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This paper presented investigates nanofluid heat transfer inside the channel. The considered fluid was a 

nanofluid consisting of water and aluminum oxide nanoparticles. Nanofluid volume fraction from 0 to 

4% and Reynolds numbers from 5 to 700 have been investigated. Numerous numerical results have been 

obtained, including: velocity profile, temperature, pressure and Nusselt number. Pressure, velocity and 

temperature contours were also presented and streamlines were drawn at different Reynolds numbers. 

The geometry of this research, decreases the pressure drop. For example, at a Reynolds number of 200, 

the fluid temperature increase in the geometry of this paper was 181% higher than that of a simple tube 

(with similar conditions), and the pressure drop was 19% lower than the pressure drop of a simple tube. 

Also, a stagnation point was formed in the flow, where the highest pressure in the problem occurred at 

that point. 

 

 

 

 

1. Introduction  

Heat transfer is a phenomenon that occurs in many industrial 
processes. Heat transfer control in such processes can 
increase process efficiency and bring good economic 
savings. Heat transfer in closed chambers [1], heat transfer 
in solar water heaters [2], increasing heat transfer using 
surface roughness adjustment [3], increasing heat transfer in 
evaporators [4], increasing heat transfer in heat exchangers 
[5,6] are examples of the application of heat transfer in 
industries. 

Various methods have been proposed to improve heat 
transfer in the internal flow. In one of these methods, 
obstacles of different shapes are placed in the flow field and 
heat transfer increases by generating turbulence in the flow 
[7,8]. In another method, the tube is made in a wavy or 
sinusoidal shape and heat transfer increases by vorticity 
generation in the flow field [9-11]. In another method, adding 
twisted tape inside the channel increases the heat transfer 
[12,13]. In some methods, heat transfer increases by adding  
nanoparticles of a metal to the water flow inside the channel 
[14-16] or adding a magnetic field [17] or using the channel 
with various cross sections [18] or adding circular cylinders  

 
 
 
 
 

inside a channel [19] or investigating porous channels with 
various cross sections [20] or using wavy channel [21]. 

Mousa et al. [22] in a review study discussed the heat 
transfer increasing methods in single-phase flow. They used 
various obstacles inside the channel. 

Mashoofi Maleki and Pourahmad [23] investigated the 
effect of a wire turbulator vibration on the nanofluid heat 
transfer in a channel. They considered a specific frequency 
for the wire vibration. Also, they investigated the effect of 
mass flow rate. Their results showed that the nanofluid with 
vibrating wire turbulator increased the heat transfer 
coefficient up to 150%. 

Ma et al. [24] investigated the condensation heat transfer 
in pipe flow with fins. They fined the heat transfer coefficient 
of finned pipe was 1.5 to 2.2 times higher than the simple 
tube. Also, they stated that the pressure drops increased 
monotonically with mass flow rate. 

Yuan et al. [25] investigated the heat transfer in a 
channel with twisted fins. Their research method was 
experimental and numerical simulation. They stated by 
increase the number of winglets from 2 to 14, the heat 
transfer coefficient and friction factor increase 7.9% and 24.5%, 
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respectively. Also, they developed a correlation between 

Nusselt number and friction factor. 

Naga Ramesh et al. [26] investigated methods of 

increasing heat transfer in microscale channels. They used an 

obstacle in the flow field and used a magnetic field. 

Akbarzadeh and Valipour [27] investigated the heat 

transfer improvement using helically corrugated tubes. They 

stated that the use of corrugated tube increased the heat 

transfer between 85 and 107% and the friction coefficient 

between 25 and 85%. 

Nguyen et al. [28] investigated the effect of adding a 

triangular obstacle on heat transfer from the tube as well as 

the effect of the magnetic field on the flow. Their results 

showed that the addition of the triangular obstacle increased 

the heat transfer rate. But at high Re, the triangular obstacles 

created vortexes in the flow. 

Wang et al. [29] studied the heat transfer in a channel 

with a stair. They considered several different geometries for 

their stairs. They used numerical simulation and showed that 

the geometry with ribs had a significant effect on heat 

transfer increase. 

Zhang et al. [30] investigated the heat transfer in the tube 

by adding a ring with rectangular ribs. Their geometry was 

investigated in two “parallel” and “V-shaped” modes. Their 

results showed that the parallel mode created a longitudinal 

vortex and the V-shaped mode created several longitudinal 

vortexes, and both modes increased flow turbulence. 

This paper presents a new geometry to increase the heat 

transfer of internal nanofluid flow. We name this geometry: 

“long obstacle geometry”. In the geometry of this research, 

in addition to increasing the heat transfer, the pressure drop 

of the system also decreased (except at high Re). Water-

aluminum oxide nanofluid is considered in this geometry. 

The heat transfer of the geometry of this research is more 

than the heat transfer of a simple tube with similar 

conditions. Also, the pressure drop of the geometry of this 

paper, in a significant range of the Re, is lower than the 

pressure drop of a simple tube. But in many methods 

presented in previous researches, heat transfer increase has 

also led to an increase in pressure drop. Grid independency 

has been done and the numerical results have been compared 

with the results of an experimental study. Reynolds numbers 

from 5 to 700 and volume fraction of nanoparticles between 

0 and 4% are investigated. The temperature profile, velocity 

and pressure in different Re, different volume fractions of 

nanofluid and in different locations of the geometry are 

presented. The changes of Nusselt number in different Re 

and different volume fractions are also presented. In different 

Re, the heat transfer increase of the proposed geometry 

compared to the simple tube and the pressure drop of the 

proposed geometry compared to the simple tube. 

2. Specifications 

In the problem of this research, the flow is steady and 

incompressible. Also, the continuity, momentum and energy 

equations are established as follows [31,32]: 

(1) 
𝜕𝑢𝑖
𝜕𝑥𝑖

= 0, 

(2) 𝜌 (
𝜕𝑢𝑖
𝜕𝑡

+ 𝑢𝑗
𝜕𝑢𝑖
𝜕𝑥𝑗

) = 𝜌𝑔𝑖 −
𝜕𝑝

𝜕𝑥𝑖
+ 𝜇

𝜕2𝑢𝑖

𝜕𝑥𝑗
2 , 

(3) 
𝜕(𝑢𝑖𝑇)

𝜕𝑥𝑖
=

𝑘

𝜌𝑐𝑝

𝜕2𝑇

𝜕𝑥𝑖
2 , 

where k, ρ, and cp are defined in the nomenclature. Numerical 

simulation was done using the Ansys Fluent v.15. The 

condition for completing the numerical solution is that the 

residuals become smaller than 0.0007. The geometry is 

created and meshed in Gambit. The grid size near the walls 

is reinforced. 

Discretization of momentum and energy equations is 

performed by the second order upwind method, and 

pressure-velocity coupling is performed by the SIMPLEC 

algorithm. The flow is laminar and the inlet boundary 

condition is constant velocity and outlet boundary condition 

is constant pressure and wall boundary condition is no-slip. 

The thermal boundary condition in the walls is a constant 

heat flux equal to 10,000 W/m2. 

Figure 1 shows the proposed geometry. The geometry is 

axisymmetric. The diameter of the inlet and outlet channels 

is 90 µm. In the middle of the geometry, there is an obstacle 

of 130 µm height. 

The following equations can be used to calculate the 

specifications of nanofluid [33]: 
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where φ, k, ρ, µ, c and subscripts are defined in the 

nomenclature. 

The fluid considered for this problem is a nanofluid of 

water and Al2O3. The specifications of water and Al2O3 are 

as follows [33,34]: 

3

W
0.606 ,

mK

kg
997.13

m
,water waterk = =  

 

Figure 1. Geometric dimensions of the problem. The geometry is 

axisymmetric. The origin of the coordinates is considered in the 

center of the inlet section. We name this geometry: “long obstacle 

geometry”. 
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Using Eqs. (4) and (5), the specifications of the nanofluid of 

water and 2% Al2O3 nanoparticles will be as follows: 
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Reynolds number of nanofluid is defined as follows [16]: 

(7) ,
nf

nf

nf

UD
Re




=  

where ρ, µ, D, U , and nf are defined in the nomenclature. 

3. Validation 

The nanofluid of water and 3.5% Al2O3 is considered in the 

geometry of the problem at Re=100 to examine the grid 

independency. The results have been compared in four grids 

of different sizes. Figure 2 compares the temperature profile 

in the section x=1000 µm in four different grids. Nusselt 

number is defined as Nu=hnfdnf/knf where h, d, and k are 

defined in the nomenclature. As can be seen, for grids more 

than 7403nodes, the results are grid independent. 

The numerical results of this paper have been compared 

with the experimental results of Kim et al. [35] to validate 

the numerical simulation. In the paper of Kim et al. [35], the 

flow of nanofluid of water and 3% Al2O3 in a tube with a 

diameter of 4.57 mm and a length of 2 m and a Re=1460, 

which has a wall with a constant heat flux, was investigated; 

and the heat transfer coefficient along the length of the tube  

 

Figure 2. Grid independency for nanofluid of water and 3.5% Al2O3 

at Re=100 and at cross-section x=1000 µm in four grids of different 

sizes. 

was reported. In Figure 3, the numerical (this paper) and 

experimental [35] results of the heat transfer coefficient 

along the tube are compared. According to the figure, there 

is a good agreement between the results of the two papers.  

4. Results and discussion 

The 3D image of the geometry is shown in Figure 4. In the 

geometry, there is an obstacle marked in black. We name this 

geometry: “long obstacle geometry”. The height of this 

obstacle is 130 μm and it is well shown in Figure 1. 

4.1. Investigation of the effect of nanofluid volume fraction 

Figure 5 shows the velocity magnitude profile in different 

nanofluid volume fractions at Re=100 and cross section 

x=450 µm. According to the figure, as the volume fraction of 

nanofluid increases, the maximum velocity also increases. 

So that for nanofluid with zero volume fraction, the 

maximum velocity is 0.0928 m/s and for nanofluid with 4% 

volume fraction, the maximum velocity is 0.126 m/s (the 

difference is about 36%). In Figure 5, the streamlines are 

shown for the volume fraction of 4%. As can be seen, two 

large vortexes are formed before the obstacle. The fluid flow 

also passes through the middle of these two vortexes and the 

highest velocity occurs in the place between the two vortexes 

(which is also marked with a red oval in the figure). 

Naturally, due to the no-slip boundary condition in walls, the 

velocity at the location of the walls is zero. 

Figure 6 shows the temperature profile in different 

nanofluid volume fractions at Reynolds number 100 and 

cross-section x=450 µm. According to the figure, the 

nanofluid volume fraction has a negligible effect on the 

 

Figure 3. Comparison of the numerical results of this paper with 

the experimental results of a benchmark study [35]. 

 

Figure 4. Three dimensional image of the geometry. The geometry 

is cropped to better see the details inside the tube. 
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Figure 5. Velocity magnitude profile in different nanofluid volume 

fractions at Reynolds number 100 and cross section x=450 µm. The 

origin of the coordinates and the geometric dimensions of the 

problem are shown in Figure 1. 

 

Figure 6. Temperature profile in different nanofluid volume 

fractions at Reynolds number 100 and cross section x=450 µm. The 

origin of the coordinates and the geometric dimensions of the 

problem are shown in Figure 1. 

temperature profile. In the small diagram drawn in Figure 6, 

the mean temperature is presented as a function of nanofluid 

volume fraction. According to this diagram, the mean 

temperature for nanofluid with 0% volume fraction (i.e., pure 

water) is 300.366oK and for 4% volume fraction is 

300.301oK. In other words, the difference between the mean 

fluid temperature for a volume fraction of 0% and 4% is 

about 0.02%. Also, according to Figure 6, the maximum 

temperature is related to the points  𝑦/𝐷𝑖𝑛 = ±2.7. Because 

these points are located on the wall of the geometry and the 

wall has a constant heat flux. 

Figure 7 shows the diagram of pressure profile in 

different nanofluid volume fractions at Reynolds number 

100 and cross section x=450 µm. According to the figure, 

with the increase of volume fraction of nanofluid, fluid 

pressure increases. The reason for this is that as the volume 

fraction of nanofluid increases, the system pressure drops 

increases. On the other hand, the boundary condition of 

outlet is constant pressure and is equal to the ambient 

pressure. Therefore, as the pressure drop of the system 

increases, the inlet pressure increases. As a result, by increasing 

 

Figure 7. Pressure profile in different nanofluid volume fractions 

at Reynolds number 100 and cross section x=450 µm. The origin of 

the coordinates and the geometric dimensions of the problem are 

shown in Figure 1. 

 

Figure 8. "Nusselt number along the channel" in different nanofluid 

volume fractions. The origin of the coordinates and the geometric 

dimensions of the problem are shown in Figure 1. 

the inlet pressure, the pressure in other sections will also 

increase. The small diagram in Figure 7 shows the mean 

pressure as a function of nanofluid volume fraction. Also, 

according to the figure, the pressure across the channel width 

is almost constant and has little change. 

Figure 8 shows “Nusselt number along the channel” in 

different nanofluid volume fractions. The origin of the 

coordinates and the geometric dimensions of the problem are 

shown in Figure 1. According to the figure, changing the 

nanofluid volume fraction has a negligible effect on the 

Nusselt number profile along the channel. However, with the 

increase of volume fraction of nanofluid, the Nusselt number 

increases slightly. For example, in the dimensionless location 

x/D=2, the Nusselt number for the volume fraction of 1% and 

4% is 8.067 and 8.567, respectively (about 6% increase). The 

inlet tube (i.e., 0<x/D<2) and the outlet tube (10<x/D<12) 

have the highest Nusselt number along the channel, because 

in these two parts, the fluid velocity and as a result the 

Reynolds number will have the highest value. 
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4.2. Investigation of the effect of Reynolds number 

Figure 9 shows the velocity magnitude profile in different Re 

for nanofluid with a volume fraction of 3% at x=450 µm. As 

shown in the figure, at low Re, the velocity magnitude 

changes are small. Reynolds number 700 has the most 

velocity fluctuations. For Re=700, the streamlines are also 

drawn on the top of the figure. According to the figure, there 

are two large vortexes before the obstacle through which the 

fluid flows. The region between these two vortexes is called 

Region 2. The highest velocity at Reynolds number 700 

corresponds to this region, and it is marked with a blue oval 

in the figure. Also, the regions near the center of the vortexes 

have low velocity, and one of these regions is named Region 

1 marked with a green oval in the figure. 

Figure 10 shows the temperature profile in different Re 

for nanofluid with a volume fraction of 3% in cross section 

x=450 µm. The velocity contour is also shown inside the 

 

Figure 9. Velocity magnitude profile in different Re for nanofluid 

with volume fraction of 3% in cross-section x=450 µm. 

 

Figure 10. Temperature profile in different Re for nanofluid with a 

volume fraction of 3% in cross-section x=450 µm. The velocity 

contour is also shown inside the diagram. 

figure. According to the figure, as the Re increases, the 

temperature of the fluid decreases, because as Re increases, 

the opportunity for heat exchange between the fluid and the 

wall will decrease, therefore the temperature of the fluid will 

decrease. According to the figure, the maximum temperature 

in the problem is 305.74oK, which occurs at Reynolds 

number 5 and at the wall location. At Re=5 and Re=10, the 

location of the lowest temperature is shown with black and 

red ovals. The fluid velocity in this region and its distance 

from the walls are high. Therefore, the lowest temperature 

occurs in this region (the contour inside Figure 10 shows that 

the fluid velocity is high in this region). 

Figure 11 shows the fluid pressure profile in different Re 

for nanofluid with a volume fraction of 3% in cross-section 

x=450 µm. According to the figure, at Re<400, the fluid 

pressure along the channel width is almost constant, because 

the flow along the channel width is very low. Therefore, 

according to the momentum equation, pressure changes will 

be insignificant. But at Re=700, large vortexes are created in 

the flow, so a significant flow is created along the channel 

width. Therefore, the pressure will also change along the 

channel width. As the Re increases, the fluid pressure also 

increases. Because when the Re increases, the system 

pressure drop increases due to the inertial effect. On the other 

hand, since the outlet pressure is constant, the inlet pressure 

will increase. Finally, as the inlet pressure increases, the 

pressure increases in all sections. In the small diagram shown 

in Figure 11, the mean fluid pressure is presented as a 

function of Re. The mean fluid pressure in Reynolds numbers 

5 and 700 are 64 Pa and 72091 Pa, respectively. Fluid 

pressure changes increase with increasing Re. In other 

words, as the Re increases from 5 to 10, the fluid pressure 

also increases by about 2.1 times. But by increasing the Re 

from 200 to 400, the fluid pressure increases by 3.3 times. 

Figure 12 shows the “Nusselt number along the channel” 

in different Re. The origin of the coordinates and the 

geometric dimensions of the problem are shown in Figure 1. 

According to the figure, at Re>200, near the obstacle 

(4<x/D<6), the Nusselt number has increased, and this region 

is marked with number 2 on the figure. It is because, the 

velocity of the fluid near the wall increases in this region due 

to the formation of large vortexes. Also, in the range of 

2<x/D<2.5, the Nusselt number has suddenly decreased 

 

Figure 11. Pressure profile in different Re for nanofluid with a 

volume fraction of 3% in cross-section x=450 µm. 
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Figure 12. “Nusselt number along the channel" in different Re. The 

origin of the coordinates and the geometric dimensions of the 

problem are shown in Figure 1. Inside the figure, the contour of the 

fluid velocity is drawn at a Reynolds number of 700. 

 

Figure 13. Velocity magnitude contour at Reynolds number 300 

and nanofluid with 3% volume fraction. 

significantly, and this region is also marked with No. 1 in the 

figure. The reason for this is that at x/D=2, the flow is 

separated from the inlet channel. Therefore, the fluid velocity 

will be negligible near the wall. For this reason, the Nusselt 

number is greatly reduced. Also, according to the figure, in 

the location of x/D≈10, the Nusselt number slightly increases 

(this region is marked with No. 3 in the figure), which is due 

to the flow entering the outlet channel and increasing the 

fluid velocity. 

4.3. Investigation of flow in different sections 

In this section, we will examine the flow and heat transfer at 

different sections of the geometry of the problem. Figure 13 

shows the velocity magnitude contour at Reynolds number 

300 and nanofluid with 3% volume fraction. The maximum 

velocity is approximately 5.53 m/s, which occurs at the 

center of the outlet tube. 

Figure 14 shows the velocity magnitude profile in 

different sections for nanofluid with volume fraction 3% and 

Reynolds number 300. The selected sections and velocity 

magnitude contour are shown in the figure. Among the 

selected sections, the highest velocity corresponds to section 

x/D=4, which is equal to 2.79 m/s, and its location is shown 

with No. 3 and a red dashed line inside the figure. In section 

x/D=7, the maximum velocity is 1.1 m/s, and its location is 

indicated by No. 2 and the black dashed line. The reason for 

the occurrence of the maximum velocity in Region 2 is the 

 

Figure 14. Velocity magnitude profile in different sections for 

nanofluid with volume fraction 3% and Reynolds number 300. The 

selected sections and the velocity magnitude contour are shown 

inside the figure. 

 

Figure 15. Temperature contour at Reynolds number 300 and 

nanofluid with 3% volume fraction. 

 

Figure 16. Temperature profile in different sections for nanofluid 

with volume fraction 3% and Reynolds number 300. The selected 

sections and temperature contour are shown in the diagram. 

narrowing of the channel at the location of the obstacle and 

the increase of the fluid velocity due to passing through the 

obstacle. In the section x/D=5, the maximum velocity is 

0.91m/s, and its location is indicated by No. 1 and the pink 

dashed line. 

Figure 15 shows the temperature contour at Reynolds 

number 300 and nanofluid with a volume fraction of 3%. The 

maximum temperature is 301 K and its location is on the wall 

(after the obstacle). 
Figure 16 shows the temperature profile in different 

sections for nanofluid with a volume fraction 3% and a 
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Reynolds number 300. Selected sections and temperature 
contour are shown inside the figure. According to the figure, 
the highest temperature is approximately 300.95oK and 
corresponds to the section x/D=7 and occurs on the wall. Its 
exact location is marked on the figure with No. 3 and a red 
dashed line. The reason for the maximum temperature in this 
region is that in this region the fluid velocity is very low due 
to the presence of the obstacle (see Figure 13). On the other 
hand, this region is near the wall, and the wall also has a 
constant flux thermal boundary condition. Therefore, the 
temperature of this region increases more than other regions. 
Also, at the cross-section x/D=3, the highest temperature is 
approximately 300.52oK and occurs at the wall, the exact 
location of which is shown on the figure with No. 2 and the 
blue dashed line. In the curve x/D=3, a fracture has occurred 
at the dimensionless location y/Din= 0.6, and the location of 
this fracture is shown in the figure with No. 1 and a black 
dashed line. The reason for this is that this location is the 
boundary between the inlet flow and a vortex. On the side 
where the inlet flow is located, the temperature is low and, 
on the side, where the vortex is located, the temperature is 
high due to the low velocity of the fluid. 

Figure 17 shows the pressure contour at Reynolds 
number 300 and nanofluid with a volume fraction of 3%. The 
maximum pressure occurs at the inlet as well as at point 1 
(marked on the figure). At point 1, due to the direct impact 
of the flow on the wall, a stagnation point is created and the 
pressure rises. 

Figure 18 shows the pressure profile in different sections 

for nanofluid with a volume fraction 3% and Reynolds  

 

Figure 17. Pressure contour at Reynolds number 300 and nanofluid 

with 3% volume fraction. 

 

Figure 18. Pressure profile in different sections for nanofluid with 

volume fraction 3% and Reynolds number 300. Selected sections 

and pressure contour are shown in the figure. 

number 300. Selected sections and pressure contours are 

shown in the diagram. In almost all sections (except for a 

small part of section x/D=3), the pressure changes along the 

channel width are negligible. In the curve x/D=5, in the 

region close to the wall, the pressure is slightly increased 

(this region is marked on the figure with No. 2 and the red 

dashed line). The reason for this increase in pressure is that 

in Region 2, due to the presence of an obstacle, the fluid 

velocity is low, therefore the pressure slightly increases. 

According to the figure, the highest pressure occurs in the 

cross-section x/D=3 and in the center of the tube (i.e., 

y/Din=0), which is marked with No. 1 and the blue dashed 

line on the figure. As mentioned before, the reason for the 

high pressure in Region 1 is the formation of a stagnation 

point in this region. 

4.4. Comparison of the performance of the geometry of this 

paper with a simple tube 

In this section, the performance of the proposed geometry of 

this research is compared with a simple tube. For this 

purpose, a simple tube of a diameter of 90 μm is considered 

(the inlet diameter of the proposed geometry of this paper is 

also 90 μm). The length of the simple tube is also chosen to 

be 1080 μm (that is, the length of the geometry proposed in 

this paper). Nanofluid of water and 3% Al2O3 is considered. 

The results of the simple tube are extracted and compared 

with the results of the proposed geometry of this research. To 

compare the results of the simple tube and the proposed 

geometry, we define the quantity of dimensionless 

temperature as follows: 

(8) 
* 100,G C

C

T T
T

T

 −
= 



 

where ΔTC is the increase in the mean temperature of the 

fluid passing through the simple tube and ΔTG is the increase 

in the mean temperature of the fluid passing through the 

proposed geometry. The higher T*, shows better thermal 

performance of this paper geometry than the simple tube. 

Also, the higher T* shows the greater ability to increase the 

fluid temperature. We also define the quantity of 

dimensionless pressure as follows: 

(9) 
* 100,G C

C

P P
P

P

 −
= 



 

where ΔPC is the pressure drop of the simple tube and ΔPG 

is the pressure drop of the proposed geometry. 

Figure 19 compares the pressure drop and thermal 

performance in the proposed geometry with the simple tube 

at different Re. According to the figure, in all the Re, "the 

fluid temperature increase" in the proposed geometry is more 

than "the fluid temperature increase" in the simple tube. For 

example, at Re=200, "the fluid temperature increase" in the 

geometry of this paper is 181% more than "the fluid 

temperature increase" in a simple tube.  Also, at Re=200, the 

pressure drop of the geometry of this paper is 19% lower than 

the pressure drop of the simple tube. Moreover, by reducing 

the Re, the performance of the geometry will also improve. 

For example, at Re=10, "the fluid temperature increase" in 

the geometry is 295% higher than "the fluid temperature 

increase" in a simple tube. Also, at a Re=10, the pressure 

drop of the geometry is 57% less than the pressure drop of a 

simple tube. Therefore, one of the important advantages of 

the proposed geometry of this research is that in addition to 

increasing the heat transfer, the pressure drop of the system  
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Figure 19. Comparison of "temperature increase" and pressure drop 

in the proposed geometry with a simple tube at different Re. The 

dimensionless temperature (T*) and dimensionless pressure (P*) 

quantities are defined in Eqs. (8) and (9), respectively. 

is also reduced. But in a large number of methods proposed 

in previous researches, the increase in heat transfer has been 

accompanied by an increase in system pressure drop.  
Figure 20 shows the streamlines for nanofluid with a 

volume fraction 3% at Reynolds numbers 50 to 700. 
According to the figure, as the Re increases, larger vortexes 
are formed in the flow. For example, at a Re=50, the width 
of the formed vortexes is about 100 μm, but at a Re=700, a 
vortex with a width of about 350 μm is formed before the 
obstacle. Also, with the increase of Re, the number of 
vortexes formed in the flow also increases. For example, 2 
and 6 vortexes are formed at Reynolds numbers 50 and 700, 
respectively. The figure also shows that the presence of an 
obstacle has a great effect on the formation of vortexes, so 
that in all Re, large vortexes are formed after the obstacle, 
and even at higher Re (such as 700), two vortexes are formed 
after the obstacle. 

Despite the advantages of the geometry of this paper, it 
has some disadvantages. For example, the manufacturing of 
the present geometry has higher cost than simple tube. We 
know that the existence of vortex in flow field, increases the 
pressure drop of the system. As seen in Figure 20, with 
increase Reynolds number from 50 to 700 the vortex number 
in the flow field increases from 4 to 12. But there are no 
vortexes in a simple straight tube flow field. Therefore, the 
performance of the present geometry reduces with Reynolds 
number. 

Figure 21 shows the pressure drop and maximum 
temperature of the system as a function of Reynolds number. 
The pressure drop of the system increases with the Reynolds 
number. As stated in the previous paragraph the performance 
of the present geometry reduces with Reynolds number. But 
we should notice that in low Re, the maximum temperature 
of the system increases (Figure 21). Increase of the 
maximum temperature can change the composition of the 
nanofluid, especially in the biofluid applications. 

5. Conclusion 

Heat transfer of a nanofluid of water and Al2O3 nanoparticles 
in a channel was examined in this paper. Nanofluid volume 
fraction from zero to 4% and Reynolds numbers from 5 to 
700 were investigated. Grid independency was done and 
validation was also done and a good agreement was observed. 

 

Figure 20. Streamlines for nanofluid with 3% volume fraction at 

Reynolds numbers 50 to 700. 

 

Figure 21. Pressure drop and maximum temperature of the system 

for nanofluid with %3 volume fraction at 2≤Re≤700. 

Several numerical results were obtained, including: velocity 

profile, temperature, pressure and Nusselt number. Pressure, 

velocity and temperature contours were also presented and 

streamlines were drawn at different Re. In a large number of 

heat transfer increasing methods presented in previous 

researches, the pressure drop of the system also increased 

simultaneously with the increase of heat transfer. But the 

results of this research showed that in the proposed geometry, 

the pressure drop decreases. This was an important 
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advantage of the proposed geometry. For example, at a 

Re=200, "the fluid temperature increase" in the geometry of 

this paper was 181% higher and the pressure drop was %19 

lower than that of a simple tube with similar conditions. It 

was also found that by reducing the Reynolds number, the 

performance of the geometry also improved. For example, at 

Re=10, "the fluid temperature increase" in the geometry of 

this paper was 295% higher than "the fluid temperature 

increase" in a simple tube. Also, at a Re=10, the pressure 

drop of the geometry was 57% less than the pressure drop of 

a simple tube. Also, with the increase of nanofluid volume 

fraction, the maximum velocity magnitude also increased. 

Numerical results showed that with increasing Reynolds 

number, fluid temperature decreased and velocity 

fluctuations increased. Also, the maximum temperature in 

the problem was 305.74oK, which occurred at Re=5 and at 

the wall location. The results showed that at higher Re, 

"pressure changes" were more intense. For example, as the 

Re increased from 5 to 10, the fluid pressure also increased 

by about 2.1 times. But by increasing the Re from 200 to 400, 

the fluid pressure had increased by 3.3 times. The results 

showed that the maximum temperature in the problem was 

approximately 300.95oK and occurred shortly after the 

obstacle and near the wall. It was found that in almost all 

sections (except for a few exceptions), the pressure changes 

along the channel width were insignificant. A stagnation 

point was also formed in the flow, where the highest pressure 

in the problem occurred. 

Nomenclature 

cp  Specific heat capacity at constant pressure 

c Specific heat capacity 

D Channel diameter 

h Convection heat transfer coefficient 

k Thermal conductivity 

T* Dimensionless temperature (Eq. (9)) 

P* Dimensionless pressure (Eq. (10)) 

Re Reynolds number 

Nu Nusselt number 

𝑈 Average velocity in the channel 

ρ            Density 

µ           Viscosity 

φ           Volume fraction of nanoparticles 

Subscriptions 

nf Nanofluid 

p Nanoparticles 

bf Base fluid 
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