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Abstract 
A theoretical analysis of the influence of the flow of a coolant containing sil-
ver nanoparticle (Ag) in an automotive radiator is presented. The coolant fluid 
is composed of water or an aqueous solution of Ethylene-Glycol (EG50%) and 
silver nanoparticles. Ethylene glycol (EG) has been used in automobile radia-
tors for many years due to its compatibility with metals and its anti-cooling 
properties. Silver nanoparticles are being incorporated into the development 
of high-precision surgical equipment. It is shown that the rate of heat transfer 
increases significantly using silver nanoparticles and ethylene glycol and water. 
There is a maximum for heat exchange between fluids in all analyzed coolant 
flows—the maximum moves to higher airflow rates when the coolant flow 
rate is increased. However, the energy dissipation in the stream also increases, 
but the relationship between the energy dissipated in the flow and the energy 
transferred in the form of heat is low, which justifies the use of silver nano-
particles and ethylene glycol, or silver nanoparticles and water as a coolant in 
the automotive vehicle radiator. 
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1. Introduction 

The electrical and thermal optical properties of silver nanoparticles are being 

How to cite this paper: Cordeiro Junior, 
L.C. and Nogueira, É. (2020) Influence of 
the Coolant Flow Containing Silver Nano-
particles (Ag) from an Aqueous Solution 
Based on Ethylene Glycol (EG50%) on the 
Thermal-Hydraulic Performance of an Au-
tomotive Radiator. World Journal of Nano 
Science and Engineering, 10, 14-26. 
https://doi.org/10.4236/wjnse.2020.101002 
 
Received: February 12, 2020 
Accepted: March 16, 2020 
Published: March 19, 2020 
 
Copyright © 2020 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

 

DOI: 10.4236/wjnse.2020.101002  Mar. 19, 2020 14 World Journal of Nano Science and Engineering 
 

https://www.scirp.org/journal/wjnse
https://doi.org/10.4236/wjnse.2020.101002
https://www.scirp.org/
https://doi.org/10.4236/wjnse.2020.101002
http://creativecommons.org/licenses/by/4.0/


L. C. Cordeiro Junior, É. Nogueira 
 

incorporated into photovoltaic devices, biological, and chemical sensors. Con-
ductive inks use silver nanoparticles for their high electrical conductivity, stabil-
ity, and low sintering temperatures. The incorporation of silver nanowires is an 
exciting class of nanoparticles and is considered in possible applications of ad-
vanced technology [1]. 

Silver nanoparticles are used in clinical practice as antimicrobial and antifun-
gal agents, in the coating of medical devices (catheters) and as a dressing com-
ponent [2]. 

The development of nontoxic nanocomposite hydrogels containing silver na-
noparticles is an active area of research, and the synthesis of silver nanoparticles 
in microgels and hydrogels using various chemical methods has been docu-
mented in the literature [3]. 

Silver nanoparticles are one of the most vital and fascinating nanomaterials 
among several metallic nanoparticles that are involved in biomedical applica-
tions and other areas, including medical, food, health care, and industrial pur-
poses [4]. 

Remziye Güzel and Gülbahar Erdal present the methods of synthesis of silver 
nanoparticles in applications of electronic irradiation, laser ablation, chemical 
reduction, artificial biological techniques, photochemical processes, and micro-
wave processing [5]. 

Automotive companies invest considerable resources in research of all types 
and techniques that can optimize the energy performance of automotive radia-
tors [6]. 

M. J. Uddin et al. [7] demonstrated that nanofluids are designed by suspend-
ing medium-sized nanoparticles below 100 nm in traditional heat transfer fluids 
such as water, oil, and ethylene glycol. Nanofluids are considered to offer sub-
stantial advantages over conventional heat transfer fluids. 

Kohl Kai Liang Peter [8] investigates whether using nanofluids as a working 
fluid, as opposed to water, will reduce pipe dimensions in an industrial facility. 
One conclusion he came to is that while nanofluids have great potential to re-
place water, there are still many obstacles to get through. On the one hand, the 
cost of producing a nanofluid is very high. The viscosity of nanofluids tends to 
increase with increasing volume fraction. Finally, specific heat capacity decreases 
with increasing volume fraction, making nanofluids less suitable for refrigera-
tion applications. 

Water is the most used heat transfer fluid, and however, in cooling systems, it 
may be necessary to mix water with ethylene glycol to decrease freezing point 
and prevent ice formation. In-car radiators or industrial heat exchangers, the 
boiling point of water, can be changed by mixing ethylene glycol-based fluids 
[9]. 

Ethylene glycol (EG) has been used as an antifreeze in automobile radiators 
for many years because of its compatibility with metals. The mixture of ethylene 
glycol and water in various ratios like 30:70, 50:60, and 50/50, respectively, are 
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mostly used in automobiles. However, the low thermal conductivity of the fluids 
is a concern. A new class of heat transfer fluid named “nanofluid” that has en-
hanced thermal conductivity superior to the respective base-fluid has been pro-
posed. The thermal conductivity of nanofluids increases concerning concentra-
tion and temperature, which is highly desirable for heat transfer applications 
[10]. 

Manufacture of silver nanoparticles by repetitive irradiation of near-ultraviolet 
(UV) nanosecond laser pulses (355 nm, 5 ns) in an aqueous silver nitrate solu-
tion in the absence of stabilizing agents was reported. Silver nanocubes (AgNCs) 
were found to increase in size with longer laser irradiation times [11]. 

The result of the correlation between the concentration of nanoparticles and 
the temperature gradient at the outlet of a tube with fluid containing nanome-
ter-sized particles was presented. The base fluid is water reported. The 20 nm 
Al2O3 nanoparticle is mixed with base fluid with volume concentrations of 0.1%, 
0.2%, and 0.5% [12]. 

A set of parametric studies of heat dissipation carried out in automotive radia-
tors was presented. The objective was to determine, in a set of five heaters, which 
one had the best cooling performance. The researchers used the JB2293-1978 
wind tunnel test method for automobile radiators and tractors. The results show 
that the higher the fin phase, the better the cooling performance and material 
savings [13]. 

Application of CuO-water nanofluid with nanoparticle size of 20 nm and vo-
lume concentrations above 2% was presented. Chevrolet Suburban diesel engine 
radiator, under turbulent flow conditions, was analyzed numerically. The local 
convective heat transfer coefficients and the pumping power of the nanofluid 
flow in the heater were evaluated. The results show that the general heat transfer 
coefficient and the pumping power are, respectively, 10% and 23.8% more than 
that of the base fluid [14]. 

ÉLcio Nogueira [15] presents research on the addition of nanoparticles in a 
mixture of water and ethylene glycol considering, among others, Silver nanopar-
ticles (Ag) in a compact heat exchanger, finned flat tube type, used in automo-
tive radiator. It was demonstrated that heat transfer rate using nanofluids could 
be up to 2.7 times higher than the use of ethylene glycol and water, or pure water, 
for relatively low airflow, and nanoparticle of silver has the most considerable 
influence. He demonstrates that the dynamic viscosity of the coolant increases 
with the volume fraction of ethylene glycol and that the kinematic viscosity of 
silver is significantly higher than the kinematic viscosity of water, ethylene glycol, 
and other nanoparticles used. 

2. Objectives 

To analyze the influence of the coolant flow containing Silver nanoparticles (Ag) 
from an aqueous solution based on ethylene glycol (EG50%) on the ther-
mal-hydraulic performance of an automotive radiator. 
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3. Methodology 
3.1. Thermophysical and Geometrical Properties 

The experimental heat transfer rate and pressure drop were obtained by Ribeiro, 
L. N. [16] in the wind tunnel of Behr Brasil Ltda, a manufacturer of automotive ra-
diators. The geometric specifications of the heater and air properties are represented 
by Tables 01 and 02 in Elcio Nogueira [15]. 

Thermophysical properties of base fluid and nanoparticles of Silver are pre-
sented in Table 1 below. 

3.2. Theoretical Analysis 
3.2.1. Determination of Heat Transfer Rate 
The heat transfer rate depends on the overall heat transfer coefficient, which in 
turn depends on the heat transfer coefficients ha, and hw, on the airside and the 
waterside. To begin the calculations, it becomes necessary to determine the physi-
cal. However, the exit temperatures, in theory, are unknown a priori, and the av-
erage temperatures should be initially estimated. 

With the initially stipulated input and output temperatures, defined physical 
properties, and the geometric quantities of the exchanger supplied, we have, 

For the air: 

min

a a
a

a fr

m mG
A Aσ

= =                         (1) 

a ha
a

a

G DRe
µ

=                           (2) 

2 3a
a

a pa

hJ Pr
G c

=                          (3) 

The Prandtl number for air, Pra, is obtained by interpolating the data, valid for 
air as the ideal gas, published by Çengel and Boles ([17], p. 934): 
 
Table 1. Thermophysical properties of Water-Ethylene Glycol based fluids and nanopar-
ticle of Silver (Ag). 

SI Property 
Water 
H2O 

Ethylene Glycol EG50% 
Silver 

Ag 

1 
k 

W/(m∙K) 
0.605 0.4222 429 

2 
ρ 

kg/m3 1000 1058.33 10500 

3 
Cp 

J/(kg∙K) 
4184 3879 235 

4 
μ 

kg/m∙s 
4.78∙10−4 9.809∙10−4 - 

5 
ϑ 

m2/s 
10−6 0.9268∙10−6 - 

6 
∝ 

m2/s 
1.44∙10−7 1.0284∙10−7 1.74∙10-4 
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0
38 4

5

8

21.005351636 0.01292094145 2.524174317

5.074647769 1.564763295
a a

a

a

a

Pr d Tmed Tmed

Tmed Tmed

−

− −

= + +

− +
    (4) 

then, 

2 3
a pa

a
a

G c
h J

Pr
=                             (5) 

For water-based nanofluid properties we have: 

( )1nano particle wρ ρ ρ= ∅ + −∅                     (6) 

( )1 2.5nano wµ µ= + ∅                        (7) 

( )( )1nano particle particle w w nanoCp Cp Cpρ ρ ρ= ∅ + −∅            (8) 

( )( )
( )( )

3

2

2 2 1 0.1

2 1 0.1
particle w particle w

nano w
particle w particle w

k k k k
k k

k k k k

 + + − − ∅
 =
 + − + ∅ 

         (9) 

nano
nano

nano nano

k
Cp

α
ρ

=                       (10) 

where, Equation (7) is the Einstein equation, used for very dilute suspension, 
and ∅ is the volume fraction of nanoparticles. 

Other quantities associated with the flow are obtained by: 

( )4 nano
nano hnano nano

tubes

mRe D
N

µ
  

=   π
  

                (11) 

64 for 2100nano nano
nano

f Re
Re

= ≤                  (12) 

 
or 

( )( ) 2
0.79 1.69 for 2100nano nano nanof Ln Re Re

−
= − >           (13) 

Considering the flow regime of the Newtonian flow of a water-base nanofluid 
as completely developed, we have, for turbulent flow, approximately: 

0.8 0.40.023nano nano nanoNu Re Pr=                    (14) 

If the flow regime in the water-base nanofluid is laminar, it is used to interpo-
late the data of the Master Thesis of Nogueira, E. ([18], p. 130): 

0.3511653489 5 3
01.409019812 para 10 10nano nano nanoNu d Z Z− − −= ≤ <       (14.1) 

00.3395483303 3 2
01.519296981 para 10 10d

nano nano nanoNu d Z Z− − −= ≤ <      (14.2) 

2

3 4 5

6 10 7

10 8 2 1

10.8655 570.4671787 28981.67578

950933.9838 20237498.47 276705269.6

2340349265 1.112482493

2.269345238 para 10 10

nano nano nano

nano nano nano

nano nano

nano nano

Nu Z Z

Z Z Z

Z Z

Z Z− −

= − +

− + −

+ −

+ ≤

  (14.3) 
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2
0

3 4 5

6 7 8

9 1 0

5.261 19.93019048 139.4921627

605.9954034 1716.100694 3217.96875

3954.86111 3056.051587 1344.246031

256.2830687 para 10 10

nano nano nano

nano nano nano

nano nano nano

nano w

Nu d Z Z

Z Z Z

Z Z Z

Z Z−

= − +

− + −

+ − +

− ≤ =

  (14.4) 

Then, we have: 

nano
nano nano

hnano

kh Nu
D

=                         (15) 

It is necessary to determine the efficiency of the fin since there is a variation of 
temperature between the entrance of the plate of the exchanger (base of the fin) 
and its outlet: 

( )tgh mL
mL

η =                            (16) 

at where 

2 a amL h k t=                          (17) 

The efficiency of the fin is determined by: 

1η βη β′ = + −                           (18) 

at where 

Fin area
total area

β =                          (19) 

Then, we have: 

( )
1 1 1.0 1

a a med aleta w a nanoU h A K A A hη
= + +

′
              (20) 

at where 

2.0
a nano

med
A AA +

=                       (21) 

and 

water side heat transfer area
air side heat transfer area

w

a

A
A

=                (22) 

By the theory of effectiveness (ε-NUT) we have: 

min

a aA UN NTU
C

= =                        (23) 

The thermal capacities of air and nanoparticles water-based are calculated by: 

a a aC m Cp= ∗                          (24) 

And 

nano nano nanoC m Cp∗=                       (25) 

Cmin is the lowest value between the thermal capacities of water and air. 

( )min , ,h af c afQ C T Tε= −                      (26) 
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Ln
a total

QT
U A

∆ =                            (27) 

and 

teo
Ln

QQK
T

=
∆

                           (28) 

at where 

( ) ( )
1

0,22 0,78min min

max max

1 exp exp 1c cNTU NTU
c c

ε
−       = − − −    

       
      (29) 

according to Kakaç, S. ([19], p. 35). 

teoQK  is the theoretical value for the ratio between the heat transfer rate in 

the air and the mean logarithmic temperature difference—MLTD. 
With the heat transfer rate determined, as the first approximation, one can 

calculate the air and water exit temperatures, through the energy balance equa-
tions: 

( )min , ,h af c afQ C T Tε= −                     (30) 

and 

( ), ,a pa a af a efQ m c T T= −                     (31) 

The average outlet, air, and water temperatures can then be determined and 
compared to the initial set temperatures: 

The mean air and water temperatures can then be determined and compared 
to the initially defined temperatures: 

, ,
, 2

a af a ef
m a

T T
T

+
=                        (32) 

and 

, ,
, 2

nano af nano ef
m nano

T T
T

+
=                    (33) 

The values obtained for the heat transfer rate were compared and, if they are 
outside of an appropriate value, when compared with experimental values or 
empirical expressions, the calculations for thermophysical properties can be 
re-started, until a satisfactory convergence is obtained for the problem. 

3.2.2. Determination of Dissipated Power in Nanofluid Flow 

nano nano
nano

tubes nano

m PPot
N ρ

=
∆                          (33) 

2

5 2
8 nano tube nano

nano
nano

f L QP
Dh g

∆ =
π

                        (34) 

nano nano nanoPot Q P∆=                          (35) 

4. Results and Discussion 
In all the cases analyzed in this work, the maximum coolant inlet temperature is 
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equal to 100˚C, the maximum allowed outlet temperature for the coolant is 
equal to 95˚C. When the volume fraction of nanofluid is not specified, 0.05φ = . 

Figure 1 shows the results of the air outlet temperature as a function of coo-
lant flow rate, with the airflow rate as a parameter, with a volume fraction of sil-
ver nanoparticles equal to 0.05φ =  in aqueous Ethylene Glycol solution. 

The outlet temperature of the air is lower when the heat exchanger contains 
a fraction of ethylene glycol with silver particles, for a given airflow rate. For 
higher airflow rates, lower values for the outlet air temperature. The outlet tem-
perature of the air increases with increasing coolant flow rate, for a given airflow 
rate. 

Figure 2 shows the results of the outlet temperature of the coolant as a func-
tion of the coolant flow rate, with the airflow rate as a parameter. 

The outlet temperature of the coolant is lower when the heat exchanger con-
tains a fraction of ethylene glycol with silver particles, for a given airflow rate. 
For higher airflow rates, lower values for the outlet coolant temperature. The 
outlet temperature of the coolant increases with increasing coolant flow rate for 
a given airflow rate. The heat transfer is less for a lower mass flow rate of the re-
frigerant, for a given airflow, because the refrigerant fluid stays longer in the 
tube and absorbs more heat for less airflow, less heat exchange, and the conse-
quently higher refrigerant outlet temperature. 

It is essential to highlight concerning Figure 1 and Figure 2: the outlet tem-
perature of the air and the coolant fluid increases with the increase in the refri-
gerant flow rate, for a given airflow. The use of nanoparticles and ethylene glycol 
most significantly affects the outlet temperature of the refrigerant, improving 
thermal performance. 

Figure 3 shows the results of the average temperature of the coolant as a func-
tion of the coolant flow, with the airflow as a parameter. 
 

 
Figure 1. The temperature of the outlet air flow rate versus coolant 
flow rate. 
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Figure 2. The temperature of the outlet coolant flow rate versus 
coolant flow rate. 

 

 
Figure 3. The average temperature of the coolant flow rate versus 
coolant flow rate. 

 
The average temperature of the coolant is lower when the heat exchanger 

contains a fraction of ethylene glycol with silver particles, for a given airflow rate, 
because of the higher thermal diffusivity. For higher airflow rates, lower values 
for the outlet temperature. The average temperature of the coolant increases 
with an increasing coolant flow rate for a given airflow rate. It is observed, in this 
case, that when the airflow increases, the values of the average temperatures of 
the refrigerant fluid approach when using a given fraction of nanoparticle. 

From the results observed in Figure 3, for airflow rates equal to 2.0 kg/s and 
4.0 kg/s with nanoparticles, it is possible to anticipate that the indiscriminate in-
crease in airflow does not lead to a better performance of the heat exchanger. 
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It can be seen through Figure 4 that the heat transfer rate is higher for higher 
coolant flow rates, and that there is a maximum for heat exchange between the 
fluids, in all analyzed coolant flows—the maximum moves to higher airflow rates 
when the coolant flow rate is increased. There is no justification for increasing 
the airflow for given coolant flow, beyond the maximum heat transfer value. 

In Figure 5, the heat transfer rate increases with the inclusion of Ethylene 
Glycol and a fraction of Silver particles for all airflow rates. 

For higher values of airflow, the heat transfer does not suffer a significant in-
crease, and in extreme situations, refrigerant flow rates equal to 8.0 kg/s and 12 
kg/s there is a decrease in the heat transfer rate. 

Similarly, to that observed in Figure 4, there is a limit for increasing the air-
flow. 

Figure 6 and Figure 7 show results related to the dissipation of energy by the 
flow of the coolant. 

As already noted by Élcio Nogueira [15], in Figure 6, it can be observed that 
there is a flow laminarization process with an increase in the volume fraction of 
the nanoparticles. For higher values of the volume fraction of the nanoparticles, 
the laminarization process occurs for more upper coolant flow rates. The lami-
narization process occurs because the absolute viscosity of the refrigerant is higher 
for the higher fractions of nanoparticles. 

It can be seen through Figure 7 that there is no significant difference between 
the energy dissipation in the flow when comparing water flow and ethylene gly-
col without nanoparticles. 

The energy dissipation in the flow increases with the volume flow rate of the 
coolant in all cases. 

The power dissipated in the flow increases with the flow of the coolant, and 
with the increase in the fraction of silver nanoparticles. 
 

 
Figure 4. Dimensionalized heat transfer rate versus airflow. 
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Figure 5. Dimensionalized heat transfer rate versus coolant flow rate. 

 

 
Figure 6. Friction coefficient versus coolant flow. 

 

 
Figure 7. The power dissipated in the coolant flow versus volume flow. 
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5. Conclusions 

The results presented through theoretical, numerical, and graphic analysis demon-
strate that the use of ethylene glycol associated with silver nanoparticles results 
in high thermal performance for automotive radiators, and the coolant flow rate 
has a significant influence on the results. 

The results that corroborate the above conclusion are: 
1) The outlet temperature of the air and the coolant fluid increases with the 

increase in the refrigerant flow rate, for a given airflow. 
2) The use of nanoparticles and ethylene glycol most significantly affects the 

outlet temperature of the refrigerant, improving thermal performance. 
3) The heat transfer rate is higher for higher coolant flow rates, and there is a 

maximum for heat exchange between the fluids, in all analyzed coolant flows—the 
maximum moves to higher airflow rates when the coolant flow rate is increased. 

4) There is no justification for increasing the airflow for given coolant flow, 
beyond the maximum heat transfer value. 

Regarding the hydraulic performance of the radiator, using ethylene glycol and 
silver nanoparticles, the following conclusions were reached: 

1) There is a flow laminarization process with an increase in the volume frac-
tion of the nanoparticles. 

2) For higher values of the volume fraction of the nanoparticles, the laminari-
zation process occurs for more upper coolant flow rates. 

3) The power dissipated in the flow increases with the flow of the coolant, and 
with the increase in the fraction of silver nanoparticles. 
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