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The operation safety of any turbo-installation depends on the effectiveness and reli-
ability of working of its basic constructs. For that purpose it is required to use modern
approaches to constructions of turbine equipment of the Thermal Power Station (TPS)
and Heat Power Plant (HPP). It is impossible without a detailed investigation of ther-
mal and gas-dynamic processes.

The investigations of thermal and gas dynamic processes in a steam turbine ex-
haust hood have been carried out. The numerical solving of the conjugate heat transfer
problem was used. This approach allowed to define the thermal field of steam and
solid case, and the velocity field of steam. These results of investigations will be used
in solving inverse heat transfer problems for definition of heat transfer coefficients on
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inner surfaces of the exhaust hood.
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gas-dynamic processes

INTRODUCTION

The operation safety of any turbo-installation depends
on the effectiveness and reliability of working of its basic
elements. For that purpose it is required to use modern
approaches to constructions of turbine equipment of TPS
and HPP. It is impossible without a detailed investigation of
thermal and gas-dynamic processes.

The exhaust hood is a very important part of steam tur-
bines. In particular the construction of the exhaust hood
has a big influence on the economy and reliability of the
turbine [1, 2]. Its aerodynamic performances influence the
economy of the turbine. During the operations the opera-
ting environment in the exhaust hood of the high pressure
cylinder (HPC) has the complex structure and the walls of
the exhaust hood are subjected to the temperature differen-
ces at changing of the turbine operating regime.

An important factor which influences the efficiency and
durability of the exhaust hood is unevenness of electric

load in the power grid. As a result, the number of turbine
shutdowns and startups from different thermal conditions
and work on low-consumption regimes has increased. In
this case the steam flow rate decreases in comparison with
the nominal regime.

The turbine work at low-consumption regimes can
be dangerous for the exhaust hood casing because in this
case large tangential flow twisting, redistribution of steam
flow rate, angles of flow radial direction and the flow se-
paration in the sleeve zone after the last turbine stage are
possible.

This character of the vapor flow in the inlet of the
exhaust hood essentially restructures the flow in the
exhaust hood and forms the reverse flows along the root
bounding surface.

This can change the rate of exhaust hood walls and flan-
ges heating and increase the local thermal stresses.

So it is very important to make investigations of ther-
mal and gas-dynamic processes in this turbine element.
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Fig. 1. The high-pressure cylinder of the turbine K-325-23.5

PROBLEM DEFINITION

Today the turbine K-325-23.5 of the joint-stock corpora-
tion “Turboatom” is one perspective project of the Ukrai-
nian turbine construction industry [3]. It is necessary to
make investigations for its reliability and long operation.
The main part of these investigations is identifications
of thermal and gas-dynamic processes in construct ele-
ments.

The high-pressure cylinder of the turbine K-325-23.5
is shown on Fig. 1. The exhaust hood has a toroidal form
with two exhausts at the bottom. The exterior casing of HPC
is covered by isolation. This fact was taken into account in
thermal investigations.

Thermal and gas-dynamics processes were investigated
on the nominal and underloading turbine regimes.

METHODOLOGY OF SOLVING

The test operation with complex objects like the exhaust
hood of the steam turbine is a very difficult problem which
is associated with risk of equipment damage and the high
financial expenditure. The solution of this problem is com-
putational modeling.

One of problems at investigation of thermal and gas-
dynamic processes is a problem of boundary conditions
definition in zones where operation environment has con-
tact with the metal casing. Taking into account the cooling
of steam near the solid surfaces is also a problem. In this
case effective instruments are the conjugate heat transfer
problems which take into account the interference of heat
transfer in the solid body and gas environment.

The mathematical model of the conjugate heat transfer
problem consists of the following equations:

1) For gas environment:

- continuity equation (mass sources and sinks are ab-
sent):

op .
L +d =0,
o iv(pv) (1)

where p is density of gas, kg/m’ 1 is time, s; v is the
velocity vector, m/s;
— equation of motion of viscous gas:

p?z —gradEp+§uediv Vj+2div(ueS), (2)
T

where p is static pressure, Pa; p_is an effective coefficient of
dynamic viscosity, kg/m - s, S is a tensor of strain rates;
- energy equation:

%(pE ) +div (V(p E+ p)) = div(ke grad T), (3)

where E is total energy, carried to mass unit; T is tempera-
ture, K; A_is the heat conductivity coefficient (in considera-
tion of the turbulent constituent), W/(m - K). In consequen-
ce of a small absolute value of the dissipative function there
are not sources of heat here which were generated of the
mechanical work of the gas flow.

2) For solid medium there is the equation of heat con-
duction (the Fourier equation):

div(AgradT) = cppaa—T, (4)
T

where \ is the heat transfer coefficient; T'is temperature, K;
¢, is the heat capacity of material, J/kg - K.

For closure of the differential equations system added to
the equation of gas environment state there is dependence
of the density of environment on temperature and pres-
sure. For calculation of the turbulent components which
were included into the equations of moving and energy the
Menter’s model of the shear stresses k-w was used [4]. The
physical characteristics in the equations were considered as
functions of temperature and pressure in the working in-
terval of temperatures.
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Fig. 2. The calculation area: a) the fragment of
the calculation area; b) the complete area

A control-volume-based technique [5] is used for sol-
ving of the model equations.

The calculation area for the exhaust hood of HPC (Fig.2)
was realized in 3D mesh. The calculating mesh has more
than 1.5 million nodes which allow to consider thermal and
gas-dynamic processes and take into account flow specifics
near the solid body.

The boundary conditions for the calculation of the
exhaust hood model were accepted according to the ther-
mal calculation of HPC for the exit section after the 12th
stage rotor blades (Table).

Table. Boundary conditions in the inlet of the exhaust hood

The radial distribution of the steam parameters and
values of axial and circumferential velocity components are
assumed constant.

For velocity and temperature fields detecting the nomi-
nal regime was chosen. At this regime the steam flow rate
was Gt = 1000 t/h. The regimes with 700, 500, 300 t/h flow
rates were also considered.

For each considered operating regime a special fluid-ve-
locity profile at the outlet from the 12th stage was formed.
For example, for the nominal operating regime the fluid-ve-
locity profile will have the form which is shown on Fig. 3.

Values | Regimes
G, t/h 1000 700 500 300
G, kg/s 255.24 173.2 122.64 81.94
P, .,, Mpa 4.14963 2.943 1.8639 1.169352
T,., °C 2837 270 257 240
V,_,,, m*/kg 0.0575 0.07678 0.1100 0.1918
C,, m/s 55.47 49.97 50.49 61.87
C,,, m/s 54.78 49.64 50.45 58.66
C,, m/s -8.74 5.71 3.74 -19.67
a,, degree 80. 94 96.56 94.25 71.46
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INVESTIGATION RESULTS

The solution of the direct conjugate pro-
blem of heat transfer allowed defining the
structure of flow in the exhaust hood of
HPC (Fig. 4). This figure shows that after
moving by the steam channel of HPC the
flow goes to the cave of the exhaust hood
where becomes twisted and after division
goes to the bottom exhaust (Fig. 4a). The
structure of the flow in the section placed
in the plane z0y shows the character of
the steam moving lengthways of the inner
surfaces of the exhaust hood (Fig. 4b). The
small flow separation occurs near the exit
of the diffuser (point 15) and near the zone
where the casing and the iron ring are con-
nected (points 9 and 10).

The steam velocity distribution (Fig. 5)
in the exhaust hood influences the heat ex-
change conditions on its surfaces.

Researches have shown that for all con-
sidered turbine regimes the flow structure is
similar.

In the toroidal camera the flow rate in-
creases from section I-I to section IV-IV.
In the bottom part of the exhaust hood the
steam moves from section VI-VI to section
V-V.

The solving of the conjugate heat trans-
fer problem allows to define thermal field
in the solid body and gas. The thermal field
in the vertical section is shown on Fig. 6.
The high speed of gas causes the uniform
temperature distribution in the inner ca-
vity of the exhaust hood. The outer case of
HPC have also warmed up uniformly, the
highest temperature of metal being in the
salient part (deflector).

According to the results of the numerical
investigation, the operating regime change
does not significantly affect the temperature
distribution in the circumferential direction
on the inner surface of the exhaust hood
(Fig.7).

The decreases of twisting flow influence
at lower steam flow rate were detected and
the flow rate became almost equal in both
outlet tubes. So the flow structure relative
to the vertical cross section is symmetric
and in next investigations the calculation
area can be considered as one symmetrical
part.

Fig. 4. The structure of flow in the exhaust hood of HPC: a) current streamlets for all calculation
area; b) current streamlets in the section placed in the plane z0y

Fig. 5. The components of steam flow in the exhaust hood: a) circumferential component;
b) flow rate component

556.8
D 547.0
537.2
527.3
517.5
507.7

497.8
488.0

478.2
468.3

Fig. 6. The thermal field (absolute degree) in the vertical section of the exhaust hood
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Fig. 7. The temperature distribution in the circumferential direction on the inner
surface of the exhaust hood at the nominal and underloading turbine regimes

CONCLUSIONS

The uses of modern modeling methods of thermal and
gas-dynamic processes based on the solving of direct heat
transfer problems allow to identify heat transfer conditions
in different elements of the turbine. These methods have
high effectiveness at modeling processes in the exhaust
hood of high-pressure cylinders of steam turbines.

The uneven distribution of temperature in the solid
body of the exhaust hood requires making investigations
of thermal stress conditions. For this purpose the inverse
heat transfer problem will be solved based on the results of
presented investigations. After that the heat transfer coeffi-
cients on inner surfaces of the exhaust hood will be defined
which will be used like boundary conditions in thermal
stress investigations.

The results of this work have shown that next investiga-
tions of thermal and gas-dynamic processes in the exhaust
hood on varying conditions of operations are necessary,
especially on starting and low-consumption regimes.
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SILUMOS IR DUJU DINAMIKOS PROCESU GARO
TURBINOS ISMETIMO BLOKE MODELIAVIMAS

Santrauka

Eksploatacijos saugumas bet kuriame turboenergetiniame jrengi-
nyje priklauso nuo pagrindiniy jo konstrukciniy elementy funkcio-
navimo, darbo efektyvumo ir patikimumo. Jiems nustatyti reikia
naudotis moderniais turbiny jrengimy - konstrukcijy - tyrimo
ar testavimo $iluminése (TEC) ir kogeneracinése jégainése naudo-
jamais metodais. Tai yra nejmanoma be i$samaus $ilumos ir dujy
dinamikos procesy iStyrimo.

Siame darbe $ilumos ir dujy dinamikos procesy tyrimas buvo
vykdomas garo turbinos iSmetimo bloke (gaubte). Buvo naudoja-
mas jungtinio $ilumos mainy uzdavinio skaitmeninis sprendimas.
Sis metodas leido nustatyti garo ir bloko — kieto gaubto garo $ilumos
ir garo grei¢iy — lauka. Tyrimo rezultatai bus panaudoti skai¢iuojant
atvirkstinius $ilumos mainy uzdavinius siekiant nustatyti $ilumos
mainy koeficientus ant i$metimo gaubto vidiniy pavirsiy.

Raktazodziai: garo turbinos i$metimo blokas, jungtinis $ilumos

mainy uzdavinys, $ilumos ir dujy dinamikos procesai

Ceernana Anéxuna, Onbra CumOupckas

MOJIE/INPOBAHUE TEIIVIOBBIX 1
TASOJVMTHAMMYECKUX ITPOILIECCOB B
BBIXO/THOM ITATPYBKE TAPOBOVI TYPBUHBI

Pesiwome

Be3omacHOCTb 33KCIUTyaTarmy mo6oit TypOOyCTaHOBKM 3aBUCUT
0T 9 PeKTUBHOCTU ¥ HaJEKHOCTU PAbOTHI ee OCHOBHBIX KOHC-
TPYKTUBHBIX 3/1eMeHTOB. [/ 5T0ro HeoOXOAMMO KCIIONIb30BaHME
COBPEMEHHBIX TIOIXOJI0B 11 METOJIOB IIPOEKTUPOBAHNA TYPOUHHO-
0 000pYI0BaHIA TEIIOEKTPOCTAHINI 1 TEIIO3NEKTPOLIEHTPa-
71ett, 4TO OCYI[eCTBIIACTCS C TOMOIIBIO TIATETbHOTO UCCTIE0BAHNA
TEIUIOBBIX 1 Fa30MHAMUYECKIX IIPOLIECCOB.

B nanHOIT paboTe OBINTO BBHINONTHEHO MCCEOBAHME TETMOBBIX
¥ Ta30[[ HAMIYECKUX TIPOLIECCOB B BBIXOJHOM MAaTPyOKe IapoBoi
TYpOUHBL VICIIOMb30BaIOCh YMCTIEHHOE pelleHNe COMpKeHHOIT
3aj1au Terroo6MeHa. Takoit I0XO0f ITO3BOJIUII OLPEe/ITD TEII0-
BOE IOJIe TIapa 11 MeTaia KOpIIyca, a TakKe Mo/e CKOpOCTelt mapa.
PesyibTaThl MCCIEOBAHMA MOTYT OBITH MCIIONB30BAHBI IIPHU pellie-
HUY 0OpaTHOI 3aauy TerIooOMeHa I ompefeneHus Koapdu-
LIMEHTOB TEeIUIOOT/auM Ha BHYTPEHHEll IIOBEPXHOCTH BBIXOJZHOIO
narpyoxa.

KntoueBble c70Ba: BBIXOJHOM MATpyOOK MapoBoil TYpOUHBI,
CONpsDKeHHAA 3ajla4a Tero0OMeHa, TeIIOBbIe 1 Ta3ofHaMIdec-

K€ TPOL[eCCHI



