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Abstract

The current research work dealt with development, characterisation and application of
oil-treated cellulosic air filters for automotive engine intake air filtration. In this work, a
numerical methodology was developed for estimation of pressure drop and flow field within an
automotive engine intake air filter system suitable for space-constraint environments. The
simulation results demonstrated that the flow field within the air filter housing was highly non-
uniform. A set of new equations was proposed to parameterize the pleat geometry. A higher pleat
pitch resulted in higher and uniform flow velocity. This effect was less pronounced at higher
pleat height and higher inlet velocity. The pleat radius was found to decide the pressure drop and
flow field significantly at higher velocities. The simulation results were found in good agreement
with the findings of laboratory experiments carried out on a cellulosic air filter media typically
used for automotive engine intake application.

Further, a numerical technique was developed to predict the capture of air-borne particles
by fibrous filter media under collision effect. The Hamaker adhesion model in conjunction with
particle rebound parameter was assessed for particle capture efficiency. The numerical results
showed a good correspondence with the experimental data. The numerical technique was applied
to examine the roles of particle size, media structure and flow velocity in deciding the particle
bounce and particle penetration though the filter media. It was found that the particles of greater
than 2 pm diameter predominantly rebounded and subsequently penetrated through the filter
media. A higher reduction in filtration efficiency of large particles due to rebound and re-
entrainment was observed for lower basis weight and thicker filter media. A highly packed filter
media showed less particle penetration after collision due to availability of small re-entrainment

space and vice-versa. It was found that, as fiber diameter increased, for a constant fiber packing



density, a significant reduction in filtration efficiency was observed beyond 4 pm fiber diameter.
Finally, the filter media where the particles were most likely to bounce was identified and it was
evaluated for increasing face velocity. A higher velocity was found to be a significant factor that
caused particle bounce and penetration. This effect was in good agreement with empirical
calculations. The numerical technique developed here could be a reliable predictor of particle
bounce and re-entrainment behaviour of fibrous filter media.

It was demonstrated that the particle bounce could be suppressed by treating the
cellulosic filter media with viscous oil. At less oil loading, the initial pressure drop across the
oil-treated filter media was found to be almost the same as that of untreated media. But, when
the oil loading was high, the initial pressure drop increased tremendously, depending upon the
face velocity. This behavior was explained in the light of Davies equation by taking into account
of the change in diameter of oil-coated fiber as well as in packing density due to oil treatment.
The filtration efficiency of the oil-treated filter media increased at higher face velocities for
large particles, unlike the untreated ones. At lower dust loading and lower face velocities, the
oil-treated filter media exhibited lower pressure drop and lower filtration efficiency. However, at
higher face velocities, the oil-treated filter media displayed higher filtration efficiency but with a
similar pressure drop at lower dust loading. Nevertheless, the same media exhibited higher
filtration efficiency at higher dust loading.

Further, the effect of pleat geometry on the filtration performance of pleated air filter
element was examined. Pleat pitch and pleat height were found to play important roles in
determining the filtration efficiency, pressure drop, and dust holding capacity. A pleated fibrous
filter prepared with optimum levels of pleat pitch and pleat height showed the best filtration

performance. The treatment to the pleated filter by viscous oil yielded remarkably higher dust



holding capacity and filtration efficiency, both at cleaned and clogged conditions. The role of oil
treatment process in deciding the filtration performance of oil-treated pleated fibrous filters was
examined by carrying out experiments in accordance with a two-level factorial design. The
process factors of interest were oil weight, oil temperature and oil aging time, and the response
variables were filtration efficiency, pressure drop, and dust holding capacity. The statistical
analysis of experimental data revealed that the oil weight played a significant role in deciding the
dust holding capacity and filtration efficiency of the pleated air filters. However, none of the
aforementioned process factors was found to be statistically significant in determining the
pressure drop.

Finally, an oil-treated pleated filter element was installed in a commercial air intake
system and its filtration performance was assessed. The filter element displayed a significant
delay in evolution of pressure drop during dust loading as compared to the untreated one.
However, the difference in filtration efficiency between the oil-treated and untreated filter
elements was not found to be too high. Nevertheless, both of them met the standard filtration
performance as per the best practices followed by the automotive industry. Overall, the oil
treatment to cellulosic air filters was found to be highly advantageous for motorcycle application.
As compared to the untreated air filter, the oil-treated one was expected to offer increased service
life by 2.3 times, decreased fuel consumption by 20 litre and reduced CO2 emission by 50 kg per

motorcycle for a ride of 12000 km before replacement of the filters.
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AMABS Increase in mass of absolute filter

& Dielectric constant of fiber

& Permittivity of vacuum

n, (dp) Filtration efficiency of the filter media for particles of diameter d,
M Gravimetric filtration efficiency of the filter media
n Refractive index

0 Pleat angle

A Free mean path length of gas molecules
u Dynamic viscosity of air

Eis Viscous resistance tensor

p Density of the air

ol Density of the particle

ol Density of the fiber

[ Density of oil

o Fluctuation dissipation

Ty Shear stress tensor

@ Packing density of filter media

Pf.0 Packing density of oil-treated filter media
Y, Inertial coefficient tensor

y Adhesion energy
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apD

Electronic absorption frequency

Micro geometry
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