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ABSTRACT

Contrail is a kind of cloud that is formed during the flight by vapor condensation of engine exhaust
in a cold atmospheric condition. Owing to the negative effects of contrails on the environment and in
military applications, several studies for contrail mitigation had been performed in developed countries.
The goal of this research is to design a lab-scale contrail generator, and to validate the contrail
mitigation technology suggested by previous studies. The contrail generator was made using superheated
vapor and a low temperature wind tunnel. Using this generator, the ineffectiveness of ethanol and

surfactant suggested in the previous paper on contrail mitigation was found experimentally.
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Fig. 1 Schematic view of a ground contrail generator.
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Fig. 2 Measurements of contrail optical thickness.
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Table 1. BExperiment condition (Total flow rate: 70 L/min).

... | Compressed
. Vapour specific| . .
Engine plume . air specific
volum- etric .
temperature volumetric
flow rate
flow rate
300/400C 10%(7L/min) | 90%(63L/min)
300/400C 20%(14L/min) | 80% (56L/min)
300/400C 30%(21L/min) | 70%(49L/min)
300/400C 40% (28L/min) | 60% (42L/min)
300/400C 50% (35L/min) | 50% (35L/min)

Table 2. Experiment condition with chemicals (Total
flow rate: 70 L/min, water vapour rate -
50%, compressed air rate — 50%).

Engine plume Chemicals Chemical additive
temperature volume
300/400C Ethanol 5%(1.28mL/min)
300/400°C Ethanol 10%(2.56mL/min)
300/400°C Ethanol 15%(3.83mL/min)
5 Ethanol+
300/400C 5% (1.28mL/min)
Tween80
5 Ethanol+
300/400C 10%(2.56mL/min)
Tween80
. Ethanol+
300/400C 15%(3.83mL/min)
Tween80

Z71L Table 201 AEHA Ut} <&

qe) Aol A AAG dHolg o uwe)
B O¥ 71F 5% ~ 15%7+A A

°oH10], ¥ A3 FA 2A FF A
A

o_ﬁ_%
1o
g
o
&%
2
41 2
[~
uoh(;lmlm
rSL'TE
5 O
a ¥
%

o X
)

i
0z

oN Jm =

e o rlr
il

& % O

of
-

ok

g A X9 Hes A5 dg A
3 A Wind tunnel ©l
# Wi Fig 49 ¢

tgou, $58 Bi

Fig. 5= X &/F 257} 400C1 =1 A
v B H/F 255 JERA 8 zolth
Ao Al T A/ 52 ge 252 A
b BT, ol HPE FA F Wind
tunnel o] v ol o3 =TAA =3t



232 X4z 2019. 8.

Lab-scale HIYE YYIA 47 U AlH 30

Fig. 4 Contrail formations at following air/vapour
ratio (Left: air-95%, vapour-5% Right:
air-50%, vapour-50%).
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Fig. 5 Changes of contrail optical thickness as

the air volume ratio increase at 400C
atmospheric condition.
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Fig. 7 Changes of contrail optical thickness as
the ethanol ratio increases at 400C
atmospheric condition.
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Fig. 8 Luminosity loss by ethanol input.
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Fig. 9 Changes of contrail optical thickness as the
chemicals ratio increases at 400C
atmospheric condition.
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