 

K.V. Sharma et al. performed an experiment to calculate the friction factor and 

heat transfer coefficient in a tube. A twisted tape is inserted in the range where 

transition of flow occurs. The aluminum oxide nanoparticles are used. The 

results shows the enhancement of convective heat transfer for 𝐴𝐿2𝑂3 

nanoparticles as compared to water. It is observed that for single phase approach 

the correlation of gleninski is good for transnational range of flow. For single 

phase approach show some deviation of values when compare these values with 

nanofluid. At 9000 re number the nanofluid passing through the tube with 0.1% 

volume concentration the convective heat transfer coefficient is 23.7% higher 

as compare to water. At 300 Reynold number the heat transfer coefficient 

enhancement of aluminum oxide nanoparticles is 13.77% at 0.1% volume 

concentration [26]. 
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Many researchers work on the enhancement of thermal conductivity of coolant. 

However, to investigate the heat transfer coefficient of coolant a huge amount 

of publications is available. Weerapun Duangthongsuk et al, study the heat 

transfer behavior of nanofluids. 𝑇𝑖𝑂2 nanoparticles dissolved in water was in 

under consideration [27]. Yimin Xuan et al, investigated that the nanofluids 

enhance the thermal conductivity and heat transfer of coolant. Nanofluids are a 

new type of medium, in heat transfer coolants [28]. M. Naraki et al, performed 

an experimental study on heat transfer coefficient of an automobile radiator. 

They found that the heat transfer decreased with increasing the outlet 

temperature of engine coolant. Using of nanofluids instead of base 

coolant(water) increase the thermal performance of an automobile radiator [29]. 

B. Farajollahi et al, investigated the heat transfer behavior of  𝑇𝑖𝑂2 and 𝐴𝐿2𝑂3 

in a tube heat exchanger. They found that 𝐴𝐿2𝑂3 have better heat transfer 

properties at higher volume concentrations. At different volume concentrations 

both nanofluids heat transfer enhancement had not same. 

1.5 Research Gap 

After comprehensive literature review on application of nanofluids as 

performance enhancement agents. Following research gap is identified. 

i. Limited numerical studies are available on the effects of coolants 

ii. CFD studies on the subject are limited to 2D and 3D tubes 

iii. Effects of adding Nanoparticles on mass flow rate is not addressed  

1.6 Objectives 

To address the gap identified in previous section. Current study has following 

research objectives to fill gaps in some of the identified areas: 

i. To simulate the working principle of liquid-based radiator  

ii. To correctly simulate the flow physics of adding Nanoparticles in the 

radiator coolant 

iii. Effect of different nanoparticles on the performance of the radiator 

iv. Effect of nanoparticles volume concentration on the performance of 

the radiator 
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Figure 2.1 Radiator geometry 

CHAPTER 2 

Computational Setup 

2.1 Geometry 

Rectangular tubes down flow radiator is used for this study. Ngoctan Tran et al 

[30], studied the effect of different tubes shape at the performance of different 

heat exchange systems. In their study they conclude that, the thermal 

performance of rectangular tube is greater than the square shaped tube. For the 

simplicity of geometry and meshing, we select rectangular tubes in the radiator. 

The main core of the radiator consists of 34 vertical aluminum tubes.   

 

  

 

 

 

 

Aluminum metal is used in manufacturing of the radiator, it’s a down flow 

radiator [21]. In an automobile air from the atmosphere hit the surface of 

radiator. Cooled air from the atmosphere produce natural convection at the wall 

of radiator tubes. And extract the heat from radiator tube surface. Cooled air 

change into hot air due to convection at the wall of radiator tubes. Due to 

convection at wall of tubes the heat is extracted from coolant, that is running in 

the radiator and engine and then the cooled liquid return back to the engine. 

 

 

Coolant inlet 

Air Flow 

Coolant outlet 

H 
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The dimensions of the radiator are as follows: 

i. Depth=24mm.  

ii. Width=605mm. 

iii. Height=370mm. 

Whereas the dimensions of the radiator tubes are: 

i. Depth=20mm. 

ii. Width=3mm. 

iii. Height=310mm. 

These dimensions of the tubes are obtained from [21]. In [21], they performed 

an experiment on car radiator to check the heat transfer rate of 𝐴𝑙2𝑂3  

nanofluids.  

 

Figure 2.2 3D Rectangular tube of radiator 

 

2.2 Computational Fluid Dynamics 

Computational fluid dynamics (CFD) is a process, in which we investigate the 

fluid flow problem by using numerical analysis in computer. Boundary 

conditions defines the interaction of surfaces and walls with fluid flow. High 

speed computers are required in most complex problems of computational fluid 

dynamics. CFD is applied at different analysis of engineering problems and 

many fields of applied sciences, including aerodynamics, heat transfer analysis, 

and combustion analysis. 
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2.2.1 Introduction to ANSYS Fluent 

Ansys Fluent used a three-dimensional finite volume method to numerically 

solve the incompressible time-dependent Navier-Stokes equations. 

2.2.2 Pressure Based Solver  

In Fluent we have two options i.e. density based solver and pressure based 

solver for numerical method.  Pressure based solver is preferred for 

incompressible regime low Mach number < 0.3 , while density based solver is 

generally used for high Mach number [31] correspond to compressible regime.  

 

 

Figure 2.3 Mach number with flow regime 

 

Flow 

rate  

Density 

of 

water 

Viscosity 

of water  

Inlet 

diameter  

Inlet 

area 

Inlet  

velocity 

Inlet 

Reynold 

number 

4 

998.2 0.001003 0.015 0.000176 

0.379006 5657.89 

5 0.473758 7072.362 

6 0.56851 8486.834 

7 0.663216 9091.307 

8 0.758013 11315.78 

Table2.1 Calculation for base fluid 
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For the present study pressure based solver is selected because the Mach number 

is less than 0.3. The main domain of the radiator model split into discrete control 

volumes. Through discretization algebraic equations are obtained in terms of 

unknown variables. To achieve the convergence of these algebraic equations 

iterative method is required. Energy equation is turned on from Fluent graphical 

user interface because present study focused the heat transfer in automobile 

radiator. 

For a control volume, consider the so-called transport equation [34] that is given 

below.     

∫
𝜕𝜌∅

𝜕𝑡
𝑑𝑉

𝑣

+ ∮ 𝜌∅𝑣⃗. 𝑑𝐴

= ∮ 𝜌∅𝑣⃗. 𝑑𝐴 + ∫𝑠∅𝑑𝑉                                  
𝑣

 

2.1 

 

In equation 2.1 the first term on the left hand side represent the rate of increase 

in ∅ in a closed volume. The second term on the left hand side represent the 

convection across the boundaries of control volume as a result it represent the 

rate of decrease of ∅. The third term on the right hand side of the equation 

represents the rate of increase in ∅ because the diffusion across the boundaries 

of control volume. The fourth equation on the right hand side of equation 2.3 

represent the rate of forming of ∅  as a result of source inside the control 

volume.  In computational domain equation 2.1 is applied at each control 

volume. 

2.2.3 Discretization 

Fluent save the value of ∅( scaler quantity) at the center of a cell but the value 

of ∅ is required at the face of the cell for convective terms that are in the 

governing equation. Due to requirement of value at faces of cells it is calculated 

by different schemes. At high peclet numbers central difference scheme does 

not own the Transportiveness property of discretization scheme. While first 

order upwind difference scheme increases the convergence of numerical 
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solution but it not tells about the flow direction. In the present study I prefer the 

second order upwind scheme for discretization.   

W                                   w p e                                   E          

 

Consider the fluid is flowing from west to east, and we want the value of ∅ at 

face e. Second order upwind scheme contains two points from upstream. 

             ∅𝑒 = ∅𝑝 + (∅𝑝 +
∅𝑝

𝛿𝑥
) . 𝛿𝑥/2 2.2   

2.2.4 Pressure Velocity Coupling              

Navier-Stokes equations are non-linear partial differential equations that are 

used in Fluent to solve the CFD problem. Consider a case in which the flow is 

laminar and no source term is included.  

The 𝑥 −  𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 equation: 

𝜕𝜌𝑣𝑥

𝜕𝑡
+  

𝜕𝜌𝑣𝑥
2

𝜕𝑥
+  

𝜕𝜌𝑣𝑥𝑣𝑦

𝜕𝑦
+  

𝜕𝜌𝑣𝑥𝑣𝑧

𝜕𝑧
 

=
1

𝑅𝑒
[
𝜕𝜏𝑥𝑥

𝜕𝑥
+ 

𝜕𝜏𝑥𝑦

𝜕𝑦
+  

𝜕𝜏𝑥𝑧

𝜕𝑧
] −

𝜕𝑝

𝜕𝑥
 

 

           2.3 

𝑦 −  𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 equation: 

𝜕𝜌𝑣𝑦

𝜕𝑡
+  

𝜕𝜌𝑣𝑥𝑣𝑦

𝜕𝑥
+  

𝜕𝜌𝑣𝑦
2

𝜕𝑦
+  

𝜕𝜌𝑣𝑦𝑣𝑧

𝜕𝑧
 

=
1

𝑅𝑒
[
𝜕𝜏𝑦𝑥

𝜕𝑥
+  

𝜕𝜏𝑦𝑦

𝜕𝑦
+  

𝜕𝜏𝑦𝑧

𝜕𝑧
] −

𝜕𝑝

𝜕𝑦
 

 

           2.4 

And 𝑧 −  𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 equation: 
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𝜕𝜌𝑣𝑧

𝜕𝑡
+ 

𝜕𝜌𝑣𝑧𝑣𝑥

𝜕𝑥
+ 

𝜕𝜌𝑣𝑧𝑣𝑦

𝜕𝑦
+  

𝜕𝜌𝑣𝑧
2

𝜕𝑧
 

=
1

𝑅𝑒
[
𝜕𝜏𝑧𝑥

𝜕𝑥
+  

𝜕𝜏𝑧𝑦

𝜕𝑦
+  

𝜕𝜏𝑧𝑧

𝜕𝑧
] −

𝜕𝑝

𝜕𝑧
 

 

           2.5 

Continuity equation 

       
𝜕𝜌

𝜕𝑡
+ 

𝜕𝜌𝑢

𝜕𝑥
+  

𝜕𝜌𝑣

𝜕𝑦
+  

𝜕𝜌𝑤

𝜕𝑧
= 0 

 

2.6 

In equations 2.3-2.6 𝑣𝑥  𝑣𝑦 𝑣𝑧 represent the velocity and p represent the pressure 

and x, y and z represent the direction components. The continuity and 

momentum equations are linked each other because the velocity component 

appears in both equations. For compressible flows, to obtain the value of 

pressure field we use the ideal gas law 𝑝 = 𝜌 ∗ 𝑅 ∗ 𝑇 . However, in case of in 

compressible flows this case is not valid because the pressure is not linked with 

density. Simplec, Simple and PISO iterative algorithm are used to resolve the 

pressure velocity coupling.  

Generalized energy equation 

𝜕𝐸𝑇

𝜕𝑡
+

𝜕𝑣𝑥𝐸𝑇

𝜕𝑥
+

𝜕𝑣𝑦𝐸𝑇

𝜕𝑦
+

𝜕𝑣𝑧𝐸𝑇

𝜕𝑧

= −
𝜕𝑣𝑥𝑝

𝜕𝑥
−

𝜕𝑣𝑦𝑝

𝜕𝑦
−

𝜕𝑣𝑧𝑝

𝜕𝑧

−
1

𝑅𝑒𝑃𝑟
[
𝜕𝑞𝑥

𝜕𝑥
+  

𝜕𝑞𝑦

𝜕𝑦
+  

𝜕𝑞𝑧

𝜕𝑧
]

+
1

𝑅𝑒
[

𝜕

𝜕𝑥
(𝑣𝑥𝜏𝑥𝑥 + 𝑣𝑦𝜏𝑥𝑦 + 𝑣𝑧𝜏𝑥𝑧) +  

𝜕

𝜕𝑦
(𝑣𝑥𝜏𝑦𝑥

+ 𝑣𝑦𝜏𝑦𝑦 + 𝑣𝑦𝜏𝑦𝑧) +  
𝜕

𝜕𝑧
(𝑣𝑥𝜏𝑧𝑥 + 𝑣𝑦𝜏𝑧𝑦 + 𝑣𝑧𝜏𝑧𝑧)] 

2.7 

2.2.5 Boundary Conditions  

At the boundary of physical model, we apply the boundary conditions to define 

the flow parameter. The outlet temperature of the radiator is observed at outlet 

surface of the radiator. The outlet temperature is observed at different flow rates 



35 
 

4,5,6,7,8 L/min. simulations are carried out at different inlet temperatures of 

fluid 50,54,60 C. inlet of the radiator is fixed at velocity inlet from fluent 

graphical user interface GUI. Forced convection boundary conditions is applied 

at the wall of radiator tubes that are exists in the main core of radiator. The value 

of heat transfer coefficient is changing with the change of mass flow at inlet. In 

[14] vahid et al, applied the convection boundary conditions at the wall of tubes, 

the value of heat transfer coefficient is 150 𝑊 𝑚2𝐾⁄  and ambient temperature is 

303k. At the surface of main core(tubes), no slip conditions apply its means that 

no relative motion between the fluid layer and wall.  

2.2.6 Turbulence Model 

Turbulence is produced due to the irregular pattern of flow in which swirls and 

eddies are generated. For the CFD analysis of turbulence flows, the Navier-

Stokes equations can be time average. The Reynold average Navier-Stokes 

equations is used to remove the small fluctuations. The new equations contain 

the more unknowns and to solve the system of equations we required the 

turbulence model.  

In this study, the radiator is run at different flow rates 4,5,6,7 and 8 L/min with 

K-ϵ turbulence model and Spalart-Allmaras model. Spalart-Allmaras model is 

one equation model so it is computationally less expensive. K-ϵ turbulence 

model and Spalart-Allmaras model are eddy viscosity models. In RANS less 

mesh density is required to solve these models so they are less computationally 

intensive. These models, model all the turbulence, in the results they are less 

accurate.  
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2.2.7 Calculation of 𝒀+ 

𝑌+  is used to correctly simulate the flow physics near the wall of model. 

Mathematical formula of 𝑌+ is: 

                   𝑌+ =
𝜌 ∗ 𝑢 ∗ 𝑦

𝜇
 2.8 

Where  

u = friction velocity of fluid = √(𝑇𝑤 / 𝜌) 

y = distance of first cell from the wall  

for the calculation with Spalart-Allmaras model, it is endorsing that the value 

of  𝑌+is equal to 1. Because the main reason behind this is that Spalart-Allmaras 

model is designed for mashes that is used to solve the viscous affected regions. 

2.2.8 Computational Resources 

As we know that, the model is used for simulation is 3D radiator. High 

computational setup is required for this heavy mesh. The processor is used for 

3 dimensional modeling and meshing is Intel(R) Core(TM) i7-9700 CPU @ 

3.00GHz   3.00 GHz with 16gb RAM.   

2.3 Theory and Related Works 

In this section, we will discuss the basic formulas that are used to find the 

Nusselt number Reynold number, heat flux, heat transfer coefficient and mass 

flow rate. 

       𝑚̇ = 𝜌 ∗ 𝑣 ∗ 𝐴 2.9 

In equation 2.9 [32] where 

𝑣=velocity of water 

𝐴= inlet area of radiator. 
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Equation 2.1 is used to calculate the inlet velocity of fluid when mass flow rate 

is given.  

      𝑅𝑒 =
𝜌 ∗ 𝑢 ∗ 𝐷ℎ

𝜇⁄  2.10 

In equation 2.10 [33] where 

𝑢 = velocity of fluid  

𝐷ℎ = hydraulic diameter of radiator. 

𝜇 = viscosity of water.  

Equation 2.10 [34] is used to find the Reynold number at inlet of radiator. 

        𝑁𝑢 =
ℎ𝐿

𝑘
                                                                                                   2.11 

In equation 2.11 [35] where  

  L = characteristic length 

To find the nusselt number equation 2.11 is used. 

       ℎ =
𝑞

∆𝑇
                                                                                2.12            

q= heat flux, 
𝑤

𝑚2
 

∆𝑇 = Temperature difference between solid surface and suurounding of solid 

surface 

Equation 2.12 [36] is used to find the heat transfer coefficient. Equation 2.13 

[36] is used to find the heat flux. Equation 2.14 represent the relationship 

between mass flow and heat transfer.  

           𝑞 = −𝑘
𝑑𝑇

𝑑𝑥
                                                                                      2.13 

           ∆𝑄 = 𝑚°𝐶𝑝∆𝑇                                                                                2.14 

 



38 
 

 

2.4 Validation with 2D Case  

A 2D tube is selected from the literature for validation. In [19] mostafa used a 

2D tube for his research.   

 

 \ 

  

2.4.1 Grid Independence  

A 2D grid is generated for the validation. The grid is generated using ICEM-

CFD. In Fig. 2.5 10cells along the radial direction is selected. And 1200 cells 

along the axial location is selected. Along the radial direction the spacing ratio 

is 1.1 to correctly capture the boundary layer along the wall. Along axial 

direction 1.1 spacing ratio is applied at inlet.  

Cells  Faces  Nodes  Partitions 

10791 22790 12000 4 

Table 2.3 Size information of Mesh I 

 

Figure 2.5 Mesh I 

2nd mesh is generated by using the tools of ICEM-CFD. In Fig. 2.6 25cells 

along the radial direction is selected. And 2000 cells along the axial location is 

selected. Along the radial direction the spacing ratio is 1.1 to correctly capture 

the boundary layer along the wall. Along axial direction 1.1 spacing ratio is 

applied at inlet. 

4.75mm 
1200 mm 

Figure 2.4 Schematic of 2D tube 

Radial 

Direction - 

10 Cells 

Axial Direction -1200 Cells 
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Cells  Faces  Nodes  Partitions 

47976   97975  50000  4 

Table 2.4 Size information of Mesh II 

 

 

Figure 2.6 Mesh II 

Cells  Faces  Nodes  Partitions 

195951  395950  200000 4 

Table 2.5 Size information of Mesh III 

 

 

Figure 2.7 Mesh III 

Fig. 2.7 represent the mesh3, this mesh is generated in ICEM-CFD. 50 cells 

along the radial direction is selected, and 4000 cells along the axial locations 

are selected. This mesh consists of 200000 nodes. At inlet edge 1.1 ratio is 

applied and at the wall edges 1.1 spacing ratio was also applied. Three grids 

with different combinations is selected for grid independence. The reason of 

grid independence is that to achieve the point where we increase the mesh size 

but the solution does not change. 

2.4.2 Boundary Conditions 

To numerically solve the PDE’S we need the boundary conditions. Boundary 

conditions are applied in ANSYS Fluent. In Fig. 2.8 the domain of model is 

split up into 4 parts inlet, outlet, walls and fluid. Constant heat flux is applied at 

the walls. The inlet temperature of fluid is 286.5. No slip boundary conditions 

are applied at the walls. The inlet boundary condition is considered to be 
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velocity inlet and outlet is pressure outlet. The steady and incompressible flow 

conditions are considered for simulations. The flow is in laminar condition 

because the Reynold number is very low Re<1600 

 

 

2.4.3 Simulations Results  

 

   

   

   

   
 

Figure 2.9 Contours of static temperature 

  

Fig. 2.9 represents the contour of static temperature obtained by three 

simulations at different meshes. Side A of Fig. 2.9 represents the contours of 

static temperature simulated by using mesh1. Side B and C shows the contours 

of static temperature by using mesh 2 and 3 respectively. 

Fig. 2.10 shows the sum of square of error of three results of simulations with 

mostafa[19] simulations. From the graph we can clearly see that the SSE of 

mesh2 is less than mesh1. Mesh3 contains 200000 nodes and the value of error 
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is nearly equal to mesh2, but due to large size of nodes the mesh3 consume more 

computational time as compare to mesh2. Hence mesh2 is better for further 

simulations.  

Five different axial locations were selected at 2D tube to find the heat transfer 

coefficient h. The locations are 63, 105, 147, 200 and 244 x/d. Fig. 2.10 shows 

the heat transfer coefficient with axial locations. In the graph we can clearly see 

that along the axial location the heat transfer coefficient is in decreasing order. 

In graph2 the simulations result by using water in a good agreement with 

mostafa [19] results.   

 

Figure 2.10 Heat transfer coefficient at different axial locations. 

 

Fig. 2.10 represents the heat transfer coefficient with axial locations for 

nanofluids. In Fig. 2.11 results are similar as pervious graphs represent that, the 

heat transfer coefficient decrease along the axial location of 2D tube. Equation 

2.11-2.14 are used to find the thermophysical properties of nanofluids. 4% 

volumetric concentration of 𝐴𝐿2𝑂3 nanoparticles are used in base fluid water.  
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𝜌𝑛𝑓 = 𝜑. 𝜌𝑝 + (1 − 𝜑). 𝜌𝑤                                                                                        2.11 

(𝜌𝐶𝑝)𝑛𝑓 = 𝜑. (𝜌𝐶𝑝)𝑝 + (1 − 𝜑). (𝜌𝐶𝑝)
𝑤

                        2.12 

 𝜇𝑛𝑓 = 𝜇𝑤(123𝜑2 + 7.3𝜑

+ 1)                                                                           

2.13 

𝐾𝑛𝑓 =
𝐾𝑝 + (𝑛 − 1)𝐾𝑤 − 𝜑(𝑛 − 1)(𝐾𝑤 − 𝐾𝑝)

𝐾𝑝 + (𝑛 − 1)𝐾𝑤 + 𝜑(𝐾𝑤 − 𝐾𝑝)
𝐾𝑤 

2.14 

In equation 2.11, 2.12, 2.13 and 2.14 

𝜌𝑛𝑓= density of nanofluids. 

𝜑 = volumetric concentration of nanoparticles in base fluid. 

𝜌𝑤 = density of water/base fluid. 

𝐶𝑝 = specific heat capacity of nanoparticle. 

𝜇𝑛𝑓 = viscosity of nanofluid.  

𝜇𝑤 = viscosity of water/base fluid.  

𝐾𝑛𝑓 = thermal conductivity of nanofluid. 

𝐾𝑝 = thermal conductivity of nanoparticles. 

𝐾𝑤 = thermal conductivity of water/base fluid. 

𝑛 = empirical shape factor which is consider to be 3.  
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Figure 2.11 Heat transfer coefficient at axial locations of 2D tube. 

2.5 Validation with 3D Case  

2.5.1 Mesh of Radiator 

The mesh of radiator is generated by using the tools of ICEM-CFD. Mesh of 

radiator consist of 0.8 million structured cells. Mesh is split up into four 

partitions inlet, outlet, walls and fluid. For structured meshing in ICEM-CFD 

the 3D bounding box is created for blocking. And then the 3D bounding box 

was split into small boxes for upper, lower and tubes. After the split each edge 

of radiator model is associated to block edge by associate vertex, associate edge 

to curve etc. After applying the spacing ratio near the tubes at cylinder 

0.8million structured cells was generated.      
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Figure 2.12 Structured grid of Radiator 

Fig. 2.12 represents the structured grid at cylinder, tubes, inlet and outlet.  

Cells  Faces  Nodes  Partitions 

812697  2549045 929364   4 

Table 2.6 Size information of radiator mesh. 

2.5.2 Boundary Conditions  

Boundary conditions are applied in FLUENT. The inlet temperature of coolant 

used in radiator is 327k [12].  Four different Reynold number is used for 

validation. The Reynolds number are 9500, 14267, 19034 and 23780. Forced 

convective boundary conditions are applied at the walls of radiator main core. 

The forced convective boundary condition is 150 
𝑤

𝑚2𝑘
  and ambient temperature 
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is 303k  [14]. From the literature [12,29] we can say that by increasing the 

volume metric flow rate the heat transfer coefficient is increase. So by 

increasing the Reynold number 9500, 14267, 19034 and 23780 I increased the 

heat transfer coefficient value from 150
𝑤

𝑚2𝑘
  , 185

𝑤

𝑚2𝑘
  , 225

𝑤

𝑚2𝑘
   to 265

𝑤

𝑚2𝑘
    

respectively while the ambient temperature is 313k same for all calculations.       

2.5.3 Simulations Results 

 

Figure 2.13 Nusselt number calculation in fluent. 

Fig. 2.13 shows, how to calculate the surface nusselt number in FLUENT. In 

Fig. 2.14 when we increase the Reynold number the nusselt number is increase. 

For 3D validation purpose the Fig. 2.14 is in good agreement with 

peyghambarzadeh experiment [12]. The results of simulations show the average 

error with peghambarzadeh is 0.97%.  

 

Figure 2.14 Nusselt number comparison of CFD simulation with experimental 

results for pure water. 
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CHAPTER 3  

Simulations Results at Different Coolant Temperatures 

 

3.1 Introduction 

In chapter 3 we simulate the radiator model at different temperature of coolant. 

For the simulations of different temperatures, I used the water as a coolant. 

Because in daily routine we use water as a coolant in automobile radiators. We 

will perform the simulations at forced convective boundary conditions. In this 

chapter we check the effect of inlet temperature at outlet temperature of radiator. 

When we obtained the results, we will insert a bar chart to check at which inlet 

temperature the radiator performs better at forced convective heat transfer 

conditions.   

3.2 Boundary Conditions  

In chapter 2 we discussed about the mesh and model of radiator. So now we are 

discussing the boundary conditions. The boundary conditions are applied in 

Ansys Fluent. Four different inlet temperatures of coolant applied at inlet of the 

radiator, that’s are 45, 50, 55 and 60 C. The five simulations performed for each 

inlet temperature. These five simulations are different flow rates of coolant 4, 

5, 6, 7 and 8  𝑙 𝑚𝑖𝑛⁄ . Fixed convection boundary conditions are applied at the 

walls of radiator. The value of convective heat transfer coefficient is 150 

𝑤
𝑚2𝑘⁄   and the ambient temperature is 303k for all cases.     
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3.3 Results  

   

 
 

 

Figure 3.1 Contour plots of static temperature and velocity magnitude. 

 

Fig 3.1 demonstrate the contour plots of velocity magnitude and static 

temperature. The first figure of row1 represent the temperature distribution at 

different inlet temperatures 45, 55 and 60 respectively. In the second row we 

can the contor plots of velocity magnitude at different flow rates, that’s are 4, 6 

and 8 l/min.   

Fig 3.2 (a) and (b) demonstrates the outlet temperature with respect to flow rate 

at different inlet temperatures. When the flow rate increases the outlet 

temperature of radiator coolant is increase. Fig 3.2 (c) and (d) represents the 

outlet temperature of radiator with respect to inlet temperature at fixed flow rate. 

Fig 3.2 (c) the flow rate of inlet fluid is 5 𝑙 𝑚𝑖𝑛⁄   and in 4.2 (d) the flow rate of 
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inlet coolant is 6 𝑙 𝑚𝑖𝑛⁄ . From the graph it’s clear that the outlet temperature of 

radiator increases by increasing the inlet temperature of coolant. 

 Fig 3.3 shows the temperature reduction of water at different inlet flows. The 

temperature reduction in inversely proportional to flow rate and directly related 

to inlet temperature of coolant. 

Fig 3.4 represents the heat transfer coefficient with flow rate at different inlet 

temperatures. The heat transfer coefficient of radiator increase by increasing the 

flow rate of inlet coolant. The heat transfer coefficient h increased with the 

increase of inlet temperature of coolant. These results are obtained under fixed 

convective boundary conditions.  

 

Figure 3.2 (a) and (b) represent the outlet temperature w.r.t. Mass flow rate. 

(c) and (d) represents the outlet temperature w.r.t. Inlet temperature. 
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Figure 3.4 Heat transfer coefficient with flow rate of coolant. 

  

℃
 

𝐿/𝑚𝑖𝑛  

Figure 3.3 the temperature reduction of water at different inlet temperatures. 
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3.4 Concluding Remarks 

The following are the concluding remarks of chapter 3. 

i. The outlet temperature of radiator checked at different 45C, 50C, 55C 

and 60C inlet temperature. 

ii. Forced convection boundary conditions h=150 𝑤 𝑚2𝑘⁄  are applied at 

the walls of radiator.  

iii. The outlet temperature of the radiator increases by increasing the flow 

rate. 

iv. When we increase the inlet temperature of coolant, the difference 

between the first and last value of outlet temperature increased, obtained 

at different flow rates. 

v. The maximum difference between the first and last value of outlet 

temperature achieved at 60C inlet temperature. 

vi. We achieved the maximum temperature reduction of water is 5.8℃ 

when the inlet temperature of coolant is 60℃. 

vii. The temperature reduction is inversely related to the mass flow rate. 

viii. The temperature reduction is directly related to inlet temperature of 

coolant. 

ix. When we increase the flow rate the heat transfer coefficient is increase, 

this is the same result given in [12].  

x. The heat transfer coefficient increases by increasing the flow rate. 

xi. Heat transfer coefficient also increases by increasing the inlet 

temperature of coolant.    
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CHAPTER 4  

Simulations Results for Different Nanofluids 

4.1 Introduction 

In this chapter we simulate the whole radiator by using different coolant. 

For this purpose, we simulate the pure water and different concentrations of 

nanoparticles in base fluid.  The two types of nanoparticles are used in the 

simulations. The nanoparticles are 𝐴𝑙2𝑂3 and 𝐶𝑢𝑂. These simulations are 

calculated at different flow rates. In this chapter we will discuss the change 

in outlet temperature of radiator by changing the value of flow rate and 

nanoparticles concentration in water.  

4.2 Boundary Conditions 

The mesh and model are same as discuss in previous chapter in section 3D 

validation. While the boundary conditions are different. The inlet 

temperature of coolant is 54 C.  

4.3 Contours Plots   

 

 

  

  
 

Figure 4.1 Contour plots of water and nanofluids. 

 

Water Al2O3 CuO 



52 
 

The simulations are calculated at different flow rates of inlet coolant ranging 

from 4 𝑙 𝑚𝑖𝑛⁄  to 8 𝑙 𝑚𝑖𝑛⁄ . By increasing the flow rate  4, 5, 6, 7 and 8 𝑙 𝑚𝑖𝑛⁄ , 

while  the air temperature and heat transfer coefficient is same 303k and 150 

𝑤
𝑚2𝑘⁄  same for all calculations.  

In Fig 4.1 the first row of contour plots representing the temperature distribution 

at radiator. The first figure of row1 represent the temperature distribution when 

we used the water as a coolant the 2nd and 3rd figures represent the temperature 

distribution of 𝐴𝐿2𝑂3 and 𝐶𝑢𝑂 nanofluids. In the second row the first figure 

represents the velocity contours of water. The 2nd and 3rd figures shows the 

velocity contours of 𝐴𝑙2𝑂3 and 𝐶𝑢𝑂 of nanofluids. These contours plots are 

obtained at fixed inlet temperature 55 ℃ and fixed flow rate 6 l/min. 

 4.4 Results by using 𝑨𝒍𝟐𝑶𝟑 Nanoparticles     

 

Figure 4.2 Outlet temperature  of water and mixture of water and 𝐴𝑙2𝑂3 

nanoparticles observed at different mass flow rates.  

 

Fig 4.2 represent the outlet temperature of different radiator coolant at different 

flow rates. Three  different concentrations of  𝐴𝑙2𝑂3 nanoparticles were added 
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into water. In Fig 4.2 the blue line represents the simulations of water as a 

coolant, Purple, black and Red lines show the simulations results of nanofluids 

at   different concentration levels of nanoparticles in water. These simulations 

are carried out at 54 C inlet temperature of radiator coolant. From the graph, it’s 

clear that by increasing the flow rate of coolant the outlet temperature is 

increase. When we increase the concentration level of nanoparticles in water the 

outlet temperature of radiator coolant is decrease.   

4.5 Results by using 𝑪𝒖𝑶  Nanoparticles 

 

Figure 4.3 Outlet temperature water and mixture of water and 𝑪𝒖𝒐 

nanoparticles observed at different mass flow rates. 

 

Fig 4.3 show the outlet temperature at radiator outlet by using different flow 

rates of radiator coolant. Three  different concentrations of  𝐶𝑢𝑜 nanoparticles 

were added into the base fluid(water). In Fig 4.3 Red, black and purple lines 

represent the simulations results of nanofluids at   different concentration levels 

of 𝐶𝑢𝑜  nanoparticles in water, while the blue line represents the simulation 

results of water as a coolant. These simulations results are obtained at 54 ºC 

inlet temperature of inlet coolant. From the graph6, it’s clear that by increasing 
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the flow rate of radiator coolant the outlet temperature of coolant is increase. 

When we increase the concentration level of 𝐶𝑢𝑜 nanoparticles in water the 

outlet temperature of coolant is decrease. In forced convective boundary 

conditions, when we compare the graph 5 and 6, the 𝐶𝑢𝑜 nanoparticles gives 

best results as compare to  𝐴𝑙2𝑂3 nanoparticles in term of outlet temperature. 
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Figure 4.4 A and B Temperature reduction of coolant at different flow rates.  
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In Fig 4.4 A and B we can see the temperature reduction of different coolants at 

different flow rates. The temperature reduction of coolant is inversely related to 

the flow rate when we increase the mass flow rate the temperature reduction is 

in decreasing order. When the concentration of nanoparticles in base fluid 

increases the temperature reduction of coolant also increases.    

Fig 4.5 show the percentage reduction of outlet temperature when the mass flow 

rate is changing from 4 to 8 𝑙 𝑚𝑖𝑛⁄ . The percentage temperature reduction is 

maximum at 0.08 volumetric concentration 𝐶𝑢𝑜 nanoparticles in water when 

the mass flow rate is 4 𝑙 𝑚𝑖𝑛⁄ .   

Figure 4.5 Percentage temperature reduction of outlet temperature. 
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4.6 Concluding Remarks 

The following are the conclusions of chapter 4. 

i. The outlet temperature of coolant increases by increasing the flow 

rate. 

ii. When we add the nanoparticles in base fluid, the heat transfer 

coefficient increases. 

iii. With the increase in volume metric concentration of nanoparticles in 

base fluid the outlet temperature of coolant is decrease its means that 

the heat transfer coefficient is increase.  

iv. From the simulations results it’s clear that, the 𝐶𝑢𝑜 nanoparticles in 

base fluid give minimum outlet temperature at fixed heat transfer 

coefficient as compare to 𝐴𝑙2𝑂3 nanoparticles. 

v. The temperature reduction is 1.4% for water. 

vi. The temperature reduction is 1.61% and 1.72% for Al2O3 and CuO 

based nanofluids when the nanoparticle concentration is 5%.   

vii. We achieved the maximum temperature reduction of coolant at 0.08 

volumetric concentration of 𝐶𝑢𝑜 in water.  

viii. The percentage temperature reduction is 24.9% for Al2O3-WATER 

nanofluids. 

ix. The percentage temperature reduction is 36.7% for CuO -WATER  

nanofluids. 
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CHAPTER 5 

Summary and Future Recommendations 

5.1 Summary 

In this research we have successfully validated radiator working principle with 

available literature. The key findings of our work are as follows: 

i. When we increase the mass flow rate the outlet temperature of the 

radiator increased. 

ii. We achieved the maximum temperature reduction for water is 5.8℃ 

when the inlet temperature of coolant is fixed at 60℃. 

iii. The temperature reduction is 1.4% for water and it is 1.61% and 1.72% 

for Al2O3  and CuO  based nanofluids when the nanoparticle 

concentration is 5%.  

iv. 𝐶𝑢𝑜 nanoparticles performed better under forced convective boundary 

conditions as compared to Al2O3 nanoparticles. 

v. We achieved the maximum temperature reduction 36.7% for CuO -

WATER  nanofluids with 8% volumetric concentration of 𝐶𝑢𝑜 in water.  

vi. However, concentration of nanoparticles above 5% is not recommended 

as it results in a nonhomogeneous solution and particles agglomeration. 

5.2 Future Recommendations 

In future, we can expand the present work in the following directions: 

i. We may estimate the natural convective boundary conditions by adding 

the 3d fan zone and fins in geometry.  

ii. With the use of nanofluids, we may decrease the size of automobile 

radiators. 
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