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The possibili ty of determining the pa ramete r s  of a boiling ferromagnet ic  layer  by m e a s u r i n g  
charac te r i s t i c s  is studied. 

The papers  [1-6, 8], exhibiting the order ing of the layer  s t ructure  s tar t ing with some value of the mag-  
netic field intensity,  a re  devoted to an investigation of a boiling fer romagnet ic  layer  in application to control-  
ling its hydrodynamics by applying a magnetic field. The s t ruc ture  of the boiling fer romagnet ic  layer  in all  
these papers  was studied by neutral  methods with respec t  to the magnetic field by using a turbulence me te r  [3] 
or  capaci tance- type  sensors  [8], for examples;  at the same t ime,  the influence of the layer  s t ruc ture  on the 
magnetic field, for  example,  the deformation of the lines of force ,  has not been studied, although any change 
in the s t ruc ture  should cause a corresponding change in the magnetic permeabi l i ty .  Similarly to the method 
of magnetic defectoscopy in investigating the s t ruc tu re  of a boiling layer  of ferromagnet ic  par t ic les ,  it is de- 
s i rable  to use not only the mixing in the layers ,  but a l s o  the fer romagnet ic  proper t ies ,  which, meanwhile,  
pe rmi t  modeling and studying the s t ruc ture  of a boiling layer  of nonmagnetic par t ic les .  The present  paper  is 
an at tempt to close this gap. 

A column 1 with 92 mm inner d iameter  and fer romagnet ic  par t ic les  2 surrounded by a four-sec t ion  coil 
3 with 180 mm inner d iameter  connected to the ac main through an au to t rans former  is shown in Fig. 1. The 
fluidizing agent (air) is delivered by means of the blast blower 4 through the supply  pipe 5 and the perfora ted  
grat ing 6 in the layer .  

The perforated grat ing consis ts  of two 5-ram-thick  disks with 37 uniformly distributed holes of d - 4 mm. 
A brass  mesh with a cell  s ize on the o rde r  of 0.05 mm was located between the disks.  The thickness of the 
column wall was about 2 mm. The mater ia l  of the column and disks is steel Khl8N10T. Measurements  of the 
al ternat ing magnetic field of a solenoid within the column and in the empty solenoid, per formed with 0.5% 
accuracy  by using" a measur ing  winding and an F564 mean emf vol tmeter ,  did not disclose any differences in 
the field intensity (H = 20 kA/m) for identical values of the cur rent  in the winding, i . e . ,  there was pract ical ly  
no screening of the magnetic field by the current-conduct ing column. The gas velocity was determined by 
means of the d ischarge  measured  by an RS-40M counter  7. The exit of the pulse tube 8 by which the p res su re  
pulsations were t ransmit ted to the p r e s s u r e  sensor  9 (where they were converted sequentially into pulsations 
of a water  column and into e lec t r ica l  signals recorded on fi lm by using an MPO-2 oscillograph) was approxi-  
mately at the center  of the layer .  The distinguishing peculiari ty of this sensor  was that the converted pulsa-  
tions were d i scre te ,  since the sensor  i tself  had 25 paral lel  e lect r ical  loops (see Fig. 1, where only seven loops 
are  shown in o rde r  not to complicate  the diagram),  as many corresponding point contacts ,  and one contact ,  
common to all the loops, with a significantly g rea te r  surface as compared to the point contacts .  The point con- 
tacts had a 1 -mm spacing. Each higher loop had less res is tance than the preceding lower one, so that a se -  
quential c losure  of the loops by water  and a step diminution in the res is tance of the whole sensor  c i rcui t  occu r -  
red with the increase  in height of the ~a te r  column. A line of definite height, corresponding to the same depth 
of submers ion  of the sensor ,  was marked on the osci l lograph film by success ively  submerging the sensor  1 
spacing. The magnitude of the dc supplying the Sensor was not more  than 10 mA. The contacts were fabricated 
f rom d = 0 .1-mm copper wire covered with water - impervious  lacquer and were not wetted by water  in prac t ice .  
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Fig: 1. Diagram of the tes t  setup to investigate the s t ruc tu re  of a 
fe r romagnet ic  fluidized bed and the e lec t r ica l  c i rcui ts  to record  its 
magnetic and hydrodynamic cha rac te r i s t i c s :  1) column; 2) f e r r o -  
magnetic d i sperse  mater ia l ;  3) solenoid; 4) blast  blower; 5) supply 

�9 pipe; 6) perfora ted  grating; 7) RS-40M flowmeteI;  8) pulse tube with 
measur ing  winding at i ts lower end; 9) p r e s su re  sensor .  

A 3- ram-high  measur ing  winding with D = 45 mm inner d iameter  and n = 150 turns was located at 5 m m  f rom 
the entrance hole of the pulse tube and perpendicular  to its axis. The measur ing  winding was f rom 0.05-ram- 
d iameter  wire.  An ac magnetic field acted on the layer  of fe r romagnet ic  par t ic les .  The inductance of the 
solenoid,  measured  by using an ac br idge,  was Ls = 0.062 H. The ratio of solenoid length l s to the mean 

d iameter  Din of its windings is / s / D m  = !20/200.  

The magnetic f ie ld in tens i ty  was measured  by a second 10- ram-diameter  and 2 -mm-high  measur ing  
winding as the mean integrated intensity o v e r  the sensor  c ro s s  section.  The sensor  was f i rs t  placed in a 
cal ibra t ing solenoid with a homogeneous ac magnetic field of known intensity H = KlI 0 = 6.55410 kA/m.  Here 
I 0 is the cu r ren t  in the cal ibrat ing solenoid, and K 1 is the solenoid constant.  By measur ing  the emf ~ of t h e  
sensor  for  a known value of H, the constant  of the measur ing  winding K 2 = e/H [7] was found f rom e =K2H. 

To take account of the influence of voltage fluctuations in the main e was recorded on the film. However,  

no fluctu~ttions in ~ were detected. 

M e a s u r e m e n t  a n d  R e c o r d i n g  o f  t h e  C h a n g e  i n  M a g n e t i c  

P e r m e a b i l i t y  o f  t h e  B o i l i n g  L a K e r  

A measur ing  winding placed within the layer  or  enclosing a whole column made f rom nonmagnetic ma -  
te r ia l  was the sensor  for  this purpose.  The conductivity of the magnetic flux through the boiling layer  of 
fe r romagnet ic  d ispersed mate r ia l  depends on the homogeneity and height of the layer .  A change in the mag-  
nitude of the magnetic flux_en~losed by the conducting loop of the sensor  occur red  during fluctuations in the 
height of the b o i t i ~  layer  with the pa s sage  of bubbles through a 1 0 - 5 0 - m m - d i a m e t e r  and 0 .5 -1 -mm-th ick  
sensor ;  .heii~cle, the emf e = - -de /d r  of the sensor  was determined by the F564 vol tmeter  of mean pa rame te r s  
and was also recorded  on the film of the MPO-2 osci l lograph by means of the c i rcui t  shown in Fig. 1. Two 
measur ing  windings L1 and L 2 with a mean d iameter  D m = 45 mm for the turns were used in this c i rcui t  [9]. 
Each had n = !50 tu rns ,  and the wire d iameter  was d = 0.05 ram. The winding L 2 was placed direct ly in the 
boiling layer  at a height of 20 m m a b o v e  the gas-dis t r ibut ing grat ing,  a lmost  at a level with the exit of the pulse 
tube.  The winding L 1 was outside the limits of the column, and by moving it in space the magnetic flux en- 

closed by its contour could be al tered.  

Composing the equation connecting the r e s i s t o r s  RI, R2, Rb.d. andthe emf el and a 2 with r e spec t to  the value 
of the cur ren t  in the bridge diagonal on the basis~)f Kirchhoff 's  laws and solving,  we find 

Ib.d. = e2R1 - -  elR 2 
R1R2 --k R1R2 -b R2Rb. d. 
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Fig. 2. Typical  ose i l lograms of the emf pulsations in a plane mea-  
suring winding submerged in a fer romagnet ic  fluidized bed: a) Ae/I  = 
f(7) eorresponds  to low values of the intensity H of the alternating 
magnetic field for  which the layer  s t ruc ture  remains  d isordered;  b) 
the change in Ae/I  with t ime [1) H = 2.5 kA/m;  2) 10; 3) 12.5]; c) os -  
c i l logram with abrupt pulsations in a background of smoother  low- 
frequency pulsations shown by the dashes.  

Here e 1 is the emf of the measur ing  winding L 1 placed outside the limits of the boiling layer ,  and 82 is the emf 
of the measur ing  winding placed direct ly  in the boiling layer .  

By changing el by moving the sensor  to some point of space enclosed by the magnetic field o r  by rotating 
the plane of the sensor  through some angle ~ to the direct ion of the magnetic lines of force ,  we obtain that 

~.e. =0 ,  i.e., 

e~ = e~ = -  nS~o OH~ _ nS~t aH__~ ~toaH ~ _ ~aH~ 
Ox Or a~ a~ 

In the genera l  case ,  the magnetic permeabi l i ty  is pract ical ly  independent of the field intensity for finely 
dispersed mate r ia l  to an H on the o rde r  of 50 kA/m,  and is determined by the ratio between the laver  length 
and d iameter ,  the magnitude of the porosi ty ,  and the s t ruc ture  of the layer  (the part icle orientation and the 
porosi ty  distribution). It is necessa ry  to obtain the equality el = e 2 = a in o rder  to extract  the component As 
due to the change in magnetic permeabi l i ty  more  exactly,  since Ae << e. Then disturbance of the equilibrium 
in the e lec t r ica l  c i rcui t  occurs  with the change in the magnitude of e, for  example,  because of the change in 
layer  density and, there fore ,  in the inductance L 2 of the measur ing  winding, and a cur ren t  A Ib. d. flows along 
the diagonah 

Aid c = (e~ - -  A~) R~ - -  R ~  
�9 " Rb.d?i  + R~Ri + R b.dR2 

For  R 1 = R 2 we have Aid.e.  = Ae/(2Rb.d.  + R1). 

On the other  hand, 

dT  ndO nSd (~H) 

dr dr dr 

P,b.d.Ri + R2R1 + R b.d R ~ 

= -- (nS O~Or H + nS~ _.~).OH 

Here ~, is the linkage; @ is the magnetic flux penetrat ing the loop of the measur ing  winding. 

Let a bubble pass through the measur ing  winding during the t ime ~-, and let us correspondingly have 
r - -  ~min  during the t ime "rl; then ~min ~ ~ with the removal  of the bubble f rom the loop of the measur ing  
winding. Let us assume that during the change in magnetic flux f rom ~> to ~min the quantity is 8p/3~" ~ , ~ / T p  
Let us take the average  of the emf e 2 during a half-per iod of the alternating cur ren t  T /2  = 0.01 sec by a s sum-  
ing that the magnetic permeabil i ty  is p =~ '  at the t ime of reaching r Then the mean emf e' equals 
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Fig. 4 Fig. 3 
Fig. 3. Dependence of the var iances  of the quantities AP and Ae/I  on the a l t e r -  
nating magnetic field intensity H and dependence of the amplitude of the low-f re -  
quency component of Ae/I  and the frequency of bubble passage fb on H. D(AP), 
mm 2 H20; D(Ae/I),  m V 2 / A 2 ; f b ,  H; Ae/ I ,  mV/A. 

Fig. 4. Dependence of the rat io Ae/I  in a solenoid,  measured  by using a winding 
with D = 45 mm inner diameter  placed in a d = 0.3 ram and h 0 = 40 mm layer  of 
magnetite par t ic les ,  on the d iameter  of balls simulating bubbles and ar ranged 
symmet r i ca l ly  relat ive to the measur ing  loop. A c/I, mV/A; d, mm. 

T/2 T/2 
e ' = - - ( 2 n S ~  Ap. Hd~c+2nS~,+. f OH d"c) 

W " "gl 
0 0 

The magnetic permeabil i ty  is p = p" and z~u/-q = 0 before the beginning of the t ime counting ~- = 0 when 
the bubble approaches the loop of the measur ing  winding; the mean emf during the t ime T/2 = 0.01 see is 

T/2 
1 e" = - - ( 2 n S ~ " ~ - . f  OHo,~ d~l.j 

D 

Using the notation Art = t~' --G", we have 

since H a v =  Hmax/1.54,  then 

4Hmaxn S ) 
A e = e ' - - e " = - -  nS h~ Hav+V~ 

T 1 T 

Ae = -- (nS Abt H~ax 4HmaxnS ) 
~1 1.54 -t- A~. T: " 

According to our experimental  resul ts  ~1 = 0.0375-0.075 sec 

4HmaxnS 
h~ T 

T--!-~ = 3.75-7.5 and 
T nS .A.~ . Hma x 
2 T~ 1.54 

23-46. 

Therefore ,  the influence of the f i r s t  t e rm in the express ion for  e' is quite smal l  compared to the second and 
Aa = - -4fnSAPHma x, i . e . ,  the quantity Ae for a boiling layer  depends directly on the quantity Ap, but is p r ac -  
t ically independent of the t ime of its change (the velocity of bubble passage) ,  since the linkage ~I, var ies  during 
the ac period and is s imultaneously d i s s imi la r  during the t ime of bubble passage :The  influence of a change in 

during a half-per iod is considerably g rea t e r  than the influence of the change in linkage during the t ime T 1 be-  
cause of the rate  of change in the quantity p~ during bubble passage.  
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Fig. 5 Fig. 6 
Fig. 5. Dependence of the mean equivalent bubble d iameter  dm, the mathe-  
mat ica l  expectation of the quantity Ae/I  bubbling in the t ime Aeav/ I ,  and the 
mathemat ical  expectation of bubble passage through the plane of the m e a s u r -  
ing loop ~- on the alternating magnetic field intensity H. 7, sec;  H=kA/m. 

Fig. 6. His tograms of the probabili ty distribution of the passage of bubbles 
of any d iameter  through the measur ing  loop as a function of the al ternating 
magnetic field intensity H: 1) H = 2.5 kA/m;  2) 10. N, %. 

The quantity AI is recorded simultaneously with the magnitude of the p re s su re  drop AP. Let a = a ~ on 
the osc i l logram be the coordinate of a cur ren t  of magnitude AI T. This cur ren t  is produced by an ac source  
with the known voltage - U; then the voltage 

a 

will cor respond  to any quantity a and cur ren t  AI. 

P r o c e s s i n g  t h e  T e s t  R e s u l t s  

An analysis of the osc i l lograms showed that the quantity A~, r e fe r red  to the lines of force in the solenoid 
L, changes as follows during bubble passage through the loop of the measur ing winding L2: The dependence of 
the quantity Ae / I  =f(r) corresponding to low H is shown in Fig. 2a (section AB); the curve describing this de- 
pendence is also nonsymmetr ic  when a single nonsymmetr ic  bubble with a shor t e r  upper half-axis relative to 
the maximum horizontal  section passes .  The amplitude of the quantity a e / I  depends direct ly  on the s ize  of the 
bubble, and the quantity dAe/IdT depends direct ly on the rate of its r i se  (taking account of symmet ry  sepa ra te -  
ly). The same dependence is also shown in Fig. 2a (sectionBC) for the success ive  passage of four bubbles. 
Depending on the H changing the layer  s t ruc ture ,  appropria te  changes were observed (see Fig. 2b) in Ae/ I  of 
the following form:  curve 1 for H = 2.5 kA/m,  curve 2 for  H = 10 kA/m,  and curve 3 for H = 12.5 kA/m.  

A diminution in the quantity Ae/I  with the growth in the magnetic field intensity H is charac te r i s t i c  of the 
graphs shown in the form of curves  1, 2, and 3; at the same t ime,  curve 3 exhibits a simultaneous increase  in 
the t ime r of bubble passage,  which indicates a diminution in the rate of climb and elongation of the bubble, 
their  degenerat ion in the channel,  and magnetic flux pulsations caused by pulsations in the channel d iameters .  

P rocess ing  the osc i l lograms was ca r r i ed  out as follows. The var iance of the quantity Ae/ I  was de t e r -  
mined at a given external  magnetic field intensity for  each separa te  case.  To do this, the osc i l lograms were 
partit ioned into 200 intervals  of 0.075 sec duration each, the mathemat ical  expectation of the quantity Ae/I  - -M 
and the mathemat ica l  expectation of the square of the deviation of the quantity (Ae/I) 2 -- M 2 were determined, 
and, finally the var iance D(Ae/I) was determined:  
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The var iance  of the p r e s s u r e  drop fluctuations was determined analogously: 

D (AP) = [M (aP)] ~ -- ~ (AP). 

The resul ts  of such p rocess ing  a re  represented  in Fig. 3, f rom which it is seen that the magnitude of the 
var iance D ~ e / D  decreased  significantly with the increase  in the magnetic field intensity. As regards  the 
quantity D(AP), it diminished significantly only up to an H = 5 kA/m field intensity and la ter  continued to de-  
c r ea s e ,  but considerably more  slowly. 

A graphical  dependence of the mean-s ta t i s t i ca l  frequency of gas bubble passage,  determined by means 
of AP and Ae osc i l log rams ,  is given in Fig. 3. As is seen f rom the graph,  a diminution in the f requencYfb 
of passage occur red  s tar t ing with H = 5 kA/m and especial ly significantly with H = 10 kA/m.  We have es tab-  
lished that a reduction in the frequency of passage occurs  simultaneously with the diminution in the p re s su re  
drop AP,  which dropped by a 70% jump at H = 10 kA/m.  

A sharp  change in Ae occurs  when the bubble passes  through the measur ing  loop with a simultaneous,  
but s lower ,  inert ial  p rocess  of osci l lat ion in the height of the boiling layer .  Namely,  this p rocess  produces 
the common low-frequency background in which the local change in Ae/ I  occurs  at the t ime of bubble passage.  

An osc i l logram with the charac te r i s t i c  sharp pulsations in the background of smoother  low-frequency 
pulsat ions,  given by dashed l ines,  is shown in Fig. 2c. The dependence of the amplitude ~ e ' / I  of the low- 
f requency fluctuations in the quantity Ae/ I  on the magnetic field intensity is given in Fig. 3. It is seen f rom 
the graph that the amplitude Ae ' / I  of the low-frequency component of Ae/I  diminishes with the increase  in 
magnetic field intensity. As an analysis  of the mean-s ta t i s t i ca l  frequency of the low-frequency oscillations 
has shown, the frequency of osci l lat ion grows f rom 1.5 H at H = 2.5 kA/m to 1.9 H at H = 10-12.5 kA/m.  

A cal ibrat ion measuremen t  of the change in the mean emf e and the quantity Ae/ I  as a function of the 
s ize  and quantity of c i r cu la r  nonmagnetic balls placed within the loop of the measur ing winding in a layer  of 
0 .3 - ram-d iamete r  magneti te par t ic les  with a 40-ram-high charge in a column with a 92 mm inner diameter  
was made by an F564 vol tmeter  to es t imate  the bubble s ize.  The graphical  dependence shown in Fig. 4 was 
consequently obtained for  single balls of d iameter  d. 

The bubble shape in the rea l  case is cer ta inly  different f rom the spher ical .  In par t icu lar ,  it is  non- 
symmet r i c  (see Fig.  2a). Then,  for  example,  the change in the quantity Ae / I  when the bubble enters  the m e a -  
suring loop occurs  more  abruptly as compared  with its change when this bubble emerges  f rom this loop. More-  
over ,  it is necessa ry  to take into account the influence of the next bubble, which follows the preceding bubble 
leaving the measur ing  loop and is just entering the loop at this t ime,  on the quantity Ae/ I .  However, such 
"overlaps" a r e  determined quite well by using the osc i l logram record  of Ae/I  (see section BC in Fig. 2a). An 
analysis  of the osc i l logram shows that the number  of such bubbles mutually "overlapping" within the measur ing 
loop reached 20% of the total  number  passing through the loop at a w = 0.5 m / s e c  fi l trat ion rate  for  H = 2.5 
kA/m. 

For  an approximate est imation of the bubble size corresponding to any boiling layer  s t ruc tu re ,  the equiv- 
aleat  bubble d iameter  can he defined by means of the quantity Ae/ I  (see Fig. 4) as the d iameter  of a ball whose 
d iamet ra l  section is approximately equal to the ~naximum horizontal  of a rea l  bubble. Such computations were 
pe r fo rmed  in each separa te  case ,  and the mean equivalent bubble d iameter  dm was determined correspondingly 
for  an intensity H. The graphical  dependence dm =f(H) and also the quantity Aeav/I  as a function of H are 
given in Fig. 5. Moreover ,  here  the dependence of the mean t ime T of bubble passage through the measur ing  
loop, defined as the mathemat ica l  expectation of the t ime of bubble passage through the plane of the measur ing 
loop, is shown. As measurements  of Ae / I  as a function of the position of the balls relative to the lower or  
upper base of the measur ing  loop showed to 0.5% accuracy ,  the record  of the quantity Ae/ I  s ta r t s  at a distance 
on the o rder  of b = 3 ' 4  m m  between the plane of the lower or  upper base of the measur ing winding and the s u r -  
face of balls of d iameter  on the o rde r  of 10-24 ram. The height of the measur ing  winding is 3 ram. Therefore ,  
if only the mean  equivalent d iameter  dm is taken in the computation,  then the path which the globular bubble 
t r ave r se s ,  f rom the t ime of the beginning of the determinat ion of the quantity Ae up to the t ime Aemax, will be 
l = (din/2) + b + 1.5. The whole path during the t ime in which the quantity was determined is 2l = d m + 2b + 3. 

For  instance,  for  H = 25 A/ore ,  d m = 18.3 ram, and ~- = 0.093 sec, 2l = 18.3 + 8 + 3 = 29.3 mm. 

Bubble velocity V b = 2 l / ' r  = 29.3-10-1/0.093 = 31.5 c m / s e c .  

For  the value H = 100 A / c m ,  d m = 12.4 ram, and �9 = 0.067 sec ,  2l = 12.4 + 8 + 3 = 23.4 mm and V b = 
34.9 c m / s e c .  
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On the other hand, b y  knowing the bubble velocity the size of its vert ical  semiaxis  can be determined.  

His tograms of the probabili ty distr ibution of the passage of any size bubbles through the measur ing  
loop as a function of the magnetic field intensity imposed on the layer  are  shown in Fig. 6. The significant 
change in the nature of the spread in the probabili ty of any size bubble origination is charac te r i s t i c .  The 
spread is large for  a low intensity H = 2.5 kA/m (see his togram 1 in Fig. 6) and diminishes sharply with the 
r i se  in H exhibiting a simultaneous narrowing of the interval  of most  probable equivalent bubble d iameters  
and their  diminution as the magnetic field intensity grows (in par t icu lar ,  the his togram 2 in Fig. 6 c o r r e -  
sponds to H = 10 k.A/m). It should be noted that the equivalent d iameters  of 80% of the bubbles were in the 
16-22-mm band for H = 2.5 kA/m,  in the 10-19-ram band for  H = 7.5 kA/m,  and in the 9 .2-14-mm band for  
H = 12.5 kA/m.  

There fore ,  the main deduction to be made f rom the investigations is that by using unusual magnetic 
defectoscopy the process  of studying the s t ruc ture  of a boiling layer  is facili tated, whereupon it will be pos-  
sible to s imulate p rocesses  proceeding in a nonmagnetic layer  by using a fer romagnet ic  boiling layer  if the 
external  magnetic field is chosen so weak that it exerts  no substantial  effect on the behavior of the boiling 
layer  par t i c les .  By using this method, the qualitative change in s t ruc ture  of the fer romagnet ic  layer  as a 
function of the external  magnetic field intensity can easily be t racked and a quantitative es t imate  can be given. 

NOTATION 

din,mean equivalent bubble diameter; Din, mean solenoid diameter; fb, mean statistical frequency of 
bubble passage;f, frequency of the alternating magnetic field; Ho, magnetic field intensity at the center of a 
solenoid with a homogeneous magnetic field; H, magnetic field intensity at the center of the layer; I, current 
in the solenoid; Io, current in the calibrating solenoid; Ib.d., current in the bridge diagonal; AId.c., disbal- 
ance current of a preliminarily balanced bridge; Ks, constant of the calibration solenoid; K2, constant 
of the measuring winding; LI, inductance of the measuring winding located within the layer; L2, indue- 
taneeof the measuring winding located in the ferromagnetic boiling layer; Ls, solenoid inductance; Is, 
solenoid height; n, number of measuring winding turns; R~, active resistance of measuring winding Li; 
R2, active resistance of measuring winding L2; Rb.d., resistance of bridge diagonal; AP, pressure drop in 
the layer; S, area of the measuring winding; T, period of the change in ac; w, filtration rate; el, emf excited 
in the measuring winding LI; e2, emf excited in the measuring winding L2; e', mean emf corresponding to 
bubble location at center of measuring winding L2; s mean ernf corresponding to bubble location outside 
measuring winding limits L2; Ae, emf disbalance in diagonal of a prebalanced bridge because of the change in 
magnetic characteristics of the boiling layer; Ae', low-frequency component of fluctuations in the quantity Ae; 
p, magnetic permeability; A#, change in magnetic permeability of the layer; Po, vacuum magnetic permeabil- 
ity; p', magnetic permeability of the layer measured by the winding L 2 during bubble location at the center of 
a given winding; p ", magnetic permeability of a layer measured by the winding L 2 during bubble location out- 
side measuring winding limits; Tt, time of the change in magnetic flux (I. ~ ~min during bubble entrance into 
the loop of the measuring winding L2; T2, time of the change in magnetic flux (1)mi n ~ (~ during bubble removal 
from the loop of the measuring winding L2; T, mean statistical time of bubble passage through the measuring 
loop. 
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