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Table I Composition of fuel gas

Composition ws/%

CH, 96.00

CyHg 2.42

C3Hg 0.58

CO, 0.34

N, 0.66

#2 KRR L
Table 2 Ratio of inlet fuel gas

No. Mass flow of inlet/(kg-h™")
1# 41
2 46
3# 53
4# 42
5# 29
6# 29
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Table 3 Grid independence verification results

Verification indicator

Solution

Temperature of
Mesh number

Temperature of

flue gas outlet/K glass melt outlet/K

A 281725 1624.6 1374.1
B 745233 1677.5 1413.3
C 1022187 1696.9 1428.8
D 1586135 1703.7 1435.5
E 2178129 1698.2 1438.3
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Fig. 3 Temperature distribution of burner plane at flame space
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Fig. 4 Heat flux distribution at top of melting tank

A2, W A5 N IR 25 0T LA R e T
AT [A) R, S P R, 1 A R
AT AR o

22 BEEMKFERERE

FRAE SCHR [15-16], 2 UL Xif 14 #4356 il i 100
MEAZWABERZR: S THEIE’ Q). =
RBHGREE (B). BERHR R (O). SRR R
(D). 5§ W B B 38 T e B (). MR TR (F)
5 LB B 2l FUR S B B A I R A RS T SE PR
WXt 6 N E M GBEE T 3 K, AR R K
PP LI 4,

R4 PRI E 5T

Table 4 Selected factors and levels

Factor

Level Mole fraction of oxygen Air preheating Fuel mass flue Excess oxygen Height of the nozzle from the Flue gas outlet
in the oxidizer/% temperature/K rate/(kg-h™") coefficient glass liquid surface/cm area/m®
() (B) © (D) (E) Q)
1 87 300 192 1.00 20 0.15
2 93 400 240 1.05 30 0.25
3 99 500 288 1.10 40 0.35
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Table 5 Orthogonal experimental results

(N
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Table 6 Visual analysis

Factor K K, K; ky ky ks R

A 3388 3.587 4319 0376 0399 0480 0.104

B 4966 4.157 2171 0552 0462 0241 0311

C 4315  4.029 2949 0479 0448 0328 0.151

D 4.008 3.807 3479 0445 0423 0387 0.058

E 3.135 3228 4931 0348 0359 0.548 0.201

F 3895 3.611 3789 0433 0401 0421 0.032

Exp. a b M Exp. a b M
1 0.070  0.896  0.566 15 0.086  0.657  0.429
2 0.050  0.730  0.458 16 0.067 0.252  0.178
3 0.687  0.594 0.632 17 0.160  0.523  0.379
4 0314  0.601 0.486 18 0.025  0.078  0.057
5 0.160 0432 0323 19 0.186 1.000  0.675

6 0.065  0.638  0.409 20 0.115  0.827  0.543

7 0.135 0 0.054 21 0.545 0457  0.493

8 0.132 0360  0.269 22 0.867  0.726  0.783

9 0.229 0237  0.234 23 0.027  0.526  0.327

10 0.093  0.719  0.469 24 0.050  0.728  0.457

11 0 0962  0.578 25 0.060  0.235  0.165

12 0.523  0.572  0.553 26 1.000 0437  0.662

13 0.535  0.767  0.675 27 0250  0.191  0.215

14 0.145 0351  0.269
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Table 7 Variance Analysis (a=0.05)

Factor S f E F oo Foi Significance
A 0.0535 2 0.0268 3.9337  3.738 *
B 04598 2 0.2299 33.8088 3.738 *k
C 0.1153 2 0.0577 9.8462  3.738 *

D 0.0158 2 0.0079 1.1618  3.738
E 02272 2 0.1136 16.7059  3.738 *k
F 0.0046 2 0.0023  0.3382  3.738
Error  0.0955 14 0.0068
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Fig. 5 Contribution of the selected factors to the M value
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Table 8 Comparison results of operating conditions

Solution AT, /K AT,/K n/%
Original 84 32 57.1
Optimal 79 26 61.5
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Performance Analysis of Oxy-Fuel Glass Furnace Based on
Numerical Simulation

JIANG Peng, HU Guihua
(Key Laboratory of Smart Manufacturing in Energy Chemical Process, Ministry of Education, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: Taking the oxy-fuel combustion glass furnace as the research object, a numerical simulation coupling
model is established using the method of two-way thermal coupling between the flame space and the pool space. On
this basis, the performance of the furnace is studied with the aim of improving heat transfer efficiency and extending
service life. The orthogonal experimental method is used to optimize six factors, including oxygen content in the
oxidizer (4), air preheating temperature (B), fuel mass flow rate (C), excess oxygen coefficient (D), the height of the
nozzle from the glass liquid surface (E), and flue gas outlet area (F). The results indicate that the degree of influence of
the selected factors, from high to low, is as follows: B>E>C>4>D>F. Ignoring the influence of secondary factors D and
F, A,B;C;E, level combinations are selected as the optimal operating conditions for simulation verification. Compared
with the original operating conditions, the relative temperature difference at the crown has decreased by 18.8%, and the
heat transfer efficiency has increased by 7.7%, showing a good optimization effect.

Key words: glass furnace; numerical simulation; coupled model; orthogonal experiment; parameter optimization
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