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STANISŁAW GÓRA, KAZIMIERZ KOSOBUDZKI

Poland*

Power System Aspects of Peak Loarling of Great Steam Power
Generating Units on the Basis of Polish Operating Experience

1. Introiluction

Thę increase of the Polish power system has been accomplished sincę 1960 with the
aid of 120 MW and 200 MW steam power units, with interstage steam reheaters. The pre-
sent participation ofthese powel units in the system can be considered as equal to 55 p.c.
and is expectęd to achieve ca 60 p.c. by 1975. Nearly the whole capacity installed is placed
in steam power generating units, and only 5 p.c. is placed in hydro-plants. The prevailing
participation of steam powef generating units will be maintained also in future.

It should be emphasized that with increasing period of operation of thęse units in power
system, also according to disposed amount of fuel, an annual utilization time of turbo-
sets of nominal capacity will keep a decreasing trend [9]. It means that when these power
units operated as base-load units in the first 5 + 6 years of operating period, they will occupy
thę intermediate region of annual load diagram after this period, and replace peakJoading
stations by 15th year of utilization. Nowadays these great steam power units are installed
as intermediate loading plants from the beginning.

This process of variable loading conditions of great power blocks against time will be
e--pecially significant with thę increasing participation of very great power units and with
-ntroducing nuclear power plants into the power system. New units will replace the old
: nes, considerably less efficient.

On the basis of this consideration it is justifled that comparatively great steam power

-rits, here 120 MW and 200 MW ones, will be replaced by more efficient units and forced
:'erefore to meet peak loads of the power system considered.

It is-expected in Poland that special peak loading power stations (like gas_-turbine
:llnts, pumped stofage stations and other) will not be able to meet all the future power
!\ stem peaking requirements. For this reason a patt of peaking capacity must be covered
;1 great steam power units. Howęver the present base-load power units are not accomoda-
ś; to this kind of loading,

The main parameters of Polish steam power sets of 120 MW and20O MW lignite-fired,
*-: listed in Table l.

' Technical University, Poznań, and Western Electricity Generating Board.

t7lu
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Table 1

Main parameters of Polish stęam poweI blocks of 120 MW arld 200 MW, lignite-fired

Nominal out-
put of power

block

Boiler

steam
output

[tihr]

steam
pfessure

|ata]

steam
tempera-

ture
rcl

2oo

120 Ior-lsot 535/535

i oP-650b 540l540 TK-200 
l 535l535

Remarks: Paameters of the el&trical generators are thefollowing-t50 MvĄ 1380o v, aild 235 MvA, 15750v.

It should be emphasized that tęchnical and economic experience was acquired on steam
power units fired by lignite of the following characteristic:

- average heating value 2150 kcallĘ
- humidity 50+55 p.c.

- average ash contents 5+l2 p.c.
The Present installations of steam power §ets are only partly accomodated to meet

a varylng system load.

2. Accomodation of §team power units of 120 MW and 200 Mw nominal capacity
for meeting variable system load

Accomodation of great steam power units for meeting varying system loads shows in the
following features:

- accomPlishment of a safe and normal starting conditions under different thermic
states of a turbo-set, taking into account a short starting time,

- possibility of meeting very large load gradients.
Starting time of a steam power block and the way of its loading are limited by an irre-

gular temperature distribution, especially in the thick structural elements.
Thermal stresses in the constructional materials depend mainly upon a difference of tem-

Peratures. During starting process an irregular distribution of temperatures develops,
causing the additional stresses and clearances between moving and steady elements of tur_
bine. During this thermic state a difference of temperatures between the casing and the
rotor causes a change of axial clearances in the blade system and in the stuffing box as well,
dePending on the intensity of metal heating and construction of the components. rn the
same waY the radial clearances develop due to the difference of temperatures between the
upper and the lower parts of the,turbine casing.

In this case a deflection ofrotor shaft is often observed.
A necessity of keeping these constructional clearances in the admissible limits defines

the starting conditions of steam turbine.
An experience with turbine operation over the transient thermal conditions has shown

that the elements influenced most by thermal stresses are: the inlet part and the rotor
of the turbine.

Turbine

I nslza,s I słolslo I rr-rzo I nllzs.s
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The results of these experiments have been confirmed in practice by lower availability
and more numerous repairs of these elements. The damages to turbines without adjust_
ment to loading at variable ratę aTę usually in the form of fissures, deformations and sei*
zures of these elements [5, 8].

The highest parameters and thickest walls of casing are in the inlet part of the HF
cYlinder (valve and nozzle cells, governor housing with collar junction) and therefore it
suffers the greatest thermic stre§ses, especially during starting and loading conditions.

It is known that these fissures of inlet elements arę observed mainly in the turbines witłr
a quantitative regulation ofsteam flow and for the single-coat construction ofturbine casing,

A heating process ofinlet part is especially irregular and rapid during starting operation.
The temperature gradient of nozzle and valve cell achieves ca 8 deg/min, and in the case
of starting-up or shut-down operation (e.g. after holidays) is equal to 10+15 deg/min, ex_
ceeding twicę the admissible values (see Table 2), [8].

Table 2

Admissible temperature gradients for great steam turbines during starting-up operation

Ranges of metal temperature§
Element of turbine constructio-

nal system 400

5oo

200

400

1

z
J

4
5

6

7
8

Temperature gradient
(deg/min)

Pipeline of inlet steam
Pipeline of reheat steam
Pipeline of IP cylinder
Pipeline of HP cylinder
HP valves
IP valves
control valves
Turbine casing

Temperature differęnce
(dee)

On the width of collar junc-
tion of turbine

Collar junction and screws of
turbine casing

Upper and lower part of
turbine casing

Left and right collar junction
of turbine casing

Upper and lower collar junc-
tion of turbine c'asing

6+4
8+6
l2

8

4
6

6
J

with collar heating
1I0

with screw heating

below

200"c

8+6
10+8

16

10
5

8

8
4

+=J
6+5

9
6
J

4
4
2

2
4
6
4
z
J
J
z

50

l00
20
40

35+50

10

10

Ring junction§, the most solid eJements of the front pań of a turbine casing, are heated

'ea" slowly and unevenly, especially after long shut-down operation of the turbo-set-
l}-is process sets limitafions upon the admissible extension of the casing.
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At the Same time occur the ręlative exten§ions of rotor, the seizures of the blade ring
or the stuffing box.

It was proved during the research of many steam turbines that also in case of slow loa_
ding the temperatule difference between the casing and the collar junction equals up to
l7O+20O deg, much morę then ddmissible limits.

Similar processes are observed in the inlet part of an IP cylinder with interstage rehea_
ting.

A lack of by-pass arrangement for the reheated steam bęfore its admission to the
IP cYlinder and IP pipelines leads to a deformation of the front part of turbine casing.

After long-time shut-down, the inlet temperature of the IP cylinder is about 200 deg
lower than the casing temperature, especially during the first period of starting operation.
A great difference of metal temperatures occurs also at the width of collar junction of the
IP casing and reaches 200 deg.

A lack of axial and radial fitting margins becomes very dangerous for a turbine rotor.
During the speed increasing after a short shut-down a steam is cooled by the inlet

PiPelines leading governor control valves, or its temperature d.rops due to the expansion
and throttling process; in this case a dangerous diminution of turbine rotor dimensions
occurs.

During the starting operation after longer shut-down an extension of the rotor takes pla-
ce, esPecially due to a great increase of the inlet stęam temperature or a rapid turbine loading.

Table 3

Constructional adjustments to variable loading conditions of Polish 120 MW and 200 MW steam
turbines

Kind of constructional changes
steam turbines

l20 Mw 200 MW
Starting-up bypass devices and ręduction cooIing
stations of turbine*
1.1. Bypass starting equipment of reduction cooling station

of HP cylinder
As above, but of IP and LP cylinders
Bypass of the whole turbine with reduction cooling sta-
tion
Drain-cooling sections of condenser

X
x

X
x

Turbine contro1 §ystem and thermic stress reduction
2,1. Simultaneous opening of HP and IP valves, total

opening at 50 p.c. of nominal output
2.2. Relationship between a position of the IP control

valvesand positioł of the speed governor; extęnsion
, of control range of the speed governor in connection
with total closing of HP and IP control valves

2.3. Adjustment of admission turbine system of stuffing
- box steam supply

2.4. Steam heating of collar junctions and IP casing screws
2.5. Application of double coating HP casing

x

x
x**
x**

Romarks:i200 MW twbines are equipped with these arrangements. i*only in new constrrction§.
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In the case of a casing deformation or a temporary rotor deflection (e.g. when the
turning gear motor is switched off befote the start-up), steady distortions of the rotor may
take place. This is very dangerous and leads to a serious damage to the turbine.

Admissible temperature gradients during start-up of a steam turbine for the different
metal temperatures are listed in Table 2.

Investigations carried out with regard to this problem havę led to some constructional
modifrcations, applied with the main aim of equalization of thermic stresses, especially
during the starting operation and loading at a variablę ratę.

The main constluctional modiflcations applied in great steam turbines of 120 MW and
200 MW nominal capacity are listed in Table 3.

These modifications were made for the following purposes:

- The bypass starting device of the whole turbine enables maintaining admissible
temperatufe gradients in the respective parts of the turbine casing and leads a steam flow
through ań interstage reheater, bypassing a turbine.

n

, lminl

Fig. 1. Diagrams of starting up a 120 MW steam turbine: a) with equipment for start-up,

a-from cold §tate, f-from -".?.:l:1""**i"ir:#, jn:Tji:: 
hot state-after nińt §hut-do*n
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_n
1 -iD,!

Fig. 2. Diagrams of starting up a 200 MW steam turbine
a-from cold §tate, Ó-flom wam state-after holiday sbut dom, c-from hot state-after night shut_d,own ,

- The bypass of the whole turbine gives a possibility of leading an inlet steam through
the exPander or to the condenser or to air, and therefore is specially useful in case ofa turbo_
set failure or for a sudden load take-off.

- The bypass of IP and LP cylinders with a draw-cooling section gives a possibility
of quick turbine loading without a risk of exceeding admissible limits of metal temperature
gradients in the IP cylinder and in the collar junction along its total width. Without the
bypass device temperature incremęnts achieve t0+12 deg/min in the IP cylinder and 20O
deg in the collar junction, instead of admissible values which are equal to 4 deg/min and
l00 deg, respectively (see Table 2).

- SimuJatenous opening of the HP and IP control valves enables a full utilization
ofthe HP bypass and avoiding excess cooling and contraction ofthe turbine rotor. It also
enables starting from a hot state rvith simultaneous sufficient cooling of the interstage re_
heater, superheater and assures a proper water circulation in the boiler's shield.

Diagrams of the starting operation of the turbine of 120 MW nominal capacity, with
and without the starting-up equipment, fof the different initial thermic conditions, are
presented iń Fig. la and lb.

The similar diagrams, but for 200 MW turbo-sets, are shown in Fig. 2a,2b and 2c, [8J.
New 200 MW turbine constfuctions include many adjustments introduced by the factory.

According to this, a new turbine 13K215 is adjusted and operated at a variable load and
frequent shut-downs (about 150 start-ups per year). The casing of thi§ turbine consists
of two part§ - the external and the internal one. The both parts are made of cast iron.
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A three-zone pre§§ufe distribution system unloads the external casing and enables

preserving admissible stresses, thus acting against the creeping of metal at the relativelY

thin walls of the internal casing.
The IP casing consists of two parts, }vith vertical division surface - the front Part is

casted and the back part is welded. Front wall is double-coated. This kind of construction

assures a great thermic elasticĘ of turbine.
A parallel-opening system of the HP and IP control valves, mainly forthe starting

operation, is a rule in the turbine control system. The reduction cooling station oPerates

during the start-up of the tufbine and constitutes the bypass device for the IP and LP
cylinders. Starting of the turbine is possible from the each thermic state of turbo-set.

A boiler operation is also possible at the load take-offand when fulfilling auxiliar needs

of a power plant.

3. Power anit ecbnomic effectiveness of the operation of mits at variable loails

An analysis below is based on the results of the operation and on statistics. Guaranteed

and measured characteristics of the OP-380b and OP-650b boiler efficiency, as well as the

unit heat consumption characteristics-for 120 MW and 200 MW power turbines, are aPplied

as the initial data. They ate shown in Fig. 3. Takiłg into account these data we can define

net and gross characteristics of the unit heat consumption of the considered power blocks
(boiler, turbine and generator together), as it has been shown in Fig. 3 [9].

3.1. Unit fuel cost ofa power block

The daily load demand of a power system is the main factor defining wide load varia-

tions of a power block, especially during morning and evening peaks, and also over night

minimum-load period.
The typical loading diagrams for 120 MW and 200 MW turbo-sets over a year are gi,

ven in Fig. 4. For these loading diagrams we define the fuel costs, taking into account

ńe following fuel prices:
lipite: Ci:45,3 ń lGcal, with heating value of 2150 kca|kg,
starting oil: C'"' :2gg ńlGcń at the calorifi.c value of 9500 kcaVkg.
A participation of the oil during a startiĄg is assumed at the level of 30 p.c. for a 200

MW unit, and.25 p.c. for 120 MW block. The technical load minimum is assumed at the

level: P9112gl:80 MW po(zoo):1,10 Mw.
The characteristics of the tota1 heat consumption and starting heat losses, are given

in Fig. 5 and 6 12,4,6l,
Unit fuel costs for the considered power blocls are shown in Fig. 7, for the different

rariants of system loading, according to the diagrams given in Fig. 4. This characteristics
ś a function of the daily utilization factor of the block nominal capacity.

It can be stated, when analyzing the run ofthis characteristics in Fig.7, that the dailY
cnit fuel cost with shut-downs of power blocks is much higher than for the continuous

lrperation. Maximal differences reach up to 25 p.c.

7lT
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1,?b,
*'9?,

Fig. 3, Guaranteed and measured curves of boiler efficiency (4) and, unit heat consumption of tufbo-§et
(4r), unit heat consumption - net (q") and gross (4") for 120 MW and 200 MW blocks

Annual unit fuel cost is defined as below:

?ł'?lg"
ról '! /oJ

, Kru
^o---']- -A,

K,ZĄt+ Ko|Tgi+ K,\ni
iii (1)
p,ET,t+poEToi

ii

where Ę, - annual fuel cost of a power block [złlyearl, A, - annual enefgy output of
a power block [MW.hrs7year], k, - annual unit fuel cost [złlMW ,hr], K, - fuel cost at
a nominal loading [złlMW.hr], Ko - fuel cost at a technical minimum [zł/MV/.hr],
Ę - starting cost of a power block |złlstart], Tn, - number of hrs with a nominal loading
[hrs], Z9; - number of hrs with a technical minimum [hrs], z; - number of starts, Po
- nominal loading [Mw], Po - technical minimum loading [MW], i: l ,2, . . .,k - number
of the typical loading diagram.



Fig, 4. Variants of dąily load diagrams for l20 MW and 200 MW power blocks

i
,

8u

u

n

[tpu/tlJ

Flg- 5. Diagrams of fuel consumption of 120 MW a{,d 200 MW power blocks (in conventional fuel
- 1 kg - 7000 kcal)
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[0*0

Fig. 6. Diagrams of starting-up heat losses for 120 MW ald 200 MW power blocks

Annual fuel costs are considered for four variants oftypical sets of diagrams, fepresen_
ting a turbo-set loading oyer a yeaf. Results of calculations according to the above assum-
Ptions are listed in Table 4. In Table 5 are given heat loss costs of starting of a power block
from the different initial thermic conditions.

3.2. Total unit generating cost of power block

Unit generating cost is calculated from the following formula:

(2)

where Ę" - annual fixed operating cost |ńlyeaĄ, k" - ańt annual fixed operating cost
[ń|Yeat], T*:A,f Pn - annual utilization time of the nominal capacity [hrs/year|. For
the Power blocks considered the following values ofthe unit fixed cost k" are deflned on

o-:\*:ft,*u,:Ę*n,,
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Fig, 7. Diagrams of unit daily fuel cost (łud) versus average daily utilization coemcient ną:P6o|P"

Table 4

CalculationofdailYandannual fuelcostsfol fourvariantsof representative load diagramsets

Unit annual fuel
(zł /MW.hr)

l20 MW l zoo lłw
v.l lv,2 |v.l Iv.ł |u.l ],.Z lu.l Iu.ł
to ] tt I tz lljl rłTlsTroT-ri
120l ' | |lrz| l ll23l l 1 llzol l l

lząI vąl l l lzrl rzl| l

|,,Ą l l |n+! l

|,"],,lii,"l,,,l
l 1,,,l ,,,] | ]r;]l l ,uz| ] l I

99.7 93.6 71.3 34 162.1,1,52.211,6.556.1

123 126 13o 1,42 1,20 123 t27 1

Ę,cmarks: Amual utilization time for the particular variants: 7..1:6740 hrslyear, T_z:62o4 hrs/year, T_e:4585 hrs/ymr.ią=2000 hrs/y€ar.

ł6 Prace I]|lłP z. i0-72

Load-Lng with
shut , c7ouns

coąt Ln uou s

LoadLng

No. of typical
load diagram
(see Fig. 4)

cost ł,

1

2
J

4
5

6

7
8

9
10

28.
62.
25

28.1

28

i

t
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Starting-up heat loss co§ts of 120 MW and 200 MW power blocks

Heat loss cost (103 zł |stafi) for:

Table 5

l20 MW turbo-set 
I

200 MW turbo-set

Thermic state of turbo-
set before starting up

I

I Cold state

i warm state aftef
l notauu shut-down

I H* *r" -r*
I night shut-down

22.925

18.8 34.86

37.8

1ż.83 23.52

- 420 MN
20014N

-)- }o,

Jl

T," Ih]

Fig. 8, Unit fixed (ł"), fuel (ł,) and §enerating (ł*) annual cost§ ver§us annual utiliza-
tion time Ęn

the basis of the operation statistics:

k"112g1:357' 103 zł/MW' lxuf , k"l2gg,):z't 5,103 zł/MW,year,

These flxed costs take 35 + 50 p.c. of toal generating cost,
The unit generating costs aie calculated from the formula (2) taking into account

the above assumptions and fuel costs defined before. Results of these calculations are shown
in Fig. 8. On the basis of these curyes it can be stated that:
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Digila/
conpular

,,Odra fi25"

',@W'1
l Ose1l|or _ 1 t?"9::!'{ t

Fig. 9. Diagranr of a steam power plant control system scheme using a digital computer

- fixed operation costs have an important significance for small values of the annual
utilization time of the nominal capacity of a power block,

- 200 MW power block is more economic than a 120 MW one (higher efficiency,
lower starting cost), and therefore its characteristics lies lower.

.l. Automatic control system of starting great steam turbines anłI variable toading conditions

Electric power generation in Poland will be contro]led by a computer system., At the
rginning of the Polish system automation the following undertakings are foreseen:,

(i) automatic control of starting operation of a steam power turbine (ASURT), con-
;erning:

- regulation ofthe turbine speed,

- rising the turbine load,

- sequential control of an auxiliary equipment.
(ii) automatic processing of digital and analogue information, measurements, recor-

:_ng and data transformation ręalized by CRPD system.
A control system, called ASURT, realizes the following functions:

- SPeed control, according to the fixed time programs, chosen by an operator in connęc-
, 

_.a with thermic conditions before starting the turbine,

- Load control of a turbo-set, which corresponds to a constant heat exchange rate
--le concerning the turbine metal. A computing device gives a signal of steam flow demand,
: ",:resPonding to thę heat exchange rate betwęen steam and turbine or in metal as well,

- Taking-off the turbo-set load during a shut-down operation is realized at the defi-
::C unloading rate and adequately to the turbine parameter values, During all stages of
:'fiing functions acts a speed signalling and security system; this includes also an additio_
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nal equipment for tempefature contiol and it is considered as standard equipment of each
large turbo-set,

- Sequential system controls the auxiliary requirements ofturbo-set and is organized
as a hierarchical control system, This system includes a function of putting into operation
Particular technological groups and also starting operation or taking off turbo-set load.
In thesę group§ the basic functions are fully automatized, but singular actions are controlled
manually.

A control system CRPD checks up a considered technological process and gives an
information about this process. With help of this control system an operator has a possibi-
lity to realize the following actions:

- CRC processing of a defined digital or analogue signal and its demonstration in the
form of : measurement, lecord or signalling,

- PD treatment of thę defined analogue signals or two-§tate signals into digital signals,
creation of data bank, computation and transmission of results in a form as shown above.
Processing of operation results is realized by a general control system, in the way shown
in Fig. 9.

In this case the main operation functions are processed by a central computing unit
(a Polish computer of third generatión - Odra 1 325), installed in a power plant. It is a great
help for the power plant operator.

5. Conclusions

In this paper some mąin aspects of great steam power block have been discussed, espe-
cially the problems of operation at variable loads. It was shown that:

- gręat steam turbinęs must be adjusted to a loading with a variable rate to overcome
the thermal stresses or to equalize them during loading of a turbo-set,

- these modifications should equalize the great temperature gradients, especially
during starting up operation of a steam turbine,

- economic effectiveness depends mainly upon the way of power block loading over
day or year,

- right control of all processes occurring during the starting, shut-down and variable
loading operation is usually realizęd using special sequential and diffęrential system and
a digital computer.
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Ocena obciąŻania szczytowego wielkich parowych btoków energetycznych z punktu wiitzenia
sYstemu energetycznego, na podstawie potskich iloświadczeń eksploatacyjnych

s tres zcze nie

W artYkule omówiono energetyczne i ekonomiczne aspekty pracy wielkich parowych bloków ener_
getYcznYch Podczas zmiennego obciążenia systemu energetycznego. Przeanalizowano również zagad_
nienia związane zrozruchem i wyłączaniem turbin, a w szczególności:

- charakterYstYki rozruchowe wielkich turbin parowych, ich wyposażenię otaz zmiany konstruk_
cl,jne dla pracy przy zmiennym obciążeniu,

- wpływ cza§) pracy na charakterystyki siłowni, a tr)rzede wszystkim na,ich sprawność i jednost_
korł,y pobór ciepła,

- techniczne i ekonomiczne czytrniki charakteryzujące siłownię (koszty paliwa na rozruch i wy_
łączanie, dzienne i roczne jednostkowe koszty paliwa, całkowity koszt produkcji enereii itd.).

OPisano równieŻ układ komputerowego systemu sterowania pracą siłowni i sterowanie turbiną
parową podczas rozruchu i obciążania.

w końcu przedstawiono propozycje sposobu p'acy parowego bloku energetycznego.

Oqeruca IInKoBofi Harpy3rlr dołlurlx flapoBhlx onepl€Tl,rqecKux 6łolcor,
c TotIKł 3peHuff 3HepreTilqecKofi c[cTeMhr, Ha ocHoBe IIoJIbcKoIo

3KcIIJIyaTaqtroIIHoIo oIlbITa

pesrorrłe

; B crarre o6cYxAaloTc' gHęPreTIzqecKIłe I{ 3I(oHoMuqecKIłe actrerTbl pa6orrr 6olrmrłx trapoB$Dr
| ,':ePreTtrqecrrłx 6noxoB nPII IlePeMeHIroź rrarpysre 3HepreTIFecKoż crłcreult. Arralzsapyrorc, Taxxe
| :._:pocbl, cBr3aHHLte c nycl(oM I{ oTKJltoqeHileu rypduu, a oco6enrro:

| - ITYcKoBbIe xaPa(TePEcTIrXrl 6olrmux rrapoB}ur 6rroror, rx o6opy4oranze u I(oEcTpyKIIuoHHbIe
| ,:].:eBeEn,,łJL poooTbt Fa nepeMeHHoM pexffMe,

l - BJ'II4flHIłe BPeMeHI{ Pa6orrr Ha xapaKTepficruru crłIosoź ycTaIIoBKI{, a [pexAe Bcero Ea Ex K.II.A.
l , .:e--nmfr pacxoA TerUIa,

l - Tex'Ellecrfie Ił oKonoMzqecKrłe $ar<roprr, xaparTeplł3ylonlffe ctrnoBylo ycTaIIoBKy (croruocrr,
l 

- -Ba, YnoTPeOJIreMoro AJI;I IIYc(a ]l oTKJIIoqeHIrr, cyroqHa, Ił ro.qoBa, yAeJIBIła, cTouMocTB To11JIuBa}

l : , :-_aJI cTo]łMocTb npoIl3BoAcTBa 3IIepMu rł r.n,).

l OmcsnaloTc' TaKxe cucTeMbl yIIpaBJIenrłx pa6oroż członoź ycrarroBxll IIpu troMoqz 3BM u ynpaa-
l 

, 
: =?e naponoft ryporłrroŻ Bo BpeM, IrycKa Ił HarpyxeHlłr.

l B 3aKJIIo!IeHIłĘ naIoTcr [PeAJIoxeEIłr, Kacapqaec, [pIłHrI[IIoB paoorrr 95epreTpllecKoro 6rroxa,l
lll
r



,I04 T. Chmielniak, G. Kosman

ment. Thę best way of solving Volterra's integral equations is to apply the method of finite
sums [9]. Thus we have to choose a sufficiently small time interval lt and to construct
a set of points

ti:ilt (i:0, 1 ,2,....).

To the right side integral of the equation (24) we apply now any formula of the numerical
integration in which the value of the integrated function does not appear at the right end
of the integration range. If wę usę the męthod of rectangles for calculating the integral

tn+t n

J F(,9)d9: .|^ nrQ),

whilę t:tn+, in the equation (24), we obtain the following result

Kn + l, i Qdop, r/t :fr* r , (25 l

where

Qaop,i : Qaop(ti), K,+ t,ł: K(t,* t, t) , fr:f (t) .

From the equation (25) it can be found that

f,+t*
n-|

,
i=O

/tK,+ 1,i iłdop,ź

(26)Qdop,, /tKr+ L,,

(n:0,I,2, .,.).

5. The method of analysing the heating process in non-insulated elements

In the previous part of our paper we have presented the analysis of a permissible hear

flux, after assuming that the outer area is being insulated, This, however, limits the range of
the applicability of the presented method. Usually, the problem of determining the boundar1
conditions on the non heated area, particularly in case of turbine, is yery complicated. The
complications result from the complex geometry of elements as węll as from the difficult1-
in determining the thermo-dynamic and kinematic parameters of the flowing vaporrr-
The simplifications of geometry and the application of the formulae known for these get*
metries, which define the value of the heat penetration coefficient, may lead to serious
errors, especially for non-stationary phenomęna which we have to deal with during the star-
ting process. These difficulties can be eliminated if we assume that the temperature of a gir-eo'

point (or of the area) is known during the starting period. The point at which the temperature
is measured should as far as possible from the heated area. For the model under considera.
tion, the temperature field is described by the equation (4) and the equations of the initiE}
and boundary conditions have the form

4

,
i:O

.0T (i . t)
-' );'-':q(i.t\. ieA..

T (i",t):T"(t),

(];,

(]gł


