Engines

Exercise Ill: Energy and exerqgy balance of a Diesel engine

Data:

Let us consider the following Diesel engine:
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Schematics of a naturally aspirated Diesel engine.



Atmospheric state:
Standard state:
Fuel elementary analysis:

Fuel state at the engine inlet:
Fuel lower heating value:

Fuel exergy value:
Fuel mass-flow:

Mechanical power at crankshaft:

Air state at the engine inlet:

Air / Fuel factor for the combustion:
State of the combustion gases at the engine outlet:

Ps=1bar, Ta=25°C
P’ =1bar, T°=25°C
c£=0.856 kgC/kgF
cl=0.134 kgH2/kgF
cF'=0.006 kgS/kgF
cb,=0.001 kgO2/kgF
Pr=1bar, T, =25°C
Ah’ = 42600 kJ/kg

Ak® = 45000 kJ/kg

M, =21.13 kg/h

£ =100 kW

Pa=1bar, T,=25°C
=12

Pcz=1bar, T, =550 °C

Isobaric specific heat of the air and of the combustion gases cyc (for a complete combustion)
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Heating value of carbon monoxide: Ahgo =10100 kJ/kg

Exergy value of carbon monoxide: Ak}, = 9830 kJ/kg
Mass-flow of carbon monoxide at engine outlet: MCO =0.93 kg/h
Temperatures of the engine cooling water: 711 =85°C, fez =90°C
Isobaric specific heat of the cooling water: Cpe = 4.2 kJ/(K kg)
Mass-flow of the cooling water: Me= 145 kg/min
Temperatures of the engine oil: fhl =90 °C, fhz =100 °C
Isobaric specific heat of lubricating oil: cph = 1.8 kJ/(K kg)
Lubricating oil mass-flow: Mh = 23 kg/min

The system boundary F of Figure 1 defines the entire system including all auxiliaries systems (pumps and
heat exchangers of the cooling water and lubricating oil networks, fuel network and others mechanical
energy transfer systems).

The subsystem boundary Fu, only defines the engine alone.

Hypothesis:

Consider that the condensation water flow rate is equal to 0. M =0 kg/h

cond

Questions:

1. Formulate and calculate the different terms included in the energy balance of the system (boundary F).

2. Calculate the effectiveness ¢ of the system (boundary F)
Optional:
Calculate the exergy efficiency n of the system (boundary F)
3. Calculate the effectiveness em of the engine subsystem (boundary Fu)
Optional:
Calculate the exergy efficiency nu of the engine subsystem (boundary Fu)
4. Calculate the effectiveness ¢'m of the engine if the unburned hydrocarbons are considered as part of
energy losses (boundary Fu)
Optional:

Calculate and the exergy efficiency n’'m of the engine if the unburned hydrocarbons are considered as
part of exergy losses (boundary Fu)



