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Combustion and Microexplosion of Al/Liquid Fuel Slurry Droplets (I)
— Experimental Study —

Do-Young Byun, Ju-Hyeong Cho, Seung-Wook Baek and Kuk-Young Ahn
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Abstract

The microexplosive combustion of a slurry droplet was investigated experimentally. The
microexplosion has been approximately considered to be caused by pressure build-up in the shell
ard to be promoted by heterogeneous nucleation of liquid carrier, which is due to the suppression
of evaporation and subsequent superheating of liquid carrier. To closely investigate the pressure
build-up and the heterogeneous nucleation, the experiments were conducted in an electric combus-
tor, of which temperature was controllable (400K-900K). And the effects of two aligned droplets
on the interactive combustion and microexplosion were found in a hot post region of a flat flame
burner. Transient internal temperature distributions for slurry droplets were measured. And the
shell formation and the microexplosion of suspended Al/JP-8 and Al/n-heptane slurry droplets
were examined with various surfactant concentrations(0.5-5wt%) and solid loadings (10-50
wt. %) . The microexplosion time of binary array of droplets was found to be less than that of the
isolated droplet due to radiative interaction between droplets.

(CWM) ¢} Coal-Oil Mixture (COM) %-o] gle

ME FEE ol W Azt %S meistel Al
F% Aga oleld AnE g 2 £g

4 e, g 2% ojyAoleh, Zele] 44

DA R AR Haleine] Bgor FAH 9 $FYL A, FAReE chestel male,

o, 4EE o[ §d Holt Coal-Water Mixture e, HI3 37154 #4713 Sol 4§

Lelel old el gl obgaly 59

il
flo
2,
o
F
2
r_g‘
b
o

o
g
i

R B B R . o 519 G i - )
e Tt A o1z Fol SAYAE] W AselA slul ofu
ghah el 4 . . )
O R ) of ZAYASE AR 744 (agglomera
ves g3 A -4 tom & WAaeh, Feldl olme oA wF &



Al/ol Ao &

wel 4l 2 ol e 4 alevt w4 wkE
A7k el A ds wES AAm o whdg
s Asy] Sk whabte maf Alv]s]n s Aol &
7)ol oA & n] 4] Eut (microexplosion) 4] %]
2z} &l 3} (secondary atomization) i+ #-4dlsli o
At Qs wiHe sl eleh ol d )
o] &3 Al el 4liz nowt

]
i 04 oAbl ol A HERE o] g3 e
A=A (COM, CWM) o] ali Fadel digh ;l‘ﬁ A,
o4 ol F7b e ole), U siein HUbAlE
Abgatel Coal/JP-10 ezl vl St
i 4 R R R

Foolel A HAdah 1 Hadel Hak AdH H4e

oll =] 9]
L |

gk o

whge @ ol wawae Fdshelch @ Gl
Aol elalsare] wlzhul %ﬂﬂ o1 5241

Takahashi® "9} g+ B/JP-1
ol -4 ol T 4ol o
Ag)ls *‘1 4] do] Zul 7] F
1o ks
Al
H”MLLA%%@WHWﬂﬂN“WLH
Na At Eefolis shibal vhg
Porous Shell) o] & A} =]}, :LE];]L A o]

A Adhsko]

saumwm@
ol

Al&) A
itorr Ty

A oAl it
Aupifeol SAS
« (Rigid
| Q) =
Surfactant) <} 4 (Im-
A e gy WA Sk
ol dlabs] wlitol o] o
4] (Heterogeneous Nucleation) »} Zrol ufi gl
ok gtrh, ofu|gl olul

S R PO

permeable) 1:4)-8-
2-F Apvkeba Sk
A<= (Pressure Build-up) &
o) pro] wlA) % kel
oh, mak 94

7], WAl

o) Abag, sk 4 9luael

53

oAl G olvl .?-’:T’i";ifoll oy &l

R R R R R ERR A e
Wong‘*‘“l“i} LoERe AP 10, B/IP-10

Al/C/JP-10 *
R el } of, 53 Ad e
£5hl Aokl o] aligal o] defolef w4l tel S}
Fobebis AlY sk el A vbale] clislol d e

]

[e]
Fol AAER b e A sl QA

-2 —;;;u{a] Hzjof ol eh At

F0} 9ol

}ogh
# elzled go] ¥l (superheating) v} o] % &l A
(heterogeneous nucleation)-8- Aeksiolc), Wong!™'®

3o BEES AUC/IP 10 Felel odel
AR el VI SR el D
l

off 4] q=g)sto] L qlAhe -

Zufe) ool ol 4t v Al (D)

1577

Hob a3l ael afel
4] 430wk (Impermeable) o] 1 = 8 344
gloml vldEurel g rbAl el
Abel 7t TR Ak Ald Ak AlAskal
o},

Qo) elss] el 4t ezt :

gl el A5

ol ® Fulol ¥4l Alo]

(Permeable) 2l = .

L abE o] ol e] 3}

o Yefs dsds] wtel AE
b4 woboh Be Aelu, elelgh A A7l
v

od b5 abwskr] flsked Sofel N A el dhed
i HAE adsideh Xiong™Wah Faire o

A 25 ool delel - oode] Azlo] W o
4 % (Burning rate) 9] i} o] & 4
Kharbat"™{= 41l ofxjeo] of 4ol 3lo] 4 x
S ERE: dajelel E3hE 771
wl el oldzb vl aedow 518 vk

cf gk o spA) o aA )

el zlrp zbzb

ol 4t 0] ] kel

A

S R R I e S R B
ool slofxl wle] ool Wty FA46t
of A actebalen) skl ege] obnl
of G- v sbel widebalr wle] B4 At <
A alael eleh aba 4] wotel ok edas) vl
Algnbel S48 ababebale

]

el N B el
L']—_ 5"LP‘:'} V?r_;x,:‘ :,’z:—/ﬂ O}

of xl#kgl ol 7] %A 900K

R R R e e
’}J’-o). k' 1}03 OJ** Ol 8]—

oste) e zAE A

U

R A I S e = e R B R B
ESR I R B K I w}l tofl ofu] 24 ol
I e e K R Ed e L K A
wpihat sl =k, A vkba el o (l e

1
ﬁﬁﬁlﬂiﬂ%*w%wllﬁwﬂmﬁ“ﬂ%ﬂ

o Auebreh Al s]l g ol ol Al
Aarslel olvt ¢ 9}«\—3 shel wlielxl A oele] 4
Gz Al olagbd b Apakek anzell A
dalebalend, ateler ot

IXL'O'M
A # <l

20 S5 ooz W §lr°‘riri u] -
Lo Eg skele] FipelAl g skdch
Aglg o) Aeky 4~ Fig 12 ghof,
iz 7 Eo] 100pumel R-typee] o3 chd
¥y sled #53)
oloaq el el 2w Ahais Z el 25pmel

R -type <l & o+ o] 85Fo] =2l a}olr),

Solol 4B &

Moajod 4= 4]0
1 LR W S £



T T Droplet
B S vVideo Recorder
Pneumatic / .
Actuator Shield ,JT[;ﬂL_,_
| Rotameter ‘
Burner B ’-T
T ij:, NaVals
N ( - I
******* Tl E
! ' OxyTe i ;‘ opane
Flowmeter ‘thiroﬁn i
- |
Fig. 1 Schematic of experimental apparatus for flat flame burner

Table 1 Experimental conditions for combustor
and flat flame burner

Title Te(K)** Ty (K) ***
C1 478 588
C2 493 603
C3 576 737
C4 607 819
Cs 864 1113
B1* 1413

*stoichiometric ratio=0.8 for flat flame burner
flowrate (1 /hr)-CsHg:11 .4, O:70.2, N300
**gas temperature in the combustor

* %k

surface temperature of the heater
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Fig. 3 SEM micrographs of slurry droplets agglomerate
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