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Abstract — This study investigates the lubrication characteristics of fuel injection pumps with reference to dif-
ferent fuel oils. Medium-speed diesel engines use fuel oils with various viscosities, such as heavy fuel oil (HFO,
which is a high-viscosity fuel oil) and light diesel oil (LDO, which is a low-viscosity fuel oil). When fuel oil
with a low viscosity is used, both fuel oil and lubricating oil lubricate the system. Thus, the lubrication of the
fuel injection pump is in a multi-viscosity condition when the fuel oil in use changes. We suggest three cases
of multi-viscosity models, and divide the fuel injection pump into three lubrication sections: a, the new oil sec-
tion; b, the mixed oil section; and ¢, the used oil section. This study compares the lubrication characteristics with
variation of the multi-viscosity model, clearance. The volume of Section » does not affect the lubrication char-
acteristics. The lubrication characteristics of the fuel injection pump are poor when high-viscosity fuel oil trans-
fers to low-viscosity fuel oil. This occurs because the viscosity in the new oil section (i.e., Section a) dominates
the lubrication characteristics of the fuel injection pump. However, the lubricant oil supply in the used oil section
(i.e., Section ¢) can improve the lubrication characteristics in this condition. Moreover, the clearances of the stem
and head significantly influence the lubrication characteristics when the fuel oil changes.

Keywords —medium-speed diesel engine(Z% T4 2l %), fuel injection pump(d EEAFE 32), fuel oil( &),
viscosity( I2), minimum film thickness(Z] & =F7)

Nomenclature (=2 Aurt Fue D7 TR 7))
D2 : Dlmensmnless distance to the “b” section (dy/l)
A : Dimensionless clearance of stem part ES At A= 99 719 2 AR
(stem F-9] F2 7+ H : Dimensionless film thickness (//co)
B : Dimensionless clearance of head part G SEA)
(head¥-2] 71 =) H, : Dimensionless minimum film thickness (/,/c)
C : Dimensionless clearance (c/c;) (FxFd =) ¢ : Clearance (m) )
D1 : Dimensionless distance to the “a” section (d\/]) d, : Distance to the “a” section (m)

Gl AB7k flss geel Ae)
d, : Distance to the “b” section (m)
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head part (B) [1-2, 5-6].
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Table 1. Fuel o0il(F.O.) and lubricant oil(L.O.) in multi-
viscosity models

Case F.O. and L.O. conditions
Without
L.O. supply
With
L.O. supply
Without
L.O. supply
With
L.O. supply
Without
L.O. supply
With
L.O. supply

HFO — LDO

Case-1
HFO + L.O. — LDO+L.O.

HFO — LDO
Case-2

HFO + L.O. — LDO+L.O.

LDO — HFO
Case-3

LDO + L.O. — HFO+L.O.

Table 2. D1 and D2 in multi-viscosity models

Case “b” section

Case-1 D1=0.458, D2=0.524
Case-2 D1=0.436, D2=0.553
Case-3 D1=0.458, D2=0.524

Table 3. Dimensionless viscosity of fuel oil (F.O.) and
lubricant oil (L.O.)

Fig. 2. Multi viscosity cases of fuel injection pump. (a)
Case-1 (b) Case-2 (c) Case-3.
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Table 4. Dimensionless viscosity with volume ratio in

the b section

Without L.O. supply

With L.O. supply

Volume ratio Dimensionless

Volume ratio Dimensionless

(LDO: HFO)  viscosity (LDO: HFO)  viscosity
1:1 0.714 1:1 1.050
2:1 0.521 2:1 0.750
3:1 0.429 3:1 0.60
4:1 0.371 4:1 0.507
5:1 0.336 5:1 0.443
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Fig. 3. Dimensionless minimum film thickness with crank
angle and multi viscosity cases (A=0.36, B=0.58, without
L.O. supply). (a) Case-1 (b) Case-2 (c) Case-3
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