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ABSTRACT Researches in heat transfer have been carried out over the previous several decades, leading to the develop-
ment of the currently used heat transfer enhancement techniques. Water and ethylene glycol as conventional 

coolants have been widely used in a compact heat exchanger for many years. These heat transfer fluids offer low thermal conductivity. 
With the advancement of nanotechnology, the new generation of heat transfer fluids called, “nanofluids” have been developed and 
researchers found that these fluids offer higher thermal conductivity compared to that of conventional coolants. This study is focused 
on the application of mixture of water (80%) and ethylene glycol (20%) based nanofluids (Cu, Sic, Al2O3, and TiO2) are presented 
in this article. Use of nanofluid as coolant in compact heat exchanger improves the effectiveness, cooling capacity with the reduction 
in pumping power. Effects of various operating parameters such as air inlet temperature, coolant inlet temperature, air and coolant 
mass flow rates, effectiveness, pumping power and exergy analysis are studied as well. SiC-80% H2O-20% EG (base fluid) yields best 
performance in compact heat exchanger having louvered fin geometry followed by Al2O3-base fluid, TiO2-base fluid and Cu-base 
fluid. The maximum cooling improvement for SiC is 18.36%, whereas that for Al2O3 is 17.39%, for TiO2 is 17.05% and for Cu is 13.41% 
as coolants and enhancement in second law efficiency for SiC is highest (21.89%) followed by Al2O3 (21.53%), TiO2 (21.3%), Cu 
(18.97%) nanofluids compare to base fluid as a coolant alone. Present study reveals that the nanofluids may effectively use as coolant 
in compact heat exchanger to improve the performance.

Analytical Performances Evaluation of 
Compact Heat Exchanger Using Nano-fluids
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NOMENCLATURE 
A	  total heat transfer area (Af +At), m2

Af	  fin surface area, m2
Al 	 louver surface area, m2
At 	 external tube surface area, m2
Dh 	 hydraulic diameter of fin array, mm
Dm 	 major diameter, mm
Fp 	 fin pitch, mm
Fd 	 fin depth.mm
Fl 	 fin length, mm
Ho 	heat transfer coefficient, W/m2 k
j 	 Colburn factor, dimensionless
k 	 thermal conductivity, W/m K
L 	 fin length for heat conduction from primary to Midpoint be	
	 tween plates for symmetric heating, mm
Lh 	 louver height, mm
Ll 	 louver length, mm
lp 	 louver pitch, mm
m 	 (√2ho/kf δf),m-1

C	  heat capacity rate, W/K
Cp	  specific heat J/kg K
C*	  Cp, min/Cp, max
DP	 pressure drop, Pa
EG	  ethylene glycol
Ex	 exergy (W)
f 	 fanning friction factor, dimensionless
G 	 mass velocity, kg/m2s
H	  total coolant flow length, m
NTU	  number of heat transfer units
Nu	Nusselt number
P	 pumping power
Pr	 Prandtl number
Re 	Reynolds number
t	 fin thickness, m
T	 temperature, K
U	 overall heat transfer coefficient W/m2 K
W	 mass flow rate
S1	 non-louvered inlet and exit fin regions, mm
S2 	 re-direction length, mm
σ 	 minimum free flow area/frontal area
ηf	 fin efficiency
ηo	 total surface temperature effectiveness
µ	 Dynamic viscosity, Ns/m2

ν	 volumetric flow rate, m3/s
ρ	 density, kg/m3

φ	 volume fraction of particles

ε	  heat exchanger effectiveness
α	  total one side of heat transfer area/total volume

Subscripts
fr	  frontal area
a	  air
nf	  nanofluids
f 	 fluid (base fluid)
p	  particles
in	  inlet
 
I.	 Introduction
To enhance the cooling rate by addition of fins is the earliest 
approach but this approach of increasing cooling rate already 
reached to their limit. It has been proven that conventional flu-
ids, such as water and EG have poor convective heat transfer 
performance and therefore high compactness and effectiveness 
of heat transfer systems are necessary to achieve the required 
heat transfer [1]. In recent years, extensive research has proven 
that nanofluids (a suspension of nanometer-sized metallic par-
ticles in a base fluid) are superior as a heat transfer agent over 
conventional fluids [2]. Nanofluids have the potential to reduce 
such thermal resistances, and the industrial groups that would 
benefit from such improved heat transfer fluids are quite varied. 
They include transportation, electronics, medical, food, defence, 
nuclear, space, biomedical and manufacturing of many types 
[3]. Recently there has been considerable research highlighting 
superior heat transfer performances of nanofluids in automo-
tive radiator. Leong et al. [2] reported that about 3.8% of heat 
transfer enhancement and almost 18.7% reduction of air frontal 
area is achieved by adding 2% copper nanoparticles at Reynolds 
number of 6000 and 5000 for air and coolant respectively. The 
performance of finned tube heating units with nanofluids has 
been compared mathematically with a conventional heat trans-
fer fluid which comprised of 60% EG and 40% water by Strand-
berg and Das [4]. Their model predicted an 11.6% increase in 
finned tube heating output under certain conditions with the 
4% Al2O3/60% EG nanofluid and an 8.7% increase with the 4% 
CuO/60% EG nanofluid compared to heating output with the 
base fluid. A three-dimensional laminar flow and heat transfer 
with two different nanofluids, Al2O3 and CuO, in an ethylene 
glycol and water mixture circulating through the flat tubes of 
an automobile radiator and evaluate their superiority over the 
base fluid studied by Das et al.[5], Their analyses showed sub-
stantial increase in the average heat transfer coefficient with 
concentration. The simulation of cooling effects of water, TiO2 
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nanofluid, Al2O3 nanofluid and CuO nanofluid have done by 
Peng et al. [6]. They showed that compared to water by using 
TiO2, Al2O3 and CuO nanofluid, the average surface heat trans-
fer coefficient is increased by 10.82%, 8.43% and 11.24%, and 
correspondingly the pump power is increased only by 1.06%, 
1.30% and 1.98%, respectively. Peyghambarzadeh et al. [1] ex-
perimentally performed the forced convection heat transfer in a 
car radiator and they reported that by the addition of only 1 vol. 
% of Al2O3 nanoparticle into the water or EG, an increase in Nus-
selt number of about 40% in comparison with the pure water 
and pure EG. However, the analytical analysis of louver finned 
tube radiator using nanofluid is scare.

In the present work, nanofluids have been taken as a coolant 
for compact heat exchanger such as automotive radiators, and 
numerically analyzed the radiator performance by considering 
louver fin geometry. Also the performance of radiator has been 
compared by considering different nanoparticle (Cu, SiC, Al2O3, 
TiO2) in a base fluid like 80% water-20% Ethylene glycol. Effects 
of various operating parameters such as air inlet temperature, 
coolant inlet temperature, air and coolant mass flow rates on 
radiator heat transfer, effectiveness, pumping power and irre-
versibility are studied as well.

II.	 Theoretical modeling and Simulation:
The automotive radiator which is of compact heat exchanger 
type is made of four major components, coolant inlet tank, out-
let tank, pressure cap and core. Coolant tanks are positioned ei-
ther on top and bottom of the core. The major sub components 
of the core are coolant tubes and fins. Flat tubes are more popu-
lar for automotive applications due to their lower profile drag 
compared with round tubes. Louver fin radiator consider in this 
study is illustrated in Fig.1-1c, whereas its dimension is shown 
in Table.1.

Figure 1a Plate and Tube Louver fin Geometry

The mathematical model has been developed based on first law 
of thermodynamics including heat transfer and fluid flow ef-
fects. Following assumptions have been made for analysis:

1)	 Properties of nanofluid as well as air assumed to be con-
stant.

2)	 Steady state process.
3)	 All the heat rejected from nanofluid absorbed by air flow 

inside radiator.
Initially, air side calculations were performed to determine air 
heat capacity, air heat transfer coefficient, fin efficiency and to-
tal surface temperature effectiveness. These data were needed 
to calculate heat exchanger effectiveness: NTU number and 
overall heat transfer coefficient for the nanofluids’ side calcula-
tion. The mathematical formulations are shown below.

Figure 1b Definition of geometrical parameters for a multi-lou-
vered fin heat exchanger.

Figure 1c Cross section of multi-louvered fin geometry.

1 Air side calculation 
(a)Air heat capacity rate, Ca can be expressed as:

,a a p aC W c=
			   (1)

Core mass velocity of air is expressed as
a
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(b) Heat transfer coefficient, ha can be expressed as	  
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Reynolds number expression for louver fin is [18]
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c) fin efficiency, ηf can be expressed as

tanh ml
ml

η = 			   (6)

Where,	

2 ahm
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= 		  (7)

(d) Total surface temperature effectiveness, can be expressed as 

( )1 1f
o f

A
A

η η= − − 		  (8)

2 Nanofluid side Calculation
The parameters needed for nanofluid side calculation are nano-
fluid heat transfer coefficient, nanofluid heat capacity rate. Heat 
transfer coefficient can be expressed as:

,

nf nf
nf

h nf

Nu k
h

D
= 		  (9)

Where,knf is calculated Koo & Sleinstruer relation [7]

Nusselt number for nanofluid is expressed as [8]

Nunf = 0.021(Renf)0.8(Prnf)0.5		  (10)

 Reynolds number expression for nanofluid is 

,Re nf h nf
nf

nf

G D
µ

= 			   (11)

Viscosity of nanofluid is calculated based on correlation from 
Maiga [9]

( )21 0.19 306nf fµ µ φ φ= − + 	  (12)
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Cp,nf and ρnf were calculated based on correlations obtained 
from Sarkar [3].

( ) , ,
,

1 f p f p p p
p nf

nf
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φ ρ φρ
ρ

− +
= 	 (13)

( )1nf f pρ φ ρ φρ= − + 		  (14)

Core mass velocity of coolant is expressed as
nf

nf
fr nf

W
G

A σ
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Prandtl number expression for nanofluid is 
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Heat capacity rate, Cnf can be expressed as:

nf nf pnfC W c= 			   (17)

Pressure drop can be expressed as:
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Where, the friction factor correlation of nanofluid [3], is given 
by
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3 Performance calculations: 

Overall heat transfer coefficient, based on air side can be ex-
pressed as bellow [8], where wall resistance and fouling factors 
are neglected: 
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 Number of heat transfer unit is expressed as 
,a fr a

a

U A
NTU

C
= 			   (21)

(a)Heat exchanger effectiveness for cross-flow unmixed fluid 
can be expressed as:

( )
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(b) Pumping power can be expressed as:

nf nfp v DP= × 			   (24)

Where,
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W
v

ρ
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(c) Total heat transfer rate can be expressed as:

( )min , ,nf in a inQ C T Tε= − 		  (26) 

4 Exergy analyses
The exergy fed to a heat exchanger is destroyed due to two main 
reasons: (i) Lack of thermal equilibrium arising out of finite 
temperature difference in and outside the apparatus and (ii) 
Dissipative effect of fluid friction (dissipative forces arising on 
account of fluid friction also contribute significantly to irrevers-
ibility, in the form of pressure drop).

The Guoy–Stodola theorem provides the basis for calculation 
of irreversibility in heat exchangers, which is the quantitative 
measure of the exergy loss in the process and is related to en-
tropy generation as

 0 genI T S=
 (27)

The above-mentioned contributions of exergy loss can be quan-

tified using second law of thermodynamics.

Assuming the working fluid follows ideal gas relation, the ex-
ergy loss by the hot fluid (nanofluid) is given by,
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Similarly, the exergy gain by cold fluid (air) is given by,
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At the outlet of the heat exchanger, pressure can be considered 
to be atmospheric.

The Second law efficiency is the ratio of the minimum exergy 
which must be consumed to do a task divided by the actual 
amount amount of exergy consumed in performing the task, is 
given by,

1a
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Ex Ex
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∆ ∆

			   (30)

5 Simulation procedures
For implementing the analysis, a computer program in C++ is 
developed for the compact heat exchanger. This program is 
useful in estimating the fluid properties at operating tempera-
tures, surface core geometry of cross flow heat exchanger, heat 
transfer coefficients, pressure drops, overall heat transfer coef-
ficients and heat transfer rate.

III VALIDATION AND INPUT PARAMETERS:
The simulation code has been validated from the result shown 
by Vasu [10]. About 5% error has been occurred during com-
parison of result for louver fin heat exchanger. 

 Description  Air Coolant

Fluid mass rate 10-20kg/s 4-6kg/s

Fluid inlet temperature 10-500C 80-1000C

Core Width 0.6m

Core height 0.5m

Core depth 0.4m

 
Table 1: Fluid parameters and Normal Operating conditions 

 Description  Air side  Coolant side
Fin pitch 4.46fin/cm
Fin metal thickness 0.01cm
Hydraulic diameter Dh 0.351cm 0.373cm
Min free flow area/frontal 
area σ 0.780 0.129

Total heat transfer area/total 
volume α 886 m2/m3 138 m2/m3

Fin area/Total area β 0.845

Table 2a: Surface core geometry of flat tubes, continuous fins 

Variant Sample
Source

Core
Type

Louver
Pitch, mm

Louver
Length,
mm

Louver
Angle(deg)

1 C&W(1) C 1.318 12.44 28

 
Table 2b: Surface core geometry of the louver fin heat ex-
changer Continued
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Fin 
pitch,
mm

Tube 
depth,mm

Fin 
depth,mm

Fin 
length,mm

Fin 
thikness,mm

1.8 22 22 16 0.16

Continued

Tube pitch ,mm Rows
of tubes Dh ,mm

21 1 3.069

Sample 
source

Fin 
Material

Louver
No

S1mm
Sl number

S2mm
C&W Al 12 1.815 2 2.55

 
Table 2c: Geometric Dimension of the louver fin 

1 La 28ᵒ

2 Fp 2 mm
3 Lp 1.2 mm
4 Fh 8 mm
5 Lh 6.5 mm
6 Ld 36.6 mm

Table 2d: Specification of multi-louvered fin parameters [19]

The compact heat exchanger such as radiator which is con-
sidered here is mounted on the present turbo-charged diesel 
engine of type TBD 232V-12 is cross flow compact exchanger 
with unmixed fluids in (Fig. 1). Radiator consists of 644 tubes 
make of brass and 346 continuous fins made of Aluminum alloy 
whose thermal conductivity is 177W/m K [14]. The common 
geometrical factors and operating conditions are described in 
the Tables 1 and 2-2d. Properties of base fluid and air are given 
in Table 3. Properties of nanoparticles are given in Table 4.

Thermal physical properties Base fluid Air
Density(kg/m3) 1008 1.1614
Specific heat (J/kg K) 4020 1007
Viscosity(N-s/m2) 0.0019 0.00001846
Conductivity(W/m K) 0.58

 
Table 3: Thermal physical properties of Base fluid (80%wa-
ter-20%etylene glycol) and Air

Thermal physical 
properties

Copper 
(Cu)

Silicon 
Carbide 
(SiC)

Alumina 
(Al2O3)

Titanium 
dioxide 
(TiO2)

Density(kg/m3) 8933 3160 3970 4157

Specific heat (J/kg K) 385 1340 773 692

Conductivity (W/m K) 401 350 40 8.4

Table 4: Thermal physical properties of nanoparticles [11]

IV RESULT AND DISCUSSION

Figure2 Effect of mass flow rate of air on cooling capacity 

and effectiveness
a)	 Influence of varying inlet air mass flow rate:
The variation of cooling capacity and effectiveness with air 
mass flow rate from 10 to 20 kg/s is shown in Fig.2 keeping con-
stant average values for other input data(mc=5kg/s, Tai=300C, 
Tnfi=900C). It has been found that with increase in mass flow 
rate of air, cooling capacity goes on increasing because of in-
creasing heat transfer coefficient and the effectiveness for cool-
ing is goes on decreasing. Also, cooling capacity and effective-
ness of nanofluids having base fluid of 80%water-20%EG is 
much higher as compared to 80%water-20%EG mixture only. 
On comparing cooling capacity and effectiveness using different 
nanofluids, it has been observed that nanofluid based on SiC, 
Al2O3, TiO2 exhibit almost same behavior and they have higher 
cooling capacity and effectiveness as compared to Cu based na-
nofluid. 

b)	 Influence of varying coolant mass flow rate:
For the variation of coolant mass flow rate Fig. 3 keeping 
constant average values for other input data (ma=15kg/s, 
Tai=300C, Tnfi=900C). It has been observed that both cool-
ing capacity and effectiveness goes on increasing and on 
comparing cooling capacity and effectiveness of nano-
fluid using base fluid 80%water-20%EG is much higher 
when only 80%water-20%EG mixture is used as a coolant. 

Figure 3 Effect of mass flow rate of coolant on cooling ca-
pacity and effectiveness

 

 
Figure 4 Effect of mass flow rate of coolant on Second law 
efficiency and pumping power

Result (Fig. 4) also shows that with the variation of coolant 
mass flow rate, Second law efficiency increases and the pump-
ing power requirement is also increase, but for the Comparision 
of nano-fluid with base fluid it has been found that requirement 
of pumping power is reduced for the use of nano-fluid. And also 
on comparing requirement of pumping power for different na-
no-fluids Cu based Nano-fluid requires less pumping power as 
compared with SiC, Al2O3,TiO2 based Nano-fluids. 
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c)	 Influence of varying inlet air temperature:
The variation of cooling capacity and effectiveness with air in-
let temperature is shown in Fig. 5 for (mc=5kg/s, ma=15kg/s, 
Tnfi=900C). As expected the heat transfer rate clearly decreases 
with air inlet temperature rise, as the cooling temperature dif-
ference is being reduced. It is interesting to point out that Nano-
fluid using 80%water-20%EG has higher cooling capacity than 
that of 80%water-20%EG as coolant. 

Figure 5 Effect of air inlet temperature on cooling capacity 
and effectiveness

d)	 Influence of varying coolant inlet temperature:
The variation of cooling capacity and effectiveness with 
coolant inlet temperature is shown in Fig.6 for (mc=5kg/s, 
ma=15kg/s, Tai=300C). As expected the heat transfer rate in-
creases with coolant inlet temperature rise due to increment 
in the cooling temperature difference. Also, for this variation 
study shows there is very little increment in the effectiveness. 

Figure 6 Effect of coolant inlet temperature on cooling ca-
pacity and effectiveness

e)	 Influence of varying volume fraction of Nano-particle:
This study observed that (Fig. 7) for the variation of volume 

fraction of nano-particle cooling capacity and effectiveness is 
increases up to 1% volume fraction and beyond that decrement 
in the effectiveness and cooling capacity was observed. Also 
with the increase in volume fraction second law efficiency in-
creases, where pumping power is decreased up to 2% volume 
fraction and beyond that increment in pumping power was 
observed(Fig.8). On comparing Cu based nanofluid requires less 
amount of pumping power.

Figure 7 Effect of volume fraction of nanoparticle on cool-
ing capacity and effectiveness

Figure 8 Effect of volume fraction of nanoparticle on pres-
sure drop and pumping power.

V CONCLUSIONS:
A detailed parametric studies on automotive radiator has been 
done by using ε –NTU method using four nanofluids (Cu, SiC, 
Al2O3, TiO2) in a base fluid 80%water-20%EG as a coolant for 
louvered fin geometry. Based on results and discussion, follow-
ing conclusion can be made:

Ø	 Cooling capacity and effectiveness increase with increase in 
mass flow rate of air and coolant. 

Ø	 Cooling capacity of radiator using nanofluid is greater than 
radiator using base fluid alone.

Ø	 Requirement of pumping power reduce with the use of na-
nofluid in radiator.

Ø	 Pumping power requirement decrease with the increase in 
volume fraction of nanoparticle up to 2%.

Ø	 Second law efficiency increases with the increase in coolant 
mass flow rate.
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