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ABSTRACT

Despite important scientific advances on the kndgdeof weather phenomena, research on
cyclones, hurricanes and thunderstorms continuésnsgively to determine physical laws that
govern their thermodynamics and dynamics. Giverfabethat saturated water vapor is known
as the birthplace of meteorological events suchclasids and electrical or thermodynamic
processes related, we want to make a contributmnatbetter understanding of tropical
depressions by revealing the impacts of thermaelgsbperties of this birthplace on major
tropical disturbances kinematics. Our results aeséd on Clausius-Clapeyrons’ formulas which
show precisely that, unlike dry water vapor thahdase assimilated to the ideal gas at all
circumstances, saturated water vapor has, in an arcel at the same time very cold
(temperatures below 0.0098° C) and rich in moistwapor pressure above 6.11 mb),
thermoelastic properties diametrically opposedhose of ideal gas (including dry water vapor).
Vertical profiles of temperature and water vaportive troposphere leads to localization of the
air parcel in which the ideal gas assumption shdagdbanned, hence the appropriate kinematics
of cyclones and hurricanes.

Key words: Saturated water vapor, thermoelastic propertiesenkatics of cyclones and
hurricanes.

INTRODUCTION

Regardless of the manner in which the Tropical e&gions are considered, these atmospheric
events with high destructive power leave no onefferént [1-11]. This is one of the reasons;
enormous sums of money are committed to acquiresaits of information on climate
phenomena, such as cyclones, hurricanes and tratodes. Over the years, these efforts and
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considerable financial support from the Governmefitsiany countries around the world have
set up databases that store:

* Routine meteorological measurements (pressure,éenpe of dry and wet thermometers,
relative humidity, amount of precipitation, evapera, sunshine duration, wind, etc..) collected
at weather stations (Main or secondary) from d#fér countries, members of World
Meteorological Organization (WMO).

* Very precise measurements of basic meteorologieahrpeters (pressure, temperature,
humidity, solar radiation and wind), performed dgrinternational "campaigns”, “Programs” or
“Projects” (WAMEX 1979, COPT 1981, AMMA, GEOSS, SEO, TACE, etc.) on
micrometeorological observations, appropriatelyaoiged to track tropical depressions.

* Maps constructed with the images or informationvjted by cameras installed on satellites
and on vehicles (boats, planes or cars) arrangataw to better approach and observe tropical
depressions during all phases characterizing éxestence (birth, maturity and decline).

» This effort has led to important scientific advasiom the knowledge of tropical depressions.
Knowledge store inside an extensive literature tevao the major tropical disturbances.
However, research on tropical depressions contimtessively to determine the physical laws
that govern:

* Turbulent and violent winds that trigger the Cywds;

» Updrafts constantly present in thunderclouds, wtiike assumption of ideal gas, used by all
weather models (without exception), only allows pinesence of cold downdrafts;

* Spread from East to West (both in the northern bph@re than in the southern hemisphere)
of tropical cyclones, while gaining in intensityycathe change of trajectory (spread from west to
east) that occurs when intensity decreases or wiharing away toward the poles (North or
South);

» The appearance of electric charges and fieldsundérclouds;

» Increased cyclone activity as they pass over tleamavith a surface temperature (Ts) greater
than 25 ° C.

Namely five of the many concerns of meteorologistdshe major tropical disturbances.

In this work, we want to make a contribution toettér understanding of tropical depressions.
We obtain these results having seen happily thatrapical regions, saturated water vapor
occupies the middle and top of the tropospheredeerthan 90% (remember here that saturated
water vapor is known as the birthplace, home or tedveather events such as clouds and
(electrical or thermodynamic) processes relatedmRihat moment, it was necessary to resort the
thermodynamic properties of saturated water vapwr uhderstand tropical depressions
thermodynamics and dynamics. The Clausius-Clapéyfonmulas show precisely that, unlike
the dry water vapor that can be assimilated tadbel gas at all times, saturated water vapor at
low temperatures (temperatures below 0.0098 ° Cthén presence of high humidity (vapor
pressure above 6.11 mb ) of air, has thermoelastiperties diametrically opposed to those of
ideal gases (including dry water vapor). Once aereid all this valuable information on
thermoelastic properties of saturated water vap@r,end up with a major revelation about
tropical meteorology:

Winds generated by tropical disturbances such as clones or hurricanes, are composed of
vertical currents (triggered by passive convectionland horizontal geostrophic currents
(triggered by the deep groove of low pressure thajenerates tropical depression, and whose
center is materialized by "eye" of the disturbance)
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2- Changes in volume of the moist air particle depwling on the temperature

Atmospheric dynamics uses a very precise concgparicle of air [12-13]. Namely:

(a) Few exchanges on molecular scale: one can followeaetity of air which preserves certain
properties.

(b) Quasi-static equilibrium: there is at any momemaiyic balance, the particle has the same
pressure as its environment (RzP

(c) No thermal balance: the heat transfers by conduce very slow and are neglected. One
can have F Tex

(d) The size of the particle can go from a few cm t0 kfh according to the applications.

Taking into account the fact that the atmospheraasily composed of dry air and water vapor,
the Dalton’s law connects the pressure (P) withgheial pressure of dry air {Pand water

vapor (§)
P=R+te, (1)
In deriving (P) with respect to the temperatures bas

dP _ oP oP, dVv

—_=(— +(—— _

at ~ rv v (!

According to the Quasi-static equilibrium (or dynarbalance) the pressure of the parcel of air
must be the same as that of the ambient air, ingudiuring sudden changes in phases by water
it contains. In other words, the pressure (P) efghrcel of air remains constant during changes
in phases. Hence

dP =0 3)

Equations (2) and (3) lead to the derivative ofovhpared to T

oP
d_V_ _ (ﬁ)v
dar~ 0P, "
( aV)T
Introducing the coefficient of thermal expansiomudist air at constant temperature
__1.0P
X==50G

The equation (4) becomes

v _1 1 6P)
dT  x P aT’¥
Then

dv 1 1_0P,

ar oy Pl

de,
e+,
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The Clausius-Clapeyron relations (illustrated btusstion vapor pressure line of Fig.1) show
that the derivative of the pressure (P) compared #nd the derivative of water vapor (ew)
compared to T have the same sign, given their stiwaues in the troposphere.

Equations (6-7) are fundamental to the dynamicatwfosphere because they help to know the
sign of 3—\_'/_ the derivative of the volume (V) of a parcel ofistair, compared to T) under all

conditions of temperature and vapor pressure plesisithe atmosphere.

They are also prognostic equations because thalicpri@ which direction the air parcel will
move (up or down) if temperature increases or ds@e Table | provides an overview of
possible situations in the atmosphere.

Table I. Pressure variation of a constant volumefamoist air, depending on the temperature T: in speific
regions of the troposphere, delimited by 0.0098°Cnal 6.11 mb characteristic surfaces.

Range of Temperature [°C) T < 0.0058 T < 0.0098 T > 0.0098
Range of Vapor pressure (mb) e, <6.11 e.>6.11 e.>6.11
cP
(—=)r + - +
ar

Table | can be reproduced an infinite number okesnfrom an original simple experiment [14]
during which the students realize the pressuratians of a constant volume of moist air locked
in a half bottle of mineral water. The device thay used for this experiment is exposed as a
first step to solar radiation, and then placed irefaigerator. The ranges of temperature and
humidity are those used by Clapeyron on Fig.1 183,

e i
= Ice line Fig.1
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FIG.1. the projection of the gaT-surface for water substance onto theEWT—pIane

The results of our experiment are always in goocka@gent with the slopes of the various
saturation curves obtained in the case of watestanbe thermodynamics (Fig.1). These slopes
confirm the existence of cold advection and hotsgldnce, in regions where temperatures are
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less tharD.0098°Cand at the same time, vapor pressures greate6tharmh The presence in
the troposphere 00.0098 ° C isothermand 6.11 mb pseudo-isobaris necessary for the
formation of Cyclones.

3- Vertical profiles of winds triggered by tropical depressions and electrical or
thermodynamic phenomena that result

Base on the results of Table | and under the oxlaff) Iinking(3—¥) with (Z_$)V , it is now

possible to divide the Atmosphere into three regfidwo regions where the volume (V) and

temperature (T) of particles of air vary in the sagirection (i.e.:g—\_|{> 0) and one region where

the volume (V) and temperature (T) of particlesawfvary in the opposite direction (i.eg:—\_lf<

0). Taking into account the fact that the exchaofgmatter between the particles of air and the
surroundings environment is very slow (accordingaet (a) of Atmospheric dynamics concept
of particle of air), any increase in volume (V)dsao a depletion in densitp ( which triggers

the movement of the parcel of air to higher alt#sidOn the other hand, any decrease in volume
(V) leads to an increase in density which triggaesmovement of the parcel to lower altitudes.

Essentially theropical depressionsare heat engines, which imply the existence afat bource
or a cold source. Knowing how (V) depends on (Tpss the troposphere, helps to built the
vertical profile of the winds observed in Hurrican@igs.2(a-d)) which interior is warmer than
its environment; or vertical profile of the windeserved in Cyclones (Fig.3(a-d)) which interior
is cooler than its environment. Thunderclouds, teledields and charges, lightning are related
phenomena triggered by the perturbation accordinthérmodynamic properties of moist air
(Figures 4).

Fig. 2.

(2a): Intrinsic vertical velocity
fields of Hurricane. The
0.0098°C isotherm is located|
above the hot source (itself
located on the ground surface). =y, | —

(2b): Vertical distribution of
cloud formations triggered by
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Fig.3.

(3a): Intrinsic vertical velocity
fields of cyclones. The 0.0098°C
isotherm is located under the cold
source (i.e. squall).

(3b): Vertical distribution of cloud
formations triggered by cyclones.

3(c-d): Images depicting eyes of the
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Figure da. Intrinsic vertical velocity field of cooler tropical Figure 4b, Vertical distribution of cloud formations within a
depressions (cydones), The 0.0098°C sotherm is broken cumubonimbus
down surrounding the source.
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Figure 4c. vertical distribution of electrical charges within a Cumulonimbus,

Downdrafts perforate the newly formed stratus and ionize the molecules of water, pulling
their valence electrons, hence the appearance of positive 1ons and the positive polarity of
stratus. The underside of the sguall located above the stratus, reacts fo the influence of
positive electrical charges surrounding by crouching negative charges. The surface of
ground below, is alsoinfluenced by the positive electrical charges of stratus, and acquires
a negative polanty. The storm coud is really a junclion of two capacitors within which
lightning can arise and trigger thunder

4- HORIZONTAL WINDS TRIGGERED BY THE TROPICAL DEPRE SSIONS EYES
According to Newton’s law of motion, atmospheriovil is a balance between two or more
forces of which the following are the most impottan

% = 2ONp+pg+E -DP+E
Coriolis force, gravity force, frictional forcestgssure-gradient force and tidal force.

. Within the tropical depression, the vertical andizantal flows are laminar. All air particles
move in the same direction. Therefore, the pasithat slow the movement are very few and the
viscous friction near zero.

£=0 (9)

- The size of the perturbations is moderate conptréhe distance (d) that separates them from
the sun, which exerts an attraction on its pawiclhe tidal force (proportional to £jds also

Zero
£ =0 (10)

It is now clear that strong winds, such as those ehist around the centre depressions, can exist
only in regions with strong pressure gradients. fnessure at the centre of cyclones or

hurricanes must be very low in order to concenteatepid decrease in pressure in a short
distance. Deal with such a requirement; the mommerttiparticles of air, the frictional force and
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the tidal force are negligible compared to the Gligiand the pressure-gradient forces. When the
pressure gradient and Coriolis forces are the tmbyfactors acting:

0=-2pQAV - 0P (11)

The horizontal wind would blow in a straight patigs.5 (a-b)) parallel to the isobars: such a
flow is called thegeostrophic wind

Fig5a Fig 5k

LATITUDE

LONGITUDE LONGITUDE

Figs 5. horizontal winds of Cyclones or Hurricaneblow in a straight path Parallel to the isobars. Seamlines
in the Northern hemisphere (5a) and the southern hmaisphere (5b)

In the Hurricanes cases, geostrophic winds ocaun fthe ground surface to the top of the
disturbance: this vortex is visually evidenced byak cloud which starts at low levels and
peaks at 0.0098 ° C isotherm (Figs.2 (b-d)). Indelones cases, geostrophic winds also occur
from the ground surface to the top of the distudeanheir vortexes are visually evidenced by a
white cloud which occurs at the higher troposph&igs.3 (b-d)). The white cloud related to
cyclones eyes is often obscured by thick stratug.3b) that prevents one to see it from the
ground. No flow is radial in the tropical disturlcas [17] and the centre of the depression
evidenced by its eye is a front for the verticalrents associated with passive convection. In the
eye of the disturbances, vertical and horizontalerus are necessarily evanescent. Because it is
emptied of its particles by the vertical flow (Nadral flow): i.e. no particles, no amount of
movement due to their presence. Figures5 showttbamslines of the geostrophic wind in the
Northern Hemisphere (Fig. 5a) and the Southern Behare (Fig.5b) for the same family of
isobars. Geostrophic wind is more intense in andae the isobars are tightened.

CONCLUSION

For now, the starting points of Hurricanes arefoohally identified. However, unlike Cyclones,
they reach their maturity on the mainland, destrgylives and whole cities on their way. The
energy source is hot lower layers particularly iiichvater vapor of the troposphere (i.e. FIG.2(c-
d)). Cyclones originate over the continent, preciselgrothe intertropical convergence zone.
Under cover of night pronounced cooling, the “coldud” (squall lines) are formed and spread
westward (Fig.6) through the action of the Coridlisce. Cyclones reach maturity over the
oceans particularly hot (surface temperature al2®& C). Their eye is then wrapped in a thick
white cloud (Fig. 7)The water vapor originally produced by high tempaes, serves as source
of energy that maintains cyclones, since this wadpor have managed to reach to the 0.0098°C
isotherm level [13] which is located about 4.5 kiriropical latitudes.
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Fig.7

—— W

from low to high frequencies

Fig.6

View of the eyewsll of Hwmicans Katrina tsken L
on Awgust 28, 2005, 55 seen from a NOAA WP-ID
hiwsmicane hunter sircraft before the storm mads
landfall on the United States Gulf Coast.

The thermodynamics of saturated water vapor isrigpghdoy meteorologists and rarely used in
climate models. However, the results presentedhigy work, demonstrate its effectiveness. To
attract the attention of each other on the impasanf temperature and winds profiles attributed
by us to cyclones and hurricanes, we offer thetalhg views:

(i) Speculation on the origin of electric charges dradvents that result must stop and allow
each of us to seek ways of preventing the propagaif cyclones or hurricanes: as is done
already to contain forest fireA.reflection on the subject is engaged in our aedeteam.

(i) Now we know how the volume of the particle of aéries when its temperature increases or
decreases, in any part of the atmosphere. Verticaement that results can be predicted.

(iii) Now we distinguish perfectly warm depression (tti@mes) compared to cold depression
(Cyclones).

(iv) It is now possible for all of us to use our commsensefo seek ways of preventirthe
extent of damage caused by the tropical depression.

(v) We can predict obvious consequencegglobal warming: the frequency of occurrence of
tropical depression will be higher and many moesaaraffected, including those that are spared
at this time.

(vi) Airline pilots will be better informed when ppaching the turbulence generated by the
warm or cold depression.

(vii) According to Mbane [14]: the updrafts are tthévers of tropical depressions. Their fuel is
water vapor and they are subject to the Corioliscdo F=-21xXVparaty that deviates
systematically these disturbances to the west, lothhe northern than in the southern
hemisphere. The base currents of the atmosphenerglecirculation inhibit or promote this
movement.
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To summarize, these results can be placed sidelbywth ground-or space- based observations,
to develop a solid theory on physical mechanisntapeng to the lifecycle oktyclones or
hurricanes.
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