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Abstract- Heat exchanger is the almost common 

equipment for the industrial process heating. Heat is 

transferred from one fluid to other fluids by convection 

and conduction through the wall of the heat exchanger. 

Effectiveness of heat exchanger depends on the 

convection heat transfer coefficient of the fluid. 

Convective heat transfer coefficient of water, Cu-water, 

AI-water, Al203-water and Ti02-water of 2% 
nanoparticle concentration has been calculated for 

counter flow heat exchanger. It is found that convective 

heat transfer coefficient of Cu-water, AI-water, Ah03-

water and Ti02-water nanofluids are 81 %, 63%, 66% 
and 64% higher compared to pure water respectively. It 

is found that overall heat transfer coefficient of Cu­

water, AI-water, Al203-water and Ti02-water nanofluids 

are 23%, 20%, 21 % and 20% higher compared to pure 

water respectively. 
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NOMENCLATURE 

A = Area (m
2) 

c = Specific heat capacity (kJ/kg .K) p 
h = Enthalpy (kJ/s) 

k = Thermal conductivity (W 1m. K) 

L = Length (m) 

m =Mass flow rate of air (kgls) 

Nu = Nusselt number 

Pr = Prandtl number 

Q = Rate of heat transfer (kJ/s) 

r = Radius (m) 
R = Resistance 

Re = Reynolds number 

T = Temperature (K) 

L'!.T = Temperature difference (K) 
u = Overall 

X-destroyed = Rate of energy destruction (kJ/s) 

X in = Rate of energy input (kJ/s) 

X out = Rate of energy output (kJ/s) 
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� X sys = Rate of change of energy (kJ/s) 

f= Fuel 

P =Density (kglm
3
) 

¢ = Volume fraction 

Subscripts 

in = Inlet 

out = Outlet 

min = Minimum 

nf = Nanofluid 

hi = Base fluid 

np = Nanoparticle 

h = Hot side 

c= Cold side 

I. INTRODUCTION 

Energy conservation is a key goal of the world economy and 
will continue to be one in the future. The most effective way 
to reduce energy demand is to use energy more efficiently. 
Heat exchangers are used to transfer thermal energy 
between two or more media and widely applied to power 
engineering, petroleum refineries, chemical industries, food 
industries and so on [1, 2]. Working fluid selection is one of 
most important factor of the effectiveness of heat exchanger. 
At the ambient temperatures, thermal conductivity of 
metallic solids is an order-of-magnitude higher than fluids 
(i.e. thermal conductivity of copper is about 700 and 3000 
times greater than water and engine oil respectively) that is 
shown in Figure 1. The heat transfer coefficients of 
nanofluids are much better than base fluid with little or 
without pressure drop penalty. The main reasons of heat 
transfer enhancement of nanofluids as: the suspended 
nanoparticles increase the thermal conductivity of the fluids, 
and the chaotic movement of ultrafine particles increases 
fluctuation and turbulence of the fluids to accelerate 
exchange heat in the process [4]. Effectiveness of the heat 
exchanger depends on the thermal conductivity and 
convective heat transfer coefficient of the fluid. The 
convective heat transfer coefficient of nanofluids depends 
on the thermal conductivity, density, specific heat, and 
viscosity of the nanofluids [5]. Table 1 shows thermo­
physical properties of water and some nanofluid. 
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Figure 1 Thermal conductivities of solids and liquids 
materials at 300 K [3] 

TABLE 1 THERMAL PROPERTY OF WATER & 
NANOFLUIDS AT 343K [6] 

Fluids 
k (WI P (kg/ Ilx 1 04 Cp (kJ I 
m. K) m

3
) (kg/m. s) kg. K) 

Water 0.663 977.5 4.040 4.190 

Cu-water 0.749 1136.7 4.271 4.111 

AI-water 0.749 1012.3 4.271 4.121 

AI20rwater 0.744 1037.4 4.271 4.119 

Ti2O-water 0.730 1034.9 4.271 4.117 

Thirumarimurugan et al. [7] investigated the effectiveness 
of heat exchanger by varying mass flow rate of cold fluids 
in the same heat exchanger. The author found that the 
effectiveness of the heat exchanger increased from 74.8% to 
87.6% by changing mass flow rate of cold fluid (i.e. cold 
water) increased from 118.8 kg/h to 656.9 kg/h when hot 
fluid mass flow rate average 51.2 kg/h. They also 
investigated the effectiveness of the heat exchanger 
increased from 53.0% to 74.1% by changing mass flow rate 
of cold fluid (i.e. 10% acetic acid water solution) increased 
from 120.2 kg/h to 664.1 kg/h when hot fluid mass flow rate 
average 97.6 kg/h. From the discussion and literature 
review, it is found that very little work on the application of 
nanofluids to enhance the effectiveness of heat exchanger. 
This paper emphasized the potential benefit of using 
nanofluids to increase the effectiveness of a heat exchanger. 

II. THEORETICAL BACKGROUND AND MATHEMATICAL 

FORMULA 

This section discussed several basic equations and 
mathematical relations for the effectiveness of energy 
analysis in the boiler system. 
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The expression of heat I energy effectiveness (e) of the 
heat exchanger considered in the present study are based on 
the following definitions [2, 8]: 

Actual heat I energy transfer e = ----------==------ (1) 
Maximum possible heat I energy transfer 

Considering the heat transfer rate is the function of fluid 
mass flow rate and the inlet and outlet temperature different, 
the function can be written as: 

Q=f(m,T) (2) 
The heat transfer rates from the hot fluid to cold fluid are 
calculated by using following Equation [8-12]: 

(3) 
and the rate of heat received by the cold fluid can be 
calculated: 

(4) 
In the heat exchanger, maximum heat exchange is occurred 

when the fluid temperature will be T",i" = Te,ou, or 

Th,ou, = Te"" in a constant mass flow rate of the fluids. 

Maximum heat transfer rate capacity ( Q �x ) can be 
calculated by using the following equation: 

Qrnax =(mCp)min(Th,in-T;,,in) (5) 
The function of heat exchanger is to exchange heat between 
two moving fluid streams without mixing, The hot fluid is 
releasing heat to the cold and the changes of kinetic and 
potential energy negligible [13]. The energy balance of heat 
exchanger is shown in Figure 2, 

Heat Exchanger 

Figure 2 Schematic energy flow diagram of heat exchanger. 

In the case of heat exchanger, fluids are not mixed each 
other due to the wall separating them, the mass flow rate of 
hot fluids and cold fluid should be constant. Energy balance 
equation can be expressed as follows [14]: 

Xin - X ozll- X destroyed = �X sys = 0 => steady (6) 

(�h hh,in + �e he,in) - (�h hh,oul + �e he,oUI) - Q � 0 (7) 

mh (hh,in -hh,ou,) = me (he,oul -he,in) + Q (8) 
According to the above assumption and consideration, the 
effectiveness of the heat exchanger is calculated as follows: 
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m(hOlil - hin) e = ---'---'''-''-'-----'''--'---

(9) 

By using the transport properties of the nanofluid, Nu 
number values obtained from the well-known Dittus-Boelter 
equation in the heat exchanger to relate the heat transfer 
coefficient [15-18]. 

Nu = 0.023 Reo 8 Pr°.4 (10) 
The density of nanofluid is determined from equation 
available in literature [19, 20] 

Pnf = rIP np + (1- ¢)Pbf (11) 
Specific heat of nanofluids from equation for estimation of 
specific heat as [19, 20] 

C P,nf = ¢C p,np + (1-¢)C p,bf (12) 
Considering a counter flow heat exchanger of hot fluids 
flowing inside the inner tube and cold fluids flowing outside 
tube and heat is exchanged in between the fluids. Overall 
resistance can be expressed as following: 

1 1 In(re / rh) 1 
-- = -- + + --

(13) 

UAh hhAh 2ffkL heAe (14) 
If we want to replace the hot fluid by using nanofluids at the 
same system, so the wall and cold fluid parameter are same 

as before. Putting as A = 2nrL and simplifying the 
equation (10). In general the convective heat transfer 
coefficient for water of free convection 20 - 100 W Im2K 

and forced convection 50 - 10,000 W/m2K and C > 1. From 
the above equation, it is clear that U will be increased with 

increasing hI.. The heat transfer rate of the heat exchanger 
can be calculated as the following equation: 

Q=UAI':1T 
(15) 

III. RESULT AND DISCUSSION 

A. Energy effectiveness for the heat exchangers 

In the analysis four heat exchanger of different mass flow 
rate has been investigated. Figure 3 shows that the 
effectiveness of heat exchangers varied from 61 % to 68%. 

80 

o 
2 3 4 

Heat exchanger number 
Figure 3 Effectiveness of the counter flow heat 

exchangers 
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The author found the effectiveness of the heat transfer 
varied from 40% to 92%. It was also found that a great 
effect of mass flow rate of hot and cold fluids as well as 
inlet temperature of hot and cold fluids on effectiveness of 
the heat exchanger. 

B. Effectiveness increases of heat exchanger 

Heat exchanger is equipment where the heat exchanges in 
between two fluids due to the temperatures difference. The 
heat is transferred by the convection in each fluid and 
conduction through the wall separating the two fluids. 
Effectiveness of heat exchanger depends on thermal 
properties fluids, thermal conductivity of the wall separating 
the two fluids, type of heat exchanger, etc. Heat transfer rate 
is directly proportional to the overall heat transfer rate of the 
heat exchanger. If the convection heat transfer is increased, 
the overall heat transfer rate also increases. As the 
convection heat transfer rate is increased with increasing the 
nanoparticle volume fraction of the nanofluids. Therefore, 
nanofluids are the potential candidate to increase the heat 
transfer rate of the heat exchangers. Application of 
nanoparticles provides an effective way of improving heat 
transfer characteristics of fluids [21]. By suspending 
nanoparticles in heating or cooling fluids, the heat transfer 
performance of the fluid can be significantly improved due 
to: (a) the nanoparticles increase the surface area, heat 
capacity and thermal conductivity of the fluids; (b) the 
interaction and collision among particles, fluid, flow 
passage surface, mixing fluctuation and turbulence of the 
fluid are intensified; (c) the dispersion of nanoparticles 
flattens the transverse temperature gradient of the fluid [22]. 

C. Thermal conductivity of nanofluids 

The nanofluids show great potential in enhancing the heat 
transfer of the process. One reason is that the suspended 
ultra-fine particles increase the thermal conductivity of the 
nanofluid [22]. Eastman et al. [21] showed that increase in 
thermal conductivity of approximately 60% can be obtained 
for the nanofluid consisting of water and 5 vol% CuO 
nanoparticles. Xuan and Li [22] investigated of water - Cu 
and found the thermal conductivity of the nanofluid are 
varied from 1.24 to 1.78 compared to base fluids when the 
volume fraction of the nanoparticles increases from 2.5% to 
7.5%. The ethylene glycol-CuO nanofluids showed 
enhancement of more than 20% at 4 vol% of nanoparticles 
[23]. AI203 and CuO with water about 12% improvement 
of the effective thermal conductivity at 3 vol% of 
nanoparticles [24]. Cu in ethylene glycol, 40% increase in 
thermal conductivity for only 0.3% volume fraction of the 
solid dispersed [25]. Now it is well known that the thermal 
conductivity of the nanofluids is increased with increasing 
the volume faction of nano particle. Besides that it is found 
that, the thermal conductivity is increased with increasing 
the temperature of the nanofluids. Figure 4 and 5 show 
thermal conductivity increases with the increase of volume 
fractions and temperature respectively. 
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Figure 4 Thermal conductivity augmentations of 
nanofluids with different nanoparticles volume fraction 
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Figure 5 Thermal conductivity variations of nanofluids 
with different temperature 

D. Convection heat transfer coefficient of nanofluids 

Since thermal conductivity is the most important parameter 
responsible for enhanced heat transfer many experimental 
works been reported on this aspect. The researcher found 
that added nanoparticle in the base fluid is the best option to 
enhance the thermal conductivity. Convective heat transfer 
also most important parameter to enhance the heat transfer 
rate of fluids. Convective heat transfer coefficient of water, 
Cu-water, AI-water, AhOrwater and TiOTwater of 2% 
nanoparticle concentration has been calculated for counter 
flow heat exchanger that is shown in the Figure 6. It is 
found that convective heat transfer coefficient of Cu-water, 
AI-water, AI20rwater and TiOTwater nanofluids are 81%, 
63%, 66% and 64% higher compared to pure water 
respectively. Some experimental works also have been 
reported on this aspect. It is also found that the heat transfer 
coefficient increased with increasing the concentration of 
nanoparticle that is shown in Figure 7. Li and Xuan [18] 
and Li and Xuan [26] investigated experimentally the heat 
convection of nanofluids (i.e. deionized water with Cu 
particles) in a tube. The results proved that the nanofluids 
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convective heat transfer coefficient is higher and varied with 
velocity as well as nanoparticles volume fraction and 
Nusselt number also 60 % higher with 2% nanoparticles 
volume fraction. Yang et al. (2005) experimentally 
investigated coefficient convective heat transfer in a heat 
exchanger of horizontal tube and found 22 % higher at 2.5 
wt % fraction of nanoparticle. Heat transfer rate can be 
increased by using the fluids which thermal conductivity as 
well as convection heat transfer coefficient is higher . 
Eastman and Choi [27] reported that the heat transfer 
coefficient of water containing 0.9 vol.% of CuO 
nanoparticles was improved by > 15% compared with that of 
water without nanoparticles. Xuan and Li [18] measured the 
convective heat transfer coefficient of Cu-water nanofluids 
in turbulent flow. Their results show that the convective 
heat transfer coefficient of a nanofluid containing 2.0 vol. % 
of Cu nanoparticles was improved by > 39% compared with 
that of water without nanoparticles. In contrast to these 
studies, Pak and Cho [20] found that the convective heat 
transfer coefficient of water-based nanofluids with 3 vol.% 
AI203 and Ti02 nanoparticles was 12% smaller than that of 
pure water when tested under the condition of constant 
average velocity. Namburu et al. [28] numerically 
investigated turbulent flow and heat transfer of CuO, AI203 
and Si02 nanofluids in tube and found Nusselt numbers 
increases with increasing the nanoparticles volume fraction . 
It is also found that heat transfer coefficient of CuO 
nanofluid is higher compared to other nanofluids. 
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Figure 6 Convection heat transfer coefficient of 
nanofluids of a heat exchanger 

Zeinali et al. [29] experimentally investigated convective 
heat transfer of AI20rwater nanofluids in a circular tube 
and found increases of a heat transfer coefficients with 
increasing the nanoparticle. Yu et al. [30] conducted 
experiments by using silicon carbide nanofluids with 3.7 % 
volume fraction and found the heat transfer coefficients are 
50% to 60% higher compared to the base fluids. Kim et al. 
[31] investigated and found the heat transfer performances 
in a circular straight tube improved by 15% and 20% in 
laminar and turbulent flow, respectively. 
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Figure 7 Variation of cylinder liner surface heat-transfer 
coefficient as nanofluids concentration increases [6] 

E. Overall heat transfer coefficient of a heat exchanger by 
using nanofluids 

Overall heat transfer coefficient of a heat exchanger has 
been calculated by using the different type of fluids of 2% 
nanoparticle concentration that is shown in Figure 8. It is 
found that overall heat transfer coefficient of Cu-water, AI­
water, Al203-water and Ti02-water nanofluids are 23%, 
20%, 21 % and 20% higher compared to pure water 
respectively. 
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Figure 8 Overall heat transfer coefficient of the counter 
flow heat exchanger. 

Bai et al. [6] investigated cylinder body and found when the 
Cu nanoparticles concentration is 5%, the average heat 
dissipating capacity of the single cylinder is increased by 
43.9 % compared with pure water. These show that 
nanofluids have much stronger heat-transfecr capability than 
pure water. 

F. Losses in the heat exchanger 

Friction effect of nanofluids (i.e. pressure drop) is almost 
equal to base fluid for the equal flow velocity and does not 
vary with increasing volume fraction. Therefore, there is no 
effect of nanofluids (i.e. no penalty) on pumping power [4]. 
Bai et al. [6] investigated that fluid viscosity increases due 
to the nanoparticles. There was stronger frictional resistance 
during the fluid flow in the cooling jacket which is 
increased the pressure drop. Bai et al. [6] investigated the 
pump power reduction of an engine cooling system

. 
only 

increased by 6%, which is much less compared WIth a 
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43.9% increase of the heat dissipating capacity. 
Consequently, it is acceptable for the price of increasing a 
little pump power to increase heat-dissipating capacity 
sufficiently. Leong et al. [16] investigated and analysed of 
the pressure drop and pumping power for a radiator that is 
shown in Figures 9 and 10. The pressure drop is increased 
with increasing nanoparticles. Authors also revealed that 
pressure drop was 110.97 kPa for 2% copper nanoparticles 
compared to 98.93 kPa for the base fluid where the pumping 
power increases about 12.13%. 
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Figure 9 Effect of copper nanoparticle in the base fluid 
on pressure drop [16] 
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Figure 10 Effect of the copper nanoparticle in the base fluid 

on pumping power [16] 

Because of these effects, a thermodynamic analysis is 
essential for optimization of heat transfer and pressure drop. 
However, pressure drop is not so importance for heat 
exchanger as increasing efficiency that reduces dimensions 
and decreases production costs [9]. 

G. Impact and potential benefits of using nanofluids 

The impact and potential benefits of nanofluid technology 
are expected to be great due to the heat transfer performance 
of heat exchanging devices. The industrial sector has a need 
to reduce size and weight of heat exchanging equipment 
where nanofluids can be the potential candidate [3]. 
Nanofluid is a great potential option to support the current 
industrial trend for the component and system 
miniaturization by supporting the design (i.e. compact and 
light heat exchanging equipment). Miniaturized heat 
exchanging equipment reduce the inventory of heat transfer 
fluid and result in cost savings. Leong et al. [16] 
investigated a car radiator and estimated 18.7% reduces the 
air frontal area by using nanofluid of 2% copper 
nanoparticles. The high thermal conductivity of nanofluids 
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translates into higher energy efficiency, better performance, 
reduce energy consumption and lower operating costs. 
Benefits of heat transfer enhancement of reduce driving 
potential (i.e. required temperature difference) of the desired 
output, and reduced pumping power required for the desired 
output, smaller inventories of fluids, reduce weight and size 
of the thermal systems [4]. It is clear that nanofluids are the 
potential candidates for heat transfer enhancement and 
highly suited for practical application in the heat transfer 
processes. So, it is a great opportunity for engineers to 
design high compact and effective heat exchanging 
equipment [4]. 

IV. CONCLUSIONS 

In this study, it is found that the energy effectiveness of heat 
exchangers varied from 61 % to 71 %. Convective heat 
transfer coefficient of Cu-water, AI-water, Alz03-water and 
Ti02-water nanofluids are 81%, 63%, 66% and 64% higher 
compared to pure water respectively. Overall heat transfer 
coefficient of Cu-water, AI-water, AlzOrwater and TiOz­
water nanofluids are 23%, 20%, 21 % and 20% higher 
compared to pure water respectively. It could be concluded 
that, by using nanofluid the effectiveness of heat exchanger 
will be increased. 
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