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Two types of electric resistance drying model.a were verified experimentally: 
( i) with constant material quantities, (ii) with material quantities depending 
on temperature and moisture content. It can be concluded that in the case 
of electric resistance drying it is possible to neglect the dependence of material
Junctions on moisture content and temperature. The given model allows pre­
dictions to be made on the behaviour of bodies of saturated ceramic mix during
the course of electric resistance drying.

INTRODUCTION 

In Part I of the present paper, the authors developed models of electric resistance 
drying of ceramics (hereafter ERD), (1) with constant material quantities, and (2) 
with quantities depending on moisture content and temperature [l]. To verify 
suitability of the model and correctness of the simplifying assumptions introduced, 
it is necessary to compare both models with experimental data. For a correct 
comparison the experimental arrangement should correspond to the conditions 
under which the model was obtained, and vice versa. In addition to this, the 
models dictate a minimum number of experiments required for this comparison. 
The following demands have to be met in the present case: 

- unidimensional flow of moisture and heat
- determination of the initial conditions (initial distribution of moisture and

temperature) 
- determination of the boundary conditions (time dependence of the surface

flow of moisture and heat and of the source element) 
- determination of the time development of moisture and temperature profiles

in the body. 

EXPE RIMENTAL 

The following experimental arrangement was chosen in order to meet the 
requirements mentioned above: All of the measurements were carried out on 
bodies of electroporcelain mixes with an elevated content of oc-Ah03 prepared by 
drawing the mix on a vacuum auger. The initial homogeneous distribution of 
moisture and temperature was achieved by waterproofing and insulating the body 
and placing it in a medium of 100 % relative humidity and at temperature T0 • 
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The unidimensionality of moisture and heat transfer was attained by means of the 
insulation system shown in Fig. 1. The hatched areas represent thermal insulation 
and the full areas moistureproofing. The two opposite surfaces are insulated, thus 
ensuring unidimensional flux of heat and moisture. The plates at the bases represent 
electrodes supplying electric current to the bodies. The system body-insulation, 
prepared in this way, was placed in a laboratory recycling drying oven with 
constant parameters of the drying environment (T = 308.75 K, v = 1.7 m s-1, 

<p = 55 %), 

Fig. 1. Insulation and waterproofing of the body. 

The time dependence of moisture surface flow was established from weight losses 
of the body; the time dependence of surface heat flow was calculated from experi­
mental time development of temperature profiles, and the time dependence of the 
heat source was determined from the experimentally established dependence 
I = l(t) at U = 28. 75 V. The time development of the moisture profiles was found 
by cutting the body into slices at various time intervals. The time development of 
the temperature profiles was determined by means of copper-constantan thermo­
couples placed in the body. 
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Fig. 2. Time dependence of surface mass, heat and heat source flux. 
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Typical relationships of the surface flow of moisture, temperature and the heat 
source are plotted in Fig. 2. The expe1imental time developments of temperature 
and moisture profiles are shown in Fig. 3 . 
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Fig. 3. Experimentally es•ablished time development of temperature and moisture profiles. The para­
meter at the curves signifies time in minutes. 

DISCUSSION OF RESULTS AND CONCLUSION 

The time development of moisture and temperature profiles can be calculated 
either for an arbitrary choice of initial and boundary condition;;, or one can make 
use of values obtained from the given experimental arrangement. The latter 
procedure was employed in calculating the moisture and temperature profiles and 
the following values were chosen: 

- initial homogeneous moisture content and temperature distribution C0 =
= 0.4281 m3m-3, T0 = 293 K 

- the temperature dependence of the boundary conditions plotted in Fig. 2,
- the temperature dependence of the cliffussion coefficient in the form [2]

D = (2.46. 10-4 exp (-2 425/T)) m2s-1 

- the moisture content dependence of thermal diffm,ivity [3, 4]
a= (1.988 . 10-7 + 4.791. 10-s w - 1.037 . 10-9 w2 ) m2s-1 

- the moisture content dependence of specific heat [5]
Cp = (-1 107.1 + 34.73 w) J kg- 1K-1

Si!ikaty c. 3, 1990 195 



J. Havda, E. Gregorova, F. Oujifi: 

- the moisture content dependence of thermal conductivity [5]
A= (-1.285 + 2.683. 10-2 w - 5.325. 1Q-3w2) Wm-IK-1

where w is the absolute moisture content. 
The time developments of temperature and moisture profiles neglecting the 

dependence of material characterii;;tics on moisture content and temperature were 
obtained by relating the above value,; to the temperature of 317 .5 K and to the 
moisture content C = 0.4200 m3m-3 and by their ,;ubstituting into equations (18) 
and (19) (cf. Part I). The calculated relationships are plotted in Fig. 4. 
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Ji'ig. 4. 'l'ime development of temperature and moisture profiles calculated for the case of constant 
rmiterial chnmcteristics. 'l'he pnrameter nt the curves signifies time in minutes. 

Substitution of the above relationships into equations (20) - (25) yielded the 
time development of moisture and temperature profiles on the assumption of 
relationships between the material characteristics and moisture content and 
temperature. These relatiorn;hips are shown in Fig. 5. 

A comparison of the calculated profiles with the experimental ones indicates 
a ;,ati,;factory agreement. The comparison of temperature profiles showed a maxi­
mum deviation of 2 K from the experimental value. The deviation is above all due 
to the inaccuracy of the method employed, and in part to the way the material 
characteristics were derived from the experimental data. The difference is not 
surprising when one takes into account that the time dependence of surface flux of 

196 Sillkaty <!. 3, 19911 



Electric Resistance Drying of Ceramics; II. 

heat must be determined from experimentally obtained temperature profiles. 
A good agreement was likewise attained in the case of moisture profiles. The 
comparison of moisture profiles yielded by the two methods indicates that in view 
of the experimental errors involved, it is possible to neglect the dependence of the 
material characteristics on moisture content and temperature. 
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Fig. 5. Time development of temperature and moisture profiles calculated for the case of material 
characteristics dependent on temperature and moisture content. The parameter at the curves signifies 

time in minutes. 

The results obtained lead to the conclusion that the ERD model, regarding the 
transfer of water as diffusion in a binary mixture of incompressible components 
and the heat transfer as heat transmission with a bulk heat source, allows the 
behaviour of a body in the course of electric resistance drying to be predicted with 
a satisfactory accuracy. 
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ELEKTROODPOROVE SUSENf KERAMI KY - CAST II. 
EXPERIMENTALNf OVERENf MODELU 

Jifi Havrda, Eva Gregorova, Frantisek Oujifi 

Vysoka /,kola chemicko-technologicka, Katedra technologie silikatu 
Suchbatarova 5, 166 28 Praha 6 

Pro dva typy matematickych modelu elektroodporoveho suseni (i) s konstantnimi materialo­
vymi velicinami a (ii) s materialovymi velicinami zavislymi na vlhkosti a teplote je provedeno 
ovefeni vhodnosti modelu a volby pocatecnich a okrajovych podminek porovnanim s experimen­
talnimi vysledky. Pri zachovani podminek, pro ktere by! odvozen matematicky model (jedno­
rozmerny tok tepla vlhkosti, pocatecni a okrajove podminky), ukazalo srovnani casovych vyvoju 
profilu teploty a vlhkosti v telese, ze matematicky model (i), zalozeny na materialovych kon­
stantach (D, a, ). a cp

) nezavislych na koncentraci a teplote, vystihuje uspokojive chovani teles 
Z nasycene keramicke smesi V prubehu prvni 8 druhe etapy cJektroodporoveho SUSPlll 

Obr. 1. Zpusob izolace tl!lesa. 
Obr. 2. Gasove zavislosti povrchoveho toku hmotnosti, tepla a zdroje tepla. 
Obr. 3. Experimentalnl! stanovene casove vyvoje teplotnich a vlhkostnich profilu. Parametr u kfivek 

ma vyznam casu V minutach. 
Obr. 4. Gasove vyvoje teplotnich a vlhkostnich projilu vypoctene pro pfipad konstantnich materialo­

vych velicin. Parametr u kfivek ma vyznam fosu v minutach. 
Obr. 5. Gasove vyvoje teplotnich a vlhkostnich profilu vypoctene pro pfipad teplotnc a vlhkostnl! za­

vislych materialovych velicin. Parametr u kfivek ma vyznam casu v minutach. 

3JIEKTPOCOllPOTHBHTEJlbHAH C"YmKA KEPAMHKH II. 

3KCITEPHMEHTAJlbHAH ITPOBEPKA MO)J;EJIH 

Hpm.u: l',rnp;m, 3Ba I'peropom1, cDpaHTJIIIICI\ OyJ1pmJ1 

Xu.MUJw-mex110Aoiu,iec1.uii 111tcmumym, i.aifieopa mexnoAozuu rr1,iu1.amo6 
166 28 Ilpaaa 6 

,I.1;1rn: ABYX TJIIJOB MaTeMaTH'ICCKHX MO/.(eJTeii 3JTBKTpoco11p0TJ1BHTCJihHOM cyrmrn (i) C IIO­
CTOJIHHhlMH Bemi:q:.u:HaMJI MaTep:.u:a,Ia JI (ii) C BeJI:.u:q:.u:HaMI! MaTepJlaJia, aaBHCJIMh!Mll OT BJiam­
HOCTJI II TBMrrepaTyphl rrpOBO)__(ll:11! rrpoaepi;y rrpJII'OAHOCTH MOABJIJI :.u: IIOi-(6opa HCXO)_THh!X 
H KpaeBhlX ycJTOBHii rryTeM COJ!Ot'TaBJieHIIH C 3KcrrepHMBHTaJihHhIMll peayJihTaTaMll. IlpJI 
co6JIIOACHHH ycJIOBHH, ;_\;[JI KOTOphlX 6hlJia BblBB/.(eHa MaTCMaTJlqecKaJI Mo;iem, (Oi-!HOpaa­
MepHoe Teqe1rne TBIIJia II BJtalHHOCTH, IICXO/\Hhie H KpaeBblC ycJIOBHJI) COIIOCT/lBJieHJIC BpC­
MCHHbIX pa3BHTJIH rrpocp:.u:Jieii TBMIIepaTypI,I JI BJ18lHHOCT.ll B TeJie IIOKH3aJTO, 'ITO MaTeMaTH­
qecKalI MO).\eJib (i), OCHOBbIBllIOID;llHCJI Ha IIOCTOJIHHhIX MHTep1rnm1 (D, a, A II Cp), HeaaBJICHID;HX 
OT HOHD;BHTpau;:.u:H II TeMrrepaTyphI, Ha/\BlHHO OTpamaeT IJOBe/\CHHe TCJI, rrplffOTOBJICHHh!X 
H3 HllChIIIIeHHOii KepaMJlqecKOH CMCCII, BO BpCMJI rrepaoro JI BTOporo 3Tarra 3JlBIHpororrpo­
TIIBJ1TC,IbHOH cymHH. 

Puc. 1. Cnoco6 uaoA.11,lfuU meAa. 
Puc. 2. Bpe.Menn&ie aa6UCU.Mocmu noeepx11,ocm11,oao me<ienu1i .Maccbi, men.in u ucmo<inui.a 

menAa. 
Puc. 3. Bpe.Men11,bie paa6umu.11, me.MnepamypnblX u 6.MJ/C11,ocmn&ix npo,jJUAeii, ycma1-toeAennbie 

:Ji.cnepu.Mei-1,maAbH,bW nyme.M. Ilapa.uemp y 1.pU6blX o6oana<iaem 6pe.M.11, 6 .uunymax. 
Puc. 4. Bpe.Men11,b1e paaeumUJi meMnepamypH,blX u 6AaJ/CH,ocm11,b1x npoifiuAeii, pacc,iuman11,b1e 

e cAy<iae nocmo1inn&1x .MamepuaA&n&ix eeAu<iun. IlapaMemp y 1.puebix 06oa11,a,iaem 
6pe.u1i 6 Munymax. 

Puc. 5. BpeMennbie paa6umu.11, me.Mnepamyp11,b1x u 6AaJ/Cnocmn&ix npoifiuAeii, pacc<iumann&ie 
6 CA]J1lae .MamepuaAbH,blX BeAu<iun, daeucU.MblX om meMnepamyp&i u eAaJ1Cnomu. Ilapa­
.Memp y 1.pu6&1X o6oana"aern epeM,JI, e Munymax. 
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