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In the present study, screening of various coolants (water, ethylene glycol, propylene glycol, brines, nanofluid, and sugarcane juice) for louvered fin automotive
radiator has been done based on different energetic and exergetic performance
parameters. Effects on radiator size, weight and cost as well as engine efficiency
and fuel consumption are discussed as well. Results show that the sugarcane
juice seems to be slightly better in terms of both heat transfer and pumping power
than water and nanofluid, whereas significantly better than ethylene glycol and
propylene glycol. For same heat transfer capacity, the pumping power requirement is minimum and vice-versa with sugarcane juice, followed by nanofluid, water, EG and PG. Study on brines shows an opportunity to use water+25% PG
based nanofluids for improvement of performance as well as operating range.
Replacement of water or brines by using sugarcane juice and water or water+25% PG based nanofluids will reduce the radiator size, weight and pumping
power, which may lead to increase in compactness and overall engine efficiency
or reduction in radiator cost and engine fuel consumption. In overall, both sugarcane juice and nanofluid seem to be potential substitutes of water. However,
both have some challenges such as long term stability for practical use.
Keywords: louvered fin tube radiator, sugarcane juice, nanofluid, performance,
size, cost

Introduction

Due to the increasing power requirement and the limited available space in the vehicles, it is extremely difficult to increase the size of the heat exchangers (HEX) placed in the
front of the vehicles. The overall aim of this study is to increase the performance of the automotive radiator. There are few methods which can applicable for that; by using various plate
fin heat transfer surfaces such as wavy fins, louvered fins, etc., by using high thermal conductive materials in the formation core of automotive radiator such as aluminum, Cu, graphite,
etc., by using coolant having low freezing point, high boiling point and high heat transfer
coefficient, and by changing the position of the heat exchanger. With respect to fin, the multilouvered fin has the highest heat transfer enhancement relative to pressure drop in comparison
with most other fin types [1]. An important aspect of louvered fin performance is the degree
to which the flow follows the louver. Flat tubes are more popular for automotive applications
due to their lower profile drag compared with round tubes. Louvered aluminum fins and flat
tubes are widely used in automotive radiator [2, 3].
*
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This study is focused on the searching of alternative heat transfer fluids for overall
performance improvement. To enhance the cooling rate, increasing the surface area by addition of fins is the earliest approach but this approach of increasing heat transfer already
reached to their limit. Water and water mixed with anti-freezing agents such as ethylene glycol (EG) and propylene glycol (PG) are the traditional coolants for automotive radiator. Recently nanofluid has been proposed as coolant for automotive radiator [4, 5]. However, operation and long term stability are major challenges for nanofluid [6]. Hence, the searching of
alternative fluid is not ending. In this respect, sugar cane juice, which has very similar freezing and boiling points with water (tab. 1), may be an alternative.
Table 1. Freezing and boiling temperatures of various fluids
Fluids

Freezing point

Boiling point

Water
EG
PG
Sugarcane juice

0 ºC
−59 ºC
−12.9 ºC
−12 ºC

100 ºC
187.4 ºC
197.3 ºC
107 ºC

In the present study, the energetic and exergetic performance analyses of louvered
fin and flat tube automotive radiator using various coolants (water, EG, PG, sugarcane juice
and Al2O3-water nanofluid) has been done. Effect of temperature on various coolant properties is also discussed. Effects of various operating parameters on the heat transfer rate, effectiveness, pumping power, performance index, and second law efficiency are discussed. Radiator performance by using water based EG and PG brines are studied as well.
Theoretical modeling and simulation

Louvered fin tube radiator considered here is cross flow type and the core portion
consists of vertical flat coolant tubes and multi-louvered fins, and its dimension as shown in
tab. 2 is taken from [7].
Table 2. Surface core geometry of flat tubes, continuous fins
Description
Core width, Wc
Core height, Hc
Core depth, Fd
Fin metal thickness
Hydraulic diameter
Tube thickness
Total heat transfer area/total volume
Louvered fin parameters

Air side

Coolant side
382 mm
491 mm
44 mm

0.8 mm
1.008 mm

3.378 mm
0.32 mm
926 m2/m3
175 m2/m3
s1 = s2 = 4.1, La = 25º, Lp = 0.9, Lh = 1, Fp = 2.6, Tp = 10,
Tw = 2.5, Ll = 6.8 (all in mm)

The formulation with various coolants is based on energy and exergy balance including heat transfer and fluid flow effects. The following assumptions have been made for
the modeling.
– Steady flow for both air and coolant.
– All the heat rejected from coolant absorbed by air-flow through radiator.
– Properties have been taken based on mean fluid temperature.
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For air-side heat transfer coefficient
calculation, different zones have been
considered as shown in fig. 1 and individual heat transfer coefficient of each zone
has been calculated and combined them.
Hence, air side heat conductance is given
by:
o ha Aa   f ,l hl Al   f , s1hs1 As1 

(1)

 f , s 2 hs 2 As 2  he Ae

where zonal heat transfer coefficients are
given by:
hl 

0.664ka a ul Rel0.5 Pra0.33

(2)

a

hs1 

hs 2 

Figure1. Geometric construction details of
louvered fin

0.664ka a uc Res10.5 Pra0.33

(3)

a
0.664ka a uc Res 20.5 Pra0.33

(4)

a

he  7.5411  2.61Ar  4.97 Ar2  5.119 Ar3  2.702 Ar4  0.548 Ar5 

ka
Dh,e

(5)

and fin efficiencies and other details are given in [7]. Now, air-side heat capacity rate is given
by:
Ca  a ua H cWc c p,a

(6)

Coolant-side heat transfer coefficient can be expressed:
hf 

Nu f kf
Dh,f

(7)

Where, Nusselt number for water, EG, PG and sugarcane juice are given by:
 ff 
 2  Ref Prf
 
Nu f 
f
1.07  12.7 f  Prf(2/3)  1
2

(8)

whereas Nusselt number for nanofluid is expressed [8]:
0.4
0:64788
Nu nf  0.0222  Re0.8

nf  60  Prnf 1  0.32178

where Reynolds number has been calculated using hydraulic diameter.

(9)
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The effective density and the effective specific heat of the nanofluid have been evaluated by:

nf  (1   ) bf   p

 c 

 (1   )   c p      c p 

(10)

p

(11)

nf  bf 1  0.19  306 2 

(12)

p nf

bf

Viscosity of nanofluid is given by [9]:

The effective thermal conductivity of the nanofluid has been evaluated using following equation [10]:
knf 

k p  2kbf  2(k p  kbf )(1   )3 
k p  2kbf  (k p  kbf )(1   )3 

kbf ,

  0.1

(13)

Now the coolant-side heat capacity rate is given by:
Cf  f Vf c p,f

(14)

Coolant pressure drop is given by:
pf 

G 2f ff H c
D 
2 f  h,f 
 4 

(15)

where the friction factor has been calculated from suitable correlations [8, 11].
Now overall heat transfer coefficient is given by:
1
1
1


UA o ha Aa hf Af

(16)

Effectiveness for cross flow unmixed fluid is given by [11]:
 NTU 0.22

exp  C * NTU 0.78  1 
*
 C


  1  exp 

(17)

Total heat transfer rate is given by:
Q   Cmin Tf ,in  Ta,in 

(18)

Coolant pumping power is given by:
P  Vf pf

(19)

Now, the performance index can be defined by:
PI 

Q
P

The exergy loss by the coolant is given by [4]:

(20)
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(21)

whereas the exergy gain rate by air is calculated by [4]:

T
& p ln  out
Exa  Q  T0  mc

 Tin

 p 

& ln  in  
  mR

 pout   a

(22)

Now irreversibility and second law efficiency are given by, respectively:
I  Exf  Exa

 II 

Exa
Exf

(23)
(24)

For implementing the analysis, an engineering equation solver code was written for
the studied louvered fin radiator. Thermophysical and transport properties of both air and
coolants have been calculated based on mean temperature. As the exit temperatures are output
parameters of simulation, iteration has been done to use of mean temperature based properties. In-build subroutines have been used for the temperature dependent properties of water
(for nanofluid also) and air. Web site based data set has been used for the temperature dependent properties of EG and PG. Temperature dependent properties of sugarcane juice have
been taken from research work by [12, 13]. Properties of alumina nanoparticles have been
taken from [4]. Particle volume fraction in Al2O3-water nanofluid has been taken as 1.5%.
The numerical code has been verified with experimental data [7]. A comparison is
shown in fig. 2 for variations of heat transfer rate and water inlet temperature with inlet air
velocity for same geometry and operating conditions, Ta,in = 20.3 °C, Tf,in= 80 °C, and Vf = 120
liter per minute. Similar trend has been observed and showed maximum 3% and 2% deviations between the predicted and experimental data for heat transfer rate and
water outlet temperature, respectively.
Results and discussion

Variations of heat transfer coefficient
and friction factor with temperature are
shown in figs. 3 and 4, respectively, for
mass velocity of 5000 kg/m2s and hydraulic diameter of 0.01 m. As shown,
the heat transfer coefficient of sugarcane
juice highly increases as the temperature
increases compared to others and this is
only due to fast decrease of viscosity.
Hence, Al2O3-water and water are having higher heat transfer coefficient at
lower temperature, whereas sugarcane is
having higher heat transfer coefficient Figure 2. Validation of simulation code with
at higher temperature (approximately experimental data [7] for water
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above 60 °C). On the other hand, friction factor of PG is higher as compared to other coolants.
Although, sugarcane juice is having higher friction factor at lower temperature but at higher
temperature it decreases highly as compared to water. Hence, the sugarcane juice is better
than other fluids in terms of both heat transfer and pressure drop at higher temperature. In
general, the automotive radiator is operated at coolant mean temperature of above 60 °C and
hence it is expected to get better performance with sugarcane juice. This interesting fact has
motivated the present simulation study using sugarcane juice as automotive engine coolant.
However, boiling of water in sugarcane juice may start at 91-95 °C leading to change of characteristics [14] and hence it is safe to use sugarcane juice as coolant for sensible heating up to
about 91 °C. For the simulation, coolant inlet temperature, air inlet temperature and air frontal
velocity have been taken as 90 °C, 30 °C, and 10 m/s, respectively. Aluminum alloy of thermal conductivity 177 W/mK has been taken as fin materials.

Figure 3. Variation of heat transfer coefficient
with temperature

Figure 4. Variation friction factor with
temperature

Variations of the heat transfer rate, effectiveness, pumping power, performance index and second law efficiency with various coolant volume flow rate are shown in figs. 5-9. It
has been observed that heat transfer rate, effectiveness and pumping power goes on increasing
with coolant flow rate due to dual effects of heat transfer coefficient and heat capacity increments and sugarcane juice yields slightly better heat transfer rate and effectiveness than water
and nanofluid, whereas significantly better than EG and PG mainly due to lower dynamic
viscosity. On the other hand, due to same reason, pumping power of sugarcane juice is slightly lower than water and nanofluid, whereas significantly lower than EG and PG. As a result,
sugarcane juice yields slightly better performance index and second law efficiency than water
and nanofluid, whereas significantly better than EG and PG. However, performance index
highly decreases (as the effect of flow rate on pumping power is more predominant than that
on heat transfer rate), whereas second law efficiency increases with increase in coolant volume flow rate for all studied coolants. Performance characteristic of various coolant is illustrated in fig. 10. For same heat transfer capacity, the pumping power requirement is minimum
with sugarcane juice, followed by nanofluid, water, EG and PG. Similarly, for same pump
power supply, heat transfer rate is maximum with sugar cane juice, followed by nanofluid,
water, EG and PG.
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Figure 5. Variation of heat transfer rate with
coolant volume flow rate

Figure 6. Variation of heat exchanger
effectiveness with coolant flow rate

Figure 7. Variation of pumping power with
coolant flow rate

Figure 8. Variation of performance index with
coolant flow rate

Figure 9. Variation of second law efficiency
with coolant flow rate

Figure 10. Performance graph
(heat transfer rate with pumping power)

Sahoo, R. R., et al.: Performance Comparison of Various Coolants for...
THERMAL SCIENCE: Year 2017, Vol. 21, No. 6B, pp. 2871-2881

2878

Variations of heat transfer rate, effectiveness, pumping power, and performance index with EG or PG mass faction in water based brines are shown in figs. 11 and 12. With
increase in mass fraction, the heat transfer rate and effectiveness gradually decrease for EG,
whereas, for PG, it seems to be decreases initially, then increases and again decreases by
yielding some maximum values corresponding to optimum mass fraction of about 25%. This
abnormal behavior of performance with PG mass fraction may be due to the typical change of
dynamic viscosity. It may be noted that the performance values are similar to that with pure
water. Due to same reason (viscosity change behavior), pumping power yields minimum value at about 25% whereas as increases continuously for EG. As a results, performance index
decreases monotonically for EG with mass fraction whereas decreases, increases and again
decreases with PG mass fraction yielding maximum value at about 25% mass fraction.

Figure 11. Variation of heat transfer rate and
effectiveness for brines

Figure 12. Variation of pumping power and
performance index for brines

Comparison of various fluids are summarized in tab. 3 coolant volume flow rate of
120 lpm and air frontal velocity of 10 m/s. As shown, sugarcane juice yields maximum performance followed by Al2O3-water nanofluid, water +25% PG and water. Recent many studies showed 5-10% radiator performance improvement using nanofluid. Hence, it seems to be
similar radiator performance by using nanofluid and sugarcane juice. Furthermore, there is
another opportunity to use water+25% PG based nanofluids for performance improvement of
radiator. However, both sugarcane juice and nanofluids have some challenges such as long
term stability to use in radiator.
Table 3. Performance comparison of various heat transfer fluids (coolants)
Water

EG

PG

Nanofluid
(ϕ = 1.5%)

Water +
25% EG

Water +
25% PG

Sugarcane
juice

Heat transfer rate, [kW]

56.96

39.85

35.56

57.58

54.54

56.92

58.01

Effectiveness, [%]

44.88

31.40

28.02

45.26

42.97

44.85

45.70

Pumping power, [W]

1.526

3.921

4.361

1.572

1.961

1.449

1.350

Performance index

37334

10164

8155

39573

27812

39276

42963

Second law efficiency, [%]

25.93

17.88

15.71

26.07

24.77

25.89

26.33

Parameters
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Reduction in size and weight of the radiators are among the achievements of this
type of researches. In addition to reducing the production cost, better designation of cars are
possible when the radiator becomes smaller in size. On the other hand, better cooling has
positive effects on fuel consumption and the amount of fuel consumption decreases. Compared to water, the coolant flow rate and pumping power reduce by 13% and 41%, respectively, by using sugarcane juice, whereas, only 5% both by using alumina nanofluid for same
cooling capacity and radiator size, fig. 13. Reductions of coolant flow rate and pumping power lead to decrease of coolant cost and increase of overall engine efficiency or decrease of fuel
consumption, respectively. On the other hand, for same cooling capacity and mass flow rate,
the radiator size and pumping power reduce by 2.5% and 13.5%, respectively, by using sugar-cane juice, whereas, about 2% both by using alumina nanofluid compared to water, fig. 14.
Reduction of radiator size may lead to compactness as well as decrease of radiator weight and
cost. As discussed earlier, values of aforementioned effects may change by using other nanofluids.
However, in overall, both sugarcane juice and nanofluids are potential substitutes of water.

Figure 13. Comparison for same heat transfer
rate and radiator size

Figure 14. Comparison for same heat transfer
rate and mass flow rate

Conclusions

The energetic as exergetic performance analyses of louvered fin and flat tube automotive radiator have been done using various coolants (water, EG, PG, water-EG brine, water-PG brine, sugarcane juice, and Al2O3-water nanofluid). Based on the results and discussion, the following conclusions can be made.
 Sugarcane juice yields better heat transfer and pressure drop characteristics at higher
temperature (approximately above 60 °C).
 Heat transfer rate, effectiveness, pumping power and exergetic efficiency go on increasing whereas performance index goes on decreasing with coolant flow rate.
 Sugarcane juice is slightly better in terms of both heat transfer pumping power than water
and nanofluid, whereas significantly better than EG and PG.
 For same heat transfer capacity, the pumping power requirement is minimum and viceversa with sugarcane juice, followed by nanofluid, water, EG and PG.
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For brines, performance index decreases monotonically with EG mass fraction whereas
decreases, increases and again decreases with PG mass fraction yielding maximum value
at about 25% mass fraction.
There is an opportunity to use water+25% PG based nanofluids for improvement of performance as well as operating temperature range of radiator.
Compared to water, the coolant flow rate and pumping power reduce by 13% and 41%,
respectively, by using sugarcane juice, whereas, only 5% both by using alumina nanofluid
for same cooling capacity and radiator size.
For same cooling capacity and mass flow rate, the radiator size and pumping power reduce by 2.5% and 13.5%, respectively, by using sugarcane juice, whereas, about 2% both
by using alumina nanofluid compared to water.
Use of sugarcane juice, water or water+25%PG based nanofluids may lead to reduction in
radiator size, weight and cost, and engine fuel consumption.

Nomenclature
– heat transfer area, [m2]
– aspect ratio of end region
– heat capacity rate, [WK–1]
– heat capacity ratio
– specific heat, [Jkg–1K–1]
– hydraulic diameter, [m]
– exergy gain or loss rate, [W]
– fin depth in flow direction, [m]
– fin pitch, [mm]
– friction factor
– mass velocity, [kgm–2s–1]
– heat transfer coefficient, [Wm–2K–1]
– irreversibility, [W]
– thermal conductivity, [Wm–1K–1]
– louver angle, [º]
– louver height, [mm]
– fin length, [mm]
– louver pitch, [mm]
m
– mass flow rate, [kgs–1]
NTU – number of heat transfer units
Nu
– Nusselt number
P
– pumping power
PI
– performance index
Pr
– Prandtl number
p
– pressure, [Pa]
∆p
– pressure drop, [Pa]
Q
– heat transfer rate, [W]
R
– gas constant, [Jkg–1K–1]
Re
– Reynolds number
s1, s2 – non-louvered fin zone
A
Ar
C
C*
cp
Dh
∆Ex
Fd
Fp
f
G
h
I
k
La
Lh
Ll
Lp

T
Tp
Tw
T0
U
u
V

– temperature, [K]
– tube pitch, [mm]
– tube width, [mm]
– dead state temperature, [K]
– overall heat transfer
coefficient, [Wm–2K–1]
– fluid velocity, [ms–1]
– volume flow rate, [lpm]

Greek symbols
ε
– heat exchange effectiveness
ηf
– fin efficiency
ηo
– total heat transfer surface effectiveness
ηII
– second law efficiency
µ
– fluid viscosity, [Nsm–2]
ρ
– fluid density, [kgm–3]
f
– nanoparticle volume fraction
Subscripts
a
– air
bf
– base fluid
c
– core
e
– non-louvered zone
f
– fin, fluid (coolant)
l
– louvered zone
in
– inlet
min
– minimum
nf
– nanofluid
out
– outlet
p
– nanoparticle

References
[1] Yan, W. M., Sheen, P. J., Heat Transfer and Friction Characteristics of Fin and Tube Heat Exchangers,
International Journal of Heat & Mass Transfer, 43 (2000), 9, pp. 1651-1659
[2] Torregrosa, A. J., et al., Assessment of the Influence of Different Cooling System Configurations on
Engine Warm-Up, Emissions and Fuel Consumption, International Journal of Automotive Technology, 9
(2008), 4, pp. 447-458

Sahoo, R. R., et al.: Performance Comparison of Various Coolants for...
THERMAL SCIENCE: Year 2017, Vol. 21, No. 6B, pp. 2871-2881

2881

[3] Karthik, P., et al., Experimental and Numerical Investigation of a Louvered Fin and Elliptical Tube
Compact Heat Exchanger, Thermal Science, 19 (2015), 2, pp. 679-692
[4] Sarkar, J., Tarodiya, R., Performance Analysis Of Louvered Fin Tube Automotive Radiator Using
Nanofluids As Coolants, International Journal of Nanomanufacturing, 9 (2013), 1, pp. 51-65
[5] Ali, H. M., et al., Heat Transfer Enhancement of Car Radiator Using Aqua Based Magnesium Oxide
Nanofluids, Thermal Science, 19 (2015), 6, pp. 2039-2048
[6] Sarkar, J., et al., A Review on Hybrid Nanofluids: Recent Research, Development and Applications,
Renewable & Sustainable Energy Reviews, 43 (2015), Mar., pp. 164-177
[7] Vaisi, A., et al., Experimental Investigation of Geometry Effects on the Performance of a Compact
Louvered Heat Exchanger, Applied Thermal Engineering, 31 (2011), 16, pp. 3337-3346
[8] Vajjha, R. S., et al., Development of New Correlations for Convective Heat Transfer and Friction Factor
in Turbulent Regime for Nanofluids, Int. J. Heat Mass Transfer, 53 (2010), 21-22, pp. 4607–4618
[9] Maiga, S. E. B., et al., Heat Transfer Behaviours of Nanofluids in a Uniformly Heated Tube, Superlattices Microstructures, 35 (2004), 3-6, pp. 543-557
[10] Yu, W., Choi, S. U. S., The Role of Interfacial Layers in the Enhanced Thermal Conductivity of
Nanofluids: A Renovated Maxwell Model, Journal of Nanoparticle Research, 5 (2003), 1-2, pp. 167-171
[11] Leong, K. Y., et al., Performance Investigation of an Automotive Car Radiator Operated with NanofluidBased Coolants (Nanofluid as a Coolant in a Radiator), Applied Thermal Engineering, 30 (2010), 17-18,
pp. 2685-2692
[12] Filho, Z. A., et al., Thermophysical Properties of Industrial Sugar Cane Juices for the Production of
Bioethanol, J. Chem. Eng. Data, 55 (2010), 3, pp. 1200-1203
[13] Filho, Z. A., et al., Rheology and Fluid Dynamics Properties of Sugarcane Juice, Biochemical Engineering Journal, 53 (2011), 3, pp. 260-265
[14] Tiwari, G. N., et al., Evaluation of Convective Heat and Mass Transfer for Pool Boiling of Sugarcane
Juice, Energy Conversion Management, 45 (2004), 2, pp. 171-179

Paper submitted: February 19, 2015
Paper revised: December 17, 2015
Paper accepted: December 20, 2015

© 2017 Society of Thermal Engineers of Serbia.
Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia.
This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.

