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Results are presented of an i~?vestigation, made with the aid of an 
induction anemometer, of some characteristics of a turbulent stream 
of electrically conducting liquid in an open channel. External mag- 
netic and electric fields are applied to the flow. It has been observed 
that the flow structure is appreciably affected by the Lorentz force 
normal to the channel floor. The characteristics obtained are com- 
pared with experimental results for an ordinary liquid, 

1. The e x p e r i m e n t a l  p r o b l e m .  The object  of this 
r e s e a r c h  was to inves t iga te  c e r t a i n  f ea tu res  of the 
tu rbu len t  mot ion  of an e l e c t r i c a l l y  conduct ing l iquid 
in an open channel  (trough) with a magne t ic  f ield ap-  
pl ied to the flow and with c u r r e n t  supplied by con-  
duct ion to the l iquid f r o m  an ex te rna l  sou rce .  The 
inves t iga t ion  of the s t r u c t u r e  of this type of flow 
s temmed,  on the one hand, f rom the need to solve 
a n u m b e r  of t echn ica l  p r o b l e m s  [1] and, on the o ther  
hand, f rom the pos s ib i l i t y  of b roaden ing  ce r t a i n  ideas  
about magne tohydrodynamic  tu rbu lence  in gene ra l .  

We have compared  the r e s u l t s  obtained with p r e -  
vious e x p e r i m e n t a l  t u rbu lence  c h a r a c t e r i s t i c s  [2] for 
o r d i n a r y  channel  flows with the object  of making  an 
e x p e r i m e n t a l  check on the effect of magnet ic  and 
e l ec t r i c  f ie lds  on flow s t r u c t u r e .  An addi t ional  a im 
of the e x p e r i m e n t  was to inves t iga te  the d i s to r t ion  
of mean  veloci ty  prof i le  unde r  the inf luence of the 
Loren tz  force  d i rec ted  t r a n s v e r s e  to the flow. 

A f inal  a im was to ve r i fy  the u se fu lnes s  of the 
induc t ion  a n e m o m e t e r  [3] in  inves t iga t ing  the s t r u c -  
tu re  of magne tohydrodynamic  tu rbu len t  flows. 

2. E x p e r i m e n t a l  se tup.  The subjec t  of i n v e s t i g a -  
t ion was a t u rbu l en t  s t r e a m  of e l e c t r i c a l l y  conduct ing 
l iquid in a r e c t a n g u l a r  channel ,  the working sec t ion  
be ing  located in a c o m p a r a t i v e l y  s t rong  magne t ic  
f ield.  In some of the t e s t s  the flow was subjected,  in 

addition to a magnetic field, to the influence of an 
electric field, supplied by conduction from an ex- 
ternal source. 

A plane view of the setup is shown schematically in 
Fig. i. The basic part is a closed liquid circuit, the 
working section of which was a rectangular channel 
with mirror-smooth walls. This was connected via 
a convergent inlet channel to a supply reservoir, 
located at 2.5 m from the beginning of the working 
section. After passing through the working section, 
the liquid was returned to the supply reservoir by 
means of a pump. 

It was assumed that the comparatively long length 
of channel between the convergent section and the 
working section was sufficient for the flow to be con- 
sidered fully developed at the entrance to the mag- 
netic field. 

The working liquid used was one of the strongest 
electrolytes--30% aqueous solution of sulfuric acid, 
with conductivity cr -~ 70 (ohm.m) -I. In conducting the 
tests, special attention was given to maintaining the 
purity of the electrolyte; with this in mind, the whole 
of the liquid system was made of plastic and ceramic. 

The working section of the channel was located in 
the magnetic field generated by adc U-type electro- 
magnet. 

The movable poles Of the magnet allowed control 
of the gap in the range 5-20 cm. The magnet had pole 
tips of cross section 90 • i0 cm, permitting a mag- 
netic field to be generated over 70 em of the working 
section in the flow direction, with field nonuniformity 
not exceeding 2.5%. The excitation windings of the 
magnet were supplied from dc generators of total 
power 120 kW, the alternating current component in 
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Fig. I. Experimental setup: I) general circuit; 
2) working section; 3) convergent entrance sec- 
tion; 4) supply reservoir ; 5) pump; 6) electromag- 

net; 7) electrodes. 
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the windings being removed  by pa ra l l e l  capac i to rs  of 
about 1000 ]zF. The magnet ic  induct ion B 0 in the 10cm 
gap could be var ied  in the range  0-1 .3  Wb/mZ. 
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Fig. 2. Dis t r ibu t ion  a c r o s s  the s t r e a m  

of the r m s  longi tudinal  ]/r~,~ and t r a n s -  

v e r s e  f luctuat ion ve loc i t i e s  r e -  
f e r r e d  to the veloci ty  at the f ree  sur face  

(V~u/ /u,  is the r e l a t ive  in tens i ty  of the 

i - th  veloci ty  f luctuat ion):  1) ] / y  for  the 
t e s t s  of [2] for a channel  with R = 20. 103; 
2) the same  for  a f lat  tube at R = 8 0 - 4 0 0 .  
�9 103; 3) and 4) the same  in our  t e s t s  for  
a Channel  with y = 0.64- 10 -2 and 5 of 0 

and 0 . i l ,  r e spec t ive ly ;  5) ]/-~? acco rd -  ;. v 

ing to the t e s t s  of [2] for  a channel  with 
R = 20- 103; 6), 7), and 8) the same  ac -  
co rd ing  to our  t e s t s ,  with 3' = 0 . 6 4 . 1 0  -2, 
and 6 of 0, 0.11, and 0,16, r espec t ive ly .  

The magnet ,  be ing  r ig id ly  connected to the m a i n  
pa r t  of the l iquid sys tem,  had a spec ia l  r o t a r y  mount  
to p e r m i t  it  to be a l igned at the r equ i s i t e  angle to the 
flow. In addit ion,  the re  was p rov i s ion  for cont ro l  of 
l iquid level  in  the channel  at  an a s s igned  value.  In 
our  tes t s  the m e a n  f lowrate  of the l iquid was 4 �9 10 -3 

m3/sec ,  at a mean  l iquid  level  of ~ = 5 cm.  
In a n u m b e r  of t es t s  an e l e c t r i c  c u r r e n t  was sup-  

plied e x t e r n a l l y  to the flow, in addi t ion to the magne t i c  
f ie ld .  Supply of c u r r e n t  by conduct ion was accompl i shed  
by m e a n s  of e l ec t rodes  connected to a s torage  ba t te ry ,  
The c u r r e n t  dens i ty  J0 of the ex te rna l  sou rce  was 
var ied  in  the l im i t s  0 -1 .5  �9 103 A / m  2. 

Thus,  the flow tes ted  had the fol lowing p a r a m e t e r s :  
Reynolds  n u m b e r  R = U m H / v  = 4 0 - 5 0  �9 103; H a r t m a n n  
n u m b e r  M = ~ Bog = 1 5 - 2 0 ;  Stewart  n u m b e r  7 = 
= M~/R = 5 - 8  �9 10-3; e l e c t r o m a g n e t o h y d r o d y n a m i c  
i n t e r ac t i on  p a r a m e t e r  

6 = Jo Bo H/9 U~ = 0.02 -- 0.28. 

Dur ing  the t e s t s  m e a s u r e m e n t  was made  of the 
m e a n  longi tud ina l  velocity,  the root  m e a n  squa re  
values  of the longi tudina l  and t r a n s v e r s e  componen ts  

of f luctuat ion velocity, and of the i r  one-poin t  c o r -  
r e l a t ion .  The m e a s u r e m e n t s  were  made at a d is tance  
of 70 cm f rom the beginning  of the magnet ic  field, in 
a plane s y m m e t r i c a l l y  located with r e spec t  to the 
side walls  of the channnel .  

M e a s u r e m e n t  of the mean  longi tudinal  veloci ty 
was pe r f o r me d  us ing  a g lass  P i t o t - P r a n d t l  tube of 
d i ame te r  4 ram. Veloci ty m e a s u r e m e n t s  in a ho r i -  
zontal  plane showed that the veloci ty in the c en t r a l  
reg ion  was p rac t i ca l l y  cons tant .  This  allowed us to 
cons ide r  that  the inf luence of the side walls  on the 
veloci ty  d i s t r ibu t ion  in the m e a n  ve r t i ca l  plane was 
v e r y  sl ight .  

The flow s t r u c t u r e  was inves t iga ted  with the help 
of our  own induct ion a n e m o m e t e r . *  

3. Expe r imen ta l  r e s u l t s .  The tes t s  were  c a r r i e d  
out with a fixed d i rec t ion  of the magnet ic  f ield and 
with the e x t e r n a l - s o u r c e  c u r r e n t  o r ien ted  u p s t r e a m  
or  downs t r eam.  Then the Lorentz  force  was d i rec ted  
toward the f loor  or to the f ree  su r face .  

The inf luence of the e l ec t romagne t i c  forces  on 
the in t ens i ty  of veloci ty  f luc tuat ions  may be judged 
f rom the graphs  of Fig .  2, where  it  ma y  be seen  that  
the data of our  tes t s  for 1 / ~  at 6 = 0 and of the 
tes t s  of [2] n e a r  the f loor  (7 = y/Tf smal l ,  y be ing 
the ve r t i ca l  coordinate)  coincide,  while n e a r  the f r ee  
sur face  07 -~ 1) our  r e su l t s  a re  somewhat  low. No 
r e s u l t s  for  d i f ferent  values  of 7 a re  shown in the 
graph in quest ion,  no r  in subsequent  g raphs ;  this  
s t ems  f rom the fact  that the m a x i m u m  value of Stew- 
a r t  n u m b e r  in our  tes t s  was 7 = 0.8 �9 1 0  -2 ,  and the 
tes t  r e su l t s  with 0.6 �9 10 -2 < 7 < 0.8 �9 10 -2 p r ac t i c a l l y  
coincide .  The c u r v e s  for  the cases  6 = 0.11 and 5 = 
= 0.16 at Y = 0.64 �9 1 0  -2  indica te  that the appl ica t ion 
of the Loren tz  force  to the flow f rom without, d i rec ted  
toward the f loor  of the channel ,  leads  to damping of 
the veloci ty  f luc tua t ions .*  * 

The s a m e  f igure  shows the d i s t r i bu t ion  a c r o s s  the 
sec t ion  of the i n t ens i t y  of longi tudinal  f luc tua t ions  for 
5 = 0 and 8 = 0.11 with Y = 0.64 �9 1 0  - 2 .  F o r  compar i son ,  

M i n s k i i ' s  t e s t  r e s u l t s  a r e  shown for  a f lat  tube and a 
r e c t a n g u l a r  channel .  It may  be seen  that at 6 = 0 our  
r e su l t s ,  as is  a lso the case for  the t r a n s v e r s e  f luc tu-  
a t ions ,  a re  somewhat  low in c ompa r i son .  With 6 = 
= 0 and the p rev ious  value of 7, an i n c r e a s e  of longi-  
tudinal  f luc tua t ion  i n t ens i t y  is obse rved  over  a lmos t  
the en t i r e  flow. The data of the t e s t s  with 6 = 0.16 
a r e  not shown on the graph,  s ince  they p r a c t i c a l l y  
coinc ide  with the r e s u l t s  for  5 = 0.11. 

Thus,  when a Loren tz  force  d i rec ted  toward the 
f loor  of the channel  acted on the t u rbu l en t  s t r e a m ,  in 
the range  of 6 examined,  we obse rved  a d e c r e a s e  in 

the t r a n s v e r s e ,  and an i n c r e a s e  in the longi tudinal ,  
ve loci ty  f luc tua t ions ,  the degree  of reduc t ion  of the 

*Mat te rs  pe r t a in ing  to the flow s t r u c t u r e  c h a r a c t e r -  
i s t i c s  inves t iga t ion  technique were  examined  in [3]. 
**We did not examine  the inf luence of Loren tz  forces  

in the opposi te  d i r ec t ion .  
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F i g .  3. D i s t r i b u t i o n  of r e l a t i v e  in t ens i ty  
of longi tudina l  ve loc i ty  f luc tua t ions  with 
t h e i r  f r e q u e n c y f  (cps) for  va r i ous  poin ts  
a c r o s s  the flow with 6 = 0, 3/= 0.64 �9 10 -2 
and the d i m e n s i o n l e s s  c oo rd ina t e  77 = 0.06 

(1), 0.33 (2) and 0.88 (3). 
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F i g .  4. D i s t r i b u t i o n  of mean  ve loc i ty  in a v e r t i c a l  p lane  with 
3' = 0.9 �9 10 -2 and 6 = 0 (1), 0.12 (2), 0.175 (3), 0.28 (4), - 0 . 0 8  
(5), - 0 . 1 2  (6), - 0 . 1 7 5  (7) and - 0 . 2 8  (8) ((U0 - U ) / v ,  is  the di~ 

m e n s i o n l e s s  ve loc i t y  defec t ) .  
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fo rmer  p redomina t ing  over  the degree  of growth of the 
l a t t e r .  

It may eas i ly  be seen f rom Fig .  3 (the range  of 
f r equency  f rom 20 cps to 1 kc was invest igated)  that 
the ma in  cont r ibu t ion  to the tu rbu lence  in tens i ty  is 
that of low-f requency  f luctuat ions,  the in tens i ty  of 
veloci ty f luctuat ions i n c r e a s i n g  in the d i rec t ion  from 
the f ree  su r face  toward the floor,  in the whole f r e -  
quency range  inves t iga ted .  It is  i n t e r e s t i ng  that the 
d e c r e a s e  of energy  of the f luctuat ions f rom the low 
f requenc ies  to the higher  does not proceed monotoni -  
cally,  the cu rves  having an e x t r e m u m  at a f requency 
of approx imate ly  200 cps.  

In addit ion to the veloci ty f luctuat ion in tensi ty ,  a 
d i s t r ibu t ion  a c r o s s  the flow was obtained for the 
Reynolds f r i c t ion  s t r e s s e s  p u v v ' .  G r a p h i c a l d i f f e r e n -  
t ia t ion  of the mean  veloci ty prof i le  and use  of the 
r e s u l t s  of m e a s u r e m e n t  of the one-poin t  co r r e l a t i on  
of longi tudinal  and t r a n s v e r s e  f luctuat ions  enabled us 
to d e t e r m i n e  the d i s t r ibu t ion  of f r i c t ion  s t r e s s .  The 
values  of f r ic t ion  s t r e s s  on the f loor for  var ious  
values of p a r a m e t e r  5 were  found by us ing a graph 
of d i s t r ibu t ion  of f r ic t ion  s t r e s s  a c r o s s  the flow, by 
means  of ext rapola t ion of the appropr ia te  r e su l t s .  In 
pa r t i c lu l a r ,  when 3' = 0.64 �9 10 -2 and 6 = 0, we ob- 
ta ined T W / p  = v2, = 19.5 �9 10 -4 m2/sec  2. Ana lys i s  of 
Fig .  4 shows that when a ve r t i ca l ly  d i rec ted  Lorentz  
force  is applied to the s t r e am,  e i ther  the ve loci t ies  
a c r o s s  the channel  become equal, or  a l ess  full (in 
compar i son  with the case  5 = 0) veloci ty  prof i le  ensues .  
In the f i r s t  case  the e l ec t romagne t i c  force  is d i rec ted  
toward the f r ee  sur face ,  and in the second- - toward  
the f loor .  

The r e su l t s  p resen ted  show that the applicat ion to 
a s t r eam of conducting liquid with a f ree  surface  of 
combined magnet ic  and e lec t r i c  fields may effect an 
apprec iable  change of flow s t ruc tu re  fea tures .  A 
n e c e s s a r y  condition in this s i tua t ion is the p resence  
of velocity f luctuat ions at the f ree  sur face .  

NOTATION 

U----mean velocity, m/see; U-0--velocity at free surface; v. = 
"J/'q~4",. --dynamic velocity, m/see; rw--friction stress at wall. 

, ~' v" -RMS values of longitudinal and transverse kg/m. see2; 1 / ~  ' '  ~"" 
velocity fluctuations, m/see; u'v---~--one-point correlation of velocity 
fluctuations, m2/seca; U'-m-flow velocity, m/see; 8--magnetic in- 
duction, Wb/mZ; J--external source current density, A/m2; ~--or- 
dinate of free surface, m; p--density, kg/ma: u--kinematic viscosity, 

m2/sec; rl = y/H--dimensionless vertical coordinate; 1/ Q/U 0 -- 
relative intensity of i-th velocity fluctuation; lg f--natural logarithm 
of fluctuation frequency; f--frequency, cps. 
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