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We present a description and calculation of  the temperature and moisture-content fields of capillary-porous 

materials in the process of  heating them by an electric current with removal of  hygroscopic moisture. 

Use a volumetric method of heat supply considerably increases the efficiency of heat t reatment  of articles, 

including drying. The  electrical-conduction properties of some materials allow heating them without applying 

secondary heat sources. The  temperature difference over the specimen cross section appears in the course of electric 

heating, favors t ransfer  of moisture from its central layers to the periphery [1, p. 319]. When the heat ing is 

sufficiently intense, a filtrational flux appears that is at tr ibutable to the total-pressure gradient and is likewise 

directed to the surface. All this increases the economic performance figures of dry ing  and is indicative of the 

prospects for using the electrical-contact method of heating [2 ]. 

The  distribution of moisture in an article being treated is determined by the temperature  field, for whose 

description the Fourier differential equation of heat conduction is used [3 ]. 

If we neglect the influence of heat losses in contacts on the temperature  distribution, we can write the 

heat-balance equation as 

dt AI2 R (1) m C - ~  + a F  (t - to) = 

Since the motion of the bound substance in a capillary-porous body is considered to be ra ther  slow, the 

temperature of the liquid is virtually equal to that of the walls of the capillary [4 1. Many parameters  change in the 

course of heating: current ,  the resistance of the article, moisture content,  thermal-conductivity coefficient, the heat  

capacity of the moist material,  etc. It is virtually impossible to relate all these parameters  to the tempera ture  of the 

article, and therefore we divide the heating curve into a number  of intervals within which the values of I, R, U, 2, 

C will be considered constant. Separating variables and integrating Eq. (1), we determine the time of heat ing the 

article for any calculational interval: 

rnC i AI~iR - a F  (tbe ~ -- to) (2) 
In r i - -  

a F  AI~iR - a F  (ten d - to) 

The total time of heating is r = )_.j T i 
i = 0  

With consideration of the aforesaid, the differential equation of heat conduction in the case of the one-  

dimensional problem takes the form [3] 

- a [Ox2  + + _ _  (3) x ox) cpo 
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We will cons ide r  the process  of hea t ing  a cyl indr ica l  ar t icle  whose  length g rea t ly  exceeds  its radius ;  in this 

case the geomet r i c  p a r a m e t e r  1" is equal to uni ty .  

T h e  initial condi t ions  are:  the t e m p e r a t u r e  over  the en t i re  cross  sect ion is the s a m e  a n d  equal  to 

t13=0 = t6eg- (4) 

T h e  b o u n d a r y  condi t ions  are: 1) b o u n d a r y  condi t ions  of the  third kind on the  b o d y  surface:  

dr] * * *  . 
- -  )t --~r r = r o  = a (t  -- to) + e r isur + Cvap/sur tsur, 

(s) 

where  a -- ara d + aconv; ara d can  be ca lcu la ted  as | 1 ! 

ara d = 

[(T)4 (To)4] 
Cred ~ - 1--6-6 (6) 

s 

t - t o 

values  of aconv a re  given in [2, p. 23 ]; 2) the solut ion is b o u n d e d  a long  the ar t ic le  ax i s  (r  = 0) .  

In p a s s i n g  a c u r r e n t  t h r o u g h  a cy l ind r i ca l  bi l let ,  the  vo lume t r i c  d e n s i t y  of  i n t e r n a l  hea t  sou rces  is 

d i s t r ibu ted  accord ing  to the law 

A/2mP mat/tO 2 
2 I Jo (~lr) I , q =  2 2  

4~ r 0 [ J l  (~sur ro)[ 

(7) 

where  ~1 = ~/-J~/~mat,UO o-  

Let a z / r  2 = Fo, r / r o  = z, t - to = 0; then  Eq. (3) can be rewr i t ten  in a m o r e  conven i en t  form:  

dO 020 1 a0 2 
- - -  + - - -  + k~ l . t o ( # ~ z ) l  , 

OFo Oz 2 z az 

(8) 

where  

A?°LUmat/~0 
kl  = " ~1 = ro ~ ] -  JeUPmatltoCr 

4~2/l [ J  1 (~1 )12 '  

with the  initial  condi t ions  

0 [ FO=0 = 0beg 
(9) 

and  the  b o u n d a r y  condi t ions:  

dO = aroO + e*r*ro isur + Cvap ro tsur 0 , l) - ~  z=l 
(to) 

2) z =  0 - lhe solut ion is b o u n d e d  • 

T h e  solut ion of Eq. (8) with initial a n d  b o u n d a r y  condi t ions  (9) - (11)  is o b t a i n e d  in the  fo rm 

0 - - ~  v t  + X l  + X z  + C,,apJo(/~n z) e x p ( - / z  n Fo) = 
qt n=l 

(11) 
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The first term is the temperature distribution over the billet cross section in a steady-state regime. Here: 

Values of the functions v l ,  X ,  q(q1;  p n ) ,  pll, pred, J o w l ) ,  and J l  (u are given in the form of graphs in [2, 5 1. 
In the calculation of the second temperature interval, the cross-sectional distribution of temperature 

obtained at the end of the first temperature interval is taken as the initial condition. The  temperature in the i-th 

interval is calculated from the formula 



2O 
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Fig. 1. Dependence of the tempera ture  t of the surface and  center  of a graphi te  

rod on the time of heating ~ by an electrical-contact method.  Curves 1 at the 

center  and 2 on the surface correspond to calculated values; curves 3 and  4 

correspond to exper imental  data  on the t empera ture  at the center  and  on the 

surface of the article, respectively: t, °C; r, sec. 

4kli- i  4kli 
4- - - - -~ - -~  (qli_l;  IXni) 4- -------~- Ip (qli; lUni) 

ql i - I  qli 
4- 

2 1 2 + Cvappi-l exp ( -  Ppi- l  Foi_ I) ~°np Jo ~n i  z) exp ( -  ,UniFO ) , 
p=l 

where Pn and pp are positive roots of the e q u a t i o n / x J ~ )  - B i J0~ )  -- 0 [2, p. 25 ]. The  series ~ CvapJo(,UnZ) exp 
n=l 

( - p ~ F o )  converges very rapidly,  and  in practice it is sufficient to restrict ourselves to the first term of the series. 

Results of calculations and an exper imental  check are given in Fig. t. The  specimens used were lO-mm- 

d iameter  graphite rods. Heat ing was used to remove hygroscopic moisture.  It is evident that  the d iscrepancy between 

the exper imental  and calculated data does not exceed 10-15~o.  To increase the intensi ty and  safety  of the process, 

the heat ing  was done  with s imul taneous  evacuation.  Under  these condit ions the mois ture  in the mater ia l  is 

t ransferred in the form of vapor [1, p. 147 ]. The  densi ty  of the vapor flux into the chambe r  from the material  

surface isur is de te rmined  by the capacity of the vapor and gas removing sys tem,  i.e., a condenser  and  a vacuum 

pump. The  moisture flux in the material ,  character ized by diffusion and  effusion t ranspor t  in the capillaries,  is 

de te rmined  at any  point of the cross section of the article [6, p. 89] by the formula 

i . =  DEp OP 1.064 0 P (20) 

R T Or Or 

Substi tuting the value of the flux from the article surface tsu r into the lef t -hand side of Eq. (20), we obtain 

the boundary  condition for the equation of mass  conduction [1 ], which in our  case has the form 

2 +  • 

x x Ox 

The authors  of [7] suggest an approximate  solution of Eq. (21) that is based on the theory of deepening 

of the evaporation zone. 

The  specific consumption of electric energy for heating the article is calculated as the sum of specific 

consumptions in each interval: 
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t l  

W = ~ ,  W i , (22) 
i=0 

where Wi = ri(12Ri + NIO). 
The proposed method can be used in designing installations for heat treatment and drying of piece and 

disperse electrically conducting materials and installations for regeneration of carbon adsorbents. 

N O T A T I O N  

m, C, mass and heat capacity of the article; t, temperature at any point of the body; r, time of heating; a, 

interval-mean coefficient of heat transfer from the article surface; F, surface area of heat transfer; to, temperature 

of the surrounding medium; A, electric equivalent of heat; 1, current passed through the article; R, resistance of 

the moist material; i*, density of the moisture flux; F, geometric parameter of the body; P0, material density; q, 

density of internal heat sources; x, current coordinate; r, current radius of the article; r0, total radius of the article; 

e*, vaporization criterion; r*, heat of phase transition; Cvap, heat capacity of the vapor; Cred, reduced coefficient of 

emission; w, angular frequency of the current; /~mat, ,u0, magnetic permeability of the material and vacuum, 

respectively; J0(u) and J1 (,u), Bessel functions of the first kind and the zeroth and first orders, respectively; j = 

if'Z_ 1, imaginary unit in a complex number; a, specific electrical conductivity of the material; a, thermal diffusivity 

coefficient; Fo, Fourier number; Bi, Biot number; 0, temperature difference; z, current radius in relative units; 2, 

thermal-conductivity coefficient; P, vapor pressure; U, moisture content; R*, universal gas constant; W, specific 

consumption of electric energy; E, resistance coefficient of vapor diffusion in the porous body; Nl0, power of the 

transformer open circuit;/~*, mass of the vapor in one mole; D, coefficient of vapor diffusion in air; am,  coefficient 

of mass conduction. Subscripts: beg, beginning of the interval; end, end of the interval; rad, radiation; cony, 

convection; i, ordinal number of the temperature interval; yap, vapor; sur, surface; mat, material. 
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