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I n  t h e  e a r l i e r  a preliminarg 
analysis of the  operation of severa l  modifications 
of an induction synchronous MGD- generator has 
been presented. It has been s ta ted  tha t  ce r t a in  
variants of these generators w i l l  be effective 
independently of the magnitude of magnetic 
Reynolds number evaluated f o r  t h e  medium flow 
i n  the  generator duct. A c r i t e r ion  has been for- 
mulated indicating the conditions needed f o r  
those variants. 

This paper reve I s  some re su l t s  of a more 
de ta i led  examination 9 concerning the  operation 
of a synchronous generator fed with a j e t  of 
varying conductivity working medium, where the  
mentioned cr i te r ion  i s  complied with. 

1, The generator in  question i s  shown 
schematically i n  Fig. 1. The working duct, a 
r ec t i l i nea r  c i rcular  cylinder ibnclosed in a 
ferromagnetic core of high permeability, is fur-
nished u i t h  ferromagnetic r ibs  connecting the  
inner and outer core i n  the end- par ts  of the  
duct. The generator i s  provided Kith two kinds 
of mutually independent windings, namely: t he  
f i e l d  coi l s  wound c i r cmfe ren t i a l ly  on both walls 
of the  duct, and the output coil .  The l a s t  may 
be located i n  any position along the duct pro- 
vided it wi l l  enclose the  whole induced magnetic 
f lux  iQ passing the generator core. The generator 
load connected t o  the output c o i l  consists of a 
r e s i s tmce  R and a compensating capacitance 
C i n  parallef. The f i e l d  coils ,  fed uith 
direc t  current from an external  source, have a 
specia l  distr ibution of t h e i r  number of turns 
along the generator duct in order t o  make the  
generated f i e l d  of magnetizing induction B 
(which, in principle, is directed radial ly)m 
appr~ximately sinusoidal. The stream of working 
medium, flowing in the direction of x- axis 
i n  the generator duct consists ,  al ternately,  
of: "conductive portionst1 having e l e c t r i c  con- 
ductivity a = a and flnon-conductive portionsm 
u = 0 of fluid.P The mean velocity of t h i s  flow 
is a function of coordinate, and addit ionally a 
condition is imposed on the  distances among sub- 
sequent conductive portions t o  be (with x given) 
approximately equal t o  the period [ of the  func t ion  
B . The period f i t s e l f  may varg u i t h  x . 
~8gments of the generator length, each enclosing 
one period of variation of the induction B 
(measured from zero- points), w i l l  be referyed t o  
as generator sections. The generator w i l l ,  thus, 
be assumed t o  consist of N sections. 

2. A t  first, we consider a s ingle  (s-th) 
,section of the generator, Assuming t h a t  the  duct 
dimensions,, flow velocity and conductivity of 
conductive portions w i l l  not vary remarkably with- 
i n  the  l imi ts  of one section, we are able to 
characterize the operation of t h i s  section by 
the following relat ions t 
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go- output power of t h e  sec t ion  *ere - e l e c t r i c a l  eff iciency of the 
)1J section,  resul t ing  from joulean 

heat  losses  only 
W 	,c i r c u l a r  frequency of t h e  gen- 

era ted  current  

ne t iz ing  f l u x  crossing the  duct, 
i n  t h e  considered sec t ion  

gp p 	s f f a c t i v e  resistances of t h e  
d i f f e ren t  conductive port ions,  
wi th in  the s s e c t i o n

> - numerical coeff ic ient  depending 
on duct  dimensions and on the  
quot ient  & / 1  (cf . Fig. 1)

a*il o c a l  load coe f f i c i en t  
(!?r - l o c a l  qual i ty  f a c t o r  

The r e l a ~ i o f i s  (1), (2)  a re  i l l u s t r a t e d  graphica l ly  
i n  Fig. 2 and 3. 
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Now, it i s  p o s s i b l e  t o  c a l c u l a t e  t h e  e l e c t r i c a l  p resen t  i t s e l f  as  t h e  r e l a t i o n  
c h a r a c t e r i s t i c s  of t h e  generator  a s  a whole. 
The generator  output  power Y) and e l e c t r i c a l  
e f f i c i e n c y  'T may be  expresse8 by P and T 
i n  a simple summation 05 S' 

bu t  t h e  r e l a t i o n s  (3) and (L) w i l l  be useful  only 
i f  5 and Q coeff icients  a r e  expressed through 
othe paramet&-s which may be cont ro l led  d i r e c t l y .  

Assuming t h a t  there a re  no phase s h i f t s  of 
electromotive forces  between t h e  d i f f e r e n t  sec-
t jons ,  t h e  following re la t ions  may be obtained 

where QJ - mean magnetic exci ta-@o=QiCrs=i t i o n  f l u x  

iR i  --. - - r e s u l t a n t  i n t e r n a l$ resistance of t h e  
generator 

R Oa=- - generator load coeff i -
""i c i e n t  (R - load 

resis tange,  n - number 
of windings of the  out-
put c o i l )  

4 = -%. - design q u a l i t y  f a c t o r  
Ri of t h e  generator  (R -

core reluctance against  
induced f l u x  0 ) 

& - ef fec t ive  q u a l i t y  
f a c t o r  of t h e  genera-

'-~'-'QOC t o r  (C - compensating 
capacitance, i n  
p a r a l l e l  with Ito) 

and t h e  r e a c t i v e  power "consumed"~ t h e  com-
pensat ing c a p a c i t o r  C as  

I n  case of t h e  genera tor  connected t o  a 
r i g i d  power network i n s t e a d  of an i s o l a t e d  load, 
t h e  expressions (5) and (6) must be replaced by 
o t h e r  ones, b u t  t h e  na ture  of phys ica l  phenomena 
does n o t  a l t e r .  The expressions (7 )  and ( 8 k  w i l l  
s t i l l  be v a l i d  b u t  t h e  q u a n t i t i e s  cf and Q w i l l  
i n  t h i s  case depend on t h e  g r i d  vol tage U , flux 
mo and generator  phase angle Q. 

The r e s i s t a n c e  R i s  i n v e r s e l y  p r o p o r t i o n a l  
t o  the  e l e c t r i c a l  c o n d u ~ t i v i t yof a of conduct ive 
port ions,  i n  accord r l t h  the  r e l a t i 8 n  

uhere d = r - r - working duct  width, 

rL -210gakthmic mean rad ius  of t h e  
duct.  

The determSnatj on of q u a n t f t i e s  o and L 
represen ts ,  i n  general ,  a problem ?n i t se l fPwhere  
t h e  kind of t h e  norking medium used is  of main 
importance. If ionized gases (due t o  thermal  o r  
non-thermal i o n i z a t i c n )  were assumed t o  form t h e  
conductive pro t ions  of t h e  working medium, t h e n  
t h e  ion iza t ion  and de ion iza t ion  phenomena, d i f fus ion  
and turbulence, i n s t a b i l i t y  e t c .  would be  d e c i s i v e  
in t h e  o and 1 v a r i a t i o n  along t h e  genera tor  
duct .  ~ h &l i f e  ofpconductive p o r t i o n s  would i n  
t h i s  case be sus ta ined  by way o f  a n  appropr ia te  
feed ing  of a d d i t i o n a l  power o r  f u e l  from outs ide ,  

P&<and by i s su ing  of i n t e r n a l  power or a 
The q u a n t i t y  P e s t a b l i s h e d  by r e l a t i o n s  

(3)  and ( 7 )  determineg t h e  gross  power of t h e  
generator. A number of a d d i t i o n a l  l o s s e s ,  b e s i d e s  
t h e  jouloan l o s s  i n  t h e  working medium, w i l l  
occur i n  an a c t u a l  generator .  These a r e  t h e  l o s s e s  
i n  the  ferromagnetic core i n  t h e  main, and p o s s i b l y  
t h e  above mentioned l o s s e s  due t o  t h e  s t i m u l a t i o n  
of conductive port ions.  The n e t  genera tor  power 
w i l l ,  t he re fore ,  be  expressed by t h e  r e l a t i o n  

The q u a n t i t i e s  0 , 1J and Q a r e  among those of 
t h e  mogt importn?!t desien parameters, while OC O ' - a -Pd (10) 
and C - represen t  main working parameters of 
t h e  generator. 

and t h e  a c t u a l  generator  e f f i c i e n c y  
Now t h e  genera tor  output power may a l s o  

4ql=  (! - -)
P , ?  
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where Pd - r e su l t an t  power of addi t ional  
losses. 

A s  follows from Fig. 2 and 3 the sec t ion  
qual i ty  f ac to r  Qs i s  t o  be i n  extent of 
C 10 and I p  should not exceed one 
sgventh of the  period 1 , i f  it is intended t o  
a t t a i n  high efficiency of the sec t ion  e. g. 
7 " )  0.5. The proportions of the  remaining 
dfmensions, if kept i n  reasonable l imi t s ,  a re  
of minor importance. If a11 tho sect5 ons ofthe ge n-
eraCor U e r  but sXgtk1.y thefl: Of, = @., g,6 - N f s9, 
and ? s ll . $en also t h e  theo re t i ca l  f e a s i b i l -  
i t y  ofs Q + Q Q 10 becomes apparent independently 
of t he  vafue o f  Q, provided an adequate value of 
the compensating capacitance C i s  applied. How-
ever, t he  application of r e l a t ive ly  high values 
of t h e  design qual i ty  f a c t o r  Q would be mostly 
desirable,  and even indispensable i n  a generator 
of grea t  output f o r  power production purposes, a s  
i n  such a case the  reac t ive  power P should no t  
be excessive. According t o  (8) the Feactive 
power P i s  proport ional  tocK/~ =hen ~57fl. 
~ h e r e f o r g ,  j f  t h e  condition Pr<Po is t o  be met 
than Q> b( must occur, i.e. the core reluctance 
R and the  r e s i s t w c e  of conductive portlons 
R c ~ n n o t  exceed ce r t a in  maximal values. Thereby, 
d?e conductivity cf conductive port ions a and the  
r e rneab j l i t y  of core ,d- must heve s u f f i z i e n t l y  
hiph values f o r  t h e  genzrator t o  be prac t ica l .  
Provided Q > & l O  was achieved, t h e  generator 
would operate effect5.vel.y even without any com-
pensation, i .e ,  with C = 0, and of course 
P I 0 . This case should be regarded as optimal 
vgriat ion.  

3. It is in t e re s t ing  t o  compare the  syn- 

chronous generator with other types, pa r t i cu la r ly  

with the  well-known electrode d.c. generator, 

and a l so  with the  asynchronous induction genera- 

t o r  [41 . 


Confronting one sec t j  on of the considered 

generator (having the length f p  su f f i c i en t ly  

small and a high value of t he  qual i ty  f a c t o r  

Q ) with an equivalent s ec t ion  of the  d.c. gen-

ekator, where working duct volumes, medium 

ve loc i t i e s  and conductivit ies , a s  well  as 

maximal values of the f i e l d  induction a re  iden- 

t i c a l ,  we obtain 


having i n  mind t h a t  t h e  medium e l e c t r i c s l  con- 

duct iv i ty  i n  the  d.c. generator is constant. The 

numerical coe f f i c i en t  1/2 i n  (12) r e su l t s  from 

the  appl ica t ion  of induction Bm varying sinus- 

o ida l ly  alone the  duct of t he  svnchronouseenerator. 


contrary t o  the  constant B i n  the  d.c. generator. 
The f a c t o r  1 /I is  due 90 t h e  conductive port ions 
f i l l i n g  the  A c t  of t he  generator i n  question not  
completely, as  t h e  medium conductjvity i n  the  d.c. 
generator is not modulated. Core losses,  t h a t  
may a f f ec t  t he  a.c. generator seriously,  do not 
take place i n  a d.c. generator. On t h e  contrary, 
t he  generator a t  i ssue  shows nei ther  e lec t rode  
losses  nor the disadvantages of the  Hal l ' s  
phenomenon, s ince  the  Hall  voltages appearing i n  
conductive port ions y ie ld  no adverse e f f ec t s .  
Ft@Permore, the  synchronous generator w i l l  

have a more co kjcated working duct  than 
t h e  d.c. one, d y h  t h e  i n t r i c a t e  configuration 
of magnetic f i e l d  and t h e  c o i l s  located on both 
walls  ( e spec ia l ly  if the  width of t h a t  l a s t  i s  
considerable) .  These proper t ies  together with 
the  presence of core  would impede t h e  appl ica t ion  
of superconducting c o i l s  and t h e  very l a r g e  f i e l d  
induct j  ons (exceeding the induction of core 
sa tura t ion) .  It should a l so  be mentioned t h a t  a 
"conventional" d. c. generator with segmented 
electrodes may ( t h e o r e t i c a l l y )  be converted i n t o  
an a.c. generator, provided t h e  modulation of 
oonductivity is  introduced. 

The layout and working cha rac t e r i s t i c s  of 
an asynchronous gene r l to r  with t r a v e l l i n g  wave 
magnetic f i e l d  are,  t o  some extent ,  s imi l a r  t o  
those  of t h e  contempleted synchronous generator. 
-411 the same t h e r e  a r e  two e s s e n t i a l  points of 
d i f ference  t o  be cors idered : - i n  a synchronous generator t he  modulated 

conductivity working medium flow is 
indispensable,  nhereas v i t h  an asynchro- 
nous generator constant  conductivity may 
be used,- an asynchronous generator needs a much 
( seve ra l  orders of magnitude) higher 

+blue of t h e  working medium conductivity 
than t h e  synchronous generat.or. 

A more de ta i l ed  analys is  of t he  nature of these 
generator working processes shows t h a t  t h e  
magnetic Reynolds number should, i n  an e f f ec t ive  
asynchronous generator, exceed some minimum (of 
t he  order of R,-1). A t  t he  same time R 
should not  be too  high, because some de t r i8en ta l  
e f f e c t s  of non-l ineari ty may occur (especia l ly  a t  
high generator loads) .  The synchronous generator 
w i l l  work e f f e c t i v e l y  independently of R - value 
(with Rmc< 1 and with Rm >> 1as well) as En t h i s  
case t h e  core  in t e rac t ion  parameter Rc [ I ] ,  
ins tead  of Rm , i s  ac t ing  here as the  basic 
physica l  parameter, and non-linear e f f e c t s  do 
n o t  t u r n  up. It i s  much e a s i e r  t o  a t t a i n  i n  
p rac t i ce  t h e  des i red  minimumeof Rc (which i s  
a l so  of t h e  order of Rc .- 1 )  i n  a synchronous 
than the  minimum of R i n  an asynchronous 
generator, s ince ,  rougby,  t he  following r e l a t ion  
appl ies  

where 9 - permeabil i ty of t h e  generator 
duct. In su f f i c i en t  values of R i n  one, and 
R i n  the  o ther  of t h e  generatops w i l l  equally 
rgquire  compensation by the r eac t ive  power P 
of t h e  generator, and here  t h e  P - value w i n  
increase with the  dropping of ther  R - or  R -
value. m 

I n  conclusion, t h e  p r inc ipa l  d i f ference  
between t h e  asynchrono-us and the  synchronous 
generator is t h a t  the f i rs t  meets, and the  
second does no t  meet t he  c r i t e r i o n  of applica-
b i l i t y  of low Reynolds numbers [Z], mentioned a t  
t he  very beginning of t h i s  paper. I n  addition, it 
should be noted t h a t  i n  t h e  o ther  poss ib le  var ianb 
of a synchronous generator [l] the  above c r i t e r i o n  
is  no t  s a t i s f i e d ,  and therefore  the  application 
of l a rge  Rm - values would be indispensable 
f o r  them. 

C 
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