
�������� ��	
���
��

Numerical Investigation of Heat Exchanger Effectiveness in a Double Pipe
Heat Exchanger Filled With Nanofluid: A Sensitivity Analysis by Response
Surface Methodology

Kamel Milani Shirvan, Mojtaba Mamourian, Soroush Mirzakhanlari,
Rahmat Ellahi

PII: S0032-5910(17)30204-8
DOI: doi:10.1016/j.powtec.2017.02.065
Reference: PTEC 12403

To appear in: Powder Technology

Received date: 21 October 2016
Revised date: 21 February 2017
Accepted date: 27 February 2017

Please cite this article as: Kamel Milani Shirvan, Mojtaba Mamourian, Soroush Mirza-
khanlari, Rahmat Ellahi, Numerical Investigation of Heat Exchanger Effectiveness in a
Double Pipe Heat Exchanger Filled With Nanofluid: A Sensitivity Analysis by Response
Surface Methodology, Powder Technology (2017), doi:10.1016/j.powtec.2017.02.065

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.

http://dx.doi.org/10.1016/j.powtec.2017.02.065
http://dx.doi.org/10.1016/j.powtec.2017.02.065


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

1 
 

Numerical Investigation of Heat Exchanger Effectiveness in a 

Double Pipe Heat Exchanger Filled With Nanofluid: A Sensitivity 

Analysis by Response Surface Methodology 
 

Kamel Milani Shirvan
1
, Mojtaba Mamourian

1,*
, Soroush Mirzakhanlari

2
, Rahmat Ellahi

3
 

 
1 
Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran 

2
 Young Researchers and Elite Club, Qazvin Branch, Islamic Azad University, Qazvin, Iran 

3
Department of Mathematics & Statistics, FBAS, IIUI, Islamabad, Pakistan 

 

 

Abstract 

In this paper, the Response Surface Methodology (RSM) and two phase mixture model are proposed to 

investigate the sensitivity analysis of heat transfer and heat exchanger effectiveness in a double pipe heat 

exchanger filled with Al2O3 nanofluid. The effective parameters of the Reynolds number (50 ≤ Re ≤ 250), 

nanoparticles volume fraction (0.01 ≤ ϕ ≤ 0.05) and the entrance status of nanofluid S (inner pipe, outer 

pipe and both of them) are considered to serve the purpose. The governing equations are solved with 

SIMPLE algorithm and Discretized using a finite volume method. It is found that the mean Nusselt 

number enhances with the Re number, and this enhancement is in the vicinity of 57.70% for the case with 

Re=50 to 150 and ϕ = 0.03, when the nanofluid enters the outer pipe. Increasing the ϕ and S reduces the 

mean Nusselt number. The heat exchanger effectiveness enhances with ϕ and reduces with S. 

Furthermore, the sensitivity of the mean Nusselt number to the Re number is positive but to ϕ is negative; 

while the sensitivity to the Re number and ϕ is positive for heat exchanger effectiveness. Additionally, 

the effects of physical parameters are illustrated graphically. 
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