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Abstract 
The turbulent convective heat transfer and pressure drop characteristics of CNT-water 
nanofluid in a horizontal tube fitted with wire coil inserts are studied experimentally. 
CNTs were synthesized by chemical vapor deposition (CVD) method with purity of more 
than 99%, functionalized by acid treatment and dispersed in distilled water in different 
concentrations. Also, the thermal conductivity and viscosity of synthesized nanofluids 
were measured experimentally. Convective heat transfer experiments are conducted 
with water and nanofluids in the range of 5000 < Re < 22000, CNT volume 
concentration 0 <ϕ < 0.1 % and wire coil with wire pitch of 2. The experimental 
results indicate that the convective heat transfer increases up to 23% in 0.05 vol% 
CNT-nanofluid and the heat transfer coefficient increases with CNT vol% and Reynolds 
number. Wire coil inserts increase the heat transfer coefficient of water and nanofluids 
up to 102% in Re=5700 but its performance decreases with Reynolds number. 
Experiments have shown that only use of wire coil inserts increases pressure drop of 
working fluid. Moreover, empirical correlations for Nusselt number and friction factor 
are proposed from nonlinear regression of the experimental data. Further, performance 
evaluation of enhanced tube is determined with considering opposing thermal 
resistance. 
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1. Introduction∗ 
From the past decades, researchers have  
studied development of enhancement 
techniques to reduce the size and costs of 
heat exchangers. Use of wire coil inserts, 
twisted tape inserts and other mechanical 
turbulators is one of the passive methods that 
change hydrodynamics and increase 
turbulence of the working fluid that leads to 
higher heat transfer coefficient [1-4]. 

                                                 
∗Corresponding author: nasrmrj@ripi.ir 

Another passive method is based on change 
of the thermo-physical properties of heat 
transfer fluids such as water, ethylene glycol 
and oil. Recently, addition of nanoparticles 
such as carbon nanotubes (CNTs), Al2O3 and 
CuO to conventional heat transfer fluids 
called nanofluids is considered. Nanofluids 
commonly have potentials in heat transfer 
enhancement applications because of their 
interesting properties such as considerable 
increase in thermal conductivity, long term 
stability, and prevention of erosion and 
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clogging in microchannels due to smaller 
size and larger interface area compared with 
micrometer-sized particles [5-8]. CNTs are 
excellent candidates as dispersions for 
preparing nanofluids, due to their very high 
thermal conductivity and very large aspect 
ratio [8]. Pak and Cho [9] studied TiO2-water 
and Al2O3-water nanofluids in turbulent 
convective heat transfer inside tubes. Yang et 
al. [10] studied laminar convective heat 
transfer of graphite nanofluids in a horizontal 
tube heat exchanger. Xuan and Li [11] 
considered convective heat transfer and flow 
features of CuO-water nanofluids. Wen and 
Ding focused on entry region under laminar 
flow condition using nanofluids containing 
Al2O3 and CNTs in horizontal tube [12, 13]. 
Ding et al. [14] reported significant 
enhancement in convective heat transfer of 
multi-wall carbon nanotube dispersion in 
water and found that amount of enhancement 
depends on the Reynolds number, CNT 
concentration, and pH. Xing et al. [15] found 
the laminar heat transfer enhancement of 
70% and 190% for nanofluids containing 
0.05 and 0.24 vol% CNT in water at Re=120. 
Also, Rashidi et al. [16] experimentally 
investigated heat transfer enhancement of 
CNT–water nanofluids in a horizontal shell 
and tube heat exchanger in laminar flow. 
They found an increase of overall heat 
transfer coefficient with Reynolds number.  
Using nanofluids and tube inserts together in 
horizontal tubes is considered by several 
researchers. Heat transfer enhancement for 
Fe3O4 nanofluid in a tube with twisted tape 
inserts has been experimentally investigated 
by Sundar et al. [17]. They found that 
30.96% enhancement for 0.6 vol% of Fe3O4 

in a plain tube and further enhancement of 

18.49% in a plain tube with twisted tape 
(H/D=5) at the Re = 22000. The heat transfer 
enhancement of 23.69% for 0.1 vol% of 
Al2O3 nanofluid in a tube has been analyzed 
by Sharma et al. [18]. Further 44.71% heat 
transfer enhancement is observed with 
twisted tape insert with (H/D=5) inside a 
circular tube at Re = 9000. Sundar and 
Sharma [19] have observed 30.30% heat 
transfer enhancement for 0.5% of Al2O3 in a 
plain tube, further, 42.71% of heat transfer 
enhancement with twisted tape (H/D=5) is 
observed compared to  water at Re = 22000. 
Laminar flow of CuO/base oil nanofluid in a 
tube with wire coil inserts has been estimated 
by Saeedinia et al. [20] experimentally and  
45% enhancement was noted in heat transfer 
for 0.3 vol% CuO. Fully developed laminar 
flow of 0.1 vol% Al2O3 nanofluid in a tube 
with wire coil inserts has been analyzed by 
Chandrasekar et al. [21] who observed 
21.53% heat transfer enhancement with wire 
coil pitch of 3. Noticeable increase of 
pressure drop of the nanofluids with inserts 
was found in all above-mentioned researches. 
Jafari Nasr et al. [22] investigated 
performance evaluation of heat transfer 
enhancement tubes fitted with turbulator 
devices such as twisted tape, wire coiled and 
so on. They developed a new performance 
index taking into consideration the effect of 
opposing thermal resistances such as fouling. 
Their results showed that the potential benefits 
of heat transfer enhancement cannot be 
analyzed from the effects of thermal resistances 
separately. 
As mentioned above, inserts could enhance 
convective heat transfer of nanofluids and no 
work has been done on CNT-water 
nanofluids in turbulent regime. Therefore the 
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conductivity with CNT vol% and 
temperature. In 25 Co with 0.1 vol% (0.2 
wt%) CNT in water, maximum thermal 
conductivity enhancement of 25% was 
observed in experiments. Also, obtained 
results of viscosity experiments in 20 – 40 oC 
show that viscosity of nanofluids increase 
with CNT vol% and temperature reduction.  
Turbulent convective heat transfer coefficient 
and pressure drop of water and nanofluids 
entering the plain tube and tube fitted with 
wire coil inserts were measured separately in 
constant heat flux of 1500 W for electrical 
element. To validate the  experimental 
system, the result of Nusselt number of water 
was compared with ESDU equation and good 
agreement was achieved. Enhancement of 
convective heat transfer of water with wire 
coil inserts was observed from the 
experiment results. Heat transfer coefficient 
of water increases with Reynolds number but 
thermal enhancement by wire coil decreases 
in high Re.  
Nanofluids with CNT concentration of 0.05, 
0.1 and 0.2 wt% are entered into the test tube 
and enhancement of heat transfer with 
nanofluids was observed from experimental 
results. Also, heat transfer coefficient of 
nanofluids increases with Reynolds number 
and CNT concentration. With 0.1 wt% CNT-
nanofluid maximum enhancement of 23% 
was achieved in Re = 16000. Nonlinear 
regression of experimental data leads to an 
empirical correlation for prediction of 
Nusselt number of 0.1 wt% CNT-water 
nanofluids. Using wire coil inserts in 
combination with nanofluids enhanced 
convective heat transfer more than wire coil 
and nanofluids alone, especially in low Re. 
The results of measuring pressure drop were 

showed that presence of CNTs in water had 
negligible effect on friction factor of water. 
Also, wire coil inserts increase pressure drop 
by 2.5-3 times that of the increase needed for 
pumping power. Performance index of heat 
transfer system by using wire coil and 
combination of wire coil and nanofluid 
decreases with Re and performance of wire 
coil–nanofluid is higher than wire coil–water 
in the same Re. Also, performance index of 
enhanced tube decreases with increase of 
opposing thermal resistance. 
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