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Solution to Ninth Quiz –Entropy Changes in Ideal Gases

Use the attached air tables to analyze two systems for compressing 15 ft3/s of air (R = 0.06855 Btu/lbm·R) from an inlet state of 520 R and 14.6 psia to a final outlet pressure of 1500 psia.  In the first system, the work is done with a single compressor.  In the second system, shown in the diagram at the right, two compressors are used.  In this case, the outlet stream from first compressor, at a pressure P2 = 150 psia, enters a heat exchanger where the air cooled so that the inlet to the second compressor is at T3 = 560 R and P3 = 145 psia.  (a) Determine the minimum power required for each configuration if the compressors are adiabatic.  (b) What is the heat transfer in the heat exchanger?
For the minimum work in an adiabatic process, s = 0.  If we assume a steady state with negligible kinetic and potential energy changes the first law for adiabatic systems is 
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.  From the air tables we find hin= h(520 R) = 124.25 Btu/lbm.  We find the outlet enthalpy by using the air table relationship for an isentropic process: Pr(Tout) = Pr(Tin)Pout/Pin = 1.22146(1500 psia)/(14.6 psia) = 124.79.  We find find hout for this value of Pr by interpolating between 1840 R and 1860 R.
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We find the mass flow rate from the volume flow rate and Pv = RT.
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We can now find the power:
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Multiplying this by -1 to get the work input and dividing by 0.7068 Btu/hp·s gives the power input as  541.8 hp.
For the two-compressor system we find to the calculation two times.  For the first compressor, Pr(T2) = Pr(T1)P2/P1 = 1.22146(1500 psia)/(14.6 psia) = 12.479.  Here we find the enthalpy for this Pr value between 1000 R and 1020 R.
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For the second compressor, we find h3= h(560 R) = 133.85 Btu/lbm, and Pr(T3) = 1.5741.  This gives Pr(T4) = Pr(T3)P4/P3 = 1.5741(1500 psia)/(145 psia) = 16.284.  Interpolation between 1080 R and 1100 R gives the value of h4.
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The power is the sum of the power from both compressors.
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Multiplying this by -1 to get the work input and dividing by 0.7068 Btu/hp·s gives the power input as  393.8 hp.

The heat transfer to the air in the heat exchanger is given by the first law using the same assumptions as above.  There is no useful work in the heat exchanger.
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= –122.9 Btu/s.

The negative heat transfer indicates that heat is removed from the air; this is expected since the temperature of the air decreases.
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