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Abstract: [Objective]To reveal the impact mechanism of biomass co-firing on the flue gas temperature
distribution along the flow path in a 660 MW W-flame boiler, and to provide a theoretical basis for optimizing the
co-firing operation of large-scale W-flame boilers. [Method]Taking a 660 MW supercritical W-flame
once-through boiler as the research object, sugarcane leaves were selected as the biomass fuel under the 100%
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THA (Turbine Heat Acceptance) condition. A thermal calculation model was constructed based on the boiler's
heating surface structure. Using an equivalent fuel processing method, five co-firing ratios (2%, 5%, 10%, 20%,
and 30%) were established based on the lower heating value. The variation characteristics of the flue gas
temperature at the outlet of each heat exchanger along the flow path were systematically investigated. [Results]
The results indicate that biomass co-firing does not alter the basic rule that the flue gas temperature at the heat
exchanger outlets decreases progressively along the flow direction. The heat exchangers along the flow path can
be divided into three combined zones based on the temperature variation characteristics, and the trends of outlet
flue gas temperatures within the same zone are highly consistent. As the co-firing ratio increases from 2% to 30%,
the flue gas temperatures at the outlets of the furnace and the platen superheater decrease simultaneously, with
reductions of 33 <C and 16 <C, respectively, while the theoretical combustion temperature drops by 142 <C. The
outlet flue gas temperatures of the final superheater and final reheater exhibit a consistent trend of “initially
decreasing, then increasing, and eventually stabilizing,” with fluctuation ranges of 6 <T and 9 <C, respectively.
Conversely, the outlet flue gas temperatures of the low-temperature reheater, low-temperature superheater,
economizer, and air preheater all consistently increase. Notably, the outlet flue gas temperature of the air preheater
rises from 140 <C to 158 <C, marking an increase of 18 <C. [Conclusion] When biomass is co-fired in a 660 MW
W-flame boiler, the variation in the outlet flue gas temperature of heat exchangers within the same characteristic
zone exhibits high consistency. Co-firing has the most significant impact on the flue gas temperatures in the
furnace and the upper radiant zone. The flue gas temperatures of the heat exchangers in the horizontal flue are
jointly regulated by upstream temperatures and heat redistribution. Furthermore, the consistent increase in flue gas
temperatures across the heat exchangers in the rear pass leads to the accumulation of flue gas sensible heat at the
tail, which may reduce the thermal efficiency of the boiler.

Key words: W-flame boiler; biomass co-firing; sugarcane leaves; flue gas temperature; distribution along the
flow path; thermal calculation
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Fig.1 Schematic of boiler flue gas flow and heat
transfer surface arrangement.
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Tab.1 Proximate and ultimate analysis of pulverized coal and sugarcane leaves

Qnet.ar
EA S War(C)/% War(H)/%ar War(0)/% War(N)/% War(S)/% War(A)/% War(M)/% Waar(V)/% »
(kdlkg)
Sk 55.50 3.20 9.36 1.06 1.44 34.77 4,09 28.06 22.27
R 40.45 5.34 36.44 0.64 0.25 2.78 11.68 69.59 12.17
o N N T ¥
%2 451 THA TRTETE% i A
Tab.2 Boiler operating parameters under 100% THA i R IR IR B C 566
condition o
FIRAZERMR/(th?) 1574.646
mH 8 FHAFEIRN LR /1/MPa 4.167
B BRI - hY) 1866.725 FIHRFERAN DR/ C 305.9
I 4 FEIR IR J1/MPa 24.20 AR O EJ)/MPa 3.75
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Tab.3 Key properties of blended fuels under different co-firing ratios

PO walO)%  WaH)%a  WalO)%  walNY%  walS)%  WalAY%  wa(MY%  wa(V)I% © Q":::)

2% 54.96 3.40 10.33 105 140 3361 436 2956 21906

5% 54.18 3.39 11.73 102 134 31.96 476 34.17 21382

10% 52.96 356 13.93 0.99 124 29.36 537 39.82 20563

20% 50.78 3.87 17.85 0.93 107 24.73 6.47 41.09 19100

30% 48.89 414 21.26 0.83 0.92 20.71 7.42 46.31 17831
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Fig.2 Comparison of calculated and design flue gas outlet
temperatures for each heating surface
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Tab.4 Statistical table of calculation errors of flue gas outlet
temperature for each heating surface

i H Wil C THEAEIC PRI
it O 1234 1232 -0.16%
B #s 1139 1135 -0.35%
R s 970 978 0.82%
RGPS 909 891 -1.98%
IR P % 455 456 0.22%
iR A 2% 526 528 0.38%
IS 378 380 0.53%
AR TR 143 142 -0.70%
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Fig.4 Flue gas temperatures at the furnace outlet and upper
radiation zone outlet
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