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Abstract

In the present paper, the dynamic viscosity of 10W40 lubricant containing hybrid nano-materials

has been examined. Hybrid nano-materials were composed of 90% of silica (SiO ) with 20–30 nm

mean particle size and 10% of multi-walled carbon nanotubes (MWCNTs) with inner diameter of

2–6 nm and outer diameter of 5–20 nm. Nano-lubricant samples were prepared by two-step

method with solid volume fractions of 0.05%, 0.1%, 0.25%, 0.5%, 0.75% and 1%. Dynamic

viscosity of the samples was measured at temperatures between 5 and 55 °C and at shear rates of

666.5 s  up to 11,997 s . Experimental results indicated that the nano-lubricant had non-

Newtonian behavior at all temperatures, while 10w40 oil was non-Newtonian only at high

temperatures. With the use of the curve fitting technique of experimental data, power law and

consistency indexes were obtained; furthermore, these coefficients were assessed by shear stress

and viscosity diagram.

Introduction

A fluid containing solid particles with a smaller size than 100 nm is called nanofluid. Nanofluid

is one of the revolutionary developments of fluid and thermal science. These fluids are used in
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various applications, e.g. heating and refrigeration, automotive, industrial converters, lubrication,

nuclear power, electronics, etc. [1], [2]. The main advantage of nanofluids is their larger thermal

conductivity which is a result of nanoparticles presence and their Brownian motion [3], [4].

Identification of thermo-physical characteristics of nanofluids is effectively essential for using

them properly. Many studies have been conducted on identifying nanofluids characteristics.

These studies have revealed that these characteristics are influenced by various factors, including

temperature, nanofluid concentration and diameter of nanoparticles. Studies on thermal

conductivity properties indicate that increasing in temperature and concentration of nanofluids

or decrease of nanoparticles diameter result in increment of nanofluid thermal conductivity [5],

[6], [7], [8], [9]. Viscosity is another characteristic that has been studied in many papers. According

to these studies, increment of temperature and nanoparticles size or decreasing of nanofluid

concentration causes viscosity of nanofluid to decrease [10], [11], [12], [13], [14], [15], [16]. Modeling

of these properties has been discussed in some papers. The effect of temperature and

concentration on thermal conductivity and viscosity was observed in studies in which neural

network was utilized for approximation of nanofluids thermal conductivity and viscosity behavior

[17], [18], [19]. New equations have been presented in some of these studies for predicting viscosity

and thermal conductivity. Table 1 shows some of these equations.

Another characteristic of nanofluids which has not been noticed properly is their rheological

behavior. This characteristic is in accordance with any deformation of flow or the shape of a matter

which is caused by an external force [22], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40],

[41], [42]. A summary of the studies conducted on this subject is shown in Table 2. The occurred

deformation may cause viscosity to either increase or decrease which are called shear thickening

and shear thinning respectively. There is a specific type of fluids which is called Bingham fluid.

For these fluids viscosity varies linearly with the initial force.

In the present paper our main objective is to discuss the rheological behavior of SiO -MWCNTs

(90%:10%)/10W40 hybrid nano-lubricant and determination of temperature and concentration

effects on this nanofluid. This paper is unique since the rheological behavior of this specific

nanofluid had not been studied before, so the effects of the studied factors were totally unknown.

Section snippets

Material

In this study, SiO  nanoparticles with the average particle size of 20–30 nm and multi-walled

carbon nanotubes (MWCNTs) with inner diameter of 2–6 nm and outer diameter of 5–20 nm were

used as nano-additives. X-ray powder diffraction (XRD) was utilized in order to verify the sizes of

the nanoparticles and its results are depicted in Fig. 1.

Physicochemical properties of SiO  nanoparticles and MWCNTs are shown in Table 3, Table 4

respectively.

The base fluid during this study was 10W40 engine oil and …

The effects of concentration and temperature on viscosity
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The effects of concentration and temperature on viscosity

The effect of temperature and concentration on viscosity of the hybrid nano-lubricant at a

constant shear rate is depicted in Fig. 4. It can be observed that increment of temperature resulted

in viscosity reduction. This phenomenon was expected because in higher temperatures, the

connection between the particles, which prevents the movement of the fluid layers on each other,

becomes weaker. In fact, the increase in temperature reduces the van der Waals forces between the

particles. It can also…

Conclusion

In this study SiO  nanoparticles of 20–30 nm and multi-walled carbon nanotubes with inner

diameter of 2–6 nm and outer diameter of 5–20 nm were dispersed in 10W40 engine oil with

proportion of 90% and 10% respectively, resulting in SiO -MWCNTs (90%:10%)/10W40 hybrid

nano-lubricant. Viscosity data of the nano-lubricant were measured for 0.05%, 0.1%, 0.25%, 0.5%,

0.75% and 1% volume fractions and at temperature ranges of 5–55 °C and shear rates of 666.5 s

up to 11,997 s .

Studying the extracted data…

Acknowledgement

This work has been financially supported by the research deputy of Shahrekord University. The

grant number was SKU-1394-10-MH12.…

References (42)

O. Soltani et al.

Effects of temperature and particles concentration on the dynamic viscosity of MgO-

MWCNT/ethylene glycol hybrid nanofluid: experimental study

Phys. E: Low-Dimens. Syst. Nanostruct. (2016)

S. Shamshirband et al.

Performance investigation of micro- and nano-sized particle erosion in a 90° elbow using

an ANFIS model

Powder Technol. (2015)

D. Toghraie et al.

Experimental determination of viscosity of water based magnetite nanofluid for application

in heating and cooling systems

J. Magn. Magn. Mater. (2016)

M. Afrand et al.

How the dispersion of magnesium oxide nanoparticles effects on the viscosity of water-

ethylene glycol mixture: experimental evaluation and correlation development

Phys. E: Low-Dimens. Syst. Nanostruct. (2017)

2

2

−1

−1

https://www.sciencedirect.com/science/article/pii/S1359431116316192
https://www.sciencedirect.com/science/article/pii/S003259101500532X
https://www.sciencedirect.com/science/article/pii/S0032591016304855
https://www.sciencedirect.com/science/article/pii/S0735193316300422


10/17/2021 Evaluation of rheological behavior of 10W40 lubricant containing hybrid nano-material by measuring dynamic viscosity - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S1386947717302205 4/7

Phys. E: Low-Dimens. Syst. Nanostruct. (2017)

M. Afrand et al.

Prediction of dynamic viscosity of a hybrid nano-lubricant by an optimal artificial neural

network

Int. Commun. Heat Mass Transf. (2016)

N. Zhao et al.

Modeling and prediction of viscosity of water-based nanofluids by radial basis function

neural networks

Powder Technol. (2015)

S. Atashrouz et al.

Estimation of the viscosity of nine nanofluids using a hybrid GMDH-type neural network

system

Fluid Phase Equilib. (2014)

H.R. Goshayeshi et al.

Particle size and type effects on heat transfer enhancement of ferro-nanofluids in a pulsating

heat pipe

Powder Technol. (2016)

H. Li et al.

Experimental investigation of thermal conductivity and viscosity of ethylene glycol based

ZnO nanofluids

Appl. Therm. Eng. (2015)

M. Afrand et al.

Experimental investigation and simulation of flow boiling of nanofluids in different flow

directions

Phys. E: Low-Dimens. Syst. Nanostruct. (2017)

View more references

Cited by (89)

A comprehensive review on advances of oil-based nanofluids for concentrating solar

thermal collector application

2021, Journal of Molecular Liquids

Show abstract

Examining rheological behavior of MWCNT-TiO<inf>2</inf>/5W40 hybrid nanofluid

based on experiments and RSM/ANN modeling

2021, Journal of Molecular Liquids

Show abstract

https://www.sciencedirect.com/science/article/pii/S0167732211002406
https://www.sciencedirect.com/science/article/pii/S0894177716300838
https://www.sciencedirect.com/science/article/pii/S0921509303000637
https://www.sciencedirect.com/science/article/pii/S0894177709002118
https://www.sciencedirect.com/science/article/pii/S089417771630053X
https://www.sciencedirect.com/science/article/pii/S0142727X07000203
https://www.sciencedirect.com/science/article/pii/S0167732221014951
https://www.sciencedirect.com/science/article/pii/S0167732221006966


10/17/2021 Evaluation of rheological behavior of 10W40 lubricant containing hybrid nano-material by measuring dynamic viscosity - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S1386947717302205 5/7

Performing regression-based methods on viscosity of nano-enhanced PCM - Using

ANN and RSM

2021, Journal of Materials Research and Technology

Show abstract

Experimental study on viscosity of water based Fe–Si hybrid nanofluids

2021, Journal of Molecular Liquids

Show abstract

Nanofluid flooding in a randomized heterogeneous porous media and investigating

the effect of capillary pressure and diffusion on oil recovery factor

2020, Journal of Molecular Liquids

Show abstract

Recent developments of nanoparticles additives to the consumables liquids in internal

combustion engines: Part II: Nano-lubricants

2020, Journal of Molecular Liquids

Show abstract

View all citing articles on Scopus

Recommended articles (6)

Research article

Experimental investigation on non-Newtonian behavior of Al O -MWCNT/5W50

hybrid nano-lubricant affected by alterations of temperature, concentration and shear

rate for engine applications

International Communications in Heat and Mass Transfer, Volume 82, 2017, pp. 97-102

Show abstract

Research article

Evaluation of MWCNTs-ZnO/5W50 nanolubricant by design of an artificial neural

network for predicting viscosity and its optimization

Journal of Molecular Liquids, Volume 277, 2019, pp. 921-931

Show abstract

Research article

2 3

https://www.sciencedirect.com/science/article/pii/S2238785420321153
https://www.sciencedirect.com/science/article/pii/S0167732220371804
https://www.sciencedirect.com/science/article/pii/S016773221936711X
https://www.sciencedirect.com/science/article/pii/S0167732220340332
https://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85019876779&md5=6b5f95821230c699a213a1e4188af393
https://www.sciencedirect.com/science/article/pii/S0735193317300088
https://www.sciencedirect.com/science/article/pii/S0167732218304033


10/17/2021 Evaluation of rheological behavior of 10W40 lubricant containing hybrid nano-material by measuring dynamic viscosity - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S1386947717302205 6/7

Improving engine oil lubrication in light-duty vehicles by using of dispersing

MWCNT and ZnO nanoparticles in 5W50 as viscosity index improvers (VII)

Applied Thermal Engineering, Volume 143, 2018, pp. 493-506

Show abstract

Research article

Experimental investigation of switchable behavior of CuO-MWCNT (85%–15%)/10W-

40 hybrid nano-lubricants for applications in internal combustion engines

Journal of Molecular Liquids, Volume 242, 2017, pp. 326-335

Show abstract

Research article

Rheological characteristics of MgO/oil nanolubricants: Experimental study and neural

network modeling

International Communications in Heat and Mass Transfer, Volume 86, 2017, pp. 245-252

Show abstract

Research article

Effects of temperature and solid volume fraction on viscosity of SiO -MWCNTs/SAE40

hybrid nanofluid as a coolant and lubricant in heat engines

Applied Thermal Engineering, Volume 102, 2016, pp. 45-54

Show abstract

View full text

© 2017 Elsevier B.V. All rights reserved.

About ScienceDirect

Remote access

Shopping cart

Advertise

Contact and support

Terms and conditions

Privacy policy

2

https://www.sciencedirect.com/science/article/pii/S1359431118321057
https://www.sciencedirect.com/science/article/pii/S0167732217317750
https://www.sciencedirect.com/science/article/pii/S0735193317301094
https://www.sciencedirect.com/science/article/pii/S1359431116304859
https://www.sciencedirect.com/science/article/pii/S1386947717302205
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/customer/authenticate/manra
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy


10/17/2021 Evaluation of rheological behavior of 10W40 lubricant containing hybrid nano-material by measuring dynamic viscosity - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S1386947717302205 7/7

Privacy policy

We use cookies to help provide and enhance our service and tailor content and ads. By continuing you agree to the use of cookies.

Copyright © 2021 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier B.V.

ScienceDirect ® is a registered trademark of Elsevier B.V.

https://www.sciencedirect.com/legal/use-of-cookies
https://www.relx.com/

