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Knowledge of the temperature fields in the immediate proximity of the surface
of electrodes is a mecessary prerequisite of investigations concerned with corro-
sion and other processes taking place at.the electrodes in glass melts.

Comprehensive data for this purpose cen be obtained by means of simple
mathematical models which contain equations (3) and (5); the latter also invalves
convective flow described by the uniform velocity profile. The analytical solution
(7) of equation (3) describes the temper ature field (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(n) 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 equetions (11a, b) and (12a. b) is illustrated by
Figs. 3 through 10. The influence of harmonic 50 Hz current supply can be seen
in Fig. 11 showing the time development of the temperature field.

INTRODUCTION

The temperature field in a glass melt affects a number of parameters in the
melting process, especially those of thermal convective flow and of the intensity of
chemical and physical 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 [1, 2]. The methods based on mathematical models seem to
be more convenient in this respect [3, 4, 5]. For this purpose it is necessary to
use a refined mesh module at small distances from the electrode surface. 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 electric 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 electrode
surface 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 clectrode 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 f(#) [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,
or orT (02T or 1 07
00 (a~ ) =k ~—) + EE. 1)

822 6k Ty or

Because the electric field close to the electrode surface shows rotational symmetry,
and if the current 4, Am~! is distributed uniformly over the unit length (Im) of the
electrode, the term yEE of equation (1) can be expressed in the simplified form

1, = 27nre1fer = 2nrd = 2myrE. (2)

Thus, the temperature field in a motionless liquid can be described by the equation
d27' 1 d7T " \2 1

——— _— _ —_—— = 0. 3

dr2 r dr (27:) ykr? )

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:
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Its simplified form can be written as follows:
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which holds under the conditions
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and
vg(r = re1) # 0. (8b)
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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:

oy 00 3y 0D P01 00 | PP\
o or Ea—z”(‘arTJFT—af *azz)—‘)- (6%)

and for our purposes it can be written that
dy 09D 2P 1 Q -0
or or oz Ty or )
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.

(6)

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 =0, 4+ CyInr — Iy In?r, (7)
where
1 1 )2 1
fo=-5 (?) >% (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 usfirst study the effect of the thermal conductivity coefficient k£ (Wm-1 K-1)
on the cylindrical temperature field close to the electrode surface (eq. (7)).
The solutions for Dirichlet’s boundary conditions 7Te = 1573 at r = re1 =
= 0.025m, Tgr = 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 1.

Table I

Curve ! ‘ I '

o | 2 3 4 5 6 7 8 9 [ 10 | 11

0.

|

& 10 Wm-1 K1 5 15 10

¥ 21.05 Sm-1
10-3 J ey 12.8 Am-? i 11.5 \ 9.6 ; 11.5 12.8
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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

(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 & = 20, 10,
5 Wm~1 K1 respectively, are plotted. The current density was Jg = 12 800 Am—2,
the electrical conductivity ¥ = 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
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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])

vi(2) = f(n) VBega(Tm — Tr). &)
Although equation (9) holds for planar plates only, it was accepted as sufficiently
representative for choosing the function

where the Grashof number is
3T — T
Gr, = P87 —Tr) (10)
1,2

z is the longitudinal coordinate measured from the electrode foot,
T is the temperature maximum.
The value of f(n) was chosen from the interval 0.007 < f(n) < 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

T T T T
2000 |- p 4
7:k= 5 Wtk
2.k=10 -
T{K) 3 k=20 -
¥ = 2105 (Sm)
oy =12800(Ar)
1900 _
1800 |- _
1700 - _
1500 |- N
1573K
573 | Vs
Y or 02 03 04 05
et ¢ .
rim)

Fig. 2. Steady-state temperature curves tn motionless glass melts having various
thermal 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 1012 T4.12 (Sm-1) (11a)

y = 1.826 96 x 1014 747 (11b)
and

k=4 x 10-6 72 (12a)

;= 9.9 x 10-4 1715 (Wm~t1 K-1), (12b)

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

p=ov=29 x 104 T-1345  (Pag). (13)

T(k)

1900 I~

1800 H

1700 H

1600 b~

- T,=1573

1500 4 [ L y

0 10 19
(A 25mm R=405mm

Fig. 3. Temperature curves at various vertical diatances z from the foot
of a vertical electrode having the diameter 2rey = 50 mm. Thermal convection ia characterized
by f(n) = 0,01 = const. Thermal conductivity coefficient k = 10 (Wm~-1K-1) = const.,
the temperature-dependent electric conductivity coefficient y = 1,292 . 102 . T4-12 (Sm-1).
T'he numbers 1—6 correspond to the vertical coordinates z (m) as follows:
l:2 =0 = 0,04, 2:z = 0,08, 3:z2 = 0,2, 4:z = 0,4, 5: z = 0,6, 6: z = 1,0. The temperature
expansion coefficient fo = 6 . 10-5 (K1) = conss. for all the glass types invesiigated
(Figs. 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:

o) The convective flow shifts the temperature maxima away from the electrode
surface and the maximum becomes less distinct with increasing z coordinate. The
difference between temperature maxima at the foot and the tip of the electrode
decreases with increasing flow velocity (Figs. 3 and 4).
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Fig. 4. Temperature curves 1—6

obtained if the thermal convection is

more intensive, designed by f(n) =

= 0,022. All other parameters cor-
respond to Fig. 3.

Fig. 5. Temperature curves 1—6
for the steeper temperature depend-
ence of the electric conductivity co-
efficient y = 1,827 . 10~'¢ T47
(Sm—1). For the other paramecters

refer to Fig. 4.

B) The variability of the exponent over 7' 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 7'r do not change.

) In 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.
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Temperature Fields Close to the Electrodce Surface in Glass Melt

d) 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.

T T T
1900
7(k)
1730 7 T —
1800 TK)| 3
A
5
5
7600 -
1573
z=0
1700 H
1500 f- e
1600
1400 | -~
11373
1500 I I ] 1 1 1
0 10 19 4 10 19
Tl R el R
Fig. 9. Temperature curves 1—6 decreas- Fig. 10. Temperatura curves 1—6 pertain-
ing in case of steeper temperature depend- ing to a low thermal conductivity coefficient
ence of thermal conductivity coefficient k = k= 99.10~¢. T\ (Wm—t K-1). The
4.10-6. T2 (Wm~—t K-1) without changing other parameters are: f(n) = 0,01, y =
the other parameters from Fig. 8. = 21,05 (Sm~), o = 6. 10-5 (K™Y).

€) 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 7' = 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 remote parts of the temperature field.
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{) All the examples given above apply to AC supply where the alternating
current is represented by its effective value

3 2r
i (; sin? ot dt)%,
2n \,
where w = 2xf; f (s7!) is the frequency, i.e. 50 Hz.

The temperature fluctuations caused by harmonic oscillations of the 50 Ha
electric current were also studied. The onset of the heating process close to the
electrode surface is plotted in Fig. 11. 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

0 002 004 00 008 010
tis)

Fig. 11. Temperature oscillations caused by alternating electrical current supply of the electrode
at distance i . h from its surface. The onset of the heating process in motionless
glass melt f(n) = 0 at Jeg = 12 800 (Am~2), k = 10 (Wm—t K-1) = conast.,
vy = 21,05 (Sm-1) = conast.).

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 of Symbols

specific heat (J kg—1 K1)

constant

frequency (s~1), function f’ in [6]

Grashof number

length (m, mm)

electric current (A/m) at 1 m length of the electrode bar
electric current density (Am~—2)

intensity of electric field (Vm—1)

gravity (m s=2)

thermal conductivity coefficient (Wm-1 K-1)
radial coordinate (m)

electrode radius (m)

boundary radius /m)

time (s)

temperature (K)

velocity (ms™1)

longitudinal coordinate (m)

temperature expansion coefficient of glass (K1)
electric conductivity coefficient (Sm~1)
dimensionless coordinate [6]

dynamic viscosity (kg m—1 s, Pas)

kinematic viscosity (m?2 s-1)

density (kg m—3)

electric scalar potential (V)

circular frequency (s1)

Indices

electrode surface
maximum

radial

atr =R
longitudinal
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TEPLOTNI POLE VE SKLOVINE U POVRCHU ELEKTROD

Miloslav Némecek

CVUT, Fakulta elektrotechnickd, 166 27 Praha 6

Teplotni pole blizko k povrchu elektrody bylo popséno rovnicemi (3) a (5) v cylindrickych
soufadnicich. Analytické Feseni (7) rovnice (3) poskytlo infermaci o teplotnim poli (obr. 1 a ta-
bulka I) v nepohyblivé sklovin& kolem vertikalni elektrody s dodévanym proudem %, (Am-—1),
Rovniee (3)arov. (5) byly Feeny numericky uzitim metody koneénych diferenci. V pfipadé pohy-
bujici ge skloviny byl v rov. (5) pfredpokladan ,,pistovy‘‘ profil bezrozmérné rychlosti f(n). Vliv
soudinu y .k elektrické a tepelné vodivosti je zfejmy z obr. 1 a 2 (pro rov. (3)), vliv strmostielek-
trické a tepelné vodivosti(vztahy (11a, b) a (12a, b)) a vliv rychlosti volné konvekce podélverti-
kélni elektrody je patrny z obr. 3 az 10. V1iv harmonického kolisédni elektrického proudu 50 Hz
tekouciho do elektrody, v riiznych vzdalenostech od jejiho povrchu, je patrny z obr. 11, kde je zné-
zornén &asovy vyvoj procesu.

Obr.
Obr.
Obr.

Obr.
Obr.
Obr.

Obr.
Obr.
Obr.
Obr.
Obr.

9.

10.

11.

Teplotni k¥ivky vypoctené analyticky (rov. 7) za riznyjch okrajovjch podminek a vodivosti
k a y (tadb. I).

Staci};ndmi tgplomi kiivky v nepohyblivé skloviné pii tiech riznych tepelnych vodivostech k.
Vypoiteno z (3) metodou koneénych diferenci.

Teplotni kfivky v riaznych vyskdch z od paty vertikdlni elektrody o priamcru 2re; = 50 mm.
Teplotni konvekce je vyjddfena &initelem f(n) = 0,01 = konst. Tepelnd vodivost k = 10
(Wm~—! K-1) = konst., elektrickd vodivost (konduktivita) = 1,292 . 10-12 T412 (Sm~-!) je
teplotné zdvisld. Cislice 1 a% 6 odpovidaji vyskdm z (m) takto:

1: 2z = 0—0,04; 2: 2 = 0,08; 3: 2 = 0,2; 4: z = 0,4; 5: z = 0,6: 6: z = 1. Souéinitel
teplotni objemové rozpinavosti o = 6 . 10-5 (K ') = konst. pro véechny zkoumané skloviny
v obr. 3 af 11.

Teplotni kfivky 1 af 6 ziskané pfi intenzivnéjsi teplotni konvekces vyjddfené f(n) = 0,022.
Ostatni parametry odpovidaji obr. 3.

Teplotni kiivky 1 a% 6 pro strméjsi teplotni zdavislost elektrické vodivosti (konduktivity)
y = 1,827 . 10~4 . T'47 (Sm~1). Ostatni parametry viz obr. 4.

Obrdceny sled teplotnich k¥ivek 1 aZ 6 ziskany zménou okrajovych podminek. Radidlni pfisun
horké skloviny k chladnému povrchu elektrody je simulovdn vy$éi teplotou okoli. Parametry:
f(n) = 0,01; k = 10,24 (Wm— K-1'); y = 21,05 (Sm™1), fo = 6. 105 (K1),

Teplotni kfivky 1 aZ 6 ovlivnéné zvydenim okolni teploty na 1673 K, parametry z obr. 6
nezménény.

Teplotni kfivky 1 a% 6 pro f(n) = 0,01; y = 21,05 (Sm=1); o = 6. 10~5 (K1) ziskané pfi
teplotné zdvislé tepelné vodivosti k = 9,9 . 104 T1-15 (Wm~1 K1),

Teplotni kfivky 1 a% 6 pro strméj§i teplotni zdvislost k = 4 . 10-6 T2 (Wm~1 K1), Ostatni
parametry obr. 8 nezménény.

Teplotni kfivky 1 aZ 6 vztatené k nizké tepelné vodivosts k = 9,9 . 10~4 T1.15 (Wm~—1 K1)
pFi f(n) = 0,01; y = 21,05 (Sm~1); Bo = 6. 10 (K1),

Teplotni kmity vyvolané napdjenim elektrody stFidavgm proudem 50 Hz ve vzddleoost:
i . h od jejiho povrchu. Je zobrazen rozbéh procesu v klidné skloving —f(n) = 0 pfi Je=
= 12 800 (Am~2); k = 10 (Wm~1 K1) = konst.; y = 21,05 (Sm~1) = konst.

TEMIIEPATYPHOE IIOJE B CTEKJOMACCE
Y NIOBEPXHOCTH 3JEKTPOJOB

Munocnas Hemeuex

YBYT, aexkmpomexruveckuti paxyavmem, 166 27 Ilpaza 6

TeMiepaTypHOoe Iojie B HemocpefCTBeHHOH OJM30cTH K IOBEPXHOCTH 3JIEKTPOAA Oblao
onucaHO ypaBHeHnAMHM (3) ¥ (5) B MUINHIpHIECKMX KOOpPAMHATAX. AHAJTHTHYECKOe pemeHAe
(7) yp. (3) maer 06pa3 o TemneparypHoMm 1oJte (puc. 1 1 Ta6. 1) B HemOABHAKHOMR CTeKIOMAcce
BOJIN3N BePTHKAIBLHOIO 9JIEKTPOMia HATPYHEHHOTO 3;IeKTPHYeCKAM TOKOM. Y paBHeHuA (3) 1 (J)
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pelieHLl HyMepMYecKM ¢ HCIIOJIb30BaHMEM MeTOJa KOHeYHhIX AuddepeHnuii. Feim crekio-
Macca ABHMKYIUAsA, JUISI ee IIpeAno:ioraercs: B yp. (5) miockuid npodmin GespasmepHoi cro-
poctu f(n). BinsiHne NPOAYKTa ¥ . k 3JIeKTPUUECKON U TEIJIOBOM IIPOBOKHOCTEH HOKA3LIBAIOT
puc. 1 u 2 (mas yp. (3)), Biusinne GopMbl KPUBEIX 3JIEKTPO- M TelJI0HpoBoAHOCTH (1la, ©)
1 (12a, 6), cOBMECTHO ¢ BJIMAHHMEM CKOPOCTH cBOOOIHOM KOHBEKIMM IIOKA3aHO B pUe¢YHKaX
3—11. Bausinne rapmonuyeckoro kojebGauusa 3:1. Toka 50 Hz 1ojBoguMoro B 2:1CKTpoy Ha
KoJ1e0aHMA TeMiepaTypsl B pPa3HbIX OTCTOAHMAX OT IIOBEPXHOCTH 3IIEKTPOJA IIOKa3aH Ha
puc. 11 B Hauale pa3BHTHA 1pollecca.

QDue. 1. Kpusvie memnepamypsl us anaaumuseckozo pewenus (7) O0as paswwx kpaegsix
yeaosuii u keappuyuermos k u y (maba. 1) menaosoii u aaexmpuueckoii npogood-
Hocmelit.

Quz. 2. CmayuorapHvie kpugble memnepamypsl 6 HENoO8UNCHO cmekaiomacce O0aR mpex
pasnvix menaonposodrocmedt k. Hcuucaerno ua (3) no memody koneunvix dugdeperyuic.

Due. 3. Kpusvie memnepamypsl 6 pasHux evicomax z om 6a3bl 66PMUKAALHO20 3AEKMPOOa
duamemposm 2rey = 90 (mm). Tenaosas roneexyus xapakmepuayemcs Parmopos
f(n) = 0,01 = korcm. Koapuyuenm mengonposodrocmu k = 16(W . m-1. K-1) =
= KoHCM., K. 34. nposodrocmu y = 1,292 . 10-12. T412 (S . m~1) gagucum om memne-
pamypui. Obosnavenus 1—6 npucymcmeyiom evicoman z(m): 1: z = 0—0,04;
2:2=0,08; 3:2 =0,2;,4: z = 0,4; 5: z = 0,6; 6: z = 1. Koapgpuyuerm o6vemrozo
pacmancenusn Bo = 6 . 10~5 (K-1) = xoncm daa ecex uccaedosarnbixr copmos cmekao-
macewt ¢ gue. om 3 do 11.

Due. 4. Kpuesle memnepamypts 1—6 0an Goaee Kpymoii memnepamypHolt 3asucumocmu
anekmpuueckoli nposodnocmu y = 1,827 . 1074 .T47 (S.m"!), ¢ ocmasvrblmu
napamempamu coomeemcmeerie gue. 4.

Due. 5. Kpusvie memnepamypor 1—6 0aa 6oaee kpymoli memnepamypHoli 3asucumocmnu
aaexkmpuueckoié npogodrnocrmu y = 1,827 . 10-14. T+7(S. m~1) ¢ ocmaabnblmu napa-
mempamu coomeemcmeenno gue. 4.

Due. 6. O6pamnan nocaedosameavrocms kpustix 1—6 nod eausriem UIMEHEHUR KPaesblx
ycaosuli. 100600 eopaveii cmekaomaccel 6 paduasbHem HANPAEAEHUU K T0a00MOU
noseprnocmu aaexmpoda cumyaupyemcsa Goaee 6blcokoiL memnepamypoii cmek.ao-
maccel okono aaekmpoda. Ilapamempw: f() = 0,01; k = 10,24 (W .m~1. K-1);
y =21,056(S.m™1); B, =6.10-5 (K-1).

Que. 7. Kpusvie memnepamypst 1—6 nod eausnuem nNOGbIULEHUS MEMNEPAMYPbL CNEKAO-
maccvl do 1673 K, napamempul uz gue. 6 ocmasatom.

Due. 8. Kpussie memnepamypsi 1—6 das f(n) = 0,01; y =21,05(S. m); Bo =6.10-5
(K=1) 9an sasucumoeco om memnepamypsl kKosgguyuenma menaonpogooHocmu
k=99.10-4.T15 (W.m™1. K1)

Duz. 9. Kpustie memnepamypet 1—6 0aa Goaee kpymoii memnepamyproli 306uCUMOCIMI
roagpuyuenma menaonposodnocmu k = 4.10-¢. T2 (W . m~1. K-1). Ocmaabrsie
napamempsl coomeemcmeerHo guz. 8.

Due. 10. Kpusvie memnepamypei 048 HU3K020 3HAUEHUA Koaguyuenma menaonposodrocmu

=9,9.10-4. T15(W.m . K-1) npu f(n) =0,01; y =21,05(S.m"1); Bo =
=6.10-s(K-1).

Due. 11. Koaebarus memnepamypel nod eauanuem nepemenrozo sa. moka 50 Hz ¢ paduasvrbix
omcmoanuax i . h om noseprnocmu ssekmpoda. Haobpaxcenvt navaavhvie nepuodv
npoyecca ¢ Henodsuxcroli cmexaomacce — f(n) =0, npu Je = 12800 (A . m—2),
k=10 (W.m™. K-1) = xonem, y = 21,05 (S . m~1) = xorcm.

Zajimavosti

VYZKUMNE PROGRAMY V OBORU SKLA NA UNIVERZITACH USA.
Redakce ¢asopisu Ceramic Bulletin pozadala univerzity USA o zvefejnéni jejich soudasnych
vyzkumnych programu v oblasti silikatovych, resp. materidlovych véd a z odpovidajicich inze-
nyrskych disciplin. (Ceramic Bulletin 64, 1082 (1985).)

Ze 36 dotazovanych univerzit jich do uzavérky odpovédélo 25 a zverejnilo 446 hlavnich vy-

zkumnych programiu. Z tohoto pottu je asi 160 programii, které se tykaji sklaistvi a pfibuznych
problematik, resp. nékterych obecnéjsich disciplin, majicich aplikaci pro sklaistvi.
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