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Analytical Analysis of Segmented Arc Plasma Torch for
Plasma Wind Tunnel Facility

Jun-Ho Seo*' - Sooseok Choi** - Seongman Choi*** - Bong-Guen Hong*

ABSTRACT

A parametric study is conducted for the design of segmented arc plasma torch with the input
power and current of 04 MW and 300 A, respectively. For this purpose, we use the analytical
relationship between input power, current condition, plasma temperature, inner diameter (Z) and
length (L) of the torch constrictor based on arc channel model. The results reveal that arc plasma
temperatures increase monotonically as L increases or /2 decreases for the ranges of Z < 7.5 mm
and L < 125 m. For larger valuse of R and L than 7.5 mm and 1.25 m, respectively, however, they
show non-linear behavior corresponding to the variations of Z, which stands for the generation of
unstable arc plasma. From this parametric study, optimum ranges of R and L are suggested as 5.5
mm < R <75mmand 025 m < L < 05 m for 0.4 MW class segmented arc plasma torch, under
which stable arc plasma can be achieved at the input currents of ~300 A.
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Fig. 1 A schematic of the segmented arc plasma
torch (a) and simplified cylindrical conductor
model (b) for arc plasma column

Nozzle



M 152 HN4& 2011, 8. =

234 o2 Ect=0} EX|9 o/EXN
HAHT M

87

uls) 47) W, 9l
Ho I He U FAES we) U ¥
AEE ol Zejzv J5d AFHE P}
At

Zezvt BEX 349 A g "R, 2 &
#HR o= A@ =d[9, 10]S FH&sle] Zg=
ol 98 A AF A} 2HOERE T

J

WAE W AFH g AA Lol Atele] #A
42 FEF A%, o ol§F oy AANSF
E4 sl 5% Aolstw /N 5 vk
oo we}, B =FolAE Fig 1)t 2ol 4%

A5Y ASAR BesE 2AY o2 Fe

o
WANY 5 e $8Y oba Behzvh £X)9
AN WAF shebstus ot

21 o= Aid 2ES- 0|83l sais)

Figure 20| Ueld, F7](Air) =29y 2%
o] 2 AVAEE EAS AHHEW, <F 6,000
K oJgteld AL 0o 77 ks 7FAIAT,
6,000 K& doxd, 257} 71845 A7
E=7F AA3E] FolA T 8,000 K o]l =
+zo] A9 w3 FrisTH11]. ot= A
2o oje} e FY] EFEtRv AVHAEE
LxolE EXANS ZAZ, dEAFE EF 6,000
K o]%e] i1 of= A
3, weka, o] FREAANTE F& G w9
12 {§FAZ 7HsE Ao
o oly s AZg niEe )

EX Y ota Egt=nt V)FS, Fig. 1 (b)9]
A5 R 2 Aol LE 7 =9 FE U
A Aol L B WAE 1, )

gtzrl A=Al 49 (Region 1) 1 ApojollA

?l a

12000

10000 yd

800

600 )/////
400

/
200 //
0 5000 10000
TIK]

o[A/Vm]

15000 20000

Fig. 2 Electrical conductivity properties of air according
to the temperatures [11]

o2 Hr
12 rlo
—~
-
=
2,
o

Lol orfd
o
i)
[
i{l{
K
o
o

fr oog rL e
)
o
ek
4>

R

2
z

o%

rlo
MR
fr

0,

o

2 or
jins

o LT
=
%
rlo
Eu
g He

U
>

M of o N

G4 1 (Region 1) : 0 < r < 7,

+—L _—y 1)

Ly gyaT
r dr

99 2 (Region 2) : ry < r < R

Ld -(A(T)— =0 @)

——
r dr

A7, MT) 2 (e &5 79 W= Z7
7IA9 dAEE j=
AF I 25 ote) Eq. 37 o] Aisle] Ao

Ae AFA=olth



88 NES -

o ELT

(1]

sz HE LR

utebs], Eq. 33 o] FoAE HFEE jE
Eq. 1¢] Sidstar r=0014 =227t id9S
A<t Eq. 12 99 19 ois A
Eq. 49} Zo] A== AX3E 7& 5 Atk

449 1 (Region 1) : 0 < r < 7,

o 2 oo e huor
2 ofil

La; Eé oflt m:i ‘\'I;
2 7T o o
o e
Fwll £,
o o

i lél ;—E ¥ i
n lo H
LI N [T g

ol hoH o
Eoww O
o =
—_ = :1ru
£ o o
g *

& i) Pl
L o 2
m t~

rlo Lo,

99 2 (Region 2) : 1y < 7 < R

r P R
/0 At)dt = ol lnr—o ®)

71X, Te otz WA oA Zegkzn ex
oln, L=t #9% AEF ola A=A 7HFol
upe} o} Fejzule] %7t Hrh ¥, Eq. 5
AN FaA = ol W 1 B Eq. 40 AYsHA

gelstd obdl Eq 62 2L & e, o o
2RE, 98 Ag P} Fo12 0, EX Fo A
ARG 7129 53 do] Ly 7+ WA E R
2 edRsd AR 14bole) A5AAE B
gzrt 22 TS AR AHE 5 g 1o
T
=L 22 / o (A dt
27 Vs 0
r 6
// A(t)dt (©)
0

22 AR B4 Sl Ax

q
X
Figure 32 Z#l=v} 43 A

o pot 4R
Dy 247 04 MW 2 300 AY o, Zekz=nt &
T 79 S R gl gE 1=EY 75

Zo] L9 W3E Eq. 6 AA TAIS Aot
o] agoegRE, WA, = FS Zol Lo
1.25 m o]|AolH, &£xd wE £ W3y} uA

<
g3t Frlsle AES VA des & F
Atk W, nF" L ol disiMe 1 wER
5 Ro] FolAFE 2x7t Ut o & 59,
R =10 mm ¢ A%, L 3°] 02 molA 1.0 m
A Eoid W, Egt=rt 5= <F 11,900 Kol

A 12,800 K 714 @z Z7}ely, W2, [ =
05m ¢ W, R3S 125 mmollA 75 mm 2
a7, Egzr L5 9 11,400 KellA
13,300 K7kA] 1,900 K 7} Z713kd)h. o] 3k &
Ae PAEAF 300 A 2 4EHAYE 04 MW

3

olX rir

A
RSy |
o, 2 L9 W3 mE F=vl RIAE 1,
o] W3yt ZEt=rt 2 W] AAAHQ I
S ux7] e dojdh &, 15 HER o]
94 u), 75 FS ZHol Lo] TUIEIHE, &
gzrls IR E 1 & gaAA 7tsEn 29X
= dal Zg=zn 222 Z7HAA Eold 7ol
e 2+= yogo AL ¥ wxa 3}
7] WEoltk. R Fkel FAZE W, L F7le] &
Zetzv BAE ryY A9 2= S A
Eq. 49 Eq. 58 €xo] s Nz ©A3
0.005
0.00a].roby Eq. (5) for L=0.2m /,% ; %\R:
for L=0.3m ’/
for L=0.4m 7/
'E 0.003 for [=0.5m
& a
N 0.002} y
ro by Eq. (4)
0.001}
0.00
0 5000 10000 15000 20000
T[K]

Fig. 3 Constrictor length Z according to the plasma
temperatures and its radius R at P= 04 MW
and 7 =300 A



_ =

H153H A4S 2011. 8. NASS a)A] 89

e AHEY W3 A4S vUedi A= Fig de L o wat 78 7Mes E8=v 227t

45 F3) o A5 A 4 doh 2707F He nAPAAS g8 4 A o= 3
Figure 4=, 7 = 300 AS 27| 93 22 T eAxd (AR B dEdE)I dAexA

Ztzvl ¥R E r, & Eq 4] o E=e) (ZH= BEAE Ryl tisl SRER

259 42 WS AR P =04 MW, R =
50 mm € W, 0.2 ~ 05 m Ato]¢] 7+ RS
Aol Wel A 7HgAE ok Fetzvk WAE 7
£ Eq. 58 ©]&3te] Zgt=v 2xd wet
W RS A TAIS Aotk WA o] 174
UElhd Eq. 40 mE 5AFHORRE,
o7 exrt /Mg we AAEES} AR
i (Fig. 2 #=x) ol we} 300 A9 %
e

o

ARLE 2o enoM ¢ e g JHAA
o o] A$ 300 AY HRFE EE7) YA

Eq. 49 93 o £ 225 7MAok st
7] WEoll, otm ST=vie HlFHoE b0l
Ae Al o =AY, 28y, Fig. 32257
B & F Xl 15 vAE Rol 4T W,

Sl TWA =t 2%

at
)
oo
M)
L
h
o
rir oy

R Zrol ot 4383
A7 2484 Boh. &, Fig. 32 R = 5 mm
2, L& 0.75 m ©]3}o]ojoF 20,000 K ©]3&}
o] ofm EFtzut Aol JhsdEH, R = 75
mm % 10 mm ¢ F$ L] 1.25 m ¥ 1.7 m
o]Fol¥, Eq. 65 WE3te Eot=nt 257} of

o EAsHA e

1l

0
o

Aoz, AANFZEA (X
L) W3t mE dAdx
Ads HolAw, 44 L &
dHdgel s o o) ©<
AU d#@x2 ol& F e =4 guzA
doe s HoEh

9, Fig. 3914 R = 75 mmE =34 3§

HIIO ol

T .
A+ dvks e nan
ole} e ¥

2.5 R=17.5mm

“l L=1.25m /IL// R=10mm
1. A R-7 Lrnm

I/~

0 5000 10000 15000 20000
TIK]

Fig. 4 Plasma radius r, represented by Ea. 4 and 5

for plasma temperatures (P = 04 MW, 7 =
300 A and R =5 mm)

50000,
40000 //\\./
k= 30000
: /
-
T 20000 /
10000 /
0 e
0 5000 10000 15000 20000
TIK]

Fig. 5 Air plasma characteristics of thermal conductivity
multiplied by electrical conductivity used in Eq.
4 and 5



90 MES - 2[4 - 3|48 - 882 =2 FEIZE 3R
e HAdE 5A4S 7HA7 wiEelt1l]. °lE miLe

2GRS Eq 694 Eetzvl exg Adshe =7 @)
o AHEEAT 37 Eehzeke 250 wE F

3gke] Walrt ole} o] HIHAFARS we of B P

, B0 1A W Az, Az, ol2E Se T4 9 T mRL @)
LaEo] 2x7) et wal, g ¥ &5

9, s, ol23, AAFH, FAGHAG T 2 Equation 7914 ¢& &% 794 ¥7] 8=
2 B HEAE g £ 3eAEs do vho] @A A Y A (net emissivity)S 2] 7]
7171 wjie TAgth 2, 15000 K o449 & s exo] WE g ghe FuEA [11] S
TolAe F7 gAEY s, olesh, AEH veb e dolHE Aelg Aedl FUSMA <
So2 3 A=m Fo] F43] WHd F TE dolEMo]~E AT

9l ol wagh, A AHA otz V%Y &t Table 12458, R = 60 mm ¢ 3%, 031 m
+43) S7HTE @Rt oA St § o] 259 F5 ZoldA 14,050 Ko 2= & 7}
o] 2% AT F Jvte AS oulgth o] Ae 37 Egzviy 24 2§27 e
23t Fr|EH=vte] 25 54 WFo R =75 Aoz Azt HA=H, o W F7] ZHehzul
mmE Z=%4% 4, Eq. 62ZFEH 27 o] A A G PARES <F 2,983 MJ/mel S E]
eEgke] EAEA Boh wElA, BEY ol=m Fox R B LEgoAE 48 AEY oF 20%
Fotzul EX9] HA Al Fig. 39 HAd 99 Q1 80 kW 7}&e] RS dBAIZ WEY &
o] YA FrE Fepzv 25, 1H= vAE Atk wEpA, A= Wiy}, tiF 2 AL 5
R 3 2 259 g Zdo] LS A= Aol Aol dojup= AA BAEY ola Zel=vie A
B oz Al ¥, Ze=v L5 & Table 194 &3 gkl

[e]
AS AEAF AdxAs 7H 2AY ok3 &
gtzol Ex9 1= HEAE RS 75 mm ©|3}
2 AAE dart deov, 59 F5 Aol L
A, 125m olst FHlA, HA TEH e
ZFehzvh 2EE 1wt AAsor & & 5
Ao &, 71 FF=rhe] 49, 10000 K o8t
oA dEAb o7 AL vwvskA, 10,000
K ol dellMe dEAMEo] F43] 718 54
= 7HAa glemg, BAbel ok duEs FA
g ootaAd mde 54 4, Fold dF vl
QEA 4 5 aHste dA RS &
gzrt 2= W9E dAsta olF VEeR L
2R 9 AARE 2HE et gt dE &
o, dHAY vl dEAl g EHE a9
How HEE= & f% ¢'& ofell Eq. 7 2 8
% 2ol ¥ 4§, R =50, 55 60, 65 70,
75 m

A uwj, =20 % 7} He L 3 L 1 uj
v &%= 7 ¢ ¢'E Table 1 o Y¥Ef

= =
= =

Hlg] Fijzos v Aoz diddd. &

2
o], R=1252 mm, L=0.4699 me] £H3¥ EX]d

o

)

=)
o X
04

2 S
[12, 13]] ©J8}, F41%o) A
Fepzr}
~13,500 K A}o]o| A HZ 3}
F2 o= o

12

off

& Mo
Ir on

r
H
r
2
N
=)
T H
e~ rlo
o
o 0
o2 lo

8
38
o2
18 -\
o

oy o
2,

o
= o
g lo
in}
o
o2
2 >

o
E
o,

o

1
O
© wE
1
29
ki
S
()
o

fo o2 9
L]
O

ox
bl
il
F 1
)
PL
rr

% IE

—_
N
=
=
o
oy
2,
2
ol
A
o

AN o

[N
QL
fr
ot o

off oft
)
b
_)‘.1_:‘

o ul oy

g o
ik
es!
aQ
—_
lo
[0}
o
it
:>|J—_",

12
— e
ot g

g
z
o
(o]
U o
a M
=
£
>~
>

8
8
N}
R
rlo
H

"
(6]
o
o

ry

)
o
l-ﬂl_m{o
(114
4 0w 9 o¥ 12 ¥ S O o I

W
N

o
o

Me oot © po

] A+2%
FoZ 25

K

b



HN152 X435 2011, 8. =

23y ola Ect=0f EX[9 0|2H

7} 7500 K 744 HojA& Y ofa 7T
7HA 3 dvke e ovsitt. wEbA, Table 1
ANA AAE R 2 Loz AAY EX9 #
-, AA - Qlo], Fepzv 2EE AAdA
o7 oA RO dAE 4 9t

53, Table 19 Al4tslo] Yeld /4 3o
2RE, R o] Fotd A, I #olA= Zol

EXNZEEH mAves dg9 vz A=
Ex &L 50%=% 718 ul, Table 19 AAF
el oJstH R =

°] 20 MW/m' ©o]ide] 2 & glomz Ex
o] EolA wow Y EX9 Wz &
Aol AZg o Fol WE RO R o

ZA, 7+ WA ES 55 mm o|3tE =Y A%,

EA é‘ol% Table 1014 A|A& R} oA

Table 1. Constrictor length L according to its radius
R and plasma temperature 7" corresponding
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R [mm] | L [m] 7 [K] [MV% /]
5.0 0.20 14,780 63.0
55 0.24 14,355 474
6.0 0.31 14,050 343
6.5 0.38 13,790 26.1
7.0 043 13,540 21.2
7.5 047 13,300 18.0
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Fig. 6 Plasma temperatures according to the input
currents 7 for (@ Z =60 mm and (b) L =
045 mat P =04 MW
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