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Carnotization of the RC cycle
• The thermal efficiency of the RC cycle is relatively low – cca 30 %
• The efficiency of the Carnot cycle is about twice the efficiency of the RC cycle

Liquid heat

Superheating
heat

Evaporative (latent) heat

CARNOTIZATION = 
adaptation to the Carnot

cycle = increasing the 
efficiency of the thermal 

cycle

To determine the effectiveness of individual carnotization treatments, the partial thermal 
efficiencies for the thermal cycle in the power plant are determined. Namely for water 

heating (I), water evaporation (II) and steam superheating (III), as if it were Carnot cycles 
with a mean heat supply temperature between two states on the basis on the second law of 

thermodynamics.

T1 = T5

T4

T2 = T3

T1-2

T3-4

x = 1

x = 0 Mokrá pára

Přehřátá pára

p = konst.

s (kJ/kgK)

(K)
Superheated steam

Wet steam

constant
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Carnotization of the RC cycle – Water heating

• Determination of mean temperature - according to the second
law of thermodynamics

Tdsdq 

𝑞1−2 = 𝑖2 − 𝑖1 = 𝑇1−2 ∙ 𝑠2 − 𝑠1

𝜂𝑡𝐼 =
𝑞𝑝 − 𝑞𝑜
𝑞𝑝

=
𝑇1−2 − 𝑇5
𝑇1−2

𝑇1−2 =
𝑖2 − 𝑖1
𝑠2 − 𝑠1

• This part has the lowest efficiency of the individual parts of the RC
cycle.

REGENERATIVE HEATING of the feedwater

The heating of water to the boiling point is in the T-s diagram 
showing the course from point 1 to point 2. The mean heat 

supply temperature between state 1 and 2 is therefore 𝑻𝟏−𝟐.

s1 s2

(K)

𝑞𝑝

𝑞𝑜

↑ 𝜼𝒕𝑰
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Carnotization of the RC cycle –Water evaporation

𝜂𝑡𝐼𝐼 =
𝑞𝑝 − 𝑞𝑜

𝑞𝑝
=
𝑇2 − 𝑇5
𝑇2

• The thermal efficiency of this part of the
thermal cycle is equal to the thermal
efficiency of the Carnot cycle of this phase,

but is not high due to the low temperature T2.

Increasing steam pressure

The evaporation of water (transformation of 
saturated liquid into saturated (dry) steam) is 

shown in the T-s diagram by the course from point 
2 to point 3. The temperature 𝑻𝟐is equal to the

temperature 𝑻𝟑.

(K)

s2 s3

Temperature increase T2

𝑞𝑝

𝑞𝑜

↑ 𝜼𝒕𝑰𝑰
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Carnotization of the RC cycle – Steam superheating

𝜂𝑡𝐼𝐼𝐼 =
𝑞𝑝 − 𝑞𝑜
𝑞𝑝

=
𝑇3−4 − 𝑇5
𝑇3−4

• This part of the thermal cycle has the highest thermal efficiency of the individual sub-
phases of the RC cycle because of the temperature:

• 𝑻𝟑−𝟒 > 𝑻𝟐 > 𝑻𝟏−𝟐 RC cycle with reheat

𝑞𝑝

Tdsdq 

The superheating of steam is shown in the T-s diagram by the course from point 3 to point 
4. The mean temperature of the heat supply between state 3 and 4 is therefore 𝑻𝟑−𝟒.

• Determination of mean temperature -
according to the second law of
thermodynamics

𝑞3−4 = 𝑖4 − 𝑖3 = 𝑇3−4 ∙ 𝑠4 − 𝑠3

𝑇3−4 =
𝑖4 − 𝑖3
𝑠4 − 𝑠3

𝑞0

↑ 𝜼𝒕𝑰𝑰𝑰

s (kJ/kgK)

(K)

Wet steam

Superheated steam
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Example 1
• Calculate the partial thermal efficiencies of the Carnot cycle of individual phases of steam

production in a thermal power plant operating according to the RC cycle (water heating to
boiling point - I, water evaporation - II, steam superheating - III). The power of the power
plant unit is Pe = 55 MW. The steam parameters at the turbine input are: pa = 10 MPa, ta=
510 °C. The steam temperature at the turbine output is te = 35 °C.

Přehřátá pára

p = konst.

s (kJ/kgK)

(K)

Wet steam

Superheated steam

constant
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Example 1 - Solution
• Calculation of mean temperatures of individual phases of the thermal cycle

We replace the thermal cycle with partial Carnot cycles with heat supply at constant
temperature:

• I - water heating to boiling point
• II - water evaporation
• III - steam overheating

The heat value for isobaric and isothermal supply must be the same:

1. From steam tables or i-s diagram we determine values of enthalpies and entropies

2. Mean water heating temperature

3. The water evaporation temperature is constant during heat supply

4. Mean steam superheating temperature

Tdsdqdtcdidq konstTpkonstp  

𝑇1−2 =
𝑖2 − 𝑖1
𝑠2 − 𝑠1

𝑇3−4 =
𝑖4 − 𝑖3
𝑠4 − 𝑠3

𝑇2 = 𝑇3



s4 = s5
8

• Calculation of mean temperatures of individual phases

Given:
pa = 10 MPa, ta= 510 °C
te= 35 °C

pa = 10 MPa

ta = 510 °C

te = 35 °C

Admission steam parameters
• from the i-s diagram: the intersection of

ta a pa →

• perpendicular to the entropy axis →

Saturated steam parameters (dry 
steam)
• from the i-s diagram: the intersection of

the saturation curve (x = 1) and pa →

• perpendicular to the entropy axis →

1. From steam tables or i-s diagram
we determine values of
enthalpies and entropies

ia = i4 = 3 400 kJ/kg

ia = i4 = 3 400 kJ/kg

ie

sa = s4 = 6.63 kJ/kgK

i3 = 2 725 kJ/kg

s3 = 5.6 kJ/kgK

i3

3

4

5

Example 1 - Solution

s3

i-s (h-s)
diagram
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Example 1 - Solution
• Verification of values of quantities using software, which were determined from

the i-s diagram

o Point 4

s4 = 6.63 kJ/kgKi4 = 3 400 kJ/kg

s (kJ/kgK)

(K)

Values from the i-s (h-s) diagram:
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Example 1 - Solution
• Verification of values of quantities using software,

which were determined from the i-s diagram

o Point 3

s3 = 5.6 kJ/kgK

s (kJ/kgK)

(K)

We know that we are at the saturation point → according to the 
entered pressure we find the temperature in the "Functions" tab → in 

the "Calculation" tab we find the entropy and enthalpy from the 
pressure and temperature.

i3 = 2 725 kJ/kg

Values from the i-s (h-s) diagram:
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Example 1 - Solutiono Point 2

s (kJ/kgK)

T(K)

• Determination of the quantities values by means of
the software

We know that we are 
on the left limit curve of 
saturation → according 
to the entered pressure 

we find the 
temperature in the tab 
"Function" → in the tab 
"Function" we find the 
entropy and enthalpy 
from the temperature.
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Example 1 - Solutiono Point 1

s (kJ/kgK)

T(K)

• Determination of the quantities values by means
of the software

We know that we are 
on the left saturation 

limit curve → 
according to the 

entered temperature 
we find the pressure in 
the "Functions" tab → 
in the "Functions" tab 
we find the entropy 

and enthalpy from the 
temperature.
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⋮

Subtraction of enthalpy and entropy values in 
the Steam Tables

o Point 4

Example 1 - Solution
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⋮

o Point 2 and Point 3

Subtraction of enthalpy and entropy values in
the Steam Tables

Example 1 - Solution
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⋮

Subtraction of enthalpy and entropy values in
the Steam Tables

o Point 1

Example 1 - Solution



1. Mean water heating temperature

2. Water evaporation temperature

3. Mean steam superheating temperature

4. The temperature of the wet steam, after expansion in the turbine - point 5

16

Example 1 - Solution
• Calculation of mean temperatures of individual phases of the cycle

𝑻𝟏−𝟐 =
𝑖2 − 𝑖1
𝑠2 − 𝑠1

=
1407,9 − 146,64

3,3602 − 0,5052
= 𝟒𝟒𝟏, 𝟖 𝑲

𝑻𝟑−𝟒 =
𝑖4 − 𝑖3
𝑠4 − 𝑠3

=
3400,8 − 2725,5

6,6324 − 5,6159
= 𝟔𝟔𝟒, 𝟑𝟒 𝑲

𝑻𝟏 = 𝑻𝟓= 𝑡𝑒 + 273,15 = 35 + 273,15 = 𝟑𝟎𝟖, 𝟏𝟓 𝑲

𝑻𝟐 = 𝑻𝟑= 𝑡2 + 273,15 = 311 + 273,15 = 𝟓𝟖𝟒, 𝟏𝟓 𝑲
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Example 1 - Solution
• Calculation of the efficiencies of individual parts of the thermal cycle

1. Water heating

2. Water evaporation

3. Steam overheating (steam superheat)

𝜼𝒕𝑰𝑰𝑰 =
𝑇3−4 − 𝑇5
𝑇3−4

=
664,34 − 308,15

664,34
= 𝟎, 𝟓𝟑𝟔 → 𝟓𝟑, 𝟔%

𝜼𝒕𝑰𝑰 =
𝑇2 − 𝑇5
𝑇2

=
584,15 − 308,15

584,15
= 𝟎, 𝟒𝟕𝟐 → 𝟒𝟕, 𝟐%

𝜼𝒕𝑰 =
𝑇1−2 − 𝑇5
𝑇1−2

=
441,8 − 308,15

441,8
= 𝟎, 𝟑𝟎𝟑 → 𝟑𝟎, 𝟑%
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Example 1 - Solution

𝜼𝒕𝑰𝑰𝑰 = 𝟓𝟑, 𝟔%𝜼𝒕𝑰𝑰 = 𝟒𝟕, 𝟐%𝜼𝒕𝑰 = 𝟑𝟎, 𝟑%

𝑇3−4 > 𝑇2 > 𝑇1−2 ⇒ 𝑁𝑒𝑗𝑣ě𝑡ší 𝑑í𝑙čí úč𝑖𝑛𝑛𝑜𝑠𝑡 𝑅𝐶 𝑜𝑏ěℎ𝑢 𝑚á 𝑝ř𝑒ℎří𝑣á𝑛í 𝑝á𝑟𝑦

• Calculation of the efficiencies of individual parts of the thermal cycle

constant

Superheated steam

Wet steam



RC cycle with reheat
• Highest partial efficiency of RC cycle = superheating steam
→ Increasing the thermal efficiency of the RC cycle = increasing the parameters of the admission steam
• (it is limited by the mechanical properties of the materials of the last stages of superheaters -

superheated steam max approx. 565 ° C) → repeating the superheating part of the circulation =
Reheating steam

After partial expansion in the high-pressure part of the turbine, the steam is introduced into the steam reheater, where
it is heated to a temperature tp, which is usually the same as the temperature of the admission steam. Furthermore, the
reheated steam expands in the low-pressure (or medium-pressure and low-pressure) part of the turbine to the pressure
given by the temperature of the cooling water in the condenser.
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i (kJ/kg)

s (kJ/kgK)

The total heat supplied is composed of two parts and the 

profit of the technical work is also composed of two parts.

𝑤𝑡𝑜 = ℎ𝑎𝑑1 + ℎ𝑎𝑑2 = 𝑖4 − 𝑖5´ + (𝑖6 − 𝑖7)

𝑞𝑝 = 𝑞𝑝1 + 𝑞𝑝2 = 𝑖4 − 𝑖1 + (𝑖6 − 𝑖5´)

𝑤𝑡𝑜 = 𝑖𝑎 − 𝑖𝑒
𝑉𝑇 + (𝑖𝑝 − 𝑖𝑒

𝑁𝑇)

RC cycle with reheat
- ideal thermal cycle

𝑞𝑜 = 𝑖7 − 𝑖1 = 𝑖𝑒
𝑁𝑇 − 𝑖𝑛𝑣

• Profit of technical work dq = di = dw

• Specific heat supplied and removed
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RC cycle with reheat - ideal thermal cycle

𝜂𝑡𝑜 =
𝑖4 − 𝑖5´ + 𝑖6 − 𝑖7
𝑖4 − 𝑖1 + 𝒊𝟔 − 𝒊𝟓´

𝜂𝑡𝑜 =
𝑖𝑎 − 𝑖𝑒

𝑉𝑇 + 𝑖𝑝 − 𝑖𝑒
𝑁𝑇

𝑖𝑎 − 𝑖𝑛𝑣 + 𝒊𝒑 − 𝒊𝒆
𝑽𝑻

• Ideal thermal efficiency of the RC cycle with reheating

𝜂𝑡
𝑖𝑧 = 𝜂𝑡𝑜 =

ℎ𝑎𝑑1 + ℎ2𝑎𝑑
𝑞𝑝1 + 𝑞𝑝2

• Thermal efficiency of the ideal thermal cycle
of the power plant at the generator
terminals

The increase in thermal efficiency of the thermal cycle due to 
reheating is usually 2 to 4 %.

𝜂𝑡
𝑒𝑙 =

3600 ∙ 𝑃𝑒
𝑄𝑝

= 𝜂𝑡𝑜 ∙ 𝜂𝑔 ∙ 𝜂𝑚 ∙ 𝜂𝑘 ∙ 𝜂𝑝



Values needed to perform the calculation
• We can determine the state quantities during

the circulation of the working substance on
the basis of knowledge of the parameters in
individual places of the thermal cycle. The
only parameters that we do not know are in
point 5´, i.e. the states of the working
substance after the first expansion in the
high-pressure part of the turbine.

• Since the output temperature even after the
addition of reheating will still be the same
(given the temperature in the condenser), it
can be assumed that we cannot obtain a
higher temperature at the output of the
reheater than the temperature of the
superheated steam. The value of pressure (or
enthalpy) at point 6 (reheated steam) can be
determined on the basis of adiabatic
expansion in the low-pressure part of the
turbine, if we require a minimum dryness of
steam x = 0.9.

𝑻𝟑−𝟒 = 𝑻𝟓´−𝟔
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Values needed to perform the calculation
• Emission steam parameters after ideal expansion in the high-pressure and low-pressure

part of the turbine

s (kJ/kgK)

i (kJ/kg)

Given:
ta = tp (°C)
pa (MPa)
te (°C)

ta = tp (°C)

pa (MPa)

te = 30 °C

pe (MPa)
Enthalpy of emission steam ie

VT (kJ/kg)
• From the i-s diagram:
• Assume → minimum steam dryness x =

0.9 (unless dryness x or pressure pp is
specified)

1. ia – the intersection of the isobara pa and the
isotherm ta

2. ie
NT – the intersection of the isotherm te and the

curve x = 0.9
3. pp – the intersection of ta and adiabatic low-

pressure part (expansion curves of the low-
pressure part)

4. ip – the intersection of isobara pp and isotherma tp

5. ie
VT – the intersection of isobara pp and adiabatta of

high pressure part (expansion curves of high
pressure part)

ia (kJ/kg)

ie
NT (kJ/kg) x = 1

x = 0,9

ip (kJ/kg)

pp (MPa)

ie
VT (kJ/kg)

4

5´

6

7



RC cycle with reheat - real thermal cycle

𝑤𝑡 = ℎ1 + ℎ2

𝑤𝑡 = 𝑖𝑎 − 𝑖𝑘
𝑉𝑇 + (𝑖𝑝 − 𝑖𝑘

𝑁𝑇)

• Profit of technical work dq = di = dw

• Specific heat supplied and dissipated
(removed)

𝑞𝑝 = 𝑖𝑎 − 𝑖𝑛𝑣 + (𝑖𝑝 − 𝑖𝑘
𝑉𝑇)

𝑞𝑜 = 𝑖𝑘
𝑁𝑇 − 𝑖𝑛𝑣

7

4
6

5´



RC cycle with reheat - real thermal cycle

𝜂𝑡𝑑
𝑉𝑇 =

ℎ𝑠
ℎ𝑎𝑑

=
𝑖𝑎 − 𝑖𝑘

𝑉𝑇

𝑖𝑎 − 𝑖𝑒
𝑉𝑇

𝑖𝑘
𝑉𝑇 = 𝑖𝑎 − 𝜂𝑡𝑑

𝑉𝑇 ∙ 𝑖𝑎 − 𝑖𝑒
𝑉𝑇

𝜂𝑡𝑑
𝑁𝑇 =

ℎ𝑠
ℎ𝑎𝑑

=
𝑖𝑝 − 𝑖𝑘

𝑁𝑇

𝑖𝑝 − 𝑖𝑒
𝑁𝑇

• Real enthalpy values at the outputs of the high and low pressure part of the turbine

𝑖𝑘
𝑁𝑇 = 𝑖𝑝 − 𝜂𝑡𝑑

𝑁𝑇 ∙ 𝑖𝑝 − 𝑖𝑒
𝑁𝑇

o Thermodynamic efficiency of a high-pressure part of the turbine

o Thermodynamic efficiency of a low-pressure
part of the turbine

• Real thermal efficiency of the RC cycle with reheating

𝜂𝑡 =
ℎ1 + ℎ2
𝑞𝑝1 + 𝑞𝑝2

=
𝑖𝑎 − 𝑖𝑘

𝑉𝑇 + 𝑖𝑝 − 𝑖𝑘
𝑁𝑇

𝑖𝑎 − 𝑖𝑛𝑣 + 𝒊𝒑 − 𝒊𝒌
𝑽𝑻

𝒉𝟏
𝒉𝟏

Losses in the
turbine
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𝜂𝑠𝑣
𝑒𝑙 = 𝜂𝑡𝑜 ∙ 𝜂𝑡𝑑 ∙ 𝜂𝑔 ∙ 𝜂𝑚 ∙ 𝜂𝑘 ∙ 𝜂𝑝

• Gross block efficiency (at generator terminals)

• Net efficiency of the power plant unit

𝜂𝑝𝑟
𝑒𝑙 = 𝜂𝑡𝑜 ∙ 𝜂𝑡𝑑 ∙ 𝜂𝑔 ∙ 𝜂𝑚 ∙ 𝜂𝑘 ∙ 𝜂𝑝 ∙ 𝜼𝒗𝒔

Fuel
dump



RC cycle with reheat - real thermal cycle
• Mass flow of working substance = balance equation of turbine and generator

𝑷𝒆

𝑴𝒑, 𝒊𝒂 𝑴𝒑, 𝒊𝒑

𝑴𝒑, 𝒊𝒌
𝑽𝑻 𝑴𝒑, 𝒊𝒌

𝑵𝑻

𝜼𝒕𝒅
𝑵𝑻

𝜼𝒕𝒅
𝑽𝑻

𝜼𝒈, 𝜼𝒎

𝑀𝑝 ∙ 𝑖𝑎 +𝑀𝑝 ∙ 𝑖𝑝 =

= 𝑀𝑝 ∙ 𝑖𝑘
𝑉𝑇 +𝑀𝑝 ∙ 𝑖𝑘

𝑁𝑇 +
3 600 ∙ 𝑃𝑒
𝜂𝑔 ∙ 𝜂𝑚

𝑖𝑛𝑝𝑢𝑡 = 𝑜𝑢𝑡𝑝𝑢𝑡

𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑘
𝑉𝑇 +𝑀𝑝 ∙ 𝑖𝑝 − 𝑖𝑘

𝑁𝑇 ∙ 𝜂𝑔∙ 𝜂𝑚 = 3 600 ∙ 𝑃𝑒

𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑒
𝑉𝑇 +𝑀𝑝 ∙ 𝑖𝑝 − 𝑖𝑒

𝑁𝑇 ∙ 𝜼𝒕𝒅∙ 𝜂𝑔 ∙ 𝜂𝑚 = 3 600 ∙ 𝑃𝑒

𝑀𝑝 ∙ 𝜼𝒕𝒅
𝑽𝑻 𝑖𝑎 − 𝑖𝑒

𝑉𝑇 +𝑀𝑝 ∙ 𝜼𝒕𝒅
𝑵𝑻 𝑖𝑝 − 𝑖𝑒

𝑁𝑇 ∙ 𝜂𝑔∙ 𝜂𝑚 = 3 600 ∙ 𝑃𝑒

o Assuming that 𝜼𝒕𝒅
𝑽𝑻 = 𝜼𝒕𝒅

𝑽𝑻

o Assuming that 𝜼𝒕𝒅
𝑽𝑻 ≠ 𝜼𝒕𝒅

𝑽𝑻



Calculation of the mass flow of the working substance
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M
p M ,  t = 30 CCHV  chv1 

 o

M ,  t = 15 CCHV  chv2

 o

• Thermal cycle without steam reheating • Thermal cycle with steam reheating

𝑀𝑝 =
3 600 ∙ 𝑃𝑒

[ 𝑖𝑎 − 𝑖𝑘
𝑉𝑇 + 𝑖𝑝 − 𝑖𝑘

𝑁𝑇 ]𝜂𝑔 ∙ 𝜂𝑚
𝑀𝑝 =

3 600 ∙ 𝑃𝑒
𝑖𝑎−𝑖𝑘 𝜂𝑔 ∙ 𝜂𝑚

= amount of superheated steam at the turbine input



• Thermal cycle without steam reheating • Thermal cycle with steam reheating

𝑀𝑝 𝑖𝑘
𝑁𝑇 − 𝑖𝑘𝑑 −𝑀𝑐ℎ𝑣 𝑖´𝑐ℎ𝑣−𝑖𝑐ℎ𝑣 = 0

Calculation of the mass flow of 

the cooling water

𝑀𝑝 𝑖𝑘 − 𝑖𝑘𝑑 −𝑀𝑐ℎ𝑣 𝑖´𝑐ℎ𝑣−𝑖𝑐ℎ𝑣 = 0

𝑀𝑐ℎ𝑣 =
𝑀𝑝 𝒊𝒌 − 𝑖𝑘𝑑
𝑖´𝑐ℎ𝑣−𝑖𝑐ℎ𝑣

𝑖𝑘𝑑

𝑀𝑝

𝑀𝑝 𝑀𝑝

𝑀𝑝

𝒊𝒌

𝑖𝑘𝑑

𝒊𝒌
𝑵𝑻

𝑀𝑐ℎ𝑣
𝑀𝑐ℎ𝑣

𝑀𝑐ℎ𝑣
𝑀𝑐ℎ𝑣

𝑖𝑐ℎ𝑣 𝑖𝑐ℎ𝑣

𝑖´𝑐ℎ𝑣 𝑖´𝑐ℎ𝑣

∆´´ = 3 ÷ 𝟓 °𝐶

∆´ = 8 ÷ 𝟏𝟎 °𝐶

𝑡𝑘𝑑 = 𝑡𝑐ℎ𝑣 + ∆´ + ∆´´

𝑀𝑐ℎ𝑣 =
𝑀𝑝 𝒊𝒌

𝑵𝑻 − 𝑖𝑘𝑑
𝑖´𝑐ℎ𝑣−𝑖𝑐ℎ𝑣

• Heating of the Cooling water
Due to the highest possible 

thermal gradient in the turbine 
(highest efficiency), we require 

that the temperature tk be as low 
as possible.

𝒕𝒌 = 𝒕𝒌𝒅
Gives only the heat 
of condensation
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Example 2
• Calculate the thermal efficiency of the RC cycle if losses in the cycle are included in the

calculation and Carnotization adjustment of the steam reheating is performed. The
power of the power plant unit (block) is Pe = 55 MW. The parameters at the turbine
input are: pa = 10 MPa, ta = 510 °C, the temperature of the working substance at the
output of the turbine is te = 30 °C. The cooling water temperature at the condenser
input is tchv= 15 °C. Individually circuit losses are:

– Mechanical losses of the heat engine 2 %

– Losses in the generator 1 %

– Losses in the steam supply line to the turbine 2 %

– Losses in the heat source (boiler) 15 %.

– The actual consumption of the block is 10 %
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Given:
pa = 10 MPa
ta= 510 °C
te= 30 °C

pa = 10 MPa

ta = tp= 510 °C

te 
NT = 30 °C

ia = 3 400 kJ/kg

ip = 3 498 kJ/kg

3

4

5´

Example 2 - Solution pp = 1.3 MPa

6

7

pe
NT

ie
VT = 2 850 (kJ/kg)

ie
NT = 2 313 (kJ/kg)

𝑖𝑒 = 2 000 𝑘𝐽/𝑘𝑔

Enthalpy of
the emission 

steam
- thermal

cycle without 
reheating

te
VT

i-s (h-s)
diagram
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Example 2 - Solution

𝒊𝒏𝒗 = 𝑐𝑝 ∙ 𝑡𝑛𝑣 = 4,19 ∙ 30 = 𝟏𝟐𝟓, 𝟕 𝒌𝑱/𝒌𝒈

• Condensate temperature

• Calculation of the feedwater enthalpy

tchv= 15 °C

te = 30 °C
𝑡𝑘𝑑 = 𝑡𝑐ℎ𝑣 + ∆´ + ∆´´

tkd

∆´ = 8 ÷ 𝟏𝟎 °𝐶

∆´´ = 3 ÷ 𝟓 °𝐶

𝒕𝒌𝒅 = 15 + 10 + 5 = 𝟑𝟎 °𝑪

𝒕𝒆 = 𝒕𝒌𝒅

𝒕𝒆 = 𝒕𝒌𝒅 = 𝒕𝒏𝒗
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Example 2 - Solution

• Ideal thermal efficiency of the RC cycle without reheating

𝜼𝒕𝒐𝑩 =
𝑖𝑎 − 𝑖𝑒
𝑖𝑎 − 𝑖𝑛𝑣

=
3 400 − 2 000

3 400 − 125,7
= 𝟎, 𝟒𝟐𝟖 → 𝟒𝟐, 𝟖 %

• About what percentage will the thermal efficiency increase due to the reheating of the
steam?

• Ideal thermal efficiency of the RC cycle with reheating

𝜼𝒕𝒐 =
𝑖𝑎 − 𝑖𝑒

𝑉𝑇 + 𝑖𝑝 − 𝑖𝑒
𝑁𝑇

𝑖𝑎 − 𝑖𝑛𝑣 + 𝑖𝑝 − 𝑖𝑒
𝑉𝑇

=
3 400 − 2 850 + 3 498 − 2 313

3 400 − 125,7 + 3 498 − 2 850
= 𝟎, 𝟒𝟒𝟐 → 𝟒𝟒, 𝟐 %

𝑖𝑒 = 2 000 𝑘𝐽/𝑘𝑔

𝜼𝒕𝒐 − 𝜼𝒕𝒐𝑩 = 0,442 − 0,428 = 𝟎, 𝟎𝟏𝟒 → 𝟏, 𝟒 %



34

Example 2 - Solution

• Gross power plant efficiency – we do not consider the turbine losses

𝜂𝑡𝑠𝑣
𝑒𝑙 = 𝜂𝑡𝑜 ∙ 𝜂𝑔 ∙ 𝜂𝑔 ∙ 𝜂𝑚 ∙ 𝜂𝑘 ∙ 𝜂𝑝

𝜼𝒕𝒔𝒗
𝒆𝒍 = 0,442 ∙ 1 ∙ 0,99 ∙ 0,98 ∙ 0,85 ∙ 0,98 = 𝟎, 𝟑𝟓𝟕 → 𝟑𝟓, 𝟕 %

• Mechanical losses of the heat engine 2 %
• Losses in the generator 1 %
• Losses in the steam supply line to the turbine 2 %
• Losses in the heat source (boiler) 15 %.
• The actual consumption of the block is 10 %

• Net power plant efficiency – we do not consider the turbine losses

𝜂𝑡𝑝𝑟
𝑒𝑙 = 𝜼𝒕𝒔𝒗

𝒆𝒍 ∙ 𝜂𝑣𝑠

𝜼𝒕𝒑𝒓
𝒆𝒍 = 0,442 ∙ 1 ∙ 0,99 ∙ 0,98 ∙ 0,85 ∙ 0,98 ∙ 0,9 = 𝟎, 𝟑𝟐𝟏 → 𝟑𝟐, 𝟏 %
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Example 2 - Solution
• Steam consumption relative to the terminals of the generator

𝑀𝑝 =
3 600 ∙ 𝑃𝑒

[ 𝑖𝑎 − 𝑖𝑒
𝑉𝑇 + 𝑖𝑝 − 𝑖𝑒

𝑁𝑇 ] ∙ 𝜂𝑔 ∙ 𝜂𝑚

𝑴𝒑 =
3 600 ∙ 55 000

3 400 − 2 850 + 3 498 − 2 313 ∙ 0,99 ∙ 0,98
= 𝟏𝟏𝟕, 𝟔𝟐𝟔 𝒕/𝒉

• Heat consumption for the turbine and generator

𝑄𝑇 = 𝑀𝑝 𝑖𝑎 − 𝑖𝑛𝑣 +𝑀𝑝 𝑖𝑝 − 𝑖𝑒
𝑉𝑇

𝑸𝑻 = 117,626 ∙ 3 400 − 125,7 + 117,626 ∙ 3 498 − 2 850 = 𝟒𝟔𝟏 𝟑𝟔𝟒, 𝟓 𝑴𝑱/𝒉
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Example 2 - Solution

• Specific heat consumption for the required output power

• Specific heat consumption for the turbine and generator

𝜂𝑡𝑠𝑣
𝑒𝑙 =

3600 ∙ 𝑃𝑒
𝑄𝑝

=
3 600

𝑞𝑝

𝑞𝑝 =
3 600

𝜂𝑡
𝑒𝑙 =

3 600

0,357
= 𝟏𝟎 𝟎𝟖𝟒 𝒌𝑱/𝒌𝑾𝒉

𝑞𝑇 =
𝑄𝑇

𝑃𝑒
=
461 364 ∙ 103

55 ∙ 103
= 8 388 𝑘𝐽/𝑘𝑊ℎ

• Heat consumption for the whole power plant

𝑸𝒑 =
𝑄𝑇

𝜂𝑘 ∙ 𝜂𝑝
=
461 364,5

0,85 ∙ 0,98
= 𝟓𝟓𝟑 𝟖𝟓𝟖𝑴𝑱/𝒉
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Example 2 - Solution

• Amount of the fuel consumed

• Amount of the cooling water

𝑴𝒄𝒉𝒗 =
𝑀𝑝 𝑖𝑒

𝑁𝑇 − 𝑖𝑘𝑑
𝑖´𝑐ℎ𝑣−𝑖𝑐ℎ𝑣

=
117,626 ∙ 2 313 − 125,7

4,19 ∙ 25 − 15
= 𝟔 𝟏𝟒𝟎 𝒕/𝒉

𝑴𝒑𝒂𝒍 =
𝑄𝑝
𝑞𝑝𝑎𝑙

=
553 858 ∙ 103

12 200
= 𝟒𝟓 𝟑𝟗𝟖, 𝟐 𝒌𝒈/𝒉

𝑞𝑝𝑎𝑙 = 12 200 𝑘𝐽/𝑘𝑔
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Next exercise

Regenerative Rankine-Clausius cycle
(Recuperative heating of feed water)


