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This paper reports the investigations of the transient flow rate of the several flow meters and the ultrasonic
flowmeter based on the pulsed Doppler method. The reference flow rate is given by the gravimetric method
which is newly established in NMIJ. The flow rates are investigated for pulsation flow with 0.5 Hz T 8 Hz
frequency. The fluctuations of flow rate by ultrasonic pulsed Doppler method and Coriolis flowmeter are agreed
well each other and with the reference flow rate. The influence of the fluctuation of flow rate is less than 2% for
the pulsed Doppler method. The result gives new advantage, which is high response for transient flow, for the

ultrasonic flowmeter based on the pulsed Doppler method.
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1. Introduction

Flow rate is one of the most important parameters in
engineering fields, such as power generation, chemical,
food and so on. Many types of flowmeter have been
developed depends on the measurement target and are
using in each flow field because there is no flowmeter
which is applicable for any flow field. Every type of flow
meter has both advantage and disadvantage. The
advantage of an ultrasonic flowmeter, which is recently
applied to many flow fields, is generally no pressure loss
and maintenance free. The disadvantage of the ultrasonic
flowmeter depends on the principle. A transit-time
ultrasonic flowmeter, which is the most popular principle,
is strongly influenced by the velocity profile in the pipe
because the flow rate is calculated from a line averaged
velocity between ultrasonic sensors. The disadvantage of
the ultrasonic flowmeter based on pulsed Doppler method
is a necessity of reflector. To obtain flowrate or velocity
information, sufficient reflector is necessary in the target
flow field. However, this flowmeter is not influenced by
the velocity profile because the principle is based on the
direct integration of it. The ultrasonic flowmeter based on
the pulsed Doppler method was firstly proposed by Mori
et al. [1], and has been applied several flow fields [2][3].
From the uncertainty analysis by author [4], the accuracy
of this method has been established.

The principle of the pulsed Doppler method brings
another advantage. That is high response for transient
flow, which is very important for process control. High
response of flowmeter installed in a process line achieves
an optimal management and reducing the start-up
procedure and so on. Mori et.al [1] reported that the flow
rate fluctuation measured by the pulsed Doppler method
agreed well with orifice flowmeter. Wiklund et al.[5]
reported the dynamic response for several type of
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flowmeter. They reported that the response of the
differential pressure type flow meter was the highest.
However, both experiments investigated only a
responsibility of each flowmeter and did not mention
about the accuracy for the measurement of the transient
flow rate, in other word, an instantaneous flow rate. To
know the accuracy of the transient flow rate measurement,
the comparison with reference flow rate is required.
Unfortunately, there is no reference standard for the
fidynamico flow rate although there are many reference
standards for fistatico flow rate all over the world.
However, one trial for the dynamic flow rate
measurement by modifying the static gravimetric method,
which is widely used as the reference standard of the flow
rate measurement, has been done by Shinder et al [6].
They claimed that the standard uncertainty of the
dynamic flow rate measurement using the weighing tank
method is 0.015%. This result indicates that this method
is possible to use as the reference standard of the transient
flow rate.

In this paper, we establish the reference standard for
the transient flow rate using weighing tank method and
investigate the response of the pulsed Doppler method for
a pulsation flow.

2. Experimental set up and method
2.1 Experimental apparatus

The flow sheet of this experiment is shown in Fig.1. In
this experiment, the national standard of small water flow
rate in Japan [7] was used with small modification. This
national standard consists of the 10 kg weighing tank
system with high accurate rotating diverter. The flow rate
range is from 0.002 m%h to 1.2 m%h. The temperature of
working fluid which is water is controlled by the
temperature control unit and the stability is less than 0.1
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Figure 1: Flow sheet of experimental facility. The facility is managed as the national standard of flow rate in Japan.

°C. The flow rate is given by the static gravimetric
method and the expanded uncertainty of the flow rate
measurement is 0.04% with coverage factor of 2.

In this experiment, the pulsation valve and the high
response weighing tank are added to the original facility.
The pulsation valve is driven by air pressure and repeats
the shut on-off operation. The frequency of the on-off
operation can be controlled from 0.5 Hz to 10 Hz. Note
that the pulsation flow cannot be observed at the test
section from the velocity measurement when the
frequency is over 8 Hz.

The high response weighing system is consists of the
8 kg tank which is set on the single load cell. The
response time in the specification of the load cell is less
than 2 msec. To avoid the influence by the direct shock of
water, porous bodies with different mesh size are
installed in the tank. The flow line is changed by the
three-way valve installed downstream of the test line. The
example of the time-dependent weight of the water in the
tank is shown in Fig. 2. The pulsation frequency is 1 Hz.
The instantaneous flow rate is given by the differential of
the time-dependent weight. The results will be shown in
Section 3.
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Figure 2: Dynamic weight with 1 Hz pulsation.
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2.2 Examined flowmeters

The inner diameter of the pipe in the test section is 25
mm. The test meters were electromagnetic, Coriolis and
ultrasonic pulsed Doppler flowmeter, which is called as
UPDF hereafter. Electromagnetic and Coriolis flow
meters are installed in series as shown in Fig.l. At
downstream of the Coriolis flow meter, hydrogen micro
bubble is generated. The distance between the bubble
generation section and the measurement location by
UPDF is 1200 mm. At the downstream of UPDF, two
weighing tank systems are equipped, which can be
selected depends on the experiment. The measurement
for all flow meter was done synchronized with the weight
measurement of the high response weighing system. The
signal output frequency of electromagnetic and Coriolis
flow meters is set to 1 kHz for 1.5 m?h. The frequency is
linear with flow rate. Using the converter from the
frequency to voltage, the flow rate is calculated. In this
experiment, the frequency is less than 0.57 kHz.

For the UPDF, the ultrasonic transducer with 4 MHz
was used. The ultrasonic transducer was set with 45°
inclination angle against to the horizontal axis. The
measurement section for the UPDF is covered by the
water chamber to avoid the reflection noise of the
ultrasonic. The measurement of the velocity field was
performed using the UVP-Duo by Met-Flow. The time
interval of the velocity profile was 16 msec. The
measurement of the velocity was also synchronized with
the other flow meter measurement.

2.3 Experimental condition

The flow rate without pulsation was set to 0.85 m%/h
in this experiment. The bulk velocity in the test section
was app. 0.5 m/s. Temperature of water was 20 °C and
was controlled +0.2 °C using temperature control unit.

The pipe length from the electromagnetic flow meter
to the high response weighing tank is 1800 mm.
Assuming that the delay time of the velocity profile is
equivalent with the propagation speed of the pressure
wave, it between the electromagnetic flowmeter and the
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Figure 3: Flow field of u(r,t) with (a) 0.5 Hz, (b) 3 Hz pulsation.

high response weighing system is estimated less than 2
msec at most. Therefore, the delay time is equivalent with
the time resolution of the flow meters and smaller than
UPDF.

3. Result and discussion

The velocity profiles u(r,t) in the time-space domain,
which are measured by UPDF, are shown in Fig.3. Here,
r is the radial position and R is the radius of the pipe. The

pulsation frequencies in these figures are 0.5 Hz and 3 Hz.

The pulsation flow can be investigated clearly. The
velocity in the whole pipe is fluctuated depends on the
on-off of the pulsation valve. In the result for 0.5 Hz,
negative flow, which is the secondary flow, is also
investigated near the wall. This negative flow might
influence to the flow rate measurement since it is
obtained by the direct integration of the velocity profile.

Firstly, the influence of the pulsation flow for the
average flow rate is investigated. The relation between
the deviation from the non-pulsation flow and the on-off
frequency of the pulsation valve is shown in Fig.4. This
result is obtained by the 10 kg weighing tank system. The
horizontal axis is the deviation from non-pulsation flow,
which is given by the following.

Kk,
Tk 1)

n

where, the subscripts p and n are for the pulsation flow
and non-pulsation flow, respectively. k is the correction
factor given by the following,

k=Q;/Q )

Qr is the flow rate indicated by flow meters and Q; is the
flow rate given by the reference, here 10 kg weighing
tank system.
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Figure 4: Influence of the pulsation for averaged flow rate. The
blue points and line are the electromagnetic, the blacks are
Coriolis flow meter and the reds are UPDF. E is the deviation
from the non-pulsation flow.

The electromagnetic flowmeter and UPDF shows
large deviation flow the lowest frequency. This might be
caused by the reverse flow as shown in Fig.3 since these
flowmeters are influenced by the velocity profile. On the
other hand, since the Coriolis flow meter is not
influenced by the wvelocity profile, the deviation is
relatively smaller. With increase pulsation frequency, the
deviation of UPDF decreases. Over than 2 MHz, the
deviation is less than 2%. The electromagnetic flow
meter is strongly influenced by the pulsation flow around
3 MHz, however it decreases with frequency. The
deviation for all examined meters approaches to zero
around 7 Hz. The amplitude of the pulsation flow
decrease with the on-off frequency of the pulsation valve
and it is almost zero around 8 Hz as mentioned.

The transient flow rate given by for each flow
meter and the high response weighing system is shown in
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Figure 5: Transient flow rate with (a) 1 Hz, (b) 5 Hz pulsation. The black line is weighing tank, the red is ultrasonic pulsed Doppler
method, the blue is Coriolis flow meter and the green is electromagnetic flow meter. Qn is the nominal flow rate without pulsation.

Fig.5. Under 1 Hz pulsation, the transient flow rate given
by the UPDF is very nice agreement with the Coriolis
flowmeter for not only the rise-up and fall down but also
small fluctuation of flow rate. The result UPDF also
agree with the flow rate by high response weighing
system for the raise-up and fall down flow rate behavior.
However, the flow rate behavior at when the valve is
open is largely deviated. This might be caused by the
dead volume between the test section and weighing
system. On the other hand, the flow rate given by the
electromagnetic flow meter is largely different with the
UPDM and high response weighing system. Obviously,
the time response of the electromagnetic flow meter is
very low although the averaged flow rate does not deviate
from them as shown in Fig.4.

For higher frequency pulsation flow, the transient
flow rate given by UPDF, Coriolis and the high response
weighing system agree well. This result guarantees the
reliability of measurement results for the transient flow
rate each other. In contrast, the electromagnetic
flowmeter indicates almost stable flow rate.

As showing in the previous, UPDF and the Coriolis
flowmeter has high response for flow rate measurement.

rate of the several flow meters and the ultrasonic
flowmeter based on the pulsed Doppler method (UPDF).
The reference flow rate is given by the gravimetric
method which is newly established in NMIJ. The
fluctuations of flow rate by UPDF and Coriolis flowmeter
are agreed well each other and with the reference flow
rate. The influence of the fluctuation of flow rate is less
than 2% for UPDF.
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