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Airborne Inlets and Instrumentation on Aircraft Platform for

Air Quality Observation
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Abstract At present, the well-equipped aircraft is the mostly sought-after research platform to measure both the vertical
and spatial distributions of air quality parameters. In this study, Beechcraft B1900D was custom configured and modified for
continuous and constant-flow samplings of aerosol and gaseous species mainly within planetary boundary layer. The aircraft has
a maximum takeoff weight of 7,765 kg with 1,984 kg maximum payload and maximum power output of 22.4 kW. Two iso-kinetic
aerosol inlets were designed and mounted on the roof of aircraft fuselage. Four gas inlets were mounted on each side of
fuselage in ahead of aircraft wings. Currently, aircraft is capable for simultaneous installation of various instruments including
HR-ToF-AMS, PTR-ToF-MS, CIMS, major reactive gas analyzers with up to six operators. Recent test flight indicated that the
performance of newly adapted sampling systems in this aircraft was suitable for future intensive airborne observations.
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=, T, A 5ol Xt FEoMots BAT
W AEE (BAZ, AE, G430l A= 290l
™, -2yt A Zo] “ﬂo] g, |15, Astol, & 59
Adl AR AFY TR E0] T FE A H
AR5 ATH(Ge et al., 2017; Guo et al., 2017; Wang et
al., 2016). -=ut=te] 7|22 = HiE-d3 47
2] o]5of ofgt FFe = tV|eF=E AEE A
7} =3 QIth(Kang et al., 2018; Park et al., 2018;
Choi et al., 2016a, b; Lee et al., 2011; Han et al., 2006).
7l ed=de] e 7184, HiEd 5ol Wt
HH 11 e 5|9k 7ol et e A&l v
iLo] rﬂ_g_g}r/]..

A1 2 el et 9=, A,
35N ToE BRY & o AFEAE et
- Aol 7HssHAIT A4 &2 Aol 74
o] o]l FH P 0] JkS A T=th. TS
< W2 FYs Aot T A 9 5o ERE
o % GLAR, F ARSI Hs ZFIE 212t
= km, = 2 oV 7HA0|1L, AVFEA o] oAtk
ZA3} (Kim et al., 2019; Park et al., 2019). &5
52 2747H9] Adsol el wet 7l '
Afstal |2 Aol Js= A 4L o A=A
o] qlo] AFBET} PSS GAT WAL 9]

=+, ZMIS, OlES, 2dES

TH(Guo et al., 2017). =3, FEHE2 FAH ] ol
AEot S AE-S vlddchH &
FEuEe] 7|l s o
of =H&7d a4 Chang-gong 91 (581 H| 3
7], FHlel S5 1,259 kg)ol FUF-E A
Sf AE2 FALE ZASHAS (Jeong et al., 1994).
1996~2009 o= Vulcanair SF-600 (1221, Z|tjo]
559 3,300 kg, ©|5} SF-600), Piper Chieftain PA31-
350 (10914, o] 55: 3,175 kg, ©|5} PA31-350)
= °]-&5}t9] SO, NO,, 05, YA B 5= Al
to 2 Z45tth (Chang et al., 2010; Song et al.,
2009; Han et al., 2006; Kim et al., 2001, 1999, 1997).
11 o]F 20114, 20128l A8l 25l A& HH
2191 SHEE BEREA oA FEATHE] Beechcraft
KingAir-C90GT (8915, o555 4581 kg, |5}
C90GT)E ©ol-&sto] PM,} 7FAFE4 (SO, NO,,
NO,, CO, O3, PAN)2 Z745}ItH (NIER, 2011,
2012). 201597} 2016 dll= ZHZF MAPS-Seoul @t
KORUS-AQ AH?1-& C90GTE ©]-&st PM,
AE-S ZA5AH (Kim et al., 2018; NIER, 2016,
2015a, b). 7147 ol A = 2008 Cessna 206 (631
S, oI55 1,633 kg)E °l8st] 71FATE
6}9&51 20179 Zoll= TE3-E7] Beecheraft Super
King Air-B350 (13%1%;, o155 % 6,804 kg, ©|o}
B350)2 T Ql5te] 7|AFTE, ShA 7 A=, 7] 57

Table 1. The status of aircraft measurement for air quality in Korea.

Year Aircraft model Observation species Reference
1994 Chang-gong 91 TSP Jeongetal., 1994
1996 SF-600 SO,, NO, NO, Kim et al., 1997
1997~2009 PA31-350 SO,, NO,, O3, particle number concentration, Kim et al., 1999, 2001

CO, PAN, VOCs, PM, 5 ion Han etal., 2006
Song et al., 2009
Changetal., 2010
2011 C90GT SO,, NO,, NO,, CO, O3, PAN, particle size distribution NIER, 2011
2012 CO, 03, NO,, particle number concentration, VOCs, TSP NIER, 2012
2015 CO, SO,, particle number concentration NIER, 2015a
mass concentration and species of PM; o NIER, 2015b
Kimetal., 2018
2016 NO,, CO, SO,, O3 NIER, 2016
2019~ B1900D VOCs, CO, SO,, NO,, NH3, mass concentration and Prepare in this study

species of PM, ,, particle number concentration

Sr=o7 1 stE|x| M 35 H M 65



R

E4t, 201690] “G-0] @2 ) ool FEEA
7 (KORUS-AQ)E &3 M= NASA (National
Aeronautics and Space Administration)2] Douglas
DC-8 (1895, Ho|&5%: 151,953 kg, ©|st
DC-8)T} C90GTZE 9 %'—% J2 AAISHAT (Jeong et
al., 2019; NIER, 2016). DC-8°4]= VOCs, CO, NO,
NO,, HONO, O, PM, *éfhﬁ AN P B Rl
PN -s= 5 7223 dAEEES T
Z435191.0 1, C90GTL 2= NO,, CO, SO,, 0= =
Aottt oI5 A7|E feuRtE ti71d 54
A FeT5Y S 2 29 F377F He
de A4sia.

ool HE FTVEE 98tk
2511 Ut} v]= NASAQ} NCAR (National Center

3712 ol

for Atmospheic Research)+= DC-8, Beechcraft King-
Air-B200 (8315, Z|Ho] 55 5,670 kg, ©15} B200),
Lockheed Martin P-3B (21?15 «-&H]|347], o]
% 61,235 kg, ©|5} P-3B), Gulfstream-G500 (18%]

%, H o155 41,050 kg, ©]5}F G500)2 ©]-&3}]
VOCs, NO, NO,, HONO, PM, 34, Lhe 921714
5L, CO, BC (Black Carbon), O, radiation, 52 3H,
PR, T8 0AEE A% 5 oAk A
2 4995}l Ut} (Braun et al., 2013; Hecobian et al.,
2011; Palmer et al, 2003). 59 2] High Altitude and
Long Range Research Aircraft (HALO)OA& Gulf-
stream-G550 (2115, {055 41,277 kg)= ©]
gotol 49 HAEH TEATL YFRE
radiation, H,O profile, = dA7 5%, 05, NO,,
NO,, SO,, HCHO, BrO, OCIO 5 572 435t §l
th(Voigt et al., 2017).

222 2005~2015¥ 5<F Harbin Yun-12 (19915
H|3Y 7], Ho|5=ek 5 ,300Kkg, o|s} Y-12)& 0] 835
o] SO,, NO,, Os, CO, BC 5-& ZA5}o] ZA} 20|
FH=To Higt 712 oled EA AEe] HV1EE
=25t QIth(Yang et al., 2018; Li et al., 2012). E3F,
%= 7173474 (China Meteorological Administration;

7|2 UNZAE 2ot &S5 EUE 75 817

CMA)IAE Y-129F B350 (13915, ol 55%:
6,804 kg)= ©1-8:5t] PM, o 2 5-& 5745kl et

(Liu et al., 2018).

UE-L 1996 FA9] Cessna 402 (8¢15, Z|to] &5k
3,107 kg)E ©]&5to] YA =E SA5taL 9o
(Sakai et al., 2003), ¥t=r3} F=of H|5f| F=]+= 7
37| R Aok 122 A5 (JAL) 9 T
715 o] g5t SFFRoA 1984W~19854,
19939~20130f 24714 (CO,)E BEsHe] 7]+
WIS ZHASAL Q) (Matsueda et al., 2015; Nakaza-
wa et al., 1991).
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(Beechcraft B1900D, 21915, Z| ol &5
°]3} B1900D)E 7iZ3te] FaSAHEANE
g

)
i
Y
-

! ~40H7H¢ FE71(elst =
571 st oA B2t B1900D HEo]w
2719] BJREE MF (turboprop Engine)S 7F2sH
FE71 24 1996 1]=2] Beechcraft Aol A A2 =]
om, F719] dutAQl Al Yyt ARl 3 29F 11
1o YEtdiGlt. o] &5719] HAdolsFH
7,765 kg®11l, 57| 5 (empty weight)> 4,733 kg
ot 5719 e ZF G7Ho] Mo At

=
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Table 2. Performance and specifications of aircraft.
Contents Performance/Specification Contents Performance/Specification

Model B1900D Empty weight 4,733kg
Maximum speed 519km/h Engine model PT6A-67D (2 Qty)
Maximum altitude 7,620m Generation capacity DC 28V (300 A, 2 Qty)
Take off distance 1,058 m Exterior height 47m
Landing distance 853 m Length 17.6m
Ferry range 2,306 km Wing span 17.6m
Fuel capacity 2,022 kg Cabin height 1.8m
Maximum take off weight 7,765kg Cabin width 1.3m
Maximum payload 1,984 kg Passengers 21 (2 pilots)
Payload useful 2,883 kg Registration marks HL5238

Fig. 1. Observation aircraft (81900D, Hanseo university).

771 (300A, DC 28 V) 27104 3F=H, & THEF
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Fa7loA TH-EF Aol S5 5 ATARY T2 1,984 kgol 1, AR A AT 2,022 kgol
o] gloeB R 3FF7] ol gAlE= 54 = 7] th 5SS @1 9 ko) Hlg) Ak (7]
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Table 3. Power requirements and weights for on-board instruments.

1 e ) ) Power (kW) Power (kW) )
Index" Classification Instruments Task (Observation species) at AC? 230V/50 Hz at DC? 28V Weight (kg)
1 Aerosol HR-ToF-AMS Aerosol chemical composition 1.20 195.04
2 SP2, UHSAS, and PILS Aerosol chemical composition 0.60 181.44

and size distribution
3 Gas PTR-ToF-MS Volatile organic compounds 1.50 317.51
4 CIMS Reactive nitrogen Compounds 1.20 136.08
5 Trace Gas CO and NH; 0.70 99.79
6 NOx NO,, NOy, and 05 1.00 181.44
7 CRDS Reactive nitrogen compounds 1.50 136.08
8 WAS Sampling gas 0.50 68.04
9 Data collection Mission computer Mission data Storage, Time stamp 0.750 (TBD)
system & Position distribution
Network switch Ethernet communication 0.15 (TBD)
Time server Data time stamp 0.003 (Neg)
Security gateway - 0.007
10 Pylon / Canister UHSAS-A AC power (Pod provision) 0.20
UHSAS-A anti-ice power (Pod provision) -
PCASP AC power (Pod provision) 0.10
PCASP DC anti-ice power (Pod provision) -
1 Pump 2680CGHI42 Pump #1 0.50
(for canister) 2680CGHI42 Pump #2 0.50
12 Aerosol inlet Aerosol inlet heater 4 Heaters at 30 W 0.120
Omega temperature controller Aerosol inlet heat control 0.005
13 Meteorological VecTrax-10 IGPM Electronics/CAN power 0.009
measurement ARIM200 air data probe Anti-ice 0.185
(AIMMS-30) ARIM200 air data probe Environmental 0.050
Total AC system load: 9.65
Total DC system load: (Not including inverter DC load) 1.129 (40.32 A)
Inverter DC Max continuous load: 11.221 (400.75 A)
Total DC load: 12.350 (441.07 A)
Total weight: 1,315.42

Index": Index (#1 ~ #8, #11) are owned by the research institutes (NIER).
Index (#9 ~ #10, #12 ~ #13) were installed as auxiliary part (sensor) and wiring for aircraft observation in this study.
AC?: Alternating Current
DC3: Direct Current

618
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Table 4. Flight time vs payload weight.
Payload (kg) Fuel amount (kg) Useful Load (kg) Flight time" (hr) Actual flight time (hr) Remarks
861 2,022 5.6 4.8 Maximum fuel
1,069 1,814 5.0 4.2 -
1,315 1,568 4.3 3.5 Payload (this study)
1,432 1,451 4.0 3.2 -
1,794 1,089 2,883 3.0 22 -
1,984 899 2.5 1.7 Maximum payload
- 726 2.0 1.2 -
- 363 1.0 0.2
- 272 0.8 0.0 Preliminary fuel?

Flight time": The flight time was calculated at 363 kg/hr which is the empirical consumption amount of fuel obtained from aircraft observation with the
B1900D. The flight time is depended on the flight conditions, such as aircraft speed, and altitude.

Preliminary fuel?: According to ‘Enforcement rule of the Aviation Safety Act, Article 119, Attached Table 17/ this fuel is used for delayed landing, or
secondary landing. It is also used to land after moving to another air field in an emergency.

| ”%-:n Aerosol Inlet

‘ I‘I | ,J = Gas Inlet
| |
i | ‘ | . Mission power system

‘__ | | | @D Preparation of pylon

= Meteorological measurement

(a) Upper (b) Bottom

Fig. 2. Schematic of inlet, sensors and power systems.
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Table 5. Installation features of airborne equipments.

7|2 UNZAE 2ot &S5 EUE 75 821

List Features Equipments
Air quality Aerosol inlet - Aerosol sampling - 2 airbrone aerosol inlets (DMT, USA)
- 1'71"type gas tube inlet
- 2 discharge tubes
Gas inlet - Gas sampling — 4 trace gas inlets (UCI, USA)
> 3 TGls (included heating line), 1 TGI (non-
heating line)
Provision of pylon - Wiring installation of pylon - Pylon adaptor
Weather Meteorological - Measuring temperature, relative — AIMMS-30 system 1 set (Aventech, Canada)

observation

equipment pressure etc.
Power supply Mission - Power supply control
power
system - Converting from DC to AC
- Expansion of electronic power capacity
- Safety flight, and stable power supply
— AC power supply (less than 6 A each
outlet)
Communication  Interphone — Communication between pilot and
system scientist

Synchronization ~ Mission network

humidity, 3 dimension wind vector,

- Time synchronization, and data

> central processing module (Vectrex-10),
display module (Mettrack-10), air data probe
(ARIM 200)

- Main power switch

— Mission power distribution panel

- 6 inverters (AC 230V, 50 Hz)

- Upgrade 2 starter generators(300 A —
400 A, DC 28V)

- Engine overhaul

— 8 outlets (AC 230V, 50 Hz)

—PM 1000 DAP (PS Engineering Inc., USA)

— Zmicro ZX2 2U computer (Zmicro Inc., USA),

system collection time server, network switch, ethernet port
etc.
Other GPS system - Provide the high-resolution GPS — GTN 625 (Garmin International Inc., USA)
information > 15 channels receiver,
high resolution terrain data
Rack - Frame for measurement equipment — Hanseo Rack (H-Rack)
SAstg. dAVelge G718 Az gt 7] W GdMaE 5 24 Adshs BREolk A
RS AASHK M ix F 5710 ks & 84 719 AA] A9 RAEE T 20
2|9 e gste] o AZ S SSSE 2 Uehyglet,
© 2 Global Aviation Technologies (7]=}) ol 4] Z13¥s}

Ack. BNEE DAl Bl AAH wric]
et A3 HEE Ashs 2SR Air Asia (EH”J)Oﬂ
A AASEATE GATE Rl=9] 373371 55 /1%
S Ado] Q1A 0=+ ﬂ‘ﬂJ’"_"(}%ﬂ?(Federal Aviation
Administration; FAA) S 2R E| 48] 7] % =2 &
St A EAA o]t} Air Asiat FE IS FARR|}
357 (Korea office of Civil Aeronautics Authority)

o4 B1900DE AHIT 4= =5 AFE2 AAo]

2.3.1 Ol0{2F AEXF T
(Airborne Aerosol Inlet; AAI)

7)o Hakgt ooj2E A2 FT- (Airborne
Aerosol Inlet, Droplet Measurement Technology, USA)
= FeHS Al HRBEES] Hstet BAgle] 100 L/
min® 2 FEFUH S FA =] Tt (McNaugh-
ton et al., 2007). o|lo] 2 Al 2232 A $2]+=
F571 U S0l Eske AmAFE] Aol
€ ot 5 dEE F5719 AR 23kl AAlst
ArH(IE 3). A A (AT oo 2E A=A FF
o] A7) ﬁﬂ% Pel
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Fig. 5. (a) Drawing and (b) picture of window plate.

ok E@, 3 WA ool 2% ARAA ol FEVE
A eEse] B2 AngzTe] 24 a4e o
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A 2|71 (Trace Gas Inlet; TGI)

7h FYTE B3] AR w7 R gl 9]
= opz 30 ) o] 27 20 AAstct vl
University of California, Irvine (UCI)oll €]=]sto] 7}
& FATE Adson, of dete dpae
KORUS-AQOIA] NASA®} @HA| Zofste] 7hA/d=4

& Yt vF 9t} (Jeong et al., 2019). ©] FUF
4L FFEH A 37 589 TS Hastet
st wl@7]1o] GAet g2 fAgoln, ARl

A A2 9T ATHIY 9. FEATEE o]
A

A FYTE IF e S 249 FE ¥ (win-
dow plate, 19 5)°ll A=&F5tl1, 35719 A ¥4

w3t wAsto] A2)5H.

2.3.3 Pylon
Pylon @57 ¢Fo] SA4GHE 2t
Koy
=

% glo} ZAg= o] By
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(a)

Fig. 7. (a) Air data probe (ARIM200), and (b) installation drawing for ADP.

oA+ pylont Tt A 85k
th71d S4E 9IiA pylon 2|7} 7ol S
adaptors X3} (1¥ 6a) WA viA-S wH5FA
t}. Pylon adaptor A4 %] 9]X]+= FS 198.25~213.25%] 4
o 5719 A oFefiql STRINGER (STGR) 14R ~
15R F-<J°|tH(Z1H 6b).

270 92%

Aircraft Communication Addressing Reporting Sys-
tem (ACARS), Aircraft Meteorological Data Report-
ing (AMDAR)7} A4t==H), o] A=2] AP =
5~65 0 2 (Park and Kim, 2002) &2
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A ot
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