$54% 4 #HE R Vol.54  No.4
2025 4 4 f THERMAL POWER GENERATION Apr. 2025

DOI:10.19666/j.r1fd.202407170

AR RATEFTEA TR BEZBH4H
#AE AL P R

MR, XEEFE, F OH, ERE
(BB RFHNIASHMARBRETEERT, G H2  710049)

il E| AT ETAF T REARRS RN, EREMNBEIEHGHRASF, TR
MEINZERRE-TERERAEAY, S EFTRBRAETHRLH 5 RERENE, FRS
SIRAMIAEA G HAE I RAMAFRAENEARTHERZA, FNIRERE LA EHLGMA
Mo ¥z A S F T 660 MW S or REE 430 B X 03B B IR 691 4T, 3RAF T IR AT
TRERARAZER N FXTRENERT I, SRR, REFAETAEP, 30%050#T
TRESEHEE (8684K) 5T 50% A4 (861.9K) , #AMHRGALIRL, 50% 57+
TFEBBEST 75%7 % (849.7K) o BB, #0RA &6 TIIA 2 IEH 9o ffe kA
M IR RE MR K. BRAAEN W, GEREEZENHTEHFMAE, #RABEA 15°
B, SERENEPTFRRENAPRESERXR,. YrAALNKIITYRBEIAGTARYY
P¥EA, FRARBEE T @RESA A G W0, FFRLERT A Pk f% A2 4
it 5 R R K L3E,

[x # 7] THRIEN, ARG E; MA-RAH/E; sy

[SIAAREN] MR, EE, 5R&, ¥ RAMYEAMETF T ASFERFEHARMT R[] /A KE, 2025,
54(4): 117-128. YANG Yuanao, LIU Runze, FANG Yin, et al. Numerical simulation on wall temperature characteristics of screen
superheater in swirling flow boiler during wide load operation[J]. Thermal Power Generation, 2025, 54(4): 117-128.

Numerical simulation on wall temperature characteristics of screen superheater
in swirling flow boiler during wide load operation

YANG Yuanao, LIU Runze, FANG Yin, LEI Xianliang

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To understand the inner wall temperature distribution characteristics of boiler heating surfaces during
fast peaking operation, this study incorporates the coupling of non-uniform heat flux distribution on the
combustion side with a multi-tube flow-resistance model on the working fluid side. This corrects the resistance
and mass flow distribution among the rows of tubes in the superheater, forming a comprehensive heat transfer
calculation model that couples the non-uniform heat flux on the flue gas side with the actual flow rate on the
working fluid side, allowing for more accurate prediction of superheater temperatures. This model is applied to
the calculation and analysis of wall temperature characteristics of a 660 MW counter-flow coal-fired boiler’s
screen superheater at various loads and swirl angles. The study reveals that during deep load-following, the
highest tube wall temperature at 30% load (868.4 K) exceeds that at 50% load (861.9 K), approaching the
maximum temperature the material can withstand. The tube wall temperature at 50% load is higher than that at
75% load (849.7 K). Additionally, changes in swirl angle significantly affect the non-uniform distribution of flue
gas and the working fluid temperature on the steam side. When the swirl angle is 45< the high-temperature zone
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is primarily distributed at both ends of the tube screen. When the swirl angle is 15< it concentrates in the middle
front and middle rear regions. As the swirl angle increases, spatial heterogeneity of the flue gas field in the furnace
enhances, leading to greater temperature non-uniformity across the superheater width. The research results can
provide technical support for the design and retrofit of boilers during rapid load-following processes.

Key words: superheater simulation; mass flow correction; flue gas-steam coupling; pulverized coal boiler
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Fig.1 Schematic diagram of heat transfer and calculation
region division between flue gas and superheated steam
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Fig.2 Schematic diagram of the k-th correction of the tube
screen
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Fig.16 Average and maximum outlet outer wall
temperatures of the superheater at various loads at a 15
swirl angle
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temperatures of the superheater at various loads at a 45°
swirl angle
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