Introduction to thermodynamics



Dry thermodynamics
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Dry thermodynamics

First law of thermodynamics using T and p as state variables
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Dry thermodynamics

Conserved quantities

1. Enthalpy, which is conserved under an adiabatic and isobaric

process.
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Enthalpy is similar to internal energy but accounts for work that a TD system
(air parcel) can do on its environment.



Dry thermodynamics

2. Static energy, which is conserved under an adiabatic process in
which pressure changes hydrostatically.
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Dry thermodynamics

3. Entropy, which is conserved under an adiabatic process.

For a reversible process
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Dry thermodynamics

This is the basis to derive a temperature variable, the potential
temperature, that is the temperature a parcel with T and p would have
If brought adiabatically to a reference pressure p,.
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First law, allows us to derive the dry adiabatic lapse rate.
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Static stability

Starting from an atmosphere in hydrostatic equilibrium
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Static stability

We are going to use the parcel method:

1. Parcel moves adiabatically (no mixing)

2. Pressure of parcel adjusts instantaneously to ambient pressure
3. Parcel does not disturb environment

4. Environment is in hydrostatic balance
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Static stability
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Static stability

We want to derive conditions in terms of temperature and density
profiles. We are going to do the following:

1. First order Taylor expansion of density around z =0

2. EXxpress density in terms of T and p (but pressure does not come
into play, because p of the parcel adjusts to p of the environment)
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Static stability




Specific humidity
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Moist thermodynamics
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Mixing ratio
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Moist thermodynamics



Moist thermodynamics

Equation of state for moist air ? ¢ R T
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Moist thermodynamics
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Virtual temperature is the temperature that dry air needs to be at to
have same density at the same pressure as moist air.



Moist thermodynamics

Saturation

Pressure exerted by vapor at saturation with its liquid phase is just a
function of temperature, through the Clausius-Clapeyron relation
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Useful approximation for typical atmospheric temperatures is
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Moist thermodynamics

Saturation specific humidity

P
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And we can define relative humidity as:



Moist thermodynamics
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Moist thermodynamics

What happens if we take an air parcel from the surface which is

subsaturated (but not too far from saturation) and we lift it up?
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As the parcel goes up, it gets closer and closer to saturation until it reaches its lifted condensation

level (LCL) where
1V = (15 (TLQ./ Pu-c.)

As the parcel is raised beyond its LCL, the excess water vapor will have to condense out and the
associated latent heat release will partially offset the adiabatic cooling. Hence the rate of T decrease
in a saturated ascent is smaller than the dry adiabatic one,



Moist conserved quantities

We now want to define moist quantities that are conserved in specific
transformations and are the moist analogue of conserved quantities in
dry thermodynamics. To do this we are going to modify the first law to
account for latent heat released or absorbed as water changes phase.
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Moist conserved quantities

1. Moist enthalpy, which is conserved under an adiabatic and
Isobaric process
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2. Moist static energy, which is conserved under an adiabatic
process in which pressure changes hydrostatically

_Sm-:../{v = CPT—\- %92«-&- qu\/

Notice how these variables are defined just as the dry counterparts,
but now latent heat due to water phase changes is considered another

energy form within the parcel that participates to energy
transformation.



Moist conserved quantities

3. Moist entropy, which is conserved under an adiabatic process

This leads to the definition of the equivalent potential temperature,
which is the temperature an air parcel would have if it were brought
adiabatically to a state where all the water is in the liquid phase, and
one can show that



Saturated lapse rate

As we did for the dry adiabatic lapse rate, we can define the lapse rate
following a saturated ascent. This is not just a constant and depends
on the total amount of water. By definition, moist static energy is
conserved in a moist adiabatic ascent:
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Saturated lapse rate

Two important points about the saturated lapse rate:
1. Itis not a constant but changes with height
2. Itis smaller than the dry adiabatic lapse rate
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Conditional instability

/N\ O\
2 N Lo L2 L,
1. 1e

T, AbsoLuts  INSAB\C)TY

;&A\ IE £ Eﬁ — ‘E-L

ABSLNE  DWDILITY

_
A Do« < A CNOITIOMC  INSIANCTTY



Finite-amplitude instability
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C-C scaling



