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Abstract— In the present work laminar cross flow convective 

heat transfer of nano fluids over tube banks with circular 

geometry under constant wall temperature condition is 

analyzed. Nano fluid instead of pure fluid as external cross 

flow is used due to its potential to increase heat transfer rate 

of the system. The effect of nano fluid on compact heat 

exchanger performance is studied and compared with that of 

conventional system. The two dimensional steady state 

Navier-Stokes equations and the energy equation governing 

laminar incompressible flow are solved using a finite volume 

method for the case of flow across an in-line bundle of tube 

banks as commercial compact heat exchanger. The Nano 

fluid used was Al2O3 water 1%,2% and 3% and the 

performance was compared with water. In this paper, the 

effect of parameters such as tube shape circular and heat 

transfer comparison between Nano fluid and pure fluid is 

studied. Temperature profile, heat transfer coefficient and 

pressure profile, Nusselt Number were obtained from the 

simulations and the performance was discussed in terms of 

heat transfer rate and performance index. The increase in 

Reynolds number caused an increase in the heat transfer rate 

and a decrease in the overall bulk temperature of the cold 

fluid. 
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I. INTRODUCTION 

Flow past tube banks with Circular configurations have wide 

ranging practical applications, such as in heat exchangers, 

cooling and heating equipment. There are two important 

phenomena happening in a heat exchanger fluid flow in 

channels and heat transfer between fluids and channel walls. 

Thus, improvements to heat exchangers can be achieved by 

improving the processes occurring during those phenomena. 

Firstly, the rate of heat transfer depends on the surface area 

to volume ratio, which means the smaller channel dimensions 

provide the better heat transfer coefficient. Secondly, 

improving the properties of the heat transfer fluids (Nano 

fluids) can yield higher heat transfer coefficient in a heat 

exchanger. Nano fluids are colloidal dilute dispersion of 

nanoparticles (generally less than 5% in volume) such as 

metals, oxides, carbides, or carbon nanotubes in conventional 

coolants or base fluids such as water, ethylene glycol, and oil. 

Miniaturization of electronic components has led to the 

demand for development of new compact heat exchangers 

and also cooling fluids with higher heat transfer performance. 

Modification of thermo physical properties for liquid 

coolants by adding some solid particles is the main subject of 

Nano fluids. The idea of using metallic particles to increase 

the thermal conductivity of fluids is not a new concept. By 

knowing the fact that metals in solid form have much higher 

thermal conductivity than fluids, Maxwell (1873) who was 

the one originally proposed the idea of using metallic 

particles to increase the thermal properties of fluids. 

II. LITERATURE SURVEY 

Jaafar1 et al. studied an experimental work on the forced 

convective heat transfer and flow characteristics of a Nano 

fluid consisting of water and different volume concentrations 

of Al2O3 Nano fluid (0.3–2) % flowing in a horizontal shell 

and tube heat exchanger counter flow under turbulent flow 

conditions are investigated. The Al2O3 nanoparticles of 

about 30 mm diameter are used in the present study. The 

results show that the convective heat transfer coefficient of 

Nano fluid is slightly higher than that of the base liquid at 

same mass flow rate and at same inlet temperature. The heat 

transfer coefficient of the Nano fluid increases with an 

increase in the mass flow rate, also the heat transfer 

coefficient increases with the increase of the volume 

concentration of the Al2O3 Nano fluid, however increasing 

the volume concentration cause increase in the viscosity of 

the Nano fluid leading to increase in friction factor 

V. L. Bhimanil2 et al. studied forced convective heat 

transfer in a water based Nano fluid has experimentally been 

compared to that of pure water in an automobile radiator. Five 

different concentrations of Nano fluids in the range of 0.1-1 

vol. % have been prepared by the addition of TiO2 

nanoparticles into the water. The test liquid flows through the 

radiator consisted of 34 vertical tubes with elliptical cross 

section and air makes a cross flow inside the tube bank with 

constant speed. Liquid flow rate has been changed in the 

range of 90-120 l/min to have the fully turbulent regime. 

Results demonstrate that increasing the fluid circulating rate 

can improve the heat transfer performance. Meanwhile, 

application of Nano fluid with low concentrations can 

enhance heat transfer efficiency up to 45% in comparison 

with pure water. 

Dr. Zena K.3 et al. Investigations have been carried 

out in this paper to study the enhancement of heat transfer 

characteristics for cross flow low integral finned tube heat 

exchanger with using of (MgO) Nano fluid. The study 

includes designing and manufacturing of test section from 

Pyrex glass with dimensions 1200) mm width, height and 

length, respectively. Has a single*500*(250 copper tube with 

eight passes. The low integral finned tube with (19 mm) inner 

diameter, (21 mm) root diameter and (24 mm) outer diameter. 

The fin height is (1.5 mm), thickness (1 mm) and the pitch is 

(2 mm). Air was used as a cooling fluid passing across the 

test tube with a range of velocities (1, 2, 3 and 4) m/sec. The 

inner side flow rates with a range of (2, 3, 4, 5 and 6) L/min. 

for water and for Nano fluid. The fluid temperatures at the 

inlet of test tube were (50, 60, 70, 80) °C. Magnesium Oxide 

(MgO) nanoparticle powder with (40 nm) diameter was 

dispersed in distilled water with different volume 

concentrations (0.15, 0.35, 0.55, and 0.75) % by volume is 

used to prepare the Nano fluid. The results showed increasing 

of thermal conductivity and density of fluid when using Nano 

fluid, the results also showed enhancement of heat transfer 
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characteristics when using the Nano fluid. of 1.5, 2.0 and 2.5 

and Nano fluids with TiO2 volume concentrations (ϕ) of 

0.07%, 0.14% and 0.21. In addition, heat transfer increased 

as TiO2 volume concentration of Nano fluid increased, owing 

to the increases of contact surface and thermal conductivity.  

S. Eiamsa-ard4 et al. presented Titanium dioxide 

(TiO2) in water as nanofluid was employed for heat 

transferenhancement together with overlapped dual twisted 

tapes (O-DTs). The study encompassed Reynolds numbers 

from 5400 to 15,200, O-DTs with overlapped twist ratios 

(yo/y) of 1.5, 2.0 and 2.5 and nanofluids with TiO2 volume 

concentrations (ϕ) of 0.07%, 0.14% and 0.21%. The 

experimental and numerical results indicated that O-DTs with 

smaller overlapped twisted ratio delivered a stronger swirl 

intensity and higher turbulent kinetic energy (TKE). The use 

of O-DTs at the smallest overlapped twist ratio of 1.5 

enhanced heat transfer rates up to 89%, friction factor by 5.43 

times and thermal performance up to 1.13 times as compared 

to those of plain tube. In addition, heat transfer increased as 

TiO2 volume concentration of nanofluid increased, owing to 

the increases of contact surface and thermal conductivity.  

III. METHODOLOGY 

Governing equation of CFD is Navier’s Stokes equation and 

based on conservation of mass, momentum and energy. The 

Navier-Stokes equations are vector equations, meaning that 

there is a separate equation for each of the coordinate 

directions. There are thus three different momentum 

equations that together comprise the Navier-Stokes 

Equations 

A. Continuity Equation: 

 

B. Momentum  Equation: 

There are thus three different momentum equations that 

together comprise the Navier-Stokes Equations 

C. Energyequation: 

 
ANSYS CFX is more than just a powerful CFD 

code. Integration into the ANSYS workbench platform 

provides superior bi-directional connections to all major 

CAD systems, powerful geometry modification and creation 

tools with ANSYS Design modeler, advanced meshing 

technologies in ANSYS meshing, and easy drag and drop 

transfer of data and results to share between applications 

D. CAD MODEL:   

A section of the problem is shown in Fig.1.0 Because of the 

symmetry of the tube banks geometry; only a part of the 

domain needs to be modeled. Fig. 2.0 the CFD domain 

consists of four tubes with circular geometry. The hydraulic 

diameter Dh of computational domain is 10.55mm for circle 

tube shapes 

 
Fig. 1: Computational domain 

 
Fig. 2: CAD model 

E. Meshing: 

The CAD model is meshed with tetra and brick elements with 

suitable mesh density and medium inflation Fig 3 

 
Fig. 3: Meshed model with tetra and brick 

F. Boundary Conditions: 

The fluid is assumed to be incompressible with constant 

property and the flow is laminar and in steady state condition. 

Velocity inlet rate at .2 m/s , .4 m/s , .6m/s ,8 m/s and 1m/s  

is applied to the inlet boundary. The fluid enters with uniform 

temperature of 300 K and different inlet uniform velocities V 

in are applied. Constant tube temperature is maintained at 

1000C. Convergence criteria for simulation is set to 1e-4 

R.M.S residual and maximum iterations are carried to 100. 

The turbulence model for simulation is set to K- epsilon due 

to low computational time and suitable for laminar flow. Side 

walls are set to symmetry boundary conditions  

 
Fig. 4: Boundary conditions 
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At known temperature and pressure density is given 

by following equation where R is gas constant , p is pressure  

G. Nano Fluid Properties: 

The selection process and determination of Nano fluid thermo 

physical properties are important area in Nano fluid 

applications. The single-phase method is chosen to calculate 

the thermo physical properties of Nano fluids. In the current 

study the considered Nano fluid is a mixture of water and 

containing mainly Al2O3. The thermo physical properties of 

the cu as Nano particle and water-based Nano fluid are 

presented at temperature 293 K in Table 1. 

 
Table 1: Properties of nano fluid 

IV.  RESULTS AND DISCUSSION 

The purpose of this paper is to present results of an 

investigation into the overall variation of heat Transfer 

coefficient around the in-line array with circular tube shapes. 

The numerical study consider the effect of Nano fluid such as 

Al2O3 on the flow and heat transfer characteristics of tube 

banks in a physical domain for different Reynolds number. 

Table 2.0 and Table 3.0 shows the results of water and Nano 

fluid at different velocities respectively. 

A. Pressure and Temperature: 

Temperature and pressure contour for different percentages 

of nano fluids are plotted  

 
Fig. 5: Pressure distribution using Al2O3 water 1% 

 
Fig. 6: Temperature distribution using Al2O3 water 1% 

 
Fig. 7: Pressure distribution using Al2O3 water 2% 

 
Fig. 8: Temperature  distribution using Al2O3 water 2% 

 
Fig. 9: Pressure distribution using Al2O3 water 3% 

 
Fig. 10: Temperature distribution using Al2O3 water 3% 

On using nano fluid maximum temperature 

distribution is found at outlet of finned tube heat exchanger 

and with water the maximum temperature is at vicinity of 

tube walls  

Reynolds 

Number 

Pressure 

drop (Pa) 

Heat transfer 

(W/m2K) 

Nusselt 

number 

2771 35.96 2633.68 42.03 

5535 125.17 4251.75 67.84 

8304 254.25 5527.34 88.21 

11076 337.58 6626.79 105.61 

13847 662.05 7649.28 122.08 

Table 2: Water Al2O3 1% results 

Reynolds 

Number 

Pressure 

drop (Pa) 

Heat transfer 

(W/m2K) 

Nusselt 

number 

2774 37.25 2701.6 41.91 

5542 126.58 4361.2 67.66 

8315 264.32 5668.71 87.94 

11090 448.25 6795.8 105.43 

13865 683.25 7844.54 121.70 

Table 3: Nano fluid Water 2% results 
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Reynolds 

Number 

Pressure 

drop (Pa) 

Heat transfer 

(W/m2K) 

Nusselt 

number 

2780 38.76 2773.09 41.85 

5553 131.64 4475.8 67.54 

8331 271.25 5817.05 87.79 

11112 463.52 6973.09 105.24 

13892 701.39 8048.9 121.48 

Table 4: Nano fluid Water 3% results 

 
Fig. 11: HTC vs Reynolds number 

 
Fig. 12: Pressure drop vs Reynolds number 

V. CONCLUSION 

Numerical simulation has been investigated on heat transfer 

characteristics and pressure drop of Al2O3/water Nano fluid 

in compact heat exchanger with circular tube shapes and an 

inline Arrangement of tubes under steady state laminar fluid 

flow. The numerical results reveal the Enhancement in heat 

transfer, with respect to the base fluid, identified to 

characterize Nano fluid. Heat transfer enhancement is 

increasing with the nanoparticle and using circular tube 

geometry.  
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