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a b s t r a c t
Eﬃcient particle removal technology with minimal pressure drop is urgently needed for both air puriﬁcation and energy conservation. Compact electrostatically assisted air (cEAA) coarse ﬁlters can signiﬁcantly
enhance the ﬁltration eﬃciency of low-eﬃciency ﬁlters without increasing the pressure drop, thus greatly
reducing the energy consumption of ventilation fans. In this study, we developed a new structure for an
electrostatically assisted air (EAA) ﬁlter, in which the corona charging and polarizing ﬁelds were separated and independently controlled. We experimentally evaluated the inﬂuencing factors on both single
pass ﬁltration eﬃciency and energy consumption of 6 EAA PET coarse ﬁbrous ﬁlters: charging ﬁeld intensity (Ec ), polarizing ﬁeld intensity (Ep ), and PET ﬁlters’ characteristics. The EAA ﬁlter device increased
the single pass ﬁltration eﬃciency for 0.3–0.5 μm particles of a PET coarse ﬁlter from 0.4% (Ec = Ep = 0) to
57.0% (Ec = 5.9 kV/cm, Ep = 0) by particle charging, and then up to 99.0% (Ec = 5.9 kV/cm, Ep = 12.5 kV/cm)
by ﬁlter polarizing. Increasing Ep enhanced ﬁltration eﬃciency and reduced power dissipation of EAA
ﬁlters at the same time. Although all ﬁlters are made of PET, several ﬁlter characteristics – including
thickness, ﬁlling power, electrostatic half period, morphology and ﬁber diameter – strongly inﬂuence ﬁltration eﬃciency. We compared the six EAA PET ﬁlters to traditional ﬁlters reported in the literature, and
found that to have a more than 90% ﬁltration eﬃciency for PM0.3 –0.5 , commercial ﬁlters (91.0%) need total
power use per unit area (Pt ) of at least 327 W/m2 , while ﬁlters described in the literature (94.1%) need
at least Pt = 76 W/m2 , and EAA PET coarse ﬁlters (93.2%) need at least Pt = 39 W/m2 . This study gives an
understanding of the importance of media optimizing for EAA coarse ﬁltration to achieve energy saving
and high eﬃciency.
© 2019 Elsevier B.V. All rights reserved.

1. Introduction
Ambient particulate matter (PM) pollution has brought many
problems to health [1-3], industry [4], and national economies [5].
In public buildings, ambient PM is removed by mechanical ﬁltration in heating, ventilation and air conditioning (HVAC) systems.
Since the pressure drop is positively related to the energy consumption of a fan, high eﬃciency mechanical ﬁltration usually
costs a lot both in energy and economy [6-9]. For instance, Zaatari et al. [10] quantiﬁed the relationship between the pressure
drop and energy cost of air ﬁlters, and found that by replacing high
pressure drop MERV 13/14 (ASHREA Standard 52.2 Minimum Eﬃciency Reporting Value 13/14) ﬁlters with low pressure drop MERV
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8, the fan power for units with fan speed control had an 11%–18%
decrease. Meanwhile, energy consumption can account for up to
80% of the total cost of operating the ﬁlter [11]. Thus it is of great
importance to reduce the energy consumption of the air ﬁltration
process.
However, for mechanical ﬁltration, it is diﬃcult to maintain a
small pressure drop across a ﬁlter with high ﬁltration eﬃciency
[12]. To overcome this shortcoming, combining an electrostatic
effect with fabric ﬁltration has been proposed as a promising
method [13-18]. In our previous study, we developed a compact
electrostatically assisted air (cEAA) coarse ﬁlter for eﬃcient particle removal with a small pressure drop [17]. The eﬃciency of
a cEAA coarse ﬁlter is synergistically increased by corona charging and polarizing from 4% to 69% for 0.3 μm ambient particles
[17]. However, the electric ﬁelds for corona charging and polarizing shared one high voltage electrode, which made the two electric ﬁelds unable to be manipulated independently. In our previous study, we also discussed the inﬂuence of ﬁlters’ dielectric and
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Fig. 1. Schematic of EAA PET coarse ﬁlter module.

geometric characteristics on the performance of cEAA coarse ﬁlters,
and suspected that the eﬃciency could be improved by increasing
dielectric constant and tortuosity of ﬁbers [17]. However, detailed
characterization of ﬁlter material is needed to distinguish the inﬂuence of ﬁlters’ dielectric and geometric characteristics because
there were several uncontrolled variables in the selection of ﬁlter
media.
In this study, we developed a new structure for the electrostatically assisted air (EAA) ﬁlter. The new device differs from that in
our previous study in that corona charging and polarizing ﬁelds are
independently controlled by two separate high voltage electrodes,
with two separate high voltage power supplies. We also modiﬁed
the shape of the electrodes to achieve both functions (charging and
polarizing) more eﬃciently.
We used polyethylene terephthalate (PET) coarse ﬁlters, which
are commercially available, commonly used, cheap, and have low
pressure drops. In our previous study we experimentally compared
two PET ﬁlters for the cEAA coarse ﬁlter and found that with electrostatic assist, the single pass ﬁltration eﬃciency for PM1 – 5 of a
layered structured PET ﬁlter increased from 22.6% to 42.9% while
that of a tri-dimensional structured PET ﬁlter increased from 16.6%
to 68.6% [17]. This result indicates that improving the ﬁltration efﬁciency of cEAA coarse ﬁlter with an optimized PET ﬁlter saves
energy. Without the improved ﬁlter structure, we have to increase
the ﬁeld intensity of corona charging and polarizing, which requires more energy. In this study, we obtained 6 commercial PET
coarse ﬁbrous ﬁlters, tested their detailed characteristics, and examined their air ﬁltration performance under electrostatic assist.
The purpose of this study was to experimentally evaluate the
inﬂuencing factors on both single pass ﬁltration eﬃciency and energy consumption of EAA PET coarse ﬁlters. These factors were:
charging ﬁeld intensity (Ec ), polarizing ﬁeld intensity (Ep ), and various PET ﬁlters’ characteristics including thickness, ﬁlling power,
electrostatic half period, morphology and ﬁber diameter. We used
a comprehensive quality factor (CQF) to compare the single pass
ﬁltration eﬃciencies and energy consumption of EAA PET coarse
ﬁlters with those of mechanical ﬁbrous ﬁlters. This study can give
an understanding of the importance of media optimizing for EAA
coarse ﬁltration toward energy saving and high eﬃciency.
2. Materials and methods
2.1. EAA PET coarse ﬁlter module
The conﬁguration of the EAA PET coarse ﬁlter module developed in this study is shown in Fig. 1. The module envelope is made

of acrylic with a 204 mm × 120 mm cross section. The ambient air
is driven through the module ﬁrst through a charging zone and
then a polarizing zone. The charging zone consists of a grounded
front screen and positive high voltage charging pin arrays, both of
which are made of stainless steel. When supplied with adequately
high voltage, the pin points form a strong electric ﬁeld (the charging ﬁeld) around them to create a coronal discharge, during which
large quantities of ions are produced and attach to particles ﬂowing through the charging zone [19,20]. The polarizing zone consists of a stainless steel positive high voltage middle screen and
a grounded back screen, with the PET coarse ﬁlter installed between them. When voltage is applied to the middle screen, a polarizing ﬁeld builds up through the PET coarse ﬁlter between the
middle screen and the back screen. Since the PET ﬁbers are made
of polymer, a kind of dielectric medium, they are induced by the
polarizing ﬁeld to generate untransferable charges on their surfaces
[21,22]. Owing to the electric force, the charged particles are easily
captured when they ﬂow through the polarized PET ﬁbers [23].
The distances between the front screen, the substrate of charging pin arrays, the middle screen and the back screen in Fig. 1 are
34 mm, 24 mm and 16 mm, respectively. The PET coarse ﬁlter clings
to the upstream surface of the back screen. Twelve (3 × 4) 12 mm
long pins are evenly distributed over the duct cross section with
spacings of 50 mm, making up the charging pin arrays together
with the substrate. The charging pin arrays and the middle screen
are respectively connected to the positive electrode of a 0–+30 kV
adjustable high voltage direct current (HVDC) power supply (P10,
GENVOLT, China). We use positive rather than negative discharging
because of its lower ozone production in the DC corona [24-26].

2.2. Characterization methods for PET coarse ﬁlter
We obtained 6 commercial PET coarse ﬁbrous ﬁlters. The ﬁlter’s thickness was measured with a vernier caliper. The ﬁlter’s
ﬁlling power was determined according to a standard laboratory
test outlined in China’s national standard FZ/T 64,003–2011 [27].
The ﬁlter’s electrostatic half period was determined according to
a standard laboratory test outlined in China’s national standard
GB/T 12,703.1–2008 [28] under the conditions of air temperature
at 20 °C and relative humidity at 35%. The ﬁlter’s morphology was
characterized by Scanning electron microscopy (SEM) images according to a standard laboratory test outlined in China’s national
standard GB/T 14,593–2008 [29]. The ﬁber diameter and orientation of the ﬁlter were then obtained.
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2.3. Experimental design for performance test

device and the fan, which is determined by:

The performance test procedure has been described in our
previous study [17]. The experiments were conducted in a
204 mm × 120 mm ventilation duct, which was located on the ﬁrst
ﬂoor of an oﬃce building on the campus of Tsinghua University in
Beijing. We used ambient aerosols as loading particles, and the air
ﬂow was driven by a frequency alterable fan at face air velocity
of approximately 1.1–1.2 m/s. A sensor was set 1 m downstream of
the air duct inlet and 1 m upstream of the EAA PET coarse ﬁlter
to record the temperature and relative humidity of the tested air.
The number concentrations of 0.3–5 μm particles at the inlet and
the outlet of the EAA PET coarse ﬁlter were measured by an optical particle counter (Aerotrak 9306, TSI Inc., Shoreview, USA). At
the same time, the ozone concentrations were measured by a photometric ozone monitor (Model 205, 2B Tech., Boulder, USA). The
pressure drops across the EAA PET coarse ﬁlters were measured
by a differential gauge (DP-CALC 5825, TSI Inc., Shoreview, USA).
The supplying voltages and the loop currents of both the charging
and polarizing zones were recorded by their corresponding HVDC
power supply.

Pt = Pd + Pf = Pd +

2.4. Parameters for performance evaluation
To evaluate the performance of the EAA PET coarse ﬁlter, we
used parameters including single pass ﬁltration eﬃciency of 0.3–
5 μm particles, net ozone production, pressure drop, power dissipation of the device, total power use per unit area and comprehensive quality factor (CQF).
Single pass ﬁltration eﬃciency of particulate matter (PM) with
a certain size, η(dPM ), is calculated by:

η (dPM ) = 1 −

Cin (dPM )
Cout (dPM )

(1)

where dPM (μm) is PM diameter; Cin (dPM ) and Cout (dPM ) (l − 1 ) are
number concentrations of dPM μm PM at inlet and outlet of the
EAA PET coarse ﬁlter module, respectively.
Net ozone production of the device, Mozone (mg/h), is calculated by:

Mozone = 3.6Avair (Cout, ozone − Cin, ozone )ρozone

(2)
m2 ;

where A is the cross sectional area, 0.204 × 0.120
vair (m/s) is
the face air velocity across the PET ﬁlter; Cout, ozone and Cin, ozone
(ppb) are ozone volume concentrations at inlet and outlet of the
EAA PET coarse ﬁlter module, respectively; ρ ozone is the ozone density, 1.90 kg/m3 .
Power dissipation of the device, Pd (W/m2 ), is calculated by:

Pd =

Uc · Ic + Up · Ip
A

(3)

where the subscripts c and p stand for charging zone and polarizing zone, respectively; U (kV) is the supply voltage; I (mA) is the
loop current.
A large pressure drop would also cost a large amount of power
dissipation of the fan, which drives air through the ﬁlter material
[30,31]. Such power dissipation required to overcome the ﬂow resistance of the ﬁlter, Wf (W), is determined by Sun and Woodman
[32]:

Wf =

 pQ
η f an

(4)

where p (Pa) is the pressure drop across the ﬁlter; Q (m3 /s) is
the volume air ﬂow rate; ηfan = 0.71 is the total fan eﬃciency [33].
Therefore, we deﬁne total power use per unit area of the EAA
PET coarse ﬁlter, Pt (W/m2 ), as sum of the power dissipation of the

Wf
 pvair
= Pd +
A
η f an

(5)

where Pf (W/m2 ) is the power dissipation of the fan.
Our previous study presented a comprehensive quality factor
(CQF) (Pa−1 ) to better evaluate the performance of electrostatic
particle removal technologies [34]. CQF incorporates particle removal technologies’ beneﬁts (single pass ﬁltration eﬃciency) and
costs (pressure drop as well as power dissipation). Using CQF, we
are able to compare the performance of electrostatic particle removal technologies with mechanical ﬁltration. CQF for PM with a
certain size, CQF(dPM ), is calculated by Tian et al. [34]:

CQF (dPM ) =

− ln (1 − η (dPM ) )

p +

η f an Pd
vair

(6)

3. Results
3.1. Characteristics of the PET coarse ﬁlter
Table 1 and Fig. 2 show the thickness, ﬁlling power, electrostatic half period, mean ﬁber diameter and morphology of the 6
PET coarse ﬁlters used in this study. We found that thicker PET ﬁlters have greater ﬁlling power. Although all are made of PET, the 6
ﬁlters showed different dielectric properties with electrostatic half
periods ranging from 0–36.6 s. Despite these differences, the 6 PET
ﬁlters share similar mean ﬁber diameters in a range of 26–36 μm.
3.2. Inﬂuence of electrical ﬁeld intensities on performance of EAA PET
coarse ﬁlter
As an example, we evaluated Filter #4 for the inﬂuence of
charging ﬁeld intensity (Ec ) and polarizing ﬁeld intensity (Ep ) on
performance of the EAA PET coarse ﬁlter. The face air velocity
through the EAA PET ﬁlter was held constant at 1.2 m/s. We used
ambient aerosols as loading particles, so air temperature and relative humidity varied from 31.4–38.0 °C and 37%–27%, respectively.
The average mass concentration of ambient PM2.5 was 118 μg/m3
and the size distributions of the loading particles are shown in Fig.
A1 in Appendix A.
Fig. 3 shows the single pass ﬁltration eﬃciencies for 0.3–0.5 μm
particles (PM0.3 – 0.5 ) with varying Ec and Ep . The single pass ﬁltration eﬃciencies vary with particle diameters, for which the data
are shown in Fig. A2 (a)–(c) in Appendix A. Since the standard deviations for the single pass ﬁltration eﬃciencies of 6 experimental observations were all less than 0.05%, we did not include error bars on Fig. 3 and Fig. A2 (a)–(c) in Appendix A. These ﬁgures
show that Ec and Ep synergistically enhance the single pass ﬁltration eﬃciencies for 0.3–5 μm ambient particles. Since we chose
PET coarse ﬁlter (Filter #4) to maintain a low pressure drop, the
original single pass ﬁltration eﬃciency was 0.4% (Ec = Ep = 0) for
PM0.3 – 0.5 . With the electrostatic assistance of enhancing Ec from
0 to 5.9 kV/cm (Ep = 0), the eﬃciency increased to 57.0% and had
2.1 mg/h net ozone production. When Ec was further enhanced to
6.4 kV/cm (Ep = 0), the eﬃciency increased to 60.9%, while the net
ozone production increased sharply to 7.1 mg/h as shown in Fig.
A2 (d) in Appendix A. To keep ozone production low, we kept
Ec less than 5.9 kV/cm and enhanced Ep from 0 to 12.5 kV/cm.
Fig. 3 shows that keeping Ec at 5.9 kV/cm, with the electrostatic
assistance of enhancing Ep from 0 to 12.5 kV/cm, the eﬃciency further increases to 99.0%, while net ozone production decreases to
0.2 mg/h as shown in Fig. A2 (d) in Appendix A.
Fig. A3 (a) in Appendix A shows the loop current for charging
zone (Ic ) for Filter #4 in the EAA PET coarse ﬁlter device. Since
the loop current for the polarizing zone stayed at 0 in all tests,
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Table 1
Properties of the tested PET coarse ﬁlters.
Filter

Thickness, mm

Filling power, cm3 /g

Electrostatic half period, s

Mean ﬁber diameter, μm

#1
#2
#3
#4
#5
#6

20
20
10
10
10
3

79
60
54
48
48
43

1.9
36.6
0.0
0.3
28.0
7.3

31
31
33
26
36
27

±
±
±
±
±
±

4
11
10
9
29
13

Fig. 2. SEM images of the PET coarse ﬁlters.

the power dissipation of the device was calculated by Eq. (3) and
is shown in Fig. A3 (b) in Appendix A. The device’s pressure drop
was 21.0 Pa at face air velocity of 1.2 m/s; therefore the total power
use per unit area (Pt ) could be calculated by Eq. (5) and is shown
in Fig. 4. This shows that enhancing Ec leads to an increase in Pt ,
while enhancing Ep leads to a decrease in Pt . This is because Ic

increases with increased Ec , and decreases with increasing Ep , as
shown in Fig. A3 (a) in Appendix A. Thus, increasing Ep is an appropriate way to enhance the ﬁltration eﬃciency of EAA PET coarse
ﬁlter and at the same time reduce Pt .
Fig. 5 shows CQFs for 0.3–0.5 μm particles with varying Ec and
Ep . Since enhancing Ec increases ﬁltration eﬃciency and Pd at the
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Fig. 3. Single pass ﬁltration eﬃciencies of Filter #4 for 0.3–0.5 μm particles at
1.2 m/s face air velocity. Charging ﬁeld intensity (Ec ) varies from 0 to 6.4 kV/cm,
and polarizing ﬁeld intensity (Ep ) varies from 0–12.5 kV/cm.

Fig. 6. Single pass ﬁltration eﬃciencies of Filters #1–#6 for 0.3–5 μm particles at
1.1 m/s face air velocity, with charging ﬁeld intensity (Ec ) 5.0 kV/cm, and polarizing
ﬁeld intensity (Ep ) 8.4 kV/cm.

same time, the largest CQFs were achieved at optimal Ec . Since
enhancing Ep increases ﬁltration eﬃciency while decreasing Pd , a
larger CQF was achieved at a higher Ep . Filter #4 in the EAA PET
coarse ﬁlter device, gave the highest CQF for 0.3–0.5 μm particles
at 0.102 Pa−1 when Ec = 4.5 kV/cm and Ep = 12.5 kV/cm.

3.3. Inﬂuence of ﬁlter material on performance of the EAA PET coarse
ﬁlter

Fig. 4. The total power use per unit area (Pt ) of Filter #4 at 1.2 m/s face air velocity.
Charging ﬁeld intensity (Ec ) varies from 0 to 6.4 kV/cm, and polarizing ﬁeld intensity
(Ep ) varies from 0–12.5 kV/cm. The error bars in the ﬁgures include the standard
deviations in 10 experimental observations of pressure drop and face air velocity
through the EAA coarse ﬁlter device, as well as the instrumental errors of the HVDC
power supply (voltage: 0.1%, current: 0.1%).

Fig. 5. Comprehensive quality factor (CQF) of Filter #4 for 0.3–0.5 μm particles at
1.2 m/s face air velocity. Charging ﬁeld intensity (Ec ) varies from 0 to 6.4 kV/cm, and
polarizing ﬁeld intensity (Ep ) varies from 0–12.5 kV/cm. The error bars in the ﬁgures
are the standard deviations propagated by those of single pass ﬁltration eﬃciency,
pressure drop, face air velocity and the instrumental errors of the power dissipation.

We used 6 PET coarse ﬁlters (Filters #1–#6) to evaluate the
inﬂuence of ﬁlter material on performance of the EAA PET coarse
ﬁlter. The face air velocities through the EAA PET ﬁlters were held
constant at 1.1 m/s. The charging ﬁeld intensity (Ec ) and polarizing ﬁeld intensity (Ep ) of the device were set at 5.0 kV/cm and
8.3 kV/cm, respectively. The air temperature and relative humidity
ranges were 24.0–29.5 °C and 45%–75%, respectively. The average
mass concentration of ambient PM2.5 was 51.7 μg/m3 and the
size distribution of the loading particles is shown in Fig. A4 in
Appendix A.
Fig. 6 shows the single pass ﬁltration eﬃciencies for 0.3–5 μm
particles (PM0.3 – 5 ) of the EAA PET coarse ﬁlter device installed
with Filters #1–#6. We used the ﬁltration eﬃciency of 0.3 μm particles in Fig. 6 to represent the ﬁltration eﬃciency of PM0.3 – 0.5 ,
0.5 μm particles for PM0.5 – 1 , 1 μm particles for PM1 – 3 , and 3 μm
particles for PM3 – 5 . In the particle size range 0.3–5 μm, the EAA
PET coarse ﬁlter was less eﬃcient for the smaller particles. For example, the ﬁltration eﬃciency of Filter #3 was 50.6% for PM0.3 – 0.5 ,
and was 92.7% for PM3 – 5 . Moreover, although Filters #1–#6 were
all ﬁbrous coarse ﬁlters made of PET, their ﬁltration eﬃciencies
with electrostatic assist varied greatly, especially for smaller particles. For instance, the ﬁltration eﬃciency for PM0.3 – 0.5 of Filter
#3 was 50.6%, while it was 95.4% for Filter #2. As the ﬁltration
eﬃciencies of Filters #1–#6 were all below 1.1% when Ec = Ep = 0,
and the ﬁlling power and mean ﬁber diameter of Filters #3 and
#2 were similar, the reason for the large gap between their ﬁltration eﬃciencies (when Ec = 5.0 kV/cm and Ep = 8.3 kV/cm) might be
because of their differences in thickness and electrostatic half period (as shown in Table 1). However, Filters #4 and #3 had the
same thickness, a nearly zero electrostatic half period but had a
huge difference in ﬁltration eﬃciencies. When Ec = 5.0 kV/cm and
Ep = 8.3 kV/cm, the single pass ﬁltration eﬃciency of PM0.3 – 0.5 was
91.3% for Filter #4 but 50.6% for Filter #3. Therefore, it will be
interesting to study the reason for such electrostatically assisted
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Fig. 7. Total power use per unit area (Pt ), power dissipation of the fan (Pf ) and of the device (Pd ) for Filters #1–#6 at 1.1 m/s face air velocity, with charging ﬁeld intensity
(Ec ) 5 kV/cm, and polarizing ﬁeld intensity (Ep ) 8.4 kV/cm. The error bars for Pf are the standard deviations in 10 experimental observations of pressure drop and face air
velocity through the EAA coarse ﬁlter device, and the error bars for Pf are propagated by instrumental errors of the HVDC power supply (voltage: 0.1%, current: 0.1%).

ﬁltration eﬃciency differences between PET coarse ﬁlters in the
future.
Fig. 7 shows the total power use per unit area (Pt ), power dissipation of the fan (Pf ) and of the device (Pd ) for Filters #1–#6
installed in EAA PET coarse ﬁlter device. Since all experiments in
this section were conducted under the same electric ﬁeld intensities (Ec = 5.0 kV/cm and Ep = 8.3 kV/cm), and all ﬁlters were PET
coarse ﬁlters which only slightly inﬂuence the loop current of the
device, the Pd of Filters #1–#6 were similar. Their differences in
Pt mainly contributed to those in Pf , which were determined by
pressure drops. The pressure drops of the 6 EAA PET coarse ﬁlters
at 1.1 m/s face air velocity are shown in Table A1 in Appendix A.
In this study, Pd was slightly higher than Pf , which indicated that
both pressure drop and power dissipation of the device are important determinants of saving energy when using particle removal
devices.
4. Discussion
4.1. Beneﬁts from charging ﬁeld, polarizing ﬁeld, and ﬁlter material
optimizing
Fig. 8 shows the single pass ﬁltration eﬃciencies for 0.3–0.5 μm
particles and total power use per unit area (Pt ) of EAA PET coarse
ﬁlters. Fig. 8 shows the beneﬁts from enhancing the charging ﬁeld,
enhancing the polarizing ﬁeld, and optimizing ﬁlter material on
improving the ﬁltration eﬃciency and reducing the overall power
dissipation of the EAA PET coarse ﬁlter. To ensure a low pressure
drop, we used coarse ﬁlters so that the ﬁltration eﬃciency and Pt
were both low when Ec = Ep = 0. When only the charging ﬁeld intensity is increased (Ec > 0, Ep = 0), the corona discharge becomes
stronger, particles become more fully charged, so that the ﬁltration eﬃciency increases. However, stronger corona discharge also
leads to a larger loop current in the charging zone (as shown in
Fig. A3 (a) in Appendix A), and thus causes larger power dissipation. When charging and polarizing ﬁeld intensities are increased
simultaneously (Ec > 0, Ep > 0), not only are particles charged, but
ﬁlter material is polarized (generating polarization charge on its
surface). Therefore, the electric force between particles and ﬁlter
ﬁbers increases and the EAA PET coarse ﬁlter ﬁltration eﬃciency

Fig. 8. Single pass ﬁltration eﬃciency for 0.3–0.5 μm particles and total power per
use unit area (Pt ) of PET air coarse ﬁlter with assist of (1) neither, (2) only charging,
(3) charging and polarizing, and (4) charging, polarizing, and using different ﬁlter
material at 1.1–1.2 m/s face air velocity. (The numbers near the blue dots represent
the numbers of PET ﬁlters).

is further enhanced. Since increasing the polarizing ﬁeld intensity
decreases the loop current of the charging zone, it also reduces
the total power use per unit area of the device. Moreover, using
different PET coarse ﬁlter materials in the EAA ﬁlter device results
in different ﬁltration eﬃciency and Pt , which is worth studying to
further improve the performance of EAA coarse ﬁlter.
4.2. Comparison with mechanical ﬁltration
Figs. 9 and 10 show a comparison of single pass ﬁltration eﬃciency, total power use per unit area (Pt ), and comprehensive quality factor (CQF) among the EAA PET coarse ﬁlters and commercial ﬁlters [35] and ﬁlters described in the literature [36-40]. Since
commercial ﬁlters were all tested at low face air velocity (vair ) of
0.05–0.13 m/s, we assumed that pressure drop (࢞p) was propor
tional to vair [41-43], and that vair as v air = 1 m/s. We set ࢞p equal

to ࢞ p to calculate Pt . We used single pass ﬁltration eﬃciencies at
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ters (93.2%) require at least Pt = 39 W/m2 . Fig. 10 shows the CQFs
of EAA PET ﬁlters, ﬁlters in the literature, and commercial ﬁlters
classiﬁed in 6 categories by ﬁltration eﬃciency level. Detailed information and the reference for each ﬁlter are listed in Table. A2 in
Appendix A. In every category, the pattern is that commercial ﬁlters have the lowest CQF, ﬁlters in the literature have middle CQF,
and EAA PET ﬁlters have the highest CQF. Figs. 9 and 10 indicate
that EAA PET ﬁlters not only highly eﬃcient ﬁlters, they are also
energy saving, and therefore are recommended for use before the
air outlets of HVAC systems, air ducts, and portable air cleaning
devices.
5. Conclusions

Fig. 9. Single pass ﬁltration eﬃciency and total power use per unit area (Pt ) of PET
coarse ﬁlter (Filter #4) for 0.3–0.5 μm particles at 1.2 m/s face air velocity, EAA PET
coarse ﬁlters for 0.3–0.5 μm particles at 1.1–1.2 m/s face air velocity, ﬁlters in the
literature for 0.3–0.5 μm particles at 1 m/s face air velocity for 0.3–0.5 μm and less
than 2.5 μm particles, and commercial ﬁlters for 0.3 μm particles at 0.05–0.13 m/s
face air velocity.



lower vair = 0.05–0.13 m/s to represent those at higher v air = 1 m/s.
Since higher face air velocity causes lower ﬁltration eﬃciency [40],
the single pass ﬁltration eﬃciencies for 0.3 μm particles of com
mercial ﬁlters at v air = 1 m/s were over-estimated. Filters in the literature were all tested at vair = 0.85–1.3 m/s (approximately 1 m/s),
so we used actual vair and ࢞p to calculate Pt . The ﬁltration eﬃciencies of ﬁlters in the literature included those for PM0.3 –– 0.5 and for
PM2.5 .
Fig. 9 shows that having same level of particle ﬁltration eﬃciency, EAA PET ﬁlters have the lowest total power use per unit
area (Pt ), while ﬁlters in the literature consume somewhat more,
and commercial ﬁlters consume the most. For instance, to have a
more than 90% ﬁltration eﬃciency for PM0.3 –– 0.5 , commercial ﬁlters (91.0%) requires at least Pt = 327 W/m2 , while ﬁlters in the literature (94.1%) need at least Pt = 76 W/m2 , and EAA PET coarse ﬁl-

We developed an electrostatically assisted air (EAA) ﬁlter that
signiﬁcantly enhances the ﬁltration eﬃciency of low-eﬃciency ﬁlters without a large pressure drop, thus lowering of ventilation fan
energy consumption. We experimentally evaluated the inﬂuencing
factors on both single pass ﬁltration eﬃciency and total power use
per unit area of these EAA PET coarse ﬁlters: charging ﬁeld intensity (Ec ), polarizing ﬁeld intensity (Ep ), and PET ﬁlters’ characteristics.
1. The EAA ﬁlter device increased the single pass ﬁltration efﬁciency for 0.3–0.5 μm particles of a PET coarse ﬁlter from
0.4% (Ec = Ep = 0) to 57.0% (Ec = 5.9 kV/cm, Ep = 0) by particle
precharging, and then to 99.0% (Ec = 5.9 kV/cm, Ep = 12.5 kV/cm)
by ﬁlter polarizing with 21.0 Pa pressure drop at 1.2 m/s face air
velocity.
2. Increasing Ec enhanced ﬁltration eﬃciency but led to a higher
power dissipation of EAA ﬁlters. However, increasing Ep increased ﬁltration eﬃciency and reduced power dissipation. We
used a comprehensive quality factor (CQF) to better evaluate
the particle removal technologies’ beneﬁts (single pass ﬁltration
eﬃciency) and costs (pressure drop as well as power dissipation). Using Filter #4 in the EAA PET ﬁlter device, the highest
CQF for 0.3–0.5 μm particles reached 0.102 Pa−1 when Ec was
optimal 4.5 kV/cm and Ep was the highest 12.5 kV/cm.
3. We found that the 6 PET coarse ﬁlters varied in electrostatic ﬁltration eﬃciencies from 50.6% to 95.4% for 0.3–0.5 μm particles.

Fig. 10. Comprehensive quality factor (CQF) of EAA PET coarse ﬁlters for 0.3–0.5 μm particles at 1.1–1.2 m/s face air velocity, ﬁlters in the literature for 0.3–0.5 μm particles
at 1 m/s face air velocity for 0.3–0.5 μm and less than 2.5 μm particles, and commercial ﬁlters for 0.3 μm particles at 0.05–0.13 m/s face air velocity. (Detailed information
and the reference for each ﬁlter are listed in Table. A2 in Appendix A.).
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Therefore, ﬁlter media optimizing is important for EAA ﬁltration
with respect to energy saving and high eﬃciency. However, the
reasons for ﬁlter materials’ different performances need to be
further studied in the future.
4. We compared EAA PET ﬁlters with commercial ﬁlters and ﬁlters
described in the literature, and found that EAA PET ﬁlters have
greater ﬁltration eﬃciency as well as lower total power use per
unit area, making it have the highest CQF.
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