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ABSTRACT – We investigated lubrication 

characteristics of reciprocating fuel pump with variation 

of groove type by hydrodynamic lubrication analysis. 

We used the two-dimensional Reynolds equation to 

evaluate lubrication characteristics of the pump and 

used equilibrium equation of moment and forces to 

determine the motion of the plunger for unsteady-state 

flow. The lubrication characteristics of the pump with 

ring-type groove are compared with those of spiral 

groove. We found that the film parameter of the pump 

with spiral groove is larger than that of the pump with 

ring-type groove.  

 

1. INTRODUCTION 

A few diesel engines are installed in a ship engine 

room. One or more diesel engines are installed as a 

main propulsion, and these engines are commonly low 

speed, two-stroke engines. They are operated with 

propeller or medium speed, four stroke engines. The 

two or more four-stroke engines are used as power 

generators. In the four-stroke diesel engines, a fuel 

delivery system commonly consists of mechanically 

controlled reciprocating fuel pump and injectors with 

multi-hole nozzle type [1-2]. The mechanically 

controlled reciprocating fuel pump is consisted of barrel 

and helical plunger. The fuel pump is one of key 

components in medium-speed diesel engines. 

The pumps have a particular problem that is 

referred to as “stick.”  The stick occurs, when various 

factors such as improper clearance, incorporation of 

foreign material, and lacquer formation cause the 

plunger to contact with barrel or block inside the barrel. 

The lacquer formation in the fuel pumps reduces 

clearance, and the reduced clearance lead to poor 

lubrication characteristics of them [3-4]. Due to the 

downturn in the economy, the use of crude oil as fuel oil 

has results in damage of the fuel pump from hard 

foreign material. In addition, catalytic particles so called 

Cat Fines in low sulfur fuel oils cause scratches of 

surfaces, and lead to wear or stick in the pump. 

In previous research, it was reported that for the 

improvement of lubrication characteristics of the pump, 

applying both circumferential groove and taper shape to 

the plunger was more effective than applying just either 

one of them. In spool valve system, the spool valves 

with spiral groove were observed to have a higher 

likelihood of mitigation an uneven pressure distribution 

surrounding the spool through the CFD analysis for 

steady-state flow. A variety of grooves are used in lots 

of lubrication systems. The application of groove has 

beneficial functions such as oil reservoir for supplying, 

generation of hydrodynamic pressure, reduction of 

friction, reduction of leakage, trap of foreign materials 

and mitigation of even pressure distribution [5].  

In this research, ring-type and spiral type grooves 

are applied to the plunger of the fuel pump in order to 

improve the lubrication characteristics under the 

unsteady-state condition. Grooves can relieve the 

pressure imbalance surrounding the plunger, by 

supplying passage in the circumferential direction. The 

effect of two type grooves has been evaluated and 

compared by the film parameter that is closely related to 

the lubrication characteristics of the pump through the 

hydrodynamic lubrication analysis. 

 

2. METHODOLOGY 

An unsteady-state two-dimensional Reynolds 

equation is used for the fluid film between barrel and 

plunger. The elastic deformation of surfaces is not taken 

into account and the center of moment in the plunger is 

placed on the bottom of it (point O). Moreover, the point 

O moves only on the center line of the barrel because 

the plunger guide is installed the lower end of the 

plunger. The lubrication characteristics of the pump are 

investigated with variations of viscosity. The numerical 

model is simplified as shown in Figure 1(a). The 

clearance between plunger and barrel is divided into two 

regions such as head part and stem part. A is the 

dimensionless clearance in the stem part and B is the 

dimensionless clearance in the head part, as shown in 

Figure 1(b). 

Two types of groove are applied to the stem of the 

plunger, as shown in Figure 2. One is ring-type groove 

and the other type is spiral groove. The spiral groove is 

characterized by their number of revolutions of spiral 

groove (n), the dimensionless distance (L1) from edge of 

the stem to the groove and circumferential angle (θ) of!

spiral groove. The dimensionless length of machined 

part in the stem is L2 and the dimensionless width of 

groove is Wg. The ring-type groove is also characterized 

by their number of ring-type groove (n), L1, Wg and 

dimensionless length (L3) between the ring-type 

grooves. 

The lubrication characteristics of the fuel pump is 

evaluated by comparing film parameter that is the ratio 

minimum film thickness to the surface roughness, as 

shown in Equation 1. 
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Figure 1 Numerical model of hydrodynamic lubrication 

analysis. (a) Schematic of numerical model and 

(b) dimensionless clearance of stem part (A) and head 

part (B). 
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Figure 2 Plunger with groove: (a) Plunger with spiral 

groove, (b) plunger with ring-type groove and 

(c) definition of θ in spiral groove. 

 

Table 1 Dimensionless geometries of groove. 

Groove 

type 
L1 L2 L3 Wg n θ 

Spiral  0.25 5.625 - 0.125 2 0 

Ring-type  0.25 - 0.05 0.125 2 - 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

Lubrication characteristics of the fuel pump are 

estimated with variation of groove type. Figure 3 shows 

the film parameter when the dimensionless clearance of 

stem and head are 0.30 and 0.36, respectively. The 

dimensionless geometries of grooves are shown in Table 

1. The film parameter in case of spiral groove increases 

by about 160% over the case of ring-type groove in low 

viscosity condition. This is because the ring-type 

grooves are not connected with one another, so they 

only release uneven pressure distribution of plunger that 

surrounds the grooves in the circumferential direction, 

and a big pressure difference remain in the regions 

between grooves. Therefore, the lubrication 

characteristics of the plunger applied spiral groove is 

better than those of case applied ring-type groove.   

 

 
Figure 3 Film parameters with groove type. 

 

4.     CONCLUSION 

The spiral groove can effectively release the 

uneven pressure distribution surrounding the plunger 

because spiral groove consists of one continuous 

groove. Therefore, the application of spiral groove to 

the fuel pump could help to prevent sticking. 
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