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The results of a determination of the mass transfer potential and cap- 
illary potential as functions of moisture content are presented, together 
with empirical formulas relating these potentials for sand and clay 
soils. 

The mass  t r ans fe r  potential  in mois t  soils  is usual ly  
de te rmined  ei ther  on the exper imenta l  potential  scale  
by the method of contact with a s tandard  ma te r i a l  (fi l-  
ter  paper) or on the energy potential  sca le  using ce ramic  
probes or t ens iomete rs .  The s tandard  method has long 
been employed in the Soviet Union. It is now also be -  
ginning to be used abroad [4, 5]. V. G. Kornev [1]f i rs t  
made use of ce ramic  probes in 1924. Kornev ' s  i n s t r u -  
ments ,  va r ious ly  modified, are  widely used in agro-  
physical  r e sea rch ,  especia l ly  in England and the United 
States. In 1960 at the Seventh Internat ional  Congress of 
Soil Scient is ts  the terminology commit tee  for so i l phys -  
ics proposed the t e rm "capi l lary  potential" r for the 
mass  t r ans fe r  potential  de te rmined  with ce ramic  probes,  
which charac te r izes  the binding energy of sorpt ion and 
capi l lary  mois ture  [3]. In conformity with thermophys-  
ical  te rminology we will call  the potential  de termined 
by the s tandard  contact method the mass  t r ans fe r  po-  
tent ial  and denote it by 0. 

Es tabl i sh ing  a cor re la t ion  between $ and 0 would 
p e r m i t  the use of exper imenta l  ma te r i a l  obtained by 
different  methods in studying mois tu re  t r anspor t  in 
soi ls  and other colloidal cap i l l a ry-porous  bodies.  Luikov 
[2] has p resen ted  data on the re la t ion  between potentials  
for the region of hygroscopic mois tu re  content. He has 
also de te rmined  the capi l la ry  potential  for f i l ter  paper.  
As for the region of the mois t  state,  McQueen and Mil-  
ler  [4] have obtained a curve without indicat ing the soils  
for which it was determined.  

We have es tabl ished a re la t ion  between the potentials  
in the region of the mois t  state for var ious  soi ls .  The 
exper iments  were conducted with Pyzhevskii  bentonite 
(~/0 = 780 kg/m3), Glukhovetskii kaolin (Y0 = l l00kg /m3) ,  
and fine sand (70 = 1500 kg /m 3) and also with a po lymin -  
e ra l  clay of undis turbed s t ruc tu re  f rom the "Gershona" 
deposit  (Brest  Oblst) (70 = 1300 kg/m3). For  each soil 
at 30 ~ C we de te rmined  the dependence of the mass  
t r ans fe r  potential  0 on mois tu re  content (by the contact 
method) and at the same tempera ture ,  us ing ce ramic  
probes ,  the re la t ion  between mois tu re  content and the 
potential  r The resu l t s  a re  presen ted  in Figs.  1 and 
2. Then at specific values of the mois tu re  content for 
each soil  we determined values of r and 0 f rom the r = 
= fl(W) and 8 = f2(W) curves and const ructed 0 = f3(r 
curves  (Fig. 3). As can be seen  f rom Fig. 1, for sand, 
kaolin,  and bentonite,  as the mois tu re  content i nc reases ,  
so does the capi l lary  potential ,  at f i r s t  rapidly,  and 
then slowly, i . e . ,  the r = fj(W) curves are all  concave 
downward~ The r = fl(W) curve for the po lyminera l  
clay of undis turbed s t ruc tu re  is a lmos t  a s t ra ight l ine~ 
The mass  t r ans f e r  potential  0 (Fig. 2) for  clay soils 
i nc reases  slowly at f i rs t ,  then quickly-- the curves are  
concave upward~ The mass  t r ans fe r  potential  for  sand 
behaves in the same way as the capi l lary  potential .  The 
exper iments  showed that the cor re la t ion  curves for the 
invest igated soi ls  do not coincide and are somewhat 
different  in shape (Fig. 3). 

The different  behavior  of the 0 = f2(W) and r = fl(W) 
curves and the noneorrespondenee  of the cor re la t ion  
curves  0 = f3(r indicate that when the methods in ques -  
tion are  employed the different  forms  of mois tu re  
b inding energy are taken different ly into account. 
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Fig. 1. Capi l lary potential  r J / kg ,  as a function 
of the mois tu re  content of the ma te r i a l  W, %: 1) 
fine sand; 2) kaolin; 3) bentonite;  4) po lyminera l  

clay of undis turbed s t ruc ture .  
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Fig.  2. Mass  t r a n s f e r  potent ia l  0 as a function of the m o i s t u r e  
content  of the m a t e r i a l  W, %'. 1) fine sand; 2) kaolin;  3) bentoni te;  
4) po lymine ra I  c lay  of und is tu rbed  s t ruc tu re .  
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The re la t ion  between the potent ials  0 and r can be 
descr ibed  by the following empi r i ca l  formulas .  For  
sand 

135 
0 = ~O.~exp/O.O2q t (  ) , (1) 
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Fig~ 3o Correlat ion curves for the mass 
t ransfer potential 0 and the cap i l la rypo-  
tent ia l  ~, J /kg :  1) fine sand; 2) kaolin; 
3) bentonite;  4) po lyminera l  clay of un -  
d is turbed  s t ruc ture ;  5) f rom data of 

McQueen and Mil le r  [4]. 

for po lyminera l  clay of undis turbed s t ruc tu re  

O= 145--0.43~. (4) 

Obviously, fu r ther  r e s e a r c h  in this d i rect ion will 
make i t  poss ib le  to obtain cor responding  cor re la t ion  
curves  for s i m i l a r  soi ls .  It will  then be possible  to use 
exper imenta l  data obtained by different  methods in fu- 
ture  soi l  s tudies.  

NOTATION 

W is the mois tu re  content of mate r ia l ;  $ is the cap-  
i l l a ry  potential;  0 is the mass  t r ans fe r  potential;  Y0 is 
the densi ty  of dry mate r i a l .  

REFERENCES 

1. V. G. Kornev, Zhurn. opytn, agrono, 22, no. 1, 
1924. 

2. A. V. Luikov, Theore t ica l  Foundations of S t ruc-  
tu ra l  Thermophysics  [in Russian],  Izd. AN BSSR, 
Minsk, 1961. 

3. A. A. Rode, Pochvovedenie, no. 12, 1962. 
4. J. S. McQueen and R~ F. Mil ler ,  Symposium on 

Water  in the Unsatura ted Zone, Wageningen, 1965. 
5. O. B. Wil l iams and R. H. Sedgley, Aust ra l .  J. 

Explt. Agric.  and Animal  Husbandry,  5, no. 12, 1965. 

for kaolin 

for  bentonite 

0 = 544 exp (0:001 ~) (2) 
~p0 ?4 

0 = 377exp(0.002~) (3) 
,1.~0,28 20 June 1967 Inst i tute  of Water  Prob lems ,  

Minsk 


