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Simulation of Multi-Row Forced Bubbling for Glass Furnace

CHEN Shuyong'?, PENG Shou"*?, MA Liyun'?, ZHU Xuemei'?, TAO Tianxun®, WANG Dong'?, ZUO Zefang™’
(1. State Key Laboratory of Advanced Technology for Float Glass, Bengbu 233018, Anhui, China;
2. CNBM Bengbu Design and Research Institute for Glass Industry Co., Ltd., Bengbu 233018, Anhui, China;
3. China Triumph International Engineering Co., Ltd., Shanghai 210070, China)

Abstract: An end-port furnace for container glass was simulated via the glass furnace model (GFM) software, and the performance of
multi-row forced bubbling was analyzed. The influence of multi-row bubbling on the temperature and circular flow distribution of
glass melt, furnace heat efficiency, glass quality was discussed according to the simulation results of furnaces with 1 to 3 rows of
forced bubbling at melter bottom. It is indicated that the multi-row bubbling technique for glass furnace could enhance the heat
efficiency, glass quality and melting rate of the furnace.
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Table 1 Setting and operation parameters of forced bubbling

Bubblers Distance to weir/m Count Gas flow rates per bubbler/(L-min")

Bubbler #1 1.30 14 1.00
Bubbler #2 4.28 12 0.80
Bubbler #3 7.26 12 0.60

*2 BESHSEEBERMESH
Table 2 Physical properties of batch and molten glass

. 4 . o . 5 1. Thermal expansion Heat capacity/  Effective thermal ... Reaction
Items  Density/(kg'm ™) Kinematic viscosity/(m™s ™) . O o . o Emissivity O
coefficient/(K™) (Jkg -K™) conductivity/(W-m -K™) heat/(J’kg )
Batch 1 500 0.2 1200 0.5+6x10721" 0.5 600 000
Molten 5 »
| 2 543.04-0.146 67T exp[-16.895+16 182/(T-313.25)] 6.36x10 1223+0.127  9.716 8-0.015 9T+1.616x10°T> 0.95
glass

Note: T is temperature in Kelvin.
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Table 3 Bubbling parameters of furnace cases with fixed

heat load

Case Bubbling setting Bubbling flow rates/(L-min")
Q-Bl.1 Bubbler #1 1.00
Q-B1.2 Bubbler #2 1.00
Q-B1.3 Bubbler #3 1.00
Q-B2.1 Bubbler #1, Bubbler #2 1.00, 0.80
Q-B2.2 Bubbler #1, Bubbler #3 1.00, 0.60
Q-B2.3 Bubbler #2, Bubbler #3 1.00, 0.60

Q-B3 Bubbler #1, Bubbler #2, Bubbler #3 1.00, 0.80, 0.60
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Table 4 Bubbling parameters of furnace cases with fixed
controlling temperature

Case Bubbling setting Bubbling flow rates/(L-min ")
T-B1 Bubbler #1 1.00

T-B2 Bubbler #1, Bubbler #2 1.00, 0.80

T-B3 Bubbler #1, Bubbler #2, Bubbler #3 1.00, 0.80, 0.60

(c) Three rows of bubbling
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Fig. 4 Simulated stream lines of glass flow in the center slice
of the furnace (2xzoom in Z direction)
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Fig. 5 Simulated results of forward glass flow rates
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Table 5 Statistical results of glass residence time and quality index
c Residence time/h Melting index/10° Fining index/10° Mixing index
e Least 1% Average Least 1% Average Least 1% Average Least 1% Average
T-B1 4.38 32.74 0.77 7.45 0.51 11.15 1.75 19.16
T-B2 3.55 32.50 0.89 9.92 1.41 19.40 1.87 26.85
T-B3 3.37 32.48 0.98 10.73 1.96 22.80 2.16 32.32
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Table 7 Statistical results of glass residence time and quality index with different melting rates

Residence time/h Melting index/10° Fining index/10° Mixing index
Melting rate/(td”''m?) Case
Least 1% Average Least 1% Average Least 1% Average Least 1% Average
Bl 4.95 28.11 0.50 3.95 0.00 432 1.67 14.48
2.7 B2 4.10 28.04 0.65 5.34 0.42 6.07 1.97 20.78
B3 3.92 28.08 0.70 5.56 0.52 6.62 2.03 23.86
Bl 4.02 25.31 0.28 2.56 0.00 2.75 1.26 12.12
3.0 B2 4.17 25.30 0.49 3.44 0.05 2.93 1.55 17.49
B3 3.88 25.23 0.52 3.47 0.07 3.04 1.57 19.17
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