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Optimization of Operation for Multiple Oxygen Burners in Industrial Furnaces
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Industrial furnaces often operate multiple burners, where conventional tuning remains suboptimal and
manual search becomes infeasible as the combinatorial space explodes. We built a data-driven framework
based on Bayesian optimization to efficiently select operating conditions. First, computational fluid
dynamics for a two-burner test furnace identified NOx-reducing settings with few trials. Next, we validated
on a four-burner furnace. Despite the vastly larger search space, Bayesian optimization reached promising

conditions rapidly. These results show that Bayesian optimization is effective for optimizing complex burner
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operations and has strong practical applicability.
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Fig.1 The Oxygen burner for industrial furnaces
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Fig.2 Computational domain of test furnace

Table 1 Calculation model
Model / Setting

Steady state
Flamelet approach -
Chemical equilibrium model

+ Extended Zeldovich mechanism
GRI Mech 3.0
Realizable k- model

+ Blended wall function
Discrete Ordinate method

Category

Analysis type
Combustion model

Reaction mech.
Turbulent model

Radiation model

+ WSGG model
Fuel CH,4
Oxidizer 0, 95vol% + N, 5vol%
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Table 2 Variables

Variables
Heat input from burnerl
Heat input from burner2
Oxygen ratio of burnerl

Type
Input variables

Oxygen ratio of burner2
Staging ratio of burnerl
Staging ratio of burner2

Objective function  NO (dry gas of flue gas)

| Obtain initial 5 data (CFD) |

[ Suggest next condition(BO) |

| Calculation (CFD) |

| Add the calculation result |

Reach the goal?

Fig.3 Flowchart of Bayesian optimization

Table 3 Initial 5 conditions

Case Burnerl Burner2
No. Heat 0, Staging ~ Heat (0)3 Staging
input  ratio ratio input  ratio ratio
kW] [] [ kW] [ [
1 50 1.02 0.5 50 1.02 0.5
2 50 1.02 0.7 50 1.02 0.7
3 40 1.02 0.5 60 1.02 0.5
4 50 0.86 0.75 50 1.18 0.75
5 50 0.92 0.75 50 1.12 0.75
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Fig.4 Flame appearance by volume rendering of temperature
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Fig.6 Temperature distribution of case2
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Table4 Calculation result

No. Burnerl Burner2 NO
Heat 0, Staging  Heat 0, Staging  [ppm]
input ratio  ratio  input ratio  ratio

(kW] [] (] (kW] [ []

1 50 1.02 0.5 50 1.02 0.5 2905
2 50 1.02 0.7 50 1.02 0.7 1833
3 40 1.02 0.5 60 1.02 0.5 2329
4 50 0.86 0.75 50 1.18 0.75 1380
5 50 0.92 0.75 50 1.12 0.75 1650
6 50 0.8 0.7 50 1.24  0.75 1340
7 50 0.8 0.8 50 1.24 0.7 1580
8 50 0.8 0.8 50 1.24 0.8 1450
9 50 0.8 0.75 50 1.24 0.8 1380
10 50 0.82 055 50 122 0.8 1360
11 50 082 045 50 1.22  0.75 1520
12 50 0.82 0.65 50 1.22  0.75 1340
13 55 0.84 0.7 45 1.24 0.75 1420
14 45 0.8 0.65 55 1.2 0.8 1380
15 50 0.82 0.65 50 1.22 0.8 1270
16 45 1.16 0.8 55 0.906 0.75 1570
17 55 1.12 0.6 45 0.898 0.8 2360
18 35 1.12 0.8 65 0.966 0.7 1780
19 45 1.2 0.8 55 0.873  0.65 1740
20 40 1.14 0.5 60 0.94 0.75 1960
21 50 0.84 0.65 50 1.2 0.8 1280
22 55 0.88 0.65 45 1.191 0.8 1510
23 40 0.88 0.6 60 1.113  0.75 1690
24 65 0.8 0.45 35 1.429 0.8 1446
25 55 0.8 0.6 45 1.289 0.8 1420
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Fig.7 Optimization progress
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Fig.8 Experimental furnace

Table 5 Experimental Conditions

Category Condition
Burner type Pipe-in-pipe + Staging nozzle
Burner number 4
Fuel Natural gas
Oxidizer 0, 93vol% + N, 7vol%

Heat input [kW] 20,24,27,31, 34
(Total is 96kW)

0.8,09,1.0,1.1,1.2
(Total is 1.0)
0.5,0.6,0.7, 0.8

Oxygen ratio [-]

Staging ratio [-]
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Table 6 Initial 5 experimental conditions

Case No. 1 2 3 4 5

Burnerl Heat input [kW] 24 20 20 20 20
O, ratio[-] 1.0 09 08 1.2 1.2

Staging ratio[-] 0.8 0.5 0.6 07 0.5

Burner2 Heat input [kW] 24 24 20 20 31
O, ratio[-] 1.0 08 1.1 09 09

Staging ratio [-] 08 07 05 05 07

Bumer3 Heat input [kW] 24 20 34 24 20
O, ratio[-] 1.0 1.2 1.1 08 1.0

Staging ratio [-] 08 05 07 06 07

Bumnerd Heat input [kW] 24 32 22 32 25
O, ratio[-] 1.0 1.09 094 1.09 096

Staging ratio [-] 08 05 06 05 07
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Fig.9 Tempreture distributions on roof surface (Casel)
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Table 7 Typical results
Case No. 1 5 15
NOx[ppm] 157 230 75
Burnerl  Heat input [kW] 24 20 24
Oz ratio[-] 1.0 1.2 0.8
Staging ratio [-] 0.8 0.5 0.8
Burner2  Heat input [kW] 24 31 20
Oz ratio[-] 1.0 0.9 0.8
Staging ratio [-] 0.8 0.7 0.8
Burner3 Heat ipput [kW] 24 20 20
Oz ratio[-] 1.0 1.0 1.2
Staging ratio [-] 0.8 0.7 0.8
Burner4  Heat ipput [kW] 24 25 32
Oz ratiol[-] 1.0 0.964 1.15
Staging ratio [-] 0.8 0.7 0.8
IFIue gas I Flue gas
Ave.1355°C Ave.1357°C
Burner4 | N:230ppm —_.|NO:75ppm
BUM —_—
NN a— N
Burnerl E i E‘
B e | Rt A __________
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(a) Case No.5 (b) Case No.15

Fig.11 Tempreture distributions on roof surface (Case5, 15)
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