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Cooling characteristics and influencing factors of glass quenching
process
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Abstract: Cooling law of high temperature glass in air-grid
plays an important role in the stress of tempered glass, and
there are many factors that affect the cooling law of glass.
However, because glass moves fast in air-grid, it is very
difficult to test the real-time temperature change of high-
temperature glass. Moreover, the test of glass cooling for each
influencing factor greatly increases the workload of workers.
So the physical model of glass cooling in air-grid was
established to numerically simulate the cooling law, and in
order to verify the reliability of the model, the cooling law of Model of glass in air-grid
high temperature glass had been tested in air-grid with

infrared thermometers under the set parameters. After the high temperature glass entered into the air-grid, the glass
temperature at different times presented a strip, which reflected the nonuniformity of glass cooling, but on the whole,
the glass temperature gradually decreased with the quenching time, and the glass temperature decreased with quenching
time in a negative index. The numerical simulation results were in good agreement with the test results. Then the
physical model was applied to simulate the cooling law of high temperature glass with the effect of wind pressure, wind
temperature, distance from nozzle to glass, speed out of the heating furnace, and round-trip speed in air-grid. The results
showed that the glass temperature decreased exponentially with the wind cooling time. The greater the wind pressure
was and the lower the wind temperature was, the faster the glass cooling was, that was, the wind pressure and the wind
temperature had a significant influence on the cooling law of glass. Secondly, the distance of the nozzle to glass had a
certain effect on the glass cooling, and the effect of speed out of the heating furnace, and round-trip speed in air-grid
was not obvious. This study provided important theoretical basis for setting technological parameters of tempered glass
production process.
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Fig.1 Test results of glass temperature out of heating furnace
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Table 1 Fitting parameters

Measuring point

Fitting formula

Correlation coefficient

No.1 A T=400.19+485.85exp(-t/19.4) 0.9855
B T=347.69+558.52exp(~t/22.4) 0.9916
c T=429.57+505.55exp(—t/16.21) 0.9944
No.2 A T=380.25+505.62exp(—t/20.64) 0.9896
B T=411.82+498.87exp(~t/18.29) 0.9924
c T=456.45+483.24exp(~/14.36) 0.9940
No.3 A T=403.47+478.48exp(-t/19.21) 0.9845
B T=393.19+508.20exp(~t/19.68) 0.9907
c T=467.97+466.92exp(~t/13.46) 0.9962
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Fig.6 Geometric model of glass quenching in air-grid
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M



% 8 4

e % PRV VA IR R I B S PR 3R 957

Iy IV EHE A 0.2, 0.3, 0.4 A1 0.5 m/s, At 46354
HEBLADL AL E {A

Bl 15 3 LAAS )3 B2 78 UM Hh A R 2 2 B il 5
AR . FTLAE Y, BEEAE XU P DAAS [R5 80 i
fEdr, R E R EMEREAES, NECE A
Z5t, HAIATHLE, RITE R 3 38545 503 B ) LA
X PRI P AR R . (BAEAE R, SRR N
BRI ENA S S0, TR 308 1 K] B S 804 H)
T FE B FRART, AR 3 3 I P A HE R B

6 % i

1 i 3 3 DB o PO PR A A R LR R E T 3
WHAALT R, PRI, T RS LE XU b PR R A T
T, RN A P PR A L B R RAE . A TR
FI S ae MR, T AR 45 5 1T, BRI 0T T X
JE WG P SRR EE B o R M R R B SR
X R KRN, 432 LUR 4.

(1) R BIEIENRKMEG AR 2 B 2
FArk, BORRIL T BOBFER KA S, HEK L
TR FE B PRV IS TR 2 SRR B AR, AR 2k AR
FIZEAET, TR EHIE e EE R, PR il
2R RN RS K S5 R IE A — 2, B SRR sin]
17

(2) AFIRET, 3 I 5 il VA 4 I 1] LA AR [F]
BAEaYs, (HREBOK, B R, R XT3
AP T A R 2 25 o KGRLBRAG,  BOR PR TR R, PRI
B K

(3) Bk XU S 3SR B 2 /D, R ) o T ok A
Ko BRI 33 BR 25 0] B BT A — € A2, (H
XMEEA KR . AR, B REIER TR
P, R B ER R A B

(4) AFEHPEEET, BRI R A E S
I AE KA o (AN [ 458 Bl 38 B 0 P A T L 58 4
— 2, BRI P RN SR AR XM e ) $R S0 T PR X 3
SE ) B TR R T L B0 AT R

SE R

[1] B, T T XN TERE I REmT [J]. TE a7 bt 2
k%, 2015, 30(14): 58-62.
Zhao X D. Influence of preheating process on the properties of
tempered glass [J]. Journal of Weinan Normal University, 2015,
30(14): 58-62.

[2]1 ESLFE, ZH, FBH. RIS ERRA H T2 R
REMEZE [ 348, 2010, 5: 34-38.
Wang L X, Li Y, Ji S W. Discussion on the cooling technology and

B3]

[4]

[3]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

quality influencing factor of tempered glass [J]. Glass, 2010, 5:
34-38.

TR, A, BB, SO D] MRS,
2012, 26(20): 135-137.

ChengJ S, Zhu LY, Lou X C. Method discussion of glass tempering
[J]. Materials Review, 2012, 26(20): 135-137.

Nielsen J H, Olesen J F, Poulsen P N, et al. Simulation of residual
stresses at holes in tempered glass: a parametric study [J]. Materials
and Structures, 2010, 43(7): 947-961.

TP, FLE, ERIE. SEEMENMBE VLS [].
MEFSR, 2012, 26(12): 137-144.

LiHP,LiDS, Wang Y Z. Preliminary analysis of heating up process
for glass tempering [J]. Materials Review, 2012, 26(12): 137-144.
BT, AL, BERIL BT Fluent BN LB RGRIA I
ARSI ] ML TR, 2016, 45(4): 1-6.

Zhao D Q, Tang Y, Huang Z G. Glass toughening system modeling
and simulation of flow field based on fluent [J]. Mechanical &
Electrical Engineering Technology, 2016, 45(4): 1-6.

PR, IRIRSZN P BT RE T K K AR ELN 5 [9]. BB S
PEE, 2011, 39(1): 10-12.

XuW G. Talking about flatness problems of tempered glass and their
solution [J]. Glass & Enamel, 2011, 39(1): 10-12.

P, EAEE, KT BRI L2 R S ANAL R B
[3]. Z5AEN 23], 2005, 8(1): 100-104.

Guo W, Tong S T, Zhu L B. Study of temper processing and temper
stress in glass [J]. Journal of Building Materials, 2005, 8(1): 100—
104.

R, RS, KGE, % RIS HE AR e 5 1 )
[31. MLkt Slid, 2014, 12: 152-158

Tang Q H, Wu Z H, Yu Z, et al. Modeling and simulation of cooling
process within glass toughening [J]. Machinery Design &
Manufacture, 2014, 12: 152-158.

S, TR, BRI, S SRR S I 0 BUE O 7
[31. FIMR= 4R (A AR EIR), 2017, 29(1): 12-21.

Shi Q, Ding J N, Fan B W, et al. Numerical simulation of jet cooling
ultra-thin glass [J]. Journal of Changzhou University (Natural
Science Edition), 2017, 29(1): 12-21.

Fcirill O G, Isopi G M. Glass tempering heat transfer coefficient
evaluation and air jets parameter optimization [J]. Applied Thermal
Engineering, 2009, 29(5): 1173-1179.

Monnoyer F, Lochegnies D. Heat transfer and flow characteristics
of the cooling system of an industrial glass tempering unit [J].
Applied Thermal Engineering, 2008, 28(17): 2167-2177.

EzE, R, K, 55 SIS e TR T ik S ok
HAR [J]. F&HliERA, 2015, 9: 59-63.

Wang H B, Zhou J S, Zhang K L, et al. Energy saving method and
key technology of glass tempering equipment [J]. Equipment
Manufacturing Technology, 2015, 9: 59-63.

EEfl, X, RIEE, & BEEMAZE R R BUE AL [9].
i FE TRE 244K, 2019, 19(2): 345-353

Yue G W, Liu H, Wu H B, et al. Numerical simulation of seasonal
wind pressure regulating for tempered glass [J]. The Chinese Journal
of Process Engineering, 2019, 19(2): 345-353.

FRIEEN, S, AL, SF BRSBTS
M T SERE [J]. 3, 2015, 10: 37-39

Zhang K L, Wang H B, Zhou J S, et al. Analysis and exploration of
blast box structure in cooling system for tempered glass [J]. Glass,



958 o E TR ¥ M ¥ 20%

2015, 10: 37-39. stresses during glass bulb pressing process [J]. Science in China
[16] H#AFkZ%, FhkiE, FMIELE, . A HEZX]T Lennard-Jones 14 & Series E: Technological Sciences, 2007, 50(1): 103-117.
BEE R WS s R (0] R FS 9 T [19] Irza E M. Mathematical model of the formation of residual stresses
i, 2015, 32(4): 647-652. in glass bodies of revolution in the process of cooling [J]. Materials
Yang B Q, Sun Y L, Sun Y J, et al. Effects of cooling rates on Science, 2008, 44(2): 156-162.
structures and kinetic properties during solidification process of the [20] Ajovalasit A, Petrucci G, Scafidi M. Photo elastic analysis of edge
Lennard—Jones system [J]. Journal of Atomic and Molecular residual stresses in glass by automated “test fringes” methods [J].
Physics, 2015, 32(4): 647-652. Experimental Mechanics, 2012, 52(8): 1057—-1066.
[17] H R, PHRAE SRR 58 [0 Rk LS, 2006, [21] FEar#e, ZH, A LT BB IR H T2 K
37(1): 121-123. JREMEE [J]. #FE, 2010, 5: 34-38.
Miao E M. Analysis of temperature conduction in flat plate with Wang L X, Li Y, Ji S W. Discussion on the cooling technology and
time changing [J]. Transactions of the Chinese Society for quality influencing factors of tempered glass [J]. Glass, 2010, 5: 34—
Agricultural Machinery, 2006, 37(1): 121-123. 38.

[18] Zhou H M, Xi G D, Li D Q. Modeling and simulation of residual


http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=yzyfzwlxb201504023
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=yzyfzwlxb201504023
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=yzyfzwlxb201504023

