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Numerical Simulation of Glass Melting Process in Electronic Glass Furnace with
Different Electric Energy Ratios

CAO Zhigiang"?*, HAN Jianjun', ZHANG Chong®, LI Luyao', HU Kaiwen', XIE Jun', ZHU Mingliv®
(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China;
2. CNBM Bengbu Design and Research Institute for Glass Industry Co., Ltd., Bengbu 233018, Anhui, China)

Abstract:Ultra-thin electronic glass becomes popular due to the rapid development of electronic information technology, and
electronic glass tends to be large, thin and flexible. The development of comprehensive energy supply and energy regulation method
for the large tonnage electronic glass furnace to ensure the melting quality of electronic glass is a premise of realizing the large-scale
and stable production of high-quality electronic glass. In this paper, the operating state of electronic glass furnace with different
electric power ratios was analyzed via numerical simulation. The influence of electric energy ratio on the glass melting quality, heat
transfer efficiency and working environment of electrode was investigated. The results show that energy transferred from combustion
space is obviously reduced at an electric energy ratio of 67.7%, and it is more difficult to gain the high-temperature glass at the
surface of glass tank. Moreover, the maximum electric current density of electrodes is the serviceability limit of electrode materials in
a total electric power range of 1 300—1 400 kW, greatly accelerating the electrode erosion. The better glass melting quality is obtained
when an electric energy supply ratio is 57.89%. Moreover, the efficient and stable operation of electronic glass furnace during service
period was obtained.
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Table 1 Thermophysical properties of molten glass

. = Kinematic . R
Density/(kg-m™) Specific heat/(J-kg K ™)

viscosity/(m2 s

Electrical
Effective thermal conductivity/(W-m’hK*l) . o
conductivity/(QQ " -m )

25222-0.0811-T g 222 3asuT

92247 +0.27-T—5.98 x 10°-7°  0.74 +0.00089-T—2.44x107%-7° + 3.49x10°*- T°

H81-2 518.17/(7-58036)

T is temperature of liquid glass.

F2 BEEBELEFRESMEME SR

Table 2 Fuel supply and electric power in each case

Model number Fuel consumption/(Nm*-h™") Electric power/kW
Case 1 3325 900
Case 2 315.0 1000
Case 3 297.5 1100
Case 4 280.0 1200
Case 5 262.5 1300
Case 6 245.0 1400
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Table 3 Boundary conditions in glass furnace model

Boundary condition . .
Fuel inlet of burner Oxygen inlet

position

Exhaust outlet

. Insulation surface of
Batch inlet Glass outlet

glass furnace

Boundary condition

type

Mass flow inlet Mass flow inlet

Viuel calculated according Voxygen calculated

Vexhaus™ ~(Vuel  Viaten =0.56612 kg/s,

+ Voxygen)

Boundary condition to fuel consumption,

To=30 C

according to oxygen
supply, 7p=30 C

Mass flow outlet

. Natural convection
Mass flow inlet Mass flow outlet

heat transfer

Ambient temperature
) Vlass=—0.520 83 kg/s .
To=40 C T.=30 C

Ve is mass flow rate of fuel inlet; Ty is initial temperature of fuel/ oxygen/ batch; Voyyeenis mass flow rate of oxygen inlet; Vexhaust is mass flow rate of exhaust

outlet, and the negative value representatives the outlet boundary; Viqen is mass flow rate of batch materials; Vga is mass flow rate of glass outlet; T, is

ambient temperature.
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Table 4 Energy supplied by combustion space and electric boosting systems

Model . . . Ratio of electric energy to total energy ~ Energy transfer efficiency of
number Heat transferred from combustion space/kW  Electric boosting energy/kW at glass tank/% combustion space/%

Case 1 1166 900 43.56 37.02

Case 2 1074 1000 48.22 35.99

Case 3 976 1100 52.99 34.63

Case 4 873 1200 57.89 32.92

Case 5 771 1300 62.77 31.01

Case 6 668 1400 67.70 28.78
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Table 5 Glass average velocity V" and V, in each case

Model number V/(mm-s~ 1) Tnax/(A- cm'z) Jinax/ (KW -m'3)
Case 1 2.02 0.52 1900
Case 2 2.09 0.55 2100
Case 3 2.06 0.58 2300
Case 4 2.28 0.60 2500
Case 5 2.35 0.65 2800
Case 6 2.57 0.65 3000

V is average velocity of glass flow; Iy is maximum electric current density;

Jmax 1s maximum Joule heat density.
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Table 6 Glass residence time and quality indexes in each case

Model  Minimum residence Average residence Minimum melting ~ Average melting Minimum fining Average fining Minimum mixing Average mixing
number time/h time/h indexx 10°° indexx10"° indexx10°° indexx10°° index index
Case 1 6.77 48.30 6.39 44.72 4.12 26.95 2.90 3232
Case 2 5.85 48.21 5.57 45.16 3.68 27.82 2.73 33.07
Case 3 3.98 48.21 3.55 44.65 2.22 26.78 2.39 33.75
Case 4 3.20 48.22 2.95 46.94 1.95 31.06 2.16 35.11
Case 5 2.94 48.26 2.66 46.60 1.70 30.27 2.06 35.94
Case 6 2.44 48.33 2.53 54.49 1.24 27.56 1.86 38.32
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