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The behavior of gassesin the atmospher e (atmospheric thermodynamics)

Ther nodynamics is the study of the rel ationship between
mechani cal work and the internal energy of a gas (its
heat content)

The state variables
State: The condition of the system (or part of the
systen) at an instant of tinme neasured by its

properties.

The thernodynam c properties of a gas are specified by
the three state vari abl es:

1. Pressure p
2. Tenperature T
3. Density p

(or its inverse, specific volunme o)

Pressure

is force per unit area exerted by the nol ecul ar notions
of a gas.

Units: a) the unit of force in the MKS system (Sl) is
the Newton (N) = kg m s?
(F=ma, mass x accel eration)

A force of 1 Nwll cause an accel erati on of
1 ms?in a mass of 1 kg

b) the unit of pressure is Newtons per square
nmeter, which is called the Pascal (Pa).

1 Pa=1Nm? = kg m! s?
c) the common neteorol ogical unit of pressure is

the mllibar (1 bar/1000). The conversion to
Pa is as foll ows:

1 nb
So, 1000 nb

100 Pa
100 k Pa (kil opascals)

d) other units in commobn usage are inches or cm
of mercury (the height of a colum of nercury
in a baroneter)
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vacuum
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A “standard atnosphere” pressure is the globally
averaged MSL at nospheric pressure and is nunerically
equal to

standard at nosphere

1013. 25 b

1013.25 h Pa (hecto Pascal)

101. 325 k Pa

76.0 cm of Hg

29.92 inches of Hg

14.7 |1 b/sq inch
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Temperature T

The degree of hotness, which deternmines the direction
of heat transfer (hot to cold). It is related to the
internal energy of a body or nass of material.

(Units: °C, °F, K

Density p
is mass per unit volume (kg m?®)

a=1/p is volunme per unit mass (n? kg?)
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The gas laws and the equation of state

We need to know that happens to a gas when it is

subj ected to a change in pressure (air spirally in
towards a | ow pressure center, or being forced upwards
over a nountain range, or being lifted by the action of
t hermal convection). A relationship is needed between
the state variables. This is provided by the equation
of state which is derived fromtwo enpirically | aws:

1. Boyle’s law. at constant T
pr Vi = p2 Vo (for a fixed mass of gas)
where V is the vol une.

2. Charles’ law at constant pressure
Vi_Vo

(for a fixed nmass of gas)
LI P

as long as T is expressed in Kelvin
(K = °C + 273.15)

Conbi ng the gas | aws and taking a fixed mass of gas
fromone state to another. i.e.

P, Vi, T1 => p2, Vo, T2

We obtain the equation of state
PiVi _ P2Vo
T T
From Avogadro’ s hypot hesi s, gases containing the sane

nunber of nol ecul es occupy the sane vol unes at the sane
tenperature and pressure. Therefore,

pvV =nR’'T

where R is the universal gas constant (= 8314.3
J/ K/'krmol) and n the nunber of kilonoles of a gas.

n=—
M

m mass of the gas
M nol ecul ar wei ght (one kilonore of a gas) in kil ogranms
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oV = M R*T - mRT, where R=2—

M M
R (specific) gas constant for 1 kg of a gas
pV = mRT

Equation of state

p=pRT, wherep=—, or

po = RT, whereo =

ok <|3

o : specific volumeof thegas, volumeper unit mass

| sot hermal process:

T is constant, pressure increased density
i ncreases

| sobari c process:

p is constant, T increased density decreases

Dry air
For exanple, for dry air wwth a nol ecul ar wei ght of 29
R™  8314.3JK/kmol

"My 29kgkmol
Ry: gas constant for 1 kg of dry air

R, ~ 287 JK/kg

Wat er vapor

For water vapor with a nol ecul ar wei ght of 18

R 8314.3JK/kmol
M,  18kg/kmol
gas constant for 1 kg of water vapor

R, = ~ 416.5 JK/Kg

R .

e

Is the gas constant for moist air larger or smaller than for dry air?
(Larger!)
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