HE

Tesla coil engine

” In this video (https://youtu.be/L5E4NiP4hpM?t=110), one puts a small
metal structure on top of a Tesla coil so that the sparks appear in opposite

directions. The structure then gets a rotational motion, as if it were
"propelled” by the sparks. Explain the phenomenon. Optimise the electrical
and mechanical part of the setup to obtain the maximum rotational speed.

What is the efficiency of such an engine, compared with conventional
electric engines?”

Frederik Laust Durhuus,

Danish Team

DTU Physics
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Tesla Coil : Working principle
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http://www.tb3.com/tesla/theory.html?fbclid=IwAR2gBJBseGNY
1g0wlwii9dIMIg97K7ih6b]3ToNXnhicBOI6W53Z2n24TCPo
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Corona discharge
o, E vary as r™/ 81 for v — ()
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'E| = 30— = dielectric breakdown
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Force from discharge
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Effect of circuit oscillation

Polarity change :  fsee ~ 100kHz

Kinetic gas theory : fo uttering ~ TGHz
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Electro-hydrodynamic (EHD) thruster analysis and optimization
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Streamer behaviour

« Emitted at sharpest points

 Follows E-field lines

6 DTU Physics, Technical University of Denmark 21 February 2018



Model : Plasma force

DTU
=

F(t) :/ p(r,t)E(r,t)dV = F = fais /pE(r)dV

all space : —~
time average D e Y e
highly non-linear
f o Ptesla _ (LC)_1/2 [Ecycle - Eloss]
e Wdischa'rge CVC%%/Q
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Model : Plasma force

HE

N~
time average N, e’

highly non-linear

F(t) = /11 p(r,t)E(r,t)dV = F = fuis /p_E(r)dV

Ptesla (LC)_1/2 [Ecycle - Eloss]

" Wdischarge CV?T%/Q
. Y
“Ecrit|‘ — HEBDH5 1 + — VCT'it ~ TfrotorHEcritH
\V T'rotor kV
IEsDll g5 = 30—
cim
Design principles
« Minimal circuit resistance 4 e ©
| o? i)
« Low capacitance => small top load | o : o
« Low radius of curvature at emission points 9 ) O % @ D)
« Emission concentrated at few points @? ? ? ’
« Powerful and efficient tesla coil ? O ?
0 Adamiak et. Al. l

“Simulation of corona discharge in point-plane configuration”
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Experiments : setup

-

Tesla coil

pincer

Gas discharge
lamp
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Experiments : method

Automatic luminosity tracking for rotation speed

Position vs. activation for E-field

DTU Physics, Technical University of Denmark
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Experiments : Lamp activation

Red = activation points

Matches classical electrostatics
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Experiments : High-speed video
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Tracked colour intensity vs. time

Numerical fourier transform

fd,z'scharge ~ 750Hz

Fourier power spectrum
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Designhs Made

L -
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Simple’with - [ S
ball bearing X '
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Thin wire \,\ 3
v Simple with Wires used

Counterbalance sCcrew P
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Spinning disk

« Only alu-foil => Light weight
« Stability issues

« Hard to make consistently

14 DTU Physics, Technical University of Denmark 21 February 2018



Design : Winged rotor

« Multiple arms decrease single plasma stream => needless mass
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Simple rotor : Design

F
Plasma focused at end points => maximal torque

winding

Friction sensitive to stability

s Ly
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Simple rotor
fnza:c — 5.37 £ 0.08Hz

Rotation rate vs. length

Optimisation
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Counterbalance rotor:
Design F

Counterbalance for stability

« Capped to direct plasma

L - L
L Soldering tin 2 ‘

_ﬁ*
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Counterbalance rotor :

Optimisation
Fonas = 577 £0,03Hz
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Rotation rate vs. Lo with L = 47mm
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Thin wire : Design

No extra mass

Minimal friction

Thin

Reproducible

Parameters :

20

Length L
Thickness Tw
Mass per length [4
Young modulus F

Electrical resistance R

DTU Physics, Technical University of Denmark
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Thin wire : rotation regimes

L ~ 200mm L ~ 20mm
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Thin wire : Theory
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Thin wire : Theory
d4y

)2 ~ 1111 ~
slender rod + z;ntrifugal Flososn: non-dimensional
~_ Y EI
y — yc — 4 _
yc I-LQQ
Simplification : y(z) — &Z

Co = bnruai
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Thin wire : Theory

d4y 29 ~11_ ~

h non-dimensional

slender rod + centrifugal force

~ Y EI

Yy= — Yo = {| —

Ye Pﬂgz
Simplification : y(z) — &z
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Thin wire : Optimisation =
Rotation rate vs. length fmam = 39.9 + 0.4Hz

Power fit :y = Cz~ 17
1 Power fit :y = Cz~ 1%

Power fit 1y = Cz~ 18
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Efficiency

« Conventional electric engine
according to US department of energy : Tlelectric — 59% = 62%

https://www.fueleconomy.gov/feg/evtech.shtml

. Oown "engine” : Fj, ~ 40W Pgut e 10_7W

-9 -9
?]plasma rotor — 2 X 10 ~ 4 X 10 Telectric
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Conclusion

« High voltage => plasma => momentum transfer to neutral particles

« Single thin wire is optimal
2
po Ly 1
2 4 2
Ens ry L

» Maximal achieved frequency :  f_—~— 399 4 ().4Hz

« Rotation speed scales as : 0~

_ -9
- Efficiency is virtually nonexistent :  "lplasma rotor = 2 x 10
-9
~4x 10 Telectric
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Model : Plasma force

HE

N~
time average N, e’

highly non-linear
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Appendix :
Effect of circuit oscillation

Fove ~ 100kHz

Polarity change :

Kinetic gas theory : fo uttering ~ TGHz

km
Vion ~ 1. 5? = ATcyele ~ 1.5cm © o 20 0% 0@
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- > Vion 6 ®) i Igzatlonllwl

ee ee Q e e Drift layer
Q e e e (Umipolar)

E-field is generally same
polarity as drift layer e
O Image credits : Wan, Clemens., Q e e ee e e
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Appendix :
Thin wire calculations

haL
Tp = / oz \/1 + a2 Cplazdz
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Appendix : Efficiency

« Conventional electric engine . )
according to US department of energy :  7Jelectric — 09% = 62%

https://www.fueleconomy.gov/feg/evtech.shtml

« Own “engine” : Pout s 10_7WT Tlplasma rotor — 2 X 10_(} ~ 4 X 10_97}01061;1?1{:

mass A (t, vy)

2111fps video

Track change
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Appendix:
Thickness measurement
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Appendix :
Effect of fewer discharge points
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Peeks law

« Cylindricral geometry :

E...; = 3.1 X 10% (1 + 0'308)

Vor

+ Spherical gemoetry : @ _ 31 % 10%5 (1 n 0.308 )

v
5 o @ [Ecrit] — C_Hl
I'po [r] = cm

Adamiak, P. Atten,

Simulation of corona discharge in point-plane configuration
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Appendix :
Rotor with attachments
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Friction issue

Ball bearing has way too high friction

Best solution seems a screw slightly too
small for winding

21 February
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My tesla coil

Specs
dp,,w,;,,qe = 1.1 = 0.05mm

spacing, = 2.40 = 0.05mm
D, =37.9 £ 0.05mm

& . _22+0.05mm
hy = 93.85 + 0.05mm
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Circuit board
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Circuit board diagram
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