CERAMICS — Silikaty 34, s. 193—198 (1990)

Original papers
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Two types of electric resistance drying models were verified experimentally:
(t) with constant material quantities, (i) with material quantities depending
on temperature and moisture content. It can be concluded that in the case
of electric resistance drying it 18 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 mixz 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 [1]. 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.

EXPERIMENTAL

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 «-Al,0; 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 9%, relative humidity and at temperature 7.
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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 (7' = 308.75K, v = 1.7m s™!,

@ =55 9%).
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Fig. 1. Insulation and waterproofing of the body.

The time dependence of moisture surface low 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 = I(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 fluz.
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Typical relationships of the surface flow of moisture, temperature and the heat
source are plotted in Fig. 2. The experimental time developments of temperature
and moisture profiles are shown in Fig. 3.
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Fig. 3. Expertmentally established time development of temperature and motsture profiles. The para-
meter at the curves signifies time tn 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 conditions, 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 Cy =
= 0.4281 m3m~3, Ty = 293 K

— the temperature dependence of the boundary conditions plotted in Fig. 2,

— the temperature dependence of the diffussion coefficient in the form [2]
D = (2.46. 1074 exp (—2 425/T)) m2s~1

— the moisture content dependence of thermal diffusivity [3, 4]
a=(1988.10"7 + 4.791.10"8 w — 1.037. 102 w?) m2s-1

— the moisture content dependence of specific heat [5]
¢y = (—1107.1 + 34.73 w) J kg~ K—!
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— the moisture content dependence of thermal conductivity [5]
A= (—1.285 + 2.683.10"2 w — 5.325. 103w2) Wm—1K-!

where w is the absolute moisture content.

The time developments of temperature and moisture profiles neglecting the
dependence of material characteristics on moisture content and temperature were
obtained by relating the above values to the temperature of 317.5 K and to the
moisture content ¢ = 0.4200 m3m—3 and by their substituting into equations (18)
and (19) (ef. Part I). The calculated relationships are plotted in Fig. 4.
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1'ig. 4. Time development of temperature and motsture profiles calculated for the case of constant
material characteristics. The parameter at 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 relationships are shewn in Fig. 5.

A comparison of the calculated profiles with the experimental ones indicates
a satisfactory 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
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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 prafiles 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 SUSENI KERAMIKY — GAST II.
EXPERIMENTALNI OVERENIf MODELU

Jifi Havrda, Eva Gregorové, Frantisek Oujiii

Vysokd Skola chemicko-technologickd, Katedra technologie silikdte
Suchbdtarova 5, 166 28 Praha 6

Pro dva typy matematickych modelu elektroodporového suseni (i) s konstantnimi materialo-
vymi veli¢inami a (ii) s materialovymi veli¢inami zavislymi na vlhkosti a teploté je provedeno
ovéfeni vhodnosti modelu a volby po¢atecnich a okrajovych podminek porovnénim s experimen-
talnimi vysledky. Pfi zachovani podminek, pro které byl odvozen matematicky model (jedno-
rozmérny tok tepla vlhkosti, po¢ateéni a okrajové podminky), ukazalo srovnani ¢asovych vyvoju
profila teploty a vlhkosti v télese, Ze matematicky model (i), zaloZeny na materidlovych kon-
stantach (D, a, h a cp) nezavislych na koncentraci a teploté, vystihuje uspokojivé chovani téles
z nasycené keramické smési v prubshu prvni a druhé etapy clektroodporového suseni

Obr. 1. Zpusob izolace télesa.

0br. 2. Casové zdvislosti povrchového toku hmotnosti, tepla a zdroje tepla.

Obr. 3. Experimentdlné stanovené éasové vyvoje teplotnich a vlhkostnich profilii. Parametr w kfivek

mad vyznam ¢asu v minutdch.

0br. 4. Casové vijwoje teplotnich a vlhkostnich profili vypoétené pro pfipad konstaninich materidlo-
vych veliin. Parametr u kfivek md vyznam éasu v minutdch.

. Casové vijwoje teplotnich a vlhkostnich profili vypoétené pro pfipad teplotné a vlhkostné zd-

vislych materidalovych veliéin. Parametr u kifivek md vyznam ¢asu v minutdch.

Obr.
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3JIEKTPOCOIIPOTHUBUTEJBHAA CYIIKA KEPAMUKHU II
SRCIMEPUMEHTAJBHAA INPOBEPKRA MOJEJN

Wpmxu l'asp;la, IBa I'peropoBa, MpaHtumex Oyupmxu

Xumuro-mexionoeuneckuli uicmumym, kagedpa MerHos02UU CUIUKAMO0E

166 28 Ilpaca 6

s [ByX TMIOB MaTeMaTHUYCCKUX MOJeJIeH 3JIEeKTPOCONPOTHBUTCIALHOM cyurxku (i) ¢ 1o-
CTOAHHLIMH BeJIMYMHAMM MatepHaJia m (ii) ¢ BesmunHaAMH MaTepuaJia, 3aBHCHMBIMH OT BIIaiK-
HOCTH M TeMIIepaTypbl IIPOBOjM;IN NPOBEpPKY IPHI'OJHOCTH MOJeJM M I10x60pa MCXOTHBIX
H KDPaeBHIX YCJIOBHH IyTeM COMOCTaBJEHHA C JIKCIePUMEHTAJLHBIMM pedyJiibratamu. llpm
cOOJII0/IeHHU YCJIOBHH, ;1A KOTOPHIX Oblila BblBeJieHA MaTcMaTHYecKas MO;ielTh (OjlLHOpas-
MepHOe TedyeHHe TellJla U B/IaKHOCTH, MCXOJHBIE M KPaeBhIC Y(JIOBUs) COIIOCTABIIEHHC BpC-
MEHHBIX pas3BUTHIl npodmiieil TeMilepaTypsl M BJIAXKHOCTH B Tejle II0KA3aJIO, UTO MaTeMaTH-
Yyeckan MogeJIs (i), ocHOBRIBalOIIasIcs HA IOCTOAHHLIX MaTepuaia (D, a, A ¥ ¢p), He3aBHCAIUX
OT KOHIIEHTPAaIlMHd W TeMIepPaTYPHl, HA;Ie’KHO OTPAKaeT IIOBe;ICHHE TeJI, IPHIOTOBJIEHHbIX
U3 HACBHIIEHHOH KepaMMYecKOH ¢MecH, BO BPeMs MepBOro M BTOPOI'O 3Tana 3JIeKTPOCOIIpo-
THBMTE;IbHOM CYIIKH.

Puc. 1. Cnocob6 usoasyuu meaa.

Puc. 2. BpemerHvie 3a8UCUMOCIMU NOBEPTHOCIMHOZO MEMEHUR MACCbL, MENAA U UCMOMHUKA
menaa.

Puc. 3. Bpemennvie pazgumus memnepamypHbis U 6AANCHOCIMHbIT NpPoPusel, YCmanosieHHblE
akcnepumenmanvrbim nymem. Ilapamemp y xpugvlx obosnavaem 6pems ¢ MUHymar.

Puc. 4. Bpemerrble paseumus memnepamypHuiz U AAHHOCMHKBIE npodiuieii, paccuumannble
6 CAYyuae NOCMOAHHBIT mamepuasbiuix eeauwurn. Ilapamemp y kpusvir o6oznavaem
épemMa & MuKRymaz.

Puc. 5. BpemerHbie pazgumus memnepamypHulr U 6AAHCHOCMHBIT NpoPureli, paccuumarHsie
6 Cayuae MAMEPUALLHBLT 6EAUNUN, JASUCUMBLE om memnepamypbl u eaanchomu. Ilapa-
MEMP Y KEPUGHY 0603HANAEM EPEMA 6 MUHYMAT.
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