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A Proposal for Reformulation of Heavy Fuel Oil through Sonochemistry and

Phase-Equilibrium Theory
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In this study, authors aim to convert heavy fuel oils or solid fuels into lighter liquid fuel with high quality and propose

new fuel reformulation method through sonochemistry approach and Phase-Equilibrium theory approach. The origen of

sonochemistry is acoustic cavitation; nucleation, growth, and violent collapse. Here, instantaneous hot spot region with local

temperature of several thousand Kelvin and pressure of several hundred Mega-Pascal is generated by the cavitaion bubble

collapse. The other approach is phase equilibrium for pure or multi-component fuel. The vapor characteristics of heavy fuel

oil mixed with lower boiling point fuel is improved by this approach. In this paper, the application of sonochemistry into

heavy fuel or mixed fuel with two-component is reported.
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Table 1 Pure fuel properties

Test Fuel CsHis | CioHao | CioHag | CigHag [ CigHas
Molecular Weight 100 | 142 | 170 | 184 | 226
Specific heat ratio 1.30 | 1.340 | 1.341 | 1.354 | 1.450
Density’ p, [kg/m?] 684 | 739 | 749 | 756 | 773
Viscosity 7, [uPa-s] 414 | 943 | 1490 | 1880 | 3450
S aen 209 | 234 | 250 | 261 | 276

278K 357 | 2.15 | 0.658
Vapor 203K | 4720 | 120 | 974 | 3.45 |0.0460
P';evs[;l;r]e 300K 0.117
308K 344 | 358 | 14.2 | 0.311
323K 867 | 111 | 486 | 1.59

“at 293K, 0.1MPa

Table 2 C16/C10 fuel properties

Mole Fraction of | 65 | 01 | 015 | 02 | 04 | 06 | 08
C10H22
Specific heat
! 1.445 | 1.439 | 1.433 | 1.428 | 1.406 | 1.385 | 1.365
ratio x
Density 792 | 791 | 790 | 788 | 739 | 769 | 756
P, [Kg/m?3]
VaporPressure | 61 | 503 | 38 | 6.08 | 20.27 | 42.56 | 72.95
P, [Pal]
Surface Tension| 44 45 | 30 0g | 20.75 | 29.42 | 28.16 | 27.00 | 25.96
=103 [N/m]
Viscosity | 3514 | 3049 | 2802 | 2742 | 2203 | 1731 | 1312
7108 [Pa-s]
Table 3 C16/C7 fuel properties
Mole Fraction of C,H,, 0.2 0.4 0.6 0.8
Specific heat ratio « 1.41 1.37 1.35 1.32
Density* o [Kg/m?] 785 772 753 725
Vapor Pressure* P, [kPa] 0.71 1.52 2.53 3.65

Surface Tension**

o ~10° [N/m] 28.66 26.54 24.42 22.31

Viscosity* 7+ 109 [Pa*s] 2454 1743 1194 758

Table 4 Experimental conditions for photographing of
cavitation behavior

Pure Fuel C;Hyg, CioHu s CisHog , CigHay
Test Fuel Mixed Fuel C6H3,/CoH,p, CigH2y/CoH, 6
Mole Fraction of C,zH,, for
each Mixed F:fel34 0.2,0.4,06,08
Test Fuel Volume V, [cm?] 150
Ultrasonic Frequency f [kHz] 20
Probe Diameter d, .. [mm] 13
Probe Amplitude J,o,, [#m] 31,62,93,124
Ambient Temperature T, ,[K] 293
Ambient Pressure P, [MPa] 0.101
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Table 5 Experimental conditions for fuel reformulation

Pure Fuel CyoHps ,C1oHo6 CisHyg , CrgHay
Test Fuel Mixed Fuel CgH34/CioH,n
Mole Fraction of 0.05,0.1,0.15
CioHz2 0.2,04
Test Fuel Volume V, [cm?3] 15
Ultrasonic Frequency f [kHz] 20
Probe Diameter d,,, [Mm] 13
Probe Amplitude &, [#m] 31,62, 93, 124
Ambient Temperature T,_,[K] 279, 293, 300, 308, 323
Total Irradiation Time {,,,, [min] 12
Dissolved Gas (Specific Heat Ration*) | Ar(1.67), N,(1.40), Air(1.40)
Bubbling Time** t, , [min] 30

“at 298K, 0.1MPa ™ 100ml/min, at 293K, 0.1MPa
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Fig. 4 Schematic diagram of transmitted light method for
observation of cavitation behavior
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Fig. 5 Schematic diagram of experimental apparatus for fuel
reformulation
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Fig. 6 Ultrasonic cavitation image of pure fuel with variable
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Fig. 7 Ultrasonic cavitation image of mixed fuel with
variable mole fraction (%,,~0.2[s1, &,.»=62, 124[ um])
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