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Abstract— Thermal properties of liquids play an important 

role in heating as well as cooling applications in industrial 

processes. Conventional heat transfer fluids have relatively 

poor thermal conductivity which leads to poor heat transfer. 

The low thermal conductivity of conventional heat transfer 

fluid has been a serious impediment for improving the 

performance and compactness of engineering equipments. 

Recent studies made in the field of nano science suggest that 

nanofluids have great potential to increase the thermal 

conductivity.  Every physical mechanism has a critical scale 

below which their properties changes totally. Modern 

technology offers various techniques to prepare nanoparticles 

engineered on atomic or molecular scale. In this case the 

nanoparticle dispersed in the fluid is silicon dioxide the 

reason for choosing which is that it has excellent thermal 

conductivity and  its low cost. The property of the nanofluid 

can be altered by changing the volume, concentration and 

size of the nanoparticles dispersed in it. This study deals with 

the analysis of silica nanofluid in thermal conductivity. 
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I. INTRODUCTION 

Colloidal suspensions of fine nanomaterials in the size range 

of 1–100 nm in carrier fluids are known as Nanofluids. In 

recent times nanofluids are applied to enhance the thermal 

systems such as nuclear reactors, automobiles, solar 

collectors etc. Solar energy is found to be most 

inexhaustible source of energy. The power from the sun 

intercepted by the earth is approximately 1.8 × 1011 MW, 

which is many times larger than the present consumption 

rate on the earth of all commercial energy sources. Thus the 

solar energy can able to supply all the present and future 

energy needs of the world on continuous basis. Solar energy 

makes it one of the most promising of the unconventional 

energy sources.  Out of the various solar air conditioning 

alternatives, the adsorption system is found to be one of the 

most promising methods. Tyagi et al. theoretically 

compared, the performance of direct absorption solar 

collector using alumina/water nanofluids with a flat-plate 

collector. They create that the direct absorption solar 

collector displays higher thermal efficiency, as high as 10% 

compared to common flat-plate collectors. Omid Mahin et 

al. have made a theoretical analysis to find out the property 

of nanoparicle size and nanofluid pH of SiO2/water 

nanofluid with volume concentration 1% on the 

performance characteristics of a flat plate solar collector. 

A. Conventional Solar Heat Collector 

Solar water heating (known as solar thermal) systems 

imprison the free heat from the sun and use it to heat up 

water for use in the home. It’s a simple method: 

 panels on your roof absorb heat from the sun – they 

are known as the collector 

 the water in the panels heats up 

 This hot water is pumped throughout a coil in your 

cylinder which transfers the heat to the water in the 

cylinder. 

Flat plate heat collectors were developed by Hottel 

and Whiller in the 1950s. It consists of the following parts. 

 A dark flat plate absorber 

 A transparent cover that decreases heat loss 

 A transport fluid to remove heat from the absorber. 

 A heat insulating backing. 

The heart of a solar collector is the absorber, which 

is usually composed of several narrow metal strips. The 

shipper fluid for heat transfer flows through a heat-carrying 

pipe, which is connected to the absorber stripe in plate-type 

absorbers, two sheets are sandwiched together allowing the 

medium to flow between the two sheets. Absorbers are 

usually made of copper or aluminum. 

In water heat panels, fluid is usually circulated 

through tubing to transfer heat from absorber to an insulated 

water tank. This may be achieved directly or through a heat 

exchanger. 

B. Specifications Considered for the Solar Collector 

 Collector tilt, b                                       35 deg 

 Plate thickness, dc                                   6mm 

 Optical efficiency, go                               0.84 

 Tube spacing, W                                     25 cm 

 Number of risers                                        14 

 Length of collector, L                                3m 

 Inner diameter of pipes, Di                    7.5mm 

 Outer diameter of pipes, Do                   8.5mm 

 Apparent sun temperature, Ts                4350K 

 Thickness of back insulation, tb               8 cm 

 Thickness of edge insulation, te               4 cm 

 Emissivity of absorber plate, ɳp                0.92 

 Emissivity of glass cover, ɳg                    0.88 

 Thermal conductivity of plate, kc       384W/m k 

 
Fig. 1: A schematic view of the solar collector structure 

C. Absorber Plate 

Sunlight passes throughout the glazing and strikes the 

absorber plate, which heats up, changing solar energy into 
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heat energy. The heat is transferred to liquid passing 

throughout pipes attached to the absorber plate. Absorber 

plates are commonly painted with "selective coatings," 

which absorb and retain heat better than ordinary black 

paint.  

D. Role of Nanofluids in Enhancing Thermal Conductivity 

Dispersing trace amounts of nanoparticles into regular base 

fluids has a significant impact on the optical as well as 

thermo physical property of base fluid. This characteristic 

can be used to effectively capture and transport solar 

radiation.  

An idyllic solar collector will absorb the 

concentrated solar radiation, convert that incident solar 

radiation into heat and convey the heat to the heat transfer 

fluid. Higher the heat transfer to fluid, higher is the outlet 

temperature and higher temp guide to improved conversion 

efficiency in the power cycle. nanoparticles have several 

orders of magnitude higher heat transfer coefficient when 

transfer heat immediately to the surrounding fluid. This is 

simply due to the small size of nanoparticle. 

The following factors must be considered while 

installing a nanofluid based solar heat collector. 

 Mixtures are unstable and hence, sedimentation 

occurs. 

 Presence of large solid particles also requires great 

pumping power and hence increased cost. 

 Solid particles may also erode the channel walls. 

Due to these reasons the use of this technique has 

not become practically posible. 

Nanofluids poses the following advantages as 

evaluate to conventional fluids which makes them suitable 

for use in solar collectors: 

 Absorption of solar energy will be increased with 

change of the size, shape, material and volume 

fraction of the nanoparticles. 

 The balanced nanoparticles increase the surface 

area but decrease the heat capacity of the fluid due 

to the incredibly small particle size. 

 The suspended nanoparticles enhance the thermal 

conductivity which results improvement in success 

of heat transfer systems. 

 Properties of fluid can be changed by 

varying concentration of nanoparticles. 

 Extremely small size of nanoparticles ideally 

allows them to pass through pumps. 

E. Silicon-Di-Oxide 

A large number of studies have been alert on the thermal 

conductivity of Nano fluids in which SiO2 nanoparticles are 

used as additives to raise thermal conductivity of base fluid. 

The reason for interest may be also due to the fact that silica 

is abundant in the earth crust and thus low in cost. There has 

not been widespread agreement among dissimilar studies 

and no fully accepted model is also available for the 

prediction of the relation of thermal conductivity of silica 

nanofluids to particle size diameter of suspended particles. 

Silica (SiO2) is commonly found in crystalline state 

and very rarely in an amorphous state. Crystalline silica is 

grouped into three main forms: quartz, tridymite, and 

cristobalite. Quartz is subdivided into two groups: alpha for 

temperatures of 5730C. Tridymite is formed at 8700C and 

cristobalite is formed at 14700C. Silica has good electrical 

insulation, high thermal stability and good abrasion 

resistance. It is insoluble in all acids except hydrogen 

fluoride. 

The following table gives the physical and thermal 

properties of Silica. 

Mechanical SI value 

Density 2.2 g/cc 

Color clear 

Compressive Strength 1108Mpa 

Maximum Use Temperature 11000C 

Bulk Modulus 41 Gpa 

Thermal  

Coefficient of Thermal Expansion 0.55*10-6/0C 

Specific Heat 740 J/KgK 

Thermal Conductivity 1.38 W/mk 

Table 1: Properties 

F. Base Fluids 

1) Water  

Liquid water contains three different molecule populations. 

Single molecules are typical at high temperatures resulting 

in little hydrogen bonding due to the high thermal energy of 

the molecules. There is more hydrogen bonding forming in 

the middle range of temperatures where clusters of 

molecules start forming. At lower temperatures clusters also 

form, below 150C these clusters are the most common 

arrangement. The average kinetic of molecules increases as 

temperature increases affecting the physical properties of 

water. Water possesses the largest heat capacity per unit 

mass of all substances. This characteristic makes water an 

excellent reservoir and transporter of energy. The viscosity 

of water changes significantly as temperature increases, it 

decreases from 1.793 to 0.282 cps as temperature increases 

from 00C – 1000C. This makes the flow rate of water inside 

a pipe increase as the temperature increases. The density of 

water also varies according to temperature. 

2) Ethylene Glycol 

Ethylene Glycol used in closed loop systems acts as an 

effective heat transfer, useful for the removal of ice/snow 

from highways and sidewalks. This is achieved by 

circulating a heated EG solution through coils placed under 

the surface. Similarly, EG based solutions are used for the 

removal of ice/snow from fuselages. This is done by 

spraying the surface to be cleaned with the solution. Some 

of the advantages of using EG based products include their 

stability in long-term storage, noncorrosiveness, high flash 

point, and ease of application.  

3) Motion of Nanoparticles 

Nanoparticles can develop a motion with respect of the base 

fluid by several mechanisms. Some of these mechanisms 

include gravity, Brownian diffusion and thermophoresis. 

II. LITERATURE REVIEW 

Omid Mahin et.al (2015) performed a theoretical analysis to 

elucidate the effects of nanoparticle size and nanofluid pH 

of SiO2/water nanofluids with volume concentration of 1% 

on the performance characteristics of a flat-plate solar 

collector. Two different nanoparticle sizes, including 12 nm 

and 16 nm were considered and their heat transfer, pressure 

drop and entropy generation were calculated. 
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John Philip and P.D. Shima(2012) presented a 

paper on the thermal properties of nanofluid and recent 

advances in the field of nanoscience especially the important 

material properties that affect the thermal properties of 

nanofluids and narrative approaches to achieve extremely 

high thermal conductivities. 

Julian Bernal Castellanos(2014) in his thesis 

studied the effects ofthe base fluid, particle type/size, and 

volumetric concentration on the thermal conductivity of 

Al2O3 and SiO2 nanofluids. The effects of base fluid were 

observed by preparing samples using ethylene glycol (EG), 

water(H2O), and mixtur of EG/H2O as the base fluid and 

Al2O3 (10 nm) nanoparticles. The particles type/size and 

volumetric concentration property were tested by preparing 

samples of nanofluids using Al2O3 (10X10-9m), Al2O3 

(150X10-9m), SiO2 (15X10-9m), and SiO2 (80X10-9m) 

nanoparticles and ionized water as base fluid at different 

volumetric concentrations. 

Sanchez-Bautista et al. (2014) offered an 

optimization model for the optimal design of water-heating 

system for homes in Mexico. In that replica, location, solar 

energy, inhabitants, and time-based consumption pattern 

were accounted to determine the best design of integrated 

solar, and boilers water-heating systems aimed to minimized 

cost and greenhouse gas emissions. 

In a study undertaken by Leong et al. (2012) a 

conclusion was drawn which stated that smaller and more 

compact design of solar collector has become feasible 

because of higher thermal conductivity of nanofluids. 

Because of superior thermal conductivity and effectiveness 

of nanofluids, smaller and compact design of solar thermal 

collectors has become feasible without affecting the output 

desired. Minor size collector can shrink the material usage, 

price, and energy required in manufacturing. 

M.Faizel et.al (2014) have done an analysis and 

performance measurement of a flat-plate solar thermal 

collector using SiO2 nanofluid as absorbing medium dealing 

with  energetic, exergetic, economic, and environmental 

aspects. 

III. SUMMARY OF LITERATURE 

The literature review results revealed that the following 

facts can be considered for the upgrading the existing flat 

plate solar heat collecting system. The summary of the 

review has been given as follows: 

 Entrophy generation rate can be reduced by using 

nanofluids. 

 The thermal conductivity increased at lower volumetric 

concentrations and decreased at higher volumetric 

concentrations.  

 The SiO2 nanofluid enhanced the specific heat 

capacity by 14.5% compared with that of the neat 

chloride salt eutectic. 

 A higher concentration causes more sedimentation 

 Cluster formation leads to increasing the fluid viscosity 

IV. CONCLUSION AND FUTURE WORK 

Thus from the data obtained from the above papers a 

conclusion is drawn and Silica nanofluids of size 10-12nm 

will be used in the experimental setup and their efficiency 

will be compared with the conventional solar heat collector 

which uses water as the working fluid. As far as the 

nanofluid is concerned silica edges over the others due to its 

cost which could prove vital towards its use in the future. In 

addition to this ethylene glycol water mixture is also studied 

and is efficiency is compared with the other mixtures. 

Parameters such as volume, concentration, size of the 

nanoparticles are key for enhancing the thermal efficiency 

of the solar heat collector and should be altered with great 

caution. 
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