[bookmark: _GoBack]Solution of Q9.11
A refrigerator with tetrafluoroethane (Table 9.1 and Figure G.2) as refrigerant operates with an evaporation temperature of -15 oF and a condensation temperature of 80 oF. Saturated liquid refrigeratant from the condenser flows through an expansion valve into the evaporator (i.e., throttling), from which it emerges as saturated vapour.  The cooling rate is 5 Btu/S.
(a) Calculate the refrigerant circulation rate and coefficient of performance (COP);
(b) If the expansion valve is replaced by a reversible turbine in which the refrigerant expands isentropic ally, calculate refrigerant mass flowrate and the COP;
(c) If cycle (a) is modified by including a countercurrent heat exchange between the exit of the condenser and the entrance of the throttling valve, using the cold vapour from the evaporator to further cool the saturated liquid from the condenser to subcooled liquid and the vapour temperature from the heat exchange is 70 oF, calculate the mass flowrate of refrigerant and COP of the refrigerator.

Solution
a) This is a standard vapour-compression cycle: 
Process schematic:
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In the evaporator, T1 =T2 =Tevap. = - 15 oF; 
From Table 9.1, P1 = P2 =14.667 psia
Hl = 7.505 Btu/lbm; Hv = 100.799 Btu/lbm; Sl = 0.01733 Btu/lbm.R;  Sv = 0.22714 Btu/lbm.R 
Point 2 is 100% saturated vapour. Therefore, H2 = Hv = 100.799 Btu/lbm

In the condenser, T4 = Tcond. = 80 oF; P3 = P4 = 101.37 psia
Point 4 is 100% saturated liquid, therefore, H4 = Hl = 37.978 Btu/lbm; 
and S4 = Sl = 0.07892 Btu/lbm.R
Throttling from the expansion valve is isenthalpic, therefore, H1 = H4
QC = H2 – H1 = H2 – H4 = 100.799 - 37.978 = 62.821 Btu/lbm
Mass flowrate of refrigerant: =0.0796 lbm/S
For isentropic compression from Point 2 to Point 3: S3 = S2 = 0.227 Btu/lbm and P3 = 101.37 psia
From G.2, we have, H3 = 118.3 Btu/lbm
Work consumption by compressor: WC = H3 – H2 =  = 17.501
COP: =3.5896

b) The refrigeration cycle is modified by replacing the throttling valvewith a reversible turbine:
Process schematic:4
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Since the expansion through the reversible turbine (from Point 4 to Point 1) is isentropic, we have S1 =S4 = 0.07892 Btu/lbm.R
It is a mixture of saturated vapour and saturated liquid at evaporation temperature at Point 1, therefore,
=0.294
=34.892 Btu/lbm
QC = H2 – H1 = 100.799-34.892 = 65.907 Btu/lbm
Mass flowrate of refrigerant: =0.0759 lbm/S
Work consumed by compressor: WC = H3 – H2 = 118.3 - 100.799 = 17.501 Btu/lbm
Work produced by turbine: WT =H1 – H4 = 34.892 - 37.978 = -3.086 Btu/lbm
Net work effect: W = WC+WT = 17.501-3.086 = 14.415 Btu/lbm
= 4.572  (This is the COP that should be calculated)
If consider the work consumed by the compressor only, then,  =3.7659

c) This is modification of the standard vapour-compression cycle by including a counter current heat exchanger between the condenser and the throttling valve.
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Process schematic: 4a
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Energy balance on the heat exchanger at steady state assuming no heat exchange between the HE and its surroundings gives:
 
Be aware that the mass flowrate of refrigerant at any point of the cycle is constant, the above equation could be expanded to:  
H4a + H2a - H2 - H4 =0, and therefore,
 H4a = H2 – H2a + H4
Given that T2a = 70 oF and P2a = P2 = 14.667 psia, from Figure G.2 we have, 
H2a = 117.5 Btu/lbm
H4a = H2 – H2a + H4 = 100.799 -117.5 + 37.978 = 21.277 Btu/lbm
QC = H2 – H1 = 100.799-21.277 = 79.522 Btu/lbm
Refrigerant mass flowrate: =0.0629 lbm/S
For isentropic compression from Point 2a to Point 3, S3 = S2a = 0.262.
Recall that P3 = P4 =  101.37 psia, reading from Figure G.2, we have
H3 = 138 Btu/lbm; 
Work consumption by compressor: W = =138 – 117.5 = 20.5 Btu/lbm
COP of the cycle is: =3.8791
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