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Abstract

Combustion characteristics of a 1-butanol gel fuel were studied in atmospheric pressure condition. The butanol gel fuel was
manufactured by adding hydroxypropyl-methyl cellulose (HPMC) as a gellant and the effect of the gellant concentration was
observed. The combustion process of a single butanol gel droplet was divided into 3 stages including droplet heating, micro-
explosion, and gellant combustion. The flame was distorted compared to butanol + water mixture because of micro-explosion
during the combustion. Increase of gellant concentration delayed the droplet ignition, but the combustion rate was improved

due to the mass ejection during the micro-explosion.
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Table 1 Thermophysical properties of 1-butanol

1-butanol
Density (kg/L) 0.81
Boiling point (°C) 117
Specific heat (25°C) (J/mol'K) 177
Autoignition temperature (°C) 343
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10
Position 1
11
............
12
13
14
1. DAQ 8. Lever
2. Computer 9. Pressure vessel
3. High speed camera 10. Compressed air
4. Quartz window 11. Droplet
5. Thermocouple 12. Backlight
6. Electric Furnace 13. Furnace entrance
7. Furnace controller 14. Syringe

Fig. 1 Experimental setup
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Fig. 2 Determination of Dign, Dex and teom for measuring
effective burning rate

20 274 WS Fig 20 ®A8IITE A3 wlolE A
2] ol #g o AMT AFRE AR o]d =R
ol =l 7hs s

23 ¥ g HZx

1tEhe-2 AZo] ot HaE B3 d& Foe
A& Thedt e AL AER, Asdee] ot
B el wiEe] A 540 Adn & A= 15
s 71 ARE §ha, f7] AskAle] FF F sy

¢l hydroxypropyl-methyl cellulose (HPMC)E A 3}A]| =
AR skl A8 Az B2 w4 879 HPMC &

AE S8 ¢4 Ao E8 Febgd e
impellerE 53| Wk 3l HPMCE H7lsh= oz
AzskATh HPMCY A7 9859 & 99 23&
97] 3] 307 FUH O R wnk sto] A A€
A O:]EI:'_ Z—"Fﬂ--o‘], otq xﬂz} z]a‘ E/ng‘g].l‘:_:_ odg_ LH_lf_.
o] 71ZE glol7] fal Alx § 2447 A= Ao B
#el 7 Aol &8st
3. MY =A

ASA| 71 WE A A5 dF A4 545
AF3l7] 23] gt 2 700°C 2A AEE FeYs)
AT} 700°C ©]3te] o= Fe-g Ao zpdkst
7 AP A ko AE X9 dAY B 52 2%
o A3e EVFssiRR 25 278 st Ad
2 AsHA| bl e A A8 AqHe] dih BEAS



gotalr] Qe ek /B £3 A8 E /B AR
Bl 25, 3 wt% AIAE 7S
700°C &% Z7o| =ZA71

a9

= =
Alebeh B Aa 22 S G5 3= @718kslen,
U oM 53] Wi dFPsle] 4 AFEE =
2alsint

Q %L HAS

AE 2 HrHAe 57, 4F
27 5ol wg v o2 3oz gduEiA AP o9
Az B3t A A5 HH o] Yeh= UrbE &4
Eol lonz B APoiE HA A AF A4 A T
AsH= dukAel A% B2 3199th. Fig. 32 2.5 wt.%
ol A Ag o] 700 °C &% 24 =&HUS
AlZbol whE HA A7 As B AL AEE YER 2
g zo|ct. AH e £ AIZF T T8 AT gz
Al UeRd vRe o] A 74 w4 2k AlskA A
& F7ro 2 R £ itk AY 2719 dHo]
F919] & 3] wE2Hol wet HHo] 7tEEE o
A 71d F7HE AR o] DA = AF o] FmR
H g% FHwol 2= S8 =Ha, olo mE
o] wAste] HA HAo| tha FIFeIATE &4
7 7t DAl AY 2oz AFIt Bl
A Zatel7] Wl wAEH d4-2 B A

3.1 H =z 9|
£

x4
ECEDICENS

o

)

R = 4
12

9 3l
i)

F 29 £Est A% 0T Y5l 59 A o

167 Furnace Droplet Micro-explosion Crust
drop time |heating combusti‘on
124 Kact = Linear fitting
: Yhﬂﬂ "lﬁ‘lp I J!h (

0.8
Ignition

Kot = 1.47 mm2/s ki
044  Kaet = 1.49 mm2/s

Squared Droplet Diameter (d?)

Ambient temperature : 700°C

—— 2.5 wt.% gel fuel
0.0 T T T T
0.0 0.2 04 06 0.8 1.0 1.2 14

Time (s)

Fig. 3 Squared droplet diameter of 2.5 wt.% gel fuel
droplet at 700°C
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Fig. 4 Droplet combustion process at 700°C, (a) droplet
heating, (b) micro-explosion, (c) droplet ignition,
(d) crust combustion
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Fig. 5 Temporal change of a normalized droplet squared
diameter for various gellant ratio
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