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The Mathematical Model of Condensing Turbine for Saturated Steam
Installed in a Nuclear Power Station

Introduction

Properties and characteristics of the steam turbo-set at the operating conditions diffe-
ring from the nominal ones should be known both when designing and operating
a power plant. The reasonable way of investigating the turbo-set and determining
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Fig. 1. Scheme of the analysed turbo-set with the decomposition
1—turbine with generator, 2—external separator and steam reheaters, 3—regenerative feed-heating system

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 saturated
or low superheated steam, installed in nuclear power stations with water-cooled reactors

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

[11]. 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 structure 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 steady-state operating
conditions changed in relation to design conditions. The accuracy of the obtained results
as high as possible is required. The above mentioned 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 general
mathematical model of the condensing steam turbine of great output for the conventional
power plant was formulated. For this reason only necessary completions and modifications
of this model, resulting from the individual characteristics of the analysed turbine and its
thermal cycle, have been presented in the paper. The peculiarities of the thermal cycle
(mainly the steam-to-steam reheat) require different formulation of the input quantities
(set for computation) and the 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(®,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 constituents, P — the set vector
the components of which define 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 define the
operating conditions and performance of the turbo-set together with its constituents
in the nominal (reference) state. The function F is defined by the turbo-set structure and
when adequately generalized may be common for the chosen class of turbo-sets.

In the case under consideration the parameters Py, iy, the rate of flow G, of the inlet
steam, the pressure P, in the condenser and supercooling of the condensate At, are the
components of the vector P: : '

P:[‘POaiOaGO;PkaAtk]' (2’

These quantities should be regarded in the computation of the turbo-set model as known
ones, as they are mainly connected with the functioning of other constituents of the power
plant, the ones that the turbo-set co-operates with. Variable operating conditions of
the primary circuit together with a steam-raiser (if present) and cooling system with the
condenser 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 searched for vector
F in case of the turbo-set scheme as in Fig. 1, 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=Ft(Pt, Kt, Nt),

separator and steam reheater model
Fs=Fs(Ps, Ks, Ns)
regenerative feed heating system model

Fr=Fr(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 results both from the specificity
of computation for these models and from the possibility of solving the turbo-set model.

Quantities set for computation in the turbine model can be divided into three groups

Pt=[P Pts, Ptr]. (@)

where Pts — the vector of quantities dependent on the separator and steam reheater
activity (the rate of flow G, and the temperature 7, of steam after the reheaters, the loss
of pressure Ap in the separator and reheaters, the consumption of the live steam G, » and
the extraction steam G,, by the reheaters), Ptr — the vector of quantities resulting from
the activity of the regenerative feed-heating system (the steam flows G,; from the extractions
of the turbine). ‘

In the model of a turbine only a part of components (P, iy, p;) of the vector P is utilized.
The vectors Pts=Fts and Ptr=Frt are the constituents of the vectors Fs and Fr of the out-
put quantities of separator steam reheaters and regenerative feed-heating system models.

The computation process in the turbo-set model after the decomposition has been
made is shown in Fig. 2. On heaving read the data quantities (items 7, 2), the unknown
21 the moment constituents Pts and Ptr of the vector Pt of quantities set for computation
of a turbine (item 3) are estimated. Then the vector is obtained

Pt =[P, Pts’, Ptr']. )

When adequate approximate relations are used Pts’ and Ptr’ are not too distant from
the searched for solution Fst, 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 above vector are the input quantities
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of the separator and steam reheaters model Fts=Pst, of feed-heating system Ftr=Prt
(rates of flow and steam conditions in all streams of steam flowing into and out of the turbine
excluding the input quantities Pt). The vector Ftt describes the remaining quantities that
characterize the work of a turbine itself and its components.
Computations in the separator and reheaters model (item 6) 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 result, the vector of output quantities Fs=[Fst, Fsr, Fss] is obtained. One of its
components is the 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 items 4, 5, 6 are repeated on having
substituted Pts’=Fst.

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

Pr=[P, Prt, Prs], Prt=Ftr, Prs=Fsr. (@)

Then computations in the feed-heating system model are performed and the vector
Fr=[Frt, Frr] is fixed. Its component is the vector Frt=Ptr, estimated preliminarily in
item 3. That again makes the checking (in item 10) of the accuracy of this estimation
possible. Now, repeating of computations according to items 4+9 can prove necessary,
until the needed agreement has been obtained.

The solution of the turbo-set model for a conventional power station [9] is obtained
by a one-stage iterative procedure as the system does not include a separator and steam
reheaters.

Models of turbine components

Performance of a turbine in changed operating conditions is mainly defined by properties
of its flow part. To construct the mathematical model of a turbine the adequate division
of its flow part into constituents common for different types [7] of turbines is made. Then
the 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, practically 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
searched for quantities, accuracy, speed of calculations, general character and universality
of the model, as well as the p0551b111ty 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 used. Completions and modi-

fications connected with the individual characteristics of the analyzed turbine were made.

31 Prace IMP z. 70-T72
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Completions dealt mainly with these constituents of the flow part which operate within
the region of high wetness.

The analyzed turbines for nuclear power plants are similarly equipped as the turbines
for conventional plants in a nozzle control governing or throttle governing steam distribu-
tion set. In that case the model of steam distribution set presented in the papers [7] and
[8] has been used. Here the condition has been introduced i,=i, instead of TR
(io, o> vy — inlet steam conditions, i, p,, v, — steam conditions after the valve) as to
wet steam throttle.

In the governing stage model, relations for the conventional turbine [7, 10] have been
also utilized. Here the losses connected with steam wetness have been taken into account.
The internal output of the governing stage has been determined from the relation:

Nr: Z GziHri [nrui—al kri(1 _;xi)]——ANra (8)
i=1

Where G, B, 00 ke, denote, respectively, the rate of flow, isentropic heat drop,
blade efficiency, velocity ratio and the final dryness fraction of steam in the steam stream
flowing through the i-th governing valve, a, is a coefficient constant for the given stage,
4N, denotes output losses not included in 71, efficiency. The coefficient a, is to be estimated
on the base of experimental results, eg. [2, 3, 6].

Both single non-governed stages and groups consisting of several stages should be distin-
guished in the flow part when setting up a model of the analyzed turbine. Here the use of
the flow equation is needed in a form that takes into account the critical pressure ratio.
This equation is therefore true both for the groups of stages and separate stages [9]. To
determine the pressure D1 before the stage (group) at the set rate of flow g, and pressure
Py behind the stage, the following relations have been used:

— in the range of subcritical flows for

g—_:&; p“__ ey P1vp .
Gy Pno+/TB (prvp)y
i _O'P11+\/Pn(1—0)2+(1—-20')g21A : (©8)
1-2¢
— in the range of supercritical flows for
P s Pi=gp,\/tB (9b)
pln (o} \/TB
and if :
we(2) >
Dx n
then

B=\/(1_a’)2_(nn_o')2 ;
l-0o

A=pi[(1-0)*—(m,—0)?,

On the other hand at 7,<o:
A=pi(1-0)*; B=1
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where G, — rate of flow through the stage or a group of stages considered, D1, Uy — Steam
“imditions at an inlet to the stage (group of stages), p; — outlet steam pressure, g — critical
sressure ratio of the stage (group of stages), index n deals with the values in nominal
reference) conditions. When estimating the value of the ratio o, the results of the paper
3] can be used.

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

=Sciency of the stage has been taken into account by the relation:
17=11'—a2k(l—xl)—a3k(x1—xll), (10)

where n' — stage efficiency with no wetness losses considered, k — velocity ratio, X1, X —
“rymess fraction of steam at the inlet and outlet of the stage, respectively (Fig. 3), a,,

— coefficients. ~

Coefficients a, and a5 are to be estimated on the basis of the experimental results [2, 3,
i_ while in general a,~2a;, in face of a much greater influence of the original wetness
mer the efficiency stage decrease. -

When describing the internal moisture removal process (Fig. 3) it has been assumed
it the total quantity of separated water G, is extracted from the flow part at the outlet

Scheme of a process of vapour expan-
Wi for stages with internal moisture removal
devices
" sumber of a stage, #, H — enthalpy drop isentropic
and utilized in a stage, respectively

¢ 3¢ analyzed stage [1]. As a result a sudden increase of dryness fraction of steam takes
wcx before the next stage (Fig. 3), from the value Xy, (with no separation considered) to
s x5 .

"% quantity of water G, extracted from the blade system as a result of internal moisture
wemunal was determined from the dependence:

Gx=G(1_xI)a, oz=f(x,,k), (11)

Wime & — rate of flow at the inlet stage, x; — dryness fraction of steam at the inlet, & —
Wi o separation, k — velocity ratio.
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The coefficient « is to be estimated on the basis of the experimental results, e.g. [3, 4, 5].
‘The dryness fra_ction of steam Xy, ., before the next stage results from the equation (Fig. 3):

Xim+1=Xpmm+ (1 +Xpm) - (12)

The turbine model

The formulation of a mathematical model of an actual turbine analysed requires, as
in case of a turbine for conventional power station [7], the division of its non-governing
stages into groups that have the 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 of water from the flow part of a turbine. In the analysed turbines for nuclear
power plants the groups of stages possessing the same flow rate often reduce themselves
to single stages. These processes are different from the ones taking place in turbines for
conventional power stations [7]. In such division the models of steam distribution set,
governing stage (if there is any), non-governed stages and groups of such stages are utilized.
There are however, in several cases, some differences between the models, but only in
values of parameters of a model (vectors Kt, Nt). Additional relations, defining the
connections between the constituents of the flow part, include balance equations for defi-
ning the rate of flow, pressure losses and turboset output. The mathematical model
like this consists usually of several hundreds of relations (mainly non-linear ones)
forming a closed system of equations, and their solution when the input quantity
vector Pt is defined is the searched for vector of output quantities Ft. The solution of
that equation system involves complex numerical calculations. For determining the sear
ched for quantities, an effective combined sequence-iterative calculation method has bees
used.

In the vector Pt of the turbine model input quantities the following components have
been distinguished:

Pt=[Ptw, Ptp, Ptz], (13)
where
Piw= [GO o GOp 5 Gup 5 Gul = Gun] ’

Ptp:[pks AP: tp] T
Ptz=[py, io] -

The suggested method of obtaining the solution takes the advantage of the possibils
to group the relations forming the turbine model in such a way that the number of iteratiom
levels will be limited to two. On the first level the iterations are conducted within a few o
more relations describing the work of separate turbine constituents. Iteration on the secoms
level includes much higher number of relations dealing with many flow part componesis.
Within the second level iteration the sequential calculation is possible. The division &
the searched for quantities Ft into the ones determined as a result of sequential calculatioss.
and those obtained from the iteration on the first and the second level, has a fundamessal
influence over convergence of iteration processes and speed .of calculations.
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The following groups of relations have been distinguished in the turbine model as a result
°f the analysis:

I — Balance equations defining the rate of the flow vector Fw
Fw=Fw(Pw,Kt, Nt), Pw=[Ptw, Pwb]. (19

The quantities (rates of flow G; of separated water) determined in the V group of relations
somprise the components of vector Pwb=Fbw. In the vector of output quantities Fw
2e following components have been distinguished:

Fw=[Fwz, Fwb, Fwt]. 15)

They are in turn the components of the input quantities vector in the III (Fwz), II and V
Fwh) groups of relations or of the output quantities vector 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], (16)

where Ppw=Fwb and Ppb=Fbp and Ppd=Fdp form the components of the output quan-
ies vector from the IV and V groups of the relations, respectively (¢ ratios in the equations

¢ flow for a stage or group of stages). Two components of the vector Fp have been distin-
mmished:

=

Fp=[Fpz, Fpb], 17
where Fpz and Fpb are the components of the input quantity vector in the III and the V
soup of relations, respectively. '
III — Relations defining the quantities, which characterize the work of steam distri-
bution set (vector Fz)
Fz=Fz( z,Kt, Nt), Pz=[Ptz, Pzw, Pzp], (18)
Pzw=Fwz, Pzp=Fpz.

The vector of output quantities is split here into two components Fz= [Fzd, Fzt], where
¥ad is the part of the input quantities vector in the IV group of relations and Fzt is the
tomponent of the vector Ft.

IV — Relations defining quantities which characterize the work of the governing stage
in a turbine (vector Fd)
Fd=Fd(Pd,Kt, Nt), Pd=[Pdz, Ptw, Pdp], (19)
Pdz=Fzd, Pdw=Fwz, Pdp="Fpz.
i “5e vector Fd four components have been distinguished

Fd=[Fdp, Fdb, Fdg, Fdt], Fdp=Ppd, 200y
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where Fdb is the component of the vector of input quantities for the V group whereas
Fdg — for the VI group of relations, Fdt is the component of the vector Ft (Fdp=Ppd).

V — Relations defining quantities which characterize the work of non-governing
stages and groups of such stages (vector Fb)
Fb=Fb(Pb, Kt, Nt), Pb=[Ptb, Phd, Pbp, Pbw], (21)
Ptb=[Ptw, Ptp], Pbd=Fdb, Pbp =Fpb, Pbw=Fwb.
Four components have been distinguished in the vector Fb:
Fb=[Fbw, Fbp, Fbg, Fht]. 22)
Here Fbg forms the component of the input quantities vector of the VI group of dependen-
ces, and Fbt is the component of Ft (Fbw=Pwb and Fbp=Pob, explained above).
VI — Relations for determining the output power at the generator terminals and losses
of the output power (vector Fg)
Fg=Fg(Pg, Kt, Nt), Pg=[Pgd, Pgb],
Pgd=Ftg, Pgb=Fbg.

(23)

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

Ft=[Fwt, Fp, Fzt, Fdt, Fbt, Fg]. 2H

A flow diagram of solution of the mathematical model for the turbine with the abowe
division into groups of relations is shown in Fig. 4. The diagram contains only the iteration
on the second level.

Iterations of the first level are contained in blocks 9, 71, 13, 16, which was not shows
for the sake of simplicity. To start the calculations in the I and II groups of relations it &

necessary first to estimate the unknown vectors Pwb (rate of flow G, of water separatod

in the flow part) and Ppb and Ppd (ratios 7 in the equations of flow for stages and grougs
of stages). :

When we use adequate approximate relations [7] (item 3) the estimations P’'wb, P'pi
P’pd obtained are not too distant from the searched for solutions Fbw, Fbp, Fdp, determu
ned in the process of iteration on the second level (item 5 through 14). The preliminass
estimation makes the calculations shorter, reducing the number of required iteratioms
The choice of rates of flow G, and ratios 7 as quantities determined in the iteration on the
second level is justified, among others, by relatively small changes of these quantities um
changed working conditions of a turbine. This makes the preliminary estimation easwes
In the case of solving the model of a turbine for conventional power plant [7] defining i
vector Fw of the rate of flow by iteration is usually not necessary.

A mathematical model of a 220 MW turbine output has been formulated accordimg
to the presented above principles. Its steam conditions are 44 ata, 250°C with the extermal
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Fig. 4. Flow diagram of computations in a turbine model
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moisture separator, and a single two-stage steam-to-steam reheater up to 240°C [12].
The turbine has a nozzle-control steam distribution system and its blade system consists
of a governing stage and 10 non-governing stages. The mathematical model of that turbine
included about 180 equations, mostly non-linear ones. Finding the solution for this system
on the digital computer Odra 1204 required a couple of minutes; computations on a CDC
computer CYBER 72 took about one 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 be 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 influence 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 be investigated as well as changes
of the effectiveness 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 nozzle control and throttle governing set and so
forth.

In comparison with the traditional ways of determining the turbine characteristics by
computation, the use of the above model greatly diminishes the labour consumption and
the time necessary to obtain the results. Generally speaking, the model (within the turbo-set
model) permits to investigate the results (changes of heat consumption) of changes of the
turbo-set operating conditions over the wide range of values. The model can be used both
for the turbine and power plant design and operation.
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Model matematyczny turbiny kondensacyjnej na pare nasycona
dla elektrowni jadrowej

Streszczenie

Znajomo$¢ osiagéw turbozespolu parowego w innych warunkach pracy niz obliczeniowe jest
“ieadzowna, zarowno przy projektowaniu jak i w eksploatacji. Racjonalnym sposobem badania i wyz-
“aczania charakterystyk turbozespotu, obok metody opartej na pomiarach, jest wykorzystanie modelu
“aiematycznego do symulacji zmiennych warunkéw pracy na elektronicznej maszynie cyfrowej.

Przedmiotem rozwazan Jest kondensacyjna turbina duzej mocy na pare nasycona lub lekko prze-
#s=na, instalowana w elektrowniach jadrowych. Podano ogélny model matematyczny takiej turbiny,
Jeswalajacy na wyznaczenie na elektronicznej maszynie cyfrowej osiagow i charakterystyk turbiny
* wsialonych warunkach pracy, rézniacych si¢ od warunkéw obliczeniowych.’

Model rozpatrywanej turbiny jest oparty na wynikach pracy [7], gdzie podano zasady budowy

“ormulowano taki model dla przypadku kondensacyjnej turbiny duzej mocy instalowanej w elektrow-
wach klasycznych. W referacie podano uzupetnienia i modyfikacje tego modelu, wynikajace z osobli-
wsci rozpatrywanej turbiny i jej ukladu cieplnego.

Odmiennos¢ uktadu cieplnego (gtéwnie miedzystopniowy przegrzew para) wymagala innego okres-
wmiz wielkosci wejSciowych i wyjSciowych w modelu turbiny. Oméwiono budowe i sposodb rozwigzania
modelu turbozespotu, z zastosowaniem zasady dekompozycji. Schemat blokowy obliczen podano
ma rys. 2. - : 4

Aby zbudowa¢ model matematyczny turbiny dokonuje sie odpowiedniego podziatu jej czesci prze-
swowej na elementy wspélne dla turbin réznych typow i okresla ogolne modele tych elementow,
“=upelnione zalezno$ciami opisujacymi powiazania i wspolprace elementéw. Pozwala to na zestawienie
* tych modeli czastkowych modelu konkretnej turbiny. Wykazano, ze racjonalnie jest wyr6zni¢ tu uklad
“azrzadu pary, stopien regulacyjny oraz stopnie i grupy stopni nieregulowanych. Modele tych elemen-
" czesci przeplywowej oparto na wynikach pracy [7]. Modele rozrzadu pary stopnia regulacyjnego
‘w2z stopnia pracujacego w obszarze pary wilgotnej wymagaly uzupehien i modyfikacji.

Model matematyczny turbiny, zestawiony z modeli elementéw, stanowi uklad kilkuset nieliniowych
“ownan i nieréwnosci, ktorego rozwiazanie jest ztozonym zadaniem numerycznym. Opracowano sek-
vemcyjno-iteracyjna metode obliczen (schemat blokowy rys. 4). ;

Przedstawiony model matematyczny pozwala na szybkie wyznaczenie charakterystyk turbiny na
“ios masycona lub lekko przegrzana o praktycznie dowolnej konstrukcji w szerokim zakresie ogolnie
Tz iznych zmian warunkéw pracy. Oméwiono sposoby wykorzystania i zastosowania modelu.

Wedlug tych zasad zbudowano przyktadowy model matematyczny turbiny o mocy 220 MW [11]
W Sersmetry pary 44 ata, 250/240°C. Model tej turbiny zawierat ok. 180 réwnaf i byt rozwiazywany
W masmynie cyfrowej Odra 1204 w ciggu kilku minut,
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MaremaTHueckas MoaeNb KOHJICHCANHOHHOK TYPOHHBI HA HACHIIICHHbII oap
JUIA SITIEPHOH 3JIEKTPOCTAHIAN

Pe3rome

3HaHEe MAPaMeTPOB, JOCTATAEMBIX NAPOBLIM TypOOATPEraToM B yCIOBUSX PAGOTEL OTIIMYAIOMUIXCE
OT pacueTHEIX, HEOOXOAMMO KaK HA 3TAne NPOESKTUPOBAHMS, Tak | BO BpeMsI SKCITyaTanuy. PannoHams-
HBIM CIIOCOGOM HCCIIEIOBAHMAS K OLPELCTIERNS XAPAKTEPHCTHK TypboarperaTa, psgoM ¢ METOZOM, OCHOBAH-
HBIM Ha M3MCPCHHUSIX, ABJSCTCHA MCHONb30BAHHAE MATEMATHYECKON MOMNCIM st CHMYJISIAY TIePEMEHHEI
ycnoBuit paboTer ra DBM.

TIpenmerom paccyxmermit sBsieTcs KOHICHCALIMOHHASL TypOuHa OOJBIION MOITHOCTH HA HACHIIIEH
HBIM MIJIE JIETKO IEPETPETHIA Nap, NpeARa3HAYCHHAS ML ANEPHOY diieKTpocTarnuy. Llenbio paboTE! sBIs-
€TCs ONPCACIICHEE IPUHIMIOE MOCTPOUKH B CHOPMYIAPOBAHUE 00Imeit MaTeMATHYECKOH MONEIN TAKOR
TYPOMHBI, IO3BOJFOIIEH ONpenensTs Ha DBM JOCTUTaEMBIE NAPAMETPBl ¥ XAPAKTEPUCTHKH TYpOHHE:
B YCTAHOBWBIIUXCS YCIOBHSAX DPAabOTHI, OTIMYAFOINUXCS OT MATEMATHYCCKI OIPENETICHHBIX YCIIOBHIL

Monens paccMaTpuBaeMoiil TYPOHHEL OCHOBAHA HA pe3ynpTaTax paGoTel [7], TAe mpencTaBIeHB! IpHE-
LI TIOCTPOMKY ¥ CHOPMYTHPOBAHA TaKkas MONEIb IJIs KOHACHCAIIMOHHOY TypOWHEI GONBHIION MO~
HOCTH, NPEAHASHAYCHHOM /TS KITACCHYECKMX BNMEKTPOCTaHmumi. B macrosmelt paboTe JaHBL TOIOJHCHES
¥ BBIACHCHUS, KACATOMMEC MOLU(UKATIIY 3TO MOJIENH, BHITCKAONIIE U3 OCOGCHHOCTEH paccMaTpusa-
©€MOI TYpOMHEI U €€ TEMIOBON CXEMEL,

Ornmume TemIoBol cXeMEl (B TIIABHOM MEPe MEKCTYIIEHYATEIi IePETPER Iapa napoM) TpebyeT Apy-
TOTO ONPEACICHUs BXO/IHBIX ¥ BBIXOAHBIX BEIHYMH B MOJEIH TYPOUHDL, 4TO CBA3AHO C OopraHu3anueii pac-
HCTOB B Mozenu Typboarperata. O6CyxOaeTCs MOCTPOIKA H CIOCOG peIIeHrs MoAemu Typboarperara
© IPUMEHCHIEM IPUHIANA ACKOMIO3HITNY. BI0OYHAs CXeMa PACISTOB MpEeCTABICHA HA puc. 2.

A5t HOCTpodKE MATeMATHYECKON MOAETH TypOMHEI IPOBOAMTCSA COOTBETCTBEHHBIH paszern ee mpo-
TOYHOM YaCTH Ha SIEMEHTHI O0IIMe [T TYPOUH pa3IHIHBIX THIOB A OIIPEIETISFOTCS OOIINE MOIETH ITHE
SJIEMEHTOB, TONOJIHCHHEIC 32BHCHMOCTSIMHY, ONUCHBAIONIAMY B3ANMHbIE CBSI3H I COTPYZHHUYECTBO SIEMEE-
TOB. DTO MO3BOIIHET COCTABATE U3 HTHX MOJIETEH JIeMEHTOR MOJIEITIb KOHKPETHOM TypOUHEI, OpAaKTHYECES
HESABUCAMO OT €€ KOHCTPYKIMK. JIOKa3bIBACTCS, 4TO 0GOCHOBAHO 34ECh BLITEEHIE CHCTEMEL Iapopacnpe-
ACICHYSA, PETyIMPYIOMICH CTYIICHH, A TAKKE HEPETyTHPYeMbIX CTyIEHEH 1 Ipynn cTyneHe. Mopenu sten
SIICMEHTOB IPOTOYHBIX YACTEl OCHOBAHBI Ha. PE3yJIbTATax PaGoTsr [7]. Mogneny mapopacmpenerenns pe-
TyJIUDYIOIIEH CTYIeHH M CTYNCHH, PabOoTaromell BO BIAKHOM mape TpeboBalM NONONHEHWI W MOZE-
‘buxanyum,

MaTtemarmueckas MOENE TyPOUHEI, COCTABIICHHAS U3 MOJETIeH 3IIEMEHTOB, 06PAa3yeT CHCTEMY HECKOME~
KHX COTCH HEJTMHEHHBIX YPABHEHNI M HEPABEHCTB, PENTEHHE KOTOPOH SBIISCTCS CIIOKHOM 1ndpoBoii 3anaLei.
Paspaboran CCKBCHIIMOHHO-UTEPATMOHHBI METO] pacueTa (6I09Has CXeMa HA puc. 4).

ITpencTapnennas MateMaTHIECKAs MOMETb IO3BOJISAET GBICTPO ONPENEIIsITh XapaKTepUCTUKY TypOHEss
HA HACBINEHHBIN WA JICTKO TIEPETPEThLii Nap, IPAKTHYECKE TPOU3BOIBHOM KOHCTPYKIIUH, B IIAPOKOM THa~
Ta30HEe OOIIEMIOHMMAEMBIX W3MEHEHUIT YCIOBUiA paboTel. OBCYXAAIOTCA CIIOCOBHT HCITOTB30BAHUS 1 npe-
‘MEHEHUS MOAEIIH,

Ilo yxazammeiM mpEHEIMNAM mOCTpOeHA TpAMEpHAs MATEMATHYECKas MONENb TYPOUHBI MOIITHOCTE S
220 Msr [11] HA napaMeTpsl mapa 44 ara, 250/240°C. Mogens 5Toik TypOmHEL cocTosa U3 oK. 180 ypasse-
Huii u pemanace Ha 9BM Ognpa 1204 & Teyenue HECKOJIBKAX MUHYT,




