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SIMULA1'ING OF THEmfAL PROCESSES IN SILICA.TE nm~ 

Drl'RODUCTION 

'l'he increase of energy consqaption in ceramic induatrieH 

be1ongs nowadays to important taaka for both research and 

production practice. Amot:1g many kinda of energy required the 

thermal energy plays the moat distinguished role. To miDi.mize 

the amount of thermal. energy supply, the detailed knowledge 

of therma1 proce3aea in plants and inata11ation.s of ceramic 

influstries is necoaaary. Under some circumstances, f:l.rat of 

a11 if 

- the plant ia on1y projected, bat still not work:l.Jlg, 

- produoing plant ia not equipped by measurement system, 

- a1goritbma to eval.uate the measured val.ues are still not 

known, 

this knowledge cou1d be, however, difficu1t to obtain. It is 

to remove these inconvenient inf'luenci.ng ractors that constitut~ 

the easencia1 goal of' modelling and simu1ati.ng teclu::.iques .. 

Genera1ly, on1y au~h an object (11t1batantia1 or abstract) 

may be considered as a model which has a defined aJJd ·.m•mbi.guoua 

r9latioDllhip to its prototype. A sir.Ip.le e%alllple of an ~batantia1 

(phyaica1) model. is a pattern for manufacturing meta1 products 

by caati.ng. The on1y aspect for destg.aing the pattern is tbe. 

geometric simi1arity with respect c;o the teiaperature COD.tr.action 

of stiffened meta1 5 and tee shape of ~.irf'acea to be machined. 

Essentially more complicated model then the previous one 

is the phyaica.1 model. of steady flow or Newtonian fluid tf:lrough 

a cyl:l.m:lrioal tcbe. At a point :.1:, aut"fioiently distant from the 

tabe entry {aee Fig. 1), the character of flow (the form of' 

velocity profile) depends only on the product v . D ot tb.a 

rean velocity and tube diameter. More detailed experimental 

investigations lead to recOB'Dition of' inf'luenc& of fluid density 

cu:-:1 viscosity. It waa found. out that the Reynolds :m:ual>er 

Re= 

is the main f'ector of' sim:l.larity ... i:t determines the character 

' 
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of f'l.ui.d :tl.ov. Ez:periaental. resul.ts shoved the f'ollowi.Dg facts: 

- in the raJJge 0 < Re ~ (2200-2300) the fl.ow is 1udnar and 

al..1. disturbances within fl.cw are subdued by the governing 

effect of' the viscous force; the vel.ocity prof'i.l.e is para'Dolic 

(see Fig.2a), 
- if' Re > (2200-2300), the laminar fl.ow turns into the transient 

4 . 
one and at about Re > 10 the f'l.ov :is turbul.ent. 'l'he velocity 

prof'il.es are rather :tl.at then parabolic (see Fig. 2b) and 

their f'orm depends on Reynol.da J:IWli)er. 

From thia exampl.e we can resmae: the s:imil.ari ty between 

model. and prototype de•nds, that 
- two objects, both mode1i,end prototype have to f"ul.fil.l. the 

m x 
geometric s:l.m:il.ari ty, D • .J!- , 

P xp 

- initial. and boundary conditions of both objects have to be 

simil.&r, i.e. simil.arity of' the entrance vel.ocity prof':il.es 

end that of tangential. force on the il:m.er val.l. of the tube 

are required 

- the valu• of' Reynol.ds mmaber of' both the model. and prototype 

baa to be equal.; Re = Re • m p 
Tb.en the both di.menaionl.ess vel.ocity profil.es are equal 

v v 
...!!! = ...E , (sC'e Fig.)) 
..... v 

m P 

The possibility to achieve simi~ fl.ow• at an equal 

Reynolda number by Udi.JJg various mode.11.illg fluids is evident. 

I£ t~ fluid with high-kin~tic viscosity coef'f'ioient,1•~, 
is used, the product v • D mu.st be o:t great val.ue. This 

means that one bas to work either with hight f'1uid velocity i.a. 

tb.e tube of' m: ill. diameter D or, on the contrary, vi th small 

f'l.u~d ve1ocity in a wide tube. 

:Ct i• o.lear that the physical. simil.arity requires in addi.tion 

to geometrical; •imil.arity al.ao to f'tilf'i1 the equa1ity of' other 

f'imilari ty nmbere. 

l 
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Further experiaenta1 resu1ts proveci. that the surf'ac:t-

roughneas is of' a significant influence on the presS\!re drop 

in the tube; again the depeildence on Reynolds number was found. 

:In the laminar flow reg:Lon, the ~ougl;lness affects the fluid sY..trf'ace 

:f'riction less then in the turbu1ent one. :It has a1so been 

experienced that the val.ue of' Re about (22C0-2.300) i.s the 

oritioa1 one from above on1y, i.e. below this val.ue t'1e turbul.ence 

does not permanently exist. Tbe laminar :f'1ov, however, succeeded 

to e:d.st even at Reynolds 11U111ber about 1<>5, if any tube vibrations 

and disturbances in the entered :f'lov are eliminated and a perfect1y 

smooth tube is used• Anntt.er very i.Mportant phenomenon was ?bserved 

if the Reyno1ds :wmmber :la above a certain l.imit {this limit is 

different by case) the characte~stics of :f'lov de~end no longer 

on Re and becc::e ~~~:d.mate1y constant. .Anal.ogous independence 

has been :f'ound at othttr physica1 p~~sses {heat, mass trans:f'er, 

evaporation etc.). The sperienoe was made, that not each model. 

considered uset'ul. must be exact. :It depends on parpose f:or vbich 

it is designed. 

The static {steady-state) models were considered bi~horto, 

their properties did not depend on time an the h±story of' the 

physica1 phenomena investigated by mode11illg.A dif":f'erent type 

of' model is the dynamic one, which describes time dependent 

'Processes. Tb.e notion of' model signi:f'ies either the model 

itsel1' or incluc1ea additiona1 eql:u.J"&~nta as the measuring 

apparatus or systems, tranaducers and eve1:1 anal.ogous or digital 

computer, etc. Processes of' getting inf'ormation on model1ed 

objects, the modelling or simulating ones, can be related to 

static or dynamic systems. Most often the 1atter ones are conneoted 

with simulatill@' techniques. 

MODELLING AND s:oroLA.TDlG TECHNIQUES 

These tecbniquea represent a width range where many scientific 

branches ar.a in touch. Tb.a interest does not comprise all 

concerning branches. However, we sha11 direct our attention to 

modellillg and simulating of the~l processes conneote1\ with 

energy loaaea l'l.nd enGrgy consumption. From many possible 

classi:f'ioation viewpointa, we aha11 choose the :f'ollowill8· two: 

- ana1ytica1 type models 

- ~imulating mode1s. 

-, 
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Anal.ytica1 Mo~ 

are based on the assumption of &x:l.omat~c val.idity of i'undament?.1 

l.ava of physics. Such l.avs express in mathematica1 form the 

principl.e of conservation of mass, energy, el.ectric current,eto., 

and represent an effective start!.ng point to devel.op a.nal.ytioa1 

mode1s. 

Appl.ying the rtll.es of simil.arity, dimensional analysis, 

-1 

and mathematioa1 anal.ogy and combin1ng them, aa.ny kinda of 

ana1ytica1 model.a have been devel.oped (see Tabl.e 1). The pri.%£cipl.e 

on which the t".nal.ytica1 model.s were derived can be sbovn at the 

fol.l.oving exampl.e of heat conduction in sol.ids. 

The process of non.steady heat conduction in a body of sol.id 

-.teriil (see Fi.g.4) can be described by the 

Energy Equation 

· ar ./,_ 
tt:il = V{lc Vr} + f, { 1) 

( 1a) 

at the boundary S of the body, and 

{1b) 

(the iidtial. oondi.tion). 

The f ol.l.owilJg ways of aol.ution to ttrl.s probl.em may be 
shov.n: 

Mathematical. Model. 

Because the sol.Utt.on of F...quation ( 1) in expl.icit for:aatl.1:1.e is 

on1y rarel.y reached, the JlUlllerical. methods ~rf'ormed by computer 
mast be uaecl. 'lbe model. input and output are the boundary 

conditions aJld printed tables of computed val.uea, respectively. 

These botb va1uea represent the fiel.d cb.acacteriatica either 

in aca1e of the prototype or more advantageous!'!" in dime~uionJ.eaa 

Dlllllbera. The dimension of tue printed field data matrix is that 
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... the . mmber of nod.a :ln the used space mesh on ttie in'Vestigated 

body. The mm'httr of f'i.el.ds data can be reduced· to severa1 llOSt 

important val.ue1s at s:t gnifi.cant points of the body as ab.own 

graphically in Hg.4. 

PhysicaJ.·Hode1 

'lbe so1ution of the Equation ( 1) can be substituted by real. 

hea·t conduction 1>roce,.• per1'ormed at a physical. ~el. in a 

dete:ndn.ed bat not arbitrary acal.e. Here'in the theory of aimil.ari.

ty will be appli•1• Let us write Equations { 1) and ( 1a) rith both 

tqr the proto:flype (index p) and model (index m): 

ar. ..J 11r. 
~? ;!.> • k. ~ ~"4 ~ r ,., Is-,., 

a~~ 

'"! 
~· lt?:J~ - ~ 1 ·-*P rjfJ~ 
'1.,[tf',,,ls_-t.,J ·-k. (~~ 
The initial. conditions according tci• ( 1b) are 

at time 

at time 

(2a) 

{2b) 

(2c) 

(2d~ 

One of' several efficient procedure• of siAilarity theory, the 

method of seal.a coe~f'i.~:i.ents " wllliJ applied. 

l· 1!- 'I' 'J t. 
"f • ~~,. '•r•H'-, ~ .. f&· i-.. • ?;.. ., 

i h 
•.tW! ~, ·~-~ le,,, ., 
Introduc~ these coefficients bot~ into Equation (~b) and (2c) 

we get 
1)~.;;t:s,;;.;-~~~a de~ined. It,howevcr,does not respact t.he 

temperature re,P.~n at which to make model oxperi.monta would be 
desired. That is of signif'icant impol'tano" i:f pt:ysical ,properti.es 
o~ bo'Ch model and prototype substances depend on teaperature. 
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(:Ja) 

(:Jb) 

Co~son of Equatioaa (3a), (3c) with F.quations (2a), (2c) 

which are. vai:Ld for ~:-oto"bype gives the conditj.ons 
2 •t - ~~= 

"1 ,.-'S .,. ~ .. .,,. 
I 

where both a 1 and a 2 arti arbitrary constants, 

Equation (3.1) .leads to t.b.e expresa:Lon 

•r •1r ,,#e ~"•I 
:from wb:Lch 

The cr:Lter:Lon of similarity, known aa Fouri.ur mmbeT.', 

(3.1a) 

{4) 

le joints therma.l di.f~sivttypi , time~' aud ~he charactar:Letio 

le13gtb of t.he b\>dy into one independent var.Lab.le. 

The second independent varabl.e {known aa :Biot munber), .from 
Equation \3•2) :lA 

Bi • "
1 

It {5) 

·l'b.e d:imena1cn1ess temperature, fJ • ~"/", d_,penda on both numbers, 

Fo ar.d Bi. Eq>erimental reau.lts obtained by mode.l.ling can be 

trana1'erred into the re1evant VB.l.nea of the prototype i.•i.n6 the 

rul.e tba t tae identity of indepen.der... i; vari ab.les ( or:L ter:La) 
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ensures the in<lentity of' the dependent variab1e f'or both the 

11<>del and prototypo. From experimental resu1tr;,di~s may be 

constructed (eee Fig.4). So the depelK.ence of' dimensionl.ess 

temperature at a significant poi.nt of' the body on Fouri.er nmnb9r 

and a param.~ter :aay easily be read f'rom and transferred from 

model to the prototype. 'lbe ~eter- ,ref'e::-s to boundary conditions 

(for instance, the Biot number, see Fi.g.4 , correspond~ wi~d the 

bound.ary condition of' the third kind) • 

Mathematical. Anal.ogy 

It ie sometimes :named al.so t6S p!lysical. anal.ogy and . is based 

on the eque.1 f'orm of mathe-.tical descr:Lpti.<Jn (e'}Uationa) o~ 

two or more phya.ically dif':terent phenomena or pr1>cesses. A well 

known example is the equal.i.ty ~ mat~ttcal f'ormil.aa descriDiDB' 

pocent~ ti.e1a variables such as tf91BP9rature, electric 

potential, hydrostatic preeeure, knom as electrical. network 

anal.'f2er. These analog models (resistor nearork :s J..i.ebllla::i mode1, 

retQ.stor-capa.c1.tor net'.rork = ?an BeuDm model. 1 see Fig. S) bas 

been developed to :1.aiYest:lpte linear heat conduction and di.f'f'tteion 

1'%'ocessea. In. such models the dif'f'ercn+.ia.J. equation of the 

problem bas been. transf'err~ into di!"£ererice equation of ~he 

discrete elements of' the netwo~":"k• 'l'o solve nonl.inear prob:J.ems, 

these model~ ha.vd to be operated by special procedures. They 

are o:f'ten woi.ldng i.n connection with digital. oo~putera.The whole 

system i~ controlled by computer, desig.rurd as the nybrid mode1. 

Concept 0£ Physical Modell.1.JJg o:f Them.al. J:..'nergy Trana:formations 

Exmap~es shown above are wel.1 known :from physics end ~esearch 

practice. That concept, hoYever,can not g1ve the dirf:tct answer 

upon energy balano~ heat losses, energetic ef':ficienoy, etc. 

It is due to the-f'act that the :fundamental. equations did not 

(:ontain any energy terms written in an explicit form. {01" course, 

t~e tempe1-.atu.re di1':ference mu1tip~ioated by density and speoi:fio 

heat, axpresses the therna1 energy, but not in the easy-to-balance 

f'orm) • On account o'Z St.toce•:tul. physical. modelling of' energy in 
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thel:'Wl1 processes, it is neceeaary to subat:i.tute some terms 

containing intensities by terms expressing enexa, power, etc. 

At'te~ inserting the new variab1es into Eqaat~ons (1), (1a) 

that is 

ar P,, • f'C If (acc.umu.lated heat), and (6a) 

e = -'1 [l1'J. - r. J s s 
(surf'ace power input) 

and using as &bove, the sca1e coeff':l.cienta method, 

new aim:ll.ari ty numbers 

P.. t" 
E11, = kfr-t;J 

• 

(6b) 

we get two 

{6c) 

(6d) 

(6e) 

That way it :La principa11y possib1e to start mode1l.i.llg therma1 

energy processes f'rom the energetic point of view emp1o·fi..Dg 

these new energy variables. Their direct meaourement botr.i on 

pbysica1 mode1s &nd on prototypes is more advantageous than 

th11J integrati.011 of' the detailed measured temperature or t.)ntha.1py 

tie1da. It is ua'9f'Ul to express energy w:l.tb:in th6 t:Lme s~• 

(t-t1 ) and vo1ume V of' t~e body. 

t ar t 
Q- ff 'cudYtH, a·ffr1r/!Jt1s111 

t,y t,.s s 

(6f') 

I 
I 
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'I'his coamon1y used procedure is leas exact (f'rom paint of' view 

of' energy ba1a:ice) than the direct measurement of' energy val.ues. 

The relationship between model and prototype is per.formed 
using the sca1e factors 

P. ~ .,p, = Ji. = ~ ~ =..r 
.0,,., r _..t' 

•.os = ~z,, 

f'rom Equations (6a) and (6b) , respectivel-y. 

Equations (?a), (7b) lead to ~cale f'acto.: 

££111J>lex Processes 

(7a) 

(71>) 

' performed. 

(70) 

Problems to be solved in pract1.ce are, however, more complex 

than t~ose shown above. Besides the scular energy equation for 
f'luid :f'low -

Energy Equation 

(Sa) 

other equations of' conservation take pa.rt in the±r description. 

If' dealill6 with mass tumaPort (drybig, absorption, evaporation 

etc.) the set of' soa1ar d:U'f'usion equationa f'or a r.1ov of' multi
component mixture assumes the :t'ollowiDB form: 

Dii'f'uaion Equation.a 

If·~;+ Yt,: • V(JJ,._ VC;) .,.,,,,. 

t"E(f,I) 

(Sb) 

where the index J. denotes the i-th component of the :tlt•id mix. taZ'9 
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\inde:t m) • 
If we investigate the ve1ocity and pressure tie1ds, ~be use o~ 

~twa equation is ~ impor~ce• Thie nonl.bear Tector 

equation, has three components {in direct.ions f11f' 1 fj 
of Cartes:tan ordinates. In Na~tokes representation 

the 
Momentum EquAtions 

(Sc) 

has evident1y simp1e form• 

'lbe non1inearity o:f 4:his equation bas a consequence that its 

so1utions are not a.1ways unambiguous• This refers both to the 

mathematica1 and physica1 mode1s. The ambiguity o:f physioa1 mode1 

at its working point and at surroundings must be experimenta.11y 

investigated. :If' this investigation gives a positi'\19 answer, the 

physica1 mode1 for other working point must be built to prove 

ii' unambiquity can be reached. 

To Momentum equation bs1oD€11the 

Continuity Equa tj.on 

(Sd) 

This sca1ar equation swmnarises the system o:f diffusion equations 

(Sb). 
'l'he radiatiwenergy trans:fer in aemitran3parent media (f1ame, 

tiring gases, g1ass e~c.) ~s subjected to 

Equation o:f Radiative Intensity 

;!~ + !!A,._._ [ = ~ .. €6.A,, .,. ~ .!!:J. (Se) 
•" Ulv ~ .. I tr r _,. •r 

(I.A.• Itl.f. +~- ; 0$ ~s zr ) . 
The deficit ~etween absorbed and radiated energy represents the 

l 
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radi9. ti ve part !,,. of the spec:i.f'ic J:\41a t sou:rce [,z in energy 

equation (8a). 

:en an e1ect~ica11y conductive substances, the electric 

current causes t~~ source of Job1e heat output 

(Si'~ 

which. is another possib1e oolllp;'>nent of the te"'"Dl !rz in Equation 

(Sa). The presence of the e1ectrio current fie1~ is usua1ly 

expressed by Equation of E1ectric Po~ential 

(8g) 

Al.l. the equationa written above represent, with their boundary 

conditions, tb.e starting point for solving anal.ytica1 problems 

at mathematica1, phys:l.ca.l and uialoque mode1s. They yiel.d essential. 

advantage for investigating M&ny physica1 prob1ems. Therefore 

~ey 

enable ·us to get information about even projected processes and 

objects (equipments, pl.ants and their mod~ls) 

make easier to deve1op algorithms for eva1uatir.g of meaaured 

data 

- give information even for iDlprovements of ai.Jllu1ating models, 

especia11y, enah1e the statement of rel.ations and connections 

between inner variabl.es of pbysica1 processes and th.air outer 

effects at such model.s. 

ApProximate Mode11ing 

It exist. some comp1ex physioa1 pr>cesses, impossib1e to 

be exact1y mode11ed.· At this oases it ia necessary to be satisfied 

with on1y approximate models deve1oped by ~sing the approximate 

similarity principles. The approximity can be cauaea by tha 

- :Corm of fundamenta1 equatioua, where some ternui- are neg1eoted 

eithqr to enab1e the so1ution of the equation o~ to simp1ify 

the problem fo~tion, 

simplif'i.cation or approximate prescription ot: boundary conditions, 

enf"oroed by eittwr ~icient lalow1edge or boundary da~a at 

protot}'lMt or d~oiaion to avo~d complications in oomprititlA', or 
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or other reasons, 

- physica.1 properties of ~ode1 f1uid, that do not comp1y a11 

simi1arity numbers at convenient temperature, presaure etc. 

ranges, 
- other causes, as to stochastic character ~f measured va.1ues, and 

:Crom outside commiug disturbances, decision to work with 

simi1arity numbers ~haracterizing on1y the moet significant 

processes 

- endeavour to take for constant vuriab1es, those are on1y 

1itt1e varying within the given region of independ0nt criteria. 

S~ating Techniques 

'!'hey be1eng to approximate tech:d.ques, but they are not 

coherent with approximate simi1arity. Simulating mode1s as 

abstract objects can a1so be :named as structura1 mode1s· The 

significant advantage of a simu1ating mode1 ie the fact that 

modei re1ations comprise both pbysica1 and nonphysical. (e.g. 

1ogica1
1 

tecbno1ogica1, qua1itative, eta.) va1ues and data. 

The task of a general simu1ating pr-:>'b1em (see Fig.6a) is 

to determine coefficient~ of a conveniently e1ected system of 

diff6~entia1 equations which express re1ations between independent 

X variab1es and tb.e dependent Y ones. Tbj.s means to transform 

the system of equations 

F(Y,X) = O 

into th'3 system 

I 
1 - f{y,") 

(9a} 

(9b} 

of differential. equations, with the boundary condition Ye• y{"•) 
(this is necessary above al.l for purposes of automatic cont~ol 

6£ technological processes). These systems and the relevant computill.'.: 

programs represent the simulatiD8 model of the probiem to be 

solved. Be.neath variables mentioned aboire,as we11 1 the other 

ones f'or example quantity and quality of' product, material,energy 

and other costs can be considered. Then energy losses, .energy 

consumption and any other parametors do not represent any 

difflculties. 

l 



I 
-1) 

'!be advanced simu1ating techniques are deve~oped into 

·routine use, described by detailed instructio:n.l i.ncluding 

computer programming languages and programs. Experimental. 

techniques and experimental. data (see Fig.6b) play an important 

irreplaceable role in simulating techniquea. 

Optimization 

Yithin this last sta{?e of research and design the results 

of modelling and si.mUl.ating investigations would be utilized. 

There is the most substantia1 task there , to formulate the 

goa1 of optimization and ~riteria of optimality and to choose 

way and means for achieving it. Usually the simplest procedure 

is u•ed to reach optimum in one or two most important indices, 

for example to reach highest financial. profit, highes manufacture 

output at lowest energy and material costs eto. 

From this point of view it is quite obvious that therma.1 

processes participate on1y with various relevance among other 

factors vhieh could inf"luence the total economic effect. Therefore 

model.ling and simulating thermal processes must be considered as 
an implement which contributes to more complex look at the problem 

- of optimization. 

Mathematical Modelling of Heat Losses through a Furnace Wa11 

Steady State (Static) Model 

a) thermal conductivity coefficients k of' refractory and insulation 

layers in the wall conetructi.on are temperature independent. 

The prescribed temperature difference (see Fig.7) is 

r. - 1! - ! '''""' , s K 
with 

N -1 
K= ( f. +Z Ji! 1-.t.) 

' lf•t 'l'I -'.s 

{ 10a) 

( 10b) 

l 
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where - is allowed heat loaa 

The number 1' and thielm.eaa' A;, or val.l. components ... to be 

roanc1. 
Because h,. and h.s are known f'unctions o~ varlabl.es J; and 

'1'
11 

respectively, the model consisting of Equations ( 10a), ( 10b) and 

given !'unctions h;fr;,r,J and A1 (~1 ~) can be solved by 

numerical methods on1y• 

b) thermal conductivity coe:f:ficients k~ depend on temperature(nJr 

w1thin thickness o:f the n-th component o:f the wal.l construction. 

Because it is k,. • k,. {IN'/') , the t~mpera ture {..J 'I' must be implici tely 

expressed by integral equation 

X...t""'• 
(.Jr - 7::., • I 1•·· rlx. 

"'-' le,, tc.)'I') 

or 

0 . s 
''"'•• 

,,,,,,. 
• / 1c.41fJ 1') "c./1' 

T._, 

( 10c) 

( 10d) 

and the solution is to be obtained by DWDerical way, for example 

by succe~1ve approximations by specia1ized com~ter programs. 

Atl an example 1dt us show the resu1t of solution Equation (10d) 

:for one layer of re£ractories o:f the type 1711 and 1681 at 

'l.u..l(S e (So;5ooo) [11,,,-t} 
diagram in Fig.S was appl.ied to 

& of a g1ass me1 ting tallk .• 

Dynamical Models 

, (see Fig.8). The compqted 

design the refractory wa11 thickness 

Static models are inconvenient to so1ve nonsteady prob1ems 

connected with inoontinual thercal processes in industrial. 

:furnaces. The essential task of model1ing is to optimize 



-15 

a;anufacturi.ng process. A.a to e:iergy consumption .- the dynamic 

mndel wou1d have to find optll81 re1ati.ons between energy cods 

l.osses etc. and oth-er f"actors, fox· instant qua1ity and quantity 

products, material. co_.sta etc. Unl.i.ke in the previous exampl.es 

t~e energetic e:fficiency represents the steady-state heat l.oss 

flux
1 
[It }1{/!llli~ in dynamic model, the flnergetic ef"Cicioncy must 

be connected with the tota1 amount ~{•'1] of" heat losses within 

the time space t 2-t1 t., 

Q_. • /If,, tit 
t, 

where PLp - heat l.os~ :fl.ux 

thermal process. 

Because ;heat losses PLp are dependent on :furnace inner te~e

rature Ti, then the total. heat loss ~ within the time space 

t
2
-t

1 
depends on the period e

2
-t

1
• This ~hows in two exampl.es 

Fig.9. In case a1(see Fig.9a},the :furnace works at high inner 

temperature T1 and in case b)(aee Fig. 9b},at the I.over one. 

In the case a) both tile inner :furnace temperature and the tempera-

ture of goods surt'ace increase rapidly. 

The amount of" heat accumulated by f.'urnace val.ls is increasing 

as wel.la 'lbe .oase b) is designed by smal.l.er increase o~ temperature 

and accumulated heat , the time period t 2-t 1 at the same :furnace 

t'Yl>e and the ·same goods is ~horter then that in case Ej• Her· ·s 

amount Qp(b) however, cSllllo:t be- -the same as the Qp(•) • 
task f"or dynamical. !Dodelling is to choose an adequate dyi.. .. d..l 

model. and to carry out model. experiments {physical. measurement, 

computationa) , to find out the heat loss amount ~ as a :£"unction 

bel.ongi.ng to various conditions. 'lbe next task, optimi2ation 

of energy l.osses can be sol.ved either by improvements of f"urnace 

design (for exampl.e by substituting dense ceramic insu1ating 

material. by ~eramio fibre~ £el.t in the wal.l. contraction, to 

reduce acoumul.ated heat} or by optimization of" tecbnol.ogica.1 process 

in furnace (f"or exampl.e, among all. PoSsibi.Cities such a process 

must be se1ected, to minl.mize the heat lo~s amount Qp) 

Heat Revoverr 

Model.ling or simul.ating of heat recovery devic's · 

-1 
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by -tb.mt:lcal. way :I.a aoat ooDTeD:i•nt both tor per:l.~o and 

contilmcua proe•ea••• lh• prob1- can be f'ormal.ated a.a a atat:lc 
or a.a a dynamical. OJ18• Tbe f'o.rmer i.s uaual.1y aol.Ted. by usillg 

th•~ ~f':ldency ba1ance, tb.e J.atter by the energy on•h Some 

tiagrama o:t heat recovery deTicea are eho1m at F:lgs. 10,11,am 12. 

Hath ... t:lca1 lna.1ytica.l Model.• of' Silall.t&neo11a He1de 

Very- OOllp.licated. -.themltioa1 modca are deve1oped tor 

c(lompllti.Dg 'omp1ex (eialll.taneoua) f':le14s, aa to t~ratcare, 
'Ye.loo:l~y, preaaure, rad:lation aJlC1 e1eotric current onea iD 

g1aee .. itil:lg t"arnao••• fic• 1.3 aml 14 d-cmetrate aome resal.ta 
obtahed by tvo and three-diaenaional. llOde1•· Here the :tinite 

clitterenoe -tbod V&8 uaecl. 

The •oat comp1ex llOde1a were 0011.9t:racted and equipped to 

inveeti.gate the t'1uid f'l.ov, t911P9rature and e1ectrio current 

t:l.e1de in o:l..l tired, •l.•ctrica11y booated or r...ll.-e1eotric gl.ae• 

-1ting 1'arnao••• Prinoip1e o£ vork:lng oiroui.te o~ the llOdel. 
ot' an a11.-e1eotric g1&ea me1t1Dg ra.rnaoe ia g-.iven in l'i.g.15. 

Photoe in l'i.ga. 16, 17 and 18, 19 ahow Tiew• and resal.ta reapeot:1:n1y 

o~ two clit'f'e.J:'ent llOde.la o~ gl.aes -l.tiDg 1'urnao••• .t.t the present 

etate, llOdel.e are atatic :l.·•· worklDc in a steady-state ~e. 
'Die a1wf J•r:l.ty ot' energy Tal.ues i• only i.n'Vastipted. Mode1 f'l.uid 

properties do not rep.rd the beat to be epent :tor me.lting of 
the 'batch am ch..:l.oa1 rea.ct:lone t•kj !lg part :l.n .. 1 t~ proc.,•• • 

.&.n ez•apl.e ot uae ot phye:l.oal. anaJ.oer cti. ROdelliJJg o:t Laplace 

equation by -an.a ot rheoellDtr:l.o anal.on de'ri.o• is •hovn in 

Fi.c•· 20,21 and 22. 

COXCLUSIOJIS 

The recent ei1ml.ating and aode11ing tec~quea are a Tery 

~f':l.ci~t i.apl.-ent :1n >.·eaearcb and -nutacturing practice• 

They d .. •nd, however, to -t•r the -•aur-ent and computer 
teol:m1qaee, ~th. tuoret:lcal. (matbemat:1.ce,phyl'lio•, chemistry etc.) 
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and practical. Jmow1edce and well to pl.an am orgauisa worki.DC 

t11ms '4 apec:1al.i.at• t•Hng par.t on eolllllion theoretica1 and 

pract:loa1 prob1-. 

'Dai.a paper anwtz .. icleaa and re.ul.ta oont-1ned in 

diacnaa•ionaa ~twffll the ccnrork.r• of the Laboratory o~ 

SLli.catea ~ tlle Czeohoa1onk Academy o~ So~enc'-9• and 

tbe Xnat:ltate ~ Cheat.oa.l Teolmol.ocT and the aatbor. 

JJc.1nclature 

a 
c /q ,-l; 
c /J kC-1 "6.-1; 

D:a2R/ll/ 

D I. 2 -1, i,• , •• 

D IA ..-u_-.3 -1/ • - 1•• ar ,,.. ,.r 
Ba.in ;v.-.3 I 

H /Jra-.3, k.Ja-J/ 

h I w.-2I-1; 

Z ;v.-.3.r-1/ 

k ;v.-1 Jt-1; 

p /P / 
Q /il,DT/ 
'iy ;v. • l, JtVa3 I 

oonatant, ooettioj,n:Lt 

ocmoentrat:l.on 

apeoUic heat 

tube d.ia-ter 

di.t'tua~on ooet't'ioient 

acmo~t:ic emi.ac:l.Te power ot the 

bl.aok body aurt'ac• within aeai.traaaparent 

TOl.aaetrio wa ~· due to ob•mol\.l 
reaotioaa 

n:Lthal.py 

heat tranai'er oce:tt':l.o:ient 

zwl:la*i ve 1.ntenai ty 

thermal. oondactirit;y 

preaaure 

heat 1.npat 

vo1ame~rio heat aoaroe due to rad:lat:l.on, 

ohMdoa1 reaotiona, e1eotrioa1 and 

.. ob.an1o&l. -.erc:T diaaipation 
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