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Success ive  approx imat ion  has  been used to cons ider  the thawing (freezing) of moi s t  soil in an 
unbounded cy l inder .  A solution has  been used in a method fo r  de te rmin ing  the Kossovich  n u m -  
b e r .  The m e a s u r e m e n t s  ag ree  with ca lcula t ions .  

The Kossovieh  num ber  

No =- LVf (w - -  wn) 
(I + W) CrVr(t m -  tp) 

is an impor tan t  p a r a m e t e r  cha r ac t e r i z i ng  the th ickness  of thawed ground in t e r m s  of the the rmophys ica l  
and o ther  p r o p e r t i e s ,  s ince th is  includes va r ious  physical  c h a r a c t e r i s t i c s .  I t  is difficult to de t e rmine  each 
of t hese  singly, so it is convenient  to de t e rmine  them all s imul taneously .  

The p r e se n t  method fo r  m e a s u r i n g  the Kossovich  number  u se s  approx ima te  solution of the thawing 
(freezing) p rob l em  for  mo i s t  soil .  

Cons ider  a th in-wal led  unbounded cyl inder  containing f rozen soil at t e m p e r a t u r e  To; st  the s t a r t ,  the 
t e m p e r a t u r e  of the side wall is ins tantaneously  r a i sed  to tin> tp, and then held constant .  A l aye r  of 
thawed soil of th ickness  R--~ is produced f r o m  the sur face ,  where  ~ is the d is tance  f r o m  the cyl inder  axis  
to the phase - t r an s i t i on  boundary.  We a s s u m e  that  t o = tp to s impl i fy  the p rob l em.  

We have to  solve the following Stefan ' s  p rob lem for  the unbounded cylinder:  

subject  to the boundary conditions 

0~0 , _  1 O0 _~ O0 ~ jil~ 

Ox ~ x Ox O Fo 

and the initial conditions 

01~2~-- 1, (2) 

0 ~=n 0, (3) 

O0 ' Oq 
0x [.,.=,, = Ko ~ Fo (4) 

and th is  can be obtained by the method of [1]. 
to ( 1 ) :  

lnx 
01= 1 - -  - -  

F r o m  (6) and (4) we can find [2] the t i m e  fo r  comple te  thawing: 

Fol~=0 = Fo*-- Ko 
4 

~1 (0) = ~ (5) 

As our  f i r s t  approximat ion  we take the s ta t ionary  solution 

(6) 

(7) 
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Fig.  1. Thawing t ime  T* (sec) 
as  a function of 1 / ( t m - t  p) (deg -1) 
for:  1) ice; 2) peat  (w =-5.65 g/g). 

The second approximat ion is  found by substi tut ing (6) with 
(25 and (35 into (15: 

~1' [ x-~(ln x -  1) lnx ~]~ 
0 2 - -  

q (In ~1) ~- [ 4 4 In q 4 

In xq ~ 1 ] In x 
41n ~1 4 J -7 1 - -  - -  " In ~t (8)  

Proceed ing  s imi la r ly ,  we can find the t e m p e r a t u r e  d i s t r i bu -  
t ion in the third and subsequent approximat ions ;  however ,  it has  
been shown [3] that  the second approximat ion  will suffice.  

When the distr ibution of (8) has  been substi tuted into (4) and 
the  integrat ion has  been p e r f o r m e d ,  we get the t i m e  dependence of 
the thawing boundary: 

Fo = Ko ~12 In ~l Ko ~1~ ~12 1 - -  ~l ~- Ko -'- 1 
(9) 

2 4 4 4 tnq 4 

The total  thawing t ime  Fo* can be found if we put ~? = 0 in (95: 

Foil= 0 = Fo* - Ko -~- 1 
4 (10) 

One can neglect  the unity in (10) for  l a rge  va lues  of the Kossovich number ,  and it then becomes  iden-  
t ica l  with (75. 

Formula  (105 appl ies  if to is below the phase- t rans i t ion  t e m p e r a t u r e  by a smal l  amount .  Then 
the amount of heat going to w a r m  the m a te r i a l  f rom t o to tp is 1-5% of the amount  needed for  the 
phase  t r ans i t ion .  

We use  (105 to de te rmine  Ko by exper iment .  

In the usual  symbols  this  t akes  the f o r m  

w h e r e  

1 
z * = A - -  ~B, 

tin-- tp (11) 

R ~ LVf, (w - -  wn5 R -~ A =  , B -  
4at (1 -" w) Cr ?r 4aT 

Equation (115 is that  of a s t ra ight  l ine in coordinates  T* and tm-- tp)  -1. 

Exper imen t  on Ko was p e r f o r m e d  as  fol lows.  The specimen (moist  soil5 was placed in a thin-wal led 
a luminum cyl inder  of radius  1.05 �9 10 -2 m,  height 6 "10 -2 m,  and wall th ickness  2 �9 1 0 - 3 m .  Then the soil 
was  cooled 1-2 ~ below the phase - t r ans i t i on  point and kept t he re  for  about 4 hours .  When the soil had 
f rozen,  the cyl inder  was lowered into a t he rmos t a t  containing water ,  which maintained a constant  t e m p e r a -  
tu re ,  while mechanical  s t i r r ing  provided fo r  v igorous  heat  t r a n s f e r  between the liquid and the cyl inder .  
Copper- -cons tantan  the rmocoup les  we re  used to m e a s u r e  t h e t e m p e r a t u r e s  in the external  medium and at 
the center  of the spec imen.  The output was recorded  by an E P P - - 0 9  pen r e c o r d e r .  The soi l -heat ing  
cu rves  (from the reading  of the the rmocouple  at the center  of the specimen) we re  used to de t e rmine  r*.  
The  runs  were  done at var ious  t e m p e r a t u r e s  t m in the med ium.  

F igure  1 shows the r e s u l t s  for  the Kossovich number  for  ice and peat .  

The runs  with ice showed that  the r e su l t s  agreed  to within 5% with the Ko calculated f r o m  tabulated 
data .  Fo r  peat  of wa te r  content w = 5.65 g /g  (a T = 1.1 �9 10 -7 m~/sec)  the Kossovich  n u m b e r  can be ca l -  
culated f rom 

Ko r (tp-- tm ~-I. 
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are  the specific heat, density and thermal diffusivity of thawed ground; 
is the density of frozen ground; 
a r e t h e h e a t  and temperature  of phase transition; 
is the temperature  of medium; 
is the initial temperature;  
is the moisture content of the ground; 
[ s the non-frozen mot sture; 
is the time; 
is the radius of cylinder; 

a re  the dimensionless coordinates and temperature;  

are  the Fourier  and Kossovich numbers.  
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