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Gas turbine based power generation

Siemens SGT6-5000F(4) 150 MW power Gas Turbine
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Burner Exhaust

Po, To
Pe, Te

Pt3’ Tt3 Pt4’ Tt4 Pt5’ Tt5

. B Shaft power out (J / sec) 4
el fuel mass flow (kg /sec)x fuel heating value(J | kg) i h,

By, =5.543%107J / kg

Net Heat Rate =

3.6 ( Megaloules )
kiloWatt — hour

noverall
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Cycle Analysis

Across the burner.

h

a"“t3

tinhy = (i, + i )y, — i

f— TX_TC

h, 5.543%x 10’

Tf = = =
C,T, 1005x298.15




FSTANFORD

AERONAUTICS &
ASTRONAUTICS

Power balance.
(ma T mf)(hm —hs)=m,(hs—h,)+W

Divide by 1,C T

C=(1+f)r,(1-7)—(r.— 1)

Work output coefficient.

1%
i,C T,

C =

w mCIl, W C
mh,  wh, m,CT, fT,

noverall _
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The system is designed to take as much work as possible
out of the turbine. The exit Mach number is very low and the
exit pressure is very close to the ambient pressure.

Bs=F, =F
P _PyPyPiPs P _.
PO PO PtZPt3])t4])tS
|deal Cycle.
n,.=1 n,=1 n,=1 m,=1 n,=1 n,
Ve v
7 =17 w=1""
77T =1
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C=(1+f)r,d-1)- (7' -1)
<<l

C
o7,

For the ideal cycle the maximum work output coefficient
occurs when

and

1
Tt_ﬁ
Tc:\/a
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Ideal Gas Turbine Power Generator.
1

Tt max workideal ~—
T,

C =T, —27, +1

max workideal ~—

.

f

noverall = [
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Example,let T, = 4

1
7:tmaxworkideal = 5 Tc = 2 n.c = 1131 Cmaxworkideal = 1
1
f — 00123 noverall — 5



|75TANFORD

AERONAUTICS &
ASTRONAUTICS

Gas Turbines for Power Generation

25 MW Gas Turbine GT10

Aibis
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Capstone Turbine Corp - microturbine

Generator Exhaust Outlet
Cooling Fins
Recuperator
Air Combustion
Intake Chamber

Generator

Compressor

Turbine



rﬂ%ﬁﬁg&? Example from a previous midterm

ASTRONAUTICS

Problem 1 — A power gas turbine is shown below. The inlet (no shock), burner, turbine and exhaust

operate ideally.
P

0

T()
A heat exchanger is used to transfer heat from the turbine exhaust flow to the air entering the burner. Let
T, =T /T3, ®,=F3/Fs 7,=T/Ts m,=FgslPF;
Assume the heat exchanger operates ideally Z = 7T, = 1. The system is designed so that the stagnation

pressure of the exhaust flow equals the ambient pressure, P, = F) and the stagnation temperature of the

exhaust flow equals the compressor outlet temperature, 7, =7, . Assume f <<1 where appropriate.
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1) (4 points) Write down the enthalpy balance that governs the heat transferred by the heat exchanger
between the exhaust flow and the compressor exit flow. Use this balance to show that

T.=—  15,(l-1,)=1.(7,-1)

The appropriate thermal balance is

(ma T mf)(hts o ht6) = ma (ht3b - ht3a)
(Tts - Tts) = (Tt3b _Ttsa)

T.s =T,,, therefore T,5 =T,
th6 _ T;,‘Sa _ i

= or Tlx =
T, T, T,

17, (1-7,)=1.(7,-1)

X

r;:l(l— ij =17,(7,-1)

T

X



|75 TANFORD 2)(4 points) Write down the enthalpy balance that governs the heat released across the burner. Use this

AERONAUTICS & balance to show that
ASTRONAUTICS

fe T,—1T,T,
Ty
meh, = (ma + mf)hm — i h,y,
T, T
fr,=1, -0 =1,-1.1,
T’t3a TO

3) (4 points) Write down the enthalpy balance that governs the power transferred between the turbine,
compressor and generator shaft. Use this balance to show that the work output coefficient

C=W/m,C]T, is
C=1,0-7,)—(1,-1)

(ma +mf)(ht4 _ht5) = ma(ht3a - ht2)+W
C=1,d-7)—-(t.—-1)

e
4) (3 points) The compressor does not operate ideally, 7, =T~ . Show that T, =1 /,L.tl/npc .

Mpe e
Letw,=7'" and m,=7""
Mpe 7 S
Note Py =m P, =77/ F = (rf”“rt)y‘l P, and since P, =P, thus 7, =1/7." and

1Unp,
t

T,=1/7
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ASTRONAUTICS 1
Ttmax = TIL
(nchl )1+77pc
Now
1
C=1,-7)~| 1
Tt
oC 1 1
=Tt = [ =0
T —+1
t npc Ttnpc+
Now
_ 1
Ttmax Mpe
(nchA Hpe
1
Tcmax = (npcrl)l+npc
and
1 1
C=1,|1- — = (1,7, ) —1
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6) (3 points) Use the result in (1) to show that at this condition 7, =1/7,, .

( T;;n:pc (1 ) TL] - (nPcT )H;”c (T - 1)
N e s ’
(Fﬂ =1M,.(7,~1)

Ti_ 1+L TX+L=0 Roots are Tx=1 and 7;x=L
npc r’pc T’pc



|75T ANFORD 7) (4 points) Let 7, =4 and Npe = 0.75 . Determine the overall efficiency 7, .max = W / fh .

AERONAUTICS & . . . _ . .
R CTRONAUTLCS How does this compare with the overall efficiency of the case 7 e = 1.0 ? How does this compare with the

overall efficiency of the case with no heat exchanger?

1

AR _(("pc%)”””“_lj

(77 eV a )1+an

noverall max 1

Tl - Tx (npcfl )l+np(,‘

In the ideal case with 7, =1

L) e

r’averall max ideal =

1 - 4
et Hoere) o) o

noverall max real — 1 = = 029561
Tl - Tx (nch}. )l+npc

In the real case the efficiency is only about 30% compared to 50% for the ideal case
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Mpe 3

( \

1 1
T, 1- =] (1,07, ) —1

k (nPch)M'x )

Noveratimax = 1 1
R EN e

=0.418508

The recuperator improves the efficiency of the real engine by 12%




