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ROBERT SZEWALSKI

Gdarisk

A New High-Efficiency Steam Power Cycle for Supercritical Steafn
Conditions*

The paper describes the trend toward increasing the efficiency of steam power cycles, and on this
line a novel steam power cycle for high ,evidently supereritical initial steam conditions, with consistent
application of feed water heating beyond the saturation temperature corresponding with the steam
pressure at the first bleed from the turbine. Owing to this cycle, efficiencies higher than those of con-
ventional cycles working at the same temperature limits can be ‘achieved. Subsequently some charac-
teristic features of the new cycle are briefly discussed.

1. Introduction

The rapid growth of electric energy demands brings about the growing trend towards
larger unit ratings, and at the same time towards higher thermal efficiencies as well as
towards the application of nuclear fuels, respectively [1].

In order to increase the thermal efficiency attainable in a steam power cycle, the basic
Rankine cycle composed of two isobars (p,,p,) marking conditions of heat reception
and extraction and of two adiabates determining the positive work of expansion and
the negative work of compression (pumping) has been continuously developed towards:

— increasing the initial steam parameters (p;, ¢;) along with decreasing the exhaust
pressure (p,) to the level determined by the temperature of the cooling water,

— full adoption of the regeneration principle by means of bleeding condensing steam
for feed heating in course of expansion in the turbine,

— application of single or even double interstage reheat of the expanding steam,

— consistent increasing the efficiencies of all components of the cycle.

Despite of making use simultaneously of all the methods mentioned above, the re-
sulting thermal efficiency of contemporary modern steam power plants, even those des-
igned for supercritical steam parameters at turbine intake, being dependent, among others,
upon the cycle efficiency, the steam generator efficiency and the thermodynamic efficiency
of the turbine, barely approaches the level of 42%. A further increase of eiﬁcielllcy would
require the adoption of higher initial temperatures (¢,) what in turn is a material problem
associated with mastering of high-temperature designs without loss in reliability. Thus

" * Praca wykonana w ramach problemu resortowego PAN-19, grupa tematyczna 1.
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the lack of proper heat resistant materials does not permit to increase the efficiency above
the stated limit which may be indicated as the actual “efficiency threshold”, in fact much
lower than the ideal Carnot efficiency for given temperature limits.

Some slight improvements are still possible regarding the thermodynamic efficiency
of the turbine, first of all by means of better understanding the problems of wet steam
flow and by consistent application of design optimization procedures.

With increase of unit capacity what for a specified set of initial parameters (p,, ¢;)
and for a p,-value as determined by the terhperature of cooling water means also the
increase of mass- and volume flow of steam at turbine inlet, the thermal efficiency incre-
ases, as a result of lower flow losses as blade heights become longer. This relationship
clearly comes out from the graph (Fig. 1) published by Harris [2] on the basis of sta-
tistical data for turbines in service. From here advantages resulting from the adoption
of supercritical steam conditions for any ratings exceeding the level of about 500 MW
become obvious, particularly when accompanied by a double interstage reheat in order
to avoid excessive steam wetness in course of expansion. More detailed thermodynamic
data for a 600 MW-unit were given by E. Scheurer [3].

It is exactly for these supercritical parameters, about 240 bar and 540 deg C, with
double interstage reheat to the same temperature, that power units of an output in the
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range of 500 to 900 MW make plant efficiencies of about 41 - 429/ attainable! The gain
in efficiency marking the improvement from a 200 MW-unit with initial steam condi-
tions of about 120 bar and 540/540 deg C (point 4 on Fig. 1) to a 900 MW-unit, in fact
actually a limiting capacity for supercritical steam conditions with double interstage
reheat — about 240 bar and 540/540/540 deg C (point B) —is of the order of slightly above
69, what has to justify economically the trend towards supercritical steam conditions
to be adopted in large power units.. »

With initial steam temperatures being unchanged even higher steam pressures could
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be adopted for turbine ratings exceeding the level of about 900 MW, with prospects for
further rise in efficiency. However as this rating marks the actually limiting capacity of
normal-speed one-shaft turbines, the all-over plant efficiency of the order of 41 - 42 /,
has become a limiting value, to be indicated the actual “efficiency-threshold”

It should be noted, however, that by modification of the cycle resulting for the same
turbine rating in a higher mass flow of the working fluid at turbine inlet, even higher
inlet pressures could be admitted, without decreasing the volume-flow required for high
efficiency conditions. More specifically, it can be stated that by increasing the inlet pres-
sure, say from 240 to 380 or 450 bar, an additional gain in efficiency of 2.8 to 3.5, respec-
tively, can be achieved, and perhaps another gain of about 1.2 to 1.5% as a result of the
3-rd interstage reheat.

As no such modification of the Rankine cycle has been known, neither any other sug-
gestion aimed to increase the cycle efficiency, the opinion originated that in turbine en-
gineering a threshold of efficiency has been reached to overcome which the development
of suitable heat-resistant materials seems to be undispensable.

Hence very much attention has been paid during the last decade to new concepts of
increasing the cycle efficiency by means of combining the steam cycle with another high-
temperature cycle of a higher temperature of heat reception. This refers as well to the
combined gas/steam cycle with a high-temperature gas turbine designed for initial tem-
peratures even as high as 1200 to 1500 deg C as particularly to the m-h-d-generator com-
bined in a subposition cycle with a modern steam power plant of high efficiency. While
the m-h-d-generator is not yet applicable to nuclear fuels in a closed cycle; the higher
thermal effi ciency of the combined cycle, from the economical point of view, is not neces-
sarily superior to even lower cycle-efficiencies if they can be achieved with nuclear fuel.

2. The basic concept

Against this background the question arises if the steam power cycle derived from
the classical Rankine cycle by means of steam super- und resuperheating, even more
than once in course of expansion, and by full application of regenerative feed heating,
is still open — under given temperature limits — to further modifications and improve-
ments. To answer this question it is necessary to go back to basic laws of thermodynamics
which determine the conversion of heat into mechanical energy.

The thermal efficiency of such a process is given by the ratio of the amount of heat
converted into mechanical energy to the amount of heat supplied:

Lo (1)
Ql Ql

For the ideal Carnot cycle this expression marking the highest efficiency attainable
within given temperature limits becomes transformed to:

Ho=1——2, o
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where T, and T, indicate the upper and lower temperature limits of the cycle as expressed
in absolute temperatures, deg K.

The improvement of a heat power cycle, it’s carnotization, demands the decrease
of the-Q,/Q,-ratio to the value of the ratio of the limiting temperatures T/} .

In the conventional steam power cycle the lower terminal temperature 7, is practically
constant, determined by the temperature of cooling water in the condenser. On the con-
trary the higher terminal temperature 7, varies depending on the phase of heat supply,

Fig. 2. Temperature-entropy diagram
illustrating heat addition in the con-

S 5
e ventional steam power cycle

\
which consists consecutively in feed water heating, it’s evaporation and finally the super-
heating of steam up to the assumed high temperature limit T} .
Under these circumstances the expréssion for the ideal Carnot cycle efficiency can
be applied only to an elementary cycle denoted by the limiting temperatures T, »and T:

T;

T’ 3

Helem =Hc =

where T; =T,, while T}, varies from the feed water temperature at the exit of the regenera—
tion system T:, up to T, (Fig. 2).
For the cycle as a whole we arrive at the expression:

Ty

e I, |
=— d 4
Q1 (R f (Th) < 3 ( )

Treg
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wr suhstituting the area under the process curve from 7T, to T; by a rectangular area

reg
wiith the mean upper temperature 7},,:

T. T
gttt 2, )
T;tm Tl :
winere
Tppm ity o e
: Sl_sreg

Obviously, efficiency increases with T;, approaching T;. Therewith the old principle
of Carnot in that increasing thermal efficiency depends on higher average temperatures
of heat supply becomes confirmed.s Consequently, we arrive at the conclusion that feed
water heating which is generally applied to conventional steam power cycles may be advan-
wageously conducted far beyond the level given by the saturation temperature of the first
blesd point. This in turn may be accomplished by exchanging heat between highly super-
heated steam extracted in course of expansion at the turbine and the feed water stream
heated up already by means of bled condensing steam in conventional regenerative heat
exchangers. Such an exchange may prove particularly ‘effective in the range of super-
critical pressures [4]. '

3. Description of the cycie

- According to this basic concept, steam of high initial parameters (p,, #;) is being ex-
panded to a pressure p,, which, in principle, is also supercritical. At the state represented
by point 2’ (Fig. 3 and 4) the steam flow G is being divided into two parts. One of them,
G,=G,(G,/G,) flows to the first interstage reheater and its temperature rises to
t;. corresponding with. point I’. The test, G;=G,—G,=G,(1—G,/G,;), exchanges
heat in the regenerator with feed-water (G,) which initially has been partly (G,) heated
by condensing steam extracted from the turbine in several bleeding poinfs up to tempera-
ture .zs and than finally to temperature #¢ as a result of mixing with the steam flux
G, (1—G,/G,). In the regenerator the temperature of the feed-water (G,) is being raised
from ¢4 to ¢, while the heating steam flux G,(1—G,/G,) is simultaneously cooled down
from temperature 2, to #y, and finally heated again to #, in the process of pressure rising
in the high-pressure feed pump P,. The temperature difference Typ=1s—1; is to be as-
sumed on the ground of economic considerations. :

Owing to the high supercritical steam conditions at point I, the expansion of the
steam flux G, requires at least one interstage reheat, performed in a conventional system
in parallel with regenerative feed heating by extracted condensing steam.

Thanks to the cycle layout and particularly to more effective feed-water heating up
to the temperature #; which is much higher than that (¢5) attainable solely by conven-
tional regenerative heating, the mean upper temperature of heat supply T}, increases,
and accordingly the efficiency of the cycle, becoming definitely higher than that of a con-
ventional one (G,/G,=1).



8 3 R. Szewalski

Along with the increase of the cycle-efficiency there is also an increase of steam flow
in the high-pressure turbine, very favourable from the point of view of applying much
higher steam pressures at turbine inlet and thus again increasing the attainable cycle-
efficiency. Accordingly, the overall gain in efficiency is composed of two parts — one
referred to the application of much higher steam pressures at turbine inlet and one more

. Cond.
iR
ey et
Fig. 3. Basic concept of the supercritical Fig. 4. The novel supercritical steam power cycle
steam power plant with high-temperature in the (T—s)-diagram
regeneration

interstage reheat than in the conventional cycle, and another bound to more effective
feed water heating, beyond the saturation temperature corresponding with the steam
pressure at the first conventional bleed from the turbine. In other words the new cycle
is being accomplished by superposition of two component cycles — the first a rather
conventional one I—2'—]'—2"—]"— 2" ]2 3 4 5 7 | with supercritical
steam inlet conditions, and the second one with the same steam parameters at inlet but
contained entirely within the range of supercritical pressures: I—2'—8—9—6—7—1.
Obviously, this second cycle which may. be regarded as a “closed gas turbine cycle”, while
supplied with heat from the external source in the steam generator, after work being
done in turbine T;, discharges all the remaining heat, behind point 2’, to the stream of
feed-water. The thermal efficiency of this closed cycle approaches therefore 100%, even
if work is being done not without losses.



A new high-efficiency steam power cycle... 9

4. Cycle performance analysis

Proceeding from the general description and qualitative opinion to a more quantita-
tive analysis of the novel cycle obtained by superposition of two component cycles with
the same supercritical steam inlet conditions, as mentioned above, we have to discuss
before all the problem-of efficiency.

Denoting:

L — internal work of the turbine per unit mass flow at inlet,

Loy — the same quantity of a turbine working on a conventional cycle, without high- -
temperature regeneration, o

Ly, L,p — the works of feed pumps in the compared, regenerative and conventional
(reference) cycles, respectively,

0, O, — heat supply in both cycles, per unit mass flow at inlet,

7, o — “‘net” internal efficiencies of the two cycles in question,

4ip, — enthalpy drop at the high-pressure turbine T

4ip, — enthalpy rise at the feed pump P,

g=G,/G, — the ratio of the steam flow in the condensing cycle to the steam flow at
turbine inlet, : .
we arrive at the relations:

Ly=Lp =L0T_Loz_’

= 7
Q L3 7'0 ; Qo ( )

and
Ly=gLor+(1—g)dir,, . (8)
0=g°Qo+(1—g)(iy—is)—(ir—is). ©)

c6r

The value of specific enthalpy *“i;” is determined from energy balance of the high-tem-
perature heat exchanger: ;

ir=ig+(1—g)(iy—ig), (10)
ig=gist(1—g)iy, \ (11)
e, 1 12)
Hence it follows that: :
iz=g"is+(1—9g) (i +4ip,) , (13)
and also : ;
0=9gQ0+(1—g)(4ir,—4ip,). (14)

Similarly, we arrive at expressions for work of the feed pumps:
LOP =AiP1 ;

Le=g - dip, +(1—g) dip,=gLop+(1—g) dip, <1 (15)
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and hence the expression of turbine efficiency:

__rl_= Ho g QO AiT1 ¢ (16)
Moo l—gﬁ(l_dih>
g Qo diy,
The form of the efficiency equation:
1
I -0
M adls
flo 1+a

indicates the efficiency of the novel cycle being higher than that of the conventional one,
the more the higher the value of a, what means the smaller g, the larger the ratio diz,/Q,,
and the smaller Aip /Air,. The factors iy /Q, and Aip,/Aiy, tesult from the assumed
cycle parameters (p;, t;, p,., p,) and considerably affect the attainable increase of effic-
iency. The influence of g is even more pronounced. Basically, the smaller the value of
g the greater the attainable increase of efficiency.

From the energy balance at the high-temperature heat exchanger inlet (11) with help
of eq (12) follows:

e A an
ig—is+Aip,

With the assistance of the i(r) — diagram (Fig. 5) it is easy to determine both Aip,
and g as functions of zy, with the terminal temperature difference Atyp=1ts—ts and the
pump efficiency #p as parameters.

4000
/ /(]/ 3 :
kg _ 940 par //
3000 7;) §00/ ;;
/ 360 /
i //¢
e
2000 ' // sl
/
1000
200 350 400 450

500
% toc]

Fig. 5. Enthalpy vs temperature for different supercritical steam pressure conditions
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Numerlcal results for the assumption of p, =314 bar, pz,-—235 bar, t1—565 C =
=265°C, 51p,=0,8 are exemplarily plotted on Fig. 6. ‘

With increasing values of the steam pressure p; at inlet — the assumptions according
D2 and 77, being unchanged — we arrive at higher values of g,;, and, to some extent,
the expected gain in efficiency as well (Fig. 7). However taking into account the large
deviation of steam properties in the vicinity of the critical point, as indicated in Fig. 5,
special attention has to be paid to the performance -of the regeneration process in the
high-temperature heat exchanger, this process barring in fact the real gain in efficiency.

5. High-temperature regeneration and cycle arrangements

According to assumptions (Fig. 3 and 4) heat transfer has to take place from the lower
pressure p,. to the higher pressure p,, and that depends on the existance of a positive
temperature gradient in this direction. Consequently, while the slope of the i(¢)-curve
(Fig. 5) differs greatly for both pressures in question, p; and p,.,and so the enthalpy incre-
ments corresponding with givén increments of the steam temperature, the mass-flows of

A S | A

500 - T 500- ' 500
i
| g=03 Vst g=04 } tfc] g=03 |
: | I !
! ' E
| |
| : a
i
. I ! /
400, A 400 / ' 400 |— /i
: / / [ / i
| :
: 5
L p,=373bar §
| by =235bar g
| %
£
iAtE |
300 e il 300
Jess I | I
: / ! // _g
| - ] |
: e i | .
i] 400 800 Q 1200 [k 0 400 800 1200 (k77 O 400 800[/(7'
. HE [kg : CHE kq] gt QHE [k

Fig. 8. Calculated temperature characteristics in the high-temperature heat exchanger for different
assumed g-ratios and a straight condensing cycle

both streams have to be matched not only for the terminal temperature differences but
at any point of the heat exchanger. On this basis, in order to avoid intersection of the
temperature characteristics of the two streams in the heat exchanger, as shown spectacu-
larly on Fig. 8, we are compelled to apply much higher values of g as predicted from Fig.
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6 and 7. Hence also the gain in efficiency attainable by means of high-temperature re-
generation becomes limited to only slightly above 2.59 as indicated on Fig. 9 by the
dotted line, with the total gain, including higher steam pressure at inlet, varying between
5.5 and 6.59;. This remarkable gain in efficiency due to the novel high-pressure cycle is
of the order of the gain marking the improvement from a 200 MW-unit (120 bar and
540/540 deg C) to 900 MW-unit (240 bar and 540/540/540 deg C) (Fig. 1) [5].

The attainable gain in efficiency can be still further increased when adopting lower
g-values, even as low as resulting from eq. (17), with simultaneous extracting the proper
amount of heat from the heating medium (Fig. 10) in order to maintain a positive tempera--

A

500 : Qextr ' p, = 373 bar
5 Ll L= 5655C
‘t[a(j p,=373bar | 2 17 it Aty = 5°C
Py=235 bar I i
= I
Atgs°C I !
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1 I
| o
|
450 : ’
| 10— \
' i
| |
|
7 08 t
| N
| N
|
06 1
0z 24025 03 g 0.35

400

B

“Fig. 12. The extracted heat to power ratio
as function of g-ratio for a set of assumed

conditions

350
8
6

K7 Fig. 11. Calculated temperature characte-

: ,2(:]0, , 4 : 500 : '3go£g ristics in the high-temperature heat ex-

0 20 40 60 80 700 120 140 160 180 2/?:% . changer for a set of assumed conditions of

‘2/ 5 a heat-extraction cycle

ture difference between the two heat exchanging mass streams at any point of the high-
temperature heat exchanger (Fig. 11). In other words the mass flow of the heating medium
has to be reduced.in the middle section of the heat exchanger which becomes now divided
into 3 sections. Such an arrangement is changing the straight condensing cycle
according to Fig. 3 and 4 to a heat extraction cycle (Fig. 10). \
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Assuming for calculations the thermal efficiency of the process as given by
i L—Lp (18)
; 421_—(2exu

we arrive at fairly high increments of the efficiency following the adoption of the lowest
possible value of gas given by eq. (17) and Fig. 6 and 7. The graph, (Fig. 7), is illustra-
ting .the relation #7/n,=f(g) with the initial pressure at turbine intake as parameter, while
the graph, Fig. 12, brings the relation Q... /(Ly—Lp)=1(g) for one given initial pressure,
in fact for p; =373 bar as the pressure value correspondfng with the highest possible incre-
ase of efficiency according to Fig. 7. It is noteworthy to mention that Q.../(Ly—Lp)
decreases with increasing values of g, and becomes zero for the case of no interaction
of the temperature-characteristics of the two streams in the heat exchanger, that is for
the straight condensing cycle. : :

By means of multiplication of the two factors, the #/7, — value according to eq. (16)
and (10),1/(110)235*) as expressed in Fig. 13 we arrive at the final relation (1),1/(0)235
describing the highest possible increase of the efficiency attainable in the novel cycle as
compared with the highest efficiency attained by a 500 to 900 MW unit in a conventional
cycle for p, =235 bar and the same initial and resuperheat temperatures ¢, = 565°C (Fig. 14).

Thus, for p; =373 bar and t,=565/565/565 deg C an all-over gain in efficiency of
11.35% can be achieved. Compared with the gain attainable in the straight condensing
cycle-about 6% or slightly more — that means an essential step forward.

Of course, this gain in efficiency can be effectively utilized in the power plant but in
the case of maintaining the rather high efficiency of the steam generator, despite the much

Table 1
g 0.218 0.250 0.300
(—‘) 3.929 3.470 2.970
Go1 N - £
G,
(—) 0.8565" 0.8675 0.8910
Goz N
(QL) 1.588 1.424 1.288
Qo1/ N
(Q‘"Q‘“‘) 0.9166 - 0.9235 0.9380
Qox‘ N
Dex: 1.437 1.071 0.7499
LT—LP
(—"_> 1.0834 1.0765 1.0620
Mo/ py
()5, 1.1135 1.1048 1.0918
(710)235 :

*) The indices 235 and p, denote the initial steam pressures at turbine inlet: 235 bar and p;>235

', bar, respectively.
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higher temperature of the feed water. Calculations undoubtedly confirm this possibility
while simultaneously heat exchanging areas are shifted to the air preheater.

Along with increasing efficiency the steam rate at inlet — as compared with a con-
wentional steam turbine of the same rating — considerably increases, enabling the effi-
cient application of very high pressure supercritical steam. On the other hand, the steam
raie in the ““conventional” part of the cycle, in the last turbine stage and in the exhaust
1o the condenser decreases, as well as the amount of heat rejected in the condenser to the
cooling water. That leads either to a reduction of the dimensions of final stages, parti-
cularly of the last stage itself, designed to operate at extremely severe conditions, or to
a very desirable increase of the power rating attainable at given dimensions of the last .
stage. Finally, and that is a consequence of the decreased steam flow at turbine outlet,
the amount of heat rejected to cooling water in the condenser diminishes, thus reducing
size and cost of the condenser as well as the required amount of cooling water.

As a result of calculations made for the assumptions: p, =373 bar, ¢, =565/565/565
deg C, ATyx=5 deg C and heat extraction according to Fig. 10, following numerical
factors have been achieved (Table 1). Herein index N denotes the value of the respective

actor for identical power output.

-,

6. Some economic considerations

It is understandable that while increasing the efficiency on the other hand a certain
increase in power plant investment expenditures is to be taken into account. The turbine
T, working in the range of supercritical steam pressures is rather small in dimensions,
mostly single or double staged. On the contrary the high-temperature heat exchanger
represents a new bulky element of the power plant, with an estimated area of 0.01 to
0.04 m?/kW, depending on cycle parameters. More severe working conditions refer to
the feed pumps, particularly to pump P,, because of high temperature. of the working
fluid at inlet, high volume-flow and high pressure-ratio. And finally, the steam generator
of the through-flow type bears the features of a superheater, and in comparison with a
conventional design for the same rating is characterized by a larger steam flow while a
lower heat consumption as expressed by the factor [Q; — Qeuyir)/Qo1ly-

When discussing this problem in more details, against the fuel savings related to inc=
reased efficiency some increments of capital costs have to be considered. The rule esta-
blished in power generation practice balances 1 per cent in heat rate roughly against
10 per cent of the turbo-alternator price. This relation refers to a high load factor corres-
ponding with about 7000 hours pro year full load while for lower load factors this relation
may change even to 1:7. _

From here it follows that the increase of efficiency of 11.35% would justify for base-
load power plants more that doubling of the turbo-alternator investment costs while
the price of other elements of the power plant remaining unchanged.

In the case under consideration besides the turbine itself and the condenser, the steam
generator, the feed pumps and the high-pressure ducting are to be taken into account.
According to Schréder’s fundamental work on steam power plants of great output the

2 Prace IMP 2, 64
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over-all investment costs can be divided approximately into three parts:

buildings 23%
mechanical equipment 64%
electrical equipment 13%

1009

Out of the mechanical equipment we can assume approximately the relations:

the steam generator 409,
the turbo-alternator-

condenser unit 34%
the h.p. ducting 10%
div. 16%

1009,

Similarly within the turbo-alternator-condenser unit:

the steam turbine 40%
the electric generator. 409,
the condenser 20%

100%

and finally within the steam turbine itself:

the HP-cylinder 252;
the MP-cylinder 2597
2 x LP-cylinders 50%

100%

The cost of the VHP-part (7}) of the turbine can be estimated as approximately 75 %
of the HP-cylinder, that means 0.75-0.25-0.4=0.075 (7.5%) of the turbo-alternator price.

The cost of the LP-part of the turbine, because of 14.5% lower steam flow, is expected
to diminish at least at 14.5/2=7.259%. The saving is than about 0.0725:0.5-0.4=0.0145
(1.459%) of the turbo-alternator price.

The price of the condenser can be assumed lower nearly at 14.5%, say for instance
at 147, what corresponds with a deduction of 0.14:0.2=0.028 (2.8%).

The high-temperature heat exchanger has an estimated area of 0.01 to 0.04 m?/kW.
That means for instance for a 500 MW unit 5000 to 20,000 m? with an additional invest-
ment expenditure in relation to the turbo-alternator price of 3.5 to 14 e ‘

The feed pumps become evidently more expensive and require additional expenditures
estimated to 59 of the turbo-alternator price.

The steam generator does not require more heat transfer surfaces. At any case in order
* to minimize the risk of a novel design some 109 higher capital costs of the generator
are to be taken into account. That gives additionally nearly 129 of the turbo-alternator.

Finally, the high pressure ducting may become more expensive, up to 209, that is
up to about 69 of the turbo-alternator. 7

Summing up both additional expenses and savings we have to provide increased capital
costs of the power plant as related to the turbine-alternator of about 29.7 — 40.2 %, what
~is a rough estimation.
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This increase of capital costs is equivalent to fuel costs savings in the order of 2.97 -
4027 for a base load plant, and 4.2 - 5.7% for the average load factor. Subsequently
he straight condensing cycle will prove economically advantageous at least in the case
of high load factors while the heat extraction cycle seems to offer always remarkable
profits in comparison with the conventional steam power cycle, even that for supercritical
mitial steam conditions and the highest efficiency ever attained in practice.

Higher power plant efficiency of the novel cycle and lower fuel consumption are ac-
companied by lower demands on cooling water and lower imperiling of the environment.

Finally, it seems to be necessary to point out that the realization of the new cycle
does not require the application of any new elements which basically are not proven
zlready in long years practice.

Promising possibilities seem to offer to this cycle also other working fluids as, e.g.
carbon dioxide, the critical parameters of which are definitely lower than those for steam.
A more thorough analysis of such a cycle is however beyond the scope of this paper.
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Nowy obieg termodynamiczny wysokiej sprawnosci dla pomadkrytycznych parametrow
pary

“

Streszczenie

W pracy przedstawiono metody i Srodki zmierzajace do podwyzszenia sprawnosci termicznej
turbin i sitowni. Wskazano na mozliwos¢ dalszego wzrostu sprawnosci przez podwyzszenie ci$nienia
poczatkowego pary w przypadku odpowiedniego wzrostu natezenia przeplywu pary na wlocie. Z kolei,
nawigzujac do rozwazan Carnota, wskazano na dalsza mozliwo§é wzrostu sprawnosci przez podwyz-
szenie Sredniej temperatury doprowadzania ciepta do obiegu. Uwzgledniajac obydwie te mozliwosci,
przedstawiono koncepcje nowego obiegu termodynamicznego jako wynik nalozenia na siebie dwoch
obiegéw — .jednego raczej konwencjonalnego obiegu na parametry nadkrytyczne i drugiego na te
same parametry poczatkowe pary (rys. 3 i 4), zwiazanego z pierwszym obiegiem termicznie poprzez
wysokotemperaturowy wymiennik ciepla, lecz przebiegajacego calkowicie w obszarze parametrow
nadkrytycznych. Nowy obieg zanalizowano pod wzgledem sprawno$ciowym (wzor (16)) i konstrukcyj-
nym. Wskazano na szczegblng, kluczowa role wysokotemperaturowego wymiennika ciepta, ktory

9%
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w wykonaniu tzw. sekcyjnym, ze zmiennym stosunkiem natezef przeptywu obu czynniké’w wymie-
niajacych ciepto w wymienniku, pozwala na realizacje w obiegu z upustem ciepta sprawnosci o ponad
11% wyzszej od najwyzszej sprawnosci osiagnietej dotad w obiegu konwencjonalnym w identycznych
granicach temperatur. Koncepcje nowego obiegu uzupelniono rozwazaniami natury techniczno-eko-
nomicznej. ot

Hoppiii TepMOIUHAMAYECKHH WHKJ Ui CBEPXKPHTHIECKHX
mapaMeTpoB Mapa, XapakTepu3yIoImuiics BRICOKMMH 3HAYCHHAMH K.ILM.

Pe3rome

B pa6oTe IpecTaBIeHbl METOBI M CPEACTBA, CIIyXKALIHe HOBEIIEHAI0 TEPMHIIECKOTO K.ILI. TypouH
¥ CHIIOBBIX YCTAHOBOK. YKa3bIBA€TCH HA BO3MOXHOCTH NAJBHEHIIEro BO3pacTaHMs K.II.I. MyT€M NOBEI-
IIeHrs HAYAJIGHOTO HABICHWS Dapa B CIy4a€ COOTBETICTBCHHOIO YBEIMYEHHS Dacxoda mapa Ha BXOZE.
3ateM, yuuTHIBasA paccyxnenns KapHo, yka3pIBaeTcs Ha JATbHEHINYIO BO3MOXHOCTE IMOBBIIICHAS K.ILI.
IyTeM MOBBIIEHHs CPEAHEH TEMIEpATypHI IIONBONA Temna K mukry. IIpurmMas BO BHAMaHHE 00€ 3TH
BO3MOXHOCTH, IPEACTaBJIEHA WIOEs HOBOTO TePMOAWHAMHIYECKOTO IHUKIA, BO3HHKAIOIIEIO BCIICACTBHC
HAJNOXeHUS Ha ce0s OBYX HOUKJIIOB — ONHOTO CKOpEe KOHBEHIMOHATHHOTO LMKIA HAa CBEPXKPHUTHYECKHAC
TApaMeTpPHI ¥ IPYTOro Ha Te JKe CaMble HadalbHBIe IApaMeTPhI napa (puc. 3 1 4), CBA3aHHOTO TePMUIECKH
C IepBHIM IEKIOM 4epe3 BHICOKOTEMIIEPATYPHEIN TEMIOOOMEHHHK, HO HOIHOCTBIO IPOGEraromero s 06-
JIACTE CBEPXKPHTHUECKUX HapaMerpoB. HOBBIA IMKT NPOaHAIM3WPOBAH C TOYKH 3peHMs K.1.a. (dop-
myna (16)) B KOHCTpYKImE. VKa3hIBA€TCS Ha OCOBYIO, Y3IOBYIO POJb BBICOKOTEMICPATYPHOIO TEMIO00-
MEHHFK2, B T. Ha3. CEKIMOHHOM HCHOHEHAN C W3MEHAEMBIM OTHOIIEHHEM NHTEHCUBHOCTY IOTOKOB 00EHX,
cpen, OOMEHUBAIOIINX TEMVIO B OOMEHHEKE, TIO3BOJIAET OCYIMEeCTBIATh B IIUKJIE C OTO0POM TEMIIa 3HAYCHHS
K.ILJ, Ha cBbime 11 9 Gonpbime, YeM 3HAYCHUS K.ILII., JOCTATAEMBIE JO CHX IOP B KOHBCHIMOHAEHOM IHKIIE
¥ IIpY Tak#x ke mpemelax Temmepatyp. Mpes HOBOro nukia MOMOJHSETCS TEXHMKO-3KOHOMHUYECKUMHA
paccyKOeHAAMA.



