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Abstract:In order to promote the utilization of municipal sludge,and further to solve the secondary pollution problem in sludge physical
disposal and the high cost problem of sludge drying combustion in traditional way,a technical idea of preparing sludge—coal—water slurry

by mixing sludge slurry with pulverized coal ,and using the central reverse injection double cone burner with enhanced combustion function
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was proposed. The combustion characteristics of pulverized coal, coal water slurry and sludge coal water slurry were analyzed by thermo-
gravimetric analysis experiments. The combustion characteristics of sludge coal water slurry in double—cone burner were studied by numeri-
cal simulation. The feasibility of sludge coal water slurry application in double—cone burner was studied by reducing secondary air, increas-
ing secondary air swirl intensity and secondary air temperature. The comparison of basic combustion characteristics of sludge—coal —water
slurry shows that the moisture content in sludge—coal—water slurry exceeds 35% ,and the fuel calorific value,water evaporation and heat
absorption are the key factors affecting the ignition and burnout of sludge—coal—water slurry combustion process. Due to the presence of wa-
ter, the initial ignition temperature of CWS is 11.3 “C higher than that of coal powder,and the burnout temperature is 13.6 °C lower than
that of pulverized coal. The maximum heat absorption rate is 0. 504 kW/kg, accounting for 56. 05% of the maximum heat release rate of
CWS, and the total heat absorption is 1.917 MJ/kg, accounting for 9.94% of the combustion heat. When 20% sludge is mixed, the initial
ignition temperature of sludge CWS is 12.3 °C higher than that of CWS,and the burnout temperature is 59.1 °C lower than that of CWS.
The heat absorbed by water evaporation is 0. 546 kW/kg, which is 8. 4% higher than that of coal water slurry combustion, and the total
heat released is 16. 88 MJ/kg,which is 12. 5% lower than that of coal water slurry combustion. In this paper,a double—DPM Discrete—
Phase numerical simulation model is used to fully consider the influence of water evaporation during sludge CWS combustion,and the nu-
merical simulation of sludge CWS combustion is closer to the actual results. The simulation results of sludge CWS combustion in 14 MW
double—cone burner show that the existing double—cone burner can not achieve stable combustion of sludge CWS,only can burn sludge
CWS with water concentration of ca.25% ,which is not existed in actual form. When the concentration of water in sludge CWS increases
from O to 35% ,the average temperature of burner outlet decreases by 7.95 “C and the average temperature of burner interior decreases by
7.69 °C with the increase of 1% water concentration. The average temperature of burner interior decreases by 269 °C and the average tem-
perature of burner outlet decreases by 278 °C ,when the concentration of water is 35% . The combustion of sludge CWS in a double cone
burner can be realized by reducing secondary air flow,increasing secondary swirl intensity and increasing secondary air temperature. When
the swirl intensity of secondary air changes from 1 to 2,the average temperature of burner outlet increases by 20 °C. When the secondary
air volume decreases to 0.6 of theoretical air,the average temperature of burner outlet increases by 203 °C. The average temperature of
burner outlet increases by 289 °C , it is basically close to the burning condition when the burner burns pulverized coal. After comprehensive
application , the double—cone combustor can realize the stable combustion of sludge CWS.

Key words : sludge coal—water—slurry ; combustion ; thermogravimetric analysis ; numerical simulation
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Table 1 Proximate and ultimate analysis of coal and sludge
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Fig. 1 TG-DSC curve of coal and coal water slurry
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Fig. 3 Double cone combustor with center reverse spraying
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Fig. 5 Effect of water content in sludge coal water
slurry on temperature of double cone combustor

14 MW BUHERABE 4% 7 A0 [R) 00 T S8 I B A A
TGRS (K 1 35% , 15 IR IK B FE LB 10% )
AP BRAE A5 N BT EE X L AN 8] 6 Bz o AT IR S e
IR R 0 P24 EE Hy 1 082 K F = 804
K, BRBEdR N F- BT B i 1 053 K % 784 K, AL
WILP-JCReE S i sl O KX, SRWITE A
WAbeds A H AT >R F H R AR5 O X Je ik 92 31
T IR RS E SRR, 5 X R BE i 45 H FI A B 2%
S s Wi B o
2.3 BARISIRKIR B SRR 25 4L

XUERA b i T 22 S BB R BRE A5 KR HE
LA  ORMIR S T RE th WA B & I T 152 10 B e Jse 52
B, SR HIRUHERRGE A R 15 e KBS, 5 g R AR e
i YU LA AR5 B B [ 56 [, R A i
#1797 AT RRAR — XU 2 v — R XU 3
TRRCR RS T SRR BE R HRiTRABE i
i KU 1 — AU U RUER I | A8 25 1 XLk
i, FLE T RORHE R b & N I IR Be E AR T 50%

HREEK
300 525 750 975 1200 1430 16501800
- T —— ]

(a) (b) ISP
BI6 B4k MK B 25 MK R A 3 I8 AR 3K i 3t

Fig. 6 Combustion comparison of double cone combustor

for pulverized coal and sludge coal water slurry
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Fig. 7 Effects of different intense combustion method

on the temperature distribution of combustor
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Fig. 8 Effects of different intense combustion method

on the velocity vector of air in combustor
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Table 3 Effect of different intense combustion method on

sludge coal slurry combustion
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