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Abstract Objectives . Model Formulation T e om
In order to determine the most effective geometry of a lightning rod, one must first * Apply Paschen theory to Cartesian and spherical
understand the physical difference between their current designs. Benjamin Franklin’s original geometries; ) fxz ApprdX = ]n(Q) ° fxz AoprdX = ]n(Q)
theory of sharp tipped rods suggests an increase of local electric field, while Moore et al.’s e Obtain analytical expressions for critical radius and X1 X1
(2000) studies of rounded tips evince an increased probability of strike (Moore et al., 2000; ) . ® X1 = 0 ® X1 = 0
Gibson et al., 2009). In this analysis, the plasma discharge is produced between two electrodes Stoletov’s point; (ﬂ) Vi(E)—vq(E) _430.07p
with a high potential difference, resulting in ionization of the neutral gas particle. This process, * Develop numerical models for Cartesian and * aef(E) = Ape’ E * ae(E) = Uo(E)E (ery = 334dpe &
when done at low current and low temperature can create a corona discharges, which can be spherical geometries; o ( = Xy — Xq o d= Xy — Xq
observed as a luminescent emission. The Cartesian geometry known as Paschen, or Townsend, o Verify numerical models and analytical solutions oV . _ 2 2055
theory is particularly well suited to model experimental laboratory scenario, however, it is , , . ° 3d 0: Stoletov's point e — = 0:Stoletov’s point Uopr=9.29pe™ E_
limited in its applicability to lightning rods. Franklin’s sharp tip and Moore et al’s (2000) with experimental data; dd ,
rounded tip fundamentally differ in the radius of curvature of the upper end of the rod. As a * Generalize to any atmosphere using a Boltzmann e Boltzmann equation solver
first approximation, the rod can be modelled as an equipotential conducting sphere above the solver (Hagelaar and Pitchford, 2005);
ground. Hence, we expand the classic Cartesian geometry into spherical and cylindrical . . R2
geometries. In this work we explore the effects of shifting from the classical parallel plate ) E_Stathh the differences .between §har!o and blunt ® f;z aeffdr = ln(Q) ® le a’efde = ln(Q) vi(E) = va(E) |
analysis to spherical and cylindrical geometries more adapted for studies of lightning rods or tipped rods for corona discharges in air and CO,— e R 1_)00 e R. 00 Ferf = T U (B)E
power lines. Utilizing Townsend’s equation for corona discharge, we estimate a critical radius rich atmospheres; 2 _Bp 2 Vi(E) v (E) L A Bolsig+ (Earth)
and minimum breakdown voltage that allows ionization of the air around an electrode. - o aeff(E) _ Ape(T) ~ aeff(E) _ Vi a
Additionally, we explore the influence of the gas in which the discharge develops. We use ASSU m pthnS - te(E)E : : : : 1
BOLSIG+, a numerical solver for the Boltzmann equation, to calculate Townsend coefficients o — = (:Stoletov’s point - oV — 0: Stoletov’s point 100 120 140 160 180 200
for CO2-rich atmospheric conditions (Hagelaar and Pitchford, 2005). This allows us to expand *D = NkBT R, OR; E-field (kV/cm)
the scope of this study to other planetary bodies such as Mars. We solve the problem both R E(Rl) — E(C) — E. ~ 30 No kV/Cm (Earth) o E(R ) — F i e Boltzmann equation solver
numerically and analytically to present simplified formulas per each geometry and gas ¢ N 1 ¢ R, ;2 ) o _ _ _
mixture. The development of a numerical framework will ultimately let us test the influence of e V.E = Po = 0 ° E(Rl) = EC — Flgurfa _5: The. exponential fit model of the exponential approxmahon for aegr(E) for
R4 coefficients given by: Morrow and Lowke (1997), Hagelaar and Pitchford (2005).

additional parameters such as background ionization, initiation criterion, and charge
conservation on the values of the critical radius and minimum breakdown voltage.
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* Avalanche criteria: Figure 2: Visual representation of the process —Bp _Bp . _ —Bpd
fRz dr=In(Q) = 18-20; Q = 10* of an electron avalanche in Townsend’s geometry E(d) = In(22) geometry E(d) = N * Analytical solution V(d) = —1n(w)
Aeff AT= 1IN ~ » ST breakdown model. This can also be referred to e . cl

R4

. eB
. as a Cartesian case due to the parallel plate h *  Stoletov’s point Vip;n = —1n(Q)
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vi(E) = va(E) _ 4B(n(Q) + Apr)?
Electron energy 1-2 eV 5-15 eV 1-2 eV - s 13- ] - N e
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Figure 3: (A) A Wartenberg wheel in which glow Coronas form at the tip of each spindle. aolle il e 3l SeclERKEERancestin) pa oF EIRT tO)
(Berkoff, 2005); (B) Streamers are the origin of a sprite phenomenon (courtesy of H. H. C. Figure 7: Analytical solution for electric field (E vs. d) as a function of r in Spherical Figure 9: Analytical solution for electric field (E vs. d) as a function of r in Spherical Figure 11: Paschen curves for spherical geometry
Zf:hbaarzz-_l\(l\i/(\a/ﬁ:r)rio(,g’ ,;Ollig;)l.tning strike is perhaps the most common example of a leader geometry E(r) = 43(12;(2;:219@2 ey B — 4B(1r;;(i)24:2pr)2 > praliie] seluifen ) = 4B(ln(£;ZApr)2 (T_11 _%)
Coefficients and Stoletov’s points * Stoletov’s point Vip = - In(Q)

Application to Martian Studies

Motivations: Earth Analogy:
* Potential hazard due to arcing on ¢ Tribocharging in Martian dust

e A and B coefficients derived from

the exponential fit accurately predict IV. CONCLUSIONS

landers and rovers; storms akin to Earth sandstorms; th]?fmlnlmurr; voltages (Table 2)1 N —T s 13 44 Cartesian (Earth) 918.6 912.4 0.7% The results and conclusions obtained in this work can be
- " : * Differences between numerical an : : : : summarized as follows:
* Interfere with sensitive external ° Cha.rge s.eparatlon. leue to —alvtical solutions of Stoletoy’s  (L/cm/Torr) Spherical (Earth) 1178.3 1136.1 3.7% LA ol t culat ¢ e eritical rad -
systems and data measurements; sedimentation & gravitation; Y T 356.1 0.8% o ni‘g Mo el of fca culations Z the critical radius an q m'r;]'murnl
i . ) ) i 3 <90/. . . .0/0 [ [ ' [
* Possible electrical shortage and ¢ Integration in the Martian global points a.re.NZA, B (V/cm/Torr) 365 295.18 274.7 430.07 reakdown voltage O(;, Lorona discharge in Cartesian and spherica
fail leEiie @t * Mars minimum breakdown voltages Spherical (Mars)  682.9 668.8 2.1% geometries is presented;
allure. electric circuit. . The model is validated using classic Paschen theory and experimental
are lower than Earth due to Martian A
atmospheric pressure (0.6% P ) Table 2: Exponential approximation coefficients (A and B) from  Table 3: The minimum breakdown voltages for each geometry data in air from Meek and Craggs (1978);
. (0] . — . . . . .
Earth oo G o T T (7)) = Ape(%) and atmosphere; also known as Stoletov’s pointsaaTV —0. We expand classic Paschen theory into an analytical solution for spherical
1 .
geometry;
of Electron Tubes: Including Grid-controlled Tubes,  Plasma Sources Sci. Technol., 14(4):722-733, 2005. 39 (5) 593- 609 (2000) Our numerical model and the analytical solution show excellent
Microwave Tubes and Gas Tubes,’ D. Van Nostrand * W. A. Lyons, CCM, T. E. Nelson, R. A. Armstrong, V. P. = R. Morrow and J. J. Lowke. Streamer propagation in agreement;
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