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N O T I O N  OF AN ELECTRIC A8C iN A TRANSVERSE NAGNE ’IIC FIELD.

Yu .  V. Boy ko , V. T. C h e m e r i s

(Institute of the electrod ynamics of AS UkSSR , Kiev).

The investijation .~ of the driving arcs in the flow of gas under

the action ~f magnetic field constantly attract the attent ion of the

researcher s in connection with the manitold of conditions in

1iffer~ nt e.juipwent/devices , where is observed th is motion , an d w i t h

the riches of the physical Fhenomena , it accoa~ anying. Is known a

large quantity of investigations of this guesticn. beginning from the

s tud i e s  of the  wor k of a rc—suppress ion  equi~ aent/devices [ 1], also ,

to the  s tudies of the ion iza t ion  of inert  gas by moving  magne t i z ed

~ ccr d of —-a  [2] .  But  also now not to end/ leads are clea r such

qUe st iOn~ 1.0W of flow about the arc, the birth and the

iisappea rance of charged particles on the boundar ies of plasma

coluan, exchange of Io.entu./iapulse/pulse and energy betwee n the

components of plasma in a column of arc, etc. [3].
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Pa~j e 9~~.

This worK was stLmu ldted by the need for research on the

~ossibiiit ies of designinj of equipment /devices of the type of

naqnetoa rcdynamic y~ nc~rator ~~~ the usin g the drivin g flow with

ilternation cold ~nJ ionized layersof gas. At the experimental

installation (Fig. 1) • which Wa s ma gne tchydrodynanic rectangular

channel (insid~ measurements 400 x 70 x 10 mm ) with continuous copper

~lectrod~s, ~re investigated some special feature/peculiarities of

the motion of arc in the flow cf the heated gas. The utilized gas

(argon) is heated in the plasmotron of direct current , the n it mixes

i t se l f  w i t h the f l o w  of colder a rgon  ( to  800°C) , w h i c h  can con ta in

- va~ ors of po t a s s ium , a n d  at t h e  duct inlet acquired a ten çerature of

1 1 0 0 — 1 3 ~) 0 °K at  r a t e  15—2 0 a/s and on pressure 1C~ N/rn2. The speed of

flow at t~~e duct inlet is rate/estimated according to the measured

expenditure/con sumption and temperature. Temperature was m easured by

the thermocouple VR5/VR2O . The channel is arrange/located in

stationary transverse magnetic field 0.35 lesla. Electrodes do not

have special preheating , arc is supplied through supplementary

resistor/resistance from dc power supply 56C in, arc curre nts they do

not exceed 10 a. Under conditions of experiment the arc spontaneously

ignites at the duct inlet, it moves in channel under the action of

S - 
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electromagnetic torces with speed of a~.pr oxiaately 50 rn/s and it is

i i sr u p t t e d  at  o u t p u t/y i e l d  f r o m  c h a n n e l  by  the  combined ac t ion  ot the

s t r ay  f i e l d  of electromagnet and flow cf gas. The magnet ic  f i e l d  of

c u r r e n t  on electrodes does not atfect the mcticn of arc, since

l i t t le. For d iagnost ics are u t i l i z e d  s ing le  and dua l  elect roprobes ( t

= 10 m m , d i ame te r  0.3 m m ) , t h a t  made it possible to judge  the

c h a r a c t e r  of mot ion  and  the s ize/d imensions  of arc s t ream in cen t ra l

~ an ) the ad iacent to electrodes tields, and the germanium photodiodes,

which recorded the integral emission/radiation of arc through

opening/apertures in the anode. On the curves of change in time of

th€ curren t of dua l probes and potential of single probes are

anal yzed and are compared the special feature/peculiarities of the

motion of arc in pure/clean argon and in argon With the additive of

potassium.

The conditions of the experiment wer e selected so that the
p fundamental factors, determining the special feature/peculiarities of

~~ the motion of arc, they will be: 1) the presence or the absence of

the being easily ionized additive in flcw ; ~) the initial

concentrat ion of charged particles in flow (their existence caused

themes tha t the flow from plasmatron falls into channel with a

sufficiently large potential difference between electrodes); 3)

residual phenomena in f low after the passage of the preced ed arc

(wh en arcs follow each othe r).
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Fig. 1. The diagramm atic representation of the fundamental assemblies

of the experimen tal installation: a) the schematic diagram of

setting; b) the longitudinal section of channel and the circuit of

the •~rrangement/permutation of sensors; C) the cross section of

channel; 1 — plasmatron; 2 — channel; 3 — electromagnet; Is — the feed

sy.stern of alkaline ddditive ; 5 — the ccntrol system of the gas flow;

FD1 , F 2  — photodiodes ; 1—4 — potential probes; I—Ill — d u a l  probes.

d

Page Ye!.

Probe m e a s u r e m e n t s  under  cond i t ions  of the described experiment

d i t f ’~r in terms of peculiarity. The theor y of cylindrical probe in

~ con t inuou s  m e d i u m  (dense weak ly  ionized gas) ( 5 )  makes it possible

according to ion saturation current to obtain estimate of the

magnitude

wh•r e ~~~~~~~
— the coefficient of the diffusion of ions (by effect of

Lignet ic field it is possible to disregar d , since ( t~ t~ IO~ ). This

expression is reduced to the form

The la tter means that for the comprehensive evaluatipn of the

• 
-
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~tc~~-~rti~~ of the ~IL’iving coluui n it is necessary to conduc t the

cow1 o~;ite measurements of probe current in conjunction wit h the

neasurcmeli t of the temp eratur es of electrons and neutral particles

W 1 t ~ cth”r liagnostic means. In this case it is necessary to consider

the ~r~-s~-~nce of co n:iiderat~le its own potent ia l gradient in plasma ,

whei c~ is placed probe (10—30 V/cm) , and by the absence of the

possibilit y of monitoring of the saturation of ion current in the

chanj ing ii tim e parameters of plasma. We do not attempt to ensure

reasurement with hign accuracy, but is utilAzed dual probe for

recoriin~j the torque /moments of the passage of arc and

~stirate/evaluatLon of the size/dimension s of the cross section of

arc stream . The stress of dual probe selected as being equal to 36

in ,, which pr ovides the oper ating mode , close to saturation , and at

the same tine does not make it possible of the establishment of arc

mode/conditions in the interval/gap between probes. In work (6) here

removed the volt—3mperes character istic of dual probes in the mixture

cf gases with the additive cf potassium at temperature to 900°K ,

where reveal/detected a sharp increase in the probe current with a

p o t e n t i a l  d i f f e r e n c e  betwee n probes to 120 in. The curve of probe

c u r r e n t  (F ig .  2) shows that the m aximur of the concentration in arc

is displaced in the direction of the motion of arc.

single probes with dc amplifiers (passband 0—1100 Hz, the entry

impedance 3.10’ ohm ) are utilized for the recording of potentials in

_ _  
~~~~~~~~~~~~~~~~~~~
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the ficiti s, adjacent to electrodes.

At installation were real ized t h r e e  o p er a t i n g  modes: 1 — the

m o t i o n  of separa te  arcs w i t h  t i m e  i n t e r v a l b e twee n them , b y  somewhat

j r e a t er  t h a n  the  d u r a t i o n  of t h e  passage of c h an n e l  by arc ; 2 — the

m o t i o n  of several arcs a f t e r  each o t h e r  w i t h o u t  the  b reak ing  of

c u r ren t  in e x t e r n a l  c i r c u i t ;  3 — t he  rep eated  motion of arcs, whic h

r a p i d l y  led to the unstable mode with pulsating current in channel,

not jiving possibility to judge the local ization of currents and the

tresence of the driving /moving arcs.

P age 99.

The e f t e c t  of the  induced d u r i n g  the motion of arc electric

f ie l d  to t h e  processes, which determine this motion, wil l  be

i n s ij n i t i c a n t .  C u r v e d  changes  in t i m e  of c u r r e n t  and stress of arc ,

c u r r e n t  and  voltage of dua l  and s ingle  probes and signals of

photodiodes are recorded w i t h  pho tograph ic  paper  wi th  the  aid of

magni toe lectric osc il lograph  at the  ra te  of the  motion of pape r 2.5

m/s. Oscil logr ams made it possible to present the  process of the

establishmen t of arc in the beginning of its motion. It is natural

that the rate of the motion of arc stream is abave , when its

ind/løads still not had time to arrive to motio n , but column is bent

and is dilate/extended by magnetic field — this is characteristic for
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ti.~ in~.tia l stage of the motion of arc. With the start of an entire

u arc , ir~cludinq its end/lea~Is, when it c o m p l e t e l y  undergoe s t ransverse

bl cw out th e flow of gas, is observed dece le ra t i cn  of its mot ion and a

r e du c t  ion in c u r r e n t .  Scme csc il logr aws corresp cnd to the  case s, whe n

trcakinj ot arc occurred in the ave rage/mean  section of c h a n n e l

because was impeded the handling of traffic of the end/leads of the

arc along electrodes these cscillograms were used to evaluate the

character of the motion of the products of arcing right after its

ireaL The ottained from prcbe measurements estimate/evaluations show

that as time on the order of 1 Ø 3  s the residue/remainders of the

decomposin g arc stream accept the speed of the circumfluen t flow of

gas and equalize the degree ot ionizaticn to the level, which cccurs

in t]ow , but the temperature of ions remains abcve the temperature of

t h e  n eu t r a l par t ic les  of f l o w , t h a n k s  to whic h dual probe is capable

to record the  passage of the heated cloud .

On oscillograms , t h a t  re la te  to t h e  m o t i cn  of separate arcs , it

will be possible to produce the evaluations of the initial state of

• gas flow. Even in the absence ot alkaline a d d i t i v e  and in the absence

of ar c ar gon in channel will be w e a k l y  ionized beca use of electric

field, and the flow is characterized by the completely determined

picture of the distribution of potential across it.

__— T— ——_ -
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Fig. 2. Curve of proue current (III dual probe).

Key: (1) . S.

Page 100.

In the absence of arc the potentials of sing le probes comprise in the

field near the cathode of approximatel y 100 V. but in the field near

the anode — more than 300 V ; the transverse gradient of potential in

flow core is 140 V/cm. With a temperature decrease ot gas this picture

is displaced u p w a r d  a l o n g  the axis of the stress with

~ constant/invariable potentia l gradient in flow core.

Estimate/e valuation of the concentration in flow in the absence of

ar c of p ro be curren t g ives valu e j~ 2’IO~ á”. The introd uct ion ot the

I
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a.1~ it ive of potassium (0.7c/o according to the mass flow rate)

‘ increases the elec t ron concentration in flow more than by an order

an~ substantially it changes the initial potential distribution in

the flow: the potential of the £;robe near the anode descends to value

cf ajproxim~ite1y 200 V , the potential cf probe in the fiel d near the

cathode descends almost by an order , but because of this twice

grcw/rises the potential gradient in flcw core. Undoubtedly, this

aftects the conditicns of developin g of arc anu its motion , which

becomes more uniform , and arc less contracted. Current var iation in

arc during its motion sharply they decrease. Figure 3 depi cts the

curve/graphs of the motion of arc in pure/clean argon (T = 1300°K) /

the readin g of the average speed of arc on the individual sections of

channel it conducts on the, temporary displacements between the

signals of the cörrespcnding probes.

1*’J I!~4

I 

a 
.

~~~

Pig. 3. Distrib uti on of the speeds of arc aloag the l.agtk of channel
(a) and th . flow c hart of arc aloa g •lictrod .a (b) in pure/clean
argo m vith r• 

a 1300 k (V , a 16 •/s) .
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The d r i v i n g  arc is charac te r ized  by the  l o n g i t u d i n a l  electric

intensity 10—30 V/ cm ( h i g h  va lue  is re la ted  to the ini t ia l  section of

channel) , by constant/invariable along the length of channel averaged

current density (at the level 1.2 A/cm2) and by an increase in the

average plasma con d uctivity in arc stream 4 times of the lengt h of

channel. This is r elated to the cases of the stable onset and motion

cf arc (curves 1—4) . The curves 5—7 illustrate changes in the speed

of t h e  arcs whose mot ion  was  compl ica ted  by  the  backlash of an

increase in  the  c u r r e n t  or by t he  b reak  of arc stream soon after of

its s tar t .  F i g u r e  4a shows the curves  of t h e  velocities of arc in

channel for argon with the additive of potassium (T 1100°C). The

arc is characterized b y the averaged current density 1 A/cm2, by the

strength of the longitudinal electric field 20—30 V/cm . The

comparison ot the motion of arcs in pure/clean argon and argon with

potassium makes it possible to conclude that at identical current

densities the levels of the average electrical conductivit y of plasma

in the driving arc stream are close in value.

-
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Fig. 4. Distribution of the speeds of arc along the length of channel

(a) and the  flow c h a r t  of arc along electrodes (b) in argon w i t h  the

a d d i t i v e  of potassium (0.7o/o) w i t h  T 0 1100°K (V 0 = 22 a/s).

-a--- - .  -
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~ Key: (1) .  n/s.

Fa ~c 102.

The speed of the motion of arc relative to tlow and the va lue of arc

current for pure/c lean argon in this case is twice as more as; the

notion of arc in argon with potassium is characterized by the high

constancy of speed and cross section of arc stream. The presence of

the additiv e of potassium delays the processes cf deionization, and

the restoration/re d uction of potential in flow after the passage of

arc strongly it is involve/tightened. In the case of pure~clean argon

this backlash can be connected only with the powerful cur ature of

arc stream in the field near the cathode due to the delay of the

motion of the cathode spot, connected ~ith its inertness (ti.e ,

r e q u i r e d  f o r  the  e s t a b l i s h m e n t  of ca thcde  spot cm copper electrode,

it composes approximately 10 ’ s [1], i.e., about 1/3 transit tines

by the arc ot entire length of channel). The introduction of an

additive of potassium facilitates the process of the

displacement/movement of cathode spot , whic h we were Judge d by a

decr ease in the temporary d isp lacemen ts between the onse ts of signa ls

on the probes , arrange/located in just cne section of channel, and by

the more unifor. wear of the surface of the electrode of that served

— - —
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