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The method of three thnrnal sourc,,s, based on creation of a constant electric 
field potential and a temperature profile in the body, u·as worked out for th� 
purpose of determining the thermoelectric coefficient. The results showed that 
the effect of the thermoelectric process on the flux of electric current can b� 
neglPcted. 

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 re,;pect 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 holds 
according to the thermodynamics of irreversible processes [1-3]: 

j = -a grad rp - L1 grad c - L2 grad T, (1) 

where a is the specific electric conductivity, grad rp is the electric field potential, 
c is concentration, T is temperature and L1 and L2 a.re phenomenological coeffi­
cients. By rearranging equation ( 1) one obtains: 

j = -a(grad cp + (L1 /a) grad c + (L2 /a) grad T) (2) 

and on introducing 
j = aE, (3) 

,,·here f is the electric field inten;;ity, for which it holds that E = -grad rp, one 
obtains 

j = a(E + Ev), (4) 

where Ev = -(L1 /a) grad c - (L2 /a) grad Tis the imprinted electric field intensity, 
which specifies the non-electrical causes of electric current. In the given case, 
it i;; associated with the concentration gradient and the temperature gradient. 
The electric current may therefore also arise as a result of the diffusion-electric 
proceRR, due to the concentration gradient, and as that of the thermoelectric process, 
due to the temperature gradient. The phenomenological coefficients L1 and L2 

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 L1 and L2. 

The present study had the aim to work out a method for reliable determination 
of the thermoelectric coefficient in a,w.a.1ier-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 =-ad q,/dx - L2 dT/dx, (5) 

where x is the ordinate in the direction of the transmission. At the same time, for 
J it holds that 

j = -O'err dq,/dx, (6) 

where O'err ha.s 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): 

L2 = (O'ett - O') (dq,/dx) (dT/dx)-1
• (7) 

In order to calculate the thermoelectric coefficient L2 in steady state, one has 
therefore to know O'err, O', the electric field potential dq,/dx and the temperature 
gradient in the body, dT/dx. 

The relationship for the calculation of dT/dx 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 (!, cp , A. = const., it ha.s the form 

(!Cp o,T = 1i. o;T + er, (8) 

where e is the density, cp is the specific heat, A. is the thermal conductivity, er is 
the three-dimensional heat source Ot and Oz represents a. derivative in terms of 
time and the ordinate. For a steady state, i.e. when o,T = 0, er = const., 
equa.tion (8) acquires the form 

a o;T + rc;1 = 0, (9) 

where a is the thermal conductivity for which it holds that a = A.fecp . On introdu­
cing the designation K = --r/cpa and resolving equation (9) for the boundary condi­
tions 

X = 0, T = T1 

X = L, T = T2 

we obtain the temperature profile having the form 

T = Kx2 +bx+ T1, 

where b = (T2 - T1 )/L - KL.

6 

(10) 

(11) 
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To determine L2 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 schema.tic diagram is shown in Fig. I, consists of two 
thermostats 1, 2, which supply water at temperatures T1 and T2 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 LE (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 11. Another voltmeter
13 measures the voltage on the body. The current passing through the body is
recorded by ammeter 10. The system (heat sources 1, 2 - electrodes 8- and
body 4) is loaded by force F = 6 N. The temperature field in the body is measured
by copper-consta.ntan thermocouples 7.

F=6N 

1 2 

Fig. 1. Schematic diagram of the apparatus for the method of three heat sources; 1, 2 - water thermo­
.,tata at temperatures T1 and T2 3 - copper prisrns, 4 - body, 5 - moisture barrier, 6 - thermal 
insulation, 7 - thermocouples, 8 - electrodes, 9 - switch, 10 - ammeter, 11 - voltmeter, 12 -• 

transformer. 
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The bodies were prepared from water-saturated porcelain mix with a zero 
content of soluble salts (grad c = 0) [5] with a moisture content of 26 % by forming 
on an auger. Following moisture-proofing, the bodie;:; 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 T1 = 298.1 K and T2 = 320.7 K and the overall voltage U = 30 V, the 
relationship U = U(x) measured on the body of L = 4.9 10-2 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 =-c 

= U(x) is linear. The voltage on the body corresponds to the electric field potential 
of d ip/dx = 449 vm- 1

• 

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 are shown 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-diment<ional heat source, i.e. gr= 0, for conditions (10) has the form 

T = (T2 -T1) x/L + T1 

and for the mean body temperature in holds that 

T 

K 

T = (T1 + T2)/2. 

323 

313 

303 

?9J I 
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mm 

(12) 

(13) 

Fig. 3. Temperature profile in the body at U = 22 V; 1 -- without elPctric current, 2 - with electric 
current. 

Approximation of the experimental data (Fig. 3, relation;:;hip 1) by mean,; of equa­
tion (12) yields the following temperature gradient in the body: 

(T2 -T1 )/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) provide,- the temperature profile in the form 

T = (-13.3332x2 + 455.266x + 304.13) K, (15) 
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which gives the following body surface temperatures: 

T1 = 304.13 K; Tz = 326.86 K. (16) 

To estimate dT/dx, 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 = (455.266x + 304.13) K, (17) 

and from this the temperatures on the body surface, 

T1 = 304.13 K; T2 = 326,89 K 

and the temperature gradient in the body, 

(Tz - T1 )/L = 455.2 Km-1
. 

(18) 

(19) 

When ta.king 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 a.nd similar measurements carried out 
with the body disconnected from the electric circuit indicated that the heating 
inside the bo<ly does not involve any creation of temperature gradients in directions 
y and z.
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F',:g. 4. Time dependence of mean body temperature - 1 and of cu-rrent - 2 
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A - U = 19.5 V; d'l'/dx = 291.8 Km-1 

B - U = 22 V; d'l'/dx = 474 Km- 1 

C - U = 22 V; dT/,h = 408 Km-1• 
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DETERMINATION OF THE THERMOELECTRIC COEFFICIENT BY THE 

METHOD OF THREE THERMAL SOURCES 

The effect of the tempera.ture gradient on electric current transmission in water­
saturated porcelain mix was determined experimentally at body voltage U = 22 V, 
or U = 19.5 V and at various values of T1 and T2 • The relationships I = l(t)
and T = T(t) were measured, and that of T = 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-1 and 291.8 Km-1• 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 dT/<lx by linea.rizing these relationships was again 
assessed. By approximating T = T(x) according to Fig. 5, by means of equation 
(11) and (12), the temperatures T1 and T2 listed in Table I were evaluated. A
comparison a.gain 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 pro.file in the body 

1,- U = 19.5 V; dT/dx = 291.8 Km- 1 

2 - U = 22 V; dT/dx = 408 Km- 1 

3 - U = 22 V; dT/dx = 474Km- 1 

Table I 

Temperatures T, and T2 calculated from temperature profiles by parabolic and linear approxima­
tion 

T = kx2 + bx + T, T = (T2 - T,)xL-1 + 1',

u T, 

I
T, T, I T, 

I
dT/dx 

-

K I K 
----

V K K Km-1 

19.5 300.54 316.48 300.48 316.71 291.8 

22 320.98 340.59 320.82 340.78 408 

22 304.Hi 328.11 304.12 328.60 474 
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Table II 

The evaluated values in steady state 

u 

I
dT/dx 

I
T I I 

I
J 

I
drp/dx <1err 

v 
- - --

T Knc 1 K i Am-2 Vm-1 Sm-1 

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 mea.qured 
in the steady state. 

The specific electric conductivity <1 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 

<1 = ((0.01678c + 0.0044) T - 4.21c - 1.109)) Sm-1
• (20) 

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

'Pahle Ill 

The ealeulated values of the thermoeleetric coefficient 

dT/dx 

I
T1 

I
drp/dx I

(1 <1err L2 
----

K Vm- 1 I -Sm-• Sm-• AK-1m-1 Km-• 
I

I 

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 L2 = 2 . 10-3 AK-1m-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 III, one finds that the thermo­
electric term represents approximately 0.6 % of this flux. 

If the calculation of L2 is carried out e.g. with regard to the accuracy of determi­
ning the specific electric conductivity <1, one finds that the value of L2 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 l'ROCES VE VODOU NASYCENE KERAMJCKE 
S.MESI 

,Jii'i Havrda, Eva Gregorova, Frnntisek Oujii'i 

J,atPrlra t,,dwolor1iP silikatu, T'ysoka l<kola d1Pmir:ko-tPchnoloyicka, 166 211 Praha 

Pro kvantitativ11f popis toku stffdaveho Pl<'ktl'ickeho proudu ve voclou nasycene porcP!anov{, 
smesi je nutne ;mat terrnoelektricky koeticiPnt a jeho teplotni zavislost. Pro jeho stanoveni byla 
vypracov,\,na metoda tti tepeln.foh zdroju, pi'i niz je pfcnos tepla a proudu j<'dnosmi\rny. Metoda 
je zalozen,\, na vytvofrni casove nPpromcnneho elektr·ickeho pole a tPplotniho profilu v teiesP. 
Prn dan{1 napeti byly mefcny casove 7.1'.tvislosti proudu a tcploty ,, v ustalenern stavu take teplotni 
profil. Odtud byly vyhodnoeeny termodif11zni koPticienty, ktPre nejsou zavisle na stredni teploU, 
ti'llesa ani na graclientu t<>ploty v promerenych intel'valech obou velicin. Vliv termoelektrickeho 
procesu na tok sti'idaveho proudu VP vodou nasyc('ne porcelanove smesi lze zanedbat. 

Obr. 1. Schema aparatury metody ti'/ teptln.�ch zdroju 1, 2 - t,,rmostaty s vodou o teplotf T, a 1'2, 

3 - lrU!dene hranoly, 4 - tflPso, 5 - vlhkostni izolace, 6 - tepelna izolace, 7 - termoclanky, 
8 - elektrorly, 9 -- 1·,11vinac, 10 - ampermetr, 11 - i·oltmetr, 12 - tran.ejormator. 

Obr. 2. Zai•islost U = U(x). 
Ohr. 3. 1'Pplotni profil 1· t,/frse pri [: = 22 V; 1 - i,e;; elektrickeho proudu, 2 - s elektrick/;m pr011-

1wm. 
Obr. 4. c\,sodi za-1•islost stfedni teploty tflesa - 1 a proudu - 2 

A U Jfl,,; V; dT/dx 2.91,11 Hm- 1 

H - U = 22 V; c11'/clx 474 Hm-1 
C - U = 22 V; dT/dx 408 Km- 1

• 

Obr. ,5, 1'eplotn[ profit v t,'f[e,s,, 
1 - U = 1.9,.5 V; 
2 - L' = 22 V; 
3 - U = 22 V; 

d7'/dx �" 291,11 Km-·• 
clT/dx = 408 Km- 1 

dT/dx = 474 Km - 1
• 

TEP.\[ O 3 :r EK T P 11 ll EC h' II ii II l' 0 q 1-: cc

B HACblW:EIIllOii BO,.'],OJi J;J-:l',\\IllllECh'Oii C.\11·:CII 

llp;irn ranp;ia, :::Jna l'pcrnpona, <llpaHTm11c1; Oy11parn 

X11.1t111io-111ex1t1J,W�'U•1rr1,11i1 111u·11u1111y111, h"ll,fil'(]p!I 1111';:1111./0c'llll ,·u.u1J;11111111/, //J6 :28 1/pa,•a 

j(Jrn 1;1n11•1c,·TBCHHOJ"O Olllll'illlllll IIJ)OTOK/l lll'Pl'MCHHOJ"O TOt.:a B H/l('J,lll(CHHoii BO;(oii 
<Jiapqioponoii ,·Me,·11 nc0Gxo;111Mo :man, Tl'pMo:1.:1ci;Tp11•rn1·1;11ii t.:oa1pcfH11111euT II crn TepM11•1er-
1,yJO :iaBl!t'llMO!'TI,. ;�.;rn CJ"O Yl'TaHoB;l8H11H Uht:l pa:ipaiiOTclH MCTO;( Tpex TCII,"l(JBJ,!X ll('T(l'I­
HIIJ·WB, r;\e rwpemw Te11:ra u Toi-;a upoTcxaeT JJ 0;1noM nanpan:remru .. \fcT0;1 u,·HoBhJB,WWH 
na ('{);qamrn BJll'M(']]H() lll'IIPpCMCHHOIO ;),"[('i,TIJll'IC('lWIO 11(,,:rn II TPMtwpaTyp1101·0 npoqnr.:rn 
B Te,;1e. ,l],mr :tal!HhlX IIHMJlHiKCHHii 11:i�rnpn:111,· I, H (Jl'ML'IIIIJ,IP :iaBII(' JIMOt"TII Toh:a Ji TeMrrepa­
Typ1,1 U B Y!'TaHOBUBIIIPMl'H ['O('TOllHllll HIJORC Tl'MllcpaTypm,tii 11p()(fJ11.:11,. Ila 0('.HOBaHIIIJ 
TOJ"O Jl('('.:J(';(ona. 111 Tep110;1ncpcpy:moHHl,IC nO:J1jJ1JJ11lll1CHThl, lWTOJl!,I(' ]{(' :1aBHt' llT OT C pc;1ueii 
TeMnepaTyp1,1 Tc.1a, HH OT rpa;v1e11Ta TeM1iep,1Typ1,1 B 11:JMCJllll'Mt.lX JIHTepna.rax oGeux ne­
:111'11111. H.:!11HHIICM Tl:JJM0:1:1c1,TJlll'lPl'h:OJ"O IIJlOl[C('('il Ha IIJJOTOI, 111:]Jl'MCHHOJ'() TOl,il B IIHt'l,l­
ll{CHIIOii BO,(Oii <!lap1j1oponoii !'Ml'<'l! MOlRHO 11penciipp1-aTh. 
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Pur. 1. CxP.Ma ann(lpamyphl .w.Pmooa mp,•.c mep.11,u'teCh'lt.r ucmo'tHui.oc; 1, 2 - mepMocniambl 
(' eoooii 111e.w.11epamypo1 T1 u T2, 3 - .11,f'OHblC 11pu.1.1tb1, 4 - me.w, 5 - i/Jl{l;Jl('llOCIIIHaJt 
uaoJt.'itfwi, 6 - mPp.1wuao.iH1/u.<1,, 8 - a.iennpoOb1, 9 - aoth'.0K1'tame.1b, 10 a'tr,ep­
.11e111p, 11 - ao.1u111.11P111p, 12 - - mpa1-tcif>op.1wmop. 

Puc. '' 311mu·u.11,ocm1, J" = ,V (x). 
Pru·. 3. Te.M,nl'pamypnh1ii 11pogj11.1b u 1111'.ff' npu J" = 22 V; 1 -- OPiJ J,qnm1pu'tec1,o,'o nw1,a 

:.! -- c aAe1anp11't{t'r,;u.1t 111vh.o.w. 
Pw·. 4. Bpe.MPHHa.<1, aaa111:u.w.oc11u, cpeo1u•i1 111e.H11Ppa111yp1,1 me.1a - 1 11 moh·a --- 2; A - .V =

= 19,5 V; dT/dx = 291,8 H.w-1 
B - .V = 22 V: dT/<lx = 47-1 /{.11-1 
C - .V = 22 \'; dT /d.c = -108 H.11 -,

Puc. 5. Te.11,nPpa111yp111,1i1 11poijiuJ11, r: meJil': I - J' � 19,5 V: dT/<lx = 291,8 H.11-1, 2 -- JT 
= 22 V: dT/dx -- 408 ft'_.,-,, 3 - .\· 

= 22 \'.: dT/dx = 474 J.'.1c1. 

TOVA.RN AN A KEH.AMICKf; FILTR Y. Americka firrna Corning Glass Works postavi 
pobliz Corning, N. Y. vyrobni jednotku, kde bude vyrabet keramicke filtry pro cisteni roztavenych 
kovu a slitin. Tyto filtry se pouzivaji ve slen\rn{tch k odstra110vani Htrusky a nekovovych necistot 
z tavenin behem liti. Corning planuje preneseni teto vyroby z jine keramicke tovarny do noveho 
provozu, aby celila stoupajici poptavce. 

(Am. Ceram. Soc. Bull., 67, 1988, e. 10. s. 1594) 
Douskova 

VYZNAM SKLA V ROCE 2000 hyl hlan1im tematem jamiho zasetl{mi Society of Glass 
Technology. V oblasti olmlaveho skla by 111/\1 byi do roku 2000 splnen pozadarnk na desetinasobn<"· 
vyssi pevnosi a padesatiprocentni snizeni hmotnosti, pI'icemz bchem ptistlch d,·ou let bude 
stavajici pevnost dvoj- a½ trojn,1sobne zvysena. Navic je nezbytne nutne pro zachovani konku­
rence schopnosti s ostat nimi obalo,·ymi materillly snizit vyrobni naklady o 20 %, nebof naklady 
na vybaveni a energii jsou st.tie pfilis vysoke. Dalili mofoosti sni½eni nakladu je prodlouzenf 
karnpanc tavicich peci az na 15 lot, zajiAtcni dalsiho :mizeni poctu pracovnich sil pomoci auto­
matizace a vypocetni techniky a ornezeni ztrM, na plnici linee. Mezi pozadavky, klatlene na tlalsi 
vyvoj sklarskych peel, patfi snifoni skodlivych e111isi, snizeni spotfeby energie, zlepseni kvality 
skla a da\si vyuziti recyklizace tepla. Po.slcdni typ sklMske pece, testovany firmou Sorg, vyuziva 
rekupoditory pro pfedehi'iv,mi vzduchn. Prot.oze jsou 11,1klady na rekuperatory vyssi ve srovnani 
s naklady na regeneratory, je odpadni teplo vyuziv,mo k predehrivani kmene a strepu. Daisi 
vyhodou je i to, ze predehfivac stfept1 p(1sobi zarove11 jako filtr k zachycon\ni emisi. Na zasedani 
byly dMe diskutovany alternati\'!ti ta,·ici metody - pfedevsim elektricke taveni, vyuzivAni 
barvicich bunek, obohacov,,ni spalovaciho vzduchu kyslikern a otapeni plazmou. Mnoho z ti\chto 
zpusobu je dosud vu stadiu vyvoje, v nckterych pfipadech jsou zfej me problemy s kvalitou utavenc 
skloviny. V oblasti navrhov,ini novych sklen/\n,ych obal11 by! potvrzen prinos systemu CAD/CAM. 
Pomoci tohoto syst<mrn je 111o½ne nejen urcit pfesne roz111cry sklen/\neho obalu, ale i stanovit jeho 
presny objem a vypocitat potfebne mnozstvi skloviny. V budoucnu bude system slou½it ke stano­
,·eni vyrobnich n,1klacli'1 a ke sledov>'111i rozlo½eni napeti. 

Glass, 6!i, 1988, c. 8, s. 333, 335 
Fryntova 
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