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" ABSTRACT

A A suspended droplet facility (SDF) is developed to reproduce flixmeonditions for studying evaporation/combustion charaigtcs of isolated droplets
A Experimentaimodel validation tests are conducted withpEntanol droplets to characterize the repeatability and reliabilityhas facility
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\_ curves, micreexplosion intensity and cenosphere size .
SUSPENDED DROPLET FACILITY (SDF) [ VALIDATION TESTS WITPENTANOL A
A Feasibldestdropletsize 350-1200pm A Experimentallyobtainednormalizedd?-t curvesare comparedwith:
A Dropletambientconditions [9]: Model basedon classicatheory of droplet vaporization(ref. Muelas
Coldconditionswith Airshield 325+ 1 K et. al, CombustFlame217 (2020 38-47)
Hot evaporatingconditions 1336K+ 50 K at [7]: Classicalmodel with radiative heat absorption & fiber heat
1 atm with variable%O, =0 - 21%by. vol. conduction(ref.: Mohamadet. al, posterno. 436043 11t ECM2023
A Minimum effects of natural and forced convection at A Verylow experimentalRSCor *Q=1.10%
droplet location, as visible from the sphericalenvelope A Quite low deviationin '°Q from model predictions* p f without any
of diffusion flame for 1-pentanol droplet at 10% O, | \_  significantdeparturein the trends -/
coflow | ( EVAPORATION CHARACTERISTICS OFREROANOL BLENDS h

A Estimated Reynoldsnumber for a 500 um droplet is A Asi-pentanolcontentincreases HFO100
11 T[EB) - :
In the blend & . ' '
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I. The violent puffing + strong ‘ ‘ ' ‘ ' ‘ /ﬁ @ . ——

micro-explosions (B) begins

“4.0080

~ 7 1.264 1.9747 1.9794 1.981 2.9613 3.0160 3.0176 3.8962
sooner after the initial heat A: Droplet Bl:1stpuffing B2:A typical puffing event, >Xm@por B3:Typical weak micrexplosion <2, C:Trapped D:Residual
. : ] at t=0 aftert, nucleation growth at droplet boundary Nucleated vapor superheats due to thickolatiles causesenosphere
Up time (A) and W|th h'gher followed by rupture outer shell and ruptures expansion of 'Q FQ
. : : ' hell =
expansiorratios (i.e. d?/d ,?) HFO935P5 viscous shell - =0.3966
Il. Droplet mass loss increases ® ‘ ' = i o , @ D
which reduces the size of " " ’@ " ’@ /' " j & ' T
! p—i ‘
viscoushollow she |(C) 0.7912 2.3113 2.3126 2.333 2.3614 2.8722 2.9413 2.9426 3.7528 4.0386
3 . . . . 3 . . . . B1:1stpuffing B2:Simultaneous evolution of weak miero B3: Typical strong micrexplosionL f mupture D:Q TQ
HFO100 ;@ ) e HFO95-P5 aftert, explosions at droplet boundaris2 shows multiple fragmentation =0.3639
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‘ H C"“f Dropletimagingsetup 1 L
McKennaburner,. / 0.5 0.3771 1.9039 1.9207 1.9709 1.9724 2.7936 2.7952 3.0522 3.6073 3.7472
’ CI—h/Alr_l O7for O% e P 0 | | | | B1:Multiple nucleation B2:Weak micreexplosion in B3: Strong micreexplosion due B4:After B3, evaporationD: Q TQ
0 1 2 3 4 sites visible, causes peakparent + ejected child droplet<2, to vapor superheat in thick outer continues like HFO100 =0.3071
[ A — 3 | | | | 3 | | | | expansion soon after shell,L £ H but with violent puffing
Droplethold . P Fla_rﬁeimagingsetup 251 HFO75-P25 | 251 HFO50-P50 | HFOS6EP50
assembly I A 5| _ @ ' Q_/ : @ @
\ K
' “ I ] '_l 0.3035 0.3068 0.3101 0.3678 0. 3695 0.3711 0.5081 2.5122 2.7300 2. 7316 2.9461 3.0682
B1:Strong micreexplosions exhibited(f Hohlp during  B2:Evaporation progresses with the droplet undergoing rapidD: Q 7Q
=\ U 1 the initial period aftert;, the ruptured droplet is deformed contraction and expansion, consequently showing multiple weak0.2764
Extractlonflow AN ‘LR Air Shleldwrn | | | | | | | . but regains sphericity after every mieexplosion micro-explosions at droplet boundary or due to vapor nucleation
rate orificel— 4 B ~ % LsolenoidValvel 0 1 2 3 4 0O 1 2 3 4 Note: at droplet core and violent puffing
ST e l r ) ) X " A Scalebar refersto 500 um
-------- _ﬁ K vd; [s/mm7] vd, [s/mm”] A Times aranormalizedas t/d.2 [s/mm?] (highlightedin yellowbeloweachimage /
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B H Y i | [Bpataacquisiions, test /QUANTITATIVE ANALYSIS ®ENTANOL BLENDING ON EVAPORATION OF HFO
- . Cﬁ’w Micro-explosionintensity & its classification NormalizedTimeMetrics NormalizedCenosphereizeRatio
- o . . . . AO QjQ hQ and’Q are peakand valleydroplet | A 6 ¢ time elapsedfor first onsetof puffingsincetest | A 'Q ¢ equivalent diameter of the residual
Schematiand 3D Viewof SDF sSize start cenospherdormed at the end of evaporation
(b) (C) APuffingregimepeaksat intermediateblendratios A 0 ¢time wherefinal droplet hollow shellpeaks o -
ANo cleartrend for weakmicro-explosions Ao o0 o yQ cg P
AStrong micro-explosionsincrease with 1-pentanol | A o monotonicall decreases YO Pe b 0)
. content o\ .
1 'y T ”n >:O Llfﬁ) I:) b YQ T a) I:) v
H ® ¢chQ T Q ﬁ Yo cub
500 um
|—I|l’ — 120 ] [ >-0 7 Initial heat up time o 0-5 T
— 100 | | Fluctuatlng evaporation timehd Y S
(a) Envelopdlame (b) Supendediroplet and (c) MATLAB® > _ / 4.0 o . 8 Tota eq\{aporatlon timefo 0.4 f “~~\+
K post-processedmage of 1-pentanol at 10% Gcoflow / $ 07 . | Eag 5 & N i o3
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: : : ke ! N
A Five HFOA-pentanol blends are consideredwith 10 | | & 5 | . \ 10 | % 0.1 | \
: .- : o I : i .
experimentalrepetitionsin eachgroup S _ n g i 0.0 % . A mE 0.0 . . . AN
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A HFO¢ representativefor difficult-to-burn liquid fuelslike HPO100 HFOS5-PS HFO7S-P25 HFOS0-PSO 93 3 58 88 S 3 23 Q8 Q8 S
qual vsis | 1 t Puffing & Weak Microexplosion @ Strong Microexplosion £ - L = = o T 0 g
resiaual,pyrolysis s UITy.OI S elC. _ _ K O P8 ¢ O rg O Note: The uncertainty bars correspond to two times the standard deviation (® /
A 1-pentanol ¢ basevolatile fuel for blendingto improve e ~
evaporationand combustioncharacteristics CONCLUSIONS
Blend HEO 1-Pentanol O ” Y "YIO A Tr_\e_devel_opedSDFallows evaporationstudiesfor isolated droplets at flame-like high temperature conditions with
Acronym  [%wt.] [Yewt.] (um um] (%] mln_lmu_m mfluengeof externaleﬁect.s - | -
A Validationtestswith 1-pentanolconfirmsthe repeatabilityand precisecontrol of theseconditionsin everytest
HFO100 100 - 515 23 10.29 A . . . . . . .
Increasedouffing and strongmicro-explosiongegimesare observedn HFOwhen 1-pentanolblendingratio is 25-50%
AFO9sPS 95 5 535 41 7.66 A For25% and 50% 1-pentanol blended HFOdroplets, the normalizedevaporationtime reducesby 8.1% and 25% while
HFO75P25 75 25 497 32 6.44 \_ the meancenosphereareareducesby 13.1%and42.6% respectively -/
HFO56P50 50 50 523 40 /.65 FUTURE WORK
D - . . . . .
\_ 100 100 935 22 ol _/ {_A InvestigateHFOAL-pentanolblendsfor isolateddroplet combustiontestsup to 21% 0, at theseflame-like conditions
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