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CONVECTIVE DRYING OF CERAMIC BODY, PART II —
EXPERIMENTAL VERIFICATION OF THE MODEL
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A mathematical model of convective drying of a plate — shaped ceramic body
in periods I and II of drying was verified experimentally. An electroporcelain
mix with an elevated content of o-Al,O3 was used. The time development
of moisture and temperature profile in the body and the time dependence of
surface moisture and heat flures were determined. The time development of
moisture and temperature profiles was compared with those calculated from
both models, i.e. with the model involving thermodiffusion and with that
neglecting it. A satisfactory agreement between the model and the experiment
was established, and thermodiffusion was found to heve a negligible effect on
water transfer in the drying of ceramic paste.

INTRODUCTION

Part I was concerned with two models for convective drying of plate-shaped
ceramic body in periods I and II of the drying process; one model considered
thermodiffusion while the other neglected this phenomenon. Verification of the
suitability of the models and determination of the effect of thermodiffusion on
water transfer during the drying require a comparison of the models with
experimental results. To provide a reliable comparison, the experimental arrange-
ment must correspond to the conditions under which the model has been created,
and vice versa. Moreover, the model should include the minimum number of
quantities which must be determined experimentally for this comparison. In our
instance, these were
— onedimensionality of heat and mass transfer,

— determination of initial conditions (initial moisture and temperature distri-
bution),

— determination of boundary conditions (time dependence of surface moisture
and heat fluxes),

— determination of the time development of moisture and temperature
profiles.

EXPERIMENTAL

The experimental measurements were carried out on an electroporcelain mix
with an elevated content of «-Al;03;. The bodies 30 X30X60 mm in size were
prepared by drawing on a vacuum auger, insulated and allowed to equalize the
moisture content throughout the body volume.

In the modelling of onedimensional moisture and heat transfer in the body,
the insulation was removed from two opposite surfaces and the other surfaces
were thermally insulated. This insulation is shown in Fig. 1. The hatched areas
were coated with lacquer, and the boards at the body represent thermal insulation.

The temperature profiles were measured with copper-constantan thermocouples
in differential arrangement. The measuring thermocouples were placed in Various
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body depths from its centre to its surface. The temperature was recorded as
thermoelectric voltage on a digital millivoltmeter.

The bodies prepared in this way were placed in a laboratory recycling drying
oven with their insulation-free surfaces parallel with the direction of the mowing
air. The parameters of the drying medium were as follows: rate of flow v
= 1.7 ms—1, relative humidity 559, and the dry thermometer temperature £,
= 45°C.
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Fig. 1. Insulation of the ceramic body.
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Fig. 2. Time dependence of motisture profiles in the body.
A — experimental profiles, B — calculated profiles. The parameter at the curves
has the significance of time in minutes.
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Fig. 3. Time development of temperature profiles in the body.
A — experimental profiles, B — calculated profiles. The parameter at the curves
has the significance of time in minutes.
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Fig. 4. Time dependence of the surface moisture flux.

Losses in the body weight, the time development of the temperature profiles
and the time development of the moisture profiles in the body, determined by
cutting the body to pieces, were then measured at regular intervals of time.
The time dependence of the surface moisture fluxes were then calculated from
the body weight losses, and the time dependence of surface heat fluxes from
the time development of temperature profiles. Typical experimental time develop-
ments of moisture and temperature profiles are shown in Figs. 2 and 3, de-
signation A. Figs. 4 and 5 show the time dependences of surface moisture and
heat fluxes.
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Fig. 5. Time dependence of the surface heat flux.

DISCUSSION

The time development of moisture and temperature profiles can be calculated
and compared for any arbitrary choice of boundary conditions, or it is possible to
substitute directly their realistically attainable relationships. The latter method
was chosen for the comparison. The calculations were carried for the following
input data:

— initial homogeneous moisture and temperature distribution

Co = 0.4450 m3m-3 Ty = 296 K,

— time dependence of surface moisture and heat fluxes according to Figs.
4 an 5,
— temperature dependence of the diffusion coefficient [1]

D = 3.93 exp (—5645/T) m2s-1,
— temperature dependence of the thermal diffusion coefficient [2]
Dy = 3.9 X 103 exp (—14095/T) m2s—1K-1,
— moisture dependence of thermal diffusivity [3]
a = (1.998 X 10~7 - 4.791 X 10-8W — 1.037 X 10°W2)  m-1,
— moisture dependence of thermal conductivity in the form [4]
A= (—1.285+ 2.683 X 10~1W — 5.325 X 1073W2) Wm-1K-1,
— moisture dependence of specific heat in the form [4]
cp = (—1107.1 + 34.73W) J kg—1K-1,

where W is the absolute moisture content.
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Substitution of these relationships into equations (42 and 43) (cf. Part I)
yielded the time development of moisture and temperature profiles shown in
Figs. 2 and 3, designation B. The procedure provided the time development of
moisture and temperature profiles in the case of the model considering the
effect of thermodiffusion.

The effect of thermodiffusion on water transfer during drying can be determi-
ned by substituting the above relationships into the model not considering
thermodiffusion, i.e. equations (57) and (58). As the time dependence of the
moisture and temperature profiles are identical, they are not specified here.

The effect of thermodiffusion was evaluated by comparing the computed
moisture profiles from both models. This comparison was carried out on the
basis of expressing the mean quadratic error. The comparison shows that the
mean quadratic error ¢ = 0. This means that thermodiffusion, which in the
given instance concerns the heating period only, has no effect on water transfer
during the drying of a saturated ceramic mix if the temperature gradient is
600 K m-1.

The comparison of the time development of moisture and temperature profiles
implies that the assumptions taken in the formulation of the problem are satis-
factory for a mathematical description of the convective drying operation. The
model therefore allows the time development of moisture and temperature pro-
files to be calculated with a satisfactory accuracy.

CONCLUSION

The agreement between the model and the experiment justifies the approach
to the resolving of the convective drying of ceramic bodies and shows that the
choice of symplifying assumptions introduced in the formulation of the problem
were correct. The model allows the time development of moisture and temperature
profiles in ceramic body to be calculated with a satisfactory accuracy. This
means that with any arbitrary drying curve (the time dependence of surface
=45°C. moisture flux) it is possible to predict the corresponding moisture profile in

the body and determine whether the drying schedule employed will leadto damaging
the green ware or not.
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KONVEKCNI SUSENI KERAMICKEHO TESTA, CAST II. —
EXPERIMENTALNI OVERENI MODELU

Frantifek Oujiri, Jiti Havrda

Katedra technologie silikdti, Vysokd skola chemickotechnologickd, 166 28 Praha 6

V é4asti I byly odvozeny modely konvekéniho suSeni keramického té&sta 1. s termodifazi
a 2. bez termodifiuze. Ovéieni vhodnosti pfijatych predpoklada zavedenych pfi formulaci ulohy,
podéateénich a okrajovych podminek a vlivu termodifuze na pienos vody pfi suSeni lze provést
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na zéklad® porovnani modelu s experimentélnim méfenim. Z uvedenych porovnéni vyplynula
vhodnost prfistupu k Fefeni povazujici pfenos vlhkosti za diftzi a pfenos tepla za vedeni,
sprdvnost volby poditeénich a okrajovych podminek uvaZované operace a zanedbatelny vliv
termodifiize na prenos vody pfi suSeni keramického télesa.

Obr. 1. Zprsob izolace télesa.
Obr. 2. Casové vyvoje vlhkostnich profilit v télese.
A — profily naméfené, B — profily vypobtené. Parametr w kfivek md vyznam éasu

v minutdch.

Obr. 3. Casové vijwaje teplotnich profilis v t&lese.
A — profily naméfené, B — profily vypobtené. Parametr w kiivek md vyznam Easu
v minutdch.

Obr. 4. Casovd zdvislost povrchového toku vlhkosti.
Obr. 5. Casovd zdvislost povrchového toku tepla.

KOHBEKTUBHAA CYIIKA KEPAMHYIECKOTI' O TEJIA,
YACTb Il — BKCIIEPUMEHTAJBHAA INPOBEPKA MOJOEJIHU

Opantumerx Oyupxku, Wpxkn I'aBpia

kKagedpa mexnrnozuU cuAuUKamos, X uMuko-mexHor02useckull uncmumym
166 28 IIpaza 6

B wacrtu | BHBOAMJIH MO;IefIl KOHBEKTMBHOH CYIIKM KePaMHTECKOrO Tella, BO-IEPBRIX
¢ repmofndgysneir 1 Bo-BTOPEIX Gea Tepmopu¢pdysnn. I[poBepxy DPATONHOCTH NPAHATEIX
IpeIoKeHAN, BBeIeHHEIX OpN OPMYJIMPOBKe 3alaHUA, HaYaJIbHHX M KOHTYDHEIX YCJIOBHI
® BIHAHAA TepMoiud@ysaum Ha Iepenauy BJIAKHOCTH IPH CYIIKe, MOKHO NIPOBOJIHTH Ha
OCHOBAHHH CONOCTABJIEHHS MOJEJIM C SKCIEePHMMEHTA:IbHKIM H3MepeHHeM. V3 mpHUBOREMEIX
CONOCTaBIIeHUH cjleflyeT OPUrOAHOCTh MOAXOAA K PellleHMIo, IPH KOTODOM Iepenada BJIaiK-
HOCTH cuATaeTca nuddysmeil u meperaua Tema TeINIONPOBOJHOCTHIO, OIPaBXAHHOCTD
nopbopa HaYalbHHIX H KOHTYDHBEIX YCJIOBHIl paccmaTpmBaeMmoil omepamuu M mpeneGpera-
TeJIbHOE BIIASIHAE TepMoAM(P(Y3MmH Ha Depenady BJIAKHOCTE OPH CYIIKEe KepaMHAIeCKOro
Tewa.

Puc. 1. Cnocob uaoasryuu meaa.

Puc. 2. Bpemennoe pazeumue npoguneii eaanmcrnocmu ¢ meae; A — uamepaembie npoguau,
B — pacwumannvie npogpuau. Ilapamemp y kpusblx useem 3HaYeHUE 8PEMEHU 8 MU-
Hymazx.

Puc. 3. Bpemennoe pazeumue memnepamyphblx npoguaeti 6 meae; A — uamepaemvie npo-
duau, B — pacvumannvie npoguau. Ilapamemp y xpuebly u.meem aHAYEHUE 6DEMERL
8 MuNymax.

Puc. 4. Bpemernaa aagucumocms noeeprHoCMHOl nepedasu 64ascHoCmu.

Puc. 5. Bpemennaa aasucumocmd noseprHocmuoll nepedawu menaa.

ED. R. E. FISHER: ADVANCES IN CERAMICS, VOL. 13.,, NEW DEVELOPMENTS,
IN MONOLITHIC REFRACTORIES (Pokroky v keramice, sv. 13, Nové vyvojové trendy
v monolitickych Zdrovzdornych materidlech), 424 str. The American Ceramic Society, Inc.
Columbus, Ohio, 1985. Cena necuvedena.

Kniha je sbornikem mezinédrodniho sympozia o novych smérech vyvoje v monolitickych
Zérovzdornych materidlech, pofddaného jako 86. vyroéni schiize Americké keramické spoleé-
nosti 29. 4.—3. 5. 1984 v Pittsburghu. Obsahuje 32 &lankt ptednich odbornikii, zachycujicich
nové védecké a technologické poznatky a ukazujici rostouci pouziti monolitickych Zarovzdor-
nych materidla v USA, Evropd a Japonsku. Jsou rozdsleny do $esti tematickych celku, a to:
svétovy vyvoj v pouziti Zdromonoliti, zafizeni pro zkouSeni vlastnosti, zafizeni a smési pro
aplikaci, smési s nizkym obsahem cementu, pouziti ve vysokych pecich a aplikace pro speci-
fické ucely.

Publikace piedstavuje vynikajici prispévek do knihovny védeckych pracovnika stejn&
jako inZenyru z praxe, zabyvajicich se problematikou Zadromonolitu.

J. Kutzendorfer
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