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Abstract

For measurement problems with unknown fluids a new calibration-free volume flow measurement technique is
developed. This measurement technique includes a controlled heat source associated with a minimum of two thermal
sensors arranged downstream [5,6]. The heat source is used to generate a rectangular signal code [dT/dt] by injection
of regulated thermal pulses into a flow line, the flow velocity being based on two measurands. Rapid changes in flow
velocity are determined by the flow dependent variable (inversely proportional to the velocity) which is controlling
the temperature of the filament. By analysis of the rising edge of the thermal signal of subsequent sensors the velocity
can be measured less frequently but precisely and in unknown fluids (TToF) [6,7]. The combination of these two
measurement techniques (hot wire and TToF) can be applied to both, liquids and gasses.
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1. Introduction

The use of mass and volume flow measurement techniques is essential in industries for process control
purposes. In recent years several different types of sensors were developed. Depending on the
specifications, for example metering precision, flow ratio, permitted decrease of pressure and also for the
cost of production, different measurement principles are applied [1,2]. The utilisation of these
measurement systems is dependent on pressure, in the majority of cases temperature, density, viscosity
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and homogeneity of the fluid. At present, conventional flow sensors are restricted to the flowing medium
that they are calibrated for.

Thermal flow sensors are commonly used due to their low cost and simplicity. Their measurement
method is currently based on detecting the heat displacement from a permanently heating element
(constant-current or constant-temperature) in dependence of the velocity of the passing fluid with known
properties [3,9]. For this reason research is done to identify a media-independent, respectively calibration-
free measurement principle. Current analysis shows that this can be accomplished thanks to the thermal
pulse time delay method. However, this method does currently not lead to a measurement frequency of 10
Hz. Hence, sensors cannot sufficiently measure fluids with unknown properties or generate measurement
results. Therefore, a volume flow measurement technique of the calibration-free TToF principle in
combination with the conventional principle of hot wire anemometry is developed. This measurement
technique is applicable to any kind of fluid with the variable measurement frequency.

2. Methods & Materials

In the following, the detection of flow velocity is presented as well the associated experimental setup
for the investigation media air and water. The measurement technique consists of the principles of
constant temperature anemometry (CTA) and ToF of heat pulses.
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Fig. 1: Filtered, offset corrected and normed signal for the flow velocity measurement by TToF and constant-temperature-
anemometry of air and water.
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2.1. Experimental Setup

The experimental setups contain a conveyer for the respective flowing medium (air & water), a
reference flow sensor (air: hot-wire anemometer of the Testo company / magnetic-inductive flowmeter of
the Krohne company) and a specifically constructed sensor consisting of a filament to generate the heat
pulses and four thermocouples type K (@ = 50 um) arranged at the filament and downstream [7].
Considering the pipe’s diameter, the filament and the thermocouples are vertically plugged into the
middle of the pipe. The thermal signals are sampled at a frequency of f = 100 Hz with a resolution of AT
=0.01 K.

2.2. Signal Processing

The volicity at a certain point in time is measured by CTA. The temperature at the filament is detected
by an adjacent thermocouple and controlled by a PID-controller. To calibrate the CTA values the TToF
principle is applied. For this purpose the values are sampled at a 100 Hz rate and filtered due to the effects
of thermal and electrical noise by Chebyshev-filter. In the following the signals (fig. 1) are offset
correlated and normalised. For the calculation of the time delays 7;, and 7;; the two cross-correlation
functions Rx7xp(t) and Rxrxr3(t) are obtained [6,7].

3. Results & Discussion

For measurement purposes the velocity vector v,,, is detected in the centre of the pipe. Therefore the
filament creates heat pulses with dT of 4 K in water and AT of 10 K in air.

In the analysis (fig. 2a,b) the respective values of the CTA measurement principle are related to the
values of the TToF principle and are represented according to the reference.
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Fig. 2: Gemessene Geschwindigkeit mittels TToF and CTA of Air and Water iiber die jeweilige referenzgeschwindigkeit

At lower velocities as chosen as a basis for water, the applied CTA measurement technique shows greater
deviations due to the chosen parameter of the PID controller. For medium to high velocities, as shown in
particular in fig. 2 (air) for the range of defined parameter, a linear dependence can be observed. This
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means that for future measurements the parameters of the PID controller should be adapted dynamically
to the velocity in order to allow larger measurement ranges. This would also be a key condition for
application to diverse media as the parameters differ by media, as in this case for air and water.

4. Conclusion

The current works aim at developing a measurement method for velocity detection of flowing media.
For this purpose a combined measurement technique of the calibration-free TToF principle and the
constant temperature anemometer principle for high frequency measurements is applied. With the
measurement results shown in fig 2a,b the approach of the combined measurement is confirmed.
Therefore the basis for a simple, cost-efficient and calibration-free measurement technique is created.

5. Subsequent Work

The work completed so far on temperature-controlled signals has proven that the hotwire anemometer
in combination with the TToF measurement principle is a simple solution for calibration-free volume
flow measurement. For this purpose the increase and the pulse width of the thermal signals were
analysed. Subsequently completed analysis of thermal pulses will show that the decreasing constant
allows conclusions on the properties of the flowing medium.
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