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ABSTRACT

This paper introduces a zero-dimensional modeling on the plasma generation in electrothermal gun
operation. The plasma generator consists of alumina bore and aluminum electrodes which is electrically
powered by outer pulse forming network and, traditionally, its numerical simulations have employed
time-dependent one-dimensional governing equations. However, by assuming isothermal approximation
along the bore and choked bore exit condition, present analysis simplifies the mass and energy
equations into zero-dimensional approximation of plasma conditions coupled with mass ablation model
and plasma property evaluation. The numerical results show good agreement with the corresponding

one-dimensional computations and thus verify the present modeling approach.
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Fig. 1 Schematic diagram of plasma generator with
pulse forming network in electrothermal gun.
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Fig. 2 Plasma properties for aluminum plasma as a
function of pressure and temperature: degree
of ionization (a) and electrical conductivity (b).
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Fig. 3 Plasma temperature (a), pressure (b), and
mass density (c) as a function of arc current
from present modeling (D=6.65 mm). Symbols
are from 1-D model by Raja et al. [8] for the

current (kA)

case of L=135 mm.

(Fig. 4(b), L/D=6)ll tiste] &FrlH 2 At4
olestUAEe] BEE WIHE olANF W
wg}l AHEg . ddUZ olaHFY Frldl
w2t EToA e Fekzut o]23t Frrb o
Zth. =3 Fig. 4(a)9t Fig. 4(b)S vlud o, B



6 Uz - ¢Ee st Rz ZS 8|
1 LN R B DL L B B | T LA | LA LB | LANEL L B 2 1 T T T
| D=665mm L=13.5mm r T
I @ i ]
s I c 1sf -
2 g [ .
2 °er 5§ I ]
£ L G 1k .
. 3 [ ]
g o4 g [ /. ]
w | = | _,-' . ]
i 05 )/ —L=135mm| T
i [ e | = 27.0 mm | ]
L | .7 = | =405 mm | ]
o 20 40 60 80 100 T T T T T e
current (kA) current (kA)
1 LN R B DL L B B | T LA | LA LB | LANEL L B 8 1 T 1 T
[ D=665mm L=405mm ®) g
[ -
s s
g [ E 6 [
o 06} =
[=] L = o
E L 8 sf
2 - g -
3 - - C
& F o 4L -
[ L /5 ® 1-Dmodel
L L/ —L=135mm| ]
i sR/ar e [ =27.0mm | ]
r o -=-= L=405mm| ]
[ 2-|I|IIIIIIIII|||IIII-
0 20 40 60 80 100
current (kA) current (kA)
Fig. 4 lonized heavy species composition for case Fig. 5 Effects of arc current and bore length on
of =135 mm (@) and (=405 mm as a the degree of ionization (a) and exit
function of arc current from present modeling velocity (b) from present modeling (D=6.65
(D=6.65 mm). mm). Symbols are from 1-D model by
Raja et al. [8] for the case of L=135 mm.
ol Zole] Azl Frke *FEF P A2 ¢
b o]zt Y& Wty Fohzel HAVE Ho] g Aol 2uf B 4ujE Frlete Ag, 1L
Mol dato] AsjE 4 Utk @@ molBolel I AWHTh Fig 6A B uhe} o]
JFE Fig. 5a)° Fezvl o]eFENE B Hol AR Ee wEd e md ex 9 ¢
ZEch, £33 o3 -1 FIE 100 kAl Aol = 9] ol % ZAFS & 4 Utk sHAR Fig
2357} 2 ojat® veh} Fekzeh 24 A 7@l dehd Fehzvl olestEe A 4L
ol A 3z o] E FETS FAT = Yot g Wz ks o2 Jelked, ole ©dE =7
A Fig. 5(b)°] Tetzel ETEE A 13497 g ®ol W) AFYUE % 49 art Ee
A7} gAHoE F I3, Ho] Aol Zzut 259 ZAE FHFe R Tdste AL
7o) et ol Hw Fashy o 2 wolth olgg wol 47 Frld me R
shAue 2 mol Zolg 27 mmz nASY Y PaE TPz FrEEdE 9L
1742 941 mm¢} 133 mmE Z7HA2 W, & A, Fig. 7)) FTEE/ Bada e =



H192 H6& 2015, 12.

HEZ =0t Yo axe A =L 7

80 T T T T T T T

45
40
35
30

25

temperature (1 0° K)

20

15

AR TAREERARR RN AR AR EERAARRE R AR R NN E WL W]

10

S IR SR NN N RN R R R EEEE]

)
o
s
o
@
o
@
o
-
o
o

current (kA)

-
N
=)

TTTT

——D=6.65mm (b)

-
]
[S)
T
o
n
©
F=y
ey
3
3

=== D=133mm

Y
o
o

L=27mm

pressure (MPa)
[e:]
o

B
o

[
o

»
o
LJL I B I I e B B I B B B |

0 20 40 60 80 100
current (kA)
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