Gas Turbine Cycle
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Air standard analysis

Using the perfect gas relations, we can write equations (1 & 3) in team
of pressure ratio (r,) across the turbine:

T :
- pressure ratio (r,) =2 = B2 1
p () =2 = 22 /|
. . - - \‘ . /..
Using the isentropic relations :- 4. N
The absolute temp ratio across the vl
COMPressor: 2 [ s N
—=(—) k = k
== (1) K eeeeeiiniieeaannees, (4.2)
(o -
Where: k = C—p = 1.4 (for cold air) T ;
v
And across the turbine is give as :-
T oyl k-1
3 3 k —
—_ = — = k
N () * e, (4.b)

k = 1.33 (for hot gas)



So that the specific work of the turbine from eq.3 is given as :-

T. 1
WT:CpT3<1—T—:)=CpT3 (1——k;1> ................................... (5)
(rp) ¥
Where T;# T,
And the specific work of compressor from eq.1 is given as :-
Ty 1
WC:CDT2<1_T_):CDT2 1_ ﬂ ............................... (6)
‘ (rp) K
p P
where (1)), = (1)1 = p_i = p_z = constant .

The net specific work of the gas turbine cycle :-
W ot = W — W (7)

And the output power, P =m * W, o v ovveveriiiiiiiieeeeee e (8)



The thermal efficiency of the cycle is:

N, = et e 9)

Qadd Qadd

_ Cp(TS _ T4) _ Cp(TZ _ Tl) _ Cp(Ts - TZ) - Cp(T4 _ Tl)

Cp(T3 = T2) _ Cp(T5 = T2)
() ,_
] [ ia M
3—T, 2 ((T_z)_1> 1 2 1
=12 =l-p=l——m, (10)
2 T, (rp) k [ ~ 44
Cold air standard (constant specific heat) . e

W.=C,(T,—Ty)
Air — standard (variable specific heat) .
Wc = h2 _ hl



:Example : Gas turbine unit has pressure ratio (r, = %) & max temp is

600°C. The isentropic efficiency (n. = 0.82 , ny = 0.85). Calculate the
power output in (kW), the flow rate of the hot gasses entering the

turbine at rate of 15 %‘g. The air entrance temp to the compressor is 15
°C, and find BWR.
for air : C, = 1.005 —— , k= 1.4,
kg.K

&

S~ ki _
Forgas:C,=1.13 " k=1.33. - :
Solution: - T
For isentropic compression process (compressor): L, P | 3
e |
k-1 ' | \
Tas _ (E)T i e
Tl Pl | P ~" 43
— =°
T,=15+273 = 288 K l

1.4-1
5 Tys = 288 % (6) 14 = 481K

_ ldealwork _ Tys—T; _ 0.82

C™ actualwork T,-T,



T,=521K
- for isentropic expansion process (turbine):

Ts Ps k-1 1.33-1

—== (=) k =(6) 133 ,where T,=600+273 =873 K
Tys Py

T,s= 558 K )
__actualwork _ T3—

= ideal work T3 T4S = 0.85

T,= 605 K

= Cp (T,-T;) =1.005(521-288)= 234.16 kJ/kg
= Cp (T5-T,) = 1.12(873- 605) = 297.48 kJ/kg
W, = Wr — W = 63.31 kJ/kg
Power output = m*w, = 15*63.31 = 949.72 kW

_ Wnet 6331 63.31 _ 0
Min = dada  Cp(Ts—Ty)  1.11(873-521) 158%
BWR = ¢ = &™) _  7g7

Wr Cp (TB _T4)
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