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The p a r a m e t e r s  of  in terna l  m a s s  and hea t  t r a n s f e r  in a c e m e n t  mix tu re  a r e  ca lcu la ted  f r o m  
kinet ic  c u r v e s  of the hea t  t r e a t m e n t ,  with the aid of  t h e r m o d y n a m i c  funct ions c h a r a c t e r i z i n g  
i r r e v e r s i b l e  p r o c e s s e s .  

The t r a n s f e r  of  e n e r g y  and m o i s t u r e  in the c o n c r e t e  cur ing  p r o c e s s  can be d e s c r i b e d  a p p r o x i m a t e l y  
by the  s y s t e m  of equat ions  which A. V. Lykov  has  p r o p o s e d  in [1]: 
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The exo the rma l  e f fec ts  a r e  accounted  h e r e ,  of  c o u r s e ,  by lumping them t o g e t h e r  into the l a s t  t e r m  of  Eq. 
(1), as  has  been done in [7, 8]. 

A unique solut ion to this  s y s t e m  was  e x p r e s s e d  in t e r m s  of  l oca l ly  m e a s u r e d  t e m p e r a t u r e  

t(xl,  ~)=t1(~)=31(~); t(x2, "v) -- t~(~) = 3.,.(z) (3) 

and m o i s t u r e  content  

u (x3, x) = u  1 ('0 = 93 ('0; u (x4, "0 = u~ (T) = ,94 ('0. (4) 

In the e x p e r i m e n t  r e p o r t e d  h e r e  we o b s e r v e d  an over lapp ing  of t e m p e r a t u r e  and m o i s t u r e  content  t e s t  
p o i n t s x ! = x  3 a n d x  2 = x  4. 

In d i m e n s i o n l e s s  f o r m  this  s y s t e m  of  t r a n s f e r  equat ions  b e c o m e s  

OT O~T 3u 
- + e Ko - -  ( 5 )  

0 Fo ON 2 O Fo ' 

Ou = L u  [ Ou O~T ] 
o v---g --gd;- + p~  ~ j ' (6) 

w h e r e  the  d i m e n s i o n l e s s  t e m p e r a t u r e  T and the d i m e n s i o n l e s s  m o i s t u r e  content  u a r e  r e f e r r e d  to the nu-  
m e r i c a l  t e m p e r a t u r e  d i f f e rence  t f - t  0 and to the  init ial  m o i s t u r e  content  u 0 r e s p e c t i v e l y :  

T(N, Fo) t(x, ~ ) - - t  o , u(N 1 F o ) =  u(x, T) 
tf - -  t o u o 

The d i m e n s i o n l e s s  coo rd ina t e  N is r e f e r r e d  to the d i s t ance  between m e a s u r i n g  i n s t r u m e n t s ,  b = x 2 - x  1 

N - -  x - - x ~  

x2- -  x 1 

* D e c e a s e d .  

(7) 

(8) 
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~1 (~) = 7"i (~) p ~  + T~ (~) P~:, (19) 

( 2 0 )  

With this notation, the tempera ture  distribution (16) becomes - to the f i rs t  approximation - 

b 2 b 2 + ~  -- -  eKo--h,  (21) 
a a 

where 

vl=T,i(.0 N(N--1)2 {23 N ] 3  

4-T'2 N(N--1) [ 2 - 3 - + 1 ] '  (21a) 

~:=u~(~) N(N--1)2 [ N3 2 13 

+u'~ N(N--2 1) [ N3 3111 (21b) 

In order  to determine the thermal  diffusivity a and the complex eKo number,  one must differentiate 
both sides of Eq. (21) with respect  to t ime: 

~ ,  b 2 b 2 
- - + ~ ' - -  eKo = h' 

C/ a 

and for the sys tem of Eqs. (21), 
functions: 

z a = ~/~; ~ = a/~.  

For  the thermal  diffusivity a w e  then obtain the expression: 

a : :  b 2 OZa 
o~ 

(22) 

(22) one must define the arguments  of the character is t ic  Massye-Gibbs  

(23) 

(24) 

and for the complex quantity: 

e K o -  z a - -  ~ az_~ 
aS 

(25)  

By complete analogy, if for the moisture  content one defines the empirical  quantity 
b u co 

z p  ~ - - - -  �9 - -  , 
a 

(26) 

with 

a 
c0:: lu (N, ~) -- [ul (~) Q0s (N) + u S (~) Qf,~ (N)]} b ~' , (27) 

then approximation of the mois ture  field (17) will yield expressions for the Pn number and the Lu number: 

Ozp Oz~ (28) Pn ~-a ' Lu-1 = zp-- ~ 3~ 

In order  to determine the t r ans fe r  pa rame te r s ,  the authors have per formed the following experiment.  
Specimens of cement mixture (fine-grain concrete) 200 • 200 • 60 mm large with a steel grid reinforcement  
consisting of 6 mm in d iameter  rods spaced 50 x 50 mm apart  were placed, af ter  having been poured into 
molds, inside an apparatus containing a vapor chamber and an electromagnetic chamber.  The procedure 
and the techniques of this experiment are described thoroughly in [4]. Evaporation of the moisture occurred 
only at the upper surface of a specimen, i . e . ,  an asymmetr ica l  uniform mode of mass t r ans fe r  was ob- 
served. The local tempera tures  and moisture contents of six layers  were determined continually. The 
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local moisture  contents were measured  by the nondestructive method of i rradiat ion with gamma quanta f rom 
a Tm t~~ isotope source.  For  this purpose,  during their  heat t rea tment ,  the specimens were t ranspor ted  on 
a special platform along the vert ical  axis of the chamber  and the collimated gamma beam was aligned with 
a • mm precis ion [5]. The local t empera tu res  were measured  with c o p p e r - c o n s t a n t a n  thermocouples 
made of 0.2 mm diameter  wire.  

Using this method, measurements  could be made without disrupting the continuity of mater ia l  during 
its curing. 

The thermohumidi ty  t rea tment  followed the 4 + 4 + 3 + 3 h cycle (holding before t rea tment  + heating 
from 20~ to 80~ + isothermal  t rea tment  at 80~ + cooling to 40~ The ambient relative humidity was 
85-90% in the chambers .  

The thermohumidi ty  t rea tment  consisted of adding saturated vapor in the vapor chamber  or  of heating 
the fe r romagnet ic  t r ays  (bases) under the mold and the re inforcement  grid in the e lect romagnet ic  c h a m b e r  
at a field intensity of 200 Oe: 

The kinetic curves  depicting this thermohumidi ty  t rea tment  of the cement  mixture are  shown in [4]. 

Calculations were made using the t empera tures  and mois ture  contents measured  at the centers  of 
surface  layers ,  at a distance 5 mm from the top and the bottom surface of a specimen, then at 10 mm steps 
the center  of the bottom layer .  The dimensionless  coordinates of the respect ive l ayer  centers  were 

0 - - 0  50 - -0  10--0  
Nx . . . .  0; Nu= --1; N- -  0.2. 

50 - -  0 50 -- 0 50 --- 0 

The initial t empera tu re  of the mater ia l  was 20~ the maximum tempera tu re  (on the isotherm) was 
80~ The tempera tu re  difference At = 8 0 - 2 0  = 60~ was used as the reference  scale for  the Pn numbers  
and the eKe numbers .  The dimensionless  unit of t ime was r e fe r r ed  to 10 h: H = T(h)/10. 

The derivat ives  of t empera tu re  and mois ture  content were calculated according to the rules of d i s -  
cre te  differentiation [6]. "Limit" formulas ,  by which derivat ives to the left and to the right can be de te r -  
mined from three test  values of t empera tu re  and mois ture  content, were used for the end points and the 
inflection points of the curves.  An interpolation procedure  by which derivat ives can be determined from 
four test  values was found suitable for  the neighboring points. 

Values of the empir ical  mois ture  content and tempera ture  functions in dimensionless form,  as well 
as their  der ivat ives ,  are  all shown in Table 1. As the values of u m and T m are  taken here the local mois -  
ture  contents and t empera tu res  u m = u2, T m = T 2 for the vapor-heat  t rea ted  specimen and u m = u4, T m = T 4 
for  the e lee t romagnet ica l ly  heat t rea ted  specimen.  

The numerical  values calculated for the arguments  of the charac te r i s t i c  functions Za, ~, Zp and their  
der ivat ives ,  as well as the values of the thermal  diffusivity a and of Lu, Pn,  eKe numbers ,  a re  all given in 
Table 2. 

]7or the period in which the tempera ture  r i ses ,  the values of said quantities are  given in Table 2 from 
H = 0 to H = 0.20. Beginning at H = 0.20 and until the end of the heating period the following inequality 
holds t rue:  

0Za ~ 0 .  0~ 

In this case it is impossible to calculate the thermal  diffusivity, because the cha rac te r  of the bond 
between mois ture  and mater ia l  changes during heat t reatment .  

During the initial period of heat t rea tment ,  moisture  in the concrete is bonded to dispersed colloidal 
par t ic les  by adsorptive and osmotic  forces .  At about 1- i .5  h af ter  the heat t rea tment  has begun, there 
takes place an intensive formation of a capi l lary  s t ruc ture  charac te r ized  by a sharp decrease  of the mass 
t r ans f e r  potential. As capi l lar ies  are  produced within the forming cement  rock s t ructure ,  a capi l lary  
bond between mois ture  and mater ia l  begins to predominate.  

Inequali ty (29) is also valid because during this period (at a t empera ture  level of about 60~ the 
cement  hydration reaction becomes quite percept ibly exothermal.  
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An analysis of the results (Table 2) shows that the thermal diffusivity a decreases from the very 
beginning of the process,  but its absolute value is somewhat grea ter  during vapor-heat t reatment and this 
is probably due to condensation at the material  surface and due to the moisture t ransfer  through it. 

The magnitude of the temperature gradient (Table 2) is somewhat smaller  during electromagnetic 
heating, as a result  of a more uniform distribution of temperature fields here than during vapor-heat t rea t -  
meat. 

During electromagnetic heat treatment moisture is removed, which has to do with heat absorption 
inside the material.  The Kossovieh numbers are then positive. 

During vapor-heat t reatment the Ko numbers are negative, as a resul~ of condensation a~d molar 
vapor t ransfer  into the bulk of the material ,  which is equivalent to an emergence of a positive internal 
heat source. 

Accordingto the calculated data, the values of the Lu number and of the Pn number during heat t rea t -  
ment vary considerably depending on the method by which the heat is supplied, and this indicates that the 
mechanism of mass and heat t ransfer  is different in each case. 

N O T A T I O N  

t is the temperature; 
is the mean-integral temperature; 

t o is the initial temperature of the material; 
t f  is the final temperature  of the material; 
u is the moisture content; 
u is the mean-integral moisture content; 
t h is the initial moisture content in the material; 
r is the latent heat of evaporation of the moisture bonded to the material; 
e is the specific heat; 
e is the phase-transformation number; 
a m is the thermal diffusivity of moisture; 
5 is the temperature gradient. 
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