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Abstract —This study evaluates the effect of grooves on the stem part of a plunger on the lubrication char-
acteristics of a fuel injection pump (FIP) by using hydrodynamic lubrication analysis. The current study uses the
two-dimensional Reynolds equation to evaluate the changes in lubrication characteristics with variations in clear-
ance, viscosity, and grooves for a laminar, incompressible, and unsteady state flow. This study investigates the
lubrication characteristics by comparing the dimensionless minimum film thickness or the film parameter, which
is the ratio of the minimum film thickness to surface roughness. The analysis method for the groove section dif-
fers depending on the depth of the groove. For instance, in the case of a shallow groove, the film thickness equa-
tion considers the depth of the groove, while in the case of a deep grove, it considers the flow continuity. The
lubrication characteristics of the FIP are more sensitive to changes in the groove width than to changes in other
design variables. Moreover, the application of a groove is more effective under low viscosity conditions. The
smaller the distance from the edge of the stem part to the first groove in the case of shallow grooves, the better
are the lubrication characteristics of the FIP. In contrast, in the case of deep grooves, the lubrication char-
acteristics of the FIP improve as the distance increases. The application of shallow grooves is more effective for
improving the lubrication characteristics than the application of deep grooves.
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Nomenclature C : Dimensionless clearance (c/c;) (FAHF 1)
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L, : Dimensionless width of groove (//l,)
(A e %)

L; : Dimensionless distance between grooves (55/,)
(CIFES} TFH Afole] Ak 11

N : Number of groove (IFH. 7IF)

O : Dimensionless flow rate (Q/Qo) (F3H! #7)

O, : Inlet flow rate (m’/s) (1Bl FA=h= 73)

0, : Outlet flow rate (m'/s)

(CLFEAN 25 19

R : Dimensionless plunger radius (r//,)
A B9 W)

R, : Root mean square deviation (m) (EH F%

Rqi : Root mean square deviation of plunger (m)
@49 59 x5

R, : Root mean square deviation of barrel (m)

elgel 29 x%)

: Dimensionless axial direction (z/c,)

: Clearance (m) =)

: Eccentricity (m) (HA%)

: Fluid film thickness (m) (FEF771)

: Depth of groove (m) (I5FH2] Zo])

h, : Minimum film thickness (m) @A)

l, : Distance from edge of stem part to the first
groove (m) (Stem -9 AHOZHE A
%8 744e] Aol

L : Width of groove (m) (I5H2] %)

I; : Distance between grooves (m)

(IFB9} TFH Ale]e] 7HA)

p : Fluid film pressure (Pa) (FI3E)

p. : Atmospheric pressure (Pa) (C171%})

z : Axial direction (m) G W)

& : Eccentricity ratio (e/c) (HE)

A : Film parameter (h,/R,) (FEAR-

7

: Circumferential direction (g5 W3F)
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Fig. 1. Dimensionless clearance of stem part (A) and
head part (B) [1, 4].
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Fig. 2. Groove geometry of plunger.
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Fig. 3. Plunger position in the barrel [1].
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Table 1. Dimensionless geometries of groove and number
of groove (variable: dimensionless viscosity)
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Table 2. Dimensionless geometries of groove and number
of groove (variable: number of groove)
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Table 3. Dimensionless geometries of groove and number
of groove (variable: L;)
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Table 6. Dimensionless geometries of groove and number
of groove (variable: dimensionless viscosity, H>)
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