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Abstract— The computational fluid dynamics (CFD) model 

equations are solved to predict the hydrodynamic and 

thermal behavior of the exchanger. The geometry of the 

problem and meshing of it have been made in ANSYS 14.0. 

The models have been solved by ANSYS Fluent 14.0 solver. 

Water and its nanofluids with alumina (A2O3) are used as 

the coolant fluid in the microchannel heat sink. The present 

CFD calculated heat transfer coefficient values have 

compared with the analytical values and very close 

agreement is observed. The relation between heat transfer 

coefficient and thermal conductivity of the fluid i.e. h ∝ k is 

proved in the present study. Thus use of nanofluids has been 

found beneficial both in laminar and turbulent zone. The 

result shows that nanofluids help to increase the heat 

transfer coefficient by 15% and 12% respectively in laminar 

and turbulent zone. The entrance length for the fully 

developed velocities depends on Reynolds number. The 

experimental work done by Lee and Mudawar (2007) has 

been predicted by the present CFD results. The 

hydrodynamics and thermal behaviour of a rectangular 

microchannel are studied here. The variation wall 

temperature, pressure drop in the channel and the friction 

factors calculated using ANSYS Fluent can well predict the 

experimental data. The effect of Re on the behavior the 

channel are also studied. Its behavior also have been 

analysed with the help of temperature, pressure and velocity 

contours. 

Key words: CFD, ANSYS, Geometry in Ansys Workbench 

I. INTRODUCTION 

Thermal conductivity and other fluid properties are changed 

by mixing the nano particle in fluid. The changed properties 

of the nanofluids determine the heat transfer performance of 

the microchannel heat exchanger with nanofluids. This point 

is illustrated in this chapter by doing the computational fluid 

dynamics (CFD) analysis of the hydrodynamics and thermal 

behaviour of the single phase flow through a circular micro 

channel (Lee and Mudawar, 2007). 

II. SPECIFICATION OF PROBLEM   

Consider a steady state fluid flowing through a circular 

micro channel of constant cross-section as shown in Fig. 4.1 

(Lee and Mudawar, 2007). The diameter and length of 

circular micro channel are 0.0005m and 0.1m respectively. 

The inlet velocity is u (m/s), which is constant over the inlet 

cross-section. The fluid exhausts into the ambient 

atmosphere which is at a pressure of 1 atm. 

 Figure 1. Fluid flow through a circular micro 

channel of constant cross-section  

 As fluid flows through in a pipe at both hydraulic 

and thermally fully developed condition, the Nusselt number 

is constant for laminar flow and it follows the Dittius-

Boelter equation for turbulent flow. 

Nu =4.36     

For laminar flow  

i.e.  
  

 
 = 4.36 (1). So    h ∝ k (2) 

And  

Nu = 0.023 Re
0.8

 Pr
0.4

    for Turbulent 

flow    (3) 

i.e.   
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 From Eq. 2 and Eq. 4 it is clear that thermal 

conductivity has greater effect on heat transfer coefficient 

for laminar flow as compared to turbulent flow. This implies 

the enhancement effect due to the increased thermal 

conductivity of Nano fluids is significantly weaker for 

turbulent flow than for laminar. The enhancement in 

turbulent flow is also dependent on flow rate in addition to 

viscosity and specific heat. Since h ∝ k
0.6

 υ
0.8

µ
-0.4

  and 

because increased nanoparticle concentration enhances 

viscosity and degrades specific heat, the enhancement effect 

of nanoparticles in turbulent flow is further reduced 

compared to thermal conductivity alone. 

III. GEOMETRY IN ANSYS WORKBENCH 

The Computational domain of circular micro channel is 

represented in three dimensional (3D) in Fig 2 and two 

dimensional (3D) form by a rectangle and displayed in Fig. 

3. The geometry consists of a wall, a centerline, and an inlet 

and outlet boundaries. The radius, R and the length, L of the 

pipe are specified in the figure. 

 
Fig. 2: 
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Fig. 3: (a) and (b): Computational Domain of Circular Micro 

channel 

IV. MESHING OF GEOMETRY  

Structured meshing method done in ANSYS Workbench 

was used for meshing the geometry. 10010 × nodes were 

created. The 2D geometry of circular micro channel with 

structured mesh is shown in Fig. 3. 

 
Fig. 4: Two dimensional geometry of circular micro channel 

with structured mesh 

V. PHYSICAL MODELS 

Based on the Reynolds number, Re = Duρ/ µ, either viscous 

laminar model or standard k-ε model is used for laminar and 

turbulent flow respectively. The choice of the model is 

shown in Table 4.1. D is the diameter of the microchannel, ρ 

and µ are the density and viscosity of the fluid. 

Choice of model based on Reynolds number 

Reynolds no. (Re) Flow  (Model) 

< 2000 Laminar 

> 2000 κ – Model 

VI. MATERIAL PROPERTIES 

Pure water is used as base working fluid and Alumina 

(Al2O3) is taken as nanoparticles. The density, heat capacity 

and thermal conductivity of alumina are 3,600 kg/m
3
, 765 

J/kgK and 36 W/mK respectively. The properties of 

nanofluids (NF) are given in Table 1. At 30
o
C temperature 

and 100 kPa pressure. 

 Water base fluid properties with different 

concentration of alumina nanoparticles (Lee and Mudawar, 

2007) 

 
Φ 

=0% 

Φ 

=1% 

Φ 

=2% 

Φ = 

3% 

Φ = 

4% 

Φ = 

5% 

knf 

(W/

mK) 

0.603 0.620 0.638 0.656 0.675 0.693 

ρnf 

(kg/

m 3) 

995.7 
1021.
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1047.
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1073.
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1099.
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1125.
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µnf 

(kg/

m s) 

7.97

X10
-4

 

8.17

X10
-4

 

8.376

X10
-4

 

8.576

X10
-4

 

8.775

X10
-4

 

8.974

X10
-4

 

Cp,nf 

(kJ/k

g K) 

4.183 4.149 4.115 4.081 4.046 4.012 

Table 1: 

 The bulk mean temperature,      , and wall 

temperature,      , with distance x from the microchannel 

entrance can be obtained by doing the thermal energy 

balance around the microchannel as shown in Fig. 1. The 

equations are Eq. 3 and Eq. 4. 

    =    +
     

 ̇      
  (3)   

       

      =     +
  

 
                (4)    

 Where,     (303.15 K), is the specified inlet 

temperature.    And h are the heat flux and heat transfer 

coefficient respectively. 

To characterize the effect of fluid flow on the thermal 

behaviour of the microchannel heat exchanger Peclet 

number, Pe is defined as 

 

Pe = 
         

 

 

 = 
              

              
 

VII. METHOD OF SOLUTIONS 

There are two ways to solve the problem stated above: (i) 

analytical method and (ii) CFD method.  

 Lee and Mudwar, 2007 have used analytical 

method. The method consists of calculation of heat transfer 

coefficient (h) from either of Eq. 1 or Eq. 2 depending on 

whether flow is laminar or turbulent, calculation of bulk 

mean temperature of fluid using Eq. 3. Followed by the 

calculation of wall temperature using eq. 4. The results 

given by Lee and Mudwar, 2007 are having errors in wall 

temperature and mean temperature calculation at the given 

inlet mass flow rate. Hence, in the present study, the 

analytical values of heat transfer coefficients are calculated 
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using Eq. 4.3 / Eq. 4.4. The heat transfer coefficients are 

also obtained using CFD methods and then both the values 

are compared. The CFD method follows the use of 

commercial software ANSYS Fluent 14.0 to solve the 

problem. The specified solver in Fluent uses a pressure 

correction based iterative SIMPLE algorithm with 1st order 

upwind scheme for discretising the convective   transport 

terms. The convergence criteria for all the dependent 

variables are specified as 0.001. The default values of under-

relaxation factor as shown in Table 2. Are used in the 

simulation work. 

VIII. RELAXATION FACTOR 

Factors Values 

Pressure 0.3 

Density 1.0 

Body force 1.0 

Momentum 0.7 

Energy 1.0 

Table 2: 

Using the CFD computed wall temperatures and mean 

temperature from Eq. 4.12; heat transfer coefficients can be 

calculated by Eq. 4.13. 

IX. RESULTS AND DISCUSSIONS 

The hydrodynamics behaviour of the channel can be studied 

in terms velocity distribution within the channel. The value 

of Re is 1278.0 for inlet mass flow rate 0.4 gm/s and it 

becomes 12780.0 for 4.0 gm/s inlet mass flow rate. Thus the 

flow is laminar and turbulent for 0.4 gm/s and 4.0 gm/s inlet 

mass flow rates respectively. The variation of centreline 

velocity at laminar state with axial position (X) for water 

and its nanofluid are displayed in Fig. 5.  

 
Fig. 5: Velocity profile at centerline in the circular micro 

channel at Re =1278. Pr Water =5.53,       Pr 2% = 5.40, Pr 

5% = 5.20. 

 The figure shows that for all the fluids the entrance 

lengths i.e. the length required to reach fully developed state 

are the same. The density and viscosity of nanofluids 

increases with increase in the nanoparticles concentration in 

water. Thus, the velocity at any axial position decreases with 

increase in the nanoparticles concentration as found in Fig. 

5. The same is shown at turbulent state in Fig. 6. It is also 

observed here that the axial velocity decreases with increase 

in nanofluid concentrations. Unlike laminar flow, the 

entrance lengths are found different in turbulent flow 

condition. 

 
Fig. 6: Velocity profile at centerline in the circular micro 

channel at Re =12780.  Pr Water =5.53,    Pr 2% =5.40, Pr 

5% =5.20. 

 Comparison of analytical and computational heat 

transfer coefficient for laminar (Re = 1278.0) and turbulent 

flow (Re = 12780.0) of water and its nanofluids (with 2% 

and 5% alumina) are shown in Table 5. And 6. Respectively. 

The same comparison is also displayed in Fig. 6 (a) and 6. 

(b) 

 Comparison of analytical heat transfer coefficient 

with the present CFD results at laminar       (Re = 1278.0) 

flow for water and Nano fluid. 
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 Variation of velocity of water in radial direction at 

different values of X for (a) Re = 0.1   (b) Re = 25 (c) Re = 

50. Water is used as the fluid in the heat exchanger.   

 From the figure it is clear that velocity has no 

variation with X i.e. from inlet to exit the profiles are same. 

This indicates that circular microchannel is at fully 

developed flow condition. The same is true for all fluid flow 

with water as well as its nanofluid. One typical observation 

is made that with increasing Re, the velocity profile 

becomes more parabolic. The variation of velocity is found 

to be limited closer to the wall and around the center a flat 

profile is observed at Re = 0.1. This undeveloped velocity at 

lower Re results in domination of conductive heat transport 

compared to the higher Re case, and thus larger variation of  

temperatures are occurring at lower Re. The variation of 

wall temperature of water with radial position (Y) at 

different values of X and at different values of Re is shown 

in Fig. 

 
Fig. 7: 

 
(b) 

 Temperature of pure water at different position in 

X direction for different values of Re      (a) Re = 0.1 (b) Re 

= 50. Water is used as the fluid in the heat exchanger. 

 All figure shows that there is no variation of 

temperature in Y direction. It happens because convective 

heat transfer rate dominates over conductive heat transfer 

rate even at Re = 0.1 for which also Pe >> 1. At Re = 0.1, 

temperature increases with the increase X, and the possible 

explanation is given while discussing the velocity profile of 

water in the exchanger. The relative comparison of variation 

of temperature at different Re depicts that outlet temperature 

approaches inlet temperature with increase in Re. It occurs 

due to increase in Peclet number with Re.  Very low value 

of Re, in this case, Pe is much less than 1.0. Thus 

conductive heat transport dominates over convective heat 

transfer here. But still there is no temperature distribution 

observed with radial position. It happens because the 

diameter of the channel is very less compared to the length. 

X. CONCLUSIONS 

A numerical study of single phase fluid flow in a circular 

micro channel is discussed. Water and its nanofluids are 

used as fluid medium. Key conclusion of this chapter can be 

summarized as follows.  

 Heat transfer coefficient is constant throughout the 

circular micro channel due to the fully developed conditions.  

 As the concentration of nanoparticle increases heat 

transfer coefficient also increases. 

 Use of nanoparticles both in laminar and turbulent 

conditions are found beneficial. 

 The enhancement of heat transfer in laminar flow is 

greater as compared to turbulent flow.  

 Wall temperature increase in the flow direction of 

circular micro channel at very low Re. 

 Due to greater value of Peclet no wall temperature 

has negligible variation for higher Reynolds.  

 Pressure and temperature contours represent 

successfully the hydrodynamic and thermal 

behaviour of the system. 

 The computational results successfully validated 

the analytical data for circular micro channel. 
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