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Engine SenerTec Dachs G5.5 / swirl port 

 

Fuel Natural Gas (NG) 

Mixture preparation External (naturally aspirated) 

Cylinder 1 

Nominal speed 2450 rev/min 

Stroke 91 mm 

Bore 90 mm 

Displacement volume 578 cm³ 

Number of valves 2 

Compression ratio  
(geometrical) 

13.20:1  

Csq 0.63 

IVO (room temperature) 20°CA BTDC  

IVC (room temperature) 50°CA ABDC  

EVO (room temperature) 35°CA BBDC  

EVC (room temperature) 16°CA ATDC  
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 Unit Mean Min Max 

Methane Vol.-% 93.00 92.31 93.85 

Ethane Vol.-% 4.519 3.766 5.129 

Nitrogen Vol.-% 0.996 0.718 1.675 

Carbon dioxide Vol.-% 0.818 0.555 0.968 

Propane Vol.-% 0.491 0.013 0.614 

iso-Butane Vol.-% 0.083 0.000 0.129 

n-Butane Vol.-% 0.066 0.047 0.092 

iso-Pentane Vol.-% 0.016 0.000 0.059 

n-Pentane Vol.-% 0.011 0.000 0.021 

n-Hexane Vol.-% 0.003 0.000 0.007 

LHV MJ/kg 47.90 47.36 48.29 

N kg/mN³ 0.771 0.762 0.777 

Measured variable SenerTec - Engine I Karlsruhe UAS - Engine II 

Air mass flow Thermal mass flowmeter ABB Sensy-
flow FMT700-P 

Hot-film air-mass meter BOSCH 
model HFM 5   

Fuel mass flow Volumetric flowmeter ELSTER 
EXBGZ DE05 

Thermal mass flowmeter Bronkhorst 
F-103 

In-cylinder pressure Kistler 6145A Kistler 6125C11 

Gas composition Monthly obtained from municipal utilities Hourly natural gas analysis  
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   Baseline Miller 

Geo. comp. ratio rgeo - 13.2 15.25 

Piston bowl area mm² 4287 4217 

A/V ratio (TDC) mm-1 0.32 0.36 

Piston clearance mm 1.7 1.7 

Squish ratio   - 0.63 0.58 

Piston bowl shape - 

  

Piston design - 
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EGR

7.3.1 Development of two comparable 

early and late Miller Valve timings

Miller

7.1 Analysis of mixure composition

- Burning delay

- Burning ve locity

- Combustion temperature

- Combustion pressure

1D-CFD

(Chapter 5)

7.2 EGR for Otto cycle at

- Constant IMEP

    - NOx/ISFC trade-off

    - Combustion analysis

- Constant NOx

    - Potential to advance CA50

    - Potential to increase IMEP

- Engine Operation at knock margin

7.3.2 Comparison of early/late Miller λ ≥ 1 

- NOx/ISFC trade-off

- Combustion analysis inlcuding results from 3D CFD

7.3.3 Comparison of early/late Miller λ ≥ 1 + EGR

- NOx/ISFC trade-off

- Combustion analysis 

- Knocking tendency

7.3.1 Reevaluation of Miller 

configurations determined

Engine I

Engine II

CVCC

Engine II

7.4.1 Comparison of Miller and Otto cycle λ ≥ 1

- NOx/ISFC trade-of

- Combustion analysis 

7.4.2 Comparison of early/late Miller λ ≥ 1 +EGR

- NOx/ISFC trade-of

- Combustion analysis 

- Comparison of selected operating points 

3D-CFD
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Scavenging

(5 min)

Evacuation

(30 mbar)

Addition of 

- CH4

- Air

Ignition (after 

5 min)

Evacuation of 

(p0 calculated)

Addition of 

- CH4

- Air

Ignition (after 

5 min)

Trial with EGR
Scavenging

(5 min)
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Parameter Unit Baseline Early Miller Late Miller 

IVC [°CA ABDC] 44 -15 88 

rgeo [-] 13.20 15.25 15.25 

rc eff [-] 13.71 13.88 13.98 

ECReff [-] 0.968 1.091 1.099 

Tintake [°C] 75 73 108 

Tcyl (3 °CA BTDC) [K] 852.6 856.5 859.3 

pcyl (3 °CA BTDC) [bar] 30.00 30.35 30.68 
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: Ẇ:

:
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ṁair
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Conditioning unit

Air filter

GEN
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FID

NO/NO2

CO/CO2 O2

Texh, pexh

Taft HE, paft HE

TEGR

Tintake, pinake
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Tfuel
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1: Throttle

2: Compressor

3: Bypass valve

4: Heat exchanger

5: Water storrage 

6: Water pump

7: Condensation trap

8: Filter

11

20

9: Plenum

10: Hot-film air-mass meter

11: Thermal mass flow meter 

12: Gas valve

13: Venturi gas-mixer

14: 3-way valve

15: Generator

16: Encoder

17: Oxidation catalyst (dummy used)

18: Exhaust gas heat exhcanger

19: Muffler

20: Water pump

21: Water storrage

22: EGR cooler

23: Condensation trap

24: EGR valve

16

Process thermostat

n
α 

Exhaust gas analyser

Toil

pcyl

Casing

Tcasing

Tcoolant, in

Tcoolant, out

Heated sample 

line (180 °C)
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ṁth 

CD = 
ṁ
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pamb: Ambient pressure 

 

pcyl: Pressure before Torque 
meter 

 

Tamb: Ambient temperature 

 

Tcyl: Cylinder temperature 

 

ṁ: Mass flow 

 

M: Torque
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Hot-film air-mass meter
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