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Adiabatic processes

We can see a sinple relationship between changes in
pressure and tenperature for cases when dQ=0, i.e., no
heat is added or renoved fromthe system As it turns
out, nmany atnospheric processes approximte this
situation. Such a process called adiabatic — a system
under goes changes (in pressure, say) but no heat is
allowed to enter or | eave the system

Exanpl es of processes in the atnosphere that closely
approxi mat e bei ng adi abatic are:

e Orographic lifting
e Large scal e convection
e Large scale |ifting or subsidence

In which mxing or energy exchange with the
surroundi ngs occurs relatively slowy conpared with the
speed of the process itself. Can you suggest diabatic
processed in which dQ=0?

Poisson’s equation

For an adi abatic process, dQ@0 and the first |aw can be
witten

0 = GdT - adp

and, rearranging,

ot = 29
Cp
The variable o can be elimnated, using the equation
of state
RT
o=—
p
such t hat
ar - RL.dp
Co P
or
ar _Rdp
T Cyp
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and, on integration

INT-InT, :CE(Inp—Inpo)
p

[ j
| (o]

For dry air, R = 287 J/kg/K
and G, = 1004 J/kg/K

or

So,
R _B7 286
C, 1004
0.286
G ving T= To[ﬁj
Po

This is Poisson’ s equation defining how tenperature
changes for a change in pressure during an adiabatic
process.

Potential temperature, 0

We define the “potential temperature” of a parcel of air as the temperature that would be
achieved by bring the parcel dry adiabatically to a pressure of 1000 mb. If the initial
temperature and pressure of an air parcel were T and p, its potential temperature 0 is
obtained from Possion’ s equation such that

0.286
G:T(@j p isin the unit of mb
p

The adiabatic lapse rate

A lapse rate is a rate of decrease of tenperature with
hei ght (-dT/dz) either:

1) Cbserved by an instrunent nounted on a balloon (a
radi osonde) as it rises through the atnosphere, or

2) Experienced by a “parcel” of air as it physically
or hypothetically rises towards |evels of | ower
pressure.
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The adi abatic | apse rate is the |apse rate of a dry
parcel of air rising adiabatically through the

at nrosphere. Mre accurately we should call this the dry
adi abatic |lapse rate to distinguish it froma process

i n which condensation or evaporation of water droplets
is occurring (the noist or saturated adi abatic |apse
rate).

W can determ ne the nagnitude of the dry adiabatic
| apse rate by conbing the hydrostatic equation and the
first law of thernodynam cs for an adi abatic system

The hydrostatic equation ca be witten in terns of
ei ther density or specific volune:

dp__ _ 9
dz Pg= o

rearranging this: odp=-gdz

Now, one formof the first |law of thernodynanm cs for an
adi abatic process (dQ=0) is

0 = GdT - adp
So, if we substitute for odp, we obtain
0 = GdT - gdz
whi ch we can rearrange to becone

dr ¢

dz Cp

Now, g = 9.81 ms? and G = 1004 J kg* K!

t hus,

dT __98lo.,

—= =-9.8°C/km
dz 1004

If a “parcel” of air is |lifted in the atnosphere such
that it does not exchange energy nor mx wth its
surroundings, it will decrease in tenperature with
hei ght at the adi abatic | apse rate as cal cul at ed.

ry=-9T _98oc/km
dz
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This is an inportant reference | apse rate for
at nospheri c processes.

Thermodynamic diagrams

A di agram on which variations of the thernal state of a
system are shown is called a thernodynam c di agram

Since the equation of state relates the three state
vari ables, a systemis conpletely specified by any two
of the variables (if you know any tow, you can
calculate the third fromthe equation of state).

For exanple, in physics or engineering, a diagramto
study heat engines plots pressure agai nst volunme. On a
P-V plot, the work done in a cyclic process is
represented by the area encl osed by the curve.

I n at nospheric science, it is usual to construct

di agranms using the two neasured state vari abl es
(pressure and tenperature). Since pressure changes
(decreases) with height, it is plotted on the vertica
axis with | owest values at the top and hi ghest val ues
at the bottom Further, to retain the work-area
property it is necessary to plot the pressure on a

| ogarithm c scale. This is convenient because it nmakes
the vertical axis a nearly linear function of height.
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Process curves and sounding curves

Ther nodynam ¢ charts or diagrans are used to display
both process and soundi ng curves. The distinction is
i nportant.

A process curve is a line drawn to represent a specific
process such as adi abatic ascent or descent in the

at nosphere. This could be a hypothetical process that
we use for reference purpose, or it could be a process
that represents a real event in the atnosphere. Mny
at nospheri c processes are approxi mately adi abatic and
met eor ol ogi cal thernodynam c di agram al ways i ncl ude
adi abats (in the case dry adi abats) for reference

pur poses. The diagramincludes two dry adi abats (lines
AB and CD). Areal diagramw |l include many such
l'ines.

Suppose a parcel with initial tenperature 0 °C at the
1000 nmb level is caused to rise dry adiabatically. As

it rises to lower pressure it will cool at the rate
specified by the line AB. Simlarly, a parcel lifted
frompoint Cwill cool at the rate given by the dry
adi abat CD

The adi abats are defined by Poisson’s equati on,
relating pressure and tenperature for a dry adiabatic
process

p )02
T:TO[_j Tis in Kelvin
Po

It is convenient to |abel each of the dry adiabats on a
di agram according to the tenperature achi eved as each

| ine passes through the pressure |evel of 1000 nb
(points A & C on the diagram

Thus we define the “potential tenperature” of a parce
of air as the tenperature that woul d be achi eved by
bring the parcel dry adiabatically to a pressure of
1000 mb. If the initial tenperature and pressure of an
air parcel were T and p, its potential tenperature 6
is obtained from Possion’s equation such that

0.286
e=1(}999j pisinthe unit of nb
Y

Exanpl e:
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The US standard at nosphere (Appendix H of text) lists
the tenperature and pressure at a height of 5 kmto be
255.7 K (-17.5 °C and 540.5 b, respectively. The
potential tenperature of the air at this height is
conmputed from

0.286
e=255.7(@j =3049K (31.7 °C or 89.1 °F)
540.5

This is the tenperature that would be achieved if a
parcel of air from 5km were brought dry adi abatically
down to 1000 nb.

Notice that, along any single dry adi abat, the
potential tenperature does not change.

Soundi ngs are also plotted on thernodynam c di agr ans.
An exanple is the line EF on the diagram A sounding is
a plot of observational data collected usually with a
radi osonde, a ball oon borne package that measures
tenperature, pressure, and humdity and transnmits this
data back to the surface as it rises. Radar tracking of
t he bal |l oon al so provides informati on on wi nd speed and
direction at heights within the atnosphere. A

conpari son of soundi ngs and process curves reveals

i nformati on about atnospheric stability.

Skew T-log p diagrams

Skew T | og-p diagrans are used extensively in

met eorol ogy and the class will have the opportunity to
work with them during one fo our discussion groups. The
skew T-log p is a nodification of the earlier diagram
whi ch accommpdates the fact that tenperature decreases
wi th height through the troposphere. To nore
economcally use the diagram the isotherns are
“skewed” to the right with increasing height so that
soundi ngs and process curves are nore vertical (making
better use of the paper). Thus,
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