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Content

� Requirements coming from the CO2

and fuel economy legislations

� New test methods influencing the 
design of the fuel measurement 
systems

� AVL FuelExact – Transient Fuel 
Consumption Measurement with 
extended application range
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Source: Corning Environmental Technologies, Corning Incorporated, HP-CB-2-4, Corning, NY 14831, U.S.A.; 

Platinum Metals ReviewVolume 52 Issue 1 January 2008 Pages 23-37

Average car fleet CO2 emissions 1995…2005
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Adjusted fuel economy 
(EPA fuel economy report 1975…2008)

Targets for 2020:

CAFE for cars: 35 miles/gallon
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Potential for CO2 reduction

� Bio fuels, CNG                  
(Potential 7…8 g CO2/km)

� Hybrid (potential 20…30%)

� Optimized combustion: 

� Thermodynamic (3…12%): GDI, 
variable valve drive

� Mechanical friction (10%): 
Downsizing (turbo) engine friction

� Calibration (10%): engine and 
transmission

� Energy management: 
START/STOP, ….
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New engine calibration methods require 
transient and continuous measurement

� High precision fuel consumption 
measurement for reduced engine 
development times (reduction of test 
bed- and  measurement times)� on the 
test bed

� Increased demand for reliable operation 
� efficiency and availability

Increased demand to measure alternative 
fuels (bio fuels)

Requirements for new calibration methods
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� Measurement range: 0.03…500 l/h using 
different sensor ranges (20,75,150,300,500 
l/h)

� Measurement frequency: 20 Hz

� Measurement uncertainty of mass flow 
calibration (reproducibility): 0.1% of reading

� Temperature control range 10…80°C,     
Option -10…80°C

� Temperature stability: better 0.02°C

AVL FuelExact: Main specifications (1/2)
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� Petrol- and Diesel fuels up to 20% alcohol 
mixtures, Option FlexFuel up to 100% 
Biodiesel, Ethanol, Methanol 

� Fuel Feed Pressure: up max. 10 bar   (1 MPa)

� Return pressure: 0.2…2 bar (20…200 kPa, 
adjustable)

� Heating power: 3 kW

� Cooling power: 6 kW – at 10°C spread 
between fuel and water  

� WEB Interface (Ethernet)

� RS232 (AK protocol), digital and analogue I/O

AVL FuelExact: Main specifications (2/2)
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Effect on Fuel Consumption from temperature stability of 
the temperature control:

time [s]

1 g/kWh



	


Influence of fuel temperature control stability to the 
repeatability of the specific fuel consumption

Standard deviation for specific fuel consumption (B SFC)
  370 g/kWh,  2000 1/min,  2 bar (Gasoline Direct I njection)
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Source: Measurement results refer to: Influence of absolute accuracy of fuel consumption measurement on DoE 
model quality and testing period of engine optimization – Haus der Technik Essen Nov. 2004
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Confidence level Dmfor the model of the 
specific fuel consumption be [g/kWh]

Number (n) of used measuring pointsRepeatability sbe [g/kWh]
sbe=0.9

n =13

n =26sbe=1.3

3 g/kWh

Required number of measurements depending on the 
repeatability of the specific fuel consumption

Source: Influence of absolute accuracy
of fuel consumption measurement on DoE 
model quality and testing period of engine 
optimization – Haus der Technik Essen 
Nov. 2004
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… Complexity � Measure less ! DoE
Calibration automation, DoE, 

Model based calibration, …

Calibration tools have to handle ….

+

… Efficiency � Measure faster ! Transien t
Continuous measurement methods, …

Today's & future challenges for calibration
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Step by step setting of parameters /
stabilization / measurement

Stationary

�����
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�

���	�

Continuous variation 
of parameters / measurement

Transient

New Calibration Method: 
From steady-state to transient
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SDS (Slow Dynamic Slope) method vs steady-state 
method

SDS: Quasi-steady-state method
10 min per speed
It could be reduced to 5 min per speed!

Steady-state:
2…3min per operating point,
10 operating point per speed,
25min per speed



	�

SDS method vs steady state method
data comparsion

EGR SOI Q_pilot t_pilot BoostP RailP Speed Torque

SDS
SteadyState

The data of SDS is good enough.
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FuelExact with SDS test – fuel consumption values 10 Hz
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Transient Cycle

0

10

20

30

40

50

60

70

80

3400 3500 3600 3700 3800 3900 4000

Time - s

F
ue

l C
on

su
m

pt
io

n 
- 

kg
/h

24

26

28

30

32

34

36

38

40

F
ue

l T
em

pe
ra

tu
re

 F
ue

lE
xa

ct
 -

 °C

Diesel Engine ~500 HP – Transient fuel consumption

Controlled fuel 
temperature

Instantaneous  fuel 
consumption
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Application /  Requirement

� Fuel Consumption up to 400 kg/h 

� Engine pump flow rate:  3…4 times 
of max. consumption

� Low pressure levels at the engine

Scalable Applications for Large Engines:
Example up to 2000 kW
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Blockdiagramm: AVL FuelExact
with external heat exchanger
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Measurement range: 0.03…500 l/h
(20,75,150,300,500 l/h)

� 2 Flow sensors can be mounted in one 
system

� Max. Engine Feed: 800 l/h variable or 
approx. 3000 l/h with external heat 
exchanger (near the engine)

AVL FuelExact: Large Engine Application



�	

Requirements for reduced Total Cost of Ownership (TCO)

Application requirement

� Fast service and maintenance 

� Fast Integration/Installation

� Reduced test bed down time

� Quick spare part availability
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� Remote Diagnosis 

� WEB interface  (Ethernet, TCP/IP)

� Standardized User Interface

� Easy to install and to use

� Reliable due to proven system concept 
and components

� Easy exchange of components

� e-spares

AVL FuelExact: Total Cost of Ownership
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Service PC

Test bed automation e.g. AVL 
PUMAOpen

W W W

Ethernet

Integrated Web Interface

Remote Service Interface (RSI)

Non AVL Test bed system / 
different operating systems

AVL InScreen
Remote control
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� Accurate fuel temperature control
allows reduction of measurement- and 
test bed time during engine 
calibration. 

� Reliable and easy to service
measurement devices avoid 
unnecessary test bed down time and 
increase therefore the overall test bed 
efficiency

Conclusions


