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Equations for the state changes of ideal gases

W Q AU AH AS
Isobaric ~nRAT | nCppAT | nCp AT | nCpy pAT | nCpy plnit2
’ ’ ’ ’ 1
Isochor 0 NCrnwAT | NCmwAT | nCrn pAT | nCyp plng?
Isothermal | nRTInE2 | —nRTInk2 0 0 —nRInk2
P1 Pi P1
Ad. rev. nC o AT 0 NCp v AT | nCpy AT 0

Isothermal: p1/ps = Vo /W4

|sochor: pl/pg = Tl/TQ

Isobaric: V1 /Vo =T /T5

Cmap o

Cw=R

Adiabatic reversible:

Ty /To = (Vo /Vp)ot

p1/p2 = (Vo/V1)"

Ty /T = (p2/p1) =

R = ~==—"
Cm,v

11—~k




Thermodynamic cycle

We perform a cycle process with 160 g of O, (ideal gas)

e From 20 °C and 0,1 MPa we compress it to 2 MPa in an
adiabatic reversible process

e Then we heat it to 500 °C in an isochor process
e Then we expand it to 0,1 MPa in an isothermal process

e Finally we cool it to 20 °C in an isobaric process
What are W, @), AU, AH, and AS

e in the four subprocesses?

e in the overall process?

(k =1,4)




Thermodynamic cycle

1. Ad. rev. 1 — 2
W1 = nC’m,U(TQ — Tl)
Q1=0J

AU, = Wy
AHl = nC’m,p(Tg — Tl)
AS, =0 J/K

3. Isothermal 3 — 4
Ws = nRT5In(ps/p3)

Q3 = —Ws
AU; =0 J
AH;=0J

ASs = —nRIn(ps/ps3)

2. Isochor 2 — 3
Wy=0J

Q2 =nC, (T3 —T5)
AU; = Q2

AH, =nC,, (15 — 1)
ASy = nCh, yIn(Ts/Ts)

Isobaric 4 — 1

Wy =—nR(Ty — Ty)
Qs =nC,, ,(T1 — Ty)
AUy =Wy + Qq

AHy = Qq4

ASy = nC,, pin(T1/Ty)




Thermodynamic cycle

n, Cm,p1 Cm,vv T21 P3 ?

__ _160g __
N = 35, ol = 5 mol

Cm,p — 174 Cm,v
_ _ 5 7

— 0,4 Cm,fu =R — Cm,’u — §R , Cm,p = §R

1-1,

Ad. rev.: To =293 K (J%F2) ™ =690 K

-
N

Isochor: p3 =2 -10%Pa (ggg i

N——

= 2,24 -10%Pa



Thermodynamic cycle

1. Ad. rev. 1 — 2

Wi =nC,, ,(Th —T1) =41, 3kJ
Q1=0J

AU, =W,

AH, =nC,, (15 —Ty) = 57,82k J
AS;=0J/K

3. Isothermal 3 — 4

W3 = nRT5in(ps/ps) = —99,9kJ
Q3 = —Ws

AUz =0J

AH;=0J

AS3 = —nRIn(ps/p3)

= 129,2J/K

SSW = —34,8kJ, S Q = 34, 8kJ

Sum of the functions of state is 0!

2. Isochor 2 — 3

Wo=0J

Q2 =nCy, (T5 — 1) = 8,6kJ
AUz = Q2

AH, =nC,, ,(T5 —Tv) = 12,0kJ
ASy = nC,, ,In(Ts/Ty) = 11,8 /K

4. |sobaric 4 — 1

Wy=—nR(Ty —Ty) =19,9kJ
Qs =nC,, ,(T1 —Ty) = —69,8kJ
AUs = W4+ Qu

AHy = Q4

ASy = nC,, pln(T/Ty)
=—141,1J/K




Different routes

We have 1 mol of argon (ideal gas) that is 25 °C and 10° Pa.
We heat and compress it to 100 °C and 5 - 10° Pa.
Cm.p=5/2R and C), , = 3/2R.

What is the total W, O, AU, and AH if

a)
e \We first heat it to 100 °C on constant volume

e Then increase the pressure to 5 - 10° Pa on constant
temperature?




Different routes

1. Isochor 1 — 2
Wi=0J

Q1 =nCpy (T — T1)
AUy = 1

AHl = nC’m,p(TQ — Tl)
ASl = nC’m,Uln(Tg/Tl)

2. Isothermal 2 — 3
W2 = nRTgln(pg/pg)

Q2 = —Ws
AUs =0 J
AHy=0J

ASQ — —ann(pg/pg)

Only py is unknown

Isochor 1 — 2

p2 = 10°Pa (35255)
= 1,25-10°Pa
SSW =4294 J

S Q = —3359 J
SSCAU =935 J
SSAH = 1559 J

SSAS = -8,71 J/K




Different routes

We have 1 mol of argon (ideal gas) that is 25 °C and 10° Pa.
We heat and compress it to 100 °C and 5 - 10° Pa.
Cm.p=5/2R and C), , = 3/2R.

What is the total W, O, AU, and AH if

b)

e We first heat it to 100 °C on constant pressure

e Then increase the pressure to 5 - 10° Pa on constant
temperature?




Different routes

1. Isobaric 1 — 2
Wl — —TLR(TQ — Tl)
Ql — nCm,p(TQ — Tl)

AU, =W +Qy Every variable is known
AH; = @1 YW =4367 J

AS1 = nCy, pln(T2/Th) S Q= 3432 J

2. Isothermal 2 — 3 > AU =935 J

Wy = nRI5In(ps/p2) > AH =1559 J

Q2 = =Wy SSAS = 8,71 J/K
AU; =0 J

AHy,=0J

ASQ = —ann(pg/pg)




Different routes

We have 1 m? argon (ideal gas) with 298 K temperature and
10° Pa pressure.

We compress it in an adiabatic reversible process, then expand
It to its original volume in an isothermal process.

lts pressure becomes 2 - 10° Pa.
Conp = 5/2R, Conv = 3/2R

What is the total change in entropy?
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Different routes

In sum, it is an isochor process
AS = nCm,UZn(Tg/Tl)
n = % — 40, 36 mol

Ty =273 = 596 K
AS = 348,88 J/K
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More argon

We have 1 m? argon (ideal gas) with 298 K temperature and
10% Pa pressure.

We expand it in an adiabatic reversible process to 2 m?.
Cmp=5/2R, Cp = 3/2R

What is the new T and p ?

What is the W, AU, and AH ?

12



More argon

T, = 298 K (1 mg) — 188 K

]

)3 — 3,15-10%Pa

P2 = ].OGPCL (1 m

2 m3

n = A0CPa _ 403 62 mol

R 298K
W = nCpy, AT = —554 kJ
AU = W

AH = nCp, AT = —923 kJ
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