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Knowledge of the temperature field8 in the immedirtte proximity of the surface 
of electrodes is a neces.wry prerequisite of investigations concerned with corro
sion and other processes taking place at. the electrodes in glass melts. 

Comprehensive data for thiB purpose can be obtained by means of simple 
mathematical models which contain equations ( 3) and ( 5); the latter also involves 
convective flow described by the uniform velocity profile. The ana.lytiral solution 
(7) of equation (3) describes the tempe1aturefield (Fig. 1) in motionless glass melt.
Equations ( 3) and ( 5) were resolved numerically with the use of the finite differen
ces method and the uniform profile of dimensionless velocity f( 17) was applied. The
effect of the ky product is shown in Figs. 1 and 2 (equation (.3)), the role of velocity
and that of the exponents in equations (Jla, b) and (12a, b) is illustrated by
Figs. 3 through 10. The influenre of hnrmonic 50 Hz current supply can be seen
in Fig. 11 showing the time development of the temperature field.

INTRODUCTIOX 

The temperature field in a glass melt affects a number of parameters in the 
melting process, espeeially those of thermal convective flow and of the intensity of 
chemical and physieal reactions on the electrode surface or in the zones supplied 
with heated and overheated glass melt, i.e. those in the lower parts of the batch 
blanket and at the tank walls. :From the point of view of technology, these para
meters are associated with the tank output and the quality of the glass being 
melted, and can influence the corrosion of electrodes and of the refractory materials 
close by. However, additional phenomena due to non-isothermal conditions in the 
glass melt cannot be ruled out. 

It is difficult to establish experimentally authentic values of temperature close 
to the electrode surface [l, 2]. The methods based on mathematical models seem to 
he more eonvenient in this respect [3, 4, 5]. For this purpose it is necessary to 
use a refined mesh module at small distances from the electrode surfac;e. Unfortu
nately, this measure increases the computing costs. On the other hand, the probable 
occurence of fluctuations of temperature and velocity in the thermal convective 
flow makes the results of experimental investigations of the fields of temperature, 
velocity and eleetric; potential more reliable. 

However, if the fluctuations caused by natural convection can be regarded as 
being slow and of low intensity, the heat transfer process close to the eleetrode 
surfaee can be described by the steady state energy equation, and qualitatively 
valid results of its solutions can be expected. 

The temperature fields adjacent to the electrode surface were resolved mathemati
cally in order to obtain informative data for future research of the electrode 
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corrosion phenomena. A simple model in the simple cylindrical coordinate system was 
chosen and resolved both analytically and numerically. 

The finite differences method was used in the numerical solutions. As no reliable 
data on the velocity field of thermal convection at vertical cylinders were available, 
the 'piston' shape of the dimensionless velocity profiles /(1]) [6] was introduced. 

Estimation of the influence of thermal convective flow" on the shape of the 
temperature field close to the electrode surface will in future allow the quantitative 
shares of the respective driving forces of thermal convection caused by the electro
des, the cold batch blanket and the tank inner walls to be assessed. 

Further utilization of the computing outputs may even be aimed at investi
gating the electrodynamic forces involved in the surface movement of the glass melt 
at the electrode surface and contributing to the corrosion of electrodes. The certain 
inconvenient properties of the cylindrical shape of the energy equation, associated 
with the choice of boundary conditions, have to be tolerated for the sake of 
simplicity of the problem formulation. 

THEORETICAL 

The temperature field close to the electrode surface can be approximately 
described by the steady state energy equation written in cylindrical coordinates, 

ec (vr�: +vz�:)=k(�2[i-+{:� +��!')+rEE. (1) 

Because the electric field close to the electrode surface shows rotational symmetry, 
and if the current i1 Am-1 is distributed uniformly over the unit length (Im) of the 
electrode, the term yEE of equation (1) can be expressed in the simplified form 

i1 = 21tre1Je1 == 2nrJ = 21tyrE. (2) 
Thus, the temperature field in a motionless liquid can be described by the equation 

�:I� + � dT + 
(}!_)2 �1:_ __ = 0.

dr2 r dr 2n ykr2 
(3) 

which is independent of the electric field shape farther apart from the electrode 
surface. 

If the liquid flows parallel with the axis of a vertical electrode, the following 
equation can be written for the region close to the electrode surface: 

Vr 
oT + Vz 

oT = k(oc)-1 (-82_'!'__ + _1:_ 8T + fJ2T) + (yec)-1 (�)2 r-2

8r oz " or2 r r oz2 21t 

Its simplified form can be written as follows: 

(4) 

Vz oT = .!!._ [(-82T + � oT + .P._2!_) _ .2!':___ Vr 
oT] + (yec)-1 ( 2

i: )' 2 r-2 = 0,
OZ (!C or2 r Or oz2 k or " 

which holds under the conditions 
02T o2T l oT
oz2 "¾ - a;:i-

+
--;:- 8r

and 
Vz(r = re1) =fa 0. 
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(5) 

(5a) 

(5b) 
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If it is desirable to know the shape of the field of electric potential </>, one 
has to resolve the equation 

V (y(-V</>)) = 0. (6a) 

If E = -V</>, it acquires the following form in cylindrical coordinates: 

� o<I> + � o<I> + r (�
2<1>_ + 2_ o<I> + _02<1> ) = 

o. 
or or oz oz or2 r or oz2 (6b) 

and for our purposes it can be written that 

� o<I> + ( 02<1> + 2_ o<I> ) _ 
0 or or y or2 r or - . (6) 

The condition (2) of the conservation of electric current is, of course, valid. 
Equations (3), (5) and (6) were conveniently used to solve the practical problems 

shown in the paragraphs below. 

TEMPERATURE FIELD 

If equation (6) of the steady state potential field with the temperature dependent 
parameters is to be resolved, the temperature field has to be known. The most 
available information is provided by analytical solution of equation (3) wherein the 
product yk is independent of temperature. The solution of equation (3) has then the 
form 

T = 01 + 02 lnr - 10 ln2r, (7) 
where 

lo-.2._(�)2_1 
- 2 2n yk (7a) 

and the various shapes of the temperature field can be studied for the variou 8 
boundary conditions. 

The other more general problems of non-isothermal fields must be solved by 
numerical methods. 

a) Let us first study the effect of the thermal conductivity coefficient k (Wm-1 K-1)
on the cylindrical temperature field close to the electro_de surface (eq. (7)). 
The solutions for Dirichlet's boundary conditions Tei = 1573 at ,. = re1 =
= 0.025 m, T R = 1573 K, 1673 K, 1773 K at r = R = 0.4 m, are plotted as curves 
1-11 in Fig. 1 for various k values. These and the other parameters are listed in
Table I. 

Table I 

Curve 
I 

I I 
I 

4 I 
I I 

I I I 10 II 

No. I 
1 2 3 

I 
5 

I 
6 

I 
7 8 9 11 

I 

I Ik 10 Wm-1 K-1 I 7.5 
I 

15 10 

y 21.05 Sm-1 

10-3 J el 12.8 Am-2 I 11.5 I 9.6 I 11.5 I 12.8 
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2200 

T (K) 

2JOO 
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1300 

1400 

1273 

1200 �---'-----....L.------'------'-' 

a 0,1 0,2 cp q4: 
� ·� q� 

Fig. 1. Temperature curves computed analytically from (7) at various boundary conditions 
and conductivity coefficients k and y (Table I). 

where the current density on the electrode surface is expressed as 

i, 
Jei = -

2
-- · 
1tre1 

(8) 

Additional simpler information on the effect of thermal conductivity is provided 
by Fig. 2. Here the curves 3, 2, 1 corresponding to the three values k = 20, 10, 
5 Wm-1 K-1 respectively, are plotted. The current density was Je1 = 12 800 Am-2, 

the electrical conductivity y = 21.05 Sm-1
• In this case, the temperature field was 

calculated numerically using the finite differences method. The given parameters 
correspond to those usually employed in glass melting practice. 

The shape of the temperature curves is characterized by a steep temperature 
gradient over very small radial distances from the electrode surface. The peaks of 
the temperature maxima are sharper and move closer to the electrode surface with 
increasing thermal conductivity. 

The temperature is less affected by the secondary boundary condition, i.e. 
temperature T R at radius R = 0.405, than by current density and thermal 
conductivity. 

b) Additional findings, mostly qualitative in nature, were obtained by investi
gations into the way the liquid flow affects the formation of the temperature 

196 Silikaty c. 3. Hi':, 



Temp6rature Fields Close to the Electrode Surface in Glass Melt 

field along a vertical electrode. Free thermal convective flow and a velocity field in 
the radial'direction were considered and described by the equation (ref. [6]) 

Vz(Z) =f(YJ) VfJegz(Tm - TR)• (9) 

Although equation (9) holds for planar plates only, it was accepted as sufficiently 
representative for choosing the function 

J( J ( r - f'eJ ( Grz )-1-) 
YJ) = z 

-
4

- 4 = const.

where the Grashof number is 

Grz = 
/Jegz3(Tm - TR) '

v2 
(10) 

z is the longitudinal coordinate measured from the electrode foot, 
Tm is the temperature maximum. 
The value of f(rJ) was chosen from the interval 0.007 < f(YJ) < 0.028 corresponding 
to Prandtl numbers of 3000 < Pr < 500 respectively for glass melt at about 
1600 K. Equation (5) was then resolved by the numerical finite differences method 
and the course of temperature profiles along coordinate z was computed. The 
course of the temperature profiles was based on the steady state conditions given 
in Fig. 2. In all the examples the current density at the electrode surface was 

2000 

T (K) 

190/J 

1800 

1700 

1500 

1 k= s <w,,h-1> 
2 k c10 _,,_ 
3 k c20 -•-

1 
3' = 21,05 (Sni1) 

Jel = 12800 ( A m2) 

0 'el 0,1 q2 0,5 

Fig. 2. Steady-state temperature curves in motionless glass melts having various 
thermnl conductivity coefficients k. Computed from (3) by the finite differences method. 
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12 800 Am-2 but the electric and thermal conductivities were considered to be 
either constant or temperature-dependent, and expressed by equations 

y = 1.292 X 10-12 T4.12 (Sm-I) 

y = 1.826 96 x 10-14 T4.7 
and 

k = 4 X 10-6 T2 

k = 9.9 X 10-4 IT-IS (Wm-1 K-1), 

for clear bottle and sheet glass respectively. 
The dynamic viscosity of both types of glass was taken as 

µ = (>'11 = 2.9 X 1()44 T-13.45 (Pas). 

1900 

1800 

1700 

1600 

1soo ._ __ .__ _ __,.__ _ __, _ ___, 

r,,L= 25mm 
10 19 

R=405mm 

Fig. 3. Temperature curvea at varioua vertical diatancea zfrom the foot 

(lla) 

(llb) 

(12a) 

(12b) 

(13) 

of a vertical electrode having the diameter 2r,1 = 50 mm. Thermal convection ia characterized 
by f(TJ) = 0,01 = conat. Thermal conductivity coefficient k = 10 (Wm-•K-1) = conat.,

the temperature-dependent electric conductivity coefficient y = 1,292 . 10-12 • T•.u (Sm-1). 
The numbera 1-6 correapornl to the vertical ooordinatea z {m) aafollowa:

1: z = 0 --c- 0,04, 2: z = 0,08, 3: z = 0,2, 4: z = 0,4, 5: z = 0,6, 6: z = 1,0. The temperature 
expansion coefficient Pe = 6 . 10-5 (K-1) = canal. for all the glaaa typea invealigated

(Figa. 3-11). 
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The radiation heat transfer was not considered in the temperature dependence of 
thermal conductivity. The electrode diameter was 50 mm in all the calculations. 
The results of the computations are plotted in Figs. 3 through 10, and allow the 
following conclusions to be formulated: 

or;) The convective flow shifts the temperature maxima away from the electrode 
surface and the maximum becomes less distinct with increasing r; coordinate. The 
difference between temperature maxima at the foot and the tip of the electrode 
decreases with increasing flow velocity (Figs. 3 and 4). 

2000 � -� --�--�-� 

T(K) 

1900 

1800 

1600 

1soo.__ _ ____. __ __._ __ ___..,__ _ ___, 

0 

'et 

10 19 
p 

Fig. 4. Temperature curves 1-6 

obtained if the thermal convection ia 
more intenaive, designed by f(1J) = 
= 0,022. All other paramelera cor-

respond to Fig. 3. 

1900 

T(K) 

1800 

1700 

1600 

1500 �-__. __ _._ __ _._ _ __, 
o 

re! 
10 19 

p 

Fig. 5. Temperature curves 1-6 

for the steeper lemperature depend
ence of the electric conductivity co
efficienl y = 1,827 . 10-1• T4•1 

(Sm-•). For the olher param6ters 
refer to Fig. 4. 

/J) The variability of the exponent over T in equations (12a, b) does not affect 
the shape of the developing temperature profiles (Figs. 4 and 5) insofar as the 
current density and the bulk melt temperature T R do not change. 

y) Jn the case of low-intensity thermal convection, which was considered, the
right-hand branches of the curves in Figs. 3, 4 and 5 are approximately identical. 

Silikaty c. 3, 1987 199 



�
 

0
 

0
 

�
 

:s'
 

,,
, 

'<
 

:"
 

:"'
 

18
00

 

T (
K

)I
 

17
0

0
 /-

1
G

O
O
 

z
=

O
 

1 
::
o
o

1
1,

f)
f]

 

r.
1 

= 
'.3

73
 

r; 'e
t 

1
0

 

I � 19
 

R 

15
.7

3
 

Fi
g, 

6. 
Re

ver
sed

 s
equ

en
ce 

of 
tem

pe
ra

tur
e 

cu
rve

s 1
-

6
 ob

tai
ne

d 
by

 ch
an

ged
 b

ou
nd

ar
y

co
nd

iti
on

s, 
Th

e r
ad

ia
l tr

an
sp

ort
 of

 ho
t g

las
s 

me
lt 

to 
the

 co
ld 

ele
ctr

od
e s

urf
ac

e w
as

 si
mu

l
ate

d 
by

 a
 h

igh
 m

elt
 bu

lk 
tem

pe
ra

tur
e T

 R,
Pa

ra
me

ter
s: 

f 
(1])

 =
 

0,0
1, 

k 
=

 
10

,24
(W

m-
I 

K-
1) , 

y 
=

 
21

,0 5
 (

Sm
-I )

, 
{J Q

 
� 

=
 
6

. 1
0-

s (
K-

1 ),
 

: : : :
1 
A
 

'"t
L

16
0

0 

-1
1::

n
n

 
'

V
J

<..J
 

1
4

0
0

 

13
73

 

0
 r e
l 

1
0

 
19

 
R

 I 16
7 3

 

Fi
g, 

7, T
em

pe
ra

tur
e c

ur
ves

 1-
6

 in
flu

en
ced

by
 in

cre
as

e i
n 

bu
lk 

tem
pe

ra
tur

e t
o 1

 6
7 3 

K 
wi

tho
ut 

ch
an

gin
g 

the
 p

ar
am

ete
rs 

of 
Fi

g. 
6

,

T
( K

) 

19
0

0
 

18
0

0
 

1
7

0
0
 

·/G
O

O 

15
00

 '--
-

-
-'-

-
-

-'--
-

-
�

-
-

-:: 
0 

10
 

19
 

R 
� 

Fi
g, 

8, 
Te

mp
era

tur
e c

ur
ves

 1-
6

 at
f(

1]) 
=

0,0
1, 

y 
=

 2
1,0

5 
(S

m-
1 )

, 
/J

e 
=

 6
, 1

0-
5 

(K
-1

), 
ob

tai
ne

d 
for

 te
mp

era
tur

e-d
ep

en
de

nt 
the

rm
al 

co
nd

uc
tiv

ity
 co

effi
cie

nt 
k 

=
 9

,9
 

X
 

x 
10

-4
 . 

TI
,Is

 
(W

m-
1 x

-1
). 

� !;.,
 �� "' <>

· "'
 

1':"
 



Temperature Fields Close to the Electrodce Surface in Glass Melt 

o) The influence of thermal conductivity of the melt on the shape of the
temperature profiles is illustrated by Figs. 8 and 9. Lower thermal conductivity 
shifts the temperature maxima closer to the electrode surface and causes the tempe
rature difference along the electrode axis to increase. The effect of the exponents 
in equations (12a, b) follows from a comparison of Figs. 8 and 9. 

1900 

T(K) 

1800 

1700 

1600 

1500 �-�--�--�-� 
0 
'i,t 

10 19 
R 

Fig. 9. Temperature curves 1-6 decreas
ing in case of steeper temperature depend
ence of thermal conductivity coefficient k =
4 . 10-6 . T2 (Wm-1 K-1) without changing 

the other parameters from Fig. 8. 

1700 �-��-�--�-� 

T (K) 

'.GOO 

1400 

1373 

0 

re/ 

10 19 

R 

Fig. 10. Temperatur� curves 1-6 pertain
ing to a low thermal conductivity coefficient 
k = 9,9 . 10-4 

• T1,15 (Wm-• K-1). The 
other parameters are: f('TJ) = 0,01. y =

= 21,05 (Sm-1), {Jg = 6 . 10-s (K-1).

e) The case of the surrounding liquid flowing intensively in the radial direction
towards the foot of the electrode was simulated by the uniform boundary condi
tion T = const. = 1573 K or 1673 K at z = 0 (Figs. 6, 7 and 10). The shape of the 
curves implies an immense heat flux towards the electrode surface in the case of rising 
temperature of the surrounding liquid. However, in this instance the temperature 
differences along the electrode axis were not taken into account. The decreased 
value of the thermal conductivity coefficient k (Fig. 10), corresponding to an opaque 
liquid, i.e. coloured glass, causes both the temperature gradient at the electrode 
surface and the respective heat flux to increase. The change in the melt thermal 
conductivity does not affect the rernote parts of the temperature field. 
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C) All the examples given above apply to AC supply where the alternating
current is represented by its effective value 

i = ;: (T sin2 wt dtr, 

where w = 2rcf;f (s-1) is the frequency, i.e. 50 Hz. 
The temperature fluctuations caused by harmonic oscillations of the 50 Hz

electric current were also studied. The onset of the heating process close to the
electrode surface is plotted in Fig. ll. The temperature oscillations at various
distances from the electrode surface are apparent, as in the progressive attenuation
of the oscillations in terms of the increasing radial coordinate. 

T(K) 

1570 

1565 

0,02 0,04 0,06 0,08 0,10 
t (s! 

Fig. 11. Temperature oscillations cauaed by alternating electrical current supply of the electrode 
al distance i . h from its surface. The onset of the heating process in motionless 

glaaa meltf(TJ) = 0 al J.1 = 12 800 (Am-2), k = JO (Wm-1 K-1) = conat.,
y = 21,05 (Sm-1) = conat.). 

FUTURE 

In spite of the great progress achieved so far in the description of temperature
fields in glass melts, it cannot be said that all the problems have been resolved.
A number of questions connected with the corrosion of electrode materials and
with some general electrochemical problems have yet to be answered. 

The problem of flow fluctuations under the conditions of thermal convection,
and of their interpretation in mathematical models, particularly under suitable boun
dary conditions, also remains open. The extent of the effect of flow fluctuation
on the corrosion processes is likewise not yet known. 

At present, however, it can be assumed that the principal range of knowledge has
already been gained. After its precisioning it should be possible to design
more efficiently large glass tank furnaces which would be much less damaging to
the environment. 
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List  o f  Sym bols  

c specific heat (J kg-1 K-1) 
C constant 
f frequency (s-1), function!' in [6] 
Gr Grashof number 
h length (m, mm) 
i1 electric current (A/m) at 1 m length of the electrode bar 
J el electric current density (Am-2) 
E intensity of electric field (Vm-1) 
(} gravity (m s-2) 
k thermal conductivity coefficient (Wm-1 K-1) 
r radial coordinate (m) 
r81 electrode radius (m) 
R boundary radius Im)
I time (s) 
1" temperature (K) 
fl velocity (m s-1) 
2 longitudinal coordinate (m)

{), temperature expansion coefficient of glass (K-1) 
y electric conductivity coefficient (Sm-1) 
T/ dimensionless coordinate [6] 
f.' dynamic viscosity (kg m-1 s, Pas) 
" kinematic viscosity (m2 s-1) 
e density (kg m-3) 
tP electric scalar potential (V) 
w circular frequency (s-1) 

el electrode surface 
m maximum 
r radial 
R at r = R
z longitudinal 
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TEPLOTNf POLE VE SKLOVIN:i<; U POVRCHU ELEKTROD 

Milo�lav Nemecek 

CVUT, Fakulta elektrote�hnicka, 166 27 Praha 6 

Teplotni pole blizko k povrchu elektrody bylo popsano rovnicemi (3) a (5) v cylindrickych 
soufadnicich. Analyticke reseni (7) rovnice (3) poskytlo informaci o teplotnim poli (obr. 1 a ta
bulka I) v nepohyblive sklovine kolem vertikalni elektrody s dodavanym proudem i1 (Am-1 ). 

Rovnioe \3) a rov. (5) byly feseny numericky uzitim metody konecnych diferenci. V pripade pohy. 
bujici se skloviny by! v rov. (5) pfedpokladan ,,pistovy" profil bezrozmerne rychlosti/(17). Vliv 
soucinu y. kelektricke a tepelne vodivosti je zrejmy z obr. I a 2 (pro rov. (3)), vliv strmosti elek
tricke a tepelne vodivosti (vztahy (Ila, b) a (12a, b)) a vliv rychlosti volne konvekce podel verti
kalni elektrody je patrny z obr. 3 az 10. Vliv harmonickeho kolisani elektrickeho proudu 50 Hz 
tekouciho do elektrody, v rtiznych vzdalenostech od jejiho povrchu, je patrny z obr. 11, kde je zna
zornen casovy vyvoj procesu. 

Obr. 1. Teplotni kfivky vypoctene analyticky (rov. 7) za ritznych okrajovych podminek a vodivosti 
k a y (tab. I). 

Obr. 2. Stacionarni teplotni kl'ivky v nepohyblive sklovinl pri tl'ech ritznych tepelnych vodivostech k. 
Vypocteno z (3) metodou konecnych dijerenci. 

Obr. 3. Teplotni kfivky v ritznych vyskach z od paty vertikalni elektrody o pritmcru 2re1 = 50 mm. 
Teplotni konvekce je vyjadfena cinitelem /(17) = 0,01 = konst. Tepelna vodivost k = 10 
(Wm-1 K- 1) = konst., elektricka vodivost (konduktivita) = 1,292 . 10-12 T•, 12 (S m-') je 
teplotne zavisla. Cistice 1 az 6 odpovidaji vyskam z <ml takto: 
1: z = 0-0,04; 2: z = 0,08; 3: z = 0,2; 4: z = 0,4; 5: z = 0,6; 6: z = 1. Soucinitel 
teplotni objemove rozpinavosti {3

11 
= 6 . 10-s (K -1) = konst. pro vsechny zkoumane skloviny 

V obr. 3 az Jl. 
Obr. 4. Teplotni kfivky 1 az 6 ziskane pfi intenzivnljsi teplotni konvekci vyjadfene j(17) = 0,022. 

Ostatni parametry odpovidaji obr. 3. 
Obr. 5. Teplotni kfivky 1 a£ 6 pro strmejsi teplotni zavislost elektricke vodivosti (konduktivity) 

y = 1,827 . 10-u. T•,7 (Sm-1). Ostatni parametry viz obr. 4. 
Obr. 6. Obraceny sled teplotnich kfivek 1 a£ 6 ziskany zmlnou okrajovych podminek. Radialni pfisun 

horke skloviny k chladnemu povrchu elektrody je simulovan vyssi teplotou okoli. Parametry: 
j(17) = 0,01; k = 10,24 (Wm-1 K-1); y = 21,05 (Sm-1), [311 = 6. 10-s (K-'). 

Obr. 7. Teplotni kfivky 1 az 6 ovlivnene zvysenim okolni teploty na 1 673 K, parametry z obr. 6 
nezmlnlny. 

Obr. 8. Teplotni kfivky 1 a£ 6 pro j(17) = 0,01; y = 21,05 (Sm-1); {311 = 6. 10-s (K-1) ziskane pfi 
teplotnl zavisle tepelne vodivosti k = 9,9 . 10-• p,.u (Wm-1 x-1),

Obr. 9. Teplotni kfivky 1 a£ 6 pro strmljsi teplotni zavislost k = 4 .  10-6 T2 (Wm-1 K-1), Ostatni 
parametry obr. 8 nezmlnlny, 

Obr. 10. Teplotni kfivky 1 az 6 vztazene k nizke tepelne vodivoati k = 9,9 . 10-4 T1, 15 (Wm-1 K-1) 

pfi j(17) = 0,01; y = 21,05 (Sm-1); [311 = 6. 10 (K-1). 
Obr. 11. Teplotni kmity vyvolane napajenim elektrody atfidavym proudem 50 Hz ve v�ddleoosti 

i. h od jejiho povrchu. Je zobrazen rozblh procesu v klidne aklovinl -J(17) = 0 pfi Je1=
= 12 800 (Am-2); k = 10 (Wm-1 K-1) = konst.; y = 21,05 (Sm-1) = konst.

TEMIIEPATYPHOE IIO.,'IE B CTERJIOMACCE 
¥ IIOBEPXHOCTH ,JJlERTPO,nOB

qBJ7T, 9.1te,,;mpomexnu1tec,;uu <.fia,,;y.;ibmem, 166 27 Ilpaea 6 

TeMrrepaTypHoe none B HerrocpeACTBeHHOH 6JIH30CTH R noeepXHOCTH 3JieRTPOAa 6wno 
om1caHO ypaBHeHHHMH (3) H (5) B �HJIHH)lpnqecRHX ROOPAHHaTax. AHaJIHTnqecROe pemeHHe 
(7) yp. (3) AaeT o6pa3 0 TeMnepaTypHOM IIOJie (p11.c. 1 II Ta6JI. 1) B HeIIOAB111KHO.ll CTeRJJOMacce 
B6JIJI311 BepTlmam,Horo 3JieRTPOAa HarpymeHHOro 3,;ieRTpnqecRHM TO ROM.¥ paBHeHHH (3) H ( 5)
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perneHhI 11yMepI1qec1rn C HCil0Jlb30BaHHCM MCTO/.(a KOHeqHhIX p;mpipepeHIJ,Hii. El"Jlll CTeKJIO
Macca ,'J;BlllRYIUaH, /.(Jlfl ee rrpep;uo.:rnraeTCH n yp. (5) IIJlOCKIIH rrpOq>HJih 6eapaaMepHoii CHO
pocTll /(TJ). BllHHHHe rrpop;yKTa y. K aneinpH'ICCKOH H TeIIJIOBOH rrpoBO,'J;HOCTeii IIOKa3b!B8IOT 
p11c. 1 n: 2 (/.lllH yp. (3)), BJlllHHIIC q>OpMhI KpHBhIX a.:IeKTpo- n TernrnrrpOBO/].HOCTll (11a, 6) 
If ( 12a, 6), COBMCCTHO C BJlHHHHCM CKOpOCTH CB060AHOH IWHBCKI\Hll IIOHaaaHo B pncyHKaX 
3-11. BllHHHHe rapMOHnqecKOl'O KOJie6aHHH a.'I. TOKH .50 II z 110/:\BO;J;IIMOro B ;:).'ICKTPOA Ha
KO.'Ie6aHHH TCMrrepaTyphl B pa3Hh!X OTCTOHHUHX OT rroeepXHOl"Tll ::i:rn,,Tpo;i;a rro1rnaaH Ha
pnc. 11 B mP1a:1e pa:rnnTHH npo11,ecca.

<l>u2. 1. Hpueble me.Mnepamypb1 ua aHa.iumu1'ec1.020 pewe1-tu!l (7) OAR, paaH1>ix 1.paeeb!x 
ycAoeui't u 1.<•aifJ<fiuq,ue1-t1noe k u y (ma6,11,. 1) men11011oit u aM,;mpu"eawi't npoeoo-
1-wcmei,. 

<l>u2. 2. Cmaq,uoHapHb1e ,;puebie me.M.nepamypb1 e 1-1,enooeuJtCnoii cme1.110Macce OAA mpex 
paaHb1x menAonpo110011,ocmeu k. Jfc"ucMHo ua (3) no .Memooy 1.01-te1'1-tb1x ou<fi<fiepe1iq,uu. 

<Pua. 3. Hpuei,ie me.Mnepamypb1 e paaHbtX Bbtcpmax z om 6aab1 eepmu1.aAbHoao a,11,e,;mpooa 
oua.Mempo.1, 2re1 = 50 (mm). Ten,11,oea!l 1.01-1,ee,;q,un xapa1.mepuayemc1i <fia,;mopo.» 
/(TJ) = 0,01 = 1.01-tcm. Hoa<fi<fiuq,umm men,11,onpoeoOHocmu k = lO(W. rn-1 . K-1) =

= 1.oHcm., ,;. a,11,. npoeoOHocmu y = 1,292 . 10-1 2. T4•12 (S. m- 1) aaeucum om me.Mne
pamypb1. 06oaHa1'eHUA 1-6 npucymcmey1-0m eblcoma.M. z(m): 1: z = 0-0,04; 
2: z = 0,08; 3: z = 0,2; 4: z = 0,4; 5: z = 0,6; 6: z = 1. lfoa<fiifmq,ue1-tm 06-i,e.MHow 
pacmA:>1ce11,u,i f3p = 6 . 10-s (K -1) = 1.oHcm 0./1,A ecex uccMOoeaHbtX copmoe cme,;110-
.M.accb1 e <fiu2. om 3 oo 11. 

<Pua. 4. Hpueb1e me.Mnepamypb1 1-6 OAn 6oMe 1.pymoii me.MnepamypHoii aaeucu.Mocmu 
aAe1.mpu"ec,.oii npoeoonocmu y = 1,827. 10-1•. T4,7 (S. m-1), c ocma,11,b1tb1.,,m 
napa.Mempa.Mu coomeemcmeeHHO <flue. 4. 

<Pue. 5. Jfpueb1e me.Mnepamypb1 1-6 OAn 6oAee ,.pymoii me.Mnepamyp1-to1'i, aaeucuhtocmu 
aM,.mp111'ec1.oii npoeoOHocmu y = 1,827. 10-14• T4,7 (S. m-1) c ocmaAbHblMU napa
.M.empa.M.u coomeemcmee1-tHo <fiue. 4. 

<Pue. 6. 06pam1-tan nocAeooeameAbHocmb 1.pueb1x 1-6 noo e.au.<ume.M ua.MeHeHU!l 1.paeeb1x 
yc,11,oeuii. Ilooeoo eopA1'el'i cme1..ao.ttaccb1 e paoua11bHOM nanpae11eHuu ,. xo,11,001-tou 
noeepxHocmu a.ae,;mpooa cuhty.iupyemcn 60.aee ebico,;oil me.Mnepamypoii cme,;.ao
.Maccbi 01.0110 a.ae,.mpooa. Ilapa.M.empb1: f(TJ) = 0,01; k == 10,24 (W. m-1• K-1); 
y = 21,05 (S. m-1); f3p = 6 .  10-s (K-'). 

<l>ue. 7. Hpue1,1e meMnepamypb1 1-6 noo eJ£UR1-tue.M noebiutntu.q, me.Hnepamypb1 cme,;J£o
.Maccbi oo 1 67 3 R, napa.Mempbl ua <fiua. 6 ocmaea1-0m. 

<Pue. 8. Kpuebte me.Mnepamypb1 1-6 o.a.11, f(TJ) = 0,01; y = 21,05 (S. m-1); f3p = 6 .  10-s 
(K-1) o.an aaeucu.Moeo om me.Mnepamypbi 1.oa<fi<fiuq,ueH1na mPn.rnnpoeoOHocmu 
k = 9,9 . 10-•. r1. 1s (W. m-1. K-•).

<l>u2. 9. Kpueb1e me.Mnepamypbi 1-6 o.iR 60.aee ,.pymo1'i, me.Mnepamypnoit ;iaeucu.Mocmn 
1.oa<fi<fiuq,ue11,ma men.aonpoeoOHocmu k = 4 .  10-•. T2 (W. m-1. K-1). Ocnia11bHb1e 
napa.Mempbl coomeemcmee11,Ho if>u2. 8. 

<l>ue. 10. Hpueb1e me.Mnepamypb1 O.aR Hua,.oeo ana1'eHun 1.oa<Ji<fiuu,ueHma men.w11poeoo1-locmu 
k = 9,9 . 10-4

• T1, 15 (W. m-1• K-1) npu f(TJ) = 0,01; y = 21,05 (S. m-1); fJe = 

= 6 .  1()-S (K-1) . 
<Pue. 11. Ro,11,e6a11,uR me.Mnepamypbi noo 6AUAHUe.M. nepe.MeHHoeo 31!. mo,;a 50 Hz e paoua11bHb1x 

omcmo1munx i . h om noeepxnocmu a.ae1.mpooa. Hao6paJtCellbl Ha1'a.ab1-tble nepuoObl 
npou,ecca e Henooeu:HCHoii cme,;,11,oMacce - f(TJ) = 0, npu J el = 12 800 (A . m-2), 
k = 10 (W. m-1• K-1) = 1.01-tcm, y = 21,05 (S. m-1) = 1.01-lcm. 

Zajimavostj 

VYZKUMNE PROGRAMY V OBORU SKLA NA UNIVERZITACH USA. 
Redakce casopisu Ceramic Bulletin pozadala. univerzity USA o zvefejneni jejich soucasnych 
vyzkumnych progra.mli v oblasti silikatovych, resp. materialovych ved a. z odpovidajicich inze
nyrskych disciplin. (Ceramic Bulletin 64, 1082 (1985).) 

Ze 36 dotazovanych univerzit jich do uzaverky odpovedelo 25 a zvefejnilo 446 hlavnich vy
zkumnych programu. Z tohoto poctu je asi 160 programu, ktere se tykaji sklai-stvi a pfibuznych 
problematik, resp. nekterych obecnejsich disciplin, majicich aplikaci pro sklai-std. 
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