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1.Introduction 
The objective of the work is to apply the analytical 

method of the effectiveness to analyze the thermal 

performance of the flat tube multi-louvered finned 

automotive radiator with silver nanoparticles 

suspension in ethylene glycol. 

 

All internal combustion engines produce heat and 

friction. This heat can have catastrophic effects on 

engine components. The existing methods employed 

to study and minimized this kind of combustion 

problem are analytical, experimental, and 

computational methods. The automotive radiator 

performance can be determined using the analytical 

method of effectiveness (ε-NTU) [1].  

 

Sany et al. [2] carried out analytical and experimental 

work to obtain the Nusselt number and heat transfer 

coefficient. The effectiveness coefficient and the heat 

transfer coefficient are determined considering 

experimental data. The same procedures estimate the 

pressure drop and the Colburn factor for the radiator. 

Application examples demonstrated the utility of the 

method used. 

 

 
*Author for correspondence 

Properly dispersed nanoparticles provide an increase 

in the heat transfer surface between particles because 

nanofluids have a high specific surface area and high 

dispersion stability, with a predominant Brownian 

motion. Besides this, the use of extended surfaces for 

improving the efficiency of heat transfer is more 

effective, adding small solid particles to that fluid [3].   

Jing et al. [4] developed a new type of air-water heat 

exchanger to reduce the consumption of energy. The 

thermal performance and energy efficiency were 

analyzed and studied using the effectiveness number 

of transfer units (ε -NTU) method. The main 

conclusions obtained by the analysis are the air flow 

rate had a more considerable influence on the 

performance than the water flow rate and that the 

maximum heat transfer efficiency was 81.4% with 

Cmin/Cmax equal 0.25. 

 

Blecich et al. [5] presented a new method for fin-and-

tube heat exchangers operating with non-uniform 

airflow, which consists of discretizing the heat 

exchanger into tube elements. The results are 

compared against experimental data. They 

demonstrated that airflow nonuniformity causes 

effectiveness deterioration. The effectiveness 

deterioration depends on the number of heat transfer 

units (NTU) and the heat capacity rate ratio. 
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Hussein et al. [6] mention that the main reason for 

using solid particles smaller than 100 nm is to 

improve thermal properties. Refrigeration systems 

and numerous industrial applications often use 

metallic solids dispersed in water and ethylene 

glycol. This type of fluid is commonly defined as a 

nanofluid. 

 

According to Kim and Cho [7], a newly developed 

louver fin is introducing, and the louver fin has 

downstream a drainage 3.2 mm width. The new fins 

were investigated, and the results are compared with 

those of the sample made of conventional fins. The 

superior wet surface heat transfer and pressure drop 

were obtained. The Colbourn factors were 40% 

larger, and the friction factor was 9% smaller.  

 

Pankaj et al. [8] propose an analytical radiator having 

a rectangular tube with louvered fins using the 

effectiveness-NTU method. The procedure is 

validated with experimental results, and it is found 

that the maximum deviation in the heat transfer is 

10.97, and in pressure drop is about 3.29%.  

 

Numerical analysis and experimental study are 

applied to determine the performance of an 

automotive radiator using louvered fin. Reynolds 

number and radiator boundary conditions were 

investigated at a louvered angle of 25º. The results 

indicated an improvement in the Nusselt number and 

a decrease in the specific fuel consumption when 

compared to flat-fin geometry at the same operating 

conditions Gomaa [9]. 

 

High-efficiency demand is a capital feature in the 

automotive radiator, and optimizing the design of an 

automotive radiator is obtained by the technological 

development in automotive industries. The design of 

a louvered fin based compact automotive heater is 

getting a high cooling rate with nanofluids [10, 11].  

 

Multi-Louvered fins have been studied by 

experimental methods, analytical methods, and 

numerical simulations, because of the excellent 

thermal-hydraulic performance [12, 13].  

 

Junior and Nogueira [14] present research 

considering silver nanoparticles in a flat tube finned 

radiator heat exchanger. They demonstrate that the 

rate of heat transfer can be higher than the use of 

ethylene glycol and water, or pure water, for 

relatively low airflow, and that the viscosity of the 

nanofluid cooling increases with the addition of the 

volumetric fraction. Besides, they conclude that 

kinematic viscosity and diffusivity, are significantly 

higher for nanofluids Nogueira [15]. 

 

2.Methodology 
Table 1 presents some parameters for the Multi-

Louvered finned radiator. Dong et al. [10] obtained 

the correlations for the JLp, Colburn factor. These 

correlations are essential to get the Colburn factor 

and to apply in theoretical works [11]. 

 

In this work, we used, for numerical and graphic 

determination of the physical quantities of interest, 

the geometric characteristics presented in Table 1 and 

thermal physical properties in Table 2. 

 

The radiator is mounted on a turbocharged diesel 

engine. It consists of 644 tubes manufactured in brass 

and 346 continuous fins in aluminum alloy whose 

thermal conductivity is 177 W/(m K). 

 

The numerical correlations used for determination of 

j factor and f factor are: 
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u - air velocity among fins (m/s) 

   - viscosity (m
2
/s). 

 

The properties of the ethylene-based solution are 

obtained by the expressions below: 
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where V and Eg% are the volume fraction percent of 

water and weight fraction percent of Ethylene Glycol, 

respectively. In this work, we are using V=1.0, i.e., 

the base fluid is pure ethylene glycol. For silver 

nanoparticles suspension properties, we have: 
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at where   is the volume fraction. The Reynolds 

number associated with the flow are obtained by: 
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at where 
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For turbulent flow if the thermal flow is completely 

developed, we have, approximately: 
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For laminar flow regime in the water-base nanofluid, 

we have Nogueira [16], for the thermal input region 

under development: 
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Then, we have: 
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The heat transfer coefficients, ha, and hw are needed 

to obtain the overall heat transfer coefficient. Then, 

we have, for the air: 
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then, 
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To determine the efficiency of the fin system, for the  

air heat exchange area, we have: 
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at where 

   √           (27) 

 

The efficiency weighted by the area is determined by: 

              (28) 

 

at where 
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Then, we have: 
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The number of thermal units, NTU, is obtained by the 

effectiveness theory: 
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The thermal capacities are calculated by: 

               (34) 

 

and 
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Cmin is the lowest value between the thermal 

capacities of ethylene glycol and air. Finally, 
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according to Kakaç [17]. 

 

The air and water exit temperatures are obtained 

through the energy balance equations: 

       (           )   (38) 

 

And 

 

             (                 )  (39) 

 

In Figure 1 below, we present the basic flowchart for 

the calculation process described above. 

 
Figure 1 Basic flowchart for the calculation process 

 

3.Results and discussion 
Table 1 shows the numerical values of the necessary 

quantities, Equation 1, to obtain the Colburn Factor, 

which is represented graphically through Figure 2. 

The coefficient of heat transfer by convection in the 

air, ha, is described in Figure 3. 
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In Figure 4, we have the number of Reynolds as a 

function of the mass flow of the. An important aspect 

to be highlighted through the represented data is that 

the flow is laminar, for the whole range of mass flow 

considered when the volume fraction is significantly 

high. 

 

Through Figure 5, the aspect verified through Figure 

4 is more evident, since, for the entire nanofluid flow 

range considered in the analysis, the Reynolds 

number is less than 2100 for relatively high 

nanoparticle fractions. For mw = 2.0 Kg / s, the flow 

is laminar for all fraction of volume considered. 

 

Table 1 Specification of the cross-section of Multi-Louvered fin parameters for the Colburn factor 
Description Fin dimension 
Louver angle (La) 28 
Fin pitch (Fp) 2 mm 
Louver pitch (Lp) 1.2 mm 
Fin height (Fh) 8 mm 
Louver height (Lh) 6.5 mm 
Louver length (Ld) 36.6 mm 

 

 
Figure 2 Fator de Colburn versus número de Reynolds 

 

 
Figure 3 Convection heat transfer coefficient vs. mass air flow rate 
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Figure 4 Reynolds number versus mass flow rate of the Nano fluid 

 

 
Figure 5 Reynolds number versus volume fraction of silver nanoparticles 

 

The volume fraction needed for the flow rate to 

become laminar is a function of the mass flow rate of 

the nanofluid: for higher flow rates, more significant 

volume fractions. 

 

Figure 6 shows the relationship between the 

convection coefficient of the nanofluid and the 

volume fraction of silver nanoparticles. For low 

nanofluid flow, mw = 2.0 Kg / s, where the flow is 

laminar for the entire range of volume fraction, the 

observed function is always increasing and smooth. 

For a higher flow rate of nanofluid, it can be 

observed that the transition from turbulent to laminar 

flow occurs, as the volume fraction is increased. The 

transition for turbulent flow, as previously noted, 

occurs for progressively higher volume fraction 

values as the mass flow rate of the nanofluid 

increases. 

 

The heat transfer coefficient of the nanofluid shows 

no difference between the flows, graphically 

observable, when the flow is laminar, for the entire 

flow range of the nanofluid.  

The heat transfer rate with the mass flow of the 

nanofluid as a parameter is represented in Figure 7. 

High flow rates for the nanofluid, for a significantly 

low volume fraction, transfer higher energy in the 

form of heat for airflow rates below 12 kg / s of air. 

 

Figure 5 shows the variation in the convection heat 

transfer coefficient versus mass flow rate of 

nanofluid, with volume fraction as a parameter. For 

high volume fractions, the heat transfer coefficient is 

relatively low, since the flow is laminar for the entire 

mass flow range considered. For small volume 

fractions, the heat transfer coefficient goes through 

the transition from laminar to turbulent flow. The 

convection heat transfer coefficient increases 

progressively, reaching relatively high values for a 

high mass flow rate, where the flow is turbulent. 
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The heat transfer rate as a function of the volume 

fraction of nanoparticles, with a mass flow rate of the 

fluid as a parameter, is represented by Figure 6. The 

volume fraction is constant and equal to 0.008. An 

extremely relevant fact, and worthy of note, is that 

for relatively low mass flow rates of the nanofluid, 

high heat transfer rates are possible for high mass 

airflow rates. As the coefficients of heat transfer from 

the air and nanofluid show increasing variation for 

mass flow rates, Figures 4 and 8, the justification for 

higher heat transfer rates for low flow rates of the 

nanofluid, and high airflow rates, should be attributed 

to the high diffusivity of the nanofluid. At lower flow 

rates of the nanofluid, it is expected that the 

diffusivity has greater relevance. 

 

The heat transfer rate is represented by Figure 7 as a 

function of the airflow rate, with the nanofluid flow 

rate as a parameter. For relatively low airflow rate 

values, the heat transfer rate increases with the 

increase in the mass flow rate of the nanofluid. It is 

demonstrating that for low airflow rate, the heat 

transfer exchange effect on the nanofluid surface is 

predominant when the flow in the tube is turbulent. 

For high airflow rates, the exchange rate is higher for 

lower nanofluid flow rates, demonstrating that for 

low nanofluid flow rates, the most considerable heat 

exchange occurs due to the finned radiator geometry. 

A significant fact is that the heat transfer rate for high 

flow rates of nanofluid is not affected by the volume 

fraction of the nanoparticles, to any extent analyzed 

for airflow rate. 

 

 
Figure 6 Convection heat transfer coefficient in Nano fluid versus volume fraction of silver Nanoparticles 

 

 
Figure 7 Convection heat transfer coefficient versus mass flow rate of the Nano fluid 

 

The outlet temperature of the nanofluid is represented 

in Figure 8. The temperature of the entrance of the 

nanofluid, for all situations considered in the 

analysis, is equal to 100 ºC. The best performance, 

with lower outlet temperatures, is for relatively lower 

flow rates of the nanofluid. This result is due to the 

more considerable influence of nanofluid diffusivity 

for low flow rates.  
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The difference in outlet temperature for pure ethylene 

glycol, with the outlet temperature of the relatively 

high-volume fraction of the nanofluid, is significant 

for the low flow of nanofluid, mw = 2.0 Kg / s. This 

difference in outlet temperature tends to decrease for 

higher flow rates of the nanofluid, that is, for 

extremely high flow rates of the nanofluid, there is no 

justification for adding silver nanoparticles. 

 

The air inlet temperature is equal to 30 ºC for all 

situations analyzed. The air outlet temperature, 

Figure 9, presents results compatible with those 

observed in Figure 8. That is, for extremely high 

flow rates of the nanofluid, there is no justification 

for adding silver nanoparticles. Figure 10 shows the 

thermal efficiency of the radiator considered for 

analysis, with a volume fraction of the nanoparticles 

as a parameter and mass flow rate of the fixed 

nanofluid. The highest efficiency occurs in a low 

volume fraction of the nanoparticles and low mass 

flow of air. 

   

Figure 11 shows the efficiency of the radiator. It can 

be seen that there is a qualitative equivalence with the 

results presented in Figure 9 since there is a low 

efficiency when the flow rate in the volume of the 

nanofluid is low, and the airflow is low. However, 

efficiency is relatively high for low nanofluid flow 

rates and high airflow rates. For high flow rates of the 

nanofluid, the efficiency decreases with the airflow 

variation and has high efficiency for low airflow 

rates. However, there is no justification for the 

inclusion of nanoparticles in the latter case since the 

efficiency is practically equal to that of pure Ethylene 

Glycol. 

 

 

 
Figure 8 Heat transfer versus mass air flow rate 

 

 
Figure 9 Output temperature of the Nano fluid as a function of the mass flow of the air 
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Figure 10 Temperatura de saída do ar em função da vazão em massa do ar 

 

 
Figure 11 Radiator efficiency as a function of the mass flow of air, with volume fraction as a parameter 

 

The diffusion process in the nanofluid is the main 

responsible for the high efficiency in low airflow and 

low values, as shown in Figure 12. However, as the 

volume fraction of the nanoparticles increases, the 

efficiency decreases, to a point where the heat 

exchange by the fins becomes the main factor 

responsible for the heat exchange. For high air flow 

rates and high-volume fractions of the nanoparticles, 

the efficiency approaches the unit but is significantly 

low for low volume fraction values. 

 

Due to the observations made above, concerning the 

data presented, it is evident that the radiator in 

question shows excellent performance for low 

volume fraction values of silver nanoparticles, low 

airflow rates, and low nanofluid rates. A promising 

result, as it can save on the use of the compact heat 

exchanger, reducing costs and storage space for the 

refrigerant (Figure 13). However, excellent thermal 

performance can be achieved for high volume 

fractions of silver nanoparticles and high airflow 

rates. As demonstrated, the thermal performance for 

high nanoparticle fractions is equivalent to the pure 

Ethylene Glycol. In the latter case, the fin system 

used prevails in the heat exchange, to the detriment 

of the heat exchange that occurs in the nanofluid. 

 

Although the theoretical approach presented is based 

on concepts and procedures already proven by 

countless studies presented in the literature of 

compact heat exchangers [18─20], an experimental 

evaluation of the heat exchanger in question would 

be extremely relevant. 
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Figure 12 Radiator efficiency as a function of mass airflow, with the nanofluid flow as a parameter 

 

 
Figure 13 Radiator efficiency as a function of volume fraction, with airflow as a parameter 

 

4.Conclusions 
The best performance is obtained for a relatively low 

fraction of silver nanoparticles when the turbulent 

effect is high, and the greater diffusivity of the base 

fluid becomes more effective. 

 

As demonstrated, the thermal performance for high 

nanoparticle fractions is equivalent to the 

performance of pure ethylene glycol. In these 

situations, the fin system used to prevail in the heat 

exchange, to the detriment of the heat exchange that 

occurs in the Nano fluid. For a high fraction of 

nanoparticles, it is expected that the applied 

methodology does not work correctly, because the 

flow is no longer Newtonian. 
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