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D : Bore (Diameter)
L : Stroke (Length of stroke)
R : crank radius ⇒
TDC : Top Dead Center
BDC : Bottom Dead Center
V0 : clearance volume = ‘dead’ volume ⇒

VU : displaced volume = swept volume by 1 piston ⇒

VC : maximum cylinder volume (=displaced + dead volume) ⇒
n : number of cylinders
Vcyl : engine displacement (=volume swept by all cylinders) ⇒
ε : geometrical compression ratio ⇒

ϕ : crank angle (ϕ c.a ) = time (motion)

l : connecting rod length

λ : ratio of connecting rod radius/length ⇒

ω : angular velocity ⇒

N : engine speed in revolutions per minute [1/min]
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2. Thermodynamic cycle (P-v)
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3a. Key values : work (E), torque (C), power (E)

Ei, Ee, Ef : work (J) – indicated , effective , friction

Ei, Ee, Ef : power (W) – indicated , effective , friction
. . .

nc = number of cycles per second
nTM = number of revolutions for 1 Pv cycle
(for 2-Stroke nTM = 1, for 4-Stroke nTM = 2)
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Ei = indicated work per cycle
= torque Ci x 2 revolutions (4-stroke)
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ω in [rad/s] ;  power E = torque C x angular speed ω

N in [1/min] or [rpm]

ncyl : number of cylinders
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Effective (or Break) power .

effective torque (Nm) : measured at the engine’s outlet shaft

indicated torque (Nm) : determined with the P-v diagram
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IMEP/BMEP  in [bar]
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E
IMEP in [bar]
BMEP in [bar]   à 105 Pa
Vu in [dm3] or L à 10-3 m3
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3b. Key values : efficiency

Indicated efficiency : 
ηi =

Ei
Ycomb
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Effective efficiency : 

Mechanical efficiency : 
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Cycle efficiency
(shape efficiency) : 

=> Typically (example) : 42% (thermal) = 60% (Otto, theor.) x 70% (cycle)

(typically 97-99%; combustion losses: 1-3%)
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3c. Key values : specific fuel consumption

BSFC in [g/kWh]
in [kg/s]
in [kW]

LHV in [kJ/kg]
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3d. Combustion
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General combustion equation:

v,w,x,y,z : atomic stoichiometry coefficients for C, H, S, O, N in the fuel chemical formula
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Monocylinder : and

• Ei as a function of MF : with

• Ei as a function of MA :

• MA as a function of Pcoll, Tcoll : orcoll
A vol u
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⋅

Ei = nc ⋅Ei

ηvol : volumetric efficiency
Vu : cylinder displacement

MF : fuel quantity introduced per cycle (and per cylinder)
nc : number of engine cycles per second

MA : air mass introduced per cylinder
q :  energy content of the mixture: [kJ/kgair]
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4. Load regulation (1) 
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Monocylinder :
Ei as a function of Pcoll, Tcoll :

Ei as a function of MA : with

Multicylinder : with (engine displacement)

Effective / Break power : ⇒iorge EE !! ⋅=η
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4. Load regulation (2) 

.

=>previous
slide	:

MA : air mass introduced per cylinder (kg)
MA : air flow per second (kg/s) 
.
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Multicylinder :

Ee as a function of MA :

Ma as a function of Pcoll, Tcoll : with

Ee as a function of Pcoll, Tcoll :
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MA : total air mass flow of the engine
nc :  number of engine cycles per second
MA : mass of air introduced into a cylinder and per cycle
q :  energy content of the mixture : [kJ/kgair]
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4. Load regulation (3) 
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n: number of cylinders
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4. Balance expressed in terms of power E (kW)
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Fuel HHV:

Exhaust loss:
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Water cooling loss:

Oil cooling loss:

Loss to atmosphere:
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Fuel transfor-
mation power:

Water transformation power:

Oil transformation power:

Power engine Cogeneration engine

Effectiveness:

unburnt fuel


