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g Energy Balance and Thermodynamic Analysis

g Efficiency and thermal situation for new combustion

concepts (Examples Hydrogen and HCCI Combustion)

g Thermal Management
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ηηii indicated efficiencyindicated efficiency

ηηIRCIRC efficiency of ideal engine with real chargeefficiency of ideal engine with real charge

∆η∆ηICSICS losses due to injection during compression strokelosses due to injection during compression stroke

∆η∆ηICIC losses due to incomplete combustionlosses due to incomplete combustion

∆η∆ηRCRC losses due to real combustionlosses due to real combustion

∆η∆ηWHWH wall heat losseswall heat losses

∆η∆ηGEGE gas exchange lossesgas exchange losses

Advanced Analysis of Losses
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Efficiency of Ideal Engine
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Conventional Gasoline Engine

Crank angle [°CA]

-20 0 20 40 60 80

180

150

120

90

60

30

0

TL

LL

VL

Ra
te

 o
f 

h
ea

t
re

le
as

e
[J

/°
C

A
 d

m
3 ]

bmep [bar]

ef
fi

ci
en

cy
, l

o
ss

es
[%

]

0 2 4 6 8 10

ηIRC

ηi
ηe

50

40

30

20

10

0

n = 2000 min-1

bmep [bar]

100

90

80

70

60

50

40

30

20

10

0
2 4 6 8 10

Pe

Qab
.

HA-HE
. .

.

Energy balance Analysis of losses

∆ηIC∆ηRC∆ηWH ∆ηGE ∆ηM

En
er

g
y

fl
u

x
[%

Q
B
].



4

TUG
Institut für Verbrennungskraftmaschinen und Thermodynamik
T e c h n i s c h e · U n i v e r s i t ä t · G r a z

Hydrogen Combustion System - Potential

Assumption:
λ = 1
λa = const.
ηe = const.
T = const.

Fuel Gasoline

Mixture formation external external
cryogen

Mixture temperature [K] 293 210

Power - potential [%]
(compared to gasoline)

3,6 4,15

H2

external

293

3,0

internal

293

4,22Mixture cal. value [MJ/m3]

100 11582 117

H2H2

Source: BMW, TUG
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Investigations concerning Heat Transfer
Allocation of sensorsAllocation of sensors

SetSet--up of sensorsup of sensors

Thermo
Material No 1

Thermo
Material No 2

Metal layer

Steel cladding
Insulating layer

Weighting of sensorsWeighting of sensors
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Investigations concerning Heat Transfer

Crank angle [Crank angle [°°CA]CA]
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Investigations concerning Heat Transfer
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Direct Injection (Variation of SOI)

CrankCrank angle [angle [°°CA]CA]
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Diesel Engine
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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
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Active Thermal Management

Source: MTZ 3/2005, Ford

Warm up behaviour of engine oil and water during NEDC
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Toyota Heat Management System

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

Source: Pat. DE 199 60 762 A1, DaimlerChrysler


