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PDF . . . . . . . . . . Probability Density Function

PER . . . . . . . . . . Premixed Energy Ratio

PFI . . . . . . . . . . . Port Fuel Injection System

PHEV . . . . . . . . Plug-in Hybrid Electric Vehicle

PID . . . . . . . . . . . Proportional - Integral - Differential

PM . . . . . . . . . . . Particulate Matter

PMEP . . . . . . . . Pumping losses Mean Effective Pressure

PN . . . . . . . . . . . . Particulate Number

PPCI . . . . . . . . . Partially Premixed Compression Ignition

PPLCCI . . . . . . Partially Premixed Lean Charge Compression Ignition

PREDIC . . . . . . PREmixed DIesel Combustion

PRR . . . . . . . . . . Pressure Rise Rate

PSD . . . . . . . . . . Particle Size Distribution

RCCI . . . . . . . . . Reactivity-Controlled Compression Ignition

RDE . . . . . . . . . . Real Driving Emissions

RoHR . . . . . . . . . Rate of Heat Release

RON . . . . . . . . . . Research Octane Number

SCCI . . . . . . . . . . Stratified Charge Compression Ignition

SCE . . . . . . . . . . . Single-Cylinder Engine

SCR . . . . . . . . . . Selective Catalyst Reducer

SET . . . . . . . . . . . Supplemental Emissions Test

SGCI . . . . . . . . . Stratified Gasoline Compression Ignition

SI . . . . . . . . . . . . . Spark Ignition Engine

SMD . . . . . . . . . . Sauter Mean Diameter

SMPS . . . . . . . . . Scanning Mobility Particle Sizer

SMR . . . . . . . . . . Steam Methane Reforming



List of Acronyms xxxviii

SO2 . . . . . . . . . . . Sulphur Dioxide

SOC . . . . . . . . . . State of Charge

SOF . . . . . . . . . . Soluble Organic Fraction

SoI . . . . . . . . . . . . Start of Injection

SPCCI . . . . . . . . Spark-Controlled Compression Ignition

SPPCCI . . . . . . Spark-Controlled Premixed Compression Ignition

TCO . . . . . . . . . . Total Cost of Ownership

TDC . . . . . . . . . . Top Dead Center

THC . . . . . . . . . . Total Hydrocarbons

TRL . . . . . . . . . . Technology Readiness Level

TSC . . . . . . . . . . Toyota-Soken Combustion

TSCI . . . . . . . . . . Thermally Stratified Compression Ignition

TtW . . . . . . . . . . Tank to Wheel

UHC . . . . . . . . . . Unburned Hydrocarbons

UNIBUS . . . . . . UNIform BUlky combustion System

VGT . . . . . . . . . . Variable Geometry Turbine

VVL . . . . . . . . . . Variable Valve Lift

VVT . . . . . . . . . . Variable Valve Time

WHSC . . . . . . . . World Harmonized Stationary Cycle

WHTC . . . . . . . World Harmonized Transient Cycle

WHVC . . . . . . . World Harmonized Vehicle Cycle

WI . . . . . . . . . . . . Water Injection

WtT . . . . . . . . . . Well to Tank

WtW . . . . . . . . . Well to Wheel



List of Symbols

The following list of symbols, letters, and subindexes serve as a general guide.
Specific nomenclature may be used on cited formulas. Specific explanations
and references provided in the manuscript must be consulted for an adequate
interpretation of symbols and equations.

Latin Letters

a Acceleration m s−2

A Area m2

B Magnetif fueld strenght A m−1

BSFC Brake Specific fuel consumption g kW−1 h
[c] Gas concentration mol m−3

cbb Discharge coeffient for blow-by massflow
cm Piston average speed m s−1

cD Discharge coefficient
cp Constant-pressure specific heat J mol−1 K−1

cv Constant-volume specific heat J mol−1 K−1

C Carbon or soot concentration mg/m3

d Valve diameter m
D Piston diameter m
Dp Particle diameter m
E Young modulus m
Ea Activation energy kJ mol−1

F Force N
G(i) Inhibition function in Langmuir-Hinshelwood reac-

tion model
h Specific enthalpy kJ kg−1

hexh Intake port convective heat transfer coeffcient W/m2K
hint Exhaust port convective heat transfer coeffcient W/m2K
hw In-cylinder convective heat transfer coeffcient in

Woschni model
W/m2K

xxxix
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H Enthalpy kJ
I Irradiance or infrared light intenity W/m2

k Absorption coefficient m−1
kth Thermal conductivity W m−1 K
ksp Constant for spray velocity profile in gaussian dis-

tribution
Kdef Piston deformation coefficient
Keq Equiilibrium constant for NO oxidaton
Ksoot Correlation coefficient in the soot formation model
L Lenght m
Li Noise level on an octave third dB
LHV Lower heating value MJ kg−1

m Mass kg
ṁ Mass flow rate kg h−1

MW Molar weight g mol−1

n Engine speed rpm
N Turbocharger speed rpm
No Opacity %
p Partial pressure Pa
ps saturation vapor pressure Pa
P Pressure, normally used for in-cylinder pressure bar
Pinj Common rail injection pressure bar
P ∗ Critical pressure bar
P ž Vapor pressure Pa
Q Heat J

Q̇ Heat flow rate W
r Radius m
S Stroke m
T Temperature K
Ta Reaction activation temperature K
u Gas velocity m s−1

v Volume m3

v̇ Volume flow rate m3/s
V Voltage V
W Total work kJ

Ẇ Power kW
y Combustion chamber height m
Y Mass fraction
Zp Particle electrical mobility m2/Vs
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Greek Letters

α Crank angle CAD
αth Thermal diffusivity m2/s
αg Absorption coefficient of a gas m mol−1

β Ratio of con-rod mechanism
γ Ratio of heat capacities or isentropic exponent
∆ Difference, change, drop or increment
∆α TDC angle correction CAD
ε Emisivity coefficient
η Efficiency %
θ Response time delay s
θ(n) Low-pass frequency filter window
Θ(i) Coverage expression in Langmuir-Hinshelwood reaction

model
κ Polytropic coefficient of a gas
λ Wavelength m
µ Dynamic viscosity kg m−1 s
ν Kinematic viscosity mm2/s
Πcc Cross-correlation coefficient
ρ Density kg m−3

σ Liquid surface tension N m−1

τ Characteristic time s
χ Molar fraction
ω Angular velocity rad s−1

Subindexes

0 Referred to standard or stall conditions
01 Referred to stall conditions at compressor inlet
02 Referred to stall conditions at compressor outlet
03 Referred to stall conditions at turbine inlet
04 Referred to stall conditions at turbine outlet
a, air Referred to air
amb Referred to ambient conditions
b Referred to burned gases
bb Referred to blow-by gases
cyl Referred to in-cylinder conditions
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EGR Referred toEGR gases
eq Referred to equivalent value or normalization
exh Referred to exhasut conditions
f, fuel Referred to fuel
ht Referred to a heat trasnfer process
int Referred to intake conditions
p Referred to particles
ref Reference value
res Referred to residual gases
s Referred to saturation conditions
sc Referred to short-circuit gases
th Referred to theoretical value
ub Referred to unbured gases

Universal constant Numbers

e Elmentary electrical charge 1.602·10−19 C
g Gravity acceleration 9.81 m/s2

hp Plan constant 6.626·10−34 J s
NA Avogadro constant 6.022·1023 mol−1

Ru Ideal gas constant 8.31446 J mol−1 K
π Pi Number 3.1415952...
σSB Stefan-Boltzman constant 5.67·10−8 W/m2K4

Non-dimensional Numbers

Da Damköhler Numbner Da =
LT /I

δr/uCL

Ka Karlovitz Numbner Ka =
δr/uCL

λk/I

Le Lewis Numbner Le =
kth

CpρDf−a



List of Symbols xliii

Nu Nusselt Numbner Nu =
hL

k

Pr Prandtl Numbner Pr =
cpµ

kth

Re Reynolds Numbner Re =
ρuL

µ

Sc Schmidt Numbner Sc =
µ

ρDf−a

Sh Sherwood Numbner Sh =
KcL

Da−b

Stk Stokes Number
τu0

dp

We Weber Number We =
ρauD

σl


