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It is shown that the measured  values of the thermal  conductivity of a granular  sys tem are  
substantially affected by the wetting of the gra ins ,  the nature of the distribution of the liquid, 
the conditions of wetting of the gra ins ,  and the drying of a layer  of grains  at a heated wall. 

The effect of moisture content on the measured values of the effective thermal conductivity of granular 

systems is most commonly studied with wetted sand. This choice is not based on any theoretical or model 

study, but rather on the availability of the working material, its widespread use, and traditions. 

A comparison of the measured values of the thermal eonductivities [1-3] of sands having identical 

amounts of moisture per unit volume shows a spread of up to 300%. This large spread greatly exceeds the 

expected error of the measurements and requires a critical analysis. 

One of the reasons for the divergence of the experimental values of the thermal conductivity is the use 

of different methods of measurement without an analysis of systematic errors. Without dwelling on the anal- 

ysis of the errors of the methods of determining thermal conductivities generally, we consider only the spe- 

cial features of the methods which relate to the study of heat transfer in a moist material. Among these are: 

a possible increase in the effective thermal conductivity of a material as a result of mass transfer with phase 

transitions, and a decrease of the thermal conductivity of the material because of the formation of a dried 

layer at a boundary with a higher temperature. Thus the total heat flux in a wetted material is produced by 

the collective action of heat conduction through the grains and the liquid and gas in the pores, and diffusive 

heat transfer by molecules of vapor in pores not filled with liquid. The effective thermal conductivity of a 

wetted material can be written in the form 

~. ---- f (~.fr, ~ ~'~, (1) 

where kfr is the contribution to the effective thermal conductivity from conduction in the wetted material in the 

absence of diffusive heat transfer in the pores, the so-called "frozen" thermal conductivity, and X a is the addi- 

tional contribution to the effective thermal conductivity from diffusive heat transfer, the "mass transfer" ther- 
mal conductivity. 

Since the "frozen" and "mass transfer" thermal conductivities for a given material depend on the mois- 

ture content of the material , the value of the effective thermal conductivity determined by any method will 

characterize the given material for a given absolute value of the moisture content and distribution of liquid 
over the volume of the sample. 

It is known that it is complicated to establish the nature of the distribution of moisture in a material 

during an experiment. Moisture, ordinarily uniformly distributed over the volume of the sample at the begin- 

ning of the experiment, may, during the experiment, either be redistributed over its thickness if the system 

is closed so that moisture cannot escape, or partially leave if the system is open so that moisture can escape 
from the surface of the sample. In neither case is it known to what local or average value of the moisture 

content the measured values of the effective thermal conductivity should be referred. Most experimenters 

make the simplest assumption that a uniform distribution of moisture is retained in the sample during the whol~ 
experiment, and accordingly the values obtained for the effective thermal conductivities refer to the values of 

the initial moisture contents mm. From a series of experiments with different initial moisture contents we ob- 
tain the relation 
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T A B L E  1. C h a r a c t e r i s t i c s  of I n s t r u m e n t s  f o r  
D e t e r m i n i n g  the  T h e r m a l  Conduc t iv i ty  of  Moi s t  
M a t e r i a l s  

Instru- [ h, mm dT/dx, rexp ' r,  mm 
ment I ~ rain 

[6] 10 3. I0 ~ 6--7 8 
[6] 34 102 30--40 80 

X = } (mm). (2) 

However, if it is assumed that the distribution of moisture in the sample varies during the experiment, in the 
�9 limit changing from a uniform distribution over the thickness of the sample to a linear distribution, the value 
obtained for X is the average value of the thermal conductivity ~av for the sample as a whole, while each cross 
section of it is characterized by its own value of X i depending on the moisture content at the given place. 

Since a dry material has the smallest value of the thermal conductivity, the value of Xav for any distribu- 
tion of moisture in a layer will be larger than that for a dry layer. Consequently, by estimating the error  in 
the measured value of the thermal conductivity arising from the formation of a dried layer we obtain its maxi- 
mum value. Let us find the maximum duration of an experiment in which the error  resulting from the forma- 
tion of a dried layer of material will be less than a given value. 

We assume that during a time r a dried layer of thickness hdry with a thermal conductivity of the dried 
material Xdry is formed in a sample of thickness h. We.assume that the effective thermal conductivity of the 
material corresponding to its moisture content m m is equal to X~ Then the error  A resulting from the pres-  
ence of a dried layer can be estimated as 

q* 
A ~ I  

q 

w h e r e  q* and  q a r e  the  hea t  f luxes  t h r o u g h  the  s y s t e m  wi th  and without  a d r i e d  l a y e r .  

E x p r e s s i n g  the  h e a t  f luxes  in  t e r m s  of the  t h e r m a l  r e s i s t a n c e s  of the  l a y e r s  and the t e m p e r a t u r e  d r o p s  
we ob t a in ,  a f t e r  s o m e  s i m p l e  t r a n s f o r m a t i o n s ,  

h t'drY, h (3) 
h d r y ~  K--~dry  ' 

i . e . ,  in  o r d e r  f o r  the  e r r o r  to be l e s s  than  o u r  c h o s e n  va lue  o f A  , the  t h i c k n e s s  of  the  d r i e d  l a y e r  m u s t  be l e s s  

than  h d r y .  

We a s s u m e  tha t  the  d r i e d  l a y e r  i s  f o r m e d  by the  e s c a p e  of l iqu id  in  the  f o r m  of v a p o r .  A s s u m i n g  tha t  

we know the  v a p o r  f lux  iv ,  we ob ta in  the  r e l a t i o n  

iv 
"r = mmhdry. (4) 

Pl 

The  v a p o r  f lux  can  be e s t i m a t e d  f r o m  a f o r m u l a  o b t a i n e d  f r o m  a c o n s i d e r a t i o n  of r e l a t i o n s  f o r  the  v a p o r  
f lux and the  d i f fus ion  of v a p o r  in a i r  g iven  in [4] 

iva ~ 0.5-10 -1~ PbP H ~ . (5) 
- -  P b ~ P  dx 

Since  the  m a t e r i a l  has  an i n t e r n a l  r e s i s t a n c e  to the  f low of v a p o r ,  i t  i s  r e c o m m e n d e d  tha t  an a p p r o p r i a t e  
c o r r e c t i o n  f a c t o r  a be i n t r o d u c e d  in  (5); Globus  [5] r e c o m m e n d s  u s i n g  the  r e l a t i o n  

i v = iva ~ (rap - -  ram), (6) 

w h e r e  a = 0.66 i s  the  t o r t u o s i t y  f a c t o r  of the  v a p o r  pa th ;  (rap - - m  m) i s  the  w a t e r - f r e e  p o r o s i t y .  Then  us ing  

(3)-(6) we ob ta in  

.~=2.101 ~ hA~dry P b - - P  ~ mm (7) 
- -  ~,dry PbP Pl dT H - -  ~ (rap - -  m m) 

dx 
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Fig .  1. Expe r imen ta l  r e s u l t s  for  
the dependence of the t h e r m a l  con-  
ductivity of sand on moisture content: 
1) obtained in the LITMO (Leningrad 
Institute of Precision Mechanics and 
Optics) Laboratory; 2) from [3]; 3) 
f rom [2]; 4) f rom [1]. k in W / m .  ~ 

At room t e m p e r a t u r e s  and no rma l  p r e s s u r e  we have 

= 3.3- 101~ %dry .ram 1 (8) 
~, - -  ~-dry r (mp - -  m m) dT 

dx 

Thus,  if the t ime  for  the expe r imen t  r e x  p is  s h o r t e r  than the t ime  r for  the fo rmat ion  of the d r i ed  l a y e r ,  
the e r r o r  in de te rmin ing  the t h e r m a l  conduct ivi ty resu l t ing  f rom the fo rmat ion  of the d r i e d  l a y e r  i s  l e s s  thanA.  

Measu reme n t s  of the dependence of the t h e r m a l  conductivity on the m o i s t u r e  content of var ious  f r i ab le  
m a t e r i a l s  at room t e m p e r a t u r e s  were  p e r f o r m e d  by the quas i s ta t i c  method with two i n s t r um e n t a l  modif ica t ions  
[3, 61. 

Table 1 l i s t s  the c h a r a c t e r i s t i c s  of the measu r ing  ce l l  of these  in s t rumen t s  and the values  of the t ime T 
ca lcu la ted  by Eq. (8) with a des igna ted  e r r o r  A of l ess  than 1%. In th is  case  the min imum moi s tu re  content 
for  which the t ime  of format ion  of the d r i ed  l a y e r  is  somewhat  longer  than the t ime  to e s t ab l i sh  a quas i s t a t ion -  
a ry  r eg ime  is  2%. Table  1 a lso  l i s t s  data  on the dura t ion  of the expe r imen t s  Tex p co r respond ing  to the t ime 
to e s t ab l i sh  a quas i s t a t iona ry  r eg ime  in the s a m p l e s .  

Since Table 1 shows that Tex p < T, the fo rmat ion  of a d r i ed  l a y e r  does not d i s t o r t  the expe r imen ta l  r e -  
su l t s .  F igu re  1 shows the expe r imen t a l  values  of X =f(mm) obtained with these  i n s t rumen t s  fo r  quar tz  sand 
with rounded p a r t i c l e s  f rom 0.2 to 0.5 mm in d i a m e t e r .  

Ana lys i s  of Eq. (7) shows that the t ime  7 d e c r e a s e s  with a r i s e  in t e m p e r a t u r e ,  and for  a c e r t a i n  value 
can become s t i l l  s h o r t e r .  F o r  a modif ied ve r s ion  of the in s t rumen t  in [3] such a r e l a t ion  is  obtained even for  
a t e m p e r a t u r e  of the o r d e r  of 40~ and higher .  

Thus the p r e s e n t  a r r a n g e m e n t  is  not sui table  for  t e s t s  of mois t  m a t e r i a l s  at  high t e m p e r a t u r e s .  It is  
n e c e s s a r y  e i t he r  to change i ts  s i ze  or  to d e c r e a s e  the t e m p e r a t u r e  g rad ien t  in the m a t e r i a l .  We note that  the 
above ana lys i s  g ives  a gua ran teed  value of the t ime  T for  the fo rmat ion  of a d r i e d  l a y e r ,  ca lcu la ted  under  the 
mos t  f avorab le  condi t ions;  in ac tual  s y s t e m s  a r e v e r s e  flow of l iquid can occur  f rom the heated to the cold p a r t ,  
and this  leads  to a d e c r e a s e  in the s ize  of the d r i ed  l a y e r .  

A c r i t i c a l  ana lys i s  of the methods for  measu r ing  t h e r m a l  conduct iv i t ies  at room t e m p e r a t u r e s  f rom the 
points of view d e s c r i b e d  above shows that  the d ive rgence  of expe r imen ta l  r e s u l t s  of up to 300% [3] can hardly  
be accounted fo r  by imper fec t ions  of the methods and the product ion of a d r i e d  l aye r .  A more  probable  cause  
of th is  d ive rgence  is  the d i f ference  between the s a m p l e s  of wetted sands  s tudied.  

Wetted sands  can d i f fer  in m ine ra log i ca l  compos i t ion ,  po ros i t y ,  deg ree  of roundness  of the g r a i n s ,  and 
in the na ture  of the d i s t r ibu t ion  of m o i s t u r e  among the g r a in s  of sand.  These  p a r a m e t e r s  a r e  not o r d ina r i l y  
fixed by the e x p e r i m e n t e r s ,  although they can have an impor tan t  effect  on the t h e r m a l  conduct ivi ty .  

In addi t ion,  even for  a chemica l ly  homogeneous g r a n u l a r  m a t e r i a l ,  the p a r t i c l e s  can have d i f ferent  t h e r -  
mal  conduct iv i t ies .  Thus so l id  p a r t i c l e s  of quar tz  sands can have t h e r m a l  conduct iv i t ies  f rom 10 W/re .  ~ for  
c r y s t a l l i n e  quartz  to 1.4 W/m-~  for  amorphous .  While such a s p r e a d  in the values  of the t h e r m a l  conductivi ty 
of the g ra in  m a t e r i a l  changes the value of the effect ive t h e r m a l  conductivi ty of a d ry  m a t e r i a l  by l e s s  than 15%, 
i t  has a subs tan t i a l  effect  fo r  a mois t  m a t e r i a l  as  a r e s u l t  of heat  t r a n s f e r  through wa te r  b r idges  between g r a in s .  
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F ig .  2. S t ruc tu re  of a g r a n u l a r  m a t e r i a l :  a) ge ne r a l  
fo rm of the s t r u c t u r e  of a dry  m a t e r i a l ;  b) e l e m e n t a r y  
ce l l .  

A d i f fe ren t  p o r o s i t y  of the in i t i a l  m a t e r i a l  or  the p r e s e n c e  of powdered admix tu res  in the s y s t e m  a lso  make a 
s ignif icant  change in the effect ive t h e r m a l  conduct ivi ty  of a mo i s t  m a t e r i a l  [3]. 

An examinat ion of da ta  r e p o r t e d  in the l i t e r a t u r e  on the effect ive t h e r m a l  conduct iv i t ies  a t  room t e m p e r -  
a tu re  of a s ingle  group of sands ,  for  example  c r y s t a l l i n e  quar tz  with a po ros i t y  rap = 0.35-0.40 with rounded 
p a r t i c l e s  of d i a m e t e r  d = 0.5-2 mm,  r evea l s  that  the sp read  of m e a s u r e d  values  is  l e s s  than 30%. 

We cons ide r  now the effect  of the nature  of the d i s t r ibu t ion  of l iquid in the s t ruc tu r e  of a g r a n u l a r  f i l l ing 
on the value of the effect ive t h e r m a l  conduct ivi ty  of a wetted m a t e r i a l .  

The s t r u c t u r e  of a g r a n u l a r  m a t e r i a l  can be r e p r e s e n t e d  [7] as a ske le ton  fo rmed  by a random but r e l a -  
t ive ly  dense  s tacking of constant ly  contact ing g r a in s  - -  a f i r s t - o r d e r  s t r u c t u r e ,  and a spa t i a l  ne twork of voids 
pene t ra t ing  the skele ton and forming  toge ther  with i t  a s e c o n d - o r d e r  s t r uc tu r e  {Fig. 2a). In cons ider ing  heat  
t r a n s f e r  in g r a n u l a r  m a t e r i a l s  an e l emen ta ry  ce l l  is  s e p a r a t e d  out as  shown in Fig .  2b. The t h e r m a l  r e s i s -  
t ances  of such an e l e m e n t a r y  ce l l  a r e  made  up of s e v e r a l  t e r m s ,  including the contact  r e s i s t a n c e s  between 
g r a i n s .  If the t h e r m a l  conduct iv i t ies  of a g ra in  (solid component) and the component in the po re s  (gas) a r e  
g r e a t l y  d i f fe ren t ,  as  i s  the c a s e  for  g r a n u l a r  m a t e r i a l s  in a i r  (v = k2/X~ -~ 0), heat  t r a n s f e r  occurs  mainly  nea r  

the contac ts  between g r a i n s .  

In a mo i s t  g r a n u l a r  s y s t e m  the t h i rd  component ,  wa t e r ,  can be d i s t r ibu ted  in va r ious  ways between the 
o ther  two components .  We c o n s i d e r  one of the poss ib le  va r i an t s  of the d i spos i t ion  of the wetting liquid: The 
wa te r  co l l ec t s  in the n a r r o w e s t  p laces  nea r  contacts  between g ra ins  and fo rms  wate r  b r idges  with an a r e a  
~r 2 (Fig.  3a). As the m o i s t u r e  content is  i n c r e a s e d ,  the a r e a  of these  b r idges  i n c r e a s e s  until  they m e r g e  and 

w 
f i l l  up the whole po re  space .  Since the t h e r m a l  conductivi ty of water  under  no rma l  condit ions i s  a lmos t  20 
t i m e s  as l a rge  as that  of a i r  (kwate r ~- 0.60 W/m .~  hair-~ 0.03 W / m  .~ the t h e r m a l  conductivity of the 
whole s y s t e m  i n c r e a s e s  sha rp ly  as a r e s u l t  of the d e c r e a s e  in contact  r e s i s t a n c e .  It is  a s s u m e d  that  the 
b r idges  a r e  fo rmed  uni formly  ove r  the whole volume of the m a t e r i a l .  Thus a mo i s t  g r a n u l a r  m a t e r i a l  can be 
r e p r e s e n t e d  by a s t r u c t u r e  with i n t e rpene t r a t i ng  components  in which the t h e r m a l  conductivi ty of the skeleton 
sha rp ly  i n c r e a s e s  with i n c r e a s i n g  m o i s t u r e  content  in compar i son  with a dry  g r a n u l a r  m a t e r i a l .  

Another  pos s ib l e  va r i an t  of the d i spos i t ion  of wa t e r ,  if  i t  does not wet the g ra in  s u r f a c e s ,  is  the f o r m a -  
tion of individual  d i s s emina t i ons  of noncontact ing d rops  (Fig.  3b). In th is  c a se  the dry skele ton can be r ep -  
r e sen t ed  as  a un i form component ,  and the wate r  in i t  as noncontacting d i s s emina t i ons .  As the m o i s t u r e  con-  
tent  i s  i n c r e a s e d ,  beth the absolute  value of the d i s semina t ions  and the number  of them p e r  unit  volume may 
i n c r e a s e .  The effect ive t h e r m a l  conduct ivi ty  of the whole s y s t e m  for  s m a l l  m o i s t u r e  contents i n c r e a s e s  much 
m o r e  s lowly than in the p reced ing  c a s e ,  s ince  the dry skele ton exe r t s  an i so la t ing  effect .  F o r  a l a rge  m o i s t u r e  
content m m -~ mp when the re  is  so much l iquid that  the individual  in i t i a l  d i s semina t ions  begin to m e r g e ,  the 
t h e r m a l  conduct ivi ty  of the s y s t e m  i n c r e a s e s  sharp ly ,  andwhen the wa te r  content of t h e  s y s t e m  is  equal to i t s  
po ros i ty ,  the ef fec t ive  t h e r m a l  conduct ivi ty  does not depend on the method of wetting but is  equal  to the t h e r -  
mal  conduct ivi ty  of a two-component  s y s t e m  cons is t ing  of so l id  p a r t i c l e s  and a l iquid comple te ly  f i l l ing the 

p o r e s .  

We have c o n s i d e r e d  two l imi t ing  c a s e s  of the d i s t r ibu t ion  of wate r  in a mois t  m a t e r i a l  for  which the 
effect ive t h e r m a l  conduct ivi ty  of the s y s t e m  and i ts  dependence on m o i s t u r e  content d i f fer  mos t  s t rong ly .  Of 
cou r se  i n t e r m e d i a t e  va r i an t s  of the d i s t r ibu t ion  of m o i s t u r e  in the s t r u c t u r e  of a g r a n u l a r  m a t e r i a l  a r e  a l so  
p o s s i b l e ,  but the t h e r m a l  conduct iv i t ies  of such s y s t e m s  wil l  be i n t e r m e d i a t e  between those  of the above c a s e s .  
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Fig .  3. Dis t r ibu t ion  of wa te r  in a g r a n u l a r  m a t e r i a l :  
a) with wet table  g ra in  su r f aces ;  b) with nonwettable 
s u r f a c e s .  
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Fig .  4. Dependence of t h e r m a l  conductivi ty of 
sand on m o i s t u r e  content: 1) c lean  d e g r e a s e d  
washed sand (0 < 3~ 2) p a r t i c l e  su r f aces  l igh t -  
ly  coated with s i l icone  oil  (0 _< 30 ~ ; 3) some of 
the g r a in s  coated with a w a t e r - r e p e l l e n t  filrn 
(0 >_ 150~ 4) a l l  g r a in s  coated  with a w a t e r -  
r epe l l en t  f i lm (0 _> 150~ the dashed  p a r t s  of 
the cu rves  were  obtained by ex t rapola t ion .  

An e x p e r i m e n t a l  t e s t  of the above was p e r f o r m e d  by using the method d e s c r i b e d  in [6] to m e a s u r e  the 
dependence of t h e r m a l  conduct iv i t ies  on m o i s t u r e  content for  four  c a s e s  of d i f ferent  d i s t r ibu t ions  of mo i s tu re .  

Ord ina ry  r i v e r  sand with a po ros i ty  mp -~ 0.36-0.40 and p a r t i c l e  d i a m e t e r s  d -~ 0.1-0.2 mm was used as 
the t e s t  m a t e r i a l .  In o r d e r  to obtain a uniform d i s t r ibu t ion  of water  through the m a t e r i a l ,  and to produce wa-  
t e r  b r idges  only at  the contacts  between g r a i n s ,  the sand was ca re fu l ly  washed,  baked,  and de g r e a s e d .  In this  
case  the g ra in  su r f aces  were  r ead i ly  wetted by wa te r ,  and even for  a m o i s t u r e  content  of 0.5-1% the wa te r  was 
uni formly  d i s t r i bu t ed  over  the whole volume and co l l ec ted  at the contacts  between p a r t i c l e s ,  as w~as obse rved  
with a 5 0 - p o w e r b i n o c u l a r  m i c r o s c o p e  (Fig. 3a). 

The contact  angle fo rmed  at the s o l i d -  l i q u i d -  gas boundary was used to c h a r a c t e r i z e  the wetting of the 
su r f ace .  This ~ s  m e a s u r e d  s e p a r a t e l y  with a very  s imple  a r r a n g e m e n t  cons is t ing  of a magnifying opt ica!  
s y s t e m  with a drop  of l iquid on a s u b s t r a t e  of the s ame  m a t e r i a l  as  the p a r t i c l e s  (quartz g lass)  p laced  at the 
focus.  In the f i r s t  c a se  the su r face  of the subs t r a t e  was d e g r e a s e d ,  and the contact  angle 0 was s m a l l e r  than 
3 ~ which a g r e e s  with the value in [8]. The contact  angle was m e a s u r e d  on the s c r e e n  of the appara tus  where  
the image  of the drop  ~ s  obtained with a 10-fold magnif ica t ion .  

To obtain a s t r u c t u r e  with a nonwetting l iquid in which wa te r  is  d i s t r i bu t ed  in the fo rm of individual  d i s -  
semina t ions  which a r e  not in contact  with one ano ther ,  the p a r t i c l e s  of sand were  coated  with a thin o rgano-  
s i l i con  f i lm not more  than a few mic rons  thick.  The w a t e r - r e p e l l e n t  f i lm was obtained by placing the g ra ins  
in a 10% solut ion of d ime thy ld i ch lo ros i l ane  and benzine and then dry ing  them at 120~ The q u a r t z - g l a s s  p la te  
for  m e a s u r i n g  the contact  angle was coated  at  the same  t ime .  The angle turned  out to be about 150-160 ~ . 
Wate r  did not wet the g r a in s  coated with the w a t e r - r e p e l l e n t  f i lm,  but accumula ted  as individual  noncontacting 
drops  in the voids of the l a r g e  po re s  (Fig.  3b). 

In t e rmed ia t e  s t r u c t u r e s  were  obtained in the following way: The p a r t i c l e  s u r f a c e s  were  coated  with a 
f i lm of s i l i cone  oi l  (0 -~ 30 ~ and a c e r t a i n  number  of g ra ins  with the w a t e r - r e p e l l e n t  o rganos i l i con  f i lm were  
added.  

The l a t t e r  two s t r u c t u r e s  had an i n t e r m e d i a t e  d i s t r ibu t ion  of water ;  i . e . ,  they showed individual  water  
b r idges  between p a r t i c l e s  and unconnected d rops .  As the m o i s t u r e  content  was i n c r e a s e d  the b r idges  and the 
indiv idual  d rops  began to m e r g e  with one another ,  and in the l imi t  f o rmed  a two-component  s t r u c t u r e .  It was 
i m p o s s i b l e  to obtain comple te ly  w a t e r - s a t u r a t e d  sand whose p a r t i c l e s  were  coated with a w a t e r - r e p e l l e n t  f i lm,  
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since in the mechanica l  mixing it was difficult to e l iminate  the a i r  f rom the sand. The l a rges t  amount of 
wa te r  which could be introduced into a s y s t e m  of g ra ins  coated with an organosi l icon f i lm was 11% of its total  
volume.  

Wetted s amp l e s  were  p laced  in a ce l l ,  weighed to de te rmine  the poros i ty ,  and then the t h e r m a l  conduc- 
t ivity was m e a s u r e d .  The t e m p e r a t u r e  of the sand did not exceed 25~ and the re fo re  the change in mo i s tu re  
content of the sample  resu l t ing  f r o m  m a s s  t r a n s f e r  in the moi s t  ma t e r i a l  could be neglected.  The weight of 
the wa te r  added to the sand was de te rmined  to • g (1%). The e r r o r  in measu r ing  the t h e r m a l  conductivity 
was ~ 5%. 

The exper imen ta l  r e su l t s  fo r  four  different  dis t r ibut ions of water  in g ranu la r  ma t e r i a l  a r e  shown in 
Fig.  4. The f igure shows that  the t h e r m a l  conductivity of a single m a t e r i a l  with the s a m e  mo i s tu re  content 
va r i e s  by a fac tor  of four  depending on the nature  of the distr ibution of the water  in the ma te r i a l .  

NOTATION 

~, ~fr, ka, effective, "frozen," and "mass transfer" thermal conduetivities, W/m .~ ram, rn W volu- 
metric moisture content of material and its porosity, m3/m3; iva, iv, vapor fluxes in air and in m-oist ma- 
terial, kg/m2.sec; H, heat of vaporization, J/kg; T, temperature, ~ ~, tortuosity factor; P, Pb, satu- 
rated vapor pressure and barometric pressure, N/m2; A, error in measurement of thermal conductivity re- 
sulting from formation of dried layer; h, hdry , thicknesses of test and dried layers, m; Pl, density of liquid, 
kg/m3; rexp, duration of experiment, rain; T, time for formation of dried layer, min; ~Iry, thermal conduc- 
tivity of dried layer, W/re. ~ d, particle diameter, mm; ~I, ~2, thermal conductivities of particles and com- 
ponent in pores, W/re. ~ 

1o 
2. 

3. 

4. 
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