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So Proton Electrolyte Membrane Fuel Cell (PEMFC) has started to gain 
global attention nowadays due to the greener aspect of this technology 
with almost 90 % emission reduction as compared to internal combustion 
engine. However, in order to improve the thermal performance efficiency 
of a PEM fuel cell, an excellent thermal management system acquisition 
is strongly required. This study hybridized nanofluids and PEM fuel cell 
technologies into cooling medium of PEM fuel cell in order to improve 
the thermal management. To author’s knowledge, experimental study 
of nanofluids in an electrically active heat transfer device such as PEM 
fuel cell is almost none. The study focuses on Alumina oxides (Al2O3) 
nanofluids characterization, understanding heat transfer and fluid flow 
behaviour of Al2O3 nanofluids in a single cooling plate and later on 
establishing thermo electrical and thermo fluid performance of a full-
scale PEM fuel cell with the adoption of Al2O3 nanofluids as the cooling 
medium. In this study, Al2O3 nanofluids with volume concentration of 
0.1, 0.3 and 0.5 volume % have been dispersed in base fluids of water 
and two mixtures of water and ethylene glycol (EG), which are 60:40 
and 50:50 (W:EG). Critical thermo-physical properties of nanofluids 
mainly electrical conductivity, viscosity and thermal conductivity were 
measured. Prandtl number and Thermo-electrical conductivity (TEC) 
ratio were established. These properties were applied to both numerical 
and experimental study in order to understand the behaviour of Al2O3 
nanofluids in term of heat transfer enhancement and pressure drop 

The importance of understanding skin behaviour, either in biological 
domain or engineering field has led to many researches. Researches about 
the anisotropic and viscoelastic behaviour were carried out on human, 
animal or synthetic skin. The simple structure can look from outside, 
but complex anatomy when study in details under the skin layer. The 
complicated behaviour of skin such as highly non-linear, viscoelastic, 
inhomogeneous and anisotropic clearly shows the complexity behaviour 
of skin, especially when measuring and quantifying its bio-mechanical 
properties. Therefore, this research aims to quantify the Bio-Mechanical 
properties of animal’s skin via multiple approaches and adapting various 
hyperelastic constitutive models. Systematic methodology employed in 
this research starts with the experimental approach (in-vitro mechanical 
testing) followed by the analytical approach (theoretical derivation) then 
numerical approach (computational parameter quantification) and finally 
Finite Element simulation (skin model simulation). Each approach was 
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penalty in a single cooling plate of PEM fuel cell. Advantage ratio (AR) 
was calculated which measure the feasibility of the adoption from heat 
transfer enhancement to pressure drop penalty aspect. Finally, thermo 
electrical and thermo fluid effect of Al2O3 nanofluids in a full-scale liquid 
cooled PEM fuel cell was established. The result shows that the highest 
cooling rate improvement was 187 % with 0.5 volume % concentration 
of Al2O3 nanofluids in 100:0 (W:EG). This was followed with 147 % 
enhancement in 0.3 volume % concentration of Al2O3 nanofluids in 
100:0 (W:EG). However, there was a drop in electrical power produced, 
which is 31 and 15 % respectively as compared to water-cooled PEM 
fuel cell. Thermo electrical (TE) ratio calculated shows that 0.1 volume 
% of Al2O3 nanofluids in 100:0 (W:EG) are the most feasible Al2O3 
nanofluids for PEM fuel cell adoption. Thermo fluids analysis through 
AR was found in a good agreement with TE ratio findings. It was 
concluded that despite of the high electrical conductivity characteristic 
of Al2O3 nanofluids, the thermal management improvement was still 
achievable as compared to conventional coolant. It is recommended that 
further study conducted with different nanoparticles and base fluids to 
extend the understanding of the nanofluids adoption in an electrically 
active heat transfer device such as fuel cell.

analysed three different animal’s skin (bovine, ovine and leporine) as 
the main subject individually. All approaches and animal skins were 
adapted with three hyperelastic constitutive models (Mooney-Rivlin, 
Neo-Hookean and Ogden model) for comparison purposes. It is found 
that the Ogden model and numerical approach are the best studied model 
and approach in choosing the suitable analysis procedure of animal skin 
or skin like materials. The results and finding prove that the current 
study is significant and has contributed to knowledge enhancement 
about the deformation behaviour of the animal’s skin.
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