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B L O B  

The poss ib i l i ty  of increas ing  the eff iciency of a magnetohydrodynamic  energy  convers ion  
by including an ex te rna l  emf  source  in the operat ing winding is invest igated.  Values of the 
ave r age  e l ec t r i c a l  eff ic iency which can be obtained with the used  opera t ing winding a r e  ca l -  
culated.  The poss ib i l i ty  and the l imi t s  of regulat ing the eff iciency by vary ing  the magnitude 
of the ex te rna l  emf ,  the angle of the phase  shift  of the ex te rna l  emf  re la t ive  to the cu r r en t s  
in the ionized gas ,  and the magnitude of the excitat ion magnetic  field for  the known nature  
of the flow and the p a r a m e t e r s  of the  gas  a re  de te rmined .  

1. Formula t ion  of the P rob l em .  The power  c h a r a c t e r i s t i c s  of magnetohydrodynamic  in teract ion of 
an ionized gas  blob moving through a constant  magnet ic  field with the operat ing c i rcu i t  connected to an ohmic 
load have been invest igated in [1]. in this case  the eff ic iency of energy  convers ion  was found to be low and 
the e l ec t r i ca l  eff ic iency T/ did not exceed 3%. 

A genera l  investigation of the useful  work  of p l a s m a  agains t  a magnet ic  field [2, 3] shows that  for  any 
type of MHD genera to r  a matching of the induced e lec t r i c  f ields E and uH/c  is n e c e s s a r y  in o rde r  to obtain 
an acceptable  useful  power  and in ternal  eff iciency of convers ion.  As applied to an induction type MHD gen-  
e r a t o r  this r e q u i r e m e n t  amounts  to appropr ia t e  phase  and ampli tude re la t ions  between E and uH/c  in the 
p l a sma .  T h e r e f o r e  any device of this kind mus t  have the poss ib i l i ty  of regula t ing  E in compar i son  with u H /  
e. One of the methods of accompl ishing such regula t ion may be the inclusion of an ex te rna l  va r i ab le  emf  
in the operat ing winding c i rcui t .  

The useful  work  of the p l a s m a  is given by the express ion  
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It follows then that  in o r d e r  for  the useful  work  to be posi t ive ,  i .e . ,  
in o rde r  that the p l a s m a  del iver  energy  to the ex te rna l  c i rcui t ,  the v e c -  
to r s  ~ and ]* must  be opposi te ly  d i rec ted  in the p l a sma .  

2. Descr ip t ion of the Exper imen ta l  Equipment.  All the ex p e r i -  
ments  we re  c a r r i e d  out on the equipment  desc r ibed  in [1]. The d i f fe r -  
ence was,  f i r s t ly ,  in the use of an operat ing winding different  f r o m  that  
used in [1] and, secondly,  in the inclusion of the ex te rna l  emf  gene ra to r  
in the c i rcui t  of the operat ing winding. 

The geomet ry  of the operat ing winding was so chosen that  the c u r -  
ren t  pulse of r equ i red  po la r i ty  and durat ion produced in it by the inclu-  
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sion of the external  emf had the required  relat ion between the vectors  
and u~[/c. The position of the turns of the operating winding along 

the radius of the channel and the orientation of the vec tors  ~ ,  uH--/c, 
j ,  H 0 in the gas a re  shown in Fig. 1 (the c i rc le  F is the p lasma front). 
The turns are  placed at radi i  r = 47, 76, 86, 95, 102, 106, 110 mm. 
The distribution of the magnetic field intensity hk / I  (Oe/A) in the MHD 
channel produced by the cur rents  in the operating winding is shown in 
Fig. 2. 

The c i rcui t  of the external  emf genera tor  and its inclusion is 
shown in Fig. 3, in which C +, L +, R_ are  respect ively  the capacitance,  
induction, and the active res i s tance  of the genera tor .  L ~ is the induc- 
tance of the operating winding and Di is the cur ren t  sensor .  The gen-  
e ra to r  had a ve ry  small  output res i s tance  R (compared to the total 
r e s i s t ance  of the operating winding inductively coupled to the plasma).  
In this case the emf excited in the operating winding will not change 
the e lec t r ic  field intensity E produced by the genera tor  and, therefore ,  
a simple power computation of the work of the plasma in the c i rcui t  
of the operating winding can be done. 

The maximum value of the intensity produced by the genera tor  
in the operating winding was equal to 2.2 kV. The maximum intensity 
of the e lectr ic  field Ek in the channel produced by the cur rents  in the 
operat ing winding at a radius r = 67 mm was equa l to  1.36 V/cm and 
could be changed smoothly with the change of the voltage at the con-  
denser  C +. The possibil i ty of obtaining high intensities was limited 

by the mechanical  and e lec t r ica l  s trength of the operating winding. The delay c i rcui t  made it possible to 
switch in the external  emf genera tor  at any t ime re la t ive  to the s ta r t  of the main discharge.  

3. Results  of the Experiment.  As in [1] the p a r a m e t e r s  of the conducting gas blob in the experiment  
were  the following: 

1) The velocity of the blob in the operat ing channel in a magnetic field H 0 ~ 1000 Oe was pract ica l ly  
constant along the radius of the channel and was equal to ~ 10 km/sec ;  

2) the Reynolds number  Rm computed for the charac te r i s t i c  dimension of the channel of 1 cm was 
equal to 0.4; 

3) the maximum elec t r ica l  conductivity of the gas was approximately the same for any radius of the 
channel and had the value a ~ 40 ~.-1. c m - I  All experiments  were conducted for four values of the field 
H 0 = 575, 860, 1150, 1430 Oe. Here and below the values of H 0 are  given for the radius r = 67 mm. 

The following quantities were  measured  during the experiment:  the total e lect r ic  field intensity E 
in the p lasma,  the distribution of the cur rent  density j along the radius of the channel and in t ime, and the 
var ia t ion of the cur ren t  in the operating winding. The procedure  of measurement  of E and j have been des-  
cribed in detail in [1]; the cur ren t  in the operating winding is measured  with the use of a low-inductance 
cur ren t  sensor .  

The measurements  showed a significant effect of the e lect romagnet ic  fields produced by currents  in 
the operating winding on the cur ren t  J in the p lasma.  
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The o s c i l l o g r a m s  of s ignals  f rom E - t u r n s  and Rogowski loops r e -  
cording the f ie ld in tens i ty  E , V / c m , ( s c a l e  on the left) and the ra te  of change 
of c u r r e n t s  J ,  A/tzsec,  ( sca le  on the right) in the gas  a r e  shown in Fig .  4 a s  
functions of the phase  shift  angle a between the in ject ion of the p l a s m a  into 
the opera t ing  channel and the ins tant  of switching of the ex te rna l  emf for  
r = 67 ram. The change of E and uH/c  was accompl i shed  by changing a .  It 
is  seen f rom these  curves  that the c u r r e n t  magnitude J in the gas  d e c r e a s e s  
due to the ac t ion of the ex te rna l  emf; for a' = 102 ~ the c u r r e n t  even changes 
d i rec t ion  by 180 ~ The e l e c t r i c  f ie ld  in tens i ty  E in the gas  is  apparen t ly  
h igher  than for  the case  of ohmic load (o sc i l l og rams  R shown at  the bottom 
of F ig .  4) [1] when the re  is  no ex te rna l  emf.  Thus,  the inclusion of the ex-  
t e r n a l  emf makes  it poss ib l e  to change E and J in the gas and the e l e c t r i c a l  
ef f ic iency of convers ion  ~ in wide r anges .  

The ave rage  e l e c t r i c a l  ef f ic iency of convers ion  is defined as the r a t io  of the useful  work  of the gas 
A - Q ,  ave raged  over  a p e r i o d  and over  the volume of the MHD channel,  to the work  A aga ins t  the po nde r -  
motive fo rces  of the magnet ic  f ie ld 

Tl= A--Q/ A = ! !  JEdtdV[!! (j X tI)udtdV]-t 

The t ime  va r i a t ion  of the t i m e - a v e r a g e  eff ic iency 0(r) is  shown in Fig .  5 as  a function of the r ad iu s  
for  d i f ferent  ~. Here  the maximum value of the r a t i o  cE/uH changed f rom 0.1 to 0.7 on changing c( f rom 21 
to 83 ~ The mos t  uniform ~/(r) along the r ad ius  is  obtained for  c~= 55 ~ The re fo re ,  for  this  angle ~ ave raged  
over  the volume has the h ighes t  value.  F o r  c~> 55 ~ ~ (r) is  v e r y  nonuniform and d e c r e a s e s  r a p i d l y  at  l a rge  
r a d i i .  The d e c r e a s e  of ~ at  l a rge  r ad i i  is due to the change of the magnet ic  f ield along the length of the 
channel  and in t ime  on including the ex te rna l  emf (the f ield h k p roduced  by the c u r r e n t s  in the opera t ing  
winding r educes  the f ie ld H0). 

The pa t t e rn  of d i s t r ibu t ion  of the magnet ic  f ield along the r ad ius  of the channel  and in t ime  is shown 
in Fig .  6 for  the r e g i m e  co r re spond ing  to H 0 = 860 Oe and ~ = 55 ~ The leading front  of the gas,  where  the 
path of motion is shown by the dashed curve ,  moves in a lmos t  constant  magnet ic  f ie ld  up to r = 91 mm. At 
the end of the channel it  fa l l s  in the r ap id ly  inc reas ing  magnet ic  f ie ld caused  by c h a r a c t e r i s t i c s  of the 
opera t ing  winding shown in Fig .  2. It follows f rom this curve that  f f h k i s d i r e c t e d  opposi te  to H 0 up to r = 
105 mm, then s t a r t ing  f rom this  r ad ius  hkchanges  sign. This leads  to a sharp  i n c r e a s e  of the magnet ic  
f ie ld  H at  the end of the channel,  a d e c r e a s e  of the r a t i o  cE/uH at  r ad ius  r = 100-110 mm, and a d e c r e a s e  
of ~ at  these  r a d i i .  

Hence,  i t  follows that  in o r d e r  to have high ~/ in the en t i r e  volume the g e o m e t r y  of the opera t ing  wind-  
ing must  be chosen in such a way that  there  a r e  no sharp  g rad i en t s  of the magnet ic  f ie ld in the opera t ing  
channel o r t h e r e  is  a pos s ib i l i t y  of a sha rp  i n c r e a s e  of E in compar i son  with uH/c in the zone of the gradient .  

The re  we re  no va r i a t i ons  of the c u r r e n t s  at  r > 105 mm due to the cons t ruc t iona l  p e c u l a r i t i e s  of the 
equipment .  The re fo re ,  the re  is no quant i ta t ive idea of the effect  of the f ie ld i n c r e a s e  at the end of the chan-  
nel  on 7/. However ,  it  follows f rom the p r e s e n t e d  data that  the d e c r e a s e  of ~(r) at  the end of the channel  is  
a drawback of th is  opera t ing  winding and can be e l imina ted .  

308 



The e l ec t r i ca l  eff ic iency ~ was calculated by integrat ion of the functions jE and juH/c  over  the en t i re  
volume and t ime.  The magnet ic  field H(r,  t) was found by summat ion  of the field H0(r ) and the field of the 
opera t ing winding hk(r,  t) computed f r o m  the measu red  cu r r en t  in the opera t ing winding. The component  
of the field produced by the cu r r en t s  in the p l a s m a  hf ~ 0.1 H 0 and was not taken into considera t ion in the 
calculat ion.  The tota l  e l ec t r i c  field E(r ,  t) was mea-sured d i rec t ly  by E- loops .  The values of the cu r ren t  
densi ty j(r ,  t) were  de te rmined  at five points  in the range  of rad i i  r = 40-100 mm.  

The family  of cu rves  giving the dependence ~ = ~((~) for  different  va lues  of the magnet ic  field H 0 is 
shown in Fig. 7. It is seen f rom these  cu rves  that ~ d e c r e a s e s  with the inc rease  of H0, since the poss ib i l i ty  
of mutual  control  of E and u t t / c  d e c r e a s e s  with the inc rease  of the magnet ic  field because  the max imum 
value of the ex te rna l  emf  fed to the opera t ing winding was l imited in the exper imen t  by the mechanica l  and 
e l ec t r i ca l  s t rengths  of the winding. 

If the poss ib i l i ty  of such regula t ion could be mainta ined on increas ing  H0, then in this case  the value 
of 7/ for  l a rge  f ields could exceed the eff ic iency attained in the p r e sen t  exper iment .  

The dependence of ~ on the phase  shift  angle a and the max imum value of ~? = 30% obtained e x p e r i m e n -  
ta l ly  in the p r e s e n t  work  ag ree  with the theore t i ca l  computat ion of the e lec t r i ca l  eff ic iency c a r r i e d  out in 
[4] for  sma l l  magnet ic  Reynolds numbers .  
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