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The Mathematical Model of Condensing Turbine for Saturated Steam
Installed in a Nuclear power station

Introłluction

properties and characteristics of the steam turbo-set at the opefating conditions diffe-

ring from the nominal ones should be known both when designing and oPerating

a powęr plant, The reasonable way of investigating the turbo-set and determining

Fig. 1, Scheme of the analysed turbo-set with the decomposition
1_turbine with generator, 2_ęXteraąl sęparator and stęam reheaters, 3_ręgenerative feed_heating

its characteristics, apart from the measurements, is to use an adequately formulated ma_

thematical model for simulation of changed operating conditions on a digital comPuter

[10, 11].

The subject analyzed herewith is the condensing turbine of great output for saturatęd

or 1ow superheated stęam, installęd in nuclęar power stations with water-cooled reactors

* Institute of Thermal Engineering, Warsaw Technical University, Warszawa.
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478 A. Miller, J. Lewandowski, B. Grunwald

[1 1]. The turbine is equipped with internal moisture removal devices, an external moisture
seParator and a Steam-to-Steam reheat (Fig. 1). The purpose of the investigations is to pre-
sent the structurę PrinciPles and to formulate the general static mathematical model of
the turbine. The above mentioned model should allow determining on an electronic digital
comPuter the Performances and the turbine characteristics in the stead_y-state operating
conditions changed in relation to design conditions, The accuracy of the obtained results
as high as Possible is required, The above męntioned model of the turbine is used mainly
aS one of the basic comPonents of the turbo-set model when analysing the characteristics
of a turbo-set operating in changed conditions.

The model of the turbine under consideration is based on the results obtained_ in the
PaPer [7], where the exact requirements and structure principles were given and the genera}
mathematical model of the condensing steam turbine of great output for the conventional
Power Plant was formulated. For this ręason only necessary completions and modifications
of this model, resulting from the individual characteristics of the analysed turbine and its
thęrmal cYcle, have been presented in the paper. The peculiarities of the thermal cycle
(mainlY the steam-to-steam reheat) require different formulation of thę input quantities
(set for comPutation) and thę output ones (determined as a result of computation) of the
turbine model. This is connected with the organization of the computation in the turbo-set
model,

The turbo-set model

The mathematical model of a turbo-set may be expressed as follows:

F:F(P, K, N), (1)

where F is the vector the components of which describe the changed, in relation to the
nominal, turbo-set Performance and the performance of its constituent§, I, _ the set vector
the comPonents of which definę the change of turbo-set operating conditions, K - the
vector of coefficients (dePending on the structure) in relations describing the properties
of Particular turbo-set.constituents, N - the vector the components of which definę the
oPerating conditions and performance of the tu1bo-set tolether with its constituents
in the nominal (reference) state. The function F is defined by the turbo-set structure and
when adequately generalized may be comrnon for the chosen class of turbo-sets.

In the case under consideration the parameters Po, 1o, the rate of flow Go of the inlet
steam, the Pressure Ę in the condenser and supercooling of the condensate ltoare the
components of the vector P:

P: [Po , io , Go , Po , Ato]. (2)

These quantities should be regarded in the computation of the turbo-set model as known
one§, a§ theY are mainlY connected with the functioning of other constituents of the porł,er
Plant, the ones that the turbo-set co-operates with. Variable operating conditions of
the PrimarY circuit together with a steam-Iaiser (if present) and coo1ing system with the
condensęr are analyzed separately outside the turbo-set model.
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To define the function F and use it for the determination of the sęarched for vector
F in case of the turbo-set scheme as in Fig. l, a set of several hundred nonlinear equa-
tions and inequalities should be formulated and solved. In that case application of the de-
composition principle is advisable both when the mathematical model of a turbo-set
is formulated and solved [10]. Analyses showed [10] that the division into the following
constituents is profitable:

turbine model
Ft:F/(Pt, Kt, Nt);

separator and steam reheater model

Fs:Fs(Ps, Ks, Ns)

regenerative feed heating system model

Fr: Ff (Pr, Kr, Nr)
while

F:[Ft, Fs, Fr] (3)

The solution of the turbo-set model when a decomposition has been made can be found
by a two-stage iterative procedure in which the quantities being the connections between
the models of turbo-set constituents (interactions) are determined. The division of the quan-
tities into the input and output ones in respective models lesults both from the specificity
of computation for these models and from the possibility of solving thę turbo-set model.

Quantities set for computation in thę turbine model can be divided into thręe groups

Pt: [P , Pts , Ptr] , (4)

rłherę Pts - the vector of quantities dependent on the separator and steam reheater
activity (the rate of flow G, and the temperature lo of steam after the reheaters, the loss
of pressure lp in the separator and reheaters, the consumption of the live steam Gon and
the extraction steam Guoby the reheaters), Ptr - the vector of quantities resulting from
ihe activity ofthe regenerative feed-heating system (the steam flows G", from the extractions
,.l the turbine).

In the model of a turbine only a part of components (Po, io, po) of the vector P is utilized.
The vectors Pt§ : Fts and Ptr : Frt are the constituents of the vectors Fs and Fr of the out-
nut quantities of separator steam reheaters and regenerative feed-heating system models.

The computation process in the turbo-set model after the decomposition has been
nade is shown in Fig. 2. On heaving read the data quantities (items 1, 2),the unknown
.t the moment constituents Pts and Ptr of the vector Pt of quantities set for computation
_,: a turbine (item 3) are estimated. Then the vector is obtained

Pt': [P, Pts', Ptr'] . (5)

When adequate approximate relations arę used Pts' and Ptr' are not too distant from
:Ęe searched for solution tr'st, Frt.

Then the computations in the model of a turbine (item 4) are made and vector Ft:
: [Fts, Ftr, Ftt] is defined. The components of the abovę vęctor are the input quantities



F-: /'(P. K. N)
F- [Ft. Fs. F-r]

P - [/,,,. i9. (;,,. pL, ..1tI.)

Pt - [P. Pts . Ptr']
Pt - lP. Pts. Ptr]
Plq- [(i,, t,,. ,1p. G1,,,. (},r]

Ptr-i(i,, 1:G,,,j
Pts : Fst; Ftr : Frt
|rt .- ,/-l 1 i)t. Kt. Nt )

F t =, [F'ts. F tr]
Ps_ [P. Pst]]
Pst - Fts
E;s= / r{Ps, Ks. Ns)
i:s : [F st. Fsr, I ss] 

:

Pr: IP. Prt. Frs]
Prt : Ftr; Frs - Fsr
Fr- Il,(Fr. Kr. Nr)
}-1: [F'rt. Frr]

|.- [J;t. i;§. F,r]

Fig Flow diagranl ol conrputaticl1-1s in 1hc ttIrt]to-scl nlodel a{'te r ilecompositior

p5: [P, Pstl

Pr:IPrt,Prs.Pl

otJTI,t_]T DATA I.
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r-rf the separatof and steam reheaters model Fts:pst, of feed-heating system Ftr:prt
ł'rates of flow and steam conditions in all streams of steam flowing into and out of the turbine
e.lcluding the input quantities Pt). The vectof Ftt describes the remaining quantities that
characterize the work of a turbine itself and its components.

Computations in the separator and reheaters model (item ó) can be made now, as the
".ector Ps of input quantities in this model is (item 5) defined

Ps: [P, Pst] , Pst:Fts. (6)

As a iesult, the vector of output quantities P5:[Fst, Fsr, Fss] is obtained. One of its
components is thę vector Fst:Pts, estimated preliminarily in item 3.

Now the accuracy of estimation of the vector Pts' is being checked. In case of inadmis-
sible differences the computations according to the itęms 4, 5, 6 ate repeated on having
substituted Pts':Fst.

When computations in a turbine, §eparator and steam reheater model are performed,
ihe vector Pr of input quantities of the feed-heating system model can be determined
(item 8)

Pr : LP , Prt , Prs] , Prt: Ftr , Prs : Fsr .

Then computations in the feed-heating system model are performed and the vector
Pr:[Frt, Frr] is fixed. Its component is the vector Frt:Ptr, estimated preliminarily in
itęm 3. That again makes the checking (in item l0) of the accuracy of this estimation
possible, Now, repeating of computations according to items 4+9 car;- provę nece§sary,

until the needed agreeńent has been obtained.
Thę solution of the turbo-set modęl for a conventional power station [9] is obtained

b1, a one-stage iterative procedure as the system does not include a separator and steam
reheaters.

Models of turbine components

Pęrformance of a turbine in changed operating conditions is mainly defined by properties
trf its flow part. To construct the mathematical modęl of a turbinę the adequate division
t.lf its flow part into constituents common for different types [7] of turbinęs is made. Thęn
ńe universal models of these constituents are defined and the completions with relations
describing their mutual connections and co-operation are made. This allows for setting
up a model of a turbine under consideration, plactically irrespective of its structure [7].
These requirements can be met by dividing the flow part of the analysed turbine into the
steam distribution system, governing stage, stages and groups of non-governed stages.
The above division seems to be most reasonable from the viewpoint of determining the
sarched for quantities, accuracy, speed of calculations, general chafacter and universality
of the model, as well as the possibility of reducing the range of necessary detailed data
concerning the turbine.

While elaborating the models of components of the flow part the models worked out
for conventional condensing turbine of great output [7, 8] were.use{, Comp!ętiops.and nodi-
fications connected with the individual charactgl_isticc of the analyzed turbine were made.

31 Prac€ l;o|[P z. 70 -fż
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482 .Ą. Miller, J. Lewandowski, B. Grunwald

ComPletions dealt mainlY with these constituents of the flow part which operate withinthe region of high wetness.
The analYzed turbines for nuclear power plants are similarly equipped as the turbinesfor conventional Plants in a nozz\ę control governing or throttle governing steam distribu_tion set, In that case the model of steam distribution set preseńd in the papers [7] and

[8] has been used. Here the condition has been introduced i,:io instead, of p"a,:pol)o(io,Po,oo - inlet steam conditions, ą, P,, U, - steam conditions aftęr the valve) as towet steam throttle.
In the governing stage model, relations for the conventional turbine [7, 10] have beenalso utilized, Hęre the losses connected with steam wetness have been taken into account.The internal output of the governing stage has been determined from the relation:

N,: Y, G,iH,rl1,ui- at k,;(I - xr))- /N,,
'= 

1

where G,;, Hłi,Tłui, kłi, Xr denote, respectively, the rate of flow, isentropic heat drop,blade efficiencY, velocitY ratio and the final dryness fraction of steam in the steam streamflowing through the l-th governing yalve, al is a coefficient constant for the given stage,/Ą denotes outPut losses not included in 4,u efficiency. The coefficient a, is to be estimatedon the base of experimental results, 
"g, B, S, 61.

Both single non-governed stages and groups consisting of several stages should be distin_glished in the flow Part when setting up a model of the analyzed turbine. Here the use ofthe flow equation is needed in a formlhat takes into account the critical pressure ratio.This equation is therefore true both for the groups of stages and separate stages [9]. Todetermine the pressure pl b,efore the stage (group) at the set rate of flow g, and pressurep,, behind the stage, the following relations have been used:
- in the range of subcritical flows for

-_Gn- Pu plul
Un, p,o,lc B ' (prur), '

^_-oplr+@. rI- 

--I_2r_-_=_=_=-_-
- in the range of supercritical flows for

o. Pl pl:1pl,JiB
and if 

" pr,o Ji B'

(8)

(9a )

(9b l

n,:(!l),r,
then

A: p?,l(- o)2 -(trn- o)2, B:
On the other hand at n,{o:

A:p?,(I-o)2 i

łG:ł_ęt":ł

B:7

L-o
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i, ]ri]ć Gg - rate of flow through the stage or a group of stages considered, pL ą - steam
. ::itionsataninlettothestage(groupof stages),pr1 - outletsteampressute,o _ critical
;:issure ratio of the stage (group of stages), index n deals wiih the values in nominal
:=;erence) conditions. When estimating the value of the ratio o, the results of the paper
:, can be used.

Essential supplements have been introduced to the non-governed stage model, operating
- :he region of wet steam. The influence of changes of dryness fraction of steam over the

, --,iency of the stage has been taken into account by the relation:

Ę : 4' - a z k (1 - x r) - a 3 k (xr- xrr), (10)

; -- cre ł' - stage efficiency with no wetness losses consid ered, k - velocity tatio, xr, xr, -
::*,:ess fraction of steam at the inlet and outlet of the stage, respectively (Fig. 3), a2,
- _ - coefficients.

Coefficients a" and ag are to be estimated on the basis of the experimental results [2, 3,
','hile in general arx2a", in face of a much greater inff,uence of the original wetness

:: the efficiency stage decrease.
\\-hen describing the internal moisture removal proce§§ (Fig. 3) it has been assumed

:.:: the total quantity of separated water Ę is extracted from the flow pafi at the outlet

483

li ] Scheme of a process of vapour expan-
:, l ':: stages with internal moisture removal, devices
ll -,f t; of a §tage, h, E - eathalpy drop isentropic

ad utilired in a stage, respectively
G^,.= G; Br-

n' -ic arralYzed stage[1]. As a resultasudden increase of dryness fraction of steam takes
na-:t iefore the next stage (Fig. 3), from the value xu- (with no separation considered) to
*Ą:.ah+1.

l}c quantity of water Ę extracted from the blade system as a result of internal moisture
m:;,!' *,as determined from the dependence:

G,:G(I-xt)a, a:f(xy k), (1 1)

lłll1lurr: ] - tate of flow at the inlet stage, Ą - dryness fraction of steam at the inlet, a _
]luilll]LLr "' .eparation, k - velocity ratio.
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The coefficient ą is to be estimatęd on the basis of the experimental results, e.g. [3, 4, 5].

The dryness fraction of steam x1, a 1 before the next stagę re§ults from the equation (F'ig. 3):

x1-11:xl-ł (1 +xrrr) a.

The turbine model

(l2)

The formulation of a mathematical model of an actual turbinę analysed requires, as

in case of a turbine for conventional power station [7], the division of its non-governing

stages into groups that have thę same steam flow rate. The division is defined by the ex-

traction points, the arrangement of stages in casings and the set of devices for separation

and extraction ofwater from the flow part ofa turbine. In the analysed turbines for nucleal
power plants the groups of stages possessing the samę flow rate often reduce themselves

to single stages. These processęs are different from the ones taking place in turbines fo:

conventional power stations [7]. In such division the models of steam distribution set.

governing stage (if there is any), non-goyerned stages and groups of such stages are utilizec.
There are howevef, in several cases, some differences betweęn the models, but only i:
values of parameters of a model (vectors Kt, Nt). Additional relations, defining the

connęctions between the constituents ofthe flow part, include balance equations for de:-

ning the rate of flow, pressure losses and turboset output. The mathematical mode.

like this consists usually of several hundreds of relations (mainly non-linear one.

forming a closed system of equations, and their solution when the input quantii_.

vector Pt is defined is the searched for vectof of output quantities Ft. The solution ti
that equation system involves complex numerical calculations. For determining the sea:-

ched for quantities, an effective combinęd sequence-iterative calculation method has bee:

used.
In the vector Pt of the turbine model input quantities the following components har:

been distinguished:

where

p1: [Ptw, Ptp, Ptz] ,

Ptw: [Go _ Goo, Gop i Got+ G,,],

Ptp: [po , lp , trf ,

Ptz:lpo, iof .

The suggested method of obtaining the solution takes the advantage of the possib:-:,

to group the relations forming the turbine model in such a way that the number of itera:_ : r

levels will bę limited to two. On the first level thę iterations are conducted within a lt-; :,:

morę ręlations describing the work of separate turbine constituents. Iteration on the sśi - ]:,l

levęl includęs much higher number of relations dealing with manY flow part compote:l
Within the sęcond level iteration the sequential calculation is possible. The divisic,- .l

the searched for quantities Ft into the ones determined as a result of sequential calcula:: : :,l,,

and those obtained from the iteration on the first and thę second level, has a fundan*- -lr,

influence oyer convergence of iteration procęsse§ and speed of calculations,

( 1-:
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The following group§ of relations have been distinguished in the turbine model as a result
:: the analysis:

485

I - Balance equations defiling the rate of the flow vector Fw

Fw:Fw(Pw, Kt, Nt), Py:[Ptw, Pwb].

lie quantities (rates of flow G; of separated water) determined in the V group of relations
:|:aprise the components of vector Pwb:Fbw. In the vector of output quantities Fw
;ę following components have been distinguished:

Fw:[Fwz, Fwbo Fwt], (1 5)

l:er- are in turn the componęnts of the input quantities vector in the III (Fwz), II and V
Trb) groups of relations or of the output quantities vectol Ft of the model of turbine (Fwt).

II - Relations defining the pressure distribution (vector Fp) in the flow Part of a turbine

Fp:Fp(Pp, Kt, Nt), Pp:[Ptp, Ppw, Ppb, Ppd], (1ó}

fu:.re Ppw: Fwb and Ppb:Fbp and Ppd:Fdp form the components of the output quan-
:::es vector from the IV and V groups ofthe relations, respectively (t ratios in the equations
:: iorv for a stage or group of stages). Two components of the yector Fp have been distin-
r-:shed:

Fp:[Fpz, Fpb], (l7)

is:śre Fpz and Fpb are the components of the input quantity vector in the III and the V
5:up of relations, respectively.

III - Relations defining the quartities, which charaętęrjze the work of steam distri-
bution set (vector Fz)

(I4)

(1 8)Fz:Fz( z, Kt, Nt), P7:|Ptz,Pzw,Pzp],
' Pzw:Fwz, Pzp:Ep2.

The vector of output quantities is split here into two components Fz: [§zil, Fzt], where
[d is the part of the input quantities vector in the IV group of relations and Fzt is the
: : rponent of the vector F't.

i\' - Relations defining quantities which chara cterjzethe work of the governing stage
in a turbinę (vector Fd)

Fd:Fd(Pd, Kt, Nt), Pd:rPdz,Ptw, Pdp],

Pdz :FZd, Pilw :Fwz, Pdp :pp2.

-.u ::e \ector Fd four components have been distinguished

P6:[Fdp, Fdb, Fdg, Fdt], Fdp:Pp6,

(19)

(20)
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where Fdb is the component of the vector of input quantities for the V group whereas
Fdg - fortheVIgroupof relations,Filtisthecomponentof thevectorFt(Filp:Ppfl).

V - Ręlations defining quantities which characterizę the work of non-governing
stages and groups of such stages (vector Fb)

F'b:Fb(Pb, Kt, Nt), P6:[Ptb, PbiI, Pbp, Pbw], (21

p1}: [Ptw , Ptp] , Pbd: Fdb , Pbp : pp6 , Pbw: Fwb .

Four components have been distinguished in the vector Fb:

. Fb: [Fbw, Fbp, Fbg, Fbt] . (::

Here Fbg forms the component of the input quantities vectof of the VI group of depende:_
ces, and Fbt is the component of Ft (Fbw:Pwb and Fbp:P66, explained above),

VI - Relations for determining the output power at the generator terminals and losre,
of the output power (vector Fg)

Fg: Fg (Pg , Kt , Nt) , Pg: [Pgd , Pgb] ,

Pgd:Ftg, Pgb:F'bg.
(:j

With the above division of the turbinę model into groups of relations the searched : .:
vector of output quantities has the form:

P1:[Fwt, Bp,Fzt, FłIt, Fbt, F'g]. r ]a

A flow diagram of solution of thę mathematical model for the turbine with the aL,: r l
division into groups of relations is shown in Fig. 4. The diagram contains only the itera:: : r
on thę second level.

Iterations of the first levęl are contained in blocks g, ]], ]3, ]6, whjch was not shilta
for the sake of simplicity. To start the calculations in the I and II groups of relations :: ,

necessarY first to estimate the unknown vectors Pwb (rate of flow G* of watet' separ;:.:
in the flow Part) and Ppb and Ppd (ratios t in the equations of flow for stages and gr.._:",
of stages).

When we use adequate approximate relations [7] (item 3) the estimations p'wb. p pil,

P'PiI obtained are not too distant from the searchęd for solutions Fbw, Fbp, Fdp, dete:::.*
ned in the Process of iteration on the second level (item 5 through 1Ą. The pr€Lim:---
estimation makes thę calculations shorter, reducing the number of required iteral:. ::.

The choicę of ratęs of flow G, and ratios r as quantities determined in the iteration o- :.ltl
second level is justifled, among others, by relatively small changes of these quantit:śi t
changed working conditions of a turbine. This makes the preliminary estimation e., :,-

in the case of solving the model of a turbine for conventional power plant [7] definii; ::l
vector Fw of the rate of flow by iteration is usually not necessary.

A mathematical modęl of a22O MW turbine output has been formulated acr.:- ]l
to the Presented above principles. Its steam conditions are 44 ata,250"C with the eI:.:-]J
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Ppw: Fłłłr; Ppb _ Fbp; Fpd =Fdp
Fil_ l:'p(Fp. Ki. \t)
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|.z = [Fzd, Fzt]
Pd: IPdz. Pdrr, Pdp]
Ptlz - F zd: Pdlv : I. rłz; Fdp : Pp2
Fd: Iżl(Pd. Kt. \t)
1;1 = [Fdp, Fdb, f dg. Fdt]
Pb= [Ftb, Pbd, Pbp. Pbrr]
Pbd: Fdbł Pbp: F-pb; Pbrv = Frvb
F'lr = / b( Pb. Kt, Nt)
t'b: U.-brr, Fbp, Fbg, Fbt]
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Pz:fPtz, Pz*. Pzp]

9 Fz,

li} Pd:[Fdz, Pdrr, Pdp]
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Pg: [Pgd, Pgb]
Pgd =Fdg; Pgb : Fbg
Fg:Ę(Pg. Kt, Nt)

P1 : [Frrt, Fp, Fzt, Frlt, Fbt, Fg]

@

l

Il

Pb = [Ptb, Pbd, Pbp, PbwJ

P'pb: Fbp
P'pd: Fdp
P'rvb: Fbw

I:i_e. 4. Flo*,diagranr of computations in a turbine model
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moistufe sepafator, and a single two-stage steam-to-steam reheater up to 240'C [l2l.
The turbine has a nozzlę-control steam distribution system and its blade system consists
of a governing stage and 10 non-governing stages. Thę mathematical model of that turbine
included about 180 equations, mostly nonJinear ones. Finding the solution for this sy§tem
on thę digital computer O&a 1204 required a couple of minutes; computations on a CDC
computer CYBER ill took about onę third of second.

Final remarks

The mathematical model discussed above allows quick determination of turbine
characteristics for saturated or low superheated steam over the wide range of operating
conditions and an arbitrary structure of the turbine. The influence of the rate of flow
changes as well as the inlet and reheated steam conditions on the turbine performance
can bę investigated. The model allows also considering the changes of extraction steam
flows caused, among others, by the changes in the thermal system of a turbo-set (e.g. discon-
nection of some of feed-heaters) and examining the irrfluence of pressure changes of exhaust
steam. This can be utilized for example when the optimum vacuum and condensing system
are selected. When changing the values of model parameters, the influence of changes
in efficiency of single stages and groups of stages can bę investigated as well as changes
of the effectivene§s of the internal moisture extraction or gland leakage flows resulting for
instance from the wear of parts. A change of the steam distribution model permits to com_
pare the turbine performance with the nozz7e control and throttle gover4ing set and so
fortb.

In comparison with the traditional ways of dętermining the turbine characteristics b1,

computation, the use of the above model greatly diminishes the labour consumption and
the time nece§sary to obtain the results. Generally speaking, the modęl (within the turbo_set
model) permits to investigate the results (changes of heat consumption) of changes of the
turbo-sęt operating conditions over the wide range of values. The model can bę used both
for the turbine and power plant design and operation.

References

tl] F. G. Baily, K. C. Cotton, R. C. Spencer, Predicting the Performance of Large Steam Turbinc

- Generators Operating with Sąturated and Low Superheat Steam Conditiołs. Combustion Nr 9.
1967.

[2] M. E, Delcz, B. M, Trojanowski, Issledowanija i rasczoty stupieniej osiewych tuibin. Mosks.
1964.
I. I. Kiriłłow, R. M. Jabłonik, Osnowy teorii włażnoparowych turbin. Leningrad 1968.
I. I. Kiriłłow,A. I. Nosowickij, G. G. Szpenzer, Niekotoryjewoprosyzniżenijaeroziit1,1ą:l.-
parowych turbin, Tiepłoeniergietika, Nr. 4, 1970.

[5] W. T. Kirjuchin i dt., Issledowanie effiektywnosti siepąratorow włagi młtogostupienczatych turi,-
Tiepłoenjergietika, Nr 6, 1973.

t6] W, I. Kirjuchin idr., l|lijąnije włażnostsi pąra na ekonomicznost mnogostupienczatoj turbit.
Tiepłoeniergietika, Nr 1,1, 1972.

131

I4l



The Mathematical Model of Condensing Turbine...

s.. \1iller, Model matematyczny turbiny parowej kondensacyjnej dużej mocy. Archiwum Energetyki,\l l,i2, 1973.
\. \'tiller, Model matematyczny turbiny parowej przeciwprężnej. Biuletyn Informacyjny ITC pW,
\:]8,1970.
\. \1iller, Meloda wyznaczania krytycznego stosunku ciśnień grupy stopni turbinowycł Archiwum
3idowy Maszyn, Nr 4, 1973.
',Iodel matematYczny prą(y turbozespołu w zmiennych warunkach. Biuletyn Informacyjny ITC
P\\', Nr 33, 1972.

-. S. PoPYrin, Mietody matiematiczeskogo nodielirowanija i optimalizacii tiepłoeniergieticzeskich
, :ttznovok. Moskwa 1972.
\\'. N. Sawin et al., Turbiny ChTGZ nanasyszczennonl parie dla atomnych elektrostąncij. Tiepło_
::jergetika, Nr 4, l97l.

Model matematyczny turbiny konilensacyjnej na parę nasyconą
illa elektrowni jądrowej

streszczenie

ZnajomoŚĆ osiągów turbozespołu parowego w innych warunkach pracy niż obliczeniowe jest
- ::o\\'na, zarówno PrzY Projektowaniu jak i w eksploatacji. Racjonalnym sposobem badania i wyz-

- ---":ia charakterYstyk turbozespołu, obok metody opartej na pomiarach, jest wykorzystanie nrodelu
- :]]atYcznego do sYmulacji zmiennych warunków pracy na elektronicznej maszynie cyfrowej.

P:zedmiotem rozwaŻań jest kondensacyjna ttlrbina dużej mocy na patę nasyconą lub lekko prze-
--.. instalowana w elektrowniach jądrowych. Podano ogólny model matematyczny takiej turbiny,
- .lającY na wYznaczenie na elektronicznej maszynie cyfrowej osiągów i charakterystyk turbiny
-,:.lonych warunkach pracy, różniących się od rvarunków obliczeniowych.

',fodel rozPatrYwanej turbiny jest oparty na wynikach pracy [7], gdzie podano zasady budowy
, :iułowano taki model clla przypadku kondensacyjnej turbiny dużej mocy instalowanej w elęktrow-

--: klasYcznYch. W referacie podano uzupełnienia i modyfikacje tego modelu, wynikające z osobli-
.._. iozpatrywanej turbiny i jej układu cieplnego.

'JdnliennoŚĆ układu cieplnego (głównie międzystopnio.vqy przegrzew parą) wymagała innego okreś-
,' . ';'ielkoŚci wejŚciowych i wyjściowych w modelu turbiny. Omówiono budowę i sposób rozwiązania

::,u turbozesPołu, z zastosowaniem zasady dekompozycji. Schemat blokowy obliczeń podano

-ĄbY zbudowaĆ model nratematyczny turbiny dokonuje się odpowiedniego podziału jej części prze-
-'l'ej na elementY wsPÓlne dla turbin tóżnych typów i określa ogólne modele tych elementów,

:-::łnione zaleŻnoŚciami opisującymi powiązania i współpracę elementów. Pozwala to na zestawienie
- :,i modeli cząstkowych rnodelu konkretnej turbiny. Wykazano, że racjonalnie jest wyróżnić tu układ
-:lądu ParY, stoPień regulacyjny oraz stopnie i grupy stopni nieregulowanych. Modele tych elemen-l --ZęŚci PrzePłYwowej oParto na wynikach pracy [7]. Modele rozrządu pary stopniaregulacyjnego- - stopnia pracującego w obszarze pary wilgotnej wymagały uzupełnień i modyfikacji.

\Iode1 matematYczny turbiny, zestawiony z modeli elementów, stanowi układ kilkuset nieliniowych
,:-;ń i nierówrroŚci, którego rozwiązanie jest złożonym zadaniem numerycznym. Opracowano sek.

: ::,ino-iteracyjną metodę obliczeń (schemat blokowy rys, 4).
P::edstarvionY modeł matematyczny pozwala na szybkie wyznaczenie charakterystyk turbiny na, -:i}'conQ lub lekko Przegrzaną o praktycznie dowolnej konstrukcji w szerokim zakresie ogólnie

. - .:1'ch zmian warunków pracy. Onrówiono sposoby wykorzystania i zastosowania modelu.
;-:-g t-l'ch zasad zbudowano przykładowy model matematyczny trrrbiny o mocy 220 MW u1]--'--i::-\' ParY 44 ata,250l240'C. Mode| tej turbiny zawierał ok. l80 równań i był rozwiązywan.v-,- 
--..:--3 c1,|rorĘ Odra 1204 w ciągu ki.Iku minut.
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Mareuarrłqec*afl MoAeJIb KonAeucaquo'Hofi TyT6[E6I Ha HacbIIIłeHEhIń ,,ap
4łr n4epuofi 3JleKTpocTaruItrtr

Pes IoN4e

3lrarłze [aPaMeTPoB, AocTEraeMBx napoBblM ryp6oarperaroM B ycJ.IoBIł{x pa6orrr oTIrualolłIfic,
OT PacseTHblx, neo6xogrłuo KaK lia gTaIIe trpoeKTIIpoBaHIIf, TaK tr Bo BpeMrt 3I(cIIJIyaTaIIru. paquouarrr,-
rłrnrł cuocooov uccJreAoBaHIł{ I{ orrPeAeJIeIIfi, xapaxTeplłcTux ryp6oarperara, p{AoM c MeToAoM, ocHoBaE-
EŚIM Ea U3MePeHIł'X, [BIIfleTCĄ IlCtrOJlb3OBaHUe MaTeMaTIł9eCrOż vo4e.lrrr AJn cI.IMyJIrĄł14 trepeMeHgbl\ycłourż pa6orrr rla 3BM.

flPegueroirł PaccYxgerrłń 
'BJJreTc' 

KoIIAeHcaqIłoHrrax ryp6lłira 6onr,mofr MoĘHocTIł T{a Hac}1aleg_
llsń u,nu JIerKo llePerPerrn} naP, trpeAna3naqenHan All.g,x4eprłoź oJIeKTpocTaHIIIłlt. I{elrro pa6orrr xn.a_e-
€TCfl OIIPeAeJIeHIle nPIlHqIlnOe nOCrPOżr<n U c!|opvynrłponarłrłe o6uleż MeTeMaTuqec*oż MoAe,,nn TaKcż
rYPonarr, Eo3BoIrIoIqeż orrPeAeJIlTB rła 3BM AocTlłraeMĘe napaMeTpll rł xaparTepucrrłxu ryp6un:B YcTaI{oBI{BIIInc.'I YcJIoBIlrx Pa6orrr, oTIIFIaIoĘłxc, oT MaTeMaTzvecKII ofipeAeJlelilslx yc;1oBp.

Molełr PaccMaTFlrBaeuoŻ rYpdlrrłrr ocIIoBaIrą Ha pe3yJIETaTax pa6orlr [7], rle npe4craB1eHbl npff_li_qurrrt nocrPoitrt u c$oPlrYmłPoBata TaKa, MoAelrB AJI{ KonAeacaqrorłrłoż ryp6rłHrr 6orrnroń vor_-
IlocT[, IIPeAIIa3Ha'IeHEoŻ An' KnaccŁqecrl4x 3JleKTpocTarrqrłż. B Hacroxrqeż pa6ore AaHLI AotroJIEeHE
w BbIĄcIJeHlIą, KacarcĘI4ec' nłogr$rłxaqzr,r 3Toż MoAeItr, BLITeKaIorrłle rrg oco6ełraocTejł paccMaTppa_
euoż rypdnrrrr rl ee tennosoż cxeMbl.

Orrrzqrłe renłoroŻ cxewrr (e rrrasnoż Mepe MexcTynegqarrrż EeperpeB napa napolł) rpe6yer .up,_roro o[peAeJIeHI4' Bxo.qHblx IĄ BblxoAHblx BelrIłqI{Ił B MoAeJII{ łyp6uuu, qTo cBr3aHo c opraHlr3alłIleź pa.--qeToB B MoAeJIIl rYP6oarPerara. O6cYxgaercf rrocTpożKa u cnoco6 peIJIeHIł, Mo,4eJIIł ryp6oarpera:i
C nPI{MeHeI{[eI\ł IIPIłHqEna A€KOMIIo3IiUłlr. Erroqrrax cxeMa pacqeToB EpeAcTaBJIeI{ a ua puc. 2.

Ąłx nocrPofrrn MaTeMaTlłqecroź lłogemł rypdurrr,r npoBoAlrTc,{ cootsetcrselłHblż pa3Aen eę trpa_
toqrrofi qacTtr Ha 3JIeMeHT}I o6rqze g:rx typ6rra pa3Jfiłrtnbx TI4noB Ił onpeAelrloTc, o6r4iłe uogełn erłł,_gJIeMeEToB, IIoIIoJlIleHHI'Ie 3aBIłcIłMocTrMIł, omłcbIBaIoII[MIł B3źMMI{BIe cB'l3II x coTpyAHI4qecTBo g.IleNtea_
T oe, 3ro llo3BongeT cocTaB]łTE I{3 oTIłx rułoAełeż 3IeMeEToB MoAeJIb roHxperrroż ryp6urrr,r, trpa1Tgveci?
Ee3aBEcIłMo oT ee KoIIcTPYKqraz. Ąor<asrrraeTcr, qTo odocnosano 3AecL BrIAęJIeEI-Ię cucTeMbl [apopactrFć-
,qełeHE'l, PerYrrrłPYrouleŻ cT}arreHlł, a Taxxe HeperyJTlrpyeMrrx cryneneż Ił rpynn cryneneż, Mo4e.rrt erztgJIeMeHToB trPoToqHBIx qacreŻ ocHosaHbl Ha pe3yn6TaTax pa6orrr [7]. Mo4e:ru napopacfipeAeJregg I a,ć_rYłuPYroqeŻ CTYII€IIIł Ił cTylleHu, padoraroqeź Bo BJIa)K}I6M nape rpe6oraJll4 IIono.TII{eHIłż R wo:z_
ómaqrrł.

Marewarlłqecxa' MoĄeJIb TYP6rłrłrr, cocraełeHua,II3 MoAełeż 3rreuerrroB, o6pasyer crłcTeMy Hecxo.::_
KIłx coTeH HeJTłrłeŹrrrx YParuełrnż u HepaneHcTB, peuleHtre Koropoft xrrrxercx cłoxrłoź qzspoeoż sa4avea
Paspa6orarr ce*Be'Illłoll'o-urepaquoHrrlrż MeToA pacqeTa (6nouHax cxeMa Ha puc.4).

flPegcrarrreuna' MaTeMaTIłlecKa-rI MoAeJIb no3BoJIreT 6ucrpo oilpeAen ITL xapaKTepIłcTI]rKł ryp6N:_:;
Ha uacrtqerrrrrń IłJIIł JIerKo nePerPeruż [ap, npaKTIłtIecKIł npol{3BoJlbrroż rorrcrpyrrgłIł, B III[poKoM .E:_IIa3oEe o6rrlenorrrłuaeMllx I,I3MeHeHEź ycIoBIłź pa6orsr. O6cyxAarcrcx cnocoorr vcrro.Ęb3oBaHu fl h tl|ż-
MeHeHłfl MoAeJlI4.

flo Yxaranrrnvr nPIĄHIIIłIIaM nocTPoena IIpłMepHarMaTeMaTlłqecxaq MoAe;rB ryp6zrłrr MonFocTli:
22O Mw [1l] Ha naPaveTPBI [aPa 44 ata,250l240'C. Mogenr sroż ryp6rłnrr cocTorJla zs oK. I80 ypaBEś_
rłuż z pema{ącr Ha 3BM Olpa 1204 B Tegenlle HecKollbltlłx MIłHyT.


