comp 41

Air enters a turbine in steady flow at 0.5 kg/s with negligible velocity. Inlet conditions are 1300 °C and 2.0
MPa (abs). The air is expanded through the turbine to atmospheric pressure. If the actual temperature and
velocity at the turbine exit are 500 °C and 200 m/s, determine the power produced by the turbine.

Determine the change in specific entropy for the process. Label state points on a Ts diagram for this
process.
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SOLUTION:

Apply the 1 Law across the turbine to determine the power produced by the turbine.

comp 41

mZ(h+%V2)2_ml (h+%V2)l =Qimc+VVinto (1)
Wiy =m[ e, (T,=T,)+3V7 | @)
where
m=m, =m, (from conservation of mass) 3)
h,—h =c,(T,—T) (assuming the air behaves as a perfect gas) 4)
O... =0 (flow through the turbine is assumed to occur adiabatically) (5)
V, =0 (flow at the inlet has negligible velocity) (6)
Substitute the given parameters.
m = 0.5 kg/s T
ce =1004 J/(kgK) i p1=2.0 MPa
T,  =(500+273)=773K
T :(1300+273):1573K Ti=1573 K }---c--s ;= 101 kPa
Vo =200m/s
VVimo = _390 kW or I/Vextracled = 390 kW T2 = 773 K —————— T=
from air
The change in the entropy during the process is: _4 L_ > s
T
As=s2—s1:cpln—2—R1n& As (7)
1 P

- As =140 J/(kg-K) > O| (As > 0 for an adiabatic, irreversible process)
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