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What we remember from school…
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Classification of steam turbines

Condensing 
and Noncondensing 

Turbines
Back-Pressure 

Steam Turbines
Extraction Steam 

Turbine

reactive turbines active turbines 
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Combined cycle of a steam turbine 
unit
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𝑙ц = 𝑞1 − (𝑞2
из + 𝛾)

https://electricala2z.com/electrica

l-power/combined-heat-power-

plants-steam-gas-micro-turbine-

fuel-cell/



TURBINE STAGE CALCULATION
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Longitudinal section of a condensing turbine 
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https://svitppt.com.ua/fizika/parovi-ta-gazovi-turbini.html



The process of steam expansion in the turbine flow path 

▪ Cogeneration operation of the turbine
▪ With intermediate overheating

is
e

n
tr

o
p

ic
 h

e
a

t 
d

if
fe

re
n

c
e

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

22.05.2023



Sketch of the flow part of the intermediate stage.
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Speed triangles of the turbine stage

Step 1 Calculation of the steam turbine stage

I. the heat drops

II. dummy velocity of steam flow

III. average diameter of the stage skirting

IV. actual steam velocity at the outlet of the nozzle 

channels

V. nozzle grille height

VI. steam exit angle from the working blades

VII. actual relative velocity of steam at the outlet of 

the blades

VIII.Also we find the velocity projections 

C1circum,axial and C2 circum., axial



The thermal process of the unregulated stage in the h-s 
diagram
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Step 2
DETERMINATION OF LOSSES AND 

EFFICIENCY OF THE TURBINE STAGE

https://www.fetchcfd.com/view-project/78



Sketch of the profile of the nozzle and impeller blades

Fig1, Fig4: Zhu, M. Y. (2019). Design and analysis of steam turbine blades. 3rd International Conference on Fluid Mechanics and 

Industrial Applications, 1300.

β - angle of installation of the

blade (β we choose from the range of

the optimal angle of installation). We

take the optimum angle β = 80о , draw

a sketch of the blade.
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Cooling hole locations inside the modeled passage (as well as 
many outside the passage)
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Ansys_CFX_Tutorials_2022_R2



THE USE OF STEAM TURBINES IN 
POWER PLANTS
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Types of energy

Thermal Electric

Source of power supply

Split circuit Combined circuit

Electricity is produced 

at the power plant  

TPP and transmitted 

to the consumer via 

power lines

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.

Heat energy is 

produced in district 

boiler houses and 

transmitted through 

heating networks in 

the form of steam or 

hot water to the 

consumer.

Source: http://wikimapia.org/1470585/Maritsa-

Iztok-Mining-And-Electricity-Complex



Real scheme of cogeneration plants with back-pressure 
turbines
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Schematic diagram of a separate power supply
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Fig.from

Cheilytko A. Design and optimization of heat supply systems: a study guide for students of ZGIA specialty 144

"HeatPowerEngineering" full-time andpart-time.Zaporizhzhia:ZGIA,2016.200p

Prydniprovska TPP, Ukraine

1. power boiler;

2. condensing turbine;

3. electric generator;9

4. condenser;

5. condensate pump of the power plant;

6. low pressure heaters (LPH);

7. deaerator;

8. feed pump of the CPS;

9. high pressure heaters (HPH);



Dummy scheme of a separate power supply system
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Fig.from

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

specialty144"HeatPowerEngineering" full-time andpart-time.Zaporizhzhia:ZGIA,2016.200p

1. power boiler;

2. condensing turbine;

3. electric generator;

4. condenser;

5. condensate pump of the power plant 

(PP);

6. mixing regenerative heater (MRH);

7. feed pump of the PP;

8. steam boiler of an industrial boiler 

house;



Fictitious scheme of cogeneration plants with back-pressure 

turbines

1 – энергетический котел; 2 – теплофикационная 

турбина с противодавлением; 3 –

электрогенератор; 4 – теплофикационный 

подогреватель;  5 – конденсатный насос; 6 –

смешивающий регенеративный подогреватель; 7 –

питательный насос; 8 – сетевой насос; 9–

тепловой пункт. 

Рисунок 4 – Фиктивная схема ТЭЦ
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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,

2016.200p

1 - power boiler;

2 - backpressure heat recovery turbine;

3 - electric generator;

4 - heat recovery heater;

5 - condensate pump;

6 - mixing regenerative heater;

7 - feed pump;

8 - network pump;

9 - heating point



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.

• Impossibility 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
ПТ-12/15-3,5/1,0
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ST with intermediate separation 

▪ Functional diagram of a steam separation unit with 
intermediate steam separation

▪ Vapor expansion in a steam generating unit with 
intermediate separation on an i - s diagram
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Schematic diagram of the steam turbine unit K-1000-
60/3000
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Source: Dampfturbine Montage01 - Парова турбіна — Вікіпедія 

(wikipedia.org)

https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%BE%D0%B2%D0%B0_%D1%82%D1%83%D1%80%D0%B1%D1%96%D0%BD%D0%B0#/media/%D0%A4%D0%B0%D0%B9%D0%BB:Dampfturbine_Montage01.jpg


Actual process in a steam turbine plant with intermediate 
separation and superheating
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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 
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

▪ Increasing the thermal efficiency can be achieved by increasing the initial 

steam temperature, P=const

https://medium.com/@ashwinpalo/how-to-calculate-thermal-

efficiency-of-rankine-cycle-37a7dbcadc12
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efficiency from temperature cooling

Longitudinal section of the turbine 

condenser
Turbine capacitor cross sections
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STEAM TURBINE IN JULICH 
SOLAR TOWER
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Steam turbine in Julich solar tower
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Steam turbine in Julich solar tower
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Turbine strapping
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