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WFIER R OBEEL (330) : An experimental study of underexpanded plasma jet was carried out
to reveal the effects of applied magnetic field on flow behavior around the normal shock
wave, that is, Mach disk. Photographic images of the flow were taken with a digital
single-lens reflex camera. The light intensity is extracted from uncompressed RAW files of
the images. Angles of barrel and reflected shock wave to the flow direction at the reflected
shock starting point were determined from the gradient of the light intensity. The angle of
reflected shock wave increases with magnetic field intensity. On the other hand, the angle
of barrel shock wave tends to decrease with increases in the field strength. Contour plots of
the light intensity in downstream region from Mach disk significantly changes with applied
magnetic field compared to those without the field. The effects of magnetic field on oblique
shock wave around a conical probe in supersonic region of the jet were also studied using
the light intensity. The local Mach number in the jet, evaluated from the oblique shock
angle using Taylor-Maccoll equation, shows a tendency to increase with the field strength.

AT TR EHA
(BHEHAL : )
[ERETE IS & @t
2010 4 1,600,000 480,000 2,080,000
2011 4R 700,000 210,000 910,000
2012 600,000 180,000 780,000
gt 2,900,000 870,000 3,770,000

T R I
BEFE O4FL « MIE - B T - iR T3
F—U— R KT, 7T X~ WREH, fEEY



1. WFEBRAES IO &

TIRATHERIEE XV E =i LT
DOFFEN G, MR, &N TH 5%
FHHEE SRRV CISH STV 5,
Fo, I EEAREE 0 IR ET DT
T X< R ORI X D B 2 B L
TR LITOITETWb L Hlc, 77
RIS ITINE L CEOWENELT S
RFEV 2L EERETH S, Lizhno
T, Wi & OMBEERZDRIICFIAT S 2
LiIcky, EnicFEOMEEED LD Z L
D/ TE D, Z OKHEREMERARE LTo
7T XD EEIE L E W OB D, HIGE
FIXTNE THEYS T TCORBWES 7 X
~MEFRIC OV T EBRM 2R 21TV, RS
2K D 7T A OWHE & =R ¥ —747
MOEEAGHCLTEX, £7-. BEET
TOMEWED T R IVX — 040 OB % XL 0K
JE B R 2 72 60 DR EHOHR 5 O i
BT — X DEB 2 OWNTRE 21T
S>TCTET,

ZNE TOEBRNLMFRENS, 7T X~ig
TSRS 2 HUN L= h. 79 A~ h—F
H OO FIRICIERR S 5 TEERE, Wb
DY IINT 4 AT DIRENBEIZBIT DS
e sER < X LISl 2R T K D IS B
B OGEIHR~ vy T 0 AT OB
ERNBIEINT, HFo x & diidFhe
AU —FSE8EH B E T O WAL ST 1A O B EE &
T A< b—FOHOEREZ L, x /d=6
IFE~S v T 4 A7 ONEICHNST S, &
DBEFERRIEER T 7 A< EHRIZB W TE
RSN DB, Thbb L0 () &
Bl v NnNT 4 A7 BI ORI LNAEET
% AR AT D S TR ORI L DA
EaPALNIT 52 &id, BB X%
M OELZFIH L TT T X~ iDL
WMESHICERSEIEDICAERTHD
LEZ T,

FTo, REIET T X< Mg it 53|

(b) B=0394T at x¥/d=6
1 WSEINC X AEROZE

B2 RAT~ v N EITHEER IR IERE 0 (2
FAETHRDE R OMENSRD D Z L
MWTE D, ZOMEERARMIERE U OO EE
W DR X BT ORIED B RN DAL,
ZRALNNITHZ EIE, FRICESGICL DT
T A= R OB HE O A 7 gk &
5,

FROEIINBES T X D E R OB IO
WTCOBFZEN DA BN D ARRIE, BEHERENE
WK E LTOT T A~ 2R H Lz
EREIL DT O O E B/ E R E D b
27,

2. WFZED B

(1) 77 X<t OB X 5 A O
5, HEH T T X~ M ORI T OBt
D BESGEIING & 2 B0 % fE &5 O £ %
HETHZEIWCEVALNTT LI ENRAR
MEODBEHTHDH, ZORBER-TD
W2, BET D77 X<l 2 Fhn L,
RGBT AT A T2 L FDED
M ZIRY T 5, TOIEE{RO RAW 7 —
HINBRE I D IR T — & BT L TR
EREIE T 7 A< ERICB W TERK & 5 E
By ThbbaL L (R mEE, <y
NT LATBIORINLNRET D EEIC
T2 NGB O RBESE I K D IRt iR
EDOEALZH BT 5,

(2) ARWFFEERED BT dH 5 FIIESIC L 5
T 7T X~ MR O EER G DT ) b 1
BT ORI OB EH ST D728
DOWFFED—EB & LT, 77 A~EROEEHE
BWICHA LM 0 — 7 F 0 O HEE
W DEACIZONWTIRFTT 5, ZOMRFTIEE
fRAGREST O X )V A Z I L0 i Lz
DICHRIE T — & DFENT I O B X D
DEALZERD B,

3. ROk

(1) ARWFGE TIEIEBERIRIZ T L 2% v,
7T R h—=FIZ KV~ v B 2 DBEHE
RREWIET 7 A~EiiEER Im, £
2.56m D HEZEENTREIE S, EiRCIXA
MT DG ORS 2B 2T, SfRBET X
NHAZIZEN T T A=z s LTz, [A
AT TR SN2 10 M OmEHgE B L
72 RAW 7 — % Z ¥ L7 g — Z |2
HASX<woNT 4 R =T 4 A7 i
DNV AEBEEB LRI LR~ v T »
A7 L RRET DHALED DK S I D S fE
B O - TP (B L7 RE & IO W TCH]
IS DR S X D2 &R, s & FIn
LRWGA & et Lz, &b 7-mEBo



Plasma torch
I L
| |:‘ Coil B
T

Digital Camera ——4f CoilA I
5 T

T
05
404 A ----i=107.16A |
p
03 | -
s 07 ] o o i
—_ PN N
= o1} 4 o
' A N \
= 0 ! \\ ! ‘\
[ i
2 400 -350  -300, vy )
\ ; \
il Vo \
! \
s ! ' :
0 e | 1 1
-600 -400 200 0 200 400

x' (mm)

I 2 il 77 e pek RO S5 AR

RAW 7 —Z 15X R GR). G (k) BLO
B (&) O& 2 |ZOWTHRET — 2 NES
N, AFZECIEIEICG () Z2HVTR
MEIToTZ, BESOHINIIL 1 ftOBEE =
A VNG 7 BBEERA & AV, BN
DAEO—FE LT, X2 I3 EE 2 A LR
¢u@&ﬁaf}%4&mek@m%%m
MUTZBEITHOWT, Bt R fEgic

%ﬁﬁm%af ik T A~ h— %%E
BE A )LVOME &S L TR LT,

(2) I ARAEFE XTI DA BB S -~

/A7427E&T;me TRHE D iR
ST EBD -0, AT DOBEHEEL &
E L TR D (1) <E W‘%iﬁﬁ/ﬁf? VINT A
AT O AT -T2, TEEE LR D
T RET — X225 T, FI2G (B =H
WCHREE A ORGSR S I X D 2B LA KD
720

(3) bk 7 T X< oS EE I K 3 12
RO — B E R T XK T AT

6=15"°
Pp =385 Pa, m=1.20g/s
X 3 MEIRERO—F] & RERE &

,/dy=25,B=0T,

is = 150A, L=350mm,

pp = 369+ 1Pa, m = 1.19+0.01 g/s
BJ 4 SCHTEERE OB AR AT DN L LB
B DA E ap & SORTEREE O ar

OSSN 15 EHDHWNE 10 EOM§E7 1
— 7 EFHEAL, IR~ h—F T a—7
S £ CORBECHIINT 25 0O M X 24
zf7n%7%mﬂ5%$¢éﬁb@%&
T fGIET VAV AT TR L. Bl
%&@ﬁﬁb&tﬁf@ﬁm%iw“*ﬁ#
HROT-, FOFREOWETIX, F—F5%k
WD O 1 — T E TOMREE 1

7““7@%ﬁm%i0méﬁﬁrﬁ%%
nNeEnhxk 2z L, BRld7me—7%mme L
oo 7ok, HIZ i%%if . X/dp=0.2
DALE &R T Lz, ”E\{;W)‘? VINT A R
I AR ORE & RIERIC, SREEEONHRET
— X% RAW T— 2 Mot L=, Z 0%
AITIIERNFITLE LI 4% 90s 7D
120s £ TO 4 KOEBEFEEL LI-T —4
AW, £, ITICIZEIC G (B 0
BRE A AW, SONT-ROEREOME
75 Taylor-Maccoll O % H W TR~
N M, RS Tz, JET — X OFEFLTIE,
REESLLTEZ VI AT T u—T7HEE
OHFEEOEE dy=8mm % W CHAE L
720

e S
U)7/A7427ﬁ%@ﬁh@@@#%
K8 7o fE B 2 BT 5 56 & D T ST
é&@%#u%i&%@mm X vbFn

W FANC BB o EHm A R L, Lol
25 T T \ T T
20 o —
5 15 | e - Tl
g -
S | ]
—#- [=400mm
5 |- == [=350mm
0 I ! ! ! I
0 0.25 0.5 0.75 1 1.25 1.5

B (T)
is = 150A, pp = 371+ 3Pa, m=1.19+0.01 g/s
X 5 /3L VIEER O FE o DAL



0 1 1
0 0.25 0.5 0.75 1 1.25 1.5
B.(T)
is = 150A, pp = 371+ 3Pa, m=1.19+0.01 g/s
X6 S5TEERG O o DEAL

N, BBENLRDIZ~ v NT 4 AT FTHRO
LRI 2 W R O BE X T 2 i Lz
DA, BESEIINC X 0 K& 2228 b3 8 < i
Mmolz, £, FHEREOBRBRIZEIT S
W AN RET B N U VRS o 7 G flii e
FIZONWT, ZENENK 41T T X OICEN
FNOAE o & ar OFIINERERSIZ L 2L
bz RD7=, FNEESR S OfFE & L i3
EE A VAT LOBFEE B % A=,
L VBRI OO £ ap 13X 5 D X 9 I hgsiR &
O E &I T M E R LT, T
(2% USRS BE I D o 13X 6 1R T KD
WA ST U7z, o ISR S O BN &
EBITHIMLI=DiE~ v T 4 A7 TED
WMAVDEACIZ L D~ v T 4 A7 DEFEIC
BRITLIEDEEZ BNLD,

(2) BHAEFEITAT o 72 X 0 B WO RRE D iR
JE DS IR AR DRI X DAL ORI %X 7
~9 TR LT, 2B DOROEFERIT~ v
T4 A HEDORKOEFTHEIRIZB T D
KITRE Inax (280 FIEL L, I/ Inax DAL
ME% 0.056 & LCFRLT, 2B, MR
FBEIIZIZIE~S v NT 4 27 ONLEIC KIS

is = 150A, py, = 410Pa, m=1.19 g/s
X7 JIRE DS ERAR (Bs=0T)

W/ max

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
8 9 0

5 6 7

x/dn
is = 150A, p, = 410Pa, m = 1.19+0.01 g/s

X8 YisfE D% &4 (B=0.112T )

W/ nax
2
1
Et 0 ) -
)
-1
-2
5 6 7 8 9

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

ﬂql

is = 150A, p, = 371+ 3Pa, m = 1.19+0.01 g/s
X9 StmEOFERIT (B=0.394T )

T3 XHdn=6 DONLE CTOBHEE Bs = v
7o X T DRSO YE OFERIT, EHH L
DI IR TR TIICh DlE DO~ v
INT 4 AT L RO BRI 72 [P D FE AR &
RUTZ, LU s, HIWES 258 < 45
EUREIN TWICEE L, K 8 it ahd
Bs=0.112T DA D K 5 [ 272 TR O 454
~NEB LT, SO AR T 5 & HRED
NHRLDE LY S FIRICH MO0 L 72
0. ARIOJE CTRRKOBS ML
Bi=0.394T OFEIZHLREIND X OIS
MNIRL 7B L L bIzEDMEMIT L BEEIZ
72572 FNTIE I/ Inax =0.6 DA DOk
MBIETE SN DN OB Z iR T Lz
D, ¥ YINT 4 AT EIEDIEERE D E RO
DHTERIT, =T 4 AT OER, Teb
b~ wynNT 4 AT EFTO™ E 54 DZEARIC
SIGLTWbEEZLND, $£72. Bs A
0.112T & 0.394T O& O ER A %~ L
72X 8 L QDKM B LHAL N YT~y
INT 4 AT RO FEERRD & S IR OWE bl
W S D& & I T 5, 10 I
1L~ v NT 4 AT D%FEOZEERRONE b O
W B ICLDBLIZOWT, = v T o4



0.5

O
~o- o T

0 0.1 0.2 013 014 0.5
B
6
is = 150A, p, = 410+ 2Pa, = 1.19+0.01 g/s
X 10 ~ v /\T 4 A7 B ROEESRONE
b DGR &1 Xk 5 289E

A7 H A Dt I O M IS B T B R ROk
TR Tnac 12 80 (L LT I Inax 23 0.1 [HI
T 0.2~0.9 OFIPHOLA OfEFR 2~ Lz, 3R
D TGREE L I/ Imax OFLFHN TIZZIEONE b 1%
W oI & & HITIFIE RIS 518
mIA RSN,

(3) MG 5 U 7= SETmE 2 & o
B O 0% KD D56 ORENLE D 2
IZDOWNWT, ¥ uNnT 4 A7 O X O R
IR T~ o BT BRI O A3 ) 8 f
WORAENHERSNZ THROBEEETH
et & T o7, —MRICAHE o 1 ZHERE X O8N
EEBHITHEA LN, it O Xldy=
0.05. 0.1 BX W 0.2 TROI-MEIEMIZIES
< M ODEEMREEBEZIZLT, ZO®%ROMK
STIIXK 3 FICFDE AR TRLTE
X1dp=0.2 OALE TOREFERZ V-,

T AXwERFPOM#ET e —TIZET D
BIOEERW O o 1 IR S N e & b
WA L, LT ML=, —#l

1.8 T T T

pp = 3975 Pa
1.6 - m=1.19+0.01 g/s B
. o o

L] © - o} a
4 T LR
O

B 5= 15deg, ld,=9.5
6=15deg, Id,=10.5
® 5=10deg, /d,=9.5
0 5=10deg, Id,=10.5
1 1 |

_uf |

01 02 03 04 05 06
B, (T)

B 11 JEIRED AR B RO TR~ v /N

M, ORLGR S I DAL

25 T T T T
po=307¢5Pa ¥ ]
[ m=1.1940.01 g/s
2 UMD A
DMD
15 [ ;%\ ,
= - -
LE a6=15 deg, no magnetic field p
e 5= 10 deg, no magnetic field
0.5 &= 15 deg, applied magnetic field ]
o 0= 10 deg, applied magnetic field
0 | | | |
0 0.2 0.4 0.6 0.8 1

i

X 12 SR O @R A D> B 3R 6O 7= HEiL
DOTRELE Tnax (2 X D RFT~ v
M, OZEAb

E LT, X 11 (ZIENHREDAR B R DT
< U NT 4 AT TR OBEEIR BT A
ORI - T2 R~ v~ My o #E
70— 7 AL E T OB MBI B 1
LA ERT, MZ B O#EME & b Ik
MU, MADESEREOEME & HIchh#ES
N5z EaRLE, ZOBEHEBETCORNLD
s V% AR 0 B A O UG 0 J5 A3 T AR L
DHRE LSNPS I OB E & B
LVIENAEZ LITLoTRETAHAEEZD
NnNb, MIRLEELE S ICHET 7 —T Df
S MN15° L10° OFAOWEEITH TN H
EIN MITRECHW - T —T D
PSS IZEOTRLS L, ZIUIARmsE
THW /= Taylor-Maccoll DUz k2 M OE
EEDZYMEZR LTS EEX D,

7T R W O eI E XA T AT K&
SEALTHZ &inn My L ETEH LB IG -
7o JEBRE DAL & OBIEMEI DWW T b T
ZAT o T BESEAEIIN L 722UV EA OREHRE 3
X, v~ v T 4 A7 BB IO T ROBEH
D M B~ T 4 AT TR RRNIRE
TR LT EHREE 1/ ey DEIINE & B (23
3D AR LT, BREHIITOEEERE O Al
EIRE D ERD 2 SO IFEM NN, H
7o —T OSSN 15° L10° LHE o
THRRITRLS &L=, K 12 Qi3S E
FIM L 22 GEofE BRIz, B2 HNL
A ORRE L RT, Mfo UMD BXO
DMD (ZZNEN~ v NT 4 A7 DL ET
MEFRT, BGEAML2WGEORRIZE
—H L2 &nn, BITITIETRE DS R
A W RO /R A2 R LTz, R & H]
MUTEGE SV I DN & & BT MR
L. "ROBE RIS D M O &I
DB ETR DN IS o 72 1 ey DD & 80
DENEFNPHHETE DI ENRINT,



5. ERFEEHRLLE
(WFFeE . IFFE o e ORI 1
=Y

CEatamC) (BF 2 1F)
@ Noriaki ITAMIYA, Hiroshi SHINDO,

Norifumi ONO and Kazuo KOIKE,
Image Analysis of an Oblique Shock
Wave around a Conical Probe in
Plasma Jet under Applied Magnetic
Field, Frontier of Applied Plasma
Technology, ##cH, Vol. 5, NO.2, 2012,
pp. 55-60.

Noriaki Itamiya, Hiroshi Shindo,
Norifumi Ono and Kazuo Koike, Image
Analysis of Shock Wave around a
Circular Cone in Plasma Jet under
Applied Magnetic Field, ADVANCES
IN APPLIED PLASMA SCIENCE, #
@i, Vol.8, 2011, pp.35-38.

(F¥E]) (Gt 6h)
@O Kazuo KOIKE and Norifumi ONO,

Effects of Applied Magnetic Field on
Light Intensity Distribution around
Mach Disk in Plasma dJet, 20th
Annual Meeting of IAPS/
International Workshop 2013 in
Kuala Lumpur, Malaysia, March 8,
2013 PARKROYAL KUALA LUMPUR.

near Plasma Jet Fringe, 18th
Annual Meeting of
IAPS/International Workshop 2011
in Melbourne, March 12, 2011.

(Proc. 18th Annual Meeting of IAPS
International Workshop 2011 in
Melbourne, Plasma Application &
Hybrid Functionally Materials,
Vol.20, pp.70. (ZFEi)

Noriaki ITAMIYA, Hiroshi SHINDO,
Norifumi ONO and Kazuo KOIKE,
Flow around Mach Disk in
Under-Expanded Plasma Jet under
Applied  Magnetic Field, 18th
Annual Meeting of TIAPS/
International Workshop 2011 in
Melbourne , March 12, 2011,

(Proc. 18th Annual Meeting of IAPS
International Workshop 2011 in
Melbourne, Plasma Application &
Hybrid Functionally Materials,
Vol.20, p.69. |ZFE#k)

)N, NEESESE, 4 Fek, RE A
BE, /NUFIEE, WS FOBEIRT T X~
P O S » OEERGHH, B AR
PRI AESE 41 B EMF SRR GE
s, 2011423 H 3 H.

(G SCHE,  92-93 HIZHBH)

(Proc. 20th Annual Meeting of IAPS
International Workshop 2013 in
Malaysia, Plasma  Application &
Hybrid Functionally Materials,

Vol.22, pp.3-4. (Z48#k)

6. WFSERHk

(D) WFgeRaEE

/e FoiE (KOIKE KAZUO)
HALFBE RS « TR - 2%
&S 20108575

Noriaki ITAMIYA, Hiroshi SHINDO,
Norifumi ONO and Kazuo KOIKE,
Measurement on Local Mach Number
in Plasma Jet under Magnetic Field
Using a  Conical Probe, 19th
Annual Meeting of IAPS/
International Workshop 2012 in
Taipei, March 10, 2012.

(Proc. 19th Annual Meeting of IAPS
International Workshop 2012 in
Taopei, Plasma Application &
Hybrid Functionally Materials,
Vol.21, pp.58-59.1C k)

KHEHA, /NEFESL, DFnKE, BT
(21T 27T X~ RN AR D BRI 0[]
G2, e R eEEEs (F
i), 201149 A 26 H.

(Al 4R L 1% i Vol.31  Suppl. No.2,
63-64 HIZfaH)

Hiroshi SHINDO, Noriaki ITAMIYA,
Norifumi ONO and Kazuo KOIKE,
Emission Spectroscopic Measurement




