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Unit Nine Homework Solutions, November 9, 2010
1.
Oxygen gas is compressed in a piston-cylinder device from an initial state of 0.8 m3/kg and 25oC to a final state of 0.1 m3/kg and 287oC.  Determine the entropy change of the oxygen for this process; assume constant specific heats.
Assume that oxygen behaves as an ideal gas so that we can use the equation for the entropy change of an ideal gas with temperature and specific volumes as the independent variables as shown below.
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In this case, T1 = 25oC = 298.15 K, T2 = 287oC = 560.15 K, v1 = 0.8 m3/kg and v2 = 0.1 m3/kg.  For oxygen, R = 0.2598 kJ/kg∙K from Table A-1 on page 910 and cv = 0.686 kJ/kg∙K at the mean temperature of 429.15 K, from Table A-2(b) on page 912.  Substituting these numbers into the equation for constant heat capacity gives the desired result.
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s2 – s1 = -0.1076 kJ/kg∙K
2.
A 1.5 m3 insulated rigid tank contains 2.7 kg of carbon dioxide at 100 kPa.  Now paddle-wheel work is done on the system until the pressure in the tank rises to 150 kPa.  Determine the entropy change of the carbon dioxide during this process in kJ/K.  Assume constant specific heats.

If we assume that carbon dioxide behaves as an ideal gas, we can use the same equation that we used in the previous problem to find the change in specific entropy.
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Here the volume is constant, so the Rln(v2/v1) term is zero.  We do not have the temperatures, but we can find these in terms of other data using the ideal gas law.  For carbon dioxide, R = 0.1889 kJ/kg∙K from Table A-1 on page 910  Using this value for R, and the given values for the other data, gives the following values for the temperature, from the ideal gas law.
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We can interpolate in Table A-2(b) on page 962 to find cv = 0.7216 kJ/kg∙K at the mean temperature of 367.75 K.  We thus compute the specific entropy change as follows.
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We can now compute the entropy change in the desired units of kJ/K.
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 = 0.7899 kJ/K
Could we have used the equation for entropy change in terms of the pressure ratio since we are given the initial and final pressures?  The answer is yes, of course!  However we would then have to calculate an additional term in ln(P2/P1).  That calculation is shown below where we compute cp = cv + R = 0.7215 kJ/kg∙K + 0.1889 kJ/kg∙K = 0.9104 kJ/kg∙K.
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As expected, the results are the same.
3.
A piston-cylinder device contains 1.2 kg of nitrogen gas at 120 kPa and 27oC.  The gas is now compressed slowly in a polytropic process during which PV1.3 = constant.  The process ends when the volume is reduced by one-half.  Determine the entropy change of nitrogen during the process.
For PVn = constant, the end states are related as follows: P1V1n = P2V2n = constant.  We can combine this equation with the ideal gas equation, PV = mRT to obtain the following result.
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We can cancel the common factor of mR on both sides of the last equation.  When we do this, we see that the final temperature is related to the initial temperature by the equation T2 = T1(V1/V2)n-1.  In this problem, T1 = 27oC = 300.15 K, V2/V1 = ½, and n = 1.3.  This gives the final temperature as (300.15 K)(2)1.3-1 = 369.5 K.  If we assume a constant heat capacity we can use the value of cv at the average temperature of 334.8 K = 0.7437 kJ/kg∙K from Table A-2(b) on page 912; the value of R for nitrogen, from Table A-1 on page 910 is 0.2968 kJ/kg∙K.  Using the formula for ideal gas entropy change as a function of temperature and volume ratio with the data given here gives the specific entropy change.
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We now find the total entropy change
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 = –0.0617 kJ/K
4.
A mass of 15 lbm of helium undergoes a process from an initial state of 50 ft3/lbm and 80oF to a final state of 10 ft3/lbm and 200oF.  Determine the entropy change of the helium during this process, assuming (a) the process is reversible and (b) the process is irreversible.
Since entropy is property and we are asked to compute the change in entropy between two given states, the answers to parts (a) and (b) will be the same.  For the same change in state the change in entropy is the same.
For helium, the gas constant R = 0.4961 Btu/lbm∙R from Table A-1E on page 934.  Since helium is a monatomic gas, its heat capacity is constant over a wide temperature range.  Here we will use the value of cv = 0.753 Btu/lbm∙R from Table A-2E(a) on page 961.  We find the entropy change of an ideal gas, with constant heat capacities, using volume and temperature as independent variables as follows.
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Multiplying this by the mass gives the total entropy change.
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 = -9.71 kJ/K
5
Air is compressed in a piston cylinder device from 100 kPa and 17oC to 800 kPa in a reversible adiabatic process.  Determine the final temperature and the work done during this process assuming (a) constant specific heats and (b) variable specific heats for air 
Because a reversible adiabatic process is isentropic, we can find the final state from the equations for an isentropic process in an ideal gas.  If the specific heats are constant, the final temperature in an ideal-gas isentropic process is found from the equation T2 = T1(P2/P1)(k-1)/k.  For air, with an initial temperature of 17oC = 290.15 K, we can use the value of k = 1.400 at 300 K from Table A-2(a) on page 911.  This gives
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For an closed system, the first law gives W = Q – U = Q – m(u2 – u1).  For an adiabatic process Q = 0 and for an ideal gas with constant heat capacities, u = cvT so that the work is given by the following equation: W = m(u1 – u2) = mcv(T1 – T2).  At an average temperature of 407.9 K, we find that cv = 0.727 kJ/kg∙K from Table A-2(b) on page 912.  This gives the following result for the work.
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 = -171.1 kJ/kg
For variable heat capacity we use the following equation for an isentropic process in an ideal gas: P2/P1 = Pr(T2)/Pr(T1) where Pr(T) is found from the air tables.  From Table A-17 on page 958 we find that Pr(T1 = 290.15 K) = 1.2334 so that Pr(T2) = Pr(T1) P2/P1 = (1.2334)(800 kPa) / (100 kPa) = 9.8670.  We need to find the value of T for which Pr(T) = 9.8670; we find this by interpolating in the air tables between Pr(520 K) = 9.684 and Pr(530 K) = 10.37.
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A similar interpolation gives us the internal energy at this final temperature.
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Also, by interpolation we find that u1 = u(290.15 K) = 207.02.  Thus we find the specific work, w = W/m from the following equation.
w = u1 – u2 = 207.02 kJ/kg – 376.36 kJ/kg = –169.3 kJ/kg.

6.
Helium gas is compressed from 90 kPa and 30oC to 450 kPa in a reversible adiabatic process.  Determine the final temperature and the work done, assuming the process takes place (a) in a piston cylinder device and (b) in a steady-flow compressor.
Since helium is a monatomic gas, its heat capacity is constant over a wide temperature range.  Here we will use the values of cp = 5.1926 kJ/kg∙K, cv = 3.1156 kJ/kg∙K, and k = 1.667 from Table A-2(a) on page 911  For reversible, adiabatic compression the entropy is constant and the final temperature can be found from the following equation for ideal gases with constant heat capacity in an isentropic process: T2 = T1(P2/P1)(k-1)/k.
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If this process takes place in a closed system the first law, with Q = 0, gives W = –U = m(u1 – u2), so w = W/m = u1 – u2 = cv(T1 – T2) for an ideal gas with constant heat capacities.
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 = -853.4 kJ/kg
For an adiabatic steady-flow system with one inlet and one outlet and negligible changes in kinetic and potential energies, the work (per unit mass) is given by the following equation: w = hin – hout.  For an ideal gas with constant heat capacities, hin – hout = cp(Tin – Tout).  In this case we find the work as follows:
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