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Editorial

These Special Issues of the Transact,ions of Fluid-Flou Machi,nerg, Nos. 113
and 114 contain selected papers from the International Conference on Turb,ines
of Larqe Output devoted ło co--errrorate 100ih Birthday Anniversary of Prof.
Robert Szewalski. The conference was held in Gdańsk, Poland on September
22-24,2003.

The Conference is a continuation of previous conferences held at the Insti-
: lte of Fluid-Flow Machinery PAS in former years dedicated to technology of
sieam turbines. Series of conferences bearing the same name took place in the
-,,ears 1962, 1965, 1968, 1993. In 1997 organised has been a conference on steam
:irbines and related topics, but with a slightiy amended title - Problems of Fluźd,
:łow Mach,inery, At present at the Institute of Fluid Flow Machinery there are
_-onduced research of fundamental character encompassing both the issues related
:,: steam turbines and fundamentals of power engineering.

Organisers of the present conference have returned to the traditional name)
_.e. Conference on Turbi,nes of Large Output to mark the respect to the memoTy
.: Professor Robert Szewalski (1903-1993), the founder and a director of the In-
::_:ute of Fluid-Flow Machinery for several years, and initiator of the conference
series devoted to the problems of steam turbines.

The Editors ale very grateful to the referees of the papers presented in this
_ssue of the Transactźons of Flui,d-Flow Machi,nery: J, Badur, W. Batko, E. S.
Blrrka, J.T, Cieśliński, P. Doerffer, A. Gardzilewicz, B, Grochal, J. Kiciński, G.
Iiosnan, T. Król, J.Krzyżanowski, J, Mikielewicz, A. Neyman, W. Ostachowicz,
R. Puzyrewski, R Rządkowski, J. Swirydczuk, M. Trela, T. Uhl andZ. Walczyk,

We appreciate cordially the manifested authors interest in our conference.
Special thanks are conveyed to Ms 'Maya' Bagińska, for her fruitful editorial help
:=]ated to directing the papers to reviewers and correspondence with the authors
: _ _,lrtributions.

Prof. Jarosław M,iki,elewtcz
Editor-in-Chief

Dr Ed,warcl Śltwl"lrl
Managing Editor
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ANDRZEJ GARDZILEWICZ*",S. MARCINKOWSKI", A. ADAMKOWSKI",
W. JANICKI" and H. SOBERAb

\Ieasuring of unsteady pressures at the steam turbine
exit

" Institute of Fluid-F]ow Machinery PAS, Fiszera 14, 80-231, Gdańsk, Po]andb Kozienice Power Station, 26-911"-Świerże Górne, Po]and

Abstract
lre paper presents results of measurements of steady and unsteady pressure at the k560iĘ:l*:t-e 56u*" exit under significantly variab]e load conditions. Simultaneously with the pres_

l :ffi ::::'1Till1,1"1']Ura,tion1 were recorded. This experimental task was done to verify,ułu-l eiions of turbine flow and rotor vibrations provoked b} aerodynamic forces.

rordsl Steam turbine; Measuring of unsteady pressures

trntroduction

T:t large electric power networks require ever more frequently operation
lne sets under variable load conditions. This requirement involves aiso large
rr -:nits previously operated as a rule, at nominal parameters. These general
m* jetermine new directions of investigations, which more and more oftenl łlaluation of unsteady effects in the aspect of the interaction between:,=nic and electromagnetic forces in rotating turbine unit components of;ng set [1],
ilu* alticle presents results of some investigation concerning the steam flow
Muł![:*e', of the last stage exit. Along with a detailed erraluition of thermo-

[łfi§ftr-§}b\b"\§§\§\§'urr\ęr \b})'\\B opetatrng condrtrons, fie \nves\\ga\\on a\nred,
un :efining a re}ationship between examined spectrum of pressure pulsations in
:ie steam flow and rotor vibrations. These analyses are needed for verification
if modern design and diagnostics methods [2].

-Corresponding author. E-mail address: gar@imp.gda.pl
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2 Measuring instrumentation and turbine operating
conditions

Flow parameters downstream of the last stage exit were measured in a 500 MW
turbine of unit No. 9 in Kozienice Electric Power Plant [3], Figure 1 shows a
schematic view of the low pressure part of this turbine with marked locations of
measuring probes. A standard plate probe (Fig. 2) was used for measuring aver-
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Figure 1. Low pressure part of the 500 MW turbine [3],

aged values of static and total ptessuTes, temperatures, and steam flow angles in
the last-stage passage. The applied method of measurement ha§ been described
in detail in [a]. Probe calibration, carried out in an aerodynamic tunnel, secured
high accuracy of the temperature, pressure and angle mea§urements: Aź < 0.5
deg, Ap ( 1 mm Hg, Aa < +1+ 10o. To protect pTessure measuring ducts from
being filled with water, they were frequently purged with air. The investigation§
of flow unsteadiness downstream of the stage concerned total pressure pulsation§
For this purpose the visualization system of a pneumatic probe was replaced Ę
a miniature piezo-electric sensor, Fig. 3. The measuring range of the sensor waś;

suited to operation behind the last stage. The accuracy cla§s of the mea§uremeut
track was 0.4 and the transmission band - up to 30 kHz. A computer-aided
system of data acquisition, used in the measurement, is shown in Fig. 4. Along
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Figure 2. Measuring probe used downstream of the last stage blade.

]. The end of the probe used for pressure measuring (averaged values and pulsations).

:r€ssuTe signals, transmitted to this system ,il/ere signals of shaft vibrations
:earings, located on eitheT side of the low pTessure turbine part, The shaft
:r, signals, in vertical (Y) and horizontal (X) directions, were taken from a
ry vibration surveillance system, of philips delivery. During the measure-

m t:e pneumatic probe was traversed along the last stage rotor blade height,
nmuro:joned in accordance with the direction of total pressure recording. The

lf each recording was about 30 s, and the sampling frequency: 40 kHz,
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Figure 4. The schematic diagram of the measuring system.

All measurements were carried out for different turbine loads, within the
between 50 % a"rrd I00 % of the nominal load. The basic measurement data
shown in Table ]_. These data provided the basis for evaluating the course
expansion in the last stage, as shown in Fig. 5 according to [5].

3 Measurement results and their analysis

Distributions of thermo.dynamic parameters downstream of the last
along the passage height are shown in Figs. 6-7. They present measured
sures and temperatures, as well as calculated velocities and flow angles for
rated operating conditions. For all the loads the distribution of parameters
similar. Some of them have been shown in Fig. 6a for power turbo set mini
In this regime, no flow separations, characteristic for low-load turbine o
were recorded in the last stage passages. Pressure pulsations behind the
stage (rms and peak-to-peak values), calculated basing on the measurements
related to the measured average total pressure are shown in Figs. 9 and 10.
refer to the rms and peak-to-peak values.

It is noteworthy that in the examined turbine, even at the load as low
50% of. the rated value no flow separation is recorded at the hub. Unlike
constructions, the effect of leakage flow is less pronounced in the time hi
of the flow parameters, which results from smaller radial gap at the rotor
tips and relatively high humidity of steam leaving the turbine.
The magnitude of pressure pulsations depends strongly on flow velocity.
fore relatively high values have been recorded for higher loads and their i
at the blade tips has been observed. The maximum values of the Lpr_olp"
reach 0.2+0.44, which corresponds to the flow turbulence level of about 10+
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of unsteady pressures at the steam turbine exit

Tab]e 1.

lvleźl-
sur-
ement
No,

Power
P

Lr lIIIeI
pressure

Pl,p

Lr lnle!
temp.

ttp

Uonoen-
ser
pressure

Pcond,

YreSsure
behind ]ast

stage stator,
at hub

Pł
absolute

MW cen-
tage

%
MPa C kPa kl,a

400 80 2.Uz 212 2o 5.U7
2 500 100 2.44 2l0 3.55 7.27
3 25o 60 1.04 181 3.0 3.80

7,8 s lkltkgKl 7,9

Ęure 5. Steam expansion lines in the last stage of the LP turbine at different loads.
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Figure 6, Radial distributions ofthe static pres§ure, total pressure and temperature downstream
of the last_stage bla,de outlet at the nominal loa,d operating conditions.
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Figure 7. Radial distributions of the exhaust velocity arrd exit angle flow of steam downstream
of the last-stage blade outlet at the nomina] load operating conditions.

The calculated amplitude-frequency spectra of the pressules recorded at differ-
ent blade heights are shown in Fig, 10. The predominant frequency component is
linked to the rotor blade number (ą : 53) and the rotation frequency f, = 50Hz:-

f, : irf " :2650 Hz
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Figure 8. Root-mean-square value of the total pre§sure pulsations (Ap.-") related to the average
value ofthe total pres§ure (p") at different heights ofthe last stage blades (Hj).

Ęrre 9. Peak-to-peak values of the total pressure pulsations (Lpp_r) related to the average
value of the total pressure (p.) at different heights of the last stage blades (Hj).

Relying on the results obtained one can state that the components related
mm the rotation speed of the rotor, i.e. 50, 100, ... Hz, and those related to the
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Figure 10. F'requency-amplitude spectra of the total pressure pulsation at 500 MW load.
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f= 100 Hz4,0

P=400MW

1200 1500 1800 2100 2400 2700 3000

900 1200 1500 1800 2100

f [Hz]

trg;e 11. FYequency-amplitude spectra of the rotor vibration at 400 MW load (bearing nr 4,
X, Y - horizontal and vertical direction).

,,ąi;,:r blades numbel are f,at from dominating, and thus are not dangerous for the
lu:r:ne unit oPeTation. Amplitude-frequency spectra of rotor vibrations in the
:ćjl;ngs nearest to the examined exit are shown in Fig. 11, for 400 MW load. In
!:i.]5 ]ase the dominating components of rotor vibrations are basic harmonics re-
-ułi,łj io the rotational frequency 50Hz, The frequency of 22.6 Hz, recognizable in
'Ęrł ::ectrum, results from the hydrodynamic precession (self-excited vibrations)
łlii -'roticeable is also the presence of 2650 Hz the pressure pulsation component,
un"n-:d, the last stage. Its level is very low, which suggests small effect of last
ururłe= aerodYnamic forces on the operation of bearings in the examined turbine.

conclusions

]:e measurements of steady and unsteady plessule components at the tur-
]łuiugł* :=t. complemented by measurements of rotor bearing vibrations, have proved
,{trul Ę lperation of the turbine unit at loads in the range between 50 and 700 %

F 3.0c

* 2.0

1.0

E 3.0

3 ,.o

1.0

0.0

4.o
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of the rated value.
At present, the collected experimental material is being used for:

o verification of viscous flow calculations through the turbine last stage and
exhaust hood, taking into account blade flutter and flow unsteadiness,

o determining relationship between the spectrum of pressure pulsations in tbe
flow and vibrations of the turbine rotor.

In the nearest future the range of measurements will be extended to include tbe
turbine start-up and stoppage processes.
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