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CNN-Based Real-Time Prediction Model for H.S Concentration
Distribution near Waterwall of a Coal-Fired Boiler
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Abstract: The air-staged combustion technology has been widely used in coal-fired boilers in recent years to reduce
nitrogen oxide emissions. The fundamental principle of air-staged combustion is to inhibit the formation of fuel NO,
by creating a reducing atmosphere during the early stages of coal combustion. However, this reducing atmosphere
also leads to a significant increase in the concentration of highly corrosive gas H,S, which greatly increases the risk
of high-temperature corrosion problems of the boiler waterwall. Despite this issue, currently, methods that can
realize the real-time prediction of H,S concentration distribution near the waterwall during boiler operation remain
lacking due to the long calculation time of computational fluid dynamics (CFD) simulations. To resolve this problem,

a boiler CFD model was first developed to predict the H,S concentration distribution near the waterwall of a 350-MW
supercritical wall-fired boiler. The results revealed that the high concentration of H,S near the furnace side walls
resulted from the reducing atmosphere created by air-staged combustion and counter-flow air streams from the
opposed burners at the bottom level. Subsequently, a deconvolutional neural network that uses the boiler operating
parameters as input and H,S concentration distributions near the waterwall as the output was constructed. Utilizing the

developed boiler CFD model, a database of 120 operating conditions was constructed for training, testing, and
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validation of the neural network. The results showed that the H,S concentration distributions predicted by the neural
network model agreed well with those predicted by the CFD model. The 30% Local MAPE was only 1.06%, and the

calculation time was within 0.1 s. This illustrates that the developed neural network model realizes the real-time

prediction of H,S concentration distribution near the waterwall of coal-fired boilers.

Keywords: high-temperature corrosion; H,S concentration; computational fluid dynamics; neural network
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Tab.2 Summary of reaction kinetics parameters
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Ve 4 R1 2R 51 —CHO SN, IR HT H 2 Vo = 60.67% (RI#ASE) 43 650 36.1
R2 CHy0.SN.—Cs65Hs07 + 1.589 2CO + 2.823 9H, + 0.044 5H.S + 0.084 4N, — —

R3 H.S + 1.50,—S0, + H,O 2.1x10" 157.1

R4 COS + 1.50,—80, + CO, 3.1x10° 129.8

R5 H.,S + CO—COS + H, 5.9%x10" 186.8

R6 COS + H,—H,S + CO 9.9 x 10° 122.0

R7 SO, + 3H,—H,S + 2H,0 22x10° 2132

RS H,S + 2H,0—S0, + 3H, 1.6x 10" 416.5
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R13 Cs.6sHa07 + 1.8250,—3.65CO + 1.035H, 3.8x 107 55.5

R14 CO +0.50,—CO, 2.5x%10° 66.9

R15 H, + 0.50,—H,0 7.9%10" 146.4

IR BREE R16 Cepar + 0.50,—~CO 0.001 79.0
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Tab.4 Comparison of some key parameters between the
simulation results and boiler onsite data
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Tab.5 Range of operating parameters for database
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Tab.6 Detailed parameters of deconvolutional neural network
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Fig.9 Comparison of prediction results of H,S concen-
tration distributions near furnace waterwall using
neural network and CFD models
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Tab.7 Prediction results of deconvolutional neural net-

work
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