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Maintaining the quality of breathing air in urban and industrial areas is one of the biggest challenges faced by humanity in the
modern era. Diesel engines, as one of the main providers of energy supply for modern equipment and transport, are also
unfortunately contributing highly to the deterioration of air quality. A recent research path on the limitation of diesel engine
emissions is the use of alternative fuel from vegetable or animal fats or oil called biodiesel. Although the use of biodiesel has proven
its efficiency in reducing emissions, it remains a problem to maintain the engine’s efficiency when shifting to biodiesel, especially
due to its injection and atomization properties; most of the recent research focused on improving biodiesel fuel quality by
blending it with traditional diesel fuel, but few works can be found on the regulation or control of diesel engine process when
shifting to 100% biodiesel fuel (B100). This work proposes a fuel control strategy and methodology based on diesel engine
operating data obtained from an experimentally designed rate of injection model (ROI) at different injection pressures and a jet
and spray droplet distribution validated a two-zone model. Results show that B100 gives a higher amount of about 8% of injected
fuel, a longer jet penetration of about 20 mm higher at 100 MPa injection pressure, a wider cone angle, and about a 40% increase of
coarseness of the jet distribution. The experimental and numerical-based control strategy provides interacting relationships
between B100 properties and specific engine features where actions shall be made to keep the engine’s efficiency when the shift is
made; meanwhile, the algorithm provides a hierarchical step-by-step correcting procedure taking into account the possible
degradation that could occur from the use of B100 in diesel engines.

changes in the qualitative and quantitative nature of the
engine working process. These changes were noticed at the
economic, technical, and environmental levels [2, 3], es-

The use of alternative fuels such as biodiesel is nowadays the
center of interest of multiple research groups and engine
manufacturers in the automotive industry [1-4]. Biodiesel is
a renewable energy source from vegetable or animal oils; as a
methyl ester, it is an environmentally friendly alternative to
hydrocarbon liquid fuels such as diesel [5-7] that can be
used in any diesel engine without change [2]. However, it
was noticed that when converting diesel engines to function
on biodiesel fuel, there happens to appear significant

pecially on the use of 100% biodiesel fuel (B100). The main
influence of biodiesel characteristics on engine power was
mainly observed on the rate of injection, torque, and cyclic
fuel supply. Most of the time, the problem that arises is the
question of ensuring the preservation of the operational
characteristics of the diesel engine when it is converted to
biodiesel. Most of the shifts performed consist of using a
blend of diesel and biodiesel fuel to attenuate the penalizing
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effects resulting from the use of pure biodiesel. The liquid
fuel flow characteristic is one of the main parameters to be
taken into account for the design and optimization of a
diesel engine [8-10]. In this regard, the cold flow properties
of B100 fuel have been a major concern for its use as its pour
point is quite higher than that of conventional diesel fuel.
This often leads to problems for fuel supply to the injector in
particularly cold weather as well as the starting of engines
when cold [11]. Filter plugging problems caused by biodiesel
components such as bysterol glycosides and saturated
monoacylglycerols are also a discouraging aspect of the use
of B100 in diesel engines [12]. Maintaining the performance
of a diesel engine within acceptable limits when converting it
to biodiesel cannot be done without improving the method
of fuel supply and stability control, which will automatically
correct defects in the engine when it is converted to bio-
diesel. When designing a diesel fuel system, special attention
is paid to the configuration of the injectors, namely, the
diameter and number of holes of the nozzle holes of the
injector. A good number of diesel engine operating models
describing the process of fuel injection in diesel engines take
into account most of the abovementioned parameters.

Razleytsev and Lyshevsky’s models [13, 14] give rela-
tionships permitting the definition of the spray fineness,
droplet distribution, and dynamics of combustion taking
into account the diameter and number of holes of the
injectors. The model of [15] gives an approximation of the
fineness of the spray cloud (average diameter of the at-
omized fuel droplets) of the fuel taking into account the
diameter of the nozzle hole as well. Hiroyasu [16-18]
model, which is widely used, presents the fuel jet as a liquid
overcoming a primary and secondary breakup where the
tuel droplets progressively split as packets from the main
liquid jet; its main limitation is that it hardly defines the
subsequent dynamic of combustion occurring after in-
jection. Some other models are also used, especially mul-
tidimensional, such as the Kelvin-Helmholtz,
Rayleigh-Taylor [19, 20], and Reitz-Diwakar [21], for
secondary breakup models, provide fairly accurate results
compared to experimental data but their implementation
needs a high computational cost. It should be noted that no
calculation model is absolute and the model can only be
used conditionally to assess the quality of the spray
depending on the objectives (engine design or control). To
describe the process of injection and spray, it is not es-
sential how accurately the absolute value of the average
droplet diameter can be determined by the approximate
criterion equation, but mostly to be able to assess the
relative change in the quality of fuel spray with variable
injection conditions. To ensure rapid and complete com-
bustion in diesel engines when converting to biodiesel fuel,
one must find a way to intensify the process of evaporation
and mixing, i.e., increase the contact surface of biodiesel
droplets [22, 23] with masses of hot air. It is known that for
the conventional diesel fuel, one of the ways to increase the
rate of evaporation and mixture formation is to increase the
fineness of fuel spray, which is characterized by small
droplets and uniform distribution in the combustion
chamber due to increased injection pressure.
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In [24], the influence of such factors as injection pres-
sure, nozzle diameter, fuel viscosity, and the density of the
environment on the fuel spray, is considered. In [12], the
influence of different factors on the fineness of the spray,
such as injection pressure, fuel viscosity, the density of the
environment, and vorticity of fuel in the nozzle channel, is
given. For example, it is noted that with increasing injection
pressure, the spray quality improves, and with increasing
fuel viscosity, the spray becomes coarser [25]. In [15], cal-
culation formulas are given that relate in detail the injection
pressure, the cross-section of the nozzle holes, the fuel
viscosity coefficient, and other parameters. However, these
dependencies sometimes do not allow the assessment of the
quality of the spray (neither fineness nor homogeneity and
uniformity) and do not take into account the geometry of the
flowing part of the spray body. A fairly detailed model for
calculating the spectrum of droplet size is presented in [26].

This work gives a contribution to the determination of
the nature of changes in the quality of spray characteristics
depending on the injection pressure and type of fuel. It will
lead to the proposal of methods for the control chart of fuel
supply when converting diesel engines to B100 fuel in a way
to maintain qualitative indicators of spray, fuel injection,
and combustion. It is then proposed to analyze the influence
of physicochemical properties of B100 fuel on the param-
eters of the fuel supply system and, on this basis, to develop
the basics of a methodology of fuel supply control when
converting diesel engines to operate on B100 fuel.

The methodology is as follows:

(i) Determining the parameters of the fuel supply
system affecting the performance of the diesel
process employing numerical simulation based on
experimental data

(ii) Determining the impact of the fuel supply system’s
factors and fuel type on the performance of the
diesel process

(iii) Determining the necessary actions to eliminate or
compensate in the diesel process when the con-
version to full B100 fuel is performed

(iv) Proposing a regulatory algorithm for diesel engine
performance when converted to operate on B100
fuel

2. Materials and Methods

2.1. Rate of Injection Generation and Variation. To generate
the rate of injection, a virtual injection rate generator from
the engine combustion network was used (spray B) [27, 28].
The virtual injection rate generator was designed using the
methodology described in [29-32], where the ROI of the rail
is recorded by a pressure transducer in an anechoic volume
filled with the injected fuel; this method is called the Bosch
method [29]. A gravimetric balance is used to adjust the ROI
signal and permits the evaluation of the amount of injected
fuel. A rate meter records time-resolved mass flow rate. It
has been shown that, with a good calibration, these types of
equipment provide a standard deviation at around 0.6% for
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these tests [33]. To eliminate the cumulative phenomenon,
which is usually due to high-speed injection and brings up a
clear difference between the recorded signal and the actual
mass flow rate of the injected fuel at the stabilized period of
the injection, a correction methodology is applied [29]. The
methodology is based on numerical solutions and iterative
techniques. It is assumed that the measured signal “z” can be
given as the sum of the real injection rate signal “z” and the
cumulative phenomenon signal; the problem is then de-
scribed as a first-order linear system where it responds to an
input signal y and yields the function r which is the cu-
mulative signal:

d—: +wr =Ky. (1)

The problem is solved when y is found knowing z and
after determining the constants w and K.

The specifications of the spray B are given in Table 1. The
spray B geometric configuration can be seen in Figure 1; it is
the spray produced from the hole drilled opposite to the fuel
tube. The figure presents the orientation of the hole about the
axis of the fuel tube. The injection pressures were varied
from 50 to 150 MPa with a step of 50 MPa for each fuel. The
duration of Injection was taken equal to 1.50 ms.

2.2. Investigated Engine and Fuel. For the sake of investi-
gation and providing the characteristics needed for diesel
and biodiesel fuel operation, a one-cylinder HSDI diesel
engine was used for the numerical model validation [34].
The initial benchmark for our validation was a configuration
in which dwell time between split injections was taken equal
to zero [35, 36]. The engine parameters can be found in
Table 2 and the engine operating mode in Table 2. Other
aspects concerning the experimental setup for the given
benchmark can be found in [35]. The investigated param-
eters were taken at a rated speed of 1500 rpm, see Table 3.

Diesel fuel and biodiesel fuel surrogates were taken to be
used in the engine operations; namely, methyl butanoate
[37] for biodiesel and a blend of hexadecane and isocetane
for diesel fuel.

2.3. Mathematical Modeling. The model used in our study
combines a multizone injection and spray model [13, 37] and
a 0D thermodynamic model. A step-by-step chart of the
model algorithm is provided in Figure 2.

The spray model is based on Razlejtsev and Kuleshov
[13, 38] model for in-cylinder spray distribution and
evaporation during diesel engine operation. The experi-
mental rate of injection (ROI) has been adapted for the
model to acquire the cyclic supply of fuel per cycle g, in
Kg/cycle, with

EOI
q. = J g; - dt, (2)
so1
where SOI is the start of injection (s), EOI is the end of
injection, and g, is the i™ mass of fuel injected at time t;.

The liquid length is computed as follows:

3

L, =C, dnwg.zs M0.4P;0.6) (3)
h

t, = 4

b= 3 (4)

N

where C; is a weighting coefficient, d,, is the diameter of the
injector nozzle, W, is the Weber number which depends on
the initial speed of the jet, M is a dimensionless criterion [13]
characterizing the ratio between the surface tension force
and viscosity, and p; is the density of the fuel.

The Weber number is calculated according to the fol-
lowing relation:

Ugpsd
W, = &’ (5)
of
where U is the initial speed of the fuel jet which is expressed
by
24 q.RPM
" 0T ndlign ©
: pfﬂdclcgpinj

where RPM is the rotation speed of the crankshaft in rev/min,
pris the density of the fuel in kg/m’, dc is the diameter of the
injector holes in mm, and ¢;,; is the duration of the injection
given in the degree of rotation of the crankshaft. Criterion M
is calculated by

by
(depsog) 7

with p being the dynamic viscosity of the fuel at 323K in
Pa-s and of being the surface tension coefficient of the fuel at
323K in N/m.

The length of the liquid jet is then calculated for each
phase according to the following formulas:

For 0<t <1y,

M =

t
S=Ag>"Pexp-02- (t) (8)
b

For t>t,
S = Bgt"’. (9)

where Ag is an empirical constant and > is a criterion used
to characterize nonstationary processes.

The variation of the cone angle of the jet as a function of
time is given as follows:

For 0<t< tb’
ESWS'SS MO0
0 = 2 arctan . (10)
s —0,12p?.560,07(t/tb)
For t>t,
FSW2‘32 MO0
0 = 2 arctan o 05 | (11)
A

with Eg = 0.932FW%3% 5 ~%12 and Fg being the empirical
constants.
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TaBLE 1: Spray B specified nozzle geometry [27, 28].

Specifications for spray B injectors of the engine combustion network

Common rail fuel injector
Fuel injector nominal nozzle outlet diameter
Nozzle K factor

Bosch solenoid-activated, generation 2.4
0.090 mm
K= (dinlet _doutlet)/lo [use ;um] =15

Nozzle shaping
Mini-sac volume

Discharge coefficient at 10 MPa pressure drop

Number of holes
Hole angular position

Orifice orientation relative to injector axis

Smoothed by hydroerosion
0.2 mm?

Cq=0.86 (room temperature using diesel fuel)

3
0=36.4", —62.3°, and 180"

y=72.5" (145" full-included angle)

*"Fix-Pkt

FIGURE 1: Spray B geometry.

TaBLE 2: Engine geometry and fuel properties.

Items Units Values
Engine geometry
Valves — 4
Bore mm 82
Stroke mm 90.4
Displacement volume L 0.477
Compression ratio — 16.69
Fuel Biodiesel surrogate
CsH100,
Fuel Diesel surrogate
42% n-C16H34 58% iSO—C16H34

TaBLE 3: Engine operating parameters.
Items Units Values
Engine speed Rpm 1500
Swirl ratio (Ricardo) — 2.2
IMEPg Bar 9.0+-0.1
Injection pressure Bar 800
Mypilot mg/str 1.5
Dwell time, 8t Ms 0, 90, 140, 300
Intake temperature K 347.15
Top dead center (TDC) temperature K 925
TDC density kg/m’ 21.8
Exhaust gas recirculation (EGR) % 10.3 (includes 3.3% residual fraction)
MEFB50 (50% burnt fuel crank angle) Crank angle degree after 13+-0.5

top dead center (CAD ATDC)
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Rate of injection parameters

v

Cyclic supply of fuel:

v

Spray jet characteristics and duration t.

ti>t,

No t;,

Jet liquid length

Jet cone angle

Evaporation rate

v v

First Zone
combustion
duration constant,

Second Zone
combustion
duration constant,

K, l K

Yes

No

K; > Combustion duration in
the second zone

K, > Combustion duration in
the first zone

F1GURE 2: Model flow chart for the determination of combustion kinetics.

2.4. Evaporation Submodel. The injected fuel disperses into
fine particles after passing through the transition zone; these
fine droplets undergo evaporation at a given speed.
Razlejtsev [13, 14] suggested the following procedure for
determining the rate of evaporation of droplets from the
injection of fuel for a diesel engine. Razlejtsev [13, 14]
proposed the description of the vapor of the fuel jet in two
zones: the first zone is where the inhibited droplets are
concentrated in the form of a cloud behind the flame front
surface; the second zone is where the droplets have reached
the flame front and where the evaporation has a turbulent
character.

The purpose of the calculation in this submodel is the
determination of the parameters of the fineness of the

pulverized fuel as well as that of the distribution of the
droplets in the jet fuel vapor. These parameters will sub-
sequently be used to calculate the average rate of evaporation
of the sprayed droplets and therefore the duration of
combustion for a cycle.

The fineness of the spray is determined using the Sauter
diameter, which is calculated for each zone according to the
following formula:

dyy = 1.7d,M"7 (W, . p)” 2, (12)

where p = (p,/p;) is the density ratio between dry air and
liquid fuel. The evaporation of droplets follows the d, law
[15], for which the evolution of a droplet in full evaporation
over time is given by



d=d;-K-t, (13)

with d, being taken as the diameter of the droplet after the jet
dispersion into fine droplets according to equation (11) and
d; being the diameter of the droplets at the instant of ob-
servation and K is the evaporation constant of the area which
is given by

. 10°-4N,D,, p,
P )

(14)

with Nu being the Nusselt number for the diffusion pro-
cesses and D, being the diffusion coeflicient for the fuel
vapor and p, being the saturated vapor pressure of the fuel.

It is necessary to characterize the Nusselt number and
therefore the evaporation constant in the two zones of the
fuel vapor. The saturation vapor pressure is calculated
according to the following formula as a function of the vapor
temperature T':

p.=A- e’(B/Tf)_ (15)

The coefficients A and B are determined according to two
points [10, 14], for p; = pyy, with Ty = Ty, and for ps = p,,
with Ty = T,.

The fuel vapor diffusion coefficient can be calculated as a
function of temperature and pressure according to the
following formula:

T m n
_ f Patm
D, =Dy ) (P22). (16)
with D, = 0.031 - 10-8, which is the diffusion coefficient of
diesel-type fuels for conditions such as

Tom = 273K, pam = 0.1 MPa. The coefficients m and n are
taken equal to unity.

Nusselt's number and temperature T, also vary
depending on fuel evaporation conditions and nonsta-
tionary processes. For the first zone, the droplets evaporate
mainly under the conditions of thermal transfer of con-
duction and molecular diffusion, and the Nusselt number
can thus be taken equal to 2. The temperature of the vapor is
of the order of T/ = (0.95...0.98)T,.

For the second zone, due to the turbulent nature of the
jet fuel vapor, the Nusselt number is calculated according to
the following formula:

N, =2(1+03Re"?sc"), (17)

where Re expresses the Reynolds number and Sc the Schmidt
number. The steam temperature is calculated for this zone by

Tf 2((TC;TCr))’ (18)

with T, being the temperature of the chamber at the end of
compression before TDC.

It is thus possible to compute the evaporation constant
for each zone of the fuel vapor. The study of the kinetics of
combustion requires us to use the highest value of this
constant in the two zones to evaluate the relative duration of
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complete evaporation of the fuel jet in the combustion
chamber.

Let K = max (K, K,), with K, K, being the evaporation
constants for each of the zones.

The relative combustion time for the cycle is calculated in
seconds according to the following relationship:

AZ
Ty = <W>, (19)
it

with b, = (K/d5,) which is the relative evaporation constant
of the droplets.

The A, coefficient is an empirical weighting coefficient
used to adjust the pressure curve relative to the experiment,
and its value varies from 4 to 12 [38].

The duration of combustion of the cycle is finally con-
verted into the degree of rotation of the crankshaft according
to the following formula:

¢, =¢pn—ID+6-RPM -7, (20)

where ¢, is the combustion duration, ¢;, is the start of
injection angle, and ID is the ignition delay.

3. Results and Discussion

3.1. Experimental and Simulation Results. The ROI of the
different fuels at different pressures were generated (Figure 3)
and it can be seen that biodiesel will generate a higher amount
of about 8% of fuel injected per cycle as compared to con-
ventional diesel fuel. This has been observed in previous
studies and is explained by the differential in viscosity of the
two fuels [39, 40] and higher viscosity of biodiesel usually
resulting in loss of flow efficiency, thus generating a higher
quantity of injected fuel. This generally leads to higher fuel
consumption when the shift to biodiesel is performed.

Figures 4 and 5 present the fuel jet velocity and jet
penetration for both fuels at a pressure of 100 MPa; it can be
observed that the model predicts similar values for both
fuels. The fuel jet comes out from the nozzle at approxi-
mately 500 m/s and decreases with time until about 40 m/s
for a penetration of about 75 mm at 12 CAD; the biodiesel
fuel exit speed decreases faster than that of the diesel fuel and
reaches about 20 m/s for a penetration of about 98 mm at 12
CAD. This trend can be observed for each pressure and can
be explained by the higher viscosity of biodiesel that would
lead to higher losses in the fuel nozzle. This result is in
accordance with findings in the previous literature [41]
where it is found that the rheological properties of biodiesel
generate more losses in the fuel lines that would lead to poor
atomization and generate higher quantities of unburned
liquid fuel.

Figure 6 presents a comparison of fuel cone jets for
different fuels at the three designed injection pressures; the
jet penetration and cone angle of each fuel at each injection
pressure can be seen. What comes out at first sight from the
graphics is that the liquid jet length is higher for biodiesel at
every injection pressure. As stated above, the main expla-
nation for this comes from the higher viscosity of biodiesel,



Journal of Engineering

Rate of injection (mg/ms)

0 1 1 1 1 1 1 1 ’
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Time after start of injection (ms)
—— ROI for diesel at 150bar —— ROI for biodiesel at 100bar
—— ROI for biodiesel at 150bar —— ROI for diesel at 50bar
—— ROI for diesel at 100bar —— ROI for biodiesel at 50bar
FiGURE 3: Rate of injection at different pressure.
500 - 500
400 400
300 H 300
200 200
100 100
0 - . - - - - 0 : : ] : : :
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Time (CAD) Time (CAD)

—— Jet penetration (mm)

—— Jet penetration velocity (m/s)

FIGURE 4: Jet penetration and velocity of diesel at 100 MPa.

but fuel density and surface tension can also affect the trend
observed [25, 42]. Also, the spray cone angle is higher for the
biodiesel compared to the diesel fuel; the model predicts that
this trend has been observed in experimental and numerical
studies [41, 42]. Biodiesel fuel, higher jet angle, and pene-
tration would then lead to higher wall impingement and
smoke due to poor combustion. However, this result con-
tradicts the experimental finding of [33] where a slightly

—— Jet penetration (mm)

—— Jet penetration velocity (m/s)

FIGURE 5: Jet penetration and velocity of biodiesel at 100 MPa.

higher cone angle for biodiesel is found; it is important to
note that our simulation is concerning a 100% biodiesel fuel,
whereas in [33], it was a blend of 30% biodiesel; the ex-
perimental setup, conditions, and measurement uncer-
tainties can also explain the contradictory results.

Figure 7 shows the comparison of the Sauter mean di-
ameter and combustion duration at different combustion
zones for various injection pressures for both diesel and
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FiGURE 6: Comparison of fuel jets at various injection pressures.

B100 fuel. As expected, the SMD (Sauter mean diameter) for
the biodiesel is higher (about 40% higher) than that of gasoil;
it eventually leads to a longer combustion duration. A longer
combustion duration means a modification in the cycle
parameters initially designed. What is also interesting to see
is that with increased pressure, biodiesel SMD and com-
bustion duration tend to reduce; this has been observed
experimentally by [43, 44] and is captured by our model.

As awhole, the main observation that can be made is that
conversion to biodiesel fuel for diesel engines leads to
coarser atomization of the injected fuel, mainly due to the
rheological parameters of the biodiesel. The two-zone model
used, which was based on experimental ROI parameters,
captures well these trends and proves its good capability of
prediction. From the observations made, a strategy of
control procedure and monitoring can then be proposed;
this is followed in the next section.

3.2. Control Methodology and Algorithm Proposal. Based on
the theoretical description of the process of evaporation and
combustion, it is possible to develop a method for control
and monitoring the supply of fuel in diesel. We propose a
block diagram (Figure 8), which describes the various
structural relationships between the underlying parameters

in the process of fuel injection and combustion. The scheme
consists of various components: controlled processes, in-
ternal parameters of external parameters, output parame-
ters, and output. Controlled processes are those in which
values are the result of a combination of input parameters,
internal and external parameters, and which define and
strictly characterize the working process of the diesel engine.
Internal process parameters are parameters directly related
to the construction or operation of the diesel engine. The
input parameters are known parameters, i.e., parameters in
which values cannot be changed; it can be information about
the fuel or the design of the engine. The output parameters
are parameters characterizing the working process of the
diesel engine. They directly depend on the interaction be-
tween input parameters, internal and external parameters.
The relationships between the various parameters of the
circuit can be described as follows.

The processes of evaporation and combustion in a diesel
engine begin with the injection of fuel into the combustion
chamber, followed by the atomization of the fuel. This part
occurs before the evaporation process and is characterized
by the finesses of the sprayed fuel jet, its range, and ho-
mogeneity. The parameters that are directly related to the
process of fuel injection and spray are physical parameters of
the fuel, such as viscosity, density, and surface tension
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FiGure 7: Comparison of Sauter mean diameter and combustion duration at various zones for various injection pressures.

coefficient. The injection and spray processes also depend on
the fuel supply system, such as the nozzle diameter of the
hole, the injection pressure, the start of injection angle, the
number of holes of the injectors, and the injection period.
Another parameter that can be added to the fuel supply
system, especially concerning the efficient fuel storage in the
tank, is the oxidation stability of B100 fuel [45, 46].
Changing or modifying the above parameters leads to a
change in the characteristics of the injection and spray
process. The scheme shows that the evaporation step is a
direct result of the processes of injection and spraying. The
diagram shows that evaporation has a direct relationship
with fuel density.

After the stages of injection, spray, and evaporation of
fuel, the block diagram describes the process of ignition
delay of the fuel. Unlike the previous stage, it depends not
only on its previous stage but also on the chemical pa-
rameters of the fuel, such as cetane number and activation
energy. The block diagram also describes that the ignition
delay depends on the fuel injection system, especially on the
injection angle and the configuration of the cylinder-piston
group, which determines the temperature and gas pressure
at the time of injection.

The last element of the process is the duration of the
combustion process, which has a direct impact on the
efficiency of the parameters of the diesel process. This step
consists of the sum of the previous steps but does not fully
determine the efficiency of the engine workflow. Although
the characteristics obtained at this stage are crucial, we
know that the efficiency of diesel engines directly depends
on the physical properties of the fuel, such as the heat of
combustion, which determines the power and fuel con-
sumption. The duration of combustion is a determining
factor for the value of pressure and temperature in the
cylinder during the working process. Thus, the presented
control scheme has the advantage that it describes the
combustion process as a network of specific information
transmission. There are clear links between fuel and the
various stages that make up the process of injection and
combustion in diesel engines. Thus, it is possible, with
different fuel data, to determine exactly how they will affect
the combustion process, as well as to easily determine
which components shall be identified to correct any
malfunctions or inconsistencies that occur during the use
of any fuel. The functional diagram shows the relationship
between the parameters of the diesel system and the
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stability.

workflows occurring in the diesel engine. Thus, it is possible
to determine which parameters need to be influenced to
control any subprocess of the diesel workflow.

Figure 9 presents a proposed algorithm for controlling
the supply of fuel when transferring a diesel engine to work
on biodiesel. The algorithm is based on the control block
diagram presented in this figure and has two stages.

At the first stage, the algorithm controls the mixing
process and the fuel oxidation stability. The input param-
eters at this level are the physicochemical properties of the
fuel. In the first step of this stage, the oxidation stability of
B100 shall be controlled; the engineers should make sure that
appropriate procedures have been applied to maintain the
quality and stability of the supplied fuel (using antioxidants
or other additives [45, 46]). At the second step of this stage,
the controlled parameter is the quality of the mixture, i.e.,
the finesse and uniformity of the fuel spray. The algorithm
shall control the quality of the mixture with some possible
effects. These actions are directly related to the parameters of
the gas distribution and fuel supply system. Thus, the en-
gineer shall know (be able to identify) which of these pa-
rameters he must act upon to ensure the quality of mixing

and fuel supply. At the end of the first stage of the algorithm,
it should be noted that there is feedback, so if the selected
correcting action does not meet the required quality of the
mixture as a result of the CHECK, the selected action is
changed accordingly.

After obtaining satisfactory mixing parameters (which
shall be specific for each engine), the algorithm proceeds to
the second stage.

At the second stage of the algorithm, the power and
economic and environmental parameters of the diesel work-
flow are controlled, taking into account the characteristics of
mixture formation in the first place. At this stage, there are also
CHECK moves. It should be noted that the second stage is
divided into three subprocesses: power management process;
economic parameters management process; environmental
parameters process. At this stage of the algorithm, the feedback
goes to the possible influences involved in the first stage. Thus,
the algorithm determines the optimal values of the parameters
of the gas distribution system and the fuel supply system. As a
result, the optimal characteristics of the mixture of the biodiesel
fuel in diesel and the optimal power and economic and en-
vironmental characteristics of diesel are obtained.
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4. Conclusion

In this work, it was proposed to investigate the comparative
influence of the rate of injection in diesel engines for 100%
biodiesel (B100) and diesel fuel. From that comparison, a
methodology and control algorithm was provided for the
complete shift to B100 in diesel engines. Rates of injection
(ROI) for the two fuels were generated through an experi-
ment-based tool at different injection pressures. From the

generated ROI, a two-zone injection model has permitted to
determine the disparity between fuel jet atomization and
dispersion for the two fuels. It was observed that B100
generated a longer liquid penetration, a higher amount of
injected fuel, a wider cone angle, and a coarser spray jet. It was
also observed that with higher injection pressure, the above
parameters tend to reduce for biodiesel fuel.

Based on the experimental and simulation results, a
methodology for fuel jet control was provided as well as an
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algorithm for engine control when the shift to B100 is
performed. The methodology proposed in the form of a
block diagram presents all possible interactions that could
influence fuel jet and mixing parameters in diesel engines,
thus helping designers in decision making.

The control algorithm gives the conditions and possible
decisions that the designer or the engine control unit could
perform when the engine is shifted to B100. The proposed
algorithm gives a hierarchical step-by-step correcting pro-
cedure that should be followed by the designer or the engine
control unit while taking into account the possible degra-
dation that could occur from the use of B100 in diesel
engines.

Abbreviations

B100: 100% biodiesel fuel

BSFC:  Break specific fuel consumption
CAD:  Crank angle degree
CFD:  Computational fluid dynamics

CN: Cetane number

EOL End of injection

EGR:  Exhaust gas recirculation

HSDI: High-speed diesel engines
IMEPg: Indicative mean effective pressure
LHV:  Lower heating value

MFB50: 50% burnt fuel crank angle

ROL Rate of injection

OS: Oxidation stability

TDC:  Top dead center.
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