Physical Meteorology 1

Lecture 9
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+ Ideal Gas Law for Dry Air

p = pressure of dry air
a, = specific volume of dry air

R, = gas constant for dry air

ldeal Gas Law for Water Vapor

e = vapor pressure of water vapor
Q, = specific volume of water vapor
R, = gas constant for water vapor




Gas Constant of Water Vapor

8314 J K™ kmol ™
18 kg kmol ™

R, =461J K*kg™

Molecular Weight.(M,,)
Hydrogen = 1kg kmol!
Oxygen = 16 kg kmol!

Water = 18 kg kmol!



Describing Atmospheric Moisture

Water vapor Atmospheric water vapor

has been defined several

different ways.

Nitrogen

Oxygen\

These terms include
absolute humidity, specific
humidity, mixing ratio,
vapor pressure, and
relative humidity.

Air parcel
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There are numerous ways to quantify the amount of

water vapor in the air.

Vapour Presure (e): part of the atmospheric pressure
due to water vapor.

This is the fundamental way to measure the amount of vapor.



m Remember Dalton’s Law?

Jr

— Law of Partial Pressures

— Let’s look at the contribution of water

p=p1+P2+P3+....

Vapor Pressure (e)

[millibar {mb) = unit of pressure]

780 mb 210 mb 10 mb

Dalton’s Law: The total pressure is
the sum of the partial pressures.



Partial pressure that water vapor exerts
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Total Pressure Water Vapor Pressure

P =Po,*PN,*PH,0 €=PH,0
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Equilibrium

jL

m At Equilibrium

T.=1T

air — ~water
Rate of  _ Rate of
evaporation condensation

When air is saturated, evaporation and condensation are in
equilibrium.
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mixing ratio (v) — The ratio of the mass of water vapor to the

madss of dry air in a sample.

Usually expressed in g/kg, but most correct when unitless (i.e.

kg/kg). Typical range = 0-2S g/kg.
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Absolute Humidity

+

mass of water vapor/volume of air

gr/m’



Relative Humidity —— s <ash)
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Relative Humidity (RH) -Ratio of mixing ratio to its
saturation value. Expressed in percent.

Actual Amount

RH = :
Amount iIf Saturated

X 100 %

RH = %100% ~ = x100%

€

S

RH = 100% means air is saturated



Specific Humidity 0 S5 w5k

Specific humidity (q) — mass of water vapor per unit mass of

| moist air. similar to r, but slightly smaller values. ( g/ kg)
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R =R,(1+0.61r)

Virtual Temperature Sl sla
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Virtual Temperature

For moist air, the gas constant changes because water

vapv}*/s Jess dense than dry air. To simplify things, a virtual
temperature, T, can be defined to include the effects of

water vapor on density:

T, =T -(1+0.61-1)

where r is the water vapor mixing ratio (g water vapor /
kg dry air) and all femperatures are in K.

Moist air of temperature T behaves as dry air of
temperature T,



Interpretation: Virtual temperature is defined as
the temperature that perfectly dry air would need
have to have the same density as the air with

oisture.

Logically, as the moisture content of the air
increases, the virtual temperature increases since
an increase of moisture decreases density.

Moist air is less dense than dry air.

Therefore, air which is perfectly dry needs to have
a higher temperature in order to have the same
density as the less dense moist air.


http://www.theweatherprediction.com/habyhints/260/

You may ask the purpose in needing to know virtual temperature. It is
important since it makes meteorological equations MUCH less
complicated. If virtual temperature is used, the moisture in the air

can Ibe ignored.

*Two air parcels that have the same virtual femperature will also have
the same density. By using virtual temperature it can be inferred
immediately which parcel is less or more dense.

Example problem: What is the virtual temperature of air that is 50° F
and has a mixing ratio of 5g/kg?

Answer: First change mixing ratio of kg/kg.

5g/kg =0.005kg/kg

Second, convert temperature to Kelvins. 50° F = 10° € = 283.0 K
The mixing ratio is UNITLESS since kg/kg cancels.

Tv=283.0 K(1+(0.61x0.005))=283.9K
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T, ~T(1+0.61r)




