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A Study on Filtration System Model and Comparative
Performance Tests of Automotive Fuel Filters

Jae-Cheon Lee’

ABSTRACT

This study presents the comparative filtration performance evaluation of automotive fuel filters based on the
theory of Beta ratio. For the experiments, the fuel component's test stand incorporating the multi-pass filtration test
circuit was developed. A mathematical description of filtration process in general was derived. And the theoretical
basis of multi-pass test and the test procedure were described in detail.

Experimental results revealed that domestic fuel filter tested could not maintain consistent Beta ratio, that is
filtration efficiency, although it had the holding capacity of contaminants close to the specification at maximum
pressure drop across the filter assembly. The results of experiments and simulations also showed that filtration
system model could be refined including desorption ratio to estimate the variable Beta ratio in service life.

Key Words : Filtration efficiency(3 ¥} #.&), Beta ratio(|E}-&), Multi-pass filtration test(th&he 7hA]E),
Desorption( E£4), Particle counting(d 2+A|5), Apparent capacity( E.7]o] 7} &%)

724y B = filtration ratio
6 = desorption rate ratio (particles released per

M = number of particles of size greater than a particles in the filter per unit process time)

given size in the filter at a designated time 7 = particle capture efficiency
N = system concentration of particles of size ¢ = fluid turnover time (= V/Q)

greater than a given size at a designated time
@) = volumetric flow rate through filter S XL
R = particle ingression rate
V = fluid circulating volume d = downstream of filter
! = time u = upstream of filter
At = a small time step o = initial or unload(clean) condition
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Fig. 3 Configuration of the test stand
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Table 1 Test stand specifications

Properties Value
Reservior Storage reservoir 100
capacities Injection reservoir 84
(Liters) System reservoir 12
Test system Low flow loop 15~50
flow rates(lph) High flow loop 50~500
Injection flow rate (ml/min) 0~500
Pressure Differential 0~50
transducersr Upstream gage 0~1,034
(kPa) Downstream gage | 0~1,034
Min. water supply flow rate(lpm) 8
Temperature control range 18T~
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—*: Pressure drop, made in Korea
—o : Contaminants added, made in Korea

-* . Pressure drop, made in Japan
-0 : Contaminants added, made in Japan

Fig. 4 Pressure drop of filter assembly

—* : Average Beta, Made in Korea
—0 : Minimum Beta, Made in Korea
~*: Average Beta, Made in Japan
-0 : Minimum Beta, Made in Japan

Fig. 6 Time average Beta and minimum Beta

—*  Upstream, Mads in Korea

—o : Downstream, Made in Korea
-* Upstream, Mads in Japan
--0 . Downstream, Made in Japan

Fig. S Filter element capacity
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Fig. 7 Variation of particle concentration
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Fig. 8 Variation of Beta ratios in test
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Expenments:

* . Experiment, made in Korea

o - Experirient, made in Japan
Simulations:

Dashdot desorption rate = 0.003

Datted: desorption rate = 2.001
Dotted- desorption rate =0

Fig. 9 Simulation results vs. experimental results
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(a) Internal configuration of the filter made in Korea

(b) Configuration of the filter made in Japan

Fig. 10 Comparison of filter configurations
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