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Effects of spray characteristics on soot formation of n-decane spray flame
stabilized in the laminar counter-flow field
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Ref.) A. Williams, Combustion of liquid fuel sprays, (1990), Butterworths.
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Laminar Counterflow Burner

Spra Flow rate controlled
bray Drop size distribution

“Flat gaseous flame is stabilized.

It simulates a situation of combustor in
which fuel spray is entering the high
temperature region.

Combustion Engineering Lab./ Osaka Univ.



Vibratory Orifice Atomizer -droplet size distribution control-
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Control of Mean droplet size through changing frequency of electric signal
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Vibratory Orifice Atomizer -droplet size distribution control-

Sweep Time
1 [ms/cycle] 1
——>

I L1qu1d Fuel Basic Freque cg
[kHz]

Air

ijv)

requency [kHz]

EJJ Signal Source /
Z Z A

T .

%EN\\ % v D3,=104 um

i e
/ — ? Piezoelectric §

/ é/ Ceramic Hﬂ T T
El S
/ _ _+Orifice Plate

e L M
/ A . 5 30 55 80 105 130 155 180 205 230

Droplet diamter, [um]

It can control droplet size distribution independently!!
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Experimental Conditions

Equivalence Ratio

Item Value
Fuel n-decane
Sauter mean diameter (d;,) 58 ~ 110 um
Liquid Fuel
1 4= 0.106

Droplet size distribution
(DSD)

Quasi Mono-DSD
~ Poly-DSD

Measurement

LII (for soot)

PDA (for droplets)

Combustion Engineering Lab./ Osaka Univ.
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Laser Induced Incandescence (LIl) for soot volume fraction
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Luminous flame

Blue flame
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Luminous flame

dalized soot formation

ea, [-]

1.2
Monodispe

Combustion Engineering Lab./ Osaka Univ.

(33
(=)

D32:104 um
15 ;
\§ [
& 10 r
R |
N |
a 5 [
I

|

0 Be— 1 .-.-.J__l'fl 1L 1 1 1

5 30 55 80 105 130 155 180 205 230
Droplgt diamter,  [um]

i
1
i
1
20 1
D32=104 ]Jm :
1
b I
3 [
= I
=10 i
e |
a I
=B 5 i

0 | SN— | I|-|‘|-|-F|-|T|'n'h1_4_ 1 1 1

5 30 55 80 105 130 155 180 205 230
Droplet diamter, [um]




XEHZER

2

i — 1 2 P
HERHEX ot
dpu; 0
i 5 (pu;u; + P

EBEFH=ERFR ot B —0;) —PpYi = Sy,
j
oh +ih (A= pD) 2| = 5
X, k\P PUk axj = Oh
k=1

i _ 9ph @
ITrIILERFRN +axj puih—pA——

aka a aYk
== I puj Yk — pDk a = Scombu k + SYk

E#ERER g
i3

~N

H

N

dug; fi
- == (y; — Ug;) + 9

i% = U = —_
frig dt d.t ® dt Ty
de Nu C fz 1 dmd LV 1
B = =) (T, - ( ) A I — 0y, T}
I dt 3Pr (cp,d> (Td)( g d) + mg \ dt /c,q4 + My Cp g [Aaga(ml = 05 Ty)]
LELIEENFENMEDEFEICKD N EBMEZEICRH T HIEIERER
2
= dmd Sh my . YF,S - YF . pddd
BE= = —5o-—n(1+ By) Bu = 1—Yps Ta = 18u

dt  3Sc 1y
Langmuir-Knudsen %% E7 )L —— 2R#5E Adams-Bashforthk

Combustion Engineering Lab./ Osaka Univ.

10



PEEORYBRLN(RDFPRIESEE RN

HEENBRNDPHECEERRZERE LTRYIED

¥

BRAXTHEGCYHEOZEDREZSHH=H,
PEEDREKREEZEE

&4 (0, N,, CO,, H,0, C,;H,,) >CHEMKIN
5&*5 (n' ClOHZZ)

SBREOEBTRIN-HEERXEER
ZEp, Gunn-Yamada® 77 /&
EELL#c,,  Sternling-Brownz{
2B E), Sato-Rideli%

Combustion Engineering Lab./ Osaka Univ.



KAE—&E HEEATHBIR
> PSl-CellzF
5m=—$%md

1 mq fi .
Sui = _E / [ T, (ui = ud,l-) + mdud,i]
d

g

gl

i
&
gl

\ 1 o[l d |
IR Sp = _Wz [Ea(mdud,iud,i) +Qq +mghpg + Qrad]
Ng

v
=—— ) my for fuel (k =F)
feig s, | VL
=0 for other chemical species (k + F)
ne Wy
Scombu,k — _E' WF ’ RF

Combustion Engineering Lab./ Osaka Univ.

12



ITTERETIL

TIEBBROFE - DRBREOERETIL, @flameletETIL
OER, &%, TEEE, B
QRIER{A : C,H,, B&IEHI : OH*, O

\

ot ax]

. —_ : dpZ 0 0z
BEENROREDR —+—(puz 015 ) =5

(fOT' Csz, OH*)

. ¢ dmd
Sz = b+ Yo, air (AVZ )

dpd 0 a¢ : kb 2R B

Combustion Engineering Lab./ Osaka Univ.

13



99 ERATE

Flamelet model > C,H,, OH*, O,
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Psoot: 2000 kg/m?, n: 0.13, ¢;:54 57, ¢,: 9000.6 kg m/(kmol*s), c;: 105.81 kg*m/(kmol-K*/2+5s), c,: 8903.51 kg*m/(kmol - K*/2+s)
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Soot formation
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Conclusion

Mean Droplet Size

Rate of Flame Soot

Structure formation

Diffusion-like
Large
Narrow small Structure &

« BEEAXRPIZEITHTITEMIE, HieShoRMEBEZOFYHEDIE
KRICH-TEMI B, Ff-, TORFHHELNFLIVNGEE L, HEST
DENLWESSGBEZRICBEWNTITEREINETTS.

« IEFEMRDPTIE, BRER, fE, REME, BIELOITRXTOBIEHIE
BRCHECY, I EE A RBEICLE TSNS EEMEE O+
DT, FICEREREOBEMNELDZEIZEY, HNAESICELNTKRE
DT T HRFICHRETS.
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