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Resu l t s  a r e  shown of an expe r imen ta l  study concerning the t h e r m a l  conductivity and the t h e r -  
m a l  diffusivity of g rade  KSK-2 s i l ica  gel  and of Glukhovets kaolin with va r ious  levels  of m o i s -  
tu re  content  in a constant  nonuniform magnet ic  field vary ing  f rom 0 to 6000 Oe. 

Since va r ious  porous  m a t e r i a l s  a r e  widely h e a t - a n d - m o i s t u r e  t r ea t ed  by the e lec t romagne t ic  method,  
it would be in in te res t  to study the m e c h a n i s m  of heat  and m a s s  t r a n s f e r  p r o c e s s e s  in the p r e s e n c e  of a 
magnet ic  field. 

E a r l i e r  expe r imen t s  [7] have shown that,  in a magnet ic  field of an intensi ty vary ing  f rom 2000 to 
5000 Oe, the t h e r m a l  conductivity h and the t h e r m a l  diffusivity a of m o i s t  quar tz  sand both inc rease  during 
the t rans i t ion  f rom pendular  to funicular  mo i s tu re .  

Knowing the t he rmophys i ca l  p r o p e r t i e s  of m o i s t  c a p i l l a r y - p o r o u s  m a t e r i a l s  will  make  it poss ib le  to 
ana lyze  the va r ious  f o r m s  of m o i s t u r e  bond to the m a t r i x  m a t e r i a l  [3, 5, 8, 9]. F o r  this r eason ,  the au -  
tho r s  have de te rmined  the t he rmophys i ca l  p r o p e r t i e s  of m o i s t  d i s p e r s e  m a t e r i a l s  with va r ious  f o r m s  of 
m o i s t u r e  bond in a constant  nonuniform magnet ic  field. 

As the t e s t  spec imens  we se lec ted  two model  porous  m a t e r i a l s  in pure  condition and ground to the 
following s ize  f rac t ions :  Glukhovets kaolin 0 . 4 m m  > d >_ 0 . 05mm and s i l ica  gel  0 . 4 m m  > d _> 0 .06mm.  

Grade  KSK-2 s i l ica  gel  is  a typ ica l  r e p r e s e n t a t i v e  of c a p i l l a r y - p o r o u s  m a t e r i a l s  [2] with va r ious  
f o r m s  of m o i s t u r e  bond. Glukhovets kaolin [6] r e p r e s e n t s  a colloidal  c ap i l l a ry -po rous  m a t e r i a l  with p r e -  
dominant ly  adsorp t ive  m o i s t u r e  bonded to the solid m a t r i x  within the hygroscopic  range.  The method of a 
continuous ac t ive  heat  source  [4, 1], based  on the c h a r a c t e r i s t i c s  of a t r ans ien t  t e m p e r a t u r e  field, had 
been se lec ted  for  de te rmin ing  the t he rmophys i ea l  p r o p e r t i e s  of porous  m a t e r i a l s .  This  method e n s u r e s  
a shor t  tes t ing  t ime  and a shor t  heating effect ,  it a l so  y ie lds  al l  the the rmophys ica l  p r o p e r t i e s  of a t e s t  
spec imen  at  the s a m e  t ime  under  the s ame  Conditions. This  method is based on the solution to the equa-  
tion of heat  conduction fo r  two semiinf ini te ly  long rods  [5] sepa ra ted  by a f lat  cons tan t -power  heat  source .  
F r o m  the solution to that  equation one d e t e r m i n e s  the t h e r m a l  act ivi ty  b, the t h e r m a l  conductivity ?~, and 
the t h e r m a l  diffusivi ty a according  to the following formulas :  

b =: 2q I �9 (1) 
l f~  At e ' 

X ~ a = (2) 
4T argierfc(0,5642 At ~Ate ) ]2  , 

= b V~-.  (3) 

F o r  de te rmin ing  the t he rm ophys i ca l  p r o p e r t i e s ,  the t e s t  m a t e r i a l  was  poured into a P lex ig la s s  c lamp 
(Fig. lb) inside which was  p laced a f iat  hea t e r  e lement  of 0 . 1 m m  (diameter)  manganin  wi re  wound with a 
1 m m  pitch on va rn i shed  cloth. On top of the hea t e r  and the t es t  m a t e r i a l  w e r e  p laced two c o p p e r - c o n s t a n -  
tan d i f ferent ia l  t he rmocoup le s ,  5-6 m m  apa r t  and made  of 0 .1 ram (diameter)  wi re ,  with the i r  cold junctions 
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Fig. 1. Basic  schemat ic  d i a g r a m  of the t e s t  appara tus  
fo r  de te rmin ing  the t he rmophys i ca l  p r o p e r t i e s  of d i s -  
p e r s e  m a t e r i a l s :  (a) in a magnet ic  field, (b) without a 
magne t ic  field; 1) pole shoes  of the e l ec t romagne t ,  2) 
c lamp containing the t e s t  m a t e r i a l ,  3) P l ex ig l a s s  c lamp,  
4) t e s t  m a t e r i a l ,  5) t he rmos t a t i c  c h a m b e r s ,  6) hea te r ,  
7, 8, 9, 10) junct ions of the t he rmocoup le s ,  1!) dc 
sou rce ,  12) model  R 306 po ten t iomete r .  

at  the cold end of the c lamp at  a constant  t e m p e r a t u r e .  

The P lex ig la s s  c lamp with the t e s t  m a t e r i a l  was  p laced inside a t he rmos ta t i c  c h a m b e r  with double 
wai l s  between which w a t e r  c i rcu la ted  f r o m  a model  TL-150  t h e r m o s t a t  for  mainta ining a constant  t e m p e r -  
a ture .  The hea t e r  was  connected to a s tabi l ized dc vol tage supply,  and the the rmocoup les  were  connected 
to a model  R-306 po t en t iome te r  for  t e m p e r a t u r e  m e a s u r e m e n t s .  The the rmocouple  readings  were  r e -  
corded  throughout  the expe r imen t  and the readout  t ime  was  noted with a two-hand stopwatch. 

The spec imens  were  mois tened  by holding the init ial ly d ry  m a t e r i a l  in d e s i c c a t o r s  with a i r  a t  d i f -  
f e ren t  humidity levels .  P r i o r  to tes t ing,  these  d e s i c c a t o r s  we re  p laced  toge ther  with the m a t e r i a l  in a 
d r y - a i r  t h e r m o s t a t  at the t es t  t e m p e r a t u r e  of 25~ 

In this way,  we p r e p a r e d  spec imens  of g rade  KSK-2 s i l ica  gel  and Glukhovets  kaolin with va r ious  
l eve l s  of m o i s t u r e  content  within the hygroscopic  range.  The m a t e r i a l  was  held in d e s i c c a t o r s  until h y g r o -  
scopic  equi l ibr ium with the ambien t  med ium had been reached.  The m a t e r i a l  was  then made  m o i s t  by 
d i r ec t  contact  with dis t i l led wa te r ,  continuous s t i r r i ng ,  and holding for  48 h in the h e r m e t i c a l l y  c losed c lamp 
so as  to allow the m o i s t u r e  to become d is t r ibu ted  uni formly  ove r  the en t i re  spec imen  volume.  

F o r  tes t ing  in a magne t ic  field, the appa ra tus  with a spec imen  was  p laced between f la t -end  conical  
pole shoes  of an e l e c t r o m a g n e t  (Fig. la) .  

The t h e r m a l  conductivi ty ~ and the t h e r m a l  diffusivi ty a of the d i s p e r s e  m a t e r i a l s  in a constant  non- 
un i form magnet ic  field of an intensi ty va ry ing  f r o m  0 to 6000 Oe were  de te rmined  within the range of m o i s -  
tu re  content  f r o m  0 to 15% in Glukhovets  kaolin and f r o m  0 to 140% in s i l ica  gel. 

The t e s t  r e su l t s  a r e  shown in Figs.  2 and 3. The t rends  of k(u) and a (u) for  the t e s t  m a t e r i a l s  can 
be explained by the d i f ferent  f o r m s  of bond between m o i s t u r e  and ma t r ix .  

The cu rves  of t he rm ophys i ca l  p r o p e r t i e s  ~ and a v e r s u s  the m o i s t u r e  content (Fig. 2) for  g rade  KSK- 
2 s i l ica  gel  r e v e a l  a t r ans i t ion  at  two leve ls  of m o i s t u r e  content  u: about 9-10% and about 25-28%. 

During the init ial  mois ten ing  per iod ,  when the w a t e r  is s t rongly enough bonded to the solid phase~ the 
t h e r m o p h y s i e a l  p r o p e r t i e s  of a m a t e r i a l  a r e  de t e rmined  essen t i a l ly  by the solid phase  and the in te r s t i t i a l  
a i r .  F o r  this  r eason ,  ~ and a have the lowest  va lues  within the low range  of m o i s t u r e  content  u f r o m  0 to 
10~: Consequently,  within this  range  of m o i s t u r e  content  the bond to the m a t r i x  is adsorp t ive .  

As the m o i s t u r e  content  b e c o m e s  higher ,  k and a i nc r ea se  apprec iab ly  until  a r e a c h e s  i t s m a x i m u m  
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Fig. 2. Thermal  conductivity X (W/m. ~ and the thermal  dfffusivity a (m2/sec) of I) grade 
KSK-2 sil ica gel and ]1) Glukhovets kaolin, as functions of the mois ture  content u. 

Fig. 3. Thermal  conductivity h (W/m- ~ and thermal  diffusivity a (m2/sec) of 1) grade 
KSK-2 si l ica gel and II) Glukhovets kaolin, as functions of the magnetic field intensity H(Oe): 
mois ture  content in si l ica gel u = 9.6% and in kaolin u = 2%. 

at u ~ 25-28%. Within the u ~ 10-28% range the mic rocap i l l a r i e s  become filled up as the polymolecular  
f i lms bonded to solid par t i c les  merge .  The presence  of water  fi lms at the in tergranular  boundaries im-  
p roves  the thermal  contact:  not only does the water  join individual par t ic les  into c lus ters ,  but it also fac i l -  
i tates the t r ans fe r  of heat f rom one par t ic le  to another. 

As the mois ture  content u in the sys tem increases  above 28%, the thermal  conductivity ~ increases  
s lower  while the thermal  diffusivity a decreases .  This can be explained by the filling of medium-s ize  
pores  in polyporous grade KSK-2 si l ica gel,  when u > 25-28% and capi l lary menisc i  begin to form during 
capi l lary  condensation of water  vapor. The s lower increase  of ~ and the decrease  of a during a fur ther  
increase  in the mois ture  content u is, evidently, a resul t  of a decreas ing  rate of heat t r ans fe r  aided by 
m a s s  t r a n s f e r  in adjoining less  mois t  pores .  

The curves  of h = f(u) and a = f{u) for Glukhovets kaolin reveal  a predominantly homogeneous adso rp -  
tive mois ture  bond to the solid phase within the range of mois tu re  content u f rom 0 to 2.7%. 

The trend of these curves  changes at u > 2.7%, corresponding to a t ransi t ion f rom adsorptive to 
capi l lary  mois ture .  

In studying the thermophysica l  p roper t i es  ~ and a of Glukhovets kaolin and of si l ica gel with var ious  
levels  of mois tu re  content in a constant magnetic field, we have discovered an effect of the magnetic field 
on both h and a of the selected ma te r i a l s ,  but only within the t ransi t ion range f rom adsorptive to m i c r o -  
capi l lary mois ture .  According to the graphs (Fig. 3), the thermal  conductivity ~ and the thermal  diffusivity 
a of Glukhovets kaolin with u = 2% mois ture  increase  gradually and slightly as the magnetic field intensity 
H r i ses  f rom about 2500 to 5500 Oe. 

In the case  of grade KSK-2 sil ica gel,  both ~ and a increase  more  appreciably when u = 9.6% and the 
magnetic field intensity H r i se s  f rom 1000 to 5500 Oe. 

The resul ts  of this experimental  study lead to the conclusion that a magnetic field affects the thermal  
conductivity and the thermal  diffusivity of a mois t  d isperse  mate r ia l  only when the mois ture  content is low 
and within the range of redistr ibution,  i. e . ,  within the range of t ransi t ion from an adsorptive to a m i c r o -  
capi l lary  bond. 

The effect of a magnetic field on the thermophysical  p roper t i es  of the mate r ia l s  tested here within 
that definite range of mois ture  content can be interpreted as follows. A porous mate r ia l  mois tens  non- 
uniformly and during the initial stage of the p rocess ,  when polymolecular  water  f i lms have been formed,  
there  still exist  dry  impurity par t ic les  of a solid which are  in some way influenced by a magnetic field. 
As these par t ic les  move and reor ien t  themselves  in such a magnetic field, they can come in contact with 
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a polymolecular  water  film. Such a wa te r  film subsequently envelops these par t ic les  and fo rms  additional 
the rma l  "br idges"  between them. The the rma l  conductivity and the the rma l  diffusivity both increase  then,  
which agrees  with the resu l t s  of our  exper imenta l  study. Thus,  a magnetic  field affects the redis t r ibut ion 
of mois ture  within the range of t rans i t ion  f rom a polymolecular  adsorpt ive to a capi l lary  bond. 

NOTATION 

is the the rmal  conductivity; 
a is the the rmal  diffusivity; 
b is the coefficient  of the rma l  activity;  
u is the specific mois tu re  content in a mater ia l ;  
q is the hea ter  power; 
x is the distance between thermocouples  in the specimen; 
At e is the excess  t empera tu re  of the hea ter  above ambient;  
At x is the excess  t empera tu re ,  above ambient ,  of the specimen at distance x f rom the heater ;  
T is the time. 
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