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Steam-gas cycle
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Gas (Combustion) turbines
• Working substance - flue gases of gaseous or liquid fuels

• Disadvantage - high exhaust gas temperature → reduction of thermal efficiency of
the thermal cycle → utilization of exhaust gas heat in the steam generator for
steam production in steam-gas circuits

• Simplifying assumptions

1) The mass flow of the working medium in the
thermal cycles is constant

2) Pressure and heat losses are neglected

3) The working medium (flue gases) is
considered to be an ideal gas with a specific
heat capacity cp = 1 kJ/kgK

4) Compression and expansion of the working
medium are adiabatic processes

Combustion 
turbine open cycle 

(no losses)
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Gas (Combustion) turbines
Combustion turbine open cycle (no losses)

T (K)

s (kJ/kgK)

𝑇𝐴
𝑇𝐵

=
𝑝𝐴
𝑝𝐵

𝜅−1
𝜅

𝜼𝒕 =
𝑸𝒑 − 𝑸𝒐

𝑸𝒑
=
𝑷𝒈

𝑸𝒑
= 𝟏 −

𝑻𝟒𝒂𝒅 − 𝑻𝟏
𝑻𝟑 − 𝑻𝟐𝒂𝒅

< 𝟏

• Thermal efficiency of the thermal cycle

𝑴𝒔𝒑 =
𝑃𝑔

𝑇3−𝑻𝟐𝒂𝒅 ∙ 𝑐𝑝∙ 𝜂𝑡
=

=
𝑃𝑔

𝑇3−𝑻𝟒𝒂𝒅 − 𝑻𝟐𝒂𝒅 − 𝑻𝟏 ∙ 𝑐𝑝

• Mass flow of working medium (flue gas)

• Fuel mass flow (combustion chamber efficiency = 100%)

𝑴𝒑𝒂𝒍 =
𝑄𝑝
𝑞𝑝𝑎𝑙

=
𝑃𝑔

𝜂𝑡 ∙ 𝑞𝑝𝑎𝑙

𝑃𝑔

𝟏

𝟐𝒂𝒅

𝟑

𝟒𝒂𝒅
• Generator power

𝑷𝒈 = 𝑷𝑻 − 𝑷𝑲 = 𝑷𝑻 −𝑴𝒔𝒑 ∙ 𝒊𝟐𝒂𝒅 − 𝒊𝟏

• Internal power of the turbine (gain of technical work)

𝑷𝑻 = 𝑴𝒔𝒑 ∙ 𝒊𝟑 − 𝒊𝟒𝒂𝒅

𝟏

𝟐𝒂𝒅 𝟑

𝟒𝒂𝒅

𝑸𝒑

Compressor
power input

𝑸𝒑

𝑸𝒐

 All simplifying assumptions apply
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Gas (Combustion) turbines
Combustion turbine open cycle (with losses)

T (K)

s (kJ/kgK)

𝑇𝐴
𝑇𝐵

=
𝑝𝐴
𝑝𝐵

𝜅−1
𝜅

𝜂𝑡𝑖 =
𝑄𝑝 − 𝑄𝑜
𝑄𝑝

=
𝑤𝑇 − 𝑤𝐾

𝑖3 − 𝑖2

• Thermodynamic efficiency of a turbine

𝑃𝑔

𝟏

𝟑

𝟏

𝟐 𝟑

𝟒

𝑸𝒑

𝑸𝒑

𝑸𝒐 4

T (K)

s (kJ/kgK)

𝟐

𝟑

𝟒

 Compression and expansion of the working medium are not adiabatic
(thermodynamic efficiency of the compressor and turbine) → reduction
of the thermal efficiency of this cycle compared to the ideal thermal
cycle of the combustion turbine

• Internal thermal efficiency

• Thermodynamic efficiency of a compressor

𝜼𝒕𝒅
𝑻 =

𝒊𝟑 − 𝒊𝟒
𝒊𝟑 − 𝒊𝟒𝒂𝒅

=
𝑻𝟑 − 𝑻𝟒
𝑻𝟑 − 𝑻𝟒𝒂𝒅

𝜼𝒕𝒅
𝑲 =

𝒊𝟐𝒂𝒅 − 𝒊𝟏
𝒊𝟐 − 𝒊𝟏

=
𝑻𝟐𝒂𝒅 − 𝑻𝟏
𝑻𝟐 − 𝑻𝟏

𝟒𝒂𝒅

𝟐𝒂𝒅

𝜼𝒕𝒊 =
𝑻𝟑 − 𝑻𝟐 − 𝑻𝟒 − 𝑻𝟏

𝑻𝟑 − 𝑻𝟐
=

𝑻𝟑 − 𝑻𝟒 − 𝑻𝟐 − 𝑻𝟏
𝑻𝟑 − 𝑻𝟐
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Gas (Combustion) turbines
Combustion turbine open cycle (with losses)

T (K)

𝑇𝐴
𝑇𝐵

=
𝑝𝐴
𝑝𝐵

𝜅−1
𝜅

• Mass flow of working medium (flue gas)

• Fuel mass flow

𝑴𝒑𝒂𝒍 =
𝑄𝑝

𝜂𝑆𝐾 ∙ 𝑞𝑝𝑎𝑙
=

𝑃𝑔

𝜂𝑡𝑠𝑣 ∙ 𝜂𝑆𝐾∙ 𝑞𝑝𝑎𝑙

𝑃𝑔

𝟏

𝟑

𝟏

𝟐 𝟑

𝟒

𝑸𝒑

𝑸𝒑

𝑸𝒐 5

T (K)

𝟏

𝟐

𝟑

𝟒

• Terminal thermal efficiency of the thermal cycle

𝜂𝑡𝑠𝑣 =

𝜂𝑡𝑑
𝑇 ∙ 𝜂𝑚

𝑇 ∙ 𝑇3 − 𝑇4𝑎𝑑 −
1

𝜂𝑡𝑑
𝐾 ∙ 𝜂𝑚

𝐾 𝑇2𝑎𝑑 − 𝑇1 ∙ 𝜂𝑔

𝑇3 − 𝑇1 −
𝑇2𝑎𝑑 − 𝑇1

𝜂𝑡𝑑
𝐾

𝑴𝒔𝒑 =
𝑃𝑔

𝑇3−𝑻𝟐 ∙ 𝑐𝑝∙ 𝜂𝑡𝑠𝑣
=

=
𝑃𝑔

𝜂𝑡𝑑
𝑇 ∙ 𝜂𝑚

𝑇 ∙ 𝑇3 − 𝑇4𝑎𝑑 −
1

𝜂𝑡𝑑
𝐾 ∙ 𝜂𝑚

𝐾 𝑇2𝑎𝑑 − 𝑇1 ∙ 𝜂𝑔 ∙ 𝑐𝑝
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Vresova - steam-gas power plant
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Steam-gas cycle

Steam 
generator

𝑴𝒔𝒑

𝑴𝒑

𝑷𝒈𝟏

𝑷𝒈𝟐

𝟏

𝟐

𝟒

𝟑

𝜂𝑡𝑑
𝐾

𝜂𝑡𝑑
𝑇

𝜂𝑡𝑑
𝑇𝑝

𝒊𝒌𝒅
𝒊𝒏𝒗

𝒊𝒂

𝒊𝒌

𝑴𝒑𝒂𝒍
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Steam-gas cycle

𝑴𝒔𝒑 =
𝑃𝑔1

𝜂𝑡𝑑
𝑇 ∙ 𝜂𝑚

𝑇 ∙ 𝑇3 − 𝑇4𝑎𝑑 −
1

𝜂𝑡𝑑
𝐾 ∙ 𝜂𝑚

𝐾 𝑇2𝑎𝑑 − 𝑇1 ∙ 𝜂𝑔 ∙ 𝑐𝑝

• Mass flow of working medium (flue gas)

• Terminal thermal efficiency of the gas part of the
circuit

𝜂𝑡𝑠𝑣1 =

𝜂𝑡𝑑
𝑇 ∙ 𝜂𝑚

𝑇 ∙ 𝑇3 − 𝑇4𝑎𝑑 −
1

𝜂𝑡𝑑
𝐾 ∙ 𝜂𝑚

𝐾 𝑇2𝑎𝑑 − 𝑇1 ∙ 𝜂𝑔

𝑇3 − 𝑇1 −
𝑇2𝑎𝑑 − 𝑇1

𝜂𝑡𝑑
𝐾

• Internal thermal efficiency of the gas part of
the cycle

Gas part of the thermal cycle

• Heat power required for the gas part

𝑄𝑝1 =
𝑃𝑔1

𝜂𝑡𝑠𝑣1
= 𝑀𝑠𝑝 ∙ 𝑐𝑝 ∙ 𝑇3 − 𝑇2

𝜂𝑡𝑖 =
𝑇3 − 𝑇2 − 𝑇4 − 𝑇1

𝑇3 − 𝑇2
=

𝑇3 − 𝑇4 − 𝑇2 − 𝑇1
𝑇3 − 𝑇2
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Steam-gas cycle

𝑴𝒑 =
𝑃𝑔2

𝑖𝑎 − 𝑖𝑘 ∙ 𝜂𝑔2 ∙ 𝜂𝑚2

• Mass flow of the working medium of the steam cycle

𝜂𝑡𝑠𝑣2 =
𝑃𝑔2

𝑄𝑝2
=
𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑘 ∙ 𝜂𝑔2 ∙ 𝜂𝑚2

𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑛𝑣
= 𝜂𝑡 ∙ 𝜂𝑔2∙ 𝜂𝑚2

𝜂𝑡 =
𝑖𝑎 − 𝑖𝑘
𝑖𝑎 − 𝑖𝑛𝑣

Steam part of the thermal cycle

• Heat power consumed for steam production

𝑄𝑝2 =
𝑃𝑔2

𝜂𝑡𝑠𝑣2
= 𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑛𝑣

• Terminal thermal efficiency of part of the steam
cycle

Steam 
generator

• Real thermal efficiency of part of the steam cycle
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• Mass flow of fuel into the
combustion chamber

𝑴𝒑𝒂𝒍 =
𝑄𝑝𝑐

𝜂𝑆𝐾 ∙ 𝑞𝑝𝑎𝑙

10

Steam-gas cycle
• Total heat flow transferred in the

combustion chamber to the steam-
gas cycle

𝑄𝑝𝑐 = 𝑄𝑝1 + 𝑄𝑝2 =

=
𝑃𝑔1

𝜂𝑡𝑠𝑣1
+

𝑃𝑔2

𝜂𝑡𝑠𝑣2

• Total thermal efficiency of the steam-gas cycle related to the generator terminals

𝜼𝒕𝒔𝒗
𝒄 =

𝑷𝒈𝟏 + 𝑷𝒈𝟐

𝑸𝒑𝟏 + 𝑸𝒑𝟐

Steam 
generator



• Solve the steam-gas cycle (parallel circulation CC), which is shown in the figure.
Calculate the required fuel mass flow, the mass flows of the working media at the
steam and gas sections and the individual efficiencies and the overall efficiency of
the thermal cycle.

11

Example

Steam 
generator
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Gas part of the thermal cycle

Example - Solution

• Entered parameters

Data
Parameter Value
t1 (°C) 10
t3 (°C) 950
p1 = p4 (MPa) 0.1013
p3 = p2 (MPa) 0,7
Pg1 (MW) 65
ηTD

k (%) 85
η TD

T (%) 89
cp (kJ/kg.K) 1
η m

Komp (%) 96
η m

Tur (%) 98
ηg (%) 97
ηsk (%) 100
qpal (kJ/kg) 40 000
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𝜂𝑡𝑖 =
𝑇3 − 𝑇4 − 𝑇2 − 𝑇1

𝑇3 − 𝑇2
=

1 223,15 − 758,9 − 530,86 − 283,15

1 223,15 − 530,86
= 0,313

• Internal thermal efficiency of the gas part of the cycle

Gas part of the thermal cycle

Example - Solution

• Temperatures calculation

𝑇1 = 𝑡1 + 273,15 = 10 + 273.15 = 283.15 𝐾

𝑇4𝑎𝑑 = 𝑇3
𝑝4
𝑝3

𝜅−1
𝜅

= 1 223,15
105

7 ∙ 105

1,4−1
1,4

= 701,5 𝐾

𝑇2 = 𝑇1 +
𝑇2𝑎𝑑 − 𝑇1

𝜂𝑡𝑑
𝐾 = 283,15 +

493,7 − 283,15

0,85
= 530,86 𝐾

𝑇4 = 𝑇3 − 𝜂𝑡𝑑
𝑇 ∙ 𝑇3 − 𝑇4𝑎𝑑 = 1 223,15 − 0,89 ∙ 1 223,15 − 701,5 = 758,9 𝐾

𝜼𝒕𝒅
𝑻 =

𝒊𝟑 − 𝒊𝟒
𝒊𝟑 − 𝒊𝟒𝒂𝒅

=
𝑻𝟑 − 𝑻𝟒
𝑻𝟑 − 𝑻𝟒𝒂𝒅

𝜼𝒕𝒅
𝑲 =

𝒊𝟐𝒂𝒅 − 𝒊𝟏
𝒊𝟐 − 𝒊𝟏

=
𝑻𝟐𝒂𝒅 − 𝑻𝟏
𝑻𝟐 − 𝑻𝟏

𝑇3 = 𝑡3 + 273,15 = 950 + 273.15 = 1 223.15 𝐾

𝑇2𝑎𝑑 = 𝑇1
𝑝2
𝑝1

𝜅−1
𝜅

= 283,15
7 ∙ 105

105

1,4−1
1,4

= 493,7 𝐾
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• Mass flow of working medium (flue gas)

14

• Terminal thermal efficiency of the gas part of the circuit

Gas part of the thermal cycle

Example - Solution

𝜂𝑡𝑠𝑣1 =

𝜂𝑚
𝑇 ∙ 𝑇3 − 𝑇4 −

1
𝜂𝑚
𝐾 𝑇2 − 𝑇1 ∙ 𝜂𝑔

𝑇3 − 𝑇2

• Heat power required for the gas part

𝑄𝑝1 =
𝑃𝑔1

𝜂𝑡𝑠𝑣1
= 𝑀𝑠𝑝 ∙ 𝑐𝑝 ∙ 𝑇3 − 𝑇2 = 1 224,7 ∙ 103 ∙ 1 ∙ 1 223,15 − 530,86 = 235, 5 𝑀𝑊

𝑀𝑠𝑝 =
𝑃𝑔1

𝑇3−𝑇2 ∙ 𝑐𝑝∙ 𝜂𝑡𝑠𝑣1
=

3 600 ∙ 65 ∙ 103

1 223,15 − 530,86 1 ∙ 0,276
= 1 224,7 𝑡/ℎ

𝜂𝑡𝑠𝑣1 =
0,98 ∙ 1 223,15 − 758,9 −

1
0,96 530,86 − 283,15 ∙ 0,97

1 223,15 − 530,86
= 0,276
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Steam part of the thermal cycle

Example - Solution

• Entered parameters

Data

Parameter Value

ta (°C) 460

pa (MPa) 4

Pg2 (MW) 35

η TD (%) 80

cp (kJ/kg.K) 4.19

pe (kPa) 4

η m
Tur (%) 98

ηg (%) 97

Steam 
generator



Example - Solution

• Determination of steam
and condensate
parameters

 pa = 4 MPa, ta = 460 °C
 pe = 4 kPa, 𝜂𝑡𝑑 = 0.8

pa = 4 MPa

pk = 4 kPa

4

5

ia = 3 354 kJ/kg

ie = 2 100 kJ/kg

𝑖𝑘 = 𝑖𝑎 − 𝜂𝑡𝑑 ∙ 𝑖𝑎 − 𝑖𝑒

𝒊𝒌 =
= 3 354 − 0.8 ∙ 3 354 − 2 100
= 𝟐 𝟑𝟓𝟎. 𝟖 𝒌𝑱/𝒌𝒈

• Enthalpy calculation 𝒊𝒌

ik = 2 350,8 kJ/kg

5´

Condensing turbine

ta = 460 °C

𝒑𝒌 → 𝒕𝒌 = 𝟐𝟗 °𝑪
→ 𝒊𝒏𝒗 = 𝟏𝟐𝟏. 𝟒 𝒌𝑱/𝒌𝒈

i-s (h-s)
diagram
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𝑀𝑝 =
𝑃𝑔2

𝑖𝑎 − 𝑖𝑘 ∙ 𝜂𝑔2 ∙ 𝜂𝑚2
=

3 600 ∙ 35 ∙ 103

3 354 − 2 350,8 ∙ 0,97 ∙ 0,98
= 132,1 𝑡/ℎ

• Mass flow of the working medium of the steam cycle

17

𝜂𝑡𝑠𝑣2 =
𝑃𝑔2

𝑄𝑝2
=
𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑘 ∙ 𝜂𝑔2 ∙ 𝜂𝑚2

𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑛𝑣
=

35

118,6
= 0,295

𝜂𝑡 =
𝑖𝑎 − 𝑖𝑘
𝑖𝑎 − 𝑖𝑛𝑣

=
3 354 − 2 350,8

3 354 − 121,4
= 0,31

• Real thermal efficiency of part of the steam cycle

Steam part of the thermal cycle

• Heat power consumed for steam production

𝑄𝑝2 =
𝑃𝑔2

𝜂𝑡𝑠𝑣2
= 𝑀𝑝 ∙ 𝑖𝑎 − 𝑖𝑛𝑣 = 132,1 ∙ 103 ∙ 3 354 − 121,4 = 118,6 𝑀𝑊

• Terminal thermal efficiency of part of the steam cycle

Example - Solution
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• Mass flow of fuel into the combustion chamber

𝑀𝑝𝑎𝑙 =
𝑄𝑝𝑐

𝜂𝑆𝐾 ∙ 𝑞𝑝𝑎𝑙
=
354,1 ∙ 103 ∙ 3 600

1 ∙ 40 000
= 31,869 𝑡/ℎ

18

• Total heat flow transferred in the combustion chamber to the steam-gas cycle

𝑄𝑝𝑐 = 𝑄𝑝1 + 𝑄𝑝2 = 235, 5 + 118,6 = 354,1 𝑀𝑊

• Total thermal efficiency of the steam-gas cycle related to the generator terminals

𝜂𝑡𝑠𝑣
𝑐 =

𝑃𝑔1 + 𝑃𝑔2

𝑄𝑝1 + 𝑄𝑝2
=

65 + 35

235, 5 + 118,6
= 0,282

Example - Solution
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