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ABSTRACT

This paper deals with the design and construction of a propeller for use in a flying micro robot using
controlled electro-hydrodynamic current corona discharge. One example of plasma actuators is corona plasma
actuators, which are created by a high-voltage electrode with a small radius of curvature as the emitter and
another electrode as the collector, which are located at a certain distance from each other. In this research,
micro robot-scale aerial vehicles with'a'weight of less than 100 mg and a characteristic length of less than 5 cm
were investigated using an electro-hydrodynamic actuator based on corona discharge actuators. In this research,
by examining the use of different aluminum metal alloys (T3, 1100, 2024, 7050, and 7075), an optimal weight for
the collector and the optimal weight«@and necessary strength (T3 aluminum alloy) for the emitter were obtained.
The results of this study showed, it is,concluded that, in negative corona, increasing the voltage in the single-
emitter sample has a significant effect on reducing.the production efficiency compared to the dual-emitter

propellant.
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1. Introduction

Aerospace engineers and scientists are turning to plasma
physics to develop new technologies in the design and
construction of solid-state propulsion systems and flow
control. "5 Today, electro-hydrodynamic, in which
electrical farces accelerate ions in a fluid, is emerging as
an alternative method for propelling next-generation
drones, with nosmoving parts, no noise, and no waves.
Infrared, fuel-free, and has a high propulsive-to-power
ratio, has been proposed.

Controlled corona discharge can create a current
called electrohydrodynamic«(EHD) current by charging
particles around the .anode) and transferring their
momentum to neutral particles farther from the anode.
This controlled set of devices “occurs between an
electrode with a small radius of curvature in the form of
a wire or needle called the emitter and another curved
surface or plate called the collector electrode, which can
be positively or negatively charged, and the other
electrode, the collector, is usually connected to ground.
If the emitter is positively charged, the flow of electrons
will return to the emitter and, upon impacting it, will be
negative.

The first observation of EHD current was made by
Hoxby, who noticed the production of a low-velocity air
current when a voltage was applied between«two
electrodes, which was later called "electric wind" [1].
The classical model for corona discharge in a point-
plate configuration was used by Aten and Adamiak. It
was a model with two electrodes of different radii with
air between them. The pointed electrode was at a high
positive voltage [2]. In 2017, Proud et al.
experimentally investigated two electro-hydrodynamic
forces generated by a wire-cylinder electrode
configuration under high DC voltage. They were able to
investigate the aerodynamic effects of using a corona
actuator on the surface of an ultralight unmanned
aircraft and concluded that its use is feasible and cost-
effective, given the changes in the shape of the actuator
and its electrical circuit [3].

In 2023, Baba Safari and colleagues experimentally
investigated the effect of the corona actuator on fluid
flow and radar stealth, using two different corona
actuator placement models. One of the important results
obtained in the radar evasion section was the reduction
of radar cross-section by 14.23% with the help of a
corona actuator. The results of this study showed that
with increasing voltage, the amount of power
consumed, electric current, and electric propulsion force
increased in the two models [4].

This study investigates the application of corona
discharge as an ion thruster for a flying microrobot. The
research focuses on evaluating thrust force, power
consumption, and efficiency across different voltages in
both positive and negative corona discharges,
considering single-emitter and dual-emitter
configurations. The primary innovation of this work,
compared to previous studies, is the implementation of a
two-stage dual-emitter thruster and the examination of
different emitter connection modes in series and
parallel. The results demonstrate the potential for
achieving a higher thrust-to-weight ratio with the dual-
emitter configuration, in contrast to prior works that
have primarily been limited to single-emitter setups.

2. Materials and Methods

The materials used for the plate and the needle base
are made of T3 aluminum with a thickness of 0.2 mm,
while the ground separating bases are crafted from the
lightest available balsa wood. The manufacturing
process for these components involves using a diamond
laser cutting machine, which provides very high
precision. The flying micro robot consists of three parts:
collector, emitter, and base. The diagrams of this
propulsion system are shown in Figure 1. The weight of
the sample, an important parameter for the relevant
calculations, was 1.15 milli-newton for the propulsion
system with one emitter series (first sample) and 1.45
milli-newton for the system with two emitter series
(second sample).
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Figure 1. Schematic diagram of the collector and emitter



3. Results and Discussion

According to the graphs in Figure 7, the operating range
of the single-emitter sample and the rise threshold of
this sample is at a voltage of 14 kV and has a good
efficiency.in producing thrust up to 17.5 kV, but in the
2-emitter sample, the rise threshold is 15 kV and it has a
good efficiency in producing thrust up to 19 kV. Also,
in the positive corona, the operating range of the single-
emitter sample andthe rise threshold of this sample are
observed at a voltage of 17.5 kV, and it has a good
efficiency in producing thrust up to 19 kV. But in the 2-
emitter sample;“the threshold for lifting is 18 kV, and
the negative'corona has a lower efficiency, so that in the
2-emitter case,\the increase ih propulsive force at a
voltage of 19.5 k\is 44 percent greater than that of the
positive corona.
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Figure 2. Trust of single and double emitter samples in
positive and negative corona

4. Conclusions

According to laboratory research, in the single-
amperage mode, more propellant is produced at voltages
equal to the negative reduction, which results in a
voltage of 19 kV, the amount of propellant force in the
negative reaction being 15% greater than the positive
intensity. In the dual-emitter mode, the increase in
thrust in the negative corona is greater than in the
positive corona, so that at a voltage of 19.5 kV, the
thrust in the negative corona is 44 percent greater than
in the positive corona. Also, in the negative corona, the
amount of thrust produced in the micro robot with two
series of emitters in the negative corona mode is 79
percent greater than in the micro robot with one series
of emitters. In positive corona, the amount of thrust in
the micro robot with two emitter series in the negative
corona mode is 73% higher than the thruster with one
emitter series in the same negative corona. All the above
results indicate that the thruster with the second emitter,
despite having more weight than the single emitter
mode, produces significant thrust compared to the single
emitter mode and is a more optimal model.

As the voltage increases, the amount of electric
current and consequently the consumed electric power
increase parabolically. In a single-emitter thruster in the
positive corona mode, the slope of the increase in
electric power is greater, so that the amount of electric
power consumed in the single-emitter mode with
positive corona discharge is 23 percent greater than that
in the negative corona discharge. In the two-emitter
case, in the positive corona, the amount of electric
power is initially lower than the amount of electric
power in the negative corona due to the low electric
current up to a voltage of 15 kV. However, from this
voltage onwards, due to the higher current gradient in
the positive corona, the amount of electric power also
becomes higher than the amount in the negative corona.

In this research, by using two series of emitters, we
were able to achieve more thrust and better performance
of the propulsion, which ultimately led to obtaining the
thrust required to lift the micro robot. We also found
that negative corona provides better results for this
propulsion. However, adding each emitter requires
longer insulator legs and connecting these emitters,
which reduces the thrust-to-weight ratio, which can be
overcome in future research by using mechanical locks
on the components themselves. We also found that by
continuously reducing the electrode spacing, the
efficiency, i.e., the thrust-to-weight ratio, can be
increased

5. References

[1]. A.P. Chattoch, On the velocity and mass of the ions
in the electric’ wind in Air, Philosophical Magazine,
(2005) 402-420.

[2] K. AdamiakyP. Atten, Simulation of corona
discharge in point-plane configuration, Journal of
Electrostatic; 61(2)«(2008) 85-98.

[31 N. Monrolin, F.«Plouraboune, O. Praud,
Electrohydrodynamic «thruste=,for in  atmosphere
propulsion, AIAA Journal, 55(2) (2017) 4296-4305.

[14] P. Babasafari," R. Khoshkhoo, H. Eshraghi,
Experimental investigation” of .the effect of different
corona plasma actuator arrangements on the amount of
thrust produced on a flat surface, Journal of
Aeronautical Engineering, 25(1) (2023),144-153. (In
Persian)



Ol S 5o oolaswl Cger (Sl dgyuud g wiSl (yl pieny SO Sl g (250

od..S).g.

Sl el il Sl o oBiils dLadlgn aKisly oo
* r khoshkhoo@mut.ac.ir

oS
Oy oad J 5 gUg,S anls 3l ool b ol 9,500 L o 1 Ol yg ;5o )0 oolistw!l Cupr o pliony SO Sl 9 (215 & Al ()
1ol 99 SN SO aliuwg 4 45 aBl o0 Ug S (slowwsdly (b Shos dlowdly (gl yilos 5l digad (S ol aiS 1oy (Saolyd 9o il
P 3l (Paro alold 53 aS ((9aSIL)USS paz (lgieds ;500 39,58l 5 (mol)ouicS ablu plgicds Sz oS Ll glad L YL 5Ly
dasio Job g )5 (o Voo 51 88 (359 Ly 9,50 (wliile 50 (219 00y Jolwg (o) 2 &1 (G (0] 50 00 Slamal iyl 1,3
O it (6979 St ol o 4i 1S Lg 5l ySlos iy p1 o (SKroliy 39 youdg yiSII S oo 31 ool by yko il & 31 yioS
MY ) poriagll Hb lise la3LIT 31 saliiusl (ouiy Bl (@i (2] 5 ol S pmie Slabad f ool (g0 3 o 5 pas o L 5
& ol S5 Jubo Az 33 kel Cawsd 4 inol (511 03 plSomianl g it (339 9 SIS (512 dionder 339 S 42 (VYD g Veide YoYF Yoo
U955 5 (6ol 90 Sl (Gudgh Coml 3 0B )5 51,5 (awy 12§ Sm 8590 1 okol Canwd 4y gy lid g s 4B Lo (6 50l 90 Joo Culed 50
s 31 il w03 P o (5Ug )5 andsd )0 (Ul g sl «(g yioml 93 > 53 9 sl (g iomal ST > 5 o o y0 VA (e
A Cound gyl plosily Glals )0 (2l il (g ol ST diged 485Uy ial8l (ciio BgyS )0 (pmigrod lilioo oo SUg S

)10 (6 yiuol 90 o ey
o 6Ug S Al (uste (SUg S Al (g 9 Axiuo (Gudd ;S « by g S lig S (Slowdly Slos 1ol Slals

doudo .)
5 dalr Sl lpiy Slaptus CSlo 5 (b 509> 50 2z slaisillSS sl sl Ladlsa lasetils § (rmiige
2 egs 4 (oS slag i o)1 5o a5 Salinog g S0l cojg pal Lilod STay Gges Lol 058 Coos @ by J5S
oS e Slakad o oz bl slaskn Glrte o P slr Rl Ghey S Ol iR e S L
Ol & Glrtey Gy S LIS (rizren g 3l g S g 4 LS e 9 50,8050k Elsel Skl oo wdg e

! OMQW 6MLS‘5A ‘5»‘)“; 6.9}«4,0

STl e s ald o] pgiiege JWSl g 05T BlbI @l)d 50,8 o)l Gyl 5l wilgs co 0ol uSeisly,S aulss
b 09Ul Sy e o J 7S sl aal5s (ol eisS oo T Seabiang g mSU sz (T 4 a8 WS sl ) S
55550 Sy 4 oo samio K by IS5 e gl S 5 el pb & i b g D90 4 SsS slil gla

o) 4 Vgeno (exSIIS) 0aisS maems 503 39,580 5wl arils gie b oo 51y Wl oo el 45 wnd oo &, 0SS

1.T3
2 -Electrohydrodynamic



Sl sge 413,55 2 L g W3)5 ajl el o 4 Lagyg 2SN Gl 2 el Soe (L shils oS gl ST1.095 o0 Jog
2 g SIS )0 Ngd oo iz KIS hawg g @8 il bawgs lagg (nl &5 S (oo slml St slagys 92
D50 2351 Lamsgs Sealipg g mSIl ol 2 ssalie gl 29 e LSS > el 5 4n8lS S5G lga sla JsSUse 55,
NS Sl ey (al laoay 45T 0l 09 2Tl g5 oy s Jlasl e o5 s b alsp by o Az g5 285

[V o sab

5ok (Jae 28,5 118 ooliil 050 Sleasl 5 (51 Lansgy oS ambomalail guis;Sy ) gy sael5s sl Sl Juso
oW b LotV ] sgncaie YU 51 lls 5250 55 99,3801 .35 oo )13 lsT o lg aS g Sglicie slaglas b oSl
) o @OV 3y cod ol — o 99 2SN (60 S0y Loy 00l 05 (oolindg g SN (5955 59 (e 5 39l
9 Lonalse a5 2 15,5 Shas 5l oolinl (Sealiyng | ol il aidlys Ll iols 13 sy 23,50 (0225 &y500
Sheslizal o1 (S i8Il e 5 SLaeiUSs 50 Dy & az g L 45 dims ) e (2l 42 5 QS (w2 S (398 e oo
Sosliiul 1) ol Koo ST 1 0n 953 i3 5k i sl Yo VA Jlo jo ¥ sl b poacy 80 5 pdy oSl )]
aly 5l 0,50 by Ll ain sl yaglon 4 S oot (i 4 Sl g 5 owijlon S b Ug)S als 5l ol ity 5508

[7-FlaislS ) p 1, T cilizes GleaS5g 5 w5oy91 53 5o 4 00 58 MelS )50

ol il 4 wisls ol ) 1) o Sl WY oo LAS e dakid 50; ign bt sieslel olSils loaige ¥+ VY JLuyo
Jg8 o, eiSIS g (Jobo s SO el g0 (ot O jg0 e SIS g Lo il ol (650 O JU SO L (Sgr (Dl ol

[V]ocsLe Sos L;i.:-;}.’.j‘ g2 g 4l & &y @IM Ghylo olugs 0y wog anyl

2 00 Sls s ploy a5 ols axwgi 1) Sagels uss ol b (dgame TS pol (IS5 50 jne &85 S5 WY YY Lo o
Slao g ols wimgs il daBa VO B 1) T 515 ley ST la gl )o &8 10 opl el o 4880 O dgas ailiigs o>

by b aps 5l (zs BB laie o wad azgle olay 998 (59570 3876 b 8l Sen 5 L GBILY-YY Lo o
Vb plSovinl ( SVl (26555 6551 sl Y Sl ozmen oo S Ll S g5 0ol 5l 0ed 02 093 4l b
)l 2 520 1.0 Sy 9 5 lST Y Jolao p 2 a5 &5 szl ol (0 6l Scidly iz 1S 9 9 awgte (i

[2]ass Joss

g Soo3 )l 50 605 518 Sz (lewdh) S olpi SO CSle 4 G850 ()52 g gilog, @BIRN VY Lo o
‘) d)” aQ )Lu u..bl.m) JBL\} 4 UISAI U"’;‘ uS.: )‘ oalazwl L| aS 9 00y <l )—‘ L5"5"'>‘) u,wlfj_e » Lg».u.a as .\JB.MJU’_A fu,m)

e iR ol e s &l JES! o UeyS slewsdly ;Shes 3l oy 4 o LSen 5 s VFAA JLugS
B gt gmgs Lasl s o Y 5Ly Jlesl 51 ols S S0l lae 15l o GISE S5 (g5, Lo 5 JUb ol

coye SRl Galsny ae Gl b S wiaes s ol 4 Ll L2858 aslllas 500 soue Sygon Sl G oSS

3 -Undefined Technologies
4.VLEO



5 Wb oe Uil &l JU! oo o Jleel 5y il b cprimras il so (2l s g ial3l ol o &l Ll
DV el 138 50 (b, JLad cél 5 (B pan oy ol JESl cu o Lialdlp (SIS ad 5l il 09,550l alols zals

53 SRl Gl 2 oSl Susd S0 sl U yS Glondly Slos (g30e (giluand (5 Sen 5 (38 AYAA Lo o
30l 418 ey g S0 y0 e s i gl L (61 5 g, See VYD lad b Wil b juila s (900 )5y b 0 250!
5 Ok Lok ( oS ol e (Ol o e p 8 5 Ug S akss 5l (L300l Slasiie (i (ol o
Ly hsS Sogots Ssinl gl SYolas 5 (Sbislg xSl @¥olae jslaie oy 28,5 )18 goae saslllans 90 (lonil,
obnseslailgs Uaslade oy iing a5 was oo olis 0w lCawsay b alie ol > sgame ladl g, 5l colaiul

DV ailyon ao)o # gVFIY 51 15eS o5 5 40 (025 pollio b dulie 13 )l pins (5958 Oloaily 5 0l ey (59,05 450 250!

t g w50l 5 (o r ST, g S sl Slhac 51 olitl L owig WU o5 il 5 oo o lSem 5 ey O F Y Lo o
@l 5 Waelys Slon s Bl (SRt Wy b (rlan Joe 5 (mpe s tlie Joe Jols onig VU il il 55
Syge e g St Sy S Al 9358 Sy ey (LA o ps g (S OlE Ol S9p SIl  bga e
Ol &0 o Jloel g @50l STha (IRl il @ Gl riay (6958 St Gliee dmi )3 g WOl )E (o) g B
23 9 32,0V0 e SUg S (slp (cmyadiges )3 )V T hie SUg)S 50 9o, Ve e 5Ly S sl (e diges 5o
2o dVA (g $Ug,S 53 5 2o 3TV i SUglS sl Syt ol b o2k s gl (gl 5 2oy YA (e SUg S

Dvlal o o8l

ool b a8 wsls s (oI, sl g Sl ol ,2 s UsyS oS e il )2 oyt 4 050 5 60l VY Lo o
oalS il Cdl o 65,5 ,0)) Gisn j0 AT sege STl SO ST cawsds By, Slae (605,13 0956 5l calizes Jow g0
S35 605 Il 4 by yo gl ¢ Sealinog T (ides 39 (o 08t U )51 Shas S8 b o2V FYY b (g0l pdaio el
IR s 9 G 950 (e g St SUg S S 90 50 5y s (Sl 0l Gliee 5 (S Gl ol
Ol 595 Oliee 9 (Se S 0l sz 9 (B rae Olgs Gl Gy (e GBI Lsls lis iy cnl 5l Jol> s .88

Dyflest aalel Jow g0 e (Sl

o 9o Gg I8 Shos il )
59 0 sUg,S Sgdice ol plss 4y e a5 Ceol Sglite b 90y 5 o0 L disn pemelids o bawg
03550 85 sy IS5 el b Gl ssle i a5 e s 5 gty S s It o3

5 = LS b lag 9595 n 4y e 9 990 g0 i el Ceons 4y (595 (59 Jawgl 98Tl (nl (siie (Slig)S 5590 48
o gisd (ol 0gd oo rs iz o Eely g Wgd oo alﬂ o )99 9 0wl S99 4 Slowdly )0 090 oo (S9,5S| pals £

Ng oo 233 yiool | gumliign g ok )0 abolml Cudie layg Cul a6l g SSUN Glapoa 5l (6 0 S £ 55 LoDy



e By S a8 w0 (las 15 JS8 098 o £,8 ,eiSI Coons 4y o] ) 5 Wisd oo, b didlate 3l ulesye
Ll eSS il Job o fol>

SEMR G AUl ot 090 5 95550 199 el Sl adsl (2 Ggeliiny dawgs oadolil adsl oy 2SIl ez g)S 5,90 50
Ceoms a0y JS1s Coons @y aS) sl 15 o (655005 (65,1 e hin Lo @y S slagyg 2SIl l (L0l oS oo
3 20 ESl g gl (59 5 Slacrate o NS (o0 SLS Fml Jeniln LS SG 50 5 Wig)0 e
Sl S 0 0y95n  Fel 093 b &S Sude lagg 9 Lapygisd Lawgs 4l igd cei Sbml S o0 Sl b 4l
L wgioe aarlendl 5l a8 playg 2SI oS (oo @blo o & 1) a9l slogg iUl S 2SUlg5gd Sl lawgs 9 Wgd oo
5SS S 4 oS 2iaS 2, JSiS ) e slags 9 Ngdor oS S 9,0 9 DS wiile 3159 2T (sla J5SUge
ol sl ) SanBolie odblive 1 JS3 50 oS wighion ol olaeS) ©)p0h Ygane oo Ug)S S g0 25 >
S9 Olie (i n (eize 9 0S5, S lp S Olrie S plprea Ug)S adss sl esliial (ow) n (Baiod
S 3 Bl 9550 0 sl ARy Sote sUgyS p0 Dolie il o (LiSu il o ps g (Bras Ol Ol it

adloe yimlgs g sl

¢JL>‘S.H)ﬁwsMjoajygﬂﬁ\&ﬂjabolﬁ;ﬁj\wuml@LLALgLQMWQQ@fbbWL;”—ISJ
G il g0 Sl yo iy ijc\%w'; S 055 Cawd 4y 9 Sl (G3lg0 9 (6w g0 A b el s alise o

! M;)LJ o Syg0 LS}“*A‘&LSL““‘JL’)‘ 0)‘54.(& d.:LM 6L4b 4.:9.0.;)&45@)9»0)0 ML)(SA

o9y 9 dlge ¥
e e Sl S8l S gl (LEF I3 ) n 0y50 SESS el 50 0 n Dljs e S 0 Sas i al o
Sl yg,5e slal sl sadsoslaiwl (oaisS ablw) il lgicds Sadsl) ol psd Slastine g yie Lot /Y L8 b go¥ed
S,90 Q‘}A oW o..\.wwu)smsdm‘_g..\.u)iu )IASwl lb)f AVATA D9 QT ﬁPﬁfmsuLwa)Q)lﬁwLwa ‘o.\.:).:
S 5 mny 5l 00isS o slaasly crizmen g o o +/Y Cwlies LY 5 poiegll jl oy jgm ol 5 aio ;o oolaiul
aS el ool plodl [ 5d Wgelis OS5 oo b g g domio ol Sl diy 57 Canl b0l dgs 9290 Ludb oz o 5
aQ U‘)M L)"‘ ‘SLQM ..\.MJL;GA d;l.: 9 )..\.».4‘ s)}»SJlS s3> A )‘ OJJ).’ k—)lJ)B)iA.Q Ml) ° )‘Q)P).: G:Yb )L».m.: R )l
slos ;o Slislejl adS csloass a5 olfiws b g oasoslel 0S¢l Ll Siygo as a8 Conloas 451, ) S & jg0
abg o Olewle plol jo coge yol)ly a5 diged (55 - Cowl cdlplol wo 0 Ve Cughby g Las jLid S5 cSle a0 YV

g2 5 VO pgs wiged) sl (67 90 b i 53 5 25 VNV (gl e el 8 5ms STTL Bl 50 e

5 -grade AlSI-304L



52D n VoWl
) —rd |
ol ol o ;q ;Ll [ 5:1
S il & 5IFa 3
z‘ |
=)
‘ I
I [ | i—\J lszl'—k}'_i l'_’ O—IPRE '_i
\'—‘P '—”—” th— ) !_‘ S K\J L,()_.Wll_f _!
‘ <>
0.10 |9l ] S 117 @ >_|E s
0.90] | s i n i
0.70 0 29__ — EJ T:\—| s [j
I LT I
11.54 D A] OIS

il 9 SIS 31 Solos s ) JSLis

Figure 1. Schematic diagram of the collector and emitter
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Figure 2. Single-emitter and double-emitter thrusters
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Figure 3. Positive and negative high voltage power supply
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Figure 4. Five 1 mega ohm resistors connected in series
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Figure 5. Four-channel oscilloscope
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Figure 6. High voltage probe
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Figure 8. Faraday cage constructed to prevent damage to the balance and to measure thrust.
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Table 1. Accuracy of the equipment used
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Table 2. Thrust values obtained in four‘tests for the negative corona thruster in single and dual emitter

mode
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Figure 9. Thrust force versus voltage diagram for single and double emitter series micro robots for
comparison in positive and-negative corona
dmlio (e g Cuo Uy S 90 0 (55l 90 9 o (lEE Slaghns 4 bgrjo Glrdn 9505 Dl Jloged Ve S 50
Sl S 50 b Gilrey 50 Ol o M Ol 45 L8 S am i e 5 ) ¢ IS gl 50 duglie I Cenlons
S )3 ooy 695 Sl o Sarto (L9, 53 el el (6 v SHE 231 i) ity 30,3 VA e slig S Ul 5o
O 00l oSS gl jden e (iol38l cle ay sl Sase el il g (6 el SO Il 5l i ae o VY (6 il g0

Al b el g SIS

T el 90— (ohie glig,S TFT (gl ST - ot 5Uig T T el 90 - Sulte (glig )T g el ST - cute glin S
Ot Yia

2 o o
Yid * vio

2 AR RE Y =y
Y : Vi /{( /VE/I/ g
* *M ] sibl e o ‘ A

2 p LT =T ”L(M

Yo M AT Y AR N0 AF RIS Y AYIL YA YATS YA ATl T+ Y AT Y AT YA YA VFIA Y YA YAYATA YA 1A/ b
(kv)3tty tovyslls

h
N end 5

—k

(MN)ecol 5

Sl 6y 99 8 ST Olbyg o dun Ulo Cr (Ao 9 Cadio SUg )5 90 50 SLdg o 1 (3l il (593 510903 )¢ STl

Figure 10. Thrust force diagram in terms of positive and negative corona voltage in single and double

emitter thrusters
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Figure 11. Diagram of changes in electric current as a‘function of voltage in the positive and negative
corona for single and‘double emitter thrusters
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Figure 12. Electric current versus voltage diagram for single and double emitter thrusters for comparing

positive and negative corona discharges
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Figure 13. Electrical power versus voltage diagram for single and double emitter thrusters in positive and
negative corona
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Figure 14. Diagram of electrical power versus voltage in two positive and negative coronas for comparing
single and double emitters
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Figure 15. Diagram of theefficiency coefficient in terms of propellant force for single and double emitter

propellants in positive and negative corona
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Table 3. Average values of thrust, electric current, electric power, and thruster effectiveness coefficient
with positive and negative corona‘in single’and/double emitter thrusters
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Figure 16. Thrust in different single and double’emitter modes in positive and negative corona
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