
Accepted Manuscript

Simultaneous investigations the effects of non-Newtonian nanofluid flow in
different volume fractions of solid nanoparticles with slip and no-slip boundary
conditions

Ahmad Reza Rahmati, Omid Ali Akbari, Ali Marzban, Davood Toghraie, Reza
Karimi, Farzad Pourfattah

PII: S2451-9049(17)30224-X
DOI: https://doi.org/10.1016/j.tsep.2017.12.006
Reference: TSEP 104

To appear in: Thermal Science and Engineering Progress

Received Date: 29 July 2017
Revised Date: 29 August 2017
Accepted Date: 17 December 2017

Please cite this article as: A.R. Rahmati, O.A. Akbari, A. Marzban, D. Toghraie, R. Karimi, F. Pourfattah,
Simultaneous investigations the effects of non-Newtonian nanofluid flow in different volume fractions of solid
nanoparticles with slip and no-slip boundary conditions, Thermal Science and Engineering Progress (2017), doi:
https://doi.org/10.1016/j.tsep.2017.12.006

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.tsep.2017.12.006
https://doi.org/10.1016/j.tsep.2017.12.006


  

Simultaneous investigations the effects of non-Newtonian 

nanofluid flow in different volume fractions of solid 

nanoparticles with slip and no-slip boundary conditions 

 

Ahmad Reza Rahmati
1
, Omid Ali Akbari

2
, Ali Marzban

3
, Davood Toghraie

4,*
, Reza Karimi

3
,  

Farzad Pourfattah
5
 

 
 

1
Department of Mechanical Engineering, University of Kashan, Kashan, Iran 

2
Young Researchers and Elite Club, Khomeinishahr Branch, Islamic Azad University, 

Khomeinishahr, Iran 
3
Department of Mechanical Engineering, Aligoudarz Branch, Islamic Azad University, Aligoudarz, 

Iran 
4
Department of Mechanical Engineering, Khomeinishahr Branch, Islamic Azad University, 

Khomeinishahr, Iran 
5
Malek-Ashtar University of Technology, Iran 

 
*
Corresponding author: DavoodToghraie, Department of Mechanical Engineering, Islamic 

AzadUniversity, Khomeinishahr Branch, Khomeinishahr 84175-119, Iran. 

Email: Toghraee@iaukhsh.ac.ir 

 

 

Abstract 

In this study, the laminar and forced flow of non-Newtonian nanofluid in a two-dimensional 

microtube has been numerically simulated. The non-Newtonian, pseudo-plastic fluid is 

included of a solution with 0.5% wtfraction of CMC in Water as the base fluid. In this 

research, in order to increase the heat transfer rate, the mentioned non-Newtonian fluid has 

been combined with volume fractions of 1 and 1.5 % of CuO nanoparticle and has been 

created the non-Newtonian cooling nanofluid. In this investigation, the effect of slip velocity 

boundary condition on the wall of microtube has been considered. In order to have an 

accurate estimation of dynamic viscosity of non-Newtonian nanofluid, the power-law model, 

for numerical simulation has been used. This research has been investigated in Reynolds 

numbers of 100, 500, 1500 and 2000. The results indicate that, the increase of volume 

fraction of solid nanoparticles and slip velocity coefficient, cause the increase of heat 

transfer. By enhancing the slip velocity coefficient, better mixing accomplishes which causes 

the reduction of temperature gradients among the fluid layers close to the surface. In 

Reynolds numbers of 1500 and 2000, comparing to Reynolds numbers of 100 and 500, 

Nusselt number, on the microtube wall increases significantly. 
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