
The International Journal of Engineering and Science (IJES) 

|| Volume || 8 || Issue || 11 || Series III || Pages || PP 01-13|| 2019 || 

ISSN (e): 2319 – 1813 ISSN (p): 23-19 – 1805 
 

DOI:10.9790/1813-0811030113                                   www.theijes.com                                                     Page 1 

Thermal Performance of Ethylene-Based Aqueous Solutions 

Containing Silver (Ag), Copper Oxide (Cuo), Aluminum Oxide 

(Al2o3) or Titanium Dioxide (Tio2) Nanoparticles in A Finned Flat 

Tube Compact Heat Exchanger (Automotive Radiator) 
 

Élcio Nogueira1 

1Department of Mechanics and Energy - DEM, FAT / UERJ, Brazil 

 

--------------------------------------------------------ABSTRACT----------------------------------------------------------- 

The theoretical model (ε-NTU) was developed for the thermal performance of water, ethylene glycol water 

mixture and aqueous ethylene-based nanofluid solution. The nanoparticles used in this work are silver (Ag), 

aluminum oxide (Al2O3), copper oxide (CuO) and titanium dioxide (TiO2). The relevance of using nanofluids 

specifically for a finned flat tube heat exchanger (automotive radiator) within the temperature range specified in 

the analysis is demonstrated by analyzing the heat exchange between the fluids. The maximum heat transfer rate 

using nanofluids can be up to 2.7 times higher than the use of 50% ethylene glycol and water, or pure water, for 

relatively low airflow. There is a maximum point of heat exchange in low airflow, where the properties of 

nanoparticles have a greater influence as a function of the high thermal diffusivity when compared to the water 

diffusivity. The heat transfer rate for high airflows approaches a single value, whatever the type of nanoparticle 

used, at a volume fraction of 0.05, reflecting the greater influence of the convection process. 
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I. INTRODUCTION 
This is a research related to the addition of nanoparticles in an aqueous mixture of water and ethylene 

glycol. Results for ethylene glycol properties, tube, and air outlet temperatures, and heat transfer rates were 

obtained by considering the addition of silver (Ag), copper oxide (CuO), aluminum oxide (Al2O3) and dioxide of 

titanium (TiO2). 

Research involving compact heat exchangers of all types, mainly car radiators, has been developed 

over the years and automotive companies invest high resources in all sorts of techniques that can optimize 

energy performance[1]. 

Élcio Nogueira [2] presents a theoretical thermohydraulic performance analysis of a compact heat 

exchanger, type finned flat tube, used in automotive radiator performed in based water nanofluids. The theory of 

effectiveness (ε-NTU), and experimental data for water flow are used for comparison. Results were obtained for 

air and water outlet temperatures, heat transfer hate, the pressure drop in finned channels and tubes, as a 

function of the volume fraction of the oxides. The laminarization effect of the flow was observed in the analysis, 

and it is more significant with increasing the volume fraction of oxide. 

Water is the most commonly used heat transfer fluid, however, in cooling systems, it may be necessary 

to mix water with ethylene glycol to decrease freezing point and prevent ice formation. In fact, in-car radiators 

or industrial heat exchangers, the boiling point of water can be changed by mixing ethylene glycol-based 

fluids[3]. 

M.J. Uddin et al. [4] demonstrated that nanofluids are designed by suspending medium-sized 

nanoparticles below 100 nm in traditional heat transfer fluids such as water, oil and ethylene glycol. Nanofluids 

are considered to offer important advantages over conventional heat transfer fluids. 

C. Selvam et al. [5] report the thermophysical properties of ethylene glycol and water mixture-based 

silver nanofluids. 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 mostly used in automobiles. However, the low thermal conductivity of the 

fluids is a concern. To overcome this, a new class of heat transfer fluid named “nanofluid’ that has enhanced 

thermal conductivity superior to the respective base-fluid has been proposed.   They conclude that the thermal 

conductivity of nanofluids increases with respect to concentration and temperature which is highly desirable for 

heat transfer applications.  
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Kohl Kai Liang Peter [6] 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 replace 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 refrigeration applications. 

Xiaoze Du et al. [7] perform numerical simulations to study the fluid transfer and flow characteristics 

of a liquid-cooled water/glycol mixture heat sink as a working refrigerant. They conclude that the water/glycol 

has an ideal operating temperature to provide maximum cooling performance. 

M. Chandra Sekhara Reddy [8] demonstrated experimentally that heat transfer coefficients in a 

commercial automobile, with the presence of ZnO nanoparticles in the range of 0.01% to 0.035% based on 

volume, in 40/60% EG/W, can improve the rate of heat transfer. At the concentration of 0.035%, the 

improvement in heat transfer was measured to be 10.02% over the base fluids. 

 

II. OBJECTIVES 
 To analyze the thermal performance of ethylene glycol in relation to the use of pure water in a compact 

flat finned tube heat exchanger (automotive radiator). 

 To analyze the thermal performance of ethylene glycol (AG50%) associated with a silver (Ag), 

aluminum oxide (Al2O3), copper oxide (CuO) and titanium dioxide (TiO2) nanoparticles in a compact 

finnedtube heat exchanger (automotive radiator). 

 

III. METHODOLOGY 
 The experimental data relevant to the comparisons, heat transfer rate, were obtained for water by 

Ribeiro, L.N. [9] in the wind tunnel of Behr Brasil Ltda, the constructor of automotive radiators, are represented 

by Tables1 and 2. Thermophysical properties of ethylene-based aqueous solutions and nanoparticles are 

presented in Tables 3 and Table 4. 

 

Table 1 - Dimensions of a finned flat tubes heat exchanger 
Features Value 

Heat Exchanger Width 396 mm 

Heat Exchanger Height 436 mm 

Heat Exchanger Thickness 55 mm 

Dimensions of tubes 13.3 x 2.6 x 448 mm 

The wet perimeter of each tube 31.8 mm 

Hydraulic diameter 4.36 mm 

Number of pipe rows 3 

Tubes per row 43 

Total number of tubes 129 

Cross-tube spacing 8.8 mm 

Distance between tubes 18.3 mm 

Thickness of fins 0.05 mm 

Spacing between fins 2.8 mm 

Number of fins 155 

Dissertation of Ribeiro, L.N. (2007; Behr Brasil Ltda) [9] 

 

Table 2 – Initial thermophysical properties of air 
Property Value 

Cp 1.008 kJ/(kg . K) 

k 28.816 W/(m . K) 

ν 19.31 10-6 m2/s 

ρ 1.048 kg/m3 

Pr 0.702 

Dissertation of Ribeiro, L.N. (2007; Behr Brasil Ltda) [9] 
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Table 3 – Thermophysical properties of Water-Ethylene Glycol based fluids 
SI Property Water 

  H2O 

Ethylene Glycol 

EG20% 

Ethylene Glycol 

EG30% 

Ethylene Glycol 

EG50% 

1 k  

W/(m . K) 

0.605 0.5068 0.5539 

 

0.4222 

2 ρ 

kg/m3 

1000 1018.88 1033.57 1058.33 

3 Cp  

J/ (kg . K) 

4184 4010 3580 3879 

4 μ 

kg/m.s 

4.78 10-4 5.278 10-4 7.896 10-4 9.809 10-4 
 

5 ϑ 

m2/s 

10-6 0.5180 10-6 0.7639 10-6 0.9268 10-6 

6 ∝ 

m2/s 

1.44 10-7 1.2404 10-7 1.4969 10-7 

 

1.0284 10-7 

 

Table 4 - Thermophysical properties of nanoparticles 
SI Property Silver 

Ag 

Titanium 

Oxide TiO2 

Copper  

Oxide CuO 

Aluminum 

  Al2O3 

1 k  
W/(m . K) 

429 8.95 400 31.92 

2 ρ 

Kg/m3 

10500 4250 8933 3950 

3 Cp  

J/ (Kg . K) 

235 686 385 873.34 

4 μ 

Kg/m s 

- - - - 

5 ϑ 

m2/s 

- - - - 

6 ∝ 

m2/s 

1.74 10-4 3.07 10-6 1.16 10-4 0.93 10-6 

 

 In order to compute the experimental data, interpolations were performed within the available Reynolds 

number range and equations were used by Élcio Nogueira, André Aroucha e Fernando Lamim [10] and Élcio 

Nogueira [2].  

The interpolations of the experimental data are used to obtain the equations for the dimensionless Colbourn 

Factor J [2]. 

 

Theoretical analysis 

Determination of ethylene-based aqueous solution properties 

The properties of the ethylene-based aqueous solution are obtained by the expressions below: 

ρsolution = ρEG%V + (1 − V)ρw                                                                                                                                        (01) 

μsolution = μEG%V + (1 − V)μW                                                                                                                                       (02) 

Cpsolution = CpEG%V + (1 − V)Cpw                                                                                                                                (03) 

ksolution = kEG%V + (1 − V)Kw                                                                                                                                        (04) 

αsolution =
ksolution

ρsolutionCpsolution

                                                                                                                                           (05) 

ϑsolution =
ρsolution

μsolution

                                                                                                                                                             (06) 

Prsolution =
αsolution

ϑsolution

                                                                                                                                                           (07) 

where V and Eg% are the volume fraction percent of nanoparticles and weight fraction percent of Ethylene 

Glycol, respectively. 

 

Determination of heat transfer rate 

 The theoretical determination of 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, 

respectively. 

  To begin the calculations, it becomes necessary to determine the physical properties in the function of 

the average temperatures of the fluids. However, the exit temperatures, in theory, are unknown a priori, and the 

average temperatures should be initially estimated. 
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With the initially stipulated output temperatures, defined physical properties, and the geometric quantities of the 

exchanger supplied, we have, 

For the air: 

Ga =
ma

Amín

=
ma

σaAfr

                                                                                                                                                              (08) 

Rea =
GaDha

μa

                                                                                                                                                                          (09) 

J =  
ha

Gacpa

Pra
2/3                                                                                                                                                                   (10) 

The Prandtl number for air, Pra, is obtained by interpolating the data, valid for air as the ideal gas, published by 

Çengel and Boles [11; page 934]: 

Pra = 1.005351636d0 + 0.01292094145Tsa + 2.524174317−5Tsa2 − 5.074647769−8Tsa3 

+1.564763295−8Tsa4                                                                                                                                                         (11) 

then, 

ha = J
Gacpa

Pra
2/3

                                                                                                                                                                          (12) 

For water ethylene-based nanofluid properties we have: 

ρnano = ∅ρparticle + (1 − ∅)ρsolution                                                                                                                             (13) 

μnano = μsolution(1 + 2.5∅)                                                                                                                                               (14) 

Cpnano = (∅ρparticleCpparticle + (1 − ∅)𝜌𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝐶𝑝𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)/𝜌𝑛𝑎𝑛𝑜                                                                      (15) 

𝑘𝑛𝑎𝑛𝑜 = [(𝑘𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 + 2𝑘𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 + 2(𝑘𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 − 𝑘𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)(1 − 0.1)3∅)/(𝑘𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 + 2𝑘𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑘𝑝𝑎𝑟𝑡𝑖𝑐𝑙e

− 𝑘𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)(1 + 0.1)2∅)] 𝑘𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛                                                                                                   (16) 

𝛼𝑛𝑎𝑛𝑜 =
𝑘𝑛𝑎𝑛𝑜

𝜌𝑛𝑎𝑛𝑜𝐶𝑝𝑛𝑎𝑛𝑜

                                                                                                                                                          (17) 

𝜗𝑛𝑎𝑛𝑜 =
𝜌𝑛𝑎𝑛𝑜

𝜇𝑛𝑎𝑛𝑜

                                                                                                                                                                        (18) 

𝑃𝑟𝑛𝑎𝑛𝑜 =
𝛼𝑛𝑎𝑛𝑜

𝜗𝑛𝑎𝑛𝑜

                                                                                                                                                                      (19) 

at where ∅ is the volume fraction of nanoparticles, and ∅ = 0.05  for every condition in this work. 

Equation 14 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: 

𝑅e𝑛𝑎𝑛𝑜 = [4 (
𝑚𝑛𝑎𝑛𝑜

𝑁𝑡𝑢𝑏𝑒𝑠

)] /(𝜋𝐷ℎ𝑛𝑎𝑛𝑜𝜇𝑛𝑎𝑛𝑜)                                                                                                                        (20) 

at where 

𝐷ℎ𝑛𝑎𝑛𝑜 = 4.36 10−3                                                                                                                                                              (21) 

and 

𝑚𝑛𝑎𝑛𝑜 = 2.0
𝑘𝑔

𝑠
𝑓𝑜𝑟𝑒𝑣𝑒𝑟𝑦𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠𝑖𝑛𝑡ℎ𝑖𝑠𝑤𝑜𝑟𝑘                                                                                                      (22) 

Considering the flow regime of the Newtonian flow of a water-base nanofluid in the tube as completely 

developed, we have, for turbulent flow, approximately: 

𝑁𝑢𝑛𝑎𝑛𝑜 = 0, 023 𝑅𝑒𝑛𝑎𝑛𝑜
0,8𝑃𝑟𝑛𝑎𝑛𝑜

0,4                                                                                                                                (23) 

If the flow regime in the water-base nanofluid is laminar, it is used to interpolate the data of the Master Thesis 

of Nogueira, E.[12, page 130], for the thermal input region under development: 

𝑁𝑢𝑛𝑎𝑛𝑜 = 1.409019812𝑑0𝑍𝑛𝑎𝑛𝑜
(−0.3511653489)              10−5 ≤ 𝑍𝑛𝑎𝑛𝑜 < 10−3                                                 (24.1) 

𝑁𝑢𝑛𝑎𝑛𝑜 = 1.519296981𝑑0𝑍𝑛𝑎𝑛𝑜
(−0.3395483303𝑑0)   10−3  ≤ 𝑍𝑛𝑎𝑛𝑜 < 10−2                                                       (24.2) 

𝑁𝑢𝑛𝑎𝑛𝑜 = 10.8655 −  570.4671787𝑍𝑛𝑎𝑛𝑜 + 28981.67578𝑍𝑛𝑎𝑛𝑜
2 − 950933.9838𝑍𝑛𝑎𝑛𝑜

3

+ 20237498.47𝑍𝑛𝑎𝑛𝑜
4 − 276705269.6𝑍𝑛𝑎𝑛𝑜

5 + 2340349265𝑍𝑛𝑎𝑛𝑜
6

− 1.11248249310𝑍𝑛𝑎𝑛𝑜
7 + 2.26934523810𝑍𝑛𝑎𝑛𝑜

8                                                                              
 

10−2 ≤ 𝑍𝑛𝑎𝑛𝑜 ≤ 10−1                                                                                                                                                       (24.3) 

𝑁𝑢𝑛𝑎𝑛𝑜 = 5.261𝑑0 − 19.93019048𝑛𝑎𝑛𝑜 + 139.4921627𝑍𝑛𝑎𝑛𝑜
2 − 605.9954034𝑍𝑛𝑎𝑛𝑜

3

+ 1716.100694𝑍𝑛𝑎𝑛𝑜
4 − 3217.96875𝑍𝑛𝑎𝑛𝑜

5 + 3954.86111𝑍𝑛𝑎𝑛𝑜
6 − 3056.051587𝑍𝑛𝑎𝑛𝑜

7

+ 1344.246031𝑛𝑎𝑛𝑜8 − 256.2830687𝑍𝑛𝑎𝑛𝑜
9   10−1  ≤ 𝑍𝑤 ≤ 100                                   (24.4) 

Then, we have: 

ℎ𝑛𝑎𝑛𝑜 = 𝑁𝑢𝑛𝑎𝑛𝑜

𝑘𝑛𝑎𝑛𝑜

𝐷ℎ𝑛𝑎𝑛𝑜

                                                                                                                                                      (25) 
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The overall heat transfer coefficient is obtained in relation to the air exchange area and, in order to perform the 

calculations, 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: 

𝜂 =
𝑡𝑔ℎ(𝑚𝐿)

𝑚𝐿
                                                                                                                                                                        (26) 

at where 

𝑚𝐿 = √2ℎ𝑎/𝑘𝑎𝑡                                                                                                                                                                    (27) 

 

The efficiency of the fin, weighted by area, is determined by: 

𝜂′ = 𝛽𝜂 + 1 − 𝛽                                                                                                                                                                    (28) 

where 

𝛽 =
𝐹𝑖𝑛𝑎𝑟𝑒𝑎

𝑡𝑜𝑡𝑎𝑙𝑎𝑟𝑒𝑎
                                                                                                                                                                     (29) 

Then, we have: 
1

𝑈𝑎

=
1

𝜂′ℎ𝑎

+
1.0

𝐴𝑚𝑒𝑑𝐾𝑎𝑙𝑒𝑡𝑎

+
1

(𝐴𝑤 𝐴𝑎)ℎ𝑛𝑎𝑛𝑜⁄
                                                                                                                   (30) 

where 

𝐴𝑚𝑒𝑑 =
𝐴𝑎 + 𝐴𝑛𝑎𝑛𝑜

2.0
                                                                                                                                                             (31) 

and 
𝐴𝑤

𝐴𝑎

=
𝑤𝑎𝑡𝑒𝑟𝑠𝑖𝑑𝑒ℎ𝑒𝑎𝑡𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑎𝑟𝑒𝑎

𝑎𝑖𝑟𝑠𝑖𝑑𝑒ℎ𝑒𝑎𝑡𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑎𝑟𝑒𝑎
                                                                                                                          (32) 

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

𝑁 = 𝑁𝑇𝑈 =
𝐴𝑎𝑈𝑎

𝐶𝑚í𝑛

                                                                                                                                                                (33) 

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

Ca = ma ∗ Cpa                                                                                                                                                                       (34) 

and 

Cnano = mnano ∗ Cpnano                                                                                                                                                   (35) 

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

Q = εCmín(Th,af − Tc,af)                                                                                                                                                    (36) 

∆TLn =
Q

UaAtotal

                                                                                                                                                                    (37) 

and 

QKteo =
Q

∆TLn

                                                                                                                                                                         (38) 

at where 

ε = 1 − exp [(
cmin

cmax

)
−1

(NTU)0,22 {exp [−
cmin

cmax

(NTU)0,78] − 1}]                                                                        (39) 

according to Kakaç, S[13, page 35]. 

QKteo 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 equations: 

Q = εCmín(Th,af − Tc,af)                                                                                                                                                    (40) 

and 

Q = macpa(Ta,af − Ta,ef)                                                                                                                                                   (41) 

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: 

Tm,a =
Ta,af + Ta,ef

2
                                                                                                                                                              (42) 

and 

Tm,nano =
Tnano,af + Tnano,ef

2
                                                                                                                                            (43) 

 With the average temperatures finally calculated, the values obtained for the heat transfer rate were 

compared and, if they are outside of an admissible value, when compared with experimental values or empirical 
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expressions, the calculations for thermophysical properties can be re-started, until a satisfactory convergence is 

obtained for the problem. 

 

IV. RESULTS AND DISCUSSION 
Thermophysical characterization of Ethylene Glycol 

 We initially determined the thermophysical properties of Ethylene Glycol, which will serve as the base 

fluid associated with water, for different weight and volume fractions. Below we have the properties as a 

function of temperature, within the range of interest of this work. 

 Figure 1 presents the relation between volume fraction percent (V) and weight fraction percent (EG%), 

obtained of Ethylene Glycol Products Guide - Union Carbide Corporation [14] and Engineering and Operation 

Guide for DOWTHER SR-1 and DOWTHERM 4000 [15], G. I. Egorov et al. [16] and Laird Thermal System 

Application Note [17], Omer El_Amim Ahmed Sdam [18]. 

 Figures 2, 3, 4 and 5 presented properties of Aqueous Solution of Ethylene Glycol by weight fraction 

percent, obtained of Ethylene Glycol Products Guide - Union Carbide Corporation [14] and Engineering and 

Operation Guide for DOWTHER SR-1 and DOWTHERM 4000 [15], G. I. Egorov et al. [16] and Laird Thermal 

System Application Note [17], Omer El_Amim Ahmed Sdam [18]. 

 

 
Figure 1 – Volume fraction percent versus weight fraction percent for Ethylene Glycol 
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Figure 2 – Viscosity of aqueous ethylene glycol by weight% 

 

 
Figure 03 - Density of aqueous ethylene glycol by weight% 
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Figure 4 - Conductivity of aqueous ethylene glycol by weight% 

 

 
Figure 5 – Specific heat of aqueous ethylene glycol by weight% 
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Figure 6 – Exit air temperature for Ethylene Glycol and water 

 

 
Figure 7 – Pipe outlet temperature for Ethylene Glycol and water 

http://www.theijes.com/


Thermal Performance Of Ethylene-Based Aqueous Solutions Containing Silver (Ag), … 

DOI:10.9790/1813-0811030113                                   www.theijes.com                                                    Page 10 

 
Figure 8 – Heat transfer rate for Ethylene Glycol 

 

 Figures 6, 7 and 8 show results for outlet temperatures and heat transfer rate to air and a mixture of 

ethylene glycol and pure water. It is evident that the addition of ethylene glycol does not significantly alter the 

results for pure water within the temperature ranges under analysis. In fact, the variations in the quantities 

analyzed, within the temperature range considered, show very poor performance in relation to water. However, 

as it is known, ethylene glycol is a fluid widely used as a refrigerant due to its low freezing point. Of course, in 

situations where the external temperature is very low, it should be considered in relation to pure water. For 

places where the external temperature is always high, it is evident that pure water is the most suitable 

refrigerant. 

 

Thermophysical characterization of Ethylene Glycol (EG50%) with nanoparticles 

 Figure 9 shows the result of the average fluid temperature associated with nanoparticles. The relatively 

high ethylene glycol fractions do not significantly affect heat exchange, as shown in Figures 6, 7 and 8 above, 

however, by incorporating nanoparticle fractions, the result demonstrates significant changes.With respect to 

aluminum oxide (Al2O3), titanium dioxide (TiO2) and copper oxide (CuO) nanoparticles, the thermal 

performance presented are relevant to, since there is a significant decrease in the average temperature of the base 

fluid. As can be seen, silver (Ag) has the best performance, closely followed by copper oxide. 
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Figure 9 – Average Temperature for Ethylene Glycol with Nanoparticles 

 

 
Figure 10 – Heat transfer rate for Ethylene Glycol with Nanoparticles 
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Figure 11 – Relationship for heat transfer rate between Ethylene Glycol with nanoparticles and pure water 

 

 Figure 10 shows the heat transfer rate exchanged between the compact finned flat tubes heat exchanger 

fluids with the addition of nanoparticles. Ethylene glycol does not significantly change the heat transfer rate, as 

already observed through Figure 09, with respect to pure water. However, silver, aluminum oxides, copper and 

titanium dioxide present high values for heat transfer rates.  In fact, as can be seen from Figure 11 below in 

relation to pure water, pure ethylene glycol has results close to 1, and the addition of silver, copper oxide, 

aluminum oxide, and titanium dioxide above 1.2 for all air flows under analysis. Silver has a maximum 

performance of 2.7 near airflow of 4.5 kg / s. The results show that the best performances occur for relatively 

low airflow rates and that for high flow rates the addition of nanoparticles of any kind results close to 1.6. 

 

V. CONCLUSIONS 
 It was presented the thermophysical properties of ethylene glycol, density, viscosity, specific heat, and 

conductivity, which serve as the base fluid associated with water, for different weight and volume fractions.  

 It was demonstrated that heat transfer rate using nanofluids can be up to 2.7 times higher than the use 

of 50% ethylene glycol and water, or pure water, for relatively low airflow. 

 There is a maximum point of heat exchange in low airflow, where the properties of nanoparticles have 

a greater influence as a function of the high thermal diffusivity when compared to the water diffusivity.  

The heat transfer rate for high airflows approaches a single value, whatever the type of nanoparticle used, at a 

volume fraction of 0.05, reflecting the greater influence of the convection process. 

 Ethylene glycol does not significantly change the heat transfer rate compared to pure water. However, 

nanoparticles of silver, aluminum oxides, copper oxides, and titanium dioxide have high values for heat transfer 

rates when added to the solution of aqueous ethylene glycol. 

 There is no definitive conclusion about the appropriateness of using ethylene glycol in relation to water 

within the temperature range analyzed. It would be interesting to perform a theoretical and experimental 

analysis at temperatures close to the cooling point of the water-ethylene glycol mixture. 

 

 

 

 

 

http://www.theijes.com/


Thermal Performance Of Ethylene-Based Aqueous Solutions Containing Silver (Ag), … 

DOI:10.9790/1813-0811030113                                   www.theijes.com                                                    Page 13 

REFERENCE 
[1]. PABÓN, N. Y. L. “Design and Manufacture of a Wind Tunnel and Thermal Characterization of an Automotive Radiator”. 

Dissertation submitted to the Graduate Program in Mechanical Engineering of the Federal University of Santa Catarina to obtain a 

master’s degree in Mechanical Engineering. Advisor: Marcia B. H. Mantelli. Florianópolis, 2014.  
[2]. ÉLCIO NOGUEIRA. “Thermohydraulic Performance in the Flow of Copper Oxide (CuO) or Aluminum Oxide (Al2O3) Water-

Borne Nanofluids in a Finned Flat Tube Heat Exchanger (Automotive Radiator)”. IOSR Journal of Mechanical and Civil 

Engineering (IOSR-JMCE), Volume 16, Issue 5 Ser. IV, pp. 01-12,2019. 
[3]. GHOFRANE SEKRANI AND SÉBASTIEN PONCET. “Ethylene and Propylene-Glycol Based Nanofluids: A Literature Review 

on Their Thermophysical Properties and Thermal Performances”. App. Sci., 8, 2311,2018. 

[4]. M. J. UDDIN, K. S. KALBANI, M. M. RAHMAN, M. S. ALAM, N. AL-SALTI, AND L. A. ELTAYEB. “Fundamentals of 
Nanofluids: Evolution, Applications, and New Theory”. Biomathematics and Systems Biology Official Journal of Biomathematical 

Society of India, Volume 2, Nº 1, 2016. 

[5]. C. SELVAM, D. MOHAN LAL, AND SIVASANKARAN HARISH “Thermophysical properties of Ethylene Glycol-Water 
Mixture Containing Silver Particles”. Journal of Mechanical Science and Technology 2016, 30 (3), pp. 1271-1279.  

[6]. KOH KAI LIANG PETER. “A Study on the Heat Transfer of Nanofluids in Pipes”. Project Report MVK160 Heat Mass Transport, 

May 15, Lund, Sweden, 2014. 
[7]. XIAOZE DU, WEI ZHANG, LIJUN YANG, AND YONGPING YANG. “Thermal and Hydraulic Performance of Water/Glycol 

Mixture and the Application on Power Electronics Cooling”. Environmental and Earth Sciences Research Journal (EESRJ), Vol. 3, 

Nº 1, pp. 1-6, 2016.  

[8]. M. CHANDRA SEKHARA REDDY. “Enhancement of Heat Transfer Coefficient in an Automotive Radiator Using Ethylene-

Glycol Water-Based ZnO Nanofluids – An Experimental Investigation”. International Journal of Recent Technology and 

Engineering (IJRTE), Volume 7, Issue-ICETESM, 2019. 
[9]. RIBEIRO, L. N. “Optimization of Flat Fin Compact Heat Exchangers through Limit Layer Analysis”. Dissertation defended by the 

Department of Mechanical Engineering of Taubaté, as part of the requirements to obtain the master’s degree by the Graduate 

Program in Mechanical Engineering. Advisor: Dr. Sebastião Cardoso, 2007. 
[10]. ÉLCIO NOGUEIRA, ANDRÉ LUÍS DO CARMO AROUCHA, FERNANDO LAMIM PEREIRA. “Compact Heat Exchanger in 

Automotive Radiators: Theoretical Versus Experimental Analysis of Coefficient of Friction and Colburn Factor”. International 

Journal for Research in Applied Science & Engineering Technology (IJRASET), Volume 7 Issue II, 2019.  
[11]. ÇENGEL, Y. A., BOLES, M. A. “Thermodynamics”. AMGH Editora Ltda, Porto Alegre, RS, 2013. 

[12]. NOGUEIRA, E. “Laminar Flow and Heat Transfer in Immiscible Fluids without Stratification”. The thesis presented to the 

Postgraduate Division of the Technological Institute of Aeronautics as part of the requirements to obtain the title of Master of 
Mechanical Engineering, in the Aeronautics, Propulsion and Energy area of the Aeronautical and Mechanical Engineering Course. 

Advisor: Prof. Dr. Renato Machado Cotta, 1988. 

[13]. KAKAÇ, S. “Boilers, Evaporators, and Condensers”. John Wiley & Sons, INC. New York, 1991. 
[14]. UNION CARBIDE CORPORATION. “Ethylene Glycol Products”. 2000. 

[15]. UNION CARBIDE CORPORATION. “Engineering and Operation Guide for DOWTHER SR-1”.  2008. 

[16]. G. I. EGOROV, D. M. MAKAROV, AND A. M. KOLKER “Volumetric Properties of Water-Ethylene Glycol Mixtures in the 
Temperature Range 278-333.15 K at Atmospheric Pressure”. Russian Journal of General Chemistry, Vol. 80, Nº 8, pp 1577-1585, 

2010. 

[17]. LAIRD THERMAL SYSTEM APPLICATION NOTE “Common Coolant Types and Their uses in Liquid Cooling Systems”. 
March 2017. 

[18]. OMER EL-AMIN AHMED ADAM, AMMAR HANI AL-DULAILI, AND AKL M. AWWAD. “Volumetric Properties of Aqueous 

Solutions of Ethylene Glycols in the Temperature Range of 293.15 -318.15 
[19].  K”. Hindawi Publishing Corporation ISRN Physical Chemistry, Article ID 639813, Volume 2014.  

 

 

 

 

 

 

 

  

Élcio Nogueira "Thermal Performance of Ethylene-Based Aqueous Solutions Containing Silver 

(Ag), Copper Oxide (Cuo), Aluminum Oxide (Al2o3) or Titanium Dioxide (Tio2) Nanoparticles 

in A Finned Flat Tube Compact Heat Exchanger (Automotive Radiator)" The International 

Journal of Engineering and Science (IJES), 8.11 (2019): 01-13 

 

 

 

http://www.theijes.com/

