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The task of designing the PWR-1000 reactor of a higher reliability motivated the need for
further perfection of the PGV-1000 steam generator design and for improvement of its
technical-and-economic index. In this connection it would be worthwhile to subject
individual design decisions to their further optimization, particularly those which have
influence on the processes going on in steam generators and output design characteristics
of the latter.

The tests accomplished on the PGV-1000 steam generator with submerged perforated
screens (SPS) having a punched area of 3.7 % and 6.1 % at block 5 of the Novo-
Voroniezh NPP have revealed cases of outburst of the steam-water mixture from the gap
between the steam generator housing and the submerged perforated screen rim at the side
of the inlet ("hot") coolant manifold when the plant reached a power rating constituting
approximately 80 % of its full power. This outburst had a negative influence over the
gravity steam separation process.

The deflector baffles mounted in front of the extreme stacks of the gilled separator at the
side of the "hot" manifold provided a good protection of the gills against direct impact of
moisture brought out into the steam space from this gap and ensured thereby the specified
steam moisture content downstream of the steam generator operating at full power and
the designed water level. However, besides doing a good job of eliminating the
consequences of steam outburst, the installed reflector baffle gave birth to a transverse
steam flow reflected from the baffle in the steam generator, which distorted the
hydrodynamics of the bubble layer above the submerged perforated screen and had a
detrimental effect on the steam separation process. Utilization of a reflector baffle did not
do away with another negative effect associated with steam outburst and a higher steam
void fraction (approximately up to 80 %) in the descending gap between the submerged
perforated screens and the heat-exchange bundle at the side of the "hot" manifold. An
increase of the perforated area in the screens up to 7 - 8 % did not solve the problem of
steam outburst from the "hot" rim of the submerged perforated screen. Beyond that point,
the calculated values and experiments, which had been conducted on the PGV-1000
steam generator without outburst of steam from the submerged perforated screens and
with the steam relieving area uniformly loaded, give proof to the feasibility of utilization
of a separation system incorporating a Ceiling Perforated Shield (CPS) and free from the
gilled separator. This system was successfully operated on drum-type steam separators of
the NPP blocks equipped with the pressurized tube reactors. Hence, elimination of the
problem of steam outburst and equalization of the steam relieving area load are
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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 (f) 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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block operating at 95-100 % of its full power. Referring to the obtained data it will be
obvious that separation parameters of the steam space at different height points and the
influence exerted on these parameters by water levels are typical of the gravity area
working conditions. All this testifies that there is no outburst of steam from the area
below the "hot" rim of the submerged perforated screensjwhich had previously caused
abnormal distribution of moisture content along the height of the steam space, and that
the steam relieving area load is properly equalized.

It is noteworthy that the value of moisture content as registered by sampler No. 1 under
the reflector baffle is less than that obtained by sampler No. 4 which is located
approximately at the same height point, but closer to the steam generator longitudinal
axis. This fact is indicative of complete elimination of steam-water flow outburst from
the "descending" gap at the "Hot" side of the steam generator, as well as of a lower load
of the steam relieving area at the steam generator peripheral section where sampler No. 1
is installed as compared with the load in the section fitted with sampler No. 5.

Fig. 4 shows the relationships of the moisture content measured with samples Nos 1, 4
and 5 in the steam space of the PG-4 as compared with the data obtained in the same
zones at one of the steam generators (PG-3) of block 5 of the Novo-Voroniezh NPP.
Comparison of the Graphs makes it absolutely obvious that the moisture content at the
lower edge of the gill (sampler No. 5) has considerably decreased after installation of
additional submerged perforated screens, which, in the true sense, explains the reason for
a lower moisture content level in the PG-4 steam generator as compared with other steam
generators. Samplers Nos 1 and 4 in the PG-4 have also registered a decrease of moisture
content whose high value in the PG-3 of the Novo-Voroniezh NPP is also attributed to
the presence of steam-and water flow, which had been reflected from the reflector baffle,
in the steam space of the steam generator.

As far as the values of true three-dimensional steam void fractions and circulation
velocities in the steam generator water space are concerned, as well as the influence of
power ratings and water level over the parameters in question, the data that have been
arrived at in the course of the described tests are generally in good agreement with the
data obtained earlier at the Novo-Voroniezh NPP (See T a b l e in Fig. 5). After
installation of additional submerged perforated screens the steam void fraction in the gap
between the "hot" perforated screen rim and the heat-exchange bundle has diminished
from 0.8 to 0.53. There is no doubt that this factor may be regarded as positive, since it
ensures more favourable operating conditions of the heat-exchange bundle in the
concerned area of the steam generator. The steam void fraction between the housing and
the "hot" rim has also decreased to a certain extent.

The data pertaining to the flow velocity prove that there are no any tangible differences
between the flow circulation pattern taking place in the water space of block 1 of
Balakovskaya NPP PG-4 generator equipped with additional submerged perforated
screens and the one observed in block 5 steam generator of the Novo-Voroniezh NPP.
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Coming back to the Graphs shown in Fig 3 depicting steam separation characteristics of
the PG-4 steam generator, it is possible to anive at a conclusion that the moisture content
in the steam pipe practically "follows-up" its magnitude at the lower edge of the gill
(sampler No. 5, Ref. Fig. 1). When the moisture content value in this part of the steam
generator is low, the moisture content in the steam pipe isjow, too. As a rule, with an
increase of moisture content at the lower edge of the gill due to a rise of level, the
moisture content in the steam pipe will simultaneously become higher.

Such depending relationship between the moisture content and the level upstream and
downstream of the gilled separator is common when the latter is used in a free steam-
exchange system. That is why it would be reasonable to discontinue the use of gills
having its own height of 500 mm in the PGV-1000 steam generator, as it will require an
increase of the steam space height. Implementation of the steam generator separation
system free from gills will offer means to improve a number of steam generator
parameters, i.e. to raise steam load of the separation space and to increase water level by
100 mm, approximately with respect to its design value. Besides, it will provide better
conditions for inspecting and repairing the steam generator upper section above the
submerged perforated screens, reduce metal expenditure for the steam generator and save
labour for its manufacture.

The tests of the steam generator with a modified steam separation system were carried out
on the PG-4 of Balaklavskaya NPP block 4. The gilled separator of the steam generator
under test was replaced with a steam-collecting perforated screen, while the gap between
the steam generator housing and the heat exchange bundle rim was closed with additional
perforated screens at the side of the inlet manifold. The metal structural members used for
attachment of the gilled desiccator were not removed from the steam generator steam
space. Therefore, the flow passing at the point of the lower load-carrying beams spaced at
740 mm away from the perforated screens experienced a local acceleration to a speed of
1.7 times as high as the flow velocity in this section with the beams removed.

Measurements of the steam moisture content were taken at the outlet from the steam
generator and in the steam space with the aid of 6 samplers. Three of them were arranged
at a "hot" manifold above the perforated screen segment, where steam load of the steam
relieving area is the highest, and outside the feed water distribution zone. Two other
samplers were fitted in the area of the steam generator "hot" end surface at the cut-off
section of the perforated screen segments closing the gap between the steam generator
housing and tube bundle rim at the side of the "hot" manifold. Sampler No. 6 was
installed at the "cold" side of the steam generator.

It has been found by the results of tests that the pattern of distribution of steam moisture
content above the perforated screens in the area of the coolant "hot" manifold and in the
area of the steam generator "hot" end surface gives no evidence of steam-water mixture
outburst from the submerged perforated screen rim or any abnormal operation of the
steam gravity space. With the block running at full power and the water level equal to 2
450 mm, as read by the control room level gauge, the steam moisture content in the steam
pipeline of the steam generator fitted with a modified separation system has turned out to
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be several times as low as that of a standard steam generator and constituted 0.01 % (Ref.
Fig. 6).

Comparison of the PGV-1000 generator separation characteristics obtained on various
blocks running on the PWR-1000 reactors (Ref. Fig. 6) hasjevealed that when moisture
content in the steam pipeline has a distinctive value of 0.2 %, the permissible level value
increases by 100 mm.

The above test results give an unambiguous proof that there is good reason to abandon the
use of the gilled separator in the steam generator separation system and to replace it with
a steam-collecting perforated shield.
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Fig. 1. Placement of void fraction and moisture sensore in SG-4
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Fig. 2. Relation between steam moisture and water level in SG:

a) under electrical unit power 90%;
l-SG-3, G/Gwm =98%; 2-SG-4, G/Gflom =97%;

b) under nominal electrical unit power;
l-SG-3, G/Gnom =106%; 2-SG-4, G/Gncm =104%;
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Fig. 3. Relation between steam moisture in steam space
and steam pipeline of SG-4 and water level under
electrical unit power 950 - 1000 MV.

• - steam pipeline;
o - sample extraction tube N 1; « - N 2 ;
© - N 4; • - N 5; • - N 6.
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Fig. 6. Relation between steam moisture after SG andlevel meter readinds
pos. L 19 under electrical unit power 100 %;

0 - SG-3, unit 1 BaNPP, standard;
• - SG-4, unit 1 BaNPP, gap between perforated submerged sheet and
vessel is covered from hot side;
1 - SG-3, unit 5 NYNPP;
2 - SG-3, unit 1 ZaNPP;
3 - SG-1, unit 5 ZaNPP;
• - SG-4, unit 4 BaNPP with no jalousie.
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