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Sazetak

Na papirnom stroju PS-1, u Tvornici papira
“Natron-Hayat” d.d. Maglaj, izvr§ena su sli-
jede¢a mjerenja: temperature povrsine sus-
nih cilindara, temperature papirne trake i
susnog sita (s obje strane, prije i poslije sva-
kog cilindra), temperature i relativne vlaz-
nosti zraka u dzepu (iznad svakog parnog
i ispod svakog neparnog cilindra), dok su
vlaznost i gramatura papirne trake, nakon
svakog cilindra, mjereni u laboratorijskim
uslovima na uzorcima uzetim na navede-
nom papirnom stroju.

Papirna traka je tretirana kao trofa-
zni sistem c¢vrsto — tecno — gasovito. Mo-
del efektivne toplotne provodljivosti papir-
ne trake zasnovan je na pretpostavci da se
toplota unutar papira prenosi kroz sistem
paralelnih i serijskih otpora. Razmatran je
prenos toplote kondukcijom i difuzijom.
Mjere relativnih brzina prenosa toplote u
paralelnom i serijskom sistemu interpre-
tirane su preko geometrije materijala, kao
funkcije od osnovne gramature papira i
orijentacije celuloznih vlakana.

Kao matematicka osnova dinamic-
kog modela procesa susenja papira kori-
$tena je jednacina nestacionarnog prenosa
toplote kondukcijom, normalno na po-
vr§inu papirne trake. Jednacina je rijeSe-
na numericki, metodom konacnih razlika
sa iteracionim poboljsanjem, u odnosu na
tri grani¢na uslova, za razlicite faze ciklu-
sa su$enja. Kao optimirajuci parametri jed-
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nacine modela koristeni su kontaktni koe-
ficijent cilindar - papir i efektivna toplotna
provodljivost papirne trake.

Za svaki ciklus grijanja i su$enja izra-
¢unati su: kontaktni koeficijent, konvek-
tivni koeficijent, koeficijent prenosa mase,
efektivna toplotna provodljivost i toplotni
tok. Takoder je izra¢unata potrosnja toplo-
te po kvadratnom metru papirne trake i po
kilogramu izdvojene vlage, kao i potro$nja
ogrijevne pare po toni proizvedenog pa-
pira. Utvrdena je optimalna brzina papir-
ne masine pri kojoj se postize maksimalna
dobit.

Da bi se verifikovao predlozeni mate-
maticki model, dobijene vrijednosti opti-
miraju¢ih parametara (kontaktnog koefi-
cijenta i efektivne toplotne provodljivosti),
kao i koeficijenta prenosa mase, upore-
deni su sa odgovaraju¢im literaturnim
podacima.

Utvrdeni su nedostaci stvarnog indu-
strijskog procesa i predlozene su mjere za
njihovo otklanjanje, sa ciljem efikasnijeg
iskoristenja energenata i smanjenja trosko-
va proizvodnje.

Abstract

Following parameters are measured at paper
machine PS-1 “Natron-Hayat” d.d. Maglaj,
temperature of drying cylinders, temperatu-
re of paper web and felt (at both sides, pri-
or and after each cylinder), temperature and
relative humidity of air (above even and be-
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low odd cylinders), while humidity and gra-
mage of paper web, after each cylinder, are
measured in laboratory conditions at sam-
ples taken from the machine.

Paper web is treated as three-phase sy-
stem solid - liquid - gas. Model of effective
heat conductivity of paper web is devised
on assumption that heat is transferred wi-
thin paper through system of parallel and
serial resistances. Conductive and diffusi-
ve heat transfer is considered. Measures of
relative rates of heat transfer in parallel and
serial system are interpreted through mate-
rial geometry as a function of basic grama-
ge of paper and cellulose fibers orientation.

Equation of transient heat transfer by
conduction, perpendicularly on paper sur-
face, is used as a mathematical basis of
dynamic model. It is solved numerically by
means of finite difference scheme with ite-
rative improvement, with respect to three
boundary conditions, for different pha-
ses of drying cycle. As optimizing parame-
ters of model equation contact coefficient
cylinder - paper and effective heat conduc-
tivity are used.

Each cycle of heating and drying is sol-
ved for: contact coeflicient, convective co-
efficient, mass transfer coefficient, effective
heat conductivity, and heat flux. Heat con-
sumption per square meter of paper web
and per kilogram of moisture removed is
calculated too, as well as heat consumption
per ton of paper produced. Optimal speed
of paper machine is established at which
maximal profit is achieved.

In order to verify mathematical model
recommended, obtained values of optimi-
zing parameters (contact coefficient and ef-
fective heat conductivity), as well as mass
transfer coefficient, are compared to res-
pective literature data.

Disadvantages of real industrial proce-
ss are discovered and measures for their re-
moval are recommended, in order to use
utilities more efficiently and to cut produc-
tion costs.
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