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ABSTRACT This paper discusses the simulation of injection process in marine diesel engines by the use of computational fluid 
dynamics method (CFD). The fuel injection process has a huge impact on the diesel engine parameters, and due to the 

raise in concern about reducing gas emissions and improving the fuel economy of marine diesel engines, the concentration about improving 
the fuel injection process has increased. Hence, many researches and studies have been carried out for modeling and simulating the injection 
process in order to enhance the mixture formation inside the combustion chamber. Diesel spray is subjected to different physical processes 
(penetration, primary break-up, and secondary break-up) which will be explained and illustrated in details. The simulation in this study was 
carried out by the use of technical data of Hino W04D high speed marine diesel engine and ANSYS simulation software codes.

INTRODUCTION 
The injected diesel inters the combustion chamber space 
through the injector nozzles under a high pressure; the pressure 
of injected diesel varies according to the engine type and the 
type of fuel injection system, it reaches several hundreds of bars.

After the injected fuel inters the combustion chamber space, it 
spreads inside it forming a cloud of fuel droplets and high pres-
sured hot air, the meet between the hot air with fuel droplets 
will lead to increase the temperature of fuel droplets, which 
leads to evaporate the droplets of fuel and ignite the mixture of 
evaporated fuel and hot air, causing to help in igniting the rest 
of evaporated fuel. The atomization, evaporation, and ignition 
processes must be occur in very short time, because of the short 
time that available to complete the combustion process in inter-
nal combustion engines which estimated by just milliseconds. In 
this section we are interested only in explaining the fuel evapo-
ration process.

The evaporation of injected fuel and the process of transforma-
tion from liquid to gas state come before fuel ignition process, 
and as we mentioned before the heat of compressed air helps 
in the evaporation process but it is not enough to ensure the 
completion of fuel evaporation during milliseconds. Hence, the 
injected fuel must be dispersed to small fuel droplets in order 
to increase the interface between these droplets and hot com-
pressed air, as well as these droplets should be dispersed away 
from each other as far as possible to ensure better evaporation 
processes. The requirements that ensure the good evaporation 
process can be obtained by two different types of spray breakup, 
the first type called primary break up, primary breakup occurs 
near to injector’s holes after the fuel spray traveled a short dis-
tance in the combustion chamber space it breaks up into a par-
cel of drops.

After the primary breakup the fuel drops will be broke another 
breakup which called the secondary breakup, causing to mini-
mize the size of fuel drops and form smaller droplets, the pres-
sure of injected fuel and the degree of turbulence inside the 
combustion chambers are considered the most important fac-
tors that affect the secondary breakup of fuel spray. Then the at-
omized fuel droplets will evaporate to form a mixture of evapo-
rated fuel and compressed air.

THE SIMULATION OF DIESEL SPRAY
For simulating the breakup process in marine diesel engines, 
there are many models which used for this purpose such as Tay-
lor Analogy Breakup Model (TAB), Wave Breakup Model, KH-RT 
Breakup Model, and Stochastic Secondary Droplet Model (SSD). 
In our study KH-RT Model will be used, KH-RT model is a com-
bination between Kelvin-Helmholtz model and Rayleigh-Taylor 
model. The spray is divided according to KH-RT method to three 

regions, first region is the spray liquid core, primary breakup re-
gion, and secondary breakup region.

RESULTS DISCUSSION
The simulation of injected diesel was performed only on a sector 
of engine combustion chamber; the sector area is determined 
according to the numbers of injector nozzles, where they are 5 
in this study. Hence, it can be seen that the sector angle is 72 de-
gree.

The first figure illustrates the mass flux of injected diesel with 
crank angle; the crank angle 720 degree represents the top dead 
center, it can be seen that the injection starts at 11 degrees be-
fore TDC, and ends at 10.5 degrees after top dead center. The 
flux reaches its highest value after the start of injection by 5 de-
grees.

The other figures show the simulation of injection process at dif-
ferent crank angles from just one nozzle, and the structure is the 
cylinder sector that was decomposed during “Geometry setup”. 
The contour plot shows the velocity magnitude of the diesel par-
ticles.

Figure 1: mass flux graph of injected diesel with Crank angle
 
It can be noticed at figure 2 that the difference in velocity mag-
nitude between diesel particles still small, and the starting of 
diesel spray breakup phenomenon can be realized as well, which 
happens in the vicinity of the nozzle. Then the difference in ve-
locity magnitude of diesel particles gets higher and higher with 
the proceeding of injection process.

The highest velocity magnitude is in the middle of spray cone, 
and decreases as the spray moves on because of the interac-
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tion between the injected diesel and the compressed air inside 
the combustion chamber, which can be seen clearly at figure 3. 
The velocity magnitude reaches the highest value at crank angle 
(722) figure 5.

Figure 2: velocity magnitude of particle traces at 710 (deg)

Figure 3: velocity magnitude of particle traces at 716 (deg)

Figure 4: velocity magnitude of particle traces at 718 (deg)

Figure 5: velocity magnitude of particle traces at 722 (deg)

Figure 6: velocity magnitude of particle traces at 732 (deg)
 
It is obvious in figure 4 that the trajectory of fuel spray is sub-
jected to angular deflection as a result of in-cylinder gases swirl 
turbulence. Figure 6 which shows the final phase of injection it 
can be seen that no additional diesel is injected into the com-
bustion chamber, the velocity magnitude of last diesel particles 
is lower than the velocity of diesel particles that injected previ-
ously because of the decrement of injected diesel pressure at the 
end of injection, which is correspondent with real injection pro-
cess that happens in marine diesel engines.

The forward front of diesel spray hits the combustion chamber 
wall at angle 722 deg which can be seen clearly at figure 7. This 
phenomenon called “spray impingement” which is unavoidable 
phenomenon in marine diesel engines that affects the emission 
formation especially hydrocarbons and soot emissions. Also it 
can be seen the effect of combustion chamber shape on the tra-
jectory of fuel spray after it impinged with piston surface, where-
as the spray hits the piston bowl wall then crawls up along the 
wall of piston bowl taking its shape as figure 8 shows. The spray 
impingement phenomenon is so related to spray velocity; the 
higher velocity magnitude means larger amount of diesel will hit 
the piston walls. It should be mentioned that the temperature of 
particles are high because the simulation of fuel injection car-
ried out during the combustion process.
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Figure 7: temperature of particle traces at 722 (deg)

Figure 8: temperature of particle traces at 724 (deg)

CONCLUSIONS
Simulating the injection process in marine diesel engines is 
considered a corner stone for simulating the combustion and 
emission formation processes in marine diesel engines. In this 
paper, the injection process in diesel engines have been simu-
lated by the use KH-RT model which was explained, the results 
of simulation were illustrated and explained from the start of 
injection till the end of injection at different crank angles. The 
physical processes such as primary breakup, secondary breakup, 
and fuel evaporation that take place during diesel injection were 
explained and demonstrated. The diesel spray impingement phe-
nomenon and the effect of combustion chamber geometry on 
the spray trajectory after the spray hitting the piston bowl were 
illustrated as well.
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