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panel Discussion l

Investigations of Two-Phase Flows anrl Their Influence on Turbine
Stage Designing

Prof. D. J. Ryley, Chairman. The title of this first discussion panel is: "Investigations of Two-
Phase Flows and Their Influence on Tr"rrbine Stage Designing". I anticipate that we may have more
questions that we can handle and the way I propose to do it is this. After the three initia1 speeches have
been made there will then be the opportunity for questions and answers from the floor. I shall circulate
a number of sma1l pieces of paper. On the top of the paper you will put youl own names and then you
wil1 put the name of the author on whose paper you wish to speak. These pieces of paper will then be
selected at random.

Prof. D. Barschdorff: I have been asked to give a short introduction to the main qualitative achie-
vements inrecent investigations ofcondensation and condensing steam flow. Talking about condensation,
I want to restrict myself to the process of homogeneous condensation from the vapour phase, We have
had a period of intense activities and research both experimental and theoretical in this field within
the last years. The research in the field of steam condensation is based on the former investigations of
Stodola, Binnie and Green and Oswatitch.

What have we been able to add to their early knowledge?
Nozzle flow of steam was regarded to be a representative substitution for the steam expansion

in a rea1 turbine. With, of course, the exception that no work is extracted from the fluid in these experi-
ments and all condensation zones so far have been observed in the supersonic part ol Laval type nozzles,
while in turbines óf course spontaneou§ condensation also occurs at subsonic velocities.

The influence of the expansion ratio on the size of droplets originating in the condensation zone
was investigated. Droplets of the size of 500 to 4,000 A were found at the end of the nozzles. Triggered

' by these findings a new insight into thę erosion process was gained. The highly dispersed fog is assumed
not to be responsible for this phenomenon but rather the impact oflarger droplets on the blade surfaces.

Then gas dynamic interactions between flow parameters and condensation were investigated and
adiabatic shock waves occurring in condensation zones and unstable flow patterns, as we have seen in
Dr, Saltonov's lecture this morning, were investigated and can be predicted theoretically.

New insight into the theoretical connections ol condensation was initiated by an article by Lothe
and Pound in 1962 (also an earlier article by Kuhrt in 1952), who claimed the classical theory of homo-
geneouS ntrcleation not to be applicable because of unsufficient model assumptions, In their tfeatments
droplets are regarded as macromoleculęs with rotational and vibrational degrees of freedom, whicb
adds additional tęrms to the nucleation formula. For steam condensation, their valuęs are beyond the
scope of experimental observations. It took about 10 years until again the classical nucleation theory
gained in confidence, however with a corfection for non isothermal effects in the pure vapor (steam)
case. The classical theory, therefore, is not "verified", but seems to be a fairly adequate formulation,
yielding results in accordance with experimental findings.

If we want to describe a flow process with homogeneous condensation, we need a set of differential
equations. I have written these on the blackboard:

l) the equation of state,
2) the continuity equation,
3) the impulse eqr.tation,

u611
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4) the energy equation,
5) the droplet $owth 1aw and
6) the nucleation rate equation.
I Want to mark our different confidence in these equations with the school grades 1 for the best and 5for the worst confidence or appiicability. The equation of statę I would mark 2. The continuity, impulse

and energY equations I would mark 1, we are quite sure how to apply thesę I]uid mechanics equations in
such a flow Process. The droPletgrowth law, I thought, wecould matk2, but I am somęwhat rrnsure
now because of Prof, PuzYrewski's discttssion, The nucleation rate equation l mark 5 because we indeed
do not know what is going on,in detait here. parameters like the suriace tension o or heat and mass
tlansfer coefficients strongly influence the results of numerical calculations and ale still treated in a noreor less empirical way.

MaY I sum uP with a brief out]ine: We do not know yet whether these findings from the nozzle
experiments are relevant to the actual process of condensation in the steam turbine. so far the results
have not been included in the Process of turbine stage designing. There are other theories, one by prof.
FiliPPov, who observed condensation in vortices and wakes behind cascades and Dr. Gyarmathy,
who calculated pressure and temperatule ffuctuations in cascades and it seems that the condensation
zones aIe distributed oVer a larger Part in the turbine. However, I would say, all these investigations
have highlY contributed to our knowledge of the behavior of condensing flow of steam and to our,understanding of the flow process in the steam turbines.

Chairmąn: Now dr. GYarmathy wilt speak on "The Evolution of Last_Stage Turbine Designingin the Past Dccadcs".

Dr' GYarmathY: I feel mY contribution is already prejudged by the choice ol the tiLIe for our paneI
discussion, If the evolution of the last stage turbine designing is to be reviewed in this context, then,I tbink, we imPlY an affirmative answer, namely, that the investigations of two-phase flows did have
a great imPact on the design of steam turbines. Now, let us look at this suggestion with a question markin mind: holv nruch truth and how much optimism is there in this statement?

If we want to examine the recent hiśtory of steam turbines operating in a wet steam region, we onlyhave to look back to two days ago when Mr. Somm in his paper sumnrarized the main trends and themain Problems, Let me verY brieflY repeat these trends: the electric networks are increasing, thereforelarger r-rnits with larger exhaust area sizes have to be designed, therefore increasęd blade length and high
PeriPheral sPeed became tYpical to modern turbines. The problems which this evo.lutiorr has broughtalong are mrrltiple. I try to recall the review given by Mr. Somm: static mechanical problems, dynamicmechanical problems, metallurgical problems,'the problems of manufacturing, then, down in the 1i§t,aerodYnamics, and quite at the bottom of the list: erosion. As we see most of these problems have not ,*verY much to do with two-Phase flow. Perhaps aerodynamics is irrvolved herę if we are vely ealnestabout it but turbine aerodYrranic design is based mainly on concepts derived from dry flow studies,In the domain of the erosion protection we are, of collrse, in the sanctuary of wet steam and two-phaseflow studies, Let r-rs, therefore, review tlte tneasures incorporated in modern steam turbines for protecting
the blading against erosion, Have the investigations of two.plrase flow phenomena really had an impor_tant effect on the evalution of these measures or not?

I tried to summarizę some of the erosion protection measu-res in table l. These are: traditional 
,Passive measures (like shietding), water removal, bettęr atomization and better dispersion of water,reductiorr of deposited water mass (because we know, that only water wlrich has been deposited onblades is resPonsible for erosions) and some special desigrr features. Let us look at the question: howdid people invent these measures? was it engineering intuition or was it the result of intense scientificstudies of two-phase flow? As indicated by crosses in the middle columns, about half of the rneasures

were invented by intuition and another half thoroughly involved two phase flow studies.
In the next coluntns I tried to point out how generally thęse measures are used. Dots in the leftcolumn mean that theY are widely used by almost all nanufactures, those in the middle indicate that

they are rrsed by one or two manufactures only, and the dots in the right column show that their applica_tion is in an exPerimental stage. You can see that cIosses on trr. r"rtloa oot, on the left almost always
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Table l
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| 
two-phase
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I tio."

Design measures used for erosion protection

1. Traditional - hardęning
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męasures - grooves (General Elect{ic)
2. wąter

removal

- extraction belts

- §uction slots on blades
at casing
ar trailing edges

- internal sępalator§

3. Bettel
atomization
and dispersion
of Water

- increased axial gap

- avoiding flow separation

- blowing at trailing edgę

- fences on trailing edge

4. Reduction
of deposited
water mass

- production of fine fog

- heating of stator bladęs

- optimization of cascade gęometry

J. spąlal
design
features

- Baumann stage

- special cascade geometry

a
o

o

x
x.

X
x

o
o
o

o
o

o
o

o
a

by-product
of rconom.
design.

Y

o

o

Large cros§ or dot : "yes", small cross or dot : "to a limitęd extent only"

coincide. There is virtually no method generally used for erosion protection which could not b9 attributed

to engineering intuition!
Therefore, summing up, I come to two conclusions which l would like to express in-a Pointed manner,

hoping to plovoke a heated discussion: The genera1 evolution of turbine Stage design has been rela-

tively slightly influencęd by scientiflc investigations of two-phase flow- This is my first statement. The

second statement is that erosion pIotection relies mainly on engineering intuition, on materia1 technologY

and on opelating experience and only to a relatively insignificant extent, at 1east at present, on scientific

insight into two-phase phenomena. Thank you.

Chairman: Mr. A. Smith of Parsons wili speak on: "The Possibilities of Assessing Water Damage
in LP Steam Turbines".

. lr lhis particular topic, I would like
:-, ,*.--.:e builders. This interestt
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results from the increasing Proportion of large turbines now being ordered and the fact that many ofthese are supplied from water moderated reactols where the steam condition in the Hp turbine is wet.It is of prime importance, both to the customer as well as the turbine builder; that these machines shouldbe extremelY reliable and a limit to this reliability could be blade or joint erosion, which explains theattention being paid at this moment to this problem.
Site exPerience would indicale that erosion in wet HP steam turbines is perhaps ngt so severe as

we might have once thought, however, we must remembbr that there are several types of water moderatedreactor, and turbine oPerating experience from thęse can differ. This may, to some extent, be observedby some manufacturers providing more cylinder Water extlaction Stages than others. It may also besignificant that fewer Water extraction points are evident on those turbines supplied from pressurised
Water reactors where the steam iS not radioactive than those supplied from boiling water reactors. Thiscould either be exPlained bY differences in the blading design or by ionisation inffuencing nucleation
rates, and subsequently droplet sizes and coarse water distribution.

on the question of erosion protection in low pressure turbines, I consider that the problem has
been exaggerated, and certainly it would seem that conventional methodsofshieldingor hardening themoving blade leading edges have succeeded in protecting these turbines. This point was illustrated earlier
when I sPoke of Predictions of erosion shield lives of only 3 months on the Ferrybridge 500 MW machines,
when in fact theY are still oPerating satisfactorily after some 10 years. The reason for this lo* 

".osion 
,'at"in large high sPeed LP turbines may be partially explained by the decrease in size of potentially damagingdroPlets resulting from higher expansion ratios, but better atomization during the film stripping process

from nozzle blades is also thought to be important, since the higher acceleration of these snraller dropsreduces both their impact velocity with the following moving blade, as well as the duration of stresslevels in the material.
I worrld like to mention another point which arose today, which could form an important topiclor luture investigation.
One of mY Polish hosts gave a Paper this morning on 'Nozzle Heating in Lp tprbines,, which I under_stand has been incorPorated in the Biblis LP turbines in Western Gerrnany. It would appear that stean.heating has been emPloYed tlrrough hollow last stage nozzle blades so that potentially damaging surfacewater formations can be evaPorated, should this prove necessary. one must also consider, however,the ęffect this maY have on the aerodynamic perlormance of the nozzle. Although heating rates are

PossiblY smallęr than at first thought, because of the small proportion of the total rnoisture being depo_sited on the nozzles, I suspect that the evaporation process wil1 result in a significant thickening of theboundarY laYels on the blade surfaces, thereforę making them more susceptible to sepalation in zonesof adverse pressule gradient, Tlrank vou.

Discussion

Prof. J. Krzyżanowski to dr. G. Gyarmathy

We are witnesses ol two quiteoposite_opinions. Two days ago Prof, Filippov expressed an opinionthat we are iacing a great progless iń the fietd of two-phase flow investigations applied to Steam turbined,esigning,.TodaY dr. Cyainlaihy showed tls tha1 it is'not the ease'";;i'ń;i;. did not conlt.ibute anv_lhing a1 all to the Progress olłlisigning. l would Jike to ask cir, Gyarmathv to 6."n,Jr.';;;i*;""ili;
Point,^l think this question is similar ń tt" qu"Śtńn wtictr ls-v"iy .}i* p'"*o in connection with tlrerole of aerodYnanrics when applied to turbini designing. Ś";.-ń";i;;ip;* very positive opinionson the expected impact of applied aerodynamics on ńe d-esign ;i ń;;i;;.-;;J on new prospects of aero-dYnamicsdue to computer.applications, Śome neglect it and;laim thuiiń. pÓLntiul ilnprovements of theturbine bladins are alreadY Óxhausted ano rurtńiiefi"il;;i;;;r;i; ut.JÓiu-i.. is economically notjustified, I think this quesiion may be ""L"ł"J u1.o-i;li;#;;;"o;";i';". discussion today. Dr.Gyarmathy, cotrld yotr try to be -ore specińc on il.,ir pol.rt. 

vvvvrrv Par! vr \

Dr, G, GYarmathY: Unforhlnately due to language difficulties I did not tęąlizę thąt prof. Fillitovwas reallY So VerY ootinlistic. But I think there ń no real discrepancy u"t*..ł'tr",.i.-,*";i;;ilfi-".at least in 1he lornrulation cited by P1,of. Krzyżanowski, b..u;;. iń;;pli.;;;'*f.r;i;i,-i"r".. ;,ł .ij'i:
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ing two-phase flows. My comments refer to the impact of these. results on the design of turbines. I think
we are at tlre stage where the results are accumuiating but they have not produced yet that kind of in.
fluence on turbine designing which possibly they could.

Responding to the invitation by Prof. Krzyżanowski let me try to examine this question in a more
detailed way, by using my table 1.

I do not think I have to spęnd very much time on talking about the first category of passive measure§.
In the second category - water femoval devices - there are rather many domains where two-phase flolvs
investigations have played an important role, however, these investigations refer nore directly to the cases
of suction slots and not to the simpler case of extraction belts which are today wideiy used. (There
may be though some diffelence in this respect between steam turbinę designing and manufacturing in
the Soviet Union and in the Western countries.)

The third category, better atomization and dispersion of water, achieved by creased axial gap width,
is very beneficial. This very little red sign here would indicate that we owe this measure to thę investigat-
ions of two-phase flow phenomena. However, it is a geometric necessity to provide alarge gap in turbine
blading and therefore, l think, this measure cannot be attributed to two-phase flows investigations.
Fences on trailing edges are, however, a result of such investigations, but they are merely a proposition
rather than something widely used, so we see them in the column "exceptional". (The idea was due to
detailed visual examinations of water flow movement on blades performed in England.)

In the next category, which deals with measures aimed at reducing the mass of erosive water, we
see fir§t the production of a fog consisting of fine droplets. Theoreticai investigations of turbine two-phase
flow show that finery of fog is beneficial for both etosions and efficiency. In practice, however, particulary
high values of expansion rateo which are necessaly for the formation of fine fog droplets, are realized
only unintentionally, if at all. I mean here the use of blading of small chord in the fir§t LP stages,
which is selected due to econońic considerations and which probably reduces erosion when fog formation
occurs in this part of the turbine. Further measufes, 1ike special cascade geometries or Baumann stages,
ąre not generally used and have for the most part been intuitively invented.

So, I think, we must conclude that detailed two-phase flow investigations, though being helpful
in assessing and explaining phenomena, did not directly initiate widespread use of special design measures.
Rather, such measures have mostly beerr introducęd as a result of engineering intuition.

Cbairman: A question to be asked by dr, Bakthar on the paper by dr. Soltanov.

Dr. F. Bakhtar: I would like to apologize first because, due to the language difficulty I must have
missed important parts of Dr. Saltanov's papef, So please will you forgive me if I am asking you about a
point that has already been explained.

You explained in gręat mathematicai detail the observation that instationary wave patterns can
exist in the sub-sonic parts of convergent-divergent nozzles. I am very puzzled by this. l would be
grateful if you would kindly enlarge on this by explaining in simple language the basic physical proces§es
that lead to such instationary flows.

Dr. G. §oltanov: I think there is a mi§understarrding. Tlre experimental ręsults that havę
been presented in my paper indicate the existence of norrstationary shock waves in transonic region
where tlre Mach number was about 1"05 to 1.15. ln our experiments we have found, like Dr. Barschdorff,
that supercritical heat release causes nonstationary shock wave. In suclr a case three types ofcrises might
happen. l wotrld say.

The.first one is the appearance ofstationary shock wave, so called thermal choking.
The second crisis is that one when nonstationary shock wave appears and moves upstream, However

at that timę the rarifying waves pfopagation influences the shock and the last one disappeals before
the throat is reached. This phenomenon has been confirmed by the experiments and calculation as well.
In such a case the mass flow rate can be caiculated with thę assumption that vapor is fully subcooled.

The third crisis, we have been observing, as well as Dr. Barschdorff, when the shock wave passes
through the throat of thę nozzle and disappears in the subsonic part. It is obviously connected with
the fact that the time of the shock motion in this case is higher than the time of slrock disappearing
due to the influence ofrarifying waves.

In the subsóni c nozzlę the shock wave§ moving against the flow have been obsęrved when the rotor
passed the outlet of the nozzle at the Mach number 0.6 < Mo < 1.0, relatively smal1 axial gap andjw/c6 > 0.1.

The reason for that was the shock type entry of the cylinderlike rotor leading edge into the transonic
jet from the subsonic nozzle.

-],

_::, Chairman: ,The next question is one from Mr. Keller to Mr. Smith.

i; Mr. H. Keller: I want to make some remarks on the contlibution by dr. Smith. The first is that my

{{company the Kraftwerk Urrion in Germany does not use lreated vanes in nuclear povr'el stations. But
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for test purposes we used heated vanes in a two outlet ffow turbine at Vienna. This turbine has been in
operation for approximately one year and a half and we had already an opportunity to |ook for the suc-
cess of this measure because one flow has a heated vane and the other one has none. we saw that there
was a distinct difference in erosion of both flows, the heated flow had a better behaviour than the other
one.

The next point is that I fully agree with dr. Smith that the erosion threat has been in my opinion
exaggerated in the last years. We have unprotected turbine stages in operation without any damage being
done to these turbines with rather high back pressure and we intend to use this practice also in future be-
cause we are of the opinion that under normal circumstances at a back pre§sure of more than 0.08 bar
or so we do not need any more hardening of the blades because v/e think there are quite a lot of passive
methods to prevent erosion. Two of these turbin-es without any hardening (shielding) or any protection
measure are in operation for approximately 6 years and we do not see any severe erosion damage in these
turbines.

I also want to say that we generally see the possibility of using even 1ess erosion protection mea§ures
in nuclear turbines than in conventional ones because the part load erosiorr attack is §mal1 due to the
characteristics of the reheater, which leads to higher steam temperatures at lower load.

Mr. A. Smith: I would iike to thank Mr. Keller for his very interesting contribution, It does not
really call for a reply other than to apologise for having confused the turbines fitted with heated nozzle
blades.

The problem of part load is of course, of great importance and, although under steady part load
this may result in a reduction in moisture levelŚ, machines subjected to frequent load changes such as
these on two-shift operation can suffer considerably from erosion because of condensation on cooler
partS.

Mr. H. Keller: Those machines are in the Brawnkohlen Revier near Cologne, They have blade
lengths of approximately 800 mm and the back pressure is 0.06 or 0.07 bars. These particular turbines
have a ręlativelY low pressure in the reheater, so that the expansion iine is by this reason more on the
right side of the Mollier chart, but still with a final wetness of 8 fo.

Chairman: Dr. Barschdorff poses his question to Mr. Sonrm.

Dr. D. Barschdorff: Mr. Somm, I would like to ask a question which is related to your paper you
have given here. It is also related to the question whether nozzle experiments have ceitain impaci on
turbine stage designing. What has been reported herę several times is the fact that the flow field iń model
turbines and also in the rea1 turbines is fairly well known due to the accurate measurements between the
turbine s_tages. This means that one uses pressure and temperature probes and measures in radial direc-
tion the flow Parameters within the turbine stages. As fat is l knoń no measurements have been made
inside the curved flow channels between the blades. We a11 know about the difficulties in obtaining reiiable
męasurements in two-Phase flow and especially in super-cooled vapour because as soon as we pui a probe
into,a super-cooled vapour surrounding, we will have condensation on the piobe surface and in thii way
we disturb our measurement. For instance, if we measure the temperaturĆ profile in a radial direction
with a probe in a turbine, we could measure variation in temperńure and-from a certain distance on
We measure a constant tempelatufe. Wę deduce from this result that the probe is exposed to a wet steam
flow,.to a droplet flow, which in reality might not be the case. I wonder whóther you łiave developed more
soPhisticated methods of measuręment so that it is really established that not a super-coolei vapour
is existent at thę ęntrance of a curved flow channel. lt męans that yolr never obsęrved a flow process with
super-cooled vapour entering a blade stage?

Mr. E. Somm: We have madę measuręments in a te§t turbine upstfeam and downstream of the last
stagę.

In a 600 MW machine and in a 300 MW machine the measurements were only taken at the outlei
of the last stage. The agreement between the measurement and the three-dimensional flow was rather
good in this area, In the test turbine we can do mea§urements in between the fixed and the moving rorv
of the 1ast stage. So we never had subcooled steam entering the stage. Perhaps that is the difference
between your and our measurements. Are you satisfied?

Dr. D. Barschdorff: I have to be.

Mr. E. Somm: I have a question to dr. Gyarmathy. If you want to be successfui in selling turbines
there are three requirements, first, your machine must be reliable, secondly, youl emciency must be high,
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ing two-phase flows. My comments refer to the impact of thesę results on the design of trrrbines. I think
we are at the stage where the results are accumulating but they have not produced yet that kind of in-
fluence on turbine designing which possibly they could.

Responding to the invitation by Prof_ Krzyżanowski let me tly to examine this question in a more
detailed way, by using my table 1.

I do not think I have to §pend very much time on talking about the first category of passive mea§ufes.
In the second category - water removal devices - there are rather many domains where two-phase flows
investigations have played an important role, however, these investigations refer more directly to the cases
of suction slots and not to the simpler case of extraction belts which are today widely used, (There
may be though some difference in this respect between steanr turbine designing and manufacturing in
the Soviet Union and in the Western countries.)

The third category, better atomization and dispersion of water, achieved by creased axial gap width,
is very beneflcial. This very little red sign here would indicate that we owe this measule to the investigat-
ions of two_phase flow phenomena. However, it is a geometric necessity to provide alarge gap in turbine
blading and therefore, 1 think, this measure cannot be attributed to two-phase flows investigations.
Fences on trailing edges are, however, a result of such investigatións, but they are m-erelY a proposition
rather than something widely used, so we see them in the column "exceptiona1". (The idea was due to
detailed visual examinations of water flow movement on blades performed in England.)

In the next category, which deals with measures aimed at reducing the mass of ęrosive water, we
see first the production of a fog consisting of fine droplets. Theoretical investigations of turbine two-phase
flow show that flnery of fog is beneficial for both erosions and efficiency. In practice, however, particulary
high values of expansion rate, which are nece§§ary for the formation of fine fog droplets, are realized
only unintentionally, if at all. I mean heIe thę use of blading of small chord in the first LP stages,
which is selected due to econońic considerations and which probably reduces erosion when fog formation
occurs in this part of the turbine. Further męasufes, like special cascade geometries or Baumann stages,
are not genelally used and have for the most part been intuitively invented.

So, I think, we mu§t conclude that detaiied two-phase flow investigations, though being helpful
in assessing and explaining phenomena, did not directly initiate widespread use of §pecial design measures.
Rather, suclr measures have mostly beęn introduced as a result of engineering intuition.

Cbairman: A question to be asked by dr. Bakthar on the paper by dr, Soltanov.

Dr. F. Bakhtar: I would like to apologize first because, due to the language difficulty I must have
nrissed important parts of Dr. Saltanov's paper. So please will you forgive me if I am asking you about a
point that has already been explained.

You explained in great mathematical detail tlre observation that instationary wave patterns can
exist in the sub-sonic parts of convergent-divergent nozzles. 1 am very pllzzled by this. l would bę
grateful ifyou would kindly enlarge on this by explaining in simple language the basic physical processes
that lead to such instationary flows.

Dr. G. Soltanov: I think there is a misunderstanding. The experimental results that have
been presented in my paper indicate the existence of nonstationary shock waves in transonic region
where the Mach number was about i.,05 to 1.15. In our experiment§ wę have found, likeDr. Barschdorff,
that supercritical heat release causes nonstationary shock wave. In such a case three types ofcrises might
happęn, l would say.

The first one is the appealance of stationary shock wave, §o called thermal choking.
The second crisis is that one when nonstationary shock wave appears and moves upstream. However

at that time the rarifying waves propagation influences the shock and the last one disappears before
the throat is reached, This phenomenon has been confirmed by the experiments and calculation as well.
In such a case the mass flow ratę can be calculated with the assumption that vapor is fully subcooled.

The third crisis, we have been observing, as well as Dr. BarschdorĘ when the shock wave pas§es
through the throat of the nozzle and disappears in the subsonic part. It is obviously connected with
the fact that the time of the shock motion in this case is higher than thę time of shock disappearing
due to the inflrrence ofrarifying waves.

In thę subsónicnozzlę the shock waves moving against the flow have bęen observed when the rotor
passed the outlet of the n'ozzlę atthe Mach number 0.6< Mo< 1.0, relatively small axial gap andjw/co > 0.1.

The reason for that was the shock type entry of the cylinderlike rotor leading edge into the transonic
jet from the subsonic nozzle.

.i
:., Chairman: lThe next question is one from Mr. Kelier to Mr. Smith.
:,
.:: Mr.H.Keller:Iwanttomakesomeremarksonthecontributionbydr.Smith. Thefirstisthatmy
$company the Kraftwerk Union in Germany does not use heated vanes in nuclear power stations. But
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and finally the price must be low. Now, gentlemen, it is your duty to reach this goa1. And if dr. Gyarmathy
tells you that up to now the influence of al1 these studies of two-phase flows to the wet steam turbine
design was very small, lhis must be changed in the future,

Chairman: A supplementary question to dr. Saltanov asked by dr. Dvoiak,

Dr. R. Dvoiak: rt is a very well known fact that the transonic flow in the region given by dr. Saltanov
is unstable even if there is no condensation. My question is whether he has made, in one facility; any
comparison between the flow without condensation and with condensation. In other words, whether he
coul-d specify how much these oscillations are due to the inherent,instability of transonic flow and how
nruch they are due to condensation.

Dr. G. Saltanov: We didn't notice.any instability without condensation in our superso nic nozzlę.

The text of the Panel Discussion contributions has been prepared for the publication by
Mrs. Barbara Markiewicz and Mr. Mariusz Adelt.
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