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A Thermodynamic-Constructional Analysis of the
ZAMECH Heating-Plant Turbines

1. Introduction

Economical advantages of generating electrical and heat energy in a system of inter-
connected economy are well known today. There exists only a problem of optimal selection
of design and operational parametęrs of a thermo-electric power plant at which thę
lowest costs of generation of the both types of energy are attained. It should be borne in
mind that the selling price of a unit of electrical energy is several times higher than the price
of a unit thermal energy. Hence, the tendency to obtain the highest economically substan-
tiated electrical power (from a given amount of supplied energy) is justified.

One of the methods of increasing the electrical power output of thermo-electric turbo.sets
is the application of the multistage thermal heating in place of the single-stage heating.
As a results of lowering the pressure of the exhaust steam in the case of the multistage
heating, the internal drop of enthalpy in a turbine rises by the value which corresponds
to the difference of enthalpy of the exhaust steam in a system of the single-stage heating
and the enthalpy of exhaust steam in a system with the multistage heating. In consequence
the power rating of. the turbine rises.

Thermal diagrams and steam expansion curve§ for turbines with the single-stage and
multistage heating are presented in Fig. 1.

rn order to accentuate the differences between the two types of turbines backpressure
heating plant turbines will be taken into consideration.

The equipment and the expansion cufve common for the both turbines are drawn
with thick line while thę additional equipment and the additional drop of enthalpy in the
turbine with the multistage heating are drawn with a thin line.

The investment costs of the turbine, heat exchangers and of the power station as a whole
rise simultaneously with the application of the multistage heating. The problem is therefore
reduced to the techno-economical optimization of the turbine in a range of heat plant tap_
pings and heat exchangers.

* ZAMECH - Mechanical Works, Elbląg.
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34 L. Parys

The results of an analysis of the influence of the number of heating stages on the turbi-
ne rating, distribution of heating of mains water to the separate heat exchangers and

the heat exchange area, and the influence of these parameters on the shaping of the

turbine costs together with their optimization, will be discussed in this paper.

Fig. 1. Heat diagrams and steam expansion curves in heat plant backpressure turbines

for the following sy§tems: a) with single-stage heat plant heating, b) with two-stage heat
plant heating

2. Thermoilynamical analysis

The thermodynamical analysis was based on the comparison of power systems with
the multistage heating with a system with the single-stage heating under the following
assumptions.

2.1. Assumptions

- Equivalent energy rates are supplied to each of the systems in accordance with
the equation:

Er-=N +Q:const, (1}

where .Eo _ energy rate supplied to the turbin€, N - internal power rating of the turbine,

Q - heat flow rate.

- Equal initial live steam conditions (parameters): p, - pressure, 
'p 

- temperature.
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- Equal internal efrciency of the turbines being compared.

- For the sake of simplicity, a single-stage feedheating which pos§esses the same para-
m€t€rs of blade §team: pr - pre§sure, i, - enthalpy.

- Identical parameter§ of feedwateri po - pressure, tz - temperature, Gr:Gp -
mass flow rate of feedwatet equal to the mass flow rate of live steam.

- Identical temperatures of the heating network water: /"9 - temperature of the
heating network return water, l§p - temperature of the heating network outlet water.

- Individual draining of the condensate from each heat plant heat exchanger was
assumed and, due to its insignificant value, the power consumption of the condensate
pumps was neglected in the power balance.

- A constant value assumed for the final temFerature difference between the heating
steam saturation temperature in the heat plant heat exchanger and the temperature ofthe_
mains water on the outlet from that heat exchanger, ól:cotr§t.

- A turbine with the single-stage heating (a reference turbine) was assumed as a re_
ference system with which the other heating systems were compared. Numerical examples
were calculated on the basis of the reference turbine, which possesses the following technical
characteristics:

Ni:55 MW internal rating of the turbine,
Pplto:730 Ńa|535'C live steam conditions,

Gp:238 t/h mass flow rate of the live steam,

Q:97,8Gcallh heat plant energy flow rate,
l"o:SOoC temperature of the network return water,
/,,:86oC temperature of the network outlet water.

2.2. System withtwo-stageheating

As a result of energy bomparisons carried out the following relation for the turbine.
rating increment wa§ obtained after changing over from a single-stage to a two_stage heat
plant heating:

35

AN2:Goa(l-,ru>nffffię,, (2)

where

a

b

lr- l-

_; -;

(3)

(4>

o:9-
ą' 

(5}

/N, - Power increment for system with 2-stages of heating, Go * mass flow rate of the live
§team, G", - mass flow rate of the exhaust steam for a turbine with the single_stage
heating, l. - enthalpy of the exhaust steam for a turbine with the single-stage heating,
ii - enthalPY of the condensate for a turbine with the single_stage heating, ł9 - the maxi_
mum additional enthaĘy drop in comparison with the single-stage heating, which is theore_
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tically available, corresponding to the drop from a pressurepw, resulting from the end tem_
perature of the network water l",, to a pre§sure po corresponding to the saturation tem-
perature of the heating steam at zero heating of the network water in the first heat plant
heat exchanger (see Fig.2), /ir, - drop ofthe steam enthalpy between the higher and the
lower (exhaust steam) heat plant tapping.

Fig. 2. Steam expansion curve in a turbine and
graphic illustration of turbine ratings with single-

and two-stage heating

0,3ha

Fig. 3. Diagram of lNz:f(litz)

The turbine §team expansion curve and the graphic presentation of the turbine rating
with the single- and two-stage heating are shown in Fig. 2.

The diagram of the function lN2:f (lip) is shown in Fig. 3. From the analysis of
the equation (2) it follows that the maximum increment of the power tating AN, takes
place for a drop of the steam enthalpy between the heat plant tappings equal to

(/i1,)oo,:lhg.

This is turn causes tire appearance of:

- equal heating of the network water in the both heat exchangers,

- equal steam mass flow rate to these heat exchangers.
The magnitude of the maximum power rating increment is:

I- ab
(AN2)^,*:Grdho 

Ę+aho
(6)

2.3. Three-stage heat plant heating system

For a turbine with a three-stage heating the following relationship of the power rating
increment in respect to a turbine with the single-stage heating is obtained

hoAiB+ho /i23_ AiL_ AiL- liB Ai23

1o,,

lN3:Gru(1_ ab)
ho+ ahg lirr+ aho /i.,,- alizrr- aAi|3- a/i* li23

(7)
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there additionally: li* - drop of the heating steam enthalpy between the higher and

intermediate pressure heat plant tapping, lir, _ drop of the heating steam enthalpy be-

r§ł-een the intermediate and the lowest pressure (outlet steam) heat plant tapping.
The turbine steam expansion curve and the graphic comparison of power ratings of

rurbines with the single- and three-stage heating are shown in Fig. 4.

In equation (7) two independent variablęs appear /iI3, /i23, each of which can take
on values from zero to ło. The diagram of this function is a quadric which is presented

graphically in Fig, 5. It follows from equation (7) that the maximum increment of the power

4. Steam expansion curve in a turbine
graphic illustration of turbine ratings
with single. and three-stage heating

Al l:

Ąlzl
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rating (trNr)^^* takes place for equal drops of the enthalpy

(/i 3) 
"o, 

: (A i z s) opt : th o

which in turn causes the following:

- equal heating of the network water in all the heat plant heat exchangers,
- equal steam mass flow rate to each of the three heat exchangers.'The maximum magnitude of power rating increments is

(/N3).u,:Gn -hr##

2+ ah,

2.4. System with n stages of heating

Considerations are limited only to extreme (maximum) increment of the turbine power
rating as a function of the number of heating stage§.

BY analogy with systems with two and three stages of heating it was assumed that
the maximum power rating increment appears for enthalpy drops divided equally between
the separate heat plant tappings.

As a result the following relation was obtained for the turbine power rating increment
due to the apPlication of the multistage heating of the network water in respect to the power
rating of a turbine with the single-stage heatings:

AN,:Goaho,ż:-o' 
._,

n- lł aho

wherclNn - Powerratingincrementfor an-stagesystemofheating,z - numberofheating
stages.

For an infinite number of heating stages the power rating increment is

1- ablN*:Graho 
2+rh

BY dividing equations (9) and (10) by sides the relative power rating increment is obtained
for a turbine of any number of heating stages in respect to the maximum theoretically
possible power rating increment at n: q

lN-W,:ń:
2n

-----ląhon-I
The diagram of the function W,:f (n) is shown in Fig. 6. As the value of the product
aho is contained in the range 0.06+0.12 one can assumę that ahgx\. Then:

(8)

(10)

(1 1)

(9)

n-t
WrN-

n
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*,ad for
n:2 n:3 n:4 n:5

Wrx0.5 W3x0.66 Wn=0.75 Ę =0.80

.Ąs it follows from Fig. 6 the greatest power rating increment of the turbine is obtained
ti changing over from the single-stage to a two-stage heat plant heating. Further increase

ol the number of stages gives decreasing increments of powęr rating.

Fig. 6. Specific increments of turbine
rating depending on the number of stages

of heat plant heating

2.5. Thermodynamic analysis with variabitity ó, considered

The relation for the power rating increment /N":f (n) was deliyed on the assumption
of a constant value of Ą in all the heat plant heat exchangers of the systems taken into
consideration, This allows for indication of the differences of the power ratings of turbines
operating in systems with different degrees of heat plant heating.

For a definite heat plant turbine a change of the value d, in heat exchangers causes
in principle only a change of turbine power rating of the magnitude of:

ANu:|Gr^7ór-6Ila1 , (13)

where lGio - sum of steam mass flow rates to heat plant heat exchangers, c - mean
specific heat of steam, ł; - turbine efficiency within the range of heat plant tappings.

Besides, the value ó, has a basic influence on the heat exchange area in heat plant
heat ęxchangers, and therefore on the cost of the heat exchangers,

The function of investment costs variation depending on n and ó, is in turn associated
with the type of the turbine and with its size, and for that reason also a further analysis
was carried out on a numerical example for backpressure heat plant turbines derived
from the reference turbine, the performance data of which are given in the assumptions
(see section 2.1).
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The value Ó, was therefore introduced into the thermodynamic analysis as an independent
variable varying.in the range of ó,:1+10"C and the variability of n was limited to the
values of n:I+A in consideration of the technical reality.

The results of this analysis and therefore the turbine power rating, its power rating in-
crement and the value of the heat plant enefgy flow raJe as a function of the numb er n of
heating stages and also the final value of the temperature difference ó, are presented in
Fig. 7.

Fig. 7, Diagrams lNnr:f (n,ó), No6:f (n,ó), Q,a:f (n,ót)

It is evident from this figure that:

- the turbine power rating drops with the rise of the final temperature difference ó,
in the heat Plant heat exchangers for a system of a determined number of heating stages,
while the heat plant flow rate of the energy rises,

- the turbine Power rating increment on changing over from a single-stage to a multi-
stage system is basically constant, independent ofthe value of ó,,

- equal end effects - equal pairs of two parameters: Ąu - power rating of turbine,
Q,, - heat Plant energy flow rate can be achieved in different design solutions (heat systems).
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For instance, the same turbine power ratings and heat plant energy flow rates are

acfueved in the following systems (at the same valuę of energy supplied to the turbine in
atrordance with the assumptions given above):

- with the two-stage heating at ór:},$"Q,

- with the three-stage heating ?t 6r:$.ĄoQ,

- with the four-stage heating at Ą:3o6.
Selection of the appropriate design parameters n, ó, requires carrying out techno-econo-

mical calculations.

3. Techno-economical optimization

3.t. The principle of optimization

Technical_economical optimization was carried out by means of the so called heat
plant investment effectiveness indicator in accordance with the principles of the Provi-
sional Departmental Instructions for Investigation of Effectiveness of Power Plant In-
vestments with the difference that the common factor for al1 the versions taken into con-
sideration was the equal value of the energy supplied and not the final effect (electrical
power and heat plant energy) as it is assumed for thermal-electric power station calcula-
tions.

The indicator of the effectiveness of a thermal plant investment, expfessing in principle
conventional unit cost of thermal energy generation is defined as follows:

4I

A_BD-
L^_-,,C (14)

where Ę kł|Gcall - indicator of thermal effectiveness, A |złlyear} - sum of annual
fixed costs and variable costs in whioh the following are contained: amortization of in-
vestment capital during the period of construction, fuel costs, costs of labour; current
repairs and general overhauls togethet with the general shop overhaul costs, B |złlyeaĄ

- product ofthe anhual value ofelectric power produced and thę indicator ofthe effecti-

veness of the'substitution power plant investments, which in principle corresponds to the

value of the electrical power produced during the year, C (Gcal/year) - value of the bnnual
production of electrical energy.

3.2. Change of fixeil anrl variable costs of the thermal-electric power station depeniling on z and Ó,

The shaping of the investment and operational costs was considered next as a iunction
of n and ó, regarded as the basic factors having a decisive inff.uence on the value of the term
,4 in formula QĄ.

The investment costs were treated as a sum of costs of the turbine itself, the heat ex-

changers, the engine room excluding the turbine and the heat exchangers, and the rest of
the thermal-electric power station costs.
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It may be said when comparing the components of the thermal-electric power station
investment costs, that the greatest influence on the variability of these costs, depending
on the number of heating stages and the final difference of temperatures in the heat plant
heat exchangers, is that ofthe costs ofthe heat plant heat exchangers which, in this casę,
amount from 3 .Io6 złatn:l and Ą:10"C to 18 . 106 zł at n:4 and ó,:1'C (see diagram
Fig. 8). That means that they undergo a sixfold change, constituting from 15 to 7oft
of the cost of the turbine itself.

The cost of the heat exchangers is comparatively easy to estimate, This considerable
range of costs (equivalent to the area) results from the factthat with the increase of the
number of heating stages and the decrease of the value ór,the value of the mean logarithmic
difference of temperatures falls and the total heat exchange surface of the heat plant heat
exchangers rises

Atrn:
At"

,.rrr(r* O'r-^\r'

\ n,ó,/

(15)

wbere lt6 - mean logarithmic difference of temperatures for heat plant heat exchangers
with n-stages of heating, /t":t".-t"g - total heating of the network water in the heat
plant heat exchangers,

u 1 z 3 4 5 6 7 8 9 /?ąFr]
Fig. 8. The exchange ąrea F,5,the logaritmic temperature difference Ztroo and,the cost
of the hęat exchangers Jn as a function of the number of heating stages and the value

of the final temperature difference

JW

00'rr]

17,6

Inó

lbJ

24
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Fig. 9, Investment costs of the turbine as depending on the number of stages of heating
and the final temperature difference

The other factor, the variability of which is considerably depending on n and Ó,, are

the turbine investment costs (see diagram Fig. 9). In this example the magnitude of the

turbine costs flucŁuates from 20.106 ńfor n:l and ór:10'C to 26.106 złfot n:4 and
d,:1oC. Therefore the variation of the costs of the turbine is about 30/" of the basic tur-
bine costs.

The remaining investment costs either vary insignificantly (engine room, excluding
the turbine and the heat plant heat exchangers) and may be ignored, or take on a constant
value (boiler room).

Fig. 11. Operating co§ts of thermo-electric power
station as depending on the number of stages
of heating and the final temperature difference

Fig. 10. Thermo-electric power §tation inve§tment
costs as'depending on the number of stages
of heating and the final temperature difference

Ę

890
ąrc]
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The total values of the thermal-electric power station investment costs are illustrated,
diagrammatically in Fig. 10; they change from approximately 290,106 zł, for n:7 and
ór:10oC to approximately 313,106 złfor n:4 and ó,:1"C. They change therefore by
about 8 %, of thę basic turbine investment costs.

With the problem set so (the analysis is carried out at a constant value of the energy
suPplied to the turbine) the operational costs vary insignificantly, as the costs of fue| are
constant and only the costs of overhauls and repairs, which in turn are proportional to the
total investment costs, vary (see diagram Fig. 11).

3.3. Results of optimization

The duration of operation of the turbine during the whole year, designated by the symbol
7 was introduced as an independent variable in ordęr to carry out the optimization of n
and ó, with the use of formula (14).

The results of calculations for two values of Z are presented in Fig. 12, fot 7:3000
hlYear and in Fig. 13 for Z:5400 hlyeat. Taking the results of optimization into considera-
tion it may be said that the selection of the optimum number of heating stages should be
carried out simultaneously with the selection of the optimum value of thę final temperature

Fie. 12. Heat plant investpent effectiveness factor
as depending on the number of stages of heating
and the final temperature difference in heat
plant heat exchangers, for the operational time

of the turbine 7:3000 h/year

Fig. 13. Heat plant investment effectiveness
factor as depending on the number of stages
of heating and the final temperature difference
in heat plant heat exchangers, for the operational

time of the turbine T:5ĘOhlyear
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.-,_jcence in the heat exchanger§. For a small time period Tthęre are no definite advantages

*;-l use of the multistage heating. Minimum values of E" ate attained at higher values

:lj,;_. nith the influence of the value of 6, on E" being relatively small. It is different for
;i:3e pcriods of time 7, where the advantagęs from using ihe multistage heating are con-

ri:erable, minimum Ą values arę attained at lower values of ó, and thę influence of the
,",,],Je of ó, on E" is signicant.

Fig. 14, Savings on the indicator of the effecti-
l,eness of the thermal plant investment as depen-

ding on the duration of operation ofthe turbine
during the year

The selection of an optimum number of heating stages may be carried out on the

basis ofthe diagram (Fig. 14), which presents savings on the indicator ofthe effectiveness

of the thermal plant investment depending on the operation time of the turbine during
the year i.ę. the percentage decrease of the unit cost of generation of thermal energy ex-

pressed by the formula:

45

óEań

t%]

ln",:EĘ!, (16)

rvhere Ęn -'savings of the thermal investment indicator, E"t - minimum value of Ą
for the single-stage heating, Ąn - minimum value of E" for n-stages of heating.

Analyzing the diagram lEcn:f (T) and bearing in mind a certain margin of uncertainty
as to the economic calculations it may be stated that for short-term operation of turbines
up to about 3000 h/year, the use ofthe single-stage heating is appropriate. For operational
times of about 5000 hfyear, which corręsponds to the duration of the heating season,

usage of a two-stage heating system is deemed indisputable, all the more so that values

of lE",reach up to about -6l. Appllcation of three-stage heating seems to be purposeful

only upon year-round operation of the turbine.
These considerations were carried out for the case when during the period of 7 the tur-

bine operates on constant loading.
The turbine load changes actually due to variations of the network return water tem-

perature and variations of thermal and electric energy requirements; this having nega-
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tive influence on the turbine efrciency in the area of heat plant tappings. Detailed economic
calculations should be carried out taking into consideration the actual yearly loading curve.
rt maY, however, be estimated that such a more accurate optimization must lead rather to
a smaller number of heating stages,

4. Thermal-electric power station turbines of ZAMECH production

4.1. Conilitions of operation of thermal-electric power stations

Thermal-electric power stations are designed on the basis of the two-following diagrams
containing the basic initial data:

- an orderly diagram of heat required annually,

- a diagram of the regulation of the heat plant network.
Figure 15 Presents two such diagrams in an arrangement characteristic for a large ther_

mal-electric power station for average conditions in Poland.
Additional designations: /, - outside temperatule, ,§e - network water tempetatufe

at the outlet from the heat plant.
The curve of the heat demand depending on the outside temperature Q:f Q)is variable

during the Year. From the Point of view of the thermal requirements the calendar year
may be devided into two periods:

* The heating season, i.e. the period when the outside temperature is lower than
+l2"C. The heat demand in this period is inversely proportional to the outside tempe_
ratures, which is clearly shown on the diagram of regrlation of the thermal network.

0 -4 -8 -/2 -76 -?0-8 -4
8ó00 s7i0 r[h/a|

time ummpr tine l

b)
t"c]

a)

u00
tine

Fig. 1 5. a) An orderlY diagram of annual heat requeirement. b) Diagram of heat plant network regulation
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- The summer season, i.e. the period when the out§ide temperature is higher than

- : : 'C. During this period the heat demand is practically constant and amounts to l0 + 15 /*
:i lhe maximum demand of the winter period.

The anłual heat demand may be dividpd into three areas:

- the basic demand, almost constant all year round,

- the seasonal demand, only during the heating season, variable, depending on, the
: -:side temperature,

- the peak demand, short-lived during the year, extremely variable, depending on
:he outside temperature.

For economically optimal fulfilment of the heat demand, each of these areas requires
g di_fferent type of heat plant turbine.

4.2. The types and basic properties of heat-plant turbines of ZAMECH production

Basic heat-plant turbines

They are designed for constant operation at almost constant load, for delivery of thermaf
energy corresponding to the area A in the diagram Fig. 15. By design they are backpressure
turbines with uncontrolled backpressufe, with two- or three-stage eńaust to heat plant
heat exchangers.

The thermal system of these turbines functions on, the principle of autoregulation,
ńat means it possesses no organ§ regulating the distribution of steam.

Zamech produces a whole range of this Ępe of turbines, beginning with ratings of 25
MW way up to 110 MW.

Two basic sizes of these turbines are being mainly installed in Poland.
i. Thermal-electric power station turbines of ratings 50+60 MW produced in two

versions as backpressure and as ęxtraction-backpressure turbines with controlled steam
ęxtraction from receivers between the HP and IP parts at the pressure levels of 10+12 ata-
These are impulse turbines of thę disc (wheel) type, two-cylinder of double-shęll design in
the HP part, live steam conditions 130 atal535"C.

Zamech produced the first of this type of turbines, of the symbo1.13P55-0, in 1969.

It is running at present in the thermal-electric power station Łódź III. The longitudinal
section of this turbine is shown in Fig. 16. Thę first units of these turbines were made
in a three-stage heating arrangement with ó,:6.4oC, assumed in the heat plant heat ex-
changers. At present these turbines, due to dubious advantages resulting from three-stage

heating, are being produced with two-stage heating, with ó,:3.6oC assumed, and po-
wer rating and heat flow rate remaining unchanged.

2. Backpressure heat-plant turbines of power rating 100+ 115 MW, symbol 13P110-0, are
also built in two versions as backpressure and as extraction-backpressure one§ with a con-
trolled steam bleed from HP and IP receiver at the pressure level of 10+ 12 ata. The longitu-
dinalsectionofthisturbinein the backpressure verŃon is shown in Fig. 17. This is a two-
-cylinder turbine of a double shell design in the HP part with a single flow inlet to the low

4,F



Fig. 16. section of the 13 P55-0 turbine
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Fig. 17. The longitudinal section of the 13 P110-0 turbine



A Thermodynamic-Constructional Analysis of the ZAI|{ECI{...

]re§sure part and a double flow outlet to two heat plant heat exchangers With two-stage
:e.ąiin,e. Live stęam conditions 130 atal535'C.

Such a solution of the low pressurę part gives thermodynamic advantages in the variable
;,,.nditions of turbine operations and advantageous possibilities of planning arrangemęnts
._,i heat plant exchanger systems and steam piping under the turbine.

Gtz* Gz2

Fig. 18. Steam flow'rate to heat plant heat exchangers as depending on the temperature of network
retufn water

The thermodynamic advantages may be shown by comparing the operation of this
turbine with a turbine to the design arrangement of the turbine 13P55-0 in variable working
conditions.

Diagrams of the steam flow ratę to the separate heat p7ant heat ęxchangers depend_
ing on the temperature of the nętwork return water at the constant live steam flow rate
for backpressure heat plant turbines in serięs arrangements of heat plant tappings (ac-
cordir]g to the design arrangement of the turbine 13P55-0) and shunt arrangements
as in thę turbine 13P110-0 are shown in Fig, 18.

It follows frombig. 18 thatthe steam flow rate in the turbine 13P110-0 to the sepa-
rate heat exchangers remains almost constant, independently of the variation of the return
network water temperature lso. For a turbine with a series arrangement of heat plant
tappings at low temperatures of the network water, the heat plant heat exchanger of lower
pressure is relieved while the load on the higher pressure one is raised, At high network
return water temperatures thę situation is reversed; the load on the exchangęr of hightir
pressure is raised and on thę lower pressure exchanger it is decreased.

The thermodynamic analysis carried out in section 2 revealed that, for the simplifica-
tions assumed, the following relation exists between the enthalpy drop of steam in the turbi-
ne between the heat plant tappings, the branchings of steam to the separate exchangers
and the network water heating in these exchangers.
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where G12 - steam flow rate to higher pressure heat exchanger, G22 - steam ff,ow
rate to lower pressure heat exchanger, l§1 - network water temperature beyond the
lower pressure heat exchanger.

It follows from the analysis of the diagram of Fig. 18 and the relation (17) that in the
turbine 13P110-0, independently of the temperature of the network return water, maximum
increments of the power rating resulting from a two-stage heat plant heating are achieved,
point l in Fig. 19.

Fig. 19. Curve of frrnction /N2:
:f (/ió at ór:g6nr1. Curve of function
/N2:f (/iD) for real system when ó,

is variable 0,5 ho ńo Al,

For a turbine with a series arrangement of heat plant tappings the maximum increment
of the power rating (point A in Fig. 19) is attained only on equal branchings (distribution)
of steam i,e. at the nominal temperature of the network water, while for low temperatures
of the network watet' the increments of power rating are about30\ lower, point B, and
similarly for high temperature, point C, of the diagram Fig. 19, Points A, B, C lie on the
turbine power rating increment curve lN25:f (/irr) resulting from the introduction of ths
two-stage heating for a real system in which the variability of values in heat plant heat
exchangers depending on the heat flow rate supplięd to the ęxchanger is taken into conside-
ration,

Seasonal heat plant turbines are designed mainly for satisfying the requirements for
heat which correspond to the area .B on the diagram in Fig. 15.

According to the current opinion in Poland on the subject the extraction_condensing
heat plant turbines operating in the heating season with a variable consumption of the heat
and during summer as condensing, electric power turbines, are deemed to be most appro-
priate.

In association with this high efficiency (corresponding to the efficiencies of electric
power station turbines equivalent with regard to the power rating) is required from these
turbines. They are, therefore, generally interstage reheat turbines. For these purposes,
ZAMECH makes extraction-condensing heat-plant turbines with two-stage heating in
two versions, the turbine designated by l80UK135-0, of power rating 135 MW for the live
steam conditions of l80 atal535l535"C and the turbine designated by 13UK125-0, of 125
MW power rating for thę livę steam conditions of 130 atal535l535'C. Both versions possess
the same low pressure part.



t.:] L:
Fig. 20. The longitudinal section of the l8UK135-0 turbine

Fig, 2l. The longitudinal section of the 13UK125-0 turbine
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The łongitudinal section of thę 18UK135-0 turbine is shown in Fig. 20. This is a three-
cylinder turbine with a two-stream low pressure part. Two parallel, controlled heat plant
tappings are located in the LP part ofthe turbine, beyond the second stage of the first steam
stream and beyond the third stage of the second stream. Steam extractions for heat plant
PurPoSeS are controlled by means of rotating governing diaphgrams. The basic advantage
of such a solution of the design of the LP part is attaining the samę ęfficiencies in the range
between the pfessure of the both heat'plant tappings on condensing operation as well
as on heat plant operation and almost constant steam extraction to each of the heat plant
heat exchangers, independently of the return network waterlemperatufe. This last property
was indicated when discussing the turbine 13P110-0.

Peak heat plant turbines

In most of the Polish thermal-elęctric power stations the peak demands for heat, area
Cin the diagramFig. 15, aretaken care of by steam generating boilers. In thermal electric
power plants from which greater generation of electrical power is required, due to the po-
wer conditions pecrrliar to the given region peak-load type heat plant turbines are insta-
lled.

They deliver heat only during the period of peak heatplant dernands. Such turbines
are designed for co-operation with backpressure heat plant turbines of the type 13P1 10-0.
These turbines operate through a greater part of the year as condensing power turbines.

ZAMECH produces one type of this kind of turbine. It is an extraction-cotrdensing
turbine designated with the symbol 13UK125-6 of 125 MW power rating for live steam
conditions of 130 atal535"|535"C. The section of this turbine is shown in Fig. 20. It is
a three cylinder turbine with a two-stręam LP part, A controlling flap valve is located in
such a manner that a controlled extraction of steam for heat Elant purpose§ is made po_
ssi ble.

The steam is directed to the peak heat exchanger in which the network water, heated
first in the heat plant heat exchangers of a turbine 13Pli0-0, is additionally heated. As
it follows from the network control diagrams and from the diagram of annual heat requi-
rement, Fig. 15, the extraction for heat plant purposes is of greatly variable character;
the steam pr€ssure on the tapping fluctuates from l to 6 ata.

Analiza termodynamiczno-konstrukcyjna turbin ciepłowniczych produkcji ZAMECHU

streszczenie

PrzeProwadzono termodynamiczną analizę turbin ciepłowniczych pod kątem wpływu na moc ttrrbi_
ny i wartość energii ciepłowniczej następujących czynników:

- ilości stopni podgrzewu ciepłowniczego,

- rozdziału podgrzewu wody sieciowej na poszczególne wymienniki,
- wielkości powierzchni wymiany ciepła w wymiennikach.
NastęPnie zbadano wpływ zmiennych warunków ciepłowniczych, tzn. tenrperatury powrotnej

i natężenia przepływu wody sieciowej na moc turbiny.
Na tle tej analizy przedstawiono rozwój turbin ciepłowniczych produkowanych w ZAMECHU,

który zilustrowano licznymi przekrojami i zdjęciami maszyn ciepłowniczych.
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Tąrro,rynaunqecKo-KoncTTtyrq[onghlfi aHaJIIls TeIIJIoótrKaq[oItHhIx T:n 6ItH,

n3roToBJlfleMblx 3aBoAoM 3AMEX

PesrcN{e

rbooe-łeu TepMoAI{HaMIrrrecxIłź auanuz reu.:ro$lłxaqrorrrłrrx ryp6rłH c ĘeJILrc otrpeAereplł, r.łM:r:ptlrfr,

n ErrEaoclb ryp6rrłrr E 3HaseHfie renrro$uxaqvoEEoź 9Hepm rarrłx $axr:opoB, KaI(:

- ro--IEIIecTBo cryneneż ren;rotPuraqrłoHl{oro lloAorpeBa,

- pacrlpe4eJleĘrłe noAorpeBa cereBoż BoAEI Ha oTAeJIbI$Ie renłoo6Merruzxr,
- 3aaqeur;ł noBepxnocTlł renlroo6lłerła B renloo6Irłerłrrrłxax. .
Osep€AEo rccJIeAoBaHo BJIurIHne nepeMegnblx renrro$margłorłnrx ycrronzź, T.e. IloBopoTrroft rerrł-

claĘpH B pacxoła ceTeBoż BoAll, Ha MoIuHocTb ryp6rłHu.
lla !fuue 9Toro anaJltr3a npeAcTźrBneHo pa3BIłTze renrrollrraqrorłrrrx ryp6rłrr, BLIIlycKaeMbIx 3aBo-

rtr 3AMEX, ]łJlnlocTplłpyeMoe MHon4MR ceqeH]łrMtr lł cHlłMxaMI4 MaIIIIłH.


