7| = 400°C
V=50 mfs
=1t0m

|. The power output of an adiabatic steam turbine is 5 MW,
and the exit conditions of the steam are as indicated in the
shown.

STEAM L0
(a) Calculate Ah, Ake, and Ape. TURBINE 4
(b) Determine the work done per unit mass of the steam Hy = S MW

through the turbine.
(¢) Calculate the mass flow rate of the steam.

P=13kPa
vy =90%
v, = 180 m/s

n=6m

Analysis We take the turbine as the system. This is a confrof volume since
mass crosses the system boundary during the process. We observe that there
is only one inlet and one exit and thus My, = m, = M. Also, work is done by
the system. The inlet and exit velocities and elevations are given, and thus
the kinetic and potential energies are to ba considerad.

(a) At the inlet, steam is in a superheated vapor state, and its enthalpy is
;‘ :j(;’fi‘} o= 32484 Klkg  (Table A—6)
At the turbine exit, we obwicusly have a saturated liguid-vapor mixture at
15.kPa pressure. The enthalpy at this state is
hy = e+ xyly, = [225.94 + (QOH23T72.3)] kifkg = 2361.01 kl/kg

Then

Ah = b, — hy = (2361.01 — 3248.4) kI /kg = —~887.39 kIjke
vi-vi (180 my/s) — (50 mfs)’ ( 1 kl/xg

Ake S
2 2 1000 m7/s

) = 1498 k ik
1kl/ke

Ape = g{z, — 7,0 = (9.81 m/s ) {6 — 10) m](m

) = —{h0d Kl

(b The energy balance for this steady-flow system can be expressed in the
rate form as

0 (steady)

g . .
— & = 5 / =
E i E ot dE Sysiems dr 0
Rate of nea eaccgy lransies Rate of chasge in internyl, Kinelic,
by heat swork. and paass potential, etc. encegles
ELB = Eﬂui

. Vi - e Vi L
R+ — + gz ) = W + mk s+ — + g2, (since g = ()
2 2 ‘

Dividing by the mass flow rate /hand substituling, the work done by the turbine
per unit mass of the steam is determined to be
Vi-vi '
el - 7)) | = —{&h + Ske + Ape)
—{—887.39 + 1495 — 0041 kl/kg = 87248 kifkg

T

Wou = —| Uty — ) +

ot

If

(¢) The required mass flow rate for a 5-MW power output is

Wi 5000 kJis

and the inlet
figure

flowing



2. A Carnot heat engine receives heat from a reservoir at 900°C at a rate of 800 kJ/min and rejects the waste
heat to the ambient air at 27°C. The entire work output of the heat engine is used to drive a refrigerator
that removes heat from the refrigerated space at -5°C and transfers it to the same ambient air at 27°C.
Determine:

(a) the thermal efficiency of the heat engine.

(b) the COP of the refrigerator.

(¢) the maximum rate of heat removal from the refrigerated space

(d) the total rate of heat rejection to the ambient air.

Assumptions The heat engine and the refrigerator operate steadily.

Analysis (a) The highest thermal efficiency a heat engine operating between two specified temperature
limits can have is the Carnot efficiency. which is deternuned from

I 300K -
G PR T S Comwe > e D

200 klinun

Then the maximum power output of this heat engine 1s
determined from the definition of thermal efficiency to be

Wt out = M@y = (0.744)(800 kl/min) = 595.2 kJ/min
which is also the power input to the refrigerator. Woerin -
The rate of heat removal from the refrigerated space will be a maximuim if a Carnot refrigerator is used.
The COP of the Carnot refrigerator is

i I 1
COPg . = =- : =837
Reew = (117, )-1  (27+273K}(-5+273K)-1

Then the rate of heat removal from the refrigerated space becomes

O; = (COP o s ) = (8.37X395.2 Kl/min] = 4982 kd/min

R.rev
(b} The total rate of heat rejection to the ambient air is the sum of the heat rejected by the heat engine
( QLHE ) and the heat discarded by the refrigerator ( QH_ r -

Or e = Ox e — Waetout = 800 —595.2 = 204.8 kl/min

Onr = Opr + Waeein = 4982+ 595.2 = 5577.2 kl/min
and

ani':imt = QL,HE + QHR_ =204.8+5577.2 = 5781 kJ/min



3. Air is compressed from an initial state of 100 kPa and 17°C to a final state of 600 kPa and 57°C.
Determine the entropy change of air during this compression process by using (a) property values from the
air table and (b) average specific heats.

Solution  Air is compressed between two specified states. The entropy
change of air is to be determined by using tabulated property values and
also by using average specific heats.

Asswmptions  Air is an ideal gas since it is at a high temperature and low
pressure relative to its critical-point values. Therefore, entropy change rela-
tions developed under the ideal-gas assumption are applicable.

Analysis A sketch of the system and the T-s diagram for the process are
given in Fig. 7-34. We note that both the initial and the final states of air
are completely specified.

(a) The properties of air are given in the air table {Table A-17). Reading &’
values at given temperatures and substituting, we find

§3— % =83 — 85— Rln
}E

600 kPa

= [(1.79783 — 1.66802) ki/kg-K] — (0.287 kI/kg - K)
[(1.79783 — 1.66802) ki/kg- K] — (0.287 kl/kg - K) In T

= ~8.3843 Kl/kg K
(b} The entropy change of air during this process can also be determined

approximately from Eq. 7-34 by using a ¢, value at the average temperature
of 37°C (Table A-2b) and treating it as a constant:

LN
§5 = 8 = Cpare Il — — Rln
2 i Jrave T{ P§
130K 600 KPa
= (1.006 KJ/kg - K) In =—— — (0.287 kl/kg - K) In ———
T 290 K ’ ‘ 100 kPa

= —,3842 kl/ke - K



