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/ABSTRACT h

The isolated droplet framework is commonly used to study liquid fuel evaporation and combustion. However, experimental measurements conducted in this configuration can be susceptible to different
artifacts. This study explores their impact on experiments of butanol droplet evaporation conducted in a suspended droplet facility. The effects due to thermal radiation and fiber conduction are specifically
addressed. Both experimental and modeling approaches are employed to assess the magnitude of each artifact. Results show that the conduction of heat through the fiber may significantly affect droplet
evaporation, leading even to the onset of internal bubbling in some cases. Its impact diminishes with an increase in the initial droplet size to fiber diameter ratio. The absorption of thermal radiation from
the environment was found to be less relevant for this specific setup, although its impact could be much more significant for cases where big-sized droplets are exposed to hot walls.
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1. Experimental Methods (SDF and DCF) 2. Predictive Methods (droplet evaporation model)
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Very low Re (<0.5 for d, = 500 pm) Very low Re (<0.4 for d, = 145 pum) general scheme of the contributing phenomena at SDF.
Radiation heat flux: Q, = 23.5 kW/m? Radiation heat flux: Q, = 20.6 ~ 29.4 kW/m?
Suspension medium: 15um Silicon Carbide  Suspension medium: - Governing equations
and 25/50um Platinum wire Hot gas flow from McKenna burnner & €9
Droplet _
EELZ?me I generator Us~0.1m/s T,=1336 % 50 K Gas phase m = 2npgDyrsSh™In(1 + By)
v s = m(Cps(To — T5)/Br — Lv)
Air-Shield Suspension [ | Flat flame Liquid phase . oy, 10 T‘Z% PPy
- filament PY burner Convection Radiation from hot gas PLe ot r?or xT¥1 or 1~ qr
from liquid
- r —\ —— ) . .
~_ Fiber conduction oT 0°Ts  4h,, 4g 1.
; o | Fallingdroplets 1/ [ . SRR 22 222222 Y, prer e = kg +— (Ty = Tp) ==+ (f’ ¥ =5 Qr)
‘ * i i LEDStrObe . o L e —————————————— AAAATTATTAI t +T' f f
I J | | x=+1
Backlight Optical Setup ‘ ¢ _] / ~ ~ - qr = (f hy(x) (Tl (x) — Tf(x)) ndfnfdx> /Vq
S — . Suspension fiber (dg, Ty) Convection from hot gas X="T
Cahmjra ] | | Radiation heat 1 N
Suspended Droplet (shadowgraphy) S &Q | qr = 547”‘5 Z:xi,zgi,aQr /Y net
L Figure 1. Suspended droplet facility (SDF) Figure 2. Droplet combustion facility (DCF)/ S Figure 3. Evaporating fuel droplet suspended on fibers i=1 >
/3. Results and discussion A
DCF results: model validation for unsuspended droplets SDF results: Effect of material (SiC, Pt) and size (25/50pum SDF results: Puffing of butanol droplet suspended on 50um Pt wire
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t/d? (s/mm2) d_ (um)  Two types of experimental setup and a modeling tool have been employed to assess
_0 . . 0 the effect of experimental artifacts that can affect the isolated droplet evaporation.
initial droplet size. number of fibers as a result of the * The Heat conduction through the fibers is found to be the most important mechanism
» This slight increase in k,,, along with d, is enhanced fiber conduction effect. that can enhance the k, leading even to puffing events for the case of Pt wire.
ascribed to the joint contribution of . , oL , . ,
forced/natural con\J/ection and  radiative For 2x3 and 2x6 arrangements, Kexp Clearly e The absorption of thermal radiation is less relevant for this specific setup, although it
heating decreases when d,/d;increases. could have a large impact for setups where big droplets are surrounded by highly-
' emissive hot surfaces.
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