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Steam-gas cycle

Exercises 8 (KEE/TTE)




1)

4)

Gas (Combustion) turbines

Working substance - flue gases of gaseous or liquid fuels

e Disadvantage - high exhaust gas temperature - reduction of thermal efficiency of

the thermal cycle - utilization of exhaus
steam production in steam-gas circuits

Simplifying assumptions
The mass flow of the working medium in the
thermal cycles is constant

Pressure and heat losses are neglected

The working medium (flue gases) s
considered to be an ideal gas with a specific
heat capacity ¢, = 1 ki/kgK

t gas heat in the steam generator for

l

SK

o, O

Combustion
turbine open cycle

Compression and expansion of the working |
medium are adiabatic processes
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(no losses)
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Gas (Combustion) turbines

Combustion turbine open cycle (no losses)

v All simplifying assumptions apply T_A
* Thermal efficiency of the thermal cycle Tg
Qp _ Qo Pg T4ad o T1
Ny = = =1 — <1
Qp Qp T3 —T244
* Mass flow of working medium (flue gas)
P
g
Mg, =

[(T5—T4qa) — (T2qa — T1)] - ¢y

(T5—T2q4) - Cp* Mt B
Fy

1

*  Fuel mass flow (combustion chamber efficiency = 100%) O

Qp Iy

Mpal — = T(K)l

dpal Nt * dpai
* Internal power of the turbine (gain of technical work)
Py = Msp - (i3 — i4qq)
Compressor

* Generator power power input

Py, =Py —Pg =Py — Mg, (izqq — i1)

» s (kJ/kgK)



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 =l
of the thermal efficiency of this cycle compared to the ideal thermal T — <pA> 8
cycle of the combustion turbine

*  Thermodynamic efficiency of a turbine

ol = iz—ly T3—-T,4
d = 7 =
““ iz —igeq T3 —Taqa P,
 Thermodynamic efficiency of a compressor @ 4®_
K _ l2q0 — U1 _Taa— T4
Tea iy — i T, —-T,
* Internal thermal efficiency T (K)

Qp - Qo Wr — Wk
Nei = =

Qp i3 - iZ
L (T3 —T;)— (T4 —T4) _ (T3 —Ty)— (T, —T4)
e T; —T, T; —T,

S (kJ/kgK)




Gas (Combustion) turbines

Combustion turbine open cycle (with losses)

* Terminal thermal efficiency of the thermal cycle

K (TZad - Tl)] "Ng lQp
2

1
[UtTd N (T3 — Taaa) — 7% :
n — Nta * Nm
tsv — —
T3 _ T1 _ TZadK Tl
Nta

e Mass flow of working medium (flue gas) @

Fy
M, = ~
(T3—T3) - cp* Nesw T (K)
Fy
B 1
Mg * M * (T3 — Taqq) — Kk (T2aq — Tl)] ‘Ng " Cp

*  Fuel mass flow
O Fy
Nsk " 9pat  Mtsv " Nsk* Qpal

Mpal —







Steam-gas cycle

M

Steam
generator

.
4 L]
[ lnv

(<)
\ZJ



Steam-gas cycle

Gas part of the thermal cycle
* Heat power required for the gas part 1

Pgl
Qp1=_= sp'Cp'(T3_T2) 20 *3
Ntsv1 p

e Internal thermal efficiency of the gas part of

the cycle

BT -O-T) G-T)-T-T) 4
L A '

* Terminal thermal efficiency of the gas part of th .
circuit 4

1
[de ) 7717”;1 ' (T3 - T4ad) K K (TZad - Tl)] "Ng
Nta * Mm

Ntsv1 = _
T3 _ Tl _ TZadK Tl
Nta

* Mass flow of working medium (flue gas)

M, = fo1
1

sp
[ntTd '7751 ’ (T3 - T4ad) — K K (Tzad - T1)] *Ng * Cp
Nta " Mm




Steam-gas cycle

Steam part of the thermal cycle

* Real thermal efficiency of part of the steam cycle
la - lnv .

* Heat power consumed for steam production

i

Py S
sz == = Mp : (la - lnv)
tsv2

Steam
generator

* Terminal thermal efficiency of part of the steam
cycle

sz _Mp'(ia_ik)'ngz'nmz_n -
D2 Mp ’ (ia_inv) ‘

Ntsv2 = Q

* Mass flow of the working medium of the steam cycle

M i
P (ia - ik) "Ng2 * Nm2 9

2




Steam-gas cycle

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

Qc=Qp1+Qp2=

_Pa e

77tsv1 77tsv2 o @
??td

e Mass flow of fuel intothe 1,
combustion chamber

Qpc

Nsk * 9pal

Mpal =

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

Py + Py,
Qpl + QpZ

C —
Nesv =




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.

M,

lq

M pal

| Ned C) Fo2

5K M, |

20 *3 \
/ P

gl
K \ l

Ntd
1
. G\ )
Steam /
¢ generator _
4 _ | Ued
‘ l'ﬂ‘,'l‘,?"

()
—/



Example - Solution T(K)
Gas part of the thermal cycle

* Entered parameters

Data
Parameter Value
t, (°C) 10
t, (°C) 950
p, = p, (MPa) 0.1013 My
P =P, (MPa) 0,7 l
P, (MW) 65 "
N “ (%) 85 LT
T
N (%) 89 p
c, (kJ/kg.K) 1 ) {gd g1
" Komp (o
Nm " (%) 96 —(: )—'
K
n mTur (%) 98 1 Ntd \
ng (%) 97 !
Ny (%) 100 .




Example - Solution T

Gas part of the thermal cycle

 Temperatures calculation
T; = t; + 273,15 =10+ 273.15 = 283.15 K

T; = t3 + 273,15 = 950 4+ 273.15 = 1 223.15K

B s (ki/kgK)
TZad -
ol = i3 — 4 _I3—T,4
iy —igqq T3 — T4ad
T. = . .
tad k _Y2aa — U _T2aa—T1
T =, 4, T, —T,
T2 -
T4 ==

* Internal thermal efficiency of the gas part of the cycle

_ (T3_T4)_(T2_T1) _
Nti T3 _ TZ




Example - Solution

Gas part of the thermal cycle

* Terminal thermal efficiency of the gas part of the circuit

1
7717;1 (T3 —Ty) ——x (T, — Ty) "Ng
Mm

ntsvl = T3 _ T2

Ntsv1 =

* Mass flow of working medium (flue gas)

P
g1l
M, = =

(T3—T,) - Cp* Nesvi B

 Heat power required for the gas part

Pg1
Q'plzi: sp'Cp'(TS_TZ):



Example - Solution

Steam part of the thermal cycle

Entered parameters

Parameter Value

t (°C) 460
p, (MPa) 4
P, (MW) 35
N 7o (%) 80
c, (k/kg.K) 4.19
p. (kPa) 4
Nm' " (%) 98
n, (%) 97

Steam
ma  generator
‘ i

(<)
—/




Example - Solution

3800 |- -
Condensing turbine 5700 S
 Determination of steam 3600 <
)
and condensate 3500 | z
- 7
parameters 3400 —" a” 3i354,kj/ !( g %
v’ p,=4MPa,t, =460 "°C ‘ 77
v’ p.=4kPa,n,y = 0.8 3000
Pe Nta - | \ge/// ,/// z
) //// 7Y //
. RN 77
* Enthalpy calculation i, SA
2900 ?'ﬁ@o? ‘ 2 /'7;
lk - la - T]td : (l’a - le) 2390;/;‘%?’ )
2700 _/,/ 7Y 5 M
i, = Z%/ 4 b7,
k ZGOOZ //-A/- P,’/ S5 = =
=3354—-0.8-(3354—-2100), o 7 AN T
2t i, =2 350,8 kl/kg 4 g e : 4454 Lo
— 2 350' 8 k]/kg 2400 ?7{/ I;J IR L |('\,A~/\\///jg:/’1 A < z &/4 3‘* ?éz%r 196
72 7z & Z, /gp\\ 7 % 091
MR o S e
. - T 7 a
Pr tk = 29 °C zzoo% 'e=2 100 kJ/kg (St S, g %?ng/og 1@\@
1 — 2100 Pe%Fe LY LA e &
- i, =121.4kJ/kg D S 4 gl ]
o7 ; 5; e s is(hs) |
2% e diagram
L2 % A<, '//0,72 T .
1700 CAB G A T T T T 1
56 58 60 62 64 &6 68 70 22 P4 5 78 80 82 8+ 68 88 90

S ki/lkg K} —



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

M, = o2 =
P (ia - ik) "Ng2 " Nm2

* Heat power consumed for steam production

* Terminal thermal efficiency of part of the steam cycle

0 _PgZ_Mp'(ia_ik)'ngZ'an
tsvz sz Mp ’ (ia - inv)




Example - Solution

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

Qpc =

e Mass flow of fuel into the combustion chamber

v Qe
pal — -
Nsk * 9pal

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

(o —
Ntsv =



Used and recommended literature
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