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1. Introduction 
 
    Several heat transfer enhancement (HTE) 
techniques have been used in many engineering 
applications such as nuclear reactor, chemical reactor, 
chemical process, automotive cooling, refrigeration, 
and heat exchanger, etc. HTE techniques are powerful 
tools to increase heat transfer rate and thermal 
performance as well as to reduce of the size of 
Transfer system in installing and operating costs. The  

techniques can be classified into 2 categories; (1) 
active method: by supplying external power source to 
the fluid or the equipment; (2) passive method: by 
turbulence promoter (such as special surface 
geometries, twisted tape, propeller, tangential inlet 
nozzle, snail entry, axial/radial guide vane, spiral fin) 
or fluid additives (such as nanofluid), without using 
any direct external power source. Due to its easy 
installation/operation and cost saving passive method 
has drawn great attention. 
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Abstract 

 
In this paper, experimentally derived correlations of heat transfer and 
pressure drop are used in a Pareto based Multi-Objective Optimization 
(MOO) approach to find the best possible combinations of heat 
transfer and pressure drop of TiO2-water nanofluid flow in tubes fitted 
with multiple twisted tape inserts in different arrangement. In this 
study there are four independent design variables: the number and 
arrangement of twisted tape inserts (N), TiO2 volume fraction (φ), 
Reynolds number (Re) and Prandtl number (Pr). Seven twisted tape 
arrangement in three different categories are investigated. The 
objectives are maximizing the non-dimensional heat transfer 
coefficient (Nu) and minimizing the non-dimensional pressure drop (f 

Re). 
It is shown that some interesting and important relationships as 

useful optimal design principles involved in the thermal performance 
of nanofluid flow in tubes fitted with multiple twisted tape inserts in 
different arrangement can be discovered by Pareto based multi-
objective optimization approach.   
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One important group of devices used in passive 

method is swirl flow devices which produce 
secondary recirculation on the axial flow leading to an 
increase of tangential and radial turbulent fluctuation. 
This allows a greater mixing of fluid inside a heat 
exchanger tube and subsequently reduces the 
thickness of the boundary layer [1-6]. Among the 
swirl generators of tube inserts, twisted tapes (TTs) 
have gained great attention and widely used for 
producing compact heat exchangers and upgrading the 
heat transfer rate of the existing heat exchanger due to 
its low cost, acceptable thermal performance and ease 
of manufacture installation [2]. In the past 
investigations, the heat transfer enhancement by 
twisted tape insert has been considered on both 
experimental and numerical works. Saha et al. [7] 
studied the heat transfer and pressure drop behaviors 
in a tube fitted with regularly-spaced twisted tape 
elements. Ray and Date [8] predicted the heat transfer 
in a square sectioned duct fitted with twisted tape in 
both laminar and turbulent flows. Akhavan-Behabadi 
et al. [9] reported the influence of the twisted tape on 
heat transfer and pressure drop characteristics in 
horizontal evaporators for the flow using R-134a. 
Eiamsa-ard et al. [10] investigated the heat transfer 
and pressure drop behaviors in a double pipe heat 
exchanger fitted with regularly-spaced twisted tape 
elements at several space ratios. Effect of the 
combined conical-ring and twisted tape on the heat 
transfer, friction factor and thermal performance 
factor characteristics were also studied by Promvonge  

 
and Eiamsa-ard [11]. Influence of the tube equipped 
with the short-length twisted tape on the mean Nusselt 
number, friction factor and thermal performance 
factor characteristics for several tape length ratios was 
examined by Eiamsa-ard et al. [12]. Again, Eiamsa-
ard et al. [13-15] reported the effect of the dual 
twisted tape elements in tandem, twin twisted tape 
with counter/co-swirling flow and delta-winglet 
twisted tape on the heat transfer enhancement, friction 
factor and thermal performance factor. They found 
that all tape arrangements provide better heat transfer 
rate than those of the typical twisted tape while the 
friction factors are also increasing. Eiamsa-ard and 
Promvonge [16] also studied the effect of helical tape 
with/without core-rod and regularly-spaced helical 
tape swirl generators on the heat transfer and pressure 
drop characteristics in a heat exchanger tube. Chang et 
al. [17] examined the heat transfer and pressure drop 
characteristics in a tube fitted with single, twin and 
triple twisted tapes in a heat exchanger tube. Among 
the tested tapes, the triple twisted tapes offered the 
highest heat transfer rate and thermal performance 
factor. Recently, Eiamsa-ard and Kiatkittipong [18] 
performed an experimental and numerical study to 
investigate the effect of the number and arrangement 
of twisted tape inserts on the thermal and pressure 
drop performance of TiO2-water nanofluid flow. They 
investigated seven different arrangements of twisted 
tapes (ST, Co-DTs, C-DTs, Co-TTs, Co-QTs, PC-
QTs, and CC-QTs) and finally they presented three 
pair of correlation for Nusselt number and friction 

          Nomenclature 
    y           pitch length of twisted tape (m) 

D Tube diameter(m)  Greek symbol 
f Friction factor   Density(kg m-3) 
h  Heat transfer coefficient (Wm-2K-1)  Dynamic viscosity (N s m-2) 
k Thermal conductivity (W m-1 K-1)  φ Volume fraction of nanofluid  
L Length of tubes (m) Abbreviations 
N Number of twisted tapes    NSGA     Non-dominated Sorting Genetic Algorithms 

Nu Nusselt Number ( k/hDh )  ST single tape as single swirl flow generator 

P Pressure (Pa) Co-DTs dual co-tapes as co-dual swirl flow generators 

Po Poiseuille number (= f Re) C-DTs 
dual counter tapes as counter-dual swirl flow 
generators 

Pr Prandtl number (  / )  Co-TTs triple co-tapes as co-triple swirl flow generators 

Re Reynolds number (  /UDh )  Co-QTs 
quadruple co-tapes as co-quadruple swirl flow 
generators 

U Velocity (m s-1) CC-QTs 
quadruple counter tapes as counter-quadruple 
swirl flow generators 

W Tape width (m) PC-QTs 
quadruple counter tapes as parallel-quadruple 
swirl flow generators 
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Table 3 
 The values of objective functions and their associated 
design variables of the optimum points. 

 
5. Conclusion 
       

In this paper, multi-objective optimization of TiO2-
water nanofluid flow in round tubes fitted with 
multiple twisted tape inserts in different arrangement 
has been successfully implemented using the 
combination of experimentally derived correlations 
and NSGAII algorithm. The design variables were the 
number and arrangement of twisted tape inserts (N), 
TiO2 volume fraction (φ), Reynolds number (Re) and 
Prandtl number (Pr). Seven twisted tape arrangement 
in three different categories were investigated and the 
ultimate goal was to simultaneously increase the non-
dimensional heat transfer coefficient (Nu) and reduce 
the non-dimensional pressure drop (f Re). It was 
shown that some interesting and important 
relationships as useful optimal design principles were 
discovered by Pareto based multi-objective 
optimization approach, which could not be obtained 
except by this method. 

Finally the optimal Pareto front of the present 
study were overlaid with the available experimental 
data and it was seen that the Pareto front is able to 
recognize the best boundary of experimental data with 
respect to the lowest f Re and highest Nu, which 
verifies the validity of the optimization process 
performed in the present study. 
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