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Tachometric flowmeters employed on the steam generators of the NPPs operating on the
pressurized water reactors serve the function of primary transducers for determining the
velocity and direction of the flow in various water exchange sections. These transducers
feature a high degree of measurement accuracy and low sluggishness, however the
original transducer designs that have been implemented and put into operation had a
limited service life owing to the use of corundum for the bearing assembly components.

Working in collaboration with the VNIIAM, the EREC (Electrogorsk Research
Engineering Centre) has undertaken a series of investigations to devise such a design of
the tachometric flowmeter that would endure a long-time experimentation on the steam
generators in operation today. A search for other ways to develop a workable design of
the transducer was undertaken simultaneously along the following lines: selection of
proper structural materials for the bearing pair as an alternative to the corundum bearing;
elucidation of the cause of premature wear of the bearing pair; devising new design
ideas which would enable to minimize the time of dynamic impact of the flow being
measured on the transducer rotor.

As a first priority task, some widely used materials (corrosion-resistant steels.
fiuoToplastic, glass-cloth-base laminate and others) have been investigated for feasibility
of their use as alternatives for replacing the corundum bearing and guide bushing. The
tachometric flowmeters fitted with bearing assemblies manufactured from the above
structural materials and their diverse combinations have been tested on a water test
facility featuring parameters close to the operating ratings of the PGV-1000 steam
generators (P = 7 MPa, t = 260°C). Good results have been obtained after testing the
transducer with bearing assemblies fabricated from corrosion-resistant steel. The
operation time of this transducer exceeded 100 hours and there were no visible traces of
wear of the bearing assembly or any alteration in the break-away torque of the rotor.

The developed design of the flowmeter is illustrated in Fig. 1. Casing (2) of the
transducer incorporates axle (4) which carries a rigidly fixed two-blade impeller (5)
manufactured from permaloy, bearing mounting members, and upper (1) and lower (2)
levelling frames. The lower bearing assembly is so designed that it permits to avoid any
ingress of physical impurities contained in the boiler water of the steam generator. The
measurement circuit utilizes a transducer in which signals are picked off by induction.
Arranged on the lateral side of the transducer casing in air-tight sleeve (8) is
electromagnet (10) with a winding made of heat-resistant winding wire (grade FICOK) of
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0.35 mm in dia. The output from the steam generator is connected to the secondary
connection terminals with the aid of two wires. The rotational speed of the rotor impeller
in this measurement circuit is proportional to the speed of the flow.

The circuit provides also a means to identify the direction of the flow passing through the
transducer by the shape of the "marked" signal. With this^aim in mind, a provision is
made for "small" magnet (15) which ensures a change of the output signal shape
depending on the direction of the flow through the transducer.

Figure 2. shows the measurement block diagram. The secondary equipment used in the
design is traditional for related measurements. Presence of high-frequency filter (3) in the
measurement circuit makes it possible, under commercial experiment conditions, to
obtain distinct and clear signals undistorted by noise and to record them on mirror-
galvanometer oscillograph (4). Signal generator (7) and cathode-ray oscillograph (6) are
employed in the system for adjustment of the measurement circuit.

Testing of the transducer design and optimization of the methodological issues was
accomplished in the course of testing the PGV-1000M steam generators of the
Balakovskaya NPP block. Several transducers were installed in the water section of the
PG-4 steam generator secondary circuit in which an overshoot of the steam-water mixture
into the upper steam exchange zone was prevented by closing the slot between the tube
bundle (cluster) rim and the housing with a perforated screen and opening of the rim ports
as well.

The interior working sections of the transducer were opened immediately before the block
gained its full power ratings. The velocity and directions of flows in the steam generator
were measured within a wide range of variation of the block power ratings up to those
values which correspond to the full power. The service life of the transducers proved to
be not less than 720 hours, which is 20 times as long as that of the tachometric
flowmeters installed in the steam generators of the of the NPP main blocks running on the
PWR-1000 Reactors. As is evident from the analysis, the transducer parameters remained
unchanged within the entire operation period.

Calibration characteristics of the tachometric flowmeters are largely dependent on a
number of factors, such as the transducer geometry, physical properties of the
environment (viscosity, density, temperature); conditions in which the flow passes over
the transducer. Since it is practically impossible to take into account the total lot of
impacts of all the factors, the calibration of the transducers was effected through
experimentation. Prior to installation of transducers in the steam generators, each
transducer was subjected to checks to attain its individual characteristics within the
respective range of the flow velocity variation. The transducers were calibrated in such a
manner that the water flow ran against them (at ram water flow) on high-pressure (P = 7
MPa, t = 275 oC) and atmospheric pressure (at t = 40 to 50 oC) test facilities.
Representative examples of calibration curves are presented in Fig. 3 which makes it
clear that the relationship between the rotor rotational speed (t) and velocity (w) is of a
linear nature. Maximum values of water velocity sensed by the transducers are about 0.12
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m/s in average, which enables the measurements to be taken within the anticipated range
of water velocity.

While carrying out a quantitative analysis of the circulation process, it is well to bear in
mind that the transport of steam-water mixture is virtually observed in all the monitored
water exchange zones of the PGV-1000 steam generator. Thecefoce the velocity values
determined by the use of the calibration curves plotted for water are somewhat erroneous.
A correction to be applied in connection with the presence of steam bubbles in the liquid
flow will depend, to a large extent, on the size of bubbles. In case that the diameter of
bubbles is less than the lateral dimensions of the flowmeter, the liquid flow rate
measurement error may be accepted as equal to the percentage volumetric void fraction of
the steam in the flow. With an increase of the size of bubbles the process by which the
steam-water flow passes around the flowmeter rotor will be more complicated. As regards
the operating conditions of the PGV-1000 steam generator, the most probable value of the
steam bubbles diameter in a water flow will be 5 mm, approximately, which is quite
comparable to the flow area of the transducer. Owing to this fact, the correction for
presence of steam bubbles in water flow should be determined by calibration of the
transducer with the use of a steam-water mixture of diverse steam void fraction. The
problem of determining the steam void fraction in the area where the flow meter is
mounted may be easily solved by installing , for instance, a local steam void fraction
conductivity-measuring transducer in the flow area and connecting it in the common
measuring system.

The analysis of the oscillograms (Ref. Fig. 4) obtained during tests has shown that almost
all the transducers, which were used for investigation of various operating ratings of the
steam generator, recorded different direction of the liquid flow. For analyzing such
circulation processes it will be a good idea to evaluate not only the velocity of the flow in
the respective direction, but to take into account also the time during which the flow
passes in this direction and add it up to the total interval during which the signal is
recorded by introducing unitless temporal coefficients K.f and K.1 . The form of the
algorithm developed for processing of oscillograms (as applied to Fig. 3) is illustrated in
Fig. 5.

According to the accepted processing pattern, the duration time values for each transducer
under each operating status within a measurement interval of x l will be represented in
general as t t . z-l, T idle which denote respectively: recording time of upward motion,
downward motion and the idling time of the blade; n, f, w - are respectively sumtotals
of the blade revolutions, rotational speed and the velocity of the ascending and
descending flows (other unit symbols do not require additional clarifications).

By making use of the introduced coefficients, it is easy to pass over frorn_ calculated
velocity values w t and w l to temporal averaged values wt and wl , which
evaluate the rate of circulation in the respective areas of the steam generator with the aid
of the formulae:
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The results of processing of the experimental data in conformity with suggested methods
for the plant operating at full power ratings at the design water level in the steam
generator are presented in the T a b 1 e (Ref. Fig. 6)

As specified in the T a b l e the flow circulation in the investigated zones of the steam
generator are characterized by upward movement at bothjydes_ of the rim in the area of
the inlet manifold, and downward movement and predominantly downward movement
between the bundle (cluster) and the rim in the end-side zone of the steam generator, and
in the side passage. High values of the ascending velocity of the flow recorded in the gap
between the bundle (cluster) and the rim at the side of the inlet manifold are explained by
the fact that the transducer is installed directly in the area of the rim open port and
experiences therefore the impact of the liquid flow from the housing-rim area. Flow of
liquid in different directions observed in the end-side zone of the steam generator is
motivated by the water overflow from the SPS (submerged perforated screens) and
regular floating-up of steam bubbles that had been caught up in the gap. In general the
results obtained with the use of the flowmeters of the suggested design are in good
agreement with the results of hydrodynamic tests performed on the PGV-1000 steam
generator of block 5 at the Novo-Voroniezh NPP where the used tachometric flowmeters
were of a different design.

Successful evaluation tests of the tachometric flowmeters of the specified design on the
PGV-1000 steam generators are indicative of practical feasibility of their utilization for
performing analyses and, if the transducer calibration curves obtained for true parameter
two-phase mixture are available, for more accurate quantitative estimation of the flow
circulation inside the power components of the NPPs and Thermoelectric Power Plants.
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Fig. 1. Design of the tachometric flowmeten

6 - axle; 7 - fraroitim; 9 - coil; 11 - cap; 12 - gasket;
13 - tube; 14 - ball
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Fig. 2. The measurement block diagram of velocity and direction of the liquid
flow with the tachometric flowmcter

1 - flowmeter, 2 - amplifier, S outside block of power
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Fig. 3. Example of calibrtion curves N 1 (1) and N 2 (2)
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Fig.4. The oscillograms of circulation processer by which the steam-water flow
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Fig.5. Algorithm for processing of oscillograms

333



Sensor position

The gap between the vessel and rim of tube
bundle at inlet collector

The gap between the tube bundle and rim at
inlet collector

The gap between the tube bundle and rim at
SG face on the inkt collector side

The gap between the vessel and rim at SG
face on the inlet collector side

Side corridor at outlet collector

Circulation parameters

c\ m/s

0*1=0,85
a i =0,35

(x/ | 1,0

©1=0,8

w\ =0
w\ =0,8

w\ =0,53
w\ =0,47

w t=0 .3
I2/| = 0 , 4

A'

/Cf =0.75
K | = 0 , 0 3

At =0,8
A j =0,05

/ct = o
AJ=0,8

"'ATt =0,36
K\ =0,2

Fig. 6. Table of the experimental data at full power the design water level
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