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Hanyang University

Particles Above and Inside the Nanoparticle Control Lab.
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Hanyang University

< Miniaturized Instruments Nanoparticle Control Lab.

(1) Rotating Plate Impactor

 Weight: 302¢g
» 3stages (10 ym, 2.5 um, 1.0 ym~ or 0.5 um)
« 24 TEM grids / stage

(2) Optical Particle Counter (Hy-OPC)

Particle Size 0.3/0.4/0.5/0.8/1.0/2.5/3.0/4.0/5.0 um
Count Range 18,000 #/cm?

le Flow R 1,0 liter/minute,
Sample Flow Rate flow compensation at low pressure

Operating Temp. Range | -25 to 45°C

Dimensions 120 X 150 X 65 mm
- Weight 256 g (w/o battery)
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Hanyang University

< Miniaturized Instruments Nanoparticle Control Lab.

v Optical Particle Counter ( Hy-OPC)
Performance Evaluation

» Atmospheric Aerosol monitoring comparison with Grimm 1.108 for 8.5 hours.
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< Miniaturized Instruments
(3) Condensation Particle Counter (Hy-CPC)
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Hanyang University
Nanoparticle Control Lab.

-l 000
Cut-off Size 3.35nm
Count Range 144,000 #/cm3

Sample Flow Rate

0.125 liter/min., Pressure compensation

Operating Temp. Range -25to 45°C

Weight

580 g (w/o battery)

Working Fluid

Water or n-Butanol
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Hanyang University

< Miniaturized Instruments Nanoparticle Control Lab.
(3) Condensation Particle Counter (Hy-WCPC)

=
o

= - R I B I R R N
il C ]
[} - .
E 14 OISR SR SO - SO - OO M 1. PO . OO JINPNOY . IR SR > 0. . RURUUURDY - PSRN JO. - B 2= 4 -
s f :i
= C :
9] - :
1) 12 fmeeereerionn it il b b L e Db L Ll -
w C ;
~ C
é 1.0 o T TRl g @
=
E N ; 100000
>~ [ :
g 06 = eoseansatverasf VR e e gesia iyt i lnemaombrenotises bty 3_
0 - 25
O - -
T 04 Ag pamcIFeS 3
o L NaCl particles ]
= C i ]
2 02F Zn pa.mcles. ks
5 C Paraffin particles | ‘]
0 - R Door g -
v C Lol | oo aaadl | Lol
00 1 1 1 1 1 | 11 1
1 10 100 1000 10000

Particle mobility diameter (nm)

Hy-WCPC (particles/cm?)

s fpeeiiieti @ Ag particles (y = 0.963 x + 0181, 1 = 0.988)
P P A NaCl particles (y = 0.997 x + 0.054, r* = 0.985))
R - ¥  Zn particles (y = 1.029 x - 0.092, r* = 0.975 )
@ Paraffin particles (y = 0.934 x + 0.260, r* = 0.985 )
..... y = x
1000 1 1 1 1

J. Aerosol. Sci., 113 (2017) 12-19 1000 10000 100000

Electrometer (particles/cm3)
- G sNAavIe T =




< Miniaturized Instruments

dN/dLogDp (#/cc)

dN/dLogDp(#/cc)

v" Hy-SMPS Performance Evaluation
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Hanyang University
Nanoparticle Control Lab.
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Hanyang University

< Miniaturized Instruments Nanoparticle Control Lab.
(4) Hy-SMPS with OPC, O,, VOC, BC, PC, T, RH, WiFi, GPS, Wind speed & dir.

Hy-CPC/Hy-OPC




< Miniaturized Instruments
(5) Iso-kinetic Sampling Probe for Variable Moving Speed
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FIG. 3. Schematic of experimental setup using a high-speed wind tunnel.
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Hanyang University

< Miniaturized Instruments Nanoparticle Control Lab.
(5) Iso-kinetic Sampling Probe for Variable Moving Speed (different Angle of Attack)
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< Miniaturized Instruments

Hanyang University
Nanoparticle Control Lab.
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(5) Ground Control Station Monitoring Program
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Hanyang University
Nanoparticle Control Lab.

Tethered Balloon with Particle Instruments
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Altitude (m)

Hanyang University

B Tethered Bﬁ"OOﬂ TeSt Nanoparticle Control Lab.

2013. June. 27 @ Seoul
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Hanyang University

I TEtheFed Ba“OOn Test Nanorparticle Control Lab.

% Single Particle Element Analysis (Sampled with Rotating Stage Impactor)
Sampling time : 2014.01.17(11:19~11:34) _Campus
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B Tethered Balloon Test

2016. June 10 @ campus

3 am 6

Hanyang University
Nanoparticle Control Lab.
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Altitude, m
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2016. June 10
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Tethered Balloon Test

Portugal
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Hanyang University
Nanoparticle Control Lab.

Tethered Balloon Test Site
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Hanyang University

Tethered Balloon Measurement Nanoparticle Control Lab,
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Time, hh:mm
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B Tethered Balloon Measurement NanORT Conrol LoD,

Institute de Salud Carlos 111 Campus, Majadahonda, Spain, 14 July 2016
Massalya Monitoring Station
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Altitude, m.a.s.l.

Tethered Balloon Measurement Nanopartiole Control Lab,

- 00

2016 July 14 (Majadahonda, Spain)
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Hanyang University

B Tethered Balloon Measurement Nanoparticle Control Lab.

2016 July 14 (Majadahonda, Spain)
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Hanyang University
Nanoparticle Control Lab.

Sounding Balloon with Particle Instruments
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Hanyang University

B Sounding Balloon Measurement Nanoparticle Control Lab.
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Sounding Balloon Measurement

04/Feb/2015

Release point

Hanyang University
Nanoparticle Control Lab.
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B Sounding Balloon Measurement

04/Feb/2015
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Nanoparticle Control Lab.
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Hanyang University
Nanoparticle Control Lab.

Drone with Particle Instruments

1. Drone Performance and Safety Evaluation
2. Sensor Evaluation

3. Vertical Profile Measurement
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Hanyang University
Nanoparticle Control Lab.

« Drone Safety Evaluation ve—a—

B Vertical wind (Vertical Wind Tunnel Test)

B Motor Fail test

B GPSsignal lost test
B Geo Fencing test
B Night Flight test

B Fully Automatic Take-off and Landing

B Horizontal wind (Horizontal Wind Tunnel Test)
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Hanyang University
Nanoparticle Control Lab.

< Sensor Performance Evaluation —

B Comparison with the Meteorological Tower Sensors

Googie 2arth
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Hanyang University

«* Sensor Performance Evaluation Nanoparticle Control Lab.

(Comparison with Meteorological Tower Sensors)

Bl Wind Speed B Wind Direction
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< Sensor Performance Evaluation

(Comparison with Meteorological Tower Sensors)
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Hanyang University
Nanoparticle Control Lab.

B Relative Humidity
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Hanyang University
Nanoparticle Control Lab.

* Low Temp. Test in Mongolia
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 Vertical Profile Measurement (1,030 m)  nanoperiide Gontrol Lot

Korea Global Atmosphere Watch Center  Longitude : E 126.33°
Latitude : N 36.538°

2018 June 7
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«* Vertical Profile Measurement (1,030 m)

Altitude, a.s.l, m

2018 June 7

14:38 — 14:45
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Hanyang University
Nanoparticle Control Lab.
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«* Vertical Profile Measurement (1,030 m)

2018 June 7

14:38 — 14:45

Particle Number Concentration, #lcm®
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«* Vertical Profile Measurement (1,030 m)

Altitude, m.a.s.l.

Horizontal Particle Flux Profile

Particle Flux Density (Total)

Hanyang University
Nanoparticle Control Lab.
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< Vertical Profile Measurement (2,500 m) Hanyang University

Nanoparticle Control Lab.

Dec. 10, 2018
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Hanyang University

’:‘ Vertl0a| |Pl’0fl|e MeaSU I’emeﬂt (2,500 m) Nanoparticle Control Lab.

2018 Dec. 10
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«* Vertical Profile Measurement (2,500 m)

2018 Dec. 10
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< Vertical Profile Measurement (2,500 m) Hahyang University

Nanoparticle Control Lab.
2018 Dec. 10
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% Vertical Profile Measurement (2500 m)  nanopeis Gometey
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% Vertical Profile Measurement (2500 m)  nanopeis Gometey

2018 Dec. 10
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% Vertical Profile Measurement (2500 m)  nanopeis Gometey
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< Vertical Profile Measurement Nanoparicle Qonirol Lab,
Bl Drone + Hy-SMPS + OPC + Impactor Test

* Location : Tianjin
 May 2, 2017




<*Vertical Profile Measurement
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Hanyang University

<*Vertical Profile Measurement Nanopariicle Control Lab.
Bl Drone + Hy-SMPS Test

(a) *

* Location : Tianjin
- May 2, 2017
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-~ 8




Hanyang University
Nanoparticle Control Lab.
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Other Applications

- L 2RO e 2 e




Construction Site

(Octocopter + Real-time monitoring view )

«* Horizontal Profile Measurement

About

Hanyang University

Nanoparticle Control Lab.
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< Horizontal Profile Measurement Nanoparticie Control Lab,

with fixed wing drone
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Hanyang University

** Ship Emission Measurement with Nanoparticle Control Lab.
Drone & Hy-OPC
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Hanyang University

«» Aerosol distribution on Biking Trail Nanoparticle Control Lab.

% 2014. Feb. 27
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“» Commuter Exposure Measurement with
Back- pack system (H SMPS Hy-OPC)

July. 5, 2018
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< Commuter Exposure Measurement with Mamyang University
Back-pack system (Hy-SMPS, O,)

Nanoparticle Control Lab.
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“» Commuter Exposure Measurement with Hanyang University

Nanoparticle Control Lab.

Back-pac system (Hy-SMPS, OPC)

2018. 10. 15

(08:12~13:27)
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Hanyang University
Nanoparticle Control Lab.
-

B Conclusions

1. Portable aerosol measuring instruments are successfully developed.

2. Using balloon and UAV, the aerosol vertical distributions are
successfully measured.

3. A vertical aerosol flux distribution can be measured.
4. A new particle formation in the PBL is measured.

5. This will be a new tool for the atmospheric aerosol researchers.
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Hanyang University
Nanoparticle Control Lab.
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