PRESSURE TIME: INFLUENCE OF PRESSURE SENSOR AND
CONNECTING TUBING.

HENRI MESPLOU

The flow measurement method known as pressure-time is standardised and chosen as a
reference in the LE.C. 41 for the acceptance of hydraulic machines.

EDF and ALSTOM jointly evaluated this method by means of comparative tests on a double
Francis unit of a power of 12.3 MW at a head of 190 m. The results of the application of the
thermodynamic method acted as a reference.

Three differential pressure sensors, Siemens, EFFA and Druck, with pass-bands of 10, 100 and
1000 Hz respectively were tested. The Sedeme sensor performed the best with a difference of -
0.1 point compared with the mean efficiency measured using the thermodynamic method. This
excellent performance must not. however, obscure the mediocre repeatability of the
measurement When this sensor is used, a standard uncertainty was identified due to the
repeatability of 0.6 point on the efficiency measurement This makes it necessary to multiply the
number of measurement points in order to increase the accuracy of results.

Two connecting tubings were also tested: one in copper 14/16 and the other, less elastic, in
rilsan 11/14. Usec of rilsan tubing is not recommended as 1t resulted in a bias of - 1 8 point on the
efficiency measurement.

At the same time, we tested two differens data acquisition devices : one was a A/D card without
analogical filter (data acquisition frequency of 200 Hz), the other one was a filtered A/D card
with a band width of 500 Hz and a data acquisition frequency of 1280 Hz Both devices gave
same results (discrepency maximal of 0.5% ca between bath) and stay in a band of 1% related to
the thermodynamic method. It should be noticed that here, the low noise test results help the
Gibson calculation n case of non filtered A/D card
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ABSTRACT

The flow measurement method known as pressure-time is standardised and chosen
as a reference in the I.E.C. 41 for the acceptance of hydraulic machines.

EDF and ALSTOM jointly evaluated this method by means of comparative tests on a
double Francis unit of a power of 12.3 MW at a head of 190 m. The results of the
application of the thermodynamic method acted as a reference.

Three differentiat pressure sensors, Siemens, EFFA and Druck, with pass-bands of
10, 100 and 1000 Hz respectively were tested. The Sedeme sensor performed the
best with a difference of -0.1 point compared with the mean efficiency measured
using the thermodynamic method. This excellent performance must not, however,
obscure the mediocre repeatability of the measurement. When this sensor is used, a
standard uncertainty was identified due to the repeatability of 1.2 point on the
efficiency measurement. This makes it necessary to multiply the number of
measurement points in order to increase the accuracy of resuits.

Two connecting tubings were also tested: one in copper 14/16 and the other, less
elastic, in rilsan 11/14. Use of rilsan tubing is not recommended as it resulted in a
bias of - 1.8 point on the efficiency measurement.



1. INTRODUCTION

The flow measurement method known as pressure-time is standardised and chosen
as a reference in the |.E.C. 41 for the acceptance of hydraulic machines.

EDF and ALSTOM jointly evaluated this method by means of comparative tests on a
double Francis unit of a power of 12.3 MW at a head of 180 m. The results of the
application of the thermodynamic method acted as a reference.

The aim was to test various types of sensor and different types of tubing.

2. APPLICATION

2.1. Eygun power station

Eygun power station is equipped with a double Francis turbine with a power of 12.4
MW under a head of 190 metres.

22. Reference method

The method used as a reference was the thermodynamic method. The uncertainty of
the efficiency measured using this method was calculated as + 0.8 point.

2.3. Instrumentation

Two pressure tappings 25.6 m apart were installed on the penstock (Figure 1).
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Figure 1: Eygun power station



24, Pressure sensars

The following pressure sensors were installed and tested:

Range Pass-band Remarks
given by the
manufacturer
Sedeme (EFFA-500 to +500|100Hz No rangeabilty -~ no
G63) mBar temperature compensation
Druck 0-600 mBar 1000 Hz No rangeability - no
temperature compensation
— restricted off-setting of
zero
Siemens 0-600 mBar 10 Hz Goaod rangeability -

temperature compensation

The choice of sensors tested was made to cover the widest possible range of pass-

band.

2:5. Connecting tubing

Two types of connecting tubing were installed on the penstock:

1) copper tubing 14/16, which has the advantage of being very rigid.

2) rilsan tubing 11/14, less rigid but has the advantage of being easier to install.

2.6. Leakage flow

The leakage flow was determined by draining the penstock. The variation in the
water level in the penstock was measured for 2 installation configurations:

» guide vanes closed, foot valve open and head valve closed (flow measured = 70

I/s);

» guide vanes closed, foot valve closed (the seal of this valve has recently been
renovated to make it completely leakproof) and head valve closed (flow measured
= - 34 I/s); hence, this flow corresponds to the leakage fiow of the head valve.

This finally gives a leakage flow of 36 I/s via the guide vanes.

2.7. Load shedding performed

During load shedding, Francis Double turbines generate sudden overpressures. To
avoid affecting the measurements, we decided to set up the following method of load

shedding:




* unit connected to the network until opening corresponding to speed-no-load
operation;

» inactive relief valve (the unit is equipped with a relief valve that has a relatively
long closing time});

« guide vane closure in 18 s. To achieve good amplitude of the pressure signal, the
target was between 7 and 10 seconds but this could not be achieved because of
the capacity of the oil circuit of the guide vanes.

3. APPLICATION CONDITIONS

The conditions for applying the pressure-time method are summarised in the table
below:

Criteria to be respected | Criteria respected?

D=136m D>1m yes
L =25.55m L>10m yes
gq=361l/s g<5%Q yes
u(g¥fg =0.1% Q u(a¥q < 0.2 % Q yes
LV =114 m?s LV > 50 m?/s yes
Tf=18s Tf>5s J=s
AP verage = 0.7 MWC AP, orage ™ T MWC no
AH s =35 Yo AP s srag0 AH a€ 20 % AP, erage no
Where:
. Tf: closing time of guide vanes;
. L: distance between the two measurement sections;
. D: internal diameter of the penstock;
. Q: flow to be measured;
L Qmax: flow to be measured at full load;
. g: leak rate via the guide vanes;
* u(q): uncertainty of the measurement of the flow q;
. V: average velocity in the penstock at full load;
. AP, .00- @verage value of the measured overpressure;
® AH,...0 load losses before closing the operating mechanism between the 2

sections.

The application conditions of the pressure-time method were rather poor: the
amplitude of the pressure signal is lower than the acceptable limit and the load
losses in the penstock were too great. It can be seen below that these conditions



allowed a better comparison to be made between the performances of the different
pressure sensors.

4. RESULTS

4. Pressure sensors

4.1.1 Comparison of pressure-time and thermadynamic methods

The resuits obtained using the pressure-time and thermodynamic methods are given
in the table below:

Mechanical power (kW} 5041 (6714 | 7323 9709 | 11156 Average

Efficiency deviation pressure- | -2.0 |-54*!-24 |-25 | -2.3 [-2.3+ 0.8* point
time Druck/Thermo (point)

Efficiency deviation pressure- | -0.3 {-0.0 | -04 [+0.3 | -0.1 |-0.1 + 0.8**point
time Sedeme/Thermo (point)

Efficiency deviation pressure- | -0.8 | -1.8 |-0.7 | -1.3 | -0.4 [|-1.0 + 0.8** point
time Siemens/Thermo (point)

*the sensor was saturated because pressure fluctuations were too great; the average
of the variations was calculated without this measurement point.

** this uncertainty corresponds to the uncertainty of the average efficiency measured
using the thermodynamic method (+ 0.8 point).

For the 3 pressure sensors, the deviations measured are within the uncertainty
announced by the standard IEC 41 [1, §2.4], i.e. approx. + 1.8 point of efficiency. In
spite of unfavourable application conditions, the results obtained by the pressure-

time method are consistent, for the three pressure sensors, with the standard IEC
41.

412 Repeatability errors

However, the good results observed before hide important repeatability errors. These

repeatability errors were quantified in the form of standard deviations for each of the
pressure sensors used.

Standard deviation caused by
repeatability

Druck pressure-time 1.7 point of efficiency
Sedeme pressure-time 0.6 point of efficiency
Siemens pressure-time 1.3 point of efficiency

The Sedeme pressure sensor with a pass-band of 100 Hz has the smallest error due
to repeatability.




4.1.3 Analysis of time signals

Siemens pressure sensor:

The analysis of the time signal shows that some fluctuations in the pressure signal
are truncated (Figure 2). The frequency of these fluctuations is of the order of 7 Hz.
For a sensar whose pass-band announced by the manufacturer is 10 Hz, this should
not be the case. In reality, a frequency analysis of the pressure signal shows that the
real pass-band of the sensor is in the order of 3 to 5 Hz, which is insufficient for the
application of the pressure-time method and explains the large error of repeatability
observed.
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Figure 2: Pressure signal measured by the Siemens sensor

Druck pressure sensor:

The great inconvenience of this sensor is that its zero can only be moved slightly.
Signal saturation may result (Figure 3). However, the pass-band, which is of the
order of kHz, does not filter the parasite frequencies due to some methods of
penstock vibration (frequency of the order of 50 to 70 Hz) that can be superimposed
on the "useful” signal. This could explain why this sensor offers the greatest
deviation in comparison with the reference method and the worst repeatability.

LA AL
\](\{J_ _\Aﬁlf/t/_ ﬁll\:ul,;\ﬁk_u‘sﬁ- - = —:,JL.

pression [v] O T
0.8 T T T T T 1 . e IR
[ [ ' i 1 ' : ¢
07 e e R R B BT ST LR St R e |l | § ' | Mp—
. 1 ] ) * ' 1 = mherrby 1 F
1 ' ' f 1 L : | o i |
el ) | P & D NS My . N i P O [ . LA O IS Supia
06 ) 1 ' ! r : ! | I
1 I 1 1 1 ' . N
05 - R i e e ol R i S e b ;----—1--L ------- e
( 1 1 g b 1 | F !
' 1 I ' G WS CR LIS | i1 SO . S A
04 =i eyl el i f I ety
: { : S q_4 [ oy
93 5= T it il B
1 1 il 1 1 1 1 1
o Wy = =ile sl b — mymaeVer e b e e el = = Lol
02 ! 1 ' [ ' 1 ' 1 1 )
1 b ] 1 1 1 ] 1 1 1
1 i 1 1 1 I 1 ! 1 1
ot g 10 20 a0 40 s0 60 70 80 30 100 110 120 130

temps (3]

Figure 3: Pressure signal measured by the Druck sensor



Sedeme pressure sensor:

The pass-band of this sensor according to the manufacturer is 100 Hz. A frequency
analysis shows that it is close to 50 Hz. This sensor is the most accurate and
repeatability performances of the three sensors tested. Nevertheless, its absoclute

repeatability is not very good and seems to be caused by pressure fluctuations from
the penstock vibrations (Figure 4)
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Figure 4: Pressure signal measured by the Sedeme sensor

The use of a physical filter (for example, hydropneumatic) installed between the

pressure tappings and the pressure sensor could allow the repeatability of the
measurement to be improved.

4.2. Connecting tubing

We compared the results obtained with copper and rilsan tubing for the whole power

range of the turbine. We observed a deviation that was almost constant for the whole
range:

Average efficiency deviation Sedeme pressure-time -1.8 poaint of efficiency
Rilsan/Copper (point)

Average efficiency deviation Siemens pressure-time -1.8 point of efficiency
Rilsan/Copper (point)

The rilsan tubing reduces performances and results in an under-estimation of the
efficiency of approximately 1.8 point. By comparing the time signals (Figure 5), a
strong attenuation is observed in the measured pressure fluctuations, particutarly for
frequencies in the order of 7 Hz. These fluctuations particularly affect the
repeatability but affect measurement accuracy less.



Attenuated signal

Copper pipe Rilsan pipe

Figure 5: Pressure signals measured with copper and rilsan tubing

Ritsan tubing has a frequency that tends towards low frequencies (approx. 3 Hz) and
tends to amplify the average signal (this is of interest for the flow calculation). This is
shown by a slight over-estimation of the flow and hence an under-estimation of the
efficiency. The choice of tubing is important and the following must be ensured:

4 xL > 10 Hz
Where:
. L: tubing iength {from the pressure tapping to the sensor);
. a: speed of sound in the water in the tubing.
5. CONCLUSION

Tests carried out in poor application conditions for the pressure-time method,
enabled the performances of three differential pressure sensors to be tested.
Extrapolation of the obtained results indicates that the performances of the pressure
sensors can be classified according to their pass-band:

» f <5 Hz: poor repeatability that can be improved by using physical filters (this still
has to be proved);

e 5 Hz < f < 50 Hz: best performances; however, under critical application
conditions, the errors of repeatability are still great;

e f> 50 Hz: worst performances; there is no point in using sensors with such a wide
pass-band (degradation of the signal/noise ratio).

Note that the pass-bands announced by the manufacturers are sometimes
approximate.



The choice of tubing type to be used is important and should have a frequency
above 10 Hz.
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