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Real-time Fuel Consumption Measurement
Using Raw Exhaust Flow Meter and Zirconia AFR Sensor
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The improvement of fuel efficiency is one of the most important issues in the
R&D of powertrain system. The real-time fuel consumption can be determined
by AFR (Air-to-Fuel Ratio) and raw exhaust gas flow rate and can be easily
obtained without delay time by the in-situ measuring devices which can be
installed at the same location. Integrated fuel consumption by this method
showed a good correlation with that by the carbon balance method. On the other
hand, when a fuel-cut is operated, the difference in transient behavior of the fuel
consumption has been also observed due to the response time difference
between these two methods. The result suggests that this method has a large
potential for measuring the real-time fuel consumption.
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Figure 1 Principle of fuel flow measurement by exhaust gas flow and air-
to-fuel ratio.
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Figure 2 Principle of ultrasonic exhaust gas flow meter

1cycle = 10ps(100kHz ultrasonic)

Ve "A ‘1‘ ‘L‘ M
ARG TR

‘H!Illlllllll AR'TANV4
’ 'BEY.Y;

¢
=
g__
<
<
—

Figure 3 Ultrasonic signal wave form
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Figure 4 Configuration schematic of zirconia AFR sensor
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Figure 5 Zirconia AFR sensor
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Figure 6 Experimental setup for fuel consumption measurement
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Figure 7 Correlation with CVS carbon balance method
(integrated fuel consumption, steady-state condition)
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Figure 8 Comparison with CVS carbon balance method
(integrated fuel consumption, transient test)

200 11T 1
| y=1.0084x - 2.6403
180 R? =0.9999
; 160 |- SEE=0.451 /.
SE 140
‘C’ ©
83 120
g=
<
1
e /
o&a 80
3O < Vehicle A Ildling
[}
Z5 60
2 o Vehicle A Approx. 40km/h
2 40
= / & Vehicle A Approx. 60km/h
20
o Veh|cle A Approx 80km/h
0

0 20 40 60 80 100 120 140 160 180 200

Fuel consumption (g)
Measured by Fuel flow meter

Figure 9 Correlation with fuel flow method
(integrated fuel consumption, steady-state condition)
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Figure 10 Comparison with fuel flow method
(integrated fuel consumption, transient test)
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Figure 11 Example of real time fuel consumption measurement
(FTP75 cycle phase 1)
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Figure 12 Real-time fuel consumption measurement of FTP75 phase 1
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