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" ABSTRACT

\_  Curves, micro-explosion intensity and cenosphere size

* A suspended droplet facility (SDF) is developed to reproduce flame-like conditions for studying evaporation/combustion characteristics of isolated droplets
 Experimental-model validation tests are conducted with 1-pentanol droplets to characterize the repeatability and reliability of this facility

* Evaporation characteristics are obtained for =500 um droplets of HFO/1-pentanol blends with 1-pentanol varying from 0—50% (by wt.) in terms of droplet vaporization

/SUSPENDED DROPLET FACILITY (SDF) A

* Feasible test droplet size: 350 - 1200 um

* Droplet ambient conditions:

Cold conditions with Air shield: 325 + 1 K
Hot evaporating conditions: 1336 K+ 50 K at
1 atm with variable %0, = 0 - 21% by. vol.

* Minimum effects of natural and forced convection at
droplet location, as visible from the spherical envelope
of diffusion flame for 1-pentanol droplet at 10% O,
coflow

 Estimated Reynolds number for a 500 um droplet is

2. Filter : None
3. Camera : Chronos 2.1-HD High

2. Filter : CH* bandpass 430 £ 5 nm
3. Camera;: Hamamatsu ORCA
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Flame Imaging Optical Setup | - Droplet Imaging Optical Setup
1. Lens : Nikkor 50 mm F/1.4 | i - 1. Lens : Questar QM1
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C11440-36U Speed
4. ROI: 960 x 800 px @ 66.7 FPS 4. ROI: 1024 x 768 px @ 2500 FPS
9. Calibration: 12.465 £ 0.06 pm/px 9. Calibration: 3.432 + 0.055 um/px
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control system with Arduino
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(a) Envelope flame (b) Supended droplet and (c) MATLAB®
K post-processed image of 1-pentanol at 10% O, coflow /

" FUELS STUDIED AND DROPLET SIZES h
* Five HFO/1l-pentanol blends are considered with 10

experimental repetitions in each group

* HFO - representative for difficult-to-burn liquid fuels like
residual, pyrolysis, slurry oils, etc.

 1-pentanol — base volatile fuel for blending to improve
evaporation and combustion characteristics
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VALIDATION TESTS WITH 1-PENTANOL | B T R

* Experimentally obtained normalized d?-t curves are compared with: " ) 2;32}8;‘8;‘2 : 232;}81123
[9]: Model based on classical theory of droplet vaporization (ref: Muelas _ o . 2;‘32:3;‘?22 : 2@:1:828@2
et. al, Combust Flame 217 (2020) 38-47) N;o 06 — s 05742 504 | 04063 1
[7]: Classical model with radiative heat absorption & fiber heat o 14l 9
conduction (ref: Mohamad et. al, poster no. 436043, 11t ECM 2023) o

* Very low experimental RSD for k =1.10% 021 Zop:iz;is;gf;m/ f

* Quite low deviation in k., from model predictions, ~10% without any 0, - 1 e , )e
significant departure in the trends tid? [s/mm’]
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EVAPORATION CHARACTERISTICS OF HFO/1-PENTANOL BLENDS

* As l-pentanol content increases HFO100
in the blend: ® . '

i. The violent puffing + strong ‘ ’ . ‘ " /‘ /ﬁ /.r . —>.<

micro-explosions (B) begins

1.264 1.9747 1.9794 1.981 2.9613 3.0160 3.0176 3.8962 4.0080
soonher after the initial heat A: Droplet B1: 1t puffing B2: A typical puffing event, I<1.2, Vapor  B3: Typical weak micro-explosion, /<2, C: Trapped  D: Residual
) ) ) at t=0 after t; nucleation growth at droplet boundary  Nucleated vapor superheats due to thick Volatiles causes cenosphere
up time (A) and with higher followed by rupture outer shell and ruptures expansionof  dZ /d3
=0.3966
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expansion ratios (i.e. d2/d,?) HFO35-P5 viscous shell

ii. Droplet mass loss increases @ -

p—i
viscous hollow shel (C) 0.7912 2.3113 2.3126 2.333 2.3614 2.8722 2.9413 2.9426 3.7528 4.0386
3 , , , , 3 . , , , B1: 1%t puffing B2: Simultaneous evolution of weak micro- B3: Typical strong micro-explosion, /=2, rupture D: dgs/dg
HFO100 %} HFO095-P5 after t, explosions at droplet boundary, I<2 shows multiple fragmentation =0.3639
2.5 T 1 257 -
| HFO75-P25 &
l
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0.5 0.3771 1.9039 1.9207 1.9709 1.9724 2.7936 2.7952 3.0522 3.6073 37472
0 | | | | B1: Multiple nucleation B2: Weak micro-explosion in B3: Strong micro-explosion due B4: After B3, evaporation D: dZ%/d3
0 1 2 3 4 sites visible, causes peak parent + ejected child droplet, /<2, to vapor superheat in thick outer continues like HFO100 =0.3071
expansion soon after t; shell, I=2 but with violent puffing

© ®
which reduces the size of @ /') " " /f " 1 = ‘ =

,5  HFO75-P25 | | . HFO50-P50 | HFOS50-P50
, _
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0.3035 0.3068 0.3101 0.3678 0.3695 0.3711 0.5081 2.5122 2.7300 27316 2.9461 3.0682
B1: Strong micro-explosions exhibited (/=2.5) only during B2: Evaporation progresses with the droplet undergoing rapid ~ D: d3,/d
: 1 theinitial period after t;, the ruptured droplet is deformed contraction and expansion, consequently showing multiple weak  =0.2764
| | | | 0 | | | . but regains sphericity after every micro-explosion micro-explosions at droplet boundary or due to vapor nucleation
0 1 2 3 4 0 1 2 3 4 Note: at droplet core and violent puffing
e Scale bar refers to 500 um
t/d? [s/mm?] t/d? [s/mm?] - : - : - /
0 0 Times are normalized as t/d.? [s/mm?] (highlighted in yellow below each image)

/QUANTITATIVE ANALYSIS OF 1-PENTANOL BLENDING ON EVAPORATION OF HFO

\

Micro-explosion intensity & its classification Normalized Time Metrics Normalized Cenosphere Size Ratio
] =d?/d? ,d, and d, are peak and valley droplet | * t;—time elapsed for first onset of puffing sincetest | * d.; — equivalent diameter of the residual
Size start cenosphere formed at the end of evaporation
* Puffing regime peaks at intermediate blend ratios * t; —time where final droplet hollow shell peaks 2 0 —
* No clear trend for weak micro-explosions * tr=1t— AdCSHF095 = 2.2%
e Strong micro-explosions increase with 1-pentanol | ¢ ¢, monotonically decreases 2 _ 0 2
t Y AdCSHFms P25 13.1% dCSHFOlOO
content A — 81 5
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Blend HFO  1-Pentanol dy Oa, RSD, . Th.e.deveI?ped SDF allows evaporation studies for isolated droplets at flame-like high temperature conditions with
Acronym [%wt.] [%wt.] [um] [umj Gdo/d_ [%] minimum influence of external effects
HEO100 100 c1o 3 0 290 e Validation tests with 1-pentanol confirms the repeatability and precise control of these conditions in every test
_ ' * Increased puffing and strong micro-explosions regimes are observed in HFO when 1-pentanol blending ratio is 25-50%

HFO35-PS 95 > 235 41 7.66  For 25% and 50% 1-pentanol blended HFO droplets, the normalized evaporation time reduces by 8.1% and 25%, while
HFO75-P25 75 25 497 32 6.44 \_ the mean cenosphere area reduces by 13.1% and 42.6%, respectively
HFO50-P50 50 50 523 40 7.65 FUTURE WORK

KPlOO ] 100 235 — Ll _/ _* Investigate HFO/1-pentanol blends for isolated droplet combustion tests up to 21% O, at these flame-like conditions
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