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ABSTRACT

Many aircraft and launch vehicles that use Jet Al as a fuel operate at high altitudes and emit large amounts
of particulate matter into the atmosphere. The impact of particulate matter is steadily increasing and
requires continuous monitoring and source reduction efforts. Morphological and optical characterization
data of PM can be used in concentration measurement and reduction techniques to help quantitatively
analyze the damage caused by PM. In this study, dimensionless light extinction coefficient measurements
and morphological analysis of PM produced from burning Jet A1l in a coaxial flow burner were performed.
The values of fractal dimension and prefactor which can help to quantify the morphological properties of
the aggregates of Jet A1 PM, were found to be 1.68 and 2.85, respectively. The scattering albedo value
estimated from the morphological properties was 0.094, indicating that the contribution of scattering to the
total extinction was about 10%. The results were strongly supported by the fact that the fraction of
elemental carbon (EC) composed of PM is dominant compared to organic carbon (OC). These empirical
results highlighted that the light extinction by Jet A1 PM was dominated by the effects of light absorption
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rather than those of light scattering.
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Fig. 1. PMs released from the first stage ground com—
bustion test of KSLV-II [6].
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Table 1. Summary of chemical composition of Jet A1

fuel

N Compounds Chemical | Total

° detected formula (%)
01 |Trichloromethane CHCI; 0.18
02 |Heptane C7His 0.44
03 |Octane CsHis 1.97
04 |1-Hexanol, 2-ethyl- CgH; 50 1.07
05 |Octane, 3-methyl- CoHao 2.00
06 |[Nonane CoHsp 8.45
07 |Octane, 2,6-dimethyl- CioHap 3.61
08 [Nonane, 4-methyl- CioHx» 3.93
09 |Decane CioH2 11.38
10 |Decane, 4-methy- Ci1Has 3.18
11 |Decane, 4-methy- Ci1Hy 1.64
12 |Decane, 3-methy- C11Hyy 3.45
13 |Undecane C1Hay 11.58
14 |Benzene, 1,2,3,5-tetramethyl-| CjoH4 2.10
15 |Undecane, 5-methyl- Ci2Hy 2.81
16 |Undecane, 3-methyl- C2Has 1.87
17 |Dodecane CioHae 10.86
18 |Undecane, 2,6dimethyl- Ci3Hog 2.33
19 |Dodecane, 2-methyl- Ci3Hag 1.64
20 |Tridecane, 7-methyl- C14H30 1.75
21 |Tridecane Ci3Hag 9.15
22 |Tridecane. 2-methyl- Ci4Hzo 1.22
23 |Dodecane, 2,6,10-trimethyl- CisHs, 1.44
24 |Tetradecane Ci4Hso 7.84
25 |Pentadecane CisHs, 3.40
26 |Hexadecane CisHs4 0.71
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Fig. 2. Configuration of a coaxial diffusion burner used
in the present study.
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Table 2. Summary of flow rates for fuel, oxidizer and
carrier gases

Fuel Fuel flow Air flow N, flow
ue .

[g/h] [L/min] [g/h]
Jet Al 5.5 3.5 3.5

ight Extinction Measurement

Transmission Cell

Plate Beam splitter

Gravimetric Sampling

Photo Detector 2

Fig. 3. Schematic of experimental set-up used to measure a dimensionless light extinction coefficient of PMs.



Jet AL-37] SHAF B10H HHEE QA B0 Y3 8 ALY Halo] B A7 15

Fig. 30| 4] A& 4= Qli= vl o] TColl= YA &
Aol FY Al FAY= FAE S S5 ol
0] 650 nmQ] Flo]A}FHZE7] 2ti7+ AR =] Q). TC
& Ete] ok AL Bl HolAEY)E BT Y
A} 2o oJgt gAado] WAst7] H5-9] JARF()TH
EIF()2 =g Soto] R (1 [)S AXTE -
At TCE Bt YAMS E4-2 4G A5 FElof| 23
=1 E 4 YE Q] FAE FARY BAEAS ALkl A
|4t

A 713 BRI HolA% FHAEVE H
G519 &9 AT S0l 9IS WS 5 Qltk
ujEbA RO A4S Qllio}ﬂ 91l FstA2 43
5 AT P e ASS &4 T U

(Neutral Density, ND)2] 333 E‘:_‘E(Optwal Density, OD)
9245 Y=o 4 ()2 0} 5lo] slmsterhe).

Optical Density = *log( 13;)) T:ZI @)
U o] 14 Bejof Aol ST

ALV & SN AEE o&sto] FRIE= Akt F
A1 (1)of tYste] Fehd e 2 shiksleict Fetde gk
(0.1,0.2,0.3,0.4,0.5,0.6, 1.0)2 Z=ND ZE o] FE3}+
22 2X3}7 0|2 0 7 A A BSFUE versus L=
7}8-9] calibration curve@} ]| 5} T}

Fig. 4= 0|27 0 g U&7 Fahd - LEIHE calib-
ration curve©]] ND BEE 53l 743t BFaH& 3=
Z3 23S YERd Aol o]4

*}2191 calibration curveo]|

Theoretical
Photo detector

Light transmittance (I/Io)

\1

0 02 04 06 08 1

Optical Density

Fig. 4. Comparison of theoretical and experimental
optical density.

SAE FFIE Yol 2 AAES Hole A el
T AL o5 F 3] 2 Ao ARSH Hlol ALt E7 19
S A o ke sl

=
QA 7|& 3t vl o] A B of| oJgtgAaE dA
2 Beer-Lambert Lawo| 7] %25}a] 41 (2)Q A2 &

AL 5= JTH17].
P
2] (2)0l|A = oA E-ge] AL, = 1°W oA}
o] A, = = 53514 0] QA B2l = \= o] A]

T, L2 Fe1A 2 A= ZolE neitt. 4 (2)011*1 3
FIE2 TCE PV =2o] sl =5 54 At
o] ke AREBI AL B A7 AR O TC R0l A
ZRE FFA R I 2L = £, = A O)F Lol &

A % ek

m

Jo=Fw= Ty

3

A @A mt o YA BUY A A, 1B
719] 93, 1= B3 AR St dabg B A
= HYATOA QG 174 glom' S HBBLH 18]
508 4 (3)2 YA B S22 4 Q] 1Y
Sho] eloha Pk YaEALE &) (4)9h o] vheha
% glek

K — Vipln (1 ) @

| YA B S0 57 7R
soragE %%4-5«1 A EAT Aol Y
o] IR A7HS &30 0.01 ~ 0.2 ppme]
A EAS YA, Dol AT vk o] YR
B9 5 =7t S7Rel teh FEagol(— In(7/4)) Al
A0 hacka -2 BT 4 Gick. o] Ak
Holl £1E Y44 2P S P o R 238 5
L7t AE A AJBEATT S ARlshal A (s
o-§Rt T FAaBA S 542 Bhdde SERske

Aot



16 3593 -

0.25

0.2

0.15 »
E
0.1 /
0.05

0 05 1 15 2 25 3 35 4
-In(in )

o, [PPm]

AN

Fig. 5. Measured PM concentration as a function of
laser transmittance.

Table 3. Comparisons of &, measured from burning
different fuels

Fuel K, Wavelength Ref
Jet Al 11.16 650 nm  |Present study
Ethene 8~9 632.8 nm [10]
Ethene 9.65 632.8 nm
JP-8 9.87 632.8 nm [14]
Acetylene 8.12 632.8 nm
Ethene 9.35 856 nm
Acetylene 8.83 856 nm ]
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Fig. 7. Morphological parameters used in the digital
image processing.
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Table 4. Summary of measured morphological and
fractal parameters for Jet A1 PM agglo—
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