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Some Problems of a Flow Through the Low-Pfessure Section of a Large_
Output Steam Turbine

The low-pressure section is, without doubt, the most complicated section of a steam

turbine of large output, both in respect of the flow of stęam and also from some other

angles of view. The flow cross-sectional area of the ]ast stage imposes considerable limita-

Fig. 1. Sectional view of
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tions on the output obtainable by the low-pressure section and, conseqirently, by the whole
turbine. Arising and movement of the liquid phase in the blading bring about thę erosion
tq _!h_ę 1gtating blades of the last stage, which can reduce the service life of the engine. It
is likewise desirable that the low-pressure section should show a high efficiency in the
region of outputs applied for long times, especially in case of saturated-steam turbines
which work with a less enthalpy drop.

The requirements for operational flexibitity of large-output steam turbines, for their
work within a wider region of outputs, and for frequent shutting-down and starting up are
ever increasing. The flow conditions in the low-pressure section under working regimes
departing from the design can thus give rise to high dynamic and temperature stresses in
some highly-stressed portions, and cases of heavy erosion can also occur.'In 

the following text attention is given especially to the ścope of problems relating to
a thtee-dimensional flow of the steam phase, wherever possible under all working conditions
of the turbine, frorn an idle run to the full output. Some secondary effects caused by the
flow under working regimes departing from the design are considered too.

The experiments presented in the following relate mostly to the low-pressure section
\ł,ith last stage having blades of 840 mm length. For thę arfangement of this section for a tur-
bine of 500 MW see Fig. 1. Steam is admitted from above by two pipings and passes from
the last stages down to a condenser, which is placed under the turbine.

1. Cross-over pipes

Problems of steam flow through the low-pressure section begin already at the exit from
the intermediate-pressute section. Experiments carried out in an air wind tunnel have
shown that with an ańal admission of the flowing medium to the exhaust chamber of the
intermediate-pfessure section the flowing medium is brought into rotation which is then
kept on in the cross-over pipes.

Fig. 2. Diagram of flow through the exhaust
chamber of an-,intermędiate-pressure section
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In an actua1 turbine the flow entering the exhaust chamber of the intermediate-Pressure

sęction posssses always a tangential componęnt of the velocity, which is imparted by the

last rotating blade cascade. Under such conditions thę left-hand piping and the right-hand

piping are fi.lled up differently _ see streamline diagram in Fig. 2. On the left-hand side

ihe dynamic pressure of the stream is utilized better, and therefore more steam is flowing

offthrough the LH piping than through the RH piping. Measurements taken on an actual

engine have shown that atall outputs of the engine aboat 54l of steam pass through the

LH piping and,46/" through the RH piping.

These facts can takę place even in case of a flow through the inlet chamber of the low-

_piessure section; they can influencę the conditions at the entry into thę first stationary

cascades, and can contribute to a non_uniform heating_through of the inlet chamber

rvhenever the output of the turbine varies.

2. Last stage

From among the blade stages of the low-pressure section the most complicated flow

.l4{tp"q _prevail in the last stage. The,callades"lf_the last Staje hav€ comparatively long
'.raaae.,-wóit at high circumferóntial velocities which ai the tip exceed the speed of sound,

and handle large pressure drops with which the flow at transonic speeds is associated,
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Fig. 4. Interferogram of flow through a blade cascade at the tip of a rotating wheel at the Mach number
af 1.41

flrey ryolk on wet steam, and the steam conditions there valy mostly with changes in the
turbine output or in the condenser pfessure.

An intricate transonic flow arises in the blade cascades at the root and tip ofthe rotating
blades. The root ca§cade, as a rule, is distinguished for its high subsonic speed at the entry
and low supersonic speeds at the exit. The flow through the cascade is in the strict sense
of word transonic and cannot by simply broken down jnto subsonic and supersonic flows.
The sonic ljne does not run across the channel in its narrowest point as one would conclude
from a single-dimensional conception. It cornmences at the trailing edge, tufns forwards
in the channel, and tetminates on thę suction sidę of the neighbouring profile far ahead,
sometimes as far as in the proximity of the leading edge, as it can be seen in the flow inter-
ferogram in Fig, 3. In this figure the arrangement of the shock waves and the wake at the
ęxit from the cascade at Mach number Mz:1.I0 are clearly visible.

The cascade at the tip ofthe rotating blades has thin profiles with a large pitch-chord
ratio. It works under the designed working regime with a subsonic inlet velocity and with
a high supersonic ęxhaust velocity, where the value of Mach numbęt M2 varies usually
between |.4 and 1.8. There are considerable problems in obtaining low losses with these
cdscades within the wide region of the Mach numbęr. Fig. 4 presents and interferogram
of,a flow through such a cascade of the thin flat plate type, with a Mach number of 1.41.
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Evident are some faults in the flow at the leading edge and the configuration oftbe shock
waves and wakes at the exit.

With an actual rotating wheel the blades are made to untwist in rotation [1] on account
of centrifugal forces. and the stagger angle of a profi.le is caused to change in the cascade
at the tip ofthe rotating blades, as it is evident from Fig. 5. The situation at a standstill is r

evident from the top picture. Ęrlś.". the b,lade ppfil_e_s_als9 dalrrpiqg_wires can be.seen.
The lower picture illustrates tńtip pioiiń ł a speed of 3338 r.p.m. A Óonsiderable turning
of the profiles relative to thę damping wires is clearly evident. By taking measurements
in five stages with a length of the blade of 840 mm it was ascertained that the degree,of
untwisting of the tip profiles at a speed of 3000 r.p.m. amounts to 5.75'* 0.25'. This 

"Ęneęin the stagger angle ofthe profiles should be taken into account, otherwise the flow condi_
tions in an actual transonic cascade would differ entirely form the designed ones.

A pro-blem analogous to that concerning the attempts to obtain a low loss coefficient
within the wide limits of the Mach number does exist even for the root of the stationary
cascade where the Mach number under designed conditions reaches a value of 1.4 to 1.7.
Fig. 6 shows the loss coefficient ( plotted against thę Mach number M2 for three types
of stationary cascades. One cascade has been designed in a standard manner for a subso_
nic flow. rn thę case ofthis cascade high losses are encountered, caused by the flow separa-
tion when the shock wave and the boundary layer are interacting, provided that the Mach
number is larger than the critical one. The sęcond cascade has rear portion ofthe suction
side of profiles designed for a supersonic shock-free flow; its shape caused, however, the

;i§, 5. Photograph oftip profiles ofrotating bladęs; a) at a standsti]l, b) at a speed of3338 r.p.m.

T3:€ IarP z, 7b - 72
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increase of losses if the flow conditions \ilere near the Mach number of 1.0. The third
cascadę has beęn designed in such a way so as to ensure that thę flow separation while the
shock wave is interacting with the boundary layer will be put off and reduced.

For turbine cascade§ working at supersonic flow velocities at the exit the phenomenon
of interaction of the shock wave with the boundary layer is of great importance, and is,
as a rule, decisive for the losses. In experiments in aerodynamic wind tunnels the boundary

0J5

M2

Fig. 6. Loss coefficient plotted against the Mach
number for stationary cascade

.l-standard subsonic cascade, 2-cascade for supersonic exit,
3-speial subsonic cascade

Fie. 7. Loss coefficient plotted again§t the Mach
number for stationary cascade of subsonic type
,l-without twbulence, z-witlj' al artificial turbulization of

boundaly layer

layer in the point of interaction is usually laminar, whilst in an actual engine this need not
necessarily be the case. In order to judge the difference in the intęraction of a normal
shock wave with both thę laminar and turbulęnt boundary layers, a turbulent boundary
layer was created artificially on the suction side of the profile in a cascade of a stationary
type, similar to the previously described cascade designed for the subsonic flow around.
On a blade with a proflle having a chord of 50 mm a wirę with 0,05 mm in diameter was
attached in a suitablę point so as not to affect the configuration of shock wave§ and to pre_

vent relaminańzation of the boundary Layer past the wire. A comparison of the loss coe-
fficient ( plotted against the Mach number M, for cases without and with an artificial
turbulization of the boundary layer is evident from Fig. 7. At lower subsonic velocities
the loss coęfficient gets, as expected, increased due to larger frictional losses in the turbulent
boundary layer. Within the region of thę Mach number where the flow becomes separated
as a result of an interaction of the shock wave with the boundary layer, the turbulization
of the boundary layer gives rise to a small improvernent only, which is obviously to be
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attributed to the geometry of the blade cascade. With a more suitable shape of the profile,

a more considerable reduction in the region of the separated flow could apparentlY haPPen-

The blade cascades at the tip of the nozzlę ring work within the limits of subsonic

velocities and their design does not present any difficulty in this respect. The Problem
lies in that the three-dimensionality of flow through the stage exerts its influence sharply.

Thęręfore it is necessary to take into account the radial component of the flow and the

change in the thickness of the meridional streamlayer.

Fig. 9. Optimum efficiency of model stage plotted
against the Mach and Reynolds numbers

1_Re: 1. 105, 2_Re:2, 105

Fig. 8. Ratio of axial component to medium exit

velocity plotted against the Mach number
calcu'lated: 1-actual stag9, 2-modęl stag3, measured: J-actual

stage, 4-model stage

There arises a question, what flow conditions do exist in the last stage under non-rated

,_-::,dl,namic regimes that correspond to conditions existing when reducing the outPut

' :..e turbine and when changing the pressure in the condenser. It is advisable to Prove
, . question on a turbine stage as a whole, irrespective of whether the stage is of the modęl

_. or is an actual one [2,3, 4].

]:ie vąriation in properties of the flow through thę last stage can be judged from the

. -.l the axial componęnt of the medium exit velocity c,f c (where c designates isentropic
._::1,from the enthalpy drop for the whole stage). In Fig. 8 it is plotted against the Mach

. -:er for the whole stage M (M is defined for the velocity c). In the graph there are
,:: results ofexperiments done on an actual turbine stage, results obtained from a nro-

. 1_:e lvhen superheated steam was flowing, and results of calculations carrięd out with

; -,:_r of a mathematical model of the flow through the last stage. The model stage showed
,-_ _ _seometrical deviations from the actual one, as is also evident from the different

_ _ .:ed values, The measurements on the model were carried out independentlY for
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yarious values of the velocity ratio ufc.It is clear that with the aerodynamic relieving of
the stage the ratio of the axial component of the medium exit velocity up to the Mach
numbęr M:I dęcręases rapidly to remain afterwards nearly constant.

The dependence of the efficiency q of the stage on the aerodynamic loading of the stage

expressed againby, the Mach number M for the whole stage is evident from Fig. 9. Here
results obtained on the model stage when superheated steam was flowing are given. During
these experiments also the Reynolds number Re underwęnt changes. The velocity ratio
taken was the optimum one. On an actual stage in a turbine no measurements of the effi-

ciency were attempted to be taken, but the results of the calculations had shown a qualita-

tively similar dependence of the effciency upon the Mach number as in the experiments

carried out on the model. It is evident that as the Mach number drops down to the value

of M:1.1, the efficiency decreases on account of the predominating influence of the angle

of incidence to tlre rotating cascade becoming impaired, and due to the drop in reaction R
(R being defined as a ratio of the isentropy drop on the rotating cascade to that on the

whole stage). As the aerodynamic load is further reduced, the reduction of losses in the

cascades has a greater bearing, and the efficiency begins to improve again. It can be supposed

that in an actual stage the efficiency will be in practice permanently impaired by a drop in
the aerodynamic load, due to the increase in the velocity ratio ulc.The velocity rŃio u|c

is inversely proportional to the Mach number uf c:Kf M, where the constant of propor-

tionality K is represented by a ratio of circumferential velocity to the speed of sound.

If desired to clarify the flow through the last turbine stage with variable working regime§,

the knowledge of integral parameters, such as the efficiency of the mędium exit velocity,
and the like, is insufficient. It is necessary to learn the structurę of a flow in morę detail.

For that purpose an investigation was undertaken into the distribution of enthalpy drops

betweęn the stationary and rotating cascades at the root and tip of blading of an actual
stage, where the ratio of gradients was expfessed in tęrms of the reaction R. Under review

was also the flow field at the exit from the stage.

The dependence of the reaction at the root and tip of blading on the Mach number
is shown in Fig. 10. The measurements were taken on both the right-hand and left-hand
sides of the engine. In experiments the designed working regime was not attained, the Mach
number ręached being 1.28 at the most. At this valuę the avętage reaction at the root and

tip is - 0.08 and 0.57 to 0,65, respectively. For the designed working regime of the stage.

values were plotted that had been calculated on the basis of various presumptions about

the curvature of meridional streamlines. It is obvious that in extrapolation of the measured

dependence rather a good agreement with the results of calculations would bę obtained.

As the aerodynamic load of the stage decreases, the reaction at the root increases to reach

zero at a value of the Mach number of about 0.65. The reaction at the tip, on the contrary'.

decreases at first to increase afterwards. Indicatęd afe some differences between the right-

hand and left-hand sides of the stage, resulting from the non-uniformity of the flow throu_ń

the stage in the circumferential direction; they are primarily due to the ęffect of the exhausr

chamber.
Within the limits of low aerodynamic loads thę course of reaction is substantially varia-

ble. Negative values of the Mach number correspond to a higher pressure downwards of
the stage as against the pressure upwards of the stage. They indicate that the stage works
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_nder these working conditions as a fan to compres§ the flowing medium, or that a recir-
::llation flow through the whole stage takes place. In Fig. 10 the beginning of windage
, : the stage is also shown, defined by a value of the velocity ratio uf c:I.1. Under working
: : nditions with a Mac\ number lower than 0.5 the last stage operates hence under a windage
-:*ljme with the steam flowing but little at the same time. In Fig. l0 there is also shown
:::e beginning of the recirculation flow at the
root which will still be dealt with later or1. 

2'6

The investigation into the flow field at the
ęxit from the stage has also brought about
with it interesting information. For instance , '
from Fig. 11 the distribution of the exit
angle bf stream from the rotating blade cas-
u,ade along the blade can be observed. Plot-
ted are values that were measured on both
the right-hand and left-hand sides, and, for 

1

:he purpose of comparison, also the value
,lf the exit angle drawn according to a sine
rule. It is possible to observe marginal re- R

gions affected by the secondary flow, within
-; hich the values of the exit angle conside-
:ably diminish as compared with the values O

jl-en on the basis of the sine rule. Within
::e region of the blade tip also act the ra-
Jal components of the velocity enforced by
:he exhaust chamber. Within the middle por-
;ion of the blade the measured values of the
exit angle are in an acceptable agreement
tith the sine rule, which does well justice to

Fi-g. 10, Ręaction at the root and tip of blading
plotted against the Mach'number:

1-right_hand side, 2-left_hand §ide
-)q

- 0,5

::e exit ang]e at a two-dimensional subsonic flow through a cascade. In the experiment:
;:derreviewthe flow at the exit-from the rotating cascade was likewise subsonic so that
.:e can suggest that within the middle portion of the rotating bladę cascade the flow
:_rsely approaches in two-dimensional flow.

The investigation into the velocity field at thę exit has likewise shown that under low
Le:odynamic loads on the stage there occurs a recirculation flow at the root of the blading
-:d. under certain conditions, even at the tip ofthe blading. The recirculation flow is rep-
':rented diagrammatically in Fig. 12. In the left.hand portion of Fig. 12 one can see that
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situation in the axial sectional view. The recirculation flow at the root occupies a charac-
teristic .width ,§, From the analysis of the measured exit stream angles it follows that the
recirculation flow is a continuation of the secondary flow at the root of the rotating cas-

cade - see the right-hand portion of Fig, 12, where the change in the exit stream angle
with the engine output is illustrated. It is evident that the direction of the recirculation
flow to the rotating cascadę is extremely unfavourable. If a wet stęam is the flowing me-
dium, then the droplets of water have a velocity high enough to give rise to the erosion of
the trailing edges of the rotating blades.

The recirculation flow at the root of the rotating blade is an undesirable phenomenon.
An idea was put forward to restrict its appearancę and limit to the least possible extent
by designing the last stage with a higher reaction at the root, in order that in decreasing
the aerodynamic load ofthe stage the positive pressure drop and the flow in the required

FULL LOAD PART|AL LOAD

30

Fr1

2o

Fig. 12. Diagram of the recirculation flow at the root of rotaiing blade
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direction may be maintained on the rotating cascade for a longer time, Therefore, a version
of the last stage was examined, in which the stationary cascade had its blades inclined from
the radial line in direction of the exit stream. The inclination of the stationary blades
increases the reaction at the root and decreases the reaction at the tip, which is favourable
for the flow through the stage. The dependence of the reaction at both the root and tip
of thę blades on the aerodynamic load applicable to this version is shown in Fig. 13, Here
again are plotted values that have been
ascertained on both the right-hand and
left-hand sides of the stage. The measure- ?.6

ments węrę carried out to a Mach number
of 1,45, the reaction at the root and tip
amounting 0.39 and 0.435, respectively. 2

As the Mach number decreases, the reac-
tion at both the tip and root decręases
rapidly to reach zero within the limits of
the Mach number M:0.5 to 0.75. Within
these limits of the Mach number there
also appears the beginning of the recircu- 1

lation flow and the beginning of windage
operation of the stage. In Fig. 13 there R

are also plotted calculated values of the
reaction under the designed working regi-
me. It is evident that the actual reaction 0

at the tip is rather lower than it should
be, and at the root it is, on the contrary,
considerably higher. The difference in the
.-alculated and measured values of reac-
llon has been caused by an effect ofincli-
lation of the stationary blades stronger - 1

::an determined by the present simplifled
:leory of this phenomenon.

i::. i3. Reaction at the root and tip of blading
: ::ted against the Mach number for a stage with

inclined stationary blades
l-right_hand sid€, 2-1eft-hand side

The appearance of recirculation flow at the root of btading associated with a drop
: :he aerodynamic load foreshadows a transition of the stage to a windage operation

-,: '"hich the stage does not give the output any more and appears with turbinę stages to
:,: -:evitable. It has been ascertained with the last stages even by other author§ - R, Ecker
: \\'. Hauke [6], V. P. Lagun and L. L. Simoyu [7]. From the experiments carried.
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out so far it follows that the recirculation flow through the last stage depends in the first
place on its aerodynamic load. To express this phenomenon quantitatively, the dependence
of the width-to-bladę length ratio of the region s// upon the Mach number and Reynolds
number of flow through the stage was selected, within which the tecirculation flow arises.

Fig, 14. Region of recirculation flow at the root of blade of the last stage plotted against

:O" 
Mach and Reynolds numbers

The ręsult is evident for the two versions of the stage under feview from Fig. 14-

The recirculation flow begins to appear at the root of the blade at the Mach number of 0.7.

As the Mach number decreases, the region of the recirculation flow extends to reach the

value s//:0.45 at M:0.2. Thę recirculation flows does not depend nęither on the Reynolds
number nor on the arrangement of the stationary cascades by which the two versions of
stages differ from each other. Fig. 14 also depicts designed and windage conditions. It
can be seen that the appearance ofthe recirculation flow closely adjoins to the beginning
of windage of the stage and will obviously depend but little on thę flow conditions in the

stage and on the reaction at the root undęr the designed working regime.

The connection between the recirculationflow at the root of the last stage and the working
conditions of a turbine will become more evident if we change the dependence according
to Fig. l4to-adependence of the width-to-blade length ratio of the region of recirculation
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flow andpressurę at inlet p,and exitp. from the low_pressure section, The result is presen_

ted in Fi!. 15. Thę pressures are related to their design vaiues, while the ratio of pressures

upstream of the low_pressure section correspond§ approximately to the ratio of the turbine

outputs N|N,. It is evident that the recirculation flow at the root of the stage begins to

appear at about one_third of the turbine output, if the pressure in the condenser is as de_

,ipioed, or also at a designed output, if the pressure in the condenser is three times the

designed one.

In the case of large steam turbines the requirements for the operational range of out_

puts are gradually increasing. If until the recent time the minimum output mostly required

amounted to 60 to 7o/" oflhe nomina1 one, now there appeaf requirements for the least

long_time turbine output equalling 30% of the rated one. To meet this tequirement, if
desiręd to avoid the operation with a recirculation flow through the 1ast stage, is very

difficult. Requirements for tightness of the condęnsation plant and for its maintenance

aTe ever growing' 
rrrrementś taken_ an att grammatically represent

Based on the measurements taken, an attempt was made to dia1

the flow through the last stage under low aerodynamic loads,

Let us pay our attention flrst to the conditions of flow, under which the recirculation

flow bęins to appear at the root of blading, This situation in the original stage is shown

in Fig. io io th" l"rt_hand portion. In addition to thę recirculation flow at the root the same

flow is caused to also upi"u. at the tip of the blade. The recirculation flow at the tip is

due to the diffrrser effęct tf two deflęctors of the exhaust chamber, In the tight-hand portion

of Fig. 16 one can §ee.analogous conditions in a stage which includes a stationary nozzles

with inclined blades. Besides the recirculation flow at the root even hęre does exist a vortęx

at the tip of the blading, this time between the stationary cascade and the rotating cascade,

/N
\N^

649

Po
Pon

0.5

Fi- 15. Region of recirculation flow at ńe root of blade of the last §tage plotted against the pressure

in ńe condenset p,aldthe pressure up§tręam ofthe low-pressure sectionPo or outPut lV
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Fig, 1 6, Diagram of the flow through the last stage when recirculation flow appears at the root of rotating
blade; a) original stage, b) stage with inclined stationary blades

Fig, 17,Diagramof theflowtfuoughthelaststageif turbineisrunningidle;a)original stage, b) stage
with inclined stationary blades

The flow conditions close to the idle run of the turbinę are shown in diagrams in Fig. 17.
In the left-hand Portion of Fig. 17 thę conditions are shown that prevail in the orĘinal
stage. The recirculation flow at the root has extend,ed to involve even the stationary car"ud"..
The reason ofthis is a relatively high preisure downstream ofthe stage, developed in trans_
ferring large quantities of steam to the condenser by means of bypass stations. A certain
amount of stęam Pas§es through the last stage back to the first regenerative steam ex-
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tractionpoint.Therecirculationflowatthetipissupplementedbyavortexbetweenthe
stationarycascadeandthęrotatingcascade,which,however,rotatesinthedirection
opposite to that in the version with inclinej stationary blades, The appearance of the

vortex between the stationary cascade and the rotating cascadę is due to the męridional

extension of the stationary cascade, which at a low speed manifests itself by a strong

diffuser effect at *łri"t u ńo* ,"purution from the wall takes place, In thę version with

inclined stationary blades this vortex appears sooner as the flow separation from the wall

is furthered by the in.iinutio, of the stationary blades, The appearance of the vortex

atthetipbetweenthestationarycascadeandtherotatingcascadeunderlowaerodynamic
loads is for the last stages characteristic. It was also ascertained by v, p, Lagun et al,

",,oo the right_hand side of Fig. 17 one can see analogous flow conditions for the version

withinclinedstationaryblades.Therecirculationflowattherootdoesnotpassthrough
thestationarycascadeandatthetipitismissing,sincethereisnoseconddęflectortoform
a diffuser together with the present one,

The recirculation flow at ńe root of the stage is hardly dangerous from the viewpoint

ofexcitingforces.rt'i,,t'o*"ner,cannotbecllaimedinrespectoftherecirculationflow
at the tip or in respect of the vortex at the tip between the stationary cascade and the ro_

tating cascad., 
"rp""ńly 

if these conditions hupp.n to come true under a higher pressure

in the condenser. The turbine should pass through these conditions as raPidlY as it can,

andinnocaseitshouldbeoperatedunderthern"foraprolongedtimeunderanelevated
pressure in the condenser,

3. Exhaust chamber

Acontinuationofthelaststageofasteamturbineisanexhaustchamber.Theflow
through the last ,rur.-uJ,t" J..haust chamber affect each other, An example of the

influence of deflectors on the appearance of recirculation flow at the tip of blading of the

last stage was described above. Let us notice lurthermore the influence of the stage on

the coo1ing of the exhaust chamber in idle run,

The recirculation flow at the root of the last stage has a positive significance for the

cooling of the exhaust chamber in idle running. Through its medium the last stage suck_in

thę cool steam that is bypassed to the condenser, in order to cool with its help the whole

Iow_pressure section. Fig. 18 shows the distribution of temperatures in the flow downstream

of the laste stage in twJ iate runs, which differ from each other bY the quantitY of steam

by-passed to the condenser,

Inidlerunning.lasufficientamounlofcooled-downsteamwasadmitted,sothatthe
recirculation flow between the blade root and the lower dęflector had saturation tem_

perature /", and tłr" i"_p"auture of steam at the blade tip increased by about 25,C,

Idlerunning2isdistinguishedforareducedsupplyofacooled-downSteam.Thesteam
temperature at the blade root is 30 to 90,c higher than thę saturation temperature,

Especially in the right_hand portion of exit the 1emperature rise is enormous, At the

:ipthesteamtempeiutur"..u"hed a valuę 110,C higher than the saturation temperature,
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In rather an old type of exhaust chamber a non-uniform cooling of the outer shell
of the low-Pressure section was observed in a long-time idle run. Under cettain conditions
after a time of about one hour local heating of front faces of thę outer shell on the right_hand
side of the chamber top to a temperature of about 130'C took place. Fig. 19 is a view into
the inside of the exhaust chamber. Indicated are isotherms on the outer shell and dia-
grammaticallY rePresented are probable streamlines of the cool steam flowiąg from the

lsl.
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by-pass stations to the last stage and from there to the surrounding space. Steam outgoing
from,the stage has in idle running a strong tangential component in direction of totor
rotation, which leads to creation of a wake region downstręam of the stiffening rib in the
right-hand portion of the chamber top, and this is the very cause of the local heating of
the outer shell.

Fig, 20. Diagram of the flow through the diffuser of the
exhaust chamber for the turbine running idle

Of intęrest is the development of recirculation flow in the space downstream of the
last stage if an axial-radial diffuser is present. Measuręmęnts have shown that at entry
into the diffuser thę recirculation flow occupies 45\ of the channel width, and at exit
st1ll 30/. For a diagrammatical representation thereof see Fig. 20.

With the flow through the exhaust chamber a number of other, well known problems
are associatęd. The exhaust chamber should have low losses in the region of outputs em-
ployed for a long-time. At the exit from the last stage it is necessary to have as uniform a
distfibution of pressures on the periphery as possible, in ordęt that the exhaust chamber
may act with small exciting forces upon the rotating blades. Under control should also
be the uniformity of the stream at entry into the condęnser.
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Niektóre problemy przepływu w części niskoprężnej
turbiny parowej rlużej mocy

streszczenie

W PracY omówiono wybrane problemy trójwymiarowego przepływu pary wodnej przez nisko.
ciŚnieniową częŚĆ duŻej turbiny parowej. Specjalną uwagę poświęcono stanom istniejącym w warunkaih
roboczYch odbiegającYch od przewidzianych w projekcie. Zwrócono również uwagę na pewne wtórne
zjawiska związane z przepływem, jak nagrzewanie ścianek, naprężenia dynamiczne, erozja łopatek itp.

W rurociągach zasilających ma miejsce wirowanie strumienia i nierównomierność przepływu.
Wskazano na złoŻonoŚĆ przepĘwu transsonicznego w palisadach łopatkowych ostatniego stopnia.

RozPatrzono zmiatY własnoŚci przepływu i sprawności ostatniego stopnia w warunkach roboczych
odbiegającYch od Przewidzianych w projekcie. Specjalną uwagę zwrócono la tozkład spadków ciśnienia
w Palisadach ostatniego stopnia orazna pole przepływu na wylocie. Zdefiniowano własności przepływu
recyrkulacyjnego przy stopie wirującej łopatki oraz wirów ptzy wierzchołkach łopatek,

PrzePłYw na wYlocie wpływa na warunki panujące w ostatnim stopniu, i uice uersa. Zastosowanie
na wYlocie owiewek kierujących może doprowacizić do przepływu recyrkulacyjnego plzy wierzchoł-
kach łoPatek ostatniego stopnia. W artykule omówiono warunki przepływu na wylocie i chłodzenie
wylotu podczas pracy turbiny bez obciążenia.

Heroroprre rlpod.lreMbl Tetleuufl B qacTII HĄ naporoń TyT6IrHbI
. 6o.lrblllofi MoIqHocTIł

Pesroue

B Pa6ore o6cyx4arorca rł:6paarrrre npo6.1rerrłlr npocTpancTBelruoro TeqeHIł, BoArgoro fiapa qepe3
vacrr HĄ 6onrmoń napoeoż ryp6zrrrr. Oco6oe BHIłMaHIłe ynerrr'ęTcfr cocTorHllrM pa§ovrłx ycnoBgż,
oTJII49aIoItr]lxc' oT pacqeTHblx. odparqaercx TaKxe BIIIiMaHI4e Ha HeKoTopble BTopI4ItI{bIe,BJJeHEq, cBr3aH-
HLIe c TeqeEtreM, KaK llarpeB cTeHoK, AIłHaMItqecKI4e IIaJIprxeHI,Ir, 3po3IL JIonaToK Ił T.II.

B naPonrrx rpy6onpooogax BLIcTyEaIoT 3aBIIxpęEIIocTIl IIoToKa Ił HeoAHopoAHocTb I4HTeHcIłBHocTt4
TeqeH]łr.

Vxa.sruaercx Ha c;IoxnocTb cBepx3ByxoBolo TeqeHIłfl B peIIIeTKax IonaToK nocrrenrłeż cTyIIeHIr.
PaccuarprłraroTc' ż3MeIIeHIłq csożcrs TeqeHI4, I,I K.II.A. rroc.:teAHeź cT}rneHIł r pa6ourłx ycJIoBIłlx, oTJlu_
{arculzxc' oT pacqeTHblx. Ocoooe BHIłMaHIłe oopa.rqaercx IIa" pacBpe.ąe.uelrfie nepena.AoB AaBJIeEIłrI B pe-
ItreTl(ax noc;re4rreŻ cTyneHIł, a Ta(xe Ha IIoJIe TeqeHŁ.{ Ha BEIXoAe. onpe4e:rxrorc.a csożcrsa peTInpKyJIr_
luollnoro TeqeHIl, y KopH, spa,rrlaroqeżcx JIoEaTKIł n rrłxpeż y Beprrru}r JloIIaToK.

Teqerlrłe Ha nrxoAe BJIIłqeT Ha ycrronux, geźcTByloĘĄe B llocrre,Erret crynenrł u rrao6opor. Ilpuuenenrłe
EąIIpaBJIr}otr{4x odrerca.releŻ Ha BbIxoAe voxer cnocoocTBoBaTb Bo3HLrKI{oBeHuIo peqlrpKyJTrluollHoro
TeqeHI4-rI y BepmI4I{ JloIIaToK nocrregrreŻ cTyfleHtr. B crarre o6cyxAarorcx ycJIoBIł, TeqeHa, IIa BbIxoAe
u oxIaxAeHIł, BbIxoAa Bo BpeM, xonocToro xo,ła ryp6IłHrr.


