Example (A poorly maintained system)

» Following the same turbine example from previous lecture note. Let us consider
that steam enters a turbine with the same pressure of 3 MPa, the same temp. of
400°C, and the same velocity of 150 m/s. The exit conditions remain the same as
100% saturated vapor exits at 100°C with velocity of 50 m/s. Due to poor
maintenance, the turbine now develops less work than previoudly at 450 instead of
500 kJ per kg of steam. There is now more heat transfer between the turbine and its
surroundings at an averaged surface temperature of 550 K. The higher temperature
IS reasonabl e since there should be more heat generation due to the imperfect
operating condition. Determine the new rate at which entropy is produced within
th(—i turbine per kg of steam.
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Solution

Ma$consavation:C;—T:O:m—ﬁ5, m=m =m,

Entropy balance analysis: % = J' g +MS —M,S, + 8 eration

dt T
g -
ong™ Ohm,
Fromtable A - 4, saturated table, s, = s, = 7.356(kJ / kgK)

From table A - 6, superheated table, s, = 6.922(kJ / kgK)
Question : How do we determine Q?

Steadystate:02§= 2 tMs —ms, + S,
EQ +(s, —5), Need todetermineQ, s,, and s,




Solution

Use Energy balance equation of course:
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TabIeA -6, superheated vapor, h, = 3230.8(kJ /kg)
Table A - 4, saturated table, h, = h, = 2676(kJ / kg)

~Q _ (3230.8-2676) + % (1507 — 50%)(1/1000) — 400 = 164.8(kJ / kg)
m
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=148, (7.356-6.922) = 0.734(kJ / kg K) > 0.564(KJ / kgK)



Example

* Determine the work required to compressed steam isentropically from 100
kPato 1 MPaif the steam is (a) saturated liquid and (b) saturated vapor at
the inlet state. Negelct changein KE and PE.

T4 1 MPa A For a steady flow processwith no generation
and negligibleKE & PE:

o - OW = dh (per unit massflowing through)

For areversibleprocess(dq),,, = Tds=dh-vdP

Therefore (OW),,, =(39),, —dh=-vdP

100 kPa

v
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Integrating: W, = —IvdP, Thisisvalidfor areversible
1

processin asteady - flow device

(@) For anincompressiblefluid such asthe saturated liquid,
V =V, giooea = 0.001043(m° / kg) isa constant, therefore

2
W, = ~[vdP =v,(R, - P,) = (0.001043)(100~1000) = ~0.94(k] / kg)
1



Example(cont.)
If thesteam issaturated vapor instead, itsspecific volumewill not be

a constant during compression and we need toderiveitsrelation to
the pressure variation in order to do theintegration :

Fromthe Tdsequation: Tds=dh-vdP, - vdP=Tds—dh

If the processisan isentropic process, ds=0, vdP =dh

2 2
W, = —Jl'vdP: —{dh: h-h,

From saturated table A -5, B, =100 kPa,

h, =h, =2675.3(kJ /kg), s =s, = 7.36(kJ /kg K)

From superheated table A -6: P, =1MPa, ands, = s,

h, =3195.5(kJ / kg)

W, =(2675.5—-3195.5) = -520(kJ / kg)

In conclusion, it ismuch moredifficult to compressvapor than liquid
and thisisoneof thereason a condenser isused to condensesteam
Into liquid form before the pump deliversit back to the boiler



