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ABSTRACT 

The recent trend application of the nanofluids is used in some industrial equipment such as tube heat exchanger, double pipe exchanger and shell-tube type heat exchanger. 
The Triangle tubes may be used in the heat exchanger. Thus, this experimental study reports the convective heat transfer performance of the aluminum oxide-water 
nanofluids flowing in the triangle channel. In this study, the amount of the volume fraction of the Al2O3 used was 0.1 %, 0.2 %, and 0.3 respectively in base-water as the 
nanofluids and the Reynolds numbers were varied from about 1000 to 7000. The channel was heated by the electric wire coiled along the channel with constant heat flux. 
The length and the hydraulic diameter of the triangular channel were 750 mm and 7.1 mm respectively. The DC variable speed pump was used to drive the nanofluids in 
the channel. Five thermocouples were soldered at the outer surface of the channel to measure the surface temperature. At the inlet and outlet of the channel were attached 
the thermocouples to measure the inlet and the outlet temperature of the nanofluids. The heat absorbed by the fluid was then released in the cooling tower which used an 
induced draft fan to convince that the nanofluids temperature decreased before entering the inlet section of the channel. The heat transfer characteristics of the nanofluids 
are compared to that of pure water. The results show that the heat transfer increase with the increase of the Reynolds number and the volume fraction. The increase of 
heat transfer varies from about 11% to 36%. 

Keywords: Volume fraction, heat transfer coefficient, Nusselt number, entry length.  

 

1. INTRODUCTION 

Nanofluids are suspensions of nanoparticles in fluids that show 
significant enhancement in heat transfer and are highly suited to 
application in different types of heat exchangers in industries, such as 
plate heat exchangers, shell-and- tube heat exchangers, compact heat 
exchangers and double-pipe heat exchangers (Huminic et al., 2012).  
Many empirical studies were carried out regarding the heat transfer of 
diverse nanofluids. The heat transfer increase of nanofluids flowing in 
the triangle channel with vortex generator is shown experimentally by 
Ahmaed et al. (2015). The highest heat transfer increase is 33.22% for 
alumina oxide nanofluid. A convective heat transfer can be enhanced 
with nanoparticles suspended in base water since it increases the thermal 
conductivity of the water-nanoparticles suspension, furthermore, the 
thermal conductivity depends on the particle volume fraction as reported 
by Xuan and Li (2000). In convective heat transfer, the important 
parameters that influence significantly its performances are heat transfer 
coefficient and Reynolds number, but in convective nanofluids heat 
transfer, the heat transfer characteristics depend also on the volume 
fraction of nanoparticles in which it increases with the increase of volume 
fraction (Singh and Gupta, 2016). For laminar flow, the influence of 
concentration of TiO2 nanoparticle in water-based fluid which flows in 
the triangle duct with uniform heat flux is given by Jodat (2014).  

The numerical study of nanofluid Alumina oxide in the triangle duct 
of the fully developed section is presented by Haghighatkhah et al. 
(2018). Heris et al. (2012) used nanofluids CuO in the region of 
hydrodynamically developed and thermally developing flow of a triangle 
duct to investigate numerically the heat transfer characteristics. Heris et 
al. (2007) used a dispersion model to show numerically heat transfer 
performance along with the developing flow of circular tube. They 
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demonstrate that the convective heat transfer decreases rapidly with the 
increase of tube length. Muzychka and Yovanovich (2004) gave a 
mathematical model for heat transfer characteristics in the developing 
flow of non-circular channels. For low Reynolds numbers, especially for 
Re = 100, Manca et al. (2014) give numerically the heat transfer in 
triangle duct of Al2O3 water-based nanofluids from the developing to the 
fully developed flow section. They show that heat transfer decrease 
rapidly starting from Nusselt number Nu ≈ 10 in the developing section 
and decrease very slowly in a region of fully developed flow. Wen et al. 
(2004) conducted investigations to explore the convection heat transfer 
in the entry length region of the circular pipe by the use of de-ionized 
water with Al2O3 nanoparticles. The highest heat transfer occurred at a 
narrow entry length and then it decreases rapidly with the increase of tube 
length. For fully developed flow in a circular pipe, the heat transfer 
increases linearly with Reynolds number and it reaches 4.65 at about Re 
= 2000 (Ting and Hou, 2015).  

The study of convective heat transfer of fluid with and without the 
addition of nanoparticles is reached in a fully developed laminar flow. 
The considerable enhancement is observed for fluid with the addition of 
nanoparticles particularly at high Reynolds numbers as shown by Heris 
et al.(2011). Hwang et	 al. (2009) showed that the addition of 
concentration of nanoparticle Alumina oxide 0.3% in pure water 
enhances heat transfer performance up to 8% in a fully developed 
laminar flow regime. The convective heat transfer profile in circular, 
rectangular, and triangle duct has similar distributions but its values are 
different about 15% each other. However, the triangle duct has the 
highest value (Saleh et al., 2018). The heat transfer of nanofluids 
influenced by the Peclet number in which it increases linearly with the 
Peclet number (Ting and Hou, 2016). Qi et	al. (2020) investigated heat 
transfer performances of SiO2 water-based nanofluids flowing in a 
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triangular duct with turbulators. Qi et	al. (2018) investigated that the 
twisted tape structures in the triangle tube could enhance the 
thermal performances. They presented that the increase of a mass 
fraction of nanoparticles increases the heat transfer. 0.5% of a mass 
fraction have the most significant effect on heat transfer enhancement. 
Edalati et al. (2012) used CuO/water nanofluids in a laminar flow under 
uniform heat flux conditions through the triangle duct. It is reported an 
enhancement of 41% in the thermal characteristics for a 0.8% CuO/water 
nanofluid when compared to pure water. In the turbulent flow of the 
triangular duct, Yazan Taamneh et al. (2019) presented a considerable 
increase in heat transfer when pure water was added nanoparticle Al2O3. 
This enhancement achieved about 18% for a concentration of 
nanoparticles of 0.05%. The use of alumina oxide nanoparticle in water 
under laminar and turbulence flow can enhance the heat transfer 
performance as much as 40%, while the thermal conductivity increase 
was under 15% (Yu et al., 2008). Generally, the convective heat transfer 
a 15–40% enhancement was recorded with the oxides nanoparticles 
(Okonkwo et	al., 2020). Astuti et	al. (2019) used nanofluids TiO3, 
Al2O3, and Cu in the prediction of heat transfer performance from an 
accelerated vertical plate and then Wakif et al. (2019) used the 
Alumina-nanofluids in studying the stability of thin boundary layer. 
Nanoparticles used in enhancing the heat transfer are in size less 
than 50 nm as summarized by Shanthi et	 al. (2012). In case of 
diameter variation of a conduit has no effect on the energy efficiency 
in a laminar flow (Sharma et	al., 2020).  

From the above literature surveys, this study presents the heat 
transfer characteristics of the nanofluids alumina oxide flowing in 
the triangular channel. The effect of small variations of nanoparticle 
concentration and Reynolds variations are presented in order to 
investigate the enhancement of convective heat transfer 

2.  EXPERIMENTAL SET-UP  

2.1 Preparation of Nanofluids 

We used the nanoparticle of Al2O3 or alumina. The nanoparticles of 
Alumina in powder form have the size of around 20-30 nm and 
delivered from Wuhuhangchen Company Ltd. The distilled water as 
base fluid was used in the experimental observations having a 
volume of 3 liters and then alumina nanoparticle with volume 
fraction variation of 0.1%, 0.2%, and 0.3% were suspended in distilled 
water as the base fluid. The exact weight of alumina nanoparticles 
corresponding to volume fraction was calculated. By using a mini 
digital scale. The alumina nanoparticles were weighed to obtain the 
desired weight resulted from the calculation. The exact amount of 
the Al2O3 needed for the experimental measurements is calculated 
from the relation as follow (Al-Waeli et al., 2017). 
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In this relation, φ is the volume fraction, ρp and ρf are the density of 
nanoparticle and water-base fluid respectively and mf is the amount of 
water-based fluid. The mass of nanoparticle was mixed gradually into 
distilled water and then it was stirred with a magnetic stirrer. After that, 
the mixer of Al2O3/water nanofluid was homogenized for about 10 
minutes by using an ultrasonic homogenizer system (Sonicator 80). It 
was observed that no sedimentations were observed for all volume 
fractions.  

The specification of Al2O3 particles as follows: 
Density : 3970  kg/m3 
Colour : white  
Size : 20-30 nm 
Morphology : hexagonal 
Purity : 99.99% 

2.2 Triangle Channel 

The triangle tube is made up of copper material with an inside length of 
each side is 11.2 mm and a thickness of 0.5 mm. The hydraulic diameter 
is 7.1 mm and the length of the tube is 750 mm. The tube was coiled by 
the nichrome wire heater of size 26 AWG and then the heater was 
covered by ceramic insulation to avoid heat losses to the ambient. The 
schematic longitudinal view of the channel is presented by Fig. 1 and the 

photo is shown in Fig. 2a. 

 
Fig. 1 Longitudinal view of the channel 

2.3 Measurement procedure 

The schematics arrangement of the experimental apparatus is given by 
Fig. 2a. After fabrication of the apparatus, the photo of main element is 
shown by Fig. 2b. 
 

 
(a) 

 

 
(b) 

Fig. 2 Photo and schematic arrangement of apparatus 
 

The nanofluids Al2O3 based water in the reservoir (7) is pumped by a 
small centrifugal pump (6) of maximum capacity 600 l/hr which is 
powered by a DC variable electric motor. The voltage regulator regulates 
the voltage entering the motor and as the result the speed of the pump 
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changes, then the desired flow rate is obtained. The rotameter with 
accuracy ±4% (4) of maximum capacity 160 l/hr is attached to the 
discharged line (5) of the pump. The temperatures were measured with 
the digital thermocouple type-K TM 902C with an accuracy of 0C to 
500C + (0.75%+1C). Fives temperature sensors (T1,.., T5) were soldered 
on the pipe wall and two sensors (Ti, To) were in the flow line. The outside 
wall of the channel was heated by an AC current with a uniform heat flux 
of 340 W. The hot flow of nanofluids after flowing in the tube (2), entered 
the cooling tower unit (1). To keep the constant temperature of the flow, 
the spray type cooling system was used in the cooling tower. At the top 
of the cooling tower was installed an axial fan to induce hot air after 
receiving heat from the fluid spray. The nanofluids with low temperature 
entered the reservoir (7) and it is ready to be repumped. The 
measurements were repeated three times for each flow rate and carried 
out under constant heat flux. 
 

2.4 Data Processing 

The data resulted from the measurements are calculated from the 
equation (2) to (13). Reynolds number is calculated from the following 
relation: 
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where Dh ia hydraulic diameter and it is defined by 
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and dynamic viscosity is given by 
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The electric heater of the AC is calculated  

VIQe .                      (5) 

The effective heating energy received from the fluid is given by the 

following relation  
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Specific heat of nanofluid is as follows 

cp = (1 – φ)cpf + φcpp                        (7) 

The density of nanofluid is given by the following relation 

ρ = (1 – φ)ρf + φρp                        (8) 

Average temperature of nanofluids is calculated as follows 
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Average outside surface temperature is as follows 
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Average inside surface temperature is calculated from 
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where ro and ri are the outside and inside hydraulic radius of the channel. 
Coefficient of heat transfer is calculated as follows. 
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Nusselt number is calculated from the following formula 
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3. RESULT AND DISCUSSIONS 

Two parameters were selected to investigate the influence of nanoparticle 
Alumina oxide added into the distilled water on the forced convective 
heat transfer; firstly, the influence of volume fraction of nanoparticles, 
and secondly, the influence of Reynolds number. Some important 
enhancement characteristics of heat transfer performance is observed. In 
Fig. 3, starting view of convective heat transfer coefficient characteristics 
of the pure water, the considerable increases of heat transfer coefficient 
are observed for nannofluids with concentration of 0.1%, 0.2% and 0.3% 
since the curves profiles of nanofluids are greater than that of pure water. 
The greater the volume fraction, the higher the enhancement. The 
coefficients of convective heat transfer increase with the increase of 
Reynolds number. For high Reynolds number, the difference of 
coefficient are more clear than that for low Reynolds numbers. The 
Reynolds numbers studied in this work is from about 1500 to 7500. So 
the flow characteristics started from laminar to turbulent. The curves 
seem to be continuous from laminar to turbulent and no discontinuous 
data at about Re = 2300. The experimental investigation clearly show 
that the significant enhancement in heat transfer coefficient though for a 
small concentration of nanoparticles compared with the pure water. 
Taking an example for instance, at Re = 2000, by the interpolation of the 
curves, it is found that the heat transfer enhancement is about 11.3% for 
the nanofluid with φ = 0.1% as compared with that of pure water. The 
enhancement is higher for higher Reynolds number. At a low Reynolds 
number, the heat transfer enhancements are small for all concentrations 
of nanoparticles. It may be due to the existence of three narrow sections 
of the triangle tube. In this section, the flow slows down, and hence the 
coefficient of heat transfer enhancement is low.  

Fig. 4 shows the Nusselt number variations for different volume 
concentrations of nanoparticle and pure water. The curve profiles are 
similar to the heat transfer coefficient (Fig. 3) since the Nusselt number 
is a dimensionless parameter of convection heat transfer. It is clear that a 
considerable difference in heat transfer between the pure water (φ = 0%) 
and the nanofluids Al2O3 based water for all Reynolds numbers. At low 
Reynolds number, the differences of Nusselt number are small among 
the nanofluids, but the curves have a tendency to increase with the 
increase of Reynolds number. When the Reynolds number increases, the 
significant differences appear and the differences increase with the 
increase of Reynolds number. Comparing with the pure water, the 
Nusselt number of nanofluids base water enhance. For instance, at Re = 
2000 and φ = 0.1%, the enhancement is 11.34%. This enhancement 
increase to 17.17% for φ = 0.2% and 18.79% at the same Reynolds 
number as shown by Fig. 5 which presents the ratio of Nusselt of 
nanofluids and to that of the pure water. As shown in Figure that the ratio 
value starts from unity and the numbers after the decimal point represent 
the increase of the heat transfer in percent. It is clear that the increases 
much larger for high concentrations of nanoparticles in the base fluid. At 
small flow rates, the sedimentation of nanoparticles may arise in the 
nanofluids flow, and hence, at a low Reynolds numbers, a lower heat 
transfer increase is low. For higher Reynolds number these 
enhancements increase, for example at Re = 6000, the enhancement is 
21% for φ = 0.1%, 25.15% for φ = 0.2% and 33.48% for φ = 0.3% 
respectively. In the range of φ = 0.1% to 0.3 % and the Reynolds number 
from 1500 to 7500, the range of increase is from 11% to 36%. The 
increase of the volume fraction of nanoparticle enhance the heat transfer 
rate since the nanofluids absorbed more heat to be transferred. Morever, 
by increasing the Reynolds number, the flow become a turbulent that 
make the chaotic movement of the nanoparticles and increases the 
intensity of mixing therefore produces higher heat transfer rate.  
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Fig. 3  Heat transfer coefficient 
 
 

 
Fig. 4 Nusselt number 

 
 

 
Fig. 5 Nusselt ratio 

4. CONCLUSIONS 

Forced convective heat transfer characteristics of three different 
concentrations of the nanoparticle Al2O3 in pure water in triangle tube 
flow with constant heat flux have been investigated experimentally.  The 
results indicate that adding nanoparticles to the base fluid improves the 
heat transfer when compared with pure water. The adding of volume 
fraction of nanoparticles in pure water enhance the heat transfer 
performance and the enhancement increases with the increase of 
Reynolds number. The increase of heat transfer varies from about 11% 
to 36%. The enhancement of the heat transfer is low in laminar flow and 
it increases in turbulent flow regime. 
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NOMENCLATURE 

A cross-section,m2 
cp heat capacity, J.kg_1.K_1 
Dh hydraulic diameter, m 
h convective heat transfer coeffiecient, W.m_2.K_1 

I electric current, Ampere 
k thermal conductivity of nanofluids, W.m_1.K_1 
L length of tube, m 
m mass rate of fluid, kg.s-1 

n Number of temperature sensors 
Nu Nusselt number 
P wetted perimeter,m 
r radius of tube, m 
T temperature, K  
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Greek symbols 
μ dynamic viscosity, Pa.s 
ρ density of fluid, kg.m-3 

φ  volume fraction, %  
 
Subscripts 
p nanoparticle 
si inside surface 
ol local outside surface  
so average outside surface  
i inlet 
o outlet  
nf nanofluids 
f fluid based water 
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