Latent heat quantities:

Requires transition of a certain quantity of matter
starting from phase i towards phase k with heat quantity Q ik

reverse from phase k into phase i

a heat quantity (i, .
toobtain O = Oy

At k-1 gets (latent) heat free again!

O . . .
Aik = T% - Sp@lelC melt- (Asolid,liquid) ,~VAPOr- (Aliquid,steam)

and heat of sublimation (Asolid,steam)) (Msolidsteam) © [hik] = J
solia,steam . | -

kg
constant addition of heat
. ice,water,steam

Because within a time region AT=0 -
the added heat quantity
Increases potential energy

evaporate
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t'=
melt




Vi(r)

break up of bonds

W

Vapor pressures (saturated
vapor): p, water

0 9. 610Pq,
P. water(20°) : 2337Paq

heat of evaporation comes out
of surroundings

Exp.:
Athylather (5.87 «10*Pa, T = 20°)

Example: Water:
Asolid fiquid = 3-3 * 10°, Mjiuidsteam = 2.3 « 10°

Equilibrium of phases at
Interfaces e.q:

liquid - steam , all the same
molecules come in and out.



Boil/Condensation - .. outer pressure > steam-
IVeN Ps 7 pubbles inside

If vapor pressure of liquid =outer pressure -> boil!

e.g. Geyser (changing pressure on piston)

changes of phases need seeds of
condensation / cristallisations

Therefore, one observes by
missing of those:

delay of condensation and boill

If ps <  Outer vapor pressure :
Condensation

e.g..
Air humidity




_pa _ W
"{ﬂmf— P _ PE’ with ¢, absolute humidity(g/m3

@s = Saturated humidity(g/m?3)

One has an air humidity of 40% , if the partial pressure reaches

Py = 0.4+« Ps(H,0)

Prei = 1 : Dewpoint! | st poop

Joule-Thomson-Effect
and liquifaction of gases
Considered are adiabatic,

throttelt decompression

of gases:

Drop in pressure via e.g. cotton wool



Adiabatic expansion via
[ Throttling valve (here wool)

Beginning: Gas V1, V2 = 0

vessel walls athermanous

AQ =0

Final: Gas completely in [/,

4
Drop in pressure via e.g. cotton wool

1. Fundamental law [AU= =P*Vo+P *V/,
Or (ideal gas): or
On the left of the picture added
bIEH Us = Uy = =Py « Vo + P + V] <

displacement work
Uy +P V) =U,+FPy«Vy, = H Enthalp.
P,V =Py 1 1 1 2 2 2 Py

ldealgas: U=c¢p -T,PV=R.-T =

U =U,&E3T1 =T
1 2 ! 2 H:(CV+R).T=CP'T:>CITT=O



:>U1>*U2:>T2-<T1

_ @2 .  Aiterthrottling work against
e van der Waals - forces

pP = YRT larger compared to
V=b ideal gas:

Equal number of particles N — Pi eV > PyelVy = Uy < U,y
pressure of real gases

or Ty > 717

Calculation :Van der Waals-equation
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Inversion temperature:
' <7y cooling

Ty = 22 eg. for
f bR J 7T : heating




Examples:

Temperature of inversion

CO,

N,

O,

He

H,

2050K

850K

1040K

35K

35K

Observations: air out of a tire with quick release >

Valve cools, would the tire be filled with helium,

the valve would grow warm !




