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(57) ABSTRACT

A particle charger with sheath air flow for enhancing charging
efficiency includes a housing and a discharge wire. The hous-
ing has a charging chamber for accommodating the discharge
wire, a particle inlet, a sheath air inlet, an outlet and an
accelerating channel. A clean sheath air is guided through the
sheath air inlet into the charging chamber to surround charged
particles, reducing deposition of charged particles on the
inside wall of the housing. A relatively small annular gap of
accelerating channel accelerates the charged particles to exit
the particle charger, and therefore minimized the particle
electrostatic loss due to depositing on the inner surface of the
housing. Additionally, uncharged particles approach the dis-
charge wire axially, and charged particles move away radi-
ally. It is helpful for the charged particles to diffuse rapidly
and uniformly, thereby enhancing the charging efficiency.
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PARTICLE CHARGER WITH SHEATH AIR
FLOW FOR ENHANCING CHARGING
EFFICIENCY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to air pollution control
technology or measuring technology, and more particularly
1o a particle charger with sheath air flow for enhancing charg-
ing efficiency.

[0003] 2. Description of the Related Art

[0004] Particle charging technology has been widely
applied to air pollution control and particle concentration
measurement. Particle charging efficiency directly affects the
performance of the related air pollution control equipment
and the sensitivity and accuracy of the particle concentration
measuring instrument. Therefore it is important to improve
the charging efficiency of a particle charging equipment.
[0005] U.S. Pat. No. 5,973,904 discloses a particle charg-
ing apparatus, which includes a housing having a longitudinal
axis extending between an inlet and an outlet of the housing
with a stream of aerosol particles flowing parallel to the
longitudinal axis. An electric field is created within the hous-
ing for directing a stream of unipolar ions toward the outlet for
charging the stream of aerosol particles. Additionally, a clean
sheath air is created between the stream of aerosol particles
and the housing to reduce charged particle loss within the
housing. But the sheath air velocity is not properly controlled
and is not high enough to prevent loss of charged particles on
the wall.

[0006] In addition, the aforesaid particle charging appara-
tus needs radioactive isotope to achieve discharging, a metal
screen to create a clean sheath and a complicated design to
create an axial electric fleld. These technical features compli-
cate the structure of the particle charging apparatus, resulting
in the increase of cost and causing the apparatus unable to be
miniaturized for use in a portable particle measuring instru-
ment.

SUMMARY OF THE INVENTION

[0007] The main object of the present invention is to pro-
vide a particle charger with high velocity sheath air flow near
the inner wall of the charger for enhancing charging effi-
ciency, which has a simple structure and can be optimized for
smaller size.

[0008] To achieve this and other objectives of the present
invention, a particle charger with high speed sheath air flow
for enhancing charging efficiency comprises a housing and a
discharge wire. The housing is made of electrically conduc-
tive material, comprising a charging chamber, a particle inlet,
an outlet and a first accelerating channel. The particle inlet is
disposed in communication with the charging chamber. The
first accelerating channel with a small annular gap is con-
nected between the charging chamber and the outlet. The
discharge wire is arranged in the charging chamber of the
housing. The charging chamber and the particle inlet of the
housing both have a circular cross section. The charging
chamber, the particle inlet and the discharge wire extend
along the same longitudinal axis. The particle charger further
comprises an insulative cover, a first flow guide sleeve, a
second flow guide sleeve, an insulative cover, a conductive
rod and an electrode holder. The first flow guide sleeve is
mounted inside the housing. The gap of the first accelerating
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channel is defined between the first flow guide sleeve and the
inside wall of the housing. Further, the first flow guide sleeve
comprises an outside annular groove extending around the
periphery thereof at a location corresponding to the outlet of
the housing. The housing further comprises a sheath air inlet.
The second accelerating channel is connected between said
charging chamber and said sheath air inlet, and included a gap
defined between said second flow guide sleeve and an inside
wall of said housing. The second flow guide sleeve comprises
an outside annular groove extending around the periphery
thereof at a location corresponding the sheath air inlet, and an
axial hole disposed in communication with the charging
chamber and the particle inlet of the housing. The insulative
cover is attached to the housing, having a center hole for the
passing of the conducting rod. The electrode holder is
mounted inside the housing, comprising an insulative holder
body and a metal conductor. The insulative holder body is
connected to the bottom end of the conducting rod. The metal
conductor is mounted in the insulative holder body and elec-
trically connected with the conducting rod and the discharge
wire. Further, the first flow guide sleeve has a center hole for
the passing of the conducting rod.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is the block diagram of the particle charger
with sheath air flow for enhancing charging efficiency in
accordance with the present invention.

[0010] FIG. 2 is an exploded view of the particle charger
with sheath air flow for enhancing charging efficiency in
accordance with the present invention.

[0011] FIG. 3isasectional view of the particle charger with
sheath air flow for enhancing charging efficiency in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Referring to FIGS. 1~3, a particle charger 10 in
accordance with the present invention is shown comprising a
housing 20, a first flow guide sleeve 30, a second flow guide
sleeve 40, an insulative cover 50, a conducting rod 60, an
electrode holder 70 and a discharge wire 80.

[0013] The cylindrical housing 20 is made from an electri-
cally conducting material, defining a longitudinal axis A. The
inside of the housing 20 has a charging chamber 21, a particle
inlet 22, a sheath air inlet 23, an outlet 24, a first accelerating
channel 25 and a second accelerating channel 26. The particle
inlet 22 is in communication with the charging chamber 21.
The first accelerating channel 25 is connected between the
charging chamber 21 and the outlet 24. The first accelerating
channel 25 has a small annular gap 25 formed between the
first flow guide sleeve 30 and an inside wall of the cylindrical
housing 20. The second accelerating channel 26 is connected
between the charging chamber 21 and the sheath air inlet 23.
The second accelerating channel 26 has small annular gap 26
formed between the second flow guide sleeve 40 and an inside
wall of the cylindrical housing 20.

[0014] The first flow guide sleeve 30 and the second flow
guide sleeve 40 are cylindrical and mounted inside the hous-
ing 20. The first flow guide sleeve 30 and the second flow
guide sleeve 40 each have an annular groove 32 or 42 extend-
ing around the periphery. The two annular grooves 32 and 42
are disposed corresponding to the sheath air inlet 23 and the
outlet 24 respectively. The first flow guide sleeve 30 has a
center hole 34, and a bottom conical surface 36. The second



US 2011/0090611 Al

flow guide sleeve 40 has an axial hole 44 in communication
between the charging chamber 21 and the particle inlet 22.
[0015] The insulative cover 50 is a single-piece member
prepared from an electrically insulative material, having a
cylindrical large diameter portion 54 and a cylindrical small
diameter portion 56 axially connected together. The cylindri-
cal large diameter portion 54 is disposed at the top side of the
cylindrical small diameter portion 56. The cylindrical small
diameter portion 56 is inserted into the center hole 34 of the
first flow guide sleeve 30. Further, the insulative cover 50 has
a center hole 52 and an inner thread (not shown) extending
around the inside wall of the center hole 52.

[0016] The conducting rod 60 is a metal member mounted
in the center hole 52 of the insulative cover 50. The conduct-
ing rod 60 has an outer thread (not shown) meshed with the
inner thread (not shown) in the center hole 52 of the insulative
cover 50.

[0017] The electrode holder 70 is mounted inside the hous-
ing 20, comprising an electrically insulative holder body 72
and a metal conductor 74. The electrically insulative holder
body 72 is threaded onto the bottom end of the conducting rod
60. The metal conductor 74 is inserted into the inside of the
electrically insulative holder body 72 and electrically con-
nected to the conducting rod 60. The cylindrical small diam-
eter portion 56 of the insulative cover 50, the conducting rod
60 and the electrode holder 70 are inserted into the center hole
34 of the first flow guide sleeve 30.

[0018] The discharge wire 80 is arranged inside the charg-
ing chamber 21 of the housing 20 and electrically connected
to the conducting rod 60 through the metal conductor 74 of
the electrode holder 70. The discharge wire 80 extends along
the longitudinal axis A of the housing 20.

[0019] The conducting rod 60 is connected with a high-
voltage DC power source (not shown), whereas the housing
20 is grounded, thus electric field can be formed between the
discharge wire 80 and the housing 20. When a stream of
particles is guided through the particle inlet 22 into the charg-
ing chamber 21, they are charged by the discharge wire 80 due
to diffusion and field charging mechanisms. Thereafter,
charged particles go through the first accelerating channel 25
and the outlet 24 to the outside of the particle charger 10 for
further application. A high speed clean sheath air is guided
through the sheath air inlet 23 and the second accelerating
channel 26 into the charging chamber 21 to prevent deposi-
tion of charged particles on the inside wall of the housing 20.
[0020] In addition, the first accelerating channel 25 has a
relatively small annular gap which helps accelerating the flow
and guiding charged particles to exit the particle charger 10
rapidly, and therefore the particle electrostatic loss due to
depositing on the inner surface of the housing 20 is mini-
mized. Further, the charging chamber 21, the particle inlet 22
and the discharge wire 80 extend along the same longitudinal
axis A so that particles that approach the discharge wire 80
axially are charged in the charging chamber 21. The smooth
and unobstructed route is helpful for the charged particles to
diffuse rapidly and uniformly, thereby enhancing the charg-
ing efficiency.

[0021] Although a particular embodiment of the invention
has been described in detail for purposes of illustration, vari-
ous modifications and enhancements may be made without
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departing from the spirit and scope of the invention. Accord-
ingly, the invention is not to be limited except as by the
appended claims.

What is claimed is:

1. A particles charger, comprising:

a housing made from an electrically conductive material,
said housing coniprising a charging chamber, a particle
inlet, an outlet and a first accelerating channel, said
particle inlet being disposed in communication with said
charging chamber, said first accelerating channel being
connected between said charging chamber and said out-
let and including a gap; and

a discharge wire arranged in said charging chamber of said
housing.

2. The particle charger as claimed in claim 1, wherein said
charging chamber and said particle inlet of said housing each
have a circular cross section; said charging chamber, said
particle inlet and said discharge wire extend along one same
longitudinal axis.

3. The particle charger as claimed in claim 1, further com-
prising a first flow guide sleeve mounted inside said housing;
said gap of said first accelerating channel is defined between
said first flow guide sleeve and an inside wall of said housing.

4. The particle charger as claimed in claim 3, wherein said
first flow guide sleeve comprises an outside annular groove
extending around the periphery thereof at a location corre-
sponding to said outlet of said housing.

5. The particle charger as claimed in claim 1, further com-
prising a second flow guide sleeve mounted inside said hous-
ing, said housing further comprising a sheath air inlet and a
second accelerating channel being connected between said
charging chamber and said sheath air inlet, said second accel-
erating channel including a gap defined between said second
flow guide sleeve and an inside wall of said housing.

6. The particle charger as claimed in claim 5, wherein said
second flow guide sleeve comprises an outside annular
groove extending around the periphery thereof at a location
corresponding said sheath air inlet.

7. The particle charger as claimed in claim 5, wherein said
second flow guide sleeve comprises an axle hole disposed in
communication with said charging chamber and said particle
inlet of said housing.

8. The particle charger as claimed in claim 1, further com-
prising an insulative cover, a conducting rod and an electrode
holder, said insulative cover being attached to said housing
and having a center hole for the passing of said conducting
rod, said electrode holder being mounted inside said housing
and comprising an insulative holder body and a metal con-
ductor, said insulative holder body being connected to a bot-
tom end of said conducting rod, said metal conductor being
mounted in said insulative holder body and electrically con-
nected with said conducting rod and said discharge wire.

9. The particle charger as claimed in claim 8, further com-
prising a first flow guide sleeve mounted inside said housing,
said first flow guide sleeve having a center hole for the passing
of said conducting rod.
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