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HITOP(HIgh density TOhoku Plasma) Device
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Typical Parameters
Cylindrical chamber : length = 3.3 m, inner diameter = 0.8 m
Magnetic field : upto 0.1 T Plasma source : MPD Arcjet
lon temperature : 20 - 40eV Electron temperature : 3 - 10 eV
Plasma density : ~101°cm-=3(near the MPDA) lonization degree : 50 - 90%
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MPD(Magneto-Plasma-Dynamic) Arcjet

Cross Section of MPDA Principle of Plasma Acceleration
(a) Self-Field Acceleration
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(b) With Externally-Applied Field

The MPDA has a coaxial structure (A node)
with a center tungsten rod cathode and
an annular molybdenum anode. l # [\ )%
(Cathode)
By use of a fast-acting gas-puff valve, B N
a quasi-steady ( ~1 msec ), high-density T T
(Anode) F.=irB; B,

(up to 10%>cm= near the MPD outlet), [ - IE

highly-ionized plasma is produced. s TOHOKU UNIV.
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Mach Probe Calibration

Jdown

up —down type

Jup — 9 .
=exp = M, :const.
Jdown Mc 1] I\/IC K

»Hudis and Ridsky model :0.5
»Hutchinson model(fluid) :0.44
»Stangeby model : 1.0

S

(1) (1)

j.,erp e - =M for M, > 1) o+ (i)
Jpefp \/geTe +giTi k
ml

Jpara — ex MO (ii)
= exp 5 = Stangeby and Allen(1971)

Jperp ﬂ

i e 10

Jpara :expéa M2Z (& =-Ink)(for M, <1)

Jperp %)

¢E3h TOHOKU UNIV.

Mi =1 a N2




Mach Probe Calibration

Plasma Flow

up - down type para-perp type
Plasma Flow : U'jp&rp
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Diagnostics

[] ~ Spectroscopic Technique ~
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Flow Characteristics of MPD Plasma
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l Plasma behavior
l in a diverging magnetic nozzle
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Standing Shock Formation in an MPD Plasma Flow
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(a) Supersonic flow
in a diverging field

(b) Shock formation
and deceleration in a
bump field

(c) Re-acceleration
in a Laval nozzle
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Rankine - Hugoniot Relations

Subscripts 1 and 2 indicate quantities
upstream and downstream of shock
region, respectively.
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—R-H relation

Q exp. ﬂ/




Shock Thickness
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Instabilities in an MPD Plasma Flow

Plasma behavior in azimuthal direction
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Instabilities in an MPD Plasma Flow

Plasma behavior in axial direction
I Schematic helically-twisted plasma column
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Control of Instabilities in an MPD Plasma

Control of plasma instability
by adjusting plasma current
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Instabilities in an MPD Plasma Flow

Helical Insta.
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