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Abstract: With the continuously increasing proportion of installed capacity from new energy sources, higher
flexibility demands are imposed on coal-fired power generation units, including supercritical circulating fluidized
bed (CFB) boilers. By taking a 350 MW supercritical CFB boiler as the research object, the computational particle
fluid dynamics (CPFD) method was employed to simulate the furnace response characteristics under variable load
conditions, focusing on parameters such as furnace temperature, near-wall particle concentration, and average heat
flux density on heating surfaces. The effects of combustion and circulation interventions on the rate of load
change were also explored. The results indicate that, during load ramp-up operation, the response rate of average
heat flux density in low load range (30%~50% of the unit rated load) decreases by about 38% compared with that
in high load range (above 50% of the rated load). Focusing only on the high load range, the heat flux density
responds faster during load ramp-down, with the rate of change about 31% higher than that during ramp-up.
Under varying load amplitudes, the particle suspension concentration and convective heat transfer intensity inside
the furnace can respond rapidly, while temperature changes lag slightly, indicating that CFB boilers rely more on
variations in the heat transfer coefficient for rapid thermal regulation. Through combustion interventions, such as
substituting 40% of the original coal feedstock with fine coal particles sized several hundred microns, the change
in furnace temperature can be effectively accelerated, with the response rate of average heat flux density during
ramp-up in the high load range increasing by about 43%, and by nearly 16% in the low load range. Additionally,
implementing circulation interventions, such as adding a certain amount of fine bed material during ramp-up, can
rapidly increase the particle suspension concentration in a short time and thus effectively improve the response
rate of the heat transfer coefficient on the heating surface. If hot fine material is further added (for example,
through a hot circulating ash storage and return system), the response rate of the average heat flux density during
ramp-up in the high load range can be improved by approximately 31%, and by about 13% in the low load range.
The study elucidates the internal response mechanisms of CFB boilers under variable loading conditions, confirms
the feasibility of improving load change rates through circulation and combustion interventions, and provides a
reference for further tapping the flexibility potential of supercritical CFB boilers and improving their variable load
capability.

Key words: CFB hboiler; in-furnace process; response characteristics; combustion intervention; circulation
intervention; numerical investigation
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Tab.2 Chemical reaction equations

%' P s BT R
(R-1) Coal — Y,Char +Y, Volatile +Y,,Moisture + (1- Y, - Y, - Y,,) Ash
(R-2) Volatile — CO,+ CO + CH,+ H,+ H,0 + HCN + NH,+ H,S
(R-3) C+90, > (2¢-1) CO,+(2-2¢)CO
(R-4) C+CO0, —» 2CO
(R-5) C+H,0 —» CO+H,
(R-6) CO+0.50, —» CO,
(R-7) H,+0.50, - H,0
(R-8) CH,+20, — CO,+2H,0
(R-9) H,$+1.50, - H,0+S0,
(R-10) HCN+1.250, — NO+CO+0.5H,0
(R-11) NH,+1.250, - NO+1.5H,0
(R-12) NO+C — 0.5N,+CO
(R-13) NO+CO =5 0.5N, +CO,
(R-14) NH,;+NO+0.250, - N,+1.5H,0
3 UWERNEXRRIZARNNESH
Tab.3 Expressions of chemical reaction rate and kinetic parameters
G5 MR rl(kmol {m? s) 1) REE R H K
(R-1) I = KiCuoutie K, =1901x10* -exp (-5.882x10"/RT)
(R-2) I = KoCuoie K, =8.276x10" -exp (~7.3x10"/RT)
(R-3) I = KyCo, K, =4.34x1070,T-exp (-1.13x10°/RT)
, K, =1.272mT -exp (-1.88x10°/RT)
R4) "+ = KaCoo, ™ KaCoo K, =0.1044m.T? -exp (~1.96x107/RT —20.92)
Ky, =1.272mT -exp (-1.88x10°/RT)
R3) s = KaCruo ~HaCuCoo K, =0.1044mT? -exp (-5.25x10"/RT ~17.29)
(R-6) I = KsCeoCo, K, =2.9x10% -exp (—24358/T)
(R-7) r, = K,Ci°Co, K, =1.63x10°T"* -exp (-3420/T)
(R-8) I, = K,Cg, C3° Ky =2.239x10% -exp (-20 13YT)
(R-9) fy = KoCy,,sCo, K, =5.2x10°-exp (-19 300/RT)
(R-10) fo = KyoChonCo, Ky, =2.14x10° -exp (-8.314x107/RT)
(R-11) = KyuC,Co, K, =3.1x10%-exp (-8.314x10"/RT)
(R-12) r, = K,Nrd?Cyq K, =5.58x10 -exp (1.2x10*/T)
(R13) b= K, Kys:Cro (KisCoo + Kize ) Ky, =1.952x10" -exp (-158x10°/RT)
Ki3.Cro + KianCoo + Kize Ky, =18.26, K,y =7.86, K, =0.002531
(R-14) e = Kiay[Cui, VCro |[Co, K, =1.1x10" -exp (-2.301x10°/RT)
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Tab.4 Major parameters settings for the model
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Tab.6 Main operational parameters at different loads
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Tab.7 Response time of air volume and coal feed under
variable load conditions
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Tab.8 Design parameters for combustion-intervention
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Tab.9 Design parameters for solid circulation-intervention
conditions
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Fig.3 Schematic diagram of boundary conditions
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Tab.10 Temperatures of the heat transfer walls
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