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(54) Diesel engine with direct injection and piston bowl

(57) In a diesel engine with low-swirl air-distributing direct

injection via a pressure accumulator injection system (common 

rail) into a flat combustion chamber (11), a piston bowl (18) 

is provided in the bowl base (24) which is designed to be 

divergent from the bowl base (24) to the flat surface (26) of 

the piston crown (21) and whose circular inlet opening surface 

(40) has a diameter (DM) which corresponds to at least 0.8

times the piston diameter (DK). On the bowl edge, there is 

provided a diffuser recess (27) which is arranged coaxially to 

the piston bowl (18) and which, starting from a rounded 

transition (9) of the peripheral wall (25) formed at a 

distance (28) below the flat surface (26) of the piston crown 
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(21), rises with increasing bowl diameter (DM) towards the 

flat surface (26) of the piston crown (21). The resulting 

minimized proportion of combustion chamber areas not usable 

for mixture formation, such as, for example, the squish 

clearance and valve pocket portions, as well as a few sharp 

edges in the transition area between the squish clearance and 

the combustion chamber bowl, result in a charge smoothing, 

which, via the pressure accumulator injection system, enables 

largely map-independent control of the high-pressure injection 

to achieve a combustion process with significantly reduced 

pollutant emissions while maintaining the diesel engine's high 

efficiency. 
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DE 196 49 052 A 1 

 

Description 

 

The invention relates to a diesel engine with low-swirl air-

distributing direct injection and a flat combustion chamber 

according to the preamble of claim 1. 

It is known from a highly turbocharged diesel engine (MTZ, 

Motortechnische Zeitschrift, Issue 6, 1996) of the type 

mentioned above that a significantly more favorable compromise 

with regard to fuel consumption and nitrogen oxide or 

particulate emissions can be achieved by switching to a low-

swirl diesel mixture formation or combustion process in 

combination with a high-performance injection system. A 

reduction in cylinder charge movement is achieved by lowering 

the intake swirl level and widening the piston bowl diameter, 

while a simultaneous improvement in fuel atomization quality 

by raising the injection pressure to over 1000 bar achieves 

the mass transport necessary for diesel mixture formation. 

Furthermore, with a view to further investigations, it was 

pointed out that a further increase in performance of the 

injection system in combination with a further decrease of the 

intake swirl level can be used positively with respect to the 

particulate/nitrogen oxide target conflict. However, tests 

carried out by the applicant have shown that the known diesel 

engine with an open combustion chamber bowl does not achieve 

satisfactory levels of pollutant emissions, particularly in 

the upper performance range. 

The invention is based on the object of developing a generic 

diesel engine in such a way that an additional reduction in 

pollutant emissions, in particular particle and nitrogen oxide 

emissions, is achieved by improving the mixture formation in 

combustion processes with predominantly air distribution, 

while maintaining a high degree of efficiency. 
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According to the invention, this object is achieved by the 

totality of the features of claim 1. Advantageous refinements 

of the invention are characterized by the dependent claims. 

Here, the advantages achieved with the configuration according 

to the invention of the wide, divergent piston bowl in a 

diesel engine with a fuel supply system with high hydraulic 

performance include significantly improved air capture and a 

significant smoothing of the cylinder charge. Both of these 

factors favor optimal mixing of the fuel with the entire air 

in the combustion chamber through the kinetic energy of the 

fuel injection sprays, thus significantly reducing exhaust 

emissions, particularly particulate emissions and nitrogen 

oxide levels. 

The shape of the piston bowl, which diverges towards the flat 

surface of the piston crown and has a diffuser recess formed 

at the piston edge, minimizes the proportion of combustion 

chamber areas previously unusable for low-swirl mixture 

formation. The piston bowl is thus adapted to the position and 

contour of the injection spray cones with long spray lengths 

formed by the fuel injection system and the injection 

mechanism at full load under the prevailing injection 

conditions in a way that prevents direct wetting of the piston 

bowl. The high-energy injection sprays penetrate the 

combustion chamber via these long free spray lengths created 

according to the invention. As the spray spreads, the finely 

atomized fuel mist ignites, with the divergent bowl shape and, 

in particular, the diffuser recess, which increases with 

increasing diameter, favoring flame propagation into radially 

outer combustion chamber areas as the piston approaches the 

top dead center position and during the piston's downward 

movement in the expansion stroke. 

In addition to improving air capture, the widening of the bowl 

diameter at the piston bowl inlet surface to at least 0.8 

times the piston diameter contributes to a significant 

reduction in the fluid-mechanical influence of the piston 
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stroke movement on mixture formation. Due to the so-called 

piston land, which is thus set at a maximum of 0.2 times the 

piston diameter, the remaining flat surface portion of the 

piston crown is reduced to an insignificant level. The flow 

impulse generated in the remaining minimal squish clearance 

between the piston land and the cylinder head crown during the 

upward movement of the piston and oriented towards the center 

of the piston bowl, is decreased to such an extent that it no 

longer creates a squish flow that counteracts the injection 

spray propagation. Obstruction of the spray and/or flame 

propagation caused by deceleration of the sprays in the radial 

direction, which leads to local fuel accumulation and 

increased particle emissions, is avoided. 

The flow impulse emanating from the residual squish clearance 

is further dissipated over the radial path of the diffuser 

recess sloping down toward the bowl, and in conjunction with a 

flow-optimized radius of the transition to the peripheral wall 

of the piston bowl, to such an extent that the swirl areas 

previously formed in the vertical plane in the area of the 

sharp-edged edge of a conventional piston bowl are 

significantly reduced. Therefore, the piston bowl according to 

the invention is characterized by weak swirl areas near the 

wall, thus preventing fuel deposition on the wall of the 

piston bowl and the bowl base. These are advantages that 

prevent an increase in soot particle emissions, particularly 

in the upper performance range of the diesel engine. 

Finally, the inventive geometry of the piston bowl, in 

addition to reducing charge turbulence caused by the piston 

crown geometry, offers the advantage of a uniform rotational 

movement of the cylinder charge in the piston bowl throughout 

the compression stroke and the entire duration of fuel 

injection. In particular, there is no excessive swirl even as 

the piston approaches its top dead center position. Rather, an 

orderly air movement with a constant angular velocity occurs 

in the bowl throughout the entire injection duration, which 
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air movement, in the form of a solid-state rotary flow, covers 

the entire combustion chamber sector between adjacent 

injection sprays, thus preventing the injection sprays from 

swirling together. 

The inventive configuration of the piston bowl in diesel 

engines with valve pockets formed in the piston crown provides 

additional smoothing of the cylinder charge. Due to the 

divergent peripheral wall and the diffuser recess of the 

widened piston bowl, only segment-shaped valve pocket portions 

remain in the outer edge of the piston crown. Depending on the 

depth of the diffuser recess or the distance of the transition 

from the peripheral wall into the diffuser recess to the flat 

surface of the piston, as well as their inclination, these 

valve pocket portions form significantly fewer intersection 

edges and surface portions than conventional piston bowls. As 

a result, the incoming charge air is subjected to 

significantly less turbulence, which, as near-wall swirl areas 

in the area of these edges, leads to local fuel accumulations, 

which then burn with increased soot and heat development. 

Furthermore, the valve pocket portions of the bowl shape 

according to the invention, which are reduced to smaller bowl 

sectors, create favorable conditions for the use of an 

injection nozzle with more than six injection holes to 

intensify mixture formation. In particular, the use of a nine-

hole nozzle can achieve a particularly high spray atomization 

quality. 

In a preferred embodiment of the piston bowl, the transition 

from the peripheral wall into the diffuser recess is formed at 

a distance from the flat surface of the piston crown that 

corresponds to the required depth of the valve pockets. The 

segment-shaped valve pockets merge harmoniously into the 

radius of the transition and thus extend into the piston bowl 

without forming an edge perpendicular to the spray or flame 

propagation. Flow turbulence and the formation of heat cracks 

in this area due to thermal overload are avoided. 
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Due to the neutral behavior of the piston bowl according to 

the invention on the flow conditions of the cylinder charge in 

the combustion chamber, which is largely independent of the 

piston movement or piston position, a more fuel-efficient and 

particulate-efficient control of the combustion process via 

the injection system is achieved in the low-swirl combustion 

process. Particularly when using a pressure accumulator 

injection system, such as, for example, the common rail 

system, NOx-optimized injection quantity modulation can be 

achieved in conjunction with the piston bowl according to the 

invention, while optimal diesel mixture formation is ensured 

by the injection pressure that is continuously available in 

the pressure accumulator and independent of the engine speed, 

upon utilization of the kinetic energy of the injection 

sprays. 

The invention is described in more detail below with reference 

to an exemplary embodiment illustrated in the drawing.  

Fig. 1 shows the piston-cylinder arrangement of the diesel 

engine according to the invention with a pressure accumulator 

injection system; 

Fig. 2 shows the piston crown according to the invention with 

injection spray pattern in plan view; 

Fig. 3 shows a sectional view of the piston crown along 

section line III-III in Fig. 2. 

In the diesel engine illustrated in Fig. 1, a flat combustion 

chamber 11 is delimited by a cylinder 2, by the piston crown 

21 of a piston 1 slidably arranged in the cylinder 2, and by a 

flat cylinder head crown 3. An injection valve 10 of an 

injection device 4, which is arranged centrally to the 

combustion chamber 11 in the cylinder head crown 3, projects 

into combustion chamber 11. Injection device 4 is part of a 

pressure accumulator injection system in which a fuel pump 6 

pumps fuel from a fuel tank 5 via a fuel line 7 under high 

pressure into a pressure accumulator 17 (common rail), which 

is connected to the injection valve 10 via an injection line 8 
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and a metering valve 9. In a known manner, a control unit 12 

regulates the fuel pressure in pressure accumulator 17, 

independent of the engine speed, to a pressure level of over 

1000 bar specified via input 13 by appropriately controlling 

fuel pump 6 via signal line 16. At the same time, control unit 

12 controls the opening behavior of metering valve 9 via 

control line 15 and, via said opening behavior, the injection 

process. As an alternative to the pressure accumulator 

injection system, other high-pressure injection systems with 

sufficient hydraulic capacity, such as, for example, a pump-

nozzle injection system, can also be used for formation of the 

diesel mixture. 

During the injection phase, with metering valve 9 open, in the 

illustrated exemplary embodiment, the fuel is injected into 

the combustion chamber 11 via eight injection holes 23 of 

injection valve 10 substantially radially and at a spray angle 

δ of 150° to 170°, here 160°. Injection holes 23 have a 

diameter of 0.32 mm and form a spray opening angle ε of 20°. 

Piston crown 21 of piston 1, shown in each of Figs. 1 and 3 in 

the top dead center position, forms a centrally arranged, 

rotationally symmetrical, open piston bowl 18 with an inlet 

opening 40, the diameter DM of which is 0.8 times the piston 

diameter DK. Peripheral wall 25 and bowl base 24 of piston 

bowl 18 are adapted to the position predetermined by spray 

angle δ and contour 33 of spray cones 20 formed at maximum 

performance of the injection system in such a way that, in the 

top dead center position of piston 1, a collision of spray 

lobes 20 with both peripheral wall 25 and bowl base 24 is 

avoided. For this purpose, bowl base 24 is conical and rises 

at an angle of inclination γ of 11° towards the piston center. 

Radially outward, bowl base 24 merges into peripheral wall 25 

in the area between maximum bowl depth 30 and distance 31 

where imaginary spray axes 32 of spray cones 20 intersect 

peripheral wall 25 of piston bowl 18. The course of transition 

area 29 is precisely adapted to contour 33 of injection cones 
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20. This is based on a shape of the injection sprays or a 

contour 33 of injection cones 20, as they result from 

simulation from the empirical formulas of Hiroyasu/Arai as a 

function of the hydraulic performance of the injection system. 

In the exemplary embodiment illustrated here, this corresponds 

to a radius of 13 mm in transition area 29. From the same 

simulation model for injection spray contour 33, maximum bowl 

depth 30 of 15.8 mm in this case results at an injection 

pressure of 1200 bar and a compression ratio of ε = 14. 

Peripheral wall 25 is conical and has an angle of inclination 

α of approximately 15° to 45°. At a distance 28 below flat 

surface 26 of piston crown 21, peripheral wall 25 merges into 

a diffuser recess 27. Distance 28 is chosen here to be equal 

to depth 38 of valve pockets 37 described below. In principle, 

depending on the design of the injection system or the spray 

lobe shape determined by the above simulation model, said 

distance can be set to a value between depth 38 of valve 

pockets 37 and distance 31 defined by the sectional plane of 

spray axis 32. 

Diffuser recess 27 is illustrated as a conical bore which is 

circular at the bowl edge and coaxial with piston bowl 18. It 

forms an angle β with flat cylinder head crown 3 in the range 

of approximately 10° to 30°. The design of diffuser recess 27 

is not limited to the conical bore; rather, instead of the 

linear rise at an angle β, any continuous profile with a 

positive increase towards flat surface 26 of piston crown 21 

can be provided. It is essential here, however, that 

transition 29 from peripheral wall 25 to diffuser recess 27 is 

rounded, with radius 35 forming the transition being chosen 

such that the solid-state rotary flow of the cylinder charge 

established in piston bowl 18 does not detach from the wall. 

In the exemplary embodiment, this is achieved with a radius 35 

of 4 mm, which can generally vary between 4 mm and 15 mm. 

Diffuser recess 27 merges into flat surface 26 of piston crown 

21 via a radius 34. This radius 34 is between 2 mm and 4 mm. 
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As shown in Fig. 2, four valve pockets 30 are formed 

symmetrically distributed in the area of diffuser recess 27 

according to the invention and remaining annular flat surface 

26, which, due to the inventive widening and configuration of 

piston bowl 18, only assume segment-shaped base surfaces in 

piston crown 21. Depth 38 and the size of valve pockets 37 are 

structurally determined by the required stroke of the gas 

exchange valves and the clearance width between piston land 44 

and cylinder head crown 3 in the top dead center position of 

the piston. Valve pockets 37, together with remaining piston 

land 44, form intersection edges 43 and thus defined section 

surfaces 45, the profile and length of which are determined by 

the shape of diffuser recess 27. In the illustrated exemplary 

embodiment, distance 28 of transition 29 to flat surface 26 of 

piston crown 21 is chosen to be the same size as depth 38 of 

valve pocket recess 27. As a result, valve pockets 37 merge 

harmoniously into rounded transition 29, which offers 

advantages with regard to the flow mechanics and thermal 

stress described above. 

Perforations 41 in piston land 44 increase the mechanical and 

thermal stability of piston crown 21 in areas where valve 

pockets 37 lead to a significant reduction in the thickness of 

the piston land. Perforations 41 form chamfers 42 in the 

circumferential direction, both to ensure the thermal 

stability of piston land 44 and to offer the incoming charge 

air the lowest possible flow resistance. For the same reasons, 

all remaining edges and/or steps are also rounded. 

 

List of reference numerals: 

 

1 Piston 

2 Cylinder 

3 Cylinder head crown 

4 Injection device 

5 Fuel tank 
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6 Fuel pump 

7 Fuel line 

8 Injection line 

9 Metering valve 

10 Injection valve 

11 Combustion chamber 

12 Fuel rail 

13 Input 

14 Input 

15 Control line 

16 Signal line 

17 Pressure accumulator 

18 Piston bowl 

19 Injection spray 

20 Spray cone 

21 Piston crown 

22 Gas exchange valve 

23 Injection hole 

24 Bowl base 

25 Perimeter wall 

26 Flat surface 

27 Diffuser recess 

28 Distance 

29 Transition 

30 Bowl depth 

31 Distance 

32 Spray axes 

33 Contour 

34 Radius 

35 Radius 

36 Gas exchange valve 

37 Valve pocket recess  

38 Deep valve pocket 

39 Transition area 

40 Inlet opening 
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41 Perforation 

42 Chamfer 

43 Intersection edge 

44 Piston position 

45 Section surface 

α Angle, peripheral wall 

β Angle, diffuser recess 

γ Angle, bowl base 

δ Spray angle 

ε Spray opening angle 

 

Claims 

 

1. A diesel engine with low-swirl air-distributing direct 

injection and a flat combustion chamber (11) which is 

delimited by a cylinder (2), a cylinder head crown (3) and a 

piston crown (21), wherein in the piston crown (21) there is 

provided a circular open piston bowl (18) with a peripheral 

wall (25) and a bowl base (24), and an injection device (4) 

arranged centrally to the piston bowl (18) and supplied with 

fuel under high pressure by a fuel pump (6), in particular via 

a pressure accumulator (17), through the injection opening 

geometry (23) of which fuel is sprayed substantially radially 

in a plurality of spray cones (20), wherein the spray axes 

(32) of the spray cones (20) meet the piston bowl (18) 

approximately in a sectional plane below the flat surface (26) 

of the piston crown, 

characterized in that the piston crown (21) forms a piston 

bowl (18) which runs divergently from the bowl base (24) to 

the flat surface (26) of the piston crown and whose diameter 

(DM) corresponds to at least 0.8 times the piston diameter 

(DM), wherein an annular diffuser recess (27) which is 

arranged coaxially to the piston bowl (18) is provided on the 

bowl edge and which, starting from a rounded transition (29) 

of the peripheral wall (25) formed at a distance (28) below 
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the flat surface (26) of the piston crown (21), rises with 

increasing bowl diameter (DM) towards the flat surface (26) of 

the piston crown. 

2. The diesel engine according to claim 1, characterized in 

that the piston bowl (18) is adapted to the position (8) and 

the contours (33) of the spray cones (20) at maximum injection 

capacity in such a way that wetting of the piston bowl (18) 

with fuel is avoided in the top dead center position of the 

piston (1), wherein at least the peripheral wall (25) of the 

piston bowl (18) in the area between the maximum bowl depth 

(30) and the distance (31) of the sectional plane of the spray 

axes (32) is adapted to the contour (33) of the injection 

cones (20). 

3. The diesel engine according to claim 1, characterized in 

that the radius (35) forming the transition (29) from the 

peripheral wall (25) of the piston bowl (18) to the diffuser 

recess (27) has a value in the range from 4 mm to 15 mm. 

4. The diesel engine according to claim 1, characterized in 

that the piston bowl (18) has a conical peripheral wall (25) 

which has an angle of inclination (α) of approximately 15 to 

45°. 

5. The diesel engine according to claim 1, characterized in 

that the diffuser recess (27) is designed in the form of a 

conical bore which forms an angle (β) of approximately 10 to 

30° with the cylinder head base (3). 

6. The diesel engine according to claim 1, characterized in 

that the diffuser recess (27) transitions into the flat 

surface (26) of the piston crown at a radius (34) of 2 mm to 4 

mm. 

7. The diesel engine according to claim 1, characterized in 

that the distance (28) of the transition (29) below the flat 

surface (26) of the piston crown is less than or equal to the 

distance (31) of the sectional plane of the spray axes (32) of 

the spray cones (20) and the piston bowl (18). 
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8. The diesel engine according to claim 1 or 7, characterized 

in that at least one valve pocket recess (37) associated with 

a gas exchange valve (22) is formed in the piston crown (21), 

and that the transition (29) of the piston bowl peripheral 

wall (25) into the diffuser recess (27), formed by a radius 

(35), is formed at a distance (28) from the flat surface (26) 

of the piston crown (21) which is equal to or greater than the 

depth (38) of the valve pocket recess (37). 

9. The diesel engine according to claim 1, characterized in 

that the injection opening geometry of the injection device 

(4) has a spray angle (δ) of 150 to 170°. 

10. The diesel engine according to claim 1, characterized in 

that the injection opening geometry of the injection device 

(4) is designed as a nine-hole nozzle. 

11. The diesel engine according to any one or more of claims 1 

to 9, characterized in that a pressure accumulator injection 

system with electronic injection control is provided. 
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