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ABSTRACT

The U.S. Army currently utilizes Jet Propulsion 8
(JP-8) and Diesel Fuel number 2 (DF-2) as the two prime
fuels for ground mobility applications. These two fuels
have significant physicochemical property differences
(such as density, distillation curve, and cetane number)
that may result in fuel-affected varying combustion
behavior in diesel engines under various operating
conditions. Since engine manufacturers rely solely on DF-
2 for commercial vehicle applications most domestic
industry, university, and national laboratory lead diesel
engine combustion system research activities have not
encompassed JP fuels. Instead, much effort has been spent
exploring DF-2 evaporation behavior, pre-ignition
kinetics, high pressure spray formation and subsequent
energy release processes, particulate matter formation and
oxidation, and nitrous oxide formation pathways under
diesel relevant pressures and temperatures. To date, there
is little information published in the literature on the topic
of JP-8 spray combustion though some activities have
recently begun to address specific sub-processes including
low temperature chemistry, ignition chemistry, and
turbulent flame speed, but at thermodynamic conditions
near the lower end of typical diesel combustion
conditions.

The intent of this submission is to address a portion
of this JP-8 technical ‘gap’ by developing a methodology
for determining the evaporation rate of JP-8 in a direct-
injection diesel engine and extrapolate this key
combustion affecting process to predict energy release
rate profiles and subsequent cylinder pressure rise rate in
a current military diesel engine through extrapolation of
the current knowledge base for heavy hydrocarbon
ignition toward a medium worst case cetane number
scenario. Furthermore, the extrapolated JP-8 ignition
cases will be compared with recent constant volume data
taken under a limited range of charge densities and
temperatures to substantiate the initial JP-8 ignition
behavior extrapolation.

INTRODUCTION

The ‘one fuel forward’ policy was initiated through
DOD Directive 4140.43 as a means to reduce a portion of
the logistics burden associated with bringing multiple
fuels to the battlefield. Almost twenty years ago a

representative sample of Army diesel engines were
selected for a series of durability tests that included DF-2
at standard conditions, Jet A at standard conditions, and
Jet A at elevated fuel temperature (Miklos, 1989) in order
to benchmark use of JP-8 in Army ground vehicles. These
series of tests revealed that the selected diesel engines
exhibited a rated speed power loss ranging from 2% to
10% at standard conditions and 4% to 25% at elevated
fuel temperatures. Furthermore, three out of the five
engines exhibited fuel system reliability issues that were
subsequently resolved to allow for JP-8 use in the field.
The power loss issue is related to both the lower energy
per unit volume and combustion differences associated
with JP-8 versus DF-2 especially considering diesel
injection systems tend to volumetrically meter the engine
fuel flow rate. Such losses are unavoidable since such
engines are commercial products whose calibration
strategies are based on DF-2 under the guise of meeting
U.S. Environmental Protection Agency (EPA) emission
standards. This latter constraint is normally alleviated for
combat vehicle applications that are allotted a National
Security Exemption (NSE) under the Code of Federal
Regulations (CRF) 40. To date, most tactical vehicles
employ commercial engines and thus tend to meet a past
EPA emissions standard based on the original production
date of the engine in question but in the future it will be
very difficult to both integrate such engine systems into
existing tactical vehicles and also operate on JP-8 without
significant vehicle performance issues.

One particular engine included within the
aforementioned sample set of five exhibited an extreme
loss of power that resulted in a necessary required
physical change to the fuel pump delivery rate based on
fuel type. This engine was eventually re-rated to a much
higher power level that resulted in additional combustion
system issues that could lead to engine failure that
revolved around the spray targeting and engine calibration
strategies — this engine is the focus of this study. Other
military engines have exhibited less dramatic effects of
operating on JP-8 under high temperature conditions such
as up to a few hundred revolution per minute (RPM)
change in peak torque speed (private communication with
TARDEC propulsion laboratory) while still other engines
have demonstrated an insignificant rated speed power
change while operating on JP-8 at standard and elevated
operating temperatures (private communication with
TARDEC propulsion laboratory).
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It is anticipated that future commercial diesel engines
will become even more sensitive to fuel type given the
necessary combustion system strategies that will be
utilized to meet the EPA 2010 heavy-duty diesel engine
emission standards. Such strategies include use of
sophisticated, sulfur sensitive aftertreatment devices and
variants of homogeneous charge compression ignition
(HCCI) and premixed charge compression ignition
(PCCI) that essentially are a distributed bulk energy
release approach that lead to high pressure rise rates
dependent on fuel ignition chemistry. Without closed loop
control through utilization of an in-cylinder pressure
sensor in each cylinder, it will be almost impossible to
operate such engines on fuels with varying ignition
properties.

With the wvarious aforementioned challenges
associated with integrating commercial diesel engines into
military applications it is paramount the research
community continues to study important combustion
affecting differences between JP-8 and DF-2 including
evaporation rate variances, low temperature chemistry,
pre-ignition chemistry, bulk spray formation, and fuel
system delivery rate variances to name a few key areas of
study. Some work has begun on low temperature
chemistry (Cernansky, 2006), bulk pre-ignition behavior
(Hanson, 2006), and also on spray flame spread rate
(Metghalchi, 2006), but not at boundary conditions that
cover ranges experienced by a typical diesel engine. In
particular, diesel engines typically exhibit bulk
combustion chamber temperatures and pressures at start
of injection in the ranges of 800 K to 1100 K and 30 bar
to 110 bar. The aforementioned JP-8 ignition study was
conducted in a shock tube and limited to 30 bar but with
temperatures up to 1200 K (Hanson, 2006) while the
turbulent flame speed study was conducted in a constant
volume bomb and limited to 10 bar and approximately
800 K (Metghalchi, 2006). Though both studies are
important initial attempts at addressing JP-8 combustion
subprocesses behavior, much effort still needs to be spent
acquiring relevant measurements more indicative of real
world cylinder pressure and temperature since the ignition
delay period in an engine is highly dependent on these
key thermodynamic parameters and also the local air-fuel
ratio.

This submission will directly address such variances
in evaporation rate, the bulk (mean) pre-ignition
chemistry, i.e. ignition delay period, and bulk features of
the spray formation process.

1. EVAPORATION RATE MODELING

The evaporation process in a diesel jet under the
constraint that ignition occurs during the injection event
can be modeled as a steady-state jet whose evaporation

rate is mixing controlled under the assumption of a finely
atomized spray with an advantageous surface area to
volume ratio promoting a saturated state at the bulk
break-up length of the jet (Siebers, 1999). Additionally,
this model is based on the judicious selection of a single
pure hydrocarbon fuel surrogate that is deemed to
properly simulate the real world fuel’s evaporation
characteristics. For completeness, the model is given
below and is based on applying the conservation of mass,
momentum, and energy to a rectangular control volume
that encompasses a propagating conical fuel jet whose tip
has reached the saturated state condition:

~ 2
Lb=E £t JCad [i+1j -1 (1)
S

ay Pa tan(g)

where a and b are constants, ps is the liquid fuel density,
pa is the ambient density, C, is the nozzle area coefficient,
0 is the spray formation angle, d is the orifice diameter,
and B; is the fuel to ambient gas flow rate ratio or
evaporation coefficient. Furthermore, this latter constant
B is fuel dependent and based on the iterative solution of
the conservation of mass and energy. For completeness
this relationship is shown below:

_ Z5(Ta, Py —Pg) Py oM _
: Z¢(Tg,Ps)e(Py —Ps)e M, (2)
ha(TalPa)_ha(TSfPa_Ps)

he (Ts)—h¢ (T¢,Pa)

where Z, and Z; are the ambient and fuel vapor
compressibility, Ty is the injected liquid fuel temperature,
T, and P, are the ambient temperature and pressure, My
and M, are the fuel and ambient molecular weights, T;
and P are the fuel saturation temperature and pressure, h,
is the ambient enthalpy, and h is the fuel enthalpy.

This modeling approach exhibited very good
agreement with experimental data acquired for a variety
of heavy-hydrocarbon fuels under thermodynamic
conditions experienced in a diesel engine under ‘warmed
up’ conditions through comprehensive constant volume
bomb experiments, i.e. this assumption is not valid for
cold start or light load under extremely cold ambient
conditions (Siebers 1998, 1999). The model was
compared to data collected for commercial grade DF-2,
heptamethylnonane (HMN), and cetane, and furthermore
compared with possible single component hydrocarbon
surrogates that both best represent the 90% distillation
point of the particular given fuel and also have readily
available thermodynamic properties that cover the proper
temperature and pressure ranges. During this study it was
discovered that either cetane or heptadecane were
acceptable surrogates for simulating the evaporation rate
of DF-2 under diesel spray type thermodynamic
conditions since either surrogate has a boiling point near
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Figure 1: DF-2 and JP-8 Distillation Curves.

the 90% distillation point of DF-2. Such an approach
maybe extrapolated to other fuels including JP-8, but with
careful consideration given to using a multi-component
surrogate. Therefore, a threefold approach will be used to
develop a methodology for using multi-component
surrogates: (1) potential surrogate subcomponents will be
selected as candidates for fuels with current experimental
evaporation rate databases; (2) a method of properly
determining fuel properties for multi-component
surrogates will be developed and benchmarked against
various fuels; (3) a surrogate will be chosen based on (1)
and (2) that best represents JP-8.

1.1 Surrogates and Thermodynamic Properties

A close look at representative distillation properties
of JP-8 and HMN reveals the possibility of three
surrogate subcomponents — dodecane, tetradecane, and
cetane — see table 1 and figure 1. Each of these three
possible subcomponents cover the necessary boiling point
range of JP-8, HMN, and DF-2 and also either have
published thermodynamic property relationships or
derived property sets (American Petroleum Institute,
1997). In particular, the saturation pressure and liquid
density relationships were published for each of these
pure hydrocarbon fuels while the compressibility and
enthalpy relationships were developed through accurate,
piece-wise curve-fits based on given property values
(American Petroleum Institute 1997; Moran and Shapiro,
2000). These resulting relationships were benchmarked
for accuracy using equations (1) and (2) against
predictions previously made by Sandia National
Laboratory (Siebers, 1999; Schihl et al., 2006) for both
cetane and DF-2. Furthermore, these relationships were
also compared through equations (1) and (2) against
dodecane data collected from a variety sources
(Verhoeven et al., 1998; Schmalzing et al., 1999, Kim et
al., 2002) and showed a reasonable level of predictive
capability — see figure 2.

Thus, the following thermodynamic relationships are
valid for the three surrogate subcomponents and maybe
used for evaporation modeling or other types of
thermodynamic modeling efforts.
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Figure 2: Comparison of the Liquid Length Model
with Dodecane Data from Various Sources.

TABLE 1: SURROGATE FUEL PROPERTIES

Fuel Critical Critical Boiling
Temperature | Pressure Point (K)
(K) (bar)
dodecane 658 18.2 489
tetradecane 693 15.7 526
cetane 723 14.0 560
heptadecane 736 13.4 575
HMN 692 15.7 513
DF-2 NA NA 580*
JP-8 NA NA 496*

*90% distillation point

Fuel Enthalpy: The saturated fuel enthalpy was given and
based on the reduced saturated temperature as shown
below:

Ps<02 h(T)=AeT, -B
Ps202 h(T)=-CeT? +DeT, -E

where A, B, C, D and E are fuel dependent constants
given in table 2 while T,s and P,; are the reduced
saturated temperature and pressure.

()

TABLE 2: FUEL ENTHALPY CONSTANTS

Fuel A B C D E

dodecane 1562.5 | 44484 | 1921.9 | 4996.7 | 1978

tetradecane | 1683.8 | 469.88 | 3712.2 | 8085.6 | 3229.2

cetane 1869.7 | 550.15 | 929.51 | 3520.3 | 1283.4

The injected fuel enthalpy was derived based on the
cylinder reduced pressure as given below:




dodecane  hy (T¢,P,)=1.277e P, +316.3
tetradecane h; (T P, ): 11718 P, , +319.2
cetane he(T¢,P,)=1.0429¢P,, +320.95

where P,, is the reduced ambient pressure and T is the
liquid fuel temperature.

4

Fuel Compressibility and Density: The fuel vapor
compressibility was determined based on the reduced
saturation temperature and its general relationship is
given below:

Z(Tg,P)=—aeT> +beT2 —ceT, +d (5)

TABLE 3: FUEL COMPRESSIBILITY CONSTANTS

Fuel A b c d

dodecane 16.85 36.104 26.425 7.5406

tetradecane | 17.924 36.143 24.71 6.6857

cetane 16.587 34.594 24531 6.869

Furthermore, fuel liquid fuel density is given according to

the following compressibility correction relationship:
i:[R-TCJ.Zr{au(lTf,r)z”} (6)
Ps P

where T, and P, are fuel critical temperature and pressure,

R is the ideal gas constant, Z,, is the Rackett parameter

(dodecane: 0.2471, tetradecane: 0.238, cetane: 0.2386),
and Ty, is the reduced liquid fuel temperature.

Fuel Saturation Pressure: This relationship was provided
and given below:

c2 2,C5
LN(P;)=CL-—=~C3e Ln(T;)+ C4eT; =

S s

TABLE 4: FUEL SATURATION CONSTANTS

Fuel Cc1 C2 C3 C4*10° C5
dodecane | 170.27 | 25990 | 20.822 | 2.9759 | 645190
tetradecane | 130.78 | 20072 | 15.743 | 2531 | -1008900
cetane 1742 | 28534 | 21.09 | 25228 | 88111

Ambient Enthalpy: Tabulated data for air (Moran and
Shapiro, 2000) was curve-fit over multiple temperature
ranges in order to reduce associated empirical errors.
These relationships are given below:

450K < T <599K ha (T, )=1.033¢T, —13.605
600K <T <799K ha(T,)=1.0735eT, —37.788 o
800K <T <999K ha(T,)=1.1184T, —73.254 ®

1000K <T <1320K h, (Ta =1.1682T, —123.49

Last, the ambient pressure was determined by the ideal
gas law assuming a compressibility of unity which was
appropriate for the boundary conditions encountered in
this study.

1.2 Multi-component Surrogates Benchmark

The proposed strategies for properly assessing multi-
component surrogate evaporation rate were based on
determining subcomponent mass fractions by a boiling
point weighting scheme and then either weighting the
individual subcomponent liquid length predictions OR
weighting the evaporation coefficient and subsequently
determining the resulting liquid length. The former
approach is referred to as the Mean Liquid Length (MLL)
method while the latter is referred to as the Mean
Evaporation Coefficient Method (MEC). Each method is
mathematically described below:

n n
Bs :zxi Bl T :ZTb,i Xi
i=1 i=1

n
Ly szi Lo, (10)
i-1

where B; is the evaporation coefficient of component i, x;
is the mass fraction of component i, T, is the fuel boiling
point, Ty, is the boiling point of component i, and Ly; is
the liquid length of component i. Comparison of each
method was made with data acquired for HMN and a
HMN-cetane blend along with a purely analytical exercise
of modeling tetradecane as a dodecane-cetane blend, and
the proposed MEC method yielded a more accurate
predictive technique versus the MLL method (Espey and
Dec, 1995; Siebers, 1999; Schihl et al., 2006).

n

in =1 (9)

i=1

1.3 JP-8 Surrogates

Based on the MEC method through equations (9) and
(10) it was determined that one potential JP-8 blend is
18% tetradecane/82% dodecane. Since this blend is
predominately dodecane, it is reasonable to also assess the
possibility of using a single component surrogate for JP-8
as dependent on the variance between the two possible
surrogates. The resulting predictions by each method are
shown in figure 3 and highlights that using either
dodecane or the MEC method could provide comparable
predictive capability.

2. IGNITION MODELING

There is little if any published literature on JP-8
ignition behavior at elevated pressures let alone at
thermodynamic conditions encountered in a diesel engine.
The primary issue with modeling JP-8 ignition is that the
cetane number can drastically vary depending on the
supply source since JP-8 does not have a cetane number
specification (MIL-DTL-83133). Continental United
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States (CONUS) procurement data collected by Defense
Energy Support Center in 2004 accentuates this issue
where the indirectly measured cetane index ranged from
29 to 51 with a mean of 43.9 and a variance of 13.69
(Muzzell et al., 2006). Though cetane index is a not a
precise indicator of ignition quality it still provides a
sense of cetane number variability in CONUS. Therefore
published data on DF-2 that covers a variance of cetane
numbers was used to extrapolate the ignition delay period
associated with using JP-8 in a diesel engine. Such data
revealed that an average 30% increase in the ignition
delay period would occur for a decrease of ten in the
cetane number (Shipinski et al., 1970; Hardenburg and
Hase, 1979; McMillan et al., 1983; Xia and Flanagan,
1987; Teng et al., 2003) assuming that kinetics dominates
the ignition delay processes. Recent limited unpublished
data from a constant volume bomb substantiated the 30%
reduction over an ignition temperature and charge density
range included in this study (private communication with
Sandia National Laboratory) — see figure 4. Additionally,

engine data from a high output single cylinder diesel also
further substantiated the assumption that cetane number
tends to dominate the ignition delay period when
comparing DF-2 and JP-8 as shown in figure 4 where
each fuel type had comparable cetane indices.

3. ENGINE PREDICTIONS

The Hercules Recovery Vehicle (HRV) diesel engine
was chosen for this study since it had exhibited a potential
fuel effects combustion issue that could result in eventual
engine failure and analog in-cylinder pressure data was
available through the engine manufacturer thus allowing
more readily for combustion system spray analysis.

TABLE 5: TELEDYNE CONTINENTAL MOTORS
(TCM) AVDS-1790 ENGINE SPECIFICATIONS

Engine Parameter Description
Number of Cylinders 12
Bore x stroke (mm) 146.1 x 146.1
Displacement per cylinder (cc) 2447
Compression Ratio 14.5
Rated Speed (rpm) 2400
Maximum Power (KW) 780
Peak Injection Pressure (bar) 650
Nozzle Geometry (mm) 10 x 0.282

The combustion chamber is an off-set bowl with
valve cut-outs and a “‘pent roof’ head that is non-ideal for
controlling outward squish flow thus increasing the
probability for spray-liner interaction. This engine is
capable of operating on DF-2 and JP-8 through a
mechanical adjustment to the fuel pump that ensures
similar fuel mass delivery rate. Nevertheless, in CONUS
there have been a number of reports concerning excessive
piston erosion problems while operating on JP-8 that
suggests a potential combustion system issue revolving
around spray targeting. To address this issue, an engine
was instrumented with typical performance and
combustion measurements and run on both DF-2 and
CONUS JP-8. The former had a cetane number of
approximately 45 while the latter was 49 which is high in
comparison to CONUS JP-8 procurement data discussed
in section 2. This experiment yielded no evidence of
erosion so a comprehensive spray study was undertaken
to extrapolate the combustion system behavior for a JP-8
with a CONUS representative cetane number of near 40.
Data taken from the engine experiments was employed to
provide boundary conditions for both engine cycle and
spray simulations to assess potential spray targeting and
related rate of pressure rise issues.

3.1 Evaporation Analysis
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Figure 5: Comparison of DF-2 and JP-8 Liquid
Lengths in the TCM 1790 at Various Operating
Conditions.

Knowledge of the evaporation rate and the
combustible fuel vapor fraction at ignition is necessary in
order to assess the initial burn rate in a diesel engine and
subsequent rate of pressure rise rate. Predicting the liquid
length, i.e. evaporation rate, requires initial combustion
chamber thermodynamic conditions such as temperature
and density that were not readily available through the
aforementioned engine experiments. Therefore, an engine
cycle simulation model was built (GT-Power, 2004) and
calibrated over the engine’s full load operating curve to
match measured air flow, manifold pressure, and peak
cylinder pressure data. The resulting engine model was
employed to provide the aforementioned cylinder
thermodynamic conditions for predicting liquid length,
spray penetration, and cylinder pressure rise rate.

The predicted liquid lengths for both DF-2 and JP-8
as related to engine speed and load are shown in figure 5.
This analysis shows that the JP-8 liquid length is 30% to
40% shorter than DF-2 which is not a surprise considering
the 80K difference in the 90% distillation point. Next, the
fuel vapor fraction at ignition maybe calculating assuming
a 30% increase in ignition delay for the lower cetane
number JP-8 as discussed in section 2 assuming that the
liquid is a contiguous solid pipe and the mean injection
rate maybe used to determine the injected fuel mass upon
ignition. Therefore, the evaporated fuel is modeled with
the following relationship:

tien 42
oL
2 b (11)

Meyap = | Minjdt —7z e

tsor

and min; is the injection rate, ty, is start of injection time,

and tig, is the start of ignition. The predicted vapor
fraction at ignition reveals (see figure 6) that JP-8 is 15%
to 30% higher in comparison to DF-2 and thus it is
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Figure 6: Comparison of JP-8 and DF-2 Premixed
Phase Fuel Vapor Fraction in the TCM 1790 at
Various Operating Conditions

anticipated that JP-8 would yield both higher premixed
phase heat release and pressure rise rate.

3.2 Combustion Analysis

To assess the pressure rise rate, a first law analysis
was performed on the combustion chamber at the ignition
point under the assumption of negligible blow-by effects,
i.e. nil mass escaping into the crankcase. The resulting
expression is given below:

dpP k-1 ° dv 1 °
E“T{mb LHV‘WP'(“EJ‘%@ (12)

where P is the bulk cylinder pressure, V is the cylinder

volume, er is the fuel burning rate, LHV is the fuel

lower heating value, Kk is the specific heat ratio, and Q,,,

is the heat transfer to the combustion chamber surfaces.
For standard diesel combustion the heat transfer term is
generally small in comparison to the expansion and
combustion terms during the autoignition period since
bulk temperatures are relatively low in comparison to
later in the compression/expansion strokes. The
combustion term tends to dominate during this event in
comparison to the expansion term though the later is not
entirely negligible and can contribute up to 20% in the
predicted pressure rise rate under certain engine operating
conditions (Schihl et al., 2006).

The peak pressure rise rate is dictated by the peak
fuel burning rate or the point where the premixed phase of
heat release reaches a maximum in standard diesel
combustion regimes of operation. (Standard diesel
combustion is defined as a two phase event comprised of
premixed and mixing controlled phases.) During the
premixed phase of combustion a premixed turbulent
mixing layer that encompasses the fuel jet ignites in
multiple locations and correspondingly, turbulent
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flamelets are generated and propagate rapidly throughout
the shear layer. This event normally takes place within a
few crank angles or tenths of a millisecond in a diesel
engine due to the high turbulent entrainment and
subsequent burning rates associated with high pressure
diesel jets. Based on extensive experience with other
diesel engines, the TARDEC Large Scale Combustion
Model (LSCM) was employed to predict the maximum
fuel burning rate based on the ‘flamelet in eddies’
assumption (Turns, 1996; Schihl et al., 1999). Essentially,
this peak occurs when the shear layer is completely
engulfed in a turbulent flame and represents
approximately the consumption of one-half of the trapped
shear layer fuel mass.

The resulting predicted pressure rise rates for the
both JP-8 and DF-2 are shown in figure 7 as a function of
spray tip penetration as determined by a well known two
zone model (Hiroyasu and Arai, 1990). Qualitatively this
trend makes sense since longer spray penetration
correlates to a large premixed fuel vapor fraction given
that longer ignition times allow for more thorough
mixing. Thus, a more fundamental portrayal of this event
is given in figure 8 that highlights the direct correlation
between the cylinder pressure rise rate and the vapor mass
trapped in the shear layer at ignition based on the
aforementioned ‘flamelet in eddies’ approach (Turns,
1996; Schihl et al., 1999) that tends to exhibit a relatively
constant combustion timescale.

Nevertheless, this trend is important when comparing
the overall combustion characteristics of operating the
TCM 1790 on DF-2 versus JP-8 especially considering
the aforementioned piston erosion problems exhibited in
CONUS operation. For a given fuel, a decrease in the
cetane number increases the premixed fuel mass causing
an increase in pressure rise rate which is further
augmented by fuels with higher volatility that again tend
to increase the premixed fuel mass. This study has only
included predictions for JP-8 with a cetane number near
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Figure 8: Comparison of DF-2 and JP-8 Liquid
Lengths in the TCM 1790 at Various Operating
Conditions. The cetane number for each fuel is
given in the legend.

40 even though aforementioned CONUS data (see section
2) has revealed cetane indices approaching 29. Thus, it is
anticipated that the pressure rise rate would substantially
increase for such a low ignition quality fuel in comparison
to the 40 cetane number JP-8 included in this study. Such
behavior is important since diesel engines have a design
pressure rise rate and peak cylinder pressure limit that if
exceeded will lead to eventual propulsion system failure.
These predictions are conservative since it is known that
mixing occurs after ignition and that the effective
premixed fuel mass fraction increases during the ignition
delay period. In order to address this situation a worst
case scenario is also included in figure 8 that includes the
assumption that all fuel injected during the ignition delay
period atomizes, evaporates, and mixes fast enough to be
consumed during the premixed phase of the heat release
event. In general, this worst case scenario lent toward a
20% or higher pressure rise rate in comparison to the
aforementioned more conservative approach.

Based on the aforementioned analysis a number of
suggestions were made to the engine manufacturer,
vehicle manufacturer, and PM Hercules for remedying the
piston erosion issue. First, redesign the piston bowl to
control spray over-penetration by increasing the diameter
and modifying the bowl entry angle. Second, reduce the
injector nozzle hole sizes to control spray over-
penetration. Third, consider using a high pressure
common rail fuel system in parallel with suggestion two
for both controlling over-penetration and improving
power density. Last, redesign the intake manifolds to
allow for less variability in cylinder-to-cylinder air-fuel
ratio and thus reduce ignition variability among cylinders.

CONCLUSION

A method for assessing potential combustion
characteristic differences for JP-8 versus DF-2 has been
developed and applied to a military diesel engine that was



experiencing piston erosion issues. In particular, a multi-
component evaporation methodology was developed
based on past work by other engine researchers that
resulted in the development of a JP-8 evaporation
surrogate. Furthermore, ignition data collected through
bomb and engine experiments validated the JP-8 ignition
assumption that conservatively, a ten cetane number
decrease correlates to a 30% increase in the ignition delay
period — this is the first known JP-8 ignition data set at
diesel engine boundary conditions. Last, a scaling method
was developed to correlate pressure rise rate with shear
layer fuel mass through judicious scaling of the
evaporation rate, injection timing, and ignition timing
events. Collectively, these new findings will help address
potential fuel related combustion issues with current
vehicles as presented in this submission and also aide in
the development of future military diesel engines.
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