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Regenerative Rankine-Clausius cycle

Regeneration (Recuperation) = heating of feed water in the heat exchanger
(regenerative heater or recuperative heater) by steam taken in the turbine
(extraction steam)

• Point 3 - input of the admission steam into
the turbine

• Point 6 - extraction of the part of the steam
into the recuperation heater

• Point 4 - emission steam at the turbine
outlet

• Point 1 - condensate before entering the
recuperation heater

• Point 1´ - condensate behind the
recuperation heater

3
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Heat removed
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Regenerative Rankine-Clausius cycle

Relative 
amount of 

steam taken 
(extraction 
steam) in 

relation to the 
amount of 

steam at the 
turbine input

𝑀𝑜𝑖 =∝𝒊∙ 𝑀𝑝

The amount of steam Mp expands in the turbine to the point where the steam is taken. From this point of 
the turbine, part of the steam (Mo) is fed to the recuperation heater. After the recuperative extraction of 

steam in the turbine, the remaining amount of steam is expanded until the next extraction, etc.

𝑴𝒑

𝑴𝒐𝒊

𝑴𝒑 − 𝑴𝒐𝒊
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In the recuperative heater, the heating steam transfers its heat (superheat 
heat, condensing heat) to the feed water and its condensate is introduced 
into the condenser; so that the amount of feed water of value Mp = Mnv.

passes again through the recuperation heaters.
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𝑖𝑎 (  𝑘𝐽 𝑘𝑔)

𝒑𝒂 (𝑴𝑷𝒂)

𝒕𝒂 (°𝑪)

𝒕𝒌 = 𝒕𝒆 (°𝑪)

𝑖 (𝑘𝐽/𝑘𝑔)

𝑠 (𝑘𝐽/𝑘𝑔𝐾)

Procedure for plotting the thermal cycle in the i-s (h-s) diagram
1. Izobar 𝑝𝑎 ∩ isotherm 𝑡𝑎 → 𝒊𝒂
2. Perpendicular from 𝑝𝑎 ∩ 𝑡𝑎 towards the entropy

axis, up to the isobar 𝑝𝑒 (= isotherm 𝑡𝑒)   → ideal 
expansion curve → 𝒊𝒆

3. Calculation 𝑖𝑘 from the thermodynamic efficiency
or determination from the dryness value of the dry
steam 𝑥𝑘 ∩ 𝑡𝑘 (𝑝𝑘) → real expansion curve → 𝒊𝒌

𝑖𝑘 (  𝑘𝐽 𝑘𝑔)

𝑖𝑒 (  𝑘𝐽 𝑘𝑔)

𝒑𝒌 = 𝒑𝒆 (𝑴𝑷𝒂)

𝑥𝑘 (−)

𝒙 = 𝟏
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𝑖𝑎 (  𝑘𝐽 𝑘𝑔)

𝒑𝒂 (𝑴𝑷𝒂)

𝒕𝒂 (°𝑪)

𝒕𝒌 = 𝒕𝒌𝒅 (°𝑪)

𝑖 (𝑘𝐽/𝑘𝑔)

𝑠 (𝑘𝐽/𝑘𝑔𝐾)

Procedure for plotting the thermal cycle in the i-s (h-s) diagram
4. The pressure of the consumed heating steam (extraction

steam) 𝒑𝒐𝒊 is always given by the isobar based on the
intersections of the isotherms 𝒕𝒌𝒊 given by the
temperature behind the individual recuperation heaters
with the right limit curve, i.e. 𝒙 = 𝟏 ∩ 𝒕𝒌𝒊 → (𝒑𝒐𝒊).

5. The enthalpies of the extraction steam 𝒊𝒐𝒊 and the
temperatures 𝒕𝒐𝒊 are obtained from the intersection of
the isobar extraction steam 𝒑𝒐𝒊 with the real expansion
curve.

6. The enthalpy of heating condensate (water) 𝒕´𝒐𝒊 is
determined from steam tables (according to 𝒑𝒐𝒊) or by
calculation.

𝑖𝑘 (  𝑘𝐽 𝑘𝑔)

𝑖𝑒 (  𝑘𝐽 𝑘𝑔)

𝑝𝑘(𝑀𝑃𝑎)

𝑥𝑘

𝒙 = 𝟏

𝒕𝒌𝒊 = 𝒕´𝒐𝒊 (°𝑪)

𝒑𝒐𝒊

(𝑴𝑷𝒂)

𝒕𝒐𝒊 (°𝑪)
𝒊𝒐𝒊 (  𝒌𝑱 𝒌𝒈)
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𝑖𝑎

𝒑𝒂 (𝒌𝑷𝒂)

𝒕𝒂 (°𝑪)

𝒕𝒌 = 𝒕𝒌𝒅 (°𝑪)

𝑖 (𝑘𝐽/𝑘𝑔)

𝑠 (𝑘𝐽/𝑘𝑔𝐾)

Procedure for plotting the thermal cycle in the i-s (h-s) diagram

7. Display and reading of all steam extracts from the
turbine in the i-s diagram

𝑖𝑘

𝑖𝑒

𝒊𝒐𝟏

𝒑𝒐𝟏

(𝑴𝑷𝒂)

𝒑𝒐𝟑

(𝑴𝑷𝒂)

𝒙 = 𝟏

𝑥𝑘

𝒑𝒐𝟐

(𝑴𝑷𝒂)

𝒊𝒐𝟐

𝒊𝒐𝟑

𝒕𝒐𝟏

𝒕𝒐𝟑

𝒕𝒐𝟐

𝒕𝒌𝟏

𝒕𝒌𝟑

𝒕𝒌𝟐
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Regenerative Rankine-Clausius cycle

With ideal heat transfer 
(lossless), the temperature 
of the feed water and the 

temperature of the heating 
steam condensate at the 

output of the recuperation
heater are the same.

𝒕𝒌𝒊 = 𝒕´𝒐𝒊

𝒕𝒌𝟏
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Calculating the number of necessary regenerative heaters (RH)
• As the number of recuperation heaters increases, the

thermal efficiency of the RC cycle increases.

Optimal feed water temperature
• In practice, for economic reasons, a maximum of 8

recuperation heaters
• The thermal efficiency gain is highest in a single

stage regeneration
• Multi-stage recuperation - the highest efficiency if

the heating of the feed water in each regenerative
heater would the same

• Heating in 1 stage should not be greater than 40 °C

𝑡𝑛𝑣 = 𝑡𝑘 +
𝑧

𝑧 + 1
∙ 𝑡𝑠 − 𝑡𝑘

Saturated steam temperature at pressure pa

Number of recuperative heaters 
(regenerative heaters)



10

Calculation of regenerative heating

∆𝑡𝑖
𝑅𝑂 =

∆𝑡𝑅𝑂

𝑧

𝑡𝑛𝑣 = 𝑡𝑘 +
𝑧

𝑧 + 1
∙ 𝑡𝑠 − 𝑡𝑘

∆𝑡𝑅𝑂 = 𝑡𝑛𝑣 − 𝑡𝑘

Calculation of feed 
water temperature tnv

Required heating 
of feed water

Feed water heating in 
individual recuperation 

heaters (RH)

Feed water temperature at the output of 
individual heaters:
• RH 1  ……………………. 
• RH 2  ……………………. 

•

•

•

• RH i ……………………. 

𝑡𝑘1 = 𝒕𝒌 + ∆𝑡𝑖
𝑅𝑂

𝑡𝑘2 = 𝒕𝒌𝟏 + ∆𝑡𝑖
𝑅𝑂

𝑡𝑘𝑖 = 𝑡𝑘(𝑖−1) + ∆𝑡𝑖
𝑅𝑂

Saturation 
temperat

ure for 
the 

pressure 
at which 
steam is 

produced
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Balance equations of turbine and generator with unregulated steam extraction

Thermal gradient

• Part I

• Part II

• Part III

• Part IV

𝑴𝒑 ∙ 𝒊𝒂 − 𝒊𝟎𝟏

𝑴𝒑 − 𝜶𝟏𝑴𝒑 ∙ 𝒊𝟎𝟏 − 𝒊𝟎𝟐

𝑴𝒑 − 𝜶𝟏𝑴𝒑 − 𝜶𝟐𝑴𝒑 ∙ 𝒊𝟎𝟐 − 𝒊𝟎𝟑

𝑴𝒑 − 𝜶𝟏𝑴𝒑 − 𝜶𝟐𝑴𝒑 − 𝜶𝟑𝑴𝒑 ∙ 𝒊𝟎𝟑 − 𝒊𝒌

ia

i01 i02

i03 ik

𝑀𝑝 𝑖𝑎 − 𝑖01 + 1 − 𝛼1 ∙ 𝑖01 − 𝑖02 + 1 − 𝛼1 − 𝛼2 ∙

𝑀𝑝 =
3 600 ∙ 𝑃𝑒

𝑖𝑎−𝑖𝑘 𝜂𝑔 ∙ 𝜂𝑚

• Mass flow of steam into the turbine
= it is determined from the balance
equation of the turbine and generator

𝑀𝑝 ∙ 𝑖𝑎 = 𝑀𝑝 ∙ 𝑖01 →
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Thermal cycle with unregulated steam extraction
• Heat consumption for the turbine and generator

𝑄𝑇 = 𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣

• Heat consumption for the required
electrical power (the whole power
plant)

𝑸𝒑 =
𝑄𝑇

𝜂𝑘 ∙ 𝜂𝑝
=

𝑃𝑒

𝑞𝑝

• Amount of the fuel consumed

𝑴𝒑𝒂𝒍 =
𝑄𝑝

𝑞𝑝𝑎𝑙
=

𝑄𝑇

𝑞𝑝𝑎𝑙 ∙ 𝜂𝑘 ∙ 𝜂𝑝

𝑞𝑝 =
𝑄𝑝

𝑃𝑒
=

3 600

𝜂𝑡
𝑒𝑙

𝑄𝑇 = 𝑄𝑝 ∙ 𝜂𝑘 ∙ 𝜂𝑝

• Specific heat consumption
for the required electrical
output power
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Thermal cycle with unregulated steam extraction

• Thermal efficiency of the real thermal cycle

𝜂𝑡
𝑒𝑙 =

3600 ∙ 𝑃𝑒

𝑄𝑝
=

3 600

𝑞𝑝
=

𝟑𝟔𝟎𝟎 ∙ 𝑷𝒆

𝑴𝒑𝒂𝒍 ∙ 𝒒𝒑𝒂𝒍
=

3600 ∙ 𝑃𝑒 ∙ 𝜂𝑘 ∙ 𝜂𝑝

𝑄𝑇
= 𝜂´𝑡 ∙ 𝜂𝑘∙ 𝜂𝑝 = 𝜂𝑡𝑜 ∙ 𝜂𝑡𝑑 ∙ 𝜂𝑔 ∙ 𝜂𝑚 ∙ 𝜂𝑘 ∙ 𝜂𝑝

• Thermal efficiency of the power plant at the generator terminals

𝜂´𝑡 =
𝑤𝑡 ∙ 𝜼𝒎∙ 𝜼𝒈

𝑞𝑇
=

𝑀𝑝 𝑖𝑎 − 𝑖𝑘 ∙ 𝜼𝒎∙ 𝜼𝒈

𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣
=

3600 ∙ 𝑃𝑒

𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣
=

𝟑𝟔𝟎𝟎 ∙ 𝑷𝒆

𝑸𝑻
=

𝟑 𝟔𝟎𝟎

𝒒𝑻
=

3600 ∙ 𝑃𝑒

𝑀𝑝𝑎𝑙 ∙ 𝑞𝑝𝑎𝑙 ∙ 𝜂𝑘 ∙ 𝜂𝑝

𝜂𝑡𝑜 =
𝑤𝑡𝑜

𝑞𝑝
=

𝑀𝑝 𝑖𝑎 − 𝑖𝑒
𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣

• Thermal efficiency of the thermal cycle at the generator terminals

𝜂𝑡 = 𝜂𝑡𝑜 ∙ 𝜂𝑡𝑑 =
𝑤𝑡

𝑞𝑇
=

𝑀𝑝 𝑖𝑎 − 𝑖𝑘
𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣

𝜂´𝑡 = 𝜂𝑡 ∙ 𝜂𝑚∙ 𝜂𝑔

• Thermal efficiency of the ideal thermal cycle
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Example 1

Efficiency values:
• hTZ = 0.85

• hpot = 0.99

• htd = 0.8

• hm = 0.96

• hg = 0.97

4

1

3
5

• For a condensing turbine with a generator with an electrical output power Pe = 6 MW ,
design a thermal scheme with recuperative heating of the feed water and calculate the
thermal efficiency and the thermal scheme.The parameters of the block are:

– pa = 3.5 MPa, pe = 5 kPa, qpal = 12 220 kJ.kg-1

– ta = 435 °C, tk = 35 °C.
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Example 1 - Solution
• Calculation of feed water temperature

𝑡𝑛𝑣 = 𝑡𝑘 +
𝑧

𝑧 + 1
𝑡𝑠 − 𝑡𝑘

• Determination of saturation temperature
for pressure pa

𝑡𝑠 = 242.56 °𝐶

It is clear from the thermal cycle 
diagram that the 3rd stages 

recuperative heating of feed water 
with cascade are selected. → z = 3.  

To calculate the feed water 
temperature, we must first determine 

the saturation temperature.

𝑝𝑎 = 3.5 𝑀𝑃𝑎

𝒕𝒏𝒗 = 35 +
3

3 + 1
242,56 − 35 ≅ 𝟏𝟗𝟏 °𝑪
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Example 1 - Solution

∆𝑡𝑅𝑂 = 𝑡𝑛𝑣 − 𝑡𝑘

∆𝒕𝑹𝑶 = 191 − 35 = 𝟏𝟓𝟔 °𝑪

∆𝒕𝒊
𝑹𝑶 =

∆𝑡𝑅𝑂

𝑧
=

156

3
= 𝟓𝟐 °𝑪

• Feed water temperature at the output of individual heaters:

• RH 1      ……………………. 

• RH 2      ……………………. 

• RH 3      ……………………. 

𝒕𝒌𝟐 = 𝒕𝒌𝟏 − ∆𝑡𝑖
𝑅𝑂

𝒕𝒌𝟏 = 𝒕𝒏𝒗 = 𝟏𝟗𝟏 °𝑪

= 191 − 52 = 𝟏𝟑𝟗 °𝑪

𝒕𝒌𝟑 = 𝒕𝒌𝟐 − ∆𝑡𝑖
𝑅𝑂

= 139 − 52 = 𝟖𝟕 °𝑪

𝒕𝒏𝒗 = 𝟏𝟗𝟏 °𝑪

𝒕𝒌 = 𝟑𝟓 °𝑪

• Feed water heating in one
recuperation heater (RH)

Proceed from the feedwater pump towards the condenser.

• Required heating of feed water in all RH
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Given:
pa = 3.5 MPa
ta = 435 °C
pe = 5 kPa
tk = 35 °C

pa = 3.5 MPa

ta = 435 °C

tk = 35 °C

ia = 3 304 kJ/kg

3

4

Example 1 - Solution

5

pk = pe = 5 kPa

ie = 2 125 (kJ/kg)

𝜂𝑡𝑑 =
ℎ𝑠

ℎ𝑎𝑑
=

𝑖𝑎 − 𝑖𝑘
𝑖𝑎 − 𝑖𝑒

= 0.80

𝑖𝑘 = 𝑖𝑎 − 𝜂𝑡𝑑 ∙ 𝑖𝑎 − 𝑖𝑒

ik

𝑖𝑘 = 3304 − 0,8 ∙ 3304 − 2125

𝒊𝒌 = 𝟐 𝟑𝟔𝟏 𝒌𝑱/𝒌𝒈

• Enthalpy ik ts = 243 °C

5´

i-s (h-s)
diagram
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Given:
pa = 3.5 MPa
ta = 435 °C
pe = 5 kPa
tk = 35 °C

pa

tk = 35 °C

ia
4

Example 1 - Solution

5ie

ik

• Plotting temperatures tki = t´oi

tk1

tk2

tk3

po1

po2

po3

5´

𝒕𝒌𝟏 = 𝒕𝒏𝒗 = 𝒕´𝒐𝟏 = 𝟏𝟗𝟏 °𝑪

𝒕𝒌𝟐 = 𝒕´𝒐𝟐 = 𝟏𝟑𝟗 °𝑪

𝒕𝒌𝟑 = 𝒕´𝒐𝟑 = 𝟖𝟕 °𝑪

𝒑𝒐𝟏 = 𝟏, 𝟑 𝑴𝑷𝒂

𝒑𝒐𝟐 = 𝟎, 𝟑𝟓 𝑴𝑷𝒂

𝒑𝒐𝟑 = 𝟎, 𝟎𝟔 𝑴𝑷𝒂

• Pressure of extraction steam poi

ta = 435 °C

i-s (h-s)
diagram
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Example 1 - Solution

Pressure of
extraction steam 𝒑𝒐𝟏

Pressure of
extraction steam 𝒑𝒐𝟐

Pressure of
extraction steam 𝒑𝒐𝟑

• Determination of the quantities values
by means of the software
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Given:
pa = 3.5 MPa
ta = 435 °C
pe = 5 kPa
tk = 35 °C

pa

ta

tk = 35 °C

ia
4

Example 1 - Solution

5ie

ik

tk1

tk2

tk3

po1
po2

po3

5´

𝒕𝒐𝟏 = 𝟑𝟐𝟐 °𝑪

𝒕𝒐𝟐 = 𝟐𝟏𝟏 °𝑪

𝒕𝒐𝟑 = 𝟖𝟔 °𝑪

𝒊𝒐𝟏 = 3 092 𝑘𝐽/𝑘𝑔

𝒊𝒐𝟐 = 2 886 𝑘𝐽/𝑘𝑔

𝒊𝒐𝟑 = 2 653 𝑘𝐽/𝑘𝑔

• Temperaure of extraction

steam toi

• Enthalpy of extraction steam ioi

to1

to3

to2

io1

io2

io3

i-s (h-s)
diagram
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Example 1 - Solution

Enthalpy of
extraction steam 𝒊𝒐𝟏

• Determination of the quantities values
by means of the software

Enthalpy of
extraction steam 𝒊𝒐𝟐

Enthalpy of
extraction steam 𝒊𝒐𝟑
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Example 1 - Solution
• Condensate enthalpy of extraction

(heating) steam i´oi – by means of t´oi =
tki or poi

Condensate enthalpy 
of extraction steam 

𝒊´𝒐𝟐

Condensate enthalpy of 
extraction steam 𝒊´𝒐𝟑

Condensate enthalpy of 
extraction steam 𝒊´𝒐𝟏
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Example 1 - Solution

• Condensate enthalpy – by means of tkd = 35 °C

𝒊𝒌𝒅 = 𝑐𝑝 ∙ 𝑡𝑘𝑑 = 4,186 ∙ 35 = 𝟏𝟒𝟔, 𝟓𝟏 𝒌𝑱/𝒌𝒈

Possibility 1 - calculation

Possibility 2 - from steam tables or software



24

⋮

Example 1 - Solution Subtraction of enthalpy and entropy values in
the Steam Tables
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Example 1 - Solution

• Steam consumption for individual regenerative heaters

𝜶𝟏 =
𝑖𝑘1 − 𝑖𝑘2

𝑖𝑜1 − 𝑖´𝑜1
=

812,028 − 584,909

3 092 − 812,028
= 𝟎, 𝟎𝟗𝟗𝟔

𝜶𝟏𝑴𝒑 𝛼2𝑀𝑝 𝛼3𝑀𝑝

𝑀𝑝𝑴𝒑

𝒊𝒐𝟏 𝑖𝑜2 𝑖𝑜3

𝒊´𝒐𝟏

𝑖´𝑜2 𝑖´𝑜3

𝒊𝒌𝟏 = 𝒊𝒏𝒗
𝑖𝑘𝑑 = 𝑖𝑘𝑖𝑘3𝒊𝒌𝟐

𝑀𝑝𝑴𝒑

𝜶𝟏𝑴𝒑

(𝛼1 + 𝛼2)𝑀𝑝 (𝛼1 + 𝛼2 + 𝛼2)𝑀𝑝

𝑀𝑘 = 𝑀𝑝 −

−(𝛼1 + 𝛼2 + 𝛼2)𝑀𝑝𝑖𝑘

𝛼1𝑀𝑝 ∙ 𝑖𝑜1 + 𝑀𝑝 ∙ 𝑖𝑘2 = 𝛼1𝑀𝑝 ∙ 𝑖´𝑜1 + 𝑀𝑝 ∙ 𝑖𝑘1

• RH 1

𝒊𝒌𝒊 = 𝒊´𝒐𝒊
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Example 1 - Solution

• Steam consumption for individual regenerative heaters

𝜶𝟐 =
𝑖𝑘2 − 𝑖𝑘3 + 𝛼1 𝑖´02 − 𝑖´01

𝑖𝑜2 − 𝑖´𝑜2

=

𝛼1𝑀𝑝 𝜶𝟐𝑴𝒑 𝛼3𝑀𝑝

𝑀𝑝𝑀𝑝

𝑖𝑜1 𝒊𝒐𝟐 𝑖𝑜3

𝒊´𝒐𝟏

𝒊´𝒐𝟐 𝑖´𝑜3

𝑖𝑘1 = 𝑖𝑛𝑣
𝑖𝑘𝑑 = 𝑖𝑘𝒊𝒌𝟑𝒊𝒌𝟐

𝑴𝒑𝑴𝒑

𝜶𝟏𝑴𝒑

(𝜶𝟏 + 𝜶𝟐)𝑴𝒑 (𝛼1 + 𝛼2 + 𝛼2)𝑀𝑝

𝑀𝑘 = 𝑀𝑝 −

−(𝛼1 + 𝛼2 + 𝛼2)𝑀𝑝𝑖𝑘

𝛼2𝑀𝑝 ∙ 𝑖𝑜2 + 𝛼1𝑀𝑝 ∙ 𝑖´𝑜1 + 𝑀𝑝 ∙ 𝑖𝑘3 = (𝛼1 + 𝛼2)𝑀𝑝 ∙ 𝑖´𝑜2 + 𝑀𝑝 ∙ 𝑖𝑘2

• RH 2

𝒊𝒌𝒊 = 𝒊´𝒐𝒊

=
584,909 − 360,148 + 0,0996 584,909 − 812,028

2 886 − 584,909
= 𝟎, 𝟎𝟖𝟕𝟖
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Example 1 - Solution

• Steam consumption for individual regenerative heaters

𝜶𝟑 =
𝑖𝑘3 − 𝑖𝑘𝑑 + (𝛼1 + 𝛼2) 𝑖´03 − 𝑖´02

𝑖𝑜3 − 𝑖´𝑜3

𝛼1𝑀𝑝 𝛼2𝑀𝑝 𝜶𝟑𝑴𝒑

𝑴𝒑𝑀𝑝

𝑖𝑜1 𝑖𝑜2 𝒊𝒐𝟑

𝑖´𝑜1

𝒊´𝒐𝟐 𝒊´𝒐𝟑

𝑖𝑘1 = 𝑖𝑛𝑣
𝒊𝒌𝒅 = 𝒊𝒌𝒊𝒌𝟑𝑖𝑘2

𝑴𝒑𝑀𝑝

𝛼1𝑀𝑝

(𝜶𝟏 + 𝜶𝟐)𝑴𝒑 (𝜶𝟏 + 𝜶𝟐 + 𝜶𝟐)𝑴𝒑

𝑀𝑘 = 𝑀𝑝 −

−(𝛼1 + 𝛼2 + 𝛼2)𝑀𝑝𝑖𝑘

𝛼3𝑀𝑝 ∙ 𝑖𝑜3 + (𝛼1 + 𝛼2)𝑀𝑝 ∙ 𝑖´𝑜2 + 𝑀𝑝 ∙ 𝑖𝑘𝑑 = (𝛼1 + 𝛼2 + 𝛼3)𝑀𝑝 ∙ 𝑖´𝑜3 + 𝑀𝑝 ∙ 𝑖𝑘3

• RH 3

𝒊𝒌𝒊 = 𝒊´𝒐𝒊

𝜶𝟑 =
360,148 − 146,51 + (0,0996 + 0,0878) 360,148 − 584,909

2 653 − 360,148
= 𝟎, 𝟎𝟕𝟒𝟖
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Thermal gradient
Part I of the turbine

• Part II of the turbine

• Part III of the turbine

• Part IV of the turbine

𝑴𝒑 ∙ 𝒊𝒂 − 𝒊𝟎𝟏 = 𝟎

𝑴𝒑 − 𝜶𝟏𝑴𝒑 ∙ 𝒊𝟎𝟏 − 𝒊𝟎𝟐 = 𝟎

𝑴𝒑 − 𝜶𝟏𝑴𝒑 − 𝜶𝟐𝑴𝒑 ∙ 𝒊𝟎𝟐 − 𝒊𝟎𝟑 = 𝟎

𝑴𝒑 − 𝜶𝟏𝑴𝒑 − 𝜶𝟐𝑴𝒑 − 𝜶𝟑𝑴𝒑 ∙ 𝒊𝟎𝟑 − 𝒊𝒌 = 𝟎

ia

i01
i02

i03
ik

• Mass flow of steam into the turbine
= it is determined from the balance equation of the turbine and generator

𝑀𝑝 ∙ 𝑖𝑎 = 𝑀𝑝 ∙ 𝑖01 →

Example 1 - Solution

1st variant of calculation = determination of Mp from partial balance equations determined for 
individual parts of the turbine

𝐼𝑁𝑃𝑈𝑇 = 𝑂𝑈𝑇𝑃𝑈𝑇

𝑀𝑝

𝑀𝑝 − 𝛼1𝑀𝑝

𝑀𝑝 − 𝛼1𝑀𝑝 − 𝛼2𝑀𝑝



𝑀𝑝 ∙ 𝑖𝑎=

= 𝛼1 ∙ 𝑀𝑝 ∙ 𝑖01 + 𝛼2 ∙ 𝑀𝑝 ∙ 𝑖02 + 𝛼3 ∙ 𝑀𝑝 ∙ 𝑖03 + 𝑀𝑝 ∙ 𝑖𝑘 − 𝑀𝑝 ∙ 𝑖𝑘 ∙ 𝛼1 + 𝛼2 + 𝛼3 +
3 600 ∙ 𝑃𝑒

𝜂𝑔 ∙ 𝜂𝑚
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• Mass flow of steam into the turbine
= it is determined from the balance equation of
the turbine and generator

Example 1 - Solution

2st variant of calculation = 
determination of Mp from the balance 
equation of the whole turbomachinery

𝐼𝑁𝑃𝑈𝑇 = 𝑂𝑈𝑇𝑃𝑈𝑇

𝑀𝑝 ∙ 𝑖𝑎 −𝜶𝟏 ∙ 𝑀𝑝 ∙ 𝑖01 − 𝜶𝟐 ∙ 𝑀𝑝 ∙ 𝑖02 − 𝜶𝟑 ∙ 𝑀𝑝 ∙ 𝑖03 − 𝑀𝑝 ∙ 𝑖𝑘 + 𝑀𝑝 ∙ 𝑖𝑘 ∙ 𝜶𝟏 + 𝜶𝟐 + 𝜶𝟑

=
3 600 ∙ 𝑃𝑒

𝜂𝑔 ∙ 𝜂𝑚
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𝑀𝑝 =
3 600 ∙ 𝑃𝑒

𝜂𝑔 ∙ 𝜂𝑚∙ 𝑖𝑎 − 𝛼1 ∙ 𝑖01 − 𝑖𝑘 − 𝛼2 ∙ 𝑖02 − 𝑖𝑘 − 𝛼3 ∙ 𝑖03 − 𝑖𝑘 − 𝑖𝑘

• Mass flow of steam into the turbine
= it is determined from the balance equation of the turbine and generator

Example 1 - Solution 2st variant of calculation = 
determination of Mp from the balance 
equation of the whole turbomachinery

𝑀𝑝 ∙ 𝑖𝑎 −𝜶𝟏 ∙ 𝑀𝑝 ∙ 𝑖01 − 𝜶𝟐 ∙ 𝑀𝑝 ∙ 𝑖02 − 𝜶𝟑 ∙ 𝑀𝑝 ∙ 𝑖03 − 𝑀𝑝 ∙ 𝑖𝑘 + 𝑀𝑝 ∙ 𝑖𝑘 ∙ 𝜶𝟏 + 𝜶𝟐 + 𝜶𝟑

=
3 600 ∙ 𝑃𝑒

𝜂𝑔 ∙ 𝜂𝑚

𝑀𝑝 ∙ 𝑖𝑎 − 𝜶𝟏 ∙ 𝑀𝑝 ∙ 𝑖01 − 𝑖𝑘 − 𝜶𝟐 ∙ 𝑀𝑝 ∙ 𝑖02 − 𝑖𝑘 − 𝜶𝟑 ∙ 𝑀𝑝 ∙ 𝑖03 − 𝑖𝑘 − 𝑀𝑝 ∙ 𝑖𝑘 =
3 600 ∙ 𝑃𝑒

𝜂𝑔 ∙ 𝜂𝑚
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𝑀𝑝 =
𝟑 𝟔𝟎𝟎 ∙ 𝑷𝒆

𝜼𝒈 ∙ 𝜼𝒎∙ 𝒊𝒂 − 𝜶𝟏 ∙ 𝒊𝟎𝟏 − 𝒊𝒌 − 𝜶𝟐 ∙ 𝒊𝟎𝟐 − 𝒊𝒌 − 𝜶𝟑 ∙ 𝒊𝟎𝟑 − 𝒊𝒌 − 𝒊𝒌

• Mass flow of steam into the turbine
= it is determined from the balance equation of the turbine and generator

Example 1 - Solution 2st variant of calculation = 
determination of Mp from the balance 
equation of the whole turbomachinery

=
𝟑 𝟔𝟎𝟎 ∙ 𝟔 ∙ 𝟏𝟎𝟑

𝟎, 𝟗𝟕 ∙ 𝟎, 𝟗𝟔
∙

∙
1

3 304 − 0,0996 ∙ 3 092 − 2 361 − 0,0878 ∙ 2 886 − 2 361 − 0,0748 ∙ 2 653 − 2 361 − 2 361

𝑴𝒑 = 𝟐𝟖 𝟗𝟏𝟑, 𝟑𝟏𝟕 𝒌𝒈/𝒉

𝑀𝑝
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Example 1 - Solution
• Heat consumption for the turbine and generator

• Amount of the fuel consumed

• Thermal efficiency of the thermal cycle at the generator terminals

• Thermal efficiency of the power plant at the generator terminals

𝑴𝒑𝒂𝒍 =
𝑄𝑃

𝑞𝑝𝑎𝑙
=

𝑄𝑇

𝑞𝑝𝑎𝑙 ∙ 𝜂𝑘 ∙ 𝜂𝑝
=

72 051 ∙ 103

12 200 ∙ 0,85 ∙ 0,99
= 𝟕 𝟎𝟏𝟖, 𝟐𝟐𝟐 𝒌𝒈/𝒉

𝜼𝒕
𝒆 =

3600 ∙ 𝑃𝑒

𝑄𝑇
=

3 600

𝑞𝑇
=

3600 ∙ 6 ∙ 103

72 051 ∙ 103 = 𝟎, 𝟑 → 𝟑𝟎 %

𝜼𝒕
𝒆𝒍 =

3600 ∙ 𝑃𝑒

𝑀𝑝𝑎𝑙 ∙ 𝑞𝑝𝑎𝑙
=

3600 ∙ 6 ∙ 103

7 018,222 ∙ 12 200
= 𝟎, 𝟐𝟓𝟐 → 𝟐𝟓, 𝟐 %

𝑸𝑻 = 𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣 = 28 913,317 ∙ 3 304 − 812,028 = 𝟕𝟐 𝟎𝟓𝟏 ∙ 𝟏𝟎𝟑 𝒌𝑱/𝒉
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Example 1 – Solution – Comparison of thermal cycle with and without

recuperation heaters

• Heat consumption for the turbine and generator

• Amount of the fuel consumed

• Mass flow of steam into the turbine

𝑴𝒑𝒂𝒍 =
𝑄𝑃

𝑞𝑝𝑎𝑙
=

𝑄𝑇

𝑞𝑝𝑎𝑙 ∙ 𝜂𝑘 ∙ 𝜂𝑝
=

77 665,599 ∙ 103

12 200 ∙ 0,85 ∙ 0,99
= 𝟕 𝟓𝟔𝟓, 𝟏𝟎 𝒌𝒈/𝒉

𝑸𝑻 = 𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣 = 24 597,960 ∙ 3 304 − 146,6 = 𝟕𝟕 𝟔𝟔𝟓, 𝟓𝟗𝟗 ∙ 𝟏𝟎𝟑 𝒌𝑱/𝒉

𝑖𝑎= 3 304 𝑘𝐽/𝑘𝑔

𝑖𝑘= 2 361 𝑘𝐽/𝑘𝑔

𝑖𝑛𝑣= 𝑖𝑘𝑑= 146,6 𝑘𝐽/𝑘𝑔

𝑴𝒑 =
3 600 ∙ 𝑃𝑒

𝑖𝑎−𝑖𝑘 𝜂𝑔 ∙ 𝜂𝑚
=

3 600 ∙ 6 ∙ 103

3 304 − 2 361 0,96 ∙ 0,97
= 𝟐𝟒 𝟓𝟗𝟕, 𝟗𝟔𝟎 𝒌𝒈/𝒉

Electricity

consumption in 
the power plant
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Example 1 – Solution – Comparison of thermal cycle with and without

recuperation heaters
• Thermal efficiency of the thermal cycle at the generator terminals

• Thermal efficiency of the power plant at the generator terminals

𝜼𝒕
𝒆 =

3600 ∙ 𝑃𝑒

𝑄𝑇
=

3 600

𝑞𝑇
=

3600 ∙ 6 ∙ 103

77 665,599 ∙ 103 = 𝟎, 𝟐𝟕𝟖 → 𝟐𝟕, 𝟖 %

𝜼𝒕
𝒆𝒍 =

3600 ∙ 𝑃𝑒

𝑀𝑝𝑎𝑙 ∙ 𝑞𝑝𝑎𝑙
=

3600 ∙ 6 ∙ 103

7 565,10 ∙ 12 200
= 𝟎, 𝟐𝟑𝟒 → 𝟐𝟑, 𝟒 %

• Comparison of thermal cycle with and without recuperation heaters

𝑴𝒑 (
𝒌𝒈

𝒉
) 𝑸𝑻 (

𝒌𝑱

𝒉
) 𝑴𝒑𝒂𝒍 (

𝒌𝒈

𝒉
) 𝜼𝒕

𝒆 (%) 𝜼𝒕
𝒆𝒍 (%)

With 28 913 72 051 ∙ 103 7 018,22 30 25,2

Without 24 598 77 666 ∙ 103 7 565,10 27,8 23,4
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Next exercise

Energy calculation of steam 
generators


