
Special state changes with perfect gases (without consideration of kinetic and potential energies)

Ideal gas v = constant: Isochoric state change p = constant: Isobaric state change T = constant: Isothermal state change
Therm. state equation

p V = nRT

R = 8.314 J/mol K

p V = mRi T

Ri =
R

Mi

p v = Ri T, ω =
p

Ri T

Ri = cp → cv , ε =
cp
cv

cv =
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εRi

ε→ 1
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T = const.: p1 v1 = p2 v2 = p v = const.

wv 12 rev = →p1 v1 ln
v2
v1

= p1 v1 ln
p2
p1

= Ri T ln
p2
p1

wp 12 rev = wv 12 rev

1st LT closed system
q12 + w12 = u2 → u1

Rev. volume change work:

wv 12 rev = →
2∫

1

p dv

wv 12 = wv 12 rev + j12

Overall work:

w12 = wv 12 + wW 12 + wel 12

q12 + w12 = u2 → u1

Rev. SC:

w12 = wv 12 rev = 0 (dv = 0)

q12 rev = u2 → u1 = cv (T2 → T1)

q12 + w12 = u2 → u1

Rev. SC:

w12 = wv 12 rev = →p (v2 → v1)

q12 rev = u2 → u1 + p (v2 → v1) = h2 → h1
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1st LT open system

q12 + wt 12 = h2 → h1

Rev. pressure change work:
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v dp

Technical work:
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2nd LT / entropy

ds =
dq + dj

T

ds =
du+ p dv

T
=

dh→ v dp

T

ds =
du

T
=

cv dT

T
↑ s2 → s1 = cv ln

T2

T1
ds =

dh

T
=

cp dT

T
↑ s2 → s1 = cp ln

T2

T1
ds =

p dv

T
=

Ri dv

v
↑ s2 → s1 = Ri ln

v2
v1

ds = →
v dp

T
= →

Ri dp

p
↑ s2 → s1 = →Ri ln

p2
p1

25] [J/kg]



Ideal gas s = constant: Isentropic state change n = constant: Polytropic state change
Therm. state change

p V = nRT

R = 8.314 J/mol K

p V = mRi T

Ri =
R

Mi

p v = Ri T, ω =
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Ri = cp → cv , ε =
cp
cv

cv =
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1st LT closed system

q12 + w12 = u2 → u1

Rev. volume change work:

wv 12 rev = →
2∫

1

p dv

wv 12 = wv 12 rev + j12

Overall work:

w12 = wv 12 + wW 12 + wel 12

q12 + w12 = u2 → u1

Isentropic means adiabatic (q12 = 0) and reversible (j12 = 0):

w12 = wv12 rev = u2 → u1 = cv (T2 → T1)
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1st LT open system

q12 + wt 12 = h2 → h1

Rev. pressure change work:
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Technical work:
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2nd LT / entropy
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