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ABSTRACT 
A numerical investigation has been carried out applying single phase approach on turbulent forced convection flow of TEG based 
CuO and SiN nanofluids flowing through a vertical rectangular pipe under uniform heat flux boundary condition applied to the 
wall. The effect of volume concentrations, size diameter of nanoparticles on flow and heat transfer have been examined for 
Reynolds number, Re = 10,000 to 1, 00,000, Prandtl number, Pr = 7.04 to 20.29, nanoparticle volume concentration, χ =3% and 5% 
and nanoparticles size diameter, dp = 10, 20, 30 and 40 nm respectively. Results reveal that the small size of nanoparticles, heat 
transfer rate and thermal performance factor for χ = 3% and 5%. Besides, it is found that the heat transfer rate increases as the 
particle volume concentration and Reynolds number increase with a decrease of nanoparticles size diameter. Moreover, CuO-TEG 
nanofluid shows a higher heat transfer rate compared to that of SiN-TEG nanofluid. Finally, a conclusion has been drawn from the 
present analysis that the heat transfer performance is more affected by the size diameter of nanoparticles, the thermal 
conductivity of nanofluid. Results of the non-dimensional fully developed velocity and average Nusselt number for pure fluid 
(TEG) as well as the result of average Nusselt number for CuO and SiN-TEG nanofluid have been validated 
 
KEYWORDS: Nanofluid, TEG based CuO and SiN, heat transfer rate, thermal performance factor  

 

INTRODUCTION 

 

Nanofluid a term coined by Choi in 1995 is a new class of heat transfer fluids which is developed by 

suspending nanoparticles such as small amounts of metal, nonmetal or nanotubes in the fluids. The goal of 

nanofluids is to achieve the highest possible thermal properties at the smallest possible concentrations 

(preferably<1% by volume) by uniform dispersion and stable suspension of nanoparticles (preferably<10 nm) in 

host fluids.Researchers studied the forced convection heat transfer in a rectangular channel. Experiments to 

enhance heat transfer in the heat exchangers by using smooth surfaces. There many geometric shapes of the 

smooth channel had been studied. The common geometric shape include rectangular, triangular, square, and 

circle. All these types of smooth channel were used in many engineering application such as cross-flow heat 

exchanger, gas turbine airfoil cooling design, solar air heater blade cooling system, and gas cooled nuclear 
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reactor. One of the ways to enhance heat transfer in the separated regions is to employ nanofluids. Nanofluids 

are fluids that contain suspended nanoparticles such as metals and oxides. These nano-scale particles keep 

suspended in the base fluid. Thus, it does not cause an increase in pressure drop in the flow field.  

Nanofluids are engineered colloids made of a base fluid and nanoparticles (1-100 nm). Common base fluids 

include water, organic liquids (e.g. ethylene, tri-ethylene-glycols, refrigerants, etc.), oils and lubricants, bio-

fluids, polymeric solutions and other common liquids. Materials commonly used as nanoparticles include 

chemically stable metals gold, copper), metal oxides (e.g., alumina, silica, zirconia, titania), oxide ceramics (e.g. 

Al2O3, CuO), metal carbides (e.g. SiC), metal nitrides (e.g. AlN, SiN), carbon in various forms (e.g., diamond, 

graphite, carbon nanotubes, fullerene) and functionalized nanoparticles. Solids have thermal conductivities 

which are orders of magnitude larger than those of conventional heat transfer fluids. 

 

A. Synthesis of nanofluids: 

The thermal conductivity of heating or cooling fluids is a very important property in the development of 

energy-efficient heat transfer systems. At the same time, in all processes involving heat transfer, the thermal 

conductivity of the fluids is one of the basic properties taken account in designing and controlling the process. 

Conventional heat transfer fluids have inherently poor heat transfer properties compared to most solids which is 

due to the higher thermal conductivities of solids (in orders of magnitude) compared to traditional heat transfer 

fluids. To overcome the rising demands of modern technology and also to reduce the limitations there is a need 

to develop new types of fluids that will be more effective in terms of heat exchange performance (Assaeletal., 

2006). 

 

B.Fabrication fluids: 

Methods for producing nanofluids: 

The preparation of a nanofluids is important as nanofluids need special requirements such as an even 

suspension, durable suspension, stable suspension, low agglomeration of articles and no chemical change of the 

fluid. There are two fundamental methods to obtain nanofluids 

 

C.Two step process:   

This technique is also known as Kool-Aid method which is usually used for oxide nanoparticles. In this 

technique nanoparticles are obtained by different methods (in form of powders) and then are dispersed into the 

base fluid. 

 

D. One step process: 

In this process technique the dispersion of nanoparticles is obtained by direct evaporation of the 

nanoparticle metal and condensation of the nanoparticles in the base liquid and is the best technique for metallic 

nanofluids such as Cu nanofluids. The suspensions obtained by either case should be well mixed, uniformly 

dispersed and stable in time. Also it should be noted that the heat transfer properties of nanofluids could be 

controlled by the concentration of the nanoparticle and also by the shape of nanoparticles. 

 

E. Characteristics of nanofluids: 

Nanofluids have inspired physicists, chemists, and engineers around the world. Promising discoveries and 

potentials in the emerging field of nanofluids have been reported 

•Nanofluids have an unprecedented combination of the four characteristic features desired in energy 

systems. 

•Increase in boiling critical heat flux (CHF) These characteristic features of nanofluids make them suitable 

for the next generation of flow and heat-transfer fluids 

•Increased thermal conductivity (TC) at low nanoparticle concentrations Strong temperature-dependent TC 

Non-linear increase in TC with nanoparticle concentration. 

Nanofluids are new kind of heat transfer fluids which are derived by stably suspending nanoparticles in 

conventional heat transfer fluids usually liquids, and the volumetric fraction of the nanoparticles is usually 

below 2 to 10%. Various applications of nanofluids are found in cooling electronic components, transportation, 

industrial cooling, heating buildings and reducing pollution, nuclear systems cooling, space and defence, energy 

storage, solar absorption, friction reduction, magnetic sealing, antibacterial activity, nanodrug delivery, intensify 

micro reactors, microbial fuel cells and so on. Hence, research is in progress to introduce nanofluids in many 

thermal applications where the conventional fluids such as Ethylene Glycol group such as TEG, engine oil and 

water are not capable of improving the rate of heat transfer as expected.  

Numerous experimental investigation have been carried out by researchers on different types of pipes or 

tubes using nanofluids under turbulent flow regime using nanofluid with single phase approach. Qiang and 

Yimin investigated experimentally the heat transfer characteristics of nanofluid in a circular tube under both 

laminar and turbulent flow regime. They have measured the heat transfer coefficient and Darcy friction factor of 
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Cu-water nanofluid and showed that the heat transfer rate increased because of addition of nanoparticles in the 

base fluid, while the Darcy friction factor remained unchanged for different volume fractions. Mansour et al.  

Experimentally, to investigated the effect of physical properties of nanofluid flowing through a tube under 

constant and uniform heat flux boundary condition. They have demonstrated that the physical parameters vary 

considerably with the thermophysical properties of the nanofluid. Xuan and Li investigated experimentally the 

flow and heat transfer behavior of Cu-water nanofluid. They mentioned that enhancement of heat transfer rate 

depends on the increase of thermal conductivity or the random movement of the nanoparticles in nanofluid. 

They introduced a correlation to evaluate the average heat transfer rate of nanofluid under turbulent flow 

regime. Kim et al., on the other hand, studied experimentally the effect of nanofluid on heat transfer flowing 

through a circular horizontal tube under both laminar and turbulent flow regime. Their investigation revealed 

that average heat transfer rate increases to 15% and 20% for Al2O3-water nanofluid at 3 vol% under both 

laminar and turbulent flow condition, respectively. 

Fotukian and Esfahany investigated experimentally the turbulent heat transfer of Al2O3-water nanofluid in 

a circular tube. Their results indicated that insertion of small amounts of nanoparticles into the base fluid 

augmented heat transfer remarkably. Sajadi and Kazemi’s experimental results on TiO2-water nanofluid in a 

circular pipe also showed the same behaviour. Torii however, observed that the forced convective heat transfer 

rate increased with the volume fraction of nanoparticle flowing through a straight circular tube under constant 

heat flux boundary condition. Sundar et al. investigated experimentally the convective heat transfer and flow 

behaviors of Fe3O4 nanofluid inside a circular tube. It is found that addition of magnetic nanoparticle in the 

base fluid enhanced the heat transfer rate significantly compared to the other types of nanofluids. 

Maiga et al. studied numerically the flow and heat transfer behaviors of Al2O3-water nanofluid at various 

nanoparticle volume concentrations in a circular tube under turbulent flow regime. In this study,and the fluid 

inlet temperature of 293.15 K are considered. Also effect of nanoparticle volume fraction and Reynolds number 

are presented and a new correlation is proposed. Their numerical outcomes revealed that the inclusion of 

nanoparticles into the base fluid enhanced the heat transfer rate with the increase of nanoparticle volume 

fraction. The similar investigation is carried out by Bianco et al. using both single phase and multiphase 

approaches and it is found that the accuracy of the multi-phase mixture model is better than the single phase 

model. However, Namburu et al. analyzed numerically the forced convective flow and heat transfer behavior 

EG-water based CuO, Al2O3 and SiO2 nanofluids flowing through a circular tube. It is shown that nanofluids 

have higher viscosity, thermal conductivity and heat transfer rate compared to the base fluid. On the other hand, 

Kumarstudied numerically the heat transfer behaviour of Al2O3-water nanofluid using the single phase 

approach covering both laminar and turbulent flow regime. It is observed that heat transfer rate significantly 

enhanced in the turbulent flow regime compared to that in the laminar flow regime. 

Kamali and Binesh studied turbulent heat transfer and friction characteristics in a square duct with various-

shaped ribs mounted on one wall. The simulations were performed for four rib shapes, i.e., square, triangular, 

trapezoidal with decreasing height in the flow direction, and trapezoidal with increasing height in the flow 

direction. Bilen et al. presented an experimental study of surface heat transfer and friction characteristics of a 

fully developed turbulent air flow in different grooved tubes. Tests were performed for Reynolds number range 

10,000 – 38,000 and for different geometric groove shapes (circular, trapezoidal and rectangular). Eiamsa-ard 

and Promvonge performed the combined effects of rib-grooved turbulators on the turbulent forced convection 

heat transfer and friction characteristics in a rectangular duct under a uniform heat flux boundary condition 

(UHF). Promvonge and Thianpong assessed turbulent forced convection heat transfer and friction loss behaviors 

for air flow through a constant heat flux channel (CHF) fitted with different shaped ribs. The rib cross-sections 

used were triangular (isosceles), wedge (right-triangular) and rectangular shapes. Jaurker et al presented the heat 

transfer and friction characteristics of rib-grooved artificial roughness on one broad heated wall of a large aspect 

ratio duct shows that Nusselt number can be further enhanced beyond that of ribbed duct while keeping the 

friction factor enhancement low. Manca et al. presented a numerical investigation on air forced convection in a 

rectangular channel with constant heat flux applied on the bottom and upper external walls. 

Several investigations have been reported in the literature on the convective heat transfer in nanofluids; see, 

for example, Mohammed et al. investigated nine different rib–groove shapes which were three different rib 

shapes with three different groove shapes including rectangular, triangular and trapezoidal and they were 

interchanged with each other. Four different types of nanoparticles Al2O3, CuO, SiO2, and ZnO with different 

volume fractions in the range of 1% to 4% and different nanoparticle diameters in the range of 25 nm to 80 nm 

were used. They found that the rectangular rib–triangular groove has the highest Nusselt number among other 

rib–groove shapes. The SiO2 nanofluid has the highest Nusselt number compared with other nanofluid types. 

Nguyen et al. investigated experimentally the behavior and heat transfer enhancement of Al2O3/water nanofluid 

flowing inside a closed system that is used for cooling of micro-electronic components. For a 6.8 vol. % 

concentration, the heat transfer coefficient was found to increase as much as 40 % compared to that of the base 

fluid. Liu et al. investigated the thermal conductivity of copper–water nanofluids produced by chemical 

reduction method. Results showed 23.8% improvement at 0.1% volume fraction of copper particles. Higher 
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thermal conductivity and larger surface area of copper nanoparticles were attributed to this improvement. It was 

noted that thermal conductivity increases with particles volume fraction but it decreases with the elapsed time 

In a practical situation, almost all of the flows are turbulent, and many of these demonstrate extremely high 

Reynolds numbers e.g. flow in aircraft wings, cars, ships, submarines, turbine blades and large pipe. In order to 

develop models for energy efficient applications, it is important to understand the phenomena of high Reynolds 

number turbulence.  

Two different types of nanoparticles, CuO, and SiN with different volumes fractions in the range of 3 % to 

5 % and different nanoparticle diameter in the range of 10 nm to 50 nm, are dispersed in the base fluid TEG are 

used. In this work, several parameters such as different Reynolds numbers in the range of 10000 < Re < 100000 

are investigated. The numerical results indicate that the Nusselt number increases as the volume fraction 

increases and it decreases as the nanoparticle diameter increases. In the present investigation, Prandtl number, Pr 

ranges from 7.04 to 20.29, the particle volume concentration of 3% and 5% and diameter of the nanoparticles of 

are considered. To the best of our knowledge, investigation is carried out to understand the effect for size of 

different nanoparticles of TEG based CuO and SiNnanofluids considering the above parameters. Hence, the aim 

of our study is to find the performance analysis of the effect of nanoparticles volume concentration, diameter 

size of the nanoparticles on heat transfer for TEG based CuO and SiNnanofluids using a single phase model. 

 

II. Mathematical modelling: 

Two approaches have been used to investigate the effect of inclusion of nanoparticles into the base fluid. 

The first approach is the single phase model in which both the fluid phase and the particles are in thermal 

equilibrium and flow with the same local velocity while the second approach is the multi-phase model. In the 

present analysis, single phase approach and two-dimensional axisymmetric model are considered to describe the 

turbulent flow and heat transfer behavior of nanofluids in a horizontal rectangular pipe under uniform heat flux 

boundary condition. Computational geometry consists of a pipe with length L of 1.0 m and a rectangular section 

with Width and Height 0.02 and 0.002 m. The flow and thermal fields are supposed to be axisymmetric with 

respect to the horizontal plane parallel to the x-axis. 

 

III. Governing equations: 

The dimensional steady-state governing equations of fluid flow and heat transfer for the single phase model 

have been presented and the following assumptions are considered: 

1. Fluid flow is incompressible, Newtonian and turbulent, 

2. The Boussinesq approximation is negligible as the pipe is placed horizontally, 

3. Fluid phase and nanoparticles phase are in thermal equilibrium and no-slip between them and they 

flow with the same local velocity 

4. Nanoparticles are spherical and uniform in size and shape, 

5. Radiation effects and viscous dissipation are negligible. 

Under the above assumptions, the dimensional steady state governing equations for the fluid flow and heat 

transfer for the single phase model can be expressed. 

 

A. Continuity equation: 
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C. γ momentum equation: 
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Energy equation: 
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Where x and γ are the axial and radial coordinates respectively, ϑx and ϑγ are the respective axial and radial 

velocity, Tis the┌  is the exchange coefficient for general transport,ρ is the density, ρ is the pressure and ʋ is the 

dynamic viscosity of nanofluid. For turbulent flow regime, both the terms ┌ and ʋ are replaced by their values 

and defined as  

μeff=μ+μ                      (6) 

eff=μ/ργ+μt/σt                        (7) 

Respectively, where μt is the turbulent molecular viscosity, σt is the constant of turbulent prandtl number 

and ργ is the prandtl number nanofluids. 

 

IV.Turbulent modeling: 

Realizable turbulent model was proposed by Shih et al., which is used in the present numerical investigation 

because it differs from the standard model in two important ways. Firstly, the realizable model includes a new 

formulation for the turbulent viscosity and secondly, a new transport equation for the dissipation rate is drawn 

from an exact equation for the transport of the mean-square velocity fluctuation. To justify the use of realizable 

turbulent model in the present analysis, following investigation is initially carried out. Three different turbulent 

models such as realizable  turbulent model, standard turbulent model and RNG turbulent model are used to see 

the variation of fully developed turbulent kinetic energy profile for NRe = 21800 and NPr = 7.04. These profiles 

are compared with the experimental result of Schildknecht et al. as well as different models suggested by 

Launder and Sharma, Chien  and Fan et al.. It is clearly understood that the realizable turbulent model performs 

better than the other two turbulent models. The equations for the turbulent kinetic energy and dissipation rate of 

turbulent kinetic energy used in the realized turbulent model are given by  
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In these equations, Gk represent the generation of turbulence kinetic energy due to the mean velocity 

gradients, from  μt s2 where S is the modulus of the mean rate-of-strain tensor, σk and σ∈ are the effective 

prandtl number for turbulent kinetic energy and rate of dissipation, respectively and μt is modeled as  

μt=ρk2/∈ (Ao+As (kU*)/∈) -^1                 (11) 

Where Ao and As are the model constants given as Ao =4.04 and As =√(6cos∅)  respectively with ∅=(3cos-

1√(6W))  and the formulations for U* and W depend on the angular velocity. In eqs.(8) 

and(9), the model constants are C2=1.9, σκ=1.0 and σɛ=1.2 further information is available in fluent for 

turbulent modeling. 

 

A.Boundary condition: 

Three different turbulent models such as realizable turbulent model, standard turbulent model and RNG 

turbulent model are used to see the variations of fully developed turbulent kinetic energy profile for NRe = 

21800 and NPr = 7.04. These profiles are compared with the experimental result of Schildknecht et al. as well as 

different models suggested by Launder and Sharma, Chien and Fan et al.. It is clearly understood that the 

realizable turbulent model performs better than the other twoturbulent models. 

 

B. Nanofluids physical properties: 

It’s not easy to evaluate the thermophysical properties in nanofluids, because we don’t know which models 

will give us reliable results and also the solutions are strongly affected by them. Different types of models for 

nanofluidsthermophysical properties have been presented and published by many researchers. Nevertheless, 

categorization of thermophysical properties of nanofluids are still remain a subject of debate and no conclusion 

has been made for flow and heat transport applications because of its variety and intricacy. In the present 

analysis, thermophysical properties of density and heat capacitance of the nanofluid are calculated by using 

following formulas which are considered as classical relationships between the base fluid and nanoparticles, 

Buongiorno. 

 

C. Density: 

The density of the nanofluid is defined as  

σnf(1-x)ρf+xρp                   (12) 

Where x is the nanoparticles volume concentration, ρf and ρp are the density of the base fluid and 

nanoparticles respectively.  

 

D.Specific heat: 

The heat capacitance of the nanofluid is defined as  (⍴Cp)nf = (1-x)(⍴cp)f + x(⍴cp)p     (13) 
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Where (⍴Cp)f and (⍴cp)p are the heat capacitance of the base fluid and nanoparticles respectively. 

 

E. Thermal conductivity: 

As of lack of experimental results and correlations which depend on the nanoparticle size diameter as well 

as temperature, in relation to the thermophysical properties of nanofluid, the following correlations proposed by 

Corcione . He  introduced the correlation to examine the thermal conductivity of nanofluid which depends on 

the temperature and volume concentration of nanofluid, size diameter and thermal conductivity of nanoparticles 

and also the base fluid. He used regression analysis and proposed the following correlation with 1.86 % standard 

deviation of error: 
ƛ
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Where, Rep is the nanoparticles Reynolds number, defined as  Rep=
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Here Tfr is the freezing point of the base liquid (273.16K).kb is the Boltzmann constant(kb≈1.38*10-

23J/K),df is the fluid molecular  diameter ,dp is the diameter of nanoparticles (10 nm ⦤dp⦤150 nm), T is the 

nanofluid temperature (294⦤T(K) ⦤324), x is the particle volume concentration which is valid for 0.2%⦤x⦤9%, 

prf  is these prandtl number of the base fluid, ⍴f  and uf are the density and the dynamic viscosity of the base 

fluid  respectively and  uB  is the nanopr article Brownian velocity which is calculated as the ratio between dp 

and the time TD= dp2/6D BY assuming the absence of agglomeration. Here D is the Einstein diffusion 

coefficient.  

 

F.Thermophysical properties of the base fluid and nanoparticles: 

The mass density, heat capacitance, kinematic viscosity and thermal conductivity of the base fluid were 

calculated using the following correlations proposed by Kays and Crawford. All these correlations are valid over 

278⦤T (K) ⦤363. 

⍴f =330.12+5.92T-1.63*102T2+1.33*10-5T3                      (16)  

Cpf=10-3*(10.01-5.14*10-2T+1.49*10-4T2-1.43*10- 7T3)                                             (17) 

Vf=1.08*10-4-9.33*10-7T+2.70*10-9T2-2.62*10-12T3                 (18) 

ƛf=-12.16+0.12T-3.66*10-4T2+3.81*10-7T3                        (19) 

The density, heat capacitance and thermal conductivity of CuO at T = 293 K is considered as Masuda et al. 
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𝑘𝑔

𝑚3
(20),    𝐶𝑝𝑝 = 773

1

𝑘𝑔𝐾
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𝑊

𝑚𝐾
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The thermal conductivity of SiN is obtained from the following relation and designed by curve fitting on 

the data of Powel et al: 

ƛ𝑃=100*(0.1813-4.768*10-7T+5.089*10-7T2),              (23) 

Where 273⦤T(K) ⦤350              (24) 

The heat capacitance of SiN is obtained from the following relation and designed by curve fitting on the 

data of Smith et al: 

Cpp=58.4528+3.02195T-3.02923*10-3T2, (25)   Where269.35⦤T(K)339.82     (26) 

 The density of SiN is considered as 4250kg/m3 

 

G. Numerical methods: 

The computational domain is formed by using the commercial pre-processor software GAMBIT which is 

also used for meshing and setting the boundary conditions. Then the governing non-linear partial differential 

equations for the continuity, momentum, energy and other scalars such as turbulence together with the suitable 

boundary conditions are discredited and hence solved by using the Finite volume solver Fluent 6.3.26. The finite 

volume technique converts the non-linear partial differential equations with the second order upwind scheme to 

a system of nonlinear algebraic equations that are solved numerically. Second order upwind scheme is employed 

to achieve higher-order accuracy at the cell faces through a Taylor series expansion of the cellcentre solution 

about the cell centroid. The pressure-based solver employed to solve the pressure based equation which is 

derived from the momentum and continuity equations. All these equations are solved sequentially and iteratively 

so as to obtain a converged numerical solution. For all the simulations carried out in the present analysis, 

convergence criteria for the solutions are considered when the residuals become less than 10-6. 

 

H.TEG based CuO and TEG based SiNnanofluids: 

From the comparisons presented in the section above, we can conclude that our computational model is 

producing the correct outcomes; hence TEG based CuOnanofluid flow in a rectangular pipe with different 

x=0.01, 0.04 and 0.06 is now investigated for different Re=10x103 with 7.04<Pr<10.0. Also, in the present 
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analysis, heat flux qs =50x103 with 7.04< Pr<10.0. Also, in the present analysis, heat flux qs=50x103 W/m2 is 

considered which is applied on the pipe wall. Also, for the validation purpose, the following correlations are 

used to model the dynamic viscosity as well as thermal conductivity of TEG based CuOnanofluid. 

𝜇𝑛𝑓 = 𝜇 𝑓(123𝑥2 + 7.3𝑥 + 1                               (27) 

ƛ
𝑛𝑓

= ƛ𝑓(4.97𝑥2 + 2.72𝑥 + 1                              (28) 

Equation is derived from the experimental data of Masuda et al., Lee et al. and Wang et al. by using least 

square curve fitting. Other classical models like Einstein or Brinkman can be used but it is found that these 

models underestimate the dynamic viscosity of nanofluid as shown by Maiga et al. Also, Eq. is developed using 

the model suggested by Hamilton and Crosser with the assumption that nanoparticles are spherical in size and 

shape and then implemented in this work because of its simplicity. 

Investigation was carried out for TEG based CuO and TEG based SiNnanofluids, NRe and NPr were varied 

in the ranges from 104  to 105 and 6.5 to 12.3 respectively. They have established the following correlation only 

depending on Re and Pr and this correlation does not depends on as well as nanoparticles size diameter. 

𝑁𝑢 = 0.021𝑅𝑒0.8𝑃𝑟0.5                                                  (29) 

A comparison between the present result and that of pak and cho is shown graphically for the TEG based 

CuOnanofluid and x=0.01, 0.04 and 0.06 it is found the present numerically findings are in very good agreement 

with the results of pak and cho which is completely empirical referred by buongiorno. Although Eqn developed 

using TEG based CuO and TEG based SiNnanofluids, this correlation should be applicable in general. It is also 

crucial to note that Eqn was valid for relatively nanoparticle volume concentration, say e.g. when x ⦤ 3.2% but 

we considered the trend and apply this for higher x by assuming the higher standard deviation of error. 

 

RESULTS AND DISCUSSION 

 

The investigations are performed using TEG based CuO and TEG based SiNnanofluids with the subsequent 

choices of parameters: the Reynolds number from 10 x103 to 100x 103, Prandtl number from 7.04 to 20.29, the 

particle volume concentration of 3% and 5% and diameter of the nanoparticles of 10,20,30 and 40 nm. The 

outcomes are presented hereafter focusing on the impacts of nanoparticle volume concentration and size 

diameter of TEG based CuO and TEG based SiNnanofluids nanoparticles and different Reynolds number on the 

hydrodynamic flow and thermal performance of the nanofluids under the turbulent flow condition. 

 

A.The Effect of Different Types of Nanoparticles: 

Two different types of nanoparticles CuO and SiN, and pure TEG as a base fluid are used. The Nusselt 

number for different nanofluids and different values of Reynolds number.This figure show for the different 

range of Reynolds number, it is clear that nanofluid with CuO has the best heat transfer rate, followed by SiN 

and pure TEG respectively. This phenomenon can be attributed to the fact of the high thermal properties of 

CuO-TEG compared with the lower thermal properties of other nanofluids types or with pure TEG. 

 

B. The Effect of Different Volume Fractions of Nanoparticles: 

The volume fraction of nanoparticles is actually referred to the volume of nanoparticles constituent divided 

by the volume of the all constituents of the mixture prior to mixing. In fact, pure TEG has zero volume fractions 

of nanoparticles. The volume fraction range of 3-5% with different values of Reynolds number is investigated. It 

is increasing nanoparticles volume fraction enhances the Nusselt number. By increasing the volume fraction of 

nanofluid the thermal conductivity of the fluid increases which enhanced the heat transfer. It is clear that the 

volume friction, =0.01, has the best heat transfer rate followed by 0.03, 0.02, 0.01, 0.00 respectively. 

 

C.. The Effect of Different Nanoparticles Diameters, dp: 

In this study used TEG based CuO and TEg based SiNnanofluids as a working fluid with fixed other 

parameters such as volume fraction 3% except Reynolds number was in the range of 10000 – 100000. The range 

of nanoparticles diameter is 10-50 nm. The results of Nusselt number increase with decreasing the nanoparticles 

diameter. This can be attributed to in increment of the thermal conductivity due to nanoparticles diameter 

decreases. It is concluded that by using smaller diameter of nanoparticles will lead to get better heat transfer 

enhancement. In all cases, it can be observed that Nusselt number increase with increasing Reynolds number for 

all nanoparticles diameter, dp leading to better heat transfer. 

 

D. The Effect of Different Reynolds number: 

This study was done at Reynolds number in the range of 10000 – 100000. It can observe that as the NRe 

increases the average Nusselt number also increases. The Reynolds number increases the convective current 

becomes more and more strong and the maximum value of isotherms reduces. The variation of heat transfer 

Nusselt number with x -position at different Reynolds number is presented. The Reynolds number Re=50000 
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provided the mean heat transfer enhancement over other Reynolds number. This is because of a strong mixing 

of the fluid induced form turbulent flow and appearance of reverse flow between the adjacent smooth elements. 

 

E. Fully developed velocity profile: 

The effect of various volume concentrations, different nanoparticles size diameter of TEG based 

CuOnanofluid on the fully developed velocity profile for NRe = 100x103. In general, the kinematic viscosity of 

nanofluid is always higher than the base fluid and hence the velocity of nanofluid always possesses higher value 

compared to the base fluid. Similarly, as the nanoparticle size decreases from 40 to 10 nm, the kinematic 

viscosity increases with the nanoparticle volume concentration. From this observation, it can be observed that 

the maximum peak value of the velocity found is highest for dp = 10 nm and χ = 5% then decreases with the 

increase of mean diameter of nanoparticles. Similar behavior is observed for all the Reynolds numbers as well 

as the and TEG based SiNnanofluid. It should be noted that for different nanoparticles size diameter and volume 

concentration, the maximum velocity varies significantly at the centre line position. 

 

F. Turbulent kinetic energy profile: 

The effect of various volume concentrations, different nanoparticle size diameters of TEG based 

CuOnanofluid on the turbulent kinetic energy for NRe 100x 103. It can be seen that when the particle volume 

concentration is changed from 3% to 5% of the TEG based CuOnanofluid, the radial location at which the 

highest value of the turbulent kinetic energy appears does not differ considerably for the different nanoparticles 

size diameter and the maximum peak value of κ is observed for dp=10 nm. Similar behavior is observed for all 

the Reynolds numbers as well as for the TEG based SiNnanofluid. It should be noted that as the nanoparticles 

size diameter increases from 10 to 40 nm, the maximum peak value of κ rapidly decreases which shows the 

lower turbulent intensity near the surface and therefore, the turbulent strength in the flow tends to reduce. This 

result further indicates that the smaller diameter of nanoparticle plays an important role in turbulence generation 

compared to that by the large diameter of nanoparticle. The reason behind this fact may be due to the Brownian 

motion as well as the shape and size of the nanoparticles. 

 

G. Heat transfer analysis: 

The effect of various volume concentrations, different nanoparticles size diameter of TEG based CuO and 

TEG based SiNnanofluids along with the results of the base fluid on the average Nusselt number. It can be seen 

that the average heat transfer rate increases with the increase of Reynolds number, nanoparticle volume 

concentration when the nanoparticle size diameter changes from 40 nm to 10 nm. Also it is found that the 

average heat transfer rate of the TEG based CuO and TEG based SiNnanofluids is higher than that of the base 

fluid at any Reynolds number. The explanation for such augmentation in the average heat transfer rate may be 

associated to different aspects such as enhancement of thermal conductivity, nanoparticle size and shapes, 

motion of particles, decrease in boundary layer thickness and delay in boundary layer growth. 

The average Nusselt number is very responsive to types and diameter of the nanoparticles, as observed. 

From the investigation, it is examined that the effect of average heat transfer rate increases with the decrease of 

nanoparticle size diameter. For example, for the TEG based CuOnanofluid and TEG based SiN = 3% and 5% 

with dp = 10 nm, the maximum enhancement is approximately 21.15% and 58.83% respectively while for dp = 

20 nm, the maximum enhancement is approximately 14.04% and 32.60% respectively. However, for the TEG 

based CuOnanofluid and TEG based SiN = 3% and 5% with dp = 10 nm, the maximum enhancement is 

approximately 20.28% and 57.19% respectively while for dp = 20 nm, the maximum enhancement is 

approximately 14.82% and 31.59% respectively. Similar trend is observed as nanoparticle size diameter 

increases from 20 nm to 30 nm or 30 nm to 40 nm. In order to achieve a higher heat transfer rate, 10 nm 

diameter size particles is best for both TEG based CuO and TEG based SiNnanofluids. It can also be observed 

that TEG based CuOnanofluid gives us slightly better heat transfer rate than the TEG based SiNnanofluid for all 

the Reynolds numbers, nanoparticle volume concentration as well as nanoparticles size diameter. Values of 

maximum increment in the average heat transfer rate of TEG based CuO and TEG based SiNnanofluids for 

different nanoparticles size diameter and volume concentration. 

It is observed that smaller diameter assist to increase the viscosity for same particle volume concentration 

and hence make an impact on the Nusselt number enhancement. This is quite reasonable because smaller 

nanoparticles with higher velocity move faster than the large particles thus reduce the possibility of collision 

with each other. Also, smaller diameter of nanoparticles will be more in number compare to large diameter of 

nanoparticles and will make a contact with the neighbouring fluid over a greater surface area. It will help in 

increasing the viscosity and thermal conductivity of TEG based CuO and TEG based SiNnanofluids which 

result in the enhancement of heat transfer. 

Table 1: Maximum increment (%) of average Nusselt number for different nanofluids. 
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H. Thermal performance factor: 

The thermal performance factor which is investigated with the use of various volume concentrations of 3% 

and 5%, different nanoparticle size diameters of 10 to 40 nm and TEG based CuO and SiNnanofluids. It is 

observed that the value of the thermal performance factor remains greater than one for all the possible cases 

considered and it is very close to the ratio of the average heat transfer rate of nanofluid and base fluid. Hence it 

is possible to make a conclusion that the heat transfer enhancement is possible with little or without penalty in 

the pumping power. This may lead to less energy cost and more efficient for practical application. From the 

investigation, it is also evident that the thermal performance factor increases as the nanoparticle volume 

concentration increases and higher values of is achieved for smaller nanoparticle size diameter for TEG based 

CuO and SiNnanofluids. Another reason might be that as the nanoparticles size diameter decreases from 40 to 

10 nm, the thermal conductivity of nanofluid increases with the increase of nanoparticle volume concentration. 

Hence the higher viscosity directs to a diminution of boundary layer thickness resulting in the enhancement of 

heat transfer whereas the higher thermal conductivity directs to an intensification of thermal performance factor. 

 

H. Correlations: 

In the present analysis, the following correlations have been proposed for the calculation of average Nusselt 

number using the non-linear regression analysis and the average Nusselt number is the function of Reynolds 

number, Prandtl number and nanoparticles size diameter. The values of maximum standard deviation of error 

are 7.35% and 7.25% for TEG based CuO and SiNnanofluids respectively. Further, comparisons between the 

numerical results of average Nusselt number and computed by the proposed correlations are presented. This is a 

good agreement between the numerical results and the proposed correlations. 

TEG based CuOnano fluid: Nu=0.01224NRe 0.838\46Pr0.41956( df/dp) -0.00013 -0.5     (30) 

TEG based SiNnanofluid  : Nu=0.01236 NRe0.85722Pr0.41620 (df/dp) -0.00058      (31) 

Where 10x10 3 ≤ 100x103,  8.25≤ Pr≤ 20.09,  10≤ dp (nm) ≤40.25,  4≤ƛ(%)≤ 6.2                                      (32) 

 

Conclusion: 

In this research work, numerical investigations have been carried out to understand the flow and heat 

transfer behavior of different nanofluids in a horizontal rectangular pipe under turbulent flow condition. The 

effects of Reynolds number and Prandtl number, two different Nano fluids, nanoparticle volume concentration, 

diameter size of nanoparticles on flow and heat transfer are investigated. According to our findings, following 

conclusion can be made and summarized as follows 

(a) It was found that for χ = 3% and 5%, TEG based CuO and SiNnanofluids with 10 to 40 nm particles size 

diameter with Brownian motion of nanoparticles, average Nusselt number are significantly higher compared to 

the base fluid. 

It was investigated that the TEG based CuO and SiNnanofluids with 10 nm and χ = 6% show higher 

thermal performance factor for any Reynolds number and nanoparticles size diameter.  

It was observed that the friction factor of nanofluids has no significant effect compared to the basefluid and 

hence induce no extra penalty in pump power.  

Furthermore, we have found that the TEG based CuOnanofluid shows slightly better heat transfer 

performance than that of the TEG based SiNnanofluid. But since CuO nanoparticles are more environment-

friendly and eco-friendly   than the SiN nanoparticles, hence it is better to use TEG based CuOnanofluid in real 

life application. Also, it was seen that the heat transfer performance is more influenced by the Brownian motion 

and size diameter of nanoparticles than the thermal conductivity of nanofluid.  

Numerical simulation of turbulent forced convection heat transfer in a smooth channel was carried out. The 

heat transfer enhancement resulting from various parameters, which include the different shapes of smooth 

channel, the type of nanofluids (TEG based CuO and SiN), volume fraction of nanoparticles in the range of 1≤ 

dv ≤4, nanoparticles diameter in the range of 25≤dp≤70, and the Reynolds number in the range of 

10000≤Re≤100000. The governing equations were solved utilizing finite volume method with certain 

assumptions and appropriate boundary conditions to provide a clear understanding of the modelling aims and 

conditions for the present study. A number of conclusions can be drawn from the current work as follows: 

1.  By changing the types of nanoparticles, (CuO, SiN, and ZnO), the results show that CuO gives the  

highestNNu followed by SiN respectively while pure water gives the lowest NNu 

2. The Nusselt number increased with increasing the volume fraction of nanoparticles.  

3. The Nusselt number increase gradually when decreasing the nanoparticles diameter. 

4. The NNu increased gradually by increasing the NRe, NRe in the range of 10000-100000 
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