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Thermodynamics

* |deal gases

* Boyle-Mariotte : pV =const if T =const

» Gay-Lussac: TE:const if V= const

* Ideal gas law : pV =nRT

Units

Pressure p (Pa = N/m?)
Volume V (m?)
Temperature T (°K)
Temperaure t (°C)

and ¥: const 1f P = const

PV _ BV,

» For a constant mass of gas: T =

» Mixing of gases (Dalton) : p=> p,

« Adiabatic compression / expansion :

T2

Y — Y
p1V1 — pzvz

Yair =1.4




Vapour pressure and condensation
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Vapour pressure and condensation
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Saturated vapour pressure and condensation
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Saturated vapour pressure and condensation

g VPRV,
T1 T2
t h n
v v (2) m = pr1 = p2V2
°C mm Hg bar
V T
ol 46 |o000608| Vl _P Tl _p
10 9.2 0.0123 » Pl P
20 | 176 | 0.0234
30 | 319 | 00424
40 | 554 | 0.0738
50 | 92.7 0.123 m
20
30

273.15
283.15
303.15
313.15

273,15

1,013

0.00608
0.0123
0.0234
0.0424

4.826
9.417
17.304
30.320
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Saturated vapour pressure and condensation

t h, p
°C mm Hg g/m?3
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Saturated vapour pressure and condensation

h, (mm Hg)
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Saturated vapour pressure and condensation

h, (mm Hg)
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Saturated vapour pressure and condensation
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Saturated vapour pressure and condensation

t hy p
°C mm Hg g/m?
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Condensation

- Temperature decrease

* Mixing

* Expansion

A p
WATER
VAPOUR
,ﬁf
Ap
WATER
VAPOUR
),f
Ap
WATER
VAPOUR
> !

WATER

VAPOUR

t
—1T >



Evolution of temperature with rising altitude

Assumption
(1) P Vi _ PV, dry air
T, T,
(2) V' =p,V, Yair = 1,4
1 L
o Lopvop(a] (e]"
T, p,V, P\ P, o b L | ¥ o
-l  Attitude (m) | p(bar) | t(Q)

@ 27315+t =(273.15+1,)| 2 | 0 1.013 20

Py 4000 0.613 -19

Thermal gradient ~-10°C / km
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Vertical distribution of temperature

* Temperature profile in the troposphere

https://www.skepticalscience.com/print.php?r=136 -



Vertical distribution of temperature
* Thermal inversion
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Weather, pressures and winds

* Geostrophic model  zgrayss cran

alid 0000 UTC Sun 06 SEP 2020

Met Office




Weather, pressures and winds

* Geostrophic model

lﬁp:F_d_V
P dt

Coriolis Pressure
acceleration gradient

Velocity
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Weather, pressures and
winds
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Weather, pressures and
winds
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Weather, pressures and
winds

Polar high pressures
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Occluded front




A.B.C. Whipple (1983)
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Formation of precipitation
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Types of precipitation

* Orographic

condensing water vapour

precipitation

moist, rising air




Types of precipitation

* Convectional

- 5 km T, - 500 km >
Convection Convergence of air

& 2007 Thomson Higher Education
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Types of precipitation

* Frontal

6 to 8 km _.l
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