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Spray and ignition characteristics of HFO with different viscosities under
high pressure and micro hole conditions

Lu Xiuwei, Wei Lijiang, Huang Wenqing
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Abstract: Four-stroke diesel engines burning heavy fuel oil (HFO) are often used as propulsion devices or power
generators for ships. In order to improve the thermal efficiency and reduce emissions, increasing injection pressure
and reducing nozzle hole diameter are the trends of injection conditions. The spray and ignition characteristics of
HFO with different viscosities under high pressure and micro hole conditions were investigated. Large eddy simula-
tion (LES) was used to solve the turbulent motion and chemical reaction kinetics were coupled. The results show
that the liquid penetration length (LPL) of HFO is almost independent of the combustion, while the vapor penetra-
tion length (VPL) decreases due to combustion, and the decrease is inversely proportional to the viscosity of HFO.
The spray morphology of low-viscosity HFO is similar to that of diesel, while the spray morphology of high-
viscosity HFO is narrow and long, having a jagged gas-phase spray edge near the nozzle. The increase in viscosity
causes the combustion phase to advance, the heat release rate to slow down and its peak to decrease, the flame
lift-off length (FLOL) to shorten and the flame to appear trailing. The flame spread ability and fuel consumption
rate during the steady-state combustion phase are independent of the viscosity of HFO. The Sauter mean diame-
ter (SMD) is proportional to the viscosity of HFO, with a slight increase before ignition and a significant increase
after end of injection. The decrease rate of the total surface area of droplets is higher than the decrease rate of the to-
tal volume of droplets, which is the fundamental reason for the slight increase in SMD after ignition.
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Tab.l Ambient and injection conditions

1.1

B R o2 TH3  THl4
IRBEIRBE/K 900 440 900 900
15 J1/MPa 6.05 2.93 2.04 5.92
FIEFRE/ (kg - m™) 22.8 22.8 7.6 22.8
O, IRF 0% 0 0 0 15
No R 80% 89.71 100.00  89.71 75.15
CO, R H/% 6.52 0 6.52 6.22
H,0 R 50% 3.77 0 3.77 3.62

1.2 RERE S 5WHE
1.2.1 HMAayE s

EH N CVCC iR, J-fiH Converge 7E 4 Fi
T AR ARYEGE. A RIA% RS 8 mm, % 2
R AR TBEE 5 TR SR, AT WA TIN5 I dme /NP s R
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Tab.2 Grid setting and refinement
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Fig.1 Geometric model and mesh refinement
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Tab.3 Fuel properties, initial and injection conditions

£ AO0/A15 B0/B15 C0/C15
BRI /K 900 900 900
58 J1/MPa 5.92 5.92 5.92
IR/ (kg + m™) 22.8 22.8 22.8
O, IR 50% 0, 15 0, 15 0, 15
N AT 50% 89.71, 75.15 89.71, 75.15 89.71, 75.15
CO, (R H0% 6.52, 622 652, 622 6.52, 622
H,O RB4-40% 377, 3.62 3.77, 3.62 3.7, 3.62
FhiE/(mm - s7) (50 'C) 2.53 161.67 366.03
HRE/ (kg + m™) (20 'C) 854.6 972.1 961.4
T o 1 53550/ % 0.05 0.44 2.90
W5 /mg 3.84 4.11 4.08

MR AT O RH - IR B RRPE 4R, & HFO
TR EE VMRAE HFO 5 nCioHae BOBHEE —50 WifLETE .
WS ) RS RS F R 25 (4251 0,09 mm |
150 MPa il 1.54 ms) , Y1 BEMEF it it LT B A1 8 JEE 22
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