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Mythologie de la foudre

FIGURE 1.1 — Sceau cylindrique de la premiére époque de Babylone datant
d’environ 2000 ans av. J.-C.



C’est Otto Von Guericke, inventeur de la machireztbstatique, qui fu
le premier vers 1660, a produire une étincelle eppser une explicatic
électrigue aux phénomenes orageux.
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En 1748 Jallabert découvre le pouvoir des pointes



Premieres experiences en 1752
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L‘accident de Richmann
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Chapeauparatonnerre, Paris, 1778



Parapluie-paratonnerre, Barbeu-Dubourg




Expérience de Miller (1954)

ELECTRICAL DISCHARGES

formaldehyde cyanhydric acid
HCOH CNH
/ H,0 \
5 molecules 5 molecules
HCOH = ribose (6=glucose) I CNH = adenine




Differents types de phénomenes de foudre

Graphic courtesy of Carlos Miralles (AeroVironment) and Tom MNelzson (FMA)
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Orbits 17371

Areas 808854
Flashes 4345364
Groups 20727622
Events 42265608

(Created : 02/15/100)
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Flash scale
April 12, 1995 - December 31, 1999




Quatre typesd’éclair
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(» Eclair nuage-sol
@ Eclair nuage-air
@ Eclair inter-nuageux
(®» Eclair intra-nuageux



Quatre typesd’éclairs nuage-sol
selonK. Berger (1978)
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Eclair ascendant positif

Toronto CN Tower, Canada




Impact sur un arbre




Eclair sur la Naete _S_patiale
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0 ms 20 ms 21 ms 21.1 ms

+A+
++
4
-+ +++++++= -+ +++++++= -+ +++++++= -+ +++++++-=
preliminary breakdown stepped leader interception process first return stroke
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Développement
d’'un éclair néegatif /AN

second return stroke




Attachement au sol
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d = striking distance
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J = junction point

#

20us 0.2 ps
R = return stroke

By courtesy of Pr Bouguegneau



Attachment sur une structure au sol

~ Downward- § - Main discharge
leader - First stroke
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URE 3.2 — Sir Charles Vernon Boys et sa cam
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Return Stroke Characteristics

e High peak current : 3-300 kA

e Typical velocity : light speed / 3
e Peak power : 100 MW / m

e Peak temperature : 30,000 K

e Frontdl /dt:1-210 L A/s



Param

Values (%) exceeding

N\

@trr@S Unit the indicated ones

95% 50% 5%
Peak currents
first negative strokes and negative flashes kA 14 30 80
subsequent negative strokes kA 4.6 12 30
positive flashes kA 4.6 35 250
Charge
first negative strokes and C 1.1 5,2 24
negative flashes C 0.2 1.4 11
subsequent negative strokes C 1.3 7.5 40
positive flashes C 20 80 350
Front duration
first negative strokes V& 1.8 5,5 18
subsequent negative strokes V&S 0.22 1.1 4.5
positive flashes V& 3.5 22 200
Maximum rate of rise ( di/dt)
first negative strokes kA/us 5.5 12 32
subsequent negative strokes kKA/us 12 40 120
positive flashes kKA/us 0.2 2.4 32
Pulse duration
first negative strokes VES; 30 75 200
subsequent negative strokes V& 6.5 32 140
positive flashes V&S 25 230 2000
Time intervals between
negative strokes ms 7 33 150
Flash duration
negative (simple or multiple) ms 0.15 13 1100
negative (multiple only) ms 31 180 900
positive ms 14 85 500
i2dt integral
first negative strokes and negative flashes | A2.s 6.0 16 5.5 10 5516
subsequent negative strokes A2s 5.518 6.0 16 5.210
positive flashes A2s 2516 6.510 1510




Champ éectrique E, a 100 km de
distance Krider , Willett)
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Diverseséchelles destudes
experimentales sur la foudre

Laboratoire
Foudre déclenchée artificiellement
Observations in situ

Modélisation numérique de I interception



FIGURE 9.10 — Démonstration du pouvoir de capture d’une tige au sol.
a) Décharges sans tige ; b) Décharges avec tige.



Simulation du traceur ascendant en laboratoire

Champ permanent Champ du traceur
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Déclenchement en haute altitude
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Expériences deSoccorro(NM)




FOUDRE DECLENCHEE

- 100 A full scl:ale




Modélisation de l'interception de
la foudre

Modele de Gérard Berger et Sonia Alt-Amar
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The case of an unique Franklin rod on a flat groun
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The effect of the lightning rod height on the protectim lateral distance for

different lightning current. Rv=1
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Distribution du champ sur le sommet d’'une structure




PDownward leader — Downward leader
) Upward
Junct|on_) / leaders Junction— -
Upward
leaders _
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—> «—
H W H wW
A 3D illustration of the failure of the electrogeonie A 3D lllustration of a protected structure.
model. Junction with the structure. 1=10 kA, Rv=2, Junction with the Franklin rod.

W=40 m, H=100 m =10 kA, Rv=2 W=40 m, H=100 m.




Downward oblique leader
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Fig. 10. A 3D illustration of a protected structure strike by
oblique downward leadered structure. [=50 kA, Rv=1, h=11 m.
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SAFIR Hongrie : Foudre globale

B7 8672883 LOCALIZATION
B3 : 88 - 6B Codage: Temporal

from B7-86-28083-89:86:88
to B7/86-2883-17:25:88

1885 Intra—Clouds
178 Return Strokes
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SAFIR Hongrie : foudre au sol

B7 8672883 LOCALIZATION
B3 : 88 - 6B Codage: Temporal

from B7-86-28083-89:86:88
to B7/86-2883-17:25:88
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