AREN 2110: Thermodynamics Name 60 / ‘(/7LL07/I

In-Class Practice Problems
Credit: ¥ point each to be added to homework score
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1. A heat engine cycle is carried out with steam. The state of the steam throughout the cycle is within the
saturated liquid-vapor region. The pressure of the steam is 1 MPa during heat addition and 0.4 MPA during
heat rejection. The highest possible efficiency is:

@ B Te = | - Tsek dookta = | - 2TD3MI _ f pg
/V[ - { - = Tl 272 +/79.9
b. 15.6% Toat 4P,

20.2% T, ard T, = Taf @ (Lopect hush aund /ow/mfwzj
d. 79.8%
e. 100%

2. An air conditioning system operates using a reversed Carnot cycle to remove heat from the house at a rate of
32 kJ/s to maintain its temperature at a constant 20 °C. The temperature of the outdoor a1r is 35 °C. The

power required to operate the air conditioner is /
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3. Two Carnot heat engines are operating in series such that the heat sink for the first engine serves as the heat
source for the second. The source temperature of the first heat engine is 1300 K and the sink temperature of
the second heat engine is 300 K. The efficien c; of both heat engines is the same. The temperature of the

ate reservoir is 4/, — 2.
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4. Steam is condﬁ% constant temperature of 30 °C as it flows through the condenser of a power plant by
rejecting heat at a rate of 55 MW. The rate of entropy change of the steam through the condenser is

a. -1.83 MW/K _Q o
b. -0.18 MW/K =" — 55”“’\/ 0. /ﬁﬂfEL\/
c. 0.56 MW/K 702 /L

d. 0MW/K 4 ﬁ( /60MMW! {
e. 122 MW/K fal ,Lm/ﬂfﬁf #O/ﬁ’m’b '//%Mﬂr

m/&méle s = fr:% >¢

A5 = Qf




5. Helium gas is compressed adiabatically from 1 atm and 25 °C to 10 athl‘he lowest possible temperature of
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6. A unit mass of an ideal gas at temperature T undergoes a reversible isothermal process from pressure P, to
pressure P, while losing heat to the surroundings at temperature T, in the amount of q. If the gas constant for
the gas is R, the entropy change of the gas during the process is (note —In(2) = In(0.5))
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7. Liquid water flows into an adiabatic 21;;6 section at a temperature of 15 °C and flow rate of 8 kg/s. The

temperature of the water increases by 0.2 °C due to friction. The rate of entropy generation is
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8. For an ideal Rankine cycle, if the condenser pressure is lowered while the turbine inlet temperature and
pressure are the same, T
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e. The pump work input will decrease x. w = U (7, -7, )

9. An ideal Rankine cycle operates with boiler pressure = 3 MPa and condenser pressure = 10 kPa. The turbine
inlet temperature = 600 °C and the quality of the steam at the turbine outlet is 0.915. Neglecting the pump
work and assuming h; = h;, the cycle efficiency is h = 3 ég 2, & /<J/ k j
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10. A heat pump operates with an ideal vapor compression refrigeration cycle using ﬁ-134a. The condenser
pressure is 1.2 MPa and the evaporator pressure is 0.32 MPa. Refrigerant is saturated vapor at the
compressor inlet and saturated liquid at the condenser outlet. During isentropic compression, the enthalpy of
the R-134a increases by 27.5 kJ/kg. The coefficient of performance of the heat pump is
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Useful property information
Helium: R =2.0769 kl/kg-K, C, = 5.1926 kJ/kg-K, C, =3.1156 kJ/kg-K

Liquid water: C, = 4.184 kl/kg-K

Saturated Water/steam properties

P Tsat hy ] he, | h, St |
(kPa) 4] (kJ/kg) (kJ/kg-K)
10 45.81 191.81 2392.1 , 2583.9 0.6492 7.4996 8.1488
400 143.61 604.66 21334 - 2738.1 1.7765 5.1191 6.8955
1000 179.88 762.51 2014.6 2777.1 2.1381 4.4470 6.5850
Superheated steam properties
P (MPa) T (°C) h (kJ/kg) s (kJ/kg-K)
3 600 3682.8 7.5103
Saturated liquid/vapor Refrigerant (R-134a) properties
p Tsar hy I h, | h, S¢ l Sty l Sg
(kPa) C) (kJ/kg) (kJ/kg-K)
320 2.46 55.16 196.71 251.88 0.21637 0.71369 0.93006
1200 46.29 117.77 156.1 273.87 0.42441 0.48863 0.91303




