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A Study on the Mixed Fuel Characterization
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Two pure fuel oils (#1 oil, #6 oil), theree pure alcohols (methanol, ethanol, propanol) were tested
for the fuel characteristics such as miscibility (that established which pure fuels and fuel
mixtures could be fired in the boiler), flash point, viscosity. Specific target of the study besides
the oil/alcohol mixture characterization was that exsisting equipment (i.e. domestic boiler) could
use 100% alcohols or oil/alcohol mixture without any modification and with safety.

#1 oil could be mixed without any problems at all concentrations with two of the alcohols;
these were the ethanol and propanol. However, miscibility of 46 oil with any alcohols and #1 oil
with methanol was not possible and very limited in this study. The measurements of flash point
and viscosity for the mixtures were done for the comparisons with the pure fuels.

There was a marked change of flame shape and flame luminosity as the alcohol content of the
mixtures was increased. The mixture flame shortened and became non-luminous compared with
a pure fuel oil flame.
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Table 1. Properties of #1 oil
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Density at 15°C

Kinematic Viscosity at 40°C
Flash Point

Sulfur, wt%

Heating Value
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Table 2. Properties of #6 oil

Flash Point
Kinematic Viscosity (Min, )
(Max, )
Pour Point
Sulfur, wt% (Min,)
(Max, )
Heating Value

60°C

92 ¢St

638 ¢St

15.6°C

0.32

4,00

42170-43450 kJ/L
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Table 3. Properties of three alcohols

Methanol Ethanol Propanol
Density at 20°C 0, 792 0. 789 0, 804
Dynamic Viscosity (Centipoise) 0.65(17°C) 1. 07(30°C) 1.50¢41°C)
Flash Point("C) - 10.0 22,0
Boiling Point{°C) 65, 0 78.5 97.4

— 289 —



43} Aol Yo 1-Hrou rCH A% gul, 2o A AE" =2 dehdc
AelA d2E 3707 A sba shedel o 2 Adeld AgH dade 3 HEe A
ato] A s uj ol AuL LEE $& exdz & Suidle) B2 (0.6mX0.6mx10m) S I
Ao, shefel wobg & FPHAt B 4L 9
FAohe drde Teale A%, Qlstgol o d%g AW Wil FrFL Aoiatx
AEroh Sopr] difel Z¥e x2r) 25 W skl
F71 Stel, A2 dF delelE ol &d AEo] Fedel vl 3004 olade] Azl Hedshe
RO e S s ol & myAel £ oz FHE AEEA
3 MM =X 2} ﬁkfégl Beobe xFol A dAe T4
2z HoAelztn ZhAsied, AFH FH9ol
AL BAbl ST %L vl #6 23 FHel fFFo]l AL M2 wd WeFes
o elE Fol Eristx *&%OM% Aol vF AAg ez £ Foletn stAetod g
w7 Aol ol & ZEdAFIA epomi FAb7lo) A F3h g Aabskalc,
A 4 gk A A A3k AAE = @Eol Bl 23 I A5 AS, AR
dztel 27), A, BEEES] dEE oA 719 ol HEsb wbEu] elo] EciAstx
Erlobdet, A8 FF Fxo 2 d%: A Al#lo] blow-off ={denz, 3ty ofzba 7l
HIAEgE Sl ohdsl del= Frle F4 F2F =4S 3
E3 Ao AL Brookfield AAAR AL g5 Ao
A FAsAch AZlel &3 Ay 2 gl
AZAH taad ZA Lo iy}l ~ulSe] T Za 9 ozt
ol eke] sl Pz Zudol HA A

o] Aried olo o3I ¥EaE E A5l HAE
Al Arah vk,

R CERE

S

JI)|-

& ATl d deleolst ¢4 odE xE ofd wlgoldx FE3 Easelovt wEebEat
<3¢ d5E PR LAdHY s ALEso of &3he H3 8l §2 5% ol Zute] E¢sIA
Ak F7 Holl Al AR RS wl, 3Hde] 7olsg} okgkrh, A #6 U TE AdFo oM =
4450 #Es ued, |y 2F3E 29k A S5 E&slA g F4 ReEE PAsted E
E 4t (Beckett type AF) 2.2 40KW o] -3 ol A3 Erbseheh, #1 299 A, &3
5 7tHeH ds TF F5E 0.5~2, 0mi/s°] of Al do g Ae| (homogeneous
I 0= ¥AZ oz ¥ZFch Fig 12 Ago condition) & 374 o]de] Azztelx F2l7t

olojupa] otofort, 2idte] B7b53h Axsel

\ T ajoll v FA k) Fel vt 0:;011,} 259 A%

Primary of Atomizing Air 7] (ultrasonic vibrater) & 2EAl7ld, =14 §
3} Abe) (micro emulsion) & ¥ A slu] & do] 5

a2 rnlm

glovt, AFAY 45
2 elslgi,

#3134 Table 4% Q1shHe 233 AAE
vheb e,

S/18ue A4S B Asel Aol Ao

FUEL NOZZLE DETAILJR-" ~" Aotol olsted FA43 tasied, olebEsel &
Fig. 1. Air atomizer detail (Cleaver-Brooks). T dul= i A4 qstdo] Atgwc)

— 290 —



BAE M el BY MR

Table 4. Flash point of the mixed fuel 3
#1 oil+ethanol #1 oil+ propanol
alcohol | Flash Point | alcohol | Flash Point
% C) % C)
0 49 0 49
0.1 42 0.1 46
1.0 18 1.0 29 N .
2.0 12 2.0 27 Vot
8.0 11 8.0 23 E

10.0 1 10.0 23 - _

20.0 11 20. 0 22 b= #1 oil+ Propanol

50,0 10 50.0 22 SR

100, 0 10 100. 0 22 =
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Fig. 2. Flash point variation of mixed fuels against alcohol %.
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