7-170

7-215 The feedwater of a steam power plant is preheated using steam extracted from the turbine. The ratio of the mass flow
rates of the extracted steam to the feedwater and entropy generation per unit mass of feedwater are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat loss from the device to the surroundings is negligible.

Properties The properties of steam and feedwater are (Tables A-4 through A-6)

P,=1MPa | h, =2828.3kJ/kg ©)
T, =200°C | s; =6.6956 kJ/kg-K Steam + | MPa
h, =h 762.51 kl/k o 200°C
P, =1MPa 2@ ; 138.1 Wk gK Lo Feedwater
S, =Stq =2. .
sat. liquid | 2 f@MPe g -0
T, =179.88°C 2.5
MPa
P,=25MPa| hy= hf@50°C =209.34 kl/kg /
T, =50°C Sy = sf@50°C =0.7038 kJ/kg-K
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P, =2.5MPa hy, = hf@170°C =719.08 kJ/kg
T,=T,-10°C=170°C S4;Sf@1709c:2.0417 kl/kg-K +
Analysis (a) We take the heat exchanger as the system, which is a ©)
control volume. The mass and energy balances for this steady-flow sat. liquid

system can be expressed in the rate form as follows:

Mass balance (for each fluid stream):

20 (steady)

min _mout :Amsystem =0—> min =1 out n.’]l = m2 = ms and m3 = m4 = mfw

Energy balance (for the heat exchanger):

- . _ - 20 (steady) _
Ein - Eout - AEsystem =0
-
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

ryhy + mMshy = ryh, +myh, (since Q =W = Ake = Ape = 0)
Combining the two, mg(h, —h,)=m fw(h3 ~h,)

Dividing by my, and substituting,

ms  h,—hy (719.08-209.34)ki/kg
Mg h —h, (2828.3-762.51)kJ/kg

(b) The total entropy change (or entropy generation) during this process per unit mass of feedwater can be determined from
an entropy balance expressed in the rate form as

S.in - S.out + S.gen = AS system&’o =0

— —_— —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

Mg (S; =85)+ Mgy (S3=84) +Sgen =0
Seer M
=5 (s, —5)+(s4 —53)=(0.247)2.1381-6.6956)+(2.0417 - 0.7038)
My, Mey

=0.213 kJ/K per kg of feedwater
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