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Performance test of 75 t/h CFB boiler and simulation study based on Aspen Plus

Abstract : In order to find out the causes of heat loss of circulating fluidized bed( CFB) boiler unit, the thermal performance of CFB coal—
fired boiler with rated load of 75 t/h was tested. In order to compare with the measured method,a new idea of obtaining the thermal effi-
ciency of CFB boiler based on Aspen Plus model method was proposed, that is,by using Aspen Plus process simulation software to model

and calculate CFB boiler. In the experiment,three operating conditions of low load,full load and high load were selected,and the heat los-
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ses was calculated by the anti—balance method,and then the effects of different operating conditions on the thermal efficiency of the CFB
boiler were explored,the distribution of unburned carbon (UBC) in fly ash and slag under different operating conditions was analyzed.
By modeling the four sub—processes of coal pyrolysis, coal combustion, flue gas—fly ash separation and heat exchange of CFB boiler, and
based on the data of inlet and outlet flow unit temperature , pressure , flow rate,etc. in heat exchange equipment at all levels of the boiler,
the heat loss , the heat efficiency and the concentration of flue gas at the outlet of the boiler were calculated under the condition of full load
(working condition 2). The accuracy and reliability of the model were verified by comparing the measured data with the simulation results.
The results show that the model method is in good agreement with the measured data and can accurately predict the composition of flue gas
at furnace outlet. Through the comparison of the heat loss and thermal efficiency of boiler, it is found that the measured result of exhaust
heat loss ¢, is 7.75% ,and the model result is 6.48%.The measured result of solid incomplete combustion ¢, is 3.72% and the model result
is 3.17%.The relative error between two methods is small,indicating that Aspen Plus modeling can be used to accurately predict the heat
loss of smoke exhaust and the heat loss of incomplete solid combustion. The thermal efficiency of the boiler calculated by the model is
88.66% ,the measured thermal efficiency of boiler is 87.426% ,and the relative error is only 1.41% ,the calculation results of thermal effi-
ciency and heat loss is extremely close between the measured method and the model method , which can verify the veracity and reliability of
the modeling idea and method,and the feasibility of CFB boiler thermal efficiency calculation based on Aspen Plus model is also verified.
There are some problems in the operation of the boiler under the three operating conditions, such as high flue gas temperature, high car-
bon content of fly ash, and low actual thermal efficiency that does not reach the boiler design value. The content of UBC in fly ash
after coal combustion is relatively high,ranging from 13.28% to 16.40% ,while the content of UBC in slag is low, ranging from 2.92% to
3.39% under three operating conditions, the heat loss of boiler exhaust flue gas between 7.64% —7.93% , the heat loss of solid incom-
plete combustion between 3.72%—4.69% , the boiler thermal efficiency is between 86.14%-87.43% ,in which n,>n;>n, It shows that it is
feasible and reliable to use Aspen Plus to model CFB boiler for thermal calculation.
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Fig.1 Systematic diagram of 75 t/h CFB boiler and sampling point
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Table 1 Test condition and main boiler parameters

JiH T 1 T2 T3
Bk (L 7 16.5 15.1 11.7
B/ (- bt 84.51 75.65 63.49
A AT LG % 112.68 100.87 84.65
SR YR 1]/h 1 1 1
FAVRIREE/C 475 474 468.4
FAAET/MPa 5.0 5.0 4.9
— AR/ (m® - h7) 38 033.5 39650.9 43 070.0
— K NES1/kPa 7.92 7.32 7.24
TRANIE/ (m? - hTh) 15 751 14 145 8 298.4
ZWRNAET1/kPa 5.83 5.02 3.41
KU/ (L h7h) 88.6 78.9 64.8
Z5KIREE/C 127 119 134
K JE J1/MPa 7.8 7.1 7.3
HEXH LR/ °C 212 205 201
SR/ C 12 12 12
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Table 3 Proximate and ultimate analysis of coal samples under three working conditions

‘ Tk 53#r/ % TEE T/ % Quet.ar”
o M, A, V., FC,, C,, 0, N, S, cl,, (MJ - kg™)
1 21.25 18.39 25.43 34.93 46.36 3.16 9.64 0.76 0.44 0.066 18.12
2 22.39 16.89 26.89 33.83 45.81 3.10 10.66 0.73 0.41 0.068 17.79
3 22.92 16.28 27.65 33.16 44.94 11.73 0.74 0.36 0.068 17.57
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Fig.3 UBC content in fly ash,slag and total ash
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Table 4 Boiler efficiency and heat loss under various load %
TH 1 TH2 T3
iH T T
AR R(R(E= AR Bt 22 AR [RGRITES
HEMH AR g, 7.93 0.026 3 7.75 0.014 1 7.64 0.007 1 6.09
THEEARTERIRBEARK ¢y 0.046 0.001 4 0.048 0.001 4 0.064 0.000 7 0.050
Bk > SR = e A 4.69 0.014 1 3.72 0.014 1 4.38 0.014 1 2.96
HEHAIRR g5 0.80 0 0.70 0 0.60 0 0.78
WP EAIRR g4 0.40 0.007 1 0.36 0.004 2 0.37 0.002 1 0.12
B g 86.13 0.026 9 87.42 0.005 7 86.95 0.026 9 90.00
H 4 W1, g, 75 7.64% ~7.93% , & TR HE 16
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Fig.5 Effect of different boiler loads on heat loss ratios
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Table 5 Comparison of field measured and simulated flue gas components %
i g 0, 1T 44K CO, (AR5 N, (AT H, 0 R SO, TR KL
S E 4.02 14.90 77.42 3.62 0.030 2
EVESET 3.90 14.70 77.68 3.70 0.02
W2 0.12 0.20 0.26 0.08 0.010 2
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T Aspen Plus £ 37 CFB iy b 42 it B A5 Y
T TR G A 2% TR 2R R, B 5 A 2
SRR S IS AR LR 6,
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BRI R R A EERT L
Table 6 Comparison of heat loss and boiler thermal

efficiency between the measured and the Aspen Plus simulated

. Aspen Plus FHXF
WH SEM/ % .
BRI/ % RZE/ %
HESHHA R ¢, 7.75 6.48 16.39
SRR RIREIBIR g3 0.048 0.066 37.500
SRR ¢, 3.72 3.17 14.78
WK g5 0.7 0.7 0
I P ERAAIR R g4 0.356 0.104 70.790
B R 7 87.426 88.660 1.410
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