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11. High Voltage Lifter

Presented by: Suzanne Zamany Andersen

Construct the most powerful lifter possible with a
surface area below 0.1 m?
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Problem description

* Powerful=can lift the most weight, including its own
weight.
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Anatomy of lifter
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d = Air gap

w = Aluminum width
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Theory

Anode

Cathode

W
W

[5] Nick Andersen, Kasper Larsen, "The electrostatic levitation unit”, Technical
university of Denmark, FYS, special project, 10064, 2008.
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Theory: No applied voltage

Corona (wire)

— Positive
ﬂ%uo - %ue © oo Quﬁﬁe ion
" 9090 ® 09000 9,0 o
® o’ 9 ‘Be“ O ©.® -
- @9 © _
© © O Qa Neutral
molecule

Figure from: [4] Clemens Wan, "Electro-Hydrodynamic (EHD) thruster analysis and

optimization”, The cooper union for the advancement of science an art, 2009.
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Theory: Applying a high voltage

Figure from: [4] Clemens Wan, "Electro-Hydrodynamic (EHD) thruster analysis and
optimization”, The cooper union for the advancement of science an art, 2009.
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Theory: EHD
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Figure from: [4] Clemens Wan, "Electro-Hydrodynamic (EHD) thruster analysis and
optimization”, The cooper union for the advancement of science an art, 2009.
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Theory: Corona Inception Voltage

" e Peeks law for calculating Corono Inception Voltage (CIV) for

8

two wire with equal radius:

d
CIVin-mv-r-ln(—)
r
E-=E-5-(1+ 4 )
S Vo -r

» E,: electric field strength neccessary to break down air
(E, ~ 3-10° V/m)

e §: Air density factor (At STP § =1)

 y: Peeks value given as y = 0.0301y/m

e m,: irregularity factor of wires. For smooth wires m, = 1.
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Theory: Current-voltage characteristic

" e Slightly changed Poisson equation:

1
VE :_'(pi_l_pcr)
€0
e p; is the ionic space charge density

e p, is the space charge density of dispersive phase.

pa = 0- 80 - E
e Cylindrical coor.: % - dgf) = % +o0-E
e Solution: :
1
E = Eo, o S+ ( —;“’)

e E,, is the electric field intensity at surface of coronating
electrode
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Theory: Current-voltage characteristic

" o A formatted Townsend equation is used for wire-plate
capacitor setup. (see appendix A)
2-TM-&-K-L

Y

I = -V(V —=CIV
(W T ”'d) ( ) | |
ew | |
r
e Since our anode is not a plate, we
estimate W to be the top half of a circle:
1
W=—-2.1-
5 -7y,
2-1T-&K-L
I = -V (V —CIV) [ ode

B d2 - 1n (;‘[ZTT : ed/ran)
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Theory: Generated force

" e We have a charge distribution function between the
electrodes given as:

g =
vd

vVy,=K-E =

e (S 0)- ()0

2-m-&,-L
F_

CdeIn(fl e
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Optimization factors

* Wire diameter

* Air gap

* Aluminum foil width
* Size of lifter

* Type of lifter
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Experimental setup
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Experimental setup 2
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Optimization: Wire size

* Two different radii: 0.173 mm and 0.107 mm

Cathode
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Experimental results: Wire size
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—u— Thick wire

—ua— Thin wire

Voltage (kV)
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Optimization: Air gap
CIV « In(d)
1

X () + &2

e The smaller the air gap, the smaller the CIV, and the
greater the generated lift.

e However, if the distance is too small, breakdown of air will
occur, which shortcircuts the setup.

e Breakdown of dry airis 3-10° V/m = 30 kV/cm.

17 DTU Physics, Technical University of Denmark

HE



Optimization: Air gap
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Optimization: Air gap
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Optimization: Air gap
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Graph taken from [1] Kento Masuyama, Steven Barrett, “On the performance
of electrohydrodynamic propulsion”, Proc. R. Soc. A., 2013, pg. 469.
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Optimization: Aluminum foil width

° 1 5
fd:E.p.v .Cd.A

Cylinder Cd = 1.10
e (baged on frontal area)
Airflaow
Streamline Profile Cd = 0.70 (25% thlek)
—_— i based on frontal area}

Plate Cd = 0,10 {11% thick}
ibased on planform areal

Figure from: “Estimation of The Drag of a Roof Mounted Antenna
(Ford AU Falcon)”, http://www.virtualv8.com/freport.htm
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Optimization: Aluminum foil width
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Optimization: Size of lifter

F o L

e A bigger lifter will generate more thrust, however, it will
also weigh more.

e Eventually the lifter will need extra support pillers, to
prevent the coronating wire from being too slack.
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Optimization: Types of lifter
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mization: Types of lifter
60 -

Opt

—u— Hexagonal, L=2.4 m
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Conclusion

" eThinnest possible coronating wire.
e Air gap depends on voltage input.

e As much length as possible, without extra
support pillars.

e Longer, straight, aluminum foil width.

e Hexagonal types are more efficient than
triangular.

viv—(1+1 ln(g) L
F [ cgln(\g?l-dzr ]

eIdeal lifter is circular, but that is very hard to
build.
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Thank you for your attention.
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Appendix A: CIV range

" e« Asymmetry of cathode and anode. We can only calculate a
range for the CIV.

y d
CIV=E,- 6|1+ .m,-r-In(—
’ ( ~/6-r) (r)

e For r seperately insert r_,,,4. @and r,,.4. and calculate range.
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Appendix A: CIV range

" e« Asymmetry of cathode and anode. We can only calculate a
range for the CIV.

14 d
CIV=E,-5-[1+ -m,-r-In|—
’ ( «/cw) (r)

eFord =2cm
-7 = 0.173 mm 8,095V (CIV <17,537V

corona

—7 = 0.107 mm 6,550V<CIV <17,537V

corona
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Appendix A: Townsend equation

" e Slightly changed Poisson equation:

1
7E=—-(pi+p,)
€o

e p; is the ionic space charge density
e p, is the space charge density of dispersive phase.

Ps=0"&" L
e Cylindrical coor.: %-dgf) =%+40-E
e Solution:
1
. . eO‘T p eO'T -
E=E, - r + - ( - O')

e E,, is the electric field intensity at surface of coronating
electrode

33 DTU Physics, Technical University of Denmark

HE



HE

Appendix A: Townsend equation

" e To find applied voltage, integrate E:

R Zn 1 (Rc)')l” - n-2
V = f Edr =E,r, ln(rﬁ) 1+ }?n %Rz Z (Rg-)n!
T, ° ] In (r—o) | " n=2

e Townsend assumptions of neglible field distortion due to p;,
and the constant p, along force lines. Medium is assumed
iIsotropic.

vV |74 [ [ R
— —_ 0 — [ — — —
EOJ EO r ln(ﬂ) ER R ln(ﬂ) Pi 2TTRKE 2m<:Vln (r )
0 r TO r

0
e Where Kk is the ion mobility and / the current density
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Appendix A: Townsend equation

" elInsertin V:

(Ro)"] 2 1 (B} &
V=V01+Zn el +£M (Ro)" "%
" V' 2mke s
In (ro) | 0 n=2
e [solate current density ]
2TKE 1 Yoo Ro)
i = o_. — V|V -v,[ 1+
R?1n (E) n=2 ral In (E)
T, n= n-n! i T
e Which gives the Townsend equation where ¢ =0
, 8TKE,, V- V)
[ = —
R 0
21n (&
e (5)
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Appendix A: Current-voltage characteristic

" e« Townsend equation for current-voltage characteristic in

coaxial cylindrical system:
8:-1£ 'K
o] =—2—.V(V—-CIV
(@ V¢ )

e Cooperman formats this to fit duct precipitators:

4TT € -
OI = dZIZ((j“(‘)g]:O)

r

V(V = CIV)

e Where f,,, is a characteristic length of a particular
electrode configuration
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Appendix A: Current-voltage characteristic

" e Barsoukov fits this characteristic length to a wire-plate
capacitor setup:

2-1r-80-1<-L

o] = -V((V —-CIV
dz-ln(f‘g;"o) ( )

_ td ic 2:d
.fgeo_n. |fWSO6
w.r T4 . 2-d
fgeo_TeW |fW22.O
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Appendix A: Current-voltage characteristic

" e A formatted Townsend equation is used for wire-plate
capacitor setup.

e Since our anode is not a plate, we estimate W to be the
top half of a circle:

Y

I
1 | W
W==-2-mw-r,,
I £rmo g xl V(V = CIV)
_ i _ U
d2 - In (53— ed/Tun)
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Appendix B: Uncertainties

" e To calculate uncertainties in our equation for lift:

OF = 6F5 2+ 6F5 2+ + 6F5 2
- \ax ™ dy Y 3z ¢

e Uncertainties stem from: Voltmeter, weight, length of
electrodes, and distance between electrodes.

e The biggest uncertainty, smoothness of collector electrode,
cannot correctly be measured, and is therefore not
included.
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Appendix C: Optimization of types of lifter

pillar
beam
| | K 1
L=3X L=12X
M=3*beam+3*pillar M=12*beam+7*pillar
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Appendix D: Drag and momentum transfer

41

APL=ZmO.V0N
~ ,

F _dP, _B-my-Noam <Vo>
Lodt At

_ B -m, "N atm * VOL - (< Vo >)2

F, l

FiL =B My Ny gom Acpr+ (K Vg >)? - cos(< a >)?
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Optimization: Types of lifter
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