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Simulations on Glass Ribbon Forming Behavior in Float Process
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Abstract: A three dimensional(3D) model and a thin-film model were proposed for the glass ribbon forming process in float process.
The forming process of glass ribbon in a 600 t/d tin bath was simulated via a software named Ansys Polyflow. Compared to the 3D
model, the thin-film model is demonstrated to be more accurate and effective for the simulation of glass ribbon forming process.
According to the simulation results, the forming process of glass ribbon in each zone of the tin bath was discussed. The influences of
longitudinal and transverse temperature distributions on the forming process were analyzed for glass ribbons with different
thicknesses. Finally, the optimized forming temperature condition is obtained for glass ribbon with a thickness of 4 mm or 10 mm,

respectively.
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Fig. 1 Geometry of glass ribbon in tin bath
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Table 1 Physical properties of molten glass and molten tin

Material Density/(kg-m™)!"! Viscosity/lg(u/Pa-s)!'"! Surface tension/(N-m )"
Molten glass 2493 —2.811 5+4 638.022 5/(7-230.26) 0.364 4
Molten tin 6 560 -3.097 0.5113
Molten glass—Molten tin 0.516 6

Note: T'is temperature in Celsius degree.
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Fig. 2 Sketch of simplified glass ribbon model
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Table 2 Boundary conditions of glass ribbon model

Inlet thickness/mm Inlet width/m Restrictor angle/rad

Inlet flow rate/(kg's™) Pull velocity/(mm-s™) Length/m

30 3 0.389n

6.944 105 30
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Table 3 Parameters of edge rollers

Ribbon thickness of 4 mm Ribbon thickness of 10 mm
Item Position/ m

Velocity/(mm-s ™) Angle/(°) Velocity/(mm-s ™) Angle/(°)

Roller 1 9.8 44.83 1 134.92 —4
Roller 2 11.6 49.17 1 1225 -5
Roller 3 13.4 56.67 2 107.5 -5
Roller 4 15.2 65 3 98.33 -5
Roller 5 17 76.67 2 92.5 -5
Roller 6 18.5 90 2 76.67 -5
Roller 7 20 56.67 —4
Pull 30 174.1 69.64
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Table 4 Longitudinal temperature condition of glass ribbon

Cooling rate/("C-m™")

Zone Length/m
TX-30 TX-20 TX-10 TX0 TX+10 TX+20 TX+30
Polishing zone 5 16 14 12 10 8 6 4
Gradual cooling zone 4 10 10 10 10 10 10 10
Forming zone 12 10 10 10 10 10 10 10
Cooling zone 9 7 8 9 10 11 12 13
200 FOFE XN A B b 03 s T P
tgof X0 Case-4 mm SR VI TR b, i LA B 5 5 A
160} —1x0 - (3 3), PIRHAEIIEIX RV X 1 3 R BE S 5
R BOUHL TR, RN BRI IXR, 55 4
b 120p Case-7 mm PERSAE, I BIBERH e HORCR
guoop ERUVIX P, IR0 A0 A P i 1 4
N Case-10 mm A0, PRI T R U ) P
" AR T FRIRIR LA I, B )
20l SIS ) PR R A, R, R
ol B B R 1 5 R LR X 8, B
oot TR AR, B TR,
Rl 6 SAETIRE R FEAT B 0 51 R IRHE I 7 Prossoi s s Aok, PIAEAT

Fig. 6 Influence of longitudinal temperature condition on pull
velocity along glass ribbon center line

MR 6 BRI S AR T
5 FE 1 B85 T 72 7 (Case-d mam), il 431
P e 2 AR B (K 3), LRSS TR IX 5
B X LR BRI, T 2E G IX R L
SUBHERK, DLCBUBR A R TR
TSI R, SRR BB TR,

FUANTR] L B AE R A R T i) 98 B AR A L 7
W RE Y, BB O AT A . B
WAEIIE X SARA X R Z YR, Ho EEGT A %
FERIWIfE, Bl ROE X R L 51 R AR, B
AR ARG ERTE, R EE 4 BRE
FEBE LI R, B RN X AR YE, Ik
PP 5B R AR B 51 04 R IE A & B
B RBIESOTERET, B b o T AR



49 55 2 W [

R T B R R RE A o i .« 345 -

WeR T AAE RN EAE RS, 4ERF S DA —
BTESE

3.0

2.8
2.6

24

w/m

22
2.0

1.8

L6 oo

L 1 L H I S A

0 5 10 15 20 25 30
x/m

(a) Case 4 mm

w/m

0 5 10 15 20 25 30
x/m

(c) Case 10 mm

B 7 G\ B 2% A X 3538 o 9 P2 7 A 5 i)
Influence of longitudinal temperature condition on
glass ribbon width (w)

W] 7 From 98 B A 5 SRR BL, R BE AR A X
PR 98 R AR R B R AR . X T

Fig. 7

FEPOEIX A, B ERIE K 1. EASLFEIER
Tl AP SR, TR TR BT U)AE AR S I R (1
FEEEK . FEEWCIXR T, B R
WA ARDE, M0 RN T R X B (1 RO
UR

30 T TX-30
| ----TX-10
—TXO0
Sl — TX+10
£ 20
£
<15
10— ______ Case-10 mm__|
5 L
0 1 | 1 | 1 | 1 | 1 | 1
0 5 10 15 20 25 30
x/m
(a) Thickness distribution along center line in x direction
30 [Case-4mm
g 4.5 bzt
T 4.0 |
35
0.0
73 |Case-7mm
7.0
6.5

(b) Thickness distribution along y direction at outlet
Bl 8 G 1o il A A K BB 3 1 T 5 A 5 )
Influence of longitudinal temperature condition on
glass ribbon thickness (H)

Fig. 8

P R A& 8 Frs . kIR ) LA A
R AEIDEIX . RSN, SR REBR R L 7Y
ATHEAR =2 NI G, FERETUNE T Z
B R i BT R R
U JE T R (1 23T PR 2 oo L PR 1R 0 A
T117 [ 485 R B30 Y 8 1 JE P e 8 ) o X el T
IUNUXAE T 30 B0, 3G R 1 B R A &
22 o

HIE] 8 Fron 4 R PRI, BBty L E oA 2 F
X 3T B 2% PO B A W RS2 X T B
(Case-4mm), &4 ma XL, AT m il X
PeIE e SR (E Ta), AHA T B AL 8b),



© 346 - CRERR Eh2230)

J Chin Ceram Soc, 2021, 49(2): 340-346

2021 4

E 9 O DX 3 B ok vy 2 o R B 3 i P T AR AR
(Case-4 mm & 56 TX+30); 1 X T J& 3% 3
(Case-10 mm), FEARIIGIXIREE, w7 PR X 3
ot (B 7o), ARIT IS R HEE . T
ST FEBE A, dmm B 38 I AR R
AN TX+20, 10 mm BB ORI %A
TX-30,
3.2 HEELRZEFN

S g A ) JE 9 22 R R MV B I B A
Fro MRIEHTC AT, OV XBLANAAE R T 33571
S, AR B ) B S AT AN ) IR .
W, AT TR X IR A [ i 22 o) B A
[Fi) JE P 22 RIS o R R DX B3 i A I e P2 A 4%
P A, LA 1B AR ZE 8-100 =54 0. +5.
+10 C/m %M NS R LT, HHILL TY##
W sa, Hrb#kEmiRnz.

5.0
Case-4mm _TY-10
s 45 ¢ "%SY('S
g FC
T 4.0 ¥
. 1 . . i .
;'200 0.5 1.0 1.5 2.0 25
= |Case-7Tmm -
£ 7.0 e
= 6.5 _¥25
=65y T TY+10

KO i i 2% X 33 ot I A S
Fig. 9 Influence of transverse temperature condition on glass
ribbon thickness

PR DXAS [E) RS [P B A AT 2R AF T, By Hh 1
JERE AT 9 Frose BW DX A ) FE 2% A % AN )
JE BB RIE R R 6T B HE (Case-4 mm),
BRI AT I IR RS, P92 i B i A ) JE P 1 )
PE, AT RRACR R R AR BE e 4 T 3 AR IR
PeHE(Case-7 m), B XA A T 52 3 AR 52 M A/ s Xf
T E BT (Case-10 mm), I X 3 B 7 A 1m) e 2500
TR A ) SRR, IR AR X 50 AT
I LA A PR [ 5 R 350 S0 1P o

4 b

EIXHFIE T Z, 50 TSR N BB e FE 1
3D 5 Thin-Film BI§AR, £ F Ansys Polyflow
BAEXT 600 v/d $HEEAT T RHUETTL. 5 3D AL,

AT B, Thin-Film BLA AT JET 2D PR AE 15
PO IEH L RE, B Thin-Film AR 8Y {15 &
T 3D #EA . HRE Thin-Film BRI LE F, 155
T AN B B B () A R R I R
PLANLL IR R AT S0, B EIE X R
SHERARTE, MENRIE X S TERLANUE FH T SR B
b SRR RGBS 2R
JE AR AT, Wl DX v 1 5 | TR PR ) 3B e 1
B, HENSTE X S TERLANUE R S BB  1)
HEJE

BERL A AT 1 B3R s O I 5 8 1 U F8E 0 A7 2% A%
ANF R B B R FE e, R I B AL 1)
RV BE 2 A 0 B s R B . BRI X
W LG, RN SRS 2% i
YRR E XIS HERF RSO X 3 35 7 4 1) I R 3
5o B4 mm J5RE IR ROV I AR IR OB IR 5%
PEROEX N 6 C/m. BT X R 1 I6 %
10 C/m, 10 mm J5 £ 355 i A2 B B0 BT T
S A YOG I IR 16 °C/m B KRS )R 2 )
Sp i

SR

[1] SkEE, X2, WE. FkymsEE AR SR &M Jba: (gL
Akt A, 2010.

[2] FRIER. SESEM]. B0 sUBCE TR AL, 1997.

[3] NARAYANASWAMY O S. A one-dimensional model of stretching
float glass[J]. J Am Ceram Soc, 1977, 60(1/2): 1-5.

[4] NARAYANASWAMY O S. Computer simulation of float glass
stretching[J]. J Am Ceram Soc, 1981, 64(11): 666—670.

[5] POPOV V V. Flow of a viscous film over the surface of an inviscid
fluid[J]. J Appl Mech Tech Phys, 1982, 23(2): 188—194.

[6] POPOV V V. Flow of a viscous film with free boundaries in the
one-dimensional approximation[J]. J Appl Mech Tech Phys, 1983, 24:
507-509.

[7] HBZAR, Bih4e, DEtLr, 5. VR ik gk ms B it 72 i A (s AL 0]
TR 5 274, 2004, 32(8): 1025-1028.

SHAO Honggen, MAO Qinghua, PANG Shihong, et al. J Chin Ceram
Soc, 2004, 32(8): 1025-1028.

[8] KAMIHORI T, IGA M, KAKIHARA S, et al. An integrated
mathematical model of float process[J]. J Non-Cryst Solids, 1994, 177:
363-371.

[9] CHALOUPKA T. Mathematical modelling of glass forming process[D].
Prague: Charles University in Prague, 2014.

[10] JHSRE . V30 BB MR U 5 15 WO AT D 1 A8 7 3 % 38 A2
JUD]. ZFE&: #iLK, 2017,

XING Zhibin. Engineering Simulation and Verification of Molten-glass
Stirring and Forming Behavior of Float Glass (in Chinese, dissertation).
Qinhuangdao: Yanshan University, 2017.

[11] LANGMUIR I. Oil lenses on water and the nature of monomolecular
expanded films[J]. J Chem Phys, 1933, 1(11): 756.

[12] PEGLER S S, WORSTER M G. Dynamics of a viscous layer flowing
radially over an inviscid ocean[J]. J Fluid Mech, 2012, 696: 152—174.



