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An examination is made of the kinetics of drying capillary-porous 
materials by heat supplied by contact and by convection from fer- 
romagnetic elements in an electromagnetic field; the drying regimes 
and regime parameters are given. 

Heating and drying of capillary-porous materials 
by means of heat-generating ferromagnetic elements 
(meshes and grids) in the alternating electromagne- 
tic field of a coil combines the merits of several 
methods of supplying heat [4]. 

The materials to be dried (e.g., wood) are stacked 
in a pile along with the heat-generating ferromag- 
netic elements, and placed in the alternating field 

of a coil (Fig. 1) installed in the drying chamber 
[3]. The ferromagnetic  elements are heated by the 
electromagnetic field set up by commercial  f re-  
quency current  in the coil, and supply heat to the 
material  by conduction, convection, or radiation. 

Depending on the properties,  form, and size of 
the material ,  the layout of the ferromagnetic ele- 
ments relative to the material  may be decided, 
allowing for a single method of heat supply or  a 
combination of several  methods, as desired. In 
wood drying practice, a contact-convective scheme 
of heat supply (Fig. 2) is used [4]. 

Transfer  of heat in this scheme proceeds by 
conduction from the ferromagnetic elements to the 
material ,  and is discrete in nature, i.e., there is 
local contact heating. In contrast to pure contact 
heating, local contact heating is accompanied by 
convective heat t ransfer  from the air  to the mater -  
ial through the holes in the surface of the fe r ro-  
magnetic element (grid). The local convective heat 
t ransfer  is accompanied by external moisture 
t ransfer ,  i.e., by t ransfer  of vapor from the surface 
of the material  to the surrounding moist air. 

In contact-convective heat t ransfer  from the 
elements to the material ,  small  temperature and 
moisture gradients occur, which are explained by 
partial migration and condensation of water vapor 
within the wood. This causes a large increase in the 
heat t ransfer  coefficient, and transformation of 
osmotic bond moisture to mechanical bond moisture 
(capillary moisture). Thus, in conditions of asym- 
metr ic  heat and mass t ransfer ,  there is continuous 
transformation of osmotic moisture into capillary 
moisture,  due to slow migrat ion of osmotic moisture 
towards the surface of the material ,  and also to its 
evaporation. 

The drying of materials by contact-convective 
heat t ransfer  f rom ferromagnetic  elements in an 

alternating magnetic field permits uniform heating 
of the material  throughout the whole drying cham- 
ber. The presence of the hot elements causes high 
air humidity locally near the surface (conditions 
s imilar  to drying by superheated steam), and also 
greatly slows down vapor migration from the surface 
of a board to the surrounding medium. 
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Fig. 1. The electromagnetic chamber with a stack 
of wood and ferromagnetic elements: 1) protective 
wall of the chamber; 2) main winding; 3) control 
winding; 4) supplementary winding; 5) t rack t ro l -  
ley; 6) wood stack; 7) ferromagnetic elements; 8) 

wooden spacer; 9) air duct. 

To attain uniform heating of the material  through- 
out the whole drying Chamber by other means of 
drying (in particular,  in intermittent convective 
drying chambers with e jec t ion-reversa l  air  c ircu-  
lation), a special ventilation and circulation plant 
is required, with devices for arranging the hydrody- 
namics of the air  flow. 

Experimental data [4] indicate that the tempera-  
ture of the material  decreases very  little (by 3~ ~ 
from the place of contact to its free surface. In 
the periods of heating and of constant drying rate, 
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60 
and 

above 
50--40 
40--30 
30--20 
20--15 
1 5 ~ 1 0  

Table 1 
Optimum Regimes of Wood Drying 

Regime No. 1 for sawn timber 
25-40  mm thick 

' 

383 358 3 88 
388 360 3 88 
393 362 4 85 
398 363 4 85 
403 368 6 80 
4 08 373 I 0 70 

60 
and 

above 373 
50--40 373 
40--30 388 
30--25 393 
25 --20 398 
20-- 15 40:3 
15--10 408 

Regime No. 2 for sawn timber 
50-80 mm thick 

358 
358 
360 
363 
365 
368 
370 10 

88 
88 
85 
85 
82 
71 
69 

Table 2 

Basic Data on Drying of Sawn Timber 

Size of the un- 
cut timber 

60 X 210-450 X 6500 
60 X 210-450 X 6500 
40 X 200--...400 X 6500 
50 X 200-400 X 6500 
30 x 200--400 X 6500 
30 X 200-400 X 6500 

Drying in electromagnetic 

chambers 

"'~ ~" ~~ ~ ~ ~ ~ o 0 0 ~'~ ",~ ~ ~ . ~  

01~ ,~ 0 1 ~  ~1 "~ 

,8, 8 .0  
;9. 6 . 9  I 1~ 
,06 6.8 / 2 

6.5 / 1 1  I 

i - 
~ t ~ O  

~'O~" 

e~e.,  
" ~ O  

High-temperature drying and 
drying in superheated steam 
according to data of TsNIIMOD 

TsNIIMOD 
regime; 

1 
2 
1 
2 
1 

superheated 

steam, t d = 
384 *K, t w = 
372 ~ 

. ~-o,." ~ ~ 

~.,,J ~ 

2.3 
2.3 
2.1 
2.1 
2.2 
2.8 

Table 3 
Proper t i e s  of Pine Wood for  Tes ts  

Property 

Volume weight 
Contraction along the 

grain 
Specific work 

f(x impact 
bending 

Shea~ing along 
the grain 

For boards of thickness, ram; 

60  

Regime I Regime 
1 [ "2 

--1.78 0.8 

0.0 0.8 

--10.1 --6.3 

--8.0 --7.4 

4~ 

Regime Regime 
1 2 

- - :  .~ + 1 . 8  

--( .3 - - 6 . 8  

--~. 1 - - 5 . 5  

--1.0 --2.3 

3O 

Regime Regime 
| 2 

.0 1 

.5 _4 .1  

.0 0.0 

- -8 .6  --5.0 

Mean of the regimes 
allowing for numbers 
of observations 

I Regime Regime 
1 2 

2.0 0.0 

--2.6 --4.3 

- -6 .3  0.0 

~ 6 . 6  - - 6 , 2  
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the drop in moi s tu re  content  between the sur face  
l ayers  and the cen te r  of the m a t e r i a l  does not ex-  
ceed 4 - 6  ~Y0/m. In the per iod of d e c r e a s i n g  d ry ing  
ra te ,  the mois tu re  content  drop in the i n t e r i o r  of 
the wood does not exceed 1 .5 -2 .5  %/m. T e m p e r a t u r e  
gradients  in the m a t e r i a l  a re  s i m i l a r  in na ture ,  and 
do not exceed 4o-6 ~ in the cons tant  d ry ing  rate 
period,  and 2~ ~ in the per iod of dec rea s ing  dry ing  
ra te .  

In the d ry ing  process  large p r e s s u r e  gradients  
do not occur  thus there  are  no hazardous d i s t o r -  
t ions within the ma te r i a l .  The re fo re ,  even wood of 
cons ide rab le  th ickness  (e.g., of th ickness  60, 80, 
100, o r  120 mm) does not exper ience  dangerous  
s t r e s s e s  and s t r a i n s  dur ing  d ry ing  and dr ies  r e -  
la t ive ly  free from warping  and cracking.  

I i 

Fig. 2. Contac t -convect ive  scheme of supply-  
ing heat to wood from fe r romagne t i c  e lement  

gr ids .  

Drying kinet ic  curves show that with i nc r ea se  of 
the t empe ra tu r e  of the f e r romagne t i c  e l emen t  
t empe ra tu r e  of 363" K, pine beads 50 mm thick and 
with an in i t ia l  mois tu re  content of 60u7o, dry  to a 
final mo i s tu re  content  of 12% in 60 hr,  and at 408 ~ K 
in 42 hr .  

The opt imum p a r a m e t e r s  of the su r round ing  
medium are  t empe ra tu r e  = 353-363 '  K and re la t ive  
humidi ty = 70-88%.  Under  these condi t ions,  gravi ty  
forces  in the d ry ing  chambers  achieve suff ic ient ly  
good washing of al l  the elemenks of the ma te r i a l  
being dr ied,  and a r t i f i c i a l  c i rcu la t ion  is not r e -  

quired.  
The d ry ing  kinet ics  data for soft wood under  v a r -  

ious d ry ing  r eg imes  have been t rea ted  on the bas is  
of the p a r m e t r i c  equation [2] 

(4 Al:o"' l.u" (t~i,,,IPn) K. (I) 

F r o m  (1) an equation of the d imens ion l e s s  moi s -  
ture  content  group is obtained 

&' - 0.4621:o Lu/' % (2) 

Equation (2) is valid for a range of the s i m i l a r i t y  
p a r a m e t e r  0 ~ Fo < 43, and shows good ag reemen t  

with the r e su l t s  of an expe r imen ta l  inves t iga t ion  [4]. 
F r o m  (2) a fo rmula  is obtained for  ca lcu la t ing  

the durat ion of d ry ing  

F~ 2 0 38 0 6 2  
z = L . R / 0 . 4 6 2 a  a,,, �9 (3) 

This  exp re s s ion  provides  suf f ic ien t ly  accura te  en-  
g inee r ing  ca lcula t ions  for the design of e l e c t r o -  
magnet ic  dry ing  equipment  for var ious  reg imes  of 
d ry ing  softwood. 

Table  4 

Qualit  r Indices of the Wood af ter  Dry ing  

Board thick- 
ness, mm 

25 
50 
60 
80 
60 

Ivloist ure content 

within mean 
the board 

8 8.2 
IO 10.9 
9.7 99 
8.9 9 5 
12 129 

~176 Dryiab 
on the board, category 

sur/ace 

7.9 1 
9.5 1 
94 1 
8.3 I 

11.8 I1 

A the rma l  balance of the con tac t -convec t ive  d r y -  
ing process  may be r ep re sen t ed  by an approx ima-  
tion equation of the form 

�9 . S e d  T i 

+ ,,m + a -S~ Id)av. (4) 
" Sc 

The wood-drying  r eg imes  (Table 1) developed as 
a r e su l t  of expe r imen t  and indus t r i a l  ve r i f i ca t ion  
make it possible ,  in a n u m b e r  of cases ,  to shor ten  
the process  by a factor  of 2 . 5 - 3 .5  in compar i son  
with convective s t eam chambers  [5-7].  

E 

C 

D 

5 tO /5 

,6 

b 
3. 

2 , 

r 

J ! 

C 

5 /0 W 

Fig. 3. Mois ture  content  of 
the wood stack af ter  drying:  
a) Mois ture  content  along 
the chamber  (D-door ,  
C - c e n t e r ,  E -end) ;  b) 
mo i s tu re  content  over  
the height of the chamber .  

The resu l t s  of d ry ing  s a ~  t i m b e r  in e l e c t r o -  
magnet ic  chambers  are  compared in Table  2 with 
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Table  5 
Shrinkage of Pine Wood dur ing  Drying  

Drying under room conditions 

in the tangen- in the 
tial direction radial direction 

0,239 18 0.211 18 
0 .268 26 O. 189 26 
0.272 21 0.133 21 

Drying in the electromagnetic chamber 

0.259 - -  0 .178 - -  

in the tangen- 
tial direction 

K t K, Kt 1 " I .v 
0.145 21 61.0 
O.204 21 78.0 
0.19 26 70O 

Ivlean value 

in the 
radial direction 

, ; .  n ,v 

0.14 6 21 67.8 
1.151 21 80.U 
0.1201 26 90.5 

I 

O. 139 - -  79..I [ 

Kt. K t 

].00 
1.35 
l .  59 

1.31 

those obtained in superhea ted  s t eam and for high- 
t e m p e r a t u r e  dry ing  accord ing  to data of TsNIIMOD 
(Central  Inst i tute  for Scient i f ic  R e s e a r c h  on Me- 
chanical  P r o c e s s i n g  of Wood). 

In o r d e r  to appra i se  the qual i ty  of m a t e r i a l  dr ied  
accord ing  to reg imes  1 and 2 in e l ec t romagne t i c  
chambers  for  pine with p roper t i es  given in Table  
2, we ca r r i ed  out s t r u c t u r a l  and mechan ica l  tes ts  
accord ing  to the s tandard  method recommended  by 
COST 6336-52. The tes t s  r e su l t s  were  t rea ted 
s t a t i s t i c a l l y  and a re  shown in Table 3. The s t r u c -  
t u ra l  and mechan ica l  p roper t i es  for (pine) wood 
assumed  for the tes ts  were close to the mean  
values  for this wood given in GOST 4621-49. The 
accu rac i e s  a re  in the range 1-3%, i .e . ,  a factor  
of 2.5 be t t e r  than that a s sumed  in inves t iga t ions  of 
the s t r u c t u r a l  and mechanica l  p roper t i es  of wood. 

The drop in p roper t i es  did not exceed 6-7% 
on the average for all  th icknesses  of ma t e r i a l ,  
which is of no prac t ica l  s igni f icance  for the m a j -  
o r i ty  of b ranches  of indus t ry  r equ i r i ng  dr ied  wood. 
The l ayered  moi s tu re  content  of dr ied  wood with 
p roper t i e s  given in Table  2 is in the range 1 .5-2% 
(Table 4). 

The deviat ion of the moi s tu re  content  of the wood 
f rom the mean over  the whole volume of the s tack  
did not exceed 2 -4% (Fig. 3). 

To de te rmine  the quali ty of the m a t e r i a l  af ter  
drying,  19 control  boards were chosen from each 
stack,  the i r  defects were examined,  and the final 
humidi ty  through the th ickness  of the board was 
de t e rmined  (Table 4). 

The shr inkage  was d e t e r m i n e d  f rom the change 
in length of spec imens  dur ing  dry ing  u n d e r  room 
condit ions (t = 298 ~ K) and in the e lec t romagne t i c  
chamber  (t a = 378 ~ t w = 358 ~ K, tfe = 408 ~ K) from 
the newly-fe l led  s tate  to equ i l ib r ium.  The spec i -  
mens  were chosen with a view to the poss ib i l i ty  of 
de t e rmin ing  shr inkage  of the wood through move-  
ment  of mo i s tu re  ac ross  the grain.  The shr inkage  
coeff icient  for the dry ing  of pine wood in spec imens  

of sec t ion  50 • 50 mm under  room condit ions 

p rac t i ca l ly  coincided with the GOST 4631-49 value,  
while those dr ied  in the e l ec t romagne t i c  c hambe r  
gave a s m a l l e r  shr inkage  (Table 5). 

Var ious  methods and types of plant a re  used in 
con tempora ry  prac t ice  for the dry ing  and t he rma l  
t r e a t m e n t  of m a t e r i a l s .  The i r  va r i e ty  is jus t i f ied  
by the difference in proper t ies  and d imens ions ,  by 
specif ic  r e q u i r e m e n t s  of d ry ing  technology, and by 
the na ture  of the bond between the mo i s tu r e  and 
the ma t e r i a l ,  etc. F o r  this reason ,  the e l e c t romag-  
net ic  d ry ing  method should not be regarded  as un i -  
ve r sa l  and sui table  for all  production condit ions.  It 
may be used in specif ic  condit ions of production 
where it is more  favorable in a technical  sense  and 
suff ic ient ly  economic.  

NOTATION 

~'e() effective (allowing for r e su l t ing  mass  t r a n s -  

fer) t he rma l  conductivi ty of mois t  ma te r i a l ;  @) 
d imens ion le s s  mass  t r a n s f e r  potential;  A) a con-  
s tant ,  equal to 0.462; Fo, Lu, Bim, Pn) F o u r i e r ,  
Luikov, Biot, and Posnov number s ,  respec t ive ly ;  
U) d imens ion le s s  moi s tu re  content  group; a) t he rma l  
diffusivity; am) potential  conduction mass  t r a n s f e r  
coefficient;  C, Y) volume mean  heat capaci ty and 
densi ty ,  respect ive ly ;  Md) mass  of absolute ly  d ry  
ma te r i a l  of body skel ton;  Sc) contact  sur face  a rea  

of m a t e r i a l  contiguous to the f e r romagne t i c  e lements ;  
dtav/d~) rate  of heat ing of mois t  ma te r i a l ;  p) 
speci f ic  heat of vaporizat ion;  m) in tens i ty  of drying,  
re la t ive  to the sur face  a r e a  in contact; ~) heat t r a n s -  
fer  coefficient;  T) dry ing  t ime;  Sop) exposed sur face  

a r e a  of mate r ia l ;  top, t s) t e mpe r a t u r e  of the exposed 
sur face  of the ma te r i a l  and of the su r r ound ing  
medium,  respect ive ly ;  K t, K r) shr inkage  coefficient  
in the tangent ia l  and radia l  d i rec t ions ,  respect ive ly ;  
n) n u m b e r  of m e a s u r e m e n t s ;  N) shr inkage  as a pe r -  
centage dur ing  d ry ing  in the e l ec t romagne t i c  cham-  
ber ,  re la t ive  to shr inkage  under  room condit ions.  



JOURNAL OF ENGINEERING PHYSICS, VOLUME 9, NUMBER 5 

REFERENCES 

1. A. V. Luikov, Heat and Mass Transfer  in Dry-  
ing Processes  [in Russian], Gosenergoizdat, 1956. 

2. A. V. Luikov and Yu. A. Mikhaflov, Theory of 
Heat and Mass Transfer  [in Russian], Gosenergoiz- 
dat, 1963. 

3. S. G. Romanovskii, Induction Drying by Com- 
merc ia l -Frequency  Current [in Russian], Gostekhizdat, 
UkrSSR, 1963. 

4. S. G. Romanovskii, Investigation of Electromag-  
netic Means of Drying and Heat Treatment  of Mat- 
erials Using Commercia l -Frequency Current, 
Dissertation, AS BSSR, 1964. 

413 

5. G. M. Balabaev and S. G. Romanovskii, Sudo- 
stroenie, no. 2, 1964. 

6. G. A. Mirvilyants, Stroi tel 's tvo i arkhitek- 
tufa,  no. 2, UkrSSR, 1963. 

7. F, M. Lashehiver and L. M. Vorob'ev, P romy-  
shlennaya energetika, no. 2, 1964. 

27 July 1965 Institute of Heat and Mass Transfer  
AS BSSR, Minsk 


