Research Paper ISSN 1976-6300

EISSN 2508-7150
https://doi.org/10.20910/JASE.2018.12.2.23

Journal of Aerospace System Engineering
Vol.12, No.2, pp.23-29 (2018)

iR AR Ve §F

AU - SAST - SR AN - A QAR - mFP

et $3 )44 A st
T etel T Al 7T R

A Trend for the Contrail Reduction Technology

Jaewon Choi', Gwonwoo Ock', Myeongjin Son', Hyemin Kim' ,

Gyebyeong Yang®, Jihyun Kim’, Hana Cho’

'Department of Aeronautical Mechanical Design Engineering, Korea National University of Transportation
*7th R&D Institute, Agency for Defense Development

Abstract

Contrail is type of clouds which are formed by a condensation of water vapour from the aircraft exhaust
when the aircraft is flying the cold atmosphere. Since contrails have considerable effect on greenhouse-effect
and military stealth efficiency, researches about contrail avoidance technology has been conducted for decades.
However, none of the previous researches concerning contrail avoidance was carried out in Korea. Thus,
review of the previous study regarding contrail reduction is absolutely needed. In this paper, researches
conducted by several countries are categorically introduced, and practicabilities of their methods are analyzed.
This paper also suggests some practical and systematized way to conduct future researches about contrail
avoidance.

=

=

vl g2 37|17 A7k ti7]1E v o Al wjr)e] F£FU)7F SEete] et e B
sﬂo ]?rL iq-@rv/] Qol= O}Uri x]%g]ﬂ 9}\313;] T,“_l/\} 405&: 6‘]—.1__7] AE A 7] 1], o7}

o] glorw, o2 Aay] A BA A7/t QALY T fewe 49 wa Q7o) A

3 YA 2 AAo|mR AF AL Y3 V| =ATEN ﬁﬂ;bl HI3E A 7= AHEE

Aox A% a7t qlrh # =iddAe AxFoA FAEAE g A Ve sFS 7HEH e

o

=
me setely, AAE 7t 71E59) AT Ad HeAe BAG ma e ke A8 2 A
2342 93 L AR

P

jus)

Eﬁ
ol r

Key Words : Contrail (H]3]-%), Water Vapour (7% 7]), Condensation (-5-%), Cloud (7-5), Crystallization
(A7 3}), Nuclei (542)

1. M = A w77k E Ui ol AbstEk At TR o) F
A =, wizI7E el S99 Ak d71E vt

ol
VA Contraide FE717F Ak g wagg 1 oAt A e TERl mAdel s

o A wize] I7F SEste] s RS
e, ARG A wiEA BF Jseit dE 7]

=
HHol Ao 3aly|] olxl wul 713} A }od S

DHTI_] o ooln"l‘xr’H \_.001 10 o=

e i by o 3 201 Aot A 1 208 WA ow delA gdvh FAH SwelA mY
Tel: +82-43-841-5838, E-mail: enok2695@ut.ac.kr v 7] HHeR AHE WA HERE, 337

© The Society for Aerospace System Engineering SRS SSAE




24 AN Y509

b
ol
2
oy
il_"l
=)
02
X
ok
oy
>
r U
N
ol
ol
T

- - - Walar Sakeabon Priceuns
— leir Baburabion Prassuns .
toaf | = Amblent Condtions L

(=T

walsr pressure [Paj
(1]
2

Lt

i
Fig. 1 Ground view of contrail. %-'—'.;'-";"'_ ettt
temperahre 6]
AoXe na%e dF7|E dotstr] 8] vPS Fig. 2 Phase diagram with the mixing line[1].
#AGh vgE dAoR g ] A
e ddel® sdst, & FEUe] AEAES 2 AAstee] FEIHE olF e S Eeth vy
2N 7= oz AEE 3 9ri[3] o FRE v @Al wet @] vl d(Short
H &g A 2dstoll = s Fv o= U lived contrail), A4 H|8)&(Persistent contrail) %
A JuH4]. WS A FTHANAN 52 Ay E A A& gk H) 8 (Persistent spreading contrail) & &
FEALE F8te U7l REE Fola, AT 2t o=, ol &7 79 di7] e oe 2
& AT v=3dE¢F(NASA)S H2 a3t ek weF 9717y Er)dl diE S8 E3HE A
H= s 0.5%-2% BE7F vdgfoz FHdol 9] 2 dHEtd 7] wirlelA BAE WYL &
on o] HFute 7] £EE 0.01~0.1T F= 4 7] Tor Fwate] Hggeo] Ho|rb AlgE =,
SANE BHE 2t v Baudo[5]. o]Z 7] n]3$(Short-lived contrail)olztar 3k},
UM AT WS EdE vl A Vs A W 71 7F =571l tis) 2 Eiebd v e 3
|79 &7 EFolA wig- Fag EAlolH, o] 371 o AAY AA BAPHET Ui om A&
et f)soll A= thdgt SHdA RS A Hck. oy HgeE A& v (Persistent
7] 9k AFE stk ey dAl vt contraiDo|gtaL 31, o]71A 7]Fd o3 Ealx o]
M HEE A - 7] AT AR dAolm Ao Asgk ugeS A& G4k v (Persistent
2, 08gL Ag AFE sty s WA AR spreading contrail)e]gta &c}[2].
=] v A Ve 5 9 AFS ot devt Figure 2 & ¥]329 F4deE 99ty oz v
A Bl 2%-357] " agzolu[1]. ZEzelA
=S AR JE v A Ve 5FS = AAGEH E=EA/A) 2 "é%(%é/“&%‘)-‘ﬂ x3}
tetatal 7l 83t 7he S HESH, FF = A3 7] dXlelA wir)7kart wiEsd el ==
v A 7le ATE S V12 ARE AT =7 2007 grE2AB)S AAes Ade &3
g 2 Z3o] 9} A(mixing line; IFA/A4 2 HAd)o] vehd Qlch
el = X3l Aade] He AR 2%
2. H[A2 Ed 2z (TO)E YAEe=ga deh,
vl o] WAsHy] s E 2o ZiHado] ¢
Mage 337 AAomRE 44 sy 9 g TSRS oA @ SamAe 4% geel sast
Smo] Ao WIE AN SF/ANE|o] oo olof @ti(contrail FA1E 4 A-B). webA sUdg
712 B)olA 3ol & st o] A% ool



A A Ve 5% 25

wgs] ANE EFAY 18 9 oo
=
o

H
F¥stelol @k mAgol WA & Yt A

!
g /IR EgAE dAE3HA(Critical mixing
C

=
3
ritical mixing line ¥AIE AX A-B) o|glx

7l line

st

Fde 71e71(G)E v Z2 How 7

21@[3,6].
EI - C
_ o * P P (1)

e+ Q- (-7

o] AelA Ely,= =2 &A% (emission index),

P W7l §4E, e = R, /R, 71AETH, G A

g, Qe AYAR BAY, gt AW FAEELS

L

JqUFTHB6) A4 (DS B FH AseE )

3
ARl FRaE&S FFEAY 32 wlEX 5 (emi
index) #t

g A4S AT = 1] 4714 &9

A].&s}p_g;yﬂ oﬂo:lawd o7

=

AGE ZF dgnie Zad o kol 859 o

aliitude {mi)

o 20 a0 60 Bl 100 120 140 160

number of ISSRA avants per 50 m level
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Table 1 Provide energy specific emission index
values for each fuel[15].

Kerosene LH2 Methane

0.029 kg/MJ 0.075 kg/MJ 0.045 Kg/MJ
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Fig. 5 Average optical thickness. warm: low
altitude. cold: high altitude[17].
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