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Abstract - Some conventional fluids such as lubricating oils, air, water and others for cooling of various parts of engine in 
automobiles, refrigeration system and some other industrial applications. However, experimental data observes that these 
conventional fluids are not feasible and hindrances in heat transfer capacity because fluids show very low thermal 
conductivity by as its nature. Recent technology on nano fluids shows, materials in nano form occupies an important place in 
changing properties of its elements in basic structure. Researchers found that heat transfer fully dependent on thermal 
conductivity of particles as well as particle size, diameter and volume concentration. Nano materials added to fluids and 
these Nano fluids used for increasing thermal properties in heat transfer equipment like heat exchangers, radiators, other 
parts of automobiles and machine components etc. This paper observes the various properties of lubricants primarily 

concentrate on thermal capacity conductivity of Nano fluids for SiO2, Al2O3, and coal ash. A new biological material used 
by our ancients as lubricant additive also used for experimental investigations and results compared with conventional fluids. 
The particle size considered is 60nm measured by Scanning electron microscope (SEM), images taken for the size and 
characteristics. The experiments carried out by using a heat exchanger pipe in pipe type under laminar flow condition by a 
forced convection mode. The fluids prepared with concentrations 0.2%, 0.4%, 0.8% and 1% on SAE0W-20 engine oil as 
base fluid. 
 

Keywords - Thermal conductivity; Heat transfer coefficient; Nano material; Al2O3; SiO2.  

I. INTRODUCTION  

 

The major role of the lubricants is to reduce the 

friction by absorbing the heat and transferring that 

heat as soon as possible to the surroundings, such that 

the components protected from overheating, so that 
efficiency increases as well the life of the components 

increases. Several researches done by researchers to 

reduce and minimize the size of heat exchangers to 

increase heat capacity transfer rate and reduce the 

cost. A heat transfer device is heat exchanger used to 

transfer of heat energy between fluids at various 

temperatures. It is most important component in heat 

exchange process in various industries such as 

automobiles, locomotives, power plants, air-

conditioning, petroleum refineries, heat recovery, 

refrigeration, building, cryogenic and others 
applications. In addition, the concept of heat transfer 

plays an important place in metal cutting, lubrication 

and other manufacturing and production industries. In 

heat exchangers design and fabrication, it is important 

to consider the parameters like OHTC (U) and 

LMTD; effects on heat transfer capacity between 

fluids. The heat transfer capacity between the fluids 

in heat exchanger varies on temperature difference in 

that particular location within the same heat 

exchanger.  

 

Nomenclature: 
nm  nanometers 

µm  micrometer  

P  Poise  

cP  centi Poise  

 

Abbreviations 

ASTM  American Society for Testing and Materials  

CNT  Carbon-Nano Tube 

SAE  Society of Automotive Engineers 

SEM   Scanning Electron Microscopy  

TEM Transmission Electron Microscopy 
TMP  Tri Methylol Propane 

XPS  X-ray photoelectron spectroscopy 

XRD   X-Ray Diffraction  

Cst  centistokes 

 

[1] Did extensive work on choosing synthetic 

lubricants and analyzed their failure behavior with 

mineral fluids. The main advantage of synthetic oils 

when compared to mineral oils is they have ability in 

lubrication to synthesize molecular structures. [2] did 

analysis on double-pipe type; they arranged series 
and parallel manner to meet temperature difference 

and pressure drop requirements. The main advantage 

of double-pipe one is they are suitable if one fluid or 

both fluids are at high pressure and they are good at 

sensible cooling and sensible heating process. In 

other hand, the disadvantage is they are bulky as well 

expensive in given unit surface area. [3] Developed to 

enhance viscosity a different chemical additive for 

diesel oil and it can use to other lubricants. Factors 

effects on viscosity discussed and the additive that 

improves viscosity discussed with consideration of 

pour point. [4] Found experimentally enhancement of 
heat transfer in pipe in pipe type heat exchanger with 

swirl elements, heat transfer capacity increases by 

130%. Even though several methods are available to 

improve heat transfer and thermal conductivity for, 

the addition of solid nano particles as additive mixed 
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in base fluid becoming popularity because of higher 

conductance by solid particles. [5] Carried 
experiments on surface science and friction origins 

with nano scale lubrication as special reference. 

According to [5] the sliding friction arises from 

typical unexpected sources. The nano fluid 

preparation includes important observation criteria’s 

like agglomerate free suspension kept for long time to 

observe chemical changes in base fluid. [6] listed 

some issues occurs on nano fluids are the cost 

effective method to industrial scale is not yet 

developed, the useful flow based data in heat transfer 

is not yet exists and applications stability is not yet 

developed. [7] Discussed special mechanical 
properties for nano particles and its applications in 

various fields like tribology, surface engineering nano 

fabrication and manufacturing industries.  They also 

discussed various interfacial forces acts on nano 

particles, the theories on mechanical properties of 

nano particles on hard ness, adhesion, surface 

engineering and friction. The physical and thermal 

properties of nanoparticles when suspended in EG 

were observed for Al2O3 [8-10], CuO[11], and ZnO 

[12,13]. [14] Worked on tribological behavior of a 

carbon nano tubes in mineral gear oil for industrial 
applications.  

 

The obtained results shows wear decreases for multi 

walled nano tubes by 70–75% compared to mineral 

oil. They observed, load bearing capacity for multi 

walled nano carbon tube increases by 20% compared 

to mineral oil. [15] Done experiments on SiO2 to 

calculate viscosity for nano fluid. [16, 17] worked 

with SiO2 and proposed a correlation to calculate 

thermal conductivity prediction and the obtained 

results showed excellent agreement with obtained 

experimental data values and the error obtained less 
than 3.35% only. [18] Experimental investigations on 

vibration behavior; summarizes vibration 

characteristics for roller bearings by adding lubricants 

with additives and without additives (Al, Fe, TiO2, 

Fe3O4, CuO, Cu, Ni, and Al203). The lubricating 

performance improved by addition of nanoparticles 

compared with pure SiO2 and Al2O3 particles. 

However, the limited concentration is 0.5 wt. 

percentage.  

 

II. EXPERIMENTAL SET UP AND 

PARAMETERS 

 

The major components of experimental set-up is test 

section which contains horizontal pipe in pipe copper 

pipes, cold-water tank, hot lubricating oil tank Rota 

meters, pumps, sensors. These instruments selected 

according to the requirement based on measuring 

range, accuracy and availability in the market. The 

test section fabricated from copper tubes, which 

possesses higher thermal conductivity. To achieve 

any particular engineering problem, we need to 

follow set of principles for proper product 

development economically. This economic is 

important for the design and selection of good heat 
transfer equipment. The various heat exchangers 

fabricated in different types, but the simplest form 

consists of concentric pipes contains different 

diameters known as pipe in pipe heat exchanger.  In 

addition, one fluid flows in inner pipe and another 

fluid flows through annulus space between both the 

pipes. Out of these fluids, one called hot fluid other 

called cold fluid. If flow is in same direction called 

parallel flow and opposite direction called counter 

flow. The counter flow heat exchanger is much 

effective than parallel flow for the given surface area, 

hence considered for present study. For the design 
purpose, several parametric values assumed to 

calculate the length and diameter for both pipes. 

Moreover, various iterations made to optimize these 

values. 

 

 
Fig 1: experimental set up 

 

Let Di= pipe inner diameter in m; mhot=hot fluid 

flow rate in LPM; mcold=cold fluid flow rate in 

LPM; L = length of the inner pipe in m; Vfluid 

=volume of fluid in ml; U= overall heat transfer 

coefficient in kW/m2C; Cpc = specific heat of cold 

fluid in KJ/kg K; Cph =specific heat of hot fluid in 

KJ/kg K; Th,in= hot fluid inlet temperature in °C; 

Tc,in= cold fluid inlet temperature in °C; mc =cold 

fluid in kg/sec; mh=hot fluid in kg/sec; As = Surface 

Area in m²; Cc =Heat capacity of cold fluid in kW; 
Ch =Heat capacity of hot fluid in kW; Cmin= 

Minimum heat capacity in kW; Cmax= Maximum 

heat capacity in kW; C =Capacity Ratio = 

Cmin/Cmax; Qmax = maximum heat transfer in kW; 

Q actual= actual heat transfer in kW; NTU= number 

of transfer units; ɛ = Effectiveness; Th,out= hot fluid 

outlet temperature in °C; Tc,out= cold fluid outlet 

temperature in °C; Thi-Tho= hot fluid temperature 

difference in °C; Tco-Tci= cold fluid temperature 

difference in °C; LMTD= log mean temperature 

difference; ᵨ=density of oil, kg/m3; ᵥ=kinematic 

viscosity, m2/s; Q= discharge, m3/s; Ac=cross 
sectional area, m2; V=velocity, m/s; Re=reynolds 

number; f=friction factor; hf=pressure drop due to 

friction, bar. 
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Table 1: selection of parameters and values 

 
 

                        

 
Fig 2: variation of hf, Tcout, Thout, NTU and effectiveness along 

the length 

 

From the above fig2, at constant diameter of pipe 

8mm as the length increases the pressure drop, heat 

transfer, NTU, effectiveness increases. The gain in 

temperature of cold fluid increases, whereas the heat 

loss of hot fluid decreases. 

                         

 
Fig 3: variation of LMTD, Re along the length and diameter 

 

From the above fig3, we can understand that the 

smaller diameter of pipe tends to high logarithmic 

mean temperature difference. Hence, there will be 

higher heat transfer rate. Whereas larger the diameter 

of pipe will tends to lower the Reynolds number 

indicates the flow in the pipe may cause flow 
obstruction. Hence, from above diagram we can 

conclude that the preferable diameter of the pipe can 

is 8mm or 12mm and the length 2m. 

 

CONCLUSION: from above diagrams and 

discussion even though there is more pressure drop, 

more temperature difference exists between fluids, it 

is very important to have flow as high as possible to 

sustain flow in the pipe. Hence, by compromising 

other parameters, we concluded the dimensions of 

inner pipe is diameter=8mm and length 2m. 

 

III. DATA COLLECTION AND CALCULATION OF PARAMETERS 

 
A sample data collection and calculation for Viscosity (µ) for Al2O3 at 0, 0.2%, 0.4%, 0.6%, 0.8, 1.0% and 

1.2% are presented from table 2 to 8. 

 
Table 2: Estimation of density and viscosity for 0% of Al2O3 

 
 

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 914 17.17 58.67 41.5 50.2 826.6932 225.6869 0.1866

2 60 610 17.17 58.67 41.5 50.9 815.3242 150.5634 0.1228

3 80 287 17.17 58.67 41.5 51.8 801.1583 70.6625 0.0566

4 100 125 17.17 58.67 41.5 52.1 796.5451 30.3550 0.0242

5 120 72 17.17 58.67 41.5 53.9 769.9443 16.8812 0.0130

6 140 46 17.17 58.67 41.5 54.4 762.8676 8.0136 0.0061

where B=190 for t=40-85s at A=0.264

B=65 for t=85-2000s at A=0.247
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Table 3: Estimation of density and viscosity for 0.2% of Al2O3 

 
 

Table 4: Estimation of density and viscosity for 0.4% of Al2O3 

 
 

Table 5: Estimation of density and viscosity for 0.6% of Al2O3 

 
 

Table 6: Estimation of density and viscosity for 0.8% of Al2O3 

 
Table 7: Estimation of density and viscosity for 1.0% of Al2O3 

 

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 919 17.17 58.75 41.58 50.2 828 226.9223 0.1880

2 60 616 17.17 58.75 41.58 50.8 819 152.0465 0.1245

3 80 293 17.17 58.75 41.58 51.8 803 72.1492 0.0579

4 100 129 17.17 58.75 41.58 52 800 31.3591 0.0251

5 120 76 17.17 58.75 41.58 53.9 771 17.9167 0.0138

6 140 51 17.17 58.75 41.58 54.3 766 9.7385 0.0075

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 922 17.17 58.83 41.66 50.2 830 227.6635 0.1889

2 60 621 17.17 58.83 41.66 50.8 820 153.2823 0.1257

3 80 299 17.17 58.83 41.66 51.7 806 73.6356 0.0593

4 100 131 17.17 58.83 41.66 51.9 803 31.8608 0.0256

5 120 79 17.17 58.83 41.66 53.8 774 18.6902 0.0145

6 140 54 17.17 58.83 41.66 54.3 767 10.7375 0.0082

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 924 17.17 58.91 41.74 50.1 833 228.1577 0.1901

2 60 625 17.17 58.91 41.74 50.7 823 154.2710 0.1270

3 80 302 17.17 58.91 41.74 51.5 810 74.3788 0.0603

4 100 133 17.17 58.91 41.74 51.6 809 32.3623 0.0262

5 120 83 17.17 58.91 41.74 53.5 780 19.7179 0.0154

6 140 56 17.17 58.91 41.74 54.2 770 11.3911 0.0088

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 929 17.17 58.99 41.82 50.1 835 229.3930 0.1915

2 60 629 17.17 58.99 41.82 50.6 826 155.2597 0.1283

3 80 308 17.17 58.99 41.82 51.4 814 75.8650 0.0617

4 100 139 17.17 58.99 41.82 51.6 810 33.8654 0.0274

5 120 87 17.17 58.99 41.82 53.4 783 20.7419 0.0162

6 140 58 17.17 58.99 41.82 54.1 773 12.0361 0.0093

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 941 17.17 59.07 41.9 50.1 836 232.3579 0.1943

2 60 638 17.17 59.07 41.9 50.4 831 157.4841 0.1309

3 80 318 17.17 59.07 41.9 51.1 820 78.3416 0.0642

4 100 150 17.17 59.07 41.9 51.2 818 36.6167 0.0300

5 120 99 17.17 59.07 41.9 52.9 792 23.7964 0.0188

6 140 67 17.17 59.07 41.9 53.7 780 14.8522 0.0116
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Table 8: Estimation of density and viscosity for 1.2% of Al2O3 

 
 

RESULTS AND DISCUSSION 

 

From the above data, the following results obtained 

and compared for nano fluids at different 

concentration for Al2O3 viz., 0%, 0.2%, 0.4%, 0.6%, 

0.8%, 1.0% and 1.2%. 

 

 
Fig 4: Density for Al2O3 at different concentrations 

 

 
Fig 5: Viscosity for Al2O3 at different concentrations 

 

Similar experimental analysis was carried out for 

SiO2, Coal Ash and Biological Material. And results 

were compared and given in the following figures. 

 

 

 

 
Fig 6: Comparison of viscosity at 0%, 0.2%, 0.4%, 0.6%, 0.8%, 

1.0% and 1.2% concentrations 

 

From the above diagrams, it is clear that the 

decreasing order of viscosity is coal ash, SiO2, 

Al2O3 and Biological material at any given 
temperature ranges from 40ºC to 140ºC. As the 

concentrations increases, the viscosity also increases. 

Hence, from the viscosity point of view the addition 

of Biological material is preferable than other 

materials. Because, the increase in viscosity decreases 

Reynolds number (by keeping the other parameters 

constant) causes the difficulty in flow of the fluid, it 

also increases the friction. 

 

CONCLUSIONS 

 

The contribution of this analysis is to review research 
on current state in lubricating properties for lubricants 

in various applications with special reference to 

addition of nano particles focused on use of Al2O3, 

S.N

O

Tempera

ture of oil

Time  of 

collecting 

50ml of oil

weight of 

measuring 

jar 

weight of 

measuring jar 

+ 50cc of oil 

mass of oil
volume 

of oil

density of 

oil

kinematic 

viscosity 

Dynamic 

Viscosity

symbol T t W1 W2 m v ρoil Ѵx10
-6 µ

units    ̊C  sec gms gms gms cc kg/m3 m2/s N-s/m² or Pa-s

relation [W2-W1] [m/v] [At-(B/t)] [=ρ*Ѵ]

1 40 972 17.17 59.15 41.98 50 840 240.0171 0.2015

2 60 658 17.17 59.15 41.98 50.2 836 162.4272 0.1358

3 80 336 17.17 59.15 41.98 50.7 828 82.7985 0.0686

4 100 167 17.17 59.15 41.98 51.1 822 40.8598 0.0336

5 120 106 17.17 59.15 41.98 52.3 803 25.5688 0.0205

6 140 78 17.17 59.15 41.98 53.4 786 18.1561 0.0143
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SiO2, coal ash and making comparison of results 

obtained with Biological material for various 
properties for improvement of life of the machines. 

Results show that biological material having a very 

good characteristics and low friction compared to 

other materials. 
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