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ABSTRACT

In this study, the soot formation characteristics of Jet-Al liquid fuel droplet flames were investigated by measuring the
soot concentration under atmospheric conditions similar to the working environment of the Korea Space Launch Vehicle
(KSLV) To obtain the desired atmospheric conditions, the oxygen concentration in the combustion chamber was maintained
at 30% and the pressure was varied between 0.1 and 0.06 MPa. The full-field light extinction technique was used to
measure the concentration of soot particles generated by applying the identical to 2-mm-diameter Jet-Al fuel droplets. The
soot concentration of the Jet-Al droplet flames was the highest in the nitrogen-substituted atmosphere and the lowest in
the carbon dioxide-substituted atmosphere, despite the pressure. the pressure was decreased the measured soot concentrations

reduced as a function of P".
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Figure 1. Engine test soot emitted from Korea Space Launch
Vehicle (KSLV) 117,
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Figure 2. Schematic diagram of an experimental setup.
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Figure 3. Full field light extinction image of Jet-A1l liquid droplet
deployed on the Silica fiber.
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(a) Flame image
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(b) Full field light extinction image

Figure 4. Flame and visualized soot particle images obtained from
burning in 30% O, in N, at 0.1 MPa.
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Figure 5. Temporal and spatial soot concentration measured from
burning in 30% O, in N, at 0.1 MPa.

Z}e] = E3Eo|H, Figure S(b)t A7 3(Position 3)°ll

A A
8 2% 0.1 s~04 s Alo]o] 2 A YAte] HERE
Asjolt). 2ol B 5 9l am 2o ko A5s

s} Fo Fojmi 2 FUSP WY YA B BEe

Ex ashe B S48 U YAl FEE F7b5he
g HAF % ek okee M3k AF Arel Aol met
WA FETE ol7k e AE & % ek ol W3

o|F N o] Thaglel| wet 3t WO R FFEE ARFol
=0 EHA 3¢ 257 YolA7] wliE o g deheEnh

B AT M= Figure 58 AFHE gtz 7+ Ay =4
oA HI MAYA FEW, S AASIFTE Figure 59
ANZ o2 31 AH 3 (Position 3)o14 3} 03 s & 3
5= gto] I AL Figure 63 Zo] TASk] FHFZ
o7 72+ Ay 21 ¥ Hi wdYgA FE=E ATk

Figure 7-& 2t th7| 24 (Aa/AE, Aa/d 4, 2bay/o)4tks)
3ol A vl QAP EE ST AHE =A% 1)
Zot}, 5Y3 IH(0.1 MPa)H A= FE(30%)0 2
FE Aol BFala Abiol £33 7o) FHo)
me} vid YARFEETE O AS o 5 ok SHE v

N

ksl A Ashs] =5 X, A338 A|53, 20193

8.5

8

7.5

f max [ppm]

v

7

6.5

6
0.05 0.1 0.15 0.2 025 0.3 035 0.4 045
Time [s]

Determination of maximum soot concentration for Jet
Al droplet flame.

Figure 6.

12

= Helium
10 —=— Nitrogen
—<4— Carbon dioxide

f [ppm]

-0.5 0 0.5 1 1.5 2 2.5

Radial position [mm]

Figure 7. Measured soot concentration in 30% O, in N,, He and
CO, at 0.1 MPa.

120

100

80

60

40

Flame intensity [Count]

20

30%0_in N, 30% O_ in He 30%O0_ in CO,

Figure 8. Measured radiant intensity emitted from the slica-fiber.



U124 AE 2 ko] Jer Al ShABGle] g Aol mAE PPl BE AT 17

Table 1. Summary of Specific Heat and Thermal Conductivity for Gas at 298.15 K

Specific Heat [J/mol*K]

Thermal Conductivity [W/m*K]

Pressure [MPa] Nitrogen Carbon Dioxide Helium Pressure [MPa] Nitrogen Carbon Dioxide Helium
0.06 29.15 37.32 20.78 0.06 0.026 0.017 0.16
0.08 29.16 37.38 20.78 0.08 0.026 0.017 0.16
0.10 29.17 37.44 20.78 0.10 0.026 0.017 0.16
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Figure 9. Measured soot concentration as a function of atmospheric
pressure for 30% O, in N, He and CO..
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