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The method of three thermal sources, based on creation of a constant electric
Jfield potential and a temperature profile in the body, was worked out for the
purpose of determining the thermeelectric coefficient. The results showed that
the effect of the thermoelectric process on the flux of electric current can be
neglected.

INTRODUCTION

A water-saturated ceramic mix is regarded as a binary mixture of incompressible
components, where the solid phase (the ceramic material) consists of neutral
particles homogeneously surrounded with water or electrolyte. On this assumption,
the transmission of electric charges can be regarded as diffusion, because it involves
a relative movement of ions with respect to neutral particles. From the standpoint
of electric current transmission, the water-saturated ceramic mix then behaves
as an inhomogeneous electric conductor for which the following equation helds
according to the thermodynamics of irreversible processes [1—3]:

j=—ograd ¢p — Lygradc— L,grad T, (1)
where o is the specific electric conductivity, grad ¢ is the electric field potential,

¢ is concentration, 7' is temperature and L; and L, are phenomenological coeffi-
cients. By rearranging equation (1) one obtains:

j = —o(grad ¢ + (L:/o) grad ¢ 4+ (L2 /o) grad T') (2)
and on introducing
j = oE, (3)
where E is the electric field intensity, for which it holds that E = —grad ¢, one
obtains
j=o(E+ Ey), 4)
where E, = —(L, /o) grad ¢ — (L, /o) grad T is the imprinted electric field intensity,

which specifies the non-electrical causes of electric current. In the given case,
it is associated with the concentration gradient and the temperature gradient.
The electric current may therefore also arise as a result of the diffusion-electric
process, due to the concentration gradient, and as that of the thermoelectric process,
due to the temperature gradient. The phenomenological coefficients L, and L,
can therefore be given the terms diffusion-electric coefficient and thermo-electric
coefficient respectively. To describe the behaviour of a water-saturated ceramic
mix in an electric field it is therefore necessary to determine the significance of the
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imprinted electric field intensity on current transmission, i.e. to determine the
values of coefficients L; and L,.

The present study had the aim to work out a method for reliable determination
of the thermoelectric coefficient in a-waber-saturated porcelain mix and to determi-
ne the significance of the effect of the thermoelectric process on the electric current
flux.

THE METHOD USED IN DETERMINING THE THERMOELECTRIC
COEFFICIENT

During unidirectional transmission of electric current in a prism-shaped body L
in length under the condition of zero concentration gradient, an electric field
potential and a temperature gradient will develop inside the body. After a certain
time, the process will equalize, i.e. j = const., and the electric current flux density
is then described by the equation

j = —0 d (p/d:'l.‘ —_— Lz dT/dx, (5)

where z is the ordinate in the direction of the transmission. At the same time, for
J it holds that
j = —0en do/dz, (6)
where oerr has the significance of effective specific electric conductivity, also
including the effect of the temperature gradient. In a staedy state, the following
equation for the calculation of the thermoelectric coefficient is obtained by joining
equations (5) and (6):
Ly = (dett — 0) (dg/dz) (dT/dz)"". (7)

In order to calculate the thermoelectric coefficient L, in steady state, one has
therefore to know desr, o, the electric field potential dp/dx and the temperature
gradient in the body, d7'/dz.

The relationship for the calculation of d7'/dz from the temperature profile can
be obtained by resolving the transmission equation of heat with an internal three-
dimensional source of heat. For unidirectional heat transmission and on the condi-
tion that g, ¢, 4 = const., it has the form

ocp T = A 32T + or, @8
where g is the density, ¢, is the specific heat, 4 is the thermal conductivity, gr is
the three-dimensional heat source d; and 0. represents a derivative in terms of
time and the ordinate. For a steady state, i.e. when 0,7 = 0, gr = const.,
equation (8) acquires the form

a 02T + rc;'= 0, 9)

where a is the thermal conductivity for which it holds that a = 4/gcp. On introdu-
cing the designation K = —r/cpa and resolving equation (9) for the boundary condi-
tions
z =0, T="T
ZL p_p T>Ty (10)
we obtain the temperature profile having the form
T = Ka? + bz + T, (1)

where b = (T, — T',)/|L — K L.
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To determine L, and its temperature dependence, the authors suggested the
method of three thermal sources, which ensures unidirectional transmission
of electric current and heat. The method is based on creating and determining
a constant electric field potential and a temperature profile in the body in steady
state, when the heat is supplied by two external sources and one internal source.

The apparatus, whose schematic diagram is shown in Fig. 1, consists of two
thermostats 7, 2, which supply water at temperatures 7'; and 7', into copper prisms
3. A body 30 mm X 30 mm in cross section and L in length, provided with thermal
insulation 6 and a moisture barrier 5 is placed between the two thermostats, while
it holds that L e (48 mm; 53 mm). Two electrodes 8 (carbon-filled rubber with
aluminium wool) supply the body with constant adjustable alternating voltage from
transformer 12, the voltage being indicated by voltmeter 71. Another voltmeter
13 measures the voltage on the body. The current passing through the body is
recorded by ammeter 10. The system (heat sources I, 2 — electrodes § — and
body 4) is loaded by force ' = 6 N. The temperature field in the body is measured
by copper-constantan thermocouples 7.

F=G6N
3 8 |
s = 5
4 7 KV
6 : s |
1 5 3 2

9
n @Y o
© O==

Fig. 1. Schematic diagram of the apparatus for the method of three heat sources; 1, 2 — water thermo-
stats at temperatures Ty and T, 3 — copper prisms, 4 — body, 5 — moisture barrier, 6 — thermal
insulation, 7 ,— thermocouples, 8 — electrodes, 9 — switch, 10 — ammeter, 11 — voltmeter, 12 —

transformer.
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Fig. 2. Relationship U = U(z).
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The bodies were prepared from water-saturated porcelain mix with a zero
content of soluble salts (grad ¢ = 0) [5] with a moisture content of 26 9, by forming
on an auger. Following moisture-proofing, the bodies were kept for 48 hours
in a water-saturated medium at constant temperature. Using the procedure descri-
bed in [4], the bodies were subjected to unidirectional measurement of electric
field potential in the experimental arrangement showed in Fig. 1. For the tempera-
tures 7, = 298.1 K and 7, = 320.7 K and the overall voltage U = 30V, the
relationship U = U(x) measured on the body of L = 4.9 1072 is plotted in Fig. 2.

The experimental results indicate that at a temperature gradient of 461 Km™1
on the body, the voltage on the body amounts to 22 V and the dependence U =
= U() is linear. The voltage on the body corresponds to the electric field potential
of dg/dx = 449 Vm™!. '

The temperature profiles in the body in steady state were measured under two
different conditions, i.e. (i) without connecting, and (ii) after connecting the body
into the electric circuit. The results of the measurements for the body voltage
U = 22 V areshown in Fig. 3. When the body has not been connected to the elec-
tric circuit, the temperature profile obtained by resolving equation (9) without
the three-dimensional heat source, i.e. gr = 0, for conditions (10) has the form

T=T,—T))z/L+ T, (12)
and for the mean body temperature in holds that
T = (T, + T2) 2. (13)
T ] ] 1 ¥ 1
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Fig. 3. Temperature profile in the body at U = 22 V; 1 — witheut electric current, 2 — with electric
current.

Approximation of the experimental data (Fig. 3, relationship 1) by means of equa-
tion (12) yields the following temperature gradient in the body:

(T, — Ty)/L = 455 Km™1, (14)

In the case of measurements with the body connected to the electric circuit,
approximation of the experimental data (Fig. 3, dependence 2) by means of equa-
tion (11) provides the temperature profile in the form

T = (—13.3332x2 4 455.266x 4 304.13) K, (15)
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which gives the following body surface temperatures:
T,=30413K; T, = 326.86 K. (16)
To estimate d7T'/dz, let us now introduce a simplification, assuming a linear profile

in the body even during the passage of electric current. On neglecting the first
term of equation (15) the temperature profile is obtained in the form

T = (455.266z + 304.13) K, (17)
and from this the temperatures on the body surface,
T, =30413K; 7T, = 326,89 K (18)
and the temperature gradient in the body,
(T, —T,)|L = 455.2 Km~1. (19)

When taking into account that an inaccurate determination of the position of ther-
mocouples in the body amounting to 0.5 mm corresponds to an error of 0.24 K
in the determination of temperature, the simplification introduced into the evalua-
tion of the temperature gradient is justified. Having introduced this assumption
one can find by comparing the temperature gradients, with the use of equations
(14) and (19), that connection of the body to the voltage will create a linear tempe-
rature profile with a slope which is identical to that obtained without the passage
of electric current, merely at a higher mean body temperature.

Measurements of the development of the temperature field in the body during
passage of electric current in terms of time and similar measurements carried out
with the body disconnected from the electric circuit indicated that the heating
inside the bady does not involve any creation of temperature gradients in directions
y and z.
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Flig. 4. Time dependence of mean bedy temperature — 1 and of current — 2
A—-U=19.5V; d7T/dx = 291.8 Km~1
B—-U=22V; d7T/de = 474 Km~!

C -U=22V, dT/dx = 408 Km—1,
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DETERMINATION OF THE THERMOELECTRIC COEFFICIENT BY THE
METHOD OF THREE THERMAL SOURCES

The effect of the temperature gradient on electric current transmission in water-
saturated porcelain mix was determined experimentally at body voltage U = 22V,
or U =195V and at various values of 7'; and 7. The relationships I = I(t)
and T = T'(t) were measured, and that of 7' = T'(x) was determined in steady state.
Using this procedure, the following relationships for three temperature gradients
on the body were established, i.e. 474 Km™1, 408 Km~! and 291.8 Km~!. The
results of the measurements are plotted in Figs. 4 and 5.

With the temperature fields measured, assessment of the justifiability of the
simplified evaluation of of d7'/dz by linearizing these relationships was again
assessed. By approximating T' = T'(x) according to Fig. 5, by means of equation
(11) and (12), the temperatures 7'; and 7', listed in Table I were evaluated. A
comparison again indicates a very satisfactory agreement, bearing out correctness
of the simplification introduced into the evaluation of the dT'/dx temperature
gradients listed in Table I.
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Fig. 5. Temperature profile in the body
1i—- U =19.5V; d7/dz = 291.8 Km~1

2-U=22V; dT/dz = 408 Km~!
3—-U=22V; dT/dz = 474 Km .
Table 1
Temperatures T, and T'; calculated from temperature profiles by parabolic and linear approxima-
tion
T =ka? +bz+ T T =(T,— T1)zL' + T,

U T ' T, T, T, dT/dz
v K K K K Kmt
19.5 300.54 316.48 300.48 316.71 291.8
22 320.98 340.59 320.82 340.78 408
22 304.16 328.11 304.12 328.60 474
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Table 11
The evaluated values in steady state
U dT/dz T I ] dg/dx Cerr
v Km-! K ! Y "Am-—2 Vm-1 Sm-!
|
19.5 291.8 308.6 0.08955 99.50 398 0.250
22 408 330.8 0.1410 156,70 449 0.349
22 474 316.4 0.1152 128.0 449 0.285

The quantities given in Table II were evaluated by means of the data measured
in the steady state.

The specific electric conductivity ¢ for the mean temperatures T established
and for zero concentration of the soluble salts was calculated from the equation
derived in [5] and having the form

o = ((0.01678¢ + 0.0044) T — 4.21c — 1.109)) Sm™™. (20)

The thermoelectric coefficients calculated according to equation (7) are listed
in Table III.

Table 111
The calculated values of the thermoelectric coefficient
d7/dx T de/dz _c Cert L,
Km-1 K | Vm-i Sm-t Sm-t AK-im-T
291.8 308.6 398 0.249 0.250 0.0014
408 330.8 449 0.347 0.349 0.0026
474 316.4 449 0.283 0.285 0.0025

DISCUSSION OF THE RESULTS AND CONCLUSION

The expressed values of thermoelectric coefficients indicate that their values
do not depend on the mean body temperature, nor on the temperature gradient
value within the intervals of the two quantities actually measured. The mean
value of the thermoelectric coefficient is roughly L, =2.1073 AK !m 1. On
calculating the share of the two terms on the right-hand side of equation (5) in the
electric current flux j from the values listed in Table I1I, one finds that the thermo-
electric term represents approximately 0.6 9, of this flux.

If the calculation of L, is carried out e.g. with regard to the accuracy of determi-
ning the specific electric conductivity ¢, one finds that the value of L, obtained
lies within the tolerance of this accuracy.

On the basis of the measurements performed it may be stated that the method
suggested allowed the effect of the thermoelectric process on the alternating current
flux in water-saturated porcelain mix to be determined. In resolving technological
processes involving an alternating electric internal three-dimensional source
of heat, the thermoelectric phenomenon can be neglected.
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TERMOELEKTRICKY PROCES VE VODOU NASYCENE KERAMICKE
SMESI

Jiri Havrda, Eva Gregorova, Frantidek Oujiii

Katedra technologie silikdti, Vysokad skola chemicko-technoloyicka, 166 28 Praha

Pro kvantitativni popis toku stiidavého elektrického proudu ve vodou nasycené porcelanové
smési je nutné znat termoelcktricky koeficient a jeho teplotni zavislost. Pro jeho stanoveni byla
vypracovana metoda tii tepelnych zdroji, pfi niz je pienos tepla a proudu jednosmérny. Metoda
je zalozend na vytvoFeni ¢asové neproménného elektrického pole a teplotniho profilu v télese.
Pro dand napéti byly méFeny ¢asové zdvislosti proudu a teploty a v ustaleném stavu také teplotni
profil. Odtud byly vyhodnoceny termodiftizni koeficienty, které nejsou zavislé na stiedni teploté
talesa ani na gradientu teploty v promérenych intervalech obou veliéin. Vliv termoelektrického
procesu na tok stiidavého proudu ve vodou nasycené porcelanové smési lze zanedbat.

Obr. 1. Schémma aparatury metody t¥i tepelnych zdroju 1, 2 — termostaty s vodou o teploté Ty a T,
3 — médéné hranoly, 4 — téleso, 5 — vlhkostni izolace, 6 — tepelnd izolace, 7 — termoclanky,
8 — elektrody, 9 — vypinaé, 10 — ampérmetr, 11 — voltmetr, 12 — transformdtor.

Obr. 2. Zavislost U = U(x).

Obr. 3. Teplotn! profil v télese pii U = 22 V; 1 — bez elektrického proudu, 2 — s elektrickym prou-
dem.

Obr. 4. Casord zdvislost stredn! teploty télesa — 1 a proudu — 2
A—U=1957V; dT/dx = 291,8 Km~!

B —U=22V; dT/dx = 474 Km~1
C —-~U=22V; dT/dx = 408 Km~.

Obr. 5. Teplotni profil v télese
1-U=195V; d7/de == 291,8 Kt

2 U =22V, AT /dx = 408 Km—!
3 —-—U =22V, d7/dx = 474 Km -\,

TEPMOYJIERTPUHUECKAN TIPOILEECC
B HACBIIEHNOMN BOTOMH REPAMHYECKOH CMECH

Hpmu Tasp;la, 9Ba I'perepoBa, (DpaHTUmier Oyupii
Xumuro-mexnoaocuveckuie unemunmym, wagiedpa mexcnosocni cuauramos, 166 28 1 paca

JUIs ROJIMMICCTBEHHOIO  ONMCalusa MPOTOKA NECPCMCHHOIO TORA B HacLINICHHOH  BOAOI
(apdopoBoil ¢MecH HeOOX0;UMO 3HATH TCPMOXICKTPHUCCRUI ROAPGUIIMCHT # Cro TepMuuec-
RY0 3aBMCHMOCTD. /LT €10 yeTaHOBJICHHS! OLT PaspaGoTaH METO,| TPeX TEILIOBLIX MCTOU-
HITKOB, I7I¢ HCPEeHOU TCILTA H TOKd HPOTCKACT B 0,\HOM HallpaB.IeHWH. MeTO;{ OCHOBBIBACTC 3
Hil CO3LAHHM BPCMCHHO HCITCPEMEHHOIO DIICKTPHUCC KOO 11003 1 TEMHICPATY PHOIO TPOQM.Ts
B rte:te. sl JlaHHBIX HaMPSUKCHHI NBMCPAUIC], BPCMCHIILIE 3aBHCIIMOCTH TOKA M TeMIepa-
TYPhl M B YCTAHOBUBIIEMCH COCTOHHHH TalkMKC TeMiepaTypHbii npodm.in. Ha ocHoBaHRu
TOO MCeTCH0BA T TePMO,PPY3HOHHLE KODPOUIHEHTL, KOTOPLIC He 3aBHCHT OT ¢ PC/IHEe
TeMICPATYPLl TC.1A, HIf OT IPa;\MEHTA TCMNCPATYPLl B H3MEPACMBIX IIHTCPBa.Jax odenx Be-
JManH. BImAaHueM TePMODICKTPUUCCROIO TPoHerea Ha HPOTOK TICPCMEHHOO TOKd B HAChi-
NICHNOiH B0, GapopoBoil cMeclt MOIKHO [PEHCHPeraTh.
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Puc. 1. Cxema annapainyput smemoda mpex mepsmuneckur ucmowHuroc; 1, 2 — mepmocmamet
¢ 6000t memnepamypwt T1 w T2, 3 — mednsie npusmsl, 4 — measo, 5 — eaasncrocmmras
uzoasyug, 6 — mepsouzoasyus, § — saekmpodsl, 9 — evikarowameas, 10 - - awnep-
semp, 11 — coavmasemp, 12 -~ mparcgopstamop.

Puc. 2. Basucumocmy ¥ =V (z).

Puc. 3. Temnepamyprwtii npogras ¢ meae npu 3 =22V 1 — 6Ges saexmpuueckoco moxra
2 — € BACKM PUNCCEUM NMOEOM.

Puc. 4. Bpemennas aacucusmocmu cpedneic mesnepamypv. meaa — 1 w moka - 2; A —V =
= 19,6 V; dT|dx = 291,8 xm~!
B—YV =22V, dT|dx = 474 Km—?
C—Y =22V, dT|dec = 408 Kt

Puc. 5. Temnepamyprwii npoguan e meae: 1 — ¥ = 195 V: dT[dx = 291,8 Ka=1, 2 — YV =
=22V, dT/dz == 208 Km~', 8 - - ¥V =22V, dT|dz = 474 'm~.

TOVARNA NA KERAMICKE FILTRY. Americka firma Corning Glass Works postavi
pobliz Corning, N. Y. vyrobnijednotku, kde bude vyrabét keramické filtry pro &idténi roztavenych
kov a slitin. Tyto filtry se pouzivaji ve slévarnich k odstranovani strusky a nekovovych neéistot
7 tavenin b&hem liti. Corning planuje pfeneseni této vyroby z jiné keramické tovarny do nového
provozu, aby &elila stoupajici poptavce.

{Am. Ceram. Soc. Bull., 67, 1988, &. 10. s. 1594)
Douskovd

VYZNAM SKLA V ROCE 2000 byl hlavaim tématem jarniho zasedani Society of Glass
Technology. V oblasti obalového skla by mél byt do roku 2000 splnén poZadavek na desetindsobn
vyssi pevnost a padesatiprocentni sniZeni hmotnosti, pfi¢em# b&hem pfistich dvou let bude
stavajici pevnost dvoj- aZz trojnasobné zvydena. Navic je nezbytné nutné pro zachovani konku-
rence schopnosti s ostatniini obalovymi materialy snizit vyrobni naklady o 20 9;, nebot naklady
na vybaveni a energii jsou stale prFilis vysoké. Dalii moznosti snizeni nakladu je prodlouzeni
kampané tavicich peci az na 15 let, zajisténi daliiho sniZeni poétu pracovnich sil pomoci auto-
matizace a vypo&etni techniky a omezeni ztrat na plnici lince. Mezi pozadavky, kladené na dalsi
vyvoj sklatskych peci, patii snizeni dkodlivych enisi, sniZeni spotFeby energie, zlepseni kvality
skla a dalsi vyuziti recyklizace tepla. Posledni typ sklarské pece, testovany firmou Sorg, vyuziva
rekuperatory pro piedehiivani vzduchu. ProtoZe jsou naklady na rekuperatory vyssi ve srovnani
s naklady na regeneratory, je odpadni teplo vyuZivano k pfedehfivani kmene a stfepu. Dalsi
vyhodou je i to, %e pfedehFiva¢ stiep pasobi zaroven jako filtr k zachycovani emisi. Na zasedani
byly dale diskutovany alternativni tavici metody — predeviim elektrické taveni, vyuzivani
barvicich bunék, obohacovani spalovaciho vzduchu kyslikem a otapéni plazmou. Mnoho z téchto
zpusobu je dosud ve stadiu vyvoje, v nékterych pripadech jsou zFejmé problémy skvalitouutavené
skloviny. V oblasti navrhovini novych sklenénych obali byl potvrzen pFinos systému CAD/CAM.
Pomoci tohoto systému je mozné nejen uréit piresné rozméry sklen&ného obalu, ale i stanovit jeho
pfesny objem a vypotitat potiebné mnozstvi skloviny. V budoucnu bude systém slouzit ke stano-
veni vyrobnich nikladt a ke sledovini rozlozeni napéti.

Glass, 65, 1988, &. 8, s. 333, 335
Fryntovd
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