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CONTRACTED DISCHARGE IN THE PRESENCE OF BOUNDARY
LAYERS IN A SUPERSONIC PLASMA FLOW IN A CHANNEL

M. G. Musaev UDC 537.533.5

his paper reports the results of an experimental study of the processes near the
electrodes when a contracted discharge occurs in a pulsed supersonic channel. An analysis

e current-voltage chara tell stics and p scans of the glo of the electrodes surfaces
showed that in a pulsed supersonic argon plasma flow the resistance of the regions near the
electrodes for divisible spots is lower than in the case of peripheral arc clamping. Lhen a
I - 1 Y4 1. -
aecrea d

o

e in the Mach number M; and the approach to a Suock wave (in the zone of ionizati
ion) cause the current-voltage characteristics to shift to the right, i.e., to the
a voltage drup between electrodes.

wWhen used in
depending on tate of the elELtlude surfaces and on the gasdynamic and thelmophysical
properties of the plasma in the channel, this method makes it possible to find more optimum
operating conditions for the electrode walls of a pulsed cold-electrode MHD generator. The
studies are complicated by the following: the existence of a boundary layer which moves
relative to the electrodes and a longitudinal inhomogeneity of the initial portions of the
gasdynamic plug because of jonization relaxation and the variation of the effective cross
section of the gas flow behind the shock wave as boundary layers grow on the channel walls.
U“d ary layel can shorten the ionization relaxation to ulfferent ueg -ees for laminar and
t la u etely laminar
e and p, is the
ary layer become
all other cases the nature o
~ause of the lack of any theoretical
i f the boundary layer depends on

J

O
fnd]
¢l
+
e
C
=
£
e
&
f
"C
j=n
<
o
Q
n
«
=4
W
rt
[
[
R4
<
=h
ot
o
©
Ol
[
w
[¢]
jonrd
i
a3

n 09
[
oQ
=
C
.
o1l
+
o+
e
©
o
ot
1]
(
+
{4
@
Fu

s
. pog
B T
only experimentally be
11dr-tu1buleut transi

low in the coor-
save front in

where p, {,, and u, are the density, dynami
dinate system bound to the ShOLK front, and u
the laboratory coordinate system.
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e of the laminar-turbulent transition of the bo undary layer is determined with
-lag thermal resistance sensor, consisting of a thin metal film (platinum) deposited
u _

Knowledge of the ionization relaxation zone makes it possible to isolate the region of
shock-heated gas with an equilibrium electron concentration. The zone was calculated in the
one-dimensional and quasi-one-dimensional (in the case of a turbulent uoundaty layer) approxi-
mations in the range of shock-wave Mach numbers M, = over a wide range of p;. The

;..u
0]
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s was hat in monoatomic gases pr
ck wave Whlle the other pa e
tually constant. For proces

€& Cross section in which the ¢
was chosen for the length X;q
sis of the calculated profile
in an argon shock wave.
The experimental study of the properties of shoc
tica l laminar-turbulent transit
ons and structure of the nonequilibr
i in the equilibrium zone.

+

The shock-wave Mach number M; & 12, the plasma equilibrium temperature was 10" K, the
plasma velocity behind the shock wave was 3500 m-sec”™, the flow Mach number M, = 1.6, and
the pressure behind the shock wave was about 2:10° Pa. The time taken by the zone of shock-
compressed gas (gasdynamic plug) to pass through the measuring chamber placed in the region

k4 n | 4
1 )

of the steady-state shoc

We studied the phenomen: h
behind the front of an incident shock wave in a shock t
i i

cross section with a measuring dielectric section, containing two electro

opposite walls of a section was a square cross section (7.2 x 7.2 cm), whose diagram is shown
in Fig. 1, where 1 is a measuring chamber, 2 is T-shaped optical glass, 3 is a cathode, 4 is

an oscilloscope, 5 is the charger of the capacitor b C, 6 7 is a

bank C, 6 is a drum photorecorder,
hollow anode, V is a voltmeter, Rp, is a load resistor, and R, is a charging resistance. The
experimental setup was described in greater detail in [5].

In studying the processes near the electrodes we recorded the current oscilloscope traces
of pulse discharge of a capacitor bank with a total capacitance of 3-10% F at an initial vol-
tage of 50- 500 V across an electrode gap with a shock-compressed plasma and a series-connected
load resist (nr =4 Q) uurlng the passage of the gasdynaTic plug the large capacitance
of 2apé a virtually constant source voltage; this simplifies the pro-
ce f CharaCLEliStiC of the electrodes from the oscilloscope traces
of the discharge current. An ultrafast drum photorecorder operating in the slave mode was
used to record the photoscans of the discharge glow processes at the electrodes in the
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current-v ltage characteristics of the regimes of tranmsient
rameters of the ahuck heated gas, ob-
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nterelectrode resistance. The curreﬂt—voltage characteristics
lug, at M; = 9.7-10.1 have steep portions
t increases fivefold when the voltage

equilibrium zone, the current-voltage
n the position of the shock wave relative to
harge time after the electrodes are short-
}. The berd in the current- VUlta charact
e
i
1

Because of the low electrical conduct1v1ty at Ml = 9.3-10 the current-voltage charac-
ti n d t

e o} : e
f the plasna deep in the gabdynan piug.

The intersection of the current-voltage characteristic of the relaxation zone with
those obtained deep in the region of the shock-heated gas is attributed to the effect of
the thickness of the thermal laminar boundary layer, which is smaller in the relaxation
zone directly behind the shock wave than deep in the region of the shock-heated gas for
points 2-5. Points 1 at M; = 9.6 and T = 7.3 and 10.1 A, therefore, lie above points 2-5.
The differences in the discharge currents at M, = 9.3 for the time t, = 10 usec as well as at
M; = 8.6 are in agreement with the values of the conductivity in the relaxation and eguili-
brium zones [6].

L

o

A decrease in the Mach number M; and the approach to the shock wave w

he plasma conductivity shift the current-voltage characteristics to tke ight,
a large voltage drop between the electrodes

to the region of .

Figure 2 shows two groups of points, obtained in separate experiments, which fall ocut-
side the general laws. The points at M; = $.8 (Upl = 80 V) and 8.3 (U,1 = 120 V), according
to high-speed photoscanning, correspond to a regime of peripheral iHTOgile spots, while
divisible spots were recorded at currents of about 45 A and interelectrode voltages of 70 V.
Both divisible and immobile spots were observed at M; = 8.6 and I = 60 A [Upl = 110 V) (Fig.
3) where 1 are photoscans of the glow of tramsient divisble cathode spots on a copper elec-
trode, coated with an oxide film (p, = 1.3-10® Pa, U =78 V, M; = 8.6), 2 is the glow uf
nondivisible immobile cathode spots on a polished copper electrode (p; = 1.3-10% Pa, U =
V, M; = 9.8)]. The transient divisible cathode spots encompass almost the entire surface uf

the electrode. The nondivisible spots are carried away by the flow and are deposited on the
rear back edge of the electrode.

From the discussion above it follows that the resistance of the regioas adjacent to the
electrodes for divisible spots is lower than in the case of peripheral arc clamping, which is
consistent with the data of [7], where the voltage drop became smaller as the number of
spots on the elecrode increased.

In summary, the electrical characteristics of a discharge ev

idently are determined
spots: immobile cathode spots at the
o t .

+

ransient spots
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OPTIMIZATION OF THE INTERNAL SQURCE IN THE PROBLEM
OF MHD FLOW AROUND A SPHERE
V. I. Shatrov and V. I. Yakovlev UDC 533.%

es on the effect of electromagnetic body forces on the h dIOqudmlb pattern of the
ound bodies pLupeJ_leu uy internal sources of electromag:

interest in connection with the design of magnetohydrodynamic

{1, 21 and tMELl bibliographies).

surface vessels (see, e.g., ¥ the case of a
sphere as an example were started in [3- for fixed sources, which were chosen from qualita-
tive considerations and are not optimum.

e of radius a with an internal source o
ectromagnetic fields in a liquid are charac iz
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rt
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E = —ylg(r, 0) sin ma], B = —yIx(r, 6) cos mal. (i.1)

_ 1 18y o (1.2}
= 750 (_T%e"*'ﬁee),
and is described by the stream function ¢(r, ©) {the sense of the axisymmetry assumption and
some considerations concerning its applicability are given in [3]). The functions ¢(r, 8),
x(r, 8), ¥(r, 8), and w(r, 8) [vorticity curlv = w (r, 8)e,] are determined from the problem
x — 1 N
Leg g LY = (1.3)
# 29 , 18 | 1cos® 3 m:\.
(L=5?+76_+?2_a_e"2'+72‘sm9 B smze)
109 w___apo w 1 .
—F[ﬁéﬁrsine“aeﬁrsine]"'ﬁe rsmGE (rsin Bw)+ N (curly fy=0; (1.4)

) @ sin® a8 1 9
E%p —rwsinf =0 (Eg=5§+ 2 99 sin® 09)
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