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Combustion Characteristics of the Micro-Gravity Condition

Keun-Oh Lee' - Kyeong-Ook Lee’
Department of Safety Engineering, Seoul National University of Technology
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(Received October 7, 2002 / Accepted November 28, 2002)

Abstract : The transient soot distributions within the region bounded by the droplet surface and the flame were measured
using a full-field light extinction technique and subsequent tomographic inversion using Abel transforms. The soot volume
fraction results for n-heptane droplets represent the first quantitative assessment of the degree of sooting for isolated
droplets buming under microgravity condition. The absence of buoyancy(which produces longer residence times) and the
effects of thermophoresis produce a situation in which a significant concentration of soot is produced and accumulated
into a soot-cloud. Results indicate that indeed the soot concentration within the microgravity droplet flames(with
maximum soot volume fractions as high as ~60ppm) are significantly higher than corresponding values that are reports
for normal-gravity flames. This increase is likely due to longer residence times and thermophoretic effects that manifested

under microgravity conditions.
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Fig. 1. Schematic of the microgravity experimental rig
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Fig. 2. Photograph of the droplet deployment and ignition
system for the microgravity experiment
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{c) t=0.3 sec (g) t=0.7 sec

(d) t=0.4 sec (h) t=0.8 sec
Fig. 3. Temporal evolution of the soot containing region
(a 1.8mm initial diameter droplet at 1 atm)

ZF=—-§’—2{ RE(1+-5 a )V}

[

___%{ R Aﬁmﬂ}

_ 15ku

A trans 4m

p =nkT )

oJ7]4 R YAHEE, VE Y4A] AdEES
TE 258, oE 49434 AFHTZ 09, 1= <
AEEE, KE B2t 448, me $AES, ux
ARAATE, n& FYU X (number density)E VERAT
744 EZnge vEhie F82 H2)9 o] ®
a4 & At

-

—3,-4L
- d _
V= 4(l+7ra/%)T_fl(r) @

7] Qi A Eae dAasloke FRge
ot % glom, Baje] YA E(mean free path)

68

wrh 2 QiAo iy 7k EYaE g9 40)%
o] Aeler)®,
dT

—21%sp4L
pV,=—(—2ﬂ‘T»)gL = fo(» 3

AN o AR EEAM Y] £wgt 7t &
E7ule gEE FAY B8R BE 029 f¢e Ut
Ark A@)ye 28 FY2g Jeta] g #
g3k FHE e

dm dm
oV, =t~ £y() “)

oi714 o Fzkau(dmid)e SFEAFKL
&2k A% AW 93] HE)% o) hepd 5
ik

__prd; df(i(gt_?)-) )

uhebr 2 P2 H6)3 2ol ek &
Jeg o 4 glnk

5 a, ©)

o V,=

Fig. 394 t=0~03¢] %7] dAZAA Y ujd
A= Aslr|o) £E24E) AP =k AR
AYAES] YRE Hsp] £5 FYL el o)
Am & PAs7] A2eHH (Fig. 3 c), 7haol i
AHe %o o5 oE KA WAz}
Shaw’ 52| m|A Z&EAd] gt AFYHE B2y
o} ey davt Adggol e 2HR EYa0)
7zl ojste] B oiH 74 fAP GGl
JedS & 4 SichFig 3 d~h). £ 4 g8
A Alolol Jehd ujddae 33k o
AR g 2249 ojmA|Jo] BHEE & 5 9
t}. o] Uz} olHXE 4 Ww Ao Uehd 3
A} S 3K line-of sight projection)o] 2J& Aolch. 1
Yol Al Bi= v} o go] oA 78 729 WA

Jouma of the KIS, Vol. 17, No. 4, 2002



niaEHEoI HAEY BT

&

59 B

M
Ho

to R FFHT 5 glovt o) A4
Z o RE AA e vidEsE #
o) g P9 B4 AHE doj A F it
b wiAFE B oigh FHHA BAE 98t
o B AFoxe 37 opdl W3PH(3-point Abel

Transfer)o]g} 315= T3 W3 Tomographic Inversion)
71%0] AHEH Q.

i)

P

o

32 ZAaAY S ol gstollod A= E g2 £3

Fig. 4a)= s}z A2 o] wjx|d o]v]|A|
& uYeilin glen, Fig 4b)= F3(Light
Extinction)A] ~&1g- o]g3ld =7] AZ 1.8mm
n-heptane B 2] mlx FEHAY St AHAL
oju|A & Jepd Aolt). stgo] B FHHo)7] o
ol AA FAlolA o2 fAdFERE
7F oA Y FEXYE & 5 vk wEbA FAIgk
2 oF FAE Foske WE wa Al 5tk

webA] B Aol 1o JERd Az Zol
o] 4% AL ui g olnx] & vfd ofm|A] BF
FARAE ot At =3 dd AFHER
XS 47] st ol& oA ERE Ad F
Al ©F B3] osle] A = B AT
oM vlAh FHAGANA B oA AlElY
BAAF 0] A} FE G e} FAR Whgos
FEAt A7l HXE BE WAARAEL A
i FEA AP Y U4 droptowerd]]
A=Ak

Fig. 5004 £ 4= gl& nie} o], & dolA A}
£8 o|ux] AlAgl2 ol girlge] W3l o
ste] A9 AEH oz whgdit upeha] o]u|x] A
2®lof] o5 A9 wekgkel v|E ZAxujel s}
o dxo] BA glo] AR WAA 4 Qlrh

Fig. 62 1.8mm heptane 3o tfsle] Aj7H5l4=
22X AN e A-EEE TAF Aotk B
o Bz 2lgt Z/HE AFAE T dA
Ag &2 A7ith dA gHoe g vAdE AFshe
7FE g aiolE wAdAY AstE = Ag Efgieh
o] z3teo] Az gaualA e g2 vido]
FH8 248 A5k Aoz Agdch dust
W, wjdBAgdel Hal F 23% uo] #EH7)
giioln, v FEAe] AxHYFLulle] o A
BAFAITE AdE8 g b3 o 3~ e A
ojAL & & otk =3 Hd vid AHEEE A
27 & Adde] 2Ed dizbA] A7) R

Melol2ls|x|, H177 H4%, 200214

(b)
Fig. 4. Background (a) and Soot-attenuated (b) images
captured by the light-extinction technique in the
microgravity condition
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Fig. 5. Calibration characteristic of the light-extinction
imaging system in microgravity
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Fig. 6. Spatial distribution of the soot volume fraction
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Evaluation of thermal degradation of 2.25Cr-1Mo steel using ultrasonic
nonlinear effect and X-ray diffraction method

Duk-Hee Kim - Un-Su Park' - Ik-Keun Park - Jai Won Byeon - Sook In Kwun"
Research Institute of NDE Technology, Seoul National University of Technology
"Research Institute of Engineering and Technology, Korea University
“Division of Materials Science and Engineering, Korea University
(Received October 10, 2002 / Accepted December 14, 2002)

Abstract : It was attempted to evaluate the degree of degradation of thermally aged 2.25-IMo steel by ultrasonic
nonlinear parameter(UNP) measurement and X-ray diffraction analysis of extracted carbide. Artificial aging was performed
to simulate the microstructural degradation in 2.25Cr-IMo steel arising from long time exposure at 540T.
Microstructural analysis (number of carbides per unit area) and measurements of mechanical properties(Vickers hardness,
DBTT) and degradation evaluation parameters(tUNP and intensity ratio of X-ray diffraction peak of electrolytically
extracted carbide) were performed. Both of UNP and intensity ratio of X-ray diffraction peak for M6C carbide to that
of M23C6 carbide(IR) increased abruptly in the initial 1000 hour of aging and then changed little. UNP and IR were
proposed as potential parameters to evaluate the degree of aging degradation of 2.25Cr-1Mo steel.

Key words : 2.25Cr-IMo steel, thermal degradation, ultrasonic nonlinear parameter, X-ray diffraction, ductile-brittle
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Table 1. Chemical composition of the 2.25Cr-1Mo steel(ASTM
A3B7-22-Cl.2)
Component| Fe | C | Si [Mn{ P | S | Al | Cr [Mo|Ni
wi% bal. [0.138(0.142]0.46/|0.014/0.004(0.007|2.27)0.97|0.17

Table 2. Artificial aging heat treatment conditions

Artificial aging time at 630 C |Simulated service time at 538C
Hours(Days) Hours(Years)
290(12) 15,000(1.7)
340(15) 20,000(2.3)
460(19) 25,000(2.9)
550(23) 30,000(3.5)
730(30) 40,000(4.6)
920(38) 50,000(5.8)
1,200(49) 65,000(7.5)
1,500(61) 80,00009.3)
1,800(76) 100,000(11.6) o
2,200(91) 120,000(13.9)
2,700(111) 145,000(16.8)
3,100(129) 170,000(19.7)
3,700(152) 200,000(23.1)
4,200(175) 230,000(26.6)
4,800(199) 260,000(30.1)
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Fig. 2. FESEM image showing morphology of carbide with
aging time
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Fig. 3. Change of number of carbides per unit area with
aging time
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