


Above equations illustrate the dependence of injected amounts of fuel on injection system and
engine parameters. Different spray configurations are used in the different diesel combustion
systems. The common configuration used in marine engines design is the simplest and
involves multiple sprays injected into quiescent air. Under diesel engine injection conditions,
the fuel jet usually forms a cone-shaped spray at the nozzle exit. This type of behavior is
classified as the atomization breakup regime and produces droplets with sizes very much less
than the nozzle exit diameter. Since the ignition characteristics of the fuel affect the ignition
delay, this property of the fuel is very important in determining diesel engine operating
characteristic such as fuel conversion efficiency, smoothens of operation, misfire, emissions
noise and ease to starting. Studies have shown that the temperature and pressure of the
cylinder air are the most important vartables for a given fuel composition. Many correlations
have been proposed for predicting ignition delay as a function of engine and air charge
variables. In the packet model, originally proposed by Hiroyasu [2] and later applied and
extended by several other authors, the fuel jet is described by numerous discrete so-called
packets in an attempt to model both, the global geometry of the penetrating spray and detailed
local sub-processes such as fuel atomization and evaporation, fuel-air mixing, ignition.
combustion and poliutant formation. Fuel atomization for a particular packet is assumed to
occur instantaneously at the breakup time. Thereafter all droplets within the pocket are
represented by a Sauter mean diameter (SMD), which characterizes a single droplet with the
sume volume to surface area ratio as the ratio of the respective quantities integrated over the
whole droplet size distribution present in real spray [3]:
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The initial value of the SMD after breakup is estimated by an empirical correlation fitted from
experimental data. Frequently applied correlations:
SMD =6156-107 -v;™ . pi™ . pi® - Ap 37 (4)

Rl

where:
vy - liquid fuel viscosity [mzls],
Pu — air density [kg/m*],
poy— tuel density [kg/lﬂR],
A4pi,i— fuel injection to chamber pressure difference [kPa],

and by Varde [4] who related the SMD to the diameter of the injection nozzle:

SMD
d

nes

=8.7(Re, We, ] (5)

The Reynolds and Weber numbers refer to injection velocity, the nozzle diameter and the
liquid fuel properties. An important factor in assessing the appropriateness of any correlation
is how is to be used to predict the magnitude of the delay. The physical characteristics of the
diesel fuel does not significantly affect the auto ignition delay in fully or partially warmed-up
engine. Fuel viscosity variations in fugl atomization, spray penetration, and vaporization rate
over reasonable ranges do not appear to influence the duration of the delay period
significantly.
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2. Calculation method

The model of an engine cycle is based on the emptying and filling approach. The
structure of the engine is subdivided into several interactive components associated with
compression, combustion, expansion and emissions formation. Under a steady mode of
engine operation, the inputs to the model includes: engine speed, fuel supply and ambient
conditions.

2. 1. Heat release

The basic algorithm was derived from the 1Y law of thermodynamics. Applying
equation to the system the energy rates are expressed with respect to the crank angle - ¢

@('h _ @hr - M + dntf h = dU (6)

!

dp dp d¢ dg dg
where:

@n‘i i 3

e apparent rate of chemical energy,

de
5?"’ - rate of heat transfer out of the system,

do '

s rate of work transfer out of the system,
aQ
dm, " :

o h, - rate of enthalpy inflow with the fuel,

[4
dU .
. rate of change of internal energy of the system.

@

2. 2. NO, formation

NO, emissions are predicted on the basis of the widely accepted extended Zeldovich
mechanism. In prediction, all the species except NO are considered to be in chemical
equilibrium. The rate of NO formation is

d[ZO] _ j‘f, (1ﬂR;_:i ) -
R: +R,

R =kfolIN,}, | (8)

R, =k,[N][0,], O

R, =k,[NLloH] (10)

p= [Egrooﬂ (an

where:
[ ] square brackets denote mole concentrations,

ky, k2, k; - reaction rate constant (cm"-mol-s).
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Figure 1. Experimental apparatus set-up
The test engine was running on distillate fuel ISO-F-DMA [8]. Samples of the fuel being
burnt were taken at the time of the trial for analysis and analysed in accordance with standard

industry procedure and an evaluation is given in Table 2.

Table 2. Fuel 0il characteristic

Determination Test results

[ Density @ 15 °C kg/m’ 855.1
2 Viscosity @ 40 °C mm?/s 6.567
3 Calorific value MlJ/kg 42.60
4 C % 85.2
5 H % 13.8
6 N % 0.004
7 S % 0.85
8 0 % 0.1

9 Ash % 0.001
10 Water % 0.05

In addition to the exhaust emission, some essential operating engines data were measured to
asses, the respective engine operating conditions — in accordance to ISO-3046 standard.
Amongst other variables, this included: effective load, speed, fuel consumption, exhaust
temperature, performance of the turbo blowers, together with the ambient conditions
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evaluated. Rough comparison of calculated NO, concentrations in test engines, with different
fuel oil temperature shows substantial variations combustion rate under low load, and keeps
steadily (see Figure 4). It also can be seen that NO, and CO emission profile decreased with
lower fuel oil viscosity achieved in second test cycle — b, under full range of engine load.
Finally, NO, weighted specific emission factor decreased up to 1.0 g/kWh that gives 9.5%.
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Figure 4. Calculated combustion pressure and NO, emission profile of 8L32/40 engine fed
by fuel oil with progressive arise of temperature (K) and for two loads 25% and 100%

Figure 4 shows comparison of calculated combustion pressure and NOy emission caused by
fuel oil temperature for lowest and highest test cycle load. The diagram exhibits a certain
relation of NO formation rate to variation of pressure values. However, estimated NO
emission do not reflect experimental results, in the same way. From this figure, it can be seen
that calculated NOy concentration fluctuation and value are not affected significantly by fuel
oil property. It determines calculation sensitivity to in-cylinder temperature history.

The increase in fuel temperature affects combustion in a peak combustion pressure and
temperature, in consequence which increases NOy production and exhaust emissions.; the
ignition delay can also be reduced, with consequent effects on several exhaust pollutant

emissions.
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Appendix

Table 3. Measured and calculated emission factors of engine MAN B&W 8L32/40 —cycle testa

Power clfective % 100 75 50 25
Mean effective pressure bar 23.9 19.7 [1.9 59
Specific fuel consumption g/kWh 193 191 203 231
Scavenge air pressure bar 3.082 2.084 1.132 0.480
[Temp. alter air cooler °C 49.5 449 41.6 40.3
Fucl temp. before engine C 33.3 33.6 32.1 26.1
Barometric pressure kPa 101.5 101.5 101.5 101.5
Intake air temperature C 28.0 27.5 27.0 26.5
Intake air humidity e 41.5 42.0 44.0) 46.5
Air flow - wel kg/h 29020 21930 15200 8896
Exhaust flow - wet kg/h 29770 22490 15590 9119
INO, cone, wet ppm 850 871 883 758
CO conc. dry ppm 80 109 161 225
CO2 conc. dry % 5.45 5.34 5.46 5.28
D2 conc. wet Yo 12.76 12,84 12.70 12.89
HC  conc. wel ppm 90 101 126 16
INO, specilic g/kWh 10.12 10.59 11.25 1132
NO, weighted g/kWh 10.567

CO weighted g/kWh 0.817

HC weighted w/kWh 0.442

Table 4. Measured and calculated emission factors of engine MAN B&W 8L32/40 — cycle test b

Power effective % 100 75 50 25
Mean effective pressure bar 239 17.9 11.9 6.0
Specific fuel consumption 2/kWh 192 192 203 235
Scavenge air pressure bar 3.156 2.231 1.251 0.473
Temp. after air cooler % 48.7 439 42.3 39.8
Fuel temp. before engine C 39.6 41.8 40.2 448
Barometric pressure kPa 100.4 100.5 100.5 100.5
Intake air temperature W 238 23.8 23.5 22.8
Intake air humidity Yo 60.7 60.8 60.9 62.0
Air flow - wel kg/h 27860 22330 15320 8990
Exhaust Tow - wet kg/h 28600 22880 15710 9216
NO, conc. wet ppm 177 761 783 699
CO  conc. dry ppm 74 83 113 179
CO2 conc. dry Y 5.59 5.22 5.35 5.27
02  conc. wet % 13.35 13.85 13.66 13.76
HC  conc. wel ppm 35 37 47 54
NO specific g/kWh 9.08 0.57 10.18 10.72
NO, weighted g/kWh 9.557

CO weighted 2/kWh 0.653

HC weighted g/kWh 0.175
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