Thermodynamics of gas turbines



ldeal Joule-Brayton cycle
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Efficiency of the ideal cycle

* The efficiency of the ideal cycle is:

0
Ny =1-", dove 0=c,7,-7)) e ¢ =c,(7.-7)
1
* By assuming c =costant:
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poog B Th BT
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* And assuming isentropic and adiabatic
compression and expansion:
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Efficiency

Efficiency of the ideal cycle

60%
50% -
40% A
30% -
20% A

10% A

0%

123 45 67 8 9101112131415161718 1920 2122
Pressure ratio



ldeal cycle specific work

* The ideal cycle specific work is:
L,=0-0,=c¢,(I,-T)-c,(T, - T))

* By assuming c =costant:
L, T T T, T

t 2 4l=7-f ——+1
of L h Lt

e Since B>1 and B <?

It is possible to calculate the pressure ratio at
which the specific work is maximum:

jﬁ(cLT) e =0 = BT



ldeal specific work




Limit cycle efficiency

* The limit cycle (real fluid in ideal components)
efficiency is: 7, _1-2

9,
 where 1
3 4
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* Since c_ is a function of temperature:
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Influence of the mass flowrate

* |[n open Joule-Brayton cycles the flowrate in
the compressor and turbine is different. This is
mainly due to the addition of the fuel flow
rate in the combustion chamber.

* We can use a paramter that defines the air/
fuel ratio:

o = Air mass flowrate/Fuel mass flowrate

* By assuming a perfect combustion of a fuel

with heating value (H), we can write: ¢ = Hil
o+




Influence of the mass flowrate

a-a,

We can define excess of air: A=

ast

And we can calculate the specific work
referred to the compressor’s inlet air flowrate:

L (a+))(T, T\ (T, | (a+])( 7
T a (ﬂ‘ﬂ)'(ﬂ'l)' a (T‘/f}‘[f”

If we substract the specific work for the case
without change in mass flowrate:

L T )
T =(T_E)_[5E +1

P

We obtain:
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Influence of the mass flowrate

* As far as the efficiency is concerned:

L -L. (a+l)c (L -T,)-ac,(T,-T)
n = = =
0 ¢, |(e+1)T, - af;

[(a +1)T, - aTz] —(a+1)T, +aT
B [(oz+1)T3 —aTz] =1-

0 (a+1)7/f -« L L
T,

T (a+1)t/f —a p

(a+ )T, - a; _
(o +1)T, - aT,

We can say that the efficiency is not affected by
a change in the mass flowrate



Real gas turbine cycle
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Real cycle efficiency

The real cycle efficiency can be defined as:
LTr _LCr

n. =
1r

TheLIimi[:c cycle efficiency is:
n, = 0,
We can define the internal efficiency:

n,
n,=—
n,

So that the real cycle efficiency can be written

as. (1 1)
n, = _/D)s 7);




Real cycle efficiency

* The internal efficiency can be written as:

UTLT—L—C TIC”T_L—C
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* The ratio of the compressor’s over the

turbine’s work is:
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Real cycle efficiency
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* And eventually:
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* Which is positive if: "lc'lr ="~



Minimum compressor efficiency (%)

Limits of the performance
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Efficiency (%)
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Material temperature (°C)
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Pressure ratio at maximum power
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Trend of pressure ratio
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Recuperated gas turbine
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Efficiency
Let us define the recuperation ratio and set it
as 1: R=—2""

=1 ie. T,=T,
T,-T,
We can calculate the efficiency as:
erec=1_TE_Tl=1_T2_T1=1_ /9)8_1 _ /3)6
O rec 13 =Ty 1; -1, . T

Moo =1 -

The point where the efficiency is the same as
that of the simple cycle is given by:

1_/3—=1—L:>T=/))28=>ﬁ=7f1/28
T p°

A similar expression can be derived from

T2=T4_>T4T3=T2=>Lg=[)’=>ﬁ=1jl/2
LT T, P




Recuperated gas turbine
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Recuperated gas turbines with R#1

. T.-T
e |f R<1 we can write: R= TG T2
4 12
erec=Cp(T'3_T4)+(1_R)Cp<T4_T2) T a
Qe =€, (1, -T)+(1-R)c, (T, - T,) i

* From which:
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=]- =
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Recuperated gas turbines with R#1
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Intercooled compression
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Intercooled compression

3
* If we refer to the figure:
W
N, = W, +W, _ 1,9y + 1,9y Q, Q:>
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Intercooled compression
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Reheat gas turbine
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Reheat gas turbine
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Steam injected gas turbine
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