Thermodynamic Cycles and the Second Law
Absolute Temperature Scale
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power cycle refrigeration or heat pump cycle

From the First Law for the cycle,
AEsys,cycle =0= Qinto,cycle - Wby,cycle = Qinto,cycle + Won,cycle
power cycle: 0 = (QH,cycle - QC,cycle) - Wby,cycle == Wby,cycle = QH,cycle - Qc,cycle

refrigeration or heat pump cyC‘le: O = (QC‘cycle - QH cycle ) + Won,cycle = Won,cycle = QH cycle - QC,cyc]e

Power cycle thermal efficiency
n _ Wby,cycle _ QH,cycle_QC,cycle =1- QC,cycle

QH,cycle QH,cycle QH,cycle
From the Kelvin-Planck Statement of the Second Law: Qccycle # 0 =>

Refrigeration cycle coefficient of performance
COPrgf — QC,cycle — QC,cycle — 1
Won,cycle QH,cycle_QC,cycle QH,cyr:le/QC,cycle_1

Heat pump cycle coefficient of performance
COPrgf — QH,cycle — QH,cycle — 1
Won,cycle QH,cycle_QC,cycle 1_QC,cycle/QH,cycle
From the Clausius Statement of the Second Law: Woncycle # 0 =>

Second Law Corollaries

1. Tireversible < 7Jreversible (Same thermal reservoirs)

2. Tpeversible,l = Tlreversible,2 (same thermal reservoirs)

3. COPireversivle < COPreversivle (same thermal reservoirs)
4.  COPreversivle,l = COPreversivle2 (same thermal reservoirs)
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Kelvin-Plank Statement of the Second Law:
<0 internal irreversibilities are present

W, . . o single reservoir
bymetcycle | = (0 internal irreversibilities are not present (sing )



Absolute Temperature Scale
e Reversible cycle performance depends solely on the heat transfer from the thermal reservoirs since
all reversible cycle efficiencies are identical.
e The heat transfer from the reservoirs is driven by the reservoir temperatures.
e  Thus, the reversible cycle performance is solely a function of the reservoir temperatures,
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e The Kelvin absolute temperature scale is defined as one where the function is,
& _T
Qu rev,cycle Ty
and Ttriple pt of water = 273.16 K.




