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Abstract: Nanofluids are basically nano sized solid particles which can be either metallic or nonmetallic, suspended in a base 

fluid such as water, ethylene glycol etc. The nanofluids are generally sought to be much better working fluids as compared 

to the base fluids because of their enhanced thermal properties. In this research, nanofluids such as Al2O3-H2O, TiO2-H2O 

and ZrO2-H2O were analyzed and compared on the basis of thermal parameters such as overall heat transfer coefficient 

and Nusselt number. The basis of comparison was suspending these nanoparticles at various concentrations of 0.4 %, 0.8 

% and 1.2 % volume by weight and at various Reynolds number ranging from 4000 to 20000. For investigation an 

experimental setup was modeled with the help of CFD which involved a tube in tube heat exchanger. A helical wire coil 

turbulator of 39 mm pitch was used to promote the turbulence in flow in the inner tube. The results were drawn and 

compared with that of pure water which involved the case of with and without turbulator. The investigation showed the 

overall heat transfer coefficient and the average Nusselt number increased with the increase in the Reynolds number as well 

as the particle concentrations. Moreover out of the three nanofluids, the TiO2-H2O nanofluid exhibited better heat transfer 

capabilities. Also the use of turbulators caused the swirl motion in the flow which enhanced the heat transfer coefficient. 
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1. Introduction 

Nanotechnology is a branch of science and technology which makes use of the particles in the nano scale order, namely in the 

molecular and atomic order respectively. In this field, the particles considered are analyzed individually from their bulk 

specifications. The properties of the bulk materials on the whole are expected to remain unchanged, whereas at the nano scale order 

these properties alter.  When these solid particles (of nano scale order) are dispersed in any fluid medium (known as the base fluids) 

collectively they are known as “nanofluids”, a term coined by Choi et al. [1] in 1995 at Argonne National Laboratory, USA. 

In this study the behavior of these nanofluids are analyzed when they are used in the heat exchangers. We will discuss the synthesis 

of nanofluids later, but first let us understand what heat exchangers are and what its various types are. A heat exchanger is a device 

that exchanges the heat between two or more flowing fluids. In simper words one flowing fluid is at the lower temperature, called 

the cold fluid, and the other fluid is at the higher temperature, called the hot fluid, from which heat has to be extracted. The fluid 

with the lower temperature flows inside the geometry of the heat exchanger to extract heat from the hot fluid flowing with the higher 

temperature, and thus the cold fluid takes up the heat of the hot fluid, making the hot fluid losing its heat to the cold fluid and thus 

lowering its temperature. The cold fluid after extracting heat from the hot fluid has a temperature rise, thus fulfilling the function 

of the heat exchanger. This is the basic function of any heat exchanger.  

Here in this work we have performed the numerical analysis of tube in tube heat exchanger having turbulator inside the inner tube. 

Here in this work a turbulator having 39 mm pitch was introduced inside the inner tube and the value of heat transfer was measured. 

In order to measure the effectiveness of turbulator we have performed numerical analysis on both kind of geometries i.e. heat 

exchanger with and without turbulator.  

Here in this work first water is used as the working fluid, and then nanofluids with different nano particles. The heat exchanger 

used by Akyürek et.al [23] for the experimental analysis was considered to perform numerical analysis. For calculating the effect 

of different nano metallic particles here we have considered three different metallic oxides in nano particle size to make nanofluid. 

In order to calculate the effect of change in Nusselt number on heat transfer hear we have considered five different Reynolds 

numbers that is 4000, 8000, 12000, 16000 and 20000. 

2. Development of Solid model 

The geometrical parameters used to develop solid model of heat exchanger is shown in the below table. 
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Table.1 Value of different geometric parameters of heat exchanger 

Parameters Values 

Tube length 1.3 m 

Inner tube diameter 12 mm 

Tube wall thickness 2 mm 

Outer tube diameter 33 mm 

Pitch of turbulator 39 mm 

Based on the above geometric parameters it developed the solid model of nano fluid heat exchanger. The solid model of heat 

exchanger is shown in the below fig. 

 
Fig.1 Solid model of heat exchanger without helical turbulator 

After analyzing the heat exchanger without turbulators, we analyzed the effect of use of turbulator in the inner tube of heat exchanger 

to increase the heat transfer rate. The solid model of heat exchanger having helical turbulator inside the inner tube is shown in the 

below fig. 

 
Fig.2 Solid model of heat exchanger with helical turbulator 

3. Meshing 

To perform the numerical analysis of heat exchanger with or without turbulator it is necessary to discretize heat exchanger in to 

number of body and element. During numerical analysis, it calculates the result on element and nodes. In order to test the 

independency of number of nodes and elements, here we have discretized the body with different number of nodes and element and 

found that, result does not depends on number of elements and nodes. 
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Fig.3 Mesh of heat exchanger without helical turbulator 

 
Fig.4 Cross sectional view of heat exchanger mesh 

4. Mathematical model 

In order to calculate the performance of heat exchanger Nusselt number and overall heat transfer coefficient is needed. With the 

help of CFD analysis temperature of hot and cold fluid at outlet were measured (the inlet temperatures were taken from the base 

paper). After measuring the temperature of hot and cold fluid, value of Nusselt number and Overall heat transfer coefficient were 

calculated with the help of following mathematical model. 

4.1 Heat transfer from hot water fluid 

Qw = Cp,w ×mw(Tout,w − Tin,w)   ………………………(1) 

Where, Qw is the heat transfer from water, Cpw is the specific heat of water, mw mass flow rate of water, Toutw is the temperature 

of water at exit and  Tinw is the temperature of water at inlet. 

4.2 Heat transfer to nanofluid 

Qnf = Cp,nf ×mnf(Tout,nf − Tin,nf) ………………….(2) 

Where, Qnf is the heat transfer to nanofluid, Cpnf is the specific heat of nano fluid, mnf mass flow rate of nano fluid, Toutnf is the 

temperature of nano fluid at exit and Tinnf is the temperature of nano fluid at inlet. 

In order to calculate the properties of nano fluid following mathematical model formulas were used 

ρnf = vρs + (1 − v)ρw………………….………(3) 

Where, ρnf is the density of nano fluid, v is the volume fraction of nano fluid, ρs is the density of base material of nano particles 

and, ρw is the density of water. 

For calculating the Viscosity of nano fluid 

μnf = μw(1 + 2.5v)  …………………………..……….(4) 

Where, μnf is the dynamic viscosity of nano fluid, μw dynamic viscosity of water and, v is the volume fraction of nanoparticles. 
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4.3 For calculating the specific heat of nanofluid 

Cp,nf = [v(ρsCp,s) + (1 − v)(ρw − Cp,w)]/ρnf    …………………..(5) 

Where, Cp,nf is the specific heat of nano fluid, Cp,s specific heat of nano particles base material, Cp,w specific heat of water and, v 

is the volume fraction of nanoparticles. 

4.4 The average heat transfer rate 

Qavg =
Qnf+Qw

2
         ………………………………….(6) 

4.5 The overall heat transfer coefficient 

Qavg = UAi∆Tlm ……………….…………………….(7) 

Where, U is the overall heat transfer coefficient, Ai is the surface are of inner pipe, ∆Tlm is the logarithmic mean temperature 

difference. 

∆Tlm =
∆T2−∆T1

ln(∆T2/∆T1)
             ……………………….(8) 

Where, 

∆T1= Thi − Tco      ………………………….(9) 

∆T2= Tho − Tci          ……………………….(10) 

4.6 Calculation of Nusselt number for nano fluid 

From Gnielinski [23], we have 

Nu =
( f2)(Re−1000)Pr

1+12.7(f2)
0.5

(Pr
(
2
3)−1)

………………………… (11) 

Where,  

f = [1.58 ln(Re) − 3.82]−2 ………………………(12) 

ho =
Nuk

Dh
      ……………………………(13) 

hi = {
1

U
+

1

ho
}−1……………………………………….(14) 

Hence Nu for nanofluid is calculated as; 

Nunf =
hiDh

k
 …………………………….(15) 

Thermal conductivity of nanofluids is given by; 

knf

kbf
= [

kp+2kbf+2v(kp−kbf)

kp+2kbf−v(kp−kbf)
]………..…………….(16) 

  

Where, kbfisthermalconductivityofbasefluid knfisthermalconductivityofnanofluid 

5. Properties of nanofluids 

For Al2O3-H2O nanofluid 

Concentration 

(% by weight) 
Density (ρ) kg/m3 Specific heat (Cp) 

J/kg-K 

Thermal 

Conductivity (K) 

W/m-K 

Dynamic viscosity 

(µ) 

Pa-s 

0.4 1009.888 4130.077 0.605 0.00101 

0.8 1021.776 4079.363 0.613 0.00102 

1.6 1033.664 4029.81 0.620 0.00103 
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For TiO2-H2O nanofluid 

Concentration (% 

by weight) 
Density (ρ) kg/m3 Specific heat (Cp) 

J/kg-K 

Thermal 

Conductivity (K) 

W/m-K 

Dynamic 

viscosity (µ) 

0.4 1010.636 4124.87 0.608 0.00101 

0.8 1023.272 4169.16 0.613 0.00102 

1.2 1035.908 4014.80 0.677 0.00103 

 

For ZrO2-H2O nanofluid 

Concentration (% by 

weight) 
Density (ρ) kg/m3 Specific heat (Cp) 

J/kg-K 

Thermal 

Conductivity (K) 

W/m-K 

Dynamic viscosity 

(µ) 

0.4 1016.408 4090.45 0.602 0.00101 

0.8 1034.816 4019.04 0.6079 0.00102 

1.2 1053.224 3941.84 0.611 0.00103 

 

6. Boundary condition 

Here in this work hot water is flowing in the outer tube, whereas the cold fluid is flowing in inner tube. The inlet temperature of hot 

water is 343 K whereas the inlet temperature of cold fluid is 293 K. The velocity of hot fluid is considered as 0.0084 m/s as 

considered in base paper, calculated at Re=4000, at 343K. The velocity of cold fluid changes as the Reynolds number of cold fluid 

changes. 

7. Validation of Numerical analysis 

In order to numerically validate the CFD model of heat exchanger for initial case we considered water as a working fluid. Here cold 

water flows as different Reynolds number inside the heat exchanger with or without helical turbulators. 

7.1 For Re = 4000 

Here in this section cold fluid is flowing at a Re 4000. Whereas the hot fluid is flowing at a speed of 0.0084 m/s. the temperature 

contour of heat exchanger for this Re number is shown in the below fig. 

 
Fig.5 shows the temperature contours of heat exchanger tubes for Re = 4000 
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Fig.6 shows the temperature at the exit of hot fluid 

Through CFD analysis we have calculated the value of temperatures of hot and cold fluid at inlet and outlet at Re = 4000. The 

temperature of hot and cold fluid at inlet and exit are mentioned in the below section. On the basis of temperatures at the exit and 

inlet, here we have calculate the value of Nusselt number (Nu) and Overall heat transfer coefficient (U) using eq. as mention in the 

above section. 

The values of overall heat transfer coefficient calculated from the mathematical modeling were compared with the values obtained 

from the experimental analysis performed by Akyürek et.al [23]. 

 
Fig.7 Comparison of Overall Heat transfer Coefficient for different Reynolds number 

8. For Heat exchanger having helical turbulator 
After validating the CFD model of heat exchanger, we then used the heat exchanger having helical turbulator inside the inner tube. 

The helical turbulator is made on the basis of geometrical pitch that is 39 mm, as given in the base paper. Turbulator is mainly used 

to increase the turbulence inside the heat exchanger. The use of helical turbulator is shown in the below fig. 

 
Fig.8 Heat exchanger having helical turbulator inside the inner tube 
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After performing the analysis on heat exchanger having helical turbulator, it is then comparing with the heat exchanger without 

turbulator. Through analysis it is found that the value of Nusselt number and overall heat transfer coefficient is more in case of heat 

exchanger with helical turbulator whereas the heat exchanger without helical turbulator shows less. This means that the heat transfer 

is more in case of heat exchanger with helical turbulator as compared to heat exchanger without turbulators. The comparison graph 

of Nusselt number and overall heat transfer coefficient where shown below section. 

 
Fig.9 comparison of overall heat transfer coefficient  

 
Fig.10 comparison of Nu number 

After comparing the value of Nu and overall heat transfer coefficient, it is found that the heat transfer increases with the use of 

helical turbulator inside the heat exchanger. Due to the turbulator inside the inner tube turbulence inside the tube increases due to 

which contact time increases which results in increase of heat transfer rate. 

8.1 Aluminum oxide (Al2O3) and Water 

8.1.1 At 0.4% volume fraction 

Here we have considered aluminum oxide (Al2O3) as a nanoparticle; it is mixed with water at volume fraction of 0.4% and used as 

a nano fluid inside the heat exchanger. The temperature contours of alumina nano fluid at different Re number. 

8.2 Titanium oxide (TiO2) and Water 

Here in this section titanium oxide is used as a nano particles, the size of the nano particle were same as considered during the Al2O3 

that is 40 nm. During analysis boundary conditions were same as considered in aluminum oxide section. 

8.3 Zirconium Oxide (ZrO2) and Water 

Here in this section zirconium oxide is used as a nano particles, the size of the nano particle were same as considered during the 

Al2O3 that is 40 nm. During analysis boundary conditions were also remain same as considered in aluminum oxide analysis.  
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9. Comparison of different Nano fluids 

To analyze the effect of different nano fluid on heat transfer, here we have compared the value of Nusselt number and overall heat 

transfer coefficient for different nano fluid for different volume fraction at different Reynolds number. 

 
Fig.11 comparison of overall heat transfer coefficient for different nano fluids at 0.4% 

 
Fig.12 comparison of Nusselt Number for different nano fluids at 0.4% 
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Fig.13 comparison of overall heat transfer coefficient for different nano fluids at 0.8% 

 
Fig.14 comparison of Nusselt Number for different nano fluids at 0.8% 
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Fig.15 comparison of overall heat transfer coefficient for different nano fluids at 1.2% 

 
Fig.16 comparison of Nusselt Number for different nano fluids at 1.2% 

After analysis it is found that the value of Nusselt number and Overall heat transfer coefficient are maximum for Titanium oxide 

(TiO2) at all Reynolds number as compared to Aluminum oxide (Al2O3) and Zirconium oxide (ZrO2). Through analysis it is found 

that the value of Nu number increases as the Re number of cold fluid increases. After going through the analysis of heat exchanger 

with and without helical turbulator it is found that the value of Nu and overall heat transfer coefficient is more in case of heat 

exchanger having helical turbulator. Due to the use of turbulator in inner tube turbulence in cold fluid increases which improves 

proper mixing of fluid inside the tube, due to this more cold fluid particles come in contact with the wall of inner pipe and carry 

heat which increases heat transfer rate. 

10. Conclusions 

 Developing CFD model of heat exchanger for analysis is a better and cost effect method for analysis, it also save the time. 

 As the Re number increases the value of Nu number and over all heat transfer increases. 
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 Through analysis it is found that all nano fluid follows same behavior at all Re number of cold fluid. 

 Using turbulator inside heat exchanger increases the turbulence inside the pipe which leads to increase heat transfer rate. 

 From analysis it is found that the value of Nu number and overall heat transfer coefficient is higher in case of Titanium oxide 

(TiO2) as compared to Aluminum oxide (Al2O3) and Zirconium oxide (ZrO2). 

 It is also found that as the volume fraction of nano particles increases the heat transfer rate of heat exchanger also increases. 

 So in this work we can say that heat exchanger having helical turbulator at different Re number shows maximum heat transfer 

in case of Titanium oxide (TiO2). 

References 

[1] S.U.S. Choi and J. A. Eastman, “Developments and applications of non-Newtonian flows”, ASME FED, 66 (1995) 99–105 

[2] M. Chandrasekar, S. Suresh, A. Chandra Bose, “Experimental investigations and theoretical determination of thermal 

conductivity and viscosity of Al2O3/water nanofluid”, Experimental Thermal and Fluid Science, 34 (2010) 210–216 

[3] Narendra Singh, Gaurav Chand & S. Kanagaraj (2012) “Investigation of Thermal Conductivity and Viscosity of Carbon 

Nanotubes–Ethylene Glycol Nanofluids”, Heat Transfer Engineering, 33:9, 821-827 

[4] Celen, A., Çebi, A., Aktas, M., Mahian, O., Dalkilic, A.S., Wongwises, S., “A review of nanorefrigerants: Flow characteristics 

and Applications”, International Journal of Refrigeration  (2014), doi: 10.1016/j.ijrefrig.2014.05.009 

[5] R. Saidur, S.N. Kazi, M.S. Hossain, M.M. Rahman, H.A. Mohammed, “A review on the performance of nanoparticles suspended 

with refrigerants and lubricating oils in refrigeration systems”, Renewable and Sustainable Energy Reviews 15 (2011) 310–323 

[6] Muhammad Abbas, Rashmi G. Walvekar, Mohammad Taghi Hajibeigy, Farhood S. Javadi, “Efficient Air-Condition Unit By 

Using Nano-Refrigerant”, EURECA 2013  

[7] Halil Dogacan Kocaa, Serkan Doganayb, Alpaslan Turgutc, Ismail Hakki Tavmanc, R. Saidurd, Islam Mohammed Mahbubulf, 

“Effect of particle size on the viscosity of nanofluids: A review”, Renewable and Sustainable Energy Reviews, 

http://dx.doi.org/10.1016/j.rser.2017.07.016 

[8] Mohamed R. Abdel Hady, M. Salem Ahmed, G. Abdallah, “Experimental investigation on the performance of chilled - water 

air conditioning unit using alumina nanofluids”, Thermal Science and Engineering Progress S2451-9049(17)30123-3 

[9] Ali Barati-Harooni, Adel Najafi-Marghmaleki, Armin Mohebbi, Amir H. Mohammadi, “On the prediction of viscosity of 

Newtonian nanofluids”, Journal of Molecular Liquids (2017), doi: 10.1016/j.molliq.2017.06.088 

[10] D. Han, W.F. He, F.Z. Asif, “Experimental study of heat transfer enhancement using nanofluid in double tube heat exchanger”, 

Energy Procedia 142 (2017) 2547–2553 

[11] S. Ferrouillat, André Bontemps, João-Paulo Ribeiro, Jean-Antoine Gruss, Olivier Soriano, “Hydraulic and heat transfer study 

of SiO2/water nanofluids in horizontal tubes with imposed wall temperature boundary conditions”, International Journal of Heat 

and Fluid Flow 32 (2011) 424–439 

[12] Fatou Toutie Ndoye, Patrick Schalbart, Denis Leducq, Graciela Alvarez, “Numerical study of energy performance of 

nanofluids used in secondary loops of refrigeration systems”, International journal of refrigeration 52 (2015) 122-132 

[13] E. Ebrahimnia-Bajestan, Mohammad Charjouei Moghadam, Hamid Niazmand, Weerapun Daungthongsuk, Somchai 

Wongwises, “Experimental and numerical investigation of nanofluids heat transfer characteristics for application in solar heat 

exchangers”, International Journal of Heat and Mass Transfer 92 (2016) 1041–1052 

[14] Adriano Akel Vasconcelos, Abdul Orlando Cárdenas Gómez, Enio Pedone Bandarra Filho, José Alberto Reis Parise, 

“Experimental evaluation of SWCNT-water nanofluid as a secondary fluid in a refrigeration system”, Applied Thermal Engineering 

(2016), http://dx.doi.org/10.1016/j.applthermaleng.2016.06.126  

 [15] Murat Unverdi and Yasar Islamoglu, “Effect of Al2O3 Nanomaterials on Convection heat transfer enhancement in a plate heat 

exchanger channel” Scientific Proceedings XIII International Congress, Machines Technologies Materials 2016 – Winter Session. 

 

http://www.ijrti.org/

