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What we remember from school...
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Classification of steam turbines

active turbines reactive turbines

Condensing
and Noncondensing Back-Pressure

Turbines Steam Turbines
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Combined cycle of a steam turbine 4#7
unit DLR

I, =9, —(q3° +7v)

Pe (out)

Q, (In)
E\’> Boiler Turbine —@:'\>

<

G
P (i) F Qs (out)
* Condenser Q. (out)

https://electricala2z.com/electrica
l-power/combined-heat-power-
plants-steam-gas-micro-turbine-
fuel-cell/

-5

Prof., Dr. Eng. Cheilytko Andrii, Institute for Solar Research DLR,
22.05.2023






Longitudinal section of a condensing turbine
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The process of steam expansion in the turbine flow path #7
DLR

= Cogeneration operation of the turbine
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Sketch of the flow part of the intermediate stage. #7
DLR
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Step 1 Calculation of the steam turbine stage
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The thermal process of the unregulated stage in the h-s
diagram

Step 2
DETERMINATION OF LOSSES AND
EFFICIENCY OF THE TURBINE STAGE
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Sketch of the profile of the nozzle and impeller blades
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Figure 1. Final blade and wheel geometry

Figure 4. Blade stress distribution cloud map

Figl, Fig4: Zhu, M. Y. (2019). Design and analysis of steam turbine blades. 3rd International Conference on Fluid Mechanics and
Industrial Applications, 1300.
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Cooling hole locations inside the modeled passage (as well as
many outside the passage) OLR
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Types of energy

Thermal Electric

Source: http://wikimapia.org/1470585/Maritsa-
Iztok-Mining-And-Electricity-Complex
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Source of power supply

Split circuit

Electricity is produced
at the power plant
TPP and transmitted
to the consumer via
power lines

Heat energy is
produced in district
boiler houses and
transmitted through
heating networks in
the form of steam or
hot water to the

consumer.

Combined circuit

Heat and electricity are
generated at the CHPP.
The combined system is
electrically connected to
the energy system of the

region, which makes it
possible to compensate

the imbalance between the
production and
consumption of electricity
at any time.

The combined system
requires additional capital
costs, but is more
economical in terms of fuel
consumption.




Real scheme of cogeneration plants with back-pressure

turbines
DLR
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Schematic diagram of a separate power supply

Prydniprovska TPP, Ukraine

. power boiler;

. condensing turbine;

. electric generator;9

. condenser;

. condensate pump of the power plant;
. low pressure heaters (LPH);

. deaerator;

. feed pump of the CPS;

. high pressure heaters (HPH);

Fig.from
Cheilytko A. Design and optimization of heat supply systems: a study guide for students of ZGIA specialty 144
"Heat Power Engineering" full-time and part-time. Zaporizhzhia: ZGIA, 2016.200 p
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Dummy scheme of a separate power supply system
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Fictitious scheme of cogeneration plants with back-pressure

turbines
(Dr+Ds), h: . _— DLR
% v 2 3T=30+36H
N/
POY
De, he, 1o
tDB 7 6 i 5 >
1 - power boiler; —
2 - backpressure heat recovery turbine; ‘
3 - electric generator;
Fig.from

4 - heat recovery heater;
5 - condensate pump;
6 - mixing regenerative heater,

Cheilytko A. Design
and optimization of
heat supply systems: a
study guide for
students of ZGIA

7 = feed pump, specialty 144 "Heat

Power  Engineering”
8 - network pump; fllime and part e
9 - heating point ey
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Advantages and disadvantages steam turbine #

Advantages

« Operation is possible with various fuels (gaseous,
liquid, solid).High thermal efficiency.

« Unlimited unit power.

* High speed and possibility of non-serial
connection to the generator shaft

Disadvantages

 Large dimensions and weight.

 Impossiblility of creating a highly efficient steam
turbine of low power.

* The need for a large amount of cooling.
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Longitudinal section of the turbine
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ST with intermediate separation

G, 2
1
G 6

= Functional diagram of a steam separation unit with
intermediate steam separation
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Schematic diagram of the steam turbine unit K-1000-
60/3000
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Actual process in a steam turbine plant with intermediate
separation and superheating OLR

6,0 65 70 75 s, Kx/(kr Fpan)
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Effect of increasing the initial pressure on the efficiency of the Rankine cycle

If increase P, T=const, then H value will slightly decrease, but the thermal difference h1 - h2 will DLR
increase, which increases the thermal efficiency, and the specific consumption will decrease.
Accordingly, with an increase in the initial P, the cycle efficiency increases.

A negative consequence of the P increase is an increase in steam humidity at the end of its
expansion, as can be seen from the hs-diagram
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Effect of increasing the initial temperature on the efficiency of the Rankine cycle

Reheater

Pd = P5‘= Prenea:
e

HP
Turbine

5

Reheater

LP
Turbine

Rankaine Cycle

Supercritical Boiler circuit Diagram

https://medium.com/@ashwinpalo/how-to-calculate-thermal-
efficiency-of-rankine-cycle-37a7dbcadc12

» |ncreasing the thermal efficiency can be achieved by increasing the initial

steam temperature, P=const

Prof., Dr. Eng. Cheilytko Andrii, Institute for Solar Research DLR,

22.05.2023

)




efficiency from temperature cooling
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Steam turbine in Julich solar tower

8,252 R et
A
111 ] e L LVH Eiieh . ]
- L, |11
" 5.7
15 P |
B 7
156, 1 15, 5
120— 1 151 ! LER ] L-—1¢0
- . .
1 B 4 } | A 1
) E I-'/ [ | : 15
-] = E I\\_ | —3 g
EE 51— g ! el E ENE ; ) #| 1
b ] A s e[z e l—i4 3
: o - - . # 60,1 o1 — '
i ARG EE A & -‘ s i1 3
ENEE -1 EE R | —34 E g
EINN 15— 3 . = 3 4
5.1 0. -1 3
e ﬂ'a._ 184 | f
NE il E - 4.2 ' . -~
2 81— L 9.2, TN =
- - - |4
" | Bl T T = 5
= R i “'\—:.n i ; !
| "\—IDE | |

sk
EF
t
T
&

LN u
BI—-\. Bil— Arsicht

8 c e
= - |£- : = ] - =
1T . . — -

=

i
1. 3 5 L. AR RER o
- : : [l |/ ¢
B & F— —
I Ell-]_ﬁ_g; - 0.1 b go = =
- ST =
T s ol I == - r"_""—'"” Resisisn ¢ [izon.a] i
I | N Hake labgas - -
m—ﬂ[_m.s i I J g oLis wit -
. | — 154 Stadiwarke = peemane
e :i :::"‘\-»x‘ JE I R Talich Gmey SEEELD
E es G
", 15, 4 ————
- 144 - = —" ) nrnnunlugen i e oo tets
E L . I 4inchen SR
g3 ”_155—'—' = RHA Zochern.. IS,
g T 1.1 o o T
= 5, 1— e _\_Bj Jalaremijmbihrnlivnin Ml 9.1492.1.8612 i
1.4 - -1 =
X 11— '|J 1 | ot fe s o
u —_ e __=|J
— e — R
A

Bedianseite
OPERATING S1DE

Prof., Dr. Eng. Cheilytko Andrii, Institute for Solar Research DLR, I
22.05.2023




Steam turbine in Julich solar tower
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Turbine strapping
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