
C H A N G E  IN T H E  H Y D R O P H Y S I C A L  A N D  H Y D R O C H E M I C A L  

CHARACTERISTICS OF NATURAL WATERS WITH 

MA GNETOHYDRODYNA MIC ACTIVATION 

N. F .  B o n d a r e n k o ,  E .  Z .  G a k ,  
A .  N.  G u l ' k o v ,  a n d  Y u .  A .  Z a s l a v s k i i  

UDC 663.631:538.651:532.574 

It is shown that the effects which ar i se  in natural  waters  when they flow through nonuniform 
magnet ic  fields are  governed by an inc rease  in the f ree  gas concentrat ion and hydrodynamic  
cha rac t e r i s t i c s  of these waters .  

The magnetohydrodynamic activation of natural  waters  (MANW) represen t s  a complex of physicochemical  
changes which occur  in natural  waters  (NW) as they pass  through magnetic fields (MF). 

It was noted ea r l i e r  [1] that one factor  that may cause changes in NW in the event of MANW is an increase  
in the concentra t ion of free gas (in the form of mac ro -  and microbubbles)  in the liquid. This ar t ic le  presents  
empi r i ca l  confi rmat ion of this hypothesis  and examines  the role of the hydrochemica l  composit ion of natural 
waters  in MANW proces ses .  

Empi r i ca l  Determinat ion of Free  Gas Concentrat ion.  In connection with the fact that we found no data in 
the l i tera ture  on determining the concentrat ion of free gas Cfr.g in MANW and that the methods noemally used 
in s imi la r  studies do not make it possible to distinguish between Cfr.g and Cr.g , we attempted to quantitatively 
evaluate these changes.  Analys is  of existing methods showed that there  is no universal  method, and even the 
bet ter  known methods are  still in the stage of labora tory  test ing [2, 3]. We therefore  used an indirect  method 
based on determinat ion of the gas content of the liquid f rom the rate  of degassing o~ a solution under a vacuum 
(the Van-Slake method). 

The rate of degass ing through removal  of  gas bubbles f rom the liquid is severa l  o rde r s  g rea te r  than the 
ra te  of degass ing by gaseous diffusion. As a resul t ,  the initial effect  of vacuum degassing is determined by the 
presence  of free gas in the fo rm of bubbles. Here,  up to 96-98% of the dissolved gas may be re leased  in the 
ini t ia l  period, with the remaining  gas being re leased  over  a long period of t ime by diffusion. 

A d iag ram of the exper imenta l  unit is shown in Fig. 1. The exper imental  method is as follows. The 
initial water  (municipal water  f rom Vladivostok) is poured into container  1 connected with calcinm chloride 
tube 2. The water then flows through three-pole  constant  e lec t romagnet  3, valve 4, funnel 5, and cock 6 into 
buret  7 and vacuum device 8. A s t r ic t ly  determined amount of water  (29.5 ml) is sampled at 20~ by lowering 
the level of the m e r c u r y  to line A. After  this, cock 6 is closed and a vacuum is created by further  lowering of 
the m e r c u r y  level by means of equalizing vesse l  9. As a resul t ,  the solution boils and gas is l iberated. The 
m e r c u r y  level is then ra i sed  and the volume of the re leased  gas is determined with the buret  7. The evacuation 
is repeated 10 t imes,  each t ime determining the amount of gas l iberated.  The solution is then drained through 
the cock into measur ing  cell 10, where its pH is measured  by means of a pH-350 pH meter  (11). The exper i -  
ment takes 5 rain. 

For compar ison ,  a control  sample is passed through the equipment at the same speed but with the mag- 
netic unit (MU) turned off. All other operat ions a re  per formed as descr ibed above. In all cases ,  degassing of 
the water  is acce le ra ted  af ter  MANW (Fig. 2). The g rea tes t  degass ing effect is seen at a magnetic field s trength 
H= 2.1-104 A / m  and a mean rate  of flow V= 1 m / s e c .  The Reynolds number  Re = 7500. The water  flow rate 
was varied in the exper iment  f rom 0.3 to 1.5 m / s e c  by using glass  tubes of different d iameters  in the magnetic 
gap. It should be noted that an appreciable  change in degassing rate  was seen only at Re >5000. T h e  initial 
values of pH ~ 6.8-6.9 increased  to 7.1-7.2 during the experiment .  
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Fig. 1. Set-up of exper iment  for determining the kinetics of gas removal  
f rom natural  water  with MANF. 

Fig. 2. Amount of gas l iberated f rom the  water  with evacuation. W = f(n) 
mh 1) H = 0 ;  2) 3"104A/m;  R e = 7 0 0 0 .  

The empi r ica l  resul ts  obtained agree with the arguments  advanced in [1] on the role of agitation of the 
flow and changes in the concentrat ion of free gases  in MANW. 

Role of Initial Hydrochemical  Charac te r i s t i c s .  Ai r  bubbles appearing in the moving flow play the role of 
intensif ier  in the subsequent removal  of molecu la r i ty -d i sso lved  oxygen and nitrogen f rom the volume of the liq- 
uid. As concerns  carbon dioxide, due to its very  high solubility in water,  this effect will be substantially less 
in waters  with pH < 7.5 (since its concentrat ion is low in waters  with higher pH [4, 5]). 

The initial pH of natural  waters  also determines  the effect iveness of the MANW method in increasing the 
effects of coagulation and reducing scale formation.  The authors  of [1] examined the conditions under which 
occurs  part ia l  dehydration of par t ic les  insoluble in the liquid, an increase  in the number of these par t ic les  per 
unit volume and, thus, an increase  in the total interracial  a rea .  At low pH, there are  no inorganic par t ic les  of 
CaCO3, Fe(OH)2, or  Fe(OH)3 in the volume of the liquid, while at pH >7.5-8 the number of such par t ic les  in- 
c r e a se s  sharply.  

It should be noted that these requi rements  a re  to a large degree met by marine waters ,  where supersa tu-  
rat ion with r e spec t  to CaCO 3 reaches  f ive-ten-fold,  probably as a resul t  of stabilization of the par t ic les  by or-  
ganic mat te r .  However, for marine waters  in which supersa tura t ion  with respec t  to CaCO 3 does not take place 
(Arctic Ocean, Baltic sea,  Barents  Sea), we may expect that the effects of a reduction in scale formation wil lbe 
diminishes [5-7]. In water  with pH >7.5, an increase in the amount of CaCO 3 precipitated f rom solution leads 
to a shiit in CO 2 equil ibrium react ion,  additional dissociat ion of HCO~' ions, and an increase  in dissolved CO 2 
gas in the water .  

Thus, occur r ing  parallel  with the flow of natural  waters  through magnets a re  p rocesses  involving a vol- 
ume increase  in the number  of gas - fo rming  nuclei and, thus, an increase  in vapor formation and m i c r o c r y s t a l -  
lization. With subsequent heating of the l iquidtoboiling,  this effect  evidently becomes  a sufficient condition for 
uni form boiling of the liquid throughout its volume, ra ther  than mere ly  film boiling [8]. This causes a de te r io ra -  
tion in heat t r ans fe r  f rom the region of the boundary layer of the liquid adjacent to the heater .  In our opinion 
this condition is also an effective reason  for the reduction in wall scale formation in heat exchangers  and boilers  
with the use of MANW. 

Contact of the Liquid with the Atmosphere  in MANW. In using natural water that has been passed through 
magnetic units, the following three cases  may be observed in pract ice:  1) the liquid comes into contact withthe 
a tmosphere  af ter  passing through the MU; 2) the water  is used in closed c i rcui ts  to which air  has no access  
and in which the water does not come into contact with the a tmosphere ;  3) the set -up of the magnetic s y s t e m i s  
such that the action of the nonuniform MF on the flowing water  occurs  with the water in contact with the a tmos -  
phere.  

Considering these cases  and the initial hydrochemical  pa rame te r s  of the water allows us to predict  dif- 
fe rences  in the charac te r  of changes in aqueous environments  (Table 1). Thus, in case (1), when water having 
a high concentrat ion of gas (as bubbles) enters  a r e s e r v o i r  open to the air ,  then degassing of the liquid may be 
intensified even under normal  conditions. At high t empera tu res  or low a tmospher ic  p ressure  or in the presence 

761 



TABLE 1. Change in Proper t i es  of Natural  Waters  with MANF 

A t m o s p h e r e - g a s e s  (N2, 02, CO2, Patm, to) 

T 
Natural  water  

Open nonsta t ionary  multicomponent heterogeneous sy s t em con- 
taining ions, mic ropar t i c l e s ,  m ic roo rgan i sms ,  and molecu la r -  
dissolved and free gas 

1 
Flow through magnetic units 

Turbulence in the flow, inerease  in free gas concentrat ion,  de- 
s t ruct ion of the hydrate skins of mic ropar t i c les ,  micropar t i c le  
growth, shift in CO 2 equil ibrium, inerease  in total interracial  
a rea  

l 
Magnetihydrodynamic activation of natural  waters  

Hydrochemica l  and hydrophysical  changes in the liquid 

Contact with a tmosphere  af ter  
magnetic units 

Acce lera t ion  of degass ing of 
liquids at all  pH. At pH > 7.5, 
an increase  in the concent ra-  
tion of insoluble compounds.  
Eliminat ion of CaCO 2 super-  
saturat ion.  Inc rease  in the con- 
centrat ion of products  formed 
by cavitation and "burst ing" of 
bubbles on the surface 

Repeated flow through magnetic 
units without contact  with 
a tmosphere  

Inc rease  in concentrat ion of free 
gas. At pH >7.5, a reduction in 
HCO~ concentrat ion and an in- 
c r ease  in the concentra t ion of 
CO 2 gas dissolved in the water.  
Inc rease  in the dissolving power 
of the water  with respec t  to car- 
bonates.  

of a vacuum (in a t r e a t m e n t  operation), these p rocesses  are  fur ther  intensified. To establish an equil ibrium 
condition through remova l  of mic ro -  and macrobubbles  of gas, a period of time of the order  of severa l  h o u r s -  
somet imes  d a y s - i s  needed, since this occurs  by diffusion (with a s ta t ionary liquid). The t ime of degassing and 
relaxat ion of proper t ies  is de termined by the t empera tu re  of the liquid, the a tmospher ic  p ressure ,  the depth of 
the r e s e r v o i r ,  the surface a rea  of the liquid, and the initial hydrochemical  cha rac te r i s t i c s .  

In [1], we explored the possible additional enr ichment  of natural  waters  with products of cavitational dis-  
sociation in hydrodynamic cavitation as a resu l t  of an increase  in Cfr.g during MANW because of turbulence.  
Evidently, this effect may also be re inforced  by the fact that the work of nucleation of small  gas bubbles is 
changed in magnetic fields and conditions are  made more  favorable  for bubble growth [9]. The above cons ider-  
ations should be supplemented by the following. When the liquid reaches  an open surface,  the bubbles float to 
the surface  at ra tes  of the o rder  of 20-30 c m / s e c ,  depending on their  size,  and the complex process  of bubble 
"burst ing" takes place at the surface,  accompanied by severa l  h igh-energy effects [4, 8]. These p rocesses  may 
serve  as an additional source  of the appearance of new compounds in the l iquid-  micropar t i c les  of films of sub- 
s tances  which usually cover  the surface  of m i c r o -  and macrobubbles  by virtue of their  high e lec t r ica l  charge 
and adhesive proper t ies .  

In case (2) (Table 1), when the liquid flows repeatedly  through the magnetic unit and does not come into 
contact  with the a tmosphere ,  the concentrat ion of free gases  and CO 2 may increase  in a stable manner  and pH 
may dec rease  in alkaline waters .  This may lead to the solution of old scale,  since it consis ts  mainly of carbo-  
nates.  Such scale dissolution usually takes place under similar situations. 
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Given condition (3), with the action of an MF on natural  waters  in an open sys tem,  intensive turbulence 
may lead to the capture of a ir  f rom the a tmosphere  by the water .  

It is useful to be able to account for the var ia t ion in the concentrat ions of free and dissolved gases in 
MANF. The presence  of additional a i r - w a t e r  in terfaces  in the water  in essence  determines  not only the kine- 
t ics ,  but indeed the probable course  of such prac t ica l ly  important  p rocesses  and boiling, cavitation, c rys ta l l i za -  
tion f rom solutions, freezing,  and conduction of heat by water  and is one of the factors  which determine the pre- 
vious h is tory  or  "memory"  of aqueous environments .  

F r o m  a pract ical  point of view, the above considerat ions expand the range of applicability of MANF, since 
it may be assumed that this method will also be effective when used with natural  waters  which are  not super-  
saturated with respec t  to CaCO 3 and other compounds.  For  example,  commerc ia l  t r ia l s  which we performed 
at severa l  plants in Vladivostok and the surrounding t e r r i t o r y  and on merchant  ships using seven-pole e lec t ro-  
magnetic units showed a reduction in scale format ion with the use of sea waters  in which the pH >- 8-8.3. This 
agrees  well with the resul ts  obtained in [6]. We also observed an improvement  in the operation of evapora tors  
and deae ra to r s  on mains water  with pH ~ 6.8-7.1 due to acce le ra ted  deaeration.  

NOTATION 

Cfr.g, concentrat ion of f ree  gas in the liquid (in m i c r o -  and macrobubbles) ;  Cr.g, concentration of molec -  
u la r -d i s so lved  gas;  Re, Reynolds number ;  Patm, a tmospher ic  p r e s s u r e ;  W, amount of  gas removed f rom the 
liquid by evacuation; n, multiplication fac tor  of evacuation; V, liquid flow velocity, m / s e c .  
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