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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 l
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 ;,, O O

considered to be an ideal gas with a specific

. Combustion
heat capacity c, = 1 kl/kgK turbine open cycle
4) Compression and expansion of the working (no losses)
medium are adiabatic processes
Gas (Combustion) turbines
Combustion turbine open cycle (no losses) K=
implifyi i Ta _(Pa) ¥
v" All simplifying assumptions apply 2 (£
« Thermal efficiency of the thermal cycle Ty (]
- P Tasga—T
nt:Qp Qa=_g=1_ 2aa —T1 _ 2,
Qp Qp T3 —T2qa 2ad l 3
* Mass flow of working medium (flue gas)
" S
9 ] P,
Mg =—rn—r?9 = ]
(T3=T2qa) - ¢p° Nt
= P‘g
[(T3=T4aa) = (T2aa — T1)] * ¢p 1 rad
*  Fuel mass flow (combustion chamber efficiency = 100%) O @
P O
P Gt e dpa TK)
* Internal power of the turbine (gain of technical work)
Pr = Mg, - (i3 — igqa)
Compressor
* Generator power power input
Pg=PT_PK=PT_Msp'(iZad_i1) s (k/kgK
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Gas (Combustion) turbines

Combustion turbine open cycle (with losses)
v’ 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 T_A = Pa *
cycle of the combustion turbine Tp D
* Thermodynamic efficiency of a turbine 2 lQP 3
r_ 3=l T3-T4 EN
e i3 —isad T3~ Tsaa * ! B

* Thermodynamic efficiency of a compressor
= i2ad =1 _Tzaa—T1
T T PR

* Internal thermal efficiency T (K)

Qp— Qo wr—wyg
=Lt =——=
Q i3 — i
(T3=T2) =Ty =T1) _T3-T4) = T2 =T1)
T3-T, T3-T,

N =

;| i s (kJ/kgK]

Gas (Combustion) turbines

Combustion turbine open cycle (with losses)

k=1
* Terminal thermal efficiency of the thermal cycle T_A _ (P_A) *
- 1 0 Tp (Z:]
[77:4 M (T3 = Taga) = g T2a — Tl)] ‘Mg l P
ey = Nta " Mm 2 3
tsv — —
P e 1,
Mta * Py

* Mass flow of working medium (flue gas)

Fo

T (T3=T2) Gy lesy T(K)
- ]

Mg,

1
’Vth "7; (T3 — Tyaa) — v quaw o (T2qa — Tl)] ‘Mg Cp
Mta " M

¢ Fuel mass flow
@ 5y

B Nsk * pal B Ntsv * Nsk* Apal

Myar

11 T s(l/kek

Vresova - steam-gas power plant
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Steam-gas cycle
M,
Mpa
M,y
20 ?3
0:0
1] M
.
Ste
» generator
4 .
7
Steam-gas cycle
Gas part of the thermal cycle Mpa
* Heat power required for the gas part ¥
1 SP.
Qp1 = g = Mg, cp (T3 —T2) 2 *3
Nesv1 P
* Internal thermal efficiency of the gas part of g1
the cycle °
K
BT - -T) _ T —T) - (T —T) e
T =T, =T, t

* Terminal thermal efficiency of the gas part of th:
circuit

1
[77!4 N 7771;1 + (T3 = Tsqa) TR K (T2a — T1)] ‘Mg
Mta " Mm

Mesy = T, - Toaq — T
Mta
* Mass flow of working medium (flue gas)
Po1
Mg, = g

1
[T]rTa M+ (T3 = Taaa) = -7~ (T2aa — Tl)] ‘Mg Cp
Nta " Mn

Steam-gas cycle

Steam part of the thermal cycle
* Real thermal efficiency of part of the steam cycle

* Heat power consumed for steam production

P2 o
Qpz =~ = My - (iq — iny)
Nesv2

Steam

+  Terminal thermal efficiency of part of the steam [Biaskatiaet
cycle iy
P, M, -
92 v
ez = o= L0 kL J02 M2
Qp2

* Mass flow of the working medium of the steam cycle

Py2

My=———o——
(la = i) " Mg2 " M2

14




Steam-gas cycle

Total heat flow transferred in the M,

combustion chamber to the steam-

gas cycle Mpar

Qpc =Qp1 +Qp2 = M,
o1, P2

s
.
2 3
= + t P
Nesvr Mesvz 0 @ ° Z
G

Mass flow of fuel intothe 1,

. Steam
combustion chamber
. generator
Qpc 4
Myq = —>—
Nsk * dpal

Total thermal efficiency of the steam-gas cycle related to the generator terminals
Pg1+ Py
Qp1 + Qp2

C -
Ntsv =

0
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Example

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.

Mpal

M

20 3
O-O— "
L
.
Steam
:

4 :
lTHI
Example - Solution
Gas part of the thermal cycle
* Entered parameters
Data
[Parameter alue
It, (°C) 10|
It, (°C) 950
p, = p,(MPa) 0.1013 M
b, = p, (MPa) 0,7 L
P, (MW) 65
M
o (%) & .
N (%) 89 2» »
¢, (/kg.K) 1 @ ‘ ° o
n o™ (%) 96) %
n '™ (%) 93 1] Mea
n, (%) 97 .
Ny (%) 100 ”
0, (ki/kg) 40 000) 4
b2




Example - Solution i
Gas part of the thermal cycle
* Temperatures calculation

Ty = t; +273,15 =10 + 273.15 = 283.15 K

T3 = t3 +273,15=950 + 273.15=1223.15K

30.06.2021

i s (kJ/kgK
T2aa =
g =3l Ts= T4
iy —igd T3~ Taad
Taaa = q .
4ad k _laa—l _T2ea—T1
KR P
T, =
Ty =
* Internal thermal efficiency of the gas part of the cycle
= (Ts_T4)_(T2_Tl):
Nei 77} -T,
k3
Example - Solution

Gas part of the thermal cycle

* Terminal thermal efficiency of the gas part of the circuit

1
[TI; (T3 —Ty) == (T, —T)| ng
Mm

T3 =T,

Nesv1 =

Nesv1 =

* Mass flow of working medium (flue gas)

Py1

My,=— 2 =
P (T3=T2) " cp* Mesvr

* Heat power required for the gas part

Pyt
O =—=My ) (T3 ~Tp) =
v

Example - Solution

Steam part of the thermal cycle

* Entered parameters

Parameter Value

t, (°C) 460 Steam
b, (MPa) 4 generator
P, (MW) 35|

n (%) 80|

lc, (ki/kg.K) 4.19

. (kPa) 4

'™ (%) 98

n, (%) 97

5




Example - Solution wipa 7
Condensing turbine o ' 17,

* Determination of steam
and condensate
parameters

30.06.2021

v p,=4MPa,t,=460°C

v p.=4kPa, 1, =08

* Enthalpy calculation iy,

i = lq = Mg+ (g = Ie)

ik

=3354—08-(3354—2100) [
=2350.8kJ/kg

S
2200] A s (e i
& 3
P ot =29°C 2200] g
= by = 121.4 k] /kg g - L
000 B4 -
i i-s (h-s)
500 -
diagram
a» g
o e i . T
55 SR 60 62 &6 & 70 72 24 78 B0 82 af 85 a8 W
S k/lhg Kl

Example - Solution

Steam part of the thermal cycle

Real thermal efficiency of part of the steam cycle

Ne =

Mass flow of the working medium of the steam cycle

Py

M, Y =
(i = i) Ng2 * Mm2

b=

Heat power consumed for steam production

Py o
szztsz‘(la—lm;):

Terminal thermal efficiency of part of the steam cycle

. =@=Mp'(ia*ik)'ngz'nm2
o Qe My - (ia = tn)

Example - Solution

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

Qpc =

* Mass flow of fuel into the combustion chamber

Qpe
Mpg = ———=

Nsk * dpal N

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

c
Ntsv =
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