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Summary:
The monitoring of the quality and the flow rate of the diesel exhaust fluid is essential for an efficient
selective catalytic reduction in diesel combustion. This article presents a platinum thin film sensor using
a combination of the constant temperature anemometry and the 3ω-method to measure continuously
the urea content and the flow rate with compensated fluid dependence. The urea content can be determined within 3 % by weight and the flow rate within 4 % full scale. The presented method allows continuous monitoring of two main parameter in the selective catalytic reduction.
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Motivation and Background
The selective catalytic reduction (SCR), an aftertreatment method to reduce the emission in diesel combustion engines, can convert the harmful
detrimental nitrous oxide into water and nitrogen
by using a so-called diesel exhaust fluid (DEF),
known as the trademark “AdBlue”. The DEF consists of 32.5 % urea and 67.5 % water. The ratio
of urea and water is crucial for an optimal aftertreatment and an inappropriate ratio breaks the
SCR down and the emission reduction fails.
Reported DEF quality sensors, based on optical
principles [1], ultrasonic [2] and sinusoidal heating measurement [3], are not sensitive to flow or
are driven at non-flow condition due to a cross
correlation between flow and fluid composition.
The claims of this paper are: A method using a
combination of the constant temperature anemometry (CTA) and the 3ω-method to (1) measure simultaneously flow and (2) determine the
urea concentration. (3) The measurement deviations are better than 4 % full scale for the flow
measurement and better than 3 % for the urea
concentration measurement. (4) The sensor is
suitable for on-the-fly measurements in e.g. vehicles.
Method
On one side, the CTA [4] is a well-known flow
measurement method. However, the state-ofthe-art thermal flow measurement are highly dependent on the fluid and the sensor must be calibrated for each fluid. On the other side, the 3ωmethod is a well-known method to measure

thermal conductivity and heat capacity [5], but
the signal has usually a flow cross sensitivity. A
crucial quantity in the field of the 3ω-method is
the penetration depth δ which depends on the
surrounding, e.g. thermal conductivity and flow,
and on the frequency ω as following,
1

𝛿𝛿 ∝ √𝜔𝜔 .

(1)

Because the flow velocity changes perpendicular to the flow direction and is zero at the wall
boundaries, a frequency range might exist where
the fluid dependence is still visible, and dominant
compared to the flow dependence. This article
shows that such a frequency exists and can be
used to measure the composition of a binary
mixture and to compensate the fluid dependence
of the CTA-measurement.
Experiment & Result
The investigated sensor (see figure 1) bases on
platinum thin film technology.

Figure 1: Platinum thin film element consists of a temperature sensor with 1200 Ω at 0 °C and a heating
element with 45 Ω at 0 °C.
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The sensor consists of two structure, a heater
and a temperature sensor. Both structures have
a temperature-to-resistance coefficient of 3900
ppm/K. The setup consists of an electronic circuit
able to do the CTA-mode and the 3ω-mode.

DEF, the urea content of the 10%-mixture is determined to be between 10% and 13 % urea for
the entire flow range.
Using the extracted information of the 3ωmethod, the fluid dependence can be compensated. In this investigation, the dependence between the 3ω-signal of a mixture at the given
drive frequency of 4 Hz and its urea concentration is approximated to be linear. Figure 4 shows
the compensated and linearized flow signal and
the deviation with respect to the calibration with
pure DEF. The deviation is smaller than 4 % with
respect to the calibration with pure DEF. Therefore, the deviation due to fluid dependence is reduced by more than a factor of 10 compared to
the state-of-the-art thermal flow sensor without
fluid compensation.

Figure 2: CTA-signal for different fluids, namely water,
a urea-water mixture of 32.5 % urea and a urea-water
mixture of 10 % urea as function of flow.

The experiment was done for three mixtures,
namely water, a urea-water mixture of 32.5 %
urea (pure DEF) and a urea-water mixture of 10
% urea. The sensor calibration was done with
pure DEF. Figure 2 shows the uncompensated
CTA-signal for these fluids and the fluid dependence is highly visible which leads to a measurement error of the linearized flow of around 50 %
full scale in a state-of-the-art thermal flow meter.
Figure 4: Linearized signal regarding flow, where the
fluid dependence is reduced. Solid lines correspond to
the linearized signal, dashed lines correspond to the
deviation being smaller than 4 % full scale with respect
to the calibration curve of pure DEF.
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Figure 3: 3ω-method signal for a drive frequency of 4
Hz as function of flow. The fluid dependence is dominant compared to the flow dependence.
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