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	1. 
Determine the coefficient of performance of the R-134a refrigeration cycle shown at the left for the following data:

                        Tevaporator = 0oF

                        Tcondenser = 120oF

Work the problem for (a) an ideal refrigeration cycle and (b) a cycle in which the compressor has an isentropic efficiency of 75%.  (c) What power input is required to produce 5 tons of refrigeration for each case?  (One ton = 200 Btu/minute.)


For the ideal refrigeration cycle we can find the following enthalpy values from table A-11E to A-13E on pages 976 to 979:


h1 = hg(Tevap = 0oF) = 103.08 Btu/lbm

s1 = sg(Tevap = 0oF) = 0.22539 Btu/lbm∙R

h2 = h(P2 = Psat(Tcond), s2 = s1) = h(p2 = 185.96 psia, s2 = 0.22539 Btu/lbm∙R).  This requires a double interpolation.  First we find the values of at s2  0.22539 Btu/lbm∙R, and the two table pressures that border the value of P2 = 185.96 psia.  These are 180 psia and 200 psia.  The interpolated table values for enthalpy at these points are:
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The interpolated enthalpy at the pressure, P2 = 185.96 psia is found as follows.
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For the throttling valve, h4 = h3 and for the ideal cycle h3 = hf(Tcond = 120oF) = 52.346 Btu/lbm
We then find the coefficient of performance from the enthalpy values as follows:
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cop = 2.60
If the compressor has an isentropic efficiency of 75%, the actual work in the equation for the cop will simply be the ideal work be divided by 75%.  This will not affect the other enthalpy values h1 and h4, used to compute |qL|; so, the coefficient of performance, which is inversely proportional to the compressor work, can be found in the second case by multiplying the ideal cop by isentropic efficiency.  This gives cop = 0.75(2.60) = 1.95.

From the basic equation for the coefficient of performance, we can find the work requirement for a given refrigeration load from the equation, 
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.  To produce 5 tons = 1000 Btu/min of refrigeration will require 1000/2.97 = 338.2 Btu/ min in the ideal case and 1000/1.948 = 513.3 Btu/min when the compressor has an isentropic efficiency of 75%.  Using the conversion factor that 1 hp = 42.41 Btu/min, we find that the power input is 7.97 hp in the ideal case and 12.10 hp in the 75%-isentropic-efficiency case.

2.
Determine the efficiency of an air-standard Brayton cycle with a pressure ratio of 5:1 for each of the following cases.  The inlet pressure and temperature are 300 K and 100 kPa, respectively.  The heat addition is 1200 kJ/kg.
(a)
Isentropic work with constant heat capacities

(b)
Isentropic work with variable heat capacities

(c)
Isentropic efficiencies of 75% for the compressor and 80% for the turbine with constant heat capacities

(d)
Isentropic efficiencies of 75% for the compressor and 80% for the turbine with variable heat capacities

For isentropic work with constant heat capacities, the efficiency is simply given in terms of the pressure ratio, rp, by equation 9-17 on page 508 of the text.
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For variable heat capacities we have to use the air tables (Table A-17, pp. 934-935).  At the initial point, h1 = h(300 K) = 300.19 kJ/kg.  For the isentropic expansion in the compressor, we find the final temperature from the air table relation P2/P2 = Pr(T2)/Pr(T1).  Solving for Pr(T2) = Pr(T1 = 300 K)(P2/P1) = 1.3860(5) = 6.9300.  Interpolating in the air tables between 470 K and 480 K gives h2 = 475.90 kJ/kg.

The heat addition step is computed as q = h3 – h2 or h3 = h2 + q = 475.90 kJ/kg + 1200 kJ/kg = 1675.90 kJ/kg.  This is seen to be between 1520 and 1540 K.  We have to interpolate to find the value of Pr(T3) to compute the isentropic turbine expansion.  This interpolation gives Pr(T3) = 659.93.  With this value we find Pr(T4) = Pr(T3)(P4/P3) = 664.30(0.2) = 131.99.  This is between 1020 and 1040 K.  Interpolation between the two values of Pr at these temperatures gives h4 = 1088.80 kJ/kg.  Thus we can find the cycle efficiency as follows.
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 = 34.3%.
For isentropic efficiencies with constant heat capacity, we compute the ideal compressor outlet temperature as follows.
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Using the heat capacity of air at 300 K, cp = 1.005 kJ/kg∙K gives the isentropic compressor work as ws = h1 – h2,s = cp(T1 – T2,s) = (1.005 kJ/kg∙K)(300 K – 475.15 K) = -176.02 kJ/kg.  Since this is a work input device, the actual work, w = ws/s = (-176.02 kJ/kg) / (75%) = -234.70 kJ/kg.  We then compute the corresponding value of T2 from the equation that w = h1 – h2 = cp(T1 – T2) so that T2 = T1 – w/cp = 300 K - 
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Next we compute the temperature at the end of the heat addition process.  Here we use the heat capacity of air at 600 K, cp = 1.051 kJ/kg∙K to compute the value of T3 from the first law equation for the heat addition process: qH = h3 – h2 = cp(T3 – T2 ).  Solving this equation for T3 gives the following result: T3 = T2 + qH/cp = 533.53 K + 
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The next step is the computation of the turbine work.  This proceeds in the same manner as the computation of the compressor work.  Here we use the properties of air at a temperature of 1000 K, the highest temperature available in Table A-2(b).  First we compute the isentropic end state:


[image: image11.wmf](

)

K

K

P

P

T

T

k

k

s

4

.

1118

5

1

4

.

1676

336

.

1

1

336

.

1

1

4

3

3

,

4

=

÷

ø

ö

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

-

-


The isentropic compressor work is then found as ws = cp (T3 – T4,s) = (1.142 kJ/kg∙K)(1676.4 K – 1118.4 K) = 637.25 kJ/kg.  Since this is a work output device, we multiply the isentropic work by the isentropic efficiency to get the actual work, w = (80%)(637.25 kJ/kg) = 509.80 kJ/kg.  We now have all the information required to compute the cycle efficiency.
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 = 22.9%.

For the final case of isentropic efficiencies with variable heat capacities, we can use the compressor results from case two as the isentropic compressor work.  This gives ws = h1 – h2,s = 300.19 kJ/kg – 475.90 kJ/kg = -175.71 kJ/kg.  The actual compressor work, wcomp = ws/s = (‑175.71 kJ/kg)/.75 = -234.285 kJ/kg and the actual exit enthalpy, h2 = h1 – wcomp = 300.19 kJ/kg – (‑234.285 kJ/kg) = 534.47 kJ/kg.

The first law for the heat addition step, qh = h3 – h2, gives h3 = h2 + qh = 534.47 kJ/kg + 1200 kJ/kg = 1734.47 kJ/kg.  This enthalpy, which lies between 1580 K and 1600 K in the air tables can be used to find the value of Pr at the turbine inlet.  Interpolation in the tables gives Pr(T3) = 752.20.  We use this value to find the isentropic outlet state for the turbine: Pr(T4) = Pr(T3)(P4/P3) = (752.20)(0.2) = 150.44.  This value of Pr is found in the tables between 1060 K and 1080 K; interpolation gives the enthalpy value at this ideal outlet state as h4,s = 1128.19.  Thus the isentropic turbine work, ws = h3 – h4,s = 1738.37 kJ/kg – 1128.19 kJ/kg = 606.28 kJ/kg and the actual work is 80% of this amount or wturb = 485.02 kJ/kg.  We now have all the information required to find the efficiency.
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 = 20.9%.

We see that consideration of variable heat capacities lowers the computed efficiency by about two percentage points for both the constant and variable heat capacities.  However, the consideration of turbine and compressor efficiencies reduces the efficiency by about 12 to 14 percentage points.
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