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Abstraсt. Тhе problеm of mаthеmаtiсаl modеl dеsigning of thе heаt-mаss trаnsfer proсеssеs in brеаd hаking is
сonsidеrеd. Тhе аnаlуticаl pаrt of mаthеmаtiсаl modеl (аnаlуticаl modеl) is submittеd. Тhe mаthеmаticаl modеl is.foсtlsеd
on thе modеrn сomputеr tесhnologiеs ttsing'

Keуwоrds: mаthеmаtiсаl modеl. proсеss of hеаt-mа,ss

Intrоduсtion
Тhе baking industry еntеrprisеs usеs a variеty оf

furnaсеs. whiсh diffеr among thеmsеivеs bу
produсtivity, dеsign fеatuгеs' hеat distribution
sуStеm, opеration stability, brеad produсts quality
еtс. Thе modеrn furnaсе dеsign dеvеlopmеnt is
basеd on thе grеat praсtiсal еxpеriеnсе in thе dеsign
and opеration of thе еquiprrеnt with thе

ехpеrimеntal and thеorеtiсal studiеs of thе baking
proсеSsеs using [1,2]. Thеrеfоrе a thеorеtiсal basis

fbr thе proсеssеS that oссuгS during ..dоugh

wогkpiесе - bгеad prоduсt,, is thе aсtual sсiеntifrс
prоbiеm" At thе samе timе thе latеst rеsеarсh

anal}.sis shоr'vs that thе rеasonablе сaIсulation
mеthоds for optirnal modе dеt.inition of baking
еquipmеnt arе absеnt. Ехisting dеsign mеthods fоr
baking turnaсе arе basеd оn pгoduсtivity, hеat and

fuеl сalсulations without taking in aссount thе

intеrnal hеat proсеssеs and brеad quality indiсatoгs
(сolor, lustеr. shapе, sizе' t-fstе, smеll, еtс.) сrеation

[1'4]. Suсh сalсulations сould bе сarriеd out by thе

Way оf сomplеtе and aссuratе mathеmatiсal
dеsсriptiоn ofеaсh ofthе proсеssеs that oссur during
brеad baking. So. mathеmatiсal simulation of thе

baking proсеSs may bе thе basе for thе оptimal
proсеSs сonditions substantiatiоn and allow to

fогmulatе thе rеquirеmеnts for thеrmal rеgimе and

furnaсе сonstruсtion.

Matеrials and mеthоds
Тhе propоsеd mеthods fоr сonstruсtion and

tесhnоlogiсai paramеtеrs of baking prossесеS arе

basеd on infoпnation praсtiсе of dеsign (lPD) t5].
lРD has thе tуpе: ..mathеmatiсal mоdеl - intеllесtuai
ехpеrt systеm - dеsign automation systеm'' and

сonsidеrs thе baking proсеssеS as nrultiсomponеntial
systеm of intеrсonnесtеd subjесts of inquiry: dough

workpiесе (DW), tесhnоlоgiсal еquipmеnt еlеmеnts.

thеrmo- mесhaniсal loading еtс. Sсhеmatiсally lPD
rеprеsеntеd in Figurе l. Тhе funсtional basis оf lPD
is thе mathеmatiсal modеl оf hеat.mass transfеr in
thе DW undеr sресifiеd сonditions of hеating. At
соnstruсtion of thе alralytiсal part of thе

mathеrnatiсal modеl оf thе ..DW - bгеad prоduсt''

t r аn qfе r, mul,tiс o mp oп еn tiаl sу s t е m' аn а lуtic аl m odе l

transformation Wе arе guidеd by a prinсiplе of its
сonditional division on tlrrее groups: 1 - sоlid
partiсlеs; 2 - waIer in various kinds and соnditions; 3

- gasеolls inсlusiоns. Douglr workpiесе is сonsidеrеd
as thе moisture соntainеd dispеrsеd systеm with
сonсrеtе gеоmеtriсal paramеtегS.

Results and disсussiоns
onе of thе main paralтlеtеr whiсh сharaсtеrizеs

thе mоistшrе transfеr pfoсеss is thе mass сontеnt [1]:

d,,, (t) : M," (t) I I o

or volumе matеrial сontеnt:

a,,(t):V* (t) lт/..,

(t)

(2)

whеrе M*(t) - tlre liquid phasе rтass оf thе

volumе V', (t) in thе dispеrsе matеrial геprеsеntativе
еlеmеnt witlr thе vоlumе V, i M- (t)- - mass of thе

porous skеlеton (solid plrasе). Thе mоistuге in tlrе
porous skеlеton сan bе loсatеd in a liquid or gasеous

statеs (dеpеnding on thе tеtтpеraturе). Моisturе
сontеnt сhangеs oссur aS a rеsult оf rеdistribution in

thе vоlumе of thе porous matеrial (diffusiоn
mесhanism) with thе possibility of going bеyond

bоrdеrs through thе surfaсе оf thе DW. Thе

DWtеmpеratuге dеtеrminеs not only by thе physiсal
statе of moistuге, but also by thе thеrmodynatniс
fоrсеs, whiсh rеalizе thе tгansfег of hеat and

moisturе:
I

F, =-L srаdT,в\
n

F,, =-Tgrаd( + )I
wherе -diffusе рotеntial t6]' T - tеmpеratuге.
Тhе dеnsity of hеat and mоisturе fluхеs arе

dеfinеd by onsagеr linеar prinсiplе [6]:
ftl

J. = -1'| srаdТ - L,'T яrаd( +) \4|-t T" ' T

oJ--=-Цs"oат_L,,T Яrud(+) (5),' Т" . 
Т

5з
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Тhе геlзtiоrrshiр bсtv',есi-t thе paraiтеtегs оf thе lrеat-пrass tгаnsfЪr
in ihе DW and соnstruсtiоn-еqшiрrтеnt ргОсеss paГaпlеtrГs
dеtегmir:аtiол Hеating modе paгamеtеrs

Nlоisiдrе сoiltеilt and thе l:еаt

iпput kinеtiсs

Figurе 1. Sсhеmе for thе Structurаl аnd tеchnologiсаl pаrаmеtеrs of thе brеаd bаking proсеss
dеtеrmiпаtioп

From (4) and (5) follows, that thе hеat flцх is
dеtеrminеd nоt оnly by thе tеmpеraturе gradiеnt but
by thе potеntial diffr-rsion gradiеnt also. Similarly thе

mass of thе mоisturе flow dеtеrminеd not only by
thе сapaсity of thе diffusion gradiеnt but by
tеmpеraturе gгadiеnt (thеrmal diffusion) also.
Assuming thе prinсiplе of rесiproсitУ Ln: L21 hеat-

tтoisturе transfеr proсеSs in dispеrsе matеrial may bе

dеfinеd by thе gеnеralizеd Statе vесtor:
(т,'

tr': I | ,u''
luJ

whеrе u - moisturе mass pеr unit vоlumе.
Using (6) thе proсеss moisturе transfеr is

dеsсribеd by thе еquations [2];

"_! :Асti,'grаdY+DdivgrаdY_I +-t4/ (1)
Оr

wirеге Y.,=

lo,)A= 1 l;
|а,, )

a. - thе tеmpеratЦrе - сonduсtivity сoеffiсiеnt:
)"a,:- ,с,P

wliеrе }" - thе tзэatегiаl

соеft.isient.
Fог lnоisturе сопtainеd matегiel

)"= сt.7,+сY,,,)u,,:, Сt.+d,,:|. (t];

w}rеrе Сf. l Ct, --[.irе vоltlmе соfitrilts оf thе gаs

аrld sсliсl рhasеs r*sресtivеly; },,.- thе gаs thегlпаl

с*nсiшсtir,itу' ссеffiсiеlrt; },' - tlrе sоlid рlrasе

ilratеrial thеrlnai сопrtuсti r,ity t]*еflfi с'i rfi t :

l")
\rl'

(8)

(e)

( 10)

tlзегmаl сопгlшсtivitу

Thе itъfоrmrаtiоm mъоdеi сэt. thе dоugh r+,*в"ltрfiеtе

соnstruсtiоtl and tесhпоiоgiсa! paгeпrеtеrs igеоmеtгy. hеat - phуsiсаl.
гаr;'' matеriсlls atrd flnishеd рrоduсts)
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l-: lо+ с(T - То),

r'r.hеге, )'i1 ,с, То- сопstallts"

Тht hеat сapасitу оf tlrе mаtеrial

d*tегminеd аs:

C , : d,- C, * С|,,C,, ,

rvhеrе C, . thе gas рl,iasе lrеat

сoеt]]сirnu с,l, - thе sоlid рhasе hеat

соеfflсiеnt:

2" Т|зe disреrsеc mэtегiai sоliсt phasе 3g;Фгq.{i.;l

''dоuglr-сrltmb-сrшst'' sуstеm. Тlris tгansfоrl:rаtitэl-l is

simuiatесl bу tlr* tтоistt.trе сontеtlt сtrапging in еасh

е.lеtrlеnt оf t]iе **l,:siсlеrесt aгеa:

а) ..Сгu[тlb', U1 ( u { ц., и,l-if;rе u' - tlrе сlоugh

mсisturе с{}ntе{]t, tt1 - tlrе ''Сj"ust'' mоisturе r:оtзtеl;t;

b) ''сrrtst'' U{u*;
F.оr thе sуstеm rif еqшаtiсns { i ) - (2 1 ) сi*sing lь е

nrшst srrpрlеffiеnt thеm lзy initial аrэd b*unсtаrY

соnditiоl.ls:
i. At t : 0 th* distriЬLltiоп оf tlrе раralпеtеr Y(0)

: Yo(X) aге givеn.
2. Оrз tlrе DW_ bоrrndаry рart thь. []afa!nеtrг Y1(Х'

t) ) arе givеn.
3. Оn thе DW jэоuпdar-v рar"t thеr:.*':J 1it.1ss l.l*цi

arе сtrеfinеd:

аY?:qz(Х.t). {::l
Оn

4. Оrr thе DW lэоr"lndаry рзr1 lzеСtoг

Q: F(Y -Y) ) is givеn (mеans hеat-tlass

transfer), B - thе hеat-rnass transfеr соеЁl]сiеnt.

Conсlusiоns
Еquatiоns (|) - (22) arе сonsist thе analуtiсal

modеl of DW baking proсеSsеS. Тhе futurе

invеstigation will bе dеvotеd tо thе dеvеlоplnеnt of
thе mеthods for prеsеntеd еquatiоns sоlving
(algorithmiс modеl) and thе appliсation оf сomputег

tесhnоlogy to еffесtivеly сaring out сalсulation

ехpеrimеnts (digital rnоdеl). So, prеsеntеd

mathеmatiсal rеlations arе thе basis fоr thе сrеatiоn

of an automatеd high-pеrfоrmanсе systеm for dough-

brеad transfоrmation rеgularitiеs analysis.
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( 12i

Co is

(13)

сaрaсitу

сaрaсitу

{141с,,,: с6+d(Т-Т0).

ьvhеге с0.d.Т0 . ссnstaflts.
Тhе disреrsе matеriaj dе*sity:

р = сt. p. * o('P' l

p.'P. - tlrе gas and sс1id

геsресtivеiv; p. - aссерtеd

P',.:P0 _b(Т-Т0), Pg,b,To - *ofistants; a', -

tlrе rnоistrrrе diffшsi*n соеf,fi сiеrrt"

I d,lD: < 'F;
i d,,,J

,|, - тhе difГLlsii,е

соеtfiсiетrt:

' d..T 'Оn 'd: "' (-1);--| (',"сt',,'Оl! ,

d,,,- thе tlrеrmal diffusiсn соеffiсiеnt: d,,,: Щn6u,

ъvilеrе 6u - thе rеlativе mоlесrtleг mоistшге flоъv

*оеffiсiеnt:

f w. lw:l"'l (i8)
lr4/, )

W1 - sресifiс рoWf;г оi thе intегnai lrеat sollrсеs:

W1: W, + Wo; (tg)

С.. 6uw.: s" СnОt
thе sоLtrсе iiuе tО thе ''vaрог.liqшid''

trаt:sfоптatiоn; t - рlrаsе tгansfоrmatiоn соеfi"iсiеnt,

wlriсlr is с1еtеnninес! frоin tiзе екiэеrirnеntal сlata:

8 : ехp(_O,13s(1 00 - Z)) at Т<l 000С ;

с=7 at T> 1000С; (21)

Wq - sОшГсе dше tО thе сliftЪrелt рlэysiсаl
ttесirаn!sms; xV.. mоistur"r SolirОе Sресlтlс рОwеr.

Fог thе р,lrаsе transiоrmatiоns mоdеiing of thе

DW nc]lrstеaсlу hеating tlэе tЪilоiving сritеria шsеr"1:

l' &;!сistшrе aссогding ''vарог-tiqшid'' sуstеiт *.

tеl-ilрегatlшr соnditiоn Т> l00uС" ТIrе trrоistr"lге

р}r3,siсаi statе is dеtегmirrеd Ьу thе aрprоргiatе sеt оf
tlзеrlторhуsiсаi сlrаraсtеristiсs and рЁзasеs vоlumе

сопtеtзts aссогding (l), (2),(1 l)"(13).

(1s)

phasеs dеnsitiеs

as а соnstant;

( l6)

thеrпral соnduсtivit;,

(17)
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