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It is known that in nonuniform magnetic fields the precavi ta t ion proper t ies  of aqueous media 
change, leading to an increase  in the i r revers ib le  physicochemical  changes. 

The effect of magnetic fields on the physicochemical  p roces se s  in aqueous media when there is hydrody-  
namic cavitation has not been investigated to any great  extent. This problem is never theless  of considerable 
prac t ica l  in teres t  for  solving the problem of monitoring hydrodynamic cavitation. The resul ts  obtained in this 
paper show the leading par t  played by hydrodynamic fac tors  in the mechanisms by which magnetic fields act  
on the proper t ies  of technical wa te r s ,  and may be useful in construct ing technological equipment and in choos-  
ing its mode of operation. 

1. Vortex Format ion and Dehydration in the Precavi ta t ional  Mode. Consider the flowing hydrodynamic 
sys tem shown in Fig. 1. The length of region II is l, the d iameter  of the tubes in regions I and III is D, and 
the d iameter  of the tube in region II is d, d < D; PI, PII, PIII and VI, V H, VIII  are the p r e s s u r e s  and velocit ies 
in regions I, II, and IH, respect ively.  The flow in region II is turbulent due to hydrodynamic factors  and Re = 

dVii/~/~ -> Recr .  

A flowing sys tem like this one in pract ice  contains dissolved and free gases and micropar t ic les .  In 1 
cm 3 of natural water  there are  severa l  hundreds of gas bubbles of diameter  f rom 4 ~m to 30 ~zm and up to 
5 �9 105 foreign par t ic les  of dimensions down to severa l  microns  [1]. Technical  water  contains different ions 
of e lec t ro lytes  and has an e lec t r ica l  conductivity a .  

Suppose that in region II there is a nonuniform magnetic field represented  by the induction B and an induc- 
tion gradient grad B. We will also assume that B = Bma x on the walls of the magnetic conductor,  which is 
usually a component par t  of the hydroconductor .  Satisfaction of the conditions gradB ~ 0, B ~ 0 ensures  that 
in region II in the volume of the liquid there will be induced nonuniform e lec t r ic  fields E = [VII • B] and g r a d e  
0 leading to the occurrence  in the volume of the liquid of induced currents  of density ]i = a[VII • B]. 

When considering flowing liquid media of low conductivity, the spatial distribution of the rotational 
forces  which occur  in the liquid under prac t ica l  conditions [2] becomes of considerable importance.  Hence, 
we will consider  the phenomena that a r i se  in aqueous media only when the conditions Ji ~ 0, g radB u 0 are 
satisfied,  which automatical ly leads to the condition 

rot [MHD = (B grad) Ji - -  (Ji grad) B =/= 0, (1) 

where 

|MHD = [Ji:: B]. (2) 

Note that the effect of l a rge - sca le  vortex format ions  in aqueous media when they flow through nonuniform 
magnetic  fields is well known in the l i tera ture  as an obstacle to the operation of magnetohydrodynamic (MHD) 
f lowmeters  [2]. 

Condition (1) ensures  vor t ic i ty  of the flow in space and time. Under turbulent conditions the values of 
the MHD forces  in the boundary layers  are  determined not by the value of ~, but by a b, r gb [3]: 
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Fig. I. Schematic representation of a flow- 
ing hydrodynamic system. 

By convection the magnetic induction in the boundary layer is a maximum (Bmax), and since under turbulent 
conditions in the boundary layers the values of the velocities become of the same order as the volume velocity, 
the volume forces in the boundary layers are much greater than in the volume of the liquid and are equal to 

2 
/MAD= ~ V . B m . ~  (3) 

In actual aqueous sys tems  e lec t rohydrodynamic  (EHD) phenomena due to cur rents  in the flow when they 
interact  with the magnetic  field become of considerable importance [4]. The space -charge  density #sc differs 
f rom zero  in the region of the diffuse par t s  of the double l ayers  close to the interphase boundaries of length 
6sc and since the cur rent  density of the flow JT = OscVII, under turbulent conditions 

[MHD, b = VltBmaxPsc" (4) 

Hence, in the boundary layers  under turbulent conditions the MHD forces  per  unit volumes 

[MAD, b =  VHBmax (Psc T 0 b Bmax). (5) 

It follows from (5) that it is possible for an additional MHD pressure to occur directly on the wails of the 
tube and on the surface of microparticles and gas bubbles due to the action of forces, in the majority of cases 
normal to the surface of the interphase boundaries. These pressures will vary along the length of the tube due 
to fluctuations in the flow velocity and the nonuniform distribution of the magnetic field in volume II. As the 
flow velocity increases an even deeper disturbance of the boundary structures will occur until the hydrated 
layers disintegrate, which occurs when PMHD -> r0 [5]. Taking (5) into account, this condition can be written 

VllBmaxl (Psc-+- o b Bmax) ~ T 0. (6) 

When condition (6) is satisfied a breakup of the hydrated layers  can occur  as well as s h o r t - t e r m  impairment  of 
the wetting of the surface ,  and  a reduction in the surface tension of the liquid due to complete or  part ial  com-  
pensation of the surface tension forces .  The values of the l imiting velocity (VH,lim) for  which the s t ructure  of 
the boundary l aye rs  becomes disturbed is found f rom (6) to be 

"[0 
V/t. lim = Bmax l (Psc-:- ~rb Bmax) " (7) 

The value of r 0 var ies  in the range 10-15 N/m 2 [6]. It follows f rom (7) that small  limiting velocities are  
reached only for values of the induction grea te r  than 1.0 T,  which is usually limited by technical cons idera-  
tions. On the other hand, the formation and breakdown of vor t i ces ,  dehydration p r o c e s s e s ,  and, under cavi -  
tation conditions, an increase  in cavitation bubbles, require  a finite time of not less than 0.1-0.05 see,  which 
sets an upper l imit  to the flow velocity. These phenomena may lead to an ext remal  form of the dependence of 
the rate of different physicochemical  p roces se s  in aqueous media on the induction and flow rate.  In addition, 
since r0, a,  ab may depend on the proper t ies  of the liquid, the surfaces  of separat ion,  and the gas content, in 
a number of cases  these relat ions may have a polyextremal  form.  

Note that when nonstat ionary magnetic  fields are present ,  s imi lar  phenomena will be observed at lower 
values of B and VII due to the occur rence  of additional MHD and EHD forces  in the liquid. Since the value of 
r 0 is relat ively constant we can regard  the product  on the left-hand side of inequality (6) as constant for this 
type of magnetic  system.  The optimum values of VII and B will vary  depending on the concentrat ion of the 
e lect rolyte  containing f ree  and dissolved gases and the presence  of impuri t ies  in the form of micropar t ic les .  

2. Quantitative Est imates  and Model Experiments .  We will es t imate  the value of the MHD pressu re  
developed in volume H of the tube by the forces  which ar ise .  Taking (3) into account,  we can write 
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Fig.  2. Photograph of the MHD flows in 
a l a y e r  of e l ec t ro ly t e  0.005 m th ick  in 
nonuniform magne t i c  f ie lds  when the e l e c -  
t r i c  cu r r e n t  is fed in by conduction. The 
exposure  t ime is  2 sec.  

PMHD= ~ (8) 

F o r  a = 10 ~ - 1 . m - 1 ,  VII = 10 m / s e e ,  B = 0.1 T,  and l = 1 m we obtain f rom (8) the value PM:HD = 1 N/m2; the 
t ime of flow through tube II is 0.1 sec .  In the boundary l a y e r  where  PMHD is given by (5), it  is  poss ib le  for  
Ph~-ID to i n c r e a s e  by 1-2 o r d e r s  of magnitude to va lues  PMttD ~ 10-15 N/m 2. This is due to the effect  of de -  
hydra t ion  of the boundary l a y e r s  at  flow ve loc i t i e s  on the o r d e r  of 1-5 m/sec .  At the same  t ime ,  under  l a m i -  
nar  flow condit ions when the ve loc i t i e s  in the boundary l a y e r s  a re  s m a l l ,  vor tex  format ion  due to PMHD is 
sma l l  and al l  the ef fec ts  ment ioned above a re  negl ig ible  o r ,  in genera l ,  not p re sen t .  

F o r  an e x p e r i m e n t a l  inves t iga t ion  of the vor tex  s t r u c t u r e s  which a r i s e ,  the i r  in te rac t ion ,  and the loss  
in s tab i l i ty  of the flow, we studied MHD phenomena in a plane hor izon ta l  thin l a y e r  of l iquid without a hydrody-  
namic  p r e s s u r e .  Note that in this  e x p e r i m e n t  the volume MHD fo rce s  co r responded  ~n o r d e r  of magnitude to 
the values  obtained f rom exp re s s ion  (8). The e xpe r i m e n t a l  a r r a n g e m e n t  enabled us to observe  and r e c o r d  two- 
d imens iona l  vor tex  s t r u c t u r e s  and the ins tants  at  which turbulence  occu r red .  We used d i f ferent  types of p e r -  
manent  magnet  s y s t e m s  of cons ide rab le  length having l a rge  f ie ld va lues  only c lose  to the sur face  as the sou rces  
of nonuniform magnet ic  f ield.  The th ickness  of the l iquid l a y e r  was on the o r d e r  of 0.005-0.01 m and was 
chosen so that  the values  of the induction B and grad B were  cons ide rab le  (13 -> 10 -2 T and g r a d B  "- 0.1-1 T/cm).  
In the expe r imen t  the c u r r e n t  was fed by conduction f rom an ex te rna l  dc source  p a r a l l e l  to the sur face  of the 
l iquid,  g r a d j  = 0. The cu r r en t  dens i ty  was va r i ed  in the range 102-103 A/m 2. To p reven t  v ibra t ion  the e l e c -  
t rodes  were  made in the fo rm of m a s s i v e  copper  p la tes  r ig id ly  fas tened to the wal l s  of the cuvette.  The flow 
was v i sua l i zed  using p a r t i c l e s  of lycopodium and was photographed using the Zeni t  appa ra tus  with an exposure  
of 2 sec.  In a c losed r e c t a n g u l a r  cel l  f i l led  with an aqueous solution of 1N CuSQ,  for  sma l l  magnet ic  field 
nonuni fo rmi t i es ,  we obse rved  vor tex  s t r u c t u r e s  with a vor tex  sca le  on the o r d e r  of the d imens ions  of the cel l .  
In the case  of po lygrad ien t  magne t ic  f i e lds ,  we obse rved  a breakdown of the v o r t i c e s ,  and the oc c u r r ence  of 
flows of d i f fe ren t  s ca l e s  de t e rmined  by the d imens ions  of the individual  t e r m i n a l s  (Fig. 2). We used a se t  of 
bar ium f e r r i t e  r ings  (grade 2.8 VA) 30 mm in d i a m e t e r  magne t i zed  in an axia l  d i rec t ion  (Bmax = 0.05 T) as 
the sou rces  of po lyg rad ien t  nonuniform magne t ic  f ield.  The r ings  had a l t e rna t ing  po l a r i t y  of the magnet ic  
poles .  The d imens ions  of the po les  were  much l e s s  than the su r face  of the liquid. The ve loc i t i e s  of the l iquid 
in the vor tex  s t r u c t u r e s  we re  0.01-0.2 m/ sec .  

F o r  ce r ta in  va lues  of the cu r r en t  dens i ty  there  was  a lo s s  in s tab i l i ty  of the flow and a change f rom m a c -  
r e s c a l e  s t r u c t u r e s  into f i n e - s c a l e  s t r u c t u r e s .  

It follows f rom the model  e x p e r i m e n t s  and theo re t i ca l  cons ide ra t ions  that  in regions  c lose  to the poles  
of the nonuniform magne t ic  f ield s o u r c e s ,  zones of constant  vo r t i c i ty  a r e  formed.  The vor tex  model  of t u rbu-  
lence given in [7] appl ied to these  reg ions .  The vor tex  zone is s epa ra t ed  f rom the sur face  where  it is fo rmed ,  
and begins to move in the main flow. Then in view of the motion in this  zone bes ides  the ve loc i ty  VII of the 
main flow there  wi l l  a l so  be a component  of the veloci ty  pe r pe nd i c u l a r  to VII. This  moving vor tex  zone gives 
r i s e  to turbulent  mixing  in the l iquid l a y e r ,  the d imens ions  of which exceed tenfold the d imens ions  of the sca le  
of the magnet ic  f ield nonuniformity  on the tube sur face .  
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I 
I Nonuniform magnetic fields: B, grad I} 

I 

[Nonstationary open system - a region of hydrodynamic cavitation in a 
flowing liquid containing gas bubbles and microparticles: 

I e>Rear,  rotVr ] ,:r gradf~ 0, Psc:r E:~0, g radE~0 

MHD and EHD effects Im aqueous media and on interphase boundaries: 

fMHD = [I • B], rot fMHD=r 0, [EHD=PScE~- ~ -  grad E: 

MIlD activation of physicochemical processes when there is cavitation 
o , o 

";r> < 

1 i lrreverdble physicochemical processes in aqueous media - increase in th 
concemration of free gas, atomic oxygen, the formation of peroxides, 
crystallization, and coagulation. 

F ig .  3. A s c h e m e  showing  the p h y s i c o c h e m i c a l  m e c h a n i s m  
by which  nonun i fo rm  m a g n e t i c  f i e l d s  a c t  on a f lowing  aqueous  
s y s t e m  when t h e r e  i s  h y d r o d y n a m i c  c a v i t a t i on  p r e s e n t .  

H e n c e ,  the  o c c u r r e n c e  of r o t a t i o n a l  MHD f o r c e s  u n d e r  a l l  f low cond i t ions  in r e g i o n  II g i v e s  r i s e  to i n -  
t e n s e  b r eakdown  of the m a c r o s c a l e  v o r t e x  s t r u c t u r e s ,  a l o s s  in s t a b i l i t y ,  and t u r b u l e n c e  of  the f low a t  v e l o c i -  
t i e s  l e s s  than the v e l o c i t i e s  when t h e r e  i s  no m a g n e t i c  f ie ld .  In the  bounda ry  r e g i o n s  v a r i a b l e  MHD p r e s s u r e s  
o c c u r  due to the p r e s e n c e  of g r ad  B ~ 0 on the w a l l s  of the m a g n e t i c  c o n d u c t o r ,  which  l e a d s  to i n t e n s e  b r e a k -  
down of the  bounda ry  l a y e r ,  i t s  b r e a k d o w n  f r o m  below wi th  r e s p e c t  to the f low,  and i n t e n s e  v o r t e x  f o r m a t i o n .  

Note  tha t  the p a r t i c u l a r  f e a t u r e  of the ac t i on  of the  MHD f o r c e s  on aqueous  m e d i a  i s  deep  d i s t u r b a n c e  of 
the  b o u n d a r y  l a y e r .  A s i m i l a r  d i s t u r b a n c e  i s  only  p o s s i b l e  when the l iqu id  i s  h e a t e d  in the r eg ion  of th i s  l a y e r  
[81. 

The  g e n e r a l l y  a c c e p t e d  r e p r e s e n t a t i o n s  of  the  d e c a y  of t u r b u l e n c e  in a m a g n e t i c  f i e ld  and l a m i n a r i z a t i o n  
of the f low only hold fo r  s y s t e m s  with  v e r y  l a r g e  a and when r o t  fMHD = 0. In ou r  c a s e  th i s  i s  not  s a t i s f i e d  [2]. 
A t  the s a m e  t i m e ,  the t r a n s i t i o n  of the m a c r o s c a l e  t u r b u l e n c e  into f i n e - s c a l e  t u r b u l e n c e  in nonun i fo rm m a g n e -  
t i c  f i e l d s  l e a d s  to a t r a n s f e r  of the t u r b u l e n c e  s p e c t r u m  into the h i g h e r - f r e q u e n c y  r e g i o n ,  which  l e a d s  to con-  
s i d e r a b l e  d i s s i p a t i o n  of the f low e n e r g y .  

3. H y d r o d y n a m i c  C a v i t a t i o n .  We wi l l  c o n s i d e r  the c a s e  of  c a v i t a t i o n  s e p a r a t e l y .  Suppose  tha t  in r e g i o n  
I I ,  PII = P e r ,  w h e r e  Pc r  i s  the p r e s s u r e  a t  which  c a v i t a t i o n  o c c u r s  in the l iqu id .  F o r  conven i ence  in c l a s s i f y -  
ing  the phenomena  tha t  o c c u r  in an aqueous  m e d i u m  when a c t e d  upon by nonun i fo rm  m a g n e t i c  f i e l d s  wi th  i nduc -  
t ion B and g rad  B ~ 0, we p r e s e n t  the s c h e m e  shown below. The  r e g i o n  II can be r e g a r d e d  as  an open s y s t e m  
which  e x c h a n g e s  m a t e r i a l  and e n e r g y  wi th  r e g i o n s  I and HI. I t  i s  r e p r e s e n t e d  by Re > R e c r ,  by the v o r t e x  f o r -  
m a t i o n s  r o t V i i  ~ 0, by the e l e c t r i c  c u r r e n t s  in the v o l u m e  of  the l iqu id  and in the b o u n d a r y  l a y e r s  with d e n s i t y  
j ~ 0 and g r a d j  ~ 0, w h e r e  j = Ji + Jb, by the s p a c e  c h a r g e s  in the r e g i o n  of the d i f fuse  l a y e r s  and the d i f fuse  
double  l a y e r s  c l o s e  to the i n t e r p h a s e  b o u n d a r i e s  of the gas  bubb les  and the m i c r o p a r t i c l e s  Psc  ~ 0, and by the 
nonun i fo rm  e l e c t r i c  f i e l d s  E ~ 0 and g r a d E  ~ 0. A s  in the e x a m p l e s  c o n s i d e r e d ,  in a f lowing  s y s t e m  u n d e r  
cav i t a t i on  cond i t i ons  MHD f o r c e s  a r i s e  r e p r e s e n t e d  by the quan t i ty  r o t  fMHD ~ 0. The EHD e f f e c t s  a l s o  
a c q u i r e  c o n s i d e r a b l e  i m p o r t a n c e  due to the p r e s e n c e  of Psc  ~ 0, and due to the f ac t  tha t  in the t w o - p h a s e  s y s -  
t e m  c o n s i d e r e d  the d i e l e c t r i c  cons t an t  of the l iqu id  m a y  v a r y  a b r u p t l y  o v e r  a l a r g e  r a n g e .  T h u s ,  w h e r e a s  in 
the r e g i o n  of a con t inuous  aqueous  m e d i u m  e l = 80, in v a p o r -  gas  bubb le s  ~g= 1~ and l a t h e  r e g i o n  of  the  d i f -  
fuse  l a y e r s  in the l o w - f r e q u e n c y  and v e r y - l o w  f r e q u e n c y  r e g i o n  due to m a c r o s c o p i c  s p a c e  c h a r g e s  of the d i f -  
fu se  l a y e r  ed = 105-106 [3]. In g e n e r a l ,  

fEIID ~ PSC E -j .~l~ - -  ~g grad E z (9) 
2 
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and f ac i l i t a t e s  addi t ional  vor tex  fo rma t ion ,  pulsa t ion  of the gas bubbles ,  and dehydra t ion  of the p a r t i c l e s .  In 
view of the complexi ty  of a quant i ta t ive  e s t i m a t e  of the value of the space charge  which occurs  in the l iquid,  
and the nons ta t ionary  nature  of the p r o c e s s e s ,  in this  pape r  we wil l  only give a qual i ta t ive  e s t ima te  of these  
quant i t ies  for  hydrodynamic  cavi ta t ion and nonuniform magnet ic  f ie lds .  

We wil l  cons ide r  the p r o c e s s e s  which lead  to a change in the hydrodynamic  cavitat ion.  

One of the mos t  impor t an t  quant i t ies  c h a r a c t e r i z i n g  hydrodynamic  cavi ta t ion is the c r i t i c a l  p r e s s u r e  Pcr" 
Until r ecen t ly ,  the quanti ty Psv was taken as the value of Pcr .  However ,  for  ac tual  technica l  wa te r  the c r i t i -  
cal  p r e s s u r e  at  which cavi ta t ion occur s  depends on the gas content and can be approx imated  by the e x p re s s ion  

[11 

Pa ! 2(z : Psv 
Per = 1 T ] / ' ~  ' (10) 

where  a = Cgf/Cg d. In a fixed liquid or  in a flow with r e l a t i v e l y  low ve loc i t i e s  the concentra t ion  of f ree  gas is  
negl igible  (~ = 10-9-10 -1~ and Pcr = Psv- When in tense  convective motion of the l iquid occur s  and, in p a r t i c u -  
lar ,  when the flow has  a vor tex  c h a r a c t e r  the concent ra t ion  of f ree  gas even in the p recav i t a t ion  flow state  
and at  r e l a t i ve ly  low ve loc i t i e s  i n c r e a s e s  by s e v e r a l  o r d e r s  of magnitude to a value a = 10-2-10 -3 [9]. Thus ,  
for  ~ = 10 -2, t ~ = 20~ and Pa = 1 a tm,  Psv = 0.02 atm and Pc r ,  f rom (10), is  0.16 a tm,  which is an o r d e r  of 

magnitude h igher  than Psv" 

This  i n c r e a s e  in the concent ra t ion  of f ree  gas is  due to convection in the l iquid,  which in tens i f ies  the 
m a s s  t r a n s f e r  of gas f rom the l iquid into the mic robubb les  ( turbulent diffusion),  and the reduct ion  in the p r e s -  
su re  at the cen te r  of the vor tex  s t r u c t u r e ,  which leads  to the oc c u r r e nc e  of gas "suct ion" at the center  of the 
vor tex .  The more  intense the p r o c e s s  of vo r t ex  fo rmat ion  in the l iquid,  the g r e a t e r  the region with reduced 
p r e s s u r e ,  and the h igher  the concentra t ion  of f ree  gas and the g r e a t e r  the number  of cavi tat ion nuclei  in the 
flow i r r e s p e c t i v e  of the cause of the vor tex  format ion .  

Obviously ,  the dehydra t ion  effect  when PMHD > To is an addi t ional  source  of cavi tat ion nuclei  s ince the 
p r e s e n c e  of unwetted su r f aces  in tens i f ies  cavi ta t ion ef fects  [1, 12], and m a y b e  an addit ional  source  for the in-  

c r e a s e  in Pcro 

Hence,  the o c c u r r e n c e  of MHD and EHD effects  in the region of hydrodynamic  cavi tat ion leads  to an in -  
c r e a s e  in the concent ra t ion  of f ree  gas ,  (c~f > c~f), to an i n c r e a s e  in the c r i t i c a l  p r e s s u r e  (P~r > P~ and to 

a reduct ion in t h e  c r i t i c a l  cavi ta t ion ve loc i t i e s  W~r < V~ �9 

The act ion of nonuniform magne t ic  f ie lds  should a l so  change the course  of i r r e v e r s i b l e  phys i c ochemica l  
phenomena,  and, p r i m a r i l y ,  of he te rogeneous  p r o c e s s e s  in regions  II and III. The o c c u r r e n c e  of turbulent  d i f -  
fusion i n c r e a s e s  by many o r d e r s  of magnitude the t r a n s p o r t  of gas f rom the volume of the l iquid to the sur face  
of the mic robubb les .  The effect  of loca l  dehydra t ion  of the ions and p a r t i c l e s  gives r i s e  to an in tens i f ica t ion  
of m i c r o c r y s t a l l i z a t i o n  p r o c e s s e s  [5, U] .  In the cavi ta t ion zone intensive separa t ion  of f r ee  gas and vapor  
o c c u r s ,  and v ib ra t ions  occur  in the l iquid and in the cons t ruc t iona l  components over  a wide f requency s p e c -  
t r u m ,  e l e c t r i c a l  d i s c h a r g e s  develop when the e l e c t r i c  f ie ld s t rength  at  the boundar ies  of the bubbles r e a c h e s  
106-107 V/m on co l l apse ,  and mic rohea t ing  of the l iquid occu r s  [1, 12-13]. In flowing med ia ,  due to the very  
high energy  r e a c t i o n s ,  f ree  r a d i c a l s ,  a tomic  oxygen,  p e r o x i d e s ,  and ni t rogenous compounds may be fo rmed ,  
coagulat ion may take p lace ,  and produc ts  of e ros ion  breakdown may fal l  into the l iquid. When there is  h y d r o -  
dynamic  cavi ta t ion ,  the l a rge  d imens ions  of the bubbles and caverns  formed (from a few to tens of m i l l i m e t e r s )  
makes  it d i f f icul t  for  them to t r a n s f e r  f rom the region of reduced p r e s s u r e  to the region of high p r e s s u r e s ,  
where  col lapse  of the bubbles occu r s .  When bubbles of sma l l  s ize  on the o r d e r  of 10-100 ~m with a low a i r  
content co l l apse ,  intense chemica l  reac t ion  occur s  s i m i l a r  to a p l a sma  d i scha rge .  The p r e s e n c e  of nonuni- 
form magne t i c  f ie lds  leads  to an i n c r e a s e  in the ins tab i l i ty  of the cave rns  and they decay and produce in region 
II s m a l l - s c a l e  vo r t i ce s  and bubbles .  The intense vor tex  fo rmat ion  in the boundary l a y e r s  f ac i l i t a t e s  the 
t r a n s f e r  of bubbles of gas into region II,  and hence reg ions  II and III t he re fo re  p e r f o r m  the function of a " c h e m i  
cal r e a c t o r .  " Since the p r e s s u r e  is  reduced at  the cen te r  of a vor tex  [13], the v o r t i c e s ,  in e f fec t ,  "conserve"  
the gas bubbles of sma l l  s ize .  The i r r e v e r s i b l e  changes which occur  in the flow can be r e g a r d e d  as a " m e m -  
ory"  of the l iquid of the phys ica l  phenomena o c c u r r i n g  in it.  This  has been shown expe r imen ta l l y  in [11, 14] 
where  an i n c r e a s e  in the content of a tomic  oxygen and hydrogen peroxide  was observed  af ter  solut ions pass  
through magnet ic  f ie lds .  Obviously,  in nonuniform magnet ic  f ie lds  the nature  of the hydrodynamic  cavitat ion 

changes and app r ox ima te s  to acous t ic  cavi ta t ion.  
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The main  dif ference between the phenomena we have cons idered  the is  fact  that all  the ef fec ts  which 
occur  a re  due to the ene rgy  of the hydrodynamic  flow, whe reas  in acoust ic  cavitat ion the energy  is supplied 
f r o m  an ex te rna l  source  via e l ec t roacous t i c  t r ansduce r s .  

The r e su l t s  obtained above enable  one to conclude that the action of nonuniform magnet ic  f ields on the 
p r o c e s s e s  which occur  in hydrodynamic  cavitat ion can provide  a new effect ive method for  the MHD act ivat ion 
of aqueous sy s t ems .  

At the s ame  t ime ,  an ana lys i s  of the exper imen ta l  r e su l t s  on the action of magnet ic  f ields on natura l  w a -  
t e r  [5, 10-11,  15, 161 has  shown that the g rea t e s t  i r r e v e r s i b l e  phys icochemica l  changes in the p r o p e r t i e s  of 
aqueous s y s t e m s  occur  when the following conditions a r e  sat isf ied:  the p r e sence  of turbulent  flow (Re > Rec r ) ,  
the p r e sence  of hydrodynamic  cavi ta t ion,  and the p r e sence  of nonuniform magnet ic  f ields in the boundary l a y e r s  
of the liquid with g r adB  - 0.1-1 T / c m ,  in which case  the highest  va lues  of the f ields should be obse rved  at  the 
so l i d - l i qu id  boundary (B --- 0.01-1 T). The absence  of turbulence and pa r t i cu l a r ly  of hydrodynamic  cavitat ion 
may  mean  that these effects  will not occur  even for  high values  of the magnet ic  induction [17]. 

l 
D a n d d  

PI, PII, PIII 
Pcr  
Phr and 

[VI, VII,  VIII] 
V l I , l i m  

Vhr  and Vc~ 

Pa 
Psv 
P 

Re 

R e c r  
cgf and Cg d 

c~f and C~d, and c ~  and C~d, 

Psc  
ff 

ab 
~l, eg, ed 

J, Jb, Ji, and JT 
fMHD and fEHD 

PMHD 
T o 
B 
E 

N O T A T I O N  

is the length of zone ll; 
a r e  the d i a m e t e r s  of tubes I ,  I lI ,  and II; 
a r e  the p r e s s u r e s  in reg ions  I,  I I ,  and HI; 
is  the c r i t i ca l  p r e s s u r e  at  which cavi tat ion occurs ;  
a re  the c r i t i ca l  p r e s s u r e s  in the magne t ic  f ield and when there  is no magnet ic  
field; 
a r e  the ve loc i t i es  of the liquid in reg ions  I ,  H, and nT; 
is  the veloci ty  of the liquid at  which breakdown of the hydra ted  l aye r  occu r s  for  
a ce r ta in  value of the induction; 
a r e  the c r i t i ca l  veloci t ies  a t  which cavi tat ion occu r s  in the magnet ic  field and 
when the re  is no magnet ic  field; 
is  the a t m o s p h e r i c  p r e s s u r e ;  
is the s a t u r a t i on -vapo r  p r e s s u r e  at the given t e m p e r a t u r e ;  
is  the densi ty  of the liquid; 
is  the k inemat ic  v i scos i ty ;  
is the Reynolds number ;  
is  the c r i t i ca l  Reynolds  number ;  
a r e  the concentra t ions  of f r ee  and d isso lved  gases  in the magnet ic  field and 
when there  is no magne t ic  field; 
a r e  the concent ra t ions  of f r ee  and d i sso lved  ga se s  in the magnet ic  
field and when the re  is  no magne t ic  field; 
is  the s p a c e - c h a r g e  densi ty;  
is the e l ec t r i ca l  conductivity in the volume of the liquid; 
is  the e l ec t r i ca l  conductivity in the boundary l aye r ;  
a r e  the d ie l ec t r i c  constants  of the liquid in the vo lume,  of the gas in the bubbles,  

and of the diffusion l aye r ;  
a r e  the cu r r en t  densi ty  of the genera l ,  boundary l aye r ,  induced and cu r ren t  flow; 
a re  the volume fo rces  of magne tohydrodynamic  and e l ec t rodynamic  nature  (per 

unit volume);  
is the p r e s s u r e  in the liquid due to the action of the magne tohydrodynamic  fo r ce s ;  
is  the l imi t ing  shea r  s t r e s s  in the liquid; 
is  the magnet ic  induction; 
is  the e l ec t r i c  field s t rength  in the volume of the liquid. 
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S L I G H T L Y  N O N E Q U I L I B R I U M  C O N D E N S A T I O N  O F  A 

S A T U R A T E D  V A P O R  ON A L I Q U I D  S U R F A C E  

S. P .  R a d e v  UDC 536.423.4 

A solution of the Barne t t  equations is obtained for  the p rob l em of slightly nonequi l ibr ium vapor  
condensation on a liquid sur face .  It  is shown that a Barne t t  sublayer  with nonzero p r e s s u r e  
gradient  ex is t s  inside the nonequi l ibr ium wall  l ayer .  The sublayer  d iminishes  the in terphase  
condensation r e s i s t a n c e  and induces supe r sa tu ra t ion  of the vapor .  

In the p r e s e n t  a r t ic le  we solve the p rob lem of s t eady - s t a t e  sl ightly nonequi l ibr ium ("slow") condensation 
of a sa tu ra ted  vapor  on a plane infinite liquid sur face  on the bas is  of the s impl i f ied Barne t t  equations [1]. The 
m o s t  comple te  s t a tement  of this p rob lem is obtained within the f r a m e w o r k  of the kinetic theory  of gases ,  where  
it  is known to be reducible  to the solution of the Bol tzmann equation with the appropr i a t e  boundary condition on 
the sur face  of the condensed phase .  However ,  under  the condition of sl ight nonequi l ibr ium of the condensation 
p r o c e s s  the s ta te  of the vapor  outside a ce r ta in  Knudsen "wad  l aye r"  can be desc r ibed  in t e r m s  of hydrodyna-  
mica l  equations der ived  f r o m  the Bol tzmann equation by the C h a p m a n - E n s k o g  method. The boundary condi-  
t ions n e c e s s a r y  for  closing the hydrodynamica l  equations a re  deduced f r o m  the solution of the Bol tzmann equa-  
tion (or a modificat ion thereof) in the Knudsen w a d  layer .  The N a v i e r - S t o k e s  equations a r e  usual ly used here .  

In this set t ing,  boundary conditions have been obtained for  m a s s  flux toward the sur face  (of the H e r t z -  
Knudsen type) and for  a t e m p e r a t u r e  jump [3-7]. The t e m p e r a t u r e  dis tr ibut ion in a nonequil ibr ium vapor  l ayer  
has  a lso  been found [3] on the bas i s  of the N a v i e r - S t o k e s  equations.  

Below we fo rmula te  the slightly nonequi l ibr ium condensation p rob lem on the bas is  of the s implif ied B a r -  
nett  dis t r ibut ion function obtained in [1] by a modif ied C h a p m a n - E n s k o g  method. F r o m  this function and the 
conditions of m a s s ,  ene rgy ,  and normal  momen tum balance inside the vapor  volume we use the s tandard p r o -  
cedure  to obtain the Barne t t  equat ions,  in which the one-d imens iona l i ty  of the vapor  flow is automat ica l ly  taken 
into account.  F r o m  the s implif ied Barne t t  function and these same  balance conditions on the sur face  of the 
condensed phase  we deduce boundary conditions by the c l a s s i ca l  method of Maxwell [9], c losing the Barne t t  
equations.  

The stated p rob l em  is solved c o r r e c t  to f i r s t - o r d e r  t e r m s  in the di f ference between the vapor  p r e s s u r e s  
at infinity and on the liquid sur face .  We p e r f o r m  numer ica l  calculat ions for  the case  of s team.  

Sofia, Bulgar ia .  T r a n s l a t e d  f rom Inzhenerno-F iz i chesk i i  Zhurnal ,  Vol. 35, No. 5, pp. 851-857, Novem-  
be r ,  1978. Original  a r t i c l e  submit ted  Sep tember  2, 1977. 
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