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UnUa, 5, — 5, = 52.726+ 2392

~55.118  kJ/kmol-K
5, —5,= 233218 1 0l-K
1 2 M 32
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7.10 nﬁzmumi"lewume?lﬂﬁm%’uuﬁﬁ%uﬂmw ( The Isentropic Process for Ideal Gas)
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du + Pdv =0

dmsuunsIuanIN C, dT+Pdv =0 (*)
NNAUMTANILVOILAAIUANIN Py =RT

d(Pv) = d(RT) =RdT
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7.11 3zUIUMIINE Instaveunaduamn ( The Polytropic Process for Ideal Gas )
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Pv'= A1nan

Py, = Py, (721

o = v v Y A Y Y
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NNMTN A-2(a) C, = 0.7448 kJ/kgK

—u,=C_(T,-T)

2
= (0.7448 kI/kgK)(425 —293)K = 9831 kl/kg

uwnuluaumsn @) q, = u,-u +w,

= 9831 ki/kg +(-130.4 ki/kg) =-32.028 kl/kg

Ysinaanuioui luTasaumemesninmny 130.59  kikg foY
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[[ Exercises : HULADTaMaunii 7 ]

Source: Cengel, Y.A., and Boles, M.A., THERMODYNAMICS :An Engineering Approach, 5" Edition in SI

unit, Mc Graw-Hill, 2006. Prepared by : Assoc.Prof.Sommai Priprem,PhD.

Clausius Inequality :

6-1C Does the temperature in the Clausius inequality relation have to be absolute
temperature? Why?

6-2C Does a cycle for which~ 0Q > 0 violate the Clausius inequality? Why?

6-3 A heat engine receives 700 kJ of heat from a high-temperature ource at 1100 K and
rejects 500 kJ of it to a low-temperature sink at 310 K. Determine if this heat engine
violates the second law of thermodynamics on the basis of (a) the Clausius inequality and
(b) the Carnot principle. Also determine the entropy generation for this process.

6-4 A heat engine receives heat at a rate of 75 MJ/h from a furnace at 1300 K, rejects the
waste heat to river water at 290 K, and has a power output of 8 kW. Determine if this
heat engine violates the second law of thermodynamics on the basis of the Clausius
inequality, and calculate the rate of entropy generation.

6-5 A refrigerator removes heat from the refrigerated space at 2°C at a rate of 300 kJ /min
and rejects heat to the kitchen air at 26°C at a rate of 345 kJ/min. Determine if this
refrigerator violates the second law of thermodynamics on the basis of (a) the Clausius
inequality and (b) the Carnot principle. Answers: (a) No, (b) no

6-6 An air-based heat pump supplies heat to a house maintained at 21°C at a rate of
75,000 kJ /h while consuming 8 kW of power. If the outside air temperature is -2°C,
determine if this heat pump violates the second law of thermodynamics on the basis of
the Clausius inequality.

6-43 A frictionless piston-cylinder device contains saturated liquid water at 200-kPa
pressure. ow 450 kJ of heat is transferred to water from a source at 500°C, and part
of the liquid vaporizes at constant pressure. Determine the total entropy change for
this process, in kJ /K. Is this process reversible, irreversible, or impossible? Answers:
0.562 kJ /K, irreversible

6-44 During the isothermal heat addition process of a Carnot cycle, 900 kJ of heat is
added to the working fluid froma source at 400°C. Determine (a) the entropy change

of the working fluid, (b) the entropy change of the source, and (c) the total entropy
change for the process.

6-45 During the isothermal heat rejection process of a Carnot cycle, the working fluid
experiences an entropy change of -0.6 kJ /K. If the temperature of the energy sink is
30°C, determine (a) the amount of heat transfer to the sink, (b) the entropy change of the
sink, and (c) the total entropy change for this process.

Answers: Ca) 181.8kJ, Cb) 0.6kJ/K, (c) O

6-46 Refrigerant-12 enters the coils of the evaporator ofa refrigeration stem as a saturated
liquid-vapor mixture at a pressure of 200 kPa. The refrigerant absorbs 120 kJ of heat
from the cooled space which is maintained at -5°C, and leaves as saturated vapor at the
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same pressure. Determine (a) the entropy change of the refrigerant, (b) the entropy hange
of the cooled space, and (c) the total entropy change for this process.

Entropy:

7-26 During the isothermal heat addition process of a Carnot cycle. 900 kJ of heat is
added to the working fluid frorn a source at 400°C Determine (a) the entropy change of
the working fluid, (b) the entropy change of the source. and (c) the total entropy change
for the process.

7-28 Refrigerant-134a enters the coils of the evaporator of a refrigeration system as a
saturated liquid-vapor mixture at a pressure of 160 kPa. The refrigerant absorbs 180 kJ of
heat from the cooled space, which is maintained at -5°C, and leaves as saturated vapor at
the same pressure. Determine (a) the entropy change of the refrigerant. (b) the entropy
change of the cooled space, and (c) the total entropy change for this process.

7-31 A 0.5-m? rigid lank contains refrigerant-R-134a initially at 200 kPa and 40 percent
quality. Heat is transferred now to the refrigerant from a source at 35°C until the
pressure rises to 400 kPa. Determine (a) the entropy change of the rcfrigerant, (b) the
entropy change of the heat source, and (c) the total entropy change for this process.
(answer (a) 3.880 kJ/K, (b) -3.439 kJ/K, (c) 0.441 kJ/k

7-33 A well-insulated rigid tank contains 2 kg of a saturated liquid-vapor mixture of
water at 100 kPa. Initially, three-quarters of the mass is in the liquid phase. An electric
resistance hearer placed in the tank is now turned on and kept on until all the liquid in
the tank is vaporized. Determine the entropy change of the steam during this process.
Answer 8.1 kJ/K

6-105 Nitrogen gas is compressed from 80 kPa and 27°C to 480 kPa by a 10 kW
compressor. Determine the mass flow rate of nitrogen through the compressor, assuming
the compression process to be (a) isentropic. (b) polytropic with n= 1.3, (c) isothermal.
Answers: (a) 0.048 kg/s, (b) 0.05 kg/s, (c) 0.063 kg/s,

Adiabatic Efficiencies of Steady-Flow Devices

6-106C Describe the ideal process for an (a) adiabatic turbine. (b) adiabatic compressor,
and (c) adiabatic nozzle, and define the adiabatic efficiency for each device.

6-107C Is the isentropic process a suitable model for compressors that are cooled
intentionally? Explain.

6-108C On a T-s diagram, does the actual exit state (state 2) of an adiabatic turbine have
to be on the right-hand side of the isentropic exit state (state 2s)? Why?

6-109 Steam enters an adiabatic turbine at 8 MPa and 500°C with a mass flow rate of 3
kg/s and leaves at 30 kPa. The adiabatic efficiency of the turbine is 0.90. Neglecting the
kinetic energy change of the steam, determine (a) the temperature at the turbine exit and
(b) the power output of the turbine. Answers: (a) 69.1 oC, (b) 3052 kW

6-110 Steam enters an adiabatic turbine at 6 MPa, 600°C, and 80 nvs and leaves at 50
kPa, 100°C, and 140 m/s. If the power output of the turbine is 5 MW, determine (a) the
mass flow rate of the steam flowing through the turbine and (b) the adiabatic efficiency
of the turbine. Answers: (a) 5.16 kg/s, (b) 83.7 percent
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6-111 Argon gas enters an adiabatic turbine at 800°C and 1.5 MP at a rate of 80 kg/min
and exhausts at 200 kPa. If the power output of the turbine is 370 kW, determine the
adiabatic efficiency of the turbine.

6-113 Refrigerant-12 enters an adiabatic compressor as saturated vapor at 120 kPa at a
rate of 0.3 m3/min and exits at 1-MPa pressure. If the adiabatic efficiency of the
compressor is 80 percent, determine (a) the temperature of the refrigerant at the exit of
the compressor and (b) the power input, in kW. Also show the process on a T-s diagram
with respect to saturation lines. Answers: (2)67.1°C, (b) 1.75 kW

6-114 Air enters an adiabatic compressor at 100 kPa and 17°C at a rate of 1.2 m®/s, and it
exits at 257°C. The compressor has an adiabatic efficiency of 84 percent. Neglecting the
changes in kinetic and potential energies, determine (a) the exit pressure of air and (b)
the power required to drive the compressor.

6-115 Air is compressed by an adiabatic compressor from 95 kPa and 27C to 600 kPa
and 277°C. Assuming variable specific heats and neglecting the changes in kinetic and
potential energies, determine (a) the adiabatic efficiency of the compressor and (b) the
exit temperature of air if the process were reversible. Answers: (a) 81.9 percent, (b)
505.5 K

6-116 Argon gas enters an adiabatic compressor at 120 kPa and 30°C with a velocity of
20 m/s, and it exits at 1.2 MPa and 80 m/so If the adiabatic efficiency of the compressor
is 85 percent, determine (a) the exit temperature of the argon and (b) the work input to
the compressor.
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