Chemistry 312: Carnot Cycle for Ideal Gas
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Figure 2. Carnot cycle, plotted as P vsV, for one mole of an ideal gas. The high
temperature reservoir is assumed to be at 400K and the lower reservoir at 300K. The
starting point (A) isat apressure of 1.5 bar. Theline AB isan isothermal expansion at
400K to apressure of 1 bar at point B. Theline BC isareversible adiabatic expansion
taking the system to T= 300K ; CD isan isotherma compression at 300K; DA isa
reversible adiabatic compression.

In the following, the quantities that must be specified to determine the cycle
are shown in bold type the first time they appear. Intheideal gas equation
of state, the appropriate value for R is.083145 if the volume is expressed

in dm3 and the pressure in bars.

|. Isothermal expansion from A to B:

Ta=T1= 400 K; Pa=1.5 bar;
Va= RT/P=.083145 x 400/1.5 = 22.172 dm3

Reversible isothermal expansion to new pressure
Pg=1.0 bar; Vg=33.258dm3; Tg=T1
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dUap= dgap + dwag = 0 (U for ideal gas dependsonly on T)
dwag = -PdV = - RT1dV/V

Wag =- RT1In(VB/Va) =-1348.5J=-0aB

DUag= DHaB=0

DSag=0gaB/T = RIn(Ve/Va) =3.371 JK-1

Il. Reversible adiabatic expansion from B to C:

To=300K;Cy=3/2R

Vc=Vg (T2/T1) &/R=51.204 dm3; Pc = 0.48714 bar
DUBc=Cv (T2 - T1) =-1247.2 )

DHgc=Cp (T2 - T1) = -2078.6 J

gec=0; wpc = DUpc=-1247.2J

DBC=0

[11. Reversible isothermal compression from C to D:

Need to calculate Vp so that it lies on the same reversible adiabat
asA: Vp=Va (T2/T1) &/R=34.136 dm3; Pp = .7307 bar
dUcp= dgcp + dwep = 0

dwcp = -PdV = - RT2dV/V

Wcp = - RT2In(Vp/Ve) =1011.4 J= -qcp

DUcp= DHcp=0

DScp=qcp/T = R In(Vp/Vc) =-3.371 JK-1

V. Reversible adiabatic compression from D to A:

DUpa=Cv (T1- Tp) =1247.2J
DHpa=Cp (T1 - T2) =2078.6 J
dpA = 0; wpa = DUpa =1247.2 ]
DDA =0
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Summary:

PATH q w DU DH DS
AB 1348.5 J -1348.5 J (0] (0] 3.371 J/K
BC (0] -1247.2 J| -1247.2 J -2078.6 J (0]
CD -1011.4 J 1011.4 J (0] (0] -3.371 J/K
DA (0] 1247.2 J 1247.2 J 2078.6 J (0]
TOTAL 337.1J -337.1 J (0] (0] (0]
Efficiency: h =_w/gag = 337.1/1348.5 = 0.25
1- T1/T2 = 1- 300/400 = 0.25
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