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STUDY OF THE GLASS FURNACE TEMPERATURE FIELD
EFFECT ON GLASS PRODUCT QUALITY FACTORS

Results of studying the temperature field effect on glass products quality factors are provided. Correlation functions
that show relationship between furnace’s characteristic temperature spots with thermocouples installed and the
main quality factors of glass products are received. Temperature measurement spot which defines the quality fac-
tors of glass products is found based on the correlation functions.
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Introduction. Glass is a material used in household, construction, transports and other fields of human activi-
ties due to its unique qualities: transparency, hardness, resistance to active chemicals and comparatively low pro-
duction cost. Optical instruments, TVs, space crafts and others can’t be produced without the glass. Despite the suc-
cess in creating new general-purpose materials, glass is one of the most common materials used in practice.

Glass industry is one of the primary industries in the Ukrainian economy and plays an important role in forming
of particular regions’ and overall country’s macroeconomic indicators.

Glassware is one of the most common glass products. Due to growing tendency towards using environmentally
friendly materials, glassware becomes more popular, which causes the production and consumption quantities in
Ukraine and all over the world to increase. In 2012, world market of glassware was estimated at $47.43 billion. It is
expected that by year 2019 market will reach $59.95 billion [1].

A glass furnace is the main apparatus in the production of glass and glassware in particular, where glass melt is
received by melting the glass batch. The enhancement of glass furnace efficiency due to optimization of glass melt-
ing process conditions in order to achieve desired glassware quality factors is an actual technical-scientific goal.

Analysis of previous researches. Works [2-3] describe temperature conditions effect on the occurrence of
nonuniformities, bubbles and other impurities in a float glass.

Work [4] studies the effects of different glass furnace’s operative conditions, in particular, fuel consumption
and glass mass lift on glass quality factors. These factors, as defined by authors, are the clarification and homogeni-
zation coefficients.

Unfortunately, described researches do not review direct glass product quality factors, but the factors that, in
authors’ opinion, are related to them. This can lead to differences between real and desired quality factors.

Problem statement. Glassware quality factors are determined per Ukrainian state standard [5]. Most signifi-
cant quality factors include: air bubbles and impurities of various origins (striae) (tabl. 1). Striae are the transparent
glass-like strips, lines, etc. that consist of glass that has different composition. According to the standard, a glass
bottle must not include bubbles or striae in quantities higher than listed in tabl. 1 [5]:

Table 1 — Glassware quality factors

Diameter, mm Quantity, pcs
Bubbles 1to 1,5 8
1,5t0 4 3

Size, mm Quantity, pcs
Striae (various impurities) Uptol 1
1to 1,5 1

As being stated in well-known researches [6-7], glass furnace temperature condition has the most effect on
glass product quality factors. It means that it is needed to study the effect of spatially distributed temperature field of
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the glass furnace on these quality factors to solve the optimal control task stated above in order to achieve desired
glassware quality factors.

It is impossible to achieve a fuller picture of glass furnace in real conditions due to limited quantity of meas-
urement instruments. Therefore, it is required to determine how and how much the measureable glass furnace tem-
peratures affect selected quality factors (bubbles and striae per bottle) in order build an effective glassware quality
control system. This defines the object of the article.

Results. Object of study was a glass furnace in glass bottle production at Vetropack Gostomel Glass Factory
JSC. The temperatures were measured at spots shown on fig. 1.
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1 — thermocouple in furnace arch above glass batch loading zone; 2 — thermocouple in furnace arch at the exit;
3 — thermocouple at the bottom of the furnace in glass batch loading zone; 4 — thermocouple at the bottom of the
furnace at the exit

Fig. 1 — Studied temperature measurement spots

Correlation analysis was used for the research. Normalized correlation functions (fig. 2-5) were computed
using Mathcad software package and show relationships between measured temperature and bubble quantity (1 to
1.5 mm diameter), measured temperature and bubble quantity (1,5 to 4 mm diameter), measured temperature and
striae quantity (up to 1mm size), measured temperature and striae quantity (1 to 1.5mm size).
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C1 — between temperature in furnace arch above glass batch loading zone and bubble quantity (1 to 1.5 mm diame-
ter); DI — between temperature at the bottom of the furnace in glass batch loading zone and bubble quantity (1 to
1.5 mm diameter); D2 — between temperature at the bottom of the furnace at the exit and bubble quantity (1 to 1.5

mm diameter); K —between temperature in furnace arch at the exit and bubble quantity (1 to 1.5 mm diameter)

Fig. 2 — Correlation functions
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Fig. 3 — Correlation functions C1, D1, D2 and K (notation see Fig. 2) between measured temperature
and bubble quantity (1.5 to 4 mm diameter)
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Fig. 4 — Correlation functions C1, D1, D2 and K (notation see Fig. 2) between measured temperature
and striae quantity (up to 1 mm size)

As seen in the results, maximum correlation between studied values is observed at different moments of time,
which is explained by substantial lag of a controlled object.

Temperature in furnace arch at the exit has the biggest impact on tableware quality factors. Increasing tempera-
ture in this zone leads to decrease in bubble quantity explained by the accelerating glass clarification processes [8].
An increase in gas flow to the furnace and glass mass temperature leads to an increased intensity in convective
movement of the glass mass under the glass batch. This also increases homogenization capability of the granular
cycle [8]. A more homogenized glass mass will be arriving to the production, which will improve optical properties
of the glass and decrease the number of striae. Also, the temperature in furnace arch at exit has the biggest correla-
tion with quality factors over shortest period of time, what means that this temperature can be used as a control ac-
tion in glass melting process control.




Bicnux Hayionanvnozo mexuiunozo ynieepcumemy Yxpainu «Kuiecokuii nonimexuiunuil incmumymy
Cepia «Ximiuna indicenepis, exonozia ma pecypcosoepesrcennsn. 2014. Ne 1 (12)

L (! ! ! : : ! ! il l
cy; 0 2 4 6 8 10 12 14 16 18 20
Dy
....... -024 | "
2 =
D2, - .
4 o “»\“_ -
i L |Iﬂ’\ o ‘
“-0.4TY LA L .
N ’
' o
" -~
\ K
\ # T 4
0.6 T
X . L
\ .
o
le
—0gt

Fig. 5 — Correlation functions C1, D1, D2 and K (notation see Fig. 2) between measured temperature
and striae quantity (1 to 1.5 mm size)

Conclusion. This work includes results of studying the correlation relationships between temperature at differ-
ent spots in glass furnace and quality factors of the produced glass bottles. It can be stated, based on research, that
the temperature in furnace arch on exit can be used as a control action in order provide an effective control of glass
bottle quality factors. Achieved results give the opportunity to develop the glass bottle quality factor control system
at Vetropack Gostomel Glass Factory JSC and to study its performance.
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Kyuenxo A. L, llanap B. C.

BIIJIUB TEMIIEPATYPHOT'O ITOJISI CKJIOBAPHOI ITEYI
HA ITIOKA3HHUKHU AKOCTI CKJIOBUPOBIB

Hagedeno pesynomamu 0ocniodicenv Gniugy memMnepamypHo2o nojisi CKI08ApHoi nedi Ha NOKA3HUKYU AKOCMI CKI06U-
pobis. Odepoicani KopersyitiHi QyHKYIL, Kompi NOKA3YIOMb 368'A30K MIJNC XAPAKMEPHUMU MEMNEPAMYPHUMU MOYKA-
MU Y neui, 6 KOMpux po3mawio8ani mepmonapu, ma OCHOBHUMU NOKAZHUKAMU AKocmi ckaosupobis. Ha ocnosi oa-
HUX KOpenayitiHux QYHKYil U3HAYEHO MOYKY GUMIPIOBAHHS MEMNEPAMYpPU KOMPA € GUSHAYANLHOIO OJil OCHOGHUX
NOKA3HUKIE AKOCMI.

Knrwuosi cnoea: cknosapua niy, Kopeasayitina yHKYis, NOKAZHUKU AKOCMI, CEU, MeMNepamypHi moyKu.
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3AJIEZKHICTD MUTOMOI EJEKTPOIPOBITHOCTI BYT'LIBHOI
IIUXTHU BIJI TEMIEPATYPHU, CTYIIEHIO TPA®ITU3ALLIL
TATPAHYJIOMETPUYHOTI'O CKJIIALY

Bukopucmosyrouu excnepumenmanvhi 0ani npo eieKmponpogioHICIb CUNKO20 KOKCY ma epapimosanux cymiuietl,
00€PIUCAHO 3ANeNCHOCTI, WO 00360JIOMb BUIHAUAMU NUMOMUL eNeKMPULHULL ONIP 3ATeHCHO 8i0 6MIiCMY cupoeo i
epaghimosarnoeo Kokcy 6 cymiwi 6 dianazoni memnepamyp 6io 20 oo 1000 °C, a maxoasc numomozo erexmpuiHo2o
0nopy 0151 CUPO20 KOKCY U 2paghimosanoi cymiuti 3aneicho 6io it panyiomMempuyro2o ckiaoy.

Knrwouoegi cnosa: numoma enekmponpogionicms, Koxkc, 2pagim, memnepamypa, 2paHyiomempuyHuil cKiao.
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IMocranoBka npoo6aemu. Jlocmimkenns mutomoro enektpoonopy (ITEO) ByraeneBux MatepiaiiB HaJIeKUTh 10
raiy3i eHeproszoepexeHHs B rpadiTyBalbHUX Iledax. ByrinbpHi MaTepialiv € He JINIe CUPOBUHOIO /TSI BUTOTOBJICHHS
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