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Abstract A numerical study of laminar forced convective

flows of three different nanofluids through a horizontal

circular tube with a constant heat flux condition has been

performed. The effect of Al2O3 volume concentration

0 B u B 0.09 in the pure water, water-ethylene glycol

mixture and pure ethylene glycol as base fluids, and Rey-

nolds number of 100 B Re B 2,000 for different power

inputs in the range of 10 B Q(W) B 400 have been

investigated. In this study, all of the nanofluid properties

are temperature and nanoparticle volume concentration

dependent. The governing equations have been solved

using finite volume approach with the SIMPLER algo-

rithm. The results indicate an increase in the averaged heat

transfer coefficient with increasing the mass of ethylene

glycol in the water base fluid, solid concentration and

Reynolds number. From the investigations it can be

inferred that, the pressure drop and pumping power in the

nanofluids at low solid volumetric concentration (u\ 3%)

is approximately the same as in the pure base fluid in the

various Reynolds numbers, but the higher solid nanopar-

ticle volume concentration causes a penalty drop in the

pressure. Moreover, this study shows it is possible to

achieve a higher heat transfer rate with lower wall shear

stress with the use of proper nanofluids.

List of symbols

Cp Specific heat, (J/kg K)

D Diameter of tube, (m)

g Gravitational acceleration, (m/s2)

h(x) Heat transfer coefficient,

q=== TwðxÞ � TbðxÞð Þ (W/m2 K)

hm Averaged Heat transfer coefficient, 1
L

R L

0
hðxÞdx

k Thermal conductivity, (W/m K)

L Length of the tube, (m)

Nu(x) Local Nusselt number, h(x) D/K

Nu, Num Averaged Nusselt number, hm D/K

P Pressure, (N/m2)

Ped Particle Peclet number, umdp=anf

Pr Prandtl number, l Cp=k

q// Uniform heat flux, (W/m2)

Q Heat transfer rate, (W)

r Radial coordinate and radius, (m)

Re Reynolds number, q U0D=l
T Temperature, (K)

u,U Component of velocity, (m/s)

x Distance from the inlet, (m)

Greek symbols

a Thermal diffusivity, k=ðqCpÞ (m2/s)

u Volume fraction

l Dynamic viscosity, (N/s m2)

m Kinetic viscosity, (m2/s)

q Density, (kg/m3)

s (S) Wall shear stress, (N/m2)

Subscripts

bf Base fluid

d The contribution of hydrodynamic dispersion and

irregular movement of the nanoparticles

eff Effective

m Average

nf Nanofluid

p Nanoparticle
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1 Introduction

The improvement of convective heat transfer in various

industrial processes is required. There are several ways to

enhance the convective heat transfer, including increasing

the area, altering the boundary conditions, changing the flow

regime, using roughen surface or groove and rib. But the

traditional heat transfer fluid such as water, oil, or ethylene

glycol which have poor heat transfer characteristics prevent

increasing energy efficiencies. One way to improve heat

transfer rate is to increase thermal conductivity of the fluid.

A nanofluid is a suspension of solid nanoparticles (normally

less than 100 nm diameters) in conventional liquids. With

respect to the thermal properties of the solid nanoparticles

the liquid thermal conductivity can be increased. Indeed,

most solids, especially metals have thermal conductivities

much higher than fluids. Hence, the fluid containing solid

particles may significantly increase its conductivity [1–6].

After the newly born nanofluid method with suspended

nanometer sized particles was proposed by Cho [1]; many

researchers have investigated the characteristics of nanofl-

uids. Sohn and Chen [7] reported that by adding small solid

particles in liquid, the heat transfer coefficient can consid-

erably be augmented. Wen and Ding [8] have studied Al2O3/

water nanofluid heat transfer in laminar flow under wall heat

flux and reported an increase in nanofluid heat transfer

coefficient with increasing Reynolds number and nanopar-

ticles concentration. The reason for heat transfer enhance-

ment in nanofluids is the decrease of thermal boundary layer

thickness due to random movement of particles which takes a

major role in increasing the heat transfer rate between the

fluid and the wall. Xuan et al. [9] have examined the transport

properties of nanofluids, and a review of convective heat

transfer using nanofluids has been presented by Wang and

Mujumdar [10] which summarizes research work on heat

transfer characteristics. Li and Xuan [5] reported the

empirical correlation for computing the Nusselt number in

both laminar and turbulent tube flow using water with TiO2

and Al2O3 particles. They have shown a remarkable increase

of the heat transfer capability of the base fluid. In the laminar

fully developed flow they proposed:

Nunf ¼
hnf D

knf

¼ 0:4328 ð1:0þ 11:285u0:754pe0:218
d ÞRe0:333

nf pr0:4
nf

ð1Þ

Roy et al. [11] investigated numerical study of laminar

flow heat transfer Al2O3-EG and Al2O3-water and reported

an improvement in the heat transfer rate. Also they showed

that wall shear stress increases with increasing nano-

particles concentration and Reynolds number. Maiga et al.

[12], have numerically investigated the hydrodynamic and

thermal behavior of Al2O3-water and Al2O3-EG nanofluid

flowing inside a uniformly heated tube. For laminar flow a

considerable increase in heat transfer has been observed

with an increase on solid volume fraction with respect to

the base flow. Also it has been found that the augmentation

of nanoparticles illustrated drastic adverse effects on the

wall shear stress. A correlation for computing the averaged

Nusselt number under constant heat flux has been proposed

by them:

Num ¼ 0:086Re0:55
nf pr0:5

nf

for 6� pr� 753; Re� 1000; u� 10%
ð2Þ

In this study, the laminar convective flows of three

stable nanofluids EG, water, and EG/water mixture 60:40

by mass and Al2O3 as nanoparticle in an axi-symmetric

horizontal tube with constant heat flux for varying heat

transfer rate, Reynolds number and nanoparticle

concentration are studied. The aim of this research is to

investigate the comparison of different base fluid nanofluid

to achieve higher heat transfer with less wall shear stress.

2 Governing equations and mathematical modeling

Figure 1 shows the schematic representation of the system

used in this study. The flow is an axi-symmetric steady,

forced laminar convection flow of nanofluid through a

horizontal circular tube, having diameter D = 4.57 mm

and a length of L = 2 m. The length of the tube is very

large compared to its diameter. It is assumed that the base

fluid and solid particles are in thermal equilibrium with

zero relative velocity which is demonstrated through the

experimental results [9, 13, 14], so single phase fluid pro-

cedure with variation of all effective thermo physical

properties can be applied. Table 1 presents thermo physical

properties of base fluids and nanofluids which corporate in

the present analysis.

The governing equations for axi-symmetric coordinates

are as follows [15]:

Fig. 1 Geometrical configuration of the present problem
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þ o2T

ox2
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where anf ¼
knf

ðqCpÞnf

:
ð6Þ

The physical and thermal properties such as density,

viscosity, specific heat, and thermal conductivity of the

nanofluids are calculated using different appropriate

formulae which are as follows:

The density of the nanofluids is calculated according to

Pak and Cho’s equation [13]:

qnf ¼ u qp þ ð1� uÞqbf ð7Þ

where u and qp are the volume fraction and density of the

nanoparticles and qbf is the density of the base fluid.

The followings are two different formulas for calculating

the specific heat of nanofluids.Pak and Cho’s equation [13]:

cnf ¼ u cp þ ð1� uÞcbf ð8Þ

Xuan and Roetzel’s equation [16]:

cnf ¼
uqp cp þ ð1� uÞqbf cbf

qnf

ð9Þ

The volume-averaged (8) yields poor prediction on

measured specific heats. In contrast, mass averaged

expression which is reported in (9) matches the

experimentally-measured values of the specific heat

exceptionally well, and is recommended specifically for

the nanofluids of interest here [17, 18].

The thermal conductivity of the nanofluids flow can be

calculated from the following equations [19]:

For water-Al2O3

knf

kbf
¼ 4:79u2 þ 2:72uþ 1 ð10Þ

For ethylene glycol-Al2O3

knf

kbf
¼ 28:905u2 þ 2:8273uþ 1 ð11Þ

For evaluating the thermal conductivity of EG/water-

Al2O3 nanofluid Vajjha and Das [20], proposed the

following model:

knf ¼
kp þ 2kbf � 2uðkbf � kpÞ
kp þ 2kbf þ uðkbf � kpÞ

kbf þ 5

� 104b u qbf Cbf

ffiffiffiffiffiffiffiffiffiffiffi
jT

qp dp

s

f ðT;uÞ ð12Þ

where f ðT ;uÞ and b are defined from Vajjha and Das

experimental data [20].

Table 1 Thermophysical properties of the nanofluids at the inlet temperature

Type of fluid Nanoparticles

concentration (u)

Thermal conductivity

[W m-1 k-1]

Viscosity

[mN s m-2]

Specific heat

[J kg-1 k-1]

Density

[kg m-3]

Water 0.00 0.606 0.96 4,183.32 997.51

Water/Al2O3 1.50 0.629 1.09 3,987.5 1,042.10

Water/Al2O3 3.00 0.656 1.27 3,808.43 1,086.69

Water/Al2O3 5.00 0.693 1.60 3,590.64 1,146.14

Water/Al2O3 7.00 0.733 2.03 3,394.86 1,205.59

Water/Al2O3 9.00 0.775 2.54 3,217.55 1,265.04

EG 0.00 0.251 19.36 2,396.58 1,117.64

EG/Al2O3 3.00 0.278 24.58 2,235.64 1,203.21

EG-Water 0.00 0.350 5.02 3,092.93 1,084.99

EG-Water/Al2O3 3.00 0.382 6.49 2,864.68 1,171.54

EG-Water/Al2O3 5.00 0.404 7.75 2,712.54 1,229.24

EG-Water/Al2O3 9.00 0.451 14.02 2,348.86 1,423.41
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f ðT ;uÞ ¼ ð2:8217� 10�2uþ 3:917� 10�3ÞT
T0

þ ð�3:0669� 10�2u� 3:91123� 10�3Þ
b ¼ 8:4407 ð100uÞ�1:07304

for u� 10%

The temperature range of the experiments that they used

to obtain the above formula is from 298 to 363 K. In the

present research the maximum temperature is 298 K which

is not in the above range, since in the present work for EG/

water-Al2O3 nanofluids the thermal conductivity is

evaluated as follows [21]:

knf

kbf
¼ kp þ ðn� 1Þkbf � ðn� 1Þuðkbf � kpÞ

kp þ ðn� 1Þkbf þ uðkbf � kpÞ
ð13Þ

where (n) is defined by n = 3/W and W is ratio of the

sphericity defined as the ratio of the surface area of a

sphere with volume equal to that of the particle, to the

surface area of the particle. Also Zhang et al. [22] have

shown that this correlation accurately predicts the thermal

conductivity of nanofluids. Moreover in Table 2 a com-

parison between the Hamilton-Crosser correlation, which is

used in the present study, and Vajjha-Das experimental

data for EG/water-Al2O3 nanofluids at T = 295 K [20] is

depicted. It is clear that the maximum deviation is 3%.

The viscosity of water-Al2O3 nanofluids is calculated

from the correlation (14) which is derived by Abu-Nada

[23] using the experimental data of Nguyen et al. [24].

lnf ¼� 0:155� 19:582

T
þ 0:794uþ 2094:47

T2

� 0:192u2 � 8:11
u
T

� 27463:863

T3
þ 0:0127u3 þ 1:6044

u2

T

þ 2:1754
u
T2

for u� 9:4% ð14Þ

The above equation is expressed in centi poise. Equation

(15) has been obtained for computing the dynamic

viscosity of ethylene glycol-Al2O3 nanofluid and was

reported by Masuda et al. [25].

lnf

lbf

¼ 306u2 � 0:19uþ 1 ð15Þ

Viscosity values of EG/water-Al2O3 nanofluid were

measured by Namburu et al. for 1–10% volume

concentration [26]. For EG/water-Al2O3 nanofluids the

viscosity is evaluated from (16) as follows:

Log lnf ¼ Ae�BT ð16Þ

where T is the temperature in Kelvin and ranging from

238 K (-35�C) to 323 K (50�C) and A and B are functions

of volumetric concentration (u).

A ¼� 0:29956u3 þ 6:7388u2 � 55:444u

B ¼ð�6:4745u3 þ 140:03u2 � 1478:5uþ 20341Þ=106

ð17Þ

It should be noted that all of the base fluid properties

mentioned in the above equations qbf ,cbf ,kbf , and lbf are

temperature dependent and curve fitted from ASHRAE

data [27]. For example the following correlations for EG/

water properties as functions of temperature are used where

273.15 B T B 373.15:

qbf ¼1107e�
T�203:9

644:6ð Þ2 þ 0:03105e�
T�345:8

23:37ð Þ2

� 61:09e�
T�567:7

82:38ð Þ2 þ 0:05255e�
T�319:3
0:7235ð Þ2

þ 0:007026e�
T�359:8

2:547ð Þ2 � 0:04174e�
T�295:5

26:58ð Þ2

lbf ¼ 10410e�ð0:05138TÞ þ 0:2019 e�ð0:01513TÞ

kbf ¼ 0:3796e�
T�381
198:6ð Þ2 þ 0:01284e�

T�323:1
14:21ð Þ2

þ 0:006686e�
T�309
9:146ð Þ2 þ 0:04143e�

T�285:3
22:89ð Þ2

� 0:002359e�
T�343:6

7:265ð Þ2 þ 0:006658e�
T�344
11:16ð Þ2

Cpbf ¼ 5471e�
T�1107

1075ð Þ2

The boundary conditions are as follows:

At the tube inlet: ux ¼ U0; ur ¼ 0; T = T0 = 22�C.

On the wall: ux ¼ ur ¼ 0 ðno-slip conditionÞ; q== ¼
�knf

oT
or

At the tube outlet: the fully developed conditions

prevail.

As mentioned earlier, it is supposed that the continuum

assumption is still valid for the fluid with suspended

Table 2 Thermal conductivity

of EG-Water/Al2O3 nanofluids

at the inlet temperature

Type of

fluid

Nanoparticles

concentration (u)

Vajjha—Das experimental

data [W m-1 k-1]

Hamilton—Crosser

correlation [W m-1 k-1]

EG-Water/Al2O3 1.00 0.372243 0.360938

2.00 0.383485 0.370314

4.00 0.404418 0.392189

6.00 0.423777 0.415625

8.00 0.447843 0.439061
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nano-size particles. Thermal equilibrium assumption and

no slip boundary conditions, which are validated exten-

sively through the experimental results, have been used.

The single phase modeling approach is much easier and

more computationally efficient than two-phase modeling

approach. So it has more been adopted in the literature and

can be feasible for investigation of nanofluids flow. It

should be taken into account that the above equations for

estimation of the effective viscosity (Eqs. 14 and 16) of

Nguyen et al. [24] and Namburn et al. [26] are restricted to

47 nm and 53 nm particle size with the volume fraction in

the range of 0 B u B 9.4% and 1 B u B 10%,

respectively.

3 Numerical approaches

The time-independent sets of incompressible coupled non-

linear partial differential equations have been discretized

using the finite volume method. A first order upwind

scheme has been selected for the convective and diffusion

terms while the SIMPLE algorithm has been applied for the

velocity–pressure coupling implicitly [28, 29], converged

solutions have been considered when the residual in each

equation is lower than 10-8. The non-uniform grid has

been adopted in the radial and axial directions which is

finer at an adjacent tube wall. To obtain a grid indepen-

dence solution, several different grids have been studied.

Figure 2a, and b show the effects of grid densities on the

dimensionless velocity at the centerline section of

x/D = 100, and averaged heat transfer coefficient on the

wall. From this grid study it is found that a set of grid

system with 200 9 31 nodes give results with enough

accuracy.

4 Results and discussion

In order to illustrate the validity and certitude of the code,

at first pure water fluid flow in the tube is solved in a

Reynolds number of 1,620. The boundary conditions are

chosen similar to [30]. Figure 3 shows the variation of

local Nusselt No. versus the dimensionless length (x/D).

In this figure the present results have been compared with

experimental data of [30], Shah equation [31] and classic

theory. The results show good agreement with experi-

mental data. It should be mentioned that the deviation

between classic theory values and the present results in the

fully developed region, where the classic theory can be

applied to, is due to the temperature dependency of thermo-

physical properties of the base fluid in the present study.

It causes higher heat transfer coefficients and Nusselt

numbers. Also as can be seen in Fig. 3, the Shah equation

considerably overestimates the Nusselt number and this is

due to the fact that they developed their formulation in

large channels, so it can not well predict the results for

tubes with small diameter.

Figure 4 shows the local convective heat transfer coef-

ficient of pure water and water-Al2O3 3vol% nanofluids at

Re = 1,460 in axial position. Also in this figure the present

results are compared with experimental data of [30] and an

excellent agreement is observed.
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with the experimental data and empirical equations for pure water
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In the following, the code was performed to simulate

laminar flow with considering three nanofluids, namely

pure water, water-ethylene glycol mixture, and pure eth-

ylene glycol with Al2O3 nanoparticles volume concentra-

tion of 0 B u B 0.09, Reynolds No. of 100 B Re B 2,000,

and heat inputs of 10 B Q B 400. Results have revealed

that the presence of nano-particles has considerable effects

on the thermal characteristics of the mixture. Figure 5

displays the heat transfer coefficient of nanofluids with

water as the base fluid in a fixed Reynolds number of 1000

and constant heat input of 90 W. An increase in nanopar-

ticles concentration enhances the value of the heat transfer

coefficient by about 5.9% to 56% for u = 1.5% to 9% at

the axial position of x/D = 5. The enhancement of the heat

transfer coefficient decreases with the axial position, for

example in the position of the x/D = 200 and 400 the

increase varies in the range of 4.8% to 40%, and 4.3% to

32% respectively. It should be noted that in the entrance

region of the tube the enhancement effect of nanoparticles

volume concentration is more prevalent than in the fully

developed region. It is presumably because of the influence

of the solid particles on the thermal boundary layer.

Many researchers have argued that in fact some factors

such as : Brownian interface, thermal conductivity, particle

migration, phonon movement, nanoparticle clustering, and

reduction of boundary layer thickness are possible mech-

anisms for heat transfer enhancement in nanofluids

[32, 33]. It is difficult to indicate which of these mecha-

nisms are dominant. However, a simple analysis shows that

thermal entrance length depends on Prandtl number and it

can be concluded that by adding nanoparticles into the base

fluid, the entrance region becomes to some extent larger

and this affects the enhancement of convective heat

transfer.

The effect of heat transfer rate on the local heat transfer

coefficient at Re = 500 for two cases of u = 0% and 9%

is presented in Fig. 6. As this figure shows, similar to

Fig. 5 the curves gradually decrease along the tube length,

moreover increasing Q augments the local heat transfer

coefficient. It is interesting to note that, in the fully

developed region the enhancement of the heat transfer

coefficient by increasing the heat flux is more than of the

tube entrance, for instance in the graph of u = 9% the

enhancement of the heat transfer coefficient with increas-

ing heat flux from 10 to 400 W is 2.3% at x/D = 5 and is

11% at x/D = 400. Figure 7 depicts the influence of

nanoparticle volume concentration on the Nusselt number

at Re = 1,000 and Q = 90 W. The increase of u is not

very influential on the fully developed Nusselt number and

it decreases monotonically along the tube length. This is

because of the increase in the k value in the denominator of

the Nusselt number relation. In other words, with increas-

ing the u value both the heat transfer coefficient and the

heat conduction coefficient will increase but it has no

significant effect on the Nusselt number.

The effect of nanoparticle volume concentration on the

averaged heat transfer coefficient for various Reynolds
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Fig. 4 Comparison of the computed local convective heat transfer

coefficient with the experimental data for pure water and alumina

nanofluid
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numbers and heat transfer rate is shown in Fig. 8. It shows

that in all of the Reynolds numbers the effect of heat

transfer rate is the same. The maximum increase in hm due

to heat input (Q) is about 4% and has no significant effect.

Figure 8 also depicts the enhancement of the averaged heat

transfer coefficient by increasing Reynolds number or

volume concentration of the nanoparicles. The maximum

increase at each Reynolds number in u = 9% is about 42%

with respect to the base fluid.

The ratio of the averaged heat transfer coefficient in

nanofluids (water-Al2O3) to the base fluid versus Reynolds

number for various u B 9% at Q = 10 W is shown in

Fig. 9a. The figure presents that the averaged heat transfer

coefficient ratio increases with increasing Re number and

u. At higher Reynolds numbers the increase is more in

each u and the maximum value of this ratio occurs for

u = 9% and is about 1.55. Figure 9b demonstrates the

drastic undesirable effect of the wall shear stress in nano-

fluids. This figure depicts the ratio of the surface-averaged

wall shear stress of nanofluid to base fluid over the entire

length of the tube, versus Reynolds number. It is shown

that this ratio increases violently by adding nanoparticles

but it is approximately constant with variation of Reynolds

number.

Figure 10a and b depict the ratio of the convective heat

transfer coefficient and relative shear stress respectively,

for nanofluid water-Al2O3 7% to the base fluid versus axial

position at Q = 400 W. Figure 10a illustrates, with

increasing the Reynolds number the non-dimensional hr

increases; however the enhancement gradually decreases

along the tube length. Figure 10b displays the local shear

stress ratio along axial direction for various Reynolds

number. It is shown that in contrast with hr, the local stress

ratio decreases with increasing the Reynolds number, but

this ratio; also increases along the tube length. It is contrary

to the results for a particular u, where local wall shear

stress increases with increase in Re No. which will be

described in the following.

The effect of Al2O3 nanoparticles volume concentration

on the averaged wall shear stress for various Reynolds

numbers and heat transfer rates in water base fluid is shown

in Fig. 11. The averaged wall shear stress increases with

increasing Reynolds number as well as u and decreases

with enhancing of the Q value. This is due to the reduction

of the viscosity with increasing the temperature.
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As shown in the Fig. 12a and b, the results show that the

pressure drop and pumping power of the Al2O3-water

increase with increasing Reynolds number and nanoparti-

cle concentration. These figures show that the pressure

drop and pumping power in the nanofluids at low solid

volumetric concentration (u\ 3%) is approximately the

same as in the pure base fluid in the various Reynolds

numbers, but the higher solid nanoparticle volume con-

centration causes a penalty drop in the pressure. However

this implies that the Al2O3—water nanofluid (specially

u[ 3%) incurs a need for additional pumping power, but

the maximum power supply calculated for Al2O3 9% at

Re = 2,000 is under 0.12 W and it is a hopeful sign for

practical applications.

Figure 13 illustrates the influence of the 3% Al2O3

particles volume concentration on the wall and fluid

mean bulk temperature versus local axial position at the

Re = 1,000 and Q = 10 W in different base fluids. One

can observe that the wall temperature and bulk fluid tem-

perature decrease when the nanofluid is used instead of the

base fluid and it seems to be more effective toward the exit

plane. It is seen that the difference between wall temper-

ature and bulk fluid temperature is minimum in EG-Al2O3

which means the convective heat transfer coefficient is

increased more in this nanofluid with respect to the others.

This is a desirable effect to decrease the wall temperature

in the industrial usage, for example in heat exchangers.

The results of hr at Re = 500, 1,000, and 2,000 are

presented in Fig. 14 for water-Al2O3 and EG-Al2O3 with

nanoparticle 3%. As it is shown in Fig. 14 the use of

EG-Al2O3 has more benefit to increase heat transfer coef-

ficient ratio with comparison to water-Al2O3. Noting the

curves of Fig. 14 it can be seen that, the EG-Al2O3 nano-

fluid has the maximum jump in value of hr with respect to

the change of Reynolds number.
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Figure 15a, b show the averaged heat transfer coefficient

and averaged wall shear stress for Re = 100 to 2,000 and

different u at Q = 10 W with considering two nanofluids,

namely water-ethylene glycol mixture (60:40 by mass), and

ethylene glycol with Al2O3 nanoprticles. The investigation

of the comparison of different nanofluids in Fig. 15a and b

can be an aid to achieve higher heat transfer coefficient

with lower wall shear stress. The results indicate that the

mean heat transfer coefficient and wall shear stress,

increase with increasing of the three parameters, mass of

ethylene glycol in the water base fluid, solid concentration,

and Reynolds number. Figure 15a displays EG-Al2O3 3%

has the greatest mean heat transfer coefficient at Reynolds

number higher than or equal to 1,000, but in Re No. lower

than 1,000 the maximum value occurs in EG-water-Al2O3

9%, and also it can be seen that in all ranges of the

Reynolds number the mean heat transfer coefficient of

EG-water-Al2O3 9% is more than pure EG. This is against

the results obtained in Fig. 15b, where the first and second

peak of averaged wall shear stress at each computed set of

Re No. belong to EG-Al2O3 3%, and pure EG respectively.

It is due to the effect of effective viscosity of the ethylene

glycol which is generally more than water and ethylene

glycol water mixture (60:40) as shown in Table 1. Thus it

is shown, from the present study on the water ethylene

glycol mixture nanofluids, that it is practical to increase the

mean heat transfer coefficient and decrease the wall shear

stress with an augmentation of the volume fraction of

nanoparticle to the ethylene glycol water instead of

increasing the mass of ethylene glycol. At the other values

of Q between the range of 10 to 400 W and with the other

nanofluid, EG-water mixture (30:70), at all the computed

concentration the same trend was observed.

5 Conclusion

The laminar convective flows of three stable nanofluids

EG, water, and EG/water mixture and Al2O3 as nanopar-

ticle in an axi-symmetric horizontal tube with different

power inputs of 10 B Q B 400, and varying Reynolds

numbers of 100 B Re B 2,000 in a wide range of nano-

particle concentrations 0 B u B 0.09 are studied. All of

the nanofluid properties in the present study depend on the

temperature and nanoparticles volume concentration.

The aim of this research is to investigate the comparison of
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the different base fluid nanofluids to achieve a higher heat

transfer rate with lower wall shear stress. The results

indicate that the averaged heat transfer coefficient and wall

shear stress increase with increasing three parameters, mass

of ethylene glycol in the water base fluid, solid concen-

tration and Reynolds number. It is seen, however, the

ethylene glycol has a thermal conductivity lower than

water, and the enhancement of k due to nanoparticle con-

centration of Al2O3 in EG is more than in water. The

results show, the use of EG-Al2O3 has more benefit to

enhance the heat transfer coefficient with comparison to

water-Al2O3 and similarly with increasing the mass of EG

in EG/water mixture the relative local heat transfer coef-

ficient ratio (hr) tends to increase along the axial positions.

Also the results clearly show that by adding nanoparticles

into the base fluid, the entrance region becomes to some

extent larger which in turn causes the enhancement of

convection heat transfer.

Thus the pressure drop and pumping power in the

nanofluids at low solid volumetric concentration (u\ 3%) is

approximately the same as in the pure base fluid in the

various Reynolds numbers, but the higher solid nano-

particle volume concentration causes a penalty drop in

the pressure. Moreover it is shown, from the present

study on the water ethylene glycol mixture nanofluids,

that it is practical to increase the mean heat transfer

coefficient and decrease the wall shear stress with an

augmentation of the volume fraction of nanoparticle to

the ethylene glycol water instead of increasing the mass

of ethylene glycol.
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