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An experimental study on the resistivity of injector plasma

gt & A°
Han, Choong-Kyu

ABSTRACT

A chamber enduring 3,000 bars and an electrical high voltage power system have been designed and

installed for studying the characteristics of the plasma produced in electro-thermal chemical propulsion

system. In order to test the structural characteristics, polyethylene injectors were used which have 4

or 6 mm inner diameter and several lengths from 15 to 70 mm. The capacitors were charged at the
voltages of 52, 7.3 and 10.4 kV which correspond to 558, 11 and 22.3 kJ in charging energy. The
observed resistivities of the plasma injector are close to those predicted by a theoretical model that

describes the plasma resistivity according to high current density.

Z47)%80] : Electro-Thermal-Chemical Propulsion (

(Agslstazl), Plasma (Z2k2m),

Plasma Injector

(Zd=n} ¢1AE), Local Thermodynamic Equilibrium (F4Y9%#)

1. M2l

Al 2L A7) Az
7|2 ol2H FRAE Wi F
AAA RS 7KEAZITL Zabznl Be 93k
AsE A7) quA dat Azt R o ¢EE A
olg 4 glomz MyH HIEA o=o] Aago]
oF g},

_E}zu}—— I:H—Ac})]/\
o f Qe

.

FAA) Eezrlg B PHe) weh op
Wl T ASe AFe £ ANS BN o2

$alo] ARE T2 FAAG 2& I B
zehe WS ol T, mAE 339 4
A QABE oFd Aol Azl ol B4
Felzrle oplz BAl] Wser Wl St
Y el AE olgdle] Fekzrie WAk
WHE ofd A Bl Behzelel FA} 4
B¢ s A4l got ok Uine) 71 AR 7

g 50 4% 540 WS Hyect v, QA

o Ly

deidoz S0,

o] =5 WL olAlE] 64}\}_4 1 ) _'_ETAg% oz{lg

grrAllab e A5 AuEed 129)] 19



9 Zo|, W3z FHHUdE WA dFHo sohzrle] Aoy 54 3 Ay orEE Eejdd

2 ASsgch 28] ARgE Hee dgto] 5~10 d Ag S 5 YFEL A 5 U= A
kV, AuAzE 4 kJolH WHo] & ms &< ¥ A =T 28 1& AF e FRo Au
ojdr} ol HMEFRIe AREse Aok FARE W 34 AE 24 m, o] 150 mo| EE 19k
floln MAEE Eetznke £UE, 37199 A g ul7lE, A, FEASE Yol Atk

&, 1dxe Jefellx] JE Aejel22 LTE(Local 7] ALE SfEl 7 AF Aleldle YA AA
Thermodynamic Equilibrium) RdZ oF 71& & (Goodfellow NIO05120 : $0.1 mm)2 ARl AX9
o] wxd o237 Hluwste stk THE P STl oAzt FFEY Ee=

op o] Al 453 87] Afelg HATIE
AANZE Ferh 958 £3 MC HYES A3}

2. A¥ EX| 9&@ Aghol 10 kV o &8 Atde 23 B2
3 A Atolof A otz A SAEE Bl 3

2.1 Sat=0t 2y A OW Folle 5T wASA
A EP-%EA QA BAoln ETkznfE LAA Adie T 9] Zo] WEeR HA AE 10
7le 2 A e dit 28 Qs dASI mmé| 8 79 ¥ FHES Hn YA A 4

AG Zepzup LA Awo] 2= AR Y A FollMe Ao 25t 2] 24 ¢gouy Yzt

3 guel bHe Qe ZYPOR Bekavel £ ASHA At AW AN BN gA 9
g Agdor SHsith 1 o FHRE T £ diee] nAA7E AHA AH Als"e FA 10
T 123 3 270 |
i e i
| a3
o !
A B e e s s s SOy Y I I |
%, - | L) T A
// /1
/
A
(T2 1] A"y Hgs

20/ 5TARE71e 8 A AsE AdE(2002'E 129)



=2/ XME7| £

Mo
HO

mm, Z7] 600x500x1000 mme] H Az} &of &<
o Ay YFEe A 24 mm, Z2°] 150 mm oJEE
Bk o 68 cm’ ofet Aelole 1 e A W)
7] WH(Swedgelok SS-445-FPAR, 38° 4] 3100
71k, 0140k T Y B, F Y 4 ASE
THol Utk

22 Ty Ex|

AQr2dle] dlEees a3y 29 2t F 749
208 uF AMAE (maxwell 32820 @ 22kV, 208uF)E
ARG AATiAlE] B9 &L 416 4F 0|1l AHE
(FER7)Y dgeA L & 60 pH otk FF nAd
e FTwde AYUFE7I(Spellman SA30PS, 30
kV, 266 mA)e A Maxwell : 6 k? 2 713} 99
El(A12 100 mm ok2E Fof 10 mm’ AAL 303
e B AAEY AFRA7E FFE4H AY
T A5 dah wA 2 Ve RS 188 92 29
A& o] Apole]l HAEGATE F Alsd] oJaf AFE
o] 2 kV 2843 e A27](Driver; Resist-O-
Weld IG-5-F)& ZAHYEHA] Ignitron(Resist-O-
Weld NL105N COAX, 25 kV, 300 kA)E Zis}lo

Dump ™

L lgnitron

Crowbar i I AEz 2!
Diode w

AHRAE ] A7l A]7E BeHAR Ao A
Al stk AFAH AT Aol RAE tole= &
(International Rectifier Corp. SD300C40L, 4000 kV,
10750 kA, pulse 10 ms, SDI700C36K, 3600 kV,
21150 kA, pulse 10 ms)e] AZ-HKcrowbar) 2%
AE 4aRE et

DUEY AY Fekzvis o) oleBEs} Hop

o259 el 1712 o3 359 Akt A

o 2 27fmp/€T)3/2
[ B ne hz

exp(— Ei/kT) 1
Ny, No, Me, Ei h < Z*Z}_ Ol% ‘:\":1.5:—-,

£ A 9E, oleg oux|, &

< O 2k

P = kT(n,+ n;+ ny) (2)

2 (1), QF ol&siX AFE n/ny7t 18 3o|o
ojuf o3} JUA= BA 1715 o] &3tk o]
1000 7Igte]® €27} 20000K 7} HOE n/ny 9
e 02 A=o|8 4000KY W ol 23}wrt 10° o]
G}E rﬂo.m A/] /H 7];{]% ZELQ_ /H;g& 7L.L:1;}

EA# YelA BAEE de BF A7) o8 A
7rgolA wiRE Aolx ojzle] Zpzwie] EAl
HAE #gkdnky £ 4 Qo Ee=eph BAS U

oA FYsHA EEHe] glor L& T SAelx
7H33HA ouA] #8L o 2ol YehrhRioh

A2l 1esEA] A5A AEEY 129)/21



e
Ho
~
>
0z
-0
N
4
HO

[
1.E+04
1.E+03 —
1.E+02 [ T o]
LE+O! /’f"::‘,'—— T
1.E+00 o e
1.E-01 & 1000 /)’,}320'9&3' 30000 40000 50000
1LE-02 | fr7 s
ReSA T 5072
1.E-04 — _ owet
— F 000 |- 400712
s — - — 10007]%Y
s —--—- 400079
1.6-08 b

[ 3] otadg 2z wlE o235 (Carbon Singly)
6T - 29l = PR = 12—’% 3)
T

0= Stepfan-Boltzmann A<Fo]1 pE HA o[},

) = mw—jv) n

nee

Mo, Ney € Ven, Vei © 474 ZAX} A, A} &,
Azl AstE, Az SR FENE, Az of
&9 FEHEo|t 4 (3), WE o83l LxE &
|# was Agol g2 Yehlw oga} 2ok

>,
=)

T — 0-1182/1114/“7_6/“ (eV) (5)
B=1+-% = 142.08-107°7°20  (6)

o] AolA I 9 r o B 27 A% mm otk
257} Bol FAUAE A 91 Aol p #%
1 o] gm Qukel e I3 4o] Yehigloh
(3)~©)old Age degli=H

rlo

1>

22| S=2AtR €8] A AlsE AdE(2002' 129)

LE+04

1.E+03 t 502)2F
— — 1002t
------- 4002\

1.E+02 { — - — 10007|2}
—--—- 40007/ 24

LE+01 |

1E+00 R :

0 10000 20000 30000 40000 SO
®

(D12 4] Y 230 wWE f4f

R = 0.02208" %"y~ (Q)

(! m mm, I in kA, r in mm) (7

41 W £4
Zepznt QAR A S4e o] 9sho
A% Adzae Al 22 kV, 100 k] Algez A

At AYAAE 52, 73, 104 kVE 48] Zgh=
nh S SRT o] wf FRHAUAE 27 558, 1,
22.3 kJolrh ESH QB o] Fifo] mE SAUAKI
AFabole)l AE 15, 25, 50, 70 mmE FAgkod <l
AE Y WAL 4 mme 6 mmsl ZoEd A|gE
ARGt HbdA] lEE AR, St g
AZ3l 7] AxRg AN I8 55 A¥E
AZ s3oln] ol A 52 kV, Zo] 15 mm W
4 mme] 270Me B AY AFfolr}.
Zelodal AR oM T A3 Afeld] Azle 15
mmolelEZ 10 kV vlghe] ZgtogE g of
A7p SAER et mapd 27 s Hsf A5

to

o ro



HFkad
2Hx100 V)

Feol 4 mQ A= A g e UA AN
A EgfA A5 F A
FAH Aol ksl
9] AR Eef=rtE WA o] A&dn;
a9 59 A AFE AAe] AvRy dF A
AZ F ok 10 ps AN 2 A 2ujo)=7)
Hed ol & 4 mQ9 *ﬂ*ﬂo} #oAe & A
o] A%} 3QAE/HA) Asdths 2L Btk
ol AFIYFY e AL AAHL WA

AREE A7) 2HE

zﬁ.

P=J*R (8)

wisloe AR Ut oA dEs
3 Zelzoly}l wlEn T8T ATAL 2
ko) W ABE B2AR AA L
PrEh ey e ASHE 5o Szl
AAo] o Ha/2uolA] ke, olo] mhE Fehx
v 2d AYE7Le) F3ol fAE

2mjo)z A3pe] A7)E 104 KV HA) 45 kV
2 AZH, 52 kV A9 A9 1~2 kvelrk %

fr 2
?ié

(st

b1

=
il

1 HEHa)
a8
—Sky =3
g —TkY =8
—— 10k 28
04
az f
a
0 02 a4 06 a8 1 (ms)

£ SEzeph BAEe] o] dojve Tt ¢
o] A2 A9 A% A712 5 oms ASHH)

A9 XﬁH %F AgEgol 27t A IR
B A7kl wiet Jepd e zooy. Sekzeizt A4
Holl we} 22 g fAsi ARvE AEEEA
F43] S/ F4 AHgtel 74l we} z=&
A @717 AR AN 2o] o] HopAle 4
go] FAEHM o o] 2 ghoF A& A
k= Zojitt

£ 1~3& FA Sl w2} QAEHY do] & 3
7o w2t 349 FQ dolg glolok FH AY 52
kv, 948 W74 6 mmZ 4T 4§ 2ozt 15
mmollA 70 mmE 478 F7FFA JAEH Ho) A3
L 47 mQolA 143 mQ Z 308 F78lEE HE3
AgA Ik ot olm ot A 0.7 kol
A 164 kVE 248 S7kht A% A&AREE 1.88
msoA 098 msZ 50 % 7AsHH o AFE 123

FrarAkel7 )58 3) 2] A5 2452002 129) /23



=2/ X7 28
[F 1] &M M2 52 kV(558 kJ) & 1o =4 (E 3 &8 Mot 104 K23 k) & 1o EA
Hlolef aNE
Az Zo Alg 2
| | X 4 |Z Z0 6 A
(mm) (mm)
AE XA NEET
525 5 70| 15|25 50|70 152550 | 70| 15|25 |50 |70
(mm) ¥ (mm)
| Cy & o A|h & ot . ‘
wg |070(095|144/164072|136| 170|238 ) 074|106 178/192| 112|160 196|328
| E N E ™7 _ ._
'i"kA“)“ 123111.9/106(102/12.4!11.1|10.0( 87 A (HKA)“ 2%.0!25.4|241(232/25324.4/232| 218
L} ! | |
A 041426 458%453 400(458| 462|481 oUIZ Y 1671 103] 187| 168] 178] 186] 191
e e e s el ST i B
Motm A ' ﬁﬂ%i;
1.88(1.38/1.0810.98|1.65(1.17|0.97| 0.89 | |2.71|218| 151 |1.36| 2.08| 171 | 140|115
20|(ms) 2ol(ms) |||
x| AKX 5 | A X5t ' ' _
47 | 69 |129|143| 43 | 99 | 151 | 248 % |37 66| 74|37 |58 |75 |107
(mQ} | L (mu—) ! |
(22 &8 M 73 kV(11 k) ¢ mje| =4 ojolg 7¥et w3k QAE < LH?M wAaslH Agto] Fot
NE 20 SEs Zoh F7lE A%e 2 e Ye
(mm) % 3 o Ay dgke 27) éﬂMﬂﬂ A 5 G4
1A " Aol Zr= Adizho
NE 53| oo 50| 70| 15 | 25 | 50 l 70 S = el
{(mm) W | .
=| i A of = Sh
'EHj” 067|1.01|1.82|1.60/084/1.38 188|260 42 Z2A=0F XY
KV | _ A} el 54 ] 3kl 2F-AF B
5‘?&3“ 17.8/1172|158|15.4(17.7| 16 4| 154|140 agzg Jed 29 73 go] vepdth A Hlo|
| x| 7 Ele AYgadjzolr Asfo|art Ava FgE 5
b3
AEK”’MO8MEB48%7&S&B9%Ew8 B whdo] BuUn 43 74457 AW 77 3
BRES 1o 0q115911181117(1.90 132; 1.15/1.02 et
R 273 |1 29| 118 117/1.90| 1.39) 1151 AF-AF BANN T Fao] B2 Ul
x| A X & ol=g| ol= E A= = AT
IEHE | 4, 57\95 96 | 34 | 71 | 104|150 Holed| ofs Af7h Yod Mt At Had o
! | - 2 FrEt AR 4% A 27] BEept Ee

kAIA 102 KAZ 17 % 743k

27134

24 F22ATE %8R A5T A4F2002

AT EEo.

A -TH T

AHE e} 3
404 kJolA 453 kJ= 12 %

=3

<

=
o

d 124

A7 dolle Zelxep} 283 MY 39 )
wafoy A W FHo] A=z o BTt F
of Ftioz 22 A3 ge et



3
[

Ho

/AR &

Ho

05 r

0.4

R -+

02

1 ]

0 5 10 15 (K&}

[Tl 7] MFo ot

alt

At st

o2 a9y o] o p= 1Y 89 I AW
o2 78 F ok a”fAM AL o7} Fukst

g

Mo oorlr

ol

A Jehbe AgE Holn 4 (Mo bkl
AAE Zolof wlglshke A7t E7FH N7 o

o HoleolX HaAsHE ol8st 78 AT a

o ol & 49} % 5olth
gHoz 79 AF-AYY A% gL

a=0.56+0.13 (AF 4= A

a=0.89+£0.07 (AF s A

(O g Zolof wE MF-XMITA(Z2Z

A48 deIEd As AT 48 AHE @
k. oled WHez T8 AR APAle B
Ae

R=bl"" 9

X =l
|2 Zo] : )
(mm)
NERF
1512550 |70]15| 25|50 | 70
(mm)
STBE ) 001038/ 0.411056]0.58]052] 0.40] 029
STUAE o 039IO38[072 057/057/059/0.61
73 KV ...)ll 3910, .. 07 10.9710.0 ‘_
sund )7()'0” 074/ 053] 050|0.83| 060
: 5510. . F 3310.6¢
104 KV 0. D910, )| 7410.5 3, 3
[E 5] M7 512l agt
5 A=t |
|2 Zo| 5 4
(mm)
NER-F
1512550 |70 ] 15| 25|50 |70
(mm) ;
STTE | 00078/ 0.851083(083] 0.88] 098] 0.93
co gy |082] —b &> 0:8|088) 0980
L . ¥ 0.87/0.83|1.0
D3 gy |083(085(097 0.94]0.87|0:88|1.00{1.03
104 Ky |079/086/0.90|0.95/0.86|0.85(0.92 104

CJ

ARS8 2] A5 A 20023 129) /25



r
[

Mo

/XTI &

r-|n

9} o] vpehdth.

| (Dol B o]&A4Q #2 6/11(=055)%H]
AF A5 Al @ 2 gt ole BA 2&7101]{— &
g 7149 dEot ol QAE R gelo] S
Zoltt. ol A (7)ol we} Aol o] ol 1
d 4olA9} o] A9 1o spsER W] Zo}
AFo of&Eshe ol Hlmd o|Egkn & et

AF s A A G2 olegitke AH o
gol 19 ok Bale) B3t vizah vherael,
29U I B 8% AR o zol AF 27
of wifolz nlwA UAE s FAT AAH
o7} 23 7ol o} o] A Tl
2 A A5 gl HlwA A Jehde AL
hi=g
Zh Aol 2" & shel Bl g bellM ¢
AE|9] 7I8led a4E AAst HBAE

I

_3
R=6 W "I°

(/ in mm, [ in kA, r in mm) (10

9} 2ol 7h4ste p'e] g TFetsltt

b =(7.46+3.04)x10 ~% (BF A5 A
b =(5.52+1.30)x10 ~° (AF 374 A)

o] & AF qol wlg} Hd ezt A A4
A

3
N2
njo
=}

ric
i
At

e B

g dE2 A8 2

26| FEENFEI1S 887 AlsA A5 00 129)

ghznp QAEY A3 EAS APFHoE AFstdd
ot A Fd T ALY Wl nf
of Agle AYF z2E AFE AP o2
M AF-AE Alele] BAIAE curve fitting3hed
T3t

Zetznl dele 542 QA U9 2% ¢
gn Eepuie Uxrb F43 Qlxjolug ol &
Aab7] Heie 2BAQ] A7t AgsoiHor &
7 Sli=3

Y
Iz

[

1%l

|

Mo
ra

(1] J. M. Kohel, L. K. Su, N. T. Clemens, and P.

L. Vaghese, “Emission  spectroscopic
measurements  and analysis of a pulsed
plasma jet”, IEEE Transactions on magnetics
35 (1), 201, 1999.

[2] A. Loeb and Z. Kaplan, “A theoretical mode!
for the physical processes in the confined
high pressure discharges of electrothermal
launchers”, IEEE Transactions on magnetics

25 (1), 342, 1989.

3 W45, W%, o199, “AAH B4 Seznly
AYEA, A5A AEFAIE xﬂnM, IRES
2001. 11.

40 R. ] Zollweg and R W. Liebermann,
“Electrical conductivity of nonideal plasmas”,
J. Appl. Phys. 62 (9), 3621, 1937.

[5] R. T. Robiscoe, “Overdamped Arc Discharge
Data and an AWA Mode!”, IEEE Transactions
on magnetics 19 (3), 529, 1991.



