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Energy Balance
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Advanced Analysis of Losses

N = Nire ~ AMics = ANic — ANge — ANy — Ange
n; indicated efficiency
NirC efficiency of ideal engine with real charge
AnICS losses due to injection during compression stroke
Anc losses due to incomplete combustion
Angc losses due to real combustion
Anyy wall heat losses

AT]GE gas exchange losses
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Efficiency of Ideal Engine

Gasoline engine Diesel engine
sC NA large truck passenger
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Conventional Gasoline Engine

n =2000 min-!

Energy balance
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Analysis of losses
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Hydrogen Combustion System - Potential

Assumption:

A =1

Aqy = const.

Ne = const.

T = const.
Fuel Gasoline H, H, H,
Mixture formation external external external internal

cryogen

Mixture temperature [K] 293 293 210 293
Mixture cal. value [MJ/m3] 3,6 3,0 4,15 4,22
Power - potential [%] 100 82 115 117

(compared to gasoline)

Source: BMW, TUG
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Investigations concerning Heat Transfer
® Set-up of sensors

Allocation of sensors
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Investigations concerning Heat Transfer
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Investigations concerning Heat Transfer
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Direct Injection (Variation of SOI)
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Analysis of relevant Operation Points
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Diesel Engine = 2500 min-

Energy balance Analysis of losses
90 1 100 7
VL 90 A
T 75
£ 80 1
2 — ANy ANgcAnwy ANge ANy
% 601 o
= 2
) 60 60 -
g L 3 T Mire
o 457 £ 50- < 501
1 > - i n.
5 2 2 i
2 g 40 @ 40
%5 307 “ < ] Ne
° 30 1 = 307
= LL g 1
< 20 2 201
151 é i
10 v 101
0 T T T 1 0 0
20 0 20 40 60 80 0 4 8 12 16 0 4 8 12 16
Crank angle [°CA] bmep [bar] bmep [bar]

ﬂ Institut fir Verbrennungskraftmaschinen und Thermodynamik
TUG Technische-Universitat-Graz

Alternative Combustion Systems
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HPLI- Soot Production and Soot Oxydation
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Transient Heat Flux Density
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Wall Heat Flux - Radial Distribution

radial position [mm]
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Active Thermal Management
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Warm up behaviour of engine oil and water during NEDC

Source: MTZ 3/2005, Ford
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Toyota Heat Management System

| Cabin Heater l

(a) Reservoir*

E—ngine goolant Water Pump
emp. Sensor (for AIC)

Cylinder Head
N

Valve
Cylinder Block Position
——l Sensor*
Water Pump;-]

(for Engine) [ I

L

Radiator _I

{(d) Outlet
Temp. Sensor”

A A
—>[ ECM

Source: VDI Fortschrittsberichte, Toyota, 2004
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Use of Exhaust Thermal Energy

Frischiuft

B -

2

13
N W ot

” FIG.2

Source: Pat. DE 199 60 762 A1, DaimlerChrysler
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