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Abstract 

Polymer Electrolyte Membrane Fuel Cells (PEMFC) operation is sensitive to micro electrochemical changes and can 
only tolerate a small temperature variation for optimal power generation. An effective cooling system is needed to 
comply with this condition. Nanofluids are perceived as a potential coolant for thermal management in PEMFC 
application that allows for more compact design. The dispersion of nanofluid in water-ethylene glycol base fluid 
enhances the thermal conductivity for improved heat transfer. The thermal conductivity, viscosity and electrical 
conductivity of different Silicon Dioxide (SiO2) concentrations diluted in Ethylene Glycol/Water (EG/W) mixtures of 
40EG, 50EG and 60EG are reported. However, the electrical conductivity would contribute to electrical leakage and 
is a limiting factor for fuel cell operation. Highest value of thermal conductivity recorded is the dispersion of 
nanofluid in 40EG whereas the viscosity of SiO2 is the highest in 60EG dilution. Electrical conductivity is recorded 
the highest in EG/W 40:60% with 0.5% of SiO2. However, the electrical conductivity would contribute to electrical 
leakage and is a limiting factor for fuel cell operation. 
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1. Introduction 

Fuel cell is an applications that uses hydrogen as fuel to generate electricity through electrochemical 
reaction with oxygen. Fuel cell is aforethought as potential energy generation device. Hydrogen is fed into 
the anode side and is catalytically split into positive and negative ions. The positive ions are transported 
through a hydrated membrane while the negative charges travels through an external circuit, generating 
electricity. At the cathode side, the positive and negative ions react with oxygen to produce water. The 
exothermic formation of water releases heat as a by-product of the overall process. PEMFC are widely 
applied for low power application (less than 100 kW) as it can operate at low temperatures (30˚C to 
100˚C) with high power densities. Thermal management is critical to avoid the membrane of fuel cell dry 
thus reduce charge transport resistance. Thermal management in PEMFC is focused towards achieving an 
optimum cell temperature for the electrochemical reactions with limitations in maintaining the required 
membrane hydration levels [1]. Proton transport through the membrane is by electro-osmotic drag [2]; 
thus, membrane drying would significantly reduce the internal moisture content and increases charge 
transport resistance [1]. Temperature uniformity is also highly desirable in a PEMFC operation as it 
avoids internal thermal stresses and contributes to localized reaction rates. The choice of coolants for a 
PEMFC has been largely limited to air and water. In the closed-cathode PEMFC design, the cooling effect 
is achieved using separate fluid streams from the reactant streams. Water has been applied extensively 
while air-cooled closed cathode stacks are newly explored for improving stack size and weight [3]. 

To obtain more compact stack designs, the cooling system performance needs to be improved. 
Coolants with better thermal characteristics than water needs to be applied for a more compact cooling 
plate design; ie. obtaining similar cooling effects with reduced flow rates. Nanofluid is a potential coolant 
for heat transfer application such as fuel cell thermal management and electronic device cooling [4]. The 
enhanced thermophysical characteristics of suspended nanometer sized particles into base fluids have 
been considered in many research and application. However, it is a new integrated approach in fuel cell 
technology towards higher power density stack designs. 

The presence of nanoparticles in the base fluid increase the thermal conductivity; an important property 
in heat transfer. However, nanofluid also exhibit higher viscosity and electrical conductivity (EC) as the 
particle concentration is increased across temperature. High viscosity correlated to the pressure drop and 
pumping power. A low electrical conductivity of coolant is essential in fuel cell application. Excessive 
electrical conductivity will lead to shunt current and coolant electrolysis on the device. Therefore, 
nanofluids need to be characterized in detail to meet the fuel cell operating parameter. This paper present 
the thermophysical properties of Silicon Dioxide (SiO2) nanofluid includes the viscosity, thermal and 
electrical conductivity for PEMFC application. 

 
2. Methodology  

The nanofluids are prepared using dilution method. The solution of silicon dioxide (SiO2) with volume 
concentration of 13.45% is diluted in base fluid of water-ethylene glycol (WEG) mixture.  The 
concentration of EG used are 40%, 50% and 60%. The volume concentration of SiO2 prepared are 0.1%, 
0.3% and 0.5%.  
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2.1. Properties of nanoparticle and base fluid used in the experiment 

Table 1: Properties of nanoparticles and base fluids 
Nanoparticle/base fluid Thermal conductivity k, 

W/m.K 
Electrical conductivity 
σ, μS/cm 

Dielectric 
constant, ε 

Density ρ, 
kg/m3 

Reference 

SiO2 1.38 10-21 3.9 2220 [5] 

Distilled water 0.615 6 80 999 [6] 

Ethylene glycol 0.252 1.07 38 1110  

 
The thermal conductivity, electrical conductivity and viscosity are measured at 30˚C. The thermal 

conductivity, viscosity and electrical conductivity are measured using KD2Pro Thermal Analyzer, 
Brookfield DVIII Ultra Programmable Rheometer and Cyberscan PC-10 respectively.  

2.2. Mathematical Models 

Hamilton & Crosser [7] extend the Maxwell model to effective thermal conductivity considering the 
heterogeneous two components mixture. The conductivity is defined as Eq (1) where (n) is the empirical 
shape factor given by 3/λ and (λ) is the particle sphericity (λ=3), defined as surface area of sphere (with 
the same volume of the given particle) to the surface area of the particle. 
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Maxwell [8] established the effective electrical conductivity in heterogeneous medium of a random 

dispersion of spherical particles in base fluid. The model predicts the effective electrical conductivity of a 
random suspension (σeff) as the function of the particles (σp), base fluid (σbf) conductivity and the volume 
fraction of the particles (φ) as presented in Eq (2). 
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In the equation, α = λp/λbf represent the conductivity ratio of the two phase. Generalization of Maxwell 

model by Cruz et. al [9] leads to the following cases depending on the conducting nature of the particles 
and the base fluids: 
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Viscosity is defined as the resistance between two layers of the fluid. The dispersion of nanoparticles 
in base fluid will enhance the resistance between the two layers of the fluid if the fluid is subjected to 
shear. Einstein [10] introduced model that applicable to very low nanoparticle concentration (   
0.02%) to predict the nanofluid viscosity and it is described in Eq (3). 
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Brinkman [11] has extended the formula and established relative viscosity valid for volume 

concentration up to 4% where the equation is given as 
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As (bf), (nf), (μ) and (φ) represents the base fluid, nanofluid, viscosity and volume fraction, 

respectively.  
 

3. Results and Discussion 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (a) Comparison of thermal conductivity with Hamilton and Crosser model; (b) Comparison of thermal 
conductivity in different EG concentration 

Figure 1 shows the thermal conductivity of SiO2 nanofluids. The thermal conductivity of .1% SiO2 
nano particles dispersed in various EG concentrations to water is plotted. The increment of EG 
concentration in base fluid exhibits lower thermal conductivity of SiO2 nanofluid. Fig. 1 (a) demonstrates 
the comparison of experimental value with Hamilton and Crosser model. The model fairly predict the 
actual thermal conductivity of SiO2. From Fig 1 (b), it can be deduced that the thermal conductivity of 
the solution is sensitive to the EG concentration and the dispersion volume of the nanoparticles. Higher 
volume dispersion yields higher thermal conductivity while greater EG concentrations reduces the 
thermal conductivity. An average reduction of 10% to 15% were registered as the EG concentration 
increases from 40% to 60%. Zakaria et. al [12] also observed similar pattern of thermal conductivity of 
0.1% Al2O3 dispersed in base fluids. 
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Fig. 2(a) Comparison of experimental viscosity with Brinkman model across the temperature; (b) The Viscosity of 
SiO2 nanofluids with volume concentration of 0.1%, 0.3% and 0.5% at different EG concentration 

 
The experimental viscosity of SiO2 nanofluids agrees with the Brinkman model as shown in Fig 2(a). 

Fluid temperature increase leads to reduced internal friction which leads to the fluid becoming less 
viscous. However, nanofluid coolants that contains dispersed solid particles registers higher viscosities 
than its base fluids as the particles fills the gap between the fluid layers. Greater EG concentrations leads 
to higher viscosity as EG is more viscous than water. The ASHRAE handbook presented that 60:40% 
EG/W is more viscous than other 40:60% and 50:50% EG/W base fluids [6]. Sundar [13] and Kulkarni et. 
al [14] also observed the same pattern of viscosity of Aluminum Oxide (Al2O3) and SiO2 consecutively 
dispersed in EG/W base fluids across varying temperature. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

The actual profile of electrical conductivity is marginally linear while the Maxwell model predicts an 
exponential profile.[8]. The maximum difference obtained is 15% whilst the minimum difference is 6%. 
High concentration of nanoparticles exhibit higher electrical conductivity. As the EG concentration 
increased, the electrical conductivity decreased due to lower electrical conductivity of EG. The base 

Fig. 3 (a) Comparison of experimental electrical conductivity and Maxwell model; (b) The electrical conductivity 
of SiO2 nanofluids with volume concentration of 0.1%, 0.3% and 0.5% at different EG concentration 
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fluids of EG/W 60:40% has lower electrical conductivity. It is established through the study that the 
desired thermal conductivity enhancement was achieved using SiO2 in EG/W with the accompanying 
effect of viscosity and electrical conductivity increases. The effect of the properties to the actual operation 
of a PEMFC must be modelled separately. Analytical tools such as the Thermo-Electrical Ratio (TEC) by 
Zakaria et al. [12] can be applied to evaluate the performance of the nanofluid coolants in a fuel cell 
environment. 

2. Conclusion 

Compact PEMFC designs require coolants with improved thermal characteristics for greater cooling 
effect. Enhanced thermal conductivity can be obtained by dispersing high concentrations of nanoparticles. 
However, the electrical conductivity increases as well which is undesirable in an active electrical 
environment. To limit the EC increase, EG was mixed with the water base fluid but the viscosity of the 
nanofluid increases with EG concentration. In operation, this would lead to higher pumping power 
requirement. This paper has established the corresponding electro-thermal relationships between EG/W 
concentrations to the volume of SiO2 dispersion. The identified properties can be applied in the design 
and operation analysis of PEMFC stacks with nanofluid coolants. 
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